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Abstract. The work is devoted the analysis of existing models of cardiovascular system, and also
working out of the intellectual automated system of forecasting and identification of pathologies of heart.
During the analysis of theoretical models of cardiovascular system changes of parameters of the given
models are studied at occurrence of pathologies of various departments of heart.

In work models mathematical and networks the approach to studying of forecasting of diseases of
heart are presented. Working out of the automated system for simplification of forecasting for what in
work it is resulted circuit technical and the program approach is offered. Recommendations for further
use of the offered product are given.
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Anotauis. PoGora mpucBsiueHa aHali3y ICHYIOUMX MOJETEH CeplLeBO-CyMHHOI CHCTEMH, a
TaK0 pO3poOLll IHTEJIEKTYaJIbHOI aBTOMAaTH30BaHOT CUCTEMH IPOrHO3YBaHHS 1 11eHTU (DiIKallii TaToI0r i
ceprs. Y X0l aHaNi3y TEOPETHYHHX MOJENICH CEepIeBO-CYIMHHOI CUCTEMH BHUBYEHI 3MIHM MapaMeTpiB
JAHUX MOJIeJIeH TPy BUHUKHEHHI MaTOJIOT1H PI3HUX BB CEPIIs.

VY poboti mpexacTaBieHi Mojedl MaTeMaTHYHOrO M HEHPOMEPEKHOro MiAXOJy /0 BHUBYEHHS
IMPOTrHO3YBAHHA 3aXBOPHOBAHb CCPILIA. 3aHpOHOHOBaHO p03p06Ky aBTOMATHU30BaHOI CHCTEMHU 151
MOJIETIIIEHHS TPOTHO3YBAHHS, /ISl YOT0 B pOOOTI HABEIEHUN CXEMOTEXHIYHUM 1 MporpaMuuii miaxia. Jaxo
pexomMeHaalii I MOAANBIION0 BUKOPUCTAHHS 3alPOIIOHOBAHOTO MTPOJYKTY.

HOII&HHH O6'€KTa, 110 MOACIIIOIOTH, AK CUCTCMU KCPYBAHHS NO3BOJISAE€ CTABUTU 7| BI/IpiI_I_IYBaTI/I 3a
JIOTIOMOTOI0 MaTeMaTHYHOI MOJENl PI3HOMAaHITHI 3aBJaHHS HAyKOBO-IOCIIJHOTO Xapakrepy. Y Mepury

yepry, Iie KIJIacH4yHl 3aBJaHHS KEPOBAHMX JWHAMIYHHMX CHCTEM: KEpPOBAaHICTh, CIIOCTEPEKEHICTD,
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ineHTudikoBaHHicTh. Ha 0CHOBI MaTeMaTHYHOI MOZET MOKJIMBA NMOOYIOBa PEANbHUX CHCTEM KEepyBaHHS

eJIeMEHTaMHU MITYYHOTO W JOMOMDKHOTO KpoBooOiry. IloctaHoBka ¥ pimieHHs 3aBIaHHs 1AeHTH}IKaIil
JI03BOJIsIE BU3HAYATH HAOIp 3HAYEHBb MapaMeTPiB MOJENI CUCTEMH KPOBOOOITY 3a pe3yJibTaTaMH BHUMIpIB
pi3HHX (i310JI0TTYHUX KPUBHX PEATHLHOTO JIOJACHKOT0 opranizmy. [IporpamHa peaizaiisi MOJEINi T03BOJISIE
BIJICNTIIKOBYBaTH BiIXWJICHHS 1ACHTU(IKOBAHMX IapaMeTpiB BiJ IXHIX HOpMaJbHUX 3HaueHb. lle mae
MO>KJIUBICTh BUKOPUCTAHHS MOJIENI 1 11 mporpaMHOi peanizaltii 11 pillleHHs IIarHOCTHYHHUX 3aB/IaHb.

["on0BHOIO 0COOJIMBICTIO KJIacy MoJieiel € Te, IO Il MOJIENi JO3BOJISIOTh BUBYATH (MOJICITIOBATH)
KOJIMBAJIbHI (30KpeMa TepioAMyHi) MPOIIeCH B 00'€KTI, 1[0 MOACTIOETHCSA. MoJIesIi € CaMOHACTPOIOBAIIBLHOT,
0 BiOMBae HAWBaXIIWBINII TOMEOCTATHYHI BIACTHBOCTI CHCTEMH KpOBOOOIry. Posrmsgaerbes
MaTeMaTHuyHa MOJIETb CUCTEMHU KPOBOOOITY, 0COOJIUBICTIO SIKOi € HEOCEPEIHEHHICTh MO CEPLIEBOMY ITHKII1
1 MOXKJIMBICTH MOJICJIFOBAaHHS B pEAIbHOMY Yaci HeNHIMHUX KOJTUBAIbHHUX MPOIIECIB.

BypxnuBuii po3BUTOK HEiHBa3MBHHX 3ac00iB BUMIipy MapameTpiB CepLEeBO-CYAMHHOI MisIIBHOCTI,
3ac00iB 0€3POTOBHX JOKATLHUX Mepex Ha 0a3i BlueTooth, Wi - Fi i 3aco0iB MOOUIBHOTO 3B'SI3KY T03BOJISIE
BUKOPUCTOBYBAaTH MaTEMAaTUYHY MOJICNIb CUCTEMU KPOBOOOIrY B SIKOCTI OCHOBHOT'O "IHTEJIEKTYyaJIbHOTO"
eJIEMEHTa Ui PO3POOKH CHUCTEM KEpPYBaHHS IMPHCTPOSMH, PO3POOTIOBAILHUMH B PaMKax IpPOrpaMu
"po3ymHuii OyamHOK". Lle iHTeNneKkTyaabHI KapaiOCTUMYIATOPH, 1HCYJIIHOBI MOMITM ¥ iHIII aHAJIOTiYHi
IPUCTPO] 31 3BOPOTHUM 3B'SI3KOM.

Kuio4oBi cjioBa: ceprieBo-cyiMHHA CUCTEMa, MTATOJIOT1i, MOJIE.

Introduction. The necessary question arises about the construction of intelligent systems that will
help identify the state of the organism in its pre-built models. Therefore, the topic of the thesis, which is
related to the identification of pathological changes in the heart according to blood circulation models, is
relevant.

The purpose of the work is to create an identifier for cardiac diseases according to blood circulation
models. To achieve this goal, the following tasks need to be answered:

- to analyze current blood circulation models, in particular models of functioning of the heart at
different levels;

- to analyze changes in the mathematical model with the appearance of pathological abnormalities
in the functioning of the heart;

- to develop a model of the identifier of heart diseases on the basis of existing models of functioning
of the cardiovascular system

Objective. The object of the study is the dynamic physiological parameters of the cardiovascular
system.

The subject of the study is the methods and means of modeling the functioning of the heart.
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Materials and methods. Methods of research are based on the methods of computational

mathematics, neural network modeling, schematic presentation of the research problem.

The object of modeling is simplified as a ring system of reservoirs: left ventricle of the heart (HL),
arterial reservoir of the pulmonary circulation (AL), capillary venous reservoir of the great circle (\VL), right
ventricle of the heart (HR), the arterial reservoir of the lesser circle (AR), the capillary venous reservoir of
the lesser circle (VR). The aortic, tricuspid, pulmonary and mitral valves provide unidirectional flow of
blood through this annular reservoir system.

The reservoirs HL, AL, VL make up the great circle of blood circulation, and HR, AR, VR - a small
circle. The numerical parameters describing the tanks are not constants, they change under the action of
control signals, which in turn are formed as a result of measuring the functions of the state vector of the
system. Thus, we have an object controlled by the principle of feedback loops.

The model has two main control loops:

* Control circuit of ventricular ejection.

Controls in the circuit are the values of systolic pressure in the ventricles.

* The contour of the neuro-humoral control. It implements a variety of interdependencies of the
circulatory system states mediated through the nervous and hormonal subsystems of the body. The controls
in the loop are the magnitude of the neurohumoral factor, which is the numerical expression of the total
controlling influence of the nervous and hormonal mechanisms.

The essence of the experiment on the model is to change its parameters in the simulation process,
save the simulation results, save the parameter values and initial conditions with the possibility of replaying
the simulation process.

Prediction of any situation, in particular, early diagnosis and prognosis of the development of the
disease according to the model provides for the development of an automated system.

The problem of identification is formulated as the task of building in some sense the best or optimal
model of the circulatory system based on observations taken in the conditions of vital activity of the real
human body. The problem can be seen in two different aspects.

1) Structural identification, i.e., the problem of the best, in any sense, choice of the type of equations
of the mathematical model.

2) Parametric identification.

The procedure for removing the ADC - measurements intended for the manufacture of a package of

measurements based on information that comes from physiological sensors information.
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Thus summarizing the above, we can conclude that to predict the states of the heart according to the

constructed blood circulation model, the intelligent automated system will help most accurately, reliably

and conveniently.

Conclusions. 1. The structure and functioning of the developed mathematical models of the
cardiovascular system are analyzed. All possible levels of human heart function are considered. The changes
of parameters of mathematical models of the cardiovascular system with the appearance of pathologies of
the heart that have been considered in accordance with the medical classifier are considered.

2. Models of cardiac pathology identifier based on mathematical, neural network models were
constructed. It is concluded that as an identifier of diseases, further development of the intellectual
automated system is necessary. The proposed schematic and software solution of the problem.

3. A criterion for evaluating the quality of the model and its probability compared to the real
modeling is carried out. It is concluded that this model of the system can be used for the development of
methodological, demonstration and educational goals.
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