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Problems

• A small number of mathematical models of heart
sounds and their static frequency-time parameters

• Use for modeling data limited to a frequency range
above 28 Hz

• A unique set of harmonics in each systolic
phonocardiogram cycle in reality

• Unique parameters of the time-frequency and
phase-time characteristics of each systolic
phonocardiogram cycle in reality

• Recognition systems are sensitive to variable
parameters of phonocardiograms



Description of the mathematical 
model

𝑥 𝑘 = 
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𝑘→∞

𝛿𝐴,𝑘𝐴𝑘𝑠𝑖𝑛 𝛿𝜔1,𝑛𝜔𝑛,𝑘 + 𝛿𝜑1,𝑛𝜑𝑛,𝑘 + 𝛿𝐵,𝑘𝐴𝑘𝑐𝑜𝑠 𝛿𝜔2,𝑛𝜔𝑛,𝑘 + 𝛿𝜑2,𝑛𝜑𝑛,𝑘

𝑥 𝑡 = 𝑠𝑖𝑛 𝛿1𝜔𝑡 + 𝛿2𝜑 𝑒𝑥𝑝 𝛿3 − 𝑡 ∙ 𝛿4

𝑥 𝑡 = 𝑘0𝑒
𝑘1𝑡 + 𝑘2 1 − 𝑒𝑘3𝑡

𝐻 𝑡 = ℎ𝑎𝑟𝑚 𝑛, 𝑡 ∗ 𝑒𝑥𝑝𝑛 𝑡



Synthesis of individual harmonics



Synthesis of signals of the first 
(systolic) tone S1



Synthesis of signals of the second 
(diastolic) tone S2



Synthesis of a complex of heart tones



Spectra of verified and synthesized 
signals



Thank you for attention


