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I. INTRODUCTION 

The comparison of the excitation efficiency of biological 
structures (neurons, heart muscle)  with the help of electrical 
pulses of different shapes is an important task in biomedical 
engineering. 

 

ІІ. THE BASIC MATERIAL 
Known mathematical model of the neuron excitation [1], 

which provides constant power output of a linear frequency-
selective filter inE  feeding its input unipolar rectangular 
pulses whose amplitude and duration are related with 
Hoorweg-Weiss proportion: 
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where: RU  – the voltage of rheobase – time constant. 
The transfer characteristic of a frequency-selective filter is 
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The filter is with low quality factor, it’s quality factor is 
27,0=Q  with resonance frequency, which is αω 2=p . 

For input pulses with T duration: 
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The signal energy on the output of the filter will be 
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Fig. 1. Dependence of output energy  
on the pulse duration. 

Fig. 1 shows the normalized α2−⋅= HEEn  dependence 1E  
(curve 1) and 2E  (curve 2)on the length of the input pulses. 
The boundary values of the signal energy at the output of the 
filter for bipolar pulse is three times bigger than for the 
unipolar, with the energy input in both cases are identical. The 
comparison  results of one-and bipolar rectangular pulses in 
terms of coordination with the band-pass filter are the same 
with the results of experimental studies of animal heart 
defibrillation using similar pulses.[2]. 

 
ІІІ. CONCLUSION 

The analysis showed that the efficacy of bipolar rectangular 
pulses of the excitation of biological structures above the 
single-ended, according to their output energy which  is 2-3 
times more than single-ended, which is consistent with the 
experimental results of animal heart defibrillation. 

REFERENCES 
[1] А.А. Смердов, Ю.М. Романишин «Электрическая 

модель нейрона при одиночном возбуждении», 
Вопросы кибернетики: Биомединформатика и ее 
приложения, М., Изд. АН СССР, 1988. – С.168-174. 

[2] I.C. Schuder, I.H. Gold, A.O. toeckle, «Transthoracic 
Ventricular Defibrillation in the 100 kg Calf with 
Symmetrical One-Cycle Bidirectional Rectangular Wave 
Stimuli», IEEE Trans. on Biomedical Engineering, vol. 
BME-30, Jule, 1983, pp.415-422. Yuriy Romanyshyn – Lviv Polytechnic National University, 

S.Bandera Str., 12, Lviv, 79013, UKRAINE 
E-mail: romol@mail.lviv.ua 
Tatjana Smerdova – Lviv Polytechnic National University, 
S.Bandera Str., 12, Lviv, 79013, UKRAINE, 
E-mail: smerdova.tatyana@gmail.com 

209

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua


