
Gen Physiol Biophys (1997), 16, 241—261 241 

Autowave Tunneling Through a Non-Excitable Area 
of Active Media 
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2 National Scientific Centre for Haematology, Moscow, Russia 

Abstract. The mechanisms of autowaves propagation through local non-homo-
geneities in active media relevant to diverse class of physiological systems were 
studied by means of a computer simulation The model proposed by Zel'dovich and 
Frank-Kamenetsky and that of FitzHugh-Nagumo were used for studying autowave 
tunneling, which in a broad sense implies underbarner passing It was shown that 
for every fixed parameter value corresponding to the degree of non-excitability 
of local area a critical value for non-excitable zone latitude exists An autowave 
overcomes the barrier and continues to propagate when the value of zone latitude 
is less than critical 

Critical conditions for origination of a source of periodical sequence of im
pulses in excitable medium were found The source properties, as shown, can be 
modified by regulation of size of a non-excitable zone and a zone of higher excitabil
ity In particular, the conditions when spatial irregularity behaves as a source of 
unidirectional and/or asynchronous sequence of impulses were explored 
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Introduction 

It is well known that self sustained waves (autowaves) play an important role in the 
regulation of a wide class of physiological systems In that context all physiolog
ical systems responsible for signal transduction for macroscopic distances deserve 
special attention The best example is a nerve impulse, which represents nothing 
but a self-sustained wave of membrane depolarization (Hodgkin and Huxley 1952) 
Recently it has been found that calcium autowaves play an extremely important 
role in intracellular processes (Lechleiter et al 1991) 
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Theoietical undei standing of mechanisms of autowaves piopagation is based 

on classic woiks consideimg the problem of space piopagation of a gene beaiers of 

which pievail in the stiuggle foi life (Kolmogorov et al 1937 Fishei 1937) Shoitly 

theieaftei Zel dovich and Frank-Kamenetsky suggested another model which takes 

into account a critical level of excitation of a stationary s tate Initially the model 

was developed foi combustion wave front propagation, which obviously has self 

sustained autowa\e na tu ie It is cleai tha t combustion wave can be initiated onlv 

if the excitation of a s tat ionaiy state exceeds some cntical level (here tempeia tu ie) 

As it was found latei the pit sena of excitation level is intrinsic to phy siological 

systems on the whole Foi example calcium tnggei waves are initiated when the 

concentiation of calcium inside a cell exceeds some critical \a lue Fiom that \iew 

point the model of Zel dovich and Fiank-Kamenetsky is more generous and is now 

widely applied to the majoiity of trigger processes found in biophysical systems 

Today both models mentioned abo\e apply to wide class of biological and physico 

chemical systems geneialh named as active media (Maiek et al 1995) 

As foi excitable media the uige foi de\ eloping of basic mathematical models to 

descnbe autowa\es legimes m vanous active media with recoveiy (excitable media) 

was initiated aftei Hodgkm and Huxley had d e m e d then model of the propaga 

tion of nervous impulses thiough the membiane of squid axon Fi t /Hugh Nagumo 

model is a simplified (fiom mathematical standpoint) model of that of Hodgkin 

and Huxley and is well ueogm/ed m theoietical íeseaich of caidiac diseases such 

as \en tncula i fibnllation ischemia etc In this papei we tieat this model from 

the geneial point of \iew implying common natuie of conducting tissue in living 

oiganisms i e excitation ieco\eiy and capability to suppoit impulse piopagation 

Modem autowa\e studies aie pimiaiily onented at investigating the possibil 

lties of external legulation of autowaves patterns m active media This bianch of 

biophysics is of gieat mteiest due to the perspective of legulation of biological 

piocesses on diffeient levels of oiganization (Muiray 1989 Lechleitei et al 1991 

Memhaidt 1995) One possible way to govern autowaves behavioui is to pei tui 

bate the system dunng some shoit period of time (cieation of time giachent) (Guna 

1993) On the othei hand the evolution of autowave process can be influenced by 

( lea tmg a local space non homogeneity m acti ie medium An impoitant íole of lo 

eal non-homogeneities m physiology of the caidiac tissue was discovered by Wieuei 

and Rosenblueth (Wienei and Rosenblueth 1946) It was found that the mecha 

nism of íevcibeiatoi gcneiation m caidiac tissue is elosely íelated to local spatial 

non homogeneities Aftei this classic work the behavioui of vanous physiological 

systems was tieated m teims of actrve media and la ther geneial mathematical 

models wcie constiucted The class of most fundamental basic models includes 

those of Hodgkin Huxley (1952) and FitzHugh-Nagumo (FitzHugh 1961 Nagumo 

et al 1962) Analyses of basic models of active media show that autowaves piopa 

gation piopeities m locally non homogeneous active media can significantlv diffei 
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from those m homogeneous active media (Zaikm and Morozova 1979, Babloyantz 
and Sepulchre 1991, Kogan et al 1992) 

In the present paper the mechanisms of autowaves propagation and trans
formation in bistable and excitable media with locally non-excitable areas are in
vestigated The models proposed by Zel'dovich and Frank-Kamenetsky (1938) [for 
bistable media] and FitzHugh-Nagumo (FitzHugh 1961, Nagumo et al 1962) [for 
excitable media] weie used to perfoim the numerical simulations 

Several key questions weie confronted before the studies were initiated Can 
the qualitatively new autowave regimes result from interaction of an autowave with 
a local area the properties of which differ from those of the whole medium7 How 
critical is the piesence of an affected area (i e an area which is not capable of 
suppoitmg autowave propagation) for autowave existence m the medium consid-
eied7 What are the possible repeicussions of autowave tunneling on the further 
development of the autowave process? 

The exploration was conducted foi two types of active media one-component 
bistable medium and two-component íecoverable active medium (excitable me
dium) Tunneling effect and the phenomenon of unidirectional conduction of locally 
non-homogeneous active medium were found in both types of the active media 
A souice of periodical sequence of impulses at the boundaiy of zone of higher 
excitability was shown to originate only in the excitable medium with lecovery 
Cntical conditions which are necessary foi the appearance of asynchronous and 
unidiiectional autowave sources weie exploied 

I. Bistable Media 

The widely known model originally proposed by Zel'dovich and Frank-Kamenetsky 
foi wave front propagation was considered 

dU d2U 
-gr = D-^-6U(U-a){U-l), 0<a<l (1) 

It is well known that bistable media, described by equation (1), support the 
propagation of a trigger wave which switches the medium from one stable state to 
another stable state When the following condition 

J0 = - í 6U{U-a){U- l ) d c 7 > 0 (2) 
Jo 

which is equivalent to condition a < 0 5 is valid, propagation of an autowave 
provides for the switch of the system from the initial steady state Ust = 0 to state 
Ust = 1 In this case, state Ust = 1 is termed "attractive" state of the trigger system 
(1) The velocity of a tnggei wave Co is given by the expression 
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Let the trigger wave propagate from left to right with a constant velocity 
c0. Condition (2) is supposed to be satisfied, state Usl = 1 is an attractive state 
for the medium, thus the trigger wave switches the system from state Ust = 0 to 
Ust = 1 Let the properties of some local zone be different from those of the whole 
medium in such a way that condition (2) for this zone transforms to condition 
Jo < 0 (0 5 < o < 1) The latter implies that the attractive state for this zone is 
state Ust — 0, hence an autowave should switch the system from state Ust = 1 to 
Ust = 0 In other words, within this local aiea self-sustained wave propagation is 
only possible in the inverse direction. 

For numerical calculations equation (1) was rescaled to the non-dimensional 
form Equation (1) was solved at the region a G [0,L] with Neuman boundary 
condition. Initial value pioblem has the form: 

d2U 
^- = 2±.-U(U-a)(U-l) 
dt Ô 

Q-2, X G [Xi, V2] 

« 1 , 

U(x,Q) 

du_ 
di 

0[ . r i , . r 2 ] 

1, .T G [0,a] 

0, 

dU_ 

Ox 

E [a, L] 

xi,x2 e [0, L] 

a e [0,xi] 

(4) 

x = L 

In all the experiments it was assumed that a\ = 0.1, and a2 G [0.5,1]. 
Solutions to system (4) at different stages aie presented in Fig. 1. The de

pendence of function U on x is shown at different time values; the change of a 

Figure 1. Autowave tunneling through a non-excitable area of bistable medium. 
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*1 x 2 

Figure 2. Autowave "locking-up" by an obstacle of supercritical size. 

parametei value on interval [.ii, i2] is shown as a barrier whose height is deter
mined by value of a2; a = Qi in the whole medium outside the interval [xi,.ro], 
the non-excitable zone latitude is d = x2 — x\. As depicted in Fig. 1, a switch to 
the repulsive state <7st = 1 within area [.Ti,a2] takes place, though the attractive 
s tate for this zone is Ust = 0 In a non-homogeneous zone an autowave front is 
stretching as though it is tempted to go fuither. and as soon as the excitation 
111 the aiea behind the b a m e r exceeds some ciitical level, the postenoi autowave 
propagation is provided by the autowave support mechanism intrinsic to the model. 
The process of tiigger wave formation m the postbarrier region is initiated before 
s tate Ust = 1 is achieved withm the barrier. A newly formed trigger wave "draws 
out" the points from non-excitable zone, and eventually a stationary regime of 
piopagation is established 

Fig 2 shows a case of "lockmg-up" the autowave by an obstacle with the same 
value of a2 parametei (the same barrier height) but foi an augmented inteival d 

which exceeds the critical value for the zone latitude. As is evident from Fig 2 
excitation in the postbarrier region does not exceed the excitation critical level, 
and the condition foi a new tiigger wave foimation is thus not satisfied. 

Hence, the existence of a ciitical value of non-excitable zone lat i tude was re
vealed If the value of non-excitable zone is less than critical an autowave traverses 
the b a m e r and continues to piopagate. In this case a delay 111 time occurs versus 
the time interval of an autowave piopagation 111 a homogeneous medium. A hypo
thetical observei situated on the right side from the b a m e r would see the normally 
piopagatmg autowave that icaches him with a certain delay The dependence of 
the time delay on the b a m e r latitude foi the different values of paiameter a2 is 
shown in Fig 3 
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The correlation between a2 and dcr = x2 — x\ is shown in Fig. 4. The curve 
a2(dcr) divides the parametrical plane into tunneling area (under the curve) and 
"locking-up" area (above the curve). 

Autowave tunneling through a periodical sequence of non-excitable zones 

A periodical sequence of non-excitable zones of latitude d with a distance between 
them h was considered (Fig. 5). It was found that for a fixed barrier height a2 

and a barrier latitude d < dcr, a critical value hcr exists. The tunnel effect occurs 
when the value of distance h between the obstacles is more than critical. The 
dependence hcr(d) for two different values of parameter a2 is shown in Fig. 7. Each 
curve divides the parametrical space (h,d) into tunneling area (under the curve) 
and "locking-up" area (above the curve). 

The condition of autowave tunneling through a periodical sequence of non-
excitable zones is fully determined by distance h between the obstacles when values 
of a2 and d belong to the tunneling area (Fig. 4). The case of an autowave "locking-
up" when value of h is more than critical is shown in Fig. 6. 

H 1 1 1 y 
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F i g u r e 4. Corielat ion between critical lie lght and la t i tude ot non ixci table zone 

Influence on autowave propagation of the barrier form 

The mteractron of an autowa\e with a wedge-shaped obstacle with one veitical 
edge was analyzed It was found that an obstacle with a right vertical edge will be 
peimeable foi autowaves moving fiom left to light (Fig 8) while the same obsta
cle will stop autowaves moving in the opposite direction (Fig 9) Therefoie, the 
medium with a local non-homogeneity of similai type may seive as a unidirectional 
autowave filtei 

Discussion 

In the system consideied underbarnei passing, i e tunneling takes place though au
towave tunneling mechanisms have their own natuie and differ fiom the well known 
mechanisms of tunneling of a nncropaiticle m quantum mechanics (Leontovieh and 
Mandeľshtam 1928) The fact that an autowave may oveieome an obstacle is le-
lated to a non-stationaiy autowave evolution in the local area of mveise attraction 
Foimation of a new tiiggei wave in the postbarrier legion occuis only when ciitical 
conditions foi autowave nucleatron aie satisfied (Behntsev et al 1978) 

Autowave tunneling through a periodical sequence of zones with reduced ex-
citabihty also icsembies to some degree a quantum mechanics problem of mteiac
tion oi a paiticle with a potential 'rakeť Tunneling m a chosen diiection as in 
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F i g u r e 8. T h e obstacle is permeable for an autowave moving from left to right 

the case of autowave tunneling thiough an asymmetiical b a m e r does not have any 
analogy 111 miciophysies 

With íespect to biological applications the results obtained seem to be rather 
lmpoitant for the mteipietat ion of self-sustained wave piopagation 111 locally m-
homogeneous active biological systems Triggei type autowaves passing thiough a 
local b a m e i íepiesent dnect model of neive impulse piopagation through the spike 
The pioblem of the local mhomogeneities influence on the physiology of spatially 
extended systems such as human heart and eye facet has been widely discussed 
(Fiank and Shnoľ 1967) In this sense the íesults obtained give the possibility 
to consider la ther general physiological phenomena (111 particular, activation wave 
fiont piopagation and spatio-tempoial íeairangements in macroscopic tissues) as a 
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a j - i 

F i g u r e 9. The same obstacle as shown in Fig 8 is not permeable for an autowave moving 
in the opposite direction 

special type of ciitical phenomena Amplitude, width and form of barrier manifest 
themselves as the most impoitant ciitical characteristics (Muller and Plessei 1992) 

II. Excitable Medium 

Fit/Hugh-Nagumo model was consideied 

01 * °£-w Q ) ( t / - i ) - i r 0 < a < 1 

fiU - 7TI 

wheie \anable U selves as an activatoi, and W is an inhibitor In a vast legion 
of values of paiametcis B and 7, system (5) has a single stationary solutron which 
is stable foi small peiturbations Paiametei legion where system (5) has autowave 
solutions has been intensively investigated (McKean 1970 Rauch and Smoller 1978, 
Mmia 1982) The best known autowave solutions to FitzHugh-Nagumo system are 
single impulses and periodical sequences to impulses (Kuznetsov 1990) 

There is a parametiical region wheie system (5) has two stationary states 
In this legion a supei critical peiturbation of one state leads to the initiation of a 
tiiggei wave which switches medium fiom pertuibed state to the other stationaiy 
state This can occui when the speed of inhibitor production (deteimined by the 
value of coefficient ji) is too low to recover the first vanable to rmtial state In 
this case, the system behaviour does not differ fiom that of system (1) described 
m the first part of the papei All of the íesults presented foi the Zel'dovich and 
Fiank-Kamenetsky model seem to be applicable to the FitzHugh-Nagumo system 
at relevant values of parameters corresponding to the bistable mode of system (5) 
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In this pait of the papei, a single impulse propagation through local non 
homogeneities in excitable medium is investigated by means of numerical analyses 
of FitzHugh Nagumo model 

Model properties with different parameter values 

Region c, of paiameteis ft and 7 (Fig 10) foi fixed value a = 0 1 was found by 
numeiical computation of system (5) Foi eveiy pan (ft 7) belonging to legion ( 
a stable solution m a foi m of a single impulse exists Region (, is confined by two 
n i n e s V ( 1) ~>2(ft) and by the segment of abscissa [0 ft"] The uppei boundary 
-t'lB) is appioximated bv lineai function 1 = C ft wheie C = 5 4 Besides, jl(ft) 
divides the paiametiical space (ft 7) into two areas which are chaiaetenzed by 
diffeient numbe is of steady states Undei the cuive theie is an aiea wheie system 
(5) has a single steady state Ust = 0 I ľ s t = 0 The aiea above the cuive 7 1(/i) 

legion Í7 111 Fig 10 eoiiesponds to the bistable mode of the system consieleied 
(i/ s, = 0, II s t = 0 and t/,, = U< / 0 II s t = II + ^ 0) 

When (1 •)) G C the system is chaiactenzed by a single steady s ta te (0,0) 
and solution to the system is presented by a srngle impulse A set of pa iameters 
(ft 7) G 1) eoiiesponds to the case when theie are no non-tuvial stable s tat ionary 
solutions to system (5) Eveiy pei tuibat ion of steady s tate (0,0) relaxes 111 time, 
so when (5 7) G 1) the medium descnbed by system (5) is actually non-excitable 
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Values ot paiameters B and 7 outside the non homogeneity weie assumed to belong 
to area (, 111 all numencal experiments described m this part of the paper 

Impulse tunneling through a non-excitable area of excitable medium 

Let us consider a single impulse instigated by perturbation of initial s tate (Í s t = 0 
Wst = 0) moymg fiom left to light 111 the uniform part of excitable medium with a 
constant velocity c, Let the medium contain a non homogeneity so to speak that 
theie is some local aiea of size d where excitability is lowei than the excitability 
of the whole medium Let the value of parameter ft which determines the speed of 
mhibitoi pioduction be equal to ft\ G C ( s e e Fig 10) m the medium outside the 
local a iea Let the value of parameter ft 111 the non excitable zone a t ta in the value 
fti G d (fti > fti) Svstem (5) has only trivial stable stationaiy solution L\t = 0 
Wst = 0 when (ft,f) G d and hence any excitation 111 this /one shoulel lelax to 
the initial stable state Theiefore, it is evident that impulse propagation 111 rathei 
laige 11011 excitable /one, wheie (ft 7) G 1? is impossible 

Interaction of a single impulse with a non-excitable zone was studied It was 
found that for every fixed value of parameter ft2 a ciitical value of 11011 excitable 
zone latitude exists An impulse can oveicome an obstacle and continue to propa 
gate when the zone latitude is less than the ciitical value (Fig 11) 

Numeiical simulations weie conducted foi system (6) 

1-=D7~^-U(U-n)(U-l)-W 0 < Q < 1 

d\\ 
— = ftU~7W 

\ft2 J G [ci r2] , , 
/j = U t g [ M , 2 ] * i " e M (6) 

[ 0 , Ľ e [a, L] 

dU_ dU\ 

St" 0 

wheie 6\ = 0 005 Analysis of pioblem (6) revealed that for any dctermrned value 
of 7 theie are two critical values of paiameter ft2 ft""" and /3"1'IX When ft2 < ft2

mn 

and (7,/i 2) G c, non homogeneity is always permeable foi a single autowave The 
highei the yalue of parametei /32, the longei the time of tunneling thiough an ob
stacle When ft2 is equal 01 gieatei than ft"'™ the obstacle is not peimeable foi 
eyen sufficiently small zone latitude y allies since the inhibitor pioduction prepon 
delate^- the a e t n a t o i giowing Theiefoie segment (ft2

n'n ft"'™} defines a legion of 
paiametei ft2 variation 111 the computei simulation of system (b) 
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U(x) 

F i g u r e 1 1 . Impulse tunneling through a non-excitable area Concentra t ion profile of 
act ivator is indicated in gray, that of mliibitoi is in daik gray 

When the zone latitude exceeds a critical value, the impulse does not pass 
thiough the barnei (Fig 12) 

Impulse tunneling through a penodical sequence of non-excitable zones with 
equal latitudes of d and distances h between them was found to be similar to a 
trigger wave tunneling through the same "raker". Under a ceitain combination of 
zone latitude values and distances between them an impulse can propagate through 
a sequence of non-excitable zones with some quasistationary effective velocity cefs < 

Impulse interaction with a "wedge-shaped" obstacle is also quite similar to 
that of a trigger wave with the same asymmetrical barrier (see part I). It was found 
that an obstacle with a left vertical edge is permeable for impulses moving from 
left to right (Fig 13) while the same obstacle does not permit impulses to traverse 
when they move m the opposite direction (Fig. 14). It follows from the above 
that a medium with this kind of non-homogeneity can serve as a unidirectional 
impulse conductor - an autowave "diode". Potentially, such a medium can be used 
m different biomedical and technical systems. 
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UU) 

F i g u r e 12 Impulse locking up bv a non excitable zone when t IK zont la t i tude exceeds 
ciitical \ a lue 

Appearance in medium with a higher excitability zone of a source of 

periodical impulses 

Let some zone [Í i i2] of e xeitable medium have excitability highei than the outside 

medium Let the yalue of paiametei ft2 m this zone belong to aiea ÍŽ (Fig 10) 

The lattei means that the medium consideied is bistable i e a definite initial 

pei tuibat ion of a primaiy stable state (0 0) could switch the system to the othei 

stable state ( c s t = U* / 0 IVst = IF* Ý 0) The above mentioned zone with 

mcieased excrtabrlrty may become a peimanent souice of peiiodical sequence of 

impulses yylnch piopagate m both dnections yvith an equal frequency (Fig 15) 

The combination of zone of highei excitability ((7 ft2) G ÍŽ) with aieas of 

lowei excitability ((7 ft2) G %) 01 (7 ft2) £ C but 02 > fti) makes it possible to 

icgulate the fiequency of periodical sequence of impulses Foi example if a lowei 

excitability zone of subcntical size preceeds a zone of highei excitability (Fig 16) 

the ongmated souice of peiiodical sequence oi impulses geneiates impulses with 

cliff c lent fiequencies 

It was found that if the latitude ot the zone of lowei excitability coincides with 

file:///ntowa/e
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U(x) 

Figure 13. The obstacle is permeable foi an impulse moving from left to right 

U(x) 

Figure 14. The same obstacle as shown in Fig 13 is not permeable foi an impulse moving 
in the opposite direction 
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U(X) 

F i g u r e 15. Oi igmation ot a source of periodical sequence of impulses m excitable mi chum 
with a local zone of higher excitability 

U(x) 

F i g u r e 16. Origination of an asynchronous source of periodical sequence of impulses m 
excitable medium with local zones of lower and higher excitability 

the critical one, the source initiated aftei the first traversing of an impulse generates 
a sequence of impulses moving only to the right (Fig. 17a) If a zone of lower 
excitability follows a zone of higher excitability and the barrier is not peimeable 
for an impulse, a source of leftwards moving impulses originates (Fig. 176). 

Discussion 

At high values of parameter ft the conditions for a single impulse formation in the 
zone of lower excitability are not satisfied. In this case underbarrier passing of an 
impulse through a non-excitable (prohibited for autowave propagation) area is a 
special type of tunneling. Any perturbation of a medium inside a non-excitable 
zone should relax in time to the initial steady state (0,0). Nevertheless it was found 
that impulse tunneling occurs at some definite values of parameters. Relaxation 
of excitation in a non-excitable area leads to the appearance in the post-barrrer 
regron of a concentration hill of activator significantly diminished m amplitude 
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U(x) 

U(x) 

F i g u r e 1 7 a b. Origination of an asymmetr ical source of periodical sequence of impulses 
m excitable medium with local /ones of lower and higher excitability 

in compauson with its initial value This pos tbamei stimulus predetermines the 

possibility foi a new autowaye initiation The studies conducted revealed that m 

the legion behind the bame i excitation of the medium can be subcntical and 

hence insufficient foi the eyolution of an excitation nucleus to foim a solitary self-

sustained impulse Thciefoie the pioblem of unde ibamei tunneling appeals to be 

closely connected with that of autowaye nucleation m excitable media 

It yvas demonstrated that local non-homogeneities in excitable media consid-

cied could qualitatively change the pat terns of autowave piopagation In part ieulai , 

they may act as secondary souiees of asynchronous 01 umdiiectional waves 

Fi t /Hugh Nagumo model descnbes the piopagation of an impulse thiough a 

caiehae fibei The hist vanable í denotes membiane potential W is a íecovciy 

vanable Paiametei ft can be denoted as the ability of the membrane potential 

to recoyei and is actually an mlnbitoi coefficient of the membiane depolan/a t ion 

piocess In a noimal functioning caidiac fibei excitation of a cell (membiane depo 

laiization) leads to the foimation of an excitation impulse that piopagates thiough 

the homogeneous caidiac tissue with a constant velocity Local non-homogeneities 
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foi example aieas with diffeient iecoyreimg propeities 01 areas of bistable mode 

(once depolaii/ed membiane potential cannot be ie<overed\ could significantly 

iníluence the existence of an impulse Thus, m a caidiac fibei one "bad" elustei of 

iupeieiit ical size can cause impulse damping if it is a zone of lowei excitability 01 

become a source ot penodic sequence of impulses (foi example pacemakei) if it is 

a non-homogeneity of a tiiggei type 

The possibility of non-homogeneities acting as souices of secondary wayes was 

fust mentioned in the famous yvoik of Wiener and Rosennlueth (1946) The special 

model ol active medium with a local non-homogeneitv of a tiiggei type yvas latei 

analyzed bv Zaikm (1979) Recently, the existence ot asynchronous souices has 

been detected e ipenmenta lv m quasi-one-dimensional chemical systems (Peiraud 

1993, Agladze et al 1995) Qui analysis demonstrate that unde ibamei passing in 

<-ahve media with íecoveiv e ould play an impoitant íole in a vane+y of spatially 

"xtended systems fai bom ecjuilibiium We hope that the it suits obtained will find 

fiuthei applications m biophysns and geneial physiology 

C o n c l u s i o n 

The phenomenon of autowaves uneh i b a m e i passing thiough non-homogeneous ai

eas as well as then tiansfoiraation into ^econeian sources piesent significant nteiest 

fiom 1 oth the fundamental standpoint and with íespcct to then yeisatile apphca-

tions in geneial physiology cind biophysics It should be mentioned that autoyyayes 

ande ibamei passing me>e nanisms significantly cbffei liom those ol mieiopaiticle 

tunneling effect well knoyvn in quantum mechanics (Leontoyich and Mandel shtain 

1928) The penetiation of a dehmte mieiopaiticle into the pos tbamei legion is of 

,i piobabihtv natuie (pimeipally unpiechctablej and is defined bv the amplitude 

of the wave bmction yvhereas autowave passing thiough a non-excitable zone is 

completely piedictable and fully deteimined Theie still is a similaiity between the 

tyvo phenomena as miciopaiticles can penet iate thiough aieas strongly foibidden 

by classical mechanics an autowave may pass thiough a legion of a totally non-

PXCitable medium wheie there aie no facilities lor self-sustained wave propagation 

The results obtained seem to be important foi vanous applications Foi in

stance, bistable models ongmally desrgned foi analysis of combustion waye fronts 

piopagation aie nowadays widely used m biophysics Conductive tissues of living 

oiganism such as nervous, caidiac and muscle tissues aie examples of excitable 

media Malfunction of the piopagation of an impulse in caidiac tissue can cause 

diffeient caidiac diseases such as ischemia and a n h y t h m i a (Winfiee 1987) The 

lat tei , m paiticular, can be explained by the presence of local non-excitable areas 

m the cardiac fibie The appeaiance of a souice of periodical sequences of impulses 

can be critical foi the heait function as a whole 

Finally, it is woith to mention that legulation of autowave pat terns via inser-
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t i o n oi local n o n e x c i t a b l e / o n e s in a e t i y e m e d i a c o u l d c e i t a m h find a n a p n l i c a u o n 

m t h e noyel class eif c h e m i al i n d b i o m c d n al t e c h n o l o g i e s (I uss et al 1 9 9 1 1 9 % 

Nloskoy 1995) T h e s a m e ideology o f m s e i t i o n if non e x c i t a b l e e l e m e n t s is widely 

used today t o í e g u l a t e n u c l e a i p i o c e s s e s m nue lea i p o w e r s t a t i o n s a r o u n d t h e woi In 

W i t h i c s p e c t to b iomedif a1 a p p l i c a t i o n t h " me thoel of loca l p e i t u i b a t i o n of a s p a 

tiallv d i s t i i b u t e d e x c i t a b h biological s y s t e m ( k n o w n as a c u p u n c t u i e ) h a s a long 

s t a n d i n g t i a c b t i o n in the O n e m a l medic ine Tlie í e s e a i c b u n d c i t a k e n will hopefully 

e AS* some hg ln on b i o p h y s i c a l me>chanisms of loca 1 s p a t i a l non H o m o g e n e i t i e s m 

fluence on m a i l o s e o p i c d y n a m i c s of e x c i t a b l e pl iysiological s y s t e m s 

A c k n o w l e d g e m e n t s The aut hois aie e i a t e f u l to Prof \ A I v^rdislov for his u marks 
on and discussing of t h e issue of tin piesent work They also wish like t o t h a n k Mi 
M D idian f >i coopi i it ion in m a t i n g this pane r ' l i e work was partially s u p p o r t e d b\ 
Russian f o u n d a t i o n foi Basu Hist u h (Giant No 95 03 09052) 
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