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Autowave Tunneling Through a Non-Excitable Area
of Active Media

M S Poptsoval, G T GuURIA?

1 Lomonosov Moscow State Unwersity, Moscow, Russia
2 National Scientsfic Centre for Haematology, Moscow, Russia

Abstract. The mechanisms of autowaves propagation through local non-homo-
genelties 1n active media relevant to diverse class of physiological systems were
studied by means of a computer ssmulation The model proposed by Zel’dovich and
Frank-Kamenetsky and that of FitzHugh-Nagumo were used for studying autowave
tunnehng, which 1n a broad sense implies underbarrier 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
15 less than critical

Crntical conditions for origination of a source of periodical sequence of 1m-
pulses 1n 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 irregulanty behaves as a source of
unidirectional and/or asynchronous sequence of impulses were explored
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Introduction

It 1s 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-
1cal systems responsible for signal transduction for macroscopic distances deserve
special attention The best example 1s a nerve impulse, which represents nothing
but a self-sustained wave of membrane depolanzation (Hodgkin and Huxley 1952)
Recently 1t has been found that calcium autowaves play an extremely important
role 1n 1ntracellular processes (Lechleiter et al 1991)
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Theoietical undeistanding of mechanisms of autowaves propagation 1s based
on classic woiks considering the problem of space propagation of a gene bearers of
which prevail in the stiuggle for Iife (Ixolmogorov et al 1937 Fisher 1937) Shortly
thereafter Zel dovich and Frankh-hamenetshy suggested another model which takes
mto account a critical level of excitation of a stationary state Imtially the model
was developed for combustion wave front propagation, which obviously has self
sustained autowave natuie It 1s clear that combustion wave can be mmtiated only
if the excitation of a stationary state exceeds some ciitical level (here temperatuie)
As 1t was found later the presence of excitation level 1s intrinsic to phy siological
systems on the whole For examplc calcium tiigger waves are mtiated when the
concentiation of calcium 1nside a cell exceeds some ciitical value Fiom that view
point the model of Zel dovich and Frank-hamenetsky 1s more generous and 1s now
widely applied to the majoiity of trigger processes found in biophysical systems
Today both models mentioned above apply to wide class of biological and physico
chemical systems generally named as active media (Maiek et al 1995)

As for excitable media the uige for developing of basic mathematical models to
desciibe autowaves regimes m vailous active media with recovery (excitable media)
was 1nitiated after Hodghin and Huxlcy had dernved then model of the propaga
tion of nervous impulses thiough the membiane of squid axon FitzZHugh Nagumo
model 15 a sumplfied (from mathematical standpoint) model of that of Hodgkin
and Huxley and 15 well 1ccognized i theoretical reseaich of caidiac diseases such
as venticular fibillation 1schemia cte In this paper we treat this model from
the general pomt of view 1mplying common natwe of conducting tissue m lhving
organisis 1 e excitation recovery and capabihity to support impulse propagation

Modern autowave studies are prunaiily oriented at 111ve9t1g2tt1ng the possibil
1t1es of (vternal 1egulation of autowaves patterns i active media This branch of
biophysics 15 of great mterest duc to the perspective of 1egulation of biological
processes on different levels of orgamization (Muiray 1989 Lechleiter et al 1991
Memhatrdt 1995) One possible way to govern autowaves behaviour 1s to pertur
bate the system duting some short period of tume (creation of time gradient) (Guia
1993) On the other hand the evolution of autowave process can he influenced by
creating a local space non homogenaity 1 active medium An important role of lo
cal non-homogencities 1 phy<iology of the cardiac tissue was discovered by Wiener
and Rosenblueth (Wiener and Rosenblueth 1946) It was found that the mecha
msm of teviberator generation 1w cardiac tissue 15 closely 1elated to local spatial
non homogeneitics After this classic work the behaviour of vaiious physiological
systcms was treated 1 terms of active media and 1ather general mathematical
models wecie constiucted The class of most fundamental basic  models mncludes
thosc of Hodghin Huxley (1952) and FitzHugh-Nagumo (FitzHugh 1961 Nagumo
et al 1962) Analyses of basic models of active media show that autowaves propa
gation pioperties m locally non homogeneous active media can significantly differ
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from those m homogeneous active media (Zaikin 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] were used to perfoim the numerical simulations

Several key questions weie confronted before the studies were mmitiated 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 medium? How
critical 18 the presence of an affected area (1e an area which 1s not capable of
supporting autowave propagation) for autowave existence i the medium consid-
ered?” What are the possible repeicussions of autowave tunneling on the further
development of the autowave process’

The exploration was conducted for two types of active media one-component
bistable medium and two-component 1ecoverable active medium (excitable me-
dium) Tunnehng effect and the phenomenon of unidirectional conduction of locally
non-homogeneous active medium were found 1n both types of the active media
A source of periodical sequence of impulses at the boundaiy of zone of higher
excitability was shown to onginate only in the excitable medium with recovery
Cuitical conditions which are necessary for the appearance of asynchronous and
unidinectional autowave sources were explored

1. Bistable Media

The widely known model originally proposed by Zel’dovich and Frank-Kamenetshy
for wave front propagation was considered

ou o*U
— =D— - U (U - I—1 0 1 1
3 ooz VWU —a)(U—-1), 0<a< (1)
It 1s 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
1
JO:A/ SUU —a)(U -1)dU >0 (2)
0

which 15 equivalent to condition & < 05 1s valid, propagation of an autowave
provides for the switch of the system from the mmtial steady state Us; = 0 to state
Usg = 1 In this case, state Uy, = 115 termed “attractive” state of the trigger system
(1) The velocity of a tiigger wave ¢ 1s given by the expression

co = %@(1 —2a) = 6\/?% (3)
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Let the trigger wave propagate from left to right with a constant velocity
co. Condition (2) 1s supposed to be satisfied, state Usy = 1 is an attractive state
for the medium, thus the trigger wave switches the system from state Uy = 0 to
Uy =1 Let the properties of some local zone be different from those of the whole
medium 1 such a way that condition (2) for this zone transforms to condition
Jo <0(05 < o < 1) The latter implies that the attractive state for this zone is
state U, = 0, hence an autowave should switch the system from state Use = 1 to
U, = 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 2 € [0, L] with Neuman boundary
condition. Imitial value problem has the form:

U o
— — T — 7 —
5 502 UU —a)(U -1)
oy, 1 € [xy, vo
= - 1,22 €1[0,L
“ {01, r ¢ [l“hl‘z] b2 [ ]
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au _ou _a
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In all the experiments it was assumed that a; = 0.1, and a; € [0.5,1].
Solutions to system (4) at different stages are presented in Fig. 1. The de-
pendence of function U on 7 1s shown at different time values: the change of o
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Figure 1. Autowave tunneling through a non-excitable area of bistable medium.
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Figure 2. Autowave “locking-up” by an obstacle of supercritical size.

parameter value on interval [a;, t;] is shown as a barrier whose height 15 deter-
mined by value of a;; @ = a; in the whole medium outside the interval [ry,.ra],
the non-excitable zone latitude 18 d = x, — z;. As depicted in Fig. 1, a switch to
the repulsive state Uy, = 1 within area [r1,22] takes place, though the attractive
state for this zone 1s Uy, = 0 In a non-homogeneous zone an autowave fiont is
stretching as though it 1s tempted to go further. and as soon as the excitation
i the area behind the baiier exceeds some critical level, the posterior autowave
propagation 1s provided by the autowave support mechanism intrinsic to the model.
The process of trigger wave formation n the postbarrier region is initiated before
state Ugy = 1 15 achieved within the barner. A newly formed trigger wave “draws
out” the points from non-excitable zone, and eventually a stationary regime of
propagation is established

Fig 2 shows a case of “locking-up” the autowave by an obstacle with the same
value of a, parameter (the same barrier height) but fo1 an augmented inteival d
which exceeds the critical value for the zone latitude. As 1s evident from Fig 2
excitation in the postbarrier region does not exceed the excitation critical level,
and the condition for a new tiigger wave formation is thus not satisfied.

Hence, the existence of a ciitical value of non-excitable zone latitude was re-
vealed If the value of non-excitable zone 15 less than critical an autowave traverses
the barnier and continues to propagate. In this case a delay mn time occurs versus
the time interval of an autowave propagation m a homogeneous medium. A hypo-
thetical observer situated on the right side from the bairer would see the normally
propagating autowave that reaches him with a certain delay The dependence of
the time delay on the barmer latitude for the different values of paiameter a; is
shown in Fig 3
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Figure 3. Depondouce of tmd delay ol an autowave propagation on the harter latitude
for different values of parameter a;

The correlation between «ay and d., = z2 — x; is shown in Fig. 4. The curve
az(d.,) 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 a»
and a barrier latitude d < d.,, a critical value h., exists. The tunnel effect occurs
when the value of distance h between the obstacles is more than critical. The
dependence h.,(d) for two different values of parameter « 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 @y and d belong to the tunneling area (Fig. 4). The case of an autowave “locking-
up” when value of & is more than critical is shown in Fig. 6.
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Figure 4. Corielation between critical haght and latitude of non ¢xcitable zone

Influence on autowave propagation of the barrier form

The mteraction of an autowave with a wedge-shaped obstacle with one vertical
edge was analyzed It was found that an obstacle with a right vertical edge will be
permeable for autowaves moving fiom left to 11ght (Fig 8) while the same obsta-
cle will stop autowaves moving 1 the opposite direction (Fig 9) Therefore, the
medium with a local non-homogeneity of similai type may seive as a unidirectional
autowave filter

Discussion

In the system considered underbariier passiug,1 e tunneling takes place though au-
towave tunneling mechanisms have their own natuie and differ fiom the well known
mechanisms of tunneling of a microparticle in quantum mechanics (Leontovich and
Mandel’shtam 1928) The fact that an autowave may overcome an obstacle 15 1e-
lated to a non-stationary autowave evolution 1n the local area of inverse attraction
Formation of a new tuigger wave i the postbarrier 1egion occuts only when ciitical
conditions for autowave nucleation are satished (Behntsev et al 1978)

Autonave tunneling through a perodical sequence of zones with reduced ex-
citability also resembles to some degree a quantum mechanics problem of interacr-
tion of a patticle with a potential ‘raker’ Tunneling in a chosen duection as m
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Figure 5. Autowave tunneling through a periodical sequence of barriers
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Figure 6. Autowave loching up by a periodical sequence of barriers
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Figure 7. Correlation between barrer latitude d and cntical distance h for different
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Figure 8. The obstacle 1s permeable for an autowave moving from left to right

the case of autowave tunneling thiough an asymmetiical batiler does not have any
analogy m miciophysics

With 1espect to biological applications the results obtaned seem to be rather
important for the mteipretation of self-sustamned wave piropagation 1n locally -
homogeneous active biological systems Trigger type autowaves passing through a
local bariier 1epresent direct model of ne1ve impulse propagation through the spike
The piroblem of the local mhomogeneities influence on the physiology of spatially
extended systems such as human heart and eye facet has been widely discussed
(Frank and Shno!' 1967) In this sense the results obtained give the possibility
to consider 1ather general physiological phenomena (1n particular, activation wave
fiont propagation and spatio-temporal 1earrangements 1n macroscopic tissues) as a
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Figure 9. The same obstacie as shown i Fig 8 is not permeable for an autowave moving
in the opposite direction

special type of cuitical phenomena Amphtude, width and form of barrier manifest
themselves as the most important ciitical characteristics (Muller and Plesser 1992)

II. Excitable Medium

FitzZHugh-Nagumo model was considered

oU 22U

=D—— - [U/(U - —-1) - 0< 1
oy 312 U(U —a)(U -1) , a <
ou
= 3U -1
ar / vy

whete vaiiable U7 setves as an activator, and W i1s an ihibitor In a vast 1egion
of values of parameters 8 and ~, system (5) has a single stationary solution which
15 stable for small perturbations Parameter 1egion where system (5) has autowave
solutions has been intensively investigated (McKean 1970 Rauch and Smoller 1978,
Miura 1982) The best known autowave solutions to FitzHugh-Nagumo system are
single impulses and periodical sequences to impulses (Kuznetsov 1990)

There 1s a parametiical region wheie system (5) has two stationary states
In this 1eglon a supercnitical perturbation of one state leads to the initiation of a
trigger wave which switches medium fiom pertuibed state to the other stationaiy
state This can occur when the speed of mhibitor production (determined by the
value of coefficient 3) 1s too low to recover the first vanable to mitial state In
this case, the system behaviour does not differ fiom that of system (1) described
m the fiist pait of the paper All of the 1esults presented for the Zel'dovich and
Frank-Isamenetsky model seem to be applcable to the FitzHugh-Nagumo system
at relevant values of parameters corresponding to the bistable mode of system (5)
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In thus part of the paper, a single unpulse propagation through local non
homogeneities 1n excitable medium 1s investigated by means of numerical analvses
of FitzHugh Nagumo model

Model properties with different parameter values

Reglon ¢ of parameters J and 4 (Fig 10) for fixed value o = 01 was found bv
numencal computation of svstem (5) For every pan {(# 7) belonging to 1egion (
a stable solution m a form of a single impulse exists Region ¢ 15 confinea by two
curves 7' (3} 7%(3) and by the segment of abscissa [0 3*] The upper boundary
11(3) 15 approximated by lmear function ~ = €3 whete C = 54 Beades, v!(3)
divides thie parametiical space (3 9) into two areas which are characterized by
different numbeis of steady states Under the cuive there 1s an aiea wheie system
(5) has a smgle steady state Uy =0 W,y = 0 The atea above the cmve v} (3)

region 2 m Fig 10 corresponds to the bistable mode of the system considered
(Uy=0,0y =0and U, =U"#40 N =M"*£0)

When (3 1) € ¢ the system 15 charactenized by a single steady state {0,0)
and solution to the system 15 presented by a simgle impulse A set of parameters
{3 7) € VU cotresponds to the case when there are no non-tiivial stable stationary
solutions to system (5) Every perturbation of steady state (0,0) relaxes i time,
~0 when (3 1) € ¥ the medium described by system (5) 1s actually non-excitable
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Figure 10. Parametrical space (3 v) for FitzHugh-Nagumo model a =0 1
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Values ot parameters 5 and v outside the non homogeneity weie assunmed to belong
to area ¢ 1n all numerical experunents described in this part of the paper

Impulse tunneling through a non-excitable area of excitable medium

Let us consider a single impulse mstigated by perturbation of imitial state (L =0
We = 0) moving fiom left to 11ght 1 the umiform part of excitable medium with a
constant velocity ¢, Let the medium contain a non homogeneity so to speak that
thete 1s some local atea of size d where excitability 1s lower than the excitability
of the whole medium Let the value of parameter 3 which determines the speed of
mhibitor production be equal to 3; € ¢ (see Fig 10) mn the medium outside the
local area Let the value of parameter 3 in the non excitable zone attain the value
B2 €9 (B2 > 1) Svstem (5) has only trivial stable stationary solution U, =0
Wy =0 when (3,7) € ¥ and hence any excitation m this sone should 1elax to
the mitial stable state Therefore, 1t 1s evident that impulse propagation m rathe:
large non excitable sone, whete (3 «v) € ¥ 15 umpossible

Interaction of a smgle impulse with a non-excitable zone was studied It was
tound that for every fixed value of parameter g, a cuntical valuc of non excitable
zone latitude exists An impulse can overcome an obstacle and continue to propa
gate when the zone latitude 15 less than the cuitical value (Fig 11)

Numerical stmulations werc conducted for system (6)

ol U
e— =D (U - J — —
o Daql UU—-a)(U-1)-W 0<a<l
oW
AT S S
T pU —~W
By a1 €fr vy
P = 2 0,L
/ {/31 Lg[ll ’13] otz 6[7 ] (6)
1, 1 €]0,al
7 = ——_
U(1,0) {07 T el a € [0,1y]
au vaU' _0
o |, OW g |, L_

whete ) = 0005 Analysis of pioblem (6) 1evealed that for any determined value
of v thete are two critical values of patameter 3, S5 and g9 When £ < g3
and (v, /) € ¢ non homogeneity 1s always permeable for a single autowave The
higher the value of parameter 3, the longer the time of tunnenng through an ob-
stacle When gy 15 equal o1 greater than 5™ the obstacle 15 not permeable for
even sufhaently small zone latitude values since the mhiitor production prepon
derates the activator growing Therefore segment (P 53%) defines a 1egion of
parameter 3, vavation i the computer simulation of system (b)
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Figure 11. Impulse tunnehng through a non-excitable area Concentration profile of
activator 1s indicated 1n gray, that of inhubitor 1s 1n datk gray

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

Impulse tunneling through a perodical 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 certain 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 ce <
Co

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 1 the opposite direction (Fig. 14). It follows from the above
that a medium with this kind of non-homogeneity can serve as a umdirectional
impulse conductor — an autowave “diode”. Potentially, such a medium can be used
i different biomedical and technical systems.
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Figure 12 lInpulse loching up bv a non excitable zonc when the zone latitude exceeds
critical value

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

Let some zone [17 1,] of exatable medinm have excitability hugher thau the outside
medium Let the value of parameter /3, m this zone belong to area 2 (Fig 10)
The latter means that the medium considered 1s bistable 1e a defimte 1mtial
pertutbation of a primary stable state (0 0) could switch the system to the othes
stable state (L = U* # 0 W, = I¥"* s 0) The above mentioned zone with
increased excitability may become a permanent source of periodical sequence of
unpulses which propagate i both dunections with an equal frequency (Fig 15)

The combination of zone of higher excitability ({y ;) € ) with areas of
lower excitability ((y p2) € ¥ o1 (v 3:) € { but 8, > ,3;) makes 1t possible 1o
regulate the fiequency of periodical sequence of impulses For example 1if a lowe:
excitabiity zone of subciitical size preceeds a zone of higher excitability (Fig 16)
the ongiuated souice of peniodical sequence of impulses generates unpulses with
diffcrent ficquencies

It was found that if the latitude of the zone of lower exatability comeides with
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Figure 13. The obstacle 15 permeable for an impulse moving from left to right
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Figure 15. Ongination of a source of periodical sequence of impulses 1 excitable mediumn
with a local zone of higher excitability
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Figure 16. Ongmation of an asynchronous source of periodical sequence of impulses in
excaitable medium with local zones of lower and higher excitability

the critical one, the source mmitiated after 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 15 not permeable
for an impulse, a source of leftwards moving impulses originates (Fig. 17b).

Discussion

At high values of parameter 3 the conditions for a single impulse formation in the
zone of lower excitability are not satisfied. In this case underbarrier passing of an
mmpulse through a non-excitable (prohibited for autowave propagation) area 1s 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 1mpulse tunneling occurs at some definite values of parameters. Relaxation
of excitation in a non-excitable area leads to the appearance in the post-barrier
region of a concentration hill of activator significantly diminished in amplitude
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Figure 17a b. Onigination of an asymmetrical source of pertodical sequence of impulses
1 excitable medam with local zones of lower and higher excitability

m compatison with its mitial value This postbatiier stimulus predetermines the
possibility for a new autowave mtiation The studies conducted revealed that in
the region behind the baiiier excitation of the medium can be subciitical and
hence msufficient for the evolution of an excitation nucleus to form a solitary self-
sustained mmpulse Therefore the problem of undeibatiier tunneling appears to be
closely connected with that of autowave nucleation 1n excitable media

It was demonstrated that local non-homogeneities 1 excitable media consid-
ered could qualitatively change the patteins of autowave propagation In particulas,
they may act as secondary souices of asynchronous o1 umdiectional waves

Fit/Hugh Nagumo model desciibes the propagation of an impulse through a
catdiac fiber The fust vanable T denotes membiane potential W 1s a 1ecovery
varlable Parameter ;3 can be denoted as the ability of the membrane potential
to recover and 1s actually an mhibitor coeflicient of the membiane depolarization
process In a normal func tioning cardiac fiber excitation of a cell (membiane depo
latization) leads to the foimation of an excitation impulse that propagates thiough
the homogeneous catdiac tissue with a constant velocity Local non-homogeneities
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for example areas with different 1ecovering propetties o1 areas of bistable mode
{once depolanized membiane potential cannot be recovered), could significantly
mfluence the existence of an impulse Thus, i a cardiac fiber one “bad” dJustetr of
supercritical size can cause mipulse damping if 1t 1s a zone of lower excitability o1
become a ~ouice ot periodic sequence of mmpulses (for example pacemaker) f 1t 14
« non-homogeneity of a tuigger type

The possibility ot non-homogeneities acting as sources of secondary waves was
fiist mentioned 1n the fancous wotrk of Wiener and Rosenplueth (1946} The special
model of active medmum with a Jocal uon-homogeneitv of a trigger type was latex
aualyzed by Zaikin (1979) Recently, the existence ot asvnchionous soitces has
heen detected e<perimentaly in quasi-one-dimenstonal chemucal systems (Peiraud
1993, Agladze et al 1995) Ow analysis demonstrate that underbatiter passing
«ttive media with 1ecoverv could play an mmportant rtole m a vartety of spatially
oxtended systems far bom equilibimum We hope that the 1esults obtammed will find
further applications in brophyvsics and general phvsiology

Conclusion

The phenomenon of autowaves undctharter passmg thiough non-homogeuneous ai-
eas as well as then fransformation into secondary sources present significant nterest
from 1 oth the fundamental standpoint and with 1espect to then versatile applica-
t1ons m general physiology and biopiiysics It should be mcntioned that autowaves
anderhattier passing mechanisms sigutficauntlv differ fiom those ot microparticle
cnneling effect well known i quantuin mechanics (Leontovich and Maudel shtam
1928) Tle penetiation of a detinite microparticle mto the postbaitier region 15 of
« probabilitv natuie {(prinapally unpredictable) and 1s defined bv the amplitude
of the wave tunction whereas autowave passing through a non-execitable zoue 15
completely predictable and fully determned There still 1s a similanty between the
two phenomena as micropaiticles can penetrate thiough areas strongly forbidden
by classical mechanics an autowave may pass through a 1egion of a totally non-
excitable medium whete there aie no facilities for self-sustained wave propagation

The results obtammed seem to be umportant for various applications For 1n-
stance, bistable models oniginally designed for analysis of combustion wave fronts
propagation are nowadays widely used m biophysics Conductive tissues of living
organsm such as nervous, cardiac and muscle tissues are examples of excitable
media Malfunction of the propagation of an impulse 1 cardiac tissue can cause
aifferent cardiac diseases such as 1schemia and arthythmia (Winfiee 1987) The
latter, 1 particular, can be explaned by the presence of local non-excitable areas
in the cardiac fibie The appearance of a souice of periodical sequences of impulses
can be critical for the heart function as a whole

Fmally, 1t 15 woith to mention that 1egulation of autowave patteins via inser-
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tion o1 loral non «xcitable zones i active media could certamly find an apnlication
m the novel class of chamt al wd biomedical technologies (Tuss ¢t al 1991 1946
Noskov 199%) The <ame 1deologv 2% insertion f non excitable elements 15 widely
u=cd todas to regulate nuclcar processes i nuclcar power stations around the worla
W ith 1espect o biomediral application  the mcthod of local perturbation of a spa
tialls distiibuted excitabls biological system (known as acupunctuie) has a loug
standing tradition mn the Onemal mediane T 1esearch undertaken will hopefully
cast somc light on brophysical mechamsms of local spatial nou nomogeneities
fluencc un mactoscopie dynamucs of excitable piysiological systems
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