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~ ~fTh\J1~di -Jf q~lclxol em j41xil'i ~ ~ ffil<r-l 

"dffi, CfC'll x1lKi\ xl411 J 'i q)T ~ ~ fcnm \JlTill d"m -a 
31W Th1 xicfH:Sd ~fTh\J1~ex'i eft ~ -Jf 3lfu41 >flWfi 
m tl ijR1ctl~ ~ -Jf ~ Cll"ill ~ d"m ~~dC'l'i 

WJCfd ijR1 ctl ~ ~ "* 3lTCPR d"m ijR1 c61 ~ ~ "* 
fll1ljqlc-fl ~ ~ \Iff xill1 l~ d: fcRc;r ~ "ffi'ClT -Jf ~ 
3lfu41 ~ ~ 1 ~ ~ ~cl 'h1 fc;j f.'j ~ 11 'l'<" 3l1tllfur 
~ijR1c61~ ~~~d41 "* ffl -Jf Cf>T<l ~ ~, ~ 
xi1fc;jd ijR1c61~ ~ -Jf ~ ~ ~ q:)11 "dT4"l1R 

lR -mclcP ffl xf qRClFctd ~ ~I 

~ ~, ~ d"m ~ xif5~'lfTl~l -;f ~ ~ 

~ q)T 3ltlflR fcnm \JfT ~ "* "dT4"l1R 'l'<" 3lTm 

cnm ~ ~I <:TTIfq ~ "* ijR1Chl~ ~ XiII1I~d : 
~ fcRc;r ~ "ffi'ClT eft ~ -Jf ~ 3lltl m t ~ 
x~ ~ "* ~ &RT ijR1ctl~ ~ -Jf ~ 
ll~ 61 ~ ~I ~ -Jf ~ ~~lll~IIC'lI-Jf Rlelfc;jv11 

Qillxx"<bl d"m ~ Xif5~'lfTl~l-;f ~ ~ ~ 

f.1lll1 "* Xi f5 ~l fTl ~1 "* -m2T ~ C'l41 X Its1 fc;j f.'j ~ 11 3l1tllfur 
ijR1c61~ ~fTh\J1~ex q)T 6TC'1" 1ft -Jf ~1~lfTl41 >rm fcnm, 
~ x~ ~ q)T ~ ~ ~ "* "dT4"l1R lR 
T;'"C'1Tm \JlTill ~ I [Phys World, IS (2) (2002) p.12]. 

3T-cm:Rt Gcf PI ell '( Cb Fcl Cb R1 d 

mtR eft mvr xf \JfT ~ ~ ~ ~ « 3TjlfCT 

~ t ~« f.'j cll'<Cfl ~tft Fcl CflRid eft vrr ~ ~ 

\YIT ~ ~ ~tft eft ~ -Jf q:)11 LJITCT WWT crrc;ft 

d"m 31-CIRRT « f.'jCllxCfl 611 

c;'Jx;:c) Fcl ~Cl Fcl 81 C'l ~ -Jf 111 ~ 41 C'l ~ 3fR ~ iP1 -;f 

llT<IT fcn 3lljti~ICfl ffl xf '(JqidRd W ~ "~ 
~ (f('Cf >rfdx)tft 111 ~~ ex" ~ "'1l11Cf)" mtR ~ 
2ft, ~ -Jf me "* QJRUT (fur, ~ « ~ ~ 
>TCl1T'<" "* ~ "* ~ ~ q:)11 ~ t. ~ ~ eft 
fff(f ~ fcn 31T\Jf ~ Rl fch cti Cfl ~ "* 1lffi ~ >TCl1T'<" "* 
~ "* ~ ~ >flWfi \NCIT{ ~ ~I 

mtR m "* ~ « f.'jCllx41 '51~'ilxfCb'i <TI ~~'51R1H 
cfj ~ em ~ ~I ~ >TCl1T'<" ~ ~ ~ em 
~ ~ ill ~ ~1Cl2ffi41 ~ f.'jCllxCfl "* "f(R -Jf ~ ~ 
~I ~ ~ f.'jCllxCfl'j "* ~ ~ ~ P'F1 ntm-f<rttr 

~, "dffi fcn lf1~, ~ ~-W Rh'i "dffi ~ xf ¥ cox "Cfl"T<f 

~ ~I ~"* ~d", ~ ~ 31-CIRRT ~ 
s4I t~ ~ 3RT ~"* XTI2T ~"* ~ 
31CT% 61 ~, ill ~ -;f ~ ~ CfalUT ~ ~ 1 

~ Xi pi \J1 N, ~ <TI <nC;" m -Jf ~ Cfl fd'i I ~ 

~ ftRT 3RTm ~ "fITl1R:r ~ fcnm 1 

3TjXt~ ~ ~ ~ em ~ lR ~ q)T XffiTI 

~ % tl ~ ~ ~ ~ ~3IT em ~ ~ eft 
~ \JfT ~ xf ¥41X ~ Cf>T<l 41T ~ 1 3RT ~ 
x:j~G'ixltft ~~£llfTlctl ~ ~3lT "* ~ eft ~ \JfT 
fcn ~ ~ x:jClIf5Cfl em ~tPn d"m ~ "* ~ ~ 
Nrrr 3fR Cfll~ICflI eft mtR ~ eft q5Fcfi;:~1 &RT ~ 

xf XIm ~ [New Sci, 173 (2326) (2002) p. 15; also see 
CeLL, 108 (200 I) p. 31]. 

"9OT~~ 

~ Rl~ClRltllC'l~, ~.~.~. "* furIt"4tRr 3fR xif5~lfTlm 
-;f ~ -W ~ eft ~ eft ~11ftor, ~, ~ 
3fR fdcfd ~ ~ ~ 11c'ft-~ Wd" t ~ 6TC'1" 1ft "* 
ern -Jf ~ ~ ~, ~ ~ Cf)f5T 'T<n, eft mvr 
eft ~ (~ ~ 1fc:T ~ ~ ~ ~ -Jf liT'1T {l1r:s~11 

lCiCI4e WTI \JlTill~) ~ ~ ~ ~ -W ~ 
~ eft mvr eft t \JfT ~ cmr (<;:1 ~ ~ Cfl I ~ C'l l 1x"l'<l (>'{i) 

"* QJRUT ~ ~ ~ I ~ dCfl, ~ cmr em ~ 
~ ~ lf1"'iT \JlTill m ~ ~ ~ CITf5CP lf1"'iT 

\JlTill m 1 

~ ~ -Jf ~ 'T<n fcn ~ "ffi'T ~ ~ -Jf cmr 

~ t ill ~ XCfd" -Jf cmr "* "f(R -Jf q RCl ct'i 61 \JlTill 

~I ~ 3fR ~ ~ -;f ~ fcnm fcn <TI ill 
cmr ~ Cflfc;j CflI3lT em ~ ~ ~ d"m XCfd" cmr 

q)T "f(R ~ ~ <TI ~ ~ <T£l eft ~ ~ ~ ~I 

~ ~ em '1C'l$lI~ "* ~ ~ ~ em RlfTc'i lR 

m r.ft\;r C'llll41x ~"* ~ ~ ~ ~"* ~ 
~~~~-;f~em~d"mxtm~~ 
-;f <TI ill xtm <TI ~ ~ (fffG ~ ~ -;f 1TCfl" R 

cox xm 2ft) 1 

m "C'1l<IT -;f m r.ft\;r em ~ d"m xtm ~ 3fR ~ 
~ ~, ~ XCfd" -Jf cmr q)T "fdx ~ ~ ~ 



~ ~ Tftvf em xtm ~ ~:rrn 3lfuq) 1ITm 'Tm I 

~~~tfcn~qm~~cfc&em ~ 
CfRClT tl <:r5 ~ ~ t, mR ~ >rfd ~ ~ 
t, -;or fcn <tu [Chern Brit , 38 (I) (2002) p. 16; Physiol 

Behariour, 74 (2001) p. 343]. 

'(~R;~-'141'1d¥i ~ 3l'fqfU 

311 CHi lliH Pc) ~q Pc) W C'lll cfi xTvft Cf)1fc>1 'ii m ~ ~ 
t fcn ~ >rCfJR cBt \(~~'ii 311 Cf)~ Cf) ~ ~ <IT 

cftm ~ em ftRT fcnxft <t'lm ~ >f'BTCT ciJ cplf "CfJX 

~ -g I 3Pfi ~ \(~~'ii ~ ~ "C'1l1lT em <ft ~ 
xtt t ~ Cfl'1 c>1 f(i C'l cBt l1T5IT 3lfuq) ~ 2ft I ~ 
31~ ~ ~ s31T t fcn ~ Cfll cvn \(:(1 C'l ~ cplf 

Nill t ~ 'lfi ~ "C'1l11 ~ t I ~ em <:r5 ~ 
cBt 31lq~llCf)d l t fcn ~ ~ fcticR '{j~~d -gl 
~ cBt cpT{ ff'lWRT 1"tf t <l ~ ~ -g ~ 
C1TrT ~ ~-gl 

Cf)1fc>1'ii «~'ii ~ cfi ~ ~ f.1tW em ~ ~ 
-gl ~ 31~RCfd, Cl1~¢fJ~ 'lfi ~ 'Tm t ~ 316f 

~ ~ fcn CRTf <:r5 ~ -;or ~ ClJT cpT{ \3 q ~Cfd 
CfJRUT t I 316f ~ Cfl'1 c>1 f(i C'l ~ cBt \JftT.r 'lfi ~ 1"tf 
tl 

~ \(~~'ii ~ 1"tf t l <1ft C1TrT ~ ~ ~ ~ 
%, m <:r5 fil-br cBt ~. '01". ~ ~ ~ xtcrr3IT ClJT 

\3C'\'>1ti'i ~I ~ ~ ~ <:r5 ~ l0f ~ l1T5IT ~ 
~~I~.'0f.~. em~~fcn~ C'11q«~'i 

cBt ~ l1T5IT mI:D cBt ~ I 

~. ~;g)Cf)C'l ~ cBt ~ ~ ~ ciJ -El1l,<4'i 

1ftcx ~ ciJ ~ <1ft ~ ~ -m*n XiJq ~ cplf 

m~m~11M~3lfuq)m~fcn~ 
~ ~ \f\(i ~ ~ 1"tf "CfJX ~ ~ fcn ~ 
~ ~I ~ >f'lilq~llA1 qRoll~'i cfi ~ ~.~.~. 
~ ~ em cog xtt t I <:r5 'lfi ff'l1cf t fcn ~ 
~ 11 Cf) 1 c>f1 'i >f'BTCT m un 3Pfi ~ ~ ~ 1"tf ~ -g I 

~ Cfl'Ic>1\(:(IC'l ~ ~ ~ ~""11~~ em ~ 
~ cnm CfRClT t I ~ XCfd" ~ ~ em ~ 
~ ~ gl~Cf)I'<Cf) Cfllc>1f(iC'l ~~ Ivffi 31(>q ~ 

fc>1 41 >11 t'l 'i ~ -g, em f.1cmc;r "CfJX ~ CfRClT t I 

fl) ~ I ~ «~'i ~ ff'lWRT m, ~ ~ d2TT 11antrrd" 

cfi ~ em cplf CfRClT t I 31TW ciJ ~d, <:r5 ~ 

llf&rr3IT d2TT ~ "C'1l1lT ciJ ~ \(i gill Cf) ~ t un ~ 
'<l<T d2TT .,~ ~ ~ m I 

«~'ii ~ ciJ ~ em ~~ ~ <IT ~ 
~ R11 ~10l1 ttl d2TT \(i 1 ~ I "'1 d: ~ ciJ Cf>RUf m ciJ 
3PTI ~ XCfd" ciJ 31(>q XCfd" >fClT5 ciJ Cf>RUf rn 311 q ~ ~ Cf) 

Pc)WC;'i cBt 31lq~llCf)dl em 'lfi cplf ~ t l ~ cpT{ 
<t~ ~ >f'BTCT 1"tf -g [New Sci, 172 (23 18) (2000) p. 

7]. 

~ ~ ~ fclCbRld 

\!fR ~'5\(~\J1 ~ ~t11'iCf)f113IT ~ ~ cBt ~ ~ 
fi Cf) 01'1 I Pc) Cf) Ri d cBt t un -;or ~ m 3mWiT ~ ~ 
-g ~ ~ ~ 'lfi ~ -g l <l ~a+1 ~.,m ~ 
>11 til [1'1 fCfJ m ciJ 31l'tlR 'R ~ ~ -E-I ~ x+nt ~ <IT 

~~cn;J~Cf) ~~, ~ Urtt ~ ~3lT ~ \(i~ICf)fc;ji.1 
fcn<n Wi ~ tl ~a+1 ~ ~ cfi ~ ~ ~ cfi 
3mWiT em ~ I ~ StJ'1 sf) C,< ciJ ~ ~ \(i gJR1 d ~ Nill 
t I ~ ClJT11 .,m ~ >118'1 [1'1 fCfJ~i mxr ~ Wi ~ 
"&1 

<l % oRi-~ ~1~StJ1qlq,<"ffi"aT ~ 10 ~m cBt 
~ cfi 1frc ~ -gT(f -g I <l t1'i I ,Ii Cf) c I ~ e f.1 ~ Ii 
311 cR\hi ('q") I ~ '5 ~ ~ ~ '5, ~ 31 ffi> 'R c>f1 ~ ~ 31Tt1"Tful 
~~~C'll~c d2TT ~ -;ji0IIC'JiCf) ~ ~~~'5 ciJ ~ 
~ -g I <l ~ 316f .,m ~ ciJ XiJq ~ ~ -g d2TT ~ 

~ ~ cfi \ffiX c;rit ~ t I ~ em fB'$Cf) I q d2TT 

~ ~ il til [1'1 fCfJ di V'<T \JfliTm \JITW t I ct<:m ~ 
~1~StJ1~d1 ~ 100-200 ~A/cm2 d2TT ~ 2 .3 V~ 
~ cBt aNffi ~ tl cnm ~tqlC;'i ~ ~ ~~~C'll~c 
d2TT ~ ~ ~ ~ '5 cfi ~ ~ 1Tc;Tci 'lfi Pc) Cf) R=t d ~ 
~ -gl 

q)Tf ~ m 'R Ii I ~ StJ1 ~ Fcfcq ~ cBt ~ 
d2TT "'i"lft ~ ~ cfi ~ ~ 3rcmtTCf> ~ ~ 
~ Nill-5I fB'$Cf)lq mxr ~ 'R ~ TC'JRf 'R 31Tt1"Tful 
~ Lfll ~c: cBt ~ ~ ~ ~ 31CRTtT q;:mfi -51 

>rfd ~ 500 ~ ~ \3cql~d ~ ~ x-fa:r:r 
~ ~ ~\J1I~'i cBt ~ tl ~ IiI~StJlqlq\( "ffi"aT em 
trx-r, ql~\(~\(i ~~~~Cfi ~ 10il ~ <IT ~ Cf>liT 
~ -rntt ~ ~3IT 'R \(i ~ I rp fc>1 d fcn<IT Wi wmrr t I 



98 

~~. \Jj1'iCbI~ ~ ~ cR: t-~: I abo@hef.fr. http :// 
w. w. w.hef.fr. [Cordi s Focus, 29 (September 200 I) p.13] . 

~ ~ft' ft ' '11~1'1'1 ql{>t ~Iq(~{>t '"I COT 31j5l~ll( 

<J,.1fX1. cBt ~ CfiflC'leff1 ~ "CbT ttCl~jiil'i ~ fct <J\"<lRlll'1 

~ ~ -Jf ~ "CbT ~ ~ 2000 -Jf 3.5 1ft. cBt 

¥f'iT -Jf ~ 2005 CfCf) 3. 1 ~ >Tfuqtf cBt 3fRm ~ 
~ 4.1 1ft. CfCf) ~ 1 ~ f.r:ffirr:m -Jf crrq-~ ~ 
cBt c11Cbf]lldl ~ VfT W ~I 

-qjC'1"I>llql~cA1'i (PP) 0211 Sf) 1 {l~ q\S ~~ (1Tt.t~) 

<J\"<'iR1ll'i ~ ~ -Jf ~ xf ~ W ~ -gl ttCJ~jiil'i 
(>fT[T[fT 1l<TI ~ fct ~ ~x 3l'R ~ ~ ~ -Jf 
q-iA:J'i(I Jl d -;:fT;:r l('11f«Cb "GC:TW 0211 1fTcfRft ~ ~ -qx 1fT 
1fT~-Jf 9 ~/~ ~ 31fucncBt ~.~ ~11fT.t.~ 
cBt ~ 5.5 ~/~ m "CbT 3fT1R ~ 0211 ~ 
~ ~ cnq;:r 0211 ~ 3lj>l {l'1 J n -Jf ~ 1 

1fT. 1fT. 'mVfR -Jf cfc& ~ ~ 1fT.cft."ffi. 0211 ~TT.~.1fT.t 
~ ~ ~ wncft ~ ~ 1 ~ -Jf, ~"CbT wWr 
:i{,.c<1 d III ~, '\JfC'l" fctmur 0211 'IN'iT ~ ~ -Jf fcnm 
\JfJdT ~ I ~"CbT ~ Tfx:r fctmur, ~ Cbr\SCfC 0211 
'l1CAT -Jf ~ ~ %ill VfT X1TI ~ 1 <Tg 3fT1R (>fT[T[fT 1l<TI 

~ fct Tfx:r fctmur 31 j>l {ll J I -Jf 5 ~ /~ cBt cfc& Wfi 
~ ~ ~ ~ ~ \jTIf ~ ~ ~TT.~ . 1fT.t ~ 

~ wWr -Jf ~ Wfil 

~-Jfcrrq~~~~~ 
cl\3'i~r\S ~'i(ilffl~(,?l, 1fT. 311. ~ 90327, ~ tt 
~ 77290, <J,.1fX1: ~ +1 -281-873 8733 ~ 132; 

t-~ Sgangestad @ptai.com [Chern . Brit, 38 (No.2) 

(2002) p.16] . 

fltTN fife ~-~ ~ 51fi't4j5;( 

VfT4l1" ~ ~ ~. tt.tt . ~\SClI'fl ~CH'IC'lI\ljl Cb I41~~I'i 

~ ~~:m ~ ClI~ IJlc'i ~. "ffi . -Jf ~.ttt cBt 

3l '"d'i(~~ll ~~ ~ cBt ~ -Jf ~ ~ ~ ~ 
iil~Sf)l~~~P1Cb <rtf5rcp ~ ~ ~ -Jf ~I ~ 
~ -Jf 'C'l'T'l1lT 60, 000 ~ ~ -g 0211 ~ ~ ~ 
~ ~ ~ ~ vIT \3JIfC;j{l! ~ fc1cRur ~ ~ 
<rtf5rcp fc)f)qdl:m"CbT ~ ~ ~ ~I q'i(A:J'i(llld ~ 

&fVr ~ {l iii 'i d i m ~ Cfil'XUT wft fctfi'F:r '\j'l:j~ d Q) ~ Chl 
-Jf ~ CfTC'11 ~ ~ ffic ~ em -gr ~ ::; ''''\' ~ 
cBt~~I~31RlRCM, ~-Jf~~~ 
3lTq) ~ ~ {tVI ~ I 'i cBt ~ -Jf -gr 'C'1'T'l1lT 40 ~ fC;j II 'i 
~ ~ ~ -g l 1fT ~ ffic ~ ~ 0211 
3l~ill fC;j d ~ cBt 'ffd'6 ~ ~ ~-mfurr "CbT ~ 

qmrr~, vIT ~ ~ \'fliRT 3l'R ~ xf ~ mfurr 
'# 3R1X xf ~ CbXill ~I i51C'lif¢ txl ~ ~ ~ 
~ \3JIfC;j{l1 ~ X1T2.T-X1T2.T ClI~iiU\Sc41ll ~ ~ m=d 
3l1At {j~C;'i~nC'ldl ~ qJRUT Cb~CbI~ -g l 

~ >rCbR ~ ~ <JCfil ~ '# ~ <W<:r ~ 
~ ~ ~ ~ ~ ~~~\S 6Tm ~ vIT f.p:;f ~ 
~2.T xf Wt9 iil~Sf)l'i cF ~ xf ~~ 6Tm ~I 
f1tcRwr 50 I-l ~ ~ -g 0211 ~ 'C'1'T'l1lT 10 I-l ~ ~ 
qlfC;j~iil~\S ~ 6Tm ~I \3 JIR>illl ~ \j'lffi ~:~ 

em ~ em ~ -g 0211 ~ ~~~\S em ~ -g, 
~ -c;AT ~ ~ ~ ~ mfurr '# cfc&~ ~I Oif 

~ ~-tnfurr em ~ ~ ~ ~ \S mxr l1T41 \JfJdT ~ 
3l'R ~ ~ '# ~~cC'l ~ -Jf ~ \JfJdT ~I 
~ q~ q) ~ 0211 ~ 11TlR em ~ "i1ff qmft 

CRTIf.$ ~ ~~~\S em ~ ~ ~ ~ 3l'R 
fc) ~ Rl d fcnm \JfJdT ~ 1 

~t1I'iCb't1~:m ~ ~~~P1Cffi ~ '# ClWfCf) ~ ~ 
~ '# 3TH qrc;ft ~:m xf ~ ~ ~ cBt 

~ I ~ ~ ~ 1RT ~ -c;AT ~ ~~~~fl 0211 
w~ Cffi>ff vIT ffl R>i Cbl 'i 3lm:~ ~ ~ -qx ~ 

~ em ~2.TCb ~ -g, em ~ ~ fcnm 1 ¢ 
~ "qR,llIJI 1RT" em RtR fc)~Rld fcnm ~ -qx 

~ ~ ~~~\S \J!lTI m 1l<TI 2111 ~ qR,lliJI 1RT em 
~ m ~ ~ ~ CR ~ '# fuf~ X')q ~ fc)Cbffld 

dCb4lCb "CbT wWr ~ ~ em ~ xf 'l1X ~-gl 

3td' '# qlR>i~iil~\S ~ mxr ~ ~ ~ m 
\JfJdT ~ 1 ~efUlT xf WG s3lT ~ fct iT ~ ~ ~ 
-Jf 1 ~Jllql f<l')C'l ~ ~ X1T2.T 50,000 xf 1ft 31fucn ~ 

&fbT ~ em ~ CR ~ -gl ~ ~ mxr >rf1(f 

~ ~ fficT cBt >I Rl Cft Rl ~ -gr 3l-mT ~ ~ 
~ fct ~ mfurr ~ mxr ~ ~I ~ \3JIR>illi 

~ ~ -g Oif ~.tt. tt. ~Fcfnlli 3ITrn <nT<:T qmft t 0211 
~ '\3"'BR, ~ 3l'R ~ ~ ~~ ~ ~ [Phys 
World, 15 (No.2) (2002) p. 24]. 
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~ x:rn:r (f~ 3'lj>l<l'll l FildJ\i1'"1¢ m~, ~ ~ 

~ "CfJ"RCf)" % I 

'{5ldx11¢ ~ (f~ ~ ~ cnT ~ C()11 ~ ~ 

~ 1fq) f& ~ ~ cBT ~ ~ % cft .~. 
{Pi Ill1 \1j 1 ~ ~ \3 G I f111 ~ ~ "CfJ"RCf}" ~ 3'1 j>l ll' il I 

cBT (f~ '{5l d x11 ¢ cnuTI ~ >TWA ~ ~ x~ 3WT 

"CfJ"RCf}" 3'1 j>llllll cBT I CRlTc -7 "CfJ"RCf}" 3'llRt q x s:q X ill d ffi 

xf ~ ~ cnT ®rill xf q:mn t fu"OO ~ ~ 
~ ~ ~ cnT ~ C()11 CRill %1 

~ ~ cfr.:r x~ LR 1fq) ~ "CfJ"RCf}" "CfJ1 ~el1JT 
fcnm <mIl CRlTc-7 -;{ cIT ~ ~ ~ ~ ~ ~ 
3'lICRil~\S ~ (f~ ~ ~ xlX"il<l~('h ~ ct cl~e~<lS1 
~ #1lxl~\S ~ XilhC'ld l'1\4¢ ~ 3fR \3GIff11 

fcnm I <l ~el1JT ~ LR xXi I <l;fj cBT Fcl tj I CR1 d I ~ CflRUT 

~ ~I ~ ~~ ~ ~ ~ ~ "ifRT 3lR CRlTc-

7 -;{ 3Rl ~ cBT nnm fcrfu<TI cnT ~ Cf>X m <mI I 

CRlTc-7 xf ~ 3'lfucn \1j11¢1~ ~ ~ ~ eR: 
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