MODIFIED CA MODEL BASED ON TWO COUPLED VAN DER POL -
MULTIVIBRATOR AND NONLINEAR CURRENT MEDIUM
Sergey Belyakin
Department of General physics, Faculty of Physics,

Lomonosov Moscow State University, Russia




In This paper, we consider a
nonlinear current medium of
cardiac arrhythmia
represented by coupled,
continuous-time differential
equations,
van Der Pol - multivibrator.
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OubpuANALMA Kenya04KoB

— CONPOBOMKAAETCA ANCKOOPAUHUPOBAHHOW PaboTOM
MUOKapAa, NPMBOAALLEN K BbICTPOM OCTaHOBKE CepALa.




TpeneTtaHue (a) 1 MepuaHue (6) Kkenyao4KoB

dK2:

Yacrble 0 200- 300 B MHHYTY peryJsfipHble H OJMHAKOBbIE 1O (OpMe U aMIUIUTYIE
BOJIHBI TPENETAHU S, HAIIOMHHAIOIIUE CHHYCOUAANbHYIO KPHBYIO

Ilpu MepuaHHU KENYAOUYKOB PETHCTPUPYIOTCSA 4YacTble, HO HEperyJsipHble BOJHBI,
OTJIMYAIOIIUECs APYT OT Apyra pasjiu4yHol opMOH H aMIJIHTYAON
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OnbpnnnAUMa XKenyao4Kkos

* HeonpepeneHHble HEPErynspHbI€ BOSHbI
« Hepacno3HaBaemble komnnekcbl QRS
* [lponsBonbHaga Yyacrota n amnnutyaa

« HekoopanHupoBaHHas anekTpuyeckas
aKTUBHOCTb

» KpynHo / menkoBonHoBas pndpunnayns




YacTble perynsapHbie, HO Hed P EKTUBHBIE COKpPALLEHUS
xenyaoykoB (180-250 B 1 MUHYTY).

"Hw TpeneTaHue Xenyano4ykoB
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IAKI-npusHaku:

perynspHble YacTble BbICOKOAMMNNUTYAHbIE ocumnnayum go 180-250
B 1 MUHYTY (MO TUNY CUHYCOUAHOWN KPUBOW)

oTcyTcTBue anddepeHumpyembix anemeHToB IKI (komnnekca QRS,
cermeHTta ST, 3ybua T




Oubpunnauus xenyaoukos

3KI npu pubpunnaumum
XKENyaoYKoB

3Kl B HOopMe

MaTonornyeckme UMNyLChl Npu
bubpunnaumnm xenyao4kos



IKI ¢ xenygoukosoun
Taxukapaveu

HopmanbHas SKI
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MULTIVIBRATOR

I3 T
> " [4 .
P ®
- A B -
se— e - ——
% R R> y
§ I>
A4 ® v Y ® A 4

>

Rc?.



The equation describe the nonlinear oscillations in
the multivibrator

1) Kirgof's law In the absence of input currents:

1 o 1
0=R1|1+C—2j|4dt+y, o_R2|2+aj|3dt+x.

2) Transformation of Kirgof's law:
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Phase portrait of a multivibrator

)-sin mode, Q' - RO regular mode, (I, I'') - amplitude-time chaos mode
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Modified current CA model on the basis of the multivibrator

271 r°
X 4+ X > + X 2=O
1- K 1—- K
L X X?
Rx+C [X(1+F)—U]=O 2')'(+X(1+—2)—u=0
u
2T 1
.s D . 2 [ . .s
XT + X F X — T + Z),
P T (¥ +2)

2
yo¥ —yr(—>3) +y = —ur’x,
. - z° 26
2T +z(1+ u2) U=—urX




The mathematical model of CAis a system
of three differential equations of the second order,
with elements of feedbacks and external periodic
action f= Asin(2mnt/1)
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A=0.0, u=1, n=0.3, t=1
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A=0.0, u=1, u=v0.5, t=1
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A=0.0, u=0.08015, u=V0.5, t=0.1015625




A=1.0, u=1, u—o 1, n=1, t=1
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A=2.0, u=1, p=0.3, n=0.25, t=1
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CUHYCOBbIN
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KenyagovkoBad TaxXmkapagmna



1mV/cu 25uv/c  BENAKME C T, r.p.1962 17.08.2017 16:51

68/ 668 | 656 660 660 | 664 668




HENY AOYHUKOEBAN TAXUKAPAOAWNA

Cuuycosblii y3en

(eAMHCTBEHHbLIN MCTOYHHK
3NEKCTPHYECKOro

Myvyox baxmana

HMNYNbCa
B HOpmE)
Mepeptue JleBan HOXKa
MEMXY3NoBbie ~
NPoBoAALLHE MaTonoruyeckui
nyTH HCTOMHHK
_/  NEKCTPHYECKOTD
Cpentne HMNyNbCa
MEXY3N0Bblie B NEeBOM
NpoBoOAALLHE MENyaoyKe
o |~ MposogAuwme
3anxue BOJIOKHA
MEXY3N0Bbie
nposopALLKe
nyTH

ATPHOBEHTPHKYNRPHBIA y3en Mpasas HOXKa
nyyka l'weca



| lapokcnamaabHast
TaxyKapAusI

MapoxcHaManbHas TaXMKapaAWSA

XenyaouKoBas " HaPKeNnyoMKoBas

. - - 4
- * . 4
»
r

Mpuznaxw va KT
- BHE3aNHOoe Ha4arno W BHE3ANHOE OKOHYAHME NapPOKCH3MA.

- YCC or 140 ynapoB B ssiyTy.
« MpasMnbHbii (perynapHbii) putv. QRS HopManbHbie.

= MNpw npeacepanoi T syGupt P nepes xomnnexcamm
- QRS, HO CHIDKEHDI WK AeOPMMPOBAHDI.
N

= Mpw 1T m3 AV-yana syGupl P Haxogsaes nocne
: xosmnexcos QRS mnM HACNaMBAIOTCH Ha HMX.
> o
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Thank you very much for your attention!

| would like to thank the Organizers for nice
opportunity to attend this great Fourth International
Conference Modeling of Non-Linear Processes and
Systems 2019 in such a beautiful place like Moscow
State University of Technology “STANKIN” !



