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AHOTaHiH. Po6Gota MNpUCBAYCHA MOACIIFTOBAHHS 36y,£[)KeHH}I O10TKAaHWHHU Ta PO3IMOBCHOJIPKCHHA 110
ii MOBEpXHi aBTOXBHJIb KOJMBAHHSI.

[TpoBeneHo aHalli3 BUHUKHEHHS €JICKTPUYHUX peBepOepaTopiB Ha 30yKEHIH MOBEPXHI Cepls.

[TokazaHo, 10 EKBIMOTEHIIMHI JiHIT 3 OAHIET CTOPOHU HECKIHYEHHO HAMOTYIOTHCS Ha SIIPO
peBepOeparopa paaiycom r0, i3 iHIIOI CTOPOHU - BIAXOAATH BiJ sAapa 31 3pocTarounM KpokoMm. [Tokazani
YMOBH KOJH peBepOepaTtop Moke 30epiraTH Ta HE MOKe 30eperTd CBOK CIIpallbHYy CTPYKTYPY.
Busznaueno, mo Ttinmeku 0,025% Bci€i eHeprii moTeHIiany Aii yKJIaJIeHO B €JIIEKTPOMAarHiTHOMY TOJI
yCepeIiHI BOJIOKHA; OCHOBHA €HEPTisl 30Cepe/KEeHa ycepenHl MeMOpaHH.

KuarouoBi ciioBa: MoaenoBaHHs, 010TKaHWHA, KOJIMBAHHS.

Abstract. The work is devoted to modeling the excitation of biological tissues and the propagation
of autowave oscillations along its surface.

The analysis of occurrence of electric reverberators on the excited heart surface is carried out.

It is shown that equipotential lines on one side are infinitely wound on the core of the reverberator
of radius r0, on the other hand, they leave the nucleus with increasing pitch. The conditions shown when
the reverb can and can not retain its spiral structure. It is determined that only 0.025% of the total energy
of the action potential is enclosed in the electromagnetic field inside the fiber; the main energy is
concentrated inside the membrane.

The analysis of the phenomenon of fibrillation has shown that the violation often has the form of
spiral auto-waves, reverberators. So far, reverb calculations are conducted mainly using two approaches.
The first - the so-called kinematic approach - is of an exclusively general nature. The conclusion of the main

integrated differential equation comes, basically, with geometric parcels.



ISSN 2311-1100 CC-BY-NC
The biophysics of the process under the kinematic approach is taken into account rather weakly by

the introduction of a small number of constant quantities: the critical value of the curvature of the front of
the autowave, the speed of the plane front, etc. Such an important parameter as the shape of a wave of
violations under the kinematic approach does not affect the calculation results.

Another method of calculating reverb uses the differential equations of the parabolic type "reaction-
diffusion™, usually in a slightly simplistic form. At the heart of this direction is the model of Hodgkin-
Huxley's nerve tissue. Therefore, the main disadvantage of the Hodgkin-Huxley model (or D. Noble's for
the heart muscle) - the use of phenomenological dependencies of the conductivity of the membrane or the
quantities associated with it, from the potential difference on the membrane - remains.

Keywords: simulation, bioassay, oscillation.

Introduction. AkryanbHiCTh TeMH POOOTH MOJISATAE B TOMY, IO Yy I[eW Yac HaHOIIbII MOITHUPECHUMHE
3aXBOPIOBAHHAMH € cepleBo —cyauHHI. OIHUM 3 TaKMX 3aXBOPIOBaHb € apuTMmis. Pi3HI mo cBoemy
XapakTepy Ta MOXOJKEHHIO 3aXBOPIOBAHHIO, CYNPOBOKYIOTHCS MOPYIIEHHSM aHATOMIYHOI CTPYKTYpH
cepld, K1 MOPOHKYIOTh aBTOHOMHI JIKeperia eHeprii.

EnemMeHTH aKTHBHOTO CEepeNOBHINA MAaIOTh KOHTAKTH MK COOOI0 1 MOXKYTh IepelaBaTH IMITYIIbC
30y/KeHHS Bi ofHiel KIiTHHU 110 1HIIOI. Takuii akTHBHUM CEpEIOBHILEM € M'A30Ba CTPYKTypa cepis, B
SKOMY MOLIUPIOIOTHCA aBTOXBWIIL. [lopylIeHHsS yMOB pO3MOBCIOJUKEHHS ABTOXBWIJIb HPU3BOJUTH [0
natosorii cepiis. CepieuHo CyJMHHI 3aXBOPIOBAHHS -0/1HI 3 HAUIOUIMPEHIIINX B HAIll 4ac, TOMY CBO€4YacHa
iX JIarHOCTHKA, @ TUM OUIbIlIE MPOTHO3YBAaHHS, SIKE€ CIUPAETHCS HAa MOJEIIOBaHHI MPOLECY MOPYIICHHS
CTaHy CepIIs, € aKTyaJIbHOIO TEMOIO.

Mertoro ganoi poboTu Oys0 MOJIENIOBaHHSA Mpolecy 30y KeHHsI TKaHUHU ceplisl 3 BUKOPUCTAHHSAM

NpeCTaBICHHS 1 SIK IHAYKTUBHO -€eMHOCHOI. IIpu 11bOMy BUpIilIyBaal HACTYIIHI 3aB/IaHHS.

1. TeopernuHuii aHai3 XapaKTEPUCTHK peBepOepaTopa.
2. Bu3HaueHHS eNeKTPUYHOTrO TOJISl HEPBOBOTO BOJIOKHA.
3. BusnaueHHs cepeAHbOT0 3HAUEHHS MOTEHIiay Jii.

Objective. O6’ekToM AOCIIIKEHHS € TIPOLIEC PO3POOKH MO 30Y/IKEHOT O10TKaHHHU. 32 OCHOBY
B3siTa O10TKaHMHA CEepIsl 1 PO3IIISIHYTO MPOLIECH BUHUKHEHHS €JIEKTPUYHUX peBepOepaTopiB Ha 30y IKeH1I
MTOBEPXHi.

[TpenmeTom TOCHIIKEHHS € XapaKTePUCTUKH MOJEI TKaHUHHU, sIKa 30YKYETHCSI.

Materials and methods. Ilpu MoaentoBaHHI 32 OCHOBY B3SITO BiZJOME PiBHSHHS PyXy CHipaJbHOT
aBTOXBWJII MO 30y/KEHOI MOBEPXHI 1 BUKOPHCTaHE JUIS PO3IIISLY MPOLECY MATOJOTIYHOrO 30y/KEeHHS

Mmiokapay. [IpeacraBnsemo Miokapa y BUTIIsAL 30yA7K€HOT TOBEPXHI.
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ExBinmoreHmianbHi niHii (IpU MOAETIOBaHHI) 3 OJHOTO OOKY HECKIHUEHHO HAMOTYIOTHCS Ha SIIPO

peBepOeparopa pamiycom 0, 3 iHImIOro OOKy - BiAXOASATH BiA sAApa 31 3pOCTAlOYO KPOKOM. SAapo
peBepOeparopa- 1e 1 006J1acTh MioKap/ia, ¢ BiJ0yBa€ThCsl MUMOBILIbHE TIEPioInYHE 30YIKEHHS KITITHH.

PeBepOepaTop He Moke 30eperTu CBOIO CHipalibHy CTPYKTYPY Jayeko Bij sjupa. Komu kyt mocsirae
7 / 2 cmipajibHe TOWHMPEHHS QPOHTY 30YPKEHHS NPUIUHSE iCHYBaHHS. MiHIMaIbHUN KPOK CIHipabHOI
ABTOXBHWJI BU3HAYAETHCS pedpakTepHUM IepiogoM KiiThH miokapaa 0,3 C.

Jlaini npoBenu po3paxyHOK €JIEKTPUUHOTO IOJIS HEPBOBOIO BOJOKHA 1 BU3HAYIIM MOTEHIIAN Iii.
Enextpuune nosue BcepeauHi MeMOpanu npuOIM3HO OAHOpiaHE. BUKOpUCTOBYIOUN BioMi AaHi 1 Oepyuun
3Ha4YeHHA NOBXUHU okpeMoi xBuii 0,042 M, oTpuMyeMo XBHIIbOBE 4ncio piBHe 150 mM-1, MakcumansHuit
MemOpanHuit notenuian = 0, 12 B, paaiyc nepsoBoro BosokHa 0,0005 M, ToBmuny MmemOpanu § - 10-9m,
OTPUMY€EMO eHeprito okpemoi xBuii 3 - 10-9 Jx.

OTxe, mpH MPOXO/PKEHHI 10 HEPBOBOMY BOJIOKHY OJIHOTO TIOTEHINAY [Iii 3BUIBHAETHCS SHEPTisd 3
H/[x.

MoxHa 3pobutu BHCHOBOK, 1o Tinbku 0,025% Bciei eneprii moreHumiany il yKjiIaJeHO B
€JIEKTPOMAarHiTHOMY I10JIi yCepeInH1 BOJIOKHA (11032 BOJIOKHA I1I€ Ha JIBa MOPSIIKK MEHIIIE); OCHOBHA €HEeprist
30cepepKeHa Beepeauai MemOpanu. Lle Bkazye Ha Te, 110 IpY MOMIMPEHHI MOTeHIIaTy il BTpaT eHeprii Ha
BUIIPOMIHIOBaHHS B 30BHIIIIHE CEPEIOBUIIE TPAKTHYHO HE BiIOYBAETHCS.

Po3paxoBaHo KiJbKICTh OJHOBAJICHTHUX 1OHIB, SKi TepeHOCIThcs depe3 MeMpany. Cepenne
3HAUEHHS MOTEHITANY 3 i€l GopMyIH po3paxoByeThes 3a hopmyrnoro (7). [Ipuitmaemo 3HaUEHHS KIJTBKOCTI
ioniB piBHUM 7,8 - 1011 KA = 21 otpumyemo 3HadyeHHs B 0,048 B, 1m0 y3romKyeTbes 3 JiTepaTypHUMHU

JaHUMU.

Conclusions. 1. IToka3aHo, 1110 €KBIIOTEHIIiHHI JIiHIT 3 OZHI€T CTOPOHN HECKIHUCHHO HAMOTYIOThCS
Ha 7o peBepoOepaTopa pagiycom r0, 13 1HIIOT CTOPOHH - BIAXOAATH BiJ SiAPa 31 3pOTAIOYHM KPOKOM.

2. BuszHaueHo, 1110 peBepOepaTop He MOXke 30€perTu CBOO ClipaibHy CTPYKTYPY BJIAJIMHI BiJ sipa.
Komu xyT o nocsirae m/2 crnipanbHe MomupeHHs GpoHTY 30y KEHHs IPUIKHSAE iICHYBaHH. MiHIMaIbHUN
KPOK CITipaJIbHOI aBTOXBMJII AMiH, BU3HAYa€ThCs pepakTepHUM epioioM KIiTHH Miokapaa tr = 0,3 C.

3. [Tokazano, 110 eIeKTPUYHE MOJI€ B CEPENHI BOJIOKHA IPAKTUIHO OJHOPITHE.

4. BcraHoBiE€HO, IO HpPHU MPOXOJKEHHI IO HEPBOBOMY BOJIOKHY OJIHOTO MOTEHI{aly il
3BUIbHSIETHCA eHepris 3 HI[xk.

5. Busnaueno, mo Tineku 0,025% Bciei eneprii noTeHmiany Aii yKJIaJeHO B €JIEKTPOMArHiTHOMY

HOJIi ycepeMHI BOJIOKHA; OCHOBHA €HEPris 30cepe/keHa ycepeanni Mmemopanu. Lle Bkasye Ha Te, 1110 Tpu
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NOUIMPEHH] MOTEeHLIaNy Aii BTpaT eHeprii Ha BUIPOMIHIOBAHHS B 30BHIIIHE CEPEOBUINE MPAKTUYHO HE

B1JI0YBA€ETHCHI.
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