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TponoMunosnH  TpPOMNOHMHOBbLIN KOMIMJIEKC

(a) PaccnabneHHoe cocTosiHMe

CesasbiBaHme Ca?* ¢ TponoHmHom lMocagouHble MecTa
(b) CokpaweHue Ansa MUO3NHA



KMHETUYECKAS MOAEAb COKPALLLEHMA MbILLILLBI

AKTUH 7 Wover

1 % -

Muo3uH 5

0

F _Ecbpm cb ((n +n2)5+n h) over(L )

k1

(nl — k01(5) ) (1_ N — nz) o klO (5) Ny — k12(5) Ny + k21(5) N
n, = k12 (5)- n, — k21(5) Ny = k20(5) N,
d(5-(n,+n,))
dt

=(n1+n2)'( Cf|| act) (k10(5) n +k20(5) n2) 0.




(on _
E:km(é)(Ai—n) Kio (8)N{(1=0) —Ky (5)NO n=n +n
_ ke(9) __n
ki () +Ky, (6) n, + N
90 _ [ - Kot (6)(1-1) S
ot n
r + a\Nov
5_A1 _ oy ([Caz ]) ) (1_ A1)1/3 — U ( Ls ’ n@) ) A11/3 at ~<0
ot ; W, OW,,
) \0501 ([Ca2 ]) ) (1_ A1)1/3 — U ( Ls d n¢9) ’ Alll3 + ot : A;Z/VO\/AA& ot ~>0
( ; Won A—A, W,
oAy _ | oo ([C71)- (A= A" —ta (L) A7 - . -W,,, ot "0
ot ) oW
X ([Ca2 ]) ) (1_ Az)1/3 — X (Ls ) ) Azll3 a,sVA >0
1 kB BCa aCCa YlCa (Céa B Cz) 8(AlwovA + AZ (1_WovA))
+ 2 — ICa (t) — 5 > _CTn
(CCa + k ) at CCa Y2Ca at
\Fact — EchcblOm (5+0h) over(Ls)

(Syomin F.A., Tsaturyan A.K., Journal of Theoretical Biology, 2017, V. 420, P. 105-116)




OnpeaAeAdioLLLee COOTHOLLEHUE AAT HANPIKEHUI B MMOKAPAE
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Blausen.com staff (2014). "Medical gallery of Blausen Medical 2014". WikiJournal of
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3Na 2K

200 ms

Bers D. Nature 415, 198-205 (2002). https://doi.org/10.1038/415198a




MoOAEAb SAEKTPOOUINOAOTMU KAETKM XOAKKMHA-XAKCAU
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Potassium current Sodium current
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Hodgkin & Huxley (1952) ‘A Quantitative Description of Membrane Current and its
Application to Conduction and Excitation in Nerve’, J. Physiol. 117: 500-544.




MoAeAb SAEKTPOJOU3IMOAOTUMN KAPAMOMUOLUTA AAMEBA-TTAHJOUAOBA
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(Aliev R.R. and Panfilov A.V. Chaos, Solitons & Fractals 7(3): 293-301 (1996))




3ABUCHUMOCTb CUAbI OT HOCTOTbI npeu CTAUMOHAPHOM COKpPALLLEHUA

Rabbit papillary muscle, 37.5°C
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M. Endoh, European Journal of Pharmacology 500 (2004) 73—86.
doi:10.1016/j.ejphar.2004.07.013




Force

At steady state, force is
proportional to the size of
the Ca transient

When frequency increases,
the next beat is weaker
because the RyR2 release
channels are recovering
from inactivation

This is the posititive
staircase, first described
by Bowditch

I I

At the new steady-state,
force again is proportional
to the new, higher Ca
transient
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MeAAEHHbBIN OTBET HO CKAYKOODOPA3HOE YAAMHEHUE

a
(1) (i)
5. ¥ v

Stress (mN)

0
Time (s) 240

Fig. 1 Representative slow force response from a rat trabecula. Panel A
shows stress before, during (solid bar), and after a step increase in muscle

length.

S. Kaur, Biophys Rev (2020) 12:135-142
https://doi.org/10.1007/s12551-020-00615-6




MexXaHO-KaAbLMEBAS OOPATHAA CBSA3b
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Balakina-Vikulova N.A. et al. J Physiol Sci 70:12 (2020).
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MexaHO-3AEKTpMYecKkas oBpaTHAS CBS3b
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YNpoLLEHHAS MOAEAD:
YPOBHEHMA OAAQHCA KAAbLLMA
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KaAbUMU UHULMMNPOBAHHOE BbICBODOOXAEHUNE KAAbLIMS

/—(’, CHSF \
kICagg
- R )
4 "
eyto | k,
. k,Cags k, I k, k,Cass
-— — —> I, VI« ; v
Il«laCa R > I
- —> T I,... SR 9
leasg
Ipl:a. - i

Tusscher K.H. ten, Panfilov A.V. Am J Physiol Heart Circulatory Physiol
291(3): H1088—H1100 (2006). https://doi.org/10.1152/ajpheart.00109.2006




Hartpuin-kaAbLMEBbIM 0OOMeEH (MoaeAb Luo and Rudy (1994))
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KAAbUMMN-MHULIUMPOBAHHOE KAAbLLIMM BbICBOOOXXAEHME
(ten Tusscher and Panfilov 2006)
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PEAK ISOMETRIC TWITCH TENSION

Model

Human heart muscle [3]
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[ToeABAPUTEAbHBLIE BbIBOADI

IlocTpoeHn niporoTull MoaeAn DA€KTPOMeXaHUKI
MIOKapJa IIyTeM COIPsIKeHIsI HOBOU A€TaAbHOM MOAeAN
MEeXaHUKI CePAEeYHOV MBIIIIIIBI C
91eKTPOPU3NO0A0TNIECKON MOAeABIO A avieBa-
[Ianpnaosa.

BrirtoaHeHsI ync1€HHbBIe O4AHOOCHBIE DKCIIEPUMEHTHI Ha
BOAOKHE MBIIIIIBI. MOA€eAb BOCIIPOU3BOAUT HEKOTOPHIE
Ba>kHbIe (P (PeKTH COKpaIleHVsI: POCT IIMKOBOIO
HaIIPsIKeHN U YCKOpeHMe paccaabAeHsI ¢ 4aCTOTON
COKpallleHni, AectTHuly boyamya.




CoKpdaLLEHNE ABYMEPHOIO 00paA3LLa MMOKAPAQ
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Seong-min Hwang, Tae Yun Kim, Kyoung J. Lee. Proceedings of the National Academy of
Sciences Jul 2005, 102 (29) 10363-10368; DOI: 10.1073/pnas.0501539102
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KABEOAbI M EMKOCTb MEMOPAH
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MoAEAb 30BUCUMOCTU CKOPOCTU MPOBEAEHMS OT AedPOPMALLUM
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de Oliveira B.L. et al. Cell Mol Bioeng 8(2):237 — 246 (2015).
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AHM3OTPOMMSA BAUSIHUA AedDOPMALMM HO CKOPOCTb NMPOBEAEHMS
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Buccarello A ., et al. Acta Physiol. 2018;223:e13026.
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BbIBOAbI

* IlocTrpoen nmporoTnn Mozean 3AeKTpOMeXaHVKI MIOKapAa
IIyTEM COIIPSIKEHVIsI HOBOU AeTaAbHOU MOAeAV MeXaHUKNI
CepAEeYHOI MBIIIIIEI C DAeKTPODU3NO0A0TMIECKON MOAEABIO
Aanesa-Ilanduaosa.

* BrinmoaHeHbI ynCA1€HHBIE OAHOOCHBIE DKCIIEPVIMEHTEI Ha
BOAOKHE MBIIIIBL. MOgeab BOCIIPOMU3BOAUT HEKOTOPbIE
Ba>kHbIe (P PeKThl COKpaIleHNsI: POCT IIMKOBOIO HaIIPsIKEeHsI
11 yCKOpeHIe paccaa0AeHNsI C 4aCTOTOM COKpallleHN],
AectHuiy boyanua.

* IlocraBaeHa u peleHa 3agada O paclpOCTpaHEHUN BOAHbI
BO30y>kaeHns1 110 2D oOpasiy Muokapaa ¢ oOpa3oBaHueM
CIIMPaAbHBIX BOAH.

* IlokaszaHO BaVsIHVIE MEeXaHO-3AEKTPUIECKOV OOPpaTHOM CBI3U
Ha pacIpoCTpaHeHVe CIIVPAaAbHBIX BOAH.
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