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Kak BO3HUKAIOT KOJIcOaHUs?

 KakumMu CBOMCTBaMHU JOJIKHA 00J1a/1aTh
CHUCTE€Ma, YTOOBI B HEM MOIJIM BOBHUKHYTh
KoJIe0aHus?



OOpaTtHas CB3b

Oo0paTHas cBSI3b — ATO MPOIECC, MPUBOIAIINN K TOMY, YTO
pe3yabTaT PYHKIIMOHUPOBAHMS KaKOM-IMOO CUCTEMBbI BIIMSET Ha
rapamMeTphbl, OT KOTOPBIX 3aBUCUT (PYHKIITMOHUPOBAHHE ITOM CUCTEMBI.

Jpyrumu ciioBaMu, Ha BXOJI CUCTEMBI OJAETCSA
CUTHAJI, MPONOPUMOHAJILHOM €€ BEIXOJJHOMY CUTHANY (WU, B 00IIEM
ciydae, SIBJISIIOIIUICS (PyHKIIMEe 3TOro CUrHasa)

Pa3nnyaroT MoJI0KUTENbHYI0 U OTPUIIATEILHYI0 OOpAaTHYIO CBSI3b.
OTtpunarenbHas oOpaTHas CBSI3b U3MEHSET BXOAHON CUTHAJ TaKUM
00pa3oM, 4TOOBI MPOTUBOICUCTBOBATh M3MEHEHUIO BBIXOIHOTO
CUTHaJIa. JTO JIeJIaeT CUCTEMY 00Jiee YCTOMYMBOM K CIIydyailHOMY
V3MEHEHUIO NTapaMETPOB.

[TonoxuTtenbHas oOpaTHas CBsI3b, HAOOOPOT, YCUIIMBAECT U3MECHEHHUE
BBIXOJHOTO curHana. CUCTEMBI ¢ CUJIBHOM MOJ0KUTEILHOW 00paTHOM
CBAI3bIO MPOSABIISIOT TEHIACHIIMIO K HEYCTOMYUBOCTH, B HUX MOTYT
BO3HUKATh He3aTyXawlilue KojaedaHus



Cxema | yaBuHa

dx  k; Ckox
dt k,+z" ¢
dy
X kY [Tpu N>8 — xomebanus
dz =k,y—k,z B CHCTEME € . Brian Carey Goodwin
a0 OTpHULIATEIbHOU (1931 -2009)
O6paTHOﬁ CBSI3BIO Kanaackuii Ouomor u
OnmoMaTreMaTHhK
X )4 CyGcTpar
K, Ks
JAHK = MPHK (M) = Oepmenr (£) >
A
Z
[lonaBnenue . !
- [Tpoayxr (P)




bHOJIOTrMYECKHE CUCTEMBI —
COYECTAHHUE MOJIOKUTEIIBHBIX U
OTPHUILIATCIBHBIX OOPATHBIX CBS3EH

dx X
— =rXx(1
dt ( K)

ABTOKAaTAJIMTUYECCKUM YJICH —
MOJIOKUTENIbHAsT 0OpaTHas CBS3b
DepXI0JIbCTOBCKUN YJIEH —
oTpuIlaTelbHas 0OpaTHasl CBs3b




d

d—)t( = ax — bxy

dy

9t cxy —dy
a=1b=0.5;

Moxaens Boabreppa

X
[Ipu X — Max, CKOpOCTh @
pocray dy/dt—max — @
+
[Ipu y — max — CKOpocCTh v

yobL1m X dx/dy - max




I IpenenbHbIN IUKII
A

Ha ¢da30Boi 10CKOCTH aBTOKOJICOaHUS

M300paXarTCA B BUAC 3aMKHYTON H30JIMPOBAHHOM
tpackropuu — [IPEJIEJIbHOI'O [HUKJIA



Ipumep 1

J1J1s1 cucTeMbl ypaBHEHUHA

dx
e y+ X1 (x*+y*)],
t
d
i = —x + y[1- (x%+y%)],
OKpyKHOCTb X2 4 y2 -1

ABJISIETCS MPEACIBbHBIM LIUKIOM



[Tpumep 1 H oy i- 0y

d
== x4y [I- (7,

[TapameTpruyeckre ypaBHEHUS MPENCITBHOTO IIUKJIA

x=cos(t—t,), y=sin(t—t,),

YpaBHEHUS BCEX APYTUX (PA30BBIX TPACKTOPHUI

cos (¢t —tgy) sin(t—tg)

x = , Y=
\/1 + o 2(110) \/1+Ce—2(t—t0)

[Ipn C>0 (a3zoBbIe TPACKTOPUHU HAKPYUUBAIOTCS HA
IpeJIebHBIN LUK U3HYTPHU

IIpu -1<C<0 ¢a3oBbiec TPaCKTOPHUH HAKPYUHUBAKOTCS Ha
IpeJIeIbHBIN UK CHAPYKHU



Y CTOMYHUBBIN MIPEACTIBHBIN UK

lIpedenvuvili yuxn Haszvleaemcs
YCMOUYUBHIM, eCllU CYUlecmeyem
makas obnacmv Ha ¢Hazoseou
NJIOCKOCMU, COoO0epicauias 3mom

npeoenvHblll YUK, —
OKDECMHOCMb &  UYMO  B8C€
Qazosvie mpaekmopuu,

HauuHarnwuecs: 8 OKpeCcmHOCmu
g acumnmomuyecku npu t — oo
NPpUOIUICAIOMCSL K NPeOdelbHOMY

YUKTLY.

Y A




HeyCcToOnYnBBIN IPEACITIbHBIN [TUKII

Y A

Ecnu orce, naobopom, 6 nroboti
CKOIb Y20OHO MAJOU
OKDECMHOCIU & NPEOETbHO20
UUKIAQ cyuecmayem no KpauHeu
mepe 00Ha hazoeas
Mpaekmopusi, He
NPUOTUICAIOUASICA K
npeodenbHOM) YUKIY NPpu t — oo,
Mo maxou npeoebHulll UUKIL
HA3b18AeMCsl HeYCMOUYUBBIM.

=V




[1omyyCTOWMYHMBBIN IIPEAECIBHBIN [TUKII

Takue NUKIIbI TAKKE VA
Ha3bIBAIOT
JIBOMHBIMU.
IIpn HEKOTOPpOM
3HAUCHUU

rapaMeTrpa OHH
PACHICIUIAIOTCA Ha
NBa, OJIUH U3
KOTOPBIX YCTOUYUB,

a Ipyrou -
HEYCTOMYUB

<V



Teopema 1

Teopemsl CylIECTBOBAHUS
npeacapbHoro mukia (1)

Ecnu cywecmeyem na gpazoeoii

NJIOCKOCMU HEKOMOopasl \
3aMKHymas obiacms, makas, q
ymo ece hazoenie
Mmpaekmopuu, nepecexkaoujue M
2PAaHULy 3moi 0o1acmu,
8X005M 8 Hee, U GHYMPU IMOL
obnacmu Haxooumcs
Heycmouuusas ocooas mouka,
OMAUYHASA OM celld, MO 6
smoti obracmu 0063amenbvHo
umeemcs xoms 6vi 0OUH
npeoebHblU YUK




Teopemsl CylIECTBOBAHUS
IpeACIbHOro MUKia (2)

Ilycmb na ¢aszosoti niockocmu
cywecmayem obnacms, u3
Komopolt ¢hazosvle mpaekmopuu
He 8bIX00sM, U 8 KOMOPOU Hem
NOJL0JICeHULL pasdHo8ecUs (0COObIX
mouex). Tocoa 6 smot obnacmu
00513aMmelbHO CYyulecmayem
npeoeibHbll YUK, Npudem 8ce
OCMajlbHble MPAeKmopuu
00513amelbHO HAMAMbl8AIOMCSL HA
He2o.

Teopema 2




Kpurepun 0OTCyTCTBUS
3aMKHYTBIX TPAEKTOPHUU

« 1. Eciin B cucTtemMe He CYIIECTBYET OCOOBIX TOYEK, TO B HEM
HE MOKET OBITh ¥ 3aMKHYTBIX (Da30BBIX TPACKTOPHH.

e 2. Ecnu B cucTeMe CyIIeCcTBYET TOJBKO OJIHA 0CO0ast TOUKa,
OTJIWYHAs OT y31a, (PoKyca M [IeHTpa (HampuMeEp, CEAJI0), TO
Takas CHUCTeMa HEe JOIYCKAaeT 3aMKHYTHIX (pa30BBIX
TPACKTOPUH.

« 3. Eciu B cuctemMe HMEITCS TOJBKO IMPOCThIE OCOOBIE
TOYKH, IPUYEM Yepe3 BCE TOYKH THUMNA y3ed U (POKYC
IPOXOJSIT  HUHTETPAIbHBIC  KPHUBBIC,  yXOAAIME€  Ha
OCCKOHEYHOCTh, TO B TaKOW CHCTEME HET 3aMKHYThIX
(ba30BBIX TPACKTOPHH.



Y CTOMYUBOCTH HPEICIIBHOIO
[IUKJIa

[IpenenbHbI UK ycToiuuB, eciu h < 0 m HEyCTONYUB,
ecit h > 0. Ecom ke h = 0, ypaBHEHHMS IIEpBOTO
npuOIKEHUST HE PEIIaloT BOIpoca 00 YCTOMYHMBOCTH
NEPUONYECKOTO JBUKCHUS.

T
= — [ P00, w1+ O} [o(0), w(1)]} dt.
0

X = oft), y = y(t) — moboe mepHoguYecKoe peEIICHHE,
COOTBETCTBYIOIIIEE pacCMaTpPHBAEMOMY IIPEACILHOMY IIUKITY,
T — nepuon pemeHus.



IIpenenbHbIE LIUKIIBI BO3MOXXHBI
JIUIIb B CUCTEME, IIPABbIEC YaCTH
KOTOPOM MPEACTABIICHBI
HEJIMHCHHBIMA (DYHKIIASIMHU.



Biological system is far from the

~ { thermodynamiec equilibrium
\ / ' Open for matter and

energy fluxes

TOJIBKO B
HEJIMHEWHBIX
CUCTEMAX
BBIBAIOT

S
Kinetic model is NONLINEAR

Onriyin NONLINEAR SYSTEM
SELFORGANIZATION IN TIME:

1. selloscillation
2. multistability
3. quasystochastic regimes in deterministic systems

SELFORGANIZATION IN SPACE

1. autowaves

2. dissipative structures
(nonequilibrium stady distributions)
stochastic in space regimes

2
.



Poxnenue

[IPeIEJILHOTO
[TUKJIA.
budypkanms
AHIPOHOBA-
Xorda
AHJIDOHOB AJIEKCAHP J0epxapa @penepuk
Anexcanaposuyu (1901-1952) (I)epI[I/IH{IHI[ X(’)l'[(l)

(1902-1983)

budypkamus BnepBble Obuia ucciegoBaHa A.A. AHIPOHOBBIM
(1937) mnsa coyuas N = 2 m 0600mena E. Xondom (1942) Ha
CUCTEMbI C IPOU3BOJBHOM Pa3sMEpPHOCTHIO. (AHIAPOHOB A.A.,
Butt A.A., Xaitkua C.O. Teopus konebanuii. M., Hayka, 1981)



MopenbHasl cucTemMa MATKOrO BO30Y K ICHUS

aBTOKOJICOaHUU

dr

—=r(c—r?),

dt

' 4 ¢ - TIOJIIPHBIEC

d([) KOOPIUHATHI
— =2 1I.

dt

[Ipu yBenumuenum mmapamerpa ¢ upu ¢ = 0 Gokyc Tepsiet
YCTOMYMBOCTb Y POXKIAACTCA NPEACIBHBIN ITUKII



CraloHapHBIC dr

pEIICHUS praat i Chn ),
_r?) = a9 _
r(cc—r-)=0. ~o=2m
L =0

T

3. 7 |
IMeeT peanbHbIi CMBICI F —_ \F
5 C

OKpy>XHOCTbh paguyca ¢



Cynepkputndeckas oudypkanus AHIPOHOBA-
Xomn@da (MArkoe Bo30yKICHHUE)

Heycroiuussrii gokyc +
YCTOMUUBBIN MPEACTbHBIN [TUKIT

© @ ©

YcroiuuBbiii GoKyC LlenTp

paouyc ﬁ
npeoeibrHo2o | dr ,
HUKIa _t:r(c_r )’
r, =~/C
oh N —— dg
2 a4 0 1 2 % — = 2T



o=—(a+d); A=

A 12~

budypkanonHas quarpamMma JMHECHHOM

a b
c d

—0 .0 *—4A

2

1

CHUCTCMBbI

6]
A
/

Yemolddusslill ysen
A< 0,2;=0

% Lienmp

dg

—=at +bp,

dt
dn

—=c&+dn.

dt

@)

Yemodtiiuenbiil ¢hoKyc
Ap<O0 A;#0

Hi

v

’e
&y ;\'r= 0, 7\‘i;":O

NV

AW

Heycmolyusesil y3en

Ar >0, A..|=0

)

Heycmodiuuenit ¢hokyc

LlenTp




MonaeapHasg cucTemMa KECTKOTO
BO30Yy>KACHUS aBTOKOJICOaHUM

r
dr _ r(E+ r’ —r?),
dt 4 1
do r?==|1+(1+c)"? |.
— =2T. 2
dt
I[Ipu ¢ = -1 poxmaercs HEYCTOMYMBBIM IIPEACIbHBIN ITUKII

MaJIOM aMIUIMTYAbl U YCTOWYUBBIU MPEACIbHBIA UK KOHEUHOMN

AMIUIUTYAbL Ilpu ¢ > —1 Bropoe cTaliMOHapHOE PENIEHUE — YCTOMYMBBIN IPEIETbHBIN
nuki. I[Ipu —1 < ¢ < 0 Tpu cTalMoOHApHBIX PEUICHUS, JOOABIACTCA —
HEYCTOMYUBBIN MPEIEIbHBIN LUK C AaMILUIUTYIOU

r2 = %[1—(1+ c)"? |.
[Ipu ¢>0 HeycTONYMBBIN IPEICIbHBIN UK IIPONaaacT



CyOKpUTHYCCKaA

oudypxanus
AHJIpOHOBA —

Xomnda

YCTONYUBBIU
dokyc

c<-1

C - 4
— =r(=+r2=r")],
dt (4 )

r2=1+(1+c)"?

YcronuuBblid OKYC, HeycToliuuBbiii poKyc,

HEYCTONYUBBIN YCTONUYMBBIIA
IIPENCIBHBIN TIUKIL, TIPEICTBHBIN ITUKIT
yCTOMYUBBIN

MIPEACIBbHBIN IUKJI

-1<e<0 c>0
O 8

A

( Beteb I =0
u CTOMYMBA IIPHU

>« O0nactb «4€pHOM ABIPBD» Y P
N c<Owu
v M . HEYCTOMYHBA
I I L p IIpH c>0.

-2 -1 0 | 2 c



bproccesarop

. Ipuroxun, P. JIederp (1965)

1917-2003

[Ipocrelimas peaan3anms KyOn4eCcKou
HEJIMHEMHOCTH B XUMHUYECKOU PEAKIINU

2X+Y > 3X

(TpUMOJIEKYIAPHAS PEAKIIUS)



Cxema peakuui bproccensaropa
(TPUMOJIEKYJISIPHAS PCAKIIS




Cucrema ypaBHEHUU

Ecau koHeunslie mponykTel C U R ynansiorcs u3
PCAKIMOHHOIO MPOCTPAHCTBA, a cyocTpar A
Haxoaurcs B u30bITke, K , =K , =k , = 0. Ilycts
Takoke K_, = 0. 3HaueHust OCTaJIbHBIX KOHCTAHT
IIOJIO’KMM PaBHBEIMH CAUHHIIEC.

d x 5 A->X
E:A—FX Y—-(B+1)X 2X+Y>3X

B+X-2>Y+C X-2R

X-A V-2
A



bproccemstop

MDa3oBBIii TOPTPET CHCTEMBI OproccesaTop mpu B>1+A? (a) u B<1+A2 (6).



Moneip TEMHOBBIX IIPOILIECCOB
doTOCHHTE3A

J1.C.Uepnasckuii, H.M.UepnaBckas, 1967
JI.H.benroctuna, I A.Kokuna, 1967

+ 0,
§) :
_ >
0, | 5 7
a

3aBUCUMOCTb MOTJIOIICHUS KUCIOPOAA U BBIICTICHUS YIJIEKUCIOTHI
3€JIEHBIM JIUCTOM OT BPEMEHMU. @ - IPU MEPUOIUUYECKOM OCBEIICHUU;
6 - IpU HENIPEPHIBHOM OCBEIICHUU



YIIpolleHHasa cxema
1ukia KaasBuHa

Ceem 1 » S
Ho 5| Ceemoeot yuxi O,
ATD t JX AJ[D
Co, C., —— 2C, > 2C,
—>|  pocihocruyepurosast -+ oughocgho-
(’ Kuciaoma -~ SAUYEPUHO-
AJ[D ~5 pudyneszoou- //mp@z?(%gg)%%%a_
qbocgbam L7 Ho2nuyepuno8ulil
pu Cyﬂe:?o 5/qi’)ocqbagz anvoezuo J
ALD qbpy;cmgs’oc)uqbocd)am

Kpaxmali



Cucrema ypaBHEHUN A1 KOHLIEHTPALIUU JIETKUX Cq U
TSDKEJBIX Cq; CaXapoB

[Ipenmnoiaranock, YTO NPUOBLIL TAXKEIBIX CAXapOB C;
MOYKET OCYIIECTBIISITHCS 3a CUET COCAUHCHHUS JIBYX
JIETKKX C,5. VIX yOBUIb, TAK JK€ KaK ¥ YOBLIb TSKEIIBIX
CaxapoB, MPOUCXOIUT B PE3YIBTATE
OMMOJIEKYJIIPHOT'O B3aUMOACUCTBHUS TSAKEIBIX U
JIETKUX caxapoB. MIMeeTcs NPUTOK IPOAYKTA C4 B

chepy peakumu.
dc, 5
qt = &, C; — &,C5C,

dc

d—’[6 — ,61C§ — ﬂzcscfs — ﬂscg



CucremMa ypaBHEHHUM TEMHOBBIX
IIPOLIECCOB (DOTOCUHTE3A B
O0e3pa3MEpHBIX EPEMEHHBIX

Jlerkue dX
caxapa C, — X — 1 XV +
pm L=7)xy+y

Tsoxenvle dy 1

caxapa C —e(7X5 — vV —6X
el ( y* —6Xxy)



da3oBbIe MOPTPETHI 111 KOJICOAHUU
B IMKJie KajgbBHHA

=Y
=Y

7
—(1- I
&< 8(1 7) g>§(1_7/)



Imiokoaa —®._..- [mioko30-6-ocdar

e

H,PO, dpykrozo-b-pochar
H,PO,

H

2

Opykroszo-1,6-6uchocdar

i

JIMoKenaueToH - s [nuuepansnerni-3-gocdar
doc

“"" h

1,3-bucdochornuuepuHoBan  kucnota

i

3-®QochornuuepuHoBas Kucnota

oo 2-®ocdornmuepnHosas

co, Kmiliora
ochoeHonnupysar
Mo
Okcanoauerart lupysat

H,PO, AT®D

Jlakrar

| TukoIn3 -
JTA3UC
(pacuieIlICHHUE)
TJTFOKO3bI



Kosebanus B riIMKOJIN3E

Axmuesayus

)
1] > ®6Dd—> OID —>

CYR)

ax _ > Y

dt " (K, +x) (K, +)

y_ ., y Y

dt (K, +x) (K, +y) ~ (K, +»)



YpaBHEHUS ITIUKOJIN3A

dx X y
=k=x
dt (K, +x) (K, +7)
dy X Y Y
_Z —

K, +x) (K, +y) © (K. +))

3aMeHa NMEPEMEHHBIX

trkK

X Koy
X = ;
mx my(q k) szKmy(q_k)




be3pasMepHbIe ypaBHEHUS

I''IMKOJIN3ad

% :1_Xy’ D6D
at
C 1+
& _ L)

t 1+ry DD

(q_k)ZszKmy K
o= r =




da30BbIC HOPTPETHI U KUHETUKA  — =1-xy,

Y CTOWYHMBEIE y3€II U (POKYC

=Y

T

~Y

dy [ I+rj
— =ay| X— ,
dt 1+ry
Mogenp rukonu3sa (8.10).
Kurnernka nusMeHeHU!
KOHILICHTpAaI1H
bpyKkT030-6-hocdara (x) u
dpykrozomudocdara (y)
(cipaBa) u (ha30BbI TOPTPET
CUCTEMBI (CIeBa) IIPU Pa3HbIX
3HAYCHUSX TTapaMEeTPOB
CUCTEMBI, a —
Oeckose0aTebHBIN MPOLIECC
(y3en Ha (pa30BOM MIOCKOCTH),
a = 0.25; r = 1. 6 — 3aryxaromue
kosic0aHus (yCTONYUBBIN (POKyC
Ha (pa30BOM IIJIOCKOCTH),

o=0.251r=0.2



I Tpenensre

[IUKJIbI B
yA TIIUKOJIN3E

> o o

{  TIOCTOSIHHOM aMIUIMTYIOM 1
(azou (mpeAeabHbIN UK
Ha ()a30BOM INIOCKOCTH),

™~V

“* o= 6,1 =024
2 — pellaKCariuOHHbBIC
KOJICOAHHUS C TOCTOSHHOMN
i ] 2 aMILTUTYIOM 1 Pa3ou

: \ (IpenenpHbIi IUKII TI0YTH
TPEYyroJibHOM (POPMBI Ha

L X (a30BOM MIOCKOCTH), . = 8;

(  r=0..




Konebanusa Kaaeiug B KJIeTKaX MJIEKOITUTAIOIIIAX

Bpema mexay MeToa o

Ctumyn ocuMINAUUAMU, | perucTpa JinTeparypHbin

KneTtka ! MCTOYHUK
C - LU

ALMHapHbIE
KIIETKN . Kap6axonuH 5 dypa-2 | Gray 1988
OKOJ10YLUHOW
»xenesbl
[[OHAAOTPOMHbI
e KJIeTKMU foHaponnbepunH 6 " fggggold ca
rmnodusa
beTa KneTku Prentki ea
noaxenyano4yHo | KapbaxonuH 12-25 " 1088
N >xenesbl
(nagkombliwed | PeHUapuH, 30-48 " Ambler ea
Hble KNeTKu rMCTaMuH 1988
dunbpobnacrtel | BazonpeccunH + 35-100 " Harootunian
(REF52) rpamMmumnanH ea
SHAoTENMAbH fmcrammH 40-125 " Jacob ea 1988
ble KNeTKU

BasonpeccuH, Woods ea
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KapanommoumnTt

Cokpalle

KodeunH 0,3-3 Kort ea 1985
bl Hne
CMMQaTquCKM " 120 Tok K+ | Kuba ea 1976
€ HEUPOHbI
CuMmnatuyeckun | [lenonapusauunsa u ) ) Lipscombe ea
€ HEUPOHbI Ko eunH 60-120 dypa-2 1988
AnuekneTku Miysaki ea
X OMSIUKS OnnogoTBOpeHne 55 AKBOPUH 1986
y " Cuthbertson,
OoumnTbl Mbiwn | ®opbonosBbin 3Up 17-35 Cobbold 1985
B-numdpoumnTtbl | AHTUrEH 50-75 dypa-2 Wilson ea
1987
Makpodaru PacnnactbiBaHue 19-69 " Kruskal,
Maxfield 1987
FinuekneTka Tnmepocan 300 Tok K+ | Swann 1991
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BHYTpHUKIETOUHBIE KOJICOAHUS KAIbIIHS

Ca 27

CxeMa mpoleccoB, NPUBOAAIINX K BHYTPHUKJICTOUHBIM
xoeOanmsaMm  kaimbiimsa  (Dupont, Goldbeter, 1983).
|P; - penenrop, CTUMYNIUPYIOIINNA KOJIEOaHUS



Cucrema ypaBHEHUM
JUTS KOJIEOAHUH
KaJbIIHs

[Dupont and Goldbetter (1989, 1994)]. PaccmarpuBaroTcsi IpUTOK U OTTOK
KaJbIIHS B KJIETKY Yepe3 IIa3MaTHICCKy0 MeMOpaHy (KOHCTaHThI CKOPOCTEH
V, U V,, COOTBETCTBEHHO); FOPMOHAJIbHO aKTHBHPYEMOE OCBOOOXKIECHHE
KalbliUsd M3 Myna (CKOPOCTb V,); AKTUBHBIM TpPaHCIOPT ILHUTO30JIbHOTO
Kanplius B Iyn, (V,), OCBOOOXKAEHHME KalblMd U3 Iylla, aKTHBUPYEMOE
IUTO307bHBIM KasblueM (Vg); CBOOOIHBIM OTTOK KalblMsi U3 Iylda B
UTO301b (V). Mozenbs cocTouT u3 AByX 1uddepeHnuanbHbIX ypaBHEHUH

S1 — koHneHTpauus Ca B IuT030J1€; S2 — B TOPMOHAJIBLHO YYBCTBUTEILHOM ITYJIC

A BripaxxeHus JJisi CKOPOCTEM:
1

E =V =V, TV =V Vs TV Y, = k281;\/4 - k4Sl;

nH
dSz I(58281 .
V. = V. =K.S
dt BRCECG 5 Kc?.g ""SlnH 6 T




Kinetics the oscillations of Ca2+ in cytosol and in the store according to the model. VValues of

parameters: ; K, =1L K, =2, k; =1 k, =0.0L, nH =4; K, =3.1

IIputok Ca v, =1.2
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[Ipu OoJblIEN CKOPOCTH OPUTOKA KOJICOAHHUS
IPUOJIMKAIOTCSA K TApMOHUYECKUM
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