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Kak BO3HHKAIOT KOJICOaHU?

 KakuMu CBOMCTBAMHU JOJIKHA 00J1a1aTh
CHUCTEMa, 4TOOBI B HEMl MOIJIM BOBHUKHYTh
KOoJIcOaHus?



OOpaTHas CBS3b

OOpaTHasi cCBA3b — 3TO IPOIECC, MPUBOIAIINI K TOMY, YTO
pe3ynbTaT GYHKIMOHUPOBAHUS KaKOW-JIMOO CUCTEMBI BIUSET Ha
napaMeTpbl, OT KOTOPBIX 3aBUCUT (DYHKIITMOHUPOBAHUE ITOU CUCTEMBI.

J{pyrumu cjioBaMu, Ha BXOJ CUCTEMBI ITOJAETCS

CUTHAJI, e€ BBIXOJHOMY CUTHaNy (WJIH, B 00IIEM
cayyae, SBJISIOIAMCS 3TOr0 CUTHAJIa)
Paznuyarot U 00paTHYIO CBS3b.

OTtpunarenbHasi oOpaTHas CBsI3b U3MEHSIET BXOHOW CUTHAJ TaKUM
00pa3om, 4TOOBI MPOTUBOICHCTBOBATh N3MEHECHUIO BBIXOJIHOTO
CUTHaja. ITO JIeaeT CUCTEMY 00JIee YCTOMYMBOM K CIIy4aliHOMY
V3MEHEHUIO T1apaMETPOB.

[TosoxxuTenbHast oOpaTHas CBsI3b, HAOOOPOT, YCHUIMBAET U3MECHECHUE
BBIXOJIHOTO curHana. CHUCTEMBI C CUJIILHOM MOJIOKUTEIILHOW 00paTHOM
CBA3bIO MPOSABIISIOT TCHACHIIUIO K HEYCTOMYUBOCTHU, B HUX MOTYT
BO3HUKATh HE3ATYXAaIOIIUE ,


http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%BE%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%80%D0%B8%D1%86%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
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bHOJIOrHYECKUE CUCTEMBI —
COUYETAHME ITOJIOKHUTCIBHBIX U
OTPHUILIATECIBHBIX OOPATHBIX CBI3EH

dx X
— =IX(1
dt ( K)

ABTOKaTaJIUTUYECKUI YJIEH —
MOJ0XKUTENIbHASL OOpaTHAs CBSI3b
D epXIOJIbCTOBCKUAMN YJIEH —
oTpuIlaTelIbHasg 0OpaTHas CBS3b




dx

a = ax — bxy

dy

at - cxy —dy
a=1b=0.5

Mopens Bombreppa

X
[Ipu X — Max, CKOpOCTh @
poctay dy/dt—max — @
+
[Ipu y — max — ckopocThb V.

yobL1u X dx/dy - max




I IpenenbHBIN [UKII
A

Ha ¢a3oBoi mI0CKOCTH aBTOKOJICOAHUS

M300pakaroTCs B BUJIC 3aMKHYTOW U30JIMPOBAHHOM
tpackropuun — [IPEJIEJIBHOI'O LHWKJIA



[Ipumep 1 Xy - ()]

d
% =—x+ y[1-(x*+y?)],

[TapameTpuueckre ypaBHEHUS NMPENCIBHOTO IIUKIIA

x=cos(t—1ty), y=sm(—1),
YpaBHeHUs BCeX APYTuX (Pa3zoBbIX TPACKTOPHUI
cos (£ — ) sin(t—tg)

X = ; y=
\/1 L o o 211t) \/1+Ce_2(t_t0)

IIpu C>0 (a3zoBbIe TPACKTOPUM HAKPYUYHBAIOTCS HA
IpeieIbHbIN LUK U3HYTPHU

[Ipu -1<C<0 (pazoBbiE TPAaCKTOPUU HAKPYUHBAIOTCS Ha
NIPEIEIBbHBIN IIUKIJI CHAPYXKU



Y CTONMYHUBBIN IPEACIIBHBIN UK

lIpedenvuvili yuxkn Haszvléaemcs
YCMOU4UBHIM, eCliU CYUujecmaeyem
maxkas obnacmv Ha ¢hazoseou
NJI0OCKOCMU, COoO0epicauias 3mom

npeoenvbHbll YUK, —
OKDECMHOCMb &  UYMO  B8C€
gazosvie mpaekmopuu,

HA4UHaowuecss 8 OKpecmHOCmuU
g, acumnmomuyecku npu t — oo
NPUOIUICAIOMCSL K NpedelbHOMY

YUKIL).

Y A




HeyCTONMYnBBIN IPEACITIbHBIN [TUKII

Y A

Ecnu oice, naobopom, 6 nroboti
CKOMIb Y20OHO MAJOU
OKDPECMHOCMU & NPEOElIbHO20
UUKIA cyuiecmayem no KpauHeu
mepe 00Ha hazoeas
MpaeKmopust, He
NPUOTUNCAIOULASICA K
npeoenbHOMY YUKIY NPpU t — oo,
Mo maxou npeodeyibHbll YUK
HA3bl8AEMCSl HEeYCMOUYUBBIM.

=V




[lomyyCTOMYMBBIN TIPEACIBHBIN [TUKJI

Takue MUKJIbl TAKXKE VA
Ha3bIBAIOT
JIBOUHBIMU.
IIpu HEKOTOPOM
3HAUCHUU

rmapaMeTpa OHH
PACIICIUIAIOTCA Ha
1IBa, OJIUH U3
KOTOPBIX YCTONYMUB,

a IPyrou -
HEYCTONYHMB

<V



Teopema 1

Teopemsl cyriecTBOBaHUS
npeaeabHoro nukia (1)

Ecnu cywecmseyem na ¢gpazosoti

NJIOCKOCMU HEKOMOopasl \
3AMKHYmMas 001acms, maxasi, q
ymo ece ¢hazosvie
mpaekmopuu, nepecexkaoujue M
eparuyy >mou ooracmu,
8X005iM 8 Hee, U GHYMPU MOl
obnacmu Haxooumcs
HeyCcmou4ueas 0cooas mouxa,
OMAUYHAsL om cedld, mo 8
smoti obracmu 0063amenbHo
umeemcs xoms 6vi 0OUH
npeoebHbll YUK




Teopemsbl cyrecTBOBaHUS
IpeaeIbHOTO MUK (2)

Ilycmo Ha ¢hazosou niockocmu
cyuiecmaeyem o01acmo, U3
KOMmMopou ¢hazoevle mpaekmopuu
He 8bIX00sM, U 8 KOMOPOU HEMm
NOJLOJICEHUL PABHOBeECUsl (0CODbLX
mouex). Tocoa 6 amou obnacmu
00513amMenbHO CYULeCmeyem
npeoenvHblll YUK, NPU1em 6ce
ocmajbHvle MpaeKmopuu
00513ameNbHO HAMAMblBAIOMCs HA
He2o.

Teopema 2




Y CTOMYHUBOCTh IPEACIBHOIO
[IUKJIa

[IpenenpHbIid UK ycToiuuB, eciard N < 0 1 HEyCTONUMB,
ectu h > 0. Ecom ke h = 0, ypaBHEHHS NIEpBOTO
npUOIMKCHUST HE peIIaloT BoOIpoca 00 YCTOMYMBOCTH
IESPUOAUYSCKOTO JBUKCHHS.

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

X = o), y = y() — moboe mnepuogudeckoe pelicHue,
COOTBETCTBYIOIICE paccMaTpUBAEMOMY IPEASIbHOMY 1KY,
T — nepuon pemeHus.



IIpenenbHbIE IIUKIIBEI BO3MOXKHBI
JIUIIb B CUCTEME, IIPABBLIC YACTH
KOTOPOM IIPEJICTABJICHBI
HEJIMHCUHBIMA (DYHKIIASIMH.
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Biological system is far from the
\ f thermodynamiec equilibrium
Open for matter and

0 energy fluxes N
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Kinetic model is NONLINEAR

Only in NONLINEAR SYSTEM
SELFORGANIZATION IN TIME:

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

SELFORGANIZATION IN SPACE

1. autowaves

2.dissipative structures
(nonequilibrium stady distributions)

3. stochastic in space regimes



Poxnnenue

IpEAEIHLHOTO
IMUKJIA.
budypkanus
AHIPOHOBA-
Xomda
AHAPOHOB AJieKCaHIp d0epxapa Ppeaepuk
Anexcanaposuy (1901-1952) depaunang Xond

(1902-1983)

budypxkaius BrepBble Obl1a ucciegoBaHa A.A. AHAPOHOBBIM
(1937) gnsa cimydas N = 2 u o6obmena E. Xomdom (1942) Ha
CHCTEMBI C IIPOM3BOJBHOM pa3MepHOCTHIO. (AHAPOHOB A.A.,
BurT A.A., Xatikuua C.D. Teopus konebanmii. M., Hayka, 1981)



MogaenbHas CHCTEMa MITKOTO BO30YKICHUS

aBTOKOJICOAHUM

dr

—=r(c-r?),

dt

' 4 ¢ - IOJISIPHBIE

d(P KOOPINHATHI
— = 2T.

dt

[Ipu yBenumueHun mmapamerpa ¢ pu ¢ = 0 pokyc Tepsiet
YCTOMYMBOCTD U POXKIAACTCA NPEACTbHBIN [IAKII



CTanyoOHapHEIC PEIICHUS

r(c—r°)=0.

HNmMmeeTt pealibHbIU CMBICIT r

OKpyKHOCTB pagnuyca C



Cynepkputnyeckas ondgypkanus AHIPOHOBA-
Xomn@da (MIrkoe Bo30yKICHHUE)

Heycroiuussrii gokyc +
YCTOMUUBBIN MPEACTbHBIN [TUKIT

© @ ©

YcroiuuBbiii GoKyC LlenTp

paouyc ﬁ dr
npeoeivHozo [
uftma —=1T (C_r2)1
i dt
___________ d(P
2 a1 o 1 2 % — =27



o=—(a+d); A=

A 127

budypkanoHHas guarpaMmmMa JMHECHHOM

a b
c d

‘ CHUCTCMBI

— 0 t.0 *—4A

2

6]
A
/

Yemolddusslill ysen
A< 0,2;=0

dg

—=a¢é +bn,

dt
dn

—=Cc& +dn.

dt

@)

Yemodtiiuenbiil ¢hoKyc
Ap<O0 A;#0

= SN
N

1], \y Ap=0, %%0

v {\T/A/A
AN

Heycmoiyuesbit ysen
A r >0 s A |=0

)

Heycmodiuuenit ¢hokyc
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MoneapHasg cucTtemMa KEeCTKOTO
BO30YKJICHUS aBTOKOJICOaHU M

dr C
—=r(=+r°-r"), = O,
dt 4 1
o r’ :—[1J_r(1+c)1’2}.
— =21 2
dt
I[Ipu ¢ = -1 poxmaercd HEYCTOMYMBBIM IIPEACIBbHBIN ITHKII

MaJION aMIUTUTYIbl U YCTOMYUBBIN MPEACTBbHBIN UK KOHEUHOU

AMILIMTYABI Ilpu ¢ > —1 Bropoe cTailmOHApHOE PEIICHUE — YCTOMYUBBIM IPEICIBHbIN
nuki. I[Ipu —1 < ¢ <0 Tpu cTalmoHapHBIX PEUICHUS, J00ABIACTCA —
HEYCTOMYMBBIN MIPEIEIbHBIN [IUKJ C AMILUIUTYA0M 1
r? ==[1-(1+c)"? |.
2

IIpu ¢>0 HeycTONYMBBIN IIpeIeIbHBIN UK IIPONagacT



CyOKpUTHYECKAsL

oudypkanus . .
YCTOUYUBBIN (POKYC, . .
AHIPOHOBA — . (? y Heycrofiumperii doxkyc,
Xonda HGYCTOI/I‘{I/IBUBII/I yCTOMUHBHI
HpCACTLHBIN I, IpeNENbHBIN KT
yCTOMYUBBIN
MIPEACIIbHBIN [TAKJI
YcTOMYNBBIN
doKkyc
c<-1 -1<e<0 >0
a ] 8
A
d BetrBb I =0
' r(— +r°—r")], .
dt B yCTONYHBA IIPU
>« O0nacte «4EpHOM ABIPBI»
AN c<Omu
\ (V4
2 — 1+ (1 + C)l/z : N . HCYCTONYHNBA
I I L p IIpH c>0.
-2 -1 0 1 2 c



bproccesarop

. Ipuroxun, P. JIederp (1965)

1917-2003

[IpocTeiiiias peannu3anus KyOn4eCKou
HEJIMHEMHOCTH B XUMHUYECKOU PEAKIIUU

2X+Y —> 3X

(TpUMOJIEKYIApHAS PEAKIIUS)



Cxema peakuui bproccensaropa
(TpUMOJIEKYJISIpHAS PCAKIIS




CucremMa ypaBHEHUN

Ecnu koneunbie mpoaykTel C ¥ R ymanstoTcs u3
PEaKIMOHHOIO IPOCTPAHCTBA, a cyocTpar A
HaxogurTcs B u30bITke, K , =K , =k , = 0. Ilycts
TaKXXe k_2 = (. 3gaueHuns OCTAJILHBIX KOHCTAHT
ITOJIO’KMM PAaBHBIMU CAUHHUIIE.

dx 5 A->X
E:A+X Y-(B+1X 2X+Y>3X

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

X-A v-E
A



bproccemstop

MDa3oBkIi TOPTPET cHCTEMBI OproccensTop mpu B>1+A? (a) u B<1+AZ2 (6).
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HO—=P O
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| ~oH 7
H,C—OH H,C—0 HO—P__
: 5 : o o | ~OH
1 2 > I/O o CH,OH
OH 7?’ OH : » HO
OH OH OH
rIoKo2a rmoko30-6-thocdar thpyrrozo-6-dochar
ATd
HC=0 3 AJlD
H(l“.—OH o
/ 0
%8 . 0 H,c—oPo,H; HO— P/ HO\ d
C—O0-~POH, ¢
| i rmuuepansaernadochdar H, C O H Cc—
H(I‘—OH HAI* 5 T
H,C—OPO,H, HAJI'H H, (I—OPO H, /
1.3-andocthornnuepar
H,C—OH yKT030-1.6-6uocdar
ALL® : lbp. bocd
7 nuokcrHaneroudochar
AT®
0 OH 0 OH O OH s 0 OH
N\ N\ N AJlD ATD 7
AL L S iy
HC—OH HC—OPO,H, C—O0~POH, C=0
I | Il 10 I
H,C—OPO,H, H,C—OH H,0 H,C H,C
3-tocornuuepart 2-dhocornunuepar dochoeronnupysar nupyBar

>_

| mukoiu3
- JIU3UC
(pacuieruie
HHC)

I'JIFOKO3bI

I'moko3a + 2NAD* + 2ADP + 2Pi — 2 mupysar + 2NADH + 2H* + 2AT® + 2H,0


https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BA%D0%BE%D0%BB%D0%B8%D0%B7

Koe0anus B IIIMKOJIN3E

Axmusayus

\)
[I1] > O6D— DD —>

x) v

ax _ X y
dt " (K, +x) (K, +)
dy X Y Y




be3pasMepHbIe YpaBHEHUA
TJINKOJIN3a

DO6D




da30BkIC TOPTPETHI U KUHETUKA
Y cTronumBEeI€ y3el U (DOKYC

=Y

T

~Y

Mopenb rukonuza (8.10).
KnneTtrka nsMeHeHun
KOHIICHTPALIUU
bpykT030-6-docdara (x) u
dpykrozonudocdara (y)
(ctipaBa) u (ha30BbI TOPTPET
CUCTEMBI (CJIEBA) IPU PAZHBIX
3HAUYCHUAX TTapaMETPOB
CUCTEMBI, a —
OeckosebaTesbHBIN MPOoIIece
(y3en Ha (pa30BOM MIOCKOCTH),
o = 0.25; r = 1. 6 — 3aryxaromue
KoJicOaHus (yCTONYMBBIN (DOKYC
Ha (pa30BOM MJIOCKOCTH),

o=0.25r=0.2



IIpenenbHbIe
[IUKJIbI B
TJINKOJIA3E

8 — KOJICOaHHUS C
MMOCTOSIHHOW aMIUIUTYIO0U U
(hazoit (IIpeaeIbHbIN UK
A XA Ha (pa30BOM IIOCKOCTH),
a=06;r=0.24.2-
pellaKCallMOHHbBIE KOJeOaHUs
C OCTOAHHOW aMILIATYI0U
, - 1 (a3oii (mpeaeIbHBIN UK
\ IIOYTH TPEYTOJILHON (DOPMBI

> L Ha ()a30BOM INIOCKOCTH),
oa=8:r=0.5.

ot
™y



Konebanusa Kageinsd B KjieTkax

MJIEKOIIUTAIOIIINX

Bpems mexay ocunn-

MeTon peruncrpa-

Knetka Ctumyn ASILMSIMK, C L JlnTepaTypHbIN NCTOYHUK
AU'MHapr'euKneTKM Kap6axonuH 5 dypa-2 Gray 1988
OKOJIOYLLHOW Xene3bl
FOHanoTponHble KNeTkM FoHaponnbepuH 6 " Shangold ea 1988
rmnodunsa
bera knetku Kap6axonu 12-25 " Prentki ea 1988
NnoAXenyao4HOM Xenesbl
nagKoMblWeYHble KNeTKn ®eHnN3PpuH, rMcTamMmmH 30-48 ! Ambler ea 1988
dunbpobnactbl (REF52) BasonpeccuH + rpammumamnH 35-100 " Harootunian ea
DHAOTENNanbHbIE KNETKU fmctammH 40-125 " Jacob ea 1988
FenaTounTbl BasonpeccuH, heHnnadppuH, 18-240 AKBOPUH Woods ea 1986 Woods ea
aHrMoTeH3uH II 1987
KapanommounThbl KodeunH 0,3-3 CokpalieHune Kort ea 1985
CumnaTnyeckme HempoHbl " 120 Tok K+ Kuba ea 1976
CuMnaTnyeckne HerpoHbl Jenonsipnsauns n KopeunH 60-120 dypa-2 Lipscombe ea 1988
SAnuekNeTkn XoMsa4uka OnnopoTeBopeHune 55 AKBOpPUH Miysaki ea 1986
OoumnTbl MbliwK ®op60onoBbI 3unp 17-35 ! (ligtshsbertson, Cobbold
B-numdbounTbl AHTUrEH 50-75 dypa-2 Wilson ea 1987
Makpodarm PacnnacTbiBaHue 19-69 ! Kruskal, Maxfield 1987
AnuekneTka XoMsa4uka Tumepocan 300 Tok K+ Swann 1991
FenaToumnThl XXenuHas kucnoTta 5-12 (1 tvn) " Capiod ea 1991a

UAMO®

60-240 (2 Tvn)

Capiod ea 1991b




CucreMa ypaBHECHUM
JUII KoJiebaHum
KaJbIHs

[Dupont and Goldbetter (1989, 1994)]. PaccmarpuBaioTcsi IpUTOK M OTTOK
KaJbIMs B KJIETKY Yepe3 IIa3MaTHICCKyI0 MeMOpaHy (KOHCTaHThI CKOPOCTEH
V, ¥ V,, COOTBETCTBEHHO), IOPMOHAIBHO AaKTHBHUPYEMOE OCBOOOKIEHHE
KadbLUsl W3 Iyda (CKOPOCTb V,); AKTUBHBIM TPAHCHIOPT LUTO30JILHOTO
Kanpust B 1myn, (V,), OCBOOOXKIOEGHHE KanblHsi U3 IIyla, aKTUBHPYEMOE
IIUTO30NIBHBIM KanbiueM (Vg); CBOOODHBIM OTTOK KanblUs U3 IIyda B

UTO301b (V). Mozens cocTouT u3 AByX AU PepeHINaIbHBIX YPaBHEHUN

S1 — konneHTpanusa Ca B uTo305€e; S2 — B TOPMOHAIBHO YyBCTBUTEIBHOM ITYJIE

ds,
? =V =Vt Vs —V Vs Ve v, =K Sy, =K, S
ds, kSSZSlnH

—_ V. =

'V
nH nH "6
KO..5 T Sl

BoipaxxeHus 1J1s1 CKOPOCTEN:
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Kinetics the oscillations of Ca2+ in cytosol and in the store according to the model. Values of

parameters: ; K, =1, K, =2;k; =1, k, =0.0;nH =4; K, =3.1
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[Ipu OonbIIe CKOPOCTH IPUTOKA KOJICOAHUS
IPUOJIMKAIOTCSA K TAPMOHUYECKUM

30
28 ]
26 — Chg;r
24 + Cdé;
22 |
20 26 4
18 ] 24

16

T T T T T
a 20 40 G0 a0 100 120 140 160 180 200 I



Borpocel

Kakue komebdaTenbHbIe MPOIECCHI MPUCYTCTBYIOT B
CHUCTEME, KOTOPYIO Bl n3ydaere (XoTeau Obl
M3y4aTh)

OTH KoueOaHus COOCTBECHHBIC UJIM BBIHYK/ICHHBIC?

Eciu cooctBennnle. I 1e B Barieii cucreme
oOparHas CBS3b?

[IpuBeauTe mpuMep K0ae0aTeIbHON CHUCTEMBI, TJIE
BAXHYIO POJIb UTPAET 3aIla3bIBAHUE



* BHYTPUKIECTOYHBIE ITPOLECCHI (CEKYHIbI-
MMHYTHI)

e JKu3HeHHBIN MK KJIIETKHU (4ackl U 00Jiee)

 [[MKJIBI KJIETOYHOM MOMYISUMHU (Yachl, JHU
1 0oJee)



