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bnonHMopMaTrKa u
MaTeMmaTuyeckoe
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OT 3KCNOHeHTHl MasnbTycCa
K Systems biology

[MNpod. NanuHa KOpbeBHA PU3HUYEHKO
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CeMuHapbl pa3 B HEOErto

dopma OTYETHOCTU — AK3aMEH

OTBeTbI Ha BOMPOCHI MO Kypcy Ha popyme
KoHpepeHuus.

“TleKumn n ceMuHapel no
KYPCY
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Figure 8.1 Biological networks. (a) Network of Curve colors express the nature of relation

protein—protein interactions in yeast. From (red: inhibition, blue: activation, green:
Jeong et al. [4]. (b) Regulatory interactions dual regulation), and the traces around the
between E. coli genes. Genes shown as colored circle indicate autoregulation. Courtesy of
segments associated with the structural S. Ortiz, L. Rico, and A. Valencia.

description of the gene’s main function,

* Buonornyeckue perynaTopHble ceTu

A-ppoxxu, B — E coli
Systems biology. A Textbook. Klipp et al.



Image processing and 3D reconstruction
of HIV-1 CA hexameric tubular assembly.

Simulation System Size (Number of atoms) Hexamers-12 Pentamers 64,423,983
Length of the simulation (ns) 100

Gongpu Zhao et al. Mature HIV-1 capsid structure by cryo-electron microscopy and
all-atom molecular dynamics 3S0MAY 2013 |VOL497|NATURE|643
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[InHamMmyeckas curosas CrieKTpOCKONUA ANs N3MEpPEeHMs

MEeXaHM4YeCKOM peakunn bruomonekysbl B OTBET Ha
BHELLHEEe HanpsihkeHue

30HA KdHTHJIeBEpd 1 O 15 aMMHOKMCn OT

Oa3a KaHTHIeBepa

Bpema — 30-60 mc

)' Kononova et al., Biophys J. 2013; J Am
Chem Soc. 2014;

MPY>KHHA
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Fluctuating Nonlinear Spring Model of
Mechanical Deformation of Biological
Particles

Olga Kononoval,2, Joost Snijder3, Yaroslav Kholodov2,4, Kenneth A.
Marx1, Gijs J., L. Wuite3, Wouter H. Roos5*, Valeri Barsegovl,2*

1 Department of Chemistry, University of Massachusetts, Lowell,
Massachusetts, United States of America,
2 Moscow Institute of Physics and Technology, Moscow Region, Russia,

NOAIOKKA 3 Natuur- en Sterrenkunde and LaserLab, Vrije Universiteit, Amsterdam,
The Netherlands,
4 Institute of Computer Aided Design Russian Academy of Science,
Moscow, Russia,
CX_eMa_ SKCH_epM_MeHTa 5 Moleculaire Biofysica, Zernike instituut, Rijksuniversiteit Groningen,
N V|tr0 nin S|||CO Groningen, The Netherlands
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Nepapxua pasMepoB U BpeMeH

A cell to biosphere
systems biology
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buonornyeckas cucrtema: aMbpo3us

Ambrosia artemisiifolia L. Zygogramma suturalis F. [1.6.H. O.B. KoBanes
XIX Bek — EBpona 1978 — CraBponosnbckuit kpan  (3UH PAH, C-Metepbypr)
B 1910% — KOr Poccun 1984 — CeBepHbIn KaBka3 AsTOp bMoMeToaa
B 1940 — B3pbIB MHBA3UM 1989 — NaneapkTunka nogassieHns ambposnu
¢ 1980% — HbIHELLIHMI nepuona MOSIbIHHO/IUCTHOM




[TonynaumMoHHaa BonHa

ambpo3neBoro
JINCTOEda
n- ?z DAn+V(BVp)+ f (n)
YNCIEHHOCTb at
XXYKOB Ep——An,
3K3M2“_
5
800 3
vz
100 - 1T BonHa ambpo3uneBoro nucroena, kpueas |, n
—— - BOJSIHa NopaXkeHHOoCTn amobposumn (%), Kpnsas
S0F100 lI. 1 — pacyeT no mogenu, 2,3 — AaHHbIE
9KCNepuUMEHTarbHbIX HabnogeHun
40} -
AnekceeB B.B., Kpbiwwes U.W., CasblikmnHa T.I.
| 2 dusmnyeckoe N maremMaTmyeckoe
0= 0 10 T mMoaenuposaHune akocuctem, 1992
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PacnpoctpaHeHne ambposnm B 2010-XNfZ.
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MnoTHOCTb ceMsiH aMbpo3um B NouBe — OT 24 A0 127 wWT. Ha KB.M.

(KoBaneB u ap. 2013, 2014; Kosanes, TtoTtoHoB 2014; Apxmnosa v ap. 2014

@Y4eT NpoCTpaHCTBEHHOM
HeOQHOPOAHOCTU - BblAeNneHne
HenpuUrogHbIX 4119 pasBuUTUS
pacTEHUN y4aCTKOB

@B03MOXHOCTb OTCNeXnBaHUA
N3MEHEHUN reHETUYEeCKON CTPYKTYpSbI
nonynauum gputodara

A ‘\\‘A‘J,A%
@5BHOE onncaHne nNpoCcTpaHCTBEHHOMN
AONHAMUKU

@PaccmoTpeHune Kak criyqyamHbIX

(NP PY3NOHHBIX), TaK U HanpasEHHbIX
MOTOKOB NOMYNALWOHHOW MIOTHOCTH,
CTUMYNUPYEMbIX HEOOHOPOAHOCTLIO
NYLLIEBOro pecypca
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bBtocT Beprunusa y Bxoga B €ro
cknen B Heanone

Uma npu poxaeHuum:
[yonun Beprunuin MapoH
HdaTta poxaeHus:

15 okTa6ps 70 10 H. 3.
MecTo poxaeHusi: MaHTyu
HdaTta cmepTu:

21 ceHTabpsa 19 go H.9.
Pon pesatenbHOCTM:
OPEBHEPUMCKMIA MNOST

* «Bce MOXeT HaaoecTb, Kpome

noHUMaHua» Beprunun


http://ru.wikipedia.org/wiki/70_%D0%B4%D0%BE_%D0%BD._%D1%8D.
http://ru.wikipedia.org/w/index.php?title=19_%D0%B4%D0%BE_%D0%BD.%D1%8D.&action=edit&redlink=1
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m YenoBe4yecknn Mo3ar (Kak u
KOMMbIOTEP) paboTaeT ¢ Mogenamm

m [IOHATb — 3HAYUT NOCTPOUTL «B
ronose» Mogenb NPpUpoaHOro
ABINEHUS,

® XXBOW CUCTEMDbI,
B YesioBeYeCKNX OTHOLUEHUN U NPOoM.

B «[1OHATb — 3HAYUT, NPOCTUTLY



[MpakTnyeckun
CMbICJT MOaenu

x
Y10 Takoe
moaenb?

Kommnbrorep
pa60TaeT HC C m  MoOesib — 9Mo «Kornusi» obbekma,
peanbHOU B 8 HEKOMOPOM CMbicrie «bonee yOobHaa N
CUCTEMOM, 4 € g Ba)Ho onpenenuntsb:
MOIACJIBHO

mo06bekm, UeJIb v

D = MemooO  (cpencTsa)

i — MoaenMpoBaHns
5v
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MaHunynauuu
8 ripocmpaHcmee
U 80 8peMeHU

Kak moHaTh
BBIPAKCHUE

«XYI0KHUK U €TI0
MOJIEIb ?»




ITpnmepkl moaenen

Nmnennep
HarHeTaeT BO34yX B

TpyOy

CamoneT B aspogmHammnyeckon Tpybe
N3y4eHne NPOYHOCTN KOHCTPYKLUMMW, BIUSIHUSI BHELLIHUX YCIOBWUIA U Op.

BepTukanbHas asapoanHammuyeckas Tpyba
LIATW. TMoctponka 1945
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[Nonynauusa Apo3oduniibl

*Moaenu reHeTUKM -

Kaxnas Hayka UMEET CBOM MOJICIIN



" A .
“CUAKBapuyM- moaenk BOAHOW CUCTEMBI

n3y4yeHue B3anmMoaencTBms KOMMNOHEHTOB OUOLLEHO3a, NapaMeTPoB
KayecTBa Boabl
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BblaeneHHble xnoponnacThl
3yyeHne npoueccoB PpoTOCUHTE3A Ha oparMeHTax XXUBou
CUCTEMBI




" A
“MaTemaTuyeckue mMogenv

™ M P T =) m | ¥ 9 - OE B BE

OITUCBIBAIOT HEJBIM  KJacce
[IPOIIECCOB 15810 SIBIICHUU,
KOTOpBbIE O00JIaal0T CXOOHBIMU
CBONMCTBAMH, WU  SIBISAIOTCS

N30MOP(PHBIMHU.

«Obnacms 3HAHUS CMAHOBUMCS HAYKOU,
K020a OHA 8blpadicaen C60U 3AKOHbL 8 BUOE

Mamemamuyeckux COOMHOUEHUL)

l'amunen Ilyankape Mapkce

xxxxxxxxxxxxxxxx



m MatemaTtunka — aT1o
MCKYCCTBO Ha3bIBaTb
pa3Hble Bely OOHUM U
TEeM Xe UMEeHeM

m be3 a3blka maTemMmaTukum
bonbluas YyacTtb rnyookux
B3aMMOCBA3EeN Mexay
BewamMn HaBceraa

ocTanacb Obl AH RPU nyaH Kape
HEen3BeCTHOU (1854—1912)




*MaTemaTuka
—A3bIK

. Y. T'nb6c Josiah willard Gibbs;

1839—1903) — amepuKaHCKUn punsuk,
PUIMKOXMMUK, MaTEMATUK N MEXAHWK, OAWNH N3
cosgarternen BEKTOPHOro aHanmsa,
cTaTUCTUYeCKon On3NKN, MaTeMaTNYECKON
Teopun TEPMOLMHAMUKM,

CrnoBapb 1 3BYKOBbIE U rpacbmquKme cnocoobl
KOAUpoBaHUA CIioOB - YUCI1a, BEKTOPbI, MaTpULibl,

doyHKL MK

[(pamMMaTuKN — OEUCTBUS C HUMU: CITIOXKEHUE, BblYMTaHNE,
YMHOXeHue, genenve, anddepeHunposaHume,
NHTErpnpoBaHue

[ [pamMMaTUKN MaTeMaTUYECKOro A3blka — HE TOJTbKO
npaBuna codeTaHna 3fieMeHTOB (CroB), HO 1 NpaBuna
npeobpasoBaHnUsa OgHUX CIOB B Apyrne

AHanNor croBecHbIX ONMcaHnm — matTemaTudeckme
MoAenmn

[[anuneo Nanunen
(1564 - 1642)

«... Benunkasa kHura

npuvpoabl HanncaHa

MaTeMaTu4eCcKknmmn
CUMBOSIaMnN»



" AEEEEEEEEEEENSOMOPPU3M

N3omopcnam (oT ap.-rpeyd. ico¢ — «paBHbIA, 0AMHAKOBbLIN, NOAOOHLIN» N HOPPr] —
«dpopma»)
F
X € >
$ COBOKYNHOCTbL 351leMEeHTOB (CnoB)
U 0encTBum (rpammaTtmika) —
g€ > f onepauuoHHasa cucrema
G

[1Be onepalOHHbIE CUCTEMbI M3OMOPMHHGI.
Ecnn yctaHOBNEeHO B3aMMHO O4HO3HA4YHOeE
COOTBETCTBUE, MeXOy UX 3rieMeHTaMu U
OenNcTBUAMU
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| A “B pasHbIX
;; ' onepaunoHHbIX
ol S cncremax
L e OenucTBuns
0 l\ BbIMOJTHAIOTCA
B No-pa3HoOMY.

[Tpnmep: B apabckon cncrteme 3anmcu
ymcrna NepemMHoOXUTb NErko, a B PUMCKOU
— OYeHb TPYyaHO



~OnepaunoHHas
cucTeMa
KoMnbeloTepa

i/}_ér[/j""‘""

BCE NeNCTBUSA BbIMOSHAKOTCS
Nerko n dbICTPOo
(npaBaa, NPUBIMXKEHHO)




“Tpu KNTa COBPEMEHHOW HayKy
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* OnepaunoHHasi cuctema mo3ra
3aKOHbI npupoAabl

m [lpnpona — Toxe onepaunoHHas cuctema. ke
yoaeTcs npeactaBuUTb C TOM MU MHOWM NOJNTHOTOM
B BUJe pa3HOObpa3HbIX 91IEMEHTOB U CBSA3EN
MEXOY HAMU U TEKYLLMM BPEMEHEM.

m OTO MNpeacraBfieHne U Ha3biBaeTcs
«3aKOHaMu npupoabl».

m Korga ygaeTca NnoCTpouTb M30MOPMHYHO
O0BEKTY NPUPOabl MaTeMaTUYECKYHO MOAESTb,
Mbl MOCTUraeM U MPUPOAHLIN OO BEKT



* Bnagnmup
MBaHOBUY
BepHaackumn

(1863-1945)

«bonbias 4acTh HAy4YHOU
pa0OThI 3aKIHOYAETCS B
IIOMCKE MAaTEMATUYECKUX
COOTHOILIIEHUHN.

Having ux, Hatn ym
YCIIOKAMBAETCH,

Y HaM KQXETCs, YTO
BOITPOC, KOTOPBIKA HAC
MYUYHUJI, PELIEH. )



“ Mopenu B HayKax

m Du3nka — ¢ [ annnea n HeroToHA
m -3blK 3aKOHOB PU3NKN — MaTeEMaTUKA

B Xummnga — 20 BeK
B XMMNYEeCcKad KUHEeTUKA, KBaHTOBaAd XUMUA,

m KoHel 20 Beka - MONeKynspHoe
MoaennpoBaHue



Mogenu B dmonorinn

MonekynspHoe
mMoAdenupoBaHue

b BpemeHu

36K — MOAEJIN CITOXHbIX CUCTEM

2-91 nonoBuHa 20 Beka.
KauyecTBeHHbIe (ba3oBble)
HEeNHEeHble Moaenmn
MonekynspHoe
MOOEeNnUpoBaHue
(Kapnntoc, 1971)

190
0

1800 —

JlanyHos, 1972
T TbtopuHr, 1952

+ Bonbteppa, Jlotka , 1926

+ depxtonbeT, 1848,

JToOrmcTn4HecCKkas KpmBasd

ManeTtyc,
1798

-|- dnboHayuun, 13



!!Mo.qenw B Onosnoruu

o nonoBuHbIl 20 BeKa — oTAenbHble MOAENN-
aHanoruu:

Moaenu nonynauumn

Mogenn GUuoxXmMmmyecknx peaxkumnm
MaTtemaTtnyeckasi reHeTuka

Mopgenu kpoBoobpatllyeHus (bepHynnn)
MexaHun4yeckne moaenun ABuMXeHus

2-9 nonoBuHa 20 BekKa.

m KadecTBeHHbIe (Da30Bble) HENMHENHbIE
mMoaenu

m MonekynapHoe mogenupoBaHue

21 BeK — Moaenun CnoXXHblX CUCTEM
m [MbpuaHble mogenu



!! Knaccundumkauma mogenen

mP I'(g)eCCI/IOHHbIe — ONNCbIBaAeTCH
«popmMa» 3aBUCUMOCTMU

m MexaHn3MeHHble(mexaHncTuyeckne)

m B Mmogenb 3anoXeHbl rmnQTesbl O
«MexaHun3amax» B3anmMoaencTeums
3N1IEMEHTOB



" A
“Tunbl Moaenen

m BepoATHOCTHbLIE
m CtoxacTtunyeckue

m He npeTteHAyOT HA NOHUMaHNE
«MexaHn3MoB»

m MO>XHO roBOpUTb TOJILKO O
BEPOSATHOCTU «COBBITUNY

m [/l HeKOTOpPOM OOMYCTUMOM
MHTepBarne N3MeHeHns
n3mepaemMoun BENMNYUHBI



" A
JeTepMUHUCTCKME (MexaHN3MeHHbIe,

mechanistic) - 3agaH 3AKOH
N3MEHEHUA NePEMEHHbIX CUCTEMBI

1. KayecTtBeHHbIe. Ba3osbie.
KoHuenTyanbHbIE.

2. MmntaumoHHble. AreHTHble.
3agaHo noBeaeHune oTaenbHbIX
351EMEHTOB CUCTEMDbI



B nocnegHen tpeTun
20 Beka
Pa3BUICA KOMMJEKC
HayK - CUHepreTuka

CXoaHble HENMUHEWHbIE
YpaBHEHNSA ONUCLIBAIOT
npoLecchbl
camMoopraHmsaunm
pasHoU nNpupoabl
(n3omopdonam)

m [eopus AMHAMUNYECKUX
cCUCTeEM

m HennHenHasa guHamMuka

m [eopus
camoopraHusaumu

m Teopud xaoca (Theory
of chaos)

m Nonlinear science
m [eopus opaKkranos

LeNb KOTOPbIX — MOHATb
CYTb HEJNTMHENHbIX
NPOLIeCCOB B CINOXHbIX
cucrtemax



. !!HMHel‘/'leu‘/'l MUP

JInHenHas

doyHKUMSA XA
Xx=atl x=x -e"
m JlInHenHoe
anddepeHunanbHoe
ypaBHeHue. YpaBHeHue |,

POCTa nonynaumun

ManbTyca (1798) ’

dx
— =TrX.

dt

r>0

0 r<0Q




Cnencreme oaHO3HA4YHO
onpegenseTcd npuYnNHou

CyLlecTBYET eAUHCTBEHHO
npaBuUribHOE pPeLleHne



Ho He bmonorua !
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"TIMHENHAS

HAYKA

Ha ocHoBe
NIMHEWNHOWN HayKu
pa3paboTaHbl
OCHOBbI 0bnacTewu:

s MEXAHUKA
s CTPOUTESNICTBO
s BAITTTUCTUKA

s DJIEKTPOTEXHWN

s KOCMVYECKAS Ké>p\*’»

TEXHUKA
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TNMHENRHbBIA MUP HennHeunHbIN Mup

= OpHosHaYHas = HeoHO3HaYHOCTb
3aBUCUMOCTb NPUYNHBI U
cnencTeus. EQMHCTBEHHOE ®» MynbTucTaumMoHapHOCTb
CTaluMOHapHOE COCTOAHME s Kone6auus
- n Y,
» Manas porb CnyyanHocTu [leTepMnHMpoBaHHbLIN Xaoc
m [IpocTpaHCTBEHHO-
BpeMeHHasd
m [nddysna — BbipaBHUBAET camoopraHusauunsi:
KOHLIEHTpaLun aBTOBOJTHbI

m [lnccunaTuBHbIE CTPYKTYpbI

[
[ nagkue rpaHuubl. Llenag x OpaKTaANLHOCTL

NPOCTPaHCTBEHHAs
Pa3MepPHOCTb

*20 BeK — nepexoa u3 «JIMHENHOro
MUpPa» B KHENTUHEUHbLIN MUP»
21 BeK - CINNTOXHOCTb



* TONNbKO B |
HEJNIMHEUHbIX ~
CUCTEMAX — |

BEbIBAIOT .

20 BeK —

2 MONOBUHA. |
KauecTBeHHble 1 AR
Moaenu e

ELFORGANIZATION IN TIMI

Ba3oBble Mogenu multistability
OMONOrnM4Yeckmnx

CUCTEM - i

HEeNMIMHENHbIe \bu tions)

LFORGANIZATION IN SPACE
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* OcHOBHbIe CBOMCTBA
HeJlTMHeUHbIX CUCTEM

L

m MynbTucTaumMoHapHocTb ~ |*

-

m KonebaHus

m [lpocTpaHCTBEHHO
-BpEMEHHbIE CTPYKTYpPbI
m ABTOBOJTHOBbIE MpoLEeCCHI



" N
IunccnaTtuBHbLIE
CTPYKTYpPbI

ABTOBOI/JHbLI

()

PaspbiB opOHTa 1

%n pOCTpaHCTBeHHo_ BO3HUKHOBEHME

cnuparnbHON BOSHbI

BpeMeHHas AMHaMmKa






Packpacka LUKyp XUBOTHbIX
J. Murray

dopma pakoBuH
Mainhardt

KonoHun 6aktepumn
M.A.LbiraHoB, A.A.lNonexaes

W
HHAA-

reTeporeHHoCThb



J.D.Murray.
Springer

Mathematical biology.
An Introduction. 2003

Spatial models and
Biomedical Applications. 2004
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1

epeBog 1-ro (2009) n 2-ro (2011) Toma
O.Mwppeun, U3g, PXO

BUIODU3IUKA
MATEMATUHECKASA BUNONOIrnA

[Dxeame Mropperi
Oxevimec []. Miwoppeit — npodeccop YHU-
pepcuTeToE BawuurtoHa w Okcthopga, uned

MATEMATUYECKAS
BUoJjiorvis

KoponeBckoro Hay4Horo obweciea Benuko-
OpUTaHIA W UHOCTPAHHEIT YieH DpaHLy3cKon
AKagemMuW HayK, WMEeT MO4YeTHble 3BaHud
MHOMMX YHWBEpCUTETOR Mupa. AsTtop Oonee
200 HayyHbIX CTATE W HECKONMLKUX KHUT,
ocHoBatens U gupekTop Llentpa marematnye-
cKkon Ouonorun yHueepcuteta 8 Okcdoppe.

MATEMATUYECKAS BUOJIOIUs

xenmc Moppen




“PacnpocTpaHeHue
BOJTH BO30OYyXaeHuA

m PacnpocTtpaHeHne HepBHOIo MMnynsca
m Bo30byanmas TkaHb cepaua
m COKpalleHne CTeHOK cocyaoB (apTepun)

m CoKkpalleHne CTEHOK OTaeroB
XKEeNyao4HO-KNLLIEYHOro TpakTa

m ABTOBOJIHbI B MO3ry
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BZ-reaction

Bernoycos un
YKaboTuHCKun




“MogenvpoBaHne NPOLEcCoR
BO30yXAeHNA B cepaue

Cepaue — obbeMHast cuctema co
CITO’)KHOW NPOCTPAHCTBEHHOW
opraHusaLunen, B KOTOPOWU
KaXkObl 9NEMEHT ABNSAETCS Unu
reHepaTopoM KonebaHum nnu
BO30OYyaMMbIM 3N1I€EMEHTOM




S ISP 5%

BUXPb (peeHTpu)
B XXenygo4kax
cobaku (a, 6),

Mozaesnb
(Aliey and
Panfiloy 1996)

N B peakuuu
BenoycoBa-
’KaboTuHckKoro,
IKCNEepUMeHT
(B,r) (Anves,
1994),



Bnagumunp KpnHckuin
LLtedban Mwonnep,
Bnagnmup 3bIKOB,
Bnagnmup BaHar,

Anekcanap JlockyTos,

A.lMTaHdunos,
. Ecdoumos, PAnues n gp.

*JBonouus
cnupanbHou
BOJTHBI

Moaenb hnbpunnaummn B cepgue



Mechanical +
electrical activity
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* 21 Bek — CucteMHasi 6MONorus.
N3yyeHne CrokKHbLIX CUCTEM Perynaumm

Knaccudukaums

1]
B top-down" m "bottom-up"”, B 3aBUCUMOCTUN OT cnocoba NOCTPOEHUST MOAENN.

m [lpu ‘top-down’ nogxone mogenupoBaHue MaeT OT HabnaeHNss HEKOTOPbIX CBOWCTB
Liernon CUCTEMbI U NMOCTPOEHUS TMMNOTE3 O NPUYMHAX Takoro HabnaaeMoro noBeaeHNs.

m Batom cny4yae nepemMeHHble mogesrin COoTBETCTBYIOT Habngaembim XapaKTepUCTUKam
CUCTEMbI, @ MOAESNb ONUCLIBAET BO3MOXHbIN MEXaHU3M, nocpeacreoM KOTOPOro
peanndyetcd Takoe noeegeHne CUCTemMbl. (Hanpwmep, ONHaMMnKa KOHLleHTpaLlVIVI
ornpeneneHHbIX BeLLl,eCTB)

m  "bottom-up" noaxon HauMHaeT C U3y4eHUs CBOUCTB OTAENbHbIX KOMMNOHEHTOB CUCTEMDI
N 3aTEM UHTErPUPYET UX C LIESbIO Npeacka3aHns CBOUCTB Lernon cuctemsl. bnnskoe K
3TOMY pasgeneHne MoaesbHbIX nogxonos Ha "hypothesis-driven” and "data-driven”.

m  "middle-out" nogxon, koraa MmogenupoBaHMe Ha4YMHaAETCS C HEKOTOPOro
NPOMEXYTOYHOIro YPOBHS (Hanpumep YPOBHS KNETKM UMK C YpoBHS MeTabonnama), a
3aTeM cucTemMa paclumpsieTcs A0 BKIOYEHUS Kak bonee HU3KKX, Tak 1 6onee BbICOKUX
YPOBHEN opraHmnsaumu.



CtaTtnyeckue-
aAVNHaAMU4yeckKue

m  CTratnyeckne MoLesNin OCHOBbLIBAOTCA UCKMIOYMNTENBHO Ha
CTEXOMETPUN B3aMMOLENCTBUA KOMNOHEHTOB CUCTEMbI (4acTo
npeacTaBnaTCcAa B BUAE rpadpa) n He HECYT KUHETUYCKOWN
nHpopmauumn. Hanbonee nonynapHbIn METO4 reHepauumm
cTtaTudecknx mogenen - Network reconstruction,

m  or Network inference from multi-omics data. [1na aHanusa Takux
Moaernen MoryT NPUMEHATLCA pasHble CTaTUCTUYECKUE U NOornyeckne
meToabl. K aHannady ctatndeckux mogenen takke npumeHnm Flux
balance analysis (FBA).

m  [lnHammnyeckne moaenm YYUTbIBAKOT BpeMeHHOVI KOMIMOHEHT U
cnegoBartesibHO MOTYT ONMnMcbiBaTb KNHETUKY. BornblWMHCTBO
cywecCcTByroLnx MoadesibHbIX MNOAX0A0B - AMHAaMN4YECKHNE.



m [lpymeHstoTCa aAns MoaenMpoBaHus pasnnyHbIX acreKkToB
buonoruyeckmnx cuctem. MoryT BknovaTb 3NIEMEHTLI Kak
OETEPMUHNCTCKOIO Tak N CTOXaCTUYECKOro OnncaHus, Kak
HEeNpPepbIBHOCTU, Tak U AUCKPETHOCTU, B 3aBUCUMOCTU OT 3aaum u
obObeKkTa MoaenMpoBaHusSL.

m Hanpuwmep - cellular automata, Petri-nets, rule-based modeling,
process algebras etc.

*"300napK" pas3nNyHbIX

MoAeNbHbIX A3bIKOB, UNU
WHCTPYMEHTOB/ METOA0B
MoAesiIMpoBaHuA, NPMAayMaHHbIX
by computer scientists
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*Hybrid w
Multi-scale modeling.

m  OTuW Noaxonbl npegHasHaveHbl AN TOro YTodbl 00bLeANHATL
onMcaHus ons pasHblX BPEMEHHbIX/NPOCTPAHCTBEHHbIX LIKan U
MOZLESIN, NOCTPOEHHbIE Pa3HbIMU MeTodaMu (Hanpumep
00beaNHATL ANCKPETHOE N HEMNPEPbLIBHOE OMNncaHue).

O630pbl:
hybrid modelling: www.csl.sri.com/~tiwari/papers/hscc04b.ps
http://www.ncbi.nim.nih.gov/pubmed/20525331

m Multi-scale modeling (with examples from biology):
http://www.ncbi.nim.nih.gov/pubmed/21212881


http://www.ncbi.nlm.nih.gov/pubmed/20525331

*MoTnBauus
nccrneaoBaHvn

m//lcaak HbtoTOH, Hapnb3 [lapBuH,
Mwnxaun JlomoHocoB, AnbbepT
INHLWTENH, [ perop MeHaenb u
Opyrve BeENUKME cyutanu, 4YTto
CTpOsA MoAdenn MMpo3agaHusa OHN
NPOSICHAT Ans cedbs (U
yerioBe4yecTBa)

m[Ipombicen boxnin



Hay4yHbIM HTEpeC

[1o 2 nonoBuHbl 20 BEKa
dnboHayuun, ManbTtyc, MeHgens —

2 nonosuHa 20 Beka:

KayecTBeHHplEe MOOENU
HENMMHEWHOW AUHAMUKU

Etoppen T Uapraeam ™

nlj)é/lHLl,l/ll'll/laJ'leble BOMPOCHI
KWOEepHEeTUKN

Tep fremer.

A.AJlanyHoB, N.A.lloneTtaes)

H£OCT aHCTBEHHO-BPEMEHHbIE
pacnpeaeneHus
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CuctemHas buonorus —
[MpakTnyeckas nonb3a

m MeanunHa
m Papmakonorus
m bruotexHonorug

m /IHpopMaLNOHHbIE
TEXHONOrnu

m CynepkomMmnboTepPb

*MoTnBauums
nccrneaoBaHu



— "YYyeBHUKM

MATEMATUHECKME MOAENWK
B BMONOruv

BWODNZNKA

MATEMATUMYECKASY BNONOIrnA
— % < = Y9
. 0. PuaHnyeHko

IO, Puanuvenxo

JIEKUUU

no MaremMaTu4yeckmim Mmoaensam
B8 Duonorum

BMODUINKA
MATEMATUYECKAR BUMONOMrNA
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