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JKcrnepmMeHTarnbHble MeTobl

o [lann NHCTpyMeHT anga n3y4yeHuss HaHOCTPYKTYP C
BLICOKUM paspeLueHunem (Bnnotb Ao A)

e OINEKTPOHHAA MUKPOCKOMUSA
* PeHTreHo-CTPpYKTYPHbIN aHann3

ATOMHO-CMITOBasi MMKPOCKOMUS
TyHHENbHAsA MUKPOCKOMUS

» OcTaeTcd npobnema —
HabnogaTb AMHAMUKY
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JlTannacoBckun
OETEPMUHN3M

BCSKOEe cocTosaHne BceneHHOM ecTb
crencTeve npeabliaywmx n npuymHa
nocreayrLwmnx ee COCTOAHNN.

YM, KOTOpOMYy Oblnin Obl M3BECTHbI ANA Kakoro-nmbo
OAaHHOrO MOMEHTa BCe Cunbl, oayweBnsawLwmne
npupoay, W OTHOCUTENIbHOE TONOXEHNEe BCEX ee
COCTaBHbIX YacTen, ecnu Obl BOODABOK OH oOKa3arncs
OOCTaToO4YHO OBLIMPHBIM, YTOOLI NOAYUHUTL 3TN AAaHHbIE
aHanusy, obHan ©Obl B oOAHOM dhopMyrie [OBWXKEHME
BENMMYanLnx Tesi BCENIEHHON HapaBHE C OBWXKEHUSIMU
ner4yamwmx aToMoB: HEe OcTanocb Obl HUYEro, YTO ObINO
Obl 4NA HEro HeQOCTOBEPHO, N Dyayulee, Tak Xe Kak u
npolleawee, npeacrano 6el nepen ero B3opom”

Nbep CumoH Jlannac
1749-1827

Teopus
BEepPOATHOCTEMN,
MaTeMaTUu4ecKumn
aHanu3, HebecHas
MeXaHuKa



JI. . JJAHOAY u E. M. JIMGUIHIL
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H3LAHUE 3-e, MONIOJIHEHHOE
E. M. JHOIWHUEM u J. IT1. THTAEBCKHM
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ABHA{ PEIAKLHS
$U3HKO- MATEMATHHECKOH JIMTEPATYPbI

MOCKBA 1976

1976

BO3MOXHOCTb HaNpamyHo
HabnwgaTbh B3aUMOOENCTBUS
aTOMOB Jana
BblYMCIINTENDBbHAA TEXHUKA

npexnoJiarasi, 4ro CHpaBefJuBa KJaccHueckKas MEXaHHKA.
CoctaByifisi ypaBHEHHS NBHXKCHHS MeXaHHUECKOH CHCTEMBI B umCJe,
PaBHOM uHc/Jy cTeneHed cBoOOAb, U MHTErPHUPYS HX, Mbl NPHHIIH-
NHaJbHO MOXKEM NOJY4YUTh HCUEPNLIBAIOUIHE CBEICHUA O MABHKEHHH
cucteMbl. OpHakKo ecJH HaM NPHXOAHTCS HMETh J@JO € CHCTEMOH,
XOTS W NOJUUHSIOMEHCS 3aKOHAM KJIACCHUGCKOH MexXaHUKH, HO olJa-
Jaroled KoJoccaJbHBIM YHCJIOM cTeneHeft cBo6Gojibl, TO NpH MNpaKTH-
YECKOM NpPHMEHEHHH METOJOBR MEXAHUKH MBI CTaJKHBaeMcsi ¢ Heo6Xo-
JAUMOCTBIO COCTABHTb H PEUIHTh TAKOe XKe 4UC/IOo AH(pbhepeHilHalbHBX
YPaBHEHHH, YTO MPEACTABJACTCSA, BOOOLe roBOPA, NPAKTHUCCKH Heocy-
mecTsuMbiM. CrieiyeT TNOAUepKHYTh, UYTO €cJH OBl Ja)Ke W MOXKHO
GHI0O TPOHHTErpHPOBaTh B OGUIEM BHJE 3TH YpPaBHEHHs, TO COBEp-
IIEHHO HERO3MOXKHO OBLIO OBl MOACTABHTH B OOLLEE DELIEHHE HAYAh-

Hble YCJ10BUA O51A CKOpOCTeVI N NOMOXEHUN 3TUX YacTuL,



A 32-particle system in a cube and initially in a face-

centered cubic lattice proceeded at about 300 collisions

I_I e p B bl e an hourw. For comparison a 96-particle
system in a rectangular box and initially in a hexagonal

arrangement has been calculated, however only at high

p a 6 OT bl densities so far. No differences in the pressures can be
detected. It became apparent that some long runs were

necessary at intermediate densities, accordingly the

IBM-704 was utilized where, for 32 particles, an hour is

Phase Transition for a Hard required for 7000 collisions. Larger systems of 108, 256,
Sphere System and 500 particles can also conveniently be handled; in

B ). Awoer aw T. E. Wanvwmeonr an hour 2000, 1000, and 500 collisions, respectively, can
University of California Rodiation Laborators, Livermore, California be calculated. The results for 256 and 500 particles are

(Received August 12, 1957) : -
not now presented due to inadequate statistics.

The equation of state shown in Fig. 1 of the ac-

W@'—c':y 1 .. a1

—~—

CALCULATION of molecular dynamic motion

has been designed principally to study the re-
laxations accompanying various nonequilibrium phe-
nomena, The method consists of solving exactly (to the
number of significant figures carried) the simultaneous
classical equations of motion of several hundred par-
ticles by means of fast electronic computors. Some of the
details as they relate to hard spheres and to particles
having square well potentials of attraction have been
described.!? The method has been used also to calculate
equilibrium properties, particularly the equation of
state of hard spheres where differences with previous
Monte Carlo® results appeared.

The calculation treats a system of particles in a
rectangular box with periodic boundary conditions.*
Initially, the particles are in an ordered lattice with
velocities of equal magnitude but with random orienta-
tions. After a very short initial run'-* the system reached
the Maxwell-Boltzmann velocity distribution so that
the pressure could thereafter be evaluated directly by
means of the virial theorem, that is by the rate of change
of the momentum of the colliding particles.!* The
pressure has also been evaluated from the radial distri-
bution function.® Agreement between the two methods
is within the accuracy of the calculation.




MonekyndapHaga guHammka

THE JOURNAL OF CHEMICAL PHYSICS VOLUME 31, NUMBER 2 AUGUST, 1959

Studies in Molecular Dynamics. 1. General Method*

B. J. AtpEr axn T. E. WainwrIGHT

Lowrence Radiation Laboratory, University of California, Livermore, Californic &8

ma () =F(7)

|macca x yckopenue = cunal

a(?) = dv(n/dt = d*r (1)/ds?

m_d2r (1)/d22 = F (1)

F.()=-0U(r,,..., ry)/or,

Hy>xHo 38aTh mume U(r,..., Fy) uim F !







MeToabl MOOeNMpPOBaHUA CUCTEM
pa3HbIX MacLiTaboB

-..1023

MACROSCALE atoms

MESOSCALE

MD

ReaxFF [m—

100..2
atoms Iength o



Yncno vactuy B padbotax no M1

1964 1.000 Rahman

1977 454 Taxenblx aToMa - MUHIMOUTOP TpUNcuHa
naHkpeaTtunyeckon xeneadbl McCfmmon J.A., Gelin B.R. and
Karplus M., Dynamics of folded proteins. nature 267: 585-590, 1977

1984 200.000 Abraham

1990 1.000.000 Swope, Anderson

1994  100.000.000 Beazley, Lomdahl

1997 1.213.857.792 Stadler

1997 1.399.440.000 Muller

1999 5.180.116.000 Roth

2000 8.500.000.000 Vashishta

2003 19.000.416.964 Kadau, Germann, Lomdahl
2005 160.000.000.000 Kadau, Germann, Lomdahl
2006 320.000.000.000 Kadau, Germann, Lomdahl
2008 1.000.000.000.000 Kadau, Germann



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 30MAY 2013|VOL497|NATURE|643



GPU technology conference

High Performance Molecular
SNSRI A Simulation, Visualization, and
NIH Resource for Macromolecular Modeling and ~ Analysis on GPUs

Bioinformatics http://www.ks.uiuc.edu/ Beckman ~ John Stone - University of
Institute, UIUC lllinois at Urbana-Champaign




PacnpepeneHne MOHOB B
buomakpomorsnekyne




PacyeT anekTpmnyeckoro nons

B 30-44 pa3
ObicTpee C

nMPUMEeHeHnem

GPU




Imaging of gas migration pathways in proteins
with imlic_it ligand sampling




X.-O.XénbTee, B.3unnnb, [.PoHbsaH, . Ponbkepc

MOMNEKYNSIPHOE
MOOENWPOBAHME
TEOPUA U NMPAKTUKA

k EHNZAATENLCTBO

MonekynapHoe
MoagenupoBaHue

Schlick T.

Molecular modeling and
simulation. An
interdisciplinary guide.
Springer, 2002, 2010

Dean Frenkel. Berend Smith
Understanding molecular
simulation. From algorithm
to application

Academic Press

2002, 2012

Pananopm [. K. NckyccTBo

MOneKynsapHou ANHaAMUKN. —
Nxesck: MKW, 2012. — 632 c.

*BioSimGrid, a database for
biomolecular simulations




KBaHTOBasA XMMMA U MOneKkynsapHas
aMHamMmka

« Bce npouecchbl B Monekynax (bnomakpomornekynax)
OCHOBaHbl Ha B3aUMOLEUCTBUM aTOMOB

 MD (molecular dynamics) MonekynsapHaa guHamMmuka
paccMaTpMBaeT aTOMbI Kak TBepAble Tena v onuckbiBaeT
OVHaAMMWKY B3aUMOLENCTBMA aTOMOB B COOTBETCTBUN C
ypaBHeHUAMM HbOTOHA 1 JlarpaHxa.

° ypOBeHb AJIEKTPOHOB U NMPOTOHOB — KBAHTOBAA
MeEXaHWKa

_h?

5 —VY+U(x,y,2)¥(x,v,2) = E¥(x, y, 2)
m

YpaBHeHue LWpeanHrepa



Procedure of MD

Give atoms initial positions =%, choose short At

4

> Get forces F=-V V(r?) and a = F/m

¥

Move atoms: r*") =W +v®W At + 1/, @ At? + ..

Move time forward: t =t + At

L 4

Repeat as long as you need

Pingwen Zhang, Molecular Dynamics Simulations
(http://math.xtu.edu.cn/myphp/math/image/MD.ppt)



MonekynapHaa AuMHamMuka

2
d’r,

= F,

Cymma cvn, ! d t 2
AEeNCTBYHOLLINX HA aTOM
F = ZF At\‘ PacueT HOBbIX KOOpAUHAT
I Ji
J

UHTerpupoBaHue.
nepec4yeTt cun




MonekynspHas MexaHuka " :;

ATOMbI B MOJIEKYNne — yrnpyrne Lapukm

pasnn4HbIX pa3mepos, COeANHEHHbIE ;
NPY>XMHKamMu pasHon OfnHbI (CBA3AMM)

B npouecce pacyeToB NoJfiHasi 3HEPruss MUHUMU3UPYETCSI OTHOCUTENBLHO
aTOMHbIX KoopauHaT

Etot — Estr +Ebend +E +Evdw +E

tors elec T ..
E... — NOnHas aHeprus Mornekyrnbl

E., — 3Heprna gedopmarmm cBa3en

E,cng — @HEPIMA AedopmMaunm BaneHTHbIX YrmoBs

E..s — 3Heprnsa gedopmarMm TOPCUOHHbBIX YrroB

E, 4w — 3HEPIUA BaH-Aep-BaanbCOBCKNX

B3anMOOENCTBUN

Eclec — 3HEPINA 3NEKTpOoCTaTUYECKNX B3aMMOAENCTBUN




BaneHTHbIN yron — yrosi, obpasoBaHHbIN
HanpaBreHNAMU XMMNYECKMX (KOBAJIEHTHBLIX) CBA3EN,
ncxoaawmMmMm n3 OgHOro atoma.

Bond angle

Monekyna BoAbl



TOPCUOHHbLIN yron
OBYrpaHHbIN (anagpanbHbiin)
Yyrosi Mexay AByMSA CBSA3AMMU,
PacrnofoXeHHbIMN B pasHbIX

NIMTOCKOCTAX




Bknaabl B 3HEPIUto

1

2
E, =— kb (b — bo ) PacTskeHne BaneHTHbIX CBA3en

1

2
E,,. = Ekg (9 - l90) Hedopmaunsa BaneHTHbIX YrioB (B NIOCKOCTN)

tors

E = %k(p (1+ coS (n(ﬁ — @, )) Oecdopmaumnsa TOPCUOHHLIX (ABYrpaHHbIX) YrroB

Al-j Bl-j BaH-pep-BaanbcoBbl B3anmogeucTeus
Evdw = E 2 6 (noTeHumnan JleHapaa-[xoHca)

g 7.

ij Ij

. _100,

elect ~—

AneKTpocTaTnieckme B3aumMoaemcTBus
r (3akoH KynoHa)



BaH-gep-BaanbcoBckue

B3aMMOOENCTBUA

Lennard-Jones interaction potential

Viye

dnBapa JleHapa-
I>XOoHC
Bu=X| -
vdw 12 6
A

I'— pacCToAHne Mexagy atoMmamMmu



YpaBHeEHUA OABMXKEHNA aTOMaA |

d’x. dzy- d’z
L — m. -=F L —
mi dfz Ex ! dl‘z y m, dt2 F;'z
oU
F, _a_U E _ F, _v
8xl. Y @yl aZi

1 1 1
Ul 600y) =5 2h0 =Y +5 oG =60 +5 3k L cos(ng, —gp, )

Ai'j Bij 4.4, Q’j Dij
+ —— T +
Sh2 s (e

NoTeHUunan BOOAOPOAHbLIX CBA3EU



Cunosble nons

B M/] BblunCnaeTcsa nonHasa aHeprug
MOIEKyInbl B TEpMUHAX OTKITOHEHUN
NMTMHENHbIX CBA3EWN, BANeHTHbIX U
TOPCUOHHLIX YIMOB, a Takke HeCBA3EBbIX
B3aMMOOENCTBUN OT HEKMUX CTaHOAPTHbIX
«HeHanpsKeHHbIX 3Ha4YeHun». Habop aTnx
HEeHanPsXXeHHbIX 3HAa4YEHUN Ha3blBaeTCH
CUNOBbLIM MNOJSIEM

OBuXXeHne Monekynbl NPOMCXOAUT B cpene
Oenka — B yurtonsnasmMme (Boga + NOHbI)



YpaBHeHue HbloTOHa

827”@ oV §
i = F;, =
TS or; \

KoBarneHTHble B3aMOdEeNCTBUSA 4,;

Vir) =Zk (b—Db,) +Zk (0-6,) + Zk cos(ng+0)+1]

bhonds angles torsions
a4, A; G
DI
' ol L0
nonbond ! ij ! ij ! if
pairs

He KoBaneHTHble B3auMoaencTBuUs




CunoBoe none, KOHCTAHThI

BONbLWWHCTBO 3Ha4YeHUN MOXXHO NONYYUTb U3
BbICOKOTOUYHbIX pacyetoB QM ab initio (DFT B3LYP 6-
31+G*). Nony4yeHHble 3Ha4YeHUS "NOAroHAIT" Nnop
YpaBHeHUA CUNOBOIO NOJA.

KOHCTaHTbI U3 ypaBHEHNS .
1) cBs3u , Kb, b0 NP-cnekTpockonua, QM

2) yrnbl K,,8, NP -cnekTpockonua, QM

3) TOpCKOHHbIe yribl K, 8 WP-cnekTpockonus, AMP, QM

4) YacTuUYHble 3apsagbl . YyragblBaHue, TepMoguHamuka,QM
5) MapameTpbl WAV A, C, yragpiBaHue TepmognHammka, QM

[l

http://kodomo.cmm.msu.su/FBB/year 02/term 6/block 5/md 2.ppt




HeaBHbIM pacTBOpUTENDb

YpaBHeHue [lyaccoHa-bonbumaHa
OnucblBaeT pacnpeneneHmne
3N1IeKTPUYECKOoro noteHumnana
noTeHyuana c y4eTomMm 3aps40B Ha
aTomMax U MOHHOW cusbl pactBopa




HeaBHbLIM pacTBOpUTENb

« Ha kaxnayto cteneHb cBOOOAbI NPUXOAUTCS
onpeneneHHasa Aona KNHETUYECKOU
9Heprmn, KoTopasi BKno4vaeTcs B
noteHuuan. ['lnc B3anmMogencTeus C
MONEeKynamu BoAbl U MOHaMK (3agaeTco

doopmyrnon)

U =§6T+m=m<(

pacme 2

dx.
dt

)* )+



AABHbIN pacTBOpUTENb

Monekyna acnupuHa B Boae



Ilepuoauueckue (TOpouaaJIbHbIC)

I paHMYHbIC YCI0BUA
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[lepuoanyHbIe rPaHNYHbIE YCNOBUSA

20 -‘1 box 30 A box 40 A box

Wb
gife ? Y ?P M/l nonu-anaHuHa nokasana
NCKYCCTBEHHYIO CTabun3aupio
anbha cnmpanu, Npyu UCNosb3oBaHUN
Ma/lieHbKO A4Yeikn. PekomMmeH yeTcs
Aenatb OTCTYN MeXay MONeKyson n
rpaHbio A4eilkn bonee 10A.

http://kodomo.cmm.msu.su/FBB/year 02/term 6/block 5/md 2.ppt




«[logrotoBka cuctemMbl»

[locTpoeHne TononornMm MoseKkyrbl Ha OCHOBE
KOOpAMHAT: NepeyncrieHne CBs3en, YrioB U
npou.

Bbibop dbopmbl U pasmepa AYEUKN
MuHMMM3aUna SHEPTUN CTPYKTYpPbI B BaKyyme
[1obaBrieHne pacTBOPUTENS N NOHOB B SYENKY

«YTpscKa» BOAbl U MOHOB BOKPYr HEMOABUXKHOW
MOJEeKynbl



3agayn MonekynapHON MexXaHUKn

[Tonck KoHpopmMaLnn Monekyn

VlccnepoBaHne KoHdopMaLMOHHOU
OANHAMUKU

PacyeT cBODOOOHOMN 3HEPTNU

PacnpeneneHne Boabl BOKPYr 311IEMEHTOB
MaKpPOMOSEKY b

[nHamuka dpa3oBbIX N3MEHEHUU



Camoco6opka oumcnon

http://kodomo.cmm.msu.su/FBB/year 02/term 6/block 5/md 2.




MD simulation of Barnase-Barstar encounter complex evolution
on a GPU using SASA implicit solvent model

E ’ [.f.'r r.'.l']

M rreced

RMSD [4]

JTHHE
t |ps]



MD simulation of Barnase-Barstar encounter complex evolution
on a GPU using SASA implicit solvent model







MoJieKy;SIpHbIA JOKUHT

LIOK/HTOM Ha3bIBAETCH KOMMILIOTERHOE MOAENVPOBaHNE

B3aVIMOOENCTBYA NraHda ¢ OerikoMm:
niraxp,

KoH(opMaLMOHHaa NOABUXKHOCTb
MOZENUPYETCA COrnacHo IHEpPrmn
CWUNOBOro Nnons

X 2
+

~

OueHo4YHas yHKUMA [JOKUHra KOM nnekKkc

[0NTXHa KOPPENUPoBaTh C
3KCMIEPUMEHTASbHOM 6enok-

3HEprein CeA3bIBaHNA InraHaa nuwraHg

Pe3yn bTraT AOKUHIaA —

oueHo4YHast hyHKUunA

KoHopMaLvoHHas NoaBUXHOCTb
OrpaHMieHa onTnmMmalribHa

LLlanTaHn K.B., EdbpemoB P.I. MonekynsapHoe mogennpoBHue




[1OKNHr

[Topbop nuraHgoB, Hanboriee aPPEKTUBHO
B3aMMOAENCTBYIOLWNX C BENKOM NyTEM
nepebopa n3 6a3 gaHHbIX

[Tonck B NpoCTpaHCTBEHHOW CTPYKTYpe benka
MecCTa CBA3bIBaHUA ONA onpeaeneHHoro
nuvraHga

OnTuMmnsaumnsa akTUBHOIO camTa benka nyTem
BBEAEHUA TOYEYHbIX MyTaL NN

dapmakonormna - CKPUHUHI coeauHEeHUN



MopaenupoBaHune rno romMonornu

[locTpOUTb TPEXMEPHYIO CTPYKTYpPY Oerka Ha ocHoBaHUM
CXO[CTBa aMMHOKMUCIOTHOWM NocrnegoBaTenibHOCTU C
6enkomMm, CTPYKTypa KOTOpPOro n3BecTHa.

[MpocTpaHCcTBeHHasA CTPYKTypa boree KoHcepBaTUBHA.
UeMm aMUHOKMCNOTHasA nocrnegoBaTeribHOCTb

Bcero 6enkos 500 000
N3BecTHa cTtpyktypa 10 000
[To romonornm moxxHo KoHcTpyupoBaTb 150 000



IMnNmMpuyeckue npasuna
rOMOJIOrnm

 Ecnu nocnepoBaTenbHocTU aAnnHHee 100
AMWUHOKUCITIOTHbIX OCTAaTKOB U UOEHTUYHbI
He MeHee, YeM Ha 25 % (c
COOTBETCTBYHOLLUMMU pa3pbiBaMmn) —
BEPOSITHO, ODENKN POACTBEHHDI.

« XopoLlee COOTBETCTBUE CTPYKTYpbI. Ecnu
naeHTNYHoCTb Bbilwe 50%

 Ecnu naoeHtnyHoctb MeHble 15% - He
DOACTBEHHbI.



[Movek rovonon/MHbIX Berkos
C UBBECTHOW CTPYKTYPOM (LLBONOHbI)

BbIpaBH/BaHIe NMocneaoBaTeribHOCTV MoJENMpyeMoro Oerka
C NOCINEN0BAaTENBHOCTHIO LLBOMNOoHa




e

CloKHOCTb (YMCIIO aTOMOB) B nepcreKTHe:

Knetka E.coli, 1000

0 > 100000 . e

—_ 40000 - 100000 TfpcnerHBe

9 20000 - 40000 €NoK, 1 ¢
10 |- ®

uﬂ'\

5]
10—

‘ NcTopus
0= | MONEKYNSPHON
ANHaMUKU

1
10

0 JIHK 25 mH (~21000) @ De/ikoBbiii KaHan B TMIMIHOM
W MuorioduH ® Gucioe (106261)

(1423)
IIporeasa BUY

) (~25000)

10 p— .
ATIPOTHHUH ' (b,_}\\\

L (885) . ‘dl/(\f
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B Te4yeHne mmnnmpaos NnetT

9BOJTHOLUNN

 JKnBble CUCTEMbI HAY4YMNITUCH
ncnosib3oBatb PU3NYECKME 3aKOHbI A1
peLleHnsa ceonx npobnem (obmeH

BELLEeCTB, POCT, pa3MHOXeHUe, oToop,
CMepThb),

cOo34aBafA CJTIOXKHYHO reOMeTpuio

BHYTPUKIETOYHbIX peaKLMOHHbIX
00BbEMOB

Ha HaHO-ypOBHE Mbl MOXXeM HabnaaTh,

KakK q@n3nyeckne 3akoHbl peanunsyroT
brnonornyeckmne PyHKUNM



PacTtutenbHasa KkneTka

BAKYOIJlb

UMTOMNNASMA

3

OPraHOWAbI

XNOPOMNACTBI

NETOYHAA OBONOYKA




Cell regulation:
complex molecular interactions

Antil-growth factors
(e.g- TGFE)

rosdh faciors (eg. EGF,
amplaregulin TGFx) ™

Hormones
(e_oL Do esing ———
Huclear recopiors
{n.q. =strogen)

Survlval factors A
{e.g HsF1)

Cytakinee N (e.g. Fasl)
(0.8 ILe, [Fig)



[lepeHoC BellecTBa U
MHQOPMAaLIMN BHYTPW
KNeTKK

OgHnm n3 obs3aTtenbHbIX KOMMNOHEHTOB
LMTOCKENeTa ayKkapuoT ABMSTCA
MUKPOTPYOOUKN. IOTO HUTYATbIE
HEeBETBSLLUNECS CTPYKTYpPbl TOMLMHON
25 HMm, cocTosLwme n3 6enkos-
TyOynMHOB M acCcoUMMPOBAHHbLIX C HUMW
6enkoB. TybynuHbl MUKPOTPYDOUEK npu
nonmMmepusaunm obpasyoT nonsle
Tpyb6KK, OTKyAa n ux HassaHue. [lnnHa
NX MOXET AOCTUraTb HECKOSTbKMUX
MUKPOMETPOB; CaMble OSIMHHbIE
MUKPOTPYOOUKM BCTPEYaloTCA B COCTaBe
aKCOHEeMbI XBOCTOB CMEPMUEB.



MukpodounameHThbl

lNMy4Yykn aKTMHOBbIX
MUKpPO(MNaMeHTOB B KNneTKax
KyJNbTypbl TKAHWU, OKpalleHHbIX
¢nyopecumpyrowimmMm aHTUTENIaMum
(dboto A.B. bypakoBa)




Ha nyTn K HaHOMeTpaM U
MUKPOCEKYHAaM

MoaennpoBaHne anemMeHTapHbIX 0O bEKTOB BOMbLLUNX
pa3mepoB (B MD — aTombl)

CynepKkoMnbloTeps!
Cuctembl GRID (mMnpoBast KOMMNbIOTEPHAA CETh)

Me3ockonnyeckoe mogenunpoBaHme (course-graining
models) [JoCNoBHO: «KPYNMHO3EPHUCTOE

OrpybneHHble mogenu

Pa3sHomacwiTabHoe mogenmpoBaHue. Hactuubl+nons
Multiscale modeling (particles + fields)





