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KOHTpONbHbIE BOMPOCHI

Ha KaKkom MUKPOCKOMNE MOXKHO YBUAETb MOIMMEPHbIE MOJIEKY/IbI?

KaKk nameputb MONEKYIAPHYO Maccy Noanmepa’?

KaK NOHATb M3 Kakoro noanmepa matepunan? Kakom y Hero coctas?

Kakne meTtoabl n3amepeHua 3aBUCUMOCTM CBOMCTB OT TemnepaTypbl? YTo oHM AatoT?
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MeToabl nccnenoBaHUs NOJIMMEPOB

JKCnepumeHTa/ibHble
CTaHOapPTHbIE
MWKPOCKONUA: cBeToBaA, TyHHesnbHada, ACM, COM, TOM, KpnoTdIM, ... +EDS, STEM, ...
cnektpockonua: UK, BUL, YP, pntoopecueHTHana, KP, AMP, 3P, umnepaHc.
paccesiHmne: ynpyroe-Heynpyroe, @OTOHbI-3NEKTPOHbI-HEUTPOHDI.
Kanopmumetpua: ACK, TTA
peonorua: TMA, AMA

cneunduyeckme
[enb-anekTpodopes
[enb-NnpoHMKatowaa xpomoTtorpadus

KomnbloTepHOe mogenmpoBaHme
MoHTe-Kapno
MonekynapHaa JuHamuka
KBaHTOBaa Xmmus

Teopua
MeTopa cpeaHero non
KnHetnyeckme ypaBHeHuUH






Ha aton nekuuu:

* MeToabl pacceaHuA.
*  MeToabl moAeNNPOBAHUA.



MeToabl paccesiHne AnA nccnefoBaHUs CTPYKTYPbl MOAMMEPOB.
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+ pa3Hble 80s1HbI pacceusaromca Ha pa3HbIX KOHMpacmax
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Buabl pacceaHuma:
PaccesHve Bbparra — AndpaKkUma Ha peLueTKe _ ¥ _ )
Ynpyroe paccesHue Panes — ¢ NOCTOAHHOW AJIMHOWM BO/HbI (0o e g 0T TR gme e
Heynpyroe paccesiHue — ¢ U3MeHeHUEM AJIMHbI BOJHbI

Frequency (Hz)
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BonHoBOM BEKTOP k vwnv g — onNUcCbiBaeT MNJ1IOCKYHO BOJIHY B «06paTHOM NMPOCTPaAHCTBE» k = 7

BeKTop oTpaxKeHuA
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B aKcnepumeHTax namepnaercs
MHTEHCUBHOCTb Ha AETEKTOpPE OT
BOJIHOBOro BeKTOpa paccesHua /(q)

> - -
q==k;— kf TaK ¥ OT yrna nsmepeHus O!

>
kincident

Manoyanosoe u wupoKoyanosoe

:B. Refracted ray
paccesHue — pasHie sewju?

BeKkTop nageHuA

Buanmein ceet: A ~ 500 HM, g ~ 0.01 HM™!, KOHTpPACT 3a CYET NPOCTPAHCTBEHHbLIX HEOAHOPOAHOCTEN Yrna OTpaXeHus (NoNspmu3yeMocTH)
HentpoHbl: L ~ 0.5 HM, g ~ 10 HM!, KOHTpaCT 3a cyeT 3Heprum paccesHus saep atomoB (06bI4HO H vs D)
«KecTknny peHtreH: L ~ 0.1 HM, g ~ 50 HM™!, KOHTpacCT 3a CYET ANEKTPOHHON MNNOTHOCTM MONEKYI




PacceaHune bparra — andpakuma perynapHbiX paccemBaroWmMX LEHTPaAX
O6bI4HO PEHTFEHOBCKUE NYy4M Ha Kpuctanamdeckom Bewectse. PCA (anrn. X-ray diffraction)
Obpa3yeTcs CNOXKHAA KapTMHA, MOYKHO OLEHUUTb CTPOEHUE KPpUCTanna.
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®opmyna bparra: 2d sinf = nA

d — MeXnnocKoCcTHoe paccTtoAaHune, g — Yron CKOJibXXeHnA

(bparroBckuit yron), n — nopAaaoK ANdpPaKLMOHHOIO
MaKCMmyma, A — A/IMHa BOJIHbI
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Pa3HbIX TUNOB KPUCTAN/TMYECKUX PELUETOK.
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

WE wish to suggest s structure for the salt
of deoxyribose nucleic acid (D.N.A.). Thie
atrusture hee novel features which are of considerable
binlogical intersat,

A strusture for nuclele acid has slready been
'pmpnsnd by Pauling and Coreyl. They kindly made
thair to us in ad of
publication. Their model consista of thres inter-
twined chains, with the phosphates near the fibre
axis, snd the bases on the outside. In our opinion,
this strusture is unsatisfactory for two reasons :
(1) We belisve that the material which gives the
Xe-ray diagrama ia the salt, not the free seid, Without
the scidie hydrogen atoms it is not clesr what forces
would hold the structure together, especially aa the
negatively charged ph tes near the axis will
repel each other. (2} Some of the van dor Waals
distances appear to be ton amall,

Another three-chain structure has slso been sug-
geated by Fllsetr {in the press). Tn his model the
phosphatea are on the outside and the basea on the
ingide, lmk,ed together by hyd.roqul: bends.  This

il is rather i fined, and for
this ronson we shall not comment
on it.

Wo wish to put forward a
ridically different etructure for
the salt of decxyriboss nucleic
acid. This structure has two
helieal ebains each coiled reund

We
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is & residiue on each ehain every 3-4 A, in the z-direc
tion. We have assumed sn sngle of 38" betwoeen
adjacent residues in the same chain, so thst the
structure repeats after 10 residues on each chain, that
is, after 34 A. The distance of a phosplorus atom
from the fibre axis is 10 A, As the phosphates are on
the owutside, cations have sasy scecss to them.

The etructure is an open one, snd its water content
ia rather high. At lower water contente we would
to tilt a0 that the strusture could

The novel feature of the structure is the manner
in which tho two cheins sre held together by the
purine snd pyrimidine basea. The planes of the bases
are perpendicular to the fibre axis, They are joined

together in pairs, & single base from one chain baing
hydrogen-bonded to o single base from the other
ohadn, so that the two lie side by side with identical
z-co-ordinates. One of the pair must bo 8 purine and
the other a pyrimidine for bonding to ccour. The
hydrogen bonds are made s follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assamed that the bases only ccour in the
structure in the most pleusible tautomeric forms
(thet is, with the keto rather than the enol eon
figurations) it iz found that only speeific pairs of
basea eon bond together, Thoms pairs are : adenine
(pusing) with thymine (pyrimidine), and gusnine
(purine) with eytosine (pyrimidine).

In ather words, if an adenine forms one member of
a pair, on either chain, then on these sssumptions
the other member must be thymine ; asimilarly for
gmanine #nd eytosine. The sequence of bases on a
single clisin doss not appear to be restricted in any
way, However, if only specific psirs of bases can be
formed, it follows that if the sequence of hases on
ono chain is given, then the sequence on the other
ohain is sutomatically determined.

Tt has been found experimentally™ that the ragio
of the amounts of adenine to thymine, and the ratio
of gusnine o cytosine, are always very closa to unity
for deoxyribose nuclede acid.

Tt is probably I'rnpne;sible to build this strusture
w.th & ribose sugar in place of tha deoxyriboss, as

the extris oxygen stom would male too eloss & van
der Wanle ocontact.

the same axis (seo di

heve mide the sl chemical
aesumptions, nemely, that each
chain consiata of di-

The p 1 X-ray data*® on deoxy-
riboag mmlow aoud aro insufficient for a rigorous test
of our stracture. Sa far a8 we ean tell, it is roughly

with the [: am, bt it st

eater groups joining B-D-d

ribofaranose Tesiducs with 3,5
linkages, The two chaina (but
not their bases) are related by a
dyad perpendicular to the fbre
wxis.  Both chains follow right-
honded helices, but owing to
the dyad the seducnces of the
atoma in the two chains run
in epposite directions,  Ench
chain  loosely  mesambles  Fur-
berg's* medel No. 1; that is,
the bases are on the inside of
the helix and the phosphates en
-{II‘- ﬂg-w m P‘"’“'Y the outside. The configuration
ribbons ﬂulkolln u..e of the sugsr snd the atoms
twi phesplate—mgsr  pear jt iz closs to Furherg's
o ‘atandard configuration’, the
bucnaliipgthe ol sugar boing roughly porpendi-
I|nu mlrlui)m fibre axie  cularto the attached bass., Thera
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T ded a3 unp: 1 until it hes been checked
against more exact results, Some of these are given
in the following eommunications. We wers not awans
of the details of the results presentod there when we
devised our strusturs, which rests mainly though not
entirely on published experimental data and etereo-
chemicsl arguments,

It. has not eagaped our noties thM the spmilc

n? we have
poesible copying murhnnmm for the genatio n\awrmi

Full details of the structure, including the eon
ditions assumed in building it, together with a sot
of co-ordinates for the atoms, will be published
olspwhens.

‘We are much indebted to Dr. Jerry Donchue for
constant advics and criticism, especially on inter-
atomic distances. We have also been stimulsted by
& knowledgs of the goneral nature of the unpublished
exporimental rosalta ideaa of De. M. H. F.
Wilkins, Dr. R. E. Franklin snd their co-workers at




SAXS vs WAX

Absolute Intensity (cm™*) X thickness (cm)
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PacceaHue ANEKTPOMATHUTHBLIX BOJTH

AN

ynpyroe Heynpyroe
\ PamaHoBcKoe (KoMBbUHALUNOHHOE)
Ha To4yeyHbIx obbeKTax - Ha knybkax —
PaneeBcKoe pacceaHue paccesaHune Nebas
MOXHO n3mepuTb MOXHO M3MEPUTb BHYTPEHHIOHO
nonApmsyemocTtb n Mw — CTPYKTYpY 1 Rg — pasmep
MaCCy paccenBatoWmX LETPOB paccemBatoWmX LEHTPOB
J.Wir
8’ ) R . T(B B
I, =1, R (1 4+ cos” ) I(k) = |a|2 Z ik (Ri—R;)
o \
Mpeaen manbix BEKTOPOB — Mpeaen 60abLLIMX BEKTOPOB —

CTPOEeHMeE KNybKa

pPaaunyc MHepLmn



MacwTtabbl pacceaHMAa Ha NONMMEPHbIX 06 beKTax

ToyeuHble OAnHOYHbIE dparmeHTbl Cybuenwu MoHoMepHble
paccemBaTenm KNYyOKM uenu CeTKU 3BEeHbA
OnpedeneHue OnpedeneHue lepcucmeHmHas PaccmosaHue CmpoeHue
maccel copmebl Knybka 0n1uHa Mexoy cuusKkamu uenu
/ 7

(A) (') (<) (D)
- —— — — R i—
( : ,.“A,L_H_H.ﬂh,__...r,.,,H-.‘.r-u.,.u,__.__,._._.%m..__..H._,.,.H‘.___.u,.. e r—— e

45At Sc-q'f('erin(j, Smal{ - angle

neul e ey x- V“a.@-

Koagh. nponopyuoHansHocmu
Smt&e,'((ﬂ('
CrapatoTtca 6paTb pa3baBsieHHble PacTBOPbI. (f

onpedensemca KBAOPAMoOM KOHmpacma

CTpyKTypHbIN dpakTop S(q) — cBA3bIBAET CTPYKTYPY 06bEKTa C M3mepsaemol dyHKumnen pacceanums I(q). I(q) ~ S(q)
Ha pa3HbIX BOHOBbIX BEKTOPaX MOXHO MOAYYNUTb PasHyo MHPOPMaLMIO O CTPYKTYpe paccenBalollero obbekTa.
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Bua cTpyKTypHOro ¢paktopa As18 naeasbHoOro Knyoka

2

dyHKuma Jebas: SD(E) — —[(chRg)2 — 1+ B_{kRQJE]

(kR,)*

Mpun k K R, pasnoxum no cteneHam kR,

2

RZ

v

YnpoleHHbIn 0bwmnin Bua, — annpokcnmaums JlopeHua

1

}_.G T T T T

0.8

MNpn k = R, SD(%)%

Sk)

1+ £ (kR,)?

1

U.6

0.4

—— Debye

— Lorentzian approximation |

Ha macwTabe pa3mepa
KNybKa cTeneHb g2

v

Mpu k > R, S(k)~R5 2 SAXS

[na nponsBonbHOro ¢ppakTasibHOro 06 beKTa, pasmep KOTOPOro

3dBUCUT OT MaACCbl KaK R~Mv, Ha 60NbLWNX BONHOBbIX BEKTOPax
1

dopm-dakTop cnagaet kak S(k)~(kRy) ¥

g 11




CtpyKTypHbIM daKTop S(q) n dopm-paktop P(q)

CTpyKTypHbIN dakTop S(q) — no3BonseT onpeaenntb CTPYKTYPY paccemBatollero obbekTa

B npepene HeB3aMMogencTaytowwmx Monekyn (pasbasieHHbll pactBop)  S(g) = nN2P(q)
/4

B pexunme HyJ1eBOro BEKTOPA PACCEAHNA.

P(0)=1 S(0)~N
ANNpPoKCUMMPYA MHTEHCUBHOCTb PacceAaHMs Ha HyNeBble
YINbl U 6ECKOHEYHO MaNyo KOHLEHTPALMUIO MOXKHO HalTH
MONEKYNSAPHYIO Maccy noanmepa.
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0.4

T
0.6
sin®(6/2)+0.002¢

T
0.8

1.2

JTO Ha3blBaeTCA MeTo AMarpamm 3MMma

Konnyectso moseKkyn B
eauHuUe obbema

I1(q) = Ab?S(q)

N

®dopm-paKkTop

Konnyectso paccemsatoLmx
LEeHTPOB (MOHOMEPOB) B
KaXK4on monekyne

PacceaHue B pa3HbIX pexkmmax:

I
I(g)~R, _
S o9 H)~qt
z ;h(‘:)umler;
E r_égigrl fractal | |
£ : ._regime | -
O @
- o \\\ Porod
e region |
o U
log ¢ ]
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TOYHbIN BUA, CTPYKTYPHOro paKkTopa ANA OTAENbHbIX paccemnBatowmx o6 beKkTos

S(q) Z Z e tar(R;—Ry)

J=1 k=1

B o6uem Buae Ana n3oTPONHOM XKUAKOCTU:

sm(qrj.k)
S
(q) E_;.' 1 f Zl rjk

« g=1/R

[ina TBEepAbIX raakux chep [3V(AP) (sin(gr) — gr cos(gr))

CHUTAETCA aHA/TUTUHECKN. (qr)li

na mHornx 6onee cnoKHbIX 06 bEKTOB — TONIbKO YNC/IEHHO:

Solid sphere Core-shell sphere Hollow sphere

L

Intensity (log, arb.u) g

r, [
(7] I :

Intensity (log, arb.u) &

0

]

R;R
1 1°*2
Electrondensity profile Electron density profile Electron density profile

5 10 15 20




XapaKTepHbIN BUA CTPYKTYPHOTO PpaKTopa ANA rMagknux o6 beKkTos
PesM [yHbE: Ha Ma/Ibix BEKTOPAX 3ABCHT Ha npomesKyTOoYHbIX BEKTOPax MOXKHO HabnoaaThb il)paKTaanyro

TONIbKO OT pasmepa U KoHueHTpauuun I(q)~R Pa3MepHOCTb paccensatolmnx obvekTos: [(q)~q v

\

[ToxorKe Ha PYHKUMIO
[Nebas ans knybkoBs

I(q) /a.u.

q /At

Pexxum Mopopaa: Ha 6onblumnx BeKTopax (Manbix ASIMHAX BOJIH)
onucbIBaeT pacceaHue oT raakoi nosepxHoctun [(q)~g: *



XapaKTepHbIN BUA, CTPYKTYPHOro pakTopa

MonngmcnepcHocTb 06BEKTOB HbICTPO Pa3Hble 06beKTbl TPebYIOT pa3HbIX BONHOBbIX
Crna)kmBaet bmeHmA BEKTOPOB
1[}& _1uu|...| v — T v T :
Guinier region 1
,@1“{ 107 '
=
107 10"
10° 10°
—— R =10nm
——R=1nm
108 =" 108 +—m
10"

(a)
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Bonee npocTton cnocob onpeaeneHnsa pasmepa: Losr

DLS — dynamic li i —
ynamic light scattering KT <
CseT TO/1bKO Ha MacwTabax Bcero knybka Ry, =—— Detector “
6mnD;

- ACF — diffusion constant
o
A ° & : large particles
/\ /‘\ J L/ !\ small particles

C nomoLblo HENTPOHOB, PEHTFEHOBCKUX JIYYEN:

0.000001 I.'.I.{-J;JI.'.H .- U:Z!I‘I
ANHaMNYECKNI CTPYKTYPHbIN GaKTOP — BKAKOYAET KaK
CTPOEHME LUenun, Tak U ee NoaBMMKHOCTb.

—
]
—
S
-
—
o
S—
S
-

correlation intervall T

intensity

intensity

time t[s]

<
|2
N

+ Heynpyroe pacceaHue

Labeling (H/D contrast) ' T T Deuterated

Intensity

Ncnonb3ya adpdekt Jonnnepa
MOXKHO TaK)Ke onpenenntb
NOABUXHOCTb Y4aCTKOB LLENM.

Scham(Q)

Wavelength
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MeToAabl KOMMNbKOTEPHOTO MmoaenmnpoBaHNA MNOJTIUMMEPHDBIX CUCTEM

JKCNOHEHUMA/IbHbIN POCT BbIYNC/IUTE/IbHbBIX MOLLLHOCTEN +
6onbluMe AaHHble + MallMHHOEe obyyeHune

The 38th TOP500 List as of November 2011

Performance Development
100 Pflop/s

10 Pflopfs -

1 Pflopfs

100 Tilop/s-| I
MlugGene /L

N=1 HEC
Earth Simulstor

10 Tflop/s |
117 Trlop

1 Tflopds | B0 451 Whike

Intel 4501 Red LLrL
100 Gflop/s | ‘*%—-—r'/ nda
Cd

Fujits
it N=500

Processing

Power

10 Gflop/s.

1 Gflop/fs-

1994 1986 1998 2000 2002 2004 2006 2008 20 2012

In silico (nam.) o3Hayaem rnposedeHue supmMyasibHbIX
9KCrepuMeHmos C 3apaHee Heu38eCmHbIM pe3ys1bmamom
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[MpocTpaHCTBEHHO-BPEMEHHble MacLLTabbl B KOMMNbIOTEPHOM MOAENNPOBaAHUMN

DPD:

up to ~10 um
up to ~1 ms

@ 70~
< Potergy v ”


Presenter Notes
Presentation Notes
time and space scales in molecular modeling. All simulation methods and techniques could be divided into several groups according to available time and space scales. And as you can see there are so many methods that one must always keep in mind what kind of effects onw wants to study. This is actually rather crucial because theoretically any effect can be captured by QM simulations… but it’s just technically impossible to have a system of a relevant size and study the system behavior for a reasonable time. Since polymers are large molecules a lot of interesting action in polymer systems happens on rather large time and length scales we are interested in the methods that can capture them. Such methods can be called coarse-grained methods and DPD is one of them.



B 6on1ee npuBbIMHOM BUAE

microscopic (1-10 nm, fs/ps) mesoscopic (10-1000 nm, ns/ps) macroscopic (~1 mm, ps/s)

Atombl  Monekynbl  MonekynsipHble ancamonu  KoHpeHc. cuctembl  Komnoautbl  KOHTMHYyMm

e p+ dTOMbI YacCTuubl l-IaCTI/ILI,bI/I'IOJ'IFI KOHTUHYYM
Particle-in-Cell
QM DFT QMC MM MD MC  SMD CG-MC/MD DPD MC-RISM RISM SCFT Hydrodynamics
CPMD Lattice Models MD/DDFT  DDFT FT-CLD Finite Elements

Finite Volumes
Peridynamics

NeKTPOHHbIe COCTOAHUA, PaBHOBeCHasi Me30CKonMyeckas CTPyKTypa, KpynHomacwTtabHas cTpykTypa,
XUMUYECKNE peaKkLum, KONNeKTUBHbIe CBOMCTBA/ANHAMMUKA, aedopmauus, paspylueHue,
CTPYKTypa Monekyn, npoueccbl CaMoopraHn3auuu Monekyn, Te4yeHue, ruapoanHaMmuKa

CNeKTpbl, ANHAMUKA (ba30BbIe nepexoabl
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[1Ba anbTepHATUBHbIX NOAX0AA K KOMMbIOTEPHOMY 3KCMEPUMEHTY

1 e—U [r,.v]/ kT
~T
MD: (A(r,v) =— ALr (D), v(t)]dt MC: (A(r,v) = jA[r,v] P drav
"C [
YcpeOHeHue no epemeHuU R P YcpedHeHue no aHcambio
o F ‘4;-.-.;@,_‘#.. )
CpepnHee 3HayeHMe <A> HEKOTOPOro ‘@@.\%\s\\\\‘ ;j?:?.*&*‘w Habntogaemoe cBOMCTBO
cBoncTea A(r,Vv), 3aBucawero ot \&@Q#. ////f 13 \‘%@W pacCMaTPMBALOT KaK cpeaHee no
KoopauHart {r} u ckopocrten {v} \&q‘\\\\&#& ihd \\'\\si&é'&'g MHOXECTBY Pa3/IMYHbIX COCTOAHUM
4yacTuu, onpesenalT nyTem &%&* - ' \\*é'% CUCTEMbBI, KOTOPbIE BO3HMKAOT C
yCpeaHeHUA MHOXKeCTBa , ~-~§~\¢§i‘ \‘ - ?: : onpeaeneHHOM BEPOATHOCTbIO.
"MrHoBeHHbIX" 3Ha4YeHunM" \._ , BeposTHOCTb (4acToTa)
A[r(t),v(t)], Habnogaembix B ~~:~ !‘f."’ _ BO3HWKHOBEHMWSA TOrO MU MHOTO
nocnegoBaTe/ibHble MOMEHTbI %‘ \“:r' \g COCTOAAHMA NPONOPLUMOHAIbHA €ro
BpemeHu t. ) \ P72 SSN Neas CTAaTUCTMYECKOMY Becy
Takon noaxoa NcXxoamuT U3 TOro, YTO Ham Q\\\\Q‘f‘ ,’:‘1}}" &éﬁ‘%{-};“~5‘~h ._,y e—U/kT’ rae U — NOTEHUNANLHAA SHEPFMA AaHHOM
MSBECTHDI SaKOHb] ABVKEHNA 1aCTULL \Q\\r e *ﬁ!//ﬂ’ ~ \‘%’iﬂ*‘ﬁ“‘i ’?"@ KOHPUrypaumm, k — KoHcTaHTa bonbumaHa, T —
CUCTEMbI. @&{:& ;f;;;ij//:'/ ~ ‘\\\\\\\vﬁl‘iﬁ,’g/{ﬁﬂ‘ abcontoTHan Te’N\nepaTypa. ’

l

Ob6a dyHAaMeHTaNbHbIX NPUHLMMAA MOTYT ObITb NOMOXEHbI B OCHOBY
BbIYMCNUTE/NIbHbBIX CXEM, Peann3yemMblix Ha KomnbloTepe. HeobxoanMmo 3HaTb NLb
crnocob pacyeTa NoTeHUMaNbHOM 3HepPrnmn cuctembl U Kak PyHKUUM KOOpAUHATT.
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Monte Carlo 1949 roa

John von Neumann

Enrico Fermi Nicholas Metropolis

Stanislaw Ulam

1
OwwmnbKa ~ Ty

S. Ulam, R. D. Richtmyer, and J. von Neumann.
1947. Statistical methods in neutron diffusion. Los
Alamos Scientific Laboratory report LAMS-551.

The Monte Carlo Method

Nicholas Metropolis; S. Ulam

Journal of the American Statistical Association, Vol. 44, No. 247. (Sep., 1949), pp.
335-341.

“Fermiac”



ENIAC (/'snizk/; Electronic Numerical Integrator and Computer)2l was the first
programmable, electronic, general-purpose digital computer, completed in 1945
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S I' THE JOURNAL OF CHEMICAL PHYSICS VOLUME 21, NUMBER 6 JUNE, 1953
+ Samplin
p g Equation of State Calculations by Fast Computing Machines

NicHoras METrROPOLIS, ARIANNA W. RosENBLUTH, MARsHALL N. RosENBLUTH, AND AucustA H. TELLER,
Los Alamos Scientific Laboratory, Los Alamos, New Mexico

AND

Epwarp TELLER,* Depariment of Physics, Universily of Chicago, Chicago, Ilinois

Instead of choosing configurations randomly, then weighting them with exp(-E/kT), we choose configurations with a
probability exp(-E/kT) and weight them evenly.

| }
ri—u r'i—>U' Ona {r} Hantm U n o=exp(-U/KT) |
| |

CnyyanHo BbibpaTb YacTuuy i

1]

Cny4amHO NepemMecTUTb YacTumuy i:
' —F+Ar; {r}—{r'}

I

Hantn U' n Bec o'=exp(-U'/kT)

I

3amenuTsb {F} Ha {I"'} c BepoaTHOCTbIO n
p=min{l, ®'/ o}




Molecular Dynamics

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

Studies in Molecular Dynamics. 1. General Method*

B.]. ArpEr axp T. E, WAINWRIGHT

Lawrence Radiation Laboratory, University of California, Livermore, California

ma{t) = F(t) [macca x yckopeHue = cunal
a (t) = dv(t)/dt = d’r(t)/dt? F(t) = —0U(r,,..., r,)/or,

AnropunTtm:

1. Onpegendaem no3numnn Bcex
YyacTuy, (CMN0BbIX LLEHTPOB).

2. PaccuynTbiBaem cunbl.

Casuraem yacTumubl.

4. Goto1l

JlomoHocos-1, BMK, 2010
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Periodic boundary conditions
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MexaHuncTtnyeckan Mmoae/ b MONTEKRY/1b

water

Hydrophobic effect is roughly Continuum solvent model

1. BHyTpeHHuMe cteneHn ceoboabl proportional to surface area
2. Bsaumoaencrsma ¢ 4pyrmmm 4actuuamm

A

torsion angle

Bonded Non-bonded

l

i Y o e

T

00 O o_o‘\o ﬂ ¢ IRu

¢

\/

Distance bond length or 3-atom angle
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Historical perspective:
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1960s

G. Nemethy and H. A. Scheraga, Theoretical Determination of Sterically Allowed Conformations of a Polypeptide Chain by a Computer
Method, Biopolymers 3, 155--184 (1965).

1970s
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M. Levitt and A. Warshel, Computer Simulation of Protein Folding, Nature 253, 694--698 (1975).
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1980s

M. Karplus and J. A. McCammon, The Dynamics of Proteins, Sci. Amer.
254, 42--51 (1986).

l. K. Roterman, M. H. Lambert, K. D. Gibson, and H. A. Scheraga,
Comparison of the CHARMM, AMBER and ECEPP Potentials for
Peptides. J. Biomol. Struct. Dyn. 7, 421--453 (1989).

1990

M. Karplus and G. A. Petsko, Molecular Dynamics Simulations in

Biology, Nature 347, 631--639 (1990).
J. Skolnick and A. Kolinski, Simulations of the Folding of a Globular

Protein, Science 250, 1121--1125 (1990).

2013 The Nobel Prize in Chemistry Arieh Warshel Michael Levitt Martin Karplus
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Classical Molecular Dynamics: state of the art

Dynamics @omes on a Microsecond T@ J Mol Biol (2016) 428, 221
Histones H3
Histones H4

Histones H2B

‘_ Integer SHLs ¢ Half-integer SHLs 150 snéjpshots After 1 pys simulations
(@) Initial conformation (b) MD superposition (c) Final snapshot
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A ecnm Hy»KHO HamHoro bonbwe? OrpybaeHune.

* TUNNYHbLIN Ppa3mep HEOAHOPOAHOCTEN B NONMMEPAX: 10-1000 HMm.
e TMNMYHOE Bpema ynopagoumsaHma B nonmmepax: 0.1 mkc — 1 muH.
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KomnbloTepHaa moaens

XopowaAa TeopmA CNOKHbIX CUCTEM A0/KHA
npeacTaBnATb COOOU NULLBb XOPOLLYIO
"KapuKaTypy' Ha 3TU CUCTEMbI, YTPUPYIOLWYIO TE
CBOWCTBA UX, KOTOpPblE ABNAIOTCA Hanbonee
TUNUYECKUMMU, U YMbILLNEHHO UFHOPUPYIOLLLYIO
BCE OCTa/IbHble - HECYLWECTBEHHbIE CBOMCTBA.

A.U. PpeHKenb

MeTtoabl Ml 1 MK ocHOBbIBaOTCA Ha 0OLWMX NPUHLMNAX U NPEeACTaBAAT COOOM NnLWb MaTeEMATUYECKYIO (YMCAEHHYIO)
peanusaymio cnocoba onpeaeneHna xapakTePUCTUK CUCTEMbI, UCXO0AA U3 3a4aHHbIX 3aKOHOB B3aMMOAENCTBUS.

MoaTomy, ecnm B nporpamme HeT oWKnbOoK 1 NpeaycCMOTPEH HaA/1eXKaLLMN KOHTPO/Ib CTAaTUCTUYECKUX NOTPELLUHOCTEN, TO

NOMIyYeHHble pe3ynbTaTbl OyAyT CTPOrMMM. »



Semicrystalline Amorphous

OrpybneHHaa moaens M3: yyeT nsomepmmn, BOSMOKHOCTb KPUCTaNIM30BaTLCA.

8 3 T T
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Luo, Chuanfu, and Jens-Uwe Sommer. "Coding coarse grained polymer model for Meyer, Hendrik, and Florian Mdller-Plathe. "Formation of chain-folded
LAMMPS and its application to polymer crystallization." Computer Physics structures in supercooled polymer melts examined by MD simulations."

Communications 180.8 (2009): 1382 Macromolecules 35.4 (2002): 1241 32



[InccmnaTtmuBHaA AMHammKa vactuy, (DPD)

,

TTorennuan

Mogenb «BYCUHKKN Ha MPYKUHKaX»
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Worker 0

" Cell of the simulation area

. Cell at the cutting plane

Worker 1
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Ha cnepyowen nekumnn:

e TecT (KOHTpONbHaA No2)
* TeopeTU4yeckne MeToabl uccneaoBaHuUn
* ConocTtaBneHue pesynbTaTtoB MOAENNPOBAHUA, TEOPUN U SKCMEPUMEHTOB
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