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MeToabl paccesHmne AnA nccnegoBaHMA CTPYKTYPbl NOIMMEPOB.

750nm 500nm 400nm

3 TMna UcTo4HUKoB: cBeT (L), peHTreH (X), HEMTpOHb}Il (N). el ) Vol
ucrosb3yemcs 60A1HO8AA UHMepnpemayua yacmuy A = — o 10° 1 i1 mico1® A nenotd  picotg™
T T 1 T / T T

+ pa3Hble 80s1HbI pacceusaromcAa Ha pa3HbiX KOHmMpacmax
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Buabl paccesHus:
PaccesiHne bparra — andpaKkuma Ha peLueTke
Ynpyroe pacceaHune Panes — ¢ NOCTOAHHOW A/IMHOW BOJIHbI Cre e mEe e e e
Heynpyroe paccesaHne — ¢ U3MeHEeHNEM AJINHbI BOJIHbI
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=a. Refracted ray

BeKkTop nageHua

Buanmeii ceeT: A ~ 500 HM, g ~ 0.01 HM™!, KOHTpACT 3a cYeT NPOCTPAHCTBEHHbLIX HEOAHOPOAHOCTEWN Yria OTpaxeHus (Nonspu3yemocTi)
HenTpoHbl: & ~ 0.5 HM, g ~ 10 HM!, KOHTpACT 3a cYeT ANNHbLI paccesiHUA HEKOTOPbIX aToMoB (06bl4HO H vs D)
«XKecTkuity peHTreH: L ~ 0.1 HM, g ~ 50 HM!, KOHTpACT 3a CYET MEeKTPOHHOM NNIOTHOCTU MOTEKY




MacwTtabbl pacceaHMA Ha NONMMEPHbIX 0O beKTax

TouyeyHble OAMHOYHbIe dparmeHTbl Cybuenu MoHomepHble
paccenBaTenu KNYOKM uenu CeTKMu 3BeHbA
OnpeodeneHue OnpedeneHue lepcucmeHmHas PaccmosaHue CmpoeHue
maccel ¢opmeol kKnybka O0nuHa mMexoy cuusKkamu yenu
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Sm«e‘(( $ onpedesnaemcs KBAOPAMOM KOHmMpacma
Crapatotca bpaTb pa3baBsieHHble pacTBOpPbI. d’

CTpyKTYpHbIN dakTop S(q) — cBA3bIBAET CTPYKTYPY 06beKTa ¢ M3mepsiemoint dyHKumel pacceaHus 1(q). I(g) ~ S(Q)
Ha pa3HbIXx BOHOBbIX BEKTOPAX MOXHO NOJIYy4UTb Pa3Hyo MHPOPMaLMIO O CTPYKTYpe paccemnBatoero o6 bekTa.



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

CTpYKTYpHbI dakTop S(q) — no3BonAeT onpeaenntb CTPYKTYPY paccemBatoLLLero obbekTa

B npenene HeB3aMMOAENCTBYIOLMX MOJIEKY (pa3baBneHHbIN pacTBop)

B pexknme Hy/1eBOro BEKTopa pacceAaHuUa:

P(0)=1 S(0)~N
ANNPOKCMMMNPYA MHTEHCUBHOCTb PacCcessHUA Ha Hy/1eBble
Yr/ibl U 6ECKOHEYHO Manyto KOHLUEHTPALUMIO MOXHO HalTH
MOIEKYIAPHYIO Maccy noanmepa.
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ToYHbIN BNA, CTPYKTYPHOTO daKTopa ANnAa pactsopa chep

B obuiem Buae AN M30TPOMNHOrO PacTBOpa NPOM3BO/IbHbLIX 0OHEKTOB:
1 NN
S(q) = — E : § :e—ZQ'(Rj_Rk)
N ==

3 [sin(gr) — qr cos(qr)]
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[na TBepAbIxX rnagkux chep cumtaetca ToyHo: F(g,r) =

Ana mHOrnx bonee cNoXKHbIX 06BEKTOB — TO/IbKO YNC/IEHHO:
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TOYHbIN BMA CTPYKTYPHOTO paKkTopa AnA naeanbHoro Knybka
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XapaKTepHbIN BUA CTPYKTYPHOro pakTopa ANA raKux o6 beKkToB

Ha npomeKyTOoUHbIX BEKTOPax MOXHO HabatoaaTh GpakTanbHYO
1

Pexkmnm [yHbe: Ha Ma/ibiX BEKTOPAX 3aBUCUT
Pa3mMmepHOCTb paccemBaroLLmnX ObbEeKTOB: I(q)~q_v

TO/IbKO OT pa3mepa U KoHueHTpauuun I(q)~R

\

[Moxorke Ha PYHKUUIO
[ebaa ana knybkos

I(q) /a.u.

q /A1

Pexknum Mopopa: Ha 6onblumnx BeKTopax (Manbix A/IMHAX BOJIH)
onucbiBaeT paccesiHne oT ragkoi nosepxHoctn [(q)~qs



XapaKTepHbIN BUA CTPYKTYPHOro dpakTopa

MonanancnepcHoOCcTb 06bEKTOB BbICTPO Pa3Hble 06beKTbl TPebYIOT pa3HbIX BO/IHOBbIX
crnaxkusaet bueHusn BEKTOPOB
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Bonee HagexHbI cnocob onpegeneHua pasmepa: Locor

DLS — dynamic light scattering kT — \
CBeT TO/IbKO Ha macliTabax Bcero KaybKa Ry, =—— Jetecter &\
6mnD,
(a) A (b) A

correlation intervall T 2 ACF — diffusion constant

large particles

, small particles
Vaall W)

= — \ — oo Gowr oo
to t1/ L [s)
C NOMOLLbIO HEMTPOHOB, PEHTFEHOBCKUX JIYYEN:

[JANHaMNYECKMNIA CTPYKTYPHbIN PaKTOP — BKAKOYAET KaK
CTPOEHME Uenun, Tak U ee NoaBMKHOCTbD.
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QL / F(%, t) exp(z'wt) dt Ncnonb3ysa apdeKT Jonnnepa
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MOXHO TaKXe ornpeaesintb
noaBUXHOCTb Y4aCTKOB LErnun.

Wavelength
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PacceaHue bparra — agndpakumna peryaspHbiX paccenBaoWwmx LeHTpax
O6bIYHO PEHTreHOBCKME /Iy4YM HA KPUCTANZIMYECKOM BELLECTBE
Ob6pa3syeTca cNoXHaAa KapTUHa UHTepdpepeHuun.

dopmyna bparra: n\ = 2dsin 6
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Pa3HbIX TUNOB KPUCTANNTUYHECKUX PELLUETOK.
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

WE wish to suggest a structure for the salt
of deoxyribose nucleic acid (D.N.A.). Thie
structure has novel featurss which are of considerable
biological interest.

A strusturs for nucleie acid has already been
proposed by Pauling and Cmvy‘ They kindly made
their us in ad of
publication. Their model oonsm of three inter-
twined chains, with tho phosphates near the fibre
oxm. nml v.hc bmsne on the outside. In cur opinion,

ansati tory for two rcasons :

(n We bol-sve um the matecial which gives the
X.-ray diagrama is the salt, not the free acid, Without
the acidic hydrogen atoms it is not clesr what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
ropel each other. (2} Some of the van dor Waals
distances appear to be too small,

Another (E(mowh&m structure has also been sug-
gested by Fraser (in the press). In his model the

tes are on the outside and the bases on the
ingide, linked together by hy ont bonds.  This
structure s desoribed is rather ill-defined, and for
this reason we shall not comment
on it.

“’n -uzh to put forward n

NATURE 737

i8 & residue on each chain overy 3-4 A, in the z-direc
tion. We have assumod an angle of 36 betwoen
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 phosphorus atom
from the fibro axis is 10 A. As the phosphatos are on
the outaide, cations have easy access to them.

The etructure is an open ono, and its water content
is rather high. At lower water contents we wonld
expect the to :iu 80 that the structure could
become more eom

novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibre axis, They are joined
together in pairs, & single base from one chain being
bydrogen-bondod to a single base from the other
ohain, so thas the two lie side by side with identical
z-co-ordinates. One of the pair must bo & purine and
the other a pyrimidine for bonding to oceur. The
hydrogm bonds are made os follows : purine posmon
to pyrimidine position 1; purine position 6 to
y-rum ine position 6.

If it is assumed that the bases only occur in the
structure in the most pleusible tautomeric forms
(that is, with the keto rather than the enol econ
figurations) it is found that only specific pairs of
bagea can bond togethor. These pairs are . adenine
(puring) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In ather words, if an adenine forms one member of
a pair, on vither chain, then on these assumptions
the other member must be thymine ; aimilarly for
guanine end cytosine, The sequence of bases on a
single ciin does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the saquence of bases on
ono chain is given, then the sequence on the other
chain is automatically determined.

Tt has been found expanmmkally'-‘ that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very close Lo unity
for deoxynbose nuclem w:d

It

leront
the nalt of deoxyribose nuclenc
acid. This structure bas two
helical ehains each coiled round
the same axis (sce di We

to build this structure
with a nbmo sugar in place of the deoxyriboss, as
the extrs oxygen stom would make too close & van
dAr Wms contact.

have maede the uwsusl chemical
assump(mns, nnmely. lhat each
chain consists of p di-

A X-ray data*® on deoxy-
nboao nucloic acid aro insufficient for & Tigorous test
of our structure. So far as we can tell, it is roughly

ible with the I data, but it must

estor groups joining @-n-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both chains follow right-
banded helices, but owing to
the dyad the seduonces of the
atoms in the two chains run
in opposito directions, Each
chain loosely ressmbles Fur-
berg's’ model No. 1; that is,
the basss are on the inside of
the helix and the phosphates on
This fgure 1 parcly  the outside. The configuration
rlbbonl \\)mhﬂln the of the sugar and the atoms

Beapiate—sTRAr  near it is close to Furberg's
soutal Tods the palm of  ‘standard configuration’, the

"‘“"“Fn""’"{"l"‘,f)’;‘l sugar being roughly porpendi
u.,., ‘marks the fibre axis  cular to the attached basa. There

King's College, London. One of ws (J. ), W.) has been
nided by & hip from the i 1ati
for Infantile Poralysis.

J. D. Warson
F. H. C. Cricx
Meodical Resesrch Council Unit for the
Study of the Molecular Structure of
Biological Systorns,
Cavendish Lal nlmry. Cambridge.
April 2
i 5 '
Paullaz, J;‘:bgl"(h';'y e B Nature. 171, 3140 (1963); Proc. US.
‘mbem. 8., dcta Chem. Scand., 6, 638 (1062).
* Chiap: - Mebwihuan
h:r'ug é"'n".’.'&"’“'“ g»ﬁ:’s«g. o iz oz .
n\san R, J, fien. Phywicl., 36, 201 (1952),
*Astbuey, W T8 Symp. Sac. Jixp. Bl 1, Nuclele Ackd, 00 (Camb.
Wilkind, 3. 1L, F -nd Randall, J. 7., Biochim. et Biophys. Acto,
10, 192 (1069).

be regarded as unproved until it has been checked
against more exact results, Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemicel arguments.

Tt has not oaqapad our notice t.)m the xponhc

iring we have
possible copying mnelmn-sm for the genatic macerwi

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

We are much indebted to Dr. Jerry Donchue for
constant advica and criticiam, espocially on mu\r
atomic distances. We have also been stimulated by
& knowledge of the general nature of the \mpublin.hed

xporimental rogults snd ideas of Dr. M. H. F.
“"nlkh\s Dr. R. E. Franklin and thoeir co-workers at
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MeTtoabl KOMMNbOTEPHOIo Mmoae1npoBaHNUA NOTMMEPHBIX CUCTEM

JKCMNOHEHLUMANbHbIN POCT BbIYUCAUTENBHbBIX MOLHOCTEN +
6onbluMe AaHHble + MallLMHHOe obyyeHue

The 38th TOP500 List as of November 2011

Performance Development
100 Pflop/s |

10 Pflop/s

1 Pflop/s
100 Tflop/s |

i

N=1 NEC
Earth Simulator

10 Tflop/s |

1,17 Tlog/!
1 Tflop/s | 180 ASCI Whiite
Intel ASCI Red LLNL

100 Glop/s. e ek

e eyl i M N Processing
Power
1 Gflop/s
100 Mflop/s-

1994 1996 1968 2000 2002 2004 2006 2008 2010 2012

In silico (nam.) o3Hayaem nposedeHue 8upMyasibHbIX

IKCriepumeHmoe C 3dpaHee HeusseCmHbimMm pe3ysibmamom
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[MpocTpaHCTBEHHO-BPEeMeHHble MaclTabbl B KOMMbIOTEPHOM MOAENNPOBAHNY

DPD:

up to ~10 um
up to ~1 ms
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B bonee npmBblMHOM BUAE

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

Atombl  Monekynbl  MonekynsapHble ancamonu  KoHpeHc. cuctembl  Komno3utbl  KOHTMHYym

e p* aTOMbl YyacTuubl yactuupl/nons KOHTUHYYM
Particle-in-CqII
QM DFT QMC MM MD MC SMD CG-MC/MD DPD MC-RISM RISM SCFT Hyc_irodynamlcs
CPMD Lattice Models MD/DDFT DDFT FT-CLD Finite Elements

Finite Volumes
Peridynamics

ANeKTPOHHbIe COCTOAHUA, PaBHOBeCHas Me30CKOMMYecKas CTPYKTypa, KpynHomacwrtabHas cTpyKTypa,
XMMUYECKne peakLmu, KONNEeKTUBHbIE CBOMCTBA/AMHAMMKA, Aedopmaums, paspyLieHme,
CTPYKTYpa MONeKyn, npoueccbl CaMoopraHn3auuyu MoneKyn, TeyeHue, rMAPOAMHAMMKA

CMeKTPbl, AUHAMUKA thasoBble nepexoabl

15



[1Ba anibTepHATUBHbIX NOAX0Aa K KOMMNbIOTEPHOMY 3KCMEPUMEHTY

—U[r,v]/kT
1 ¢t e
. IArV) = [ Alr@), vn)dt MC: (A(r,v) =] Alr.v] drdv
MD: (A V) = [ A v() Al V), .
YcpeoHeHue no epemeHu RRR AR YcpedHeHue no aHcambro
CpenHee 3HayeHue <A> -\\\\\\\\\$\\\\\\ \ /ﬁﬁw&% Habntopaemoe cBOMCTBO
HeKoToporo ceomncTea A(r,v), \\\ \\\\\ N/ ' é\\\\\\\\\\\@é‘e@ paccMaTpuMBaloT KaKk cpegHee no
3aBUCALLEro OT KoopAauHaT {r} n ~\\\\\\\:\\\\\\\\&t} \‘\\\\\\\\\\\w~ MHOX€eCTBY Pa3/INYHbIX COCTOAHUM
ckopocTten {V} yactuu, onpeaenaroT : “ \“%s}’/// ~ ~\\\~\ --~$ﬁ CUCTEMBbI, KOTOPblE BO3HUKAIOT C
nyTem ycpeaHeHUA MHOXXeCTBa ~\\-$5.'?;’;’//’ .Q ~ \\ w&#gs onpeneneHHo BEPOSATHOCTbIO.
"MrHOBEHHbIX" 3HaYeHWUM K Q&#ﬂld" [ ..e \‘&\QQ’.’ BepoAaTHOCTb (4acToTa)
A[r(t),v(t)], Habnogaembix B ~ ~~li.';,’/’””'l..\~ &~~§... BO3HUKHOBEHWA TOrO UM MHOTO
nocnenoBaTeibHble MOMEHTbI Q\‘ ~.§sv,"’ /t"f - ...... COCTOAHMA NPONOPLMOHANbHA €ro
BpeMeHMU t. { &Q@%f"‘” %zﬂ’%cis‘s\“ \ .... 7 CTaTUCTUYECKOMY Becy
{ 7 A
TakoW Noaxoa UCXOANT U3 TOro, YTO HaM \\\\ Q‘.’,.ll‘fiz/’/i ..N\\\\\\\M\k : \&‘ y —U/kT _ o
\ \ \ . vi !/;//“. .&\ \\\\\\\A» ,’\A . 7/, e , rae U — noTeHuuanbHasa sHeprma aHHOU
M3BECTHbI 3aKOHbI ABUXKEHMA YaCTULL \\\\\( )| .,&\\\\\\\\.‘ SN KOHOUTYPALMI, K — KOHCTaHTa BOAbLMANA, T —
CncrTemsl. \\\:\\\\\\(:A, & 'Z’;/////////// ~¢\\\\\\\\\§z\¢?&&§%/// abconloTHas Temneparypa.
o7 ‘ w4
2 4 NNt

\ 4
O6a dyHAaMeEHTaNbHbIX MPUHLMNA MOTYT BbITb MONOXEHbI B OCHOBY
BbIYMCUTE/NbHbIX CXEM, Ppeasin3yemMblx Ha KomnbioTepe. HeobxoamMmo 3HaTb /InLLb
cnocob pacyeTa NoTeHUManbHOM 3Heprum cuctemsbl U Kak GyHKLMM KOOPAUHATT. P




Monte Carlo 1949 roa

Grand Monaco Casino John von Neumann Stanislaw Ulam Enrico Fermi Nicholas Metropolis

1
OwwunbkKa ~ 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.

“Fermiag”



THE WORLD'S FRSY ELECTRONIC,LARGE SCAEE, |
\_GERERAL- HIRPOSE DIGHTAL COMPUTER
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ENIAC (/'sniz=k/; Electronic Numerical Integrator and Computer)t2l 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 46 JUNE, 1953
+ Samplin
p g Equation of State Calculations by Fast Computing Machines

NicHoras MEeTropoLis, ARIANNA W. RoseNBLUTH, MArRsHALL N. RoseEnBLuTH, AND AuvcustA H. TELLER,
Los Alamos Scientific Laboratory, Los Alamos, New Mexico

AND

EpwArD TELLER,* Depariment of Physics, Universily of Chicago, Chicago, Illinois

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.

I v
{ri->U {ri->u Ona {r} vanitn U n o=exp(-U/kT) |e=——
I

CnyyanHo BbIGpaThb YacTuuly i

1]

Cny4yarHO NepemMecTmUTb YacTumLy i
' —>I+AF; {r}—=>{r'}

|

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

3ameHuTb {I} Ha {I'} c BepoaTHOCTbIO
p = min{l, ®'/ w}




Molecular Dynamics

THE JOURNAL OF CHEMICAL PHYSICS VOLUME 31, NUMBER 2

Studies in Molecular Dynamics. I. General Method*

B. ]. Arper axp T. E. WAINWRIGHT

Lawrence Radiation Laboratory, University of California, Livermore, California

AUGUST,

1959

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

ANropuTtm:

1. Onpepgendaem no3numnn BCex
YyacTuu, (CMNO0BbIX LLEEHTPOB).

2. PaccuyuTbiBaem cunbl.

Casuraem yactumupbl.

4. Goto1l

w




Periodic boundary conditions
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MexaHncTnyeckasn Mmoge/ib MOJ1eKy/ibl

water

Hydrophobic effect is roughly Continuum solvent model

1. BHyTpeHHUe cTeneHn cBoboabl proportional to surface area
2. BzaumopgencTems ¢ Apyrmmm 4actmuamm

Bonded Non-bonded
3 . N ; " =
E=ZK0-1) +ZK0-6) + T [ +costmp-n] + 2 [~z
r
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MexaHncTnyeckaa moaenb MOJ1EKY/Ibl: MEeXMOJIEKY/TAPHDbIE B38MMO,£I,€IZCTBMFI

ncnepcmoHHoe n MHAYKUMOHHOE nputaxKeHune, 1869 roga.
B3aMMOAeVICTBMe mexagy mrHoeeHHbIM MU NOCTOAHHbIM U HaBe,El,éHHbIM Annosem.

* CuenneHue yacmuy Masbix acmepoudos Koabyd CamypHa;

* CnocobHocmb 2eKKOHO8 836UpambCA o 2Aa0KUM 1o8epXHOCMAM, Harpumep, rno CmekKsy.

* B cucmeme pedakmuposaHus eceHomos TALEN: u3oneliyuH U 2aUuyUH C843b18aAHOMCA C UEs1€8bIM
HYKs1eomuoom 3a c4ém cun BaH-0ep-Baansca.

100
E /cm

L]

BaH aep Baanbce

-100 + Attractive —-B/r°

3.0 4.0 5.0 6.0 7.0 8.0
r/A NleHHapa-[XoHC

[MoTeHuman «6-12», 1924 roga. 23
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2013 The Nobel Prize in Chemistry Arieh Warshel Michael Levitt Martin Karplus



http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/karplus.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/levitt.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/warshel.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/warshel.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013/levitt.html

Classical Molecular Dynamics: state of the art

Dynamics & Nucleosomes on a Microsecond Timescale

J Mol Biol (2016) 428, 221

49 9 Histones H3
: Histones H4

H2B

Histones

Integer SHLs ¢ Half-integer SHLs

After 1 ys simulations

(@) Initial conformation (b) MD superposition (c) Final snapshot
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A ecnm Hy»KHO HamHoro bonble? OrpybaeHune.

*TUNWUYHbIK Ppa3mep HEOAHOPOAHOCTEN B NOIMMEPAX: 10-1000 Hm.
eTMNMYHOE Bpema ynopagoumsaHmna B nonnmepax: 0.1 mkc — 1 muH.
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KomnbloTepHaa moae b

Xopowaa TeopmA CNOKHbIX CUCTEM AO0NHKHA
npeacTaBNATb COOOU NULLb XOPOLLYIO
"KapuKaTypy"' Ha 3T CUCTEMbI, YTPUPYIOLWYIO Te
CBOWCTBA UX, KOTOpPblE ABNAIOTCA Hanbonee
TUNUYECKMMU, U YMbILLNEHHO UTHOPUPYIOLLYHO
BCE OCTa/IbHble - HECYLLECTBEHHbIE CBOMCTBA.

A.U. PpeHKenb

MeTtoabl M n MK ocHOBbIBatOTCA Ha 06WMX NPUHLUMNAX U NPEeACTaBAAIOT COO0M NULb MaTEMATUYECKYIO (YUMCAEHHYIO)
peannsauuto cnocoba onpeaeneHns XxapakTePUCTUK CUCTEMbI, NCXOAA U3 3a4aHHbIX 3aKOHOB B3aMMOAENCTBUS.

I‘Io:-)To:v\y, €C/In B nNporpamme Het OWNBOK U npeaycMmoTpeH Ha,u,nemam,w‘/i KOHTPOJ/1Ib CTaTUCTUHECKUNX I'IOI'peLUHOCTer/i, TO

MONyYeHHbIEe pe3ynbTaTbl BYAyT CTPOTMMMU. .



Semicrystalline Amorphous

OrpybneHHaa moaens M3: yyeT nsomepmmn, BOSMOKHOCTb KPUCTaNIM30BaTLCA.
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Luo, Chuanfu, and Jens-Uwe Sommer. "Coding coarse grained polymer model for Meyer, Hendrik, and Florian Miiller-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 28



[InccmnaTtmuBHaA AnHammKa Yactuy, (DPD)
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Ha cnepyowen nekymnu:

* TeopeTnyeckne metoabl UCCNeA0BaHUSA
* ConocTaBsieHne pe3ynbTaToB MOAE/IMPOBAHUA, TEOPUUN U SKCNEPUMEHTOB

* KOHTpONbHbIE BONPOCHI U 334a4U



