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u MOTI/IBaLII/IH KOMITBIOTCPHOI'O SKCIICPUMCHTA.
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KOMIIBIOTCPHBIM 3KCIICPUMCHTOM

® MeToabl KOMIIBIOTEPHOTO IKCIIEPUMEHTA
Mertoa monekynsipaoit auHamuky (M)
Metoa OpoyHOBCKOW AUHAMUKHI
Mertoa Monte-Kapio (MK)
DyHIaMEHTAIbHbIC OTPAHUYCHUS

m licTopusi KOMIBIOTEPHOIO SKCHEPUMEHTA

m M/I-MoaennpoBaHre ITMHAMUKA MOJIEKYIT
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At KOMIBIOTEpHBIN SKCIIEPUMEHT:
-— MoTtuBanus

® JIume HEMHOTHE MPOOJIEMBI COBPEMEHHOM
bu3HUKHN, XUMIHN, MATEPUATIOBEACHUS U AP. MOTYT
OBITH pElICHbl AHATUTUYECKH -
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A4 B3anMoCBsI3b MEXITY
m=* DKCIICPUMEHTOM, Teopuen u KO

Pazpabotka
Moenen

HEN

BI\CHepHMeHT

CpaBHeHHE

. h

BbIBO/IBI (HOBBIC 3HAHMUS)

Pa3pJ@oTrka
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»4 Computer simulation methods:

i e

=+ Basic definitions

m Let us consider a system with
model Hamiltonian H(X),
where X=(x,,...X,)) 1S a state of
the system WY

m The set of states {X} constitute e
the available phase Q
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\/Ulllyut\ul OlllilulAalivilil 111IvuiiIvuD.
How to compute the property A
of the system?

m As an ensemble average with the partition
function Z:

m As a time average along a trajectory in
phase space ¢:

3 November 2001 Victor N. Zadkov: Lectures on Computer Physics

Computer simulation methods:
Are the two averages the same?

m Yes, if the ergodicity condition is fulfilled.
Then,

m In reality:
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A4 /IluHaMMKa cucTeMbl B (pa30BOM

Y E

®e* [IPOCTPAHCTBE

m Deterministic methods use intrinsic dynamics of the model
to propagate the system

The molecular dynamics (MD) method computes phase
space trajectories of a collection of “particles”, which
individually obey classical laws of motion

m Stochastic methods
Finite-size effects

Number of samples or realizations cannot be
infinitively large

Computer-generated random numbers have built-in
correlations
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A 4 /[nHamMuka cuctemMsl B (pa30BOM

i e

®e* [IPOCTPAHCTBE

m Deterministic methods use

intrinsic dynamics of the model to g
propagate the system _
X(O)-(cL (1) xXNO:PL O pNEG 1 x>
) Molecular dynamics (MD)

method computes phase

space trajectories of a

collection of “‘particles”,

which individually obey

classical laws of motion
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A4 JlnHAMUKa CHCTEMBI B (ha30BOM

®e* [IPOCTPAHCTBE

m Stochastic methods use Markov
process as a probabilistic analogue to
the intrinsic dynamics of the model to
propagate the system
{X}={Xl1,...,Xn}

*Brownian dynamics
*Monte-Carlo method
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L4 Metonbr KO:
m (DyHIaMEHTAJIbHBIE OTPAHUYCHUS

B J[eTepMHUHUCTAYECKUE METObI
SddexTs! KOHEUHBIX Pa3MEpOB

CHCTEMBI “‘5
Bpemst MOJICTHPOBAHMS TPACKTOPHI :

CHCTEMBI KOHCUHO
OmnOKy BEIYHUCICHUN (OKPYTICHNIT)
m  CroxacTHYECKHe METOIBI

S dexThI KOHEUHBIX Pa3MEPOB
CHCTEMEI

Yuciio peanuzanuii KOHEYHO

KomrbroTepHble TeHEPaTOPhL
CITyHalHBIX YMCE] TEHEPUPYIOT
KOPPENNPOBAHHBIE YMCIA
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A4 KOMITbIOTEpPHBIN 3KCIICPUMEHT:
= HeMHoro ncropuu

1946: Von Neuman, Ulam Metropolis

BBITIOJIHUJIN LIUKJI pa60T IO CTOXACTUICCKOMY MOACIUPOBAHUIO
muddy3nn HEUTPOHOB U AeNieHnto MaTepun B Jloc Anamoce,
HCTIOJNIB3YsI epBhIi kommbiorep ENIAC

1949: Hazeanwne “Monte Carlo” G110 BIIEPBEIC BBEICHO
Metropolis & Ulam

1957: IlepBast padboTa 1o Monekyssipaon Junamuke (M) TBepabIx
coep (Alder&Wainwright); [lepsoe MK moznenupoBanue >KUIKOCTH C

HCII0JIh30BaHNEM MMOTCHINAIA B3aNMOACUCTBYS Trlia JIeHapma-
Jlxonca (Wood&Parker)

1964: M1 aproHa ¢ Hcoib3oBanreM norennnaia Jienapaa-J>konca
(Rahman)

1967: Asropurm Bepie (Verlet) & M/ xuaxocTen
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KOMIIbIOTEpHBIN YKCIIEPUMEHT:
HemHoro ucropuu

1964: TlepBsie coBeTckue M /I skClIEepUMEHTHI [0 IUHAMUKE
MHOT0aTOMHBIX MoJiekyi (bamabaes, [TymuHO)

1968: IlepBast 3anagHast padbora 1o M/ AByXaTOMHBIX MOJIEKYJI
(Berne&Harp)

1969: Ilepras padora no MK-moaenupoBaruio Boabl (Parker& Watts)
1971: M1 moaenmpoBanre Boabl (Rahman&Stillinger)

1977: IlepBas pabora Mo MOACINPOBAHNIO TUHAMUKH IPOTEUHOB
(McCammon, Gelin, Karplus)

1978: KBanToBoe MK-monenupoBanue (Parker)
1981: M/I dazoBbix miepexoaoB B kpuctaie (Rahman&Parinello)
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A 4 CpaBaenue nanHbix MJ[ KO

Y E

== 11 PCAJIbHOI'O OKCIICPUMCHTA

XapaKkTepucTuKa OKCIEPUMEHT

Crpykrypa: X-ray
TTo3HIK aTOMOB Paccesinue HEMTPOHOB

PaccTosiHMS METy aTOMaMH SIMP

JIMHAMEKA: OnTuueckast
YacToTbl KoJIeOaHUI CIIEKTPOCKONIUA
CKOpOCTH peNlaKcaiuu SAMP

Bo3MorxHO Takke n3MepeHue TepPMOANHAMMUYECKUX XapaKTEPUCTUK
(mI0THOCTB, CBOOOAHASI FHEPT U, TEMIIEpaTypa U Ip.)
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Hackonbko HageKHBI
M/I-3kCTIepUMEHTHI?

B DTO 3aBUCHUT OT:

TouyHOCTH 331aHHUS MOJIEKYJISIPHON MOJIEIIA U
CHJIOBOT'O TTOJIS

OT TOro, XOpOIIO-JIX Mbl PEllIaeM YpaBHEHUS
JBUKEHUS

m BenukosenHble MpUMEpPbI Mpeacka3anus B Gu3nKe
HKUAKOCTH U TUHAMUKE OOJBIINX MOJIEKYIL,
(bopMUpPOBaHUS CTPYKTYP Ha MOBEPXHOCTH, pOCTa
KPUCTAIIOB U Ap.
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A4 llepnonmueckue
#%e* TDAHUYHBIE YCIOBHS

2D xBanpaTHas
MepuoIuYecKast
peeTka
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L4 Model (empirical) potential

i e

=== cnergy surfaces

rn) = Us 4+ Up + Usor + Uvwe + Ug o
U, = 0.5 k(b — bo)?
b

U, = 0-5%:’%(97 ~ @0)*
Usor = 0.55_{V3[1 — cos(20)] + V4[1 — cos(46)]} = ;[V2 sin®(9) + Vjsin®(26)]
0

£ [~2.25/r8 +8.28 x 10° exp(—r4/0.0736)] , if r > ro;
Uw=2

Vexp(—kra), otherwise.

Ug,ey = Doo {exp[-26.(Rec — Reg)] ~ 2exp [-fe(Roc ~ Ren)l}
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Lé IIpumep:

Y p

= MexaHnusM 3peHus
Vision

e ————

The rhodopsin molecule is the first
link in the chain that leads from
light's hitting the eye to the brain'ss,
acknowledging that light. =4
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L4 llpnmep:

= MexXaHu3Mm 3peHus

Rhudupsin
S =3

T e

/

A

———

Conalgls !‘

i I —|
of IWo paris; e {

; The photosensitive pigment,

i The remainder of the molecule,. &
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Aé llpumep:
«> MexaHnu3M 3peHHs

Light [
ﬁ_ln':urptiul;

h

B T —

':
!

When light is absorbed by 11-cis
retinal, enough energy is given to
the molecule that it can go to the =
all-trans configuration. e |

3 November 2001 Victor N. Zadkov: Lectures on Computer Physics

[Ipumep:
Mexanusm 3peHus

Eiﬂgtﬂ_:r_nit States.

absorba a vigible photon, il

1-'-- 1
makes a jump from one state to another
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L4 MJI MmonenupoBaHrE MOJIEKYJIbI

Y E

== OaxTcpuopozorncuHa (bR)

®m bR — 310 MeMOpaHHBII

IpoTenH (MeMOpaHa

Halobacterium Halobium)

Oynknus bR B [Ipupoae —

nepeaaya mpoToHa

OTOT MEXaHU3M

YIPABJISIETCS] CBETOM

(MoJiekya peTuHaIs .

BHYTPH KaXI0H MOJIEKYIIbL 5%

bR siBiIsIeTCS MPHUEMHUKOM) )

bR comepxut oxono 4000 -
pllysti‘;

e
b
dATOMOB Theoretical By froup —
Beckman Ve {
University of Illinois at Urbana-Champijgn, W
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L4 M/] MogenrpoBaHUE MOJIEKYJIbI

i e

== OakTepuopojorncuHa (bR)
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