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CTpyKTypa aMWUHOKUCAOT
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* Side chain charge at physiological pH 7.4
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D. Amino Acids with Hydrophobic Side Chain B.  Amino Acids with Polar Uncharged Side Chains
Alanine Valine lsoleudne Leucine  Methionine  Phenylalanine Tyrosine Tryptophan Serine Threonine Asparagine Glutamine
o o "o Yo *g We Yo ¥y | "o “e Yo “o

Pa213 ﬂll'.

: ' *I.K
pa2n2 ‘/wm /Yo j L7
‘ \ .mu -nm




CTpyKTypHasA opraHu3sauma 6enkos
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TNbl BTOPUYHOW CTPYKTYpPbl benkos

a-cnunpasb

farge extraceluar B-nAuncT, cocToAWwmMN 13 B-TAXKeN

loop

small extracellular
loop

noBopoOT




CTpYKTYpHaA opraHn3aumsa HYKAEeUHOBbIX KUCNOT

WwnuiabKa
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[MpencKkasaHne BTOPUYHOU CTPYKTYpbl PHK

Wiy Griffith

Indtitute har Ghypdormacs

Sparks Lab

Laboratory of Structural

Bioinformatics

SPOT-RNA: RNA Secondary Structure
Prediction using an Ensemble of Two-
dimensional Deep Neural Networks and
Transfer Learning.

B 2020-01-29 & Jaswinder Singh

Submit

E-mail address (optional):

Target (optional):

Maximum: 2000 nts, Only one RNA

Input your RNA Sequences:| CLEAR .
sequence at a time

>Example sequence 4wjd_B
UCCGCGAUAGCUCAGUCGGUAGAGCAAAUGACUGUUAAUCAUUGGGUCCCUGGUU
CGAGU

CCAGGUCGCGGAGCCA



[lhaBneHne HyYKNemHOoBbIX KNCNOT

DNA melting is a cooperative process DNA melting curve
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[lhaBneHne HyYKNemHOoBbIX KNCNOT

Oligo Calc: Qligonucleotide Properties Calculator

Enter Oligonucleotide Sequence Below

QD calcidations are for single-stranmded DNA or RNA
Mucleotide base codes

ATC GaT AAC GAT TAC ATT C

Reverse Complement Strand(5" to 3") is: &
OAA TGT AAT CGT TAC CEA T
s
5" modification (if any) 3' modification (if any) Select molecule
v v ssONA ¥
50| nM Primer

. 1| Measured Absorbance at 260 nanometers
10/ mM Salt (Na™)

| calculate || Swap Strands | BLAST || mfold |




MeToabl U3y4eHUS CTPYKTYPbl MaKPOMOJIEKY/

CneKTpOoCKONUA KPYroBoro ANXpousma — 3KCepumMeHTa/ZIbHbli MeTog, U3yyeHus

Circularly polarized

BTOPUYHOM CTPYKTYypbl 6enkos

— AgTX2
< 10000 --- AgTx2(R31G)
2 AgTX2(H34K)
< 6000
N
5
« 2000+ X
o AN
0] N :
S o00] 203 210
) _ -
-6000+ Ny

CneKTp KpyroBoro AnMXpounsma npmpoaHoro
aKUTOKCMHA M ABYX €r0 MyTaHTHbIX GpOpM

MpocTpaHCTBEHHAA CTPYKTYpa NpupoaHoro aakutokcuHa (pdb lagt)



refinement

MeToabl U3y4eHUA CTPYKTYPbl MaKPOMONEKYN

crystal

diffraction
pattern

electron
density map

atomic

Tanbl onpeaeneHuna CTPyKTypbl C
MOMOLLbIO PEHTTEHOBCKOM
Kpuctannorpadum

1 10 3 8 7

@, - N (ppm)

« 110

120

1 10 9 H 7

Resolution
before 2013

(Kpno) aneKkTpoHHaA MUKpPOCKONUS

Resolution
at present

10



>
m
<
<T
O
o
(an]
)
<
T
v
=
)
Q
m
)
o




CTpYyKTYypHbie 6a3bl AaHHbIX. PDB

I 170597 Biological

) rr_z) Macromolecular Structures
Lol ) Enabling Breakthroughs in

DATA BANK Research and Education Advanced Search | Browse Annofations

- P o aj RLPVW D& < l \ll d(‘ = M VWoritmide
2 9 =5 B EMData Resouro | — T
 PpB-101 K-l - DUV (I s

A Structural View of Biology November Molecule of the Month

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps

; students and researchers understand all aspects of biomedicine and agriculture.
#™ Deposit from protein synthesis to health and disease.

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

Q Search The RCSB PDB builds upon the data by creating tools and resources for

research and education in molecular biology, structural biology, computational

E Visualize biology, and beyond.

=== Analyze

CORONAVIRUS

& Download

Bl Leam

PDB (c 1971 no H.B.) — coaepXnT nHbopmaumto 06 skcnepmMmeHTaNbHO onpeaeneHHbIX
CTPYKTYpax 6€nKoB, HYKNEMHOBbIX KUCNOT U Pa3/INYHbIX KOMM/1EKCOB.

https://www.rcsb.org/pages/about-us/history 12
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Mumber of Entries

CTpYyKTYypHbie 6a3bl AaHHbIX. PDB

Rate of Protein Structure Determination (Log Scale)
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Pa3Hoobpa3ne 6enKoBbIX CTPYKTYP

Nlnsoumm Kapbokcunentnaasa

dOTOpPeaKLUMOHHbIN LEHTP CTpyKTypa opraHenbl vault U3 neyeHn Kpbichbl



CTpYyKTYypHbie 6a3bl AaHHbIX. PDB

POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM IN HIGH K

Structure Summary 3D View Annotations Experiment Sequence Genome

| "DENEVIS R (B Download Files -

Potassium Channel KcsA in complex with Tetrabutylammonium in high K
DOI: 10.2210/pdb2JK5/pdb

Classification: IMMUNE SYSTEM/METAL TRANSPORT
Organism(s): Mus musculus, Streptomyces lividans
Expression System: Mus musculus, Escherichia coli
Mutation(s): No

Deposited: 2008-08-15 Released: 2009-11-17
Deposition Author(s): Lenasus, M.J_, Focia, P.J., Wagner, T, Gross, A

Experimental Data Snapshot wwPDB Validation & 30 Report || Full Report
. . . Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
3D View: Structure | Electron Density . ;
:ﬁuar‘d Interaction | vl Resolution: 2.40 A Al m— 1 — 244
= : : R Value Free: 0.249 Clashsoons M E=._|] o
: . R-Value Work: 0.202 Ramachandran outers M E [ S—0.1%
(E!ﬂ!:}ﬂ! §}r||:|n:|r_e.ttry. ':'.:'_-,I'd-l*:_‘, - C4 .E,?f"l View) R_Value Observed: 0 205 Sidechain qutiiers I - _|__ 7%
Entity ID: 3
Molecule Chains Sequence Length Organism Details Image
VOLTAGE-GATED C 124 Streptomyces lividans Mutation(s): 0 €
POTASSIUM CHANMEL Gene Names: kcsA skcl

15



CTpYyKTYypHbie 6a3bl AaHHbIX. PDB

POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM IN HIGH K

Sequence Chain View
Dsse g W — Y P SN

Protein Madificatis B,
FOD I LLTOSPAILSYSPGERVSFSCRASOSIGTDIHWYQQRTHGSPALL IKYASESISGIPS

e,y 1) 0 30 o 50 &

D55F Fat v"“' _’_ —

Pratein Hadificakis

FIERFSGSGSGTDFTLS INSYESED I ANYYCOQOSNRWPFTFGSGTKLEI KRADAAPTVSIFPP

P gy ’ ™ £0 a0 100 1in 120
Fo L I
NS% F‘--|-U W/ I-n- %—- -n- -n-

Pretein Hedifizatie

FESSEQLTSGGASYVVWOFLNNFYPED INVEWKIDGSERQNGVYVLNSWTDOQDSKDSTYSMSSTLT

PnR.'LIl'l. i 130 L 15% 1&0 1rh L1ED
DSSF -.,Uﬂvﬂ_ J _
Pirslein Medilicatia
FIEL TKDEYERHNSY TCEATHKTSTSPIVEKSFNRN
FOE 1my ' 130 ' 200 ' zin 212

Protein Modification Legend
L-cysting

DSSP Legend
ampty: no secendary structure assigned

= 8 bota bridge

5 bend
ey T tum
E: beta strand
M A G: 310-helm
ﬂ“ﬂ H: alpha hel

16



CTpYyKTYypHbie 6a3bl AaHHbIX. PDB

POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM IN HIGH K

Sequence Chain View

Site Recsrd o
Prwbein Fadificati

FEMPPMLSGLLARLVKLLLGRHGSALHWRAAGAATYVLLYIVLLAGSYLAVLAERGAPGAGLI
PR T T T T T T T

X2 0 il 1] Gl
amYATAYAYAYAY VVVVAVVVVVVVVVVVNVN
Gite Kecand oo o Do & ] a
PFreveln Medilcarlsn _;:1
FIETYPRALWWSVETATTVGYGDLYPVTLWLGRCVAVYVVMVYAG ITSFGLVTAALATWFVGRE QE
FOE Sy ' Y ' '] ' 0 ' 100 ' 1o ' L0
uawﬁ_

Elie Reoerd o]

Fretein Madificari - 5




CTpYyKTYypHbie 6a3bl AaHHbIX. PDB

POTASSIUM CHANNEL KCSA IN COMPLEX WITH TETRABUTYLAMMONIUM IN HIGH K

“

Sequence of 2JK5| Potassiv.. $ Chain $ S:POTASSIUM.. * [auth(C][occu.. $  ASM.1 @ x:x Structure

1125 1130
Kl 2JK5 | Potassium Channel KcsAinco.. [
Type Assembly

Asmid 1: Author And Software ...

Residue ® O @

K 1127 | G [auth C] ® =

2 Chains + 2 Residues Selected ®

¥, Measurements

+ Add =
~ Distances

330A|K—K ® B

Q_ Structural Motif Search

‘]
,\‘ ..

@ Components 2KS
0 Preset + Add =

Polymer Catcon @ [

Ligand Bl & Stick ® [

Water galiastck @ [

lon Ball&Stick @ [J

[Focus] Target Ball& Stick @ [
‘ [Focus] Surroundings (5 A) ® 0
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CTpyKTYpHble ¢pannbl. *pdb

Atom name Chain name Occupancy

Residue number

/

ole A3 ~30.506 25.807 16.125 0.50
ATOM 23 CD AGLN A 3 -29.018 25.546 15.959 0.50 43.01
ATOM 24 OE1AGLN A 3 -28.187 26.374 16.332 0.50 43.76
ATOM 25 NE2AGLN A 3 ~28.675 24.391 15.403 0.50 41.73
ATOM 26 N BGLN A 3 -33.005 25.819 17.852 0.50 45.106
ATOM 27 CA BGLN A 3 ~32.788 24.834 16.796 0.50 44.25
ATOM 28 C BGLN A 3 -33.529 23.510 17.024 0.50 43.75
c1 1131 ~21.017 -3.092 -1.563 1.00
HETATM 4141 C2 TFO09 C1131 ~21.015 -1.597 -1.357 1.00 60.40
/1l ([
v )
P . o
‘, / X Y 7 coordinates in A
°

Q0 =z 2 O 0



Define Secondary Structure of Proteins (DSSP)

HEADER HYDROLASE (SERINE PROTEINASE) 17-MAY-76 1EST

240 1 4 4 0 TOTAL NUMBER OF RESIDUES, NUMBER OF CHAINS,
NUMBER OF SS-BRIDGES (TOTAL, INTRACHAIN, INTERCHAIN)
10891.0 ACCESSIBLE SURFACE OF PROTEIN (ANGSTROM**2)
162 67.5 TOTAL NUMBER OF HYDROGEN BONDS OF TYPE O(I)-->H-N(J) ; PER 100 RESIDUES
84 35.0 TOTAL NUMBER OF HYDROGEN BONDS IN ANTIPARALLEL BRIDGES; PER 100 RESIDUES

# RESIDUE AA STRUCTURE BP1 BP2 ACC N-H-->0 O-->H-N N-H-->0 O-->H-N
2 17 vV B 3 +A 182 0A 8 180,-2.5 180,-1.9 1,-0.2 134,-0.1

S ARG S-S/ S-S S-S o S S A

.—— sequential resnumber, including chain breaks as extra residues

.—— original PDB resname, not nec. sequential, may contain letters
.—— amino acid sequence in one letter codeS

.—— secondary structure summary based on columns 19-38
XXXXXXXXXXXXXXXXXXXX recommend columns for secstruc details
.—— 3-turns/helix

-- 4-turns/helix

-- 5-turns/helix

-- geometrical bend

|
|
I 1.
(I
[ O I
| [1ll.-- chiralitys$s
| |11l].-— beta bridge label .
| 11l1lll.-- beta bridge label [lporpamma 4na pacyéeTta
R .—— beta bridge partner resnum BO,U,OpO,ﬂ,HbIX CBFI3€I7I U
[Tl | .—— beta bridge partner resnum
LT | | .—— beta sheet label onpeaeneHmAa TMNOB
RN | [ .—— solvent accessibility o
I N R N R N BTOPUYHOW CTPYKTYPbI
# RESIDUE AA STRUCTURE BP1 BP2 ACC OCTaTKOB B 6e!'IKaX
| | [ T | || |
35 47 I E + 0o 0 2 (Kabsch & Sander, 1983)
36 48 R E > S-K 0 39C 97
37 49 Q T 3 S+ 0 0 86 (example from 1EST) »3
38 50 N T 3 S+ 0 0 34



CTpyKTYypHbie 6a3bl AaHHbIX. NDB

NDB (c 1992 no H.B.) — cbop u pacnpoctpaHeHne WHPOPMALUN O CTPYKType
HYKIEMHOBbIX KNCNOT. DOpMaT XpaHEHUA AaHHbIX naeHTndyeH PDB.

NUCLEIC ACID A Portal for Three-dimensional Structural Information about Nucleic Acids
DATABASE As of 21-Nov-2018 number of released structures: 9913

Enter an NDB ID or PDB ID
Search for released structures

‘ Search DNA H Search RNA H Advanced Search

Welcome to the NDB

The NDB contains information about experimentally-determined nucleic acids and complex assemblies.
Use the NDB to perform searches based on annotations relating to sequence, structure and function, and to download, analyze,
and learn about nucleic acids.

Search Structures Featured Tools

Search DNA RNA 3D Motif Atlas, a representative

Search DNA and its complexes collection of RNA 3D internal and
hairpin loop motifs

Search RNA P P

Search for RNA structures in the NDB
archive or in the Non-Redundant list

Non-redundant Lists of RNA-containing
3D structures

P
RMNA Base Triple Atlas, a collection of /\%T

motifs consisting of two RMA basepairs '

Advancad Search o
Search for structures based on .\
structural features, chemical features,
binding modes, citation and
experimental information

WebFR3D, a webserver for symbaolic and
geometric searching of RNA 3D structures

R3D Align, an application for detailed nucleotide to nucleotide
alignments of RNA 3D structures

24



CTpyKTYypHbie 6a3bl AaHHbIX. NDB

COMPLEX BETWEEN NUCLEOSOME CORE PARTICLE (H3,H4,H2A,H2B) AND 146 BP LONG DNA FRAGMENT

NDB ID: PDO0O01 PDB ID: 1A0I # Structural Features
Titla: Base Pair Hydrogen Bonding Classification
COMPLEX BETWEEN NUCLEQOSOME CORE PARTICLE (H3,H4,H2A H2B) AND 146 BP LONG DNA Mucleic Acid Backbone Torsions
FRAGMEMT
Molecular Description: Base Pair Morphology Parameters
COMPLEX BETWEEN NUCLEOSOME CORE PARTICLE (H3 Base Pair Morphology Step Parameters
H4
H2A

H2B) AND 146 BP LONG DNA FRAGMENT
Structural Keywords:
B DOUBLE HELIX

Nucleic Acid Sequence:

Biological Assembly 1

Click to show/hide 1 nucleic acid sequences
Protein Sequence:

Click to show/hide 4 protein sequences
Primary Citation:

Luger, K., Mader, &.W., Richmond, R.K., Sargent, D.F., Richmond, T.J.
Crystal structure of the nucleosome core particle at 2.8 A resolution. &
Nature, 389, pp. 251 - 260, 1997,

Experimental Information:

X-RAY DIFFRACTION
Space Group:

P212121
Cell Constants:

a=106.04 b= 181.78 c = 110.12 (Angstroms)
a=90.0 (=900 v =20.0(degrees) More Images...
Refinement:

The structure was refined using the X-PLOR program. The R value is 0.0 for 51237 reflections in
the resolution range 25.0 to 2.8 Angstroms with Fobs = 0.0 sigma(Fobs) and with I = 0.0
sigma(I)




CTpyKTYypHbie 6a3bl AaHHbIX. NDB

Crystal Structure of Nucleosome Core Particle Composed of the Widom 601 DNA Sequence (pdb 3LZ0)




CTpYyKTYypHble 6a3bl AaHHbIX. EMDB
—F”md Terms of Use  Privacy: Cookies

EMBL-EBI ::° 32, :

Datahases | Tools

Home

« Summary
+ Experimental details
« Visualization

+ Map information

+« Downloads

Authors:

Sample:
Aggregation state:

¥ Latest update:

| Research | Training | Industry | About Us | Help | Site Index BN &
EMD-1367 Mirrors Contact us
Title: Three-dimensional structure of a voltage-gated potassium channel

at 2.5 nm resolution.

Olga Sokolova, Ludmila Kolmakova-Partensky and Nikolaus
Grigorieff

Shaker B channel
Single particle (25 angstroms resolution)
2011-05-26

Summary
Status:
Deposition date:
Header release date:
Map release date:

Primary citation:

Sample:
Resolution:
Fitted PDB:

Released

2007-05-24
2007-05-30
2007-05-30

Sokolova O, Kolmakova-Partensky L, Grigorieff N:
Three-dimensional structure of a voltage-gated potassium channel
at 2.5 nm resolution. STRUCTURE (2001) 9, pp. 215-220 [PubMed
11286838)

Shaker B channel
25 A (determined by FSC at 0.5 cut-off)

PDB Authors PubMed Status
Doyle, D.A., Cabral, J.M., Pfuetzner,

1bl3 R.A., Kuo, A, Gulbis, J.M., Cohen, 5.L., 9525859 Released
Chait, B.T., Mackinnon, R.

Kreusch, A., Pfaffinger, P.J., Stevens,

1988 - £ “choe. S,

9582078 Released

27



CTpYKTYypHble 6a3bl AaHHbIX.

EMDB > EMD-10656

E. coli 70S ribosome in complex with dirithromycin, and deacylated
tRNA(iMet) (focused classification).

Source organism: Escherichia coli K-12 [83333]

Fitted atomic model: Gxza

Related EM entry by publication: EMD-10655, EMD-10657

3Dbionotes: available for this entry

Primary publication:

0 Insights into the improved macrolide inhibitory activity from the high-resolution cryo-EM
structure of dirithromycin bound to the E. coli 70S ribosome.

Pichkur EB, Paleskava A, Tereshchenkov AG, Kasatsky P, Komarova ES, Shiriaev DI,
Bogdanov AA, Dontsova OA, Osterman LA, Sergiev PV, Polikanov ¥S, Myasnikov AG,
Konevega AL

Rna 26 715-723 (2020)

PMID: 32144191

EMDB

Single particle reconstruction
2.66A resolution

Map released: 2020-11-04

28



HeynopsaoyeHHble 6enku

Intrinsically disordered proteins - «HapywuTenn» Aormol «CTPYKTYpa onpeaenset GyHKLUUIO»

STRUCTURE DETERMINATION OF THE SMALL UBIQUITIN-RELATED MODIFIER SUMO-1,
NMR, 10 STRUCTURES (pdb 1A5R)

29



3agaHue NoBOpOTa B MPOCTPAHCTBE

MaTtpuua nosopora:

1 0 0
M:(a) =10 cosa —sina
0 sina cosa
cosax 0 sina
My(a) = 0 1 0
—sinaa 0 cosa
cosax —sina 0
M.(a) = | sina cosa 0

0 0 1

JTioboe BpalleHne B TPEXMEPHOM MPOCTPAHCTBE MOXKET ObiTb NPEeACTaBAEHO KaK
KOMMNO3MLMA NOBOPOTOB BOKPYT TPEX OPTOrOHa/IbHbIX OCEMN.

HepoctaTku: 1) rpomo34KOCTb BbIYMCAEHUN
2) HEeYCTOMYMBOCTb Bbl4MUCEHMM (OLLNOKN OKPYrIeHNA)

30



3agaHue NoBopoTa B NpocTpaHcTee. MNpumep

cosae —sina 0
M.(a) = | sina cosa 0
0 0 1

MaTtpuua nosopora:

(@)-(s )0

31



Bupyc TabayHo mo3aunku

N.U1. NBaHOBCKUM
(1864 — 1920)

300 nm

32



Bupyc TabayHOM mo3anKku

REMARK 350 COORDINATES FOR A COMPLETE MULTIMER REPRESENTING THE KNOWN

REMARK 350 BIOLOGICALLY SIGNIFICANT OLIGOMERIZATION STATE OF THE

REMARK 350 MOLECULE CAN BE GENERATED BY APPLYING BIOMT TRANSFORMATIONS

REMARK 350 GIVEN BELOW. BOTH NON-CRYSTALLOGRAPHIC AND

REMARK 350 CRYSTALLOGRAPHIC OPERATIONS ARE GIVEN.

REMARK 350

REMARK 350 BIOMOLECULE: 1

REMARK 350 APPLY THE FOLLOWING TO CHAINS: A, R

REMARK 350 BIOMT1 1 1.000000 0.000000 0.000000 0.00000

REMARK 350 BIOMTZ2 1 0.000000 1.000000 =-0.000000 0.00000

REMARK 350 BIOMT3 1 0.000000 -0.000000 1.000000 0.00000

REMARK 350 BIOMT1 2 10.923478 -0.383651 0.000000 -0.00000

REMARK 350 BIOMTZ2 2 1 0.383651 0.923478 -0.000000 0.00000

REMARK 350 BIOMT3 2 10.000000 -0.000000 1.000000 -67.58400

REMARK 350 BIOMT1 49 0.926988 0.375092 0.000000 -0.00000

REMARK 350 BIOMTZ2 49 -0.375092 0.926988 -0.000000 0.00000

REMARK 350 BIOMT3 49 0.000000 -0.000000 1.000000 -1.40800
X,) |(BIOMTL, BIOMTL,, BIOMTL,, \(x ) |(BIOMTL,
Y, |=| BIOMT2,, BIOMT2, BIOMT2,, |y, |+| BIOMT2,,
z,) || BIOMT3,, BIOMT3,, BIOMT3,, |z ) | BIOMT3,,



(pdb-koa 4udv)

Bupyc TabayHoOM Mo3anKu
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Bupyc TabayHoOM Mo3anKu

35
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3agaHMe NOBOPOTA B NMPOCTPAHCTBE

MpocKon: npeueccusa, HyTauna u cobcTBeHHOEe BpalleHue

https://www.youtube.com/watch?v=kgcM7MmBj40

36


https://www.youtube.com/watch?v=kgcM7MmBj40

3agaHue NoBOpOTa B MPOCTPAHCTBE

Yrnbl diinepa (1776):

JleoHappg, dnnep
z (1707 — 1783)
A
Y
zZ
B X, Y, Z— UCXOAHblEe OCU
< y X, Y, Z— KOHEeYHble ocu

x Y

N — 1MHUA y35108B

N 37



3agaHue NoBOpOTa B MPOCTPAHCTBE

Yrnbl diinepa (1776):

X, Y, Z— NUCXO4Hble OCU X, Y, Z— KOHe4YHble ocH 7

b, -
F o

Yron o Mexay ocbo X U IMHUEN Y3/10B — Yro/l NpeLeccum
(noBOPOT BOKpYr ocK 7).

Yron B mexay ocamu z Uz — yron HyTaumm
(noBOpOT BOKPYr ocu X = INHUM Y310B).

Yron y mexay ocbto X' U INHUEN Y3/10B — YroN
COOGCTBEHHOrO BpaLLEHUA
(noBopoT BOKpyr ocn z”’'= 7).

Takune NOBOPOTbl HEKOMMYTATUBHbI N KOHEYHOE NON0OXKeEHNE CUCTEMbI 3aBUCUT OT
nopAAaKa, B KOTOPOM COBeEPLLUAOTCA NOBOPOTHI.

HepocTtaTKku: CN0XKHOCTb BbIYMCIEHMIA NPU KOMBUHALUK BPaLLLEHUN,
«CKNnaablBaHWe paMoK KapaaHoBa noaseca» (B=0).

Ucnonb3ytotca 8 M, AMP, 3MP. 33



3agaHMe NOBOPOTA B NMPOCTPAHCTBE

KapaaHoB nogsec

39



3agaHMe NOBOPOTA B NMPOCTPAHCTBE

KBaTepHuoHbl (1843): cuctema runepKoOMNIEKCHbIX Yncen, obpasyollan BEKTOpPHOe
NPOCTPAHCTBO PAa3MEPHOCTbIO YeTbipe HaZ MNOSIEM BELLECTBEHHbIX YMCE.

g=a+bi+cj+dk

qd=a-bi—-cj—dk
|lq[’=a®+b*+c*+d? « 1 i j k
. 11 @ j k
a_
q1:|q|2 1 i —1 k —j
i -k -1 i
kK k § —i -1

Yunoam PoysH lamunnibToH
(1805 — 1865)
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3agaHue NoBOpOTa B MPOCTPAHCTBE

OnuncaHue NMNOBOPOTa Yepe3 KBATEPHUOH.

g=w+zxi+yj+zk=w+ (z,y,2) = cos(a/2) + usin(a/2)

f = qvq—l _ qvq -pe3ynbTaT NOBOPOTa BEKTOPA V
| q |2 BOKPYr BEKTOPA U Ha yron o
-1 QVQT - OH K€ B MATPUYHOM BMAe
T=QVQ " =

v adet(Q)

[MpenmyLecTBa: a) MHTYUTUBHO MOHATHbLIN CMbIC/T U OTCYTCTBUE «CKNAAbIBAHUSA PAMOKY
6) BO3MOKHOCTb MCNO/Ib30BAaHMA BEKTOPHOM anrebpbl
B) IETKOCTb BbINOJHEHUA UHTEPNOAALMUN

qt)=>A-1t)g, +tg,, O<t<1l

41



3agaHue NoBOpOTa B MPOCTPAHCTBE

Mpumep: nosopoT BekTopa v (1, 0, 0) Bokpyr BekTopa u (1, 1, 1) Ha yron 120°.

___________________

KBaTepHMOH noBOpoOTa

q= co{ﬂ) + sin(ﬂjf + sin(”)i + sin(ﬂjlz
3 3 3 3

___________________

BeKTop u AonKeH BbITb €AUHNYHBIM, MO3TOMY
nepeobo3Hauynm

il 11
V34343
U ONA KBAaTEPHUOHA NoJiy4aem
1111, 1
—\ <y 1<) — < 1s11111
q (2 55 2) 2( )



3agaHue NoBOpOTa B MPOCTPAHCTBE

In quaternion form
v =%(1,1,1,1) q* =%(1, -1,-1,-1)  v=(0,1,0,0)
Note that |q[F=1

t=qvq= % (1,1,1,1)(0,1,0,0)(1, -1, —1,-1) = %(1+T+ j+k))-i-j-k) =
= % A+i+ j+k)(i+1-K+j)=
:%((1+T+]—R’)+T(1+T+]—E)+](1+T+]—E)+E(1+T+]—E)) =
=%(1+T+]—_k’+7—1+E+]+]—E—1—T+E+]—T+1)=
:%(0+07+4]+0E) ~(0,0,1,0)

that corresponds to a vector t = (0,1,0)

B e e X
T Ry, ed, ek e
|
-



CTpYKTYpHbIe BblpaBHMBaHUA

BapuaHTbl 3aga4u:

1) B3ammHoe coOOTBeTCTBME aTOMOB W3BECTHO
3apaHee:

p,<>q,1=1...,N

(pa3nunuHbIe CTPYKTYPbI AN MOAENN OAHOMN U TOU
xe nocaenoBaTeNIbHOCTH nnn 6113KO0
FOMOJIOTUYHbIX nocnenoBaTe/IbHOCTEN
OAUHAKOBOW A/INHbI);

CoBMelLLeHUe CTPYKTYpP 3putenibHoro pogoncuHa (pdb-koabl 1ul9 n 1f88) a4



CTPYKTYpHble BblpaBHUBaHUA

BapVIaHTbI 3a4a4yn.

2) CooTBeTcTBME HEU3BECTHO, HO WU3BecTeH
NOpPAAOK CneaoBaHUA:

Py < Ujy:1=1..., K<N, M,
npuvem K >K, < 1(k;) > 1(k,), J(k;) > J(k,)

(cTPYKTYypbl  NocneaoBaTeNlbHOCTEM  pa3HOW
O/WMHbI, MMEeKLIMEe BCTaBKM B BblpaBHUBAHUM
nocaenoBaTeNnbHOCTEN);

3
4

1 5 1 8

CoBMelLeHne CTPYKTYpP 3puTenbHoro poaoncuHa (pdb-koa 1ul9) m
B2-agpeHapruyeckoro peuentopa (pdb-koa 2rhl) 45



CTPYKTYpPHble BblpaBHUBAHUSA

BaplliaHTbI 3aaun.

3) HensBecTHO HX COOTBETCTBUE, HU NOPAAOK C/1eJ0BaHUA:

Bico (_)qj(k),i =1..,K<N,M

(bapmakodopbi)
[anonepugon
FWN (6nokaTtop 40PaMMHOBbLIX
0 %CI peLenTopos)
HO
Bepanamun

N OCH;4
\/\O: (bhoKaTop noTeHLUMan-3aBUCUMbIX
OCH, KaNbLMEBbIX KaHaN0B)
O6a NpoABAAIOT aKTUBHOCTb B OTHOLLEHWM Ka/INEeBbIX KaHa 0B
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CTPYKTYpPHble BblpaBHUBAHUSA

Mepa 61130CcTK (AN CTPYKTYP C 3apaHee M3BEeCTHbIM B3aMMHbIM COOTBETCTBMEM
aTOMOB) - cpeAHeKBaapaTUYHoe oTKNoHeHue atomoB (CKO):

(s -8 o8 <)

CKO=\ '

n
(OGbIHHO paccH4nTbiBaE€TCA ANA Ca-aTomos, HO B Ccny4dae O4eHb 61M3KMUX TOMONOrOB

— ANA BCeX TAXKENDbIX aTOMOB)

"]

2
1

; —> — —
0 ‘ 1 2 X ’

CKO=V2 CKO =2
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MeToabl MUHMMM3AUMN. [PagUEeHTHbIN CNYCK

MeToa, HaxoXKAeHUA NOKaNbHOrO MUHMMYMa PYHKLMKU C MOMOLLbIO ABUMKEHUA BAO/b

rpagueHTa.

MycTb ecTb HeKaa GpyHKUMA F(X), ANA KOTOPON Mbl XOTUM HaUTU TaKoe 3HaYeHMUe X, YTO
bYHKUMA NpUHMMAET MUHMUMaIbHOE 3HavyeHne. OCHOBHAaA naea MetToaa 3aKkao4vaeTcs
B TOM, 4TOObl MATM B HaNpaBAEHUM HAUCKOPEWLIEro Crnycka, a 3TO HanpaBaeHue
3a0a€T1cA aHTUrpagneHtTom —VF:

2l _ Uil _ \ily p(lil)

BennymHa wara moxKet bbiTb

- NOCTOAHHOM

- ApobHOM

-onpeaenaemon Ha KaxKaowm
nTepauumn 3aHOBO

(meToa, HancKopeMLero cnycka,

steepest descent)
48




MeToabl MUHUMU3ALIUM.

«Mpobnema oBparos»

l
|
|
/R e i 2 w1
|
i
|
|

[PaAMEHTHbIN CNYCK

1
i

{ 7

1 4
i
051
s 1
]

05
e 1}

4y2 Ak 3) cos(2x + 1 — )
1
]
'l
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MeTtoabl MMHUMM3aAUUN. MeToa conpAXKeHHbIX
rpagueHToB

(conjugated gradients)

MeToa, HaxoXAEeHUA IOKAZIbHOTO MUHUMYMA GYHKLUK, NPU KOTOPOM HanpaBAeHUE U
BE/IMYMHA LLIara PacCYMTLIBAOTCA C Y4ETOM rpagMeHTa B TEKYLLEN TOYKe U
MHopMaLMM 0 NpeablayLem Lware:

_>
— — - |V f(:)|?
Sk = =V f(xr) + wp Sk-1, w; = —
IV f(Zi1)l?

B cnyyae KBagpaTtuiuHom GyHKLNMU
OT N NepPeEMEHHbIX

f@) =7 AZ+b-F+c

MmeTod rapaHTNMpoBaHHO CXOA4UNTCA
3a n waroes.
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[lpogonxKeHue cnepyer...



