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Cosmic convergence

On 17 August, scientists around the world

withessed something never seen before:

“One hundred and thirty million light-years away, two neutron stars
spiraled into each other in a spectacular explosion that was studied
by observatories ranging from gamma ray detectors to radio
telescopes. The blast confirmed several key astrophysical models,
revealed a birthplace of many heavy elements, and tested the
general theory of relativity as never before. That first observation of

a neutron-star merger, and the scientific bounty it revealed is

Science’s 2017 Breakthrough of the Year~
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On August 17,2017, 12:41 UTC,
LIGO (US) and Virgo (Europe) detect
gravitational waves from the merger
of two neutron stars, each around

1.5 times the mass of our Sun. This is
the first detection of spacetime ripples
from neutron stars

‘detects a short gamma-ray burst from a

FIRST CosmIC EVENT OBSERVED

IN GRAVITATIONAL WAVES AND LIGHT
) Colliding Binary Neutron Star PSR B1913+16

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
and provide clues to the origins of

Nweavy elements like gold and platinum

Within two seconds, NASA's
Fermi Gamma-ray Space Telescope

region of the sky overlapping the LIGO/Virgo
position. Optical telescope observations

pinpoint the origin of this signal to NGC 4993,
a galaxy located 130 million light years distant.
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An infographic showing the sequence of events associated with GW170817/GRB170817A. Credit: C. Evans/K. Jani/Georgia Tech @
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Bruomonekynbl n buonoruyeckme
CTPYKTYPbl HQ aTOMHOM YPOBHE.
Kpno-OM

MuHWaTIOpHbIN OEeTEKTOP ToyevHoe pefgakTupoBaHue
paccesHNa HENTPUHO Ha agpax nap reHomHoun [JHK

Camble gpesHue (~ 300 000neT)

, CBoboaHbI 0OMeH npenpuHTamm paka, oencTeyroLliee
ocTaHkm H Sapiens (Mapokko)

cTatei no buonorum Ha reHeTUKY PaKoBbIX KMETOK

OpaHaymaHau Jleg 13 AHTapKTUKK, 3amep3Luni eHHas Tepamv/m CnnHarbHoOU
Pongo tapanuliensis 2.7 MUNNMoOHa NeT TOMy Hasag MblLUEeYHOW aTpocmny
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BF‘{E_,AKTH ROUGFT

2 ihre YEAR -- 

Bruomonekynbl 1 Guonorunyeckne
CTPYKTYpPbl HA aTOMHOM YPOBHE.
KprnoanekTpoHHast MMKpOCKONus

HewnTpuHo (€, u, 1)
MuHMnaTopHLIN OETEKTOP

pacceaHns HEUTPUHO Ha sapax

To4yevyHoe pegakTupoBaHmne

nap reHomHon [AHK

Nature, Vol. 551, p. 464, 23 November 2017

KBaHTOBbIE KOMMbLIOTEPLI U MPOrPecc B BbIMUCIIEHMSX
MeTtannuyecknin Bogopoa 1 Apyrme HoBble Mmatepuarnbi
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“for the development of cryo-electron
microscopy, which both simplifies and
improves the imaging of biomolecules”

Jacques Dubochet (b.1940)

University of lauzanne (Switzerland)
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OcCHOBHbI® METOALI OnpeaeneHus CTpoeHua GuomMonexyn u GUOCTPyKTyp

Heobxoanm kpuctannnyeckui
obpasey

Paamep mMornekyn He orpaHnyeH

ATOMHOE paspelueHue,
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1 obpaseL, MOXeT pas3pyLUnTbLCS

~) :

3?_;‘3‘ b
—8 D Q~
Nuclear
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Electron microscopy

HeT 0cobeHHbIX orpaHn4eHnn
O6pasubl nroboro pasmepa

Paspewenve o 2-3 A:
A =h/p=h/2emU

TEM Tecnai G2 Spirit BioTWIN
ooy

L

Cryo-Electron
Microscopy

O6pasel, 3amopaxunBaeTcst
B €CTECTBEHHOM COCTOSIHUU

bonblune MOJEeKyIbl

MpaKkTuyeckn aToMHoe paspeLleHue,
BbICTpOE NpuUroToBreHne obpasua
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CH,OH
HO
O,
OH o
B-Galactosidase
OH HO OH
OH OH OH OH

\ Lactose Galactose Glucose /

ﬂMITDSLAVV LORRDWENPG VTQLNRLAAH PPFASWRNSE EARTDRPSQQ LRSLNGEWRF AWFPAPEAVP ESWLECDLPE ADTVVVPSNW QMHGYDAFQ

TNVTYPITVN PPFVPTENPT GCYSLTFNVD ESWLQEGQTR IIFDGVNSAF HLWCNGRWVG YGQDSRLPSE FDLSAFLRAG ENRLAVMVLR WSDGSYLEDQ
DMWRMSGIFR DVSLLHKPTT QISDFHVATR FNDDFSRAVL EAEVQMCGEL RDYLRVTVSL WQGETQVASG TAPFGGEIID ERGGYADRVT LRLNVENPKL
WSAEIPNLYR AVVELHTADG TLIEAEACDV GFREVRIENG LLLLNGKPLL IRGVNRHEHH PLHGQVMDEQ TMVQDILLMK QNNFNAVRCS HYPNHPLWYT
LCDRYGLYVV DEANIETHGM VPMNRLTDDP RWLPAMSERV TRMVQRDRNH PSVIIWSLGN ESGHGANHDA LYRWIKSVDP SRPVQYEGGG ADTTATDIIC
PMYARVDEDQ PFPAVPKWSI KKWLSLPGET RPLILCEYAH AMGNSLGGFA KYWQAFRQYP RLQGGFVWDW VDQSLIKYDE NGNPWSAYGG DFGDTPNDRQ
FCMNGLVFAD RTPHPALTEA KHQQQFFQFR LSGQTIEVTS EYLFRHSDNE LLHWMVALDG KPLASGEVPL DVAPQGKQLI ELPELPQPES AGQLWLTVRV
VOPNATAWSE AGHISAWQQW RLAENLSVTL PAASHAIPHL TTSEMDFCIE LGNKRWQFNR QSGFLSQMWI GDKKQLLTPL RDQFTRAPLD NDIGVSEATR
IDPNAWVERW KAAGHYQAEA ALLQCTADTL ADAVLITTAH AWQHQGKTLF ISRKTYRIDG SGQMAITVDV EVASDTPHPA RIGLNCQLAQ VAERVNWLGL
GPQENYPDRL TAACFDRWDL PLSDMYTPYV FPSENGLRCG TRELNYGPHQ WRGDFQFNIS RYSQQQLMET SHRHLLHAEE GTWLNIDGFH MGIGGDDSWS
QSVSAEFQLS AGRYHYQLVW CQK

Richard Henderson. “From electron crystallography to single particle cryoEM “ Nobel Lecture in Chemistry. 8"December 2017
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2.2 A resolution cryo-EM structure of B-galactosidase

iIn complex with a cell-permeant inhibitor.
A. Bartesaghi, A. Merck, S Banerjee, D. Matthless, X. Wu, J. Milne, S. Subramanian

Science. 2015, vol. 348. Issue 6239, 1147-1151

Downloaded from http://science.scienc



To4yeuyHoe pepakTupoBaHue nap reHomHou AHK
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PepakrupoeBaHue reHoma
(CRISPR - Clustered Regularly-Interspaced Short Palindromic Repeats)

‘?‘{\\\ ol xS
Co3paeTcs reHeTUYeCcKas nocnegoBaTeribHOCTb, OT1a nocnegoBaTenbHOCTL BBOAUTCA B KNEeTKy B Buge
Ha3biBaemas PHK-rua, komnnemeHTapHas y4acTKy KomMmnnekca ¢ nporemHom Cas9, AeMCTBYHOLWMM KaK
OHK, koTopbIn AOoMKeH ObITb UCNpaBeH HOXHMUUbI, pa3pe3atowme AHK
Pexywmn ueHTp
Guide RNA 3H3UMa

Cas9

Guide sequence

B PHK-rua nogctpanBaeTcs K HaMe4YeHHOMY Ans n Apyron cdoparmeHT AHK 3aHMMaeT MecTo npexHen
ncnpasneHusa yqyactky AHK, n Cas9 Bbipe3aet aToT OHK, 1 3H3MMbI NOYNHAIOT pa3pe3sbl.
yyactok. 3atem PHK-rug n Cas9 nokngaroTt yyacTok DedektHasa OHK ncnpasneHa!

Cas9 E

SOURCES: Nature News. Carl Zimmer Revijew: Jennifer A. Doudna, E. Charpentier. Science 28 Nov 2014: Vol. 346. Issue 6213




Programmable base editing of A - T te G - C in genomic DNA
NH. >
I
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N H,0
(L= - |
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R R R
Adenosine Inosine (I) read as (G) by polymerase

(A) ()

N packpbiTne
reHomHon [AHK

>

CessbiBaHue [e3amnHmnpoBaHune
agieHosuHa A B nysblpe
ogHoueno4ve4yHon OHK

nporpaMmmMmnpoBaHHoOe
*y  g-PHK

deaminase , & 9%
y - " -
&' 3'-o --5'
; K111 o
" Mpotocneicep PAM
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>
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5'eee

leHomHas OHK

N.M. Gaudelli, A.C. Komor, H.A. Rees, M.S. Packer, A.H. Badran, D.I.
Nature. 2017, vol. 551, 23 November, 464-471

HepepakTupoBaHHas

uenb AHK
T'eve

BoccraHosneHwne, | pennukauua OHK
Y

ey’

'

5'aee

Bryson, D.R. Liu.

eeed’

WcnpasnenHas OHK
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(1) _Heir

[MoToK HEMTpUHO cBOOOAHO &
MPOXOAMT CKBO3b 3EMITI0 4/

Wolfgang Pauli

1931

lMocmynuposan obpa3oeaHue
HelUmpuHo rpu fF-pacrade

Frederic Reines
1995

“for the detection of the neutrino”

o) ’QJ/

Takaaki Kajita Arthur McDonald

/' Kaxpyto cekyHAy AECATKN TbICAY HEUTPUHO  “for the discovery of neutrino oscillations,
NPOHM3bIBAOT BaLle Teso which shows that neutrinos have mass"

Co S/};
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HerpunHasa o6cepBaTtopusn lce Cube (1 km? of ice)

Saurtd PoLE NEUTRING OESERVATORY

I l :ED' IBE 49 institutions in 12 countries: 26 U.S. and Canada, 19 Europe and 4 Asia Pacific

50 m lceTap— = — Z__.-.::“‘f:‘::: -

Amundsen—Sca
L Pole Station, A
IceCube Laboratory it L N RRReY A National Science Fou
. set 125 meters apart
Data is collected here and

managed research facility
sent by satellite to the data
warehouse at UW—Madison T

/ 60 DOMs
on each
string
DOMs
are 17 _|:
meters
' apart o\ O
Digital Optical -’ ) 1| RADIATION
Module (DOM) 2450 m
5,160 DOMs
deployed in the ice

Antarctic bedrock

www.icecube.wisc.edu



NaBen AnekceeBud
YepeHkoB
1904-1990

Nropb EBreHbeBmY Nnbs Muxannosuy
Tamm ®paHk
1895-1971 1908-1990

[V > Vypase = c/nJ
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Ynpyroe korepeHTHoe paccesHue HEWTPUHO Ha AARax aToMeB

D. Akimov et al., Science,10.1126/science.aao0990 (2017)

D. Akimov,12 J. B. Albert,3 P. An,% C. Awe,*5 P. S. Barbeau,*5 B. Becker,5 V. Belov,12 A. Brown,*” A. Bolozdynya,? B. Cabrera-Palmer,8 M.
Cervantes,® J. I. Collar,** R. J. Cooper,'0 R. L. Cooper,'112 C. Cuesta,'3t D. J. Dean,'* J. A. Detwiler,’® A. Eberhardt,'3 Y. Efremenko,%* S. R. Elliott,1? E.
M. Erkela,’3 L. Fabris,* M. Febbraro,’* N. E. Fields,9 W. Fox,3 Z. Fu,'3 A. Galindo-Uribarri,’* M. P. Green,*415 M. Hai,® M. R. Heath,3 S. Hedges,*® D.
Hornback,4 T. W. Hossbach,8 E. B. Iverson,’4 L. J. Kaufman,3S. Ki,5 S. R. Klein,2 A. Khromov,2 A. Konovalov,1217 M. Kremer,* A.

Kumpan,2 C. Leadbetter,* L. Li,4,5 W. Lu,™* K. Mann,*1> D. M. Markoff,*” K. Miller,4,5 H. Moreno,!* P. E. Mueller,* J. Newby,'* J. L. Orrell,16C. T.
Overman,® D. S. Parno,’3 S. Penttila,’* G. Perumpilly,® H. Ray,8 J. Raybern,5 D. Reyna,8 G. C. Rich,41419 D. Rimal,18 D. Rudik,2 K. Scholberg,® B. J.

Scholz,® G. Sinev,5 W. M. Snow,? V. Sosnovtsev,2 A. Shakirov,2 S. Suchyta,° B. Suh,45,14R. Tayloe,® R. T. Thornton,? I. Tolstukhin,3 J.
Vanderwerp,3 R. L. Varner,4 C. J. Virtue,?° Z. Wan,* J. Yo0,2! C.-H. Yu,* A. Zawada,* J. Zettlemoyer,3 A. M. Zderic'® COHERENT Collaboration

0 scattered
neutrino
A1 14.6-kg
Csl
scintillator

nucle_ar
recoil

- &

“The coherent elastic scattering of neutrinos off nuclei
o @ has eluded detection for four decades, even though its
¥ secondary . L
recoils predicted cross-section is the largest by far of all
low-energy neutrino couplings. This mode of interaction
provides new opportunities to study neutrino properties, and leads to a miniaturization of
detector size, with potential technological applications.”

Oak Ridge National Laboratory

scintillation



npoekTe MeracaneH
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XFEL - x-ray free electron laser

BcnblweK B cekyHay 27 000 B 10° pa3 Bblwwe, 4em B
CYLLLECTBYIOLMX UCTOYHMKAX.

[nvHa BoNHbI 0.05 - 4.7 Hm ATOMHOEe paspelleHne
MpooonKntenbHOCTb MeHee 100 ¢c¢ Xnmunyeckas peakuma
MMNy/bCa 1¢dc=10%c¢ ®a3oBbIi Nepexop,
q PKOCTb 1.6 - 10% ¢poTtoHoB/c/MM? B 104 BblIwwe Bcex

AOCTYNHbIX NICTOYHUKOB

[2052] Singlet excited state of Cu-based material for Organic Light Emitting Diodes probed with pump-probe X-ray
scattering and emission

S Temperature activated

_I + BF4" v ‘reverse ISC

S, m—
2 o~ T4, i S
©\ /O\ ,O ' o I e
P =] P lifetime ifetime

Excitation

Emission only from
singlet states

PCP

MepBbI pPOCCUNCKMIA IKCNEPUMEHT B Nporpamm XFEL npeanoxeH rpynnon cotpygHukos MULL HODY
puropnem CmoneHueBbiM 1 AnekcaHapom lyoom



L qubits - 2L cocTosiHMM

D-Wave (Kanaga) 5-kKybuTtoBbIn kKomnbloTep IBM
MepBbIi KoMMep4Yeckuii (~ $ 11 MNH) KBAHTOBbIN KOMMbIOTEP [MepBbI KBAHTOBLIN KOMMbIOTEP ANA BCceobLuero nonb3OBaHM@
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M. Endres, H.Bernien, A. Keesling, H. Levine, E. Anschuetz, A. Krajenbrink, C. Senko, V. Vuletic, M. Greiner, Mikhail D. Lukin.
Science 25 Nov 2016: Vol. 354, Issue 6315, pp. 1024-1027



«3a co3aHune MmeToaoB oXnaxaeHusAa n ynasrinBaHuUA
dTOMOB J1a3epPHbIM JTy4OM»

Knoa KoaH-TaHHympku CtueH Yy Yunbsam dunnunc
p. 1933 p. 1948 p. 1948
dpaHuus CLUIA CLUA
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TeTpageHTaTHbIN
penokKc nuraHg

O.x.H A.l. Ctapukos
K.x.H A.A. CtapukoBa

»>He MeHee ABYX NapaMarHUTHbIX BO BCEX COCTOSIHUSAX LIeHTPOB;
> oba meTannoueHTpa CNOCOOHbI K NepPeKo4YeHMI0 CMMHOBBLIX COCTOSIHMW (CNUH-KpoccoBep, BT)
» Mexay napamarHUTHbIMU LieHTPaMu1 UMeroTcs cnabble oOMeHHble B3aMMOAEUCTBUA - KBaHTOBas 3anyTaHHOCTb

> cooTBeTcTBUE KpuTepusam u BuHuyeHLo

V.I. Minkin, A.G. Starikov, A.A. Starikova. Dalton Transact. 2015, 44, 1982; Dalton Transact. 2016, 45, 12103; New J. Chem. 2017, 41, 6497; @



N@“/ g CTp3anHTPOHUKA — HOBbIXW NOAXOA K CO34aHUI0 YCTPOMUCTB
?/Q oO6paboTKkn n xpaHeHUa nHcpopmauumn
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R = f (deform)

M.V. Il'ina, O.I. II'in, Y.F. Blinov, V.A. Smirnov, A.S. Kolomiytsev, A.A.Fedotov, B.G. Konoplev, O.A. Ageev.
«Memristive switching mechanism of vertically aligned carbon Nanotubes». Carbon (2017), doi: 10.1016/j.carbon.2017.07.090



IxoH BepHan KOoxmH BurHep
1901-1971 1902 -1995

1930, 1935
[MnoTe3a 0 BO3MOXHOCTWN MeTarnnmM4eckoro CoOCToAHNA Bogopoaa

npu gaeneHnn ~ 250 TbiC. arT.

Wigner, E. & Huntington, H. B. J. Chem. Phys. 3, 764—-770 (1935)



Dias, R.; Silvera, I. F.
"Observation of the Wigner-Huntington Transition
to Solid Metallic Hydrogen*®
Science. 355: 715-718

(2016) arXiv:1610.01634 [cond-mat].

Ranga Dias, Isaac F. Silvera. Harvard University

495 Ma = 5 000 000 at ND:YAG niasep (1064 Hw)
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Some Remarkable Properties of Metallic Hydrogen
Metallic Hydrogen: lsaac F. Silvera
A Game Changing Rocket Lyman Laboratory of Physics

Propellant Harvard University, Cambridge, MA 02138

*Recombination of hydrogen atoms releases 216 MJ/kg
*Hydrogen/Oxygen combustion in the Shuttle: 10 MJ/kg
*TNT 4.2 Ml/kg

‘Theoretical Specific Impulse, Isp
'Metallic Hydrogen  1000-1700s

*Molecular hydrogen/oxygen “460's (space shuttle)



Akagemuk AnekcaHap Munxannosud Cepreen
MpesnaeHT Poccuimnckon Akagemmnn Hayk

«He 6ypet y Hac dyHaameHTaNbHOMU HAayKU — 3710 byaer
6onblan 6epa, NOTOMY UTO MO MHOTUM
HanpaBAeHUAM — BOEHHbIM U apyrum —
Hay4yHO-TeXHNYeCKUu 3agen ucuepnaH. OH moxer

BOCCTAaHAB/MBATbLCA TONbKO pyHAAMEHTA/IbHO HAYKOU»

A.M. Ceprees B xoae BcTpeun ¢ yneHamu Coseta Pegepauymn. 31.10.17
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10-99 CITATIONS (

®

100-999 CITATIONS
(1,066,046 papers)

Watson and Crick
on structure of
DNA (1953)
5,207 citations

1,000-9,999 CITATIONS (14,351

ozone hole (1985)
1,871 citations

Hirsch proposes
] the h index to
measure scientific
productivity (2005)
tions

THE PAPER
MOUNTAIN

If you were to print out just the first page
of every item indexed in Web of Science,
the stack of paper would reach almost to
the top of Mt Kilimanjaro. Only the top
metre and a half of that stack would have
received 1,000 citations or more, and just
a centimetre and a half would have been
cited more than 10,000 times. All of the
top 100 are cited more than 12,000 times,
besting some of the most recognizable
scientific discoveries in history.

10,000+
CITATIONS
(148 papers)

TOP-10 PAPERS

Just 3 papers have r ed more than 100,000
citations, putting them well ahead of the rest. T ]
runaway hits all cover biological lab techniques, w
in general dominate the list of most-cited literature,
including 7 of the top 10,

305,148 citations

1

60,397

-

Data provided by Thomson Reuters/Wel ce. Individual paper citation figures =
extracted 7 October 2014. Distribution in database: 19 September 2014
-

N
]

Nature-top-100 papers
Infographic
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