A.M. Herpiuko,

ynieH-kopecnoHaeHT HAH YkpaiHu

JlTazep — IHCTPYMEHT HayKu
XXI cToniTTA

BcTtyn oo cneuianbHOCTI
“MNpuknagHa doisnka’

KagbeOpa ripuknadHol gbi3uKu
DI3UKO-MeXHIYHO20 IHCmumymy
HauioHanbH020 mexHIYHO20 yHIgepcumemy YkpaiHu
KuiscbKkuu nonimexHiYHUU iHcmumym
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Scientists Make Lasers Out of Human Blood




Drone-Killing Laser Cannon




Physicists Use Lasers to Capture First
Snapshots of Rapid Chemical Bonds Breaking
October 24, 2016




Physicists break record for laser-electron interaction
Oct 26, 2016

Researchers have converted the energy of an electron beam into a pulse
of coherent light with an efficiency of 30% — much higher than the 10%
efficiency of most free-electron lasers.

While their demonstration produces only infrared light,

the method could lead to efficient, high-power lasers operating

over a range of wavelengths, including X-ray.
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DAILY NEWS 11 October 2016

Disco-ball sail propelled by laser could fly to a
nearby star




Cold Results from Fast Lasers
October 10, 2016 Physics 9, 115

Ultrafast lasers show promise to cool down and trap atomic species
inaccessible to more traditional methods.
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Hanekomip KOT-2Y (PoTonpunapn, Yepkacwu)

[Tpn3HavyeHnn gns BUMIpy ganbHOCTI 40 uini | Bugadi iHgpopmauii
Npo AanbHICTb HAa ONOK iHAMKaUiT | Ha banicTUYHMK ob4yncnoBau.
BukopuctoByeTbcs Ha bpoHeolb’ekTax Tuny T55A, T-62, BMI.
CknapgaeTbCs 3 npunmMmada - nepegasada 3 BCTaAHOBIEHUMU B HBOMY
nasepHuUM BUNpoMiHOBa4YeM, oTonpumnmMmadem i Bisnpowm,
enekTpobnoka, bfioka iHaukadil, NyrneTa KepyBaHHS, kabeni., ckna
3axucHoro, 3lII1.

[iana3oH BUMMiprOBaHHA anbHOCTI: 50 - 4000 m




[TpoTMBOTaAHKOBLIE yrpaBnseMble CHapsabl, 3anyckaemMble Yepes CTBOJT
NyLLEK, YCTaHOBMNEHHbIX HA TaHKax, 3aHMMaKT OCODbIN CErMEHT OPYXXENHOro
pblHKA. YKpanHa B 9TOM CErMeHTe NpeacTaBrisieT BbICTPEbI C ypaBnsemomn
pakeTon «KombaTt» n «KoHyc». 3TO BbICOKOTOYHOE nagenue paspabotaHo 1

«["'ocynapcteeHHoe KKbB Jlyu», cepunHoe npomssoacteo ocywectensaeTt [[AXK
«ApTem».



L\ JIASEPHI I'POCKOINW

AFLEHAIL

e oy, NS HABIFALIMHUX CUCTEM

NPU3HAYEHHA: BumiproBay npoekuil BekTopa KyTOBOI WBKAKOCTI OCHOBK Ha Bick YyTnueocTi NI,

OCOENUBOCTI:

Nazepxi ripockonu 3 3-Ma QOBMMHaMMK
nepumeTpy. MoHobBnoyHa KOHCTPYKUIR,
KinbUueeMH nazep Ha eibponigcraeui B
ENeXTPOMArHiTHOMY EKpaHi.

C®EPA 3ACTOCYBAHHSA:

JIT BHKOPMCTOBYWTLCA Yy cKnaai
|beannathopMHUX iHepUuianbHMUX
HABIrALIWHWX CHCTEM.

TEXHIYHI XAPAKTEPWUCTHKMN:

Mogens (goBXHHE NEPUMETRY, CM). lﬂgﬂﬂa';ﬂﬂ cul [uapHEnITI;Il-EW em) :nenfmi;r-r? EL cM)
AmiweHnA HynA, rpan.rog. 0.005...0.01 0.02...0.05 0.3...0.7
Bunagkosui siaxia B kyTi, rpag.y/roa. 0.001...0.003 0.006...0.02 0.03...0.08
HectabinbHicTe MacwT. koadiuieHTa 10 ppm 20 ppm 100 ppm
[nanazoH KyTOBKX WBKMAKOCTEH, rpag./c + 400 + 600 + 1000
TemnepatypHui gianazou, C -40 ... +65 <40 ... +65 40 .., +65










[lepwmnm nasep - 1960

Components of the first ruby laser




A MUHYNOro poky BUNOBHUIIOCHA

M.C. bpoavH
(3niBa, Tenep
akagemik),
B.J1. Bpoyaoe

M.C. CockiH,
M.T. Wnak,
B./. KpaBueHko,
€.0. TnuxoHoB
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for his services to Theoretical Physics,
and especially for his discovery
of the law of the photoelectric effect

—E,  Absorption can oocu

\AWM ‘ only when

—0r AF:m :Ez' E1 A downward transition
Eptmlul =hU ! Involves emissioin of

E
TVW/\: pholon of energy.
| .




. 1964 p."3a dpyHoameHTanbHi poboTu B
A%  ranysi KBAHTOBOI €NEKTPOHIKK, LLO
@V npvBenn 4o CTBOPEHHS reHepaTopiB Ta
nigcuntoBadiB, siki 0a3yoTbCs Ha
Ma3epHUX Ta NasepHMxX NnpuHumnax

Charles Hard Nicolay Aleksandr

Townes Gennadiyevich Mikhailovich
Basov Prokhorov



Light Amplification by Stimulated Emission of Radiatic

Common Laser System Configurations

Ti:Sapphire

Dioxide Laser Mode Locked Laser

Argon-lon
aser

Semiconductor

Laser Helium-Neon
Laser
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EHepria ALepHOro CUHTesy

The Sun:
a natural
fusion
reactor

D+l —=a+n

C35MeV 14.1MeV_—>

Terrestrial
fusion fuel * otal energy
. ; = of
is plentiful b Arkabto®
1 km
L 45::
PEEEEEE  7]] p—

EZ@ v
\

Mass difference between
initial & final particles =
[ZMp + (A-Z)Mn—M] / A

This eneragy is ~ a million times
greater than in chemical reactions
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Lasers or X-rays Matter compressed to ~300 gem® PW Iaser pulse is launched Off centre spark is
symmetrically  and a 100 ps "hole-boring” pulse into channel generating MeV  formed, creating a burn
irradiate peliet at creates a channel in the electrons that are stopped in wave that propagates
expanding coronal plasma the dense fuel thrcugh the fusl

abnsiuis ctucHeHHs HarpiB



National ignition
laboratory
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Laser Bay 2, one of NIF's two laser bays, was commissioned on July 31, 2007.



The 10-meter-diameter target chamber, installed in June 1999, weighs 287,000 pounds. The spherical vacuum vessel
was assembled from 18 four-inch-thick aluminum sections fabricated by Pitt-Des Moines, Inc., of Pittsburgh,
Pennsylvania, and was installed with one of the largest cranes in the world.
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A NIF hohlraum. The hohlraum cylinder, which contains the NIF fusion fuel capsule, is just a few millimeters wide, about
the size of a pencil eraser, with beam entrance holes at either end. The fuel capsule is the size of a small pea.
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Jleisgore o orloryiier s

HobeniBcbka npemif 3 diaukm 1997p. “...3a
PO3POOKY MeToAiB OXOJNIOAKEeHHSA Ta
yTpMMaHHA aTOMIB na3zepHUM CBITNIOM”

William D, Phillips

National Institute of Standardy and

Steven Chu Claude Cohen-Tannoudji

Stanford Universily, Stanford, College de France and Ecole Normale Technology, Gaithersburg, Maryland, USA
California, USA Supérieure, Paris, France



TylcK calTrlel

CBITN0 NepeHOCUTb He NnLLIE EeHeprito, a 1
iMMyribC. TUCK CBiTNa Ha abCorOTHO YOPHY
NOBEPXHIO OOPIBHIOE IYCTUHI CBITIIOBOIO
noToky (iHTeHcuBHOCTI y BT/M?2) noaineHin Ha
LUBMAKICTb CBITNA C. 3a3Bu4yaun, Lien TUCK ayxKe
Manun. Tak, Ha opOiTi 3emri IHTEHCUBHICTb
COHAYHOro cBitTna cknanae 1370 Bt/mM2, a
CBITNOBUU TUCK - 4.6 MKI1a



TuUck cBiTna

J.C. Maxwell: ,Hence in a medium in which waves are
propagated there is a pressure in the direction normal to the
waves and numerically equal to the energy in unit volume®

. 1901. M 11
1. J.C. Maxwell, A Treatise on -
Electricity and Magnetism (1st edition), ANNALEN DER PHYSIK.

Il., Oxford (1873) 391 VIERTE FOLGE. BAND 6.

1. Untersuchungen diber die Druckkrifte des

2. P. Lebedew, Untersuchungen uber Lichtes; von Peter Lebedew.
dle DrUCkkraﬂ:e deS LIChteS, ANNALEN Bei der Aufstellung seiner elektromagnetischen Licht-
DER PHYSIK, N1 1 (1 901) 433-458 theorie hat Maxwell (1g873) auch diejeniggn Krifte mit in

Betracht gezogen, welche als ponderomotorische Krifte in
einem elektrisch oder magnetisch polarisirten Medium auftreten;
als eine notwendige Consequenz seiner Theorie ergiebt es sich,

3. EE N|ChOIS, GF HU”, The dazs “(/iriese K]r]‘alf\te in'r einem Strahlenbiindel auftreten miissen,
. . - und Maxwelll) sagt:-
pressure due to radiation, The Physical ,Es wirkt in einem Medium, in welchem eine Welle sich
i fortpflanzt, in der Richtung der Fortpflanzung ein Druck, der
ReV|eW (1 903) 26'50 (N1 ), 91 '1 04 an jeder Stelle num;risech][l ebenZO g:oss iIslf,, wi:1 dierda,s’elbst
vorhandene, auf Volumeneinheit bezogene Energie.«
(N2) Auf die Ableitung dieser Maxwell’schen Druckkrifte der

elektromagnetischen Strahlung sind neuerdings Heaviside?),
Lorentz®), Cohn*) und Goldhammer?) niher eingegangen.
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Incident Atom Excited A

- momentum = p e mentum = p - h/A
W i EXCITED

it ATOM
Resonant Laser EXCITATION
momentum = h/A % §{

G.8 ' EXCITED

ATOM ATOM W""’

SPONTANEOUS

Incident Atom ‘)@;} %\ EMISSION

% omentum = p'=p-Ah/A
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IMnynbC poToHa

Yac xkutta B 30y)KEHOMY CTaHi

Un MOXNMBO NEPEBULLINTY LIE
dyHOaMmeHTanbHe 0OMEXEeHHS?

TAKIM
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Basan h Bannm 4
2 IMNYIbCU OOTOHA
Cuna = y P

Yac Mk akTamu nornmMHaHHsA Ta CTUMYJIbOBaHOIro BUMPOMIHIOBaHHS



VG VeV Hi

m-IMNYNbCU TexHiYHO NPaKTUYHO

OyXe BaXKKo peani3dyBaTtu
Buxig: bixpomatunyHa ctogya XxBuUns

B. C. Bonuexosuy, M. B. laHnneunko, A. M. Herpuuko,
B. . PomaHeHko, J1. I'l. AueHko, XXTO, 58, 1174
(1988), Nncbma B XIATO, 1989,



bixpomaTtuyHa cuna. CnocrepexXeHHs

Oxepeno Na

BakyyMHa kamepa [o BaKyyMHOI cuctemu

lNMyyok aTtomiB Na

[BoYacTOTHUM nasep
Ha 6apBHUKaXx

ﬂ- 3oHAy4YMN nasep
PoTONOMHOXYBauY

A = 589 nm (D, niHia Na); Q = 27x1.67 Iy,
v=(Q/c)z, Ay=n pgna Az =8 cm

I..x= 20 Bt/cm2, Qp= 27x400 MI



The Nobel Prize in Physics 2005

“for his contribution to the quantum theory of optical coherence"
"for their contributions to the development of laser-based precision
spectroscopy, including the optical frequency comb technique”

Roy J. Glauber John L. Hall Theodor W. Hansch



The Nobel Prize in Physics 2012
Serge Haroche, David J. Wineland

Serge Haroche David J. Wineland
Born: 1944, Casablanca, Morocco Born: 1944, Milwaukee, Wi, USA
Affiliation at the time of the Affiliation at the time of the award:
award: Collége de France, Paris, National Institute of Standards and
France, Ecole Normale Technology, Boulder, CO, USA,
Supérieure, Paris, France University of Colorado, Boulder, CO,
USA

Prize motivation:
Tor ground-breaking experimental methpds that enable

measuring and manipulation of individual quantum systems”

3a «peeoJsIroUiliHi ekcriepumeHmarsnbHi Memoodu, w0 00380J1sIFOMb 8UMIPIO8aI
ma mMaHinysnroeamu OKpeMuMu KeaHmMo8UMU cucmemMamuy.




Cepx ApoLu

Citations: 22 Tuc. H-index: 69

Hapoawnsecs 11 BepecHs 1944 poky
B KacabnaHui, Mapokko. Buuas
disnky B BuLLin HopMarbHin LWKoni
(p. Ecole normale supérieure) Ta
Ha (paKynbTeTi
Hayk [Mapu3bKoro yHiBepcuTery.
1971 poky 3axucTtue gucepTauito
Ha 3000yTTa PhD (HaykoBui
KEPIBHUK — ManbyTHIN
HoGeniBCbLKUM naypear 3
disnkn Knog KoeH-TaHHymxkmn). Ha
cborogHi Apow — gmnpektop Konex
ne ®panHc (dp. College de France).
CBol HaykoBi gocnigkeHHsa Cepx
ApoLl npoBoauTh B BuLwlin

HOpPMarnbHIN LLKOSI. (l

Cepxx Apow ma lzop [JoueHko e nabopamopii
Buuwjoi HopMmasnbHOI wkKosnu

Serge Haroche, Jean-Michel Raimond, Michel Brune,
Sébastien Gleyzes, Igor Dotsenko ma iHwi



Microwave superconducting cavity:

age nox for OfJOrOfJJ

f o : 130 ms

- best Fabry-Pérot resonator so far
- 1.4 billion bounces on the mirrors

- a light travel distance of 39 000 km
(one full turn around the Earth)




IHCTUTYT ®i3nkn HAH

UneH-kopecrnoHaeHT
Akagemik M.C. HAHY

BpoauH M.C. CockiH

LIMPEKTOP IHCTUTYTY, YneH- YneH-kopeCcnoHOEHT UneH-kopecrnoHaeHT
koepcnoHgeHtT HAHY J1.T1. AueHko HAHY HAHY

C.I. Ogynos |.B. BrioHCbkun
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TFT Backpisi
- Highest Pow
systems, Sca

www.bwt-bj.com

2013
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