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740 3akioueHue

cOOpPKH TIO3BOJIUT pa3padarbiBaTh TpeOyeMble (QYHKIMOHAJIbHBIC/KOHCTPYKIIMOHHBIE Ma-
TCpUaJIbl JJIs1 pa3JIMIHbIX HpHHO)KCHHﬁ.

MOKHO HaJEsThCS, YTO BCE ITH 339y ONTOIIEKTPOHUKH M (POTOHHMKH, O€3yCIOBHO,
OyZyT pemeHsl B camMoe OimKaiiiee BpeMsi 1 BOCTpeOOBaHBI Kak B 00pa30BaTesIbHOM, TaKk
Y Hay4HO-TEeXHMYECKOH cdepax, a UX MPHUKIAJHONW acleKT — U B BBICOKOTEXHOJIOTHYHBIX
MPOM3BO/ICTBEHHBIX OTPACIISX. YHUKAIBHOCTD AOCTIKECHUH ()eMTOHAHO(OTOHUKH YKe Ha
COBpEMEHHOM JTare OyIeT CriocoOCTBOBATh MPUBICUCHUIO MOJIOEKH B 3Ty cepy, KoTo-
POIi ¥ IPEICTOUT ClIeNIaTh eIle MHOKECTBO OTKPBITHH B IIEPCIEKTUBHBIX HANIPABICHUIX HA
Onaro Hamiel cTpaHbl, B TOM YHMCIIE B MHTE€pECAax IMOBBIILICHHUS YPOBHS €€ HALMOHAIbHON
0e30macHOCTH.
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OBb ABTOPAX

Apaxensn Cepreii MapTupocoBuy,

IOKTOp (HU3UKO-MAaTeMaTHICCKUX HayK, mpodeccop, 3aBemyrontuii kadeapoit GU3NKu u
MPHUKJIATHON MaTeMaTHKH BiaguMUpCKOro rocynapcTBEHHOro yHuBepcuteta uM. Al u
H.I". CronetoBbIX. JleHCTBUTENBHBIN WIEH akalelnyu HHXeHEepHbIX HayK uM. A.M. IIpoxo-
posa. Unen HanotexHomoruueckoro oodiecrsa Poccun, CoBera poccuiicko-(hpaHIly3CKOro
EBporneiickoro Hay4Horo oobeuHenus «Jlazepel u ontuueckue HHPOPMALMOHHbIE TEXHO-
norumy». Chepa HaydHBIX MHTEPECOB: JIa3epHAasi, KOTCPEHTHAs!, HEJIMHEHHAs! U KBaHTOBAs
OITHKA, KBAHTOBO-pazMepHble 3((eKTs B HaHOMAaTepuaax, Ja3epHo-uH(PpOpMaMOHHbIC
CUCTEMBI M TEXHOIOTHH, (heMToHaHO(OTOHNKA. ABTOp Oosiee 200 HayUHBIX TPYHOB.

Kyuepuk Asexceii Oneropuu,

KaHAUAAT (PU3HKO-MaTeMaTHUECKUX HayK, JOLEHT, BEAYIIUI HAy4YHBIH COTPYIHUK Kade-
Jpbl GU3UKK U TIPUKITATHON MareMaTuKy BiaauMHpCKOTO TOCYAapCTBEHHOTO YHUBEPCH-
tera uM. A.I. u H.I'. CroneroBsix. Cpepa HaydHBIX HHTEPECOB: MAaTEMaTHYECKOE M UMHUTa-
LIOHHOE MOJENUPOBaHNE PU3MUECKUX MPOLECCOB, (paKkTanibHas TCOMETPHsI, MaTepUao-
Be/ICHHE HAHOCTPYKTYpHUPOBaHHBIX cucteM. Yiien Hanorexnonorunyeckoro odmectsa Poc-
cuu. ABrop Oosiee 100 HayUHBIX TPYJIOB.

IIpoxomes Basepuii I'puropseBuy,

JOKTOp (PU3UKO-MAaTeMaTH4eCKUX HayK, Mpogeccop, MepBbIi MPOPEKTOp, TPOPEKTOP IO
HAy4YHOM M MHHOBAIIMOHHOW paboTe BraguMUPCKOTO rocyaapCTBEHHOTO YHHUBEPCHTETA
uMm. A.I. u H.I'. CroneroBbix». Cdepa HaydHbiXx HHTEpecoB: JlazepHas (u3uka, Ja3epHO-
IUIa3MEHHbIE METO/IbI IOJIyYeHHUsI HAHOMATepHaJloB, TEXHOJIOIUH PACIO3HABAaHUA 00pa30B
u ungposast 00padoTka n3o0paxxeHuil. ABTop okoi10 120 Hay4YHBIX TPYIOB.

Pay Basepuii I'eoprueBuy,

JIOKTOp (hHM3UKO-MaTeMaTHIeCKUX Hayk, mpodeccop Brmagmmmpckoro ¢mmana Poccuii-
CKOM akaJleMHH rocyaapcTBeHHOW ciyxObl npu Ilpesupente Poccuiickoit denepanum.
Cdepa HayuyHBIX HHTEPECOB: (yHIAMEHTAIbHBIE OCHOBBI KpUCTAIUIOTpaduu, MOASIUPO-
BaHUE U POCT HAHOCTPYKTYp. ABTOp Oosnee 100 HAYYHBIX TPYIOB.

Ceprees Auekceii ['eoprueBuy,

JIOKTOP TEXHUUYECKUX HayK, Mpogeccop, MOMOIIHUK peKTopa Braaumupckoro rocynap-
ctBeHHoro ynuBepcuteta uM. A.I. u H.I. CroneToBbIX. 3acity:keHHBIN JeATelNb HAyKu U
texaukn PCOCP. Cdepa HaydHBIX WHTEPECOB: YIPaBICHHE KAaueCTBOM W METPOJIOTHYIC-
cKoe o0ecredeHne HKCIUTyaTalui TEXHUUYECKUX YCTPOMCTB, HAHOMETPOoJorust. ABTOp 00-
nee 50 Hay4HBIX TPYAOB.
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SUMMARY

In this tutorial presented recent advances rapidly developing direction — femto-nano-
photonics — with emphasis on the statement of fundamental principles and results of the
unique laser-driven methods of obtaining and diagnostics of nanostructured materials.

In this tutorial are basic principles and fundamentals of thermodynamics and statistical
physics of nanostructures with the use of mathematical modeling methods aimed to build
them. Reviewed laser synthesis nanocluster matter discusses the main methods and charac-
teristics. Analyzed structural phase transitions and correlated macroscopic state controlled
laser synthesis of nanoparticles on the surface of solids, including in the aspect of manifes-
tation of size effects and their analogues. An important unit of the tutorial is to present the
basic principles and basis of metrological support of measurement in nanotechnology. The
final part of the tutorial contains new physical principles of creation of optical devices
using nanostructures.

Each part of the book ends with the test questions and tasks for students. The material
presented is richly illustrated with relevant illustrations, graphs, tables and others, includ-
ing basic characteristics of the new methods of research and diagnostics for nanostruc-
tured materials using the most modern scientific, scientific-technical and technological
equipment, as well as diagnostic and metrological equipment, with emphasis on the latest
achievements of the laser industry.

In the scientific aspect of the important problems discussed in the book include to main
stream of the modern femtonanophotonics and can be formulated as the laser-induced
nanocluster surface structures with controlled functional properties.

There are three types of fundamental principles in ideology frames such as 1) dimension
depended from phenomena in any manifestation including the quantum dimension effects
for nanostructures of 10 nm (number of atoms ~10%); 2) surface nanostructures and differ-
ent defects and also boundary conditions for phase transition in inhomogeneous layers and
composite materials (1 nm ... 100 nm); 3) near-field effects with local extreme values of
the physico-chemical key parameters for low dimensional structures have to be taken into
account for laser induced micronanostructured composite materials. We are considering
the laser ablation phenomena and the problems around; laser experiments with colloidal
systems; electrical transport properties in analogy with quantum correlated states; surface-
induced effects of structural phase transition and photon localization processes and their
analogues. In progress the field assumes to study the cluster structures taking into account
(in both theory and experiment) correlations in NPs-ensemble; analogy with quantum phase
transition/BEC-state; kinetic quantum procedure for dynamic cluster fabrication processes.

In a narrow but perspective and new direction the item is selected as follows: laser
synthesis of semiconductor/metal/composite nanoparticles by methods of both laser modi-
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fication of thin films and laser evaporation of substance in liquid to produce the colloidal
systems. In the last case under a cw-laser radiation the nanoparticles become quantum dots.
By drop deposition technique the structures arise with various morphology which depends
on the substrate temperature. The optical and electrophysical properties of the structures
can be controlled and are very important to construct the devices of optoelectronics and
photonics on new physical principles for example to study electrical transport properties
under quantum tunneling effect.

Comparison of sizes R, of the particles being obtained with the value of exciton Bohr
radius a, shows that the strict condition R < @, = 50-100 nm is true. The comparing above
enables to say that the conditions of dimensional quantization are satisfied for nanopar-
ticles. On the other hand, when the nanoparticles drop on the solid surface they are accu-
mulated in clusters of bigger size. So, we can study the macroscopic quantum phenomena
development in dependence on R

The main conclusion of the study is that the island conductivity is dominant for the
case. An electrical resistance can dramatically decrease due to spontaneous selected multi-
channel/parallel electron transportation trajectories. There are two conditions which are the
important items for that: the cluster size a </, where / is the inelastic length, and distance d
between two neighboring clusters is less the de Broglie wavelength 2 .. So, the tunneling
quantum effect and multiple interference take place.

For such nanostructures the superconductivity tendency can verify to increase the elec-
trical conductivity (in several times) at room temperature in comparison with homogenous
sample. The fact can be explained in analogy with correlated particles/coupling pairs from
two sides of the border for double electric layer/two barriers due to quantum hole being
under a coherent tunnel effect.

The more detailed study of the coupling between the nanostructure topology and func-
tional dynamic properties of the unit and the future advantages to solve the existing prob-
lems will allow us to respond to modern challenges for the creation of new technologies
by synthesis of nanomicrostructures on the surface of various materials in laser experiment
including the cluster and metamaterials fabrication. The approach should result in the new
generation of both photonics and hybrid optoelectronics devices in nearby future in particu-
lar a quantum information processing.
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