











closer to the exponential distribution; on the contrary, the dispersion compensation
leads to a more stable time-domain output. Leveraging these findings, we can tailor the
time-domain output of random fiber lasers, with specific intensity amplitudes, to fulfill
specialized application requirements.

Building upon our foundational theoretical research on RFL, we have conducted
preliminary exploration of its potential application in ICF laser devices[9]. RFL,
characterized by its instantaneous broadband and multidimensional tunability,
demonstrate the potential to serve as seed sources in ICF laser devices. In alignment
with the gain spectrum characteristics of neodymium glass amplifiers within ICF laser
devices, our team has developed a two-level Nonlinear Schrodinger Equation (NLSE)
model for the design of RFL seed sources. Following this, we introduced a precision
spectral control scheme with matched the amplifier gain spectrum, successfully
demonstrating the generation of nanosecond random laser pulses with a 2.5nm
bandwidth and an energy output of 28mJ in our experiments. This study robustly
illustrates the favorable prospects for the application of RFL in ICF laser devices.

In conclusion, our team's profound investigation into the phase transition of RFL
has laid a theoretical groundwork for the precise and multidimensional manipulation of
its output characteristics. This advancement paves the way for the enhanced application
potential of RFL across various domains.

Fig. 1. (a). Phase transition in RFL; (b). Correlations between different modes of RFL, inset:
corresponding spectrum; (c). Time-domain intensity of the RFL with different dispersion; (d). Energy
curve of regenerative amplification in the ICF combined with RFL.
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Summary: Fiber optic biosensors are minimally invasive devices that perform a
specific detection of biomolecules, through the analysis of reflection or transmission
spectra. The operation with single-mode telecom fibers at infrared wavelengths makes it
possible to achieve high performances, thanks to the excellent mode stability, while
designing sensors having a low cost per unit. In this work, we present our latest results
using fiber-optic biosensors based on ball resonators (BRs), fabricated using a CO2 laser
splicer and functionalized using a silanization process. The BR fabrication is a rapid and
repeatable process, leading to sensors that have quasi-random spectral features that can
be interrogated through optical backscatter reflectometry. We present the BR sensors for
a various range of targets that include protein-based cancer biomarkers, viruses, cells,

and the exploitation or analytes such as saliva or tears.

Optical fiber biosensors (OFB) are an emerging technology that makes use of
miniature optical devices, fabricated on or within an optical fibers, to sense biomolecules
at low detection limits and high specificity [1]. The structure of a biosensor relies on a
refractive index (RI) sensor, that can detect changes in the environment surrounding the
fiber in the sensing area; this can be converted into a biosensor by means of a
functionalization process, which deposits bioreceptors (such as antibodies or aptamers),
on the surface of the sensing area. When the bioreceptors bind to the target molecules, a
response proportional to the concentration of the molecules can be observed. OFB have
been reported for a broad range of biological targets, spanning from protein-based cancer
[2] and cardiac [3] biomarkers, to glucose molecules [4], up to viral particles [5], and
even to cells that have size larger than the wavelength [6].

Plasmonic biosensors [7] and other intensity-based sensors currently represent
the most popular OFB technology, as they have a simple layout and have large sensitivity.
However, these approaches have two main drawbacks: they rely on large-core,
multimode fibers which are sensitive to bending and twists, reducing the biological
accuracy when the sensors are used in sifu; and they operate in transmission, while in
situ operation would better use a more compact reflective probe.

In order to overcome these limitations, we propose the use of sensors designed
for single-mode fibers (SMFs), employed in long-haul telecommunications and therefore
having low cost and low attenuation. Since the SMF propagates only the fundamental
mode, the sensing accuracy in biological applications in excellent even with sensors
having lower RI sensitivity.

In this work, we present and review the biosensors developed on SMF fibers
based on the ball resonator (BR) concept. The BR device can be inscribed using a CO,
laser splicer, using methods derived from the fabrication of diffractive lenses [8]. When
fabricated on the tip of a SMF, the reflection spectrum appears as a low-reflectivity
signal, characterized by a random pattern. An accurate detector, such as an optical
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backscatter reflectometer, can interrogate the BR devices using intensity or polarization
changes as the main output parameter [9].

The functionalization of BR resonators relies on a silanization method, using
antibodies as bioreceptors to be immobilized on the surface of the devices [10];
alternative methods based on nanomaterials have also been proposed in order to expand
the sensitivity [11].

The applications of BR-based biosensors are broad, thanks to the versatility of
the device and its label-free sensing potential. At first, BRs have been demonstrated for
the detection of cancer biomarkers at low detection limits (sub-femtomolar), showing a
log-linear trend over a wide range of concentrations and an excellent repeatability [12].
This was demonstrated through the detection of CD44, both in static conditions, and
more recently by a dynamic detection packaging the CD44 probe for intravenous use
[13]. A second case of application was reported for the detection of viral threats using
BR sensors, which was implemented both by tracking the proteins expressed by vaccinia
poxvirus [14], and by detecting the whole viral particle using sensors functionalized to
antibodies binding to the target proteins [15]. Finally, we show the application of BRs to
the detection of CD44 cells, showing an output response log-linear over a wide range of
concentrations and a low detection limit [16].
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In general, optical materials are such substances which used to manipulate the
flow of electromagnetic radiation in the ultraviolet, visible or infrared spectral regions.
Now-a-days optical materials play a major role in the development of specialty optical
fibers for photonics applications. In this connection, the talk would focus on our R & D
work of various novel composition of silica based inorganic glasses as an optical
material towards the development of specialty optical fibers which serves as a heart of
the optical fiber-based photonics devices and components for improvement of their
lasing, optical amplification and spectral broadening properties in order to use as fiber
laser, optical amplifier and broad-band optical sources. This presentation also covers
the fabrication technology of such kind of optical material-based specialty optical fibers
followed by their material, optical and spectroscopic characterizations along with study
of their lasing, amplification and spectral broad-band properties related to the

development of such kind of photonics devices.
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Ultrafast Raman fiber lasers have proven effective in generating laser pulses at
special wavelength. Once pump laser with appropriate wavelength is provided, laser
output at any target wavelength within the transparent window of conventional optical
fibers can be achieved with high conversion efficiency. Such laser pulses with flexible
wavelength would expand applications in industry and biomedical field as well as for
scientific research [1].

Mode-locking and synchronously-pumping are two conventional methods for
ultrafast Raman fiber lasers, both of which are based on a structure of oscillators. This
brings problems such as involvement of long Raman gain fiber under continuous-wave
(CW) pump [2]; or synchronization difficulty under pulsed pump [3]. The idea is whether
oscillators can be replaced with single-pass amplifiers so that synchronization is not
necessary under pulsed pump.

In this regard, we proposed a novel method to generate ultrafast Raman pulses,
named as nonlinear optical gain modulation (NOGM). The concept of ultrafast Raman
pulse generation by NOGM is illustrated in Fig. 1, which uses stimulated Raman
scattering (SRS) to modulate single-frequency (SF) laser into ultrafast Raman pulses.
The input signal is a SF CW laser, which is amplified and reshaped temporally and
spectrally in a piece of optical fiber. The optical fiber, providing nonlinear optical gain
by SRS, is pumped by ultrafast pulses. The ultrafast pump laser, served as a modulation
driver, can offer an ultrafast modulation to reshape the CW signal. In the temporal
domain, the CW laser would be reshaped into pulsed laser; while in the spectral domain,
the single longitudinal mode of the CW laser would be modulated and new spectral
components would be generated by nonlinear optical effects, forming a shape of
frequency comb.

Pumping with a 1064 nm mode-locked laser with a pulse duration of 14 ps, the
NOGM setup can generate 436 fs highly coherent laser at 1120 nm with an optical
efficiency of 69.4%, as shown in Fig. 2 [4]. Cascaded NOGM processes were also
demonstrated, which can produce femtosecond 1178 nm or 1319 nm 2™-order Stokes
pulses in a piece of conventional single-mode fiber or phosphorus-doped fiber
respectively [5, 6]. Recent research progress on gain-switched diodes pumped NOGM
system will also be introduced in this talk, which can generate femtosecond Raman
pulses with both repetition-rate and wavelength agility.

245



Marepuansl MexayHapoaHOTo ceMHHapa 1o BOJIOKOHHBIM Ja3epam 2024

Nonlinear Optical Gain Modulation
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Fig. 2. Characteristics of the measured 1120 nm NOGM 1%-order Stokes pulses: (a) spectrum, (b) pulse
train, (c) RF spectrum and (d) autocorrelation traces.
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To upscale the pulse energy directly output from a single ultrafast fiber laser
oscillator, scientists commonly resort to stretching the pulse inside of the cavity. This
strategy, which is linked to the proven advantages of chirped-pulse amplification, is
generally implemented through propagation within a normal-dispersion fiber. However,
this results in strong pulse distortions, in addition to the need to de-chirp the output
pulses [1,2].

In the present work, we revisit the search of higher pulse energy with the goal of
generating neat pulse waveforms with reduced frequency chirping. We leverage the
degrees of freedom of the cavity architecture, emphasizing on a large degree of energy
management, to delineate high and low energy soliton propagation regions separated by
strong nonlinear losses and spectral filtering, as illustrated in Fig. 1(a). For the present
proof of concept, we restrict to the usage of standard fiber components and build an
erbium-doped fiber laser cavity that generates pulses in the 1535-1590 nm range,
sketched in Fig. 1(b). We employ nonlinear polarization evolution to obtain an effective
saturable absorption for laser mode locking, while the laser pulses experience
anomalous dispersion propagation all along the cavity. Therefore, our approach
contrasts with the soliton-similariton laser developed earlier [3], which employed
spectral filtering and dispersion management to delineate parabolic (normal dispersion)
and (anomalous) soliton pulses propagation regions within the cavity. Here, we utilize
an original blend of conventional and dissipative soliton dynamics inside the laser
cavity [4]. The strong dissipation (more than 90% of the pulse energy is extracted from
the main output, followed by spectral filtering) enables the generation of multi-nJ bell-
shaped few-ps pulses having a limited frequency chirping.
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Fig.1. a) Conceptual figure of the intracavity laser dynamics. b) Schematic of the mode-locked fiber laser
experiment. SMF: standard single mode fiber. PBS: polarization beam splitter. WDM: wavelength
division multiplexer. M1,2: mirrors. 1/2, 1/4: waveplates.

The subsequent propagation in the passive SMF takes place at a reduced optical
peak power, which is comparable to the conventional fundamental (N=1) soliton
power, as checked through a 10% output coupler located by the end of the SMF. An
example of laser operation is shown in Fig. 2. The main output yields an average power
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of 105 mW, which corresponds to a pulse energy of ~ 3 nJ at the fundamental 34.9-
MHz repetition rate. Such pulse energy is about two orders of magnitude higher than
the conventional soliton energy ~ 30 pJ that would be supported by the standard
anomalous optical fibers used in the fiber laser, assuming the same 2-ps pulse duration.
Fig. 2 also displays a bell-shaped pulse profile devoid of any radiation peak in the
spectral domain.

Furthermore, the present laser architecture features an exceptional flexibility, in
terms of pulse repetition rate and pulse duration. Since the propagation in the passive
SMF section is undertaken at the low energy of a conventional soliton, the SMF length
can be modified quite arbitrarily. We illustrate this feature by varying the cavity
repetition rate over more than an order of magnitude, keeping the same pulse energy
level, whereas the pump power is advantageously scaled down when the repetition rate
is decreased. Concerning the flexibility of the pulse duration, we show that the pulse
duration can be freely adjusted in the picosecond range, according to the setting of the
spectral filter bandwidth, with the benefit of scaling up the pulse energy when the pulse
duration is increased, and we demonstrate an output pulse energy up to 0.3 pJ.

To conclude, the present fiber laser architecture combines the possibilities of
generating energetic ultrashort pulses enabled by dissipative soliton dynamics with the
neat waveforms and contained frequency chirping that are characteristic of the
conventional fiber soliton. As a benefit of such combination, the ultrafast fiber laser is
highly flexible in terms of pulse repetition rate and pulse duration.
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Fig. 2. Characterization of a 3-nJ output pulse. (a) Retrieved pulse intensity (blue) and phase (red); (b)
Autocorrelation (blue curve); (¢) FROG spectrogram; (d) Optical spectrum (in blue) and spectral phase
(red curve). For the same laser regime, the secondary output (10% port) delivers 18-pJ pulses, whose
autocorrelation and optical spectrum are displayed as black curves in (b) and (d), respectively.
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The multimode fibers, supporting a rich and complex mix of spatial and temporal
nonlinear phenomena, have recently reemerged as a viable experimental platform for
studying complex physical processes, which has gradually explored the application of
optical fibers beyond telecommunications [1, 2]. Among these properties, beam cleanup
— a intrinsic characteristic of GRIN fibers occurs during stimulated Raman scattering
(SRS) process — has received considerable attention [3, 4]. This feature can be
harnessed in the field of laser generation in combination with the acknowledged
inherent outstanding characteristics of fibers as active media for lasers, particularly the
remarkable beam quality derived from their waveguide structure, which enables the
conversion of low-brightness pump laser into high-brightness signal lasers. To achieve
this, the pump beam with poor performance on brightness is coupled into the
multimode GRIN fiber, propagates along the fiber, and interacts with the material in it,
stimulating the emission of laser at a longer wavelength with a Raman shift (the gain
for generating a laser is provided by SRS), contributing to high-brightness signal
output. This approach combined with the high-power handling capabilities of
multimode fibers, paves the way for the development of new laser designs in pure
passive fiber-based all-solid-state architecture systems which are more compact and
efficient with lower quantum loss, no photon darkening and wavelength flexibility than
traditional rare-earth-doped counterparts. These inherent advantages are of great
importance for applications in metrology, remote sensing, and medicine.

This research was funded by the National Natural Science Foundation of China,
Grant No. 12174445.
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Transporting information over multimode fibers (MMF) faces two main
challenges: high-bit-rate signal dispersion in the time domain and image corruption due
to multimode interference in the spatial domain. The large dispersion of mode group
velocities hampers their capacity to transport high-bit-rate signals, while different
modal phase velocities cause multimode interference, leading to corrupted images.
Additionally, the resulting speckled output intensity pattern is highly sensitive to
external perturbations like stress or bending, causing mode power transfers via linear
mode coupling. Due to these limitations, singlemode fibers (SMF) have become the
preferred choice for most optical data communication and beam delivery applications.
SMFs guide only one mode, eliminating modal dispersion and naturally preserving the
input laser's Gaussian-like beam shape.

A few years back, an intriguing phenomenon called beam self-cleaning (BSC) has
been observed in MMFs [1]. The Kerr effect can eliminate speckles and produce a
stable, bell-shaped beam at the output of a few meters long graded-index (GRIN) MMF
[2]. This effect occurs when the input laser power exceeds a certain threshold, which
depends on the fiber length. Experimental observations show BSC of laser pulses with
tens of kilowatts of peak power over a few meters of GRIN fiber. Interestingly, BSC
can also be achieved by increasing the propagation distance along the GRIN fiber while
keeping the input peak power constant, highlighting that the accumulated nonlinear
phase shift determines BSC occurrence.

BSC significantly improves the beam spatial quality, reducing the M? values from
around 10 to between 1 and 4. This improvement is crucial for various applications, as
current SMF-based technologies are limited in pulse peak power and energy due to the
small mode size and relatively low power damage threshold of SMFs. In contrast,
MMFs can handle higher power due to their larger mode area, making them ideal for
high-power laser technologies. Indeed, BSC has been demonstrated in high peak-power
mode-locked MMF lasers [3,4] and applications like high-resolution nonlinear
microscopy and endoscopy [5].

Despite numerous experimental demonstrations across various laser pulse
durations and wavelengths, the exact physical mechanism behind BSC remains a topic
of debate. Initial explanations like higher nonlinear losses for high-order modes (HOM)
and loss of spatial coherence through nonlinear spectral broadening have been
disproven. Instead, BSC appears to result from a specific mode power distribution,
described by the Rayleigh-Jeans (RJ) law, indicating a thermodynamic approach to
understanding BSC [6,7]. Indeed, a large part of the output beam energy remains in
HOM, and the central bell-shaped beam's waist is wider than the fundamental mode.
This has suggested that BSC is associated with a stable mode power distribution rather
than continuous power flow from HOM to the fundamental mode. In this sense, the RJ
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law provides a framework for describing BSC as wave thermalization according to
statistical mechanics principles.

Specifically, theoretical models, such as weak wave turbulence and classical
wave condensation, predict that BSC results from the thermalization process in a GRIN
fiber. This involves a mode power redistribution resembling 2D hydrodynamic
turbulence, with energy flowing towards both the fundamental mode (inverse cascade)
and HOM (direct cascade) at the expense of intermediate modes [8]. Experiments and
numerical simulations support these theories, linking the microscopic state of
multimode beams to macroscopic parameters like temperature and chemical potential,
and predicting the equilibrium mode occupation probability distribution by the RJ law
[9-11].

Thermodynamic approaches rely on conservation laws: specifically, the
conservation of power and linear momentum (or Hamiltonian). Typical experimental
conditions for observing BSC fulfill these laws, with linear losses being negligible and
power levels far below the threshold for catastrophic self-focusing.

Nevertheless, BSC has also been observed under conditions different from those
required by thermodynamics, e.g., in the presence of highly dissipative effects [12]. In
addition, recent experiments have shown that BSC maintains the spatial coherence of
the source [13,14] and occurs even in combination with supercontinuum generation
[15]. Such results are outside the thermodynamic framework, which only considers
spatially incoherent monochromatic waves. All this indicates that the BSC’s robustness
goes beyond what thermodynamic descriptions indicate.

This contribution aims to review the recent advances in the thermodynamic
description of BSC, highlighting the experimental results that agree with theoretical
predictions as well as those that extend BSC beyond its thermodynamic understanding.

We acknowledge financial support from the EU through the HORIZON 2020
ERC PROJECT 740355, the EU under the NRRP of NextGenerationEU, partnership on
“Telecommunications of the Future” (PE00000001 - “RESTART”), and the Italian
Ministerial grant PRIN2022 "SAFE" (2022ESAC3K).
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There are intense interests in driving the mode-locked fiber laser into GHz rep
rate regimes these days due to their potential applications in metrology and
micromachining. Harmonic mode-locking can be an efficient approach to elevate the
repetition rate of ultrafast fiber lasers. We use carbon nanotube based saturable absorbers
to implement harmonic mode-locked fiber laser into the GHz range. We show that upto
5 GHz, the side mode suppression ratio can be upto 30 dB which is superior to other type
of nanomaterials. We also show recent application for a U band laser using nonlinear

amplification of these GHz light sources.
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OcHOBHOH 3ajjaueil KBAaHTOBBIX KOMMYHUKALIUH SIBIsieTCS Nepeada nHpopMaluu
MOCPEJCTBOM KBAaHTOBBIX OOBEKTOB — OJUHOYHBIX (DOTOHOB, MPHU ITOM aOCOIIOTHAsS
3alUIICHHOCTh Iepefayu  OoO0ecleunBaeTcss 3aKOHAMU KBAaHTOBOW  MEXAaHMKH:
OIMHOYHBIE (OTOHBI HE MOTYT OBITh MEPEXBAaYCHBI U HM3MEPEHBI C aOCOTIOTHOM
noctoBepHOCThI0 [1]. C mOMOIIBIO OJWHOYHBIX (DOTOHOB B KBAHTOBOM KaHale
(O TOBOJIOKOHHOM MM aTMOC(HEPHON JHHHUM CBSI3U) TEHEPUPYETCS TOIBKO JBOMYHBIM
KJIFOY, KOTOpBIM 3aTe€M OJHOKPATHO MCIOJIb3YeTCS OTIpPaBUTENIEM M IOJydyaTelieM B
CUMMETPUYHONH KPUNTOCHUCTEME, a camMo 3amu(pOBaHHOE COOOIEHUE MOXKET
nepeaaBaThCs MO JI00OMY OTKpPHITOMY KaHaly [2-4]. 3a pyOexxoM yke pa3paboTaHbl
KOMMepuecKkre oO0pasibl ONTOBOJIOKOHHBIX KBAHTOBO-KPUINITOTPAPUUECKHX CHUCTEM
cBsi3u [5].

J1J1s TONTHOM CEKPETHOCTU reHepallii KBAaHTOBOTO KIToua TpedyeTcsl IPUCyTCTBHE
He Oosiee 0HOTO (OTOHA B KAXKIOM JIA3€PHOM HMITYJIBCE, TIOATOMY K (DOTOAECTEKTOpaM
MPUEMHOTO y3Jla B OINTOBOJOKOHHBIX KBAHTOBBIX JIMHUAX CBSI3U MPEIbSBISIIOTCS
BBICOKHME TpeOOBaHUS: BBICOKas KBaHTOBas JPQPeKTHBHOCTH cueta (>15%) B
creKTpaibHOM auanazone 1,3-1,55 MM, HU3KUH ypoBEeHb TEMHOBBIX IIyMOB (<50 kI'1r),
JI0OCTaTOYHO BBICOKOE OBICTPO/IEHCTBUE, MAJIbIE pa3MEpPbl U HU3KOE SHEPronoTpedIeHne
[2]. B otaumume oT (HOTOINEKTPOHHBIX YMHOXUTENeW (HM3Kas KBAHTOBas
3¢ hekTHBHOCTE, <1%) 1 CBEPXITPOBOAHUKOBBIX JETCKTOPOB (OXJIAKICHHE 0 TeIHUCBBIX
Temreparyp) [6], oONTUManbHBIM BBIOOPOM  SIBISIIOTCA  MOJIYIPOBOJHUKOBBHIE
onHodoToHHBIE aBuHHBIE (oToauoas (OJID/]), mMmeromue AOCTATOUYHO BBICOKYIO
KBaHTOBYI0 3 dekTuBHOCTH (15-20%) 1 ypoBeHs mymoB <50 k11 mpu ux oXJakIeHUN
TEPMOIEKTPUUECKUMU MUKpOXoJoauibHuKamu [lensTee 10 Temnepatypsl 210-230 K.

Takue poTonnons! B HaCTOAIIEE BpeMs MPOU3BOAATCA TOJIBKO 3a pyOexkoMm. OHu
BBIIIYCKAIOTCSl CEPUMHO W MMEIOT JJIUTENbHBIM CpOK ciykObl. OCHOBHBIMHU
npousBogutessmMu OJID /] 17151 oNTOBOIOKOHHBIX KBAHTOBBIX CUCTEM CBSI3H B HACTOSAIIEE
Bpems siBisiroTcst komrmannd WOORIRO Co., Ltd. (FOxnas Kopest), Micro Photon
Devices (Urtanus) u The RMY Electronics (I'onrkonr) [7]. OCHOBHOW OTJIMYHTEIbHON
ocobeHHOCThIO HaHHBIX OJID]] sBiIseTcs MpeaesibHO HU3KU 00paTHBI TEMHOBOHM TOK
(< 109 A) BOmmsm HampskeHnss 1mpo6osi. OTMETUM, YTO JETEKTOPHI OJAMHOYHBIX
(OTOHOB Ha CHIEKTpaTbHBIN nuana3oH 1,3-1,55 MKkM BocTpeOOBaHBI TaKXKe ISl JPYTUX
npuMeHeHui (Ononorus, pa30opakoBKa HHTErPaIbHBIX CXEM, JIMJAPHbIE CUCTEMBI U T.1.),
B KOTOPBIX TpeOyeTCs perucTpamnus npeaeabHO HU3KUX CBETOBBIX TOTOKOB.

J151g co3anus 1 BHEAPEHUS POCCUNCKHUX CUCTEM OHO(OTOHHOM KBAHTOBOM CBS3H
TpeOyeTCst OpraHu30BaTh pa3paboTKy U Mpou3BoAcTBO aHatorudHeix OJID/] B Poccum.
Hamu Obutn  BBIMONHEHBI pabOThl O KOHCTPYHMPOBAHUIO, M3TOTOBICHUIO U
WCCJICIOBAaHUIO OMBITHRIX 00pa3noB Takux OJID]] [8], nuMeronux mapaMeTpsl He XYKe,
4yeM y 3apyOekHBbIX aHaloroB. B HacrosimeM gokiaze OylneT MpeAcTaBlIeHO KpaTKoe
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OIUCAHUE KOHCTPYKIINH, TEXHOJOTHH U3TOTOBJICHHUS U PE3YJIbTATOB U3MEPEHHI TAHHBIX
00pasIos.
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B nocnegnue roapl aqAMTUBHBIE TEXHOJIOIMHU, U3BECTHOE Takke Kak 3D-medars,
MIPUBJIEKAET 3HAYUTEIbHOE BHHMaHue Ojaroaapsi LIMPOKOMY CHEKTPY HNPUMEHEHUH B
pa3IMYHBIX ~ OTpacisX, TaKuX Kak  ad’poOKOCMHUYecKas M aBTOMOOWIIbHAs
MIPOMBIIIICHHOCTh, OMOMEIUIIMHA, SAepHOE NPOM3BOACTBO M T.n [1]. B Hacrosmee
BpeMs JIJIs [IeYaTH UCIIOJIb3YyEeT B OCHOBHOM METAJNINYECKHE CIUIaBbl HA OCHOBE TUTAaHA,
Kenesa, AIOMUHUS, KoOambra, HHKens Oojee 30 pasmUUHBIX MapoK, KOTOPBIHA
MPOJIOJKAET PACIIUPATHCS. JlaHHBI MaTEpHAIIBl YKE XOPOLIO U3YUYEHBI C TOUKU 3PEHUS
M3TOTOBIIEHHS (PYHKIIMOHAIBHBIX JIeTaleil ¢ ucrnonb3oBanuem AJl.

OpnHako Ha MOBECTKE JIHSA CTOUT CO3JaHKE MOPOIIKOBBIX MaTEPHAIIOB, CIIOCOOHBIX
BHECTH HOBBIH BKJIaa B (popMUpOBaHHE BHICOKMX (PYHKIMOHAJIHHBIX CBOWCTB M3EIUH.
(MIpOoYHOCTh, TBEPAOCTh, H3HOCOCTOMKOCTh, pPabOTa MpHU BBICOKUX TeMIepaTypax,
BBICOKAsi CTOMKOCTh K PacTPECKUBAHMIO, CTOMKOCTb K MHOTOIIMKIOBOMY HarpyXeHHIO
u T. 71.). CorylacHO KJIacCHUYeCKOMY TIOHMMaHUIO (HU3UKU KOHJIEHCUPOBAHHOTO
COCTOSIHUSI, CTPYKTYpa ONpPEEIsieT CBOMCTBA MAaTEPUAJIOB, T. €. HOBbIE CBOMCTBA MOYXHO
MOJTyYUTh, U3MEHSS CTPYKTYPY MaTepuaja OnpeaeseHHbIM 00pa3oM. B Hamem cioyuae
MMEHHO MeTayutoMarpudnble Komro3uthl (MMK) mo3BONSIOT JTOOWTHCS CBOKCTB,
KOTOpbIC TPYIHO JOCTHYh Il MeTauimueckux cruiaBoB [2]. MMK obnagaror
MOBBIIICHHOW MEXaHWYECKOM MPOYHOCTBIO, TBEPAOCTHIO, H3HOCOCTOMKOCTBIO U
TemnepaTtypoi skcruryatanuu. OIHAKO co3JaHue H3JAeauid W mokpbiTuid n3 MMK
COIIPSDKEHO € psitoM mpoOseM. PasHble Temmou3nuecKkue CBOWCTBA MaTEepHajoOB B
pe3yapTaTe HEPABHOBECHOT'O HArpeBa IUIABJICHUS WU IMOCJIEAYIOIEH KpUCTAJUIM3alHuen
[0 BO3JACHCTBUEM Ja3€pHOrO M3JIY4YEHHMs MOTYT NPUBOJUTH K IIOJy4YEHUE
HEeXeNaTeNbHbIX Je(EeKTOB Pa3IMYHOrO0 THUMA: TMOPUCTOCTh, PACTPECKUBAHHE, HE
CIUIaBjieHue U T.0. HeoOXoaumo uisd KaKAOH METauIOKepaMUYeCKOH MOpPOIIKOBOM
KOMIIO3UIIMM  TIIATEJIBHO ONTUMHU3UPOBATH PEXHUMBI  JIA3EPHOIO  BO3JECUCTBUS
(MOLTHOCTH JIa3€PHOI0 W3JIy4YEHMsI, JJIMHA BOJIHBI JIA3€PHOTO W3JIyY€HUs, IJIOTHOCTb
MOIIHOCTH, CKOPOCTh IpOIECCa C LEJIbI0 IMOJIYYEHHs KaueCTBEHHBIX NOKPBITUA U
u3nenuii. Heo6xonmmo Tak e TIIATENbHO M3ydaTh CTPYKTYPHO-(a30BOH cocTaB, OT
KOTOPOI'0 3aBUCAT HETIOCPEACTBEHHO MEXAaHUUECKUE XapaKTEPUCTUKH.

B UTIIM CO PAH, naGoparopueii JlazepHbIX TEXHOJOTHH IPOJOIKAIOTCS
(dyHIaMeHTanbHbIE M TNPUKIAJAHBIE MCCIEIOBaHUA B O00JIaCTH B3aUMOJACHCTBUS
BBICOKOIHEPIreTUUECKOI0 JIa3€pHOI0 M3JIy4YE€HHs C BELIECTBOM. B paMkax HaydHOro
HarpasJieHus1 «JlazepHas MUKpOMETaUIyprush», MPOBOASATCS HCCIEAOBAHUSA C LEIHO
MOJyYeHHUs 3aJlaHHOTO CTPYKTYpHO-()a30BOro cocraBa W MEXaHHYECKHUX CBOMCTB
Marepuaia nocje Ja3epHoro BO3AEHCTBHUS.

PazpaboTranHasi TEXHOJOTHS TPSMOTO JIA3€PHOTO BBIPAIIMBAHMS, KOTOpas
M03BOJISIET HAIUIABJIATH HE TOJBKO COBPEMEHHBIE MaTepHallbl, HO W HAIUIABJIATh
METaJJIOKEPAMUUYECKNE MaTepualbl C BBICOKOW KOHIEHTpanueil kepamuku (no 60%
Macc.), KOTOpble HE MOTYT HAIUIaBUTh CYIIECTBYIOIUE KOHKYPHUPYIOIIHE AaHAJIOTH.
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OTivyne OT HMEIOIIMX aHAJIOrOB 3aKJII0YaeTCsl B MPUMEHEHHHM JBYX METOJOB
N00aBIIEHUS] ApMHUPYIONINX KOMIIOHEHTOB.

[lepBeIii — ex-situ MeTOA, B KOTOPOM BBEACHHE KEPAMHUECKHUX YaCTHI[ WM
KEepaMHYEeCKOTO BOJIOKHA MPOMCXOJUT HEMOCPEICTBEHHO B METATMUECKYIO MATPHILY.
Bropoii cioco6 — 310 in-situ METOJ, B KOTOPOM apMUPYIOIIUE YACTUIBI B CIECICTBUU
i @y3un BHICBOOOXKIAIOT PEareHThl B METAJUIMYECKYI0 MaTpUILy, KOTOPBIE B XOe
KPUCTAITIM3AlMU BCTYMAIOT B XHMHUYECKYI0 PEAKIMIO0 C METAJUIMYECKON MaTpulleH,
00pasys MPOTYKTHI pEaKIiK, APYTUMH CIIOBAMH, BTOPUYHBIE ()a30BBIE COSTUHEHHS.

['maBHBIM MpenMyIIeCTBOM TEXHOJIOTHUHU In-situ CHHTE3a MO CPaBHEHHUIO eX-situ
ABIISICTCS MEHbBINAs pa3HULA MeXAy Kod(hduimeHTaMu TEmIoBOr0 pacIiIupeHus
KepaMUYEeCKUX YacTHUIl U MaTpPULbl, YTO MPHUBOJUT K CHIDKEHUIO PaCIpOCTPAHEHUS
tpeuH. Kpome Toro, mporecc in-situ xapakrepusyeTcs 00pa30BaHUEM METKUX YacTHUI
C paBHOMEpHBIM pachpejieiecHHeM BO BCeM 00beMe, KOTOphIe SIBISIIOTCS Oosee
TEPMOJIMHAMHYECKU CTAOMIBHBIMU, C XOpOIIei Mex(pa3zHOH COBMECTHMOCTHIO.

BBeneHrne TEepMOCTOMKHMX M TPOYHBIX KEpAaMUK M KEPAMUYECKUX BOJIOKOH
no3BoJisieT MMK' coxpaHsTh 3HAUUTENIbHYIO JOJII0 HECYIeld crocoOHoCTH Oyaronaps
TOPMOKEHHMIO ¥ OTKJIIOHEHHIO MaTPUYHBIX MUKPOTPEIIMH Ha TpaHulle Kepamuka Judo
BOJIOKHO/MaTpHIIa, YTO U 00YCJIaBIMBAET “TICEBAOIUIACTHYHBIN XapakTep pa3pylICHHs
KOMITO3UIIMOHHBIX ~ MaTepuasioB. Kpome TOro, mnpUMEHEHHE KEpaMHUYECKOTO
BOJIOKHA/YACTHII TPUBOANT K YBEJIUYCHUIO IPOYHOCTH HA PA3PHIB, TPEUIMHOCTOHKOCTH,
MOAYJSL YOPYrocTH U T.A. Vcmosib30BaHME HMCTOYHHMKA CHHXPOTPOHHOTO H3IYUYEHHS
BIICPBBIC TIO3BOJIMJIO TOJNYYUTh YHHKAJIbHBIC JaHHBIE O OHBOJIOIHMHU CTPYKTYpPHO-
(a3oBOro cocraBa KOMIIO3UTHBIX MAaTE€pHAIIOB B TOM YHUCJIE M B pe3yJjbTaTe in-situ
cuHTe3a (00pazoBaHue BTOPUIHBIX (a3).

B pesynbrare BrepBhie MOKa3aHO BIMSHHE ao0aBieHus kepamuku TiB, TiB2,
B4C, WC, SiC, xepamuueckoro BojokHa SiC u Metamimueckoro Oopa mpu pa3HOM
MacCOBOM COJIEPKaHUH €€ B UICXOAHYIO IOPOIIKOBYIO CMECH Ha SBOJIIOINIO CTPYKTYPHO-
($a30BOro cocraBa MU MEXaHWYECKHE XapaKTEPUCTUKU (DyHKIMOHAIBHO-TPAJAUEHTHBIX
MaTepuaJoB Ha OCHOBE THTAHOBOTO, HHUKEJIEBOIO CIUIaBa, IOJYYEHHBIX METOJIOM
Ja3zepHoro miuasienus 3, 4]. Bnepsble ynpasiisist KOHUEHTpaLuel KepaMUKU B UICXOIHON
CMECH BO3MOKHO II€JICHANPaBIEHHO BIMATH Ha (opmHupoBaHME 3aJaHHBIX
MEXaHUYECKUX CBOMCTB YBEJIMYEHHE MAaKpO M MHUKPO TBEPIOCTh,  yBEIHUYCHHE
CTOMKOCTH K aOpa3WBHOMY HM3HOCY, YBEJIMUEHUE YJIAPOCTOMKOCTH H3HOCOCTOMKOCTb,
JAHHBIA MapaMeTphbl B 3aBUCUMOCTH OT TUIA KEpaMHUKH BapbUpyeTCs B J[Ba TPH paza)
TUTAHOBOI'O CIJIaBa 3a CYET M3MEHEHHUsl CTPYKTYPHO-(a30BOTO COCTaBa IMOJIy4aeMOro
(GYHKIMOHATBLHO-TPAIUEHTHOTO MaTepraia 3a cueT (POpMUPOBAHUEM PA3IUYHOTO THIIA
BTOPUYHBIX (a3 B pe3ysbTare in situ CHHTE3a M HEPABHOBECHOCTb IPOTECKAHUS
MIPOIIECCOB KPUCTAJUIM3ALIMN B PE3yJIbTATEe Ja3epHOr0 BO3ACHCTBHSL.

baarogapHocTs
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TerioBuzeHre OTHOCUTCS K  pa3feny (OTOHHKH, OINEpPUPYIOUIEMY C
HU3KOPHEPIreTHUECKUMH KBaHTaMU u3IydeHus B uH¢ppakpacHoM (MK) nuanasone amun
BoiH. Cama 1o cebe 3Ta CHeKTpajibHas 00JacTh Morjia Obl, BO3MOXXHO, OKa3aThCs
HUYEM HE [pHUMEYaTeNbHOM s dejoBeka, ecid O HU "oObeauHmiace" c
ITOJIYIIPOBOTHUKOBOM MHUKPOXJIEKTPOHUKOW. BypHOE pasBuTHE MOCiIeaHEl BO BTOPOU
nosoBuHe 20 Beka IPHUBEIO K  IOSBICHUIO  BBICOKOUYBCTBUTEIBHBIX U
BbICOKOCKOpOCTHBIX MK neTekTopoB, a BMecTe ¢ HUMHU — TEIJIOBU3MOHHBIX PUOOPOB,
KOTOpbIE 32 Kakue-HUOYIb Mapy NECATUICTUN MPEJOCTaBHIN YEJIOBEKY BO3MOXKHOCTD
YBUJETH TO, YTO OKa3ajJach HECIIOCOOHOM C/IeNIaTh IBOJIOLNS 32 MUJIMOHBI JIET.

Pa3zpaGotka u u3roroBinenue nepbix aerekropoB MK umznyuenus B UPII CO
PAH navanuce eme B cepeaune 70-x rogoB Npouioro Beka, a B cepeaune 90-x 3nech
ObUI CO3/1aH TEIIOBU30P C MaTPUUYHBIM (POTONPUEMHUKOM Ha ocHOBe InAs. Onucanue
(bU3UYECKOTO TPHUHIMIIA €ro padoThl MOXHO HaiTH B [1]. Beicowaitmmii mo Tomy
BPEMEHU TEXHUYECKUH YpPOBEHb HOBOIO IpUOOpa, HE YCTYMaBLIEro MO MapameTpam
JY4YIIMM MHPOBBIM 00pasliaM, Aajl CTapT Pa3HOOOpPA3HbIM HAay4YHBIM HCCIIEIOBaHUSIM
[2-5], B KOTOpBIX TEIUIOBU3MOHHAs KaMmepa CIy)KWIa OCHOBHBIM HM3MEPUTEIbHBIM
uHcTpyMeHTOM. KommbloTepHass mnojaepkka ciefana TEIJIOBU3MOHHBIM  METOJ
KOJINYECTBEHHBIM, NIPEBpaTHB ero u3 Temnosuaenus B K repmorpaduto.

B 2018 romy Ha xoH(pepeHIINH, aHATOTUYHOM CETOMHSIIHEH, ObUIH 0OO0OIICHBI
HEKOTOpBIE TEINIOBU3UOHHBIE PE3YJIBTATHL, IOTYYEHHbIE HAMU K TOMY MOMEHTY [6]. 3a
HCTeKIIee BpeMsi ObUT BBIIIOJHEH Psii HOBBIX pabOT, UTOI'M KOTOPBIX MPEICTABIICHBI B
HACTOsIIEM 0030pHOM JIEKLIMOHHOM Jlokiiaze. IIpuBeaeM HEKOTOpbIe U3 HUX.

B kauecTBe OJHOrO0 M3 pa3BUTHIX 3a 3TOT mHepuoj opuruHaibHbIX i UK
TepMorpauu  HampaBJIeHMH  MOXHO  Ha3BaTh  CHUCTEMAaTHYECKOE  H3yueHHE
COpPOLIMOHHBIX MPOLIECCOB W  HU3KOTEMIIEPATYPHBIX KaTaIUTHUYECKUX PEaKIuil,
NPOTEKAIOIUX MPH B3aUMOACWCTBUU Ta30B C TBEPABIMH TelaMu. OTH paboThl,
YaCTUYHO TMpEJCTaBIeHHBIE B [7, 8], OBLIM MPOBEACHBI B KOOMEPAIIUA C TEXHOJIOTaMHU
Wucturyta karanuza uMm. C.K.bopeckoBa CO PAH. Ilpu aacopbumu U KOHIECHCAIIUH
MOJIEKYJ BOJ/Ibl Ha MOBEPXHOCTH TBEPAOTEIbHBIX 00pa3LIOB BbIAEIAETCS, KAK U3BECTHO,
TeroTa (a30BOro nepexoaa, KoTopas MpUBOAUT K Pa3orpeBy CTPyKTyphl. Marepuassl,
oOnanaronue pa3HOM COpPOLMOHHON CIIOCOOHOCTBIO, Pa30rpeBalOTCsS IO-Pa3HOMY.
VYBuzaeTh 3T0T 3G GEKT B ICEBOLBETAX U 3aT€M KOJINYECTBEHHO €ro MPOaHaTu3upOBaTh
MO3BOJISIET TEIUIOBU30p, YTO HATTISAHO TpeicTaBieHo Ha Puc. 1, rme m3oOpakeHa
NOMEIIEHHass B peakTop Oubimoreka u3 15 TBEpAOTENBHBIX OOpa3LOB Pa3HOTO
XMMHUYECKOI0 COCTaBa IIPU CUHXPOHHOM JOCTYII€ K HUM MOJIEKYJI ra3za-ajacopoOara.

Bcé o510 Bpems He ocraBajoch ©0€3 BHHUMAaHUS M OMOMEAMILMHCKOE
TEIUIOBU3MOHHOE HampasiieHue, kotopoe pazBuBaetrcs B UDII CO PAH ¢ momeHnra
CO3MaHMsA 3[eCh IIEpBOM MaTpUYHON TEIUIOBU3MOHHOW KaMmepnl. HHTepecHbIM
pe3ysbTaTOM OKa3ajioch OOHapy)KeHHE Koppensuuu (a3 JEeroyHoro MAbIXaHHUs U
BEJIMYUHBI CKOPOCTH IMYJIbCOBOM BOJHBI B JIy4eBOH apTepuu y uenoBeka [9]. Dpdext
y/aJOCh JIOCTOBEPHO BBIABHTH Omjaromaps paspaborannomy B W®II CO PAH
BBICOKOUYBCTBUTEIIBHOMY ~ MeTOJy  copOnuoHHO-ycwieHHoH WK tepmorpaduu
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(Sorption-Enhanced Infrared Thermography, SEIRT) [10].

Puc. 1. "CopOruonHslii ceeTodop".

Metox SEIRT mo3Bonui Takke BIEpBbIE OOHAPYXHUTH Y JIIOJEH M JKUBOTHBIX
(MUHUCBHUHBH, KPOJIMKH) CJIENbI (OTIEUaTKH) cepaieOneHuss Ha npoduie JEerogyHoro
IbIXaHUsI W BCKPBITb  psAJ  3aKOHOMEPHOCTEM  3Toro  siBiaeHus. llpumep
BBIILICYTIOMSIHYTBIX CJI€IOB MTpUBeACH Ha Puc. 2.

34

o I T

R
Y -

30
1446 1448 1450 1452 1454 1456 1458
Bpewms, ¢
Puc. 2. Cnenpl cepaneOuenns y 4eoBeka, OOHapyKeHHBIE Ha PO MIIe CIIOHTAHHOTO
JIETOYHOTO JbIXaHus (depHas KpuBas) npu uzmepernn Mmeroaom SEIRT [10].

CwrHan anekTpokapguorpammbl, MB

TemnepaTypa cop6uMoHHOro nHaukaTopa, °C

Jlutepartypa

] T'JI. Kypemmes, A.I1. Kouasues, b.I'. Baitnep u np., Aémomempus 4, 5-12 (1998)

1 B.G. Vainer, Phys. Med. Biol. 50, R63-R94 (2005)

1 B.G. Vainer, J. Phys. D: Appl. Phys. 41, 065102 (2008)

] M.S. Mel’gunov, A.B. Ayupov et al, Adsorption 19, 835-840 (2013)

] B.G. Vainer, Appl. Optics 55, D95-D100 (2016)

1 B.T'. Baitnep, Mamepuanst Bocbmozo Poccuiickoeo cemunapa no 8010KoHHuIM azepam, 3-7
cenmsbps 2018 2o0a, Hosocubupck; MAD CO PAH, HoBocubupck, 230-231 (2018)

[7]1 B.G. Vainer, ChemPlusChem 85, 1438-1454 (2020)

[8] B.G. Vainer, A.M. Volodin, A.V. Shepelin, Thermochimica Acta 706, 179066 (2021)
[9] B.G. Vainer, Physiol. Meas. 44, 015004 (2023)

[10] B.G. Vainer, Ann. Biomed. Eng. 46, 960-971 (2018)
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Ilepuoauyeckue U KBa3UMePUOAUIECKHE MACCHBBI
CBSI3AHHBIX MOJSAPUTOHHBIX KOHAEHCATOB B
HEeOpPraHu4ecKuX MUKPOpe30HaATOPaX

C.10. Aastkun’, U.C. T'nycos, K.A. CutHuk, ILT. Jlarynakuc

CKONKOBCKUL UHCTUMYM HAYKU U MEeXHON02Ul
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DOI:10.31868/RFL.2024.260-261

DKCUTOH-TIOJISIPUTOHBI BO3HUKAIOT B MOJYIPOBOJIHUKOBBIX MUKPOpPE30HATOpaX B
T.H. P&KUME CUJIBHOW CBs3U cBeTa M Marepuu [l]. Takue KBa3MUacCTHUIIBI SIBIISIOTCS
KOMITO3UTHBIMU 0O30HaMH W MOTYT TOABEPraThCs TMPOIECCY HEPaBHOBECHOM
KOHAeHcauuu bo3ze-OiHIITEHA TpU  JOCTWKEHUM  KPUTUYECKOW  IUIOTHOCTH
(TemmepaTypsl). BO3MOXHOCTH ONTHYECKOTO BO3OYXKICHHS M XapakTepu3aluu
MOJIIPUTOHHOM CUCTEMBI JIETIAIOT €€ TPUBJIEKATeIbHOM KaK Ut (pyHIaMEeHTaIbHBIX, TaK
W JUTsl IPUKJIAIHBIX MCCIIEI0BAaHUM, BKIIIOUas pa3padO0TKHU BBIUYUCIUTEIBHBIX MIATGOpPM
HOBOTO TOKOJIeHUsI [2]. OmuH W3 COBPEMEHHBIX METOJIOB HCCIICJIOBAHHUNA B (hHU3HKE
KOHJICHCUPOBAaHHOTO COCTOSIHMSI BEIIECTBA OINUPAEeTCsl Ha U3YYEHHE TOBEICHUS
(U3HYECKUX CUCTEM B UCKYCCTBCHHO MHIYIIHPOBAHHBIX MEPHOANUSCKHUX IMOTCHIIHAIAX
(pemetkax). Takoi momxon [3] MO3BOJSET MOJYYHUTHh HOBBIC 3HAHHUS O (DU3UUYECKUX
SIBJICHUSIX B TPYJHO PEAM3yEMbIX MM U BOBCE HEJOCTHKHUMBIX (J1aXke B 1a00OpaTopun)
YCIIOBUSIX.

B nocnenHne roapl akTUBHOE pa3BUTHE MOITYYHII IPEACTABIECHHBIN B JINTEpAType
METOJl  “ONTHYECKOM TMedaTu’  MacCHUBOB M  PEIICTOK  B3aMMOACHCTBYIOIIUX
MOJIIPUTOHHBIX ~ KOHJAeHcaToB. (OCHOBHAas WAed 3aKJIOYaeTcss B BO30YXKICHUH
MOJyIPOBOJIHUKOBBIX TUIAHAPHBIX CTPYKTYp — MHKPOPE30HATOPOB C TOMOIIBIO
JA3epHOTO  U3JIYYEHHUS, MPOCTPAHCTBEHHBIH MPOQPHIL KOTOPOTO CO3JACTCA C
UCIIOJIb30BAaHUEM MOAYJSATOpa CBeTa Ha KUAKUX Kpuctamuiax. TepanuonHbie
QITOPUTMBI pacyéra (a30BOH MACKH MOIYJISATOpPA C aKTUBHOM OOpaTHOM CBsI3bIO [4]
MO3BOJISIIOT PEAIU30BATh ONTUYECKYIO HAKAUKY CUCTEMBI C MPAKTUYECKU MPOU3BOJIBHOM
FEOMETPHUEH.

B noknane OynyT mpeacTaBieHbl SKCIIEPUMEHTANbHBIE PE3YJIbTAThI [0 U3YyUEHUIO
U KOHTPOJIIO IpoLEecca CUMHXPOHU3ALMU TMOJSIPUTOHHBIX KOHJIEHCATOB B ONTHYECKUX
pelieTkax B Pa3MYHBIX pPEKUMaX, a HMMEHHO: B pEXuMe OaTTMCTHYECKOTO
pacrpocTpaHeHus NOJIIPUTOHOB (Tpu nepuoaax D>17 mxm) u ux nokanuzanuu (D<12,5
MKM) B ONITUYECKH HaBEACHHBIX JIOBYIIKAxX. [lepexo n3 oHOro pexxnma KOHIEHCAIUU
MOJIIPUTOHOB B APYToi OBLT IeTalbHO M3y4eH Ha nmpumepe pemietku JInba (cm. Puc. 1)
[5]. AnamornuHble HAOIIOCHUSI TIOTBEPIKIAFOTCS IKCIIEPUMEHTAMH B TPEYTOJIHHOM [6]
U coToBOM [7] pemerkax. B mocnenHeil 6bu10 00HApYKEHO, YTO MPH ONPEACICHHOM
3HaueHnn rniepuoma (D=11,5 MKM) TONSIPUTOHBI KOHJICHCHPYIOTCS B IEPBOM
BO30YK/IEHHOM COCTOSIHUM COOTBETCTBYIOLICH ONMTUYECKOHN JIOBYUIKH (BHYTpPH SU€EK).
Hcnonw3ys pazpaboTaHHyIO paHee TEXHUKY TOMOAMHHOW HHTEephepomeTpun [8] ObuIH
u3MepeHsl (ha3oBbIe pacmpeseNieHus, NOATBepAMBIINE (POPMUPOBAHHE KBAHTOBBIX
BUXpeW B cucteme. BaxkHBIM OKa3aloch TO, YTO BUXPH, BO30Y)KIaeMble B COCEIHUX
AYeKax COTOBOM CTPYKTYpbI, O0OJaJalOT MPEUMYIIECTBEHHO MPOTHBOMNOIOXKHBIM
Tonojorudyeckum 3apsigaom [7]. Ilpu sToM, B cucTeme, COCTOSIIEH BCEro U3 OJHOU
TEKCarOHAJILHOW SIYEWKH, 3apsA] BUXPsA OKa3bIBACTCA CIy4aliHBIM OT peaau3aluy K
peannzanuu. DKCIIepUMEHTaIbHbIe HAOMI0JeHHUsI ObLIN MOATBEPXKACHBI pe3ylibTaTaMu
YHICJIEHHOr0 MozienupoBanus (pemenreM ypasHeHus ['pocca-Iluraesckoro).
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Puc. 1. “OnrTndueckas medaTp”’ pemIeTOK IKCHUTOH-TMOJSIPUTOHHBIX KOHICHCATOB HAa TPUMEPE PEIICTKH
JImba.  U3mepeHHOe B OKCHEpUMEHTE  paclpelneleHHe  WHTCHCHUBHOCTH  HOJSPUTOHHOMN
(GOTOMOMUHECHEHIMK [IPH MOIIHOCTH BO30YXIAIOIIETO JIa3epPHOTO0 HM3JIyYCHUS HI)KE KPUTHYECKOH
(cmeBa). Ilpm pmanbHeHIIeM  yBEIMYEHMH MOLIHOCTH  Jlazepa  IPOUCXOAUT  (HOPMHUpOBaAHHUE
MAaKpPOCKOIIMYECKH KOTEPEHTHOI'O COCTOSIHUS U3 96 CBSI3aHHBIX HO (ha3e MOJIAPUTOHHBIX KOHAEHCATOB
(cripaBa), 4TO MOATBEPIKAAETCS BOSHUKAIONIEH HHTEP(HEPEHIIMOHHON KapTHHOW MEXTy y3JIaMH.

[IponeMOHCTpUPOBAHHBINM B HAIIMUX JKCIEPUMEHTAX MPELU3UOHHBIA IOJHOCTBIO
ONTUYECKUH  KOHTPOJIb HAJ  TOJSPUTOHHOM CUCTEMOW B  HEOPraHUYECKUX
MUKpPOpPE30HaTOpax IO3BOJSET HCCIENOBATh Pa3IMYHbIE SK30TUYECKHUE COCTOSHUS.
Hanpumep, kBa3ndacTuubl ¢ T.H. “IJIOCKUMHU 30HaMU™~ U KOHycaMu J[upaka B clieKTpe,
CTOXaCTMUYECKHE M CHHXPOHM30BAHHBIE KBAHTOBBIE BUXPH, a TAK)KE€ BUXPEBBIE MOJIBI,
BO3HUKAIOIIME IPU NEPUOAMYECKOM BPAIICHUH OIPAHUYMBAIOIIETO MOTeHIMana [8].
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IIpuMeHeHne TeparepuoBOro U3JIy4eHus JJIsl
OMOMEIUIIHHCKHUX 32124

O.I1. Yepkacosa'*, H.A. Hukonaes!
! Unemumym aemomamuxu u snexmpomempuu CO PAH
2 Hosocubupckuti 20cy0apcmeennblil mexnudecKutl yHueepcumen
* E-mail: cherkasovaop@iae.nsk.su
DOI1:10.31868/RFL.2024.262

K TteparepuoBomy (TI'1) criekTpy NpuHATO OTHOCUTH AMana3oH yactot oT 0,1 mo
10 TT'y (mnm B anuuax BoiH oT 30 MM g0 3 MMm) [1]. anHOoe m3nmydeHue obnamaer
pPAIOM OCOOCHHOCTEH, KOTOphIe OOYyCIIaBIMBAIOT €ro MPHMEHCHHWE B OHOJOTHU U
MEIUIIMHE, a UMEHHO, €r0 HEHMOHU3HpYIoIllee BO3JAelcTBHE, 00YCIOBIEHHOE HH3KOM
SHEPTHUeH KBAaHTA; BHICOKAS CTETICHbh B3aUMOJICHCTBUS C BOJOW U BOJHBIMHU PacTBOPaMHU,
BKJIIOYasi TKAHEBYIO BOJY, CBOOOAHYIO UM cBsa3aHHyt0. st TT iy uznyuenus xapakrepeH
pelleeBCKuii pexuM paccestHus 1/A* B He0THOPOMHBIX cpeiax, BKI0YAs OUOIOTMYECKHE
TkaHu. PaszButue Meroma ummynbcHoM TI'm cmekTpockomuu Ha pyOexke XXI Beka
MIPUBEJIO K 3HAYUTEIbHOMY pocTy npuMmeHeHuil TI' npubopos u uznyuenus [1].

B noxmane mpeacraBieH 0030p Hambonee WHTEPECHBIX M aKTyaldbHBIX
npumenenuid TT' 1 cucteM 71t GMOMEAUITMHCKUX 3a/1a4, 8 TAK)KE UCCIIEI0BAaHU aBTOPOB,
B YAaCTHOCTH CIEKTPOCKOMHHM KpOBU MJis JUArHOCTHKH nauaberta [2], maTojoruit
IIUTOBUAHON kene3bl [3] u paka nedyeHu [4]. PaccmarpuBaeTcsi acekT mpUMEHEHUs
METOJIOB MAIIMHHOTO OOY4YEeHHS K aHAIM3y AaHHBIX UMIyJIbcHOW TI'1I criekTpockonuu
KpPOBH, KOTOPBIC CIIOCOOCTBYET TMPOJBIIKCHHIO METOJa B KJIMHUYECKYIO IPAKTHUKY.
Nmnynbchas Tl criekTpockonus B KOMOWHAIIMU C METOJAAMH MAIIMHHOTO OO0Y4YeHUS
ObLTa WCIIOJIB30BaHA JIJISl aHAIHM3a CHIBOPOTKH KPOBU MEINICH B JUHAMHUKE Pa3BUTHS
skcriepuMenTanbHoii  U87 rmmobmactombl  [5], TpaBMaTHYECKHX IOBPEXKICHUN
TOJIOBHOTO MO3ra [6], aHayM3a 11a3Mbl KPOBU MAIIUEHTOB C TIIMOMAaMH Pa3HOM CTENEHU
3JI0KAYE€CTBEHHOCTH, B TOM YHUCJIE /10 U IOCIE MPOBEACHUS XUPYPIUUECKOM ornepanuu
0 YJIaJICHUI0 OMyXoJH [7].

[IpuBonsaTcs npumepsl nmpuMmeneHus T u3myyeHus A aHalu3a u300paKeHHi
TKaHEH MPU JUAarHOCTUKHU JIOOPOKAYECTBEHHBIX U 3JI0KAaYECTBEHHBIX HOBOOOpPAa30BaHUM
Pa3IMYHON HO30JIOTHH M JIoKaym3auu [1, 8] u opTanbMoIOTHUeCKUX MaTojaorui [9].
Vneneno BHuUMaHue Oe30macHOCTH NpuMmeHeHus Tl U3iMydeHuss B JIMarHOCTHKE W
tepanuu  [11]. B 3akmouenun chopmyiupoBaHbl Haubojee TEPCICKTHBHBIC
HarpaBJieHUs JalibHeHIero npumenenus T1 11 u3mydeHus B perieHu OMOMeaUITTHCKUX
3a/1a4.

PaGora dacTU4YHO BBINOJNHSAJIACH B pPaMKaX TOCYIAapPCTBEHHOTO 3aJaHUS
NAuD CO PAH. Asrtopel Omaromapsatr LKII «Cnekrpockonus W ONTHKa» 3a
MpeA0CTaBIEHHOE 000PYI0BaHHUE.
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H.A.Koasina, S$I.I. MHcaeBa, J/I.B, bpaxnukoB, A.A. @OuWIOHOB,
B.C.IluBuoB. UM3mepeHue  gucnepcud  ONTUYECKUX  BOJIOKOH €
UCIOJIb30BaHUEM (DEMTOCEKYH/IHOTO HCTOYHHUKA U3ITYUYEHHUS

H.A. Anpenos, A.JO. KosiecHnkoBa, II.A. Exu3aposa,
A.B. locTtoBasnoB, C.A. Bbaoun, W./l. BatHuk, A.A.Pemok. Uzydyenue
KOMITAaKTHBIX JIACTIEPCUOHHBIX AJIEMEHTOB TUTSt CIIEKTPOCKOIUHU

JMCTIEPCUOHHOTO MTpeodpazoBanus Oypbe

N.B. Tumodeen. ['eomerprueckas ¢asza B BEpTUKAIbHO-U3ITYYAIOLINX JIa3epax
Ha XHMpaJbHON BHICOKOKOHTPACTHOM PEUIETKE

A.B. I'magbimesn, U.A.by¢eToB. ['a30Bbie BOJIOKOHHBIE JIa3€pHI.

A.A. Cypun, H.A. Maruuuxkuii, M.A. Yepnuxko, H.O. Xpamos.
OpnovactroTHbiii (< 10 MI'11) BOJOKOHHBIN HenpepbIBHBIN J1azep Ha 1310 HM
MouHocThio 20 BT, ocHoBaHHbIM Ha BKP ycuiennn 01HO9acTOTHOrO cUrHasia
noJiynpopoaHukosoro DFB nazepa

A.A. Cypun, S.A. Tesano, B.Il. CypoBueBa, H.JI. Maramnkui.
Bonokonneii BKP ycunurens HenpepelBHOTO OJHOYAaCTOTHOIO CHUTHaja
(<10 mBt) DFB nazepa na 1650 HM 10 BATTHOTO YPOBHS

A.C. Aopamos, /I.A. Kopooko, B.A. Jlanun, A.A. ®ornaamu. ['enepanus
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MePECTPANBAEMBIX CIIEKTPAIbHBIX TPEOHEH B KOJBIIEBBIX CXeMaX C aKTHBHBIMHU
(hOTOHHO-KPUCTATITUIECKUMH CTPYKTYpamMu

A.B. Aunapuanos, E.A. Anamkumna, C.A. CkoOeneB, A.A. banakun,
B.B. JlopogeeB, C.E. Motopun, A.I'. JlutBak. YnpaBieHHe ONTUYECKUMHU
HUMITYJIbCaMU B JIa3€pPHBIX CUCTEMAaX Ha OCHOBE MHOTOCEP/IIIEBUHHBIX BOJIOKOH.

M.A. TI'epBasmeB, /J.C. Xapenko, A.A. PeBsakun, A.I'. Ky3Heuos,
E.B. lloguBuiaos, ®. Manmxxunu, M. ®eppapo, C. Babnuu, C.A. baoun.
HoBpie acmexkThl HeENWHEHHOW (OTOHMKM MHOTOMOJOBBIX BOJIOKOHHBIX
CHUCTEM.

0.C. CupeabnuxkoB, M.II. ®enopyk. I[lapamnenbHble peanuzanuu
YHUCJIEHHBIX aJTOPUTMOB ISl PELICHUS YpPaBHEHUI pPAacHpOCTpPaHEHUS B
MHOI'OMOJOBBIX JIMHUAX CBA3U

B.C. TepentneB, A.B. JlocroBasioB, A.I'. Ky3nemon, B.A. CumoHos,
X.A. Pu3k, C.K. I'oaayouos, C.A. badbun. Meton popmupoBaHust oTpakaTeis
3aJJaHHOI (POPMBI B MHOTOMOJ/IOBOM BOJIOKHE

A.JO. KoaecauxkoBa, C. A. Cnupun, A./l. HoBukoB, H.A. Makaposa,
B.C. TepentbeB, Bb. Crypman, E. B. Ilomusumios, W.J. Barhuk.
KeppoBckas HENMMHEHHOCTD B IMIIMHAPUYECKUX MUKPOPE30HATOPAX HA OCHOBE
OTNITHYECKOTO BOJIOKHA.

M.C. MumeBckuii, A.A. Mkptusan, K.H. MunbkoB, U.A. Bbuienko,
A.I'. Hacuoysimn, 1O.I'. T'magym. VMccrnenoBaHue ONTHYECKUX YaCTOTHBIX
rpe0CHOK B CXE€ME€ C KPHUCTATUYECKUM MHKPOPE30HATOPOM BIIOKEHHBIM B
BOJIOKOHHBIN YCUIIUTENh

E.A. Anamkuna, A.B. AnapunanoB. MyabTUCTaOMIbHBIC COCTOSIHUS CBETa B
HEJTMHEWHBIX MUKPOCPEPUICCKUX PE30HATOPAX.

B. CumonoB, B. TepentrbeB. OTpaxkaTelbHbIE HHTEPPEPOMETPHI C
HaKJIOHHBIM TMIaJICHHEM CBETa MJs HM3MEpPEHHUs IOoKazaTels MpPelIoOMICHUS
(mpur.)

II.LA. HWrpun, .A. Kopodko, /.II. Kavankun, A.A. Pormaam.
MUKpPOBOJIOKOHHBIE Y3€IKOBBIE PE30HATOPHI JJII IPUMEHEHUN B JIa3epax U
CEHCOpax.

E.O. Kepmoiienko, A.A. Mkprtusin, FO.I'. I'magym. Ontuueckuil ra3oBblil
CEHCOp Ha OCHOBE aJCcOpOLMH C HCIHOJb30BAaHUEM  IOJIMPOBAHHOIO
ONTOBOJIOKHA,  MHTETPUPOBAHHOTO C  OAHOCIOWHBIMH  YIJIEPOJHBIMU
HaHOTpyOKaMu

MLIIL. I'acbKoB, B.A. CumoHOB, B.C. Tepentnes, H.A. Jlobau.
BBICOKOCKOpPOCTHOM ~ HWHTEpporaTtop ¢  HUCIOJNb30BaHUEM  (POTOHHO-
WHTETPAIBHBIX CXEM JIJISI OTIPOCa BOJIOKOHHBIX JJATYUKOB Ha OCHOBE TOPIIEBOTO
unreppepomerpa Padbpu-Ilepo

A.P. Xapacos, J.A. ®omupsikoB, .M. benraabckuii, A.FO. lanusos,
C.Il. Huxkutun, O.E. Hammii m B.H. Tpemmuxon. Pacnpenenénnsiii
aKyCTUYEeCKMH JaTyuk Ha 0Oa3e  (a30uyBCTBUTEJIBHOIO  PAJIEEBCKOTO
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pedaekToMeTpa ¢ IpOTHKEHHOCTHIO 10 240 KM

0.C. CugeabnnkoB, A.A. Pexrok, M.II. ®enopyk, C.K. Typunpsia. Mogenu
KOMIIOHEHT TPHEMOINEPEAoNINX YCTPONHCTB Ha OCHOBE CJIOEB HEHPOHHBIX
ceTel JUIsl CUCTEMBI CBSI3U C LU(POBBIM YINIOTHEHUEM TOJTHECYIIIUX

N.C. Yexosckoii, E.B. CenoB, C.K. Typunsin, M.II. Penopyk.
[lpumenenne HenuHeWHoOro mnpeoOpa3zoBanust @dyppe B ONTHYECKHX
TCIICKOMMYHUKAIUAX

A.A. Pemwok, E.U. IlleBeneB, B.P. Jlanuako, O.C. CuaejbHUKOB,
MLII. ®enopyk, bazapos T.0O., Cenbko M.A., Camoaenkun JI.A., Ctapbix
A .. AAropuTmbl KOMIIEHCAIIMM HEIMHEHHBIX HMCKAXXEHUW CHUTHAjla s
skcnepuMenTanbHoi 600-kM DP-QPSK onTuyeckoil TMHUU CBSI3U

E.A. lleBeneB, A.A. Pemok, B.P. Janunko, M.II. ®enopyk. Teopus
BOSMYH_IGHI/If/'I U MHOTOIIapaMCETpUUCCKass OITUMHU3AlUA I KOMIICHCAIlUU
HEJIMHEWHBIX UCKAKEHUI CUTHAJIa B OITUYECKUX CUCTEMaXx CBSI3U

E.I'. INanupo, [A.A. IManupo. CnexTpaJbHbIi [IWU3aliH CUTHAJIA C
HELIEHTPaJIbHBIM KPaTHBIM YUPIIUPOBAHUEM

A.B. llleasirun, J.B. IlaBaos, KO.M. Boponaenko, A.b. Yepenaxun,
J.E. bannblii, A.B.bo:xkok, B.M. Uinbsimenko, A.A. Kyumu:xak JlazepHoe
CTPYKTYPHUPOBAHHUE MOJIYMETAJUIMYECKUX M MOJYIPOBOJHUKOBBIX CHUIUIUIOB:
MEPCIIEKTUBHBIE TPO3PAYHBIE JIEKTPOABI U ONITHYECKUE MOTTIOTUTENH.

B.B. Jluxos, C.B. BacuiabeB, I''K. Anarames, A.I'' Oxpumuyk.
CrniupanbHble OparroBckue peLeéTKy, 3aIuChIBaeMble IyYKOM
(eMTOCeKyHIHOTO JIa3epa.

CM. Ilonos, /I.B. Paxosckmii, A.O. KoJsocoBckuii, B.B. Boaommun,
N.JI. BopoobéB, B.A. HcaeB, M.IO. Bsarkun, A.A. PbidanaTroBckmuid,
JA.C. JIlunaroB, A.A. ®ornagu, IO.K. Yamoposckuii u O.B. Bbyros.
OnTuyeckne BOJIOKHA C MAacCMBAaMHU BOJIOKOHHBIX OpPATTOBCKHX PEHIETOK
3aMMcaHHbIe B MPOIECCE BBITSKKA ONTUYECKOTO BOJIOKHA

K.A. bponnukoB, B.C. TepentbeB, B.A. CumonoB, B.E. ®ensii,
A.D. Cumanuyk, C.A. baoun, A.A. Kyumu:xak, A.B. JlocroBajsioB. 3anuch
JIa3epHO-UHAYIHUPOBAHHBIX IEPUOJMYECKUX CTIPYKTYp Ha IIOBEPXHOCTH
ONITHYECKUX BOJIOKOH ()C JTa3epHBIM U3ITyYCHHEM

A.B. locroBasoB, 7K.J. MynkyeBa, E.B. I'osiukoB, A.FO. KoxanoBckuii,
C.A. baOun. ®eMTOCEeKyHHAs JIa3epHas 3aluCh OTPAKATEIbHBIX CTPYKTYp C
MTOMOIIIBIO TTPOCTPAHCTBEHHOT'O MOYJIATOPA CBETA

C.P. Pozenranb, J.A. Kucaos. Vcnonb3oBanue ruOpuHOrO aHANoOIbHOIO
COCTOSIHUS Ul CEJICKTUBHOM ONTOMEXaHMYECKOW COPTUPOBKM HAHOYACTHUI[ B
T0JI€ JTA3€PHOTO U3ITyUCHHUS

Konrad Rolle. Laser warming of cryopreserved samples at the water
absorption wavelength: From global to local approaches.

A.D. Cumanuyk, C.JI. Mukepun, A.A. Kanuaun, M.1O. banakuna. [louck
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U HUCCIICAOBAHUC OPraHUYCCKHUX JJICKTPOONTUUCCKHUX MATCPUAJIOB C BBICOKOH
p630HaHCHOI>'I HEJIMHEHHOCTBIO BTOPOTI'O IIOpAAKA.

B.A. Copokun, II.A. Yyobakos, C.JI. Mukxepun, A.A. AIOJOHCKHH.
DOMUCCHOHHAs pa3psHasl CHEKTPOCKONUS BO3AYIIHOM CMECHU: BHEpa3psAIHOE
CBEUYCHHE

B.B. KoBauwok, U.0. Benenukros, K.O. Ceapix, A.}O.Ky3un, U.H. ®aops,
A.N. IIpoxoaumos, B.C. I'ananosa, .M. Kob6uen, A.J.T'oauxon, C.C.
Cearoayx, ILII. An, I'.H. I'oabuman. @OTOHHBIE UHTETPAJIBHBIE CXEMBbI IS
ONTHYECKUX BBIYUCIICHUN, KOMMYHUKAIIMI U CEHCOPOB.

C.C. Kocounobo, A.C. CmmupnoB, A.U. Bepryuaec, I.C. 3emuos,
HN.A. Imennuynok, A.K. 3emmoBa, K.P.Tazmes, .M. KuryHos,
K.H. I'ap6y3oB, B.Il. J[IpayeB DIeKTpOONTHYECKHUE YCTpPOWCTBAa Ha
KPEMHUEBBIX (DOTOHHBIX MHTETPAIBHBIX CXEMax

AM. Kurynos, [[.A. lllunkun, B.O. becconoB. demTocekyHaHas ga3epHas
neyatb Mu-pe3oHancHbIXx Si, Ge u SiGe HaHOYACTHII MU WX ONTHYECKUU
OTKJIUK.

II.LA. JlazapeHko. DHEpProHE3aBUCUMBIC 3JIEMEHTHI (OTOHHKHM Ha OCHOBE
(hazonepeMeHHbIX MaTEPHUATIOB.

X.JI. bxarra, M.K. IlorogaeBa, E.Il. Koxuna, C.A. bBbeaun,
C.C. Kocou0008, C. B. JleBuenko, B.II. [IpayeB. CTpyKTypbl CO CIMHOBOMU
MOJISIPU. 3allMel B MUKPO3JIEKTPOHUKE U HAHO(POTOHUKE.

A.C. Kapgouxkun, C.I'. Moucees, E.Il. Kumiok. Pe3onancHoe ycuieHue
MEJIJIEHHBIX TTOBEPXHOCTHBIX MJ1a3MOH-TIOJIIPUTOHOB MOCPEJICTBOM
IperdoBOro ToKa

A.K. CapbiueB, A.B. HBanoB, WU.B. bbikoB, M.C. Illecronasnosa,
K.E. Mouanos, /J.C. KopxoB, A.®. Cwmbik, A.B. Ilypbirun,
J.B. BacmanoB. [lna3MoHHBIA pPEe30HAHC B METAJUTMYECKOW HAHOOOOJIOUYKE U
KOMOWHAIIMOHHOE paccestHie B OMOJIOTHUECKUX 00BEKTAaX.

A.C. bepésza, A.E. Yepusasckuii, C.B. Ilepmunon, /I.A. Ilanupo.
PaccesiHre IMIMHAPUYECKON BOIHBI MACCUBOM KPYTOBBIX IMJINHIPOB

J.A. MyxameasiHOB, A.A. 390610BCKMH, E.C. AuapuaHoB.
[TapameTpuueckass HEYCTOHYMBOCTb M KECTKUHA peXUM BO30OYKICHUS B
ONTOMEXaHWYECKUX CUCTEMaX C CHIIBHON (OTOH-POHOHHOM CBA3bIO.

N.C. IlansieB, II.A. Utpun, [.A. Kopodko, A.A. ®otuaau. Cy6-100-I'u
BOJIOKOHHBIH J1a3ep Ha apeKTe camo3axBaTa YacTOThI

C.A. /IpaxoB, H.C. CanaxoBa, A.B. Hruaro, HU.M. ®pankun,
H.A. T'unnnyc. Xupanesusbiii cBeT B @adbpu-Ilepo pesonarope

A.C. Bepe3a, A.B. HembikuH. PaccessHue BOJIHBI Ha MJI€aIbHO MPOBOASIIEH
JICHTOYHOM pelIeTKe

A.H. JlenncoB, C.JI. CeMéHOB. AHTUKPOCCUHT M CBSI3b MOJI B HU30THYTBIX
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IMOJIHOCTBIO CTECKIIAHHBIX MUKPOCTPYKTYPHPOBAHHBIX BOJIOKOHHBIX CBETOBOJAX
C KaHaJlIaMH1 BBITCKaHUA

N.C. Yexosckoi, I'.A. Ilatpun, O.B. IlITeipuna, M.II. Pepopyk.
AHanutuyeckoe NpUOIMKEHHOE CTallMOHAPHOE peleHue s
HEKOHCEPBATUBHBIX MHOTOCEPALIEBUHHBIX BOJIOKOH

M.U. CkBopuos, K.B. IIpockypuna, E.B. I'osiukos, C.P. A0ayanuna, A.B.
HocroBanoB, O.H. Eroposa, C.JI. CeménoB, C.A. badoun. [lpumenenue
JBYXCEPJIIEBUHHOTO CBETOBOZAa CO CBS3bIO MEXIY CEpIIEBUHAMM IS
peam3anuu y3KOoIMoJIOCHOTO dpOHEBOTO Jiazepa

M.I'. Cioboxanuna, A.H. CnodokanuH AHaiau3 3aBUCUMOCTH YUIMPEHUS
CIIEKTpa YCHJIMBAEMOIO JIa3€PHOTO M3IY4YCHUS OT HaNpaBlIeHHS BBOJA
H3JTYy4YCHUS HAKAYKH B MOIIHBIX BOJIOKOHHBIX YCHIIUTCIIAX

E.A. EBmenoBa, C.U. Kabaykos, A.I'. Ky3nenos, C.A. badun. Yasoenue
yactoTbl BKP-nazepa ¢ npsMoii 1nogHO# HaKauKoM B pe30HATOPHOM cXeme

A.B. Cyabun, U.A. Boakos, C.H. YmaxoB, K.H. Humesn. ['enepamus
OJIMHOYHBIX ¥ MHOI'OCOJIUTOHHBIX HMMIIYJIbCOB B KOJIBLIEBOM BOJIOKOHHOM
nazepe

J.A. Xynoxurkoa, A.E. beansikopa, M.II. ®enopyk Teopernueckoe u
YHUCJICHHOE HCCIEeI0BaHUE HMMITYJIbCHBIX PEXHMMOB TI'€HEpallud B THOPUIHBIX
BOJIOKOHHBIX JIa3epaXx Ha OCHOBE IOJYNPOBOJHUKOBOTO ONTHYECKOIO
YCUIIUTENIS

A.C. Adpamos, B.A. Jlanun, ILII. MuponoB. PacripoctpaHneHune BOJIHBI C
CUIbHOM (Da30BOM MOAYJSILIMENH B CBETOBOJE C 3aBUCHMOCTBIO JTUCIIEPCUHU
TPYIIOBBIX CKOPOCTEH OT JJIMHBI

A.C. Aopamos, C.I'. MowuceeB, JI.I'' CannukoB. /[uHamMuKa YacTOTHO-
MOAYJIHMPOBAHHOTO JIA3CPHOTI'O M3JIYUYCHUS B KOJIBLCBBIX BOJIOKOHHBIX CXCMaX
Ha OCHOBE HAaHOYTJICPOHBIX HACBIIIAIOIIUXCS MTOTJIOTUTEIICH

HN.A. Boakos, A.B. Cyabun, C.H. YmakoB, K.H. Humen. CrnexrpaibHo-
BpCMCHHAas JUHaAMHKa I_HyMOHOIL06HbIX HUMITYJIbCOB B KOJIBIICBOM BOJIOKOHHOM
ErYb nazepe

J.E. ApremoB, B.H. Tpemuxo, A.U. PenoceeB, A.A. Epumos,
A.A. Hukutun, A.b. YcruhoB. Mogens pacuera  J0OpPOTHOCTH
MHUKPOKOJIBIIEBBIX pe30HATOPOB. CpaBHEHHE C IKCTIEPUMEHTOM.

X.A. Pusk, A.IO. KoaecnukoBa, A.Jl. HoBukxos, /I.B. Kynamkun,
B.A. CumonoB, MHN.JI. Barumk. HaBenennas TemnoBas Jucnepcus
akcnasbHbIX MIIT B mWIMHIAPHYECKOM MHKPOPE30HATOPE NMPU MHTEHCUBHOMN
HaKayke

I''A. Harpun, O.B. WMrbipuna, H.C. Yexonckoii, M.II. Pegopyk.
HpI/IMCHeHI/Ie METOO0B MOACIIUPOBAHUA BOJIOKOHHBIX JIa3¢poB K
UCCIIEIOBAaHUIO MPOIMYCKHON CIIOCOOHOCTH COJUTOHHBIX ONTHUYECKUX JIMHUN
CBSI3U
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AA. KozbmuH, A.A. Penrok, O.E. Kanames, A. Yepnenko. I[Ipumenenue
METOZIOB MAIIMHHOTO 00ydeHuss B 00pabOTKe IaHHBIX pacHpeaesICHHOTO
aKyCTHUYECKOIo JaT4yuKa

AJl. IOpuna, C.B. YBapos, A.H. banaxuun, O.b. Haiimapk. Ludpposas
o6paboTka PDV curnanaoB npu HU3KOCKOPOCTHOM Harpys>KeHUH

E.C. IlomoB, P.M. MeabunkoB, K.A. Cadapsn, A.A. Orie3Hes.
UccnenoBanue XxapakKTepUCTUK BOJIOKOHHO — ONTHYECKOTO JAaT4YMKa JABICHUS
Ha OCHOBE CHJIb()OHA

K.A. Cadapsan, U.A. Tpedunos, I1.B. Kpay3un, A./l. FOpuna. Pazpaborka
BOJIOKOHHO-OTITUYECKOT0 aKcelepoMeTpa Ha ocHOBe uHTephepomerpa Dadpu-
ITepo

HN.A. Tpedpuaos, A.H. Kouapamos, II.B. Kpaysun, O.0. darranos,
N.H. Yepenanos. IIpuMeHMMOCTb  pacHpeleleHHBIX  ONTOBOJIOKOHHBIX
CHUCTEM JUIsl KOHTPOJISL COCTOSIHUSL DJIEMEHTOB KOHBEHepa

C.JL. Muxkepun, B.JI. YroxaeB. MoOHOIUTHBIM HHTEPPEPOMETP C TOUHOU
NIPOCTPAaHCTBEHHOW  (ukcanuell mnepecTpauBaeMoil HHTEpEPEeHIIMOHHON
PELIETKY.

A.C. KyubsinoB, II.A. Yyb6axkoB, B.A. Copokun, A.A. AnNOJOHCKHIi.
[lepeBon Momnekyn poaamMuHa W3 KOHJEHCHUPOBAaHOW (pa3pl B Ta30ByK C
ITOMOIIBIO HEPE3OHAHCHOTO JIA3EPHOTO U3ITyYEHUSI.

O.H. llleBuenko, B.JI. Aunubirun, H.A. HukonaeB. OreHka HEIMHEHHO-
ontudeckoro  kodddunuenra  kpuctawioB  GaSe:S 1o  JgaHHBIM
JJEKTPOONTUYECKUX U3MEPEHUM.

A.A. Puibak, H.A. HuxoanaeB, C.A. Ky3neunoB. mnynscHas teparepiioBas
CHEKTPOCKOIUSI ~ CETHETORIEKTPUUECKUX  KPUCTAUIOB C MPUMEHEHHEM
aHTHAIMACHOW (DUITBTpalIUN

B.E. ®easii, A. TapacoBa, A. Eumucees, JI. Ucaenko, II. Kpnnuunsin,
A. Kyummkak, C.A. baoun, A.B. loctoBanoB. Co3gaHnue aHTHOTPAKAKOIITUX
MHUKPOCTPYKTYP Ha ITOBEPXHOCTU HEJIMHENHBIX KPUCTAJUIOB

C.P. Erusn, A.A. Kusizea, O.A. Knumenko, B.H. Antonos. I11a3M0OHEI B
MaccuBax rpa)eHOBBIX HAaHOJIEHT Ha KapOuae KpeMHuUs

A.B. Hembikumn @a3oBas onruMu3anus ITHKOBOM AMIUIMTYAbl CYMMBI
rapMOHHUK

JLJI. ®pymun, A.E. YepusiBckuii. «Cynep-ObICTpBIi» alrOPUTM pEIICHUS
3a]1a4 paccesiHus

T.A. ArJINyJ/UINH, O.I. Mopo3sos, AJK. Caxa0yTauHoB,
J.C. I'paboBeuxuii, JIN R Hypmyxamertos, A.C. Jlyuenko,
P.C. llonomapes, B.II. Ilepaguyk, A.®. Arumynanud, U.H. Hypees,
P.A. FOcynos, /I.H. MaTBeeB. MHoOronapameTpuueckue BHYTPUBOJIOKOHHBIE
JaTYUKU ~ JIABJICHMs, TEMIIEpaTypbl W OTHOCUTEIBHOM  BIIaKHOCTHU
atMoc(epHOro BO3ayXa IS KOHTPOJS MpoTeKaHus CyhIsSIMOHHBIX
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MPOIIECCOB B XOJI€ DHIOCKOMUYECKUX OTIEPAITHi

O.B. byros, A.B. IpxusaaxoBckuii, A.C. Iluxkun, A.WU. JlonyHoB.
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A.E. BbennskxoBa, K.II. CapaeBa, A.A. Pemwox, M.C. MumeBckui,
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Zinan Wang. Replica symmetry breaking in 1D Rayleigh scattering system

Daniele Tosi. Fiber optic sensors based on fiber-optic ball resonators for
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Mukul Chandra Paul. Advanced Optical Materials and Specialty Optical
Fibers for Photonics Applications
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nonlinear effects

Mario Ferraro. Recent advances in the thermodynamic description of beam
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N.N. Psadues, B.B. IIpeodpaxenckuii, U.b. Yucroxun, M.A. Ilyrsro,
M.C. AkcenoB, E.A. EmeabsinoB, M.O. Ilerpymkos, /I.b. Tperbsikos,
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A.I'. ManukoB, A.A. I'oabimeB Jloctmxenus UTIIM CO PAH B obGnactu
JIA3€pHOTO aJINTHBHOTO BHIPAIIMBAHUS METAIO-KEPAMUIECKUX MATEPHAIIOB
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