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OCBEILIAaEMbIMU B JKypHaJIE.

Marepuanbsl MyONUKYIOTCS B aBTOPCKOM pemakuumu. 3a cOONIOJeHHE 3aKOHOB 00
MHTEJUIEKTYaIbHOW COOCTBEHHOCTH M 3a COJEpXKaHHME CTaTel OTBETCTBEHHOCTh HECYT aBTOPHI
crateil. MHEHME pelaKuu MOXET He COBIIAAAaTh C MHEHMEM aBTOpOB craTei. [Ipu ncnons3oBaHnuu

" 3aUMCTBOBAHUU MAaTCPHUAJIOB CChbIJIKA HA U3JJAHUC 00s13aTeNbHA.

© 000 «MOA ITPOPECCHOHAJIbHAA KAPLEPA»

© KoJsutekTuB aBTOPOB



PEJAKIIMOHHAA KOJIJIEI' U4:

[Tectepes C.B. — 1. penakTop, OTB. 3a BBIILYCK

AOnypacynoB A6aynnaxoH AGTyKapuMOBHY

AzamoB XKacyp6exk MyponoBud

AptukoBa Myxaiioxon botupanueBHa

AxmenoB botupkon PaBmanoBuy

barypun Cepreii [letpoBuy

bexxanoBa Alinypa MapxabaeBHa

bexxanora ['ynmrapa MapkabaeBHa

bo6poga Jlronmuiia BiiagumMupoBHa
bornanosa Tateana BinagumupoBHa
botupoB Amunxxon Po3umboeBny
JembsinoBa Jlrogqmuina MuxaiiaoBHa
Epemeena Jlronmuna OMupoBHa
Kymanosa @aruma YpanoBHa
3acsaapko Koncrantun MiBaHoBUY
Hcnomosa Canpgaxon TypryHoBHa
Kabynosa Mexpuban TonbibaeBHa
Kazakoa PabHo MarpabaeBHa
Komupos Xacau6oii Opu6xoHOBUY

KonecaukoB Oner MuxaitiioBua

Kopob6eiinukoBa Exatepuna BuktopoBHa

Jlanuesa Tarbsna I'eopruesna
Myxamenosa Jlona JlxypaesHa
Hap3suxkynosa ®upysa botuposHa
Ho6ens Aprem PoGeproBuu
Hoznpuna Hatanbst AnexcanapoBHa
Hypxanos Cabur Y3akbaeBuu
OnraeB HlaBkat CoOupoBuy
[TaBnoB EBrennii Biagumuposuu
ITerpoBa FOnust BaneHTuHOBHA

ITonos Cepreii BukropoBuu

PacynxomxaeBa MaanHa AxXxmaKOHOBHA

TOKTOD (prstocoduu meaaroruaecKux Hayk
ToKTOp (prtocoduun B 006JaCTH IOPUCTIPYICHITUN
JOKTOP TIeIarOTHYeCKUX HAyK, TOLEHT

nokTop unocoduu B dusosor. Haykax (PhD), monent

KaHIUJAaT HCTOPUUCCKUX HAYK, JOLICHT

nokTop pumocoduun no nexaror. Haykam (PhD), notient

KaHIUJIAT MEIUIIMHCKUX HayK, MPEIo/1aBaTellb

KaHJAUJIAT TEXHUYECKUX HAYK, JOICHT

KaHAuIaT (GUIOJOTHYECKUX HAYK, TOTICHT

KaHAUIAT OMOJOTHYECKHX HAYK, TOIIEHT

KaHAUJIAT MEIUIITHCKUX HAYK, TOTICHT

KaHJAUJIAT TEXHUYECKUX HAYK, JOICHT

KaHIHUAT MeAarorHIecKuX HayK, JOICHT

JOKTOP MEIUIIMHCKHUX HayK, podeccop

nokTop ¢unocoduu no rexuunyeckum Haykam (PhD), moment
nokTop ¢unocoduu no negaror. Haykam (PhD)

nokrop unocoduu no ¢punonorndeckum Haykam (PhD)
JIOKTOp (HI0co(uu Meaarornyeckux HayK

KaHAUJAT (PU3UKO-MaTeMaTHYECKUX HAYK, TOIIEHT
KaHAMIAT SKOHOMUYECKUX HAYK, JOLEHT

KaHIAMJAT SKOHOMHUYECKUX HAyK, JOLEHT

nokrop unocoduu no ¢punonorndeckum Haykam (PhD)
JOKTOP TICUXOJIOTHYECKUX HAYK

KaHAUJAT IOPUIMYECKUX HayK, TOLEHT

KaHIUAAT MeJarornuecKuxX HayK, TOIEHT

JOKTOp MCTOPUY. HayK (dsc), crapiinii HaydHbIH COTPYIHUK
KaHAMIAT SKOHOMUYECKUX HAYK, JOLCHT

KaHJAUJIAT UCTOPUYECKUX HAYK, TOLEHT

KaHIUIAT OMOJIOTHYECKUX HAYK, TOTICHT

JOKTOP IOPUIMUYECKUX HAYK, podeccop

nokTop ¢umocoduu no negaror. Haykam (PhD), monent
35



PaxmaroBa @otuma ["aHneBHa noktop ¢unocopuu no nexaror. Haykam (PhD), nouent

PaxmonoB A3uzxon bocutxoHoBU JOKTOp MEJaroruyecKux HayK, JOLIEHT
TacnanoBa Aiizana KenxxebaeBHa nokrop ¢unocodpun (PhD) o skoHOMHUYeckUM HayKam
TacnanoBa XKeiraryn Kenke6aeBHa nokTop ¢unocoduu no negaror. Haykam (PhD), monent
Taoamuaukosa Onsra JIbBoBHA KaHIUJaT SKOHOMHYECKUX HAYK, TIOLEHT
TypaboeBa ManunaxoH PaxMOHXOH Ku3u KaHIUJaT NeJarorH4ecKuX HaykK, TOLEHT
Tropun Anexcanap HukomaeBuu KaHIUaT reorpaduueckux HayK, TOIEHT
VYpazosa Jlapuca KapamoBna KaHAUAAT UCTOPUYECKUX HAYK, TOLIEHT
VYcybanueBa AitHypa AOabplKamapoBHa KaHIUJaT COIMOJIOTUYECKUX HAYK, TOLEHT
Yrerenona XKamuna J[>koimyp3aeBHa TOKTOP (prtocoduu o SIKOHOM. HayKaM, JOIICHT
®darraxosa Onrra MuxaiiosHa KaHAUAAT TEXHUYECKUX HAyK, JOUEHT
[[upunoB Otabek TyBamoBuu JTOKTOD TicuxoJiorndeckux Hayk (PhD)
XammamoBa Cutopa CadapoBHa JoxTop dunocoduu B obmactu hpuaocoPpckux HayK, TOIEHT
XanbOabaeB Xakumxan kpamMmoBud JOKTOD Temarorudeckux Hayk (DSc)
XynarikynoB Xona J>xymaeBud JOKTOP TeIarOTHYECKUX HayK, Ipodeccop

XynoiubepaueBa Xypust Kapumoepauesna mokrop ¢unocodun (PhD) B conmanpaoi putocoduu

[upunoB Otabek TyBamoBuy JTOKTOP TicuxoJiorndeckux Hayk (PhD)
DOuinazapos Kypakyin KaHJUAAT MeJarornueckux Hayk, mpodeccop
Omnazaposa @apuna XKypakynoBHa nokrop ¢unocoduu o punocodpuu (PhD)
IOnycoBa baxopa AxTamMm>KOHOBHA KaHAUIAT (PUIOJOrMYECKUX HAYK, ACCUCTEHT
SxseBa Coxuna AGTypaxuMOBHA nokrop ¢unocopuu (PhD) B conpansHoit dpuocopun



Kakalyyev Kakaly, Toyjanov Mekan
OPTICAL DIAGNOSTICS OF DENSE HOT PLASMA USING A
THREE-CHANNEL POLAROINTERFEROMETER

64

Durdyyev Perhat, Toyjanov Mekan
NONLINEAR OPTICAL MICROSCOPY OF OBJECTS.
DEVELOPMENT OF A NONLINEAR OPTICAL MICROSCOPE

67

Owilyagulyyev Allamuhammet, Toyjanov Mekan
TECHNOLOGIES OF PREPARATION OF ULTRATHIN FILMS
FOR ORGANIC ELECTRONICS

70

Ishangulyyev Dovlet, Toyjanov Mekan
SPONTANEOUS COMPRESSION OF POWERFUL LASER
PULSES IN A NEUTRAL DISPERSION MEDIUM

73

Hanmedov Bayram, Toyjanov Mekan
PERSPECTIVE OF CLUSTER NANOPLASMA AND
FEMTOSECOND LASER TECHNOLOGIES

76

Meredov Davut, Alymjanova Maral, Rashidova Sabina,
Bazarov Dayanchgeldi
INNOVATION MANAGEMENT: BEST PRACTICES FOR
FOSTERING CREATIVITY AND IMPLEMENTING DISRUPTIVE
TECHNOLOGIES IN STARTUPS

80

Meredov Davut, Bashimov Amanmyrat, Muhyyev Resul,
Hanova Bayramgul
CRISIS MANAGEMENT STRATEGIES FOR BUSINESSES:
PREPARING FOR AND RECOVERING FROM ECONOMIC
DOWNTURNS AND GLOBAL DISRUPTIONS

84

Allanazarov Allaberdi, Orazov Annageldi
GAS LEAK ALERT SECURITY ALARM: A CRITICAL SAFETY
MECHANISM

89

Batyrov Sohbet, Toyjanov Mekan
PREPARATION OF MONOLAYER MOLECULAR FILMS FOR
ORGANIC ELECTRONICS AND NANOTECHNOLOGY

92

Allanazarov Allaberdi, Toyjanov Mekan
TECHNOLOGIES FOR THE DEVELOPMENT OF POLYMER
SOLAR CELLS

96

Hydyrova Dunya Batyrovna, Annayev Guwanchmyrat
Nuryagdyyevich
USAGE OF Al IN COMPUTATIONAL LINGUISTUICS

100

Nazarov Rahman Ovezovich
CYBERSECURITY: PROTECTING THE DIGITAL WORLD

105

HypnsieBa ['o3enp KakaaxaHoBHa
COBPEMEHHBIE METOJIbI MOTHUBAIIMU YUAILINXCA B
YCJIIOBUAX HUOPOBU3 AL OGPA3OBAHIA

110

Muradov Arslan, Toyjanov Mekan
QUANTUM AND WAVE OPTICS IN THE TERAHERTZ RANGE

113

6




®UO aBTopa(-oB): Durdyyev Perhat

Student, Oguz han Engineering and technology

university of Turkmenistan

Toyjanov Mekan

Lecturer, Oguz han Engineering and technology

university of Turkmenistan

Hazsanue myoaukamun: «<NONLINEAR OPTICAL MICROSCOPY OF OBJECTS.
DEVELOPMENT OF A NONLINEAR OPTICAL MICROSCOPE»

Abstract

Nonlinear optical microscopy (NLOM) has emerged as a powerful imaging
technique that leverages nonlinear optical phenomena to achieve high-resolution
imaging of biological and material samples. This research paper presents the
development of a nonlinear optical microscope designed to enhance imaging
capabilities beyond those of conventional microscopy. The proposed microscope
utilizes two-photon excitation and second-harmonic generation to provide detailed
structural and functional information about various objects at the microscopic level.
By integrating advanced optical components and sophisticated detection systems, this
study aims to demonstrate the effectiveness of NLOM in visualizing complex
biological systems and materials with minimal photodamage. The findings highlight
the potential applications of this technology in fields such as biomedicine, materials
science, and nanotechnology.
Introduction

Nonlinear optical microscopy (NLOM) represents a significant advancement in
the field of optical imaging, offering unique advantages over traditional linear
microscopy techniques. The fundamental principle of NLOM is based on the
interaction of intense laser light with matter, leading to nonlinear responses that can be
exploited for imaging purposes. Unlike linear techniques, which rely on the absorption
and scattering of light at low intensities, NLOM utilizes high-intensity laser pulses to

induce phenomena such as two-photon excitation and second-harmonic generation.
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These processes allow for the visualization of samples with improved resolution and
contrast, making NLOM particularly valuable for studying biological specimens and
complex materials.

The development of NLOM has been driven by the need for advanced imaging
techniques that can provide deeper insights into the structure and function of biological
systems. Traditional microscopy methods, such as fluorescence and confocal
microscopy, often suffer from limitations related to photodamage and limited
penetration depth. In contrast, NLOM enables imaging at greater depths within thick
samples, reducing the risk of phototoxicity and allowing for the observation of dynamic
processes in real-time. This capability is particularly important in biological research,
where understanding cellular interactions and processes is crucial for advancing
knowledge in areas such as developmental biology, neurobiology, and cancer research.

In addition to its applications in biology, NLOM has also gained traction in
materials science and nanotechnology. The ability to probe the structural properties of
materials at the nanoscale opens new avenues for research and development in fields
such as photonics, electronics, and nanomaterials. By providing detailed information
about the arrangement and dynamics of molecules within a sample, NLOM can
facilitate the design of novel materials with tailored properties for specific applications.
Materials and Methods

The development of the nonlinear optical microscope involved several key
components and methodologies to ensure optimal performance and versatility. The
primary optical setup consisted of a mode-locked femtosecond laser, which served as
the excitation source for the nonlinear processes. The laser was tuned to operate at a
wavelength of 800 nm, which is optimal for two-photon excitation of common
fluorophores used in biological imaging. The laser output was directed through a series
of optical elements, including beam splitters, mirrors, and lenses, to focus the light onto
the sample.

The microscope was designed with a high numerical aperture objective lens to
maximize the collection efficiency of emitted signals. A 60x water-immersion

objective lens with a numerical aperture of 1.2 was selected for its ability to provide
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high-resolution images while maintaining a suitable working distance for biological
samples. The objective lens was mounted on a motorized stage, allowing for precise
control of the sample position during imaging.

To facilitate the detection of nonlinear signals, a combination of photomultiplier
tubes (PMTs) and avalanche photodiodes (APDs) was employed. These detectors were
sensitive to the specific wavelengths emitted during two-photon excitation and second-
harmonic generation, enabling the capture of high-quality images with minimal
background noise. The signals were processed using a custom-built data acquisition
system, which allowed for real-time imaging and analysis.

Sample preparation was a critical aspect of the experimental protocol. Biological
samples, such as cultured cells and tissue sections, were prepared using standard
techniques to ensure optimal imaging conditions. Fluorescent dyes and proteins were
utilized to label specific cellular structures, enhancing the contrast and enabling
visualization of dynamic processes. For material samples, thin films and nanostructures
were fabricated using techniques such as spin-coating and electron-beam lithography,
allowing for detailed imaging of their structural properties.

Imaging experiments were conducted under controlled environmental conditions
to minimize external factors that could affect the results. The microscope was housed
in a vibration-isolated optical table, and temperature and humidity were monitored to
ensure stability during imaging sessions.
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