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The subject of the report is dedicated to development of non-destructive testing
(NDT) and technical diagnosis (TD) apparatus based on utilization of various nanoeffects.

Modern nanotechnologies utilize dimensional effects when characteristics of nano-
particles, threads, tubes, and coating drastically change in comparison with macroparticles
of the same substance even at dimensions less than 100 nm.

Nanoparticles and nanotechnologies are being studied and controlled by means of
optical and electronic microscopes but most commonly by scanning probe microscopes.
All common methods can be divided into three groups:

— Scanning tunneling microscopy. Where maximum voltage is as high as 10 V is
applied between an electrodeductive probe point and a sample. And a tunneling current
(dependent on properties and spacing of atoms on the sample surface being studied) is
detected in a nanogap;

— Atomic force microscopy. Where detecting changes point to point in attracting
force of a probe towards a surface. A probe is positioned at the end of a cantilever and is
able to bend under the effect of low forces developing between the studied surface and the
probe point. Deformation of a cantilever is detected according to deflections of a laser
beam or by piezoresiting effect resulting from bending of a cantilever;

— Near-field optical microscopy. Where a probe is an optical beam guide tapering at
the end, pointed towards a sample. At a small distance between a surface being studied
and optical beam guide probe point, amplitude and reflected optical wave change and
serve as a signal for three dimensional imaging of a surface.

The most important element of tunneling and atomic force microscopes is a probe lo-
cated at a cantilever. The sharper a probe is the higher will be the resolution of an image.
Positioning systems are very important for probe methods. They are also rapidly developing
using laser, capacitance, inductive methods and also elements on surface acoustic waves.

Based on many probe microscopes whole nanolaboratories are created for the pur-
pose of materials science and diagnosis, containing equipment for micromechanical tests
and a variety of measuring techniques.

Development of new generation NDT and TD aids is inseparably associated with
achievements of nanotechnologies themselves and nanosensors, nanodetectors,
nanotransducers, nanoelements of electronic components and visual image systems cre-
ated on their basis. Many nanotechnologies and nanotransducers utilize nanoeffects, di-
mensional effects, tunneling effect, superconductivity effects and giant magnetoresis-
tance, quantum dots effects and drastic features change of composite nanostructures,
negative exponent of refractive index and so forth. Thus, composite materials with elec-
tromagnetic properties which are extrinsical to any of composite elements are already
created by nanotechnologies. They were named as metamaterials, among which metama-
terials with negative exponent of refractive index are of the most interest. Image forming
lenses made from such materials provide images of higher resolution, exceeding diffrac-
tion limit. Utilization of such elements in microwave, teracycle and optical diagnosis sys-
tems will, doubtlessly, increase their performance parameters.

New nanoscale ultrahigh-sensitized membranes dedicated for new generation vi-
broacoustic transducers will make it possible to create modern multichannel vibrodiagnos-
tic systems for complex units and mechanisms.
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Molecular filters and membranes, which were also created by nanotechnologies, en-
able to instantly increase strength of hazardous inclusions in the performance of analytical
tasks of different industries, ecological monitoring, life-support and safety systems, creation
of new types of antiterrorist devices such as gas-analyzers. Thus the new generation gas-
analyzers “NanoSled” have sensitivity at the level of 104 g/cm?® at a very little analysis time.

Recently an active interest is taken towards the new types of materials — polymeric
nanocomposites, which polymer matrix contain inclusions of nanoscale in the form of
nanoparticles, nanoconductors, nanocoating of another substance. Such materials display
unusual electrophysical, magnetic, catalytical and other chemical properties. Usage of
such nanoelements makes it possible to produce compact matrices and portable analyzers
of “electronic nose” type on their basis.

One nanotechnologic effect is knows as a giant magnetoresistance effect which oc-
curs in 1 nanometer thickness ultrafine metal coating. Due to such a size, coatings ac-
quired new magnetic and electric properties. The effect enabled to develop hypersensitive
magnetic sensors of small geometrical dimensions. Magnetoresistant precision magnetic
field transducers created on the basis of nanotechnologies made it possible to create ma-
trix measuring transducers for magnetoviewers with hypersensitive and extended range of
magnetic field measurement. (see fig. 1).

Infrared testing (IT) is a technology based on quantum wells — the new nanostruc-
tures, is developing and used in the new thermal viewers. (see fig. 2).

Nanotechnologies of semiconductor materials and heterostructures resulted in pos-
sibility to produce sensitive bolometers and triherz emissions receivers which are fairly
prospective in NDT and TD apparatus development.

Nanotechnology production can successfully be subjected to NDT and TD by means
of already well-known and worth proven physical methods and technical means. There
are many such examples: precise measurement of nanothickness using laser elliptometers
and microwave methods; IT semiconductor heterostructures control by microscopes and
nanoresolution X-Ray microscopes; equal-density control of heat-protection elements
made from superthin quartz fiber by means of deflected microwaves parameters detection;
measurement of nanosolidity and roughness of surfaces; size control over nanopowder
and other nanoparticles using laser diffraction analyzers. Thus, there is a close relation-
ship between NDT/TD and modern nanotechnologies in their development.
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