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Method of experimental determination of mechanical 
characteristics of nano-objects

D.A. Indeitsev, E.A. Ivanova, N.F. Morozov

cantilever

Object under 
investigation

Laser ray

Measuring device:
atomic force microscope

Method:
Mechanical characteristics of nano-object are 
determined by the eigenfrequencies.

Main difficulty:
Eigenfrequencies of a system of nano-object and 
cantilever, (not eigenfrequencies of the nano-object) 
are measured. 

Mechanics problem:
Development of a method of determination of 
characteristics of nano-objects in conditions when 
frequencies of system of nano-object and cantilever
and mechanical parameters of cantilever are known. 
New results:
Method of an experimental research of nano-objects 
with own dynamics is proposed.











Method of determination of nano-objects characteristics 
by the eigenfrequencies of a system consisting of 

nano-objects and substrate
V.A. Eremeyev, E.A. Ivanova, N.F. Morozov

Results of measurements: 
Eigenfrequencies of system of nano-
objects and micro-substrate are 
measured.

Mechanics problem :
To determine mechanical characteristics 
of nano-objects in conditions when 
mechanical parameters of a micro-
substrate and eigenfrequencies of 
system are known.

Investigated object: 
regular structure of identical 

nano-objects on a micro-substrate

substrate

nano-object



Method: 

1. Frequencies of a substrate with
nano-objects are measured.

2. Frequencies of a substrate without
nano-objects are measured.

3. By comparison of two these
spectra, eigenfrequencies of nano-
objects are separated from a
frequency spectrum of a substrate
with nano-objects.



Analytical result:
It has been proved, that eigenfrequencies of 
nano-objects can be separated from a frequency 
spectrum of a substrate with nano-objects.

Equation of substrate vibrations:

0 u     0)( =⇒=Hg µ
substrate does not move!

Eigenfrequencies of substrate.

Nano-objects do not move!

0)( ≠Hg µ

Eigenfrequencies of nano-object:



nano-object 
eigenforms

substrate 
eigenforms

nano-object 
frequencies substrate 

frequencies

Numerical results:

Calculation of eigenfrequencies and 
eigenforms by numerical method. 

3D statement of problem



Calculation of eigenfrequencies. 
3D statement of problem

substrate with 
nano-objects (GHz) Substrate (GHz)

Nano-object (GHz)

ZnOSapphire

Nano-crystals ZnO
High:        1.5-3.0 mkm
Diameter:  30-100 nm
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