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Abstract. In the article the modern state of the electromechanical science is briefly reviewed, 
and certain prospective application fields of the newest achievements in nanoscience and 
nanotechnology are considered in those areas of human vital activities (from medicine up to space 
exploration), the scientific-technical progress in which is based on a comprehensive use of the 
electromechanical energy converters. The research considers some of the key issues (topical points, 
nodal points) of the generalized (combined) physical and mathematical modeling of microminiature 
and nanoelectomechanical systems (MEMS and NEMS). A new generalized approach is proposed to 
the research of the dynamic and energetic performance of MEMS and NEMS, as complex dynamic 
systems with binary conjugated subsystems. The presented theoretical principles and models are used 
as the basis for research of the electrophysical characteristics of the biological nanostructures. 
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1. Introduction 

The microsystem electromechanics, which promises a revolutionary change in the most 
important areas of human life (medical and food industry, energetic, robotics, aerospace and 
military equipment, information and computer technologies, genetics), is being developed in the 
leading research centers of the developed countries (the USA, Japan, EU, Russia, China and 
others). 

The basic objects of study are the micro-miniature electro-mechanical systems (MEMS) 
and nanoelectromechanical systems (NEMS) (Fig. 1). 

 The system analysis of basic research in the physical mathematical simulation and 
technological manufacturing of MEMS and NEMS at the turn of XX and XXI centuries are 
shown in the numerous Russian and foreign publications [1-10].  

According to experts, progress in the development of theories and models of the 
microcosm (respectively in microsystem electromechanics) is mainly achieved by using of more 
powerful computer software, and to a much lesser extent of rise of novel theoretical concepts and 
models. 

Improvement of theoretical constructs and models, in depth study of electromagnetic and 
thermal fields, improvement of the numerical methods for study of the transient electrophysical 
processes in tasks of the computer-aided design of MEMS and NEMS [11-14] are important for 
further development of microsystem electromechanics (especially at the nanoscale level). 

 An approach to solving of some issues of the generalized physical and mathematical 
simulation that take into account a large number of factors that determine the dynamic and 
energetic characteristics of MEMS and NEMS is given in this work. 

On the assumption of the basic theoretical and technological principles of the 
electromechanical science and microelectronics, a clear physical and mathematical interpretation 
of the "MEMS" and "NEMS" terms and their classification by dynamic and functional 
characteristics can be considered as the paramount.  
 

2. Classification of MEMS and NEMS 
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From a technological point of view, the MEMS is a set of electronic and mechanical 
components, made in at the same technological cycle on the basis of group techniques. A variety 
of devices, circuits, equipment and subsystems in which the dynamic processes of energy 
production have electromechanical nature, and the structural functional elements have a size (at 
least in one direction) of 0.1 μm < l < 0.1 mm, can be a MEMS part or a finished MEMS 
product. 

In the case of use of the nanotechnologies and nano-materials in microsystem 
electromechanics it is necessary to use the term "nanosystems electromechanics". 

In these cases, where the size and power of the electromechanical energy converters have a 
power commensurate with a power of the biological energy transformations (the merging of the 
smallest man-made devices and the largest molecules of living organisms occurs). One of the 
strategic directions of modern nanoscience-nanoelectromechanics dominates at this level of 
power, which considers the electromechanical systems with the size of the structural elements (at 
least in one direction) of 10 nm < l < 100 nm.  
 

The recently discovered organized nanostructures of a material (nanotubes, molecular motors, 
DNA complexes, quantum wells, molecular switches, etc.) or their subsystems can be a NEMS 
part or a finished NEMS product [15-17]. 
 

Despite the similar characteristics of MEMS and NEMS for use in microsystem engineering, 
the analysis reveals their fundamental difference in the key features of dynamic and energetic 
states. 
 

The main features of MEMS and NEMS are as the following: 
 

• If in MEMS, the miniaturization of functional elements, obeying the laws of microsystem 
engineering, can be achieved with the help of models and "from up to down" technology 
(top-bottom manufacturing), which in implicit form assume that the reduction of size of 
structures does not affect on their properties and functioning; in production of the 
nanosystem equipment and NEMS, the primary importance take the technology "from 
bottom to top" (bottom-up manufacturing), which basis serves the atomic and molecular 
synthesis (molecular assembly or nuclear assembly).  

 
• Since the dynamic conversion of the electromagnetic field in MEMS is caused by the 

gravity (inertia) of the micro-mechanical elements, their physical-mathematical 
simulation can be performed using the classical laws of electrophysics of Faraday-
Maxwell and the classical theory of electrical circuits. 

 
• Since the gravity in nanosystem engineering (NEMS) is negligible in comparison with 

the forces of chemical bonding of interatomic and intermolecular influence, the laws of 
classical electrophysics and the theory of electrical circuits should be adjusted in 
accordance with the laws of quantum theory in problems of physical and mathematical 
simulation of NEMS.  

 
• If the products of the microsystem technology in the field of MEMS structure have 

purely technical nature, the studies appear in the nanosystem technique which establish 
the possibility of creation of NEMS products combining technical and natural functional 
elements, which acting harmoniously [18, 19].  

 
• Based on imitation of natural analogues (e.g., using the capabilities and functional 
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properties of biological nanostructures), the work is conducted on creation of NEMS, in 
which the elements of living organisms carry out some functions (biomolecules, bacteria, 
etc.). Unlike to bio-engines, NEMS created by a man based on their technical analogies 
can operate over a wide temperature range (from low to several hundred degrees) and in 
various corrosive environments. Naturally, the technological motivation is one of the 
main reason for study of the living matter at the nanoscale level [20].  

 
The physical principles of theoretical electromechanics 
 
       The most of state-of-the-art research in the field of theoretical foundations of 
electromechanics, especially in combined problems of simulation of the generation, transmission 
and consumption of electrical energy, the basic concepts are considered from the point of view 
of the main provisions of a binary-conjugated electrophysics, where processes of transformation 
of the electromagnetic fields depend on the topological characteristics of their functional 
structures [21—25]. 
 

Wherein: 
 

• analysis and synthesis of electrotechnical systems with a working (dynamic) magnetic 
field, including electric induction (inductive) electromechanical energy converters (EEC) 
in the entire range of the energy sector is carried out on the basis of generalized 
Lagrange-Maxwell space of energy state and equations of conversion of the electro-
magnetic field of Faraday-Maxwell;  

 
• analysis and synthesis of electrotechnical systems with a working (dynamic) electric 

field, including magneto-inductive (capacitive) EEC in the entire range of the energy 
spectrum is carried out on the basis of generalized binary-conjugated space of energy 
state and modification of Faraday-Maxwell system of equations.  

 
An important fact should be noted. If the capacitive EEC with electrode design in Lagrange-

Maxwell’s electrodynamics is considered in section "electrostatics", so from the point of view of 
the principles of binary-conjugated electrodynamics they get electrodynamic interpretation and 
are regarded as one of the subsystems of capacitive electromechanical energy converters [24]. 
 
This fact is evident in the super-high-frequency micro-miniature EEC, where the magnetic flux 

ψ* made by an induced working electric field creates a high-frequency voltage ∗ = 	 ∗
, 

generating current ∗ ( ) = ∗
in addition to the continuous redistribution of electric charges 

on the electrodes of the inductor and the armature. Currents I1* and I2* are comparable in 
magnitude. At this, the internal dynamical conductivity of the capacitive subminiature EEC is 

given by the formula =	 ∗∗ [25]. 

Application of the above mentioned simulation approach to the electromechanical systems 
argues the following generalized interpretation of "MEMS" and "NEMS" terms. 
 

Definition 1.MEMS is a multielemental dynamic system (complex) of nonlinearly interacting 
binary-conjugated (electric- and magneto-induction) microminiature electromechanical energy 
converters (microminiature EEC). 

Definition 2. NEMS is a multielemental dynamic system of nonlinearly interacting binary-
conjugated electric- and magneto-induction nanoelectromechanical energy converters (nano-
EEC). 
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If MEMS may contain nano-EEC, attempts to introduce microminiature EEC into NEMS 

structures violate their ad-vantages in comparison to MEMS. 
 

 
Issues of the generalized physical-mathematical simulation of MEMS 

 
With the given interpretation of "MEMS" term, their generalized physical-mathematical 

simulation can be carried out on the basis of studies of dynamic modes and energy 
characteristics of the microminiature EEC based on the integral principle [23,24], which is 
expressed in the following binary-conjugated forms: 

 
• forelectroinduction (inductive) microminiature EEC  ( ) = 	( ℧ 	+ Ψ ),					(1) 

where n - number of circuits; mi - weight; i - speed; qi - electric charge; Ψi - magnetic flux 
linkage of the i-th circuit; 
 

• for magneto-induction (capacitive) microminiature EEC  
 ∗( ) = 	( ∗℧∗ + ∗ ∗),					(2) 

where h - number of voltage circuits; m*
j - weight; *j - speed; Q*

j - working electrical linkage; ψ* 
- magnetic flux induced by the working electric field of the j-th voltage circuit. 

The energetic functions EB(t) and EB
* (t) in equations (1) and (2) are characterized by the 

intensity of interaction of EEC with the external environment. In isolated electromechanical 
bodies = ∗ = 0. 

For the convenience of analysis of the dynamic phenomena, especially in complex 
interrelated electromagnetic circuits, it is advisable the signs of energy state Ψ(r, t), q(r, t) и Q*(r, 
t), ψ*(r, t) to conditionally represent in the form of axial generalized vectors: 

 Ψ =	 |Ψ| ;									 ∗ = | ∗| ∗; =	 | | ; 										 ∗ = 	 | ∗| ∗;																																					(3) 
 

where еΨ, eq, eQ*, eψ* — the unit vectors, reflecting the spatial orientation of the respective axis 
of flux linkages. 
 

In general case for complex interconnected circuits of the microminiature EEC in the 
formulas (1) and (2) it is advisable to represent the signs of energy state Ψ(r, t) and Q*(r, t) as a 
function of the vector-matrix of currents - I(r, t) = q· (r, t) and voltages - V *(r, t) = ψ·* (r, t) in the 
form of expansions: 
 Ψ ( , ) = Ψ + Ψ +⋯																																										 									 ∗ ∗( , ) = ∗∗ ∗ + ∗∗ ∗ + ⋯																																																			(4) 
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In the first approximation from (4) we get: 
 Ψ ( , ) = Ψ +⋯ = +⋯																																 

∗ ∗( , ) = ∗∗ ∗ + ⋯ = ∗ + ⋯																																(5) 
 

Where = 	and	 = ∗∗  - the matrixes of the dynamic inductances and capacitances of the 

microminiature EEC. 
 

From (1)—(5) we can obtain the source equations of electrodynamics and electromechanics 
of the microminiature EEC in the vector-matrix form: 

• for inductive EEC  
 Ψ+ =  																																											 эм = − = − т 																					 , (6) = т  

 
where WL - energy of the working magnetic field; VL - voltage of generation of the external 

power supply; I- matrix of conduction currents; I т - transposed currents matrix; 	 =  - 

matrix of the dynamic values of internal resistances; Fэì - electromechanical force acting on the 
movable parts of the microminiature EEC; 

• for capacitive EEC 
 ∗ + ∗ = ∗ 																																		 эм∗ = − ∗ = − ∗ ∗т ∗ ∗ 																,										(7) 

 = ∗т ∗ ∗ 
where WC-energy of the working electric field;  ∗- generation currents coming into the external 

circuit; 	 ∗т –transposed stress matrix; =	 ∗∗ - matrix of dynamic internal conductivities; Fэì - 
electromechanical force acting on the movable parts of the microminiature EEC. 

Without loss of generality, we can assume that MEMS, considered by definition 1 as a 
complex dynamic system consists of nonlinearly interacting electro-induction (with the number of 
M) and magneto-induction (with the number N) microminiature EEC (fig.2). 

Therefore, in the considered case, the dynamic behavior of MEMS can be described on the 
basis of adjustment of theoretical aspects of the least-action principle for dissipative systems in a 
certain 〈M+N〉-dimensional space of the axial generalized vectors (mechanical and  electrophysical 
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features of the energy state of the Microminiature  EEC) - ( , ) =(x , Ρ ; qо, Ψо; ∗о, ∗о) 26,27 ,  where the fol lowing labeling is accepted: 

α — sub-vector of the generalized mechanical and electrophysical coordinates of MEMS: = ( , , ∗ ) = ( , ) 						 = ( , , … , )                                                           ,       (8) 		 = ( ∗, ∗ … , ∗ ) q = (q , q , … , q ) ∗ = ( ∗, ∗, … ∗ ) 
β — sub-vector of the generalized mechanical and electrophysical MEMS impulses: 													 = (Ρ ,Ψ , ∗) Ρ = (Ρ , Ρ ) = ( , , … , )                                           , (9) 		 = ( ∗, ∗ … , ∗ ) Ψ = (Ψ ,Ψ ,… ,Ψ ) ∗ = ( ∗ ∗ … ∗ ) 

According to the generalized formulation of the least-action principle for dissipative 
systems, simulation of the dynamic modes of MEMS can be done in the generalized space of en-
ergy state. Multi-dimensional space (α, β) is characterized by a certain function of the energy 
state - L(α, α· , t) (Lagrange function for this MEMS), where the behavior of the system between 
the fixed positions 1 (at t = t1; α1 = (x0

1 , q0
1 , ψ*

1
0 )) and 2 (at t = t2; α2 = ( X2

0 , q0
2 , ψ*

2
0 )) (fig. 

3) is subjected to the principle of extremum of full effect 		 = ℒ ( , , )                 (10) 																																	 ( ) = min( )  = 0, 

where the action S is defined as an integral-functional of the energy function of Lagrange 
function - L(α,α·,t) expressed in the form of the difference between the effective electrokinetic - 
T( α· (t)) and an effective electropotential - U(α(t)) energies on the trajectory of the dynamic 
regime of MEMS in a multidimensional space (α, β). 

(4)-(10) give the generalized Lagrange equations of the second kind, which is expressed in 
vector-matrix form: ℒ − ℒ + Φ = .														(11) 

In (11), the following labeling is accepted: 

α· (t) and F0(t) - the sub-vectors of mechanical and electrophysical generalized velocities 
and forces of the functional elements of MEMS 
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 ( ) = = ;	 ∗ = ∗ ;	℧ = , ℧ = 	 												,			(12) 
( ) = Э = − Ψ ;	 ∗ = − ∗ , мех =  

 

where Э - the generalized vector of electromotive forces operating in the inductive elements of 
MEMS; M* - generalized vector of the magnetomotive forces acting in the magnetodischarging 
structures of MEMS; Fìех - generalized vector of mechanical forces ((M + N ) - dimensional), 
acting on the movable elements of MEMS. 

In (11), Φ(α· ) - the generalized Rayleigh dissipative function consists of mechanical Φìех( 
0

L ; 0C ) and electro-physical Φэë(I0; V*0) parts: Φ( ) = Φ (℧ ) + ΦЭ , ∗ 					.																					(13) 
In approximations (4) and (5) for Φэë(I0; V*0) we have the expression Φэл( ;	 ∗ ) = −12 т + ∗ ∗ т 						(14) 
The required Lagrangian for the generalized MEMS model can be built with the new, in 

this case (MЅN )-dimension interaction tensor (of mutual influence) between the magnetic 
(electric-induction) and capacitive (magneto-induction) functional elements of MEMS: 

( , ∗ ) = ( , ∗ ) ⋯ ( , ∗ )⋮ ⋮( , ∗ ) ⋯ ( , ∗ ) 				(15) 
 

The generalized Lagrange function for MEMS can be represented in the form of: ℒ° = ℒ + ℒ + ∆ℒ 	,			(16) 

where ∆ℒ  - a member of the Lagrangian that takes into account the nonlinear electrophysical 
interaction between the functional elements of the system of electro-induction (inductive) and 
magneto-inductive (capacitive) action. 

In general case for a complex study of dynamic processes of MEMS, the terms of the 
Lagrangian in (16) are given by the following equations ℒ = x , q , x , q , = x , q , − (x , q ) ℒ = x , ∗ , x , ∗ , = x , ∗ , − (x , q )         (17) ∆ℒ = q ( , ∗ ) ∗ т 

In (17), TL, TC, UL and UC are given by the following equations = + ∋                  (18) 
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= + ∋ 

and correspondingly = + ∋                 (19) = + ∋ 

where 

• TL
Mand TC

M аrе the energies of the mechanical motion of the movable functional 
elements of MEMS: 

 = 12 																																							(20) 
 = 12 ∗ ∗  

• TL
Эand TC

Э - the electrokinetic energies 
 

											 ∋ = т = 	 т							,													(21)	 
											 ∋ = ∗ ∗т = 	 ∗ ∗т 

 

where  =  - matrix of self and mutual inductances, and =	  - matrix of self and mutual 
capacitance of MEMS functional elements; 

• UL
Mand UC

M-mechanical stacking energy; UL
Э and UC

Э - electrophysical potential 
stacking energies in inductive - LHi (i = 1, ..., M ) and capacitive - CHj ( j = 1, ..., M ) static 
elements of MEMS: 	 													 ∋ = 12 т												(22) 

∋ = 12 ∗ ∗т 
The joint solution of (11) and (16)-(19) completely determines the dynamic behavior of 

generalized MEMS in all modes of interaction of functional elements. 

At this, the equations of MEMS dynamics are defined in the vector-matrix form: 
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• electrodynamicsequations: Ψ + 	 + ∗ ∗ т + ∗ = ∗  

∗ + ∗ + т + = 																																, (23) 
 

• equation of the electromechanical forces acting on the functional elements of MEMS: 
 											 эм = т + ∗ ∗ т + ∗ т 								, (24) 

Where q·0
LC and ψ·*

CL
0 - sub-vectors of the currents and volt-ages between the capacitive and 

inductive functional elements of MEMS: = / , / 	, … , /М  					 ∗ = /∗ , /∗ 	, … , /∗ 																					.		(25) 
The systems of equations (23) and (24) have the universal character for MEMS of all kinds 

of design and their joint solution completely determines the dynamic behavior of the generalized 
model of MEMS in all modes. 

To investigate MEMS of a specific design it is necessary in the tasks of computer-aided 
design to take into account all the structural features of their functional elements in these 
equations. 

It should be noted that the basic analytical properties of the elements of the interaction 
tensor ( , ∗ ) can be summarized as: 

• elements of the tensor ( , ∗ )are continuous func-tions and have continuous 

functions and have continuous derivative , ∗ , and satisfy the following conditions 

 																										lim	→ , ∗ = 	 lim∗	→ , ∗  = 0 

																																																			0 ≤ , ∗ ≤ 	 																																					(26)				 
, ∗мах∗мах 	 ∗ ≤ 	  

 

where k1 and k2 - the positive values. 

At the same time, dependence of the elements of the interaction tensor on MEMS design 
parameters can be revealed on the basis of the experimental design theory [28, 29], presenting 
them in the form of a quadratic expansion 
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, ∗ = , ∗ + + ∗ + 

																																											+ γ ∗ + ⋯																																									(27) 
							 = 1,2… , ; 		 = 1,2… , . 

 
where βi, μj, γij, ... - the coefficients of a quadratic forms, determined by design features of the 
functional elements of MEMS. 

A good example of application of the examined theoretical principles of the generalized 
simulation of MEMS is the study of the structure of its two-element structure (M = N = 1) as the 
coincident system of simple (single-phase) inductive and capacitive microminiature EEC (fig. 4). 

In the case of the stationary constraints, symmetric modes and very small deviations from the 
linearity (∆ℒ ≪	ℒ и∆ℒ ≪	ℒ ) in factorization (27), it can be limited by the first constant 
term: , ∗  = const =            (28) 

At this, the matrix-  is expressed in the following form: = Е,                                (29) 

where Е - identity matrix with the dimension (2x2).  

For the mentioned two-element MEMS structure, the equation (23) for the chain cable is 
expressed in the form (the equation for armature chains): Ψ + + ∗ = 																							,				(30) 

∗ + ∗ + = ∗ 
where Ψ = +  ∗ = ∗ + ∗		; 																										(31) 

 – is the generation current of capacitive element: 

• the excitation equations for the inductor circuits 
 Ψ + = 																																																					, (32) 
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∗ + ∗ = ∗ 
where Ψ =	 +	  ∗ = 	 ∗ +	 ∗;  (33) 

• the Kirchhoff equation for the external load - Rн 																		 = 	 ∗ Н                                              . (34) 

The joint solution of equations (30)-(34) completely determines the behavior of the 
electrodynamic microminiature inductance-capacitance EEC in all modes. 

In [23], the possibility of optimizing of the operating mode of the microminiature 
inductance EEC via capacitive EEC or with forming of a parallel (sequence) resonance circuit is 
formed based on equations (30)-(34). The control parameter is the interaction matrix of inductive 
and capacitive EEC. 

The basic research on physical-mathematical simulation of NEMS covers the following 
key questions: 

• simulation of energy conversion processes between the functional elements of nano-EEC 
(inductor and armature),  

• interaction of the nano - EEC with the external environment,  
• consideration of the nano -EEC in the system of other nanostructures,  
• a comprehensive physical-mathematical and computer simulation NEMS [30] as a result 

of research. 
 

Issues of the generalized physical-mathematical simulation of the nano-EEC 

Since the nanotubes (special bundles of nanowires) and nanoplatelets are the basic 
structural cells of functional (executive) elements of the nano-EEC, their characteristic 
dimensions (diameter D and thickness d) are in the range of the quantum effects. In building of 
models of energy conversion in nanostructures, the original equations of electromotive and 
magnetoinduction electromechanics (equations of transformation of the electromagnetic field of 
the LC-circuit in the subdomains of inductance L and capacity C) must be adjusted by the basic 
principles of quantum electrophysics, taking into account the given nodal factor. 

Along with the classical forces (friction, electrophysical interaction, etc.) taking 
determining place in the microsystem electromechanics (at distances of the order of 10 to 250 
nm), the force of Casimir-Lifschits in all its manifestations (the pressure generated by the 
Casimir effect at these distances, comparable to atmospheric) obtains the dominant importance 
in the nanosystem electromechanics and caused by the quantum-mechanical effect of Casimir 
[31]. 

The great fundamental and practical importance of the Casimir effect (especially in the 
issues of computer technologies development) is revealed after discovery of the possibility of 
creation of a repulsive Casimir force between the elements of complex configuration (for 
example, interactions of a sphere and a plane, or more complex objects) by scientists of the 
Massachusetts Institute of Technology (USA). It should be noted that the first nano-EEC were 
created in 2012, which takes into account the Casimir effect [32]. 
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The processes of energy conversion and the energy characteristics of electromechanical 
energy converters in all their range are highly dependent on the topological characteristics of 
electrical and magnetic energy transmission features of the functional elements. 

For example, in macro-EEC this fact is expressed in the following equivalent forms: 

1. The energy transfer between the inductor and the armature is impossible due to 
the polarization of the magnetic flux of the armature (power receiver) in machines of the 
inductive type without losses in conditions of superconductivity of the phase armature windings 
(R = 0). At this, a counteracting flow occurs in the superconducting windings of the armature 
that the mutual magnetic flow of the magnetic field is equal to zero (the lines of the excitation 
magnetic force bypass the armature coils). There is a "freezing" of the magnetic flux in the 

armature circuit ( ) = = 0,Ψ =  and Ψ = L = 0, L = 0. 
To have СH ≠ 0 or RH ≠ 0 for the energy exchange in the armature chain of the machines to 

form a closed voltage circuit to change of the magnetic flux linkage of the armature chain dΨs it 
is needed to enter the voltage impulse es(t)dt into the circuit of the coil. 

2. A completely different process occurs in capacitive machines. On opening of its 
armature chain (in the case of the absolute isolation R = ∞) there is a polarization of electrical 
current of an armature. The counteracting electrical flow (reactions) occurs in an opened 
armature chain, that the mutual coupling flow between the inductor and the armature is equal to 
zero. The "freezing" of the flow of the electric field occurs at the absolute isolation ∗( ) =∗ = 0; ∗ = and ∗ = ∗ = 0;	 = 0. 

For energy exchange, it must to have Lн ≠ 0 or Rн ≠ 0 in the machine’s armature circuit to 
form a closed power loop (the current impulse is(t) should be entered into the armature circuit to 
change the electrical armature flux linkage dQ*

s [33, 34]). 

This principle becomes more evident and receives more fundamental importance for the 
nano-EEC (respectively for NEMS). In the nano-EEC, the closed energy contours of energy 
conversion can be carried out via: 

• electroconductive closed nanotubes - for electroinduction nano-EEC (fig. 5, a), wherein J 
= σeE - density of the electric conduction current; 

• magnetoconductive closed nanotubes - for magnetoinduction nano-EEC (fig. 5, b), where 
χ = σmH* - the density of the "magnetic conduction current". 

The following important circumstances should be noted. 

1. For electroinductionnano-EEC, a closed superconducting nanotube appears as the 
basic functional element of energy transformation (basic unit), which energy state in the phase 
space of the generalized forces of Lagrange-Maxwell (Ψ(t), q(t)) represents a fixed point of 
sustainability. 

Similarly, for magnetoinduction nano-EEC, a closed supermagnetoconductive nano-tube 
appears as the basic functional element of energy transformation (basic unit), which energy state 
in the conjugated phase space (Q*(t), ψ*(t)) represents a fixed point of sustainability [35-38]. 

A clear illustration of what has been said is a biophysical view on the level of natural 
nanoactuators. For example, considering the states, which can the molecules of proteins and 
nucleic acids take up, we are faced with the same topological characteristics of the natural 
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structures. For energy exchange of molecules with the environment, it is necessary to break the 
chemical bonds of the given area of a polymer backbone. The energy costs are not 
inconsiderable, so at a sufficiently low temperature and weak influence of external 
electromagnetic fields the probability of rupture of the molecule is low [39]. 

The closed electroconductive and magnetoconductive nanotubes in the electroinduction 
and magnetoinduction sub-domains of energy transformation form around the doubly-connected 
(inter-overlapping) spaces, the energy states of which remain unchanged in weak perturbations 
of external mechanical loads as well as at electromagnetic and thermal fields that do not violate 
the topology of the nanostructure and the superconducting state. 

The doubly-connected spaces must be divided into simply connected spaces as well as to 
the impact of electromagnetic and thermal fields violating their superconducting state must be 
considered for definition of the nanotubes’ energy exchange with the environment. 

In the problems of physical-mathematical analysis of energy conversion in the nano-EEC, 
the electroconductive and magnetoconductive nanotubes with an open end can be regarded as 
quantum-mechanical analog of the electromagnetic oscillating LCR-circuit, the geometric 
parameters of which cannot be precisely measured and characterized by the principles of 
quantum electrophysics [40-42]. 

Deeper application of theoretical principles of simulation of the microminiature EEC (and 
MEMS) for physical-mathematical and computer simulation of nano-EEC (and NEMS) is a task 
for additional research. 
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Fig. 1.Classification of Microsystems  

 

 

Fig. 2. General introduction of MEMS: L - electroinductive (inductive) of the microminiature EEC; С - 
magnetoinductive (capacitive) of the microminiature EEC 

 

 

Fig. 3. The trajectory of MEMS dynamic mode in a multidimensional  
space of the power state  
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Fig. 4. The equivalent circuit diagram of an elementary MEMS: Lf - self-inductance of the excitation 
circuit; Ls - inductance of the armature circuit; Lfs -mutual inductance between the inductor and the 
armature; if - excitation current; Сf - distributed capacitance in the field circuit; Cs - distributed capacity in 
the armature circuit; Cfs - mutual capacitance between the inductor and the armature; Rн - external load 
resistance  

 

 

Fig. 5.The circuit of closed electroconductive (a) and magnetoconductive (b) nanotubes 

 


