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Modern and perspective tasks of robotics with control from artificial intelligence systems require the use of small-sized measuring
devices. In this case, the intensively developed quantum sensors and quantum computers have a bright prospect. Their main
advantage is the ability to successfully process the data of random processes with decomposition of complex functions into simple
multipliers, as well as their small size and the ability to transmit data over long distances without wires. Data transmitted over
quantum communication lines cannot be copied or intercepted, which is very useful for remote control of complex technical
systems. Based on the results of the analysis of probabilistic noisy data quantum computer is able to quickly develop an assessment
of the technical condition of the complex system. At the same time, there is no need to go through all the possible solutions to the
evaluation problem with a huge amount of input data, some of which can sometimes be undefined. The main problem in the
research of quantum processes is that researchers study the processes occurring in materials, but they do not indicate the ways in
which quantum sensors and quantum computers are used in practical applications. This article explains how to form a measuring
transformer that will be compatible with a quantum computer. The main objective of the study was to bring the results of basic
research in the field of quantum computing closer to their application in applied tasks. It is shown how quantum processes can be
shifted to the field of technical measurements of physical quantities used in complex systems. In the process of obtaining the results
of the study, the hypothetical deductive method and the method of ascent from the abstract to the concrete within the framework of
a systematic approach to the development of elements of technical systems were used. The result is a description of the processes of
designing of tension sensing element made of modified diamond. The main findings of the study include the fact that quantum
sensors implemented in the form of a modified diamond crystal are well described by the theory of measuring transducers with
frequency output and can be used to get data about the state of an object.
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INTRODUCTION

There are many requirements for modern complex technical systems. Robotic units with artifi-
cial intelligence are supposed to be a control center of such systems at the time when input data must
be holistic and provide comprehensive information from all parts of the system. The control algorithms
need adequate information about current state of systems for producing diagnosis of possible failures
and malfunctions. Failures and malfunctions are the sign that characterizes ability of the system to car-
ry out its purpose. The malfunctions that were missed can lead to the problems in control algorithms
which in turn could result in loss of the object of control. Miniaturization by means of nanotechnolo-
gies can help to improve reliability.

For the reliability and accuracy of practical applications of complex technical systems must
contain more and more sensors and transducers. The quantity of the sensors and transducers sometimes
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reach hundreds of items. In this case the dimensions and mass of sensors would increase unacceptably
for perspective systems if being produced by using existing technologies. Implementation of achieve-
ments of nanotechnology and artificial intelligence will help to reach necessary parameters. Therefore,
it would be good to use sensors with quantum primary converters. Quantum technologies implements
in sensor small size, reliability because of absence of coupled moving parts and possibility of artificial
intelligence implementation because of basic feature of uncertainty in quantum states.

For example, one of realizations of the system can be used for diagnostic purposes. Then pa-
rameters of stochastic processes would be the input data for the diagnostic algorithms in case of im-
plementation of a large number of sensors in the system. It is a problem for conventional computers. It
reflects in solution of the task of factorization of complicated functions, for example. It is a challenge
for quantum computers. The advantage of quantum computers is their possible ability to make fast es-
timation of the future condition of complex technical systems in case where the numerical methods do
not apply. Sometimes any input data can be lost because of external influencing actions on sensors and
could fail them. Conventional methods of estimation of condition of technical systems in such a situa-
tion are not going to operate properly.

Quantum computers are based on qubits exceed in some fields of application any modern
conventional supercomputers [1]. These fields are the analysis of big data sets, cryptography, drug
development, riddle of superconductivity research, problems of reliability. Moreover, quantum
computers are able to accomplish the task of data teleportation. As for hardware the IBM company
announced that the real 1000 qubit quantum computer system is to be built in 2023. The Google's
53 qubit quantum computer is used now and Google has a plan to create a million-qubit structure
in 10 years [2]. Nowadays new quantum computer algorithms which allow to speed up calculations
and unravel a lot of scientific puzzles are under elaboration. For example, the new algorithm for
quantum computer which allows to get over the quantum decoherence problem has been developed
and tested. It is Variational Fast Forwarding algorithm that has been created by Los Alamos re-
searchers [1].

Features of quantum computers and quantum algorithms presuppose the existence of ability to
estimate condition of complex technical systems by means of analyzing stochastic noisy data. The ad-
vantage of quantum computers is the absence of necessity for sorting through all possible options of
solutions for the task of the estimation problem that has a huge amount of an input data.

Procedure of calculating measuring transducer is offered in this article. The transducer is spe-
cially created on the diamond plate with nitrogen-vacancy (NV) center. This center appears in dia-
mond when one carbon (C) atom in crystal lattice of the diamond plate is replaced by a nitrogen (N)
atom, and the adjacent carbon atom is removed from the diamond’s crystal lattice creating the vacan-
cy (V). The NV center has superb spin coherence and optical properties that make it one of the most
promising to implement quantum sensing and quantum computing in practice.

Thus, the NV center can be used as a sensing element for a loadcell. The loadcell could be ap-
plied in diagnosis the technical condition of the airframe parts, parts of fuel systems, oil systems, hy-
draulic systems, pressurization systems, and other systems that work under pressure or tension.

METHOD AND METHODOLOGY OF THE RESEARCH

We offer to take results of conventional vibration sensors research [3] in order to make
smooth transition to the quantum technology. We applied hypothetical-deductive method to this
end. Results of the research of the diamond cantilever with NV center were classified according to
the classic theory of measurement sensors. The way of developing the measuring converter (sensor
or the loadcell in this case) from a diamond plate with NV center was offered as the result of the
research. The sensor should input data into a quantum computer. In future, it can be the part of a
diagnosis system.
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RESULTS OF THE RESEARCH

We offer the structure and designing project of measurement channel for a quantum diagnostic
computer (computer that is used for diagnosis). The measurement channel is a part of a measurement sys-
tem that produces one explicit function. It transforms the input measurable value to an analogue signal to
the output. The output analogue signal is a function of input parameter that should be measured.

Parameters that can be under control are pressure, strength, and displacement. Moreover, it could be
any other parameter that can influence the natural frequency of a diamond plate with NV center.

The dimensions and shape of the diamond plate with an NV center depends on the measure-
ment range of the parameter which is measured or tested. The parameter is the indicator of the state of
the tested system. The diamond plate with NV center is both sensor and transducer. They are two in
one. It transforms input parameter to photon (or phonon) to the output that will be input value for the
quantum diagnostic computer.

We offer to use the diamond plate with NV center as a main part of a measuring channel for the
quantum diagnostic computer. Parameters of such a quantum sensor can be calculated by means of the
existing theory of measuring transducers with the frequency output. Modern complex technical sys-
tems produce a large amount of stochastic data that describes their present and future state. Good
technique of such data processing is a quantum computer.

We believe that the diamond plate with NV center virtually consists of two parts. The first one is a
diamond plate. It serves as resonator which characteristics can be described by the existing theory of vibra-
tion sensors [3]. The second part is the NV center in the modified diamond plate. The NV center serves as a
subsequent transducer. Diamond with the NV center is a diamond with broken lattice but it does not influ-
ence the mechanical properties particularly the natural frequency of the plate. It allows uniting two trans-
ducers in one: the primary (sensing element) and the subsequent (N'V center).

The sensor that consists of the resonator and transducer must be vibrated by a special excitation
system of vibration. Parameters of the system is possible to calculate. The diamond plate with NV cen-
ter can produce data for a quantum computer while it vibrates: it generates photons (or phonons) that
could be accepted for measuring [4 — 10].

This approach to new sensor design allows us to use a new type of measuring channel in tech-
nical systems. This way organizes physical processes in the diamond and around it. As a result, sensors
of the new type are many times smaller than sensors of the conventional types. At the same time, the
sensors of the new type can input data directly into the quantum computer system without any addi-
tional means such as transformers, transformations or processing. This new type of sensors can also
input data to quantum computers by using its photon (or phonon) radiation feature by means of differ-
ent types of detectors. For example, it can be: a geometric phase magnetometry technique, a micro-
wave-assisted spectroscopy technique, a hyperpolarization-enhanced NMR spectroscopy technique,
spin readout techniques [5 — 7, 11 —20].

MEASURING CHANNEL FORMATION

The distinctive feature of quantum computer is the inner structure that complies with tasks that
the computer is supposed to solve. Moreover, because of this, an algorithm of transforming of input
data to output data could not be changed during the operation. It increases the reliability and decreases
the universality. Therefore, a structure of the diagnosis quantum computer should be depended on a
diagnosed technical system. The diagnosis quantum computer is the device that use quantum superpo-
sition and quantum entangle for data transducing and further transmission for diagnosis purposes. The
main goal of the creation the diagnosis quantum computer is ability to autoexecute procedures of tech-
nical systems condition estimations for maintenance operations scheduling. Advantages of the quan-
tum transformers allow to improve the assessment of complex technical systems since it can process
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big stochastic data. Diagnostic parameters could determine the structure of diagnosis quantum com-
puter.

The sensing element is the main part of the sensor and in such case characteristics of sensing
element are very important. It is impossible to achieve acceptable accuracy of the measuring parame-
ters without appropriate accuracy of the sensor. In addition, external and internal interferences have to
be taken into consideration because their disturbing influence should be reduced. It is also important as
calculation of characteristics of the sensing element.

The main idea of the work is to show how to use the published results of quantum technologies
in practical engineering activity [21 — 25].

Results of research [26 — 28] allow to produce the loadcell made of diamond with the NV cen-
ter. The sensing element with the loadcell should sense physical parameters that are needed for diagno-
sis purposes of technical systems. In a former research [29] the same element was offered as an ele-
mentary computing unit for a quantum computer. The unit was named g-bit and it is made of a dia-
mond with the NV center, i.e. of a diamond with artificially changed atomic lattice. One atom of Car-
bon (**C) in the diamonds atom structure was replaced by one atom of Nitrogen (N). Another adjacent
atom of Carbon was removed and its space became empty. This was named vacancy (V). The whole
atomic structure was named as the NV center. The NV center has an axis. Projection of the electron
spin on the axis serves as a g-bit. According to the conventional theory of vibrating sensors we call the
NV center as sensing element. According to the results of the research [26] the NV center can respond
to frequency changes of the diamond plate vibration. This feature allows to create quantum sensors
from diamond plates.

Unlike binary number system, when bits can only have states "0" and "1", g-bits (quantum
bits), in addition to these two states, can have any value in the range from 0 to 1. This is determined by
the electron spin feature, when it can have any direction in space. This g-bit feature is taken into con-
sideration when forming measurement channel.

The measuring channel is formed to get information from environment via modified diamond
that gets fluorescent feature. The feature is the result NV center behavior under external magnetic field
B. Q-bit information can be stored in the NV center by different energy levels as it is shown by Fig-
ure 1 [29]. This energy levels of the NV center electron spin were chosen as g-bit where readout could
be performed as optical transition of the NV center.

B=0
Fig. 1. Energy levels and optical transitions of the NV electron spin

Fluorescence appears under resonant microwave (MW) pulses. Green polarize laser (532 nm)
helps the descending dashed lines to appear. It illustrates the fluorescence intensity. Therefore, the spin
states can be polarized with green laser and readout by fluorescence intensity.
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As it is shown in Figure 1, energy level of negatively charged NV center (spin-1 system) has
ground states of an >A spin triplet, with a zerofield splitting between 0 and +1 sub-levels. The degener-
acy between +l1states can be lifted by an external magnetic field B, then either one of them together
with 0 state can form a well-defined two-level system, which is the physical implementation of a g-bit.
The quantum state of this spin g-bit can be manipulated with resonant MW pulses [29].

The polarization and readout of this g-bit is realized by exploiting the spin-dependent optical
transitions of NV centers. As shown in Figure 1, the energy gap between the ground A state and the
excited °E state is 1.945 eV (637 nm). A laser pulse with photon energy larger than 1.945 eV (e.g.,
532-nm green laser) can excite the electron spin to its excited states, then there is a difference in
choosing the paths back to the ground states: the states +1 are more likely to be trapped by the 'A sin-
glet and have less fluorescence compared to the state 0, thus spin state information can be extracted
from the fluorescence intensity. Meanwhile, populations in the 'A singlet have a large probability of
jumping back to ground state 0, so the off-resonant laser excitation is also polarized [29]. In order to
form a proper measurement channel, we are interested in the fluorescence feature of the NV center.

Optically detected magnetic resonance (ODMR) spectrum of an NV center is illustrated by
Figure 2 [29].
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Fig. 2. Optical detected magnetic resonance spectrum of an NV center

The ODMR phenomenon is a result of spin-lattice relaxation which defines the energy transfer
between the NV center and its environment. We chose this feature of fluorescence of NV center regis-
tered via ODMR as an informative parameter of the sensor in our research.

This NV center is the subsequent element of the measuring channel that is designed by our ap-
proach. Therefore, the primary (sensing) element is the diamond plate that is used according to the rules of
conventional theory of vibrating sensors. We assume the NV center as secondary transducer. The sensing
element should be vibrated by a special excitation of oscillations system in order to make NV center oper-
ate. For example, quantum properties of the NV center in the experiments [26] are manipulated by micro-
wave magnetic fields generated by a nearby antenna. The NV center has to be initialized by green laser
light for the functioning. So, the sensing element has two parts: a diamond plate and NV center in it.

The measuring channel for a quantum computer system also should consist of two parts. The
first one is a diamond plate with the NV center. The second one is a special excitation system. The
measuring channel has an analog output signal. The analog signal can be detected by microwave spec-
troscopy of phonon-dressed states.

SENSOR SCHEME SELECTION

There are two ways of achieving output information from the measuring channel.

The first one is the following: the eigenstate “0” has more fluorescence intensity then eigen-
state “1”. It was proved by confocal optical microscope detection [16 — 18]. The speed of information re-
cording for the unit is for about 10 sec. Data were read by estimating the fluorescence intensity. The
common problem of quantum units is their instability. In that unit data can be stored for about a few sec-
onds. It’s a pretty good result. Data could be inputted directly into a quantum computer by photons.
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The second way was worked out as the result of research that was made in the Swiss Nanosci-
ence Institute and University of Basel [26]. In this case, the resonator is a diamond cantilever with the
NV center and there is the opportunity to manipulate quantum properties by the mechanical strain that
arises in the diamond cantilever. The process takes place at room temperature. Quantum properties are
coherent oscillations of an embedded NV center spin. Sensitive elements performance in this case is
about 107 sec.

In the other research [28] it was offered to make the resonator with the NV center as a unit of
quantum computer systems. It allows to process big stochastic data of the mechanical strain in board
systems. It allows to exclude the data transmission path and to process data immediately. Implementa-
tion of this result in technical diagnostic means will lead to decrease of energy consumption, quantity
of wires, and noise in data.

Both approaches can be described by well-known classical theory of vibrating sensors. Vibra-
tion properties of diamond plate, which is used as a quantum sensor, were studied earlier [3, 30].

So, in order to get information about diagnosing system it is necessary to change in time the ri-
gidity of a diamond plate with NV center. Changing the rigidity of the loadcell leads to changing its
natural frequency of vibrations. The natural frequency influences to quantum properties of the NV cen-
ter. Therefore, NV center produces photons or phonons. Photons or phonons intensity can be directly
input as data into a quantum computer system as it was described before. The quantum measuring
channel has an advantage over conventional technologies because of its structural (not engineering)
simplicity, noise immunity as in digital systems, universality of analog systems and accuracy.

The sensitive element made of modified diamond should be theoretically divided into two parts
to get better results in vibration sensor engineering. The sensitive element within the framework of
classical theory of vibrating converters is mechanical. The mode of its functioning is frequency de-
pendence resonator. There are two types of vibrating plate operation: free oscillation (see Figure 3) and
self-oscillation (see Figure 4).The figures illustrates the way that the resonator can operate.
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Fig. 3. Functional diagram of the sensor operation in free oscillation mode

The operation principle of the sensitive element is the ability to change its natural frequency
under influence of the parameter that is measured. Free oscillation condition is actuated by the exciting
vibration system. The resonator begins to oscillate at free vibrations frequency w. just after the starting
pulse action. Vibration frequency can be calculated as

o. =0 J1-d*,

C m

here d— damped vibrations factor, w, — natural frequency of the diamond plate.
@, is the information parameter which depends on mechanical strain in the loadcell.
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Figure 4 illustrates the case of the resonator operation at the self-oscillation condition. The re-
generative feedback is needed for self-excitation and sustainable work of the sensing unit. A piezo-
element can be used to this end. For the case @<<lI the frequency of oscillations of the resonator is near
natural frequency w,,. It is possible to estimate the mechanical parameter that is measured by means of
measuring of the frequency of oscillations.
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Fig.4. Functional diagram of the sensor operation in self-oscillation mode

The resonator is the main part of the whole measuring channel. There are 8 main types of reso-
nators [3]. These resonators are pendulum, balance-spring, stringed resonator, V-shape plate, cylinder
shell, tuning fork, quartz resonator and magnetostrictive rod.

Among them the most convenient for creating a measuring element of a modified diamond are
stringed resonator, V-shape plate (see Figure 5), where X is a measured parameter.

A ©

Fig. 5. Types of resonators for measuring element

A cantilever is a combination of stringed resonator and V-shape plate. Usually the oscillations
of cantilever contain a lot of parasitic oscillations. The diamond plate is an oscillation system that has a
few degrees of a freedom and respectively a few resonance frequencies.

The flexural rigidity £ and mass ,, determine the natural frequency of the resonator. For ex-
ample for the stringed sensor the natural frequency calculated upon the formula

1 k
Jo= 2n \/;
This task earlier was solved for other traditional applications and can be solved for this case.

90



Tom 23, Ne 06, 2020 Hayunblii Becthuk MI'TY T'A
Vol. 23, No. 06, 2020 Civil Aviation High Technologies

DESCRIPTION OF THE INFORMATIVE PARAMETER
OF THE QUANTUM SENSING ELEMENT

The diamond plate with NV center is an oscillatory system with spatial parameters. Its natural
frequency is the function of the distributed mass and elasticity. When the cantilever made of modified
diamond oscillates there will appear an energy gap (see Figure 6, [26]). The energy gap in the electron
spin resonance of the NV center has been observed in the research [26]. It was shown that there is a
high Q-factor which is about 5-107 for diamond plate.

B e on- 4 MH:

/21— Dy (MH2)
/21 = Dy (MH2)

O/ 21 = Dy (MH2)

Magnetic field, By, (G) Magnetic field, By, (G) Magnetic field, By, (G) Magnetic field, By, (G)
Fig. 6. Changing energy gap in the electron spin resonance of the NV center

The energy gap is the property of a diamond plate with the NV center and the gap depends on
the diamond plate oscillations frequency.

We offer to use this energy gap as the output data in the sensor. We assume this because the re-
sult of the research [26] shows that strain fields allow to manipulate the electron spin of the NV center
in the strong-driving regime. In that experiment the diamond plate with NV center has been driven by
the excitation system which runs the free vibrations. The piezo-element was used to this end.

It was shown [26] that the energy gap can be observed by microwave probe at resonance fre-
quency. The gap depends on the natural frequency of the plate and Rabi frequency €,,. We believe that
since flexural rigidity of the plate is under influence of the parameter which is measured and for its
part directly affects the natural frequency of the diamond plate. Therefore, emergence of the energy
gap could be output data of the loadcell.

EVALUATION OF THE SENSOR PARAMETERS

The natural frequency of the sensor depends on several factors. The most important are shape,
sizes, and fastening type. The shape and sizes of the sensitive element can be calculated upon known
formulas. The manner of attaching the plate is very important. There is developed [30] technique of
calculating diamond plates with shape, sizes, and natural frequency which we need.

ftn=F-C,

1((1.17—%){%2

Ji-uz

here f,, — natural frequency, C — velocity of propagation of the elastic wave in infinite waveguide arm,
for diamond is 18300 meter per second, F' — shape factor, # — height of the plate, d — diameter of the
inscribed circle, u— Poisson's ratio for diamond is 0.07, K — factor which depend on the shape and the
manner of attaching (available from an experimental data).
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The rectangular and round shape of the sensor are more convenient for calculating and produc-
ing. There are few K factors that were calculated.

For rectangular plate K = 0.603 if plate was fastened by the corner, K = 0.879 if plate was fas-
tened by the edge, K = 1.022 if plate was fastened by the middle [30].

For round plate K = 0.954 if plate was fastened by the edge, K = 1.298 if plate was fastened by
the middle [30].

The process of engineering of the sensitive element made of modified diamond plate, which is
designed for the required frequency range, consists of the following steps:

1) the first step is producing the NV center in a diamond plate;

2) the second step is calculating and manufacturing the required shape plate, and fastening it
appropriately;

3) the exciting vibration system for the diamond plate must be build;

4) the regenerative feedback which is needed for self-excitation and sustained work of the sens-
ing unit. The piezo-element can be used to this end.

The resonator is the mechanical plate. Therefore, the static characteristic or the static response
the output parameter from the input parameter could be defined by the formula

f=fo Ik,

here s — natural frequency of the resonator (Hz), k£ — coefficient which depends on the shape, sizes,

temperature of manufacturing and using etc., all of this could be controlled during the manufacturing
and operation the sensor. The output parameter is f. The input parameter is flexural rigidity , of dia-
mond plate that depends on the shape. Elastic expansion arises subject to mechanical loading in the
diamond plate. Its flexural rigidity depends on the elastic modulus or the Young's modulus E. The
Young's modulus is ratio of small deformation strain. C — velocity of propagation of the elastic wave in
infinite waveguide arm depends on the Young's modulus

here p — density of the material. The natural frequency of the diamond plate ¢ is under p influence.

The quadratic approximation is applied to define the real static characteristic ( f,,and k) of the
resonator from the available experimental data

x=bf*-a,

here a=k"; b=L a

Jak o 1
The target function could be minimized by the selection the parameters f,, and &
2

J= i[xi —(bf? —a)] ,
i=1

n — the number of the measurement results of the output parameter x.

J; — the frequency of the x, output parameter which depends on the width of the energy gap of
the ESP (electron spin resonance).
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Estimates of f,, and k which minimize the target function could be calculated upon the formulas

n 2 n 2 n 4 n
z fi Z X fi = Z Ji Z X
2 _ =l i=1 i=l =

AR /ok
fm = - . - i=1 i=l
”infiz _in Zfz2

= n 5 n 5 n . n :
Zfz zxifi _Zfz zxi
i=1 i=1 i=1 i=1

;o k

There are two most perspective ways of putting the loadcell into practice. The way of calculat-
ing the natural frequency of the diamond plate s for both was represented in the study [31]. One of

them is the fastening as the strut with vertical axial load applied. The formula for calculating for this
case 1s

here 7 — second moment of area, £ — Young's modulus or elastic modulus, / — length, m — mass, S —
vertical axial load.

The second one is more common. The plate in this case has two free edges and fixed two other
edges (see Figure 7).

X
e ;
e - _'__‘—-_.____
i = = b
= -
— ——
T
-

Fig. 7. Oscillation diagram of a plate with two clamped ends (fixed and movable)

The shape of curves which describe the deflections of the beam can be calculated using the
formula X; = D; sin(?), here i — the serial number of the harmonic. Figure 8 [31] represents different
variants of sine wave vibrations of the beam.

S| I
S| ks
N

3 S
3 —

S | —— B

Fig. 8. The variants of sine wave vibrations of the beam

The method of calculating the sensor consists in following. The first step is to estimate appro-
priate dimensions. We chose the rectangular cross section beam axb with a = 1-10* m, b = 510" m
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respectively. Second moment of area in this case [ = ? The formula [31] is used to calculate the
lowest, or fundamental, natural frequency of a free beam which is simply supported at each end ac-

cording to
48EIg 48EIg
0) = = ,
ml3 vpl3

here E = 1.2:10"* Pa, Young's modulus of diamond; g ~ 9.81 m/s”, acceleration of gravity; / — length,
m —mass, p = 3.51-10° kg/m’ specific density of diamond.

The frequency range where the energy gap was detected is

from %z 1-10°Hz to %=4-106Hz.

Thus, / for this case is from 2.2:10° mto 4.3:10° m.

The next step is calculating the exact length of the loadcell for the right measurement range of

strength. In accordance with the classical theory [31], the beam which is fastened at each end, changes
its natural frequency under stress.

y Y M
A% T_ I
A\ _‘S_ e -t—s_ ' -E\ __._?*
D d 25 * 5 C
X ax
: | L |
a) compression b) tension

Fig. 9. Forces acting on the plate

The natural frequency of the beam reduces under compression and increases under tensile (see
Figure 9). The differential equation for the curve of deflection of the beam under tensile force is

d?y
EIE =M+ Sy,

where M is the moment of deflection.
The solution of differential equation is ¥ = X(4-cos(w?) + B-sin(wt)), where X is the orthogonal

function, Y is the movement; 4; = % fo fi (x)sm# dx, where fi(x) — distribution function of the initial

cross travel; B; = i f l 1 (x)sinﬂdx where f,(x) — distribution function of the initial velocities;

, were F'is

4En21

cross-sectional area of the beam, S — compressive force.
Thus we calculate the range of measuring force for the sensor which length is / = 2:10” m and
the rectangular Cross section beam axb with a = 1-10* m, b = 5-10* m respectively. The frequency

range is of = 10° Hz to —2=4-10°Hz

n?4a 12 1->7
and = ———, then S = .

If we assume that b =
12 4ET2]
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Thus for the compression force S = 1.11 -10° N the natural frequency is % =4-10% Hz and

for the compression force § = 1.16 -10* N the natural frequency is % = 10° Hz.

Sensor, which is resonantly driven at frequency o by a piezo-element, should make a strike to
the beam in initial time in order to start operating.

On Figure 9 d is the short part of the beam that has an initial velocity V. In that case fi(x) =0
and f5(x) = 0 everywhere except x =D, (D) = V.

Thus
2vd . imd .. . .
A;=0;B;= T SIn—; here 1 is a serial number of the harmonic.
Wi L
2vd 1 ., imx . imD . ..
y== Yieq—sin —-sin—=sinw;t, here t is time.

wj
For the piezo-element which was fastened to the middle of the sensor
l

= E’
The equation for the movement is

2vd (1 ., mx . 1 . 3nx . 1 . 5mnx .
y=—\—Ssin— smoolt - —Sin—— smoo3t + —sin— smoost — ).
l w1 l W31 l (O] l

Static characteristic of the loadcell is now hardly predictable in case of fastening the exciting
piezo-element on the free end of the beam not to the middle, as it was done during research [26].

CONCLUSION

The article presents a new approach to the construction of miniature sensors based on quantum
technologies. The calculations are given to show the possibility of physical implementation of vibra-
tion sensors based on a modified diamond plate.

This is the step-by-step approach to the development of non-demolish diagnosis quantum com-
puter for complex technical systems. The represented approach illustrates the way of new technologi-
cal level implementation in practice. The approach to the design of tension sensing element made of
modified diamond allows us to use the achievement of quantum technologies in the new type of sen-
sors. The authors used the well-known methods of theory of vibration sensors and mechanics of mate-
rials to show the way of engineering of quantum sensing element with NV center. The paper describes
the loadcell which is the sensor of a new type.

The conventional theory makes the transition to the new technologies smooth and convenient.
In this study the definition of the loadcell of new type has been provided. The dimensions of the
loadcell of different shape and manner of fastening were calculated and listed in the article. The trou-
ble occurrence was calculated and listed as well.
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CHCTEMHDIN MOJXO0/I K PA3PABOTKE JATYMKA MEXAHUYECKOM
HATPY3KH U3 MOJU®UILIUPOBAHHOI'O AJIMA3A

C.B. Z[naHOBl, B.M. HoBuuxos’

'Mockosckuii 2ocydapemeennvlii mexuuueckuii yHusepcumen spaicoancKoli asuayu,
2. Mockea, Poccus

’Mockoeckuii aguayuoHHblii uHCMumym (HayuOHATbHLIH UCCIEO08AMENbCKUIL
yHugepcumem), e. Mockea, Poccus

Pemienne coBpeMEHHBIX M TMEPCIIEKTUBHBIX 33J1a4, peliaeMbIX POOOTOTEXHHUYECKUMHU YCTPOMCTBaMM, KOTOPBIE YMPABISIOTCS C
TIOMOIIIBIO MCKYCCTBEHHOTO HHTEIUIEKTa, TpeOyeT NMpHMEHEHWsI MalorabapiTHBIX H3MEPUTEIBHBIX HPHOOpoB. B atoM cirydae
XOpOLIYIO TEPCIEKTHBY HMMEIOT WHTEHCHBHO pa3palarTblBacMble KBAHTOBBIE NATYNKM M KBAHTOBBIC KOMITBIOTEPHL [ JIaBHBIM
MPEUMYILIECTBOM KBAaHTOBBIX TEXHOJIOTHI SIBJISIETCS BO3MOXKHOCTH OOpPabOTKM JAHHBIX CITy4aiHBIX ITPOLIECCOB C PasIoKEHHUEM
CIIO’KHBIX (DYHKIMIT Ha MPOCTHIE MHOXUTENHN IIPH MAJIOM pa3Mepe KBAaHTOBBIX YCTPOHCTB M BOSMOKHOCTH TI€pEiadn JaHHBIX Ha
Gomplure paccrosHUA 63 MpoBoAoB. OCOOEHHOCTH COCTOMT B TOM, UTO JIAHHBIE, MIEpelaBaeMble TI0 KBAaHTOBBIM JIMHISIM CBSI3H, HE
MOTYT OBITh CKOIIMPOBAHBI WIIM NIEPEXBAYEHBI, YTO OYCHb ITOJIE3HO I JUCTAHIMOHHOTO YIIPABIICHHS CIIOXKHBIMI TEXHIHIECKHIMH
crcreMamy. KBaHTOBBIN KOMITHEIOTEP CIIOCOOEH YCIIEITHO 00padaTsBaTh OONIBIION 00BEM BEPOSTHOCTHBIX 3alTyMIICHHBIX JTaHHBIX
TaK, YTO 3TO €0 CBOIMCTBO MOXKET OBITh ITOJIE3HO UL OBICTPOro MOIy4YEHHUs OLIEHKH TEXHUYECKOTO COCTOSIHUS CIIOKHOW CHCTEMBI.
3TO CBSA3aHO C TEM, UTO MPOIagaeT HeoOX0UMOCTh NIepeOHpaTh BCe BO3MOXKHBIE PEIICHHS 33191 OLIEHKH C OTPOMHBIM 00BEMOM
BXOJHBIX JaHHBIX, HCKOTOPBHIC U3 KOTOPBIX MOT'YT 6])IT]) SABHO HC OIIPCICIICHBI. OcHoBHast np06neMa B HUCCJICAOBAaHUN KBaHTOBBIX
MPOLIECCOB 3aKIIFOYAETCSI B TOM, YTO HCCIIENOBATEN M3Y4aloT MPOLIECCHI, IIPOUCKOAIIME B MaTepuaiax, HO OHU HE YKa3bIBalOT
CrocoObl, KOTOPHIMHU KBAHTOBBIE JATYUKK MOTYT OBITh IPUMEHEHBI B MH)KEHEPHOH TMpaKkTHKe. B 1aHHOM cTaThe IEMOHCTPHUpYETCS,
Kak cOpMHUpOBaTh U3MEPUTEIBHBIN MPeoOpa3oBaTeslb, OCHOBAHHBIM HAa KBAHTOBBIX TEXHOJOIMSIX U KOTOPBIA COBMECTHM Kak C
KBAaHTOBBIM, TaK M C TPaJMIMOHHBIM COBPEMEHHBIM BbIuMciuTeseM. OCHOBHOH IIENIBIO MCCIIEOBAHMS SBUJIOCH MPHOIVDKEHHE
pe3yJsbTaToB (DyHIAMEHTAIBHBIX MCCIIEIOBAaHMK B 00JaCTH KBAaHTOBBIX TEXHOJIOTMH K WX NPHMEHEHHIO B MPHUKIAIHBIX 331a4ax.
ITokazaHo, KaKk KBAaHTOBBIC IPOLECCHI MOTYT OBITh IEPEHECEHBI B 00JAaCTh TEXHMYECKHX HW3MEPEHHH (PM3MYECKHMX BEIHYMH,
WCIOJB3YEMBIX B CIIOXHBIX CHCTEMax Ui TONy4eHHs MH(OpMAalmM O COCTOSHHM €€ Harpy’KeHHBIX 3JeMEeHTOB. B mporecce
TIONTyYEHUsI PE3YJIbTATOB HCIOJIB30BAINCH THIOTETHKO JEAYKTUBHBIH METOA W METOA BOCXOXICHMS OT aOCTpakTHOTO K
KOHKPETHOMY B paMKaX CHCTEMHOIO MOIXOJa K pa3pabOTKe 2JIEMEHTOB TEXHHUYECKUX CHUCTEeM. Pe3ynbratoM paboTel SBISIETCS
OIMCaHHUE MPOLIECCOB, MPOXOIINX B UyBCTBUTEIIBHOM 3JIEMEHTE, BOCIIPHHUMAFOLIEM HAMPSDKEHHOCTD KOHCTPYKLMHU U CO3JaHHOM
13 MOAU(UIMPOBaHHOrO ajiMaza. MouduuupoBanHbiii aiMa3 ¢ NV LEHTPOM CITy)KUT OCHOBOM JUIs T€HEPaTOPHOIO JaT4HMKa.
OcHOBHOM BBIBOJ] UCCJIICIOBAHUSA COCTOMT B TOM, YTO KBAHTOBLIC AATYUKH, PEATM30BAHHBLIC Ha OCHOBC MOI[l/I(i)l/ILIl/IpOBaHHOF (]
ajIMasa, XOPOILO OIHCHIBAIOTCS TEOPHEH M3MEPHUTEIIBHBIX Pe0Opa3oBarTeiei ¢ YaCTOTHBIM BBIXOZOM U MOTYT OBITh MCIIOJIE30BaHbI
JUTA OJTYYEHUS TaHHBIX O COCTOAHUN 06’beKTa, KaK (byHKIlI/lI/l oT HaHpﬂ)KéHHOCTI/I OJICMCHTOB €TI0 KOHCTPYKIIUH.

KiioueBnble cioBa: ‘IyBCTBI/ITCJ'II)HHﬁ QJICMCHT, NV HCHTDP, KBaHTOBEII JaT4YHK, YaCTOTHBIA JaT4yuK, H3M€pPITeJ'II:HI:II71 KaHall,
Hp€06p330BaTeJ'IL C YaCTOTHBIM BBIXOJIOM.
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