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MODEL OF SIMULATION OF THE PROCESS OF FORMATION OF FUNCTIONAL
SURFACES OF MICRO-OPTO-ELECTRO-MECHANICAL SYSTEMS’ COMPONENTS

The subject of the article is to establish the relationships between the parameters of formation the functional
surfaces of the substrates of micro-opto-electro-mechanical systems’ (MOEMS) components and their physical and
technological parameters. Objectives: to increase the reliability and reproducibility of the received information,
reduce the complexity of the technological process of forming, by modeling the dependences of the ratios of physical
and technological parameters of forming the functional surfaces of the substrates of MOEMS components for the
forming process. The methods are used: methods of experiment planning and computer processing of experimental
data, mathematical models, digital computer modeling of technological processes. The following results were ob-
tained: a mathematical model was proposed, which was used to model the influence of physical and technological
parameters of the functional surfaces of the substrates of MOEMS components on their formation, with the receipt
of prototypes. The results can be used in the development of technological processes of production, as substrates of
Sfunctional components of MOEMS, and other functional elements for various technological purposes. A mathemati-
cal model is obtained, which allows predicting the degree of influence of physical and technological parameters of
the technological process on the parameters of formation of functional surfaces of substrates of MOEMS compo-
nents. Conclusions. The scientific novelty of the results is as follows: a mathematical model that has found practical
implementation for computer digital modeling in the development of technological processes for the production of
functional surfaces of substrates of MOEMS components is proposed, in which, unlike the existing ones, it is possi-
ble to predict the degree of influence of physical substrates of MOEMS components, which allows to plan the proc-
ess of formation, increase the reproducibility of results and reduce the complexity of the technological process.

Keywords: micro-opto-electro-mechanical systems’, functional component, shaping, physical and technologi-
cal parameters, mathematical model, modeling, abrasive processing, grinding, polishing.

Introduction fact that at almost every stage of the manufacturing
process of the plate on the surface of the substrates of
MOEMS components remain scratches, chips, cracks,
swelling, oxidation and other defects that lead to het-
erogeneity of the surface layer of substrates and changes

o ) ) : in its physical and technological parameters: such a
The ability to perform complex operations with a light layer is called broken. To remove it, the surface of the

be?m (reﬂ.ecti(.)n, d.iffractif)n, modulation, spatial orie'n- plate of the MOEMS component is ground, etched and
tation, redirection) is possible through the use of minia- polished [5-9]

ture functional elements and is one of the main advan-
tages of MOEMS [1].

The performance of such transmission systems de-
pends on the quality of the components used. The nec-
essary parameters can be guaranteed only if the techno-
logical process of their production is strictly adhered to
and the use of high—precision equipment for control and
data processing [2—4], which can be predicted by the
results of digital computer modeling.

One of the most important operations in the pro-
duction process of MOEMS components is molding [5].

Finishing operations in this technological process Statement of basic materials
— grinding and polishing the surface of the substrate of
functional components.

The need for grinding and polishing is due to the

One of the many most common types of micro-
electromechanical systems (MEMSs) are micro—optical
electromechanical systems (MOEMSs) [1].

These are microchips with functional components.

This work is devoted to the study of parameters
and factors that directly affect the formation of func-
tional components of MOEMS in finishing operations
and the development of a mathematical model that pre-
dicts the degree of influence of physical and technologi-
cal parameters of the process on the formation of func-
tional surfaces of MOEMS components.

The surface roughness of the functional component
is the main indicator of shaping, which is critical at each
stage of manufacturing such components [6].

At the first stage, using experimental planning
theories, a multifactorial experiment was selected and
factorial planning was performed.
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At the second stage, a mathematical model was
developed, which presents experimental modeling data.

A full factorial experiment was conducted to pro-
vide prediction and control of technological processes
of formation of substrates of functional components of
MOEMS during polishing and grinding with different
types of diamond grinding pastes (ACM 2/1, ACM1
4/10, ACM 0/28) and gave recommendations for the
formation of physical-technological parameters of the
technological process of forming such components.

At the third stage, the authors presented samples of
the components of the functional substrates of MOEMS'
components, obtained by the proposed modeling as a
result of the experimental technological process of pro-
duction using the recommendations.

Experiment planning.

To model the influence of the modes of finishing
technological operations on the parameters of the for-
mation of the substrates of the functional components of
MOEMS, the authors used a complete factorial experi-
ment [10].

To perform the experiment, the following should
be done:

— to obtain and to analyze a priori information;

— to select input and output variables;

—to develop a mathematical model according to

—to check the statistical preconditions for the ob-
tained experimental data;

— to process the results and interpret them, as well
as to develop recommendations for the selection of pa-
rameter values [10];

— to obtain the planned values of the parameters of
processing operations in the formation of the substrates
of the MOEMS component.

Selection of factors and
variation.

As is known [3—-6; 11-18], the most significant in-
put factors of finishing technological operations of
molding, meeting all the requirements of the factorial
experiment, are the processing time of the sample —

their intervals of

t (min), spindle speed — v (rpm) and grain size of the
polishing and grinding pastes — z (wm) .

It should be noted that the choice of factors did not
take into account one of the important parameters — the
pressure of the polishing tool, which acts on the sample.

In all the experiments conducted, the pressure was
constant and of the same value.

Limits of change of factors: the maximum time of
and

within ¢

processing of material e

=20 min ,

tyin =10 min; disk rotation speed — v,,,. =40 rpm,

. . . = ; th i i f th te i
which experimental data will be presented; Vmin =30 rpm; - the - grain - size . © © pas e. s
— to determine the method of data analysis; Zyax =32 wm , z,, =2 pm . Variant factors are listed
— to conduct an experiment; in table 1.
Table 1
Limits of change and design of factors
Processing time Disk rotation Graininess of Roughness
Factors (min) speed pastes (um)
(rpm) (1m)
Acgepteq t % z Ra
designation
Designation
in MFE M 2 & Y
Upper limit (1) 20 40 32 -
Basic level (0) 15 35 17 —
Lower limit (—1) 10 30 2 -

Experiment planning is preceded by the stage of
determining the center of the experiment and the inter-
vals of variation of factors.

At the same time, the boundaries of the areas for
determining factors set by technical restrictions are es-
timated [10].

Based on the research [11-16], we choose the fac-
tors on which the resulting value of the roughness of the
material ¥ (um) depends [10].

Let's make the generalized formula of dependence:
Y:f(t’v’Z)B (1)

where ¢,v,z — factors influencing the value Y. Let's

construct a matrix of a complete factorial experiment,
and list the results in table 2.

Since the true form of the basic function (2) is un-
known, we will use the equation representing the de-
composition of this function into a series to describe the
response surface [10]:

n n n 2
y= bO + Zl=1 b,-xl- + le=1 bijxl'.xj' + zl:l bl'l'.xl' 5 (2)

where Xiy X —variables at /...n, j=1...n, i # J;

by, b;, by —regression coefficients for the corre-
sponding variables, the values of which determinethe
shape of the response surface.
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Table 2
The results of a complete factorial experiment
xll = ‘x22 = .X'33 =
2 _gl=42_ 2
Neo t v | h X X2 X3 X XXp| X XX3| XpXX3|xpXXp X3l =x{ —d|=x7—d|=x?_q | ¥
1. 20 40 32 1 1 1 1 1 1 1 0,2697 0,2697 0,2697 44,1
2. 10 40 32 —-1 1 1 -1 -1 1 -1 0,2697 0,2697 0,2697 20,6
3. 20 30 32 1 -1 1 -1 1 -1 -1 0,2697 0,2697 0,2697 35,7
4. 10 30 32 —-1 -1 1 1 -1 -1 1 0,2697 0,2697 0,2697 17,9
5. 20 40 2 1 1 —-1 1 -1 -1 -1 0,2697 0,2697 0,2697 12,2
6. 10 40 2 -1 1 -1 -1 1 -1 1 0,2697 0,2697 0,2697 58
7. 20 30 2 1 -1 -1 -1 -1 1 1 0,2697 0,2697 0,2697 9,7
8. 10 30 2 -1 -1 -1 1 1 1 -1 0,2697 0,2697 0,2697 45
9. 24,308 35 17 1,2154 0 0 0 0 0 0 0,7469 —-0,7303 —-0,7303 28,4
10. 7,846 35 17 —1,2154 0 0 0 0 0 0 0,7469 —-0,7303 —-0,7303 8,1
11 15 48,616 17 0 1,2154 0 0 0 0 0 —-0,7303 0,7469 —-0,7303 30,2
12. 15 23,538 17 0 —1,2154 0 0 0 0 0 —-0,7303 0,7469 —-0,7303 14,7
13. 15 35 (38,8928 0 0 1,2154 0 0 0 0 -0,7303 -0,7303 0,7469 46,6
14. 15 35 1,5692 0 0 -1,2154 0 0 0 0 -0,7303 -0,7303 0,7469 3,8
15 15 35 17 0 0 0 0 0 0 0 -0,7303 -0,7303 -0,7303 22,6

The calculated numerical values of the regression
coefficients are listed in table 1.
Verification of the statistical significance of the pa-
rameters of the regression equation (regression coeffi-
cients) was performed by Student's test [5; 10].

The reproducibility variance was determined [10].
The calculated numerical values of the variance of the
coefficients of the regression equation are listed
in table 3.

Table 3
Calculated numerical values of the variance of the coefficients of the regression equation
Verification of regression coefficients according to Student's criterion
Regres’sion . The tabular val,ue of Significance
coefficients Numerical value Syb; th; the Stud.ent s check
coefficient
by 20,33 0,418 31,456 1,886 Significant
b 5,17 0,572 6,839 1,886 Significant
by 2,25 0,572 2,975 1,886 Significant
by 9,21 0,572 12,177 1,886 Significant
by 0,46 0,783 0,520 1,886 Not significant
by3 1,98 0,783 2,238 1,886 Significant
by3 0,49 0,783 0,550 1,886 Not significant
b3 0,30 0,783 0,339 1,886 Not significant
by -1,22 1,435 1,016 1,886 Not significant
byy -0,39 1,435 0,325 1,886 Not significant
b33 0,15 1,435 0,127 1,886 Not significant

Regression equation (3) in coded form has the fol-

lowing meaning:

y=20,33-5,17x; +2,25x, +9,21x; +1,98x;5. (3)

To assess the adequacy of the model, it was evalu-

ated according to Fisher's test. Let’s find the coded cal-
culated values according to the obtained regression
equation. The results of the coded calculated experimen-
tal values of the response of the function are listed in
table 4.
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Table 4 Using the proposed mathematical model, the re-
The results of coded calculated experimental values sults of modeling the influence of physical and techno-
of the response function logical parameters of the functional surfaces of the sub-
No. of - — strates of the components of MOEMS on their forma-
experiment Yur W YuoHI tion were obtained.
1. 44,1 38,9 According to the obtained equations of the re-
2. 20,6 24,6 sponse surface, the dependence of material removal on
3. 35,7 34,4 the duration of processing, different grinding pastes, the
4. 17,9 20,1 results are presented in Figures 1 (two—dimensional
5. 12.2 16.6 version), 2 — 4 (three—dimensional version).
6. 5’;3 10:2 According to the obtained graphs, the influence of
7 9.7 121 each factor (or combination of factors) of the techno-
3. 45 5.7 logical process of grinding and polishing on the parame-
9, 28.4 36.6 ters of the formation of the functional surfaces of the
10. 8.1 12 substrates of the components of MOEMS was
T 302 231 evaluated. ’ o
B 1 4’7 17’ G The magmtud.es and combination of factors were
B 1 6, 5 31’5 determined to obtain the planned roughness of the test
4 38 o sample.
15. 22,6 20,3 Ay
Determining the degree of influence of factors on Removal of ACM 40/28

material 101

the formation of the MOEMS component.
To obtain the response surface, each of the three
factors was recorded at Zero level: 30

35

t = 15min, v = 35rpm, z = 17 pum. 2 ACM 14710
Substituting these values, the regression equation 20 ACM 2/1
was decoded, and three equations with two factors were
obtained [10]. To decode equations (4-6), x; was re- s
placed by natural values: 1
5
x = =15 0,2t —3. 4) 05 10 15 20 %> Tomin
5 Processing time
r =Y 0007, Q)
Fig. 1. Dependence of material removal on the
z—-17 e
x3 = =0,057z-1,13. (6) processing time

After decoding (formula 7) began to look like:

Y(t,v,h) = 20,33+5,17(0,2¢ —3) +2,25(0,2v —7) +

7
+9,21(0,05z—1,13) +1,98(0,2 —3)(0,005z —1,13). )

it

After performing transformations and reductions,
we obtain the equation (8—11):

Removal of material

y(t,v,h)=0,58652x15+0,45v+ )
+0,1635z 40,0198z —14,6251.
Yo (v,2)=0,45xv+0,4605x z—5,8273.  (9)

Y, 3s(t2)=
=0,58652¢ +0,1635z +0,0198¢z +1,1249.
Vo7 (t,v) = 0,92312x2+0,45xv-1,1249. (1)

(10)

Fig. 2. Response surface at a fixed value
of processing time
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At the next stage, the authors obtained experimen-
tal samples of the components, using the results
of computer modeling of the formation of the surfaces
of the functional substrates of the micro-opto-electro-
mechanical systems’ components.

-
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Removal of material

Fig. 3. Response surface at a fixed value
of the spindle speed
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Removal of material

Fig. 4. Response surface at a fixed value
of diamond paste grain size

Figure 5 shows the surface of the functional sub-
strate of the MOEMS component made of silicon (5A—
K processing), the response surface of which was
formed in the mode at a fixed time value (5 b).

Figure 6 shows the surface of the functional sub-
strate of the micro-opto-electro-mechanical systems’
component of silicon (6 a — before processing) and the
response surface at a fixed value of the spindle speed
after processing (6 b), and Fig. 7 shows the surface of
the functional substrate of the micro-opto-electro-
mechanical systems’ component of silicon (7 a — before
processing) and the response surface at a fixed value of
the grain size of diamond paste (7 b).

Fig. 5. The surface of the functional substrate of the
MOEMS component made of silicon
a — before processing;
b — the response surface of which was formed in the
mode at a fixed value of time

Fig. 6. The surface of the functional substrate
of the MOEMS component of silicon
a — before processing;
b — the response surface at a fixed value of the spindle
speed after processing

”.

Fig. 7 The surface of the functional substrate
of the MOEMS component of silicon
a — before processing
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Fig. 7. The surface of the functional substrate of the
MOEMS component of silicon
b — the response surface at a fixed value of the grain size
of diamond paste

The next stage of the experiments, it is planned to
use the method of computer modeling proposed by the
authors [19] to control the functional surfaces of
MOEMS components, using the interference control
method. Using this method, it was possible to increase
the reliability and reproducibility of the results of the
technological process of production of functional sur-
faces of MOEMS components, to obtain the values of
the graphically constructed “route” of the RMS values
of the roughness of the functional surface component.

The obtained results in the complex should be used
in the development of technological processes for the
production of functional substrates of MOEMS compo-
nents, to model the processes of molding and increase
the accuracy of control of molding and reduce the com-
plexity of the technological process as a whole.

It should be noted that in order to expand the re-
search [20-23], the proposed mathematical model for
modeling was used in the manufacturing process of a

solar collector with a wedge concentrator [22] and a
solar module with a stationary parabolocylindrical con-
centrator. [23], at the stage of the technological process
of forming the substrates of the functional elements of
these objects, the functional working surface of which is
a mirror. Improving the design of devices [22-23],
made it possible to increase their efficiency by increas-
ing the luminous flux density by 2—4 times.

Conclusions

The influence of physical and technological pa-
rameters of the functional surfaces of the substrate of
MOEMS components on their formation is modeled,
with obtaining experimental samples of the substrates of
MOEMS components.

The simulation results can be used in the develop-
ment of technological processes of production, as the
substrates of the functional elements of MOEMS, and
the component as a whole.

A mathematical model that has found practical im-
plementation for computer digital modeling in the de-
velopment of technological processes for the production
of functional surfaces of substrates of MOEMS compo-
nents, in which, unlike existing ones, it is possible to
predict the degree of influence of physical and techno-
logical parameters substrates of MOEMS components,
which allows you to plan the process of formation, in-
crease the reproducibility of results and reduce the com-
plexity of the development of the technological process.
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MATEMATUYHA MOAENb AnA MOAENOBAHHA NMPOLECY ®OPMOYTBOPEHHA ®YHKUIOHAJIbHUX
MNOBEPXOHb KOMMOHEHTIB MIKPO-ONTO-ENEKTPO-MEXAHIYHUX CUCTEM

LII. Hesmogos, O.0. Yana, O.1. ®ununenko, 1.B. borman

Ilpeomemom cmammi € 6cmanoseHHs 3aedHCHOCHell Midic napamempamu GopmMoymeopents QYHKYIOHATbHUX NOBEPXOHb
nioknaoun komnonenmie MOEMC ma ix ¢hisuxo—mexnonoziunumu napamempamu 3a80anHsa: nioguwenHs 00CMOGIPHOCMI ma
8I0MBOPIOBAHOCTI OMPUMYBAHOT THPOPMAYIT, SHUNCEHHA MPYOOMICIKOCTI MEXHOI02ITYHO20 npoyecy (opMOYMEOpeHHs, Wiis-
XOM npogedenHs. MOOeNO8AHH 3aNeHCHOCeEN CRIGBIOHOUEHb (DI3UKO—MEXHONO2IUHUX napamMempie Gopmoymeopenns PyHkyio-
HaNbHUX N08epxonb niokaaour komnonenmie MOEMC na npoyec ¢hopmoymeopenns. Memooamu €: memoou niany8anus excne-
PpUMenmy ma Komn 1omepHoi 00pooKu excnepumMeHmanrbHux OaHux, MamemMamuyni mooeni, yugpose Komn omepre Mooeno8aH-
Hs mexHono2iunux npoyecie. Ompumani maxi pe3ynbmamu.: 3anponoHo8ano MameMamuymy Mooeib, Ky 3acmocoearo s npo-
6e0entsi MOOenO8aHH BNIUGY (DI3UKO—MEXHONOSIUHUX NaApAMempis QYHKYIOHATbHUX NOBEPXOHb NIOKAAOUH KOMNOHEHMIE
MOEMC na ix popmoymeopenns, 3 ompumanHam 00CIiOHUX 3paskis. Pesynomamu moscyms 6ymu suxopucmani npu pospooyi
MEXHON0STUHUX NpoYecié sUpoOHUYMEA, AK NiOKIAOuH yHKyioHanrbHux kKomnonenmie MOEMS, max i inwux @yHKyioHanbHux
eneMenmi6 pi3H020 MexXHON02IuH020 npusHauents. OmpuMano mamemamuyHy mMooen, AKA 003805€ NPOSHO3Y8aAmuU CMYNiHb
6NIUBY PIZUKO—MEXHONOLTUHUX NAPAMEmMPI8 MEeXHONIO2IUHO20 npoyecy Ha napamempu opmMoymeopenHs GyHKYioHANbHUX HOGe-
pxous nioknaoun xomnonenmie MOEMC. Bucnogxu. Haykosa nogu3HA OMpumManux pe3yibmamie noiseac 8 Hacmynuomy. 3a-
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NPONOHOBAHO MAMEMAMUYHY MOOEIb, WO SHAUWIA NPAKMUYHY Peani3ayilo Os KOMN I0MePHO20 Yu@poeo2o MoOenI08anH s, npu
PO3pOOYI MeXHON02TUHUX Npoyecie 8UPOOHUYMBA YHKYIOHATHUX NOBEPXOHb NiOKIaduH komnonenmie MOEMC, y axitl na 6i0-
MIHY 6i0 ICHYIOUUX, € MOJNCTUBICTND NPOSHO3YBAHHS CIYNEHIO 6NAUBY (DI3UKO—MEXHOL02IUHUX NAPAMEMPI68 MEXHON02ITUHO20 NPO-
yecy opmoymeopenns Ha napamempu GopmMoymeopeHHa QYHKYIOHATbHUX NOBePXOHb niOKkaadun komnonenmie MOEMC, wo
003801€ NAGHYBAMU NPpoyec POpMOYMEOpeHHs, NIOSUUMU 8I0MEOPIOBAHICIb PE3VIbINAMIE ma 3HUUMU MPYOOMICMKICIMb
PO3DOOKU MEXHON02IUHO20 NPOYecy.

Knruoei cnosa: MOEMC, ¢hyuxyionansnuii KOMnoHeHm, hpopmoymeopens, Qizuko-mexHono2iuHi napamempu, mamema-
MUYHA MOOEb, MOOENIOBAHHS, AOPA3UBHA 0OPOOKA, WNIQY8aHHs, NONIPYEAHHSL.

MATEMATUYECKAA MOAENDb ANA MOAENTUMPOBAHUA NPOLIECCA ®OPMOOBEPA30BAHUA
®YHKLUUOHATbHbIX MOBEPXHOCTEA KOMMOHEHTOB MUKPO-ONTO-3NEKTPO-MEXAHUYECKUX
CUCTEM

W.II. Hemonos, E.A. Yana, A.W. ®ununenko, 1.B. borman

Annomanyusn. Ilpeomemom cmamou A61A€MCsL YCMAHOBNEHUE 3A8UCUMOCIEN MedHCOy napamempamu hopmooopazoeanus
PYHKYUOHATbHBIX noGepXHOCmell nodnodcek komnonenmos MOEMC u ux ¢uzuxo—mexnonoeuueckumu napamempamu. 3aoaua:
nogvluteHue 00CNMOBEPHOCIMU U BOCHPOU3E0OUMOCIU NOLYYAEMOU UH(OPMAYUL, CHUIICEHUE MPYOOEMKOCIU MEXHOIO0SUYEeCKO20
npoyecca Gopmoobpazosanus, nymem npoeoeHuUs: MOOeIUPOBAHUsT 3ABUCUMOCET COOMHOWEHUN DUIUKO—TNEXHON02UECKUX
napamempog ¢popmoobpazosanusi YyHKYUOHANLHBIX nOGepXHOCMel noonodicek komnonenmos MOEMC na npoyecc ¢popmoobpa-
306anus. Memooamu saenaromes: memoosbl NIAHUPOBAHUS IKCNEPUMEHINA U KOMNLIOMEPHOU 00pabomKu IKCNepUMeHmantbHbix
OaHHbIX, MameMamuieckue Mooeau, yuppogoe KoMnbIomepHoe MoOeIuposanue mexmnoiozuieckux npoyeccos. Ionyuenst cue-
oylouue pe3yibmamol. npeosiodiceHda MamemMamudeckdas Mooensb, KOMmopylo npumMeHeHo O Npo8eoeHUsi MOOeIUPOBaHUsl 6uUsl-
HUsl PU3UKO—MEXHON02UHECKUX NApamMempos yHKYUOHATbHBIX nosepxHocmell noonodcex komnonenmos MOEMC na ux ¢popmo-
006pazoeanusl, ¢ NOLy4eHUeM ONbIMHbIX 00paszyos. Pezyntomamol Mocym Gblme UCNONb308aHbL NPU PA3PABOMKE MEXHOL02UYECKUX
npoyeccos npou3eo0cmad, Kak nooaodlcex GyHkyuonanohovix komnonenmoe MOEMS, max u Opyeux (yHKYuOHAIbHBIX deMeH-
MO8 PA3IUYHO20 MEXHONIO2UYecKo2o HasHavenus. Tlonyuena mamemamuyeckas MoOeib, KOMOPAs NO3GOJSEN NPOSHO3UPOBANTD
cmenenb GIUAHUA PUUKO—MEXHONIOUNECKUX NAPAMempos mMexHOI02U4ecKo20 npoyecca Ha napamempsl Gopmoodpazosanus
@ynxkyuonanbhvix nogepxnocmetl noonocex komnonenmos MOEMC. Boieoowvl. Hayunas HOSU3HA NONYYEHHBIX Pe3yibmamos
3akmouaemcs 8 caedyiowem. Ilpednodicena mamemamuueckas mMooeib, KOMOPAs HAWIA NPAKMUYECKYIO Dearu3ayuio Ons KOM-
NbIOMEPHO20 YUPDPOBO20 MOOENUPOBAHUsL NPU PA3PaAbOmKe MexHOI02UUECKUX NPOYeccos NPou3e00Cmea QyHKYUOHAIbHBIX NO-
sepxnocmetl noonodcex komnonenmos MOEMC, komopas ¢ omauyue om Cywecmeylouux, no3eosiem npocHO3UpOo8ams Cme-
NeHb GIUSHUSL PUUKO—MEXHOIOSUYECKUX NAPAMEMPO8 MEXHOL02UUECKO20 npoyecca Gopmoobpaszosanus Ha napamempsi Gop-
MO06pa306aHuUsl QYHKYUOHATLHBIX nogepxHocmell nodaodcexk komnonenmos MOEMC, umo nossonsem nianupoeams npoyecc
@opmoobpazosaniis, NOBLICUMb BOCHPOUIEOOUMOCTL PE3YILIMAMOS U CHUZUMb MPYOOEMKOCHb pa3padbOmKu mexHonI02U4ecKo2o
npoyecca.

Knrouesvie cnosa: MOOMC, pynKkyuoHanbHblll KOMROHEHM, POpMO0OPA306aHUs, PUUKO-MEXHONOUYECKUEe NApaMenpbl,
MamemMamuieckdas Mooellb, MOOeIUPOsaHue, abpasueras 06pabomka, waudoera, NOAUPOBKA.
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