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con KEF-4,5 (100), which has high elastic characteristics. The analysis of real products for resonance and the ability
to modify them in order to remove from the range of forbidden eigenfrequencies remain an actual problem in the
design of sensitive elements of the pendulum micromechanical accelerometers.
The main constructive node of the micromechanical accelerometer is a sensitive element which includes mass and
elastic elements of the suspension, is attached to the support frame (base). Elastic elements of the suspension are
located on the console or bridge scheme.
Under the bridge scheme, the suspension M moves strictly along the measuring axis. Multilayer bridge suspension
M is characterized by low sensitivity to transverse actions, high rigidity and basic self-frequency. The dynamic
analysis seeks to calculate of the resonant (own) frequencies and their corresponding forms of oscillation.
The module COSMOSWorks implements the classical finite elemental method, which has the following limitations:
damping is not taken into account; the presence of friction is ignored; the external load which changeable is absent.
The consequence of the first limitation is the inability to obtain information on the state of the design at the moment
of resonance. None of the parameters (displacement, deformation, stress) is not calculated. Also, the analysis of be-
havior during loading of loads is not available.
However, even with these restrictions, the program allows you to solve the most urgent task - to perform the analy-
sis of real products on the resonance and to modify them in order to remove from the range of forbidden eigenfre-
quencies.
The finite element method was used to study influence of the geometric parameters of the elastic suspension and the
mass of the sensitive element on the frequency of natural oscillations with correction for damping. In the modeling
of suspensions of different shapes, a stress-strain state of the sensitive element was determined and an analysis of
the elastic characteristics was conducted to select the optimal design.
Key words: pendulum micromechanical accelerometer, sensitive element, finite element method, frequency of natu-
ral oscillations, damping ability.
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HYDRODYNAMIC BALANCING OF SENSITIVE ELEMENT
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In the article the accuracy increasing necessity of flow rate transducer by optimizing their design parameters
is proven. Optimization of turbine type flow rate transducer with sensitive element hydrodynamic balancing pa-
rameters is one of its operation principle mathematical simulation stages. Optimization criteria are formulated in
the article allowing estimating the operation of the transducer in a dynamic mode. The design objectives choice is
substantiated. Their boundary conditions have been analyzed and determined. The optimization results of the flow
rate transducer design according to the developed algorithm are presented.
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Introduction ing instruments provides the fluid flow transducers

Fluid flow rate and volume measuring instrument
accuracy is provided by the characteristics of their
individual elements. Most modern secondary trans-
ducers of these instruments are universal and do not
create additional resistance to the measured medium
flow. Therefore, an accuracy increase of the measur-

improvement.

In turn, increasing the accuracy of measuring
transducers is possible by developing new measure-
ment methods or by improving measuring instruments
and systems based on existing methods. The im-
provement is realized by the results of numerous ex-
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perimental studies or by the optimization of the meas-
uring instrument elements directly at the design stage.
The last is the most effective way to obtain high met-
rological performances of measuring instruments.

Hence the question arises about the systems crea-
tion for the automated design of measuring instru-
ments with improved metrological performances.
Such systems make it possible to study the measuring
instruments operation in various operating conditions
and to determine the design elements rational parame-
ters that ensure high metrological performances [1].

Currently, more attention has been paid to the
use of optimization methods for solving applied tech-
nical problems [2 — 7], but the objectives of improving
turbine flow transducers (TFT) by optimizing their
design parameters have not been adequately consid-
ered in the literature.

Mathematical modeling is widely used in modern
practice of designing measuring instruments. It takes
the leading place among other research methods.

Optimization of TFT with Sensitive Element
(SE) hydrodynamic balancing parameters is one of its
operation principles mathematical simulation tasks
[1]. There are two optimization ways. An experimen-
tal path requires appropriate laboratory equipment and
huge time and financial expenses. The theoretical way
allows to significantly reducing the number of ex-
perimental studies, which are necessary only to refine
the optimization results in this case.

Formulation of the problem

The TFT optimization consists in the search for
its internal parameters rational values, providing a
minimum or maximum of the objective function by a
certain criterion.

To optimize the parameters of the flow rate
transducer, the following must be done: to determine
the optimization criteria and the objective function
that confirms the measuring system operation quality;
to identify the most influential objective function de-
sign parameters; to demonstrate the constraints in
which the design parameters may change; to choose
optimization method; to develop an optimization algo-
rithm; to create an application software package; to
check the TFT modeling results using CFD-
technologies (Computational Fluid Dynamics). This
allows us to specify the instrument features at measur-
ing range certain points under conditions that are as
close as possible to the real ones [8 — 11].

The parameters optimization purpose of TFT
with SE hydrodynamic balancing is to obtain measur-
ing instruments with higher metrological characteris-
tics. The transducer parameters quantity that deter-
mines its metrological properties can be different. The
quality of the instrument is affected not only by indi-
vidual parameters, but also by their combination.
Therefore, metrological and operational features im-
provement is possible under the condition of choosing

rational relations between the values of various trans-
ducer parameters.

Optimization criteria definition

Optimization of the TFT is expedient to carry out
on a complex criterion, which would allow evaluating
its operation in a dynamic mode. The dynamic mode
of the flow rate transducer is characterized by the val-
ues of relative and average integrated errors in meas-
ured flow rate wide range.

For turbine flow measuring instruments it is ad-
visable to use functionals, which characterize accuracy
as optimization criteria. The relative error in measuring
the SE rotational speed is determined by expression

An =" " 00 (1)
Mg
Where, n, is the SE real rotation frequency of TFT
(considering resistance to rotation); n,, is the SE ideal
rotation frequency of TFT SE (without resistance to
rotation).

The component n, is a functional of the meas-
ured medium flow physical properties and the inner
surface geometric features of the flow rate transducer
measuring chamber. This makes the determination of
the relative error (1) very difficult. This value is de-
termined by solving a differential equations system
that describes the SE rotational and translational lon-
gitudinal motions [12 — 15]:

27z]d’;—(t)=MD -SM,
P ! (@)
2 3F

" dr’ 2k

Where, n(t) is the SE rotational speed; J is the SE
moment of inertia; M} is the driving torque; My is the
SE rotation resistance moments; m is the SE mass; x is
the SE longitudinal displacement; XF; is the main vec-
tor of forces acting on the SE.

The system coefficients (2) are determined by the
transducer design parameters and the measured flow
physical properties. Hence, to obtain each specific value
of An, it is necessary to calculate the equations system
coefficients (2) and solve it. So, it is impossible to write
down the objective function explicitly.

The flow rate transducer relative error can be de-
termined in the form of a mean integral error

Ang, =3 An,P,. 3)
i=1

Where, 4n; is the relative error value at the i-th flow
rate; P; is the weight coefficient [16], which is the
relative volume measured at the i-th flow rate (Q;)

3P =1,00.
i=1

Choice of design parameters

The design parameters for the investigated trans-
ducer are the geometric characteristics of the measur-
ing chamber design elements, which significantly af-
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fect its metrological performances and the work as a
whole.

These transducer geometric parameters are:
number of blades z; blades profile thickness #; radial
clearance, which is the difference between the measur-
ing chamber inner surface radius (rx) and the SE hub
radius (rpr); blade angle ; the ratio of the SE hub
radius and the blades outer surface radius (ry); turbine
axial length s; the ratio of the input fairing maximum
radius (7o) and the SE hub radius.

Boundary conditions
The transducer construction elements values vary
in certain ranges.

ISSN 0201-744X, ISSN 0321-2211

This is due to the processes physics occurring in
the transducer, on the one side, and to the features of
the measuring chamber internal surface, on the other
side.

Blades profile thickness h. The turbine blades
should be as thin as possible, for technological and
constructive reasons.

The minimum value of the blade profile thick-
ness is determined from the blade strength design un-
der the action of forces and moments, which are cre-
ated by the maximum flow rate [17]. In this case, the
blade is viewed as a cantilever beam fixed to the tur-
bine hub. The construction results of the bending mo-
ment diagram indicate that the dangerous cross-
section is at the blades location on the hub (Fig. 1).
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Fig. 1. Distribution diagrams of shear force and bending moment for the sensitive element blade. Where, r,, is the ra-
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dius appropriate to the maximum speed value; M; is the driving torque moment acting on one blade

An expression, determining the minimum allow-
able turbine blade thickness, can be obtained from the
system of conditions and equations (4)

. 3CF? 449k F* + 14482 M2, [0 .
" 215 [o] '

Where, k is a coefficient that depends on the cross-
sectional shape; F' is the force applied to the blade; /;
is the blade profile chord length; M, is the maxi-
mum value of the moment; [ o] is the allowable bend-
ing stress [17].

The maximum allowable turbine blade thickness
is determined from the conditions of constructive and
technological expediency. That is, the blade thickness
and channel width between blades must be equal, on
the one side. Blades should be located evenly on the
SE hub surface on the other side

hmax = ﬂrBT N (6)
z

Radial clearance (rg-ry). The turbine outer di-
ameter determines the radial clearance between the
blades and the measuring chamber inner surface.
When choosing its value, it is necessary to take into
account:

— the flow overflow through the blades caused by
the difference in pressure on the opposite blade sides,
lead to a decrease in the driving torque;

— the clearance should be greater than the boundary
layer thickness on the body.

Since the radial clearance magnitude is affected
by the ry value, the allowable values of the radial
clearance value are determined by the limiting values
of the ratio ry/r.

As a rule, the clearance size is selected [14] from
the range

(re =1, )=(0,0192+0,0392)r, . (7)
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Hub-tip ratio (rzy/ry). The SE hub diameter has
no fundamental importance in the investigation of the
two-dimensional flow model. The actual flow spatial
picture is complicated by the unevenness of the cen-
trifugal forces field, the inconstancy of the attack an-
gles along the blade height, and so on. To reduce the
secondary flows harmful effect associated with it the
difference between ry and rzr should not be very
large.

However, a decrease in the blades height causes a
number of constructive nature complications, so it is
recommended that 757 be selected in the range [14]

ryr = (0,48+0,78)r, . ®)

Number of blades z. The turbine blades form a
so-called lattice of profiles. An important geometric
characteristic of such lattice is its step
— 2727/’(713'

t
z

Where, r¢p is average turbine radius.

The limiting allowable values of turbine blades
number are determined from the conditions of the lo-
cation uniformity along the cross section of the flow
turn and prevention of the boundary layer detachments
on the blades surface. In this case, the lattice step
should not exceed the blade height. Since the blade
height is

(ry —7)=(0,48+0,2)r, ,

B NAN
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Fig. 2. To determining the value s,

On the other side, the helical line parametric
equations are written as follows

X =acost
y=asint . (12)
z =amt

Where, a is the radius of the cylinder on which the
helix is wound; ¢ is the central angle, m =g/ .
Define the helix turn length. In accordance with

[18], if the function is given parametrically then its
line length is determined by the expression

the number of blades is determined from expression

2Ty (0.48+0,2) . ©)
z
Solving (9) with relatively to z, we obtain

zow =12,z =30.
In practice, it is advisable to choose, as boundary
conditions z, =4 Ta z, =30 [14].

The blades installation angle 3 on the average
radius can vary from 7/6 to ©/3 [14].

Turbine axial length s. The s value can also vary
in a certain range only. The turbine axial length mini-
mum value should be such that the flow completely
fills the channel between blades, that is, all flow ele-
ments act force on the blade. If the s value is made
smaller, then the part of measured flow will pass
through the SE without causing its rotation (Fig. 2).
This leads to an increase in the flow rate measuring
error.

Based on this, the minimum allowable value of
the turbine axial length is given by

(27, sin 8 — hz)cos f3
min = .2 . (10)
zsin® S

The s maximum allowable value is determined
on the assumption that the blade length should not be
greater than the one complete turn of the cylindrical
helix length (Fig. 3)

S = 27 oplgP (11)

A
Y

Fig. 3. To determining s .«

f . N7 \
s=Wrof+of ol . a3
In accordance with (12), we obtain
dx =—asintdt , dy=acostdt, dz=amdt. (14)

Hence, taking into account (13) and (14), for the
maximum allowable blade length, we can write

27
Lymax =@ [ N1+m?dt -
0

Because the s, =/, Sinf,

then
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S max =2727’CP1/1+tg2ﬂ sinf3. (15)

The inlet fairing maximum radius vo and the SE
hub radius rgr ratio. The inlet fairing radius value is
determined from the conditions for the regulating
force existence [13]:

Ty =Tgp = X SIN AL .
Where, X, is the maximum possible distance be-
tween the SE and the inlet fairing (is given for con-
structive expediencies); o is the angle between the
height and the inlet fairing generator (Fig. 4).

a) b)
Fig. 4. To determining the ro: 1 — inlet fairing; 2 —
SE; x — distance between SE and fairing;
V — flow velocity

Taking into account expression (8), the r( varia-
tion limits are determined by the values
Tomn = 0,487 —x,. sina,

Tomae = 0,781, —x_ sina .

Additional constraints are a feature of the trans-
ducer with SE hydrodynamic balancing parameters
optimization. These constraints are imposed by SE
axial balancing conditions and determine the measur-
able flow rates range [13, 19]. The complete SE hy-

drodynamic balancing is provided by mutual compen-

Moxbia

2, MOS0
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sation of all forces applied to it in a wide range of the
transducer operating modes.

The multiplicity of transducer design parameters,
the measured medium physical and hydrodynamic
properties, and additional constraints caused by the SE
balancing, indicate the multidimensionality of this
problem.

The methods used in multivariable optimization
can be divided into three broad classes in accordance
with the type of tasks and information used in their
realization [2 — 7]:

— the direct search methods, based on the objective
function values calculation only;

—  the gradient methods in which the exact meanings
of the objective function first derivatives are used;

—  the second-order methods, in which, equally with
the first derivatives, the second-order objective
function derivatives are also used.

The analysis of multivariable methods optimiza-
tion and components of the considered problem testi-
fies that it is difficult and practically impossible to
write down the objective function explicitly. In addi-
tion to the restrictions imposed on individual design
parameters, there are also constraints imposed on the
search area.

Consequently, the design parameters optimization
of the transducer measuring chamber with SE hydrody-
namic balancing by classical gradient methods and sec-
ond-order methods is impossible, because of the objec-
tive function gradient obtaining complexity.

The TFT with SE hydrodynamic balancing opti-
mization is carried out according to the direct search
strategy based on the developed algorithm. This al-
lowed us to take into account the changes limits in
design parameters and restrictions on the search area

(Fig. 5).

Mok

1, ™3 rog

b)

Fig. 5. The TFT optimization results: a — minimum relative error optimization; b — minimum mean integral relative

error optimization

As an optimization result by the criterion of the
minimum mean integral relative error, the design pa-

rameters values are obtained, at which it does not ex-
ceed 0.24 %, and by the criterion of a minimum rela-

Bicnuxk HTYY “KIII. Cepia IIPHIA/IOBY/IYBAHHA. — 2017. — Bun. 54(2) 69



ISSN 0201-744X, ISSN 0321-2211

Haykoei ma npakmuyuni npoodiemu 6upooOHuymea npunadi¢_ma cucmem

tive error of 0.25 %, which indicates their reliability.
The obtained design elements values became the basis
of the transducer experimental model.

Conclusions

The problem of optimization the turbine flow
rate transducer design is solved using a direct search
strategy based on a complex criterion, which is char-
acterized by minimum values of the relative and aver-
age integral errors. In this case, the initial and bound-
ary values of the design parameters are determined
from the sensitive element balancing conditions in a
wide measurements range.

Further work will be aimed at creating favorable
conditions for the medium flow in the flow transducer
measuring chamber and its bench research.
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OITUMIBALIA TYPBIHHOI'O ITEPETBOPIOBAYA BUTPATHU 3 I'TIPOJUHAMIYHUM
BPIBHOBAXYBAHHAM UV TJIMBOI'O EJIEMEHTY

BaxxumBoro 3aauero MaTeMaTHYHOTO MOJICTIOBAHHS pOOOTH TypOiHHUX IEepeTBOPIOBAYiB BUTPATH PiTUHH i3 TiIpo-
JUHAMIYHUM BPiBHOBAXXKYBAaHHSM YYTJIMBOT'O €JIEMEHTY € iX ONTHUMi3alis i3 BHOOPOM pallioHaJbHUX 3HAYCHb TMapa-

70 Bicnux HTYY “KIII”. Cepia IIPHJIA/JOBY/IYBAHHA. — 2017. — Bun. 54(2)



ISSN 0201-744X, ISSN 0321-2211
Teopia ma npakmuka cy4acno2o npeyu3iiiHozo npuIad0oyoyeants

METpiB KOHCTPYKIii. [IpraoMy MOKIHBI /IBa IUIAXHM TaKOi ONTHMIi3alii: eKCIIepIMEHTABHIMN, 10 MOTpedye Biamo-
BIZTHOTO J1a00paTOPHOTO 00JIaIHAHHS Ta BEJIMKUX YaCOBUX 1 (PIHAHCOBUX 3aTpaT; TEOPETUIHUH, SIKUI 103BOJISIE 3HA-
YHO 3MEHIINTH KUIBKICTh €KCHEPUMEHTAILHUX HaliBHATYPHHUX JOCHTIPKEHb, HEOOXIIHUX, Y TAKOMY BHUIAJKY, TiJIb-
KU /i1 YTOUHEHHS pe3yJsbTaTiB ontuMizanii. OnTumizanis TypOiHHOrO IepeTBOpIoBada BUTPATH IOJISTAE Y MOLIYKY
3Ha4eHb HOTro BHYTPIIIHIX ITapaMeTpiB, 110 3a0€3MeUyI0Th EKCTPEMYM LIBOBOI (DYHKIIT 32 O3HAUCHUM KPHTEPIEM.
VY crarti chopMynbOBaHO KpHUTEpii ONTUMI3ALi], 110 JO3BOJISIOTH OLIIHUTH POOOTY NEepeTBOpIOBaYa y JMHAMIYHOMY
peXuMi, OOTpYHTOBaHO BHOIp ITPOEKTHHUX I1apaMeTpiB, NPOaHaIi30BaHO Ta BM3HAYEHO IX I'PaHUYHI 3HAYEHHS 3a
YMOB PiBHOBaru 4yTIUBOTO €JIEMEHTY Y IIUPOKOMY Jialla30Hi 3MiHA BUTPATH.

MHoXWHa mapaMeTpiB KOHCTPYKIIi IepeTBOpIOBaYa BUTPATH, (DI3MUHHUX i TiAPOIWHAMIYHUX BIACTHBOCTEH BHMi-
PIOBAHOTO CEPENOBHILA, Ta JOJATKOBI OOMEKESHHSI, BUKIMKaHI BPIBHOBa)XYBaHHAM YyTIHBOTO €JIEMEHTY, BKa3ylOTbh
Ha 0araTOBHUMIPHICTh 3ajadi ONTHUMI3amii. AHaJI3 METO/IB OaraTOBUMIpHOI ONTHUMI3allii Ta CKJIAJOBUX HaBEIECHOT
3a/1a4i CBITYHUTH MPO Te, M0 Yepe3 CKIAIHICTh OTPUMAHHS TPAMI€HTY MUIbOBOI (YHKIII, ONITUMI3AIlis apaMeTpiB
KOHCTPYKLIi BUMIpIOBAJILHOT KaMepH TYpOIHHOTO MEpeTBOpIOBaYa BUTPATH i3 TiAPOAMHAMIYHAM BPIBHOBaXKYBaH-
HSIM YyTJIMBOTO €JIEMEHTY KJIACHYHUMH TPaJIEHTHUMH METOJaMH Ta METOJaMHU JPYroro MopsaKy HeMoxJiusa. To-
My JOLUIBHUM y A@HOMY BHMNAJKy LUIIXOM 3aJUIIAETHCS CTPATETisl MPSMOTO IOLIYKY, sIKa J103BOJISIE €pEeKTUBHO
BpaxyBaTH MeXi 3MiHM IIPOEKTHHUX NapaMeTpiB Ta OOMEXEHHS Ha 00JIaCTh ITOIIYKY.

Buxonsun 3 1pOro, MocTaBieHy 3ajady ONTHMi3alil KOHCTPYKIII TypOiHHOTO IepeTBOpIOBaYa BUTPATH DIIMHU
PO3B’s13aHO 13 BUKOPUCTAHHSM CTpaTETil MPsSMOTo MOIIYKY 32 KOMIUIEKCHHM KPHTEpPIEM, IO XapaKTePHU3YEThCS Mi-
HIMaJFHAMH 3HaYCHHSMH BITHOCHOI Ta CepeqHbOIHTErpanbHOl MoXnOoK. [1py 1ipoMy 1MoYaTKOBI Ta TpaHUYHI YMOBH
MIPOEKTHUX TapaMeTpiB BU3HAUCHO i3 YMOB PIBHOBArd Uy TJIMBOTO €IEMEHTY Y IIMPOKOMY Jiarma3oHi BUMipIOBaHb.
KuiouoBi cjoBa: ontumizallis, MaTeMaTUIHE MOJICITIOBAHHS, TYPOIHHHIN TIEpETBOPIOBAY BUTPATH, UYTIMBHUA elie-
MEHT, TiJpOoINHaMiYHe BPiBHOBA)KYBaHHS.

A. B. IIncapen, U. B. Kopooxo

Hayuonanvnoiti mexuuueckuit ynueepcumem Yxpaunol «Kuesckuti nonumexnuueckut umcmu-
mym umenu HMzopsa Cuxopckoeoy, 2. Kues, Ykpauna

OIITUMU3ALIUA TYPBMHHOI'O ITPEOBPA30OBATEJIS PACXO/JIA C
T'NJPOJMHAMMNYECKHUM YPABHOBEIIIMBAHUWEM YYBCTBUTEJIBHOI'O
OJIEMEHTA

BaxHoit 3amaveli MaTeMaTHYeCKOTO MOJIEIMPOBAHUS paOOThl TYpOUHHBIX ITpeoOpa3oBareliel pacxoia KUAKOCTEH ¢
THUIPOAMHAMHYECKAM YPaBHOBEIIMBAHUEM YYBCTBHTEIBHOTO 3JIEMEHTA SBISIETCS MX ONTHUMH3ALMS, TIPEAIoara-
mas BBIOOP palMOHAIBHBIX 3HAYCHUH KOHCTPYKTHBHBIX ITapaMETpPOB, OOECIIEUMBAIONIINX JKCTPEMYM IEIeBOI
(yHKIMY TIO OTIpE/IETICHHOMY KpUTEpHI0. B cTaTtbe chopMyIHpOBaHBl KPUTEPHH ONTHMHU3AINH, TTO3BOJISIONINE OlLle-
HUTH paboTy mpeobpa3oBarens B AMHAMHUYECKOM PEXKUMe, 000CHOBAH BHIOOP IMPOEKTHBIX MapaMeTpPOB, MPOaHAIIH-
3UPOBAHBI M OIMPECIICHBI HX TPAaHWYHBIC 3HAYCHUS MIPHU YCIOBHUH PAaBHOBECHS YYBCTBUTEIHHOTO AJIEMEHTA B IIHPO-
KOM JTUara3oHe U3MCHCHHS PAacXo/a.
MHOXeCcTBO MapaMeTpOB KOHCTPYKIIMHU MpeoOpa3oBareis pacxoaa, PU3MYECKUX M THIPOAMHAMHYCCKUX CBOMCTB
U3MEPSIEMOi Cpe/Ibl U JOMOTHUTEIBHBIC OTPAaHUYCHIS, BBI3BAHHBIC YPAaBHOBECITUBAHUEM YYBCTBUTECIHHOTO JJICMCH-
Ta, YKa3bIBAIOT HA MHOTONAPAaMETPHUYHOCTh 3a7a4dl ONTUMH3ANKUU. AHAIN3 METOAOB MHOTOMAPAMETPUYECKON OIl-
TUMH3AIMY U COCTABJIIONIUX PACCMATPUBAEMON 33aJ]aul CBUACTEIBECTBYET O TOM, UTO HM3-3a CIIOKHOCTH TTOIYUCHUS
TpaJrieHTa IeNeBON (PyHKINH, ONTUMHU3AIN apaMeTPOB KOHCTPYKIIMHA H3MEPUTEIHHON KaMepbl TYpOMHHOTO TIpe-
oOpa3oBaTensi pacxojia ¢ THAPOAWNHAMHYECKIM YpPaBHOBEUIMBAHWEM YYBCTBUTEIHHOTO DJIEMEHTAa KIIACCHYECKHUMH
TpaJeHTHBIMH METOJaMHU W METOJaMH BTOPOTO MOpsAKa HeBO3MOkHA. [ToaToMy 1enecoobpa3HbIM B TaHHOM CIy-
yae SIBISIETCS MPUMEHEHHE CTPATEerHy MPSAMOTO IOMCKA, IMO3BOJIIIONIEH d((EKTUBHO yUECTh MpeNeTbl N3MEHEHHUS
MIPOEKTHBIX TApaMETPOB U OTPAaHUICHHUS Ha 00TaCTh IIOMCKA.
Hcxons m3 3T0TO, MOCTaBICHHAS 3a7jadya ONTUMHU3AINH KOHCTPYKIINHA TYpOMHHOTO TIpeoOpa3oBaTels pacxoaa K-
KOCTH PEIlicHa C MCIIOJIB30BAHUEM CTPATETHUH IPSAMOIO IMOKCKA 110 KOMILICKCHOMY KPUTEPHUIO, XapaKTePHU3YIOMIEMY-
sl 3HAUYCHUSMH OTHOCHTEBHOM M CpeTHE MHTETPAIbHOM norperHocTei. [Ipu 3ToM HavanbHBIC U TPAaHUYHBIC YCIIO-
BUS IIPOCKTHBIX TAPAMETPOB OIPEACICHBI M3 YCIOBUN PABHOBECHS YYyBCTBUTEILHOIO 3JEMEHTA B IIMPOKOM JHaria-
30HE U3MEpEHUH.
KuaroueBble ci10Ba: ONTHMHU3ALNSA, MATEMATHYCCKOE MOJICTHPOBAHUE, TYPOUHHBINH MPEoOpa3oBaTeilb pacxoua, IyB-
CTBHUTEBHBIN AIEMEHT, THAPOINHAMUYIECKOE YPaBHOBEIIINBAHHE.
Haoitwna 0o peoaxyii
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