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Purpose. To investigate the dependence of the magnetic properties of a material on its chemical composition ob-
tained at different pressures at certain temperatures. On the basis of the specific composition and properties of this
material, to investigate how its operating points and loss of re-magnetization change, which in turn will affect the struc-
tural and operational characteristics of the magnetic damper of engine.

Methodology. Selection of the function extrema of the magnet energy dependence on induction and intensity
through differentiation of expression, calculation of operating points of the magnet by the method of selection and using
the MathCad medium, determination of the energy of re-magnetization through the integration of hysteresis loops, ana-
Iytical calculation of magnetic forces in a magnetic damper using Beamer experiment formulas..

Findings..In the course of this task the operating points of the magnet hysteresis loop were determined, in which
the magnetic energy is greatest by differentiating the expression of the dependence of the magnet energy on induction
and intensity. On the basis of these data, the maximum magnetic induction was found to be the tertiary force of the
magnetic field at these points. These points characterize the highest specific energy of the magnet, which is further used
as intended. Then, based on the hysteresis loop, the energy of losses on the re-magnetization of the magnet was found
by integration. According to these data, the unloading force of the magnetic damper was calculated.

Originality. More accurate analysis of magnetic processes in magnetic materials was conducted using a mathe-
matical apparatus, software environments such as MathCad, OriginLaB. The dependence of the material magnetic
properties on its chemical composition, energy and losses is analyzed, which in turn makes the use of a permanent
magnet more efficient in engineering, apparatus and machines.

Practical value. According to the obtained results of calculation of energy losses and operating points of the mag-
net, the optimal chemical composition, its geometric size is determined, which allows to reduce production losses, save
materials while increasing the efficiency of magnetic material in engine design. This increases both operational life of
the machines and their reliability. The optimum dimensions of the magnets in the windings provide the required air
gaps, which in turn, due to the absence of friction, reduce losses increasing the unloading force.

Keywords: Magnet materials; hysteresis loop; operating point; energy loss; magnetic damper; magnetic induc-
tion, unloading force, saturation induction, tension, coercive force.

I. INTRODUCTION quite diverse, however they have the following basic
functions: to reduce the stiffness of the rotor support,
which leads to change of the elastic dynamic system of
the engine (thus reducing the frequencies of natural oscil-
lations of the system, eliminating resonances in operating
modes) and to absorb energy of engine dynamic system
oscillations, converting it to heat, which does not allow
the development of large amplitudes of oscillations, dy-
namic loading and stress in the engine parts.

In the aviation industry, the main goal of turbojet
engine developers is to create highly economical and reli-
able, low-specific power plants. The resource and reliabil-
ity of modern machines with rotating elements to a large
extent depend on the level of vibration, the longevity of
the bearings, the magnitude of the dynamic loads caused
by the rotor imbalance. One of the reasons that causes an
increased level of vibration on the aircraft engine is the )
increased rotor (or rotors) imbalance, which can lead to At the Ivchenko-Progress State Enterprise, when the
the excitation of one or more critical velocities of its own ~ D-436T1 engine was adjusted (carrying out a special
oscillations of the rotor, as well as cause resonance phe- ~ check on the fan wheel), at the fan speeds of 5900... 6100
nomena in the supporting structure [1], [3], [6]. The most ~ P™M, 1nf:reased vibrations of the _engine at rotor
effective measures of reducing vibration and dynamic frequencies were cagsed by resonant vibrations of the fan
loads at engine nodes is to use damping supports. Rotor  shaft. These oscillations caused the fan shaft to bend and
supports are separate modules that are part of the engine's ~ touch the stator and rotor parts of the low pressure
power system. The designs of the damping supports are ~ compressor. Changing the fan shaft design to eliminate
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the resonance was impossible. The fan wheel extensions
and the elasto-oil damper available in the fan design did

not provide resonance. In order to solve the
aforementioned problem, in cooperation with the
Ivchenko-Progress SE, in accordance with the

cooperation agreement, the following task was set: to
develop a design of such a damper that would allow the
existing geometric dimensions not to change the engine
assembly technology and ensure the efficiency of the
engine in all modes of operation.

To solve this problem it is necessary to use a
mathematical apparatus and modeling, with which you
can quite accurately investigate the characteristics of the
magnetic material. Increasing the coercive force will
make it possible to obtain higher operating points at
which the specific energy of the magnet is the highest.
Larger operating points allow more energy to be gener-
ated from permanent magnet operation. Accordingly, if
you know the maxima of the working range of these ma-
terials, it is possible to achieve a reduction in the dimen-
sions of the magnetic material in the design of equipment
or device. This will save on materials and make their pro-
duction more ergonomically advantageous and cheaper.
In turn, reducing the size will lead to the development of
industries such as nanotechnology, robotics and micro-
processor technology. In addition, the reduction of re-
magnetization losses can be achieved by calculating the
operating points of the magnet, analyzing the residual
induction and coercive force. It is also possible to de-
velop methods for extending the life of magnetic materi-

als and storing residual induction without re-
magnetization.
II.ANALYSIS OF EXPERIMENTS AND
PUBLICATIONS

With the development of aircraft construction, de-
sign of turbine engines, etc., the issues of modernization
and increase of their reliability were considered. In scien-
tific-educational institutions, design bureaus were en-
gaged to improve aircraft engines, first of all their vibra-
tion resistance by various methods including damping.
There are publications by such authors as: Ponomarev
Yu.K., Pronichev Yu.N., Chehodaev D.E., Kyrylyn A.N.,
Vershyhorov V.M. Works and books of these authors are
devoted to the topic of damping aircraft engines. They
illustrated important issues of using multi- and single-
layer dampers, corrugated dampers, investigated hydro-
dynamic damping, structural features of dampers, etc.
And the issue of magnetic properties, chemical composi-
tion, received little attention. No correlation was found
between the magnetic properties and the composition of
the magnet used to make the damping windings. This
work, in comparison with others, by mathematical analy-
sis of magnetic properties, energy and losses of magnets
helps to achieve optimal geometric dimensions, find a
certain chemical composition of the permanent magnet,
which will more efficiently perform functions in aircraft
engines, compressors, etc. and will be more cost-
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effective. For conventional electric motors, generators
with a damping winding, the issues of better quenching of
short-circuit currents and eddy currents will be solved..

III. FORMULATION OF THE WORK PURPOSE

Purpose of the study. Calculate the operating points
of permanent magnets consisted of
Nd15,2FC74,9gBé,6C0,51CU1,57Ti1’38, obtained under different
conditions, by direct point selection and using the Math-
Cad environment, as well as the re-magnetization energy
for these samples.

Assignment of the study.

1. To calculate the operating points of permanent
magnets consisted of Nd;s,Fezs99B66Co51Cu 57T 38, 0b-
tained under different conditions, by direct point selec-
tion, using the demagnetizer part of the hysteresis loops.

2. To calculate the operating points of permanent
magnets consisted of Nd;s,Fez90Bs6Cos51Cu 57T 38, 0b-
tained under different conditions and by and using the
MathCad environment.

3. To calculate the re-magnetization energy for the
permanent magnets consisted of
Nd15’2Fe74’99B6’6C0,51C111’57Ti1’38, obtained under different
conditions, by the method of integration along the contour
of the maximum hysteresis loop.

4. To calculate the magnetic forces acting in a mag-
netic damper.

Subject of the study is the  material
Nd,s5,Fess sBsCxCuy 5711 35 and its magnetic characteris-
tics.

Object of the study are magnetic forces acting in a
magnetic damper

Methods of the study: modelling.

Expected results. The calculation of operating points
makes it possible to use the finished products more effi-
ciently for their intended purpose in the future, and the
calculation of re-magnetization energy (energy of losses)
will allow to use energy resources more economically.

IV. PRESENTATION OF THE BASIC MATERIAL
ANALYSIS OF THE OBTAINED RESULTS

AND

4.1 Materials and methods of the study.

Requirements for magnetic materials:
high coercive power;
low specific gravity;
low cost;
stability of characteristics over a wide temperature and
time range;
high electrical resistance.

The use of permanent magnets with high values of
coercive force, which characterizes the resistance to de-
magnetization, the following appears from the peculiarity
of this suspension: a magnet in the field of another mag-
net. The required values of the unloading force can be
achieved provided that there is no significant mutual de-
magnetization of the supporting elements. Cobalt alloys
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and Nd-Fe- (B, C) alloy composites meet this condition.
When considering the second type of alloys, the third
condition is also fulfilled i.e. low cost compared to cobalt
alloys. The specific gravity of the obtained sintered mag-
nets is 9375 kg/m’.

High electrical resistance of magnetic materials is
required to minimize the eddy current losses that occur
when the shaft rotates.

In developing the design of the magnetic damper,
the then-known magnetic material based on the Sm-Co
alloy with known characteristics was used. However, the
high cost of Sm, high energy costs for cobalt and the need
to preserve the basic characteristics for a long time does
not give them a wide enough application. You can use
magnets based on alloys of Fe-Nd-B and Fe-Nd-C to re-
duce the cost of such magnets.

In the table 1 a comparative characteristic of mag-
nets based on the Sm-Co, Fe-Nd-B and Fe-Nd-C systems
(T is Curie temperature, Ig is spontaneous magnetization,
H, is anisotropy field, (BH),.x is maximum magnetic
energy) is presented. Operating temperatures are about
470 K.

Table 1. Comparative characteristics of magnets based on
Sm-Co, Fe-Nd-B and Fe-Nd-C systems [10, 11

Composition | Tc, K | I T %1’ M}i‘?/’m (}?{?/1;?’“
SmCos 1020 1,14 0,77 1,3 140

NdFe.C | 535 15 | 08 7,6 450

Nd,Fe B | 585 16 | 12 5.4 512

In this study, permanent magnets of the same com-
position, which were obtained under different conditions,
were investigated (see Table 2).

Table 2. Conditions for obtaining permanent magnets

consisted of Nd;s,Fe7499Bs.6Co.51Cuy 57T1; 38 [25]
Chemical compo- Tnitial Sintering /
Examp - annealing
sition of perma- pressure, P,
le No. temperature,
nent magnet MPa X
! 05
Nd,5,Fe74090Be 6
i 3 1323/
3 Cos1Cuy 57T 3 95

According to the obtained demagnetizing parts of
the hysteresis loop, the operating points were calculated.
The values of the intensity H and the induction B of the
magnetic field, at which the specific magnetic energy of
the permanent magnet is maximum. The calculation was
performed by direct point selection (see Fig. 1a) and using
the MathCad environment (see Fig. 1b). To determine the
re-magnetization energy, it is necessary to find the hys-
teresis loop area by integrating along the loop path.

4.2 Determination of the operating point of a per-
manent high-energy magnet.

For calculations in MathCad environment [12] the
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following assumptions were used: if the type of function
of dependence W = f'(H, B) is known, then, after differen-
tiation of the expression, extremes can be found, which
will correspond to the operating points (see Table 3). To
determine the type of function of the dependence of the
magnetic energy W on the induction B and the intensity
of the magnetic field H (W = f (H, B)), first, it is neces-
sary to determine the dependence of the induction B on
the magnetic field strength H (B = f (H)) in as an n-
degree polynomial. To solve this problem, splines were
constructed in the MathCad environment at the starting
points for the samples and a set of H-B points was ob-
tained (Fig. 1).
BT

0,50

0,45

0,40

0,35

0,30

0,25

Vi

0,20

H kA/m |

n

-0,20
-0,0!

Figure 1. Splines received in MathCad environment

Then, the energy product W = f (H, B) was calcu-
lated, the dependence was constructed, and the maximum
energy value was determined. The results are shown in
Fig. 2 and in Table. 3.

Simultaneously with the obtained set of points H-B
in Exel we received polynomials of the third degree. To
determine the operating point of a permanent magnet, we
must find a derivative of the expression:

W= B-H
2

and solve the equations obtained.

Example No. 1:
B=1-10"%H3+7-10°H?% +0,003H +0,3847 ;
W=05108H*+3510°H%+15-103H? +0,19235H;
aw

2107813 +105-107° 12 + 0,003H +0,19235 .

Example No. 2:
B=-6-10"H>-2-107 H? + 0,002 H + 0,3472;
W=-310"H*-1-107"H> +0,001H> + 0,1736H;
aw

12-10°° 13 =310 H? +0,002H +0,1736 .



ISSN 1607-6761 (Print) «EJIEKTPOTEXHIKA TA EJIEKTPOEHEPTETHUKA» Ne 1 (2020)

ISSN 2521-6244 (Online) Pozain «EaekTpoTexHika»

Example No. 3: Through the polynomial

o3 - B, T 036 [ 0,140 | 0,181
B=2-10"H”+8-100"H" +0,0035H +0,4353; H, kA/m 85,57 -85,60 77,44

3

W=1. 10—81_14 4. 10_61_]3 +175- 10_3 H2 + W, kJ/m 5,8176 6,0075 7,0233
+0,21765H ; 4.3 Determination of the re-magnetization energy
aw of a permanent high-energy magnet

The magnetization energy of the examples was cal-

o 107813 +12-10° H? +0,0035H +0,21765.
culated as the hysteresis loop area (see Fig. 2).
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Figure 2. Dependencies W = f'(H, B) for examples 1, 2,
3: a) on points, b) in MathCad environment a—05MPa; b—3 MPa; c—9,5 MPa

Figure 3. Hysteresis loops for samples consisted of
The results of calculating the operating point for all ~ Nd;sFer499B46Co.51Cuy 57T 35 caused under different
methods are presented in Table. 3. conditions

To accomplish this task, splines were obtained and
the area of the figures was calculated by numerical meth-
ods. Given that the samples under study were in the

Table 3. The result of calculating the operating points of
a permanent magnet for all methods

E";mple 1 2 3 shape of a cylinder h =5 mm and d =9 mm (S = 3,18 10"

B Oia 017 021 033 7 M%), it is possible to find the real re-magnetization en-
H, KA/m _4’9,5 _7’7’5 -6’1,8 ergy for each sample. The results of the calculations are
W, kKJ/m> 421 8,14 10,2 presented in Table. 4.

In MathCad environment

B, T 0,1627 | 0,1622 | 0,184
H, kA/m -89,88 -95,17 -87,81
W, kJ/m’ 7,3094 7,7193 8,0797
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Table 4. The value of the specific and real energy of the
re-magnetization of the samples

Example No. | 1 | 2 | 3
Numerical Methods
W oy, KI/m’ 894,3 894,7 960,3
Ww,J 0,2844 0,2845 0,3054
By points
W o, KJ/m’ 784,5 792,6 869,7
w,J 0,2495 0,2521 0,2766

4.4 Calculation of magnetic forces in a magnetic
damper

Magnetic damper is a device that provides protection
of precision apparatus, equipment against external forces
such as vibration, shock, rotational oscillations due to
energy imbalance, etc. The magnetic damper belongs to
the field of electrical engineering and can be used to
dampen vibrations and kinetic energies. Fig. 3 shows the
design of the rotor and stator rings.

a

Intervel 0,00..0.67 b

inner ring anfer ring _I"ff:‘iﬂl 6,00...0.07

i

magnet g

Figure 4. Design of rotor and stator rings

The developed magnetic damper consists of rotating
part i.e. rotary and fixed part (stator). The rotary part of
the magnetic damper consists of a set of radially magnet-
ized sectors, assembled in a ring of non-magnetic steel
(EP 33-W) and mounted in a clamp of magnetic steel (EP
609-W) with alternating magnetic poles of each pair of
segment rings. The fixed part of the damper is assembled
from segments of radially magnetized permanent magnets
assembled in a ring of non-magnetic steel (EP 33-W) and
mounted in a clamp of magnetic steel (EP 609 - W) with
alternating magnetic poles of each pair of segment rings.
Thus, the rotor and stator magnet poles create a repulsive
force around the circle. Fig. 4 presents a sleeve with
magnets.

0.02

| i | Il'uren\al G,GOT
|

o | |
Interval 0,000..0,10 1| \Interval 0,000...0,075
Figure 5. Magnet sleeve: 1 - sleeve, 2 - ring, 3 - magnet
sleeve, 4 - adjusting ring
Earlier, according to the results of studies of Perma-
nent Magnetic Damper Bearings the following conclusion
was made: as the radius of the support increases, its load
capacity increases linearly and the weight of the shaft
increases squared. That is, under certain conditions, the
support will only compensate for the weight of the shaft.
Therefore, the shaft must be empty and the inner bearing
rings are minimal [2].

The following formula was used to calculate the
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unloading force:
2 X
7 Jol W+ X _rr
F= 0 > ( A)e d

-sin@ )
Magnetic saturation can be defined as follows:
J= B _ H )
Ho

Totally, 390 magnets are used in this design. The
size of the magnets used in the construction is 6x12x16
mm, height is 6 mm, the working part of the magnet is
12x16 mm, so this plane can be divided into 12 elemen-
tary magnets square section. Thus, per one magnet, the
value of the unloading force, obtained by the formula No.
7, must be increased by 12 times.

Using the data in Table. 3, we determine the unload-
ing force according to the formula (1). To calculate the
dependence of this force on the magnitude of the gap in
the magnetic damper, it was considered that the sine of
the angle of rotation is maximum [2].

It is known that the smaller the gap in the damper,
the greater the unloading force can be achieved [4, 7-9].
It should be noted that the manufacturing features do not
allow to reduce the gap to the minimum values. In the
proposed design, the gap is 1 mm. Figure 5 presents the
dependence of the unloading force on the gap in the mag-
netic damper. Figure 5b presents the dependence of the
unloading (axial) force on the values of the intensity and
induction of an external magnetic field for sintered mag-
nets consisted of Nd-Fe-B doped with Cu, C, Ti in a mag-
netic damper.

50

F, uM

Figure 6. The dependence of the unloading (axial) force
on the gap (a) and on the values of the intensity and in-
duction of the external magnetic field (b) in the magnetic
damper for examples No. 1, 2, 3
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IV. CONCLUSION

1. The analysis of the obtained results showed that
the values of the operating points of the permanent mag-
net, which are determined by direct selection of points
and when using the MathCad environment, almost do not
differ. This indicates the validity of the simulation results
obtained in MathCad environment.

2. The calculation of the demagnetization energy
showed that these values depend significantly on the
method of obtaining a permanent magnet.

3. The design of the magnetic shaft of the fan shaft
with a magnetic damper, which is engaged to test the pos-
sibility of using this type of damper additional support for
long shafts of aircraft engines. This design of the support
does not require the traditional supply of lubricant for
cooling the bearing and is devoid of the typical disadvan-
tages of shaft supports.

4. The dependence of the unloading (axial) force on
the gap in the magnetic damper is presented. We can see
that as the gap increases, the value of the unloading force
decreases.

5. The dependence of the unloading (axial) force on
the values of the intensity and induction of an external
magnetic field for sintered magnets of Nd-Fe-B composi-
tion doped with Cu, C, Ti in a magnetic damper is pre-
sented. We can see that when the magnetic field is close
to "0", the value of the unloading force decreases.
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Mema pobomu. J/locnioumu 3aneicHICMb MACHIMHUX 61ACMUBOCMell Mamepiany 6i0 1020 XIMIYHO20 CKIAdY, Wo
OMpUMAHUll 3a Pi3HO20 MUCKY Npu nesHux memnepamypax. Ha ocnoei nesnoeo cxnady ma enacmusocmeil yb020 ma-
mepiany 0ocnioumu, K 3MIHIOIOMbCA 11020 poOOYi MOUKY Ma empamu Ha NepemMAacHiveHHs, Wo 6 C80I0 uepey 6nauead-
mume Ha KOHCMPYKYUHI Ma eKCRIyamayitini 0coOau80cmi MasHimuozo oemngepy 08usyHa.

Memoou docniosycenun. Bubip excmpemymie ghynkyii 3anexcnocmi enepeii maznimy 6i0 iHOYKYii ma HanpyiceHo-
cmi uepe3 OugepeHyito8antsa 8upasy, po3PAxyHoOK poooUUX MOUYOK MASHIMY Memooom niobipy ma 3a 00noMo20io cepe-
odosuwa MathCad, eusnauenns enepeii nepemazHiuenns uepes inmezpyeants Nemii 2icmepe3ucy, anailimuyHull po3pa-
XYHOK MASHIMHUX CUTL Y MASHIMHOMY OeMngepi, 6UKOpuUcmosyiouu Gopmynu 3 00¢iioie demnpepnux onop bexepca.

Ompumani pesynomamu. Y xo00i 8UKOHAHHA NOCNABNEHO20 3A80AHHA OYI0 8UHAYEHO POOOYI MOUKU nem.i 2ic-
mepe3ucy Mazuimy, y aKux MAacHimHa enepeis HauOibula wisixom OuepeHyilo8anHs 6UPA3sy 3aNeHCHOCMI eHepeil mae-
Hima 610 HOYKYii ma nanpyosicenocmi. Ha ocnogi yux 0annux 6y10 SUAELEHO MAKCUMANbHY MASHIMHY THOVKYIIO maKoe-
PYUMUBHY CUTLY MASHIMHO20 NOJA Y yux moukax. L{i mouxu xapaxmepu3syiomos HAUOIbULY NUMOMY eHepeilo MazHima,
AKY HAOANi 8UKOPUCMOBYIOMb 30 NPUSHAYEHHAM. [lani, chupalouucs Ha Nemuio 2iCmepesuca, WAXomM iHmezpyeaHHs
OYn0 3HALI0EHO eHepeilo empam Ha nepemazHiueHHs MazHimy. 3a yumu OaHuMu 6YI0 po3pPAX08AHO PO36AHMANCYIOUY
CULY MacHImHo20 demngepa.

Haykosa nosusna. byno nposedeno o6invus mouHull auaiiz MazHImMHUX Npoyecie y MAasHImHux mamepianax 3a 0o-
HOMO2010 MAMEMAMUYHO20 anapamy, 3 GUKOPUCIAHHAM npocpamuux cepedosuy, maki ax MathCad, OriginLaB. IIpo-
AHATI308aHA 3ANEHCHICMb MASHIMHUX 61ACMUBOCMEN Mamepiany 8i0 1020 XiMiYHO020 CKIAdy, eHepaii ma empam, ujo 8
€B010 uepey pobums O6inbut egheKmueHUM UKOPUCHAHHS NOCMIUHO020 MASHIMY Yy MeXHiYi, anapamax ma MauuHax.

Ipakmuuna yinuicme. 3a ompumanumu pe3yrbmamami. po3paxyHKy enepzii mpam ma pooouux mo4ok MazHimy
BUBHAYAECMBCA ONMUMATLHUL XIMIYHUL CKIAOD, 020 2eOMEeMPUYHUL PO3MID, WO 00360A€ 3HUSUMU 6MPAMU HA 8UPOO-
HUYMS0, 3eKOHOMUMU MAMePiany npu yooMy NiOSUWUmMU KOPUCHy Oit0 MASHIMHO20 Mamepiany y KOHCMpYKyii osuzy-
Hig. IIpu ybomy 30i1bWyEMbCs eKCRIYAMAYIIHUL CIMPOK POOOMU MAWuH, X Haditinicmb. ORMUMAaivhi po3Mipu MazHi-
mie ¢ 06MOmKax 3abe3neuyroms NOMpPIOHI NOGIMPSHI NPOMIJICKU, WO 8 CE0I0 uepey depe3 GI0CYMHICIb mepmsi 3MeH-
Wylomos 6mMpamu, wo 30i1bULYIOE PO3GAHMAICYBAIOYY CUTLY.

Knwuosi cnosa: maznimni mamepianu; nemnsa zicmepesucy; poboua mouka; enepzia empam; mazHimnuii oe-
Mmnghep; maznimua iHOyKyis, pO36AHMANCY8AIbHA CUNA, IHOYKYIA HACUUEHHS, HANPYICEHICMb, KOEPUUMUGHA CUJA.
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Ienv padomot. Hcecrneoosams 3a8Ucumocms MASHUMHBIX CEOUCME MAMEPUANA OM €20 XUMUUECKO20 COCMABA, No-
JIVUeHHDbIl 30 PA3HO20 OAasieHus npu onpeodeiieHHvlx memnepamypax. Ha ocnoee onpedenennozo cocmasa u ceoticme
IMO20 MAMEPUANA UCCIeA08amb, KAK MEHAIOMCS €20 pabouue mouKy U nomepu Ha NepemMacHUdU8anuUs, Ymo 6 Ce0w
ouepedb NogUsem HA KOHCIMPYKYUHU U SKCRIYAMAYUOHHbIE 0COOEHHOCMU MACHUMHO20 0eMnepa 0s8ueamers.

Memoowt uccnedosanusn. Bvloop sxcmpemymos (GYHKYUY 3a6UCUMOCIU IHEPSUU MASHUMA OM UHOYKYUU U Ha-
NPANCEHHOCMU U3-3a OUDDEPEHYUPOBKU BbIPAICEHUSL, pACYem PADOYUX MOYeK MACHUMA MemoooM noobop u ¢ HOMo-
wwio cpeovt MathCad, onpedenenus SHepeuU NEPemMasHUNUBAHUS Yepe3 UHMESPUPOBAHUe Nemiu 2UCmepe3ucd, AHaIU-
MUYeCKUll pacuem MAHUMHbIX CUL 8 MASHUMHOM demnghepe, UChoab3ys opmynsl us onvimos oemngephwvix onop be-
Kepca.

Ilonyuennvie pezynomamet. B xo0e evinonnenus nocmasnennou 3a0a4u Obiiu Onpedesenvl padoyue mouKu nemiu
2ucmepesuca MazHuma, 6 KOMopblx MASHUMHASL IHEP2USL CAMAS NYMeM OUPHepenyupo8anst BbIPaANCEHUs 3A8UCUMO-
cmu dHepeuy MazHuma om unOyKyuu u Hanpsxcennocmu. Ha ocrnoge smux dannvix 66110 00HAPYIHCEHO MAKCUMATLHYIO
MASHUMHYIO UHOYKYUIO MAKOEPYUMUBHY CULY MASHUMHO20 RO 6 DMUX MOUKax. Dmu mouku XapaKmepusyem Hau-
OONBUYIO YOCTbHYIO dHEPSUI0 MASHUMA, KOMOPYIO 6 OdNbHeliueM UCNOAb3YIom O Ha3HaveHuto. Jlanee, onupasce Ha
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nemuio 2UCmepesuca, nymem UHmMezpuposanusi Obll HAllOeH dHepeulo nomepsb Ha nepemaznudusanus masuma. 1lo
IMUM OAHHBIM OBLILO PACCYUMAHO PA3ZPYACASL CULY MASHUMHO20 demnepa.

Hayunasn nosusna. buviio npogedeno 6oiee mounblil AHANU3 MASHUMHBIX HPOYECCO8 8 MACHUMHBIX MAMEPUANAX C
HOMOWbIO MAMEMAMUYECKO20 annapamad, ¢ UCNOIb306aAHUEM NPOSPAMMHBIX cped, makue kax MathCad, OriginLaB.
Ipoananuszuposana 3a6UcuUMOCmb MAZHUMHBIX CEOUCE MAMEPUATA OM €20 XUMUYECKO20 COCMAsd, IHep2uU U NOMepb,
8 6010 ouepedsb Oenaem Oonee 3PHeKmuUHbIM UCNONBLI0BAHUE NOCOIHHO20 MAZHUMA 8 MeXHUKe, annapamax u ma-
WUHAXx.

Ilpakmuueckas yennocme. 110 nonyyeHHbIM pe3yIbmamam pacuema 3Hepeuu nomeps U padoyux moyex MazHu-
ma onpeodensaemcs ONMUMATbHBIL XUMUYECKUL COCAB, e20 2eoMempuieckuli pazmep, Ymo no3eojisaem CHU3UmMs nome-
PpU Ha Npou3800CmEo, CIKOHOMUMb MAMEPUALbl NPU IMOM HOBbICUMb NOJe3HOe OeliCmaue MAeHUMHO20 Mamepuaid 8
KOHCmpyKyuu osucameneii. Ilpu smom ysenuuueaemcs dKCNIYAMAayUOHHbIN CPOK pabomvl MAUWUH, UX HAOEHCHOCD.
Onmumanvuvie pazmepvl MASHUMOS 8 0OMOMKAX 00ECNe UBaIOm HyJlCHbI B030VULHbIE NPOMEIICYMKU, 8 CE0I0 0Yepedb
U3-3a OMCYMCMEUsL MPEHUsL YMEHbULAIOM NOMEPU, 30UTbULYIOE PO3BAHMAINICYBAIOYY CUTLY.

Knroueevie cnosa: mazHumnvle mamepuansl; nemasa ucmepesucd; padouas mouka; IHepZUs nomepv; maz-
HUmMHBLIL OeMngpep; MAZHUMHAA UHOYKUUA, PA3ZPY30UHAA CUNd, UHOYKYUA HACLIUEHUA, HANPAINCEHHOCHb, KOIP-
uumugHaa cuna.
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