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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SOME ASPECTS OF THE CONSTRUCTION OF
A MATHEMATICAL MODEL FOR CUTTING METALS

Abstract. Creation of reliable high-performance machines specifies the use of new materials for manufacture of
their parts. At the same time, manufacturers do not have time to introduce new processing technologies using durable
cutting tools that require a lot of time and financial resources. Scientists and technologists are increasingly using
modern information technologies and application packages to quickly solve these problems. To use existing software
products, it is necessary to introduce a lot of initial data for which additional research or a lot of time to search for
them is required. The developed software products are based on empirical data, as a result of which the spectrum of
their use is narrowed.

The distinction of the program being created is that the models being developed will be based on the results of
approximation dependencies on the parameters of cutting conditions, with corrected data obtained by solutions of
probably static models.

This article discusses some aspects of the construction of a mathematical model for cutting an elastic metal strip
in a non-classical formulation. The action of the cutter is modeled as a moving inclined concentrated force, at the
point of application of which unrestricted stresses arise. Using the properties of the generalized Dirac and Heaviside
functions, analytical expressions for the stress tensor components are obtained. The resulting equations are derived
and the boundary conditions are formulated. The results obtained serve as the basis for formulating a mathematical
model of the corresponding thermo-dynamic problem for an elastoplastic metal strip.

Key words: cutting, cutting tool, resistance to rupture, concentrated force, deformation, mathematical model,
thermodynamic problem.

Introduction. Creating technologies for processing new parts and designing relevant processing tools
requires a lot of time and money. Organization of applied research, especially the experimental part, has
become one of the expensive stages in research activities in recent years [1].

With the development of information technology, when solving knowledge-intensive problems,
scientists and technologists are increasingly using software [2-4]. To use existing software products, it is
necessary to introduce a lot of initial data for which additional research or a lot of time to search for them
is required [5-8].

In this case, the task for technologists is simple, to produce a part from a new alloy, it is necessary to
assign the appropriate cutting conditions and select the necessary cutting tool. In the course of the
research, it was established that production workers spend huge amounts of time and money to master just
one new part. The lack of specific reference information and the urgency of resolving the issue forces the
technologist to use the trial method.

In almost all studies, whatever the model, the determination of the cutting process indicators is based
on experimental data on the standard mechanical properties of the material being processed (resistance to
rupture, flow limit, relative elongation and contraction), on the machinability properties, for example, chip
shrinkage, determined directly when cutting in the studied conditions [9-11].
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As a result, all models using these approaches have a significant limited application due to the
assumption about the shape of the zone of primary deformations and the authors “tune” their models to the
specified cutting conditions [12-15]. In this connection, in the published works there are significant
differences in the views of different schools in relation to individual aspects of the cutting process. This
hinders the creation of a comprehensive predictive theory of cutting, which would allow carry out the
study of working processes in various conditions without prior experiments [16].

To solve the problems arising in the field of metal processing a group of scientists for the project
AP05132157 “Development of simulation models of cutting processes and forecasting on their basis the
optimal parameters of the tool and processing conditions” by the grant financing of the Science Com-
mittee of the Ministry of Education and Science of the Republic of Kazakhstan proposed a software
product development methodology predicting values of the arising force and temperature phenomena, the
amount of tool wear, which are accompanied by imitations of the cutting process.

Based on the methodology, the software product is developed based on the cutting process from the
position of a systematic approach as a process that has a certain structure with certain functional properties
and interrelationships of structural elements, which are: cutting tool, cutting conditions and the material
being processed.

The difference between the created software product and the existing ones is that the models are
based on the data of approximation dependences obtained on the basis of the fundamental laws and pos-
tulates of the mechanics of a deformable solid body in the contact area of bearing surfaces in dynamics.

Main part. The action of the cutter on the metal strip with the width — b in the line of Oy, with the
length — [ in the line of Ox and the thickness — /4 in the line of Oz occurs as follows (figure).

Metal cutting pattern

The cutting process is modeled as the oblique movable load action in the coordinate plane Oxz (here
Oxy is located in the middle plane of the strip), g,(x,t) = B,d(x —ct) p,(x,t) = P.6(x — ct)},
where §(x — ct) is the Dirac delta function, ¢ characterizes the cutting motion rate of the metal strip. The
metal strip lies on a completely non-deforming base fixedly, while the other facets are free from loads.

In this case, it is considered that there is a flat stress-strain state, the desired variables do not depend
on y, therefore

U,=0,¢e,=¢,=¢,=0.
The stress state of the body under consideration in the Oxz rectangular coordinates with the absence
of bulk forces is described by the following equilibrium equation [17-19].

O-XJC/X + O-‘(Z z = 0’
’ (1

o, +o, =0.
XZ X -4

z

The defining relations between symmetric stress and strain tensors have the form
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The desired solution is presented in the following form [20]

{Ux —u+yz—@(z)A-D,(z)B

3
U.=W+Vz-®/(z)8 )

where 4, B, @ are unknown coordinate functions to be determined and

h/2 h/2
1 h/2 12

1
u:Z JdeZ, W:Z IUZdZ, W:E IUdeZ,
—h/2 -h/2 —h/2
127 ) : T 074y
V=-—"|U.zdz U P D.(2)=— 1__(£j
h3 _}:[2 > @l(z) 12 |:l 12(}[) :|7 Z(Z) 4|: 3 h z

Taking into account the kinematic relations between the strain tensor and the components of the
displacement vector, the equation of the state for the problem in question will take the following form

p
o= E Ttz — @) A - @,(2)B + vV +2102],
-V
E ’ ’ 1A
< o= - [v(u'+zt// -®(z2)A4 —@2(Z)B)+V+2HZ], 4)
-v
3h2 Zz ’ ’ /
o= W+2z4A———|1-20— |B+W'+zV' =D, (2)0
L 2(1+v) 20 h

In order to simplify the scheme for solving the problem in question, let’s integrate the equilibrium
equation (1) through the thickness, as a result of which there will be the following system of ordinary
differential equations

N ., +PS(x—vt)—o_ (x;—0,5h) =0
M ., —0 +0,5h[P.5(x—vt)+ 0, (x;-0,51)] =0 )
0., +Po(x—vt)—o_(x;—0,5h) =0

0.5h
where N _ = J o . dz —normal force,
~0.5h
0.5h
0, = I 0 ,.dz — intensity of shear,
~0.5h
0.5h
M = I 0 .. zdz — internal bending moment, which taking into account (2)-(4) can be
~0.5h

expressed through the integral quantities
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e
N”=1f};2(u'+vV),
Eh’
M _=——"—(y'+26 (6)
< XX 12(1_V2)(l// + )’

Eh h?
=—— |y+—B+W']|.
L= 50w {"” 20 }

2 3
Jzz(x,—ﬁj= Ez 14 u'—ﬁt//'+h—A’—h—B’ +V -6h |,
2 l-v 2 6 20

At that

(7
2 2
axz(x,—ﬁj __E v —hA+ 3h B+W'—EV'+h—6"
2 2(1+v) 5 2 6
The obtained expressions (6) and (7) inserting in (5) will be
- ' 2 2
hz(u'+vV) +PX5(x—ct)—L (//—hA+£B+W’—EV’+h—€’ =0,
1-v 2(1+v) 5 2 6
3 ’ 2
L2(y/'+20) __bn y/+h—B+W' +
12(1-v?*) 2(1+v) 10 3
<

g{Pxé(x —ct)+

2 2
y/—hA+&B+W'—ﬁV'+h—t9' =0
2(1+v) 5 26

2 ' 2 3
Eh_ | g +PS(x—ct) - Ez N LI L Ly ) % B
L 20+v)|" 10 1 27 67 20

To determine the unknown functions, let’s use the boundary conditions for the metal strip under
consideration:

N=0, M=0, Q=0, x=0,L )
{ U=U=0 e ok (10)
U=U-=q 2
o.=-PS(x—ct) h
at z=— (11)
o, =Po(x—ct) 2
Using the boundary conditions on the face metal strip planes, there will be
4 2 3 2
14 u‘+ﬁl//’+h—A'+h—B’ +V +60h=-P5(x—ct), 132=le Y
2 6 20 E
< : ) (12)
w+hA+&B+W’+£V'+h—49’ = PS(x —ct), E:PXM
5 2 6 E
h2p = 20(%—%;1/ +%A)
(13)

ho = —6(K—1Vj
ho2

— 72 ——
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Then, instead of (8) and (12) there will be

~

h (u'+ VV)' +Po(x—ct)-

2
{w—hA+%B}=O,

1-v? 2(1+v)

3 ’ 2
Lz(z//'+2¢9) __Eh 1//+h—B+W' +
12(1-v7) 2(1+v) 10

< 2
h Po(x—ct)+ £ y/—hA+£B =0
2 2(1+v) 5 (14)
5 !
En 1//+h—B+W' —Po(x—ct)— EZ[V—Hh]zo
L 2(1+v) 10 l-v
s

2
v(Zu'+%A’J+V+«9h =—PS(x—ct),

A

u 1 h n =
+hA+ 12| ——=y |+ W'+ =V"'+—6' |= POo(x —ct),
{V/ (h 2l//j >V % } 20(x —ct)

(15)

In the first equation (13), neglecting the members of a high order of smallness, which greatly simp-
lifies the mathematical calculations, there will be:

I|1-v = 1 3w
V=—|——Po(x—ct)——vu'+——|,

41 2 2 2 h

— u
hA=Po(x—ct)—12—+ 5y —hV",

h (16)

Taking into account the boundary condition (13), the equilibrium equation is reduced to the form

—

Eh2 (W'+vV) +PS(x—ct)—-
1-v 2(1+v)

3 '
Lﬂymze) __Eh [W'+2£+EA}+
12(1—v?) 2(1+v) ho3

h Po(x—ct)+—L [hA—swlzﬁ} =0,
2 2(1+v) h
u h

Eh [W’+2—+—A} —Po(x—ct)-
2(1+v) h 3

Using the expression (16) there will be:

[hA S+ 12%} -0,

(17)

[4V = 6Z} =0.
h

2
L 1-v

(W +(1+vW =y,

) ’
h [w—up—fj —[W’—ZEJrél//}—h1+4VV=—2—hR5(x—ct),
o(1-v) h h 3 1-v 3

1 - 5 h 4
W—2ﬂ+—]§5(x—ct)+—w——V+—vz=VI{, (18)
L h 3 373 l-v h

where W,,v, — the unknown integration constants to be determined from the boundary conditions. Taking
into account the first equation (18) there will be

A
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1
V=———
8—v(l+v)
Differentiating the first equation (17) and substituting the last (18) into the resulting system after

{(1 —v)PS(x—ct)—wy, +3%},

some mathematical calculations, there will be
~ 1-3v 1+v u 5 1+v X

u"+6 -5 -
I1-v 7T—v(l+v)h T-v(l+v)h
1= (l—v) - 1 (I+v)
8—v(l+v) 8—v(l+v)T7T-v(+v)
f— 2 2
1-v (1+v) m—lié‘(x—ct) ’
8—v(l+v)T7—-v(+v)| h 3 h
3—1/8—1/(1+v)+ 1 5+ 20v £+
1-v7-v(+v) 1-v7-v(l+v)|h’

2

}I_’Zé"(x —ct)

X”—lO(l—v)[1+

(19)
< _ _ —
12(1-v) 1_1 3v (3 V_61+4V 1 8—v(l+v) lzz
I-v {I-v I-v 8—v(+v))7T—-v(l+Vv) |h
_2(1-v) 2+3—1/8—1/(1+v)+31+4v 1 ié(x—ct)—
l-v7-v(+v) l-v 8—v(+v) | h
6(1-v)| ——>—Y —+ Irdv 1=V | PS(x - et) +
3(7—1/—1/) 8—v(l+v) (7—1/—1/)
61— 1) 3—v8—v(1+v)_31+4v 1 Z’ X = hy,
| I-v 7-v(+V) I-v 8—=v(+v)| h

~
which can be written in vector-matrix and unified form

7o BT < DLR 4 D Foa- e+ RGO, o)

where
B b, b, _61-3v l+v bl 5 1+v
by by " T1-v1i-v1+w/7T *  T1-v1+W/T
1=-3v(3-v 31+4v 1 \8-ul+V) |
1-v 4 1-v 1-u1+1)/8)7-u1+V) |

b, :12(1—1/){1

1-v

b, =—10(1-v) 1_|_3»—v8—v(1+v)_|_§ 1 1+4v ‘
1-v7-vl+v) 71-vIi-vl+v)/7

3 1= (1+v)
- (u} - 56 1-v(1+v)/81-v(1+v)/7

0= s
18(1-v) 1-v/38—v(l+v) 1+4v 1
I-v 7-v(l+v) 1-v I-v(+v)/8
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Y (G0 PR B (1+v)
. 81-v(1+v)/8| 561-v(1+v)/81-v(1+v)/7
G= ,
1-v/3 1+4v 1-v
—o(1-v + -
( )[(71/1/2) 8—v(l+v) (7VV2):I
1 1-v (1+v)
P 56 1-v(1+v)/81-v(1+v)/7
_4(1-v) 1+21—1//3 8—v(1+v)+§1+4v 1
2 1-v 7-v(I1+v) 2 1-v 8—v(+v)

The desired solution is presented in the form
Y=X+Z+hWB'F,, (21)

where B~ is the inverse matrix. At the same time, X is a particular solution (20) corresponding only to
the right part without taking into account the boundary conditions:

. . P ~ -
X"+BX = 7’“ O(x—ct)F + Po'(x —ct)G, (22)
Since, for the generalized Dirac and Heaviside functions, the following relations take place:
O(x—ct)= [H(x ct)—H(ct - x)] [5(x —ct)+0(ct— x)] =0(x—ct).

If take into account that (x —ct)"d(x—ct) =0, neN, x—cteV the solution (22) can be pre-
sented in the following form

(x— ct)

)?:%[H(x—ct)—H(ct—x) i ,01=1,

at that
(x—ct)"

X'=X0(x—ct)+— [H(x )= Het -] Y X, n!

n=0

b

X"=X,8'(x - ct) + X,8(x —ct) +%[H(x —ct)— H(ct - x)) i (xr=ct)’ c’) ,

Therefore, X , + BX =0, n=0,1,2,..... X 0= G, X L= F, then the solution (22) will take the

n+2

form

_ 2n . — —
=—[H(x ct)— H(ct - x)]Z( 1) B’ PG+(x DB plG=c)l” R B
p Qn+l) k| (@2n)!
7'+ L B7=0,
I
NXX (Z) = _NXX (X + hmB_lFb)’ x = Ojl (23)

M_(Z)=-M_(X +hW,B'F),
0.(Z)=-0.(X +hW,B'F,),

The solution of the problem (23) with regard to the values of the elements of matrix B can be
presented as




N E W S of the Academy of Sciences of the Republic of Kazakhstan

7 = C shk,x + D chk,x + M sink,x + N cosk,x

k = \/\/(b” +by) —4bob, —b, —by, k, = \/\/(b“ +b,) —4boby, +b, +by,

Thus, in the first approximation, there is a linear problem for the cutting technology of metal strips.
At the same time, the considered thermodynamic problem of cutting metals with a significant heat release
in the framework of elastoplastic, in the general case becomes essentially nonlinear [21]. In this case,
according to the method of elastic solutions of A.A. Ilyushin, solving the linear problem becomes the first
approximation for the general thermodynamic problem.

Conclusion. During the research it was found that existing software products cannot simultaneously
predict the occurrence of cutting forces, temperature phenomena of the process, as well as tool wear. In
addition, to use these programs, a young scientist or technologist from the production must enter a huge
amount of data. To enter these data, it is necessary to have very high skills in higher mathematics, in the
mechanics of solid deformable bodies, in dynamic problems of mathematical modeling, and also
generating initial data in software tools requires a long time to find data from sources.

In this regard, the phenomena of the cutting process, i.e. the deformed state, are described by mathe-
matical equations, the output elements of which will be the component forces, the cutting temperature and
tool wear. The obtained data will be tested by comparing with the values of the calculation of the obtained
data using the program developed on the Microsoft Excel application. The correlation coefficients will be
adjusted if necessary. Based on the data obtained, the dependencies of the cutting parameters on the
processing conditions are constructed. Approximation of the obtained dependencies will help to create
probably static models. On the basis of which the software product will be created.

. T. onmmﬁepreﬂonl, V. . Xomnﬁepreﬂonal, A. B. Axmenos’, B. H. AGcaabikos®

1M.Sye3013 ateiHaarsl OHTYCTiK Kasakcran memiekerTik yauBepcuteTi, LlIsivkenT, KasakcraH,
M. VYayrOek ateiHIarsl O30ekcTaH ¥ITTHIK yHUBEpCUTeTi, TamkeHT, ©30ekcTaH,
’0. B. BexTypoB aTeIHIaFEl XMMUS FRUIBIMIAPEI HHCTUTYTHI, AnMmatsl, Ka3akctan

METAJUIKECY YIIIH
MATEMATHKAJIBIK YJIT'UVIEPAI KYPYbIH KEUBIP ACIIEKTIVIEPI

Annortanusi. JKorapsl canaibl CEHIMJII MallMHajap/Abl jkacay oJIapblH OapiblK OelmIeKTepiH eHIipyre
apHaJFfaH JKaHa MaTepuajiapibl KOJmaHyFa ajbin Kenenai. bynm sxarmaiina, eHumipymiiep jkaHa TYpakThl Kecy
KypaJIapblH MaiianxaHbIll, j)KaHa OHJCY TEXHOJOTISUIAPIABl SHTI3yne yiarepMeinai, cebedi o y3aK yakbITTHI JKOHE
Kap>Kbl pecypcTapbiH KaxeT eremi. Ockl MiHIETTEp Al JKeIel IIeNly YIIiH, 3epTTey OaphIChIHIA FaIbIMAAp KOHE TeX-
HOJIOWSUIAp 3aMaHayd aKNapaTThlK TEXHOJOTHsUIApIbl JKOHE KONAaHOalbl 3epTTey IaKeTTEepiH KOJAaHyZa.
OpekerTeri OargapiIaManbIK KacakTama eHIMIEPiH NaiganaHy YIiH, KOCBIMIIA 3epTTeyJiep HEMece OJlapIbl i3aeyre
Y3aK YakbIT Tajlall eTUIeTiH, KONTereH 0acTanKsl MoJIIMETTEPl EHAIPY KaKeT. O3ipJeHreH OaraapiaMablK OHIMIEP
SMITMPHUKAIBIK IEPEKTEPre HEri3/AeIreH, COHbIH HOTHKECIH/IC 0JIAP/IbIH KOJIAHY CICKTPI TAPBUIBII KETE/Ii.

XacanateiH OarnapiaMaHblH albIPMAIIbUIBIFEL, 931pJICHETIH MOJEIbICP JKYBIKTAY TOYEJIUIIKTepiHIH HOTH-
JKeJiepiHe KECKII PeKUMACPIIH MapaMeTpliepiHne 0a3aaaHbll, bIKTHMAJIbI-CTATUCTUKAIBIK MOJCIbICPIIH aJbIHFAH
HIEIIIMIMEH TY3ETIIreH AepeKTepre Heri3neseTin 0omaisbl.

Makanana ceprimMai METaul JKOJIAFbIH KJIACCHKAJIBIK €MeC JKaFjaiia Kecy YIIIH, MeTajul Kecyre apHajJFaH
MaTeMaTUKANBIK YATLIepAl KYPYObIH Keibip acmekriigepi KapacTeIpbutagsl. KypaiaslH opekeT eTyi KOMIaHbUIATHIH
HYKTe/Ie IIEeKTeyCi3 KepHeynep naiga OonaThlH KO3FalbICTaFrbl OYPBINITHIK KOHICHTPAMATIAHFaH KYII PETiHAE MO-
nenpaenred. JKammpuianrad J{upak skoHe XaBHcai (QYHKIWSUTAPHIHBIH KACHETTEPiH MMaliajiaHa OTBIPHIN, KepHEY-
JIEpAiH TEH30PJIBIK KOMIOHEHTTEPIHE apHAIFaH aHAIUTHUKANBIK MOIIMETTEp albIHaIbl. PyKkcar TeHaeynepi Kypbuiasl
AKOHE MIEKTIK TaJanTap KaabIITaCThIPbUIIbL.

AJBIHFaH HOTWDKEJIEP JIACTOIIACTHKAJIBIK METAJLT JKOJIAKKA apHAJIFaH THICTI TEPMOJMHAMMKAIBIK MOCEJICHIH
MaTeMaTUKAJIBIK MOJIEJIH KYPY YIIiH HEeri3 OOJIbIN Ta0buIa bl

Tyiiin ce3mep: Kecy, Kecy Kypajbl,TO3IMIUIIK ILEri, IOFbIpJIAaHFaH KYIL, MIIIIHHIH ©3repyi, MaTeMaTHKaJbIK
MOJ€Jb, TCPMOJANHAMHKAJIBIK MiHHeT.
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"TOxn0-KasaxcTanckuii rocynapcTBeHHbII yHHBepeuTeT MM. M. Ay»30Ba, IlIsivkenT, Kazaxcran
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HEKOTOPBIE ACITEKTHI HOCTPOEHUS MATEMATHYECKOW MO/JIEJIA
JJIs1 PEBAHUSA METAJIJIOB

AnHotanusi. Co3fjaHue HAAEXKHBIX BBICOKONMPOM3BOIUTENBHBIX MAIIMH OOYyCIIaBIMBAaeT MPUMEHEHHE BCE
HOBBIX MaTE€pPHAJIOB IJIsl N3TOTOBJICHHS MX JeTanei. [Ipu 3ToM Mpon3BOAUTENN HE YCIIEBAIOT C BHEIPEHHEM HOBBIX
TEXHOJIOTHI1 00pabOTKHU C MUCIIOIB30BAHUEM CTOMKHX PEXYIIMX HMHCTPYMEHTOB, KOTOpPBIE TPEOYIOT HEMAJIO BPEMEHU
1 (UHAHCOBBIX cpeAcTB. JlJIsi OMepaTHBHOTO PEIICHMS ITHX 3a/1ad IPH HCCIEIOBAHHUAX YUYECHBIC M TCXHOJIOTH BCE
GoJIbIIIe MPUMEHSIOT COBPEMEHHbIE HH(POPMAIIMOHHBIC TEXHOJIOTHU M TTAKeThl MPUKJIAAHBIX ITporpamMm. Jisl HCIOb-
30BaHUS CYIIECTBYIOUIUX MPOTPAMMHBIX IPOAYKTOB HEOOXOANMO BHECTH MHOXECTBO MCXOAHBIX JIaHHBIX, JUIST KOTO-
pBIX TpeOyeTcsi MOMOJIHUTEIbHBIE NCCIEIOBAaHUA MM MHOTO BPEMEHH HX IoWcKa. PaspaboraHHBIE IMpOrpamMMHBIC
MPOIYKTHI 0a3MPOBAHBI HA SMIMPUUECKUX JAHHBIX, BCICACTBUE YETO CY’KACTCs CHEKTP NX MPUMEHEHHUS.

OTname co3maBaeMON MPOTpaMMEBI, COCTOMT B TOM, YTO pa3zpabaTeIBaeMble MOJENN OyIOyT 0a3MpoBaThCS Ha
pe3ynbTaTtax amipoKCHMAaIlMOHHBIX 3aBHCHMOCTEH OT IapaMeTpOB PEXHMMOB pE3aHUs, C KOPPEKTUPOBAHHBIMU
JTAaHHBIMH MOJTYYEHHBIMHU PEIICHUSIMH BEPOSTHO-CTATHUECKUX MOJIEINICH.

B crarbe paccMaTpuBaroTCs HEKOTOPBIE ACHEKTHI MMOCTPOCHUSI MATEMAaTHYECKOM MOJENN AJISl PE3KH yNpYrou
METAJUIMYECKON MOJIOCHl B HEKJIACCUYECKOM MOCTaHOBKE. J[efiCTBHE pe3lia CMOJAEINPOBaHa KaK MMOABMKHAS HAKIIOH-
Hasl COCPEIOTOUYCHHAsI CHJIA, B TOUKE NMPHUIIOKEHHUS KOTOPOH BO3HMKAIOT HEOTPAaHWUICHHBIE HanpspKeHus. Vcnomp3ys
cBoiicTBa 0000meHHBIX (yHKIWA Jupaka u XoBUCaiia, MOTYyYSHBl AHANUTHYECKHE BBIPAXKCHUS IS KOMIIOHEHT
TeH30pa HanpsbkeHUH. [locTpoeHs! pa3peraiomue ypaBHeHHS ¥ ¢(hOPMYITHPOBAHBI TPAHUYHBIE YCIIOBHSI.

[Tonydyennsle pe3yabTaThl CIyaT OCHOBOW K IOCTPOCHUIO MATEMAaTUUYECKOW MOJENIN COOTBETCTBYIOLIEH Tep-
MOJAMHAMHUYECKOM 3a/1auu 7Sl YIIPYTOIJIaCTUUECKON METAJUIMYECKOH MOJIOCHI.

KiroueBble clioBa: pe3aHus, pexyllnil HHCTPYMEHT, MIPEAe MPOYHOCTH, COCPEOTOUCHHAs cuila, edopMma-
ST, MaTeMaTH4IeCKasi MOJIENIb, TEPMOANHAMUYECKAs 3aa4a.
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