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Abstract. Finite element method is a numerical method solutions of differential equations,
found in physics and technology. The emergence of this method associated with solving
problems of space research. It was first published in the work of Turner, Cluj, Martin and Topp.
This work contributed to the emergence of other works; a number of articles have been published
with examples of the finite element method to the problems of construction mechanics of
continuous media. The main idea behind the finite element method is that any continuous
quantity such,like temperature pressure and displacement, can be approximated by a discrete
model, which is built into a set of piece-continuous functions defined on a finite number of
subdomains.

The main idea of the finite element method is that any continuous quantity, such as
temperature, pressure and displacement, can be approximated by a discrete model, which is built
on a set of piece-continuous functions defined on a finite number of subdomains.

Keywords: Finite element, pipe, motion, cross section, compression, lubrication, system,
vibration, equilibrium, continuous value, discrete model, node.

Introduction

In the general case, a continuous quantity is not known in advance, and it is necessary to
determine the value of this quantity at some internal points of the region. A discrete model,
however, is very easy to construct if one first assumes that the numerical value of this quantity
at each interior point of the region is known [1]. After that, we can pass to the general case. So,
when constructing a discrete model of a continuous quantity, proceed as follows:

1. A finite number of points are fixed in the area under consideration. These points are
called anchor points or simply nodes.

2. The value of the continuous quantity at each nodal point is considered a variable to be
defined.

3. The domain of definition of a continuous value is divided into a finite number of
subdomains, called elements. These elements have common nodal points and together
approximate the shape of the regions.

4. A continuous value is approximated at each element by a polynomial, which is
determined using the nodal values of this value. For each element, its own polynomial is
determined, but the polynomials are selected in such a way that the continuity of the value along
the boundaries of the element would be preserved [2].

The finite element method is based on the idea of approximating a continuous function by
a discrete model, which is built on a set of piecewise continuous functions defined on a finite
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number of subdomains called elements. A polynomial is most often used as a function of an
element. The order of the polynomial depends on the number of continuous function data
elements used at each node.

Main part
A one-dimensional simplex element is a straight line segment of length L with two nodes,
one at each end of the segment [3].

T = @iT, + @,T,
—X X — X

X2
P = L P2 =
A two-dimensional simplex element is a triangle with straight sides and three nodes, one
for each vertex. Logical numbering of element nodes is required.
T=0q, T11+ P2T, + @3 T3
@1 =5,(a1 +bix+cry)
{31 = X2¥3 — X3¥2
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We consider the three-dimensional simplex element [4]:
T=0:T1 + 92T, + 93T+ @, Ty

Consider the three-dimensional function T(X, y, z), whose value is given at the corner points of
the parallelepiped (1,2,...8) (1-T, 2-T,...8-T) (Fig. 1)
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Figure — 1. parallelepiped
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If the length of the parallelepiped along the x— 2a, along the y— 2b, and along the z—
2c,then the coordinates of the corner points relative to the center of the parallelepiped will
be[5].

1- ('a; B, 'C)= (Xl, ylﬂzl)

2- (a; B; -0)= (X2, ¥2,22)

3- (a; -B; 'C)= (X3, y3,Z3)

4- (-a; -B; -¢)= (X4, Y4, Z4)

The value of the function T (X, y, z) to an arbitrary point (X, y, z) inside the
parallelepiped isapproximated as follows.

T(x,y,z) =7 +2Ax1 +A3y1 + A424 Q)
To determine the constants Ai (i = 1; 8), we compose the following control system[6]:
Ty=T(x1, y1,21); T2= T(X2, Y2, 22); T3= T(x3,¥3, 23);

. Ty = T(x4,Y4,24); (2) _
Substituting the values of the arguments, we get the system of equations:

MFANx 3y, + 02, =T
MA2Ax + A3y, + 2042, =T,
M+ Ax3 + A3y +A23 = T;
M F2Ax, + A3y, 242, =T,

3)

Solving this system of linear equations, we obtain the values of the coefficients A;, A, ... A5

( /\ _ T8+T7+T6+T5+T4+T3+T2+T1

1 8
Az ZTetT7HTe=Ts =Tyt T3+T,-Ty
- i ™
Ao TTom Ty T Ts—Ta=T3 +Ty4 Ty
3 8b
A= Tt TrHTetTs—Ty=T5-T,-T,
\ M4 8cC

(7) substituting these values into equation (2) we obtain:

T(Xa Y, Z): (P1(X, N Z) * Tl + ¢2(X1 N Z) * TZ + (,03(X, Y Z) * T3 + (p4T4- + (pS(XJ Y Z) *
Ts + @6(x,y,2) * Tg + 97(x,y,2) * T7 + @g(x,y,2) * Tg; 4)
-a<x<a;-b<x<b;-c<xZgc;

Here i(i= 1, 8) are defined as follows: [7]

p1(X, Y, 2)= (——%+5—é_;; E
P G o o e e
P D= G o Gt et e ) ®
P D= G e e g ™ e )
PG S S i ™ e et )

why -a <x <a; -b <y <b; -c < z<c.
The value of the functions oi(X, y, z) (i=1,8) at the corner points of the
parallelepiped isdetermined as follows[8]:

©1(x1, Y1, 21)= 15 @1(x1, Y1, 21)= @1(x2, Y2, Z2)= 91(X3, ¥3, Z3)= @1(X4, V4, Z4)= @1(Xs,
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Vs Z5)= 01(X6s Vo1 Z6)= ©1(X7, Y7, 27)= 91(xg, g, 25)=0

©2(X2, Y25 22)= 15 @2(X1, Y1, 21)= Q2(X2, V2, Z2)= ©2(X3, Y35 23)= P2(Xa, Ya, Z4)= @2(xs,
Vs Z5)= P2(Xes Vo1 Z6)= ©2(X7, Y7, 27)= P2(xXg, Vs, Z5)=0

®3(x3, ¥3, 23)= 15 03(x1, Y1, 21)= @3(X2, V2, Z2)= 93(X3, Y3, 23)= P3(X4, Ya, Z4)= @3(Xs,
Vs Z5)= 93(X6, Yo, Z6)= P3(X7, Y7, Z7)= 03(xg, Vs, 2g)=0

04Xy Var 24)= 15 04(X1, Y1, 21)= QalX2, Y2, 22)= ©a(X3, V3, 23)= Pa(Xs, Yar Za)= Qa(Xs,
Vs Z5)= Pa(Xe, Vor Z6)= PalX7, V7, Z7)= Pa(xg, yg, 25)=0

©s(xs, Y5y 25)= 15 @s(x1, Y1, 21)= @s5(X2, V2, Z2)= ©5(X3, V35 23)= P5(Xs, Va, Z4)= @s(xs,
Vs Z5)= Ps5(Xes Vo1 Z6)= ©s(X7, Y7, 27)= @5(xXg, Vs, Zg)=0

©6(X6, Yor Z6)= 15 06(X1, Y1, 21)= P6(X2, V2, Z2)= ©6(X3, V35 23)= P6(Xa, Var Z4)= Pe(xs,
Vs Z5)= P6(Xes Vo1 Z6)= V6(X7, V7, 27)= P6(Xg, Vg, Z5)=0

©7(x7, Y7, 27)= 15 07(x1, Y1, 21)= @7(X2, V2, Z2)= 97(X3, Y3, 23)= 97(X4, Ya, Za)= @7 (X5,
Vs Z5)= 97(Xes Yor Z6)= ©7(X7, Y7, 27)= @7(xg, Vg, Z5)=0

©s(xg, Vg, Zg)= 1; 0g(x1, Y1, 21)= Pg(X2, V2, Z2)= Ps(X3, Y3, 23)= Pg(Xa, Ya, Z4)= Pg(Xs,
Vs Z5)= Pg(Xes Ver Z6)= Vs(X7, Y7, 27)= @g(xg, Vs, Zg)=0 (6)

Conclusion
In the result, there is obtained common variation functional for defining the law of
temperature distribution in the body of rectangular 3D cube form. Results of this work can be
used to determine the law of temperature distribution in three-dimensional rods in the form of a
parallelepiped. There is executed practical implementation of the developed approach as a
concrete example, when heat flux is directed to one of 3D cube’s facets, and on the opposite facet
there occurs heat exchange with the environment. There was shown temperature values proximity
of corresponding nodes of rectangular 3D cube upon separation of its facets for one, two and

three intervals.
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BAPUAIIMSIIBIK TOCLIIII MAUJAJTAHFAH KBIJTY TAPTBLIYBIH ECKE
AJIY MEH TOPT BYPBIIITHI MAPAJUIEJIENIET NIIITHAET'T AEHE
TEMIIEPATYPACBIHBIH BOJIYIHE ECEII
3. Omuorek, A.A. Tames, P.K. Ka3bixan
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AngaTna. AKBIpIBl JJIEMEHTTEp ofici — (QU3MKa MEH TEeXHUKaga Ke3JeCeTiH
nuddepeHIHaNIBIK TeHISYIeP Al MEIyIiH CaHIbIK d9/ici. byt oicTiH maiia 001yl FapBIIITHI
3epTTey MacenesepiH menrymen Oaimansictel. On anram per Tepuep, Kimyx, Maptun xone
TonnTeIH KYMBICBIH/IA KapusiaaHraH. byn eHOek Oacka eHOEKTepAiH maiifa O0MybIHa BIKIAJ
eTTi; Y3MIiKCi3 OpPTaHBIH KYPBUIBIC MEXaHUKAChl MOCEJCNIEPIHE COHFBI JIEMEHTTED OMICIHIH
MBICAJIJIapbIMEH OipKaTap Makajajgap >KapusilaHibl. AKBIPJIbI 3JEMEHTTEp OMICiHIH HETri3ri
UJCSICHI - TEMIIEPaTypa KBICBIMBI JKOHE OPBIH aYBICTBIPY CHSKTHI K€3 KEIreH Y3JiKCi3 IIaMaHbI
1K JTOMEHJEPAIH IIEeKTEyIl CaHbIHIA AaHBIKTAJFaH Y3llicci3 (yHKUUSATIAp >KUBIHTHIFbIHA
KipiKTipUIT€H AUCKPETTI MOJIEIb apKBUIBI KYBIKTayFa O0Iabl.

AKBIpIIBI 3JIEMEHTTEp OICIHIH HETi3Ti HUAEsIChl TeMIepaTypa, KbICBIM OHE OpPbIH
aybICTBIPY CHSIKTBI K€3 KEITeH Y3MIKCi3 IIaMaHbl iIKi JOMEHAEPHAiH WICKTEYyJi CaHbIHIA
aHBIKTANIFAaH Y3UTicCi3 (QYHKIUSIIAP JKUBIHTBHIFBIHA KYPBUIFAH JTUCKPETTI MOJEIb apKbLUIbI
KYBIKTayFa 00JIaIbI.

Tyiiin ce3aep: AKBIPJbBI 3JIEMEHT, KYOBIp, KO3FalbIC, KMMa, KbICY, Mailnay, xyiie, Aipii,
Teme-TeH IIK, Y3/AIKCi3 mama, JUCKPETTI MOJIeNb, TYHiH.

YYET PACIIPEJAEJIEHUA TEMIIEPATYPbBI TEJIA B BUIE
MNMPAMOYT'OJIBHOT'O MAPAJUIEITUIIEJA C YYETOM TEIVIOOTJAAYHA C
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AOcTpakT. MeTon KOHEYHBIX DJEMEHTOB MPEACTABISIET COOOW YHCICHHBIM METOJ
pemienuss nudQepeHIMaNbHbIX  YpaBHEHHM, BCTpEYAOMMUXCS B (GU3NKE W TEXHHKE.
BoO3HUKHOBEHME 3TOr0 METOJA CBSI3aHO C PEHICHHEM 3aJlad KOCMHYECKHX HWCCIETOBAHUM.
Brnepsrie o Obu1 onyOnukoBaH B pabore Teprepa, Kimyxka, Mapruna u Tomnma. Orta pabota
CcrocoOCTBOBaJIa TOSIBICHUIO JPYTHX paloT; OMyOJIMKOBAaH pAJl CTaTed C TpUMEpaMH
MPUMEHEHUST METOJA KOHEUYHBIX JJIEMEHTOB K 3a/a4aM CTPOUTENBHOM MEXAaHHUKH CIUIOLIHBIX
cpen. OcHOBHasi wuIes METOJa KOHEUHBIX D3JIEMEHTOB 3aKJII0YaeTcs B TOM, 4YTO JIHOOast
HENpephIBHAST BEIMYMHA, Takas Kak TEeMIEparypa, JaBICHHE U TepeMEIIeHHe, MOXET OBbITh
arnmpOKCUMUPOBaHA JUCKPETHON MOJIENBI0, KOTOpasi BCTpOeHA B HAOOP KyCOUYHO-HEMPEPHIBHBIX
GYHKIU, ONIPeICIICHHBIX B KOHEYHOM YHCIIe MOA00IacTe.

OcHoBHas uiess METOIa KOHEYHBIX DJIEMEHTOB COCTOUT B TOM, YTO JIFOOYIO HETIPEPHIBHYIO
BEJIMYMHY, TaKyl0 Kak TEMIIEpaTypa, JABJICHHE U MEPEMELIEHHUE, MOKHO aIlllPOKCUMUPOBATH
JTMCKPETHON MOJIEIBIO, IIOCTPOCHHON Ha HA0Ope KyCOYHO-HENPEPHIBHBIX (QYHKIIUM, 3aIaHHBIX
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