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Taking into account force, temperature and other loads, the stress and strain state calculations
methods of spatial structures involve determining the distribution of the loads in the three-
dimensional body of the structure [1, 2].

In many cases the output data for this distribution can be the values of loadings in separate points
of the structure. The problem of load distribution in the body of the structure can be solved by three-
dimensional discrete interpolation in four-dimensional space based on the method of finite
differences, which has been widely used in solving various engineering problems in different fields.
A discrete conception of the load distribution at points in the body or in the environment is also
required for solving problems by the finite elements method [3-7].

From a geometrical point of view, the result of three-dimensional interpolation is a multivariate of
the four-dimensional space [8], where the three dimensions are the coordinates of a three-dimensional
body point, and the fourth is the loading at this point. Such interpolation provides for setting of the three
coordinates of the point and determining the load at that point. The simplest three-dimensional grid in the
three-dimensional space is the grid based on a single sided hypercube. The coordinates of the nodes of
such a grid correspond to the numbering of nodes along the coordinate axes.

Discrete interpolation of points by the finite difference method is directly related to the numerical
solutions of differential equations with given boundary conditions and also requires the setting of
boundary conditions.

If we consider a three-dimensional grid included into a parallelepiped, the boundary conditions are
divided into three types: 1) zero-dimensional (loads at points), where the three edges of the grid
converge; 2) one-dimensional (loads at points of lines), where the four edges of the grid converge; 3)
two-dimensional (loads at the points of faces), where the five edges of the grid converge. The zero-
dimensional conditions are boundary conditions for one-dimensional interpolation of the one-
dimensional conditions, which, in turn, are boundary conditions for two-dimensional conditions, and the
two-dimensional conditions are boundary conditions for determining the load on the inner points of the
grid.

If a load is specified only at certain points of boundary conditions, then the interpolation problem is
divided into three stages: one-dimensional load interpolation onto the line nodes, two-dimensional load
interpolation onto the surface nodes and three-dimensional load interpolation onto internal grid nodes.

The proposed method of discrete three-dimensional interpolation allows, according to the
specified values of force, temperature or other loads at individual points of the three-dimensional
body, to interpolate such loads on all nodes of a given regular three-dimensional grid with cubic cells.

As a result of interpolation, a discrete point framework of the multivariate is obtained, which is a
geometric model of the distribution of physical characteristics in a given medium according to the
values of these characteristics at individual points.

Key words: three-dimensional interpolation, method of finite differences, four-dimensional
space, load, point, grid, boundary conditions.
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Introduction

The result of the three-dimensional interpolation, from a geometric point of
view, is a multivariate of the four-dimensional space [8], where three
dimensions are the coordinates of the point of a three-dimensional body, and
the fourth is the load at this point. Such interpolation involves setting three
coordinates of a point and determining the load at that point. The simplest
three-dimensional grid in three-dimensional space is a grid based on a single-
side hypercube. The coordinates of the nodes of such a grid correspond to the
numeration of nodes along the coordinate axes.

Discrete interpolation of points by the method of finite difference is
directly related to the numerical solutions of differential equations with given
boundary conditions and also requires the setting of boundary conditions. If we
consider a three-dimensional grid bounded by a parallelepiped (Fig. 1(a)), the
boundary conditions are divided into three types:

- zero-dimensional (loads at points 4, C, H, F, V, X, Z, S), where the three

edges of the grid converge;
f 8 ¢ - one-dimensional (loads at the points of
VA 0 the lines AC, AF, FH, CH, etc.), where the four
H.’.. edges of the grid converge;
( G A - two-dimensional (loads at the points of
P the faces), where the five edges of the grid
. converge.
v/ The zero-dimensional conditions are the
R boundary conditions for one-dimensional
interpolation of one-dimensional conditions,
i which, in turn, are boundary conditions for
two-dimensional  conditions, and two-
dimensional  conditions are  boundary
/ / conditions for determining the load onto the
S inner points of the grid.
F If a load is given only at certain points of
boundary conditions, then the interpolation
problem is divided into three stages:

1) one-dimensional load interpolation onto
the line nodes;

2) two-dimensional load interpolation onto
the surface nodes;

3) three-dimensional load interpolation
onto the internal nodes of the grid.

kR The problem of discrete interpolation of the
Is T v load U; on the grid with a uniform unit step in
W L the first stage is solved on the basis of a
system of finite and difference equations that
X L z connect the loads to adjacent points of the
©) boundary edge of the grid:
Fig. 1

>
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Ui =2U;+U;y, +F =0, (1
where i - is the grid node number; P - the value of the finite difference.

In the interval AB (Fig. 2), the system (1) has m — 2 equations with m—n—2
of unknown ordinates, where n is the number of given intermediate nodes
(point C). The number of
equations of system (1) and the y
number of unknown coordinates A B
U; can be compared due to the C
unknown parameters of P;.

It is known [9, 10] that if the )
graph of the distribution of the |, } N
parameter P; has a overfall, or ¢ 7 2 7 ! m-2 m-1.m
individual values of P; are not Fig. 2
functionally related to the adjacent values of P; -1 and Pi+1, then the Discretely
Presented Curve (DPC) in such places has a break. If the graph of the
distribution of the parameter P; has a break, then the DPC consists of smooth
joint (in the discrete sense) curves. Therefore, it is proposed to form the
distribution of the parameter P; on the principle of the DPC formation,
introducing additional parameters Q;:

P =2P+P,,+0,=0. @)

In fig. 3 three graphs are shown where the graph of the change of the
parameter Q at the point M " has a difference, the graph of the change of the
parameter P at the point M’ has a break, and the graph of the change of the
coordinate U at the point M is a smooth junction of the two DPCs.

When solving discrete interpolation problems the parametric analysis of the
initial conditions becomes important, as the number of unknowns in systems
(1) and (2) has to be equal to the number of equations. The tables show the
correspondence of the number of equations (1) and (2) to the number of the
unknown U, P; and Q; with the arbitrary number 0<n<m-2 of the given

intermediate nodes in the interval that has (m—1) steps.

Table
Number of Number of Number of Number of Number of
h equations (1) | equations (2) | unknown y; | unknown P; | unknown Q;
0 | m—1(P=0) 0 m—1 0 0
1 |m-1(P=P) 0 m-3 m—1 0
2 m—1 m-3 m—4 m—1 1
3 m—1 m-3 m-5 m—1 2
4 m—1 m-3
1 m—1 m—2
m—2 m—1 m-3

The first row of the table shows the case when no intermediate nodes are
specified. Then the equation (1) takes the form:
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Q Uiy =2U;+U;, =0
s and the DPC is a uniform series of points
% 405 . on the line connecting the endpoints 4 and
il ' B
0 V2

The second row of the table shows the
case when one intermediate point is given,
and the unknown parameter P is the same
in all equations (1):

U_ -2U,+U,,,+P=0.

The third row of the table (n = 2)

P=-2 P=-2 . . .
shows that for two given intermediate
o 0 points, the equation (2) takes the form:
T j P 2B +P,, =0.

The numbers of the equations (1) and
(2) are shown in the last row of the table,
y if one node’s coordinate of the DPC is
y=4 unknown, and all others are given.

This principle of one-dimensional
interpolation can be used for the problem
solving of the two-dimensional and
g1 multidimensional interpolation of points
Lo j  onauniform grid.

In the second stage, the two-

o 1 t 5 6

‘ dimensional interpolation completes the

Fig.3 difference equations (1) and (2), and they,
respectively, take the form:

Ui jtUij U jy +U; g =40, +E =0, €)

Bt BB ot =46 +0, =0, (4)

where the results of the one-dimensional interpolation of the contour DPC are
accepted as boundary conditions for two-dimensional interpolation

The systems of equations (3) and (4) are formed for all the internal nodes of
the grid. For a grid having m x n cells, we have (m—1)(n—1) of the equations (3),
which have (m—2)(n—2)—I of the variable parameters U;;, where [ - is the number
of given parameters U;; of the internal nodes. The equations of system (4) are
also compiled for all the internal nodes of the grid, and P;=P;,,=Py,=P, ;=0 in
order to include the parameters Py 15 P11 Piy1 1 Pyiy to this system.

Then the system (4) calculates the equation (m—2)(n—2) and has (m—2)(n—
2) of the virables of P;; parameters and (m—2)(n—2) of the variables of Q;;
parameter. Together, the systems (3) and (4) have 2(m—2)(n-2) equations and
have 3(m—2)(n—2)—/ of variables. In order for the number of variables to be
equal to the number of equations, the system (4) requires the number (m—2)(n—
2) of Q;; variables to be reduced to 1. This can be done by adding to the
systems (3) and (4) the equations (m—2)(n-2)-/ of the type O,,~=0;, or
070
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In the third stage, three-dimensional interpolation is performed, the
boundary conditions for which are the two-dimensional grids obtained in the
second stage. For all the internal nodes of the three-dimensional grid the finite-
difference equations are formed:

Uit jk PV ju YU joaatU s tU; UG jan —0U i+ B =0,
By kB it B o B g tE a0 g =08 4 +0; ;4 =0.

i,j— i i

The number of the variables O, ;, must be equal to the number of

)

specified parameters U, ; , of the internal nodes of the three-dimensional grid.

Example (Fig. 1).

It is given the uniform three-dimensional grid in a limited space
0<i<4;,0<,/<4,0<k<4

We are given the coordinates i, j, k, U of thenodes 4, B, ... , Z: A(0; 0; 4;
8.94), B(0; 3; 4; 9.43), C(0; 4; 4; 9.8), D(2; 0; 4; 7.21), E(2; 1; 4; 7.28), F(4; 0;
4; 5.66), G(4; 2; 4; 6), H(4; 4; 4; 6.93), J(1; 3; 3; 8.19), K(4; 0; 3; 5), L(2; 2; 2;
6.63), M(3; 3;2; 6.16), N(1; 1; 1; 7.14), R(4; 1; 1; 4.24), S(0; 0; 0; 8), T(0; 2; 0;
8.25), M(0; 4; 0; 8.94), W(1; 0; 0; 7), X(4; 0; 0; 4), Y(4; 2; 0; 4.47), Z(4; 4; 0;
5.66). We need to determine the value of the parameter U in the other nodes
of the grid.

In the first stage, the interpolation of one-
dimensional elements AC, AF, FH, CH, SV, SX, VZ, |
XZ, FX, AS, CV, HZ according to formulas (1) and
(2) is performed.

In the second stage, according to the known
values of the parameter U, of the vertices of one-
dimensional elements the values of the parameter
U, are defined for the nodes of two-dimensional
boundaries ACHF, XSVZ, ASXF, ACVS, HCVZ,
FHZX when compiling and solving systems of
equations (3) and (4).

In the third stage, according to the known values
of the parameters U;;; of the points of two-
dimensional elements of the boundaries the values
of the parameter U, are defined for internal nodes
of the given three-dimensional grid when solving the
system (5).

According to the results of calculations in Fig. 4,
a discrete framework of the hypersurface
U, i=fijk) 1is constructed in layers, which
illustrates the load distribution in a given volume.

Conclusions

The proposed method of discrete three-
dimensional interpolation allows, according to the
specified values of force, temperature or other loads
at individual points of the three-dimensional body,
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to interpolate these loads on all nodes of a given regular three-dimensional grid
with cubic cells. As a result of the interpolation, a discrete point framework of
the multivariate is obtained, which is a geometric model of the distribution of
physical characteristics in a given medium according to the values of these
characteristics at individual points.
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Mocmosenko O.B., Kosanvos C.M., bomeinoecvka C.1.
BU3HAYEHHS PO3IIOALTY HABAHTAKEHD Y 3AJAHOMY CEPEJOBUIIII 3A
3HAYEHHSIMU TAKUX HABAHTA’KEHb B OKPEMUX TOYKAX

MeToau po3paxyHKIiB HalpyXKeHO-1e(OPMOBAHOIO CTAaHYy HPOCTOPOBUX KOHCTPYKLIH 3
ypaxyBaHHSIM CHJIOBHX, TeMIIEpaTypHHX Ta IHIIMX HABAHTAXCHb IMepen0avyaroTh BH3HAYCHHS
PO3MOALTY TAKMX HABAHTAXKEHb Y TPUBUMIPHOMY TiNi KOHCTpyKuii [1, 2].

BUXiIHUMH TaHMMH JUISL TAKOrO PO3IOALTY y 0araTbOX BHIIAAKaX MOXYTb OYTH 3HAYCHHS
HABAaHTA)KCHb B OKPEMHX TOYKaX Tila KOHCTPYKLii. 3aJady pO3MOAiTy HaBaHTaXEHb y T
KOHCTPYKILII MOXKHa pO3B’SI3aTH 3a OINOMOrOK TPUBHMIPHOI AMCKPETHOI iHTepmosiuii y
YOTHPUBUMIPHOMY INPOCTOpPi Ha OCHOBI METOAY CKIHYEGHHX DI3HHLb, SIKMH HaOyB LIMPOKOIrO
BUKOPUCTAHHS IIPH BHPIIICHHI PI3HOMAHITHUX IH)XCHEPHUX 3a/ay y Pi3HUX ramyssx. J{uckperne
ySBJICHHS PO3MOJiIy HABAaHTAXKEHHS y TOYKaxX Tia abo cepeqoBHINA MOTPIOHO TaKOXK IS
PO3B’sI3aHHS 3a/1a4 METO/IOM CKiHYCHHX eeMeHTiB [3-7].

Pesynbrar TpHBHMIpHOI 1HTEpHOJALII, 3 TEOMETPUYHOI TOYKH 30py, € OaraToBHIOM
YOTHPUBUMIPHOTO MpocTOpy [8], e TpU BUMIPH € KOOpPAMHATAMH TOYKM TPHUBHMIPHOrO Tiia, a
YeTBEPTHH — HaBaHTaXeHHs y wWiii Touni. Taka iHTepmossiuis mepenbadae 3amgaHHSA TPHOX
KOOpAMHAT TOYKM 1 BH3HAYCHHS HABAHTAXKCHHA y Wil Touwi. Ha#mpocTimioro TpHUBHMIpHOIO
CITKOIO y TPHBHUMIPHOMY HpOCTOpI € CITKa Ha OCHOBI rimepky0a 3 OIMHHYHOIO CTOPOHOIO.
KoopanuaTu By3JiiB Takoi CITKH BiANIOBigal0Th HyMepalLlii By3JIiB y3J0BXK KOOPAUHATHUX OCCH.

JIvcKpeTHa iHTEpIOJIALis TOYOK METOIOM CKIHYCHHX Pi3HHIb Mae Oe3rocepeHiil 3B 130K 3
YHCENBHUM DO3B’sS3aHHIM AU(EpeHIialbHUX PIBHAHD 3 3aJaHUMH KPaiOBMMHM yMOBaMHU i Tak
caMmo noTpedye 3agaHHs KpailOBUX YMOB.

SIKIO pO3MLIAATH TPUBHMIPHY CITKY, OOMEKEHY IapajeleninenoM, TO KpaioBi yMOBH
HOIUSIOTHCS Ha TPU TUNH: | )HyJIbBUMIPHI (HaBaHTa)KECHHS B TOYKAX), 1€ CXOMTHCS 110 TPH pebpa
ciTKy; 2) OMHOBUMIpPHI (HABaHTAXKEHHs B TOYKAX JIiHIM), 1€ CXOAATHCS 110 YOTUPH pedpa citku; 3)
JIBOBHMIpPHI (HABaHTAXKEHHs B TOYKaX PaHei), Ae CXOMATHCS 10 I1sITh pedep citku. HympBumipHi
YMOBH € KPaiOBUMH [UIsl ONHOBHMIPHOI IHTEPIOJALI] OJHOBHMIPHHUX YMOB, SIKi B CBOIO Yepry €
KpailOBHMH yMOBAaMH IS JBOBHMIPHHX YMOB, a JBOBHMIPHI YMOBHU € KpalOBHMH yMOBAaMH IS
BH3HAUYCHHS HABAHTA)KCHHS HAa BHYTPILIHI TOYKHU CITKH.

SIKIO 3a7aHO HABAHTAKCHHS TUIBKM B OKPEeMHX TOYKAaX KpaHOBHX YMOB, TO 3ajaya
IHTepHOMALii MOAUIAETHCS HA TPHU €TANM: OJHOBHMIpPHA IHTEPIIONSALIS HABAaHTAXCHHS HA BY3JIH
JiHIH, IBOBUMIpPHA IHTEPHOLIS HABAaHT@KECHHS HAa BY3JIM I[IOBEPXOHb Ta TPUBHMIipHA
IHTEePI OIS HABAHTAXKCHHS HAa BHYTPILIHI BY3JIH CITKH.

3anporoHOBaHUM CIOCI0 AMCKPETHOI TPUBUMIPHOI IHTEPHOJALIT [03BOJSIE 33 3aJaHUMH
3HAYCHHSMH CHJIOBHX, TEMIIEPAaTypHHX a00 IHIIMX HAaBAaHTAXEHb B OKPEMHMX TOYKAX
TPHUBUMIPHOTO TiJIa HPOIHTEPHIOIIOBATH TAKi HABAHTAXKEHHS HA BCI BY3JHM 33JaHOI PEryysipHOL
TPUBUMIPHOI CITKM 3 KyOIYHHMH KIITHHaAMH. Y pe3yJbTaTi IHTEPHOJSLII OTPUMYETHCS
JCKPETHUI TOYKOBHI KapKac 6araToBUAY, sIKHi € FEOMETPHIHOIO MOJCILIIO PO3MOALTY (i3HIHHX
XapaKTepPUCTHK y 3aJaHOMY CEPEIOBHILII 32 3HAYCHHIMH TaKHX XapPaKTEPUCTHK B OKPEMHX TOUKAX.

KuriouoBi ci10Ba: TpHUBHMIpHA IHTEPIOJLILIS, METOX CKIHYEHHX PI3HHIb, YOTHPHUBHMIPHHI
HPOCTip, HABAHTAKCHHSI, TOUKA, CiTKa, KPallOBi YMOBH.

Mocmosenko A.B., Kosanee C.H., Bomeunosckas C.H.
OMNPEJEJEHUE PACHPEJAEJEHUS HATPY3KHU B 3AJTAHHOM CPEJIE IO
3HAYEHUAM TAKUX HAI'PY30K B OTJAEJBHbBIX TOUKAX

MeToapl  pacdera  HANPSHKCHHO-AE(OPMUPOBAHHOIO  COCTOSHHS — IIPOCTPAHCTBEHHBIX
KOHCTPYKLIMH C YY€TOM CHJIOBBIX, TEMIIEPATypHbIX M JpPYrMX Harpy3oK IpeLyCMaTpUBaOT
OIIpeIeIEHNE PacIPe/IeNIeHNs] TAKMX Harpy30K B TPEXMEPHOM Tejle KOHCTpykuuH [1, 2].

HCXOL{HHMI/I JAHHBIMH IJIs1 TAKOI'O paCcnpeaciI€Hus BO MHOI'UX ClIydasaX MOI'yT 6bITb 3HAYCHU
Harpy30K B OTHEIbHBIX TOYKAX TeJla KOHCTPYKLMHU. 3ajady paclpeieleHUs] Harpy3oKk B Tele
KOHCTPYKLIMM MOXXHO PELINTh C IOMOILBIO TPEXMEPHOH JMCKPETHOHW WHTEPHOJISLMU B
YETHIPEXMEPHOM IIPOCTPAHCTBE HAa OCHOBE METOJA KOHEYHBIX PA3HOCTEH, KOTOPBIA MOJIY4HII
HIMPOKOEC MUCIOJIBb30BAHUE NIPU PCUICHUHN PA3JIMYHBIX WHKXCHCPHBIX 3a1a4 B Pa3IMYHBIX 06J'laCTﬂX.
JIYCKpeTHOE MpEJICTaBIEHUE PACHpEAEIeHHs] Harpy3Kd B TOUKaX Tela WM CPElbl HYXKHO TaKxKe
JUTSL pELLICHUS 3a/1a4 METO/IOM KOHEUHBIX 3JIEMEHTOB [3-7].

Pe3ynbrar TpexXMEepHOH MHTEPHOJSILMHM, C TEOMETPUYECKON TOYKHM 3pEHHs, SIBISIETCS
MHOroo0OpaseM 4YeTBIPEeXMEpHOro MpOoCTpaHcTBa [8], TrOe TpH HM3MEpEHHS  SBISIOTCS
KOOpJIMHATAMH TOYKM TPEXMEPHOI'0 Tela, a YETBEPThIM - Harpy3ka B 3Tod Touke. Takas
UHTEPIOJIALMUSA NPENyCMATPUBAET 3aJlaHus TPEX KOOPAMHAT TOYKU U OINPEAEIIEHUs] HArpy3Kd B
910l Touke. ITpocToil TpexMepHOil cCeTKol B TPEXMEPHOM IPOCTPAHCTBE €CTh CETKa Ha OCHOBE
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rumnepkyda ¢ eIMHHYHON cTOPOHOMH. KOOpANHATEI y3/10B TaKoH CETKH COOTBETCTBYIOT HyMEpaLUu
Y3JIOB BJ10JIb KOOPAWHATHBIX OCEH.

JIYcKpeTHas MHTEPHOJIALUS TOYEK METOAOM KOHEUHBIX PAa3HOCTEH MMEET HENOCPEICTBEHYIO
CBSI3b € YHCJICHHBIM pelieHHeM audepeHnnanbHbIX ypaBHEHHH C 3aJaHHBIMH KPaeBBIMU
YCJIOBHSMH H TakK e TpeOyeT 3a1aHus KpaeBbIX YCIOBHIL.

Ecim paccmatpuBaTh TPEXMEPHYIO CETKY, OrPaHMYEHHYIO HapajlIelenues oM, TO KpaeBble
YCJIOBHS JEJIATCS Ha TPU THUHA: 1) HyJbMepHbIE (Harpy3Ka B TOUKax), I'I€ CXOAATCA 110 TpU pedpa
ceTkH; 2) OJHOMEpHbIE (Harpy3ka B TOYKaxX JIMHUH), TJIe CXOAATCS 10 4YeThipe pebpa cerku 3)
JIByXMEpHbIe (Harpy3ka B TOYKax IpaHed), rie cXoudrcs no narh pedep cerku. HynbmepHbie
YCJIOBUS SIBJISIFOTCS] KPAEBBIMU JIJISl OTHOMEPHOM MHTEPIOJIALUH OJHOMEPHBIX YCIOBHUIM, KOTOPBIE B
CBOIO OYEPE/lb SABJIAIOTCA KPAEBBIMU YCIOBUAMM JUIsl ABYMEPHBIX YCIIOBHUH, a JIByMEPHBIE YCIIOBUS
SBJIIOTCS KPACBbIMHU YCIIOBUSIMH IS ONIPEAEICHHUS HAarPY3KH Ha BHYTPEHHUE TOUKH CETKHU.

Eciu 3amaHa Harpy3ka TOJBKO B OTIEIbHBIX TOUYKaX KpaeBbIX YCIOBUH, TO 3anada
MHTEPIOJSILIMKM JIEJUTCS Ha TP 3Tamna: OJHOMEpHas MHTEPIOJIALMS HAarpy3Kd Ha y3Jibl JIMHHH,
JIByMEpHasi MHTEPIOJALMS HAarpy3KM Ha Y3Jbl MOBEPXHOCTEH M TpEeXMEpHas WHTEpIOJIALMs
Harpy3ku Ha BHYTPEHHUE y3JIbl CETKHU.

IpennoskeHHbIi Cr10co0 AUCKPETHONH TPEXMEPHOI MHTEPHOJLSILMU [MO3BOJISET 10 3aJaHHBIM
3HAQYEHUSM CHJIOBBIX, TEMIIEPATYPHbBIX WM JIPyIMX HArpy3o0K B OTAEIbHBIX TOYKaX TPEXMEPHOIo
TeJla HPOUHTEPIOINPOBATh TAKHME HArpy3KM Ha BCE Y3Jbl 3aJaHHOM PEryJspHOH TpexMepHoi
CeTKH C KyOMYeCKMMH KIeTKaMu. B pe3ynpTaTe HMHTEPHONALMU IONYYaeTCs IUCKPETHBIN
TOYEYHBIH  KapKac T'MIIEPIIOBEPXHOCTH, KOTOPbIH  SIBJISETCS TIE€OMETPUYECKOH  MOEIbIO
pacupeneneHuss (QU3MYECKUX XapaKTEPHCTHK B 3aJaHHOM Cpeie IO 3HAYCHHMSM TaKHX
XapaKTePUCTUK B OT/EIbHBIX TOUKAX.

KiaroueBble ci10Ba:  TpexMepHas  MHTEPHONALMSA, METOJ  KOHEUHBIX  Pa3HOCTEH,
YeThIPEXMEPHOE NPOCTPAHCTBO, HArPy3Ka, TOUKA, CETKA, KPAeBbIE YCIIOBUSL.
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Memoou pospaxynkie Hanpysiceno-0epopmosano2o cmamy nPOCMOPOBUX KOHCMPYKYIU 3
YPAaxXy8aHHAM CUNOBUX, MEMNEePAMYPHUX Ma IHWUX HABAHMAdICEHb Nepeodavaioms GUHAYEHHs
PO3NOOITY MAKUX HABAHMAICEHb Y MPUSUMIPHOMY MINI KOHCMPYKYIL.

Tabu. 1. L. 4. Bi6miorp. 10 Ha3s.
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Taking into account force, temperature and other loads, the stress and strain state
calculations methods of spatial structures involve determining the distribution of the loads in the
three-dimensional body of the structure.

Tabl. 1. Fig. 4. Ref. 10.
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Memoowr  pacuema  HanpsicenHO-0eoOpMUPOBAHHO20 — COCMOAHUA  NPOCMPAHCINEEHHbIX
KOHCMPYKYUIL € YYemom CUNIOBbIX, MEMREPAmypHbIX U Opyeux Hazpy30K npedycmMampueaiom
onpedenenue pacnpeoeneHus Makux Hazpy30K 6 MPexmepHoM mene KOHCMPYKYu.

Taba. 1. Puc. 4. bubnunorp. 10 Ha3s.
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