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MODELING ONE-DIMENSIONAL DISCRETE GEOMETRIC
IMAGE BY SUPERPOSITIONS OF POINT SETS
ON THE BASIS OF TWO AND SINGLE ADJUSTED IMAGES

Vorontsov O., Tulupova L., Vorontsova I.

In the article the method of discrete modeling of curves is
considered. This method is based on superpositions of two curves and on
superpositions of nodal points of one curve. All these curves were formed
by the static-geometric method. The proposed method allows modeling
balanced discrete structures, which were formed on adjusted contour
nodes and pass through given nodal points without making up and
solving any system of equations.
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Formulation of the problem. One of the important directions of
discrete geometry is the static-geometric method (SGM) [1], created on the
basis of static interpretation of the classical method of finite difference. Its
simplicity and practicality are manifested in the constructivity and visibility
of the process of shaping the geometric image of a certain continuous
object under the influence of external loading, taking into account the given
conditions. The discrete image itself is an idealized model of a grid, whose
ligaments are non-hardening threads, and external loads are perceived by
the nodes of this grid. The convenience of HSM is also the ability to
interpret not only objects that are topologically close to core or mesh
structures, but also any physical processes that involve taking into account
the interaction between their individual components arbitrarily located in
space.

However, the main disadvantage of SDM is the need to build and
solve bulky systems of linear equations. This disadvantage can be
eliminated due to the use of a geometric superposition device. Therefore,
the task of this study is to improve this method by involving a geometric
apparatus of superpositions of point sets for the formation of one-
dimensional geometric images.

Analysis of recent research and publications. In [2], the problems of
the construction of discrete surfaces of surfaces by functional addition were
studied on the basis of two pre-calculated static-geometric frameworks
method. However, the verification of grids obtained as a result of the
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superposition of the initial grids with different coefficients of stretching of
the joints showed that the resulting grid is not balanced with a given
external load on the knot, that is, the results of such superpositions were not
accurate but approximate.

In [3] the notion of a superposition apparatus of sets in applied
geometry is defined. A number of properties have been proved, which
allowed us to draw conclusions about the promising depth of a
comprehensive study of the superposition apparatus.

In the papers [4-7] of the authors of this article, approaches to the
determination of discrete analogues of certain functional dependences on
the basis of a geometric apparatus of superpositions of one-dimensional
point sets are shown, which allows to form discrete images without
compiling and solving cumbersome systems of equations. The management
of the form of discretely represented curves is carried out by varying the
magnitudes of the superposition coefficients.

Formulating the goals of the article. The purpose of this article is to
study the method of simulation of a one-dimensional geometric image in
the form of a discretely presented curve with the use of a geometric
apparatus of superpositions of one-dimensional point sets on the basis of
one curve formed by a static geometric method.

Main part. Let us first consider the example of the formation of a
discrete curve model based on the superpositions of two curves fixed in
two given nodes constructed by a static-geometric method (Fig. 1).

The discrete values of the first curve are formed according to the
initial data y,, =8, y4, =8, P,=-1.

The system of equations for determining the ordinates of the points
to be sought will look [1]:

8 =2y, t+ys, =1
Vaz = 2Ya, t ¥z = 1;
Ya, = 2y2 +8=1.
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Fig. 1. Formation of discrete models of curves based on

uperpositions of two discretely given curves

The solution to this system yields results: y,, =6, y,;u =65,
yA(Z) B 6,5 .
Coefficients of superposition of given points A;, Az, As calculated

by the formulas [4]:
— (xg=x3) (V2 =¥3)—(x2=x3)(Vo—¥3)
(x1=x3) (Y2 =Y3)—(X2=%x3) (V1—Y3) ’

1
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kz — (x1—xg)(YO—Y3)—(xo—x3)(J/1—J/3),
(x1=x3)(V2—¥3)—(x2—x3)(V1—V3)
will matter: k, = 0,375, k, =0,75, k3 = —0,125 .
The discrete values of the second curve are formed according to the
initial data y,, =8, y4, =8, P, =—-6.
The system of equations will look:
8 =2y, +Ya, = 6;
Yai = 2Ya, T Va2 = 6;
Ya, — 2Ysz +8=6.
The solution to this system yields results: y,i = —1; y,, = —4 ;

Yaz =1,
Coefficients of superposition of given points A; , Az, As to
determine the desired points Aot i A® will  matter:

k, =0,375, k, =0,75, k3 = —0,125 .

The value of the external shaping load and ordinates of the nodal
points of the desired discrete models of the curves as a superposition of two
pre-formed static-geometric methods of discrete curve models (Fig. 1) will
be determined by the formulas:

P, = k P! + k,P?

i = kiyi + ko
where P} — the magnitude of the uniformly distributed external shaping
load applied to the nodes of the simulated first curve, and P/ — the second
one; y} — the ordinate of the i-th node of the first curve, and y? — the
second curve.

The value of the external shaping load and ordinates of the nodal
points of the desired discrete curve models with a uniform step along the y
axis for the central node from 6 to -4 will be determined by the formulas:

P; = k PP + k,P7*,

vi = kiy? + oyt
Given the uniform step of changing the load size from 1 to 6:

6—1=5: % = 0,2, getit ky,k, = 0,2; 0,4; 0,6; 0,8.
For example, the magnitude of the load PiA2 and ordinates of nodal
points yl.A2 shaped curves will be determined by the formulas:

P =02-(-6) + 08 (-1) = =12 + (-0),8 = -2,
P72 =04 (=6) +0,6- (1) = —2,4+ (—0,6) = -3,
P70 = 0,6+ (—6) + 0,4+ (—1) = —3,6 + (-0,4) = —4,
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=08-(-6)+0,2-(—1) =—-48+(-0,2) = -5,

ViL =02 (~4)+08-6=—08+48=4,

Vol s =04-(—4)+06-6=-16+36=2,

yPi:_4' = 0,6 ' (_4) + 014 "6 = _2;4' + 2:4 =0 )

yP-:—S = 018 ) (_4) + 072 "6 = _3;2 + 1)2 =-2.

The magnitude of the load and application of nodal points of the
desired discrete curve models are presented in Table 1.

The value of the external shaping load

Table 1

and the ordinates of the nodal points of the desired discrete curve models

k1 = 0,8 k1 = 0,6 kl = 0,4‘ k1 = 0,2
kz = 0,2 k2 = 0,4‘ kz = 0,6 k2 = 0,8
PiA2=6 PiA2=4 PiA2=2 PiA2=0 PiAz__z PiAZ__4
A A A A A A
Yp=—1 Yp =2 Yp=—3 Yp =4 Yp,=—s5 Pi=—6
Ag Ag Ag Ag Ag Ag
Yp;=-1 Yp;=-2 Ypi=—3 Ypi=—4 Ypi=-5 Ypi=-6
= 6,5 = = 3,5 = =05 =—1
A3 A3 A3 A3 A3 A3
Ype—1 Vp =2 Yp =3 Vpe—s Yp s Yp=—6
= 6,5 = = 3,5 = =05 =—1

Results of computed superposition coefficients according to the
formulas (1) of coordinates of given points Ai;, Az, As to determine the
coordinates of unknown points Ao' i A¢?® shaped discrete curve models
with a uniform step h=1 along the Ox axis, shown in Fig. 1 are shown in

Table 2.

{xo = k1x1 + kzXZ + (1 - k1 - kz).X3
Yo =kiy + kyy, + (1 — ky — k3)ys

1)
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Table 2
Value of superposition coefficients
A A A A As
Pi=-1
Xo -2 -1 0 1 2
Yo 8 6,5 6 6,5 8
Ky 0,375 -0,125
ko 0,75 0,75
ks=1- ki- ko -0,125 0,375
i=-2
Xo -2 -1 0 1 2
Yo 8 5 4 5 8
ky 0,375 -0,125
k> 0,75 0,75
ks=1- ki- ko -0,125 0,375
i=-3
Xo -2 -1 0 1 2
Yo 8 3,5 2 3,5 8
ky 0,375 -0,125
ko 0,75 0,75
|(3:1- |(1- kz -0,125 0,375
i=-4
Xo -2 -1 0 1 2
Yo 8 2 0 2 8
Ky 0,375 -0,125
ko 0,75 0,75
ks=1- ki- ko -0,125 0,375
i=-D
Xo -2 -1 0 1 2
Yo 8 0,5 -2 0,5 8
Ky 0,375 -0,125
ko 0,75 0,75
ks=1- ki- ko -0,125 0,375
i=-6
Xo -2 -1 0 1 2
Yo 8 -1 -4 -1 8
Ky 0,375 -0,125
ko 0,75 0,75
ks=1- ki- ko -0,125 0,375

According to the results of Table 2, we can conclude that the
magnitudes of the superposition coefficients of the given boundary
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conditions (coordinates of the initial and last nodes) and, for example, the
central node for determining the coordinates of the desired nodes will be
the same for all discrete models of curves that are formed on the same same
boundary conditions.
Prove this conclusion by writing the system of equations [1] for the
above-defined discrete curve models in general form:
8 =2y, +Ya, = Pi;
Yar = 2Ya, + Va2 = Pi;
Ya, —2Ypz +8=P
The solution to this system yields results:
Ya,tYa,—4P; 3V4,tYa,—6P; Ya,+3YVa,—6P;
Va, = TRy = Ty e = e
Hence, the coordinates of the nodal points of the given and simulated
discrete curves will look:

4,(0; Ya, +J/A3 4P) Al 11 3YA1+37A3 ) A2 (1 +33/A3 Pi) ,
A1(—2;8), A3(2 8) .
Substituting into the system of equations [4]
{xo —x3 = kq(x%1 — x3) + kq(x2 — x3);
Yo —¥3 = ki1 —¥3) + k1 (y2 — y3).
point coordinatesA, , A3 i A3, getit:
{ ki(=2—=2)+k,(0—2)=—-1-2
Ya, ¥ Va, — 45 _ 3ya, tYa, — 6P =
k1(8—8)+k2( > —8)- 2 -8
—4k, — 2k, = -3
+ Yy, — 4P 34, + Ya, — 6P
- O-k1+(yA1 yg3 —8>-k2: Y4, J;AB -8,
The solution to this system yields results:
ky = 3P;—8+8 _3_ 0,375 : k, = 6P;—8-3-8+32 _ 3 _ 0,75 .
8P;—2:8—2:8+32 8 8P;—2:8—2:8+32 4

Substituting the coordinates of points into the system of equations
A, and A%, getit:

ki(=2—-2)+k,(0—-2)=-1-2
{kl(B— 8) + k, (YAl +y23 — 4P, _8> _Ya t 33:;3 —6h o=
—4k, — 2k, = -3
:>{O-k1+(yA1 +Yg3 _4Pi—8>-k2 ::VA1+33;A3_6Pi_8
The solution to this system yields results:
kl _ 8—P;—-8 _ _1_ _0 125 k2 _ 6P;—3:8—8+32 — E — 0'75 .

8Pi—2'8—2'8+32 8 8P;—2:8—2:8+32 4
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Conclusions. Thus, one discrete model of the curve formed by the

static-geometric method can form a superposition method by any number
of balanced discrete models of curves with an arbitrary number of nodal
points under the same boundary conditions and different values of the
external shaping load without the assembly and solution of large systems of
linear equations, which, in turn, allows us to discretely model curves of
different shapes and solve the problems of discrete interpolation on a plane.

Literature
. KoBasies C.H. ®opMupoBaHHe AUCKPETHBIX MOJEIEH MOBEPXHOCTEU
IIPOCTPAHCTBEHHBIX APXUTEKTYPHBIX KOHCTPYKUMM: THUC. ... JOKTOpA

texH. Hayk: 05.01.01 / C.H. KoBaneB — M.: MAH, 1986. — 348 c.

. Yan Xonr Xai. Ynpasnenue Gopmoil pacTIHYThIX CHCTEM Ha OCHOBE
(G YHKIIMOHAIBHOTO CJIOKEHMSI: JAUC. ... KaHI. TexH. Hayk: 05.01.01. /
U.X. Xait. — K., 1994. — 124 c.

. Kopanes C. H. O cynepno3unusix / C. H. Kosanes. // [lpuknagna
reoMmeTpis Ta imxkeHepHa rpagika. — K.: KHYBA.. — 2010. — Ne84. — C.
38-42.

. Boponnios O.B. JluckperHe BU3HAUEHHS KpPUBHX Ha OCHOBI PI3HUX
MEeTONIB  reoMmerpuyHoro MojemoBanHa / O.B.  Boponios,
I'.O.Paguenko // Ilpukiiamna reomerpis Ta iHkeHepHa rpadika. — K.:
KHVYBA, 2011. — Bum. 88. — C. 116-120.

. Boponnios O.B. Bu3HaueHHs DUCKPETHOTO aHAJOTy IMOJiHOMa N-TO
CTENEHS CYNEPHO3UIISIMA TOYOK YHCIOBOi IOCTIJOBHOCTI N-TO
nopsanky / O.B. BoponnoB // IlpuknagHa reometpis Ta I1H)XXEHEpHa
rpadika: 30. nayk. npamb. — K.: KHYBA, 2012. — Bumn. 90. — C. 63 — 67.
. Boponmos O.B. JluckpeTHa I1HTEpHOAIiS CYNEPHO3UIIIMUA TOYOK
YUCJIOBUX IIOCTIMOBHOCTEH ApoOoBo-miHiIMHMX  ¢yHkmidn / O.B.
Boponmos, H.O. Maxinbko // Ilpuknamna reomeTpis Ta 1HXKEHEpHA
rpadika: mpami THATA. — Menitonons: TIATA, 2013. — Bun. 4. —
T.57.-C. 62 -67.

. BoponnoB O.B. Ormpenenenue AUCKPETHBIX aHAJIOTOB KJIacCOB
AIIEMEHTAPHBIX (PYHKIUH CYNEPIO3UIUSIMUA OJHOMEPHBIX TOYCUHBIX
MHOXeCTB [nexrponHubiit pecype] / O.B. Boponros, JI.O. Tynaynoga //
Universsum. Cep.: TexHHYeCKHEe HAayKH: JJCKTPOH. HAy4YH. KYpPH. —
2014. — Ne 3(4). — Pexxum pocryma: http: // 7universsum. Com /ru/ tech/
archive/ item/1135.



44

O®OPMUPOBAHUE OJHOMEPHOI'O JUCKPETHOI'O
I'EOMETPHYECKOI'O OBPA3A CYIIEPIIO3ULIUAMMU
TOYEYHBIX MHOXKXECTB HA OCHOBE /IBYX 1 OJJHOI'O
3AJAHHBIX OBPA30B

Boponnos O.B., Tynynosa JI.A., Bopounnosa 1.B.

B cmamve paccmompen cnocod Ouckpemmnozo mooenupoeanus
KpUGwvlX JUHUIL HA  OCHOBE  CYNEpno3uuuil  08yX  KPUBHIX,
chopmuposannblx cmamuKko-2e0MempuuecKum Memooom U Ha OCHoge
Cynepno3uyuili  y3106vlX mMO4eK O0OHOU KpUBoil chopmuposannoil
cmamuko-zeomempudeckum  memooom.  Ilpeonosrcennviii  cnocood
MOOenuposanus no36onaem Hopmuposans ypasHoeeuieHvl OUCKpemHble
CMPYKmypul, c@HopmMuposeannvle HA 3A0AHHBIX KOHMYPHBIX V314X, d
maksice nPoxXooAWUX epe3 3a0anHble Y3106ble MOUKU De3 cOCmaesienus
U peuwienus cucmem ypasHeHuil.

Kntouesvie cnosa: oonomepnvie 2eomempuyeckue oopazwl,
OUCKpemHble M0oOeau KPUBLIX, CYNEPROZUUUU MOYEUHbIX MHONCECHE,
Kodghdhuyuenmul cynepnozuyuu, Cmamuko-2eomempuiecKuii Memaoo.

®OPMYBAHHA OJHOBUMIPHOT'O IUCKPETHOT' O
I'EOMETPUYHOI'O OBPA3Y CYHEPIIO3UIIAAMHU TOYKOBUX
MHO’KUH HA OCHOBI IBOX TA OJHOTI'O 3AJAHUX
OBPA3IB

Boponnos O.B., Tynynosa JI.O., Boposniosa I.B.

Y cmammi pozenamymo cnocié6 Ouckpemmnozo mooenio8anH:
Kpueux JiHill HA OCHOBI cynepno3uuyiii 080X Kpueux, uio cgopmosaui
CMAMUKO-260MEMPUYHUM MEMOOOM ma HA OCHOGI CYNepno3uuii
8Y3/106UX MOYOK OOHIET KpUeoi cghopmosanoi cmamuko-2eomempudHum
MemooomM.  3anpPONOHOGAHUIl  CROCIO  MOO0eN08AHHA  0038074€
Gopmyeamu episnosasriceni Ouckpemui cmpykmypu, cgopmosani Hna
3A0aHUX KOHMYPHUX 8Y3]14X, A MAKO0MC, W0 NPOX00Amb uepe3 3a0aHi
8y3/108i mouKuU 0e3 CKINa0aHHA | PO36°AZAHHA CUCHEM DIBHAHD.

Knrouogi cnosa: oonoeumipni ceomempuuni oopaszu, OucKkpemui
Moo0eni Kpueux, Cynepno3uuyii moykoeux MHOMCUH, Koepiyichmu
cynepno3uuyii, CmamuKo-2e0MempudHuIl Memaoo.



