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Abstract. The process of modeling the temperature distribution on surfaces,
applying an image to curved areas with minimal distortion requires the formation of
isometric grids on the plane and on the surface. One of the common ways to form planar
isometric networks is to use the functions of a complex variable and planar isotropic
curves, followed by separation of the real and imaginary parts. The development of
computer models for the interactive search and analysis of isometric networks according
to various initial geometric conditions provides a generalized method for their formation
with the possibility of varying their shape and position.

It is proposed to use an isotropic vector for the formation of flat isotropic curves,
which ensured a single sequence of analytical calculations according to the following
initial conditions: 1) selection of an arbitrary function of a real argument; 2) a given
parametric equation of a plane curve; 3) a given polar equation of a plane curve.

Since the analytical calculations of the derivation of the parametric equation of a
plane isotropic curve and the corresponding isometric grid are rather laborious, their
execution is carried out in the environment of the Maple symbolic algebra. To this end, the
corresponding software has been created, which interactively allows you to select the
function of a real argument, a parametric or polar equation of a plane guide curve. All
subsequent stages of analytical transformations to form an isotropic curve and the
corresponding isometric grid are carried out automatically. An interactive model for the
formation and analysis of plane isotropic curves with various initial conditions has been
created, which has shown its effectiveness, which is confirmed by the given examples of
plane isometric grids for specific functions of the real parameter, plane curves in the
parametric and polar form of their job.

Key words: isotropic vector, plane isotropic curve, plane isometric grid, real and

complex planes, equation of curves in the complex plane

Topicality. The existence of different ways of forming flat isotropic curves
complicates their computer implementation under predetermined initial conditions. The
solution to this problem is the development of a generalized method for forming isotropic
curves by an arbitrary analytical function, a guide flat curve in the parametric and polar

forms.
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Analysis of recent research and publications. The construction of flat isotropic
curves according to the initial parametric equations of the flat curve is given in [2]. The
formation of isometric grids and their application for drawing images with minimal
distortion is shown in [3].

Formulation of the goals of the article. To reveal a generalized method of forming
flat isotropic curves under different initial conditions, to give examples of their application
in the construction of flat isometric grids in the Maple software[1].

Materials and methods of research. The complex number z=1+1 on the
complex plane is represented by a point with coordinates [1,I], where I = v—1 -is an
imaginary unit. Suppose we have a vector a with coordinates:

a= [1,+1]. (1)

Since the length of the vector a on the real plane is zero \/12+ (£ )2 =0, such a

vector is isotropic.

Results of the studies and their discussion. Formation of isotropic curves using the
analytical function f(t) of a valid argument t.

Suppose we have any function f(t) of a valid argument . Its multiplication by the
isotropic vector a leads to the isotropic line r(t) along the vector a in the following
parametric form:

r(t) = f(a = f(o) [1,+1]. (2)

Since it is not possible to visualize an isotropic curve (2) that has zero length on a real
plane, its construction can be carried out either through its real or imaginary part, or
through the construction of isometric grids that these curves generate.

The sequence of formation of flat isometric grids using an isotropic curve (2) is as
follows:

in the isotropic curve r(t) replace the real argument t with a given function f(z)
of the complex variable z = u + I v obtain the curve r(f(u +1 v)) on the complex
plane:

r(fu+Iv)) =rlf(fu+1Iv)), 2l f(fu+Tv))]; 3)
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separate only the real parts of the curve r(f(u+1v)):

Ry (u,v) = R[Re (r(£(2) )1 (4)
or separate only the imaginary parts of the curve r(f(zu + I v )):
R;(u,v) = R[Im (r(f(u—l—fv]))]. (5)

The flat isometric grids (4) and (5) are congruent and rotated at an angle of 90°.

Figure 1 constructs isometric grids (4) for the functions f(t) = sin(t), sinh(t),sech(t).

’ Fig.1. Flat isometric glt')ids for functions f(t): i
a—sin(t): b —sinh(t); c — sech(t)

Formation of isotropic curves using parametrically given flat curves
pu(t) = [x(t),y(t)] oiticnoi sminnoi' t = ty..t,.

Since each point [x, y] of the plane represents the complex number z = x + Iy, then
the parametric equation of the plane curve p(t) on the complex plane will be expressed by
the following expression:

fe)=x(t)+1y(t),t =t,..t,. (6)

Multiplying the expression f(t) of the real argument t by the isotropic vector a leads
to the isotropic line (t) in parametric form:

r(t) = f(t)- a= [x(t) +1y(),Ix(t) —y(0)]. (7)

Isometric grids (4) for flat curves u(t) = [t,t%], [t,sin(t)], [sin(t), sinh(t)] are
constructed in Fig.2.

Formation of isotropic curves using plane curves p (t) given in the polar coordinate
system..

The equation of any curve p(?) in the polar coordinate system on the complex plane

will have the following trigonometric shape:
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f(@®) = p(t)(cos(t) + I sin(t)). (8)

Fig.2. Isometric grids along the guide flat curves p(t):
a—[t,t%]; b [t,sin()]; c - [sin(t), sinh(t)
Multiplying the expression f(t) of curve (8) by the isotropic vector a leads to the
isotropic liner(t) in parametric form:
r(t) = p(t) [cos(t) +1-sin(t),—I - (cos(t) + I - sin(t))]. 9)
Figure 3 constructs flat isometric grids by equation (9) for the characteristic curves

p(t) given in the polar coordinate system.

Fig.3. Flat isometric grids along guide curves in the polar coordinate system under
the condition a = 1:

a — Archimedes spiral p(t) = at; b — strophoid p(t) = a
c — kappa p(t) = actg(t)

1+sin(t),
cos(t) ’

The curve p (t) in the polar coordinate system on the complex plane can also be
represented in the exponential form f(t) = p(t) e'™. Multiplying the expression f(t) by
the isotropic vector a leads to the isotropic line r(t) in parametric form:

r(t) = p(t) [, Ie"]. (9)

The isotropic curve (9) forms flat isometric grids congruent to the isotropic curve

(8).
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All the above methods fit into a single scheme (Table 1), in accordance with which

a computer model of the formation of isometric grids under different initial conditions was

created.
1. Single scheme
Option Reassignment f (t) in Isotropic Isometric
complex form curve r(t) grid
function f(t) f(® [F(©),1-f(0)]
curve x(t)+1-y(t) x(t) + I y(t),
[x(2),y(1)] I-x(t) —y(t) Rp(u,v)
curve p(t) p(t)- et o(t) [e',1 - eft]

Conclusions and Perspective The use of the isotropic vector [1,+ I] allowed to
reduce the analytical description of the formation of a flat isotropic curve and the
corresponding isometric grid to 4 main operations: 1) the choice of the guide curve; 2)
reassignment of this curve in a complex form; 3) multiplication of the complex equation of
the curve by an isotropic vector; 4) separation of real or imaginary parts of an isotropic

curve.
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V3AT'AJIBHEHUIM CIIOCIE ®OPMYBAHHS IIJIOCKHUX I30TPOITHAX
KPUBHUX
A. B. Hecgioomin

AHortauisi. [lpoyec MmoldentosanHs po3noodiny memMnepamypu Ha NOBEPXHSX,
HaHeCceHHs1 300padCeHHss HA KPUBOMIHIUHI 00aacmi 3 MIHIMAIbHUMU CHOMBOPEHHAMU
nompe6ye opmy8anHs i30MempudHUX CimoK Ha NAOWUHI ma Ha nogepxui. OOHum i3
nowupenux cnocobié HopmyeanHs NIOCKUX [30MEeMPUYHUX CIMOK € GUKOPUCMAHHS
QYHKYIU KOMNWIEKCHOI 3MIHHOI ma NIOCKUX I[30MPONHUX KPUBUX 3 HOOAIbULUM
Bi0OKpeMaeHHAM OilicHoi ma yaenoi uacmun. Pospobxa komn’romephux mooenetl
IHMepPaKmueHO20 NOWYKY mMa aHANI3y [30OMEMpPUYHUX CIMOK 3a PIZHUMU BUXIOHUMU
2eOMEMPUYHUMU  YMOBAMU nepedbayac y3azalvbHeHuli cnocib ix gopmysanus 3
MOJCTUBICMIO BAPIIOBAHHS IX (DOPMOIO MA NOJIOHCEHHAM.

3anpononosano euxopucmamu Ii30MpPONHULL 8eKMOp O/l (POPMYBAHHA NIAOCKUX
[30MPONHUX KpUBUX, W0 3a0e3neuuno €OUHy NOCHiOO6HICMb AHANIMUYHUX BUKIAOOK 3d
makumu uxionumu ymogamu: 1) eubopy 006inbHOI QyHKYIi Oilicnoeo apaymenmy, 2)
3A0aH020 NApamempuiHo20 PIGHAHHA NIOCKOI Kpugoi, 3) 3a0aH020 NOIAPHO20 DI6HAHHS
NA0CKOI KPUBOL.

OcKinbku auanimuyHi BUKIAOKU BUBEOEHHS NAPAMEMPUYHO20 DPIBHAHHSA NJIOCKOL
130MponHoi Kpueoi ma 8i0N0GIOHOI 130 MeMPUYHOL CIMKU € 00CUMb MPYOOMICIMKUMU, MO
iX 6UKOHaHHS 30LUCHIOEMbCS 6 cepedosuwyi cumeoavhol aneeopu Maple. 3 yicio memoio
CMBOPEeHO GION0BIOHe NpocpamMHe 3a0e3neueHHs, sAKe 6 IHMEPAKMUBHOMY PedCUMI
00360J151€ 30iUCHUMU 8UOIp (BYHKYIT OilicCHO20 apeymeHmy, napamempuyne yu NOIAPHE
DIBHAHHSA NAOCKOI HANPAMHOL Kpueoi. Bci nacmynHi emanu auaiimuyHux nepemeopets 3
Gdopmysanus i30mponHoOi Kpueoi ma 6i0N0GIOHOI I30MempudHOi CImKU 30IUCHIOEMbCS
asmomamuyno. Cmeopena iHmMepakmueHa Mooelb (QOPMYSaHHS ma AHANI3Y NIOCKUX
[30MPONHUX KPUBUX 3a4 PIZHUMU BUXIOHUMU YMOBAMU NOKA3ANA il eghekmusHicms, o
niOMBepONCeHO HABCOCHUMU NPUKIAOAMU NAOCKUX 130MEMPUUHUX CIMOK OJisl KOHKDEeMHUX
@YHKYil OllicHO20 napamempa, NIOCKUX KPUBUX 8 NaApAMempuydHiti ma noasapHit gopmi ix
3a0anHs.

KurwuoBi cnoBa: i3omponnuii 6ekmop, niaocka i30mponHa Kpuéda, HiAOCKa
i3oMempuyna cimka, OIilcCHA ma KOMNIEKCHA NAOWUHA, PIGHAHHA KPUBUX 6
KOMRJIEKCHIIN NAOWUHI

OBOBUIEHHBIN CITIOCOB ®OPMUPOBAHMUS IIJIOCKUX N30TPOITHBIX
KPUBbIX
A. B. Heceuoomun
AnHoTamust. [Ilpoyecc Mmolenuposanusi pacnpeoenenus memMnepamypvl Ha
NOBEPXHOCMIAX, HAHeCeHUe U300padCeHUss HA KPUBOIUHEIHble 001ACmU ¢ MUHUMATbHBIMU
uckasiceHusMu mpedyem HopmMuposanus U3OMempuveckux Cemox Ha NI0CKOCMU U Hd
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nogepxnocmu. OOHUM U3 pPACNPOCMPAHEHHBIX CNOCco608 GOPMUPOBAHUA  NIOCKUX
U30OMEemPUYeCcKUX cemeltl s6/Iemcs UCHONb308aHUe DYHKYUL KOMNIEKCHOU nepeMeHHOU U
NJIOCKUX U3OMPONHBIX KPUBBIX C NOCAEOYIOWUM OmoeneHuem OeticmeumenbHou U MHUMOU
yacmeti. Paspabomka KOMHbIOMEPHLIX MoOeneli UHMEePaKmUeHo20 HOUCKA U AHAIU3A
U3OMempudecKux cemeti NO PA3IUYHBIM UCXOOHBIM 2€0OMEMPUYECKUMU YCA0BUAMU
npedycmampusaem 0000ujeHHbIll CnOCoO UX GopMUposaHus ¢  B03MONACHOCHBIO
8apPbUPOBAHUS UX DOPMOU U NOJIOHCEHUEM.

IIpeonooceno ucnonv3osams U30MPONHBIU 6eKMOP 0N HOPMUPOBAHUSL NAOCKUX
U3OMPONHBIX KPUBBIX, UMO 00ecnedyuno eouHylo nocied08amenbHOCmb AHAIUMUYECKUX
BLIKIAOOK NO MAKUM UCXOOHbIM ycaoguim. 1) evlbopa npoussonbHoOU yHKYUU
OelicmeumenbHo2o apeymenma, 2) 3a0aHHO20 NApaMempuyecko20 YpasHeHUsi Ni0CKOU
Kpusoil, 3) 3a0anH020 NOJAPHO2O YPABHEHUS NIOCKOU KPUBOU.

llockonvky ananumuueckue 6vbIKIAOKU 6bl800A NAPAMEMPUUECKO20 YPABHEHUs
NJIOCKOU U30OMPONHOU KPUBOU U COOMBEMCMEYIOULCU USOMEMPUUECKOU CeMKU AGNAI0MCSL
00CMamoytHo mpyo0oemMKUMUY, MO UX 8bINOJHEHUEe OCYWECMBIAemcs 8 cpeoe CUMBONbHOU
anzebpvl Maple. C smoii yenvto co30ano coomeemcmsyroujee npocpammuoe obecnevenue,
KOmopoe 6 UHMEePAKmueHOM pedxcume No360JsAem ocyujecmeums 6vl00p @yHKyuu
0eliCmeUmenbHo20 apeyMenma, napamempuiyeckoe uiu NoJsApHoe YpaeHeHue NI0CKOU
Hanpasaaiowel Kpugou. Bce nociedyrowue smansl aHATUMUYECKUX NPeoOdpa308aHull no
GdopMuposanuo U30MpPONHOU KPUBOU U COOMBEMCMEYIOUiell UIOMEmMPUIecKou Cemku
ocywecmensemcs aemomamudecku. Co30ana uHmMepaKmueHas mMooeib opMupo8aHus u
AHanU3a NAOCKUX U30OMPONHBIX KPUBBIX PAZTUYHLIMU UCXOOHBIMU YCIOBUAMU NOKA3ALA ee
aghpexmusnocmsb,  UMO  NOOMBEPHCOCHO  NPUBCOCHHLIMU — NPUMEPAMU  NAOCKUX
U3OMEMPUYECKUX CeMOK OJisl KOHKPEeMHbIX (DYHKYULl O0elcmeumenbHo20 napamempa,
NJIOCKUX KPUBLIX 8 NAPAMempuiecKkol u nNoJAPHOU hopme ux 3a0anusl.

KiroueBble cJI0Ba: u30mponHuvlili. 6eKmop, NIA0CKAA U30OMPONHAA Kpueas,
NI0CKAA U30MEempPU4ecKas CemKd, OelucCmeumenvbHas U KOMNAEKCHAA NI0CKOCmU,
YpasHeHue Kpuewvlx 6 KOMNJIAeKCHOU N10CKOCImU
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