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ONE-TO-ONE NONLINEAR TRANSFORMATION
OF THE SPACE WITH IDENTITY PLANE

Purpose. Study of geometric transformations. We will consider the so-called point transformations of space.
Methodology. The most important are one-to-one transformations. They allow exploring and studying the proper-
ties of the transformed object using the properties of the original object (line, surface and figure) and the properties
of the transformation. Cremona transformations occupy a special place in the set of one-to-one nonlinear transfor-
mations. Construction of one-parameter (stratifiable) transformations is carried out as one-parameter set of plane
transformations, both linear and non-linear ones. The plane, in which the specific transformation is prescribed,
moves in space by a certain law forming a one-parameter set of planes. The set of such plane transformations makes
up the space transformation. Findings. The designed graphics algorithms and the established transformation equa-
tions allow building the visual images of transformed surfaces and conducting their research by analytical geometry
methods. Originality. By completing elementary algebraic transformations of this equation, we obtain the cissoids
equation. If the plane ¢ is continuously moved parallel to itself, it results in occurrence of surface, whose carcass

will be the set of cissoids and the set of front-projecting lines. Practical value. The considered set of stratifiable
algebraic transformations gives an effective means for exploring new curves and surfaces obtained by transforming
the known algebraic lines and surfaces. These graphic algorithms allow graphically depicting the transformed lines
and surfaces. The considered procedure of drawing up analytical formulas of specific transformations allows us to
study the transformed surfaces and lines using the methods of analytic geometry. The above transformations can be
of arbitrary high order, which is especially important during the design of complex technical surfaces such as air-
craft components, parts of water and gas turbines, supports of the structures subject to strong flow of liquid, etc.
Space modelling issues, including the building of graphic plane models of space, are relevant both in theoretical
terms and in terms of application of the non-linear surfaces investigated on their basis for constructing the technical
forms of parts and aggregates of construction machine movable elements, the middle surfaces of shells, the surfaces
of turbulent blade, etc.

Keywords: space modelling; quasi-linear model; space transformation; non-linear surface; graphic design; axio-
matic design

Extremely important and characteristic ability Introduction
of our mind is the process which consists in the
fact that we relate things to things.

R.Y. Dedekind

The idea of relating two objects provides
a powerful tool for learning new objects and their
properties, as soon as the rules are set — the law of
correspondence between these two objects. Re-
garding the geometry this law is determined by
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specifying a definite geometric transformation that
transforms one object into another.

Geometric transformations are very diverse.
We consider the so-called point transformations of
space. In this case, each point in space is assigned
with another definite point in the same space, and
vice versa. This transformation is called one-to-
one.

Analytically the point transformation is deter-
mined by formulas.

X=F(X.Y.Z",
Y=F(X,Y.Z",
Z=F(X.Y.Z'),

where: (X,Y,Z) — coordinates of the initial point
of the pre-image, and (X,Y',Z") —coordinates of
the transformed point-image. Functions F|,F,,F,

can be linear or nonlinear. In the first case, the
transformation will be one-to-one, in the second
case, as a rule, multi-value.

Methodology

The most important, in our view, are one-to-
one transformations. They allow exploring and
studying the properties of the transformed object
using the properties of the original object (line,
surface, figure) and the properties of the transfor-
mation.

Cremona transformations occupy a special
place in the set of one-to-one nonlinear transforma-
tions; they are named after L.Cremona, who pre-
sented a coherent theory of plane non-linear trans-
formations. The fundamental theorem of Cremona
plane transformations about the ability to factorize
any transformation into quadratic product was
proven in the late XIX century. An attempt to
prove a similar theorem for Cremona space trans-
formations have been to date unsuccessful. In this
regard, we study only some groups of transforma-
tions and their particular types. Without going
deeply into the theory of Cremona transformations
we refer the interested reader to the sources [6, 11,
12].

At present, much attention is paid to the study
and construction of the so-called stratifiable trans-
formations. [2, 4, 5, 13]. Construction of one-
parameter (stratifiable) transformations is carried

out as one-parameter set of plane transformations,
both linear and non-linear ones. The plane, in
which the specific transformation is prescribed,
moves in space by a certain law forming a one-
parameter set of planes. The set of such plane
transformations makes up the space transforma-
tion.

The problem of studying such transformations
is relevant both in theoretical terms and in terms of
application for constructing the technical forms of
parts and aggregates, construction machines run-
ning in the flow of liquid or gas (bridge supports,
the surface of the turbulent blades of water and gas
turbines, surfaces of shells) etc.

The purpose of this work is to design and study
the space transformations on the basis of plane
transformations that transform straight lines into
algebraic curves of any order with (n—1) multiple

singular point and vice versa.

Before proceeding to the design of space trans-
formations we give some information from the
theory of algebraic curves [1, 10].

1. Plane algebraic line is a line defined by an
algebraic function of the coordinates of its points
in the form of:

F(X,Z)=0,0r Z=f(X), (1)

Another way to define the curve is a parametric
representation for which its current coordinates are
set individually as a function of some parameter:

X=X(1),Z=2(1). (2)

Excluding the parameter ¢ from the equations
(2), we obtain the equation of the same curve in the
form (1) and vice versa. From equations (1) we can
obtain the parametric representation of curve.

2.The highest degree of the polynomial
F(X,Z) is called the curve order (1). The curve

order is determined by the number of curve inter-
section points with an arbitrary line.
3. The algebraic curve of m -th order, is gener-
(n + 3)
2

n
ally determined by points.

4. Two algebraic curves d and /4 of the order
m and n meet at the points M, N respectively.

5. The multiple point (irregularity) of curve is
called the point, where several curve branches
meet: forming double, triple, etc. points according
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to the order n of the curve. Indecomposable curve of
n order cannot have points of multiplicity higher

(n—l)(n—2)
2

An algebraic curve may not have multiple points
at all, or have less than the specified limits.

Curve genus or genre is the number p that is the
difference between the largest number of double
points, which may belong to the curve of this order,
and their actual number on a given curve. This defini-
tion is equally valid if the curve has the points of

k(k-1)
2

of double points. If the curve is of zero genre (i.e., it
has the maximum possible number of double points),
it has an important property: the coordinates of its
points can be expressed as rational functions of some
parameter.

These curves are called unicursal. Every curve
having a point of the highest possible multiplicity
(n—1) is a unicursal curve. Any line passing through

n—1 and more than of double points.

higher multiplicity, providing that & is for

this point intersects the curve only in one more point.
Consequently, between the points of this curve and
any line we can establish one-to-one correspondence
with central projection, if the point (z—1) of multi-

plicity is taken as the projection centre.
6. If the multiple point (n —1) is taken as the ori-

gin of coordinates, then the curve equation can be
written in the following form

f (X, Y)+ £, (X, Y)=0, 3)

where £, and F,_, —homogeneous polynomials in
relation to X and Y to n and n—1 power respec-
tively.

Let us now construct a stratifiable space trans-
formation generated by the curves of the type (3). In
the space rectangular coordinate system 0, (Fig. 1)
we plot the curve s in the frontal plane¢. In this
system, the curve s will have the equation

f,(X.Z2)~f,.(X',Z2")=0 )
Let us plot (n—1) — the multiple point on the Y-
axis at the point 0', and through the point of its inter-

section with the axis X — 4, draw the horizontal pro-
jecting line ¢ .

Any line d, passing through the origin of co-
ordinates will intersect the curve s at a single
point A'(s - unicursal curve), and the straight ¢ at
the point A4. Thus, all the points of the curve s
can be projected at the point of the line ¢ and vice
versa, i.e. one-to-one transformation is recognized.
In this transformation the straight line ¢ will corre-
spond to the curve s, and vice versa. The curve s
will correspond to the straight line z.

The equation of the line d :

Z'=KX', (5)

where K — slope of the straight line.
Solving the combination of equations (4) and
(5) we obtain the coordinates of the point A4'.

Xr — JFn—l (I’K) ,
f;z (1’K)

K (LK)
£, (LK)

These coordinates will correspond to the coor-
dinates of the point A(X,Y).

Since the coordinate X of the point 4 on the
line ¢ equals the coordinate X' of the point A' on
the curves, then the first of them can be deter-
mined as the coordinate of the intersection point of
the curve s with the axis X . It has to be done in
each case of the transformation, having the defined
curves .

For example, the representative of the set of
curves s (see Fig.1) is Maclaurin trisector, third-
order curve with a double point ((n—1)-fold )0':

a(22—3X2)+X(X2+22)=0.

To determine the point of intersection of this
curve with the axis X we suppose Z =0, and then
we have:

—3aX*+ X’ =0, X* =0 — coordinate of the
point of intersection A4, with its axis X .

Thus, in each particular case we can determine
the transformation formulas in the plane. @ .

Moving the straight line ¢ together with the
point A, of the curve s, along the axis X we ob-
tain a set of horizontally projecting straight lines
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o’ and the corresponding bundle of curvess .

Moving the plane ¢ with the transformation set on
it, parallel to itself so that the multiplicity point
(n—1) of the curve s would move along the axis

Y, we obtain a space transformation, in which o0’
of the projecting lines will match the o® of the
curves §.

The set of projecting straight lines and curves
@ are perspective regarding the horizontal projec-

tion plane, so this plane in the transformation re-
mains fixed and standard.

Findings

In each of the planes ¢ there is the same plane

transformation, that is why the space transforma-
tion is stratifiable, and the coordinates Y of the
corresponding points remain unchanged.

Any curve s when moving circumscribes the
cylinder with a cross-sections. This cylinder
within the space transformation corresponds to the
profile planef3.

N

b

Fig. 1

Let us construct, first geometrically, a particu-
lar form of space transformation. The circumfer-
ence will act as a unicursal curve. In the space rec-
tangular coordinate system 0__ (Fig. 2) we define

an arbitrary point A(4,,4,). The coordinate planes
0,,and 0, are taken as the horizontal and frontal

planes of the projections, respectively. Let us plot
the frontal plane ¢(,,¢;) through the point 4.

Fig. 2
o z
\\\\.I".
. S=5
® | / i O=T
A
of i # :
o
L
Fig.3

In this plane, on the segment A47,, as on di-
ameter, we draw a circumference f . It is tangent
to the lines ¢ and ¢,. We plot the half ray 7,4,
through the point 7, —s. It crosses the circumfer-
ence f at the point A4'.
we have built a central projection of the point 4
from the centre 7, to the circumference f .

Thus, one-to-one transformation between the
points ¢ and the circumference s was found. Each
point A of the straight line ¢ corresponds on the
circumference f a single point A', and vice

In other words,

versa. The point 7] corresponds to the infinite
point 4. The whole circumference f corre-

sponds to the straight line ¢ . Each frontal plane has
a similar correspondence, and their set makes a
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space point transformation in which the circumfer-
ences s, form the cylinder; the projecting straight

lines ¢, appear on the normal cross-section s, of
the cylinder f;. Frontal projecting lines 44, are

transformed into the cylinder elements.

The algorithm for building the corresponding
points on the complex drawing:

1. Produce the frontal plane ¢ through the set

point A(4,,4,) (Fig. 3);

2. Draw a circumference at x coordinates of this
point, as on diameter;

3. Through the point 7'(7],T,)belonging to ¢,
draw the straight line d(d,,d,) in the plane ¢;

4.The line d passes through the point 4 and
crosses the circumference s at the point A4';

5.Points 4 and A' correspond to each other in
this transformation [8].

Now we form the equation of this transforma-
tion. The circle f(f;,f,)is written as the equation

X +Z=r*, r=0'0=T,
We transfer the origin of coordinates to the
point 7.

(X—r)2 +Z7=r".
Let us transform this expression
X2 =2k X+ + 2% =1,
X -2rX+27*=0. (6)

Equation (6) is the equation of the circle
S(S,,S,) relative to the point S(S,,S,) as the
origin of coordinates:

The equation of the line d relative to the same
origin
ZI
D VA
We solve together the equations (6), (7) and get

X2 -2rX"+ KX =0;

7 X
5 (7

Z = KX ,where K =£
X

X’(X’—2r+K2X’) =0,

X'=0 —point 0=7,; X'-2r+K’X'=0;

X'(1+K2):2r;

.2 2r 2rX?
X' = 2= 2 T 2 2
1+ K Z X +Z
I+—
but since 2r=X (Fig. 2), we have:
X3
X'= . This formula makes it possible to

X +7’
determine the coordinate X' of the transformed
point A' by the coordinates X,Z of the initial
point A .

Substituting into the equation (6) instead of the
variable X its value from (7) and producing
a transformation similar to the above, we obtain:

Xz
7'=—""—.
X" +7

Let us write the formulas of direct space trans-
formation:

X3
X =——;
X*+ 72
Y =Y; (8)
Xz
Z’:ﬁ'
X +7

The same procedure is for the formulas of in-
version transformation:

X*+7?

X = ;
X!

Y=Y &)
;- Z’(X;:rZ’z).

Originality and practical value

The transformation formulas (8) and (9) show
that the third order (cubic) transformation trans-
forms the profile plane X =2r into the frontal
projecting cylinder. This is easily seen by substitut-
ing x in its equation with its expression from the
first transformation formula (9):
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X*+z"?
X!

The set of front-projecting lines of this plane is

transformed into the set of cylinder elements, and

the set of horizontally-projecting straight lines —
into the set of cylinder circumferences.

The horizontal plane is transformed into the

surface of the third order. The complex figure

(Fig. 4) shows a horizontal plane . Let us con-

sider the transformation in the plane ¢(4) |1, .

=2r, X*=-2rX'+7%=0.

We take an arbitrary point A(4,,4,) on the plane
7 in the plane@. And according to the known al-
gorithm we graphically build its image
A'(A4',,A",). To do this, we draw through the ori-
gin of coordinates the line O'A(O'4,,0'4,).
Front projection O', 4, will pass through the ori-
gin O=0",. On the segment OA_, as on diame-
ter, we build a circumference S'(S',,S"',). The
point A'(A4",,A',) of intersection of the circum-
ference with the line O'A will correspond to the
point A(A,,A,) in the transformation. The set of

points A" will make up the curve of the third order
— cissoid of Diocles.

Using the transformation formulas (9) we write
its equation as an image of the straight
line Z = 2a . In the equation of the line we substi-
tute the coordinate Z with its value from the third
formula (9):

7(X*+2%)
X2
After completing elementary algebraic trans-

formations of this equation, we obtain the follow-
ing cissoid equation:

=2a.

x?- 2
2a-7""

This equation shows that the cissoid is an alge-
braic curve of the 3rd order. It is symmetrically
relative to the axis Z, and the line Z =2a is its
asymptote, and the origin of coordinates is a cusp
of the 1st kind [3].

If the plane ¢ is continuously moved parallel

to itself, it results in occurrence of the surface,
whose carcass is the set of cissoids and the set of
front-projecting straight lines (Figure 5) [9, 7].

Fi

|1| |fl ¥

Fig. 5

Conclusions

1. The considered set of stratifible algebraic
transformations gives an effective means for ex-
ploring new curves and surfaces obtained by trans-
forming the known algebraic lines and surfaces.

2. These graphic algorithms allow graphically
depicting the transformed lines and surfaces.

3. The considered procedure of drawing up ana-
lytical formulas of specific transformations allows
us to study the transformed surfaces and lines us-
ing the methods of analytic geometry.

4.The above transformations can be of arbi-
trary high order, which is especially important dur-
ing the design of complex technical surfaces such
as aircraft components, parts of water and gas tur-
bines, supports of the structures subject to strong
flow of liquid, etc.
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B3AEMHO OJHO3HAYHI HEJIHIMHI HEPETBOPEHHS ITIPOCTOPY
3 TOTO’KHOIO INIOIUHOIO

Meta. PoGora cipsiMmoBaHa Ha JOCIiIKEHHS T€OMETPUYHUX MEPETBOPeHb. Mu OyZeMo pO3IisAaTé Tak 3BaHi
«TOYKOBI» MEpeTBOPEeHHS mpocTopy. Metoauka. Haif0inpm1 BayXJIMBUM € B3a€EMHO OJHO3HAYHI IepeTBOpeHH:. Bo-
HH JIO3BOJISIIOTH 32 BJIACTHUBOCTSMH BHXIIHOTO 00’€kTa (JIiHIT, MOBEpXHi, (irypH) i BIaCTUBOCTSIMU MEPETBOPEHHS
JTOCTIIPKYBAaTH Ta BUBYATH BJIACTHUBOCTI MEPETBOPEHOrO 00’€kTa. Y Oe3iui B3aEMHO OJHO3HAYHHUX HETIHIHHHUX TIe-
peTBopeHb 0cobiMBe Micle 3aiiMaioTh KpeMoHoBHU nepeTBopeHHs. KoHcTpyroBaHHs ogHOMapaMeTpuyHuX (posiia-
POBaHMX) IEPETBOPEHb 3IMCHIOETHCS SIK 0€311i4 0HONapaMeTPHUYHHX TUIOCKUX IEepeTBOPEHb (JMIHIMHMX 1 HENiHIN-
Hux). [TnomwHa, B sKill 3a1aHO KOHKpPETHE IEPETBOPEHHS, MEPEMILIYETECS B MIPOCTOPI 10 BU3HAYCHOMY 3aKOHY,
YTBOPIOIOYHX O€371i4 OHONapaMeTpUIHUX IionyH. CyKyIHICTh TAKHUX IUIOCKHUX IIEPETBOPEHb CTAHOBHUTH IPOCTOPO-
Be mepeTBopeHHsS. Pe3yjbTaTH. ABTOpaMH CKOHCTpYiHOBaHI rpadidi alrOpUTMHU i BHBEIEHI PIBHSIHHS IEPETBO-
PEHHS, IO JO3BOJISIOTH OYAyBaTH HAOYHI 300paKCHHS IIEPETBOPEHIX IMOBEPXOHb Ta 3IMCHIOBATH X JOCHIHKEHHS
MeTOoZaMHt aHaITHYHOI reometpii. HaykoBa HoBM3HA. BukoHaBIIM eneMeHTapHI anreOpaidHi MepeTBOPEHHS IbOTO

PiBHSIHHS, OTPMMAEMO PiBHSHHS 1MCOT. SIKIIO TIOUKMHY () Ge3nepepBHO TepeMilllyBaTH MapaielbHo camiii cobi,

TO YTBOPIOETBCS IMOBEPXHs, KapkacoMm sikoi Oyme Oesnid mucoin i 0e3id (POHTAIBHO-IIPOCKIIIHAX MPAMHX.
IMpakTHyna 3naunmicTe. Po3raHyra Oe3miy po3imapoBaHux anreOpaidyHHX IepeTBOpeHb jaae edeKkTHBHHUI 3acid
BUBYEHHS HOBHMX KPHMBUX 1 IOBEPXOHb, OJIEP)KYBaHUX IEPETBOPEHHAM BiJOMHX anreOpaiyHMX JIiHIH Ta OBEPXOHb.
Hageneni rpagiui anropuT™Mu J03BOJISIOTE HAOUHO 300pa3suTH NEepeTBOPEHi JiHii Ta noBepxHi. JlociikeHa MeTo-
JTUKA CKJIAZaHHS aHAITHYHUX (POPMYIT KOHKPETHUX MIEPETBOPEHD TO3BOJISIE BUBYATH MIEPETBOPEHI JiHii Ta TOBEPXHi
METOJaMH aHAJTITHYHOI reoMeTpii. Po3risiHyTI mepeTBOpeHHs MOXYTh OyTH SIK 3aBIOJHO BHCOKOTO MOPSAKY, LIO
0COOJIMBO BaXKJIMBO MPH KOHCTPYIOBaHHI CKIATHUX TEXHIYHUX MOBEPXOHb THITY arperariB JITANBHUX araparis, JIe-
Tajuel BOISHMX 1 Ta30BUX TypOiH, OMOpP CIOPYH, IO 3HAXOISATHCA B CHIIBHOMY IOTOI PiguHM, Ta iH. [IuTaHHS MO-
JIEITIOBAHHS MIPOCTOPY, B TOMY YHCIi 00y 0Ba rpadiyHUX IUIOIIMHHUX MOJIENEH MIPOCTOpPY, aKTyalbHI SIK y Teope-
TUYHOMY IUIaHI, TaK 1 B IJIaHI 3aCTOCYBaHHS AOCIHIPKEHUX Ha iX OCHOBI HENIHIMHUX MOBEPXOHB I KOHCTPYIOBAaH-
HS TEXHIYHHX (OpM JeTajell Ta arperariB poOounx opraHiB OyAiBeIbHUX MAIllMH, CEPEAMHHHUX HOBEPXOHb 000JI0-
HOK, TIOBEPXOHb TypOYJICHTHHX JIONIATOK Ta iH.

Kniouosi crosa: MozieoBaHHs NIPOCTOPY; KBa3UIiHIAHI MOJIENi; NEpEeTBOPEHHS IPOCTOPY; HENiHIiHI OBEpXHI;
rpadiyHa KOHCTPYKLisl; aKCIOMaTUYHA KOHCTPYKIIis
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B3AMMHO OJHO3HAYHBIE HEJIUHENHBIE IPEOBPA3OBAHUS
MMPOCTPAHCTBA C TOXKJIECTBEHHOM IVIOCKOCTHIO

Iesn. Pabota HampasiieHa Ha MCCIEIOBAHNE TEOMETPUIECKUX MTpeodpa3zoBaHuii. MbI OyzeM paccMaTpuBaTh Tak
Ha3bIBAEMBIE «TOYEYHBIE)» IpeoOpa3oBaHus mpocTpaHcTBa. Meroauka. Hanbonee BaXHBIMHU SBISIFOTCSI B3aHMMHO
OJTHO3HauHbIe NpeoOpa3oBanusi. OHU MO3BOJISAIOT 0 CBOWCTBAM MCXOIHOTO 00BbEKTa (JIMHHUHU, TOBEPXHOCTH, (UTry-
PBI) U CBOWCTBaM IpeoOpa3oBaHus UCCIENOBaTh U M3ydaTh CBOMCTBA IpeoOpazoBaHHOr0 o0bekTa. Bo MHOXkecTBe
B3aMMHO OJJHO3HAYHBIX HEJIMHEHHBIX MpeoOpa3oBaHMil 0coboe MecTo 3aHMMaloT KpeMOHOBBI NpeoOpa3oBaHMSI.
KoHcTpynpoBanue  omHOmapaMeTpU4ecKHX  (pacciosieMblX) — NMpeoOpa3oBaHMM  OCYIIECTBIAETCS — Kak
OJTHOIIapaMeTPHUIECKOE MHOKECTBO IIOCKUX NpeoOpa3oBaHui (JIMHEHHBIX M HEJMHEHHBIX). [IockocTh, B KOTOPOit
3aJJaHO KOHKPETHOE Mpeodpa3oBaHue, nepeMeniaercs (mpeodpa3yercs) B IPOCTPAHCTBE IO ONPEACICHHOMY 3aKOHY,
o0pasyst OJHOIApaMETPUIECKOE MHOXKECTBO IuTocKocTeld. COBOKYNHOCTh TaKMX IUIOCKHX HpeoOpa3oBaHMi
COCTaBISIET IPOCTPAHCTBEHHOE TNpeoOpa3oBaHne. Pe3yabTaThl. ABTOPaMH CKOHCTPYHPOBaHBI TpaduyecKne
ITOPUTMBI WM BBIBEACHBI YPABHEHUS NPEOOpa30BaHMS, IO3BOJIAIONINE CTPOUTh HArIAHBIE H300pa’keHUS
peoOpa30BaHHBIX IOBEPXHOCTEH M OCYIIECTBISITH HMX MCCICIOBAHHE METOJAMU AHAIUTUYECKOW TE€OMETPHHU.
Hayuynasi HOBM3Ha. BBINONHUB 31eMEHTapHbIE anreOpanyeckue IPeoOpa3oBaHUS 3TOTO YPABHEHUS, IMOIYYUM
ypaBHEHHE IMCCOM/b. ECIM MI0CKOCTh () HeNpephiBHO NepeMeliaTh NapaillebHo caMoil cebe, To obpasyercs

MIOBEPXHOCTh, KAPKACOM KOTOPOW Oy/eT MHOXECTBO LIUCCOMT U MHOXKECTBO (DPOHTAIBEHO-TIPOCIIMPYIOIIUX HPSIMBIX.
IIpakTHyeckass 3HAYMMOCTb. PaccMOTpeHHOE MHOXKECTBO PacCiosieMbIX ajlredpanvyecKux NmpeoOpa3oBaHHU HaeT
3¢ GeKTUBHOE CPENCTBO M3YUYECHUs] HOBBIX KPUBBIX M IOBEPXHOCTEH, MOITyYaeMbIX NMPEeoOpa30BAHHUEM H3BECTHBIX
anreOpandyecknx JIMHUA ¥ ToBepxHOcTel. IlpuBeneHHbIE TpadudecKue anrOpUTMbl IO3BOJISIOT HATJIAJHO
n300pa3uTh NMpeoOpa3oBaHHBIE JMHUM M TOBEPXHOCTH. PaccMOTpeHHAass METOJMKA COCTAaBJICHHS AaHATMTHUYECKHUX
(dbopMynT KOHKPETHBIX IIPe0oOpa30BaHUN IMO3BOJISIET M3ydyaTb MPEOOPAa30BaHHBIE JMHUHM M MIOBEPXHOCTH METOAAMHU
aHAJIMTUYECKON reoMeTpun. MccienoBaHHble MpeoOpa3oBaHHUs MOTYT OBITh KaK YTOAHO BBICOKOTO ITOPSAKA, YTO
0COOCHHO B@)XKHO NPH KOHCTPYHMPOBAHHM CIIOXKHBIX TEXHMYECKHMX IOBEPXHOCTEH THIIA arperaToB JIETATEIbHBIX
annapaTos, JeTajeld BOISHBIX U I'a30BbIX TYpOUH, OMOP COOPYKEHHH, HAXOAAIIMXCS B CHIBHOM HOTOKE KHUIKOCTH,
u 1p. Bonpocsl MonenupoBaHusi NPOCTPAaHCTBA, B TOM 4YHUCIIE MOCTPOEHHE rpaMuecKUX IUIOCKOCTHBIX MOAEIeH
MIPOCTPAHCTBA, aKTyalbHbl KaK B TEOPETUYECKOM IUIaHE, TaK U B IUIaHE IPUMEHEHHs HUCCIEIOBAHHBIX HA UX OCHOBE
HEJIMHEHHBIX MOBEPXHOCTEH Ul KOHCTPYHPOBAaHHS TEXHHYECKHMX (OpPM jAeTajeld M arperaroB pabodmx OpraHoB
CTPOUTEJBHBIX MAIMH, CPEIUHHBIX IOBEPXHOCTEN 000JI0YEK, TOBEPXHOCTEN TYpOYJICHTHBIX JIONATOK U JIp.

Kniouegvie cnosa: mMopennpoBaHUe NMPOCTPAHCTBA; KBa3WIMHEHHBIE MOJENM; NMpeoOpa3oBaHUE MPOCTPAHCTBA;
HeJIMHEHHbIe TOBEPXHOCTH; Ipaduieckast KOHCTPYKINS; aKCHOMAaTH4eCcKast KOHCTPYKINS
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