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Purpose. To provide theoretical foundations and develop mathematical models for the efficient
transformation of coordinate systems for point clouds in geophysical research; the scientific analysis
is aimed at developing algorithms and establishing necessary dependencies for the reliable integration
of data obtained at different time points into a unified coordinate system, opening up prospects for
further study and analysis of processes in geophysical research.

The methods. The calculation is carried out using the following steps. Determination of known
coordinates of four points (X1, y1', z1"; X2', y2', 22", X3', y3', z3"; X4', Y4', 4") in a hypothetical coordinate
system (X', Y', Z') and the coordinates of the same points (X1, Y1, Z1; X2, Y2, Z2; X3, Y3, Z3; X4, Y4, Z4) in
the coordinate system (X, Y, Z) to which the point clouds need to be transformed. Determination of
constants ai, az, as, d, ba, b2, bs, e, c1, ¢z, c3, f through a system of equations. After determining the
constants, the coordinates of points (X', y', ') in the hypothetical coordinate system (X', Y', Z') are
calculated using equations where each equation expresses the coordinates of points (X', y', z') in terms
of coordinates of points (X, y, z) in the coordinate system (X, Y, Z) and the determined constants.
After performing the calculations, point clouds can be merged into a single coordinate system using
the computed coordinates (X', y', z'). This methodology allows for the successful transformation of
coordinate systems for point clouds in geophysical research.

Findings. Analytical regularities have been established based on known coordinates of four
points in both coordinate systems, allowing for the efficient transformation of a point cloud from one
coordinate system to another.

The originality. For the first time, precise analytical dependencies have been established that
enable the efficient transformation of point clouds from one coordinate system to another using
known coordinates of four points in both systems.

Practical implementation. The obtained dependencies enable the efficient transformation of
point clouds from one coordinate system to another using known coordinates of four points in both
systems.

Keywords: coordinate system transformation, point cloud, geophysical research, analytical
dependencies.

Introduction. In the modern scientific and practical context, the issue of
transforming the coordinate system of point clouds holds particular significance in
geophysics. This is closely tied to the rapid advancement of geophysical research and the
increasing popularity of laser scanners as the primary tool for determining object
locations.
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Analysis of research and scientific publications [1-4] demonstrates that coordinate
system transformation remains a pertinent challenge. Existing methods require further re-
finement and consideration of the specific conditions and tasks at hand.

Aspects of effectively transforming the coordinates of point clouds, especially in the
context of different time periods and observation conditions, remain unresolved. This ar-
ticle is dedicated to addressing this specific aspect within the framework of geophysical
research.

Main part. In the conduct of geophysical studies for determining the location of
objects at a given time, laser scanners are becoming increasingly prevalent. Typically,
capturing objects with a laser scanner is done in several steps, meaning that multiple
fragments are captured in a conditional coordinate system. Subsequently, it is
necessary to transform these fragments from the conditional coordinate systems of each
fragment into a unified (single) coordinate system. In other words, all the fragments
need to be merged into one fragment.

To convert the coordinates of a point x', y', z' into the new coordinates X, y, z, one
should employ the coordinate system transformation formulas [5]:

X=a"X+a-y+a-z+d

y=by-xX'+by-y'+hs-z' +e (1)

Z=C X' +Crry +cC3-z2'+f
where aj, az, as, d, by, by, bs, €, c1, Cy, C3,  are constants used for converting from one
coordinate system to another. These 12 constants can be determined based on the
values of the corresponding coordinates of the 4 points. In other words, when the
coordinate values of each of the 4 points are known in both the conditional coordinate
system of the fragment and the coordinate system to which the point clouds (or other
objects, such as polylines or segments) of all the fragments will be transformed. This
process is carried out using a laser scanner or another instrument or device.

Consolidating everything, we obtain the following system of equations:

a-X'ta-y+a-z+d-x=0
by - X' +by -y +bs-z+e—-y=0 (2)
Ci1 X' +C-y+c3-2+f-z2=0
Based on the known coordinates for each of the four points (X1, y1, Z1; X1'. y1'..21";
X2, Yo, Z2; X2', Y2', 22", X3, V3, Z3; X3'. Y3'. Z3'; Xa, Ya, Z4; X4', Y4', Z4"), 10 determine the 12
unknowns aj, az, as, d, by, by, bs, €, ¢, Cz, C3, T, construct the following system of 12
equations (3) ... (14).

a1-x1'+a2-y1'+a3-21'+d—x1:0 (3)
by X' +by-yi'+bs-z'+e-y; =0 4)
Ci-X'+Cr-yi'+C3-2,'+f-2,=0 (5)
3.1'X2'+3.2‘y2'+3.3'22'+d—X2=0 (6)
b1-X2'+b2-y2'+b3-zg'+e—y2=0 (7)
C1'X2'+C2'y2'+C3‘22'+f—22=O (8)
3.1‘X3'+3.2‘y3'+3.3'23'+d—X3=0 (9)
b1-X3'+b2-y3'+b3-23'+e—y3=0 (10)
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“X3'+ G
" X4 A
X4+ by
X4 +C2

Defining the constants:

After the transformation, equations 3 to 14 take the following form:

C1-

'X1I+3.2'
X1+ by
'X1I+C2'
.X2'+a2.
- Xo' + by
" Xo' '+ Co
X3+ ap
- X3' + by
X3 '+ Co
’X4l+az’
“Xg' + by

X4' + C2

From equation 27, we determine a;:

.y3'+03.
.y4'+a3.
.y4'+b3.
'y4'+C3'

23 +f-23=0
2/ +d-x4=0
Zy+e—-y,=0
2, +f-2,=0

Ki=—Xg;
Ko=-vy;
Kz =-123;
Ks=—Xz;
Ks =—Ya;
Ke =—22;
K7 =—Xs;
Kg =—Ys3;
Ko =—23;
Kio = — Xa;
K11 =—ya;
K = —24.

yi'+ a3 -

.y1'+b3.

yi'+Cs -
Yo'+ a3 -

.y2'+b3.
Y2 +C3
.y3'+a3.
.y3'+b3.
'y3'+C3'

ys +az-

.y4'+b3.
.y4'+C3.

z;'+d+K;=0;
Z1'+e+Ky,=0;
z;' +fT+K3=0;
' +d+K;=0;
2,'+e+Ks=0;

-2+ T+ Kg=0;

3 +d+K;=0;
z3'+e+Kg=0;
23 + T+ Kog=0;
2y +d+Kyp=0;
z)+e+ Ky =0;
2, +f+Kp=0.

a=(—a -yi'—a3 -z —d—Kj):x
alz—az'y1':X1'—3.3'le:Xl'—d:X1'—K1

Substituting the value of a; into formula 30:

(—az2-yi':ixi'—a3-zy

QY —ac Y X X tazczZ) —azczy X i X'+
+d-d- X' x'+Ks—Kyp - X' 1 X' =0;

tay -y, taz -z +d+Ky=0;
—a Yl X X —azcZ X Xy —d X X -
—K1'X2'2X1"+8.2‘y2'+a3‘22'+d+K4=0;

. X1,

X —d X =Ky xg) o xo' +

(Y2 -yl X' ixd)tazc (a3 z X i xd) +

48

(11)
(12)
(13)
(14)

(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)

(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)

(39)
(40)

(41)
(42)

(43)



T'ipnuymeo

+d-(1-x'":X")+Ks—Kji- %' %' =0.
(a2 -y X' Xy —azc g X Xy —d X X =Ky X2 i xg) +
tap- Yy +taz- 2 +d+Ks=0;
(Y2 =y X ixi)tas (2 —z' X' i xi) +
+d-(1-x'":x")+Ks—Kjp- %' %' =0.
Substituting the value of a; into formula 33:
(a2 -y X3 X' —azrza XX —d X i x)' — Ky Xs'tixg) +
tay-ys+az -z +d+Ks=0;
a - (y3I — yll “X3': X1') +as - (23l —21' " X3': Xll) +
+d - (1—X3':X1')+ K;—K;-X3':x;'=0.
Substituting the value of a; into formula 36:
(a2 Yy " Xg i Xy —azczZa cXg Xy —d e Xg X =Kyt Xg X)) +
+az Yystaz-zd +d+ Kyp=0;
A (Yo —yi' " Xg X)) +az - (z4d'—z1' X' xe) +
+d- (1—X4' . Xll) + Kio— K1 - X4': X"=0.
Determining the constants:
Kiz = X2" 1 X4
K=y —y1' - Kus;
Kis =22 -7 - Kys;

Kie = 1 - Kys;
Ki7 = Ky — K1 - Kys;
Kig = X3' I X1';

Kig = y3' —y1"Kis;
Koo = z3' — 21" Kis;

Kot = 1—Kgs;
K2 = K7 — K1 - Kig;
Koz = X4' @ X1';

Ko =Yys' —y1' Kos;
Kas =24 — 21" - Koz;
Kas =1 — Kos;
Ko7 = Kip — K1 - Kas.

Substituting the constants into equations 46, 48, 50:

- Kut+as Kis+d- K+ Kz =0;
- Kigt+asg  Ky+d- Ky +Ky=0;
- Kutas  Ky+d- Kyt+Ky=0.

As a result, we obtain a system of eleven equations:

bl-x1'+b2-y1'+b3-21'+e+K2=O
Ci-Xi'+Cr-yi'+C3-z1'+f+K;=0
Q- Kutaz - Kis+d- K+ Kiz=0
bl-X2'+b2-y2'+b3-22'+e+K5=O
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01'X2'+Cz'y2'+C3‘22'+f+K6=O (73)
a - Kig+az- Ky+d-Ky+Kyy=0. (74)
bl-x3'+b2-y3'+b3-23'+e+K8=O (75)
C1 X3 +Cr Y3 +C3-23+f+Kg=0 (76)
- Kut+as Kys+d- - Kyg+Ky=0 (77)
bl-x4'+b2-y4'+b3-z4'+e+K11=0 (78)
C1‘X4'+C2‘y4'+C3'Z4'+f+K12=0 (79)

From equation 69, we determine bs:
bi=—by-yi':xi'—bs-z1' X' —e: X' — Ky X' (80)
We substitute the value of b; into formula 72:
(b2 yi':xi'=bs-z1" i X' e X' —Kaixg) X'+

+hy -y, +bs-z'+e+Ks=0; (81)
by - (Y2'—y1' - X' i X)) + bz (22— - X' i %) +
te - (1-x':x1)+Ks— Ky %' x1'=0. (82)

Substitute the value of by into formula 75:
(bo-yi" X' —bsg- -z xi'—e i x' =Ky X)) - X3+

+hy-ys'+bs-z3'+e+ Kg=0; (83)
by - (Ys—Vy1' " X3' i X1)+ b3 (z5'— 21" - X3' 1 %x1) +
+e- (1-x3:x")+Kg—K;y-x3':x:'=0. (84)

Substitute the value of by into formula 78:
(b2 yi' X' =bs-z1" i X' e X' —Kaixy) X4+

+b2'y4'+b3-z4'+e+K11:0; (85)
D2 (Yo' —yi' - Xa' i X)) + b3~ (Zd' = 21" - X4 1 X() +
+e- (1—X4':X1')+K11—K2'X4':X1':O; (86)
In formula 82, we substitute the constants Kz, K14, Kis, Kys:
by - Kig+ by - Kis+e:-Kig+Ks —Ky - Kiz=0. (87)
In formula 84, we substitute the constants Kig, K19, Ko, Ko1:
by - Kig+hs - Kyp+e:-Ky+Kg —Ks-Kig=0. (88)
In formula 86, we substitute the constants Kz, K4, Kos, Kos:
by - Koa+ b3 Kys+e- Ky + Kig— Ky - Ky =0; (89)
Determining the constants:
K = Ks — Ky - Kyz; (90)
Koo = Kg — K3 - Kgg; (91)
K30 = K11 — Kz : K23. (92)
Substituting constants Kas...K3o into formulas 87, 88, 89:
by - Kia+bs - Kis+e- K+ Ky =0; (93)
by - Kig + b3 - Ky + € - Ky + Ky =0; (94)
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by - Kog+ b3 Kos+e - Ky + Kip=0. (95)
After transforming formulas 70...79, they take the following form:
Ci-Xi'+Cr-yi'+C3-z' +f+K3z=0; (96)
a - Kutaz- Kis+d- K+ Ky =0; (97)
b2 - Kia+ b3 - Kis +e - Kig + Kyg =0; (98)
C1'X2'+Cz'y2'+C3‘Zg'+f+K6=O; (99)
ay - Kpg+ a3 Kyp+d- Ky +Kyp=0; (100)
b2 - Kig + b3+ Ky + € - Ky + Ky =0; (101)
C1‘X3'+C2‘y3'+C3'23'+f+K9=0; (102)
ay - Kog+ a3 - Kys +d - Ky + K7 = 0; (103)
D2 - Kag + b3 - Kos + € - Ky + Kzo =0; (104)
Ci1 X4 +Co Y4 +C3 -z +T+Kp=0. (105)

Determining ¢, from equation 96:
Ci1 =—Cz2-Y1i'X1'—C3-zZ1"Xs' — Fixy" — KXy (106)
Substituting the value of c; into formulas 99, 102, 105:
(—Co-yi'"Xi'—C3 -z X' — X' — Kaixp') - o' +

+C Yo' +C3- 2+ T+ Kg=0; (107)
Co- (Yo' —yi' X' X)) +C3- (22— z1" - X2"iX1') +
+1- (1 -x2""X1") + Ke— Kz X2":X1" = 0; (108)
(—Ca -y Xy —C3 - z1" X1 — X' — Ksixy) - X3' +
+Cz'y3'+C3'23'+f+K9:O; (109)
Co-(Y3'—y1' - X3g'X1) +C3- (z3'— 272" - X3"X1) +
+f- (1 —X3"X") +Kg— Kz X3"X;'=0; (110)
(—Co -y Xs'—C3 - z1" X1 — X' — Kaixy) - X4' +
+c2-y4'+c3-z4'+f+ Ky =0; (111)
C2- (Ya' —Yy1' " Xa'X) +C3 - (Z4'— 71" Xq'X1) +
+f- (1 — X4’:X1’) + Ko — Kz X1 %" =0. (112)
In formula 108, the constants K3z, K14, K15, K6 are substituted:
Cr- Kuutcz - Kis+f-Kig+ Kg—Ksz-Kiz=0. (113)
In formula 110, the constants Kig, Kig, Koo, Ko1 are substituted:
Cr - Kig+cz  Kypg+Tf-Ky+Kg —K;z-Kig=0. (114)
In formula 112, the constants Koz, Kos, Kos, Ko are substituted:
C, - Ky +c3- K25+f' Ky + Ko — Kz - Koz = 0. (115)
Determining the constants:
K31 = Ke - K3 : K13; (116)
K32 = Kg — K3 : Klg; (117)
K33 = K12 — K3 : K23. (118)
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Substituting the constant Ks; into formula 113:

C2

“Ku+c3- Kis + - Kig + Kz =0.

Substituting the constant K3, into formula 114:

Co -

Kig+Cs- Kyp+f-Ky+Kszp=0.

Substituting the constant Kz into formula 115:

C2

- Kog + €3 Kos + - Ky + Ksz = 0.
After transforming formulas 97...105, they take the following form:

K t+az - Kis+d- Kig+ Kz =0;
Kis+ b3 - Kis+e- Kig+ Ky =0;
K+ €3+ Kis + - Kig + Ks1 =0;
.K19+a3-K20+d'K21+K22:0;
Kig+Db3 - Kyp+e: Ko+ Ky=0;
Kig+cCs- Ky+f-Kyu+Ksp=0;
Ko+ a3 Kos +d - Koyg + Ky =0;
Ko + b3 Kas + € - Kog + Kz =0;
Co:

Kas + C3- Kos + - Ky + K3z = 0.

Determining a, from equation 122:
a2 = —az'Kis 1 Kiy — d'Kye : Kig — Ky7 0 Ky
Substituting the value of a, into formula 125:
(— a3 Kis 1 Kig— d-Kie : Kia — Ki7 0 Kig) Kag +

+ a3 Koo + d-Kp1 + Ky = 0;

a3 (K20 — Kis'Kig 1 Kia) + d- (K21 — Kig'Kag 0 Kig) +

+ Ko — Ki7°Ki9 1 Kia = 0.

Substituting the value of a, into formula 128 :
(—as'Kis 1 Kig — d"Kie - Kig — Ky7 0 Kig) Kog +

+a3-Kos + d-Kos + Ko7 = 0;

a3 (Kas — Kis "Kos 0 Kig) + d- (Ko — Kis "Kosa 0 Kig) +

+ Ko7 — Ki7 “Kog 1 Kis = 0.

Determining the constants:

Kas = Kig | K
Kas = Koo — Kis- Kag;
Kas = Ka1 — Kig - Kag;
Ks7 = Koo — Ky7 - Kag;

Kss = Kos 1 Kig;
Kag = Kos — K5 - Kag;
Kao = Ko — K - Kag;
Ka1 = Ko7 — Ky7 - Kss.

Substituting constants Kss, Kss, K37 into formulas 133:

a3 Kss +d - Kss + Kg7 =0;
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Substituting constants Ksg, K40, K41 into formulas 135:
a3 Kag +d - Kgo + Kag =0.

After transforming formulas 123...130, they take the following form

by Kig + b3 Kis+ e Ky + Kyg=0;

Co K+ C3- Kis+ - Kig+ Ksy =0;
a3 Kss +d - Kss + Ksz = 0;

by - Kig + b3 Ky + € - Koi + Ky =0;

Co- Ko+ C3- Ko+ f- Ko+ Ksp=0;
a3 Ko+ d - Ky + Kag =0;

by Kos + b3 Kos + € - Kog + Kz =0;

Co- Ko+ C3- Kos + - Kgs + Kaz = 0.

Determining b, from equation 146:
by =—b3Kis: Kig—eKig: Kig— Ko Kia.
We substitute the value of b, into formula 149:

(—bs'Kis : Kia — e-Kig | Kia — Kag 1 Kia) Ko +
+ b3 Koo + e Ko + Ky = 0;

b3 (Koo — Kis Kig @ Kia) + (Ko — Kig "Kig 1 Kia) +
+Ka9 — Kog K19 1 Kia = 0.

We substitute the value of b, into formula 152:

(— b3 Kis : Kia—e-Kig : Kia — Kog 1 Kig) Kog +
+ b3-Kos + e Ko + Ky = 0;
b3 (Kas — Kis "Kos : Kig) + e:(Kas — Kis 'Kos 0 Kig) +
+ Kzo — Kz "Kos 1 K14 = 0.

Substituting constants Kss and Ksg into formula 156:

bs- Kss + € - Kzs + Koo — Kag - Kig 1 Kys = 0.
Substituting constants Kzg and Ky into formula 158:

s Ksg + € - Kag + Kzp— Kag - Kog 1 Kyg = 0.
Determining the constants:

Kaz = Kag — Kog - Kag;
Kaz = Kzo — Kog - Kasg;

Substituting the constant K4, into formula 159:

b3 Kas +e - Kz + Kgz = 0.
Substituting the constant K3 into formula 160:

b3 Kag +e - Ky + Kg3=0.

After transforming formulas 147...153, they take the following form:

Co- K+ C3- Kis + K6 + K31 = 0;
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a3 Kss +d - Kss+ Kazr =0; (166)

by Kss+e- Kz + Kgp=0; (167)

Co Kig+CaKog+f- Ky +Kspo=0; (168)

a3- Ko +d - Ky + Ksy =0; (169)

bz Kyg+e - Ky+ Kiz=0; (170)

C2- Kag +C3- Kos + f - Kyg + K33 =0; (171)

Determining c, from equation 165:

Cr=—0C3 - Kis: Kuu— 1Kyt Kia — Ksg : K. (172)

Substituting the value of ¢ into formula 168:
(—C3- Kis: Kig — - Kyt Kig — Kap 0 Kig) Ko +

+C3- Kyp+f-Ky+Ksz=0; (173)
C3 (Koo — Kis ‘Kig 1 Kyg) + - (Kot — Ky - Kig @ Kag) +
+ Kz — K31 ‘Kig 1 Kis = 0. (174)

Substituting the value of ¢, into formula 171:
(—C3- Kis : Kig — £ Kie 0 Kig — Kag 1 Kig) Ko +

+C3- Kos + ' Kop + K33 = 0; (175)
C3 - (Kas — Kis ‘Kot Kig) + £ (Kos — Kig - Kog 1 Kyg) +
Kss — Kz ‘Kos : Kis = 0. (176)
Substituting constants Kz, Kss, Kz into formula 174:
Cs* Kss + Kz + Kz — Kz1 “Kazs = 0. (177)
Substituting constants Ksg, Kz, K4 into formula 176:
Cs - Kag + *Kuo + Kaz — K31 “Kzs = 0. (178)
Determining the constants:
Kis = K32 — K31 "Kag; (179)
Kss = Ksz — K1 “Kas. (180)
Substituting constants K44 and Kys into formulas 179, 180:
C3- Kys + K3s + Kis =0 (181)
C3- Kag+ - Kyp + Kss = 0. (182)
After transforming formulas 166 ... 171, they take the following form:
a3 Kss +d-Kzs + Kz7=0; (183)
b3 Kss + e Kag + Ksp = 0; (184)
C3- Kys+ 1 Kzs+ Kyy=0: (185)
a3 - Ko +d-Kygo + Kyy = 0; (186)
bs - Kzg + e Kgo + Ksz=0; (187)
C3 - Kag + - Kyp + Kys = 0. (188)
Determining as from equation 183:
dz = — d- Kss @ Kas — K37 1 Kss. (189)

54



T'ipnuymeo

Substitute the value of a; into formula 186:

(— d-Kse : Kgs — Ka7 1 Kss) Ksg + d-Kao + Kag = 0;
d - (Kao— Kss - Kag @ Kss) + Ka1 — Ks7 - Ko : Kss = 0;
d - (Kao— Ksg - Kag 1 Kss) + K1 — Ka7 - Kgg : K35 = 0.

Determining the constants:
Kas = Kag : Kas;
Ka7 = Kao — K3 - Kae;
Kag = Ka1 — Ka7 - Kge.

Substituting constants Kges, K47,Ky4g into formula 192:

d- Ky + Ksg=0.
Determining d from equation 196:
d=(-Ksg): Ka.

Determining bs from equation 184:
bs=—e - Kss: K35 — Ky : Kss.
Substitute the value of bsinto formula 187:
e - (Ko — Kss "Kag : Kas) + Kaz — Kaz “Kag 1 K35 = 0.
Determine the constant:
Kag = Kaz — Kaz - Kue.
Substituting constants K47 and Kyg into formula 199:

e - Ky7 + Ky =0.
Finding the value of e from equation 201:
e:(—K49) . K47.

Finding the value of c; from equation 185:
C3=—T  Kss: Kgs — Kaa 1 Kss.
Substituting the value of c3 into equation 188:

(—f- Kas: Kgs — Kag: Kss ) Kgg + - Kyg + Kys = 0;
- (Kao— Kss - Ksg 1 Kss) + Kas — Kys -Ksg 1 Kss = 0.

Determine the constant:
Kso = Kas — Kag - Kag;
Substituting constants K47 and Ksp into formula 205:

f-Kg7+Kso=0.
From equation 207, find the value f:
f= (— K50) s Kyr.
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Conclusions. The article provides the theoretical foundations for the
transformation (conversion) of point cloud coordinate systems in the case where there
are 4 points with known coordinates in two coordinate systems: the conditional system
and the one to which the coordinates of the point cloud, known in the conditional
coordinate system, need to be transformed. Provided that for each of the 4 points, the
coordinate values (Xi'. yi'..21"; X2', V2', Z2'; X3'. Y¥3'. Z3'; X4', Y4, 24") are known in the
conditional coordinate system (X', Y', Z"), and the coordinate values (X1, Y1, Z1; X2, Y2,
Z2; X3, Y3, Z3; Xa, Ya, Z4) are known in the coordinate system X, Y, Z to which the point
clouds will be transformed, the calculation of 12 coefficients (a1, a,, as, d, b1,b, b3, €,
C1, C, C3, T) is performed using the following formulas in the specified order: (51), (52),
(53), (54), (55), (56), (57), (58), (59), (60), (61), (62), (63), (64), (65), (90), (91), (92),
(116), (117), (118), (136), (137), (138), (139), (140), (141), (142), (143), (161), (162),
(179), (180), (193), (194), (195), (197), (200), (202), (206), (208), (203), (198), (189),
(172), (154), (131), (106), (80), (40).
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AHOTANIA
Merta. Hagatu TeopeTHMuHI OCHOBM Ta pPO3pOOMTH MaTeMaTH4yHI Mojem Ui epeKTHBHOI
TpaHcopMarlii CUCTEMU KOOPAMHAT XMap TOYOK y reoPizuyHUX AOCTIPKEHHSIX; HAyKOBUI aHami3
CIPSIMOBAHUH Ha po3poOKy aJrOPUTMIB Ta BCTAHOBJICHHS HEOOX1THUX 3aJI€KHOCTEH JUIsl HaAIiHOTO
00'eIHaHHS 1TaHUX, OTPUMAHUX Y PI3HI MOMEHTH 4acy, B €JUHY CUCTEMY KOOPJIMHAT, 1110 BIIKPUBAE
NEePCHEKTUBH JUIs MOJANIBIION0 BUBUEHHS Ta aHAJI3y MPOLECIB y reo(i3HnuHUX AOCHIHKEHHIX.

Metoamnka. Po3paxyHOK 371MCHIOETBCS 32 JOIIOMOI'OI0 HACTYNMHHUX KpOKiB. BU3HAaueHHs BiIOMHX
KOOPJAMHAT YOTUPHOX TOUOK (X1, Y1, Z1'; X2', Y2, Z2'; X3', y3', Z3'; X4', Y4', Z4") B yMOBHIH cucTemi
koopauHat (X', Y', Z') 1 KoOpIMHAT KX K€ TOYOK (X1, Y1, Z1; X2, Y2, Z2; X3, Y3, Z3; X4, Y4, Z4) B CUCTEMI
koopauHat (X, Y, Z), 10 K01 MOTPiOHO MPUBECTH XMapH TOYOK. BH3HAYEHHS KOHCTAHT a1, a2, a3, d,
b1, b2, bz, e, c1, C2, C3, f 3a Homomororo cucremu piBHsAHB. [Ticis BU3HaAYCHHS! KOHCTAHT OOYMCIICHHS
KoopauHAT Touok (x', y', z') B ymoBHIi#l cuctemi koopauHat (X', Y', Z'), sike BinOyBaeThcs 3a
JIOTIOMOT OO0 PIBHSHB, /1€ KO’KHE PIBHSAHHS BHpakae KOOPIAUHATU TOYOK (X', y', Z') uepe3 KoopIuHaTu
TO4OK (X, y, z) B cucremi koopauHat (X, Y, Z) Ta BU3HAueHI KOHCTaHTH. [liciasi BUKOHAHHSA
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T'ipnuymeo

pPO3paxyHKiB, MOXKHa 00'€ZJHATH XMapu TOUOK Y €IMHY CHUCTEMY KOOpAMWHAT, BUKOPUCTOBYIOUU
obOuucieni koopauHatu (X', y', z'). Lls MmeTonuka 103BOJISIE YCIIITHO BUKOHYBATH TpaHChOpMAIIiio
CHCTEMH KOOPHMHAT JJISl XMap TOUYOK y reo(i3uIHHUX JTOCIIHKEHHSIX.

Pe3ynbTaTn. 3a 10MOMOTOI0 BIJOMHX KOOPAMHAT YOTUPHOX TOUOK y O0OX CHCTEMax KOOpIMHAT
BCTaHOBJICHO aHAIITUYHI 3aKOHOMIPHOCTI, SIKi JO3BOJISIFOTh €()EKTUBHO TEPETBOPUTH XMapy TOUYOK 3
OfIHi€T CHCTEMH KOOPAMHAT JI0 1HIIIO].

HayxoBa HoBH3HA. Briepiiie BcTaHOBJIEHHI TOYHI aHANITUYHI 3aJIGKHOCTI, 110 TO3BOJISIFOTH €(DEKTHUBHO
TpaHcoOpMyBaTH XMapy TOYOK 3 OJHI€] CHCTEMHM KOOpAMHAT /O iHIIOi, BUKOPHUCTOBYIOUH BiOMi
KOOpPAMHATH YOTHPHOX TOUYOK y 000X CHCTEMAX.

IpakTuyHa 3HauyuMicTb. OTpUMaHI 3aIEKHOCTI JO3BOJISIIOTh €(PEKTUBHO TpaHC(HOpMyBaTH XMapy
TOYOK 3 OJTHIET CUCTEMH KOOPJIUHAT JI0 1HIIOT, BAKOPUCTOBYIOUH BiJIOMi KOOPJIUHATH YOTUPHOX TOUOK Y

000X cucTEMAX.

Kniouosi cnosa: mpancopmayis cucmemu KOOpOUHaAm, Xxmapa moyok, 2eopizuui 00CaiodNicenHs,
AHATIMUYHI 3071eHCHOCMI.
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