1 Ilepecuér cucrteM KoopamHAT

1.1 W3 pekapToBbIX B cepuiecKmne

p:‘/x2+y2+22

z
@ = arccos —

0 = atan2 (y, x)

1.2 W3 cdhepuyeckue B IeKaAPTOBBI

2.1

T =p-sing - cosf
y=p-siny-sinf
Z=p-Ccosg
2 bBasoBble npeobpa3oBaHud
Ilepenoc Touku

1 0 0
\ lo 1 0
T*(Az, Ay, Az) = 0o o0 1
Ax Ay A

2.2

2.3

2.4

2.5

MacimmrtabupoBaHue TOYKM OTHOCUTEJBHO IMEHTPA KOOPJAMHAT

Sz 0 0
" 10 Sy 0
S*(Sxz, Sy, Sz) = 0 0 Ss
0 0 O
HOBOpOT TOYKMN BOKPYTI OCHU T
1 0 0
«/ v |0 cos(e) sin(a)
By (o) = 0 —sin(a) cos(a)
0 0 0
IloBopoT TOYKM BOKpPYT OCH Y
cos() 0 —sin(w)
B | T T
Ry(e) = sin(a) 0 cos(w)
0 0 0

HOBOpOT TOYKMN BOKPYTI OoCH 2

cos(e)  sin(«)
—sin(a) cos(a)
0

Ri(a) = !
0 0

o= O O

— o oo _o oo — oo

— O O O

— O O O

~—~
D
=
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3 OOparHBIE onepanumn

3.1 IlepeHoc cucreMbl KOOPJAUHAT

T Az, Ay, Az) = T*(—Ax, — Ay, —Az)
3.2 MacmrabupoBaHue oceii CuCTeMbl KOOPINHAT

1 1 1
—1 . Qx
S~Y(Sz, Sy, Sz) = S (Sw’Sy’Sz)

3.3 IloBopoT cucrtemMbl KOOpAWHAT BOKPYT Oceii

R (a) = Ri(~0)

?

rge: i — och cucreMbl KoopauHatr ({z,y, z}).

(13)



4 Kommnosunus 3D mpeobpa3oBanmii

4.1 IloBOpOT TOYKM OTHOCUTEJHHO JUHUU, ITPOXOJIAINEN Yepe3 HaYaJlo CUCTe-
MBI KOOP/IMHAT HA YTOJI «

(0) - Ry () - Ra(e) - Ry (=) - R'(—0)

WolframAlpha

WolframAlpha

cos(—0) sin(—#) 0 0| |cos(—¢) 0 —sin(—p) O
—sin(—60) cos(—6) 0 0 y 0 1 0 0
0 0 10 sin(—p) 0 cos(—p) O
0 0 0 1 0 0 0 1
RZ1(6) Ry (¢)
cos(a) sin(a) 0 0
—sin(a) cos(a) 0 0
0 0 1 0
0 0 0 1
RZ(O‘)
cos(p) 0 —sin(p) O cos(f) sin(d) 0 O
y 1 0 0| _|—sin(@) cos(@) 0 0O
sin(p) 0 cos(p) O 0 0 10
0 0 1 0 0 0 1
Ryt (=) RZ'(-0)
cos(—0) sin(—0) 0 0| |cos(—¢) 0 —sin(—yp)
- —sin(—60) cos(—0) 0 0 0 1 0
R, (p) 0 0 1 0 |sin(—¢) 0 cos(—yp)
0 0 0 1 0 0 0
cos(d) —sin(d) 0 O cos(p) 0 sin(p)
sin(d) cos(d) 0 O o 0 1 0
0 0 10 —sin(p) 0 cos(y)
0 0 0 1 0 0 0
cos(f) cos(p) —sin(f) cos(f)sin(p) 0
sin(f) cos(p)  cos(f)  sin(f)sin(p) 0
—sin(yp) 0 cos(p) 0
0 0 0 1
cos(p) 0 —sin(p) O cos(f) sin(d) 0
- 10 1 0 0 —sin(f) cos(d) 0
R(-0)= sin(p) 0 cos(p) O x 0 0 1
0 0 0 1 0 0 0
cos(p) cos(f) cos(p)sin(d) —sin(yp) 0
| —sin(9) cos(6) 0 0
"~ Isin(yp) cos(f) sin(p)sin(@)  cos(p) O
0 0 0 1

— O O O

=]

(15)


https://www.wolframalpha.com/input/?i=%7B%7Bcos(-theta),sin(-theta),0,0%7D,%7B-sin(-theta),cos(-theta),0,0%7D,%7B0,0,1,0%7D,%7B0,0,0,1%7D%7D*%7B%7Bcos(-phi),0,-sin(-phi),0%7D,%7B0,1,0,0%7D,%7Bsin(-phi),0,cos(-phi),0%7D,%7B0,0,0,1%7D%7D
https://www.wolframalpha.com/input/?i=%7B%7Bcos(phi),0,-sin(phi),0%7D,%7B0,1,0,0%7D,%7Bsin(phi),0,cos(phi),0%7D,%7B0,0,0,1%7D%7D*%7B%7Bcos(theta),sin(theta),0,0%7D,%7B-sin(theta),cos(theta),0,0%7D,%7B0,0,1,0%7D,%7B0,0,0,1%7D%7D

RZN0)- B, (9)] - Ra(a) =
cos(f) cos(p) —sin(f) cos(f)sin(y)
4

0 cos(a) sin(a) 0 0O
_ |sin(f) cos(p)  cos(9) sin(f)sin(p) 0 y —sin(a) cos(a) 0 O
—sin(y) 0 cos(y) 0 0 0 10
0 0 0 1 0 0 0 1
cos(#) cos(p) cos(a) + sin(f) sin(a)  cos(6) cos(y) sin(a) — sin(f) cos(a) cos(f) sin(p) 0
_ |sin() cos(p) cos(ar) — cos(f) sin(a)  sin(6) cos(¢p) sin(a) + cos(f) cos(a) sin(f)sin(p) 0
— sin(p) cos(a) —sin(¢p) sin( cos(¢p) 0
0 0 0 1

WolframAlpha

[R2'0)- By (9) Ba(@)] - [By (—) - B (-0)] =

cos(0) cos(p) cos(a) + sin(f) sin(a)  cos(6) cos(y) sin(a) — sin(#) cos(a) cos(f) sin(p) 0
_ |sin(8) cos(p) cos(ar) — cos(f) sin(a)  sin(f) cos(¢p) sin(a) + cos(f) cos(a)  sin(f)sin(p) 0
— sin(y) cos(a) — sin(yp) sin(a) cos(p) 0
0 0 0 1
cos(p) cos(f) cos(p)sin(d) —sin(yp) 0
—sin(6) cos(0) 0 0
sin(p) cos(f) sin(p)sin(d) cos(p) 0
0 0 0 1

11 Ti2 Ti3 T4
_|T21 T22 T23 T24

31 T32 T33 T34
Ta1 T42 Ta3 T4

r11 = [cos(0) cos(y) cos(ar) + sin(f) sin(a)] - [cos(p) cos(8)]
+ [cos(8) cos(p) sin(a) — sin(f) cos(a)] - [ sin(6)]
+ [cos(8) sin(p)] - [sin(y) cos(6)]

r12 = [cos(8) cos(y) cos(a) + sin(f) sin(a)] - [cos(p) sin(6)]
+ [cos(6) cos(¢p) sin(ar) — sin(f) cos(a)] - [cos(6)]
+ [cos(8) sin(p)] - [sin(y) sin(8)]

ri3 = [cos(@) cos(¢p) cos(a) + sin(9) Sin(a)] . [— sin(go)]
+ [cos(8) sin(p)] - [cos(y)]

T14:O


https://www.wolframalpha.com/input/?i=%7B%7BCos%5B%CE%B8%5DCos%5B%CF%95%5D,-Sin%5B%CE%B8%5D,Cos%5B%CE%B8%5DSin%5B%CF%95%5D,0%7D,%7BCos%5B%CF%95%5DSin%5B%CE%B8%5D,Cos%5B%CE%B8%5D,Sin%5B%CE%B8%5DSin%5B%CF%95%5D,0%7D,%7B-Sin%5B%CF%95%5D,0,Cos%5B%CF%95%5D,0%7D,%7B0,0,0,1%7D%7D*%7B%7Bcos(alpha),sin(alpha),0,0%7D,%7B-sin(alpha),cos(alpha),0,0%7D,%7B0,0,1,0%7D,%7B0,0,0,1%7D%7D

91 = [sin(@) cos(i) cos(ar) — cos(f) sin(a)] - [cos(p) cos(6)]
+ [sin(6) cos(¢p) sin(ar) + cos(8) cos(a)] - [— sin(6)]
+ [sin(8) sin(p)] - [sin(y) cos(8)]

r92 = [sin(6) cos(y) cos(a) — cos(f) sin(r)] - [cos(p) sin(6)]
+ [sin(6) cos(¢p) sin(ar) + cos(8) cos(a)] - [cos(8)]
+ [sin(8) sin(p)] - [sin(y) sin(6)]

ro3 = [sin(6) cos(y) cos(a) — cos(f) sin(a)] - [—sin(yp)]
+ [sin(0) sin(p)] - [cos(p)]

7"24:()

g1 = [—sin(y) cos(a)] - [cos(p) cos(6)]
+ [ sin(y) sin(a)] - [~ sin(6)]
+ [cos(g)] - [sin(y) cos(8)]
= —sin(y) cos(a) cos(ip) cos(f) + sin(y) sin(a) sin(8) + cos(p) sin(p) cos(f)

= sin(ep) |sin() sin(f) — (cos(a) — 1) cos(y) cos(6)

—

r32 = [—sin(yp) cos(a)] - [cos(p) sin(6)]
+ [~ sin(y) sin(@)] - [cos(6)]
+ [cos(g)] - [sin(y) sin(6)]
= —sin(y) cos() cos(p) sin(#) — sin(p) sin() cos(d) + cos(p) sin(p) sin(6)
= —sin(y) [(cos(a) — 1) cos(¢p) sin(f) + sin(c) cos(6)

r33 = [~ sin(p) cos(a)] - [~ sin(yp)]
+ [cos ] [cos go)]
= sin?(¢p) cos(a) + cos®(¢)

7’3420

7“4120
T42:O
’1"43:0
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