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Cooepacanue:

[IpeoOpazoBaHue KOOPAUHAT
—  JMHEWHOE M HeJIMHEWHOE MpeoOpa3oBaHUs
AddunHoe mpeodpazoBaHUE HaA MJIOCKOCTH
—  IlapamienbHbIl CABUT KOOPAUHAT
—  PacTskeHue — cxkarue oce KOOpAuHAT
1 [ToBopor
—  CaoiicTBa aphUHHBIX MPeoOpa30BaHUM
TpexmepHoe adhdunHOE MpeoOpazoBaHue
s Cnsur oceit koopauHat Ha dx, dy, dz
e Pactsixenne — cxxarue Ha kx, ky, kz
- [ToBOPOTHL.
[IpeoOpa3zoBaHre 0OBHEKTOB
—  Addunnbie npeoOpazoBaHusi 00bEKTOB Ha MJIOCKOCTH
—  Tpexmepnoe apduHHOE Tpe0OpazoBaHUE OOHEKTOR
Cas13b npeoOpazoBaHuii 00BEKTOB C MPeoOpa3oBaHUEM KOOPAUHAT
—  BriBox hopMyIibl mapaMeTPUIECKOTO OMKMCAHUsI TOBEPXHOCTH TOPA
[Ipoexunn
—  AKcoHOMeTpHUuecKas MPOCKIIUS
—  IlepcriekTUBHAS MPOESKITUS
— Kocoyronsnas npoekuus
OtoOpakeHue B OKHE



Ipeobpazoeanue koopounam

ITycTe 3agana cucrema koopausat B 6asuce (k,.k,, ... .k ), onuceiBaromas
MOJIO’KEHUE TOYKH B MMPOCTPAHCTBE C NOMOWIBIO k.. Eciin 3amats apyryto,
N-MepHy10, cUCTeMY KOOpJAMHAT B Oa3uce (m,,m,, ... ,Mm,) U MOCTaBUTh

3a71a4y ONpPEACIUTh KOOPJAMHATEI B HOBOM CUCTEME MO KOOPAUHATAM B

CTapoOu, TO PEHICHUE 3aMUIIETCSA B BUAE:
m1 = fi(k1,kz, ... ,Kn);

m:2 = fo(k1,kz, ... ,kn);

mn = fn(k1,Kz, ... ,Kn);

rae f. — pynknus npeoOpa3oBaHus KOOpAUHAT. MOXKHO ITOCTaBUTh OOPATHYIO
3aJlayy — [0 U3BECTHBIM (m,,m,, ... ,my) onpenenuts (k k,, ... k).

Pemrenwue: ki = Fi(m1,mz, ... ,mn);
k2 = F2(m1,mz2, ... ,mn);

rae F. —hyHkuns ooparHoro npeodpasoBanusi. Korma n # N ogHO3HaYHOE

npeoOpa3zoBaHue NpoBecTy He yaaeTcs. Eciu n = N, To TakKe BO3MOKHBI
ClIy4au, KOTJia HeJIb3s OJIHO3HAYHO PEIINTh MPAMYI0 U 0OpPaTHYIO 3aauH.
[IpeoOpa3oBaHusi KOOPJAMHAT KIACCU(MUIIMPYIOT: MO CUCTEMaM KOOPIUHAT;
1o BUAy QyHKIMU IpeoOpazoBanus f.



Jlunennoe u nenuneunoe npeodPaA306aAHUA

[lo BuAY QYyHKIMM pa3InydaroT JUHEMHOE U HEJMHEMHOE MpeoOpa3oBaHusI.

Ecmm mnst kaxnoro 1, f, — muHelWHas1, To eCTh
f=ak +ak +...+a k +a

1 nn 1,n+12

[JIe &;; — KOHCTAHThI, TO TIPE0OPa30BaHNUE HA3BIBACTCS JUHEUHBIM,

eciii n = N, T0 aghghunnvim.
Ecmm xots OBl 11 omHOTO 1 pyHKIM f; — HenmmHenHa otHocuTenbHO (k. k,,... .k ), Torma

npeoOpa30BaHNE KOOPAUHAT B LIEJIOM HEeMuHEeUuHO.
Ilpumep. Henuuelinoe npeodpa3oBaHre KOOPAUHAT.

X = 3x+3y,
Y = 4xy+10y.

JIuneitHoe npeoOpa3oBaHUE 3alIMCHIBACTCS B MATPUUHOM BU/IE:

ki
m1 a1 a12 ... dAin aAin+ ks
maz — d21 d22 ... d2,n A2n+1 A
;,;;N dN,<1 aN,2 ... dN,n aN,n+1 kn



Adghgpunnoe npeobpazosanue na niockocmu

3agaauM HEKOTOPYIO IBYMEPHYIO CUCTeMY KoopauHat. AdduraHoe mpeoOpa3oBaHue
KOOPJIMHAT: X=Ax+By+C,

Y = Dxeliy +F;
rae A, B, C, D, E, F — korcTanTel. OOpaTHOE peoOpa3oBaHUE TAKXKE SIBIISICTCS
abpunupiM: x=A’X+By+(C’,

y=D’X+E’y+ F’.
Jlns mepexoja K MaTpuuHOM (hopMe yI00HO T00aBUTh CTPOKY, TO €CTh EPEUTH K
OJTHOPOJHBIM KOOPAHMHATAM:

HREHEE

Ecnu He00X0IMMO BBITIOJIHUTH ABA MPEOOpa30BAHUS:
y

x, x, J
y! y,,
1 s | 1

TO MOXHO 3aItrcarThb Tak.

x!!
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e C=BA wm c¢;=} a, b,
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Yacmuwie cnyvau aphghunnslix npeobpazoeanuil

1. IlapannenbHbIN CABUT KOOPJAUHAT

{X=x—dx, 1 0 -dx do g > X
Y =y-—dy; 0 1-dy 0 Vi _______ X X
00 1 X l
O6paTHOE Ipeobpa3oBaHuE: Y
x = X + dx, 1 0 dx
y =Y +dy; 0 1 dy
00 1
2. PactskeHue — cxxaTue 0cerl KOOpAUHAT
{X=x/kx, 1k 0 0 ¢ -
Y = yi ky; 0 1/ky 0
0 0 1 y

OOpartHoe nipeoOpazoBanue: Y

0
y 0
1

/_H
< X
innu
< X
cox’
o X O



Yacmuwie ciyuau agpunnsix npeodbpazosanui

3. ITIoBOpOT Ocer KOOpAUHAT

Y A y
P X {X=xcosa+ysina,
[T Y=-xsina +y cosaq,
L
" cosO sina 0
-sina cosa 0
0 0 1

OOparHoe npeoOpa3oBaHUE:

L cosa -sina 0
{x=Xcosa-Ysma,

y=Xsina+Y cosd, SH(;G c((;sa i)

CaoiicTBa a(pMHHBIX TPEOOPA3OBAHMIA:

- JIroboe adhhuHHOE MpeoOpa3zoBaHNE MOKET OBITh MPEACTABICHO KaK
OCJIEI0OBATEILHOCTh U3 MPOCTEUIIINX ONEPAIid: CABUT, PACTS)KEHUE, IOBOPOT.

- CoxpaHsroTcs NpsSMbIE JIMHUN, TAPAJUICIIbHOCTh NPSAMBbIX, OTHOIICHUS JJIUH
OTPE3KOB, JISKAITUX HA OJHOM MPSIMOM U OTHOIICHUS IUIOMaaei QUryp.



Tpexmepnoe aghthunnoe npeobpazosanue

X=Ax+By+Cz+D,
Y=Ex+Fy+Gz+H,
Z=Kx+Ly+Mz+N;

roe A,B, ... ,N — KOHCTaHTBI.

B marpuuHoii ¢popme:

= N < X
]
me
oM M
=0

AddunHbIe TpeoOpa3oBaHus B TPEXMEPHOM ITPOCTPAHCTBE TAK)KE MOYKHO
PEJCTaBUTh B BUJIE MOCIIEI0BATEIBHOCTH MPOCTHIX OINEPALUH.

1. Casur ocei koopauHat Ha dx, dy, dz.

ox-o (100
Y=g iy -dy
Z=¥—d¥; 001-dz

000 1

2. Pactshkenne — cxarne Ha k, ki, k..

) ke 0 0 O
ﬁ:;ﬁ: 0 1k, 0 O
= Yy
> S 0 0 1k 0

O 0 0 1



Tpexmepnoe aghghunnoe npeobpazosanue

IToBOPOT BOKPYT OCH X Ha yroi ¢.

Z
4

Z X =x, 7
Y=ycos ¢ +zsind,
Z = -y sin ¢ + z cos ¢.

%, X
A¢/ 10 0 0
y 0 cosp sinp 0
0
1

Y

X <

0-sin¢ cos¢
0 0 0

y,Y

[ToBOpPOT BOKPYT OCH Z HA yIrod Y.

Y =-xsiny+ycosy,

X X=xcosy+ysiny,
Z.=1.

cosy siny

0 0
Y -siny cosy 0 0
y 0 0 0 1

[ToBOpOT BOKpYT OCH y Ha yroa Y.

P
X=xcos Y +zsin |,
Y =y,

Z = -x sin Y + z cos Y.

N

/cos Y 0 siny

0
0 1 0 0

-sinP 0 cosy 0
L 0 0 1



Ipeobpazosanue 0bwBermos

Mo MOIAICHO onucams max: 1yCThb J100asi TOYKa 00bEKTa UMEET KOOPIMHATHI
(k;,k,, ... ,k ) B n-MepHOIi crcTeMe KOOpIUHAT.

Torna npeoOpazoBanue 00bEKTa MOKHO PACCMOTPEThH KaK M3MEHEHHUE MOI0KEHUS TOUEK
00BEKTA.

Hosoe nonoxenue - (m,,m,, ... ,m_): (m,m,, ... m)=F(kk, ... k).

F — @ynkiusa npeobpazoBanusi.

[IpeoOpazoBanus KIaCCUDUIMPYIOT MO TUITY (PYHKIIMHU IPeoOpa3oBaHUs U TUITY
CUCTEMbI KOOPJIUHAT.

NMpeobGpa3oBaHue Npeobpa3oBaHne 06bLEKTOB
00BEKTOB Ha NJIOCKOCTH B TP€XMEPHOM MPOCTPaHCTBE
{ X = Fx(x,y), ¢ : E;§:,§,:g,
Y = Fy(x,y). .

Z = F:(x,y,z).



Agpghunnwvie npeobpazosanun 06eKkmoe Ha NIOCKOCHU

Caeur

X=Ax+By+C, rie A, ..., F — KoHCTaHTHI,
Y ADX + EYESF; X,y — KOOPAUHATHI J10 TpeoOpa3oBaHms,
X,Y — KoopAMHATHI MOCIIE TPEOOpaA30BaAHUSI.

X P _{X=x+d&
dx Y=y+dy;
y \ 1 0 dx
dy 01dy
e . 00 1
v

OOpartHoe npeodpazoBaHUE:

{x=X-dx, :
y=Y -dy; 0
0



Agpghunnwvie npeobpazosanun 06eKkmoe Ha NIOCKOCHU

PacTrmxenue (coxaTue)

X p. {

AN AN
&

< X

<
cox <X

OOparHoe npeoOpa3oBaHUE:

{x=XIkx, 1k« 0 O
y = Y/ ky; 0 1/k 0



Agpghunnwvie npeobpazosanun 06eKkmoe Ha NIOCKOCHU

[MoBopoT BOKPYT HEHTPA KOOPANHAT

A

yh---oe { X =x cosd -y sind,
Y = x sind +y cosq;
L

y : cosa -sina 0
' s sindt cosa 0
S ™y o 1

OOpaTHoe npeoOpasoBaHue:

a sina 0
{ x = X cosa + Y sind, fsoiila zg;d 0
y =-X sina + Y cosa; 0 0 1



Tpexmepnoe aghghunnoe npeobpazosanue 0OBLEKmMos

Y=Ex+Fy+Gz+H roe A,B, ... ,N — KOHCTaHTbL.

X=Ax+By+Cz+D,
Z=Kx+Ly+Mz+N;

Cpopur na dx,dy,dz.
X =x + dx, 10 0 dx
Y =y +dy, 010dy
Z=2z+dz; 001dz
000 1

PacTrsikenne (coxaTue) Ha kx, Ky, kz

X=ka, kx 0
Y=yky, 0 ky
Z=2zk;; 0O 0

0 O

- 0O OO



Tpexmepnoe aghghunnoe npeobpazosanue 0OBLEKmMos

IMoBOpPOT BOKPYT OCH X HA yroa ¢

X =x, . 1 0 0 0
Y =y cos} -z sin¢, 0 cos¢ -sinp O
Z=ysinp +z COS¢; 0 sind COS¢ 0

0 0 o0 1

IMoBopoT BOKPYT OCH Y Ha yroJ

Y =y, 0 1 0
Z. =x siny + z cos|; sinyy 0 cosy
0 0 0

{ X =x cosy - z siny, cos{)y O -siny

e S

I[oBopoT BOKPYT OCH Z Ha YroJa Y

X =X cosy -y siny, cosy -siny 0 0
Y = x siny + y cosy, siny cosy 0 0
7=1z; 0 0 1 0

0 0O 0 1



Ceazb npeobpazoeanuil 00eKmos ¢ npeodbpazoeanuem KoopouHam

Heo0x011MO0 OBEPHYTH TOUKY (X,Y) BOKPYT TOUKH (X,, ¥,) ¥ HOIYy4YUTh TOUKY (X,Y).

A i > 1) Bogum cuctemy koopauHat O’X’y’ [y =x_x,
LI C LIEHTPOM B TOUKE (X,,Y,)- Y=y-Y,
iy g X' X 2) IToBopoT TOUEK B(,)K})y,F UEHTPA v, 15 cosqr -y sing,
| cucTeMbl koopauHar O’x’y’. Y’ =X’ sina + y’ cosa
Y ______ e .—”/
It , 1) IlpeoOpa3zoBaHue cCUCTEMBI KOOPAUHAT X=X’ +x
. =
i : (X°,Y’) B (X,Y) mocpencrBoM casura B Touky (0,0). Y=Y +y,
4) O0beaunseM (GOpMYJIbI X = (X-X,) €0s O - (y-y,) sin d + x,,
Y = (x-x,) sin a + (y-y,) cos 0 +y,
B Marpu4yHOM BHJE: X casur cuctembl NoBopoT Ha CaBur cucr. X
vy | = KoopaMHaT Ha |4  yrona « koopamHaT ||y | T
1 —Xo5 Yo Ha X, Y, 1
10 x s -sina 0 10-x X cosa -sind (-Xo cosO+yo Sin0+Xo) X
= |0 1yo jy sina cosa 0 1, 01 y° Y |=| sina cosa  (-Xo sin0-yo cosO+yo) y
001 0 0 1 00 1 1

0 0 1 1



Bui6oo ghopmynsl napamempuiecrko2o onucanua ROSePXHoOCmy mopa

J{1s1 mpou3BOJIbHOM TOUKU P He0oOxoaumMo HalTH (X,Y,t). IRz
J[71s1 MOBEpXHOCTH B TPEXMEPHOM ITPOCTPAHCTBE
HEO0OXO0IUMO 3a7aTh JIBa MapaMeTpa:

¢ - mupora, W - J0JTOoTA.

5) PaccMmoTpum OKpy’>KHOCTH B TJI0CKOCTH Ozy.
Koopaunatel Touku P’ ¢ mmporoi §:

x”?=0,
y” =r cos ¢, rje r — MaJiblii paanyc Topa
2” =rsin ¢

2) Ilepenoc okpyKHOCTH Ha paccTosiHue R 1o ocu y B miiockoctu Ozy,
MIOJyYMM TOYKY P’

xX’=x"=0,

y’=R+y”=R+r cos ¢,

22=z"=rsin ¢

3) [loBepHem Touky P’ Ha yron WBOKPYT OCH Z A HOJIY4YUM TOUYKY P

X =X’ cosw+y’ sinw, x= (R+r cos ) sin
y =-X’ sin®W+y’ cosw, y = (R+r cos ) cos w,
=7 z=rsin ¢



Ipoeryuu

[Ipy ncnonb30BaHUM JIFOOBIX Ipa)UUIECKUX YCTPOMCTB OOBIYHO UCTIOIB3YIOT MPOCKIIUH.
Bbynem paccmatpuBaTh NPOEKIIMU HA MNIOCKOCTh. IIpn 0TOOpakeHnu ycTporcTBaMu
O00OBEKTOB Ha 3KpaH (OyMary) UCIOIb3YIOT IBE€ CUCTEMbI KOOPMHAT.

Mupoevie koopounamul — OTIMCHIBAIOT NCTUHHOE 3HAUEHHE MOJIOKEHNS 00HEKTa B
IIPOCTPAHCTBE.

IKpaHHble KOOPOUHAmb — KOOPIANHATHI MPOEKIIUH, UCIIOJIb3YEMbIE ISl TpaUUECKUX
YCTPOWUCTB.

CylecTBY€ET J1Ba OCHOBHBIX THUIIA MPOEKIIHN:

1) HlenTpanbHas 2) IapansiesibHas

Jlyyu nmpoekTHpOBaHUS Jlyuu npoekTpoBaHus
HCXOJAT M3 OJJTHOH TOYKHU napannenbHbl



Akconomempuuecmﬂ npoexyun

Pa3HOBUIHOCTH MapauiebHOM NPOEKUUU. JIyun MpOEUUPOBAHUS PACIIOI0XKEHBI O]
IPAMBIM YIJIOM K IJIOCKOCTH OPOELIUPOBAHMUAL.

3a/1a1uM TI0JI0’KCHHE IIOCKOCTH IMPOCITUPOBAHUS C IIOMOIIBIO JIBYX yTJIOB O U [3.
Pacrnionoxxum kamepy Tak, 4ToObI MPOEKIHS OCH Z Ha TIIOCKOCTh MPOSHUPOBAHKS ObLIa
ObI BEpPTUKAJILHOM MPSIMOW:
PaccmoTpum nipeoOpazoBanue u3 (X,y,z) B (X,Y,72).
1) IToBOpOT cCTEMBI KOOPJIMHAT OTHOCUTEIBHO OCH Z Ha yIoJ O.

cosd -sina 0 0

sind cosd 0 0
A= | 0 1 0
0 0 0 1

2) I[ToBOpOT cHCTEMBI KOOPAUHAT (X’,y’,Z’) OTHOCUTEILHO X’ Ha yrod 3.

[Tonyunm (X,Y,Z). 1 0 -

B= |0 cosp -sinB 0
0 sinf cosp 0
0 0 0 1

X =x cosd -y sind,
Y = x sina cosf} +y cosa cosP - z sinf3,
Z = x sind sinf} + y cosa sinf} + z cosp.

[Tonyyaem BA



11 epcneKkmusHan npoexkyun

Teneps paccmorpum oOmmmii cirydaid. Bo3bMeM MPOU3BOIBHBIC YTIIEI O, 3 1
IIOBEPHEM CHUCTEMY KOOPAMHAT HA 3TU YTIJIbL.

p
X’ =X cosd -y sind,
S S = : .

y’ = x sind cosP +y cosd cosP - z sinf3,
2’ =X sind sinf +y cosd sinf3 + z cosf;

~

[ X=x(z,-z, )/(z,-7’),
1 Y=Y(z-2,)/(z-7),

- 7247’
[TocnenoBaTebHOCTD MPEeOOpa30BaAHUN KOOPIUHAT:

(x,y,z) noBopor (x’,y’,z’) nepcnekTnueg, (X,Y)

[IpeoOpa3zoBaHKe HEIMHEMHOE, TO3TOMY €0 HEJIb3s OMMCAaTh OJHOM MaTpUIICH
KO3 (HUITMEHTOB-KOHCTAHT J1JIsl BCEX OOBEKTOB CXEMBbI (XOTS JJisi MpeoOpa3oBaHuUs
KOOPJIMHAT MOYKHO MCIIOJIb30BaTh MaTpUUIHYIO (hopmy).
Ceouicmea nepcnekmusHoU NPOeKyun.

® HE COXpPAHSETCS OTHOIICHHE JJIVMH U IJIONIAJICH;

* IpsSIMbIE TUHUM U300paKaroTCs MPSAMBIMH JIMHUSIMH;

* MapajiyieJIbHbIC MPSAMbBIC U300PAKAIOTCS CXOAIIMMUCS B OJJHOM TOUKE.



Kocoyzonvhan npoekyusn

Kamepa noansTa Ha BBICOTY h ¢ COXpaHEHHEM BEPTUKAIBHOTO MOJIOKEHUS MIOCKOCTH
MPOCIUPOBAHUS.

1) BeimionHsgeM MOBOPOT BOKPYT OCH Z Ha yroJ O;
2) 3ameHsieM z’ Hay’,ay Ha z’;
3) BeIoaHAE€M CIBUT CUCTEMBI KOOPJIMHAT BBEPX HA BHICOTY KaMmephl h;

4) B miiockoctu (x’,y’,0) CTpouM NEPCIEKTUBHYIO MTPOEKIUIO (TOYKA CXO/1a JIy4ei Ha
OCH Z).

() (1000 (1000 (cosa-sina 0 0
Y| ={010h=* [00-10* sinad cosa 0 O
z’ 0010 0100 0 0 1
\1 ) \0 00 000 0 0 0 1
(x’\ /cosa -sina 0 0
y, — 0 0 -1 h
z sinad cosa 0 0
1 1

8./ W 0 0 0

3areM: { X = Nx(x’,2’),
Y =Ty(y’,2’);

[IpeuMy1IecTBO JaHHOW MIPOEKIIMKA COCTOUT B TOM, YTO COXPAHSIETCS
MapaIeIIbHOCTh BEPTUKAJIbHBIX JIMHUM.



Omobpadicenue 6 okHe

[TockoIBKY CUCTEMAa KOOPAMHAT B TJIOCKOCTH MPOCHUPOBAHUSI MOKET HE COBIAAATh C
CHUCTEMOM KOOpPJIMHAT YCTPOMUCTBA OTOOPAKEHUS, TO HEOOXOIMMO BBITIOIHATH
JOTIOJTHUTEJIBHBIE TPEOOPa30BaAHMS.

HeobxoaumMo MacmitabupoBaTh €ro u rnepemecturhb: (X,Y,Z) => (X3,Y3,703).
3agaauM okHO (Xamin,Yamin) - (X»max, Y3max).

X3 =K X + dx,
Ya=KY +dy,
Z3=KZ;

Takoe mpeoOpazoBaHKUE COXpaHSIET MPONOPIIUK 00BEKTOB OJlarojaps OJJMHAKOBOMY
koadurmenty cxatus K. Ho BctaeT Bonpoc: kak Beraucauth K,dx,dy?

Xamin £ K Xmin +dx, (1)

Yomin £ K Ymin +dy, (2)

Xomax € K Xmax +dx, (3)
Yomax € K Ymax +dy, (4)

X3max — X3min
(1) * (3) K S Xmax = Xmin ~ KX

Y 3max — Y 3min
(2) y (4) K S Ymax - Ymin

Orcrona cneayeT: K £ min {KyKy} = Kumin.

I
&



Omobpadicenue 6 okHe

Ecnu Kx nin Ky = o, T0o ero oropacsiBaem, a eciu oda, o K . = 1.

Bozemem K =K . . Haiinem dx.
s (1 ): dx 2 X9min — K*Xmin = dx1
s (2): dx €< X9max — K*Xmax = dx2

Tak kak dx1 < dx2, To dx1 < dx < dx2. Bo3smem cepenuny:

dx = (dX1 + dX2)/2 = (X3min — K*Xmin + X3max — K*Xmax)lz;
AHaHOFHqHO dy = (dy1 + dyz)/2 = (Y3min — K*Ymin + Y3max — K*Ymax)lz;
st Takux dx, dy HeHTp ..... OyAeT B [IEHTPE OKHa.
HGHO‘IKa Hp606paBOBaHI/II71 KOOpAHWHAT OT MUPOBLIX K 9KPAHHBIM:

MupoBbie koopanHaTbl

(x,y,2) l AddurHHbIe npeobpa3oBaHus
(noBopoT Kamepbl)

BuooBble
KoopAUHAaTbI NMpoekTuBHOE
(X,Y,2) l npeobpasoBaHue
KoopaunHaTtbl npoekuumn
(Xn,Yn,Zn) npeobpasoBaHue
l (.- , CABWT)
OKpaHHble
KOOpAWHAaTDI

(X2,Y3,Z23)
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