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Anzopumm evieo0a npamol JuHuY

a 7. ' ; f
IycTh 32a1aHbI KOOPAMHATHI OTPe3Kka npsamoit (x1,y1), (x2,y2).

Heo0x01uMo0 3aKpacuTh BCe MUKCEJIN, B10Jb IIPSIMOI.
15t 3TOr0 HeO0X0AMMO BHIYHMCIUTH UX KOOPAUHATDI.

X—=x1_ x2-x1
y-yl y2-y1

x=x14(y =y yo_y1 =FY);

=yl + (x-x1)s 2=V =y,
Y Y O N S\ )

x2

B 3aBMCHMMOCTH OT YIJIa HAKJIOHA PAMOM BBINOJIHACTCH
HUKJI 10 OCH X WJIH 110 OCH Y

YHpoueHHbIN aJITOPUTM BbIBOIA JIUHUU:

float k;

k = (float) (y2-yl)/ (float) (x2-x1) ;

y = yl;

for (x = x1;, x <= x2; x++)

{ ITOT BapUAHT HaubOoJ1ee ObICTPHIM.

nm‘]‘ze”” (x,y¥); Ho, BO3HHKAET NOrPEIIHOCTH OKPYIJICHHS.
y+=k;

y MoskeT NPOU30MTH TAK, YTO Y # Y2 Ha MOCJIEHEM Iare.



U HKpeMeHmHble alzcopummbsl npaMan

= I : o
bpe3eHxiM npeai0oKu1 HHKPeMeHTHbIE AJITOPUTMbI PacTepH3aIiH.

Ile.m: IMOCTPOCHHUC AJIrOPpUTMA TOJBKO €C HECJOYUCICHHBIMA BBIYMUCICHUAMM,
OCHOBAHHBIMM Ha o1nepanuiax CJ0KCHUSA U BbBIMTUTAHUS, 0e3 YMHOKCHHUSA A JTCJICHUS.

PaccmoTpum npumep mocrpoenus orpeska (2,3)-(8,6):
ITOT AJITOPUTM BOCbMUCBSA3HBIN

inc y=-1

I
-

in¢c x

incx=-1 incx=1

.Y
incy=1

YeThIpexcBsi3HbIE AJITOPUTMbI MPOIIE, HO B HEM 00JIbIIIe TAKTOB H
Ka4eCTBO U300paKeHUH XyxKe.



U HKpeMeHmHble alzcopummbsl

a 7.

OkpyxHocTb - (X-x_)? + (Y-y.)? = R?

void Circle(int xc, int radius)

{
int x,y,dxt;
long r2,dst,t,s,e,ca,cd,index;

int yc,

r2 = (long)radius* (long)radius;

dst = 4*r2;

dxt = (double)radius/1.414213562373;
t=20;

s = -4*r2*(long)radius;

e = (-s/2)-3*r2;

ca = -6*r2;

cd = -10*r2;

x =0;

y = radius;

nkcens (xc,yc+radius) ;
nkcens (xc,yc-radius) ;
nkcens (xc+radius,yc) ;
Iukcens (xc-radius,yc) ;

OKPYICHOCMb
o /
for (index = 1; index <= dxt;
index++)
{
X++;
if (e >= 0) e+ = t+ca;
else
{
Y
e+ = t-s+cd;
s+ = dst;
}
t- = dst;

nkcens (xc+x,yc+y) ;
Inkcens (xc+y,yc+x) ;
nxcens (xc+y,yCc-x) ;
Nuxcens (xc+x,yc-y) ;
nxcens (xc-x,yc-y) ;
nkcens (xc-y,yCc-x) ;
Iuxcens (xc-y,yc+x) ;
nkcens (xc-x,yc+y) ;



Hunrpemenmnwle anzopummol anmne
a 7 P - f
Void Ellipse(int xc,int yc,int eux,int euy) | else {y--;
{ e+ = t-s+cd;
int x,y; s+ = dds; }
}ong a2,b2,dds,ddt,dxt,t,s,e,ca,cd,index; t- = ddt;
int a,b; [Inxcens (x,y) ;
S ads(eux—xc){ ukcens (x,2*yc-y) ;
L ke e (Ginex iy
= ; o .
b2 = (long)b* (long)b: } Inkcens (2*xc-x,VY) ;
dds = 4*a2;
dxt = (float)a2/sqrt(a2+b2); e- = t/2+s/2+b2+a2;
t =0:; ca = -6%*az2;
S = -4%32*b: cd = ca-4*b2;
e = (-s/2)-2*b2-a2; for (index = 1; index <= dxt; index++)
ca = -6*b2; {
cd = ca-4*az2; ¥-%’
X = XC; if (e <= 0) e+ = -s+ca;
y = yctb; else
nkcens (x,y) ; {
ukcens (x,2*yc-y) ; X++;
Inkcene (2*xc-x,2*yc-y) ; e+ = t-s+cd;
Inkcens (2*xc-x,Y) ; ¥~ = 'ddt":
for (index = 1; index <= dxt; index++) } ¢
{ s+ = dds;

X++;
if (e >= 0) e+ = t+ca;

Inkcens (x,y) ;

ukcens (x,2*yc-y) ;
Inkcens (2*xc-x,2*yc-y) ;
Inkcens (2*xc-x,y) ;



Kpusan besve

a 7. ' ; /
Pa3zpaborana marematukom Ilbepom besbe.
B mapamerpuyeckoi 3anucu umeeT BU/I:

m
_ ® -

x = P.(t), rae P,, P, — MHorouneHo! P(1)+= z C.td-0" x,

Besbe: =1

y = P,(t); o e
rae Xi, yi — KoopANHaTbl TOYEK-OPUEeHTUPOB, P (t) £ z C't (1 - t)m'ly_,
m — cTeneHb NofiMHOMa (Ha 1 MeHbLUe Konu4yecTBa g = e ’
RAROuduuupyem no m:

m = 2 (no mpem moukam)
P(t)=(1-tPP,+2t(1-t) P, + 2 P,

m = 1 (no 0gym moukam) —
OTPE30K MPAMOIL ¢
xoHuamu P, P,. o m = 3 (110 YeTbIpeM TOYKAM)

PO=(1-HP,+tP, —




I'eomempuueckunl anzcopumm 0na kpueou bezve

/ ' a 7.

OnpenesieHue KOOPAMHAT (X,y) IO U3BECTHOMY t.

Kaxnasi cTOpoHa KOHTYPa MHOIOYTrOJIbHUKA, IPOXOAAIET0 10 TOYKAM-OPUECHTHPAM,
JAEJUTCHA NPONOPUUOHAIBLHO 3HAYCHUIO t.

Touxku ejieHUus COeTMHSIOTCH OTPE3KAMHU NMPSIMBIX U 00Pa3yl0T HOBBIU
MHOr0yroJibHUK. Kojim4ecTBo y3/10B HOBOro KOHTYpa Ha 1 MeHbIlIe 3HAYEeHUS M.
CTOpOHBI HOBOI'0 MHOTOYTOJIbHUKA CHOBA Jearcs Ha t. U Tak nasee, 10 Tex mop,
MOKA He MOJYYHUTCSH 0JHA TOYKA. ITO U eCTh TO4YKAa KpuBou be3be.

for (i =0; i <= m; i++)

R[1i] = P[i]~
for (J =m; 3 > 0; j--) P,
for (i = 0; i < j; i++) P,

R[i] = R[1]+t*(R[1+1]-R[1i]) ;

/l KoopauHatbl Touku be3be 3anumyrtes B R[0]

P,



Anzopumm evieooa ghuzyp

a 7. Z [/’

3nech (purypa — nJI0CKuii reoMeTpu4YeCKnil 00 beKT,
KOTOPbIH COCTOMT U3 JIMHUH KOHTYpPa U TOYEK
BHYTPH KOHTYpa. KOHTYp MosKeT ObITh COCTABHBIM. £ _-7<“--x
T'eomempuueckuii 61600 ghuzyp: — ) \
2. BbIBOJ KOHTYpA; &
3. BbIBOA TOYeK 3aI0JIHEHHS. KonTypEI
Touru 3anonnenuan.

TouKH 3a10THeHHA

5. AJropuTMmbl 3aKpalilMBaHHSA OT BHYTPEHHEH TOYKH K TPAaHMIIAM NPOU3BOJIbLHOIO
KOHTYpAa;

2. AJropMTMBI, HCTIOJIb3YIOIIHE MATEMATHYECKOe ONUCAHNE KOHTYPa.

Ipocmeruui ancopumm 3aKPAMUBAHUA:

Ilar 1. Onpeneaurs x0,y0.

Ilar 2. Beimosiauth pyHkuuio 3akpammBanus (x0,y0).
PyHKUUA 3aKpamBaHus (X,y)
{ Ecnun uBeT nukcens (Xx,y) He paBeH LBeTY rpaHuubl, TO
{ YcTtaHoBUTbL Ans nukcens (X,y) UBeT 3anosfIHeHUs;
3akpacuTtb (xt1,y);
3akpacuTtb (x-1,y);
3akpacuTtb (x,y+1);
3akpacuTtb (x,y-1);
}
}



Aﬂeopumm 3aKkpawmusanua t1urRuiamu

= I : o
BMecTo 01HOr0 MUKCE/Is 3aKPAlIMBAETCA 1e/1asi npsaiMast (TOPU30HTAILHAS JTHHHS).

int LineFill (int %, int y, int dir, int preXL, int preXR)
{
int 21 =%, xr = x;
COLORREF clr;
do clr = GetPixel (udec,--x1,y); while (clr != BORDER);
do clr = GetPixel (udc,++xl,y); while (clr '= BORDER) ;
X1++;
xr==;
MoveToEx (udec,xl,y,NULL) ;
LineTo (ude,xr+l,y) ;
for (x = xl; % <= xr; xt+)
{
clr = GetPizel (ude,x,y+dir) ;
if (clr '= BORDER) x = LineFill (x,y+dir,dir,xl,xr);
}
for (x = PreXL; x < PreXL; x++)
{
clr = GetPixel (ude,x,y-dir) ;
if (clr '= BORDER) x = LineFill (x,y-dir,-dir,xl,xr);
}
for (x = PreXR; xl; x < xXr; x++)
{
clr = GetPixel (ude,x,y-dir);
if (clr '= BORDER) x = LineFill(x,y-dir,-dir,xl,xr);
}

return xr;

}



:AmeqpunvubleanOﬂneHuﬂ;kznnqpbuaucnaﬂb3yknnJuanu%uanuuu%nanzonucanuelanan%pa

a 7. ' a 7.
MaTteMaTHYeCKHUM ONMCAHUEM MOKET CJIYKUTh ypaBHeHue y = f(x) mus
OKPYKHOCTH, JJIJINIICA U JPYTroi KPUBOU

3. 3anoJiHeHUe NPAMOYI0JIbHUKA

IycrTs 3axanbl KoOpaAUHATHI (x1,y1) — JieBas BepxHsas, (X2,y2) — npaBast HUKHASL.
for (y = yl; y <= y2; y++)
{

PucyenM IOpMSOHTANBHY NMHMI0 C koopammraTamm (x1,y) - (x2,y).

}

2. 3anoJHEeHHE Kpyra
Hcnoab3yem ajiropuTM BbIBOAA KOHTYpA. Xc-X,yc-y Xc+X,yc-y
Tam BBIYHCIAOTCH KOOPIUHATHI
NMKceJell KOHTYpPa B IPAHULIAX OAHOIO.
Hy>KHO COeTUHUTH Napbl TOYEK

HA KOHTYpe, PACIOJI0KEeHHbIE XCYsNCHX XCTyRye+x
CUMMETPHYHO OTHOCUTEJIBHO OCH Y.

XC-Y,yC-X XC+Y,yC-X

XC-X,yc+y Xc+X,yc+y

XC



:AmeqpunUsz3an0ﬂneHuﬂ;kznnqpbuzucnaﬂbsyknnJuanu%nanuuu%nuuzonucanuelanan%pa

0 /L 1 /
3. 3amosHeHHe MOJUroHA
SaxpameaeM NONAMUI'OH OTPEeSKaAMM NPSAMBIX JMHMN (TOPMSOHTANM) .
1. Hart™st min{yi}, max{yi} cpenm Bcex Bepumn Pi.
2. BHNONHMTE UMKA O y OT ymin mo ymax
{

3. HaxoxmeHMe TOUEKX NEPECEeUEeHMRE BCEX OTPESKOEB KOHTypa C I'OPMSOHRTaNBD Y.

KoopamuaTit Xj TOWeX SanmcaTh B MaCCHB.
. CoprupoBxa MaccueBa {xj} no BOSpacTaHMioO X.
. BmBOXR T'OPMSOHRTANIBHEIX OTPEeSKOB

(xOIY) = (XIIY)
(leY) X (X31Y)

sssssssssssssss

¥ (onY) = (xllY)
CBOI/ICTBO TOIMOJIOTNHN KOHTypa (l)l/lrypbl:

* 100as mpAMas nepecexkaer J00M 3aMKHYThIU
KOHTYP YeTHOe YHCJI0 pa3.

* eCJIM TOPM30HTAJIb Y COBIaJaeT € yi BepuinHbl Pi,
TOI/1a AHAJIM3UPYEM TOUKY:

(G I

Ps
a) ecJiM ropu3oHTANB NepecekaeT KOHTYP (P0,P4), To B MaccuB 3anumiemM oaHy

TOYKY;

0) ecsiu ropu3zoHTaNb Kacaercsa Touku (P1,P2,P3,P5), Toraa, imbdo 3anuieM aBe,
JIU0O HYU OAHOM.




Hanoxcenue mexKkcmyp Hd noaucon

.
OO0l 2JITOPUTM 3aMO0JTHCHUS
IIpoGeraem Bce TOYKHU MOJIUTOHA (X,Y).

/_

JJ11 KaKA0i TOUYKH BHIYMCJIAEM KOOPAHMHATHI TEKCTYPbI (XT.YT).
IIo KoOpaAMHATAM TEKCTYPbI ONpeaessieM BT MUKCeJIs.

IIpeoOpa3oBanue KoopauHAT (X,y) => (XT.yT)
umeeT aQp(PUHHBLIA BU:
Jloist Tpex To4YeK yKakeM COOTBETCTBHE

X+ = A*Xi + B*yi + C;
y+i = D*xi + E*yi + F;

IIycrb x; = X, , ¥q; = Y;. Ilosryuaem cucremy

[ X1 = A*x1 + B*y: + C;

<Xz =A*x2 + B*y. + C;

[ Xs=A*x3 + B*ys + C;

o
Y1=D*x1+ E*y1 + F;

1 Y2=D*x2 4+ E*y2 + F;

L Y3 =D*xs+ E*ys + F;
MeTtonom Kpamepa Haxoanm

A =(det A)/(det t);
B = (det B)/(det t);
C = (det C)/(det t);

AKCOHOM@MPRQQCR&R npoexuyun

Xr X

P -

Yr ¥

det A=

det B =

det C =

X1y
X2 y2
Xs ys

X1 X1
X2 X2
x3 Xs

X1 y1 Xi
x2 y2 Xo
x3 y3 Xs

x1 yi 1
dett=| x2 y2 1
x3 ys 1
AHAJIOTHYHO

Bbiuucjasiem D,EF.




Hanoxcenue mexKkcmyp Hd noaucon

a 7. / Yo
[lepcnexmusHasn
HenquC;OBa}mﬁ:

MupoBbie Buposklie OKpaHHbIe
KoopAUuHaThl KOOpAWUHaThI MpoeuunpoBaHue KOOpAUHAaTHI

x,y,z— ZY,Z— Xu,Yn,Zi— X3,Y3,Z3

PaccMoTpuM BbIBOJ NEPCHEKTUBHON NPOECKIUU MOJIUTOHA C TEKCTYPOH

‘ B
AB - ropusoHTanb
Al p 3 1,2,3,4 — BepLUMHbI MONUIOHA (3a4aHbl
3KpaHHbLIMM KOOpAMHaTaMM)

4 P- NMpOMU3BOJbHAadA TOYKA IMOJUTOHA

1
ba3oBasn orncpanusi: 1m0 U3BECTHBIM BUI0BbIM KOOPpAMHATAM KOHIIOB 0TPE3Ka

HaX0AUM BHA0BBLIC KOOPANMHATHI TOYKH OTPE3KA, 3aI[aHHOﬁ KoopAuHaTaMM B
INIOCKOCTH ITPOCIIUPOBAHMSI.

BunoBbie koopauHaTbl TOUKM A(X,Y,Z) 10 M3BECTHBIM BHI0OBBIM KOOPAMHATAM
Touek 1 m 2 - (X1,Y1,Z1) n (X2,Y2,72):

X=X Y -Y1 Z -2
Xo=X1 Y2—=Y1 2Z2-24




@pakmcm bl Opaxman Manoensbpoma

a7/ = SR ,
dpakTajg MOKHO OINPeeJUTh KAK 00beKT J0BOJILHO CJI0KHOU (GOPMBI, MOJTYHAKO LM CS
B pe3yJibTaTe BbINOJHEHUS MPOCTOr0 UTEPALMOHHOIO IIMKJIA.

Hmepayuonnocms (peKypcuBHOCTH) 00yCJIaBIMBAET TAKHE CBOMCTBA (PPAKTAIOB
KakK «camMonoaooue». OraejibHbIC YaCTH MOX0KHU M0 (popMe HA BeCh (PPaKTAJ B LEJIOM.
B 1975 rony ¢ppannysckuii matematuk besutya Manaeas0por uzaan kHury «The
fractal. Geometry of Nature».

Dpaxman Manodenvbpoma JIJIs1 KaKI0ro u300pakeHusi He0OX0AUMO
BBINOJIHUTH IIUKJI HTEPANi

2
=2k +Zo ,rpe k=0,1,2....
Zk = Xk + i Yk — KOMNNEeKCHoe Ynucro
Xo,Yo — cTapTOBbIE KOOPAUHATDLI

JlJ1st KasKI0M TOYKHU BBINOJIHSETCS
OrPAHUYCHHOE YHCJIO UTEPALMM: 10 TeX
nop, noka |Z,| < 2.

72, = (X2 -Y?)+i(2Y)



Dparmansl

Dpaxmanst Ancynun u Hoomona

N B /_

Dpaxman JAxcynun

Z. =22 +C,
raoe C — KOMMneKcHas KoOHCTaHTa

YcnoBue 3aBeplueHus: |[Zk| <2

Dpaxman Heromona

A = 3Z.4 +1
47
Z, =X,*+1Y,—- KoopauHaTta
TOUYKM
YcnoBue 3aBepweHus: |Zk | -

0



@pakmaﬂbl T'eomempuyeckue hparmane

OHHU M0JIy4arTCH B pe3yJjbTare
MOCJIeI0BATEJIbHOCTD MPOCTHIX
reoOMeTPUYECKHUX Npeodpa3oBaHMil.

Kpuean Koxa

PN
DT




@pakmanbl Dpaxmans, hopmupyemvie CUCIEMOU WMePamueHbLX (OYHKYu

-7 f 7
{ Xir1 = Fx(Xk, Yx); Bemouka nanopomuuxa

Y1 = Fy(Xk,Y«);
3agaauM KOOPAUHATHI ONMOPHBIX TO4YeK 1 u 2.
Haxoaum Touky 3. OHa oOpa3yercs nmpu MoBOpPoOTE
TOYKH 2 HA YroJi 0, OTHOCUTEJIbHO TOYKH 1.

X3 (X1-X%X2) cosO- (¥Y2-Y1) sinO+X1;

¥3 (X1-X2) sin0+ (¥Y2-Y1) cosO+Y¥Y1;

Haxomme wTounry 4. Ona maxommTcs Ha oTpeske 1-3.
Nycre (1-4)/(1-3) = k, npuuem 0<k<1.

X4 = X1(1 - k) + X3 k;

¥4 = ¥1(1 - k) + ¥3 k;

SagagyM ONMHY M yT'OJNl HAKJIOHA BETEEM, KOTOPHEe
BHXOORAT M3 Toumm 4.

Hampen roopamuaTy Tourm 5. [lycTe CoOTHOmeHME
orpesxor (4-5)/(5-3) = kl. Torga:

X5 = X4 (1 - kl) + X3 k1;

¥5 = ¥4 (1 - kl) + ¥3 kl;

Touxm 6 M 7 — 5TO ToOWKa 5, NOBEpPHYyTaAR OTHOCUTENBHO
moury 4 Ha yrum B m -B coorEercTEenHO:

X6 = (X5 - X4)cosf - (¥5 - Y4)sinf + X4;
Y6 = (X5 - X4)sinP + (¥5 - Y4)cosP + Y4;
X7 = (X5 - X4)cosB + (Y5 - Y4)sinP + X4;
Y7 = - (X5 = X4)sinf + (Y5 - Y4)cosf + Y4.

KpoMe pacueTOR ONOPHHX TOWEK Ha KaxaoM mare Bymem
pucoBaTe ogmH oTpesor l1l-4. Taxwe GymeM MEHATE LUBET
¥ TONIMHY B BSaBMCHMMOCTM OT HOMEepa uTepaumm. 3aTeMm
NOBTOPHAEM LMK perypcum nns orpeskos 4-3, 4-6,
4-7.
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