     ОСНОВИ    С А П Р    СКЛАДНИХ   СИСТЕМ      

ЗАВДАННЯ  
На приктичну роботу по  MatLAB
“Засоби автоматизації процесу отримання проектних рішень на етапах детального проектування “

Потрібно ознайомитися з наведеними матеріалами та виконати наступне

· підготувати проект з алгоритмом який реалізує моделювання графічних образів на базі фракталів;

· налагодити його та продемонструвати у роботі

· захистити роботу

 Завдання для групп
241              СНЕЖИНКА рис 1

242              КУСТ             рис 11

243              ЦВЕТОК       рис.10

Для захісту роботи потрібно підготувати звіт та продемонструвати роботу на компютері

Звіт повінен містити настипні матеріали

· Завдання

· Листинг алгоритму

· Схему виконаня у вигляді діаграми дій коритсувача у режимі отримання результатів(запуск завдання на виконання)

[image: image1.jpg]l Loy or (TP cpomme ez o Gpaen

cglif/ﬂ/ e A /%é S KL pe 2 5o y A 2
5= /f& Al Ll s 2
b P2

/enr d

pa—

/Cm7//0/”

Va2
/’;’ea/j‘fémz %x&? % 2 1P ;%%ﬂ;ﬁ ~ //rzt{f /ﬁ/q/ﬁd/&
< L/ma;f/%/w’n %/4»74 2 e oI SATZAS

G ol (e e 2] g
Jo W2AQ (YT e 1)

fn24% [y sEE e 77

Lrvers Dostwer ;W/«?Z
. P oK o Fa e g T it ot
& W x Zfﬂf mf ~

2 (”,7(& ézﬁ,/m/ﬂ’ #HR #e g
y Hng :aemi,?( 7 ¢ sz{fz /y%j/j[é VM 4('%{(‘/ /0%%7’9‘;
(@ﬂz itz lDSRY o7 Fdoim OuCpl f:’ V.4 /

3. Jfr gega T ey T e Foplostr o
el I I e

s -
—_—







[image: image2.jpg]YOK 519.68

3anava

NocTpoerue Gpaxrans-
WX 06LeKTOB

Aporpammnsie
cpeactaa

MATLAB

Peaynsrarsi

Peanuaosansi anropuTMel
NOCTPOEHNS GPaKTanos B
cpepe MATLAB

~ Puc. 1. Tocipoenne
KOmpA CEpNIICKOIO

ﬁvn.....» P

OGCWIOTCH U3BECTHbLIE AaNrOPUTMbI NOCTPOEHUS KNACCUHECKUX
| (pakTanos u 0COBEHHOCTU nx peanudaunu 8 nakete MATLAB, npu-
| BOMTCA NUCTUHA COOTBETCTBYIOLMX NPOrPaMM.

bttt ¥ % 2t uw—;&

1. BeeaeHue

PPAKTWILE — MATCMATHYCCKHE OGHEKT bl APOS-
HOFt PAIMCPHOCTH, HAFBAIIE KOTOPBIX GO BRCE-
HO B MaTeMaTHKy B MargienGpoTom (1), amsiores i
HACTOAIICE BPEMSI KAK [IPEAMETOM CAMOCTORTENLHBIX
MATEMATHUCCKHYX HCCACOBANNFL, TAK H HUCTPYMETI-
TAPHEM, NCTIONB3YCMBIM B TIEIOM PHAC TPHKAILIX
39/124 HETHHCAHOM MtHAMIKIH [2, 3], Teopuu xa0ca
{4], 06padotku crrawios [3] OAIAKO TONBKO OTHO-
CHTCBIO HEAIBHO NONBIIOCH ICPHOE NIONHOLCHIIOE
YUEGHOE NOCOBHE M0 HOBO# GLICTPO PAIBUBAIOULCTT-
O MATEMATHUECKOF AMCLHTIILC [6], OCLIOBO KOTO-
POro crazn yueGHmi1 Kype, NPEHOAABABLIMFCH UBT
POM KIHHTH B1EUCTIHE P JICT B yHiBepeHTer e Muc-
cypu-KonymGits

TAK KAK DI H3yseHm (DPAKTION 1 XA0Ca BOMTb-
Y10 POib MIPIAET KOMIBIOTEPHIOE MOACHPOBAIIE,
B KYPCE NPCAYCMOTPCHO NAPAMICABIIOE H3YUCHHE
TEOPETHUCCKIIX ROMPOCOB 11 IPOBC/ICHIC KOMTIBIO-
TCPHBIX SKCTICPIMET TOR DO OUIYACT €10 CIPYK-
TYPY OF TPAHIIONINON CTPYKIYPul GoNLInetna
M TEMATTIMCCRHY KYPLOB 1COPEMI—/A0KA 111 CI -
CTRO-HPUMED: 4 B [6] B oGoGImCTINOM BRAC
10/POGHO ONIICATIL HICCTHLIC ATOPHTAMb IOCT PO~
CHIS PPUKTUILHBIX 08 LCKTOR (L-CHCTCNbI 5t TCpII-
rpaduKa, aPHIILIC TPEOBPIIOIILIA, CHETCMbL
HTEPHPOBAIIILIX (DYIKINLT, CAYUITBIC CHCTCMbI
MICPHPOBAIILIX YTKIII 11 1P ) OJULIKO COOTHeT-
CTRYIONIMX IPOTPAMM, CO3AANTIBIX HA KaKOM-THGO
AIBIKE MPOFPIAMMHPOBAIIHS HIH B MATEMATHYCCKOM
MAKETE, HC NPHBOANTCA. B TO 3Ke BPEMS OMBIT NMPaK-
THYCCKON PCIIT3AIMI WIFOPHTMOB TTOCTPOCHHS
(PAKTUIBHBIX OBLCKTOB, OMUCAILIX B [6], B KIKOM-
AIMBO 13 CORPEMCHITIBIX MITCMIHMCCKHX THIKE1ON
(MATLAB, Mathcad, Maple, Matematica u 't ), -
POKO MCNIOMIL3YEMBIX B IHACTOSIICE BPEMsL B PCMO-
AABALNK UCNOTO PAML (PHIUKO-MATEMATHYECKHUX
JHCIITUING, HOKA3LIBACT, Y 1O CYIMECIBYCT HCOBXO/M-

C. B. Mopuwses

MOCTb BIECCHMS! B HUX ONPE/IE/IEHHBIX KOPPEKTHPO-
BOK, YHHTBIBIONHX OCOBCIHOCTH BLIGPANHOIO Na-
KeTa (R NEPBYIO Ouepeab rpaduucckie) B crathe
OBCYKIAIOTCA WIFOPUTMbI NIOCTPOEHHS KI2CCHYCC-
KX (BPAKTANIOB 1 MX NPOPAMMIIEIC PCATHIALIH,
cozpauble B makete MATLAB.

2. PeKypCUBHbBIWA anroputm

OBCyHACHHE ANTOPHTMA, OCHOBAHHOTO 114 HC-
MOAL3ORAIMH PEKYPCHBHOM (yHKIHH, POBEAEM 112
npHMepe HOCTPOEHHSA NPOCTOIO CAMONOKOBHOTO
(bpaxrana — kospa CepnuHCKoro. B pacemarpusae-
MOM B IAHHOM PA3/IC/Ie ANFOPHTME HCTIOMb3YETCS
€110co6 NOCTPOEHHS, OCHOBAHHBIH HA NOCIENOBI-
TELHOM YAANECHHH U3 HAUIbHOH 0B)IACTH BHYTPEH-
HHX NOI0GIACTEH B COOTBETCTBAM C 3aAAHHBIMHU TIPA-
BHIaMK BoiGepeM B KaYecTpe HAUILHOTO MHOXKC-
crBa S, PABHOCTOPOHHWIT TPEYTONBHHK BMECTC €
0BNACTHIO, KOTOPYIO O FAMBIKACT Y/UIHM BITY1 PeH-
HOCTb UCHTPWIHHOMN TPEYTONBHOMA OGNACTH H HA30-
hem ocrammeees mioxkecso S, (pre. 1), Jarem no-
BTOPMM OIHMCAHHELA TIPOLECC At KUKAORO U3 TP
OCTABIIIXCH TPEYTOABHNKOB H NIOMYHHM TPHEMDKC-
e S,. TIpofiomKas Takum 06Pa3oM, NOJYHHM MOC-
JIEJIOBATENBHOCTD WIOKCHHBIX MHOXKECTR S, nepe-
ceucHHEe KOTOPBIX H 06pasyeT Konep CePrHHCKOro
S (pic 1) Vi3 OCTPOGHUS BHJIHO, HTO KOBED SIS~
eres o6veautiennem N =3 cymecTsenio Henepe-
CCKAOUMXCS YMEHBIIEHHbIX B /182 Pa3a KOmufi (Ko-
MHUMEHTDI TOAOGHS 110 TOPHIOHTUTH H BEPTHK:
JIH B JLIHTIOM CJIyYae OKI3biBAIOTCS OAMHAKORBIMIL,
r=1/2). ®pakranbhas pasmepHocTh konpa Cep-
wmnickoro d pastia

log(3)
log(2)

JU1sl NOCTPOEHHS PUCCMATPUBAEMOTO (PPAKTILTA,
OUEBHJWIO, MOXIHO HCNIONL3OBATH CACAYIONIT WITO-
pirtm

1. asiats nopsnok kospa N.

2 34/197h KOOP/MHATEL BEPHINK HCXO/IIOFG Tpe-
yromoimka ABC: (X, Y,), (X, Y,), (X, Y).

3 IMoCTPOUTL PABHOCTOPOHHMI TPEYTOMLHIK
ABC 1 3anmTh €ro CHHHM LBCTOM.

| BBIYHCMTL KOOPAHHATE! CCPEIN CTOPOH
rpeyronivinika ABC:

=1.5850.

Yoy,

72

Exponenta Pro
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[image: image4.jpg]Xy =X, +dv+dsf2, Y,
Xo=Xe+d/2, Yo=Y, +dy.

5 Tocrpontstpeyromsink A'B'C’ naanmincio
GeniM [BCTOM.

6 NMosroputs N pas acicTsis, onucammvic s
nn 4,5,y Tpeyronshmkos A4'C’, A'BB', C'B'C,
COOTRETCTBEHHO.

Hau6oree npocTo orMcat bl Bbiltie WIrOPHTM
MOXKIO PEa/TM30BATH [TPH HCTIOML3OBAHIM PCKYPCHB-
O TIPOIC/YPHI, BLIONNAIONCH NOCAE/0BATCb-
HOCTD ACHCTRH, OMUCAHHBIX B 1ML 4, 5. Jist peatu-
3auUMH AIropuTMa B makere MATLAB cncayer cosmath
CACIHWILIYIO PYHKIUHIO, BOIBPAIAIONYIO H306D:
KCHHUC KOBPA CCPIIHCKOTO, HCIONBIYA VIR ITOIO
BCTPOEHHBII TCKCTORBIH Pe/iakTop MATLAB Hit 1io-
BO¥ APYrO¥ TCKCTOBbIM PEAAKIOP (Hanpumep, «Biok-
HOT»), M COXPAHITL TeKCT B haiiiie Serpinsky m.

JLnst BBIBO/a MIOGPIKEI IS KORPA CEPHHTICKOTO,
HANPHMED, MATOTO TOPSAAKA, CACAYCT BBECTH B KO-
MaHIOf CTPOKe MaKeTa MATLAB st hy1iKi i ¢ o~
OTBCTCTRYIOMMM 3HAUCHHEM

¥y +dy,

PeaynnTar,  BOIBpAaUtACMbiil  dylKUHMCH
Serpinsky( ), nokasait Ha puc. 1 (Muoxectso ;).

Onucaiitbiit BhILIE AITOPHTM JIErKO 0606IaeT-
3t It PPAKIABIIX OBLEKTOR, IPABIIA OCTPOC-
HIBI KOTOPLIX A1IOTHYHbI NPABILIAM TIOCTPOEHHS
TPCYTONALHOIO KoBpa Cepnuiickoro Hanpumep, -
TOPUTM BHIY:UIM3AUH (PPAKTALHONO OGLEKTA, 0C-
HOBIBIC STATIB TOCTPOCHINA KOTOPOIO HPC/CTAIVIC-
HBI 112 PUC. 2, PCUIMBYCTCA CIEAYIOICH NOCAC/ 10N~
TENBHOCTLIO ACHCTIMI.

1. 3amars nopanok kospa N.

2 31T KOOPAMNATHI BCPIIHH HCXOZIOTO KBj1-
(X, V), (X1, (XY,

(X, Yp).

3. Mocrpouts kuaapat ABCD u sams ero cn-
TIHM 1RCTOM.

4 BHIYMCUTH KOOP/IMHATEL TOUEK, ACAAUIMX
croposn ksaapara ABCD wa tpu pamisic actis

de=(X, =X )3, dr=(1, =Y )3,

X=X, +dx, ¥, =Y, +dy,
Xp =X, +dctdx, Y=Y, +dy,
Xe=X, +dxtdx, Yo=Y, +dy+dy,
Xy =X, +dx, Yy =Y, +dy+dy.

W 3WIMTH €10

5 Tocrpours ksagpar A’B'C'D’
Bespiv HBCTOM

6. Tlosropyuts N pas AcicTRIA, ONUCAIINbLIC B
1O 4,5, A1 KIAAPATON C BEPLINIAMM, HMCIONLIMHU
CIICAYIOLLHE KOODAMIATH.

[CoRANCIRANC IR AN
(X Y,) (XB"Y«)’ (X Y (X Xy )
CrRANC R ANCIRANCIRAN
(X Y )y (X Yy )s (X Xe)s (XYoo s
@t (sses (Xt (i Bl
(Ko Yo )s (K Yo, (X o). (X o)

(X7,

% NucTuur dalina Serpinsky.m

tunction z = Serpinsky (Lmax)

% gynkwsd, moampamanmafi HAcGDAEHNE KOBPA CAPIMHCKOrO

% Lmax — NOpRAOK KOBPA

¥ 3aiaude KOODAMHAT DS PABHOGEIPEHIOTO Theyrombimka

x i y2=0; x3=0.5; y3=san(pi/3);

h t MHMLMATUIALMA TPAGHYECKOTO OKHA

hold on; % pKiOuemde pexia PHCOBaHWA QUIYD B ONHOM TPAdUUECKoM OKHe

£211(1x1 x2 %3], 1yl v2 ¥3),'k");

% MPOPHCOBKA PAaBHOCTOPOHHETO TPEYTOMBHMKA

set (gea, 'xtack”, [1, yeick’, []); % oTkmouenne pemuma oudpOBKM ocedt

set (gca, *XColor', 'W’, ‘YCOlor’,'w’); b YCTaHOBKa UBETa PUCOBAHWS OCEH

Simplex(xl,y1,x2,y2,x3,y3,0,Lnax) ;

% ofpamenic K dyHKinA, NPOPACODHBANNEH DABHOCTOPOMHME TPEYrOMLHUKN

% Benoro ueeTa

hold Off % OTK;DuERWE DERHMA DHCOBAHWSA GUIYP B OEMOM TDABVNECKOM OKHe

function z=Simplex(x1,y1,x2,y2,x3,y3,n,Lnax)

S pexypeusiafl dyHKiMA, MPOPRCOBHBAONAR PABHOCTODOHHME TDEYFOMEHKH

% Genoro useta

1f neLmax

4 3a7aHMe KOODIMMAT BEDWAM TGKYHPTO PABHOCTOPOHHEIO TDEYTOMBHUKA
dx=(x2-x1)/2; dy=(y3-y1)/2; xln=xl+dx; yln=yl; x2n=xl+dx+dx/2;
y2n=yl+dy;x3n=x1+dx/2; ydn=yl+dy; !
£111((x1n x2n x3n], [yln y2n y3n),'w');

% MPODHCOMKA TeKYEEro PEBHOCTOPOHHETO TpeyCONMbHAKA
nen+l;
& pexypeust -
Samplex(x1,y1,x1n,yln,xIn,y3n,n, Lnax) ;
Sumplex (x1n,yln,x2,y2,%2n,y2n,n, Lmax) ;
Simplex (x3n,y3n,x2n,y2n,x3,y3,n, Lmax) ;

end

(Kt (T (KXo, (Kn o),
(X0 Te) (ab)e (Ko Y). (Xor)

COOTREICTBCHITO. .

Hwke npuneaci aucThnr dafina Serpinsky2.m,

KOTOPBIT COACPRUT ONHUCAHME PYUKIMY, BOIBPAIA-

101G HIOBpIKCE

 KBAPA11IO10 Kowpa Ceprmiic-

KOTO, NPEACTABACI OO 112 PUC. 2.

% JucTunr daiina Serpinsky2.m '
funclaion z=Serpinsky2 (Lmax)

4 JyHKIMA, LOIBDANARNAT UICLDAKCHME KBANDITHOTO KOBPA CEPIMMCKOTG
% Lmax ~ NOPAROK KOBPa
% JoRARKE KOODAWHAT MepUMH HCYOIHOTO KEGAPATA .
x1=0; y1=0; x2-1; ¥2=0; x3=1; y3=l; x4=0; yd=1; .
figure(1); hold on; f£111((x1 x2 x3 x4],[yl y2 y3 y4l,'b');
set (gca, ‘xtick’, (1, yeick’, [1); set(gca, '¥Color’, w’,'YColor’, w);
Quadrate(x1,y1,%2,y2,%3,v3,%4,y4,0,Lmax) ;

hold off

(]
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[image: image5.jpg]function z=Quadrate(xl,yl,x2,y2,x3,y3,x4,y4,n, Lmax)

I % pexypcwsnasi dynkuss,
|\ nelmax

dx= (x2-x1) /3;
xin=x1+dx; yli
x3n=x1 rdx+dx;

dy=ty3-y1)/3;
146,

x2n=xl+dxedx; y2n=yledy;
1+dyrdy; xdn=xl+dx; yd

G e R 1
|
!

¥
£i11((x1n x2n x3n x4n], [yln y2n y3n yin,'g');
n=n+l;

y1vdyedy;

Quadrate (x1,y1,x1+dx,y1,x1+dx,y1+dy,x1,yl+dy,n,Lmax) ;

Quadrate (x1+2*dx,y1,x2,y1,%2,yl+dy,x1+2*dx,yl+dy,n, Lmax) ;

Quadrate(x1+2*dx,yl+dy, x2,yl+dy,x2,yl+2*dy,x1+2*dx,y1

Quadrate (x1+dx,y1,x1+2%dx,y1,x1+2+dx,y1+dy, x1+dx,y1+dy,n, Lmax) ; 1
|

2+dy . n, Lmax) ;

Quadrate (x1+2+dx,y1+2%dy, x2,yl+2*dy, x2,y3,x1+2+dx,y3,n, Lmax) ;

Quadrate (x1+dx,y1+2%dy, x1+2%dx,y1+2dy, X1o2%dx,va, €1 +dx,y4, 0, Lnax) ;
Quadrate(x1,yl+2+dy, x1+ds,yl+2+dy, L edx,y4,x1,y4 5, lmax) ; i
Quadrate (x1,y1¢dy, x1+dx,yledy,x1+ax,yl+2*dy, x1,y1+2*dy,n, nax) ;

end i

Einie s npHme-
POM  (PPARTAALIOIO
OBLCKT, U1 HOCTPOC-
1133 KOTOPOrO OKA3HIN-
CTCH YA00HBIM HCTIONL-
JOITh PEKYPCHBIT
WITOPHTM,  SRAACTCH
Kpimsst Koxat, TTocipoc-

A\ / < N g) TmemmOR KON

— N i Mt L wimacres compenka K,

> 7 CHHNTYION Ui

2 2 Ve 3 orpeaa K,

5 s G ) e 1f3 0
BN 1/ Vil » Mot Mo ! /

4 Puc. 3. Nocrpocinte
wprnont Koxa 4y K.
by K. ¢) K., d) K,

% NucTuHT pexypcusHOM dymximmi,

JOBABIIM A1 HOBLIX OT-
P TAKOR K YIRDL,
KAK OKAZU10 114 PHC. 3, HA30RCM NOMYHEHHOC MHO-
KeeBO K. Hil CACAVIOEN HEUC PASJICIIN KDKIHY
orpesok gt 1f3 1 tpu acr i 19 1 no-
WEOPIM OIICATIYIO NPOHEAYPY, JAMCT 1 KRIOM
HEIFC CPE/UTION BETB JIBYMS HOBBIMH OTPC3KINMIL
Oboanasim iepes K, (prrypy, Hotyssiyiocs oc-
1€ 2-v0 . MORIIO CIPOTo fokast 6], 4ro noc-
seposarenuocs kpusbix (KT exojurres K npe-
Aeabuoi kpusoit K 6eckoneunon i, (pax-
TABIS PATMCPHOCT KOTOPOIT PaBi i

: log(4)
! oe)

FIiGKe 1IDHIO/UITCH AT PEKYPCHBIION (yii-
KHH 4, BOBMPUNGHONLCT HAOBPIACIHNC KpIBOf Koxal,

=1.2618.

BO3Bpamanmen u3o6paKeHue

xpusoii Koxa
function zzkach(N)

5 gy, BoIBPAMALEAS M3OGPaxeH KpHEGH Koxa
x120; y1=0; % neBa) TOUKA HAYANEHOTO OTPEsKa
x2=1; y: % nparasii TOWKS HAYaNEHONG OTPEIKd

figure(1); axis((0 1 0 11);

set (gea, *XColor’, ‘w’, rYColor™, ‘w');

hold on;
Coord (x1,y1,%2,y2,H) ;

+

BUAOR PEKYPCBHOR ByHKUWA, NDODHCOBNBAWMEN KpHEYE Koxa

function z=Coord(xl,yl,x2,y2,n)

3

PeKYPCUBHAR YRR, MPOPHCOBNBARNAS Kpuay® Fixa

1f 120

-

BUMMCAGHYE KOODIMHAT KOMUOB OTREIKOB Ha OSEDEAHONM WADE DEKYPCMM
dx=(x2-x1)/3; dy=(y2-y1)/3;

xln=xledy; yinsyledy;

x2n=x1+2+dx; y2n=yl+2+dy;

xmid=dx/2-dy*sin(pi/3)+xIn; ymid=dy/2+dx*sin(pi/3)+yln;
pekypeuil

Coord(x1,y1,xln,yln,n-1);

Coordixln,yln,xmid,ynid,n-1) ;

Coord(xmid,ymid,x2n,y2n,n-1) ;

Coord(x2n,y2n,x2,y2,n-1);

else

ri=lxl yl); r2=(x2 y21; Recat (1,r1,r2);
plot (R{:,1),R(:,2),‘Color', 'k'); % nocTpoeime kpusoi Koxa

end;

Haobpaxkenue Kpusoi Koxa natoro nopsai
K, Bo3BpamieHHOE ONMCAHHOM Bolie (yHKUMER,
TIPCACTARICHO 113 PUC. 4.

a Puc.4.K

st KOXa IATOO NOpAAKA.

3. L-cucremst u Tepa-rpaduka

MonsTre «L-cHcremar 6bU10 BBEACHO A. Jluaep-
MariepoM B 1968 1. NPy HAYHEeHHH POPMAILHBIX A3hI-
KOB. C UX [IOMOIIBIO OKAZIBICTCA BOIMOKHBIM HE
TONBKO CTPOWTH MHOFHE H3BECTHBIE CAMONOAOBHbIE
ppakTL, Hanpivep, criekisiky Koxa, kosep Cep-
wickoro, kprsbic Teano, Tmeepra, Cepricko-
'O M P, HO M CO3AABATH GECKOHEYHOE PasHooGPa-”
3HE HORBIX (MPAKTAIOB, YINA/IBAOMMXCA B ARHIYIO
cxemy. Tlousirus “L-cucTtemas u «Tepa-rpadiikas »
JUHHOM PA3AENE HANAraloTCH B COOTRETCTBHI C [6).

Tepa-rpacpika (o1 turtle — yepenamKa) swscr-
€31 MOJICHCTEMOIT BBIROAA IPAdHUECKOrO NPEACTaB-
netiust GPAKTATHHOTO 06hekTa, OCHOBILIM HCMON-
HUTCACM JIHITON CHCTEMBI SBAMETCS «HEPETalIKa»
(109K, KOTOP NEPEMELLAETCA 110 3KPatTy AMCKPET-
HBIMIT HIAFAMH, TIPOYCPHUMBAA IWIH HE TIPOUCPYMESA
CBOIT CAIEA «MITIOBEHHOE» NMOIOKEHHE «HEPETIANIKH»
3ajaercs Tpems mapamerpamu (X, y, @), tic
(X, ) — KOOPAMHATPI «1CPCTIILKH>, O — HANPaR-
NICHME CIEAYIOWETO Ward (Yros, OTCYMTHIBAEMBIit OT
MONOKHTEIBHOTO HANPARIEHHS OCH X). [Tocneosa-
TENBHOCT KOMAFL, ONPEACAIONIAA HANPABACHIC
NIEPEMCINCHUS 1 ACHCTIUS «4CPCIALKI®, 3313CTCH
KOZIOBHIM CIOBOM, BYKHI KOTOPOIO UITAIGTCH CACH
nanpano. KoAonoe Cono, Mpe/CTawionnee cosoit
PCAYALTAT PAGOTHE L-CHCTEMbL, MOXCT BIJOUITD 1
ceBi CaeayIone Gyiunt:

+ F — nepeMectuThes i o/ AT srepes,
NPOPHCOBBIBIA CICH;

© b — mepeMecTITCs 1d O/ AT BICPCA, IIC
NPOPIHCOBBINAS CCH; :

[ — orpies sevss;

=] — saKphits seTBY,

© + — yBCIMHTL yTON O 1A Bemamy ©;

* = — YMEHBIIITL YTO CL Ha Beuily ©);

© X, Y — scnomorareavhuic nepementivic.
Pa3mMep 1ara 1 BeIuHIL npuplmeiis no yriy ©
BA/RIOTCS MBIKINIBHO 11 OCTIOTCSH HENIMEHHBIMM
U1 BCCX TICPEMENCHHI <HCPETATTIKHS,

DOPMANLHO, ACTEPMHUIMPOBANHAT L-cHCTeMA
COCTONT M3 WIhABUTA, C/IOBI HHHITHAT3A1 MM, HA3bI-
BACMOLO AKCHOMOH MM HHHIIMATOPOM, 1 Habopa
NOPOAIONMX NPABHI, YKAILINAIOWUX KK CICAYCT
NpeOBPA3OBLIBATH CAOBO NPH KLK/ION Ceayromiert
urepanuu. Hanpumep, L-cnerema, CooTReTCTiyIonts
cuexkuiike Koxa, npeactasaciiioi ua puc. 5, sajaer-
O CHCAYIONIM OBPAZOM:

Axcuama: FA+F++F
HMopoxdaowee npasiwo: Newf=F -F ++F - F
©:=n/3

OHCRHAHO, HTO rPadUUECKHUM TIPEACTARICHICM
akcuombi F++F ++F smsiercs paniocroponii
TPCYTONBINK. «Hepenuniiils JICNAET O/ IHAT BITCPC,
BuTeM yro yseauunBactc 1 21/3 1 euepertanikas
ZICIACT CULC OJIHIL ILIAT BICPCL, AICE YTO BHOBH YRC-
nuumsaerca na 27/3 W euepenaukas genact ene
o ar:





[image: image6.jpg]2 Prc. 5. Criexamika Koxa 4-10 nopaka,

Ha nieprom nrare kukuas 6yksa F o n cione-nin-
1atope 3amensiercs Ha cioso New/:

F-F++F-F++F-F++
F-F+4F-F++F~F.

TIOKTOpSA STOT IPOIICCC, 1 BTOPOM ILAIE 0y
anm:

FeF4+F=F-F-F++F-F++
FoFAAF =R F=FP+F=F4+
F=F44F=F=F~FA4F -F++
F=FAAF =F=F~F++F=F4+
F-Ft+F-F-F-F4+F~F

nra

B nakere MATLAB Hau60/1ec 1pocto peanso-
VATH L-CHCTCMY, HCTIONB3YS PEKYPCHBIYIO (AYHKIHIO.
HUKE NPHRCACH TIPHMED PEKYPCHBIHON (YK,
BOIBPANAOMCH CHEXMIKY KOXd, NpeAcTamiciiyio
via prc. 5. .

function z<RuleKoch (Lmax,Axiom,Newt,n,tmp) ;
* QyHKIGIA, BO3BPAWALUAR L-CHCTEMY

5 and cemikn Koxa

T BxonHse napameTpH:

% Lmax - Nopamok cHexumxi

% Amiom - CTpOKA, comepama’ arcuomy

% Hew! — CTPOKA, CORBPYAWAS MOPOANIEE MBI
° tmp ~ pxomwam L-cucrema

n<=Lmax

amle
1t

Axiom; n=n+l;
else o — .

tmp=strrep(tmp,F*,Newf);

% 2amera ncex Bykn F HA MOPORAAKECG TPABMIG
n=n+l;
tmp=RuleKoch (Lmax, Axiom,Newf , n, tmp) ;

% pexypcust
end

end

z=tmp;

JList BLIBO/IA MAOGPKENHsH CHEXHHKH KOXa MOX-
HO  MCHIONB3OBATE  CHEAYIOMYIO  m-ByNKIMIO,
PEAH3YIONYIO ONMCAIIILTT BHIIE ATFOPHTM TCPII-
rpapuKm:

function [X,Y]=Snowflake (Lmax)
§ dyuRui, DusRpauamEAf H3OGpaACHiE
5 Crenstion Koxa
% Linax — nopANOK Cremmii
% noposnawmse npapmia
Axioms' F++F+4E"
! Newf='F-F++F-F';
teta=pi/i;

alpha=0;
P=10;0); % craprosai rouxa
p=Coord(p, Lmax, Axiom,Newf ,alpha,teta) ;

S oBpaicHie K GyHKIVM, BO3DPANAINER KOODIMHATH BEPUHI
size(p,2); % WACNO DepuMM CheasikM Koxa
X=p(1:1,1:M);

% cospanme BeKTOpa,
Yep(2:2,1:M);

% COIAAME HORTODS, COMCDAGEErO Y-¢ KOODAMHATH BEDUMH CHEXUNKY
figure(1); % umumanuaaumsl rpaduieckoro oxHa

plot (X,Y, “Color’, *k’); % nOCTPOeHWe CHeXwHKM Koxa

funct 1on z-Coord(p, Lmax, Axiom, Newf ,alpha, teta)

T dyHKuNA, BOIBPANAREAR KOODAMHATH BEDHUN CHEXHHKI Kuxa
wlekoch (Lmax, Axiom, Newf, 1,7 *); ¥ samamse L-cuctem

COMCPXANETO X-e KOODAMHATH BEpuMH

cHexumxy

Tmp=p(1:2,51
' 1f Rule(i)=
R=(cos (alphal ;sin(alpha)1;

ize(p,2));
F' % war snepen

R=R/(4"Lmax) ;

i Tmp=Tap+ at (2,p,Tmp) ;
I end
' 11 Rule(i % ynenudenne YIAa, S0NE0NETO HANpaBnesue NBMAEHUS
. alpha=alpha+teta;
end

1t Rule(i) % yNeWbllenMe yIa, 3aabNero HANpasieHue ke
alphasalpha-teta;

I end
end

OJ1aKo npu noct-

poCHII APYIUX (paK- “ F
TAOB, HANPHMCP, APiL-
Kona Xap: Xaitrnes K
(puC. 6), 112 HIEKOTOPBIX
IIATAX BOIUKACT 11COB-
XOHMMOCTD B HIMCHC-
M IAUPARICHA dTe-
s npasa (e cacka
HANPABO, 4 CIPARd Hil-
neBo). JUis pemieii
JEHOT NPOGACMII BRO- 8 #
at e gononmurenn-  difhadihg
HBIC KOMat b1, 0603112~ FS
waowc X 1 ¥, wono- A" A
PHIC HCOML3YIONCH JUtst
COFAATTUA COOTHCTCTRYIONICH L-CHCTCMBL, HO HITHOPH-
PYIOTCSH «HePCIatukoi» npu nepemeeting. [pu uc-
NOMBLIOBAUMI ITHX KOMAIL MOPORAIIOIEE NPUBH-
110 IR JIPAKONA MNCET BIK:

Ancuama: FX

Toponcdarne npricina:

B

43

i
R

EaE
E:

R
P
3

S EE P §
i

4 Puc. 6. lpaxon Xar-
Tepa-Xairres 12-10 110~
pask

Newf = FX
Newx =X +YF +
— - Newp=-FX-Y

B cooTeTCTRIM € AaIBIMM NPaBIaMK L-cHe-
TEMQ HMCCT CICAYIONENT BAJL

1mar: FX +YF +

2umar: FX+YF++ —FX -YF +

3 mar:

FX+YF++-FX =YF ++
—FX+YF+—-—FX-YF+

4 nar:
FX +YF++-FX -YF ++
~FX +YF4+=—~FX~YF++
~FX+YF ++~FX~-YF +
~=FX+YF+--FX-YF+

TIwske nprBosrTes aueruie daiia Dracon.m,

COAEPAKANICIO ONUCAINC YIIKIMH, BO3BPATAIOICH

HIOBPIACING PAKOLLA, 1 COOTHCTCTHII € ONHCaLL-
O BBITC L-cHereMoit,

A im fannn




[image: image7.jpg]function [X,Y]=Dracon (Liax)
% QyHKWS, BOSEPANALNASN WIOBLARCHME APAKOHA
4 Lmax — nopfiuoK mpar: a
4 nopomganuse npanin
AX10m=FX* ;
Newf="F';
Newx="X+YF+';
Newy="-FX-Y';
teta=pi/2; alpha=0; p=10;0];
p=Coord(p, Lmax, Ax1om, Newf ,Newx,Newy , alpha, teta) ;
¢ oBpaueRme K 4K, BOIRPANALNCH KOOPMMHATH YIHOBNX T:
M=size(p.2):
X=p(1:1,1:M);
 COBMaMME BEKTOPA, CONEPKAUETO X -& KOOPMWHATH YPTOBUX TONEK APKOHA
Yep(2:2,1:M);
® CO3nAMME BUKTODA, COREPKAUETS Y-© KOOPAMMATH YINUBLX TOUSK APuKOHE
figure(l); plot(X,Y, Color’,’L’);
set (gea, ‘xtick’, (1, 'ytick’, [1);
set (gea, ‘XColor’, ‘w’, *YColor’, ‘w');
function z=Coord(p,Lmax,Axiom,Newt,Newx,Newy, alpha,teta)
© gyHKLEA, BOSBDANANNGS KOODAMHATH YNOBNX TONGK ADAKONd
Rule=DraconString (Lmax, Axiom, Newf,Newx,Newy, 1, ') ;  saanse L-cucremu
M=lengch(Rule) ;

u

aparona

/size(p,2

: ize(p,2));
if Rule(i)

='F' % mar enepen
R=(cos (alpha) ;sin(alpha) |; R=R/(2°Lmax) ;
Tmp=Tmp+R; p=cat (2,p,Tmp) ;
ena |
Pf Rule(i)=='+’ 3 yoemmemne yria, 3anapucro HAUpaBReHAT Qeikeims |
alpha=alphatteta;
ond
if Rule(i)=='-' % ymeHsmeHMe yrfia, 3aNanuero Hanpasnesus RRuAeHns |
alpha=alpha-teta;
end
end

2=p;
function z=DraconString (Lmax,Axiom,Newf,Newx,Newy n, tnp) ;

% dyskiwsl, Bo3ppamaniafi L-cucTemy 4‘

a=1; |

if n<-Lmax |

if n==1 tmpsAxiom; end i
=length(Emp); tmpl='';

for i=1:M |

af tmp(i)=='F’ tmpl=strcat (tmpl,Newf); end H

if tmp(1)=='X’  tmpl=strcat(tmpl,Newx); end
it tmpl1)=='¥' tmpl=strcat(tmpl,Newy); end }
£ not (tmp(i)=="F") &not (tmp(i)=='X") &not (tmp(i)=-"¥")
empl=streac (tmpl, tmpfi)) i end

end
end
tnp=tmpl; n=nel; Cmp-DraconString (Lmax,Axion,Newt ,News,tewy 0, cnp):
pisc
3amerisas B OMHCATHON TPOIPAMMC FOPOKAAIO-
1LHE NPABIL, MOKIIO IOAYHHTL W APYIHC (DPAKTUIb-
HIBIC KDUBKIC, HAUPHMCP, KpHryio [Windepa (prc, 7):
Axcuoma: X
Topomoaomgue npasund;
Newf = F
Newx = -YF + XFX + FY -
Newy = +XF-YFY - FX +
a=0, =12

o

CUTUIg
Cd

LUty

.

2 Puc.7. Kpinas TuanGepta 4-ro nopsju

M kpusyio Tocnepa (puc. 8):
Axcuoma: XF
Topordarougue npasina:
Newx = X +YF ++YF — FX - —FXFX - YF +
Newy =—FX +YFYF ++YF + FX ——FX =Y
o=0, 6=n/3

a Puc. 8. Kpiuas [oenepa 3-10 nopska.

Mnu kpusylo CeprnuHCKoro (puc. 9)
Axcuama: F+ XF +F + XF
Hopoxcoaioue npasurd:

Newf =F
Newx=XF-F+F-XF+F+XF-F+F-X
Newy ="

a=n/4, §=m/2.

4 Puc. 9. Kpuiast CEPIHICKONO 3-10 OpiAKa.

B 3aKa104€1Me OCTAHOBMMCH HA ONEPAIHH BCTB-
sicnms. Koraa » L-cHcTeme BCTpeuactcss cumpon [
(OTKPHITb BCTB), HEOBXOAUMO JATOMITHTH KOOP/Uit-
HATLI TOUKH HAXORK/CHHS «HEPENALIKH> H HANPABIC-
1THC €€ IBWKEHMUS, T. €. nepemennsie (X, y,0). K co-
XPAHCHITBIM IIEPEMEHHBIM CIICAYET BCPHYTHCH NOC-
n1e oBIapykKeus CHMBOAR | (3AKPLITH BeTs). JUist
Xpancims TpucTon (¥, y, &) B [6] mpemnaractcs
HCIONB3OBATH CTEK:

N 9%
o o
X0 Yo O,

1 KOIICIL KOTOPOFO 3ANMCHIBAIOTCA HOBLIC JAHHbIC.
TMpu 3aKpLITHY BeTBY TIepemeHnibiM (X, ¥, O) npu-
CHAMBAIOTCA 311AUCHHSA, CYMTAHIBIE M3 KOHLE CTeKa,
3ATEM HTH SHAYEHWS W3 CTEKA yaansioTes. B nakere





[image: image8.jpg]MATLAB 0Ka3usacTes 60/16€ yRoGHbIM UCTONL30BaTS
MATPHLY € ICPCMCHIDIM YUCIOM CTONGLOB:

XX ..ox
M=y » o 2
o 0 ... @

MPHYCM KOOP/IMTIATHI KUKIOI HOBOI TOYKH BETIC-
1V OGURASIOTCS B MO CroaBent marvpuiwt M.
Mocne 3akporrus seTBu nepemennom (X, y, o)
TIPHCBAMBIOTCS 3 HIMCHIS, CHUTAHTIBIC M3 TIOCACAIIC-
1o cronbua marpuim M, satem stor croaGery ya-
neres,

TaKi M OGPAIOM, BETIWICHIMC JAIACTCH JIBYMS CHM-
BOAMK:

x

[ — orkpuITh BETBE: ROGABHTL BCKTOP | Y | KiK 11O~
o

Buiit cronben marpuip: M,

1 — 3uKpLITH BETBL: PHCBOUTL NCPCMCHITLIM

(X, y, OL) 3UAYCHIB KOOPIMHAT BEKTOPA, ARIHIONIC-

OGS NOCHCAIIM CTONGUOM MaTpuinl M.

TIpumep PPaKTwid, HOCTPOCHHOIO € HOMOWBIO
ONepauMH BeTWICIHA, NpeACTamict Ha pyc. 10. Hike
NPUBOAXTCH AucTHI (aivia Flower.m, cojiepkaime-
O OHUCAHNC DYHKIINH, BO3BPALIAIONICH HIOOPWKC-
HHC LIBCTKA, B COOTHCTCTBHH C ONHCATION BhilIe
L-cucremodt.

N

B
™

:

a Puc. 10. Lic1ok 310 topsika.

% NucTumr gadna Flower.m
function (X,¥)=Flower (Lmax)

% gyukumsl, Bosspauanua’i wsoSpaxewe uveTKa
% Lmax - mopfinox npera

¢ nopoxuavuyse npassna

Axiom="F[+F+F] [-F-F] [++F) [~F]F';
Newf='FF[++F] [+F] [F] [-F]1[-F]";
tetas=pi/l16;

alpha=pi/2;
p=10:0]; % wavanowa Touka

Coord (p, Linax, Axaom, Newf ,alpha, teta) ;
3 obpaueiie K dywKumi, BO3BPALALUCH
% wscbpaxenve nseTKa

function z=Coord(p,Lmax,Axiom,Newf alpha, teta) |
% dynKWAA, BOBBRANANIAT HIOOPAKEHUC LLCTKA
Rule=FlowerString (Lmax,Axiom,Newf, 1, ") ;

% danamse L-cucrems
figure(1); hold on;
M=length(Rule) ;L=0; x0=)

(1);y0=p(2);

t war Bnepex
0+sin(alpha);
X=[x0,x11; ¥=[y0,y1); x0=xl; y0=yl;
plot(X,¥, 'Color’,'k’}; end

Af Rule(i)
alpha=alphasteta;

lpha-teta;

1f Rule(i)=
if Les
end

end

1f Rule(i)==']' % sakputh seTsb
M=size(St,2); R=St(1:3,M:M);

‘('; % orxputs Bersn

X0=R(1); y0=R(2);
alpha=R(3); St=5t(1:3,1:M-1);
end
end
hold off

function z=FlowersString(Lmax,Axiom,Newf,n, tmp)
% dynkund, nosppamacuas L-cucTemy
while ne=Lmax
1 n==1
tmp=Axiom; n=n+l;

else

'

| tmp=strrep (tmp, ‘F’,Newf) ;

l n=n+1; tmp=FlowerString(Lmax,Axiom,Newf,n,tmp);
ond

| end .

| z=emo: :

3AMCII B OUMCAIINON 1POIPAMME HOPOXAAIO-
IWHE TPABIILY, MOKIO HOAYUHTL 1 APYIUC BCTBS-
HUICCH (PPAKTALILC OGBCKTH, HANPHMCED, KyCT
(pre. 11):

Ancuena: F

Topowdaiowgue npasund:

Newf = ~F + F +[+F - F=]—[-F + F + F]

a=7/2, 0=n/8

4 PHC TLKYC1 3-10 HOH/KL

Wi cticsinixy (pc. 12):
Axcuara: [F1+[F1+(F)+[F)+[F]+[F)
Topoxoaiougie npaciad:
Newf = Fl++ F)[~FF|FF[+F][-F]FF
o=0, 0=m/3

A Prc. 12, CHORIIKL 310 HOPA/KL

+ % ymemtuenue yrna, 3aKaOMero Hanpasnenve mmumenus

‘% yueHbuemue Yrna, 3aRaOuero HanpaBneHue ApuKenus

5t=[x0,y0;alphal; L=1; else St=cat(2,St,(x0;y0;alphal);

% pexypcuf

"3 (3) / 2003





[image: image9.jpg]4. CucTeMbl UTEPUPOBaHHLIX BYHKUMA
Hanowuis, caenys [6), 410 1 0BiiCM caysac uist
TOCTPOCTIS CHOTCME HTCPHPORAIILX DyIKIIE
(CHUD) 1 PICCMOTPEIING RROJUFICH COBOKYRITOCTE
CORHMAIOIHX OTOGPANCHHMIT:
T, ¢ koapumueiom ¢

s,

Ty € KOSAUIBICITON CRATIS S,

T, ¢ koaprigreHTom CRATHA S,

Jerictyionuix n R”. D11 m 0TOGPBRCIIIT HCNOb-

BYIOTCH YA NOCTPOCII OO0 CRIMIIONICTO 0T0-

Gpaxcr T w npoctpaicrne Q neex nenyertix

comiakron 3 R”. MpeoSpasomume Xarunico

T:Q — Q ONpeACSCTCs CAEAYIONIM OBPAZOM:
7(E)= 1 (E)UL (E)U...UT, (£),
EeQ.

JEIIoe HPCOGPIIORATHC CTAMT B COOTRETCTRIC
«TouKam 113 L, 10 KOTOPHIMH HECh NONHMAUOTCH
KOMIEUCTHLIC MIOAKCCTH, TISKC oTOuKIs 13 Q.

CHETEMORN HFFCPIPORIIII (1Y 1K HEBICT-
51 COBOKYNHOCTB NPHBCACHITHIN BLITIC 0TOBPMKC-
1111 BMECTC € ITCPAIONITION CXCMOI

B =T(E), E,=T(E), -
E,=T(E,.), =

(Ey — npOHssonsioe KOMIEKIIOE MIIOKCCTBO),
Cynieconane npeieanons siowcc £

(E=limE,) cucienms wiepnpomsain dy i
1B CMBICIC CXOIMOCTH B Metpike Xayedopga:
H(E.F)=min{e>0:EC F+c & FCE+e},

e £ n F — nenyctic KOMIKTIBIC HOJMIORC-
crra s R", 0Ka3BIBACT COOTRETCTRYIONS TCO-
pema (o]

Haupimep, CHA npi nocrpociin konpa Cep-
HICKORO (PHC 1) 307CTCH TpEMst adprimmmm
IPCOBPATORANHSANH, KOTOPHIE B MITPHUNON (opye
HMCIOT CAICAYIONT BT

AN
DT Al

2[[ 17200 x : 1/4
| 0 2){x | |VB/4)

Paanuaior wa noaxo/ K pewn g CH: ie-
repmutnponbi (ACH®) (n korapom adxpriimie
TIPCOBPABORAI N MPUMCHSIOTCS HOCIC/ORITCALITO K
KDAOf TOUKE HAMUILHON KOHGMIYDAIII) 1 PO
sizsporanntt (PCHD) (1 KOTOPOM CAYHaliie Bihi-
GHpacNIe AdHITTILIC NPCOGPAOAIS 1PHMCIIi-
10T K €AHHCTBEIINON HAHUIKHON TOUKC).

HI3BECTHRIT ACTEPMUIIPOITIT LTOPIFM
BuiMcaensn CH®, opHENTHPOBANILIT HA Peaii3a-
IUHO 1 BIYIC KOMTIBIGTEPHON HIPOFPIMMBL 114 KIKOM-
JNGO AJLIKE NPOIPAMMIPOBANIS, AONYCKAIONEM
KOMIHASIUUO0, O1czn 1 0], K 1HEOCT s Aanmioro
WITOPHIMi MOJKIIO OTHECTH CC/YIONICE.

1. BABICHMOCTh KAMCCTIAL 11305 HIKCHS O pas-
MCDH TPAPINCCKORO OKITL (YAOBNCTEOPHTENRIIOE
KAMCCTBO HAOBPAKCINS AOCTUEICTCH st m > 256).

2. [puBsA3Ka ATOPUTMA K PA3MEPY rPauuccKo-
'O OKHA M, KaK CJIEACTBIE, BOMBINON OGBEM BHIMHC-
NICHHA (YUC0 ONEpar i IPAMO NPONOPIHOHAIBIO
HUCIY TOUEK m o YHCITY HTEPAIHA),

3. BoamskHoneHiie anapiiibix OCTaloROR Npo-
FPAMMLL C COOBILEIHEM OB OIIGKe <HIIEKE himen
30 IPEACALE [IPH TON/IAIHM TOMKH 3 [IPE/ICII OKTIA
mxm.

PacemoTpig MoandHKaLIOo wiropirTa JICHD,
HOBKO/IAONLYIO PCAMBONATE €O B nakeTe MATLAB,
A IPHMEPC YIKE PACCMOTPEIIHONO B NEPHOM PAIAE-
J1¢ KOBPA CPIHIICKOTO, BO-TIEPBLIX, 3AMETIM, YTO,
KIK BHANIO 13 PHC. 13, JUisl NO/yUCH S HIOGPIKEHMS |
KOBPA CEPIIICKOIO ) 1HECOBXOAMMO THil KIKAYIO
rouky (", 3*), HAXOMANYIOCH BHYTDH HCXORHO-
TO TPCYIONBIMKL Sy, PUIACABIO NOACTICTRORITH
KukABIM 13 adepunibix npeodpagosanmis 7y, 7,
bR

D I I B I P
5 =
AR B R I

K[+

o) | (1)

WO L

 Prc. 13, Adxbaurine #peoSpasonis uis koupa Cep-
oo

Takitns OBPAION, ks TN

F (x*, ") 1 nep-
BOM [IACC IFTCPATH OPOWAIET TPH 1HOBBIE TOUKIT
A0, (0 (6 0 i o s
STHN TOUCK TELIFTOPOM HENC CPIIGI BIOBE CICAY-
€T HOAEACTBOBATH AGXPUIKIBIMK IPCOGPABORAHHUAMIT
T, Ty T,. BpeaynnTare wuk/s 13 1pex To4CK KoB-
P S, BHOBG HOPOAT WPyt TOUKH KOBPA S, 1T L
OnucautpIi 1PoLECC Y0610 HI0BPAsHTH B BIC
rpada (puc. 14). U3 puc. 14 siygio, 4T0 na RTopom
WAIC HrepaIiH cymecTayer 9 (37 =9, e n=2)
TPABILL, 110 KOTOPHLIM KAZAOH 11AYIBHOH TOUKE

T i
(x;\p") cTaBuTes B COOTBCTCTRAE O TOHEK KORPA
Cepniiickoro S;. COOTRCTCTBEHHO, HA TPEThEM

ware imrepartn Tk npanin Gyzer 27 =3 ¢

TILRLL T T

TLL L IT TLT 7T

AT LT TRT T

LLL TTT TIT, TIT, TIT

TG WL TG T

ILL LT, T LT, TIL
.

n, 7,

LAY 8

& Puc. 14. Tpacy adduHiiux mpeoSpaIouHiti Kowpa
Cepamckoro,






[image: image10.jpg]Takum 0GPAsOM, VI TOCTPOEH s KORPa Ceprivi-
CKOIO 71-1'0 YPOBHS ¢ nomounbio JICH® 1ieobxoaumo
HAYUNTLCR reHepHpoBaTh 3" TPaBiil, NO KOTOPbIM

waroit touxe (x1, yV') crasuren w coornercrniie

3" rodex (xf”, "), j=1,2,...,3". Bucsiem 0Go-
snaucnns: T, &0, 7, &1, T, & 2. B subpai-
161X OGOBHANCHIAX MPABHIA NPEOGPAIOBAIBI 1T
TPETHEM WATE HTCPAIIT HMCIOT BHJ:

000 010 020 001 Or1 021 002 012 022
100 110 120 100 111 121 102 112 122
200 210 220 201 211 221 202 212 222

A3 TAGIMIB SAKOJMPOBRITILIX MPURILL TIPC-
OBPAIONAIHI MOKAILBACT, YTO HAZBABI NPABI
ABAAIOTCH  MIOKCCTBOM  HATYPAILIBIX  4HCC
1,2,.., 27, 3AMACAIIBIX B TPOIUHON CHCTCME CHHC-
nenus. [Tpn 3TOM /I8 NPERCTABICHAS KO KOKIOTO
TIPABAIZ HCTIONB3YETCH YUEANO0 UNGP, COoRNaAaIoNIce
€ HopsiKoM KoBpa A, COOTBETCTBEHHO, VI CIydas
=4 nmeem MioxecTo, coctosmee u3 3* =81
FIPABIIIA, HAZBATIA KOTOPHIX CCTh MHOKECTBO HHCE
1,2,.., 81, 32HCAIBIX B TPOHYIION CHCTEMC CHHC-
sieis, TTpU 3TOM JUIAl APE/ICTARICI M KDKIOTO YHC-
12 HCHOALIYIOTCH YCTHIPE LUQPHL. OUCBIAHO, 4TO
JVIst XPAHEHHA Ha3RAIs npasul HanGonee yo6io
HCTOJNB3OBATH MACCIB CTPOKOBBIX ICPEMCHHBIX JUTH-
HO# 11, SHCTO 31EMENTOR KOTOPOro pario 3

TaKyM OBPAZOM, /LISt TOCTPOCHHS KORpa Cepriuti-
CKOro 8 nakere MATLAB ¢ nomonio ACH® moxno
HCHONL30BITH CAC/YIONHIT ATFOPUTM.

1 3aiary nopsiok Kospa CepriicKoro M.

2. 3a/1aTh YMCIIO TOYCK HAYAIBHOH KOHbHIYDA-
wan .

3. 321 KoOpATH | TOCK (
SANOANAIOUMX HAYAIBIIOE MHOKCCTEO.

4.Tlepereern kaxaoe uzuncen 1, 2, ..., 3" BTpo-
HUIIYIO CHCTEMY CHMCAICHHS,

5. ChopMupoBaTL Maccus, coctosimit na 3"
CTPOK, JYIMHOM N CHMBONOB. *

6. 3aa7b 2apUnHBIE IPCOBPAIOBANHSL.

7. JU1a i-0# TOYKHM HA4aNbHOH KOHHUIYPALIHK
NOCACAOBATENLHO NPUMCHHTL  KIKAOC M3
J=1,2,...,3" wreparmousnix npasui 1 oroGpa-
JUTH B IPAGHUECKOM OKHE MOMYMCHHBIC OGPAIb KIK-
JIOM YUIBHON TOUKHA,

Tpumep koBpa CepHHCKOID, MOCTPOCHIIONO ¢
HOMONLBIO OMHCAHHON BBITIIE MOM(PHKAIIHHN A0~
prrsa JICH®, npeacrawic na puc. 15. Hivke nph-

L2,...5m);

4 Puc. 15, Kosep Cepiiickoro 4-10 HopHka, toiysent-
LI € HOMOIBIO MOW(HITPOBITIIONO ITOPITMI
JICH®, Lasamaian kongrypanns S, — 1000 10uck, cry-
aMiI1EIM OGPIIOM PAIMEIEIIBIX b PABIOCTOPOHIEM TPe-
yrOnbHIKE

soprres e (paina SerpDSIEM, copepxauiero
OMHCAHHE COOTBETCTBYIOIUEN DYHKILIH, BO3BPAIA-
ONICH M306PKEHHE KOBPA CEPIIMHCKOLO.

% MucTunr dajina SerpDSIF.m

function z=SerpDSIF(Niter,NPoints)
T by,
® HiLer - nopHIon mompa
% Nroants
zeros (NPoints,1); y=zeros(NPoints,1);
T 3ameMie KOL|WHAL TONRK A
¥3=1/2; y3=sin(pi/3);

251
uhile j<=NPoints

tmpx=rand(1,1) ;
tmpy=sqrt (3)/2*rand(1,1)
1t (-sqrt (3) *tmpx+tmpy
x(3) =tmpx;
V) =ty
373418
end;
end
% Qopuupondie Mar ( tea,
3 Niter
Tmp () =system3 (i-1

1=

O BDANEIIAS HIOGPAKCIME ROBPA CEPIMHCKOLG
< MMOHG FOMOK HBNANRHON KORBHLYDATH

SEHOT KORPUTYPaIBUL

CORUPABUETO NPABIIA WCEDAUM

)& (sart (3) *tmpx+tmpy-sqrt (3)<=0)

Lo BN OIS W CCATOR 5 EPORTIYR CH UMy CHHCIIeHIY

“end

; s=r07;
while neNiter
s=strcat(s,'0'); n=n+l;
cud
for 1z1:3Miter
tap=nunzstr (Tap (1)) ;
Ltor m length(tmp)
tmpl (Niter-m+1) =tmp(length(tmp)-m+1);

wnd
Codl1,1:Niter) -tmpl;
ot

al=(0:01; a2-11/2;01; al=[1/4;sqrL(3)/4];
g famnn, oy aon nom
figure(1); hold on; set(gca,’xtick’, (], ytick’

set (gca, 'XColor', ‘w’ , 'YColor ', 'w' )
GosperDraw (Niter,NPoints,x,y,A,al,a2,a3,Cod) ;

% nocrposiin Kuppe CepmuMHCLUTo

function z
S bsnvwid,
“Niter

3 Rule=Cod (m,
171:Niter
tmp=Rule (Niters1-i);
top==10*

(X Y1=T(NPoines,X,¥,A,al);

o naouas 16D se

e kowpa Cepri

for

it

A=(1/2,

S

Koro

b

[X Y]=T(NPoints,X,¥,A,a3); % wpeine
end
~  emd s
plot(X,¥,’.*, 'MarkerSize’,1, 'MarkerfdgeColor’, b’ )
OECOLAACMG 5 27000 108 st
an
tunctwon (X, Y]=T(NPoinLs, x,y.A,a)

%@, il
X=zeros (NPoints, 1) ;

O et e s

o1t
v=zeros (NPonts, 1) ;

tor i=1:NPoints
R=[x(i);y(1)]; R=A*Rta; X(1)=R(1); Y(1)=R(2);
erd
tmcticn zesystem3 (D) ;
R B e T Ny TR T U R Iy
[ P R R R I P
[ e e P R
n=1;
while D>=3*n n=n+l; end
i n>l
a=floor (D/3%(n-1)) *10(n-1); b=mod(D,3"(n-1));
i b>=3

systemd (b); ' poayrort

/215

Eill(fxl x2 x3], 0yl y2 y31,'w');

osperDraw (Niter,NPoints,x,y,A,al,a2,a3,Cod)

% neproe A bbMHUC IPEOBpAtn e

% BIOPOE abpHIIGe HDEOBP 10k e

POt e

ABHHOT O e (0D soLaHMs





[image: image11.jpg]TIpHMeEp BPAKTAILL, HA3LIBACMOTO JIHCT, FOCTPO-
CHHOTO ¢ ucnonb3onaiiem JACH®D, 1 ancTunr coor-
BETCTRYIONICH IPOPPIMMBI NPCACTIVICT 1 (TPHACHKC-
nam 1L

Bowntaue or JCHD B pagomi suposaimios -
FOPIFTME HIMUINIOC MHOXCCTBO S COCTOMT M3 Oft-
HOTOUKH (X3 V), 4 IPABWIO, IO KOTOPOMY TOY-
crasTes B coornercinmne touka (x,, ¥,), me i —
HOMED HPARIL, BLGHPACICS CAYUTiHM 06pasom
13 11AGOPH, CONCPAKINCI O BC BOIMORIIIC TIPARIIL
AL npeodpIoRT Hanpimep, npime-
HIFCLIO K KOBPY CEPHITICKOIO 310 0HLIUACT, 410
HPH HOCTPOCIIIL KOBPA 2-T0 HOPHAKA NPeodpaso-
BILIC ZIO/EATIO CHYSAbIM OBPAION BIGHDATHCH U3
CACAYIONICIO MIOKCCT L HIPEOBPIAORIIIT

{0, . 1L T T T AT T TT, T

aneno snemerrion N kotoporo panio N = Y m'.
TaKIM OBPAIOM, U1 HOCTPOCII mmpi. ‘Ccp~
NHICKOTO BitaKeTe MATLAB ¢ nomonbio PCH® mox-
10 HCTIOALIORATD CACAYIONYATT WITOPHTM,
- L.3aib nopsyiok Kospa CEpIMHCKOro n.
2 Baparn wneno uenvreaimit NTrial.
3. 3anarn WHEAG aPIITIIX NPCOBPAIORAMTE
m=3.
4. COPMHPOBIATEH MACCHE, COACPRANI TAGOP
PRl A AdOHITBIX TPCOBPIIONIIT

5. 3aaTh KOOPMHATH HAYLALHON TOUKH
(% 20)-
6.Tepenectn kaxkaoce msuucen 1, 2, ..., 3" Brpo-

MUHYIO CHCTEMY CHlICICHIL,

7. Banar ad)pHIHIC TPCOBPAIORIIL

8 JU SURAHTHONO SHC/I HCILIT NI HOCHCOBI-
TCABLLO, HAYHIESE C BAYAIBHON TOYKH, B COOTBCT-
UL C HIPARKILAMH dPHITBIY HPCOBPLIONIT T,
RHIGHPACMEIX CYNATTLM OOPASOM, BHICIT 1 TON-
Ki HTCPAIHONINOT MOCHCAOBATCBIOCT H

9, OTOBPANITH RLIMHCICHIOC MUOKCCTRO TOUEK
B rpapHYCCKOM OKIIC

B 0GHICY CIyHac 4aa (PakTAAOH 7-ro NOPSKA,
HIOBPAKCING KOTOPHX COYUCICH ¢ HOMOMBIO. M
APPUIHLIX TPEOBPATOAIIII, KAK 1 DI HCMONKI0-
Rt JICH®, HEOBXOAUMO MEPCROMITY HUCIA
1,2, ..., m" 1 m-uanyio cucremy cuicactims,

[IpHMEP KPICTULIA, TIOCTPOCHIONO ¢ HOMOIIBIO
onHCAIOro moite wiropima PCH®, npectawien
Ha puc. 16 Hioke npusosres auctin haia
Cnistal.m, COfICPAKANICIO OMUCAITNE COOTRCTCTRYIO-
WCH PyHKIHH

AsTop:

Topunes Cepreii Bna-
AMMUPOBUY, Npodeccop,
OKTOP TEXHAHECKAX HaYK,
3aBEAYIOWMA Kadeapoi
WHDOPMATVKY U BLISUCAIN-
TENbHOR TexHnky, HukHe-
STarunLCKIR FOOYAAD-
CTBeNHbI Neparoruiec-
KN/ MHCTUTYT, T Hupkiuin
Taran

& PHC. 16, KDHCTU1 4-10 HOPSAKL, TOAYHCHITHT € TOMO-
1610 0 0pi L POHAD nocae S00000 tetmi

% JmeTvmr daina Cristal.m

function z=Cristal(Niter,NTrial) .
3 gyHKiil, BO3BPANALUAS M3UGPAXEHKE KPHCTANNS
| % Niler - nopfinox kpucTanna

o NTrial  MMCRO MenmTaNMR

Na=4; % wncno addunnux Npeobpasosanui

% Cosmanne Maccusa, COHePAuero HaGop

% mpapun A adduHHEX MPEoGpaloBaNHit

4°m Tmp (k) =system3 (1-1,Na); k=k+1;

:Niter Q(m)=Q(m-1)+Na®m; end
i a=t0%7 Me1;
while ne=length(Tmp)
n=1;
while n=Q(m) mem+l;
' 1t m==1
S(n,1:1)=s;
elee
Sin,1:1)=s;
m S(n,1:1)=strcat(S(n,:),s); end

end

for 1=2:
end
n=n+i; —

end

for

k-1 tmp=num2str(Tmp(1});
while 1>Q(m) m=m+l; end
copl (1:m) =S (i,1:m);
for m=1:1ength (tmp)
tmp1 (length (tmpl) -
mel:length (cmpl)-mel)=. . .
tmp (length (tmp) -m+1: length (tmp) -mr1) 5
end ki
Cod(1,1:1ength(tmpl)) ~tmpl;

m=1;

¥=0; % KOOPAMHATH HAaVansHOM TOMKIt
% Samamse apgudHEX NpPeCOPAIOBAHWA
A1=[0.2550,0.0000;0.0000,0.25501];
A2=(0.2550,0,0000;0.0000,0.2550];
A3=[0.2550,0.0000;0.0000,0.2550] ;
0.3700,-0.6420:0.6420,0.3700];
a1=(0.3726;0.6714]; a2=[0.1146;0.2232];
a3=(0.6306;0.2232]; a4=[0.6356;-0.00611;
fagure(1); hold on;

setlgea, *xeick’, [, rytick’, (1);

set(gea, *XColor’, ‘w’, *YCOlor’ , ‘w');
DrawFractal (Niter,NTrial,x,y,Al,A2,A3,Ad, ...
| al,a2,a3,ad,Cod); % susyanusauwss gpaxTana

| function z=DrawFractal(Niter,NTrial,x,y,...
| 41,A2,A3,Ad,a1,a2,a3,a4,Cod)

& dynxuysl, posspananuasi usobpaxenue épaxrana
Xl=zeros(NTrial,1); Yl=zeros(NTrial,l);
| oxex;

% BuBOD HOMepa NpeobpanoBaHHA
Rule=Cod(Np, :) ;

for 1=1:length(Rule)
tmp=Rule (length(Rule}+1-1);
[X Y]=T(X,Y,Al,al); end
(X Y]=T(X,Y,A2,a2}; end
X Y)=T(X,Y,A3,a3); end
[X Y)=T(X,Y,Ad,ad); end

P YLm=y;

plot (X1,¥1,*.7,
*MarkerEdgeColor’ ,
function

| ‘MarkerSize’,1,...
. iy

| (X,Y1=T(x,y,A,a)

| t Oynxunfl, BO3BpAUANMAf pesynbTaT
| % asgumioro npeopasosarun
i

|

15 ReA*R+a;
(1)

Y=R(2) 7
function z=system3(D,m);

% QywKumsl, Boaspauavuasl mavenie
t

WICRA B uETBEPMuHON CHCTEME KOOpIMHAT

while D>=m°n n=n+1;
1f n>1
a=floor (D/m" (n-1)) *10" (n-1) ;
b=mod (D,m" (n-1)) ;

|

1

)

! end

|

|

\ 1€ b>=m besystem3 (b,m) ;
|

end
2=ash;
else
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2 Katok A. B, Xaccennar b. BEGAEHHE B COBPCMCHITYIO Te- } <z
OPHIO IEAMIICCRITX CHCTeN.~ M. DakTopiaz, 1999, o
3. TuxrenGepr A, JuGepsan M. Peryaspiian i Croxacts- -
ueckan iamuka.— M: Mepkypnis-lIPECC, 2000.
4. Ulyerep I flevepmtiposantsbiii xa0c.— M. Mip, 1988,
5. Kperens 9. T. CKITHE CHITIIOR C IPHMEIIENTCM Teo-

{a, Ve A S PP7-4
ﬁ Sy, &
-y o
Pt ppaktanos.— M: MTYCH, 1996, #l%
6. Kpomonep P. M. DPaKTIIL 1 XA0C B AHHAMHUCCKHX CHC-

memax, OCHOB Teopiti— M: TlocTMapkep, 2000, 4 Prc. 17. JIier, nocTpoctiiii ¢ noso- 4 Prec. 18, Berka manopoTiska, noctpocti-
1o JICHD, 4hcsio adupinniibi npeotpa-  #as € noMouio JACHD; acno adxpimnin
F0BUNT M =2, WCAO eI 7= HpeOSPIOmIAL m =4, uHCIO NTCp

MO TN TOUCK 2000, 7= 5, W0 b Touck 1000
: Mpunoxenune 1. JiuctuHr daiina, NMpunoxexne 2. JIucTuHr paina, copepxatlero onucaHue —!
i coepxaluero onucaxme dyHkumm, byHKLUMM, BO3BPALLAIOLIEN M300paXeH1e BETKV NanopoTHUKa ’
BO3BpaLjaouieit naobpaxexve nucta i (puc. 18) [
; (puc. 17) | Function zePaporotnic(Niter,Npoints)
| function z-Maple(Niter Nroints) | x1=0; yi=0; x2=1; y2=0; x3-1/2; y3 J
| x1=0; y1=0; . [ eros (NFoints,1); y=zeros (NPoints,1);
x2=1; y2:0; 13 |
*3=1/2; y3=sin(pi/3); | | while jesNPoints !
| x=zeros(NPoints,1); y=zeros(NPoints,1); ol and(1,1); tmpy=sqrt(3)/2*rand(l,1); |
Dis1; ! ! i€ (-sqrt (3) *Empxrtmpy<=0)& (Sqrt (3) *Empx+tmpy-sqrt (3)<=0) ... |
| while je=npoints | \hspace{12mm)x (3} =tmpx; y(§)=tmpy; j=j+1; end; {
| and(1,1) 1 |
qrt (3) /2*rand(1,1) l 4°Niter Tmp(i)=system2(i-1,4); end; {
if (-sqrt(3)*tmpx+tmpy<=0)& (sqrt(3)*. [ 0% |
tmpx+tmpy-sqrt (3)<=0) [ : n<Niter s=strcat(s,’0°); n=n+l; end; |
X(3)=tmpx; v (i)=tmpy; j=j+1; ' ; ) !
end | tmp=num2str(Tmp(i)); tmpl=s; {
end i for m=1:length(tmp) |
| for i=1:2°Niter Tmpli)=system2(i-1,2); cud ' o1 (Niter mil) stmp(lenglh (L) -me1) ; |
| n=1; s=ror; | i
| while neviter s=strcat(s,’0'); n=n+l; end - Cod(i,1:Niter)=tmpl; V‘
for i=1:2°Niter p | endi |
tmp=num2str(Tmp(i)); tmpl=s } 1)\):[0.7000,0:0,0.7000]: A2=[0.1000,-0.4330;0.1732,0.2500]; i
for m=l:length(tmp) tmpl(Niter-m+1)= i [ A3=10.1000,0.4330;-0.1732,0.2500}; A4=(0,0;0,0.3000}); 1
tmp(length (tmp)-m+1); end I a12(0.1496;0.2962); a2=[0.4478;0.0014); i
Cod(i,l:Niter mpl; }u)=10.4450;0.13’>’ll: 24=[0.4987;0.0070] ;
ena | Elgure(h); hold on; set(gea, *xtick’, (], 'ytick’ 1)) |
A1=[0.4,-0.3733;0.0600,0.6000); | set (gca, ‘XColor', ‘w’, *YColor’, 'w'); §
A27[-0.8000,-0.1867;0,1371,0.8000) ; i FractalDraw(Niter ,NPoints,x,y,Al,A2,A3,A4,a1,a2,a3,a4,Cod); i
a1=[0.3533;0.000]; a2=[1.1000;0.1000]; | function z=Simplex(Niter NPoints,x,y Al,A2,A3,Al,al,a2,ad,ad,Cod)
figure(1); hold on; ‘ :4"Niter
set (gea, ‘xtick’, (], ‘ytick’, [1); | Rule=Cod(m, :); I
set {gca, ‘XColor’, 'w',‘¥Color’, ‘w*); !
FractalDraw(Niter,NPoints,x,y ,AL,A2, . | THl-d) g i
al,a2,Cod) ; | (X YI=T(NPoints,X,¥,Al,al}; end;
function z=FractalDraw(Niter,NPoints,x,y | [X Y]=T(NPoints,X,Y,A2,a2); en i

(X ¥1=T(NPoints,X,¥,A3,a3); end; H
[X YI=T(NPoints,X,Y,Ad,ad}; end; :

Al,A2,a1,a2,Cod)

end;
- - plot(X,Y,’.’, 'MarkerSize’,1, ‘MarkerEdgeColor’;'k')
ond; 5

uleNiter+1-i); function [X,Y]=T(NPoints,x,y,A,a)
0" (X YI=T(NPoints.X.¥.Al,al): end X=zeros(NPoints,1); Y=zeros(NPoints,1);
[X Y1=T(NPoints,X.Y.A2.a2); eud ! for i=L:NPoints R=[x(i)iy(i)]; R=A*Rea; X(i)=R(1); Y(i)=R(2); end;
i function z-Fractalbraw(Niter,NPoints,x.y,Al,A2,al,a2,Cod) i
i ~ Niter
: Rule=Cod(m, :);
for i=l:Niter tmp=Rule(Niter+l-i);
(NPoints,X,¥,Al,al); end;
(NPoints,X,¥,A2,a2); end; i

|
|
i
I
|
!
i

| plot(x,v, ., ‘Markersize,1,...
‘MarkerEdgeColor”, 'b') ; |

|
|

{

i

|

1

|

|

|

! for ms1:2Niter
| :

|

|

|

|

|

end
function [X,Y]=T(NPoints,x,y,A,a)
%=zeros (NPoints,1); ¥=zeros(NPoints,1);

for i=1:NPoints R=(x(i);y(i)]; R=A*R+a; end;

X(1)=R(1); Y(i)=R(2); end IOt (X,Y, 7.7, ‘MarkerSize’,1, ‘MarkerEdgeColor”, k’) ; |
function z=system2 (D,m); cnd; |
ne1; function (X,Y]=T(NPoints,x,y,A.a)

YE Ay for i=1:NPoints R=[x{i)iy(1)1; R=A*Rta; X(i)=R(1); Y(i)=R(2); end;

{
|
!
|
whils D>=m*n n=n+l; end ; %=zeros (NPoints,1); Y=zeros(NPoints,1);
i

a=floor (D/m* (n-1)) *10~(n-1) ; function z=system2(D,m);
b=mod (D,m" (n-1) ) ; n=1;
it be>=m besystem2(b,m): while D>=m"n n=n+l; end;
end if ns1
z=ath; v a=floor (D/m” (n-1))*10"(n-1); b=mod(D,m" (n-1)) ;
else if b>em besystem2(b,m); end;
2=D;

end





