DAKMAIbl 6OKPY2 HA



aremMaTunKka, eCrnivm Ha Hee
PaBUINbHO

NNOCMOTPETbL, OTPaXaeT HE TOSbKO
NCTUHY,

O N HECPABHEHHYIO KpacorTy.
bepTpaHa Pacce




@paKkmasibl —3mo ...

HpaButcsa nn Bam CMOTPETb HA HOYHbIE MOMHUW UK NPEACTaBNATb CUHUK BCMOMOXU
BETBSALLMXCS pa3psaoB aNeKTpUYeCKoro opy»xust HaHopoboTa, pasrnsabiBaTth
MOPO3HbIE Y30pbl HAa OKHE UMK, MOXET, Bbl NIOOUTE NOBUTbL Tak HEMOXOXME APYr Ha
Apyra CHEXWHKM U paccMmaTtpuBaTb UX HenoBTopuMyto doopmy? Ecnn aa, To Bawm,
HECOMHEHHO, MOHPAaBATCA U PpaKTanbHble CTPYKTYPbI!

@pakTanamu HasblBatoT 6€CKOHEYHO caMonoaoOHbIe oUrypbl, Kaxkabi dparMeHT
KOTOPbIX NOBTOPSIETCS NPU YMEHbLUEeHMM MacluTaba. PasseTBneHns Tpyboyek Tpaxen,
HENPOHbI, cCocyancTasa cucTtemMa YesnioBeka, U3BUNnHbI 6eperoB Mopen n 03ep, KOHTYPbI
OepeBbLEB — 3TO Bce dopakTasnbl. PpakTansl HAXOAAT B MECTaxX TakMx MarblX, Kak
KneTouHas membpaHa, 1 Taknmx orpoMHbIX, Kak 3Be3gHble ranakTukn. MoXXHo ckasartb,
YTO bpakTaribl — 3TO YHUKarbHblE O6bEKTbLI, NOPOXAEHHbIE HEMPECKa3yeMbIMU
ABWXEHUAMN XaoTUYeCKOro mupa!



icmopus akmasios

cTtopusa bpaktanoB Ha4yanacb ¢ reoMeTpuyecknx dopakranoB, KOTOpblE UCCeaoBanmch
MaTtemMartukamu B XIX Beke. dpakrarbl 3TOro Knacca — camble HarnsiaHble, MOTOMY YTO B
HUX cpasy BngHo camornogobue. Npumepamn Taknx dopaktanos cnyxart: KpmBble Koxa,
JleBun, MuHkoBckoro, TpeyronbHuk CepnmHbckoro, rydbka MeHrepa, aepeo [udparopa u
ap. C maremaTmnyeckomn TOUKM 3peHns, ppakTan - 3To, Npexae BCEero, MHOXECTBO C
OPOOHON (NPOMEXYTOUHOM, «HE LIENON») pa3MepHOCTLIO. B TO BpeMs Kak rnagkas
€BKNMAoBa NUHUS 3anofTHAET B TOYHOCTM OAHOMEPHOE NPOCTPaHCTBO, hpakTarnbHas
KpuBag BbIXOAUT 3a npeaeribl 0OAHOMEPHOro NPOCTPaHCTBA, BTOPraeTcs 3a rpaHuLbl B
OBYMEPHOE NPOCTpaHCTBO. Taknm obpasom, dhpaktanbHas pasmepHoOCTb KpuBon Koxa
OygeT HaxoauTbcs Mexay 1 1 2. DTo, Npexae BCero, 03HavaeT, YTo y ppakTanbHOro
00beKkTa HEBO3MOXHO TOYHO N3MEPUTb ero anuHy! ( npumep: rybka Menrepa)




Ome akmasos

BnnoTtb 40 20 Beka LU0 HakonmeHne JaHHbIX O TaKMX CTpaHHbIX 06bekTax, 6e3 kakon nnbo
MOMNbITKN NX CUCTEMaTU3NPOBaTh. Tak BbI1s10, NoKa 3a HUX He B3sArica beHya Mangens06poT - otel
COBpPEMEHHOM dopaKkTanbHOM reoMeTpumn n cnoea gpakTtan. PaboTtas B IBM mateMaTU4€CKUM
aHanMTMKOM, OH M3y4dar LWYyMbl B 9fIeKTPOHHbIX CXeMax, KOTOpble HEBO3MOXHO BbI1S10 onucaTh C
MOMOLLIBIO CTATUCTUKK. [ToCTENEHHO CoOnOCTaBuB (pakTbl, OH NPULLIEN K OTKPbITUKO HOBOTO
HanpasneHns B MaTeMaTuKe - pakTaribHOM reoMeTpUumn.

YUTo e Takoe dpakTtan. Cam MaHgens0poT BbiBen CrnoBo fractal OT nlaTMHCKOro cnosa fractus, YTo
O3Ha4aeT pa3buTbin (MogeneHHbIn Ha YacTu). I ogHo n3 onpegeneHnn ppakrana - 310
reomeTpudeckasi purypa, CoctosdLlasa nu3 Yacten n kotopasi MoXxeT ObITb NoAeneHa Ha YacTuy,
Kaykaas U3 KoTopbix OyaeT NnpeacTaBnsTb YMEHbLUEHHYIO KOMUIO Lenoro (No KpamnHen Mepe,
NpUBNN3NTENLHO).

UTtobbl npeactaBntb cebe ppaktan noHarnsgHen pacCMoOTpUM Npumep, NpUBeaEHHbIN B KHUre b.
MaHgenbbpoTa "The Fractal Geometry of Nature" ("®pakTtanbHasi reoMeTpust npupoabl") cTaBLUni
Knaccuieckum - "KakoBa anuHa 6epera bputaHmum?". OTBET Ha 3TOT BONPOC HE TaK NPOCT, KakK
KaXkeTcs. Bce 3aBUCUT OT ANUHbI UHCTPYMEHTA, KOTOPbIM Mbl OyaeM nonb3oBatbes. [Tomepus 6eper
C NOMOLLLIO KMITOMETPOBOW FIMHENKM Mbl NMOMYYUM KaKyro-TO AfMHY. O4HaKo Mbl APONYCTUM MHOIO
HeOBOMbLUMX 3aNMBYNKOB W MOYOCTPOBKOB, KOTOPbIE MO pa3mMepy HAMHOMO MeHbLLE Hallen
JNIMHEWKW. YMEHbBLUNB pa3sMep JIMHENKN [0, CKaXkeM, 1 MeTpa - Mbl y4TeM 3TU AeTanu naHgwadra, u,
COOTBETCTBEHHO AnKnHa 6epera ctaHeT 6onbLue. [Nongem ganblie n namepum anvHy bepera c
NMOMOLLIbIO MUMNSIMMETPOBOM NIMHEWNKK, Mbl TYT Y4TEM AeTanun, KOTopble BonbLUe MUINMMETPA, ANMHA
Oyaert ewle bonbLue. B utore oTBET Ha Takow, Kazanock 6bl, NPOCTOM BONPOC MOXET NOCTaBUTH B
TYMNWK KOro YrogHo - annHa 6epera bputaHnm 6ecKkoHeYHa.



HeMHO020 0 pa3zmepHOCMSIX

B cBOei noBCeaAHEBHOM KU3HU Mbl MOCTOSIHHO BCTpeYaeMcs ¢ pasMepHOCTAMU. Mbl npuknasiBaem AnuHy Joporu (250 M),
y3HaeM nnowiaab KBapTupbl (78 M2) 1 Uwem Ha Haknenke obbem By Tbinku nuea (0.33 gM3). TO NOHATUE BMOSIHE UHTYUTUBHO
SICHO U, Ka3anochb Obl, He TpebyeT pasbAacHeHUs. JIMHUA nMeeT pa3aMepHOCTb 1. TO O3HAYaET, YTO, BbIOpaB TOYKY OTCHETA, Mbl
MOXEeM By TOYKY Ha 3TON NMMHMK ONPeAEnUTb C MOMOLLbIO 1 YMcna - MONOXUTENbHOro UK oTpuuatensHoro. Mpruyem ato
KacaeTcsi BCeX NIMHUI - OKPY>KHOCTb, KBaapat, napabona u 1.4.

PasmepHOCTb 2 03Ha4vaeT, YTo NbYI0 TOUKY Mbl MOXEM OAHO3HAYHO onpeaenuTb AByMS Yncrnamn. He Hago gymartsb, YTo
ABYMEPHBIN - 3HAYMT NAOCKUI. NoBepXHOCTbL cdhepbl TOXE ABYMEPHA (€€ MOXHO onpeaennTb C MOMOLLbIO ABYX 3HAYEHUN -
YrNoB Hanogobwme WMpPKUHbLI 1 JONIOTbI).

Ecnn cmoTpeTb ¢ MaTeMaTUYeCKON TOUKM 3pEHNS, TO pa3MEepPHOCTb ONpeaenserTca cneayowmm oopasom: A1 OAHOMEPHbIX
00OBLEKTOB - yBENMYEeHWe B ABa pasa UX JIMHENHOro pasMepa NpuBOLMUT K YBENUYEHMIO pa3MepoB (B JaHHOM Criyvae AfMHHEL) B
ABa pasa (2°1).

[na aBymepHbIX 00BHEKTOB yBENMYEHME B Ba pasa NIMHENHbIX pa3MepoB NPMBOAUT K YBENNYEHUIO pa3mepa (Hanpumep,
nioLwanb NpsMoyrosibHMKa) B YeTbipe pasa (242).

[ns 3-Xx MEpPHbLIX 0OBbEKTOB YBENMYEHNE NTMHENHBIX pa3MEPOB B ABa pa3a NPUBOAU K YBENMYEHNIO 0O0beMa B BOCEMb pa3 (2/3)
W TaK ganee.

Takum 06pa3om, pasMepHOCTb D MOXXHO paccymTaTb UCXOAst U3 3aBUCMMOCTU YBENMYEHUs "pasmepa” obbekTa S ot
YBENUYEHUS NUHENHbIX pa3mepoB L. D=log(S)/log(L). Ans nuHum D=log(2)/log(2)=1. Ans nnockoctn D=log(4)/log(2)=2. Ans
obbema D=log(8)/log(2)=3. MOXeT 6bITb HEMHOIO 3anyTaHO, HO B OOLLIEM-TO HECITOXXHO U NMOHATHO.

3a4em 5 3To BCe pacckasbiBato? A A5 Toro Ytobbl NOHATL, Kak OTAENATb opakTanbl OT, ckaxkeM, konbacel. Nonpobyem
rnocynTaTb pa3MepHOCTb A58 KpuBoi [NeaHo. MTak, y Hac ucxogHas fniMHus, COCToSALLAs U3 TpexX OTPEe3KoB AMNUHHBI X,
3aMEeHSIETCA Ha 9 OTPE3KOB BTPOE MEHbLUEN AfTMHHbI. Takum 06pa3om, npy yBENMYEHUM MUHUMANbHOIO OTpe3ka B 3 pasa
ANnHa BCen NMHUM yBenuyunBaetca B 9 pa3 u D=log(9)/log(3)=2 - AByMepHbIn 06bekT!!!

®pakTtan 3710 ...

Tak BOT, Korga pa3MepHOCTb d)l/lrypbl nonyqaemoﬁ N3 KaKNX-TO I'IpOCTeIZLIJI/IX 0OBbEKTOB (OTpe3KOB) oonblue Pa3MepHOCTU STUX
OOBLEKTOB - Mbl UMEEM Aerno c d)paKTaJ'IOM.



Kmajsibl 0erigmcs Ha 2
amble bosibwue 2pynbl 3mo:

[eomeTpudeckme dopakrans
Anrebpanyeckue dopakranbl
UCTEMbI UTEPUPYEMbIX PYHKLINU
TOXacTuyeckme dpakranbl




MMeHHO ¢ H1X 1 HaunHanack NCTopus ppakTanos. ATOT TUM
dopakTanos Nony4yaeTcs nyTem NPoCcTbiX FreOMETPUYECKNX
nocTpoeHnin. OBbLIYHO NPY NOCTPOEHUN 3TUX (hpPaKTanoB NOCTynarT
Tak: 6bepeTca "3aTtpaBka" - akcmoma - Habop OTPe3KoB, HA OCHOBaHUU
KOTOpbIX OyaeT cTponTbea dopakTan. [lanee kK aton "3atpaske"
NPUMEHSIOT Habop NpaBwu, KOTOPLIN NpeobpasyeT ee B Kakyo-nnbo
reomeTpudeckyto purypy. [lanee kK kaxgon 4yactn aton urypel
NPUMEHSIOT ONSATL TOT e Habop npasun. C kaxabim warom courypa
OyOeT cTaHOBUTBLCS BCE CIOXHEE U CITIOXKHEE, U €CIU Mbl NPOBEAEM
(no kpanHen mepe, B yme) 6eCKOHEYHOE KONNM4eCcTBO
npeobpasoBaHni - NONy4YMM reoMeTpuyeckmm ppakrarn.

M3 aTnux reomeTpuyeckmnx opaktanoB 04eHb MHTEPECHbLIM U
AOBOSTbHO 3HAMEHUTbIM SABISIETCA NEPBLIN - CHEXMHKa Koxa.
CTtpouTcs oHa Ha OCHOBE PaBHOCTOPOHHErO TpeyronbHuka. Kaxxaas
FNINHNSI KOTOPOrO __ 3aMEHSIeTCS Ha 4 NNHUW Kaxkaas AJIMHHON B 1/3
ncxogHon _/\_. Takum obpasom, C Kaxkaon ntepaumen anmHHa
KpMBOW yBenuunBaeTcs Ha TpeTb. M ecnu mbl caenaem 6eckoHevHoe
YUCIO UTEpaLMi - Nony4nm dpakTan - cHexxmHky Koxa 6eckoHeuHom
ANUHHBIL. Mony4yaeTcs, YTo Hawa 6eckoHeYHasi KpBasi NOKpPbIBaET
OrpaHuYeHHyo nnowaab. Nonpobynte caenaTtb TO XXe camoe
MeTogamm 1 ourypamm 13 eBKIMA0BON reoMeTpun.

eoMenmpudecKue qppaxKmarsib



Arieebpauyeckue akmarsibl

Bropas 6onbluas rpynna opakranos - anrebpanyeckue.
CBOE€ Ha3BaHWe OHW MOSy4YnIM 3a TO, YTO UX CTPOST, Ha
OCHOBe anrebpanyecknx hopmys MHOr4a BeCbMa NPOCThIX.
MeTtonoB nonyyeHus anrebpanyeckmx gopakTanos
Heckonbko. OgvH U3 MeTodoB NpeacTaBnsaeT cobon
MHOFOKPAaTHbIV (MTepaLNOHHbLIN) pacyeT PyHKUMK
Zn+1=f(Zn), roe Z - KoMnneKkcHoe 4ncno, a f Hekas PyHKUNS. P
Pacuet gaHHOI hyHKUMM NpoaomKaeTcsi 40 BbINOMHEHMS
onpegeneHHoro ycrnosms. W korga aTo ycrosue BbINOAHUTCS
- Ha 3KpaH BbIBOANTCA ToukKa. [1pn 3TOM 3HaYeHNsa yHKLUN
A5 Pa3HbIX TOYEK KOMMIEKCHOW NITOCKOCTN MOXET UMETb
pasHoe noBedeHue:

C TeYyeHneM BpeEMEHN CTPEMUTCHA K BECKOHEYHOCTMU.
Crpemntca k0

an/IHMMaeT HECKOJIbKO (bVIKCVIpOBaHHbIX 3HAYEHUN U He
BbIXOAWUT 3a UX npenenbl.

lNoBegeHne xaoTn4Ho, 6e3 Kaknx NMMbo TeEHAEHLUMIA.

UTtoObl npounnocTpupoBaTh anrebpanyeckme pakransl
obpaTtumcs K knaccuke - MHoxecmsy MaHdensbpoma.

[ns ero nocTpoeHns Ham HeoBXxoaMMbl KOMMSEKCHbIE
yucna. Jlrobor yBaxaroLmi cebsi 93bIk MporpaMmmnpoBaHums
BKIOYaET B ce6S MHCTPYMEHTapuii 4ns paboThbl ¢
KOMMSEKCHbLIMWU YCNaMu, a JaxKe eCnv U HET, TO NX
HECJOXHO 3anporpamMmmMmMpoBaTh 1 CaMuUM, U Ha KpanHW1
cny4am (a Takux, 9 gymato, Oynet 60MnbLUMHCTBO :)) y HaC
ecCTb Fractint KOTOpasi BCe Noc4MTaeT U HapuCyeT 3a Hac.




Anezebpauyeckue copakmarsbl

Ha Bcakui criydain HanoMHio, YTO Takoe KOMMIeKCHble Yncna. KomnnekcHoe YMCIo - 3TO YMCIO, COCTOsILLEeE U3 ABYX YacTeu -
JENCTBUTENBHOW U MHUMOW, 1 0603Ha4YaeTca OHO a+bi. [leficTBUTENbHas YacTb a 3TO OObIYHOE YMCIO B HALLEM
NPEACTaBNEHUN, @ BOT MHMMAas YacTb bi UHTEPECHEN. i - Ha3blBalOT MHUMOW eanHULEen. MNoyeMy MHUMOI? A NOTOMY, YTO ecrnn
Mbl BO3BEEM i B KBagpar, TO Nonyymm -1.

KomnnekcHble Yncna MoXxHO ckragbiBaTb, Bbl4MTaTb, yMHOXATb, 4ENUTL, BO3BOAUTbL B CTEMNEHb U U3BMNEKATb KOPEHb, HEMb3s
TOMNBKO UX cpaBHMBaTb. KOMMNIEKCHOE YMCNO MOXHO M306pa3snTb Kak TOUKY Ha MI0OCKOCTU, Y KOTOPOW koopauHaTa X 310
AENCTBUTENBbHAsA YacTb a, a Y 9TO KO3 PULNEHT NPU MHUMON YacTu b.

@PyHKUMOHaNLHO MHOXeCTBO MaHaenbbpoTa onpeaensieTca kak Zn+1=Zn*Zn+C. [1ns noctpoeHnsa mHoxecTBa MaHagensbpota
BOCMOJIb3yeMcs anropuTMom Ha nceeno bencuke (nerko gng noHMMaHus 1 nepeBoga Ha Nobumble A3bIKK).

For a=-2 to 2 ' oNs Bcex AeNCTBUTENbHbIX a OT -2 A0 2For b=-2 to 2 ' Ans Bcex MHUMbIX b oT -2 0o 2C=a+biZ0=0+0iLake=True
"TlpuHagnexnt MHoxecTBy MangensbpoTtaFor iteration=1 to 255'TloBTOpsieM 255 pas (anga pexuma 256 LUBeToB)Zn=20*Z0+CIf
abs(Zn)>2 then Lake=False: Exit For 'TlpoBepunu - He npuHaanexmntZ0=ZnNextlf Lake=True Then PutPixel(a,b,BLACK) 'HapucoBanu
YepHyo TOUKY,NpuHagnexatyto "osepy" MaHgenbbpoTa.Else PutPixel(a, b, iteration) ' Hapncosanu Touky He npuHaanexailyto
MHOXECTBY UNN NexaLlyto Ha rpaHuue.NextNext

A Tenepb onuLLYy NPorpaMMKy crioBamMu. [1nsi Bcex To4ek Ha KOMMIIEKCHOM NIIOCKOCTM B MHTEPBAre OT -2+2i A0 2+2i BbINOMHAEeM
HEKOTOPOE A0CTaTOYHO GObLLIOE KONMMYECTBO pas Zn=20*Z0+C, kKaxablii pa3 npoBepsis abcontoTHoe 3HadYeHue Zn. Ecnm aTo
3HaYeHue GonbLue 2, YTO pUCyeM TOUKY C LIBETOM paBHbIM HOMEPY UTepaLmmn Ha KOTOPOM abComMTHOE 3HAYEHUE NPEBLICUIO
2, UHaye pucyem ToYKY YepHoro LBeTa. Bce MHoxecTBo MaHaenb6poTa B NOMHOM Kpace y Hac nepep rnasamu.

‘—Iepr||7| LIBET B cCepenHe NoKa3bIBa€ET, YHTO B 3TUX TOYKaX d)yHKU,VIﬂ CTpeMUTCA K HYItO - 3TO 1 eCTb MHOXXeCTBO
MaH,u,eanpOTa. 3a npegefnamMmm 3Toro MHoXectea (*)yHKU,VIFI CTPEMUTCA K ©eckoHe4HoCcTU. A camoe MHTepeCHoOe 3TO rpaHuL bl
MHOXecTBa. OHM TO 1 ABNAIOTCSA (bpaKTaJ'leblMVI. Ha rpaHnyax aToro MHoXxectBa (*)yHKLI,I/IFl Beaer cebs Henpenckasyemo -
XaOTUYHO.

MeHaa dyHKUUIO, YCNOBUSA BbIXo4a U3 LUKIa MOXHO nornyyaTs gpyrne dpakransl. Hanpumep, B3sB BMECTO BblpaXeHUs
C=a+bi BbipaxkeHue Z0=a+bi, a C npucBanBaTb NPOM3BOSIbHbIE 3HAYEHUSA Mbl NONYYMM MHOXECTBO YKIonma, ToXe KpacuBbIn
dpakrtan.

Ha pucyHke, nsobpaxatoLiem mHoxxecTso MaHaens06poTa s B3sn He6ONbLLOW y4aCTOK U YBENUYUIT €r0 4O pasMepPOB BCEMO
3KpaHa (Kak B MMKpockon). YTo e Mbl Buanm? MNposieneHmne camonogobHocTn. He TouHOM camonogobHOCTH, HO BNN3Kon 1 ¢
Hen Mbl Bygem cTankmBaTbCsl MOCTOAHHO, yBENMYMBAgA YacTu Hallero opakTtana 6onblue 1 6onblue. [1o Kakux e nop Mbl
MOXXEM YBENnYMBaTh HalLle MHOXECTBO? Tak BOT eCrnv Mbl YBEMMYMM €ro 40 npeaena Bbl4MCNNTENbHON MOLLHOCTU
KOMMbIOTEPOB, TO MOKPOEM MNoLaAb PaBHYHO NNoLWaamM CONTHEYHOM CMCTEMBI BNNOTb Ao CaTypHa.



Cmoxacmu4yeckKue

aKimalibl

TunuyHbIN NpeacTaBUTENb AaHHOIO Knacca ppakTanos "lMnasma’.

[ns ee nocTpoeHns Bo3bMeM NPSMOYTONbHUK U 115 KaXO0ro ero yrna onpegenum
uBeT. [laneeHaxoomm LieHTparbHY0 TOUKY NPSMOYrofibHMKa U packpalunBaem ee B
LBET paBHbIN cpegHeMy apudMeTMYeCKOMY LIBETOB MO yrriam NpAMoyrosibH1Ka
NJIOC HEKOTOPOE cryvariHoe Yncrno. Yem Gonblue cnyyanHoe Yncro - Tem 6onee
""pBaHbIM" BygeT pucyHok. Ecnv Mbl Tenepb CKaXkem, YTO LBET TOYKMN 3TO BbICOTa
Hag ypoBHEM MOpPS - MOMy4YnM BMECTO Nria3Mbl - FOPHbIA MaccuB. IMEHHO Ha 3ToM
NpUHLMNE MOAENUPYIOTCH ropbl B 60nbLUIMHCTBE Nporpamm. C NOMOLLbIO
anropuTMa, MoxoXero Ha nrasmy CTPOUTCS KapTa BbICOT, K HEM NPUMEHSAIOTCA
pasnuyHble UNLTPbI, HaKNaabIBaeM TEKCTYPY U NoXanymncra otopeanncTudHble
ropbl rOTOBbI.

OTa rpynna gopakranos nony4yuna WmMpoKkoe pacnpocTpaHeHne bnarogaps
pabotam Mawkna BapHcnu n3 TeXHONOrMYecKoro MHCTUTYTa WwrtaTta Ixopakus. OH
MnbiTancs KOgUpoBaTb N306paXKeHNsi C NOMOLLbIO bpakTanoB. 3anaTeHTOBaB
HECKOMbKO naen no KoanpoBaHMO N300paXKeHnn C NMOMOLLbI0 hpakTanos, OH
OCHoBan pupmy "lterated Systems", KOTOpas Yepe3 HEKOTOPOE BPEMS BbiNyCcTUNa
nepBbI NPOAYKT "Images Incorporated", B KOTOPOM MOXHO ObIN0 M306paxeHus
NepeBoOaANTb N3 pacTPOBON hopMbl BO hpakTanbHyto FIF. 3To No3Bonsno 4obuTtbes
BbICOKMX CTeneHemn cxxatus. MNpu HU3KMUX CTENEHAX CXXaTuUs Ka4yeCTBO PUCYHKOB
yCTynano ka4yectBy oopmata JPEG, HO Npu BbICOKMX KapTUHKM nony4vanuck 6onee
KayecTBeHHbIMW. B ntobom cnyyae aToT hopmat He NpuXKMIce, Ho paboTbl No ero
YCOBEPLLEHCTBOBaHWUIO BeayTCH A0 cux nop. Begb aToT dhopmart He 3aBUCUT OT
paspeLueHus n3obpaxeHus. Tak Kak nsobpaxeHne 3akoampoBaHO C NOMOLLbLO
PopMmyII, TO ero MOXXHO YBENUYUTL A0 NMoObIX pasMmepoB 1 Npun atom ByayT
NOSABMATLCA HOBbIE AE€Tarnu, a He NPOCTO YBENUYNTCA pasMmep nukcenen. Xyxe ato
UIK NyyLUe - pelaTtb Hafo B KaXXa0M OTAeNbLHOM cryyae.




moxacmuyeckue cbpakmarbl

Ecnun B L-systems (anrebpanyeckux paktanax) peyb
LLuia 0 3aMeHe NPAMoKn NIMHUU HEKUM MOSTUTOHOM, TO B
IFS Mbl B XO4e KaXXgon utepaumm 3aaMmeHaem HEKUM
NOSIUIOH (KBagpaT, TPeyronbHUK, Kpyr) Ha Habop
NOSINFOHOB, KaXXa bl NX KOTOPbIX NOABEPIrHYT
adopuHHbIM NpeobpazoBaHuam. Npu adbPUHHBIX
npeobpa3oBaHUsIX NCXOQHOE N306paxeHne MeHsIeET
MacLwTtab, napansnenbHO NepeHOCUTCHA BAOSb KaXaom
OCeun 1 BpaLlaeTca Ha HEKOTOPbIN yron.

B pesynbrate MOXXHO Mony4nTb noTpacaroLme

KOS umLmneHTbI CxXaTus. Hanpumep pucyHoOK
NanopoTHMKA KOOUPYETCS C NoMoLLbLo 28! umdp
OOWH W TOT e PUCYHOK Mosny4yaeTcs B He 3aBUCUMOCTU
OT TOrO YTO B35/IM 3@ OCHOBY - MPSIMOYTOSTbHUK, KPYT,
TPEYrosibHUK U1 4To-Nnbo ewe. Ho k coxxaneHuto
ApoLuecc co3gaHma Habopa KoappuumMeHToB Ans
APOU3BOSIEHOIO N306paXXeHUs1 O4EeHb TPYA0EMOK U
3aHMMaEeT O4YEHb MHOIO BPEMEHM.




@paKkmasibl U XaocC

[MoHaTMe dppakTan HepaspbIBHO
CBSI3aHO C MOHATMEM Xaoc. Xaoc - 370
OTCYTCTBME NMpenckasyeMocTn. Xaoc
BO3HMKAET B JMHAMUNYECKUX CUCTEMAX,
Korga ans AByx odeHb 6rmM3kmnx
HavarnbHbIX 3Ha4YEeHUW cucTemMa BeaeT
cebs coBepLUEHHO MNO-pa3HOMY.
[Mpmep xaoTUYHON AUHAMMNYECKON
cucrtemsbl - noroga. Meteoponoru
WwyTaT: "Bamax kpbiria 6aboyku B
Texace npnBoauT K yparaHy Bo
®nopuae". Noatomy, korga bygete
cnyLwaTb criegyroLmin NporHo3 norogbl
nepes noneTom Ha camorneTe
BCMNOMHUTE 3Ty CTaThbIO :)




BOT 1 nogoLuna K KoHLy Halla
9KCKypcua B munp dopaktanon. OHa
TONbKO HEMHOIO NMPUOTKPbINAa Ham
3aBecy B MUP dopaKkTasnos.
Hapetocb oHa Bam noHpasunace.
1 Ha nocneaok xo4y nogennTcs c
Bamu cBoeun Konnekuneun
dopaKkTanos.



Rosmnekuus cbpakmaisioes:




KomeKkuus opakmasios:




Rosmnekuus cbpakmaisioes:




KomeKkuus opakmasios:




Romnnekuus chbakmasos




Rosiekuus gbpakmasios:
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KomeKkuus opakmasios:




Kosmnekuus copakmarsios:




RoJiieKuus gopakmarsios:




KomeKkuus opakmasios:




Rosmnekuus cbpakmaisioes:
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Kosnnekuus cbpakmasios




d' 100 MUKpPOCKOINoM OH OMKpbI/1, Mo
Ha brioxe

JKueem brioxy Kycarouwas briowka;,
Ha briowke mou briowuHKa-KpowkKa,
B 6/510WUHKY e 80H3aem 3y6



