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BCTYII

1.1 AkrtyajabHicTh

Ha croroanimHiii 1eHb GppakTagbHi MHOKHMHH HAOYBalOTh BCE OLIBIIOT
MOMYJIIPHOCTI B Pi3HUX HAYKOBHX TaTy3sX. BOHU BXKe BUKOPUCTOBYIOTHCS B
€KOHOMIYHOMY MOJIETIOBaHH1, MOJICTIOBaHH] IPUPOIHUX MPOIIECIB, MEAUITUHI,
1H(hOpMAaTHIl, paIOTEXHIIll Ta HaBITh B KOMIT IOTEPHUX irpax. | 11e He AUBHO, aiKe
(pakTany 1€ reHiaIbHui BUHAX1]] CTBOPEHHUI CaMOI0 MPUPOI0I0. besiu npupoaHux
00'eKTIB MalOTh (PpaKTaJIbHI BIACTUBOCTI, MOYMHAIOYH B1J] KOpaJiB Ta OPOKOJI 1
3aBEPIIYIOYM CHIKUHKAMH Ta OJIMCKaBKOO. AJie caM TepMiH «ppakTamy, 0yio
BBEJICHO BITHOCHO HEJaBHO, B 1975 porii. | st BieBHeHUH, 1110 TemMa GpakTaiB e
HEJIOCTATHBO JOCIIKEHA 1 MOKe B MalilOyTHROMY OyTH BUKOpHUCTaHA B Oe3Jiul
HayKOBHUX rally3ei Ta I0CTiKEHb.

[Tepmmm, XTO MOYaB BUBUATH (PpaKTaIbHI MHOKUHU, CHCTEMATH3yBaB 3HAHHS
PO HUX Ta JIaB X BU3HA4YEeHHs OyB MOJIbCKUN MateMaTuk benya Manuaensopot. Came
rioro kaura «How Long Is the Coast of Britain? Statistical Self-Similarity and
Fractional Dimension», Bugana B 1975, 1 cTasia BiAnpaBHOIO TOYKOIO y BUBYEHHI1
(dpakTanbHUX MHOXHUH. AJe, 1me 3a10Bro 10 benya Mannens0poTa, Taki BiioMi
BueHi sk ['eopr Kanrop, Kapn Beiiepmpace, Xenwsre gon Kox, [Tons [T'ep Jlei ta
e 06araTo 1HIIUX BYCHUX BXKE JJABHO MPAIFOBAIU HAJl CAMOIIOAIOHUME CTPYKTYpaMH,
asie 3a OpakoM TOTOYACHUX TEXHOJOT1 BOHM HE 3MOTJIH BiIOOpa3UTH BCIO Kpacy
BiIKpUTHX HUMU 00'ekTiB. Came iX poOOTH 1 JIATJIM B OCHOBY JOCHIIKeHb beHnya
Mannens0poTa, pe3yabTaToOM SKUX 1 CTaJI0 BUAUICHHS (PpaKTaNiB IK OKPEMOT

YacCTUHU TeoMeTpil (PppakTanbHa reoMeTpis).



1.2 Merta poboTn

Mertoro nanoi poOoTH € cucTeMaTu3ailisi 3HaHb Mpo (hpaKTaabHI MHOKHHH,
noOyoBa ¢pakTtaniB Manaens0poTa Ta MpOBEIEHHS €KCIIEPUMEHTIB, SKi

JOTIOMOKYTh Kpallle 3p03yMITH IPUPOAY Ta CYTHICTh JAHHOTO (hpaKTany.



Po3aia 1. OcHoBHI 03HAYEeHHSA

1.1 KommjiekcHe 4uCJI0

KoMIUIeKCHIM 91CIIoM Ha3WBA€ETHCS YHCII0 BUIIISIY Z =X + 1y , ne X Y, € R. Ilpu
[[bOMY YHUCJIO X HA3UBAETHCS AIHCHOIO YACTUHOIO KOMIUIEKCHOTO Yncia Z 1
MO3HAYAETHCS Re Z, a YnCio Y Ha3MBAETHCS YSIBHOO YACTHHOIO KOMIUIEKCHOTO YHCIIa
Z 1 mo3HavaeThes Im z. TooTo X = Re z, y = Im z. J/IBa KOMIUIEKCHI YKCIa Z1 = X3 + 1y;
. Zp =Xz + 1y, Ha3WBAIOTHCS PIBHUMH TOJI 1 TIIBKH TOJII, KOJIU X1 = X2 , Y1=Y2 . Jli#icHI
JHCIIa € YAaCTHHHUM BHUIIAKOM KOMILJICKCHUX, a CaMe TaKuX, y IKUX ysIBHA YaCTHHA

JOPIBHIOE HYJI0. MHOXKMHA KOMITJIEKCHUX YKCeN Mmo3HadaeThess cumBosiom C. ([1]

CT. 4-5)

1.2 Camonoxionmii 00'ekT

B maTemaruii 1ie 06'ekT, 1110 aOCOTIOTHO a00 MPHOINU3HO 301TAETHCS 3 YACTHHOIO
cebe camoro (ToOTo IiJie Ma€e Ty K GhopMmy, o 1 oaHa abo Oiablie yacTuH). barato
00'€KTIB peaJibHOTO CBITY, HAIIPUKJIAJl, OEPETOBI JIiHi1, MAIOTh BJIACTUBICTh
CTATUCTUYHOI CaMOIIOIIOHOCTI: IXHI YACTUHHM CTATUCTUYHO OJTHOPIIHI B PI3HUX

nIKajgax BUMiproBaHHs. CaMOMNOIIOHICTh € XapaKTEepPUCTUYHOKO BIACTUBICTIO

dpakrany ([2] cT. 8).

1.3 lunamiyHa cucrema

1Ie MaTeMaTHIHa a0CTpaKilisl, MPU3HAYCHA /TSI ONTMCY 1 BUBYEHHS CUCTEM, 110
€BOJTIOIIIOHYIOTh 3 YacoM. [IpukiiamomM MoKy Th CITyKUTH MEXaHI4HI CUCTeMH (PyXOMmi

rpynu Ti1) abo (izuyHi npouecu. [3]



Po3ain 2. @pakranau B KoMmiuiekcHid TuHaAMILT

2.1 O3nauenns ppakrany

Ctpororo i mOBHOTO O3HA4YCHHS (hpaKTaia He ICHy€. 3a O3HAYCHHSIM, SKE
HaBoJUTh beHnya Manaenb0poTta B cBOiil KHU31, (PpAKTAIOM HA3UBAETHCS MHOXKUHA,
po3MipHicTh Xaycaopda-be3nkoBuua skoi € CTporo OLIBIIO0 3a ii TOTOJOTIUYHY
po3MipHIcTb. ToOTO Oyab-siKka MHOKMHA 3 HELIUM 3HaueHHsM D 5 ¢ppakranom([4]
ct. 10-11). Ane HaBiTh cam MaH1eb0pOT HEe OYB 3a/10BOJICHUI JIaHUM O3HAYCHHSM,
aJKe K1 MHOKUHH, SIK1 pO3IIISAAl0TECA MaTeMAaTUKaMU SIK (PpaKTanu He
HiANaal0Th 1] 1aHe BU3HAUeHHS. TakoX B JESKUX JKepenax (pakTail OMUCY€EThCS
K HEperyJsipHa, cCaMoIoJ1i0Ha CTPYKTypa; (ppakTalaMy Ha3UBalOThCS FEOMETPUYHI
00'eKTH: JIHII, TIOBEPXHI, POCTOPOBI Tij1a, IO MAIOTh CUJIBHO MOpPi3aHy GopMy 1
BOJIOJIIFOTH BJIACTUBICTIO caMomoAi0HOCTI.([5] cT. 12).Y3aranbHeHo GppakTasoM MOXKe
Ha3UBATUCh (Irypa, siKka BOJIOAIE IEIKUMU 3 HUKYE epepaxoBaHUX BIACTUBOCTEM:

e Mae HeTpuBIAIbHY CTPYKTYPY HE3aJIEKHO BiJl MaciTaldy, B I[bOMY BIIMIHHICTh
BiJl pETyJISIpHUX (ITYp : SKIIO MU PO3TISTHEMO HEBEIMKUN (DparMeHT
peryisipHoi Qirypu B 1yke BEIMKOMY MaciliTaldl, BiH OyJ1e CXOXKUI Ha
dbparment npsimoi. Jlnst hpakrany 3011blIeHHS MaciiTady He IPU3BOIUTH 10
CIIPOIIICHHS CTPYKTYPH, Ha BCIX IIKaJax MU MMOOAYMMO OJTHAKOBO CKJIQJHY
KapTUHY.

e € camonoai0HO0 a00 HAOIMKEHO CaMOMOIIOHOIO .

e Mae n1poOoBy, MeTpuuHy a00 GpakTaabHy PO3MIPHICTD, SiIKa MEPEBEPIIYE

TonoJioriuny. ([2] ct. 7)
2.2 Knacudikauisa ppaxrais
@pakTanu NpUrUHATO KiIacu(piKyBaTH Ha reOMETpUYHI (ppakTaiu, anredpaiuni

bpaxTanu Ta CTOXacTU4HI (PpaKTaau

2.2.1 I'eomeTpuuHi ppakrann



[cTopuuHo miepiuit Tum GpakTanis, skuii OyB BiOMUM JTr0ACTBY. Lleit Tun
(dbpakTaiB OTPUMYETHCS 32 TIOMOMOTOI0 TIPOCTUX TE€OMETPUYHUX TTOOYI0B. J[7s
noOy/10BY T€OMETPUYHHX (hpaKTaliB 3a3BUYAl 334at0Th MEBHY “akciomy’ ( HaOip
reOMETPUYHUX (PITyp SAKUN € OCHOBOIO JIJIsl TOOYI0BH (hpakTaiy) Ta “reHeparop”
(meBHMIT HAO1p MPaBUII KU 3aCTOCOBYETHCS /ISl IEPETBOPEHHS OCHOBH, a00 Tl
YaCTHH HECKIHUCHHY KIJIbKICTh pa3iB).

[Tpuxnanamu Takux pakraiiB € TpUKyTHUK CepmiHcbKoro Ta cHbkuHKa Koxa.

2.2.2 AaredpaiuHi ¢ppakranu

Jpyra Benuka rpyna ¢pakraniB. BoHa 3agaeTbest 3a 10IOMOT0I0 anredpaiyHux
dhopmy. OTpuMyIOTh J1aHi ()paKkTaiy 3a JOMOMOIOI0 HEJIHIMHUX MPOIIECIB B N-MIPHUX
npocTopax. HeniHiiHI, TMHAMIYHI CHCTEMH BOJIOIIOTh KiJlbkoMa cTaHaMu. CTaH B
SKOMY OyJie TMHAMIYHa CUCTEMa ITiCJIsl TIEBHOTO YKCIIa ITepallii 3a1eKUTh BiJT
Mo4aTkoBuX yMoB. Ctaji cTaHu (aTpaKTOpH) MAarOTh EBHY 00JaCTh MOYATKOBHUX
CTaHiB, 3 SIKUX cUCTeMa 00OB'I3KOBO Mepeiie B cTaluuil craH. TakuM YuMHOM MPOCTIp
PO30MBAETHCS HA OBJIACTI TSXKIHHS aTPAKTOPA.

[Ipuknagamu Takux GppaxTaiiB € MHOKUHA MaHaens0poTa Ta XKromia.

2.2.3 CroxacTnuHi ¢ppaxkraan

@®pakTanu npu noOyA0B1 SIKUX Y IT€PATUBHUI MTPOLIECT BUNTAAKOBUM YMHOM
3MIHIOIOTHCS TIEBHI MapamMeTpu. B pe3ynbrari MoHA OJIepKaTh Taki 00'€KTH K
ripchbKi JaHAmad T YU MOBEPXHI pesibedy AKI came yepe3 MeBHY BUMAIKOBICTS 1
OyIyTh 34aBaTUCS PEAIbHUMHU (4aCTO BUKOPUCTOBYETHCS B KOMI'IOTEPHIM rpadiiii)

[Tpuknamgom Takux ¢pakranis € bpoyHiBcbkuii pyx ([6] ¢t 2-3)

2.3 Buau camonoaioHocti ¢ppaxkraiiiB

3a BUJaMU caMOMOII0HOCTI (PpaKTaau MOAUISIIOTHCS HA TOYHO CaMOIIO10H],

Maiike caMOIIoai0H1 Ta CTATUCTUYHO CaMOMOI10HI.



2.3.1 Touna camonoaioOHicTH

HaticunpHimmit Bua caMomnoiOHOCTI, TpU OyAb-sIKoMY 301IbIIeHH] (hpaKTa
OyJZie MaTu OJIHAaKOBUM 30BHIIIHIM BUTJIsAA. 3a3BUYail Taky caMOIOA10HICTh MAIOTh
(dbpakTanu CTBOPEHi 3a IONMOMOTO0 ITEpaTUBHUX (PYHKITIM.

2.3.2 Maii:xe camonoaioHicTh (KBa3i-caMonoaioHIiCTh)

[Ipu neBHOMY 301IBIIIEHHI (PpaKTa BUTTISIAE TTPUOIU3HO CAMOIIOAIOHUM.
301ipI1IeHa YaCTUHA MICTUTh MaJll KOl IIJIOT0 (hpakTaily, ajue B IO MEePEKPyICHUX
Ta BUPODKEHUX (opMmax. 3a3BUUail Taky caMoIioai0HICTh MaloTh (hpaKTaid CTBOPEHI
3a IOTIOMOTOI0 PEKYPEHTHHUX B1JTHOIIICHb.

2.3.3 CraTHCTHYHA CaMOIOAIOHICTH

Haiicmabmmii Bua camono1iOHOCTI, Takl ppaKkTaar MICTATh B COO1 ISSIKUM BUT
CTATUCTUYHOI CaMOMO11I0HOCTI (X YACTUHU € CTATUCTUYHO OJTHOPITHUMH B PI3HUX
IIKaJIaX BUMIPY, K MPUKIIAL: Oeperosa JiHis). 3a3Bu4ail Taky caMOIO10HICTh

MaroTh UMOBIPHICHI (PpaKTaIH.

2.4 llpuxknaau ¢ppaxkrajis

2.4.1 Muoxuna Kanropa

®pakTanibHa MHOXKHHA, SIKa € MIMHOKHHOIO Bifpi3ka aiicaux uucen [0,1].
Bynyetbcst nanuit ppaxTan 3a JOMOMOro BUITYYEHHS CEPEIMHHUX CETMEHTIB 3
inTepBaity [0,1]. JloBkrHa BUITy4EHOTO CErMEHTY JOPIBHIOE %5 MOYATKOBOT JOBKUH
BIJIPI3KY 1 BUAAISAETHCA BOHA B IEHTP1 BiAPi3Ky. [1ics 11p0T0 3 OTpUMaHUMU IBOMA
BIJIp13KaMU BUKOHYIOTBCS Ti 3K caMi [Iii 1 TaK HECKIHYEHHY KUIbKICTh pa3iB. MHOXUHA

KanTopa ckinagaeThes 3 THX TOYOK, IO 3aTUIIHINCS IICIIs BCiX BUaaiaeHsb. ([7] cr.

222-223)
|
| |
I I | I
| | | || | [ | ||
| N | | | | | | | N | | N | | | | | N |

Pucynok 2.4.1 - Muoxuna Kanropa
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2.4.1 TpuxkyTHuK CepniHCHKOI0
Le ¢paxTan, sskuii 3 OJHUM 3 IBOBUMIPHUX aHAIOTiB MHOXUHHU KaHTOpa.
Janwuii ppakTan OTpUMY€ETHCS TAKUM YHHOM:
1. 3a ocHOBY OepeThcs CYyIUTbHUMN (YOPHUIA) TPUKYTHUK
2. 3 HbOTO BUAAIAETHCS [IEHTPAIbHUN TPUKYTHUK (TPUKYTHUK OTPUMAHUI
CITOJTYYCHHSIM CepeHIX JIHIMN)
3. Maui nanuii mpoiec NOBTOPIOETHCS HECKIHUEHHY KUTBKICTh pa3iB 3 yCIMU
YOPHUMH TPUKYHTUKAMH, K1 YTBOPUIIUCS MICIII MUHYJIOTO KPOKY
Bumeonucanuii Mmeton otpuMmanHs TpukyTHuka Ceprincbkoro (puc. 2.4.1) €

IrCOMCTPHUYHHNM.

S o o

aanbang,
A Ay

Ladh Aadh

oy S i

Andndndy AnEhdngy
iy Ay by
Ahdh Abdl ey ey
Ab oAb Ab A Ab Ah o Ab A
Andndndadadndad, Andndhindadndg,
A A A A
Aldh AbAs vy vy
S A £ b Ay An Aby o dn
Anindnds Andndnds Al b,
Fy Fy Fy Ay Sy Sy Sy s

Andn dndn o dndn dadn dadn A Ad A
Ahogh dn o A o A & i b b A A

o N N N o

Pucynok 2.4.2 — tpukyTHUK CepriHCBKOTO
Takoxx nanuii ppaxtan MokHaA TOOYTyBaTH 3a JOTIOMOTOI0 CTOXACTUYHO1 MPOIIEAYPH
(3BMYaiiHO B JAaHOMY BHUITAJIKY (hpakTal Bxke He OyJie TOUHO CaMOIOAIOHUM, SIK TIPH
reoMeTpuyHii noOya0Bi). [jist Takoi moOy10BU MOCIIIOBHICTb J1{ TakKa:
1. Ha myomuHi HaKpecaIuMoO pIBHOCTOPOHHINM TpUKYTHUK. KoxHii 3
BEPIINH [TOCTABUMO Y BIATIOBIHICTD JIBa YKUCJIa 3 TPajJIbHOIO KyOHKa
(HampuKIIaa nepii BepIvHI BIANOBIIA0Th uncha 1, 2, npyrii - 3, 4,
TpeTiit 5,6)
2. O0epemMo OBUIBHY TOUKY @ BCEpEIUHI TPUKYTHUKA
3. Ilinkunemo kyouk. LleHTp BiApI3KY BiJ @ 10 BEPIIMHU, BiMIOBITHUN
HOMeEp SIKO1 BUIIaB Ha KyOMKY, CTaHE HOBOIO TOUKOIO a. Jlani Oynemo

MOBTOPIOBATH KPOK 3 JOCHUTH BEJIMKY KIJIbKICTh pa3iB.
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MHOX1HA TaKUX TOYOK @ MICIsl BETMKOI KUIBKOCTI 1Tepalliid 1 yTBOPUTh

TpukyTpHUK CepmiHcbkoro (puc. 2.4.3)

Pucynok 2.4.3 - TpukyTHUK CeprniHCHKOro MO0y I0BaHUH CTOXaCTHYHO

Posmipnicts Xaycnopda tpukytHrka CepriHChKOrO NPUOIU3HO TOPIBHIOE

1,585. ([8] cT 274-276)

2.4.3 Kpusa Koxa

®pakTanbHa KpuBa, onrcana Xenbre ¢oH Koxom. OcoOnuBicTIO 1aHOT KPUBOI
€ Te, [0 BOHA HE Ma€ JOTUYHUX, TOOTO € Hiie He Tu(epeHLIi0BaHOL0, aje Mpu
IIOMY € BCIOJH HEMEPEPBHOIO.

OcHOBOIO JaHOT KpUBOi € OAMHUYHUIN Biapi3ok(puc 2.4.4). Poznimumo ioro Ha

TPHU YaCTUHU. 3aMIHUMO IIEHTPAJIbHUN CErMEHT Ha PIBHOCTOPOHHIN TPUKYTHUK 0€3

IILOTO cerMeHTy (puc 2.4.5)

Pucynok 2.4.4 - ocHoBa Pucynok 2.4.5 - renepatop

Jlami st KOKHOT JJaHKW OTPUMAaHoi JlaMaHoi 3poOumo Te came(puc. 2.4.6) 1

OyJeMO TTIOBTOPIOBATH JIAHUH TIPOIEC HECKIHYCHHICTh pasiB.([2] cT. 5-6)

/\ /\

Pucynok 2.4.6 - npyra itepaiis Pucynok 2.4.7 - kpuBa Koxa
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A SKIIIO 32 OCHOBY B3TU PIBHOCTOPOHHIN TPUKYTHHUK, TO 3aMiCTh KPUBOI

Koxa, orpumaemo ¢pakran caixunka Koxa.

2.5 Bukopucranas ppakraiis

2.5.1 B pagiorexHimi

Came 3aBnskH PpakTaabHii GopMi BAAIOCS 3HAYHO 3MEHIIIUTH PO3MIpU aHTEH
y MoOUThbHUX. B 1999 Oyio HanaroxeHo nepiiumii BUIyck GppakTaibHUX aHTEH 1
3apa3 BOHU BUKOPHUCTOBYIOThCS Maiike B KoskHoMy Tenedowi. ([9] cr. 78—83.)

2.5.2 B indopmaTuui

®pakTanar BAKOPUCTOBYIOTHCS B 1H(HOPMATHIN JJII CTUCHEHHS BEJIUKUX
pacTpoBHX 300pakeHb. Ha jaHnii MOMEHT 1Liei anropuT™ He HaOyB LIMPOKOTO
PO3MOBCIO/IKEHHS 1 IOIPallbOBY€ETHCS, UEPE3 TE, L0 MPOLIEC CTUCHEHHS € I0CUTh
CKJIaJIHUM 1 IOBTUM J1Jis1 00uncieHHs.[ 10]

2.5.3 B exoHomiui

®pakTanau MUPOKO BUKOPUCTOBYIOTHCS JIJIsi EKOHOMIYHOTO MOJICITFOBAHHSI

MOBEIHKHA (PIHAHCOBUX PUHKIB.



13

Po3aisa 3. Muoskunna Krostia

3.1. 3araabHi BizomMocTi

Ile nuHamiyHa cHCcTeMa, 3aJjaHa Ha KOMIUICKCHIN mromuHl. MHoxuHa JKromia
neBHOT PYHKIII f € TpaHUICI0 MHOXXHHH TOYOK Z, sIK1 MMPSMYIOTh JI0 HECKIHYCHHOCTI
npu itepysanni f(z ) = 22+ C, ge C - neBHE KOMILIEKCHE YHCIIO, @ Zg KOMILIEKCHE
YUCJIO SIKE BIAMOBIA€ KOOPAMHATAM BIAMOBIAHOT TOUKHU Ha TJIOIIMHI

[ToGynoBa muOXxMH JKroJia 31HCHIOETHCA TAKUM YUHOM :

1. OGupaethest kKomIuiekcHe yrciio C, Ta KUTBKICTh 1Tepailiii m (B i1eaTbHOMY
BUITAJIKY KUIBKICTb ITE€paliii Ma€ JOPIBHIOBATH HECKIHUEHHOCTI)

2. J1nst K0’KHOT TOUKHM IPOCTOPY 00paxoByeThCsl 3HaUeHH f(zm) micis 3a1anoi
KUIBKOCTI 1Tepalliid. SIKIo 3Ha4eHHs] TOYKU BIPOJOBIK BCIX ITEpalliii He MPSIMYE 10
HECKIHUCHHOCTI, a 3aJIUIIA€ThCS B IIEBHIM, 00MEXKeHIl 001acTl, TO JaHa TOYKa
HayiexuTh MHOXHHI XKymia. (sxmio |f (za)| > 2, ne a - Homep iTepartii Bix 0 10 m, TO
JTAHHE YUCJIO TOYHO OyJie MPsSMYBaTH B O HECKIHUEHHOCTI 1 HE HAJICKUTh MHOXKHHI
XKromia). ([5] ct. 66-69)

Hwxye Ha pucyHKkax 300pakeH1 MpUKIaa MHOKUH JKroiia 3 pisHUMU
napametrpami (puc 2.4.8, 2.4.9). Bonu BUTISal0Th KPACUBO Yepe3 10JaBaHHS
KoJbopy. Ha naHux manroHKax KOJip TOUKH 3aJ€KUTh Bl KITBKOCTI ITeparlii, sKi
Tpeba OyJi0 3poOUTH 11100 BU3HAYMTHU, 1[0 TOUKA HE HaJeKUTh MHOKUHI JKymia. Ha
KOJIbOpOBIi cxeMi (puc 2.4.10) yum mpasilie CTOITh KOJIP, TUM OUIbIILY KUIbKICTh
iTepariiit noTpioHO OyJ10 3pOoOUTH, OO0 BU3HAUNTH UM HAJICKUTH MHOKHHI JKromia

BIIMOBITHA ToYKa. YOpH1 00J1aCT1 1€ TOUKH, sIK1 HAJIe)KaTh MHOXKMH1 JKyia.
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Pucynok 3.1.1 - muoxkuna XKymia 3 C=-0,75, m = 120

Pucynok 3.1.2 - muokuna Xymia 3 C=-0,75-0,1i , m =77

Pucynok 3.1.3 - xonbopoBa cxema

3.2. ExcnepuMeHTH 3i 3MiHOIO CTYIICHS Z
Hwxye Ha pucyHKy noka3zaHo neperBopeHHss MHOKUHU JKymia (puc 3.1.3). Sk

0aunMo TIpu 301IBIIICHH] CTYTIEHS Z, MHOKHMHA MTOCTYTOBO Ha0yBae opmy KoJa.



f&) =27 +C

20 50 100 1 000

Pucynok 3.1.3 - ekcriepyMeHT 31 3MIHOIO CTYIIEHS

15
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Po3nia 4. Muo:xkuna Manjaeab0pora

4.1. 3araanHi BizoMmocTi

Ile muHamiyHa cucTema, 3ajjaHa Ha KOMIUIEKCHIM TuioiuHl. MHOXHHA
Manzensopora(puc 4.1.1) cknagaerses 3 Touok ¢ aus skux f.(z) =22+ c ve
PO3XOAUTKCS NpH 1TepyBaHH1. TOOTO, SIKIIIO 3HAYEHHS! TOUYKU BIPOJOBXK BCIX ITEpalliif
HE TIPSIMY€ 710 HECKIHUEHHOCTI, a 3aJIMIIAETHCS B TIEBHIM, OOMEXeHil 00J1acTi.
300pakeHHsT MHOKUHU MaHIenp0poTa CTBOPIOETHCS TaK CaMo 3a JOMOMOTOI0
KOJIbOPIB, SIK 1 MHOKHHH JKyia.

SAxiio ¢ B popMyIIi 3aJIMIIATH CTAJIUM, a IOYATKOBE 3HAUYCHHS Z 3pOOUTH

3MIHHUM, TO OTPUMAEMO BIJIIIOBIIHY MHOKUHY JKyJtia JUisl TOUKHU ¢

Pucynok 4.1.1 - MHO1Ha MaHAeIH0pOTA

4.2 ExcnepuMeHTH 3 MHO:KUHAMU MaH1eJb0poTa
[TomanbIn eKCIepUMEHTH MTPOBOIMIINCS 32 JJOTIOMOTOIO TIPOTPaMHU
“Mandelbrot Experiments”. [Iporpamuuii kog Oyae HaBeICHO B JOIATKY A.

4.2.1 ExcriepuMeHTH 3i 3MIHOIO CTYIIEHS Z
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Hwxue Ha pucyHKax 1MokaszaHo MepeTBOPEHHS MHOKMHU MaHienbs0poTa (puc
4.2.1-4.2.5). SIx 6aunmo mipu 301IbIICHH] CTyTIeHs Z, MHOknHA MaHiens0poTa

MOBOJMTH ce0Oe Tak caMo sIK 1 MHOkUHA JKromia , 1 mocTynoBo Ha0yBae popMy Koua.

Pucynok 4.2.1 - cryninsb 2 Pucynok 4.2.2 - ctyninb 3

Pucynok 4.2.3 - cTyminb 7 Pucynok 4.2.4 - crymnins 100

Pucynok 4.2.5 - crynins 500
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4.2.2 ExciepuMeHTH 3i 3MiHOI0 (PyHKUIIl
Tyt nokasano mo Oyze BiIOyBaThCs 3 MHOKHMHOIO, SIKIIO 10 Z2 3aCTOCOBYBAaTH

pi3Hi TpuroHomeTpuyuHi GyHKII (puc 4.2.6 - 4.2.8)

&) 1024-by-102¢ - X
File

fiz) =sin(=*)+C

Pucynok 4.2.6

(&) 1024-by-1024 _ x
File

fliz)=1g(*)+ C

Pucynoxk 4.2.7



fiz)=cos(z})+ C

Pucynok 4.2.8

19



20
BUCHOBKHA
[Tix yac po6oTH, MHOIO OYJI0 TOCTIKEHO (hpaKkTaIbHI MHOKHHU. Byso
PO3TISHYTO Kinacudikaiiito GpakTaiiB Ta iX aKTyadbHICTh 1 HUISIXU TPAKTHYHOTO
BUKOpHCcTaHHA. Haitbinpiny yBary Oyio npuaiieHo MHOKuHaAM Manaens0poTa Ta
Kymia. S HaOyB MpakTUYHUN JTOCBIJ JOCTIKEHHS (PpaKTaTbHUX MHOXHUH (MHOXUHU

Mannens0poTa) 3a TOMOMOTOI0 TPOTPAMHHUX 3aCO0IB.
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JlomaTok A
[Mporpamuwmii kox “Mandelbrot Experiments”

import java.awt.*;

public class Main {

public static wvoid (String[] args) {
double xc = 0.0; // center point for x (def
0.0)
double yc = 0.0; // center point for y (def
0.0)
double size = 5.0; //scale (def 4.0)
int n = 1024; // create n-by-n image
int max = 120; // maximum number of
iterations
Picture picture = new Picture(n, n);
for (int 1 = 0; 1 < n; 1++) {
for (int 7 = 0; 7 < n; J++) {
double x0 = xc - size / 2 + size * 1 /
ny
double y0 = yc - size / 2 + size * 7 /
ny
Complex z0 = new Complex (x0, vyO0);
if (max - mandelbrot(z0, max) == 0) {
Color color = new
Color (0x00000000) ;
picture.set(i, n - 1 - J, color);
} else {
Color color = new

Color (Color.HSBtoRGB( (float) mandelbrot(z0, max) /
max, 0.5f, 1));
picture.set (i, n - 1 - j, color);

}
}

picture.show () ;

}

// return number of iterations to check if ¢ = a +
ib is in Mandelbrot set
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public static int (Complex z0, int max)

Complex z = z0;
for (int t = 0; t < max; t++) |
if (z.abs() > 2.0) {
return t;

}
z = powl(z, 20, 2); // experiment with
formula

}

return max;

// pow of Complex nums

public static Complex (Complex z, Complex zO,
int num) {
Complex answer = z;
for (int 1 = 0; 1 < num; 1++) {
answer = answer.times (z);

}

return answer.plus (z0);

import java.util.Objects;

/**

* The {@code Complex} class represents a complex
number.

*  Complex numbers are immutable: their values cannot
be changed after they

* are created.

* It includes methods for addition, subtraction,
multiplication, division,

* conjugation, and other common functions on complex
numbers.

* <p>

* This computes correct results 1if all arithmetic
performed 1is

* without floating-point rounding error or
arithmetic overflow.

* In practice, there will be floating-point rounding
error.
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* <p>
* For additional documentation, see <a
href="https://algs4.cs.princeton.edu/99scientific">Se
ction 9.9</a> of
* <i>Algorithms, 4th Edition</i> by Robert Sedgewick
and Kevin Wayne.
*
* @author Robert Sedgewick
* @author Kevin Wayne

*/

public class Complex {
private final double re; // the real part
private final double im; // the imaginary part

// create a new object with the given real and
imaginary parts

public (double real, double imag) {
re = real;
im = imag;

}

// return a string representation of the invoking
Complex object

public String () |
if (im == 0) return re + "";
if (re == 0) return im + "i";
if (im < 0) return re + " - " + (-im) + "i";
return re + " 4+ " + im + "i";

}

// return abs/modulus/magnitude
public double () {
return Math.hypot (re, im);

}

// return abs/modulus/magnitude
public static double (Complex complex) {
return Math.hypot (complex.re, complex.im);

}

// return angle/phase/argument, normalized to be
between -pi and pi
public double () |
return Math.atan”?(im, re);

}



// return a new Complex object whose value is
(this + Db)
public Complex plus (Complex b) {
Complex a = this; // invoking
object
double real = a.re + b.re;
double imag = a.im + b.im;
return new Complex (real, imag);

}

// return a new Complex object whose value is
(this - Db)
public Complex minus (Complex b) {
Complex a = this;
double real = a.re - b.re;
double imag = a.im - b.im;
return new Complex (real, imag);

}

// return a new Complex object whose value is
(this * Db)
public Complex times (Complex b) {
Complex a = this;
double real = a.re * b.re - a.im * b.im;
double imag = a.re * b.im + a.im * b.re;
return new Complex (real, imag);

}

// return a new object whose value is (this *
alpha)
public Complex scale (double alpha) {

return new Complex (alpha * re, alpha * im);

}
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// return a new Complex object whose value is the

conjugate of this
public Complex conjugate () {
return new Complex (re, —-im);

}

// return a new Complex object whose value is the

reciprocal of this
public Complex reciprocal () {
double scale = re*re + im*im;

return new Complex(re / scale, —-im / scale);



// return the real or imaginary part
public double re () { return re; }
public double im() { return im; }

// return a / b

public Complex divides (Complex b) {
Complex a = this;
return a.times (b.reciprocal());

}

// return a new Complex object whose value is
complex exponential of this
public Complex exp () |
return new Complex (Math.exp(re) *
Math.cos (im), Math.exp(re) * Math.sin(im))

}

// return a new Complex object whose value is
complex sine of this
public Complex sin () |
return new Complex (Math.sin(re) *
Math.cosh(im), Math.cos(re) * Math.sinh(im)) ;

}

// return a new Complex object whose value is
complex cosine of this
public Complex cos () |
return new Complex (Math.cos(re) *
Math.cosh(im), -Math.sin(re) * Math.sinh(im));

}

// return a new Complex object whose value is
complex tangent of this
public Complex tan () {
return sin() .divides (cos())

}

// a static version of plus
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the

the

the

the

public static Complex plus (Complex a, Complex Db)

double real = a.re + b.re;

double imag = a.im + b.im;

Complex sum = new Complex(real, imag);
return sum;

{



}

// See Section 3.3.
public boolean equals (Object x) {

if (x == null) return false;

if (this.getClass () != x.getClass()) return
false;

Complex that = (Complex) x;

return (this.re == that.re) && (this.im ==
that.im) ;

}

// See Section 3.3.
public int hashCode () {
return Objects.hash(re, im);

}

// sample client for testing

public static void main(String[] args) {
Complex a = new Complex (5.0, 6.0);
Complex b = new Complex (-3.0, 4.0);

System.out.println("a =" + a);

System.out.println ("b =" + Db);

System.out.println ("Re (a) =" +
a.re());

System.out.println ("Im(a) =" +
a.im());

System.out.println("b + a =" 4
b.plus(a));

System.out.println("a - b =" 4
a.minus (b)) ;

System.out.println("a * b =" 4
a.times (b)) ;

System.out.println("b * a =" 4
b.times (a));

System.out.println("a / b =" +
a.divides (b))

System.out.println("(a / b) * b =" +
a.divides (b) .times (b)) ;

System.out.println ("conj (a) =" 4+
a.conjugate());

System.out.println("|al =" 4+
a.abs());

System.out.println ("tan (a) = " 4

a.tan())
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import java.awt.Color;

import java.awt.FileDialog;

import java.awt.Toolkit;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.KeyEvent;
import java.awt.image.BufferedImage;
import java.io.File;

import java.io.IOException;

import java.net.URL;

import javax.imageio.ImageIO;

import javax.swing.Imagelcon;

import javax.swing.JFrame;

import javax.swing.JLabel;

import javax.swing.JMenu;

import javax.swing.JMenuBar;

import javax.swing.JMenultem;

import javax.swing.JPanel;

import javax.swing.KeyStroke;

/**

* This class provides methods for manipulating
individual pixels of

* an image using the RGB color format. The alpha
component (for transparency)

* 1s not currently supported.

* The original image can be read from a {@code PNG},
{@code GIF},

* or {@code JPEG} file or the user can create a blank
image of a given dimension.

* This class includes methods for displaying the
image in a window on

* the screen or saving it to a file.

* <p>

* Pixel (<em>col</em>, <em>row</em>) 1s column
<em>col</em> and row <em>row</em>.

* By default, the origin (0, 0) is the pixel in the
top-left corner,

* which is a common convention in image processing.
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* The method {@link #setOriginLowerLeft ()} change the
origin to the lower left.
* <p>
* The {@code get ()} and {@code set ()} methods use
{@link Color} objects to get
* or set the color of the specified pixel.
* The {@code getRGB()} and {@code setRGB ()} methods
use a 32-bit {@code int}
* to encode the color, thereby avoiding the need to
Create temporary
* {@code Color} objects. The red (R), green (G), and
blue (B) components
* are encoded using the least significant 24 bits.
* Given a 32-bit {@code int} encoding the color, the
following code extracts
the RGB components:
<blockquote><pre>
int r = (rgb &gt;&gt,; 16) &amp,; OXFF;
int g = (rgb &gt;&gt,; 8) &amp,; OXFF;
int b = (rgb &gt;&gt,; 0) &amp,; OXFF;
</pre></blockquote>
Given the RGB components (8-bits each) of a color,
the following statement packs it into a 32-bit
{@code int}:
* <blockquote><pre>
* int rgb = (r &l1t;&lt; 16) + (g &lt;&lt,; 8) + (b
&lty,&lt; 0);
* </pre></blockquote>
* <p>
* A <em>W</em>-by-<em>H</em> picture uses ~ 4 <em>W
H</em> bytes of memory,
* since the color of each pixel is encoded as a 32-
bit <code>int</code>.
* <p>
* For additional documentation, see
* <a
href="https://introcs.cs.princeton.edu/3ldatatype”">Se
ction 3.1</a> of
* <i>Computer Science: An Interdisciplinary
Approach</i>
* by Robert Sedgewick and Kevin Wayne.
* See {@link } for a version that supports grayscale
images.
*

¥ % % % % % %

* (@author Robert Sedgewick
* @author Kevin Wayne
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*/
public final class Picture implements ActionlListener
{

private BufferedImage image; // the
rasterized image

private JFrame frame; // on-
screen view

private String filename; // name
of file

private boolean isOriginUpperlLeft = true; //
location of origin

private final int width, height; //

width and height

/**
* Creates a {@code width}-by-{@code height}
picture, with {@code width} columns
* and {@code height} rows, where each pixel 1is
black.
*
* @param width the width of the picture
* @param height the height of the picture
* @throws IllegalArgumentException if {@code
width} 1s negative or zero
* @throws IllegalArgumentException if {@code
height} is negative or zero
*/
public (int width, int height) {
if (width <= 0) throw new
TllegalArgumentException ("width must be positive");
if (height <= 0) throw new
TllegalArgumentException ("height must be positive");
this.width = width;
this.height = height;
image = new BufferedImage (width, height,
BufferedImage.TYPE INT RGB);
// set to TYPE INT ARGB here and in next
constructor to support transparency

}
/**

* Creates a new picture that is a deep copy of

the argument picture.
*

* @param picture the picture to copy
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* @throws IllegalArgumentException if {@code
picture} is {@code null}
*/
public Picture (Picture picture) {
if (picture == null) throw new
TllegalArgumentException ("constructor argument is
null");

width = picture.width () ;

height = picture.height();

image = new BufferedImage (width, height,
BufferedImage.TYPE INT RGB);

filename = picture.filename;
1sOriginUpperleft = picture.isOriginUpperleft;
for (int col = 0; col < width(); col++)

for (int row = 0; row < height (); row++)

image.setRGB (col, row,
picture.image.getRGB (col, row));

}

/**
* Creates a picture by reading an image from a
file or URL.
*
* @param name the name of the file (.png, .9gif,
or .jpg) or URL.
* @throws IllegalArgumentException if cannot read
image
* @throws IllegalArgumentException if {@code
name} 1s {@code null}
*/
public Picture (String name) {
if (name == null) throw new
TllegalArgumentException ("constructor argument is
null");
if (name.length() == 0) throw new
TllegalArgumentException ("constructor argument 1is the
empty string");

this.filename = name;
try {
// try to read from file in working
directory
File file = new File (name);
if (file.isFile()) {

image = ImagelO.read(file);
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} else {

// resource relative to .class file
URL url =
getClass () .getResource (filename) ;

// resource relative to classloader
root
if (url == null) {
url =
getClass () .getClassLoader () .getResource (name) ;

}

// or URL from web
if (url == null) {
url = new URL (name) ;

}

image = ImagelO.read(url);

}

if (image == null) {
throw new
IllegalArgumentException ("could not read image: " +
name) ;

}

width = image.getWidth (null) ;
height = image.getHeight (null) ;
} catch (IOException ioe) {
throw new IllegalArgumentException ("could
not open image: " + name, ioe);
}
}

/**
* Creates a picture by reading the image from a
PNG, GIF, or JPEG file.
*
* @param file the file
* @throws IllegalArgumentException 1f cannot read
image
* @throws IllegalArgumentException if {@code
file} is {@code null}
*/
public Picture(File file) {
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if (file == null) throw new
TllegalArgumentException ("constructor argument is
null");

try {
image = ImagelO.read(file);
} catch (IOException ioe) {
throw new IllegalArgumentException ("could
not open file: " + file, ioe);
}
if (image == null) {
throw new IllegalArgumentException ("could
not read file: " + file);
}
width = image.getWidth (null);
height = image.getHeight (null);
filename = file.getName () ;

}

/**
* Returns a {@link JLabel} containing this
picture, for embedding in a {@link JPanel},
* {@link JFrame} or other GUI widget.
*
* @return the {@code JLabel}
*/
public JLabel getJLabel () {
if (image == null) return null; // no
image available
ImageIcon icon = new Imagelcon (image)
return new JLabel (icon) ;

}

/**
* Sets the origin to be the upper left pixel.
This 1is the default.
*/
public void setOriginUpperLeft () {
1isOriginUpperleft = true;
}

/**
* Sets the origin to be the lower left pixel.
*/

public void setOriginLowerlLeft () {

isOriginUpperleft = false;
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}

/**
* Displays the picture in a window on the screen.

*/

// getMenuShortcutKeyMask () deprecated in Java 10
but its replacement

// getMenuShortcutKeyMaskEx () is not available in
Java 8

@SuppressWarnings ("deprecation")

public void show () {

// create the GUI for viewing the image if

needed
if (frame == null) {
frame = new JFrame () ;
JMenuBar menuBar = new JMenuBar () ;
JMenu menu = new JMenu("File");
menuBar.add (menu) ;
JMenultem menulteml = new JMenultem ("
Save... ")

menulteml.addActionListener (this) ;

menulteml.setAccelerator (KeyStroke.getKeyStroke (KeyEv
ent.VK S,

Toolkit.getDefaultToolkit () .getMenuShortcutKeyMask())
) ;

menu.add (menulteml) ;

frame.setJMenuBar (menuBar) ;

frame.setContentPane (getJLabel ()) ;

//
f.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;

frame.setDefaultCloseOperation (JFrame.DISPOSE ON CLOS
E);

if (filename == null) frame.setTitle (width
+ "-by-" + height);

else frame.setTitle(filename) ;

frame.setResizable (false) ;

frame.pack () ;

frame.setVisible (true) ;



36
}

// draw
frame.repaint () ;

}

/**
* Returns the height of the picture.
*
* @return the height of the picture (in pixels)
*/
public int () {
return height;

}

/**
* Returns the width of the picture.
*
* @return the width of the picture (in pixels)
*/
public int () A
return width;

}

private void (int row) {
if (row < 0 || row >= height())
throw new IllegalArgumentException ("row
index must be between 0 and " + (height() - 1) + ": "
+ row) ;
}
private void (int col) {
if (col < 0 || col >= width{())
throw new IllegalArgumentException ("column
index must be between 0 and " + (width() - 1) + ": "
+ col);
}
/**

* Returns the color of pixel ({@code col}, {@code
row}) as a {@link java.awt.Color}.

* @param col the column index
* @param row the row index
* @return the color of pixel ({@code col}, {@code
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* @throws IllegalArgumentException unless both
{@code 0 <= col < width} and {@code 0 <= row <
height}

*/

public Color (int col, int row) {
validateColumnIndex (col) ;
validateRowIndex (row) ;
int rgb = getRGB(col, row);
return new Color (rgb);

}
/**

* Returns the color of pixel ({@code col}, {@code
row}) as an {@code int}.

* Using this method can be more efficient than
{@link #get (int, int)} because

* it does not create a {@code Color} object.

* %

@param col the column index

@param row the row index

@return the integer representation of the color
of pixel ({@code col}, {@code row})

* @throws IllegalArgumentException unless both
{@code 0 <= col < width} and {@code 0 <= row <
height}

*/

public int (int col, int row) {
validateColumnIndex (col) ;
validateRowIndex (row) ;
if (isOriginUpperlLeft) return
image.getRGB (col, row);
else return image.getRGB(col, height - row -

N

N

1);
}

/**

* Sets the color of pixel ({@code col}, {@code
row}) to given color.

*

* @param col the column index

* @param row the row index

* @param color the color

* @throws IllegalArgumentException unless both
{@code 0 <= col < width} and {@code 0 <= row <
height}
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* @throws IllegalArgumentException if {@code
color} is {@code null}
*/
public void (int col, int row, Color color) {
validateColumnIndex (col) ;
validateRowIndex (row) ;
if (color == null) throw new
TllegalArgumentException ("color argument is null");
int rgb = color.getRGB();
setRGB (col, row, rgb);
}

/**
* Sets the color of pixel ({@code col}, {@code
row}) to given color.
*
* @param col the column index
* @param row the row index
* @param rgb the integer representation of the
color
* @throws IllegalArgumentException unless both
{@code 0 <= col < width} and {@code 0 <= row <
height}
*/
public void (int col, int row, int rgb) {
validateColumnIndex (col) ;
validateRowIndex (row) ;
1f (1isOriginUpperleft) image.setRGB(col, row,
rgb) ;
else image.setRGB(col, height - row - 1, rgb);
}

/**
* Returns true if this picture is equal to the
argument picture.
*
* @param other the other picture
* @return {@code true} if this picture is the
same dimension as {@code other}
* and if all pixels have the same color; {@code
false} otherwise
*/
public boolean (Object other) {
if (other == this) return true;
if (other == null) return false;



if (other.getClass() != this.getClass{())
return false;

Picture that = (Picture) other;

if (this.width () != that.width()) return
false;

if (this.height () != that.height()) return
false;

for (int col = 0; col < width(); col++)

for (int row = 0; row < height(); rowt++)

if (this.getRGB(col, row) !=
that.getRGB(col, row)) return false;
return true;

}
/**

* Returns a string representation of this
picture.

* The result is a <code>width</code>-by-
<code>height</code> matrix of pixels,
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* where the color of a pixel 1s represented using

6 hex digits to encode

* the red, green, and blue components.
*

* @return a string representation of this picture

*/
public String toString() {
StringBuilder sb = new StringBuilder();

sb.append (width + "-by-" + height + " picture

(RGB values given in hex)\n");
for (int row = 0; row < height; row++) {
for (int col = 0; col < width; col++) {
int rgb = 0;
if (isOriginUpperleft) rgb =
image.getRGB (col, row);

else rgb = image.getRGB(col, height -

row - 1);

sb.append (String. format ("#%06X ", rgb

& OXFFFFFF));

}
sb.append ("\n") ;

}

return sb.toString () .trim();

/**
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* This operation is not supported because
pictures are mutable.

*

* @return does not return a value

* @throws UnsupportedOperationException if called

*/
public int () {
throw new
UnsupportedOperationException ("hashCode () 1is not

supported because pictures are mutable");

}
/**

* Saves the picture to a file in either PNG or
JPEG format.
* The filetype extension must be either .png or

. Jjpg.

*

* @param name the name of the file

* @throws IllegalArgumentException if {@code
name} 1s {@code null}

*/
public void (String name) {
if (name == null) throw new
TllegalArgumentException ("argument to save() 1s
null");
if (name.length() == 0) throw new
TllegalArgumentException ("argument to save() 1s the
empty string");
File file = new File (name);
if (file == null) throw new
TllegalArgumentException ("could not open file: '" +
name + "'");
filename = file.getName () ;
String suffix =
filename.substring (filename.lastIndexOf ('.") + 1);
if ("jpg".equalsIgnoreCase (suffix) ||
"png" .equalsIgnoreCase (suffix)) {
try {
ImagelIO.write(image, suffix, file);
} catch (IOException e) {
e.printStackTrace () ;
}
} else {

System.out.println ("Error: filename must
end in '.Jjpg' or '.png'");
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/**
* Saves the picture to a file in a PNG or JPEG
image format.
*
* @param file the file
* @throws IllegalArgumentException 1if {@code
file} is {@code null}

*/
public void save (File file) {
if (file == null) throw new
TllegalArgumentException ("argument to save () is
null");
filename = file.getName () ;
if (frame != null) frame.setTitle (filename) ;
String suffix =
filename.substring (filename.lastIndexOf ('.") + 1);
if ("jpg".equalsIgnoreCase (suffix) ||
"png" .equalsIgnoreCase (suffix)) {
try {
ImagelO.write(image, suffix, file);
} catch (IOException e) {
e.printStackTrace () ;
}
} else {

System.out.println ("Error: filename must
end in .Jjpg or .png");
}
}

/**
* Opens a save dialog box when the user selects
"Save As" from the menu.

*/
@Override
public void actionPerformed (ActionEvent e) {
FileDialog chooser = new FileDialog (frame,

"Use a .png or .Jjpg extension",
FileDialog.SAVE) ;
chooser.setVisible (true) ;
if (chooser.getFile() != null) {
save (chooser.getDirectory () +
File.separator + chooser.getFile());

}
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}

/**
* Unit tests this {@code Picture} data type.
* Reads a picture specified by the command-1line
argument,
* and shows it in a window on the screen.
*

* @param args the command-line arguments
*/
public static void (String[] args) {
Picture picture = new Picture(args([0]);
System.out.printf ("$d-by-%d\n",
picture.width (), picture.height());
picture.show () ;

}



