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He nyrantecb cTpaHHOMY dopMaTy 3TOM CTpaHuubl. [leno B
TOM, YTO MaTepuasbl HA HE TakMe cTapble, YTO 9 UYTO-TO He
CMOr NpuaymaTb, Kak Xxe ux 6onee BHATHO 0hOpMUTL. Peub
nonaér o6 ogHoM NporpamMme, HanMcaHHom eweé B 1994-m
roay, u o pesynbtaTtax €€ paboTbl.

MpocTo, NnpoBoAs B o4epeaHon pa3 ybopKy Ha CBOEN MalUMHeE,
S packonasn Ky4yy nporpamm, HanucaHHbIX Ha lackane
HaumMHasa ¢ 91-ro roga, v pewunn nonpoboBaTb UX 3aNyCTUTb.
OueHb MHTEpPECHO U MoJsIe3HO, KCTaTu, YnTaTb CBOW KO
MHOrOMIETHEN AABHOCTU U U3y4aTb, KaK M3MEHUNOCh
COB6CTBEHHOE MbILWIEHME 3@ TaKOW Nepuos BpeEMEHMN.

Turbo Pascal 7 cerogHsa -- freeware, Tak 4YTO C 3arpy3Kkon u
YCTaHOBKOW ero npobaemM HMKaknux He BO3HUK/O. 3anyck,
npasaa, 6bin He cTonb rnagok: CRT-WHbIM MOAYNb
0TKa3bIBaNCA MHULMANMN3NPOBATLCA HA C/AULLIKOM BbICTPbIX
COBpPEMEHHbIX MallMHaX, HO A1 3Ton npobsiemMbl HaWEéNcs
patch, n Bot, o uyno, B 2009-m rogy Ha 2003-m Windows
Server-e B3nertaeT (B okowke!) Turbo Pascal, komnunnupyet
nMporpaMMmbl, HanMCaHHble MHOM ewé B Hadane 90-x, u
ncnonHsaetT mx!
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He npasaa nn, 3aHATHO? BoT Bbl UMTaeTe 3Ty CTpaHuuy C
MOEro cepBepa, a OH B 3TO BpeMs, bbITb MOXeT, Mackanb
KpyTuT? :)

BnpouemMm, pacckas o gpyrom. O ToM, Kak B Aané€KOM 94-M
roay AeHHun N'ypckun Hanucan nporpaMMKy Ans pacyéta um
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OTPUCOBKMN MHOXeCTB Xionma. OyeHb KpacuBble Moay4vanmcb
KapTUHKKW. Hy a 9 3aHancsa TeM, 4YTO C €€ NOMOLLbIO
nccnenosasn noBeAeHne 3Toro MHOXeCTBa Ha paae Apyrnx
aHANUTUYECKMX PYHKUNIN, N3 Yero nonydyanmce eweé bonee
WHTEpEeCHbIe KapTUHKMN.

HacTtoawmnm nccnegosaHneM 3To Ha3BaTb HeNb3s (B NydweMm
cny4yae -- N1Wb NONETOM MaTEMATUUYECKOW MHTYMUKUK), Aa U
CTPOroCcTu B HEM HEeT HMKakKon. MoxeT 6bITb, Mbl U MOr/n 6bl
[OBEeCTu ero Ao yma 15 net Hasaj, HO He A0Benun, U BCE, UTO
cerogHsl 0CTanocb -- 3TO NAESA N MHOXECTBO LiBETHbIX
KapTUHOK.

O HuX, COBCTBEHHO, N NONAET peub.

B nporpamme MHOXecTBO XXlosina Ha KOMMNAEKCHOM NAOCKOCTHU
onpeaensanocb Kak MHOXEeCTBO TakKUX To4eK Z, B KOTOpPbIX
nocnenoBaTeslbHOCTb OTO6paXkeHnm

Zoi1=2Zp% + ¢

He CTpeMUTCA K 6eCKOHEeYHOCTM NpU HEKOTOPOM 3a4aHHOM
KOMMAEKCHOM € MNpW N cTpeMsaLeMcsl K 6eCKOHEYHOCTU. ITO
onpegeneHune, BoobLle roBopsi, HECKONbKO OT/IMYAETCS OT
KN1laCCMYEeCKOoro, HO y Hac B Te BpeMeHa He 6b1n10 Bukuneaum
n NHTepHeTa, 4Tobbl CBEPUTBLCS, HE Bblsle3as uU3-3a
KoMnyTepa :)

Ha npakTuke, pazymeeTcs, 4O 6€CKOHEYHOCTN HUKTO He
cymTan. Ecnn nocnegoBaTenbHOCTb €WE He pacxoamnacb Npu
HeKOTOpOM "noporosoM" n, ToUKa oKkpalwimBanacb B YEPHbIN
uset. Ecnn pacxoaunacb -- B 4pyrov, B 3aBMCUMOCTU OT
HOMepa wara, Ha KOTOpPOM 3TO Npou30LWwIo. PacxoanmmocTb
onpenensnacb Kak npesblileHne |Z| HEKOTOPOM KOHCTAHThI.

(3ameTbTe, YTO BCE 3TO BbIYNCAANOCL Ha 286-X MallMHax, Tak
YTO asIfOPUTM BbIHYXAEHHO 6blN1 04eHb NpPoCTbIM. 60 Aaxe
KapTuHKa 200x200 mMorna oTpMcoBbIBaTbCS BeCbMa HebbLICTPO.
CerogHs TOT Xe cambln Koa paboTaeT pa3 B 100 wycTpee).

To, 4To Nony4yanocb, 6b110 N306paxxeHneM Jaxe He caMoro
MHOXecTBa XKINus, HO ToYeK, K HEMY npuaeratwmx. Tem He
MeHee, B 3aBMCUMOCTU OT Bblbopa € pe3ynbTaT MOr BbIrSa4eTb
AOCTaTOYHO KpPacMBO M O4YeHb No-pa3HoMy. Hanpumep, BOT
4yTO BblaaBanocke npu ¢ = -0.82i:
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OTo MHOXecTBO pakTanbHO. TO ecTb, pa3rnsibiBas ero co
CKOJ1b YrogHo 60/blWIMM yBENUYEHNEM, Mbl Byaem
obHapy>XuBaTb 3/1EMEHTbI, BO BCEM noaobHbIie nNo dpopme
bonee KpynHbIM. M Tak Brinybb A0 6€CKOHEeYHOCTM!.

BoT, cka)xeM, LeHTpasibHas 4acTb NOKa3aHHOW BblllE
KapTUHKMU:
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Ecnn yBennuuntb eé eweé cnnbHee, MOXHO pasrnageTb
ManeHbkue "cxogsauwmecs MocTbl", NogobHble 60nbLLIOMY B
ueHTpe (oHM BblaesnieHbl 6enbiMK KBagpaTtaMm):
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Ewé B 93-M rogy MeHs 3anHTepecoBan BOMpPoOC: a
oba3aTenbHO SI UCNOb30BaTb AJ/19 NOCTPOEHUS MHOXECTBa
XKionva NckIr4YnTeNbHO NULWb KBagpaTuyHoe oTobpaxeHue?
Benb o4eBMAHO Xe, YTO 3TOT npouecc obobLiaeTcs Kak
MMHUMYM Ha 4YeTBEPTYIO cTeneHb (MH60 3TO €CTb HM UYTO MHOE,
KaK TO e KBaapaTuyHoe oTobpaxeHune, rae anobasneHune
KOHCTaHTbl Yyepe3 war nponyckaetcs). MNpu 3TOM gaxe
KpUTEPUIN pacxXxoamMMOCTN MEHATb HE HAA0, OH OCTAETCS CTpPOro
TeM xe.

N BOT rogy B 94-M 5 B341 1 nonpobosan. [JenCTBUTENBHO,
ANA Zpye1 = Zn4 + c npu ¢ = 0.82i nonyyaercs BOT Takas

KapTUHKaA:
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Cnepywowmm normyeckmm war -- obobuweHmne Ha
NMPOU3BOJIbHYO LEOYNUCAEHHYIO cTeneHb. OH yXe MeHee
O4YEBUAEH B CUNTY HEAOKA3aHHOCTU MPUMEHUMOCTUN KPpUTEPUS
pacxoamMmocTtu. Ho MHe 6bIn0 NeHb NpoBepsaTb Ha 6ymare. Ha
ABOpe HaynHanacb HoBas spa "aewéBbiX" BbluMCAEHNN. A
MpPOCTO 3anyCcTun NporpaMmy, 3aaaB Kybuuyeckoe

oTobpaxeHue Z, 41 = Zn3 + € -- 1 BOT 4TO BbIWO (€ =

-1.095i; nokasaHa 0651acTb BOKpPYr LeHTpa KoopAWHaT
pa3mepoM 1.6 Ha 1.6):

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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PaboTaeT! MNpnuyém BnaHa Tpéxnydyesas cmmmeTpus. U
COBEpLUEHHO YeCTHbIM pakTan, Kak MOXHO ybeantbcs,
nocterneHHo 3abupasch BCE rnybxe n rnybxe:
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NoaMeyeHa 3aKOHOMEPHOCTb: oTobpaxeHne Z,4q = ZnN + C
nopoxaaet N-ny4deByto cuMmeTputo. NpoBepum?

OencteButencHo, npn N = 11 nony4daetca 11 cerMeHTOB
(kBagpaTt 1.6 Ha 1.6, ¢ = -0.9i):

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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Xopouwo! lNoxoxe, 3To paboTtaeT Ansa n0bon LenoUnCcIeHHoOn
cTeneHu. A 4To HaACYET CyMMbl ABYX CTENeHen?

[MpoBepKka nokasbiBaeT, YTO TOXe MnosiyyaeTcs:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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3/1eCb UCMOMb30BaHO 0TOBpaXeHNe Zpt1 = Zn’ + Zp2 + C
npu ¢ = -0.7i.

3aHSATHO, YTO 7-MWU N ABYXJlyYeBasi CUMETPUM Kak 6yaTo
COPEBHYIOTCH 3a BAUSIHUE U B UTOre pasaenstoT ero cdepsbl:

KPYMHbIM CTPYKTYpaM agoctaétca 180-rpagycHasd cMMMeTpus,
a MeNnkum -- 7-Mu-nyyesas.

MHOXeCTBO CoxXpaHsieT dpaKTanbHOCTb U pasaeneHue
CUMMETPpUI N B Manbix getansax (obnactb y LeHTpa):

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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4 f s,

MpekpacHo, roBopmM Mbl. Pa3 310 paboTaeT gaxe Ans
MHOIMO4Y/1IEHOB, TO HeNb3s SN 3T0 0606WMTb HA MHOMO4YNEHbI
6eckoHeuyHOM ANuHbI? To ecTb, Ha psaabl Tannopa? MNpobyem!

Z,+1 = exp(Z,)+ cnpu c = 3.1i, kBagpat 10 Ha 10 B
LeHTpe KoopAMHaT:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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C acTeTnyeckon nos3uumm He ocobo BnevaTnseT... Ho! EcTb
onpeaenéHHoe CXoACTBO C KAPTMHKOM Npo 11-10 cTeneHb. 310
Xe... Kpyr C LUEHTPOM B MUHYC NONYyHECKOHEYHOCTH, U
paanycoM B rnonoBuHy 6eckoHeyHocTu! M, Ha nepsbIn B3rnas,
ToXxe dpakTanecHbii. Ara! NMonpobyeM NOKpyTUTb KOHCTAHTY?

¢ = 5.5i -- yxe nyJywe:
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12/21/22, 4:10 PM Old experiments (1994)

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm




12/21/22, 4:10 PM Old experiments (1994)

Cnepytowme HECKONbKO KapTUHOK -- Moc/eaoBaTeNbHbIN
"Hae3a" Ha Ty, YTO BbIlWeE:
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Ecnn 3HaTb anropmMTM packpacku, MOXHO 3aMeTUTb, YTO
MHOX>XECTBO, MOXO0Xe, CTaso "HeyecCcTHbIM". YEpHbIN LBET B HEM
He AO0/KeH cocencTBoBaTb 6osee, YeM C OAHUM APYTrUM.
[laHHOe coceacTBo cBMAETENbCTBYET IM60 O HEAOCTAaTOYHOM
pa3pelleHnn Ha akpaHe (To eCcTb, TaM ecTb eLlé "Bonockn"
APYrux LBEeTOB, HO CAIMWKOM KOPOTKME, YTObObl UX 3aMeTUTb),
nnbo, uto 6onee BEpOATHO, HENPaBUIbHO paboTaeT Kputepumn
pacxognMmoctu. C Hay4YHOM TOYKWN 3PEHMUS 3TO 3HAUUT, YTO Mbl
obcunTtbiBaeM yxe He MHOXecTBO Xioma, a HeuTo apyroe. Ho
3TO ApYroe no-rnpexHemy AOCTaTOYHO MHTEePECHO BbIrNSauT, U
MCNOJSIb30BaHME 3KCMNOHEHTLI onpeaenéHHo no3sonseT
nony4vaTb CTPYKTYpbl, HE nNposBasaowmecs B 06bI4HOM
KBaApaTUYHOM OTOb6paxkeHuu:
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JlagHO, 3aKOHYMNN C SKCNOHEeHTOW. Kakne eweé y Hac ecTb
psabl Tannopa? Hy KOHEYHO Xe, KOCUHYC:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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KoHcTaHTa paBHa 3i.

HNCKONbKO HE YAMBUTENbHO: 3KCMOHEHTa nepmnoamyHa BAoO b
MHMUMOWM OCU, KOCUHYC -- BAOSIb AENCTBUTENbHON. [MOCKONbKY
X pAabl POACTBEHHbI, TO U KAPTUHKM NONYy4aloTCS B
HEeKOTOPOW CTerneHn NOXOXMMU. HO KOCMHYCOBCKUE MHE
HpaBaTcsa 6onble. OcobeHHO ecnn NourpaTtb KOHCTAHTaAMU:

c=4.0:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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3.9 + 0.9i, kBagpaT 5 Ha 5:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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3.9 + 0.75i, kBagpaTt 1 Ha 1:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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To e camoe, Ho kBagpaT 0.5 Ha 0.5, cMeLléHHbIN
OTHOCUTENbHO LieHTpa KoopauHaTt Ha +0.25i:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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Bcsakuin pag Tannopa -- 3To aHanuTmyeckas gpyHkums. Kakue

elé ecTb "cTaHaapTHble" aHanuTudeckme pyHkunmn? NMpobyem
norapuom:

Z,+1 = Ln(Z,)+ cnpu c = -1.2i, kBagpaT 10 Ha 10:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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He BneuvaTtnser... :( Hy To ecTb noBTOpsSieMOCTb HabnwgaeTcs,
HO O4YeHb YXX NPUMUTUBHAS.

N Kak 9 HM KpyTun, Hu4Yero ocobo xopowero 4obuTbCcs He
yAanocb. BoT 3T0, noxanyun, nyduwee, npm TOM YTO NOHATHO
4yTO OOMaH:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm 27137
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(c = 0.2 -1.428i, obnactb 3x3).

fMnoTesa: KapTUHKY "MOpTUT" NONKOC B Hyne?

JlagHO, a YTO HACYET KOMMJIEKCHOrO apKTaHreHca?

Z,+1 = Artcg(Z,)+ c?

Toxe He o4yeHb BnevaTndet (¢ = 1.15i):

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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Moxoxe, onATb MewatoT NoJiKca, KOTOpble Y apKTaHreHca
cnaat B i (HapucoaH kBagpat 10 Ha 10). Ho mexay aTmmn
NoJItoCaMn, BEPOSATHO, AO/DKHA Xe ObITb KakKasi-TO XU3Hb?

MocnepoBaTesibHoe yBesiMyeHne NoATBepXAaeT 3Ty AOoraaKy:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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®pakTan, Npu4éM BeCbMa 3aHSATHOM CTPYKTYpbl!

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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(LeHTp kBagpaTta cMewéH BHU3 Ha 0.35i)
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NTak, rmnoTesa: yeM gasblue nontca pyHKUnmM oT
oTobpaxkaemon obnactm nMbo KOHCTaHTbI, TeM "xunee"
nony4varoTcs KapTUHKK. Jlydlue BCero -- Koraa Bce nositoca Ha
6eckoHeyHOCTH, Toraa Boobuie XopoLlo.

[anblie NOWEéN yXe YNCTbIN MaTeMaTudeckmn becnpeaen;
HMKAKOro BHATHOIO pauMoHanbHOro 060CHOBAHUS 3TOMY HeT.
YTto ecnn nonpoboBaTb OMATb CTEMEHWU... HO KOMMIEKCHbIE?

CkaxeM, Zp41 = Zni + c?

Kak n oxxnganocb, BAUSHME MOJItOCA B Hy/l€ OKa3bliBaeTCs
A0BOJIbHO NarybHbiM (¢ = -0.9i, kBagpaT 10 Ha 10):

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm 32/37
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BepTukanbHasa nMHUS -- cneactBue Toro, 4Tto onepauuns
BO3BEAEHUS B CTEMEHb HAa KOMMJJIEKCHOM MJI0OCKOCTKN, BoObLLE
roBopsi, HeoAHO3Ha4YHa AN HeuenblxX cteneHen. [ae-To
AO0JIKEeH NpoxoauTb pa3pe3 no ¢gase. bubnnoteka
KOMMJIEKCHbIX BbIYMUCIEHUN, KOTOPYIO 4 Hanucan 15 net
Ha3aa, No4YeMy-To nposena ero no n/2. 3a4eM -- CeroaHs
y>Xe pur BCNoMHUWb; B 60onee no3gHMe YHUBEPCUTCKME roabl
Hac y4ynnum obbl4HO NMPOBOAUTbL €ro BAOJIb HY/IS.

Cnerka nourpaB KOHCTAHTAMW, 3TY KapTUHKY BCE Xe MOXHO
caenaTtb 6onee MHTEpecHoOW (NpaBaa, TOXe, OYEBUAHO,

HeuyecTHOM). BuanmMo, moMoraeT cioXKHOCTb nostoca Z' B
Hyne:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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Hy n Ha 3aKycKy, 3aBepLUnB Kpyr, BEPHEMCS K PyHKUNN
NOYTWU TOW Xe, C KOTOPOWN HAaUMHaNN: Zp4q = an"" + cnpuc
= -0.01 - 4.4i, kBagpat 10 Ha 10:

http://tung-sten.no-ip.com/Texts/Misc/TP7/JuliaSet.htm
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3n06HbIN KaKOW-TO pe3ynbTaT, Bbl HE HaxoauTe? :))
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