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diskretuli dinamikuri fraqtalebi da Julias simravleebi 

Tamaz obgaZe 

saqarTvelos universiteti 

reziume 

ganxilulia diskretul dinamikur sistemebSi warmoqmnili fraqtalebi. Seswavlilia 

kvadratuli funqciis Sesabamisi iterirebad funqciaTa sistema. agebulia Julias 

simravleebi da asaxvis Sesabamis mudmivaTa mandelbrotis fraqtali. 

sakvanZo sityvebi: diskretuli fraqtali. Julias simravle. mandelbrotis 

fraqtali. 

1. Sesavali 

fraqtalTa samyaro metad farToa da mravalferovani. fraqtalebs vxvdebiT 

meqanikasa da akustikaSi, qimiasa da biologiaSi. axali ricxviTi meTodebi saSualebas 
iZleva Tavidan aviciloT mosalodneli socialuri katastrofebic. sinergetikis 

specialistebi ukve darwmundnen, rom qimiuri, fizikuri, biologiuri da socialur-

ekonomikuri procesebi ufro zustad aRiwereba fraqtaluri struqturebiT [1-22], vidre 
klasikuri uwyveti da gluvi funqciebiT. fraqtalebi axali mimarTuleba gaxda 

xelovnebaSic, sadac maTi saSualebiT iqmneba saocari silamazisa da mimzidvelobis 

suraTebi. Tumca, Cveni interesebis sferoa is maTematikuri kanonzomierebebi, rac 
dakavSirebulia fraqtalebTan. 

2. diskretuli dinamikuri fraqtalebi 

fraqtalis ZiriTadi maxasiaTebelia TviTmsgavsebis Tviseba, rac gamoixateba mama-
fraqtalisa da genetikuri kodis saSualebiT, romlebic saSualebas iZleva deda-

fraqtalidan Sesabamisi rekursiiT (rekurentuli formuliT) miviRoT dinamikuri 

fraqtali [20].    

ganvixiloT 𝑧𝑧 = 𝑥𝑥 + 𝑖𝑖𝑖𝑖 kompleqsuri cvladi da kompleq − suri ricxvi 𝑐𝑐 = 𝑎𝑎 + 𝑖𝑖𝑖𝑖. maTi 

saSualebiT SevadginoT rekurentuli formula: 

𝑧𝑧𝑛𝑛+1 = 𝑧𝑧𝑛𝑛2 + 𝑐𝑐,                                (1) 
romelic SegviZlia gadavweroT sxva saxiTac, Tu gamovyofT masSi namdvil da 

warmosaxviT nawilebs, marTlac: 

𝑥𝑥𝑛𝑛+1 + 𝑖𝑖𝑦𝑦𝑛𝑛+1 = (𝑥𝑥𝑛𝑛 + 𝑖𝑖𝑦𝑦𝑛𝑛)2 + 𝑎𝑎 + 𝑖𝑖𝑖𝑖,                     (2) 
anu 

𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛2 − 𝑦𝑦𝑛𝑛2 + 𝑎𝑎,                                   (3) 
  𝑦𝑦𝑛𝑛+1 = 2𝑥𝑥𝑛𝑛𝑦𝑦𝑛𝑛 + 𝑏𝑏.                                    (4) 

ganvixiloT konkretuli SemTxveva, roca 

𝑥𝑥0 = 0,   𝑦𝑦0 = 0,   𝑎𝑎 = −0.1194,   𝑏𝑏 = 0.6289.               (5) 
SevadginoT programa da gamovTvaloT (𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑖𝑖) wertilebis mniSvnelobebi 𝑛𝑛 = 1,100������� 

mniSvnelobebisaTvis, romlis grafikic iqneba 1-el naxazze, xolo Sesabamisi sistemis 

fazuri portreti moyvanilia 1.a naxazze.   
SevadginoT Sesabamisi programa da vawarmooT gamoTvla Mathcad programis bazaze: 

  

  

 

X0 0:= Y0 0:= i 0 100..:=

ai 0.1194−:= b i 0.6289:=
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Yi 1+
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analogiurad, Tu (a ;b) parametrebis mniSvnelobebia 𝑎𝑎 = −0.1244,   𝑏𝑏 = 0.756, 
gveqneba periodulad cvladi dinamikuri sistema nax. 2, xolo Sesabamis fazur portrets 

eqneba saxe nax. 2a. 

 
nax.2. diskretuli dinamikuri sistemis dinamika, roca 𝒂𝒂 = −𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,   𝒃𝒃 = 𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕 

 

 
 

 

 

 

 

 

 

 

 

nax.2.a. diskretuli samis periodis mqone dinamikuri sistemis perioduli orbita,  

roca 𝒂𝒂 = −𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,   𝒃𝒃 = 𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕 

Tu (a ;b) parametrebis mniSvnelobebia 𝑎𝑎 = −0.237,   𝑏𝑏 = 0.75, gveqneba qaosuri 

dinamikuri sistema (nax.3), Sesabamisi fazuri portretiT (nax.3a). 
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Tu (a ;b) parametrebis mniSvnelobebia 𝑎𝑎 = 0.25,   𝑏𝑏 = 0.49, maSin gvqneba fraqtaluri 

centrisaken mimavali sistemis dinamika (nax.4), romlis fazur portrets aqvs 

fraqtaluri orbitis saxe (nax.4a). 

 
 

Tu ganvixilavT (a ;b) parametrebis mniSvnelobebs: 𝑎𝑎 = 0.25,   𝑏𝑏 = 0.45, maSin kvlav 

gvaqvs centrisaken krebadi dinamikuri sistema (nax.5), Sesabamisi (nax.5a), fazuri 

portretiT. 
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ganvixiloT (a ;b) parametrebis mniSvnelobebs: 𝑎𝑎 = −0.7,   𝑏𝑏 = 0.08, maSin kvlav 

gvaqvs centrisaken krebadi dinamikuri sistema nax. 6, Sesabamisi nax. 6a, fazuri 

portretiT, romelic gamosaxavs dinamikuri sistemis orbitas. 

ganvixilavT (a ;b) parametrebis mniSvnelobebs: 𝑎𝑎 = 0.37,   𝑏𝑏 = −0.24, maSin kvlav 

gvaqvs centrisaken krebadi dinamikuri sistema (nax.7), Sesabamisi fazuri portretiT 

(nax.7a), romelic gamosaxavs dinamikuri sistemis orbitas. 
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ganvixiloT (a ;b) parametrebis mniSvnelobebi: 𝑎𝑎 = −0.4161,   𝑏𝑏 = 0.5, maSin kvlav 

gvaqvs centrisaken krebadi dinamikuri sistema nax. 8, Sesabamisi nax. 8a, fazuri 

portretiT, romelic gamosaxavs dinamikuri sistemis orbitas. 

ganvixiloT (3), (4) iteraciuli formulebiT mocemuli diskretuli dinamikuri 

sistemis (x,y) orbitebi, romlebic warmoiSoba sistemis sxvadasxva sawyisi (a,b) 
pirobebis SemTxvevaSi.  1a naxazi diskretuli dinamikuri fraqtalia, romelic warmoiSoba 

(5) sawyisi pirobebis SemTxvevaSi da miiswrafis (-0.2381; 0.4242) mizidulobis 

centrisaken. 2a naxazi araa fraqtali, igi perioduli orbitaa, romlis periodicaa sami, 
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Tumca, misi sawyisi pirobebi, didad ar gansxvavdeba wina (nax.1а) fraqtalis sawyisi 

pirobebisagan. 3a naxazi usasrulobisken mimavali iteraciuli orbitaa, romelic 

Seesabameba qaosur sistemas.  

amrigad, Cven ganvixileT sami sxvadasxva tipis orbita: a) fraqtaluri, mizidulobis 

centrisken mimavali orbita (nax.1а; 4a-8a); b) perioduli orbita (nax.2a) da g) qaosuri, 
usasrulobisken mimavali orbita (nax.3a).   

yvelaze met yuradRebas imsaxurebs fraqtaluri orbitebi.  

3. fraqtaluri orbitebi da Julias simravleebi 

ganvixiloT ufro detalurad (1) diskretuli dinamikuri sistema, raTa gaverkveT 

Tu ratom arsebobs sawyis monacemebsa da parametris arCevaze damokidebuli sami 

sxvadasxva tipis orbita. 

am problemis Seswavlis mizniT, ganvixiloT jer (1) dinamikuri sistemis msgavsi, 

namdvili cvladis (6) dinamikuri sistema: 

𝑓𝑓(𝑥𝑥):  𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛2 + 𝑎𝑎,     𝑎𝑎 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.                     (6) 
davuSvaT, rom 𝑎𝑎 = 0, maSin (6) sistema miiRebs saxes:  

𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛2,                                (7) 
am sistemis uZravi (wonasworobis) wertilebis sapovnelad unda vigulisxmoT, rom  

𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛 = 𝑥𝑥0.                              (8) 
maSin (7) iteraciuli formulidan miviRebT: 

𝑥𝑥0 = 𝑥𝑥02 anu 𝑥𝑥0 = 0 ∨  𝑥𝑥0 = 1 ∨ 𝑥𝑥0 = ∞ .                 (9) 
rac imas niSnavs, rom (7) dinamikur sistemas aqvs sami wertili  𝑥𝑥0 = 0,   𝑥𝑥0 =

∞  da  𝑥𝑥0 = 1. 
SeviswavloT maTi mdgradobis sakiTxi. amisaTvis, wonasworobis wertils unda 

mivceT mcire nazrdi 0 < 𝛿𝛿𝑛𝑛 ≪ 1 da (7) sistemidan gamomdinare SeviswavloT nazrdis 

dinamika. Tu is izrdeba, maSin Sesabamisi wertili araa mdgradi, xolo Tu nulisken 

miiswrafis, maSin gvaqvs mdgradoba. ganvixiloT cal-calke wonasworobis wertilebis 

mdgrado-bis sakiTxi.   

a) 𝑥𝑥0 = 0. maSin ganvixilavT am wertilis SeSfoTebas anu 𝑥𝑥𝑛𝑛 = 0 + 𝛿𝛿𝑛𝑛.        (10)  
Tu gaviTvaliswinebT (7) sistemis saxes, gveqneba: 

𝛿𝛿𝑛𝑛+1 = 𝛿𝛿𝑛𝑛2,                               (11) 
rac imas niSnavs, rom 

𝛿𝛿𝑛𝑛+1
𝛿𝛿𝑛𝑛

= 𝛿𝛿𝑛𝑛 ≪ 1,                            (12) 

maSasadame, 

lim
𝑛𝑛→∞

𝛿𝛿𝑛𝑛 = 0.                               (13) 

e.i. wonasworobis wertili 𝑥𝑥0 = 0 mdgradia. rac imas niSnavs, rom Cven Tu aviRebT 
sistemis sawyis mdebareobad |𝑥𝑥0| < 1 mniSvnelobas, maSin sistemas aqvs fraqtaluri 

mizidvis centri 𝑥𝑥 = 0 da nebismieri aseTi |𝑥𝑥0| < 1 sawyisi pirobis SemTxvevaSi, misi 
orbita miizideba am centris mier. aseve, mizidulobis centria 𝑥𝑥0 = ∞  da misken 

miizidebian iseTi wertilebis orbitebi, romelTaTvisac |𝑥𝑥0| > 1. 
b) 𝑥𝑥0 = 1. maSin ganvixilavT am wertilis SeSfoTebas anu 

𝑥𝑥𝑛𝑛 = 1 + 𝛿𝛿𝑛𝑛.                             (14) 
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Tu gaviTvaliswinebT (7) sistemis saxes, gveqneba : 

1 + 𝛿𝛿𝑛𝑛+1 = (1 + 𝛿𝛿𝑛𝑛)2,                           (15) 
anu                           1 + 𝛿𝛿𝑛𝑛+1 = 1 + 2𝛿𝛿𝑛𝑛 + 𝛿𝛿𝑛𝑛2,                          (16) 
maSin 

𝛿𝛿𝑛𝑛+1
𝛿𝛿𝑛𝑛

= 2 + 𝛿𝛿𝑛𝑛.                                (17) 

da radgan 0 < 𝛿𝛿𝑛𝑛 ≪ 1, miviRebT rom 
lim
𝑛𝑛→∞

𝛿𝛿𝑛𝑛 = ∞.                                 (18) 

rac imas niSnavs, rom 𝑥𝑥0 = 1 wonasworobis wertili araa mdgradi. maSasadame, Tu 

sistemis sawyisi mdgomareobaa 𝑥𝑥0 = 1 maSin mcire SeSfoTebac ki sakmarisia rom sistemis 
orbita wavides usasrulobaSi, Tumca SeSfoTebis ar arsebobis SemTxvevaSi, sistema 

iZleva periodul process. Tu sawyisi mniSvneloba |𝑥𝑥0| > 1 maSin sistema iZleva 

usasrulobaSi mimaval orbitas. es sami SemTxveva, Seesabameba (nax. 1𝑎𝑎 - 3𝑎𝑎) sam SemTxvevas.  
axla ganvixiloT kompleqsuri cvladebis SemTxveva (1).  

𝑧𝑧𝑛𝑛+1 = 𝑧𝑧𝑛𝑛2 + 𝑐𝑐.                                 (19)  
Tu iteraciis romelime bijze |𝑧𝑧𝑛𝑛| > 1 maSin funqcia mogvcems usasrulobaSi 

mimaval orbitas. arsebobs zRvruli SemTxveva |𝑧𝑧𝑛𝑛| = 1;   𝑐𝑐 = 0.  
magaliTad, Tu 𝑥𝑥0 = cos 1;  𝑦𝑦0 = sin 1, maSin wertilebi lagdebian erTeulovani 

radiusis wrewirze, Tumca, ramdenime bijis Semdeg TandaTan cildeba mas (nax.9, nax.9𝑎𝑎). 
iTvleba rom, wrewirze mdebare wertilebi aramdgradia da isini an mogvcems usasrulo-

baSi mimaval orbitas an miizideba wris romelime Siga wertilis mier.  

𝑓𝑓(𝑧𝑧) funqciis 𝑱𝑱(𝒇𝒇) Julias simravle, ewodeba im 𝐳𝐳 wertilebis simravlis sazRvars 

romelTa orbitac usasrulobisken midis 𝐧𝐧-Tan erTad [3]. 

𝐽𝐽(𝑓𝑓) = 𝜕𝜕 �𝑧𝑧: lim
𝑛𝑛→∞

𝑧𝑧𝑛𝑛 → ∞�.                            (20) 

an sxvanairad: 
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 𝐉𝐉(𝐟𝐟) Julias simravle, aris 𝐟𝐟 funqciis yvela mizidulobis wonasworobis 

wertilis (maT Soris ∞-is), mizidulobis velis sazRvari. 

umartivesi zn+1 = zn2 sistemisaTvis Julias simravles aqvs saxe |z| = 1. aq gvaqvs 
qaosi, Tumca, es simravle ar warmoadgens fraqtals, magram rogorc wesi, Julias 

simravle fraqtalia[21]. amitom rogorc wesi, ganixilaven mocemuli c mniSvnelobisaTvis 

z-is iseT mniSvnelobebs, romelTaTvisac |z| < 2 da Sesabamisi wertilebis simravles 

Julias HSida simravles uwodeben. iTvleba, rom Tu |z| > 2 maSin Sesabamisi orbita midis 
usasrulobisaken. Julias Sida simravlis sazRvars Julias wirs uwodeben. xolo Julias 

wiris damatebiT simravles - fatus simravles [4,22]. 

1𝑎𝑎 naxazze gamosaxuli diskretuli dinamikuri sistemis Sesabamis Julias simravles 

aqvs me-10 naxazze mocemuli saxe. 

 
nax.10. diskretuli dinamikuri sistemis Julias simravle,  

romlis orbitac gamosaxulia nax. 1𝒂𝒂-ze 
 

ganixiloT 𝐳𝐳𝐧𝐧+𝟏𝟏 = 𝐳𝐳𝐧𝐧𝟐𝟐 + 𝐜𝐜 sqemisaTvis Julias Sida simravlis agebis programa 

fsevdokodebSi, sadac 𝐜𝐜 = 𝐚𝐚 + 𝐢𝐢𝐢𝐢: 
monacemebis Setana: 

𝑎𝑎 , 𝑏𝑏  
(𝑐𝑐, 𝑑𝑑) (fanjris centri) 
𝑠𝑠 (fanjris zomebi) 
𝑝𝑝 (piqselebis raodenoba fanjris yovel gverdSi) 

Sedegebis gamotana: 

Julias Sida simravlis gamosaxva 

inicializacia: 

grafikuli ekranis fanjris zomebia �𝒄𝒄 − 𝒔𝒔
𝟐𝟐

, 𝒄𝒄 + 𝒔𝒔
𝟐𝟐
� × �𝒅𝒅 − 𝒔𝒔

𝟐𝟐
,𝒅𝒅 + 𝒔𝒔

𝟐𝟐
� 

bijebi: 

for m = 1 to p 

𝑥𝑥0 = 𝑐𝑐 −
𝑠𝑠
2

+
𝑚𝑚𝑚𝑚
𝑝𝑝
 

𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛 = 1 𝑡𝑡𝑡𝑡 𝑝𝑝 

𝑦𝑦0 = 𝑑𝑑 −
𝑠𝑠
2

+
𝑛𝑛𝑛𝑛
𝑝𝑝
 

𝑥𝑥 = 𝑥𝑥0 
𝑦𝑦 = 𝑦𝑦0 
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𝑧𝑧 = 0 
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1 

𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑖𝑖  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 < 20 
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 1 
𝑥𝑥1 = 𝑥𝑥2 − 𝑦𝑦2 + 𝑎𝑎 
𝑦𝑦1 = 2𝑥𝑥𝑥𝑥 + 𝑏𝑏 

𝑥𝑥 = 𝑥𝑥1 
𝑦𝑦 = 𝑦𝑦1 

𝑧𝑧 = 𝑥𝑥2 + 𝑦𝑦2 
𝑖𝑖𝑖𝑖 𝑧𝑧 > 4 ciklidan gamosvla, 𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 

𝑒𝑒𝑒𝑒𝑒𝑒 𝑊𝑊ℎ𝑖𝑖𝑖𝑖𝑖𝑖 
𝑖𝑖𝑖𝑖 𝑧𝑧 < 4 avagoT wertilebi(𝑥𝑥0,𝑦𝑦0), 𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 

𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓 
𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓 

ufro xSirad ganixilaven Julias Siga simravlis sazRvars da mas uwodeben Julias 

wirs, romelTa magaliTebic gamosaxulia 11-14 naxazebze. 

 

4. mandelbrotis simravle 

rogorc ukve viciT, 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis Julias simravle SeiZleba iyos 

sxvadasaxva tipis, imis mixedviT Tu rogoria 𝑐𝑐 parametris mniSvneloba. amis miuxedavad, 

am funqciisaTvis arsebobs mxolod ori tipis Julias simravle: a) bmuli simravle;  

b) sruliad arabmuli. bmuli Julias simravleebi erTmaneTisagan SeiZleba Zalian 

gansxvavdebodes vizualuri TvalsazrisiT. erTni SeiZleba warmoadgendes Sekrul wirebs 

fraqtaluri struqturiT, rogorc magaliTad, 0 < |𝑐𝑐| < 0.25 SemTxvevaSi; xolo sruliad 

arabmul Julias simravleebs aqvs kantoris mtveris geometriuli struqtura (nax.15,16). 
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nax.15. Julias simravle,                    nax.16. Julias simravle,  

    roca 𝒄𝒄 = 𝟎𝟎.𝟓𝟓                          roca 𝒄𝒄 = 𝟎𝟎.𝟑𝟑𝟑𝟑 + 𝟎𝟎.𝟎𝟎𝟎𝟎𝒊𝒊 
  

mocemuli 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis Julias simravlis tipis indikators warmoadgens 

misi mandelbrotis simravle romlis yvela Siga 𝑐𝑐 wertils Seesabameba bmuli Julias 

simravle (nax.17). mandelbrotis simravlis yovel 𝑐𝑐 
wertils Seesabameba bmuli Julias simravle, xolo 

mis damatebiT simravles ki – srliad arabmuli 

Julias simravle(kantoris mtveri). 

gansazRvreba: 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis mandelbro-

tis simravle ewodeba iseTi 𝑐𝑐 ∈ ℂ kompleqsuri 

ricxvebis simravles, romlebisTvisac 0 wertilis 

orbitebi SemosazRvrulia. 

nax.17. mandelbrotis simravle 

axla SevadginoT 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis mandelbrotis simravlis agebis programa 

fsevdokodebSi: 

monacemebis Setana: 

(𝑖𝑖, 𝑗𝑗) (fanjris centri mag. (0 ; 0)) 
𝑠𝑠 (fanjris zomebi 𝑠𝑠 × 𝑠𝑠) 

𝑝𝑝 (piqselebis raodenoba fanjris yovel gverdSi) 

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (iteraciaTa raodenoba) 
Sedegebis gamotana: 

mandelbrotis simravlis gamosaxva 

inicializacia: 

grafikuli ekranis fanjris zomebia �i − s
2

, i + s
2
� × �j − s

2
, j + s

2
� 

bijebi: 

for m = 1 to p 

𝑎𝑎 = 𝑖𝑖 −
𝑠𝑠
2

+
𝑚𝑚𝑚𝑚
𝑝𝑝
 

𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛 = 1 𝑡𝑡𝑡𝑡 𝑝𝑝 

𝑏𝑏 = 𝑗𝑗 −
𝑠𝑠
2

+
𝑛𝑛𝑛𝑛
𝑝𝑝
 

𝑥𝑥 = 0 
𝑦𝑦 = 0 
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1 
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𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ≤ 20 
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 1 
𝑥𝑥1 = 𝑥𝑥2 − 𝑦𝑦2 + 𝑎𝑎 
𝑦𝑦1 = 2𝑥𝑥𝑥𝑥 + 𝑏𝑏 

𝑥𝑥 = 𝑥𝑥1 
𝑦𝑦 = 𝑦𝑦1 

𝑧𝑧 = 𝑥𝑥2 + 𝑦𝑦2 
𝑖𝑖𝑖𝑖 𝑧𝑧 > 4, ciklidan gamosvla, 𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 

𝑒𝑒𝑒𝑒𝑒𝑒 𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑖𝑖 
𝑖𝑖𝑖𝑖 𝑧𝑧 < 4 
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(𝑎𝑎;𝑏𝑏) 
𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 
𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓 
𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓 

5. daskvna 

rogorc vxedavT, iseTi martivi erTbijiani iteraciuli sistemebisaTvisac ki, 

rogoricaa kvadratuli asaxviT warmoqmnili sqema, damaxasiaTebelia geometriulad 

araregularuli reJimebis arseboba. Tumca, cocxali sistemebisaTvis damaxasiaTebeli 

„არჩევანის თავისუფლება“, rasac gamoxataven xolme asaxvis dakavSirebiT SemTxveviT 

procesebTan, ganapirobebs fraqtaluri portretebis mravalferovnebas. 
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DISCRETE DYNAMIC FRACTALS AND SETS OF ZHYULIA 
Obgadze Tamaz 

Georgian Technical University 
Summary  

In work the fractals arising in discrete dynamic systems are considered. The system of 

the iterated functions arising at square displays is studied. Sets of Zhyulia and Mandelbrot's 

great number of the corresponding constants of display are constructed. 
 

 

ДИСКРЕТНЫЕ ДИНАМИЧЕСКИЕ ФРАКТАЛЫ И  
МНОЖЕСТВА ЖЮЛИА 

Обгадзе Т. 
Грузинский Технический Университет 

Резюме 
 

Pассматриваются фракталы возникающие в дискретных динамических системах. 

Изучена система итерированных функций возникающих при квадратичных 

отображениях. Построены множества Жюлиа и фракталь Мандельброта соответ-

ствующих постоянных отображения. 
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