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biznes-inJineringi arqiteqturaSi
fraqtaluri arqiteqtura - qvecnobieri Tu logikuri

zurab kiknaZe,  profesori
  Tamar tabataZe,   doqtoranti

reziume

arqiteqtura, rogorc SemoqmedebiTi Sromis 
Sedegi, bunebrivad efuZvneba adamianis mier 
intuiciurad Tu Segnebulad aRqmul samya-
ros ganviTarebis kanonebs. garemos zemoqme-
debis  (ara aucileblad energetikuli) kvali 
(formalurad: winasaxe – anasaxi ), rogorc 
wesi, geometriulia  da saboloo angariSSi – 
fraqtaluri. arqiteqturaSi fraqtaluri ge-
ometriis gamoyenebam SesaZlebeli gaxada rTu-
li struqturebis  modelireba da arqiteqtu-
ruli formebis detaluri analizi. XXI saukunis 
dasawyisis Tanamedrove arqiteqturaSi farTod 
gamoiyeneba  ,,asimetriuli“ biomorfuli xazebi, 
zedapirebi,   mcenareuli dekori,  romlebic 
asaxaven  bunebrivi formebis araregularobas.  
fraqtalebis msgavsi formis warmoqmnis princi-
pebi arqiteqturaSi aRiniSneba Zveli droidan, 
Tumca mSeneblobis fraqtaluri wesebis gamoy-
eneba yovelTvis ar aRmoCndeboda xolme logi-
kurad dadasturebuli, magram mxatvrulad ga-
mosaxuli proporciebis Ziebasa da formaTwar-
moqmnaSi  arqiteqtorebs uZRveboda  intuicia 
da talanti, harmoniis grZnoba da maRali pro-
fesionalizmi. 

sakvanZo sityvebi: fraqtaluri arqiteqtura, 
fraqtaluri geometria, bionikuri arqiteqtu-
ra, geometriuli gardaqmnebi, gaudi.

Summary
Architecture - a result of a human’s creative endeavor is 

based on the laws of the development of universe perceived 
by humans on conscious or subconscious levels. Impact of 
the environment (not necessarily energy) is usually geo-
metrical and is fractal in the final report.  Using of fractal 
geometry in architecture made it possible to model com-
plex structures and analysis of architectural forms. At the 
beginning of the XXI Century “asymmetric” biomorphic 
lines, surfaces, plant decor, were widely used in contem-
porary architecture. They illustrate the irregularity of the 
natural forms. So, the principals of creating fractals have 
been used in architecture since the ancient times. However, 
using  fractal principles in construction works has not al-
ways been proven logically, but in creation of artistically 
expressed proportions, artist were led by the intuition, tal-

ent, sense of harmony and professionalism. 

Keywords:Fractal architecture, Fractal geometry, Geo-
metric transformations, Bionic architecture, Gaudi.

 
bunebrivi garemos Tu abstraqciuli geome-

triuli figurebis samyaros fraqtaluri mow-
yobis principis gageba dReisaTvis Rrmad iWreba 
saqmianobis mraval sferoSi, maT Soris, rogorc   
arqiteqturul-samSeneblo obieqtebis garesax-
is formirebaSi aseve maT Sinagan struqturul 
organizaciaSi. sakmaod moarulia gamoTqma, rom 
fraqtalebi „metyveleben“ bunebis eniT. buneba 
ki TavisTavad yovelTvis iTvleboda arqite-
qturul formaTwarmoqmnis da kompoziciis 
STagonebis pirvelwyarod. sxvadasxva epoqis 
xuroTmoZRvarTa mier aRiarebuli da praqti-
kaSi gamocdili proporciulobis, kontrastis, 
niuansis,  harmoniulobis, komfortulobis, 
sensorikis ideebi yovelTvis gamomdinareobd-
nen garemos Tu cocxali bunebis asaxvis (gar-
dasaxvis) Sedegad. amdenad gasakviri ar unda 
iyos, rom fraqtaluri arqiteqturis motivebi 
msoflios arqiteqturis praqtikaSi SeiZleba 
arsebuliyo fraqtaluri principis deklari-
rebamde. amis TvalsaCino ilustrireba gaudis 
SesaniSnavi Semoqmedebaa (nax. 1). benua mandel-
brotis mier maTematikurad mwyobrad da Tval-
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saCinod Camoyalibebuli fraqtaluri Teoriis 
(,,bunebis fraqtaluri geometria“) aRiarebas 
ar SeeZlo stimuli ar mieca Tanamedrove  ar-
qiteqturuli praqtikisa da daproeqtebis me-
TodologiisTvis (magaliTad, cvi hakeris Semo-
qmedeba).  am SemTxvevaSi saubaria fraqtaluri 
arqiteqturis gaazrebul ganviTarebaze. rom-
lis produqti  iolad sacnobia, ramdenadac 
eyrdnoba iseT debulebebss, rogoricaa ganzo-
milebaTa „araevkliduroba“, obieqtis struq-
turuli erTeulebis TviTmsgavseba, formaTa 
generaciis dinamika,  diskretuloba, formaT-
warmoqmnis  SedarebiT martivi rekurentuli 
(momdevno bijis winaze damokidebuleba) al-
goriTmis iteraciuloba  (procesis cikluri 
xasiaTi). mniSvnelovnad ufro farTo SesaZle-
blobebi moiazreba multifraqtalebSi, rac erT 
obieqtSi ramdenime maformirebeli algoriTmis 
monacvleobiT aris ganpirobebuli.  [1] 

mandelbrotis mier cneba „fraqtalis“ samec-
niero mimoqcevaSi Seyvanam  (laTinuridan frac-
tus – “damsxvreuli, damtvreuli, gatexili”) 
xeli Seuwyo disciplinaTaSoris midgomis gan-
viTarebas, rc dafuZnebulia wrfivi dinamikis, 
fraqtaluri geometriis, TviTorganizebis Te-
oriis meTodebze. aman warmoqmna saSualeba ar-
sebiTad gafarToebuliyo samecniero kvleveb-
is CarCoebi. magaliTad, obieqtebis detaluri 
struqturis topologiis Taviseburebebis gaT-
valiswinebis mimarTulebaSi, qaoturi sisteme-
bis dinamikis analizis daxvewaSi,  rac uzrun-
velyofs sxvadasxva procesebis (bunebrivi, te-
qnikuri da socialuri) struqturebis, realuri 
obieqtebis ierarqiuli sivrculi organizaciis 
raodenobriv aRweras (bunebrivi formebis mor-

fogenezi), e. i. adekvaturi modelebis Seqmnas. 
cifruli informaciuli teqnologiebis  saSu-
alebebis ganviTarebam uzrunvelyo fraqta-
luri geometriis obieqtebis agebis rTuli re-
kursiuli procedurebis efeqturi realizaciis  
da am obieqtebis Semdgomi kompiuteruli  vi-
zualizaciis SesaZlebloba (nax. 2).

Tanamedrove kvlevebma mecnierebis sxvadasx-
va dargSi moiTxova sxvadasxva obieqtebisa da 
procesebis ufro xarisxiani warmodgena (mod-
elireba), maTi formebis, konturebis, zeda-
pirebis „gabrtyelebis“, maTi struqturis gau-
marTlebeli gamartivebis, sakvlevi obieqtebisa 
da procesebis zogierTi Tvisebis (maT Soris, 
arsebiTi da damaxasiaTebeli) ignorirebis ga-
reSe. aseTebia: forovani masalebis rTuli ge-
ometriuli, araregularuli zedapirebis sim-
rudis aRwera; bzarebis bade myari sxeulebis 
deformaciisa da msxvrevisas; elvis gavrcel-
ebis traeqtoria; mcenareTa da cxovelTa sam-
yarosTvis Cveuli biologiuri konfiguraciebi, 
kerZod, adamianis sisxlZarRvTa qseli da ner-
vuli sistema; turbulenturi procesebi aire-
bis an hidromeqanikis dinamikaSi da sxva mrava-
li.  bunebaSi msgavsi (ganStoebuli, spiraluri, 
danawevrebuli) struqturebi yvelgan gvxvdeba, 
sadac aucilebelia nivTierebis (energiis) zeda-
piridan (wiridan) Segroveba erT an  wertilTa 
simravleSi, struqturis minimalur  moculoba-
Si (farTobSi), an piriqiT - maqsimalur arealSi 
(Tanabrad ganawilebis SemTxvevaSi  - struq-

turis lakunaroba). 
fraqtaluri arqiteqtura pirobiTad Sei-

Zleba daiyos or tipad: xelovnurad Seqmnili 
da bunebrivad gamovlenili. xelovnurad Seqmni-
li fraqtaluri arqiteqtura SeiZleba daxasi-
aTdes, rogorc intuitiuri an gacnobierebuli. 
intiutiur fraqtalebad igulisxmeba warsul-
Si msoflio arqiteqturis mravali Sedevris 
struqtura, romlebSic arqiteqtorma an mSen-
eblebma gaucnobiereblad gamoiyenes fraqta-
luri principebi. aRsaninavia, rom fraqtalebis 
msgavsi formebi warmodgenilia sxvadasxva epo-
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qisa da xalxebis Senoba-nagebobebSi, da asaxaven 
formis warmoqmnis sxvadasxva algoriTmebis re-
alizacias.

mandelbortma pirvelma Semoitana cneba ar-
qiteqturis fraqtalurobis Sesaxeb. ikvlevda ra 
TviTwarmomqmnel araregularul struqturebs,  
mandelbrotma daaxasiaTa  Teoria, rogorc 
uformo sxeulTa morfologia. misi ganmarte-
biT, fraqtali – aris samyaros sivrculi or-
ganizaciis erT–erTi fundamenturi principi, 
romelic akavSirebs qaosis Teorias, bunebis ge-
ometrias, usasrulobis da evoluciis katego-
riebs.   arqiteqturaSi fraqtaluri formebis 
ZiriTadi maxasiaTebeli formaTa TviTmsgavs-
ebaa. magaliTad: induri taZrebi (kompleqsi 
kajuraxoSi, prambananas taZari indoneziaSi. 
nax 3). am movlenasTan asocirdeba safexuriani 
piramidebi, samrekloebi, goTikuri Senobebis 
fasadebi. qrestomatiulad SeiZleba CaiTvalos 
cixesimagre kastel-del-monte, (italia. aSeneb-
ulia wminda romis imperiis imperatoris frid-
rih II proeqtiT)  gegmaSi  marTkuTxedi, wveroe-
bze miSenebulia rva koSkiT, romlebsac agreTve 
gegmaSi gaaCniaT  marTkuTxedis formebi. niSan-
doblivia maTematikuri metafora veierStrasis 
funqciis grafikis saxiT, romelic warmoadgens 
taZrebis siluetebis prototips, vertikaluri 
ganmeorebiTi elementebiT (milanis taZris 
siluetis konturi). mravalgumbaTian eklesieb-
is gumbaTebis ganlageba da zomebi erT sibr-
tyeSi RerZuli simetriiT, asocirdeba cnobil 
fraqtalur formasTan – serpinskis rgolebian 
samkuTxedTTan. spiraluri formebi, romlebic 
asaxaven erT–erT gavrcelebul fraqtalur 
algoriTms bunebaSi, gamoiyeneba xelovnur 
garemoSic, arqiteqturisa da dizainis CaTvliT:  
,,netari vasilis“ spiraluri dekori (moskovi), 
galavnebis da liTonis gisosebis detalebi, de-
koratiul–rewvis xelovnebis nimuSebi.  

amgvarad, fraqtalebis msgavsi formis warmo-
qmnis principebi arqiteqturaSi gamoiyeneba Zve-
li droidan dRevandlobamde,  Tumca mSeneblo-
bis fraqtaluri wesebis gamoyeneba  yovelTvis 
ar aRmoCndebodaa  logikurad dadasturebuli, 
magram mxatvrulad gamoxatuli proporciebis 
Ziebasa da formaTwarmoqmnaSi arqiteqtorebs 
uZRveboda maTi intuicia da talanti, harmoniis 
grZnoba da maRali profesionalizmi.

mandelbrotis naSromis – ,,bunebis fraqta-
luri geometria“– gamoqveynebis Semdeg, 
fraqtaluri algoriTmebis gamoyeneba arqite-
qturul morfogenezSi gacnobierebuli xdeba. 
arqiteqturaSi fraqtaluri geometyriis gamoy-
enebam SesaZlebeli gaxada rTuli struqture-
bis modelireba da arqiteqturuli formebis 
analizi. sxvadasxva tipis arqiteqturuli nage-
bobebisTvis SeiZleba moiZebnos fraqtaluri 

analogi, organzomilebiani an samganzomile-
biani da amiT gamovlindes maTi fraqtaluri 
algoriTmi. grafikuli fraqtaluri saxeebis 
xarisxiani analizi, romlebic TvalsaCinos xdis 
fasadebis, gegmebisa da samganzomilebiani ar-
qiteqturuli formebis zogierT  arqetipebs, 
efeqturia imitaciuri kompiuteruli mode-
lirebis daxmarebiT. SeiZleba zogierTi grafi-
kuli fraqtalebis modelireba arqiteqturuli 
fasadebisa da gegmebis cifruli prototipebis  
saxiT.  savaraudoa  gamovlindes morfogenezis 
mravali mimarTuleba da gadawyveta, formis 
warmoqmnis adre auxsneli aspeqtebis CaTvliT 
da potenciurad axali arqiteqturuli forme-
bis Sesaqmnelad.

unda aRiniSnos, rom arqiteqturaSi gamoi-
yeneba  fraqtaluri iteraciebi ganmeorebebis 
SezRuduli ricxvis gamoyenebiT, agreTve maTi 
agebis algoriTmebis cvliT, mkacri msgavsebis 
darRveviT, sxvadasxva variaciebis SetaniT, e.i. 
gamoiyeneba kvazifraqtalebi, multifraqta-
luri struqturebi. mxedvelobaSia araerTg-
varovani fraqtaluri obieqtebi, romelTa sru-
li aRwerisTvis sakmarisi ar aris mxolod erTi 
parametris Seyvana misi fraqtaluri zomiT, 
aramed aucilebelia sidideebis mTeli speqtri. 
multifraqtalebi SeiZleba ganisazRvros ara 
agebis erTaderTi algoriTmiT, aramed ramden-
ime TanmimdevrobiT erTi meoris Semcvleli al-
goriTmebiT (nax. 4).

amgvarad, fraqtaluri midgoma - es arqite-
qturuli formebis analizisa da proeqtire-
bis potencialurad sakmaod efeqturi meTodia, 
romelsac SeuZlia arsebiTad gaamdidros ar-
qiteqturuli Teoriisa da praqtikis arsenali. 
aucilebelia gaviTvaliswinoT fraqtali unar-
ic  gaxdes sensitiuri, sinTezuri racionaluri 
sawyisiT, am unaris gamoyenebis aspeqtSi arqite-
qtorebis, urbanistebis, arqiteqturis Teoriis 
dargis specialistebis saqmianobis sferoSi. 
saubaria arqiteqturaSi axal paradigmaze ga-
dasvlis Sesaxeb, mecnierulad rTuli sisteme-
bis gavlenis qveS, romlebic moicaven fraqta-
lur geometrias da arawrfiv dinamikas.



biznes-inJineringi, #2. 2015  

130

aRsaniSnavia  nagebobebis organuli CaSeneb-
is tendenciebi bunebriv garemocvaSi, romelic 
gansazRvravs bunebrivi da antropogenuri lad-
Saftis integracias (formebis msgavseba ar-
qiteqturaSi, dizainSi bunebriv formebTan). es 
tendencia mkveTrad aris gamoxatuli modernis 
stilSi da „organul“ arqiteqturaSi. mkvlevar-
ebis mier aRniSnulia, rom „XX saukunis dasaw-
yisis modernis arqiteqturaSi farTod gamoy-
enebuli plastiuri, „mimdinare“, „asimetriuli“, 
biomorfuli xazebi, zedapirebi, „nakadovani“ 
mcenareuli dekori, figurebis reliefuri ga-
mosaxulebebi Senobebs amsgavsebs cocxal gan-
viTarebad organizms, imitireben bunebrivi 
formebis araregularobas.[2, 3].

arqiteqturuli procesis strategiisa da 
SesaZlo mimarTulebebis gansazRvra unda ganix-
ilebodes ierarqiuli formulis Sesabamisad: ma-
salebi  teqnologiebi formebi. samecniero-te-
qnikuri bazis Tanamedrove mdgomareoba arsebi-
Tad afarToebs arqiteqturis SesaZleblobebs, 
gansakuTrebiT fraqtaluri formebis reali-
zaciis aspeqtSi. SeiZleba moviyvanoT nagebo-
baTa Tanamedrove magaliTebi, romlebic aerTi-
aneben funqcionalurobas, teqnologiurobas, 
ekologiurobasa da warmosaxviT gadawyvetas, 
romlebic asaxaven fraqtalur formebs, Tanac 
Segnebulad da mizanmimarTulad.
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