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reziume 

kvlevis aqtualoba. disertaciis dasaxelebidan gamomdinare 

samecniero kvleva exeba dinamikuri sistemebis anu dinamikuri 

monacemebis damuSavebas Tanamedrove uaxlesi kompiuteruli 

teqnologiebis gamoyenebiT. aq igulisxmeba arawrfivi sistemebi, 

vinaidan mxolod am sistemebisaTvis damaxasiaTebeli saintereso 

da sakvlevi Tvisebebi, romlebic klasikuri midgomebis 

farglebSi awydebian gadaulaxav problemebs da moiTxoven axali 

analitikuri da gamoTvliTi midgomebis Seqmnis aucileblobas. 

sadoqtoro naSromis ZiriTadi mizani.  disertaciis 

kvlevaTa ZiriTad mizans warmoadgens determinirebuli qaosis 

Teoriis Rrma Seswavlis da dauflebis safuZvelze misi 

ZiriTadi meTodebis misadageba gamosakvlevi realuri obieqtebis 

da procesebis (msvlelobis) raodenobrivi SefasebisaTvis da 

praqtikuli Sedegebis miRebisaTvis. determinirebuli qaosis 

Teoriis meTodebi dafuZnebulia Tanamedrove kompiuteruli 

teqnologiebis gamoyenebaze. kvleva gulisxmobs axali, ufro 

martivi xerxebiT, procesebis modelirebas, algoriTmebis Seqmnas 

da realizacias MathCad programul garemoSi. es programa 

moicavs mza funqciebs, modulebs, rac Zalian gaamartivebs maT 

praqtikul realizacias da danergvas. 

sadiseratacio naSromis praqtikuli Rirebuleba. 

sadisertacio naSromi Seicavs yvela saWiro monacemebs, 

meTodikas da rekomendaciebs dinamikur monacemTa (sistemebis) 

kvlevisas kompiuteruli teqnologiebis gamoyenebis 

TvalsazrisiT. 

ZiriTadi praqtikuli Rirebuleba da gamoyenebiTi aspeqti :  

Catarebuli kvlevis Sedegad miRebuli ZiriTadi Sedegebi 

SegviZlia CamovayaliboT Semdegi saxiT: 
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1. determinirebuli qaosis Teoriis, arawrfivi dinamikuri 

sistemebis mimarTebaSi, ganxilvam aCvena, rom dinamikur arawrfiv 

sistemebSi xSirad SeiniSneba qaosuri qceva, romlis mizezi 

mdgomareobs arawrfivi sistemebis unarSi eqsponencialurad 

gazardos Tavdapirvelad axlo mdebare traeqtoriebi.  

2. Catarebulia determinirebuli qaosis Teoriis 

eqsperimentuli kvleva seismogramisaTvis (garkveuli monakveTis), 

kardiriTmis sixSiris cvlilebisTvis (24 saaTis ganmavlobaSi) 

da amindis cvlilebis anaTvlebisTvis, miRebulia qaosogramebis 

saxe.  

SemoTavazebulia qaosogramis analizis meTodika, romelic 

dafuZnebulia miRebuli qaosogramis histogramiT aRweraze da 

entropiis gamoTvlaze. 

3. dinamikuri sistemis yofaqcevis analizma daadastura, rom 

determinirebuli qaosis Teoria srulyofilad aRwers 

dinamikuri arawrfivi sistemebis yofaqcevas.  

4. gaanalizebulia herstis normirebuli gaqanebis meTodi – 

empiriuli kanoni droiTi mwkrivebis damuSavebis da kvlevis 

kuTxiT. miRebulia, rom herstis parametris ricxviTi 

mniSvnelobis mixedviT SeiZleba ganxorcieldes kvlevis 

procesebis klasifikacia: Tu H=0.5 maSin gvaqvs klasikuri 

brounis moZraoba. Tu 0<H<0.5 procesi aris antipersistentuli, 

Tu 0.5< H1 – procesi aris persistentuli.  

5. herstis empiriuli kanonis Semowmeba ganxorcielebulia 

kardioriTmis sixSiris cvlilebebisTvis, seismogramis 

monakveTisTvis da amindis temperaturis cvlilebisaTvis erTi 

wlis ganmavlobaSi. pirvel SemTxvevaSi H=0.795, meore 

SemTxvevaSi H=0.749, mesame SemTxvevaSi ki H=0.844. 
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miRebuli Sedegebi cxadyofs, rom samive procesi atarebs 

persistentul xasiaTs, vinaidan H0.5, maSasadame ganxiluli 

procesebi ar miekuTvnebian mTlianad SemTxveviT procesebs. 

6. SemoTavazebuli algoriTmis mixedviT miRebulia brounis 

moZraobis ganzogadoebuli modeli SemTxveviTobis yvela 

donisaTvis MathCad programul garemoSi.      

7. SemoTavazebulia meTodi drois mwkrivebis analizisaTvis: 

droiT-sixSiruli analizi, romelic dafuZnebulia veivlet da 

kosinus gadaqmnebis gamoyenebaze. miRebuli Sedegebis Sedarebam 

cxadyo, rom signalis energiis ukeTesi ganawileba Seesabameba 

kosinus gardaqmnis gamoyenebas. magram, Tu gaviTvaliswinebT, rom 

kosinus gardaqmna moiTxovs “fanjris’’ SemoRebas da sxva 

sirTuleebs, SeiZleba upiratesoba mieniWos veivlet-paketis 

gamoyenebas. 

8. gaanalizebulia, ganawilebuli qselis kvanZebis simravlis 

erTobliobisaTvis topologiis modelireba da fraqtaluri 

ganzomilebis ricxobrivi Sefaseba. 

Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: 

qselis kvanZebis (wertilebis simravlis) fraqtaluri 

ganzomileba DF<DE, anu fraqtaluri ganzomileba DF naklebia 

evklidur ganzomilebaze DE-ze. 

9. Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: 

rom fraqtaluri ganzomilebis (D) ricxviTi Sefaseba cxadyofs, 

rom yvela ganxiluli realuri procesi: kardioriTmis sixSiris 

cvlileba, seismogramis monacemebis monakveTi da amindis 

temperaturis cvlileba miekuTvneba persistentul procesebs, 

roca procesis gazrdis tendencia SenarCundeba momavalSic 

garkveuli drois monakveTiT da albaTobiT. 

10. arawrfivi dinamikuri sistemebis da maT mier warmoqmnili 

droiTi mwkrivebis determinirebuli qaosis meTodebis meSveobiT 



viii 

 

Seswavlam da analizma aCvena, rom praqtikaSi sarealizaciod 

simartivis mxriv upiratesoba eniWeba herstis normirebuli 

gaqanebis empiriul kanons, herstis parametris raodenobrivi 

SefasebiT. Tumca fraqtaluri ganzomilebis da qaosogramis 

damuSavebis meTodebsac Tavisi mniSvneloba gaaCniaT. yovelive es 

kidev erTxel adasturebs Tanamedrove kompiuteruli 

teqnologiebis gamoyenebis mizanSewonilobas Cvens garSemo 

myofi, praqtikiT moTxovnadi procesebis Seswavlis dros.  
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Abstract 

Research actuality. Thesis theme refers to the scientific study of dynamical 

systems, or dynamic data using the latest computer technology. This means non-linear 

systems, because only the characteristic of interest and study of the properties of these 

systems are faced with insurmountable problems and the classical approaches require 

the creation of new analytical and computational approaches. 

The main purpose of a doctoral dissertation. The main purpose of the 

dissertation represents the theory of deterministic chaos in-depth study and 

development of the basic methods employed on the basis of consideration of real-

world objects and processes (process) and quantitative evaluation of the practical 

implications of decisions. Determinate chaos theory, methods based on the use of 

modern computer technology. The study will include a new much more simple 

process modeling methods, algorithms and software for the creation and sale of 

MathCad. This program contains predefined functions, modules, and simplify them in 

a very practical realization and implementation. 

The practical value of a doctoral dissertation. The thesis contains all the 

necessary data, methods and recommendations for dynamic data (system) in the field 

of research, the use of computer technology. 

The main value of practical and applied aspects: 

1. Determinate chaos theory of nonlinear dynamical systems in relation to the 

review found that the nonlinear dynamical systems often chaotic behavior, the reason 

lies in the ability of nonlinear systems exponentially increase initially close 

trajectories. 

2. We conducted a pilot reserch seismogram certain chaos theory (for a period), 

changes in the frequency of heart rate (24 hours), and changes in weather points, 

adopted chaos graph face. 

chaos graph analysis technique is proposed, which is based on the description of 

entropy to calculate the histogram of chaos graph. 

3. The analysis of the dynamic behavior of the system confirmed that the 

deterministic chaos theory  completely describes the dynamic behavior of nonlinear 

systems. 

4. Herst’s normal fixed speed is analyzed - empirical time series in terms of 

treatment and research. It is believed that herst’s numeric value may be carried out in 

accordance with the classification of the research process: if 0 <H <1/2 - the process 

antipersistent. 

5. Herst’s empirical rule is develop by cheking of the frequency of changes in 

heart rate, seismogramis stretching temperature and weather changes throughout the 

year. In the first case H= 0.795, in the second case H= 0,749, in the third case H= 

0,844. 
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The results show that all three processes hard in nature, since H > 0,5, therefore, 

the processes are not fully random processes. 

6. The proposed algorithm is based on a generalized model adopted Broun 

accidents every level programming of MathCad. 

7. We propose a method for the analysis of time series: time - frequency analysis 

based on Wavelet transform and cosine. Comparison of the results shows that the 

energy distribution signal corresponds best using of cosine transform. But, if we 

consider that the cosine transformation requires a "window'' of administration, and 

other difficulties, it may be preferable wavelet - use package. 

8. It is analyzed, distributed topology network of nodes and fractal dimension of 

the numerical modeling of the relief galore set for evaluation. 

Experiments and studies have shown that network nodes (points) of the fractal 

dimension DF <DE or DF fractal dimension of less than mathematical size of DE 

9. The experiments and studies have shown that the fractal dimension (D) 

Numerical estimates show that all of the real process: changing the frequency 

kardioritmis, seismogramis data segment, and the weather temperature changes are 

associated with the ever-processes when the process will tend to continue in the future 

for a period of time and probability. 

10. Nonlinear dynamical systems and chaos are determined by methods of 

investigation and depletion time series analysis revealed that the practice of selling, 

simple, on the other hand, preferred to carry out a fixed speed herstis Quantify 

empirical law herstis. However, the fractal dimension and processing methods 

kaosogramis have their own importance. All this once again proves the ability to use 

modern computer technology around us who practice the processes required in the 

course of the study. 
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Sesavali 

disertraciis dasaxelebidan gamomdinare samecniero kvleva 

exeba dinamikuri sistemebis, dinamikuri monacemebis damuSavebas 

Tanamedrove uaxlesi kompiuteruli teqnologiebis gamoyenebiT. 

ukanaskneli aTwleulebis namuSevrebma aCvena, rom arsebobs 

mravali sakiTxebi arawrfivi dinamikuri sistemebis yofaqcevaSi, 

romlebic moiTxoven damatebiT Seswavlas, damuSavebas da 

kvlevas. [2] gamokvlevas moiTxovs uamravi realuri procesebis 

“grZelvadiani araprognozirebadoba”. am procesebs miekuTvnebian 

SedarebiT martivi meqanikuri, fizikuri, qimiuri da ekologiuri 

sistemebi. SeiZleba vivaraudoT, rom prognozirebadoba mcire da 

ara prognozirebadoba drois did periodebze damaxasiaTebelia 

uamravi obieqtebisTvis, romlebic arseboben Cvens garSemo da 

did rols TamaSoben ekonomikaSi, medicinaSi, fsiqologiaSi da 

sociologiaSi. magaliTad, Cveni organizmis mravali sistema 

muSaobs qaosur an masTan miaxloebul reJimSi. amave dros qaosi 

gvevlineba, rogorc janmrTelobis maCvenebeli, xolo 

gadaWarbebuli mowesrigeba ki – rogorc avadmyofobis simptomi 

[4]. 

Tu adreulad gamoyofdnen obieqtebis or klass: 1) 

determinirebuls, romlisTvisac yovelTvis SesaZlebelia maTi 

yofaqcevis prognozirebis gakeTeba nebismieri sasurveli 

momavali droisaTvis da 2) stoqastikurs – romlisTvisac 

winaswarmetyveleba SeuZlebelia da Sefaseba xdeba albaTuri 

maxasiaTeblebiT: maTematikuri lodiniT (saSualo mniSvnelobiT, 

dispersiiT da albaTobis ganawilebiT). bolo ocwleulebis 

gamokvlevebma aCvena, rom arsebobs obieqtTa mniSvnelovani mesame 

klasi, romlebsac gaaCniaT rogorc determinirebuli procesebis 

Tvisebebi, aseve statistikuri Tvisebebis garkveuli done. am 

dros sistema iqceva qaoturad. es Tviseba da masTan 
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dakavSirebuli Taviseurebani damaxasiaTebelia mxolod arawrfiv 

dinamikur sistemebisTvis. 

sxvadasxva saxis da bunebis procesebis Rrma analizis 

Sedegad dadginda, rom “qaos”-s gaaCnia “mowesrigebis” sxvadasxva 

done. Zalian bevri gamosakvlevi amocanis gadawyveta 

SesaZlebelia dinamikuri (determinirebuli) qaosis Teoriis 

safuZvelze [8]. 

wrfivi sistemebi arasdros ar arian qaosuri. imisaTvis, rom 

sistema iyos qaosuri, igi unda iyos arawrfivi. uwyvet dinamikur 

sistemas eqneba qaosuri qcevis xasiaTi Tu igi rogorc minimum 

warmoadgens sivrcul sistemas [13]. diskretuli dinamikuri 

sistema avlens qaosur yofaqcevas maSinac, roca igi arsebobs 

erTganzomilebian da organzomilebian sivrceSi. 

qaosuri qceva SeiZleba gaaCndes Zalian martiv sistemasac. 

magaliTad, SeiZleba moyvanili iyos logistikuri asaxva, 

romelic aRwers mosaxleobaTa raodenobis cvlilebas drois 

gazrdasTan dakavSirebiT. logistikuri asaxva warmoadgens 

polinomialur meore rigis asaxvas da xSirad miiCneva rogorc 

tipiuri magaliTi imisa Tu rogor Cndeba qaosuri yofaqceva 

Zalian martiv arawrfiv sistemebSi [8].        

dinamikuri sistema, romelic klasificirdeba rogorc 

qaosuri, unda iyos pirvel rigSi mgrZnobiare sawyisi 

pirobebisadmi. aseT sistemaSi mgrZnobiaroba sawyisi 

pirobebisadmi gulisxmobs, rom yvela wertili, romlebic 

pirvelad – sawyisad Zalian axlos mdebareobdnen erTmaneTis 

mimarT, momavalSi daSordebian erTmaneTs Zalian did manZilze. 

maSasadame, mimdinare traeqtoriis Zalian mcire cvlileba 

SeiZleba Seicvalos momavalSi uzarmazari cvlilebiT. sawyisi 

pirobebisadmi mgrZnobiaroba cnobilia, rogorc “pepelas efeqti”. 

es termini gaCnda im statiasTan dakavSirebiT, romelic edvard 

lorencma gamoaqveyna 1972 wels da gadasca vaSingtonSi 



18 

 

amerikul asociacias “mecnierebis ganviTareba”. am statias erqva 

“winaswarmetyveleba: pepelas frTebis aqneva braziliaSi 

gamoiwvevs tornados teqsasis StatSi”. pepelas frTebis aqneva 

gulisxmobs sistemis sawyis mdgomareobis mcire cvlilebebs, 

romlebic gamoiwveven xdomilobaTa jaWvs, ris Sedegad miiReba 

Zalian msxvili masStaburi cvlilebebi. rom ar yofiliyo 

pepelas frTebis aqneva, sistemis traeqtoria iqneboda sul 

sxvanairi [4]. 

arawrfivi dinamikuri sistemebis yofaqcevis kvlevis 

klasikuri meTodebi Zalian xSirad awydebian problemebs, 

romlebsac ar gaaCnia amoxsnis saSualeba klasikuri midgomebis 

farglebSi. saqme imaSia, rom tradiciuli amoxsnis meTodebi 

Seqmnili iyo iseTi procesebisTvis, romlebisTvisac 

damaxasiaTebeli iyo arc Tu ise sagrZnobi gadaxra 

wonasworobis mdgomareobidan. Tavisi arsiT isini ar 

iTvaliswinebdnen swraf cvlilebebs, gauTvaliswinebel 

naxtomebs da procesebis calkeuli Semdgenebis rTul 

urTierTobebs. procesebis xarisxobrivi gamovlinebebi [6] gaxda 

imdenad moulodneli, rom cxadi gaxda axali analitikuri da 

gamoTvliTi midgomebis Seqmnis aucilebloba. rTuli sistemebis 

TeoriaSi Zalian mniSvnelovani adgili uWiravs arawrfiv 

sistemebs ukukavSiriT, roca informacia miRebuli sistemis 

gamosasvlelze miewodeba isev Sesasvlels da xdeba Semavali 

monacemebis axali mimdevroba. yvelaferma aman ganapiroba axali 

arawrfivi modelebis povna, romlebsac Seswevs unari 

adeqvaturad aRawarmoos rTuli dinamikuri procesebi. arsebobs 

ramodenime makonkurirebeli midgoma romelic iTvaliswinebs 

arawrfivi ideis gamoyenebas. magram is SezRudvebi, romelic Tan 

axlavs modelis Seqmnas misi praqtikuli gamoyenebisaTvis, spoben 

am procesebisTvis damaxasiaTebel “sirTules” da arsebiTobas, 

romelic warmoadgens am procesebis arss. 
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amasTan dakavSirebiT drois ukanasknel periodSi 

intensiurad viTardeba alternatiuli midgoma araswrfivobis 

analizisadmi. am midgomas ewodeba determinirebuli qaosis 

Teoria. es Teoria gulisxmobs, sistemis anomaliuri yofaqcevis 

axsnas. kerZod, Tu sistema Tavisis bunebiT ar aris stoqastikuri 

masSi aRiniSneba SemTxveviTobisTvis damaxasiaTebeli Tvisebebi. 

qaosis Teoria gulisxmobs sul axal koncefciebs da droiTi 

mwkrivebis analizisaTvis axali algoriTmebis Seqmnas da 

realizacias dafuZnebuls Tanamedrove kompiuteruli 

teqnologiebis bazaze. 

rTuli teqnologiuri sistemebis analizisa da yofaqcevis 

winaswarmetyvelebisaTvis SeuZlebelia ar iyos gamoyenebuli 

iseTi mZlavri instrumenti, rogoric aris nano da neiroqseluri 

teqnologiebi. 

cxadia, rom determinirebuli qaosis Teoriis gamoyeneba 

teqnikur da praqtikul amocanebis gadasawyvetad SesaZlebeli, 

umniSvnelovanesi da realizebadi gaxda mxolod Tanamedrove 

kompiuteruli teqnologiebis ganviTarebasTan da sainJinro 

dargebSi danergvasTan erTad. zemod aRwerili garemoebebis 

gaTvaliswinebiT SeiZleba damajereblad miviCnioT 

dasamuSavebeli Temis aqtualoba, saWiroeba da danergvis 

SesaZlebloba sxvadasxva praqtikul sferoSi. 

disertaciis kvlevaTa ZiriTad mizans warmoadgens 

determinirebuli qaosis Teoriis Rrma Seswavlis da dauflebis 

safuZvelze misi ZiriTadi meTodebis misadageba gamosakvlevi 

realuri obieqtebis da procesebis (msvlelobis) raodenobrivi 

SefasebisaTvis da praqtikuli Sedegebis miRebisaTvis. 

determinirebuli qaosis Teoriis meTodebi dafuZnebulia 

Tanamedrove kompiuteruli teqnologiebis gamoyenebaze. kvleva 

gulisxmobs axali ufro martivi xerxebiT procesebis 

modelirebas, lgoriTmebis Seqmnas da realizacias MathCad 
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programul garemoSi. es programa moicavs mza funqciebs, 

modulebs, rac Zalian gaamartivebs maT praqtikul realizacias 

da danergvas. 

dasmuli miznis misaRwevad saWiroa kvlevis ZiriTadi 

amocanebis Camoyalibeba da Sesruleba. es amocanebi Semdegia: 

pirvel rigSi unda moxdes determinirebuli qaosis Teoriis, 

rogorc arawrfivi dinamikuri sistemis yofaqcevis, Sedegiani 

Seswavla axali analitikuri da gamoTvliTi midgomiT da 

kompiuteruli teqnologiebis gamoyenebiT. 

disertaciis es nawili unda Seicavdes qaosis Teoriis 

zogad mimoxilvas arsebuli literaturis analizis safuZvelze. 

agreTve unda aRwerili iyos realuri dinamokuri sistema da 

lorencis sistema, rogorc determinirebuli qaosis sistemis 

klasikuri magaliTi, misi amonaxsnis warmodgena MathCad 

programaSi. 

TvalsaCinoebisaTvis amonaxsni (kvleva) gulisxmobs fazur 

sibrtyeSi qaosogramis Seqmnas. qaosogramis analizis meTodika 

dafuZnebuli iqneba histogramis agebaze da raodenobriv 

Sefasebaze entropiis gamoTvlis meSveobiT. 

vinaidan ufro xSirad, praqtikaSi dinamikuri sistemebis da 

procesebis Seswavla xorcieldeba droiTi mwkrivebis analizis 

safuZvelze [52], unda ganixilebodes droiTi mwkrivebis 

damuSavebis Tanamedrove axali meTodebi. am meTodebs 

miekuTvnebian herstis empiriuli meTodi, fraqtaluri 

ganzomilebis gamoyenebis da gansazRvris meTodi, 

ganzogadoebuli brounis moZraobis modelirebis meTodi, 

veivlet-gardaqmnis gamoyenebis meTodi. yvela es meTodebi 

miekuTvneba kompiuterul teqnologiebs da amave dros mWidrod 

aris dakavSirebuli qaosis TeoriasTan. am meTodebis saSualebiT 

xdeba uSualo dakavSireba Teoriuli xasiaTis informaciisa 

praqtikul da realur procesebTan. swored kompiuteruli 
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teqnikis SesaZleblobaTa ganviTarebam ganapiroba 

determinirebuli qaosis Teoriis mraval SekiTxvebze dadebiTi 

pasuxis gacema, mniSvneloba da aRiareba praqtikuli amocanebis 

gadawyvetisas. 

Semdeg etapze unda ganixilebodes yvela zemod CamoTvlili 

meTodi, am meTodebis kavSiri determinirebuli qaosis 

TeoriasTan da maT realizaciasTan kompiuteruli 

teqnologiebis gamoyenebaze. 

pirvel rigSi ganxilvas, gaanalizebas miekuTvneba herstis 

empiriuli kanoni. am kanonis safuZvelze Seiqmna “normirebuli 

gananebis” meTodi, romelic iZleva saSualebas moxdes realuri 

procesebis klasifikacia maTSi SemTxveviTobis donis 

mniSvnelobis mixedviT: ramdenad SeiZleba vivaraudoT momavalSi 

procesis ganviTarebis tendencia. herstis empiriuli kanonis 

safuZvelze unda Catardes eqsperimentuli kvleva realurad 

miRebuli monacemebis analizisaTvis. am sakiTxebTan mWidro 

kavSirSia sasurveli parametriT droiTi mwkrivebis modelirebis 

sakiTxi, romelsac ewodeba ganzogadoebuli brounis moZraobis 

modelirebis realizacia. [63] literaturaSi mocemulia brounis 

moZraobis modelirebis sakiTxi. magram algoriTmi Zalian didia 

da misi realizacia imdenad rTulia, rom misi ganxorcieleba 

araefeqturia. amitom amocana mdgomareobs modelirebis iseTi 

algoriTmis da xerxis SedgenaSi, romelic iqneba ufro efeqturi 

da ekonomiuri drois daxarjvis TvalsazrisiT. am dros meTodi 

unda iTvaliswinebdes kalasikuri brounis moZraobis 

modelirebas, rogorc kerZo SemTxvevas. es imitom, rom brounis 

kalsikuri moZraoba miCneulia rogorc SemTxveviTi, normaluri 

ganawilebis mqone, SemTxveviTobis etaloni.  

cnobilia, rom droiTi mwkrivebis analizisaTvis SeiZleba 

gamoyenebul iqnas diskretuli signalis droiT sixSiruli 

warmodgena [39] kompiuteruli teqnologiebis safuZvelze. 
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amocana mdgomareobs imaSi, rom moxdes sxvadasxva wrfivi 

gardaqmnis Sedareba, saTanado rekomendaciis TanxlebiT. unda 

gamokvleuli iyos fraqtaluri teqnologiebi, rogorc 

determinirebuli qaosis  sistemis kvlevis umniSvnelovanesi 

nawili. amisaTvis saWiroa pirvel rigSi fraqtalebis unikaluri 

Tvisebebis Seswavla da fraqtaluri ganzomilebis Teoriulad 

Camoyalibeba da gansazRvra sxvadasxva fraqatlusi saxis 

obieqtebisaTvis. magram cnobialia [30], rom fraqtaluri 

ganzomilebis gansazRvra droiTi mwkrivebisaTvis praqtikaSi 

xdeba korelaciuri fraqtaluri ganzomilebis safuzvelze. 

amitom sasurvelia moinaxos korelaciuri funqciis gansazRvris 

ufro martivi algoriTmi, romelic MathCad programis garemoSi 

realizaciis dros iqneba gansakuTrebiT martivi. Semowmdes 

droiTi mwkrivebis (signalebis) droiT-sixSiruli warmodgena 

etalonuri signalebisTvis. 

sainteresoa fraqtaluri ganzomilebis gamoTvlis Catareba 

topologiuri qselebis gaanalizebis dros.  

rac mTavaria disertacia unda moicavdes eqsperimentul 

kvlevas, Catarebuls realurad mopovebul monacemebze da 

realizebuls MathCad programul garemoSi. 

yvela zemod CamoTvlili kvlevis ZiriTadi amocanebis 

Sesrulebas eZRvneba disertaciis Semdgomi oTxi Tavi da 

daskvnebi.  

 

 

 

 

 

 



23 

 

Tavi I. determinirebuli qaosi da informaciuli 

teqnologiebi 

1.1 determinirebuli qaosis Teoriis zogadi 

mimoxilva. 

determinirebuli qaosi exeba arawrfiv sistmebSi  qaoturi 

moZraobis movlenas. am moZraobas agreTve uwodeben dinamikur 

qaoss (qaoss uwodebdnen uZveles saberZneTSi uwesrigo materias 

da uorganizacio stiqias). es moZraoba warmoiSveba arawrfivi 

determinirebuli sistemis sakuTari dinamikis Sedegad. fazur 

sivrceSi sistemis aseT qcevas Seesabameba e.w ucnauri atraqtori 

[1]. atraqtori (attractor) inglisurad niSnavs mimzidvels, zRvars 

romliskenac miiswrafebian dinamikis traeqtorebi. termini 

“ucnauri” gamoiyeneba imisaTvis, rom xazi gaesvas atraqtoris 

uCveulo Tvisebas, dakavSirebuls qaosTan. dinamikuri sistemis 

araregularobis qcevis mizezs warmoadgens arawrfivi sistemis 

Tviseba eqsponenciurad swrafad ganaSoros pirvelad axlos 

mdebare traeqtoriebi fazur sivrceSi [3], aqedan gamomdinare 

sistemis qcevis winaswarmetyvelebis SeuZlebloba didi drois 

momavlisTvis. es gamowveulia Zalian maRali mgrZnobiarobiT 

sawyisi pirobebis mimarT, romlebic, rogorc fizikur 

eqsperimentebSi, aseve kompiuterul modelirebaSi SeiZleba 

mocemuli iyos garkveuli sizustiT. 

sawyisi pirobebis mimarT maRali mgrZnobiaroba, romelic 

iwvevs droSi qaotur qcevas warmoadgens mravali dinamikuri 

sistemebis tipiur Tvisebas. arawrfivi sistemebis kvlevam 

maRalsiswrafis mqone kompiuterebis safuZvelze migviyvana am 

daskvnebis miRebamde. cnobilia [6], rom aseTi yofaqceva 

aRiniSneba gulis ujredebis periodul moZraobaSi, eleqtrul 

wredebSi, airis da siTxis turbulentur stadiaSi gasvlis 

dros, qimiur reaqciebSi, lazerebSi, bilogiur, meteorologiur 

da ekonomikur procesebSi, romlebSic yofaqcevis 
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winaswarmetyveleba drois didi intervalebisaTvis xdeba 

SeuZlebeli. 

SeiZleba moviyvanoT am Tvisebis martivi magaliTi. Tu 

ganvixilavT monetas, romelsac davayenebT wiboze. is gverdi, 

romelzedac daecema moneta damokidebulia Zalian sust 

Sexebaze. “safasuris” da “gerbis” mimdevroba iCens qaotur qcevas 

drois mixedviT. aq sawyis pirobebs warmoadgens susti Sexeba 

wiboze dayenebul monetasTan. aq sawyisi pirobebi iwveven 

sapirispiro Sedegebis miRebas. 

magram arseboben fizikuri sistemebi, romlisTvisac sawyisi 

pirobebis cvlileba iwvevs Sedegis mcire Secvlas. magaliTad, 

avtomanqanis mimarTuleba mcired Seicvleba, Tu saWes msubuqad 

movabrunebT. 

zemoT Tqmulidan gamomdinare qaoturi traeqtoriebis qceva 

drois didi intervalisTvis ar SeiZleba iyos 

nawinaswarmetyvelebi [17]. sistemebis moZraobis traeqtoriebis 

prognozireba xdeba ufro da ufro ganusazRvreli, roca 

vcildebiT sawyis pirobebs. 

 informaciis Teoriis TvalsazrisiT [10] es niSnavs, rom 

TviT sistema warmoqmnis informacias, romelic izrdeba 

qaotiurobis gazrdasTan erTad.  

mecnierebis mier daisva sakiTxi: SeiZleba Tu ara miRebuli 

traeqtoris nawils SeusabamoT informaciis garkveuli 

mimdevroba? traeqtorias vRebulobT dinamikuri sistemis 

gantolebaTa amoxsniT. miiRes [14], rom informacia imaxsovreba 

da inaxeba dinamikuri traeqtoriebis saxiT da mas gaaCnia 

asocirebis Tviseba. damuSavebuli teqnologia saSualebas iZleva 

nebismieri tipis monacemebis Caweris, Senaxvis da amokiTxvis 

SesaZleblobas. 
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Tanamedrove kavSirgabmulobis sistemebSi informaciis 

mzidad gamoiyeneba harmoniuli signalebi. sainformacio signali 

axorcielebs am signalebis modulacias amplitudis, sixSiris da 

fazis mixedviT. mimRebSi xorcieldeba demodulacia 

sainformacio signalis gamoyofis niSnad. analogiuri meTodiT 

SeiZleba informaciis mzidad gamoyenebuli iqnas qaoturi 

signali. am signalis SesaZleblobani gacilebiT farTea. am 

SemTxvevaSi parametris umniSvnelo cvlileba iZleva procesis 

saimedod fiqsirebul cvlilebas, es niSnavs rom, vinaidan 

qaosuri signalebi arian farTezolovani, rac radioteqnikaSi da 

kavSiris sistemebSi gamoiyeneba informaciis gadacemis siCqarisa 

da muSaobis mdgradobis asamaRleblad [15]. cnobilia, rom 

TanamgzavrTa, mobiluri, fiWuri da optikur-boWkovani 

sakomunikacio sistemebSi didi yuradReba eqceva signalebs 

gafarToebuli speqtriT, sadac gadasacemi signalis sixSiris 

zoli SeiZleba bevrad aWarbebdes sainformacio signalis 

sixSiris zols [20]. xmaurmsgavseba da TviTsinqronizireba im 

sistemebis, romlebic dafuZnebulia qaosze, ganapirobeben am 

sistemis potenciur upiratesobas im tradiciul sistemebTan 

SedarebiT, romlebic dafuZnebulia fsevdoSemTxveviTi 

mimdevrobebis gamoyenebaze. garda amisa qaosze dafuZnebuli 

sistemebis aparaturuli realizacia martivia da energetikulad 

ufro efeqturia. 

garda amisa qaoturi signalebi SeiZleba gamoyenebuli iqnas 

gadasacemi informaciis maskirebisaTvis, informaciis gadacemis 

konfidenciurobisa da misi dacvisaTvis (sxvadasxva daniSnulebis 

informaciisa).  

Semdeg naxazze ilustrirebulia kavSiris sqemis magaliTi, 

dafuZnebuli qaosis gamoyenebaze informaciis gadamtanis rolSi. 

sistemis gadamcemi da mimRebi Seicaven wyaros msgavs wrfiv da 

arawrfiv sistemebs. damatebiT gadamcemSi CarTulia amjamavi, 

xolo mimRebSi ki gamoklebis blokebi. amjamavSi xdeba qaosuri 
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signalisa da sainformacio signalebis Sekreba, xolo mimRebSi 

xdeba sainformacio signalis gamoyofa miRebuli jamuri 

signalidan gamoklebis operaciiT. arxSi signali atarebs qaosur 

xasiaTs, romelic ar moicavs sainformacio signalis xiluli 

(xilvadi) niSnebis arsebobas. es iZleva saSualebas 

konfidencialuri informaciis SeumCnevlad gadacemas. A da A’, B 

da B’ wertilebSi signalebi wyvilurad tolebia. amitom 

Semavali sainformacio signali da mimRebSi gamoyofili 

signalebi identuria. 

 

 

 

 

 

 

 

 

nax.1 konfidencialuri informaciis gadacemis sqema, 

determinirebuli qaosis gamoyenebiT. 

gavarCioT zemoT mocemuli sakiTxebi ufro dawvrilebiT. 

daviwyoT zogadi gansazRvrebebis axsniT. britaneTis 

enciklopediis Tanaxmad sityva “qaosi” warmoSobilia 

berZnulidan “xao”. Tavdapirvelad is niSnavda usasrulo 

sivrces, romelic arsebobda yvela danarCenis warmoqmnamde [57]. 

cota mogvianebiT romaelebma qaosi gaaigives rogorc sawyisi 

nedli uformo masa, romelSic gamCenma moitana wesrigi da 

harmonia. Tanamedrove gagebiT, romliTac Cven visargeblebT 

”qaosi” niSnavs mdgomareobis uwesrigobas da araregularobas. 
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SemdegSi Cven ganvixilavT fizikur sistemebs, romelTa 

yofaqceva droSi aris determinirebuli, e.i. arsebobs wesi 

diferencialuri an sxvaobiTi gantolebebis saxiT, romlebic 

gansazRvraven mis momavals gamomdinare mocemuli sawyisi 

pirobebidan.  

bunebrivia vifiqroT, rom determinirebuli moZraoba 

(aRwerili magaliTad diferencialuri gantolebiT) sakmaod 

regularulia, Sors aris qaosurobisagan: vinaidan 

Tanamimdevruli mdgomareobebi uwyvetad viTardeba erTi – 

meoredan. jer kidev meoce saukunis dasawyisSi a.puankarem 

aRmoaCina, rom zogierT meqanikur sistemebSi, romelTa evolucia 

droSi ganisazRvreba hamiltonis gantolebebiT, SeiZleba gaCndes 

qaosuri moZraobebi. samwuxarod bevrma mecnierma es miiRo, 

rogorc kuriozi da gavida sakmaod didi dro, vidre 

metrologma e.n.lorencma (1963w) ar aRmoaCina, rom ubralo 

sistemac ki, Semdgars sami erTmaneTTan dakavSirebuli pirveli 

rigis diferencialuri gantolebisagan, mivyavarT mTlianad 

qaosur moZraobebamde. lorencma erT-erTma pirvelma aRmoaCina 

disipatiur sistmebSi determinirebuli qaosis magaliTi. 

SemdegSi determinirebuli qaosis qveS igulisxmeba 

araregularuli an qaosuri moZraoba, warmoqmnili arawrfivi 

sistemebiT, romelTaTvis dinamikuri kanonebi calsaxad 

gansazRvraven cnobili wina istoriisas sistemis mdgomareobis 

evulucias droSi. bolo wlebSi miRebuli axali Teoriebis 

gamoyenebiT, Tanamedrove kompiuteruli da eqsperimentis teqnikis 

ganviTarebam cxadyo [57], rom es movlena xSirad gvxvdeba 

bunebaSi da mas aqvs Sors mimavali Sedegebi mecnierebis bevr 

dargSi. 

SevniSnoT, rom arawrfivoba aucilebeli, magram 

arasakmarisi pirobaa qaosuri moZraobis warmoqmnisaTvis (wrfivi 
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diferencialuri an sxvaobiTi gantolebebi SeiZleba amoixsnas 

furies gardaqmnebiT da ar mivyavarT qaosamde). 

droSi dakvirvebadi qaosuri yofaqceva warmoiSoba ara 

gareSe wyaroebis xmauriT (isini ar arian lorencis 

gantolebebSi), ara usasrulod didi Tavisuflebis xarisxis gamo 

(lorencis sistemaSi mxolod 3) da ara ganusazRvrelobis gamo. 

ZiriTadi pirvelmizezia arawrfivi sistemis Tviseba 

eqsponencialurad swrafad daaSoros erTmaneTs pirvandeli 

maxlobeli traeqtoriebi fazuri sivrcis SezRudul midamoSi 

(magaliTad, samganzomilebiani lorencis sistemaSi). 

amrigad, praktikulad SeuZlebelia winaswarmetyveleba aseTi 

sistemebis xangrZlivi moqmedebisa, vinaidan reguralurad sawyisi 

pirobebi SeiZleba mocemuli iyos mxolod sasruli sizustiT, 

xolo Secdomebi eqsponencialurad matulobs. Tu SevecdebiT 

amovxsnaT egm-ze aseTi arawrfivi sistema, rezultatebi didi 

xnis dakvirvebisaTvis damokidebulia sawyis pirobebze, romelTa 

ricxviTi mniSvnelobebi iracionaluri iyo vinaidan cifrebi 

iracionalur gamosaxulebebSi ganawilebuli aris 

araregularulad, traeqtoria xdeba qaosuri. zemoTqmulis 

gaazrebisas warmoiSoba ramodenime fundamentaluri kiTxva: 

- SeiZleba Tu ara winaswarmetyveleba (diferencialuri 

gantolebis saxe), imisa, rom sistemaSi moxvdeba 

determinirebuli qaosis realizacia? 

- rogoria am Sedegebis gavlena mecnierebis da teqnikis 

sxvadasxva reformaze? niSnavs Tu ara determinirebuli 

qaosis arseboba bunebis metyvelebaSi? zogierTi arawrfivi 

sistemisaTvis xangrZlivi winaswarmetyvelebis dasasruls, 

qaosuri signaliT SeiZleba ramis gageba? 

jerjerobiT am kiTxvaze damajerebuli pasuxi ar aris 

miRebuli 
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dinamikuri sistemebis qveS Cven gvesmis nebismieri sistema, 

rogoric ar unda iyos misi buneba (fizikuri, qimiuri, 

eleqtromagnituri, biologiuri, ekonomikuri da a.S.), romelsac 

SeuZlia miiRos sxvadasxva maTematikuri formebi: 

 Cveulebrivi diferencialuri gantolebebi, kerZo 

warmoebuliani diferencialuri gantolebebi, wrfis an sibrtyis 

saxeebis asaxva (Seqcevadi an Seuqcevadi). amrigad kvlevis are 

Zalian farToa vinaidan moicavs droze damokidebul yvela 

movlenas Tavidan aucilebelia davinaxoT mkafio gansxvaveba 

xaxunis da xaxunis aramqone sistemebs Soris, vinaidan am saxis 

sitmebebs ar mivyavarT erTi da igive tipis amocanamde. Sinagan 

xaxuns mosdevs e.w. traeqtoriis arseboba, e.i amoxsnis 

asimptoturi (t), romelzec ver axdens pirdapir gavlenas 

sawyisi piroebi – sawyisi wertili. meqanikaSi, sadac xaxuns 

mivyevarT energiis kargvamde. Sesabamis sistemebs uwodeben 

disipatiurs.  

am terminiT visargeblebT Cven arameqanikur sistemebSic 

sadac adgili aqvs energiis kargvas. sistemebs xaxunis gareSe 

uwodeben konservatiuls an hameltonis sistemebs. aseT 

sistemebSi gamoiyeneba kvlevis specifikuri meTodebi rac 

ZiriTadad gamowveulia atraqtoris ar qoniT da amitom sawyis 

pirobebs eZlevaT gadamwveti roli [11]. 

ismis SekiTxva: risTvis sWirdebaT inJinrebs qaosuri 

dinamika? 

inJinrebma didi xania icodnen qaosis Sesaxeb, uwodebdnen 

mas xmaurs, xelSeSlas an turbolentobas, xolo 

ganusazRvrelobis faqtors an saimedobis faqtors iyenebdnen 

teqnikur proeqtebSi gareSe SemTxveviTi, ucnobi sidideebis 

aRricxvisaTvis. maSin ra aris axali qaosze? 
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pirveli, aRmoCnda, rom qaosuri rxevebi SeiZleba warmoiSvas 

dabali rigis arawrfiv determinirebul sistemebSi. mogveca 

imedi ganisazRvros mouwesrigebeli xmauris wyaro da moxdes 

misi marTva. meorec, arawrfivi dinamikis axalma aRmoCenebma 

moitana qaosuri dinamikis kvlevisaTvis axali meTodebi, iseTebi, 

rogoricaa fraqtaluri zoma da liapunovis maxasiaTeblebi. aman 

migviyvana da albad kidev ufro Sors wagviyvans arawrfivi 

meqanikuri da eleqtro mowyobilobebis daproeqtebis axal 

Sedegebamde. qaosis wyaroebia: 

- arawrfivi drekadi elementebi, zambarebi; 

- xaxunis tipis arawrfivi mileva; 

- mkvdari svla, RreCo an SemzRudvelebi da biwrfivi 

zambarebi, siTxeebis mier Seqmnili Zalebi; 

- arawrfivi sasazRvro pirobebi; 

- marTvis sistemebSi ukukavSirebis mier Seqmnili Zalebi; 

- arawrfivi winaaRmdegoba, tevadoba an eleqtruli wredebis 

induqtiuri elementebi, diodebi; 

- tranzitorebis didi kompleqsebi da sxva aqtiuri 

elementebi; 

- eleqtruli da magnituri Zalebi. qaosuri rxevebi SeiZleba 

Segvxvdes bevr fizikur sistemebSi; 

- amozneqili drekadi struqturebis rxeva; 

- meqanikuri sistemebi mkvdari svliT an RreCoTi; 

- aerodrekadi sistemebi; 

- borbali-liandagis sistemebis dinamika; 

- magnitomeqanikuri amZravi; 
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- koWis da garsis rxeva; 

- brunviTi sistemebi an hiroskopebi; 

- makontrolebadi sistemebi ukukavSiriT; 

- lazerebi da optikuri sistemebi; 

- energosistemebi da masSi warmoSobili avariebi da kidev 

bevri sxva. 

- calke sakiTxia arawrfivi dinamikis meTodebis gamoyenebis 

SesaZlebloba ekonomikur da socialur sakiTxebSi. 

fizikuri sistemebis dinamikis hamiltonisebr aRweras 

safuZvlad udevs hamiltonis gantolebebi, romlebic 

warmoadgenen Cveulebriv diferencialur gantolebaTa sistemas: 

 ̇                       ̇        
Т=(1,2,…Ч) 

t=t0 SemTxvevaSi sruldeba sawyisi pirobebi 

qi(t0)=qi
0,       pi(t0)=pi

0 

pi da qi cvladebs ewodeba Sesabamisad ganzogadoebuli 

koordinatebi da ganzogadoebuli impulsebi, xolo maT 

erTobliobas (pi,qi)=(p,q) kanonikuri cvladebi [17]. 

damoukidebeli ganzogadoebuli koordinatebis n ricxvs 

uwodeben Tavisuflebis xarisxs, xolo H=H(p,q) funqcias, 

romelic axasiaTebs sistemis fizikur mdgomareobas, uwodeben 

hamiltonis funqcias, an hamiltonians. Cven vvaraudobT, rom 

H(p,q) funqcia ar aris damokidebuli droze da moqmedi Zalebi 

potencialurni arian. am SemTxvevaSi hamiltoniani warmoadgens 

sistemis srul energias, gamosaxuls kanonikuri cvladebiT. 

gantolebis amonaxsni gansazRvravs damokidebulebas p(t) da q(t) 

Soris, damokidebuls p0 da q0 sawyis mniSvnelobaze. es 
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evolociuri procesi SeiZleba warmovidginoT rogorc wertilis 

moZraoba p da q koordinatebian 2n-ganzomilebian sivrceSi. aseT 

gaerTianebul (p,q) sivrces uwodeben fazur sivrces, xolo am 

sivrcis wertilebs fazur wertilebs. fazuri wertilebis 

moZraobas uwodeben fazur traeqtoriebs an fazur mrudebs. 

hamiltonis sistemebis fazuri sivrce xasiaTdeba Semdegi 

sami mniSvnelovani TvisebiT: 

1. drois nebismier momentSi traeqtoriebi 

gansazRvruli gantolebiT fazur sivrceSi ar 

gadaikveTeba. es Tviseba gamomdinareobs Cveulebrivi 

diferencialuri gantolebis amonaxsnis arsebobis da 

erTaderTobis Teoremidan. 

2. fazuri sivrcis arsi moculobis mudmivobaa 

(liuvilis Teorema). bolo mtkicebis arsi imaSi 

mdgomareobs, rom Tu sawyis t0 momentSi fazuri 

wertilebi uwyvetad Seavseben (p,q) fazuri sivrcis 

romeliRac sasrul D0 ares da drois mimdinareobisas 

gadavlen am sivrcis Dt aredan sxva areSi. 

maSin Sesabamisi fazuri moculobebi erTmaneTis tolia 

∫        ∫          

maSasadame, hidrodinamikasTan analogiiT, wertilebis 

moZraoba, romelic asaxavs sistemis mdgomareobas (p,q) 

sivrceSi SeiZleba warmovidginoT, rogorc siTxis 

SeukumSavi nakadis moZraoba. amitom xSirad (p,q) sivrceSi 

fazuri mrudebis erTobliobas uwodeben nakads [19]. 

3. S0 uwyveti sazRvari, romelic moicavs t0 drois 

momentSi fazuri sivrcis romeliRac D0 ares, drois 

mimdinareobisas transformirdeba (ar wydeba) St uwyvet 
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sazRvarSi, moicavs im D0 ares, romelSiac D0 

evolucirdeba t momentSi. 

sistemebs, romlebic akmayofileben meore pirobas uwodeben 

konservatiuls. 

arsebobs mTeli rigi zogadi wesebisa, romlebic iZleva 

saSualebas moiZebnos hamiltonis gantolebis amoxsna. magram es 

yovelTvis ar aris SesaZlebeli. bevr SemTxvevaSi gantoleba 

araintegrirebadia elementarul funqciebSi. miuxedavad amisa 

xSirad aris SesaZlebeli miviRoT sakmarisi cnobebi sistemis 

yofaqcevis Sesaxeb, ise rom ar movaxdinoT gantolebis 

integrireba, moZraobis integralebis moZebniT, romlebic 

mudmivia moZraobis dros: f(q,p)=const. 

nebismier sistemaSi, romelSic H(q,p) ar aris droze 

damokidebuli, hamiltoniani warmoadgens moZraobis integrals 

mocemuli sawyisi pirobebisaTvis. hamiltonianis mudmivi 

mniSvneloba aris sitemis sruli energia E=H(q,p). aqedan vipoviT 

q1=g(q2…qn,p,E),  sadac g – aris romeliRac funqcia. 

Tu sistemis fazuri traeqtoriebi mocemuli energiis 

mniSvnelobis dros ar miiswrafis usasrulobisaken, maSin 

amboben, rom sistema aris finituri. Cven ganvixilavT mxolod 

finitur moZraobebs.  

Cven vnaxeT, rom hamiltonis zogierTi sistema xasiaTdeba 

moZraobis araregulirebadi an qaosuri reJimebiT. aseTi 

reJimebis warmoSoba – es TviTon sistemis Tvisebaa, ar aris 

damokidebuli mis dinamikaze, gareSe SemTxveviTi Zalebis 

moqmedebaze, hamiltonis sitemebi sakmaod viwro klasia. 

umravlesoba Sesaswavli sistemebisa – bilogiuri, qimiuri, 

ekologiuri, fizikuri da a.S. – disipatiuria. e.i sistemebi, 

romelTaTvis ar aris samarTliani liuvilis Teorema da 

romelTaTvis fazuri moculoba drois mixedviT ar aris mudmivi, 
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aramed ikumSeba. fazuri moculobis Semcirebas mivyevarT iqamde, 

rom t disipatiuri sistemis yvela amonaxsni Tavs moiyris 

fazuri sivrcis romeliRac qvesimravleSi, romelsac uwodeben 

atraqtors [7]. 

Disipatiuri sistemis dinamikuri Tvisebebis Seswavla 

gviCvenebs, rom maT aqvT moZraobis rTuli reJimebi, isini 

damokidebulia imaze, Tu rogoria atraqtori – martivi Tu 

rTuli. imisda mixedviT gvaqvs regularuli an qaosuri 

moZraobebi. 

atraqtori ewodeba M fazuri sivrcis B qvesimravles, 

romelic akmayofilebs Semdeg pirobebs: 

a) B invariantulia nakadis mimarT; 

b) arsebobs u are, romelic ikumSeba B-ken nakadis 

moqmedebiT;  

g) B ar SeiZleba davSaloT or TanaukveT invariantul 

simravled. 

unda aRiniSnos, rom dReisaTvis ar aris erTi azri 

atraqtoris gansazRvris saukeTeso wesze. zemoT CamoTvlili 

pirobebi ekuTvnis lenfords. arsebobs sxva eqvivalenturi 

gansazRvrebebic. 

atraqtoris mizidulebis B are es aris X0 sawyisi 

wertilebis erToblioba, iseTebis, rodesac t fazuri 

traeqtoriebi dawyebuli am wertilebSi miiswrafian B 

atraqtorisaken. Cveulebriv dinamikur sistemas aqvs 

atraqtorebis sasruli ricxvi B1…Bk, magram cnobilia martivi 

sistemebi, romlebsac aqvT usasrulod didi raodenoba 

sxvadasxva saxis atraqtorebis. nebismismieri dinamikuri 

sistemisaTvis, romelsac aqvs atraqtorebi, yvela sawyisi 

wertilebi fazur sivrceSi, garda nulis – ganzomilebis 
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simravlisa, mdebareobs urTierTmaTganis mizidvis areSi 

(gavixsenoT fazuri sibrtyis meTodi, gansakuTrebuli wertilebi, 

mdgradobis Teoria). 

advili sanaxavia, rom mizidvis gansakuTrebuli wertilebi, 

iseTebi, rogoricaa mdgradi kvanZi da mdgradi fokusi, 

warmoadgens atraqtorebs, magram isipatiur sistemebSi 

atraqtorebi SeiZleba iyvnen aramarto mdgradi stacionaruli 

wertilebi, aramed Sekruli fazuri traeqtoriebi, romlebic 

Seesabamebian periodul moZraobebs, rogorc viciT, aseT 

izolirebul Sekrul traeqtoriebs uwodeben zRvrul ciklebs. 

mdgradi zRvruli ciklebi warmoadgens atraqtorebs. maT is 

Tviseba axasiaTebT, rom sakmaod mcire areSi ar arsebobs sxva 

Sekruli traeqtoriebi, xolo yvela sxva fazuri mrudebi am 

midamodan daexvevian am erTad-erT Sekrul traeqtorias. Tu 

yvela traeqtoria gadaixveva zRvruli ciklidan, maSin isini 

arian absoluturad aramdgradi. am SemTxevaSi zRvruli cikli 

ar iqneba atraqtori.  

zemoT CamoTvlili atraqtorebi, mdgradi stacionaruli 

wertilebi, mdgradi zRvruli ciklebi da invariantuli torebi – 

warmoadgens martiv atraqtorebs. vinaidan dinamikuri sistemebi 

am SemTxvevaSi ar warmoadgens qaosurs da atarebs, yvelaze 

rTul, ekrodikul xasiaTs. martivi atraqtorebi warmoadgens 

dinamikuri sistemebis fazuri sivrcis qvemraval saxeobas [9]. M 

sivrcis qvemravalsaxeoba ewodeba W qvesimravles M’ sivrceSi 

M’M iseTs, rom lokalurad is gamoiyureba rogorc M’ sivrcis 

naWeri da aqvs yovel wertilSi erTaderTi hiper sibrtye, e.i W 

Cadebulia M-Si gluvad. magaliTad, zRvruli cikli da or 

ganzomilebiani invariantuli tori – es aris Sesabamisad erT 

ganzomilebiani da or ganzomilebiani qvemravalsaxeobebi; magram 

disipatiur dinamikur sistemebSi romelTa fazuri sivrcis 

ganzomileba Ч≥3, arsebobs SemosazRvruli mimzdiveli 

simravleebi, romlebic warmoadgens atraqtorebs da amave dros 
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ar warmoadgens qvemravalsaxeobebs. aseT atraqtorebs uwodeben 

“sakvirvel atraqtorebs”. es termini Semoitanes driuelma da f. 

takensma. is niSnavda atraqtors, romelic gansxvavebulia 

stacionaluri wertilisagan da zRvruli ciklisagan. 

disipatiuri dinamikuri sistemis fazuri moculobis SekumSvas 

mivyevarT iqamde, rom fazuri mrudebi droTa ganmavlobaSi 

miizidebian zRvruli simravlisaken – sakvirveli 

atraqtorisaken, moxvdebian ra masze, samudamod iq darCebian. 

TviTon moZraoba sakvirvel atraqtorze aris aramdgradi: 

sistemis nebismieri ori traeqtoria gaiSleba ponencialurad 

swrafad da rasakvirvelia darCeba sakvirvel atraqtorze. 

sxvanairad rom vTqvaT sistemis yofaqceva sakvirveli 

atraqtoriT xasiaTdeba fazuri moculobis globaluri 

SekumSviT fazuri traeqtoriis lokalur aramdgradobasTan 

SeTavsebiT. 

vinaidan fazuri mrudebi sakvirvel atraqtorze ganiSleba, 

amitom sistemis dinamika analogiuria aseTi atraqtoriT 

SezRudul moculobaSi hamiltonis sitemis dinamikis SereviT. e.i 

is qaosuria. disipatiur dinamikur sistemebSi qaosuri moZraobis 

maTematikur saxes warmoadgens sakvirveli atraqtori. sistemis 

mcire SeSfoTebebs SeuZliaT sakvirveli atraqtoris 

struqturis Secvala. isini mas Slian: yvela maxlobeli 

dinamikuri sistemebis moZraoba iqneba qaosuri. sistemis 

evoluciis grZelvadiani prognozireba SeuZlebelia, vinaidan is 

damokidebulia sawyisis pirobebis da misi miaxloebiTi 

mniSvnelobebis kombinaciaze. praqtikulad es SeuZlebelia 

samganzomilebiani arawrfivi sistemebisTvisac ki. 

1963 wels e. lorencma gamoTqva mosazreba imis Sesaxeb, rom 

atmosferos dinamika Zalian mgrZnobiarea sawyis pirobebze, am 

hipoTezidan gamdinareobs Zalian seriozuli Sedegebi amindis 

prognozirebisaTvis im SemTxvevaSic ki Tu Cven SevZlebdiT 
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meteorologiuri modelis gaumjobesebas da monacemebis 

Sekrebas. 

ukanaskneli wlebis namuSevrebi, romlebic dakavSirebulia 

~winaswarmetyvelebasTan” da e.w. dinamikur qaosTan, cxadyofen, 

rom Cven ar SegviZlia principuladac ganvsazRvroT winaswar 

nebismieri martivi sistemisTvisac ki misi yofaqceva grZeli 

vadiT, grZelvadiani prognozis gacema SeuZlebelia mravali 

obieqtisaTvis, romelsac Seiswavlis ekonomika, medicina, 

fsiqologia da sociologia [8]. 

adre gamoiyofoda ori klasis obieqtebi: determinirebuli 

da SemTxveviT determinirebuli. Tu zustad viciT am sistemis 

mimdinare mdgomareoba, SeiZleba davadginoT, ra moxdeba am 

sistemisaTvis ra gind didi drois Semdgom magram, rogorc 

bolo drois gamokvlevebma aCvena, misi winaswarmetyveleba 

SeiZleba mxolod SezRuduli droisaTvis. nebismieri uzustoba 

mis sawyis mdgomareobaSi izrdeba drois mixedviT da garkveuli 

droisaTvis Cven vkargavT SesaZleblobas winaswarmetyvelebisa 

anu sistema xdeba qaoturi. 

stoqastikuri anu SemTxveviTi sistemis ganxilvaSi winaswar 

cnobilia, rom maTTvis SeuZlebelia determinirebuli prognozi. 

aq vsargeblobT statistikuri maxasiaTeblebiT [8]. 

arawrfivi dinamikis fundamentur rezultats warmoadgens 

is, rom arsebobs principuli SezRudvebi prognozis dadgenaSi, 

rac pirvel rigSi ganpirobebulia maTi mgrZnobiarobiT sawyisi 

monacemebis mimarT.  

dinamikuri sistemis ganxilvisas: axlomdebare traeqtoriebi 

(amonaxsnebi) dasawyisSi eqsponencialurad Secvlian Tavis 

mdebareobas da daSordebian didi manZiliT. aseT sistemebs 

miekuTvnebian kardioriTmi da sxva. 
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aseT sistemebs miekuTvnebian e.w. dinamikuri qaosis sistemebi. 

unda aRiniSnos, rom fraqtaluri gamosaxulebebisTvisac 

damaxasiaTebelia dinamikuri qaosis Tviseba. 

es amtkicebs, rom dinamikuri qaosi ar niSnavs areulobas 

Cveulebrivi sayofacxovrebo qaosis gagebiT. dinamikuri qaosi 

Seicavs garkveul determinirebas e.i. eqvemdebareba garkveul 

kanonzomierebas. 

aqedan gamomdinare SeiZleba vTqvaT, rom determinirebuli 

da stoqastikuri sistemebis garda teqnikis da mecnierebis 

ganviTarebis dRevandel etapze arsebobs mTeli klasi 

sistemebisa, romlic moicaven rogorc determonebad Tvisebebs 

aseve SemTxveviTsac. 

amitom mas SeiZleba vuwodoT determinirebul-stoqastikuri 

sistemebi. am sistemebs miekuTvnebian bio-samedicino sistemebi, 

rodesac obieqtze moqmedeben mravali faqtorebi, ris Sedegad 

aseTi dinamikuri arawrfivi sistema iZens dinamikuri qaosis 

Tvisebas, roca pacientis mdgomareoba (mag.: kardioriTmis 

cvlilebis mixedviT) normaluria, misi fazur sibrtyeSi 

miRebuli amonaxsnis warmodgena, atarebs qaotur xasiaTs, xolo 

Tu pacients gaaCnia problemebi da misi kardioriTmis cvlileba 

daavadebis zRvarzea, igi sxva saxisaa [15]. 

fazuri sibrtyis meTodi – aris diferencialuri 

gantolebaTa sistemis amoxsnis meTodi (aris TandaTanobiTi 

miaxloebis meTodi, eileris amoxsnis meTodi da sxva). 

Cvens SemTxvevaSi Cven vixilavT am meTods, imitom rom igi 

miekuTvneba amoxsnis grafikul meTodebs. am meTodisTvis 

damaxasiaTebelia is, rom dekartis koordinatTa sistemaSi, 

Cveulebrivi diferencialuri gantolebaTa amoxsnis Sedegi 

aisaxeba grafikiT: abscisaTa RerZze mocemulia napovni 

amonaxsnis Sedegebi, xolo ordinatTa RerZze misi cvlilebis 
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siCqare (pirveli rigis warmoebuli) an piriqiT. stacionaluri 

wertili iqneba is, sadac warmoebuli udris nuls. 

1.2 dinamikuri sistemebis aRweris modelebi 

determinirebuli qaosis Teoria warmoadgens Tanamedrove 

kompiuteruli teqnologiebis uaxlesi meTodebis gamoyenebis 

mniSvnelovan magaliTs. 

kompiuteruli teqnologiebis qveS am SemTxvevaSi 

vgulisxmobT dinamikuri sistemis kvlevas da realizacias 

determinirebuli qaosis safuZvelze. 

dinamikuri procesebis kvleva daviwyeT dinamikuri 

determinirebuli sistemis analiziT „lotki-volter“-is 

magaliTze. 

dinamikuri determinirebul sistemad ganvixileT 

„mtacebeli_msxverpli“_s sistema, romelic aRiwereba qvemoT 

moyvanili diferencialur gantolebaTa sistemiT. sadac X1 aris 

msxverpli, X2_mtacebeli, a_msxverplis gamravlebis siCqare, 

bx2_mtaceblebiT gamowveuli danakargi, -c_mtaceblebis 

populaciis siCqare. 
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  nax.2 msxverpli X1 da mtaceblebi X2-is      nax.3 msxverplisa da mtaceblebis 
   raodenobis cvlileba drois mixedviT       raodenobis urTierTdamokidebuleba 
                                                         fazur sibrtyeSi 

 

Cven vxedavT, rom igi atarebs rxeviT xasiaTs. 

Semdeg naxazze mocemuli gvaqvs modeli romelic 

iTvaliwinebs am mtaceblebisa da msxverplis konkurencias. 
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

 x t( )
3 A cos  t( )

 

 

 

 

 

 

nax.4 msxverpli X1 da mtaceblebi X2-is        nax.5 Sida konkurenciis pirobebSi  
raodenobis cvlileba T drois mixedviT      msxverplisa da mtaceblebis raodenobis 
 Sida konkurenciis pirobebSi               urTierTdamokidebuleba fazur sibrtyeSi  

 

am SemTxvevSi es rxeviTi xasiaTi Rebulobs milevadobis 

saxes. 

moviyvanoT kidev erTi magaliTi romelSic gvaqvs 

harmoniuli signali.  

aviRoT diferencialuri gantoleba 

 

 

sadac c, A, da w mudmivebia, kvlevisas Cndeba qaosi da 

dinamikuri sistemebi, romlebic cnobilia Duffing-is gantolebiT. 

qvemoT Cven amovxsniT Duffing-is gantolebas arCeuli 

parametrebiT 

  

 

da pirobis sawyisi veqtori 

 

c 0.3  1.2 A 0.50
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S3 rkfixed ic 0  50  300  D ( )

 

 

 

 

 

 

 

 

 

 

 

nax.6 miRebuli signalis cvlileba drois mixedviT. 

 

 

 

 

 

 

 

 

nax.7 signalis da misi cvlilebis damokidebuleba fazur 

sibrtyeSi 
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1.3 lorencis sitema, rogorc determinirebuli 

qaosis sistemis klasikuri magaliTi. 

mocemulia sistema, romelic aRwers Lorenz Attractor dinamikur 

process Sesabamisi diferencialuri gantolebiT da 

parametrebiT =10 β=28 =8/3. 

 

 

 

 

 

 

am sistemis amoxsnis Sedegad miviRebT X, Y, Z funqciebis 

damokidebulebas drois mixedviT. 

 

 

 

 

 

nax.8 lorencis sitemis X amonaxsnis grafikuli warmodgena 

 

 

 

 

 

nax.9 lorencis sitemis Y amonaxsnis grafikuli warmodgena 
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nax.10 lorencis sitemis Z amonaxsnis grafikuli warmodgena 

es amonaxsni miRebulia qvemoT moyvanili gamosaxulebis 

monacemebis mixedviT 

 

 

 

 

 

 

 

Tu gaviTvaliswinebT mcire Secdomas , sivrceSi miviRebT 

suraTs, romelic asaxavs Lorenz Attractor-s.  
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nax.11 amonaxsnTa fazuri portreti. 

moviyvanoT kidev erTi magaliTi.  

aviRoT diferencialuri gantoleba 

 

 

 

sadac c, A, da w mudmivebia, kvlevisas Cndeba qaosi da 

dinamikuri sistemebi, romlebic cnobilia Duffing-is gantolebiT. 

qvemoT Cven amovxsniT Duffing-is gantolebas arCeuli 

parametrebiT 

 

sawyisi pirobebis veqtoriT 
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nax.12 amonaxsnis grafikuli warmodgena: anu signalis cvlileba drois 

mixedviT 

 

 

 

 

 

 

 

 

nax.13 sistemis amonaxsnTa fazuri portreti 

 

S rkfixed ic 0  60  500  D ( )

i 0 last S
0   last S

0   500
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1.4 determinirebuli qaosis eqsperimentuli  

kvleva 

am paragrafSi moyvanilia qaosogramis miRebis algoriTmebi, 

dafuZnebuli realuri monacemebisTvis, romlebic mopovebuli 

iyo kardioriTmis sixSiris cvlilebebis, seismogramis 

monakveTis da amindis temperaturis cvlilebisTvis erTi wlis 

periodSi. monacemebi pirvel SemTxvevaSi warmodgenilia cxrilis 

saxiT, romelic naCvenebia 24 saaTis ganmavlobaSi, yovel erT 

saaTSi miRebul monacemebs, xolo saaTis ganmavlobaSi 

monacemebi aviReT damatebiTi grafikebidan. #1 cxrilSi 

mocemulia zemod naxsenebi monacemebi. 

arawrfivi dinamikis kanonebis Tanaxmad sakvlevi procesi 

unda ganvixiloT fazur sibrtyeSi [57,8]. kardioriTmis sixSiris 

dinamikis mimarTebaSi garda riTmis sixSiris gansazRvrisa unda 

gamoiTvalos am parametris cvlilebis siCqarec [8]. arawrfivi 

dinamika am procesisa ganisazRvreba qaosogramis agebiT. 

samuSaoSi asaxulia miRebuli qaosgramebi janmrTeli da 

avadmyofobis zRvarze myofi pacientisaTvis.  

nax.14-ze mocemulia janmrTeli adamianisaTvis miRebuli 

kardioriTmis cvlilebis grafikuli warmodgena fazur 

sibrtyeSi (qaosgrama) [53,54]. abscisaTa RerZze gadazomilia 

riTmogramis sixSiris cvlileba drois mixedviT, ordinataTa 

RerZze ki gadazomilia riTmogramis sixSiris cvlilebis siCqare. 
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data

0 1 2 3 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1 32.845·10 72 96 156

2 34.394·10 64 89 157

3 34.342·10 60 77 112

4 34.23·10 62 76 124

5 34.257·10 62 84 144

6 34.888·10 73 107 169

7 35.206·10 73 104 158

8 35.702·10 74 105 175

9 34.749·10 67 83 116

10 34.696·10 66 88 129

11 34.358·10 62 79 109

12 34.6·10 64 86 157

13 34.343·10 61 83 117

14 34.25·10 61 78 122

15 34.044·10 58 75 109

16 34.267·10 56 73 109

17 33.905·10 59 79 131

18 33.995·10 55 69 100

19 34.04·10 55 71 106

20 34.175·10 54 75 111

21 34.034·10 56 69 115

22 34.278·10 55 74 135

23 34.565·10 57 82 156

24 34.089·10 74 99 142

25 37 0 0 ...


cxrili #1 

kardioriTmis sixSiris cvlilebebi 24 saaTis ganmavlobaSi 
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nax.14  janmrTeli adamianis mdgomareobisaTvis damaxasiaTebeli 

qaosgramis magaliTi. 

qveda naxazze mocemulia qaosgrama im SemTxvevaSi, roca 

adgili aqvs sistemis disbalanss.  

 

 

 

 

 

N 

nax.15 avadmyofobis zRvarze myofi pacientis mdgomareobisaTvis 

damaxasiaTebeli qaosgramis magaliTi. 

rogorc vxedavT, nax.15-ze Cndeba kardioriTmis dinamikis 

“qaotirebis” darRveva. qaosogramis damuSaveba cnobili 

meTodikiT, mag. histogramis agebiT iZleva saSualebas gakeTdes 

daskvna ara mxolod pacientis mdgomareobis Sesaxeb mocemul 

momentSi, aramed nawinaswarmetyvelebi iqnes mosalodneli 

darRvevebi. 
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ganvixiloT Semdegi eqsperimenti, sadac qaosograma 

miRebuli gvaqvs seismogramis monacemebze, romlebic mogvawoda 

geofikis institutma. 

 

 

 

 

 

 

 

 

nax.16 seismogramis monakveTis qaosograma 

aseve miviReT Semdegi saxis qaosograma, romelic agebulia 

erTi wlis ganmavlobaSi aRebul amindis anaTvlebis monacemebze. 

 

 

 

 

 

 

 

 

 

nax.17 amindis temperaturis cvlilebebis qaosgrama. 
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yvela miRebuli Sedegi qaosogramis saxiT SeiZleba 

damuSavdes Cvens mier SemoTavazebuli meTodiT, romelic 

miesadageba qaosogramis analizs da dafuZnebulia miRebuli 

qaosogramisTvis entropiis gansazRvriT.  

1.5 qaosogramis analizis meTodika 

vidre ganvixilavdeT qaosogramis analizis meTodikas Cvens 

mier SemoTavazebul meTodikas moviyvanoT informaciis 

raodenobis da entropiis cnebebis aRwera.  

informaciis Teoria ewodeba mecnierebas, romelic swavlobs 

informaciis gadacemasTan, damuSavebasa da SenaxvasTan 

dakavSirebul raodenobriv kanonzomierebebs. warmoiSva ra Cveni 

saukunis 40-ian wlebSi informaciis Teoria amJamad iqca marTvis 

yvelanair SesaZlo procesebis Seswavlis aucilebel 

maTematikur aparatad [56]. 

SemTxveviTobis niSnebi, romlebic Tan axlavs informaciaTa 

gadacemis procesebs, gvaiZuleben mivmarToT am procesebis 

Seswavlisas albaTobiT meTodebs. amasTan ver xerxdeba 

SemovifargloT albaTobaTa Teoriis kalsikuri meTodebiT da 

warmoiSoba axali albaTobiTi kategoriebis Seqmnis 

aucilebloba. mis gamo, informaciis Teoria warmoadgens ara 

ubralod gamoyenebiT mecnierebas, romelSic gamoiyeneba kvlevis 

albaTobiTi meTodebi, aramed unda ganxilul iqmnas, rogorc 

albaTobaTa Teoriis ganyofileba. 

sxvadasxva saxis informaciis miReba, damuSaveba, gadacema da 

Senaxva _ aucilebeli pirobaa nebismieri mmarTveli sistemis 

muSaobisa. am procesSi yovelTvis xdeba informaciaTa gacvla 

sistemis sxvadasxva rgolebs Soris. umartivesi SemTxveva – 

informaciis gadacema mmarTveli mowyobilobidan Semsrulebel 

organoze (brZanebis gadacema). ufro rTuli SemTxvevaa – marTvis 

Sekruli konturi, romelSic informacia brZanebis Sesrulebis 

Sesaxeb gadecema mmarTvel mowyobilobas e.w. “ukukavSiri”-s 
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meSveobiT. nebismieri informacia, rom gadacemul iqnas 

aucilebelia jer maTi “kodireba” e.i misi gadatana specialur 

simboloebisa da signalebis enaze. 

informaciis gadamcem signalebad SesaZlebelia iyvnen 

eleqtruli impulsebi, sinaTlis an bgeriTi rxevebi, meqanikuri 

gadaadgilebani da a.S.  

informaciis Teoriis erT-erT amocanas warmoadgens 

kodirebis ekonomiuri meTodebis gamonaxva [56], romlebic 

saSualebas iZlevian gadacemul iqnas mocemuli informacia 

simboloTa minimaluri raodenobis saSualebiT. es amocana 

wydeba rogorc kavSiris arxSi damaxinjebaTa ar arsebobis 

SemTxvevaSi, ise maTi arsebobis pirobebSi. 

informaciis Teoriis meore tipiuri amocana ismeba 

Semdegnairad: gvaqvs informaciis wyaro (gadamcemi), romelic 

uwyvetad gamoimuSavebs informacias da kavSiris arxi, romliTac 

es informacia gadaecema meore instancias (mimRebs). rogori unda 

iyos kavSiris arxis gamtarunarianoba imisaTvis, rom arxi 

“sZlevdes” Tavis amocanas, e.i gadascemdes yvela Semosul 

informacias Seuferxeblad da daumaxinjeblad. 

informaciis Teoriis mTeli rigi amocanebisa miekuTvneba 

dammaxsovrebeli mowyobilobaTa moculobis gansazRvras, 

romlebic gankuTvnilia informaciaTa SenaxvisaTvis, am 

dammaxsovrebel mowyobilobebSi. informaciis Seyvanis da misi 

uSualo gamoyenebis mizniT misi gamoyvanis xerxebs. 

rom gadavwyvitoT aseTi amocanebi, uwinaresyovlisa unda 

viswavloT raodenobrivad gavzomoT gadasacemi anda Sesanaxi 

informaciis moculoba, kavSiris arxis gamtarunarianoba da maTi 

mgrZnobeloba dabrkolebaTa mimarT. ZiriTadi cnebebi 

informaciis Teoriisa, romelic gadmoicema mocemul TavSi, 

saSualebas iZleva informaciis gadacemis procesebis 

raodenobrivi aRwerisa da zogierTi matematikuri 
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kanonzomierebaTa moniSvnisa, romlebic miekuTvnebian am 

procesebs [56]. 

yoveli Setyobineba, romelTanac Cven gvaqvs saqme 

informaciis TeoriaSi, warmoadgens romeliRac fizikur 

sistemaze cnobaTa erTobliobas. magaliTad, mwarmoebeli 

saamqros marTvis avtomatizebuli sistemis SesasvlelSi 

SeiZleba gadacemul iqnas Setyobineba wunis normalur an 

gadidebul procentze, RumelSi nedleulis qimiur 

Semadgenlobaze an temperaturaze. marTvis sitemis SesasvlelSi 

sahaero Tavdacvis saSualebebiT SeiZleba gadacemul iqnas 

Setyobineba imaze, rom haerSia ori mizani, romlebic mifrinaven 

garkveul simaRleze garkveuli siCqariT, magram imave 

SesasvleliT SeiZleba gadacemul iqnas Setyobineba imis Sesaxeb, 

rom garkveul aerodromze mocemul momentSi imyofeba 

gamanadgurebelTa raRac raodenoba sabrZolo mdgomareobaSi, an 

aerodromi gamoyvanilia wyobidan mowinaaRmdegis sacecxle 

moqmedebiT, an pirveli mizani Camogdebulia, xolo meore 

ganagrZobs frenas Secvlili kursiT [56]. am cnobebidan 

nebismieri – aRwers romeliRac fizikuri sistemis mdgomareobas. 

cxadia, Tu fizikuri sitemis mdgomareoba cnobili iqneboda 

winaswar, ar eqneboda azri cnobis gadacemas. cnoba Rebulobs 

azrs mxolod maSin, rodesac sistemis mdgomareoba winaswar 

ucnobia, SemTxveviTia.  

amitom obieqtad, romelzedac gadaicema informacia, Cven 

ganvixilavT romeliRac fizikur X sistemas, romelic 

SemTxveviT SeiZleba aRmoCndes ama Tu im mdgomareobaSi. e.i 

sistemas, romelsac aucileblad axasiaTebs ganusazRvrelobis 

romeliRac xarisxi. cxadia cnobebi sistemaze iqneba zogadad 

rom vTqvaT ufro meti fasis da Sinaarsiani, rac meti iqneba 

sistemis ganusazRvreloba am cnobaTa miRebamde (apriori). ismis 
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bunebrivi kiTxva: ras niSnavs ganusazRvrelobis “meti” an 

“naklebi” xarisxi da riT SeiZleba igi gaizomos? 

rom vupasuxoT am kiTxvaze, SevadaroT TioToeul maTgan 

aqvs ganusazRvreloba. 

pirvel sistemad aviRoT moneta, romelic asrolis Sedegad 

SeiZleba aRmoCndes oridan erT-erT mdgomareobaSi: 1) movida 

Rerbi da 2) movida cifri. meored – kamaTeli, romelsac eqvsi 

SesaZlo mdgomareoba aqvs: 1, 2, 3, 4, 5, 6. ismis kiTxva 

ganusazRvreloba romeli sistemisaa ufro meti? cxadia meoris, 

radgan masSi metia SesaZlo mdgomareobani, romelTagan 

TioToeulSi is SeiZleba aRmoCndes erTnairi albaTobiT [56]. 

SeiZleba gveCvenos, rom ganusazRvrelobis xasiaTi 

ganisazRvreba sistemis SesaZlo mdgomareobaTa ricxviT, magram 

saerTod es ase ar aris. ganvixiloT magaliTad teqnikuri 

mowyobiloba, romelic SeiZleba iyos or mdgomareobaSi: 1) 

gamarTuli da 2) dazianebuli. vivaraudoT, rom cnobebis 

miRebamde (apriori) mowyobilobis gamarTuli (dazianebuli) 

muSaobis albaToba 0.99-ia, xolo dazianebis albaTobaa 0.01. aseT 

sistemas gaaCnia ganusazRvrelobis mxolod mcire xarisxi: 

TiTqmis Seucdomlad SeiZleba viwinaswarmetyveloT, rom 

mowyobiloba wesierad imuSavebs. monetis asrolis drosac 

agreTve gvaqvs ori SesaZlo mdgomareoba, magram 

ganusazRvrelobis xarisxi gacilebiT metia. Cven vxedavT, rom 

fizikuri sistemis ganusazRvrelobis xarisxi ganisazRvreba, 

aramarto misi SesaZlo mdgomareobaTa ricxviT, aramed 

mdgomareobis albaTobiTac [56]. 

gadavideT zogad SemTxvevaze. ganvixiloT romeliRac 

sistema X, romelsac SeuZlia miiRos mdgomareobaTa simravle: x1, 

x2, . . . xn, albaTobebiT p1, p2, . . .pn sadac 

pi=P(Xxi)             (1.5.1) 
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aris albaToba imisa, rom X sistema miiRebs xi mdgomareobas 

(simboloTi Xxi aRiniSneba xdomiloba: sistema imyofeba xi 

mdgomarebaSi). 

cxadia           ∑          
 CavweroT es monacemebi cxrilis saxiT, sadac zemo 

striqonSi CamoTvlilia sistemis SesaZlo mdgomareobani, xolo 

qvedaSi _ Sesabamisi albaTobani: 

xi x1 x2 . . . xn 

pi p1 p2 . . . pn 

  

es cxrili Caweris mixedviT wyvetili SemTxveviTi X sididis 

ganawilebis mwkrivisa SesaZlo x1, x2, . . . xn, mniSvnelobebiT, 

romelTac aqvT p1, p2, . . .pn albaTobebi. da marTlac, mdgomareobaTa 

sasrulo simravlis mqone fizikur X sistemas da wyvetil 

SemTxveviT sidides Soris mravalia saerTo; imisaTvis, rom 

daviyvanoT pirveli meoreze, sakmarisia mivaweroT TiToeul 

mdgomareobas romeliRac ricxviTi mniSvneloba (vTqvaT 

mdgomareobis nomeri). avRniSnavT, rom sistemis ganuzRvrelobis 

xarisxi aRsawerad srulebiTac ar aris mniSvnelovani, 

saxeldobr, Tu romeli mniSvnelobani x1, x2, . . . xn, _ aris 

Cawerili cxrilis zeda striqonSi. mniSvnelovania mxolod 

raodenoba am mniSvnelobebisa da maTi albaTobebi. 

sistemis (an wyvetili SemTxveviTi X sididis) aprioruli 

ganuzRvrelobis zomad informaciis TeoriaSi gamoiyeneba 

specialuri maxasiaTebeli, romelsac ewodeba entropia. 

informaciis TeoriaSi entropiis cneba ZiriTadia. 

sistemis entropia ewodeba sistemis sxvadasxva 

mdgomareobaTa albaTobebis maT logariTmze namravlebis jams 

Sebrunebuli niSniT. 
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 ሺ ሻ   ∑                      (1.5.2) 

entropias H(X), rogorc Cven SemdgomSi davinaxavT, gaaCnia 

mTeli rigi Tvisebebisa, romlebic amarTleben mis arCevas 

ganuzRvrelobis xarisxis maxasiaTeblad. jer erTi is iqceva 

nulad, roca sistemis erT-erTi mdgomareobaTagani utyuaria 

(ueWvelia) xolo sxva – SeuZlebeli, meore – mdgomareobaTa 

mocemuli ricxvisas igi iqceva maqsimumad, roca es 

mdgomareobani Tanabrad saalbaToa, xolo mdgomareobaTa 

ricxvis gazrdisas – izrdeba da bolos, rac yvelaze mTavaria – 

mas gaaCnia aditiurobis Tviseba, e.i roca ramdenime 

damoukidebeli sistema gaerTiandeba erTSi, maTi entropiebi 

ikribebian. 

qaosogramis miRebisas [8], romelic miRebuli iyo janmrTeli 

da infaqtis winamdebare kardiogramis sixSiris cvlilebis 

pacientisaTvis cxadad metyvelebs maTTvis suraTebis sxvaobaze, 

arsebobs qaosogramebis analizisTvis damuSavebuli meTodikebi 

[11], romlebsac miekuTvneba faqtoruli analizi, speqtraluri 

analizi da droiT sixSiruli warmodgena, romelic Seiswavlis 

kardiogramis formis dinamikas, veivlet – gadraqmnis safuZvelze 

[8]. Cven vTavazobT gansxvavebul martiv meTodikas, romelic 

dafuZnebulia qaosogramisTvis histogramis agebaze da Semdgom 

ki entropiis gansazRvraze. am sistemisTvis informaciis 

Teoriidan cnobilia [56], rom Tu obieqtis sistemis mdgomareobis 

Sesaxeb unda gadaices informacia, es obieqti unda Seicavdes 

garkveul ganusazRvrelobis xarisxs, rom miRebul informacias 

hqondes garkveuli mniSvneloba. Setyobinebas gaaCnia azri, maSin, 

roca sistemis mdgomareoba wianaswar ar aris cnobili. 

miRebuli informacia miT ufro Rirebuli iqneba, rac ufro 

didi ganusazRvreloba gaaCnda sistemas Tavdapirvelad. swored 

am ganusazRvrelobis Sesafaseblad SemoRebulia entropiis 

cneba. Tu ganvixilavT X sistemas romelsac SeuZlia miiRos 
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mdgomareobaTa sasruli raodenoba: X1, X2, . . . Xn Sesabamisi 

albaTobebiT P1, P2, . . .Pn maSin  

 ሺ ሻ   ∑                                ሺ     ሻ 
    

imisaTvis, rom ganisazRvros  ሺ ሻ ar aris saWiro ra 

mniSvnelobebs miiRebs X1, X2, . . . Xn. saWiroa ganisazRvros 

SesaZlo mniSvnelobaTa raodenoba da maTi Sesabamisi 

albaTobebi. 

imisaTvis, rom entropiis mniSvneloba davukavSiroT 

qaosogramas, unda CavataroT Semdegi opreaciebis mimdevroba:  

1) qaosograma warmoadgens fazur sibrtyeze monacemebis 

veqtoris Sesabamis asaxvas. am monacemebis cvlilebaTa 

(warmoebulis diskretuli variantis) X veqtoris 

mixedviT [56]. davuSvaT, rom Y veqtorad gamoviyenoT 

sistemis gamosasvlelze miRebuli Tanmimdevruli 

mniSvnelobebi. X – veqtorad miviCnioT monacemebi, 

romlebic asaxaven (Yi+1 _ Yi) sxvaobas. i=0 . . . n-1-mde. 

2) qaosogramis mixedviT SevqmnaT matrica M=Y*XT , 

ganvsazRvroT miRebuli matricis minimaluri da 

maqsimaluri mniSvnelobebi: Xmax_Xmin. 

3) winaswar davTqvaT ramden jgufad davyoT miRebuli 

intervali Xmax_Xmin. 

4) davuSvaT rom es ricxvi iyos 20-is toli 
             

5) mza funqciebis CamonaTvalidan avirCioT hist (nM), sadac 

pirveli argumenti unda iyos mTeli ricxvi. imitom, rom 

is asaxavs histogramaSi ramdeni mniSvneloba unda 

miviRoT. amitom, avirCioT funqcia floor (
            ) da 

bolos miviRebT hist (floor, M) histogramas, sadac ordinatTa 

RerZze gadazomili iqneba im elementebis raodenoba, 

romelic Seesabameba mis Sesabamis Xi+1_Xi intervals. 
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j 0  2 B
j

C
j 1 C

j
 C repl A B1  r ( )r 0

repl A B1  r ( ) U A

U
r i B1

i


i 0 rows B1( ) 1for

U



6) albaToba Seesabameba 
     sadac N2 aris agebuli matricis 

svetebis da striqonebis namravli. 

7) maSin entropias ganvsazRvravT (1.5.3) gamosaxulebis 

mixedviT:      ∑             – formulis mixedviT. 

am meTodis eqsperimentuli Semowmeba da asaxva miviReT 

amindis cvlilebis anaTvlebisTvis, romelic movipoveT internet 

saitis meSveobiT www.gismeteo.ru. 

qaosogramas aqvs Semdegi saxe: 

 

 

 

 

 

 

 

 

 

nax.18 amindis realuri anaTvlebis qaosograma 

Semdeg daviTvaleT entropia da avageT histograma: 
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  HE=0.735 

nax.19-ze asaxulia Sesabamisi histograma.  

 

 

 

 

 

 

 

 

 

nax.19 amindis realuri anaTvlebis histograma 
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zemod warmodgenili algoriTmis msgavsad davamuSaveT 

amindis cvlilebis anomaluri monacemebi da miviReT Semdegi 

saxis qaosograma: 

 

 

 

 

 

 

 

 

 

nax.20 amindis anomaluri anaTvlebis qaosograma 

B – veqtori asaxavs sxvaobiT monacemebs, yovel momdevno da 

winamdebare anaTvals Soris 
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nax.21 amindis anomaluri anaTvlebis histograma 

1.6. I Tavis daskvnebi 

1. determnirebuli qaosis Teoriis zogadma ganxilvam aCvena, 

rom dinamikur arawrfiv sistemebSi xSirad SeiniSneba qaoturi 

yofaqceva, romelic warmoiSveba ara gareT arsebuli xmauris 

moqmedebis gamo, aramed arawrfivi determinirebuli sistemis 

dinamikiT. maTi araregularuli qcevis mizezi mdgomareobs 
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arawrfivi sistemebis unarSi eqsponencialurad gazardos 

Tavdapirvelad axlo mdebare traeqtoriebi fazuri sivrcis 

SemosazRvrul areSi.  

qaosuri sistemebis traeqtoriebis yofaqcevis winaswar 

metyveleba drois did intervalze SeuZlebelia, vinaidan 

mgrZnobiaroba sawyisi pirobebis mimarT Zalian maRalia. amave 

dros SesaZlebelia am sistemebis marTva, informaciis warmoqmnis 

SesaZlebloba, Cawera, gadacema, Senaxva da dacva 

(konfidencialuroba). Tu konfidencialuroba, arc Tu ise Sors 

warsulSi, iTvleboda mxolod samxedro gamoyenebis sferod, 

axla is gaxda samoqalaqo gamoyenebis sferoc. 

2. determinirebuli sistemebis modelirebam MathCad 

programis garemoSi da biosistemis amonaxsnis fazur sibrtyeSi 

geometriulma warmodgenam cxadhyo, rom sistemis garTuleba 

Sesabamisad aisaxeba fazur sibrtyeze miRebuli traeqtoriebis 

saxeze, ramac migviyvana daskvnamde: rom fazuri sibrtyis meTodi 

kargad aisaxeba determinirebuli qaosis sitemis lorencis 

magaliTze, rac martivad ganxorcielda MathCad programis 

meSveobiT. miRebuli suraTis meSveobiT. miRebuli suraTis saxe 

cxadad adasturebs “pepelas” efeqts. 

3. miRebulia qaosogramebis saxe janmrTeli da avadmyofi 

adamianebis kardiogramis sixSiris cvlilebisTvis. sistemis 

disbalansis dros, rac axasiaTebs avadmyof pacients, Cndeba 

kardioriTmis dinamikis “qaotirebis” darRveva. qaosogramis 

analizi iZleva saSualebas gakeTdes daskvna ara mxolod 

pacientis mdgomareobis Sesaxeb mocemul momentSi, aramed 

nawinaswarmetyvelebi iqnes mosalodneli darRvevebi. 

4. SemoTavazebulia qaosogramis Sefasebis meTodika, 

dafuZnebuli procesis entropiis gamoTvlaze. meTodi 

gulisxmobs histogramis miRebas qaosogramisTvis da SemdgomSi 
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entropiis gamoTvlas. igi gvaZlevs saSualebas Zalian martivad, 

raodenobrivad SevafasoT qaosogramiT miRebuli Sedegebi. 

SemoTavazebuli xerxi gamovcadeT monacemebisTvis, romelic 

exeboda amindis temperaturis cvlilebas erTi wlis 

ganmavlobaSi. anaTvlebi aRebulia internet saitidan, romlis 

misamarTia www.gismeteo.ru. Semdeg igive gavimeoreT anomaluri 

monacemebisTvis. 

eqsperimentma aCvena: rodesac temperatura anomalurad 

icvleba Sesabamisi histogramac icvlis saxes. es TavisTavad 

aisaxeba entropiis gazrdaze mag: entropia 0.735 bit-erTeulidan 

mniSvnelobidan gaizarda 1.97 bit erTeulamde. rac ufro metia 

SemTxveviToba, miT ufro didia entropia. 

aqedan SeiZleba davaskvnaT, rom entropiis raodenobiT 

SeiZleba SevadaroT raodenobrivadac qaosogramebi Zalian 

martivad. 

5. dinamikuri sistemis yofaqcevis analizma daadastura, rom 

determinirebuli qaosis Teoria srulyofilad aRwers 

dinamikuri arawrfivi sistemebis yofaqcevas. am dros dinamikuri 

qaosis Teriis meTodebad miviCnevT droiTi mwkrivebis kvlevis 

klasikur meTodebs herstis empiriuli kanonisa da fraqtalebis 

ganzomilebis gamoyenebis saxiT. brounis SemTxveviTi procesebis 

modelirebas romlebic iqneba ganxiluli da am mwkrivebis droT-

sixSiruli aRweriT veivlet gardaqmnis gamoyenebiT mocemuli 

disertaciis momdevno TavebSi.  

 

 

 

 

 



64 

 

Tavi II. dinamikuri sistemebis droiTi mwkrivebis 

kvleva orientirebuli kompiuteruli 

teqnologiebis gamoyenebaze 

2.1 droiTi mwkrivebis (dinamikis mwkrivebis) 

damuSavebis sakiTxebi 

samecniero-teqnikur progresTan uSualod dakavSirebulia 

teqnikur obieqtTa sirTulesa da saxesxvaobaTa gazrda da maTi 

funqcionirebis efeqturobis amaRleba. am maCveneblebis 

dakmayofilebis uzrunvelyofisTvis gansakuTrebuli roli 

ukavia diagnostirebas, romlis Sedegad ganisazRvreba am 

madiagnostirebeli obieqtis realuri teqnikuri mdgomareoba. 

diagnostirebis teqnologiis SemuSavebisaTvis didi mniSvneloba 

aqvs diagnostikuri parametrebis da signalebis damuSavebis 

meTodebis swore SerCevas. teqnikuri obieqtebis 

diagnostirebisTvis, rogorc wesi, iyeneben droiT mwkrivebs, 

romlis meSveobiT fiqsirdebian makontrolebeli parametrebis 

cvlilebebi. ukanasknel aTwleulebSi SemoTavazebulia axali 

meTodebi, romlebic orientirebulia kompiuteruli 

teqnologiebis gamoyenebaze. erT-erT aseT meTods warmoadgens 

herstis empiriuli kanoni [22].  

rTuli sistemis Tvisebebis SeswavlisaTvis da 

eqsperimentul kvlevisTvis, farTod gamoiyeneba midgoma, 

romelic dafuZnebulia im signalebis analizze, romlebic 

miiRebian sistemis gamosasvlelze. amitom sistemis analizis 

dros, gansakuTrebiT eqsperimentebSi, realizacia xorcieldeba 

registrirebuli signalebiT. magaliTad, ariTmologiaSi aseT 

signals warmoadgens eleqtrokardiograma, seismologiaSi – 

miwis qerqi, meteorologiaSi – metereo dakavirvebis signali da 

sxva. dinamikuri sistemebis Teoriis am danayofs uwodeben 

droiTi mwkrivebis analizs. 
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mravalgvar, da kerZod, bunebriv sayofacxovrebo procesebze 

dakvirvebam cxadyo, rom isini wamoadgenen droze damokidebul 

procesebs [24]. maTi struqturis analizi da prognozireba 

aucilebelia gadawyvetilebaTa miRebis efeqturobisaTvis. 

droiTi mwkrivi anu dinamikis mwkrivi [21] – es aris 

statistikuri monacemebis cvlileba raime parametris cvlilebis 

mixedviT, romelic Seesabameba drois sxvadasxva momentebs. am 

statistikur monacemTa yovel anaTvals unda hqondes rigiTi 

nomeri drois gazrdis mixedviT. 

droiTi mwkrivi gansxvavdeba Cveulebriv monacemTa 

amonarCevisagan, vinaidan analizis dros aucileblad 

gaTvaliswinebuli unda iyos anaTvalTaA miRebis drosTan 

urTierT kavSiri. cnobilia [29], rom standartuli statistikuri 

meTodebis gamoyeneba, magaliTad avtokorelaciuri analizi, ar 

iZleva sasurvel Sedegs procesebis klasifikaciis 

TvalsazrisiT. 

maTematikurad droiTi mwkrivi {  }     ewodeba N ricxvTa 

masivs, romelic warmoadgens dakvirvebis Sedegad miRebul X(t) 

dinamikuri cvladis mniSvnelobebs, romlebic miRebulia mudmivi 

bijis -s mixedviT:       ሺ   ሻ           ሺ  ሻ                droiTi 
mwkrivebis analizis dros ikveTeba ori ZiriTadi amocana: 

identifikaciis amocana da prognozirebis amocana. 

identificirebis amocana gulisxmobs dakvirvebaTa analizis 

dros pasuxs kiTxvaze: ras udris sistemis parametrebi, romlis 

Sedegad miRebuli iyo dakvirvebaTa mwkrivi, misi korelaciuri 

ganzomileba, entropia da sxva. prognozirebis amocanis mizania 

sakvlevi obieqtis dakvirvebaTa maxasiaTeblebis 

winaswarmetyvelebis ganxorcileba anu momaval drois 

monakveTisaTvis prognozirebis gakeTeba. droiTi mwkrivebis 

kvleva dafuZnebulia ideaze [30], rom damakmayofilebeli 

geometriuli suraTi SeiZleba miviRoT, Tu gamoyenebuli iqneba 



66 

 

dakvirvebaTa dayovnebis veqtori    {                } am 

midgomis samarTlianoba pirvelad daamtkica f.tankensma. es aris 

Zalian mniSvnelovani dinamikuri sistemebis yofaqcevis 

prognozirebisaTvis. swored am meore amocanis gadawyveta xdeba 

herstis empiriuli kanonis gamoyenebis bazaze, razedac saubari 

gveqneba momaval paragrafebSi. 

2.2 herstis empiriuli kanoni da normirebuli 

gaqanebis meTodi 

disertaciis es paragrafi miZRvnilia bunebrivi da sakvlevi 

procesebis klasifikacias da analizis problemis gadawyvetas 

maTi stoqastiurobis donis Sefasebis mixedviT. mas udidesi 

praqtikuli mniSvneloba gaaCnia realuri procesebis 

mimdinareobis prognozirebisaTvis [24]. 

klasifikaciis qveS am SemTxvevaSi vgulisxmobT procesebis 

dayofas determinirebul, SemTxveviT da qaosur 

(determinirebul) an (fraqtalur) signalebiT. qaosurad 

determinirebul signalebs ukavia Sualeduri adgilmdebareoba 

determinirebul da SemTxveviT signalebs Soris. 

am amocanis gadawyveta SesaZlebeli gaxda axali 

kompiuteruli teqnologiebis gamoyenebiT. eqsperimentisTvis 

gamoyenebuli gvaqvs MathCad 14 programis garemo. MathCad 

programuli garemo moicavs arsebul modulebs, mza funqciebs. 

amitom sxvadasxva meTodebis realizacia ar moiTxovs 

daprogramebis maRali donis enebis codnas da rTuli 

algoriTmebis Sedgenas. SeiZleba iTqvas, rom rogorc LabVIESW-s 

gamoyenebisas MathCad-Si xorcieldeba ,,daprogrameba programis 

Sedgenis gareSe”, rac Zalian mniSvnelovania mkvlevarebisa da 

inJinrebisaTvis [20]. es iZleva saSualebas axali Tanamedrove 

kompiuteruli teqnologiebis moxmarebas eqsperimentul da 

sainJinro saqmianobaSi [21]. herstis meTodi herstis maCveneblis 

gansazRvriT saSualebas iZleva ganvasxvaoT SemTxveviTi mwkrivi  
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ara SemTxveviTisagan im SemTxvevaSic, roca SemTxveviTi mwkrivi 

ar eqvemdebareba noramluri ganawilebis kanons da is 

eqvemdebareba marTvis cnobil kanons [25]. hersti zomavda 

rezervuarSi wylis donis rxevebs. man daamtkica, rom 

SemTxveviTi mwkrivis rxevaTa manZili izrdeba gazomvaTa droiTi 

intervalis gazrdis mixedviT. man aCvena, rom burnebriv 

movlenaTa umravlesoba: temperatura, naleqi, mzis laqebi da 

sxva eqvemdebarebian wanacvlebul SemTxveviT process – e.w 

xmaurian trends, romlisTvisac herstis maCveneblis mniSvneloba 

axasiaTebs trendis simZlavris (determinirebul faqtors) 

fardobas xmauris donesTan (SemTxveviTi faqtori). herstis 

meTods uwodeben normirebuli gaqanebis meTods. xolo herstis 

maCvenebeli ki, H, aCvenebs, ramdenad gansxvavdeba sakvlevi 

droiTi mwkrivi brounis maCveneblisagan [29]. brounis moZraoba 

iTvleba, rogorc SemTxveviTobis maCvenebeli. misTvis herstis 

mudmiva udris 0.5-s. Tu H=0.5 maSin gvaqvs klasikuri brounis 

moZraoba. Tu 0<H<0.5 procesi aris antipersistentuli, roca 

procesis gazrdis tendencia Seicvleba Semcirebis tendenciiT 

(albaTurad). Tu 0.5< H1 – procesi aris persistentuli, roca 

gazrdis tendencia momavalSic ar Seicvlis mimarTulebas 

(albaTurad). am SemTxvevaSi zogjer amboben, rom igi moicavs 

determinirebul mdgenelsac anu ,,trends”. determinirebuli 

procesebisaTvis herstis mudmiva aRemateba 1, rac adasturebs 

marTvis kanonis arsebobas. 

herstis maCveneblis gamoTvla warmoebs Semdegi sqemis 

mixedviT: 

aRvniSnoT { e1, e2, e3,…} droiTi procesis miRebuli 

mniSvnelobebi. 

1. dasawyisSi gamoiTvleba miRebuli monacemebis saSualo 

mniSvneloba  ̅  
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 ̅    ∑               (2.2.1) 

sadac   - aris monacemTa veqtoris    - ri anaTvali;   - dro, 
romelic Seesabameba drois mwkrivis sigrZes, es igivea, rac 

anaTvalTa raodenoba. 

2. gamoiTvleba dagrovil mniSvnelobaTa gadaxra saSualo 

mniSvnelobidan.  ሺ   ሻ  ∑ ሺ    ̅ሻ             (2.2.2) 

3. ganisazRvreba  ሺ   ሻ gaqaneba      ( ሺ   ሻ)      ሺ ሺ   ሻሻ 
4. xdeba miRebuli gaqanebis normireba:        , 
sadac   aris pricesis standartuli gadxra 

5. aigeba         damokidebuleba    ሺ ሻ-sagan.              amiT 

miviRebT herstis mudmivas.  

imisdamixedviT, ras udris herstis parametri, SegviZlia 

vimsjeloT rogori saxis procesTan gvaqvs saqme. unda 

aRvniSnoT, rom rac ufro metia amonarCevis moculoba (droiTi 

intervali) miT ufro damajerebeli Sedegebi miiReba. 

mTeli cxovreba hersti muSaobda raTa gamoekvlia “nilosi” 

da amoexsna amocana, romelic dakavSirebuli iyo wylis 

resursebis SegrovebasTan. man miakvlia axal statistikur 

meTods “normirebuli gaqanebis meTods” (meTodi R/S). SesavalSi 

am meTods ganvixilavT rogorc ɨз.Альберт-is magaliTi, moyvanili 

herstis mier. 22 naxazze mocemulia danaleqis gazomva wliuri 

Cadinebisas rogorc drois funqcia. 
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nax.22 (t) – wliuri wylis Camonadenis damokidebuleba drois 

(wlebis) mixedviT. wyvetili xazi – Cadinebis dagrovili mniSvnelobis 

gadaxris damokidebuleba droze   

amocana mdgomareobs imaSi, rom moiZebnos optimaluri 

moculobis rezervuari zRvidan wylis nakadis gasazomad. 

optimaluria is rezervuari, romelic arasdros ar gadaivseba da 

ar daicleba. yoveli wlis ganmavlobaSi t aseTi rezervuari 

iRebs Senakadebs zRvidan (t), im dros rodesac regulirebuli 

wylis moculoba (nakadi) <, eSveba wylis sacavidan. ramdeni 

wyali unda inaxebodes wylis sacavSi, rom yovel wels sacavidan 

SesaZlebeli iyos wylis moculobis daSveba.  wliuri saSualo 

dinebis dros udris 

∑    ۧۦ ሺ ሻ 
    

es saSualod unda uTanabrdebodes moculobas 

yovelwliurad daSvebuls rezervuaridan. vTqvaT X(t) aris 

Cadinebis dagrovili gadaxra (t) saSualo <_dan. 
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 ሺ   ሻ  ∑{ሺ ሻ   } 
    

es mrudi gamosaxulia nax.2.2.1-ze. gansxvavebas maqsimaluri 

da minimaluri dagrovebis dinebisas X-s davarqvaT R gaqaneba. es 

sidide tolia im tevadobis, romelic aucilebelia Cadinebis 

saSualo mniSvnelobis SesanarCuneblad arCeul periodSi. ufro 

didi rezervuarisTvis, romelic arasdros ar gadaivseba da ar 

daicleba bolomde, R warmoadgens gansxvavebas maqsimalur da 

minimalur wylis xarisxs Soris rezervuarSi. R gamoiTvleba 

formuliT:  ሺ ሻ      ሺ   ሻ      ሺ   ሻ 
sadac t diskretuli droa aRebuli ricxvis mTliani 

mniSvnelbisaTvis, xolo  gansaxilveli periodis xangrZlioba. 

am sidideebis gansazRvra mocemulia 23 naxazze. 

 

 

 

 

 

 

 

 

 

 

nax.23 (t) modinebis da saSualo Cadinebis < da R gaqanebis 

damokidebulebis asaxva. 
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cxadia, rom gaqaneba damokidebulia gansaxilvel droze , 
da Cven velodebiT rom R gazrdis -s. 

hersti ikvlevda mraval bunebriv procesebs, rogoricaa 

mdinaris dineba, Slamis gadatana da xis rgolebis zrda. 

amisTvis is iyenebda uganzomilebo damokidebulebas R/S, sadac S 

standartuli gadaxraa, e.i kvadratuli fesvi dispersiidan. am 

uganzomilebo damokidebulebis gamoyenebiT SesaZlebelia 

gaqaneba gavutoloT sxvadasxva gamovlinebas. 

standartuli gadaxra SesaZlebelia Sefasdes dakvirvebiT 

  (  ∑{{ሺ ሻ    } } 
   )  ⁄  

hesrtma aRmoaCina da eqsperimentulad daamtkica, rom R/S 

normirebuli gaqaneba aRiwereba empiriuli TanafardobiT, 

romelic izrdeba dakvirvebis dagrovili drois gazrdasTan 

erTad; kerZod     ቀ  ቁ  
sadac R/S – aris dakvirvebis Sedegad miRebuli 

normirebuli gaqaneba,  - aris procesze dakvirvebis dro, 

romelic unda iyos Zalian didi mniSvnelobis. xolo H  xarisxi 

– aris herstis parametri. am dros H parametri gamiTvleba 

tangensis kuTxiT, romelic Seqmnilia     ሺ  ሻ da     ሺ  ሻ wrfeebs 
Soris. 

herstma aRmoaCina, rom droiTi mwkrivebis umetesobisTvis  

maCvenebeli simetriulad ganawilebulia saSualo mniSvnelobis 

0.73 garSemo, standartuli gadaxriT, romelic miaxloebiT udris 

0.09-s. 
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amJamad Znelia CamovTvaloT yvela is literatura, sadac 

saubaria  herstis empiriuli kanonis gamoyenebaze da e.w (R/S) 

normirebuli gaqanebis meTodze. magaliTisaTvis SeiZleba 

moviyvanoT e.naimanis statia [27], sadac xdeba efeqturi bazris da 

fraqtaluri bazris hipoTezebis Semowmeba. Catarebulma kvlevam 

da angariSebma aCvenes, rom sabazro movlenebi da maTi 

ekonomikuri indikatorebi ar arian mTlianad SemTxveviTi, isini 

miekuTvnebian determinirebuli qaosis klasis procesebs herstis 

parametris mniSvnelobiT. [54] statiaSi SemoTavazebulia 

algoriTmi, romelic afasebs herstis maCvenebels ufro zustad. 

statia  miZRvnilia procesebis klasifikaciis problemas da 

avtorebi akeTeben daskvnas procesis droiTi mwkrivis 

sawinaswarmetyvelo intervalis povnis Sesaxeb. isini ganixilaven 

yoveldRiuri valutis kursis USD/DM qcevas 1994-1996 wlebis 

periodSi. aRmoCnda, rom prognozireba SeiZleba gakeTdes 10 dRis 

intervalisaTvis. [f] eZRvneba fasian qaRaldebSi Senatanis riskis 

Semcirebas (R/S) analizis safuZvelze. arsebuli literaturis 

ganxilvis safuZvelze SeiZleba davaskvnaT, rom herstis 

empiriuli kanoni dRevandelobaSi srulyofilad aris 

misadagebuli ekonomikur da finansur sferoebs, amitomac 

mizanSewonilad migvaCnia gamovikvlioT Tanamedrove da 

realobidan aRebuli sxva saxis procesebi herstis empiriuli 

kanonis mixedviT. 

2.3 herstis kanonis eqsperimentuli kvleva 

MathCad programul garemoSi 

Cven CavatareT herstis empiriuli kanonis maCveneblis 

gansazRvra sxvadasxva procesebisTvis: seismogramisaTvis, 

(garkveuli monakveTis), kardiriTmis sixSiris cvlilebisTvis (24 

saaTis ganmavlobaSi) da amindis temperaturis cvlilebis 

anaTvlebisTvis. 
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zemod moyvanili herstis meTodis mixedviT CavatareT 

gamoTvlebi geofizikis institutis mier mocemul seismogramis 

2000 anaTvalze da miviReT Semdegi Sedegi: 

 

 

 

 

 

 

 

nax.24 seismogramiT miRebul anaTvalTa droze damokidebulebis 

grafiki. 

am naxazze mocemulia seismogramiT miRebul anaTvalTa 

grafiki. zemod aRweril herstis parametris gansazRvris 

meTodikis mixedviT, miviReT dagrovil mniSvnelobaTa gadaxra, 

sadac mean aris A veqtoris maTematikuri lodini. 

  ሺ   ሻ – aris  dagrovil mniSvnelobaTa gadaxra saSualo 

mniSvnelobidan.  ሺ   ሻ funqcia vaqcieT veqtorad, ganvsazRvreT gaqaneba da 

normirebuli misi mniSvneloba R. 
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k1 0
rows A 1( )

2
1 A1

k1
A

k1


length A1( ) 1 10
3 t1 0 rows A1( )

mean A1( ) 11.864 1 rows A1( )
X1 t1 1 ( )

1

t1

u

A1
u

mean A1( ) 


 i2 0
rows A 1( )

2
1

X1
i2

X1 i2 1 ( )

maxX1( ) 1.079 10
4 min X1( ) 1.807 10

4
S1 stdev A1( )
R1

maxX1( ) min X1( )
S1

 R1 287.546

H1
log R1( )

log 1( )
 H1 0.82

 

 

 

 

 

radgan H-is mniSvneloba =0.749-s es niSnavs, rom procesi 

aris persistentuli da momavalSi SegviZlia 

viwinaswarmetyveloT, rom process momavalSi eqneba msgavsi saxe. 

analogiuri gamoTvlebi CavatareT aRniSnuli monakveTis 

sxvadasxva mniSvnelobebisTvis da miviReT Semdegi Sedegebi: 

 

 

 

 

 

 

 

 

 

 

 

 

 

S stdev A1( )

R
maxX1( ) min X1( )

S


R 296.859

H
log R( )

log ( )
 H 0.749
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k2 0 floor
rows A 1( )

4

  1 A2
k2

A
k2


rows A2( ) 500

length A2( ) 500 t2 0 rows A2( ) floor
rows A 1( )

4

  500
mean A2( ) 31.624 2 rows A2( )

X2 t2 2 ( )

1

t2

u

A2
u

mean A2( ) 


 i3 0 floor
rows A 1( )

4

  1 X2
i3

X2 i3 2 ( )

maxX2( ) 5.462 10
3 min X2( ) 5.291 10

3 S2 stdev A2( )

R2
maxX2( ) min X2( )

S2
 R2 155.242

H2
log R2( )

log 2( )
 H2 0.812

k3 0 floor
rows A 1( )

8

  1 A3
k3

A
k3

 rows A3( ) 250

length A3( ) 250 t3 0 rows A3( )
mean A3( ) 51.7 3 rows A3( )

X3 t3 3 ( )

1

t3

u

A3
u

mean A3( ) 


 i4 0 floor
rows A 1( )

8

  1 X3
i4

X3 i4 3 ( )

maxX3( ) 180.7 min X3( ) 7.681 10
3 S3 stdev A( )

R3
maxX3( ) min X3( )

S3
 R3 69.36

H3
log R3( )

log 3( )
 H3 0.768

k4 0 floor
rows A 1( )

6

  1 A4
k4

A
k4


rows A4( ) 333

length A4( ) 333 t4 0 rows A4( ) mean A4( ) 33.883

X4 t4 4 ( )

1

t4

u

A4
u

mean A4( ) 


 4 rows A4( )

i5 0 floor
rows A 1( )

6

  1 X4
i5

X4 i5 4 ( )
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maxX4( ) 4.87 10
3 min X4( ) 5.56 10

3

S4 stdev A( ) R4
maxX4( ) min X4( )

S4
 R4 92.016

H4
log R4( )

log 4( )
 H4 0.779

k5 0 floor
rows A 1( )

3

  1 A5
k5

A
k5


rows A5( ) 666

length A5( ) 666 t5 0 rows A5( ) mean A5( ) 0.236

5 rows A5( ) X5 t5 5 ( )

1

t5

u

A5
u

mean A5( ) 




i6 0 floor
rows A 1( )

3

  1 X5
i6

X5 i6 5 ( )

maxX5( ) 1.707 10
4 min X5( ) 2.401 10

3 S5 stdev A( )

R5
maxX5( ) min X5( )

S5
 R5 171.745

H5
log R5( )

log 5( )


k6 0 floor
rows A 1( )

5

  1 A6
k6

A
k6

 rows A6( ) 400

length A6( ) 400 t6 0 rows A6( ) mean A6( ) 22.273

6 rows A6( ) X6 t6 6 ( )

1

t6

u

A6
u

mean A6( ) 




i7 0 floor
rows A 1( )

5

  1 X6
i7

X6 i7 6 ( )

maxX6( ) 7.948 10
3 min X6( ) 4.269 10

3 S6 stdev A( )

H5 0.792
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R6
maxX6( ) min X6( )

S6
 R6 107.78

H6
log R6( )

log 6( )
 H6 0.781

k7 0 floor
rows A 1( )

7

  1 A7
k7

A
k7

 rows A7( ) 285

length A7( ) 285 t7 0 rows A7( ) mean A7( ) 49.221

7 rows A7( ) X7 t7 7 ( )

1

t7

u

A7
u

mean A7( ) 




i8 0 floor
rows A 1( )

7

  1 X7
i8

X7 i8 7 ( )

maxX7( ) 880.968 min X7( ) 7.385 10
3 S7 stdev A( )

R7
maxX7( ) min X7( )

S7
 R7 72.929

H7
log R7( )

log 7( )
 H7 0.759

RHa log

R

R1

R2

R3

R4

R5

R6

R7
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imisaTvis rom migveRo ufro dazustebuli damokidebuleba 

gaqanebasa da dakvirvebis drois Soris gamoviyeneT umcires 

kvadratTa meTodi. 
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n 0 8 x
n

2.398
3.301 2.398( ) n

8


line T( ) RHa [ ]
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davuSvaT rom maaproqsimebeli funqcia aris wrfivi. MathCad 

programaSi mza funqciis safuZvelze ganvsazRvreT am funqciis 

parametrebi. unda aRvniSnoT, rom monacemebi RHa da T-Tvis 

miRebulia galogariTmebis Sedegad. 

 

 

 

 

 

 

 

 

nax.25 maqsimaluri gaqanebis normirebuli mniSvnelobis log 
(logariTmis) RHa eqsperimentulad miRebul mniSvnelobaTa 

damokidebuleba Sesabamisi  drois logariTmis mniSvnelobebze, 
mocemuli wertilebis saxiT. y Seesabameba wrfes miRebuls umcires 

kvadratTa meTodis safuZvelze. 

msgavsi gamoTvlebi CavatareT kardioriTmis sixSiris 

anaTvlebze, romelic mogvawoda me-9 saavadmyofosTan arsebulma 

gulis kardiologiurma klinikam da miviReT Semdegi Sedegebi: 

 

 

 

 

 

 

nax.26 kardioriTmis sixSiris damokidebuleba droze 
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k 0 rows A 1( )

i 0 rows A( ) 1rows A( ) 366

k 0 rows A( ) 1

length A( ) 366 t 0 rows A( )

mean A( ) 20.806  rows A( )

X t  ( )

1

t

u

A
u

mean A( ) 


 i1 0 rows A( ) 1

X rows A( ) 1  ( ) 8.806 X
i1

X i1  ( )
maxX( ) 452.451

min X( ) 721.765
S stdev A( )

R
max X( ) min X( )

S
 R 145.664

H
log R( )

log ( )
 H 0.844
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am naxazze miRebulia kardioriTmis sixSiris 

damokidebuleba droze. am SemTxvevaSic gamovTvaleT herstis 

parametris mniSvneloba H=0.795 

Sesabamisi gamoTvlebi CavatareT amindis temperaturis 

cvalebadobis monacemebze, rogorc realuri aseve damaxinjebuli 

(anomaluri) anaTvlebisaTvis da miviReT Semdegi Sedegebi: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.27 amindis temperaturis realuri cvalebadobis monacemebis droze 
damokidebulebis grafiki 
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k 0 rows A 1( ) i 0 rows A( ) 1
rows A( ) 366

k 0 rows A( ) 1
length A( ) 366 t 0 rows A( )
mean A( ) 4.822  rows A( )

X t  ( )

1

t

u

A
u

mean A( ) 




i1 0 rows A( ) 1
X rows A( ) 1  ( ) 7.178 X

i1
X i1  ( )

maxX( ) 110.205 min X( ) 274.781
S stdev A( )

R
max X( ) min X( )

S
 R 17.672

H
log R( )

log ( )
 H 0.487

0 100 200 300 400
40
20

0

20

40

Ai1

i1

ganvixileT agreTve amindis anomaluri temperaturis 

cvalebadobis monacemebi, romelic asaxulia nax.28-ze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.28 amindis temperaturis anomaluri cvalebadobis monacemebis 

droze damokidebulebis grafiki. 

nax.27-ze da nax.28-ze Cans, rom nax.28 asaxavs SemTxveviT 

process determinirebuli mdgenelis gareSe, rac aisaxa (H) 
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herstis parametris mniSvnelobaze: Tu nax.27-ze mocemuli 

procesisTvis H=0.844 da is miekuTvneba persistentul process. 

nax.28-ze naCvenebi procesisTvis ki H=0.487, rac cxadyofs, rom is 

aris antipersistentuli xasiaTis.  

daskvna: 1. rogorc seismogramisaTvis (garkveuli monakveTis), 

kardiriTmis sixSiris cvlilebisTvis (24 saaTis ganmavlobaSi) 

da aseve amindis temperaturis cvlilebis anaTvlebisTvis, saqme 

gvaqvs persistentul procesTan, vinaidan H0.5 es migviTiTebs 
imaze, rom SeiZleba viwinaswarmetyveloT signali momavalSic 

SeinarCunebs miRebul tendencias. iq sadac signals hqonda 

zrdadobis xasiaTi, is axlo momavalSic SeinarCunebs, xolo iq, 

sadac mcirdeboda momavalSic unda movelodoT Semcirebas. 

2. ganxiluli procesebi ar miekuTvnebian mTlianad 

SemTxveviT procesebs, romlis klasikuri magaliTia, mcire 

nawilakebis brounis moZraoba. (H=0.5) am dros SemTxveviTobas 

erTvis determinirebuli mdgenelic. ganxiluli signalebi 

SeiZleba mivakuTvnoT qaosurad determinirebul an fraqtalur 

procesebs, romlebsac gaaCniaT rogorc SemTxveviTi, aseve 

determinirebuli signalebis Tvisebebi.     

3. procesi romelic warmodgenilia nax.28-ze miekuTvneba 

antipersistentul procesebs, romelic mTlianad aris 

stoqastikuri xasiaTis. herstis parametri H misTvis iRebs 

mniSvnelobas, romelic naklebia 0.5 mniSvnelobaze, kerZod 

H=0.487.             

2.4. II Tavis daskvnebi 

1. teqnikuri obieqtebis diagnostirebisa da marTvis mizniT 

iyeneben am obieqtebis dinamikis aRsawerad droiT mwkrivebs, 

romlis meSveobiT fiqsirdebian makontrirebeli parametrebis 

cvlilebebi. meTodebs, romlebic orientirebulia droiTi 

mwkrivebis kvlevaze kompiuteruli teqnologiebis safuZvelze, 
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miekuTvneba herstis empiriuli kanoni. es kanoni TavisTavad 

dakavSirebulia qaosis TeoriasTan da fraqtalebTan. 

2. hesrtma aRmoaCina da eqsperimentulad daamtkica, rom “R/S 

normirebuli gaqaneba” aRiwereba empiriuli TanafardobiT, 

romelic izrdeba dakvirvebis dagrovili drois gazrdasTan 

erTad; kerZod     ቀ  ቁ  
sadac R/S – aris dakvirvebis Sedegad mirebuli 

normirebuli gaqaneba,  - aris procesze dakvirvebis dro, 

romelic unda iyos Zlian didi mniSvnelobis. xolo H xarisxi – 

aris herstis parametri. am dros, H parametri gamoiTvleba 

tangensis (tg) kuTxiT, romelic Seqmnilia     ሺ  ሻ da     ሺ  ሻ wrfeebs 
Soris. MathCad programaSi Sedgenilia algoriTmi, romlis 

mixedviT Catarda herstis empiriuli kanonis gaanalizeba rigi 

realuri procesebisTvis.  

3. MathCad programis garemoSi Catarebulma eqsperimentebma 

aCvena, rom rogorc seismogramisaTvis (garkveuli monakveTis) 

H=0.749, kardiriTmis sixSiris cvlilebisTvis (24 saaTis 

ganmavlobaSi) H=0.795 da aseve amindis temperaturis cvlilebis 

anaTvlebisTvis H=0.844, saqme gvaqvs persistentul procesTan, 

vinaidan H0,5. es migviTiTebs imaze, rom SeiZleba 

viwinaswarmetyveloT, rom signali momavalSic SeinarCunebs 

miRebul tendencias: iq, sadac signals hqonda zrdadobis 

xasiaTi, is axlo momavalSic SeinarCunebs zrdadobas, xolo iq, 

sadac mcirdeboda, momavalSic unda movelodoT Semcirebas. 

4. ganxiluli procesebi ar miekuTvnebian mTlianad 

SemTxveviT procesebs, romlis klasikuri magaliTia, mcire 

nawilakebis brounis moZraoba (H=0.5). moyvanil procesebSi 

SemTxveviTobas erTvis determinirebuli mdgenelic. ganxiluli 
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signalebi SeiZleba mivakuTvnoT qaosurad_determinirebul an 

fraqtalur procesebs, romlebsac gaaCniaT rogorc SemTxveviTi, 

aseve determinirebuli signalebis Tvisebebi. 

5. ganxilulia procesi, romelic aris mTlianad SemTxveviTi 

da Seesabameba amindis temperaturis anomalur cvlilebas. am 

SemTxvevaSi herstis parametri H=0.487, procesi aris 

antipersistentuli. es Sedegi kidev erTxel adasturebs herstis 

empiriuli kanonis mixedviT realuri procesebis klasifikaciis 

SesaZleblobas antipersistentul da persistentul procesebad.   
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Tavi III. droebiTi mwkrivebis modelireba sxvadasxva 

donis SemTxveviTobiT. signalebis droiT-sixSiruli 

warmodgena (analizi) 

3.1 maTematikuri modelirebis zogadi sakiTxebi. 

adamianis mTeli inteleqtualuri moRvaweoba 

dakavSirebulia mis garSemo arsebuli samyaros modelirebasTan. 

modelirebasTan aris dakavSirebuli nebismieri movlenis 

Zirfesviani Seswavla da kvleva [31]. ganviTarebisa da codnis 

mixedviT, samyaros Sesaxeb Cveni warmodgenebic icvleba. 

mocemuli procesis sqematur an formalur aRweras, rac 

saSualebas iZleva viwinaswarmetyveloT am movlenis ZiriTadi 

kanonzomierebebi da ricxviTi maxasiaTeblebi, modelireba 

ewodeba. 

savsebiT gasagebia, rom droebiTi mwkrivebis modelirebas 

mniSvnelovani adgili ekuTvnis arawrfivi dinamikuri sistemebis 

yofaqcevis kvlevis dros. herstis empiriuli kanonis Seswavlis 

dros dadginda, rom Zalian bevr bunebriv procesebisTvis  

H1/2 da R/S=(/2)1/2       (3.1.1) 

herstma gadawyvita Seemowmebina (3.1) gamosaxulebis siswore 

“monte-karlos meTodi”-s meSveobiT. 

dadginda [33], rom H miiswrafis 0,5-sken Zalian mdored da 

moiTxovs dakvirvebaTa Zalian didi drois ganmavlobaSi 

amonarCevis miRebas [35]. mogvianebiT, mandelbrotma, uolimom [34] 

da robert braunma Seiswavles es procesebi. brouni pirveli 

mixvda, rom mikronawilakebis (mtveris) mouwesrigebel moZraobas 

gaaCnia ara biologiuri buneba, rogorc egonaT manamde, aramed 

fizikuri. yvelaferi eqvemdebareba siTbur fluqtuaciebs. 

nawilakebi imyofebian maradiul moZraobaSi erTmaneTTan 

SemTveviT dajaxebaSi, rac ganpirobebulia maTi Tburi energiiT. 

am moZraobas ewodeba “brounis moZraoba”. mikroskopis 
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saSualebiT SeiZleba danaxul iqnas “brounis nawilakis 

moZraoba”, romelic warmoadgens bijebis anakrefs SemTxveviTi 

mimarTulebiT. brounis moZraobaSi damoukidebelni arian ara 

nawilakis koordinatebi (mdebareoba) sxvadasxva momentebSi, 

aramed nawilakis wanacvlebebi drois sxvadasxva monakveTSi. 

vinerma[39] SemoiRo SemTxveviTi funqcia, romelic aRwers 

brounis moZraobas, romelic eqvemdebareba gausis ganawilebis 

kanons. Tu brounis nawilakis nazrds avRniSnavT X(t)_X(t0) 

gamosaxulebiT nebismier t da t0 drois wyvilisaTvis, maSin is 

miaxloebiT SeiZleba aRiweros gamosaxulebiT [42] 

X(t)-X(t0) t-t0H        tt0   (3.1.2) 

 - warmoadgens gausis procesis SesaZlo mniSvnelobas da 

roca H=1/2 miiReba klasikuri brounis moZraoba. 

am gausis procesis maTematikuri lodini iqneba 0-is toli, 

dispersia ki 1-is toli, Tu SemoviRebT normirebul axal 

cvlads. mandelbrotma [42] SemoiRo axali mcneba: 

“ganzogadoebuli brounis moZraoba”. Tu (3.2.) gamosaxulebaSi 

H=1/2 maCveneblis nacvlad mivaniWebT mas nebismier namdvili 

ricxvis mniSvnelobas intervalidan 0<H<1 miviRebT 

ganzogadoebul brounis moZraobas. 

am ganzogadoebis Sedegi avRniSnoT BH(t), Tu gvaqvs 

klasikuri brounis moZraoba B(t)=B1/2(t) advilad SeiZleba 

damtkicdes [43], rom, Tu wertilis koordinatis aRniSvnas X(t) 

SevcvliT BH(t) miviRebT, rom brounis ganzogadoebul process 

gaaCnia 0-is toli saSualo nazrdi  ۃ  ሺ ሻ    ሺ  ሻۄ          (3.1.3) 

xolo am nazrdis dispersia ki miiRebs Semdegi formulis 

saxes  ሺ    ሻ ሺ ሻ  ]ۃ     ሺ  ሻ] ۄ     ሺ|ሺ    ሻ  |ሻ   |    |      (3.1.4) 
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rogorc vxedavT ganzogadoebuli brounis moZraobisTvis 

drois gazrdiT izrdeba misi dispersia. mandelbrotma daamtkica 

amave dros, rom samarTliania gamosaxuleba: 

 ሺ ሻ ۄሺ ሻ   ۃۄሺ  ሻ  ሺ ሻ   ۃ                    (3.1.5) 

unda avRniSnoT, rom Tu H=1/2-s nazrdis korelacia warsuli 

da momavali mniSvnelobebis udris nuls. es asec unda yofiliyo, 

Tu SemTxveviT process gaaCnia urTierT damoukidebeli 

nazrdebi. magram rodesac H≠1/2-s vRebulobT koʸეlaciis 

mniSvnelobas C(Э)≠0_s nebismier t droisaTvis. es RirsSesaniSnavi 

Tviseba ganzogadoebuli brounis moZraobisa mdgomareobs 

persistentobis da antipersistentobis TvisebaSi. persistentoba 

gaigeba, rogorc tendenciis SenarCuneba. Tu H1/2-ze, maSin 

arsebuli tendencia SenarCundebა; kerZod, Tu am SemTxvevaSi 

nazrdebi iyo dadebiTi raime drois ganmavlobaSi warsulSi, rac 

igivea xdeboda procesis zrda, maSin momavalSic saSualod 

iqneba mosalodneli zrda. maSasadame H1/2-ze procesisTvis 

zrdis tendencia warsulSi niSnavs momavalSic tendencias 

zrdadobisken. es samarTliania didi drois monakveTebisTvis. 

ʹapirispirod, Semcirebis tendencia warsulSi niSnavs 

momavalSic Semcirebis gagrZelebas. SemTxveva H<1/2-ze 

xasiaTdeba antipersistentobiT. am SemTxvevaSi warsulSi 

procesis zrda niSnavs Semcirebas momavalSi, xolo tendencia 

Semcirebisken wasulSi qmnis gazrdas momavalSi. 

herstis meTodis ganxilvisas, Cven miviReT, rom bunebrivi 

procesebi xasiaTdebian persistentobiT drois did masSabSi. 

aseTi procesebis modelirebisaTvis mizanSewonilia gamoviyenoT 

ganzogadoebuli broუnis moZraobis modeli. 
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3.2 ganzogadoebuli brounis moZraobis moderireba. 

ganzogadoebuli brounis moZraobis cneba, rogorc vTqviT, 

pirvelad SemoiRo mandelbrotma [42] X(t) SemTxveviTi funqciis 

ganzogadoebiT (3.1.2) gamosaxulebaSi H=1/2 maCveneblis SecvliT 

nebismieri namdvili ricxviT intervalidan 0<H<1 [42]. 

ganzogadoebis Sedegi man aRniSna BH(t)-Ti. H≠1/2 Seesabameba 

ganzogadoebuli brounis moZraobas, xolo H=1/2-s Sesabameba 

SemTxvevas, roca adgili aqvs mikro nawilakis damoukidebel 

wanacvlebas, anu klasikuri brounis moZraobas. SemTxveva, roca 

H≠1/2 aRwers brounis ganzogadoebuli moZraobis unikalur 

Tvisebas, romelic mdgomareobs miRebuli moZraobis 

persistentobaSi da antipersistentobaSi. es terminebi 

gamoyenebuli iyo Cvens mier herstis kononis ganxilvisas. roca 

H1/2 procesi inarCunebs arsebul tendecias zrdadobis an 

Semcirebis TvalsazrisiT. e.i. Tu procesis nazrdi iyo dadebiTi 

warsulSi garkveuli drois ganmavlobaSi, gazrdis tendecia 

SeunarCundeba momavalSic garkveuli drois ganmavlobaSi 

(albaTurad) da piriqiT, Semcirebisken tendencia SenarCundeba 

momavalSic. SemTxveva H<1/2 xasiaTdeba antipersistentulobiT. am 

dros warsulSi procesis mniSvnelobaTa gazrda niSnavs 

mosalodnel Semcirebas momavalSi (albaTurad).  

  ሺ ሻ     ሺ ሻ      ቀ    ቁ ∫ ሺ    ሻ  ሺ  ሻ
 

                ሺ     ሻ 
imisaTvis, rom ufro Rmad gavigoT brounis moZraobis buneba 

da misi arsi, mizanSewonilia am procesis realizeba ricxviTi 

modelirebis saSualebiT. klasikuri brounis moZraoba miiReba, 

rogorc kerZo SemTxveva H=(1/2). mandelbrotma miiRo formula, 

romlis mixedviT unda moxdes ganzogadoebuli brounis 

moZraobis modelireba. rogorc paragrafSi 3.1 iyo aRniSnuli 
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ganzogadoebuli brounis moZraobis aRsawerad man SemoiRo 

aRniSvna BH(t) da SemogvTavaza formula:   

disertaciis meore TavSi, roca ganixileboda dakvirveba 

droiTi mwkrivebiT aRwera da kvleva realuri procesebisa 

(seismogramisaTvis, (garkveuli monakveTis), kardiriTmis sixSiris 

cvlilebisTvis (24 saaTis ganmavlobaSi) da amindis cvlilebis 

anaTvlebisTvis), davrwmundiT, rom yvela bunebrivi procesi, 

Cvens mier Seswavlili, da herstis mier gamokvleuli, 

xasiaTebidan persistentulobiT droiTi farTo 

intervalobisTvis.  

aqedan daskvna, rom realuri droiTi mwkrivebis (procesebis) 

modelirebisTvis mizanSewonilia gamoyenebul iqnas 

ganzogadoebuli brounis moZraoba. 

mandelbrotis mixedviT Sesabamisi birTvi  ሺ    ሻ SerCeviT 
da igi unda udrides. 

 

 ሺ    ሻ  {ሺ    ሻ    ⁄                                               {ሺ    ሻ    ⁄  ሺ   ሻ    ⁄ }                             (3.2.2) 
 

sadac t da    - aris drois momentebi.  
BH(t) - BH(t-1) aRiwereba gamosaxulebiT:   ሺ ሻ     ሺ   ሻ

     ቀ    ቁ{∑ሺ ሻ    ⁄ ሺ   ሺ   ሻ  ሻ  
   

 ∑ (ሺ   ሻ    ⁄  ሺ ሻ    ⁄ )ሺ   ሺ     ሻ  ሻ ሺ   ሻ
   }               ሺ     ሻ 
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sadac n - aris intervalebis raodenoba,   =in. 

{ i} - aris gausis SemTxveviTi sidide nulis toli saSualo 

mniSvnelobiT da erTis toli saSualo kvadratuli gadaxriT. 

garda amisa, man aRniSna, rom n-is gadideba aucilebelia. 

mizanSewonilia, rom Ч≥8,    Ƚ(x) – aris gama funqcia. M=700, 

Э=1,2,…,M. 

moyvanili gamosaxulebidan Cven vxedavT, rom modelireba am 

SemTxvevaSi dakavSirebulia Zalian did gamoTvlebTan. es 

algoriTmi araekonomiuria, imitom rom moiTxovs yoveli 

mniSvnelobisaTvis wevrTa gamoTvlas. Semdegi paragrafi eZRvneba 

brounis ganzogadoebuli moZraobis modelirebis diskretuli 

variantis realizebas, dafuZnebuls veivlet-gardaqmnis 

gamoyenebaze. 

3.3 ganzogadoebuli brounis moZraobis 

modelireba, dafuZnebuli veivlet-kompiuteruli 

teqnologiebis gamoyenebaze. 

am paragrafSi Cven gTavazobT ganzogadoebuli brounis 

moZraobis modelirebas martivi gziT. modelireba gulisxmobs 

brounis ganzogadoebuli moZraobis Seqmnas antipersistentuli, 

persistentuli da klasikuri brounis moZraobebisTvis, romelic 

iyenebs orTogonalur veivlet_trasformantas da ukugardaqmnas 

modelirebisaTvis. algoriTmebis realizacia xorcieldeba 

MathCad programaSi, sadac mocemulia mza funqciebi da modulebi.  

veivlet-teqnologiebi veivlet-gardaqmna warmoadgens 

Tanamedrove perspeqtiuli informaciis damuSavebis meTods. 

veivlet-analizma daiwyo ganviTareba meoce saukunis oTxmocian 

wlebSi haaris funqciebis gamoyenebiT. daubebma [46] daamuSava 

orTogonaluri veivletebi, romlebic warmoadgenen faaris 

funqciebis Semdgom ganviTarebas. me-20 saukunis bolos 

kompiuteruli maTematikis sistemebSi (MathCad, mathLab, Mathematica) 
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gamoCnda veivletebis gamoyenebis sxvadasxva RirsSesaniSnavi 

SesaZleblobebi. Sedegebma, romlebic iqna miRebuli veivlet-

analizis saSualebiT, sxvadasxva dargSi, ganapiroba am 

mimarTulebisadmi interesis gaZliereba da xeli Seuwyes mis 

mzard ganviTarebas [47]. veivlet analizis meTodebi [50] 

SesaZlebelia gamoyenebul iqnas sxvadasxva bunebis informaciis 

dasamuSaveblad. gansakuTrebuli adgili uWiravs diskretul 

(DWT) veivlet gardaqmnas. MathCad programul garemoSi 

diskretul veivlet-gardaqmnas eTmoba gansakuTrebuli 

mniSvneloba: mocemulia mza funqciebi da modulebi veivlet-

daubebis da sxva veivlet_gardaqmnisaTvis [63]. gavaanalizeT ra 

veivlet_gardaqmnebis unikaluri Tvisebebi da SesaZleblobani, 

gadavwyviteT brounis ganzogadoebuli moZraobis 

modelirebisaTvis Segvedgina martivi algoriTmi, romelic 

iTvaliswinebs veivlet-piramidul agebas. algoriTmi gulisxmobs 

veivlet-transformantis Seqmnas im doneebis raodenobisaTvis, 

romelic Seesabameba orobiT logariTms anaTvalTa mocemuli 

raodenobisaTvis. raodenoba unda iyos toli 2 – mTel xarisxSi 

aRebulis. Cven aviReT 210=1024. SevqmeniT normalurad 

ganawilebuli SemTxveviTi sididis veqtori. unda aRvniSnoT, rom 

SesaZlebelia nebismieri ganawilebis gamoyeneba. magram vinaidan, 

saqme exeboda brounis moZraobas – amitom avirCieT normaluri 

ganawileba. masSatabi (piramidis) done aviReT log(len,2) toli da 

veivlet-gardaqmnis areSi miviReT V – veqtori imisaTvis, rom 

Sedegebi yofiliyo miRebuli drois areSi. gamoviyeneT veivlet-

ukugardaqmna Symmle(8) funqciebis bazaze. 

moyvanilia Sedegebi, algoriTmebi, grafikebi 

ganzogadoebuli brounis moZraobis modelirebisaTvis, roca 

H=0,1; H=0,5; H=0,9. algoriTmis samarTlianoba SevamowmeT brounis 

klasikuri moZraobisaTvis, roca H=0,5 da veivlet-gardaqmnis 

gareSe miRebuli brounis moZraobisaTvis. 
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warmodgenili masala exeba ganzogadoebuli brounis 

moZraobis modelirebas veivlet-gardaqmnis  gameyenebiT; 

realizebuli MAthCad programis garemoSi. modelireba xdeba 

herstis parametris safuZvelze. pirvel SemTxvevaSi davuSvebT, 

rom herstis parametri udris H=0,1. rogorc zemoT iyo 

aRniSnuli es SemTxveva Seesabameba antipersistentuli pricesis 

Seqmnas. roca procesi aris mTlianad SemTxveviTi yoveli 

prognozirebis gareSe. 

H :=0,1      es aris herstis parametric 

sd :=0,5     aris standartuli gadaxra 

len :=1024   es aris drois monakveTi, romeliTac mocemulia 

anaTvlebis raodenoba. maTi ricxviTi mniSvneloba tolia oris 

meaTe xarisxad 

noise := rnorm(len,0,1) es aris erTad-erTi veqtori normalurad 

ganawilebuli sidideebis. 

Semdegi funqcia qmnis aproqsimacias TeTri xmauris 

veivlet_transformantis areSi [47] veivlet_transformanta 

moicavs gardaqmnis i-ur dones, romelic mravldeba standartul 

gadaxraze da mravldeba ሺ  ሻ    . 
              

 

 

 

 

 

 

fBmScalenoise H sd( ) len rows noise( )
numLev log len 2( )
v0 0

v stack v submatrixnoise
len

2
i

 len

2
i 1 1 0 0

 sd 2
i H

1

2







i numLev 1for

v



v fBmScalenoise H sd( )
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V – aris veivlet-gardaqmnis Sedegad miRebuli veqtori. Cven 

gvirCevnia miviRoT gardaqmnis Sedegi droiT areSi da amitom 

viyenebT veivlet_ukugardaqmnas 

 

 

 

 

 

 

 

 

 

 

nax.29 ganzogadoebuli brounis moZraobis signalis 
damokidebuleba rodesac herstis parametri H=0.1 

naxazze mocemulia gardaqmnis Sedegi. vinaidan veivlet-

gardaqmnas am SemTxvevaSi gaaCnia perioduli xasiaTi, ukeTesi 

Sedegebis misaRebad gamoviyenoT anaTvlebi, romlebic miiRebian 

meore periodisTvis [48] 

   

 

 

 

 

 

filter symmlet8( )
w idwt v log rows v( ) 2( ) filter( )
k 0 len 1
kp 1 len 1

0 500 1 10
3

10
5
0

5

10

wk

k

noise rnorm len 4 0 1( )
v fBmScalenoise H sd( ) start 1

mn start lenmx start 1( ) len 1
k mn mx
w idwt v log rows noise( ) 2( ) filter( )
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nax.30 veivlet-ukugardaqmnis Sedegad miRebuli droze 

damokidebulebis grafiki rodesac H=0.1 

aq mocemulia grafiki, romelic asaxavs Wk-s 

damokidebulebas. e.w. hausis - k xmauri miiReba gamosaxulebiT 

            

 

 

 

 

 

 

 

nax.31 “gausis xmauris” droze damokidebulebis grafiki. 

roca H=1/2 ganzogadoebuli brounis moZraoba gardaiqmneba 

klasikur brounis moZraobad. aq naCvenebia algoriTmi veivlet-

gardaqmnis gamoyenebis gareSe. 

 

 

1.5 10
3 2 10

3
10

5
0

5

10

wk

k

wdk 1 wk 1 wk

1.5 10
3 2 10

3
6
4
2
0

2

4

wdk

k

B0 0 sd .01
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nax.32 brounis klasikuri moZraobisTvis miRebuli grafiki 

veivlet_gardaqmnis gareSe, roca H=1/2-s 

 

 

 

 

 

 

 

 

 

k 0 4 len 1Bk 1 Bk sd noisek

Dk 1 Bk 1 Bk mean noise( ) 0.038
i 1 len 1

stdev noise( ) 1.006mn start len

mx start 1( ) len 1k2 mn mx

1.5 10
3 2 10

3
0.9
0.8
0.7
0.6
0.5
0.4

Bk2

k2

H .5 sd .5
new_noise rnorm 4 len 0 1( )
more_noise rnorm 16 len 0 1( )
noise rnorm 4 len 0 1( )
start 2
mn start len
mx start 1( ) len 1
ks mn mx

v fBmScalenew_noiseH sd( )
w idwt v 12 filter( )



95 

 

aqve miviReT suraTi miRebuli veivlet_gardaqmnis 

gamoyenebiT 

 

 

 

 

 

 

nax33 brounis klasikuri moZraobisTvis miRebuli grafiki 

veivlet_gardaqmnis gamoyenebiT, roca H=1/2-s  

rogorc Sedegebma aCvena brounis klasikuri moZraobisTvis 

grafikebi veivlet_gardaqmniT da veivlet_gardaqmnis gareSe 

TiTqmis identuria, aqedan SegviZlia gavakeToT daskvna rom 

ganzogadoebuli brounis moZraobis modelireba mizanSewonilia 

ganxorcieldes veivlet_gardaqmnis gamoyenebiT. 

aqve moviyvanoT MathCad programul garemoSi 

ganzorcielebuli brounis klasikuri moZraobis magaliTi, 

romelic asaxulia fazur sibrtyeze. algoriTmi mocemulia 

rekurentuli anu iteraciuli formulis saxiT da aqvs Semdegi 

saxe: 

1. iteraciebis raodenoba Nn=1000; 

2. wertilebis sawyisi koordinatebi: 00 x 00 y  

3. saSualo kvadratuli gadaxra normaluri ganawilebis 

SemTxvevaSi 1  

4. iteraciuli gamoTvlebi: 

Ni ..1:  

1.5 10
3 2 10

3
0.9
0.8
0.7
0.6
0.5
0.4

Bk2

k2
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: rnorm
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i

i 









 

gamoTvlebis Sedegad miRebuli mniSvnelobebis grafikuli 

gamosaxuleba mocemulia nax.34-ze. 

 

 

 

 

 

 

 

 

nax.34 brounis klasikuri moZraobis modelirebis Sedegad 

miRebuli grafiki fazur sibrtyeze. 

 rodesac H=0.99-s modelirebis Semdeg grafikma miiRo 

Semdegi saxe. 

         

 

 

 

 

 

nax.35 modelirebis Sedegad miRebuli signalis droze 

damokidebulebis grafiki, rodesac H=0.99-s. 

0 500 1 10
3

2 10
3

1 10
3

0

1 10
3

2 10
3
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k
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brounis moZraoba aRniSnuli iqneba fBm-iT. herstis 

parametri H=0.5-s. vinaidan iqmneba klasikur brounis moZraoba. 

standartuli saSualo kvadratuli gadaxra S=0.5-s, len - aris 

brounis, generirebuli, moZraobis arsebobis dro. es mniSvneloba 

aucileblad unda iyos 2-is mTeli xarisxis toli, len=210. noise - 

aris veqtori, romelic moicavs normalurad ganawilebul 

ricxvebs, romlis saSualo mniSvneloba udris 0-s, xolo 

saSualo kvadratuli gadaxra ki erTs. veqtori Sedgeba 210 

wevrisagan. 

modelirebis Sedegad brounis moZraobis koordinatis 

cvlileba asaxulia nax.36-ze. 

 

 

 

 

 

 

 

 

 

nax.36 brounis moZraobis koordinatis cvlileba 

nax.37-ze moyvanilia brounis nawilakis wanacvlebis grafiki 

 

 

 

 

 

 

 

 

 

nax.37 brounisNnawilakis wanacvleba. 

2.5 10
3 3 10

3
100
50
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100

wks

ks
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SemdegSi Cven gamovTvaleT miRebuli funqciis speqtruli 

simZlavre, romelic asaxulia Semdeg naxazze: 

 

 

 

 

 

 

 

 

 

 

 

 

nax.38 brounis moZraobis speqtruli simZlavre. 

P miRebuli simZlavrea, xolo ,  

 

grafiki mocemulia logariTmul masStabSi. 

es monacemebi miekuTvneba, brounis moZraobis modelirebis 

organzomilebian SemTxvevas. 

 

 

 

 

 

 

 

 

Skp 1000000 kp
2

kp 1 len 1

fBmScalenoise H sd( ) len rows noise( )
numLev log len 2( )
v0 0  1

v stack v submatrix noise
len

2
i

 len

2
i 1 1 0 len

2
i

1
 sd 4

i H
1

2







temp stack submatrix noise 0 len

2
i

1 len

2
i

 len

2
i 1 1

 submatrix noise
len

2
i

 len

2
i 1 1 len

2
i

 len

2
i 1 1




v augment v temp sd 4
i H

1

2







i numLev 1for

v



1 10 100 1 10
3

0.01

0.1

1

10

100

1 10
3

1 10
4

1 10
5

1 10
6

1 10
7

Pk2

Sk2

k2
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nax.39 gamosaxuleba, romelic miRebulia intesiobis normirebuli 

mniSvnelobisTvis. 

    aq N – aris gamosaxuleba normirebuli 

mniSvnelobisTvis, roca gamosaxulebis intensioba normirebulia 

256 doniT [0 – 255] intervalSi. 

 

 

 

myRnormrow col mean stdev( ) temp rnorm row col mean stdev( )

M
i 

submatrixtemp i row i 1( ) row 1 0 0[ ]
i 0 col 1for

M



size 128
Noise myRnormsize size 0 1( )
M fBmScaleNoise H sd( )
N idwt M log size 2( ) filter( )

N
255

max N( ) min N( ) N min N( )( )

N N 0 N 0
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N

 

 

 

 

 

 

 

 

 

nax.40 brounis gamosaxuleba intensiobis normirebuli 

mniSvnelobisTvis mocemuli histogramis saxiT.  

 

gamosaxuleba rogorc histogramuli warmodgena. 

 

 

 

 

 

 

 

 

nax.41 gamosaxuleba mocemuli konturebis saxiT 

aq mocemulia gamosaxuleba konturebiT da intensiobis 

doneebis mixedviT. 

min N( ) 0 max N( ) 255

N
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3.4 droiTi mwkrivebis droiT-sixSiruli analizi 

kompiuteruli teqnologiebis safuZvelze 

droiT–sixSiruli analizi gviCvenebs, Tu rogor icvleba 

signalis sixSiruli Semadgenloba drois mixedviT. wavelet, wavelet  

packets da kosinus packets lokalizebuli arian rogorc drois 

aseve sixSiris mixedviT da amiT isini SeiZleba gamoyenebul 

iqnen signalis struqturis aRwerisaTvis droiT-sixSirul areSi. 

qvemoT grafikze x abscisaTa RerZze gadaizomeba dro, xolo 

ordinatTa RerZze ki sixSire. droiT–sixSiruli sibrtye 

dayofili iqneba marTkuTxedebad, romlebic Seesabamebian 

lokalizebul sixSires mocemuli sabazo veqtorisaTvis. 

marTkuTxedis sigrZe x RerZis mimarT Seesabameba veqtoris 

sigrZes. marTkuTxedis sigane y RerZze, Seesabameba veqtoris 

sixSiris gamtarobis zols. yoveli marTkuTxedi inarCunebs 

mudmiv ares, vinaidan sixSiruli zoli signalisa 

ukuproporciulia misi sigrZisa. koeficientebis moduli 

ganisazRvreba nacrisferi doniT yoveli marTkuTxedisaTvis, 

ufro muqi marTkuTxedi aCvenebs ufro maRal energias mocemuli 

droiT-sixSiruli poziciisaTvis. 

droiT sixSiruli analizi veivlet–gardaqmnisaTvis Mathcad 

programul garemoSi xorcieldeba tfPlotFromWPT(w,basis,hsize,vsize) 

funqciis gamoyenebiT. 

w  – veivlet gardaqmnis (transformantis) koeficientebi, 

basis – vevilet an veivlet–paketis bazisuri funqcia, 

hsize – piqselebis raodenoba x – RerZis mimarT, 

vsize – piqselebis raodenoba y – RerZis mimarT. 

qvemoT moyvanilia modelirebuli signali, romelic Seicavs 

ori sinusoidis jams ori sixSirisaTvis, orjer gansxvavebuls. 
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nax.42 modelirebuli signali 

qvemoT moyvanili grafikebi x RerZis mimarT warmoadgenen 

droiT ares, xolo y RerZis mimarT ki warmoadgens sixSires. 

droiT–sixSiruli sibrtye warmodgenilia marTkuTxediT, 

romelic Seesabameba bazisuri veqtoris sigrZes x RerZze, xolo 

y RerZze mis sixSirul zols. Sesabamisi koeficientis moduli 

ganapirobebs yoveli marTkuTxedis nacrisfer dones. ufro Savi 

foni aCvenebs maRal energias droiT–sixSiruli lokalizaciis 

dros. 

 

 

 

 

 

nax.43 bazisuri funqcia QQ

256:N

1..0:  Ni




 


 


 


 


  0,162sin,
8

7

8

5
,322sin,

8

3

8

1
:

N

iN
i

N
if

N

iN
i

N
ifyi 
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43 naxazze bazisur funqciad gamoyenebulia daubeSis 

funqcia 4-is toli koeficientiT: 

  

    

droiT–sixSiruli sibrtye gviCvenebs or gansxvavebul 

maqsimums, romlebic aRiniSneba t RerZze, rac Seexeba sixSirul 

ares, vxedavT ufro cud Sedegs filtraciis TvalsazrisiT. 

amitom SevqmniT veivlet pakets. garda amisa Cven gamoviyenebT 

optimalur baziss, romelic xorcieldeba entropiis funqciis 

gamoyenebiT. am ori Sedegis Sedareba gviCvenebs, rom paketis 

gamoyenebisas miiReba ufro kargi Sedegi droiT–sixSirul areSi, 

vinaidan ufro maRali sixSireebis dros SevZeliT signalis 

mdgenelis Sesabamisi gamoyeneba. 

              

 

                          

  

      

 

 

 

 

 

 

4:J
)4(: daubletfilter 

),,(: filterJydwtw  )1,1),1,(,(: JwavebswWPTtfPlotFromQQ 

QQ

),,(: filterJywptT  yynrm :





 





 22

ln:)(
nrm

x

nrm

x
xentpopy

),(_: entropyTbasisbestbasis 
),(: JbasispgridlotQ 

)1,1,,(: basiswWPTtfplotFromQQ 

Q

),(_: basisTbasisextractw 
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unda aRvniSnoT, rom am saxis signalisaTvis, roca vixilavT 

or sinusoidas kidev ufro kargi Sedegebi miiReba, Tu veivlet 

gardaqmnis nacvlad gamoviyenebT kosinusis gardaqmnas, magram am 

SemTxvevaSi saWiroa gaixsnas calke „fanjara“, romelic 

SezRudavs kosinusis signalis arsebobas usasrulo drois 

ganmavlobaSi. 

 

 

 

 

 

 

 

 

miRebuli Sedegi ufro kargia am kerZo SemTxvevisaTvis, 

vinaidan bazisuri funqcia ukeT Seerwymeba ordonian sinusoidas, 

magram sxva saxis signalisaTvis da gansakuTrebiT „xmaurian“ 

diskretuli signalisaTvis miviReT sapirispiro daskvna. 

brounis moZraoba aRiwereba SemTxveviTi funqciiT, romelic 

eqvemdebareba msgavsobis kanons da warmoadgens fraqtaluri 

obieqtis magaliTs. 

Semdeg etapze Catarda miRebuli brounis moZraobis 

signalis droiT-sixSiruli analizi. 

droiT-sixSiruli analizi aCvenebs rogor icvleba sixSiris 

Semadgenloba drois mixedviT. X – horizontalur RerZze 

gadazomilia dro, xolo vertikalurze ki sixSire. droiT-

sixSiruli are iyofa marTkuTxedebad, romelic Seesabameba 

QQ

),,(: trigJylctT 
),(_: entropyTbasisbestbasis 

),(_: basisTbasisextractw 
),(: JbasispgridplotQ 

)1,1,,(: basiswLCTtfPlotFromQQ 

Q
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lokalizaciis da sixSiris sabazo veqtors. marTkuTxedis sigrZe 

X RerZis mimarT asaxavs veqtoris arsebobis dros, xolo sigane 

Y RerZze Sesabameba veqtoris sixSiris zols. koeficientis 

moduli Seesabameba marTkuTxedis fers, rac ufro muqia 

marTkuTxedis feri, miT ufro maRali energia Seesabameba mas.  

bazisur funqciad gamoyenebuli iyo veivlet funqciis paketi 

da droiT-sixSiruli gadaqmnis funqcia: tPlotFromWPT(w,basis,1,1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.44 brounis moZraobis droiT-sixSiruli warmodgena veivlet 

paketis bazaze. 

miRebuli Sedegebi asaxulia grafikze, magram 

TvalsaCinoebis mizniT iZulebulebi viyaviT, rom warmogvedgina 

inversiuli gamosaxuleba 255-wpt., sadac 255 aris signalis 

maqsimaluri intensioba. am SemTxvevaSi maqsimaluri simZlavris 

are (marTkuTxedi) mocemulia ara Savi marTkuTxediT, aramed 

TeTriT. 

255 QQwpt
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garda amisa miRebulia droiT-sixSiruli warmodgena amave 

signalisaTvis. bazisur funqciad arCeul iqna kosinus gardaqmna. 

am SemTxvevaSi droiT_sixSiruli warmodgena aRiniSneba 

tPlotFromLCT(w,basis,1,1).  

nax.44-ze da nax.45-ze miRebuli grafikebis Sedareba 

cxadyofs energiis ukeTes ganawilebaze kosinus gardaqmnis 

gamoyenebis SemTxvevaSi, magram Tu gaviTvaliswinebT signalis 

SekumSvas, maSin upiratesobas mianiWeben veivlet paketis 

gamoyenebas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.45 brounis moZraobis droiT-sixSiruli warmodgena kosinus 

paketis bazaze. 

yvela kompiuteruli eqsperimentebi da angariSebi 

realizebulia MathCad programul garemoSi. MathCad programaSi 

mza funqciebis da modulebis arsebobis gamo rogorc 

modelireba, aseve droiT-sixSiruli warmodgena xasiaTdeba 

realizaciis simartiviT da Sedegebis TvalsaCinoebiT. 

255 QQlct
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3.5 III Tavis daskvnebi 

Catarebuli kvlevis safuZvlze SeiZleba davaskvnaT: 

1. drooTi mwkrivebis SemTxveviTobis donis Sesafaseblad 

mizanSewonilia gamoyenebuli iqnas brounis moZraobis e.w 

ganzogadoebuli modeli, romlis qvakuTxeds warmoadgens 

brounis klasikuri moZraoba, romelic Seesabameba H=1/2 

parametris mniSvnelobas. 

2. brounis moZraobis ganzogadoebuli modeli SemoiRo 

mandelbrotma da ganaxorciela modelireba. man gansazRvra 

brounis ganzogadoebuli moZraobis unikaluri Tviseba, romelic 

mdgomareobs miRebuli moZraobis persistentobaSi da 

antipersistentobaSi. rac Seexeba dakvirvebaTa droiT mwkrivebs, 

eqsperimentebis Sedegad dadginda, rom umetesi sabunebismetyvelo 

procesebi atareben persistentul xasiaTs. 

3. rogoc analizma gviCvena, modelireba dakavSirebulia bevr 

sirTuleebTan, Teoriuli da praqtikuli xasiaTis. amitom Cven 

vTavazobT ganzogadoebuli brounis moZraobis models, romelic 

dafunZvnebulia veivlet orTogonaluri funqciebis gamoyenebaze. 

SemoTavazebuli algoriTmis mixedviT advilad miRebulia 

brounis moZraobis ganzogadoebuli modeli SemTxveviTobis 

yvela donisaTvis H=0.1; H=0.5; H=0.99 MathCad programul garemoSi.      

algoriTmis siswore Semowmebulia Cveulebriv klasikur 

algoriTmTan, roca H=0,5. romelic ar iyenebs veilvet-funqciebs 

da warmoadgens iteraciul normalur process nawilakis 

wanacvlebisTvis. miRebulia agreTve speqtruli simZlavre. 

4. SemoTavazebulia kidev erTi meTodi drois mwkrivebis 

droiT-sixSiruli analizisa, romelic dafuZvnebulia veivlet 

funqciebis paketis gamoyenebaze. droiT sixSiruli warmodgena 

iZleva saSualebas sakvlevi signalis ufro detalur da 
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TvalsaCino gaanalizebisa. Catarebulia Sedareba kosinus bazuri 

funqciiT droiT-sixSirul warmodgenasTan. 

miRebuli  grafikebis Sedareba cxadyofs signalis energiis 

ukeTes ganawilebas kosinus gardaqmnis gamoyenebis SemTxvevaSi. 

magram, Tu gaviTvaliswinebT, rom kosinus gardaqmna moiTxovs 

“fanjris’’ SemoRebas da sxva sirTuleebs, SeiZleba upiratesoba 

mieniWos veivlet-paketis gamoyenebas. 
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Tavi IV. fraqtaluri teqnologiebi dinamikuri 

sistemebis da droiTi mwkrivebis kvlevis dros. 

4.1 zogadi cnebebi fraqtalebis Sesaxeb. 

fraqtalis da fraqtaluri geometriis cnebebi SemoiRes 

meoce saukunis 70-80 wlebSi da popularuli gaxda 

maTematikosebis, programistebis da inJinrebis sferoSi. sityva 

fraqtali warmoiSva laTinuri sityva fructus, romelic niSnavs 

fragmentebisagan Semdgars, es dasaxeleba SemoiRo benua 

mandelbrotma 1975 wels. fraqtaluri geometriis dabadeba 

dakavSirebulia 1977 wels mandelbrotis wignis gamosvlasTan 

“The Fractal Geometry of nature” [30]. fraqtaluri geometria - es aris 

determinirebuli qaosis Teoriis umniSvnelovanesi nawili. 

miuxedavad imisa, rom mecnierTa didi nawili (puankare, Julia, 

kantori, hausdorfi da sxvebi) muSaobdnen fraqtalebis Teoriis 

daxvewaze da ganviTarebaze, mxolod bolo oc wleulSi gaxda 

SesaZlebeli maTi namuSevrebis gaerTianeba erT sistemaSi, 

romelmac farTo gamoyeneba hpova kompiuteruli teqnologiebis  

yvela dargSi damkvidrebis Semdeg. 

fraqtalebis klasifikacia SeiZleba daiyos geometriul, 

algebrul da stoqastikur fraqtalebad. 

fraqtalebis gamoyeneba udidesia. magaliTad, geometriuli 

fraqtalebi gamoiyenebian xeebis, buCqebis, sanapiro zolebis 

misaRebad, sxvadasxva saxis gamosaxulebaTa generirebisaTvis. 

mecnierebaSi da teqnikaSi, magaliTad, siTxeebSi turbulenturi 

da dinamikuri movlenebis warmosadgenad, navTobqimiaSi, 

biologiaSi, gamosaxulebaTa SekumSvisaTvis, fraqtaluri 

antenebis mowyobilobebSi, kavSirebis qselebis analizisaTvis da 

sxva. fraqtals gaaCnia ori RirsSesaniSnavi Tviseba: msgavseba da 

wiladuri ganzomileba. 
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disertaciis pirvel TavSi Cven gvqonda saubari imis Sesaxeb, 

rom dinamikuri qaosis sistemebSi determinirebul gantolebebs 

mimvyevarT qaosur amonaxsnamde. qaosuri im TvalsazrisiT, rom 

maTSi dasawyisSi Zalian axlos mdebare traeqtorebi 

eqsonencialurad gaSordebian erTmaneTs da iqmneba 

aramdgradoba. am dros gairkva, rom fraqtalebis daxmarebiT 

SeiZleba aRiweros am traeqtoriebis aseTi yofaqceva. SeiZleba 

iTqvas, rom fraqtalebi arian qaosis geometriuli warmosaxva 

[51]. 

4.2 fraqtaluri ganzomileba. 

4.2.1. fraqtaluri ganzomilebis zogadi gansazRvra da 

fraqtaluri obieqtebis konstruirebis magaliTebi. 

fraqtalebi Cvens garSemo yvelganaa, mTebis aRwerilobaSi, 

zRvis napiris klaknil xazebSi da a.S. zogierTi fraqtalebi 

uwyvetad icvlebian, moZravi Rrublebis an cecxlis cimcimis 

msgavsad, xolo sxvebi inarCuneben struqturas, romelic maT 

SeiZines evoluciis Sedegad, aseTebia: xeebi, Cveni sisxlZrRvTa 

sistema da a.S. SeiZleba gaukvirdeT is, rom aseTi Cveulebrivi 

obieqtebi moeqca Tanamedrove mecnierebis kvlevis fokusSi, 

Cveulebrivoba ar niSnavs imas, rom mecnierebs SeuZliaT maTi 

axsna. bevri fraqtali CvenTvis cnobilia, magram bolo dromde 

CvenSi samyaros mecnierul warmodgenaSi maT ar hqondaT adgili. 

es warmodgena modis galileo galileidan. misi gagebiT 

samyaros aRwerisaTvis saWiroa gamoviyenoT iseTi maTematikuri 

obieqtebi, rogoricaa samkuTxedi, wrewirebi, konusi da sxva 

geometriuli figurebi. maT gareSe adamiani sibneleSi 

moxetiales emsgavseba [55]. 

gavida TiTqmis 350 weli, rom kacobrioba gamosuliyo 

galileis warmodgenebidan – manamde, sanam benua mandelbrotma 

ar daamuSava fraqtalis cneba. 1984 wels is werda: “ratom 

uwodeben xSirad geometrias civs da mSrals? erT-erTi mizezi 



111 

 

mdgomareobs mis unarobaSi aRweros Rrublis, mTebis, xeebis an 

zRvis sanapiros formebi. Rrublebi es ar aris sferoebi, mTebi – 

es ar aris konusebi, zRvis napirebi ar arian wrewirebi, qerqi 

araa gluvi da elva ar vrceldeba sworxazobrivad. buneba 

demonstrirebas gvikeTebs ara maRali xarisxis, aramed sxva 

donis sirTulisas. struqturebSi sxvadasxva sigrZis 

masSatabebis ricxvi usasruloa. am struqturebis arseboba 

gviwvevs Cven, rom SeviswavloT is formebi, romelic evklidem 

ukuagdo, rogorc uformoebi – amorfuli morfologiis 

Seswavlis amocanebi. maTematikosebma ukuagdes es gamowveva da 

airCies bunebisagan, sul ufro da ufro gariyva, iseTi Teoriebis 

gamogoneba, romlebic ar Seesabamebian imas, rasac Cven “vxedavT 

da vgrZnobT” [58]. 

fraqtalis maTematikuri cneba gamoyofs obieqtebs, 

romelTac gaaCniaT sxvadasxva struqturis masStabebi, rogorc 

didi, aseve patara da amrigad, aireklavs organizaciis 

ierarqiul princips. am gansazRvrebaSi Cadebulia sinamdvilis 

erTi mniSvnelovani idealizacia: fraqtaluri obieqtebi TviT 

msgavsia, e.i maTi saxe arsebiTad ar icvleba Tu maT mikroskopSi 

vnaxavT nebismieri gadidebisas an Semcirebisas. miuxedavad 

sinamdvilis aseTi idealizaciisa, is mainc xels uwyobs 

ramdenime rigiT bunebis aRweris maTematikur siRrmes.  

b. mandelbrotis naSromebma didi aRiareba hpoves. man 

aRmoaCina principi, romeliTac moulodnelad warmoiSoba 

TviTmsgavsi struqturebis mTeli samyaro. 

araperioduli moZraobebis aRsawerad, romelic Tavisi 

sirTuliT hgavs SemTxveviT moZraobebs, Cven gamoviyeneT 

terminebi “sakvirveli atraqtorebi”. rodesac atraqtors 

uwodebT qaosurs, Cven vgulisxmobT informaciis kargvas an 

winaswarmetyvelebis unarobas. vuwodebT ra atraqtors 

sakvirvels upirvelesyovlisa gvinda xazi gavusvaT geometriuli 
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struqturebis araCveulebrivobas, romelzedac fazur sivrceSi 

gadis traeqtoria. 

dinamikuri reJimi SeiZleba davaxasiaToT furies analizis 

saSualebiT. furies analizi ar iZleva saSualebas ganvasxvavoT 

erTmaneTisagan determinirebuli qaosi da TeTri xmauri. TeTri 

xmauris qveS Cven gvesmis (determinirebuli qaosisasgan 

gansxvavebiT) qaosuri reJimi, romlis safuZvelia Zalian didi 

damoukidebeli modebis an Tavisuflebis xarisxis ricxvi. am 

SemTxvevaSi puankares asaxvis meTodiT fazuri traeqtoriebis 

gamokvlevas aqvs sakmaod didi upiratesoba. miiReba mxolod 

Tvisobrivi informacia. amis garda praqtikaSi asaxva 

SezRudulia samganzomilebiani fazuri sivrciT.  

raodenobrivad qaosuri reJimi SeiZleba Sefasdes Tu 

ganisazRvreba liapunovis udidesi maCvenebeli [54]. rogorc Cven 

avRniSneT, “sakvirveli atraqtorebi” axlos arian Tavisi 

struqturiT kantoris simravlesTan. mosalodnelia, rom 

sakvirveli atraqtoris ganzomileba iqneba wiladuri, amrigad 

ganzomilebis mniSvneloba SeiZleba gamoviyenoT kriteriumad 

martivi atraqtorebis sakvirveli atraqtorebisagan 

gansasxvaveblad. 

Tavis fundamentalur naSromSi d. riuelma da takensma 

termini “sakvirveli atraqtori” Semoitanes imisaTvis, rom xazi 

gaesvaT, erT-erT TvisebaSi – isini ar arian gluvi 

mravalsaxeobebi [52]. 

fraqtaluri ganzomileba mniSvnelovani sakiTxia dinamikuri 

sistemebis ama Tu im atraqtorebis gansazRvrisaTvis. 

mandelbrotma mogvca fraqtalis Semdegi gansazRvreba: 

fraqtali ewodeba simravles, romlis hausdorf-bezikoviCis 

ganzomileba mkacrad metia mis topologiur ganzomilebaze. es 

TavisTavad iTxovs terminebis: simravle, hausdorf-bezikoviCis 
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ganzomileba D da DT topologiuri ganzomilebis gansazRvras, 

romelic yovelTvis mTeli ricxvia. 

SemdegSi mandelbrotma [29] fraqtalis gansazRvra ufro 

Seaviwrova:  

fraqtali ewodeba struqturas, Sedgenils nawilebisagan, 

romlebic garkveuli azriT mTelis msgavsia. dReisaTvis 

fraqtalis yvelsaTvis misaRebi gansazRvreba ar arsebobs. 

centraluri adgili hausdorf-bezikoviCis gansazRvraSi e.i 

fraqtaluri ganzomilebis gansazRvraSi ukavia sivrceSi or 

wertils Soris manZilis cnebas. rogor gaizomos l simravlis 

wertilebs Soris es sidide? yvelaze martivi meTodi gaizomos 

mrudis sigrZe, zedapiris farTi an sxeulis moculoba 

mdgomareobs imaSi, rom daiyos sivrce patara  kubebad. kubebis 
nacvlad SeiZleba aviRoT mcire sferoebi  diametriT. Tu 

movaTavsebT mcire sferos simravlis centris romeliRac 

wertilSi, maSin yvela wertili romelic mdebareobs centridan 

r<(1/2) manZiliT, iqnebian am sferoTi dafaruli. Tu daviTvliT 

sferoebis ricxvs romelic saWiroa simravlis dasafaravad, Cven 

miviRebT simravlis zomis mniSvnelobas. mrudi SeiZleba 

gaizomos, Tu ganvsazRvravT  sigrZis N() raodenobis wrfivi 
monakveTebis ricxvs, aucilebels imisaTvis, rom is daifaros. 

Cveulebrivi mrudisaTvis N()=L0/ , mrudis sigrZe 

ganisazRvreba sruli gadasvliT    ሺ ሻ        →                      (4.2.1) 
zRvarSi 0 SemTxvevaSi L zoma xdeba asimptoturad toli 

mrudis sigrZis da ar aris damokidebuli -ze. wertilebis 

simravles SeiZleba mivuyenoT Sesabamisad farTic. magaliTad, 

mrudis farTi SeiZleba ganisazRvros, Tu mivuTiTebT rgolebis 
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ricxvs, xolo Tu 2 TiToeuli maTganis farTia, maSin mrudis 

farTi tolia     ሺ ሻ         →             (4.2.2) 
analogiurad, mrudis moculoba ganisazRvreba formuliT    ሺ ሻ         →            (4.2.3) 
rasakvirvelia Cveulebrivi mrudeebisaTvis A da V nulis 

toli xdebian 0 SemTxvevaSi. 

 ganvixiloT wertilebis simravle, romlebic qmnian 

zedapirs. aseTi simravleebis normalur zomad gvevlineba A 

farTi da Cven gveqneba:    ሺ ሻ         →           (4.2.4) 
Cveulebrivi zedapirisaTvis kvadratebis ricxvi, aucilebeli 

misi dafarvisaTvis ganisazRvreba zRvarSi, rodesac 0, 

gamosaxulebiT: 

N()=A0/2, sadac A0 – aris zedapiris farTi. zedapirs 

SeiZleba mivuyenoT Sesabamisad moculobaSi, SevqmniT ra kubebis 

moculobebis jams, aucilebels zedapiris dasafaravad:    ሺ ሻ         →             (4.2.5) 
rodesac 0 es moculoba rogorc mosalodnelia xdeba 

nulis toli. 

SeiZleba Tu ara zedapirs mivuyenoT Sesabamisad romelime 

sigrZe? formalurad aseT sigrZed Cven SegviZlia aviRoT:    ሺ ሻ        →               (4.2.6) 
romelic arakrebadia 0 SemTxvevaSi. am Sedegebs aqvs azri, 

vinaidan zedapiri SeuZlebelia daifaros sasruli raodenobis 
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wrfivi monakveTebiT. Cven vaskvniT, rom wertilebis simravlis 

Sinaarsobrivi zoma, romelic samganzomilebian sivrceSi qmnis 

zedapirs, aris farTi. 

ganvixiloT fraqtaluri obieqtis konstruirebis magaliTi: 

koxis (triaduli mrudis) miRebisa. 

nax.46-ze mocemulia Tu rogor unda avagoT triaduli koxis 

mrudi. es mrudi erT-erTi standartuli magaliTia, romelic 

gviCvenebs rom fraqtaluri ganzomileba 1<D<2. 

koxis mrudis ageba daviwyoT erTeulovani sigrZis L(l)=1 

wrfivi monakveTiT. am sawyis elements uwodeben safalies [57]. is 

SeiZleba Seicvalos romeliRac mravalkuTxediT, magaliTad, 

tolgverda samkuTxediT, kvadratiT da a.S. safalie es aris 0-

vani Taobis koxis mrudi (Cvens SemTxvevaSi erTeulovani 

monakveTi). 

koxis mrudis ageba grZeldeba: safalies TiToeuli rgoli 

unda SevcvaloT warmoqmnili elementiT, romelic mocemulia da 

is aRniSnulia n=1. aseTi Secvlis Sedegad Cven miviRebT mrudis 

pirvel Taobas, romlis TiToeulis sigrZe l/3. pirveli Taobis 

mrudis saerTo sigrZe 4/3. imitom, rom 1/3 monakveTebis raodenoba 

udris oTxs. Semdegi Taoba miiReba TiToeuli sworxaza rgolis 

warmomqmneli elementis SemcirebiT. miviRebT meore Taobis 

mruds, romelic Sesdgeba N=42=16 rgolisagan, TiToeuli =3-2=1/9 
sigrZiT. meore Taobis mrudis sigrZe tolia L(1/9)=(4/3)2=16/9. es 

procedura SegviZlia CavataroT n-jer. n Taobis mruds, 

nebismieri n SemTxvevaSi, uwodeben winafraqtals. n-uri Taobis 

winafraqtalis sigrZe gamoiTvleba formuliT 

L()=(4/3)n.                  (4.2.7) 

TiToeuli rgolis sigrZea =3-n. 

n Taobis ricxvi warmovadginoT  
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n=-ln/ln3.                 (4.2.8) 

winafraqtalis sigrZea 

 ሺ ሻ  ሺ  ⁄ ሻ     ቀ    [       ]   ቁ          (4.2.9) 
sadac D=ln4/ln31,262.  

segmentebis ricxvi tolia N()=4n=4-ln/ln3 da SeiZleba Caiweros 

N()= -D 

D - koxis triaduli mrudis fraqtaluri ganzomilebaa. unda 

SevniSnoT, rom koxis mrudis ageba saSualebas gvaZlevs 

nebismieri TaobisaTvis miviRoT sasruli sigrZis normaluri 

mrudi. 

rogorc vnaxeT koxis “mrudis” konstruireba iwyeba martivi 

swore xazis monakveTiT. Semdeg is iyofa sam nawilad da Sua 

erTi mesamedi qmnis samkuTxedis or mxares.  

 

 

 

 

 

 

 

 

 

 

nax.46 koxis “mrudis” konstruirebis magaliTi 
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Next Pts( ) Temp Pts
T

T
1

2

1

3

3
1




New Temp
0 

P0 Temp
j 

P1 Temp
j 1 

Q1
2

3
P0

1

3
P1

Q3
1

3
P0

2

3
P1

Q2 Q1 T Q3 Q1( )
New augment New Q1 ( )
New augment New Q2 ( )
New augment New Q3 ( )
New augment New P1 ( )

j 0 cols Temp( ) 2for

New
T



Cven es gavakeTeT MathCad programaSi Sedgenili 

algoriTmiT. 

iteraciebis raodenoba aris 5. me-5 iteraciis Semdeg miiReba 

45+1=1025 wertilebis raodenoba. es programa iZleva saSualebas 

miviRoT (X,Y) koordinatebi wertilebisTvis, romlebic qmnian 

mruds “koxis fifqisaTvis”. miReba xdeba iteraciebis daxmarebiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

es programuli bloke qmnis “n” iteracias Semdegi 

algoriTmiT. Cvens SemTxvevaSi n=6. 
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Flake n( ) M
0

1

0

0




Mreturn n 0if

M Next M( )
i 1 nfor otherwise

Mreturn



S Flake 6( ) Flake 6( )

 

 

 

 

 

 

 

 

 

 

nax.47 koxis “mrudi”, miRebuli 6 iteraciiT MathCad programiT. 

cxadia, rom miRebuli gamosaxuleba daemTxva nax.46-ze 

miRebul gamosaxulebas.  

moviyvanoT kidev erTi magaliTi, romelic aigeba 

fraqtaluri ganzomilebiT. es exeba kantoris simravlis miRebas. 

kantoris simravlis konstruirebis magaliTi asaxulia nax.48-ze. 

aviRoT erTeulovani sigrZis monakveTi [0,1]. davyoT is sam 

tol nawilad da amovWraT misi Sua nawili  ቀ     ቁ, intervali. 

yvela darCenili monakveTisaTvis moviqceT aseve. maSin Cven 

miviRebT sigrZis klebad monakveTebis erTobliobas. agebis 

pirvel etapze gvaqvs erTi monakveTi, meoreze ori, mesameze oTxi, 

K-ze gveqneba 2K monakveTi (erTmaneTTan daukavSirebeli), 

TiToeuli sigrZiT 3-K, rodesac K miviRebT wertilebis 

simravles, romlebsac uwodeben kantoris simravles. yvela 

amoWrili monakveTebis jamuri sigrZe tolia erTis: 

.3

1

 

 
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                ∑(  )    ⁄      
 
    

 

 

 

 

 

 

 

 

 

 

 

 

nax.48 kantoris simravlis konstruirebis magaliTi. 

imisaTvis, rom ganvsazRvroT kantoris simravlis 

ganzomileba, ganvsazRvroT -elementis      . yovel etapze Cven 

vinarCunebT 2 monakveTs, romelic aucilebelia, rom daifaros 

koxis simravle  ሺ ሻ     
           ሺ ሻ   ሺ  ⁄ ሻ                          

Tu vimsjelebT miRebuli obieqtis geometriaze, SeiZleba 

iTqvas, rom kantoris simravle aris raRaca rac naklebia 
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intervalze L=1, magram metia vidre wertilis ganzomileba, 

romelic udris nuls. 

unda SevniSnoT [57], rom sul ar aris aucilebeli kantoris 

simravlis agebisas monakveTi daiyos sam nawilad Tanac 

Tanatolebad. kantoris simravle SeiZleba miviRoT Tu davyofT 

monakveTs nebismier ricxvis nawilebad (Т≥3). 

rogorc vnaxeT, arsebobs kantoris simravlis mniSvnelovani 

raodenobrivi maxasiaTebeli – wiladuri ganzomileba, romelic 

miuTiTebs am simravlis siaxloves Sesabamis gluv 

qvemravalsaxeobasTan. arsebobs wiladuri ganzomilebis 

ramdenime ganmarteba. isini dafuZnebulia simravleebis metrikul 

Tvisebebze. sakvirveli atraqtorebisaTvis iyeneben agreTve 

albaTur ganzomilebebs. maT gamoTvlaSi mTavar rols TamaSobs 

sixSire, romelTan erTad tipiuri fazuri traeqtoria ewveva 

atraqtorebis sxvadasxva areebs. Cven ganvixiloT yvelaze Zalian 

gavrcelebuli metrikuli ganzomileba – simravlis tevadoba. 

zogadad, [52] SeiZleba ganvixiloT dinamikuri sistemis n – 

ganzomilebian fazur sivrceSi romeliRac A simravle. davfaroT 

es simravle n – ganzomilebiani kubebiT, romelTa gverdebia , 
iseTnairad, rom es kubebi Seicavdes A simravlis yvela 

wertilebs. vTqvaT, N – aris kubebis minimaluri raodenoba. am 

simravlis dasafaravad ganvixiloT zRvari:  ሺ ሻ        [   ሺ ሻ    ሺ   ሻ]     (4.2.10) 
d(A)=dF sidide warmoadgens metrikul ganzomilebas da 

uwodeben tevadobas an fraqtalur ganzomilebas. literaturaSi 

mas agreTve uwodeben hausdorfis an entropiul ganzomilebas. 

regularuli simravleebisaTvis (magaliTad, evklidis 

samganzomilebiani sivrcis “nawilisaTvis”, zedapirisaTvis an 

wirisaTvis). dF fraqtaluri mTeli ricxvia da Tanxvdeba 

Cveulebriv ganzomilebas. marTlac, mcire -Tvis miviRebT 
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               (4.2.11) 
-gverdiani kubebis ricxvi, aucilebeli romliRac 

moculobis dasafaravad. 3-ganzomilebian sivrceSi is 

proporciulia l/3, zedapiris dafarvisaTvis            da wrfis         . maSasadame, Tu Cven gvaqvs martivi atraqtori, magaliTad 

zRvruli cikli, maSin misi fraqtaluri ganzomileba tolia 

erTis. invariantuli torisaTvis dF=2 da a.S. 

araregularuli simravleebisaTvis, romlebsac aqvs 

masStabur_invariantuli struqtura, fraqtalur ganzomilebas 

aqvs wiladuri saxe. kidev erTxel SevCerdeT amaze dawvrilebiT. 

ganvixiloT serpinskis xaliCa. gvaqvs 

                 
                   
                     

               
aqedan:           ሺ        ⁄ ሻ        ⁄         
amrigad, serpinskis xaliCa es ukve wrfea, romlis 

ganzomileba erTis tolia, magram jer kidev ar aris zedapiri, 

radgan misi ganzomileba 2-is tolia. es aris raRaca wrfesa da 

sibrtyes Soris. yvelaze sakvirveli is aris, rom bunebaSi 

marTlac arseboben obieqtebi, romlebic analogebi arian 

serpinskis xaliCis, im azriT, rom maTi ganzomileba dF erTze 

metia da orze naklebi. 
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nax.49 serpinskis xaliCa 

nax.49-ze mocemulia serpinskis samkuTxedi, rogorc 

naxazidan Cans, imisaTvis rom gadaifaros samkuTxedi, romlis 

sigrZe 1-is tolia, saWiroa sami 1/2½ sigrZis mqone bloki da 1/4 

sigrZis mqone 9 bloki. zogad SemTxvevaSi Ns(1/2)n=3n, sadac Ns(1/2)n  

- 1/2n sigrZis mqone blokebis raodenobaa. ganzomileba ds, S 

simravlisaTvis gamoiTvleba gamosaxulebiT 

 

 

amrigad, serpinskis samkuTxedis ganzomileba ar aris mTeli 

ricxvi, is daaxloebiT 1,58-is tolia.  

4.2.2 fraqtaluri ganzomilebis “praqtikuli” ganmarteba 

Cven gavecaniT ganzomilebis ganmartebas hausdorf-

bezikoviCis cnebiT, magram misi gamoTvla dakavSirebulia rig 

siZneleebTan. amitom praqtikaSi gamoiyeneben ufro xSirad 

“tevadur” ganzomilebas. dauvuSvaT rom  - warmoadgens “R” 

sivrceSi simravles, romelic daifareba kubikebiT, (zomiT ). Tu 

kubikebis raodenobas aRvniSnavT N(), maSin “tevaduri” 

ganzomileba ganisazRvreba 

)2ln(

)3ln(

)2ln(

)3ln(
lim  n

n

nsd



123 

 

            ሺ ሻ  ሺ  ⁄ ሻ           (4.2.12) 
es sidide gviCvenebs, rogor icvleba dafarvis elementebis 

raodenoba, roca icvleba  . 
1) Tu ganvixilavT izolirebul wertils N()=1 da N0 

D0=0. 

2) Tu analizs eqvemdebareba wrfis monakveTi L sigrZis, 

maSin 

N()=L/)-1 D=1 

roca farTobTan gvaqvs saqme, romlis zedapiri udris P-s, 

maSin: 

 ሺ ሻ             
yvela es ganzomileba mocemulia mTeli ricxviT da emTxveva 

topologiur ganzomilebas. rogorc ganvsazRvreT kantoris 

simravlis ganzomileba igi toli iyo 0.63 vinaidan  

              ሺ  ሻ            
praqtikuli SemTxvevebisTvis ufro gamosadegia atraqtoris 

korelaciuri ganzomileba. korelaciuri ganzomilebis 

gamoTvlisaTvis uwyvet traeqtorias warmoadgenen fazur 

sivrceSi Ni wertilebis simravliT. amis Semdeg gamoiTvleba 

manZili wertilTa wyvils Soris Sij.     |     |           (4.2.13) 
korelaciuri funqcia gamoiTvleba 

 ሺ ሻ                    (4.2.13) 
sadac l - (i,j) wyvilTa ricxvi, romlisTvisac Sij<2.  
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ucnauri atraqtorebisTvis es funqcia damokidebulia r–ze 

maCvenebliani kanoniT:        ሺ ሻ                (4.2.14) 
amitom 

            ሺ ሻ              (4.2.15) 

an formuliT; 

 ሺ ሻ        ∑ ∑  ሺ  |     |ሻ        ,      (4.2.16) 

sadac H-iT aris aRniSnuli hevisatis funqcia [] 

 ሺ ሻ  {                  
 

4.3. fraqtaluri ganzomilebis gamoyeneba 

topologiuri qselebis modelebisaTvis. 

4.3.1 topologiuri qselebis zogadi mimoxilva 

ganawilebuli qselebis ganviTarebis arsebuli tendenciebi 

cxadyofs uzarmazari zomis qselebis optimizaciisa da 

modelirebis aucileblobaze [62]. amasTan dakavSirebiT Zalian 

aqtualuri xdeba rTuli sakomunikacio qselebis analizis 

amocanaTa gadawyveta sistemur doneze, detaluri aRweris 

gareSe. amave dros aucilebelia maTi Tაviseburebebis Seswavla, 

romelic ganpirobebulia am qselebis rTuli geometriiT da 

topologiiT [62]. saqme imaSia, rom sainformacio da 

sakomunikacio Tvisebebi ganawilebuli obieqtebis didi 

erTobliobis (ansamblis) Tvisobrivad da raodenobrivad 

gansxvavdebian calkeuli obieqtis analogiur Tvisebebisgan [64]. 

magaliTad, qselis struqturebSi, romlebic moicaven sakvanZo 

sadgurebis simravles, Cndebian sruliad axali Tvisebebi, 
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rogoric arian saimedooba, marSrutebis simravle 

momxmareblisaTvis Setyobinebis miwodebisTvis, aramdgradoba, 

konfliqturoba, sixoxclis unarianoba da sxv. magaliTad, haeris 

Tvisebebi, WurWelSi ganisazRvrebian, rogorc mravali 

molekulis da nawilakis urTiqerTqmedebis Sedegi – 

makroskopiuli Tvisebebi. amavdroulad izolirebuli molekula 

srulad ar iCens am Tvisebebs. magaliTad (wneva, temperatura, 

nakadi). amrigad SeiZleba iTqvas, rom aseTi klasis qselebis 

Tvisebebi ganpirobebulni da damokidebulni xdebian maT 

geometriaze anu topologiaze [61]. am dros am qselebis 

fundamentur maxasiaTebels warmoadgens maTi topologiuri 

ganzomileba D. qselebis Tvisebebi ki warmoadgenen ganzomilebis 

funqcias f(D). Tu gamovTvliT D-s, SesaZlebeli gaxdeba 

raodenobrivad SevadaroT qselebis sistemuri Tvisebebi da 

vipovoT saerTo informaciuli kanonzomierebebi. rTuli qselebi, 

miuxedavad maTi araregulirebuli gare struqturisa, 

xasiaTdebian garkveuli wesrigiT, romelic ganpirobebulia maTi 

zrdis SezRudulobiT [53]. es iZleva saSualebas gamoyenebul 

iqnas am qselebis topologiis ganzomileba, romelic 

dakavSirebulia fraqtalur ganzomilebasTan [62]. am dros 

globalur informaciul qsels Seesabameba SemTxveviTi 

fraqtali. vinaidan qselis mcire nawili msgavsia mTlianisa [54]. 

fiWuri kavSiris qselis topologia qalaqis calkeuli raionisa 

msgavsia mTliani qalaqis qselisa. rogorc mogvianebiT 

ganvixilavT, [53] samuSaoSi SemoRebulia didi qselebis 

modelirebisa da sinTezis meTodika, romelic dafuZnebulia 

kvanZebis simkvrivis funqciis gamoyenebaze. qseluri grafikis 

fraqtaluri xasiaTi aRwerilia [62] da miRebulia fraqtaluri 

procesebis maxasiaTeblebi usadeno qselebSi da miRebuli 

Sedegebis gamoyenebis Sesaxeb am porocesebis marTvis dros.  

Semdegi paragrafis mizans Seadgens fraqtaluri 

ganzomilebis gansazRvra korelaciuri funqciis meSveobiT 
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ganawilebuli obieqtebis didi simravlisaTvis am qselebis 

modelirebis mizniT.  

4.3.2. didi qselebis topologiis fraqtaluri xasiaTi. 

qalaqis sakomunikacio qselebs gaaCniaT fraqtaluri xasiaTi 

[62]. gamokvlevebma [53] aCvena, rom qselebis kvanZebi Tavmoyrilia 

sainformacio nakadis areebSi (momxmarebelTa maRali simkvriviT) 

da gacilebiT iSviaTia areebSi dabali intensiobiT 

(momxmarebelTa dabali simkvriviT). sakomunikacio qselebi 

(satransporto, mobiluri telefonebis, maRaziebis qselebi) 

ganapirobeben qalaqebis ganviTarebas da zrdas, amave dros, 

Zlieri ukukavSiriT. maSasadame qalaqis sakomunikacio qselebi 

SeiZleba davakavSiroT korelaciuri kavSiriT qalaqis quCebis 

da raionebis geografiul geometriasTan [51]. naSromSi 

moyvanilia parizis da kazanis satransporto qselis 

fraqtaluri xasiaTi. N(R)-iT iangariSeboda kvanZebis raodenoba. 

ganlagebuli wrewirebi R radiusiT da kazanis kremlis centriT 

es N(R) mniSvneloba aRmoCnda RDc_sadac Dc-sakomunikacio qselis 

fraqtaluri ganzomilebaa. aRmoCnda agreTve, rom qselis 

kvanZebis raodenobac yazanSi da parizSi aRiwereba msgavsi 

damokidebulebiT. es metyvelebs imis Sesaxeb, rom arsebobs 

saerTo globaluri kanonzomiereba qselebis topologiis mxriv 

msxvil megapolisebSi da maT fundamentur maxasiaTebels 

Seadgens fraqtaluri ganzomileba, Dc. qselis topologiis 

ganzomilebis SemoReba saSualebas iZleva Sedardes, da 

gaanalizdes sxvadasxva qselebi. amave dros, Tu obieqtis 

geometriis fraqtaluri ganzomileba aris Do, maSin imisaTvis rom 

obieqti mTlianad daifaros sakomunikacio qseliT, unda 

Sesruldes Tanafardoba: Dt>Do, sadac Dt aris qselis ganzomileba. 

yazanisTvis fraqtaluri ganzomileba kvanZebis sistemisTvis 

aRmoCnda Dt=1,32. 
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Dt=Do warmoadgens didi qselis topologiis SeTanxmebulobis 

kriteriums obieqtis geometriasTan, sadac ganlagebulia qseli. 

satelekomunikacio qselebi, gulisxmoben momxmareblisTvis 

Setyobinebis misaRebad mraval marSrutebs. es aisaxeba maT 

fraqtalur ganzomilebaze. sinamdvileSi qselis kvanZebi qmnian 

simravles (figura r) 1<Dt<2. rac ufro didia qselis kvanZebis 

simkvrive, miT ufro axlos miuaxlovdeba igi 2-is ganzomilebis 

mniSvnelobas. qselis topologiis ganzomilebis gansazRvra, 

iZleva saSualebas Sefasdes qselis sistemuri Tvisebebi da 

ganisazRvros saerTo sainformacio maxsasiaTeblebi monacemTa 

nakadebisTvis rogorc ganzomilebis funqcia. 

4.3.3. qselis kvanZebis simravlis erTobliobisaTvis 

fraqtaluri ganzomilebis Sefaseba da modelireba. 

obieqtebis ganlagebis da ganawilebis Tvisebebi arsebiTad 

damokidebulni arian maTi ganlagebis geometriaze, maT Soris 

manZilsa da sxva parametrebze. magaliTad, globaluri 

internetis qseli SeiZleba miviCnioT rogorc uzarmazari 

raodenobis ganawilebuli kvanZebis (wertilebis) erToblioba, 

romlebic urTierTqmedebaSi imyofebian kavSirgabmulobis 

arxebis meSvebiT. msgavsi magaliTebia qselebi, fiWuri, 

gadamwodTaA erToblioba da sxva. 

didi erTobliobis sainformacio da komunikaciuri 

(urTierT kavSiruli) obieqtebis Tvisebebi gansxvavebulia 

calkeuli obieqtis Tvisebebisagan. magaliTad, airis Tvisebebi 

moculobaSi fiWur qselSi ganisazRvrebian rogorc molekulaTa 

da nawilakTa koleqtiuri urTierTqmedeba, makroskopiuli 

Tvisebebi. am dros izolirebul nawilaks srulebiT ar gaaCnia 

es makroskopiuli Tvisebebi (magaliTad wneva, temperature, 

difuzia, moculoba). qselebs axasiaTebs saimedooba, marSrutebis 

simravle SetyobinebaTa gadsacemad momxmareblisaTvis. igive 

samarTliania telesakomunikacio sistemebisaTvis. maSasadame 
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sistemis Tvisebebi damokidebulia masSi Semavali elementebis 

geometriaze, ganlagebaze da rogorc ityvian, topologiaze. 

amboben, rom qselebis ZiriTAd maxasiaTebels warmoadgens 

misi topologiuri ganzomileba D. D ganzomileba SeiZleba 

avsaxoT funqciuri damokidebulebiT f(D) Tu gamoiTvleba 

topologiis ganzomileba D, SesaZlebeli gaxdeba raodenobrivad 

SevafasoT eqsperimentulad miRebuli qselis Tvisebebi da 

aRvweroT informaciuli kanonzomierebebi monacemTa nakadis 

moZraobisas. 

qselebis topologiis ganzomileba ver gamoiTvleba 

raodenobrivad Cveulebrivi evklidis ganzomilebiT, romelic 

Rebulobs mxolod mTel ricxvTa mniSvnelobebs. wertili-0; 

wrfe-1; sibrtye-2; moculoba-3. qselis obieqtTa erTobliobis 

ganzomileba ki Rebulobs wiladur mniSvnelobebs. 

cnobilia, rom wiladuri ganzomileba gaaCniaT fraqtalebs. 

fraqtaluri ganzomilebis ricxviTimniSvnelobis gansazRvra 

warmoadgens am samuSaos mizans. 

fraqtalis cneba pirvelad SemoiRo mandelbrotma. mis 

fundamentalur samuSaoSi “fraqtalebi, forma, qaosi da 

ganzomileba”, romelic man gamoiyena TviTmsgavsi geometriuli 

struqturebis aRniSvnisaTvis.  

fraqtalebis ZiriTadi Tvisebaa TviTmsgavseba. gamodis, rom 

fraqtalis mcire nawili moicavs informacias mTliani 

fraqtalis Sesaxeb. mandelbrotma gansazRvra fraqtali rogorc 

struqtura, romelic Sedgeba nawilebisagan, romlebic 

garkveulwilad msgavsni arian mTlianobisa.  

maSasadame fraqtali SeiZleba ganvsazRvroT rogorc 

geometriuli figura, romelSic erTi da igive fragmenti 

meordeba. yoveli masStabis Semcirebisas momdevno etapze 
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fraqtali miiReba. wrfivi kumSvadi asaxvebis procesSi 

informaciuli qselis topologia warmoadgens fraqtals, 

vinaidan misi mcire nawili msgavsia mTlianisa. 

fiWuri kavSiris qselis topologia qalaqis calkeuli 

raionisa msgavsia qalaqis masStabis mTliani qselisa [55]. 

realuri fizikuri procesebis uzarmazar raodenobas gaaCnia 

fraqtaluri buneba. fraqtaluri ganzomileba gamoiTvleba 

Semdegnairad: 

davuSvaT nebismieri geometriuli struqturis Sesavsebad 

saWiroa N() sferoTa (an wreebis) raodenoba, sadac  aris wris 
an sferos radiusi. roca  mcirdeba (0) sferoebis 

moculobaTa jami miiswrafis moculobisaken, romelic ukavia 

geometriul obieqts.  

D-Ti aRvniSnoT geometriuli struqturis evkliduri 

ganzomileba. am dros fraqtaluri ganzomileba gamoiTvleba 

Semdegnairad:  

            ሺ ሻ  ሺ  ሻ  
 

wrfisaTvis DF= DE=1.  

maSasadame gluvi formis obieqts gaaCnia ganzomileba, 

romelic warmoadgens mTel ricxvs. maSasadame, fraqtaluri 

ganzomileba, gansxvavebulia evklidis ganzomilebisagan da 

axasiaTebs obieqts ufro rTuli struqturiT. fraqtaluri 

ganzomilebis praqtikuli gamoTvlebisTvis iyeneben e.w. 

korelaciur ganzomilebas, romelic gamoiTvleba Semdegi 

gamosaxulebiT:  

            ሺ ሻ  ሺ  ሻ   
sadac  ሺ ሻ aris korelaciuri funqcia, romelic iangariSeba 
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 ሺ ሻ            
n – im wertilebis raodenoba, romlebs Soris wyviluri 

manZili ar aRemateba -s. N aris wertilebis mTliani raodeoba. 

aq igulisxmeba evklides manZili. roca  icvleba, icvleba C()-

is mniSvneloba, vinaidan icvleba n. manZili d or P1(X1,Y1) da 

P2(X2,Y2) wertils Soris gamoiTvleba Semdgi gamosaxulebiT:   √ሺ     ሻ  ሺ     ሻ  
maSasadame: pirvelad unda gamovTvaloT im wertilebis 

raodenoba, romelTa Soris manZili ar aRemateba -s. fraqtalis 

safuZvelze Semotanili ganzomilebis cneba warmoadgens mZlavr 

maTematikur saSualebas qselebis raodenebrivi SedarebisTvis, 

analizisTvis da sinTezisTvis. magaliTad, mocemuli teritoriis 

fuWuri sadgurebis kvanZebis qselebiT. dafarva, romelic 

uzrunvelyofs mdgrad kavSirs, SeiZleba gadawyvetil iqnes, 

rogorc qselis sinTezis amocana, saWiro fraqtaluri 

ganzomilebiT. 

Cven moviyvaneT magaliTi q. kazanisa da q. parizis 

satransporto qselis kvanZebis ricxvis gamoTvlis, romelic 

damokidebulia qalaqis centridan misi gavrcelebis radiusze. 

q.kazanisTvis sistemis kvanZebis fraqtaluri gamzomileba Dɫ=1,32. 

satelekomunikacio qseli didi gamtarobiT xels uwyobs 

informaciis miwodebas nebismieri mimarTulebiT. amis mixedviT 

icvleba misi fraqtaluri ganzomilebis mniSvneloba. da es 

mniSvneloba icvleba 1<DC<2. 

rogorc cnobilia fraqtaluri ganzomileba praqtikulad 

gamoiTvleba             ሺ ሻ     
sadac  ሺ ሻ aris korelaciuri funqcia, romelic gamoiTvleba 

rogorc fardoba n–is (im wertilebis raodenoba romelTa Soris 



131 

 

manZili ar aRemateba  -s) N saerTo wertilebis raodenobis 

kvadratze.  ሺ ሻ      
aq manZilSi igulisxmeba evklides manZili. roca   icvleba, 

icvleba  ሺ ሻ-s mniSvneloba, vinaidan icvleba n.  

manZili d or P1(X1,Y1) da P2(X2,Y2) wertils Soris 

gamoiTvleba Semdgi gamosaxulebiT:   √ሺ     ሻ  ሺ     ሻ  
maSasadame: pirvelad unda gamovTvaloT im wertilebis 

raodenoba, romelTa Soris manZili ar aRemateba  ,      
magaliTad                

 

 

 

 

 

 

 

 

nax.50 P1(X1,Y1) da P2(X2,Y2) wertilebs Soris manZilis asaxva 

Cven avirCieT es kanonebi vinaidan cnobilia Tanabari da 

normaluri ganawilebis kanonebis gamoyenebis mravali sfero, 

rac Seexeba logistikur kanons igi yvelaze kargad aRwers 

movlenebs, romelic dakavSirebulia valutis cvlilebebis 

procesTan da gaaCnia fraqtaluri xasiaTi. 

zemod aRwerili korelaciuri ganzomilebis gamoTvlis 

meTodi gamoiyeneba maSin rodes saqme gvaqvs qselebis 

topologiasTan.  
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kvanZebis simravlis erTobliobisaTvis fraqtaluri 

ganzomilebis modelirebisTvis da SefasebisTvis Cvens mier iyo 

generirebuli Tanabrad, normalurad da logistikuri 

ganawilebuli sidideebis mimdevroba. yvela es operaciebi 

sruldeba MathCad garemoSi, sadac rogorc generireba, aseve 

wertilebis raodenobis gansazRvra intervalSi, romelic ar 

aRemateba ε-s, ar Seadgens sirTules. wertilebis (kvanZebis) 

koordinatebi formirdeboda SemTxveviT ricxvTa generatoriT da 

lagdebodnen kvadratis RerZebze romlis gverdis maqsimaluri 

mniSvneloba udrida generirebuli SemTxveviTi ricxvebis 

maqsimalur mniSvnelobas. nax.51a, nax.51b da nax.51g-ze moyvanilia 

wertilebis erTobliobis topologia (ganlageba) Tanabrad, 

normalurad da logistikurad ganawilebuli wertilebisTvis. 

xolo nax.52a, nax.52b da nax.52g-ze asaxulia am topologiis 

Sesabamisi korelaciuri ganzomilebis miRebuli damokidebuleba 

struqturuli fraqtaluri elementis zomis logariTmze. 

 

 

 

 

 

 

 

 

 

       
 

     nax. 51a wertilebis         nax.51b wertilebis            nax.51g wertilebis 

    erTobliobis topologia   erTobliobis topologia   erTobliobis topologia 

   Tanabrad ganawilebuli    normalurad ganawilebuli   logistikurad ganawilebuli 

      wertilebisTvis              wertilebisTvis            wertilebisTvis 
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                nax.52a wertilebis           nax.52b wertilebis             nax.52g wertilebis 

              korelaciuri ganzomilebis    korelaciuri ganzomilebis    korelaciuri ganzomilebis 

         damokidebuleba struqturuli    damokidebuleba struqturuli   damokidebuleba struqturuli 

        elementis zomaze. Tanabrad     elementis zomaze. normalurad   elementis zomaze. logistikurad  

          ganawilebuli wertilebisTvis   ganawilebuli wertilebisTvis  ganawilebuli wertilebisTvis  
 

wertilebis (kvanZebis) simravlis erTobliobis fraqtaluri 

ganzomilebis angariSma gviCvena rom:  

1. fraqtaluri ganzomileba naklebia evklides 

ganzomilebaze Dc<DE, sadac  DEEevklides ganzomilebaa, DE=2. 

2. Dc korelaciuri ganzomilebis ganawilebis 

damokidebulebam ε-ze, aCvena, rom ε-is gazrdiT fraqtaluri 

ganzomleba (DE→0) miiswrafis nulisaken. ε-is Semcirebisas (ε→0) 

wertilebis ganzomileba izrdeba (miiswrafis DE-ken). 

4.4. droiTi mwkrivis korelaciuri ganzomilebis 

gansazRvra. 

zemod aRwerili meTodi korelaciuri ganzomilebis 

gansazRvrisa TvalsaCinoa, roca gvaqvs kvanZebis qseli. magram 

Tu saWiroa ganisazRvros droiTi mwkrivis ganzomileba, rodesac 

igi aRwers realur process, sadac monacemTa raodenoba bevrad 

aRemateba 1000-s, moyvanili meTodi moiTxovs Zalian didi drois 

daxarjvas gamoTvlaze da ar iqneba efeqturi. am SemTxvevaSi 

SeiZleba gamoviyenoT ori gza:  
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1) disertaciis me-2 TavSi ganxiluli iyo herstis 

normirebuli gaqanebis meTodi (R/S meTodi). am dros fraqtaluri 

ganzomileba D dakavSirebulia herstis parametrTan (H-Tan) 

Semdegi gamosaxulebiT D=2-H, sadac H aris herstis maCvenebeli. 

Cven ganvsazRvreT H sami procesisTvis, romelic asaxavda 

kardioriTmis sixSiris cvlilebas, seismogramis monakveTs da 

amindis temperaturis cvlilebas erTi wlis periodisaTvis. 

H1=0.795 pirvel SemTxvevaSi, H2=0.749 da amindis cvlilebisTvis 

H3=0.844 Sesabamisad pirveli procesis fraqtaluri ganzomilebaa 

D1=2-0.795=1.205; D2=2-0.749=1.251; D3=2-0.844=1.156 

2) droiTi mwkrivebis kvleva efuZneba ideas, rom 

damakmayofilebeli geometriuli suraTi sistemis yofaqcevisa 

SeiZleba miviRoT [64], Tu im cvladebis nacvlad, romlis 

saSualebiTac miiReba amonaxsni, gamoyenebuli iqneba dakvirvebis 

veqtoris dayovnebis mniSvnelobebi Zi={Xi, Xi+1, …, Бi+m-1}; m aris 

dayovnebis rigis maCvenebeli. pirvelad es midgoma droiTi 

mwkrivebis analizisaTvis SemoiRo da daamtkica f. takensma [54]. 

MathCad programul garemoSi aris saSualeba korelaciuri 

funqciis gansazRvrisa mza korelaciuri funqciebiT da 

sasurveli dayovnebiT leg. Tu gamoviyenebT takensis aRweras 

dinamikuri sistemisa yofaqcevisaTvis [51], yovelgvari 

garTulebis gareSe SesaZlebeli gaxdeba ganisazRvros 

korelaciuri funqciis logariTmis damokidebuleba, rogorc 

log()-ze aseve dayovnebaze. Semdeg naxazze warmodgenilia 

korelaciis funqciis logariTmis damokidebuleba geometriuli 

(fraqtaluri agebis) sruqturis zomaze ()-ze. 
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nax.53 korelaciuri funqciis logariTmis damokidebuleba ε 

mniSvnelobis logariTmze 

es saSualebas iZleva ganisazRvros ganzomileba  

             ሺ ሻ     
  

formulis mxedviT.  

4.4.2 naxazze asaxulia korelaciuri funqciis 

damokidebuleba (log) dayovnebis mniSvnelobaze. 

moyvanili Sedegebi cxadyofs, rom dayovnebis gazrdisas (log) 

korelaciuri funqciis mniSvneloba mcirdeba. igive aRniSneba 

4.4.1. naxazisaTvis. 

 

 

 

 

 

 

nax.54 korelaciuri funqiis damokidebuleba dayovnebis mniSvneloba 
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yvelaferi cxadyofs fraqtaluri ganzomilebis Semcirebaze 

 gazrdiT da dayovnebis mniSvnelobis gazrdiT. 

Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: a) 

qselis kvanZebis (wertilebis simravlis) fraqtaluri 

ganzomilebis angariSma aCvena: frataluri ganzomileba DF<DE, 

naklebia evklidur ganzomilebaze. 

korelaciuri ganzomilebis damokidebulebam  (fraqtaluri 

struqturis) mniSvnelobaze aCvena, rom -is gazrdisas 

fraqtaluri ganzomileba mcirdeba D0.  Semcirebisas ki 0 

ganzomileba izrdeba da miiswrafis evklidis DE 

mniSvnelobisaken. 

qselebis Tvisebebis damokidebulebis fraqtalur 

ganzomilebaze SeiZleba Seasrulos mniSvnelovani roli 

qselebis ganviTarebis da maTi gamoyenebis efeqtianobis 

mimarTebiT. 

MathCad programis garemoSi SemoTavazebuli algoriTmebis 

Sedgenam darealizaciam sagrZnoblad gaamartiva fraqtaluri 

ganzomilebis gamoTvla. fraqtaluri ganzomilebis D ricxviTi 

Sefaseba cxadyofs, rom yvela ganxiluli realuri procesi; 

kardioriTmis sixSiris cvlileba, seismogramis monacemebis 

monakveTi da amindis temperaturis cvlileba miekuTvneba 

persistentul procesebs, roca procesis gazrdis tendencia 

SenarCundeba momavalSic (garkveuli periodiT) albaTobiT.  

gamokvlevebis Sedegad davaskveniT, rom Sedgenili 

algoriTmebis realizaciiT MathCad programam gacilebiT 

gaadvila droiTi mwkrivebis fraqtaluri ganzomilebis 

gamoTvla. fraqtaluri ganzomilebis mniSvnelobis D gansazRvra 

cnobili damokidebulebiT D=2-H sadac D-aris procesis 

fraqtaluri ganzomileba, xolo H-herstis empiriuli kanonis 

maCvenebeli. rogorc daviTvaleT kardioriTmis sixSirisTvis da 
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seismogramis monakveTisTvis  H=0.795 da 0.749. amis mixedviT 

SegviZlia vimsjeloT rom orive procesi miekuTvneba 

persistentul procesebs. 

4.5 IV Tavis daskvnebi 

1. fraqtaluri meTodebis Sesaxeb arsebuli literaturis 

analizis safuZvelze gairkva, rom fraqtalebs gaaCniaT ori 

RirsSesaniSnavi Tviseba, msgavseba da wiladuri ganzomileba. 

dadasturda, rom fraqtalebis daxmarebiT SeiZleba aRiweros 

zogierTi - arawrfivi dinamikuri sistemebis yofaqceva. kerZod, 

dasawyisSi Zalian axlo mdebare traeqtoriebi (amonaxsni) 

eqsponenciurad Sordebian erTmaneTs Zalian did manZilze 

(“pepelas efeqti”). SeiZleba iTqvas, rom fraqtalebi arian qaosis 

geometriuli warmosaxva. 

fraqtalebis am unikalurma Tvisebebma ganapiroba maTi 

umniSvnelovanesi gamoyeneba mecnierebis, teqnikis, xelovnebis, 

ekonomikis da sxva dargebSi.  

2. ricxobrivad Sefasebulia fraqtaluri ganzomileba 

sxvadasxva magaliTisTvis: kerZod, kantoris simravlisTvis, 

koxis simravlisaTvis, lorencis sistemis amonaxsnisTvis. 

damtkicda, rom praqtikulad ufro realizebadia fraqtaluri 

ganzomilebis korelaciuri funqciiT gansazRvra.  

3. gaanalizebulia arsebuli literaturuli wyaroebis 

safuZvelze didi qselebis topologiis fraqtaluri xasiaTi. 

ganxorcielebulia qselis kvanZebis simravlis 

erTobliobisaTvis (Tanabari, normaluri da logistikuri 

albaTobis ganawilebis kanonebisaTvis) topologiis, modelireba 

da fraqtaluri ganzomilebis ricxobrivi Sefaseba. 

Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: 

qselis kvanZebis (wertilebis simravlis) fraqtaluri 
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ganzomileba DF<DE, fraqtaluri ganzomileba DF naklebia 

evklidur ganzomilebaze DE-ze. 

korelaciuri funqciis safuZvelze ganzomilebis 

damokidebulebam  (fraqtaluri struqturis) mniSvnelobaze 

aCvena, rom -is gazrdisas fraqtaluri ganzomileba mcirdeba 

D0.  Semcirebisas ki 0, ganzomileba izrdeba da miiswrafis 

evklidis DE mniSvnelobisaken. 

qselebis Tvisebebis damokidebulebam fraqtalur 

ganzomilebaze SeiZleba Seasrulos mniSvnelovani roli 

qselebis ganviTarebis da maTi gamoyenebis efeqtianobis 

mimarTebiT. 

4. Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: 

droiTi mwkrivebis korelaciuri ganzomilebis gansazRvra ufro 

martivia MathCad programis funqciebis bazaze. MathCad programis 

garemoSi SemoTavazebuli algoriTmebis Sedgenam da realizaciam 

sagrZnoblad gaamartiva fraqtaluri ganzomilebis gamoTvla. 

fraqtaluri ganzomilebis (D) ricxviTi Sefaseba cxadyofs, rom 

yvela ganxiluli realuri procesi: kardioriTmis sixSiris 

cvlileba, seismogramis monacemebis monakveTi da amindis 

temperaturis cvlileba miekuTvneba persistentul procesebs, 

roca procesis gazrdis tendencia SenarCundeba momavalSic 

garkveuli drois monakveTiT da albaTobiT. 
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zogadi daskvnebi 

1. determinirebuli qaosis Teoriis arawrfivi dinamikuri 

sistemebis mimarTebaSi ganxilvam aCvena, rom dinamikur arawrfiv 

sistemebSi xSirad SeiniSneba qaosuri qceva, romlis mizezi 

mdgomareobs arawrfivi sistemebis unarSi eqsponencialurad 

gazardos Tavdapirvelad axlo mdebare traeqtoriebi. es 

garemoeba ganpirobebulia sistemis sawyisi pirobebis mimarT 

Zalian maRali mgrZnobiarobiT. aseTi sistemis traeqtoriebis 

yofaqcevis winaswarmetyveleba SeuZlebelia drois didi 

intervalebisTvis. TvalsaCinoebisaTvis rekomendebulia fazur 

sibrtyeSi diagramis – qaososgramis ageba. miRebulia lorencis 

sistemis diagrama fazur sibrtyeSi MathCad programul garemoSi, 

rogorc determinirebuli qaosis Teoriis klasikuri magaliTi. 

2. Catarebulia determinirebuli qaosis Teoriis 

eqsperimentuli kvleva seismogramisaTvis (garkveuli monakveTis), 

kardiriTmis sixSiris cvlilebisTvis (24 saaTis ganmavlobaSi) 

da amindis cvlilebis anaTvlebisTvis, miRebulia qaosogramebis 

saxe.  

SemoTavazebulia qaosogramis analizis meTodika, romelic 

dafuZnebulia miRebuli qaosogramis histogramiT aRweraze da 

entropiis gamoTvlaze, ganxilulia magaliTi, romelic exeba 

amindis cvlilebis realur da anomalur anaTvlebs. Catarebuli 

eqsperimentebis safuZvelze SeiZleba davaskvnaT, rom entropiis 

gamoTvliT SeiZleba SevafasoT qaosogramaSi SemTxveviTobis 

done. 

3. dinamikuri sistemis yofaqcevis analizma daadastura, rom 

determinirebuli qaosis Teoria srulyofilad aRwers 

dinamikuri arawrfivi sistemebis yofaqcevas. am dros dinamikuri 

qaosis Teoriis meTodebad miviCnevT: qaosogramis damuSavebis 

meTods, droiT mwkrivebis kvlevis klasikur meTods herstis 
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empiriuli kanonis saxiT, fraqtalebis ganzomilebis gamoyenebis 

da ganzogadoebuli brounis moZraobis modelirebis meTodebs. 

4. gaanalizebulia herstis normirebuli gaqanebis meTodi – 

empiriuli kanoni droiTi mwkrivebis damuSavebis da kvlevis 

kuTxiT. miRebulia, rom herstis parametris ricxviTi 

mniSvnelobis mixedviT SeiZleba ganxorcieldes kvlevis 

procesebis klasifikacia: Tu 0<H<1/2 – procesi aris 

antipersistentuli, rodesac procesis gazrdis tendencia 

Seicvleba klebadobiT da SeuZlebelia procesis yofaqcevis 

prognozireba zrdadobis da klebadobis kuTxiT; Tu 0.5<H1 
procesi aris persistentuli, rac migviTiTebs procesis 

msvlelobis xasiaTis SenarCunebaze momavalSi drois garkveul 

periodSi. Tu H1-ze, maSin procesi xdeba determinirebuli, 

xolo H=1/2-s warmoadgens klasikuri brounis moZraobis 

magaliTs, roca mikronawilakebis wanacvleba warmoadgens 

normalur damoukidebel process. 

5. herstis empiriuli kanonis Semowmeba ganxorcielebulia 

kardioriTmis sixSiris cvlilebebisTvis, seismogramis 

monakveTisTvis da amindis temperaturis cvlilebisaTvis erTi 

wlis ganmavlobaSi. pirvel SemTxvevaSi H=0.795, meore 

SemTxvevaSi H=0.749, mesame SemTxvevaSi ki H=0.844. 

miRebuli Sedegebi cxadyofs, rom samive procesi atarebs 

persistentul xasiaTs, vinaidan H0.5, maSasadame ganxiluli 

procesebi ar miekuTvnebian mTlianad SemTxveviT procesebs, 

romlis klasikuri magaliTia, mcire nawilakebis brounis 

moZraoba. (H=0.5) am dros SemTxveviTobas erTvis 

determinirebuli mdgenelic. ganxiluli signalebi SeiZleba 

mivakuTvnoT qaosurad_determinirebul an fraqtalur procesebs, 

romlebsac gaaCniaT rogorc SemTxveviTi, aseve determinirebuli 

signalebis Tvisebebi. 



141 

 

6. Catarebulia droiTi mwkrivebis modelireba sxvadasxva 

donis SemTxveviTobiT, romelic cnobilia ganzogadoebuli 

brounis moZraobis saxeliT. modelirebis klasikuri meTodis 

sirTulis gamo SemoTavazebulia ganzogadoebuli brounis 

moZraobis modeli, dafuZnebuli veivlet-orTogonaluri 

funqciebis gamoyenebaze. 

SemoTavazebuli algoriTmis mixedviT miRebulia brounis 

moZraobis ganzogadoebuli modeli SemTxveviTobis yvela 

donisaTvis MathCad programul garemoSi.      

algoriTmis siswore Semowmebulia Cveulebriv algoriTmTan 

SedarebiT, romelic ar iyenebs veilvet-funqciebs da 

warmoadgens iteraciul normalur process nawilakis 

wanacvlebisTvis. miRebulia agreTve speqtruli simZlavre. 

7. SemoTavazebulia kidev erTi meTodi drois mwkrivebis 

analizisaTvis: droiT-sixSiruli analizi, romelic 

dafuZvnebulia veivlet funqciebis paketis gamoyenebaze. droiT 

sixSiruli warmodgena iZleva saSualebas sakvlevi signalis 

ufro detalur da TvalsaCino gaanalizebisa. Catarebulia 

Sedareba kosinus bazuri funqciiT droiT-sixSirul 

warmodgenasTan. 

Sedarebam cxadyo, rom signalis energiis ukeTesi ganawileba 

Seesabameba kosinus gardaqmnis gamoyenebas. magram, Tu 

gaviTvaliswinebT, rom kosinus gardaqmna moiTxovs “fanjris’’ 

SemoRebas da sxva sirTuleebs, SeiZleba upiratesoba mieniWos 

veivlet-paketis gamoyenebas. 

8. gaanalizebulia, arsebuli literaturuli wyaroebis 

safuZvelze, didi qselebis topologiis fraqtaluri xasiaTi. 

ganxorcielebulia qselis kvanZebis simravlis 

erTobliobisaTvis (Tanabari, normaluri da logistikuri 

albaTobis ganawilebis kanonebisaTvis) topologiis modelireba 

da fraqtaluri ganzomilebis ricxobrivi Sefaseba. 
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Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: 

qselis kvanZebis (wertilebis simravlis) fraqtaluri 

ganzomileba DF<DE, anu fraqtaluri ganzomileba DF naklebia 

evklidur ganzomilebaze DE-ze. 

korelaciuri funqciis safuZvelze ganzomilebis 

damokidebulebam  (fraqtaluri struqturis) mniSvnelobaze 

aCvena, rom -is gazrdisas fraqtaluri ganzomileba mcirdeba 

D0.  Semcirebisas ki 0 ganzomileba izrdeba da miiswrafis 

evklidis DE mniSvnelobisaken. 

qselebis Tvisebebis damokidebulebam fraqtalur 

ganzomilebaze SeiZleba Seasrulos mniSvnelovani roli 

qselebis ganviTarebis da maTi gamoyenebis efeqtianobis 

mimarTebiT. 

9. Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: 

droiTi mwkrivebis korelaciuri ganzomilebis gansazRvra ufro 

martivia MathCad programis funqciebis bazaze. MathCad programis 

garemoSi SemoTavazebuli algoriTmebis Sedgenam da realizaciam 

sagrZnoblad gaamartiva fraqtaluri ganzomilebis gamoTvla. 

fraqtaluri ganzomilebis (D) ricxviTi Sefaseba cxadyofs, rom 

yvela ganxiluli realuri procesi: kardioriTmis sixSiris 

cvlileba, seismogramis monacemebis monakveTi da amindis 

temperaturis cvlileba miekuTvneba persistentul procesebs, 

roca procesis gazrdis tendencia SenarCundeba momavalSic 

garkveuli drois monakveTiT da albaTobiT. 

10. arawrfivi dinamikuri sistemebis da maT mier warmoqmnili 

droiTi mwkrivebis determinirebuli qaosis meTodebis meSveobiT 

Seswavlam da analizma aCvena, rom praqtikaSi sarealizaciod 

simartivis mxriv upiratesoba eniWeba herstis normirebuli 

gaqanebis empiriul kanons, herstis parametris raodenobrivi 

SefasebiT. Tumca fraqtaluri ganzomilebis da qaosogramis 

damuSavebis meTodebsac Tavisi mniSvneloba gaaCniaT. yovelive es 
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kidev erTxel adasturebs Tanamedrove kompiuteruli 

teqnologiebis gamoyenebis mizanSewonilobas Cvens garSemo 

myofi, praqtikiT moTxovnadi procesebis Seswavlis dros.  
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