
saqarTvelos teqnikuri universiteti 

xelnaweris uflebiT 

 

 

sofio oqromWedliSvili 

 

 

dinamikur monacemTa (sistemebis) kvleva kompiuteruli 

teqnologiebis gamoyenebiT 

 

 

 

doqtoris akademiuri xarisxis mosapoveblad 

wardgenili disertaciis 

 

a v t o r e f e r a t i 

 

 

 

Tbilisi 

2013 weli 

 



2 
 

samuSao Sesrulebulia saqarTvelos teqnikur 
universitetSi 

informatikis da marTvis sistemebis fakulteti 

sainJinro kibernetikisa da xelsawyoTmSeneblobis 
departamenti 

 

 

xelmZRvaneli:  t.m.d., sruli profesori irina CxeiZe 

 

recenzentebi:        oTar labaZe, 

                     nino mWedliSvili 

 

dacva Sedgeba 2013 wlis “    ” “agvistos”,       saaTze 

saqarTvelos teqnikuri universitetis informatikis da 

marTvis sistemebis fakultetis sadisertacio sabWos 

kolegiis sxdomaze, VIUkorpusi,  auditoria 

misamarTi: 0175, Tbilisi, kostavas 77. 

 

disertaciis gacnoba SeiZleba stu-s biblioTekaSi, 

xolo avtoreferatisa _ fakultetis verbgverdze 

 

 

sadisertacio sabWos mdivani sruli prof. TinaTin kaiSauri  

 



3 
 

naSromis zogadi daxasiaTeba 

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 sistemebisaTvisaa damaxasiaTebeli 

saintereso da sakvlevi Tvisebebi, romlebic klasikuri 

midgomebis farglebSi awydebian gadaulaxav problemebs da 

moiTxoven axali analitikuri da gamoTvliTi midgomebis Seqmnis 

aucileblobas. 

ukanaskneli aTwleulebis namuSevrebma aCvena, rom arsebobs 

mravali sakiTxebi arawrfivi dinamikuri sistemebis yofaqcevaSi, 

romlebic moiTxoven damatebiT Seswavlas da damuSavebas. aseT 

sakiTxebs miekuTvneba uamravi realuri procesebis “grZelvadiani 

araprognozirebadoba”. SeiZleba davrwmundeT, rom 

prognozirebadoba mcire da ara_prognozirebadoba drois did 

periodebze, damaxasiaTebelia uamravi obieqtebisTvis, romlebic 

arseboben Cvens garSemo da Zalian did rols TamaSoben 

ekonomikaSi, medicinaSi, fsiqologiaSi da sociologiaSi. 

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. bolo ocwleulis 

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 

dakavSirebuli Taviseurebani damaxasiaTebelia mxolod arawrfiv 

dinamikur sistemebisTvis. 
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determinirebuli qaosis movlena aris mravali dinamikuri 

sistemis tipiuri Tviseba. aseTi yofaqceva aRiniSneba gulis 

ujredis periodul moZraobaSi, eleqtrul wredebSi, airis da 

siTxis turbulentur stadiaSi, qimiur reaqciebSi, lazerebSi, 

biologiur, metereologiur da ekonomikur procesebSi, 

romlebSic yofaqcevis winaswarmoqmedebis drois didi 

intervalebisaTvis xdeba SeuZlebeli. 

amasTan dakavSirebiT drois ukanasknel periodSi 

intensiurad viTardeba midgoma araswrfivobis analizisadmi. am 

midgomas ewodeba determinirebuli qaosis Teoria. es Teoria 

gulisxmobs, sistemis anomaluri yofaqcevis axsnas. qaosis 

Teoria warmoadgens sul axal koncefciebs da droiTi 

mwkrivebis analizisaTvis axali algoriTmebis Seqmnas da 

realizacias. 

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. 

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 
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da realizacias MathCad programul garemoSi. es programa 

moicavs mza funqciebs, modulebs, rac Zalian gaamartivebs maT 

praqtikul realizacias da danergvas. 

kvlevis obieqti. kvlevis obieqts warmoadgens dinamikuri 

sistemebis da droiTi mwkrivebiT warmodgenili informacia: 

arawrfivi dinamikuri sistemebi; lorencis sistema, rogorc 

determinirebuli qaosis sistemis klasikuri magaliTi; bunebrivi 

procesebi: kardiriTmis sixSiris cvlileba (24 saaTis 

ganmavlobaSi), seismograma (garkveuli monakveTis), amindis 

temperaturis cvlilebi da sxvadasxva mopovebuli dinamikuri 

monacemebi. 

kvlevis meTodebi. sadisertacio naSromSi gamoyenebulia 

arawrfivi diferencialuri gantolebaTa amoxsnis erT-erTi 

meTodi, dakavSirebuli fazuri diagramis agebaze, 

determinirebuli qaosis Teoria da masTan dakavSirebuli 

herstis empiriuli kanoni, fraqtaluri Teoriisa da fraqtaluri 

ganzomilebis meTodi da veivlet_gardaqmnis teqnologiebi.  

ZiriTadi amocanebi. 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. 

disertacia Seicavs qaosis Teoriis zogad mimoxilvas 

arsebuli literaturis analizis safuZvelze.  

vinaidan ufro xSirad, praqtikaSi dinamikuri sistemebis da 

procesebis Seswavla xorcieldeba droiTi mwkrivebis analizis 

safuZvelze, unda ganixilebodes droiTi mwkrivebis damuSavebis 

Tanamedrove axali meTodebi. am meTodebs miekuTvnebian herstis 

empiriuli meTodi, fraqtaluri ganzomilebis gamoyenebis da 
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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 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. 

cnobilia, rom droiTi mwkrivebis analizisaTvis SeiZleba 

gamoyenebul iqnas diskretuli signalis droiT sixSiruli 

warmodgena kompiuteruli teqnologiebis safuZvelze. unda 

gamokvleuli iyos fraqtaluri teqnologiebi, rogorc 

determinirebuli qaosis  sistemis kvlevis umniSvnelovanesi 

nawili.  

rac mTavaria disertacia moicavs eqsperimentul kvlevas, 

Catarebuls realurad mopovebul monacemebze da realizebuls 

MathCad programul garemoSi. 

yvela zemod CamoTvlili kvlevis ZiriTadi amocanebis 

Sesrulebas eZRvneba disertaciis oTxi Tavi da daskvnebi. 

mecnieruli siaxle. arsebuli Teoriuli masalis 

safuZvelze warmodgenilia axali algoriTmebi, romelic exeba: 

dinamikuri sistemis mier Seqmnili droiTi mwkrivebis 

qaosogramis damuSavebis martiv meTods, dafuZnebuls miRebuli 

qaosogramis gamosaxulebis histogramis agebaze da entropiis 

gamoTvlaze; fraqtaluri ganzomilebis praqtikul gamoTvlas 
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korelaciuri funqciis gansazRvris bazaze; ganzogadoebuli 

brounis moZraobis modelirebis amocanis martivi gadawyveta 

veivlet-gardaqmnis gamoyenebaze; herstis empiriuli kanonis 

safuZvelze realuri signalebis klasifikaciis ganxorcielebas 

maTi SemTxveviTobis donis mixedviT. 

yvela algoriTmi realizebulia MathCad programul 

garemoSi, sadac mza funqciebisa da modulebis arseboba 

saSualebas iZleva Zalian martivad gadawydes metad 

mniSvnelovani amocanebi. 

sadisertacio naSromis ZiriTadi Sedegebi. sadisertacio 

naSromis ZiriTadi naSromis ZiriTadi Sedegebi mocemulia 

saboloo daskvnebSi. 

sadiseratacio naSromis praqtikuli Rirebuleba. 

sadisertacio naSromi Seicavs yvela saWiro monacemebs, 

meTodikas da rekomendaciebs dinamikur monacemTa (sistemebis) 

kvlevisas kompiuteruli teqnologiebis gamoyenebis 

TvalsazrisiT. 

disertaciaSi mocemulia Sedegebis aRwera, romelic 

miRebulia kardiriTmis sixSiris cvlilebis (24 saaTis 

ganmavlobaSi), seismogramis (garkveuli monakveTis) da amindis 

temperaturis cvlilebis monacemebis damuSavebis Sedegad. 

gamoqveynebuli statiebis da konferenciebis CamonaTvali. 

Teoriuli da praqtikuli Sedegebi, romelic miRebuli iyo 

avtoris mier da eZRvneboda dinamikur monacemTa (sistemebis) 

kvlevas kompiuteruli teqnologiebis gamoyenebiT moxsenebulia 

konferenciebze da seminarebze, gamoqveynebulia sxvadasxva 

samecniero JurnalebSi da krebulebSi, kerZod: 

statiebi: 1. s. oqromWedliSvili. “determinirebuli qaosis 

safuZvelze dinamikuri procesis kvlevis sakiTxebi”. studentTa 
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79 Ria saerTaSoriso samecniero konferencia, saqarTvelos 

teqnikuri universiteti, Tezisebis krebuli. 2011w. 201gv. 

2. s. oqromWedliSvili. “bunebriv procesebSi SemTxveviTobis 

wilis gansazRvra empiriuli kanonis safuZvelze”. studentTa 80 

Ria saerTaSoriso samecniero konferencia, saqarTvelos 

teqnikuri universiteti, Tezisebis krebuli. 2012w. 177gv. 

3. i. CxeiZe, s. oqromWedliSvili. “brounis moZraobis droiT-

sixSiruli analizi kompiuteruli teqnologiebis safuZvelze”. 

me-2 saerTaSoriso konferencia “nanoteqnologiebi” nano_2012. 

Sinaarsebi. 2012w. 46gv. 

4. И.М. Чхеидзе, Л.Ш. Токадзе, С.Н. Окромчедлишвили. “Фрактальная 

размерность применительно к анализу временных рядов и моделированию 

топологических сетей”. ПАРАЛЛЕЛЬНЫЕ ВЫЧИСЛЕНИЯ И ЗАДАЧИ УПРАВЛЕНИЯ, 

PACO’2012. ТРУДЫ ШЕСТОЙ МЕЖДУНАРОДНОЙ КОНФЕРЕНЦИИ. Москва, 2012 г. ТОМ 2. 

209-214сс. 

5. I. Chkheidze, L. Tokadze, S. Okromtchedlishvili. “Modeling of a Generalized 

Brownian Motion Based on Wavelet – Computer Technology”. IV International 

Conference “Problems of Cybernetics and Informatics”, (PCI’2012). IEEE, 52P. 

6. i. CxeiZe, s. oqromWedliSvili. “herstis maCveneblis 

meTodis mixedviT droiTi procesebis stoqastiurobis donis 

Sefaseba”. saqarTvelos teqnikuri universiteti. Sromebi, marTvis 

avtomatizirebuli sistemebi, #2(13). Tbilisi-2012w. gv.32.  

konferenciebi: 1. s. oqromWedliSvili. “determinirebuli 

qaosis safuZvelze dinamikuri procesis kvlevis sakiTxebi”. 

studentTa 79 Ria saerTaSoriso samecniero konferencia, 

saqarTvelos teqnikuri universiteti. 

2. s. oqromWedliSvili. “bunebriv procesebSi SemTxveviTobis 

wilis gansazRvra empiriuli kanonis safuZvelze”. studentTa 80 

Ria saerTaSoriso samecniero konferencia, saqarTvelos 

teqnikuri universiteti. 
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3. i. CxeiZe, s. oqromWedliSvili. “brounis moZraobis droiT-

sixSiruli analizi kompiuteruli teqnologiebis safuZvelze”. 

me-2 saerTaSoriso konferencia “nanoteqnologiebi” nano_2012. 

4. И.М. Чхеидзе, Л.Ш. Токадзе, С.Н. Окромчедлишвили. “Фрактальная 

размерность применительно к анализу временных рядов и моделированию 

топологических сетей”. ПАРАЛЛЕЛЬНЫЕ ВЫЧИСЛЕНИЯ И ЗАДАЧИ УПРАВЛЕНИЯ, 

PACO’2012. ТРУДЫ ШЕСТОЙ МЕЖДУНАРОДНОЙ КОНФЕРЕНЦИИ. Москва, 2012 г. 

5. I. Chkheidze, L. Tokadze, S. Okromtchedlishvili. “Modeling of a Generalized 

Brownian Motion Based on Wavelet – Computer Technology”. IV International 

Conference “Problems of Cybernetics and Informatics”, (PCI’2012). 

avtoris piradi wvlili: yvela is ZiriTadi Sedegebi, romlebic 

exeba herstis empiriul meTods, fraqtaluri ganzomilebis 

gamoyenebis da gansazRvris meTods, ganzogadoebuli brounis 

moZraobis modelirebis meTods, veivlet-gardaqmnis gamoyenebis 

meTods da dinamikur monacemTa (sistemebis) kvlevas: 

kardiriTmis sixSiris cvlileba (24 saaTis ganmavlobaSi), 

seismograma (garkveuli monakveTis) da amindis temperaturis 

cvlilebebis monacemebis damuSavebas kompiuteruli 

teqnologiebis gamoyenebiT MathCad programul garemoSi 

miRebulia avtoris mier. 

naSromis struqtura da moculoba. naSromi Seicavs 

Sesavals, oTx Tavs, saboloo daskvnebs da gamoyenebuli 

literaturis nusxas. sadoqtoro naSromis saerTo moculoba 

Seadgens 148 gverds, maT Soris 54 naxazs da 1 cxrils. 

sadoqtoro naSromis Sinaarsi 

Sesavali. SesavalSi ganxilulia warmodgenili naSromis 

Temis damuSavebis mniSvneloba da aqtualoba. naTqvamia, rom 

dinamikuri sistema, romelic klasificirdeba rogorc qaosuri, 

unda iyos pirvel rigSi mgrZnobiare sawyisi pirobebisadmi.  
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pirveli Tavi eZRvneba determinirebuli qaosis Teoriis 

zogad mimoxilvas arsebuli literaturis analizis safuZvelze. 

determinirebuli qaosis Teoria warmoadgens Tanamedrove 

kompiuteruli teqnologiebis uaxlesi meTodebis gamoyenebis 

mniSvnelovan magaliTs. 

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.  

amave TavSi ganxilulia reluri dinamikuri sistemebis 

aRweris ZiriTadi modelebi. 

dinamikuri procesebis kvleva iTvaliswinebda dinamikuri 

determinirebuli sistemis analizs “mtacebeli-msxverplis” 

sistemis magaliTze (konkurenciis gaTvaliswinebis gareSe da 

konkurenciis arsebobis pirobebSi). unda avRniSnoT, rom 

gantolebis amoxsnas yvelgan erTvis misi warmodgena fazur 

sibrtyeze an sivrceSi miRebuli Sedegebis TvalsaCinoebisaTvis. 

determinirebuli sistemebis modelirebam MathCad programis 

garemoSi da fazur sibrtyeSi geometriulma warmodgenam cxadyo, 

rom sistemis garTuleba Sesabamisad aisaxeba fazur sibrtyeze 

miRebuli traeqtoriis saxeze, ramac migviyvana daskvnamde, rom 

fazuri sibrtyis meTodi kargad miesadageba determinirebuli 

qaosis mqone sistemebis (procesebis) aRsawerad. fazur sivrceSi 

gantolebaTa sistemis amonaxsnis warmodgena gamoyenebul iqna 

lorencis sistemis, rogorc determinirebuli qaosis sistemis 

klasikuri magaliTisTvis, romelic ganxorcielda MathCad 

programis meSveobiT. miRebuli suraTis saxe cxadad adasturebs 

cnobil “pepelas” efeqts. 

disertaciis pirveli Tavi moicavs determinirebuli qaosis 

Teoriis eqsperimentul kvlevas. qaosogramis ageba xdeboda 
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realuri monacemebisTvis, romlebic mopovebuli iyo 

kardioriTmis sixSiris cvlilebebis (monacemebi mogvawoda 

mecxre saavadmyofosTan arsebulma gulis kardiologiurma 

klinikam), seismogramis monakveTis (monacemebi mogvawoda 

geofizikis institutma) da amindis temperaturis cvlilebisTvis 

erTi wlis periodSi (anaTvlebi movipoveT internet saitis 

meSveobiT www.gismeteo.ru). monacemebi pirvel SemTxvevaSi 

warmodgenilia cxrilis saxiT, romelic naCvenebia 24 saaTis 

ganmavlobaSi, yovel erT saaTSi miRebul monacemebs, xolo 

saaTis ganmavlobaSi monacemebi aviReT damatebiTi grafikebidan. 

samuSaoSi asaxulia miRebuli qaosgramebi janmrTeli da 

avadmyofobis zRvarze myofi pacientisaTvis.  

nax.1-ze mocemulia janmrTeli adamianisaTvis miRebuli 

kardioriTmis cvlilebis grafikuli warmodgena fazur 

sibrtyeSi (qaosgrama). abscisaTa RerZze gadazomilia 

riTmogramis sixSiris cvlileba drois mixedviT (Va), 

ordinataTa RerZze ki gadazomilia riTmogramis sixSiris 

cvlilebis siCqare (VRN). 

 

         

 

 

 

 

nax.1.  janmrTeli adamianis mdgomareobisaTvis damaxasiaTebeli 

qaosgramis magaliTi. 

nax.2-ze mocemulia qaosgrama im SemTxvevaSi, roca adgili 

aqvs sistemis disbalanss.  
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nax.2. avadmyofobis zRvarze myofi pacientis mdgomareobisaTvis 

damaxasiaTebeli qaosgramis magaliTi. 

miRebuli qaosogramebis saxe janmrTeli da avadmyofi 

adamianebis kardioriTmis sixSiris cvlilebisTvis 

gansxvavebulia. 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. 

qaosogramis miRebisas sasurvelia Catardes qaosogramis 

raodenobrivi Sefaseba. am mizniT iyeneben faqtobriv, speqtrul 

analizs da signalis droiT_sixSirul warmodgenas. Cven 

vTavazobT gansxvavebul martiv meTodikas, romelic 

dafuZnebulia qaosogramisTvis histogramis agebaze da Semdgom 

ki entropiis gamoTvlaze. 

imisaTvis, rom entropiis mniSvneloba daukavSiroT 

qaosogramas, unda Catardes Semdegi operaciebis Tanmimdevroba: 

1. qaosograma warmoadgens fazur sibrtyeze monacemebis Y 

veqtoris Sesabamis asaxvas am monacemebis cvlilebaTa 

(warmoebulis diskretuli variantis) X veqtoris mixedviT. 
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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 (n,M), 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. 

6. albaToba Seesabameba 
  

  
; sadac N2 aris agebuli matricis 

svetebis da striqonebis namravli. 

7. maSin entropias ganvsazRvravT     ∑        
 
    

gamosaxulebis mixedviT. 

am meTodis eqsperimentuli Semowmeba da asaxva miviReT 

amindis cvlilebis anaTvlebisTvis, romelic movipoveT internet 

saitis meSveobiT www.gismeteo.ru. 

qaosogramas aqvs Semdegi saxe: 

 

 

http://www.gismeteo.ru/
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nax.3. amindis realuri anaTvlebis qaosograma 

 

 

 

 

 

 

 

 

nax.4. amindis realuri anaTvlebis histograma 

Semdeg avageT histograma da daviTvaleT entropia 

HE=0.735bit. 

zemod warmodgenili algoriTmis msgavsad davamuSaveT 

amindis cvlilebis anomaluri monacemebi da miviReT qaosograma. 

zemod aRwerili meTodis safuZvelze miviReT entropia HE=1.97bit. 
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entropiebis Sedarebam 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. 

Catarebuli kvlevis Sedegad SeiZleba davadginoT Semdegi: 

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.  

meore Tavi miZRvnilia dinamikuri sistemebis droiTi 

mwkrivebis kvlevas, orientirebuls kompiuteruli teqnologiebis 

gamoyenebaze. disertaciis meore TavSi ganxilulia droiTi 

mwkrivebis damuSavebis sakiTxebi, romlebic pirvel rigSi 

efuZnebian herstis empiriuli kanons da mas uwodeben 

normirebuli gaqanebis meTods. am Tavis erT-erTi 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. 

klasifikaciis qveS am SemTxvevaSi vgulisxmobT procesebis 

dayofas determinirebul, SemTxveviT da determinirebul qaosur 

an (fraqtalur) signalebad. qaosurad determinirebul signalebs 

ukaviaT Sualeduri adgilmdebareoba determinirebul da 

SemTxveviT signalebs Soris.  
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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 herstis 

maCvenebeli klasikuri brounis maCveneblisagan. Brounis 

klasikuri 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  ̅  

 ̅  
 

 
∑   
 
     

sadac   - aris monacemTa veqtoris    - ri anaTvali;   - dro, 

romelic Seesabameba drois mwkrivis sigrZes, es igivea, rac 

anaTvalTa raodenoba. 

2. gamoiTvleba dagrovil mniSvnelobaTa gadaxra saSualo 

mniSvnelobidan. 

 (   )  ∑ (    ̅)
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3. ganisazRvreba  (   ) gaqaneba 

     ( (   ))      ( (   )) 

4. xdeba miRebuli gaqanebis normireba:    
 

 
  , 

sadac   aris pricesis standartuli gadxra 

5. aigeba    
 

 
   damokidebuleba    ( )-sagan.    

   
 

 

    
 amiT 

miviRebT herstis mudmivas. 

Cven CavatareT herstis empiriuli kanonis maCveneblis 

gansazRvra sxvadasxva procesebisTvis: seismogramisaTvis, 

(garkveuli monakveTis), kardiriTmis sixSiris cvlilebisTvis (24 

saaTis ganmavlobaSi) da amindis temperaturis cvlilebis 

anaTvlebisTvis. 

aq moviyvanT mxolod erTi eqsperimentis monacemebs, 

romelic exeba geofizikis institutis mier mocemul 

seismogramis 2000 anaTvals. Semdeg naxazze mocemulia signalis 

saxe drois cvlilebis mixedviT, sadac ordinatTa RerZze 

gadazomilia miRebuli anaTvlebi, xolo abscisaTa RerZze dro, 

romelic udris anaTvalTa raodenobas. 

 

 

 

 

 

 

 

nax.5. seismogramiT miRebul anaTvalTa droze damokidebulebis 

grafiki. 
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imisaTvis, rom migveRo ufro dazustebuli damokidebuleba 

gaqanebasa da dakvirvebis drois Soris gamoviyeneT umcires 

kvadratTa meTodi. Sedegebi asaxulia grafikze. 

 

 

 

 

 

 

 

nax.6 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. 

hesrtma aRmoaCina da eqsperimentulad daamtkica, rom “R/S 

normirebuli gaqaneba” aRiwereba empiriuli TanafardobiT, 

romelic izrdeba dakvirvebis dagrovili drois gazrdasTan 

erTad; kerZod  

 

 
 (

 

 
)
 

 

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     (
 

 
) da     (

 

 
) wrfeebs 

Soris. MathCad programaSi Sedgenilia algoriTmi, romlis 

mixedviT Catarda herstis empiriuli kanonis gaanalizeba rigi 

realuri procesebisTvis.  
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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. 

mesame Tavi miZRvnilia droebiTi mwkrivebis modelirebas 

sxvadasxva donis SemTxveviTobiT da signalebis droiT-sixSirul 

warmodgenas (analizs). dasawyisSi ganxilulia modelirebis 

zogadi sakiTxebi, ganzogadoebuli brounis moZraobis 

daniSnuleba da misi modelirebis sakiTxi, gadawyvetili 

mandelbrotis mier. 

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. 

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 zemod iyo 

aRniSnuli es SemTxveva Seesabameba antipersistentuli pricesis 

Seqmnas. roca procesi aris mTlianad SemTxveviTi yoveli 

prognozirebis gareSe. 
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nax.7. veivlet-ukugardaqmnis Sedegad miRebuli signalis droze 
damokidebulebis grafiki rodesac herstis parametri H=0.1 

 

 

 

 

 

 

 

nax.8. veivlet-ukugardaqmnis Sedegad miRebuli signalis droze 

damokidebulebis grafiki rodesac herstis parametri H=0.5 
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rodesac H=0.99-s modelirebisas grafikma miiRo Semdegi 

saxe. 

         

 

 

 

 

 

nax.9. veivlet-ukugardaqmnis Sedegad miRebuli signalis droze 

damokidebulebis grafiki rodesac herstis parametri H=0.99 

SemoTavazebulia ganzogadoebuli brounis moZraobis 

modelireba, dafuZnebuli veivlet_gardaqmnis gamoyenebaze da 

realizebuli MathCad programul garemoSi. 

ganzogadoebuli brounis moZraobis koncefcia saSualebas 

iZleva gamovikvlioT realuri procesis buneba da mivakuTvnoT 

igi antipersistentul, persistentul an determinirebulad 

qaosur process. 

Catarebuli kvlevis safuZvlze SeiZleba davaskvnaT: 

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. 

meoTxe Tavi miZRvnilia fraqtalebis zogad ganxilvas. 

aRniSnulia ramdenad mniSvnelovania da mravalmxrivi 

fraqtaluri meTodebis gamoyeneba teqnikis, mecnierebis da 

sayofacxovrebo dargebSi. fraqtalebi gamoiyenebian sxvadasxva 
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saintereso obieqtebis Sesaqmnelad, gamosaxulebaTa SekumSvis 

efeqturi Sedegebis miRebisaTvis da sxva. am samuSaoSi naCvenebia 

fraqtalebis ganzomilebis gamoyeneba topologiuri qselebis 

modelirebisaTvis, moyvanilia fraqtaluri obieqtebis 

konstruirebis magaliTebi da gansazRvrulia maTi fraqtaluri 

ganzomileba. agreTve SemoTavazebulia fraqtaluri 

ganzomilebis “praqtikuli” gansazRvra korelaciuri funqciis 

meSveobiT. 

disertaciis me-4 TavSi didi yuradReba eTmoba fraqtaluri 

ganzomilebis zogad gansazRvras da fraqtaluri obieqtebis 

konstruirebis magaliTebs. maT Soris MathCad programul 

garemoSi konstruirebulia “koxis mrudi”. yvela magaliTisTvis 

gamoTvlilia fraqtaluri ganzomileba. meoTxe Tavis erTi 

paragrafi eTmoba fraqtaluri ganzomilebis gamoyenebas 

topologiuri qselebis modelirebisaTvis.  

ganawilebuli qselebis ganviTarebis arsebuli tendenciebi 

cxadyofs uzarmazari zomis qselebis optimizaciisa da 

modelirebis aucileblobaze. amasTan dakavSirebiT Zalian 

aqtualuri xdeba rTuli sakomunikacio qselebis analizis 

amocanaTa gadawyveta sistemur doneze detaluri aRweris gareSe. 

amave dros aucilebelia maTi Tაviseburebebis Seswavla, romelic 

ganpirobebulia maTi rTuli geometriiT da topologiiT. am 

dros maT 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. es iZleva saSualebas gamoyenebul iqnas 

am qselebis topologiis ganzomileba, romelic dakavSirebulia 

fraqtalur ganzomilebasTan. am dros globalur informaciul 
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qsels Seesabameba SemTxveviTi fraqtali. vinaidan qselis mcire 

nawili msgavsia mTlianisa. fiWuri kavSiris qselis topologia 

qalaqis calkeuli raionisa msgavsia mTliani qalaqis qselisa. 

rogorc mogvianebiT ganvixilavT, samuSaoSi SemoRebulia didi 

qselebis modelirebisa da sinTezis meTodika, romelic 

dafuZnebulia kvanZebis simkvrivis funqciis gamoyenebaze. 

qseluri grafikis fraqtaluri xasiaTi aRwerilia da miRebulia 

fraqtaluri procesebis maxasiaTeblebi usadeno qselebSi da 

miRebuli Sedegebis gamoyenebis Sesaxeb am procesebis marTvis 

dros.  

qalaqis sakomunikacio qselebs gaaCniaT fraqtaluri 

xasiaTi. gamokvlevebma 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. 

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 Dс=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 gamosaxulebiT: 

      
   

   ( )
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sadac  ( ) aris korelaciuri funqcia, romelic gamoiTvleba 

rogorc fardoba n–is (im wertilebis raodenoba romelTa Soris 

manZili ar aRemateba  -s) N_saerTo wertilebis raodenobis 

kvadratTan. 

 ( )  
 

  
 

aq manZilSi igulisxmeba evklides manZili. roca   icvleba, 

icvleba  ( )-s mniSvneloba, vinaidan icvleba n.  

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

gamoiTvleba Semdgi gamosaxulebiT: 

  √(     )
  (     )

  

maSasadame: pirvelad unda gamovTvaloT im wertilebis 

raodenoba, romelTa Soris manZili ar aRemateba  ,      

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 d intervalSi, 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.10a, nax.10b da nax.10g-ze moyvanilia wertilebis erTobliobis 

topologia (ganlageba) Tanabrad, normalurad da logistikurad 

ganawilebuli wertilebisTvis. xolo nax.11a, nax.11b da nax.11g-ze 

asaxulia am topologiis Sesabamisi korelaciuri ganzomilebis 

miRebuli damokidebuleba. 
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      nax.10a wertilebis             nax.10b wertilebis                nax.10g wertilebis 

    erTobliobis topologia     erTobliobis topologia          erTobliobis topologia 

    Tanabrad ganawilebuli      normalurad ganawilebuli       logistikurad ganawilebuli 

        wertilebisTvis              wertilebisTvis                      wertilebisTvis 
 

 

 

 

 

 

      

             nax.11a wertilebis                nax.11b wertilebis             nax.11g 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). 

gamokvlevebis Sedegad davaskveniT, rom Sedgenili 

algoriTmebis realizaciiT MathCad programam gacilebiT 

gaadvila droiTi mwkrivebis fraqtaluri ganzomilebis 
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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 

seismogramis monakveTisTvis  H=0.795 da 0.749. amis mixedviT 

SegviZlia vimsjeloT rom orive procesi miekuTvneba 

persistentul procesebs. 

naSromis saerTo 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 
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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 

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. Tu H1-ze, maSin procesi xdeba 

determinirebuli, xolo H=1/2-s warmoadgens klasikuri brounis 

moZraobis magaliTs. 

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. 

ganxiluli signalebi SeiZleba mivakuTvnoT qaosurad-

determinirebul an fraqtalur procesebs, romlebsac gaaCniaT 

rogorc SemTxveviTi, aseve determinirebuli signalebis 

Tvisebebi. 
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6. Catarebulia droiTi mwkrivebis modelireba sxvadasxva 

donis SemTxveviTobiT. SemoTavazebulia ganzogadoebuli 

brounis moZraobis modeli, dafuZnebuli veivlet-orTogonaluri 

funqciebis gamoyenebaze. 

SemoTavazebuli algoriTmis mixedviT miRebulia brounis 

moZraobis ganzogadoebuli modeli SemTxveviTobis yvela 

donisaTvis MathCad programul garemoSi.      

7. SemoTavazebulia meTodi drois mwkrivebis analizisaTvis: 

droiT-sixSiruli analizi, romelic dafuZvnebulia 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. 

qselebis Tvisebebis damokidebulebam fraqtalur 

ganzomilebaze SeiZleba Seasrulos mniSvnelovani roli 

qselebis ganviTarebis da maTi gamoyenebis efeqtianobis 

mimarTebiT. 

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 
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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 

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 general conclusions:         

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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