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რეზიუმე 

bunebriv da teqnikur sistemebSi mimdinare dinamikur procesebs bolo 

aTwleulSi damkvidrebuli terminologiis mixedviT maRalganzomilebian an 

e.w. rTul procesebad moixsenieben. aseTebia atmosferuli, geofizikuri, 

biologiuri, socialuri da sxva bunebrivi procesebi. Tavisi dinamikuri 

SinaarsiT rTulia, agreTve, teqnikur sistemebSi mimdinare procesebis 

umetesobac.  

procesis sirTule gulisxmobs, rogorc sistemis Semadgeneli nawilebis 

simravles, aseve maT Soris urTierTkavSirebis arawrfiv xasiaTs.   

am tipis procesebis mimdinareobis mizez-Sedegobrivi TvalsazrisiT 

calsaxa prognozi sadReisod praqtikulad dauZlevel amocanad rCeba. 
SeuZlebelia iseTi sarwmuno dinamikuri cvlilebebis aRmoCena, romlebic 

calsaxad miuTiTeben bunebriv Tu teqnikur sistemebSi moaxloebuli 

eqstremaluri (katastrofuli) movlenis sididisa da misi moxdenis drois 

Sesaxeb. 

diskusia rTuli sistemebisa da maRalganzomilebiani procesebis Sesaxeb 

dRemde grZeldeba. amave dros bolo wlebSi cnobili gaxda, rom garkveul 

pirobebSi SesaZlebelia rTuli sistemis dinamikuri reJimis, misi qcevis 

marTva. es qmnis imis perspeqtivas, rom erTeuli araprognozirebadi 

eqstremaluri movlenebis nacvlad, sistemaze saTanado zemoqmedebis piro-

bebSi, SesaZlebelia adgili hqondes imave tipis, magram ufro susti 

movlenebis serias, rac sabolood Seamcirebda Sesabamis risks. am 

mosazrebas safuZvlad udevs rTuli sistemebis ori umniSvnelovanesi 

Tviseba: sawyis pirobebze mgrZnobiare damokidebuleba da arastabiluri 

perioduli orbitebis gare zemoqmedebiT stabilizaciis SesaZlebloba.  

sadReisod rTul sistemebSi mimdinare procesebis dinamikuri maxasiaTeb-

lebis raodenobriv da/an Tvisobriv (Senacvleba, bifurkacia) cvlilebasTan 

dakavSirebuli bevri sakiTxi garkveulia. cnobilia, magaliTad, rom sistema-

ze gare zemoqmedebiT gamowveuli dinamikuri maxasiaTeblebis cvlilebas 

(misi qcevis marTvas) SeiZleba safuZvlad edos stoqasturi an koheren-

tuli rezonansi, fazuri an Seyovnebuli sinqronizacia da a.S. amave dros, 

sakiTxi imis Sesaxeb, Tu rogor icvleba sistemis raodenobrivi maxasiaTeb-

lebi misi qcevis dinamikuri reJimis cvlilebis pirobebSi, Semdgom Seswav-

las saWiroebs. sxva sityvebiT rom vTqvaT, gasarkvevia, iwvevs Tu ara, an 

ra pirobebSi iwvevs, sistemis qcevis dinamikuri reJimis modifikacia 

sistemis maxasiaTebeli sidideebis saSualo mniSvnelobisagan mkveTrad 

gansxvavebuli (pirobiTad eqstremaluri) mniSvnelobebis ganawilebis 

kanonzomierebis Secvlas. adrindeli gamokvlevebi da samecniero presis 

monacemebi safuZvels gvaZlevs vivaraudoT, rom dinamikuri sistemisaTvis 

SesaZlebelia arsebobdes garkveuli tipis gare, mcire zemoqmedebis seria 

(an zemoqmedebis reJimi), romelic mniSvnelovnad Secvlis sistemis 

dinamikur maxasiaTeblebs. aseTi zemoqmedebis Sedegad eqstremaluri movle-
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nebis sidide da raodenoba, SesaZloa, Semcirdes, an garkveul farglebs ar 

aWarbebdes.  

rTuli dinamikuri sistemebis Tvisebrivi da raodenobrivi analizis 

praqtikulma aucileblobam da am sakiTxze sadReisod CvenTvis samecniero 

literaturuli monacemebis ganxilvam cxadyo, Cven mier miznad dasaxuli 

gamokvlevis aqtualoba.  

zemoT Tqmulidan gamomdinare, warmodgenili sadisertacio Temis fargleb-

Si Seswavlili iqna maRalganzomilebian rTul sistemebSi dinamikuri 

reJimis marTvis sakiTxi mcire gare zemoqmedebis meSveobiT. 

cnobilia, rom am sakiTxis Seswavlas didi samecniero da praqtikuli 

mniSvneloba aqvs. 

dasaxuli miznis misaRwevad pirvel yovlisa gavarkvie rTuli dinamikuri 

sistemebis dinamikuri Taviseburebebis Seswavlis meToduri mxare. es imiT 

iyo ganpirobebuli, rom analizis tradiciuli wrfivi meTodebi arawrfivi 

procesebis arastacionarul monacemTa masivebisaTvis xSirad araefeqturia. 

sakiTxis disciplinaTSorisi bunebidan gamomdinare miznad davisaxe 

sxvadasxva tipis rTuli dinamikuri procesebis Seswavla; rogorc 

bunebrivi procesis, aseve laboratoriuli modelis magaliTze. kerZod 

ganvixile Cuas wredSi kondensatorze modebuli Zabvis cvlileba, bunebaSi 

rTuli procesis dinamikuri reJimis cvlileba Seviswavle enguris kaSxlis 

irgvliv seismuri procesis magaliTze. amas garda laboratoriul 

danadgarze Seviswavle araTanabari xaxunis dinamikuri reJimi da masze  

gare susti zemoqmedebis gavlena. 

disertaciaSi gamoyenebuli monacemebis dasamuSaveblad muSaobis procesSi 

Seiqmna programuli paketebi, amisaTvis gamoyenebuli iqna programirebis ena 

C++. agreTve gamoviyene Semdegi kompiuteruli programebi: MATLAB, 
AutoSignal, CDA Pro da Visual Recurrence Analysis. 

aRniSnul procesebSi, mcire gavleniT gamowveuli dinamikuri cvlilebebis 

aRmoCenis aucileblobis gamo, damatebiT gamoviyene fazuri sinqronizaciisa 

da procesis rekurentuli raodenobrivi cvlilebebis Sefasebis meTodebi.  

Cveni kvlevis Sedegad Seswavlili iqna sxvadasxva tipis rTuli dinamikuri 

sistemis Tvisebrivi da dinamikuri maxasiaTeblebi. naCvenebi iqna, rom 

rTuli dinamikuri sistema Zalze mgrZnobiarea mcire gavlenebis mimarT da 

rom misi qcevis reJimi SesaZlebelia mniSvnelovnad Seicvalos mcire gare 

zegavlenis meSveobiT.  

es faqtobrivad miuTiTebs bunebriv da teqnikur sistemebSi rTuli 

procesebis marTvis principul SesaZleblobaze. 
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Abstract 

The dynamical processes in natural and technical systems, according to the 
terminology established in the last decade, are regarded as high dimensional or so-
called complex processes. Such are atmospheric, geo-physical, biological, social and 
other natural processes. By their dynamical content the majority of processes in 
technical systems are also complex. 

The complexity of the process means both the multitude of compiling parts of the 
system and the non-linear character of interrelation between them. 

Single valued prediction of such processes remains as practically unresolved task. 

 It is impossible to discover such reliable dynamic changes that unambiguously point 
out in natural or technical systems about the quantitative value of approaching 
extreme (disastrous) event and time of its occurrence.   

The discussion about complex systems and high dimensional processes has been 
going up to now. At the same time recently it has become well-known that in certain 
conditions it is possible to control the dynamic mode, behavior of the complex system. 
This makes us to hope that instead of single unpredictable extreme events in condition 
of certain external influences on the system it is possible the series of events of the 
same type or weaker to take place that finally would reduce a corresponding risk. The 
basis of this notion is the most significant two properties of complex highdimensional 
systems: sensitive dependence on initial conditions and possibility of stabilization by 
external influence of unstable periodic orbits.    

Lots of problems connected with the quantitative and/or qualitative changes 
(intermittence, bifurcation) in characteristics of processes in complex systems are still 
unclear nowadays. For example, it is known that the change (control of its behavior) 
of dynamic features caused by the external influence on the system can have the basis 
of stochastic or coherent resonance, phase or slowed-down synchronization etc. At the 
same time the problem changes in quantitative features of dynamic mode of its 
behavior requires further study. In other words it must be determined whethere it 
causes or in what conditions it causes a change of the distribution regulation of the 
strongly different (conventionally extreme) meanings from the medium meanings of 
the system features value of the modification of dynamic mode of the system 
behavior. The earlier investigations and scientific press data give us the basis to 
presume that for the dynamic system the existence of a definite type of a series of 
external influence (or the influence mode) is possible that will considerably change 
the system dynamic features. As a result of such influences the value and quantity of 
extreme events can probably be reduced or not exceed the definite limits.   

The practical needs of the qualitative and quantitative analysis of the complex 
dynamic systems and overview of the scientific literary data known nowadays by us 
concerning this problem proved the topicality of the research objective set by us.   

According to above-mentioned the subject of presented dissertation was study of the 
problem of control processes in high dimensional complex systems by means of a 
small external influence.    
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It is known that the study of this problem has a big scientific and practical importance. 

In order to achieve the set objective first of all I determined a method side of the study 
of dynamic features of the complex dynamic systems. It was conditioned by the fact 
that traditional linear methods of the analysis are frequently ineffective for non-
stationary data files of non-linear processes.   

Coming from the nature of inter-disciplinary problem I had the aim of studies of 
complex dynamic processes of various types on the example of both the natural 
process and also laboratory model. Particularly I considered the change of tension 
existing on condenser in Chua circuit; I studied the change of dynamic mode of the 
complex process in nature on the example of the seismic process around Engury dam. 
Besides that I have studied the dynamic mode of not equal friction on the laboratory 
device and the external weak influence on it.  

For processing the data used in the thesis during the work program packets were 
created and for this purpose was used the program language C++. I also used the 
following computer programs: MATLAB, Auto Signal, CDA Pro and Visual 
Recurrence Analysis.  

In the mentioned processes because of discovering dynamic changes caused by a 
small influence I additionally used the methods for estimation of the phase 
synchronization and the process recurrent quantitative change.  

As a result of our investigation were studied the peculiar and dynamic features of the 
complex dynamic systems of various type. It was shown that the complex dynamic 
system was rather sensitive towards the small influences and that the mode of its 
behavior can considerably change by means of a small external influence.  

As a matter of fact it points out the principal possibilities of control of complex 
processes in the natural and technical systems. 

 

 

 

 

 

 

 

viii 



შინაარსი 
 

შესავალი ..................................................................................................................xvii 

Tavi I ........................................................................................................................ 24 

dinamikuri sirTulis analizis meTodebi .......................................... 24 

analizis Tanamedrove wrfivi meTodebi............................................. 24 

1.1  simZlavris speqtri ............................................................................... 24 

1.2  avtokorelaciis funqcia.................................................................. 28 

1.3. veivleturi gardaqmna .......................................................................... 29 

1.4 simZlavris speqtris regresia .......................................................... 31 

1.5. masStabirebuli rangebis analizi: harstis         
eqsponentis gamoTvla................................................................................. 32 

1.6 trendmocilebuli fluqtuaciebis analizi ............................ 34 

Tavi II ....................................................................................................................... 36 

droiTi seriebis analizis arawrfivi meTodebi ............................ 36 

2.1 fazur sivrcis rekonstruqcia Seyovnebis meTodiT........... 36 

2.2 CaSenebis sivrcis SerCeva ................................................................... 37 

2.3 mcdari uaxloesi mezoblebis analizi ...................................... 38 

2.4 fazuri portretis rekonstruirebis mravalcvladiani 

meTodi ................................................................................................................. 41 

2.5 liapunovis eqsponentis gamoTvla ............................................... 43 

2.6 Senonis entropia da informaciuli ganzomileba ............... 45 

2.7 korelaciuri ganzomileba ................................................................ 46 

2.8 ganmasxvavebeli arawrfivi statistika da arawrfivi 

struqturis testirebis meTodebi ....................................................... 49 

2.9 nul-hipoTezebis ierarqia da ganmasxvavebeli metrika ... 49 

2.10 surogatuli droiTi seriebi ......................................................... 51 

2.11 rekurentuli raodenobrivi analizis meTodi (RQA) ....... 54 

Tavi III...................................................................................................................... 56 

Sedegebis aRwera da gansja .......................................................................... 56 

3.1 maRalganzomilebiani dinamikuri procesis magaliTi 

teqnikur sistemebSi ..................................................................................... 56 

3.1.1 Cuas wredis aRwera ........................................................................... 56 

ix 



3.1.2 Cuas wredis realizaciis Sedegad miRebuli 

monacemebis damuSaveba ........................................................................... 58 

3.2 bunebriv procesebSi maRalganzomilebiani rTuli 

dinamikis Seswavla seismuri procesis magaliTze..................... 63 

3.2.1 anTropogenuli zemoqmedebis gavlena seismuri 

procesis dinamikur maxasiaTeblebze............................................. 65 

3.2.2 ganxiluli monacemTa masivebi da analizis      
meTodebi ......................................................................................................... 67 

3.2.3 Sedegebis ganxilva ........................................................................... 69 

3.3 maRalganzomilebiani rTuli dinamikis procesis 

Seswavla laboratoriuli eqsperimentis magaliTze .............. 76 

3.3.1 zambara-mcocis akustikuri emisiis laboratoriuli 

mowyobiloba................................................................................................ 76 

3.3.2 araTanabari xaxunis procesis akustikuri emisiis 
monacemTa masivebis analizis meTodebis damuSaveba      
da Sedegebi .................................................................................................... 79 

daskvna ...................................................................................................................... 96 

danarTi .................................................................................................................... 97 

gamoyenebuli literatura......................................................................... 134 

x 



ცხრილების ნუსხა 

cxrili 1. Cuas wredSi kondensatorze modebuli Zabvis cvlilebis 

monacemTa masivis dinamikuri maxasiaTeblebi ............................. 62 

cxrili 2.  80000 monacemis sigrZis droiT seriaSi 10000 monacemiani 

mcocavi fanjris 5000 monacemiani bijiT Senonis Eentropiis 

gamoTvlis Sedegebi sxvadasxva sixSirisaTvis ........................ 85 

cxrili 3. akustikuri emisiis monacemebis rekurentuli  

          maxasiaTeblebi ................................................................................ 86 
 

 

xi 



ნახაზების ნუსხა 

nax. 1.1 tipiuri simZlavris speqtri da avtokorelaciis funqcia......... 27   

nax 1.2 veivletis zogierTi tipi................................................................... 30 

nax. 1.3 lokalizebuli veivletebis droiT-sixSiruli  

       warmodgena ............................................................................................. 30 

nax. 2.1 mcdari uaxloesi mezoblebis procentuli raodenobis 

damokidebuleba CaSenebis ganzomilebaze lorencis 

atraqtorisaTvis .............................................................................. 40 

nax. 3.1 Cuas eleqtronuli wredis sqema ..................................................... 57 

nax. 3. 2 Cuas diodis voltamperuli maxasiaTebeli ............................... 57 

nax. 3.3 Cuas wredSi kondensatorze modebuli Zabvis 

       cvlilebis droiTi seria................................................................... 59  

nax. 3.4 Cuas wredSi kondensatorze modebuli Zabvis 

       cvlilebis droiTi seriis simZlavris speqtri............................ 59 

nax. 3.5 Zabvis cvlilebis droiTi seriis organzomilebiani 

       fazuri portreti................................................................................ 60 

nax. 3.6 lorencis atraqtoris organzomilebiani  

       fazuri portreti................................................................................ 60 

nax. 3.7 droiTi seriis rekurentuli diagrama ......................................... 61 

nax. 3.8 Zabvis cvlilebis droiTi seriis R/S analizis Sedegi ............. 61 

nax. 3.9  Cuas wredSi kondensatorze modebuli Zabvis cvlilebis 

        monacemTa masivis FNN raodenobis cvlileba CaSenebis 

        ganzomilebis mixedviT ...................................................................... 62 

nax. 3.10 Zabvis cvlilebis monacemT amasivis korelaciuri 

        ganzomilebis cvlileba CaSenebis sivrcis  

        ganzomilebis mixedviT ...................................................................... 62  

nax. 3.11 a) enguris wyalsacavSi wylis donis yoveldRiuri 

        Canawerebi 1975-1993 wlebSi .......................................................... 67 

nax. 3.11 b) miwisZvrebis yoveldRiuri raodenoba ...................................... 68 

nax. 3.11 g) normalizebuli yoveldRiuri gamonTavisuflebuli 

        seismuri energia................................................................................. 68 

nax. 3.12 yoveldRiuri gamonTavisuflebul seismur energiasa da 

yoveldRiuri wylis donis cvlilebis fazaTa sxvaobis  

        difuziis koeficientis cvlileba ............................................... 71 

nax. 3.13 a) miwisZvrebis yoveldRiuri raodenobis droiTi seriis 

        RQA  da %DET gamoTvlili aragadamfaravi erTi  

        wlis mcocavi fanjrebisaTvis ....................................................... 73  

xii 



nax. 3.13 b) magnitudebis (Savi svetebi) da miwisZvrebs Soris  

        dros intervalebis seriebis (nacrisferi svetebi)  
                 RQA  da %DET ................................................................................ 73 

nax. 3.14 miwisZvrebis yovelTviuri sixSiris cvlileba 

        enguris kaSxlis irgvliv .............................................................. 74  

nax. 3. 15 araTanabari xaxunis eqsperimentuli mowyobiloba ................... 77 

nax. 3.16 (a) akustikuri emisia araTanabari srialis dros ..................... 78 

nax. 3.16 (b) cvalebadi intensivobis zeddebuli perioduli 

eleqtromagnituri (EM) veli ......................................................... 78 

nax. 3.17 warmoadgens nax. 3.16-is gaSlil Sua nawils, romelic 

        Seesabameba perioduli zemoqmedebis maqsimalur 

        intensivobas ........................................................................................ 78  

nax. 3.18. a) miTiTebili sigrZis nawilobriv urTierTgadamfaravi     

mcocavi fanjrebisaTvis gamoTvlili Senonis entropiis   

variacia droiTi seriisaTvis ...................................................... 80 

nax. 3.18. b) suraTze naCvenebia 10 anaTvliT dagrZelebadi     

fanjrebisaTvis gamoTvlili Senonis entropiis variacia   

droiTi seriisaTvis ......................................................................... 80 

nax. 3.19 a) naCvenebia momdevno mcocavi fanjrebisaTvis gamoTvlili 

SeuRlebuli informaciis raodenobis variacia droiTi 

seriebisaTvis ..................................................................................... 81 

nax. 3.19 b) funqcionaluri kavSiris ufro maRali xarisxi           

meore da mesame qveseriebs Soris................................................. 81 

nax. 3. 20 (a)_akustikuri emisiis tipiuri Canaweri ................................. 83 

nax. 3. 20 (b)_akustikuri emisiis signalisagan miRebuli garsi ............ 83 

nax. 3. 20 (g) xmaurisgan gafiltruli signali......................................... 83 

nax. 3. 20 (d) gafiltruli signali............................................................. 83 

nax. 3. 21  drekadi akustikuri talRis Semosvlis momenti ................... 84 

nax. 3. 22 akustikuri emisiis tipiuri Canawerebis fragmentebi         

gare zemoqmedebis sxvadasxva pirobebSi ...................................... 84 

nax. 3. 23 akustikuri emisiis arawrfivi dinamikuri maxasiaTeblebis 

mrudebi sxvadasxva eqsperimentebisaTvis..................................... 87  

nax. 3.24 akustikuri emisiis droiTi seriidan gamoTvlili momdevno 

maqsimumebsa da momdevno Semosvlebs Soris drois 

         intervalebis seriebis tipiuri katalogebi.............................. 88 

nax. 3. 25 ganawilebis funqciis siganis cvlileba fardobiTi         

Zalis mixedviT ............................................................................... 88 

nax. 3. 26 a) akustikuri emisiis Semosvlebisa da maqsimumebis  

         fazebis svlis daTvlis magaliTi ................................................ 89 

xiii 



nax. 3. 26 b) akustikuri emisiis Semosvlebisa da maqsimumebis 

          fazebis gare signalTan sinqronizaciis maCveneblis 

          gamoTvlis Sedegi .......................................................................... 90 

nax. 3. 27 rekurentuli diagramebi sxvadasxva fardobiTi  

         zemoqmedebis dros ........................................................................... 90 

nax. 3. 28. %DET da gare zemoqmedebis fardobiT Zalas Soris 

          damokidebulebis grafiki ........................................................... 91 

nax. 3. 29 garsis koncepciaze dafuZnebuli akustikuri emisiis masivis 

filtraciis Semdeg akustikuri emisiis Semosvlebis gare 

signalis ciklSi ganawilebis gamoTvlis magaliTi.................. 91 

nax. 3. 30 garsis koncepciaze dafuZnebuli akustikuri emisiis masivis 

filtraciis Semdeg akustikuri emisiis maqsimumebis gare 

signalis ciklSi ganawilebis gamoTvlis magaliTi.................. 92 

nax. 3. 31 Seyovnebebis drosa da fardobiT Zalas Soris  

         damokidebuleba................................................................................. 92 

nax. 3. 32. a) akustikuri emisiis simZlavris tipiuri 

          monacemTa masivi ............................................................................. 93 

nax. 3. 32. b) fazebis sxvaoba akustikuri emisiis simZlavresa 

         da gare sinusoidalur signals Soris....................................... 93 

nax. 3.33 Tanmimdevruli aragadamfaravi 400 monacemiani fanjrebisaTvis 

gamoTvlilia RQA da %DET ........................................................... 94 
 

 

xiv 



დისერტაციაში გამოყენებული აბრევიატურები 

FNN False Nearest Neighbors- mcdari uaxloesi mezoblebi 
RQA Recurrence Quantitative Analysis - rekurentuli 

raodenobrivi analizi 
%REC %RECURRENCE - rekurentobis procenti 
%DET %DETERMINISM - determinizmis procenti  

%ENTR %ENTROPY - entropiis procenti   
RIS Reservoir Induced Seismicity - rezervuaris mier 

inducirebuli seismuroba 
RISS Reservoir Induced Synchronization of Seismicity - wyalsa-

caviT gamowveuli seismurobis sinqronizacia 
MFEO Monthly frequency of earthquake occurrence- miwisZvrebis 

yovelTviuri sixSiris cvlileba 
spring-
slider 

zambara-mcoci 

stick-slip araTanabari xaxuni 
AE Acoustic Emission - akustikuri emisia 

FWHM Full Width of Half Maximum -ganawilebis funqciis 

naxevar maqsimumis sigane 
Relative 

force 
fardobiTi Zala (zemoqmedeba) 

 

xv 



მადლიერება 

  survili maqvs madliereba gamovTqva yvela im adamianis mimarT, 

vinc mexmareboda sadisertacio naSromis Sesrulebis procesSi.  

upirveles yovlisa uRrmes madlobas movaxseneb Cems samecniero 

xelmZRvanels, prof. Temur maWaraSvils, romlis rCevebiTa da daxmarebiT 

SesaZlebeli gaxda disertaciaSi dasmuli amocanebis gadawyveta. misi reko-

mendaciiTa da xelSewyobiT miviRe monawileoba sazRvargareT Catarebul 

saerTaSoriso konferenciebSi.   

wlebis ganmavlobaSi, Cemi specialistad CamoyalibebaSi gaweuli 

RvawlisTvis minda madlierebiT gavixseno Cemi maswavlebeli, aw gansvenebu-

li batoni almasxan guguSvili.  

marTvis sistemebisa da robototeqnikis mimarTulebis uklebriv yve-

la wevrs Tanadgomisa da mxardaWerisaTvis _ uRrmesi madloba!  

 didi madloba minda gadavuxado m. nodias saxelobis geofizikis ins-

titutis TanamSromlebs: mecnierebaTa akademiis wevr-korespondents, prof. 

T. WeliZes, prof. v. abaSiZes, prof. o. lursmanaSvils saintereso da mniSv-

nelovani konsultaciebisaTvis, aseve n. Jukovas da e. mefariZes programuli 

uzrunvelyofisaTvis. agreTve, saerTaSoriso proeqts, INTAS ( Ref. Nr 05-

1000008-7889), romlis farglebSic iyo Catarebuli Cems disertaciaSi 

moxsenebuli gamokvlevis garkveuli nawili. 

 uRrmesi madloba Cemi ojaxis yvela wevrs, maTi amagi, mxardaWera da 

xelSewyoba fasadaudebelia. gansakuTrebuli madloba Cems ufros das, 

oliko xuciSvils, romelic dedobrivi siyvaruliT dRemde zrunavs Cemze.  

bolos minda udidesi madloba gadavuxado Cems meuRles, paata 

balxamiSvils, sulieri da materialuri mxardaWerisaTvis. 
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შესავალი 

bunebrivi procesebis dinamikis aRweris sakiTxebi yovelTvis iyo 

mkvlevarebis yuradRebis centrSi. amave dros cnobilia, rom bunebis atmos-

ferul, seismur, biologiur, socialur, teqnikur da a. S.. sistemebSi mim-

dinare procesebis swori aRwera, maTi Tvisobrivi da gansakuTrebiT raode-

nobrivi analizi Zneli da zogjer SeuZlebelicaa. es siZnele ganpirobebu-

lia bunebrivi sistemebis struqturuli da maTSi mimdinare procesebis di-

namikuri TaviseburebebiT rasac sadReisod specialuri terminiT - sirTule 

(Complexity) aRniSnaven.  

TavisTavad, sirTulis (Complexity), rogorc samecniero terminis 

amomwuravi, sayovelTaod miRebuli ganmarteba sadReisod ar arsebobs. veb-

steris 1995 wels gamocemuli ganmartebiTi leqsikonisa da 1996 wels 

gamocemuli cnobaris, Lexicon of Complexity – Si moyvanili informaciis 

safuZvelze SeiZleba vTqvaT, rom sirTule (sirTulis xarisxi) ukavSirde-

ba sistemis  Semadgeneli nawilebis simravles da maT Soris urTierTkavSi-

rebis xasiaTs.  rTul sistemaSi mimdinare procesebs dinamikuri Tvalsazri-

siTac rTul an maRalganzomilebian procesebad moixseneben. isini mimdinare-

oben mravalkomponentian ierarqiul bunebriv Tu teqnikur sistemebSi: at-

mosferodan dawyebuli energosistemebidan da didiQqalaqebis infrastruq-

turiT dawyebuli Tu internetiT damTavrebuli. am procesebis mimdinareo-

bis mizez-Sedegobrivad calsaxa prognozi praqtikulad dauZlevel amoca-

nad rCeba. SeuZlebelia sarwmuno dinamikuri cvlilebebis aRmoCena, romle-

bic calsaxad miuTiTeben bunebriv Tu teqnikur sistemebSi moaxloebuli 

eqstremaluri (katastrofuli) movlenis sididisa da moxdenis drois Sesa-

xeb  [1]. 

diskusia rTuli sistemebisa da maRalganzomilebiani procesebis Se-

saxeb dRemde grZeldeba. bolo dros cnobili gaxda, rom garkveul piro-

bebSi SesaZlebelia rTuli sistemis dinamikuri reJimis, misi qcevis marTva. 

es qmnis perspeqtivas, rom erTeuli araprognozirebadi eqstremaluri mov-

lenebis nacvlad, sistemaze saTanado zemoqmedebis pirobebSi, SesaZlebelia 

adgili hqondes imave tipis ufro susti movlenebis serias, rac sabolood 
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nakleb zarals gamoiwvevs. am mosazrebas safuZvlad udevs rTuli sisteme-

bis ori umniSvnelovanesi Tviseba: sawyis pirobebze mgrZnobiare damokidebu-

leba da arastabiluri perioduli orbitebis gare zemoqmedebiT stabiliza-

ciis SesaZlebloba.  

 sadReisod rTul sistemebSi mimdinare procesebis dinamikuri maxasia-

Teblebis raodenobriv da/an Tvisobriv (Senacvleba, bifurkacia) cvlilebas-

Tan dakavSirebuli bevri sakiTxi garkveulia. cnobilia, magaliTad, rom sis-

temaze gare zemoqmedebiT gamowveuli dinamikuri maxasiaTeblebis cvlile-

bas (misi qcevis marTvas) SeiZleba safuZvlad edos stoqasturi an koheren-

tuli rezonansi, fazuri an Seyovnebuli sinqronizacia da a.S. amave dros, 

sakiTxi imis Sesaxeb, Tu rogor icvleba sistemis raodenobrivi maxasiaTeb-

lebi misi qcevis dinamikuri reJimis cvlilebis pirobebSi, Semdgom Seswav-

las saWiroebs. sxva sityvebiT rom vTqvaT, gasarkvevia iwvevs Tu ara, an ra 

pirobebSi iwvevs sistemis qcevis dinamikuri reJimis modifikacia sistemis 

maxasiaTebeli sidideebis saSualo mniSvnelobisagan mkveTrad gansxvavebuli 

(pirobiTad eqstremaluri) mniSvnelobebis ganawilebis kanonzomierebis Secv-

las. adrindeli gamokvlevebi da samecniero presis monacemebi safuZvels 

gvaZlevs vivaraudoT, rom dinamikuri sistemisaTvis SesaZlebelia adekvatu-

ri zemoqmedebis tipis (reJimis) ise SerCeva, rom eqstremaluri movlenebis 

sidide da raodenoba garkveul farglebs ar aWarbebdes.  

sazogadod, nebismieri samecniero kvlevis saboloo mizans bunebrivi 

procesebis ganviTarebis SesaZlo gzebis winaswarmetyveleba, prognozireba 

warmoadgens. prognozi gulisxmobs procesebis mimdinareobis kanonzomiere-

bebis srul codnas da maT analizur asaxvas maTematikuri modelis saxiT 

(aq igulisxmeba deterministuli prognozi). aRniSnul sakiTxze sxvadasxva 

dargSi gamoqveynebuli uamravi naSromis mixedviT Tu vimsjelebT, zogadad 

bunebrivi procesebis prognozis TvalsazrisiT sadReisod mecnierebis miR-

wevebi sakmaod mokrZalebulia da mxolod calkeuli droiT-sivrculi maS-

tabisaTvis albaTuradaa SesaZlebeli. am „warumateblobis“ ZiriTadi mizezi 

bunebis struqturul da dinamikur sirTuleSi (bunebis arawrfivobaSi an 
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masSi araSemTxveviTi - arawrfivi struqturis arsebobaSi) mdgomareobs [2, 

3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13]. 

arsebuli Sexedulebebis safuZvelze zemoTqmulis damatebiT SeiZleba 

aRiniSnos, rom sirTule warmoadgens sistemis Sinagani kanonzomierebebiT 

da masze gare zemoqmedebiT ganpirobebul Tvisebas, romelic gansazRvravs 

misi sivrculi struqturisa da am struqturaSi (struqturaze) procesebis 

mimdinareobis Taviseburebebs. aseTnairad ganmartebuli sirTule (arawr-

fivoba) gaigeba, rogorc bunebis sruliad garkveuli fizikuri maxasiaTebe-

li da specialuri literaturuli monacemebis mixedviT mkvlevarTa umete-

sobas misi Sinaarsi ZiriTadad swored ase esmis. [1, 14, 15, 16, 17, 18, 19]. 

sirTulis universalurobidan gamomdinare es mimarTuleba mecniere-

bis yvela dargs ukavSirdeba da Tavisi disciplinaTSorisi bunebidan gamom-

dinare igi qmnis saerTo enas sxvadasxva dargis mkvlevarebisaTvis. 

arawrfivi dinamikis Teorias zogjer sirTulis Teorias uwodeben. 

procesebis evoluciis, sirTulis dinamikuri aspeqtis, Seswavlis Tvalsa-

zrisiT igi moicavs dinamikuri sistemebisa da qaosis Teoriebs.  

miuxedavad imisa, rom arawrfivi dinamikis Teoriis ZiriTadi koncep-

ciebi da midgomebi faqtiurad mxolod bolo wlebSi Camoyalibda, man ukve 

mniSvnelovnad Secvala Cveni Sexedulebebi procesebis mimdinareobasa da 

bunebrivi struqturebis agebulebis kanonzomierebebis Sesaxeb. mecnierebis 

sxvadasxva dargSi, klimatis cvlilebiT dawyebuli, mediciniTa da ekono-

mikiT damTavrebuli, rigi procesebisa, romlebic adre iTvlebodnen SemTx-

veviTad an uwesrigod, dRes ganixilebian Sinaganad rTul, magram savsebiT 

kanonzomier procesebad. ufro metic, zogjer SesaZlebelia maTi evolu-

ciis kanonzomierebaTa raodenobrivi Sefaseba da garkveuli azriT  deter-

ministuli prognozic ki. meore mxriv sxva procesebi, romlebic adre eWvs 

gareSe mowesrigebulad da regularulad iyo miCneuli, dRes SemTxveviTi 

procesebis rigSi ganixileba. aseve mkveTrad Seicvala Cveni warmodgenebi 

bunebrivi obieqtis geometriisa da sivrcis ganzomilebis Sesaxebac. aRmoCn-

da, rom obieqtis sivrculi ganzomileba SeiZleba yovelTvis ar moicemodes 

mTeli ricxviT. 
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misi yovlismomcveli Sinaarsidan gamomdinare bunebis sirTules mra-

vali aspeqti SeiZleba gaaCndes, romelTagan umniSvnelovanesia geometriuli 

(struqturuli) da dinamikuri siTule. isini erTmaneTTan Rrma Sinagan kav-

SirSi imyofebian (mag. fazur sivrceSi dinamikuri sirTule geometriul 

obieqtad aisaxeba) [16, 20, 21, 22, 23, 24, 25]. 

Cveni gamokvlevis mTavar mizans maRalganzomilebiani rTuli proce-

sebis dinamikuri sirTulis Tvisebrivi da raodenobrivi analizi Seadgens. 

Cveulebriv, roca saubroben dinamikaze, rogorc wesi gulisxmoben 

fizikuri sididis cvlilebas droSi, Tumca zogadad SeiZleba dinamikaSi 

vigulisxmoT raime sididis (sidideebis) Tanmimdevruli cvlileba (evolu-

cia) romelime sxva sididis (sidideebis) mimarT.  

unda aRiniSnos, rom dinamika fizikis erT-erTi umniSvnelovanesi da 

uZvelesi dargia. dinamikis SeswavlaSi miRweuli warmatebebi yovelTvis 

Zlier stimuls aZlevda mosazRvre dargebis ganviTarebasac. kerZod, meCvid-

mete saukunis klasikurma dinamikam warmoSva diferencialuri aRricxva,  

xolo Cvens droSi arawrfivi dinamikuri procesebis Seswavlam migviyvana 

fraqtalebis Teoriisa da sirTulis raodenobrivi Seswavlis meTodebis 

ganviTarebamde.  

dinamikuri TvalsazrisiT yvelaze martivia sruliad determinirebul 

sistemaSi mimdinare procesebi, romelTa maxasiaTeblebi Tanabrad izrdebian 

drois an raime sxva maxasiaTeblis mimarT (zrda aq zogadi terminia da 

gulisxmobs rogorc dadebiT aseve uaryofiT da nulovan nazrds). radganac 

am maxasiaTeblebis mniSvnelobaTa cvlilebas, sistemis qcevas, Sinagani an/da 

gare faqtorebi (mizezebi) gansazRvraven, ufro gasagebi iqneba Tu vityviT, 

rom determinirebuli sistemisaTvis zemoqmedebis (mizezis) Tanabari zrda 

an Semcireba Sedegis (zemoqmedebaze sistemis reaqciis) Tanabar cvlilebas 

iwvevs.  

zogadad dinamikis warmodgenis orgvari SesaZlebloba arsebobs maTe-

matikuri modelis an fazuri sivrcis struqturis saxiT. 

bunebrivi procesebis dinamikis modelireba metad Zneli saqmea, rad-

ganac erToblivad moqmed mraval gare faqtorsa da Tavisuflebis xarisxe-
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bis simravlesTan erTad aq Tavs iCenen sistemis qcevis Sinagani arawrfivo-

biT gamowveuli problemebic. amas garda modeluri arawrfivi gantolebebis 

analizuri amoxsnac sakmaod Znelia da xSirad SeuZlebelic. gawrfiveba, 

rasac xSirad mimarTaven am dros, amaxinjebs realur dinamikas, radgan swo-

rad ver asaxavs procesisaTvis damaxasiaTebel mizez-Sedegobrivi kavSirebis 

sirTulis WeSmarit xarisxs. es yvelaferi aZnelebs bunebrivi procesebis 

dinamikaze Cveni swori warmodgenebis Camoyalibebas.  

zemoT Tqmulidan gamomdinare, dinamikuri sistemebis Tvisebrivi da 

raodenobrivi aRweris logikur gzad miiCneva procesis dinamikis fazur 

sivrceSi gadatana. fazuri ewodeba xelovnur sivrces, romlis RerZebzec 

sistemis maxasiaTebeli cvladebia gadazomili. fazuri sivrcis yoveli wer-

tili sistemis garkveul mdgomareobas Seesabameba. am wertilebis erTob-

lioba, aRwers sistemis evolucias da qmnis e.w. fazur traeqtoriebs. es 

ukanasknelni ki qmnian dinamikuri procesis e.w. fazur portrets.  

dinamikis raodenobrivi Sefasebis sakiTxSi mniSvnelovani progresi 

SesaZlebeli gaxda benua mandelbrotis fraqtaluri geometriis ganviTare-

bis Semdeg, romelmac fazuri sivrcis rTuli struqturebis geometriis 

raodenobrivi Sefasebis SesaZlebloba mogvca. axali midgomis ZiriTadi idea 

imaSi mdgomareobs, rom fazuri struqturebis geometriuli Tvisebebis 

raodenobrivi aRwera faqtiurad im dinamikis raodenobriv aRweras Seesaba-

meba, romelmac mocemuli struqtura warmoqmna fazur sivrceSi [26].  

rogorc bolo aTwleulebSi Catarebulma gamokvlevebma cxadyo, bu-

nebrivi procesebi dinamikuri TvalsazrisiT sirTulis sxvadsaxva xarisxiT 

xasiaTdebian. es savsebiT logikuria imis gaTvaliswinebiT, rom dinamikur 

sirTules, procesebis drosa da sivrceSi evoluciis specifikas, xarisxis 

mixedviT gansxvavebuli mizezSedegobrivi kanonzomierebebi udevT safuZv-

lad. Cveulebriv bunebrivi procesebis dinamika mizezSedegobrivi Tvalsaz-

risiT arc mTlianad calsaxaa (determinirebuli) da arc mTlianad SemTx-

veviTi (rogorc zemoT avRniSneT maRalganzomilebiani). Sesabamisad bunebri-

vi procesebi drosa da sivrceSi evoluciis winaswarmetyvelebis, progno-

zis, SesaZleblobis TvalsazrisiTac gansxvavdebian. 
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 rogorc es zemoT iyo aRniSnuli, Tanamedrove SexedulebiT procese-

bis mimdinareobis dinamikur sirTules ierarqiuli buneba gaaCnia. kerZod, 

sruli determinizmidan srul stoqasturobamde arsebobs (arseboben) gar-

kveuli Sualeduri mdgomareoba (mdgomareobebi), e.w. dinamikuri struqtra 

(struqturebi). dinamikuri TvalsazrisiT araprognozirebadi maRalganzomi-

lebiani procesebis struqtura SemTxveviT procesebTan axlos dgas, Tumca 

maT ar emTxveva [12]. 

 maRalganzomilebiani dinamikuri sistemebis araSemTxveviTi buneba ma-

xasiaTeblebis TviTmsgavsebaSi anu masStabur invariantobaSi, albaTuri ga-

nawilebis xarisxobriv, xasiaTSi, dinamikuri maxasiaTeblebis frtaqtalur 

ganzomilebebSi da a. S. vlindeba. TviTmsgavseba an masStaburi invariantoba 

aris wesrigis garkveuli forma, romelic sxvadasxva TvalsazrisiT rTul 

sistemebSi vlindeba. aseT sistemebs ar gaaCniaT maxasiaTebeli sigrZe anu 

maTi Tvisebebi gansxvavebul (droiT da/an sivrcul) masStabebze erTnairia 

[13, 27].  

maRalganzomilebiani procesebis dinamikis dawvrilebiTi analizis 

mniSvnelobaze miuTiTebs isic, rom maTTvis damaxasiaTebeli masStaburi in-

variantoba, raodenobrivi Sefasebisa da urTierTSedarebisas seriozul siZ-

neleebs awydeba, axasiaTebs ra dinamikuri TvalsazrisiT Zalze gansxvave-

bul procesebs. 

rogorc zemoT avRniSneT, sadReisod rTuli bunebrivi Tu teqnikuri 

sistemebis srulyofili maTematikuri modelirebis problema sabolood ar 

aris gadawyvetili, amdenad maRalganzomilebiani procesis dinamikuri Tavi-

seburebebis Seswavlis erT-erT gzas realur monacemTa masivis analizi 

warmoadgens. kerZod, bolo wlebSi ganviTarebuli droiTi seriebis anali-

zis arawrfivi meTodebi saSualebas iZlevian movaxdinoT Sesaswavli rTuli 

procesis dinamikis rekonstruqcia fazur sivrceSi erTcvladiani skalaru-

li monacemebis masivebis saSualebiT. es meTodebi, TviTmsgavsebis zogadi 

maxasiaTeblebis Sefasebis ukve tradiciuli xerxebisagan gansxvavebiT, sa-

Sualebas iZlevian Tvisebrivad da raodenobrivad gavaanalizoT Sesawavli 

procesis fazur sivrceSi asaxuli dinamika.  
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Bbunebriv da teqnikur sistemebSi mimdinare dinamikuri procesebis 

Tvisebrivi da raodenobrivi analizis praqtikuli aucilebloba da am sa-

kiTxze sadReisod CvenTvis xelmisawvdomma literaturuli monacemebis gan-

xilvam cxadyo Cveni gamokvlevis aqtualoba, romelic miznad isaxavda zo-

gierTi maRalganzomilebiani procesis dinamikuri sirTulis Tvisobriv da 

raodenobriv analizs.  

sadisertacio naSromis interdisciplinaruli bunebidan gamomdinare 

maRalganzomilebiani dinamikuri sistemis masStaburi invariantobis sakiTxi 

Seswavlil iqna ramodenime bunebrivi da teqnikuri sistemis magaliTze. 

kerZod, Cuas wredSi kondensatorze modebuli Zabvis cvlilebis dinamika, 

araTanabari xaxunis da seismuri procesis dinamikuri maxasiaTeblebi. rac 

mTavaria disertaciaSi Seswavlil iqna gare mcire zemoqmedebiT rTuli 

procesis dinamikuri reJimis marTvis sakiTxebi. Catarebulma kvlevam 

gamoavlina Seswavlili rTuli sistemebis qcevis mniSvnelovani dinamikuri 

Taviseburebebi. raodenobrivad iqna naCvenebi Cuas wredSi Zabvis cvlilebis 

dabalganzomilebiani xasiaTi, araTanabari xaxunis masStaburi invariantoba, 

seismuri procesis araSemTxveviTi dinamikuri struqtura. rac mTavaria, 

laboratoriul eqsperimentSi da bunebriv savele pirobebSi dadasturebu-

li iqna rTuli dinamikuri sistemis qcevis mcire zemoqmedebebiT marTvis 

Sesaxeb adre gamoTqmuli mosazreba. 

am sakiTxebis gamokvlevasa da yovelmxriv Seswavlas aqvs didi 

samecniero da praqtikuli mniSvneloba. 
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Tavi I 

dinamikuri sirTulis analizis meTodebi 

analizis Tanamedrove wrfivi meTodebi 

 

droiTi seriebis analizis Tanamedrove meTodTagan maRalganzomile-

biani rTuli procesebis dinamikis wrfivi maxasiaTeblebis Sesafaseblad ga-

moviyeneT simZlavris speqtri, avtokorelaciis funqcia, veivleturi garda-

qmna, simZlavris speqtris regresia, harstisa da trendmocilebuli fluq-

tuaciebis analizi [28, 29, 30, 31, 48]. 

 

 

1.1  simZlavris speqtri 

sazogadod, procesis evolucia SeiZleba aRwerili iqnas droiTi an 

sixSiruli TvalsazrisiT. pirvel SemTxvevaSi ganixileba romelime h  sidi-

dis myisieri mniSvnelobis (myisieri amplitudis) droze damokidebuleba 

. meore SemTxvevaSi ganixilaven igive sididis gasaSualoebuli )(th A  amp-

litudis  sixSireze damokidebulebas .  da  faqtiurad 

erTi da igive procesis dinamikis ori gansxvavebuli warmodgenaa. isini 

advilad ukavSirdebian erTmaneTs furies gardaqmnis meSveobiT: 

f )( fA )(th )( fA

,)()(

,)()(

2

2

∫

∫
∞+

∞−

−

+∞

∞−

=

=

dfefAth

dtethfA

ift

ift

π

π

                                    (1.1) 

zogadad, furies gardaqmna aris procedura, romelic raime 

sididis uwyveti an diskretuli masivis axal  masivSi gadayvanas 

awarmoebs. aq   fizikurad aucileblad sixSire ar aris, Tumca mas, 

rogorc wesi, swored sixSiris saxiT warmoadgenen. ase rom Tu - wamebSia 

gazomili, maSin -is ganzomileba iqneba cikli wamSi anu herci. 

aucilebeli ar aris mxolod am erTeulebis gamoyeneba. rogorc ukve iTqva, 

(1. 1) gantolebebi sxva erTeulebisaTvisac samarTliania. mag., Tu  

manZilis funqciaa (gazomili metrebSi), 

)(thi )( fAi

−f

t

f

h

A  talRis sigrZis Sebrunebuli 
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sididis funqcia iqneba (gaizomeba erT metrSi ciklebis raodenobiT) da a. 

S. (1. 1) gantolebidan Cans, rom furies gardaqmna wrfivi operaciaa, rac 

niSnavs imas, rom sruldeba superpoziciis principi: jamis furies 

gardaqmna udris SesakrebTa furie gardaqmnaTa jams. 

furies analizi, rogorc wrfivi analizis yvela sxva meTodi, eyr-

dnoba im daSvebas, rom gansaxilavi stacionaruli monacemTa masivi SeiZleba 

daiSalos perioduli signalebis mimdevrobad. es kargad Cans (1.1) 

gamosaxulebidan imis gaTvaliswinebiT, rom fπω 2=  da 

.   tite ti ωωω sincos +=

furies analizis Sedegebs xSirad, e.w. simZlavris dffAP
2

)(∫
∞

∞−

=  

sixSireze damokidebulebis speqtris saxiT warmoadgenen. parsevalis 

Teoremis Tanaxmad signalis saerTo simZlavre drois da sixSiris mixedviT 

erTnairia da ase gamoisaxeba: 

dffAdtthP
22

)()( ∫∫
∞

∞−

∞

∞−

== .               (1. 2) 

cxadia, rom  sidide pirdapiri azriT simZlavres ar warmoadgens. 

mas ase uwodeben (1. 2) gamosaxulebis, talRis simZlavresa da misi 

amplitudis kvadrats Soris arsebul damokidebulebasTan msgavsebis gamo. 

speqtruli simZlavre (an simkvrive) mosaxerxebeli sididea imdenad, 

ramdenadac 

P

A  xSirad kompleqsuria. rogorc wesi, ikvleven, rogoria 

speqtris simZlavre raime sixSirul diapazonSi da praqtikuli 

saWiroebebisaTvis gamoTvlian sidides:  

2)(2)( fAfPn =  ,                       (1. 3) 

romelic mosaxerxebelia speqtris harmoniuli komponentebis ganawilebis 

grafikuli warmodgenisaTvis.  

praqtikuli TvalsazrisiT  funqcia Cveulebriv diskretulia, 

radganac mocemulia drois tol intervalebSi aRebuli anaTvlebis 

erTobliobis saxiT. amitom, rogorc wesi, iyeneben (1. 1) gardaqmnis diskre-

tul analogs.  

)(th
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vTqvaT mocemulia drois Tanabar ∆  intervalebis Semdeg aRebuli 

 anaTvlebi, sadac )( kk thh = ∆= ktk  )1,...,2,1,0( −= Nk . maSin (1. 1) 

integralis diskretuli jamis saxiT aproqsimaciiT miiReba gamosaxuleba: 

, romelsac furies diskretuli gardaqmna ewodeba. xo-

lo simZlavris speqtri ganisazRvreba rogorc 

∑
−

=

=
1

0

/2)(
N

k

Nikn
kn ehfA π

22)( nAfP = . Sesabamisi fu-

ries Sebrunebuli swrafi gardaqmniT SeiZleba miviRoT ∑
−

=

−=
1

0

/21 N

n

Nikn
nk eA

N
h π

  

mniSvnelobebi. 

furies gardaqmnis Sinaarsidan gamomdinare sasurvelia anaTvlebis 

raodenoba  sakmarisad didi iyos, xolo N ∆  biji - rac SeiZleba mcire. 

gamoTvlebis realuri raodenoba elementaruli ariTmetikuli operaciebis 

uzarmazar raodenobas , saWiroebs. amdenad furies gardaqmna mniSvnelo-

van siZneleebTanaa dakavSirebuli. praqtikaSi Cveulebriv sargebloben 

furies swrafi gardaqmniT, romelic im SemTxvevaSi, Tu , simZlavris 

speqtrs gacilebiT ufro mcire, , odenobis operaciebiT 

gamoiTvlis.  

2N

nN 2~

NN 2log

 furies swrafi gardaqmna gamoTvlebis dros mniSvnelovnad amcirebs, 

Tumca mas aqvs zogierTi specifikuri Tavisebureba, romelTa 

gaTvaliswineba aucilebelia gansakuTrebiT maSin, roca saqme exeba rTul 

dinamikur procesebs. kerZod, imis gamo, rom anaTvlebi aiReba ara uwyvetad, 

aramed diskretulad drois raime  ∆  SualedSi, ikargeba informacia im 

sixSireebis Sesaxeb, romlebic aRematebian e.w. naikvistis sixSires 

∆
=

2
1

cf . garda amisa, rogorc iTqva, gamoTvlebSi monawileobs droiTi 

seriis mxolod  (rogorc wesi, =1024) wevri. amis gamo ikargeba 

dabali sixSireebis is nawili, romelic 

nN 2~ N

∆N/1 -ze mcirea. adgili aqvs 

agreTve gansaxilavi masivis sasrulobasTan dakavSirebul e.w. CamoWris 

cdomilebas.  
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nax. 1.1 tipiuri simZlavris speqtri da avtokorelaciis funqcia (a, e) 

perioduli; (b, v) kvaziperioduli; (g, z) qaosuri da (d, T) SemTxveviTi 

procesebisaTvis. 

 

nax. 1. 1 -ze, naCvenebia tipuri simZlavris speqtrebi perioduli, 

kvaziperioduli, da aperioduli signalebisaTvis. kerZod, perioduli 

procesisaTvis speqtris mTeli simZlavre koncentrirebulia viwro gan-

calkevebul pikSi. subharmoniuli kvaziperioduli procesisaTvis speqtrSi 

gamoiyofa piki ZiriTad sixSireebze da SedarebiT mcire pikebi sxva  

sixSireebze. ufro rTuli, qaosuri da SemTxveviTi procesisaTvis sim-

Zlavris speqtrs gamoyofili pikebi ar gaaCnia, igi, rogorc amboben, 

farToa.  
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1.2  avtokorelaciis funqcia 

 

zogadad,  da  funqciebs Soris wrfivi korelacia ase gamoisaxeba: 

.  Sesabamisad, funqciis Tavis TavTan korelacia, e.i. 

avtokorelacia, ganisazRvreba rogorc . diskretuli 

saxiT avtokorelaciis funqcia Semdegi saxiT moicema: 

u h

∫
+∞

∞−

+= dtthtuhuC )()(),( τ

∫
+∞

∞−

+= dttutuC )()( τ

∑
=

+=
N

i
ii tutu

N
tC

1
)()(1),( ττ ,                   (1.4) 

Seswavlili monacemTa masivis mezobel wevrebs Soris wrfivi 

urTierTdamokidebulebis gasaSualoebuli suraTis warmosadgenad 

gamoviTvlidiT avtokorelaciis funqcias diskretuli saxiT: 

∑

∑

=

=

−

−−+
= N

i
i

N

i
ii

tutu

tutututu
tC

1

2

1

)]()([

)]()()][()([
),(

τ
τ ,                (1.5) 

sadac -Ti aRniSnulia eqsperimentuli anaTvlebi, xolo u τ  droiTi bijia. 

 simZlavris speqtrTan erTad avtokorelaciis funqciis gamoTvla 

monacemTa masivebis analizis Zalze gavrcelebuli da informatiuli 

xerxia. fizikurad avtokorelaciis funqcia warmoadgens droiTi seriis 

wevrebs Soris wrfivi damokidebulebis zomas. sxvagvarad, igi avlens 

procesis droSi evoluciis wrfiv Taviseburebebs.  

Tu monacemTa masivi drois mixedviT ar aris aRebuli, SeiZleba 

iTqvas, rom avtokorelacia warmogvidgens gasaSualoebul suraTs imisa, Tu 

rogor icvleba wrfivi urTierTdamokidebuleba monacemTa masivis 

erTmaneTisagan sul ufro daSorebul mezobel wevrebs Soris.  

avtokorelaciis funqcia iseve, rogorc furies speqtri, ar aris 

sakmarisi dinamikurad rTuli arawrfivi procesebis erTmaneTisagan 

gansxvavebisa da raodenobrivi SefasebisaTvis. es imiTaa ganpirobebuli, rom 

rTuli procesebis droiT seriebSi calkeul  monacemTa Soris wrfivi 

damokidebuleba, rogorc wesi, umniSvneloa. amis gamo simZlavris speqtri 
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farToa, xolo ),( τtC -s mniSvneloba swrafad mcirdeba, ris gamoc maTi 

saSualebiT dinamikurad arsebiTad gansxvavebuli Sinaganad arawrfivi 

procesebis erTmaneTisagan gamorCeva praqtikulad SeuZlebelia [13, 24, 32]. 

 

 

 

 

1.3 veivleturi gardaqmna 

 
procesebis wrfivi Taviseburebebis Sesaswavlad ufro 

mosaxerxebelia dinamikis droiT-sixSiruli warmodgena, risTvisac 

gamoviyeneT veivleturi gardaqmna haaris veivleturi funqciebisaTvis [33,  

34, 35, 36].  

monacemTa masivis droiT-sixSiruli analizi SeiZleba ganxorcieldes 

furies gardaqmniT sixSiris SemosazRvruli diapazonebisaTvis, anu 

fanjrebisaTvis, (windowed Fourier transform) an e.w. veivletebis (Wavelet 

transformation) gardaqmnis saSualebiT. sixSiruli fanjrebisaTvis 

ganxorcielebul furie gardaqmnas am TvalsazrisiT ufro iSviaTad 

mimarTaven, radganac droSi garCevis unaris gazrdis mizniT sixSiruli 

diapazonis Semcireba meTodis sizustes mkveTrad amcirebs.F 

furies speqtrisagan gansxvavebiT veivleturi gardaqmnisas funqcias 

martivi perioduli mdgenelebis superpoziciiT ki ar warmoadgenen, aramed 

garkveuli sixSiruli -masStabisa da t  droisaTvis gansazRvruli a )(tabϕ - 

mokle bazisuri talRebis (veivletebis) saxiT. veivleturi gardaqmna 

ganisazRvreba rogorc Sesaswavli  masivisa da SerCeuli veivletis 

skalaruli namravli: 

)(ts

)(),(),( ttsbaWT abϕ= .               (1.6) 

furies gardaqmnis bazisuri funqciebisagan (sinusebisa da 

kosinusebisagan) gansxvavebiT, romlebic sixSirulad arian lokalizebuli, 

xolo droSi ara, veivleturi funqciebi Llokalizebulni arian rogorc 
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sixSirul, aseve  droiT domenSi. amasTan erTad veivletebi unda iyvnen 

integrirebadi funqciebi da maTi saSualo mniSvnelobebi udridnen nuls.  

veivleturi funqciebis mravali saxeobaa cnobili: haaris, morlis, 

malatis, maieris, gausis warmoebulebi, dobeSis da a. S. (magaliTisaTvis ix. 

nax. 1. 2). 

 
nax 1.2 veivletis zogierTi tipi 

 unda iTqvas, rom veivletebis SerCevis raime mkacri wesi ar 

arsebobs. es sakmaod did siZneles qmnis meTodis gamoyenebisas da garkveu-

li subieqturi elementi Seaqvs miRebul SedegebSi. droiT-sixSirul 

sibrtyeSi lokalizebuli veivleti SeiZleba marTkuTxa fanjrebis saxiT 

warmovadginoT (nax. 1. 3). am naxazze marTkuTxedis sigrZe Seesabameba 

droSi veivletis mimdinareobas (droiT masStabs), xolo simaRle 

sixSirul diapazons (sixSirul masStabs). unda aRiniSnos, rom veivletis 

droiTi da sixSiruli lokalizebis gamo, aRniSnuli marTkuTxedebis 

farTobebi yvela droiTi da sixSiruli diapazonisaTvis erTi da igivea. ase 

rom, veivletis droiTi masStabis mocemiT misi sixSiruli masStabic 

gansazRvrulia. analizs iwyeben udidesi droiTi masStabis mqone, e.w. 

“deda” veivletiT. Semdeg gadadian “Svilobil” veivletebze, romlebic 

miiReba deda veivletis drois masStabis SemcirebiTa da wanacvlebiT. 

 

nax. 1.3 lokalizebuli veivletebis droiT-sixSiruli warmodgena 
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veivleturi gardaqmnis upiratesoba imaSi mdgomareobs, rom, warmoa-

dgens ra Tavisebur maTematikur mikroskops, misi saSualebiT im procesebis 

gansxvavebac ki SeiZleba, romlebsac erTnairi furies speqtri aqvT. es 

meTodi metad sasargebloa dinamikurad rTuli procesebis wrfivi Tavisebu-

rebebis Tvisebrivi Sefasebis TvalsazrisiT. 

 

 

 

 

1.4 simZlavris speqtris regresia 

simZlavris farTo speqtris mqone dinamikurad rTuli procesebis 

wrfivi da arawrfivi Tvisebrivi maxasiaTeblebis, maTi paternebis identifi-

cirebis sakiTxi aqtiuri kvlevis sagania. kerZod, arseboben garkveuli pa-

ternebis mqone SemTxveviTi procesebi, romelTac sruli SemTxveviTobisagan, 

e.w. TeTri xmaurisagan, gamoyofen `feriT~: vardisferi, ruxi da Savi. 

dinamikuri procesebis aRniSnuli paternebis arseboba bunebriv procesebis 

zogad kanonzomierebas warmoadgens da misi Sefaseba droiTi seriebis ana-

lizis Tanamedrove meTodebiTaa SesaZlebeli. erT-erTi amgvar meTodTagania 

furies simZlavris speqtris regresiis gamoTvla [37, 38, 39]. 

rogorc cnobilia, Tu procesis maxasiaTeblebi erTmaneTs xarisxob-

rivi damokidebulebiT,  ukavSirdeba, maSin mas sxvadasxva masStab-

ze TviTmsgavseba axasiaTebs, anu procesi aris umasStabo _ fraqtali. 

simZlavris speqtrSi speqtraluri sixSire 

αβ )(xy =

( )f , da am sixSiris Sesabamisi 

simZlavre  swored aseTi damokidebulebiT ukavSirdebian )( fS αf
fS 1)( ∝ . 

logariTmul skalaze wrfivi regresiiT ffS log)(log −  damokidebulebis 

grafikis daxrilobiT gamoiTvleba α  eqsponenta. 

aseT procesebs dinamikur fraqtalebs, αf
1  tipis sistemebs (an 

mokled f
1  xmaurs) uwodeben (zogjer maT flikerxmaurs uwodeben). 
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αf
1  gamosaxulebaSi, simZlavris speqtris regresiis koeficientis, α  - s 

mniSvneloba gansazRvravs xmauris tips (anu rogorc zemoT aRiniSna, fers) 

[39].  

rogorc aRiniSna, avtokorelaciis funqcia warmodgenas iZleva 

droiTi seriis mezobel wevrebs Soris wrfivi korelaciebis Sesaxeb. amas 

sxvagvarad maxlobel korelaciebs uwodeben. amave dros monacemTa masivSi 

SeiZleba adgili hqondes e.w. Soreul anu grZelvadian korelaciebsac. es 

imas niSnavs, rom korelacias adgili aqvs erTmaneTisagan Zalze daSorebul 

wevrebs Soris maSinac ki, rodesac axlo mezoblebs Soris wrfivi 

uTierTkavSiri sustia. 

grZelvadiani korelaciebis Sesaswavlad simZlavris speqtris regre-

siasTan erTad Cven gamoviyeneT ufro Tanamedrove wrfivi testebic, kerZod, 

masStabirebuli rangebisa da trendmocilebuli fluqtuaciebis analizi. 

 

 

 

 

 
 

1.5 masStabirebuli rangebis analizi: harstis 

eqsponentis gamoTvla 

masStabirebuli rangebis analizis, anu harstis eqsponentis gamoTv-

lis meTodis ZiriTadi principebi SemuSavebuli iqna 50–60-ian wlebSi, Tum-

ca farTo gamoyeneba man ufro mas Semdeg moipova, roca cxadi gaxda rTu-

li procesebis Sesabamisi droiTi seriebis fraqtaluri buneba, rac monacem-

Ta masivebis TviTmsgavsebaSi da masStabur invariantobaSi vlindeba [40, 41].  

ZiriTadi idea mdgomareobs imis garkvevaSi, Tu rogoraa damoki-

debuli  raodenobis anaTvlebis Semcveli monacemTa masivis kumulatiuri 

fluqtuaciebi amave masivis SerCeuli qvesimravleebis sigrZeze.  

N
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 gamoTvlebis Tanmimdevroba aseTia: Tavdapirvelad gamoiTvleba t∆  

drois SualedebSi aRebuli  monacemebis masivis saSualo sidide: )( itx

∑
=

=
N

i
itx

N
x

1
max )(1)(τ ,                    (1.7) 

sadac tN ∆= maxmaxτ  dakvirvebis mTeli droa. amis Semdeg gamoiTvlian 

kumulatiur gadaxrebs saSualo sidididan, masivis dasawyisidan raime tk∆  

intervalSi (drois ganmavlobaSi):  

∑
=

−=
k

i
i xtxkNV

1
max )]()([),( τ ,                 (1.8) 

sadac, Nk ≤<0 . Semdeg etapze vpoulobT kumulatiuri gadaxris minimumsa 

da maqsimums drois τ  intervalis SigniT da  gamoviTvliT maT sxvaobas: 

minmax)( VVR −=τ .                     (1.9) 

gadaxrebis normireba xdeba yoveli τ  periodis SigniT moxvedrili 

monacemebisaTvis gamoTvlili standartuli deviaciis )(τS  mniSvnelobiT: 

2/1

1

2)]()([1)(
⎭
⎬
⎫

⎩
⎨
⎧

−= ∑
=

N

i
i xtx

N
S ττ .               (1.10) 

amis Semdeg masivis mTeli  sigrZis nacvlad viRebT mis nawils, vTqvaT N

2
maxN

N = , da axali tN∆=τ -saTvis gavimeorebT igives da a.S. gamoTvlebi 

Catardeba τ -s sul ufro mcire mniSvnelobebisaTvis. yoveli τ -saTvis 

gamoiTvleba masStabirebuli rangebi )(/)(/ ττ SRSR = . Sedegebi erTnairi 

τ -ebisaTvis gasaSualovdeba da aigeba masStabirebuli rangebis drois 

Sualedze (masivis sigrZeze) damokidebulebis grafiki. 

harstma aRmoaCina, rom xSirad samarTliania Semdegi empiriuli 

Tanafardoba: 

HSR )2/(/ τ= ,                     (1.11) 

sadac  H  aris harstis maCvenebeli an eqsponenta. misi mniSvneloba 

icvleba [0, 1] SualedSi.  

harstis eqsponenta garkveul warmodgenas gviqmnis Sesaswavli 

procesis evoluciis Taviseburebebis Sesaxeb. ase magaliTad, 5.0=H , 

mniSvneloba Seesabameba SemTxveviT process,  Seesabameba e.w. 5.0>H
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persistentul process, xolo 5.0<H  Seesabameba antipersistentul 

process. 

 

 

 

 

1.6 trendmocilebuli fluqtuaciebis analizi 

 

trendmocilebuli fluqtuaciebis analizi eyrdnoba b. mandelbrotis 

mosazrebas imis Sesaxeb, rom Tu obieqti (aq - droiTi seria) Tavis Tavis 

msgavsia, maSin ganxilvis masStabis SecvliT, anu gadamasStabirebiT unda 

miviRoT statistikurad misive msgavsi obieqti. es mniSvnelovania imdenad, 

ramdenadac aRniSnuli gadamasStabirebiT SeiZleba gamoTvlili iqnas 

obieqtis maxasiaTebeli mniSvnelovani invarianti - masStabirebis eqsponenta 

[26, 42, 43]. 

am mosazrebis Tanaxmad TviTmsagavsi, stacionaruli droiTi seria, 

romelic xasiaTdeba grZelvadiani korelaciebiT, SeiZleba gadamasStabirdes, 

aijamos (e.i. gamsxvildes droiTi masStabi), rac aseve masStaburad 

invariantul TviTmsgavs mimdevrobas mogvcems. amgvari gadamasStabirebis 

ramdenjerme ganmeoreba saSualebas mogvcems ganvsazRvroT masStaburi 

invariantobis zoma, rac raodenobriv warmodgenas Segviqmnis originaluri 

droiT seriaSi grZelvadiani korelaciebis Sesaxeb.  

analizis procesSi pirvel rigSi xdeba mocemuli   sigrZis  

droiTi seriis integrireba: 

N )(txi

∑
=

−=
k

i
i txtxky

1

)]()([)( .                    (1.12) 

amis Semdeg ajamuli droiTi seria daiyofa Tanabari -sigrZis ubnebad anu 

boqsebad. yoveli boqsisTvis umcires kvadratTa meTodiT gamoiTvleba 

lokaluri trendi. calkeuli boqsisaTvis trendis  koordinata 

aRiniSneba -Ti. amis Semdeg xdeba trendis mocileba ajamuli droiTi 

seriidan , lokaluri trendis  gamoklebiT. miRebuli 

n

y

)(kyn

)(ky )(kyn
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integrirebuli da trendmocilebuli droiTi seriis yoveli  sigrZis 

boqsisaTvis gamoiTvleba fluqtuaciis maxasiaTebeli sidide: 

n

∑
=

−=
N

k
n kyky

N
nF

1

2)]()([1)(                 (1.13) 

amis Semdeg ageben  (1. 13) sididis boqsis sigrZeze damokidebulebis 

grafiks. ormag logariTmul skalaze wrfivi damokidebulebis arseboba 

miuTiTebs gansaxilav masivSi TviTmsgavsebis, masStaburi invariantobis 

arsebobaze. sxvanairad, fluqtuaciebi mcire zomis boqsebSi dakavSirebuli 

arian fluqtuaciebTan didi zomis boqsebSi xarisxobrivi funqciiT. 

 damokidebulebis daxris kuTxe gansazRvravs masStaburi 

invariantobis eqsponentas -

nnF log)(log −

α .  

droiTi seriisaTvis, sadac calkeuli monacemebi erTmaneTTan 

sruliad arakorelirebulia, mag., TeTri xmauris SemTxvevaSi  5.0=α . 

persistentul grZelvadian korelaciebs Seesabameba 15.0 <<α , xolo 

antipersistentuls 5.00 <<α . 1=α  Seesabameba  f
1  tipis xmaurs. roca 

1>α  monacemTa masivSi korelaciebi kvlav arseboben, magram aRar 

aRiwerebian xarisxobrivi damokidebulebiT. 5.1≥α  miuTiTebs monacemTa 

masivSi ruxi xmauris arsebobaze, romelic warmoadgens TeTri xmauris 

integrirebis Sedegs. aqve davamatebT, rom iseve, rogorc es ukve iTqva 

harstis maCveneblisaTvis, α  eqponentac SeiZleba ganvixiloT, ro-gorc 

monacemTa masivis xaoianobis maCvenebeli, droiTi seriis sigluve ki 

determinizmis niSania. 
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Tavi II 

droiTi seriebis analizis arawrfivi meTodebi 

 

sadisertacio naSromis ZiriTadi miznebidan gamomdinare maRalganzo-

milebiani sistemebis masStaburi invariantobisa da dinamikuri struqturis 

kvlevis mizniT gamoviyeneT monacemTa analizis zogierTi Tanamedrove ara-

wrfivi meTodebi: mag. mcdari uaxloesi mezoblebis analizis, liapunovis 

eqsponentis gamoTvlis, Senonis entropiis, korelaciuri,  ganmasxvavebeli 

arawrfivi statistikis da rekurentuli raodenobrivi analizis meTodebi. 

zogadad Cvens mier ganxiluli droiTi seriebi monacemTa skalarul 

masivebs warmoadgenen. amitom saubars daviwyebT Sesaswavli procesis 

dinamikis rekonstruqciis e.w. CaSenebisa da droiTi Seyovnebis meTodebiT 

[24, 44,  45, 48]. 

 

 

 

 

2.1 fazur sivrcis rekonstruqcia Seyovnebis 

meTodiT 

Seyovnebis meTodi imaSi mdgomareobs, rom anaTvlebis droSi siaxlo-

viT ganpirobebuli damaxinjebis Tavidan acilebis mizniT fazuri port-

retis agebisaTvis gamoiyeneben ara yovel momdevno an erTmaneTTan siSoris 

gamo daukavSirebel, aramed e.w. Seyovnebis T  droiT daSorebul monacemebs. 

 ise unda SeirCes, rom sakmarisad didi iyos, raTa gamoiricxos 

anaTvlebis droSi siaxloviT gamowveuli urTierTdamokidebulebis iluzia. 

amave dros igi arc imdenad didi unda iyos, rom calkeuli anaTvlebi 

erTmaneTisagan statistikurad sruliad damoukidebelni gaxdnen. Tu es 

piroba dakmayofilda, droiTi seriis monacemebis safuZvelze raime - 

ganzomilebian sivrceSi aigeba d  ganzomilebis mqone veqtorebi: 

T

d

)])1((),...,2(),(),([)( TdnxTixTixixiX −+++=
r

,          (2.1) 
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romlebic Semoweren topologiurad originaluri procesis atraqtoris 

ekvivalentur fazur portrets.  

 fazuri portretis rekonstruirebis xarisxi bevradaa damokidebuli 

-s SerCevaze. arsebobs Seyovnebis T  drois SerCevis ramdenime gza. Cven 

gamoviyeneT avtokorelaciis funqciis pirveli nulovani gadakveTis an 

pirveli minimumis moZebnis xerxi. amisaTvis gamoiTvleboda droiTi bijis 

T

τ  mniSvneloba, romlisTvisac gansaxilavi droiTi seriis avtokorelaciis 

funqcia pirvelad gaxdeba nulis toli an nulze naklebi. drois es 

Sualedi, romelsac korelirebis drosac uwodeben, aris dro  (an manZili 

monacemebs Soris), romlisTvisac masivis ganzogadoebuli saSualo monacemi 

korelaciaSia momdevno monacemTan [12, 24, 29, 46].  

 

 

 

 

 

2.2 CaSenebis sivrcis SerCeva 

Whitney-s Teoremis Tanaxmad CaSenebis, anu dinamikuri struqturis 

fazur sivrceSi daumaxinjeblad ganTavsebis pirobaa , sadac, d  

CaSenebis sivrcis ganzomilebaa, xolo  - atraqtorisa. cxadia, rom  

yovelTvis winaswar ar iqneba cnobili. -s anu CaSenebis sivrcis 

ganzomilebis dadgenis meTodebi sistemis invariantebis gajerebis ideas 

efuZnebian. isini dinamikuri sistemis atraqtoris iseT evklidur sivrceSi 

CaSenebas, gaSlas gulisxmoben, rom rekonstruirebuli traeqtoriebisaTvis 

gamoTvlili invariantebi (mag., liapunovis eqsponentebi an fraqtaluri 

ganzomilebebi), ar icvlebodnen -s gazrdasTan erTad. sxvanairad rom 

vTqvaT, CaSenebis sivrcidan dawyebuli saZiebeli atraqtoris invariantuli 

maxasiaTeblebi gajerebuli unda iyvnen ufro meti ganzomilebis mqone 

sivrceebSi. amitom SearCeven romelime -s da misTvis gamoiTvlian 

atraqtoris romelime invariants. Semdeg -s erTiT gazrdian da Tavidan 

12 +≥ dd

d d

d

d

d

d

ae e

a a

e

e

e

e
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gamoiTvlian invariantis mniSvnelobas. am process gaagrZeleben manamde, 

sanam CaSenebis sivrcis ganzomilebis zrdiT invariantis mniSvnelobis 

cvlileba ar Sewydeba. rac Seexeba CaSenebis sivrcis ganzomilebas, misi 

gamoTvlisas gamoiyeneben atraqtoris romelime invariants an atraqtoris 

wertilebs Soris manZilebze damokidebul romelime funqciebs [12, 47]. 

CaSenebis sivrcis ganzomilebis Sinaarsidan gamomdinare misi sworad 

SerCevisas atraqtoris wertilebs Soris manZilebze damokidebuli 

funqciebi (mag., korelaciuri integralis, , manZilze , 

damokidebulebis grafikis daxriloba: 

)](log[ rCq )log(r

)log(
)](log[

r
rC

d q
a = ) ar unda icvlebodes 

-s zrdis kvalobaze. rogorc iTqva, Sesaswavli sistemis sworad 

SerCeul CaSenebis ganzomilebad iReben -s im mniSvnelobas, romlis 

gazrdis Semdeg daxriloba aRar Seicvleba.  

ed

ed

SemTxveviTi procesisaTvis amgvar gajerebas adgili ar aqvs da 

korelaciuri integralis mniSvneloba ganuwyvetliv izrdeba CaSenebis 

ganzomilebis zrdasTan erTad. amdenad, SemTxveviTi procesisaTvis CaSenebis 

sivrcis ganzomileba usasrulod didia. 

 

 

 

 

 

 

2.3 mcdari uaxloesi mezoblebis analizi 

 

mcdari uaxloesi mezoblebis (false nearest neighbors – FNN) analizis 

meTodis arsi imaSi mdgomareobs, rom vipovoT -ganzomilebis mqone iseTi 

sivrce, romelSic gamoricxuli iqneba atraqtoris traeqtoriebis urTi-

erTgadakveTa dabali ganzomilebis sivrceSi CaSenebis gamo. Tu  sakmaod 

didi ar iqneba, wertilebi, romlebic sinamdvileSi erTmaneTisagan 

d

d
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daSorebuli arian, rekonstruirebul sivrceSi erTmaneTTan axlo aRmoC-

ndebian; erTmaneTisaTvis isini iqnebian mcdari uaxloesi mezoblebi.  

 aseTi mezoblobis gamosaricxavad unda davadginoT, ram ganapiroba 

maTi siaxlove, procesis dinamikurma Taviseburebam, Tu atraqtoris 

arasakmarisi ganzomilebis sivrceSi rekonstruirebam. amisaTvis unda 

gavzardoT CaSenebis sivrcis ganzomileba. vTqvaT  - ganzomilebis 

rekonstruirebul sivrceSi raime 

d

]...[ )1(2 TdnTnTnn ssssy −+++=
r

 veqtoris 

uaxloesi mezobelia  veqtori. aq -iT, ]...[ )1(
NN

Tdn
NN

Tn
NN

n
NN sssy −++=
r NNyr yr  

veqtoris uaxloesi mezobelia AaRniSnuli (nearest neighbour – NN). am 

veqtorebs Soris evkliduri manZili ase gamoiTvleba: 

. igulisxmeba, rom es sakmarisad mcire 

manZilia.  ganzomilebis sivrceSi xsenebul veqtorebs Soris manZili 

Semdegi gamosaxulebiT moicema  

∑
=

−+−+ −=
d

j
Tin

NN
Tinn ssdR

1

2
)1()1(

2 )()(

1+d

∑
+

=
−+−+ −=+

1

1

2
)1()1(

2 )()1(
d

i
Tin

NN
Tinn ssdR ;               (2.2) 

sxvagvarad, igi asec SeiZleba CavweroT:  

222 )()()1( Tdn
NN

Tdnnn ssdRdR ++ −+=+ .              (2.3) 

 Tu  metia -ze, SeiZleba CavTvaloT, rom  da )1( +dRn )(dRn yr NNyr  

veqtorebi -ganzomilebian sivrceSi mcdari mezoblebi arian. praqtikuli 

gamoTvlebisaTvis SearCeven raime zRurbls , da , veqtorebis 

mcdar mezoblobaze msjeloben im SemTxvevaSi, Tu sruldeba utoloba: 

d

TR yr NNyr

T
n

Tdn
NN

Tdn
R

dR

ss
>

− ++

)(
 .                     (2.4) 

zRurblis mniSvnelobas aiReben 5010 ≤≤ TR  farglebSi. rogorc wesi, 

iTvlian mcdari mezoblebis procentul raodenobas CaSenebis sivrcis 

ganzomilebis cvlilebis mixedviT (nax. 2. 1).  
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nax. 2. 1 mcdari uaxloesi mezoblebis procentuli raodenobis damokidebuleba 

CaSenebis ganzomilebaze lorencis atraqtorisaTvis 

 

skalaruli droiTi seriis safuZvelze rTuli dinamikuri procesis 

fazur sivrceSi srulyofilad CasaSeneblad SearCeven im sivrcis 

ganzomilebas, romlisTvisac mcdari mezoblebis raodenoba nulamde 

mcirdeba. nax. 2. 1 –ze lorencis atraqtorisaTvis mcdari mezoblebis 

raodenoba nuli xdeba samganzomilebiani sivrcisaTvis. es niSnavs imas, rom 

lorencis atraqtorisaTvis CaSenebis sivrcis ganzomileba . Tu 

gavixsenebT, rom CaSenebis Teoremis 

3=ed

12 +≥ ae dd  pirobis mixedviT lorencis 

atraqtorisaTvis , cxadi gaxdeba, Tu ramdenad dazogavs gamoTvlebis 

dros am meTodis gamoyeneba. 

5=ed

zemoTTqmuli Seexeba xmaurisagan Tavisufal droiT seriebs. xmauris 

arsebobis pirobebSi miRebulia Semdegi kriteriumis gamoyeneba: 

2
)1(
≥

+

A

n

R
dR

 ,                   (2.5)  

sadac ∑
=

−=
N

n
avnA ss

N
R

1

22 )(1
, aq ∑

=

=
N

n
nav s

N
s

1

1
, droiTi seriebis anaTvlebis 

(faqtiurad veqtoris koordinatebis) saSualoa, xolo  atraqtoris 

zomaa  (igulisxmeba xazovani zoma da ara ganzomileba), romelic ar 

Seicvleba CaSenebis sivrcis gazrdiT. 

AR
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 unda aRiniSnos, rom arseboben CaSenebis sivrcis ganzomilebis 

dadgenis sxva meTodebic mag., Sevsebis faqtoris meTodi, magram gamoyenebTi 

TvalsazrisiT isini sakmaod mouxerxebelni arian da ZiriTadad xmaurisagan 

Tavisufali modeluri droiTi seriebisaTvis arian gaTvaliswinebuli. ase 

rom, yvelaze farTod swored zemoT ganxiluli meTodebi gamoiyenebian [48]. 

 

 

 

 

 

2.4 fazuri portretis rekonstruirebis 

mravalcvladiani meTodi 

zemoT Tqmuli Seexeboda erTcvladian skalarul droiT seriebs. 

Sesaswavli rTuli procesebis fazuri portretis rekonstruirebisaTvis 

Cven agreTve gamoviyeneT dinamikis Sesabamisi geometriuli struqturis 

warmodgenis mravalcvladiani (multivariatuli) meTodi. es imiTac iyo 

ganpirbebuli, rom fazuri portretis asagebad saWiroa uzrunvelyofili 

iqnes fazur sivrceSi fazuri wertilebis aucilebeli simkvrive, rac 

monacemTa pirveladi masivis sakmaod (zogjer ki ararealurad) did sigrZes 

moiTxovs [13, 49].  

zemoT aRwerili erTganzomilebiani, skalaruli droiTi seriidan 

Seyovnebis meTodiT fazuri sivrcis rekonstruireba, ZiriTadad martivi 

dabalganzomilebiani procesebisTvisaa gaTvaliswinebuli. dabalganzomilebi-

ani ewodeba  dinamikas, romlis fraqtaluri ganzomileba 5-s ar aRemateba, 

rac, mcire gamonaklisis garda, ZiriTadad maTematikur modelebs axasiaTebs. 

maTematikuri modelebisagan gansxvavebiT realuri gazomvebis masivis sigrZe 

gasagebi mizezebis gamo sakmaod SezRudulia. meore mxriv, rogorc irkveva, 

realuri bunebrivi procesebis ganzomileba xSirad dabali ganzomilebis 

zRvarze bevrad maRalia da zogjer 10-s aRemateba. aseTi rTuli 

procesebis dinamikis daxasiaTebisaTvis aucilebeli sigrZis realuri 

droiTi seriebi, rogorc wesi, ar arseboben. es zogjer SeuZlebels xdis 
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dinamikuri procesebis Sesaswavlad erTganzomilebiani droiTi seriebis 

gamoyenebas. aRniSnuli problema SeiZleba gadawydes dinamikuri procesis 

fazuri portretis rekonstruirebis mravalcvladiani meTodis gamoyenebiT. 

takensis erTi cvladis monacemTa skalaruli seriiT rekonstruire-

bis meTodisagan gansxvavebiT, mravalcvladiani meTodis gamoyenebisas 

CaSenebis ganzomileba, , winaswaraa gansazRvruli; igi Seesabameba 

arsebuli SedarebiT mokle masivebis raodenobas. e.i. imden ganzomilebian 

sivrceSi SeiZleba moxdes rekonstruireba, ramdenic calke aRebuli mokle 

seria gvaqvs.  

m

Cven gamoviyeneT mravalcvladiani rekonstruirebis ori cnobili 

varianti [49]: 

1. mokle droiTi seriebis `gadakerebis~ gziT erTi sakmarisi sigrZis 

droiTi seriis miReba. aseT serias ganixilaven Cveulebriv 

erTganzomilebian monacemTa mimdevrobad da fazur sivrces ageben takensis 

ukve aRwerili midgomis Sesabamisad. faqtiurad am gziT xdeba 

mravalcvladiani midgomis erTcvladianze xelovnuri dayvana. es martivi 

xerxi sakmaod saimedo Sedegebs iZleva, romlebic mcired gansxvavdebian 

sxva meTodebiT miRebuli Sedegebisagan.  

2. yoveli mokle seriis TiToeuli monacemi ganixileba rogorc -

ganzomilebiani fazuri sivrcis i -uri koordinati. an ufro martivad, -

ganzomilebiani sivrcis yovel RerZze aiReba romelime erTi mokle seriis 

monacemebi, rac saSualebas iZleva mivaRwioT maRali ganzomilebis fazur 

sivceebSi fazuri wertilebis  sakmaris simkvrives.  

m

m

unda aRiniSnos rom mravalcvladiani rekonstruirebis  meTodiT 

agebuli fazuri portreti ufro srulad asaxavs Sesaswavli procesis 

dinamikur struqturas da erTcvladian rekonstruirebasTan erTad farTod 

gamoiyeneba.  
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2.5 liapunovis eqsponentis gamoTvla 

maRalganzomilebiani rTuli procesebis rekonstruirebul fazur 

sivrceSi fazuri wertilebis evoluciis Sesaswavlad gamoviyeneT 

liapunovis maqsimaluri eqsponentis, λ , gamoTvlis meTodi. meTodis 

ZiriTadi idea mdgomareobs rTuli procesebisaTvis damaasiaTebeli, sawyis 

pirobebze Zlieri damokidebulebiT gamowveuli, fazuri traeqtoriebis 

swrafi daSoriSorebis raodenobriv SefasebaSi [50, 51]. zogadad: 

)('log1lim
1

1
i

n

in
xf

n∑
−

=
∞→

=λ .                                        (2.6) 

am gamosaxulebidan kargad Cans, rom liapunovis eqsponenta iZleva mTel 

fazur sivrceze gasaSualoebuli traeqtoriebis daSoriSorebis saSualo 

siswrafes ite-raciis (drois) erTeulSi. misi erTeulia biti/wm an biti 

iteraciis erTeulze.  

ufro zogadad, -ganzomilebian fazur sivrceSi romelime dinamiku-

ri sistemis uaxloes traeqtoriebs Soris 

d

)(1 nn F ξξ
r

=+

→

 tangenciuri 

veqtoriT mocemuli manZilis evolucia gawrfivebuli saxiT ase gamoisaxeba 

, sadac ξξ ))((
.

txT= x
FDFT ∂
∂==  aris -is iakobiani. misi amoxsnebi 

moicema  saxiT. aq  aris wrfivi operatori, romelic 

tangenciur veqtors -s gardaqmnis -Si. tangenciuri veqtoris 

divergenciis saSualo eqsponencialuri siCqare ganisazRvreba, rogorc [23, 

53]: 

F

)0()( ξξ tAt = tA

→

)0(ξ
→

)(tξ

)0(
)(

ln1lim))0(),0((
ξ
ξ

ξλ
t

t
x

t ∞→
= .                  (2.7) 

amis Semdeg -is -ganzomilebiani bazisuri veqtorebis mniSvnelobebis 

mixedviT gamoiTvleba liapunovis eqsponentebis Sesabamisi mniSvnelobebi 

, romlebic qmnian gansaxilavi dinamikuri procesis 

liapunovis eqsponentebis speqtrs 

→

)0(ξ d

)),0(())0(( ii exx
→→→

≡ λλ

dλλλ ≥≥≥ ...21  [52].   
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realuri procesebis ganxilvisas, rogorc wesi, ucnobia sistemis 

aRmweri arawrfiv gantolebaTa sistemebi, amdenad liapunovis eqsponentebis 

gamoTvla aRwerili gziT ver xerxdeba. bolo aTwleulis ganmavlobaSi 

araerTi meTodi iqna SemuSavebuli, romelic λ  eqsponentebis eqsperi-

mentuli monacemebis droiTi seriidan gamoTvlis saSualebas iZleva. Cveni 

analizisaTvis gamoviyeneT Wolf-is mier SemuSavebuli algoriTmi [17, 53, 

54].  

Tu λ  < 0 drois ganmavlobaSi xdeba mezobeli traeqtoriebis 

eqsponenciuri daaxloeba es niSnavs, rom sistemas gaaCnia atraqtori 

fiqsirebuli wertilis saxiT. Tu λ  = 0, sistema fazur sivrceSi 

stabiluri zRvruli ciklisaken miiswrafvis. dadebiTi liapunovis 

koeficienti ( ∞<< λ0 ) miuTiTebs imaze, rom mezobeli fazuri 

traeqtoriebi eqsponenciurad Sordebian erTmaneTs. Tu ∞→λ , saqme gvaqvs 

xmaurTan [12, 55]. 

liapunovis eqsponentebis saSualebiTac SeiZleba gamovTvaloT drois 

is  Sualedi, romlisTvisac dinamikurad SedarebiT martivi 

sistemebisaTvis prognozireba SesaZlebelia, 

pT

⎟
⎠
⎞

⎜
⎝
⎛=

l
Tp

1log1
λ

,                        (2.8) 

sadac , sawyisi mdgomareobis gansazRvris sizustea.  l

fazur sivrceSi sistemis evoluciis Seswavla procesis dinamikis 

Sesaxeb aucilebel, magram arasakmaris informacias gvawvdis. es imiTaa 

ganpirobebuli, rom atraqtori geometriuli struqturis saxiT mocemuli 

procesis dinamikaa da amdenad misi (dinamikis) sruli daxasiaTebisaTvis 

aucilebelia fazur sivrceSi fazuri wertilebis ganawilebis statikuri 

Tvisebebis (geometriuli ganzomilebis) Seswavla.  

zogadad, atraqtoris ganzomileba warmodgenas gviqmnis sistemis 

aqtiuri Tavisuflebis xarisxebis Sesaxeb. atraqtoris ganzomilebis 

gamoTvlis mravali meTodi arsebobs, romelTagan Cven am sadisertacio 

naSromSi informaciuli da korelaciuri ganzomilebis gamoTvlis meTodebi 

gamoviyeneT.  
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2.6 Senonis entropia da informaciuli  

ganzomileba 

Tileris mier modificirebuli balatonisa da renis informaciuli 

ganzomilebis koncefcia imaSi mdgomareobs, rom unda gairkves, Tu ramdeni 

namdvili ricxvi, an informaciis ramdeni bi-tia saWiro, raTa fazuri 

sivrcis wertilis mdebareoba saWiro sizustiT aRiweros. mag., wrfis 

wertilis mdebareoba erTi ricxviT aRiwereba, sibrtyisa - oriT, 

samganzomilebiani sivrcis - samiT Dda a. S. iseve rogorc boqsebis daTvlis 

algoriTmSi tevadobiTi ganzomilebis gamoTvlisas, aqac gamosakvlevi 

fazuri sivrcis wertilebis simravles wibos r  sigrZis mqone N  kubebiT 

dafaraven. zogadad, -ganzomilebian sivrceSi erTeulovani -ganzomile-

biani hiperkubebis mdebareobis 

d d

r -sizustiT dasaxasiaTeblad aucilebelia 

informaciis  biti. amis gaTvaliswinebiT simravlis 

informaciuli ganzomileba moicema rogorc 

)(log)( 2 rd−rS =

r
r

2

)(S
log

d

, sadac  informaciis 

bitebis is raodenobaa, romelic aucilebelia, raTa -ganzomilebis mqone 

fazuri sivrcis wertilebis mdebareoba 

)(rS

r  sizustiT aRiweros. zRvarSi es 

sidide aseT saxes miiRebs [56, 57]: 

 
r

rSD
rI

2
0 log

)(lim
→

−= .                      (2.9) 

vTqvaT,  aris fazur sivrceSi atraqtoris wertilebis simravle,  

aris boqsebis saerTo, 

0N iN

N , raodenobidan TiToeulSi moxvedrili 

wertilebis raodenoba (cxadia, rom NN ≠0 ), maSin 

0N
NP i

i =  aris fazuri 

wertilis  boqsSi aRmoCenis albaToba da . imis gaTvaliswinebiT, 

rom Senonis formulis Tanaxmad informaciuli entropia: 

i ∑
=

=
N

i
iP

1

1

∑
=

−=
N

i
ii PPrS

1
2log)( ,                  (2.10) 

formulis saboloo saxe aseTia: 
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r

PP
D i

ii

rI
2

2

0 log

log
lim
∑

→
= .                   (2.11) 

atraqtorze erTgvarovnad ganawilebuli wertilebis simravlisaTvis 

. marTlac, Tu wertilebi fazur sivrceSi erTgvarovnadaa 

ganlagebuli, 

BI DD =

N
Pi

1
=  da i

i

N

i i

N
NN

rS log1log1)( 2
1

=−= ∑
=

, aqedan gamomdinare, 

B
i

rI D

r

ND ==
→ 1ln

lnlim
0

. 

sxva SemTxvevaSi BI DD < .  zemoTxsenebuli informaciuli entropia 

sistemis prognozirebadobas axasiaTebs. roca wertilis romelime boqsSi 

moxvedra Tanabar albaTuria, e.i. Tu 
N

Ni
1

= , informaciuli entropia 

maqsimaluria da sistema araprognozirebadia. Tuki atraqtoris yvela 

wertili erT boqsSia Tavmoyrili, 0=I , da sistema maqsimalurad progno-

zirebadia.  

 

 

 

 

2.7 korelaciuri ganzomileba 

 

korelaciuri integralis gamoTvlis algoriTmi emyareba atraqtoris 

fiqsirebuli zomis sferoebiT dafarvis ideas. algoriTmis arsi imaSi 

mdgomareobs, rom gamoiTvleba atraqtoris TiToeuli wertilis irgvliv 

Semoxazuli r  radiusis n -ganzomilebiani sferos SigniT moxvedrili 

wertilebis  raodenobis damoki-debuleba sferos radiusze. am 

damokidebulebis praqtikuli gamoTvlebisaTvis mosaxerxebeli saxe aseTia: 

)(rC

)(
)1(

2)(
1 1
∑∑
= +=

−−Θ
−

=
N

i

N

ij
ji xxr

NN
rC ,           (2.12) 

sadac  hevisaidis funqciaa, romelic  nulis tolia, roca , da 

udris erTs, roca ; 

)(xΘ 0<x

0≥x ji xx −  aris ixr  da jxr  veqtorebs Soris 
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manZilis evkliduri norma. sakmaod mcire r  radiusebisaTvis da sakmarisad 

grZeli droiTi seriebisaTvis samarTliania xarisxobrivi damokidebuleba 

; 
νrrC ∝)( r -is mniSvnelobis zrdis kvalobaze sferos SigniT moxvedrili 

wertilebis raodenoba zRvars miaRwevs da . meore mxriv, sferos 

radiusis metismetad mcire mniSvnelobisaTvis im wertilebis wyvilebis 

raodenoba, romelTa Soris manZilebi 

1)( →rC

r  -ze naklebia, Zalze mcirea, amasTan 

Tavs iCenen gazomvis cdomilebebi. ase rom  damokidebuleba 
νrrC ∝)( r -is 

mxolod SezRudul diapazonSi sruldeba. am diapazons masStabirebis ubans 

an regions uwodeben. misi SerCeva sakmaod Zneli saqmea, radganac realurad 

gazomvis sizuste usasrulod maRali ar aris da  piroba ver 

Sesruldeba.  

0→r

korelaciuri ganzomileba ν  an, rogorc mas xSirad aRniSnaven, , 

ase gamoiTvleba: 

2d

)log(
)(loglim

02 r
rCd

r→
==ν .                    (2.13) 

praqtikuli miznebiT gamoTvlebisas ji =  SemTxvevebs gamoricxaven. 

 Cven zemoT ukve SevexeT monacemebis droiTi korelaciebis (droSi 

siaxlovis) sakiTxs procesis fazuri portretis rekonstruirebisa da 

dinamikis Tvisobrivi daxasiaTebis TvalsazrisiT. korelaciuri integralis 

gamoTvlisas droiTi korelaciebis sakiTxi kidev ufro mwvaved dgas, 

radganac isini dinamikuri procesis ganzomilebis araswori raodenobrivi 

Sefasebis mizezi SeiZleba gaxdnen.  

praqtikulad korelaciuri integralis gamoTvlisaTvis Semdeg 

formulas iyeneben: 

)(
)1)((

2)(
1minmin min

∑ ∑
= +=

−−Θ
−−−

=
N

i

N

nij
ji xxr

nNnN
rC .      (2.14) 

realurad  gamoiTvleba, rogorc  mrudebis 

daxriloba, sxvadasxva  ganzomilebis fazuri sivrceebisaTvis; procesis 

korelaciur ganzomilebad miiCneven  - is im mniSvnelobas, romelic fa-

zuri sivrcis ganzomilebis Semdgomi zrdis Sedegad aRar icvleba, anu 

xdeba misi gajereba. SesaZloa, aseT gajerebas adgili arc hqondes, maSin 

2d rrC log)(log −

p

2d
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procesis korelaciuri ganzomileba usasrulod didia, rac damaxasiaTe-

belia SemTxveviTi procesisaTvis. fazuri sivrcis im ganzomilebas, romlis 

Semdegac  aRar icvleba, aris atraqtoris CaSenebis sivrcis ganzomileba.  2d

cxadia, rom atraqtoris ganzomileba yovelTvis naklebi iqneba misi 

sworad SerCeuli CaSenebis sivrcis ganzomilebaze. miRebulia, rom CaSe-

nebis sivrcis ganzomileba Semdeg pirobas unda akmayofilebdes: 12 2 +≥ dd , 

sadac,  atraqtoris ganzomilebaa. korelaciuri ganzomileba gamoiTvleba 

 -  mrudis masStabirebis wrfivi ubnisaTvis [22, 56]. 

2d

)(log rC rlog

bolos aRvniSnoT, rom korelaciuri integrali SeiZleba gamoviTva-

loT fazuri sivrcis rogorc erT, ise mravalcvladiani rekonstruirebis 

pirobebSi. 

koreqtuli arawrfivi analizi monacemTa masivis mxolod garkveul 

sigrZis pirobebSia SesaZlebeli. sadReisod cnobili yvelaze mkacri moT-

xovnis Tanaxmad droiTi seriis sigrZe,  da im atraqtoris ganzomileba, 

, romelic SeiZleba saimedod ganisazRvros mocemuli sigrZis droiTi 

seriis safuZvelze, Semdeg TanafardobaSi imyofebian:  [12, 23].  

N

d
dN 42≥

am gamosaxulebaSi xarisxis maCvenebeli, , atraqtoris fraqtaluri 

ganzomileba ki ar aris, aramed masze mcire pirveli mTeli ricxvi. es 

moTxovna imdenad mZimea, rom umetes SemTxvevaSi misi Sesruleba TiTqmis 

SeuZlebelia. amitom Cven vsargeblobdiT ufro msubuqi samuSao 

kriteriumiT, romlis Tanaxmadac  [23, 66].  

d

2/10dN ≥
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2.8 ganmasxvavebeli arawrfivi statistika da 

arawrfivi struqturis testirebis meTodebi 

 maRalganzomilebiani rTuli procesebis arawrfivi analizis 

procesSi Cven gamoviyeneT arawrfivi struqturis testirebis meTodebi 

Semdegi ori ZiriTadi miznis misaRwevad: 

a) dinamikurad rTuli procesis dabali fraqtaluri ganzomilebis 

Sesaxeb mcdari daskvnis Tavidan acileba. 

es imiT iyo ganpirobebuli, rom Cvens mier Seswavlili droiTi 

seriebi Seicaven xmaurs da sasruli sigrZe hqondaT. amdenad maSinac ki, 

roca  -  mrudebze masStabirebis ubani cxadad iyo gamokveTi-

li, ar arsebobda garantia, rom ganzomilebis ucvleloba (gajereba) 

namdvilad atraqtoris Tvisebebma ganapirobes da ara sxva faqtorebma (mag., 

xmaurma).  

)(log rC rlog

b) sistemebis mdgomareobebis erTmaneTisagan gamorCeva dinamikuri 

sirTulis mixedviT.  

rodesac ar xerxdeba dinamikuri ganzomilebis raodenobrivi gamo-

Tvla (adgili ar aqvs procesis fraqtaluri ganzomilebis gajerebas 

CaSenebis ganzomilebis zrdis kvalobaze), Seswavlili maRalganzomilebiani  

procesebis identifikaciisaTvis SesaZlebelia calkeuli ganzomilebis 

fazuri sivrceebisaTvis gansazRvruli arawrfivi maxasiaTeblebi 

gamoviyenoT ganmasxvavebeli statistikis rolSi [12, 58]. 

 

 

 

 

2.9 nul-hipoTezebis ierarqia da ganmasxvavebeli 

metrika  

 

rTuli droiTi seriebis analizisas maTSi aRmoCenili yoveli 

struqtura ar aris aucileblad ganpirobebuli sistemis dinamikis arawr-

fivobiT. swored amitom aucilebelia gairkves droiTi seriis dakvirvebuli 
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struqtura namdvilad sistemis arawrfivobis Sedegia Tu ara. amisaTvis 

axdenen nul-hipoTezebis testirebas imis Taobaze, SesaZlebelia Tu ara 

Sesaswavli droiTi seriis modelireba CvenTvis cnobili romelime tipis 

wrfivi procesiT. Cveulebriv xdeba imis dadgena SenarCundeba Tu ara 

originaluri droiTi seriis dadgenili Tvisebebi (arawrfivi maxasiaTeb-

lebis gamoTvlili mniSvnelobebi) misi arawrfivi struqturis iseTnairi 

darRvevisas, rom ZiriTadi wrfivi maxasiaTeblebi ucvleli darCnen. es 

maxasiaTeblebi SeiZleba iyvnen: saSualo, saSualo kvadratuli gadaxra, 

ganawilebis funqcia, furies speqtri, avtokorelaciis funqcia da a.S. 

aqedan gamomdinare warmoebs e.w. surogatuli droiTi seriebis generireba, 

romlebic aRniSnuli maxasiaTeblebis mixedviT originaluri droiTi 

seriisagan ar gansxvavdebian, sxva mxriv ki SemTxveviTni arian [12, 13]. 

SenarCunebuli maxasiaTeblebi sxvadasxva SemTxvevaSi sxvadasxvaa da, 

cxadia, erTi nul-hipoTezis farglebSi yvelafris gaTvaliswineba ar 

xerxdeba. amitom ganixilaven nul-hipoTezebis ierarqias maTi TandaTanobiTi 

garTulebis gaTvaliswinebiT [47]. 

umartivesi nul-hipoTeza mdgomareobs imaSi, rom gansaxilavi droiTi 

seria warmoadgens SemTxveviTad ganawilebuli, erTgvarovani, damoukidebeli  

cvladebis erTobliobas. am SemTxvevaSi surogatuli droiTi seria gene-

rirdeba standartuli fsevdoSemTxveviTi ricxvebis generatoriT, romelic 

normalizebulia originaluri seriis saSualo mniSvnelobaze da saSualo 

kvadratul cdomilebaze. amisaTvis, rogorc wesi, xdeba originaluri 

masivis monacemebis droiTi mimdevrobis SemTxveviTi areva. am SemTxvevaSi 

SenarCundeba originaluri masivis albaTobebis ganawilebis funqcia [13]. 

 wrfivi korelirebuli xmauris SemTxvevaSi nul-hipoTeza imaSi 

mdgomareobs, rom droiTi seriis struqtura ganisazRvreba misi avtokore-

laciis funqciiT an, rac igivea, furies simZlavris speqtriT. 

zemoT ganxiluli wrfivi procesebis droiT seriebs SeiZleba hqon-

deT sasruli arawrfivi maxasiaTeblebi, mag., liapunovis eqsponentebi da 

korelaciuri ganzomileba, Tumca es srulebiT ar niSnavs determinirebuli 

qaosis arsebobas. ase rom, ucnobi dinamikis Sesaxeb raime daskvnebis 
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gakeTebamde unda Semowmdes, SesaZlebelia Tu ara mocemuli droiTi seriis 

modelireba wrfivi procesiT. sxvagvarad, zemoT aRwerili nul-hipoTezebis 

safuZvelze unda gairkves, SesaZlebelia Tu ara droiTi seriis arawrfivi 

analizis Sedegebis axsna wrfivi modelis farglebSi.  

Sesabamisi testis ZiriTadi idea imaSi mdgomareobs, rom 

ganmasxvavebeli statistikis rolSi SerCeuli raime M  damzerili sididis  

mixedviT unda gairkves, marTlac wrfivia droiTi seria Tu ara. amisaTvis 

Tavdapirvelad unda Semowmdes M -is ra mniSvnelobas miviRebdiT wrfivi 

modelidan. Seesabameba Tu ara originaluri droiTi seriisa da wrfivi 

modelisaTvis gamoTvlili es sidideebi erTmaneTs? Tu aseT Sesabamisobas 

adgili ara aqvs, droiTi seria SesaZloa arawrfivi iyos.  

cxadia, aRniSnul M  sidides statistikurad ganmasxvavebeli 

metrikis Sinaarsi eqneba. xSirad am mizniT  korelaciur ganzomilebas, , 

iyeneben. 

2d

 

 

 

 

 

2.10 surogatuli droiTi seriebi 

originaluri droiTi seriis Sesabamisi (ufro zustad zogierTi 

wrfivi, statistikuri parametriT msgavsi) modelirebisaTvis, rogorc 

wesi, iyeneben surogatuli monacemebis seriis generirebis meTods. meTodis 

arsi imaSi mdgomareobs, rom originaluri da surogatuli seriebis 

Sedarebis gziT, gamoiricxos nul-hipoTeza imis Sesaxeb, rom originaluri 

droiTi seria generirebulia wrfivi stoqasturi (SemTxveviTi) procesebiT.  

amisaTvis xdeba xelovnuri SemTxveviTi droiTi seriis generireba, 

romelic Tavisi wrfivi TvisebebiT originaluris msgavsia. surogatuli 

droiTi seriebis generirebis ramdenime xerxi arsebobs. maTgan yvelaze 

gavrcelebulia faziT gaSemTxveviTebuli (fg) da masStabirebuli faziT 

gaSemTxveviTebuli (mfg)  surogatebis gamoyeneba.  
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fg-surogatul seriebs unda hqondeT igive wrfivi maxasiaTeblebi: 

furies speqtri da avtokorelaciis funqcia, rac originalur 

(gamosakvlev) serias. es moTxovna maSin Sesruldeba, Tu originaluri da 

surogatuli seriis furies gardaqmnas erTnairi amplitudebi eqnebaT da 

mxolod faziT iqnebian gansxvavebuli. amisaTvis originaluri  droiTi 

seriis swrafi furies gardaqmnis, , kompleqsur  wevrebs 

gaamravleben SemTxveviT fazebze: , sadac 

ns

∑
=

=
N

n

Nink
n

f
k ess

1

/2π f
ks

kif
k

f
k ess Φ='

kΦ  iRebs SemTxveviT 

mniSvnelobebs ]2,0[ π  areSi. amis Semdeg gamoTvlian furies Sebrunebul 

gardaqmnas: . amgvarad miRebul  droiTi seria 

warmoadgens SemTxveviTi ricxvebis simravles originaluri seriis 

analogiuri simZlavris speqtriT. 

∑
=

−=
N

k

Nnkif
kn ess

1

/2'' π '
ns

kΦ -fazis raime sxva mniSvneloba axal 

surogatul serias mogvcems. 

mfg, anu masStabirebuli SemTxveviTi fazebis testi, gulisxmobs 

surogatuli seriis sam etapad formirebas. pirvel etapze warmoebs 

SemTxveviTi ricxvebis masivis rangebis masStabireba (gadawyoba) 

originaluri masivis rangebis Sesabamisad. meoreze, xdeba am Sualeduri 

masivis faziT gaSemTxveviTeba ukve aRwerili xerxiT. mesame etapze 

warmoebs originaluri masivis rangebis masStabireba faziT gaSemTxveviTebu-

li masivis rangebis mixedviT.  

masStabirebuli SemTxveviTi fazebis surogatebis meSveobiT 

SesaZlebelia Semowmdes nul-hipoTeza imis Sesaxeb, rom originaluri 

droiTi seria generirebulia wrfivi stoqasturi procesiT, romelic 

Seicavs monotonur statikur (gansaxilavi procesis dinamikasTan kavSiris 

armqone) arawrfivobas [12].  

rogorc vxedavT, orive meTodi originaluri droiTi seriis 

gaSemTxveviTebis princips eyrdnoba, magram masStabirebuli faziT gaSe-

mTxveviTebuli surogatebis testiT nul-hipoTezis uaryofis SemTxvevaSi 

meti safuZveli arsebobs imisaTvis, rom davrwmundeT originalur masivSi 

arawrfivi struqturis arsebobaSi. 
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rogorc wesi, surogatebis raodenoba ramodenime aTeulidan 

ramodenime aseulamde aRwevs. imis Sesafaseblad, Tu ramdenad arsebiTia 

originaluri da surogatuli droiTi seriebis maxasiaTebeli metrikebis 

(mag., korelaciuri ganzomilebebis, ) gansxvaveba sxvadasxva xerxi 

gamoiyeneba. maT Soris yvelaze gavrcelebulia kriteriumi [59, 60]: 

2d

surogorigsurog
σMMS −= ,                (2.15) 

sadac  
surog

σ  aRniSnavs surogatuli seriis ganmasxvavebeli metrikis 

 standartul deviacias.  -sididis standartuli cdomileba, 
surog

M S S∆ , 

ase gamoiTvleba:  

N
SS )5.01( 2+

=∆ ,                    (2.16) 

sadac  anaTvlebis ricxvia. N

gansxvavebis sarwmunoobis Sesaxeb sxvadasxva mosazreba arsebobs: 

yvelaze msubuqi moTxovna  uzrunvelyofs sarwmuno gansxvavebas 

 doneze. yvelaze mkacri moTxovnaa . rogorc wesi 

praqtikuli gamoTvlebisaTvis gansxvaveba sarwmunod iTvleba Tu   

[59, 61, 62, 63, 64]. 

2>S

05.0=p 10≥S

5>S

ganmasxvavebeli statistikis arsebiTobis sakiTxis gasarkvevad 

agreTve xSirad gamoiyeneben vilkoqsonis niSnadi rangebis,  araparametrul 

tests. amisaTvis CaSenebis Sesabamisi ganzomilebisaTvis gamoiTvlian 

sxvaobebs originaluri da surogatebis mTeli simravlisaTvis gasaSualoe-

bul maxasiaTebel sidideebs wyvilebs Soris. Semdeg moaxdenen am sxvaobebis 

mniSvnelobebis ranJirebas niSnis miuxedavad (e.i. danomraven zrdadobis 

mixedviT maTi absoluturi sididis Sesabamisad). amis Semdeg daiTvlian 

dadebiTi (an uaryofiTi) rangebis jams. vilkoqsonis testis Tanaxmad, Tu 

es jami metia rangebis saerTo jamisa da specialur cxrilSi moyvanili 

standartuli mniSvnelobis sxvaobaze, nul-hipoTeza originaluri da 

surogatuli masivebis ganawilebis funqciebis igivurobis Sesaxeb 

uaryofilia arsebiTobis Sesabamis doneze [65].  

53 



zogjer gamoiTvlian e.w. monte-karlos albaTobas, romelic ase 

ganisazRvreba: ( SemTxvevebis raodenoba)/(SemTxvevebis saerTo 

raodenoba). es midgoma gansakuTrebiT maSinaa mosaxerxebeli, roca 

surogatebisaTvis gamoTvlili 

=MP
orig

MM ≤

M –is mniSvneloba normalurad ar aris 

ganawilebuli. SedarebiT iSviaTad gamoiyeneben barnardisa da hopes 

araparametrul tests, romlis Tanaxmadac zemoTxsenebuli nul-hipiTeza, 

sarwmunoobis ( )11 +=
surr

Np  donezea uaryofili, Tu yvela surogatisTvis    

 [59, 60]. 
surogorig

MM <

 

 

 

 

 

2.11 rekurentuli raodenobrivi analizis      

meTodi (RQA) 

Sesaswavl procesebSi dinamikuri cvlilebebis gamovsakvlevad gamo-

viyeneT rekurentuli raodenobrivi analizis (RQA- Recurrence Quantitative 

Analysis) meTodi. RQA gansakuTrebiT sasargebloa imisaTvis, rom gadaila-

xos siZneleebi, romelsac xSirad adgili aqvT, rodesac saqme gvaqvs 

arastacionaruli da sakmaod mokle monacemebis masivTan. Tavdapirvelad 

igeba e. w.  rekurentuli diagrama (RP) gansazRvrulia rogorc [68, 71]: 

)(, jiiji xxR r
−−Θ= ε .                                     (2.17) 

aq iε  aris e.w “moWrili” distancia, xolo )(xΘ  aris hevisaidis 

funqcia. ε -is swori SerCeva aris erT-erTi mTavari problema rekuren-

tuli analizisa. sasurvelia ε  iyos rac SeiZleba patara, magram xmauris  

arseboba ganapirobebs misi sasruli sididis SerCevas. ε  SerCevis ramode-

nime gza arsebobs. Cven gamokvlevaSi ε -is zomad aviReT fazuri sivrcis 

maqsimaluri zomis 10% an 20%. RQA rogorc rTuli dinamukiri procesis 

analizis meTodi saSualebas iZleva ganisazRvravs ramodenime maxasiaTebeli 

sidide. maT Soris umetesoba axasiaTebs fazuri sivrcis diagonalur 
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struqturas, mag: rekurentobis procenti  da determinizmis 

procenti . isini dafuZnebulia fazuri sivrcis diagonaluri 

struqturis xazebis analizze. rekurentoba _  aris Tanafardoba 

rekurentuli wertilebis raodenobisa yvela fazuri wertilis 

raodenobasTan. rekurentuli wertilebis raodenobis Tanafardoba, 

wertilebis im raodenobasTan romlebis qmnian diagonalur struqturebs 

ewodeba determinizmi . am maxasiaTeblebis maRali mniSvnelobebi 

miuTiTeben regularobis maRal xarisxze [67, 68, 69, 70, 71].  

)(tRR

)(tDET

)(tRR

)(tDET

 

 

am TavSi CamoTvlili meTodebis garda sadisertacio naSromSi 

gamoyenebuli iqna zogierTi damatebiT meTodi, romelebic mokled iqnebian 

ganxilulni mesame TavSi. 
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Tavi III 

Sedegebis aRwera da gansja 

 
rTuli maRalganzomilebiani dinamikuri sistemebis magaliTebi, ro-

gorc aRvniSneT, mravalia: atmosferuli, seismuri, biologiuri, socialuri 

da a. S. Cven naSromSi SeviswavleT aseT dinamikur sistemebSi mimdinare 

procesebis ramdenime magaliTi, maT Soris, zogierTi teqnikuri da seismuri 

procesi, agreTve laboratoriul eqsperimentSi mimdinare procesebi. qvemoT 

ganvixilavT maT cal-calke. 

 

 

 

 

 

3.1 maRalganzomilebiani dinamikuri procesis 

magaliTi teqnikur sistemebSi 

3.1.1 Cuas wredis aRwera 

disertaciaSi ganvixileT eleqtruli wredi (kerZod Cuas wredi), 

rogorc magaliTi teqnikuri sistemisa, romelSic adgili aqvs maRalganzo-

milebian dinamikur process.  

Cuas wredi, rogorc rTuli dinamikuri sistemis modeli, daaxloe-

biT 20 wlis winaT SemogvTavaza eleqtronuli wredebis specialistma l. 

Cuam. igi warmoadgens martiv eleqtronul wreds erTi arawrfivi elemen-

tiT. am wreds aqvs sxvadasxva tipis dinamiuri qcevis, maT Soris, dabalgan-

zomilebiani qaosuri procesis (rxevebis) generirebis unari. Cuas 

eleqtronuli wredis sqema mocemulia naxazze 3.1. swored am sqemis rea-

lizaciis Sedegad miRebul monacemTa masivis gamyenebas ganvixilavT qvemoT 

[72, 73, 74]. 
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nax. 3.1 Cuas eleqtronuli wredis sqema 

 

es wredi Seicavs arawrfiv rezistors _ Cuas diods, romlis volt-

amperuli maxasiaTebeli gamosaxulia nax. 3.2 

 

 

nax. 3. 2 Cuas diodis voltamperuli maxasiaTebeli 

formulebi, romlebic marTaven wredis dinamikas SeiZleba Caiweros 

Semdegi saxiT: 

( ) ( )1
121

1 vi
R

vv
dt
dvC d−

−
=  

( )
LiR

vv
dt

dvC +
−

= 212
2                    (3.1) 

2v
dt
diL L −=          

aq  aris Zabva  kondensatorze modebuli,  aris induqtorSi 

gamavali deni. Cuas diodSi gamavali deni mocemulia formuliT:  

iv iC Li

( )
( )

( )⎪
⎩

⎪
⎨

⎧
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sadac ,  da  arian Sesabamisad wyvetis wertilebi da wrfivi 

daxrebi, romlebic naCvenebia nax. 3. 2. 

pB 0m 1m

 

 

 

 

 

3.1.2 Cuas wredis realizaciis Sedegad  

miRebuli monacemebis damuSaveba 

 

Cuas wredis realizacia praqtikuli TvalsazrisiT arcTu ise 

rTulia, Tumca Sesabamisi xarisxis monacemTa masivis uzrunvelyofa garkve-

ul siZneleebTan aris dakavSirebuli. sakiTxs arTulebs is, rom parametre-

bis yvela mniSvnelobisaTvis am procesis dinamikuri Tvisebebi jer srulad 

ar aris Seswavlili. maRalganzomilebianobis sakiTxis garkveva monacemebis 

xarisxis mimarT moTxovnas mkveTrad zrdis, amitom Cven gadavwyviteT arse-

buli maRalxarisxiani masivebis gamoyeneba. 

amdenad Cven gamoviyeneT Cuas wredis standartuli realizaciis mo-

nacemTa masivebi, romelic misawvdomia internetSi Semdeg misamarTze: 

www.cpdee.ufmg.br/~MACSIN/services/data/data.htm (bolos gadamowmebulia 

10.03.09). es imiTac iyo gamarTlebuli, rom avtorebs ar ganuxorcielebiaT 

aRniSnul droiT seriebze srulfasovani dinamikuri kvleva. amdenad, Cven 

disertaciaSi CavatareT Cuas sqemiT generirebuli droiTi seriebis kvleva 

arawrfivi dinamikis Tanamedrove meTodebis gamoyenebiT. Cven Cveni miznebidan 

gamomdinare monacemTa masivebidan SevarCieT da gamoviyeneT droiTi seria, 

romelic yvelaze naklebad xmauriani iyo. avtorebis mier Cuas wredis apa-

raturuli uzrunvelyofis Sedegad miRebulia ramdenime seria. Cven gamovi-

yeneT DSVC1. DAT seria, romelic miiReba wredSi kondensatorze modebu-

li Zabvis cvlilebis gazomvis Sedegad. igi Seicavs 5000 monacems (ix. nax. 

3.3) da Cuas wredis aparaturuli realizaciis Sedegad aris aTvlili [75, 

76].  
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 es droiTi seria DSVC1. DAT  Riaa da SegiZliaT ixiloT Semdeg 

internet misamarTze: www.cpdee.ufmg.br/~MACSIN/services/data/data.htm. 

 
nax. 3.3 Cuas wredSi kondensatorze modebuli Zabvis cvlilebis droiTi 

seria  

 

 

nax. 3.4 Cuas wredSi kondensatorze modebuli Zabvis cvlilebis droiTi seriis 

simZlavris speqtri 

Cven am realuri masivisaTvis gamovTvaleT sxvadasxva wrfivi da ara-

wrfivi maxasiaTeblebi, magaliTad simZlavris speqtri, harstis eqsponenta, 
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liapunovis eqsponenta, mcdari uaxloesi mezoblebis analizi, korelaciuri 

ganzomileba, avageT rekurentuli diagramebi da CavatareT rekurentuli 

raodenobrivi analizi (RQA). yvela es meTodi dawvrilebiT aRwerilia 

disertaciis II TavSi. 

 mcdari uaxloesi mezoblebis analizis, korelaciuri ganzomilebisa 

da rekurentul-raodenobrivi analizisaTvis Cven gamoviyeneT programuli 

paketebi: CDA Pro, AutoSignal da Visual Recurrence Analysis.  

Cuas wredSi kondensatorze modebuli Zabvis cvlilebis droiTi se-

riis fazuri portreti warmodgenilia nax. 3.5 

-4

-3

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

nax. 3.5 Zabvis cvlilebis droiTi seriis organzomilebiani fazuri portreti 

 

Cuas wredSi Zabvis clileba Tvisebrivi TvalsazrisiT dabalganzomi-

lebian process mogvagonebs, razedac miuTiTebs misi msgavseba lorencis 

atraqtorTan.  

-150

-100

-50

0

50

100

150

-150 -100 -50 0 50 100 150

nax. 3.6 lorencis atraqtoris organzomilebiani fazuri portreti 
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Cuas wredSi kondensatorze modebuli Zabvis cvlilebis droiTi se-

riis rekurentuli diagrama warmodgenilia nax. 3.7. 

 

nax. 3.7 droiTi seriis rekurentuli diagrama 

igive DSVC1. DAT droiT seriaze CavatareT agreTve rekurentul-

raodenobrivi analizi. Sedegi naCvenebia nax. 3.8  

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.8 Zabvis cvlilebis droiTi seriis R/S analizis Sedegi 

mcdari uaxloesi mezoblebis analizis da korelaciuri ganzomile-

bis Sesabamisi mrudebi mocemulia nax. 3.9 da 3.10. 

61 



 

nax. 3.9  Cuas wredSi kondensatorze modebuli Zabvis cvlilebis monacemTa 

masivis FNN raodenobis cvlileba CaSenebis ganzomilebis mixedviT 

  

  

nax. 3.10 Zabvis cvlilebis monacemT amasivis korelaciuri ganzomilebis cvlileba 

CaSenebis sivrcis ganzomilebis mixedviT  

 

Cven mier Catarebuli dinamikuri analizis Sedegebi warmodgenilia 

qvemoT cxril 1-Si.

cxrili 1. Cuas wredSi kondensatorze modebuli Zabvis cvlilebis 

monacemTa masivis dinamikuri maxasiaTeblebi 

 

harstis eqsponenta 003.072.0 ±  

liapunovis eqsponenta maxλ  031.0406.0 ±  

korelaciuri ganzomileba d2 733.092.1 ±  

informaciuli ganzomileba 5 

rekurentobis procenti (%REC) 0.037 

determinizmis procenti (%DET) 48.028 

laminarobis procenti (%LAM) 0.05 
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daskvna 

rogorc zemoT moyvanili Sedegebi mowmobs, ganxilul pirobebSi 

Cuas wredSi Zabvis cvlilebis dinamika maRalganzomilebiani ar aris. igi 

kvaziperiodulTan axloa da xasiaTdeba persistentobis sakmaod maRali xa-

risxiT - arsebuli trendis mdgradobiT. es procesi gamovlenili rao-

denobrivi dinamikuri TaviseburebebiT dabalganzomilebiani determinire-

buli qaosis tipis procesebTanaa axlo (d2=1.9<5, maxλ >0). amaves adastu-

rebs misi tipiur dabalganzomilebian determinirebuli sistemasTan (loren-

cis sistemasTan) Tvisebrivi msgavsebac. 

 

 

 

 

 

 

 

3.2 bunebriv procesebSi maRalganzomilebiani rTuli 

dinamikis Seswavla seismuri procesis magaliTze 

 

cnobilia, rom dedamiwas gars akravs sxvadasxva warmoSobis, didi 

sixSiruli diapazonis cvalebadi velebi, romelTa periodi varirebs wamebi-

dan Tveebamde da wlebamde. radganac cvalebadi velis wyaro ar aris sru-

lad izolirebuli dedamiwisagan, is iwvevs daZabulobis/deformaciis velis 

variacias dedamiwis qerqSi, rac gamoixateba susti gareSe Zalis mier seis-

muri movlenebis sinqronizaciis fenomenSi. susti zegavlenisadmi amgvari 

grZnobiaroba gulisxmobs, rom sistema axlosaa e.w. kritikul (TviTorgani-

zebulad kritikul- selforganized criticality) mdgomareobasTan, sadac sistemis 

mdgradoba SeiZleba advilad dairRves. Tanamedrove warmodgenebiT seismoaq-

tiur regionebSi dedamiwis qerqi marTlac axlos aris kritikul mdgoma-

reobasTan, rac SesaZlebels xdis seismurobis sinqronizacias. amgvari efeq-
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tebis buneba dRemde ar aris dadgenili. Tanamedrove arawrfivi dinamikis 

ganviTarebis done am uCveulo efeqtebis raodenobrivi interpretaciis sa-

Sualebas iZleva [77].  

susti gare zegavleniT procesebis sinqronizaciis movlenebs Cven 

vxvdebiT mraval dargSi, dawyebuli meqanikidan damTavrebuli biologiuri 

da socialuri procesebiT [78]. 

 vinaidan dedamiwa ganicdis Zalze farTo diapazonis (sekundebidan 

Tveebamde da wlebamde) periodis mqone gareSe cvalebadi velebis gavlenas, 

savsebiT bunebrivia, rom sinqronizaciis fenomenze dakvirveba moxdeba 

sxvadasxva warmoSobis mraval geofizikur velSic. magaliTad, aris mravali 

monacemi imis Sesaxeb, rom seismuri aqtivoba garkveulad korelirebulia 

iseT sust cvalebad gareSe velebTan, rogoricaa dedamiwis mimoqcevebi, 

mzis aqtivoba, atmosferuli wneva, eleqtromagnituri SeSfoTebebi, 

sezonuri cvla da rezervuarebis eqspluatacia.  

zogadad, sistema mgrZnobiarea mcire zegavlenisadmi, rodesac igi 

kritikul mdgomareobasTanaa axlos. Teoriulad, Tu xmauri umniSvneloa, 

usasrulod mcire periodul Zalasac ki SeuZlia aRZras sinqronizacia 

(sinqronizaciis maCvenebeli e.w. arnoldis ena – Arnold’s tongue – iwyeba 

gareSe zeddebuli Zalis nulovan mniSvnelobaze) [78]. 

amave dros, realurad, bunebriv dinamikur sistemebSi xmauri gardau-

valia, rac niSnavs, rom praqtikulad sinqronizaciis efeqtis miReba SesaZ-

loa mxolod zeddebuli Zalis raRac zRvruli mniSvnelobis miRwevis Sem-

deg. 

bolo wlebSi mravali naSromi mieZRvna seismur aqtivobaze susti 

cvalebadi velebis (dedamiwis mimoqcevebis, mzis aqtivobis da a.S.) gavlenis 

sakiTxs. es kvlevebi mowmoben, rom, SesaZloa, susti kvaziperioduli SeS-

foTebebi akontrolebdnen (sinqronizacias axdendnen) uzarmazari teqtoni-

kuri ZalebiT marTul iseT araregularul relaqsaciur process, rogori-

caa seismuroba. marTlac, rogorc gamokvlevebi mowmoben, zeddebuli kvazi-

perioduli rxevebiT gamowveuli daZabulobebi (0.01-1 bari), rogorc wesi, 

gacilebiT naklebia, vidre mTavari mamoZravebeli teqtonikuri daZabulobe-
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bi. miuxedavad amisa, sabolood, am mcire zemoqmedebas SeuZlia gamoiwvios 

sinqronizaciis fenomeni (Secvalos Zlieri da susti movlenebis raodeno-

bis Tanafardoba), an sul mcire, moaxdinos sistemis droiTi qcevis 

mowesrigeba [78, 79, 80, 81, 82, 83].  

amave dros sadReisod amgvari dakvirvebebi yovelTvis ar aris sakma-

risad gamyarebuli mkacri Sefasebebis procedurebiT, rac xSirad ganapiro-

bebs daskvnebis xarisxobriv, zogjer ki arasarwmuno xasiaTs. amrigad, seis-

murobis sinqronizaciis sakiTxi erT-erT mTavar, jer-jerobiT gadauWrel 

samecniero problemad rCeba. es mniSvnelovanwilad imiTacaa ganpirobebuli, 

rom zemoT xsenebuli, susti gare zemoqmedebis gavleniT mZlavri energe-

tikuli procesebis sinqronizaciis efeqti tradiciuli wrfivi Teoriebis 

farglebSi ver aixsneba. mizez-Sedegobrivi kavSiris aracalsaxoba aq aSka-

raa, radganac mcire zegavlenas ZaluZs periodul reJims miuaxloos 

(gazardos wesrigis xarisxi) iseTi sistemis dinamika, romelsac amoZravebs 

gacilebiT ufro didi Zala. mcire zemoqmedebis mimarT amgvari maRali 

grZnobiaroba gulisxmobs, rom saqme gvaqvs e.w. maRalganzomilebian 

arawrfiv urTierTqmedebebTan.  

 

 

 

 

 

 

3.2.1 anTropogenuli zemoqmedebis gavlena seismuri 

procesis dinamikur maxasiaTeblebze  

 

seismuri procesis Seswavlas didi mniSvneloba aqvs masTan dakavSi-

rebuli didi riskis gaTvaliswinebiT. es riski gansakuTrebiT didia seismu-

rad aqtiur im regionebSi, sadac ganlagebulia didi kaSxlebi da wyalsaca-

vebi. 
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zogadad, kaSxlebi warmoadgenen adamianis mier mTagorian garemosa da 

xeobebSi xelovnurad Seqmnil barierebs. maTi agebis mizania xelovnur 

wyalsacavebSi wylis didi raodenobis dagroveba da kontroli. kaSxlebi 

mniSvnelovani nagebobebia, romelTa daniSnulebaa eleqtrobis generacia, 

wyaldidobebis Tavidan acileba, irigacia, sasmeli wylis maragis Seqmna da 

a. S. amave dros potenciurad kaSxlebi warmoadgenen didi ekologiuri 

saSiSroebis wyaros: wyalsacavebSi akumulirebuli wylis uzarmazari masebi 

potenciuri saSiSroebaa mosaxleobis sicocxlisaTvis, ekonomikisaTvis, inf-

rastruqturisaTvis da a.S. amitom kaSxlebis usafrTxo kontroli Zalze 

mniSvnelovani praqtikuli amocanaa [84, 85, 86, 87].  

bunebriv procesebSi maRalganzomilebiani rTuli dinamikis Seswavlis 

TvalaszrisiT, Cveni mizani iyo susti (perioduli/impulsuri) gareSe 

Zalis zeddebis pirobebSi, seismuri/akustikuri aqtiurobis sinqronizaciis 

xarisxis kvleva da raodenobrivi Sefaseba (araTanabari xaxunis akustikuri 

emisia ganixileba rogorc seismuri procesis modeli ix. 3.3-Si). rogorc 

aRiniSna am tipis gamokvlevebi xels uwyobs Cveni codnis gafarToebas 

rTuli bunebrivi procesis dinamikis, maT Soris, seismurobis Sesaxeb.  

sadisertacio naSromis am TavSi ganxilulia wyalsacavis gavleniT 

ganpirobebuli lokaluri seismuri aqtivobis kontrolis SesaZleblobis 

sakiTxi engurhesis wyalsacavSi wylis donis perioduli cvlilebis 

zegavlenis magaliTze [88, 89, 99]. 

Seswavlili iqna enguris maRlivi kaSxlis wyalsacavSi wylis donis 

yoveldRiuri cvlilebisa da lokaluri seismuri qselis meSveobiT 

Cawerili monacemebi. gamoTvlil iqna kaSxlis irgvliv daaxloebiT 90 km 

radiusSi miwisZvraTa yovelTviuri sixSire.  
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3.2.2 ganxiluli monacemTa masivebi da analizis 

 meTodebi 

 

gamokvlevisaTvis gamoviyeneT evropaSi erT-erT yvelaze maRali _ 

272m enguris maRlivi kaSxlis irgvliv daaxloebiT 90 km radiusSi miwis-

Zvrebis yoveldRiuri raodenobis monacemebi 1973-1995 wlebSi. wyalsacavSi 

wylis donis cvlilebis monacemebi Segrovili iyo enguris kaSxlis teri-

toriis datborvidan 1977 w., 1987 wlidan wylis done praqtikulad pe-

riodulad icvleboda (nax. 3.11 a). 

 

 

nax. 3.11 a) enguris wyalsacavSi wylis donis yoveldRiuri Canawerebi 

1975-1993 wlebSi 

enguris maRali kaSxlis garSemo ares zoma, romelic SeiZleba CaiT-

valos mgrZnobiared, iyo dafuZnebuli energiis gamoTavisuflebis daCqare-

bis koncefciaze, seismurad kritikul regionSi. saxeldobr, minimaluri 

daxrilobis parametri C , beniofis daZabuloba ( ) ( )
( )tN

E

∑
=

=
i

i tEtE
1

21
 iyo gamoan-

gariSebuli. aq  aris energia -Si. enguris maRali kaSxlis mdebareoba 

iyo ganxiluli, rogorc daSvebuli vertikaluri epicentri Zlieri 

miwisZvrisa.  (detalurad naxeT [89], sadac naCvenebia, rom enguris maRali 

kaSxlis irgvliv farTobis radiusi, romelic mgrZnobiarea kaSxlis gavle-

i i

67 



naze, aris daaxloebiT 90 km). yoveldRiuri monacemebis paketi, romelic 

xdeba miwisZvrebisa da seismuri movlenebiT gamoyofili energia zemoT 

mocemuli magnitudis zRvarze  am 90 km farTobSi 1973-1995 wlebi-

saTvis naCvenebia nax. 3.11 b da g-ze. garda am yoveldRiuri monacemebisa 

Seswavlili iqna magnitudebis Tanmimdevrobis droiTi seriebi da miwisZv-

rebs Soris drois intervalebis mimdevrobebi. es monacemebic drois igive 

periodisaTvis da farTobisaTvis iqna aRebuli [71, 89, 90]. 

6,1≥m

 

 
nax. 3.11 b) miwisZvrebis yoveldRiuri raodenoba 

 
nax. 3.11 g) normalizebuli yoveldRiuri gamonTavisuflebuli seismuri 

energia 
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seismuri procesis msgavsi Zlierad arawrfivi procesebis Seswavli-

sas tradiciuli meTodebi sakmarisi aRar aris da rogorc zemoT aRiniSna, 

Sesabamisi monacemTa masivebis damuSavebisas specialuri, axlaxans SemuSave-

buli midgomebis koreqtuli gamoyenebaa aucilebeli. monacemTa droiTi se-

riebis bolo wlebSi SemuSavebuli es axali meTodebi saSualebas gvaZlevs 

raodenobrivad SevafasoT sinqronizaciis xarisxi ZiriTad processa da 

zeddebuli velis fazebs Soris. disertaciis II TavSi aRweril meTodebTan 

erTad gamoyenebuli iqneba sinqronizaciis xarisxis daxasiaTebis raodenob-

rivi zomebi, mag: informaciuli, Senonis entropia, fazebis difuziis gamo-

Tvla. garda amisa droiT mwkrivebSi sinqronizaciisa da mowesrigebulobis 

aRmosaCenad gamoviyenebT fraqtaluri ganzomilebisa da rekurentul-

raodenobrivi analizis meTodebs  [91, 92, 93] . 

 

 

 

 

 

3.2.3 Sedegebis ganxilva 

 

rogorc iTqva, mcire perioduli zegavlenis mniSvneloba rTuli sis-

temebis qcevaze kargad aris cnobili. warmodgenil disertaciaSi aseTi mci-

re gare zegavlenis magaliTad ganxilulia did wyalsacavSi wylis donis 

cvlilebis gavlena lokaluri seismuri aqtivobis dinamikaze. zogadad didi 

wyalsacavebi ganlagebuli seismurad aqtiur zonaSi xSirad ganixileba 

rogorc faqtori, romelic raodenobriv da Tvisobriv zegavlenas axdens 

seismurobaze. aris sarwmuno cnobebi, rom sakmaod xSirad didi wyalsacavis 

gavleniT xdeba seismuri aqtivobis rogorc ricxobrivi, aseve Tvisebrivi 

zrdac (izrdeba miwisZvrebis magnituda wyalsacavis garSemo). es movlena 

cnobilia rezervuaris mier inducirebuli seismurobis (Reservoir induced 

seismicity _ RIS) saxeliT. amis Semdeg seismuroba arsebiTad klebulobs 

donemde, rodesac ufro patara miwisZvrebi xdeba ufro dabali magnitude-

69 



biT. imisaTvis, rom avxsnaT es dakleba, Cvens mier SemoTavazebul iqna fa-

zuri sinqronizaciis modeli, rodesac lokaluri seismuri aqtivobis 

regularobis xarisxi izrdeba wylis donis perioduli cvlilebisas (wyal-

sacaviT gamowveuli seismurobis sinqronizacia (Reservoir Induced 

Synchronization of Seismicity - RISS) [89, 94, 98, 103]. 

 zogadad RISS gvTavazobs seismologiuri aqtivobis kontrolis sa-

xeobas, mcire gare periodul zegavlenas sinqronizaciiT da aqedan gamomdi-

nareobs mowesrigebulobis zrda regionaluri seismuri aqtiurobisa dinami-

kaSi. amgvari fazuri cvlilebebis gamosavlenad rezervuaris irgvliv kri-

tikul zonaSi SeviswavleT seismuri aqtiurobisa da wylis donis cvlile-

bebis yoveldRiuri monacemebi [101, 102]. 

 saSualo efeqturi fazis difuziis koeficienti  [ ]22 ϕϕ ∆−∆=
dt
dD  

iyo gamoTvlili, rogorc damatebiTi statistikuri zoma sinqronizaciis 

xarisxis wylis donis variaciasa da seismurobas Soris [89]. 

imisaTvis, rom gamogvekvlia dinamikuri cvlilebebi analizur proce-

sebSi rekurentul raodenobrivi analizi (RQA) iyo gamoyenebuli. RQA 

gansakuTrebiT sasargebloa imisaTvis, rom gadailaxos siZneleebi, romel-

sac xSirad adgili aqvT, rodesac saqme gvaqvs arastacionaruli da sakmaod 

mokle monacemebis masivTan [71]. 

 rogorc damatebiTi raodenobrivi niSani fazaTa sinqronizaciis 

wylis donis periodul variaciasa da did kaSxlis garSemo seismur aqti-

vobas Soris, Cven gamovTvaleT fazaTa difuziis koeficienti _ . ro-

gorc vxedavT 3.12 naxazze kaSxlis mSeneblobisa da eqsploataciis mTeli 

istoriis ganmavlobaSi, teritoriis wyliT dafarviT dawyebuli (  

nax. 3.11 a) da regularuli reJimiT damTavrebuli (

D

1668=n

5000≈n ),  namdvilad 

minimaluria wylis donis perioduli cvlilebisas drois intervalebSi. 

D

 yoveldRiurad gamoTavisuflebuli seismuri energiis klebas, 

romelic naCvenebia nax. 3.11 g-ze, (romelic miyveba RIS-is periods), Cven 

vxsniT fazaTa sinqronizaciiT wylis donis variaciasTan (RISS). rogorc 

Cans es Zalian mniSvnelovani magaliTia mizandasaxuli xelovnuri 

cvlilebisa seismuri procesebis rTul dinamikaze. aq xazi unda gaesvas, 

70 



rom dedamiwis qerqSi mimdinare miwisZvris generaciasTan dakavSirebuli 

procesebi aRiarebulia rogorc araSemTxveviTi, romelsac aqvs rogorc 

dabali da/an iseve maRali zomis arawrfivi struqturebi. erT-erTi damaxa-

siaTebeli Tviseba araSemTxveviTi procesisa sistemaSi, romlebic axlos 

arian kritikul mniSvnelobasTan, aris maTi maRali mgrZnobiaroba sawyisi 

mdgomareobis mimarT, iseve rogorc SedarebiT susti gare zegavlenebis 

mimarT. rTuli sistemebis es saerTo Tviseba moiTxovs gansakuTrebul yu-

radRebas. ramdenadac liTosferoSi mimdinare procesebis prognozireba, 

mosazreba maTi SesaZlo marTvis Sesaxeb, Zalze mniSvnelovania. es gasagebia 

im uzarmazari samecniero da praqtikuli mniSvnelobidan gamomdinare, rac 

SeiZleba hqondes seismuri procesis marTvas. SesaZloa, garkveul pirobeb-

Si, rTuli seismuri procesis marTva ganxorcieldes susti gare zegavle-

nebis meSveobiT fazuri sinqronizaciis meqanizmiT, ise rogorc amas adgili 

unda hqondes sirTulis Teoriis mixedviT  [13, 80, 88, 95]. 

 

 
nax. 3.12 yoveldRiuri gamonTavisuflebul seismur energiasa da yoveldRiuri 

wylis donis cvlilebis fazaTa sxvaobis difuziis koeficientis cvlileba 

(gamoTvla ganxorcielda 365 anaTvlis Semcveli Tanmimdevruli mcocavi 

fanjrebisaTvis, perioduli zemoqmedeba daiwyo n≈5000-dan) 

 marTlac, cnobilia, rom arawrfivi dinamikuri sistemebi xSirad pa-

suxoben rTuli meTodiT aseT Sinagan zemoqmedebebze. erTi aseTi SesaZlo 

pasuxi aris sinqronizacia. aseTi efeqtebi zogadad didi xania cnobilia, 
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mas Semdeg rac hiugensma aRmoaCina sinqronizaciis movlena, rodesac adgi-

li aqvs arawrfivi sistemebis Tavisebur urTierTregulirebas. cnobilia 

sinqronizaciis ramdenime tipi, magaliTad: iseTi rogoric aris identuri, 

ganzogadebuli, fazaTa sinqronizacia da sxva. fazaTa sinqronizacia wylis 

donis periodul cvlilebasa da seismur aqtivobas Soris, romelic 

ganvixileT Cvens wina gamokvlevebSi, aRiarebulia rogorc yvelaze susti 

forma sinqronizaciis, rodesac urTierTqmedeba arawrfiv oscilatoris 

rCeba umetesad arakorelirebuli. zogadad urTierTqmed sistemebs SeiZleba 

hqondeT gansxvavebuli Tvisebebi [79, 81, 96].  

es aris is Tu risTvisac miviswrafodiT, rom gamogvekvlia seismur 

procesebSi dinamikuri cvlilebebis xasiaTi, rodesac adgili aqvs fazaTa 

sinqronizacias wylis donis perioduli variaciisas.  

radganac Cven sust urTierTqmedebes ganvixilavdiT, gamoviyeneT RQA 

meTodi. igi xSirad gamoiyeneba, raTa gamoavlinos pirdapiri cvlilebebi 

rTuli sistemebis dinamikaSi. am mxriv monacemTa analizisas es yvelaze 

moxerxebuli xerxia. Cveni RQA Sedegebidan Cans, rom, rodesac kaSxliT 

gamowveuli gare zegavlena dedamiwis qerqze periodulia, miwisZvris 

ganawilebis xarisxic ufro regulirebuli xdeba (amas Seesabameba %REC da 

%DET maCveneblebis zrda) (ixileT nax 3.13 a, Savi xazi) [97]. 

Zalian mniSvnelovania gavixsenoT, rom wylis raodenobis gazrdis 

zegavlena da misi Semdgomi perioduli cvlilebebi arsebiTad exeba agreTve 

miwisZvris magnitudebis da miwisZvrebis droSi ganawilebis xasiaTs (ixi-

leT nax. 3.13 b). 

rogorc 3.13 b) naxazidan Cans miwisZvris magnitudebis (nacrisferi 

svetebi) da droSi ganawilebis (Savi svetebi) %DET-is, aSkarad izrdeba, 

roca kaSxlis zemoqmedeba periodulia.  

 

72 



 
nax. 3.13 a) miwisZvrebis yoveldRiuri raodenobis droiTi seriis RQA  da 

%DET gamoTvlili aragadamfaravi erTi wlis mcocavi fanjrebisaTvis (wreebi). 

erT wlian fanjrebSi gamoTvlili miwisZvrebis yoveldRiuri raodenobis 

gaSemTxveviTebuli (varskvlavebi) da faziT gaSemTxveviTebuli (samkuTxedebi) 

surogatebi. 

 

 

nax. 3.13  b) magnitudebis (Savi svetebi) da miwisZvrebs Soris dros 

intervalebis seriebis (nacrisferi svetebi) RQA  da %DET (1) datborvis 
win, (2) datborvisa da rezervuaris Sevsebis periodSi, (3) rezervuarSi 

wylis donis perioduli cvlilebis dros. 

aseTive daskvnebi gamomdinareobs rekurentul raodenobrivi analizis 

sxva maxasiaTeblebis gamoTvlebiTac (iseTebi rogoricaa: rekurentoba - 

%REC,  entropia, laminaria). 
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Cvens varauds adasturebs seismuri katalogebis analizis Sedegebi. 

es analizi avlens grZelperiodian mdgenelebs miwisZvrebis yoveldRiuri 

raodenobis droiT seriebSi im dros, roca enguris wyalsacavSi wylis do-

ne periodulad icvleboda. es kargad Cans miwisZvrebis yovelTviuri sixSi-

ris cvlilebis magaliTze ix nax. 3. 14. aq yovelTviuri miwisZvrebis 

sixSire iTvleba miwisZvrebis ricxvidan, romlebsac adgili aqvs yovelT-

viurad ukanaskneli 8 wlis dakvirvebis dros wylis donis perioduli 

cvlilebisas. 

 
nax. 3.14 miwisZvrebis yovelTviuri sixSiris cvlileba enguris kaSxlis 

irgvliv  (TeTri wreebi-wylis donis periodul cvlilebamde, Savi wreebi-wylis 

donis perioduli cvlilebisas. CarCoSi wylis donis cvlileba) 

 

es Sedegebi garkveul safuZvels gvaZlevs vivaraudoT, rom miwisZv-

rebis yovelTviur sixSiresa da enguris kaSxlis wylis dones Soris 

adgili unda hqondes e.w. maRali rigis sinqronizacias [78]. 

 

 
 
 
 
 
daskvna 

seismuri procesis dinamika gamokvleuli iqna RISS-is ganmavlobaSi. 

Seswavlili iqna wylis donis yoveldRiuri cvlilebisa da yoveldRiurad 

gamoTavisuflebuli seismuri energiis monacemTa masivebi, iseve rogorc 
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momdevno miwisZvrebs Soris drois intervalebisa da magnitudebis droiTi 

seriebi. 

Cveni Sedegebi safuZvels gvaZleven vivaraudoT, rom seismuri 

procesis dinamika icvleba wylis donis perioduli cvlilebis gavleniT, 

kerZod, izrdeba miwisZvrebis yoveldRiuri raodenobebis ganawilebaSi wes-

rigis xarisxi. amiT procesi gansxvavdeba imisgan, rac xdeboda wylis donis 

cvlilebis gareSe, an wylis donis araregularuli cvlilebisas. 

miRebul Sedegebze dayrdnobiT vaskvniT, rom maRliv kaSxalSi wylis 

donis perioduli cvlilebisas, kaSxlis irgvliv kritikul zonaSi seismu-

ri energiis yoveldRiuri gamoTavisuflebis dinamika wesrigis ufro maRa-

li xarisxiT xasiaTdeba, vidre wylis donis araregularuli cvlilebis 

dros. es SeiZleba ganxilul iqnes rogorc lokaluri seismuri aqtivobis 

SesaZlo kontrolis magaliTi fazuri sinqronizaciis 1:1 an maRali rigis 

fazuri sinqronizaciis meqanizmiT. 
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3.3 maRalganzomilebiani rTuli dinamikis procesis 
Seswavla laboratoriuli eqsperimentis magaliTze 

 

rogorc wesi bunebrivi procesebis monacemTa masivebi raodenobrivi da 

zogjer xarisxobrivi TvalsazrisiT SezRudulia (mag. seismuri, geomagni-

turi, hidrologiuri da a. S. monacemebi). amis gamo maTi dinamikuri Tvise-

bebis kvleva, maT Soris, sinqronizaciuli kvlevebi, xSirad tardeba mode-

lur sistemebze. amasTan bunebrivi procesebis maTematikur modelirebasTan 

dakavSirebuli problemebis gamo, Cven msgavsi analizi SevasruleT akusti-

kuri emisiis laboratoriul monacemebze. es monacemebi miRebuli iyo labo-

ratoriuli zambara-mcoci (spring-slider) mowyobilobis gamoyenebiT. rTuli 

dinamikuri procesebis marTvis TvalsazrisiT, agreTve SeviswavleT am 

procesze gare perioduli eleqtromagnituri zemoqmedebis gavlena. 

 

 

 

 

3.3.1 zambara-mcocis akustikuri emisiis 

laboratoriuli mowyobiloba 

 

 cnobilia, rom seismuri procesi ukavSirdeba teqtonikuri rRvevis 

bageebis ciklur wanacvlebebs (e.w. seismuri cikli). seismurobis fizikuri 

modelis saxiT ganixilaven e.w. araTanabari xaxunis (stick-slip) process. xSi-

rad Seiswavlian am dros gamosxivebuli akustikuri emisiis intensivobas. 

rogorc laboratoriuli eqsperimentebi gviCveneben, gare susti kvazi pe-

rioduli gavlenis Sedegad adgili aqvs ara mxolod geofizikuri velebis, 

aramed agreTve stick-slip-is akustikuri emisiis sinqronizacias: sixSirul-

magnituduri damokidebulebis daxris kuTxe izrdeba (anu mniSvnelovnad 

mcirdeba maqsimaluri amplitudebis mqone impulsebis raodenoba). 

Cveni kvlevis sagani iyo araTanabari xaxunis akustikuri emisiis di-

namikis Seswavla mcire perioduli eleqtromagnituri zemoqmedebisas. 

sakiTxi mniSvnelovania, ramdenadac arcTu ise didi xnis win aRmoCenil iq-
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na, rom mcire gareSe zemoqmedebisas rTuli sistemebis dinamikaSi SeiZleba 

adgili hqondes mniSvnelovan raodenobriv da Tvisobriv cvlilebebs. amas-

Tan dakavSirebiT gansakuTrebuli mniSvneloba SeiZina am gziT rTuli sis-

temebis kontrolis e.i. maTi Tvisebebis mizanmimarTuli cvlilebis sa-

kiTxma. varaudoben, rom procesSi CarTul ZalebTan SedarebiT mcire mizan-

mimarTuli zemoqmedebebis meSveobiT SesaZlebeli iqneba vmarToT rTuli 

dinamikuri procesebis maxasiaTeblebi maSinac ki, roca TviTon es procesebi 

principulad araprognozirebadi SeiZleba iyos. gare mcire zemoqmedeba 

SeiZleba iyos rogorc bunebrivi, aseve adamianis aqtivobiT gamowveuli. mag. 

magnetohidrodinamikuri ganmuxtvebi, wylis donis perioduli cvlilebebi 

did wyalsacavebSi da a.S. am tipis zemoqmedebas rogorc cnobilia SeuZlia 

garkveulad Secvalos lokaluri seismuri procesebis dinamikuri Tvisebebi 

[78, 104, 108]. 

 kvlevis mizans warmoadgenda laboratoriuli mowyobilobis Seqmna, 

romlis saSualebiTac SeviswavliT “araTanabari-cocvis” procesis Tanmxleb 

akustikur emisias. es mniSvnelovani iyo ramdenadac “araTanabari-cocvis” 

procesi warmoadgens rTuli seismuri procesis laboratoriul models 

[106, 107, 112]. 

amas garda mizani iyo araTanabari xaxunis procesze gare susti 

eleqtromagnituri da meqanikuri zemoqmedebis gavlenis Seswavla. agreTve 

am gare zemoqmedebiT fazuri sinqronizaciis procesis gamokvleva. eqsperi-

mentuli mowyobilobis suraTi naCvenebia nax. 3. 15. 

 

nax. 3. 15 araTanabari xaxunis eqsperimentuli mowyobiloba 
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 laboratoriuli mowyobiloba Sedgeboda ori uxeSad damuSavebuli 

bazaltis filisagan. qveda damagrebuli iyo horizontalurad, zeda gada-

adgildeboda mudmivi siCqariT specialuri Zravis saSualebiT, romelic da-

magrebuli iyo mcocav nimuSze. akustikuri da eleqtromagnituri emisia, 

romelic Tan axlda gacurebis SemTxvevebs iqna registrirebuli. gare ze-

moqmedebis xasiaTisagan damokidebulebiT araTanabari cocvis reJimi icvle-

boda da garkveul pirobebSi adgili hqonda srul fazur sinqronizacias.  

stik-slipis laboratoriuli eqsperimentis dros generirebuli 

akustikuri emisiis analizi Catarda arawrfivi dinamikisa da 

sinqronizaciis Teoriis Tanamedrove meTodebis gamoyenebiT. stick-slip 

akustikuri emisiis tipiuri Canawerebi warmodgenilia Semdeg naxazze. 

b 

 

 

a)

 

 

 

b)

 

 

 

 

 

 

 

 

 

nax. 3.16 -  (a) akustikuri emisia (AE) araTanabari srialis dros; 

(b) cvalebadi intensivobis zeddebuli perioduli eleqtromagnituri (EM) veli. 

 

 

nax. 3.17 warmoadgens nax. 3.16-is gaSlil Sua nawils, romelic Seesabameba 

perioduli zemoqmedebis maqsimalur intensivobas (daaxloebiT 1000 volts) 
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3.3.2 araTanabari xaxunis procesis akustikuri emisiis 
monacemTa masivebis analizis meTodebis  

damuSaveba da Sedegebi 

 

laboratoriuli monacemTa masivebis analizisas saWiro iyo specia-

luri meTodebis SerCeva. amitom am TavSi Cven calke aRvwerT maT. Semdeg es 

meTodebi saWiroebdnen testirebas xmauris maRali donis Semcveli arasta-

cionaruli droiTi seriebisaTvis. es yvelaferi uSualod ukavSirdeboda 

akustikuri emisiis monacemebis analizis Cven konkretul amocanas da meTo-

dur nawilSi Setanili ar aris. kerZod Cven gamovikvlieT: akustikuri emi-

siis monacemebi da maTi katalogirebiT miRebuli droiTi seriebi (akusti-

kuri emisiis maqsimaluri amplitudebi, momdevno maqsimumebs Soris drois 

intervalebi, akustikuri emisiis simZlavre). 

pirvel rigSi moviZieT da davamuSaveT saTanado literaturuli wya-

roebi monacemTa masivebis damuSavebis Tanamedrove wrfivi da arawrfivi 

midgomebis Sesaxeb [12, 23, 78, 95].  

amis Semdeg, imis gaTvaliswinebiT, rom gareSe susti zemoqmedebiT akus-

tikuri movlenebis trigerirebisa da sinqronizaciis problema ar gulisx-

mobs procesebs Soris Zlieri funqcionaluri kavSirebis arsebobas, Cven 

miznad davisaxeT susti da Soreuli korelaciebis Sefasebis meTodebis ga-

moyeneba. saamisod gamosakvlev masivebSi aucilebelia maxasiaTebeli mniSvne-

lobebis ganawilebis kanonzomierebis dadgena [12, 23, 78, 95].  

SerCeuli iqna Senonis entropiisa da SeuRlebuli informaciis (Mutual 

Information) gamoTvlis meTodebi. Seiqmna Sesabamisi programuli paketebi 

[23, 12].  

aRniSnuli meTodebis Sesaswavli amocanisadmi adekvaturobas adastu-

reben nax. 3. 18, nax. 3. 19, a da b-ze warmodgenili modeluri droiTi se-

riebisaTvis miRebuli Sedegebi. 
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Variation of Shannon entropy for random+lowdimensional process. 
500 data length sliding window.
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nax. 3.18. a) miTiTebili sigrZis nawilobriv urTierTgadamfaravi mcocavi 

fanjrebisaTvis gamoTvlili Senonis entropiis variacia droiTi seriisaTvis 

romlis pirveli 2000 wevri SemTxveviTia, xolo momdevno 2000 lorencis 

atraqtoris Z mdgenls warmoadgens. aSkaraa, rom meTodi ganasxvavebs or qve 

masivSi wesrigis xarisxis cvlilebas 

 

 

 

 

Variation of Shannon entropy for 
random+lowdimensional+periodic process. 500 data length 

extendable window.
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nax. 3.18. b) suraTze naCvenebia 10 anaTvliT dagrZelebadi fanjrebisaTvis 

gamoTvlili Senonis entropiis variacia droiTi seriisaTvis, romlis pirveli 

2000 wevri SemTxveviTia, momdevno 2000 lorencis atraqtoris Z mdgenls, xolo 

bolo 2000 periodul process warmoadgens. aSkarad daikvirveba qve masivebSi 

wesrigis xarisxis cvlileba. mniSvnelovania, rom wesrigis xarisxi bolo or 

qveseriaSi erTmaneTisagan mcired gansxvavdeba 
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Mutual information variation between 
random+lowdimensional+periodic and lowdimensional data 

sets. 500 sliding window.
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nax. 3.19 a) naCvenebia momdevno mcocavi fanjrebisaTvis gamoTvlili SeuRlebuli 

informaciis raodenobis variacia droiTi seriebisaTvis, romelTagan pirveli 

Sedgenilia sami qveseriisagan (2000 wevri SemTxveviTia, momdevno 2000 lorencis 

atraqtoris Z mdgenls, xolo bolo 2000 periodul process warmoadgens, xolo 

meore mTlianad lorencis atraqtoris Z mdgenls warmoadgens. aSkarad 

daikvirveba Sualedur qvemasivSi arawrfivi korelaciebis zrda 

 

 

 

Mutual information variation between 
random+lowdimensional+periodic and lowdimensional data sets. 500 

sliding window.
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nax. 3.19 b) Cans funqcionaluri kavSiris ufro maRali xarisxi meore 

(dabalganzomilebiani procesi) da mesame qveseriebs (perioduli procesi) Soris, 

pirveli qve seriisagan (SemTxveviTi procesi) gansxvavebiT 
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akustikuri emisiis monacemTa masivebis da maTi katalogirebiT miRe-

bul droiT seriebSi fazuri sinqronizaciis maxasiaTeblebis Seswavla di-

sertaciis erT-erT mTavar mizans warmoadgenda. Sesabamisad aucilebeli iyo 

rTul dinamikur procesebSi sinqronizaciis raodenobrivi Seswavlis meTo-

debis SerCeva. fazuri sinqronizaciis SefasebisTvis, gamoviyeneT registri-

rebuli akustikuri emisiis monacemTa masividan hilbertis gardaqmnis meS-

veobiT WeSmariti fazis mniSvnelobisa da garsis (envelope) gamoTvlis me-

Todebi. akustikuri emisiis Semosvlis momentis dadgenisaTvis gamoviyeneT 

rogorc akaikes, aseve Cven mier SemuSavebuli erToblivi informaciis ga-

moTvlis meTodebi. fazebis sxvaobis svlis raodenobrivi SefasebisaTvis 

damuSavda fazebis albaTuri ganawilebisa da fazuri difuziis meTodebi, 

agreTve sinqronizaciis raodenobrivi Sefasebis meTodi. es meTodebi univer-

saluria da gamoiyeneba agreTve seismuri monacemebis damuSavebisaTvis [95, 

105, 109, 110, 111].  

aRniSnuli meTodebis Sesaswavlad Seiqmna Sesabamisi programuli 

paketebi: shan.exe, MI.exe, MI1.exe, MiAmax.exe, MIAmax1.exe, MINmax.exe,  

shan1.exe,  shann.exe, hilb.exe, envelope.exe, ANBW.exe, ANBW2.exe, filt.exe,  

nAIC.exe,  nsfm.exe; nSA.exe, nSi.exe, ena.exe,  enb.exe, nfilter.exe,  npha.exe,  nsinc.exe 

da a.S. es programebi Seqmnilia programirebis ena C++-is gamoyenebiT. am 

programebis nawili  warmodgenilia danarTis saxiT (ix. danarTi). 

akustikuri emisiis rTuli bunebidan gamomdinare saWiro iyo cal-

keuli talRuri paketebis erTmaneTisgan gamoyofa, raTa davkvirvebodiT 

SesaZlo sinqronizaciis process. amisaTvis Cven gamoviyeneT Semdegi meTode-

bi: hilbertis gardaqmnisa da Semdeg misi saSualebiT talRuri garsis age-

bis meTodi [95, 105].  

( ) ( ) ( ){ tRHdu
u

uRtR ∫
∞

∞−

=
−

=
ωπ

1 }              (3. 3) 

( ) ( ) ( )22 tRtRtE +=                     (3.4) 

aseve Cven gamoviyeneT akaikes informaciuli kriteriumis gamosaTvleli 

formula [109]: 

( ) [ ]( ){ } ( ) [ ]( ){ }NtxtNtxttAIC ,1varlog1,1,varlog +⋅−−+⋅=     (3. 5) 
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qvemoT mocemul nax. 3. 20 naCvenebia: (a)_akustikuri emisiis tipiuri 

Canaweri, (b)_akustikuri emisiis signalisagan miRebuli garsi. amasTan Cven 

saSualeba mogveca signalisa da xmaurebis garCevis xarisxi gagvezarda da 

xmauriani nawili amis Semdeg movaWeriT (g). movaWeriT ise, rom 

gamovTvaleT standartuli deviacia da masze naklebi mniSvnelobebi 

gavutoleT nuls (g). xolo (d) aris gafiltruli signali. 

 

nax. 3. 20 (a)_akustikuri emisiis tipiuri Canaweri 

 

 

nax. 3. 20 (b)_akustikuri emisiis signalisagan miRebuli garsi 

 

 

nax. 3. 20  (g) xmaurisgan gafiltruli signali 

 

 

nax. 3. 20  (d) gafiltruli signali 

 

 xmauris ganulebis da talRuri cugebis gamoyofis Semdeg, Cven gamo-

viyeneT akaikes informaciuli minimumis gamoyofis meTodi, riTac davadgi-

neT drekadi akustikuri talRis Semosvlis momenti. 

83 



 

a) 

 

b) 

nax. 3. 21 drekadi akustikuri talRis Semosvlis momenti 

 

 nax. 3. 21 (b)_suraTze datovebulia mxolod akustikuri amplitu-

debis is mniSvnelobebi, romelic Seesabameba akaikes minimums.  

Semdeg naxazze naCvenebia akustikuri emisiis tipiuri Canawerebis frag-

mentebi gare zemoqmedebis sxvadasxva pirobebSi.  

 
a) gare zemoqmedeba Seadgens gamwevi Zalis 5% 

 

b) gare zemoqmedeba Seadgens gamwevi Zalis 12% 

 

 

g) gare zemoqmedeba Seadgens gamwevi Zalis 25% 

 

d) gare sinusoidaluri signali 

 

nax. 3. 22 akustikuri emisiis tipiuri Canawerebis fragmentebi gare zemoqmedebis 

sxvadasxva pirobebSi 
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rogorc vxedavT 25%-Tvis gvaqvs kargi sinqronizacia. es aris 

Tvisobrivi Sefaseba, saWiroa raodenobrivi analizi.   

akustikuri emisiis procesis maxasiaTebeli katalogebi (momdevno 

maqsimumebis, momdevno Semosvlebis) Sedgenilia araTanabari xaxunisa da 

gare zemoqmedebis sxvadasxva pirobebisaTvis.  

 eqsperimentSi SerCeuli pirobebisaTvis gamovTvaleT akustikuri 

emisiis maqsimalur amplitudebis katalogebis Senonis entropia (cxrili 

2). kerZod, vakvirdebodiT akustikur emisias gare zemoqmedi signalis 

sxvadasxva sixSirisaTvis. 

cxrili 2. 

80000 monacemis sigrZis droiT seriaSi 10000 monacemiani mcocavi 

fanjris 5000 monacemiani bijiT Senonis Eentropiis gamoTvlis 

Sedegebi sxvadasxva sixSirisaTvis  
f=58.8Hz f=21.55Hz f=111Hz f=1000 Hz  f=1219 Hz  f=10 000 Hz 

2,1654796 1,4519979 2,3883422 1,831781 1,8733681 1,2037529
2,1636603 1,3854798 2,4108907 1,8391645 1,8499277 1,0810484
2,1639847 1,55E+00 2,4214989 1,8454882 1,8457509 0,95534504
2,1636655 1,74E+00 2,4056674 1,8429302 1,8466505 0,98603001
2,1639292 1,73E+00 2,380887 1,8361912 1,852464 0,96589749
2,1654113 1,74E+00 2,3783791 1,8343014 1,8492126 1,0496065
2,165003 1,7344831 2,391639 1,9134481 1,8473933 0,68533932

2,1648329 1,6897257 2,4044928 1,9748398 1,8476757 0,00
2,1725338 1,590022 2,4206929 1,9550784 1,9202351 0,00
2,182221 1,5249216 2,4153926 1,9331621 1,9800787 0,00

2,1815344 1,4354287 2,4095815 1,9041143 1,9646043 0,00
2,1780786 1,4145989 2,4037107 1,8825781 1,9425587 0,00
2,1778218 1,5940131 2,3993609 1,8614245 1,9137885 0,00
2,1773362 1,74 2,398457 1,8326777 1,8952101 0,00
2,1754476 1,74 2,3988912 1,8392655 1,8770551 0,00

saSualo mniSvneloba 

2,170729327 1,60E+00 2,401858927 1,875096333 1,887064887 0,461801311
 

imisaTvis rom gamogvekvlia dinamikuri cvlilebebi Sesaswavl proce-

sebSi, gamoviyeneT rekurentul-raodenobrivi analizis meTodi. es 

Tanamedrove meTodi metad moxerxebulia mokle da xmauriani droiTi 

seriebisaTvis. 
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gamovikvlieT akustikuri emisiis seriebidan Tanmimdevrul dasawyi-

sebs da maqsimemebs Soris gamoTvlili drois intervalebi. Cven am 

sadisertacio naSromSi gamovTvaleT erT–erTi RQA maxasiaTebeli, 

determinizmis procenti (%DET).   

araTanabari xaxunis procesze sixSiris gavlenis dinamikuri 

aspeqtebis Sesaswavlad procesis rekurentuli buneba gamovikvlieT. 

gamoTvlebis Sedegebi mocemulia cxrilSi 3, xolo nax. 3. 23-ze 

warmodgenilia rekurentuli arawrfivi dinamikuri maxasiaTeblebis mrudebi. 

 

cxrili 3. akustikuri emisiis monacemebis rekurentuli maxasiaTeblebi. 

RR% DET% mean diagonal line 
length

maximal diagonal 
line length ENTR% LAM TT maximal vertical 

line length
recurrence time 

of 1st time
recurrence plot of 

2nd time
10 29.291 4.025 46 1.909 0.467 2.925 52 9.614 13.896
10 32.116 4.682 60 2.142 0.52 3.17 58 9.636 14.968
10 37.399 5.022 57 2.244 0.58 3.417 82 9.594 16.278
10 34.55 4.944 65 2.223 0.541 3.341 64 9.431 15.199
10 30.857 4.513 62 2.091 0.508 3.052 51 9.67 14.694
10 59.897 2.924 115 0.948 0.714 3.538 137 9.132 18.738
10 37.528 4.908 56 2.214 0.58 3.336 57 9.676 16.311

avg avg
37.376857 1.96728571

b
RR% DET% mean diagonal line 

length
maximal diagonal 

line length ENTR% LAM TT maximal vertical 
line length

recurrence time 
of 1st time

recurrence plot of 
2nd time

10 46.173 2.49 59 0.636 0.554 2.838 77 9.29 14.504
10 47.561 2.535 70 0.669 0.565 2.891 100 9.245 14.682
10 86.053 4.056 55 1.931 0.636 3.464 47 9.63 17.6
10 58.348 2.747 84 0.799 0.674 3.296 113 8.408 15.869
10 96.358 25.604 2391 2.547 0.977 36.673 2426 6.272 128.764
10 87.063 4.204 51 1.987 0.654 3.584 79 9.42 17.845
10 91.18 7.783 777 1.863 0.934 10.74 637 2.24 14.665

avg avg
73.248 1.49028571

RR% DET% mean diagonal line 
length

maximal diagonal 
line length ENTR% LAM TT maximal vertical 

line length
recurrence time 

of 1st time
recurrence plot of 

2nd time

10 88.43 5.1 83 2.27 0.62 4.065 103 9.589 18.018
10 92.445 5.698 118 2.42 0.65 4.356 121 9.649 19.356
10 95.083 8.681 1250 2.752 0.939 10.767 743 6.141 41.589
10 89.525 5.248 81 2.312 0.66 4.207 92 9.509 19.153
10 88.598 4.846 79 2.2 0.639 3.896 70 9.5 18.124
10 88.16 4.777 83 2.178 0.621 3.886 95 9.481 17.605
10 89.366 5.093 70 2.27 0.669 4.236 108 9.555 19.556

avg avg
90.229571 2.34314286

Nonliner 
Parametrs 

(100 Volt, 100 
Hertz)

Nonliner 
Parametrs (10 

Volt, 20 
Hertz)

Nonliner 
Parametrs (50 

Volt, 60 
Hertz)
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a)                         

 

 
  b) 

                      

nax. 3. 23 akustikuri emisiis arawrfivi dinamikuri maxasiaTeblebis mrudebi 

sxvadasxva eqsperimentebisaTvis: a) DET% da b) ENTR%  
 

es Sedegebi sinqronizaciis maxasiaTeblebis zrdis kvalobaze miuTi-

Tebs gare zemoqmedebis matrigerirebeli mniSvnelobis mzard rolze 

araTanabari xaxunis Sesabamisi pirobebisaTvis. 

Cven gvaqvs 2 droiTi seria: 1. akustikuri emisiis dasawyisebis (Semo-

svlebis) drois intervalebi, 2. maqsimumebs Soris drois intervalebi. 

 viTvliT drois intervalebs dasawyisebs Soris da maqsimumebs  

Soris. viTvliT maT Soris fazebis sxvaobis naxevar maqsimumebs, rogorc 

erTisTvis, ise meorisaTvis.  
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a) 

 
b) 

nax. 3.24 akustikuri emisiis droiTi seriidan gamoTvlili momdevno maqsimumebsa 

(a) da momdevno Semosvlebs (onsets) (b) Soris drois intervalebis seriebis 

tipiuri katalogebi 

 

akustikuri emisiis procesis maxasiaTebeli katalogebi (momdevno 

maqsimumebis, momdevno Semosvlebis) Sedgenilia araTanabari xaxunisa da ga-

re zemoqmedebis sxvadasxva pirobebisaTvis.  
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nax. 3. 25 ganawilebis funqciis siganis cvlileba fardobiTi Zalis 

mixedviT (wiTeli xazi _ Semosvlebi, lurji xazi _ maqsimumebi) 

 

rogorc nax. 3. 25 vxedavT zemoqmedi fardobiT Zala izrdeba, ganawi-

lebis funqciis sigane viwrovdeba, adgili aqvs sinqronizacias. gamoTvli-

lia sinqronizaciis zoma.  
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fazis sxvaobis zrdaze dakvirvebiT warmodgenas SeviqmniT procesis 

Sesaxeb. mag. Tu damokidebuleba metadaa daxrili sinqronizacia naklebia, 

Tu naklebad daxrilia metad sinqronizebulia. 

rogorc nax. 3. 26 a)-dan Cans gareTa zemoqmedeba izrdeba fazebis 

svlis daxriloba mcirdeba. minimums aRweven ara maqsimalur zemoqmedebaze, 

aramed ufro adre. rac imas niSnavs, rom adgili aqvs swored 

sinqronizacias da ara modulacias. 

  nax. 3. 26 b)-ze warmodgenilia sinqronizaciis raodenobrivi 

maxasiaTeblis ShH −γ  cvlileba gare zemoqmedebis zrdis procesSi. is 

maqsimums ufro adre aRwevs, vidre gare Zala miaRwevs, mere is mcirdeba 

[110]. 
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nax. 3. 26 a)  akustikuri emisiis Semosvlebis (samkuTxedebi) da akustikuri 

emisiis maqsimumebis (wreebi) fazebis svlis daTvlis magaliTi 
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nax. 3. 26 b)  akustikuri emisiis Semosvlebis (wreebi) da akustikuri emisiis 

maqsimumebis (rombebi) fazebis gare signalTan sinqronizaciis maCveneblis 

gamoTvlis erT-erTi tipiuri Sedegi 

 

rogorc vxedavT nax. 3. 26 a)-dan kargad Cans raodenobrivi sxvaobebis 

arseboba, xolo nax. 3. 26 (b)-dan Cans rom sinqronizaciis xarisxis zrda Se-

muSavebuli meTodiT SesaZlebelia raodenobrivad Sefasdes. es meTodebi saSu-

alebas iZleva gamoiyos akustikuri emisiis procesis CvenTvis mniSvnelovani 

aspeqtebi da maTi sinqronizaciis xarisxis raodenobrivi Sefaseba ganxor-

cieldes. 

rekurentuli diagramebi mocemulia Semdeg surTebze. (a)_ 5%, (b)_ 

12%, (c)_ 25 % fardobiTi zemoqmedebis dros. 

 
nax. 3. 27 rekurentuli diagramebi: (a)_ 5%, (b)_ 12%, (c)_ 25 % 

fardobiTi zemoqmedebis dros 
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es Tvisobrivi Sedegia. vizualurad warmovadgineT dinamikuri 

cvlilebebi Sesaswavl procesSi. gare zemoqmedebis zrdis kvalobaze meti 

wesrigia. igive am suraTebidan gamoTvlilia determinizmi. determinizmis 

xarisxi izrdeba, roca gare zemoqmedebis wili izrdeboda.  
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nax. 3. 28. %DET da gare zemoqmedebis fardobiT Zalas Soris damokidebulebis 

grafiki, araTanabari xaxunis akustikuri emisiis droiTi seriebis rogorc 

dasawyisebisaTvis (Ria wreebi), ise maqsimumebisaTvis (Savi wreebi) 
 

agebulia garsis koncefciaze dafuZnebuli stick-slip akustikuri emi-

siis gare signalis ciklSi fazaTa ganawileba, rogorc SemosvlebisTvis, ise 

maqsimumebisaTvis. es naCvenebia nax. 3. 29 da nax. 3. 30-ze.  

   

nax. 3. 29 garsis koncepciaze dafuZnebuli akustikuri emisiis masivis 

filtraciis Semdeg akustikuri emisiis Semosvlebis gare signalis ciklSi 

ganawilebis gamoTvlis magaliTi 
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nax. 3. 30 garsis koncepciaze dafuZnebuli akustikuri emisiis masivis 

filtraciis Semdeg akustikuri emisiis maqsimumebis gare signalis ciklSi 

ganawilebis gamoTvlis magaliTi 

 

daTvlilia agreTve akustikur emisiasa da gare zemoqmedebas Soris 

Seyovnebebi (nax. 3. 31). 

 

 

nax. 3. 31 Seyovnebebis drosa da fardobiT Zalas Soris damokidebuleba. 

akustikuri emisiis rogorc SemosvlebisTvis, ise maqsimumebisTvis 
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Semdeg naxazze (3. 32) akustikuri emisiis simZlavrea daTvlili. rac 

ufro izrdeba fardobiTi gare zemoqmedeba, faza akustikur signalsa da 

garedan modebul signals Soris ufro mcirdeba. 

roca gare zemoqmedeba mcirea emisiis simZlavre didia, mas Semdeg 

rac gare zemoqmedeba gaizarda akusikuri emisiis simZlavre Semcirda. am 

dros adgili hqonda sinqronizaciis xarisxis gazrdas. es miuTiTebs imaze, 

rom moxda emisiis procesis marTva energetikeli TvalsazrisiT. 

 

 
nax. 3. 32 a) 

 

 

nax. 3. 32 b) 

3. 32. a) akustikuri emisiis simZlavris tipiuri manacemTa masivi. abscisata 

RerZze aRebulia gare perioduli zemoqmedebis ciklis rigiTi nomeri (monacemebi 

normalizebulia). gare zemoqmedeba izrdeba daaxloebiT 2400-e ciklamde. b) 

fazebis sxvaoba akustikuri emisiis simZlavresa da gare sinusoidalur signals 

Soris. 
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akustikuri emisiis procesSi gamoyofili energiis marTva SevZeliT 

gare susti zemoqmedebiT. es gare zemoqmedeba modebuli Zalis 20%-s ar 

aRemateba. es mniSvnelovnad amcirebs gamoyofili energiis simZlavres. 

procesis dinamikis nazi Taviseburebebis gasarkvevad gamoviyeneT 

aragadamfaravi mcocavi fanjrebis midgomac, rac naCvenebia nax. 3. 33 a da 

b-ze. 

 
a)  

 

 
b) 

nax. 3.33 Tanmimdevruli aragadamfaravi 400 monacemiani fanjrebisaTvis 

gamoTvlilia RQA da %DET. a) akustikur emisiis simZlavre; b) akustikuri 

signalis momdevno maqsimumebs Soris drois intervalebi  
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daskvna 

 

daskvnis saxiT SeiZleba iTqvas, rom rodesac zambara – mcocis sis-

temaze gare fardobiTi zemoqmedeba izrdeba 25%-mde, adgili aqvs akusti-

kuri emisiis Semosvlebis (sawyisebis) da maqsimumebis fazebis miaxloebas 

gare zemoqmedebis fazasTan. amaze miuTiTebs fazebis evoluciis daxris 

Semcireba. viwrovdeba fazaTa sxvaobis ganawileba, agreTve izrdeba fazuri 

sinqronizaciis maCvenebeli. amave dros aRniSnuli fazuri sinqronizaciis 

process Tan axlavs akustikuri emisiis ganawilebis regulirebis xarisxis 

zrda. 

 araTanabari xaxunis arawrfivi procesi SeiZleba iyos marTuli gare 

susti eleqtruli an meqanikuri zemoqmedebiT. gare makontrolebeli susti 

zemoqmedeba iwvevs gamonTavisuflebuli akustikuri energiis dakvantvas, 

amcirebs Zlieri movlenebis raodenobas da zrdis susti movlenebis 

raodenobas. 

Cvens mizans warmoadgenda eqsperimentalurad dagvemtkicebina rom Se-

saZlebelia araTanabari xaxunis dinamikuri reJimis kontroli susti 

meqanikuri an eleqtromagnituri zemoqmedebiT. 

Cven vvaraudobT, rom miRebuli eqsperimentuli Sedegebi adastureben 

rTuli dinamikuri sistemebis qcevaze gare mcire perioduli zemoqmedebis 

SesaZlo kontrolis Sesaxeb gamoTqmul mosazrebebs. bunebriv procesSi amg-

vari kontrolis magaliTad Cven miviCnevT seismur monacemebze adre 

miRebul Sedegebs. 
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daskvna 

 

Catarebuli gamokvlevebis safuZvelze SeiZleba gavakeToT Semdegi daskvna:  

 

1. Cuas wredSi Zabvis cvlilebis procesis dinamika axloa kvaziperiodul-

Tan, igi xasiaTdeba persistentobis sakmaod maRali xarisxiT. naCvenebia, 

rom masStaburi invariantobisa da arawrfivi struqturis (dinamikuri 

Taviseburebebis) raodenobrivi da Tvisebrivi TvalsazrisiT Cuas wredSi 

Zabvis cvlilebis dinamika ar warmoadgens maRalganzomilebian process 

da ganekuTvneba dabalganzomilebiani determinirebuli qaosis tipis 

procesebs.  

2. laboratoriuli monacemebis analiziT vaCveneT, rom araTanabari xaxunis 

procesis magaliTze SesaZlebelia rTuli dinamikuri procesis 

masStaburi invariantobisa da arawrfivi struqturis srulfasovani 

kvleva. davadgineT, rom araTanabari xaxunis akustikuri emisiis 

mowesrigebis xarisxi damokidebulia fardobiT gare zemoqmedebaze. gare 

zemoqmedebis garkveul farglebSi (25%-mde) procesi ufro mowesrige-

buli xdeba. gare makontrolebeli susti zemoqmedeba iwvevs gamoTavi-

suflebuli akustikuri energiis dakvantvas, amcirebs Zlieri movlenebis 

raodenobas da zrdis susti movlenebis raodenobas. ufro maRali 

zemoqmedeba iwvevs sapirispiro procesebs.    

3. Cven mier miRebuli Sedegebi gvarwmuneben, rom amgvari kontroli 

SeiZleba ganxorcieldes ara mxolod teqnikur-modelur sistemebSi,  

aramed bunebriv procesSic. amaze metyvelebs enguris maRliv kaSxalSi 

wylis donis perioduli cvlilebisas, kaSxlis irgvliv kritikul 

zonaSi seismuri energiis yoveldRiuri gamoTavisuflebis dinamikaSi 

wesrigis xarisxis zrda wylis donis araregularuli cvlilebis 

periodTan SedarebiT. es SeiZleba ganxilul iqnes rogorc lokaluri 

seismuri aqtivobis SesaZlo kontrolis magaliTi. 

4. sabolood SeiZleba iTqvas, rom Cveni gamokvleva mniSvnelovan 

argumentebs iZleva rTuli bunebrivi da teqnikuri sistemebis gare 

mcire zemoqmedebiT marTvis sasargeblod.  
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danarTi 

     filtraciis programa 

 
The algorithm is based on 3SIGMA principle. In specified window program calculates 
SD. If it’s value is larger than specified limit value (3 SIGMA) first point’s value in 
the window is replaced by  null and window is moved 1 step forward. 
//------------------------------------------------------------------ 
#include <vcl.h> 
#pragma hdrstop 
#include <fstream.h> 
#include <iostream.h> 
#include <iomanip.h> 
#include <Math.hpp> 
 
//------------------------------------------------------------------ 
void scan_param(int argc, char *argv[],bool *p);//scans input command prompt 
arguments 
char name[40],oname[40]; 
int size=100,colnum=1; 
double limit,stdd; 
bool P[5]; 
#pragma argsused 
int main(int argc, char* argv[]) //entry point 
{ 
 scan_param(argc,argv,P); 
 if(!P[0]){ 
 cout<<"Enter input file name:"<<endl; 
 cin>>name; 
 } 
 ifstream in(name,ios::in); 
   if(!in){ 
   cout<<"File not found"<<endl; 
   exit(1); 
  } 
  int count=0; 
  char st='a'; 
  bool d=true; 
  while(st!='\n'&&(!in.eof())){ 
  in.get(st); 
  if(d){ 
 if(!isspace(st)){ 
  count++; 
  d=false; 
 } 
   } 
  else{ 
   if(isspace(st)) 
 d=true; 
   } 
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  } 
  in.close(); 
  cout<<"Number of column in file "<<name<<" equal to  "<<count<<endl<<endl; 
  if(!P[3]){ 
  int colnum=1; 
  if(count>1){ 
  cout<<"Enter column :"<<endl; 
   cin>>colnum; 
  } 
  } 
  if(count==0){ 
   cout<<"Incorrect file"<<endl; 
   exit(1); 
  } 
  //----------------------------------------------------------------- 
 if(!P[2]){ 
 cout<<"Enter size of window:"<<endl; 
 cin>>size; 
 } 
 if(!P[4]){ 
 cout<<"Enter limit value:"<<endl; 
 cin>>limit; 
 } 
 if(!P[1]){ 
 cout<<"Enter output file name:"<<endl; 
 cin>>oname; 
    } 
 ofstream on(oname,ios::out); 
 double *val=new double[count]; 
 double *s=new double[size]; 
 in.open(name,ios::in); 
 int N=0; 
 for(int n=0;n<size;n++){ 
   for(int i=0;i<count;i++) 
  in>>val[i]; 
   s[n]=val[colnum-1]; 
   N++; 
  } 
  stdd=StdDev(s,size); 
  if(stdd<limit) 
   on<<0<<endl; 
   else 
    on<<s[0]<<endl; 
  cout<<"Please wait....."<<endl; 
 while(in>>val[0]){ 
  for(int n=0;n<size-1;n++) 
   s[n]=s[n+1]; 
   for(int i=1;i<count;i++) 
    in>>val[i]; 
   s[size-1]=val[colnum-1]; 
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  stdd=StdDev(s,size); 
  if(stdd<limit) 
   on<<0<<endl; 
  else 
   on<<s[0]<<endl; 
   N++; 
 } 
 for(int i=0;i<size-1;i++) 
      on<<0<<endl; 
 cout<<"Length of series equal to "<<N<<" Program terminated. Click any 
button for exit"<<endl; 
 return 0; 
} 
//------------------------------------------------------------------ 
void scan_param(int argc, char *argv[],bool *P) 
{ 
 for(int i=0;i<5;i++) 
  P[i]=false; 
 for(int i=1;i<argc;i++){ 
  switch(argv[i][1]){ 
   case 'i': 
   strcpy(name,(argv[i]+2)); 
   P[0]=true; 
   break; 
   case 'o': 
    strcpy(oname,(argv[i]+2)); 
    P[1]=true; 
    break; 
   case 's': 
    size=atoi(argv[i]+2); 
    P[2]=true; 
    break; 
   case 'c': 
    colnum=atoi((2+argv[i])); 
    P[3]=true; 
    break; 
   case 'l': 
    limit=atof(argv[i]+2); 
    P[4]=true; 
    break; 
 
  } 
    } 
} 
 
 

99 



akaikes informaciuli kriteriumis gamosaTvleli 
programa 

 
This package uses AKAIKE criterium for determinig onsets – point of in signal’s 
entry .  For reliebale calculation the   signal must represent  distibuted over time 
separated wave trains with no signal between them (some numbers of nulls).  
//------------------------------------------------------------------ 
#include <vcl.h> 
#include<iostream.h> 
#include<fstream.h> 
#include<iomanip.h> 
#include<math.h> 
//------------------------------------------------------------------ 
#pragma argsused 
int getColCount(char *name);//get column count in input file 
void scan_param(int argc, char *argv[],bool *P);//get input parameters 
double Rw_Range(double *s,double avg,int tw,int Tw,int len);//AIC function 
int colcountf,colnumf=1,N=0; 
  char filename[40],sname[40],aname[40]; 
double *val; 
int start,end; 
bool P[7]; 
int main(int argc, char* argv[]) 
{ 
 for(int y=0;y<7;y++) 
  P[y]=0; 
 scan_param(argc,argv,P); 
 cout<<"-----AIC CRITERIUM-----"<<endl<<endl; 
 if(!P[0]){ 
 cout<<"Enter  file name with windows:"<<endl; 
   cin>>filename; 
 } 
  ifstream f(filename,ios::in); 
  if(!f){ 
   cout<<"File not found"<<endl; 
   exit(1); 
  } 
  char cycn[50]; 
  strcpy(cycn,filename); 
  strcat(cycn,"secycle"); 
 ofstream oF(cycn,ios::out); 
 SetFileAttributes(cycn,FILE_ATTRIBUTE_HIDDEN); 
  colcountf=getColCount(filename); 
  if(!P[1]){ 
  if(colcountf>1){ 
   cout<<"Column number in file = "<<colcountf<<"Enter column number:"<<endl; 
  cin>>colnumf; 
  } 
 } 
 if(!P[2]){ 
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  cout<<"Enter output file for recordind AIC values:"<<endl; 
  cin>>sname; 
 } 
  ofstream of(sname,ios::out); 
 // cout<<endl<<"Enter number of nulls: "; 
  int nullnum=3; 
  //cin>>nullnum; 
 // cout<<endl<<"Enter min length of acoustic flash:"; 
  //int LT; 
 // cin>>LT; 
 bool s=true,e=false,beg=true;   //  
  // temp variable for definding in what cycle is found onset and max 
   int LEN,nulls=0; 
  val=new double[colcountf]; 
 while(f>>val[0]){ 
 for(int i=1;i<colcountf;i++) 
  f>>val[i]; 
  N++; 
   if(s){ 
    if(val[0]==0) 
  nulls++; 
    else{ 
  if(nulls>=nullnum||beg){ 
   start=N; 
   s=false; 
   e=true; 
   beg=false; 
   nulls=0; 
    } 
   } 
   } 
   else if(e){ 
  if(val[0]==0) 
   nulls++; 
  else{ 
   nulls=0; 
  } 
  if(nulls>=nullnum||f.eof()){ 
   end=N-nulls; 
   s=true; 
   e=false; 
   
oF<<setw(20)<<setiosflags(ios::left)<<start<<setw(20)<<setiosflags(ios::left)<<end<
<endl; 
  } 
   } 
   } 
 cout<<"Length of signal ="<<N<<endl; 
 oF.close(); 
 f.close(); 

101 



 if(!P[3]){ 
 cout<<"Enter output file for saving:\n\ncolumn 1 - AE train start\ncolumn 2 - 
AE train end column 3 - nAIC onset position\ncolumn 4 - distance from onset position 
to train end column 5 - distance between positions\n"<<endl; 
 cin>>aname; 
 } 
 ofstream oc(aname,ios::out); 
 
 //------------------------------------- 
 ifstream IC(cycn,ios::in); 
 ifstream ii(filename,ios::in); 
 int N1=N; 
 N=0; 
 int minpos,minval,w=0,tempos=-1,dist=0; 
 double *R,avg,v1,v2,aicval; 
 while(IC>>start>>end){ 
 LEN=end-start+1; 
 w++; 
 R=new double[LEN]; 
  while(N<start-1){ 
   for(int i=0;i<colcountf;i++) 
    ii>>val[i]; 
   N++; 
   of<<0<<endl; 
  } 
  avg=0; 
  for(int i=0;i<LEN;i++){ 
   for(int j=0;j<colcountf;j++) 
    ii>>val[j]; 
   R[i]=val[colnumf-1]; 
   avg+=R[i]; 
  } 
  avg=avg/LEN; 
 int tt=1; 
 for(int i=0;i<LEN;i++){ 
   if(i==LEN-1){ 
    tt=0; 
   } 
  v1=Rw_Range(R,avg,0,i,LEN); 
  v2=Rw_Range(R,avg,i+tt,LEN-1,LEN); 
  if(v1==0) 
   v1=1; 
  if(v2==0) 
      v2=1; 
  aicval=(i+1)*log(v1)+(LEN-i-tt-1)*log(v2); 
  N++; 
  of<<aicval<<endl; 
 if(i==0){ 
  minval=aicval; 
  minpos=N; 
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 } 
 else{ 
  if(minval>aicval){ 
   minval=aicval; 
   minpos=N; 
  } 
 } 
 } 
 if(tempos!=-1){ 
  dist=minpos-tempos; 
 } 
 oc<<setw(20)<<setiosflags(ios::right)<<start<<setw(20)<<setiosflags(ios::left
)<<setw(20)<<setiosflags(ios::right)<<end<<setw(20)<<setiosflags(ios::right)<<minp
os<<setw(20)<<setiosflags(ios::right)<<(end-
minpos+1)<<setw(20)<<setiosflags(ios::right)<<dist<<endl; 
 tempos=minpos; 
 } 
 for(int i=N;i<N1;i++) 
  of<<0<<endl; 
 IC.close(); 
    remove(cycn); 
 cout<<"Program terminated. Number of AE wave trains ="<<w<<"\nClick 
any button for exit"<<endl; 
 //cin>>N; 
 return 0; 
} 
//--------------------------------------------------------------------------- 
int getColCount(char *name)  //  
 
{ 
 ifstream in(name,ios::in);   //  
 if(!in){ 
   cout<<"File not found"<<endl; 
   exit(1); 
  } 
  int count=0; 
  char st='a'; 
  bool d=true; 
  while(st!='\n'&&(!in.eof())){ 
  in.get(st); 
  if(d){ 
 if(!isspace(st)){ 
  count++; 
  d=false; 
 } 
   } 
  else{ 
   if(isspace(st)) 
 d=true; 
   } 
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  } 
  in.close(); 
  return count;    //  
} 
//------------------------------ 
double Rw_Range(double *s,double avg,int tw,int Tw,int len) 
{   // variance function 
 float sum=0; 
 for(int i=tw;i<=Tw;i++) 
  sum+=pow(s[i]-avg,2); 
 if(Tw-tw>0) 
  sum=sum/(Tw-tw); 
 return sum; 
} 
//------- 
void scan_param(int argc, char *argv[],bool *P) 
{ 
 for(int i=0;i<5;i++) 
  P[i]=false; 
 for(int i=1;i<argc;i++){ 
  switch(argv[i][1]){ 
   case 'i': 
   strcpy(filename,(argv[i]+2));//filter signal 
   P[0]=true; 
   break; 
   case 'c': 
   colnumf=atoi((2+argv[i]));//colnum in filtered signal 
   P[1]=true; 
   break; 
   case 'o': 
   strcpy(sname,(argv[i]+2));//output 
   P[2]=true; 
   break; 
   case 'O': 
    strcpy(aname,(argv[i]+2)); //output file 
    P[3]=true; 
    break; 
        } 
 } 
} 
 

Senonis entropiis indeqsi 
 

Programs calculates Shennon entropy using standard formula in two windows and 
then compares values. 
//--------------------------------------------------------------------------- 
 
#include <vcl.h> 
#pragma hdrstop 
#include<fstream.h> 
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#include "Unit.h" 
//--------------------------------------------------------------------------- 
#pragma package(smart_init) 
#pragma link "cgauges" 
#pragma resource "*.dfm" 
TForm1 *Form1; 
AnsiString fname,savename; 
AnsiString cname=Application->ExeName+".nat";  //for savinf column 
int colcount; //number of columns in file 
int colnum; 
int N; //length of series 
int WN; 
int M,window,step; //M-number of bins; 
int getColCount(AnsiString filename); //count number of columns in file 
Set <char, '0','9'>Dig; 
bool cancel=false; 
//--------------------------------------------------------------------------- 
__fastcall TForm1::TForm1(TComponent* Owner) 
 : TForm(Owner) 
{ 
} 
//--------------------------------------------------------------------------- 
void __fastcall TForm1::sbOpenClick(TObject *Sender) 
{ 
  if(OpenDialog1->Execute()){ 
   Memo->Clear(); 
   fname=OpenDialog1->FileName; 
   colcount=getColCount(fname); 
   if(colcount==1){ 
 leCol->Text="1"; 
   leCol->Enabled=false; 
   } 
   else 
  leCol->Enabled=true; 
   gb->Caption="Number of columns = "+IntToStr(colcount); 
   Memo->Lines->Add("Filename: "+fname); 
   sbCalc->Enabled=true; 
  } 
} 
//--------------------------------------------------------------------------- 
int getColCount(AnsiString filename) 
{ 
  ifstream f(filename.c_str(),ios::in); 
  if(!f){ 
    Application->MessageBoxA("File not 
found","Warning",MB_OK|MB_ICONEXCLAMATION); 
    exit(1); 
  } 
  char st='a'; 
  int count=0; 
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  bool d=true; 
   while(st!='\n'&&(!f.eof())){ 
  f.get(st); 
  if(d){ 
    if(!isspace(st)){ 
     count++; 
     d=false; 
    } 
   } 
  else{ 
   if(isspace(st)) 
    d=true; 
   } 
  } 
  f.close(); 
  return count; 
} 
//----------------------------------------------------------------------------- 
int TForm1::getMinMax(AnsiString filename, int colcount,int colnum) 
{ 
 int n=0; 
 ifstream f(filename.c_str(),ios::in); 
 ofstream fc(cname.c_str(),ios::out); 
 double *val=new double[colcount]; 
 for(int i=0;i<colcount;i++) 
  f>>val[i]; 
  fc<<val[colnum-1]<<endl; 
 n++; 
 minv=val[colnum-1]; 
 maxv=val[colnum-1]; 
 while(!f.eof()){ 
 for(int i=0;i<colcount;i++) 
  f>>val[i]; 
  fc<<val[colnum-1]<<endl; 
  if(rbAll->Checked){ 
  if(val[colnum-1]>maxv) 
  maxv=val[colnum-1]; 
  if(val[colnum-1]<minv) 
 minv=val[colnum-1]; 
  } 
 n++; 
  if(n%30000==0){ 
 cG->Progress=cG->Progress+1; 
   if(cG->Progress==100) 
 cG->Progress=0; 
  } 
 } 
 f.close(); 
 fc.close(); 
 delete val; 
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 return n; 
} 
//-------------------------------------------------- 
 
 
void __fastcall TForm1::sbCalcClick(TObject *Sender) 
{ 
  cG->Progress=0; 
  if(leCol->Text.IsEmpty()||leBin->Text.IsEmpty()||leWindow-
>Text.IsEmpty()||leStep->Text.IsEmpty()){ 
   Application->MessageBoxA("Incorrect or missed parameters ","Fill all 
fields",MB_OK|MB_ICONEXCLAMATION); 
   return; 
  } 
  colnum=StrToInt(leCol->Text); 
  M=StrToInt(leBin->Text); 
  if(M==0){ 
   M=1; 
   leBin->Text="1"; 
  } 
  window=StrToInt(leWindow->Text); 
  step=StrToInt(leStep->Text); 
  Bins=new double[M+1]; 
  N=getMinMax(fname,colcount,colnum); 
  Memo->Lines->Add("Length of series = "+IntToStr(N)); 
  if(rbAll->Checked){ 
   getBins(M); 
   Memo->Lines->Add("Max value in series = "+FloatToStr(maxv)); 
   Memo->Lines->Add("Min value in series = "+FloatToStr(minv)); 
  } 
  if(N<2*window){ 
   Application->MessageBoxA("Window can't be greater than length of series","Fill 
all fields",MB_OK|MB_ICONEXCLAMATION); 
   return; 
  } 
   if(step>window){ 
   Application->MessageBoxA("Step can't be greater than Window","Fill all 
fields",MB_OK|MB_ICONEXCLAMATION); 
   return; 
  } 
  if(SaveDialog1->Execute()){ 
  savename=SaveDialog1->FileName; 
   Memo->Lines->Add("Please wait..."); 
   WN=Shannon(fname,savename,M,window,step,colcount,colnum); 
   Memo->Lines->Add("Number of window = "+IntToStr(WN)); 
   Memo->Lines->Add("Calculating finised. Results are saved in file: "+savename); 
  } 
  cG->Progress=0; 
  DeleteFile(cname); 
} 
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//--------------------------------------------------------------------------- 
void TForm1::getBins(int M) 
{ 
 //Bins=new double[M+1]; 
 float g=(maxv-minv)/M; 
 for(int i=0;i<=M;i++){ 
  Bins[i]=minv+i*g; 
 } 
} 
//------------------------------------------------------------------------- 
int TForm1::Shannon(AnsiString filename,AnsiString savename, int M, int window, 
int step,int colcount,int colnum) 
{ 
  double *S=new double[2*window]; 
  ifstream f(cname.c_str(),ios::in); 
  ofstream of(savename.c_str(),ios::out); 
  //ofstream op("ProverkaSh1.txt",ios::out); 
  double val; 
  for(int q=0;q<2*window;q++){ 
  f>>val; 
  S[q]=val; 
 } 
 if(rbW->Checked){ 
  getMinMaxWindow(S,window); 
  getBins(M); 
 } 
  double Sh1=getSh(S,Bins,window,M); 
   
  if(rbW->Checked){ 
   getMinMaxWindow(S+window-1,window+1); 
   getBins(M); 
 } 
  double Sh2=getSh((S+window-1),Bins,window+1,M); 
  //op<<Sh1<<endl; 
  if(Sh1==0) 
   Sh1=0.0000000000000001; 
  double SH=Sh2/Sh1; 
  of<<SH<<endl; 
  int wx=(N-2*window)/step; 
  for(int j=0;j<wx;j++){ 
   for(int z=0;z<2*window-step;z++) 
 S[z]=S[z+step]; 
   for(int y=0;y<step;y++){ 
 f>>val; 
   S[2*window-step+y]=val; 
  } 
   if(rbW->Checked){ 
   getMinMaxWindow(S,window); 
   getBins(M); 
 } 
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   Sh1=getSh(S,Bins,window,M); 
   if(rbW->Checked){ 
 getMinMaxWindow(S+window-1,window+1); 
    getBins(M); 
 } 
   Sh2=getSh(S+window-1,Bins,window+1,M); 
   //op<<Sh1<<endl; 
  if(Sh1==0) 
   Sh1=0.0000000000000001; 
  SH=Sh2/Sh1; 
   of<<Sh2<<endl; 
   if(j%10000==0){ 
   cG->Progress=cG->Progress+1; 
   if(cG->Progress==100) 
 cG->Progress=0; 
   } 
  } 
  delete S; 
   return wx+1; 
  } 
  //---------function find probability for every bin------------------------- 
  double  TForm1::getSh(double *S, double *Bins, int window,int M) 
  { 
   int *nb=new int[M]; 
   for(int i=0;i<M;i++) 
 nb[i]=0; 
  double *pb=new double[M]; 
   for(int i=0;i<window;i++){ 
 for(int l=0;l<M;l++){ 
  if(l==0){ 
   if((S[i]>=Bins[l]&&S[i]<=Bins[l+1])||(S[i]==minv)) 
    nb[l]+=1; 
    } 
   else{ 
   if((S[i]>=Bins[l]&&S[i]<=Bins[l+1])||(l==M-1&&S[i]==maxv)) 
    nb[l]+=1; 
    } 
  } 
 } 
   double Sb=0; 
   for(int y=0;y<M;y++){ 
 pb[y]=(double)nb[y]/window; 
 if(pb[y]==0) 
    pb[y]=0.0000000000000001; 
   Sb+=pb[y]*log(pb[y]); 
  } 
  delete pb; 
  delete nb; 
  return -1*Sb; 
   } 
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  //------------------------------------------------------------------ 
void __fastcall TForm1::FormCreate(TObject *Sender) 
{ 
   Dig<<'0'<<'1'<<'2'<<'3'<<'4'<<'5'<<'6'<<'7'<<'8'<<'9'; 
   sbCalc->Enabled=false;  
} 
//--------------------------------------------------------------------------- 
 
void __fastcall TForm1::leColKeyPress(TObject *Sender, char &Key) 
{ 
  if(!Dig.Contains(Key)&&Key!=VK_BACK) 
  Key=0; 
} 
//--------------------------------------------------------------------------- 
 
void __fastcall TForm1::leColKeyDown(TObject *Sender, WORD &Key, 
      TShiftState Shift) 
{ 
 if(Key==VK_SPACE||Key==13) 
   leBin->SetFocus();  
} 
//--------------------------------------------------------------------------- 
 
void __fastcall TForm1::leBinKeyDown(TObject *Sender, WORD &Key, 
      TShiftState Shift) 
{ 
 if(Key==VK_SPACE||Key==13) 
   leWindow->SetFocus();  
} 
//--------------------------------------------------------------------------- 
 
void __fastcall TForm1::leWindowKeyDown(TObject *Sender, WORD &Key, 
      TShiftState Shift) 
{ 
 if(Key==VK_SPACE||Key==13) 
   leStep->SetFocus(); 
} 
//--------------------------------------------------------------------------- 
void TForm1::getMinMaxWindow(double *S,int window) 
{ 
 maxv=minv=S[0]; 
 for(int i=1;i<window;i++){ 
  if(S[i]>maxv) 
   maxv=S[i]; 
  if(S[i]<minv) 
   minv=S[i]; 
 } 
} 
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akustikuri emisiis dasawyisis registrirebis 
programa 

 
Programs finds wave train’s entry and exit point as well as onsets in acoustic on 
running signal and relative to wave train’s entry point. 
//--------------------------------------------------------------------------- 
 
#include <vcl.h> 
#pragma hdrstop 
#include<iostream.h> 
#include<fstream.h> 
#include<iomanip.h> 
#include<math.h> 
 
//--------------------------------------------------------------------------- 
int getColCount(char *name); 
char iname[50],icyc[50],oname[50], ocyc[50];; 
ifstream inData,inC,intemp1,intemp2,inNC,inn; 
ofstream outdata,outtemp1,outtemp2; 
int colcount,start,end,startAE,N=0,len,len2,*limstart,*limend; 
double val[2],maxSin,maxAE,phaseSin,phaseAE,ps,pa; 
int maxSinpos=1,maxAEpos=1,temSinpos=-1,temOpos=-1,temMpos=-
1,cc=0,cs=0,aenum=0,aen=0,N1; 
int tt[5]; 
int numc=-1,numc2=1,frac=1,ll,cm;   // recharge with numerator , denominator and 
number of cycle part 
void writeCol(char *); 
void wrfval(ofstream &o,double vl,int prec=5,int wid=22); 
void wrival(ofstream &o,int vl,int wid=22); 
void wrtext(ofstream &o,char *t,int wid=22,int num=1); 
#pragma argsused 
int main(int argc, char* argv[]) 
{ 
 cout<<endl<<"Enter input file name:"<<endl; 
 cin>>iname; 
 inData.open(iname,ios::in); 
 colcount=getColCount(iname); 
 cout<<"Column count = "<<colcount<<endl; 
 cout<<endl<<"Enter file name with cycles:"<<endl; 
 cin>>icyc; 
 inNC.open(icyc,ios::in); 
 strcpy(ocyc,icyc); 
 strcat(ocyc,"tem27"); 
 cout<<"Enter output file name:"<<endl; 
 cin>>oname; 
 char temname1[80],temname2[80]; 
 outdata.open(oname,ios::out); 
 strcpy(temname1,oname); 
 strcat(temname1,"temp1.tem27"); 
 strcpy(temname2,oname); 
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 strcat(temname2,"temp2.tem27"); 
 outtemp1.open(temname1,ios::out); 
 outtemp2.open(temname2,ios::out); 
 cout<<endl<<"Enter number of cycles for searched spikes.\n(If number is 
fractional 'a/b' it means that search  will be made  in 'a' cycles and '1/b' part of next 
cycle.\n You must not enter float number,you can use symbol'/'):"<<endl<<endl; 
 int y1=0,y2=0,y3=0; 
   char st1='0',tname[40]={""},tname1[40]={""},numname[40]={""}; 
   int nb=0; 
   cin>>numname; 
 do{ 
  st1=numname[y3]; 
  if(nb==0&&isdigit(st1)){ 
   tname[y1]=st1; 
   y1++; 
  } 
  if(nb==1&&isdigit(st1)){ 
   tname1[y2]=st1; 
   y2++; 
  } 
  if(st1=='/') 
   nb=1; 
  y3++; 
 }while(st1!='/n'&&st1!='/0'); 
  if(y1>0){ 
   numc=atoi(tname); 
  } 
  if(y2>0) { 
   numc2=atoi(tname1); 
  } 
  if(y1==0) 
   numc=1; 
 //------------------------------- 
 cout<<endl<<"a="<<numc<<'/t'<<"b="<<numc2<<endl<<endl; 
 ofstream onNC; 
 if(numc2==1&&numc==1) 
  strcpy(ocyc,icyc); 
 else{ 
 onNC.open(ocyc,ios::out); 
 int pcn=numc/numc2; 
 int f; 
 int start1=-1,end1=-1; 
 if(numc>numc2){ 
  inNC>>start>>end; 
  start1=start; 
 } 
 while(!inNC.eof()){ 
  for(int i=0;i<pcn-1&&!inNC.eof();i++) 
    inNC>>start>>end; 
  if(numc2>1){ 
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    inNC>>start>>end; 
    if(numc<numc2){ 
  start1=start; 
  f=numc; 
    } 
    else 
  f=1; 
    if(!inNC.eof()){ 
    end1=start+f*(end-start+1)/numc2; 
    onNC<<start1<<setw(36)<<end1<<endl; 
    } 
    else{ 
  if(numc>numc2) 
   onNC<<start1<<setw(36)<<end<<endl; 
 
    } 
  } 
  else { 
   end1=end; 
   onNC<<start1<<setw(36)<<end1<<endl; 
  } 
  if(numc>numc2) 
   start1=start; 
  } 
 } 
 onNC.close(); 
 inNC.close(); 
 
 inC.open(icyc,ios::in); 
 while(inC>>start>>end){ 
 while(N<start){ 
  inData>>val[0]>>val[1]; 
  N++; 
 } 
  maxSin=fabs(val[1]); 
  maxSinpos=start; 
 
   while(N>=start&&N<end){ 
    inData>>val[0]>>val[1]; 
    N++; 
    if(fabs(val[1])>=maxSin){ 
  maxSin=fabs(val[1]); 
  maxSinpos=N; 
    } 
    } 
    cs++; 
    len=end-start+1; 
  ps=(maxSinpos-start+1)*M_PI/len; 
  phaseSin=ps+(cs-1)*M_PI; 
  int l=(maxSinpos-start+1); 
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 outtemp1<<start<<setw(33)<<end<<setw(33)<<maxSinpos<<setw(33)<<phas
eSin<<setw(33)<<l<<setw(23)<<ps; 
  if(temSinpos!=-1) 
   outtemp1<<setw(33)<<(maxSinpos-temSinpos)<<endl; 
  else 
   outtemp1<<endl; 
  temSinpos=maxSinpos; 
  } 
  inData.close(); 
  N1=N; 
  ifstream inData2(iname,ios::in); 
  outtemp1.close(); 
//----------1st channel----------------------------------------------- 
    N=0; 
 inn.open(ocyc,ios::in); 
  cout<<endl<<"Enter number of nulls: "; 
  int nullnum; 
  cin>>nullnum; 
  cout<<endl<<"Enter min pulse train length:"; 
  int LT; 
  cin>>LT; 
 bool s=true,e=false,beg=true;   //  
 int startt,startm,endt,endm;   // temp variable for definding in what cycle is 
found onset and max 
   int sstart=0,eend=0,LEN,nulls=0; 
   cs=1; // as this variable is compared with cc, responding for spike num 
 while(inn>>start>>end){ 
 while(N<start-1){ 
  inData2>>val[0]>>val[1]; 
  N++; 
    } 
   cc++; 
   if(!e) 
    aen=0; 
   while(N>=start-1&&N<=end-1){ 
   inData2>>val[0]>>val[1]; 
   N++; 
   if(s){ 
    if(val[0]==0) 
  nulls++; 
    else{ 
  if(nulls>=nullnum||beg){ 
   sstart=N; 
   if(cs<cc) 
          aen=0; 
   cs=cc; 
   startt=start; 
   endt=end; 
   s=false; 
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   e=true; 
   beg=false; 
   nulls=0; 
   maxAE=fabs(val[0]); 
   maxAEpos=N; 
   cm=cc; 
    } 
   } 
   } 
   else if(e){ 
  if(val[0]==0) 
   nulls++; 
  else{ 
   nulls=0; 
   if(fabs(val[0])>maxAE){ 
    maxAE=fabs(val[0]); 
    maxAEpos=N; 
    cm=cc; 
    startm=start; 
    endm=end; 
         } 
  } 
  if(nulls>=nullnum||N==N1){ 
   eend=N-nulls; 
   s=true; 
   e=false; 
   LEN=eend-sstart+1; 
   if(LEN>=LT){ 
   aen++; 
   aenum++; 
   len=endt-startt+1; 
   pa=(sstart-startt+1)*M_PI/len; 
   phaseAE=pa+(cs-1)*M_PI; 
   wrival(outtemp2,cs); // cycle number in which is situated onset 
   wrival(outtemp2,aen);  //spike number 
   wrival(outtemp2,sstart); //onset position 
   wrival(outtemp2,LEN);  // length of pulse group 
   wrfval(outtemp2,phaseAE,8); //phase of onset on run 
   ll=sstart-startt+1; 
   wrival(outtemp2,ll);     //position onset vs start 
   wrfval(outtemp2,pa,5);   //phase of onset in cycle 
   if(temOpos==-1) 
    wrival(outtemp2,-1); 
   else{ 
    ll=sstart-temOpos; 
    wrival(outtemp2,ll); 
   } 
   temOpos=sstart; 
   len=endm-startm+1; 
   pa=(maxAEpos-startm+1)*M_PI/len; 
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   phaseAE=pa+(cm-1)*M_PI; 
   wrival(outtemp2,cm); // cycle number in which is situated max 
   wrival(outtemp2,maxAEpos);   //max position 
   wrfval(outtemp2,phaseAE,8); //phase of max on run 
   ll=maxAEpos-startm+1; 
   wrival(outtemp2,ll);   // max position vs start 
   wrfval(outtemp2,pa,5);   //phase of max in cycle 
   if(temMpos==-1) 
    wrival(outtemp2,-1); 
   else{ 
    ll=maxAEpos-temMpos; 
    wrival(outtemp2,ll); 
   } 
   temMpos=maxAEpos; 
   outtemp2<<endl; 
   } 
  } 
   } 
 
   } 
   } 
 
   outtemp2.close(); 
   intemp1.open(temname1); 
   intemp2.open(temname2); 
   cout<<endl<<"Enter audio sample rate in Hz:"<<endl; 
   int sample; 
   cin>>sample; 
   wrtext(outdata,"row"); 
   wrtext(outdata,"start"); 
   wrtext(outdata,"end"); 
   wrtext(outdata,"Fpos"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"phF_on_run"); 
   wrtext(outdata,"Fpos_vs_start"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"phF_vs_start"); 
   wrtext(outdata,"Fdist"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"Onset_cycle"); 
   wrtext(outdata,"spike_num"); 
   wrtext(outdata,"Opos"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"Train_len"); 
   wrtext(outdata,"<-t(sec"); 
   wrtext(outdata,"Ph_O_on_run"); 
   wrtext(outdata,"Opos_vs_start"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"Ph_O_vs_start"); 
   wrtext(outdata,"Odist"); 
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   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"Max_cycle"); 
   wrtext(outdata,"Spos"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"Ph_S_on_run"); 
   wrtext(outdata,"Spos_vs_start"); 
   wrtext(outdata,"<-t(sec)"); 
   wrtext(outdata,"Ph_S_vs_start"); 
   wrtext(outdata,"Sdist"); 
   wrtext(outdata,"<-t(sec)"); 
   outdata<<endl; 
 for(int i=0;i<cs||i<aenum;i++){ 
   if(i<cs){ 
   intemp1>>start>>end>>maxSinpos>>phaseSin>>temSinpos>>ps;   //here maxAE 
pos2 ver start 
   wrival(outdata,i+1); 
   wrival(outdata,start); 
   wrival(outdata,end); 
   wrival(outdata,maxSinpos); 
   wrfval(outdata,(double)maxSinpos/sample); 
   wrfval(outdata,phaseSin,8); 
   wrival(outdata,temSinpos); 
   wrfval(outdata,(double)temSinpos/sample); 
   wrfval(outdata,ps); 
   if(i>0){ 
   intemp1>>len;  //here len variable uses as distance between max in sinusoid 
   wrival(outdata,len); 
   wrfval(outdata,(double)len/sample); 
   } 
   else 
 wrtext(outdata," ",22,2); 
   } 
   else{ 
 wrival(outdata,i+1); 
 wrtext(outdata," ",22,10); 
   } 
   if(i<aenum){ 
  intemp2>>tt[0]>>tt[1]>>tt[2]>>tt[3]>>phaseAE>>tt[4]>>pa>>len2; //here hs 
is used as subsidiary variables 
   wrival(outdata,tt[0]);// cycle_num 
   wrival(outdata,tt[1]);// spike_num 
   wrival(outdata,tt[2]);// Onset position 
   wrfval(outdata,(double)tt[2]/sample);// Onset time 
   wrival(outdata,tt[3]);// Train  length 
   wrfval(outdata,(double)tt[3]/sample);// Train length in sec 
   wrfval(outdata,phaseAE,8); //Onset phase on run of signal 
   wrival(outdata,tt[4]); //Onset position vs start of cycle 
   wrfval(outdata,(double)tt[4]/sample);// Onset time vs start of cycle 
   wrfval(outdata,pa); //Onset phase vs start of cycle  of signal 
  if(len2!=-1){ 
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   wrival(outdata,len2); //Distance between Onset 
   wrfval(outdata,(double)len2/sample);// Time between Onset 
  } 
  else 
   wrtext(outdata," ",22,2); 
 
  intemp2>>cm>>tt[2]>>phaseAE>>tt[4]>>pa>>len2; 
     wrival(outdata,cm);// cycle in which is situated max 
  wrival(outdata,tt[2]);// Max position 
  wrfval(outdata,(double)tt[2]/sample);// Max time 
  wrfval(outdata,phaseAE); //Max phase on run of signal 
  wrival(outdata,tt[4]); //Max position vs start of cycle 
  wrfval(outdata,(double)tt[4]/sample);// Max time vs start of cycle 
  wrfval(outdata,pa); //Max phase vs start of cycle  of signal 
  if(len2!=-1){ 
   wrival(outdata,len2); //Distance between Max 
   wrfval(outdata,(double)len2/sample);// Time between Max 
  } 
  } 
  outdata<<endl; 
 } 
 
 intemp1.close(); 
 intemp2.close(); 
 inn.close(); 
 remove(temname1); 
 remove(temname2); 
 if(numc2!=1&&numc!=1) 
  remove(ocyc); 
 cout<<"****Length of series = "<<N1<<". Cycle's number = "<<cc<<" 
****"<<endl; 
 cout<<"--------------------------"<<endl<<"Click any button for exit:"<<endl; 
 cin>>N; 
 return 0; 
} 
//--------------------------------------------------------------------------- 
int getColCount(char *name)  //  
 
{ 
 ifstream in(name,ios::in);   //  
 if(!in){ 
   cout<<"File not found"<<endl; 
   exit(1); 
  } 
  int count=0; 
  char st='a'; 
  bool d=true; 
  while(st!='\n'&&(!in.eof())){ 
  in.get(st); 
  if(d){ 
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 if(!isspace(st)){ 
  count++; 
  d=false; 
 } 
   } 
  else{ 
   if(isspace(st)) 
 d=true; 
   } 
  } 
  in.close(); 
  return count;    //  
} 
//------------------------------------------------------------ 
void wrival(ofstream &o,int vl,int wid) 
{ 
     o<<setw(wid)<<setiosflags(ios::left)<<vl; 
} 
void wrfval(ofstream &o,double vl,int prec,int wid) 
{ 
 
   o<<setw(wid)<<setiosflags(ios::left)<<setprecision(prec)<<vl; 
} 
void wrtext(ofstream &o,char *t,int wid,int num) 
{ 
    for(int i=0;i<num;i++) 
 o<<setw(wid)<<setiosflags(ios::left)<<t; 
} 
 
 

 

 

trendmocilebuli fluqtuaciebis analizis 
programa 

The method of detrended fluctuation analysis (DFA) has proven useful in revealing 
the extent of long-range correlations in seemingly irregular time series.  

#include <stdio.h> 
#include <stdlib.h> 
#include <math.h> 
 
#define SWAP(a,b) {temp = (a); (a) = (b); (b) = temp;} 
 
/* Function prototypes. */ 
long input(void); 
int rscale(long minbox, long maxbox, double boxratio); 
void dfa(double *seq, long npts, int nfit, long *rs, int nr, int sw); 
void setup(void); 
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void cleanup(void); 
void help(void); 
double polyfit(double **x, double *y, long ndat, int nfit); 
void error(char error_text[]); 
double *vector(long nl, long nh); 
int *ivector(long nl, long nh); 
long *lvector(long nl, long nh); 
double **matrix(long nrl, long nrh, long ncl, long nch); 
void free_vector(double *v, long nl, long nh); 
void free_ivector(int *v, long nl, long nh); 
void free_lvector(long *v, long nl, long nh); 
void free_matrix(double **m, long nrl, long nrh, long ncl, long nch); 
 
/* Global variables. */ 
char *pname; /* this program's name (for use in error messages) */ 
double *seq; /* input data buffer; allocated and filled by input() */ 
long *rs; /* box size array; allocated and filled by rscale() */ 
double *mse; /* fluctuation array; allocated by setup(), filled by dfa() */ 
int iflag = 1; /* integrate the input data if non-zero */ 
int nfit = 2; /* order of the regression fit, plus 1 */ 
int nr;  /* number of box sizes */ 
FILE *F1,*F2; 
char infile[200],outfile[200]; 
main(int argc, char **argv) 
{ 
    int i, sw = 0; 
    long minbox = 0L, maxbox = 0L, npts, temp; 
 
    /* Read and interpret the command line. */ 
    pname = argv[0]; 
    for (i = 1; i < argc && *argv[i] == '-'; i++) { 
   switch(argv[i][1]) { 
  case 'd': /* set nfit (the order of the regression fit) */ 
   if ((nfit = atoi(argv[++i])+1) < 2) 
       error("order must be greater than 0"); 
   break; 
 case 'i': /* input data are already integrated */ 
   iflag = 0; break; 
 case 'l': /* set minbox (the minimum box size) */ 
   minbox = atol(argv[++i]); break; 
 case 'u': /* set maxbox (the maximum box size) */ 
   maxbox = atol(argv[++i]); break; 
 case 's':/* enable sliding window mode */ 
   sw = 1; break; 
  case 'h': /* print usage information and quit */ 
 case 'f': 
    strcpy(infile,argv[++i]);break; 
 case 'o': 
  strcpy(outfile,argv[++i]);break; 
        default: 
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   help(); 
   exit(1); 
      } 
    } 
   
 /* Allocate and fill the input data array seq[]. */ 
    npts = input(); 
 
    /* Set minimum and maximum box sizes. */ 
    if (minbox < 2*nfit) minbox = 2*nfit; 
    if (maxbox == 0 || maxbox > npts/4) maxbox = npts/4; 
    if (minbox > maxbox) { 
 SWAP(minbox, maxbox); 
 if (minbox < 2*nfit) minbox = 2*nfit; 
    } 
 
    /* Allocate and fill the box size array rs[].  rscale's third argument 
       specifies that the ratio between successive box sizes is 2^(1/8). */ 
    nr = rscale(minbox, maxbox, pow(2.0, 1.0/8.0)); 
 
    /* Allocate memory for dfa() and the functions it calls. */ 
    setup(); 
 
    /* Measure the fluctuations of the detrended input data at each box size 
       using the DFA algorithm; fill mse[] with these results. */ 
    dfa(seq, npts, nfit, rs, nr, sw); 
 
 /* Output the results. */ 
 F2=fopen(outfile,"wt"); 
    for (i = 1; i <= nr; i++) 
 fprintf(F2,"%g %g\n", log10((double)rs[i]), log10(mse[i])/2.0); 
    fclose(F2); 
    /* Release allocated memory. */ 
    cleanup(); 
    exit(0); 
} 
 
/* Read input data, allocating and filling seq[], integrating if iflag != 0. 
   Following the convention used for other arrays in this program, seq[0] is 
   unused, and the first point is stored in seq[1].  The return value is the 
   number of points read. 
 
   This function allows the input buffer to grow as large as necessary, up to 
   the available memory (assuming that a long int is large enough to address 
   any memory location).  Note that the integration is done using double 
   precision arithmetic to avoid complete loss of precision when the integrated 
   data reach large amplitudes.  */ 
long input() 
{ 
    long maxdat = 0L, npts = 0L; 
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    double y, yp = 0.0; 
 F1=fopen(infile,"rt"); 
   // while (scanf("%lf", &y) == 1) { 
   while(fscanf(F1,"%lf",&y)==1){ 
        if (++npts >= maxdat) { 
     double *s; 
 
     maxdat += 50000; /* allow the input buffer to grow (the 
       increment is arbitrary) */ 
     if ((s = realloc(seq, maxdat * sizeof(double))) == NULL) { 
  fprintf(stderr, 
        "%s: insufficient memory, truncating input at row %d\n", 
        pname, npts); 
         break; 
     } 
     seq = s; 
 } 
 seq[npts] = iflag ? (yp += y) : y; 
    } 
 
 if (npts < 1) error("no data read"); 
 fclose(F1); 
    return (npts); 
} 
 
int rslen; /* length of rs[] */ 
 
/* rscale() allocates and fills rs[], the array of box sizes used by dfa() 
   below.  The box sizes range from (exactly) minbox to (approximately) maxbox, 
   and are arranged in a geometric series such that the ratio between 
   consecutive box sizes is (approximately) boxratio.  The return value is 
   the number of box sizes in rs[]. 
*/ 
int rscale(long minbox, long maxbox, double boxratio) 
{ 
    int ir, n; 
    long rw; 
 
    /* Determine how many scales are needed. */ 
    rslen = log10(maxbox / (double)minbox) / log10(boxratio) + 1.5; 
    /* Thanks to Peter Domitrovich for pointing out that a previous version 
       of the above calculation undercounted the number of scales in some 
       situations. */ 
    rs = lvector(1, rslen); 
    for (ir = 1, n = 2, rs[1] = minbox; n <= rslen && rs[n-1] < maxbox; ir++) 
      if ((rw = minbox * pow(boxratio, ir) + 0.5) > rs[n-1]) 
            rs[n++] = rw; 
    if (rs[--n] > maxbox) --n; 
    return (n); 
} 
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double **x; /* matrix of abscissas and their powers, for polyfit(). */ 
 
/* Detrended fluctuation analysis 
    seq: input data array 
    npts: number of input points 
    nfit: order of detrending (2: linear, 3: quadratic, etc.) 
    rs:  array of box sizes (uniformly distributed on log scale) 
    nr:  number of entries in rs[] and mse[] 
    sw:  mode (0: non-overlapping windows, 1: sliding window) 
   This function returns the mean squared fluctuations in mse[]. 
*/ 
void dfa(double *seq, long npts, int nfit, long *rs, int nr, int sw) 
{ 
    long i, boxsize, inc, j; 
    double stat; 
 
    for (i = 1; i <= nr; i++) { 
        boxsize = rs[i]; 
        if (sw) { inc = 1; stat = (int)(npts - boxsize + 1) * boxsize; } 
 else { inc = boxsize; stat = (int)(npts / boxsize) * boxsize; } 
        for (mse[i] = 0.0, j = 0; j <= npts - boxsize; j += inc) 
            mse[i] += polyfit(x, seq + j, boxsize, nfit); 
        mse[i] /= stat; 
    } 
} 
 
/* workspace for polyfit() */ 
double *beta, **covar, **covar0; 
int *indxc, *indxr, *ipiv; 
 
/* This function allocates workspace for dfa() and polyfit(), and sets 
   x[i][j] = i**(j-1), in preparation for polyfit(). */ 
void setup() 
{ 
    long i; 
    int j, k; 
 
    beta = vector(1, nfit); 
    covar = matrix(1, nfit, 1, nfit); 
    covar0 = matrix(1, nfit, 1, nfit); 
    indxc = ivector(1, nfit); 
    indxr = ivector(1, nfit); 
    ipiv = ivector(1, nfit); 
    mse = vector(1, nr); 
    x = matrix(1, rs[nr], 1, nfit); 
    for (i = 1; i <= rs[nr]; i++) { 
 x[i][1] = 1.0; 
 x[i][2] = i; 
 for (j = 3; j <= nfit; j++) 
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     x[i][j] = x[i][j-1] * i; 
    } 
} 
 
/* This function frees all memory previously allocated by this program. */ 
void cleanup() 
{ 
    free_matrix(x, 1, rs[nr], 1, nfit); 
    free_vector(mse, 1, nr); 
    free_ivector(ipiv, 1, nfit); 
    free_ivector(indxr, 1, nfit); 
    free_ivector(indxc, 1, nfit); 
    free_matrix(covar0, 1, nfit, 1, nfit); 
    free_matrix(covar, 1, nfit, 1, nfit); 
    free_vector(beta, 1, nfit); 
    free_lvector(rs, 1, rslen); /* allocated by rscale() */ 
    free(seq);   /* allocated by input() */ 
} 
 
static char *help_strings[] = { 
 "usage: %s [OPTIONS ...]\n", 
 "where OPTIONS may include:", 
 " -d K             detrend using a polynomial of degree K", 
 "                   (default: K=1 -- linear detrending)", 
 " -h               print this usage summary", 
 " -i               input series is already integrated", 
 " -l MINBOX        smallest box width (default: 2K+2)", 
 " -s               sliding window DFA", 
 " -u MAXBOX        largest box width (default: NPTS/4)", 
 "The standard input should contain one column of data in text format.", 
 "The standard output is two columns: log(n) and log(F) [base 10 logarithms],", 
 "where n is the box size and F is the root mean square fluctuation.", 
NULL 
}; 
 
void help(void) 
{ 
    int i; 
 
    (void)fprintf(stderr, help_strings[0], pname); 
    for (i = 1; help_strings[i] != NULL; i++) 
 (void)fprintf(stderr, "%s\n", help_strings[i]); 
} 
 
/* polyfit() is based on lfit() and gaussj() from Numerical Recipes in C 
   (Press, Teukolsky, Vetterling, and Flannery; Cambridge U. Press, 1992).  It 
   fits a polynomial of degree (nfit-1) to a set of boxsize points given by 
   x[1...boxsize][2] and y[1...boxsize].  The return value is the sum of the 
   squared errors (chisq) between the (x,y) pairs and the fitted polynomial. 
*/ 
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double polyfit(double **x, double *y, long boxsize, int nfit) 
{ 
    int icol, irow, j, k; 
    double big, chisq, pivinv, temp; 
    long i; 
    static long pboxsize = 0L; 
 
    /* This block sets up the covariance matrix.  Provided that boxsize 
       never decreases (which is true in this case), covar0 can be calculated 
       incrementally from the previous value. */ 
    if (pboxsize != boxsize) { /* this will be false most of the time */ 
 if (pboxsize > boxsize) /* this should never happen */ 
     pboxsize = 0L; 
 if (pboxsize == 0L) /* this should be true the first time only */ 
     for (j = 1; j <= nfit; j++) 
  for (k = 1; k <= nfit; k++) 
      covar0[j][k] = 0.0; 
 for (i = pboxsize+1; i <= boxsize; i++) 
     for (j = 1; j <= nfit; j++) 
  for (k = 1, temp = x[i][j]; k <= j; k++) 
      covar0[j][k] += temp * x[i][k]; 
 for (j = 2; j <= nfit; j++) 
     for (k = 1; k < j; k++) 
  covar0[k][j] = covar0[j][k]; 
 pboxsize = boxsize; 
    } 
    for (j = 1; j <= nfit; j++) { 
 beta[j] = ipiv[j] = 0; 
 for (k = 1; k <= nfit; k++) 
     covar[j][k] = covar0[j][k]; 
    } 
    for (i = 1; i <= boxsize; i++) { 
 beta[1] += (temp = y[i]); 
 beta[2] += temp * i; 
    } 
    if (nfit > 2) 
 for (i = 1; i <= boxsize; i++) 
     for (j = 3, temp = y[i]; j <= nfit; j++) 
  beta[j] += temp * x[i][j]; 
    for (i = 1; i <= nfit; i++) { 
 big = 0.0; 
 for (j = 1; j <= nfit; j++) 
     if (ipiv[j] != 1) 
  for (k = 1; k <= nfit; k++) { 
      if (ipiv[k] == 0) { 
   if ((temp = covar[j][k]) >= big || 
       (temp = -temp) >= big) { 
       big = temp; 
       irow = j; 
       icol = k; 

125 



   } 
      } 
      else if (ipiv[k] > 1) 
   error("singular matrix"); 
  } 
 ++(ipiv[icol]); 
 if (irow != icol) { 
     for (j = 1; j <= nfit; j++) SWAP(covar[irow][j], covar[icol][j]); 
     SWAP(beta[irow], beta[icol]); 
 } 
 indxr[i] = irow; 
 indxc[i] = icol; 
 if (covar[icol][icol] == 0.0) error("singular matrix"); 
 pivinv = 1.0 / covar[icol][icol]; 
 covar[icol][icol] = 1.0; 
 for (j = 1; j <= nfit; j++) covar[icol][j] *= pivinv; 
 beta[icol] *= pivinv; 
 for (j = 1; j <= nfit; j++) 
     if (j != icol) { 
  temp = covar[j][icol]; 
  covar[j][icol] = 0.0; 
  for (k = 1; k <= nfit; k++) covar[j][k] -= covar[icol][k]*temp; 
  beta[j] -= beta[icol] * temp; 
     } 
    } 
    chisq = 0.0; 
    if (nfit <= 2) 
 for (i = 1; i <= boxsize; i++) { 
     temp = beta[1] + beta[2] * i - y[i]; 
     chisq += temp * temp; 
 } 
    else 
 for (i = 1; i <= boxsize; i++) { 
     temp = beta[1] + beta[2] * i - y[i]; 
     for (j = 3; j <= nfit; j++) temp += beta[j] * x[i][j]; 
     chisq += temp * temp; 
 } 
    return (chisq); 
} 
 
/* The functions below are based on those of the same names in Numerical 
   Recipes (see above). */ 
void error(char error_text[]) 
{ 
    fprintf(stderr, "%s: %s\n", pname, error_text); 
    exit(1); 
} 
 
double *vector(long nl, long nh) 
/* allocate a double vector with subscript range v[nl..nh] */ 
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{ 
    double *v = (double *)malloc((size_t)((nh-nl+2) * sizeof(double))); 
    if (v == NULL) error("allocation failure in vector()"); 
    return (v-nl+1); 
} 
 
int *ivector(long nl, long nh) 
/* allocate an int vector with subscript range v[nl..nh] */ 
{ 
    int *v = (int *)malloc((size_t)((nh-nl+2) * sizeof(int))); 
    if (v == NULL) error("allocation failure in ivector()"); 
    return (v-nl+1); 
} 
 
long *lvector(long nl, long nh) 
/* allocate a long int vector with subscript range v[nl..nh] */ 
{ 
    long *v = (long *)malloc((size_t)((nh-nl+2) * sizeof(long))); 
    if (v == NULL) error("allocation failure in lvector()"); 
    return (v-nl+1); 
} 
 
double **matrix(long nrl, long nrh, long ncl, long nch) 
/* allocate a double matrix with subscript range m[nrl..nrh][ncl..nch] */ 
{ 
    long i, nrow = nrh-nrl+1, ncol = nch-ncl+1; 
    double **m; 
 
    /* allocate pointers to rows */ 
    m = (double **) malloc((size_t)((nrow+1) * sizeof(double*))); 
    if (!m) error("allocation failure 1 in matrix()"); 
    m += 1; 
    m -= nrl; 
 
    /* allocate rows and set pointers to them */ 
    m[nrl] = (double *) malloc((size_t)((nrow*ncol+1) * sizeof(double))); 
    if (!m[nrl]) error("allocation failure 2 in matrix()"); 
    m[nrl] += 1; 
    m[nrl] -= ncl; 
 
    for (i = nrl+1; i <= nrh; i++) m[i] = m[i-1]+ncol; 
 
    /* return pointer to array of pointers to rows */ 
    return (m); 
} 
 
void free_vector(double *v, long nl, long nh) 
/* free a double vector allocated with vector() */ 
{ 
    free(v+nl-1); 
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} 
 
void free_ivector(int *v, long nl, long nh) 
/* free an int vector allocated with ivector() */ 
{ 
    free(v+nl-1); 
} 
 
void free_lvector(long *v, long nl, long nh) 
/* free a long int vector allocated with lvector() */ 
{ 
    free(v+nl-1); 
} 
 
void free_matrix(double **m, long nrl, long nrh, long ncl, long nch) 
/* free a double matrix allocated by matrix() */ 
{ 
    free(m[nrl]+ncl-1); 
    free(m+nrl-1); 
} 
 
 

 
 

talRur cugebSi minimumebis Zebnis da minimumebs 
Soris manZilis gamoTvlis programa 

 
Program finds absolute minimums  in the wave trains and distance between these 
minimums. Creates new time series where all points except minimums are nulling. 
//--------------------------------------------------------------------------- 
#include <vcl.h> 
#pragma hdrstop 
#include<fstream.h> 
#include<iostream.h> 
#include<iomanip.h> 
 
//--------------------------------------------------------------------------- 
 
#pragma argsused 
int main(int argc, char* argv[]) 
{ 
 char filename[40],sname[40],signame[40],nulname[40]; 
    int e;    // e is given value of window's end 
   cout<<"Enter file name with filtered signal:"<<endl; 
   cin>>filename; 
  ifstream fss1(filename,ios::in); 
  if(!fss1){ 
   cout<<"File not found"<<endl; 
   exit(1); 
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  } 
  int counts=0; 
 char st='a'; 
  bool d=true; 
  while(st!='\n'&&(!fss1.eof())){ 
  fss1.get(st); 
  if(d){ 
 if(!isspace(st)){ 
  counts++; 
  d=false; 
 } 
   } 
  else{ 
   if(isspace(st)) 
 d=true; 
   } 
  } 
  fss1.close(); 
  cout<<"Number of column in file "<<filename<<" equal to  
"<<counts<<endl<<endl; 
  int colnums=1; 
  if(counts>1){ 
  cout<<"Enter column :"<<endl; 
   cin>>colnums; 
  } 
  //---------------column from filtered signal-------------------- 
  if(counts==0){ 
   cout<<"Incorrect file"<<endl; 
   exit(1); 
  } 
  cout<<"Enter file name with signal:"<<endl; 
  cin>>signame; 
  ifstream fss(signame,ios::in); 
  if(!fss){ 
   cout<<"File not found"<<endl; 
   exit(1); 
  } 
  //----------------------------------------------- 
  int count=0; 
   d=true; 
   st='a'; 
  while(st!='\n'&&(!fss.eof())){ 
  fss.get(st); 
  if(d){ 
 if(!isspace(st)){ 
  count++; 
  d=false; 
 } 
   } 
  else{ 
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   if(isspace(st)) 
 d=true; 
   } 
  } 
  fss.close(); 
  //ifstream fss1(filename,ios::in); 
  if(count==0){ 
   cout<<"Incorrect file"<<endl; 
   exit(1); 
  } 
  cout<<"Number of column in file "<<signame<<" equal to "<<count<<endl<<endl; 
  int colnum=1; 
  if(count>1){ 
  cout<<"Enter column :"<<endl; 
  cin>>colnum; 
  } 
  //----------find windows  in filtered signal ------------------------------------------- 
  ifstream f(filename,ios::in); 
  ofstream om("min.nat",ios::out); 
  ofstream oF("MINPOSITION",ios::out); 
  oF.setf(ios_base::fixed); 
  oF.precision(0); 
  cout<<endl<<"Enter length of shift window to left:"<<endl; 
  double shift; 
  cin>>shift; 
  double *val=new double[counts]; 
  cout<<"Enter min number of nulls between windows in filtered signal: "<<endl; 
  int nullnum; 
  cin>>nullnum; 
 bool sign,b=true,bb=true; 
   int start=0,end=0,j=0,nulls=0; 
   double val1; 
   cout<<"Enter min length of window in filtered signal: "<<endl; 
   int LEN; 
   cin>>LEN; 
   cout<<"Please wait for getting windows...."<<endl; 
 while(f>>val[0]){ 
 for(int i=1;i<counts;i++) 
  f>>val[i]; 
 if(b){ 
 if(val[colnums-1]!=0){ 
 if(nulls>=nullnum||bb){ 
  b=false; 
  bb=false; 
 } 
  nulls=0; 
 } 
 if(val[colnums-1]==0){ 
  start=j+1; 
  nulls++; 
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  if(nulls>=nullnum) 
   b=true; 
 } 
 } 
 else{ 
   if(val[colnums-1]==0){ 
   if(nulls==0) 
    e=j; 
   nulls++; 
   if(nulls>=nullnum){ 
    end=e; 
    if((end-start-1)>=LEN) 
  oF<<start+1-shift<<setw(22)<<end-shift<<endl; 
    else 
        nulls=0; 
    start=j+1; 
    b=true; 
   } 
   } 
   else{ 
    nulls=0; 
    e=j+1; 
   } 
  } 
   j++; 
 } 
 if(!b&&e<=j&&((e-start-1)>=LEN)) 
  oF<<start+1-shift<<setw(22)<<e-shift<<endl; 
  oF.close(); 
  f.close(); 
 //----------------------------------------------------------------------- 
 double min; 
 int minpos; 
 ifstream iF("MINPOSITION",ios::in); 
 ifstream fs(signame,ios::in); 
 cout<<"Wait for getting min position in signal..."<<endl; 
 int n=1,len; 
 delete val; 
 val=new double[count]; 
 while(iF>>start>>end){ 
   if(start<0) 
    start=1; 
   len=end-start+1; 
   while(n<start){ 
   for(int i=0;i<count;i++) 
    fs>>val[i]; 
    n++; 
   } 
   for(int j=0;j<len;j++){ 
    for(int i=0;i<count;i++) 
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  fs>>val[i]; 
    if(j==0){ 
   min=val[colnum-1]; 
   minpos=start; 
    } 
    if(val[colnum-1]<min){ 
  min=val[colnum-1]; 
  minpos=start+j; 
    } 
    n++; 
   } 
  om<<minpos<<endl; 
 } 
 om.close(); 
 //---------add nulls in signal--------------------------------------- 
  cout<<"Enter output file for saving distance between min values :"<<endl; 
  cin>>sname; 
  ofstream of(sname,ios::out); 
  cout<<"Enter output file for saving column with signal  after adding nulls :"<<endl; 
  cin>>nulname; 
  ofstream nulf(nulname,ios::out); 
  nulf.setf(ios_base::scientific); 
  int nn=1; 
   ifstream im("min.nat",ios::in); 
   ifstream sf(signame,ios::in); 
 cout<<"Please wait while program adds nulls in signal file..."<<endl; 
 int temppos=-1; 
 while(im>>minpos){ 
    while(nn<minpos){ 
    for(int i=0;i<count;i++) 
  sf>>val[i]; 
    nulf<<0<<endl; 
    nn++; 
    } 
    for(int i=0;i<count;i++) 
  sf>>val[i]; 
    nulf<<val[colnum-1]<<endl; 
    if(temppos!=-1) 
   of<<(minpos-temppos)<<endl; 
    nn++; 
    temppos=minpos; 
 } 
   while(sf>>val[0]){ 
   for(int i=1;i<count;i++) 
  sf>>val[i]; 
   nulf<<0<<endl; 
   nn++; 
 } 
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 cout<<"Length of series equal to "<<--nn<<endl<<"Program 
terminated.\nClick any button for exit:"<<endl; 
 cin>>minpos; 
 oF.close(); 
 im.close(); 
 iF.close(); 
 remove("MINPOSITION"); 
 remove("min.nat"); 
 return 0; 
} 
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