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qaosi energosistemebSi

valida sesaZe, vladimer kekenaZe, goCa dalaqiSvili

saqarTvelos teqnikuri universiteti

reziume

ganxilulia energosistemebSi qaosis mmarTveli parametris cvlilebaze damokidebulebebiT

warmoSobis amocana. energosistemebis modelebad warmovadgineT Jdanovis modeli, liapunovis

modeli da modeli, romelic iyenebs erTtaqta denebs da daZabulobas generatorebis kvanZebsa da

qselSi. energosistemebis modelebis dayvana algoriTmze ganxorcielda liapunovis funqciis

saSualebiT. erTgeneratorian sistemebSi qaosis warmoSoba da ganviTareba modelirebulia

personalur kompiuterze.

sakvanZo sityvebi: energosistema. dinamikuri sistema. qaosi. fazuri portreti.

1. Sesavali

Tanamedrove ekonomikuri zrdis tempis daCqarebis erT-erTi ZiriTadi safuZveli aris

energetika. Tanamedrove energetikuli sistemebi ganekuTvnebian rTuli sistemebis kategorias.

energosistemebis swraf ganviTarebasTan da avtomatizaciis donis amaRlebasTan erTad maTi

sirTule ufro da ufro izrdeba. gansakuTrebuli mniSvneloba energosistemebis mdgradobis

gamokvlevisas eniWeba qaosis arsebobas, romelic aris arawrfivi movlena da gvxvdeba yvela

mecnierul disciplinaSi. qaosi dinamikur sistemebSi aris rxevebis arawrfivi Teoriis erT-erTi

ZiriTadi problema. kvlevebi am mimarTulebiT mimdinareobs rogorc ricxviTi, aseve naturaluri

eqsperimentebiT[1,2].

2. ZiriTadi nawili

rxeviT sistemaSi moZraobis xasiaTis Sesaswavlad da atraqtoris arsebobis dasadgenad

viyenebT droiT diskretizacias, radgan is sivrculi diskretizaciisagan gansxvavebiT amartivebs

dasmuli problemis gadaWras. praqtikaSi gamoyenebulia droiTi diskretizaciis Semdegi

miaxloebiTi meTodebi: eileris, centraluri sxvaobebis, Stermeris meTodebi da a.S. sivrculi

diskretizaciisagan gansxvavebiT, sadac tipur efeqts warmoadgens aramdgradi ciklebis stabi-

lizacia-stoqastikurobis daSla, droiTi diskretizaciis SemTxvevaSi SesaZlebelia qaosuri

procesebis gaCena [1]. geometriuli TvalsazrisiT, am dros nebismieri 0 -Tvis (1,1)

wertilis mdgradi da aramdgradi mravalsaxeobebi transversalurad ikveTebian Sesabamisad

aramdgrad da mdgrad (0,0) wertilis mravalsaxeobebTan, rac iwvevs qaoss. magram am dros

diskretul droiTi sistema mniSvnelovnad gansxvavdeba sawyisi sistemisagan ZiriTadi

maxasiaTeblebiT (fazuri sevrcis ganzomileba, gansakuTrebuli wertilebis tipi a.S.).

qaosis Casaxva energosistemebSi SeiZleba gamovikvlioT egm-ze modelirebiT. ricxviT

analizs safuZvlad udevs sxvadasxva sqemebi, rac gvaiZulebs diferencialuri gantolebebidan

gadavideT sxvaobiTi saxis gantolebebze. sistemis moZraobis diskretuli gantoleba iZens

stoqastikurobis Tvisebas nebismieri diskretizaciis SemTxvevaSi, rodesac sawyisi gantoleba

zustad integrirdeba. es niSnavs, rom diskretul gantolebebze gadasvla eqvivalenturia gareSe

perioduli Zalis damatebisa. ganvixiloT energosistemebSi qaosis Casaxvisa da ganviTarebis

procesi. qaosuri moZraoba ganvixiloT, rogorc fazuri traeqtoriebi sibrtyeze, romlis

RerZebad arCeulia dadgenili reJimebidan gadaxris kuTxe da Sesabamisi sriali. es traeqtoriebi

miRebulia samganzomilebiani sivrcis kveTiT, romlis mesame RerZad miRebulia integrirebis bijis

sidide. es ukanaskneli asrulebs gareSe perioduli Zalis da mmarTveli parametris rols.

n-raodenobis generatorebis SemTxvevaSi kvlevis obieqti Caiwereba Semdegi saxiT:
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sadac: I – eleqtruli manqanis inerciis mudvivaa;
* - mocemul reJimSi kvanZis sididea;  -

mocemuli mniSvnelobebidan gadaxris kuTxis sididea; E – generatorebis emZ-a; Y Y– ganStoebebis

urTierTgamtarobaa; S– srialia.

ganvixiloT erTgeneratoriani-“generatori-usasrulo simZlavris salte”- sistema. misTvis

moZraobis gantolebas eqneba saxe (nax.1):

).cos1(sinsincos **   EUYEUY
dt

dS
I (2)

nax.1 `generatori-usasrulo simZlavris salte~ blok-sqema

mocemuli modelisaTvis liapunovis funqcias eqneba saxe [3]

)cos1(sin)cos1(cos
2
1

**
2   EUYEUYISV (3)

sistemaSi `generatori-usasrulo simZlavris salte” SemovitanoT aRniSvna:

AE  (4)

SeSfoTebaze miRebuli SezRudvis gaTvaliswinebiT miviRoT, rom S=0, saidanac, miviRebT:

* *cos (1 cos ) sin ( cos )V A A          
qaosis Sesaswavlad erTgeneratorian sistemaSi, gardavqmnaT (3) gamosaxuleba, miviRebT:

* *(sin sin( ))dS EUY

dt I
      . (5)

(5)-is amoxsna grafikuli meTodebiT droisa da fazuri parametrebis damokidebulebaSi. am

dros unda dadgindes mdgradobis sazRvrebi kuTxis maCvenebliT, romelic dgindeba zRvruli

ciklebisa da atraqtorebis bifurkaciis ierarqiiT. (5) warmovadginoT Semdegi saxiT:
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(6) gantoleba warmoadgens algoriTms, romlis mixedviTac avagebT fazuri portrets

amocanis diskretizaciis gziT. Sesrulebuli algoriTmi uzrunvelyofs fazuri portretebis

agebas sawyisi pirobebis cvlilebis SemTxvevaSi. sawyisi pirobebi programis tanSi icvlebian

ciklSi (nax.2). fazuri portretebidan Cans, rom sistemis moZraobis diskretuli analogi iZens

stoxasturobis ubans T(s) diskretizaciis nebismier bijze. am dros sawyisi gantoleba zustad

integrirdeba. es niSnavs, rom gadasvla moZraobis diskretul gantolebebze (6), eqvivalenturia

gare perioduli Zalis damatebisa, romelic ganpirobebulia diskretizaciiT.

me-2 naxazze naCvenebia, Tu parametrebis cvlilebis dros sad Cndeba qaosi sistemaSi `erTi

generatori-usasrulo energiis salte”. aRwerili dinamikuri sistemis konservatuloba niSnavs,

rom SeiZleba gamoitovos winaswari iteraciuli cikli Sualeduri mniSvnelobebis gamosaricxad,

gardamaval reJimSi. yoveli gamoTvlili sistema warmoadgens Tavis sakuTar atraqtors.

I

EUY
parametris nebismieri mniSvnelobis cvlilebebis Sedegad sistemas aqvs bevri orbita

da konservatulobis Tvisebis Tanaxmad nebismieri sawyisi mniSvnelobebis wyvili S da  iqneba

wertilis warmomdgeni, romelicmdebareobs erT-erT orbitaze.

aqedan gamomdinare, miziduloba icvleba myisierad. parametrebis yoveli axali mniSvneloba

iZleva axal sistemas.

nax.2. qaosi sistemaSi - `erTi generatori-usasrulo nax.3. meore cikli

energiis salte” (pirveli cikli)

nax.4. mesame cikli nax.4. meoTxe cikli
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naxazebze 25 naCvenebia orbitebis mimdevroba, romelic agebulia (4) asaxvis gantolebiT,

romlebsac aqvT Semdegi  mniSvnelobebi:

D =0,5;
I

EUY
=1; D *=0,5; T =0,8.

centridan TandaTan daSorebisas Cans, Tu rogor qmnian orbitebi budeebs Cakitili

traeqtoriebiT. Semdeg uecrad Cndebian patara `kunZulebi~ _ calke orbitebi, romlebic arian

did orbitebs Soris. centridan kidev ufro daSorebisas vnaxavT Tu rogor monacvleoben aseTi

orbitis mqone ubnebi.

3. daskvna

statiaSi ganxilulia energosistemebSi qaosis mmarTveli parametris cvlilebaze

damokidebulebebiT warmoSobis amocana. kvlevis Sedegebma aCvena, rom qaosi warmoiSoba

integrirebis bijis cvlilebisas, roca uwyveti sistemebi gadadian diskretul sistemebSi,

amocanis gadasaWrelad gamoyenebulia droiTi diskretizacia.
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CHAOS IN POWER SUPPLY SYSTEMS
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Summary

In article chaos occurrence in power supply systems depending on change of the operating parameter is
considered. The power supply system model is presented in the form of Jhdanov’s and Lyapunov’s model. There
was developed a computer model of occurrence and chaos development in power supply systems.

ХАОС В ЭНЕРГОСИСТЕМАХ

Сесадзе В., Далакишвили Г., Кекенадзе В.
Грузинский Tехнический Университет

Резюме

Pассматривается возникновение хаоса в энергосистемах в зависимости от изменения
управляющего параметра. Модель энергосистемы представляется в виде моделей Жданова, Ляпунова и
модели, которая использует однотактные токи и напряженность в узлах генератора и сети. Модели
энергосистемы доводятся до алгоритма при помощи функции Ляпунова. Возникновение и  развитие
хаоса в энергосистемах смоделировано на персональном компьютере.


