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qaosuri procesebis marTva sinergetikis meTodis
gamoyenebiT

gela WikaZe, aleqsandre kekenaZe, ciuri fxakaZe

saqarTvelos teqnikuri universiteti

reziume

gamokvleulia rTuli qaosuri moZraoba, romelic warmoiqmneba fazur sivrceSi

mesame rigis arawrfiv determinirebul sistemebSi. aseTi tipis sistemebSi warmoiSveba

qaosis marTvis problema, romelsac eqceva sul ufro meti yuradReba mecnierul

literaturaSi.  ganxilulia biologiuri populaciis optimalur doneze SenarCunebis

amocana, sakvebis mopovebis konkurenciis gaTvaliswinebiT. ukukavSiris SemotaniT marTvis

kanonma saSualeba mogvca gadavsuliyaviT bifurkaciidan (romelic momavalSi gamoiwvevda

katastrofas) lojistikur gantolebaze, romelsac gaaCnia TviTorganizebis Tviseba.

sakvanZo sityvebi: arawrfivi sistemebi. qaosi. bifurkaciis werili. maTematikuri

modelebi. sinergetikis meTodi. potencialuri funqcia. marTva. ukukavSiri.

1. Sesavali

arc ise didi xnis win mecnierebi fiqrobdnen rom rTuli qaosuri moZraoba

SeiZleba warmoiqmnas mxolod zogierT mravalganzomilebian  sistemebSi. Tumca, aRmoCnda,

rom arawrfiv determinirebul mesame rigis sistemebSi fazur sivrceSi SeiZleba

warmoiqmnas rTuli qaosuri moZraobebi. arawrfiv dinamikur sistemebSi gavrcelebuli

procesebi miekuTvneba qaosurs. aseTi movlenebis maTematikuri modelebi Seicaven

xarisxobriv da kvadratul arawrfivobas, romlebic gavrcelebulia sxvadasxva bunebis

obieqtebSi. maTSi warmoiSveba qaosis marTvis problema, romelsac eqceva sul ufro meti

yuradReba mecnierul literaturaSi.

2. ZiriTadi nawili

magaliTisaTvis ganvixiloT Semdegi diferencialuri gantolebebaTa sistema:

( )x t y x  

( )y t y rx xz    (1)

( )z t bz xy  

sadac br,, – mudmivi parametrebia. (1) gantoleba warmoadgens lorencis cnobil

models, romelic aRwers mravalferovan bunebriv procesebs. (1) sistemis fazur sivrcis

romelime simravleze gaaCnia fraqtaluri ganzomilebis `ucnauri~ atraqtori. am

simravleze sistema xasiaTdeba sawyisi pirobebisadmi gazrdili mgrZnobiarobiT, romlis
gamoc sistemaSi warmoiqmneba moZraobis qaosuri reJimebi.

gamovikvlioT lorencis maTematikuri modelis Tvisebebi [1]. Tavdapirvelad

ganvixiloT misi stacionaluri mdgomareoba, rodesac ( ) ( ) ( ) 0s s sx t y t z t     maSin (1)

sistemidan gvaqvs

s sx y , 0s s s sy rs x z   , 0s s sx y bz  (2)

romelic SeiZleba Caiweros Semdegi saxiT:
3 (1 ) 0s sx b r x   (3)

naTelia, rom (3)-Si SesaZlebelia Semdegi stacionaluri mdgomareobebi

a) 0, 0, 0s s sx y z   (4)

b) ( 1), 1s s sx y b r z r      (5)

(3) da (4) gantolebaTa stacionaluri mdgomareobebis mdgradobis Sesaswavlad
ganvixiloT lorencis modelis wrfivi miaxloeba.
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am SemTxvevaSi kvadratuli wevrebi SeiZleba ugulvebelvyoT, maSin (4)

mdgomareobisaTvis miviRebT gantolebebis sistemas

( ) ( )
( )
( )

x t y x
y t rs y
z t bz

 
 
 







(6)

(6) gantolebaTa sistemidan gamomdinareobs rom mesame gantoleba ar aris

dakavSirebuli pirvel orTan, xolo komponenti 0( ) btz t z e miileva rodesac 0z
radganac parametri , x(t) da y(t) komponentebis gansazRvrisaTvis saWiroa amovxsnaT
Semdegi saxis maxasiaTebeli gantoleba

2 ( 1) (1 ) 0r        . (7)

rc=1 mniSvneloba warmoadgens wrfivi mdgoma-

reobis sazRvars da atarebs bifurkaciis

wertilis saxelwodebas [1]. ase, rom gantoleba

(4) wrfivad mdgradia roca 0r1 da aramdgradia
roca r>1-ze (nax.1). sinergetikaSi r parametrs

uwodeben mmarTvel parametrs.

nax. 1 potencialuri fazuri portreti

qaosurobis warmoSobis mizezebis TvalnaTeli warmodgenisaTvis gardavqmnaT (1)

lorencis gantoleba. CavsvaT
1 ( )y x x t


   cvladi pirveli gantolebidan da cvladi

1 ( )z xy z
b

   meore gantolebaSi,  maSin miviRebT [3]:

2
31 1 1( ) ( ) ( 1) ( )x xx t F x t r x x z t

b b


 
 

          (8)

SemovitanoT potenciali

2 41 1
2 4
rV x x

b


   , (9)

romelsac gaaCnia sxvadasxva saxe roca r>1-ze da r<1-is SemTxvevaSi (nax.2).
potenciali (14) izrdeba xs=0

stacionaluri mdgomareobis orive

mxares. mmarTveli parametris r-is
erTianze gadasvlisas r>1 warmoiSoba

bifurkacia da warmoiSoba erTi

aramdgradi (xs=0) da ori mdgradi

mdgomareoba

( 1)sx b r   (10)

potenciali (14)-is gamoyenebiT,

gantoleba exla SegviZlia CavweroT

Semdegi saxiT
21 1( ) ( ) ( )x V xx t x t z t

x b


 
  

   


   ,

(11)
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romelic mosaxerxebelia  analizisaTvis. miRebuli (11) gantoleba bolo wevris gareSe

warmoadgens materialuri wertilis x(t) xaxunis ZaliT  xV potencialur ormoSi

moZraobis gantolebas, romelsac gaaCnia xaxunis koeficienti, romlis niSanic icvleba

dadebiTidan uaryofiTisaken, roca 2 1x   .

(11) gantolebis bolo wevrs gaaCnia xisti Zalis forma, romlis drekadobis

koeficienti
1 ( )z t
b

  damokidebulia droze. rodesac warmoebuli  tz mcire sididis ar

aris, maSin es wevri warmoadgens garkveul maiZulebel Zalas, romelic damokidebulia y
da z cvladebze. Tu kavSirs z da x –s Soris ugulvebelvyofT, maSin bolo wevri
SeiZleba gamoiyurebodes rogorc garkveuli SemTxveviTi Zala [2].

sxvanairad rom vTqvaT, materialuri wertili, romelic aRiwereba (11) gantolebiT

SemTxveviT Zalis moqmedebiT imoZravebs orkuzian potenciur ormoSi, amasTan xaxunis
koeficientma SeiZleba miiRos sxvadasxva niSani.

warmodgenili mosazrebebi miuTiTeben lorencis modelis yofaqcevis, rogorc

atraqtoris, rTul qaosur xasiaTze. 1-el da me-2 naxazebze mocemulia moZraobis
procesebi r parametris sxvadasxva mniSvnelobebisaTvis, rac adasturebs (1) lorencis

modelis traeqtoriis rTul qaosur xasiaTs, romlebic aRiwereba mesame rigis determi-

nirebuli diferencialuri gantolebebiT. dadgenili faqti adasturebs Tanamedrove araw-
rfivi dinamikis urTierTgansacvifrebel movlenas.

ase rom, maRali rigis 3n determinirebul obieqtebze bifurkaciuli meqanizmebis
moqmedebis Sedegad SesaZlebelia warmoiSvas rTuli qaosuri movlenebi. aseTi movlenebis

maTematikuri modelebi Seicavs xarisxobriv da kvadratul arawrfivobas, romlebic

gavrcelebulia sxvadasxva bunebis obieqtebSi. amasTan warmoiSveba qaosis marTvis proble-
ma, romelsac eqceva sul ufro meti yuradReba mecnierul literaturaSi.

ganvixiloT romelime biologiuri populaciis optimalur doneze SenarCunebis

amocana, romelic, sakvebis mopovebis konkurenciis gaTvaliswinebiT, aRiwereba Semdegi
saxis gantolebiT [2].

2( ) ,x t x x     (12)

sadac x populaciis konkretul saxeobaSi warmomadgenelTa raodenobaa; , - dadebiTi

ricxvebi;  - mmarTveli parametri. (12) gantolebiT SeiZleba aRvweroT, magaliTad,

TevzWeris modeli. am SemTxvevisTvis  warmoadgens TevzWeris kvotas (gegmas).

Tavdapirvelad davuSvaT, rom =0 winaswar mocemuli sididea. movZebnoT TevzWeris

SesaZlo maqsimaluri kvota. amisaTvis (12) gantolebis marjvena mxare gavawarmooT x–iT
da Semdeg gavutoloT nuls, miviRebT:

max 2
x 


 da

2

0 4



 (13)

gamovikvlioT (12) gantoleba Tvisobrivad. amisaTvis Tavdapirvelad SeviswavloT

misi stacionaluri mdgomareoba:
2 0s sx x     .                             (14)

(14)-dan ganvsazRvroT damokidebuleba ( )sx  :

2 4
2sx

  


 
 , (15)

romlis grafikuli saxec, ==1 pirobis SemTxvevaSi, warmodgenilia me-3 naxazze.

( )sx  damokidebulebis grafiks gaaCnia ori toti, romlebic erTmaneTs erwymeba 
da xs im mniSvnelobisaTvis, romlebic gansazRvrulia (13) pirobiT. am movlenas uwodeben
bifurkaciuls, xolo wertils, romlis koordinatebic gamoiTvleba (13) gamosaxulebiT,

uwodeben sistemis bifurkaciul wertils.
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gamovikvlioT sistema am wertilis mida-

moSi amisaTvis SemoviRoT gadaxra 0y x q  da

CavsvaT potenciuri funqciis gamosaxulebaSi,
romelsac Cveni SemTxvevisaTvis aqvs saxe:

2 41 1
2 4

V x x



 

martivi gardaqmnebis Semdeg miviRebT moZraobis gantolebas
2 2

0 0 0( ) ( 2 )y t q q q y y           (16)

sadac q0 wertilis koordinataa.

ukanaskneli gantolebis Tviseba damokidebulia  mmarTveli parametris

mniSvnelobaze. SevirCioT optimaluri mniSvnelobebi =0 da q0=xmax, romlebic

uzrunvelyofen TevzWeris maqsimalur kvotas. Sedegad miviRebT gantolebas
2( )y t y  (17)

romlis amonaxsnsac aqvs saxe:

0

0

( )
1

yy t
q t




(18)

(16) gamosaxulebidan Cans, rom (16) gantolebis amonaxsni mdgradia (roca y=0)
sawyisi pirobebisaTvis y0=x0-xmax>0 da aramdgradia (roca y0) pirobisaTvis y0<0. aqedan
gamomdinareobs mniSvnelovani daskvna: (21) sawyisi gantolebis amonaxsni, romelic aRwers

populaciis mdgomareobas, mdgradia, roca max 2
x 


 mxolod im sawyis pirobebisaTvis,

romlebic akmayofilebs pirobas x0 <xmax. amrigad, TevzWeris kvotis optimizacias

(maqsimizaciis) 0u const  xisti marTvis SemTxvevaSi mivyavarT damyarebul

mdgomareobis aramdgradobamde, rac mcire fluqtuaciebis arsebobis SemTxvevaSi iwvevs
populaciis ganadgurebas, katastrofas. es ki Sedegia bifurkaciis wertiliT gamowveuli

movlenisa, romelic Seesabameba TevzWeris maqsimalur xist gegmas. aRwerili movlena

Seiswavleba Tanamedrove arawrfivi sistemis dinamikasa da sistematikaSi.
axla vaCvenoT, Tu rogor SeiZleba marTvis Teoriis gamoyenebiT Tavidan aviciloT

populaciis katastrofuli ganadgureba, romelic gamowveulia TevzWeris maqsimalurad

xisti gegmiT. amisaTvis gamoviyenoT (16) gantoleba da  mmarTveli parametri

ganvixiloT rogorc y-is funqcia. e.i. xisti gegma =0 SevcvaloT ukukavSiriT:
2

0 0( ) ,t q q y       (19)

ukanaskneli gamosaxulebis gaTvaliswinebiT, (16) gamosaxuleba miiRebs saxes:
2

0( ) ( 2 )y t q y y       .

Tu SemovitanT aRniSvnas 02q      , maSin (16) Caiwereba Semdegnairad:

2( )y t y y   , (20)

romlis amonaxsns aqvs saxe:

 
0

0

( )
1t t

yy t
e y e 


  


 

. (21)

Tu SevirCevT <0, e.i. >-2q0, maSin (21) gamosaxulebidan miviRebT, rom roca

t, gadaxra y0. es ki niSnavs, rom (17) gamosaxuleba asimptoturad mdgradia y=0-is
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mimarT. aqedan gamomdinareobs, rom (y) marTva uzrunvelyofs populaciis mocemul q0

doneze SenarCunebas. amasTan, es mniSvneloba SeiZleba iyos optimaluric 0 max 2
q x 


  .

(y)-is gaTvaliswinebiT (12) gantoleba x(t) sawyisi cvladis mimarT SeiZleba Caiweros

Semdegi saxiT:
2

2( ) ( )
2 2
a ax t y x x  
 

     .

Tu davuSvebT, rom 0 2
q    , maSin  gantoleba miiRebs saxes:

( ) ,
2

x t x x    
 



romelic aRwers kritikul bifurkacias da warmoadgens lojistikur gantolebas. am
gantolebis amonaxsns aqvs saxe:

0

2 2
0

( )
2 1

t t

xx t
e x e

 



  
 


 

  
 

.

romelic asimptoturad mdgradia
2sx



 atraqtoris mimarT da Seesabameba TevzWeris

optimalur kvotas. nebismieri sawyisi pirobebis SemTxvevaSi sinTezirebuli sistema

yovelTvis gamodis am mdgomareobaze, rac mtkicdeba

me-4 nazazze warmodgenili mrudebiT, romlebic

miRebulia sistemis modelirebis Sedegad.

nax.4. sinTezirebuli sistemis gardamavali procesi

gamomdinare zemoaRniSnulidan, (x) ukukavSiris SemotaniT marTvis kanonma

saSualeba mogvca gadavsuliyaviT bifurkaciidan (romelic momavalSi gamoiwvevda katas-

trofas) lojistikur gantolebaze, romelsac gaaCnia TviTorganizebis Tviseba. amasTan,

SesaZlebelia ganvaxorcieloT TevzWeris mocemuli kvota, romelic SeiZleba iyos

maqsimaluric. ukukavSirSi  koeficientis mcire gadaxra gamoiwvevs warmadobis mcire

dawevas da ara katastrofas, rasac adgili hqonda xisti gegmis u=0=const arCevis Sem-

TxvevaSi.

3. daskvna

miuxedavad imisa, rom ganxiluli faqti gamovlenil iqna TevzWeris martiv maga-

liTze, igi SeiZleba gamoviyenoT marTvis yvela im arawrfiv sistemaSic, sadac SesaZle-

belia warmoiqmnas bifurkaciuli da qaosuri movlenebi. cxadia, () mmarTveli parametris

SerCevis gziT SesaZlebelia sistema mebismieri sawyisi pirobebidan gaviyvanoT misi

mdgomareobaTa sivrcis sasurvel atraqtorze da uzrunvelvyoT mimarTuli TviTorgani-

zeba-mizidva invariantuli mravalsaxeobisaken (atraqtorisaken).



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(15), 2013

34

literatura:

1. guguSvili a. marTvis sistemebi, me-3 naw. sinergetika. stu. Tb., 2004

2. sesaZe v., sesaZe n. sinergetika, arawrfivi sistemebis sinTezi. stu. Tb., 2009

3. Колесников А.А. Синергетическая теория управления. М.: Энергоатомиздат, 1994

4. Колесников А.А. Синергетический подход в нелинейной теории управления. Сб.избр.

работ по грантам в области информатики, радиоэлектроники и систем управления. СПб., 1994.

СONTROL OF CHAOTIC PROCESSES OF SYNERGETRICS
METHODS

Chikadze Gela, Kekenadze Alexander, Fchakadze Ciuri

Georgian Technical University
Summary

In the article there is discussed a difficult chaotic movement which arises in phase space in

the nonlinear determined systems of the third degree. The problem of preservation biological

populations at an optimum level taking into account competition in obtaining food is considered.

It is shown that using the feedbacks allows a system to change from state to logistic, which is

characterized with self-organization.

УПРАВЛЕНИЕ ХАОТИЧЕСКИМИ ПРОЦЕССАМИ
МЕТОДАМИ СИНЕРГЕТИКИ

Чикадзе Г., Кекенадзе А., Пхакадзе Ц.

Грузинский Технический Университет

Резюме

Исследовано сложное хаотическое движение, которое возникает в фазовом пространстве

в нелинейных детерминированных системах третьей степени. Рассмотрена задача сохранения

биологических популяции на оптимальном уровне с учетом добычи пищи. Показано,что, с

использованием обратной связи система переходит  из состояния на лоджистическое, которое

обладает признаком самоорганизации


