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arawrfivi agregirebuli regulatorebis analizuri

konstruirebis ganzogadoebuli meTodi

vladmer kekenaZe, gela WikaZe, nana maRlakeliZe

saqarTvelos teqnikuri universiteti

reziume

naSromSi ganxilulia Caketili optimaluri disipatiuri marTvis sistemebis

sinTezi, kerZod optimaluri regulatorebis analizuri konstruirebis problemis

gadawyveta sinergetikuli meTodebis gamoyenebiT. naCvenebia, rom am amocanis gadawyvetisas

damoukidebel problemas warmoadgens Sesabamisi xarisxis kriteriumis formireba.

sakvanZo sityvebi:

1. Sesavali

agregirebuli regulatorebis analizuri konstruirebis (arak) ganzogadebuli

meTodi efuZneba marTvis TeoriaSi sinergetikuli midgomis konceptualur debulebebs.

marTvis Teoriis klasikuri meTodebisagan gansxvavebiT, es midgomebi gansazRvravs, ara

marto erTeuli rgolebis, aramed mTliani sistemebis TviTorganizaciis koleqtiuri pro-

cesebis marTvis strategias. swored amaSi mdgomareobs dinamikuri sistemebis

mizanmimarTuli TviTorganizacia. marTvis sinTezis sinergetikuli midgomis arsi

mdgomareobs sasurveli gare – da Siga sistemuri invariantebis SenaxvaSi s=0 fazuri

sivrcis struqturaSi. konkretulad gare invariantebis ricxvi (m), romlebsac

paralelurad ganixilaven sistemis struqturaSi, ganisazRvreba marTvis arxebis ricxviT:

1=0,... m=0 mn. xolo mimdevrobiT Seyvanili Sigasistemuri invariantebis ricxvi

SemosazRvrulia gafarToebuli sistemis xarisxis m-H=0,... r=0 rn-m mixedviT. amisgan

damokidebulebiT, sistemis winaSe dasaxuli miznebi mudmivia Tu cvalebadi SeiZleba

Seicvalos Semosatani gare da Siga invariantebis `simravle~. sxva sityvebiT, fizikuri

(qimiuri, biologiuri, ekonomikuri) marTvis sistemaSi SegviZlia ganvaxorcieloT

dinamikuri invariantebis Sesabamisi amonakrebis tipebis amorCeva da amiT realizeba

gavukeToT mis TviTorganizaciis unars.

gadavideT agregirebuli dinamikuri regulatorebis sinTezis konkretuli

procedurebis ganxilvaze, romlebic emyareba arak–is meTodis saerTo idealogias.

am meTodis Tanaxmad (1) sistemis gamomsaxveli wertilebi gafarToebuli `gare~

marTvebis ui+1,...unzemoqmedebiT xvdeba 1=0,...m=0 mravalsaxeobebis gadakveTis areSi,

romlis gaswvrivac moZraoba aRiwereba dekompozirebuli sistemis `Sinagani~ dinamikis

gantolebebiT:

1 1 1 1

1 1 1

( ) ( ,..., , ,..., , ,..., ), 1,..., ;

( ) ( ,..., , ,..., ), 1,..., 1
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(1)

sadac vi+1,... vn – Sinagani marTvebia.

marTvis vi+1,...,vn sinTezi aris (1) qveobieqtis marTvis damoukidebeli Siga amocana.

amisaTvis gamoiyeneba invariantuli mravalsaxeobebis mimdevrobiT-paraleluri

erToblioba.

marTvis TeoriaSi axali midgomis gansxvaveba klasikur meTodTan SedarebiT

mdgomareobs SemdegSi:
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 mTavari yuradRebis gadatana xdeba sinTezirebadi sistemebis yofaqcevaze mimzidav

invariantul mravalsaxeobebze–atraqtorebze, rasac mivyevarT marTvis sistemis dinamikur

dekompoziciamde da Sesabamisad, misi yofaqcevis gamartivebamde;

 SesaZlebelia sasurveli dabali rigis ganzomilebiani evoluciuri gantolebebis

miReba, romlebic aRweren moZraobis mdgrad asimptotur reJimebs da warmoadgenen

dinamikuri mdgomareobis gantolebebs;

 `Sinagani~ marTvebis paralelur-mimdevrobiTi erTobliobis kaskaduri sinTezi,

romlebic dinamikuradaa dakavSirebuli erTmaneTTan, uzrunvelyofs sistemebis sasurvel

yofaqcevas atraqtorebze.

arak-is meTodSi, romelic dafuZnebulia agregirebis _ dekompoziciis proceduraze,

gamoiyeneba liapunovis paralelur-mimdevrobiTi funqciaTa erToblioba. amasTan erTad,

Tavdapirvelad Semogvaqvs (1) gantolebisaTvis liapunovis umartivesi funqciebi
20,5s sV  makrocvladebis 1( ,..., )s nx x mimarT.

zemoT moyvanili liapunovis funqciaTa erToblioba warmoadgens Tavisebur analogs

liapunovis veqtoruli funqciisa daamitomac arak-is meTodSi ganixileba marTvis

dinamikuri sistemebis mdgradobis amocanebi. sxvanairad rom vTqvaT sinergetikul

midgomaSi liapunovis veqtoruli funqciis meTodi dakavSirebulia agregirebuli

regulatorebis analizuri konstruirebis procedurasTan.

ganvixiloT arawrfivi  dinamikuri  obieqtebis skalaruli regulatorebis

analizuri konstruirebis meTodis Taviseburebebi sxvadasxva bunebis arawrfivi

obieqtebis skalaruli marTvis sistemebis sinTezis amocanis gadawyvetisas. kompiuteruli

modelireba Sesrulda programuli uzrunvelyofa Maple-s gamoyenebiT.
magaliTi. davuSvaT, rom obieqti aRiwereba diferencialuri gantolebiT

3
1 1 2 2( ) ; ( )x t ax x x t u    . (2)

(2) obieqtis Taviseburebas, roca 0a  , warmoadgens misi arsebiTi aramdgradoba,

radgan roca 2( ) 0x t  koordinata 1( )x t  , rac uyenebs marTvis kanonebs 1 2( , )u x x
damatebiT moTxovnebs, romlebmac unda uzrunvelyos 1 2( 0, 0)x x  sistemis

stabilizacia nebismieri sawyisi pirobebis dros. gamoviyenoT arak-is meTodi aseTi

marTvis sistemebis sinTezisaTvis. amisaTvis amovirCioT  funqcia Tavidan Semdegi saxiT

3
1 2 1 1x x bx    (3)

Tu (3)-s CavsvavT

1 1 1( ) 0T   

gantolebaSi, miviRebT Semdeg zogad gamosaxulebas

2 3
1 1 2 1 1 2

1

1( , ) (3 )( ) ( ), 0u x x bx ax x T
T

        (4)

romelic SerCeulia  1  funqciis mixedviT da gvaZlevs saSualebas miviRoT marTvis

sxvadasxva kanonebi. es kanonebi uzrunvelyofs gamomsaxveli wertilis moZraobis

asimptotur mdgradobas mravalsaxeobis  1 0   (3) SemogarenSi, radganac funqcia

 1  amoirCeva ise, rom  1 1 0    . diferencialur gantolebas, romelic aRwers

moZraobas 1 0  -is gaswvriv aqvs Semdegi saxe:
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3
1 1 1 1 1 1( ) ( )x t x b a x      . (5)

(5) gantolebis mdgradobis SefasebisaTvis viyenebT liapunovis funqcias
2
1 10,5V x  , romlis warmoebuli drois mixedviT miiRebs saxes:

2 4
1 1 1 1( ) ( ) 0V t x b a x      . (6)

aqedan gamomdinareobs, rom utolobebi 10, , 0b a T    warmoadgens sinTzirebul

(4)-(6) Caketili sistemis mTelSi asimptoturi mdgradobis pirobas

3
1 1 2( ) ;x t ax x  2 3

2 1 1 2 1
1

1( ) (3 )( ) ( ).x t bx ax x
T

       (7)

ganvsazRvroT (7) sistemis pirveli integralebi, risTvisac igi warmovadginoT

Semdegi simetriuli formiT:

1 1 2
3 2 3
1 2 1 1 1 2 1

.
(3 )( ) ( )

dx T dx dt
ax x T bx ax x  

  
   

(8)

Tu (8) funqciaSi CavsvamT 1 0  da Sesabamisad, (0) 0  , integrirebis Semdeg

vpoulobT pirvel integrals 3
1 1 2ax bx x   , romelic emTxveva gamosaxulebas 1 0 

(5). Cven davrwmundiT, rom mocemeli integraluri mravalsaxeoba 1 0  (5) namdvilad

warmoadgens arawrfivi sistemis sasurvel mimzidvel mravalsaxeobis pretendents.

roca 3
1 2 1 1x x ax      , marTvis kanoni (6) Rebulobs saxes:

3 2 3
1 1 2 1 1 1 2

1 1 1

1 (3 )( ).au x x x ax x x
T T T
        (9)

1-el naxazze am kanonisa da

parametrebisaTvis 11, 1, 1a T   
gamosaxulia Caketili sistemis

moZraobis traeqtoriebi. rogorc

naxazidan Cans, rom fazuri

traeqtoriebi `exveva~ 1 0  (5)

mravalsaxeobas, ikribeba misken

koordinatTa saTaveSi. amasTan

sistema asimptoturad mdgradia

gardamavali procesebis milevadobis

aperioduli xasiaTiT.

nax.1. gardamavali procesi Caketili sistemis moZraobis

traeqtoriebi parametrebesaTvis 11, 1, 1a T   

axla vivaraudoT, rom 2x koordinataze dadebulia SezRudva 2x A , maSin Tu

SemovitanT funqcias

 3
2 2 1 1 ,x Ath x bx    (10)

marTvis kanonisaTvis vRebulobT gamosaxulebas

 
2 3
1 1 2

2 2 22 3
1 1 1

( 3 )( ) 1 , 0
( )

A bx ax xu T
ch x bx T
  


 

   


(11)
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romelsac gadahyavs gamomsaxveli wertili 2 0  (10) mravalsaxeobebis midamoSi arCeuli

2( )  _ funqciis da parametrebis  da a -ze damokidebulebiT uzrunvelyofs

gardamavali procesebis Sesabamis xarisxs. 2 0  mravalsaxeobis gaswvriv moZraobis

gantolebas aqvs Semdegi saxe:

 3 3
1 2 1 2 1 2 1 2( ) .t x Ath x bx       (12)

moZraobis (12) gantolebidan gamomdinareobs, rom pirobebi 0, 1b  
uzrunvelyofs mis asimptotur mdgradobas mxolod garkveul areSi. es niSnavs rom

2x A SezRudvis da Sesabamisad 2 (10) funqciis SemotaniT mcirdeba (4), (11)

Caketili sistemebis asimptoturad mdgradobis are.

me-2 naxazze gamosaxulia moZraobis a da b traeqtoriebi Sesabamisad

2 2, th     da 2si gn  funqciebisaTvis da parametrebisaTvis 1, 1, 1b T A   ,

romlebic adasturebs sinTezirebul sistemebSi aperioduli gardamavali procesebis asim-

ptoturad mdgradi areebis arsebobas.

a) b)

nax.2 gardamavali procesi Caketili sistemis moZraobis

traeqtoriebi ( 1, 1, 1b T A   )

mcire gadaxrebis reJimSi, rodesac 2inf 2 1x A x   , 2u da 1u marTvis kanonebi

( 1)A  optimaluria Semdegi kvadratuli kriteriumebis mixedviT:

2 2 2 2 2 2 2 2 2
inf 1 2

0

(1 )
x

J A x A T x T u dt       . (13)

(13) kriteriumSi woniTi koeficientebis arCeva damokidebulia sasurveli

gardamavali procesebis xarisxze. ase rom, agregirebuli regulatorebis analizuri

konstruirebis (6),(11) marTvis kanonebi 1u da 2u uzrunvelyofs asimptotur mdgradobas

mTelSi an 2x A areSi da uzrunvelyofs Caketili sistemis moTxovnil Tvisebebs.
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3. daskvna

amrigad, agregirebuli regulatorebis analizuri konstruirebis ganzogadebuli

meTodis gamoyenebiT SesaZlebelia fizikuri (qimiuri, biologiuri, ekonomikuri) marTvis

sistemaSi ganvaxorcieloT dinamikuri invariantebis Sesabamisi amonakrebis tipebis

amorCeva da amiT realizeba gavukeToT mis TviTorganizaciis unars.
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THE GENERALIZED METHOD OF ANALYTICAL DESIGNING OF
THE AGGREGATED REGULATORS

Kekenadze Vladimer, Chikadze Gela, Maglakelidze Nana
Georgian Technical University

Summary

In the article it is considered a problem of analytical designing of the aggregated regulators
with the usage of synergetic methods. It is shown that in the process of the given problem solution
another problem is the task of deciding on an appropriate quality criterion.

ОБОБЩЕННЫЙ МЕТОД АНАЛИТИЧЕСКОГО  КОНСТРУИРОВАНИЯ
АГРЕГИРОВАННЫХ РЕГУЛЯТОРОВ

Кекенадзе В., Чикадзе Г.. Маглакелидзе Н.
Грузинский Технический Университет

Резюме

Расмотрена проблема аналитического конструирования оптимальных агрегированных
регуляторов с использованием синергетических методов. Показано, что при решеннии зтои
задачи значительной и независимой проблемой является формирование критерия
соотвествующего качества.


