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 arawrfivi agregirebuli proporciul-diferencialuri 

regulatorebis struqturuli konstruireba da simetria 

valida sesaZe, nana maRlakeliZe 

saqarTvelos teqnikuri universiteti 

reziume 

naSromSi ganxilulia arawrfivi regulatorebis analizuri konstruirebis amocana 

sinergetikuli meTodiT, romelic emyareba mdgomareobaTa sivrceSi sistemis koordinatebs 

Soris funqcionaluri damokidebulebis-atraqtorebis SemoRebas, romlebzedac obieqtis 

bunebrivi Tvisebebi saukeTesod eTanadeba marTvis teqnologiur moTxovnebs. sinergetikuli 

midgomis mixedviT damyarebulia Sesabamisoba invariantul mravalsaxeobebsa da 

saoptimizirebel funqcionalebs Soris. 

sakvanZo sityvebi: regulatori. pd-regulatori. sinergetika. simetria. 
struqturuli konstruireba. 

1. Sesavali 

agregirebuli regulatorebis analizuri konstruirebis problemis gadaWris 

TvalsazrisiT Zalze mniSvnelovania im zogadi Tvisebis gamovlena, romelsac emyareba 

arawrfivi agregirebuli sistemis dinamikuri obieqtebis marTvis Teoria [3,4].  

marTvis arawrfivi sistemis sinTezis problemaSi mocemuli koncepcia iyenebs 

invariantebis da invariantuli damokidebulebebis cnebas. Tumca, invariantebis klasikuri 

Teoriisagan gansxvavebiT is efuZneba, pirvel rigSi, disipatiuri struqturebis Teorias da 

meore rigSi, invariantebis _ atraqtorebis (sinergiebis) miznobriv Semotanas, romlebSic 

xorcieldeba sistemis mimarTuli TviTorganizacia. 

sinergetikul meTodSi gaerTianebulia kavSiri invariantul mravalsaxeobebsa da 

sistemebis saoptimizacio funqcionalebs Soris. sinergetikis TvalsazrisiT optimizaciis 

meTodi eyrdnoba or warmodgenas: funqcionalis sinergetikul interpretacias da uSualo 

kavSiris damyarebas optimaluri regulatorebis analizuri konstruirebis (orak)-is Teoriis 

xarisxis kvadratul da sxva kriteriumebs da Tanmxleb funqcionalebs Soris. Tumca, unda 

aRvniSnoT, rom am midgomis gamoyeneba arawrfivi sistemebis marTvis analitikuri 

konstruirebis amocanebSi efuZneba invariantul mravalsaxeobebs da ara romelime 

optimalurobis kriteriums, romlebsac aq gaaCniaT Tanmxlebi, meoradi xasiaTi [1]. 

2. ZiriTadi nawili 

ganvixiloT agregirebuli regulatorebis struqturuli sinTezis amocana 

agregirebuli regulatorebis analizuri konstruirebis (arak)-is meTodiT [1,2],  meore 

rigis arawrfivi obieqtebisaTvis, romelic aRiwereba Semdegi gantolebaTa sistemiT 
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sadac 1 2,f f funqciebia, romlebic diferencirebadia Tavisi argumentebis mixedviT da 

akmayofilebs sawyis pirobebs 1 2(0) 0, (0) 0f f= = . arawrfivi agregirebuli regulatorebis 

analizuri konstruirebis meTodis Tanaxmad, SemovitanoT makrocvladi 

1 2 1 1( ),x xψ ϕ= +                              (2) 

Tu 1ψ  SevitanT funqcionalur gantolebaSi miviRebT: 

1 1 1( ) 0,T tψ ψ+ =&  

(1) obieqtis gantolebis gaTvaliswinebiT miviRebT marTvis kanons  

                1 1 2 2 1 2
1 1

1 1( ) ( , ).u t x f x x
T T

ϕ ϕ= − − − −&                        (3) 

(3) marTvas gadahyavs sistemis gamomsaxveli wertili (2) 1 0ψ =  mravalsaxeobis 

garemoSi, romlis gaswvrivac moZraoba aRiwereba Semdegi saxis diferencialuri gantolebiT  

                    
1 1 11 1 1 2 1 1( ) ( ) ( )x t f x a xψ ψ ψϕ= +&  .                       (4) 

(4) gantolebis nulovani amonaxsnis mdgradobisaTvis unda Sesruldes piroba:  

                      2 1 1 1 1 1( ) ( )a x f x axϕ = +                            (5) 

ukanaskneli gamosaxulebis gaTvaliswinebiT (1)-(3) Caketili sistemis gantoleba 1x  

gamomavali koordinatis mimarT miiRebs saxes: 

1
1 1 1 1

1( ) ( ) 0,T x t T x t x
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&& &  

romelic 10, 0a T> >  pirobebis SemTxvevaSi asimptoturad mdgradia mTelSi. u marTvis 
miRebuli (3) gamosaxuleba gviCvenebs, rom sinTezirebul regulators gaaCnia proporciul-

diferencialuri marTvis algoriTmi 1ϕ  funqciis mimarT. regulatoris asagebad saWiroa 

SemovitanoT 1ϕ  funqcia masSi 1x  koordinatis da 1 1( )f x  funqciis SemotaniT, Semdgom 2x  

koordinatisa da 2 1 2( , )f x x  funqciis SemotaniT. regulatoris teqnikurad realizaciisaTvis 

saWiroa diferenciatori da amjamavi. regulatoris teqnikuri realizacia SeiZleba 

ganxorcieldes seriulad gamoSvebuli avtomatizaciis saSualebebiT an programulad iqnes 
agebuli mikroprocesorebze da mikro egm-ze. 

analogiurad wina SemTxvevisa ganvixiloT regulatorebis struqturuli sinTezi 

arawrfivi mesame rigis Semdegi saxis obieqtebisaTvis: 
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sadac 1 2 3, ,f f f  - cvladebis mixedviT diferencirebadi funqciebia da akmayofileben 

sawyis pirobebs 1 2 3(0) 0, (0) 0, (0) 0f f f= = = .  

SemovitanoT Semdegi saxis pirveli makrocvladi 

                     1 3 1 1 2( , ),x x xψ ϕ= +                          (7) 

romlis CasmiTac 1 1 1( ) 0,T tψ ψ+ =&  funqcionalur gantolebaSi da (6) obieqtis gantolebis 

gaTvaliswinebiT miviRebT Semdegi saxis marTvis kanons: 

                 1 1 3 3 1 2 3
1 1

1 1( ) ( , , ).u t x f x x x
T T

ϕ ϕ= − − − −&                  (8) 

miRebul marTvis kanons gadahyavs sistemis gamomsaxveli wertili gadahyavs 1 0ψ =  

pirveli mravalsaxeobis garemoSi, romlis gaswvrivac moZraoba aRiwereba Semdegi 
diferencialuri gantolebebiT 
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SemovitanoT meore makrocvladi 

                         2 2 2 1( )x xψ ϕ= + .                            (10) 

 Tu CavsvamT mas   2 2 2( ) 0,T tψ ψ+ =&   funqcionalur gantolebaSi (9) gantolebis 

gamoyenebiT vpoulobT Semdegi saxis Sualedur marTvas 

                 3 1 2 1 2 2 1 2
2 2

1 1( ) ( , ).a t x f x x
T T

ϕ ϕ ϕ= + + +&                   (11) 

marTva (11) Tavisi struqturiT (8) da (3) marTvis kanonebis identuria da Tavis 

mxriv, gadahyavs gamomsaxveli wertili  2 0ψ =  mravalsaxeobis midamoSi, romlis gaswvrivac 

moZraoba aRiwereba gantolebiT 

                    
2 2 21 1 1 2 2 1( ) ( ) ( )x t f x a xψ ψ ψϕ= +&                       (12) 

1 1( )xϕ   funqciis SerCeva 

2 2 1 1 1 1( ) ( )a x f x axϕ = +                            (13) 

saxiT gvaZlevs saSualebas uzrunvelvyoT (12) gantolebis nulovani amonaxsnis asimptoturi 

mdgradoba mTelSi. xorcieldeba Caketili sistemis sinTezi, romlis gantolebasac 1x  

koordinatis mimarT aqvs Semdegi saxe: 

        
(3)

1 2 1 2
1 1 2 1 1 2 1 1
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&& &     (14) 

rogorc (14) gantolebidan gamomdinareobs, roca 1 20, 0, 0a T T> > >  sistema, pirvel 

rigSi, asimptoturad mdgradia, xolo meore rigSi aqvs gardamavali procesebis aperiodulad 

milevadi xasiaTi. funqcia 2ϕ -is saxe emTxveva (5)-s. (8) da (11) gamosaxulebebidan 

gamomdinareobs, rom agebuli marTvis (8) da (11) kanonebi warmoadgenen mimdevrobiT 

SeerTebul proporciul-diferencialur regulatorebs romelTa Sesasvlelebzec  

miewodebaT signalebi, romlebic Seesabamebian 1x  da 2x  koordinatebs da 1 1( )f x  da 

2 1 2( , )f x x  funqciebs. 

naxazze gamosaxulia Caketili 
sistemis struqturuli sqema, romlis 
marTvis mowyobiloba warmoadgens or 

mimdevrobiT SeerTebul proporciul-
diferencialur regulators, romelTa 
Sesasvlelebzec miewodeba Sesabamisi 

cvladebi. naxazidan SeiZleba 
aRvniSnoT, rom agregirebuli 
regulatorebi Sedgeba mimdevrobiT 

SeerTebuli regulirebadi elementa-
ruli rgolebisgan, romlebic 
axorcielebs Semavali signalebis 

diferencirebisa da masStabirebis 
operacias.  

agregirebuli regulatorebis es 

Tviseba saSualebas gvaZlevs gamovyoT 
zemoT naxsenebi rgolebi standartuli proporciul-diferencialuri struqturis rogorc 
tipiuri elementaruli rgolebi 

3. daskvna 

simetriis Tviseba gamovlenil struqturebs da sinTezirebul agregirebul 

regulators Soris amtkicebs rom simetria – es erTgvari ganzogadoebuli bunebrivi 

Tvisebaa, romelic damaxasiaTebelia bunebis kanonebisaTvis. maT Soris rasakvirvelia teqni-
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kuri dinamikuri obieqtebis marTvis agregirebuli sistemebisaTvisac. Camoyalibebuli 

agregirebuli regulatorebis struqturuli konstruirebis xerxi ilustrirebuli iqna 

meore da mesame rigis arawrfivi obieqtebis skalaruli marTvis sinTezis amocanaze. 
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Summary 

      
Problem decisions of analytical designing of nonlinear regulators of synergetic method, which is 

based on carried in functional dependence in space of positions of attractors on which natural properties 

are arranged with technological requirements of control as considered. By the synergetic approach 

conformity between invariant diverses and optimizing functions is established. 

 
 

СТРУКТУРНОЕ КОНСТРУИРОВАНИЕ И СИММЕТРИЯ НЕЛИНЕЙНЫХ 
АГРЕГИРОВАННЫХ ПРОПОРЦИОНАЛЬНО-ДИФЕРЕНЦИАЛЬНЫХ РЕГУЛЯТОРОВ 

Сесадзе   В.,  Маглакелидзе Н.И. 
Грузинский Tехнический Университет 

Резюме 
 

Рассматривается решение задачи аналитического  конструирования   нелинейных  

регуляторов  синергетическим методом, которое основано на  введении  функциональной  

зависимости  в пространстве  положений -  аттракторов, на   которых  естественные  свойства 

объекта наилучшим образом  подстраиваются к технологическим потребностями  управления. 

Исходя из синергетического подхода установлено соответствие между инвариантными 

многообразными и оптимизирующими функционалами.   

                                                              
                                        


