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robastuli mimyoli sistemis sinTezi  

fesvuri hodografebiT  

omar kotrikaZe, qeTevan kotrikaZe 
saqarTvelos teqnikuri universiteti 

 

reziume 

 robastuli marTva Tanamedrove marTvis Teoriis axali mimarTulebaa. naSromSi 
dasabuTebulia wrfivi mimyoli sistemis robastuloba da xaritonovis Zlieri Teoremis 
safuZvelze fesvuri hodografebiT dadgenelia umciresi mdgradobis maragis mqone polinomi 

da am polinomisaTvis agebulia normirebuli fesvuri hodografebi. miRebuli fesvuri 
hodografebis portreti saSualebas iZleva Catarebuli iqnas robastuli mimyoli sistemis 
gawyobis parametrebis sinTezi.  

sakvanZo sityvebi: robastuloba. sinTezi. mimyoli sistema. fesvuri hodografi.  

1. Sesavali 

 Tanamedrove marTvis TeoriaSi didi yuradReba eTmoba robastuli mdgradobisa da 

sinTezis amocanebs. zogadad, robastuli sistemis qveS igulisxmeba avtomaturi marTvis 
sistema, romlis parametrebi did sazRvrebSi icvlebian. robastuli marTvisadmi aseTi didi 
yuradReba ganapiroba manipulatorebis, mfrinavi aparatebis da sxvadasxva teqnologiuri 

danadgarebis mimyolo sistemis dinamikis da misi Tvisebrivobis maCveneblebis Sefasebis 
sizustis gazrdam. robastuli mdgradobisa da sinTezis amocanebis gadasawyvetad gamoiyeneba 
avtomaturi marTvis TeoriaSi cnobili TiTqmis yvela meTodi. gansakuTrebiT mniSvnelovania 

robastul marTvaSi xaritonovis mdgradobis kriteriumebi (Zlieri da susti Teoremebi). 
 robastuli analizisa da sinTezis amocanebis gadawyveta gansakuTrebiT sainteresoa 
marTvis TeoriaSi cnobili, erT-erTi fundamenturi, fesvuri hodografebis, meTodiT.  

fesvuri hodografebis meTodi saSualebas iZleva dadgenili iqnas fesvebis moZraobis 
traeqtoriebi fesvTa kompleqsur sibrtyeSi, roca adgili aqvs avtomaturi marTvis sistemis 
maxasiaTebeli gantolebis parametrebis cvlilebas nebismier sazRvrebSi. avtomaturi marTvis 

TeoriaSi aseT sazRvrebad miiCneva nuli da plus usasruloba. robastuli analizis 
Casatareblad mniSvnelovania ara marto fesvuri hodografebis dadgena, aseve misi 
gantolebebis codnac. aseTi meTodika kidev ufro amartivebs fesvebis traeqtoriebis 

dadgenas. mocemul meTods SesaZlebelia grafo-analizuri meTodi vuwodoT. 
 ganvixiloT robastuli mimyoli sistemis sinTezi. 
 

2. ZiriTadi nawili 

 klasikuri mimyoli sistemis funqcionalur sqemas aqvs nax. 1-ze gamosaxuli saxe. α  
- mimyoli sistemis mmarTveli zemoqmedebaa, romelsac gamoimuSavebs Semavali zemoqmedebis 

wyaro (Szwy). 

 
nax.1 

 *α - mmarTveli zemoqmedebis gazomvis Sedegia; *β  - mimyoli sistemis β  gamosavali 

sididis gazomvis Sedegi; *ε  - mimyoli sistemis βαε −=  Secdomis gazomvis Sedegia da 



Transactions, Georgian Technical University, AUTOMATED CONTROL SYSTEMS- No1(6), 2009 
 

 
31

*** βαε −= ; 1U  - winaswari maZliereblis (wm) gamosavali sididea da amave dros simZla-

vris maZliereblis (sm) mmarTveli zemoqmedeba; 2U  - simZlavris maZliereblis (sm) gamosa-

vali sididea da Semsrulebeli meqanizmis (Sm) Zravas mmarTveli zemoqmedebaa; β  - mimyoli 

sistemis sareguliro parametria da samarTavi obieqtis (so) RerZis mobrunebis kuTxea; 3U  

- makoreqtirebeli (k) mowyobilobis gamosavali signalia.  
 mocemuli mimyoli sistemis elementebis moZraobis diferencilaur gantolebaTa sis-
temas Cawerils laplasis saxeSi aqvs Semdegi saxe: 
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sadac sgk  - sazomi garadamsaxis gadacemis koeficintia; 1T  - Semsrulebel meqanizmis da-

moukidebel aRgznebiani Zravas eleqtromeqnikuri drois mudmivaa; 3k  - Zravas gadacemis koe-

ficientia; T  - makoreqtirebeli mowyobilobis drois mudmivaa; 4k  - makoreqtirebel mowyo-

bilobaSi gamoyenebuli taqogeneratoris gadacemis koeficientia; 1k  da /
1k  - winaswari maZ-

liereblis gaZlierebis koeficientebia Sesabamisad *ε  da 3U -is mimarT; gT  da  mT  - simZla-

vris eleqtromanqanuri maZliereblis (emm) ganivi da marTvis wredis drois mudmivebia; 2k  - 

elmanqanuri maZliereblis gadacemis koeficientia. 
 sistemis elementebis parametrebis gamosaTvlel formulebs aqvs saxe: 
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, sadac gL  da mL  emm-s ganivi da marTvis wredis induqciurobebia: 

 gR  da mR  emm-s ganivi da marTvis wredis aqtiuri winaRobebia; 1σ   da 2σ  emm-s 
konstruqciuli mudmivebia; Ω  - emm-s rotoris brunvis kuTxuri siCqarea; J  - samarTavi 

obieqtis inerciis momentia dayvanili Zravas RerZze; RR , ec  da Mc  - Zravas aqtiuri 

winaRobaa da konstruqciuli mudmivebia; Tc  -  blanti xaxunis koeficientia; Φ  - Zravas 

aRgznebis magnituri nakadia; R  da C  - makoreqtirebeli mowyobilobis madiferencirebeli 

rgolis aqtiuri winaRoba da tevadobaa; mU  da mΩ  - makoreqtirebeli mowyobilobis 

taqogeneratoris maqsimaluri gamosavali Zabvaa da misi Sesabamisi brunvis kuTxuri siCqare.  

 axla vaCvenoT, rom saqme gvaqvs robastuli 

marTvis amocanasTan. radganac emm-is magnituri wredi 

Sesrulebulia rkinaze, amitom damokidebuleba )(if=Φ  

arawrfivia (nax.2), ris gamoc induqcioba 
i

L
∆
∆Φ

=  

cvladi sididea da damokidebulia )(if=Φ  

maxasiaTebelze A  wertilis mdebareobaze. cxadia, rom 

0  wertilis maxloblobaSi L  maqsimaluria, xolo A  
wertilis marjvniv igi TiTqmis nulamde aRwevs. aqedan 

gamomdinare, gL ];[ gg LL∈ , mL ];[ mm LL∈ ; garda amisa 

cvladia J  inerciis momentic. rac gansakuTrebiT SeimCneva manipulatoris mimyol sistemaSi, 

e. i. J ];[ JJ∈ . gamodis, rom gT , mT , 2k  da 1T , parametrebi sistemis muSaobis procesSi ic-
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vlebian da es cvlilebebi atareben SemTxveviT xasiaTs. amocana mdgomareobs SemdegSi, rom 

SerCeuli iqnas /
1k  da T  iseTnairad, rom miviRoT sasurveli dinamikuri procesi (robas-

tuli sinTezi). 
 mimyoli sistemis robastuli mdgradobis dasadgenad vipovoT  Sekruli  sistemis    

maxasiaTebeli gantoleba da davadginoT misi koeficientebis cvlilebis sazRvrebi; Sekruli 
sistemis maxasiaTebeli gantoleba iqneba: 
 

                                              gT 1T 0)( 2
01

3 =+++++ kSSkTTS g ,                      (2) 

sadac sgkkkkk 321=  gaxsnili sistemis gadacemis koeficientia; 

 Tkkkkk 43210
′=  ukukavSiris siRrmis koeficientia; (winaswari maZliereblis didi 

gamosavali aqtiuri winaRobis gamo mT -s ugulebelvyofT). 

 amgvarad, miviReT maxasiaTebeli gantoleba: 
 

                                                       0a 032
2

1
3 =+++ aSaSaS ,                          (3) 

0a = gT 1T ; 1a = 01 kTT ++g ;  2a =1; 3a = k . am amocanis pirobidan gamomdinare  0a ];[ 00 aa∈ ; 

1a ];[ 11 aa∈ , xolo 2a  da  3a  koeficientebi ar icvleba. 

 

0a = gT 1T ; 0a = gT 1T ; 1a = 01 kTT ++g ; 1a = 01 kTT ++g ; 

 ( 0a -iT aRniSnulia 0a -is umciresi mniSvneloba, xolo 0a -iT - udidesi mniSvneloba). 

 aRsaniSnavia, rom amocanis pirobidan gamomdinare, 0a  koeficientis cvlileba sistemis 

TvisebebiTaa ganpirobebuli da igi kontrols ar eqvemdebareba, xolo 1a  koeficienti Seicavs 

0k  parametrs, romlis cvlilebis Sedegad SeiZleba 1a -is Secvla sasurvel sidideze da sa-

surveli mimarTulebiT. 

 mimyoli sistemis dinamikis Tvisebrivobis maCveneblebidan visargebloT iseTi maCveneb-
lebiT, rogorebicaa: garadamavali procesis dro, gadaregulireba da rxevaTa ricxvi garada-
mavali procesis ganmavlobaSi. 

 robastuli sinTezis amocana mdgomareobs SemdegSi: gansazRvruli iqnas 0k -is is 
mniSvneloba, romelic uzrunvelyofs sasurvel dinamikur process. am amocanis gadasawyvetad 
(3) gantoleba CavweroT dayvanil saxeSi: 

                               032
2

1
3 =+++ bSbSbS ,                            (4) 

sadac 
0a

ab i
i = , ( 3,2,1=i ).Tu (3) gantolebaSi icvleboda 0a  da  1a  koeficientebi, (4) gan-

tolebaSi icvleba samive koeficienti, romelTa cvalebadobis intervalebis dadgena did 

sirTules ar warmoadgens ib ∈[ ii bb ; ]. 

 (3) maxasiaTebeli gantolebisaTvis xaritonovis polinomebs eqneba saxe: 
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Tu (5) polinomebs gavyofT 0a -ze miviRebT xaritonovis dayvanil polinomebs: 
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(6) polinomebis α -s Semcvleli Sesakrebebi SeiZleba gamosaxuli iqnas mxolod da mxolod 

0α -is saSualebiT; kerZod, 
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  xaritonovis dayvanili polinomebisTvis avagoT fesvuri hodografebi, rac saSualebas 

iZleva dadgenili iqnas umciresi mdgradobis maragis mqone maxasiaTebeli gantoleba da saSu-

aleba gveqneba CavataroT 0k  parametris sinTezi, raTa uzurunvelvyoT sistemis dinamikis 

Tvisebivobis maCveneblebis sasurveli mniSvnelobebi.  

 fesvuri hodografebis ageba daviwyoT 
′

1P  polinomisaTvis. hodografis agebisas sa-

survelia boloSi vcvaloT is parametri, romelic 0k  parametrs Seicavs; e. i. jer avagoT 

( 3
3 bS + ) orwevris fesvuri hodografi, Semdeg ( SbbS 23

3 ++ ) samwevris hodografi da bo-

los, 
′

1P -is. pirvel SemTxvevaSi cvladia 3b , romelic Rebulobs mniSvnelobebs [ 3b ; 3b ] in-

tervalidan, meore SemTxvevaSi – cvladebia: 3b  da 2b , xolo 
′

1P -is dros cvladi sami koe-

ficientia. am koeficientebis cvlilebis Sedegad miRebuli fesvuri hodografebi naCvenebis 
nax. 3-ze. fesvuri hodografebis kvlevisas dadgenili iqna koeficientebis bifurkaciuli 

mniSvnelobebi: 3b ; 3 2
32 3 bb = ; 3 2

31 3 bb = . me-3 naxazze gamosaxuli fesvuri hodografe-

bisTvis 3b =1; 1b =1; 2b =1,5; 2,8; 3; 3,2. 

 
nax.3 

 Tu visargeblebT nax. 3-ze gamosaxuli fesvuri hodografebiT da avagebT (6) poli-

nomTa simravlis fesvur hodografebs, roca ib ∈[ ii bb ; ], maSin davrwmundebiT, rom yvelaze  

marjvniv moTavsebulia 
′

4P -is polinomis dominirebadi fesvi; Semdeg ki - 
′

3P , 
′

2P , 
′

1P  po-

linomis dominirebadi fesvebi. aqedan gamomdinare, yvelaze naklebi mdgradobis maragi gaaCnia 

′
4P -is polinoms, xolo yvelaze didi - 

′
1P  maxasiaTebeli polinomis mqone sistemas. amgva-

rad, yvelaze “cud” dinamikas iZleva 
′

4P , xolo yvelaze “kargs” - 
′

1P .  robastuli 
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sinTezis amocanis gadawyvetisas aucilebelia uzrunvelvyoT dominirebadi fesvebis mocemul 
areSi ganTavseba. aseTi ares ageba SesaZlebelia dinamikis Tvisebrivobis maCveneblebis saSua-
lebiT. 

 
nax.4 

 robastuli sinTezis dros dominirebadi fesvis an fesvTa wyvilis namdvili nawili 

ar unda aRematebodes 0δ -s (nax. 4) da kompleqsuri fesvis warmosaxviTi koeficienti ar 

unda aRematebodes αδ tg1  (nax. 4), sadac 1δ  am fesvis namdvili nawilia. 

 fesvuri hodografebis meTodiT robastuli sinTezis amocanis amoxsnis gamartivebis 
mizniT saWiroa me-4 naxazze gamosaxuli are datanili iqnas fesvur hodografTa portretze, 

rac saSualebas mogvcems yovelgvari damatebiTi gamoTvlebisa da agebebis gareSe dadgenili 
iqnas parametrebis  dasaSveb mniSvnelobaTa are. 
 amgvarad, robastuli sistemis sinTezis amocanis gadasawyvetad fesvuri hodografebis 

grafo-analizuri meTodis gamoyeneba sagrZnoblad amartivebs dasmuli amocanis gadaWras. 
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SYNTHESIS OF ROBUST TRACKER SYSTEMS WITH ROOT LOCUS 

Kotrikadze Omar, Kotrikadze Ketevan 

Georgian Technical University 
Summary 

 Robust control is the new direction in modern Control Systems Theory; In this paper Robust of 
the tracker systems is proved and using the strong theorem of Kharitonov and root locus,  polynomial with 
less buffer of stability are set. For this polynomial, the rationed root locus are built. The root locus graph 
enables to conduct the synthesis of tuning parameters of the robust tracker system. 
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Резюме 

 Робастное управление - новое направление в современной теории управления. В работе 
доказана робастность линейных следящих систем; с помощью сильной теоремы Харитонова 
корневыми годографами установлен полином с наименьшим запасом устойчивости, и для данного 
полинома построены нормированные годографы. Полученный портрет корневых годографов даёт 
возможность провести синтез параметров настройки робастной следящей системы.  


