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impulsuri avtomaturi regulirebis sistemis mdgradobis  

analizi da sinTezi fesvuri hodografebiT 

omar kotrikaZe, qeTevan kotrikaZe 

saqarTvelos teqnikuri universiteti 

reziume 

 naSromSi mocemulia impulsuri avtomaturi regulirebis sistemis mdgradobis 

analizi fesvuri hodografebiT. kerZo magaliTze naCvenebia sistemis gadacemis 

koeficientis zRvruli mniSvnelobis gamoTvlis SesaZlebloba; miTiTebulia sistemis 

parametrebis iseTi mniSvnelobebi, roca sistema struqturulad aramdgradia. 

 sakvanZo sityvebi: impulsuri sistema, avtomaturi regulirebis sistema, sinTezis 

amocana, fesvuri hodografebi.  

1. Sesavali 

avtomaturi regulirebis sistemis (ars) impulsuri ewodeba, Tu sistemis sqemis 

ramdenime wertilSi signali miewodeba drois toli intervalebis bolos. am dros, or 

momdevno signalebs Soris sistemas araviTari informacia ar miewodeba. 

 amJamad, impulusri sistemebi warmatebiT gamoiyeneba avtomatur marTvaSi da 

kavSirgabmulobaSi. aseT sistemebis gamoyenebis areals mniSvnelovnad afarToebs cifruli 

teqnikis gamoyeneba. impulsuri sistemis, teqnologiuri procesebis marTvis sistemebSi, 

gamoyeneba saSualebas iZleva erTarxiani maRalsiCqariani cifruli gamomTvleli 

mowyobiloba CarTuli iqnas mravalarxian ars-Si. am dros Secdomis gamoTvlis sistema 

rig-rigobiT, sxvadasxva regulirebis arxisTvis, axdens Secdomis ricxviTi 

mniSvnelobebis dadgenas, rac amartivebs sistemis marTvis cifrul nawils. impulsuri 

sistemebis upiratesoba da maTi dasabuTeba kargadaa gaSuqebuli specialur 

literaturaSi [1,2], amitom am sakiTxze ar SevCerdebiT; Cveni mizania, impulsuri 

avtomaturi regulirebis sistemebis (iars) analizisa da sinTezis Catareba fesvuri 

hodografebis gamoyenebiT, romliTac xSirad sargebloben wrfivi avtomaturi 

regulirebis sistemis (ars) dinamikis analizis da sinTezis amocanebSi, roca gasarkvevia 

erTi parametris cvlilebis Sedegad, rogor icvleba ars-is dinamika da misi 

Tvisebrivobis maCvenebeli. 

2. ZiriTadi nawili 

 fesvuri hodografebiT, impulsuri ars-is analizisa da sinTezis sailustraciod, 

ganvixiloT iars-is mdgradobis amocanis amoxsna. 

 davuSvaT, ganrTuli iars-is gadacemis funqciaa: 

                             ( ) ( )
( )( )bZZ

aZkZG
−−

+
=

1
 .                             (1) 

 fesvuri hodografebis gamoyenebiT davadginoT sistemis k gadacemis koeficientis 

is mniSvnelobaTa are, romlis drosac Sekruli iars-i iqneba mdgradi; mivuTiToT a  da 

b  parametrebis cvalebadobis gavlena sistemis mdgradobaze. 

 Sekruli iars-is maxasiaTebeli gantoleba iqneba: 1+ ( )ZG =0 anu 

                                                   ( )( ) ( ) 01 =++−− aZkbZZ .                          (2) 

davadginoT (2) gantolebis fesvebis moZraobis traeqtoriebi (hodografebi), roca k  

icvleba 0-dan +∞ -mde. amis Semdeg, davadginoT k -s is mniSvnelobaTa are, romlis 
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drosac (2) gantolebis fesvebi moTavsebuli iqneba erTeulovani wrewiris SigniT. Z  

kompleqsur sibrtyeSi am wrerwiris gantolebaa: 

                                   122 =+ ωδ ,                                (3) 

sadac δ  aris Z  kompleqsuri ricxvis namvdili nawili da ω  aris Z -is warmosaxviTi 

nawilis koeficienti anu Z =δ + ωj . 

 (2) gantolebis fesvuri hodografebis asagebad davadginoT (1) gadacemis funqciis 

polusebi da nulebi; kerZod, polusebi iqneba 11 =Z  da bZ =2 , xolo nuli iqneba 

aZ −=3 . fesvuri hodografebis Teoriis Tanaxmad, fesvuri hodografebi gamodian 

polusebidan ( k =0) da Sedian nulebSi ( k →+∞ ); Cvens SemTxvevaSi gvaqvs erTi nuli 

aZ −=3 , amitom erTi fesvuri hodografi Seva ( 0;3Z )=( a− ;0) wertilSi da meore 

hodografi wava usasrulobaSi. 

 e. w. dadebiTi fesvuri hodografi ( k >0) daiwyeba polusebSi ( 11 =Z  da bZ =2 ), 

xolo uaryofiTi hodografebi ( k <0) gamodian nulebidan an modian usasrulobidan. 

 kompleqsuri sibrtyis namdvili RerZis is nawili, romlis marjvniv moTavsebulia 

polusebis an nulebis kenti saerTo raodenoba, SeiZleba iyos dadebiTi fh ( k >0), xolo 

Tu 0δ  namdvili RerZis monakveTis an sxivis marjvniv polusebis da nulebis luwi 

raodenobaa, maSin es monakveTi an sxivi uaryofiTi hodografia ( k <0). 

 nax. 1-ze datanilia (2) gantolebis polusebi da nuli; polusebi X-jvrebiTaa 

aRniSnuli, xolo nuli o – mcire wrewiriT. 
 davadginoT 0δ  RerZis is nawili, romelic (2) gantolebis fesvebis traeqtoriaa, 

roca k  nebismieri namdvili ricxvia. 

 δ =1 polusis marjvniv arcerTi polusi da nuli araa; amitom (1;+∞ ) sxivi 

uaryofiTi hodografia ( k <0) da igi Sedis (1;0) wertilSi; aseT traqtoriebze fesvis 

moZraobis mimarTulebas ormagi isriT aRvniSnavT, amitom roca 0<<∞− k  erTi fesvi 

imoZravebs 0δ  RerZze +∞ -dan (1;0) polusamde, rac ormagi isriTaa aRniSnuli. 

 
nax. 1 

 [b;1] monakveTis marjvniv erTaderTi polusia 1=Z , amitom [b;1] monakveTi 

dadebiTi hodografis nawilia da Tanac am monakveTze fesvi imoZravebs 1=Z  wertilidan 

marcxniv (moZraobis mimarTuleba aRniSnulia erTmagi isriT); 

 bZ =  wertilidanac gamodis dadebiTi hodografi, maSin [b;1] monakveTze 

Semxvedrad moZraobs ori fesvi, romlebic erTmaneTs Sexvdebian [b;1] monakveTis 

romeliRac wertilSi; es wertili Seesabameba (2) gantolebis orjerad fesvs, romelic 

jer ar gvipovnia. [-a;b] monakveTis marjvniv ori polusia, amitom igi (2) gantolebis 

uaryofiTi hodografia, romelic gamodis aZ −=3  wertilidan ( a−  wertilSi k → -∞ ) 

da Seva bZ =2  wertilSi, sadac k =0. nax. 1-ze [-a;b] monakveTze (2) gantolebis fesvis 

moZraobis mimarTuleba ormagi isriTaa naCvenebi marcxnidan marjvniv. 
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 (-∞ ; a− ) sxivis marjvniv ori polusi da erTi nulia (sul sami) amitom es sxivi 

dadebiTi hodografia ( k >0); e. i. aZ −=3  wertilSi Sedis dadebiTi hodografi. 

 a−  wertilis marcxnivac unda velodoT (2) gantolebis orjerad fesvs anu 

orjerad wertils. 

 amgvarad, (2) gantolebas, savaraudod, ori orjeradi wertili aqvs: erTi [b;1] 
monakveTSi da meore (-∞ ; a− ) sxivze. vipovoT es wertilebi. 

 (2) gantolebis orjeradi wertilebis sapovnelad amovxsnaT gantoleba: 

                                             ( ) ( ) ( ) ( ) 0=′⋅−⋅′ ZQZZQZ PP ,                           (4) 

sadac ( )ZP = ( )( )bZZ −−1  da ( )ZQ = ( )aZ + , xolo StrixebiT aRniSnulia ( )ZP -is da 

( )ZQ -is Z -iT warmoebulebi. 

 Tu (4)-Si CavsvamT ( )ZP -s da ( )ZQ -s, miviRebT gantolebas: 

( ) 0122 =−+−+ bbaaZZ , (5)                                                                             
romlis fesvebi iqneba: 

( )( )11 ++−−= abaaZ  (6)  ( )( )12 +++−= abaaZ  (7) 

cxadia, rom am fesvebidan 1Z  iqneba ( a− ;0) wertilis marcxniv, xolo 2Z  - marjvniv. 

gamodis, rom 1Z  wertilSi erTmaneTs Sexvdeba ori fesvi, romlebic 1Z  wertilSi 

mogvcems orjerad wertils; analogiurad, 2Z  orjeradi wertili aucileblad iqneba 

[b;1] monakveTSi (nax. 1). 
 axla davadginoT (2) gantolebis fesvebis traeqtoriebi (hodografebi), roca 

Rk ∈  anu [ [+∞∞−∈ ;k . 

 davuSvaT, ( )ϕϕ jSinCosrZ +=  (8) aris (2) gantolebis fesvi, sadac ωδ jZ +=  

((2) gantolebis fesvi Cawerilia algebrul saxeSi) 22 ωδ +=r  aris (2) gantolebis 

fesvis moduli, xolo ϕ  aris am fesvis argumenti - ϕ =
δ
ωarctg ; 

r
Cos δϕ =  da 

r
Sin ωϕ = . 

 Tu (2)-Si CavsvamT Z -is (8) mniSvnelobas, maSin miviRebT WeSmarit tolobas; 

 ( ) ( ) ( ) ( ) 0)(1222 =++⋅+++⋅+−+⋅ ajSinCosrkbjSinCosrbjSinCosr ϕϕϕϕϕϕ .      (9) 

(9) toloba kompleqsuri ricxvis nulTan tolobis Tanaxmad, gaixliCeba or tolobad: 

              
( )

( )





=⋅⋅+⋅⋅+−⋅

=⋅+⋅⋅++⋅⋅+−⋅

012
012

2

2

ϕϕϕ

ϕϕϕ

SinrkSinrbSinr
akCosrkbCosrbCosr

 .         (10), 

(11) 

(11) tolobidan ganvsazRvroT k  da CavsvaT me-(10)-Si; miviRebT: 

k =
( ) ( )( ) ( ) δϕ

ϕ
ϕϕ 2112122

−+=+−⋅−=
⋅

⋅⋅+−⋅
− bbCosr

Sinr
SinrbSinr

, e. i. k = ( ) δ21 −+b (12)                                   

(12) CavsvaT (10)-Si: 

( ) ( )( ) ( ) 021122 =+⋅−+++⋅⋅+−⋅ abbCosrbCosr δδϕϕ . 

aqedan, gamartivebis Sedegad, miviRebT: 
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( ) 0122 =+−−+ babar δ  anu ( ) 01222 =+−−++ babaδωδ  

sabolood, miviRebT (2) gantolebis fesvebis traeqtoriebis analizur gamosaxulebas anu 

fesvuri hodografebis gantolebas: 

                          ( ) ( )( )122 ++=++ abaa ωδ ,                          (13) 

romelic Z  kompleqsur sibrtyeSi mdebare wrewiria, centriT ( 0;a− ) wertilSi da 

radiusiT ( )( )1++= abaR  . (2) gantolebis fesvuri hodografebi agebulia nax. 2-ze. 

  am naxazidan Cans, rom vidre (2) gantolebis fesvebi imoZraveben [b;1] monakveTze 
da didi wrewiris BC rkalze, Sekruli iars-i iqneba mdgradi; davadginoT k -s 

mniSvneloba B wertilSi (igive mniSvneloba eqneba k -s C wertilSi). B wertili 

mdebareobs erTeulovan wrewirze da didid wrewirze, amitom B koordinatebi unda 

akmayofilebdnen gantolebebs: 

( ) ( )( )






=+

++=++

1
1

22

22

ωδ

ωδ abaa
     (I),(II)               

I gantolebas gamovakloT II da miviRebT: ( ) ( )( ) 112 −++=+ abaaa δ . aqedan, 

a
bb
2

1
2

1 −
+

+
=δ . 

 Tu am mniSvnelobas CavsvamT (12)-Si, miviRebT: 

k = ( ) δ21 −+b = ( ) ( )
a

bbb 111 −
−+−+  anu k =

a
b−1
. 

 amgvarad, Tu k 



 −

∈
a

b1;0 , maSin (2) gantolebis orive fesvi erTeulovan wreSia, 

maSasadame Sekruli iars-i mdgradia. 

 Tu b>1, maSin a -s nebismieri dadebiTi mniSvnelobisTvis (2) gantolebis fesvebi 

k -s arcerTi mniSvnelobisTvis ar moxvdebian erTeulovan wrewirSi; e. i. iars-i iqneba 

struqturulad aramdgradi. 

 
 

nax. 2 

 

 nax. 2-ze agebulia (2) gantolebis fesvuri hodografebi, roca a =0,75 da b=0,25, 
maSin orjeradi fesvebi iqneba: 1Z =-2,073 da 2Z =0,573. am wertilebSi k -s mniSvnelobebi 
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iqneba: 1k =5,4 da 2k =0,1; k -s zRvruli mniSvneloba iqneba zRk =1 anu Sekruli iars-i 

iqneba mdgradi, Tu k ] [1;0∈ . 

2. daskvna 

 

amgvarad, Catarebuli analizis safuZvelze SegviZlia davaskvnaT, rom impulsuri 

avtomaturi regulirebis sistemis analizis Catareba fesvuri hodografebis saSualebiT 

SesaZlebels xdis am analizis gamartivebas. kerZod grafo analizuri meTodiT gacilebiT 

iolia sistemis mdgradobis dadagena da parametrebis sinTezis amocanis gadawyveta. 
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ANALYSIS STABILITY AND SYNTHESIS OF PULSED AUTOMATIC  
CONTROL SYSTEM WITH ROOT LOCUS 

Kotrikadze Omar, Kotrikadze Ketevan 
Georgian Technical University 

Summary 
 
 The article consider pulse automatic control systems stability analysis with root locus. With 
particular example illustrates the possibility of calculating the limit values of the transmission; lists the 
parameters of the system when the system is structurally unstable. 
 

АНАЛИЗ УСТОЙЧИВОСТИ И СИНТЕЗА ИМПУЛЬСНОЙ АВТОМАТИЧЕСКОЙ 
СИСТЕМЫ РЕГУЛИРОВАНИЯ КОРНЕВЫМИ ГОДОГРАФАМИ 

  Котрикадзе О., Котрикадзе К. 
Грузинский Технический Университет 

Резюме 
 
 В статье рассматриваеться анализ устойчивости, импульсной автоматической системы 
управления, корневыми годографами. С помощью частного примера показана возможность 
расчёта предельного значения коэффициента передач; приведены значения параметров 
системы, когда система является структурно неустойчивой. 
 
 


