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makoreqtirebeli rgolebis struqturuli  

robastulobis analizi 

omar kotrikaZe, qeTino kotrikaZe 
saqarTvelos teqnikuri universiteti 

 

reziume 

 ganxilulia makoreqtirebeli wredis robastuli sinTezi. ganxilulia pasiuri mako-
reqtirebeli rgolis CarTvis sqema; gadacemis funqciebi sxvadasxva Semavali da gasavali si-
dideebisTvis; amocanis gadasawyvetad makoreqtirebeli mowyobilobis sinTezi xorcieldeba 

fesvuri hodografebis meTodiT, rac SesaZleblobas iZleva Semavli signalis wyaros Sida 
winaRobis gavlena srulad gamoiricxos.  

sakvanZo sityvebi: robastuloba. koreqcia. sinTezi. fesvuri hodografebi. 

1. Sesavali 

 lokaluri marTvis sistemebis dagegmareba, rogorc wesi, moicavs makoreqtirebeli 
wredis sinTezs. sinTezis amocanis amoxsnis Sedegad, miiReba koreqciis gadacemis funqcia da 

misi CarTvis adgili. makoreqtirebeli wredis sqemis SerCeva xdeba RC wredebis specialuri 
cxrilidan [1,2]. mocemuli cxrilebidan miRebuli gadacemis funqciebiT SeiZleba RC 
makoreqtirebeli wredebis sqemis SerCeva. koreqciis amgvari gansazRvra marTvis TeoriaSi 

tradiciulia, magram zogjer aseT midgomas ver mivyavarT sasurvel rezultatamde. ra 
iwvevs aseT cdomilebebs ? amis mizezi SeiZleba iyos cxrilebSi winaswar mocemuli 
SezRudvebis darRveva. kerZod, makoreqtirebeli mowyobilobebis gadacemis funqciebi 

gansazRvrulia Semdegi pirobebisTvis: Semavali signalis wyaros (Sswy), Sida winaRoba nulis 
tolia e. i. Zabvis generatoria da makoreqtirebeli mowyobilobis datvirTva usasrulod 
didia. bolo piroba TiTqmis yovelTvis sruldeba, xolo pirveli piroba – praqtikulad 

arasodes. zogierT cxrilSi [2] makoreqtirebeli mowyobilobisTvis mxedvelobaSi miiReba 
Sswy-s aqtiuri winaRoba, reaqtiuli winaRobebis gareSe. aseTi cxrilebis gamoyeneba 
araefeqturia da praqtikulad ar moqmedebs sqemis gansazRvris sizusteze da 

makoreqtirebeli mowyobilobis parametrebze. makoreqtirebeli mowyobilobis sqemis sinTezis 
erTaderTi saSualebaa Sswy-s mTeli Sida winarobis gaTvaliswineba. magram aseT SemTxvevaSi 
mza sqemebiani cxrilebis gamoyeneba SeuZlebeli xdeba. yovel konkretul SemTxvevaSi 

aucilebelia Catardes makoreqtirebeli mowyobilobis sqemis sinTezi, raTa miRebuli iqnas 
koreqciis sasurveli gadacemis funqcia. miuxedavad aseTi logikisa, mocemuli midgoma 
makoreqtirebeli mowyobilobis sinTezisaTvis praqtikulad ar gamoiyeneba. arsebuli 

cxrilebiT amocanis gadasawyvetad, gTavazobT makoreqtirebeli mowyobilobis sinTezs 
fesvuri hodografebis meTodiT. am SemTxvevaSi SesaZlebelia Sswy-s Sida winaRobis gavlena 
srulad gamoiricxos.  

 vidre ganvixilavdeT konkretul magaliTebs, ganvixiloT pasiuri makoreqtirebeli 
rgolis CarTvis sqema; ganvsazRvroT gadacemis funqciebi sxvadasxva Semavali da gasavali 
sidideebisTvis.  

 nebismieri pasiuri makoreqtirebeli wredis 
CarTvis sqemas sazogadod SeiZleba hqondes saxe 

(nax.1), sadac wZ  - makoreqtirebeli rgolis Semavali 

signalis wyaros gamosavlis sruli winaRobaa: 1Z  da 

2Z  - sakuTriv makoreqtirebeli wredis sruli wina-

Robebia; 
dZ  - datvirTvis wredis sruli winaRobaa; 

E  - Semavali signalis wyaros emZ-a; SU  da gU  - 

Semavali da gamosavali Zabvebia.  

 am sqemidan gamomdinare SegviZlia davweroT 
Semdegi Tanafardobebi: 
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 ganxiluli sqemisTvis SeiZleba gansazRvruli iqnas Semdegi gadacemis funqciebi: 
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 (4) gadacemis funqciisTvis Semavali zemoqmedebaa E , gamosavali - I ; 

 (5) gadacemis funqciisTvis Semavali zemoqmedebaa E , gamosavali - SU  da a. S. 

 (4)...(9) formulebSi W -s pirveli indeqsi Semavali zemoqmedebis aRmniSvnelia, xolo 

meore indeqsi gasavals aRniSnavs. ase magaliTad, (8) formulaSi )(SWIUg
 niSnavs, rom Sema-

vali zemoqmedebaa  I , xolo gasavali sididea gU . 

 Tu 1-el naxazze gamosaxul sqemaSi wZ 0→  da 
dZ ∞→ , maSin (4) ... (9) formulebi 

miiRebs saxes: 
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, (14) 
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2)(
ZZ

ZSW UU +
=

gS
.      (15) 

 praqtikulad, makoreqtirebuli wredis Sesavlis wZ  sruli winaRoba yovelTvis sa-

srulo sididisaa, xolo 
dZ  SeiZleba CaiTvalos usasrulo didad. aqedan gamomdinare, gan-

xiluli unda iqnas SemTxveva, roca wZ  sasruloa, xolo 
dZ  sakmaod didia. am dros (4) da 

(9) formulebi miiReben saxes: 
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 Tu Semavali signalis wyaros gamosavali winaRoba sakmaod didia ( wZ ∞→ ), xolo 

dZ  sasruloa, maSin 

                       )(SWEI = )(SWEUS
= )(SWEUg

=0 ,                         (22) 

xolo (7), (8) da (9) formulebi ucvleli rCeba. 

 eleqtroteqnikidan cnobilia, rom Tu wZ ∞→ , maSin saqme gvaqvs denis 

generatorTan, rac imas niSnavs, rom datvirTvis cvlilebisas I  deni ar icvleba, xolo SU  

Zabvis sidide icvleba. aqedan gamomdinare, SegviZlia davaskvnaT: makoreqtirebeli wredis 
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Semaval sidided aRebuli unda iqnas I  deni  an SU  Semavali Zabva. am SemTxvevaSi 

makoreqtirebeli rgolis dinamikis dasaxasiaTeblad dagvWirdeba (7), (8) da (9) 
formulebidan erT-erTi. 
 amgvarad, (4)...(9) da (10)...(15) formulebis analizis Sedegad SegviZlia davaskvnaT, 

rom makoreqtirebeli rgolis dinamika SeiZleba Sefasdes misi Semavali da datvirTvis 
wredebis sruli winaRobebis ugulebelyofiT an maTi gaTvaliswinebiT. 
 davuSvaT, idealuri makoreqtirebeli wredis gadacemis funqciaa: 

                                  
)(
)()(

Sp
SqSW = ,                                 (23)                             

sadac )(Sq  da )(Sp  polinomebis fesvebi cnobilia; anu es polinomebi ukve daSlilia ele-

mentarul mamravlebad. 

 igive makoreqtirebeli wredis gadacemis funqcia wZ  da 
dZ  sruli winaRobebis gaT-

valiswinebiT iqneba: 

                             
),,(
),,()(

dw

dw

ZZSP
ZZSQSW =                            (24) 

sadac ,(SQ wZ ,
dZ ) da P ,(S wZ ,

dZ ) polinomebis fesvebi damokidebulia wZ  da 
dZ -ze da 

isini, sazogadod, ucnobia. 
 makoreqtirebeli wredis idealizebuli da realuri modelebis Sedarebis mizniT 

aucilebelia ,(SQ wZ ,
dZ ) da P ,(S wZ ,

dZ ) polinomebis fesvebis dadgena, roca adgili 

aqvs wZ  da 
dZ  operatorebis da misi parametrebis cvlilebas. 

 Tu Cven SevZlebT am amocanis gadaWras, maSin SeiZleba SevafasoT makoreqtirebeli 
wredis (23) da (24) Sesabamisi logariTmul sixSiruli maxasiaTeblebis cvalebadobis 

damokidebuleba wZ  da 
dZ  sruli winaRobebis operatorisgan da maTi parametrebisgan. 

 mocemuli amocana SeiZleba gadaWrili iqnas fesvuri hodografebis meTodiT. am 

meTodis gamoyenebiT vadgenT ,(SQ wZ ,
dZ ) da P ,(S wZ ,

dZ ) polinomebis fesvebs, rac am 

polinomebis elementarul mamravlebad daSlis saSualebas iZleva. amis Semdeg SesaZlebelia 

)(SW  da )(1 SW -is Sesabamisi logariTmul-sixSiruli maxasiaTeblebis ageba da maTi 

Sedareba.  
 ganvixiloT pasiuri makoreqtirebeli rgolis robastuli analizi. kerZod, 

orelementiani maintegrebeli rgolis r , L wyaroTi. nax. 2-ze da nax. 3-ze naCvenebia ori 
tipis maintegrebeli rgolis zogadi sqema. nax. 2-ze gamosaxulia orelementiani, xolo nax. 
3-ze samelementiani maintegrebeli rgoli. 

 ganvixiloT koreqciis struqturuli robastuloba rgolis Semavali signalis 
wyaros gasavali winaRobis sxvadasxva operatorebis SemTxvevaSi. 
 orelementiani maintegrebeli rgoli SeiZleba gamoyenebuli iqnas, rogorc cvladi, 

aseve mudmivi denis sistemaSi mimdevrobiT da paralelur koreqciad. rgolis CarTvis sqemas 
aqvs saxe (nax. 4), sadac r  da L rgolis Semavali signalis Siga aqtiuri winaRoba da 

induqciurobaa; R  da C  rgolis parametrebia da dR  - datvirTvis wredis winaRobaa. 

cxadia, rom am SemTxvevaSi wZ = LSr + ; 1Z =R ; 2Z =
CS
1

 da 
dZ = dR = kR .  

       
                       nax.2                               nax.3 
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nax.4 

(6) formulis Tanaxmad,  
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Tu 
dZ ∞→  anu k ∞→ , maSin (25)-dan miviRebT: ( ) 1
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,   (26) 

sadac 
R
L

=τ ; RCT =  da rCT =1 . 

 Tu 0=L  da 0=r  (26)-dan idealuri maintegrebeli rgolis gadacemis funqcias: 

                             
1
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g
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 gamovikvlioT ( ) 11
2 +++ STTTSτ  samwevris fesvebi, roca icvleba τ  da 1T . Tu 

τ [ )+∞∈ ;0 , maSin am samwevris fesvebis traeqtorebis dasadgenad igi ase gadavweroT: 

                              ( ) 01 2
1 =+++ TSSTT τ .                         (28) 

       Tu τ =0, maSin 
1

1
TT

S
+

−=  fesvuri hodografis sawyisi wertilia. Tu τ ∞→ , 

maSin 02,1 =S  saboloo orjeradi wertilia. 

 fesvuri hodografebis saxis dasadgenad visargebloT hodografis gantolebiT [3]: 
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sadac ( ) 1)( 11 ++= δδ TTP , xolo 2
2 )( δδ TQ = . (29) formulis Tanaxmad, fesvuri hodo-

grafis gantoleba iqneba: 
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romelic kanonikur formaSi Semdeg miiRebs saxes: 
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(31) warmoadgens im wrewiris gantolebas, romlis centria 







+

− 0;1
1TT

 wertili, xolo 

radiusia 
1

1
TT +

=β  (nax. 5). cxadia, rom fesvuri hodografis orjeradi fesvi iqneba: 
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,  xolo τ -s mniSvneloba am wertilSi tolia: τ =
T
TT

4
)( 2

1+
. (32) udidesi war-

mosaxviTi nawilis mqone fesvebia:  

=2,1S -
11
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j
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±
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.                            (33) 

 

.                      
nax.5 

 (28) kvadratul gantolebas (33) fesvebi eqneba Tu 

                                    τ =
T
TT

2
)( 2

1+
,                               (34)                                                                  

rac (32) mniSvnelobaze orjer metia. idealuri gadacemis funqciis misaRebad udidesi fesvi 

T
1

− , rac SeiZleba axlos unda iyos 
1

1
TT +

−  sawyis wertilTan. Tu davuSvebT, rom maT 

Soris manZili 
T
1
-s µ  nawils ar unda aRematebodes, maSin SegviZlia davweroT utoloba: 
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− +
T
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T
1
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saidanac mocemuli T  da µ -Tvis miviRebT: TT
µ

µ
−

≤
11  (36). (36)-dan avirCevT 1T -s, maSin 

udidesi fesvi iqneba:  =S
T
1

− , xolo umciresi fesvi iqneba: =S
1

1
T

− ; (28) kvadratuli 

samwevris fesvebis aseTi gadanawileba SesaZlebeli iqneba, Tu τ = 1T ; 

 ase magaliTad, Tu µ =0,002, maSin (36)-is Tanaxmad, TT 002,01 ≤ . Tu aviRebT 

TT 001,01 =  , maSin 1S =
1
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− =
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 (26) formulis Tanaxmad, 
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radaganac )(* SWEUg
-is mniSvnelis meore Tanamamravlis drois mudmiva 1000-jer naklebia 

pirveli mamravlis drois mudmivaze, amitom meore Tanamamravli SegviZlia ugulebelvyoT. 

amis dasabuTeba martivad SeiZleba rgolis logariTmul-amplitudur sixSiruli maxa-
siaTeblebis gamoyenebiT (nax. 4.6).  
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nax.6 

maintegrebeli rgolis SeuRlebis sixSire 
T
1
, rogorc wesi, sixSireTa saSualo di-

apazonSia; maSin 
T

1000
 SeRlebis sixSire aucileblad maRal sixSireTa areSia. amitom igi 

sistemis dinamikaze gavlenas ver moaxdens. aqedan gamomdinare, ( )1001,0 +TS  mamaravlis 

ugulebelyofiT koreqtirebuli sistemis dinamika ise warimarTeba, rogorc ideluri rgo-
lis SemTxvevaSi. 

 amrigad, movaxdineT pasiuri makoreqtirebeli rgolis robastuli analizi. kerZod, 
orelementiani maintegrebeli rgolis r , L wyaroTi.  
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THE CORRECTIVE SECTION’S  ROBUST STRUCTURAL ANALYSIS 

Kotrikadze Omar,  Kotrikadze Ketevan 
Georgian Technical University 

Summary 

 In this paper corrective sections robust synthesis is described. Also the following subjects are cov-

ered: passive corrective section sheme; transmission functions  for the different entrance and exit values. 

Root  locus is used to solve the problem. That excludes the influence on the source by the corrective sec-

tion’s entrance signal’s  inner resistance. 

 
СТРУКТУРНЫЙ РОБАСТНЫЙ АНАЛИЗ КОРРЕКТИРУЮЩИХ  ЗВЕНЬЕВ 

Котрикадзе O.,  Котрикадзе K.  
Грузинский Tехнический Университет 

Резюме 
 
 Рассмотрен робастный синтез корректирующей цепи; также рассмотрена схема включения 

пассивного корректирующего звена; передаточные функции для разных входных и выходных 

величин. Для решения задачи синтеза корректирующего устройства  используется метод корневого 

годографа, что исключает возможность влияния внутреннего сопротивления источника входного 

сигнала на корректирующее звено.  


