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robastuli makoreqtirebeli rgolebis sinTezi 

omar kotrikaZe, qeTevan kotrikaZe 

saqarTvelos teqnikuri universiteti 

reziume 

 ganxilulia Tanamedrove marTvis TeoriaSi erT-erTi mniSvnelovani mimarTulebis, 

robastuli marTvis amocana. kerZod, dasabuTebulia makoreqtirebeli wredebis        

robastuloba. fesvuri hodografebis da logariTmul-amplitudur-sixSiruli         

maxasiaTeblis saSualebiT dadgenilia robastuli mimdevrobiTi da paraleluri koreqciis 

sinTezis Tanmimdevroba. TvalsaCinoebis mizniT, astatikuri avtomaturi regulirebis 

sistemis magaliTze, SemoTavazebulia robastuli sinTezis amocanis amoxsna. 

 sakvanZo sityvebi: koreqcia. makoreqtirebeli rgoli. paraleluri da mimdevrobiTi 

koreqcia. dinamika. robastuli sistema. gadacemis funqcia. robastuli sinTezi.  

1. Sesavali 

Tanamedrove marTvis TeoriaSi didi adgili eTmoba iseT, SedarebiT axal         

mimarTulebas, rogoricaa robastuli sistemebi. robastuli sistemebis qveS igulisxmeba 

iseTi marTvis sistema, romlis parametrebi skamaod did sazRvebSi icvleba. am dros   

sistemis marTva garTulebulia. Tu ganvixilavT aseTi sistemis mdgradobis amocanas,  

maSin saubroben robastul mdgradobaze, xolo Tu ganixileven aseTi sistemis sinTezis 

amocanas, maSin saqme gvaqvs robastuli sinTezis amocanasTan. naSromSi warmodgenilia  

makoreqtirebeli rgolebis robastuli sinTezis amocana. 

2. ZiriTadi nawili 

amocanas, romlis amoxsnis Sedegad, miiReba makoreqtirebeli wredis sqema, misi   

parametrebi da avtomaturi regulirebis sistemaSi (ars) CarTvis adgili, 

makoreqtirebeli wredis sinTezis amocanas uwodeben. am amocanis sawyisi monacemebia: ars-

is ucvleli nawilis maTematikuri modeli, dinamikis Tvisobrivobis maCveneblebis 

mniSvnelobebi da makoreqtirebeli wredis ars-Si CarTvis xerxi; es ukanaskneli SeiZleba 

winaswar mocemuli ar iyos da SerCeul iqnas sinTezis amocanis amoxsnis procesSi. 

eleqtruli makoreqtirebeli wredebis gadacemis funqciebi, rogorc wesi, 

mocemulia im SemTxvevisTvis, roca misi Semavali wredis Siga winaroba nulia, xolo 

datvirTvis winaRoba usasrulod didia. am ori pirobidan meore pirobis Sesruleba 

martivad xorcieldeba, xolo pirveli pirobis uzrunvelyofa praqtikulad SeuZlebelia. 

es ganpirobebulia Semdegi garemoebebiT; makoretirebeli wredis CarTva, rogorc wesi, 

xorcieldeba mcire simZlavris wredSi. aseTi wredebis gasavali da Semavali winarobebi 

sakomao sididisaa da ara marto aqtiuri; isini Seicaven induqtiur, tevadur an orives 

erTad mdgenelebs. swored es gaxlavs makoreqtirebeli wredis gadacemis funqciis anu 

misi struqturis cvlilebis mizezi. 

ase magaliTad, ars-is paralelur makoreqtirebel 

mowyobilobad iyeneben 1-el naxazze gamosaxul 

madiferencirebel RC wreds, romlis gadacemis funqcia, 

Semavali da gasavali wredebis winaRobebis 

gauTvaliswineblad, tolia 
1
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=
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TSSW  (1) (nax.1: 

wyvetili xaziTaa Semovlebuli), xolo Tu igive 

makoreqtirebeli wredis Semavali signalis wyaros 
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gamosavali winaRobis      operatoria LSrZ +=w , xolo datvirTvis winaRoba 

kRR ⋅=d , maSin wredis gadacemis funqcia iqneba: 
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sadac RCT = , 
R
rm =  da 

R
L

=τ . Tu Rd sakmaod didia anu ∞→k , maSin 

( ) 11
)( 20

+++
=

TSmTS
TSSW

τ
 (3). 

samrewvelo avtomatikaSi miRebuli terminis Sesabamisad [4], Sefardebas 
)(
)(0

SW
SW

 

SemdgomSi balastis gadacemis funqcias vuwodebT: )(SWb =
)(
)(0

SW
SW

 (4). 

)(SWb  balastis gadacemis funqcias gansazRvravs, rogorc wredis struqtura da 

parametrebi, aseve Semavali signalis wyaros gasavlis operatori da parametrebi.     

ganxiluli magaliTisTvis 
( ) 11

1)( 2 +++
+

=
TSmTS

TSSW
τb  (5), romelic miiReba (3)-is (2)-

ze gayofis Sedegad. 

SemdgomSi, analizis procesSi )(SWb -is gamoyofa ar dagvWirdeba, magram misi     

arseboba safuZvels gvaZlevs makoreqtirebeli wredis (1) gadacemis funqciis nacvlad, 

ganvixiloT (3) gadacemis funqcia anu )(0 SW = )(SWb )(SW . 

am martivi magaliTis ganxilva cxadad gviCvenebs, rom (3) gadacemis funqcia    

mniSvnelovnad gansxvavdeba (1)  funqciisgan. makoreqtirebeli wredis gadacemis funqcias, 

romelic miiReba am rgolis Semavali da gasavali wredebis winaRobebis mniSvnelobaTa 

ugulvelyofis Sededgad, idealuri gadacemis funqcia ewodeba, xolo )(0 SW  _ realuri 

gadacemis funqcia. (1) madiferencirebeli rgolis idealuri gadacemis funqciaa, xolo 

(3) amave rgolis realuri gadacemis funqciaa, roca LSrZ +=w  Rd ∞→ . 

ganvixiloT avtomaturi regulirebis sistemebis mimdevrobiTi koreqcia. ars-Si      

mimdevrobiTi koreqcia xorcieldeba madiferencirebeli rgolis gamoyenebiT da es zrdis 

Wris sixSires. ganvixiloT aseTi koreqciis ganxorcielebis xerxebi da saSualebebi. 

erT-erTi tipis koreqciis dros cvladi denis signali winaswar gardaiqmneba mudmiv 

denad, fazaTmgrZnobiare gammarTvelis an demodulatoris mier, xolo Semdgom miewodeba 

mudmivi denis madiferencirebeli rgolis Sesavalze. makoreqtirebeli rgolis gamosavali 

signali kvlav modulirdeba da gardaiqmneba cvladi denis Zabvad. 

mimdevrobiTi koreqciis sinTezis sawyisi monacemebia: ars-is ganrTuli ucvleli   

nawilis gadacemis funqcia )(SWun ; ars-is sasurveli ganrTuli sistemis gadacemis 

funqciaa )(SWsas. . mimdevrobiTi koreqciis gadacemis funqcia iqneba: )(SWm =
)(
)(

SW
SW

un.

sas.  

ganvixiloT paraleluri korqciis sinTezi struqturuli robastulobis principis 

gamoyenebiT. avtomaturi marTvis TeoriaSi dRes gamoiyeneba paraleluri koreqciis   
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sinTezis sixSiruli meTodi, romelic dafuZnebulia cnobili nomogramebis gamoyenebaze 

[1,2,4]. am meTodis gamoyenebisas, koreqciis struqturuli robastuloba mxedvelobaSi ar 

miiReba, rac, Tavis mxriv, arTulebs koreqciis wredis SerCevas. paraleluri koreqciis 

sinTezis amocanis gadasaWrelad, visargebloT eqvivalenturi mimdevrobiTi koreqciiT, 

romelic SemdgomSi SegviZlia SevcvaloT, realuri paraleluri koreqciiT. aseTi     

Secvlis SesaZleblobas davasabuTebT fesvuri hodografebis gamoyenebiT da vaCvenebT, rom 

struqturuli robastulobis principze dayrdnobiT SeiZleba miRebuli iqnas          

paraleluri koreqciis sqema da parametrebi. vTqvaT, ars-is ucvleli nawilis gadacemis 

funqciaa: )(SWun = )(SW1 )(SW2 , xolo paraleluri koreqciiT moculia elementebis 

jgufi, romelTa gadacemis funqciaa )(SW2 , maSin paraleluri koreqciis Sedegad     

miviRebT ars-is sasurvel gadacemis funqcias: )(SWsas =
)()(

 )()( 
SWSW

SWSW
2

21

1 +
 (6), sadac )(SW  

paraleluri koreqciis ideluri gadacemis funqciaa.  

 Tu ars-Si gamoyenebuli iqneboda mimdevrobiTi koreqcia, maSin 

)(SWsas = )(SW1 )(SW2 )(SWm  (7), sadac )(SWm  mimdevrobiTi koreqciis gadacemis    

funqciaa. Tu )(SWm  da )(SW  urTierTeqvivalenturia, maSin (6) da (7) miviRebT (8) da 

(9): )(SWm =
)()(

 1 
SWSW21 +

 (8). aqedan, paraleluri koreqciis gadacemis funqcia 

)(SW = )(1 SW −
2 ( )(1 SW −

m -1) (9).                          

(9) formuliT SeiZleba gansazRvruli iqnas )(SW  Tu cnobilia misi CarTvis  

adgili anu mis mier mocemuli elementebis gadacemis funqcia )(SW2 . (3) formuliT  

gansazRvruli )(SW  umetes SemTxvevaSi fizikurad ararealizebadia an rTuli  

gansaxorcielebelia. am problemis Tavidan asacileblad Cvens mier damuSavebuli iqna 

)(SW -is sinTezis meTodi, romelic dafuZnebulia struqturuli robastulobis 

principze da logariTmul-sixSiruli maxasiaTebelbis gamoyenebaze. 

Tu (8) formulaSi CavsvamT ωjS =  miviRebT mimdevrobiTi koreqciis amplitudur-

fazur sixSiruli maxasiaTeblis (afsm) analizur gamosaxulebas: 

                           )( ωjWm =
)()(

 1 
ωω jWjW21 +

.                         (10)

 (10) formuliT lasm-is ageba SeuZlebelia, amitom CavataroT (10) tolobis    

analizi: 

 1 – Tu 1)()( >>ωω jWjW2  anu ( ) ( ) 02 >>+ ωω LL , sadac ( )ω2L , ( )ωL  da ( )ωmL  

Sesabamisi lasm-ebia, maSin (10) toloba miiRebs saxes: )( ωjWm =
)()(

 1 
ωω jWjW2

 (11),      

saidanac ( )ωmL = ( ) ( ) 0)( 2 <+− ωω LL ; aqedan  ( ) ( ) ( ))( 2 ωωω mLLL += (12).                                                    

 amgvarad, paraleluri koreqciis lasm-i ( )ωL  SeiZleba napovni iqnas (12)     

formuliT, mxolod sixSireTa im diapazonisTvis, sadac ( )ωmL <0. 

 2 – Tu 1)()( <<ωω jWjW2  anu ( ) ( ) 02 <<+ ωω LL  (13), maSin )( ωjWm =1 anu 

( )ωmL =0. (13) tolobidan miviRebT: ( ) ( )ωω 2LL >−  (14). es ukanaskneli utoloba 
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miuTiTebs paraleluri koreqciis robastulobaze, romelic SemdegSi mdgomareobs: 

paralelur koreqciad gamodgeba nebismieri struqturuli makoreqtirebeli rgoli, 

romlis lasm-i akmayofilebs (14) utolobas. yvela SesaZlo struqturebidan sasurvelia 

arCeuli iqnas paraleluri koreqciis iseTi struqtura, romelic fizikurad 

realizebadi iqneba. 

3 – Tu 1)()( =ωω jWjW2  anu ( ) ( ) 02 =+ ωω LL  (15), maSin )( ωjWm =
2
1
anu 

( )ωmL =-6 db; amgvarad, am sixSiris maxloblobaSi, sadac ( )ωmL =-6 db unda Sesruldes 

(15) piroba anu ( ) ( )ωω 2LL −= .  

cxadia, rom pirveli da mesame SemTxvevebi SeiZleba gaerTianebuli iqnas da ( )ωL  

SeiZleba gansazRvruli iqnas (13) formuliT. paraleluri koreqciiT miRebuli ( )ωL  

lasm-i amave dros unda akmayofilebdes (14) utolobas. rogorc )( ωjWm -s analizidan 

Cans, ( )ωL  dasadgenad saWiro ar aris e. w. Sekvris nomograma, rac mniSvnelovnad 

amartivebs paraleluri koreqciis sinTezis amocanis amoxsnisas.  

zemoT Catarebuli analizis sfuZvelze vipovoT paraleluri koreqciis lasm-i da 

gadacemis funqcia, Tu sistemis ucvleli nawilis gadacemis funqciaa (gf) 

)(SWun
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=
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 (16). sasurveli sistemis gf  

                   )(SWsas
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romelic SesaZlebelia ganisazRvros lasm-is saSualebiT, romelic aq ar mogvyavs. 

davuSvaT, rom paraleluri koreqciiT moculi rgolebis jgufis gf aris (18), maSin 

paraleluri koreqciis gadacemis funqcia iqneba (19) 

)(SW2
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=
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3
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11

1

2

2
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,(19) 

xolo sasurveli sistemis gf iqneba:    

              )(SW an. sas.
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=

1111111

11

321

2

325

2

SSSS

SD

ωωωωωω

ω
.               (20) 

(17) da (20) gf-ebis SedarebiT davrwmundebiT, rom isini erTmaneTs emTxvevian, Tu 

(20)-is polusebi iqneba: 145 ,,,0 ωωω −=−=−== SSSS  (21). aqedan, pirveli ori   

polusi igivea, rac (17)-is polusebi, xolo bolo ori polusis miReba SeuZlebelia, 
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radgan (20)-is mniSvnelis kvadratuli samwevris fesvebia: ( )32
2

2,1 45,0 ωω−±−= AAS                            

(22), sadac 







++=

321
32

111
ωωω

ωωA . 

 davadginoT ramdenad axlos SeiZleba iyos (22)-is fesvebi (21)-is bolo or 

fesvTan. amisaTvis, avagoT (20)-is mniSvnelis kvadratuli samwevris fesvuri 

hodografebi, roca 32ωω [ )+∞∈ ;0 . hodografebis asagebad kvadratuli samwevri ase 

gadavweroT 

                     ( ) 011

1
3232

2 =







++++ SSS

ω
ωωωω .                      (23) 

cxadia, rom 2ω 3ω =0, maSin (23)-is fesvebi iqneba: 0=xS  da xS = ( )32 ωω +−  (24), 

romlebic fesvuri hodografebis sawyisi wertilebia. Tu 2ω 3ω ∞→ , maSin (23)-is fesvi 

iqneba: 10 ω−=S (25), romlebic erTaderTi 

saboloo wertilia.                                                 

(23) gantolebis fesvuri hodografi, roca 

32ωω [ )+∞∈ ;0  gamosaxulia me-2 naxazze. Tu 

4ω−=S  aRmoCndeba S = ( )32 ωω +−  marcxniv, 

maSin SesaZlebeli iqneba (21) pirobis garkveuli 

sizustiT Sesruleba. martivad SeiZleba 

davamtkicoT, rom Tu 
32

32
1 ωω

ωω
ω

+
< , maSin 

>4ω 32 ωω +  anu <− 4ω )( 32 ωω +− ; Tu 
32

32
1 ωω

ωω
ω

+
> , maSin >− 4ω )( 32 ωω +−  da 

bolos Tu 
32

32
1 ωω

ωω
ω

+
= , maSin =− 4ω )( 32 ωω +− . 

 

CamoTvlili sami SemTxvevidan SesaZlebeli mxolod pirveli variantia, amitom 

2ω 3ω -is nacvlad saTanado SerCeviT SeiZleba (21)-is bolo ori polusis maxloblobaSi 

moxvedra; Tu siaxlovis Sesabamis koeficientebs aRvniSnavT ν  da µ ,  maSin SegviZlia 

davweroT gantolebaTa sistema:  

      










=








++=⋅

=⋅

3241

312
3241

3241
111

ωωωω
ωωω

ωωµωνω

ωωµωνω

 aqedan 



++=+
=

43241

1
ωωωµωνω

νµ
.    (26) 

Tu (26) gantolebaTa sistemas amovxsniT ν  da µ  mimarT, miviRebT: 

      ( )41
2

4
2,1 4

2
1 ωω
ω

µ −±= BB  (27), ( )41
2

4
2,1 4

2
1 ωω
ω

µ −±= BB  (28)                        

 ν  da µ  miRebuli mniSvnelobebidan, Tu aviRebT meore mniSvnelobebs (niSani ”+“ 

radikalis win), maSin (23) gantolebis fesvebia: 
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 ( )41
2

41
1

4

2

ωω

ωω
νω

−+
−=−

BB
 da 

( )
2

4 41
2

4
ωω

µω
−+

=−
BB

 (29),                  

sadac 432 ωωω ++=B . ganxiluli SemTxvevisTvis 245,01 =ω , 22 =ω , 33 =ω , 

5,244 =ω  401 =ω  da 6,33lg20 =D db anu 48=D . xolo sasurveli gadacemis funqcia  

                                         )(SWsas =
( )

( )( )( )1025,0104,011,4
15,048

+++
+

SSSS
S

                 (30) 

(20) gf-is kvadratuli samwevris fesvebia: 285,291 −=S  da 205,02 −=S , xolo 

(20) gf iqneba 

                                       )(SWsas =
( )

( )( )( )1025,01034,0187,4
15,048

+++
+

SSSS
S

                 (31) 

am SemTxvevaSi siaxlovis koeficientebis mniSvnelobebia: ν =0,838 da µ =1,2. 

3. daskvna 

amgvarad, analizuri sasurveli gf-is drois mudmiva 0,0034 15%-iT naklebia      

Sesabamiss drois mudmivaze 0,04-ze, xolo 4,87 ki 18%-iT metia 4,1-ze. drois mudmivebs 

Soris aseTi gansxvaveba ganpirobebulia paraleluri koreqciis struqturuli         

robastulobiT. SemoTavazebuli meTodi, romelic agebulia struqturuli robastulobis 

principze, marTebulia da gacilebiT martivia sinTezis cnobil meTodebTan SedarebiT 

[1,3,4]. 
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SYNTHESIS OF ROBUST CORRECTIVE UNITS 

Kotrikadze Omar, Kotrikadze Ketevan 
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Summary 
 

 The article deals with the most important problem of modern control theory - robust control. 

In particular, it proves robustness of correction units. Using the root locus of the logarithmic amplitude 

frequency characteristics, there is represented the robust synthesis sequence of parallel and sequential 

correction units. As an example, in the article there is represented the solution to the problem of astatic 

automatic control system’s robust synthesis. 
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Рассматривается одна из важнейших задач современной теории управления – робастное 

управление. B частности, доказано робастность корректирующих звеньев. C помощью корне-

вых годографов и логарифмических амплитудных частотных характеристик установлена по-

следовательность робастного синтеза последовательных и паралельних корректирующих 

звеньев. Для наглядности, на примере астатической системы автоматического регулирования, 

предложено решение задачи робастного синтеза. 


