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marTvis Tboteqnikuri obieqtebis identifikacia  

iracionaluri gadacemis funqciebis gamoyenebiT 

nodar narimanaSvili, daviT narimanaSvili 
saqarTvelos teqnikuri universiteti 

reziume 

damuSavebulia siTbogadacemis gamartivebuli procesis zogierTi parametris 

identifikaciis meTodi iracionaluri gadacemis funqciebis gamoyenebiT. miRebuli 

Sedegebi orientirebulia modelirebis Tanamedrove kompiuteruli meTodebis gamoyenebaze. 

sakvanZo sityvebi: identifikacia. iracionaluri gadacemis funqciebi. Tboteqnikuri 

parametrebi. struqturuli sqemebi. 

1. Sesavali 

marTvis Teoriasa da praqtikaSi erT-erTi yvelaze mniSvnelovani adgili uWiravs 

Tboteqnikuri obieqtebis marTvis amocanas. Tboteqnikur obieqtebs miekuTvneba 

metalurgiul, qimiur, manqanaTmSenebel, samTogamamdidrebel, kvebis da mrewvelobis sxva 

dargebSi gamoyenebuli sxvadasxva struqturisa da konstruqciis gamxurebeli 

mowyobilobebi da aparatebi. aseTi obieqtebis Semcveli sistemebis marTvisaTvis 

aucilebelia maTi adekvaturi maTematikuri modelis ageba, risTvisac saWiroa siTburi 

procesis maxasiaTebeli sxvadasxva fizikuri parametrebis Sefasebis miReba. Tboteqnikuri 

parametrebis identifikaciis problemis gadawyvetas mieZRvna mravali naSromi, magram 

siTburi procesebis mravalferovnebis da misi parametrebis sxvadasxva faqtorebze 

damokidebulebis gamo es sakiTxi aqtualurobas inarCunebs da kvlavindeburad ipyrobs 

kvlevarTa da eqsperimentatorTa yuradRebas [1-3,5]. 

2. ZiriTadi nawili 

marTvis Tboteqnikuri obieqtebis adekvaturi maTematikuri modelis miReba rTuli 

da Sromatevadi amocanaa. amasTan xSir SemTxvevaSi miRebuli modeli sirTulis gamo 

SeiZleba analizisaTvis gamousadegaric gaxdes. amitom saWiro xdeba marTvis mocemuli 

sizustis misaRebad sakmarisi argumentirebuli daSvebebi da gamartivebebi, romlis 

Sedegad modelma unda SeinarCunos yvela arsebiTi kavSiri procesis cvladebs Soris da 

advilad daeqvemdebaros kompiuteruli modelirebis Tanamedrove meTodebs [3,4]. 

ganvixiloT siTbos gadatanis procesi liTonis ReroSi, romlis gverdiTi zedapiri 

idealurad Tboizolirebulia da romlis sawyis ganivkveTis (torss)  ≥ 0 momentidan 
miewodeba  ( ) siTburi nakadi. vigulisxmoT, rom siTbos gavrceleba yovel radialur 

kveTSi xdeba Tanabrad   grZivi koordinatis gaswvriv. aRvniSnoT Reros temperatura  ( ,  ), xolo misi garemomcveli temperatura  -Ti. maSin siTburi procesis aRmweri 

gantolebebi SeiZleba Semdegnairad CavweroT [1, 2]. 

    
  ( , )  =     ( , )           (1) 

     −   ( , )      =  ( )      (2) 

  ( , 0) = 0;  (∞,  ) = 0;  ( ,  ) =  ( ,  ) −  ;  =      ,       (3) 

sadac:  −temperaturuli gamtareblobis koeficientia, xolo  − Tbogadacemis 

koeficienti mocemuli nivTierebisTvis. 
ganvixiloT ori cvladis  ( ,  ) funqciis laplasis gardasaxva   droiTi 

parametris mimarT: 
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    ( ,  ) = ∫  ( ,  )        .      (4) 

am gardaqmnis gamoyenebiT (1) da (2) gantolebebi Semdgenairad Caiwereba:  

      ( ,  ) =     ( , )   ,        (5) 
     −   ( , )      =  ( ).        (6) 

(5) diferencialuri gantolebis amonaxsns aqvs Semdegi saxe: 

     ( ,  ) =        +    ̅     ,       (7) 
Sesabamisad temperaturuli gradienti   koordinatis gaswvriv SeiZleba Semdegnairad 

gamovsaxoT: 

         ( ,  ) =     ( ,  ) =           −       ̅        (8) 
Tu siTbur  ( ) nakads ganvixilavT siTbos gavrcelebis areSi, miviRebT: 

    ( ,  ) = −  ( ,  ) = −   ∙         −        ̅          (9) 

Tbogadacemis procesis struqturuli sqemis Sesabamisad saWiroa (8)-e gantolebaSi 

Semavali integrebis    da    koeficientis gansazRvra.  ( ; 0) sasazRvro piroba (7)-e 
gantolebis Tanaxmad dakmayofildeba maSin, rodesac   = 0 da es gantoleba miiRebs 

saxes:  

    ( ,  ) =    ̅    ,        (10) 

xolo (6)-e sasazRvro pirobis safuZvelze gvaqvs: 

     −                 =  ( ),         (11) 

saidanac advilad vRebulobT    koeficientis Semdeg mniSvnelobas: 

      =      ∙  ( ).         (12) 

(7), (8) da (9) gantolebebSi    da    koeficientebis CasmiT miviRebT gantolebaTa 

Semdeg sistemas: 

  ( ,  ) =  ( )      ̅    
     ( ,  ) = −    ( ,  ) ( ,  ) =      ( ,  ) ⎭⎪⎪⎬

⎪⎪⎫
     (13)  

(13) gantolebaTa sistema saSualebas iZleva SevadginoT struqturuli sqema, 

romelic (1), (2), (3) gantolebebiT mocemul siTbur process aRwers da romlis 

Semadgeneli rgolebis gadacemis funqciebi iracionaluria: 

 

 

 

 

nax.1 

 

   ∙ 1   ̅     −    –   
 ( )  (0; )  ( ;  )      ( ;  )  ( ;  ) 
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 (12) gantolebas (13)-s gaTvaliswinebiT SeiZleba SevusabamoT struqtura: 

 

  

 

nax. 2 

nax.2 

xolo, Tu process ganvixilavT  = 0 ganivkveTSi, miviRebT: 
   

nax.3 

me-3 naxazze mocemuli struqturuli sqemis inversiis   -s koeficientis 

gansazRvrisaTvis miviRebT sqemas: 

     
nax.4 

rogorc vxedavT,    koeficienti SesaZlebelia struqturulad ganvsazRvroT 

mxolod maSin, Tu cnobilia   da   parametrebi. SemovitanoT aRniSvna:  
     =  √ =     , 

sadac   nivTierebis simkvrivea, xolo   kuTri siTbotevadoba. maSin    koeficientis 
gamoTvla Semdegi formuliTac SeiZleba:  

       =  ( ; ) √  .          (14)  -koeficients uwodeben Tburi aqtivobis koeficients da igi axasiaTebs 

nivTierebis siTbosamTviseblobas [1,5]. rogorc vxedavT,    koeficientis gansazRvrisaTvis 
sakmarisia aqtivobis   koeficientis Sefasebis miReba.  -koeficientis Sesafaseblad CavTvaloT, rom Tbofizikuri parametrebi ar arian 

droze da temperaturaze damokidebuli, e. i. drois sxvadasxva   ,   …… .    momentebSi 
gansazRvruli parametrebis mniSvnelobebi unda iyos erTnairi. es daSveba iZleva imis 

safuZvels, rom parametris gansazRvrisaTvis sakmarisi unda iyos ZiriTadi fizikuri 

sidideebis (temperatura) siTburi nakadis gazomva drois romelime erT momentSi. 

Tboteqnikuri sidideebis gazomva umetesad xdeba obieqtis normaluri 

funqcionirebis pirobebSi, rodesac kavSiri gasazom sidideebs Soris yvelaze xSirad 

integraluri formiT moicema. Sesabamisad ricxviTi integrebisaTvis parametrebis 

Sesafaseblad amocanis koreqtulad dasmaa saWiro. es sirTule SeiZleba Tavidan 

aviciloT struqturul sqemebSi iracionaluri gadacemis funqciebis gamoyenebiT. 

−1  −    
 (0,  )      ( ;  )    

−    –   
 (̅0,  )      ( ;  )    

 ̅     −    –   
    ( ;  )      ( ;  )  ( ;  ) 



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(12), 2012   
 

30 
 

ganvixiloT siTburi aqtivobis   koeficientis Sefasebis meTodi  (0,  ) 
temperaturis gazomvis gziT liTonis Reros  = 0  wertilSi, rodesac amave wertilSi 

Reros  (0,  ) siTburi nakadi miewodeba.   koeficientis identifikaciis sqemaSi Reros gadacemis funqcia warmodgenilia 
  √  

operatoriT, xolo  (0,  ) da  (0,  ) siTburi nakadisa da temperaturis laplasis 

gardasaxvebia   parametris mimarT (nax. 5)  ̅ sidide gviCvenebs identifikaciis sizustes 
da idealur SemTxvevaSi is nulis tolia. 

 

       
nax.5 

 

Tu ugulebelvyofT amis Semdeg me-5 naxazze gazomvis cdomilebebs,   koeficienti 
SeiZleba miviRoT saSualo kvadratuli gadaxris minimumis pirobidan: 

    ̅ =   (0,  ) −   √  (0,  )  .       (15) 
am gamosaxulebis  -s mimarT warmoebulis nulTan gatolebiT miviRebT: 

   
  ̅( )  = 2  (0,  ) −   √  (0,  )    √  (0,  ) = 0.       (16) 

frCxilSi moTavsebuli gamosaxulebis nulTan toloba gvaZlevs. 

   =   √ ∙  ( , ) ( , ).        (17) 
radganac laplasis gardasaxva samarTliania  -is namdvili dadebiTi 

mniSvnelobisTvisac, SegviZlia  (0,  ) siTburi nakadi ganvixiloT siTburi  (0,  ) nakadis 
moqmedebis Sedegi drois usasrulod did SualedSi      woniTi funqciiT. analogiurad 

SeiZleba  (0,  ) CavTvaloT rogorc  (0,  )-s moqmedebis Sedegi      gadacemis funqciiT 
drois im SualedSi, romelSic gazomva xorcieldeba. aRniSnuli daSvebebi saSualebas 

gvaZlevs miviRoT   koeficientis Sefaseba (17)-s safuZvelze da ganvsazRvroT 

integrebis ucnobi koeficientic. 

3. daskvnebi 

Tboteqnikuri procesebis marTvis amocanebi mWidrodaa dakavSirebuli siTburi 

parametrebis identifikaciasTan. aseTi procesebis sirTule da mravalferovneba 

aqtualurs xdis modelirebis Tanamedrove meTodebis gamoyenebas. naSromSi 

1  
1√  

 (0,  )  (0; ) 
obieqti 

+ 
 ̅ 
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SemoTavzebulia gamartivebuli siTburi procesis parametrebis identifikacia 

iracionaluri gadacemis funqciebis gamoyenebiT. maTematikuri modelis sqemuri 

realizacia Tavsebadia kompiuteruli modelirebis Tanamedrove meTodebTan. 
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Summary 
 

Technique of identificat ion of  several  parame t ers of  simp l ified process  of  hea t  transf er i s   
developed using irrational transfer functions. The derived results are oriented on utilization of 
modern techniques of computer simulation. 
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Резюме 

Разработан метод идентификации некоторых параметров упрощенного процесса 
теплопередачи с применением иррациональных передаточных функциий. Полученные 
результаты ориентиорованы на применение современных методов компьютерного 
моделирования. 


