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         mikroprocesori obieqtis marTvis sistemaSi 

     konstantine kamkamiZe, Tamar gabaSvili, natalia gabaSvili 
saqarTvelos teqnikuri universiteti 

reziume 
naCvenebia mikroprocesorebis gamoyenebis saSualebani marTvis procesSi, maTi 

SesaZleblobani moqnili algoriTmebis da programebis realizaciaSi. magaliTisaTvis 

moyvanilia energosistemis sadispeCero punqtze mikroprocesorebis gamoyenebis 
perspeqtiva simZlavreebis optimaluri ganawilebis da marTvis brZanebebis dozirebis 
amocanebisaTvis.  programuli uzrunvelyofis damuSavebisaTvis aRwerilia specialuri 

xerxi, romlis gamoyenebis dros yovel dakvantvis bijze mimarTaven erTidaigive 

mexsierebis ujredebs.  ganmartebulia, rogorc ukukavSiris, aseve marTvis signalebis 
kvantirebis sakiTxebi.   

sakvnZo sityvebi: dakvantva. dozireba. optimaluri ganawileba. mikroprocesori. 
algoriTmi.                                                                                                                                                                                                      

1. Sesavali 

mikroprocesori warmoadgens marTvis amocanebis amoxsnis universalur saSualebas, 

romelic  invariantulia, rogorc obieqtis an marTvis procesis, aseve marTvis 

algoriTmis mimarTac. marTvis algoriTmis Sesacvlelad aucilebeli da sakmarisia 

SevcvaloT programa, romlis daxmarebiTac mikroprocesoriT realizdeba marTvis 

algoriTmi. sxva obieqtis an procesis marTvisaTvis mikroprocesoris gamoyenebisas 

icvleba mowyobilobebis jgufi, romelTa daxmarebiTac sruldeba informaciis Setana da 

gamotana.  mikroprocesori, mexsiereba, cifroanaloguri da analogocifruli 

mowyobilobebi  dakavSirebulia erTmaneTTan saerTo magistraliT, romelic warmoadgens 

sadenebis erTobliobas, romlebiTac xdeba misamarTebis kodebis, monacemebis da marTvis 

signalebis gadacema. eleqtromimyvanis mikroprocesoruli marTvis algoriTmi, 

warmoadgens marTvis procesis amocanebis amoxsnis algoriTms. pid  (proporcionalur-

intergralur-diferencialuri) regulatoris marTvis algoriTmi martivad 

programirebadia. is saSualebas iZleva sakmaod swrafad Catardes gamoTvlebi da miRebul 

iqnas optimalurTan miaxloebuli gardamavali procesebi. 

2.  ZiriTadi nawili 

mikroprocesorul marTvaSi didi gamoyeneba hpova  pid regulatorma, radgan TviT 
marTvis procesSic ki am tipis regulators SeuZlia programis daxmarebiT marTvis 

modificireba. analogur formaSi  pid regulatori aRiwereba Semdegi gamosaxulebiT.  

                          (1)                                                                                                                          

sadac  - integrebis droa da   - diferencirebis droa. diskretul formaSi 

warmodgenisas gamoiyofa T0  taqturi dro,  xolo u da x sidideebi ganixileba mxolod  

kT0, k=0, 1, 2 . . .   drois diskretul momentebSi.  SemoklebisaTvis weren uk=u(kT0), 
xk=x(kT0). aRniSnulis  Tanaxmad  diskretul warmodgenaSi integralebisa  da 
diferencialebis  mniSvnelobebi miaxloebiTia. diskretul CanawerSi gamosaxuleba (1) 

miiRebs saxes:  

                         (2)                                                                    
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gamosaxulebaSi mocemuli jami gamoiTvleba mTeli wina drois ganmavlobaSi 
TiToeul bijze. Tu gamosaxulebas davaprogramebT, ise rogorc es aris TiToeul bijze, 

gamoTvlis dro swrafad gaizrdeba da gaxdeba T0 qvantovanebis droze meti. garda amisa, 
garkveuli drois Semdeg, am gamosaxulebis gamosaTvlelad sakmarisi ar aris mTeli 
mikroprocesoruli mexsiereba. (yvela Sualeduri mniSvnelobis Senaxvis gamo).  

amitom, Tu yuradRebiT davakvirdebiT miTiTebul jams, SevamCnevT, rom TiToeuli 
(k-1) - dan k taqtze gadasvlisas emateba mxolod erTi wevri. es faqti SeiZleba 
gamoviyenoT Semdegnairad: Tu davwerT (2)-es analogiur gamosaxulebas  uk-1 -sTvis  anu 

wina taqtisaTvis da Semdeg me-(2) gamosaxulebas gamovaklebT mas, maSin jami “daiSleba” 
da miviRebT  
 

, 
saidanac  

, 
 romelic ufro Semoklebulad Caiwereba Semdegnairad 

     

                             (3) 

                                                               
es gamosaxuleba warmoadgens algoriTmis safuZvels.  

kT0 qvantovanebis mocemul intervalze marTvis signalis dasaTvlelad, saWiroa 

vicodeT marTvis signalis mniSvneloba k-1 intervalze, aseve x –is mniSvnelobebi 
qvantovanebis k, k-1, k-2 intervalebze. qi koeficientebi damokidebulia analoguri 
regulatoris parametrebze, magram TiToeuli garkveuli regulatorisaTvis aris mudmivi.  

programa, romelic axdens (3) gamosaxulebis realizebas mikroprocesoruli 
mowyobilobisaTvis, unda iTvaliswinebdes Semdegs: 

koeficienti q1 SeiZleba iyos uaryofiTi, igi Cveulebriv ar warmoadgens 

mTelricxva simravles. imis mixedviT Tu parametrebis ramdenad zusti mniSvnelobebia 
moTxovnili, maT SeuZliaT hqondeT ramdenime baitis mniSvneloba. u, x, qi -sTvis da 
Sualeduri SedegisaTvis mikroprocesoruli sistemis mexsierebaSi unda iyos gamoyofili 

adgilebi. uk –s gamoTvlamde unda vicodeT  da x -is mniSvnelobebi.  qvantovanebis 
yovel intervalze xk-1 mniSvneloba icvleba axali xk- iT. 
marTvis signalis gamoTvlamde aucilebelia monacemebi movaTavsoT Sesabamis adgilebze. am 
adgilebs eniWebaT saxelebi. Tu aRvniSnavT am saxelebs U,Qi, Xi  maSin (3)-e  gamosaxuleba 

SeiZleba CavweroT Semdegi saxiT:  

 
sadac < > kuTxovani frCxilebi aRniSnavs masSi moTavsebuli cvladis Sinaarss 
(mniSvnelobas). 

Tu CavwerT (3) –es  qvantovanebis ori intervalisaTvis, (erTi-meoris momdevno 

intervalisaTvis), miviRebT Semdegs: 
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davuSvaT,  rom  ukve gamovTvaleT uk..  sanam uk+1 gamovTvlideT, manam  monacemebi  

gavanawiloT Semdegi TanmimdevrobiT: 

1. marTvis uk signalis gamoTvlili mniSvneloba CavweroT mexsierebaSi, romlis 
saxelia U (marcxena isari). 

2. x1 ujris SigTavsi igzavneba  x2-is adgilas, e.i.  x1 → x2-Si. am dros xk-2 –i icvleba 

xk-1 –iT. xolo xk-2 -is Zveli mniSvneloba ikargeba (marjvena isari). 
3. x0 ujris SigTavsi anu marTvis cdomilebis mimdinare mniSvneloba iwereba 

mexsierebis  x1 ujraSi anu, x0 → x1 (Sua isari). 

4. marTvis gamoTvlili cdomileba Seitaneba mexsierebaSi x0-is saxeliT (qveda isari). 
 
miTiTebuli mimdevroba aris arsebiTi, radgan winaaRmdeg SemTxvevaSi daikargeba xk 

an xk-1 . gamravlebis moqmedebis Sesasruleblad saWiroa mexsierebis damatebiTi midamo, 
romlis sigrZe damokidebulia dasamuSavebeli sityvebis sigrZeze da gamoyenebul 
procesorze. aRniSnuli, ilustrirebulia Semdegi moqmedebebis TanmimdevrobiT:  

• marTvis cdomilebis gamoTvla;  

• TviTon marTvis signalis gamoTvla algoriTmis saSualebiT, marTvis signalis 
Cawera mexsirebis Sesabamis midamoSi;  

• marTvis signalis mniSvnelobis gamotana regulatoridan, marTvis cdomilebis 
daZvra;  

• qvantovanebis intervalis dasruleba. 
magaliTad, energosistemaSi simZlavris optimaluri ganawilebis gaangariSeba, 

qselebSi danakargebis da SezRudvebis gaTvaliswinebiT, dakavSirebulia didi raodenobis 

cvladiani arawrfiv gantolebaTa sistemis amoxsnaze.  

aseTi sistemis amoxsna SesaZlebelia mxolod mimdevrobiTi miaxloebis meTodiT, 

romelic dakavSirebulia didi raodenobis gamoTvlebTan. xSir SemTxvevaSi am meTodis 

gamoyeneba SeuZlebelia, radgan mimdevrobiTi miaxloebis meTodi yovelTvis ar aris 

krebadi e.i. miaxloebiTi mniSvneloba ver uaxlovdeba zust  amonaxsens. amitom bolo 

wlebSi daiwyes sxvadasxva avtomaturi mowyobilobebis gamoyeneba, romlebic asrulebs 

simZlavris optimalur ganawilebas, am  mowyobilobebs ayeneben energosistemis 

sadispeCero punqtebze da ZiriTadad iyeneben dispeCeris operatiuli informaciisaTvis. 

calkeul SemTxvevaSi isini gamoiyeneba, rogorc mmarTveli manqanebis elementebi.  

aseTi mowyobilobebi iZleva damoukideblad da operatiulad energosistemebisaTvis 

aqtiuri simZlavreebis optimaluri mniSvnelobebis Sesaxeb miTiTebebs. აnalogiuri 

mowyobilobebi, eleqtrosadgurebSi calkeul agregatebs Soris aqtiuri simZlavreebis 

optimalurad gasanawileblad, gamoiyeneba dispeCerebis mier.  

msgavsi mowyobilobebi umravles SemTxvevaSi iyenebs analogur teqnikas. am 

mowyobilobebs miekuTvneba amjamavi, funqcionaluri generatorebi, integratorebi da sxva.  

es mowyobilobebi uwyvetad amuSaveben dispeCeris an sadguridan telearxis mier Setanil 

informacias simZlavris optimaluri ganawilebisaTvis. amasTan erTad, amJamad 

SesaZlebelia mikroprocesorebis gamoyeneba iseTi programebiT, romlebic simZlavreebs 

anawilebs optimlurad da sadispeCero punqtebze asrulebs sistemis marTvas.  

mikroprocesori asrulebs avtomaturi marTvis dozirebis zemoqmedebis 

mowyobilobis funqcias. Semsrulebeli organoebi (So), avariamdeli informaciis 

telegadacemis saSualebebi, avariisa da marTvis brZanebebis informacia, axdenen am 

zemoqmedebebis realizebas.   kompleqsis centraluri nawilis SemadgenlobaSi SeiZleba  

Sediodes aseve marTvis zemoqmedebis dozirebis dammaxsovrebeli mowyobiloba.    
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3. daskvna 
 
Camoyalibebulia mikroprocesoruli sistemis marTvis algoriTmis struqtura, 

romelic dafuZvnebulia proporciul-integralur-diferencialuri regulatoris 
principze.  mocemulia algoriTmis diskretuli forma. naCvenebia programuli 
uzrunvelyofis principebi algoriTmis gamoTvlisaTvis.  moyvanilia energosistemis 

sadispeCero punqtze  mikroprocesoruli sistemis gamoyenebis magaliTi dispeCeris an 
telearxis mier Setanili informaciis dros.  
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Summary 
The  utilization  of  microprocessors  in  controlling  systems, their  abilities  to  develop flexible  

algorithms  and  applications are presented. The utilization  of  the  microprocessors  in  electric power  
control  system  to regulate  output  and  order  batching  capacities  is  discussed  as  an example.   In  
the  case  of  software  development  particular  methods  declared,  which  in  each  step  of  
quantization  applies  to  the  cells  of  memory.   The  feedback  as  well  as  the  control  quantization 
issues  are  defined.                                                                                                        .   
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Резюме 
Показанны возможности применения микропроцессоров в управляемых просессах, их 

возможности в реализации гибких алгоритмов и программ.  В качестве примера описана 
перспектива применения микропроцессора на диспетчерском  пункте энергосистемы  для 
оптимального распределения нагрузки и управляющих сигналов дозировки. Для разработки 
программного обеспечения описан специальный метод, с помощью которого на каждом шаге 
квантования обращаются к одним и тем же ячейкам памяти.   Разъяснены  вопросы квантования 
как обратной связи, так и сигналов управления.     

 
       
 


