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    uak 681.3 

                             

  saxelmZRvaneloSi  ganxilulia  mikroprocesoruli  sistemebis  

dagegmarebis sakiTxebi. igi  Sedgenilia  erTsaxela  kursis programis  

mixedviT  da  warmoadgens mis  pirvel  nawils. ganixileba mikrokontroleris  

arqiteqtura  AVR  ojaxis  erT-erT  mikrokontroleris  magaliTze. naSromSi  

aRwerilia mikrokontroleris  SemadgenlobaSi  Semavali  blokebis  

struqtura, maTi  muSaobis  principi da  urTierTkavSiri  mikrokontroleris  

muSaobis  dros. ramdenadac  mikrokontrolerebi  gamoiyeneba obieqtebis  

marTvis  sistemebSi, imdenad mniSvnelovani  adgili  eTmoba  

mikrokontrolerebis  obieqtebTan  kavSiris  organizacias  interfeisebis  

saSualebiT.  ganixileba  sxvadasxva  interfeisis  protokolebi.  

Mmikrokontrolerebis  sistemebis  proeqtirebis dros erT-erTi  centraluri  

adgili  ukavia  sistemis  funqcionirebis programis  Sedgenas, rac  aRwerilia  

Semdgom  nawilSi. Aamis  gamo  wignSi  mocemuli  masala  orientirebulia 

mikroprocesoris blokebTan  programis urTierTqmedebis  Seswavlaze  

sxvadasxva  amocanis  Sesrulebis  dros. 

saxelomZRvanelo  gankuTvnilia saqarTvelos  teqnikuri  universitetis  

informatikisa  da  marTvis  sistemebis  fakultetis Sesabamisi  specialobis  

studentebisaTvis  da  agreTve  im    specialistebisTvis,  romlebic  muSaoben  

mikroprocesoruli  sistemebis proeqtirebisa  da  eqsploataciis  sferoSi..  
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                        Sesavali 

dResdReobiT sxvadasxva obieqtis marTvisTvis farTod gamoiyeneba 

mikrokontroleris bazaze agebuli gamoTvliTi sistemebi.  

mikrokontroleri (ing. Micro Controller Unit, MCU) aris mikrosqema, romelic 

gankuTvnilia eleqtronuli mowyobilobebis marTvisTvis. mikrokontroleris 

erT kristalSi Serwymulia procesorisa da periferiuli mowyobilobebis 

funqciebi, Seicavs operatiuli mexsierebis mowyobilobasa (omm) da mudmivi mex-

sierebis mowyobilobas (mmm). Sinaarsobrivad is erT kristalSi  moTavsebuli 

kompiuteria, romelic asrulebs martiv amocanebs. erTkristalian mikro-egm-is 

gamoCenas ukavSireben marTvis procesSi kompiuteruli avtomatizaciis 

masobrivi gamoyenebis eris dasawyiss. 

erTkristalian mikro-egm-ze pirveli patenti gadaecaT amerikuli firma 

Texas instruments-is TanamSromlebs m.koCrens da g. bunus 1971 wels. maT mier war-

modgenili idea iyo, rom erT kristalze ganeTavsebinaT ara marto procesori, 

aramed mexsierebac Setana-gamotanis mowyobilobebTan erTad. 

1976 wels amerikulma firma Intel-ma Seqmna mikrokontroleri i8048. xolo 

1978 wels firma Motorola-am gamouSva Tavisi pirveli mikrokontroleri MC6801, 

romelic brZanebaTa sistemis mixedviT Tavsebadi iyo adre gamoSvebul MC6800 

mikroprocesorTan. oTxi wlis Semdeg 1980 wels firma Intel-ma gamouSva 

mikrokontroleri i8051. periferiuli mowyobilobebis moxerxebulma nakrebma, 

gare da Siga programuli mexsierebis amorCevis moqnilma SesaZleblobebma da 

misaRebma fasma ganapirobes am kontroleris warmateba bazarze. teqnikuri 

TvalsazrisiT mikrokontroleri i8051 im droisTvis warmoadgenda rTul 

nakeTobas, romlis kristalze ganTavsebuli iyo 128 aTasi tranzistori, rac 4-

jer aRemateba Teqvsmet Tanrigian mikroprocesor i8086-Si ganTavsebul 

tranzistorebis raodenobas. 

amJamad arsebobs 200-ze meti modifikaciis mikrokontroleri,  

romlebsac daaxloebiT oci kompania amzadebs. specialistebSi popularobiT 

sargeblobs 8-Tanriga Microchip Technology firmis PIC da Atmel firmis AVR 

mikrokontrolerebis ojaxebi, 16-Tanrigiani TI-firmis mikrokontroleri  

MSP430, aseve 32-Tanrigiani mikrokontroleri ARM arqiteqturiT, romelsac 

amuSavebs ARM Limited firma. 

mikrokontrolerebis proeqtirebis dros saWiroa davicvaT balansi erTi 

mxriv zomebsa da Rirebulebas Soris, xolo meore mxriv- moqnilobasa da 

warmadobas Soris. sxvadasxva gamoyenebisaTvis optimaluri Tanafardoba am da 

sxva parametrebisTvis sagrZnoblad gansxvavdeba, amitom arsebobs 

mikrokontrolerebis tipebis didi raodenoba, romlebic gansxvavdeba 

procesoruli modulis arqiteqturiT, CaSenebuli mowyobilobis zomiTa da 

tipiT, periferiuli mowyobilobis nusxiT, korpusis tipebiT da a.S. 

Cveulebrivi kompiuteris mikroprocesorisgan gansxvavebiT, 

mikrokontrolerebSi xSirad gamoiyeneba mexsierebis harvardis arqiteqtura, e.i. 

Sesabamisad, omm-sa da mmm-Si monacemebi da brZanebebi ganmxoloebulad inaxeba. 

garda omm-isa mikrokontrolers SeiZleba hqondes CaSenebuli energo-  

damoukidebeli mexsiereba programebisa da monacemebis SenaxvisaTvis. xSir 
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SemTxvevaSi kontrolerebSi saerTod ar arsebobs salteebi gare mexsie- 

rebasTan mierTebisTvis. yvelaze iaffasiani tipis mexsiereba gvaZlevs 

saSualebas mxolod erTjeradad movaxdinoT programis Cawera. aseTi 

mowyobilobebi gamoiyeneba masobriv warmoebebSi, sadac kontroleris 

programebis ganaxleba ar xorcieldeba. Kkontrolerebis sxva modifikaciebs 

gaaCniaT SesaZlebloba moaxdinos programebis mravaljeradi Secvla 

energodamoukidebel mexsierebaSi. 

qveviT mocemulia periferiuli mowyobilobebis arasruli sia,  romelic 

SeiZleba mikrokontrolerebSi iyos  CaSenebuli: 

universaluri cifruli portebi, romlebic SeiZleba aiwyos, rogorc 

Setanaze, aseve gamotanaze;   

 sxvadasxva Setana-gamotanis interfeisebi, rogorebicaa: UART, PC, 

SPI, CAN USB, IEEE 1394, Ethernet; 

  analogul-cifruli da cifrul-analoguri gardamsaxebi; 

  komparatorebi; 

  ganiv-impulsuri modulatorebi; 

  taimeri; 

  ukoleqtoro Zravebis kontrolerebi; 

  displeebisa da klaviaturis kontrolerebi; 

  radiosixSiruli mimRebebi da gadamcemebi; 

  CaSenebuli fleS-mexsierebis masivebi; 

  CaSenebuli taqturi generatori da modaraje taimeri. 

mwarmoeblebi cdiloben uzrunvelyon sakuTari nakeTobebis muSaoba 

maRal sixSireebze, amave dros damkveTebs aZleven modifikaciis arCevanis 

saSualebas, romlebic gaTvlilia sxvadasxva sixSirisa da kvebis Zabvaze 

muSaobisTvis. 

mikrokontrolerebis umetes modelebSi gamoiyeneba statikuri mexsiereba 

omm-sa da Siga registrebisTvis. es aZlevs kontrolers SesaZleblobas imuSaos 

dabal sixSireze da aseve ar dakargos monacemebi taqturi generatoris sruli 

gaCerebis gamo. xSiradaa gaTvaliswinebuli sxvadasxva energodamzogveli 

reJimebi, rodesac droebiT iTiSeba periferiuli mowyobilobebis nawili da 

gamomTvleli moduli.  

mikrokontrolerebi gamoiyeneba sxvadasxva mowyobilobebisa da maTi 

calkeuli blokebis marTvisTvis: 

 gamoTvliT teqnikaSi: dedaplatebi; diskwamyvanebis kontrole- rebi 

myari da moqnili diskebisTvis CD/DVD; 

 eleqtronikaSi da sxvadasxva sayofacxovrebo teqnikaSi, sadac 

gamoiyeneba marTvis eleqtronuli sistemebi: sarecx manqanebSi, mikrotalRur 

RumelebSi, telefonebsa da Tanamedrove xelsawyoebSi; 

 mrewvelobaSi: samrewvelo avtomatikis mowyobilobebSi - programuli 

reledan da CaSenebuli sistemebidan programirebad logikur kontro- lerebamde 

(plk); Carxebis marTvis sistemebSi (Cms). 

im dros, rodesac 8-Tanriga saerTo daniSnulebis procesorebi srulad 

gandevna ufro warmadma modelebma, 8-Tanriga mikrokontrolerebi kvlav farTod 

gamoiyeneba. es aixsneba imiT, rom arsebobs didi raodenoba moxmarebisa, sadac ar 
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moiTxoveba maRali warmadoba da rac mTavaria, aqvT dabali Rirebuleba, 

imavdroulad arsebobs mikrokontrolerebi, romlebsac gaaCniaT maRali 

gamoTvliTi SesaZleblobebi. 

mikrokontroleris programireba Cveulebriv xorcieldeba asembleris an 

C enebze, Tumca  arsebobs sxva enebis kompilatorebi. Aaseve gamoiyeneba 

CaSenebuli beisikis interpretatori.  

cnobilia C enis kompilatorebi mikrokontrolerebisTvis: 

 Code Vision AVR (AVR-isTvis); 

 I AR [1] (nebismieri mikrokontrolerisTvis); 

 Win AVR (AVR/AVR32 mikrokontrolerebisaTvis); 

 Keil (8051 da ARM arqiteqturisTvis); 

 HiTECH (8051 da ARM arqiteqturisTvis). 

programis gamarTvisTvis gamoiyeneba programuli simulatorebi 

(specialuri programebi, romlebic axdenen mikrokontroleris muSaobis 

imitacias personalur kompiuterebze); Siga sqemuri emulatorebi (eleqtronuli 

mowyobilobebi, romlebic aseve axdenen mikrokontroleris imitacias  uSualod  

obieqtTan  mierTebiT). 

 mocemuli wigni gankuTvnilia mikrokontroleris arqiteqturis 

Sesaswavlad. magaliTis saxiT ganixileba AVR  ojaxis erT-erTi yvelaze sruli 

mikrokontroleri Atmega 128. 
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                              Tavi I 

         mikrokontroler Atmega 128-is struqtura 

AVR Atmega 128 aris 8-bitiani mikrokontroleri, romelic bazire- bulia 

RISC arqiteqturaze.  

mikrokontroler Atmega 128–is struqturuli sqema mocemulia 1.1.suraTze. 

 

 sur.1.1. Atmega 128  mikrokontroleris struqturuli  sqema 

 

Atmega 128 mikrokontroleri Sedgeba Semdegi komponentebisgan: 

 128 kbaitiani  programirebadi  fleS-mexsiereba; 
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 4 kbaitiani eleqtronulad waSladi mudmivi mexsierebis       

mowyobiloba (EEPROM);  

 4 kbaitiani operatiuli mexsierebis  mowyobiloba (omm - SRAM); 

 32 saerTo moxmarebis (swrafi wvdomis) registri; 

 192 Setana-gamotanis registri; 

 oTxi moqnili taimer/mTvleli Sedarebis da  farTo impulsuri 

modulaciis reJimebiT; 

 2 universaluri sinqronul/asinqronuli mimReb/gadamcemi (USART); 

 orgamtariani interfeisi (TWI) orientirebuli baitebis gadace- maze; 

 8 arxiani 10 Tanriga acg;  

 programirebadi modaraje taimeri Siga generatoriT; 

 mimdevrobiTi porti SPI; 

 ariTmetikul-logikuri  mowyobiloba (alm); 

 Semadarebeli  mowyobiloba  (komparatori); 

 gare obieqtebTan dakavSirebisaTvis, 8 gamosasvleliani 7 porti; 

Mmikroprokontroleris birTvi aerTianebs 32 mravalfunqciur swrafi 

wvdomis registrs, romlebsac aseve saerTo moxmarebis registrebs uwodeben 

(General Purpose Registres). es 32-ive registri pirdapir ukavSirdeba ariTmetikul-

logikur mowyobilobas (alm), sadac sruldeba sxvadasxva  ariTmetikuli da  

logikuri operacia  registrebSi  Caweril  monacemebze  da Sedegi brundeba 

erT-erT registrSi. 

Mmikroprokontroleris SemadgenlobaSi Sedis sxvadasxva  daniSnu- 

lebis damamaxsovrebeli mowyobiloba: mikrokontroleris marTvis  programis 

Casawerad da  SenaxvisaTvis gamoyofilia  energodamoukidebeli programuli  

mexsiereba (FLASH- mexsiereba),romelSic programa  inaxeba  mikroprocesoris  

kvebidan gamorTvis SemTxvevaSic. misi tevadoba 128 kbaits Seadgens; monacemTa  

SenaxvisaTvis  gamoiyeneba operatiuli damamaxsovrebeli  mowyobiloba  (omm)  4  

kbaitis  tevadobiT,  romelSic  SesaZlebelia monacemTa  rogorc  Cawera,  ise  

amokiTxva; mudmivi monacemTa SenaxvisaTvis, romlebic ar icvleba  mikro 

kontroleris muSaobis ganmavlobaSi, gamoiyeneba aseve mudmivi  damaxsovrebis  

mowyobiloba  (EEPROM)  4 kbait  tevadobiT, romelSic  informacia  ar  

icvleba  kvebis  gamorTvis  Semdegac. 

warmodgenil mikrokontrolers gaaCnia sxvadasxva periferiuli  

mowyobilobebis farTo nakrebi: analogur cifruli gardamqmneli,  romelic 

analogur formiT warmodgenil signalebs gardasaxavs mikrokontro- 

lerisTvis Semdgom  dasamuSaveblad misaReb  cifrul  anu orobiT  formatSi; 

Semadarebeli mowyobiloba (komparatori),  romelic adarebs  or  analogur  

signals; 4 taimer/mTvleli, romelTa saSualebiT SesaZlebelia  drois  saWiro 

intervalis  aRricxva; modaraje  mTvleli  SesaZleblobas  iZleva  programis 

xelaxali gaSvebis, misi avariuli gaCerebis (“Camokidebis”) SemTxvevaSi. 

aRniSnuli  mowyobilobebi  warmodgenilia  blokebis  saxiT. TiToeuli  

bloki Tavis mxriv Seicavs registrebs, romelTa saSualebiTac xdeba  

procesoruli  birTvis  urTierToba  Sesabamis  mowyobilobebTan  sxvadasxva 

reJimSi  dayenebis  an maTi muSaobis Sedegis gamoyenebis mizniT.  es  



8 
 

registrebi Setana-gamotanis  registrebia. aseTi  registri  mikrokontrolerSi  

aris 192,  TiToeul  maTgans  aqvs  Tavisi  misamarTi.     

 mikrokontroleris  taqtirebisaTvis  igi  Seicavs  sxvadasxva  saxis  

ramdenime  sataqto  signalebis  generators: Siga  anu  CaSenebuls  da gare 

generators, romlis funqcionireba gare  sqemebiT xorcieldeba. 

gare mowyobilobilobebis mierTebisTvis kontroleris SemadgenlobaSi 

Sedis 7 ormimarTulebiani 8-Tanrigiani porti: PA, PB, PC, PD, PE, PG, PF. agreTve  

mimdevrobiTi  portebi  USART, SPI, TWI. 

 

1.1. mexsierebis organizacia 

mikroprocesori Seicavs sxvadasxva tipis da daniSnulebis mexsierebas:  

- programebis  mexsiereba,  romelSic  Caiwereba gamoyenebiTi ( Cven  mier  

Sedgenili) programebi; 

- monacemTa  mexsiereba,  romelSic  inaxeba  programisTvis  saWiro  

monacemebi;  

- mexsiereba mudmiv monacemebis SenaxvisaTvis, romlebic programis  

Sesrulebis  dros  ar  icvleba. 

Myvela tipis mexsiereba Sedgeba baitiani (8  Tanriga) ujredebisagan. 

TiToeul  ujreds  eniWeba  misamarTi  0-dan  N-mde  mexsierebis  tevadobis  

Sesabamisad. misamarTis  saSualebiT SesaZlebelia  mexsierebis  saWiro  

ujredTan  mimarTva  MmasSi  Caweris  an  amokiTxvis  mizniT. Mmexsierebis 

ujredebis misamarTebis  erToblioba  qmnis  e.w. samisamarTo  sivrces. 

kompiuterebSi  programebi  da  monacemebi erT  mexsierebaSia  Cawerili  da  

aqvT  erTi  saerTo  samisamarTo  sivrce.  warmodgenil mikrokontrolerSi  

gamoiyeneba  e.w.  harvardis  arqiteqtura, romlis  drosac  yvela  tipis  

mexsierebas  aqvs  Tavisi  samisamarTo  sivrce  da maTTan  mimarTvis  

salteebi,  rac  centralur procesoris  erTdrouli muSaobis SesaZleblobas 

iZleva sxvadasxva tipis  mexsierebasTan,  ris  gamoc  izrdeba  misi  warma- 

doba. mikrokontroler ATmega 128–is mexsierebis ganzogadebuli sqema naCvenebia 

1.2. suraTze.  

                1.1.1.  programebis mexsiereba 

programebis mexsiereba gankuTvnilia mikrokontroleris marTvis 

brZanebebis SenaxvisTvis. igi aseve xSirad gamoiyeneba konstantebis Senaxvi- 

sTvisac, romlebic ar icvleba programebis muSaobis dros. programebis 

mexsiereba aris programirebadi eleqtrulad waSladi mudmivi mexsierebis 

mowyobiloba (ewmmm) (FLASH - mexsiereba). vinaidan mikrokontroleris  

brZanebebis sigrZe erTi sityvis (16 biti) an misi jeradia ( moTavsebulia or an 

oris jerad  ujredSi), programis mexsierebas gaaCnia 16 Tanrigiani 

organizacia. Sesabamisad, mexsierebis moculoba 64k (64×1024) 16 Tanrigiani 

sityvaa. mikrokontroleris programebis mexsiereba logikurad or araTanabar 

nawilad იყოფა – gamoyenebiTi  da CamtvirTavი programebis areebi. am 

ukanasknelSi 
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programis mexsiereba             monacemTa mexsiereba 

 $0000  $0000 

 

 

 

                                        $0060 

 

                    F-END                                                                

 

                                                              S-END 

  

MmonacemTa mexsiereba 

 

                $0000                   

 

    

                                      E-END E-END 

 

sur. 1.2. Atmega 128  mikroprocesoris  mexsiertebis  struqtura 

SeiZleba ganTavsdes specialuri programa (CamtvirTavi), romelic 

mikrokontrolers aZlevs saSualebas damoukideblad moaxdinos gamoyenebiTi 

programebis programul mexsierebaSi CatvirTva da amotvirTva. CamtvirTavi 

programis realizacia da am aris gamoyeneba ganixileba qvemoT. misi gamoyeneba 

ar aris aucilebeli. Tu mikrokontroleris TviTprogramirebis SesaZlebloba 

ar gamoiyeneba, maSin gamoyenebiTi programa SeiZleba ganTavsebuli iyos  

mTlianad programebis  mexsierebaSi.  

$0000 misamarTis mqone  ujredSi ganTavsebulia e.w.  ganulebis  veqtori. 

igi  aris gadasvlis  brZaneba, romelSic  miTiTebulia im  ujredis  misamarTi,  

saidanac  iwyeba Cven  mier  CatvirTuli programa (es  programa SeiZleba 

ganTavsebuli iyos mexsierebis nebismier areSi). mikrokontroleris kvebasTan 

mierTebis Semdeg igi iwyebs muSaobas P $0000 misamarთიT Caweril brZanebasTan 

mimarTviT. aRniSnuli brZanebis Sesrule- bis Sedegad mexsierebaSi sruldeba 

gadasvla programaze da misi  Sesruleba. 

$0002  misamarTis ujredidan dawyebuli ganTavsebulia wyvetis veqtorTa 

cxrili. igi aris  ujredebis  erToblioba, romlebSic  Cawerilia wyvetis 

       

                                              
FLASH 

EEPROM 

saerTo  

daniSnulebis 

 32  registri 

Setana/gamotanis  

64  registri 

Setana/gamotanis 

160 damatebiTi  

registri 

Siga  statikuri 

omm 

G    gare  

statikuri  omm 
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veqtorebi. wyvetis veqtori monawileobs wyvetis  SesrulebaSi. wyveta 

SesaZleblobas aZlevs mikroprocesors reagireba  moaxdinos raime movlenaze 

gare  obieqtebSi  an  mikroprocesoris  SigniT. Mmovlenis warmoSobis 

SemTxvevaSi formirdeba wyvetis signali, romlis  safuZvelze  

mikrokontroleri  gadaerTveba wyvetis  Sesabamis  programis  Sesrulebaze. es  

sruldeba wyvetis veqtorebis saSualebiT. TiToeul  wyvetis signals 

Seesabameba raime programa, romlis misamarTic  miTiTe- bulia erT-erT wyvetis 

veqtorSi. wyvetis  veqtori  aseve  aris gadasvlis  brZaneba, romelic  

ganTavsebulia wyvetis  veqtorebis  cxrilis erT-erT  ujredSi. 

wyvetis signalis warmoSobis SemTxvevaSi mikrokontroleri mimarTavs 

Sesabamis ujreds cxrilSi da Seasrulebs iq Caweril  gadasvlis  brZanebas, 

romlis  Sedegadac sruldeba gadasvla am  wyvetis  Sesabamis  programaze.    

wyvetis veqtorebis raodenoba ganisazRvreba gamoyenebuli wyvetis 

raodenobis mixedviT. 

wyvetis veqtorebis cxrilis da ganulebis veqtoris adgilmdebare- oba 

SeiZleba Seicvalos. isini SesaZloa ganTavsdes ara mxolod programuli 

mexsierebis dasawyisSi, rogorc zemoT aris aRwerili, aramed CatvirTvis aris 

dasawyisSi. amis Sesaxeb informacias ganvixilavT mogvianebiT. 

im SemTxvevaSi, Tu programaSi wyveta ar gamoiyeneba an wyvetis veqtoris 

cxrili ganTavsebulia CatvirTvis areSi, maSin ZiriTadi programa SeiZleba 

daiwyos uSualod $0002   misamarTidan. 

1.3.sur.-ze naCvenebia informaciis ganawileba programebis  mexsiere- baSi 

     

 

                $0000    

                $0001    

                $0002    

                  • 

                  • 

                   $0046    

                $0047      

                 • 

                 • 

                 $----    

 

               $FFFF 

 

ganulebis  veqtori 

 

wyvetis  veqtori 1 

• 

• 

wyvetis  veqtori  n 

 

 

 

 

 
 
 
CamtvirTavi  programa 

wyvetis  

veqtorebis  

cxrili 

samomxmareblo  

programa 
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 sur.1.3. informaciis  ganawileba  programis  mexsierebaSi 

                    1.1..2. monacemTa mexsiereba 

mikrokontroler Atmega 128-is monacemTa mexsiereba dayofilia sam 

nawilad:  registruli mexsiereba, operatiuli mexsiereba (statikuri omm) da 

energodamoukidebeli mudmivi mexsierebis mowyobiloba (EEPROM).  

registruli mexsiereba moicavs 32 saerTo daniSnulebis registrs (sdr) 

da samomxmareblo Setana/gamotanis registrebs (Sgr). Setana/gamotanis  

registrebis simravle moicavs sxvadasxva daniSnulebis registrebs:  mikro- 

kontroleris marTvis registrs, mdgomareobis registrs, mikrokontro- lerSi 

CaSenebuli periferiul mowyobilobebSi Semaval  registrebs.            

პrogramis monacemTa SenaxvisaTvis, saerTo daniSnulebis registreb- is 

garda, SeiZleba gamoyenebul iqnes 4kbaitis moculobis statikuri omm. 

SesaZleblia mikrokontrolers miuerToT 64 kbaitamde moculobis gare 

statikuri omm.    

sxvadasxva informaciis (makalibrebeli konstantebi, seriuli nomrebi, 

gasaRebebi da a.S) xangrZlivi droiT SenaxvisTvis gamoyenebა mudmivi mexsiereba 

EEPROM. misi moculoba Seadgens 4kbaits. es mexsiereba ganTavsebulia calke 

samisamarTo sivrceSi, masTan wvdoma Sgr-s daxmarebiT xorcieldeba. 

            1.1.3 saerTo daniSnulebis registrebi 

 saerTo daniSnulebis yvela registri gaerTianebulia swrafi wvdomis 

registrul failSi, romlis struqtura naCvenebia 1.4.suraTze. rogorc aRvniS- 

neT, 32 sdr uSualod dakavSirebulia alm-Tan, aqedan gamomdinare nebismieri 

sdr SeiZleba gamoyenebuli iyos yvela brZanebaSi, rogorc operandebis 

wyaro/mimRebi. aseTi gadawyvetileba saSualebas iZleva alm-ma Seasrulos erTi 

operacia (amoikiTxos operandebi registruli failidan,  Seasrulos brZaneba 

da Sedegi Caweros registrul failSi) erT 

manqanur ciklSi. R0 

R1 

R2 

… 

R13 

R14 

R15 

R16 

R17 

… 

R26 

R27 

… 

R30 

 



12 
 

         

 

 

 

 

 

 

 

 

 

             sur.1.4.  saerTo  daniSnulebis  registrebi 

       1.1.4. Setana/gamotanis  registrebi 

pirobiTad yvela Setana/gamotanis registri (Sgr) SeiZleba gaiyos or 

jgufad: mikrokontrolerebis samomsaxureo registrebad da registrebad, 

romlebic konkretul periferiul mowyobilobas emsaxurebian (maT Soris 

Setana/gamotanis portebis registrebi). isini Seadgenen Setana/gamgamotanis 

ZiriTad 64 baitian da damatebiT 160 baitian sivrces. Setana/gamotanis 

registrebis CamonaTvali moyvanilia 1.1.cxrilSi          

 

cxrili 1.1. mikrokontroler Atmega 128–is Setana/gamtanis registrebi 

dasaxeleba funqcia F 
UCSR1C USART1-is marTvisa / mdgomareobis  C  registri 
UDR1 USART1-is monacemTa registri 
UCSR1A USART1-is marTvisa da mdgomareobis AA registri   
UCSR1B USART1-is marTvisa da mdgomareobis BB B registri B   U 

UBRR1L USART1-is gadacemis siCqaris A registri,  umcrosi  baiti   
UBRR1H USART1-is gadacemis siCqaris A registri ,Bufrosi  baiti 

UCSR0C USART0-is marTvisa da mdgomareobis C  registri  
UBRR0H USART0-is gadacemis siCqaris registri, ufrosi baiti 
TCCR3C T3 taimer / mTvlelis marTvis C registri 
TCCR3A T3 taimer/ mTvlelis marTvis A registri 
TCCR3B T3 taimer/ mTvlelis marTvis B  registri 
TCNT3H T3 taimer/ mTvlelis  mTvleliregistris ufrosi baiti  
TCNT3L T3 taimer / mTvlelis mTvleli  registris umcrosi baiti  
OCR3AH T3 taimer /mTvlelis Tanxvdomis A registris ufrosi baiti  
OCR3AL T3 taimer/ mTvlelis Tanxvdomis A registris umcrosi baiti  
OCR3BH T3 taimer /mTvlelis Tanxvdomis B registris ufrosi baiti     

OCR3BL T3 taimer /mTvlelis Tanxvdomis B  registris umcrosi baiti,    
OCR3CH T3 taimer /mTvlelis Tanxvdomis C registris ufrosi baiti         
OCR3CL T3 taimeris / mTvlelis Tanxvdomis C registris  umcrosi baiti       

R31 
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ICR3H T3 taimer /mTvlelis dapyrobis  registri   ufrosi baiti  
ICR3L  T3 taimer / mTvlelis dapyrobis registris  umcrosi baiti  
ETIMSK taimer/mTvlelidan wyvetis niRbis damatebiTi registri 
ETIFR taimer/mTvlelidan wyvetis almebis damatebiTi registri 
TCCR1C T1 taimer/ mTvlelis  marTvis C registri 
OCR1CH T1 taimer/ mTvlelis Tanxvdomis C registris ufrosi baiti  
OCR1CL T1taimer/ mTvlelis Tanxvdomis C registris umcrosi baiti  
TWCR TWIMmarTvis registri 
TWDR TWI monacemTa registri 
TWAR TWI samisamarTo registri 
TWSR TWI  mdgomareobis registri 
TWBR TWI gadacemis siCqaris registri 
OSCCAL taqturi generatoris dakalibrebis registri 
XMCRA A  gare mexsierebis marTvis A registri 
XMCRB B gare mexsierebis marTvis B  registri 
EICRA  gare wyvetebis marTvis A  registri  
SPMCR programebis mexsierebis marTvis registri 
PORTG G G portis monacemebis registri 
DDRG G G portis monacemebis mimarTulebis registri  
PING G G portis gamosasvleli  
PORTF F F portis monacemebis registri 
DDRF F F portis monacemTa mimarTulebis registri  
  
 
 
 
                                                                   (gagrZeleba) 
dasaxeleba                     funqcia 
 SREG mdgomareobis registri 
SPH stekis maCveneblis  ufrosi baiti 
SPL stekis maCveneblis  umcrosi baiti 
XDIV taqturi sixSiris gamyofis marTvis registri 

RAMPZ gverdis amorCevis registri 
 

EICRB gare  wyvetebis marTvis registri 
EIMSK gare  wyvetebis niRabis registri 
EIFR gare wyvedebis almebis registri 
TIMSK taimer/mTvlelidan wyvetis niRbis registri 
TIFR taimer/mTvlelidan wyvetis almebis registri 
MCUCR mikrokonroleris marTvis registri 
MCUCSR mikrokontroleris marTvisa da mdgomareobis registri 
TCCR0 T0 taimer/ mTvlelis marTvis registri 
TCNT0 T0taimer/ mTvlelis mTvleli registri 
OCR0 T0taimer/ mTvlelis  Tanxvdomis registri 
ASSR asinqronuli reJimis mdgomareobis registri 
TCCR1A T1 taimer/ mTvlelis marTvis A registri 
TCCR1B  T1taimer/ mTvlelis marTvis B registri 
TCNT1H   T1 taimer/ mTvlelis mTvleli registris ufrosi baiti  
TCNT1L T1taimer/ mTvlelis mTvleli registris umcrosi baiti   
OCR1AH  T1taimer/ mTvlelis Tanxvdomis A registris ufrosi baiti  
OCR1AL  T1taimer /mTvlelis Tanxvdomis A registris umcrosi baiti,  
OCR1BH  T1 taimer / mTvlelis Tanxvdomis B registris ufrosi baiti  
OCR1BL  T1taimer/ mTvlelis Tanxvdomis B registris umcrosi baiti  
ICR1H  T1taimer/ mTvlelis dapyrobis registris ufrosi  baiti  
ICR1L  T1taimer / mTvlelis dapyrobis registris umcros baiti  

TCCR2  T2taimer / mTvlelis  mTvleli registri 
OCR2  T2 taimer / mTvlelis  Tanxvdomis registri 
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OCDR Siga gamarTvis registri 
WDTCR modaraje taimeris marTvis registri 
SFIOR specialuri funqciebis registri 
EEARH EEPROM  misamarTis registris ufrosi baiti 
EEARL EEPROM  misamarTis registris umcrosi baiti 
EEDR EEPROM  monacemTa  registri 
EECR EEPROM marTvis registri 
PORTA A portis monacemTa registri 
DDRA A portis monacemTa mimarTulebis registri 
PINA A portis gamosasvlelebi 
 PORTB BBportis monacemTa registri 
DDRB B portis monacemTa mimarTulebis registri 
PINB B portis gamosasvlelebi 
PORTC  C portis monacemTa registri 
DDRC  C portis monacemTa mimarTulebis registri 
PINC  C portis gamosasvlelebi 
PORTD  D portis monacemTa registri 
 

 
 

 

                                                       
                                                              (gagrZelrba) 
DDRD D portis monacemTa mimarTulebis registri 

PIND D portis gamosasvlelebi 

SPDR SPI monacemTa registri 

SPSR SPI mdgomareobis registri  

SPCR SPI marTvis  registri 

UDR0 USART0 UmonacemTa registri 

UCSR0A USART0A marTvisa da A mdgomareobis A registri 

OCSR0B USART0 MmarTvisa da B mdgomareobis B registri 

UBRR0L USART0 Ugadacemis siCqaris registris umcrosi baiti 

ACSR analoguri komparatoris marTvisa da mdgomareobis registri 
ADMUX acg-is  multipleksoris marTvis registri 
ADCSRA acg-is  marTvisa da mdgomareobis registri 
ADCH acg-is  monacemis ufrosi baitis registri 
ADCL acg-s  monacemis umcrosi baitis registri  
PORTE E portis monacemTa registri 

DDRE E portis monacemTa mimarTulebis registri 

PINF E portis gamosasvlelebi 

 

Setana/gamotanis registrebs Soris aris registri SREG  (mdgomareo- bis  

registri), romelic yvelaze ufro xSirad gamoiyeneba programis Sesrulebis 

dros. misi TiToeuli Tanrigi Seesabameba raime alams, romelic gviCvenebs 

mikrokontroleris mimdinare mdgomareobas. almebis umravlesoba dgeba erTSi 

an nulSi gansazRruli situaciebis Seqmnis SemTxvevaSi (brZanebis Sesrulebis  

Sedegis Sesabamisad). registris yvela TanrigTan wvdoma SesaZlebelia, rogorc  

wakiTxvis, aseve Caweris reJimebSi.  

mikrokontroleris ganulebis Semdeg registris yvela Tanrigi nulovan 

mdgomareobaSi gadadis. registris formati naCvenebia 1.5. suraTze, xolo misi 

aRwera 1.2. cxrilSi. 
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      sur.1.5. SREG  registris  formati 

      1.1.5. monacemTa  energodamoukidebeli  mexsiereba 

mikrokontroler Atmega 128 aqvs 4 kilobaitis moculobis  energo- 

damoukidebeli (EEPROM ) mexsiereba. EEPROM mexsiereba ganTavsebulia Tavis 

samisamarTo sivrceSi. EEPROM mexsierebasTan muSaobisTvis gamoiyeneba 

Setana/gamotanis sami registri: misamarTebis  registri, monacemTa registri da 

marTvis registri. 

                                       

                                       14 

 

 

 

 
Tanrigebi  

 
dasaxeleba 

                  
             aRwera 

 
 
 
7 

 
 
 
I 

wyvetis saerTo nebarTva. Yyvela wyvetis nebis  darTvis- 
aTvis  wyvetis alami erTianSi unda iyos dayenebuli. 
calkeuli wyvetis nebarTva /akrZalva xorcieldeba  wyve- 
tis  niRbis registrebis Sesabamis TanrigebSi erTis an  
nulis CaweriT. Tu saerTo  wyvetis almis  mniSvneloba  
nulia, wyveta akrZalulia am  registrebis  Tanrigebis 
mdgomareobis  miuxedavad.. wyvetis almis ganuleba  xorci- 
eldeba aparaturulad, im dros, rodesac iwyeba wyvetis 
Sesruleba, wyvetis aRdgena moxdeba RETI  brZanebis  
meSveobiT momdevno wyvetis damuSavebis nebadarTvisaTvis.  

6 T 

bitis aslis Senaxva.  registris es Tanrigi gamoiyeneba 
,rogorc wyaro an mimRebi bitebis aslis aRebis  dros. 
saerTo daniSnulebis registridan nebismieri  miTiTebuli  
Tanrigi SeiZleba Caiweros am TanrigSi Dan  dayendes moce- 
muli  Tanrigis Semcvelobis Sesabamisad BspecialuriLD  
brZanebis gamoyenebiT. 

5 H 

 naxevar gadatanis  alami. am alamis dayeneba moxdeba 
erTianis mdgomareobaSi im SemTxvevaSi, Tu adgili eqneba 
gadatanas baitis umcrosi nawilidan  ufros nawilSi  ( 
mesame Tanrigidan meoTxe TanrigSi ) an  moxdeba sesxeba 
baitis ufrosi nawilidan umcros nawilSi) zogi- erTi 
ariTmetikuli operaciis  Sesrulebis dros. 

4 S 
niSnis .alami  am alamis  dayeneba 1-Si moxdeba   ariTme- 
tikuli operaciis Sesrulebis  Semdeg ,rodesac Sedegi 
naklebia nulze.  

3 V 
damatebiT kodSi gadavsebis alami. am alamis dayeneba mox- 
deba erTianSi im SemTxvevaSi, Tu adgili eqneba miRebul 

Cawera (R)/amokiTxva(W) 

sawyisi  mdgomareoba 
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cxrili  1.2.   SREG  mdgomareobis  registris  Tanrigebi                  

 

                     EEPROM misamarTebis registri 

EEPROM  mexsierebis misamarTis EEAR(EEPROM  Addres Register) registri 

fizikurad ganTavsebulia or EEARH:EEARL Setana/gamotanis  registrSi.  am 

registrebSi  CaitvirTeba ujredis 12-Tanriga misamarTi, romelTanac moxdeba 

mimarTva. misamarTis registrSi SesaZlebelia rogorc Cawera, aseve amokiTxva. 

amasTan, EEEARL registrSi iwereba misamarTis umcrosi 8  Tanrigi,  xolo 

misamarTis  ufrosi  oTxi  Tanrigi – EEARH  registris  umcros TanrigebSi. 

                          EEPROM monacemebis registri 

EEPROM  mexsierebis EEDR (EEPROM Data Register) aris 8 bitian monacemTa  

registri,  romelSic Caweris  operaciis  dros CaitvirTeba EEPROM-Si 

Casaweri monacemebi, amokiTxvis  operaciis dros  am registrSi  ganaTavsdeba 

EEPROM-dan amokiTxuli monacemebi. 

             EEPROM marTvis registri 

EEPROM  mexsierebis marTvis registri EECR ( EEPROM Control Register)  gamoiyeneba 

EEPROM  mexsierebasTan  mikiTxvis marTvisaTvis. am registris formati naCvenebia 

1.6.suraTze, xolo am registris aRwera warmodgenilia 1.3. cxrilSi. 

 

            sur.1.6. EECR  marTvis  registris  formati 

 

SedegSi TanrigTa badis gadavsebas da ricxvebi 
warmodgenilia damatebiT kodSi.  

2 N 

uaryofiTi mniSvnelobis alami. am almis dayeneba moxdeba 
erTianSi im SemTxvevaSi Tu Sedegis ufrosi 7-e Tanrigi 
erTianSia, winaaRmdeg SemTxvevaSi  alami toli iqneba 
nulis. 

1 Z 
 nulis  alami. am almis dayeneba erTianSi  im SemTxve- 
vaSi moxdeba Tu  operaciis Sedegi nulis tolia.    

0 C 
 gadatanis alami. am almis dayeneba erTianSi moxdeba im 
SemTxvevaSi Tu operaciis Sesrulebis  dros adgili hqon- 
da baitis ufrosi  Tanrigidan  gadatanas 

Tanrigi  dasaxeleba aRwera 
7.........4  gamouyenebeli  ikiTxeba rogorc  “0” 

3 EERIE 

EEPROM -dan wyvetis nebis darTva. es Tanrigi marTavs  
wyvetis generirebas,romelic formirdeba EEPROM-Si  Caweris 
ciklis damTavrebis Semdeg. (Tu SREG registris I Tanrigi 
erTianis mdgomareobaSia). EEWE Tanrigis nulovan mdgoma- 

wakiTxva  (R)/Cawera(W) 

sawyisi mniSvnelob 
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 cxrili 1.3. EECR  registris Tanrigebi 

 

EEPROM   mexsierebaSi  erTi baitis Casawerad saWiroa Semdegi etapebis  

Sesruleba: 

1. monacemis EPROM mexsierebaSi CawerisaTvis mzadyofnis molodini  

(molodini  manam, sanam ar  ganuldeba EECR registris  EEWE  alami); 

      

2. monacemis FLASH mexsierebaSi programis Caweris dasrulebis  molodini 

(molodini gagrZeldes manam ar moxdeba  SPMC registris SPMEN alamis 

ganuleba); 

3. CaitvirTos  EERD registrSi monacemTa baiti, xolo saWiro misamarTi - 

EEAR  registrSi; 

4. EECR  registris EEEMWE alamis  erTianSi dayeneba; 

5. EECR registris EEWE TanrigSi logikuri erTianis Cawera.  

meore punqtis Semotana ganapiroba iman, rom EEPROM mexsierebaSi Cawera 

SeuZlebelia Sesruldes erTdroulad  FLASH mexsierebaSi CawerasTan erTad. 

amitom EEPROM mexsierebaSi Caweris win unda davrwmundeT imaSi, rom 

dasrulebulia  FLASH   mexsierebis  daprogrameba. Tu programaSi ar aris 

CamtvirTavi, maSin mikrokontroleri  ver  Secvlis mexsierebaSi programis 

Semcvelobas, meore biji SeiZleba gamotovebuli iyos. 

Caweris ciklis damTavrebis Semdeg  EEWE Tanrigi avtomaturad ganul- 

deba, ris Semdegac programas SeuZlia Seasrulos Semdegi baitis Cawera. 

EEPROM  Caweris dros SeiZleba Seiqmnas garkveuli problemebi, romlebic  

wyvetebiT aris gamowveuli: 

1. Tu wyveta warmoiqmna EEPROM erTi baitis Caweris proceduris  CamonaTva- 

lis 4 da 5 etapebs Soris, maSin  EEPROM Caweris procedura Sewydeba, 

radganac EEMWE nuldeba wyvetis damuSavebis dros. 

2. Tu wyvetis qveprogramis damuSaveba daiwyo im dros, rodesac mimdinare- 

obda  EEPROM-Si  Cawera, moxdeba mikiTxva am mexsierebasTan, Seicvleba 

reobis yofnis dros wyvetis generacia mudmivad mimdinare- 
obs. 

2 EEMWE 

EEEPROM Caweris nebadarTvis marTva. am Tanrigis 
mdgomareoba gansazRvravs EEWE Caweris nebadarTvis alamis 
funqcioni- rebas. Tu mocemuli Tanrigi dayenebulia 
erTianis mdgomare- obaSi, EEWE-Si erTianis Cawerisas 
anxorcielebs monacemebis Caweras  EEPROM-Si. winaaRmdeg 
SemTxvevaSi EEWEerTianSi dayeneba araviTar efeqts ar 
iZleva. EEMWE  programuli dayenebis Semdeg misi Camogdeba 
aparaturulad  xorcieldeba.  

1 EEWE 

 EEPROM Caweris nebadarTva. am Tanrigis erTianSi dayenebis 
Semdeg ganxorcieldeba monacemebis Cawera EEPROM (Tu    
EEMWE erTianSia).  

0 EERE 

 EEPROM    wakiTxvis nebadarTva. am Tanrigis erTianSi  
dayenebis Semdeg sruldeba monacemebis wakiTxva EEPROM-dan. 
wakiTxvis dasrulebis Semdeg es Tanrigi avtomaturad  
ganuldeba. 
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EEPROM-is samisamarTo da monacemTa registrebis Semcveloba. ris Sede- 

gad pirveli Caweris procesi Sewydeba. 

zemoT CamoTvlil problemebs Tavi rom avaridoT rekomendebulia avkrZaloT 

yvela wyveta ( gavanuloT  SREG registris I  biti)  EEPROM  mexsierebaSi Caweris 

procesis 2....5 etapebis dros. 

wakiTxvis operaciis Sesrulebis win aseve  aucilebelia SevamowmoT  EEWE 

alamis mdgomareoba. saqme imaSia, rom  sanam sruldeba EEPROM-Si Caweris operacia 

(EEWE alami dayenebulia 1-Si), ar SeiZleba moxdes wakiTxva EEPROM  mexsierebidan da 

misamarTebis registris Semcvelobis Secvla. mas Semdeg, rodesac saWiro misamarTi 

CaitvirTeba EEAR  registrSi, aucilebelia EECR registris  EERE Tanrigis dayeneba 

erTianis mdgomareobaSi. EEDR registrSi monacemTa Caweris Semdeg Sesruldeba am 

Tanrigis aparaturuli ganuleba.  

 

                  1.2. brZanebaTa mTvleli   

brZanebaTa mTvleli aris registri, romlis daniSnulebaa programebis  

mexsierebaSi myofi brZanebebis misamarTebis avtomaturi formireba. 

Pprogramidan is pirdapir miuwvdomelia. brZanebaTa mTvlelis Semcveloba 

damokidebulia programuli mexsierebis moculobaze. Atmega 128 - 16 Tanrigiania 

(rac SesaZleblobas iZleva Caiweros  masSi 64 kilomde orbaitiani  ujredis 

misamarTi). 

programis normaluri Sesrulebis dros (rodesac  brZanebebi erTmaneTis 

mimdevrobiT sruldeba) brZanebaTa mTvlelis Semcveloba avtomaturad izrdeba 

erTiT an oriT (damokidebulia  Sesrulebul brZanebaze). amiT formirdeba 

brZanebis misamarTi, romelic momdevno manqanur ciklSi  unda  Sesruldes. es 

Tanamimdevroba icvleba gadasvlis brZanebis Sesrulebis, qveprogramis gamoZaxebisa 

da qveprogramidan ukan dabrunebis  an wyvetis warmoqmnis dros. 

kvebis CarTvis an mikrokontroleris ganulebis Semdeg brZanebaTa 

mTvlelSi CaitvirTeba sastarto misamarTi $0000. rogorc wesi am misamarTiT 

Cawerilia upirobo gadasvlis brZaneba programis dasawyisSi gadasvlisTvis. Aam 

brZanebis  Sesrulebis  procesSi programul mTvlelSi CaitvirTeba 

samomxmareblo programis sawisi  misamarTi saidanac iwyeba  programis  Sesru- 

leba.  

wyvetis warmoqnis dros brZanebaTa mTvlelSi CaitvirTeba Sesabamis 

wyvetis veqtoris misamarTi. Tu wyveta gamoiyeneba programaSi, maSin wyvetis 

veqtoris misamarTze unda Sesruldes wyvetis dammuSavebel qveprogramaze 

gadasvlis brZaneba. am SemTxvevaSic brZanebis Sesrulebis procesSi  mTvlelSi 

Caiwereba wyvetis programis sawyisi misamarTi da amis Semdeg igi  daiwyebs am  

programis  brZanebebis  misamarTebis  daformirebas. 

 

                       1.3.steki 

steki aris damamaxsovrebeli  mowyobiloba,  romelSic monacemTa  Ca- 

wera an amokiTxva sruldeba mimdevrobiT. mikroprocesor Atmega128-Si  steki- 

sTvis gamoiyeneba omm-is ujredebis nawili. stekis ujredebis  damisamarTeba 
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xdeba stekis maCveneblis saSualebiT. stekis maCveneblis rolSi gamoiyeneba 

Seyvana/gamoyvanis wyvili registri SPH:SPL. kvebis Zabvis miwodebis (an 

ganulebis) Semdeg am registrebSi Caiwereba nulebi. programis Sesrulebis win 

aucilebelia movaxdinoT stekis maCveneblis inicializacia da CavweroT masSi 

omm-is zeda misamarTi. Ees  misamarTi  aris  stekis  sawyisi  misamarTi. 

stekSi monacemTa Caweris SemTxvevaSi igi  iwereba stekis  maCvenebelSi  

arsebuli  misamarTis mqone ujredSi. Aamis  Semdeg  stekis  maCveneblis  

Semcveloba mcirdeba oriT (vinaidan  mikroprocesorSi steki  gamoyenebulia  

brZanebis  16 Tanriga  misamarTis  Casawerad  omm-is or  baitian  ujredSi). 

Mmomdevno  Cawera  sruldeba  stekis or  ujredSi  stekis  maCvenebelSi  

daformirebuli axali  misamarTiT. amis Semdeg  stekis  maCveneblis 

mniSvneloba kvlav mcirdeba da  a.S.  bolo  monacemTa Caweris Semdeg stekis  

maCvenebelSi  formirdeba  pirveli  Tavisufali  ujredis  misamarTi,  

romelsac  stekis  wvero  ewodeba.  amokiTxvis  SemTxvevaSi piriqiT stekis  

maCveneblis  Semcveloba  izrdeba  oriT da uCvenebs bolos  Caweril ujredis  

misamarTs,  saidanac  xdeba  amokiTxva. amgvarad, amokiTxva sruldeba mezobeli  

ujredebidan  mimdevrobiT, misamarTebis  gadidebiT. 

steki gamoiyeneba qveprogramis gamoZaxebis an wyvetis programaze  gadasv- 

lis dros e.w. dabrunebis misamarTis dasamaxsovreblad, romlis saSualebiT  

sruldeba qveprogramidan ZiriTad  programaze  dabruneba.  

steki misawvdomia programulad. stekTan muSaobisTvis brZanebaTa nakrebSi  

aris ori brZaneba: stekSi Setanis (PUSH) da stekidan amotvirTvis (POP).  

                              Tavi 2 

taqtireba, energomoxmarebis Semcirebis reJimi da ganuleba 

                        saerTo cnebebi 

MmikrokontrolerSi Semavali komponentebis muSaobis  sinqronizacia  

sruldeba sataqto impulsebis saSualebiT. sataqto impulsebis  mimdevroba 

miewodeba calkeul  blokebs, romelTa saSualebiT  sruldeba maTze  dakisre- 

buli  samuSao. Asataqto  signalebi xasiaTdebian  Tanamimdevrobis sixSiriT, 

gazomili kilo- an mega- hercebSi. rac  ufro  maRalia  sataqto  signalebis 

sixSire  miT  ufro  swrafad  muSaobs  mikrokontroleris  calkeuli bloki. 

sataqto sixSiris arCeva damokidebulia  mikrokontrolerisadmi wayenebul  

moTxovnebze.    

mikrokontroler Atmrga 128-Tvis SeiZleba gamoviyenoT gansxvavebuli  

sataqto signalebis wyaro, romelTac SeuZliaT sxvadasxva sixSiris sataqto  

signalebis  daformireba. upirveles yovlisa, es aris  kvarcis generatori 

mierTebuli gare rezonatorTan. aseve taqtirebisTvis SeiZleba iyos gamoyene- 

buli  martivi RC  generatori, rogorc Siga (makalibrebeli), aseve gare RC  

wrediT,  taqtirebisaTvis SeiZleba  agreTve gamoviyenoT   sinqronizaciis gare  

signalebic. 

mikrokontrolers gaaCnia energomoxmarebis Semcirebis ramdenime (6-mde) 

reJimi, e.w. “Zilis” reJimebi. es reJimebi saSualebas iZleva Semcirdes 
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mikrokontroleris energomoxmareba misi umoqmedobis periodSi. Eenergo- 

moxmarebis Semcirebis reJimebSi gadasvla xorcieldeba SLEEP brZanebiT. 

mikrokontroleris “Zilis” reJimidan gamosvlis dros sruldeba misi 

reinicializacia (ganuleba). 

mikrokontroleris  ganuleba xorcieldeba ara marto misi “gaRviZebis”, 

aramed rigi movlenebis dadgomis SemTxvevaSi. am movlenebs miekuTvneba: RESET 

(ganulebis) Sesasvlelze dabali donis signalis miwodeba, mikrokontroleris 

kvebis ZabvasTan CarTva, modaraje taimeris amoqmedeba. 

 

                2.1. sataqto  generatori 

mikrokontroleris sinqronizaciis gamartivebuli sqema naCvenebia 2.1. 

suraTze. rogorc suraTidan Cans, sistemuri taqturi signalis safuZvelze 

formirdeba damatebiTi signalebi, romlebic gamoiyeneba mikrokontroleris  

modulebisa da blokebis taqtirebisaTvis: 

  ClkCPU- centraluri procesoris sataqto signali, gamoiyeneba mikro- 

kontroleris blokebis taqtirebisTvis, romlebic pasuxismgebelia  

mikrokontroleris birTvis muSaobaze (registruli  faili, monacemTa 

mexsiereba da sxva). am signalis gamorTvis SemTxvevaSi centraluri 

procesoris mowyobiloba (cpm) wyvets Tavis muSaobas,  yvela gamoTvlebi 

Cerdeba; 

  ClkI/O _ Setana/gamotanis qvesistemis sataqto signals iyenebs periferiuli 

mowyobilobebis umravlesoba, rogoricaa taimer/mTvlelebi da interfeisuli 

modulebi;  
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      sur.2.1.  mikrokontroleris  taqtirebis  sqema 

 

 CIkFLASH – programis FLASH - mexsierebis marTvis sataqto signali. rogorc  

wesi es signali formirdeba centraluri procesoris sataqto signalTan 

erTad; 

 ClkASY  - asinqroruli taimer/mTvlelis sataqto signali. taqtireba 

xorcieldeba  uSualod gare kvarcis rezonatoridan.  

 ClkADC - acg modulis sataqto signali. aRniSnuli sataqto signali 

saSualebas iZleva ganxorcieldes analoguri  signalebis  gardaqmna 

cifrul  formatSi centralur  procesoris mowyobilobisa da 

Setana/gamotanis qvesistemebis gaCerebis SemTxvevaSi.  

rogorc moyvanili 2.1.sur.-dan Cans, mikrokontroleris  SemadgenlobaSi 

Sedis sxvdasxva SesaZleblobis  mqone  ramdenime  sataqto  generatori, 

romelTagan  mikroprokontrolerisadmi  wayenebuli konkretuli pirobebis  

Sesabamisad  SegviZlia  gamoviyenoT  erT-erTi. sataqto  generatoris amorCeva 

xdeba  CKSEL  registris  0-3  TanrigebSi  garkveuli  kodis  CaweriT.  

TiToeuli  generatoris  arCevisaTvis  saWiro  kodi  naCvenebia  2.1. cxrilSi. 

 

 

 

 

cxrili 2.1. sataqto  generatoris amorCeva 

 

 

 

 

 

            taqturi generatori gare rezonatoriT 

rezonatori uerTdeba  mikrokontroleris XTAL1  da XTAL2 gamomyvanebs, 

romlebic naCvenebia 2.2. sur-ze. es gamomyvanebia Sesabamisad taqturi generato- 

is  Sesasvleli da gamosasvleli. 

  

 
muSaobis reJimi 

 
CKSEL 0…3 

generator kvarcis an keramikuli rezonatoriT 1111.....1010 
dabali sixSiris kvarcis generatori    1001 

generatori gare RC  wrediT 1000-0101 

generatori  Sida RC  wrediT* 0100-0001 

taqtireba gare sinqronizaciis signaliT    0000 
* reJimi uTqmelobiT  
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  sur.2.2.  kvarculi  rezonatoris  mierTeba  

mikrokontrolerTan 

kvarculi  rezonatori Zabvis miwodebis Semdeg gamosasvlelebze  

aformirebs  sinusoidur  Zabvis  signalebs,  romlebic  miewodeba  XTAL1,  

XTAL2  SesasvlelebiT mikroprokontroleris Siga sqemas, sadac formirdeba 

sataqto signalebi. kvarculi rezonatorebi sxvadasxva sixSirisaa,  amitom 

Sesabamisi rezonatoris SerCeviT SegviZlia miviRoT sataqto impulsebis 

sasurveli  sixSire. 

            dabalsixSiriani kvarculi generatori 

reJimi gaTvaliswinebulia 32768 hcian kvarculi rezonatoris “saaTis 

kvarcis” sixSireze  gamoyenabisaTvis. rogorc yvela gare rezonatorebi, igi 

CairTveba mikrokontroleris XTAL1  da XTAL2  gamomyvanebTan. 

 

           taqtireba  gare sinqronizaciis signaliT 

signali gare wyarodan miewodeba XTAL1 Sesasvlels, romelic naCvenebia 

2.3.sur.-ze. 

        

 

                  sur.2.3. gare sinqronizaciis signalis mierTeba  

mikrokontrolerTan 

                           gare RC wredi 

im  SemTxvevaSi, rodesac ar aris moTxovna maRal drois sizusteze, 

SeiZleba gamoviyenoT martivi RC generatori. amasTan gare  RC wredi 

Kkvarculi  

rezonatori 

Aar  aris  

mierTebuli 

 signali  gare  

generatoridan 
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mierTebulia XTAL1 gamomyvanTan, rogorc es naCvenebia 2.4. sur-ze. RC wredSi 

formirdeba impulsebi kondensatoris damuxtva-ganmuxtvis gziT. impulsebis 

sixSire  da  amplituda ganisazRvreba C  kondensatoris da R  rezistoris 

SerCeviT. wredis kondesatoris  tevadoba unda iyos 22 pf  (min), rezistoris 

winaRoba unda SeirCes 3.3..........100kom diapazonSi. taqturi signalis sixSire  

ganisazRvreba formuliT  f /3 RC. aRniSnuli  signalebi  miewodeba XTAL1  

SesasvleliT  mikroprocesoris  Siga  sqemas, romelic gardasaxavs wredidan 

miwodebul signalebs  mikrokontro- lerisTvis  misaReb  formaSi. 

 

                 sur.2.4.  gare  RC  wredis  mierTeba  

                        mikrokontrolerTan 

            CaSenebuli generatori Siga RC wrediT 

 

Ees  generatori  CaSenebulia  mikrokontrolerSi RC  wredTan  erTad 

da  gare  wredebis  mierTebas  ar  saWiroebs. 

Siga RC generators SeuZlia imuSaos ramdenime fiqsirebul sixSireze. 

generatoris   muSa  sixSire  ganisazRvreba CKSEL  registris  0..3  TanrigebSi 

       

Sesabamisi  kodis  CaweriT, rac  naCvenebia @2.2. cxrilSi. 

    cxrili 2.2. Siga RC  generatoris  sixSiris  nusxa 

 

 

 

 

 

 

                  taqturi sixSiris marTva 

mikrokontroler Atmega 128 aqvs  SesaZlebloba saWiroebis SemTxvevaSi 

programulad Seamciros sataqto  generatoridan miRebuli signalebis  

 

CKSEL  0…3   
 

sixSire (mghc) 

0001* 1.0 
0010 2.0 
0011 4.0 
0100 8.0 

 * reJimi  uTqmelobiT 



24 
 

sixSire.  Uudavoa, rom sataqto sixSiris Semcireba iwvevs ClkCPU;  ClkI/O;  ClkFLAH;  

ClkADC,  da a.S. signalebis sixSireebis Semcirebas. e.i. mikrokontroleris yvela 

periferiuli mowyobilobebis muSaoba Seneldeba. sixSiris  dayofa  xdeba  

sqemaSi,  romelsac  winagamyofs  uwodeben. 

mikrokontroler Atmega 128 taqturi signalebis winagamyofis marTvisTvis 

gankuTvnilia Setana/gamotanis XDIV registri. am registris formati naCvenebia 

2.5.sur.-ze. 

 

 

               sur.2.5. XDIV   registris  formati 

registris ufrosi Tanrigi (XDIVEN) emsaxureba winagamyofis 

CarTva/gamorTvas, xolo danarCeni Tanrigebi (XDIV 0,,,6) gansazRvravs mikro- 

kontroleris taqtur sixSires. Tu aRvniSnavT XDIV0….6 Tanrigebis 

Semcvelobas d-Ti, taqturi sixSiris damokidebuleba  am Tanrigebis mdgoma- 

reobasTan ganisazRvreba gamosaxulebiT FCLK=generatoris sixSire /(129-d).  

XDIV0…6 Tanrigebis cvlileba SesaZlebelia mxolod XDIVEN Tanrigis 

ganulebul SemTxvevaSi. Tu es Tanrigi erTianis mdgomareobaSia, maSin 

mikrokontroleris taqturi sixSire ganisazRvreba zemoT warmodgenili 

gamosaxulebiT. XDIVEN Tanrigis ganulebis SemTxvevaSi, XDIV0..6  Tanrigebis 

mniSvnelobebi ignorirebuli iqneba. 

                                      

 

           2.2. Semcirebuli energomoxmarebis reJimebi 

rogorc  zeviT  iyo  aRniSnuli, energiis  dazogvis  mizniT  mikro- 

kontrolerSi  gaTvaliswinebulia  e.w.  “Zilis” mdgomareobaSi  gadasvla, 

rodesac  zogierT  mowyobilobas  Seuwydeba  sataqto  signalebis  miwodeba  

da  Cerdeba.  Aam  mdgomareobidan  gamosvla  xdeba raime  movlenasTan  

dakavSirebuli  wyvetis  signalis  mosvliT, ris  Sedegadac  mowyobiloba  

gaagrZelebs  muSobas. mikrokontrolerSi Ggamoiyeneba  energodazogvis  

ramdenime  reJimi,  romlebic  gansxvavdeba mikrokontroleris “Zilis”  reJimSi 

gadasuli periferiuli  mowyobilobebis  raodenobiT.      

“Zilis”  reJimis arCevisaTvis  gamoiyeneba MCUCR  Setana/gamotanis 

registri, romlis formati naCvenebia 2.6.sur-ze reJimis arCevaSi  monawileobs  

oTxi Tanrigi, romelTa  daniSnuleba  moyvanilia 2.3. cxrilSi (suraTze es  

Tanrigebi aRniSnulia Ria feriT ).   

wakiTxva (R)/Cawera(W) 

sawyisi  mniSvneloba 



25 
 

  

                sur.2.6. MCUCR  registris  formati 

 cxrili2.3.  MCUCR  registris  Tanrigebi “Zilis “ reJimis marTvisaTvis 

Tanrigis 
daniSnuleba 

 
                    aRwera 

 
SE 

Semcirebul energomoxmarebis reJimSi gadasvlis 
nebadarTva. am Tanrigis erTianSi dayeneba nebas  rTavs 
mikrokontrolers gadavides Semcirebul energomoxma- 
rebis reJimSi. gadarTva xorciel- deba SLEEP  brZane- 
bis meSveobiT. Tu SE Tanrigi ganulebulia brZaneba ar 
sruldeba  

SM2.........SM0  Semcirebuli energomoxmarebis reJimis amorCeva.  am 
Tanrigebis Semcveloba gansazRvravs, Tu romel reJimSi 
gadava mikro- kontroleri SLEEP  brZanebis Sesrulebis 
Semdeg. 

 

energomoxmarebis  Semcirebis  nebismier reJimze gadasvla xorcieldeba  

SLEEP  brZanebis meSveobiT. amasTan SE alami erTianis mdgomareobaSi unda iyos 

dayenebuli. mikrokontroleris  “Zilis” reJimSi gauTvaliswinebuli  

gadasvlis Tavidan asacileblad  rekomendebulia es alami dayenebuli iyos  

SLEEP  brZanebis uSualod Sesrulebis win. reJimi, romelzedac gadadis 

mikrokontroleri SLEEP brZanebis Sesrulebis Semdeg ganisazRvreba SM2.....SM0  

Tanrigebis mdgomareobiT. 

Sesabamisoba am Tanrigebis Semcvelobasa da energomoxmarebis Semcirebis 

reJimebs Soris mocemulia 2.4. cxrilSi. 

      

 

cxrili 2.4. Semcirebuli energomoxmarebis reJimis amorCeva 

wakiTxva (R)/Cawera (W) 

sawyisi  mniSvneloba 
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“Zilis” reJimidan gamosvla sruldeba wyvetis an ganulebis Sedegad. 

wyvetis generaciis dros mikrokontroleri gadadis muSa reJimSi,  

asrulebs wyvetis damuSavebis qveprogramas da misi  dasrulebis Semdeg 

ganaaxlebs programis Sesrulebas. energodazogvis reJimis Sesrulebis  

ganmavlobaSi Sgr, omm, sdr Semcvelobebi ar icvleba. 
 

Idle (molodinis reJimi) 

Idle reJimSi ClkCPU   da  ClkFLASH  sataqto signalebis formireba ar  xdeba.  mikro- 

kontroleris  centraluri  procesoris mowyobiloba Cerdeba, xolo yvela danarCeni 

periferiuli mowyobilobebi  (interfeisuli moduli, taimer/mTvleli, analoguri 

komparatori, acg, modaraje taimeri), aseve  wyvetis qvesistema, agrZelebs 

funqcionirebas. amitom Idle reJimidan gamosvla SesaZlebelia  rogorc gare, aseve Siga 

wyvetiT. Tu nebadarTulia acg-s muSaoba, maSin gardam- saxi daiwyebs gardaqmnas 

“Zilis” reJimSi gadasvlisTanave. 

Idle reJimis ZiriTadi upiratesoba aris is, rom  igi swraf reagirebas axdens 

movlenebze, romlebic iwvevs mikrokontroleris “gamoRviZebas”. sxva sityvebiT rom  

vTqvaT programis Sesruleba iwyeba maSinve, rodesac Idle reJimidan gadasvla xdeba 

muSa reJimSi.  

   ADC Noise Reduction (acg xmauris Semcirebis reJimi) 

mocemuli reJimis gamoyeneba  SesaZlebelia im modelebSi, romlis 

SemadgenlobSiac acg modulia. am reJimSi mikrokontroleris centraluri 

procesoruli mowyobiloba da Setana/gamotanis qvesistema wyvets muSaobas 

(gamoirTveba sataqto signalebi clkcpu, clkFLASH  da clkI/O ), xolo acg, gare wyvetis 

damuSavebis qvesistema, modaraje taimeri da TWI modulis misamarTis Sedarebis 

bloki agrZelebs muSaobas. aqedan gamomdinare acg Sesasvlelebze mcirdeba 

xelSeSla,  romelsac  iwvevs  mikrokontroleris   Setana/gamotanis  sistemis 

muSaoba, rac Tavis mxriv gvaZlevs  saSualebas gavzardoT gardaqmnis sizuste. 

Tu acg CarTulia  maSin gardaqmna iwyeba uSualod am “Zilis” reJimSi gadasv- 

lis Semdeg. 

S

SM2 

S

SM1 

S

SM0 
reJimebi 

0
0 

0
0 

0
0 Idle 

0
0 

0
0 

1
1 AADC Noise Reduction 

0
0 

1
1 

0
0 Power Down 

0
0 

1
1 

1
1 Power save 

1
1 

0 
0

0 
darezervirebulia 

1
1 

0
0 

1
1 

darezervirebulia 

1
1 

1
1 

0
0 Standby 

1
1 

1
1 

1
1 Extended Standby

* 

* es reJimi SesaZlebelia  mxolod kvarcis generatoris sataqto 
signalebis wyarod gamoyenebis dros 
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mikrokontroleris dabruneba muSa mdgomareobaSi SeiZleba ganxor- 

cieldes ganulebis Sedegad (aparaturulad, modaraje taimeridan, kvebis Zabvis 

Semcirebis aRmomCeni BOD  sqemidan) an zogierTi wyvetis signalis generaciis 

Sedegad. 

 

Pover Down (mikromoxmarebis reJimi) 

Pover Down reJimi gamorTavs yvela Siga taqtur signals, Sesabamisad 

funqcionirebas wyvets mikrokontroleris yvela sistema, romlebic sinqronul 

reJimSi muSaobs. imis gamo, rom mikrokontroleris sataqto generatori wyvets 

muSaobas Pover Down reJimSi, mikrokontroleris “gamoRviZebis” gamomwvevi 

movlenasa da mis muSaobis ganaxlebas  Soris saWiroa garkveuli dro, romlis 

ganmavlobaSic mikroprocesoris sataqto generatori gadis  samuSao  reJimze.   

Pover Down  reJimidan gamosvla SesaZlebelia an ganulebis Sedegad 

(aparaturulad, modaraje taimeridan), anda gare wyvetis generaciis Sedegad.  

 

Pover save  (ekonomiuri reJimi)  

es reJimi identuria Pover Down  reJimis, mxolod erTi gamonaklisiT: Tu 

mikrokontroleris taimer/mTvleli, romelic mxars uWers e.w. asinqronul 

reJimSi muSaobas ( misi taqtireba  sruldeba  calke generatoridan), maSin is 

imuSavebs mikrokontroleris “Zilis” reJimSic. amitom,  Pover save  reJimidan 

gamosvla SesaZlebelia ara mxolod Pover Down reJimSi  ganxiluli  

xdomilebis  Sedegad, aseve taimer/mTvlelidan wyvetis signaliTac, ra Tqma 

unda im SemTxvevaSi, Tu ki wyveta nebadarTulia. 

 Standby  

Standby  reJimi mTlianad identuria  Pover save  reJimis, im gansxvavebiT 

rom  taqturi generatori agrZelebs funqcionirebas. 

Extended Standby (molodinis gafarToebuli reJimi) 

Extended   Standby   reJimi Standby  reJimis  analogiuria. 

           2.3.  mikrokontroleris  ganuleba  

Mmikrokontroleris  reincializacias anu e.w. “ganuleba”-s gadahyavs  

mikrokontroleri sawyis mdgomareobaSi. ganuleba SeiZleba Sesruldes Semdegi  

mizeziT: 

 mikrokontrolerTan  Zabvis  mierTeba; 

 Ddabali  potencialis  miwodeba  RESET  gamomyvanze - apartatuli    

ganuleba;  

 Mmodaraje  mTvlelisagan;  

 Kkvebis  Zabvis  Semcireba  gansazRvruli  sidideze  qveviT; 

 JTAG  interfeisiT  miwodebuli  brZanebis  saSualebiT. 

Nnebismieri zemoT CamoTvlili mizezis warmoSobis SemTxvevaSi Seta- 

na/gamotanis yvela registrSi Caiwereba maTi  sawyisi  mniSvnelobebi, xolo  

brZanebis mTvlelSi Caiwereba ganulebis veqtoris misamarTi. Aam  misamarTze  
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imyofeba  samomxmareblo  programaze  gadasvlis  brZaneba  JMP. Tu programaSi 

wyveta ar gamoiyeneba, maSin  programis  Sesruleba daiwyeba ganulebis veqto- 

ris misamarTidan. ganulebis veqtori ganTavsebulia programuli mexsierebis 

dasawyisSi $0000  misamarTze. 

mikrokontroleris ganulebis sqemis logika Semdegia: movlenis dadgomis 

dros, romelsac mivyavarT mikrokontroleris ganulebamde, formirdeba Siga 

ganulebis signali. erTdroulad  gaiSveba ganulebis dayovnebis formirebis 

taimeri. gansazRruli drois Sualedis gasvlis Semdeg Siga ganulebis signali 

moixsneba da iwyeba programis Sesruleba. mikrokontroleri gvaZlevs  saSuale- 

bas ganvsazRvroT mizezi, ris Sedegac ganxorcielda mikrokontroleris 

ganuleba. aRniSnuli mdgomareobis gansazRvrisaTvis gamoiyeneba mikrokontro- 

leris marTvisa da mdgomareobis MCUCSR registri. am registrSi ganTavse- 

bulia almebis nakrebi, romelTa mdgomareoba damokidebulia im movlenaze, 

romelmac gamoiwvia mowyobilobis ganuleba. MCUCSR registris formati 

naCvenebia 2.7,sur-ze (Tanrigebi, romlebic ar miekuTvneba ganulebis qvesistemas, 

gamoyofilia ruxi feriT). almebis aRwera moyvanilia 2.5. cxrilSi 

 

              sur..2.7. CUCSR  registris  formati 

              ganuleba kvebis CarTvis dros 

mikrokontroleris SemadgenlobaSi Sedis kvebis CarTvis dros ganulebis  

sqema POR ( Power on Reset ). es sqema mikrokontrolers iWers ganulebis 

mdgomareobaSi,  sanam kvebis Zabva ar gadaaWarbebs romeliRac  VPOT   zRvrul 

mniSvnelobas. rodesac kvebis Zabva aRwevs VPOT   mniSvnelobas  POR sqema 

CarTavs ganulebis dayovnebis taimers. igi iTvlis tTOUP dayovnebis dros, 

romlis dasrulebis Semdeg Siga ganulebis signali moixsneba  da moxdeba 

mikrokontroleris gaSveba. 

              aparaturuli ganuleba 

mikrokontroleris aparaturuli (anu gare) ganuleba  xorcieldeba RESET  

gamomyvanze dabali donis signalis miwodebiT. mikroprocesori rCeba ganule- 

bis mdgomareobaSi manam, sanam RESET gamomyvanze aris dabali donis signali. 

rodesac RESET gamomyvanze Zabva miaRwevs Tavis zRrul VRST  mniSvnelobas, 

CairTveba ganulebis dayovnebis taimeri. tTOUT dayovnebis  Semdeg Siga ganulebis 

signali moixsneba da moxdeba mikrokontroleris gaSveba. aparaturuli 

ganulebis droiTi diagrama  naCvenebia 2.8.sur-ze. 

 

wakiTxva (R)/Cawera (W) 

sawyisi mniSvnelobebi 
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         sur. 2.8. aparaturuli  ganulebis  droiTi  diagrama 

 

cxrili 2.5. ganulebis wyaroebis almebis  MCUCSR  registi 

 

SeniSvna: BOD –Zabvis Semcirebis aRmomCeni sqema 

 

              ganuleba modaraje taimeridan 

modaraje taimeridan (Tu is CarTulia)  generirdeba ganulebis mokle 

dadebiTi impulsi, romlis xangrZlivoba mikrokontroleris  taqturi   

signalis   erTi periodis tolia. aRniSnuli impulsis frontis klebadobis 

dros formirdeba ganulebis Siga signali da CairTveba ganulebis dayovnebis 

taimeri. TTOUT   dayovnebis  Semdeg ganulebis Siga signali moixsneba da xorciel 

  

almebis 
daniSnuleba 

 
aRwera 

 

JTRF 

 

 JTAG – ganulebis alami.  erTianSi dayeneba xdeba,  JTAG  
interfeisiT  miwodebuli “AVR RESET” brZanebiT. Tanrigis ganu- 
leba xorcieldeba  kvebis gamorTviT an uSualod logikuri 
nulis CaweriT am TanrigSi. 
 

 

WDRF 

ganulebis alami  modaraje taimeridan. erTianSi dgeba Tu  
ganulebis wyaro modaraje taimeria.  Tanrigis ganuleba xorci- 
eldeba  kvebis gamorTvis an uSualod  logikuri nulis Cawe- 
riT am TanrigSi. 

 

BORF 

ganulebis alami Zabvis Semcirebis gamo. erTianSi dgeba BOD  

sqemidan. Tanrigis ganuleba xorcieldeba kvebis gamorTvis 
SemTxvevaSi an uSualod  logikuri nulis CaweriT am TanrigSi. 
 

EXRTF 

aparaturuli ganulebis alami .  dgeba  erTianSi, roca ganu- 
leba ganxorcieldeba ganulebis RESET gamomyvanze dabali 
donis signalis miwodebis dros. Tanrigi ganuldeba kvebis 
gamorTvis SemTxvevaSi an uSualod logikuri nulis  CaweriT am 
TanrigSi. 

 
PORF 
 

ganulebis alami kvebis CarTvisas. dgeba erTianSi  ,rodesac 
mikrokontrolers miewodeba kveba. Tanrigis ganuleba xorciel- 
deba  mxolod uSualod logikuri nulis CaweriT am TanrigSi. 

signali ganulebis  
dayovnebis  

taimeridan 

 Gganulebis  Siga  

signali 
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deba mikrokontroleris  gaSveba. modaraje taimeridan ganulebis droiTi 

diagrama naCvenebia 2.9.sur.-ze. 

  

sur.2.9. modaraje  taimeridan  ganulebis  droiTi  diagrama 

 

ganuleba kvebis  Zabvis Semcirebis dros 

mikrokontroler Atmega 128 Tavis SemadgenlobaSi gaaCnia BOD (Brown Out 

Detection)  sqema , romelic Tvalyurs adevnebs kvebis wyaros Zabvis sidides. Tu 

am sqemis muSaoba nebadarTulia ,maSin kvebis Zabvis Semcirebis dros 

romeliRac niSnulze dabla, mas gadahyavs mikrokontroleri ganule- bis 

mdgomareobaSi. xolo rodesac kvebis Zabva kvlav gaizrdeba zRvrul 

mniSvnelobamde, gaiSveba ganulebis dayovnebis taimeri. tTOUT  dayovnebis 

formirebis Semdeg Siga dayovnebis signali moixsneba da xorcieldeba 

mikrokontroleris gaSveba. droiTi diagrama, romelic Seesabameba BOD  

sqemidan ganulebis process naCvenebia  2.10.sur.-ze. 

 

    sur.2.10.  BOD  sqemidan  ganulebis  droiTi  diagrama 

BOD  sqemis marTvisaTvis gamoiyeneba ori makonfigurebeli ujredi. sqemis 

CarTva/gamorTvas marTavs makonfigurebeli ujredi BODEN  sqemis muSaobis 

nebarTvisaTvis  es ujredi unda iyos daprogramebuli  (Caiweros “0”). 

amoqmedebis zRvari ganisazRvreba makonfigurebeli ujrediT  BODLEVEL. Tu am 

ujredSi Cawerilia logikuri erTiani, maSin  amoqmedebis zRvari tolia 2,7 v. 

xolo Tu masSi Cawerilia logikuri “0” (misi daprogramebis Semdeg), amoqmede- 

  

signali  

modaraje 

taimeridan 

 
signali 

ganulebis 

taimeridandan 

 
Gganulebis 

Siga                

signali 

 

ganulebis  
dayovnebis signali  

taimeridan 

 
Gganulebis   Siga  

signali 
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bis zRvari tolia 4,0 v. sqemis amoqmedeba ganxorcieldeba mxolod im 

SemTxvevaSi, roca  kvebis Zabvis Cavardnis xangrZlivoba meti iqneba romeliRac 

sidideze. Cavardnis xangrZlivobis minimaluri mniSvneloba 2 mkwm Bsqemis 

nebismieri reJimis muSaobis dros. 

     ganulebis sqemis marTva 

ganulebis sqemis marTva mdgomareobs tTOUT  ganulebis signalis dayovnebis 

xangrZlivobis dayenebaze. amisaTvis gamoiyeneba igive konfiguraciis ujredebi, 

romlebic gansazRvravs mikrokontroleris taqturi generatoris  muSaobis 

reJims.  
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                         Tavi 3 

                          wyveta 

wyvetas uwodeben moqmedebas, romlis drosac mikrokontroleri wyvets 

programis normalur mimdinareobas prioritetuli amocanis Sesrulebis mizniT, 

romelic ganisazRvreba mikrokontroleris Siga an gare movlenebis safuZvelze. 

wyvetis gamomwvevi  movlenis dadgomis  dros formirdeba wyvetis moTxovnis 

signali, ris  safuZvelze mikrokontroleri inaxavs stekSi brZanebis mTvlelis 

Semcvelobas (anu programis momdevno  brZanebis  misamarTs, romlis  winac  

moxda  wyveta)  da CatvirTavs masSi Sesabamis wyvetis veqtoris misamarTs. am 

misamarTze, rogorc wesi, ganTavsebulia wyvetis damuSavebis qveprogramaze 

upirobo gadasvlis brZaneba. es brZaneba Tavis mxriv Seicavs aRniSnuli wyvetis 

programis  sawyis misamarTs, romelic Caiwereba brZanebis mTvlelSi. Sedegad  

mikrokontroleri daiwyebs wyvetis programis Sesrulebas. wyvetis damuSavebis 

programaSi bolo  brZaneba unda  iyos  stekidan  misamarTis  dabrunebis  

brZaneba  RETI,   romelic aRadgens adre Senaxul brZanebis mTvlelis 

Semcvelobas da  uzrunvelyofs ZiriTad programaSi dabrunebas. 

ramdenadac wyvetis wyaros warmoadgenen mikrokontroleris sxvadasxva 

periferiuli mowyobilobebi, imdenad wyvetis raodenobas gansazRvravs 

konkretuli modeli. Atmega 128-Si SesaZlebelia gamoyenebuli iyos 34 

saxvadasxva  wyveta. 

 

               3.1.wyvetis veqtorebis cxrili 

mikrokontroler Atmega 128-s gaaCnia prioritetuli wyvetis mraval- 

doniani sistema. programis mexsierebis umcrosi misamarTebi, dawyebuli $0002 

misamarTidan, gankuTvnilia wyvetis veqtoris cxrilisaTvis. yovel wyvetas am 

cxrilidan Seesabameba misamarTi, romelic CaitvirTeba brZanebaTa mTvlelSi 

wyvetis warmoqmnis SemTxvevaSi. cxrilSi veqtoris mdgomareoba aseve  

gansazRvravs Sesabamisi wyvetis prioritets: rac mcirea misamarTi miT maRalia 

wyvetis prioriteti (misi momsaxureba Sesruldeba pirvel rigSi). wyvetis 

veqtoris zoma 2 baitia. wyvetis qveprogramebis damuSavebaze gadasvlisaTvis 

gamoiyeneba  JMP  brZaneba. qveviT warmodgenil 3.1. cxrilSi  moyvanilia  

mikrokontroler  Atmega 128 wyvetis veqtorebis  CamonaTvali.   

Tu mikrokontroleris muSaobis dros wyveta ar aris gaTvaliswinebuli, 

maSin wyvetis veqtoris cxrilebis adgilze SesaZlebelia  ganTavsebuli iyos 

ZiriTadi programis nawili. 

 

                 3.2.wyvetis damuSaveba 

wyvetis globaluri nebadarTvis/akrZalvisaTvis gankuTvnilia SREG  

registris I alami. wyvetis nebadarTvis  dros is unda iyos dayenebuli 

erTianis mdgomareobaSi, xolo akrZalvis dros - ganulebul mdgomareobaSi. 

wyvetis individualuri nebadarTva an akrZalva (SeniRbva) xorcieldeba 
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calkeul modulebSi  wyvetis niRbis registris Sesabamisi Tanrigis 

dayeneba/ganulebiT, romelic ganixileba qveviT. 

 

cxrili 3.1. Atmega 128 mikrokontroleris wyvetis veqtorebis cxrili 

wyaro aRwera misamarTi 

INT0 gare wyveta 0 $0002 
INT1 gare wyveta 1 $0004 
INT2 gare wyveta 2 $0006 
INT3 gare wyveta 3 $0008 
INT4 gare wyveta 4 $000A 
INT5 gare wyveta 5 $000C 

INT6 gare wyveta 6  $000E 
INT7 gare wyveta 7 $0010 

TIMER2COMP T2 taimer/mTvlel-is Tanxvdena $0012 
TIMER2OVR T2 taimer/mTvlel-is  gadavseba $0014 
TIMER1CAPT T1 taimer/mTvlel-is   dapyroba $0016 
TIMER1COMPA  T1 taimer/mTvlelis  Tanxvdena  “AA” $0018 
TIMER1COMPB T1  taimer/mTvlel-is  Tanxvdena “BB” $001A 

TIMER1OVR T1  taimer/mTvlel-is   gadavseba $001C 
TIMER0 COMP  T0  taimer/mTvlel-is   Tanxvdena $001 E 

TIMER0 OVR T0  taimer/mTvlel-is   gadavseba $0020 
SPI,STC SPI- T gadacema dasrulebulia $0022 
USART0,RX USART0, miReba dasrulebulia $0024 
USAT0,UDRE USART0, monacemebis registri carielia $0026 
USAT0.TX USART1,  gadacema dasrulebulia $0028 
ADC acg gardaqmna dasrulebulia $002A 
EE -RDY EEPROM,mzadyofnaSia $002C 
ANA -COMP analoguri komparatori $002E 
TIMER1COMPC T1 taimer/mTvlel-is Tanxvdoma “C” $0030 
TIMER3CAPT T3  taimer/mTvlel-is dapyroba $0032 
TIMER3CAPTA T3  taimer/mTvlel-is Tanxvdoma “A” $0034 

TIMER3CAPTB T3  taimer/mTvlel-is Tanxvdoma “B” $0036 
TIMER3CAPTC T3  taimer/mTvlel-is Tanxvdoma “C” $0038 
TIMER3OVF T3  taimer/mtvleli-is gadavseba $003A 
USART1,RX USART1 ,gadagzavna dasrulebulia $003C 
USART1,UDRE USART0,  monacemebis registri carielia $003E 
USART1,TX USART1, gadacema dasrulebulia $0040 
TWI gadavseba TWI modulidan $0042 

SPM- RDY mzadyofna SPM $0044 

 

wyvetis warmoqmnis dros SREG  registris I alami aparaturulad 

ganuldeba,  riTac aikrZaleba momdevno wyvetis damuSaveba. magram wyvetis 

damuSavebis qveprogramaSi es alami SeiZleba xelaxla dayendes erTianis 

mdgomareobaSi  CarTuli  wyvetis nebis darTvisaTvis. wyvetis damuSavebis 

qveprogramidan dabrunebis SemTxvevaSi (RETI  brZanebis Sesrulebis dros) I 

alami dayendeba aparaturulad. 

yvela arsebuli wyvetebi SesaZlebelia daiyos or tipad: pirveli tipis 

wyveta generirdeba zogierTi movlenis dadgomis dros, romlis Sedegadac 

xdeba wyvetis almis dayeneba. im SemTxvevaSi Tu wyveta nebadarTulia, maSin 

brZanebaTa mTvlelSi CaitvirTeba Sesabamisi wyvetis veqtoris misamarTi. amave 
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dros ganuldeba wyvetis alami aparaturulad. wyvetis almis ganuleba aseve 

SeiZleba ganxorcieldes programulad logikuri erTianis CaweriT registris 

Sesabamisi almis   TanrigSi. 

saWiroa gvaxsovdes, rom  wyvetis damuSavebis programis gamoZaxebis dros 

SREG  mdgomareobis registris Semcveloba ar Seinaxeba. amitom momxmarebelma  

damoukideblad unda Seinaxos am registris Semcveloba wyvetis damuSavebis 

programaSi gadasvlis dros (saWiroebis SemTxvevaSi) da aRadginos misi 

mniSvneloba RETI  brZanebis gamoZaxebis win. 

Tu  wyvetebis  saerTo akrZalvis  SemTxvevaSi  generirda  erTi  an  

ramdenime  wyvetis moTxovna, xdeba maTi dafiqsireba Sesabamis almebis  

dayenebiT, im mizniT, rom wyvetis nebis darTvis Semdeg wyvetebi  Sesruldes  

maTi  prioritetis  mixedviT.  

mikrokontrolerSi  gamoyenebulia  wyvetebis  momsaxurebis  rigiTobis 

principi ramdenime  wyvetis moTxovnis erTdrouli  warmoSobis  SemTxvevaSi. am 

mizniT wyvetebis moTxovnebs eniWebaT momsaxurebis  sxvadasxva prioriteti. 

ufro maRali prioritetis mqone moTxovna  momsaxurebuli  iqneba naklebi  

prioritetis  moTxovnis  win. 

wyvetis  moTxovnebi  SeiZleba  dagenerirdes  gare  sqemebSi  da  

miewodos mikrokontrolers gamomyvanebis saSualebiT an mikrokontroleris 

SigniT arsebul  blokebSi. yovel moTxovnisaTvis gamoyofilia  Tanrigebi 

(wyvetis almebi),  romlebSic  fiqsirdeba  wyvetis  moTxovnebi. winamdebare  

TavSi ganixileba  gare  wyveta, Siga  wyvetebi  ki ganxiluli  iqneba Semdgom  

TavebSi, calkeuli  modulebis  Seswavlis  dros. 

 

                   3.3.gare wyveta 

gare wyvetis moTxovna miewodeba mikrokontrolers sxvadasxva gare sqemi- 

dan rva  gamomyvanis  saSualebiT, romlebic  aRiniSneba  INT0-INT7-T. 

Atmega128    gare   wyvetis  nebadarTvis/akrZalvisaTvis   gankuTvnilia 

EIMSK (External  Interrupt MaSK – gare  wyvetebis  niRbebi )  niRbebis registri, 

romelic  Sedis  Setana/gamotanis  registrebis SemadgenlobaSi. am registris 

formati naCvenebia 3.1.sur.-ze.          

  

 sur.3.1. EIMSK  registris  formati 

registris yoveli INTn Tanrigi asrulebs im wyvetis nebis darT- 

vas/akrZalvas, romlis  nomeri Seesabameba  Tanrigis nomers. Tu registris n-

uri TanrigSi Cawerilia erTiani da SREG I alami erTianis mdgomareobaSia, 

maSin INTn gamomyvanebidan wyveta nebadarTulia. 

 

  

wakiTxva  (R)/Cawera (W) 

sawyisi  mniSvneloba 



35 
 

Atmega128  gare wyvetis indikaciisaTvis gankuTvnilia EIFR (External Interrupt  

Flag Register-gare wyvetebis almebis registri). am registris formati naCvenrbia 

3.2.sur.-ze. 

 

 sur.3.2.  EIFR  registris  formati 

 

mikrokontroleris INTn  gamosasvlelze  wyvetis moTxovnis SemTxvevaSi 

Sesabamisi alami INTFn  (registris n-uri Tanrigi) dayendeba erTianis 

mdgomareobaSi. alami Camoigdeba aparaturulad wyvetis qveprogramis 

damuSavebis dros an masSi logikuri erTianis CaweriT,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      

wakiTxva (R)/Cawera (W) 

sawyisi  mniSvnelobebi 
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                             YTavi  4 

        Setana/gamotanis portebi 

Ggare mowyobilobebTan kavSirisaTvis mikrokontroleri Seicavs 

Setana/gamotanis  portebs.    

mikrokontroleris TiToeul ports aqvs gansazRvruli raodenobis 

gamomyvanebi, romlebic uzrunvelyofs cifruli signalebis miRebas da 

gadacemas.  monacemTa gadacemis mimarTulebis gansazRvra Setana/gamotanis 

nebismieri kontaqtis gavliT SeiZleba ganxorcieldes drois nebismier 

momentSi programulad. 

 AAtmega 128 aqvs eqvsi ( A,B,C,D,E,F) 8 Tanrigiani Setana/gamotanis  porti 

da erTi xuT Tanrigiani Setana/gamotanis G porti. sul Setana/gamotanis 

kontaqtebis raodenoba 53. 

 

           Setana/gamotanis portebis registrebi 

TiToeuli porti Seicavs sam Setana/gamotanis registrs, romelTa  

saSualebiT xorcieldeba  portebTan wvdoma:  PORTx portis monacemis 

registri, saidanac gaicema winaswar Cawerili monacemebi portis gamomyvanebze; 

DDRx gadacemis mimarTulebis registri, romlis mdgomareoba gansazRvravs 

gadacemis mimarTulebas; PINx portis Setanis registri, sadac iwereba  

gamomyvanebidan miRebuli monacemebi. registris namdvili dasaxeleba  miiReba 

<x>-is nacvlad portis dasaxelebis CasmiT. Sesabamisad, A portisaTvis -  PORTA, 

DDRA, PINA, B  portisaTvis – PORTB, DDRB, PINB. da ase Semdeg. ramdenadac PINx  

რეგისტრის daxmarebiT xorcieldeba wvdoma portis gamomyvanebis signalebis 

fizikur  mniSvnelobებTan, misgan SesaZlebelia mxolod wakiTxva. danarCeni or 

registrSi SesaZlebelia rogorc  Cawera,  aseve wakiTxva.  

 

         Setana/gamotanis portebis konfigurireba 

 

TiToeul portis gamosasvlels  Seesabameba TiTo Tanrigi 

Setana/gamotanis sami registridan: PORTxn(PORTx), DDRxn(DDRx)  da PINxn (PINx).  

registris Tanrigebis  dasaxeleba  miiReba <n>  simbolos magivrad Tanrigis 

nomris  CasmiT. magaliTad, A portis 0-Tanrigi - rogorc PORTA0.  Pportis 

gamomyvanis rigiTi nomeri Seesabameba am portis registris  Tanrigis rigiT 

nomers. rodesac portis Tanrigebis raodenoba rvaze naklebia, isini iwerebian 

umcros TanrigebSi. registrebis gamouyenebeli ufrosi Tanrigebi SeRwevadia 

mxolod wakiTxvisaTvis da masSi Cawerilia “0”. 

DDRx  registris DDRxn  Tanrigi gansazRvravs monacemebis gadacemis 

mimarTulebas Setana/gamotanis kontaqtebis gavliT. Tu es Tanrigi dayenebulia 

“erTianis “ mdgomareobaSi,  maSin portis n-uri gamomyvani aris gamosasvleli, 

xolo roca dayenebulia “nulSi”, maSin -Sesasvleli. 



37 
 

Tu gamomyvani funqcionirebs rogorc gamosasvleli (DDxn=1), es Tanrigi 

gansazRvravs portis n-uri gamosasvlelis mdgomareobas (monacemebis gamotanas). 

roca gamomyvani registris PORTxn Tanrigi “erTianSia”, gamomyvanze  iqneba 

maRali donis Zabva, “nulianis” SemTxvevaSi gamomyvanze iqneba dabali donis 

Zabva. 

roca gamomyvani funqcionirebs rogorc Sesasvleli (DDRxn=0), monacemebi 

Seitaneba PINxn registris TanrigSi programis mier Semdgomi wakiTxvisaTvis. 
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                        Tavi 5 

                 taimer / mTvlelebi 

                      saerTo cnobebi 

mikrokontroleri  Atmega 128  Seicavs saerTo daniSnulebis oTx 

taimer/mTvlels, romlebic aRiniSneba rogorc T0,T1,T2,T3. TiToeul  maTgans  

SeuZlia  sxvadasxva  funqciis  Sesruleba. 

TO taimer/mTvlels gaaCnia funqciebis minimaluri anakrebi. igi SeiZleba  

gamoyenebuli iyos droiTi intervalebis aRricxvisa da gazomvisaTvis an 

rogorc gare movlenebis mTvleli, ganivimpulsuri moduliaciis (gim) 

signalebis generaciisaTvis. aseve mas aqvs SesaZlebloba  imuSaos asinqronul 

reJimSi, rogorc realuri drois saaTi.. 

taimer/mTvleli T1  aseve SesaZlebelia gamoyenebuli iyos  droiTi 

intervalis aTvlisaTvis da rogorc gare movlenebis mTvleli. Aamis garda, mas  

SeuZlia  daimaxsovros  Tavisi  mdgomareoba  gare  signalis  saSualebiT. 

rogorc taimer/mTvlel T0-s mas SeuZlia muSaoba rogorc ganiv-impulsuri 

modulatori.   

taimer/mTvlel T2   mTlianad analogiuria  taimer/mTvlel TO-s. erT-erT 

maTgans SeuZlia muSaoba asinqronul reJimSi, xolo meores gare movlenebis 

mTvlelis rangSi. 

taimer/mTvlel T3 funqciuri SesaZleblobiT identuria taimer/mTvlel  

T1-s. 

mikrokontroleris SemadgenlobaSi  Sedis aseve modaraje taimeri, 

romelic aris  aucilebeli atributi yvela Tanamedrove mikrokontro- 

lerebisaTvis. es taimeri gvaZlevs saSualebas Tavi avaridoT programis 

arasanqciur dacikvlas, romelic warmoiqmneba ama Tu im mizezis gamo.  

 

          5.1.taimer /mTvlelis  Semadgenloba  

TiToeuli taimer/mTvlelis bloki  Seicavs  sam  Setana/gamotanis  

registrs,  romelTa saSualebiT xorcieldeba mikrokontroleris  centra- 

luri  birTvidan  mimarTva monacemTa   Caweris  an  amokiTxvis  mizniT.  Ees  

registrebia:  TCNTX  registri, romelic  aris reversiuli mTvleli. modulis 

muSaobis reJimidan gamomdinare SeiZleba Sesruldes mTvleli registris 

Semcvelobis ganuleba,  inkrimenti (gazrda) an dekrementi (Semcireba) 

taimer/mTvlelis yovel sataqto  signaliT clkto(clkt2); TCCRX - marTvis registri,  

romelSic  iwereba  mTvlelis  muSaobis parametrebis ganmsazRvreli kodi; 

OCRX  registri Sedis  Sedarebis blokis SemadgenlobaSi. taimer/mTvlelis 

muSa reJimis dros sruldeba uwyvetad (yovel manqanur ciklSi) am registris 

Sedareba TCNTX registrTan. x niSnaki  miuTiTebs  mTvlelze,  romlis  

SemadgenlobaSic  Sedis  registri. magaliTad, T0  mTvlelisaTvis  gveqneba  

TCNT0, TCCR0, OCR0  da a.S.  
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T1,T3 mTvlelebis SemadgenlobaSi aseve Sedian e.w. dapyrobis ICR1(ICR3)  

registrebi, romelTa daniSnulebaa Seinaxon drois gansazRrul momentSi 

taimer/mTvlelis Semcveloba. 

mTvlelebSi SesaZlebelia  adgili  hqondes sxvadasxva  xdomilebas,  

romlis  dadgomis  Sedegad  generirdeba Sesabamisi   wyvetis  signali:  

taimer/mTvlelis  gadavseba, rodesac  TCNT  mTvlelSi maqsimaluri  kodis  

Caweris  Semdeg  miwodebul  sataqto  signals  igi  gadahyavs  nulis  

mdgomareobaSi. Amis  Sedegad  generirebuli  wyvetis signali aRiniSneba  

rogorc  TOV; mTvlelis  Semcvelobis OCR  registrTan  Tanxvedris  

SemTxvevas  aRniSnaven  rogorc  OC; mTvlelis  Semcvelobis Senaxvis  

(dapyrobis ) faqts  - rogorc  IC. 

 

               5.2.wyveta taimer/mTvlelebidan  

rogorc  zeviT  iyo  aRniSnuli, taimer/mTvlelebSi  mTeli  rigi 

xdomilebebis  dadgomis  SemTxvevaSi generirdeba  wyvetis  moTxovnis 

signalebi, romelTa  safuZvelze  mikrokontroleri  unda  gadairTos  

Sesabamisi  samomsaxuro  programis  Sesrulebaze. Aamave  dros xdeba  maTi  

dafiqsireba  almebis  saxiT. T0,T1,T2  taimerebidan wyvetis  signalis  mosvlis  

indikaciisaTvis gankuTvnilia registri  TIFR (Timer/Counter  Interrupt  Flag  Register- 

taimer/mTvlelidan  wyvetis  almebis registri). 

am registris formati naCvenebia 5.1.sur.-ze, xolo misi Tanrigebis aRwera 

5.1.cxrilSi. 

            7       6       5         4      3        2       1        0  

 

  
       R/W        R/W          R/W        R/W          R/W       R/W          R/W        R/W 

    .                 0      0        0 0   0   0     0       0 

                  sur. 5.1.  TIFR  registris  formati 

               

T1 da  T3  taimer/mTvlelidan  wyvetis  indikaciisTvis  gankuTvnilia  

EETIFR  registri, romelic moTavsebulia Seyvana/gamoyvanis damatebiT  

registrebSi. am registris formati mocemulia 5.2.sur.-ze, xolo misi  

Tanrigebis  aRwera - 5.2.cxrilSi. raime xdomilebis dadgomis  SemTxvevaSi  

TIFR (ETIFR) registrebis Sesabamisi Tanrigi Ydayendeba “erTianis” 

mdgomareobaSi.  wyvetis damuSavebis qveprogramis dawyebis momentidan isini 

aparaturulad ganuldeba. nebismieri alami agreTve SeiZleba gavanuloT 

programuli gziT, Tu masSi CavwerT “1”. 

 

        

 

O

OCF2 

T

TOV2 

I

OCF1A 

O

ICF1A 

O

ICF1B 

T

TOV1 

O

OCF0 

T

TOV0 

wakiTxva (R)/Cawera (W) 

sawyisi  mniSvnelobebi 
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 cxrili  5.1.  TIFR  registris  Tanrigebi 

   

             

 

 

 

 

 

              7        6         5       4        3        2       1       0 
 

 
 R/W         R/W            R/W         R/W          R/W          R/W         R/W          R/W 

              0        0         0       0        0        0       0        0          

 

                sur.5.2. ETIFR  registris  formati 

 

cxrili 5.2.  ETIFR  registris Tanrigebi 

Tanrigebi dasaxeleba aRwera 

7,6  gamouyenebeli Tanrigebi. amoikiTxeba rogorc “0” 

5 ICF3 wyvetis alami, rodesac adgili aqvs <dapyrobas> T3 

taimer/mTvlel-Si.  
4 OCF13A wyvetis  alami,  rodesac  dgili aqvs < A Tanxvdenas> T3 

taimer/mTvlelSi 
3 OCF3B wyvetis  alami,  rodesac adgili aqvs < B Tanxvdenas> T3  

taimer/mTvlel -Si 
2 TOV3 wyvetis alami, rodesac adgili aqvs gadgavsebas T3 

taimer/mTvlelSi  
1 OCF3C wyvetis alami, rodesac adgili  aqvs < C Tanxvdenas > T3  

taimer/mTvlelSi  
0 OCFIC wyvetis  alami, rodesac adgili aqvs < C Tanxvdenas > T1  

taimer/mTvlelSi 

 

TO,T1,T2 taimer/mTvlelebidan wyvetis nebadarTva/akrZalvisaTvis 

gamoiyeneba registri TIMSK (Timer/Counter Interrupt MaSK Registr- 

taimer/mTvlelebidan wyvetebis niRbis registri).  

am registris formati naCvenebia 5.3.sur.-ze, xolo misi Tanrigebis aRwera - 

5.3.cxrilSi. 

daniSnuleba aRwera 

OCF2 T2  taimer/mTvlelidan  “Tanxvedris” wyvetis  alami 

TOV2 T2  taimer/mTvlelidan  gadavsebis  wyetis  alami 
ICF1 T1   taimer/mTvlelidan  “dapyrobis”  wyvetis alami 

OCF1A T1   taimer/mTvlelidan  “ A  Tanxvedris” wyvetis  alami 
OCF1B T1   taimer/mTvlelidan  “ B  Tanxvedris” wyvetis  alami 
TOV1 T1   taimer/mTvlelidan  gadavsebis  wyvetis  alami 
OCF0 T0  taimer/mTvlelidan  “Tanxvedris” wyvetis  alami 
TOV0 T0   taimer/mTvlelidan   gadavsebis  wyvetis  alami 
  

- - ICF3 OCF3A OCF3B TOV3 OCF3C OCF1C 

Cawera (R)/wakiTxva (W) 

sawyisi  mniSvneloba 
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                       7      6       5        4         3        2       1       0 

OCIE2 
TOIE2 TOCIE1 OCIE1A   OCIEB TOIE1 OCIEO TOIEO 

                                      R/W          R/W           R/W          R/W          R/W          R/W          R/W         R/W                                

                      0        0      0       0        0   0     0       0 

                sur.5.3. TIMSK  registris  formati 

sawyis mdgomareobaSi  TIMSK  registris yvela TanrigSi nulia Cawerili. 

cxrili 5.3. TIMSK  registris Tanrigebis funqciuri daniSnuleba 

 

 

Mmikrokontroler  Atmega 128  T1 ,T3 taimer/mTvlelidan wyvetebis  

nebisdarTva/akrZalvisaTvis  gankuTvnilia kidev erTi ETIMSK (EEnaible 

Timer/Counter  interrupt  MaSk Register- taimer/mTvlelebidan wyvetis niRbis  

რეგისტრი) registri, romelic ganTavsebulia Setana/gamotanis registrebis 

damatebiT sivrceSi. am registris formati naCvenebia 5.4.sur..-ze, misi Tanrigebis 

aRwera mocemulia 5.4.cxrilSi. 

 
                7      6     5        4        3        2        1       0 

- - TICIE3 OCIE3A OCIE3B TOIE3 OCIE3C OCIE1C 

  ,                                            R/W        R/W        R/W         R/W        R/W          R/W            R/W           R/W                                                                          
0      0       0       0         0        0        0        0  

            sur.5.4.  ETIMSK  registris  formati 

           

           

 

dasaxeleba aRwera 

OCIE2 T2 taimer/mTvlelis wyvetis nebadarTvis alami <Tanxvde- 
nis> SemTxvevaSi. 

TOIE2 T2 taimer/mTvlelis wyvetis nebadarTvis alami gadavsebis 
SemTxvevaSi.  

TCIE1 T1 taimer/mTvlelis wyvetis nebadarTvis alami <dapyrobis> 
SemTxvevaSi.  

OCIE1A T2taimer/mTvlelis wyvetis nebadarTvis alami < A Tanxvde- 
nis > SemTxvevaSi. 

OCIEB T2 taimer/mTvlelis wyvetis nebadarTvis alamia <B 
Tanxvdenis > SemTxvevaSi. 

TOIE1 T1 taimer/mTvlelis  wyvetis nebadarTvis alamia gadavsebis 
SemTxvevaSi.  

OCIEO TO taimer/mTvlelis wyvetis nebadarTvis alamia <Tanxvde- 
nis> SemTxvevaSi. 

TOIEO TO taimer/mTvlelis wyvetis nebadarTvis alamia gadavsebis 
SemTxvevaSi.  

wakiTxva (R)/Cawera (W) 

sawyisi mniSvneloba 

wakiTxva (R)/ Cawera (W) 

sawyisi  mniSvneloba 
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cxrili 5.4. ETIMSK registris  Tanrigebis funqciuri daniSnuleba 

 

 

 

 

 

 

 

 

 

       5.3.taimer/mTvlelebis gamomyvanebis daniSnuleba 

 TiToeuli taimer/mTvleli  iyenebs mikrokontroleris erT an met 

gamomyvans, rogorc wesi es gamomyvanebi warmoadgens saerTo daniSnulebis  

Setana/gamotanis portebis sadenebs, xolo funqciebi romlebsac asrulebs 

aRniSnuli gamomyvanebi taimer/mTvlelebTan erToblivi muSaobis dros, 

warmoadgens maT alternatul funqciebs. mikrokontroleris yvela gamomyvanebi, 

romelebic gamoiyenebian taimer/mTvlelebis mier mocemulia 5.5. cxrilSi. aqvea 

miTiTebuli am gamomyvanebis funqciebi. 

 

cxrili 5.5. gamomyvanebi, romlebic  gamoiyeneba  saerTo  daniSnulebis          

taimer / mTvlelebis  mier 

      

      

  

 

  

  

Tanrigebi dasaxeleba                         aRwera 

7,6 
      - gamouyenebeli Tanrigebia. amoikiTxeba rogorc 

“nuli” 

5 
TICIE3 wyvetis nebadarTvis alami, rodesac  adgili aqvs 

<dapyrobas>  T3  taimer/mTvlelSi  

4 
OCIE3A wyvetis nebadarTvis alami,  rodesac  adgili  

aqvs < A Tanxvdenas >  T3 taimer/mTvlelSi   

3 
OCIE3B wyvetis nebadarTvis alami, rodesac   adgili   

aqvs < B Tanxvdenas >  T3 taimer/mTvlelSi 

2 
TOIE3 wyvetis nebadarTvis alami, rodesac  adgili aqvs 

gadavsebas  T3  taimer/mTvlelSi  

1 
OCIE3C wyvetis nebadarTvis alami, rodesac   adgili   

aqvs < C Tanxvdenas >  T3  taimer/mTvlelSi  

0 
OCIE1C wyvetis nebadarTvis alami, rodesac   adgili  

aqvs < C Tanxvdenas >  T1  taimer/mTvlelSi.  

 
dasaxeleba 

 
gamomyvanebi  

aRwera 

T0 - TO taimeris gare signalis Sesasvleli  
OOC0 PB4 TO taimeris Sedarebis sqemis gamosasvleli  
T1 PD6 T1 taimeris gare signalis Sesasvleli  
ICPI - T1taimer dapyrobis Sesasvleli  
OOCIA  PB5  

T1taimeris Sedarebis sqemis gamosasvleli  OOCIB  PB6 

OCIC  PB7 

T2  PD7 T2taimeris Ggare signalis Sesasvleli  
OC2  PB7 T2taimeris   Sedarebis sqemis gamosasvleli  
T3 PE6 T3 taimer gare signalis Sesasvleli  
ICP3 PE7 T3taimer dapyrobis Sesasvleli  
OC3A PE3  

T3taimer Sedarebis sqemis gamosasvleli  OC3B PE4 

OC3C PE5 

TOSC1 PG4 Sesasvleli rezonatoris mierTebisTvis 
TOSC2 PE3 gamosasvleli rezonatoris mierTebisTvis 



43 
 

5.4.  taimer/mTvlelebis sixSiris winagamyofebi 

sxvadasxva amocanis moTxovnidan  gamomdinare  saWiroa mTvlelis  Tvlis  

siCqaris  cvlileba, rac  SeiZleba  ganxorcieldes  sataqto  impulsebis  

sixSiris  cvliT. maRali  sixSiris  sataqto  impulsebis  SemTxvevaSi  

mTvleli iTvlis ufro swrafad da  piriqiT. Aam  mizniT  gamoiyeneba e.w. 

winagamyofebi, romlebic gankuTvnilia taimet/mTvlelebis  clkT0, clkT1, clkT2, clkT3 

taqturi signalebis formirebisTvis.  taimer/mTvlelebis  winagamyofis 

gamartivebuli struqturuli sqema naCvenebia 5.5.sur-ze.  

 

        n=1,2,3 (PSRx=PSR321); 

            

        sur. 5.5. wingamyofis  struqturuli  sqema 

rogorc struqturuli sqemidan Cans blokis SemadgenlobaSia 10 Tanrigiani 

winagamyofi  da gamomyvani multipleqsori (taqturi signalebis amomrCevi). 

wingamyofs Sesasvlelze miewodeba  ZiriTadi sataqto  signalebi clki/o, 

romlebic SeiZleba daformirdes  an sistemuri taqturi clkI/O signalis 

safuZvelze, an asinqronul  reJimSi signaliT, romelic miiReba  damatebiTi 

kvarculi rezonatoridan. gadarTva  sinqronul da asinqronul muSaobis 

reJimebs Soris xorcieldeba  ASSR  registris  AS Tanrigis meSveobiT 

(ix.qveviT) 

am signalebis safuZvelze  sixSiris  wingamyofi gamosasvlelebze  

aformirebs sxvadasxva  sixSiris  sataqto  signalebs  clkI/O/8, clkI/O/64, clkI/O/256, 

clkI/O/1024.  Mmultipleqsoris  saSualebiT  mTvlels  miewodeba  taqturi  

impulsebi  erT-erTi aRniSnuli  gamosasvlelidan  CSn0, CSn1, CSn0  

Sesasvlelebze miwodebuli  kodis  mixedviT,  romelic iwereba saTanado 

mTvlelis  TCCRn  registrSi. 

   

ganuleba 

 

wingamyofi 

Tn  taimer/mTvlelis  sataqto  

signali  clkTn 

 

multipleqsori 

 

sinqronizatori 
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saWiroa gaviTvaliswinoT, rom T1,T2,T3 taimer/mTvlelebi iyeneben erTi da 

igive  winagamyofs, xolo T0 taimeri – calke winagamyofs. taqturi signalebis 

marTva calkeuli taimer/mTvlelisaTvis xorcieldeba individualurad. 

                     winagamyofis marTva 

garda taimer/mTvlelis sataqto signalebis marTvisa mikrokontroleri 

iZleva saSualebas, ganaxorcielos winagamyofis ganuleba da aseve misi 

gaCereba. amisTvis is iyenebs SFIOR specialuri funqciebis registrs. am 

registris formati naCvenebia 5.6.sur.-ze (Tanrigebi, romlebic ar gamoiyenebian 

taimer/mTvlelis winagamyofis marTvis dros naxazze aRniSnulia X- iT). 

 

 

PSR0—T0  mTvlelis  ganuleba. 

PSR321- T1,T2,T3  mTvlelebis  ganuleba 

               sur.5.6.  SFIOR  registris  formati 

taimer/mTvlelis winagamyofis ganulebisTvis gamoiyeneba SFIOR registris 

PSRx Tanrigebi. am registris TanrigebSi erTianis Caweris SemTxvevaSi 

Sesabamisi taimer/mTvlelebis winagamyofebi gadadis sawyis mdgomareobaSi. kidev 

erTxel unda aRviniSnoT, rom winagamyofi SeiZleba gamoyenebul iqnes ramdenime 

taimer/mTvlelis mier da Sesabamisad ganuleba ganxorcieldeba yvela im 

taimer/mTvlelebSi, romlebic iyeneben mas. 

mikrokontroleris yvela winagamyofis gaCereba xorcieldeba SFIOR 

registris TSM  TanrigSi erTianis CaweriT. wingamyofis  Semdgomi gaSveba 

xorcieldeba TSM TanrigSi nulianis CaweriT. miTiTebuli funqcia SeiZleba 

gamoyenebuli iyos taimer/ mTvlelis sinqronizaciisaTvis.  taimer/mTvlelebis  

gaCerebis  Semdeg  SesaZlebelia  maTi  inicializacia ( saWiro  parametrebis  

dayeneba). xelaxali  gaSvebis  SemTxvevaSi  yvela  taimer/mTvleli  daiwyebs 

muSaobas  erTdroulad. 

 

                5.5.muSaobis  reJimebi 

taimer/mTvlelebi SesaZlebelia  muSaobdes 4 sxvdasxva  reJimSi.  

mTvleli  taimeris  reJimis  arCeva  xdeba  TCCRn  marTvis  registris  

WGMn0:WGMn1  TanrigebSi  kodis  CaweriT. 5.6.cxrilSi  mocemulia  kodebis  

Sesabamisoba  taimeris  reJimebTan.  

 

                                       

wakiTxva(R)/Cawera (W) 

sawyisi mniSvnelobebi 
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                     ცხრილი  5.6    taimer/mTvlelebis  muSaobis  reJimebi 

reJimis 
nomeri 

WGMn1 

(CTCn) 

WGMn1 

(PPWMn) 
Tn taimer/mTvlel 

muSaობის reJimi 

0 0 0 Normal 

1 0 1 PPhase correqt PWM 

2 1 0 CTC 
3 1 1 Fast PWM 

           SeniSvna: n=0 an 2 

 

Normal reJimi 

taimer/mTvlelis muSaobis es reJimi yvelaze ufro martivi reJimia. am 

reJimSi mTvleli registri funqcionirebs rogorc  amjamavi mTvleli. yoveli 

sataqto impulsi axdens mTvleli registris Semcvelobis  gazrdas  erTiT.  $FF  

maqsimaluri  mniSvnelobis  miRwevis Semdeg (igi Cawerilia TeqvsmetobiT  

sistemaSi, rac  niSnavs orobiT kodSi yvela  TanrigSi  erTians) igi  isev  

iwyebs  Tvlas $00-dan.  amave dros formirdeba gadavsebis  signali da erTianis 

mdgomareobaSi dgeba  T0VFn gadavsebis alami.  

taimer/mTvlelis Tvlis procesSi xdeba misi Sedareba OCRn Sedarebis  

registrSi  Caweril  kodTan. mniSvnelobebis Tanxvedris SemTxvevaSi TIFR  

registris OCFn  wyvetis alami dgeba erTis mdgomareobaSi da Tu TIMASK  

registis  OCIEn  TanrigSi  Cawerilia  erTi  ( am  wyvetis  nebis  darTva)  

generirdeba  wyvetis  signali. 

mTvleli registris da Sedarebis registris tolobis SemTxvevaSi OCFn 

almis dayenebasTan erTad SesaZlebelia Seicvalos mikrokontroleris OC  

gamomyvanis mdgomareoba. xolo, misi cvlileba Tu rogori saxiT moxdeba, 

ganisazRvreba TCCR  registris COMn1:COMn0  Tanrigebis mixedviT,  5.7.cxrilis 

Seesabamisad. 

            cxrili 5.7. Normal reJimSi  OC   gamomyvanis marTva  

 

 

 

 

     SeniSvna: n = 0  an 2 

saWiroebis SemTxvevaSi OC gamomyvanis mdgomareoba SeiZleba iZulebiT  

Seicvalos  TCCR marTvis registris FOC TanrigSi logikuri erTianis CaweriT. 

am SemTxvevaSi wyveta ar generirdeba. 

                        

 
COMn1 

 
COMn0 

 
aRwera 

    0 0  taimer/mTvleli gamorTulia OCn gamomyvanidan 

0 1 gamomyvanis mdgomareoba icvleba sawinaaRmdegod 
1 0 gamomyvanze  dgeba  nuli 
1 1 gamomyvanze  dageba erTi 
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                      CTC  reJimi (Tanxvdomis dros ganuleba) 

am reJimSi mTvleli registri iseve funqcionirebs, rogorc Cveulebrivi 

amjamavi mTvleli, romlis inkrimenti xorcieldeba yoveli ClkTn taqturi 

impulsiT. magram, mTvleli registris maqsimaluri  SesaZlebeli  mniSvneloba 

ganisazRvreba Sedarebis OCR registris SemcvelobiT. Sedarebis registrSi 

Cawerili mniSvnelobis miRwevis Semdeg Tvla grZeldeba <$00> mniSvnelobidan. 

imave clkT  sataqto impulsze,  romelzec xorcieldeba mTvleli registris 

ganuleba, TIFR  registris TOVFn wyvetis alami dgeba  erTianSi. am reJimis 

droiTi diagrama naCvenebia 5.7.sur.-ze. 

 

 

          sur. 5.7.  CTC  reJimis  droiTi  diagrama  

rogorc diagramidan Cans Sedarebis konstantis cvla iwvevs  OC  

gamosasvlelze signalis xangrZlivobis anu periodis (droiTi  Sualedi  

mezobel signalebs Soris) cvlas, rac niSnavs gamomavli signalebis  sixSiris  

cvlas. mocemuli sixSiriT signalebis generaciisaTvis aucilebelia 

COMn1:COMn0 TanrigebSi Caiweros “01” mniSvneloba (OC gamomyvanis 

mdgomareobis gadarTva) ( ix. cxrili 5.7.). signalis generaciis sixSire 

gansazRruli iqneba gamosaxulebiT ƒOCn = =ƒclk_I/O /2N(1+  +OCRn),  sadac N aris 

winagamyofis  gayofis koeficients.  

Gganxilul  reJims,  ise,  rogorc  momdevno  or reJims  ewodeba  

ganivimpulsuri  modulaciis (gim)  reJimi. 

                                                   Fast PWM   reJimi 

Fast PWM reJimi (swrafi ganivimpulsuri moduliacia) gvaZlevs saSualebas 

generireba ganvaxorcieloT maRalsixSiruli ganivimpulsuri moduliaciiT. 

imis gamo, rom xdeba signalis maRali sixSiriT generacia, mocemuli reJimi  

Ddgeba OC wyvetis  

alami   

 

gadarTva 

 periodi 
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warmatebiT SeiZleba gamoyenebuli iyos  simZlavreebis regulirebis dros, 

cifrul-analogur gardamqmnelebSi da a.S. 

mTvleli registri am reJimSi funqcionirebs rogorc  amjamavi mTvleli, 

romlis inkrimenti xorcieldeba yoveli sataqto signalis impulsiT. mTvlelis 

mdgomareoba icvleba  $00 _dan $FF- mde, ris  Semdeg mTvleli registri 

nuldeba da cikli meordeba, im SemTxvevaSi rodesac mTvleli registri 

miaRwevs Tavis maqsimalur mniSvnelobas xorcieldeba TIFR registrSi TOVn  

wyvetis almis dayeneba. rodesac  mTvleli registris Semcveloba  OCRn 

Sedarebis registrs gautoldeba, maSin TIFR registrSi dayendeba  OCFn alami. 

am reJimSi Sedarebis sqemis muSaobis Tavisebureba aris OCRn  registrSi 

Caweris dros  ormagi buferizacia, romelic mdgomareobs imaSi, rom OCRn-Si 

Casaweri ricxvi Tavdapirvelad Seinaxeba specialur buferul registrSi, xolo 

Sedarebis registris Semcvelobis cvlileba xorcieldeba mTvlelis 

maqsimalur $FF mniSvnelobis miRwevis  Semdeg. aseTi gadawyvetilebis miRebam 

gamoricxa modulatoris gamosasvlelze arasimetriuli  impulsuri signalebis 

(Seferxebebis) warmoqmna, romelsac eqneboda adgili Sedarebis registrSi 

uSualod Caweris dros.  

mikrokontroleris  OCn  gamomyvanis  funqcionireba  ganisazRvreba aseve 

TCCRn registris  COMn1:COMn0 Tanrigebis SemcvelobiT ( rogorc 5.7.cxriliSi 

iyo  naCvenebi). Aam  reJimSi  taimer  mTvlelis  muSaobis  droiTi  diagrama  

naCvenebia  5.8.sur.-ze. 

  

 

      sur.5.8. Fast PWM   reJimis  droiTi  diagrama 

 

  

periodi 

 

Ddgeba  OCn  wyvetis               

alami 

 
Gaxldeba   OCn  

reg.  da  dgeba  

wyvetis  TOVn   

alami  
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                                       Phase Correct PWM  reJimi 

Phase  Correct PWM  (ganivimpulsuri modulacia zusti faziT), rogorc  Fast 

PWM  reJimi gankuTvnilia ganivimpulsuri modulaciis signalebis generacii- 

saTvis. am reJimSi mTvleli registri  funqcionirebs, rogorc reversiuli 

mTvleli, romlis mdgomareobis Secvla  xorcieldeba yoveli Clk taqturi 

signaliT. dasawyisSi mTvlelis mdgomareoba icvleba $00 _dan $FF- mde, xolo 

Semdgom piriqiT - $FF-dan $00-mde: rodesac mTvleli miaRwevs Tavis maqsimalur 

$FF mniSvnelobas, moxdeba Tvlis mimarTulebis Secvla, mTvlelis minimaluri  

$00 mniSvnelobis  miRwevis dros aseve moxdeba Tvlis mimarTulebis Secvla da  

erTdroulad, TIFR registris  TOVn  ( wyveta  taimeris  gadavsebis  dros} 

alamis dayeneba. 

Tvlis registris da Sedarebis  OCRn registris Semcvelobis tolobis 

SemTxvevaSi moxdeba TIFRn registris OCFn  (wyveta Tanxvedris dros)  almis 

dayeneba da icvleba OCn  gamomyvanis mdgomareoba. Tu rogori saxiT icvleba 

misi mdgomareoba ganisazRvreba TCCRn    registris COMn1:COMn0  Tanrigebis 

SemcvelobiT. (ix. 5.7.cxriliL).  mTvlelis  muSaobis  droiTi  diagrama  

naCvenebia  5.9.sur.-ze). 

 

     sur.5.9. Phase Correct PWM  reJimis  droiTi  diagrama 

am reJimSi aseve realizebulia OCRn  registrSi Caweris ormagi buferi 

zacia, rogorc wina reJimSi iyo axsnili. 

                                      

periodi 

 

Ddgeba  OCn  wyvetis               

alami 

 
Gaxldeba   OCn  

reg.   

 
dgeba  wyvetis  

TOVn   alami  
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ganxilul reJimSi generirebuli signalis sixSire ganisazRvreba  

gamosaxulebiT: ƒoc=Fclki/o /512N,  sadac N- winagamyofis  gayofis koeficientia. 

                         asinqronuli reJimi 

T0 taimer/mTvlels, sxva mTvlelebisgan gansxvavebiT, garda  sinqronuli  

reJimisa, SeuZlia muSaoba asinqronul reJimSi. asinqronuli reJimi  

iTvaliswinebs taimerTan calke sataqto signalebis wyarodan taqtirebas. 

signalis sixSiris mimwodeblad SeiZleba gamoyenebuli iyos, rogorc kvarculi  

rezonatori, mierTebuli mikrokontroleris TOSC1 da TOSC2  gamomyvanebTan, 

aseve signali gare sqemidan, romelic miewodeba TOSC1 gamomyvanze. es 

SesaZleblobas iZleva vamuSaoT taimeri, amocanis  moTxovnidan gamomdinare, 

sxvadasxva sixSireze. magaliTad, rogorc  realuri drois saaTi. miuxedavad 

imisa, rom T0  taimer /mTvlelis sataqto generatori awyobilia 32768 herc 

sixSireze, kvarculi rezonatoris sixSire an signali gare sqemidan 

SesaZlebeli iyos 0-dan 256 khc sazRvrebSi.  

taimer/mTvlelis asinqronul reJimSi gadarTvisaTvis gankuTvnilia ASSR  

registri. aRniSnuli registris formati naCvenebia 5.10.sur.-ze. misi calkeuli 

Tanrigebis aRwera 5.8.cxrilSi. 

 

             sur.5.10. ASSR  registris  formati 

                            5.6.T0 , T2   taimer/mTvlelebi  

taimer/mTvlelebis T0, T2 SemadgenlobaSi aris sami Setana/gamotanis 

registri: TCNTO (TCNT2) mTvleli registri, TCCR0 (TCCR2) marTvis registri 

da OCR0(OCR2) Sedarebis registri. T0-s damatebuli  aqvs ASSR  registri, 

romelic emsaxureba taimer/mTvlelis modulis marTvas asinqronul reJimSi. 

Oorive MmTvlelis yvela registri 8  Tanrigaa.  T0/T2 taimer/mTvlelebma 

SeiZleba ganaxorcielon wyvetis generacia mTvleli registris gadavsebis an 

mTvleli registrisa da Sedarebis registris tolobis dros. am ori wyvetis 

almebi ganTavsebulia TIFR registrSi. xolo am wyvetebis nebadarTva/akrZalva 

sruldeba TIMSK registris Sesabamisi nebadarTva/akrZalvis almebis dayenebiT, 

rogrc zeviT iyo aRniSnuli.   

taimer/mTvlelebis TCNT0 ( TCNT2) registrebi Sedis Sesabamisi blokebis 

SemadgenlobaSi da warmoadgenen  reversiul mTvlels. modulis muSaobis 

reJimidan gamomdinare  sruldeba  mTvleli  registris Semcvelobis ganuleba,  

 

                                        48 

                                      

wakiTxva (R) / Cawera(W) 

sawyisi  mniSvnelobebi 
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inkrimenti an dekrementi taimer/mTvlelis yovel sataqto clkto(clkt2) signaliT. 

registrebi mikiTxebadi arian drois nebismier momentSi, rogorc Caweris, ise 

wakiTxvis operacia mTvlel registrSi axdens Sedarebis blokis muSaobis 

blokirebas taimer/mTvlelis taqturi signalis   erTi periodis ganmaulobaSi..  

 

cxrili 5.8. ASSR  registris calkeuli Tanrigebis mniSvnelobebi 

asinqronul  reJimis dros 

Tanrigebi dasaxeleba aRwera 

 
7............4 

 
_ 

 
darezervirebulia, waikiTxeba nuli 

3 AASn 

samuSao reJimis gadarTva. Tu Tanrigi erTianSia, Tn 

taimer/mTvlelis wingamyofis Sesasvlelze miewodeba 
impulsebi taimer/mTvlelis kvarculi generatoridan 
(asinqronulu reJimSi). am reJimSi TOSC1 da TOSC2 

gamomyvanebi gamoiyeneba kvarculi rezonatoris mierTe- 
bisTvis da Sesabamisad ar SeiZleba gamoyenebuli iyos  
rogorc saerTo daniSnulebis Setana/ gamotanis  kontaq- 
tebi. Tu Tanrigi ganulebulia, maSin winagamyofis 
Sesasvlels miewodeba mikrokontroleris Siga taqturi 
signali. am SemTxvevaSi TOSC1 da TOSC2 gamomyvanebi 
saerTo daniSnulebis Setana/gamotanis Sesasvlelebia. am 
Tanrigis mdgomareobis Secvlis dros TCNT,OCR da   
TCCR Semcveloba SeiZleba daziandes.  

2 TCNnUB 

TCNTn registris mdgomareobis aRdgena. TCNTn 

registrSi mniSvnelobis CawerisaTvis es Tanrigi unda iyos 
dayenebuli erTianis mdgomareobaSi. xolo am registrSi 
gadagzavnili mniSvnelobis Caweris Semdeg alami aparatu- 
rulad ganuldeba. TCNTUn ganulebi sSemdeg TCNTn 
registri mzadaa axali mniSvnelobis CawerisaTvis. TCNTn 
registri Cawerisas Tu dayenebulia TCNTUn alami  
SeiZleba moxdes  registrSi adre Cawerili Semcvelobis 
dazianeba da wyvetis generacia. 

1 OCRnUB 

OCRn registris mdgomareobis aRdgena. OCR n 

registrSi  mniSvnelobis CawerisTvis xdeba OCR nUB almis 

erTianSi dayeneba.xolo aRniSnul registrSi  mniSvnelo- 
bis Caweris Semdeg sruldeba am alamis aparaturuli 
Camogdeba. rac imis mauwyebelia, rom registri OCR n mzad  
aris axali mniSvnelobis Casawerad. registrSi Cawerisas 
Tu dayenebulia OCR nUB alami SeiZleba gamoiwvios 
registrSi adre Cawerili Semcvelobis dazianeba da 
wyvetis generacia. 

0 TCRnUB 

TCCR n registris mdgomareobis aRdgena. TCCR n 
registrSi  mniSvnelobis CawerisTvis xdeba TCR nUB almis 

erTianSi dayeneba. xolo aRniSnul registrSi  mniSvnelo- 
bis Caweris Semdeg sruldeba am alamis aparaturuli  

ganuleba, rac imis mauwyebelia, rom TCCRn  registri mzad  
aris axali mniSvnelobis Casawerad. registrSi Cawerisas 

Tu dayenebulia TCRnUB alami SeiZleba gamoiwvios 
registrSi adre Cawerili Semcvelobis dazianeba da 
wyvetis generacia. 
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registrebi OCR0(OCR2)  Sedis  Sedarebis modulis SemadgenlobaSi. 

taimer/mTvlelis muSa reJimis dros sruldeba uwyvetad (yovel manqanur 

ciklSi) registris Sedareba TCNT0(TCNT2) registrTan. im SemTxvevaSi, Tu am 

ori registris Semcveloba erTmaneTis tolia, maSin momdevno manqanur 

ciklSi moxdeba TIFR registris OCF0(OCF2)  almis dayeneba. ris safuZvelzec 

sruldeba wyvetis generacia ( Tu wyveta nebadarTulia). garda amisa, am 

xdomilebis dros SeiZleba Seicvalos mikrokontroleris OC0(OC2) 

gamomyvanis mdgomareoba ( unda moxdes misi dakonfigurireba rogorc 

gamosasvlelis DDRx registris  Sesabamisi Tanrigis erTanSi  dayenebiT  ).  

TCCR0 (TCCR2) gankuTvnilia taimer/mTvlelis modulis marTvisaTvis. am 

registris formati naCvenebia 5.11.sur.-ze  

 

 

     sur.5.11. TCCR0 (a)    da  TCCR2  (b)  registrebis  formatebi 

aRniSnul registrebSi sruldeba im reJimebis dayeneba, romlebic  zeviT  

iyo  ganxiluli. kerZoT, sataqto signalebis sixSiris arCeva (CSn0-CSn0-2  

TanrigebiT), ganivimpulsuri  moduliaciis  reJimis  arCeva (WGMn0-WGMn1  

TanrigebiT),  OCn  Sedarebis  sqemis  gamosasvlelis  mdgomareobis  cvlilebis 

arCeva Tanxvedris  SemTxvevaSi  ( COMn0-COMn1  TanrigebiT).  registris  

Tanrigebis  daniSnulebis ufro detaluri  aRwera  mocemulia  5.9.cxrilSi. 

 

                                 5.7. T1  da T3  taimer/mTvlelebi  

Atmega 128-s agreTve gaaCnia taimer/mTvlelebi T1 da T3.  taimer/mTvlelebi  

T1 da  T3  iseve,  rogorc  taimer/mTvlelebi  T0  da   T2     SeiZleba   gamoviyenoT  

droiTi intervalis formirebisTvis, gare movlenebis raodenobis aRricxvi- 

saTvis, signalebis formirebisTvis da ganivimpulsuri moduliaciis signalebis  

  

                                   

wakiTxva(R)/Cawera (W) 

sawyisi mniSvnelobebi 

wakiTxva(R)/Cawera (W) 

sawyisi mniSvnelobebi 

a) 

b) 
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generirebisaTvis. damatebiT  taimer/mTvlelebs T1  da T3  aqvs unari gare 

signalis zemoqmelebiT Seinaxos Tavisi mimdinare mdgomareoba calke 

Setana/gamotanis registrSi. 

 Oorive taimer/mTvlelebis SemadgenlobaSi Sedis Semdegi Setana/gamotanis 

registrebi: 

 16 Tanrigiani  TCNT1(TCNT3)  mTvleli registri; 

 16 Tanrigiani ICR1( ICR3) dapyrobis registri; 

 sami 16 Tanrigiani OCR1A, OCR1B, OCR1C (OCR3A , OCR3B, OCR3C) 

Sedarebis registri; 

 sami 8 Tanrigiani  TCCR1A, TCCR1B, TCCR1C (TCCR3A, TCCR3B, TCCR3C )  

marTvis registri; 

 

            cxrili 5.9. TCCR0 (TCCR2) registris formati 

 

      
Tanrigi 

 
dasaxeleba 

 
aRwera 

 
7 

 
FOCn 

OCn  gamomyvanis mdgomareobis iZulebiTi cvlileba  
(Normal da CTC reJimebi) .im SemTxvevaSi rodesac 
erTiania Cawerili am TanrigSi OCn  gamosasvlelis 
mniSvneloba icvleba imis Sesabamisad Tu ra 
mdgomareobaSia COMn1: COMn2  Tanrigebi. wyvetis 
generireba am SemTxvevaSi ar xorcieldeba da 
taimeris  ganuleba (CTC  rejimSi) ar xdeba. Fast 

PWM da Phase Correct PWM reJimebSi es Tanrigi unda 
Camoigdos  nulSi. Tanrigis wakiTxvis dros 
yovelTvis  ubrundeba nulovan mdgomareobas. 

   

 
6,3 

WGMn1: WGMn0 

taimer/mTvlelis muSobis reJimi. es Tanrigebi 
gansazRvravs  taimetr/mTvlelis muSa reJims 

Semdegnaerad: 
reJimis 
nomeri 

WGMn1 WGMn0 

Tn 
taimer/mT
vlelis 
muSaobis 
reJimi 

0 
0 0 

Normal 

1 
0 1 

Phase 
correct 
PWM 

2 

1 0 

CTC 
(ganuleba 
Tanxvdeni
s dros) 

3 
1 1 

Fast PWM 

 
5,4 

 
COMn1: COMn2 

Tanxvdenis blokis muSaobis reJimi. es Tanrigebi 
gansazRvravs OCn gamomyvanis moqmedebas, rodesac 
adgili aqvs Tanxvdenas. gamomyvanis mniSvnelobaze am 
Tanrigebis zemoqmedaeba ganisazRvreba taimer/mTvle 
lis muSa reJimiT. 

2....0 CSn2.... CSn0 

taqturi signalebis marTva. es Tanrigebi 
GgansazRvravs  mikroprocesoris taqturi signalebis 
wyaros. 
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yoveli 16 Tanrigiani registri fizikurad ganTavsebulia Setana/gamotanis 

or registrSi, romlebic aRiniSneba TCNT1-Tvis rogorc  TCNT1H (ufrosi 

baiti): TCNT1L (umcrosi baiti). TCNT3-Tvis - TCNT3H:TCNT3L. 

T1 da T3 taimer/mTvlelebs SeuZliaT ganaxorcielos wyvetis generacia 

Semdegi movlenebis dadgomis dros: 

 mTvleli registris gadavsebis SemTxvevaSi; 

 mTvleli registris da Sedarebis registris tolobis SemTxvevaSi 

(yoveli Sedarebis blokisaTvis TiTo wyveta); 

 dapyrobis registrSi mTvleli registris Senaxvis SemTxvevaSi 

T1 da T3  taimer/mTvlelebis yvela wyvetebis  almebi  moTavsebulia TIFR  da 

ETIFR registrebSi. xolo am wyvetebis nebadarTva/akrZalva xorcieldeba TIMSK 

da EETIMSK  registrebis  Sesabamisi almebis dayeneba/CamoyriT  (ix. zemoT  

ganxiluli  wyveta  taimer/mTvlelebSi). 

OCR1A/ OCR1B/ OCR1C (OCR3A/ OCR3B/ OCR3C) Sedian Sedarebis blokis 

SemadgenlobaSi. taimer/mTvlelis muSaobis dros uwyvetad (yovel manqanur 

ciklSi) xorcieldeba  am registrebis  Sedareba TCNT1(TCNT3) registrebTan. 

Sedarebis dros, Tu es registrebi erTmaneTis toli aRmoCndeba, maSin  

momdevno  manqanur ciklSi dayendeba TIFR registris Sesabamisi OCF1A/ OCF1B/ 

OCF1C (OCF3A/ OCF3B/ OCF3C) alami da xorcieldeba wyvetis generacia (Tu  

wyveta nebadarTulia). am movlenis dadgomis dros adgili unda hqondes 

mikrokontroleris  OCF1A/ OCF1B/ OCF1C(OCF3A/ OCF3B/ OCF3C) gamomyvanebis 

mdgomareobis SesaZlo cvlilebas 

imisaTvis, rom taimer/mTvlelma SeZlos romelime am gamomyvanis marTva 

unda moxdes misi konfigurireba, rogorc gamosasvlelis (DDRx  registris 

Sesabami Tanrigi unda dayendes “ erTianis“ mdgomareobaSi).  

dapyrobis ICR1(ICR3) registri Sedis dapyrobis blokis SemadgenlobaSi, 

romlis daniSnulebaa Seinaxos gansazRruli drois momentSi taimer/mTvlelis 

mdgomareoba ICR1(ICR3)  dapyrobis registrSi. es moqmedeba SeiZleba Sesruldes 

mikrokontroleris ICP1(ICP3) gamosasvlelze signalis miwodebiT an (T1 

taimer/mTvlelisaTvis) analoguri komparatoridan. erTdroulad dapyrobis 

registrSi Cawerisas xdeba TIFR registris ICF1 alamis dayeneba (ETIFR 

registrSi ICF3 alamis dayeneba) da formirdeba moTxovna wyvetis generaciaze. 

nebadarTva wyvetaze xorcieldeba TIMSK registris ICIE1 Tanrigis  an  ETIMSK 

registris ICIE3   Tanrigis  “erTianSi“  dayenebiT.  

taimer/mTvlelis marTvisaTvis gamoiyeneba marTvis sami registri:  TCCR1A 

(TCCR3A), TCCR1B (TCCR3B), TCCR1C(TCCR3C). am registrebis formati 

moyvanilia 5.12...5.14.sur.-ze, xolo aRniSnuli Tanrigebis aRwera mocemulia 

5.10....5.12.cxrilSi. 
                         7         6          5     4         3           2         1        0 

COMnA1 COMnA0 COMnB1 COMnB0 COMnC1 COMnC0 WGMn1 WGMn0 

                    R/W           R/W             R/W             R/W             R/W             R/W               R/W            R/W  
                      0        0         0          0        0           0          0         0   

                                sur.5.12. TCCR1A (TCCR3A)  registris  formati 

wakiTxva (R)/ Cawera (W) 

sawyisi  mniSvnelobebi 
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    cxrili 5.10. TCCR1A(TCCR3A) registris Tanrigebi 

 M 

moyvanili cxrilis mixedviT, TCCR1A(TCCR3A) registrebis ufrosi 

Tanrigebi gankuTnilia Sedarebis sqemebis OC gamosasvlelebis mdgomareobis  

dasaprogrameblad.  rogorc zeviT iTqva, TiToeuli aRniSnuli mTvleli Sei- 

cavs sam Sedarebis registrs OCRnA, OCRnB,   OCRnC. mTvlelis  Sedareba  xdeba  

samive  regitrTan, romelTa Sedarebis sqemebs aqvT calcalke OC  gamosasvle- 

lebi  da  maTi  mdgomareobis  daprogrameba  tolobis  SemTxvevaSi  sruldeba  

aRniSnuli registris TanrigebSi COMnA1: COMnA0;   COMnB1: COMnB0;   COMnC1: COMnC0. 

                                                  7                    6                    5                 4         3                 2          1         0 

 

 
   

       R/W             R/W               R/W               R/W               R/W            R/W             R/W            R/W 

        0        0         0          0         0        0        0        0 

                  sur.5.13. TCCR1B (TCCR3B)  registris  formati 

 

cxrili 5.11. TCCR1B (TCCR3B)  registris  Tanrigebi 

 

 

 

 

 

 

 

 

 

U 

Tanrigi dasaxeleba aRwera 

7,6 COMnA1: COMnA0 
 Sedarebis blokis muSaobis reJimi. es Tanri- 
gebi gansazRvravs OCnx gamomyvanis funqcioni- 
rebas "Tanxvdenis" SemTxvevis dros. am 
Tanrige- bis Semcvelobis gavlena  gamomyvanis 
mdgomare- obaze damokidebulia 
taimer/mTvlelis  muSao- bis reJimze. 

5,4 COMnB1: COMnB0 

3,2 COMnC1: COMnC0 

0,1 WGMn1A: WGMn0A 

taimer/mTvlelis muSaobis reJimi. TCCRnB 

registris WGMn3: WGMn2  TanrigebTan  erTad  
gansazRvraven Tn taimer/mTvlelis muSaobis 
reJims (ix.cxrili 5.6) 

ICNCn ICESn - WGMn3: WGMn2 CSn2. CSn1 CSn0 

Tanrigi dasaxeleba aRwera 

7 ICNCn dapyrobis blokis xelSeSlis daTrgunvis marTvis sqema. Tu 
Tanrigi Camogdebulia - nulSia, maSin xelSeSlis  daTrgunvis 
sqema gamorTulia (dapyroba xorcieldeba . pirveli aqtiuri 
frontiT) Tu Tanrigi  dayenebulia erTianSi, xelSeSlis 
daTrgunvis  sqema CarTulia, maSin dapyroba xorcieldeba 
mxolod  oTx erTnairi  amorCeviT aqtiuri signalis frontis 
Sesabamisad. 

6 ICESn dapyrobis signalis aqtiuri frontis amorCeva. Tu ICESn 

Tanrigi Camogdebulia nulSi, maSin dapyrobis registrSi 
mTvleli registris Senaxva  xorcieldeba signalis klebad 
frontze. Tu Tanrigi erTianSia maSin dapyrobis registrSi 
mTvleli registris Senaxva xorcieldeba signalis mzardi 
frontiT. mTvleli registris Senaxvisas erTdroulad xdeba 
TIFR(ETIFR) registrSi ICFn  wyvetis almis dayeneba. 

5 - Ggamouyenebelia. . ikiTxeba rogorc noli 
4,3 WGMn3: 

WGMn2 
taimer/mTvlelis muSaobis reJimi. TCCRnA registris WGMn1: 

WGMn0  TanrigebTan erTad ganisazRvreba  Tn  taimer/mTvlelis 
muSaobis reJimi  (cxrili 5.11) 

2....0 CSn2.... CSn0 taqturi signalebis marTva. es Tanrigebi gansazRvravs mikro- 
kontroleris taqtur signalebis   wyaros. 

 wakiTxva (R)/ Cawera (W) 

 sawyisi  mniSvnelobebi 
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umcrosi  ori  Tanrigi (WGMnA1: WGMnA0)  gankuTvnilia  mTvlelis  Tvlis  

reJimis  arCevisaTvis, zeviT  ganxiluli  5.6.cxriliis  Tanaxmad.  

 

                                            7           6              5                  4              3              2         1                0 

FOCnA FOCnB FOCnC - - - - - 

                                                 RW          R/W           R/W            R/W            R/W            R/W             R/W            R/W 

         0      0        0         0       0        0        0        0 

           

                 sur. 5.14. TCCR1C(TCCR3C)  registris  formati 

 

cxrili 5.12. TCCR1C(TCCR3C) registris Tanrigebi 

 

SeniSvna: n=1 an 3; 

mimarTva 16 Tanrigian registrebTan 

yoveli 16 Tanrigiani  taimer/mTvlelebis registrebi fizifurad 

ganlagebulia or rva Tanrigian registrSi. Sesabamisad masTan mimarTvisTvis 

saWiroa Sesruldes wakiTxvis an Caweris ori operacia. imisaTvis, rom 16 

Tanrigian registrSi orive baitis Cawera an amokiTxva ganxorcieldes 

erTdroulad, yovel taimer/mTvlels gaaCnia rva Tanrigiani TEMP registri, 

gankuTvnili ufrosi baitis mniSvnelobis SenaxvisaTvis (es registri 

gamoiyeneba mxolod procesoris mier da programulad miuwvdomelia). 

16 Tanrigiani registris Caweris ciklis SesrulebisTvis aucilebelia 

pirvelad CaitvirTos ufrosi baiti TEMP registrSi. umcrosi baitis momdevno 

Caweris dros is gaerTiandeba TEMP registris SemcvelobasTan da orive baiti 

erTdroulad (erTi da igive manqanur ciklSi) Caiwereba 16 Tanrigian  

registrSi. 

im SemTxvevaSi, rodesac sruldeba taimer/mTvlelis 16 Tanrigian 

registrTan mikiTxvis cikli, wyveta akrZaluli unda iyos. winaaRmdeg 

Tanrigi dasaxeleba aRwera 

7 FOCnA 
OCnx  gamomyvanis iZulebiTi mdgomareobis 
Secvla. im SemTxvevaSi rodesac FOCnx Tanrig- 
Si erTiania Cawerili, maSin OCnx  gamomyvanis 
mdgomareoba icvleba TCCRnA registris  
COMn1x:COMn0x Tanrigebis dayenebis Sesabami- 
sad. am SemTxvevaSi wyveta ar generirdeba  da 
taimeris ganuleba (CTC reJimSi) ar xdeba. es 
funqciebi xelmisawvdomia mxolod sam reJim- 
Si, romlebic ar gamoiyeneba ganivimpulsuri 
signalebis generaciis dros. Tanrigis 
wakiTxvis dros yovelTvis brundeba nulSi. 

6 FOCnB 

5 FOCnC 

4......0 _ 
ar gamoiyeneba, ikiTxeba rogorc nuli 

wakiTxva (R)/ Cawera (W) 

sawyisi  mniSvnelobebi 
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SemTxvevaSi Tu wyveta ganxorcieldeba or brZanebas Soris 16 Tanrigian 

registrTan mimarTvisas, da wyvetis qveprogramis damuSavebis dros aseve moxde- 

ba mimarTva  taimer/mTvlelis erTerT 16 Tanrigian registrTan, TEMP registris 

Semcveloba Seicvleba, ris gamoc mmarTveli programis 16 Tanrigian registr- 

Tan mimarTvis  dros Sedegi iqneba araswori. 

 

                  5.8.modaraje taimeri 

mikrokontroler Atmega128-s SemadgenlobaSi aris agreTve modaraje taimeri, 

romlis daniSnulebas warmoadgens programis Sesrulebis  procesSi daicvas 

mikrokontroleri uwesivrobisagan. modaraje taimeris struqturuli sqema 

mocemulia 5.15.sur.-ze. 

 

  

               sur.5.15. modaraje  mTvlelis  struqtura 

modaraje taimers gaaCnia damoukidebeli taqturi generatori,  es imiT aris  

ganpirobebuli, rom is muSaobs im drosac, roca mikrokontroleri imyofeba 

nebismier miZinebul reJimSi. aRniSnuli generatoris sixSiris ZiriTadi 

mniSvneloba tolia 1 mghc-is, roca kvebis Zabva VCC=+5.0 v. 

Tu modaraje  taimeri CarTulia, maSin  garkveuli droiTi Sualedis Semdeg, 

romelic tolia misi periodis (Tvlis drois  intervali 0-dan maqsimalur  

mniSvnelobamde), is asrulebs mikrokontroleris ganulebas. imisTvis, rom 

Tavidan aviciloT  mikrokontroleris ganuleba programis  normaluri 

Sesrulebis dros, aucilebelia modaraje taimeri periodulad ganuldes 

garkveuli droiTi Sualedis Semdeg, romelic naklebia mis periodze. modaraje 

taimeris ganuleba sruldeba WDR brZanebis meSveobiT.  

modaraje taimeris marTvisTvis gamoiyeneba WDTCR registri. am registris 

formati moyvanilia 5.16.sur.-ze, xolo misi Tanrigebis aRwera mocemulia 

5.12.cxrilSi. modaraje  taimeris CarTva/gamorTvisTvis gamoiyeneba WDTCR 

registris WDE da WDCE ori Tanrigi. WDCE TanrigSi 1-is CaweriT modaraje   

  55        

generatori 

    1 mgc 

 
Mmodaraje  

mTvlelis  

ganuleba 

 WDTCR   

registridan 

 

Mmikrokontroleris  

ganuleba 

 

Mmodaraje  taimeris  

sixSiris  gamyofi 
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                        7         6        5      4       3      2        1      0  

- - - WDCE WDE WDP2 WDP1 WDP0 

                                                  RW           R/W             R/W            R/W            R/W            R/W            R/W           R/W 

            0        0         0         0         0        0         0         0 

                   sur.5.16. WDTCR  registris  formati 

 

        cxrili 5.12. WDTCR registris Tanrigebi 
 

 

 

 

 

 

 

 

 

 mTvleli  gadadis  muSa  mdgomareobaSi,  WDE  Tanrigis  saSualebiT  ki 

xdeba  misi  CarTva/gamorTva  ( 1-is  CaweriT iwyebs  Tvlas,  0-is  CaweriT –    

wvets  Tvlas). 

modaraje taimeris Tvlis periodi ganisazRvreba WDTCR  registris 

WDP2.....WDP0 TanrigebSi Sesabamisi  kodis  CaweriT, romlebic mocemulia 

5.13.cxrilSi. 

  

   cxrili 5.13. modaraje taimeris Tvlis periodebi 

 
WDP2 

 
WDP1 

 
WDP0 

generatoris taqtebis 
raodenoda 

taim-autis dadgomis periodi 
(tipobrivi mniSvnelobebi) [mw] 

 
VCC=3.0 v 

 
       VCC=5.0 v 

0 0 0 16K(16384) 17 16 

0 0 1 32K(32768)K 34 33 

0 1 0 64K(65536) 69 65 
0 1 1 128K(131072) 140 130 
1 0 0 256K(262144) 270 260 
1 0 1 512K(524288) 550 520 
1 1 0 1024K(1048576) 1100 1000 

 

     imisaTvis, rom gamoiricxos mikrokontroleris winaswari daugegmavi 

ganuleba, modaraje taimeris periodis cvlilebis dros, aucilebelia 

WDP2....WDP0 TanrigebSi Caweris ganmavlobaSi  aikrZalos modaraje taimeri an  

moxdes misi ganuleba 

Tanrigebi dasaxeleba      aRwera 

7...........5 - 
Ddarezervirebulia da amoikiTxeba 
“nuli” 

4 WDCE 

modaraje taimeris mdgomareobis Secvlis  
nebadarTva. (nebadarTva modaraje 
taimeris gamorTvaze) 

3 WDE 
modaraje taimeris nebadarTva (“1”– 
CarTulia)  

2 EWDP2 

modaraje taimeris winagamyofis sixSiris 
gayofis koeficienti 

1 WDP1 

0 WDP0 

wakiTxva (R)/ Cawera (W) 

sawyisi  mniSvnelobebi 
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Tavi 6 

analoguri komparatori 

Atmega 128 modulis SemadgenlobaSi Sedis analoguri komparatori. 

CarTul mdgomareobaSi komparatori gvaZlevs saSualebas SevadaroT Zabvebis 

mniSvnelobebi, romlebic mikrokontroleris or Sesasvlelze gvaqvs. Sedarebis 

Sedegia logikuri mniSvneloba (logikuri 0 an 1), romelic SeiZleba wakiTxuli  

iyos programidan.  Sedarebis Sedegis mixedviT SesaZlebelia wyvetis 

generireba, aseve SesaZloa ganxorcieldes T1 taimer/mTvlelis mdgomareobis 

dapyroba. ukanaskneli funqcia gvaZlevs saSualebas konkretulad gavzomoT 

analoguri signalebis xangrZlivoba.    

komparatoris mier gamoyenebuli gamomyvanebi warmoadgens saerTo 

daniSnulebis Setana/gamotanis portebis kontaqtebs. komparatoris mier 

gamoyenebuli gamomyvanebi naCvenebia 6.1. cxrilSi. 

 

cxrili 6.1. analoguri komparatoris mier gamoyenebuli gamomyvanebi 

komparatoris 
Sesasvlelebis 
dasaxeleba 

portebis 
gamomyvanebi 

daniSnuleba 

AIN0 P PE2 Aara inversuli Sesasvleli 

AIN1 PPPE3 inversuli Sesasvleli 

 

imisTvis, rom miTiTebuli gamomyvanebi gamoviyenoT analoguri kompara- 

torisTvis, saWiroa isini dakonfigurirdes, rogorc Sesasvlelebi (DDRx 

registris Sesabamisi Tanrigebi davayenoT   nulian mdgomareobaSi).  

 

6.1. komparatoris marTva 

komparatoris marTva da misi mdgomareobis kontroli xorcieldeba ACSR 

registris daxmarebiT. aRniSnuli registris formati moyvanilia 6.1.sur-ze, 

xolo Tanrigebis  daniSnulebis mokle aRwera 6.2. cxrilSi 

 

  

sur.6.1.  ACSR  registris  formati 

 

wakiTxva (R)/ Cawera (W) 

sawyisi  mniSvnelobebi 



59 
 

  

cxrili 6.2. ACSR registris Tanrigebis aRwera 

 

 

 

 

 

 

 

 

 

 

im SemTxvevaSi  rodesac Zabva komparatoris AIN0  gamomyvanze 

(arainversuli Sesasvleli) metia AIN1 gamomyvanze (inversuli Sesasvleli)  

miwodebuli Zabvis mniSvnelobis, Sedarebis Sedegi asaxuli  iqneba  ACO 

gamosasvlelis mdgomareobis cvlilebiT logikuri erTianidan,  logikuri 

nuliT  an  piriqiT. komparatoris gamosasvlelis mniSvneloba Seinaxeba ACSR  

registris ACO TanrigSi. 

ACD Tanrigi pasuxismgebelia komparatoris CarTvasa da gamorTvaze  (1-is  

CaweriT komparatori  gamoirTveba,  0-is  CaweriT -  CairTveba). ramdenadac 

mikrokontrolerze Zabvis miwodebisas xorcieldeba ACSR registris yvela 

Tanrigis ganuleba, komparatori avtomaturad CairTveba  mikrokontroleris 

CarTvis SemTxvevaSi. am Tanrigis mniSvnelobis Secvlis dros saWiroa 

aikrZalos wyveta komparatoridan. 

rogorc ukve iyo aRniSnuli Sedarebis Sedegis safuZvelze komparatoris 

sqemas SeuZlia moaxdinos wyvetis moTxovnis generacia. Tu komparatoris 

gamosasvlelis mdgomareoba (ACO Tanrigi) Seicvala, moxdeba ACSR registris 

ACI Tanrigis wyvetis almis dayeneba, romelic anxorcielebs wyvetis moTxovnis  

generacias. iseve rogorc sxva wyvetebis dros, es alami ganuldeba 

aparaturulad, rodesac gaeSveba wyvetis damuSavebis  qveprograma an 

programulad, masSi logikuri erTianis CaweriT. wyvetis nebadarTvisaTvis 

aucilebelia moxdes ACSR registris ACIE Tanrigis da SREG registris I alamis 

erTianSi dayeneba. 

ACOGgamosasvlelis mdgomareobis rogori cvlileba gamoiwvevs  wyvetas, 

damokidebulia  ACSR  registris ACIS1:ACIS0 TanrigebSi Caweril  kodze  

6.3.cxrilis  Sesabamisad. Aam  TanrigebSi  kodis  Caweris  dros  wyveta 

komparatoridan  unda  aikrZalos. 

Tanrigi 
 
dasaxeleba 
 

 
aRwera 
 

7 ACD komparatoris gamorTva nolis dros 
CarTulia, erTianis dros gamorTuli. 

6 ACBG komparatoris arainversul SesasvlelTan 
Sida sayrden Zabvis wyaros mierTeba 
(erTiani-mierTebulia, nuliani-mierTebuli 
ar aris).  

5 ACO Sedarebis Sedegi (komparatoris gamosas- 
vleli) 

4 ACI komparatoridan  wyvetis alami  

3 ACIE komparatoridan  wyvetis nebadarTva  

2 ACIC komparatoris mierTeba taimer/mTvlel T1 

dapyrobis sqemasTan (erTiani-mierTebulia, 
nuliani - gamorTulia) 

1,0 ACIS1 : ACIS0 komparatoridan  wyvetis generirebis piroba  
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cxrili 6.3. komparatoridan  wyvetis  moTxovnis generirebis pirobe 

 

 

 

 

 

 

 

Ggarda wyvetis generaciisa, komparators aseve SeuZlia T1  taimer/mTvlelis  

dapyrobis  sqemis  marTva. amisaTvis  ACSR  registris  ACIC Tanrigi unda 

dayendes “1”-Si. Sedegad komparatoris gamosasvleli  miuerTdeba dapyrobis 

sqemis Sesasvlels mikrokontroleris ICP1  gamomyvanis nacvlad. Tu ACIC 

Tanrigi ganulebulia, komparatori  gamorTulia   taimer/mTvlelis  dapyrobis  

sqemidan.  

Kkomparators  SeuZlia  Seadaros  signalebi  ara  mxolod  AIN0  da  AIN1  

gamosasvlelebze.  Mmikrokontroleris  AIN0  gamosasvlelis magivrad  

SesaZlebelia  miuerTdes  Zabvis  1.22v. mniSvnelobis    Siga  wyaro. amisaTvis  

saWiroa  ACSR  registris  ACBG   TanrigSi Caiweros “1”. 

 

 

 

 

 

 

 

 

 

 

 

 

AACIS1 AQACIS0 piroba 

0 0 
komparatoris gamosasvlelis mdgomareobis  nebismieri  
cvlileba 

0 1 
darezervirebulia 

1 0 
komparatoris gamosasvlelis mdgomareobis cvla “0” 
dan  “1”-iT   

1 1 
komparatoris gamosasvlelis mdgomareobis cvla “1” 
dan  “0”-iT   
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Tavi 7 

analogur-cifruli gardamqmneli 

analogur-cifruli gardamqmneli (acg,ing. Analog-to-digital converter, ADC )  aris 

mowyobiloba, romelic Sesasvlel analogur signals gardaqmnis diskretul 

signalad (orobiT kodad.). uku gardaqmnas anxorcielebs cag (cifro - 

analoguri gardamqneli, DAC). martivi acg aris komparatori. 

                         garCeviToba 

acg-s garCeviToba -- analoguri signalis sididis minimaluri cvlilebaa, 

romliTac gansxvavdeba gardaqmnis Sedegad miRebuli mezobeli orobiTi kodebi 

erTmaneTisagan. igi damokidebulia am  kodebis Tanrigianobaze.  

Aacg-s Tanrigianoba gansazRvravs orobiTi kodebis mniSvnelobebis 

raodenobas, romelic gardamqmnels SeuZlia gasces gamosasvlelze. acg-s 

gardaqmnis Sedegebi warmodgeba bitebSi. magaliTad, orobiTi rva Tanrigian 

acg-s aqvs unari gasces 256 diskretuli mniSvneloba (0.....255), gamomdinare 

iqidan, rom 28 = 256. garCeviToba Zabvis mixedviT tolia acg-s  Sesasvlelze 

miwodebuli maqsimaluri da minimaluri Zabvebis sxvaobis, gayofils 

gamosasvleli diskretuli mniSvnelobebis raodenobaze.  

magaliTad:  

 vTqvaT, Sesavali mniSvnelobis diapazoni tolia 0 dan 10 

voltamde; 

 acg-s gamosasvlel orobiTi TanrigTa raodenoba 12 biti, romlis 

saSualebiT  formirdeba  212 =4096 kodi; 

 acg garCeviToba Zabvis mixedviT iqneba: (10-00)/4096=0,00244v= 

=2,44mvolti. 

Atmega 128 mikrokontroleris SemadgenlobaSi Sedis mimdevrobiTi 

miaxloebis  10 Tanrigiani acg moduli. 7.1.sur-ze naCvenebia mimdevrobiTi 

miaxloebis acg-s blok-sqema.  

 

analoguri-cifruli gardamqmnelis  maxasiaTeblebi 

1. 10 Tanriga garCeviToba; 

2. gardasaxvis absoluturi cdomileba ±2 mlv; 

3. gardaqmnis dro 65-260 mkwm; 

4 gardaqmnis sixSire 15 aTasamde wm-Si; 

5. multipleqsoris 8 erTpolaruli Sesasvleli; 

6. acg Sesasvleli Zabvis diapazoni 0....Vcc; 

7. Siga sayrdeni 2.56 v amorCevis Zabva; 

8. erTeulovani gardaqmnis da avtomaturi gaSvebis reJimi; 

9. acg mier gardaqmnis damTavrebis Semdeg wyveta; 

10. Zilis reJimSi xmauris daTrgunvis reJimi.   
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                sur.7.1. acg-s  struqturuli sqema 

 

7.1.analoguri-cifruli gardamqmnelis  moqmedebis principi 

mocemul tipis acg-s safuZvlad udevs mimdevrobiTi miaxloebis gardaqmnis 

specialuri registri. ciklis dasawyisSi am registris yvela Tanrigi 

dayenebulia nulis mdgomareobaSi, garda pirveli (ufrosi) Tanrigisa.  

MaRniSnuli SemTxvevisaTvis 10 Tanrigiani acg-s  mimdevrobiTi miaxloebis 

registrSi dayenebulia kodi “1000000000” (rac Seesabameba acg Semavali 

diapazonis naxevars). es kodi registris gamosasvlelidan miewodeba cag 

Sesasvlels, romelic Tavis mxriv gardaqmnis mas Zabvad da es ukanaskneli 

gadaecema komparatoris  erT-erT Sesasvlels, romlis meore  Sesasvlelze 

miwodebulia gardasasaxi Zabva. im SemTxvevaSi, Tu  Semavali Zabva mcirea acg 

Semavali diapazonis naxevarze (es imis mauwyebelia, rom sawyisi kodis 

mniSvneloba  aris  didi  Semavali  ZabvisaTvis  da  saWiroa  misi  Semcireba)  
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komparatoris gamosasvleli miiRebs logikuri nulianis mniSvnelobas, 

Sedegad mimdevrobiTi miaxloebis registrSi Caiwereba Semcirebuli kodi 

0100000000, rac gamoiwvevs cag gamosasvlelze Zabvis cvlilebas, romelic isev 

miewodeba komparators. im SemTxvevaSi Tu  komparatoris gamosasvleli 

inarCunebs “nulianis” mdgomareobas (e.i Semavali  Zabva kvlav mcirea miRebul  

kodze), maSin registri gadairTveba “00100000” mdgomareobaSi. Tu gardaqmnis 

momdevno bijze cag-is gamomavali Zabva aRmoCnda mcire, vidre Semavali 

gasazomi Zabva, komparatoris gamosasvleli gadairTveba logikuri erTianis 

mdgomareobaSi. es miTiTebaa imisa, rom mimdevrobiTi miaxloebis registris 

meore TanrigSi darCes logikuri erTiani da Caiweros logikuri erTiani mesame 

TanrigSi. muSaobis aRwerili algoriTmi SemdgomSi kvlav meordeba bolo 

Tanrigamde. amrigad, acg mimdevrobiTi miaxloebis meTodi moiTxovs erT Siga 

taqts gardaqmnis TiTouli TanrigisaTvis an N taqts N Tanriga gardaqmni- 

saTvis. 

acg moduls aqvs 8 Sesasvleli - ADC0…ADC7, romelTagan  erT-erTis 

mierTeba acg-Tan gardaqmnisaTvis sruldeba  analoguri multipleqsoris  

saSualebiT.  

analoguri Setanis arxi da diferenciuli maZliereblis kaskadi amoirCeva 

ADMUX registris MUX0-MUX2 bitebSi Sesabamisi kodis CaweriT. Sesasvlelad 

SesaZlebelia arCeuli iyos  agreTve GND da 1,22v fiqsirebuli wyaros 

gamosasvleli.  

muSaobis procesSi acg-s SeuZlia ifunqcioniros or reJimSi: 

 erTeulovani gardaqmnis reJimi, rodesac calkeul Semaval  arxidan 

gardaqmnis yoveli gaSvebis inicireba xorcieldeba momxmareblis mier. 

 uwyveti gardaqmnis rejimi, rodesac gardaqmnis gaSvebis inicireba 

xorcieldeba ramdenime arxisTvis mimdevrobiT uwyvetad garkveuli 

droiTi intervaliT. 

erTeulovani gardaqmnis reJimSi yoveli axali  gardaqmna xorcieldeba 

acg-s ADCSRA registris ADSC (gardaqmnis  dawyebis) TanrigSi logikuri 

erTianis CaweriT. mocemuli biti gardaqmnis procesSi rCeba erTianis 

mdgomareobaSi da ganuldeba gardaqmnis damTavrebis Semdeg. 

uwyveti gardaqmnis reJimSi acg uwyvetad, erTmaneTis  miyolebiT, asrulebs 

analoguri signalebis cifrul formaSi gadayvanas da yoveli gardasaxvis  

bolos aaxlebs acg monacemebis registrs. pirveli gardaqmna inicirdeba 

ADSCRA  registris ADSC  TanrigSi logikuri erTianis CaweriT, romlis 

mniSvneloba  SenarCunebuli iqneba gardaqmnis  mTeli  procesis  ganmavlobaSi.  

reJimebis  dayeneba  sruldeba  ADCSRA  registris ADFR bitis saSualebiT 

(ADFR=0 – erTeuli  gardaqmnis  reJimi, ADFR=1- uwyveti  gardaqmnis  reJimi).  

 Sesasvleli Zabvis minimaluri mniSvneloba tolia nulis, xolo 

maqsimaluri mniSvneloba - ara umetes kvebis Zabvis mniSvnelobisa (aRniSnuli 

mikrokontrolerisaTvis VCC=+5v).  

Mmetad  mniSvnelovania e.w. sayrdeni  Zabvis (sZw) arCeva,  romelic  

miewodeba  cifrul – analogur  gardamqmnels  da  gansazRvravs mis  mier  

gardaqmnili  Zabvis  mniSvnelobas. igi  SesaZlebelia  miuerTdes acg-s garedan 
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AREF SesasvleliT (rekomendebulia 2.0 v - VCC diapazonSi) an Siga  wyarodan 

(2,56 v). 

acg muSaobis nebis  darTva xorcieldeba ADCSRA registris ADEN Tanrigis  

dayenebiT. rodesac ADEN = 0, maSin acg gamoirTveba da dens ar moixmars, 

amitom “Zilis” ekonomiur reJimSi gadayvanis SemTxvevaSi rekomendebulia 

winaswar gaiTiSos acg. 

Ggardaqmnis  Sedegad acg aformirebs aT Tanriga kods, romelic Tavsdeba 

acg monacemTa 16 Tanriga registrSi (igi Sedgeba Seyvana-gamoyvanis ori  

registrisagan - ADCH da ADCL). gardaqmnis Sedegi SeiZleba Caiweros umcros 10 

TanrigSi  ( marjvniv gaTanabrebiT), an ufros 10 TanrigSi ( marcxniv 

gaTanabrebiT) ADMUX registris ADLAR  bitis gamoyenebiT.  

gardaqmnis damTavrebis Semdeg acg generirebs moTxovnas wyvetaze,  romelic  

fiqsirdeba  AADCSRA  registris ADIF  TanrigSi  erTianis  dayenebiT. wyvetis 

nebis darTva/akrZalvisaTvis amave registrSi  gaTvaliswinebulia ADIE  Tanrigi  

(alami).  

acg Seicavs winagamyofis bloks, romlis saSualebiT SegviZlia acg-s  

mivawodoT taqtirebisaTvis saWiro, sxvadasxva sixSiris impulsebi mikro- 

kontroleris ZiriTadi sataqto impulsebis sixSiris SemcirebiT (dayofiT). 7.2. 

sur.-ze  naCvenebia winagamyofis struqturuli  sqema.  

      7.2.sur.-is  mixedviT  acg winagamyofs  aqvs  ramdenime  gamosasvleli, 

romlebzec  CK  ZiriTadi  sataqto  signalebis  safuZvelze formirdeba 

sxvadasxva sixSiris signalebi, romelTa  mniSvnelobebi ganisazRvreba 

Sesabamisi dayofis  koeficientebiT. Mmultipleqsoris  saSualebiT  xdeba  

erT-erTi maTganis mierTeba gamosasvlelTan  da  miewodeba  acg-s. winagamyofis 

aRniSnuli gamosasvlelebis  arCeva  xdeba  kodiT, romelic  Caiwereba ADCSRA  

registris ADPS0- ADPS2  TanrigebSi   

 

 
 sur.7.2. acg winagamyofis  struqtura 

 

        

ganuleba 

acg-s  7  Tanrigiani  wingamyofi 

 

multipleqsori 

 

acg-s taqturi signali 
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acg winagamyofis gayofis  koeficientis mniSvnelobebi  ganisazRvreba 7.1. 

cxrilSi. 

cxrili 7.1. acg winagamyofis gayofis koeficientis 

             mniSvnelobebi 

ADPS2 ADPS1 ADP ADPS0 Ggayofis 
koeficienti 

0 0 0 2 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

 

wina gamyofis  muSaoba  iwyeba ADCSRA registris ADEN bitis erTianSi 

dayenebiT,  gamorTva –nulSi  dayenebiT. 

7.2. acg-s  marTvis  registrebi 

Aacg-s  marTva  xorcieldeba  mis  marTvis  registrebSi sxvadasxva 

daniSnulebis  Tanrigebis  (almebis) dayenebiT. 

registrebi, romlebic gamoiyeneba acg modulis marTvisaTvis naCvenebia  7.2. 

cxrilSi. 

 

         cxrili 7.2. acg modulis mmarTveli registrebi 

registri aRwera 

ADADCSRA marTvis da mdgomareobis A  registri 

A ADMUX multipleqsoris marTvis registri 

   SFIOR specialuri funqciebis registri 

 

ADCSRA registrebis formati mocemulia 7.3.sur-ze, xolo ADCSRA  

registris Tanrigebis aRwera - 7.3. cxrilSi. 

 

               7         6        5        4         3          2       1         0 

ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPS0 

        wakiTxva(R)/Cawera(W)  R/W            R/W           R/W            R/W             R/W            R/W            R/W              R/W 

        sawyisi mdgomareoba        0                 0                0                 0                  0                  0                 0                   0 

 

sur.7.3. ADCSRA  registris formati 
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cxrili 7.3. ADCSRA  registris Tanrigebis  daniSnuleba 

Tanrigebi dasaxeleba aRwera 

7 ADEN Aacg-s nebisdarTva (1-CarTulia, 0-gamorTulia) 
6 ADSC gardaqmnis gaSveba (1- gardaqmnis  dwyeba) 
5 ADFR acg muSaobis reJimis amorCeva 
4 ADIF acg-dan  wyvetis moTxovnis alami 
3 ADIE acg-dan  wyvetis nebadarTva 
2..0 ADPS2:ADPS0 gardaqmnis sixSiris amorCeva  (ix.cxrili 7.1) 

 

ADMUX registrebis formati mocemulia 7.4.sur-ze. xolo maTi  Tanrigebis 

daniSnuleba - 7.4. cxrilSi. 

 
              7          6          5         4         3         2         1         0 

 

 

       wakiTxvis(R),Caweris(W)   R/W           R/W                 R/W              R/W            R/W           R/W          R/W          R/W  

         sawyisi mniSvneloba        0               0                      0                   0                   0             0                0                 0 

sur.7.4. ADMUX  registris formati 

rogorc zeviT iyo naTqvami, am registris MUX2-MUX0 TanrigebSi Cawerili 

kodebi gansazRvravs aqtiuri arxis nomers (analoguri Sesasvleli,  romelic  

mierTebulia  acg-sTan ) 7.5. cxrilis Tanaxmad. 

 

cxrili 7.5. Sesasvleli multipleksoris marTva 

MUX2…0 analoguri Sesasvlelebi 
000 ADC0 (PB5) 

001 ADC1 (PB2) 

010 ADC2 (PB3) 

011 ADC3 (PB4) 

100 ar  gamoiyenebian 

 

SeniSvna: frCxilebSi miTiTebulia portebis 

gamomyvanebi, romlebic mierTebulia  acg-s Sesasvle- 

lebTan. 

 

MUX2.... MUX0 Tanrigebis mdgomareoba SesaZlebelia Seicvalos nebismier 

dros, magram Tu es moxdeba gardasaxvis ciklis procesSi, arxis  cvlileba 

Sesruldeba gardasaxvis  damTavrebis  Semdeg. amis gamo uwyveti  gardasaxvis  

reJimis SemTxvevaSi SesaZlebelia arxebis advilad skanireba, rac  mocemul  

SemTxvevaSi  gulisxmobs ramdenime  arxis  signalebis  mimdevrobiT (ciklurad 

an mocemuli  programiT) gardasaxvas. 

Aaseve iyo aRniSnuli, rom acg modulSi SeiZleba gamoviyenoT   sayrdeni  

Zabvis  sxvadasxva  wyaro – an  garedan AREF  SesasvleliT,  an  Siga 2,56v, an 

VCC  ( kvebis  Zabva).. 

konkretuli sZw wyaros amorCeva xorcieldeba ADMUX registris REFS1: 

REFS0 Tanrigebis daxmarebiT (7.6.cxrili). 

REFS1 REFS0 ADLAR - - MUX2 MUX1 MUX0 
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cxrili 7.3. sayrdeni Zabvis wyaros amorCeva. 

REFSI REFS0 sayrdeni Zabvis wyaro 

0 0 kvebis Zabva Vcc,MO Sida sZw gamorTulia. MYN 

0 1 
gare sZw, mierTebulia AREF gamomyvanTan,MOSida sZw 
gamorTulia. MYN 

1 0 Siga sZw 2,56v  gamorTulia. MYN 
1 1 Siga sZw 2.56v. mierTebulia. 

 
SFIOR registris ADHSM Tanrigis dayenebiT xdeba cag-is CarTva/gamorTva. SFI0R 

registris formati mocemulia 7.5.sur-ze (registris Tanrigebi, romlebic am 

SemTxvevaSi ar gamoiyeneba naxazze aRniSnulia “X” simboloTi)                                                                      

               7       6       5        4          3       2       1      0 
                                                           

 

        akiTxvis(R),Caweris(W)  R/W         R/W          R/W          R/W               R/W           R/W         R/W      R/W                                  

         sawyisi mniSvneloba      0               0               0                0                    0                 0              0          0      

 

sur. 7.5. SFI0R registris  formati 

 
7.3. acg modulis funqcionireba 

Yyoveli gardasaxvis  dawyeba erTeulovan gardasaxvis reJimSi,  aseve 

pirveli gardasaxvis  dawyeba  uwyvet  gardasaxvis  rejimSi  sruldeba 

ADCSRA  registris ADSC  bitis  erTianSi  dayenebiT. 

Ggardaqmnis ciklis xangrZlivoba Seadgens 13 taqts; Sesasvleli signa- lis 

amorCeva da damaxsovreba xorcieldeba pirveli  taqtis ganmavlobaSi. 13 taqtis  

Semdeg gardasaxva mTavrdeba, ADSC biti aparaturulad dgeba “0” mdgomareobaSi 

(erTeulovani gardasaxvis reJimSi) da Sedegi inaxeba acg-s  monacemTa  

registrSi. 

erTdroulad ADCSRA  registris ADIF  wyvetis alamSi  iwereba  “1”  da 

generirdeba wyvetis moTxovna. rogorc sxva wyvetis almebi, ADIF alami 

aparaturulad ganuldeba acg-s wyvetis dammuSavebeli programis gaSvebis  

Semdeg an programulad masSi 1-is CaweriT. wyvetis nebis darTva  xorcieldeba 

ADCSRA  registris  ADIE  TanrigSi  erTianis  CaweriT. 

Tu  acg muSaobs  uwyveti  gardaqmnis reJimSi,  axali  cikli  iwyeba  

umalve  wina  gardasaxvis Senaxvis  Semdeg. naTqvamis  sailustraciod 7.6.sur.-

ze naCvenebia  gardasaxvis  droiTi  diagrama.    

 

                      gardaqmnis Sedegi 

gardaqmnis damTavrebis Semdeg (ADCSR registris ADIF alamis “1”-Si dayenebis dros) 

misi Sedegi Seinaxeba acg monacemTa registrSi. ramdenadac acg 10 Tanrigiania, es 

registri fizikurad  ganTavsebulia Setana/gamotanis or ADCH:ADCL  8 Tanriga 

registrSi, romlebidanac SesaZlebelia mxolod wakiTva.  mikrokontroleris CarTvis 

Semdeg mas aqvs $0000 mniSvneloba. 

        X X  X ADHSM X  X    X    X                      X 
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sur.7.6. a) droiTi diagrama acg muSaobis erTeulovani gardaqmnis  

dros, b)gaSvebis reJimi wyvetis dros, v) uwyveti gardaqmnis reJimi 

 

uTqmelobiT xdeba gardaqmnis Sedegis Cawera marjvniv gaTanabrebiT, anu Sedegi 

ikavebs ADCL   registrs da ADCH  registris  or  Tanrigs (ADCH registris ufrosi 6 

Tanrigi araniSnadia), magram SesaZlebelia Sedegis Cawera marcxniv gaTanabrebiT (am  

SemTxvevaSi ADCL registris umcrosi 6 Tanrigi araniSnadia). gardaqmnis Sedegis 

gaTanabrebas emsaxureba ADMUX registris ADLAR Tanrigi. roca es Tanrigi  

dayenebulia “1”-Si, maSin gardaqmnis Sedegi gaTanabreba xdeba 16 Tanriga sityvis  

umcrosi TanrigiT (marjvniv), xolo Tu “0”-Sia - ufrosi  TanrigiT  (marcxniv). 

                                         67 

Mmimdinare  gardasaxva Mmomd. gardasaxva 

taqtis # 

Aacg-s  sataqto  

signali 

MUX  da  REFS  

Tanrigebis 

ganaxleba 

amorCeva 
Ggardasaxva 

damTavrebulia 

MUX  da  REFS  

Tanrigebis 

ganaxleba 

 

a) 
Mmimdinare  gardasaxva 

 

Mmomd. gardasaxva 

 taqtis # 

 
Aacg-s  sataqto  

signali 

 
wyvetis  

alami 

         ADSC 

 

wingamyofis  

ganuleba MUX  da  REFS  

Tanrigebis 

ganaxleba 

 

wingamyofis  

ganuleba 

 

amorCeva 

 

Ggardasaxva 

damTavrebulia 

 

b) 

Mmimdinare  

gardasaxva 

 

Mmomd. 

gardasaxva 

 taqtis # 

 
Aacg-s  sataqto  

signali 

 

Ggardasaxva 

damTavrebulia 

 

MUX  da  REFS  

Tanrigebis 

ganaxleba 

 

amorCeva 

 

v) 
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gardaqmnis Sedegebis miRebisTvis ADCH da ADCL registrebidan mimarTvis  dros 

unda Sesruldes moqmedebebis garkveuli Tanamimdevroba: dasawyisSi aucilebelia 

moxdes ADCL registris Semcvelobis wakiTxva, xolo Semdeg - ADCH registris 

wakiTxva. es moTxovnebi dakavSirebulia imasTan, rom ADCL registrTan mimarTvis 

Semdeg procesori blokirebas axdens monacemTa registrebis acg mxridan mimarTvas 

manam, sanam ar moxdeba ADCH registris Semcvelobis  wakiTxva. Aamis gamo 

darwmunebuli unda viyoT imaSi, rom registrebis Semcvelobis  wakiTxvisas maTSi 

iqneba Cawerili erTi da igive Sedegis Semadgeneli mniSvnelobebi. Sesabamisad, im 

SemTxvevaSi Tu ki morigi gardaqmna dasruldeba ADCH registrTan mimarTvamde, 

gardaqmnis Sedegi daikargeba. 

meore mxriv, Tu gardaqmnis Sedegi gaTanabrdeba marcxniv da Sedegis miRebis 

mniSvneloba sizustisaTvis 8 Tanrigia sakmarisi, maSin SeiZleba wakiTxul iqnes 

mxolod  ADCH registris Semcveloba. 

acg-s  maxasiaTeblebis gamoTvlis  sailustraciod  ganvixiloT  magaliTi. 

rogorc  zeviT  iyo  naTqvami,  aceges  unda  miuerToT   erT-erTi  sayrdeni  Zabva. 

dauSvaT -  Siga  sayrdeni  Zabva  2,56v-is  mniSvnelobiT. rodesac  acgs Sesasvlelze  

gardasasaxi  Zabvis  mniSvneloba  nulis  tolia  gardasaxvis  registrSi  iwereba  

kodi 1000000000  (anu  1024). aqedan  gamomdinare  garCeviToba (anu  mezobel  kodebs  

Soris  gansxvaveba)  gveqneba  Uref /1024. Semavali  Zabvis  maqsimalur  

mniSvnelobas  ki  Seesabameba  erTebi  umcros  TanrigebSi (anu  1023). 
maqsimaluri  Zabva  acgs  Sesasvlelze SeiZleba  gamoviTvaloT  formuliT: 

                                 Uemax = 1023* Uref /1024. 

ganxiluli  SemTxvevisaTvis  gveqneba: 

                                 Uemax = 1023* 2,56/1024=2.5575v. 

dauSvaT, gardasaqmneli Zabvis mniSvneloba aris 0 - 25v diapazonSi. acg-s  

Sesasvlelze ki dasaSvebia  Zabvis  mniSvneloba  0 - 5v  diapazonSi. 

Ggardasasaxi  Zabvis  Semcirebis  mizniT  unda  gamoviyenoT  Zabvis  gamyo- fi   

R1=100k, R2=10k  winaaRmdegobebiT (7.7.sur.).  

 

gardasaqmneli  Zabva 

                    E                     

 R1     100k 

                                       acg-s  Sesasvleli 

                    R2 10k  

 

                          sur. 7.7. 

ganvsazRvroT maqsimaluri Sesasvleli Zabva gamyofze R1=100k, R2=10k  

SemTxvevisaTvis. 

                          Uemax = U inU* R2/ (R1+R2) . 

  sadac U inU gardasaqmneli Zabvis maqsimaluri mniSvneloba, romelic 

SesaZlebelia miwodebuli iyos  acg-s  Sesasvlelze. 

   



70 
 

Cven  mier  ganxiluli  SemTxvevisaTvis  gveqneba: 

                        U inU= 2,5575 * 110k/10k=28,1325v. 

aseve  saWiroa vicodeT ra Sedegi Caiwereba acg-s registrSi mis  Sesasvlelze  

Zabvis  sxvadasxva  mniSvnelobis  dros.  

gardasaxvis  Sedegi  gamoiTvleba  Semdegi  formuliT:  

                                             ADC= 1024*Uemax /Uref. 

magaliTad,  Sesasvlelze  maqsimaluri  Zabvis  SemTxvevaSi 2,557v, gardasaxvis  

Sedegi  iqneba  

                                             ADC= 1024*2,557 /2,56=1023, 

Sesasvlelze  2v  miwodebis  SemTxvevaSi  Sedegi  iqneba 

                                             ADC= 1024*2/2,56=800. 

realuri  mniSvnelobis  misaRebad  voltebSi  gardasaxvis  Sedegi  unda  

gamravldes  koeficientze. ganxiluli  magaliTisaTvis 

                       k=2813/1023=2,75. 
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                          Tavi 8 

universaluri asinqronuli (sinqronul/asinqronuli) 

mimRebgadamcemi 

mikrokontroler Atmega 128-s Tavis SemadgenlobaSi aqvs ori universaluri 

mimReb/gadamcemi USART0  da USART1. 

mimReb/gadamcemis yvela modulebi uzrunvelyofen sruldupleqsur gacvlas 

mimdevrobiTi portis meSveobiT, sadac monacemebis gacvlis siCqare 

SesaZlebelia varirebdes sakmaod farTo sazRvrebSi. USART modulis gzavnilis 

formati SeiZleba Seadgendes 5-dan 9 Tanrigamde. USART modulis Taviseburebas 

warmoadgens is, rom mas gaaCnia formirebis da luwobis kontrolis sqemebi. 

 

                                    

                                    8.1.USART  modulis struqtura 

 

USART  modulis  gamartivebuli struqturuli sqema naCvenebia 8.1.sur.-ze.  

 

 

sur.8.1.  USART  modulis  struqturuli  sqema 

rogorc suraTidan Cans, moduli Sedgeba sami ZiriTadi nawilisagan: 

taqtirebis blokisagan, gadacemis blokisagan da mimRebi   blokisagan.  USART   

 

interfeisi 

 

interfeisi 

 

signalebis  

aRdgenis  

bloki 

monacemTa  

aRdgenis  

bloki 
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modulis taqtirebis bloks aqvs sinqronizaciis sqema, romelic gamoiyeneba 

sinqronul reJimSi muSaobis dros da gadacemis siCqaris kontroleri. 

gadacemis bloki Seicavs monacemTa bufers, Zvris registrs, luwobis bitis 

formirebis da marTvis sqemas.  

mimReb bloks, Tavis  mxriv, gaaCnia sataqto signalis da monacemebis 

aRdgenis sqema, luwobis kontrolis sqema, Zvris registri da  monacemTa  

buferi. 

mimRebis da gadamcemis  buferuli registrebi ganlagebulia  erTi da igive 

samisamarTo Setana/gamotanis sivrceSi da aRiniSnebian, rogorc UDR(Universal 

data registr ,UDRn) - monacemTa registri. am registrSi inaxeba gadasacemi da 

misaRebi monacemebis umcrosi 8 Tanrigi. amokiTxvis  dros xdeba mimarTva 

mimRebis  UDR  buferul registrTan, Caweris  dros – gadamcemis buferul 

registrTan. 

TiToeul USART  bloks aqvs sami gamomyvani RxD, TxD  da  XCK,  romlebic  

dakavSirebuli arian  saerTo  daniSnulebis  portebis  gamosasvlelebTan  da  

anxorcieleben  maT  alternatiul  funqciebs ( USART  blokis  muSaobis  

dros igi iyenebs am gamosasvlelebs, winaaRmdeg  SemTxvevaSi  -  gamosasvlelebs  

iyenebs  porti).  RxD  gamomyvaniT  sruldeba  monacemTa mimdevrobiT  miReba, 

TxC gamomyvaniT - gacema. XCK  gamosasvlelze gaicemian masinqronebeli 

signalebi. 8.1.cxrilSi mocemulia USART  modulis  mier  gamoyenebuli  portis  

gamosasvlelebi  da  maTi  daniSnuleba. 

 

cxrili 8.1. gamomyvanebi, romelsac iyeneben USART   modulebi  

 

 

 

 

 

 

                 8.2. kadris formati 

 

informaciis  gadacema  orive  mimarTulebiT  xorcieldeba  kadris  

saSualebiT. mocemul SemTxvevaSi kadris qveS igulisxmeba monacemis erTi 

sityvis  da Tanmxlebi informaciis erToblioba (8.2.sur.).  

kadri iwyeba dawyebis (Start) bitiT, romelsac mihyveba monacemTa sityvis 

umcrosi Tanrigi. monacemTa sityvis ufrosi Tanrigis Semdeg - erTi an ori 

damTavrebis  (Stop) biti. im SemTxvevaSi,  Tu gaTvaliswinebulia gadacemis 

luwobaze  kontroli, monacemTa bitebs daemateba sakontrolo  biti , is 

moTavsdeba monacemis sityvis ufros Tanrigsa da pirvel Stop  bits Soris. 

daniSnuleba gamomyvanebi aRwera 

RXD0 PE0 USART0 Sesasvleli 

TXD0 PE1P  USART0  gamosasvleli 

XCK0 PE2 
USART0  gare sataqto signalis 

Sesasvleli/gamosasvleli 

RXD1 PD2 USART1  Sesasvleli 

TXD1 PD3 USART1  gamosasvleli 

XCK1 PD5 
USART1  gare sataqto signalis 

Sesasvleli/gamosasvleli 
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kodis formati ganisazRvreba  UCSRnB  da  UCSRnC  registrebSi,  rac  

ganxiluli iqneba  qveviT.  

 

 

 

           sur.8.2.  USART  interfeisis  kadris  formati 

 

                              8.3.USART-is  marTvis  registrebi   
 

USART  modulis  samarTavad  gankuTvnilia  sami  registri:  UCSRnA,  UCSRnB  da  

UCSRnC  ( n  aRniSnavs  modulis  nomers). 

UCSRnA, UCSRnB da UCSRnC  registrebis formatebi mocemulia 8.3...8.5.sur.-ze, xolo 

am registrebis Tanrigebis mniSvnelobebis aRwera - 8.2...8.4.cxrilebSi Sesabamisad. 

                     7      6       5       4       3       2      1       0 

 

     

wakiTxva(R)/Cawera(w)       R           R/W          R            R              R             R           R/W          R/W 

sawyisi mniSvneloba    0        0      1      0        0       0       0        0 

                   sur.8.3. UCSRnA  registris  formati 

 
                7      6       5       4        3        2       1       0 

 

 
wakiTxva(R)/Cawera(w)      R           R/W             R              R              R             R           R/W          R/W 

sawyisi mniSvneloba   0        0        1        0       0       0       0        0 

                     sur.8.4. UCSRnB  registris  formati 

 
                      7        6        5         4       3       2      1       0 

 

 
wakiTxva(R)/Cawera(w)        R         R/W           R              R             R             R          R/W          R/W 

sawyisi mniSvneloba     0      0        1       0       0       0       0        0 

               sur.8.5. UCSRnC  registries  formati 

  

RXCn 

 TXCn UDREn FEn DORn UPEn U2Xn MPCMn 

RXCI

En 

TXCIEn UDRIEn RXENn TXENn UCSZn2 RXB8n TXB8n 

- UMSELn UPMn1 UPMn0 USBSn UCSZn1 UCSZn0 UCPOLn 

kadri 

 

- “start”  biti, yovelTvis “0” 

- monacemTa  Tanrigebi 

- kontrolis  biti   

- “stop”  biti, yovelTvis  “1” 
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     cxrili 8.2. UCSR0A da UCSR1A registrebis Tanrigebi 

 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SeniSvna: n=0 an  n=1 

 

 

 

 

 

Tanrigi daniSnuleba aRwera 

 
 
7 

 
 

RXCn 

miRebis dasrulebis alami. alami dayendeba erTianSi im 
SemTxvevaSi, Tu ar  aris amokiTxuli monacemebi mimRebis 
buferul registridan (UDR monacemebis registridan). 
almis aparaturuli ganuleba xdeba  buferis daclis 
Semdeg.  im SemTxvevaSi Tu dayenebulia UCSRnB registris 
RXCIEn Tanrigi, maSin generirdeba moTxovna wyvetaze 
<<miReba dasrulebulia>>.    

 
 
6 

 
 

TXCn 

gadacemis dasrulebis alami. alami dayendeba erTianSi 
Tu gadacemis Zvris registridan yvela Tanrigebis 
gadagzavna dasruldeba, im pirobiT, rom UDR monacemTa 
registrSi ar iqneba CatvirTuli axali mniSvneloba.Tu 
UCSRnB registris TXCIEn Tanrigi dayenebulia, maSin, 
generirdeba wyveta <<gadacema dasrulebulia>>. alami 
ganuldeba aparaturulad wyvetis qveprogramis 
Sesrulebisas an programulad. 

5 UDUDREn 

monacemebis registris daclis alami.mocemuli alami 
dayendeba erTianSi im SemTxvevaSi Tu gadacemis buferi 
carielia (UDR monacemTa registridan baitis gadacemis 
Semdeg gadadamcemis Zvris registrSi).dayenebuli alami 
niSnavs, rom monacemTa registrSi SeiZleba CaitvirTos 
axali mniSvneloba. Tu UCSRB registris DUDREn Tanrigi  
dayenebulia, maSin generirdeba wyveta <<monacemTa 
registri carielia>>. alami ganuldeba aparaturu- lad im 
SemTxvevaSi rodesac Cawera xdeba monacemTa registrSi. 

4 FEn 

kadrirebis Secdomis alami. FEn alami dayendeba erTianSi 
im SemTxvevaSi, rodesac adgili aqvs kadrirebis Secdomas. 
e.i. Tu   miRebuli gzavnilis pirveli “stop”- biti tolia 
nulis. 

 
3 

 
DORn 

gadavsebis alami. DORn dayeneba moxdeba  erTianSi Tu 
axali “start”-bitis aRmoCenis momentSi mimRebis Zvris 
registrSi aris ukanaskneli miRebuli sityva, xolo 
mimRebis monacemTa regisri savsea. alami ganuldeba, Tu 
adgili eqneba miRebuli monacemis gadagzavnas Zvris 
registridan mimRebis registrSi. 

 
2 

 
UPEn 

luwobis kontrolis Secdomis alami. UPEn  dayendeba 
erTianSi, rodesac mimRebis buferul registrSi luwobaze 
kontrolis Sedegad monacemSi  aRmoCdeba Secdoma.im 
SemTxvevaSi Tu kontroli ar gamoiyeneba, maSin es Tanrigi 
mudmivad  ganule- bulia. 

 
1 

 
U2Xn 

gadacemis siCqaris gaormageba. Tu U2Xn alami dayenebulia 
erTianSi, maSin winagamyofis kontroleris gadacemis  
gayofis siCqaris koeficienti mcirdeba 16-dan 8-mde. ris 
Sedegadac ormagdeba siCqare asinqronuli gadacemis 
mimdevrobiT arxSi. USART registris U2Xn Tanrigi 
gamoiyeneba mxolod asinqronuli muSaobis reJimSi. 
sinqronul reJimSi is ganulebuli unda iyos. 

 
0 

 
MPCMn 

multiprocesoruli gacvlis reJimi. MPCMn gamoiyeneba 
multiprocesorul gacvlis reJimSi. Tu es Tanrigi 
dayenebulia erTianSi, maSin mimyoli procesori elodeba 
kadris miRebas,romelSic Cawerilia misamarTi. kadri, 
romelSic ar aris Cawerili misamarTi ignorirdeba. 
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cxrili 8.3. UCSR0B  da UCSR1B  registrebis Tanrigebi 

Tanrigi  daniSnuleba aRwera 

 
7 

 
RXCIEn 

wyvetis nebadarTva miRebis dasrulebis gamo. Tu aRniSnuli 
Tanrigi dayenebulia erTianSi, maSin UCSRnA registris RXCn 

almis dayenebisas generirdeba wyveta <<miReba dasrulebulia>> 
(Tu amave  dros SREG  registris I Tanrigi dayenebulia 
erTianSi)  

 
6 

 
TXCIEn 

wyvetis nebadarTva gadacemis dasrulebis gamo. Tu mocemuli 
Tanrigi dayenebulia erTianSi, maSin UCSRnA registris TXCn 

almis dayenebisas generirdeba wyveta << gadacema 
dasrulebulia>> (Tu SREG  registris I Tanrigi dayenebulia 
erTianSi) 

 
5 

 
UDRIEn 

wyvetis nebadarTva monacemebis registris gasufTavebis  
SemTxvevaSi  . Tu  mocemuli Tanrigi dayenebulia erTianSi, maSin 
UCSRnA registris   UDRE almis dayenebisas generirdeba wyveta 
<<monacemTa Tanrigi carielia>> (Tu SREG  registris I Tanrigi 
dayenebulia erTianSi)  

 
4 

 
RXENn 

miRebis nebadarTva .Tu mocemuli Tanrigi dayenebulia erTianSi, 
maSin nebadarTulia USART mimRebis muSaoba da winaswar 
ganisazRvreba RXDn gamosasvlelis funqcionireba. RXENn  
Camogdebis dros  mimRebis muSaoba ikrZaleba, xdeba misi buferis 
ganuleba. TXCn, DORN da FEn almebis mniSvnelo- bebi xdeba 
araarsebiTi. 

 
3 

TXENn 

gadacemis nebadarTva. Tu mocemuli Tanrigi dayenebulia 
erTianSi, maSin nebadarTulia USART,rogorc gadamcemis muSaoba 
da winaswar ganisazRvreba TXDn  gamosasvlelis 
funqcionireba.Tu gadacemis procesSi Tanrigi ganuldeba, maSin 
gadamcemis gamorTva ganxorcieldeba mxolod Zvris registrSi 
da gadamcemis buferSi moTavsebuli. monacemis gadacemis 
dasrulebis Semdeg  

 
2 

UCSZn2 

gzavnilis formati. es Tanrigi gamoiyeneba imisaTvis, rom 
ganisazRvros  monacemTa sityvis Tanrigebis raodenoba, romelic 
gadaicema mimdevrobiTi arxiT. USART modulebSi is gamoiyeneba 
UCSRn C  registris UCSZn1:0 TanrigebTan erTobliobaSi. 

 
1 

RXB8n 

მისაღები მონაცემიs 8-e თანრიგი  .  9 თანრიგიანი მონაცემთა სიტყვის 

gamoyenebis დროს ამ  თანრიგis  SigTavsi warmoadgens მიRებული სიტყვის  

უფროს თანრიგs. USART შემთხვევაში ამ თანრიგიდან ამოკითხვა უნდა 

განხორციელდეს  ufri  ადრე ვიდრე  მოხდება მონაცემის ამოკითხვა UDR 

monacemTa registridan. 

 
0 

TXB8n 

gadasacemi monacemis 8-e Tanrigi  .  9 Tanrigiani monacemTa 
sityvis gamoyenebis dros am Tanrigis SigTavsi   warmoad- gens 
gadasacemi sityvis ufros Tanrigs. saWiro mniSvneloba am 
TanrigSi unda Setanili iqnes winaswar monacemiTa baitis 

CaitvirTvamde  UDR registrSi.   

 

SeniSvna: n=0 an  n=1 
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cxrili 8.4. UCSR0C  da  UCSR1C  registrebis Tanrigebi 

 
Tanrigi 

 
dasaxeleba 

 
aRwera 

7 _ darezervirebulia, amoikiTxeba rogorc nuli 

6 UMSELn 

USART muSaobis reJimi. Tu TanrigSi Cawerilia nuli, 
maSin USART muSaobs asinqrolur reJimSi. Tu Tanrigi 
dayenebulia erTianSi, maSin USART muSaobs sinqrolur 
reJimSi. 

5 UPMn1 kontrolisa da luwobis formirebis sqemis muSaobis 
reJimi. es Tanrigebi gansazRvraven kontrolis sqemis 
funqcionirebas da  luwobis formirebas. 

4 UPMn0 

3 
 
 

USBSn 

stop bitebis raodenoba.  es Tanrigi gansazRvravs 
stop bitebis raodenobas, romelsac gzavnis gadamcemi. 
Tu ki es Tanrigi dayenebulia nulSi, gadamcemi gzavnis 
1 stop bits, Tu dayenebulia erTianSi, maSin 
gadaigzavneba 2 stop biti. mimRebisaTvis am Tanrigis 
Semcveloba ar aris arsebiTi.   

2 UCSZn1 gzavnilis formati. UCSZn2 TanrigTan erTad es 
Tanrigebi gansazRvravs gzavnilSi monacemis Tanrige- 
bis raodenobas (sityvis zomas)  

1 UCSZn0 

 
 
 
0 

 
 
 

UCPOLn 

taqturi signalis polaroba. am Tanrigis mniSvneloba 
gansazRvravs moments monacemebis gacemis da amokiTvis 
modulis gamomyvanebze. Tanrigebi gamoiyeneba mxolod 
sinqronul reJimSi. asinqronul reJimSi is unda iyos  
ganulebuli.  

         
 UCPOLn 

TXDn  gamomyvanze 
monacemebis 
gamotana 

RXDn 
gamomyvanidan 
monacemebis 
amokiTxva 

0 
XCKn klebadi 
fron ti 

XCKn mzardi 

fron ti 

1 
XCKn mzardi 

fronti 
XCKn klebadi 
fron ti 

 

SeniSvna: n=0 an  n=1 

monacemTa sityvis zoma ganisazRvreba  UCSRnB  da  UCSRnC  registrebSi: - 

UCSZn2..... UCSZn0  TanrigebiT (8.5.cxrili).  

 

     cxrili 8.5. USART modulebSi monacemTa sityvis zomis gansazRvra 

UCSZn2 UCSZn1 UCSZn0 
monacemTa sityvis 

zoma 
0 0 0 5 Tanrigi 
0 0 1 6 Tanrigi 
0 1 0 7 Tanrigi 
0 1 1 8 Tanrigi 
1 0 0 darezervirebulia 
1 0 0 darezervirebulia 
1 1 0 darezervirebulia 
1 1 1 9 Tanrigi 

 

Stop bitebis raodenoba USART modulebSi ganisazRvreba UCSRnC  registris  

USBSn  Tanrigis saSualebiT. Tu am TanrigSi nulia, maSin gadacemis bloki 
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aformirebs gzavnilis bolos erT gaCerebis bits. winaaRmdeg SemTxvevaSi, Tu 

Tanrigi dayenebulia erTianSi, maSin gadamcemis bloki aformirebs 2 Stop  bits.  

UCSRnC  registris UPMn1 da UPMn0 Tanrigebi gansazRvraven USART 

modulebis  luwobis kontrolis sqemis funqcionirebas 8.6.cxrils Sesabamisad.   

     cxrili 8.6. luwobis kontrolis marTva 

UPMn1 UPMn1 muSaobis reJimi 
0 0 kontroli gamorTulia 
0 1 darezervirebulia 
1 0 kontroli CarTulia, Semowmeba luwoba- 

ze (even parity) 

1 1 kontroli CarTulia, Semowmeba kentoba- 
ze (odd parity) 

 

                 miReba/gacemis siCqaris  marTva 

asinqronul da  aseve  sinqronul reJimSi wamyvanis rangSi muSaobis dros 

monacemebis miRebisa da gadacemisas siCqares gansazRvravs gadacemis siCqaris 

kontroleri, romelic funqcionirebs rogorc sistemuri sataqto signalebis 

gamyofi programirebadi gayofis koeficientiT. koeficienti ganisazRvreba 

kontroleris UBRR  registris Semcvelobis Sesabamisad. mimRebis bloks  

gadaecema formirebuli signali gayofis  gareSe, xolo gadamcemis bloks – 

damatebiTi gamyofis gavliT, romlis gayofis koeficienti (2, 8 an 16) 

damokidebulia USART modulis muSaobis reJimze.  

UBRR registri ganTavsebulia Setana/gamotanis or UUBRRnH:UBRRnL  

registrSi. asinqronul reJimSi muSaobis dros gacvlis siCqare ganisazRvreba 

UBRR  registris SemcvelobiTA da UCSRnA  registris U2Xn  Tanrigis 

mdgomareobiT.MTu  am  TanrigSi  Cawerilia  erTi,  sixSiris  gamyofis  

gayofis  koeficienti  mcirdeba  orjer  da Sesabamisad  mcirdeba gacvlis  

siCqare. Asinqronul  reJimSi  muSaobis  dros es  Tanrigi  ganulebulia. 

 

                    8.4.monacemTa gadacema 

USART  modulis  gadamcemi  blokis muSaoba nebadarTulia,  Tu  UCSRnB  

registris TXENn  Tanrigi dayenebulia erTianis mdgomareobaSi. Tanrigis 

dayenebis Semdeg TXDn gamomyvani uerTdeba USART gadamcems da iwyebs 

funqcionirebas rogorc damoukidebeli  gamomyvani, imis miuxedavad, Tu ra 

mdgomareobaSia dayenebuli portebis marTvis registrebi. RXEN  bitis  erTianSi  

dayenebiT moduli gadadis mimRebis  reJimSi  da  RXD  gamomyvanebi  uerTdeba  

USART-is  mimRebs. 

muSaobis sinqronuli reJimSi, USART-Tvis aseve ganisazRvreba XCKn  

gamomyvanis funqcionireba. 

gadacemis dawyeba xdeba gadasacemi  monacemis CaweriT gadamcemis 

monacemTa buferul UDR registrSi. ris Semdegac monacemebi gadaigzavneba  

UDR registridan  gadamcemis Zvris registrSi. Tu gamoiyeneba 9-Tanrigiani 



78 
 

monacemi, maSin UCSRnB  registris TXB8nB  Tanrigis kopireba xdeba Zvris 

registris 9 –e TanrigSi.  

aseT SemTxvevaSi SesaZlebelia adgili hqondes or variants: 

 UDR registrSi Cawera xorcieldeba im momentSi, rodesac gadamcemi 

imyofeba molodinis mdgomareobaSi (wina monacemebi gadacemulia). am 

SemTxvevaSi monacemebi gadaicema Zvris registrSi  maSinve UDR 

registrSi Caweris Semdeg. 

 UDR registrSi Cawera xorcieldeba gadacemis dros. am SemTxvevaSi  

monacemebi gadaigzavneba Zvris registrSi mas Semdeg, rodesac 

gaigzavna mimdinare kadris ukanaskneli Stop biti . 

9-Tanriga  monacemTa gadacemis  SemTxvevaSi me-9 Tanrigi unda CaitvirTos 

TXB8n  TanrigSi manam, moxdeba sityvis umcrosi baitis Cawera monacemTa 

registrSi. 

mas Semdeg, rodesac monacemTa sityva gadaigzavneba Zvris registrSi, UCSRn  

registris UDREn  alami  dayendeba erTianis mdgomareobaSi. rac imis 

mauwyebelia, rom gadamcemi mzadaa axali monacemis sityvis misaRebad. am 

mdgomareobaSi alami rCeba manam, sanam ar moxdeba buferSi momdevno Cawera. 

erTdroulad registrSi gadagzavnis dros formirdeba  Start - biti,  

SesaZlebelia luwobis biti  da  erTi an ori Stop- biti.  

Zvris registris CatvirTvis Semdeg misi Semcveloba iwyebs Zvras marjvniv 

da miewodeba TXDn  gamomyvans bitebis   im TanamimdevrobiT, romelic zemoT iyo 

ganxiluli. Zvris swrafqmedeba ganisazRvreba sataqto signalebis kontroleris 

gawyobiT. sinqrolur reJimSi muSaobis dros TXDn  gamomyvanis mdgomareoba 

icvleba XCKn  signalis erT-erTi frontis mixedviT. Tu UCSRnC registris  

UCPOLn  Tanrigi  dayenebulia nulSi, maSin TXDn gamomyvanis mdgomareobis 

Secvla xdeba XCKn  signalis  mzard (wina) frontze, Tu dayenebulia erTianSi, 

maSin signalis klebad (ukana) frontze, rogorc  naCvenebia 8.6.sur.-ze. 

 

               sur.8.6. USART-is sinqronul reJimSi muSaobis droiTi               

diagrama 

 

Tu gadacemis dros UDR registrSi iyo Cawerili axali monacemebi, maSin 

ukanaskneli Stop bitis gacemis Semdeg is gadaigzavneba Zvris registrSi. xolo 

im SemTxvevaSi, Tu kodis gadacemis damTavrebis momentSi aseTi Cawera 

Sesrulebuli ar iqna, maSin dayendeba UCSRnA registris alami TXCn -"gadacema  

     77 

wakiTxva 

wakiTxva 
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dasrulebulia”. UCSRnA wyvetis  registris almis ganuleba xorcieldeba 

aparaturulad Sesabamis wyvetis qveprogramis  Sesrulebis dawyebis dros an 

programulad.  

gadamcemis gamorTva sruldeba UCSRnB  registris TXENn  Tanrigis 

ganulebiT. Tu am brZanebis Sesrulebis momentSi xorcieldeboda gadagzavna, 

Tanrigis ganuleba xdeba mxolod mimdinare gadagzavnis damTavrebis Semdeg, e.i 

mas Semdeg rodesac moxdeba gadamcemis Zvris da buferuli registrebis 

gasufTaveba. im SemTxvevaSi, rodesac gadamcemi gamorTulia, TXDn  gamomyvani 

SeiZleba gamoviyenoT,  rogorc  saerTo daniSnulebis Setana/gamotanis 

kontaqti. 

 

                      8.5.monacemis miReba 
 

mimRebis muSaoba nebadarTulia UCSRnB registris  RXENn TanrigSi erTianis  

CaweriT. Tu Tanrigi dayenebulia 1-Si xdeba Sesabamisi  portis RXDn 

gamomyvanis mierTeba USART mimRebTan da iwyebs funqcionirebas rogorc 

Sesavali,  miuxedavad imis, Tu ra mdgomareobaSia portis marTvis registrebi. 

Tu gamoiyeneba muSaobis sinqronuli reJimi, maSin xorcieldeba aseve  XCKn  

gamomyvanis funqcionirebis winaswari gadanawileba. 

mimRebis  mier Start bitis aRmoCenis Semdeg iwyeba kadris monacemTa yoveli 

Tanrigis mimdevrobiT miReba  im sixSiriT, romelsac awesebs  gadacemis 

siCqaris kontroleri an  xorcieldeba XCK sataqto signaliT. wakiTxuli  

monacemTa Tanrigebi  Tanamimdevrulad ganTavsdeba mimRebis Zvris regisrSi 

manam ar moxdeba pirvel Stop bitis aRmoCena  kadrSi. ris Semdegac Zvris 

registris Semcveloba gadaigzavneba  mimRebis buferSi, saidanac miRebuli 

mniSvneloba SesaZlebelia wavikiTxoT modulis registridan. 9 Tanrigiani 

monacemTa sityvis gamoyenebis SemTxvevaSi ufrosi Tanrigis mniSvneloba 

ganisazRvreba UCSRnB registris RXB8n alamis mdgomareobis mixedviT. amasTan, 

USART modulebSi ufrosi Tanrigis mniSvneloba amokiTxuli unda iyos 

monacemTa registrTan mimarTvamde.  

Tu kadris miRebis dros CarTuli aris luwobis kontrolis sqema, is 

gamoiTvlis luwobis bits monacemTa sityvis yvela TanrigisTvis da adarebs 

mas miRebul luwobis bits. Sedegis damaxsovreba xdeba mimRebis buferSi 

miRebul monacemTa sityvasTan da Stop  bitTan erTad. Secdomis  arseboba an 

ararsebobas luwobis kontrolis dros gansazRvravs UPEn alami. am alamis 

erTianSi dayeneba moxdeba im SemTxvevaSi, Tu momdevno sityvas, romelic 

SeiZleba wakiTxuli iyos buferidan aqvs luwobis kontrolis Secdoma.  

kontrolis gamorTvis Sedegad, UPEn  Semcveloba waikiTxeba rogorc nuli. 

USART modulis mimRebs aqvs kidev ori alami, romelic gacvlis 

mdgomareobas uCvenebs: FEn   kadrirebis   Secdomis   alami  da DORn gadavsebis 

alami. FEn   kadrirebis   Secdomis   alami  dayendeba erTianSi, rodesac kadris 

pirveli Stop bitis mdgomareoba tolia nulis. DORn alami USART-Si gviCvenebs,  
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rom dakargulia monacemebi mimRebis buferis gadavsebis  gamo. DORn  almis 

dayeneba xdeba  erTianSi, rodesac sruldeba axali kadris Start bitis miReba im 

SemTxvevaSi, roca Sevsebulia buferi da mimRebis Zvris registri. dayenebuli 

DORn alami niSnavs, rom UDR registridan amokiTxul Zvel baitebsa da mocemul 

momentSi amokiTxul baitebs Soris moxda erTi an ramdenime kadris dakargva. 

USART modulis mimRebis mdgomareobis indikaciisTvis gamoiyeneba UCSRnA 

registris wyvetis alami-“gadacema dasrulebulia” RXCn. es alami dgeba 

erTianSi  im SemTxvevaSi, roca mimRebis buferSi gvaqvs waukiTxavi monacemebi. 

USART modulebSi  buferebis dacarielebis  Semdeg (rodesac moxdeba masSi 

myofi yvela monacemis amokiTxva)  igi  ganuldeba. 

mimRebis gamorTva xorcieldeba UCSRnB registris RXENn Tanrigis 

ganulebiT. gadamcemisgan gansxvavebiT, mimRebi gamoirTveba Tanrigis 

ganulebisTanave, e.i, am momentrSi miRebuli kadri ikargeba. garda amisa, USART 

modulebSi, mimRebis gamorTvis  SemTxvevaSi xdeba misi buferis ganuleba, e.i 

ikargeba yvela waukiTxavi monacemi. 

gamorTul mimRebSi RXDn gamomyvani SeiZleba gamoviyenoT, rogorc 

Setana/gamotanis saerTo daniSnulebis kontaqti. 

programebTan urTierTqmedebisTvis modulSi gaTvaliswinebulia 3 wyveta, 

romelTa generacia xorcieldeba Semdegi movlenebis Seqmnis dros: “gadacema 

dasrulebulia”, “gadacemis monacemis registri carielia” da “miReba 

dasrulebulia”. aRniSnuli  wvetebis  generirebis  dros mikrokontroleri  

gadairTveba Sesabamis samomsaxuro  programaze,  romlis  saSualebiT xdeba 

USART  blokTan  mimarTva  monacemTa  gacvlis  mizniT.   

 

           8.6.multiprocesoruli muSaobis reJimi 

 

Tu wamyvan mikrokontrolers aqvs survili raime gadasces is gzavnis 

misamarTis baits, romelic gansazRvravs romel mikrokontrolerTan surs 

mimarTva. im SemTxvevaSi, Tu romelime mimyolma mikrokontrolerma amoicno 

Tavisi misamarTi, maSin is gadadis monacemTa miRebis reJimSi da Rebulobs 

momdevno baits, rogorc monacems. yvela sxva mimyoli mikrokontroleri axdens 

miRebuli baitis ignorirebas, manam ar moxdeba wamyvani mikrokontroleris mier 

axali misamaTis baitis gadagzavna. miRebuli kadrebis amorCevis filtraciis 

reJimis CarTva, romelSic ar aris misamarTi xorcieldeba UCSRnA  registris 

MPCMn  Tanrigis erTianSi dayenebiT. 

wamyvani mikrokontoleri, gadacemas asrulebs 9 Tanrigiani monacemebiT. 

misamarTis baitis gadacemis dros ufros TanrigSi unda iyos  dayenebuli 

erTiani, xolo monacemis baitis gadacemis  SemTxvevaSi – nuli. mimyol 

mikrokontrolerSi miRebis meqanizmi damokidebulia mimRebis muSaobis reJimze. 

Tu mimRebi gawyobilia 5....8 Tanrigian monacemebis miRebaze, maSin kadris 

Semcvelobis identifikacia ganisazRvreba pirveli Stop bitis meSveobiT. 9 

Tanrigiani monacemis miRebis SemTxvevaSi, kadris Semcvelobis identifikacia 

xdeba monacemis sityvis ufrosi TanrigiT. Tu kadris  me-9 TanrigSi erTiania, 

maSin kadris Semcvelobaa misamarTi, winaaRmdeg SemTxvevaSi – monacemi. 
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imisaTvis rom, ganxorcieldes monacemTa gacvla multiprocesorul reJimSi 

aucilebelia Sesruldes Semdegi moqmedebebi: 

1. yvela mimyoli mikrokontroleri unda gadaerTos multiprocesorul 

gacvlis reJimSi UCSRnA registris MPCMn Tanrigis erTianSi dayenebiT; 

2. wamyvani mikrokontroleri gzavnis misamarTis kadrs, xolo yvela 

mimyoli mikrokontroleri mas Rebulobs. Sesabamisad yvela mimyol 

mikrokontrolerSi dayendeba UCSRnA registris RXCn alami; 

3. yoveli mimyoli mikrokontroleri kiTxulobs monacemTa registris 

Semcvelobas. Mmikrokontroleri, romlis misamarTis mniSvneloba 

daemTxveva wamyvanis mier gadmocemul misamarTs, anulebs  MPCMn 

Tanrigs.  

4. damisamarTebuli mikrokontroleri iwyebs kadris miRebas romlis 

Semcvelobac monacemia.  

5. mas Semdeg, rodesac moxdeba monacemis  bolo baitis miReba, 

damisamarTebuli mikrokontroleri ayenebs erTianSi MPCMn Tanrigs da 

kvlav elodeba misamarTis kadris mosvlas. procesi meordeba 2 

punqtidan. 
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                           Tavi 9 

    mimdevrobiTi   periferiuli  interfeisi (SPI) 

mimdevrobiT periferiul interfeiss SPI (Serial Peripheral interface) aqvs 

ormxrivi daniSnuleba. pirvel rigSi mas SeuZlia ganaxorcielos monacemebis 

gacvla mikrokontrolersa da sxvadasxva periferiul mowyobilobebs Soris, 

rogorebicaa cifruli potenciometrebi, cag/acg, FLASHH- mexsiereba da sxva. am 

interfeisis saSualebiT aseve SesaZlebelia ganxorcieldes monacemebis gacvla 

ramodenime AVR mikrokontrolers Soris. mocemul TavSi ganixileba SPI 

interfeisis gamoyeneba maRal siCqariani kavSiris arxis saxiT.  

garda amisa SPI interfeisis saSualebiT  SesaZlebelia ganxorcieldes 

mikrokontroleris progmarireba ( e.w. mimdevrobiTi  programirebis reJimSi). 

SPI  interfeisiT monacemebis  gacvlis dros mikrokontrolers SeuZlia 

muSaoba rogorc wamyvans («Master») an rogorc  mimyols («Slave»). Mmomxmarebels 

aseve SeuZlia airCios gadacemis siCqare (Svidi programirebuli mniSvneloba) 

da gadacemis formati ( umcrosi Tanrigidan ufrosisaken  da piriqiT). 

SPI qvesistemis damatebiTi SesaZlebloba aris “ gaRviZeba”   Idle reJimidan 

monacemebis  miwodebis dros. 

 

9.1. SPI modulis funqcionireba 

SPI  modulis struqturuli sqema naCvenebia 9.1.sur-ze. SPI  moduli 

gamoiyenebs oTx gamomyvans. iseve  rogorc didi raodenobis sxva periferiul 

mowyobilobebisaTvisac, es gamomyvanebi saerTo daniSnulebis Setana/gamotanis 

portebis sadenebia. (cxrili 9.1.) 

SPI moduli CarTul mdgomareobaSi yofnis dros miTiTebuli gamomyvanebis  

muSaoba (monacemebis gadacemis mimarTuleba) winaswar ganisazRvreba 9.2.cxrilis 

mixedviT, DDRB registris  Sesabamisi Tanrgebis  mniSvnelobiT. 

 

cxrili 9.1. SPI modulis mier gamoyenebuli gamomyvanebi 

 

 

 

 

 

 

 
gamomyvanebi 

 
dasaxeleba 

 
daniSnuleba 

SCK PB1 sataqto signalis gamosasvleli ( master)/ 

Sesasvleli(slave) 

MISO PB3 monacemebis Sesasvleli (master)/gamosasv- 
leli(slave) 

MOSI PB2 monacemebis gamosasvleli (master)/ Sesasvle- 
li(slave) 

SS PB0 mimyoli mowyobilobis amorCeva 
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sur.9.1. SPI modulis struqturuli sqema 

 

cxrili 9.2. SPI modulis gamomyvanebis  muSaobis reJimis dayeneba 

 

 

 

 

 

 

 

 

 
gamomyvani 

 
«Master» reJimi 

 
«Slave» rejimi 

 
MOSI 

GganisazRvreba 
momxmareblis mier 

Sesasvleli 

 
MISO 

 
Sesasvleli 

GganisazRvreba momxmareblis mier 

 
SCK 

GganisazRvreba 
momxmareblis mier 

Sesasvleli 

SS 
GganisazRvreba 
momxmareblis mier 

Sesasvleli 

gamomyvanebis  marTvis  sqema 

sataqto  signali 
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rogorc 9.2. cxrilidan Cans, zogierT SemTxvevaSi momxmarebelma TviTon unda 

gansazRros gamomyvanis muSaobis reJimi, romelsac iyenebs SPI moduli misi 

daniSnulebis mixedviT. 

SPI modulis marTvisaTvis gankuTvnilia SPCR  marTvis registri. aRniSnuli 

registris formati mocemulia 9.2.sur.-ze, xolo registrebis Tanrigebis 

daniSnuleba 9.3.cxrilSi.   

 
                      7      6      5       4       3       2        1       0 

 

 wakiTxva(R)/Cawera(W)        R/W        R/W       R/W       R/W       R/W       R/W        R/W         R/W 

sawyisi mniSvneloba     0             0           0           0             0           0             0             0 

sur.9.2. SPCR  registris formati 

 

cxrili 9.3. SPCR  registris Tanrigebi 

Tanrigebi dasaxeleba aRwera 

 
7 

 
SPIE 

 
SPI –dan wyvetis nebadarTva 

 
6 

 
SPE 

 
SPI  CarTva/gamorTva 

 
5 

 
DORD 

 
monacemebis gadacemis rigiToba 

 
4 

 
MSTR 

 

 
«Master»/«Slave» muSaobis reJimis amorCeva 

 
3 

 
CPOL 

taqturi signalis polaroba 

 
2 

 
SPHA 

 
taqturi signalis faza 

 
1,..0 

 
SPR1-SPR0 

 
gadacemis siCqaris  dayeneba 

 

SPSR registris daxmarebiT xorcieldeba modulis mdgomareobis kontroli 

da aseve gacvlis siCqaris damatebiTi marTva. am registris Tanrigebi 7-dan 1 

Tanrigis  CaTvliT misawvdomia mxolod wakiTxvisaTvis, xolo 0-Tanrigi 

rogorc Caweris aseve wakiTxvisaTvis. 

am registris formati mocemulia 9.3.sur.-ze, xolo  misi Tanrigebis aRwera  

9.4.cxrilSi. 

                       7      6       5       4       3        2       1       0 

 

wakiTxva(R)/Cawera(W)      R               R              R              R               R              R              R           R/W 

sawyisi mniSvneloba       0       0        0         0        0         0        0       0 

sur. 9.3. SPSR registris formati 

 
SPIE 

 
SPE 

 
DORD 

 
MSTR 

 
CPOL 

 
SPHA 

 
 SPR1 

 
SPR0 

 
SPIF 

 
WCOL 

 
- 

 
- 

 
- 

 
- 

 
- 

 
SPI2X 
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cxrili 9.4.  SPSR registris Tanrigebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gadasacemi monacemebi iwereba, xolo miRebuli  – amoikiTxeba  SPDR 

monacemTa registridan. am registrSi  Cawera axdens gadacemis dawyebis 

inicirebas, xolo wakiTxvis dros xdeba buferuli Zvris registridan misi 

Semcvelobis  wakiTxva. sxva  sityvebiT rom avxsnaT, monacemTa registri aris 

buferi mikrokontroleris registrul failsa da SPI modulis Zvris registrs 

Soris. SPI  interfeisiT  ori mikrokontroleris (wamyvani - mimyoli) SeerTeba 

naCvenebia. 9.4. sur-ze. 

monacemTa  gacvlisaTvis  aucilebelia, upirveles  yovlisa, SPI  modulis  

muSaobis  nebis  darTva.  AamisaTvis  SPCR  registris  SPE  TanrigSi  unda  

Caiweros  “1”.  muSaobis  reJimi  ganisazRvreba amave  registris  MSTR  

Tanrigis  mdgomareobiT:  Tu  TanrigSi  Cawerilia “1”,  mikrokontroleri  

muSaobs  reJimSi  “Master”, Tu  “0” – reJimSi “Slave”.      

monacemis gadacema xorcieldeba Semdegi  TanamimdevrobiT: wamyvani  

mikrokontroleris SPI modulis monacemTa registrSi Caweris Semdeg gaeSveba 

SPI  modulis  sataqto impulsebis generatori,  monacemebi Tanrig-Tanrig 

gadaecema MOSI  gamomyvans da Sesabamisad miewodeba  mimyoli 

mikrokontroleris MOSI gamomyvans. Tanrigebis gadacemis rigi ganisazRvreba  

SPCR   registris DORD  TanrigiT. Tu Tanrigi erTianis  mdgomareobaSia, maSin 

 
Tanrigebi 

 
dasaxeleba 

 
aRwera 

7 SPIF 

wyvetis alami SPI-dan. mocemuli almis erTianSi 
dayeneba xdeba mimdinare baitis gadacemis 

damTavrebis Semdeg. Tu SPCR registris SPIE 

Tanrigi erTianis mdgomareobaSia da wyveta 
nebadarTulia, almis dayenebasTan erTad 
xorcieldeba  wyvetis generacia SPI –dan. aseve 
A SPIF Tanrigis erTianis mdgomareobaSi dayeneba 
xdeba im SemTxvevaSi, rodesac mikrokontroleri 
gadadis «Master» reJimidan «Slave» reJimSi SS 

Ggamosasvlelis meSveobiT. almis Camogdeba 
xdeba aparaturulad nulianSi an wyvetis 
qveprogramis Sesrulebis gaSvebis dros anA SPI 
mdgomareobis registris amokiTxvis Semdeg, 
Semdgomi mimarTviT monacemTa SPI(SPDR) 

registrTan  

6 WCOL 

  Caweris komfliktis  alami. Sesabamisi almis 
dayeneba xdeba erTianSi (SPDR) monacemTa 
registrSi monacemis Cawerisas mimdinare baitis   
gadacemis dros. alamis Camogdeba  xdeba 
aparaturulad SPI mdgomareobis registris 
wakiTxvis Semdeg, ris Semdegac xorcieldeba 
monacemTa registrTan mimarTva. 

5...1 - darezervirebulia, amoikiTeba rogorc nuliani 

0 SPI2X 

gacvlis  siCqaris gaormageba. am Tanrigis 
erTianSi dayenebis Semdeg da mikrokontroler- 
is «Master» reJimSi muSaobis SemTxvevaSi SCK 

signalis sixSire ormagdeba. 
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 sur..9.4. mikrokontrolerebi SeerTeba SPI Ninterfeisis meSveobiT. 

pirvelad gadaicema baitis umcrosi Tanrigi, Tu ganulebulia - ufrosi 

Tanrigi. mimdinare baitis ukanaskneli Tanrigis gadacemis Semdeg sataqto 

impulsebis generatori wyvets muSaobas. erTdroulad xdeba (SPIF) “gadacema 

dasrulebulia” almis  erTianSi dayeneba. amis Semdeg wamyvan mikrokontrolers 

SeuZlia Semdegi baitis gadacemis dawyeba an mimyolis SS  Sesasvlels     

miawodos maRali donis Zabva, rac mimyol kontrolers gadaiyvans molodinis 

reJimSi. 

erTdroulad wamyvanidan mimyolze  monacemebis gadacemis  dros gadacema 

xorcieldeba uku mimarTulebiTac im SemTxvevaSi,  rodesac mimyolis SS 

Sesavalze   miwodebulia dabali donis Zabva. Zvris yoveli ciklis dros 

xorcieldeba mowyobilobebs Soris monacemebis gacvla. yoveli ciklis bolos 

analogiurad xdeba SPIF Aalamis erTianSi dayeneba. rogorc wamyvan, ise mimyol 

mikrokontrolerebSi. miRebuli baitebi  Seinaxeba mimReb buferebSi  Semdgomi 

gamoyenebisTvis. modulSi  realizebulia erTjeradi buferizacia gadacemis 

dros da miRebis SemTxvevaSi  ormagi buferizacia. es gulisxmobs imas rom, 

gagzavnisaTvis momzadebuli monacemi ar SeiZleba Caiweros SPI monacemTa 

registrSi  manam ar moxdeba wina gacvlis ciklis damTavreba. gadacemis dros 

monacemis registris Semcvelobis Secvlis cdis SemTxvevaSi xdeba SPSR 

registris WCOL almis erTianSi dayeneba. am almis ganuleba xdeba SPSR 

registris Semcvelobis wakiTxvis damTavrebisa da SemdgomSi SPI  registrTan 

mimarTvis Semdeg. Sesabamisad monacemTa miRebis dros SPI registridan unda 

moxdes monacemis wakiTxva manam, sanam  Zvris registrSi  Semova momdevno 

baitis bolo Tanrigi, winaaRmdeg SemTxvevaSi pirveli baiti iqneba dakarguli. 

9.2. monacemTa gadacemis reJimebi 

SPI  interfeisis specifikacia  iTvaliswinebs gadacemis oTx reJims. es 

reJimebi gansxvavdeba SCK taqturi signalis polarobiT da monacemis 
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amokiTxvis momentiT. sul arsebobs oTxi kombinacia, romlebic ganisazRvreba 

SPCR registris CPHA da CPOL Tanrigebis mdgomareobiT (cxrili 9.5.). 

 

cxrili 9.5. monacemTa gadacemis reJimis dayeneba 

 

SPI interfeisiT monacemebis gacvlis reJimebis  Sesabamisi  formatebi 

mocemulia 9.5. da 9.6 suraTebze. (gadacema xorcieldeba ufrosi Tanrigidan 

umcrosisaken).  

 

             sur.9.5. monacemebis gadacema, rodesac CPHA=0. 

Tanrigebi aRwera 

CPOL taqturi signalis polaroba.  
Nuliani mniSvnelobis dros - xorcieldeba dadebiTi polarobis 
impulsis generacia,  impulsebis  ar arsebobis dros gamosasvlelze  
fiqsirdeba dabali done; erTianis dros - xorcieldeba uaryofiTi 
polarobis impulsis generacia, impulsis ar arsebobis dros 
gamosasvlelze fiqsirdeba maRali done. 

CPHA taqturi signalis faza.  
nulianis dros - monacemebis damuSaveba xorcieldeba SCK signalis 

impulsis wina frontze (Tu  CPOL tolia nulis, maSin mzardi 
frontiT, xolo Tu CPOL tolia erTis - maSin ukana frontiT); 
erTianis dros xorcieldeba monacemis damuSaveba  SCK signalis 
impulsis ukana frontze (Tu  CPOL tolia  nulis, maSin ukana frontiT, 
xolo Tu CPOL tolia erTis, maSin wina  frontiT) 



88 
 

 

 sur.9.6. monacemebis gadacema, rodesac CPHA = «1» 

 

SCK  taqturi signalis  sixSire  da Sesabamisad, interfeisiT monacemebis 

gadacemis siCqare ganisazRvreba SPCR registris SPR1:SPR0  Tanrigebis 

mdgomareobiT da  SPSR  registris  SPI2X  TanrigiT (9.6.cxrili). cxadia, 

igulisxmeba is mikrokontroleri, romelic muSaobs «Master»  reJimSi, vinaidan 

igi aris wyaro taqturi signalis. mowyobilobebisTvis, romlebic «Slave» 

reJimSi muSaoben aRniSnuli Tanrigebis mniSvnelobas yuradReba ar eqceva. 

mxedvelobaSi unda miviRoT is faqti, rom «Slave» reJimSi mikrokontroleris 

muSaoba garantirebulia mxolod  fCLK/4  tol an masze nakleb sixSireze. 

cxrili 9.6. SCK  signalisaTvis  taqturi sixSiris gansazRvra 

SPI2X SPR1 SPR0 SCK  signalis sixSire 

0 0 0 fCLK/4 

0 0 1 fCLK/16 
0 1 0 fCLK/64 
0 1 1 fCLK/128 
1 0 0 fCLK/2 
1 0 1       fCLK/8 
1 1 0 fCLK/32 

 

          SeniSvna: fCLK – mikrokontroleris taqturi sixSirea. 

 

SS gamomyvanis Ggamoyeneba 

zogadad SeiZleba aRiniSnos, rom  es gamomyvani gamoiyeneba aqtiuri 

mimyoli mikrokontroleris amorCevisaTvis da «Slave»  reJimSi yovelTvis aris 

Sesasvleli. masze dabali donis Zabvis miwodebis Semdeg xdeba SPI modulis  

gaaqtiureba da MOSI  gamomyvani gadairTveba monacemebis gacemis reJimSi (Tu ki 

es gansazRrulia  momxmareblis mier).  am reJimSi SPI modulis danarCeni 

gamomyvanebi Sesasvlelebia. Tu SS gamomyvans mivawvdiT  maRali donis Zabvas, 
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maSin SPI modulis yvela gamomyvani gadairTveba monacemis miRebis reJimSi. am 

SemTxvevaSi moduli gadadis pasiur mdgomareobaSi da monacemis miReba ar 

xorcieldeba. rogorc wesi, am mdgomareobaSi, programa cvlis monacemTa 

registris Semcvelobas.  

saWiroa gvaxsovdes, rom yovelTvis, rodesac SS SesasvlelsLmiewodeba 

maRali donis Zabva, xorcieldeba SPI modulis ganuleba. Sesabamisad, Tu ki am 

gamomyvanis mniSvnelobis Secvla moxdeba monacemebis gadacemis an  miRebis 

dros, gadacema myisve Sewydeba, gadacemuli  da miRebuli baitebi daikargebian.E 

Tu mikrokontroleri aris «Master» reJimSi (SPCR  registris  MSTR Tanrigi 

erTianSia dayenebuli), monacemebis gadacemis mimarTuleba SS gamomyvaniT 

ganisazRvreba momxmareblis mier. Tu gamomyvani dakonfigurirebulia rogorc 

gamosasvleli, maSin is muSaobs rogorc  saerTo daniSnulebis gamomyvani, 

romelic zemoqmedebas ar axdens SPI modulis muSaobaze, rogorc wesi aseT 

SemTxvevaSi is gamoiyeneba mikrokontroleris SS gamomyvaniT marTvisaTvis, 

romelic muSaobs «Slave» reJimSi.  

Tu gamomyvani dakonfigurirebulia rogorc Sesasvleli, maSin SPI modulis 

normaluri muSaobis uzrunvelsayofad mas unda mivawodoT maRali donis Zabva, 

romeliRac gare sqemidan.  aRniSnul Sesasvlelze dabali donis Zabvis 

miwodebis SemTxvevaSi SPI modulis mier aRqmuli iqneba rogorc amorCeuli 

mikrokontroleri mimyolis rolSi da misTvis monacemis gadacemis dasawyisad. 

konfliqtis aRmofxvris mizniT salteebze  SPI  moduli  aseT SemTxvevaSi 

asrulebs Semdeg moqmedebebs: 

1.xorcieldeba SPCR registris MSTR  alamis Camogdeba, da mikrokontroleri  

gadairTveba «Slave»  reJimSi. rogorc Sedegi , MOSI da SCK gamomyvanebi iwyeben 

funqcionirebas rogorc Sesasvlelebi. 

2.xorcieldeba SPSR registris MSTR almis  dayeneba, SPI-dan xdeba wyvetis 

generacia, Tu ki nebadarTulia wyveta  SPI-dan da SREG  registris  I alami 

erTianSia dayenebuli. aseT SemTxvevaSi xorcieldeba wyvetis damuSavebis 

qveprogramis  gaSveba. 

Tu wamyvani mikrokontroleri iyenebs monacemebis gadacemas wyvetiT 

marTviT  da arsebobs imis albaToba, rom SS Sesasvlels miewodos dabali 

donis Zabva, maSin SPI  modulidan aucileblad unda moxdes wyvetis 

damuSavebis qveprogramaSi MSTR almis mdgomareobis Semowmeba. Semowmebis 

Sedegad Tu aRmoCndeba, rom es alami  ganulebulia, unda moxdes misi dayeneba 

erTianis mdgomareobaSi, raTa mikrokontroleri daubrundes «Master» reJims. 
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                       Tavi 10 

mimdevrobiTi orgamtariani interfeisi (TWI) 

                10.1 saerTo cnobebi 

orgamtariani mimdevrobiTi interfeisis moduli (Two_wire Serial  Interface, TWI) 

Sedis  mikrokontroler Atmega 128 SemadgenlobaSi. mocemuli interfeisi aris 

firma Philips  I
2
C interfeisis bazuri versiis sruli analogi. interfeisi TWI 

gvaZlevs saSualebas gavaerTianoT 128 sxvadasxva mowyobiloba ormimarTule- 

biani saltis saSualebiT, romelic iyenebs or gamtars: taqturi signalebis 

(SCL) gamtars da (SDA) monacemTa gamtars. damatebiT elementad   saltis  

realizaciisaTvis gamoyenebulia ori momWimavi rezistori TiToeuli 

gamtarisaTvis cal-calke (sur.10.1.). 

 

    sur. 10.1. mowyobilobebis  gaerTianeba  saerTo saltiT 

salturi maformirebeli TWI  yvela Tavsebadi mowyobilobebisaTvis 

Sesrulebulia e.w.  Ria koleqtoris sqemis gamoyenebiT, rac iZleva “samontaJo 

da” funqciis realizaciis saSualebas. Sesabamisad dabali done  gamtarze aris  

im SeTxvevaSi Tu erTi an meti mowyobiloba gamtarze gascems logikuri nulis 

signals, xolo maRali done gamtarze aris  im SemTxvevaSi, rodesac masze 

mierTebul yvela mowyobilobas gamosasvlelebze mesame mdgomareoba ukavia. 

TWI Semdgomi ganxilvis dros  xSirad Segvxvdeba zogierTi terminebi, 

romelTa ganmarteba mocemulia 10.1.cxrilSi.  

cxrili 10.1., TWI modulis aRweris dros gamoyenebuli  terminebi.  

tipi 
 

aRwera 

wamyvani(Master) 

Mmowyobiloba, romelic axdens saltiT 
monacemebis gadacemis inicirebas  da gadacemis  
dasrulebas, agreTve aformirebs SCL sataqto 
signalebs.   

Mmimyoli(Sleve) mowyobiloba, romelsac mimarTavs wamyvani. 

Ggadamcemi(Transmitter) 
mowyobiloba, romelic  gascems monacemebs 
salteze. 

mimRebi (Resiver) 
Mmowyobiloba, romelic   iRebs monacemebs 
saltidan. 

                                           

                                              

mowyob

iloba 1 
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                 10.2 . TWI  saltiT monacemTa gacvlis principi 

ramdenadac TWI  salte aris  mimdevrobiTi, yvela monacemi gadaigzavneba 

Tanrig mimdevrobiT SDA  gamtaris saSualebiT. Yyovel gadasacem Tanrigs Tan 

axlavs SCL  gamtarze Tanmxlebi signali. amasTanave SDA gamtarze signaliAL 

unda iyos stabiluri mTeli im  drois ganmavlobaSi, sanam  SCL  gamtarze aris 

logikuri erTianis signali (sur.10.2.). aRniSnuli wesis gamonaklisia TWI  

saltis  “gaSvebis”  da “gaCerebis” gansakuTrebuli mdgomareoba.  

 

 

                 sur.10.2. SDA  da  SCA  salteebze  signalebis  diagrama 

 

“gaSvebis”  ( “Start” ) da “gaCerebis” (“Stop”)  mdgomareobis formireba 

xorcieldeba  wamyvanis mier monacemebis gadacemebis SemTxvevaSi, Sesabamisad 

dasawyisSi da damTavrebis dros. Aam mdgomareobebs Soris salte iTvleba 

dakavebulad da sxva wamyvanebs ar unda hqondeT mcdeloba,  rom marTon igi. im 

SemTxvevaSi, rodesac wamyvans surs axali monacemis blokis gadacemis dawyeba 

salteze kontrolis dakargvis gareSe, mas SeuZlia daaformiros  “gaSvebis” 

mdgomareoba “gaCerebis”  mdgomareobis formirebamde. aseTi saxiT mdgomareobis 

daformirebas ewodeba  “ganmeorebiTi gaSveba”  (gangaSveba), xolo salte 

iTvleba dakavebulad “gaCerebis” mdgomareobis formirebamde.  

“gaSvebisa” da “gaCerebis” mdgomareobebi formirdebian signalebis doneebis 

cvlilebis gziT SDA salteze im SemTxvevaSi, rodesac SCL salteze maRali 

donea. “gaSvebis” mdgomareobas Seesabameba donis cvlileba erTidan nulSi, 

xolo “gaCerebas” - piriqiT nulidan erTSi (sur.10.3.). 
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                 sur.10.3. “gaSvebis”  da  “gaCerebis”  mdgomareobis  diagrama. 

 

unda aRiniSnos rom TWI interfeisis protokoli  gvaZlevs saSualebas 

saltes miuerToT ramdenime wamyvani mowyobiloba (Multi-Master  reJimi). am dros  

SesaZlebelia warmoiqmnas problemebi. erT-erTi maTgania sxvadasxva wamyvanebis 

mier generirebuli taqturi signalebis sixSireebis araTanxvedra. maTi  

sinqronizacia xorcieldeba martivad, vinaidan yvela mowyobiloba mierTebulia 

SCL gamtarTan  “samontaJo da " sqemiT. Sedegad taqturi impulsis xangrZlivoba 

SCL gamtarze ganisazRvreba umciresi xangrZlivobis  mqone sataqto signalebis 

impulsebiT,  xolo pauza taqtur impulsebs Soris - udidesi pauziT. 

sxva  problema,  romlis gadawyvetac  saWiro xdeba saltesTan ramdenime 

wamyvani mowyobilobis mierTebis  dros, aris prioritetebis ganawileba 

mikrokontrolerebs  Soris, im SemTxvevaSi rodesac ori an meti wamyvani 

mowyobiloba erTdroulad cdilobs daiwyos gadacema. aseTi situaciis 

warmoqmnis dros gadacema SeiZleba ganaxorcielos mxolod erTma wamyvanma, 

danarCenebi unda gadaerTon mimyolis reJimSi. amasTan, prioritetebis 

gadanawilebis dros gadacemuli monacemebi ar unda damaxinjdes. 

aRniSnuli amocanis gadawyvetis dros yvela wamyvani mowyobiloba 

monacemebis gacemis Semdeg amowmebs  SDA gamtaris mdgomareobas. Tu gamtaris 

mdgomareoba gansxvavdeba im  mdgomareobisagan,  romelSic wamyvani cdilobs 

mis gadayvanas, maSin is kargavs prioritets. es SesaZlebelia mxolod  im 

SemTxvevaSi, rodesac mis mier gaicema maRali donis signali, da sxva wamyvanebs 

(romlebmac miiRes prioriteti) aqvT dabali donis signali. wamyvani, romelic 

dakargavs prioritets unda gadairTos mimyolis reJimSi da Seamowmos iyo Tu 

ara is damisamarTebuli romelime wamyvanis mier, romelmac miiRo prioriteti.  

Pprioritetebis ganawilebis procesi gagrZeldeba manam, sanam salteze ar 

darCeba mxolod erTi wamyvani. im SemTxvevaSi rodesac ramodenime wamyvani 

cdilobs daamisamarTos erTi da igive mimyoli, prioritetebis ganawilebis 

procesi grZeldeba monacemebis paketebis gadacemis drosac. aqedan 

gamomdinareobs rom, kerZod, yvela gacvlis cikls unda hqondes erTnairi 

monacemebis paketebis  raodenoba, winaaRmdeg SemTxvevaSi prioritetebis ganawi- 

lebis procesi  gaurkveveli iqneba.  

91 

gaSveba gaCereba gaSveba gan.gaSveba gaCereba 
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TWI saltiT monacemis gadacemis dros, masTan erTad gadaicema  samomsa- 

xuro informacia. monacemebis da Sesabamisi samomsaxuro informaciis 

erTobliobas paketi qvia. ganasxvaveben samisamarTo da monacemTa paketebs. 

 

                samisamarTo paketis formati 

yvela samisamarTo pakets, romelic gadaicema TWI saltiT aqvs 9 bitiani 

sigrZe, aqedan 7 Tanrigi misamarTisaTvisaa ( pirvelad gadaicema ufrosi 

Tanrigi), R/W  mmarTveli biti da ACK kvitirebis biti (sur.10.4.). mmarTveli R/W 

biti gansazRvravs monacemis gadacemis mimarTulebas salteze. R/W  ganulebuli 

Tanrigi imis maCvenebelia, rom wamyvani mowyobilobis  mier SemdgomSi salteze 

moxdeba monacemis gadacema, xolo erTianSi dayenebuli – mimyolidan monacemis 

wakiTxva. samisamarTo paketebi, romelTa mmarTveli biti ganulebuli an 

erTianis mdgomareobaSia dayenebuli Sesabamisad aRiniSneba   SLA+W da SLA+R:.  

 

                 sur.10.4. samisamarTo  paketis  formati 

im SemTxvevaSi, rodesac mimyoli amoicnobs Tavis misamarTs, man unda 

sapasuxod  daaformiros dadastureba SDA gamtarze dabali donis signalis 

daformirebiT me-9 (ACK) sataqto impulsis ganmavlobaSi. Tu mimyols raime 

mizezis gamo  ar SeuZlia moemsaxuros wamyvanis moTxovnas, man me-9 sataqto 

impulsis dros unda SeinarCunos gamtarze maRali donis signali  (NACK). 

mimyol mowyobilobebs SesaZlebelia mivaniWoT nebismieri misamarTi garda 

nuli  misamarTisa da misamarTebisa diapazonidan “1111000......1111111”. nuli 

misamarTi darezervirebulia egreTwodebuli saerTo gamoZaxebis realiza- 

ciisTvis, xolo “1111xxxx”  misamarTebi darezervirebulia  Semdgomi gamoyene- 

bisTvis. 

saerTo gamoZaxeba gamoiyeneba, im SemTxvevaSi rodesac wamyvans surs 

Setyobineba gadasces yvela im mimyolebs, romlebic mierTebulia saltze. 

iseTi paketis miRebisas, romelsac aqvs nuliani misamarTi da ganulebuli 

mmarTveli biti (moTxovna gadacemaze) yvela mimyoli mowyobiloba 

valdebulia daaformiros dasturi. gamonaklisia is mowyobilobebi, 

romlebsac saerTo gamoZaxebis  gamocnoba raRac  mizezebis gamo akrZaluli  

aqvT. Sesabamisad, momdevno monacemebis paketebis gadacemis dros, romelsac 

 

       

7-Tanriga  misamarTi 

gaSveba 
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agzavnis wamyvani, miRebuli iqneba yvela im  mimyoli mowyobilobis mier, 

romlebmac aRiqves saerTo gamoZaxebis misamarTi. cxadia, rom saerTo 

gamoZaxebas erTianSi dayenebuli mmarTveli TanrigiT (moTxovna wakiTxvaze) 

azri ara aqvs, iqidan gamomdinare, rom sxvadasxva mowyobilobas erTdroulad 

ar SeuZliaT ganaxorcielos monacemebis gadacema saltiT. 

 

              monacemebis paketis formati 

yvela monacemTa paketi, romelic gadaicema TWI saltiT  agreTve 9 

bitiania. Ppaketi  Sedgeba monacemTa baitisagan (gadacema iwyeba ufrosi 

Tanrigidan) da ACK kvitirebis bitisagan ( sur..10.5.). 

 

 

          sur.10.5.  monacemTa  paketis  formati 

 

taqturi signalebis generacia, aseve gaSvebis da gaCerebis mdgomareobis 

formireba  xorcieldeba  wamyvanis mier. mimRebma Tavis mxriv, yoveli baitis 

miRebis Semdeg me-9 sataqto impulsis dros unda daaformiros dasturi SDA 

gamtarze dabali donis signalis gacemiT (ACK). Tu mimRebma miiRo ukanaskneli 

baiti an raRac sxva mizezebis gamo ara aqvs saSualeba gaagrZelos monacemebis 

miReba, man me-9 taqturi impulsis ganmavlobaSi unda SeinarCunos gamtarze 

maRali donis signali (NACK-ardadastureba). rodesac wamyvani ar miiRebs 

dasturs mimRebidan, mas SeuZlia Sewyvitos monacemebis gadacema  da 

daaformiros gaCerebis mdgomareoba.  

praqtikaSi TWI saltiT gacvlis yoveli cikli  Sedgeba Semdegi etapebisgan 

(sur.10.6.): 

1) gaSvebis mdgomareobis formireba; 

2) SLA+R/W  misamarTis paketis gadacema; 

3) erTi an ramdenime monacemTa paketis gadacema; 

4) gaCerebis mdgomareobis formireba. 

                                                                             

monacemTa  baiti (8 Tanrigi) 

SDA  salte 

SDA  

 gadamcemidan 

 

SDA   

mimRebidan  

SLC  

 wamyvanidan 

monacemTa  paketi 
starti, gan.starti  

an  monacemTa  

Semdegi  paketi 
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TWI saltiT gacvlis siCqares gansazRvravs wamyvani, ramdenadac is axdens 

taqturi impulsebis generacias. im SemTxvevaSi Tu mimRebs ar SeuZlia miiRos 

mocemuli siCqariT an mimRebs sWirdeba dro monacemebis damuSavebisaTvis 

monacemebis miRebebs Soris, mas SeuZlia gazardos pauzis  dro taqtur 

impulsebs Soris, SCL  gamtarze dabali donis signalis SenarCunebiT. rac 

taqturi signalebis impulsebis xangrZlivobaze  ar moqmedebs. 

 

 

           sur.10.6.  TWI  interfeisiT  gadacemis  ciklis  diagrama 

                             10.3.TWI modulis  struqtura 

TWI modulis struqturuli sqema mocemulia 10.7.sur.-ze. rogorc naxazidan 

Cans, moduli Sedgeba ramdenime blokisagan, sadac TiToeuli asrulebs 

gansazRrul funqcias. 

 

        sur.10.7. TWI  modulis  struqturuli  sqema 

 

gaSveba samisamarTe  paketi (SLA+R/W) monacemTa  paketi gaCereba 

SCL saltis bloki SDA  saltis  bloki 

saltis  interfeisis  

bloki 

Zvris  registri  

TWDR 

start/stop  

mdgomareobis 

kontroleri 

arbitraJis  

kontroleri 

Ggadacemis  

siCqaris  

kontroleri 

registri 

TWBR 

misamarTis  

bloki 

Mmisamartis  

registri 

TWAR 

marTvis  bloki 

Mmdgomareobis  

registri TWSR 

marTvis  

registri  TWCR 



96 
 

urTierTqmedeba programasa da TWI moduls Soris xorcieldeba xuTi 

Setana/gamotanis registris saSualebiT. 10.2.cxrilSi mocemulia am 

registrebis dasaxeleba  da daniSnuleba.  

     

      cxril 10.2. TWI modulis Setana/gamotanis registrebi 

 

 

 

 

 

 

                                   SCL da SDA gamomyvanebi 

es gamomyvanebi gamoiyeneba TWI modulis misaerTeblad saltis erTsaxela 

gamtarebTan. TWI interfeisis  specifikaciis Sesabamisad gamosasvleli 

kaskadebi, romlebic mierTebulia gamomyvanebTan, Seicavs  signalis siCqaris  

zrdis SemzRudvels, xolo Sesasvlel kaskadebs aqvT filtri, romlebic 

Trgunaven parazitul impulsebs. orive gamomyvani SeTavsebulia 

mikrokontroleris Setana/gamotanis portebis gamtarebTan: SDA   monacemebis 

salte -  PD1 gamomyvanTan,  SCL    sataqto signalis salte - PD0  gamomyvanTan. 

 

 

gadacemis siCqaris kontroleri (Bit Rate Generator) 

es  bloki gansazRvravs  impulsebis mimdevrobis periods SCL salteze   im 
SemTxvevaSi, rodesac mikrokontroleri muSaobs wamyvanis reJimSi. TWBR 

registrTan erTad am  mizniT aseve gamoiyeneba  TWSR registris (TWPS1:TWPS0)  

ori umciresi Tanrigi. modulebisTvis SCL  signalis sixSire  ganisazRvreba 
gamosaxulebiT:  

fSCL = fCLK/(16 + 2TWBR · 4
TWPS

), 

sadac   fCLK aris procesoris sataqto impulsi; TWBR — TWBR  registrSi 
Cawerili mniSvneloba; TWPS  -  TWSR registris TWPS1:TWPS0 Tanrigebis 
mniSvneloba. Mmimyolis reJimSi muSaobis dros aRniSnul Tanrigebis 
Semcveloba mxedvelobaSi  ar  miiReba, magram mikrokontroleris taqturi 
sixSire am SemTxvevaSi, rogorc minimumi 16 –jer meti unda iyos  SCL signalis 
sixSireze.        

 nebismieri mowyobilobas, romelic mierTebulia TWI saltesTan, aqvs 
saSualeba gazardos taqtur impulsebs Soris  pauzis xangrZlivoba, rac  
TavisTavad amcirebs salteze monacemTa gadacemis siCqares. 

 

 

registri daniSnuleba 

TWBR  gadacemis siCqaris registri 

TWSR mdgomareobis registri 

TWAR misamarTebis registri 

TWDR monacemebis registri 

TWCR marTvis registri 
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       saltis interfeisis bloki (Bus Interface Unit) 

am blokis SemadgenlobaSi Sedis ori kvanZi: 

 “gaSvebis”/”gaCerebis” mdgomareobis kontroleri, romelic aformirebs da 

aRmoaCens “gaSvebis”, “ganmeorebiTi gaSvebis” da “gaCerebis” mdgomareobebs. 

salteebis mdgomareobis Semowmeba xorcieldeba im SemTxvevaSiac, rodesac 

mikrokontroleri imyofeba ”Zilis” reJimSi. amis gamo saWiroebis SemTxvevaSi 

SesaZlebeli xdeba mikrokontroleris gamoyvana “Zilis” reJimidan, rodesac mis 

damisamarTebas anxorcielebs romeliRac wamyvani; 

 arbitraJis kontroleri gansazRvravs salteze konfliktis arsebobas, 

rodesac kontroleri muSaobs wamyvanis reJimSi. im SemTxvevaSi rodesac 

mowyobiloba kargavs prioritets kontroleri amis Sesaxeb informacias awvdis 

marTvis bloks, romelic asrulebs aucilebel moqmedebebs da aformirebs 

mdgomareobis Sesabamis kodebs. 

garda amisa, blokis SemadgenlobaSi Sedis misamarTis/monacemebis Zvris 

TWDR registri, romlic Seicavs gadasacemi an misaRebi monacemebis pakets. 

registris  Semcvelobis monacemTa  salteze gacemasTan  erTad, amave saltidan 

monacemebi Caiwerebian  registrSi.  kvebis CarTvis dros xorcieldeba  am 

registris yvela Tanrigebis “erTianSi” dayeneba.  

garda TWDR registrisa, blokis SemadgenlobaSi Sedis specialuri registri, 

romlis erT-erTi Tanrigi Seicavs gadacemuli an miRebuli dasturis  (ACK) 

bitis mniSvnelobas.  miRebis dros am bitis mdgomareoba ganisazRvreba TWCR 

mmarTveli registris erT-erT TanrigiT, xolo gadacemisas  miRebuli bitis 

mdgomareoba SeiZleba ganisazRvros kodis meSveobiT, romelic ganTavsebulia  

TWSR mdgomareobis registrSi. 

 

misamarTis kontrolis bloki (Address Match Unit) 

misamarTis kontrolis bloki amowmebs miRebuli misamarTis Sesabamisobas 

TWAR misamarTebis registris ufros Svid TanrigSi ganTavsebul mniSvnelo- 

basTan. aseve amowmebs saerTo gamoZaxebis arsebobas im SemTxvevaSi, rodesac 

nebadarTulia maTi gamocnoba. 

koreqtuli misamarTis aRmoCenis SemTxvevaSi igi informacias  awvdis 

marTvis bloks amis Sesaxeb, romelic aformirebs an ar aformirebs dadasture- 

bas misamarTis paketis miRebaze.  
Bbloki anxorcielebs   misamarTis paketis Kkontrols im momentSiac  ki rodesac 

mikrokontroleri imyofeba  “Zilis” mdgomareobis reJimSi, rac iZleva saSualebas, 

rom wamyvani mowyobilobis mier damisamarTebis SemTxvevaSi mikrokontroleri 

gadaviyvanoT muSa reJimSi. 

TWAR registris formati naCvenebia 10.8.sur.-ze, xolo misi Tanrigebis aRwera 

- 10.3.cxrilSi. 
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                      sur.10.8.  TWAR  registris  formati 

 

          cxrili 10.3.  TWAR  registris  Tanrigebis  daniSnuleba 

 

 

 

 

 

 

 

 

 

marTvis bloki (Control Unit)  

 Ees bloki anxorcielebs TWI  yvela modulis marTvas TWCR mmarTveli  

registris Tanrigebis dayenebis Sesabamisad da im informaciis  safuZvelze, 

romelsac is Rebulobs modulis calkeuli  blokebisagan. Ggarkveuli movle- 

nis warmoqmnis SemTxvevaSi, romelic miTiTebulia qvemoT, marTvis bloki TWSR 

mdgomareobis registrSi aformirebs movlenis Sesabamis  mdgomareobis kods da 

ayenebs  TWCR registrSi   TWINT wyvetis moTxovnis alams. Aam almis ganulebis 

momentamde SCL gamtarze xdeba dabali donis  signalis SenarCuneba, ris 

safuZvelzec xorcieldeba salteze monacemTa  gadacemis SeCereba 

wyvetaze moTxovnis formireba xdeba  Semdegi movlenebis warmoqmnis dros: 

 “gaSveba”/”gangaSvebis” mdgomareobis formirebis dasrulebis   Semdeg; 

 samisamarTo (SLA+R/W) paketis gadacemis dasrulebis  Semdeg;  

 misamarTis paketis baitis gadacemis dasrulebisas; 

 mowyobilobis mier prioritetis dakargvisas; 

 mowyobilobis damisamarTebis an saerTo gamoZaxebis  arsebobisas; 

 monacemis baitis miRebis dasrulebisas; 

 salteze Secdomis warmoqmnis dros, gamowveuli  «gaSveba» /«gaCerebis» 

mdgomareobis formirebis dauSvebeli  pirobebiT. 

 

 

Tanrigebi daniSnuleba aRwera 

7...1 TWA6-TWA0 

Mmowyobilobis misamarTi. am Tanrigebis 
Semcveloba aris misamarTi, romelzedac 
reagirebas axdens mimyolis reJimSi momuSa- 
ve mowyobiloba. xolo im mowyobilobe- 
bisTvis, romlebic muSaobs wamyvanis reJim- 
Si registris Semcvelobas araviTari 
mniSvneloba ar gaaCnia.   

0 TWGCE 

saerTo gamoZaxebebis nebadarTvis amocno- 

ba. Tu  es  Tanrigi  dayenebulia erTianis 
mdgomareobaSi, mowyobiloba gamoexmaureba 

saerTo gamoZaxebebs (paketebi $00  misamar- 
TiT), aseve gamoZaxebebs  misamarTiT, 
romlebiC ganTavsebulia TW6..0 misamarTiT. 
 

amokiTxva (R)  Cawera (W) 

sawyisi  mniSvneloba 
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TWCR  registris formati naCvenebia 10.9.sur..-ze, xolo misi  Tanrigebis aRwera 

mocemulia 10.4.cxrilSi. TWSR registris formati naCvenebia 10.10.sur. -ze, misi 

Tanrigebis aRwera - 10.5.cxrilSi. 

 
                    sur.10.9. TWCR  registris  formati 

 
cxrili 10.4. TWCR mmarTveli registris Tanrigebis  daniSnuleba 

 

T
an
r
ig

eb
i 

 
dasaxeleba 

aRwera 

7

7 
TWINT 

wyvetis alami TWI modulisagan. am almis dayeneba xorcieldeba aparaturulad 
mimdinare operaciis Sesrulebis Semdeg, rodesac moduli elodeba 
gamoxmaurebas programis mxridan. im SemTxvevaSi, Tu dayenebulia ASREG 
Dregistris I alami da  TWCR registris   TWIE  alami, maSin  xdeba wyvetis 
generacia da xorcieldeba Sesabamisi   dammuSaveblis  gamoZaxeba. sanam 
TWINTalami dayenebulia,  SCL  salteze SenarCundeba  dabali donis signali.. 
Aalmis Camogdeba SeiZleba ganxorcieldes mxolod  masSi  logikuri 
erTianis CaweriT. 

6

6 
TWEA 

Ddasturis bitis nebadarTva. TWEA Tanrigi axdens dasturis bitis formirebis  
marTvas. Tu es Tanrigi dayenebulia erTianSi, maSin mowyobiloba aformirebs 
dasturis signals saWiroebis SemTxvevaSi. Tanrigis nulSi dayenebis 
SemTxvevaSi mowyobiloba gamoirTveba TWI  saltidan, e.i. dasturis biti ar 
formirdeba. 

5

5 
TWSTA 

«gaSvebis »mdgomareobis alami. im SemTxvevaSi, rodesac TWSTA TanrigSi 

Cawerilia logikuri erTiani, moduli amowmebs TWI saltis mdgomareobas, Tu 
salte Tavisufalia, aformirebs «gaSvebis » mdgomareobas, Tu salte 
dakavebulia ,maSin TWI moduli elodeba «gaCerebis »  mdgomareobis gamoCenas, 
mxolod amis Semdeg  is aformirebs «gaSvebis» mdgomareobas. Aalmis Camogdeba 
sruldeba aparaturulad mas Semdeg, rodesac dasruldeba  «gaSvebis» 
mdgomareobis formireba .     

4

4 
TWSTO 

«gaCerebis» mdgomareobis alami. wamyvanis reJimSi TWST0 almis erTianSi 
dayeneba iwvevs salteze «gaCerebis» mdgomareobis formirebas. alami 
ganuldeba aparaturulad  «gaCerebis«  mdgomareobis dasrulebis formirebis 

Semdeg. TWST0  almis dayeneba wamyvanis reJimSi SeiZleba gamoyenebuli iyos 
Secdomis  situaciidan gamosvlisTvis. mas Semdeg, rodesac am TanrigSi 
Caiwereba logikuri erTiani ,aseT  situaciaSi moduli ubrundeba wamyvanis  
daumisamarTebel  reJims, xolo SCL da SDA  gamomyvanebi  gadadian mesame 
mdgomareobaSi. «gaCerebis» mdgomareoba ar formirdeba.    

3

3 
TWWC 

Caweris konfliktis alami. almis dayeneba erTianis mdgomareobaSi 
xorcieldeba im SemTxvevaSi,   rodesac Caweris mcdelobaa TWDR  registrSi 
da TWINT wyvetis alami ganulebulia. almis ganuleba xorcieldeba,  rodesac  
TWDR registrSi sruldeba Cawera  da TWINT wyvetis alami  dayenebulia  
erTianSi.  

2

2 
TWEN 

TWI Mmodulis muSaobis nebadarTva. TWEN Tanrigi anxorcielebs TWI  
modulis funqcionirebis marTvas. am TanriSi logikuri erTianis Caweris 
SemTxvevaSi TWI moduli CairTveba da TavisTavze iRebs  SCL da SDA 
gamomyvanebis  Sesabamisi  mikrokontroleris  Setana/gamotanis kontaqtebis  
marTvas,. TWI  moduli gamoirTveba  , rodesac TWEN bitSi Caiwereba nuli.     

1

1 

--- darezervirebulia da amoikiTxeba, rogorc nuli. 

0

0 
TWIE 

TWI  modulisagan wyvetis nebadarTva.Tu am TanrigSi Cawerilia logikuri 
erTiani da SREG registris I Tanrigi  aseve dayenebulia erTianis 
mdgomareobaSi, maSin TWI  modulisagan wyveta  nebadarTulia. 
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                sur.10.10. TWSR  registris  formati 
 

        cxrili 10.5. TWSR  mdgomareobis  registris  TanrigebiMMM 

 

 

 

 

 

 

 

 

 

 

 

10.4. TWI modulis da gamoyenebiTi programis urTierTqmedeba 
 

TWI modulisa da samomxmareblo programis urTierTqmedeba  efuZneba 

modulidan wyvetis gamoyenebas, romelic formirdeba salteze yoveli movlenis 

warmoSobis Semdeg (baitis miReba, “gaSveba”/”gaCerebis” mdgomareoba da a.S). rac  

SesaZleblobas iZleva  saltiT monacemebis gadacemis dros programam 

paralelurad Seasrulos sxva amocanebi. Tu TWI modulidan wyvetis  gamoyeneba  

raime  mizezis gamo ar aris SesaZlebeli, igi SeiZleba avkrZaloT. aseT 

SemTxvevaSi programam, movlenaze reagirebisTvis, mudmivad unda uTvalTvalos 

TWINT almis mdgomareobas, romelic  warmoiqmneba salteze. TWINT almis 

dayeneba TWCR registrSi  gulisxmobs, rom TWI modulma daamTavra morigi 

operaciis Sesruleba da elodeba programis reaqcias. TWSR  registris xuT 

ufros TanrigSi (TWS7:0) formirdeba raime mniSvneloba, romelic axasiaTebs 

TWI saltis mimdinare mdgomareobas. Sesabamisad programam unda gaanalizos es 

mniSvneloba da gasces  TWI modulis Semdgomi  funqcionirebis gza, TWCR da 

TWDR registerbis Semdgomi manipulirebiT. 10.11.sur..-ze martiv magaliTze 

naCvenebia  TWI modulisa da gamoyenebiTi programis  urTierTqmedeba,  romelic 

iTvaliswinebs monacemTa erTi baitis gadacemas wamyvanidan. 

                                        

T
an
r
ig

i
 

dasaxeleba aRwera 

   7 ..3…… TWS7…TWS3 

TWI  modulis  mdgomareoba.  am  Tanri- 
gebSi arsebuli mniSvnelobebi  asaxaven  
modulis  kvanZebis da  TWI  saltis  
mdgomareobebs raime operaciis  Sesru- 
lebis  Semdeg. Mmdgomareobis  kodebi  
ganixilebian SemdgomSi. TWI7…3  

Tanrigebi dan  SesaZlebelia  mxolod  
wakiTxva.     

2 - 
darezervirebulia. ikiTxeba  rogorc  
“0” 

1.,0 
TWPS1:TWPS0 gadacemis siCqaris kontroleris  

winagamyofis  gayofis  koeficienti. 

 

amokiTxva (R)  Cawera (W) 

sawyisi  mniSvneloba 
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    sur. 10.11.  TWI  modulis  da  programis  urTierTmoqmedeba 

monacemis gadacema sruldeba Semdegi TanamimdevrobiT: 

1.TWI salteze monacemis gadacemis dros pirveli operacia aris 

“gaSvebis” mdgomareobis formireba. amisaTvis aucilebelia TWCR registrSi 

Caiweros gansazRruli mniSvneloba, romlis Sesabamisadac TWI  moduli 

daaformirebs salteze  “gaSvebis”  mdgomareobas. amasTan erTad   TWINT alami 

unda dayenebuli iyos erTianis mdgomareobaSi. “gaSvebis” mdgomareobis 

formireba iwyeba  TWINT  almis  CamogdebasTan  erTad. 

2. “gaSvebis” mdgomareobis formirebis  dawyebisTanave xdeba TWINT almis 

dayeneba. am operaciis  damTavrebis Sedegad TWSR mdgomareobis registrSi 

iwereba kodi, romelic uCvenebs Sesrulebuli operaciis Sedegis xasiaTs. 

3. unda davrwmundeT, rom warmatebiT ganxorcielda “gaSvebis” 

mdgomareobis formireba TWSR registris Semcvelobis SemowmebiT. Tu 

mdgomareobis kodi Seesabameba mosalodnels, maSin aucilebelia TWDR 

registrSi CaitvirTos SLA+W paketis Semcveloba da daformirdes TWCR 

registrSi paketis gadagzavnis brZaneba. samisamarTo paketis gadacema daiwyeba 

TWINT almis CamogdebisTanave 

4. samisamarTo paketis gadacemis Semdeg xorcieldeba TWINT almis 

dayeneba  TWCR registrSi. statusis kodi gviCvenebs paketis gadacemis 

warmatebiT Sesrulebas da  wamyvani mowyobilobidan  dasturis  miRebas. 

5. unda davrwmundeT, rom moxda paketis warmatebulad gadacema  da 

miRebulia dasturi,  rac xorcieldeba TWSR registris  Semcvelobis 

SemowmebiT. Tu mdgomareobis kodi Seesabameba mosalodnels, maSin TWDR 

registrSi unda  CaitvirTos monacemebi. amis Semdeg unda daformirdes TWCR 

registrSi paketis gadacemis brZaneba. (amasTan,  Sesruldes TWINT Nalmis 

Camogdeba) almis CamogdebisTanave daiwyeba monacemis paketis gadacema.  

6. monacemTa paketis gadacemis damTavrebis Semdeg xdeba TWINT almis 

dayeneba. TWCR registrSi daformirebuli mdgomareobis  kodi miuTiTebs 

paketis warmatebiT gadacemaze da mimyoli mowyobilobidan dasturis miRebaze. 

   

programis  

reaqcia 

TWI  saltis  

mdgomareoba 

TWI  

modulis  

reaqcia 

gaSveba      monacemebi gaCereba 

1.”gaSvebis” 

mdgomareobis 

formireba 

TWCR-Si  

CatvirTviT 

3.TWDR  registrSi 

SLA+W Cawera da TWCR-

Si saWiro  almebis  

daformireba TWINT  

Tanrigis  ganuleba 

5.ACK miReba. TWCR-Si 

monacemTa  Cawera. 

TWCR-Si saWiro  

almebis  dayeneba 

TWINT Tanrigis  

ganulebiT 

7.ACK  miReba. TWCR-Si 

saWiro  almebis  

Cawera TWINT Tanrigis  

ganulebiT  

2.TWINT dayenaba. TWSR –

Si mdgomareobis  kodi 

adasturebs gaSvebis  

mdgomareobis warmatebiT  

formirebas 

4.TWINT  dayeneba. 

TWSR-Si mdgomareobis  

kodi adasturebs  

SLA+|W gadacemas da 

ACK  miRebas  

6.TWINT  dayeneba  

TWSR-Si. Mmdgomare- 

obis  kodi 

adasturebs  

monacemTa  gadacemas  

da  ACK-s  miRebas 

TWINT  alami  

dayenebulia 
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7. TWSR registris Semcvelobis Semowmebis safuZvelze davrwmundeT 

paketis  warmatebul  gadacemaSi da dasturis miRebaze. Tu mdgomareobis kodi 

Seesabameba mosalodnels, maSin saWiroa TWCR registrSi  Caiweros mniSvneloba 

(agreTve TWINT Nalmis Camogdeba), romlis Sesabamisad TWI moduli aformirebs 

salteze “gaCerebis” mdgomareobas. “gaCerebis” mdgomareobis formireba daiwyeba 

TWINT almis CamogdebisTanave. 

zemoT  Tqmulidan  Cans, rom gamoyenebiTi  programisa da TWI moduls 

Soris  urTierTqmedebis nebismieri etapi Sedgeba sami nawilisagan: 

 yoveli operaciis damTavrebis Semdeg moduli anxorcielebs  TWCR 

registris TWINT almis dayenebas da  elodeba programis  reaqcias. sanam alami  

dayenebulia erTianis  mdgomareobaSi  SCL  gamtarze SenarCunebulia  dabali 

done; 

 TWINT almis dayenebis Semdeg momxmarebelma modulis TWDR  da TWCR 

registrebSi  unda Seitanos mniSvnelobebi, romlebic Seesabameba gacvlis   

momdevno etaps; 

 modulis registrebis ganaxlebis Semdeg, momxmarebelma unda daafor- 

miros TWCR registrSi brZaneba momdevno  gacvlis etapis Sesrulebaze. 

registrSi axali mniSvnelobis  CatvirTvis  dros   aucilebelia moxdes 

TWINT almis Camogdeba masSi logikuri erTianis CaweriT. almis Camogdebis 

Semdeg moduli iwyebs im operaciis Sesrulebas,  romelic TWCR registris 

SemcvelobiTaa gansazRvruli. 

mdgomareobis კოდebiს SesaZlo mniSvnelobebi, romelebic miTiTebulia 

magaliTSi, moyvanili iqneba mogvianebiT TWI modulis konkretuli reJimebis 

aRweris dros. garda amisa  gvaqs ($F8 da $00) ori mdgomareobis kodi, romelic 

kavSirSi ar arian romelime muSaobis reJimTan. (cxrili 10.6.) 

mdgomareoba $F8 kodi  aris Sualeduri. Ees kodi miuTiTebs, rom ar 

arsebobs araviTari  informacia TWINT almis dayenebis Sesaxeb. $00 statusis 

kodi iZleva Setyobinebas salteze Secdomis Sesaxeb. aseTi saxis Secdoma Cndeba 

im SemTxvevaSi, rodesac wamyvani aformirebs  “gaSvebis” an “gaCerebis” 

mdgomareobas ara sasurvel adgilas, magaliTad, misamarTis  baitis, monacemTa  

baitis  an  dadasturebis bitis gadacemis dros. am situaciidan gamosvlisaTvis 

aucilebelia moxdes logikuri erTianis Cawera TWSTO  da TWINT TanrigebSi. 

amis Sedegad moduli gadava “daumisamarTebel wamyvanis” reJimSi, 

gaanTavisuflebs SDA  da SCL gamtarebs da Camoagdebs TWSTO alams. am 

situaciaSi “gaCerebis” mdgomareoba daformirebuli ar iqneba. 

10.5  TWI modulis  muSaobis reJimebi 

TWI moduls SeuZlia imuSaos Semdeg reJimebSi: 

 wamyvani gadamcemi (Master Transmitter); 

 wamyvani  mimRebi  (Master Receiver); 

 mimyoli gadamcemi (Slave Transmitter);  

 mimyoli  mimRebi (Slave Receiver). 
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konkretuli reJimis amorCeva ganisazRvreba programis muSaobis logikiT, 

da Sesabamisi moqmedebebiT. 

 

crili 10.6. saerTo daniSulebis statusis kodebi 
 

 

 

 

 

 

 

 

 

 

                        “wamyvani gadamcemi” reJimi 

“wamyvani gadamcemi” (Master Transmitter) reJimSi  xorcieldeba monacemebis 

gadacema wamyvani mowyobilobidan mimyoli mowyobilobisken. imisaTvis, rom 

moxdes mowyobilobis “wamyvani reJimSi” gadarTva, TWI modulma  unda 

daaformiros salteze “gaSvebis” mdgomareoba. misamarTis paketis formati, 

romelic gadaicema Semdeg, gansazRvravs Tu romel reJimSi imuSavebs wamyvani. 

im SemTxvevaSi, rodesac gadaicema SLA+W paketi, maSin moduli gadadis “wamyvani 

gadamcemi” reJimSi, xolo im SemTxvevaSi, rodesac gadaicema SLA+R paketi, maSin 

moduli gadadis “wamyvani  mimRebi” reJimSi.  

“gaSvebis” mdgomareobis formireba iwyeba mas Semdeg, rodesac TWCR 

registrSi  Caiwereba Semdegi mniSvneloba (sur.10.12): 

 

           sur.10.12. TWCR  registrSi  Cawerili  “gaSvebis” 

                    formirebis   kodi 

                                            

miTiTebuli  mniSvnelobebis Caweris Sedegad TWI moduli iwyebs saltis 

mdgomareobis Semowmebas da aformirebs “gaSvebis” mdgomareobas , rogorc ki is 

status
is 

kodi 

saltis da 
TWI modulis 
mdgomareoba 

programis moqmedeba TWEmodulis 
mierSemdegi  
moqmedebis 
Sesruleba  

TWDR 
dan/masSi 

TWCR registrSi 

S
ST
A 

S
ST0 

T
TWIN
T 

 
TWE
A 

$F8 

araris 
informacia; 
TWINT= 0 

Mmoqmede-
ba ar 
aris  

moqmedeba ar aris 

TWINTalamis 
dayenebis 
molodini 

$00 

Secdoma 
salteze 
«gaSvebis» an   
«gaCerebis» 
mdgomareobis 
ara koreqtu- 
li formire- 
bis dros.    

moqmede
ba ar 
aris 

0 1 
 
1 

 
X 

X 

Yvela moqmdeba 
sruldeba 
aparaturulad. 
salte 
Tavisufldeba, 
TWST0 Camoigdeba 
nulSi. 

TWI   modulis  nebis  darTva 

gaSvebis  mdgomareobis  formireba 

TWIN  almis  Camogdeba 
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gaxdeba Tavisufali. mas Semdeg rodesac dasruldeba “gaSvebis” mdgomareobis 

formatireba, xorcieldeba TWINT almis dayeneba. am SemTxvevaSi mdgomareobis 

kods unda hqondes $08  mniSvneloba (ixileT cxrili 10.7.). modulis “wamyvani 

gadamcemi” reJimSi gadarTvisaTvis, aucilebelia saltiT gadaices SLA+W 

paketi, paketis Semcveloba iwereba TWDR registrSi,   xolo TWCR registrSi 

CaitvirTeba Semdegi  kodi (sur.10.13).: 

 

                 sur. 10.13. TWCR  registrSi  Cawerili  samisamarTo   

                          paketis  gagzavnis  kodi 

misamarTis paketis gadacemis da  dasturis bitis miRebis Semdeg, TWINT 

alami kvlav dayendeba “1” mdgomareobaSi. Mmdgomareobis  kods am etapze 

SeiZleba hqondes  erT-erTi mniSvneloba  $18, $20 an $38. 10.7.cxrilSi 

dawvrilebiT mocemulia, Tu rogor unda vimoqmedoT ama Tu im kodis miRebis 

dros.  misamarTis paketis gadacemis Semdeg unda moxdes monacemebis paketis 

gadacema. monacemebis  baitis mniSvneloba itvirTeba TWDR registrSi.  

monacemebis paketis  gadacema daiwyeba mas Semdeg, rodesac  TWCR registrSi 

Caiwereba  mniSvneloba (sur.10.14): 

 

                     sur.10.14. TWCR  registrSi  Cawerili  monacemTa  

                               paketis  gadacemis  kodi 

aRwerili procedura gamoiyeneba yvela monacemebis paketis gadacemi- 

sTvis. monacemebis bolo baitis gadacemis Semdeg wamyvanma salteze unda 

daaformiros  «gaSvebis» an «gaCerebis» mdgomareoba. “gaCerebis” mdgomare- 

obis formireba iwyeba mas Semdeg, rodesac TWCR registrSi Caiwereba Semdegi 

mniSvneloba (sur.10.15): 

 

TWI   modulis  nebis  darTva 

TWIN  almis  Camogdeba 

 

TWI   modulis  nebis  darTva 

TWIN  almis  Camogdeba 
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                           sur.10.15. TWCR  registrSi  Cawerili  

                          “gaCerebis”  formirebis  kodi 

“ganmeorebiTi gaSvebis” mdgomareobis formirebisTvis TWCR  registrSi  

saWiroa Caiweros  Semdegi mniSvneloba (sur.10.16): 

 

 

 

                        sur.10.16. TWCR  registrSi  Cawerili “ganmeorebiT gaSvebis”  

formirebis  kodi    

mas Semdeg, rodesac salteze daformirdeba “ganmeorebiTi gaSveba ($10 

mdgomareobis kodi) wamyvans SeuZlia daamisamarTos igive an sxva mimyolebi 

ise, rom ar daaformiros “gaCerebis” mdgomareoba. sxvagvarad, rom vTqvaT 

“ganmeorebiT gaSvebis” mdgomareoba saSualebas iZleva ganaxorcielos mimyoli 

mowyobilobebis Secvla, aseve moaxdinos gadarTva reJimebs Soris: “wamyvani 

gadamcemi” an “ wamyvani mimRebi”, ise rom ar dakargos kontroli salteze. 

rogorc iyo aRniSnuli, monacemTa gadacemis yoveli bijis  dasrulebis 

Semdeg, operaciis  Sedegis  mixedviT,  TWSR  registrSi  formirdeba  

mdgomareobis kodi, romelic gansazRvravs TWI  blokis Semdgom  moqmedebas. 

10.7.cxrilSi naCvenebia  mdgomareobis  kodebi  “wamyvani  gadamcemis”  

reJimisaTvis  da  TiToeul  kodTan  dakavSirebuli Semdegi moqmedeba. 

 

 

 

 

 

 

                                                                           

 

cxrili 10.7. mdgomareobis kodebi “ wamyvani gadamcemis” reJimisaTvis 

TWI   modulis  nebis  darTva 

gaCerebis mdgomareobis  formireba 

TWIN  almis  Camogdeba 

 

TWI   modulis  nebis  darTva 

gaSvebis mdgomareobis  formireba 

TWIN  almis  Camogdeba 
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$

18 
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(ACK)DAdasturi 
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mdgomareoba, xolo Semdeg 
« gaSvebis» mdgomareoba 

 (Camoigdeba TWST0 alami) 

2

20 

moxda SLA+W   paketis  
gadacema, magram ar iyo 

miRebuli (NACK)  dasturi 
 

CaitvirTos 
monacemebi 

 
0 
 

0 1  X 
moxdeba monacemTa baitis 
gadacema. miRebuli iqneba ACK  
an NACK 

moqmedeba 
ar aris 

1 0 1  X 
moxdeba  gan.gaSvebis mdgomare- 
obis daformireba   

moqmedeba 
ar aris 

0 1 1  X 
moxdeba gaCerebis mdgomar- 
eobis  daformireba (Camoigdeba 
TWSTO alami 

moqmedeba 
ar aris 

1 1 1    X 

moxdeba gaCerebis mdgomar- 
eobis  daformireba,   Semdeg 
daformirdeba   gaSvebis 
mdgomareoba 
( moxdeba TWSTO alamis  

Camogdeba) 

 
28 

moxdeba monacemis 
paketis gadacema da 

miRebulia 
(ACK)   dasturi 

 
 

   moqmedeba 
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moxdeba monacemis baitis 
gadacema. miRebuli iqneba ACK  
an NACK 
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ar aris 
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 0  1  1 X 
daformirdeba  gaCerebis 
mdgomareoba (Sesruldeba 
TWSTO alamis Camogdeba) 
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mdgomareoba (moxdeba   (TWSTO 
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                                                              gagrZeleba 

 

 

 

 

 

 

 

 

.  

 

                                                              

10.17.sur.-ze  mocemulia  TWI  interfeisis  “wamyvan gadamcemi”  reJimSi 

muSaobis  diagrama.  

 

                   “wamyvani  mimRebi”  reJimi 

“wamyvani mimRebi”  reJimSi  wamyvani  asrulebs  monacemTa  miRebas  mimyoli  

mowyobilobidan. rogorc iyo  naTqvami  mowyobilobis  gadarTvisaTvis  wamyvanis 

reJimSi TWI modulma salteze unda daaformiros “gaSvebis”  mdgomareoba.  Semdeg  

bijze gaazavnis samisamarTo  pakets SAL+R,  riTac  ganisazRvreba  misi  muSaoba  

“wamyvani  mimRebis”  reJimSi.  

“gaSvebis”  mdgomareobis  formireba  iwyeba TWCR  registrSi  Semdegi  

mniSvnelobis  CaweriT (sur.10.18):    
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miRebuli 

 

moqmedeba 
ar gvaqs 
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ACK an NACK 
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TWSTO alamis Camogdeba) 

moqmedeba 
ar gvaqs 

1 1 1 X daformirdeba  gaCerebis 
mdgomareoba, xolo Semdeg 
gaSvebis mdgomareoba 
(Sesruldeba TWSTO 
alamis Camogdeba) 

$

38 

prioritetis dakargva  
monacemis an misamarTis 
paketis gadacemis dros 

moqmedeba 
ar gvaqs 

0 0 1 X mowyobiloba 
gaanTavisuflebs saltes 
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damisamarTebuli mimyolis 
reJimSi 

moqmedeba 
ar gvaqs 

1 0 1 X saltis ganTavisuflebis 
Semdeg daformirdeba 
gaSvebis mdgomareoba 
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sur.10.17. TWI  interfeisis  “wamyvan gadamcemi”  reJimSi  

             muSaobis  diagrama 

 

                      sur. 10.18. TWCR  registrSi  Cawerili  “gaSvebis”  

formirebis kodi 

aRniSnuli mniSvnelobis Caweris Semdeg TWI  moduli iwyebs saltis  

mdgomareobis Semowmebas da rogorc ki igi ganTavisufldeba aformirebs    

“gaSvebis”  mdgomareobas. 

“gaSvebis” mdgomareobis damTavrebis Semdeg dgeba TWINT  alami; 

mdgomareobis kods am dros unda hqondes $08  mniSvneloba (cxrili  10.8).  

“wamyvani  mimRebi”-s reJimSi  modulis  gadarTvisaTvis  saWiroa  saltiT  

                                     

                                       wamyvani  gadamcemi 

mimyolisTvis 

warmatebiT  

gadacema 

gadacema  iwyeba 
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TWI   modulis  nebis  darTva 

gaSvebis mdgomareobis  formireba 

TWIN  almis  Camogdeba 
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gadaices samisamarTo paketi  SLA+R.  amisaTvis  paketi  unda  Caiweros TWDR  

registrSi,  xolo  TWCR  registrSi  Caiwereba  Semdegi  mniSvneloba 

(sur.10.19): 

 

sur.10.19. TWCR  registrSi  Cawerili  samisamarTo  paketis  gagzavnis  kodi 

samisamarTo  paketis  gadacemisa  da  dadasturebis  bitis  miRebis  Semdeg  

TWINT alami isev dgeba 1-Si. mimyolidan miRebuli monacemTa  baiti   imyofeba  TWDR  

registrSi.  Mmdgomareobis  kods  am  etapze  SesaZlebelia  hqondes  erT-erTi  

mniSvneloba:  $38, $40  an  $48.  ra  moqmedebebi  unda  Sesruldes ama Tu  im  kodis 

aRmoCenis SemTxvevaSi ganxilulia 10.8.cxrilSi. 

aRwerili procedura gamoiyeneba monacemTa yvela paketebis  gadacemi- 

sTvis. monacemTa  bolo  baitis  miRebis  Semdeg  wamyvanma  unda  Seatyobinos 

amis Sesaxeb mimyol  gadamcems  “ardadasturebis”  signaliT (NACK). Aamis 

Semdeg wamyvanma  salteze  unda  daaformiros   “gaCerebis”  an  “gan.gaSvebis”  

mdgomareoba. 

“gaCerebis” mdgomareobis formireba daiwyeba TWCR  registrSi Semdegi  

mniSvnelobis  CaweriT (suraTi 10.20): 

 

  sur.10.20. TWCR  registrSi  Cawerili  “gaCerebis”  formirebis  kodi 

“gan.gaSvebis” mdgomareobis formirebisaTvis saWiroa  TWCR  registrSi  

Caiweros  Semdegi  mniSvneloba (suraTi 10.21): 

 

sur.10.21. TWCR  registrSi  Cawerili  “gan.gaSvebis”  formirebis  kodi 

 

TWI   modulis  nebis  darTva 

TWIN  almis  Camogdeba 

 

TWI   modulis  nebis  darTva 

“gaCerebis”  mdgomareobis  formireba 

TWIN  almis  Camogdeba 

 

TWI   modulis  nebis  darTva 

“gaSvebis”  mdgomareobis  formireba 

TWIN  almis  Camogdeba 
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rogorc iTqva,  salteze  “gan.gaSvebis”  mdgomareobis  (kodi $10)  

daformirebis Semdeg wamyvans  SeuZlia  daamisamarTos  igive  an  sxva  

mimyoli, “gaSvebis”  signalis  formirebis gareSe. sxva sityvebiT rom vTqvaT, 

“gan.gaSvebis” mdgomare- obis gamoyeneba saSualebas iZleva ganxorcieldes  

mimyoli mowyobilobis  Secvla,  agreTve  “wamyvani  gadamcemisa”  da  “wamyvan  

mimRebi”  reJimebs  Soris  gadarTva  salteze  kontrolis  dakargvis  gareSe. 

10.22.sur.-ze  mocemulia  TWI  interfeisis  muSaobis  diagrama “wamyvani 

mimRebis” reJimSi.  

 

 

 

                                         sur.10.22. TWI  interfeisis  “wamyvan mimRebis”  reJimSi 

                                   muSaobis  diagrama 
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    cxrili  10.8. mdgomareobis  kodebi  “wamyvani  mimRebi” reJimisaTvis 

 

“mimyoli  mimRebi”  reJimi   

”mimyoli mimRebi” reJimSi mimyoli mowyobiloba asrulebs monacemTa  

miRebas  wamyvanisagan. M”mimyoli  mimRebi”  reJimSi  modulis  gadarTvis  

SemTxvevaSi  TWAR registris ufros TanrigebSi winaswar unda Caiweros  

mowyobilobis  misamarTi  da  programis  muSaobis  logikis  Sesabamisad  

  
  
md

g
o
ma
r
eo

b
is

  
 

ko
d
i 

  
  
  

saltisa  da  
TWI modulis 
mdgomareoba 

programis  moqmedeba 

TWI  modulis  mier  Sesrulebuli  
 momdevno  moqmedeba TWDR  

Si/dan 

TWCR  
registrSi 

S
T

A
 

S
T

O
 

T
W

IN
T

 

T
W

E
A

 

$

08 

daformirebulia 
mdgomareoba  
“gaSveba” 

CaitvirTos 
SLA+R 

X 0 1 X 

gadacemuli iqneba SLA+R 

miRebuli iqneba  ACK  an NACK  

$

10 

daformirda 
mdgomareoba  
“gan.gaSveba” 

CaitvirTos  
SLA+R 

X 0 1 X 
gadacemuli iqneba SLA+R 

miRebuli iqneba  ACK  an NACK 

CaitvirTos  
SLA+W 

X 0 1 X 

gadacemuli iqneba SLA+W 

moduli  gadairTveba “wamyvani mimRebi”  
reJimSi 
 

$

38 

prioritetis  
dakargva 
misamarTis an 
monacemTa  
paketis  
gadacemis  dros 

ar  aris 
moqmedeba 

0 0 1 X 

mowyobiloba anTavisuflebs  saltes  da   
gadava  aradamisa marTebad wamyvanis  
reJimSi 

ar  aris 
moqmedeba 

1 0 0 X 
saltis  ganTavisuflebis  Semdeg   
daformirdeba “gaSvebis”  mdgomareoba 

$

40 

gadacemuli  iyo  
paketi SLA+R da  
miRebulia  
dasturi  (ACK) 

ar  aris 
moqmedeba 

0 0 1 0 
miRebuli  iqneba  monacemebis  baiti  da   
gadaicema  dasturis  uaryofa (NACK) 

ar  aris 
moqmedeba 

0 0 1 1 
miRebuli  iqneba  monacemebis  baiti  da   
gadaicema  dasturi  (ACK) 

$

48 

gadacemuli  iyo  
paketi SLA+R da  
miRebulia  
dasturis  
uaryofa  (NACK) 

ar  aris 
moqmedeba 

1 0 1 X 

daformirdeba mdgomareoba  “gan.gaSveba” 

ar  aris 
moqmedeba 

0 1 1 X 
daformirdeba mdgomareoba  “gaCereba”  
(  TWSTO  alami  Camovardeba) 

ar  aris 
moqmedeba 

1 1 1 X 
daformirdeba mdgomareoba  “gaCereba”, Semdeg  
 “gaSveba” (TWSTO  alami  Camovardeba) 

$

50 

miRebulia  
monacemebis  
baiti  da 
gadacemulia 
dasturi  (ACK) 

wakiTxuli  
iyvnen  

monacemebi 
0 0 1 0 

miRebuli  iqneba  monacemTa  baiti  da   
gadaicema  dasturis  uaryofa (NACK) 

wakiTxuli  
iyvnen  

monacemebi 
0 0 1 1 

miRebuli  iqneba  monacemTa  baiti  da   
gadaicema  dasturi  (ACK) 

$

58 

miRebulia  
monacemTa  baiti  
da gadacemulia 
dasturis  
uaryofa  (NACK) 

wakiTxuli  
iyvnen  

monacemebi 
1 0 1 X 

daformirdeba mdgomareoba  “gan.gaSveba” 

wakiTxuli  
iyvnen  

monacemebi 
0 1 1 X 

daformirdeba mdgomareoba  “gaCereba”  
(  TWSTO  alami  Camovardeba) 
 
 

wakiTxuli  
iyvnen  

monacemebi 
1 1 1 X 

daformirdeba mdgomareoba  “gaCereba”,  
Semdeg  “gaSveba” (TWSTO  alami  Camovardeba) 
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davayenoT  an  CamovagdoT  am  registris  umcrosi  Tanrigi  (TWGCE). Aamis  

Semdeg TWCR  registrSi  saWiroa  Caiweros  Semdegi  mniSvneloba (sur.10.23): 

  

 

                           sur.10.23. mimyolis TWCR  registrSi  Cawerili  

inicializaciis  kodi 

 

TWAR  da TWCR registrebis inicializaciis Semdeg moduli elodeba  

samisamarTo pakets TWAR registrSi miTiTebuli misamarTiT an saerTo  

gamoZaxebas (Tu misi amocnoba nebadarTulia). samisamarTo paketis  umcros  

TanrigSi Cawerili mimarTulebis bitis mniSvneloba gansazRvravs reJims,  

romelSic gadava moduli. Tu am TanrigSi aris “0” (W-Cawera), TWI  moduli 

gadairTveba “mimyoli mimRebi” reJimSi. winaaRmdeg  SemTxvevaSi  moduli  

gadairTveba “mimyoli gadamcemi” reJimSi. gavixsenoT, rom mowyobilobas  

SeuZlia avtomaturad gadavides “mimyoli mimRebi” reJimSi wamyvanis  reJimidan 

prioritetis dakargvis SemTxvevaSi. SLA+W paketis miRebis  Semdeg dgeba TWINT 

alami da saltiT gadacemis xasiaTi, rogorc wina  SemTxvevebSi, ganisazRvreba 

mdgomareobis kodiT. SesaZlo moqmedebebi  programis mxridan, mdgomareobis 

kodis Sesabamisad, naCvenebia  10.9.cxril- Si. 

monacemTa nakadis SewyvetisaTvis saWiroa TWCR registris TWEA  Tanrigi 

CamovagdoT “0”-Si. Sedegad SDA salteze momdevno baitis  gadacemis 

SemTxvevaSi gaicema ardadasturebis signali, romelic atyobinebs  wamyvans 

imis Sesaxeb, rom mimyols aRar SeuZlia monacemTa miReba.  samisamarTe 

paketebis damuSaveba Camogdebuli TWEA Tanrigis dros  wydeba, magram 

SeiZleba ganaxldes nebismier dros am Tanrigis xelaxali  dayenebiT. 

Tu mowyobilobis damisamarTeba da amasTan TWEA  Tanrigis  dayeneba 

moxdeba mikrokontroleris “Zilis” reJimSi yofnis dros, mikrokontroleri 

gadadis muSa reJimSi.    

 

 

 

 

 

                                   

TWI  nebis darTva 

dasturis  nebis  darTva 
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cxrili 10.9.  mdgomareobis  kodebi  “ mimyoli mimRebi”  reJimisaTvis   

 

 

                                       

                                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

md
g
o
ma
r
ej

b
is

  
ko

d
i 

TWI  saltis  da  
modeulis  

mdgomareoba 

programis moqmedeba 

TWI  modulis  mier  Sesasrulebeli 
Semdgomi  moqmedebebi T

WDR  
Si/dan 

TWCR  registrSi 

S
T

A
 

S
T

O
 

T
W

IN
T

 

T
W

E
A

 

$

$60 

miRebuli  iyo 
SLA+W  sakuTari 
misamarTiT da  
gaigzavna 
dadastureba 
(ACK) 

a
ar  

aris 
moqmede

ba 

X 0 1 0 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  aradasturi 
(NACK) 

a
ar  
aris 
moqmede
ba 

X 0 1 1 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  dasturi (ACK) 

$

$68 

prioritetis  
dakargva  wamyva -
nis reJimSi 
SLA+R/W gagzavnis  
dros,  miRebuli  
iqna  SLA+W 

sakuTari misamar- 
TiT  da  gadaica 
dadastureba  
(ACK)   

a
ar  

aris 
moqmede

ba 

X 0 1 0 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  aradasturi 
(NACK) 

a
ar  

aris 
moqmede

ba 

X 0 1 1 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  dasturi (ACK) 

$

$70 

miRebuli  iqna  
saerTo 
Setyobineba  da 
gaigzavna  
dadastureba(ACK) 

a
ar  
aris 
moqmede
ba 

X 0 1 0 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  aradasturi 
(NACK) 

Aar 
 aris  
moqmedeba X 0 1 1 

miRebuli  iqneba  monacemTa  baiti  
da  gadacemuli  iqneba  dasturi (ACK) 

$

$78 

prioritetis  
dakargva  
wamyvanis reJimSi 
SLA+R/W gagzavnis  
dros, miviReT    
saerTo 
Setyobineba  da  
gaigzavna 
dadastureba 
(ACK) 

a
ar  

aris 
moqmede

ba 

X 0 1 0 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  aradasturi 
(NACK) 

$80 

mowyobilobasTan 
iyo  mimarTva; 
miRebulia  
monacemTa  baiti 
da gadaica 
dadastureba 
(ACK) 

wakiTxu-  
li iyos  
monaceme 

bi  
  

X 0 1 0 
miRebuli  iqneba  monacemTa  baiti  
da  gadacemuli  iqneba  aradasturi 
(NACK 

wakiTxu-  
li iyos  
monaceme 
bi 

 0 1 1 
miRebuli  iqneba  monacemTa  baiti  

da  gadacemuli  iqneba  dadastureba 
(ACK) 

X 
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                                                              gagrZeleba 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mm
d
g
o
ma
r
eo

b
is

  
ko

d
i TWI  saltis  da  

modeulis  
mdgomareoba 

programis moqmedeba 

TWI  modulis  mier  Sesasrulebeli Semdgomi  
moqmedebebi TWDR  

Si/dan 

TWCR  registrSi 

S
T

A
 

S
T

O
 

T
W

IN
T

 

T
W

E
A

 

$88 

mowyobilobasTan 
iyo  mimarTva; 
miRebulia  

monacemTa  baiti 
da gadaica 

ardadastureba 
(NACK) 

wakiTxu-  
li iyos  
monaceme 

bi  
 

0 0 1 0 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebismieri  gamoZaxebis gamocnoba  

akrZalulia 

wakiTxu-  
li iyos  
monaceme 

bi  
 

0 0 1 1 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebadarTulia  sakuTari misamarTiani 
SLA  gamocnoba. NnebadarTulia saerTo  gamoZa- 
xebis  gamocnoba, Tu TWGCE=1 

wakiTxu-  
li iyos  
monaceme 

bi  
 

1 0 1 0 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebismieri  gamoZaxebis  gamocnoba  
akrZalulia. saltis  ganTavisuflebis  Semdeg  
daformirdeba “gaCerebis” mdgomareoba. 

wakiTxu-  
li iyos  
monaceme 

bi  
 

1 0 1 1 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebadartulia  sakuTari misamarTis  
mqone SLA  gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  TWGCE=1. saltis  
ganTavisuflebis  Semdeg  daformirdeba  
“gaCerebis”  mdgomareoba. 

$90 

mowyobilobasTan 
iyo  mimarTva 
(saerTo  
gamoZaxeba); 
miRebulia  
monacemTa  baiti 
da gadaica 
dadastureba 
(ACK) 

wakiTxu-  
li iyos  
monaceme 

bi 

X 0 1 0 

miRebuli  iqneba  monacemTa  baiti  da 
gadacemuli  iqneba  aradasturi (NACK) 

wakiTxu-  
li iyos  
monaceme 

bi 
X 0  1 1 

miRebuli  iqneba  monacemTa  baiti  da 
gadacemuli  iqneba  dadastureba (ACK) 

$98 

iyo  mimarTva 
(saerTo  

gamoZaxeba); 
miRebulia  

monacemTa  baiti 
da gadaica 

aradadastureba 
(NACK) 

wakiTxu-  
li iyos  
monaceme 

bi 

0 0 1 0 

gadairTos  aradamisamarTebuli mimyolis  
reJimSi. nebismieri  gamoZaxebis  gamocnoba  
akrZalulia 

wakiTxu-  
li iyos  
monaceme 

bi 

0 0 1 1 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebadarTulia  sakuTari misamarTis  
mqone SLA  gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  TWGCE=1.. 

wakiTxu-  
li iyos  
monaceme 

bi 

1 0 1 0 

gadairTos mimyolis  reJimSi. nebismieri  
gamoZaxebis  gamocnoba  akrZalulia. saltis  
ganTavisuflebis  Semdeg  daformirdeba 
“gaCerebis” mdgomareoba. 

wakiTxu-  
li iyos  
monaceme 

bi 1 0 1 1 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebadarTulia  sakuTari misamarTis  
mqone SLA  gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  TWGCE=1.. 
saltis  ganTavisuflebis  Semdeg  
daformirdeba “gaCerebis” mdgomareoba 

$A0 

aRmoCenili  iyo 
“gaSveba “  an  
“gan.gaSveba”, 
rodesac  
mowyobilobasTan 
iyo  mimarTva, 
rogorc  
mimyolTan 

wakiTxu-  
li iyos  
monaceme 

bi 

0 0 1 0 

gadairTos  aradamisamarTebuli mimyolis  
reJimSi. nebismieri  gamoZaxebis  gamocnoba  
akrZalulia 

wakiTxu-  
li iyos  
monaceme 

bi 

0 0 1 1 

gadairTos  aradamisamarTebuli  mimyolis  
reJimSi. nebadarTulia  sakuTari misamarTis  
mqone SLA  gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  TWGCE=1.. 

wakiTxu-  
li iyos  
monaceme 

bi 

1 0 1 0 

mimyolis  reJimSi. nebismieri  gamoZaxebis  
gamocnoba  akrZalulia. saltis  
ganTavisuflebis  Semdeg  daformirdeba 
“gaCerebis” mdgomareoba 
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10.24.sur.-ze  naCvenebia  TWI  interfeisis  “mimyoli  mimRebi”  reJimSi 

muSaobis  diagrama  zemoT  ganxilul SemTxvevebisTvis.   

 

sur.10.24.  TWI  interfeisis  “mimyoli mimRebi”  reJimSi 

muSaobis  diagrama. 

 

                      “mimyoli gadamcemi” reJimi 
 

“mimyoli gadamcemi” reJimSi mimyoli mowyobiloba anxorcielebs monacemebis 

gadacemas wamyvanisaken, romelic am konkretul SemTxvevaSi aris mimRebi. 

modulis am reJimSi gadarTvamde, saWiroa SevitanoT   TWAR registris ufros 

TanrigebSi mowyobilobis misamarTi da  programis muSaobis logikis 

Sesabamisad, moxdes registris umcrosi Tanrigis (TWGCE)  1-Si  an  0-Si 

dayeneba. Semdeg saWiroa TWCR registrSi Caiweros mniSvneloba  (sur.10.25):  

TWAR da TWCR registrebis inicializaciis Semdeg moduli elodeba  misamar- 

Tis pakets, romelSic iqneba TWAR registrSi  miTiTebuli misamarTi an saerTo  

                                             

                                               

sakuTari  misamarTis da  

erTi  an  ramodenime 

baitis  miReba. yvela  

gzavnili  dadasturebulia 

ukanaskneli miRebuli  baiti 

ar  dadasturda 

prioritetis  dakargva  

wamyvanis  reJimSi  da  

rogorc  mimyolis  

damisamarTeba 

saerTo gamoZaxebis  

misamarTis da  erTi an  

ramodenime  baitis  miReba 

bolo  miRebuli  baitis 

ardadastureba 

prioritetis  dakargva  

wamyvanis  reJimSi  da  

damisamarTeba rogorc  

mimyolis   

 

S- “gSvebis” mdgomareoba 

P- “gaCerebis”  mdgomareoba 

W- Caweris  moTxovna 

A-  dadasturebis  biti 

SLA- mimyoli  mowyobilobis  

misamarti 

wamyvanidan  mimyolisken 

mimyolidan  wamyvanisaken 

erTi an ramdenime baiti  

dadasturebis  bitebiT 

TWINT  almis  dayenebis  

momenti. n-mdgomareobis  

kodi  TWSR-Si   
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                      sur.10.25.  mimyolis TWCR  registrSi  Cawerili  

inicializaciis  kodi 

gamoZaxeba ( Tu ki misi amocnoba nebadarTulia). paketSi misamarTis Semdeg 

arsebuli  bitis  mniSvneloba   gansazRvravs   im   reJims,   romelSic   

gadairTvvba   moduli 

moduli. Tu R/W biti Seicavs “0” (Cawera), TWI  moduli  gadairTveba “mimyoli 

mimRebis” reJimSi. winaaRmdeg SemTxvevaSi  moduli gadairTveba “ mimyoli 

gadamcemis” reJimSi. gavixsenoT, rom mowyobilobas aseve SeuZlia avtomaturad 

gadairTos wamyvani reJimidan “mimyoli mimRebis” reJimSi prioritetis dakargvis 

SemTxvevaSi (ixileT $B0  mdgomareobis kodis aRwera cxril10.10.-Si). 

SLA+R  paketis  miRebis  Semdeg  dgeba  TWINT  alami, da  gadacemis 

mdgomareoba  ganisazRvreba  mdgomareobis  kodiT (cxr.10.10) 

 

 

cxrili 10.10. mdgomareobis kodebi “ mimyoli gadamcemi” reJimisTvis 

 

 

 

 

 

 

 

 

 

 

 

 

                      

 

Mm
d
g
o
ma
r
eo

b
is

  
ko

d
i TWI  saltis  

da  modeulis  
mdgomareoba 

programis moqmedeba 

TWI  modulis  mier  Sesasrulebeli 
Semdgomi  moqmedebebi TWDR  

Si/da 

TWCR  registrSi 

S
T

A
 

S
T

O
 

T
W

IN
T

 

T
W

E
A

 

$C0 

Ggadacemuli 
iyo monacemTa  
baiti da miRe-

buli  iyo 
ardadastureba 

(NACK) 

ar  aris 
moqmedeba 0 0 1 0 

gadairTos aradamisamarTebuli  
mimyo lis reJimSi nebismieri  
gamoZaxebis  gamocnoba  akrZalulia. 

ar  aris 
moqmedeba 

0 0 1 1 

gadairTos  aradamisamarTebuli  
mimyolis  reJimSi. nebadarTulia  
sakuTari misamarTis  mqone SLA  

gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  
TWGCE=1. 

ar  aris 
moqmedeba 

1 0 1 0 

gamoZaxebis  gamocnoba  akrZalulia. 
saltis  ganTavisuflebis  Semdeg  
daformirdeba “gaCerebis” 
mdgomareoba. 

ar  aris 
moqmedeba 

1 0 1 1 

gadairTos  aradamisamarTebuli  
mimyolis  reJimSi. nebadarTulia  
sakuTari misamarTis  mqone SLA  

gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  
TWGCE=1.. saltis  ganTavisuflebis  
Semdeg  daformirdeba “gaCerebis” 
mdgomareoba 

TWI  nebis  darTva 

dasturis  nebis  darTva 



117 
 

                                                  gagrZeleba 

 

 

 

 

 

 

 

 

 

 

 

 

                                

                                                     

 

 

 

 

 

 

 

monacemTa bolo baitis gadacemis dros aucilebelia TWEA Tanrigi 

CamovagdoT nulSi. amis Semdeg, moduli gadadis $C0 an $C8  kodis Sesabamis 

mdgomareobaSi, imisda mixedviT, Tu romel (ACK an NACK) signals gadascems 

wamyvani pasuxad. $C8  kodis Sesabamis mdgomareobaSi TWI moduli gadadis im 

SemTxvevaSi, Tu wamyvanma moiTxova damatebiTi monacemebi, gadasca (ACK) 

dadastureba, miuxedavad imisa rom wamyvanma gadamcemma gadasca bolo baiti da 

elodeba NACK signals. 10.26.sur-ze naCvenebia TWI  interfeisis  “mimyol 

gadamcem”  rejimSi  muSaobis  diagrama. 

 

md
g
o
ma
r
eo

b
is

 
ko

d
i TWI  saltis  

da  modeulis  
mdgomareoba 

programis moqmedeba 

TWI  modulis  mier  Sesasrulebeli 
Semdgomi  moqmedebebi TWDR  

Si/da 

TWCR  registrSi 

S
T

A
 

S
T

O
 

T
W

IN
T

 

T
W

E
A

 

$C8 

Ggadacemuli 
iyo monacemTa  
baiti da miRe-

buli  iyo 
dadastureba 

(ACK) 

ar  aris 
moqmedeba 0 0 1 0 

gadairTos  aradamisamarTebuli  
mimyolis  reJimSi. nebismieri  
gamoZaxebis  gamocnoba  akrZalulia. 

ar  aris 
moqmedeba 0 0 1 1 

gadairTos  aradamisamarTebuli  
mimyolis  reJimSi. nebadarTulia  
sakuTari misamarTis  mqone SLA  

gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  TWGCE=1.. 

ar  aris 
moqmedeba 1 0 1 0 

gadairTos  aradamisamarTebuli  
mimyolis  reJimSi. nebismieri  
gamoZaxebis  gamocnoba  akrZalulia. 
saltis  ganTavisuflebis  Semdeg  
daformirdeba “gaCerebis” mdgomareoba 

ar  aris 
moqmedeba 1 0 1 1 

gadairTos  aradamisamarTebuli  
mimyolis  reJimSi. nebadarTulia  
sakuTari misamarTis  mqone SLA  

gamocnoba. nebadarTulia saerTo  
gamoZaxebis  gamocnoba, Tu  TWGCE=1. 
saltis  ganTavisuflebis  Semdeg  
daformirdeba “gaCerebis” mdgomareoba 

$A8 

miRebuli iyo 
SLA+W sakuTar  
misamarTTan 
erTad da  
gaigzavna 
dadastureba 
(AACK) 

CaitvirTos 
monacemi 

X 0 1 0 

Ggadacemuli  iqneba monacemTa  bolo  
baiti da miRebuli  unda  iyos 
ardadastureba (NACK) 

CaitvirTos 
monacemi 

X 0 1 1 

Ggadacemuli  iqneba monacemTa  
momdevno  baiti. miRebuli  unda  iyos 
dadastureba (ACK) 

$B0 

wamyvanis  
reJimSi  
prioritetis 
dakarqva SLA+W  

gadacemis  
dros. miRebuli  
iyo SLA+W 

sakuTar 
misamarTTan  
erTad  da  
gaigzavna 
dadastureba 
(ACK) 

CaitvirTos 
monacemi 

X 0 1 0 

Ggadacemuli  iqneba monacemTa  bolo  
baiti da miRebuli  unda  iyos 
ardadastureba (NACK) 

CaitvirTos 
monacemi 

X 0 1 1 

Ggadacemuli  iqneba monacemTa  
momdevno  baiti. miRebuli  unda  iyos 
dadastureba (ACK) 

$B8 

Ggadacemuli 
iyo monacemTa  
baiti da miRe-
buli  iyo 
dadastureba 
(ACK) 

CaitvirTos 
monacemi 

X 0 1 0 

Ggadacemuli  iqneba monacemTa  bolo  
baiti da miRebuli  unda  iyos 
ardadastureba (NACK) 

CaitvirTos 
monacemi 

X 0 1 1 

Ggadacemuli  iqneba monacemTa  
momdevno  baiti. miRebuli  unda  iyos 
dadastureba (ACK 
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           sur.10.26 TWI  interfeisis  “mimyoli gadamcemi”  reJimSi  

                       muSaobis  diagrama 

             sxvadasxva reJimis kombinireba 

praqtikaSi raime operaciis SesrulebisaTvis TWI saltiT, TviTeul 

mowyobilobas uxdeba ramdenime reJimis  gamoyeneba,  erTmaneTs  Soris 

gadarTvis aucileblobis SemTxvevaSi. magaliTad, ganvixiloT monacemebis 

wakiTxvis operacia gare  EEPROM-dan. 

aseTi saxis yvela operacia SeiZleba davyoT oTx etapad: 

1)  gacvlis inicireba; 

2) misamarTis gadacema, romlis mixedviTac xorcieldeba monacemis 

wakiTxva; 

3) wakiTxvis Sesruleba; 

4) gadacemis dasruleba. 

naTqvamidan Cans, rom operaciis Sesrulebis dros xorcieldeba informa- 

ciis gadacema rogorc wamyvanidan mimyolisaken, aseve piriqiT. gacvlis  

Sesrulebis dros wamyvani unda imyofebodes “ wamyvani gadamcemi” reJimSi, rom 

Seatyobinos mimyols misamarTi, romlidanac apirebs ganaxorcielos wakiTxva.  

operaciis Semdgomi etapis (monacemebis wakiTxva) SesrulebisTvis wamyvani 

unda gadaerTos “wamyvani mimRebis” reJimSi. amasTan, unda SeinarCunos kontro- 

li salteze operaciis yvela  etapebis  Sesrulebis ganmavlobaSi. amisTvis, 

gamoiyeneba “gan.gaSvebis” mdgomareoba. ganxilul SemTxvevaSi wamyvani am  

mdgomareobas  aformirebs misamarTis gadacemisa da monacemis miRebas Soris,    

romelic  naCvenebia  10.27.sur.ze. 

 

sakuTari  misamarTis da  

erTi  an  ramodenime 

baitis  miReba. yvela  

gzavnili  adasturebulia 

 prioritetis  dakargva  

wamyvanis  reJimSi  da  

rogorc  mimyolis  

damisamarTeba 

 
gadacemulia bolo  

baiti. gadarTva  

aradamisamarTebul 

wamyvanis  reJimSi 

(TWEA=0) 

wamyvanidan  mimyolisken 

 mimyolidan  wamyvanisaken 

 erTi an ramdenime baiti  
dadasturebis  bitebiT 

 TWINT  almis  dayenebis  momenti. n-

mdgomareobis  kodi  TWSR-Si   

 

S- “gSvebis” mdgomareoba 

P- “gaCerebis”  mdgomareoba 

W- Caweris  moTxovna 

R- wakiTxvis moTxovna 

A- dadasturebis  biti 

SLA- wamyvanis   misamarti 

DATA-monacemTa  baiti 
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 sur. 10.27. paketebis  gadacemis  mimdevroba  reJimebis   

                          cvlis  SemTxvevaSi 

                      arbitraJi 

 

im SemTxvevaSi, rodesac salteze ramdenime wamyvania SesaZle- belia 

warmoiqmnas situacia, romlis drosac ramodenime wamyvani  erTdroulad 

daiwyebs gacvlis process. aseT SemTxvevaSi TWI specifika- ciiT winaswar 

gansazRrulia procesis prioritetebis ganawileba (arbitraJi), romlis 

Sesrulebis Sedegad  salteze rCeba mxolod erTi wamyvani mowyobiloba. am 

procesis principebi ganxiluli iyo zeviT, magram aqve unda aRinSnos rom, misi 

Sesruleba SeiZleba ganviTardes sxvadasxva scenariT ( sur.10.28): 

 

 

sur.10.28. mraval  abonentian  TWI  interfeisebs  Soris   

                monacemTa  gacvlis arbitraJis  algoriTmi 

1. erTi an meti wamyvani anxorcielebs erTi tipis   gacvlas erTi da imave 

mimyolTan. aseT SemTxvevaSi vercerTi madgani ver SesZlebs amoicnos 

konfliqturi situacia. 

 

wamyvani  gadamcemi wamyvani  mimRebi 

S-gaSveba RS- gan.gaSveba P-gaCereba 

gadacema  wamyvanidan  

mimyolisken 

gadacema  mimyolidan 

wamyvanisaken 

prioritetis  

dakargva samisamarTe  

paketis  gadacemis  

dris 

prioritetis  

dakargva monacemTa 

paketis  gadacemis  

dris 

 
anTavisuflebs  saltes da 

gadadis  

aradamisamarTebuli 

mimyolis  reJimSi. rodesac 

salte  ganTavisufldeba  

daformirdeba  gaSveba 

miRebuli  iqneba  

monacemTa  baiti da NACK.  

miRebuli  iqneba  

monacemTa  baiti  da  ACK 

gadaices monscemTa  baiti 

da  dabrundes NACK. 

gadaices  monacemTa baiti 

da dabrundes ACK 

ara 

Cawera (W) 

amokiTxva (R) 

mimarTuleba 

miRebulia  

misamarTi 

an  saerTo  

gamoZaxeba 
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2. ori an meti wamyvani anxorcielebs mimarTvas erTi da imave mimyolTan 

sxvadasxva monacemebiT an gansxvavebuli gacvlis  (wakiTxva/Caweris) tipiT. aseT 

SemTxvevaSi prioritetebis ganawileba ganxorcieldeba monacemTa bitis an 

mimarTulebis  bitis gadacemis dros. wamyvani, romelmac dakarga prioriteti, 

SeiZleba gadaerTos daumisamarTebeli mimyolis reJimSi an daelodos saltis 

ganTavisuflebas da moaxdinos “gaSvebis” mdgomareobis formireba misi 

dapyrobisaTvis. 

3. ori an meti wamyvani mimarTavs sxvadasxva mimyols aRniSnul 

SemTxvevaSi prioritetebis ganawileba iwyeba misamarTis paketis bitebis 

gadacemis dros. prioritet dakarguli wamyvani ki gadairTveba mimyolis 

reJimSi, rom Seamowmos iyo  Tu  ara  masTan  mimarTva wamyvanis  mier. Tu 

yofili wamyvani aRmoCnda damisamarTebuli wamyvanis mier, maSin is gadaerTveba 

“mimyoli gadamcemis” an “mimyoli mimRebis” reJimSi, romelic ganisazRvreba  

mimarTulebis bitis mniSvnelobiT, an daelodeba saltis ganTavisuflebas da 

daaformirebs “gaSvebis” axal mdgomareobas. 
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                          Tavi 11 

Sesavali mikrokontrolerebis  programirebaSi 

                 11.1. saerTo cnobebi 

mikrokontrolerebis daprogramirebaSi igulisxmeba fizikuri  procesi, 

romlis saSualebiT mikroprocesoris mexsierebasa da sxvadasxva registrSi 

iwereba misi funqcionirebisTvis saWiro  programa  da monacemebi, winaswar 

gadasaxuli  orobiT  sistemaSi. daprogramireba  sruldeba sxvadasxva 

interfeisebis saSualebiT, specialuri  brZanebe- bis  gamoyenebiT. 

momdevno TavebSi ganixileba daprogramebis Sesruleba mikro- kontroler  

Atmega  128-is  magaliTze.      

AVR  ojaxis  mikrokontrolerebi mxars uWeren daprogramirebis Semdeg 

reJimebs: 

 mimdevrobiTi daprogrameba  maRali Zabvis SemTxvevaSi; 

 mimdevrobiT daprogrameba (SPI interfeisiT) dabali Zabvis 

SemTxvevaSi; 

 paraleluri daprogrameba maRali Zabvis SemTxvevaSi; 

 programireba JTAG interfeisiT 

CamoTvlili daprogramirebis reJimebidan mikrokontroleri Atmega 128 mxars 

uWers bolo sams. 

garda  amisa, mikrokontroler Atmega 128-s gaaCnia TviTprogramirebis 

SesaZlebloba. aRniSnuli terminis qveS moiazreba programis  mexsierebis 

Semcvelobis   cvlileba, TviT  mikrokontroleris  mier. 

daprogramirebis procesis dros SesaZlebelia Sesruldes Semdegi 

operaciebi: 

 kristalis Semcvelobis waSla(Chip erase); 

 FLASH programis mexsierebaSi wakiTxva/Cawera; 

 EEPROM monacemis mexsierebaSi wakiTxva/Cawera; 

 sakonfiguracio ujredebis wakiTxva/Cawera; 

 dacvis ujredebis wakiTxva/Cawera 

  identifikatoris ujredebis wakiTxva; 

 makalibrebeli baitis wakiTxva. 

mikrokontroleris yvela modelebSi Tavdapirvelad programuli da 

monacemebis mexsiereba  sufTaa ( yvela ujredebSi Cawerilia ricxvi «$FF») da 

SesaZlebelia misi daprogramireba. 

 

         11.2 programebis da monacemebis dacva 

 

FLASH-mexsierebis (programis mexsiereba) Semcveloba, da aseve EEPROM (mona- 

cemis mexsiereba) Semcveloba SesaZlebelia daculi iyos Caweris da/an wakiTxvi- 

sagan damcveli LB1 da LB2 (Lock  Bits) bitebis daprogramirebis meSveobiT. am 
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bitebis mdgomareobis Sesabamisi SesaZlo daculi reJimebis variantebi 

mocemulia  11.1. cxrilSi. 

 

cxrili 11.1. dacvis reJimebi 

dacvis bitebi 
 

aRwera reJimis  
    # 

 
LB1 

L 
LB2 

1 1 1 monacemTa dacvis kodi gaTiSulia 
2 0 1 momdevno Cawera FLASH da EEPROM akrZalulia 
3 0 0 akrZalulia Cawera da wakiTxva FLASH da EEPROM 

 

me-2  da me-3 reJimebSi  aseve ikrZaleba konfiguraciuli ujredebis 

cvlileba (ixileT qveviT). Aamis  gamo dacvis CarTva saWiroa Sesruldes, 

mikrokontroleris mexsierebis danarCeni aris programirebis Semdeg. 

Mega mikrokontroleris ojaxis warmomadgenlebs aqvT oTxi damatebiTi 

BLB02, BLB01, BLB12 da BBLB11Bdacvis  biti. BLB02:BLB01 ujredebi gansazRvravs 

SeRwevadobis dones CamtvirTavis seqciidan   gamoyenebiT programis seqciaSi, 

xolo BLB12:BLB11 ujredebi _ piriqiT, SeRwevadobis dones gamoyenebiTi 

programis seqciidan CamtvirTavis seqciaSi.  

yvela zeviT CamoTvlili dacvis bitebi moTavsebulia  erT baitSi. masSi 

damcveli bitebis ganTavseba naCvenebia 11.1.suraTze.  

 
     7       6      5       4        3        2       1      0 

 

 
sawyisi mniSvneloba 1       1       1      1         1       1       1        1 

 

                 sur.11.1. dacvis baitis ujredebi 

 

sawyis (aradaprogramirebul) mdgomareobaSi  dacvis TiToeul ujredSi 

Cawerilia logikuri “1”, xolo daprogramirebis Semdeg – “0”. ujredis 

waSla (masSi logikuri 1 Cawera) SeiZleba Sesruldes “kristalis  waSlis” 

brZanebis Sesrulebis dros, romelic Slis agreTve  FLASH da EEPROM  

mexsierebis Semcvelobas. 

SesaZlo dacvis reJimebi, romlebic Seesabameba am ujredebis sxvadasxva  

mdgomareobas, naCvenebia 11.2. da 11.3. cxrilebSi. 

 

          11.3. makonfigurirebeli ujredebi 

rogorc dasaxelebidan Cans, konfiguraciuli ujredebi (Fuse Bits)  

gansazRvravs mikrokontroleris konfiguraciis zogierT parametrebs. 

konfiguraciuli ujredebi ganTavsebulia calke samisamarTo sivrceSi, 

romlebic misawvdomia mxolod programirebis dros. yvela makonfigurirebeli  

 

- - BLB12 BLB11 BLB01 BLB00 LB2 LB1 
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     cxrili 11.2. gamoyenebiTi programis seqciis dacvis reJimebi 

dacvis bitebi  
aRwera reJimi

s # 
BLB02 BLB01 

 
1 

 
1 

 
1 

ar aris araviTari SezRudva kodTan mimarTvisTvis, rome- 
lic ganTavsebulia gamoyenebiTi programis  seqciaSi 

 
2 

 
1 

 
0 

SPM brZanebas ar SeuZlia Seasrulos Cawera im misamarTe- 
biT, romlebic ganTavsebulia gamoyenebiTi programis 
areSi M 

3 0 0 

SPM brZanebas ar SeuZlia Seasrulos Cawera im misamaTe- 
biT, romlebic ganTavsebulia GgamoyenebiTi programis 
seqciis farglebSi da LPM (ELPM) brZanebas, romlis 
gamoZaxeba xorcieldeba CamtvirTavis seqciidan, ar 
SeuZlia ganaxorcielos wakiTxva gamoyenebiTi programis 
seqciidan. Tu wyvetis veqtoris cxrili ganTavsebulia 
CamtvirTavis seqciaSi, maSin wyveta akrZalulia im 
SemTxvevaSi, rodesac misi gamoZaxeba xorcieldeba 
gamoyenebiTi programis seqciidan.      

4 0 1 

LPM (ELPM) brZanebas, romlis gamoZaxeba xorcieldeba 
CamtvirTavis seqciidan, ar SeuZlia ganaxorcielos 
wakiTxva gamoyenebiTi programis seqciidan, Tu wyvetis 
veqtoris cxrili ganTavsebulia CamtvirTavis seqciaSi, 
wyveta akrZalulia im SemTxvevaSi Tu MmaTi gamoZaxeba 
xorcieldeba gamoyenebiTi programis seqciidan.  

 

 

cxrili 11.3. CamtvirTavi seqciis dacvis reJimebi 

dacvis bitebi  
aRwera reJimis 

№# 
BLB12 BLB

11 
 
1 

 
1 
 

 
1 
 

ar aris araviTari SezRudva CamtvirTavis seqciaSi  ganTav- 
sebul kodTan wvdomaze 

 
2 

 
1 

 
0 

SPM brZanebas ar SeuZlia ganaxorcielos Cawera im 
misamarTebze, romlebic ganTavsebulni arian CamtvirTavis 
seqciis farglebSi 

 
3 

 
0 

 
0 

SPM brZanebas ar SeuZlia ganaxorcielos Cawera im 
misamarTebze, romlebic ganTavsebulia CamtvirTavis seqci- 
is farglebSi da LPM (ELPM) brZanebas, romlis  gamoZaxeba  
xorcieldeba gamoyenebiTi programidan ar SeuZlia 
ganaxorcielos wakiTxva CamtvirTavis seqciidan. Tu wyve- 
tis veqtoris cxrili ganTavsebulia gamoyenebiTi progra- 
mis seqciaSi, wyveta akrZalulia im SemTxvevaSi,  rodesac 
maTi gamoZaxeba xorcieldeba CamtvirTavis seqciidan. 

 
4 

 
0 

 
1 

LPM (ELPM) brZanebas, romlis gamoZaxeba xdeba gamoyenebiTi 
programis seqciidan, ar SeuZlia ganaxorcielos wakiTxva 
CamtvirTavis seqciidan. Tu wyvetis veqtoris cxrili 
ganTavsebulia gamoyenebiTi programis seqciaSi, wyveta 
akrZalulia im SemTxvevaSi,  rodesac maTi gamoZaxeba 
xorcieldeba CamtvirTavis seqciidan. 

 

 ujredebi dajgufebulia ramdenime  baitad (erTidan samamde, romelsac  

gansazRvravs modeli), xolo am ujredebis Semadgenloba damokidebulia 

mikrokontroleris konkretul modelze. 
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mikrokontrolerebSi ama Tu im bitis daniSnuleba ganisazRvreba 

11.4.cxriliT, sadac miTiTebulia calkeuli bitis Semoklebuli dasaxeleba. 

“varsklaviT” aRniSnul svetSi mocemulia uTqmelobiT sakonfiguracio 

ujredebis mdgomareoba.  

sakonfiguracio ujredebis Semcvelobis SecvlisaTvis gamoiyeneba 

specialuri daprogramebis brZanebebi. brZaneba “ kristalis waSla” am 

ujredebis mdgomareobaze zemoqmedebas ver axdens. SegaxsenebT rom LB1,LB0 

dacvis daprogramebuli bitis SemTxvevaSi  xdeba konfiguraciuli bitebis 

blokireba. aqedan gamomdinare  mikrokontroleris konfiguracia aucilebelia 

ganvaxorcieloT dacvis ujredebis daprogramebamde. 

 

cxrili 11.4.  Atmega 128 mikrokontroleris sakonfiguracio ujredebi 

T
an
r
ig

i 

dasaseleba * daniSnuleba 

umcrosi sakonfiguracio baiti 

 
7 

 
BODLEVEL 

 
1 

 
gansazRvravs BOD  sqemis gaSvebis zRvars 

6 
 

 

BODEN 
 

1 
nebas  rTavs/ krZalavs BOD sqemis  funqcionirebas : (0-
nebadarTulia, 1- akrZalulia)   

5 SUT1 1  
gansazRvravs tTOUT ganulebis dayovnebis xangrZlivo- 
bas 4 SUT0 0 

3 CKSEL3 0  
gansazRvraven sataqto generatoris muSaobis reJims, da 
aseve tTOUT ganulebis dayovnebis xangrZlivobas. 

2 CKSEL2 0 

1 CKSEL1 0 

0 CKSEL0 1 

ufrosi konfiguraciuli baiti 

7 
OCDEN 1 

nebas rTavs/krZalvs Sigasqemur gawyobas (0-
nebadarTulia, 1- akrZalulia) 

6 JTAGEN 0 
nebas rTavs /krZalavs JTAG interfeisis gamoyenebas(0-

nebadarTulia, 1- akrZalulia)   

5 SPIEN
 

0 
nebas rTvs/krZalavs programirebas SPI-iT (0-

nebadarTulia, 1- akrZalulia)   

4 CKPOT 1 
gansazRvravs sataqto generatoris funqcionirebas, 

moqmedeba damokidebulia CKSEL ujredis dayenebaze     

3 EESAVE
 

1 
gansazRvravs “kristalis waSlis” brZanebis 

zemoqmedebas EEPROM mexsierebaze (0- ar Slis, 1-Slis) 

2 BOOTSZ1 0 
gansazRvraven CamtvirTavis seqciis zomas 

1 BOOTSZ0 0 

0 BOOTRST 1 gansazRvravs wyvetis veqtoris mdgomareobas 

damatebiTi konfiguraciuli baiti 

1-7 - 1 - 

0 WDTON 1 

gansazRvravs modaraje taimeris  muSaobis reJims (0 - 
yovelTvis CarTulia, 1 - SeiZleba iyos gamorTuli 
programulad) 
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                       11.4. identifikatori 

mikrokontroler Atmega 128-s gaaCnia sami  rva Tanrigiani ujredi, romelTa 

Semcvelobac iZleva saSualebas moxdes mowyobilobis identificireba. rogorc 

konfiguraciis, aseve identifikaciis ujredebi ganTavsebulia calke 

samisamarTo sivrceSi, sadac wvdoma SesaZlebelia mxolod programirebis 

reJimSi. magram identifikatoris ujredebi, gansxvavebiT sakonfiguracio 

ujredebisagan, SeRwevadia mxolod wakiTxvis dros. identifikatoris 

Semcveloba naCvenebia 11.5.cxrilSi 

         

           cxrili 11.5. identifikatoris ujredebi 

 

 

 

 

                   11.5. makalibrebeli ujredi 

damzadebis dros makalibrebel ujredSi SeaqvT makalibrebeli konstanta, 

romelic gankuTnilia Siga RC generatoris nominaluri sixSiris 

regulirebisaTvis. Atmega  128-s  aqvs oTxi 8 Tanrigiani ujredi. romlebic 

ganTavsebulia identifikatoris ujredebis ufrosi baitebis samisamarTo 

sivrceSi ($000, $001, $002 da $003 misamarTebze 1, 2, 4, 8 mghc Sesabamis 

sixSireebisaTvis). 

makalibrebeli konstantebis Setana xorcieldeba aparaturulad OSCCAL 

registrSi, rodesac mikrokontroleri aris ganulebuli. Atmega  128   

generatoris avtomaturi dakalibreba xorcieldeba mxolod 1 mghc sixSireze. 

im SemTxvevaSi, rodesac gamoiyeneba RC  generatoris  muSaobis sxva reJimi, 

maSin misi dakalibreba sruldeba xeliT: programatorma unda waikiTxos 

makalibrebeli ujredis Semcveloba da Seitanos FLASH-  programuli 

mexsierebis romelime misamarTze. programam unda waikiTxos misi mniSvneloba 

programuli mexsierebidan da  Caweros OSCCAL registrSi. 

 

11.6. Atmega  128  mikrokontroleris programis da monacemTa  mexsierebis    

organizacia 

mikrokontroler Atmega 128-Si  gamoiyeneba programis mexsierebis gverdu- li 

organizacia. daprogramebis dros FLASH - mexsierebis mTliani moculoba 

dayofilia e.w. “gverdebad”, romelTa zoma da raodenoba damokidebulia  

mikrokontroleris konkretul modelze. Atmega 128  mikrokontrolerisaTvis  

maTi mniSvnelobebi naCvenebia  11.6.cxrilSi. 

 

misamarTi kodi aRwera 

$00 $1E mwarmoeblis kodi(«Atmel») 

$01 $97 FLASH mexsierebis* moculobis kodi 
$02 $02 mowyobilobis kodi 

*  
$97 — 128 kbaiti 
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cxrili 11.6. Atmega  128 mikroprokontroleris programis mexsierebis 

gverduli organizaciis parametrebi 

 

 

 

 

mikrokontroleris programis mexsierebis programirebis dros, monacemebi 

winaswar CaitvirTeba gverdis buferSi da amis Semdeg uSualod moxdeba misi 

Setana programis mexsierebaSi. gverdis yvela ujredis “gakerva” xorcieldeba 

erTdroulad. 

 

cxrili 11.7. Atmega  128  mikroprocesoris  EEPROM-mexsierebis gverduli 

organizaciis parametrebi 

parametri moculoba 
da 

raodenoba 

EEPROM mexsierebis 
zoma[baiti] 

4k 

gverdis zoma   [baiti] 8 
gverdebis raodenoba 512 

 

saWiroa aRiniSnos, rom EEPROM mexsierebis gverduli organizacia 

gamoiyeneba mxolod paralelur reJimSi programirebis dros. am mexsierebis 

programireba xorcieldeba mimdevvobiTi arxiT bait-bait.   

 

 

 

 

 

 

 

 

 

 

 

 

parametri 
moculoba da 
raodenoba 

programis mexsierebis zoma    
(16 Tanrigiani sityva) 

64k 

gverdze sityvebis raodenoba  128 
gverdebis raodenoba 512 
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                             Tavi 12 

daprogrameba mimdevrobiTi arxiT 

                 12.1. saerTo cnobebi 

am reJimSi programis da monacemebis mexsierebis programireba xorcieldeba 

SPI interfeisiT. rogorc wesi, es reJimi gamoiyeneba mikrokontrolerebSi 

uSualod  mowyobilobis programirebis (gadaprogramirebis) dros. 

mikrokontroleris CarTvis sqema programirebis reJimSi mimdevrobiTi arxis 

gamoyenebiT naCvenebia 12.1. suraTze. 

 

SeniSvna: Tu sataqto impulsebisaTvis gamoiyeneba Siga RC generatori,  

 XTAL1     gamomyvani rCeba mierTebis gareSe 

 

sur.12.1. mikrokontroleris CarTva mimdevrobiTi arxiT 

rogorc suraTidan Cans, programatoris mierTebisaTvis mikrokontro- 

lerTan gamoiyeneba iterfeisis sami  gamtari: SCK ( sataqto impulsi), MOSI  

(monacemis Setana), MISO (monacemis gamotana). Sesabamisoba  interfeisis  

gamtarebsa da mikrokontroleris  Setana/gamomtanis portebis kontaqtebs 

Soris naCvenebia 12.1. cxrilSi. 

cxrili 12.1. gamomyvanebi, romlebic gamoiyeneba  mimdevrobiT arxiT 

programirebis  dros 

 
interfeisis 

gamomyvanebis 
dasaxeleba 

 
 

gamomyvanebis dasaxelebebi 

 

SCK 
 

PB1 
 

sataqto impulsis Sesasvleli 

 
MISO (PDO) 

 
PE1 

 
monacemTa gamosasvleli 

 
MOSI (PDI) 

 
PE0 

 
monacemTa Sesasvleli 

 

 

sataqto  

signali 

SCK 

MISO 

MOSI 

Atmega 128 
2,7.. 5,5v 

2,7.. 5,5v 
… 
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yuradsaRebia is rom, gamomyvanebi, romlebic gamoiyeneba programirebis 

dros, ar emTxveva gamomyvanebs, romlebic gankuTvnilia  SPI interfeisis 

saStato  reJimSi muSaobis dros. 

rogorc muSa reJimSi, aseve mimdevrobiTi arxiT programirebisaTvis 

SeiZleba gamoviyenoT mikrokontrolerisTvis dasaSvebi nebismieri impulsebis 

wyaro, amave dros saWiroa Sesruldes Semdegi pirobა: SCK impulsis xangrZli- 

voba rogorc maRali, aseve dabali donisaTvis 2-ჯერ  (fCK < 12 mhc) an 3-ჯერ (fCK ≥ 

12 mhc ) meti unda iyos mikrokontroleris sataqto signalebis periodze. 

programireba xorcieldeba mikrokontroleris  MOSI gamomyvanze 4 baitiani 

brZanebis gadagzavniT.  wakiTxvis  brZanebis Sesrulebis Sedegi miiReba 

mikrokontroleris MISO  gamosasvlelidan. brZanebis gadacema da Sedegis 

gacema sruldeba ufrosi Tanrigidan umcrosisaken. amasTan, Semavali 

monacemebis Setana xorcieldeba SCK  signalis aRmavali frontiT, xolo 

gamomavali monacemebis Setana  -  daRmavali frontiT. (sur.12.2) 

 

                  sur.12.2. monacemebis gadacema mimdevrobiT  

                         arxiT  programirebis dros 

          12.2. programirebis reJimSi gadarTva 

mikrokontroleris gadarTva mimdevrobiTi arxiT programirebis reJimSi 

Semdegi TanamimdevrobiT sruldeba: 

1.   mikrokontrolers miewodeba kvebis Zabva, amasTan SCK da RESET  

gamosasvlelebze unda gvqondes dabali donis Zabva. zogierT SemTxvevaSi 

(Tu  programatori ar iZleva SCK signalis “0”ze  dayenebis  garantias 

kvebis miwodebis dros) SCK signalis nulze dayenebis Semdeg, aucilebelia 

RESET  gamomyvanze  miewodos  dadebiTi  impulsi  mikrokontroleris  

sataqto  signalis  aranakleb  ori  periodis  xangrZlivobiT.  

2.  dayovneba ara nakleb 20 mwm; 

3.   MOSI  gamosasvlelze gaigzavnos brZaneba “programirebis nebadarTva”.  

brZanebis gadacemis kontrolis mizniT xorcieldeba me-2 baitis ($53) 

dabruneba, me-3 baitis gagzavnis dros. Tu dabrunebuli mniSvneloba gansxvavdeba 

miTiTebulisgan, maSin aucilebelia RESET  gamosasvlels miewodos dadebiTi 

impulsi da kvlav gaigzavnos “programirebis nebadarTvis” brZaneba. imisgan  

damoukideblad  Tu  ra mniSvnelobaa dabrunebuli, saWiroa gadaices brZanebis  

 

Uufr.Tanrigi Uumc.Tanrigi 

Semavali  

monacemebi 

(MOSI) 

Ggamomavali  

monacemebi 

(MISO) 

SPI  sataqto  

signali 

(SCK) 



129 
 

oTxive baiti. 32 mcdelobis Semdeg $53 ricxviTi mniSvnelobis 

daubrunebloba imis mauwyebeli, rom ar arsebobs kavSiri programatorsa da 

mikrosqemas  Soris an mikrosqema gaumarTavia.  

programirebis dasrulebis Semdeg  SesaZlebelia RESET gamosasvlels 

miewodos maRali donis Zabva mikrokontroleris muSa reJimSi gadasayvanad an 

misi gamorTva. ukanasknel SemTxvevaSi aucilebelia SevasruloT Semdegi 

moqmedebis Tanamimdevroba: 

1. XTAL1 gamosasvlels miewodos dabali donis Zabva, Tu 

mikrokontroleris taqtireba xorcieldeba gare sqemiT; 

2. RESET gamosasvlelze miewodeba maRali donis Zabva; 

3. unda moxdes mikrokontrolerisaTvis kvebis Zabvis gamorTva. 

branebebis formati, romlebic gamoiyeneba Atmega 128  mikrokontrol- 

erisTvis programirebis am reJimSi mocemulia 2 danarTSi 

 12.3. FLASH-mexsierebis programirebis procesis marTva 

mikrokontroleris programebis mexsierebis programireba xorcieldeba 
gverdebad. dasawyisSi gverdis Semcveloba  bait-bait Seitaneba buferSi 
brZanebiT ”FLASH – mexsierebis gverdis CatvirTva”. TiToeuli brZanebiT 
gadaicema Sesacvleli ujredis misamarTis umcrosi Tanrigebi (ujredis 
mdebareoba SigniT gverSi) da Casaweri mniSvneloba. ujredis Semcveloba unda 
CaitvirTos Semdegi TanamimdevrobiT: Tavdapirvelad umcrosi baiti, xolo 
Semdeg - ufrosi. 

faqtiurad FLASH-mexsierebis gverdis programireba xorcieldeba gverdis 

buferis CatvirTvis Semdeg, brZanebiT “ FLASH- mexsierebaSi gverdis Cawera”. am 

brZanebiT gadaicema ujredis misamarTis ufrosi Tanrigebi (gverdis nomeri). 

momdevno gverdis programireba SeiZleba Sesruldes mxolod gverdis Caweris 

dasrulebis Semdeg. 

Caweris  dasrulebis gasarkvevad  SeiZleba  gamoviyenoT  ori xerxidan  
erT-erTi. pirveli  da  yvelaze  universaluri - Caweris brZanebebis  gagzavnis  
Soris  garkveuli  pauzis  Sesruleba. meore  xerxi  mdgomareobs  ujredis  
Semcvelobis  SemowmebaSi Caweris  brZanebis  gagzavnis  Semdeg: ujredSi 
Caweris  damTavrebamde  misi  wakiTxvis  SemTxvevaSi  brundeba  mniSvneloba  
“FF”, xolo  Caweris  damTavrebis Semdeg- Cawerili  mniSvneloba. unda 
aRiniSnos, rom  ramdenadac yvela gverdebis Cawera xorcieldeba erTdroulad,  
Caweris momentis damTavrebis   gansazRvrisaTvis meore xerxiT  SesaZlebelia 
gamoviyenoT nebismieri ujredi, romelic   ganTavsebulia gverdze. 

 

12.4. EEPROM- mexsierebis programirebis procesis marTva 

EEPROM- mexsierebis programireba xorcieldeba bait-bait “Cawera EEPROM – 

“ brZanebebis gadagzavnis meSveobiT. yovel brZanebiT gadaicema Sesacvleli 

ujredis misamarTi da Casaweri mniSvneloba. momdevno programireba SeiZleba 

Sesruldes mxolod mas Semdeg, rodesac dasruldeba wina ujredSi  Cawera. 

imisaTvis, rom ganisazRvros Caweris dasrulebis momenti SeiZleba gamoviyenoT 

brZanebebs Soris pauza, romlis xangrZlivoba ganisazRvreba Sesabamisi 

cxriliT an unda moxdes ujredis Semcvelobis Semowmeba Caweris brZanebis 

Sesrulebis Semdeg. 
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                             Tavi 13 

paraleluri programireba 

                      13.1. saerTo cnebebi 

rogorc dasaxelebidan Cans, aRniSnul reJimSi programatoridan 

mikrokontrolers erTdroulad gadaecema brZanebis  kodis an monacemTa 

baitebis yvela Tanrigebi. aRniSnuli reJimis ganxorcielebis dros gamoiyeneba 

mikrokontroleris gamomyvanebis didi raodenoba, da amasTan aucilebelia 

maRali  Zabvis damatebiTi kvebis wyaro (12v). amitom,  paralelur reJimSi 

daprogramebis  dros  ixmarebian specializirebuli programatorebi. Aam  

reJimis   ZiriTadi  gamoyenebaa   mikrokontroleris “gakerva” misi plataze 

dayenebamde masiuri warmoebis  pirobebSi.  

mikrokontroleris  CarTvis sqema paraleluri daprogramebis reJimSi 

naCvenebia 13.1.sur.-ze. aRniSnul reJimisaTvis 13.1. da 13.2. cxrilebSi  miTiTe- 

bulia mikrosqemis gamomyvanebis signalebis daniSnuleba. YyuradsaRebia, rom 

SemdgomSi paraleluri programirebis dros gamomyvanebi, romlebic 

miTiTebulia 13.1. cxrilSi, aRniSnuli iqneba im signalebis saxelwodebiT, 

romelic Seesabameba gamomyvanebze signalebis mniSvnelobebs.  

zogadad aRniSnul reJimSi daprogramebis procesi iTvaliswinebs Semdegi 

operaciebis mravaljerad Sesrulebas: 

 brZanebis CatvirTva; 

 misamarTis CatvirTva; 

 monacemis  CatvirTva; 

 brZanebis  Sesruleba. 

 

 

                sur.13.1. mikrokontroleris CarTva programirebis  

       paralelur reJimisaTvis 

                                      129 

Atmega 128 

   RDY/BEY 

               OE 

              WR 

              BS1 

               X0 

               X1 

        PAGEL 

           +12B 

             BS2 

DATA 
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cxrili 13.1. gamoyenebuli aRniSvnebi da gamomyvanebis funqciebi 

paraleluri  programirebis reJimSi 

 

cxrili 13.2.  XA0  da XA1  sagnalebis  funqciebi 

XA0 XA1 moqmedebebi, romelic sruldeba sataqto impulsze. 

0 0 mexsierebis  ujredis misamarTis CatvirTva (umcrosi an ufrosi baiti, 
BS1 signalis donis Sesabamisad). 

0 1 monacemebis CatvirTva (umcrosi an ufrosi baiti, BS1 signalis donis 
Sesabamisad). 

1 0 brZanebis CatvirTva 

1 1 ar sruldeba moqmedeba, molodinis reJimi. 
 

 

13.3. cxrilSi mocemulia sxvadasxva bazuri operaciebis Sesrulebis dros 

mikrokontroleris gamomyvanebze signalebis Tanamimdevruli miwodeba.  

 

 

 

 

 

signali gamomyvanebi Ses./gam. daniSnuleba 

      
       
RDY/B
SY 

 
PPD1 

 
gamosasvleli 

mowyobilobis mdgomareoba: 
<<0>>- dakavebulia(sruldeba wina brZaneba) 
<<1>>- mzadaa momdevno brZanebis Sesasruleb- 
lad 

     
      OE 

 
  PD2 

 
Sesasvleli 

 
monacemTa saltis muSaobis reJimis marTva 

PB7...PB0: <<0>> - gamosasvleli, <<1>>-
Sesasvleli     

     
WR 

 
      PD3 

 
Sesasvleli 

 
Caweris signali (aqtiuri done - log: <<0>>). 

 
BSI 

 
      PD4 

 
Sesasvleli 

 
baitis amorCeva (<<0>>-umcrosi baiti ,<<1>>- 
ufrosi baiti.  

 
XA0 

 
      PD5 

 
Sesasvleli 

 
gansazRvravs moqmedebas, romelic sruldeba 
XTAL1 gamosasvlelze dadebiTi impulsis 
dros (cxrili 13.2). 

 
XA1 

 
PD6 

 
Sesasvleli 

 
PAGEL* 

 
  PD7 

 
Sesasvleli 

 
mexsierebis gverdis CatvirTvis signali, 

 
BS2* 

 
APA0 

 
Sesasvleli 

 
baitis amorCeva (<<0>>-umcrosi baiti, <<1>>- 
ufrosi baiti). 

 
DATA 

 
   PB7.......PB0 

 
Ses./gam. 

 
monacemis or mimarTuli salte. 
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cxrili13.3. bazuri operaciebi paralelur programirebis reJimSi 

 
# 

 
 operaciis 
dasaxeleba 

 

moqmedeba 

 

 

1 
brZanebis 
CatvirTva 

1.XA,X0 gamomyvanebis dayeneba <<10>> mdgomareobaSi (brZanebis 
CatvirTva). 
2.BSI gamtars miewodos Zabva log.<<0>>. 
3.DATA salteze gaices brZanebis kodi. 
4.XTAL1 gamtars miewodos dadebiTi impulsi. 
 

 

2 
misamarTis 
CatvirTva 

1.XA1,XA0 gamomyvanebis dayeneba <<00>> mdgomareobaSi ( misamarTis 
CatvirTva). 
2.BSI gamtars miewodos Zabva log.<<0>> (umcrosi baitis CatvirTva). 
3.DATA salteze gaices misamarTis umcrosi baiti. 
4.XTAL1 gamtars miewodos dadebiTi impulsi. 

 
 

3 

 
monacemTa 
CatvirTva 

1.XA1,XA0 gamomyvanebis dayeneba <<01>> mdgomareobaSi (monacemis 
CatvirTva). 
2. Mega   ojexis   mikrokontrolerebisaTvis,  BSI  gamtars miewodos  
Zabva    logikuri  <<0>>  (umcrosi baitis CatvirTva)   an  
logikuri <<1>>    ( ufrosi baitis CatvirTva). 
3.DATA salteze gaices monacemTa baitis Semcveloba. 
4.XTAL1 gamtars miewodos dadebiTi impulsi. 
 
  

 

4 

monacemTa 
Cawera 
buferSi 
(mxolod 
Atmega-sTvis) 

1.BSI  gamtars miewodos Zabva logikuri <<1>>. 
2.PAGEL  gamtars miewodos dadebiTi impulsi.  

 

 

 

 

 

 

    5 

 
mexsierebis 
ujredSi 
Cawera 

1.BSI  gamtars miewodos Zabva logikuri <<0>> ( umcrosi baitis 
Cawera) an logikuri <<1>> ( ufrosi baitis Cawera). 
 
2.WR   gamtars miewodeba uaryofiTi impulsi; amasTan erTad RDY/BSY 

gamtarze dgeba dabali donis signali. 
 
3.molodini, sanam RDY/BSY gamtarze ar dadgeba maRali donis 
signali. 
 

 
gverdis 
Cawera  
 

1.BSI  gamtars miewodos Zabva logikuri <<0>>. 
 
2.WR   gamtars miewodeba uaryofiTi impulsi; amasTan erTad RDY/BSY 

gamtarze dgeba dabali donis signali. 
 
3.molodini, sanam RDY/BSY gamtarze ar dadgeba maRali donis 
signali. 

 

 

ganxilul reJimSi gamoyenebuli 9 brZanebis kodebi mocemulia 

13.4. cxrilSi. 
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cxrili 13.4 paralelur reJimSi programirebis brZanebebi 

 

 

 

 

 

 

 

 

      13.2. programirebis paralelur reJimze gadarTva 

mikrokontroleris programirebis dros pirveli operacia aris  misi 

gadayvana programirebis reJimSi. mikrokontroler Atmega 128 gadasarTavad 

programirebis reJimSi saWiroa Sesruldes Semdegi moqmedebebi: 

1. mikrokontrolers unda miewodos kvebis Zabva; 

2. RESET gamomyvans unda  miewodos dabali donis Zabva da  XTAL1 

gamomyvanze  daformirdes ara nakleb sami impulsisa.  

3. PAGEL, XA1, XA0, BS1 gamomyvanebs unda miewodos dabali donis Zabva ara 

umetes 100 nwamis xangrZlivobiT;  

4. RESET gamomyvanze miewodos 11.5......12.5 v. Zabva, xolo  PAGEL, XA1, XA0, BS1 

gamomyvanebs miewodos dabali donis Zabva  minimum 100 nw xangrZlivobiT. 

am drois ganmavlobaSi AaRniSnul gamomyvanebze nebismieri aqtivobis  

SemTxvevaSi mikrokontroleri ar gadava programirebis reJimSi 

                  13.3. kristalis waSla 

“kristalis waSlis” brZaneba unda Sesruldes mikrokontroleris yoveli 

axali programirebis win. mocemuli brZaneba mTlianad Slis FLASH da EEPROM 

mexsierebebis Semcvelobas, ris Semdegac xorcieldeba dacvis ujredebis 

Camogdeba (“1”-is Cawera). konfiguraciis ujredebis mdgomareobaze es brZaneba 

zemoqmedebas ver axdens. SesaZlebelia Tavidan aviciloT  EEPROM mexsierebis 

waSla EESAVE konfiguraciis ujredis daprogramirebis saSualebiT.  

“kristalis waSlis” brZanebis SesrulebisTvis aucilebelia Sesruldes 

Semdegi moqmedebebi: 

1. CaitvirTos brZaneba “kristalis waSla” ( “1000 0000” kodi);  

2. miewodos WR gamomyvans  uaryofiTi impulsi; RDY/BSY gamomyvanze  dgeba 

dabali donis signali; 

3. davelodoT RDY/BSY gamomyvanze maRali donis signalis  gamoCenas. 

                               

 
brZanebis kodi 

 
aRwera 

1000 0000 “kristalis waSla” 

0100 0000 “konfiguraciuli ujredebis Cawera” 

0010 0000 “dacvis ujredebis Cawera” 

0001 0000 “FLASH mexsierebis Cawera” 

0001 0001 “EEPROM mexsierebaSi Cawera” 

0000 1000 “identifikatoris  wakiTxva” 

0000 0100 
 
“konfiguraciis ujredebis  da dacvis ujredebis wakiTxva” 

0000 0010 “FLASH mexsierebis wakiTxva” 

0000 0011 “EEPROM mexsierebis wakiTxva” 
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                          13.4. FLASH  mexsierebis programireba 

                             FLASH -- mexsierebaSi Cawera 

FLASH mexsierebaSi Cawera xorcieldeba Semdegi TanamimdevrobiT (Caweris 

procesis yoveli etapis realizacia naCvenebia 13.4. cxrilSi); 

1. CaitvirTos brZaneba “FLASH  mexsierebis Cawera” (“0001 0000”kodi).   

2. CaitvirTos misamarTis umcrosi baiti (ujredis ganlageba gverdis 

SigniT). 

3. CaitvirTos  monacemis umcrosi baiti. 

4. CaitivirTos  monacemis ufrosi baiti. 

5. ganxorcieldes monacemis damaxsovreba buferSi; 

6. gameordes 2.....5 qvepunqtebi gverdis buferis Sevsebamde.  

7. CaitvirTos  misamarTis ufrosi baiti (gverdis nomeri); 

8. Caiweros gverdi; 

9. gameordes 2.....8 qvepunqtebi programis mexsierebis danarCeni gverdebis 

CawerisaTvis. 

 10. davasruloT programireba “ar aris operacia” brZanebis CatvirTviT 

(“0000 0000” kodi ) 

saWiroa aRiniSnos, rom mexsierebis ujredis damisamarTebisTvis gverdis 

SigniT saWiroa 8 Tanrigze naklebi (gverdis udidesi zoma 128 sityvas Seadgens). 

misamarTis umcrosi baitis darCenili ufrosi Tanrigi gamoiyeneba gverdis 

damisamarTebis dros “gverdis Caweris” brZanebis Sesrulebis SemTxvvaSi. 

 

                               FLASH --  mexsierebis wakiTva 

FLASH - mexsierebis wakiTxvisaTvis saWiroa Sesruldes Semdegi moqmede- 

bebi (TiToeuli etapis realizacia naCvenebia 13.3.cxrilSi): 

1. CaitvirTos brZaneba“ FLASH mexsierebis wakiTxva”  (“0000 0010”kodi); 

2. CaitvirTos misamarTis ufrosi baiti; 

3. CaitvirTos misamarTis umcrosi baiti; 

4. dayendes OE da BS1 “0”-s mdgomareobaSi, ris Semdegac   SesaZlebelia 

DATA monacemTa saltidan mexsierebis ujredis umcrosi baitis 

Semcvelobis wakiTxva;  

5. dayendes BS1 “1”-Si, ris Semdegac SesaZlebelia ganxorcieldes  DATA 

monacemTa saltidan mexsierebis ujredis ufrosi baitis Semcvelobis 

wakiTxva; 

6. moxdes OE  “1”-Si  dayeneba. 

          13.5. EEPROM  mexsierebis programireba 

                            EEPROM  mexsierebaSi Cawera 

 

Atmega  128     EEPROM mexsiereba organizebulia striqonebad.  Cawera 

sruldeba Semdegi TanamimdevrobiT: 

1. CaitvirTos brZaneba “EEPROM mexsierebaSi Cawera” (“0001 00001”kodi);  
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2. CaიtvirTos misamarTis ufrosi baiti; 

3. CaიtvirTos misamarTis umcrosi baiti; 

4. CaიtvirTos monacemis baiti; 

5. monacemTa damaxsovreba buferSi; 

6.  gameordes 3......5-e qvepunqtebis buferis srul Sevsebamde; 

7.  gverdis Cawera. 

 

                           EEPROM - mexsierebis wakiTxva 

EEPROM - mexsierebis Semcvelobis wakiTxvisTvis aucilebelia Sesruldes 

Semdegi moqmedebebi (yoveli etapis  realizacia naCvenebia 13.3. cxrilSi): 

1. CaitvirTos brZaneba “EEPROM - mexsierebis  wakiTxva”  (“0000 0011” kodi) ; 

 2. CaიtvirTos misamarTis ufrosi baiti; 

   3. CaიtvirTos misamarTis umcrosi baiti; 

4. OE და BS1  “0” –Si dayeneba, ris Semdegac SeiZleba ganxorcieldes Data 

monacemTa  saltidan mexsierebis ujredis Semcvelobis wakiTxva;   

5.  OE  <<1>> -Si dayeneba. 

 

        13.6. mikrokontroleris konfigurireba 

Atmega 128 mikrokontrolers gaaCnia ramodenime makonfigurirebeli baiti, 

romelTa programireba xorcieldeba qvemoT CamoTvlili TanmimdevrobiT: 

     umcrosi makonfigurirebuli baitis programireba 

1. mikrokontrolerSi CaitvirTos brZaneba “makonfigurirebul ujredSi 

Cawera”(“0100 0000” kodi); 

2. mikrokontrolerSi CaitvirTos monacemis umcrosi baiti;  

3. BS1 da BS2  gamomyvanebis “0”-Si dayeneba; 

4. WR gamomyvans miewodos uaryofiTi impulsi da ganxorcieldes lodini 

RDY/BSY gamomyvanze maRali donis signalis  Semosvlamde. 

 

        ufrosi makonfigurirebuli baitis programireba 

1. mikrokontrolerSi CaitvirTos brZaneba “makonfigurirebul ujredSi 

Cawera” (“0100 0000” kodi); 

2. mikrokontrolerSi CaitvirTos monacemis umcrosi baiti;  

3. BS1-s  da BS2 gamomyvanebis “0”-Si dayeneba; 

4. WR gamomyvans miewodos uaryofiTi impulsi da ganxorcieldes lodini 

RDY/BSY gamomyvanze maRali donis signalis  Semosvlamde. 

5. BS1  ”0”- Si  Camogdeba. 
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     damatebiTi makonfigurirebeli baitebis  programireba 

1. mikrokontrolerSi CaitvirTos brZaneba “makonfigurirebeli ujredebis  

Cawera”   (“0100 0000”kodi);  

2. mikrokontrolerSi CaitvirTos monacemis umcrosi baiti BS1 da BS2  “0”-

Si dayeneba; 

3. WR gamomyvans miewodos uaryofiTi impulsi da ganxorcieldes lodini 

RDY/BSY gamomyvanze maRali donis signalis Semosvlamde; 

4.  BS2-s  “0”-Si Camogdeba. 

 

           dacvis ujredebis programireba 

dacvis ujredebis programireba iseve xorcieldeba, rogorc makon- 

figurirebeli ujredebis: 

1. CaitvirTos brZaneba “dacvis ujredebis Cawera” (“0010 0000” kodi) ; 

2. CaitvirTos monacemebis  baiti.  

3.  moxdes monacemebis umcrosi baitis Cawera 

 

     makonfigurirebeli da dacvis ujredebis wakiTxva 

es operaciebi sruldebiana Semdegi TanamimdevrobiT: 

1. CaitvirTos brZaneba “makonfigurirebeli da dacvis ujredebis   

wakiTxva” ( «0000 0100»kodi) ; 

2.  OE, BS1 da BS2  dayeneba “0”-Si, ris Semdeg DATA monacemebis saltidan 

SeiZleba makonfigurebeli umcrosi baitis mniSvnelobis amokiTxva; 

3.  OE, BS1 и BS2  dayeneba “1”-Si, ris Semdeg DATA monacemebis saltidan 

SeiZleba moxdes makonfigurebeli ufrosi baitis mniSvnelobis 

amokiTxva; 

4. OE, BS1 dayeneba “0”_Si da  BS2-s  dayeneba “1”-Si, ris Semdgomac DATA 

monacemebis saltidan SesaZlebelia moxdes damatebiTi makonfigu- 

rirebeli baitis mniSvnelobis amokiTxva; 

5. OE-s “0” _Si dayeneba, BS1-s  dayeneba “1 “-Si, xolo BS2-s  “0”-Si, ris 

Semdegac SesaZlebelia moxdes DATA monacemebis saltidan dacvis baitis 

amokiTxva; 

6. OE-s “1” -Si dayeneba. 

 

identifikatoris da makalibrebeli konstantebis ujredebis wakiTxva  

identifikatorebis ujredebis wakiTva xorcieldeba Semdegi Tanamimdev- 

robiT: 

1. CaitvirTos brZaneba “idenfikatorebis ujredebis wakiTxva”   ( “0000 1000” 
kodi);  

2. CaitvirTos misamarTis umcrosi baiti; 
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3. OE da BS1-s dayeneba “0”-Si, ris Semdgomac SeiZleba   ganxorcieldes 
amorCeuli identifikatoris ujredis Semcvelobis wakiTxva DATA 

saltidan.  

4. ganxorcieldes OE dayeneba  “1” -Si. makalibrebeli konstantebis  wakiTxva 
xorcieldeba analogiurad da imave brZanebebiT: 

5. CaitvirTos  brZaneba   “identifikatoris ujredebis wakiTxva”  ( «0000  1000» 

kodi); 
6. CaitvirTos misamarTis umcrosi baitis ($00…$03); 
7. ganxorcieldes OE dayeneba “0”-Si, xolo BS1-s “1”-Si, ris       

Semdgomac SesaZlebelia DATA  monacemTa saltidan  ganxorcieldes 
amorCeuli makalibrebrebeli konstantis wakiTxva;  

8.  OE  “1”-Si  dayeneba. 
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                            Tavi 14 

mikrokontrolerebis  TviTprogramireba 

                          14.1. saerTo cnobebi 

Mega  ojaxis yvela mikrokontrolers  gaaCnia  TviTprogramirebis  

SesaZlebloba anu programis mexsierebis Semcvelobis damoukideblad  Secvala. 

es Tavisebureba  SesaZleblobas  iZleva, rom mis safuZvelze  Seiqmnas metad  

moqnili sistemebi, romelTa muSaobis algoriTmi Seicvleba TviT mikro- 

kontroleris mier raime Siga pirobis an gare movlenebis gaTvaliswinebiT. 

TviTprogramirebis mxardaWerisaTvis mTliani programis mexsierebis are 

logikurad or seqciad aris dayofili _ gamoyenebiTi programebis seqcia 

(Application Section)  da CatvirTvis  seqcia (Boot Loader Section). programis 

mexsierebis  cvlileba xorcieldeba CamtvirTavi programiT, romelic 

ganTavsebulia erTsaxela seqciaSi. CamtvirTav programas programis mexsierebis  

axali Semcvelobis CatvirTvisaTvis da aseve Zveli Semcvelobis 

amotvirTvisaTvis SeuZlia gamoiyenos monacemTa gadacemis nebismieri 

(USART/UART, SPI, TWI) interfeisi, romelic gaaCnia mikrokontrolers  Tavis 

SemadgenlobaSi. aqve  unda aRiniSnos, rom CamtvirTavs aqvs  unari Secvalos 

orive seqciis Semcveloba. es aZlevs mas imis  saSualebas, rom moaxdinos 

sakuTari programebis modificireba da aseve ganaxorcielos Tavisi programis 

amoReba mexsierebidan im SemTxvevaSi, Tu masze saWiroeba aRar iqneba. mimarTvis 

(wakiTxvis/Caweris) done yoveli seqciisTvis gaicema momxmareblis mier dacvis 

BLB02:BLB01 da BLB12:BLB11   ujredebis meSveobiT, romelic 11-e Tavis 11.2 

cxriliSi iyo aRwerili. 

gadasvla CamtvirTav  programaze SeiZleba  moxdes sxvadasxva gziT. 

kerZod misi gamoZaxeba SeiZleba ganxorcieldes CALL/JMP  brZanebebiT  

ZiriTadi programidan. aseve SeiZleba  ganxorcieldes CatvirTvis seqciis 

dasawyisSi  ganulebis veqtoris gadaadgilebiT. aseT SemTxvevaSi CatvirTvis 

programis gaSveba  avtomaturad xorcieldeba mikrokontroleris yoveli  

ganulebis Semdeg. ganulebis veqtoris pozicia ganisazRvreba BOOTRST 

konfiguraciuli ujredis mdgomareobiT. Tu misi Semcveloba aris  “1”, maSin 

ganulebis veqtori  ganTavsebulia programis mexsierebis dasawyisSi $0000 

misamarTze. daprogramirebuli ujredis SemTxvevaSi, rodesac masSi  Cawerilia 

“0”, ganulebis veqtori ganTavsebulia CatvirTvis seqciis dasawyisSi 

(misamarTebi ixileT 14.1. cxrilSi).  

CamtvirTavi da gamoyenebiTi programebis seqciis zomebi ganisazRvreba 

BOOTSZ1:BOOTSZ0 ori makonfigurirebeli ujredebis meSveobiT. 

mikrokontroleris  programis mexsierebis  SesaZlebeli konfiguraciebi 

naCvenebia 14.1. cxrilSi. 
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cxrili 14.1. programis mexsierebis konfiguracia 

 
BOOTSZ1 

 
BOOTSZ0 

CamtvirTavis 
zoma [sityvebSi] 
 

 
gverdebi 

gamoyenebiTi 
programis seqcia 

CamtvirTavis 
seqcia 

1 1 512 4 $0000…$FDFF $FE00…$FFFF 

1 0 1024 8 $0000…$FBFF $FC00…$FFFF 

0 1 2048 16 $0000…$F7FF $F800…$FFFF 

0 0 4096 32     $0000... $FFFF $F000…$FFFF 

 

 
          14.2. CamtvirTavis funqcionireba 
 
          TviTprogramirebis procesis marTva 
 

programis mexsierebis Semcvelobis da dacvis ujredebis Secvla 
xorcieldeba SPM (Store Program  Memory)  brZanebis meSveobiT. am brZanebis  
parametrebia: mexsierebis misamarTi, romelic itvirTeba winaswar indeqsur  Z 
registrSi, da saWiroebis SemTxvevaSi monacemebi, romelic ganTavsebuli arian 
R1:R0  wyvil registrebSi.  

daprogramebis procesis marTva da kerZoT gansazRvra im operaciebis, 
romelic gamoiyeneba SPM  brZanebis gamoZaxebisisaTvis sruldeba SPMCR (Store 

Program Memory  Control Register) Setana/gamotanis   registris daxmarebiT.  am 
registris formati naCvenebia 14.1.sur.-ze, xolo misi Tanrigebis aRwera 
naCvenebia 14.3.cxrilSi.   

   
 7  6  5 4 3  2   1  0 

X 
X - X BLBSET PGWRT PGERS SPMEN 

                         R/W    R                R             R/W            R/W           R/W            R/W            R/W 

 0  0    0  0 0 0 0         0 

sur.14.1. SPMCR  registris formati 

 
 

cxrili 14.3. SPMCR regisris Tanrigebi 
 

 

                                                            

 

 

 

 

 

 

 

 

 

                   

Tanrigi dasaxeleba aRwera 

7 - ar  gamoiyeneba 

6 - ar  ganixileba 

5 - ar  ganixileba 

4 - ar  ganixileba 

3 BLBSET 

dacvis CatvirTvis ujredis cvlileba. am Tanrigis da SPMEN 
Tanrigis erTdrouli dayenebisTvis, xorcieldeba SPM 
brZanebis gaSveba 4 manqanuri ciklis xangrZlivobiT, ris 
Semdegac xdeba dacvis ujredebis CatvirTva R0  registris 
Semcvelobis Sesabamisad. BLBSET Tanrigis ganuleba 
xorcieldeba aparaturis meSveobiT, mas Semdeg rodesac 
moxdeba dacvis ujredebis dayeneba   an  miTiTebuli drois 
gasvlis Semdeg. 

wakiTxva (R)  Cawera (W) 

sawyisi  mniSvneloba 
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                                                           gagrZeleba 

 

 

 

 

 

 

EEPROM - mexsierebaSi Caweris dros SPMCR registris cvlileba 

SeuZlebelia. aqedan gamomdinare sanam SPMCR registrSi xdeba raRac 

informaciis Cawera, rekomendebulia davelodoT EECR  registris  EEWE almis 

ganulebas. 

 

              programis mexsierebis Secvla 

 

programis mexsierebis Semcvelobis Secvla xdeba Semdegi TanamimdevrobiT: 

1. gverdis droebiTi buferis Sevseba axali mniSvnelobebiT; 

2. gverdis gasufTaveba; 

3. buferis Semcvelobis gadatana programis mexsierebaSi. 

saWiroa aRiniSnos, rom gverdis gasufTaveba SeiZleba ganxorcieldes, 

rogorc buferis Sevsebis Semdeg, aseve misi  Sevsebis dawyebamde. magram im 

SemTxvevaSi, rodesac saWiro xdeba mxolod gverdis nawilis Secvla   zemoT 

aRniSnuli moqmedebaTa CamonaTvali, gasagebi mizezebis gamo aris erTaderTi. am 

dros ujredis Semcveloba, romelic ar moiTxovs Secvlas, Seinaxeba buferSi 

gverdis waSlamde.   

operaciis dasrulebis momentis gansazRvrisaTvis,  SesaZlebelia  an    

SPMCR registris SPMEN alamis mdgomareobis Semowmeba misi  Camogdebis 

molodiniT, an  gamoviyenoT wyveta “SPM mzadyofna”. Ees  wyveta generirdeba 

yovelTvis, sanam SPMEN alami Camogdebulia. am ukanasknel SemTxvevaSi wyvetis 

veqtoris cxrili ganTavsebuli unda iyos CatvirTvis seqciaSi, xolo 

aRniSnuli wyveta nebadarTuli SPMCR registris SPMIE almis dayenebiT. 

Tanrigi dasaxeleba aRwera 

2 PGWRT 

gverdis Cawera. am Tanrigis da SPMEN Tanrigis erTdrouli 
dayenebisTvis, xorcieldeba SPM brZanebis gaSveba 4 manqanuri 
ciklis  ganmavlobaSi, is anxorcielebs programis mexsierebis 
gverdis Caweras droebiTi buferidan. gverdis misamarTi 
CatvirTuli unda iyos Z (R31) registris  ufros baitSi. 
PGWRT Tanrigis ganuleba xorcieldeba aparaturis meSveobiT 
gverdis Caweris Semdeg an miTiTebuli drois gasvlis Semdeg. 

1 PGERS 

gverdis waSla. am Tanrigis da SPMEN Tanrigis erTdrouli 
dayenebisTvis, xorcieldeba SPM brZanebis gaSvebuli 4 
manqanuri ciklis  ganmavlobaSi, gverdis waSlis Semdeg 
programis mexsierebis droebiTi buferidan. gverdis misamarTi 
CatvirTuli unda iyo Z (R31) registris ufros baitSi. PGERS 
Tanrigis ganuleba xorcieldeba aparaturuli saSualebiT  
gverdis waSlis damTavrebis Semdeg an miTiTebuli drois 
gasvlis Semdeg.   

0 SPMEN 

SPM  brZanebis Sesrulebis nebadarTva. am Tanrigis dayeneba 
iZleba imis saSualebas, rom  moxdes SPM brZanebis gaSvebis 
nebadarTva 4 manqanuri ciklis ganmavlobaSi. Tu SPMEN 
Tanrigis dayeneba moxda  BLBSET, PGWRT an  PGERS erT-erT 
TanrigTan  erTdroulad  sruldeba operacia, romelic 
ganisazRvreba am TanrigiT (naxeT Tanrigebis aRwera). Tu xdeba 
mxolod SPMEN Tanrigis  dayeneba, xorcieldeba  R1:R0 
registris Semcvelobis Senaxva droebiT Z registrSi.  SPMEN 

Tanrigis ganuleba xdeba aparaturuli saSualebiT operaciis 
dasrulebis an miTiTebuli drois amowurvis Semdeg. 
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programis mexsierebis  gverdis waSlisaTvis saWiroa Z registrSi Setanili 

iyos gverdis misamarTi,  SPMCR registrSi Caiweros “x0000011” mniSvneloba da 

oTxi manqanuri  ciklis xangrZlivobis ganmavlobaSi Sesruldes SPM brZaneba.  

buferSi brZanebis sityvis CawerisaTvis aucilebelia ujredis misamarTi 

CaitvirTos Z registrSi, xolo operaciis  kodi R1:R0 registrebSi. 

amis Semdeg aucilebelia SPMCR registrSi moxdes “x0000011” mniSvnelobis  

Cawera da oTxi manqanuri ciklis  xangrZlivobis ganmavlobaSi una Sesruldes 

SPM  brZaneba. buferis gasufTaveba xorcieldeba avtomaturad gverdis Caweris 

dasrulebis Semdeg an xeliT SPMCR registris RWWSRE TanrigSi  logikuri 

“1”-is CaweriT. unda aRvniSnoT, rom  buferis erTi da imave misamarTze Cawera 

SeuZlebelia gasufTavebis gareSe. 

programul mexsierebaSi buferuli mexsierebis Semcvelobis Cawera 

xorcieldeba analogiurad. Z registrSi SeaqvT gverdis misamarTi, SPMCR 

registrSi Caiwereba “x0000101”  mniSvneloba da oTxi manqanuri ciklis 

ganmavlobaSi sruldeba SPM brZaneba.  

             14.3. CamtvirTavis dacvis ujredis Secvla 

BLB12:BLB11  da BLB02:BLB01  CamtvirTavis dacvis ujredebis Secvla  

agreTve SPM brZanebiT xorcieldeba. amisTvis aucilebelia R0 registrSi 

CaitvirTos moTxovnili mniSvneloba 14.2. sur-is Sesabamisad.  

 7 6 5 4 3 2 1 0 

1 1 BLB12 BLB11 BLB02 BLB01 1 1 

                                 R/W         R/W           R/W          R/W          R/W          R/W        R/W         R/W 

               1       1         1        1        1        1       1       1     

sur14.2. RO   registris Semcveloba dacvis ujredis mdgomareobis 
Secvlis SemTxvevaSi SPM brZanebis gamoyenebiT 

 

amis Semdeg SPMCR registrSi  unda Caiweros “x0001001”  mniSvneloba da oTxi 
manqanuri ciklis ganmavlobaSi Sesruldes SPM brZaneba.  

 

       14.4. makonfigurirebeli da dacvis ujredebis wakiTxva 
 
garda mikrokontroleris daprogramebisa, CamtvirTavs aseve SeuZlia 

ganaxorcielos makonfigurebeli da dacvis ujredebis wakiTxva. dacvis baitis 
wakiTxvisaTvis saWiroa  Z registrSi CaitvirTos  $0001 ricxvi, SPMCR 

registrSi Caiweros “x0001001”  mniSvneloba da Sesruldes  LPM brZaneba. ris 
Sedegadac dacvis baiti Setanili iqneba saerTo daniSnulebis mocemul 
registrSi. registris ujredebis  Sesabamisi Tanrigebi naCvenebia 11.1 sur-ze. 

makonfigurebeli baitebis wakiTxva xorcieldeba analogiurad. Z registrSi 
CaitvirTeba baitis misamarTis ($0000 - umcrosi baiti, $0003- ufrosi baiti, $0002 

- damatebiTi baiti), ris Semdegac saWiroa SPMCR registrSi Caiweros “x0001001”  

mniSvneloba da Sesruldes LPM  brZaneba. brZanebis Sesrulebis Sedegad 
makonfigurirebeli baitis Semcveloba Setanili iqneba saerTo daniSnulebis 
registrSi.  

wakiTxva (R)  Cawera (W) 

sawyisi  mniSvneloba 
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                                                danarTi  1  

Atmega 128 mikrokontroleris gamomyvanebis  aRwera 
 

qvemoT naCvenebia gamomyvanebis dasaxeleba da miTiTebulia maTi funqciebi ( 
rogorc mTavari aseve damatebiTi). garda amisa cxrilSi A-1. yoveli 
gamomyvanisTvis miTiTebulia maTi tipi (Sesasvleli, gamosasvleli, 
Setana/gamotana, kvebis gamomyvani). 

cxrilSi gamoyenebulia Semdegi aRniSvnebi: I – Sesasvleli, O – 

gamosasvleli, I /O – Setana/gamotana, P  - kvebis gamomyvanebi. 
 

 

 

   Atmega128(L)  modulis gamomyvanebis  ganlageba 
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   cxrili A-1. Atmega 128  modulis gamomyvanebis  aRwera 
 

 

 

 

 

aRniSvna gamomyvanebis 
nomeri 

gamomyvanebis 
tipebi 

aRwera 

XTAL1 24 I taqturi generatoris Sesasvleli 

XTAL2 23 O taqturi generatoris gamosasvleli 

______ 
RESET 

 
       20 

 
I 

ganulebis Sesasvleli. im SemTxvevaSi ,rodesac 
Sesasvlelze   xdeba dabali donis 50 nwm 
dayovneba, xorcieldeba mowyobilobis 
ganuleba   

porti A. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Siga momWimavi rezistorebiT 

PA0 (AD0) 51 I/O 
A0 (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis )  

PA1 (AD1) 50 I/O 
A1  (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

PA2 ( AD2) 49 I/O 
A2   (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

PA3 ( AD3) 48 I/O 
A3   (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

PA4 ( AD4) 47 I/O 
A4   (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

PA5( AD5) 46 I/O 
A5   (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

PA6 ( AD6) 45 I/O 
A6   (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

PA7 ( AD7) 44 I/O 
A7   (multipleqsirebuli mis.sal./ mon.sal.  
gare odm-Tvis ) 

porti B. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Siga momWimavi rezistorebiT 

___ 
PB0(SS) 

 
10 

 
I/O 

 
B0(PSI  saltze  Slave-mowyobilobis amorCeva) 

PB1(SCK) 11 I/O 
B1( (Master) gamosasvleli an SPI modulis  

(Slave) taqturi signalis Sesasvleli ) 

PB2(MOSI) 12 I/O 
B2( (Master) gamosasvleli an SPI  modulis 

(Slave) monacemebis   Sesasvleli) 

PB3(MISO) 13 I/O 
B3   (Master) Sesasvleli an SPI modulis Slave 

monacemebis gamosasvleli ) 

PB4(OC0) 14 I/O 
B4 (T0 taimer / mTvleli s   gamosasvleli 

(Compare,PWM reJimebi)) 

PB5(OCIA) 15 I/O 
B5((T1taimer/ mTvlelis  A gamosasvleli   

(Compare,PWM reJimebisTvis)) 

PB6(OCIB) 16 I/O 
B6((T1 taimer/ mTvlelis B gamosasvleli 
(Compare,PWM reJimebisTvis)) 

PB7(OC2/OCIC) 17 I/O 

B7 (T2taimer/ mTvlelis gamosasvleli (reJimebi  

Compare,PWM / T1taimer mTvlelis  C 
gamosasvleli / (Compare,PWM reJimebisTvis))  

porti c. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Siga momWimavi rezistorebiT 

PC0(A8) 35 I/O C0 (gare sam.isamarTe  salte) 

PC1(A9) 36 I/O C1(gare samisamarTe   salte) 

PC2(A10) 37 I/O C2(gare samisamarTe  salte) 

PC3(A11) 38 I/O C3(gare samisamarTe .salte) 

PC4(A12) 39 I/O C4(gare samisamarTe  salte) 

PC5(A13) 40 I/O C5(gare samisamarTe  salte) 

PC6(A14) 41 I/O C6(gare samisamarTe  salte ) 

PC6(A15) 42 I/O C7(gare samisamarTe  salte) 
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                                                        gagrZeleba 

                                                               

  

            

aRniSvna 
gamomyvanebis 

nomeri 

gamomyvanebi
s 

tipebi 
aRwera 

porti D. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Sida momWimavi 
rezistorebiT 

PD0(SCL/INT0) 25 I/O D0 (TWI modulis  taqturi  signali/gare 
wyvetis Sesasvleli) 

PD1(SDA/INT1) 26 I/O D1(TWI modulis  monacemTa sadenebi/gare 
wyvetis Sesasvleli) 

PD2(RXDI/INT2) 27 I/O D2(me-2 USART Sesasvleli/ gare wyvetis 
Sesasvleli) 

PD3(TXDI/INT3) 28 I/O D3(me-2 USART gamosasvleli/ gare wyvetis 
Sesasvleli) 

PD4(ICPI) 29 I/O D4(T1 taimer/ mTvlelis  dapyrobis 
Sesasvleli (Capture  reJimi)) 

PD5(XCKI) 30 I/O D5 ( me-2 USART gare taqturi 
Setana/gamotanis signali ( Captur reJimi)) 

PD6(TI) 31 I/O D6(T1taimeris/ mTvlelis gare taqturi 
signalis Sesasvleli) 

PD7(T2) 32 I/O D7(T2taimer/mTvlelis gare taqturi 
signalis Sesasvleli) 

porti E. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Siga momWimavi 
rezistorebiT 

PE0(RXD0/PDI) 2 I/O E0(1-li USART Sesasvleli/ mimdevrobiTi 
daprogramebis dros monacemTa 
Sesasvleli) 

PE1(TXD0/PDO) 3 I/O E1(1-li  USART gamosasvleli/ 
mimdevrobiTi daprogramebis dros  
monacemTa  gamosasvleli) 

PE2(XCK0/AIN0) 4 I/O E2(1-li USART gare  taqturi signalis 
Setana/gamotana/komparatoris dadebiTi 
Sesasvleli) 

PE3(OC3A/AIN1) 5 I/O E3(T3taimer/ mTvlelis A gamosasvleli 

(Compare,PWM reJimebi)/komparetoris 
uaryofiTi Sesasvleli) 

PE4(OC3B/INT4) 6 I/O E4 (T3 taimer/ mTvleli B gamosasvleli 
(Compare,PWM reJimebi)/gare wyvetis 
Sesasvleli) 

PE5(OC3C/INT5) 7 I/O E5(T3 taimeris/ mTvlelis C gamosasvleli 
(Compare,PWM reJimebi)/gare wyvetis 
Sesasvleli) 

PE6(T3/INT6) 8 I/O E6(T1taimeris/ mTvlelis  gare taqturi 
signalis Sesasvleli /Siga wyvetis 
Sesasvleli) 

PE7(ICP3/INT7) 9 I/O E7(T1taimer/ mTvlelis dapyrobis 
Sesasvleli (Compare,PWM reJimebi)/gare 
wyvetis Sesasvleli 

porti F. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Siga momWimavi 
rezistorebiT 

PF0(ADC0) 61 I/O F0(acg Sesasvleli) 

PF1(ADC1) 60 I/O  F1(acg Sesasvleli) 

PF2(ADC2) 59 I/O F2( acg Sesasvleli) 

PF3(ADC3) 58 I/O F3( acg Sesasvleli) 

PF4(ADC4/TCK) 57 I/O F4(acg Sesasvleli,/ JTAG  taqturi 
signali) 

PF5(ADC5/TM5) 56 I/O F5(acg Sesasvleli,/JTAG  amorCevis 
reJimi) 

PF6(ADC6/TDO) 55 I/O F6(acg Sesasvleli,/JTAG    monacemebis 
gamosasvleli) 

PF7(ADC7/TDI) 54 I/O F7(acg Sesasvleli/ JTAG monacemis  

Sesasvleli) 
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gagrZeleba 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aRniSvna 
gamomyvanebis 

nomeri 
gamomyvanebis 

tipebi 
aRwera 

porti G. 8 Tanrigiani or mimarTuli  Setana /gamotanis porti  Sida momWimavi 
rezistorebiT 

____ 
PG0(WR) 

33 I/O 
G0 ( gare omm Caweris strobi ) 

___ 
PG1(RD) 

 
34 

 
I/O 

 
G1 (gare  omm wakiTxvis strobi ) 

PG2 43 I/O G2 ( gare  omm misamarTis strobi) 

PG3 18 I/O 
G3( Sesasvleli , T2  taimer/ mTvlelTan   
rezistoris  mierTebisaTvis  )  

PG4 19 I/O 
G4(gamosasvleli, T2 taimer / mTvlelTan  
rezistoris  mierTebisaTvis)EBA   

____ 
PEN 

 
1 

 
I 

 
daprogramebis  nebadarTva 

AREF 62 P acg sayrdeni Zabvis Sesasvleli 

AGND 63 P  saerTo analoguri gamomyvani 



146 
 

 



147 
 

 



148 
 

 

 

 

 

                                                            

 

 

 

 

 

 



149 
 

 literatura 

1. Фрунзе А.В.  Микроконтроллеры? Это  же  просто!  2004. 

2. Евстифеев  А.В. Микроконтроллеры  AVR  семейства  Tiny  и  Mega  фирмы  ATMEL,2008. 

3. Atmega  128. Datasheet. 

4. Белов  А.В.  Создаем  устройства  на  микроконтроллерах. СПБ: Наука  и  техника,2007. 

5. Масла Ю.С.  Микроконтроллеры  PIC. Архитектура  и  программирование. Из-во “ДМК  

пресс”,2009. 

6.  Редькин  П.П. 32/16  -  битные  микроконтроллеры  ARM7  семейства  AT 91SAM7  фирмы  

ATMEL. Руководство  пользователя, 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



150 
 

                            sarCevi 

Sesavali  .................................................................................................................................................. ........................3 

Tavi 1. mikrokontroler  Atmega  128-is struqtura......... ......................... .......................6 

1.1. mexsierebis  organizacia...............................................................................................................8 

 1.1.1. programebis  mexsiereba........ ................................................................................ ........................8 

 1.1.2. monacemTa  mexsiereba ..... ...................................................................................... .......................11 

 1.1.3. saerTo  daniSnulebis registrebi  ........................................................ .......................11 

 1.1.4. Setana/gamotanis  registrebi ........................................................................ .......................12 

 1.1.5. monacemTa  energodamoukidebeli  mexsiereba ............................. .......................14 

1.2.  brZanebis  mTvleli ..................................................................................................... .......................17 

1.3.  steki .............................................................................................................................................. .......................18 

Tavi 2. taqtireba, energomoxmarebis  Semcireba da  ganuleba .... .......................19 

  2.1. sataqto  generatori ..................................................................................................... .......................19 

  2.2.  Semcirebuli  energomoxmarebis  reJimebi ......................................... .......................24 

  2.3.  mikrokontroleris  ganuleba ......................................................................... .......................26 

  Tavi 3. wyveta ......................................................................................................................................... .......................31 

    3.1. wyvetis veqtorebis  cxrili........................................................................................................31 

    3.2. wyvetis  damuSaveba................................................................................................................................31  

    3.3. gare  wyveta...................................................................................................................................................33  

  Tavi 4. Setana/gamotanis  portebi ................................................................................. .......................35 

  Tavi 5. taimer/mTvlelebi ........................................................................................................ .......................37 

    5.1. taimer/mTvlelebis  Semadgenloba ................................................................. .......................37 

    5.2. wyveta  taimer/mTvlelebidan ............................................................................... .......................38 

    5.3. taimer/mTvlelebis  gamomyvanebis  daniSnuleba..................................................41 

    5.4. taimer/mTvlelebis  sixSiris  winagamyofi. ........................................ ......................42 

    5.5. muSaobis  reJimebi ............................................................................................................ ......................43 

    5.6. T0,T2  taimer/mTvlelebi .............................................................................................. ......................48 

    5.7. T1,T3  taimer/mTvlelebi .............................................................................................. ......................50 

    5.8.  modaraje  taimeri ......................................................................................................... ......................55 

  Tavi 6 analoguri  komparatori ..................................................................................... ......................57 

    6.1.  komparatoris  marTva ................................................................................................ ......................57 

  Tavi 7. analogur-cifruli  gardamqmneli .......................................................... ......................60 

    7.1. analogur-cifruli  gardamqmnelis  moqmedebis  principi......................61 

    7.2. acg-s  marTvis  registrebi ................................................................................... ......................64 

    7.3. acg  modulis  funqcionireba ........................................................................... ......................66 

     Tavi 8. universaluri asinqronuli  (sinqronul/asinqronuli)         

mimReb/gadamcemi .................................................................................................................. .....................70 

        8.1. USART  modulis  struqtura ............................................................................... .....................70  

        8.2. kadris  formati ................................................................................................................ .....................71 

        8.3. USART-is marTvis  registrebi ........................................................................... .....................72 

        8.4.  monacemTa  gadacema .................................................................................................... .....................76 

        8.5. monacemTa  miReba .............................................................................................................. .....................78 

        8.6. multiprocesoruli  muSaobis  reJimi .................................................... .....................79 

       Tavi 9. mimdevrobiTi  periferiuli  interfeisi  SPI ................... ................81 



151 
 

                9.1. SPI  modulis  funqcionireba ............................................................................... ..................81 

                9.2. monacemTa  gadacemis  reJimebi ......................................................................... ..................85 

     Tavi 10. mimdevrobiTi  orgamtariani  interfeisi  TWI ................. .............. 89 

              10.1.  saerTo cnobebi ................................................................................................................ ....................89  

       10.2. TWI  saltiT  monacemTa  gacvlis  principi ................................... ....................90  

       10.3. TWI  modulis struqtura........................................................................................ ....................94 

       10.4. TWI  modulis  da  gamoyenebiTi  programis    

urTierTqmedeba....................................................................................................................................99  

       10.5. TWI  modulis  muSaobis  reJimebi ............................................................... ..................101 

    Tavi 11. Sesavali  mikrokontroleris  programirebaSi ......................... ..................120  

       11.1. saerTo  cnobebi ................................................................................................................ ..................120  

       11.2. programebis  da  monacemebis  dacva ........................................................ ..................120  

       11.3. makonfigurirebeli  ujredebi .......................................................................... ..................121 

       11.4. identifikatori .................................................................................................................. ..................124 

       11.5. makalibrebeli  ujredebi ...................................................................................... ..................124 

       11,6. Atmega  128  mikrokontroleris programis da  monacemTa   

      mexsierebis  organizacia ...................................................................................................... ..................124 

   Tavi 12. programireba  mimdevrobiT arxiT ............................................................... ..................126 

      12.1.  saerTo  cnobebi ............................................................................................................... ..................126 

      12.2. programirebis  reJimSi  gadarTva ................................................................. ..................127 

      12.3. FLASH- mexsierebis programirebis  procesis  marTva .............. ..................128 

      12.4. EEPROM – mexsierebis  programirebis  procesis  marTva .... ..................128 

  Tavi  13.  paraleluri  programireba............................................................................... ..................129 

      13.1. saerTo  cnobebi .................................................................................................................. ..................129 

      13.2. programebis paralelur  reJimze  gadasvla ..................................... ..................132 

      13.3 kristalis  waSla .............................................................................................................. ..................132 

      13.4.  FLASH-mexsierebis  programireba .................................................................. ..................133 

      13.5  EEPROM – mexsierebis  programireba ........................................................... ..................133 

  13.6. mikrokontroleris konfigurireba....................................................................................134 

  Tavi 14. mikrokontrolerebis  TviTprogramireba ............................................... ..................137 

      14.1. saerTo cnobebi. .................................................................................................................... ..................137 

      14.2. CamtvirTavis  funqcionireba ................................................................................ ..................138 

      14.3. CamtvirTavis  dacvis  ujredebis  Secvla ........................................... ..................140  

      14.4. makonfigurirebeli  da  dacvis ujredebis  wakiTxva ............ ..................140 

  danarTi  1 ........................................................................................................................................................ ..................141 

  danarTi  2 ........................................................................................................................................................ ..................145  

  literatura....................................................................................................................................................................148   

 

… 

 

…………………… 


