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   umaRlesi klasis meSvide seriis avtomo-
bil BMW–Si funqcionirebs 60-ze meti mi-
krokontroleri. 

   adamianis mier saukuneze meti xnis winaT 
gamogonebul pirvel releur mmarTvel mo-
wyobilobebs warmoadgens signalizaciis, 
centralizaciisa da blokirebis mowyobilo-
bebi, romlebsac dRes sarkinigzo avtomati-
kisa da telemeqanikis mowyobilobebsac 
uwodeben.  
 
    mikroprocesoruli saelemento bazis ga-
moyeneba saSualebas gvaZlevs davamuSavoT 
sarkinigzo avtomatikisa da telemeqanikis 
mniSvnelovnad gafarToebuli funqciuri 
SesaZleblobebis mqone Tvisobrivad axali 
sistemebi. 
 

   saTanado hiperbolis gamoyenebis SemTx-
vevaSi Tanamedrove aviagamanadgurebeli SeiZ-
leba specializebuli rTuli mikroproce-
soruli sistemis gare mowyobilobad miviC-
nioT. 
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winasityvaobis magier 
 

anu mmarTveli mowyobilobebis agebisa da 

transportze maTi gamoyenebis sakiTxisaTvis 

 

Sesasvleli (mmarTveli) zemoqmedebebis Sedegad naxtomise-

burad gadanacvlebadi elementis Semcveli pirveli avtomatur 

mowyobiloba, romelic axdenda gamosasvlelTan mierTebuli 

eleqtruli mowyobilobebis komutirebas (CarTvas, gamorTvas, 

gadarTvas), 1835 wels gamoigona j. henrim. moqmedebis princi-
pis mixedviT igi warmoadgenda kontaqtis eleqtromagnitur ga-

damrTvels da im funqciis gamo, risTvisac igi pirvelad iqna 

gamoyenebuli, miiRo saxelwodeba relay (rele), rac gulisxmobs 

dasvenebuli cxeniT daRlili safosto cxenis Secvlis analo-

giiT Zlieri deniT Sesutebuli denis Secvlas. 

 rele uwyveti an diskretuli Sesasvleli zemoqmedebis Se-

degad naxtomiseburad cvlis sakuTari kontaqturi an ukontaq-

to gamosasvlelis eleqtrofizikur mdgomareobas. Sesasvleli 

zemoqmedebis gavleniT gamosasvlelis eleqtrofizikuri mdgo-

mareobis naxtomiseburad cvlilebas releuri maxasiaTebeli 
ewodeba. 

gamosasvlelis eleqtrofizikuri mdgomareobis naxtomisebu-

rad cvla reles saSualebas aZlevs moaxdinos mis gamosasvle-

lze (gamosasvlelebze) mierTebuli eleqtruli wredebis ko-

mutireba (CarTva, gamorTva, gadarTva). reles realur kons-

truqciebs aqvs marTvis kvazinaxtomiseburi maxasiaTebeli da 
amitom igi amoqmeddeba ara myisierad, aramed mmarTveli signa-

lis mimarT garkveuli dayovnebiT. minimaluri raodenobis ka-

vSiris xazebiT dakavSirebuli minimaluri raodenobis deta-

siyvaruliT Cems Svilebs - verikosa 
            da aleqsandres! 
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lebisagan realizebul umartives reles releuri elementi 
ewodeba. releuri elementebiT SeiZleba avagoT rTuli rele-

ebi da releuri mowyobilobebi. 
henris mier gamogonebuli rele warmoadgenda eleqtroma-

gnitur mowyobilobas. gamogonebidan 40 wlis ganmavlobaSi igi  

marto telegrafiaSi gamoiyeneboda da mxolod 1878 wlidan 

daiwyes misi gamoyeneba im periodisaTvis inovaciurad miCneul 

satelefono teqnikaSi. amis Semdeg male eleqtromagituri re-

leebi gamoyenebuli iqna eleqtroteqnikuri, radioteqnikuri 

da xelsawyoTsamSeneblo mowyobilobebSic, romlebSic igi el-

eqtruli wredebis sakomutacio funqciebs asrulebda. yvelaze 

mogvianebiT reles gamoyeneba daiwyes mmarTveli mowyobilo-
bebis asagebad.  

marTva warmoadgens winaswar gansazRvruli miznis miRwevi-

saTvis gamiznuli moqmedebebis erToblobas. maTi Sesruleba 

moiTxovs azrovnebiTi da praqtikuli saqmianobis harmoniuli 

erTobliobas da metad Sromatevadia. misi Semsubuqebis mizniT 

adamians bunebrivad gauCnda mmarTveli mowyobilobebis agebis 
mizani. marTvis teqnikuri mowyobilobebis agebis dros wamo-

Wrili problemebis gadasawyvetad 1937 wels norbert vinerma 
Sekriba mecnierebi, romelTa ZalisxmeviT mogvianebiT warmoSva 

axali mecniereba – kibernetika. fiziologebi pirvelad Seejax-

nen inJinruli tipis ideebs. mecnierebis erTmaneTisagan mniSvne-

lovnad daSorebul sferoebSi momuSave specialistebis urTi-

erTobam gamoiRo nayofi da 1943 wels amerikelma neirofizi-

ologma u. mak-kaloxma da misma mowafem u. pitsma [20]: 
▲ daamuSaves neironis, rogorc umartivesi procesoruli 

elementis modeli;  

▲SemogvTavazes logikuri da ariTmetikuli operaciebis Se-

srulebis unaris mqone neironuli qselis struqtura;  
▲ gamoTqves dasabuTebuli varaudi imis Sesaxeb, rom maT 

mier SemoTavazebul neironul qsels aqvs swavlis, saxeebis 

amocnobisa da miRebuli informaciis ganzogadebis unari. 

mak-kaloxisa da valter pitsis mier dawyebuli kvlevebi 

logikurad daasrula amerikelma maTematikosma stiven koul 
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klinma, romelmac neironuli modeli aRwera regularul sim-
ravled wodebuli sakuTari maTematikuri sistemis gamoyenebiT. 

mis sapativcemlod regularul simravleTa algebras klinis  
algebra ewoda. aRniSnuli algebris regularuli gamosaxule-

bis safuZvelze akademikosma v. m. gluSkovma SemogvTavaza sa-
sruli avtomatebis abstraqtuli sinTezis ZiriTadi algoriT-

mi [5]. am algoriTmis formalizebuli varianti Cven mier iqna 

damuSavebuli, romelic 2005 -2008 wlebSi  mimosvlis gzaTa 

sankt-peterburgis saxelmwifo universitetis samecniero Sro-

mebis krebulebSi gamoqveynda [6;7]. misi gadamuSavebuli vari-

anti danarT 4-Sia moyvanili.    

jon fon neimanma mmarTveli mowyobilobebis asagebad neiro-
nuli arasaimedo elementebis gamoyenebis SesaZleblobebis Ses-

wavlisas daaskvna, rom struqturaSi sakmao didi raodenobis 

elementebis SetaniT SeiZleba uzrunvelyofiliyo aRniSnuli 

mowyobilobis saimedod funqcionireba [23].  

neimanis mier dawyebuli kvleva ganagrZo klod Senonma, ro-
melmac cifruli mowyobilobis asagebad abstraqtuli neiro-

nuli elementebis nacvlad gamoiyena releebi. 

releebi neimans SemTxveviT ar aurCevia. man jer kidev 1938 
wels gamoaqveyna releuri da gadamrTveli sqemebisadmi miZR-

vnili naSromi, romelSic daasabuTa XIX saukunis Sua period-
Si ingliseli maTematikosis jorj bulis mier damuSavebuli 

logikis algebris udidesi praqtikuli mniSvneloba [22].  

aRniSnuli algebra TiTqmis mTeli saukunis ganmavlobaSi 

iTvleboda praqtikuli Rirebulebebisagan daclil wminda Te-

oriuli mniSvnelobis Sromad. Senonma gviCvena aseTi Sexedule-

bis mcdaroba. man dagvanaxa logikur funqciebsa da releur 

mowyobilobebs Soris arsebuli urTierTcalsaxa Sesabamisoba: 

nebismier logikur funqcias SeeTanadeba garkveuli releuri 

mowyobiloba da piriqiT, nebismieri releuri mowyobiloba ax-

dens garkveuli logikuri funqciis realizebas. vladimer ma-
iakovskis erT-erT cnobili leqsis striqonebis perifrazireb-

as Tu movaxdenT, SegviZlia zemoT formulirebuli postula-

ti ase CamovayaliboT: vambobT logikur funqcias – releuri 
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mowyobiloba gvaqvs warmodgenili, vambobT releur mowyobi-

lobas da vgulisxmobT am mowyobilobiT realizebul logi-

kur funqcias! sxva sityvebiT rom vTqvaT, releuri mowyobi-
lobis maTematikur models warmoadgens logikuri funqcia. 

swored releuri mowyobilobebis zemoT aRniSnuli gamo-

kvlevam iTamaSa gadamwyveti roli imaSi, rom klod Senonma 
1956 wels eduard forest murTan erTad mmarTveli mowyo-

bilobebis asagebad neimanis mier gamoyenebuli abstraqtuli ne-

ironuli elementebis realur ekvivalentebad swored releebi 

SeirCia. miRebulma Sedegeba gviCvena mkvlevrebis mier miRebu-

li gadawyvetilebis siswore. aRmoCnda, rom releebis gamoyene-

bisas mniSvnelovnad mcirdeba mowyobilobaSi Sesatani damate-

biTi elementebis raodenoba. arasaimedo neironebis gamoyenebis-

as mowyobilobis saimedo funqcionirebisaTvis Tu masSi arse-

buli elementebis raodenoba daaxloebiT 60000-jer unda ga-
zrdiliyo, arasaimedo releebis gamoyenebisas aRniSnuli ra-

odenobis mxolod 67-jer gazrdac sakmarisi iyo [21].  
aRniSnuli gamokvlevis safuZvelze dadginda, rom saimedo 

mmrTveli mowyobilobebis asagebad gamosayenebel yvelaze sa-

ukeTeso saelemento bazas im periodisaTvis eleqtromagnitu-
ri releebi warmoadgenda. 

intuiciuri mixvedrilobis wyalobiT releebis gamoyenebiT 

iqna realizebuli pirveli mmarTveli mowyobilobebi. masaCuse-
tis universitetis profesoris semuel kolduelis (Samuel H. 

Calduell) azriT aseT mowyobilobebs warmoadgenda signalize-

ciis, centralizaciisa da blokirebis (scb-s) sistemebi [10], 

romlebsac dRes sarkinigzo avtomatikisa da telemeqanikis 
sistemebsac uwodeben. 

rkinigzis transports mmarTveli mowyobilobebis gamoyeneb-

is pirveloba ergo ara misi Semqmneli pirebis axirebulobis, 

aramed maT mier obieqturi aucileblobis gacnobierebis gamo. 

jer kidev 1825 wels gaxsnil stoqton-darlingtonis pirvel 

rkinigzaze sul raRac 24 km/sT siCqariT moZrav pirvel Semad-

genlobas win miuZRoda mxedari, romelsac xelSi eWira alami 

warweriT «The private danger is the public good»  («kerZo xifaTi, 
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sazogadoebrivi keTildReoba»). lozungis WeSmaritebis praq-

tikul dadasturebas didi xani ar dasWirvebia. 1830 wels li-
verpulsa da manCesteris damakavSirebel rigiT meore rkinig-

zis gaxsnisas sarkinigzo mSeneblobis Tagamodebulma momxrem, 

inglisis parlamentis wevrma hukinsonma ver SeniSna matareb-
lis gagzavnis signali (am periodSi orTqlmavals ar gaaCnda 

sayviri) da orTqmavlis borblebqveS mohyva. am rkinigzis xa-

zis gaxsnidan ramdenime dRis Semdeg moxda meore ubeduri Se-

mTxveva: qalaqebs listersa da sveningtons Soris moZravi ma-
tarebeli daejaxa listeris bazarSi mimaval zeTiTa da kver-

cxebiT datvirTul sazidars, romelic gadadioda sarkinigzo 

gadasasvlelze. aRniSnulma SemTxvevam didi mRelvareba gamo-

iwvia da rkinigzis direqciam im dResve moiwvia TaTbiri, rom-

elzedac jorj stefensonis winadadebiT gadawyda liverpul-
manCesteris mTel ubanze garkveuli manZilis daSorebiT gane-

lagebinaT mesignaleebi. isini dRisiT almebiT, xolo RamiT fa-

rnebiT gadascemdnen matarebelTa moZraobis nebadamrTav da am-

krZalav signalebs.  

1841 wels britaneTSi gamoCnda pirveli uZravi signalebi –

semaforebi (berZ, Sema -niSani, - psoros-mzidi), romlebic dRe-

vandeli SuqniSnis meqanikuri winaparia. isini moZravi frTebiT 

uCvenebda memanqanes Tavisufalia Tu ara gza, xolo am frTebs 

specialuri bagiris meSveobiT marTavdnen mesignaleebi. maTi av-

tomaturad marTvis idea XIX saukunis Sua periodSi daibada 
da misi pirveli realizacia 1859 wels safrangeTis qalaqebs 

parizsa da san-Jermenis sadgurebs Soris arsebul ubanze arse-

buli semaforebisaTvis ganaxorciela gamomgonebelma Jan bara-
novskim. amis Semdeg daiwyo matarebelTa usafrTxod moZra-

obisaTvis signalizaciis, centralizaciisa da blokirebis mo-

wyobilobebis damuSavebisa da gamoyenebis epoqa. 

matarebelTa usafrTxod moZraobis organizebisaTvis daax-

loebiT 1860 wels didi britaneTis rkinigzebze gamoCnda pir-

veli meqanikuri centralizaciebi. XIX saukuneSi britaneTSi 
funqcionirebda meqanikuri centralizaciebis damamzadebeli 

ramdenime kompania, romelTaganac gamoirCeoda Saxby & Farmer 
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kompania. germaniaSi XX saukunis dasawyisSi farTod iyo gav-

rcelebuli Einheit modelis meqanikuri centralizacia. meqani-

kuri centralizaciebidan releur centralizaciebze gada-

svlis procesi Zalian nela mimdinareobda. am mimarTulebiT ga-

dadgmul pirvel nabijebad SeiZleba CaiTvalos daaxloebiT 

1870 wels gamogonebuli Blockfeld saxelwodebis blok-aparati 

da sarelso wredebi. orive am mowyobilobam iseTi funqciebis 

realizeba gaxada SesaZlebeli, romelTa Sesruleba meqanikuri 

saSualebebiT SeuZlebeli iyo. aman mniSvnelovnad gaafarTova 

meqanikuri centralizaciaTa teqnikuri SesaZleblobebi. 

1900 wlidan dawyebul Semdgom etapisaTvis damaxasiaTebe-

lia nawilobriv eleqtruli da nawilobriv meqanikuri funqci-

ebis mqone (e. w. eleqtromeqanikuri) centralizaciebis damuSa-

veba. 

releuri teqnologiis gamoyenebiT pirveli mTlianad eleq-

truli centralizaciebi damuSavda da dainerga or msoflio 

omebs Soris arsebul periodSi. meore msoflio omis Semdgom 

pirvel or aTwleulSi moxda maTi srulyofa da isini gadaiq-

ca mTel msoflioSi gavrcelebul teqnologiad. dReisaTvis 
eqspluatirebadi centralizaciebis umravlesoba releur 
centralizacias warmoadgens.   

sarkinigzo mmarTveli mowyobilobebis momdevno etaps safu-

Zveli Caeyara 1978 wels, rodesac geteborgis (Svecia) sarki-
nigzo sadgurze dainerga Sveduri firma Ericson-is mier da-

muSavebuli JZN-850 saxelwodebis pirveli mikroprocesoruli 
centralizacia. aqedan daiwyo sarkinigzo avtomatikisa da te-
lemeqanikis mikroprocesoruli sistemebiT releuri sistemebis 
Secvlis procesi.  

bolo 30 wlis ganmavlobaSi mikroprocesoruli da gamoT-

vliTi teqnikis bazaze agebuli sarkinigzo avtomatikisa da 

telemeqanikis sistemebi TandaTan mkvidrdeba sarkinigzo praq-

tikaSi. maTi warmoebiT dakavebulia araerTi cnobili firma, 

romlebic inergeba ara marto ganviTarebul, aramed mraval ga-

nviTarebad qveyanaSic. 
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 specialistebi miiCneven, rom scb-s tradiciul sistemebs 

aqvs kargi (80 wlamde) xangamZleoba [16]. amitom rkinigzaze 

axal sistemaTa danergvis tempebi Cveulebriv maRali ar aris. 

isedac dabal tempebs kidev ufro anelebs mikroeleqtronul 

sistemaTa usafrTxoebis problemebis gadawyvetis procesSi wa-

moWrili siZneleebi. amitom msoflios rkinigzebze dResac er-

Tdroulad funqcionirebs scb-s sxvadasxva Taobisa da modi-

fikaciis mravali mowyobiloba. magaliTad, SveicvariaSi gasu-

li saukunis bolos muSaobda 163 meqanikuri, 260 eleqtromeq-

anikuri, 413 releuri da mxolod erTi mikroprocesoruli 

centralizacia [16]. analoguri situaciaa mraval sxva qveyana-

Sic. 

saqarTvelos rkinigzis sadgurebi da gadasarbenebi, baTumis 

sadgurisa da misTan mimdebare gadasarbenebis gamoklebiT, 

mTlianad avtomatikis releuri sistemebiTaa aRWurvili. isini 

TandaTanobiT unda Caanacvlos mikroprocesorulma sistemebma. 

maTTvis damaxasiaTebeli logikuri amocanebis gadawyvetisaTvis 

misadagebuli binaruli programis blok-sqemis agebis Cven mier 
damuSavebuli formaluri meTodi 2005 wels iqna gamoqveynebu-

li sankt-peterburgis zemoT aRniSnuli universtetis sa-

mecniero Sromebis krebulSi [6]. misi radenadme saxeSecvlili 

varianti 12.4 paragrafSi gvaqvs moyvanili. 

mikroprocesoruli teqnikis gamoyenebis gareSe ar darCeni-

la saavtomobilo warmoebac. Tanamedrove avtomobilSi mikro-

procesoruli sistemebi marTavs Zravas, muxruWebs, mosaxveveb-

Si avtomobilis moZraobas; avariis dros maT mohyavs samuSao 

mdgomareobaSi usafrTxoebis baliSebi; isini adevnebs Tvalyurs 

manqanaSi arsebuli dasajdomebisa da ukana xedvis sarkeebis 

mdgomareobas, icavs manqanas gatacebisa da mosrialebisagan, 

uzrunvelyofs avtomobilis gamonabolqv airebSi mavne airebis 

im donemde Semcirebas, romelsac moiTxovs mravali qveynis ka-

nonmdebloba, SesaZlebels xdis sawvavis ekonomiurad xarjvas 

da a.S. 

 vimedovnebT, rom mocemuli naSromi qarTvel studentebs 

Tanamedrove satransporto mikroprocesoruli teqnologiebis 
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aTvisebaSi qmediT daxmarebas gauwevs. siamovnebiT miviRebT misi 

Semdgomi srulyofis mizniT gamoTqmul saqmian mosazrebebs. ve-

cdebiT masSi arsebuli SesaZlo xarvezi momavalSi aRmov-

fxvraT. naSromSi yuradReba ZiriTadad mikroprocesorul te-

qnikaze gvaqvs gamaxvilebuli; mikroprocesoruli teqnikis ga-

moyenebiT sarkinigzo sistemebis agebis specifikuri sakiTxebi 

sakmaod vrclad [3, gv. 285-343] gvaqvs gadmocemuli. 

dasasruls sasiamovno movaleobad vTvli madloba gadavu-

xado romanoz (roma) xomasuriZes sxvadasxva saxis daxmarebi-
saTvis, romelic Zalian xSirad mWirdeboda  mocemul wignze 

muSaobis periodSi.   

   
I danarTSi moyvanilia mikroprocesorul literaturaSi gamoyenebu-

li inglisuri terminebi da abreviaturebi II danarTSi popularuli 

eniTaa gadmocemuli diodebisa da tranzistorebis agebulebisa da 

funqcionirebis principebi. III danarTSi daxasiaTebulia logiku-

ri elementebis ZiriTad ojaxebi. IV danarTSi moyvanilia cifru-

li mowyobilobebis abstraqtuli sinTezis originaluri algoriTmi, 

romelic saxelmZRvanelos avtoris mier 2005-2008 wlebSi iqna da-

muSavebuli mmarTveli logikuri mowyobilobebis programuli da apa-

raturuli realizaciisaTvis.  
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1.1 procesoridan – mikroprocesoramde  

 

standartizaciis saerTaSoriso organizaciis (ISO-s) mier 
formulirebuli gansazRvrebis mixedviT procesi ewodeba Sesa-
svleli monacemebis gamosasvlel monacemebad gardamqmnel ur-

TierTdamokidebul moqmedebaTa erTobliobas. vinaidan analo-

gur funqcias asrulebs nebismieri programac, amitom procesi 
faqtobrivad realizebis procesSi myof programas warmo-
adgens. 

erTmaneTisagan SeiZleba ganvasxvaoT bunebrivi da xelovnu-
ri procesebi. pirveli maTganis inicirebas iwvevs adamianisagan 

damoukidebeli bunebrivi movlenebi, xolo meore maTgans – 

adamiani an mis mier konstruirebuli xelovnuri mowyobilo-

bebi. xelovnuri procesis mainicirebel mowyobilobas, bunebri-

via, procesori SeiZleba vuwodoT.  

procesoris realizebis idea ekuTvnis inglisel mecniersa 

da konstruqtors Carlz bebijs. 1822 wels man Seqmna saanga-

riSo manqana, romelic fiqsirebuli moqmedebebis Semsrulebeli 

specializebuli gamomTvleli manqanis winaprad SeiZleba miviC-

nioT. registrebSi garkveuli sawyisi monacemebis CatvirTvis 

Semdeg igi axdenda mocemuli saxis mravalwevris tabulirebas. 

am manqanas bebijma sxvaobiTi manqana uwoda, radgan funqciaTa 
tabulirebisaTvis igi iyenebda sasruli sxvaobebis meTods. mas 

hqonda sami nakli: 1) konkretuli funqciis tabulirebisas mi-

Rebul bolo sxvaobaze damokidebulebiT adamians TviTon unda 

mieTiTebina manqanisaTvis funqcionirebis momdevno gza; 2) fun-
qciis tabulirebisaTvis saWiro monacemebi manqanaSi adamians 

Tavad unda Seetana; 3) manqana sasruli sxvaobis meTodze da-

fuZnebul mxolod erTaderT programas asrulebda.    

bebijs daebada zemoT CamoTvlili naklisagan Tavisufali 

manqanis agebis idea. aseT universalur manqanas adamianis Caure-

I Tavi  

sawyisi cnobebi 
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vlad unda SeZleboda: 1) konkretuli programis Sesrulebisas 

miRebul saSualedo Sedegze damokidebulebiT muSaobis momdev-

no gzis damoukideblad arCeva; 2) nebismieri programis Sesa-
sruleblad saWiro monacemebis damoukideblad moZieba; 2) ram-
denime programis realizeba;   

 

 

 

 

 

 

 

 

 

 

 

zemoT aRniSnuli ideis ganxorcielebisaTvis bebijma gada-

wyvita daemuSavebina gamoTvlebis procesis mmarTveli mowyo-

biloba. mas unda hqonoda brZanebebisa da monacemebis Sesanaxi 

specialuri sawyobi, anu store (nax.1.1,a) da procesebis (brZane-
bebis) uSualod Semsrulebel mowyobiloba, romelsac bebijma 

mill, anu wisqvili uwoda. sawyobSi brZanebebi da monacemebi av-
tomaturad Setanis specialur mowyobilobas unda Seetana, 

xolo wisqvilis mier formirebuli «mza produqti» sawyobSi 
unda gadatvirTuliyo. momxmrebels am produqtis miReba spe-

cialuri gamotanis mowyobilobiT unda SeZleboda. sawyobidan 

wisqvilSi brZanebebisa da monacemebis gadatanisa da wisqvilis 

muSaobis procesebisaTvis unda exelmZRvanela specialuri mo-

wyobilobas, romlisTvisac bebijs saxeli ar daurqmevia, mag-

ram, logikurad Tu vimsjelebT, mas saxelad kantora Se-

efereba. 

sawyobs Tu registrebisagan Semdgar operatiul mexsierebas,  
wisqvils – ariTmetikul-logikur mowyobilobasa (alm) da 
kantoras - marTvis mowyobilobas vuwodebT, maSin bebijis Sem-
moTavazebuli mowyobiloba 1.1,b naxazze naCveneb kvanZis saxes 

nax. 1.1. bebijis analizuri manqanisa (a) Tanamedrove 

    kompiuteris procesoris (b) sqemebi 

a) b) 

«kantora » 

(«Kontor») 

 

«wisqvili» 
(«Mill») 

 

«sawyobi» 
(«Store») 

 

procesori 

marTvis  
bloki 

 

alm 

 

mexsiereba 
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miiRebs, romelsac Tanamedrove kompiuteruli sistemis proce-

soris analogiuri struqtura aqvs.   

adreul kompiuterSi procesori xistad CaSenebul sakmaod 

rTul mowyobilobas warmoadgenda. magaliTad, germaneli inJin-

ris konrad cuzes (1910-1995) mier 1941 wlis dekemberSi 

konstruirebul Z3 kompiuterSi procesori agebuli iyo 2400 
reles gamoyenebiT, romelTaganac ariTmetikuli mowyobilobaze 

modioda 600, mexsierebaze - 1400 da marTvis blokze – 600 
rele. 

integraluri sqemis gamoyenebiT agebulma da specialur ko-

rpusSi moTavsebulma procesorma kompiuterisagan gancalkeve-

bulad arsebobis unari SeiZina. mikrozomebis gamo mas mikro-
procesoris ewoda. procesori da mikroprocesori faqtobriv-
ad analogur funqciebs asrulebs, amitom terminebs «proceso-
rsa» da «mikroprocesors» xSirad sinonimebadac miiCneven.  

msoflioSi pirveli mikroprocesoris Seqmnis istoria sa-

kmaod yuradsaRebia. 1969 wlis zafxulSi kalkulatorebis 

axali ojaxis damuSavebaze momuSave iaponur kompania «Busic-

om»-s dasWirda ramdenime aTasi tranzistoris Semcveli in-

tegraluri sqema da mis dasamzadeblad mimarTa mexsierebisT-

vis gankuTvnili mikrosqemebis damzadebis sferoSi saxelmox-

veWil firma “Intel”-s. erToblivi proeqtis damuSavebaSi am 

ukanasknelma CarTo sakuTari inJineri m.Hhofi. igi gaecno Bu-

sicom-is saqmianobasa da mas SesTavaza alternatiuli idea: 12 
rTuli specializebuli integraluri mikrosqemebis nacvlad 

SeeqmnaT erTi daprogramebadi universaluri mikrosqema, rome-

lsac Semdeg mikroprocesori ewoda. hofis ideam gaimarjva da 
firma «Intel»-ma miiRo SekveTa msoflioSi pirveli mikropro-
cesori  daemzadebina. ideis realizacia advili ar aRmoCnda da 

damxmared 1970 wlis bolos saqmeSi CarTes italieli fi-

zikosi da eleqtronikosi  federiko fadJini   (Federico Faggin, 

1942 w.). aRsaniSnavia, rom mogvianebiT fadJinma daarsa firma 
«Zilog» da Seqmna SemdgomSi mraval kompiuterSi momuSave Sesa-

niSnavi 8-Tanrigiani procesori Z80. f. fadJinma 9 Tvis ganmav-
lobaSi procesori aRweris etapidan kristalSi realizebul 
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donemde miiyvana. 1971 wlis 15 noembers gamosuli “Intel 4004”  

saxelwodebis msoflioSi pirveli mikroprocesori Seicavda 

2300 tranzistors da misi muSaobis sixSire 108 kilohercis 

toli iyo. korporacia Intel-is damaarsebelisa da direqtorTa 

sabWos sapatio direqtoris gordon erl muris (Gordon Earle 

Moore) mier empiruli dakvirvebis safuZvelze aRmoCenili ka-

nonis (e. w. muris kanonis) Tanamedrove formulirebis Tanaxmad 

integraluri sqemis kristalze ganTavsebuli tranzistorebis 
raodenoba yovel 24 TveSi ormagdeba. xSirad citirebadi 18 
Tviani intervali dakavSirebulia Intel-is TanamSromlis d. ha-
usis prognozTan, romlis Tanaxmadac tranzistorebis raode-

nobisa da TiToeuli am tranzistoris siswrafis zrdis gamo 

mikroprocesoris mwarmoebluroba yovel 18 TveSi ormagdeba.  
gordon muris zemoTmoyvanili kanonis moqmedebis Sesabami-

sad 2011 wels damuSavebuli Core I7-s saxelwodebis proceso-

rSi arsebuli tranzistorebis raodenobam miliard 160 mi-

lions miaRwia. dReisaTvis arsebuli monacemebis Tanaxmad aRni-

Snuli raodenoba sami miliardis farglebSia, oRond am ra-

odenobis zusti gansazRvra ukve TviT mikroprocesorebis mwa-

rmoebel firmebsac uWirs. 

mogvianebiT gordon murma iwinaswarmetyvela, rom misi ka-

noni 2015 wlisTvis dakargavda Zalas, oRond misi es winaswa-

rmetyveleba ar gamarTlda. gordon muris kanoni Tu 2025 
wlamde darCeba samarTliani, maSin momavlis kompiuters wamSi 

ufro meti gamoTvlebis Catareba SeeZleba, vidre adamianis 

tvins, romelic 86 miliardi neironisagan Sedgeba.  

 

1.2. xisti da moqnili eleqtronuli 

sistemebi 

 

eleqtronuli sistema SeiZleba vuwodoT informaciis dama-

muSavebel nebismier eleqtronuli kvanZs, bloks, xelsawyos an 

kompleqss. misi kerZo SemTxvevas warmoadgens mikroprocesoru-

li sistema, romelic Sesasvleli signalebis gadamuSavebis sa-

fuZvelze gamoimuSavebs da gascems gamosasvlel signalebs 
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(nax. 1.2,a). Sesasvlel da gamosasvlel signalebad SeiZleba ga-

moyenebuli iqnes rogorc analoguri, ise cifruli signalebi. 

sistemis SigniT SeiZleba yovelgvari cvlilebis gareSe mox-

des signalebis (informaciis) Senaxva da dagroveba.  

mikroprocesorul sistemas mxolod cifrebis saxiT war-

modgenili signalebis damuSaveba SeuZlia, e.i. igi cifruli 
sistemebis klass miekuTvneba. aRniSnulis gamo analogur Sesa-

svlel signalebs igi analogur-cifruli acg gardamqmnelis 

(ix. nax. 1.2,a) meSveobiT cifrul signalebad (kodebad) garda-

qmnis.  

Sesasvleli signalebis damuSavebis Sedegad formirebuli 

cifruli gamosasvleli signalebi aseTive saxiT gaicema siste-

midan, magram Tu sistemas analoguri gamosasvleli signalebis 

gacema moeTxoveba, maSin formirebul cifrul signalebs ana-

logur signalebad garaqmnis cifrul analoguri cag gar-

damqmneli (ix. nax.1.2,a).  
           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tradiciuli cifruli sistemis damaxasiaTebeli Tavisebure-

baa is, rom masSi informaciis damuSavebisa da Senaxvis algo-

riTmi xistadaa dakavSirebuli sistemis sqemoteqnikasTan. es 

Nnax.1.2. a) eleqtronuli sistema; b) daprogramebadi 
(universaluri) eleqtronuli sistema. 

 eleq- 

tronu- 

li si-  

stema 

a
c
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cifruli 
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Sesasvleli 

analoguri 
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li cifru- 

li signalebi 

gamosasvle- 

li analo- 

guri signali c
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cifruli 
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analoguri 

signali 

gamosasvle- 

li cifru- 

li signalebi 

gamosasvle- 

li analo- 

guri signali 

mmarTveli informacia (programa) 

a
c
g
 

c
a
g
 

a) 

b) 
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niSnavs, rom am algoriTmebis Secvla mxolod sistemis struq-

turis, sistemaSi Semavali elqtronuli kvanZebisa da/an am 

kvanZebs Soris arsebuli kavSirebis SecvliTaa SesaZlebeli. 

magaliTad, Sekrebis damatebiTi operaciis Sesasruleblad sis-

temas kidev erTi sumatori unda davumatoT. cxadia, rom sis-

temis eqspluataciis procesSi amis gakeTeba praqtikulad Se-

uZlebelia; amisaTvis saWiroa iqnes organizebuli sistemis xe-

laxla daproeqtebis, damzadebisa da gamarTvis axali sawa-

rmoo procesi. amitom tradiciul cifrul sistemas xSirad 

«xisti logikis » mqone sistemas uwodeben.  
 «xisti logikiani » nebismieri sistema mxolod da mxolod 

erTi an (Zalian iSviaTad) Zalian msgavsi ramdenime amocanis 

Sesasruleblad aigeba. mocemul SemTxvevevaSi amocana ewodeba 
eleqtronuli sqemebis mier Sesasrulebel funqciebs. aseT si-

stemas aqvs rogorc Rirsebebi, ise naklovanebebi. 

“xisti logikiani” sistemaTa Rirsebebia: 1) aparaturuli 
siWarbis ararseboba, e.i. sistemis TiToeuli elementi aucile-

blad sruli datvirTviT muSaobs (am sistemis gonivrulad da-

proeqtebis SemTxvevaSi) 2) maqsimaluri swrafmoqmedeba. swra-
fmoqmedeba warmoadgens sistemis mier sakuTari funqciebis Se-
srulebis siCqaris maCvenebels. amas ganapirobebs is garemoeba, 

rom informaciis damuSavebis algoriTmebis Sesrulebis siCqare 

ganisazRvreba mxolod calkeuli logikuri elementebis si-

swrafiTa da informaciis gatarebis gzaTa SerCeuli sqemiT, 

xolo logikur elementebs drois mocemul momentSi yovel-

Tvis maqsimaluri swrafmoqmedeba aqvs. 

 «xisti logikiani » sistemaTa nakls warmoadgens is, rom 
yoveli axali amocanisaTvis saWiroa misi xelaxla daproeqte-

ba da damzadeba. esaa xangrZlivi da Zviri procesi, romlis Se-

sasruleblad maRalkvalificiuri specialistebia saWiro.  

aRniSnuli naklis daZlva iseTi sistemis agebiTaa SesaZle-

beli, romelsac erTi algoriTmidan meore algoriTmze gada-

wyoba aparaturis Seucvlelad SeuZlia. am SemTxvevaSi Cven Se-

gveZleba am sistemas esa Tu is algoriTmi programad 

wodebuli mmarTveli informaciis saxiT mivawodoT (nax.1.2,b). 
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aseT SemTxvevaSi tadiciuli sistema gardaiqmneba univesalur, 
moqnil sitemad. mikroprocesoruli sistema swored aseTi 

sistemebis klass miekuTvneba. 

nebismieri universaloba aucileblad zrdis siWarbes. marT-

lac, maqsimalurad rTuli amocanis gadawyveta gacilebiT uf-

ro met saSualebebs moiTxovs, vidre umartivesi amocanis ga-

dawyveta. universaluri sistemis siWarbe iseTi unda iyos, rom 

mas SeeZlos yvelaze rTuli amocanis gadawyveta. aseTi siste-

ma martivi amocanis gadawyvetisas mTeli ZaliT ar imuSavebs – 

misi mTeli resursis gamoyeneba saWiro ar iqneba. amasTanave 

rac ufro martivi iqneba gadasawyveti amocana, miT ufro me-

ti iqneba siWarbe da miT ufro naklebad iqneba gamarTlebuli 

univesaloba. siWarbis gazrda zrdis sistemis Rirebulebas, 

moxmarebul simZlavres, amcirebs saimedoobas da a.S.  

universaloba mniSvnelovnad amcirebs sistemis swrafmoqme-

debasa. SeuZlebelia universaluri sistemis imgvarad optimize-

ba, rom igi maqsimalurad swrafad xsnides yvela amocanas. zo-

gadi wesis Tanaxmad universalobisa da moqnilobis gazrdisas 
mcirdeba swrafmoqmedeba. ufro metic, bunebaSi ar arsebobs 

iseTi (Tundac umartivesi) amocana, romelsac maqsimalurad 

swrafad gadawyvets universaluri sistema. 

sabolood SegviZlia davaskvnaT, rom «xisti logikiani» si-
stemis gamoyeneba maSin aris gamarTlebuli, rodesac xangrZli-

vad ucvlelia gadasawyveti amocana, maqsimalurad martivia in-

formaciis damuSavebis algoriTmebi da moiTxoveba maRali 

swrafmoqmedeba. universaluri (daprogramebadi) sistemebis ga-

moyeneba ki piriqiT, maSinaa kargi, rodesac gadasawyveti amo-

canebi xSirad icvleba, rTulia informaciis damuSavebis algo-

riTmebi da maRali swrafmoqmedeba Zalian mniSvnelovani ar 

aris. maSasadame, nebismieri sistema Tavis adgilzea kargi. 

cxovrebas ganuwyvetliv Seaqvs koreqtivebi arsebul realo-

baSi da aseT mdgomareobaa sistemebis SerCevaSic. bolo aTi 

wlis ganmavlobaSi Zalian gaizada universaluri (mikroproce-

soruli) sistemebis swrafmoqmedeba da mkveTrad Semcirda maT 

asagebad gamoyenebuli mikrosqemebis Rirebuleba. aman warmoSva 
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«xisti logikian» sistemaTa gamoyenebis arealis Semcirebis 

tendencia, romelic momavalSi kidev ufro gaRrmavdeba. 

 

1.3. universaluri  mikroprocesoruli 

sistemebis funqcionirebis Taviseburebebi 

 

universalur mikroprocesorul sistemebSi informaciis da-

muSavebis process mTlianad  mikroprocesori asrulebs. sis-

temis danarCeni kvanZebi mxolod iseTi damxmare procesebis Se-

srulebiTaa dakavebuli, rogoricaa informaciis (maT Soris 

mmarTveli informaciis anu programis) Senaxva, gare mowyobi-

lobebTan da momxmareblebTan kavSiris damyareba da a.S. ase 

rom, procesori praqtikulad mTlianad cvlis tradiciuli 

sistemebisaTvis aucilebel «xist logikas». igi asrulebs 

ariTmetikul da logikur operaciebs, Sinagan registrebSi 

droebiT Seinaxavs kodebs, mikroprocesoruli sistemis kvan-

Zebs Soris gadaagzavnis maT da a.S.  mikroprocesoris mier Se-

sasrulebeli aseTi elementaruli operaciebis raodenoba ram-

denime aseuls aRwevs. SeiZleba Segveqmnas iseTi STabeWdileba, 

rom igi sistemis tvins warmoadgens. qvemoT davinaxavT, rom es 

warmodgena ramdenadme gazviadebulia. 

mikroprocesoris Taviseburebas warmoadgens is, rom igi 

yvela operacias asrulebs mimdevrobiT, anu rigiTobis dacviT. 

miuxedavad imisa, rom bolo wlebSi gamoCnda zogierTi ope-

raciebis paralelurad Semsrulebeli mikroprocesorebi, agre-

Tve mravalprocesoruli sistemebi, romlebSic ramdenime pro-

cesori erT amocanas paralelurad asrulebs, magram, rogorc 

amboben, nebismieri gamonaklisi mainc zogadi kanonzomierebis 

damadasturebeli argumentia.   

operaciebis mimdevrobiT Sesruleba, erTi mxriv, udavod da-
debiT movlenad unda CaiTvalos, radgan swored misi saSuale-

biTaa SesaZlebeli mxolod erTma procesorma Seasrulos nebi-

smieri, maT Soris Zalian rTuli, algoriTmi. meore mxriv, op-
eraciebis mimdevrobiTi Sesrulebaaa imis mizezi, rom algori-

Tmis Sesrulebis xangrZlivoba algoriTmis sirTulezea damo-
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kidebuli: martivi algoriTmi rTul algoriTmze ufro swra-

fad sruldeba. e.i. mikroprocesorul sistemas SeuZlia gaakeT-

os yvelaferi, oRond igi Zalian swrafad ver muSaobs, radgan 

yvela sainformacio nakads erTaderT kvanZSi – mikroproceso-

rSi uxdeba gavla (nax. 1.3,a). tradiciul cifrul sistemas ki 

advilad SeuZlia yvela sainformacio nakadi paralelurad Se-

asrulos: amas igi aRwevs sakuTari sqemis garTulebis wyalob-

iT.  

 

 

 

 

 

 

      

    

   

 

 

 

 

 

 

 

 

 

 

 

 

mikroprocesors, romelsac mravali operaciis Sesruleba 

xelewifeba, mocemul momentSi Sesasrulebel operacias igebs 

mmarTveli informaciis anu programis meSveobiT. programa wa-
rmoadgens kodebis erTobliobas, romlebiTac daSifrulia 

brZanebebi (instruqciebi). am kodebis gaSifvriT igebs proce-

sori, Tu ra unda Seasrulos man. programas adgens adamiani, 

nax.1.3. a) sainformacio nakadebi mikroprocesorul sistemaSi; 
       b) umartivesi mikroprocesoris stuqtura. 

m i k r o p r o c e s o r i 
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xolo mikroprocesori am programis usityvo Semsrulebelia: 

igi Tavis Tavs ar aZlevs araviTari iniciativis gamoCenis uf-

lebas (Tu, ra Tqma unda, wesivrul mdgomareobaSia). swored 

amis gamo aRvniSnavdiT zemoT, rom gazviadebulia mikroproce-

soris tvinTan Sedareba: igi mxolod adamianis mier Sedgenili 

algoriTmis utyvi Semsrulebelia. am algoriTms igi mxolod 

maSin daarRvevs, rodesac sistemaSi warmoiSoba raime mtyune-

ba. algoriTmidan nebismieri gadaxris mizezi mikroprocesorSi 

an mikroprocesorul sistemaSi momxdari mtyunebaa.           

procesoris mier Sesasrulebel brZanebaTa erToblioba war-

moqmnis brZanebaTa sistemas. procesoris brZanebaTa sistemis 

struqtura da moculoba gansazRvravs mis swrafmoqmedebas, 

monilobasa da moxerxebul gamoyenebas. procesoris brZanebaTa 

raodenoba SeiZleba ramdenime aTeulidan ramdenime aseulamde 

icvlebodes. brZanebaTa sistema SeiZleba gamiznuli iyos SezR-

uduli wris an maqsimalurad farTo wris amocanebis gadasawy-

vetad. pirvel SemTxvevaSi saqme gvaqvs specializebul, xolo 

meore SemTxvevaSi – universalur procesorebTan. brZanebaTa 

kodebs SeiZleba gansxvavebuli raodenobis Tanrigebi hqondes 

(isini SeiZleba Seicavdes erT an ramdenime baits). TiToeuli 

brZanebis SesrulebisaTvis garkveuli droa saWiro, amitom 

programis mTlianad Sesasruleblad saWiro dro ara marto 

programaSi arsebuli brZanebebis raodenobaze, aramed masSi ga-

moyenebul brZanebaTa saxeebzea damokidebuli. 

brZanebebis Sesasruleblad procesoris struqturaSi arseb-

obs Sinagani registrebi, ariTmetikul-logikuri mowyobiloba 

(alm, ALU – Arithmetic Logic Unit), multipleqsorebi, buferebi da 

sxva kvanZebi. yvela kvanZis muSaoba sinqronizdeba procesoris 

garegani saerTo taqturi signaliT. e. i. procesori sakmaod 

rTuli cifruli mowyobilobaa (nax. 1.3,b).   
sainformacio mikroprocesoruli sistemebis SemqmnelebisaT-

vis procesoris Sinagani struqturis wvrilmanebis Sesaxeb in-

formacia maincdamainc mniSvnelovani ar aris. man procesori 

unda ganixilos rogorc «Savi yuTi» romelic Sesasvleli da 

mmarTvelobiTi kodebis sapasuxod asrulebs garkveul opera-
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ciebs da gascems sapasuxo gamosasvlel signalebs. momxmare-

lma aucileblad unda icodes brZanebaTa sistema, procesoris 

muSaobis reJimi da agreTve garesamyarosTan procesoris urTi-

erTmoqmedebis wesebi, rasac informaciis gacvlis protokoli 
ewodeba. procesoris Sinagani struqturis Sesaxeb saWiroa vi-
codeT mxolod is, rac aucilebelia ama Tu im brZanebisa da 

reJimis amosarCevad. 

  

1.4. sqemoteqnikis ZiriTadi sakiTxebi 

 
mikroprocesoruli sistemis daproeqtebisaTvi aucilebelia sqe-

moteqnikis ZiriTadi sakiTxebis codna, amitom mocemul paragrafSi 

mokled ganvixilavT am sakiTxebs. 

 

1.4.1. ZiriTadi cnobebi  eleqtruli 

 signalebis Sesaxeb  

 

eleqtruli signali ewodeba droSi cvlad eleqtrul sidides 

(magal. Zabvas, dens, simZlavres). mTeli eleqtronika ZiriTadad el-

eqtrul sidideebs iyenebs, Tumca bolo periodSi sul ufro da uf-

ro xSirad daiwyo Suqovani signalebis gamoyeneba, romelic sinaTlis 

droSi cvlad intensivobas warmoadgens.  

ganasxvaveben analogur da cifrul signalebs. analoguri signali 
ewodeba signals, romelsac SeuZlia gansazRvrul farglebSi nebis-

mieri mniSvnelobis miReba (nax. 1.4,a). saxelwodeba «analoguri» gu-
lisxmobs, rom signali fizikuri sididis analogurad, e.i. uwyvetad, 

icvleba. analogur signalebis gamomyenebel mowyobilobebs analogu-
ri mowyobilobebi ewodeba. cifruli signali ewodeba signals, rom-

elsac mxolod ori (zogjer – sami) mniSvnelobis miReba SeuZlia, 

amasTanave, nebadarTulia am mniSvnelobebidan garkveuli gadaxra (nax. 

1.4,b). cifruli signalebis gamomyenebel mowyobilobebs cifruli 

(diskretuli) mowyobilobebi ewdeba.  

analogur signalebsa da maT gamomyenebel mowyobilobebs aqvs mni-

Svnelovani nakli. kerZod, isini ganicdis mravalnairi parazituli 

signalebis - xmauris, dabrkolebebis, zeddebebis - gavlenas. xmauri 
warmoadgens nebismieri eleqtronuli mowyobilobis Siga qaotur 

sust signals. dabrkolebebi da zeddebebi – garedan eleqtronul 
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sistemaSi Semosuli da sasargeblo signalis damamaxinjebeli signa-

lebia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
analogurma signalma SeiZleba miiRos nebismieri mniSvneloba (ne-

badarTulia nebismieri mniSvneloba, amitom misi mniSvneloba uwyve-

tad icvleba (nax.1.4,g), rac metad saxifaToa. analoguri signalis 

yoveli gardaqmna, yoveli saSualedo Senaxva, manZilze yoveli gada-

cema permanentulad auaresebs analogur signals (cvlis mis WeSma-

rit mniSvnelobas) da sabolood SeiZleba misi sruli ganadgurebac 

gamoiwvios. 

analoguri signalebisagan gansxvavebiT cifrul signalebs mxolod 

ori mniSvnelobis miReba SeuZlia (misTvis mxolod ori mniSvnelobaa 

a) b) 

g) d) 

 

 

signali 

xmauri 

zeddeba 

1 

0 
damaxinjebu- 

li signali 

U U 

1 

0 t t 

nax.1.4. analoguri (a) da cifruli signalebi; gare zemoqme- 
        debebi analogur (g) da cifrul (d) signalebze 



23 
 

 

nebadarTuli). dasaSveb farglebSi SesaZlo mcireodeni gadaxrebi  

ver amaxinjeba cifrul signalebs (nax.1.3,d). swored amitomaa Sesa-
Zlebeli: 1) movaxdinoT cifruli signalebis gacilebiT rTuli da 

mravalsafexurovani gardaqmnebi; 2) gacilebiT ufro didxans Sevinax-

oT udanakargod; 3) analogur signalebze gacilebiT maRali xaris-

risxiT gadavceT Sor manZilze. 

garda zemoT aRniSnulisa, SesaZlebelia cifruli mowyobilobe-

bis absoluturad zustad gaangariSeba da sxvadasxva situaciaSi ma-

Ti SesaZlo qcevebis winsawarmetyveleba. cifruli mowyobilobebi ga-

cilebiT nela berdeba, radgan maTi parametrebis mcireodeni cvlile-

bebi maT funqcionirebaze ar aisaxeba. advilia cifruli mowyobilo-

bebis daproeqteba da gamarTva. swored am Rirsebebma uzrunvelyes 

cifruli eleqtronikis swrafi ganviTareba.  

mokled ganvixiloT analoguri da cifruli mowyobiblobebis da-

debiTi da uaryofiTi mxareebi. cifruli mowyobilobis mniSvnelovani 

naklia is, rom cifruli signalis aRsaqmelad saWiroa man garkve-

uli minimaluri drois ganmavlobaSi mainc SeinarCunos nebadarTuli 

done. analogur signals ki SeuZlia nebismieri mniSvneloba miiRos 

usasrulod mcire drois ganmavlobaSi. sxva sityvebiT rom vTqvaT 

analoguri signali gansazRvrulia uwyvet droSi (e. i. drois nebis-

mier momentSi), xolo cifruli signali – diskretul droSi (e.i. 

drois mxolod fiqsirebul momentebSi). amitom analoguri mowyobi-

lobebis maqsimaluri siCqare principulad yovelTvis aRemateba cif-

ruli mowyobilobebis imave parametrs. cifruli mowyobilobebisagan 

gansxvavebiT, analogur mowyobilobebs SeuZliaT ufro swrafad 

cvlad signalebTan muSaoba. analogur mowyobilobebs cifrul mo-

wyobilobebze ufro swrafad SeuZlia daamuSaos da/an gadasces info-

rmacia. garda amisa, analoguri signali, informaciis gadacemis Tval-

sazrisiT, cifrul signalze ufro tevadia. amitom im moculobis in-

formaciis gadasacemad, romelsac Seicavs erTi analoguri signali, 

xSirad saWiroa ramdenime (4-dan 16-mde) cifruli signali iqnes ga-

moyenebuli. 

 

1.4.2. cifruli mikrosqemebis Sesasvlelebi da 

gamosasvlelebi 

 

cifruli mikrosqemebis damzadebis teqnologia da sqemoteqnika 

gansazRvravs maTi Sesasvlelebisa da gamosasvlelebis maxasiaTeb-



24 
 

 

lebsa da parametrebs. cifruli mowyobilobaTa SemqmnelebisaTvis ki 

nebismieri mikrosqema warmoadgens mxolod «Sav yuTs», romlis Siga 

nawilis codna araa aucilebeli. mniSvnelovania, mas mxolod zustad 

hqondes warmodgenili, Tu rogor moiqceva mocemul konkretul mo-

wyobilobaSi CarTuli mikrosqema, sworad Seasrulebs Tu ara igi ma-

sze dakisrebul funqcias. yvelaze metad gavrcelda cifruli mikro-

sqemebis agebis Semdegi ori teqnologia: ttl-teqnologia (tranzi-

storul-tranzistoruli logikis gamomyenebeli teqnologia) an 

ttlS-teqnologia (Sotkis diodebiani ttl-teqnologia); 2. «li-

Ton-Jangeul-naxevargamtaruli» struqturis komplementaruli tran-

zistorebiani teqnologia (e. w. klJn-teqnologia).   

mikrosqemebis Sesasvleli da gamosasvleli kaskadebis organizeba 

damokidebulia aRniSnuli mikrosqemebis warmodgenis doneebze. ganas-

xvaveben mikrosqemebis warmodgenis Semdegi doneebs: 1. pirveli done, 
romelsac mikrosqemis logikuri modelis agebis done ewodeba; 2. me-
ore done, romelsac mikrosqemisaTvis damaxasiaTebeli droiTi Seyo-

vnebis gansazRvris done ewodeba; 3. mesame done, romelsac mikrosqe-
mis eleqtronuli modelis agebis done ewodeba. am doneze mikrosqe-
mis asagebad gamoiyeneba iseTi eleqtronuli komponenmtebi, rogori-

caa tevadobebi, induqciurobebi, rezistorebi da a.S.  
dasawyisSi ganvixiloT mikrosqemaTa Sesasvlelebi.  
mikrosqemebis warmodgenis pirvel da meore doneebze saerTod sa-

Wiro ar aris raime vicodeT mikrosqemebis Sesasvlelebis Sesaxeb. 

Sesasvleli ganixileba, rogorc rogorc usasrulod didi winaRoba, 

romelic gavlenas ver axdens mikrosqemasTan mierTebul gamosasvle-

lebze.  

mikrosqemebis warmodgenis mesame, eleqtruli modelis donezec 
araa saWiro raime vicodeT rogorc mikrosqemis Siga agebulebis, ise 

Sesasvlelebis sqemoteqnikis Sesaxeb. sakmarisia vicodeT, rom Sesas-

vlelze logikuri 0-is toli signalis miwodebisas am Sesasvle-

lidan gamodis II.L–ze araumetesi, xolo logikuri 1-is toli signa-

lis miwodebisas – II.H–ze araumetesi deni. mikrosqemis sworad muSa-

obisaTvis sakmarisia, rom logikuri 0-is Sesabamisi Sesasvleli si-

gnalis Zabvis done UI.L–ze, xolo logikuri 1-is Sesabamisi Sesas-

vleli signalis Zabvis done – UI.H–ze naklebi iyos. 

gansakuTrebul SemTxvevas miekuTvneba situacia, rodesac romeli-

me Sesasvleli ar aris mierTebuli arc erT gamosasvlelTan; aseT 

Sesasvlels ewodeba dakidebuli Sesasvleli. aseTi Sesasvlelis ar-
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sebobisas SeiZleba mikrosqemam ar imuSaos, an imuSaos arastabilu-

rad. amitom imaze damokidebulebiT, Tu rogori logikuri donis ar-

sebobaa saWiro, rekomendebulia gamouyenebeli Sesasvlelebs  mivuer-

ToT mikrosqemis kvebis USS Zabva an saerTo sadeni (miwa). ttl-te-

qnologiiT realizebuli zogierTi mikrosqemisaTvis saWiroa kvebis 

Zabva mivuerToT ara uSualod, aramed daaxloebiT 1 koloomi wina-

Robiani rezistoriT (20-mde SesasvlelisaTvis sakmarisia erTi aseTi 

rezistoris gamoyeneba).  

ttl mikrosqemis miuerTebel Sesasvlelebze formirdeba 1,5-1,6 
voltamde Zabva, romelsac zogjer dakidebul potencials uwodeben. 
Cveulebriv am dones mikrosqema logikur 1-ad aRiqvams, magram yo-
velTvis am imedze yofna ar SeiZleba. klJn mikrosqemebis dakide-

bul Sesasvlelebze warmoqmnili potenciali mikrosqemam SeiZleba 

aRiqvas rogorc logikur 1-ad, ise logikur 0-adac. mudmivia mxo-
lod is moTxovna, rom nebismieri dakidebuli Sesasvleli sadRac 
unda iyos mierTebuli. miuerTeblad SeiZleba davtovoT ttl-teq-

nologiiT damzadebuli mikrosqemis mxolod is dakidebuli Sesa-

svleli, romlis mdgomareobas mikrosqemis mocemuli CarTvis dros 

mniSvneloba ara aqvs. es ar SeiZleba klJn-teqnologiiT damzadebu-

li mikrosqemisaTvis! mikrosqemebis gamosasvlelebi Sesasvlelebisagan 

principulad gansxvavdeba imiT, rom  maTi Taviseburebebis gaiTval-

swineba mikrosqemebis warmodgenis pirvelsa da meore donebzec. 

 arsebobs Semdegi sami saxis gamosasvleli kaskadi, romlebic 

Tvisobrivad gansxvavdeba erTmaneTisagan rogorc sakuTari maxasiaTeb-

lebiT, ise gamoyenebis sferoebiTac: 1. standartuli anu ori mdgoma-
reobiani gamosasvleli, romelsac xSirad uwodeben 2S saxis, xolo 

iSviaTad – ttl saxis gamosasvlels; 2. Ria koleqtoriani gamosa-
svleli, romelsac OC saxis gamosasvlels uwodeben; 3. sami mdgo-

mareobiani anu gamorTvis SesaZleblobiani gamosasvleli, romelsac 

3S saxis gamosasvlels uwodeben. 

▲ standartul 2S gamosasvlels aqvs mxolod ori, kerZod, lo-

gikuri 0-sa da logikuri 1-is Sesabamisi mdgomareoba. orive es 
mdgomareoba aqtiuria, e. i. orive am mdgomareobis dros gamosas-

vleli     da     denis sidide SeiZleba mniSvnelovani iyos. mikro-

sqemis warmodgenis pirvel da meore doneze SeiZleba CavTvaloT, 

rom aseTi gamosasvleli Sedgeba mimdevrobiT SeerTebuli ori amom-

rTvelisagan (ix.nax.1.5a), romlebic morigeobiT SeirTveba; zeda amom-
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rTvelis CarTvas Seesabameba logikuri 1, xolo qveda amomrTvelis 

CarTvas – logikuri 0.  
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

▲ Ria koleqtorian OC gamosasvlelsac ori mdgomareoba aqvs, 

romelTaganac aqtiuria mxolod logikuri 0-is Sesabamisi mdgomare-
oba: am mdgomareobaSia uzrunvelyofili didi gamosasvleli     de-

nis arseboba. meore mdgomareoba daiyvaneba imaze, rom gamosasvleli 

mTlianad gamorTulia masTan SesaerTebeli gamtarisagan. es meore 

mdgomareoba SeiZleba gamoviyenoT logikuri 1-saTvis, oRond OC ga-

mosasvlels da kvebis Zabvas Soris unda CavrToT daaxloebiT 100 
omi winaRobis mqone R rezistori, romelsac pulup (amwev), anu sada-

tvirTo rezistors uwodeben. mikrosqemis warmodgenis pirvel da me-

ore doneebze aseTi gamosasvleli SeiZleba warmodgenili iqnes erTi 

amomrTvelis saxiT (nax. 1.5,b), romlis CarTul mdgomareobas Se-

esabameba logikuri 0-is signali, xolo ganrTul mdgomareobas – ga-

TiSuli, pasiuri mdgomareoba. R rezistoris sidideze damokidebu-

lia 0 mdgomareobidan mdgomareoba 1-Si gadasvlisaTvis saWiro dro-

nax. 1.5. cifruli mikrosqemebis sami saxis gamosasvleli xazisa 
(a,b,g) da maTi gaerTianebis (e,v,z) sqemebi mikrosqemebis war-
modgenis pirvel da meore doneebze  

EZ     

Uss 

 

Uss 

 

asvleli 

2S-gamos- 

 

Uss 

OC-gamos- 

asvleli 

R 

Uss 

 

EZ 

asvleli 

3S-gamos- 

 

Uss 

 

2S-gamosa-

savleli 

 

2S-gamosa-

savleli 

 

OC-gamos- 

asvleli 

OC-gamos- 

asvleli 

R 

Uss 

 
3S-gamosa- 

svleli 

 

3S-gamosa- 

svleli 

 EZ 

Uss 

 

Uss 

 

b) 

d) e) v) 

a) g) 



27 
 

 

is sidide. es ukanaskneli gavlenas axdens     dayovnebaze, magram re-

zistorebis Cveulebriv gamoyenebadi nominalebisaTvis aRniSnuli ga-

vlena mniSvnelovani ar aris.  

▲ sami mdgomareobiani 3S gamosasvleli Zalian hgavs standar-

tul (2S) gamosasvlels, oRond or aqtiur mdgomareobas emateba me-

same pasiuri mdgomareoba, romlis drosac gamosasvleli SeiZleba 

momdevno sqemisagan ganrTulad CavTvaloT. mikrosqemis warmodgenis 

pirvel da meore doneze aseTi gamosasvleli SeiZleba CavTvaloT 

ori amomrTvelisagan Semdgar gamosasvlelad (nax.1.5,g), romlebic Se-

iZleba ara marto TanamimdevrobiTad CairTos da moaxdinos logiku-

ri 0-isa da 1-is formireba, aramed erTdrouladac gaiTiSos. am 

mesame mdgomareobas ewodeba maRalimpendasuri anu Z–mdgomareoba. me-

same Z–mdgomareobaSi gadasayvanad gamoiyeneba specialuri mmarTveli 

Sesasvleli, romelsac aRiniSneba, rogorc OE (Output Enable - gamo-

sasvlelis nebarTva) an EZ (Enable Z-state). 

aqtiuri da pasiuri mdgomareobebiani gamosasvlelebis moxerxebu-

lad gaerTianebisaTvis standartuli 2S gamosasvlelis garda damu-

Savebuli iqna kidev ori, kerZod OS da 3S gamosasvlelebi. mowyobi-

lobis Sesasvlelze Tu saWiroa rigrigobiT iqnes miwodebuli signa-

lebi mezobeli mowyobilobis ori sxvadasxva gamosasvlelidan (nax. 

1.5,d), maSin am gamosasvlelebad ar gamodgeba 2S gamosasvleli; SeiZ- 

leba OC (nax. 1.5,e) an 3S (nax.1.5,v) gamosasvlelis gamoyeneba.  

ori an ramdenime 2S Sesasvlelis gaerTianebisas (nax.1.5,d) dasa-

Svebia warmoiSvas situacia, rodesac erT-erTi gamosasvleli Seecde-

ba gasces logikuri 1, xolo meore – logikuri 0 signali. am Se-

mTxvevaSi logikuri 1-is gamcem zeda Caketil amomrTvelisa da lo-

gikur 0-is gamcemi qveda Caketil amomrTvels Soris arsebul xazSi 

gaivlis mokled SerTvis dauSveblad didi     deni. es aris avari-

uli situacia, romlis drosac zustad ar aris gansazRvruli misa-

Rebi gamosasvleli logikuri signalis done – igi SeiZleba aRqmuli 

iqnes rogorc 0-ad, ise 1-ad. mokonfliqto gamosasvlelebi SeiZleba 

mwyobridan gamovides da daarRvios rogorc mikrosqemis, ise mTli-

anad sqemis muSaoba.  

mikrosqemebis warmodgenis mesame doneze aucilebelia gaviTvalis-

winoT, rom gamosasvlelebSi arsebuli amomrTvelebi (ix. nax.1.5,a,b,g) 
warmoadgens ara ubralod tumblerebs (rogorc es gvqonda pirveli 

ori donis dros), aramed sakuTari specifikuri maxasiaTeblebis mqo-

ne tranzistorul gasaRebebs. xSir SemTxvevaSi sakmarisia vicodeT 
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mocemuli gamosasvleli Tu rogor dens warmoqmnis logikuri 0-isa 
da logikuri 1-is dros. logikuri 0-is dros warmoSobili deni aR-

vniSnoT     , xolo logikuri 1-is dros warmoSobili deni 

     simboloTi. am denebis sidideebi mocemul SesasvlelTan mierTe-

buli yvela mikrosqemebis Sesasvleli denis jams ar unda aWarbeb-

des. mikrosqemis erT gamosasvlelTan mierTebubuli elementebis ra-

odenoba ganisazRvreba am mikrosqemis ganStoebis koeficientiT anu 
sadatvirTo unariT. arsebobs Cveulebrivi da amaRlebuli sadatvir-

To unaris mqone mikrosqemebi. meore saxis mikrosqemis sadatvirTo 

unari orjer da ufro metad aRemateba pirveli saxis mikrosqemis 

sadatvirTo unars. 3S saxis gamosasvlelebian mikrosqemebs aqvs amaR-

lebuli sadatvirTo unari (e. i. SeuZlia ufro maRali gamosasvle-

li denebis formireba). 2S da OC  gamosasvlelian mikrosqemebs SeiZ-

leba hqondes rogorc Cveulebrivi, ise amaRlebuli sadatvirTo una-

ri.  

mesame doneze garda zemoT aRniSnulisa, aucilebelia gaviTvalis-

winoT, Tu ra sididis gamosasvleli  da  Zabvebis formireba SeuZ-

lia mikrosqemas. OC-s gamosasvlelebi gaTvaliswinebulia logikuri 

1-is rogorc Cveulebriv (   
=   

=5 V), ise logikuri 1-is amaRle-

bul (30 voltamde) Zabvaze. bolo SemTxvevaSi am gamosasvlelis ga-

re rezistori mierTebulia amaRlebuli Zabvis wyarosTan (nax. 
1.5,a,b,g).  

 

1.4.3.  salturi kavSirebis organizebis 

safuZvlebi 

 
garkveul sistemaSi Semavali elementebis dasakavSireblad SeiZle-

ba gamoyenebuli iqnes kavSirgabmulobis klasikuri da salturi 

struqturebi. ganvixiloT orive maTgani.    

kavSiris klasikuri struqturis dros (nax. 1.6,a) mowyobilobebs 

Soris yvela signali da kodi kavSiris gancalkevebuli arxiT gada-

icema. sistemaSi Semavali TiToeuli mowyobiloba sakuTar signalebsa 

da kodebs sxva mowyobilobebisagan damoukideblad gadascems. aseT 

sistemaSi viRebT kavSiris bevr xazsa da informaciis gacvlis mra-

valferovan protokolebs. 

kavSirebis salturi struqturis dros (nax. 1.6,b) mowyobilobebs 

Soris yvela signali kavSiris erTi da imave arxiT, oRond sxvada-

sxva dros gadaicema (amas multipleqsuri gadacema ewodeba). amis Se-
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degad mniSvnelovnad mcirdeba kavSiris arxebis raodenoba da martiv-

deba informaciis gacvlis wesebi (protokolebi). signalebis gadasa-

cem kavSiris xazis erTobliobas salte (ing. bus) ewodeba.  

kavSirebis salturi struqturis dros sainformacio nakadebi ad-

vilad gaigzavneba saWiro mimarTulebiT, magaliTad, SesaZlebelia 

erT procesorSi maTi gatareba, rac Zalian mniSvnelovania mikropro-

cesoruli sistemisaTvis. samagierod, salturi struqturis dros 

informacia kavSiris arxebSi mimdevrobiTad (erTmaneTis miyolebiT da 

ara erTdroulad) gadaicema, rac kavSirebis klasikur struqtu-

rasTan SedarebiT amcirebs sistemis swrafmoqmedebas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
kavSirebis salturi struqturis didi Rirsebaa is, rom saltes-

Tan mierTebulma yvela mowyobilobam erTi da imave wesebiT (erTi da 

imave protokoliT) unda miiRos da gadasces informacia. amitom Se-

saZlebelia movaxdinoT saltiT informaciis gacvlaSi monawile yve-

la mowyobilobis unificireba. 

kavSirebis salturi struqturis mniSvnelovani naklia is, rom 

kavSiris xazebTan mowyobilobebi paraleluradaa mierTebuli. amitom 

nebismieri mowyobilobis nebismier mtyunebas, romelic azianebs kavSi-

ris xazs, SeuZlia mTeli sistema mwyobridan gamoiyvanos. am mizezis 

gamo sakmaod rTulia kavSiris salturi struqturis mqone sistemis 

nax. 1.6. kavSiris klasikuri (a) da salturi (b) struqturebi 

a) 

b) 

 mowyobiloba  

      A 

 mowyobiloba  

       C 

 mowyobiloba  

       D 

 mowyobiloba  

      B 

salte 

 mowyobiloba  

      A 

 mowyobiloba  

       C 

 mowyobiloba  

      B 

 mowyobiloba  

      D 
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gamarTva da Cveulebriv igi specialuri mowyobilobis gamoyenebiT 

unda moxdes. 

arsebobs kavSiris Semdegi sami saxis xazi: erTmimarTuli, or-

mxrivmimarTuli da multipleqsuri xazi. 1) erTmimarTuli xazebi 

signalebs mxolod erTi mimarTulebiT atarebs. aseTi xazebis meSve-

obiT SeiZleba mikrosqemis erTi gamosasvleli ramdenime Sesasvlels 

davukavSiroT. am gamosasvlelisaTvis zemoT ganxiluli samive kaska-

dis gamoyenebaa SesaZlebeli. 2) ormxrivmimarTul xazebSi signalebi 

ori urTierTsawinaaRmdego mimarTulebiT vrceldeba. maTTan SeiZleba 

mikrosqemebis 3S da OC tipis ramdenime gamosasvleli mivaerToT 

(nax.1.7,a), amitom aseT xazebTan mierTebul yvela mikrosqemas 3S an 

OC tipis gamosasvlelebi aqvs. 

 

 

 

 

 

 

 

 

 

 
 
 

mikrosqemis gamosasvlelis tipi specialuri niSniT aRiniSneba: 3S 

gamosasvleliani mikrosqemaze gvaqvs gadaxazuli rombis (ix.nax.1.7,a), 
xolo OC gamosasvlelian mikrosqemaze – qvemoT gaxazuli rombis 

(ix.1.7,b) gamosaxuleba. 2S gamosasvlelian mikrosqemaze (buferze) 

araviTari damatebiTi aRniSvna ar arsebobs. ormxrivmimarTuli xaze-

biT gaerTianebul mikrosqemebs Soris konfliqtebis asacileblad sa-

Wiroa muSaobdes mxolod erTi aqtiuri gamosasvleli, xolo danar-

Ceni gamosasvlelebi imyofebodes mesame (maRalimpendasur) mdgomare-

obaSi.  

multipleqsireba erTi da imave xaziT sxvadasxva dros sxvadasxva 
signalebis gadacemas niSnavs. multipleqsirebis ZiriTadi daniSnu-

leba SemaerTebeli xazebis saerTo raodenobis Semcirebaa. ormxrivmi-

marTuli xazi aucileblad multipleqsirebulia, erTmimarTuli xazi 

nax.1.7. ormxrivmimarTuli (a) da multipleqsuri (b) xazebi 

a) 

b) 

3S  gamosasvleliani buferebi 

 OC gamosasvleliani buferebi 

Sesas. gamos. gamos. Sesas. Sesas. gamos. 

gamos. gamos. gamos. Sesas. 
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ki SeiZleba iyos an ar iyos multipleqsirebuli. orive SemTxvevaSi 

mas SeiZleba mivuerToT ramdenime  gamosasvleli, romelTaganac 

drois mocemul momentSi mxolod erTi gamosasvlelia aqtiur mdgo-

mareobaSi. danarCeni gamosasvlelebi am dros gamoirTveba (gadadis 

pasiur mdgomareobaSi). ormxrvmimarTuli xazebisagan gansxvavebiT, 

buferebis safuZvelze agebul multipleqsur xazs mxolod erTi Se-

sasvleli, magram aucileblad ramdenime 3S an OS gamosasvleli unda 

mivuerToT (nax.1.7,b). multipleqsirebuli xazebi SeiZleba avagoT 

ara marto buferebiT, aramed multipleqsorebis mikrosqemebiTac.  
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2.1. ricxvuli formiT informaciis 

warmodgenis sakiTxisaTvis 

 

 wina saukunis bolo wlebidan msoflios ekonomikaSi soko-

koebiviT amoizarda avtomatizebuli sawarmoebi, romlebSic sa-

warmoo procesis yvela ZiriTadi da damxmare operaciebs saw-

armoo procesis marTvis sruli avtomatizaciis fonze asrul-

ebs avtomaturi manqanebi (dazgebi, Carxebi). mikroprocesoru-
li sistema metaforulad SeiZleba iseT avtomatizebul sawar-

mood miviCnioT, romelSic informaciis saxis warmodgenili 

nedleulis avtomatizebulad damuSavebis gziT iwarmoeba Tvi-

sobrivad axali informacia, romelic am warmoebis mier damza-

mzadebul produqcias warmoadgens. am ukanasknelis misaRebad  

nedleulis (Zveli informaciis) uSualo damuSavebiT dakavebu-

lia procesori. man rom Tavisi funqciis Sesruleba SeZlos, 

aucilebelia informacia warmodgenili iyos iseTi formiT, 

romlis gadamuSaveba SesaZlebelia.  

zemoT aRniSnulidan wamoiWra iseTi formis gansazRvris am-

ocana, romelic, upirveles yovlisa, SeiZleba mieces nebismi-

eri saxis informacias da, meore mxriv, am formiT warmodge-
nili informaciis gadamuSaveba SeeZlos procesors. mocemuli 

      «nebismieri sagani SeiZleba ricxvis saxiT warmo-
vadginoT »; 
      «samyaros marTaven ricxvebi; samyaroSi yvelaferi 

aris ricxvi ». 
                                piTagora 
 

II Tavi  

procesoris mier Sesasru-

lebeli ariTmetikuli da 

logikuri operaciebi  
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amocanis gadawyvetisas kidev erTxel dadasturda im mtkicebis 

WeSmariteba, romlis Tanaxmadac nebismieri axali kargad 

daviwyebuli Zvelia. jer kidev Cvens welTaRricxvamde VI-V 
saukuneSi Zveli berZeni filosofosi piTagore samoseli 
(Cv.w.aR 570-490 ww.) amtkicebda, rom nebismieri sagani SeiZle-

ba ricxvis saxiT warmovadginoT; oRond es warmodgena piTago-

res mixedviT Tu mistiuri bunebis iyo, XX saukunis pirvel 

naxevarSi igi mecnieruli formiT Camoyalibda.  

adamianis tvini warmoqmnilia daaxloebiT 86 miliardi ne-
ironisagan, romlis uxeS teqnikur analogad SeiZleba tranzi-
stori miviCnioT. maSasadame, adamianis tvini SeiZleba urTules 

bunebriv cifrul sistemad CavTvaloT (SedarebisaTvis aRvniS-

navT, rom kompania Intel–s mier damzadebuli yvelaze mZlavri 

Tukwila saxelwodebis mikroprocesori mxolod or miliardze 
met tranzistors Seicavs). neironi SeiZleba imyofebodes 

mSvid an agznebul mdgomareobaSi, romlebic pirobiTad Sesa-

bamisad 0-iTa da 1-iT SeiZleba aRvniSnoT.  

adamianis grZnobis organoebze gare sagnis zemoqmedebebisas 

warmoiSoba garkveuli neirosignalebi. isini zemoqmedebs Tavis 

tvinis garkveul neironebze da maT mdgomareoba 0-idan gadaiy-
vans mdgomareoba 1-Si; 0-ebisa da 1-ebis erToblioba warmoad-

gens orobiT ricxvs, e.i. tvinSi bunebrivad warmoiqmneba oro-

biTi ricxvi, romelic zemoT aRniSnuli sagnis abstraqtul 

saxes warmoadgens. maSasadame, Cven mier aRqmuli nebismieri in-

formacia Tavis tvinSi fiqsirdeba garkveuli orobiTi ricxvis 

saxiT. vinaidan umaRlesad organizebuli bunebrivi sistema – 

tvini – Cvens garSemo arsebul informacias orobiTi ricxveb-

is saxiT aRiqvams, amitom SegviZlia vamtkicoT, rom Tvlis 
orobiTi sistema bunebrivi sistemaa, romelic nebismieri aR-
qmadi informaciis warmodgenis saSualebas iZleva. Tvlis nebi-

smieri sxva sistema, maT Soris CvenTvis bavSvobidanve Sesisxl-

xorcebuli aTobiTi sistema, adamianis mier xelovnurad Se-
qmnili sistemaa. moxdenilad SeniSna cnobilma sabWoTa mate-
matikosma n. n. luzinma, rom «Tvlis aTobiTi sistemis upira-
tesobebi ara maTematikuri, aramed zoologiuria. xelebze aTis 
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nacvlad rva TiTi rom gvqonoda, kacobrioba daiwyebda Tvlis 

rvaobiTi sistemis gamomoyenebas». 

 

2.2. orobiTi ricxvebi 
 

Tvlis sistema ewodeba ricxvebis Caweris simbolur meT-

ods, romelic weriTi simboloebiT (cifrebiT) ricxvebis war-

modgenis saSualebas iZleva. ganasxvaveben Tvlis poziciur da 

arapoziciur sistemebs. Tvlis pozociur sistemebSi cifrebis 
mniSvneloba icvleba ricxvSi am cifris mier dakavebul pozi-

ciaze damokidebulebiT, xolo arapoziciur sistemebSi pozi-
ciis cvlileba ar cvlis cifris mniSvnelobas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Tvlis poziciuri sistemebi erTmaneTisagan gansxvavdeba ri-

cxvebis Casawerad maTSi gamoyenebuli cifrebis (weriTi simbo-

nax.2.1 aTobiTi (a) da orobiTi (b) ricxvebis  
   agebis principis mailustrirebeli naxazebi  

0 1 2 3 

100=1 101=10 
102= 

=100 

103= 

=1000 

6 5 9 3 
 10  1  1000  100 

 6000 900 50 3 6953 

cifrebi poziciebze 

poziciaTa i nomrebi 

poziciaTa mniSvne- 

lobebi (wonebi) 

a) 

b) 

13  8  4 0 1 

21 = 2 20 = 1 22 = 4 23 = 8 

1 0 1 1 

0 1 2 3 

 1 4  8  2 

poziciaTa mniSvne- 

lobebi (wonebi) 

poziciaTa i nomrebi 

cifrebi poziciebze 
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loebis) raodenobis mixedviT. g raodenobis cifrebis mqone 

Tvlis sistemas g–obiTi sistema ewodeba, sadac g orze arana-

klebi (g2) naturaluri ricxvia. aRniSnul g ricxvs Tvlis 

sistemis fuZes uwodeben; maSasadame, sistemis Tvlis fuZe ew-
odeba sistemaSi gamoyenebuli cifrebis raodenobis maCvenebel 

orze aranakleb naturalur ricxvs. 

Tvlis g-obiTi sistema ewodeba g raodenobis weriTi niSneb-

is daxmarebiT ricxvebis simboluri Caweris meTods. g-obiTi 

sistemiT Caweril ricxvebs g-obiTi ricxvebi ewodeba. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

yoveldRiur saqmianobaSi Cven 10-obiT ricxvebs viyenebT. igi 
0,1,...9 cifrebiTaa Sedgenili (maTi raodenobaa 10), romlebsac 

9 

1 

3 

8 

0 

2 

4 
5 

1 4 8 2 1 4 8 2 1 

orobiTi aTobiTi orobiTi 

1 1 

0 
1 

1 0 

0 1 0 
1 1 0 
0 1 1 
1 1 1 1 1 1 1 

0 1 1 1 

0 0 1 1 

0 0 1 0 
1 0 1 0 
0 1 1 0 
1 1 1 0 

1 0 1 1 

1 
1 
1 
1 
1 

10 

aTobiTi 

1 

3 

5 

0 

2 

4 

6 
7 

1 10 

pozici- 

is mniS- 

vneloba 

orobiTi 

23 25 21 
fuZis 

xarisxi 20 22 24 27 26 

128 64 32 16 8 4 2 1 

1 1 0 1 1 0 0 1 

aTobiTi 217 128 64 0 16 8 0 0 1 

a) 

b) 

nax.2.2.  aTobiTi ricxvebi da maTi orobiTi ekvivalen- 
      tebi (a), orobiT-aTobiTi gardaqmna (b)  
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aTobiTi cifrebi anu ditebi ewodeba (Decimal digIT). S.2.1,a na-
xazze naCvenebia, rom, magaliTad 10-obiTi 6953 ricxvi Sedgeba 
6, 9, 5, 3 cifrebisagan, romelTa mniSvnelobebi damokidebulia 

maT mier dakavebuli poziciis i nomerze da gamoTvleba ro-

gorc g
i =10i; aRniSnulis gamo moyvanili cifrebis mniSvnelobe-

bi Sesabamisad eqvsi aTaseulis, cxra aseulis, xuTi aTeulisa 

da sami erTeulis tolia. sabolood ricxvis mniSvnelobaa eqv-

siaTass plus cxraasi, plus ormocdaaTi, plus sami. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
analogiurad gamoiTvleba nebismieri g–obiTi ricxvis mniS-

vneloba. SedarebiT dawvrilebiT ganvixiloT Tvlis 2-obiTi 

nax.2.3. mTeli aTobiTi ricxvis orobiT ricxvad gardaqmna  

(HB) 

ufrosi 

biti 
 umcrosi 

 biti (LB) 

18510 = 

mTe- 

li 

gasa- 

yofi 

gam- 

yofi 
naS- 

Ti 

ganayofi 

1 1 

0 2 1 2 

1 2 2 5 

1 2 5 11 

1 2 11 23 

2 0 46 92 

0 2 23 46 

1 185 2 92 

1 1 0 1 1 0 1 0 
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sistema. misi fuZea g=2, e.i. Seicavs or cifrs (weriT simbol-

os) – 0-sa da 1-s. maT bitebi (Binary digIT) ewodeba. cifrul 

eleqtronul sistemebSi biti 0 warmoidgineba LOW (dabali), 

xolo biti 1 – HIGH (maRali) ZabviT, Tumca principulad Se-

saZlebelia piriqiTac moxdes. 2.1,b naxazze  moyvanilia pirve-

li oTxi orobiTi poziciis aTobiTi mniSvnelobebi. amave naxa-

zidan Cans, rom orobiTi 1101 (waikiTxeba ase: erTi, erTi, nu-
li, erTi) ricxvs Seesabameba aTobiTi ricxvi 13.@  

2.2,a naxazze moyvanilia 0-dan 15-is CaTvliT aTobiTi ricx-

vebi da maTi orobiTi ekvivalentebi. kompiuteris sferoSi mu-

Saobis msurvelebma isini zepirad unda icodnen.  

     

 
 
  
 
 
 
 
 
 
 
 
 
                                                                                                                                       
 
 
 
 

orobiTi 11011001 (waikiTeba ase: erTi, erTi, nuli, erTi, 

erTi, nuli, nuli, erTi) ricxvis aTobiT ekvivalentad garda-

iqmneba 2.2.,b naxazze moyvanili proceduris saSualebiT. 

naxazze TiToeuli poziciis aTobiTi mniSvnelobebi (wonebi) am 

poziciebSi arsebuli bitebis zemoTaa miTiTebuli. maTze pozi-

ciebSi arsebuli bitebis gamravlebiTa da miRebuli namrav-

nax.S.2.4. aTwiladis orobiT ekvivalentad gardaqmna. 

1 (0 0 0, 1 ) 

samr- 

avli 

mamr- 

avli 
mTe- 

li 

wil- 

adi 

namravli 

0,4 2 0 

2 1 

2 1 

2 0 0,2 

0,2 

0,6 

0,8 

0,8 

0,4 

0,6 
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lebis SekrebiT miiReba ganxiluli orobiTi ricxvis Sesabamisi 

aTobiTi ricxvi: 128 + 64 +0 +16 +8 +0 +0 +1 = 117. 
ricxvis CanawerSi Tvlis sistemis fuZe indeqsiT aris miTi-

Tebuli. amgvarad, 110110012 ricxvi orobiTia (anu, misi fuZea 
2), xolo ricxvi 21710 – aTobiTia. 2.2,b naxazis Tanaxmad  

110110012 = 21710. 
mTeli aTobiTi, magaliTad, 185, ricxvis orobiT ricxvad 

gardaqmnisaTvis jer igi unda gavyoT 2-ze da cal-calke Cavwe-

roT miRebuli mTeli nawili da naSTi, rogorc  es 2.3 naxaz-
zea naCvenebi. miRebuli mTeli nawili naxazze naCvenebi isris 

Sesamisad gadavanacvloT gasayofis adgilze; aRwerili opera-    

cia manam gavimeoroT, sanam miRebuli ganayofis mTeli nawili 

1-is (ix. 2.3  naxazis boloswina mwkrivi) an 0-is toli ar ga-

xdeba. formirebuli naSTebis qvemodan zemoT amoweriT mivi-

RebT saZebn orobiT ricxvs. ganxilul magaliTSi miRebuli na-

STebis qvemodan zemoT amoweriT miiReba orobiT 101110012 
ricxvi, romelic 18510 ricxvis ekvivavalenturia, e. i. 18510 
=101110012. 

aTwiladis orobiTi ekvivalentis povnisas 2-ze gayofis 

operacia icvleba 2-ze gamravlebis operaciiT. magaliTad, 

0,410-is orobiTi ekvivalentis sapovnelad 0,410-s vamravlebT 

2-ze (nax.S.2.4), rac gvaZlevs mTel 0-sa da wilad 0,8-s. Sem-
deg wiladi 0,8 naxazze naCvenebi isris Sesabamisad gadagvaqvs  
samravlis adgilze da xelaxla vamravlebT 2-ze. aRweril 

process vimeorebT manam, sanam wiladebis svetSi ar miviRebT 

0-s, an iseT aTwilads, romelic ukve gvqonda samravlad gamo-

yenebuli. pirvel SemTxvevaSi viRebT araperiodul, xolo me-

ore SemTxvevaSi – periodul orobiT wilads. Cvens magaliTSi 

meoTxe mwkrivSi namravl aTwiladad miviReT ukve gamoyenebuli 

0,4, ris gamoc gamravlebis process vwyvetT (procesis 

gagrZelebisas Sedegebi gameordeboda). saZebni orobiTi 

wiladis gamosaxulebis misaRebad mTeli namravlebi unda 

amovwerT zemodan qvemoT; ganxilul magaliTSi (ix.nax2.4) viR-
ebT 0,(0110)2-s e. i. 0,810 = 0,(0110)2. 
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185,410 ricxvis orobiTi ekvivalentis povnisaTvis jer unda 

vipovoT 18510-is, xolo Semdeg – 0,410-is orobiTi
 ekvivalen-

tebi da miRebuli Sedegebi gavaerTianoT, e. i. miviRebT Semdeg 

Sedegs: 185,410 = 10111001,(0110)2. 
 

2.3. TeqvsmetobiTi ricxvebi 

 

tipuri mikro eleqtronuli gamomTvleli manqanis (mikro-

kontroleris) mexsierebas SeuZlia Seinaxos Cven mier zemoT 

motanili orobiTi 110110012 ricxvi. nulebisa da erTebis 

aseTi grZeli mimdevroba Znelia dasamaxsovreblad da mo-

uxerxebelia klaviaturidan Sesatanad. 110110012 ricxvi Segve- 
Zlo gardagveqmna aTobiTad, rac mogvcemda 18510-s, magram gada-
yvanis procesi did dros dagvakargvinebda (ix. nax. S.2.3).  

mikroinformatikis sistemebis umravlesoba 110110012-is 
msgavsi ricxvebis damaxsovrebisa da gamoyenebis gamartivebisaT-

vis, iyenebs ricxvebis Caweris 16-obiT formas. 
2.5,a naxazze moyvanilia ekvivalenturi aTobiTi, orobiTi 

da TeqvsmetobiTi ricxvebi. SevniSnavT, rom TiToeuli Teqvsme-

tobiTi simbolo (cifri) SeiZleba warmovadginoT oTxi bitis 

erTaderTi erTobliobiT (e.w. tetradaTi). magaliTad, or-obiT 

10011011 ricxvSi bitebis pirvel 1001 oTxeuls, anu  

tetradas Seesabameba TeqvsmetobiTi 916 cifri, xolo momdevno 

1011 tetradas – B16 cifri;  1001 da 1011 tetradebis Sesabami-

sad 916 da - B16 cifrebiT Secvlisas ganxiluli orobiTi ri-

cxvi gardaiqmneba TeqvsmetobiT ricxvad, e.i. 100110112 = 9B16. 

zemoT aRniSnulidan gamodis Semdegi: orobiTi ricxvis Teq-
vsmetobiT ricxvebad gardasaqmnelad orobiTi ricxvi, dawy-

ebuli umcrosi bitidan, davyoT oTxi bitis Semcvel jgufe-

bad. arasruli jgufis miRebisas bitebis win 0-ebis miweriT 
masSi bitebis raodenoba SevavsoT oTxamde. miRebuli oTxeul-

ebi (triadebi) SevcvaloT 2.5,a naxazze moyvanili 16-biTi 
cifrebiT. magaliTisaTvis ganvixiloT orobiTi ricxvi 1110102. 
marcxnidan marjvniv oTxeulebad dayofisas pirvelad miiReba 

1010, xolo  Semdeg 11; am ukanasknelis oTxamde SevsebisaTvis  
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 nax.2.5. 10-obiTi, 16-obiTi da 2-obiTi ekvivalentebi (a); 16-obiTi 

ricxvis 2-obiTad (b) da 10-obiTs - 16-obiTi gardaqmna (g)  

1 

g) 

98710  6110  

1579710 = 3 D  B  516       

gasa- 

yofi 

gam- 

yofi 
mTe- 

li 
naSTi 

ganayofi 

6110  16 310  1310 = D16  

310  16 010 310 = 316  

1579710 16 98710  510 = 516  

16 1110 = B16  

1 

orobiTi 

0 

0 
0 
0 
0 

0 
0 
0 

1 

1 

0 
0 
0 
0 

1 

1 

0 

1 

0 
0 
1 
 

0 

1 

1 

0 
0 

0 
1 
0 
1 

1 

1 

8 4 2 1 

orobiTi 

0 
1 
2 
3 
4 
5 
6 
7 

10-ob- 

iTi 

0 
1 
2 
3 
4 
5 
6 
7 

16-ob- 

biTi 

9 

15 
14 
13 

10 

12 
1 1 

8 

10-ob- 

iTi 

16-ob- 

biTi 

C 

8 
9 
A 
B 

D 
E 
F 

0 
0 
1 
1 

0 

1 

1 

1 

1 

0 

0 
0 
0 

1 

1 

1 

1 

1 
1 
1 

0 

1 

8 4 2 1 

1 
1 

1 

1 

1 

0 

0 

0 

0 

4  16   

   64  

1 

aTobiTi 

fuZis 

xarisxi 

pozici- 

is mniS- 

vneloba 

16-obi- 

   Ti 

4096 256 16 

2 D 4 F 

163 162 161 160 

2  4096   

  8192  

13  256   

  3328  
11599 

     15  1   

      15  

a) 

b) 
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win unda mivuweroT 00, e.i. 11 = 0011. maSasadame 11110102 
ricxvi gadaiqceva 0011110102 ricxvad: 1110102 = 0011 10102; 
2.5,a naxazis Tanaxmad 00112=316, xolo 10102=A16, amitom 

1110102 = 3A16.   

TeqvsmetobiTi Cawera farTod gamoiyeneba orobiTi ricxveb-

is warmosadgenad, amitom 2.5,a naxazze mocemuli cxrili unda 

zepirad unda gvaxsovdes.  

TeqvsmetobiTi ricxvis aTobiT ricxvebad gardaqmnis pro-
cedura ilustrirebulia 2.5,b  naxazze, romelzedac Teqvsme-

tobiT ricxvad aRebulia 2D4F16. pirveli oTxi TeqvsmetTanri-

giani cifris poziciaTa mniSvnelobebi marcxnidan marjvniv Se-

sabamisad aris 4096, 256, 16 da 1. naxazis Tanaxmad 2D4F16  

ricxvis ekvivalenturi aTobiTi ricxvi unda Seicavdes 15 
(E16)_ erTs, oTx Teqvsmets, camet (D16) orasormocdaTeqvsme-

tsa da or oTxiaTasoTxmocdaTeqvsmets. 

 2D4F16  ricxvis TiToeuli cifri mravldeba mis mier daka-

vebuli poziciis mniSvnelobaze, anu wonaze da miRebuli Sede-

gebi ikribeba, ris Sedegadac viRebT 1159910-s e.i. 2D4F16 = 

=1159910-  
aTobiTi ricxvis TeqvsmetobiT ricxvebad gardaqmnis pro-

cedura ilustrirebulia 2.5,g naxazze, romelzec aTobiT ri-

cxvad aRebulia 1579710. pirvel mwkrivSi 1579710 iyofa 16-ze, 
romlis Sedegadac miRebulia 98710 mTeli da 510 anu 516 
naSTi. pirveli mTeli nawili (987) meore mwkrivSi xdeba gasa-
yofi da xelaxla iyofa 16-ze. miiReba 61 mTeli da 1110  anu 
B16 naSTi; mesame mwkrivSi gasayofi 61 iyofa 16-ze; miiReba 3 
mTeli da 1310  anu D16 naSTi. meoTxe mwkrivSi gasayofi 3 iyo-
fa 16-ze; miiReba 0 mTeli da 310 anu 316 naSTi. radgan mTeli 

nawili 0-ia, procedura mTavrdeba. naSTebis qvemodan zemoT 

mimdevrobiT amowerisas miviRebT saZebn 3DB516 Sedegs, e. i. 

1579710=3DB516   
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2.4. rvaobiTi ricxvebi 

 

rvaobiTi Cawera TeqvsmetobiTi Caweris msgavsad orobiTi 

ricxvebis warmodgenisaTvis gamoiyeneba. orobiTi sistema war-

moadgens 0-dan dawyebuli 7-is CaTvliT damTavrebuli 8 cifr-
is Semcvel sistemas, romlis fuZea 8. S.2.6,a naxazze mocemu-
lia ramdenime aTobiTi, rvaobiTi da aTobiTi ricxvi.  

2.6,a naxazze naCvenebia rvaobiTi cifrebis Sesabamisi oro-
biTi ricxvebi. 

orobiTi 1011110001102 ricxvi gardavqmnaT ekvivalentur 

rvaobiT ricxvad. amisaTvis umcrosi bitidan dawyebuli igi 

davyoT sameulebad anu triadebad. bolo operaciisas miRebul 

jgufSi arasakmarisi raodenobis cifrebis arsebobisas igi 

samamde unda gavzardoT bitebisaTvis marcxniv saWiro raode-

nobis 0-ebis miweriT. amis Semdeg S.2.6,a  naxazze mocemuli 

cxrilis gamoyenebiT  TiToeuli triada SevcvaloT ekvivalen- 

turi rvaobiTi cifriT, ris Sedegadac miviRebT saZebn rvaobiT 

57068 ricxvs, e.i. 1011110001102=57068 (nax.2.6,b) 
rvaobiTi 75468 gardavqmnaT mis ekvivalentur orobiT ricx-

vad. TiToeuli rvaobiTi cifri SevcvaloT orobiTi triadiT 

da miviRebT, rom 75468 = 11110110011002 (nax. 2.6,g). 
2.6,d naxazze moyvanilia rvaobiTi 327F8 ricxvis aTobiTi 

formiT Caweris klasikuri procedura. aq pirveli oTxi 8-ob-
iTi poziciis mniSvnelobebi (wonebi) marcxnidan marjvniv Sesa-

bamisad aris 512, 64, 8 da 1.  am magaliTSi gvaqvs 15 erTeuli. 

7 rvaeuli, 2 samocdaoTxeuli da 3 xuTasTormeteuli. maTi 

SekrebiT viRebT Sedegs: 1536 + 128 + 56 + + 15 = 1735.  
dasasruls, aTobiTi 333610 ricxvis  rvaobiT ekvivalentad 

gardaqmnis procedura 2.6,e naxazzea naCvenebi. pirvel mwkrivSi 
3336 gayofilia 8-ze; miRebulia  mTeli  nawili 417 da 

010=08 naSTi. miRebuli mTeli 417 nawili meore mwkrivSi gan-
xilulia gasayofad da xelaxladaa gayofili 8-ze. miRebulia 

mTeli nawili 52  da 110=18 naSTi. mesame mwkrivSi 52 gayo-
filia 9-ze. miRebulia mTeli nawili 6 da 410=48 naSTi. me- 
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5210  8 610  410 =48 

8 41710  5210  

 333610 = 6 4   1   016       

gasa- 

yofi 

gam- 

yofi 
mTe- 

li 
naSTi 

ganayofi 

610  8 010 610 = 616  

110 = 18  

333610 8 41710  010 = 08  

orobiTi 

0 

0 

1 

0 

1 
1 

0 

1 

2 4 1 

0 
1 
2 
3 
4 
5 
6 
7 

16-ob- 

biTi 

0 
1 
2 
3 
4 
5 
6 
7 

10-ob- 

iTi 

0 
0 
0 
0 
1 
1 
1 
1 1 

1 

0 

1 

0 

1 

0 

0 

1 

2-obiTi 

ricxvi 

8-obiTi 

ricxvi 

111 101 000 110 

5 7 0 6 

2obiTi 

ricxvi 

8-obiTi 

ricxvi 7 5 4 6 

101 111 100 110 

1 

aTobiTi 

fuZis 

xarisxi 

pozici- 

is mniS- 

vneloba 

8-obi- 

   Ti 

512 64 8 

3 2 7 F 

83 82 81 80 

1735      15  1   

      15  

3  512   

   1536  
2  64   

  128  
7  8   

   56  

e) 

a) b) 

g) 

d) 

nax.2.6. 10-obiTi, 8-obiTi da 2-obiTi ekvivalentebi (a), 2-obiTi ricxvis 8-  

obiTad (b), 8-obiTis – 2-obiTad (g) da 10-obiTis – 8-obiTad (d) gardaqmna. 
10-obiTi mTeli ricxvis 8-obiT ricxvad gardaqmna (e).   
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oTxe mwkrivSi mTeli nawili 6 gayofilia 8-ze. miRebulia 

mTeli nawili 0 da 410=08 naSTi. 
radgan mTeli nawili 0-is toli gaxda, procedura mTavr-

deba. miRebuli naSTebis qvemodan zemoT mimdevrobiT amoweriT 

formirebulia 64108 Sedegi, e.i. 333610 = 64108.  
mikroprocesorebisa da mikroeleqtruli gamomTvleli man-

anebis umravlesoba amuSavebs 4-is jeradi raodenobis bitebi-
sagan Sedgenil jgufebs. amitom TeqvsmetobiTi Cawera ufro 

xSirad gamoiyeneba, vidre rvaobiTi Cawera; samagierod rvaobi-

Ti Cawera ufro mosaxerxebelia maSin, rodesac bitebis raode-

noba 3-is jeradia (magaliTad, roca gamoiyeneba 12-bitiani 

jgufebi).    
 

2.5.  orobiT-aTobiTi ricxvebi 

 

bitebis (orobiTi cifrebis) saSualebiT aTobiTi (raciona-

luri) ricxvebis warmodgenisaTvis gavrcelebulia ditebis 

(aTobiTi cifrebis) kodireba oTxniSna orobiTi kodebis kodu- 

ri sityvebiT. aRniSnul operacias aTobiTi ricxvebis orobiTi 

kodireba anu –BCD-kodireba (ingl. Binary-Coded Decimal – orobiT-

aTobiTi kodireba) ewodeba, romlis Sedegadac miiReba e.w. oro-
biT-aTobiTi ricxvebi. 

BCD-kodirebisaTvis SeiZleba gamoviyenoT sxvadasxva kodis 

koduri sityvebi. aseTi kodebidan yvelaze xSirad gamoiyeneba 

8421- da +3-kodebi, romelTa koduri sityvebiT aTobiTi 0,...,9 
cifrebis kodirebis miRebuli varianti 2.7,a naxazze moyvanil 

cxrilSia naCvenebi. am cxrilis Tanaxmad, magaliTad, aTobiTi 

cifri 3 kodirebulia 8421-kodis koduri 0011 sityviT da +3-
kodis koduri 0110 sityviT.  

aTobiTi 387510 ricxvis 8421-kodisa da +3-kodis gamoyeneb-
iT Cawerisas misi TiToeuli cifri kodirdeba zemoT aRniSnu-

li kodebis koduri sityvebiT da miiReba (nax.2.7,b): 
387510 =00111000011118421 = 0110101110101000+3.  
8421-kodis saSualebiT warmodgenili orobiT-aTobiTi 

0101001001110011 ricxvisa da +3-kodis saSualebiT warmo- 
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dgenili orobiT-aTobiTi 1000010110010110 ricxvis aTobiT 

ricxvad gardaqmnisaTvis am ricxvebis TiToeuli triada (oTx-

euli) icvleba Sesabamisi aTobiTi cifriT (ditiT) da miiReba 

(nax.2.7,g);      
         
01010010011100118421 = 1000010110010110+3 = 526310 

mikroprocesorebs SeuZlia wminda orobiTi ricxvebis Sekre-

ra, Tumca maT aqvT miRebul jamis aTobiT-orobiT ricxvebad 

a) 

b) 

g) 

0 

0 
0 
0 
0 
0 
1 
1 
1 

1 

1 

0 
1 
1 
1 
1 
0 
0 
0 

0 

1 

1 
0 
0 
1 
1 
0 
0 
1 

1 

0 

1 
0 
1 
0 
1 
0 
1 

1 

0 

BCD kodirebisaTvis gamo- 

sayenebeli kodebi 

 
+3 kodi 

0 
1 
2 
3 
4 
5 
6 

7 
8 

9 

aTobiTi 

cifrebi 

0 
0 
0 
0 
0 
0 
0 
0 

1 

1 

0 
0 
0 
0 
1 
1 
1 
1 

0 

0 

0 
0 
1 
1 
0 
0 
1 
1 

0 

0 

0 
1 
0 
1 
0 
1 
0 
1 

0 

1 

8 4 2 1 

 +3 - BCDkodi 
 

 8421-BCDkodi 
 

aTobiTi ricxvi  

 
3 5 7 8 

0111 0011 1000 0101 

0110 1011 1010 1000 

aTobiTi ricxvi  

 
5 3 6 2 

0101  8421-BCDkodi 
 

0101 0010 0011 

 +3 - BCDkodi 
 

1000 0101 1001 0110 

nax.2.7. ditebis kodireba 8421- da +3-kodis koduri sityvebiT 
(a); aTobiTi ricxvis orobiT aTobiT (b) da orobiT-aTobiTi ri-
cxvebis aTobiT ricxvebad (g) gardaqmna. B 
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gardaqmnis brZanebebi. es ukanasknelebi saWiroebisas zemoT aR-

werili procedurebis gamoyenebiT SeiZleba advilad gardaiq-

mnas aTobiT ricxvebad.  

 

2.6. orobiTi ariTmetika 

 

orobiTi ricxvebis Sekrebis, gamoklebisa da gamravlebis 

operaciebi iseve sruldeba, rogorc analogiuri operaciebi 

aTobiT ricxvebze.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

mikroprocesorebis umravlesobas aqvs orobiTi ricxvebis 

Sekrebisa (ADD) da gamoklebis (SUB) brZanebebi, magram arse-

nax.2.8. orobiTi Sekrebis wesebi (a) da magaliTi (b) 

a) 

b) 

aTobiTi ricxvebi 

I Sesakrebi 

II Sesakrebi 

jami 

orobiTi ricxvebi 

1 1 1 1 

1 1 1 1 0 0 0 1 

1 1 1 0 0 0 0 0 

1 0 1 1 0 0 0 1 

gadatanebi 1 

1 0 1 

4 2 

9 5 

gadmotana umcr- 

osi Tanrigidan  

 

II 

wesi 

IV 

wesi 
I 

wesi 

III 

wesi 

I Sesakrebi 

II Sesakrebi 

jami 1 

1 

1 

1 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 
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bobs iseTi procesorebic (magaliTad, I8086 da 8088), romleb-

sac damatebiT aqvT gamravlebis (MUL) da gayofis (DIV), 

brZanebebic.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2.8,a naxazze moyvanilia orobiTi Sekrebis wesebi. I da II 

wesebis azri naTelia. III wesis Tanaxmad 1+1=10; miRebul jam-

Si arsebuli maRali niSnadobis mqone cifri 1 gadaitaneba uax-
loes ufros TanrigSi. IV wesi gviCvenebs, rom 1+1+1=11. am 
SemTxvevaSi ikribeba ara marto I, II Sesakrebebad arsebuli ci-

frebi 1, aramed umcrosi Tanrigidan gadmotanili mesame cifri 

1-ic. maTi SekrebiT miiReba jami 1 da gadatana 1.  

nax.2.9. orobiTi gamoklebis wesebi (a) da magaliTi (b) 

5 8 

b) 

a) 

aTobiTi ricxvebi orobiTi ricxvebi 

saklebi 

maklebi 

sxvaoba 

1 0 0 

1 0 

0 1 1 0 1 

0 1 0 1 0 1 1 0 

0 0 1 0 0 1 8 2 

5 7 

0 

0 1 

1 0 

1 

1 

saklebi 

maklebi 

sxvaoba 

IV 

wesi 

I 

wesi 
III 

wesi 

II 

wesi 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 1 0 1 

1 
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2.8,b naxazze moyvanilia orobiTi 00111101 da 00101010 
ricxvebis Sekrebis magaliTi. TvalsaCinoebisaTvis am ricxvebis 

aTobiTi ekvivalentebi naxazis marjvena mxaresaa Sekrebili.  

orobiTi gamoklebis wesebi 2.9,a naxazzea moyvanili. pir-

veli sami wesi aTobiTi Sekrebis wesebis analoguria. IV wesi 
ufrosi Tanrigidan (romlis wonaa 2) moiTxovs sesxs. es 

sesxi, romelic saklebis rols asruleba, aris 10. misgan 1-is 
gamoklebiT miiReba sxvaoba 1. 

010101012 ricxvs gamovakloT 001100012 ricxvi (nax.2,9,b). 
svetebSi, romelTa Tanrigebis wonebia 1,2 da 4, gamoklebis 

operaciebi advilad Sesasrulebadia.  svetSi, romlis wonaa 8, 
unda Sesruldes operacia 0-1. mis Sesasruleblad svetidan, 

romlis wonaa 16 nasesxebia 1, romelic svet 8-Si gadmotanisas 
iRebs saxes 102. ris gamoc am svetSi IV wesis Sesabamisad 
sruldeba operacia 10-1=1. (ix.nax.2.9,b).  

rTuladaa saqme svetSi, romlis wonaa 16. am svetidan ses-
xad 1-is waRebis Semdeg, rac zemoT ganvaxorcieleT, saklebad 

darCa 0 da am svetSic unda Sesruldes operacia 0-1. zemoT 
ganxiluli SemTxvevis analogurad saWiroa 1 visesxoT sveti-
dan, romlis wonaa 32, magram am svetSic saklebad dgas 0. ami-
tom svetma 32-ma unda isesxos 1 svet 64-dan da Semdeg es na-
sesxebi gadasces sesxad svet 16-s. am operaciebis Sesrulebis 

Semdeg svet 16-Si saklebad aRmoCndeba ricxvi 102 da Sesrul-

deba operacia 10-1=1, xolo svet 32-Si saklebad aRmoCndeba 

cifri 1 da iq Sesruldeba operacia 1-1=0. 
svet 64 zemoT aRniSnuli sesxebis gacemis Semdeg saklebad 

darCeba 0 da masSi Sesruldeba operacia 0-0=0. igive operacia 
Sesruldeba svet 64-Si, da sabolood miviRebT, rom (ix. nax. 

2.9,b): 
01010101-00111001=00011100. 

orobiTi gamravlebis wesebi (nax. 2.10,a) emTxveva aTobiTi ga-
mravlebis wesebs. am wesebis Tanaxmad, mamravli Tu 0-is 
tolia, namravlSi viRebT 0-s, xolo Tu mamravli 1-is tolia, 

namravli emTxveba samravls.  
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orobiTi 11012 ricxvis 1012 ricxvze gamravlebis magaliTi 

2.10,b naxazzea moyvanili. naxazis marjvena mxareze analoguri 

operacia Sesrulebulia aTobiT ekvivalentebzec.     

 

2.7. damatebiTi kodebis raoba 

 

sxvadasxva niSnis mqone ricxvebis Sesakrebad procesorma 

didi absoluturi mniSvnelobis mqone ricxvs unda gamoaklos 

patara absoluturi mniSvnelobis mqone ricxvi da jams mianiW-

os didi absoluturi mniSvnelobis mqone ricxvis niSani. dade-

nax.2.10. orobiTi gamravlebis wesebi (a) da magaliTi (b) 

aTobiTi ga-  

 mravleba 

a) 

b) 

I 

wesi 
III 

wesi 

IV 

wesi 

II 

wesi 

samravli 

mamravli 

namravli 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

1 3 

5 

5 6 

samravli 

mamravli 

I nawil. namravli 

namravli 

II nawil. namravli 

III nawil. namravli 

orobiTi gamravleba 

0 1 1 1 

1 0 1 

0 1 1 1 

0 0 0 0 

1 1 1 0 

1 0 0 0 1 0 0 



50 
 

 

biTi ricxvidan uaryofiTi ricxvis gamoklebis operacia SeiZ-

leba Seicvalos misTvis uaryofiTi ricxvis damatebiTi kodis 
(romelic dadebiT ricxvs warmoadgens) mimatebis operaciiT. 

ganvixiloT, Tu ra ganapirobebs amas. TvalsaCinoebisaTvis 

gamoviyenoT CvenTvis cnobili aTobiTi ricxvebi. amasTanave si-

martivisaTvis aviRoT maTi orniSna warmomadgenlebi. miRebuli 

Sedegi SeiZleba advilad ganzogaddes nebismieri sigrZis aTo-

biT ricxvebze. 

. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.2.11.. sxvadasxvaniSniani aTobiTi ricxvebis Sekreba (a), aTob- 
iTi damatebiTi kodis povna (b) da misi gamoyeneba (g), orobiTi 
damatebiTi kodis povna (d) da misi gamoyeneba (e)   

a) 

d) 

e) 

b) g) 

256 – 5 = 
=251; 

= -5; 

= 256; 

1 0 1 1 1 1 1 1 

128 64 32 16 8 4 2 1 256 

1 0 0 0 0 0 0 0 0 

0 0 0 0 0 1 0 1 

109-5=104 

 

-5=11111011=251 

  

109+251=104 

 

7 5 

3 4 

2 3 

100 10 1 

1 0 1 1 0 1 0 0 0 

0 1 1 1 1 1 1 1 

1 0 0 1 0 1 1 1 

104 

251 

109 

7 5 

7 5 

1 3 2 5 7  

100 10 1 

0 0 1 

4 3  
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orniSna aTobiTi ricxvebis Casawerad gamosayenebel orTan-

rigiani registris pirobiT gamosaxulebas davumatoT punqti-

riT gamosaxuli gadavsebis abstraqtuli Tanrigi (nax.2.11,a).  
registis rogorc realuri, aseve abstraqtuli Tanrigebis wo-

nebi maT zemoT mivuTiToT. aseTi registrebis gamoyenebiT Se-

srulebuli 75 – 43 =32 operacia 2.11,a naxazzea moyvanili.  

orniSna 43 ricxvis damatebiTi kodi ewodeba iseT ricxvs, 
romelic unda davumatoT mas umciresi samniSna ricxvis anu 
100-is misaRebad, romelic gadavsebis abstraqtuli Tanrigis 

wonasac warmoadgens; e. i 43–s damatebiTi kodi iqneba 100 -  
- 43=75. absoluturi sididiT igi sawyis -43 ricxvs, rome-
lic Cvens magaliTSi asrulebs maklebis rols, 100-erTeuliT. 

sakleb 75-idan 43-is gamoklebis operacias Tu SevcvaloT 

misTvis 43-is damatebiTi kodis anu 57-is mimatebis operciiT, 
romelic 43-s aRemateba 100-iT (ix.nax.4.11,g), miiReba aseve 

100-iT meti Sedegi 132; am ukanasknelSi arsebuli zedmeti 

aseulis maCvenebeli cifri 1 gadava gadavsebis abstraqtul Ta-

nrigSi da daikargeba, realur TanrigebSi ki dagvrCeba WeSmari-

ti Sedegi 32. maSasadame, saklebidan maklebis gamoklebis ope-

racia Seicvala saklebze maklebis damatebiTi kodis mimatebiT. 

aqedan gamomdinare, SeiZleba davaskvnaT: gamoklebis operacia 
SeiZleba SevcvaloT saklebisaTvis maklebis damatebiTi kodis 
mimatebis operaciiT; ufro zogadad  sxvadasxvaniSniani ricx-
vebis Sekrebis operacia SeiZleba SevcvaloT ori dadebiTi ri-
cxvis Sekrebis operaciiT, romelTaganac meore dadebiTi ricx-
vis rols asrulebs uaryofiTi ricxvis damatebiTi kodi.   

aTobiTi ricxvebisaTvis damatebiTi kodebis povnis amocanis 

formalizeba ramdenadme rTulia. sawinaaRmdego suraTi gvaqvs 

orobiTi ricxvebis SemTxvevaSi. orobiTi ricxvisaTvis dama-

tebiTi kodis povnisaTvis Casatarebeli operaciebis sqema 2.12 
naxazzea moyvanili, romlis Sesabamisad SeiZleba CamovayaliboT 

orobiTi ricxvebisaTvis damatebiTi kodebis povnis Semdegi 

algoriTmi:    
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1. moxdes mocemuli orobiTi ricxvis (e.i. misi TiToeuli 

bitis) inversireba, ris Sedegadac miiReba am ricxvis Sebru-
nebuli kodi; 

2. punqt 1-Si miRebul Sebrunebul kods daematos 1, e. i. 
moxdes misi inkremetireba.  

3. punqt 2-Si miRebuli ricxvi warmoadgens sawyisi orobi-

Ti ricxvis damatebiT kods; 

4. algoriTmis dasasruli.  

rogorc algoriTmidan Cans, orobiTi ricxvis damatebiTi 

kodis sapovnelad procesorma unda moaxdinos am ricxvis inve-

rsireba da inkrementireba. radgan nebismieri procesorisaTvis 

invesirebisa da inkrementirebis operaciebi advilad Sesasru-

lebeli operaciebia, amitom maTTvis  damatebiTi kodebis for- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( ) 0 0 0 0 0 1 0 1 

Tanrigebis 

invertireba 

12-is 
mimateba 

1 

1 1 1 1 1 1 0 0 

1 1 1 1 1 1 0 1 

Sebrunebu- 

li kodi 

damatebiTi kodi 

nax.2.12 . orobiTi ricxvis Sebrunebuli da  
        damatebiTi kodebis miReba 

nax.S.2.13. orobiTi Tanrigebis ganlageba (a); niSnis bitSi 0-is 
arsebobiT dadebiTi ricxvebis identificireba (b); niSnis bitSi 
1-is arsebobiT uaryofiTi ricxvebis identificireba (g);   

a) 

b) g) 

orobiTi Tanrigis wona  

Tanrigis nomeri 

128 64 32 16 8 4 2 1 

3 2 1 0 4 5 6 7 

damatebiTi kodis Cawera 

0 1 2 3 4 5 6 7 

1 

) ( 

0 

0 1 2 3 4 5 6 7 

( ) 
pirdapiri kodis Cawera 
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mirebis amocana martiv amocanaTa klass miekuTvneba. procesori 

sxvadasxvaniSniani ricxvebze operaciebis Catarebis saWiroebi-

sas igi iyenebs Cven mier zemoT ganxilul damatebiT kodebs. 

es amartivebs aRniSnuli operaciebis CatarebisaTvis saWiro 

aparaturul saSualebebs. 

mikroprocesorSi an mikroprocesoris mexsierebaSi uniSno 

8-Tanrigiani ricxvebis Sesanaxad gamoyenebuli 8-Tanrigiani re-
gistris pirobiTi gamosaxuleba 2.13,a naxazzea moyvanili.  re-

gistris Tanrigebi naxazzze danomrilia da TiToeul Tanrig-

Tan miTiTebulia misi wona. kerZod, me-7 Tanrigis wonaa 128, 
me-6 Tanrigis – 64 da a.S. 

niSniani 8-Tanrigiani ricxvebis Sesanaxad gamoyenebuli 8-Ta-
nrigiani registrebis struqturebi 2.13,b,g naxazebzea moyvani-
li. dadebiTi ricxvebis Casawerad gamoiyeneba 2.13,a naxazze, 

xolo uaryofiTi ricxvebis Casawerad – 2.13,b naxazze naCve-
nebi registri. orive SemTxvevaSi registris me-7 Tanrigi gamo-
iyeneba ricxvis niSnis maCvenebeli bitis Casawerad. rogorc 

naxazidan Cans, plus niSans Seesabameba biti 0, xolo minus ni-

Sans – biti 1. aRniSnulis gamo 8-Tanrigian registrSi SeiZle-

ba Caiweros 7-Tanrigiani orobiTi ricxvi. 
zemoT aRniSnulis Tanaxmad Tu registrSi arsebuli niSnis 

biti 0-is tolia, maSin masSi Cawerilia dadebiTi ricxvi, xo-

lo Tu 1-is tolia, maSin – uaryofiTi ricxvi.  

2.13,b naxazis Tanaxmad 8-Tanrigian registrSi dadebiTi 7-
Tanrigiani ricxvebis Casawerad Tavisufal TanrigebSi Caiwere-

ba pirdapir kodSi warmodgenili es ricxvebi, anu uSualod 

dadebiTi 7-Tanrigiani orobiTi ricxvebi. registrSi 01001001 
bitebis arseboba niSnavs, rom masSi Cawerilia +7310 (64+8+1), 
xolo masSi 01111111 bitebis arseboba – rom masSi Cawerilia 

12710 (64+32+16+8+4+2+1). es ukanaskneli aris is udidesi da-

debiTi ricxvi, romelsac SeiZleba Seicavdes ganxiluli 8-
Tanrigiani registri. 
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2.13,g naxazis Tanaxmad 8-Tanrigian registrSi uaryofiTi 7-
Tanrigiani ricxvebis Casawerad Tavisufal TanrigebSi Caiwreba 

am ricxvebis Sesabamisi damatebiTi kodebi. 

2.1 cxrilSi dadebiTi da uaryofiTi ricxvebis damatebiTi 

kodebi. rogorc vxedavT, nebismieri dadebiTi ricxvis ufros 

TanrigSi dgas cifri 0, xolo danarCen TanrigebSi mdgari 

bitebi warmoqmnis orobiT ricxvs. nebismieri uaryofiTi 

ricxvis ufros TanrigSi dgas 1. ganvixiloT  2.1 cxrilis +0 
striqoni: damatebiT kodSi +0 Caiwereba rogorc 00000000.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   uaxloes qveda striqonSi vxedavT, rom -1 damatebiT kodSi 
Caiwereba rogorc 11111111. cxrilidan Cans, rom registrSi Ca- 

cxr.2.1. niSniani aTobiTi ricxvebi da maTi  
       warmodgena damatebiTi kodiT 

1 1 1 1 

1 1 1 1 

1 0 1 1 

0 1 0 0 

1 1 1 1 

1 1 1 1 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 0 1 0 0 1 

0 0 1 1 

0 0 0 0 
1 0 1 1 

1 0 0 1 

0 0 0 1 
0 0 0 0 

1 1 0 1 

1 1 1 1 

2 

7 

1 
0 

2 
3 
4 
5 
6 

9 

127 

1 

8 

3 
4 
5 
6 
7 
8 
9 

128 

aTobiTi 

rocxvebi 
niSnebiani ricxvebis 

warmodgena da SeniSvnebi 

0 0 0 0 

dadebiTi ricxvebi 

pirdapiri orobiTi 

ricxvebiviT warmo- 

idgineba 

uaryofiTi ricxve- 

bi damatebiTi kodis 

saxiT warmoidgineba 

1 1 1 1 
1 1 1 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 1 1 1 

0 1 1 0 

0 1 0 0 

0 0 1 0 

0 0 0 0 
0 1 0 0 

1 1 1 0 

1 1 0 0 

1 0 1 0 
1 0 0 1 

0 1 1 1 

0 1 0 0 
1 0 1 1 
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cxr.S.2.3.  11110000 ricxvis aTobiTi ekvivalentis povna 

1 0 1 1 1 0 0 0 

operandi Casatarebeli operacia 
operaciis 

realizeba 

 operandi aviRoT uaryofi-

Ti niSniT 

 

-1610 

0 1 0 0 0 0 0 0 davweroT operandis aTobiTi 

ekvivalenti 
1610 

operandi Caiweros Sebrune- 

 buli kodis saxiT 

moxdes operandis inkrementi-  

reba (mas daematos 1) 

0 0 0 0 1 1 1 1 

1 0 1 1 1 0 0 0 

0 0 0 0 0 1 0 0 

+ 
1 

0 0 0 0 1 1 1 1 

-1610 

aris  

cxr. 2.2.  -1010 ricxvis damatebiTi kodis gamoTvla 

0 0 0 0 1 0 1 0 

moxdes operandis inkrementi- 

reba (mas daematos 1) + 

1 1 1 1 0 1 0 1 

1 0 1 1 1 1 0 1 

1 
1 0 1 1 1 1 0 1 

operandi Casatarebeli operacia 
operaciis 

realizeba 

-1010 
operandi niSnis gareSe Caiw- 

weros 8-niSna orobiTi ri-  

cxvis saxiT 

operandi warmodgenili iqnes 

Sebrunebuli kodis saxiT 
0 0 0 0 1 0 1 0 1 0 1 1 1 1 0 1 

miRebuli operandi gavutol- 

oT sawyisi operandis dama-  

tebiT kods 

-1010 ricxvis da- 

matebiTi kodi  

11110110 11110110 
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Cawerili udidesi udidesi ricxvi -128-is tolia da mas 

Seesatyviseba damatebiTi kodi 10000000.  
2.1 cxrilSi moyvanilia damatebiTi kodebi -1-dan -9 ricx-

vamde. 2.2 cxrilSi moyvanilia -1010 ricxvis damatebiTi kodis 
povnis procedura. aRniSnuli cxrilis Tanaxmad -1010 ricxvis 
damatebiTi kodia 11110110. SevniSnavT rom niSnis me-7 TanrigSi 
arsebuli biti 1 imas niSnavs, rom miRebuli (11110110) ricxvi 
uaryofiTia.  

ganvsazRvroT orobiTi 11110000  ricxvis Sesabamisi aTobi-
Ti ekvivalenti. 2.3 cxrilSi moyvanilia zemoT damowmebuli 

ricxvis aTobiT ricxvad gardaqmnis procedura. proceduris 

pirvel etapze miRebulia dadebiTi orobiTi 000100002 =1610 
ricxvi, magram vinaidan damatebiTi kodis mTavari biti 1-is 
tolia, amitom mas mieniWa uaryofiTi niSani. sabolood viR-

ebT, rom 11110000 =-1610.  

 

2.8. Sekrebisa da gamoklebis operaciebis 

procesoruli Sesrulebis Taviseburebebi  

 

procesorebis umravlesobas aqvs orobiTi ricxvebis Sekre-

bisa (ADD) da gamoklebis (SUB) brZanebebi. maTSi gamravlebi-

sa da gayofis operaciebi Sekrebis, gamoklebisa da Zvris ope-

raciebis daxmarebiT sruldeba. gamravlebis (MUL) da gayo-

fis (DIV) specialuri brZanebebi mxolod zogierT (magaliT-

ad, Intel8086 da Intel8088) mikroprocesorSia gamoyenebuli. ami-

tom mocemul paragrafSi yuradRebas swored Sekrebisa da 

gamoklebis operaciebis procesoruli Sesrulebis Tavisebure-

bebze gavamaxvilebT. 

Sekrebisa da gamoklebis ariTmetikuli operaciebis Sesru-

lebisas procesori dadebiT ricxvebs aRiqvams pirdapiri, 

xolo uaryofiT ricxvebs – damatebiTi kodebis saxiT. proce-

soris mier am operaciebis Sesrulebis Taviseburebebs gavecnoT 

konkretul amocanaTa gadawyvetis magaliTiT. 
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▲amocana 1. Seikribos dadebiTi ricxvebi 7 da 2. 
  amocanis gadawyveta. napovni iqnaT mocemuli dadebiTi 

ricxvebis pirdapiri orobiTi kodebi. 7-s Seesabameba pidapiri 
kodi 00000111, xolo 2-s – 00000010 (ix.cxr.2.1). aRniSnuli 

kodebis SekrebiT miiReba pirdapiri kodi 00001001 (nax.2.14,a), 
romelsac Seesabameba ricxvi 9  (ix. cxr.2.1), e.i. 7+2=9, rac 
sworia. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

▲amocana 2. Seikribos ricxvebi 9 da -4. 
  amocanis gadawyveta. ricxv 9-s Seesabameba pirdapiri kodi 

00001001, xolo ricxv -4-s – damatebiTi kodi 11111100 (ix. 
cxr.2.1). am operandebis SekrebiT miiReba 9-Tanrigiani orobiTi 
ricxvi 100000101, romlis umaRles TanrigSi mdgari biti 1 
gadadis gadavsebis virtualur TanrigSi da ikargeba (2.14,b na-
xazze igi gadaxazulia). Sedegis registrSi gvrCeba orobiTi 

ricxvi 00000101, romlis umaRles TanrigSi dgas biti 0, e. i. 
igi warmoadgens pirdapiri kods, romelsac Seesabameba aTobiTi 

ricxvi 5 (ix.cxr.2.1). e. i. 9+(-4)=5, rac sworia. 

7 1 1 1 1 1 1 1 

0 1 1 0 1 1 1 1 

0 0 

1 1 1 1 1 1 1 0 3 ( ) 

4 ( ) 

( ) 

9 ( ) 

7 ( ) 

2 ( ) 1 

1 1 0 0 0 0 0 0 

1 0 0 1 1 0 0 0 

0 0 0 0 0 0 0 

5 1 1 ( ) 

9 ( ) 

4 ( ) 

1 0 0 0 0 0 0 

0 0 1 1 1 1 1 1 

1 1 0 0 0 0 0 0 

4 ( ) 

9 ( ) 

5 ( ) 0 

0 0 0 0 0 0 0 1 

1 1 1 1 1 1 1 0 

1 1 1 1 1 1 1 

a) b) 

d) g) 

nax.2.14. Sekrebis operaciebis procesoruli Sesruleba 

Sekrebis operaciebi (   (nax.2.14). 
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▲amocana 3. Seikribos ricxvebi 4 da -9.  
amocanis gadawyveta. ricxv 4-s Seesabameba pirdapiri kodi 

00000100, xolo ricxv -9-s – damatebiTi kodi 11110111 (ix. 
cxr.2.1). am operandebis SekrebiT miiReba damatebiTi kodi 
111111011, romelsac Seesabameba aTobiTi ricxvi -5 (ix.cxr.2.1). 
maSasadame 4+(-9)=-5, rac sworia. 

 

▲amocana 4. Seikribos ricxvebi -3 da -4. 
  amocanis gadawyveta.  uaryofiT ricxvebs -3-sa da -4-s 

Sesabamisad SeesabamebaT damatebiTi kodebi 11111101 da 11111100, 
romelTa SekrebiT miiReba 9-Tanrigiani orobiTi ricxvi 

111111001. am ukanasknelis umaRles TanrigSi mdgari biti 1 
gadadis gadavsebis virtualur TanrigSi da ikargeba: 2.14,b 
naxazze igi gadaxazulia. Sedegis registrSi gvrCeba orobiTi 

ricxvi 11111001, romelic warmoadgens -7-is damatebiT kods 
(ix. cxr. 2.1). e.i. -3+(-4)=-7, rac sworia. 

 

 

 

▲amocana 5. Sesruldes gamoklebis operacia 8-5. 
  amocanis gadawyveta. sakleb 8-s Seesabameba orobiTi ricx-

vi (pirdapiri kodi) 00001000, xolo makleb 5-s – orobiTi 
ricxvi (pirdapiri kodi). 00001001. vipovoT makleb 00001001-
is damatebiTi kodi. misi inversirebiT miiReba  Sebrunebuli 

kodi 11110110, am ukanasknelis inkrementirebiT, e.i. masze 1-is 
mimatebiT ki - saZebni damatebiT kodi – 11110111-s. amocanis ga-
dasawyvetad saklebis pirdapir 00001000, kods unda 

davumatoT maklebis damatebiTi 11110111 kodi, ris Sedegadac 
miiReba 9_Tanrigiani orobiTi ricxvi 100000011 (nax.2.15,a). am 
ricxvis umaRls TanrigSi mdgari biti 1 gadadis gadavsebis vi-
rtualur TanrigSi da ikargeba (2.15,a naxazze igi gadaxazu-
lia). Sedegis registrSi gvrCeba pirdapiri (radgan mis uma-

Rles TanrigSi dgas biti 0) kodi 00000011, romelsac Seesa-

bameba aTobiTi ricxvi 3 (ix.cxr.2.1). maSasadame, 8-5=3, rac 

sworia. 

(   (nax.2.15). 
 

 gamoklebis operaciebi 
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▲amocana 5. Sesruldes gamoklebis operacia 2-6. 
  amocanis gadawyveta. sakleb 2-s Seesabameba orobiTi ri-

cxvi (pirdapiri kodi) 00000010,  xolo makleb 6-s – orobi-
Ti ricxvi 00000110. vipovoT makleb 00000110-is damatebiTi 
kodi. misi inversirebiT miiReba Sebrunebuli kodi 11111001 am 
ukanasknelis inkrementirebiT, e.i. masze 1-is mimatebiT, ki sa-
Zebni damatebiT kodi – 11111010. amocanis gadasawyvetad sak-
lebis pirdapir 00000010 kods unda davumatoT maklebis da-

matebiTi 11111010. kodi.  miiReba orobiTi ricxvi 11111100 
(nax.2.15,a). radgan am ricxvis umaRls TanrigSi dgas biti 1, 
amitom igi warmoadgens damatebiT kods. mas Seesabameba 

aTobiTi ricxvi -4 (ix.cxr.2.1). e.i. 2-6 =-4, rac sworia. 
 

  

0 0 0 1 0 0 0 1 
damatebiTi kodi 

8 ( ) 

5 ( ) 

3 ( ) 

pirdapiri kodi 

0 0 0 0 0 0 1 1 1 

0 0 0 0 0 0 0 1 

1 1 1 1 1 1 1 0 

a) 

b) 

1 1 1 1 1 1 0 0 

0 0 0 0 0 0 1 0 2 ( ) 

6 ( ) 

( ) 8 

pirdapiri kodi 

0 1 0 0 0 0 1 0 
damatebiTi kodi 

0 0 1 1 1 1 1 1 

nax.2.15. gamoklebis operaciebis procesoruli Sesruleba 
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2.9. elementaluri logikuri funqciebi 

 

logika azrovnebis procesis Semswavleli mecnierebaa. aRni-

Snulidan gamomdinare procesoris mier logikuri funqciebis 

realizeba adamianis azrovnebasTan miaxloebuli qmedebebis Sem-

srulebeli inteleqtualuri sistemebis Seqmnisaken gadadgmu-

li umniSvnelovanesi nabijia. uSualod logikuri operaciebis 
formulirebamde gavecnoT logikuri funqciis cnebas. 

msjelobebis urTierTdakavSirebiT SesaZlebelia miviRoT 

axali msjeloba (ixileT zemoT). garda amisa, orniSna forma-
lur logikas ainteresebs ara msjelobis Sinaarsi, aramed misi 

WeSmaritoba da mcdaroba. garkveuli msjeloba aRvniSnoT yi 

simboloTi da CavTvaloT xi=0, Tu igi mcdaria da xi=1 – Tu 

igi WeSmaritia. e.i.  x orobiTi cvladia: xi{0;1}. orobiT 

cvlads logikuri cvladi ewodeba. 
logikur xi cvladebze damokidebul y = f(x1,…, xn) funqcias,  

romlisTvisac samarTliania gamosaxuleba y, xi {0,1}, i = 1,…,n, 

logikuri funqcia ewodeba.    
logikuri funqciebis gansazRvrebis cxrilur formas war-

moadgens    raodenobis mwkrivis mqone WeSmaritobis cxrili, 
sadac n aris logikuri funqciis argumentebis raodenoba. mis 

marcxena nawilSi Camowerilia argumentebis mniSvnelobaTa 

yvela nakrebi, xolo marjvena nawilSi – funqciis mniSvne-

lobebi am nakrebebze. 

 

 

 

 

 

ganasxvaveben fiqciur da arsebiT argumentebs. fiqciuri ar-

gumenti ewodeba iseT arguments, romelis mniSvnelobis cvli-

leba ver cvlis funqciis mniSvnelobas. arsebiTi argumenti i-

seTi argumentia, romlis mniSvnelobis cvlileba cvlis fun-

qciis mniSvnelobas.  

                                                            

cxr.2.4. n=0,...,5 argumentebze damokidebu- 
 Lli logikuri funqciebis N raodenobebi       

4 N 2 16 256 65 536 4 296 967 294 

5 n 0 1 2 4 3 
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fiqciuri argumentebis Semcvel logikur funqcias gadagva-

rebuli logikuri funqcia ewodeba. radgan fiqciuri argumen-

tebi ver cvlis logikuri funqciis mniSvnelobas, amitom Se-

gviZlia isini funqciidan gamovricxoT, ris Sedegadac funqcia 

gadaiqceva aragadagvarebul logikur funqciad 
n argumentze damokidebuli logikuri funqciebis N raode-

noba ganisazRvreba formuliT:    

 
2,4 cxrilSi mocemulia n=0,...,5 argumentebze damokidebuli 

logikuri funqciebis N raodenobebi. ganvixiloT isini. 

1) n=0 argumentebze damokidebuli funqciebis raodeno-

baa 2. esenia konstanta 0 (y=0) da konstantaA1 (y=1).  

2) n=1 argumentebze damokidebuli funqciebis raodeno-

baa 4. am funqciebidan ori maTgani gadagvarebulia, e. i. fiqci-

uria maTSi arsebuli erTaderTi armentebi, romelTa gamori-

cxviT isini gadaiqceva 0 raodenobis argumentze damokidebul 

logikur funqciebad, e. i. konstanta 0-ad da konstanta 1-ad. 
maSasadame, arsebobs erT argumentze damokidebuli mxolod 

ori aragadagvarebuli logikuri funqcia. maTi saxelwodebebi, 

WeSmaritobis cxrilebi da maTematikuri gamosaxulebebi 2.5 
cxrilSia mocemuli, saidanac Cans, rom uaryofis logikuri 

funqcia iRebs argumentis sawinaaRmdego mniSvnelobas, xolo 

gameorebis logikuri funqcia imeorebs argumentis mniSvne-

lobas. 

3) n=2 argumentebze damokidebuli funqciebis raode-

nobaa 16  (ix. cxr.2.4), romelTagan gadagvarebulia 6 funqcia. 
am funqciebidan or maTganSi fiqciuria orive, xolo danarCen 

oTxSi – TiTo-TiTo argumenti. fiqciuri ori argumentis Se-

mcveli gadagvarebuli funqciebidan fiqtiuri argumentebis 

gamoricxvis Sedegad miiReba 0 argumentze damokidebuli lo-

gikuri funqciebi, anu konstanta 0 da konstanta 1. 
fiqciuri erTi argumentis Semcveli oTxi gadagvarebuli 

funqciebidan: 

▲ ori maTgani iseTia, rom maTgan  fiqciuri argumentebis 

gamoricxviT  miiReba aragadagvarebuli funqciebi, romelTagan- 

  
 
. N = 
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ac erTi imeorebs x1 argumentis (y = x1), xolo meore - x2 ar-

gumentis (y=x2) mniSvnelobas, e.i. isini erT cvladze damokide- 

buli gameorebis funqciebia. 

cxr.2.5, erT da or argumentebze damokidebuli gadaugvarebeli logiku- 
ri funqciebis WeSmaritobis cxrilebi da maTematikuri gamosaxulebebi       

y = x y = x 

y = x1  x2 = 

= x1 + x2.      

y = x1 & x2 = 

= x1  x2= 

     x1 x2 

y = x1      x2      
   
 

= x1    x2.       
= x1 x2 =      

y = x1  x2 =  

= x1 + x2 =      

x1  x2 . 

y = x1 & x2 = 

 = x1  x2 = 

 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

0 

1 
1 
1 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

0 

0 
0 
1 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

0 

0 

1 
1 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

1 

0 

0 
0 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

1 

1 
1 
0 

ekviva- 

lento- 

ba 

 

pirda- 

piri im- 

plika- 

cia 

ukuim- 

plika- 

cia 

y = x1    x2      

y = x1   x2      

y = x1  x2      

y = x1  x2      

y = x1  x2      

ukuimpl- 

ikaciis 

uaryofa 

  

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

0 

0 
1 

1 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

1 

1 
1 

0 

0 
1 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

1 
1 

1)diziunqcia 
2)logikuri 

Sekreba 

3)an funqcia 

saxelwodeba 

WeSmari- 

tobis  

cxrili 

maTematiku- 

ri gamosa- 

xuleba 

saxel- 

wodeba 

WeSmari- 

tobis  

cxrili 

maTematiku- 

ri gamosa- 

saxuleba 

1 

1 

1 

0 1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

pirda- 

piri 

impl- 

ikaciis  

uaryofa 

 

1 

1 

0 

0 

0 

0 
1 
1 

y x2 x1 

0 

0 

0 

1 

1)koniunqcia 
2) logikuri 

gamravleba 

3)da funqcia 

1)koniunqciis 

uaryofa 

2)da-ara 

funqcia 

3)Seferis 

 funqcia 

1)uaryofis fun-

qcia  

2)ara funqcia 

1)gameo- 

 rebis  

funqcia   
0 

1 0 

1 

y

  
x 

0 

1 

y

  
x 

0 

1 

4)pirsis isa-  

  ri 

1)diziunqciis 

uaryofa 
2)an-ara fun-

qcia 

3) vebis fun- 

   qcia  

1)araerTmiSvne- 

lianoba 

2)gamomricxve- 

li an  funqcia 
3)2-is modul- 

iT Sekreba  
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▲ danarCeni ori ki iseTia, rom maTgan  fiqciuri argumen-

tebis gamoricxviT  miiReba aragadagvarebuli funqciebi, rom-

elTaganac erTi iRebs x1 argumentis, xolo meore - x2 argu-

mentis mniSvnelobis Sebrunebul mniSvnelobas. isini erT cvla- 

dze damokidebul uaryofis funqciebia funqciebia da Sesabami-

sad aRiniSneba ase: y =   ̅̅ ̅ da y =   ̅̅ ̅. 
danarCeni 10 funqcia ar Seicavs fiqciur argumentebs, e.i. 

isini or argumentze damokidebuli aragadagvarebuli logi-
kuri funqciebia. maTi saxelwodebebi, WeSmaritobis cxrilebi 

da maTematikuri gamosaxulebebi 2.5 cxrilSia moyvanili. 

aRniSnuli logikuri funqciebi SeiZleba Semdeg or qvejgu-

fad davyoT: 

▲ skalaruli (araorientirebuli) tipis logikuri fun-
qciebis qvejgufi. masSi gaerTianebulia Semdegi eqvsi logiku-

ri funqcia: diziunqciis, koniunqcis, 2-is moduliT Sekrebis, 

diziunqciis uaryofis, koniunqciis uaryofisa da ekvivalento-

bis funqcia. 

aRniSnul jgufSi Semavali funqciebis mniSvnelobebi argu-

mentebis gadanacvlebiT funqciis mniSvneloba ar icvleba, e. i. 

sruldeba toloba f(x1, x2) = f(x2, x1).   

▲ veqtoruli (orientirebuli) tipis logikuri funqcieb-
is qvejgufi. masSi gaerTianebulia Semdegi oTxi logikuri 

funqcia: pirdapiri implikaciis, ukuimplikaciis, pirdapiri im-

plikaciis uaryofisa da ukuimplikaciis logikuri funqciebi.  

aRniSnul jgufSi Semavali funqciebis mniSvneloba icvleba 

argumentebis gadanacvlebiT, e. i. sruldeba utoloba f(x1, x2)  

f(x2, x1).   
n = 1,2 argumentebze damokidebul aragadagvarebul logikur 

funqciebs elementaluri logikuri funqciebi ewodeba. 

4) n=3;4  argumentebze damokidebuli funqciebis raode-

nobi Sesabamisad aris 65556 da 4294967296 (ix.cxr. 2.4). ma-
Ti ganxilva araa saWiro, radgan elementaluri logikuri fu-

nqciebis simravlidan SeiZleba amovirCioT iseTi funqciebi, 

romelTa daxmarebiTac SevZlebT gamovsaxoT nebismieri sirTu-

lis logikuri funqcia. aseTi funqciebisagan Semdgar sistemas  
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elementaluri logikuri funqciebis funqciurad sruli si-
stema ewodeba. funqciurad srulia Semdegi sistemebi: S1 = 

(inversia, diziunqcia, koniunqcia); S2 = {diziunciis uaryofa}, 

S2 = {koniunqciis uaryofa}. 

S1 sistemis gamoyenebisas nebismieri sirTulis logikuri 

funqcia SeiZleba inversiis, diziunqciisa da koniunqciis meSve-

veobiT gamovsaxoT. S2 sistema nebismieri logikuri funqciis 

diziunqciis uaryofis funqciiT, xolo S3 sistema – koniunqci-

is uaryofis funqciiT  gamosaxvis saSualebas gvaZlevs. 

S1 sistemis Rirsebaa is, rom advilia mis mier gamosaxuli 

logikuri funqciebis gardaqmna, xolo praqtikulad ufro mo-

saxerxebelia S2 da S3 sistemebSi Semavali funqciebiT gamosa-

xuli logikuri funqciis marealizebeli mowyobilobis sinTe-

zi. amitom gamoiyeneba aseTi midgoma: praqtikulad sarealiza-

cio logikuri funqcia dasawyisSi gamoisaxeba S1 sistemaSi Se-

mavali elementebiT da igi saTanadod gardaiqmneba. miRebuli 

funqcia gamoisaxeba S2 an S3 sistemaSi Semavali logikuri 

funqciiT da aigeba miRebuli funqciis marealizebeli mowyobi-

loba.  

 

2.10. logikuri operaciebi da maTi 

realizeba 

 

elementaluri logikuri funqciis marealizebel diskre-

tul mowyobilobas logikuri elementi, xolo am elementis 

mier Sesrulebul operacias – logikuri operacia ewodeba. 

zogierTi logikuri elementis pirobiTi aRniSvna da mis mier 

realizebuli logikuri operacia 2.16 naxazzea moyvanili. 

ara-funqciis Sesabamisi logikuri operacia warmoadgens una-
rul (erToperandian) operacias, romelic TiToeuli bitis 

mniSvnelobas cvlis sawinaaRmdego mniSvnelobiT. danarCeni ope-

raciebi binaruli operaciebia, romlebic 2.16 naxazze moyva-
nili cxrilebis Sesabamisad sruldeba. 

 nebismieri  diskretuli mowyobiloba axdens garkveuli ra- 
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odenobis logikuri funqciis realizebas. nebismieri es fun-

qcia SeiZleba gamoisaxos elementaluri logikuri funqciebiT, 

romelTa realizebas asrulebs logikuri elementebi. maSasada-

me, nebismieri diskretuli mowyobiloba SeiZleba avagoT logi-

kuri elementebiT, e. i. logikuri elementebi diskretuli mo-

wyobilobebis asagebad saWiro saelemento bazaa.  

logikuri operaciebis realizeba SeiZleba programuladac. 

am SemTxvevaSi binaruli opraciis TiToeuli biti erTmaneTs 

udardeba da mocemuli operaciis Sesabamisi cxrilis Sesa-

bamisad ganisazRvreba Sedegis Sesatyvisi bitis mniSvneloba. 

2.17,a,b,g,d,e,v naxzebis zeda nawilSi mocemulia ori bitis 

Sedarebis wesebi, xolo qveda nawilSi naCvenebia, rom 10110010 
da 00111001 baitebze: 

▲ da-operaciis CatarebiT miiReba baiti 10111011 baiti 

(nax.2.17,a); 
▲ an-operaciis CatarebiT miiReba baiti 00110000 baiti 

(nax.2,17,b); 
▲ an-ara operaciis CatarebiT miiReba baiti 01000100 ba-

iti (nax.2.17,g); 
▲ da-ara-operaciis CatarebiT miiReba baiti 110001111 ba-

iti (nax.2,17,d); 
▲ 2-is moduliT Sekrebis-operaciis CatarebiT miiReba 

baiti 10001011 baiti (nax.2.17,e); 

da 
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nax.2.16 logikuri funqciebi, logikuri elementebis piro-  

     biTi aRniSvnebi da logikuri operaciebi.  
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nax.2.17. logikuri operaciebis Sesruleba bitebsa da baitebze 
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▲ ekvivalentobis-operaciis CatarebiT miiReba baiti 

10000100 baiti (nax.2.17,d). 
 

2.11. registrebSi orobiTi sityvebis 

Zvris operaciebi 

 

operaciebs, romlebic saSualebas gvaZlevs registrSi Cawe-

rili orobiTi kodi TiTo-TiTo bitebiT davZraT marcxniv 

(ufrosi bitis mxareze) an marjvniv (umcrosi bitis mxareze), 

Zvris operaciebi ewodeba da isini miekuTvneba logikuri ope-

raciebis jgufs. maTi gamoyeneba saSualebas gvaZlevs: 

1) cal-calke davamuSaoT TiToeuli biti; 2) ricxvi swra-
fad gavamravloT an gavyoT Tvlis im sistemis fuZis xarisxeb-

ze, romelic gamoyenebulia am ricxvis warmosadgenad. kerZod, 

Tvlis orobiTi sistemisas (romelic procesorul sistemaSia 

gamoyenebuli) Zvrebis saSualebiT operandad gamoyenebuli 

orobiTi ricxvi SegviZlia swrafad gavamravloT da gavyoT 2-
is xarisxebze (2-ze, 4-ze, 8-ze, 16-ze, 32-ze da a.S.). 

zemoT aRniSnulis gamo damprogrameblebi Zalian afaseben 

Zvrebis yvela saxesxvaobas da farTod iyeneben maT.  

Zvris operaciis idea Zalian martivia: kodis (orobiTi ri-

cxvis) yvela biti erTdroulad gadaiZvreba marcxena an mar-

jvena mezobel TanrigebSi. am dros specifikur mdgomareobaSi 

aris orobiTi ricxvis ori ganapira (umcrosi da ufrosi) bi-

ti, romlebsac «mezobeli» ar hyavs. gansazRvrulobisaTvis ga-

varCioT orobiTi ricxvis marcxniv Zvra (nax 2.18,a). yvelaze 

umcrosi bitisaTvis (naxazze igi marjvnidan ganapiraa) monacem- 

ebs versaidan ver aviRebT, amitom masSi ubralod 0 Seitaneba. 
yvelaze ufrosi (marcxena ganapira biti unda daikargos, radg-

an misi  Sesanaxi adgili  ar arsebobs. monacemebi rom ar da- 

ikargos, am Tanrigis SigTavsi kopirdeba specialur C bitSi 

(procesoris mdgomareobis PSW registrSi), romelsac muSa-

obaSi iyenebs procesori.  

ganxiluli tipis Zvras uwodeben logikur Zvras. igi SeiZ-
leba gamoviyenoT swrafi gamravlebisa da gayofisaTvis. gan-
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vixiloT, magaliTad, 8-Tanrigiani orobiTi ricxvi 00100110, 
romlis Sesabamisi aTobiTi ricxvia 3810; am ricxvis marcxniv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

erTi bitiT Zvris Semdeg miviRebT ricxvs 01001100, romlis 

Sesabamisi aTobiTi ricxvia 7610 da igi orjer aRemateba 

Zvramdeli orobiTi ricxvis Sesabamis aTobiT 3810 ricxvs. es 
SemTxveviT ar momxdara: Tvlis N-obiT sistemis fuZe N–is 

tolia da Tu masSi warmodgenil ricxvs marjvniv 0-s mivu-
werT, igi N-jer izrdeba, xolo Cvens SemTxvevaSi N=2. 

orobiTi mTeli dadebiTi ricxvis marjvniv erTi bitiT 

Zvris dros nebismieri luwi ricxvi zustad 2-jer mcirdeba. 
kenti ricxvis dros narCundeba mTeli nawili, xolo naSTi 

ikargeba. magaliTad, 00100011=3510 ricxvis marjvniv erTi 

bitiT dros miiReba 00010001=1710. 

1 1 1 1 0 1 0 0 

1 

C 

0 1 1 1 0 1 0 0 0 

logikuri  Zvra marjvniv 

0 1 

C 

1 1 1 1 0 1 0 0 

1 1 1 1 1 0 0 

ariTmetikuli Zvra marjvniv 

logikuri (ariTmeti- 

kuli) Zvra marcxniv 

1 

C 

0 

1 1 1 1 0 1 0 0 

1 1 1 0 1 0 0 0 

cikluri Zvra marcxniv 

1 1 1 1 0 1 0 0 

1 1 1 1 0 1 0 0 

1 1 1 1 0 1 0 0 

1 1 1 0 1 0 0 1 

cikluri Zvra marjvniv 

a) 

b) 

g) 

d) 

e) 

nax. 2.18. Zvrebis saxeebi 
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axla ganvixiloT, ra xdeba uaryofiTi ricxvebisaTvis. 
orobiT sistemaSi uaryofiTi ricxvebi SeiZleba warmodgenili 

iqnes sxvadasxva formiT, kerZod, pirdapiri, Sebrunebuli da 

damatebiTi kodebis saxiT. mikroprocesorul sistemebSi uar-

yofiT ricxvebs warmoadgenen damatebiTi kodebis saxiT, radgan 

aseTi formiT maTi warmodgena sxva RirsebebTan erTad Sek-

rebis formiT gamoklebis operaciis Sesrulebis saSualebasac 

iZleva. 

rogorc 2.1 cxrilidan Cans, uaryofiTi «-8 » ricxvis Sesa-
bamis 8-bitur damatebiT kods warmoadgens 1111 1000. misi mar-
cxniv erTi bijiT Zvrisas miiReba ricxvi 1111 0000, romelic 

warmoadgens «-16 » ricxvis damatebiT kods, e.i. mniSvneloba 

zemoT ganxiluli SemTxvevis analogurad gaormagda. e. i. ze-

moT aRmoCenili kanonzomiereba daculia! 

aRniSnuli ricxvis marjvniv erTi bijiT daZvrisas zemoT 

aRmoCenili kanonzomierebis ZaliT 2-jer unda Semcirdes, mag-
gram es ar xdeba. marTlac, marjvniv erTi bijiT daZvriT mi-

iReba ricxvi 0111 1100, romelic dadebiTi (da ara uaryofi-

Ti) ricxvis kodia! saqme is aris, rom uaryofiTi ricxvebis 

marjvniv daZvris dros dadebiTi ricxvebis marjvniv daZvrisa-

gan gansxvavebiT ufrosi Tanrigi unda SevavsoT ara 0-iT, ara-
med 1-iT. Seqmnili mdgomareobidan gamosasvlelis sapovnelad 

Semotanili iqna Zvris kidev erTi nairsaxeoba – ariTmetikuli 
Zvra. igi logikuri Zvrisagan mxolod imiT gansxvavdeba, rom 

misi ufrosi (niSnis) biti ar icvleba, e. i. ricxvis niSani 

ucvleli rCeba.  

Cven mier zemoT ganxilul 1111 1100 kods marjvniv erTi 
bitiT ariTmetikulad daZvrisas miiReba 1111 1100, romelic 

aris “-4” ricxvis damatebiTi kodi (ix. cxr. 2.1).  
 

2.12. logikuri niRbebi 

 

1857 wels damuSavebuli iqna savaWro flotisaTvis gankuT-

vnili koduri signalebis sistema, romelic 18 almis meSveob-
iT specifikuri informaciis manZilze gadacemis saSualebas 



70 
 

 

iZleoda. aRniSnul sistemas didi xnis ganmavlobaSi iyenebdnen 

da is Suqurma signalizaciam mTlianad mxolod 2012 wels Se-

cvala. 

XVIII saukuneSi italiaSi warmoiSva specifikuri saxis ba-

li, romlis monawileebs niRbebi ekeTaT. aseT bals uwodes 

italiuri sityva «maschera»-dan nawarmoebi saxeli “maskara-
di” (redaqtoris SeniSvna: aRniSnuli terminis arabul-qarTul 

Sesatyviss “masxara”  warmoadgens). niRabze arsebobda Tvalisa 

da pirisaTvis gankuTvnili amonaWrebi, xolo danarCen nawilze 

daxatuli iyo is saxe, romliTac surda wardgomoda sxvebs 

konkretuli niRbis mflobeli. 

modernizebuli saxis alamebi da niRbebi gamoyenebuli iqna 

mikroprocesorul sistemaSi specifikuri operaciebis organi-

zebisaTvis. ganvixiloT isini. 

mikroprocesorul sistemaSi Semoitanes specialuri 2 ba-
itis sigrZis mqone «mdgomareobis registri», romlis TiTo-

eul bits ewoda «alami». amgvarad modernizebuli almis daye-
neba gulisxmobs bitis mniSvnelobad «1»-is Caweras, xolo Ca-
mogdeba – bitis mniSvnelobad «0»-is Cawera. aRniSnuli almebi  

(bitebi) gamoiyeneba sxvadasxva saxis gadasvlis brZanebebis re-

alizebisaTvis. 

rac Seexeba termin «niRabs », igi uwodes konstantas, rome-
lic gansazRvravs mravalTanrigiani ricxvis bitebis im ares, 

sadac gamoyenebuli unda iqnes garkveuli ariTmetikuli Tu 

logikuri operacia. misi saSualebiT garkveuli operaciis Ca-

tarebisas SeiZleba zogierTi bitis (iseve, rogorc maskaradis 

dros saxis garkveuli nawilebis) dafarva, an rogorc pirvan-

deli, aseve inversirebuli saxiT maTi gamoCena.  

2.19,a naxazze naCvenebia SemTxveva, romlis drosac 0101 ko-
dian registrze anu saxeze, Camofarebulia niRabi. registris 

zeda Tanrigebs faravs niRabi, romelzec dawerilia cifrebi 

0;0, xolo qveda or TanrigTan arsebobs amonaWrebi, saidanac 

Tvali xedavs cifrebs 01. amis gamo sabolood Tvali regis-

tridan amoikiTxavs kods 0001. 
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niRabze daweril 0;0 bitebs Tu ucvlelad davtovebT, 

xolo niRbis amonaWrebs SevcvliT bitebiT 1;1, maSin miviRebT, 
rom ganxilul realur niRabs Seesabameba logikuri lo-
gikuri niRabi 0011 (ix. 1.9,a naxazis marjvena mxare), romelic 

Tavis funqcias asrulebs registrSi arsebul kodze logikuri 

gamravlebis (koniunqciis) meSveobiT. marTlac:   

0101 & 0011 = 0001. 
 aRniSnulis gamo 0011 niRabs ewodeba koniunqciuri niRabi. 

koniunqciur niRabs Tu CamovafarebT romelime registrs, maSin 

nax. 2.19.  niRbebis reali- 
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moxdeba am registris im TanrigebSi arsebuli bitebis «Camog-
deba», romlebzec afarebulia koniunqciuri niRbis 0-is toli 

bitebi, e.i. igi gamoiyeneba garkveuli bitebis «Camosagdebad». 
2.19,b naxazze ilustrirebulia koniunqciuri M=0011 niRbis 
saSualebiT D=0101 saxis zeda ori maRali bitis «Camog-
debis» SemTxveva. 

2.19,g naxazze naCvenebia SemTxveva, romlis drosac «saxeze» 
Camofarebulia niRabi, romlis zeda nawilebi amoWrulia, xo-

lo qvemo nawilebze dawerilia cifrebi 1;1. amis gamo Tvali 

xedavs kods 0111.  
realuri niRbis amonaWrebs Tu SevcvliT «0»-ebiT, xolo 

masze arsebul nawerebs SevinarCunebT, miviRebT logikur niR-

bis 0011 kods (nax.2.19,g); saxe 0101-Tan misi diziunqciisas vi-
RebT Tvalis mier zemoT danaxul 0111 ricxvs. diziunqciis 
operaciis Sesrulebis saWiroebis gamo mocemul logikuri ni-

Rbis kods diziunqciuri niRabi ewodeba. diziunqciur niRabs 
Tu CamovafarebT romelime registrs, maSin moxdeba am regis-

tris im TanrigebSi arsebuli bitebis «dayeneba», romlebzec 

afarebulia diziunqciuri niRbis 1-is toli bitebi, e.i. igi ga-

moiyeneba garkveuli bitebis «dasayeneblad». 2.19,b naxazze 

ilustrirebulia koniunqciuri M=0011 niRbis saSualebiT 

D=0101 saxis zeda ori maRali bitis «dayenebis» SemTxveva.  
2.19,e,v naxazebze naCvenebia e.w. mod.2-is niRbis gamoyenebis  

SemTxveva.  mod.2-iT Sekrebis niRabs Tu CamovafarebT romeli-

me registrs, maSin moxdeba am registris im TanrigebSi arse-

buli bitebis inversireba, romlebzec afarebulia diziunqci-

uri niRbis 1-is toli bitebi, e. i. igi gamoiyeneba garkveuli 

bitebis inversirebisaTvis.  

maSasadame: 1) koniunqciuri niRabi gamoiyeneba garkveuli bi-

tebis Camosagdebad; 2) diziunqciuri niRabi gamoiyeneba ga-

rkveuli bitebis dasayeneblad; 3) mod.2-iT Sekrebis niRabi 

gamoiyeneba garkveuli bitebis inverserebisaTvis.    
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3.1. logikis algebris cneba 

 

algebras, romelSic mzidad wodebul G simravles warmoq-

mnis orobiTi cvladebi, xolo signaturas (operaciebis nak-

rebs) - koniunqcia, diziunqcia da inversia, logikis (orobi-
Ti) algebra ewodeba. xSirad mas am algebris Semqmneli jorj 
bulis sapativcemlod bulis algebrasac uwodeben.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sayovelTaod cnobili saskolo algebris analogurad lo-

gikis algebraSic arsebobs garkveuli kanonebi, romelTaganac 

III Tavi  

cifruli mowyobilobebis 

logikuri realizebis 

safuZvlebi  

karg Teoriaze ufro praqtikuli araferi ar aris. 

                   g. r. kirhofi (1821-1887) 

 

cxr.3.1.  logikis algebris ZiriTadi kanonebi 

1).  asociurobis kanoni:  
     x1(x2 x3) = (x1x2) x3; 

    (x1+x2)+ x3 = 

           = x1+(x2 +x3). 

 2)  komutaturobis ka- 

   noni  x1x2  = x2x3; 

         x1+x2= x1+x2. 

 

11)  diziunqciis mimarT  

  koniunqciis distri- 

  buciulobis kanoni: 

 x1(x2 x3) = x1x2 + x1x3. 
 
12)  koniunqciis mimarT  

diziunqciis distri- 

buciulobis kanoni: 

 x1+ (x2 x3) = 

       = ( x1+x2 )(x1  +x3). 
 

4)  idempotenturobis 
  kanoni  xx= x; 

         x+x= x. 

 

3)  ormagi uaryofis  

  kanoni:   

                          

 

x = x. 

 

6)  de morganis kanoni:  

 

 

 

x1 x2 =  x1+ x2 ; 

 
x1+ x2 =  x1 x2 . 

 
7)  gamoricxuli mesa- 

  mis kanoni:  

                        

 

x+x=1

.   

5)  winaaRmdegobrobis 

 kanoni:  

                       

 

x x= 0. 

xy+x ̅ =x 
8)  Sewebebis kanoni:  

                        

 (x+y)(x+ ̅) = x 13)  Segragvnis kanoni: 

 x+ ̅y =x+y; 

  x( ̅+y)=xy 

 

9) x+0=x; x•0=0 

                    10) x+1=1; x•1=x 
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zogi maTgani emTxveva saskolo algebris kanonebs, zogi ki ara. 

kompaqturobisaTvis logikis algebris yvela ZiriTadi kanoni  

3.1 cxrilis saxiT gvaqvs moyvanili. maTi codna aucilebelia 

logikuri funqciebis analizuri gamosaxulebaTa gardaqmisaT-

vis (gamartivebisaTvis, an konkretuli situaciaze damodebule-

biT maTTvis sasurveli formis misacemad).  

 

3.2. logikuri funqciebi da maTi 

warmodgenis formebi 

 

logikur xi cvladebze damokidebul y = f(x1,…, xn) funqcias,  

romlisTvisac samarTliania gamosaxuleba y, xi {0,1}, i = 1,…,n, 

logikuri funqcia ewodeba. arsebobs logikuri funqciebis wa-

rmodgenis cxriluri, analizuri, koordinatuli da ricxviTi 

formebi [1,2].  
cxrilur formas warmoadgens WeSmaritobis cxrili (ix. 

§2.9). igi umartivesi formaa, romlidanac miiReba danarCeni 

formebi. 

logikuri funqciis analizuri formebs warmoadgens dizi-

unqciuri srulyofili normaluri forma (dsnf) da koniun-

qciuri srulyofili normaluri forma (ksnf). 

▲ diziunqciuri srulyofili normaluri formis miRebis 
A1 algoriTmi: 1) WeSmaritobis cxrilidan amoviweroT argu-

mentTa is nakrebebi, romlebzec funqcia 1-is tol mniSvnelo-

bebs iRebs; 2) SevadginoT argumentebis mniSvnelobaTa amowe-

ril TiToeul nakrebSi Semavali argumentebis koniunqciebi. 

amisaTvis, Tu nakrebSi argumentis mniSvneloba 1-is tolia, igi 

koniunqciaSi ucvlelad, xolo Tu 0-is tolia, maSin – inver-

sirebuli saxiT SevitanoT; 3) punqt 2-Si formirebuli koni-

unqciebi SevaerToT diziunqciaTa niSnebiT. 

A1 algoriTmis meore punqtSi Sedgenil koniunqciebs erTi-
anis konstituentebi anu minitermebi ewodeba. maSasadame, 

dsnf  warmoadgens erTianebis konstituentTa (minitermTa) 
diziunqcias. 
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ganvixiloT 3 cvladze damokidebuli logikuri funqcia, 

romelic «1»-is tol mniSvnelobas iRebs mxolod maSin, 

rodesac Sesasvleli cvladebis umravlesoba (ori an sa-mi 

aseTi cvladi) «1»-is tolia. aseT logikur funqcias  ma-
Joritaruli logikuri funqcia; misi WeSmaritobis cxrili 

3.1,a naxazzea mocemuli. aRniSnuli WeSmaritobis cxrilisaT-

vis SevasruloT A1 algoriTmi: 1) 011; 101; 110; 111. 2)    ̅̅ ̅      ;   

     ̅̅ ̅   ;           ̅̅ ̅;           .        3) ixileT naxazi 3.1,b.  
 

 
  

 

    

    

 

 

 

 

 

 

 

A1 algoriTmis realizebis zemoT moyvanil meore punqtSi 

moyvanilia ganxiluli logikuri funqciisaTvis Sedgenili er-

Tianis konstituentebi anu minitermebi, xolo 3.1,b naxazze mo-
yvanilia aRniSnuli funqciis dsnf.   @ 

▲  koniunqciuri srulyofili normaluri formis (ksnf-

is) miRebis A2 algoriTmi: 1) WeSmaritobis cxrilidan amovi-

weroT argumentTa is nakrebebi, romlebzac funqcia 0-is tol 

mniSvnelobebs iRebs; 2) SevadginoT argumentebis mniSvneloba-

Ta amorCeul TiToeul nakrebSi Semavali argumentebis dizi-

unqciebi. amisaTvis Tu nakrebSi argumentis mniSvneloba 0-is 

tolia, igi diziunqciaSi ucvlelad, xolo Tu 1-is tolia, 

maSin - inversirebuli saxiT gadmoviweroT; 3) punqt 2-Si fo-
rmirebuli diziunqciebi SevaerToT koniunqciaTa niSnebiT. 

nax.3.1 maJoritaruli logikuri funqciis warmodgenis cxriluri (a), ana- 

      lizuri (b,g,d,e) da ricxviTi (v,z) formebi.                                                         

 

d) 

a) b) 

g) 

e) 

v) 

z) 
y(x1,x2 .x3) =  ∑           y(x1,x2 .x3) =  ∏          

y(x1,x2 .x3) =   ̅̅ ̅       +      ̅̅ ̅    +         ̅̅ ̅ +          ; 

y(x1,x2 .x3) = (  +  +  )(  +  +  ̅̅ ̅)(  +  ̅̅ ̅+  )(  ̅̅ ̅+  +  ); 

                                                                             

 
y(x1,x2 .x3) =    ̅̅ ̅   ̅̅ ̅   ̅̅ ̅ +   ̅̅ ̅   ̅̅ ̅    +   ̅̅ ̅      ̅̅ ̅  +      ̅̅ ̅   ̅̅ ̅ ; 

y(x1,x2 .x3) =(  +  ̅̅ ̅+  ̅̅ ̅)(  ̅̅ ̅+  +  ̅̅ ̅)(  ̅̅ ̅+  ̅̅ ̅+  )(  ̅̅ ̅+  ̅̅ ̅+  ̅̅ ̅) 
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zemoT ganxiluli algoriTmis meore punqtSi Sedgenil di-

nziunqciebs nulebis konstituentebi anu maqsitermebi ewodeba. 
zogierTi avtori nulebis konstituentebs antikonstituente-
badac moixseniebs. maSasadame, ksnf  warmoadgens nulebis 
konstituentTa (antikonstituentTa, maqsitermTa) koniunqcias. 

3.1,a naxazzea mocemuli WeSmaritobis cxrilisaTvis Sevas-

ruloT A2 algoriTmi: 1) 000; 001; 010; 100. 2)  (  +  +  );   

(  +  +  ̅̅ ̅);   (  +  ̅̅ ̅+  );   (  ̅̅ ̅+  +  ).  3) ixileT naxazi 3.1,g.  
A2 algoriTmis realizebis zemoT moyvanil meore punqtSi 

moyvanilia ganxiluli logikuri funqciisaTvis Sedgenili nu-

lebis konstituentebi (maqsitermebi), xolo 3.1,g naxazze – 

aRniSnuli funqciis ksnf. 

zogjer mosaxerxebelia gamoviyenoT dsnf-isa da ksnf-is 

inversiuli formebi. 

▲ dsnf-is inversiuli formis misaRebad A1 algoriTmis 

pirvel punqtSi WeSmaritobis cxrilidan unda amovweroT ar-

gumentTa is nakrebebi, romlebzec funqcia 0-is tol mniSvne-

vlobebs iRebs, xolo danarCeni ori punqti ucvlelad Sevas-

ruloT. misi gamoyenebisas Cveni magaliTisaTvis miviRebT 3.1,d 
naxazze moyvanil gamosaxulebas, romelic Cveni funqciis 

dsnf-s inversirebuli formaa. 

▲ ksnf-is inversiuli formis misaRebad A2 algoriTmis 

pirvel punqtSi WeSmaritobis cxrilidan unda amovweroT ar-

gumentTa is nakrebebi, romlebzec funqcia 1-is tol mniSvne-

lobebs iRebs, xolo danarCeni ori punqti ucvlelad Sevasru-

loT. misi gamoyenebis SemTxvevaSi Cveni magaliTisaTvis mivi-

RebT 3.1,e naxazze moyvanil gamosaxulebas, romelic Cveni fu-

nqciis ksnf-s inversirebuli formaa. 

▲xSirad gamosaxulebebis Sesamokleblad logikur funqci-

ebs warmodgenen aTobiTi ricxvebis mimdevrobaTa saxiT, romle-

bic warmoadgens zemoT ganxiluli da algoriTmebis meore pu-

nqtSi arsebuli orobiTi ricxvebis aTobiT ekvivalentebs. mi-

Rebul gamosaxulebebs dsnf-sa da ksnf-is Sesabamis ricx-
viT formebs uwodeben, isini Sesabamisad 3.1,e,z naxazebzea mo-
yvanili. 
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▲ ganvixiloT minitermebi. isini warmoadgens Sesabamisi 

logikuri funqciis pirdapiri an inversirebuli formiT wa-

rmodgenili argumentebis koniunqcias. elementaluri koniun-
qcia ewodeba koniunqcias, romelSic nebismieri cvladi mxol-

od erTxel Sedis. agebis ZaliT minitermi elementaluri koni-

unqciaa. elementaluri koniunqciis rangi ewodeba masSi Semava-
li cvladebis raodenobas. elementaluri koniununqciebis di-

ziunqcias logikuri funqciis normaluri forma (dnf) ewo-

deba. dsnf aris n argumentze damokidebuli logikuri funq-

ciis gamosaxva iseTi dnf-is saxiT, romelic mxolod n ran-

gis elementaluri koniunqciebisagan Sedgeba. n rangis or  

elementaluri koniunqcias Tu aqvs A   da A  ̅ saxe, sadac A 

warmoadgens n-1 rangis elementalur koniunqcias, maSin maTi 

diziunqcia SeiZleba A koniunqciiT Seicvalos. marTlac: A   + 

+ A  ̅ = A (   +   ̅) = A. am dros TiTqos ori elementaluri ko-

niunqcia Seeweba erTmaneTs da erT koniunqciad gadaiqca. ami-

tom moyvanil gardaqmnas Sewebebis wessac uwodeben. dsnf-Si 

Sewebebis wesebis gamoyenebis gziT miiReba dnf-ad.  

logikur funqcias aqvs erTaderTi dsnf, romlidanac Se-

iZleba miRebuli iqnes ramdenime dnf. dsnf-isa da dnf-is 

rangebi ewodeba maTSi Semavali minitermebis rangebis jams. ze-

moT aRniSnulis gamo dsnf-is rangi aRemateba misgan miRebu-

li nebismieri dnf-is rangs. sxvadasxva dnf-ebis rangebi Se-

iZleba erTmaneTisagan gansxvavdebodes. maT Soris arsebul ud-

ablesi rangis dnf-s ewodeba im dsnf-is minimaluri forma, 

romlisganac iyo igi miRebuli da aRiniSneba rogorc mdnf. 

dsnf-idan mdnf-is miRebis process logikuri funqciis mi-
nimizacia ewodeba. mis Sesaxeb konkretuli magaliTis fonze 

ganvixilavT momdevno paragrafSi. 

   

 3.3. cifruli mowyobilobebis logikuri 

realizeba 

 

nebismier logikur funqcias Seesabameba garkveuli cifruli 

mowyobiloba, romelic axdens am funqciis realizebas. sxva si-
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tyvebiT rom vTqvaT, nebismieri logikuri funqcia warmoad-

gens garkveuli cifruli mowyobilobis maTematikur models. 

maTematikuri modelis meSveobiT cifruli mowyobilobis age-

bis amocanas sinTezis amocana ewodeba. arsebobs sinTezis amo-
canis gadawyvetis mkacrad formulirebuli algoriTmi, rom-

lis detaluri ganxilva cdeba Cveni saxelmZRvanelos fargl-

ebs. miuxedavad amisa, konkretuli amocanis gadawyvetis maga-

liTze aRniSnuli algoriTmis Sesaxeb zogadi warmodgenis qo-

na, Cveni azriT, aucilebelia zogadad inJinruli Tvalsawieris 

gasafarToeblad. aRniSnulis gamo mocemul paragrafSi avagebT 

zemoT moyvanili maJoritaruli logikuri funqciis mareali-

zebel cifrul mowyobilobas. amisaTvis saWiroa Semdegi ope-

raciebis Sesruleba.  

1. sityvierad aRiweros sarealizebeli logikuri funqcia.  
sam argumentze damokidebuli maJoritaruli logikuri fu-

nqcia sityvierad 3.2. paragrafSi gvaqvs aRwerili; 

2. sityvieri aRweris safuZvelze Sedges sarealizebeli 
logikuri funqciis WeSmaritobis cxrili.  

sarealizebeli logikuri funqciis WeSmaritobis cxrili 

3.1,a naxazzea mocemuli;  

3. WeSmaritobis cxrilis meSveobiT ganisazRvros sareali-
zacio logikuri funqciis dsnf (an ksnf). 

 Cven mier ganxiluli 3 cvladze damokidebuli maJorita-

ruli logikuri funqciis dsnf 3.1,b naxazzea moyvanili.  

4. araminimizebuli cifruli mowyobilobis agebisaTvis 
gadavideT me-5, xolo minimizebuli cifruli mowyobilobis 
agebisaTvis – me-7 punqtze; 

5. dsnf-Si Semavali minitermebi realizdes koniunqtoreb-
iT, romelTa Sesasvlelebis raodenoba minitermebSi arsebuli 
cvladebis raodenobis tolia. 

 ganxiluli dsnf  Seicavs 4 miniterms, romelTaganac Ti-

Toeuli Seicavs 3 logikur cvlads (ix. nax.3.1,b). samSesas-
vleliani koniunqtorebis meSveobiT oTxive minitermi realize-

bulia 3.2,a naxazze moyvanil sqemaze; 
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6. koniunqtorebis mier formulirebuli logikuri cvlade-
bi logikurad Seikribos diziunqtoris meSveobiT, romlis 
Sesasvlelebis raodenoba zemoT aRniSnuli koniunqtorebis 
raodenobis tolia da moxdes punqt 9-ze gadasvla. 

 ganxilul magaliTSi gvaqvs oTxi koniunqtori, romelTa 

gamosasvlelebze formirebuli logikuri cvladebis logikur 

Sekrebas axdens 4 Sesasvleliani diziunqtori (nax.3.2,a); 
 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

7. moxdes mocemuli dsnf-s minimizeba, e.i mis safuZvelze 
napovni iqnes mdnf.  

arsebobs mdnf-is povnis analizuri da matriculi meTo-

debi. Tavis mxriv arsebobs logikuri funqciis minimizebis uS-

d) 

e) 

a) 

b) 

g) 
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nax.3.2. maJoritaruli y =   ̅̅ ̅       +      ̅̅ ̅   +         ̅̅ ̅  funqciis apara- 

      turuli realizeba 
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ualo da formalizebuli meTodebic. uSualo meTodis gamoye-
nebisas logikuri algebris kanonebis (ix.cxr.3.1) gamoyenebiT 
vaxdenT dsnf–is gamartivebas, rogorc es 3.2,b naxazzea mo-
yvanili. es forma Sromatevadia; misi gamoyeneba moiTxovs maRa-

li profesionaliozmsa da did praqtikul gamocdilebas. 

 minimizaciis amocana martivdeba sxvadasxva formalizebuli 

meTodebis gamoyenebiT: SesaZlebelia SevadginoT maTi Sesabamisi 

programebi da amocana gadavwyvitoT kompiutris gamoyenebiT. 

erT-erTi aseTi formalizebuli meTodia, magaliTad, qvainisa 
da mak-klaskis mier SemoTavazebuli meTodi. igi Cven [1]-Si 
gvaqvs ganxiluli da mas aq ar SevexebiT. 

mdnf–is povnis matriculi meTodis dros gamoiyeneba e.w. 

karnos baraTebi. aRniSnuli meTodi farTod gamoiyeneba maSin, 

rodesac argumentebis raodenoba 4...5-s ar aWarbebs. karnos ba-
raTi ewodeba cxrils, romlis ujredebis raodenoba n cvla-

dze damokidebuli funqciisaTvis   -is tolia, amasTanave Ti-

Toeul miniterms baraTze Seesabameba sakuTari ujredi. 3.2,g 
naxazze moyvanilia 3- ga 4-cvladze damokidebuli logikuri 

funqciebis Sesabamisi karnos baraTebi.  

dsnf-s saxiT warmodgenili logikuri funqciis karnos 

baraTis meSveobiT gamosaxvisaTvis karnos baraTis im ujredeb-

Si, romelTa Sesabamis minitermebs Seicavs dsnf, unda Cavwe-

roT 1, xolo danarCeni ujrebi davtovoT Seuvseblad. 3.1,a na-
xazze moyvanili gansaxilveli logikuri funqcia karnos bar-

aTis meSveobiT 3.2,d naxazzea moyvanili.  

amave naxazze naCvenebia karnos baraTis meSveobiT logikuri 

funqciis mdnf–is povnis procesi. misi ganxilva scildeba 

Cveni saxelmZRvanelis farglebs, magram igi detalurad gvaqvs 

ganxiluli [1.2]-Si, romlebsac SeuZlia gaecnos dainteresebul 

pirs. 

8. mdnf realizdes ise, rogorc  me-5 punqtSi moxda  
dsnf-is realizeba, oRond minitermebis nacvlad aviRoT 

mdnf–s elementaluri koniunqciebi (nax.3.2,e);     
9. algoriTmis dasasruli. 
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3.2,a,e naxazebze moyvanili sqemebiT erTidaigive logikuri 

funqciaa realizebuli, oRond 3.2,a naxazze moxdenilia am fu-

nqciis dsnf-is, xolo 3.2,e naxazze - mdnf–is realizeba. 

rogorc naxazidan Cans, mdnf–is gamoyenebisas mniSvnelovnad 

martivdeba sqemis struqtura. 

dasasruls, aRniSnavT, rom logikuri funqciis minimizaciis 
problemis aqtualoba damokidebulia Sesabamisi cifruli mo-

wyobilobis asagebad gamoyenebul saelemento bazaze. kerZod, 

igi metad aqtualuria saelemento bazad calkeuli eleqtro-

nuli xelsawyoebis (tranzistorebis, diodebis, tiristorebis 

da a.S) an mcire integraluri sqemebis gamoyenebis dros da na-

klebad aqtualuria am mizniT saSualo da didi integraluri 

sqemebis gamoyenebisas.  

  

cifruli mowyobilobis realizebisaTvis, upirveles yovli-

sa, formirebuli unda iyos davaleba, romelSic gansazRvruli 

iqneba aRniSnuli mowyobilobis funqciebi.  

davalebis formire-bisaTvis SeiZleba gamoyenebuli iqnes bu-

nebrivi salaparako ena, magram aRniSnuli enis mravalmniSvne-

lianoba da siWarbe aZnelebs davalebis kompaqturad da calsa-

xad formirebas. aRniS-Snuli problemis dasaZlevad gamoiyeneba 

sxvadasxva midgoma. zemoT davaleba formirebuli iyo WeSmari-

tobis cxrilis (ix.nax.3.1,a) meSveobiT. universalur midgomad 

unda CaiTvalos davalebis formireba regularuli gamosaxul-
ebis saxiT [5,6,7,19,25]. regularuli gamosaxulebis meSveobiT 

logikuri mowyobilobis realizebisaTvis damaxasiaTebeli pro-

blema formirebulia IV danarTSi. aRniSnuli problema da-

saZlevad Cven mier damuSavebuli iqna cifruli mowyobilo-

bebis abstraqtuli sinTezis originaluri algoriTmi [3]; igi 

ramdenadme cdeba mocemul saxelmZRvaneloSi gansaxilvel sa-

kiTxebs, magram misi gamoyeneba mniSvnelovnad aadvilebs mikro-

procesoruli mowyobilobebis konstruqtoris saqmianobas. aR-

niSnulis gamo mizanSewonilad CavTvaleT igi warmogvedgina IV 
danarTSi.     
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mikroprocesoruli sistemis struqtura Sedgeba calkeuli 

elementebis, kvanZebis, blokebisa da mowyobilobebisagan. ele-
mentebi amuSavebs informaciis bitebis Sesabamis calkeul el-

eqtrul signalebs. kvanZebi amuSavebs signalTa jgufebis meSve-

obiT warmoqmnil calkeuli sainformacio sityvebs, xolo 

bloki - am sityvebis calkeul mimdevrobebs; sityvebis urTi-

erTdakavSirebul mimdevrobaTa realizebas axdens mowyobilo-
ba.  

erTmaneTisagan ganasxvaveben analogur da cifrul mowyobi-

lobebs, romelTaganac pirveli gankuTvnilia analoguri (uwy-

veti), xolo meore – cifruli (wyvetili anu diskretuli) 

signalebis dasamuSaveblad. Cven mxolod cifrul mowyobilob-

ebs ganvixilavT. 

erTmaneTisagan ganasxvaveben kombinaciur (erTtaqtur) da mi-

mdevrobiT (mravaltaqtur) cifrul mowyobilobebs. am ukanas-

knelebs xSirad sasrul avtomatebsac uwodeben.  
kombinaciuri ewodeba cifrul mowyobilobas, romlis gamo-

sasvlel signalTa mniSvnelobebs calsaxad gansazRvravs 

(drois mocemul an wina momentSi) Sesasvleli signalebis mni-

Svnelobebi. mimdevrobiTi cifruli mowyobilobis gamosasvle-

li signalebis mniSvnelobebi damokidebulia ara marto Sesas-

vleli sagnalebis mniSvnelobaze, aramed Tavad mowyobilobis 

Sinagan mdgomareobazec. aRniSnulis gamo kombinaciur mowyobi-

lobebs xSirad mexsierebis armqone mowyobilobebs, xolo mim-

devrobiT mowyobilobebs – mexsierebian mowyobilobebsac uwo-
deben. 

IV Tavi 

mikroprocesoruli sistemis 

tipuri cifruli mowyo-

bilobebi  
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mocemuli Tavis mizania kompiuteruli sistemis struq-

turis Semadgeneli ZiriTadi erTeulebis mokled ganxilva.   

     

4.1. kombinaciuri logikur mowyolobaTa 

tipuri funqciur0 kvanZebi 

 

multipleqsorebi da demultipleqsorebi. multiple-
qsori ewodeba informaciis ramdenime wyarodan erT gamosas-
vlel arxSi monacemebis marTulad gadamcem kombinaciur logi-

kur mowyobilobas. mas aqvs erTi gamosasvleli da ori saxis, 

kerZod, sainformacio da samisamarTo Sesasvlelebi. sainforma-
cio Sesasvlelebze miewodeba konkretuli informaciis gamo-

msaxveli orobiTi kodi. samisamarTo Sesasvlelebze miwode-

buli kodiT ganisazRvreba drois mocemul momentSi, Tu rome-

li sainformacio Sesasvleli unda miuerTdes gamosasvlels. 

vinaidan n–Tanrigian orobiT kods 2
n
–is raodenobis mniSvne-

lobis miReba SeuZlia, amitom n raodenobis samisamarTo Sesa-

svlelis mqone multipleqsors  2
n
 raodenobis sainformacio 

Sesasvleli unda hqondes. 
ori samisamarTo Sesasvlelis mqone multipleqsoris muSa-

obis amsaxavi WeSmaritobis cxrili 4.1,a naxazzea mocemuli. am 

cxrilidan Cans, rom multipleqsors aqvs damatebiTi inversi-

uli  ̅ gamosasvleli da muSaobis nebadarTvis E Sesasvle-li.  

muSaobis nebadarTvis E Sesasavlelze aqtiuri logikuri 

(E=1) signalis miwodebisas multipleqsoris gamosasvleli si-

gnali mudmivia da misi mniSvneloba araa damokidebuli Sesa-

svlel signalebze.  

multipleqsoris muSaobis aRmwer logikur funqcias aqvs 

saxe: 

mocemuli logikuri funqciis marealizebeli multipleqso-

ris logikuri sqema 4.2,b  naxazzea naCvenebi. 
warmoeba integraluri mikrosqemis saxiT uSvebs tipur mu-

ltipleqsorebs, romlebsac  aqvs 8 sainformacio da 3 samisa- 
 

Q = D0A1A0E + D1A1A0E + D2A1A0E.  
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 nax. 4.1. multipleqsoris:  WeSmaritobis cxrili (a); logi- 
  kuri sqema (b); pirobiTi gamosaxuleba (g); xis (ierarqiis) 
  logikuri sqema (d).   
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marTo Sesasvleli. misi pirobiTi gamosaxuleba 4.1,g naxazzea mo-
yvanili. igi funqcionirebs Semdegnairad. samisamarTo Sesasvle-

lebze miwodebuli orobiTi A2A1A0 misamarTiT ganisazRvreba is 

sainformacio Di{D0, D1, … , D7} Sesasvleli, romelic miuer-

Tdeba multipleqsoris Q gamosasvlels. 

8-ze meti sainformacio Sesasvlelebis mqone multipleqsoris 

saWiroebisas saWiroa tipuri 8 sainformacio Sesasvlelis mqone 

multipleqsorebisagan avagoT e.w. multipleqsoruli xe. simar-
tivisaTvis aRniSnuli xis asagebad gamoviyenoT pirobiTi 4 sain-
formacio da 2 samisamarTo Sesasvlelis mqone multipleqsore-

bi. misi struqturuli sqema 4.1,d naxazzea moyvanili. rogorc am 

naxazidan Cans, aRniSnul xis struqturaSi multipleqsorebi or 

donezea ganTavsebuli: I doneze ganTavsebulia (0), (1), (2) da 
(3) nomris, xolo II doneze – (4) nomris mqone 4 sainforma-cio 
Sesasvlelis mqone  multipleqsorebi. multiplesoruli xis 

samisamarTo ms1 SesasvleliT amoirCeva I donis multipleq-

sori, romelTanac mierTebulia amosarCevi sainformacio arxi; es 

ukanaskneli ki samisamarTo ms2 Sesasvlelis saSualebiT amoir-

Ceva. sicxadisaTvis ganvixiloT Semdegi magaliTi: 

davuSvaT, rom saWiroa multipleqsoruli xis Z gamosas-

vlels  miuerTdes (2) nomris mqone multipleqsoris sainforma-

icio D3 arxTan dakavSirebuli sainformacio x11 arxi. amisaTvis 

saWiroa samisamarTo ms1 Sesasvlelze mivawodoT orobiTi 10 mi-
samarTi, risi meSveobiTac amoirCeva (2) nomris mqone multiple-

qsori. amis Semdeg ms2 sainformacio Sesasvlelze unda mivawo-

doT orobiTi 11 misamarTi, romliTac amoirCeva (2) nomris mqone 
multipleqsoris sainformacio D3 Sesasvleli da igi miuerTdeba 

zemoT aRniSnul Z gamosasvlels. vinaidan es sainformacio D3 

Sesasvleli sainformacio x11 arxTanaa dakavSirebuli, dasmuli 

amocana warmatebiT iqneba gadawyvetili. sabolood SeiZleba 

vTqvaT, rom x11 arxis jamuri orobiTi misamarTi ganxiluli Sem-

Txvevis dros 1011-is tolia.   

ramdenime wyarodan mosuli informacia erTi arxis meSveobiT 

droSi danawevrebulad gadacemisaTvis, multipleqsorebis garda 

saWiroa gvqondes Sebrunebuli daniSnulebis mowyobilobebi, ro-
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mlebic erTi arxidan miRebul informaciebs ramdenime mimRebs ga-

unawilebs.  am amocanas wyvets e. w. demultipleqsori. 

demultipleqsori ewodeba informaciis erTi wyarodan ram-

denime gamosasvlel arxSi monacemebis marTulad gadamcem logi-

kur mowyobilobas. 

         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                               
 
 
 
 

nax. 4.2. demultipleqsoris: WeSmaritobis cxrili (a); logikuri  
sqema (b); pirobiTi gamosaxuleba (g); xis (ierarqiis) logikuri  
sqema (d).  
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zogadad demultipleqsors aqvs erTi sainformacio da 2
n 

gamosasvleliani n raodenobis samisamarTo Sesasvleli. misi 

muSaobis aRmweri WeSmaritobis cxrili 4.2,a naxazzea mo-

yvanili. masSi E warmoadgens muSaobis nebadarTvis signals, 

A1,A0 - samisamarTo Sesasvlelebs. xolo Q0…Q3 - gamosasvle-

lebs. mocemul cxrils Seesabameba logikuri funqciebis Sem-

degi sistema: 

 

 

 

 4.2,b naxazze moyvanilia mocemuli sistemis 

marealizebeli demultipleqsororis logikuri sqema, xolo 

4.2,g naxazze – misi pirobiTi gamosaxuleba. sqemis 

safuZvelze gamosasvleli gamomyvanebis raodenobis gazrdis 

saWiroebisas aucilebelia avagoT demultipleqsiruli xe. 
igi zustad multipleqsiruli xis msgavsad aigeba (nax. 

4.2,d). am dros pirveli donis demultipleqsori imarTeba 

samisamarTo sityvis umcrosi TanrigebiT, xolo meore donis 

demultipleqsori – aRniSnuli sityvis ufrosi TanrigebiT. 

demultipleqsiruli xis agebisas aucilebelia gaviTvalis-

winoT muSaobis nebadarTvisaTvis (strobirebisaTvis) saWiro 

Sesasvleli.  

kodebis gardamqmneli.  cifrul teqnikaSi informacia 

sxvadasxvanairad kodirdeba. kompiuterSi, magaliTad, operaci-

ebis Sesasruleblad orobiTi kodis ramdenime saxesxvaoba 

(pirdapiri, Sebrunebuli, damatebiTi, orobiT-aTobiTi da a.S. 

kodebi) gamoiyeneba. kavSirgabmulobis xazebiT informaciis 

gadacemisas unda gamoviyenoT sxva saxis kodebi, romlebic, 

magaliTad, amcirebs Secdomebis warmoSobis albaTobas, xolo 

maTi warmoSobis SemTxvevaSi am Secdomebis gasworebis 

SesaZlobas iZleva. msgavsi saxis kodebs miekuTvneba luwobis 

an kentobis Semmowmebeli kodebi, hemingis kodebi, mudmivwoni-

ani (kerZod, 5C2) kodebi.  

zemoT aRniSnulidan gamomdinare, yovelTvis wamoiWreba ga-

rveuli saxis kodis sxva saxis kodad gardaqmnis saWiroeba. 

Q0 = DA1A0E = D  A1  A0  E; 

Q1 = DA1A0E = D  A1  A0  E;  

Q2 = DA1A0E = D  A1  A0  E;  

Q3 = DA1A0E = D  A1  A0  E;  
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aparaturul doneze am amocanas wyvets kodebis gardam-

qmnelad wodebuli kombinaciuri mowyobilobebi.  

 

   

 
 
 
 
 
 
 
                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
kodis gardamqmneli ewodeba kodirebis saxeobis Semcvlel  

kombinaciur mowyobilobas. misi muSaobac aRiwereba WeSma-

ritobis cxriliT, romelic erTmaneTs Seusabamebs am mowyo-

bilobis Sesasvlelebze miwodebul da gamosasvlelebze war-

moqmnil kodur sityvebs. zogadad SeiZleba erTmaneTs ar em-

Txveodes aRniSnul sityvaTa sigrZeebi (sityvebis warmomqmne-

g) 

nax. 4.3. kodebis gardamqmnelis pirobiTi gamosaxuleba (a); Sifra- 
    toris WeSmaritobis cxrili (b); aTobiTi ricxvebis Sifrato- 

    ris logikuri sqema (g); klaviaturidan informaciis Setanis mo-  
    wyobiloba (d).  
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li bitebis raodenobebi). mTavaria cxrili meSveobiT damyar-

des aRniSnuli sityvebis urTierTcalsaxa Sesabamisoba. kode-

bis gardamqmnelis pirobiTi gamosaxuleba, romliTac igi pri-

ncipul sqemebze aRiniSneba, 4.3,a naxazzea moyvanili. integra-

luri sqemebis saxiT gamoSvebuli kodebis gardamqmnelis maga-

liTs warmoadgens orobiTi informaciis orobiT-aTobiT in-

formaciad gardamqmneli. kodis gardamqmnelTa kerZo SemTx-

vevebs warmoadgens Sifratorebi da deSifratorebi.  

Sifratorebi da deSifratorebi. Sifratori anu kode-
ri ewodeba mowyobilobas, romelic aTobiT ricxvebs garda-

qmnis orobiT ricxvebad. Sesasvlelebs mimdevrobiT miewodeba 

aTobiTi ricxvebis gamomsaxvel signalTa erTobliobebi. Ti-

Toeuli es erToblioba gardaiqmneba Sesabamisi orobiTi ri-

cxvis gamomsaxav signalTa erTobliobad.  naTqvamis Tanaxmad, 

Sifrators Tu aqvs n raodenobis  gamosasvleli, maSin misi 

Sesasvlelebis raodenoba 2n–ze naklebi ar unda iyos. 2n ga-

mosasvlelisa da n Sesasvlelis mqone Sifrators  sruli Si-
fratori ewodeba, xolo 2n-ze naklebi Sesasvlelebian Sifra-

tors - arasruli Sifratori.  
Sifratoris muSaoba ganvixiloT 0-dan 9-mde aTobiTi ri-

cxvis orobiT-aTobiT kodebad gardamqmnelis magaliTze. am 

SemTxvevis Sesabamisi WeSmaritobis cxrili 4.3,b naxazzea mo-
cemuli, romlidanac miiReba Semdegi logikuri funqciaTa Se-

mdegi sistema:  

 

 

 

mocemuli sistema gansazRvravs Sifratoris muSaobas. mis 

mixedviT sinTezirebuli Sifratori 4.3,g naxazzea moyvanili. 

naxazidan Cans, rom, ganxiluli tipis Sifratoris x0 Sesa-

svlelze signali ar miewodeba. romelime Sesasvlelze signa-

lis ararseboba am Sesasvlelze signal 0-is arsebobad aRi-
qmeba.  

Sifratori ZiriTadad gamoiyeneba klaviaturidan cifrul 

sistemaSi pirveladi informaciis Sesatanad. nebismier klaviS-

Q3 = x8 + x9; 
Q2 = x4 + x5 + x6 + x7; 
Q3 = x2 + x3 + x6 + x7; 

Q3 = x1 + x3 + x5 + x7 + x9. 
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ze TiTis daWerisas Sifratoris Sesabamis Sesasvlels miewo-

deba logikuri «1» signali, romelic Sifratoris gamosasvl-

elze orobiT-aTobiT kodad gardaiqmneba. informaciis Setanis 

erT-ereTi varianti 4.3,d naxazzea moyvanili.  

deSifratori anu dekoderi ewodeba Tvlis orobiTi sis-

temidan ricxvebis aTobiT sistemaSi gadamyvan kombinaciur 

logikur mowyobilobas.  gansazRvrebis Tanaxmad deSifrato-

ri kodebis gardamqmnelTa klass miekuTvneba. am SemTxvevaSic 

TiToeul Sesasvlel orobiT ricxvs SeuTanaddeba mowyobi-

lobis garkveul gamosasvlelze formirebuli signali. amgva-

rad, deSifratori asrulebs Sifratoris mier Sesrulebuli 

operaciis Sebrunebul operacias. n raodenobis Sesasvleleb-

isa da  m raodenobasa gamosasvlelebis mqone deSifrators 

ewodeba sruli deSifratori, Tu sruldeba toloba m = 2
n
; 

arasruli deSifratoris dros m < 2
n
. 

deSifratoris muSaoba aRiwereba Sifratoris WeSmaritob-

is cxrilis (ix. nax. 4.3,b) analoguri WeSmaritobis cxril-

iT, oRond masSi adgilebs erTmaneTs ucvlis Sesasvleli da 

gamosasvlelebi. am cxrilis Sesabamisad gamosasvleli sig-

nali “1”-is toli cvladebis mxolod erTaderT nakrebze 

xdeba, amitom deSifratoris muSaobas aRwers logikuri fun-

qciebis Semdegi sistema:  

 

        

 

 

 

sadac Qi aris mowyobilobis i–ur gamosasvlelze arsebuli 

logikuri cvladis mniSvneloba. 

cifruli komparatori ewodeba orobiTi kodebis saxiT 

warmodgenili ricxvebis erTmaneTTan Semdarebel kombinaciur 

logikur mowyobilobas.  

x0 = Q3Q2Q1Q0; 

x1 = Q3Q2Q1Q0; 

x2 = Q3Q2Q1Q0; 
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komparatoris Sesasvlelebis raodenobas gansazRvravs Sesa-

darebeli ricxvebis Tanrigianoba. komparatoris gamosasvlelze 

Cveulebriv formirdeba Semdegi sami signali: 

- F=  - «Sesadarebeli kodebis ricxviTi ekvivalentebi erTma-

neTis tolia»; 
- F>  - «pirveli kodis ricxviTi ekvivalenti aRemateba me-

ore kodis ricxviT ekvivalents»; 
- F< -  «pirveli kodis ricxviTi ekvivalenti naklebia meore 

kodis ricxviT ekvivalentze».  
    
 
 
 
  
 
 
 
 
 

ori erTTanrigiani kodebis Sedarebis dros komparatoris 

muSaobas aRwers 4.4,a naxazze moyvanili WeSmaritobis cxrili.  

WeSmaritobis cxrilis analizi gviCvenebs, rom Sesasvleli 

signalebis nebismieri kombinaciis dros komparatoris gamosas-

vlelze SeiZleba formirdes mxolod erTi aqtiuri (erTe-

ulovani) signali. amitom Sesasvleli kodebis nebismieri Tan-

rigianobisas sakmarisia Sesasvleli signalebis gamoyenebiT wa-

rmoiqmnas nebismieri ori gamosasvleli signali. mesame signali 

yovelTvis SeiZleba miviRoT ori cnobili signalis meSveobiT. 

WeSmaritobis cxrilidan miiReba logikuri funqciebis Sem-

degi sistema:    

 
 
 

aparaturuli danaxarjebis TvalsazrisiT, moyvanili gamo-

saxulebebis analizs gviCvenebs, rom Sesasvleli cvladebis 

nax. 4.4. erTTanrigiani komparatoris WeSmaritobis cxrili (a);  
 gamomricxavi an-ara elementis logikuri sqema da pirobiTi ga-  
 saxuleba (b); komparatoris logikuri sqema (g).   
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gamoyenebisas mosaxerxebeli iqneba ganvsazRvroT F>  da F<  si-

gnalTa mniSvnelobebi, xolo F=  signali ganvixiloT rogorc 

maTi funqcia; vinaidan F=  signalis ganmsazRvrel funqcias 

cifrul teqnikaSi ufro meti damoukidebeli mniSvneloba 

aqvs, amitom saWiroa igi ufro dawvrilebiT ganvixiloT. F=-

is gamosaxulebas ewodeba gamomricxavi an-ara funqcia, anu 

oris moduliT Sekrebis inversia. da, an, ara elementebis 

gamoyenebiT am operaciis realizebis magaliTi da misi piro-

biTi gamosaxuleba 4.4,b naxazzea moyvanili. 4.4,g naxazze mo-
cemulia 4.4,a naxazze moyvanili WeSmaritobis cxrilis mixe-

dviT agebuli logikuri mowyobilobis  struqturuli sqema. 

ariTmetikul-logikuri mowyobiloba (alm) ewodeba mi-

kroprocesoruli sistemis kvanZs, romelic asrulebs infor-

maciis damuSavebisaTvis saWiro ariTmetikul da logikur 

operaciebs. aRniSnuli operaciebis umravlesoba sruldeba 

aparaturulad, mcire nawili ki – programulad. 

alm-is mier realizebul operaciebs Soris yvelaze mni-

Svnelovania ariTmetikuli Sekrebisa da gamravlebis operaci-

ebi. maT Sesrulebaze daxarjuli drois xangrZlivoba mikro-

procesoruli sistemis funqcionirebis Sesafasebel erT-erT 

ZiriTad parametrad iTvleba. 

Sesasvlel cvladebze ariTmetikuli da logikuri opera-

ciebis SesrulebisaTvis saWiroa alm-Si maTi Setana; amitom 

alm-is struqturas emateba rogorc sawyisi monacemebis, ise 

maTze operaciebis CatarebiT miRebuli Sualeduri Sedegebis 

Semnaxavi damxmare mowyobilobebi. aseTi mowyobilobebis fun-

qciebs asrulebs damatebiTi registrebi. 
4.5,a naxazze moyvanilia damatebiTi registrebiani alm–is 

sqemis erT-erTi varianti. arsebiTad es sqema mikroprocesoris 

gamartivebuli sqemaa.  

alm-Si monacemebis Sesatanad, rogorc wesi, arsebobs por-

tebis (gamomyvanebis) ori, xolo misgan monacemebis gamosatanad 

– erTi jgufi. 4.5,a naxazze Sesasvleli portebis jgufebi aR-

niSnulia rogorc «Ses.1» da «Ses.2 », xolo gamosasvleli po-
rtebis jgufi – rogorc «gamos». garda amisa, damxmare in-
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formaciiT momaragebisaTvis alm-Si gaTvaliswinebulia por-
tebis kidev erTi jgufic (ix. nax. 4.5,a).  

 

 
 
 
 
 
 
     
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 4.5. gare registrebTan alm-is mierTeba (a);  sumatoris (am- 
jamavis) pirobiTi aRniSvna (b); orTanrigiani ricxvebis gamravle-  
bis sqema (g); matriculi mamravebelis struqturuli sqema (d).   
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Sesasvleli portebis orive jgufi aRWurilia monacemebis 

droebiTad Sesanaxi sakuTari buferuli registriT. TiToeul 

buferul registrSi Seinaxeba informaciis erTi sityva, ro-

lis Tanrigebis raodenoba mowyobilobis konkretul tipzea 

damokidebuli. erT-erTi Sesasvleli porti monacemebs uSual-

od monacemebis saltidan iRebs, xolo meore ports monacemebi 

SeuZlia miiRos rogorc uSualod monacemebis saltidan, ise  

akumulatorad wodebul specializebuli registridanac. am 

ukanaskneli registris SesasvlelTan gamosasvleli portia mi-

erTebuli (ix. nax. 4.5,a). 
araerT SemTxvevaSi akumulators gaaCnia monacemebis salte-

sTan misaerTebeli meore Sesasvlelic. amitom zogadad akumu-
latorSi SeiZleba inaxebodes rogorc ukve Catarebuli opera-
ciis Sedegad miRebuli, aseve monacemebis saltiT gadacemuli 

monacemebic. alm-is muSaobis Sesaxeb damxmare informaciis mi-
RebisaTvis gankuTvnili portebis (gamomyvanebis) jgufi mierTe-

bulia «mdgomareobis registrad» wodebul specialur regis-

trTan. am registrs zogjer «indikatorsac» uwodeben. mis Ta-
nrigebSi inaxeba samomsaxureo informacia ukanasknelad Sesru-

lebuli operaciis Sedegis Sesaxeb. magaliTad, masSi SeiZleba 

inaxebobodes informacia imis Sesaxeb, rom akumulatori Camo-

yrilia, bolo operaciis Sesrulebisas miRebuli iqna uaryo-

fiTi Sedegi da a.S.   

operaciis tipze damokidebulebiT alm SeiZleba amuSaveb-

des monacemebis erT an or sityvas; pirvel SemTxvevaSi, igi 

gamoiyenebs erT, xolo meore SemTxvevaSi – orive Sesasvlel 

ports. magaliTad, ariTmetikuli Sekrebis operaciis Sesrule-

bisas igi iyenebs orive, xolo Sebrunebuli kodis misaRebad – 

mxolod erT ports. operaciis Sedegi yovelTvis Caiwereba 

akumulatorSi.  

sxvadasxva klasis mowyobilobebisaTvis alm-is mier real-

izebuli operaciaTa konkretuli CamonaTvali SeiZleba sakmaod 

mravalferovani iyos. am mravalferovnebaSi mainc SeiZleba ga-

moiyos operaciebi, romelsac asrulebs nebismieri saxis alm. 
aseTi operaciebia ariTmetikuli Sekreba da gamokleba, logi-
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kuri gamravleba, Sekreba da 2-is moduliT Sekreba, inversia, 

sxvadasxva mimarTulebiT (marcxniv an marjvniv) Zvra, dadebiTi 

da uaryofiTi zrda (inkrementi da dekrementi). es operaciebi 

mxolod alm_Si arsebuli aparaturuli saSualebebiT (logi-

kuri elementebiT) sruldeba, ris gamoc mas elementalur ope-

raciebsac uwodeben. ufro rTuli operaciebi, rogoricaa, maga-

liTad, ariTmetikuli gamravleba da gayofa, rogorc wesi, 

programulad (mikroprogramuli xerxiT) sruldeba. 

alm miekuTvneba kombinaciur mowyobilobebs, radgan mas ar 

gaaCnia mexsierebis sakuTari elementebi da misi gamosasvleli 

signalebi mxolod Sesasvleli signalebis kombinirebiT mi-

iReba. mis mier konkretuli elementaruli operaciis Sesasru-

leblad daxarjuli dro signalis gavrcelebis dayovnebis 

drozea damokidebuli, e.i. ganisazRvreba gamoyenebuli saele-

mento bazis sixSiruli TvisebebiTa da realizebuli logikur 

funqciebis TaviseburebebiT. 

kompiuteris muSaobis analizma gviCvena, rom mis mier Ses-

rulebuli operaciebis 50%-s Seadgens ariTmetikuli gamrav-
leba, xolo daaxloebiT 45%-s – ariTmetikuli Sekreba.  
aqedan xdeba naTeli, Tu ratom iTvleba mikroprocesoruli 

sistemis erT-erT ZiriTad parametrad rogorc Sekrebis, ise 

gamravlebis operaciis Sesasruleblad saWiro dro. pirveli 

maTgani gansazRvravs gamoyenebuli saelemento bazis, xolo me-

ore maTgani – gamoyenebuli algoriTmebis srulyofilobas. 

mocemul naSromSi Cven ganvixilavT mxolod aparaturuli 

xerxiT logikuri da ariTmetikuli operaciebis Sesasruleb-

lad saWiro logikuri sqemebis agebasTan dakavSirebul Ziri-

Tad sakiTxebs.    

sumatori warmoadgens orobiTi kodebis saxiT warmodge-

nil ricxvebze Sekrebis ariTmetikuli operaciis Semsrulebel 

kombinaciur logikur mowyobilobas.   

sumatorebi alm-is erT-erTi ZiriTadi mowyobilobebia. te-

rmini «sumatori» moicavs umartivesi logikuri sqemebidan da-

wyebul da urTulesi cifruli kvanZebiT damTavrebul mowyo-

bilobaTa farTo speqtrs. maTTvis saerToa is, rom nebismieri 
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maTgani ariTmetikulad krebs orobiTi saxiT warmodgenil ri-

cxvebs. am ricxvebis TiToeuli TanrigisaTvis gaTvaliswinebu-

lia 3 Sesasvlelis mqone erT Tanrigiani majamebeli elementi 

(nax.4.5,b). ori Sesasvleli gankuTvnilia mocemuli Tanrigis x1 

da x2 SesakrebebisaTvis, xolo mesame Sesasvleli – mezobeli 

umcrosi Tanrigidan gadmosuli Sesakreb «1»-isaTvis. ganxi-
lul elements aqvs S da P gamosasvleli, romelTaganac S ga-

mosasvlelidan gaicema saZebni x1 +x2  jami, xolo P gamosas-

vlelidan - ufros TanrigSi gadasatani biti.  

ramdenime Tanrigiani orobiTi ricxvebis Sesakrebad gamoiye-

neba «1»-is mimdevrobiTi gadataniani ramdenime sumatoruli 

elementi. mimdevrobiTi gadataniani sumatorebis swrafmoqmede-

bas zRudavs yvela elementSi gadatanebis mimdevrobiT gada-

cemisaTvis saWiro dro. am maCveneblis gasaumjobeseblad ga-

moiyeneba paraleuri gadataniani sumatorebi.  

ariTmetikuli gamravlebisa da gayofis operaciebi mikro-

procesorul sistemaSi tradiciulad programuli xerxiT 

sruldeba. teqnologiebis sferoSi bolo wlebSi miRweuli wa-

rmatebebis SemweobiT moxerxda damuSavebuliyo aparaturuli 

xerxiT am operaciebis Semsrulebeli integraluri sqemebi. ma-

Tma gamoyenebam mniSvnelovnad aamaRla mikroprocesoruli sis-

temebis swrafmoqmedeba. 

aparaturuli mamravlebeli faqturad axdens TanamamravlTa 

Tanrigebis kerZo namravlebis Sejamebaze dafuZnebul tradici-

uli algoriTmis realizebas. aRniSnulis sailustraciod gan-

vixiloT orTanrigiani orobiTi a1a0 da b1b0 kodebis gamravle-

bis (nax. 4.5,g) magaliTi. misi marealizebeli mowyobilobis 

sqema 4.5,d naxazzea moyvanili. mamravlTa Tanridebis kerZo 

namravlebi formirdeba DD1…DD4 abreviaturebiT aRniSnuli 

da-elementebiT. maT ajamebs DD5 da DD6 sumatorebi. moyvanil 

struqturas ewodeba matriculi mamravlebeli bloki.  
 
 
         



97 
 

 

4.2. cifruli avtomatebi (trigerebi, 

registrebi, mTvlelebi) 

 

 cifrul avtomatebSi mexsierebis elementebad gamoiyeneba 

sxvadasxva modifikaciis mikroeleqtronuli trigeri.  

trigeri ewodeba Sesasvleli signalis ori (logikuri «1»-
isa da logikuri «0»-is toli) mdgradi mniSvnelobis mafor-

mirebel mowyobilobas, romelic am mniSvnelobebis urTierT-

Secvlas gare mmarTveli signalis zemoqmedebiT axdens.  

   

          

 

 

 

 

 

 

 

arsebobs sxvadasxva saxis trigeri. maTi klasifikacia 4.6 
naxazzea mocemuli. eleqtronul sqemebSi gamoyenebul pirobiT 

grafikul gamosaxulebebSi trigerebis identificireba marjve-

na zeda nawilSi moTavsebuli aso T-s (naxazebi: 4.7,a,g,e; 4.8,a) 
meSveobiT xdeba. trigeris gamosasvlelebi aRiniSneba Q asoeb-

iT. am dros «0» gamosasvlelis aRniSvnisaTvis es aso inversi-

is niSniT, e.i  ̅ (ix. nax. 4.7; 4.8) saxiT aiReba.  
mokled ganvixiloT trigerebis 4.6 naxazze CamoTvli nair-

saxeobebi. 

asinqronul RS-trigers (nax.4.7,b)gaaCnia ori sainforma-
cio Sesasvleli, romelTaganac erT-erTi aRniSnulia asoTi S 

(ing. Set anu «dayeneba»), xolo meore – asoTi R (ing Reset anu 

«Camoyra»). misi pirdapiri gamosasvleli aRniSnulia rogorc 

Q, xolo inversirebuli gamosasvleli – rogorc  ̅.   
asinqronuli RS trigeri miiReba dadebiTi jvaredini kavSi-

rebiT dakavSirebuli ori logikuri an-ara elementiT (nax. 

nax. 4.6. trigerebis klasifikacia  

2.logikuri 

kavSirebis   

organizeb-  

is xerxi  

1. marTvis 

 xerxi  

 trigerebis klasifikacis niSnebi 

2.1. RS tipis 

2.2. T tipis 

2.3. D tipis 

2.4. JK tipis 

1.1. sinqro- 

nuli 

1.2. asin- 

qronuli 
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4.7,b). misi muSaobis principis maCvenebeli droiTi diagrama 

4.7,g naxazzea moyvanili. 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
                                                                                         
 
 
 
                                                                                                                              
 
 
 
 
 
 
 

S Sesasvlelze logikuri «1»-is miewodebisas (ix.nax. 4.7,a), 
e.i. rodesac S=1 (4.7,g naxazze naCvenebi t1 momentis dros) in-

versiul  ̅ gamosasvlelze warmoiqmneba logikuri «0». aRniS-
nuli signali ukukavSiris wrediT miewodeba an-ara elemen-

tis erT-erT (Cvens SemTxvevaSi qveda) Sesasvlels. am elemen-

tis meore R Sesasvlelze logikuri «0»signalis arsebobis 

gamo gveqneba: Q=1. trigeris es mdgomareoba didi xnis ganma-

nax. 4.7. asinqronuli RS trigeris :  pirobiTi gamosaxuleba (a); 
funqciuri sqema (b); droiTi diagrama (g); sinqronuli RS trige- 

ris: funqciuri sqema (d); pirobiTi gamosaxuleba (e). T trigeris: 
pirobiTi aRniSvna (v); funqciuri sqema (z); droiTi diagrama (T).   

T trigeri 

1

  

T1 S1 

R1 

C1 

T2 S2 

R2 

C2 

Q 

Q 

z) 

0 

T2 

t1 T1 t2 

T 

Q 

t 

t 
0 

1

  

1

  

T) v) 

Q 

Q 

TT 

T 

RS trigerebi 

b) 

1

  

1

  

Q 

Q 

R 

S 

S 

R 

T 

Q 

Q 

a) 

t2 

R 
t 

t 

Q 

t1 

t1 

S 

t2 t 

0 

1 

0 

1 

0 

1 

g) 

&

  

&

  

&

  

&

  

Q 

Q 

R 

S 

C 

d) 

S 

R 

C 

T 

Q 

Q 

e) 

T 



99 
 

 

vlobaSi SenarCundeba da ar Seicvleba S Sesasvlelze ar-

sebuli signalis Secvlis drosac manam, sanam R Sesasvlelze 

SenarCunebuli iqneba logikuri «0» (mdgomareoba, romlis 

drosac S=1 da R=1, mocemuli trigerisaTvis akrZalulia, vi-
naidan Sesasvleli signalebis am kombinaciis dros trigeris 

gamosasvlelis mdgomareobis winaswarmetyveleba SeuZlebelia). 

amgvarad, RS-trigeri imaxsovrebs S Sesasvlelze logikuri 

«1» signalis miwodebis faqts manam, sanam R Sesasvlelze ar 

warmoiqmneba Camoyris «1»  signali (e.i. 4.7,g naxazze naCvenebi 
drois t2 momentamde). 

 R=1-is dros Q gamosasvlelze warmoiqmneba signali «0», 
e.i. Q=0, xolo Sesabamisi ukukavSiriT uzrunvelyofili iqneba 

 ̅=1 toloba da a.S.  

sinqronul RS trigers (anu RST trigers) (nax.4.7,d), 
aqvs damatebiTi C Sesasvleli (ing. Clock, qarT. “saaTi”). masze 

miewodeba sinqronizaciis impulsebi. sinqronuli trigeri mi-

iReba asinqronuli RS trigeris SesasvlelTan damatebiTi ori 

da-ara elementis mierTebiT (ix. nax. 4.7,d). 
sinqronizaciis C-Sesasvlelze signalis ararsebobisas (e.i. 

rodesac C=0) R da S  Sesasvlelebi sakuTari trigeridan (igi 

punqtirul marTkuTxedSia Casmuli) ganrTuli aRmoCndeba da 

am Sesasvlelebze signalebis cvlilebas aRniSnuli trigeris 

mdgomareobis Secvla ar SeuZlia. 

zemoT aRniSnul Sesasvlelze nebadamrTveli signalis gaCe-

nisas, e. i. rodesac C=1, Sesasvleli da-ara elementebi as-

rulebs invertorebis funqcias. am dros trigeris mdgomareob-

as asinqronuli RS trigeris analogurad  calsaxad gansazR-

vravs R- da S- Sesasvlelebze arsebuli signalebis mniSvnelo-

bebi. 

aRsaniSnavia, rom ganxilul trigers sakuTari mniSvnelobis 

Secvla SeuZlia im intervalis nebismier momentSi, romlis ga-

nmavlobaSic C=1. aseT trigers ewodeba sinqronizaciis stati-
kuri Sesasvlelis mqone trigeri.  

praqtikaSi Zalian Zalian gavrcelebulia sinqronizaciis 
dinamikuri (impulsuri) Sesasvlelis mqone trigerebi. aseTi 



100 
 

 

trigeris Taviseburebaa is, rom erTi mdgomareobidan meoreSi 

misi gadarTva mxolod Sesasvleli C signalis cvlilebis pe-

riodSia SesaZlebeli; gadarTva xdeba sinqronizaciis impulsis 

wina an ukana frontiT. aseTi gadawyveta mniSvnelovnad amaR-

lebs trigeruli mowyobilobebis dabrkolebamdgradobas, rad-

gan am dros maqsimalurad mcirdeba informaciis gadawerisaT-

vis saWiro intervali. muSaobis miTiTebuli reJimis realize-

bisaTvis saWiroa 4.7,d naxazze arsebuli damatebiTi da-ara 

elementebi SevcvaloT damxmare RS-trigerebiT, ris Sedegadac 

miiReba e. w. sami trigeris sqema. 
T trigeri (ing. Tumbler – tumbleri, gadamrTveli) farTod 

gamoiyeneba cifrul mTvlelebSi. am trigerSi (nax.4.7,e) arse-
bobs T Sesasvleli, romelzec (impulsis) yoveli zemoqmedeba 

iwvevs trigers erTi mdgomareobidan meoreSi gadarTvas. gadar-

Tvebis raodenoba T-Sesasvlelze mosuli impulsebis raodeno-

bis tolia, ris gamoc mas mTvleli Sesasvlelis mqone tri-
gersac uwodeben.  

T trigerebis umravlesobas safuZvlad udevs orsafexuro-

vani trigeris sqema; es ukanaskneli warmoqmnilia gadajvaredi-

nebuli ukukavSirebiT moculi sinqronuli ori RST trigger-

iT, romlebic mimdevrobiTaa SeerTebuli (nax.4.7.v). garda ami-
sa, am RST trigerTa C Sesasavlebi erTmaneTTan ara-elemen-

tiTaa SeerTebuli da maTi gaerTianebiT warmoqmnilia mTli-

anad trigeris T Sesasvleli (nax.4.7,z). amgvarad C1 Sesas-

vlelze yoveli zemoqmedeba Sesasvleli xazidan ganrTavs me-

ore RST trigers. T2 trigerTan ukukavSiris wrediT T1 tri-

geris SeerTebis gamo am ukanasknelis TiToeuli iZulebiTi ga-

darTva iwvevs T2 trigeris «gadayiravebas» (mdgomareobis Sec-
vlas). T trigeris muSaobis principi ilustrirebulia T Se-

sasvlelsa da Q gamosasvlelze mimdinare procesebis droiTi 

diagramiT (nax. 4.7,T)   
D trigeri (ing. Delay – Seyovneba), romlis pirobiTi gamo-

saxuleba 4.8,a naxazzea moyvanili, Q gamosasvlelze signals 

warmoqmnis D Sesasvlelze mmarTveli zemoqmedebidan garkveuli 

drois gasvlis Semdeg (e.i. dayovnebiT). amisaTvis mas aqvs C 
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Sesasvleli, romlis (statikurad an dinamikurad) agzneba sa-

Sualebas iZleva trigeri gadairTos D Sesasvlelze arsebuli 

signalis Sesabamisad. D trigeri miiReba RS-trigerisagan. Tu 

Sesasvlelze gamoviyenebT erTnairi tipis logikur da-ara 

elementebs (nax.4.8,b). procesebis droiTi diagramebi 4.8,g na-
xazzea moyvanili.                 

 

 

 

 
 
 
 
 
 
 
                                                                                                                                                           
 
 
 
 
 
 
 
 
 
 
 
 

universaluri JK trigers, romlis pirobiTi gamosaxu-

leba 4.8,a naxazzea moyvanili, gaaCnia ori sainformacio (J da 

K) da erTi masinqronizebeli (C) Sesasvleli. igi agebulia 

ukukavSirebiani ori RST trigeriT (nax.4.8,e).  
JK-trigers Tvlian universalur trigerad, vinaidan misi 

Sesasvleli momWerebis sxvadasxvanairad gadarTvis gziT SeiZ-

nax. 4.8.  D trigeris: pirobiTi gamosaxuleba (a); funqciuri 
sqema (b); droiTi diagrama (g); universaluri JK trigeris: 
piro-biTi gamosaxuleba (d); funqciuri sqema (e).  
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leba yvela sxva saxis trigeri miviRoT. mikroeleqtronuli 

Sesrulebis dros JK trigers gaaCnia gafarToebuli Sesasvle-

li logika, romlis wyalobiTac aseTi mravalfunqciuri tri-

geri SeiZleba erTi da imave seriis sxvadasxva mikrosqemaSi ga-

moviyenoT.  

registrebi. orobiTi formiT warmodgenili informaciis 

Sesanaxad gankuTvnil mowyobilobas registrs uwodeben. igi 

miiReba «0»-is an «1»-is Semnaxveli trigerebis urTierTdakav-

SirebiT. trigerebis raodenoba gansazRvravs registris Tanri-

gianobas. registrebs SeuZlia marTvis sistemis meSveobiT Seas-

rulos informaciis miRebis, gadacemisa da gardaqmnis operaci-

ebic.  

ESesasrulebel funqciebze damokidebulebiT ganasxvaveben 

paralelur da Zvris registrebs. 
RST trigerebiT agebuli umartivesi orTanrigiani parale-

luri registris pirobiTi gamosaxuleba 4.9,a naxazze, xolo 

misi funqciuri sqema - 4.9,b naxazzea moyvanili. orobiTi kod-

is saxiT informaciis Casawerad Tavdapirvelad yvela R- da S-

Sesasvlelebze saTanado signalebis miwodebis gziT trigerebi 

unda gavanuloT. amis Semdeg SeiZleba trigerebis mdgomareoba 

ar SevcvaloT («0»-is SesanarCuneblad) an SevcvaloT S-Se-

sasvlelelis meSveobiT («1»-is Casawerad). registrSi arsebu-
li informacia SeiZleba wavikiTxoT registris Q–gamosasvle-

lebidan.   

registris umniSvnelovanesi parametrebia Tanrigebis raode-
noba da swrafmoqmedeba. dabali swrafmoqmedebis dros izRude-

ba sistemis marTvis taqturi impulsebis maqsimaluri sixSire, 

romelic uzrunvelyofs informaciis Caweras, wakiTxvasa da 

umartives damuSavebas. informacia umartivesad muSavdeba Zvris 

registrebSi informaciis (SigTavsebis) marcxniv da/an marjvniv 

Zvris gzT (Zvris mimarTuleba, rogorc §2.11-Sia naCvenebi, da-
mokidebulia imaze, SigTavsi iyofa Tu mravldeba 2n,n =0,1,2,… 

mniSvnelobaze).  Zvris registrebSi  Cveulebriv gamoiyeneba 

mimdevrobiT SeerTebuli D trigerebi, romlebsac aqvs Sem-

degi sami Sesasvleli: sainformacio (D Sesasvleli), Zvris (C 
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Sesasvleli) da dasayenebeli (R Sesasvleli). am dros mTeli 

mowyobilobis erTdroulad marTvisaTvis gaerTianebulia yvela 

trigeris  C- da R-Sesasvlelebi. Zvris registri SeiZleba 

avagoT RS-trigerebiTac, oRond am SemTxvevaSi TiToeuli Ta-

nrigisaTvis droSi daZruli taqturi impulsebiT marTvadi 

ori trigeris gamoyeneba mogviwevs. am SemTxvevaSi Cndeba Sesa-

svlelidan gamosasvlelisaken Casaweri signalis Tanrigobrivad 

gadaadgilebis SesaZlebloba. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rTul cifrul mowyobilobebSi calkeul registrebs Soris 

informacia, rogorc wesi, yvela registris Sesabamisi  Tanri-

gebis Sesasvlelebisa da gamosasvlelebis SemaerTebeli saerTo 

saltiT gaicvleba (nax.4.9,g). am dros TiToeul registrs aqvs 

Caweris nebadarTvis E Sesasvleli da Sesabamisi gamosasvle-

C 

S1 

R1 

S2 

R2 

RG Q1 

Q2 

Q1 

Q2 

S1 

C1 

R1 

T1 
Q1 

Q1

` 

S2 

C2 

R2 

T2 
Q2 

Q2

` 

“0”-is dayeneba 

sinqro- 

nizacia 

ganuleba 

saerTo salte 

S1 

S2 

C 

R 

E 

EZ 

RG2 S1 

S2 

C 

R 

E 

EZ 

RG1 
Q1 Q1 

Q2 Q2 

marTvis 

 bloki 

a) b) 

g) 

nax. 4.9. orTanrigiani registris pirobiTi gamosaxuleba (a)   
   da funqciuri sqema (b); saerTo saltesTan ramdenime re- 
   gistris mierTebis sqema (d);    
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li gamomyvanebidan misi trigerebis ganmrTveli EZ Sesasvle-

li. am sqemaSi informaciis gadacemis konkretuli gza amoirCe-

va marTvis blokidan Sesabamisi nebadamrTveli signalebis miwo-

debiT. magaliTad, RG2 registridan RG1 registrSi infor-

maciis gadasawerad nebadamrTveli signalebi saWiroa mivawod-

voT RG2 registris EZ Sesasvlelsa da  RG1 registris E 

Sesasvlels. am SemTxvevaSi saerTo saltesTan mierTebuli iq-

neba mxolod RG2 registris gamosasvlelebi da RG1 regis-

tris Sesasvlelebi. amitom sinqronizaciis impulsiT moxdeba 

informaciis moTxovnili gadawera.      

impulsebis cifruli mTvlelebi. cifruli mTvlelebi 
ewodeba trigerebiT agebul funqciur mowyobilobas, romelic 

iTvlis mis Sesasvlelebze mosul impulsebs. Cveulebriv oro-

biTi kodis saxiT formirebuli Tvlis Sedegi SeiZleba waki-

Txuli iqnas an moxdes misi Senaxva mTvlelis trigerSi. saWi-

roebisamebr Tvlis Sedegi Sesasvlelze impulsis TiToeuli 

misvlis Semdeg waikiTxeba.  mTvlels orobiTi kodis saxiT 

warmodgenil 2n-1-ze araumetes ricxvamde Tvla SeuZlia, sadac 

n mimdevrobiT SeerTebuli trigerebis raodenobaa. Sesasvlel-

ze mosuli impulsebis raodenoba Tu ar izRudeba, maSin yove-

li 2n-1 raodenobis impulsis mosvlis Semdeg mTvleli brun-

deba sawyis nulovan mdgomareobaSi da xelaxla iwyebs Tvlas. 

aseTi tipis mTvlels ewodeba kvlavdamTvleli an gada-
mTvleli SeiZleba vuwodoT. 

cifruli mTvlelebi SeiZleba umartivesi trigeruli da 

logikuri mikrosqemebiT avagoT. arsebobs maRali donis inte-

graciis erTi mikrosqemis saxiT damzadebuli mravalTanrigi-

ani universaluri mTvlelebic. 

miznobrivi daniSnulebis mixedviT arsebobs Semdegi tipis 

mTvlelebi: 1) amjamavi (pirdapir iTvlis impulsebs); 2) gamom-
klebi (maqsimaluri mniSvnelobidan axdens nulamde uku-

Tvlas); 3) reversiuli (axdens rogorc pirdapir-, aise uku-

Tvlasac).   

mTvlelis funqcionirebis principi ganvixiloT T trigereb-

iT agebuli 3-Tanrigiani mTvlelis magaliTze. misi pirobiTi 
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aRniSvna da funqciuri sqema 4.10,a,b  naxazebzea moyvanili. mu-

Saobis dawyebis win mTvlelis gasanuleblad gamoiyeneba speci-

aluri salte «0»-is dayeneba (ix.nax.4.10,b), romelTanac mier-

Tebulia trigerebis yvela R Sesasvleli.  
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nax. 4.10. 3-Tanrigiani mTvlelis:  pirobiTi gamosaxuleba (a), fu- 
  nqciuri sqema (b), droiTi diagrama (g) da misi muSaobis proce- 
  sis mailustrirebeli cxrili (d); 4-mde Tvlis unaris mqone or-  
  obiTi mTvleli (e)       
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4.10,g naxazze moyvanili diagramidan Cans, rom mTvlelis C-

Sesasvlelze Tvlis impulsebis gamoCenisas mimdevrobiT gada-

irTveba sqemaSi arsebuli trigerebi; amasTanave yoveli momdev-

no trigeris gadarTvis periodi wina periodTan SedarebiT or-

magdeba. gadarTul trigerTa Q-gamosasvlelebze simbolo “1”-
is miweriT (droiT diagramze es mdgomareobebi Talxi feriTaa 

aRniSnuli) SeiZleba movaxdinoT mTvlelis mdgomareobaTa im-

gvari sistematizeba rogorc es 4.10,d naxazze moyvanil cxri-

lSia naCvenebi. mis Tanaxmad trigerebi mdgomareoba «1»-Si mas 
Semdeg gadairTveba, rodesac wina trigeris mdgomareoba «1» 
Seicvleba mdgomareoba «0»-iT. es niSnavs, rom miTiTebul re-

JimSi formirdeba Semdegi trigeris gadamyiravebeli gadatanis 

signali. 

miTiTebuli cxrilidan isic Cans, rom 3-Tanrigiani mTvle-

lis gadaTvlis moduli, e. i. mTvlelis ganulebebs Soris ar-

sebul mdgomareobaTa raodenoba, 23 = 8-is tolia. am dros pi-

rveli trigeris wonaa 20, meore trigeris – 21, xolo mesame 

trigeris – 22. aRniSnuli «wonebi» miTiTebulia 3-Tanrigiani 
mTvlelis pirobiTi gamosaxulebis marjvena (damxmare) zonaSi 

(ix.nax. 4.9,a). 
4-mde Tvlis unaris mqone impulsebis orobiTi mTvlelis 

dasaproeqteblad 3-Tanrigiani orobiTi mTvlelis zemoT ganxi-

lul sqemas unda davumatoT ukukavSiri, romelic yoveli me-5 
impulsis mosvlisas gaanulebs sqemaSi arsebul trigerebs da 

mTvleli Tavidan daiwyebs Tvlas (nax. 4.9,e). 
 

4.3. mikroprocesoruli sistemis mexsierebis 

klasifikacia 

 

mikroprocesoruli sistemis mexsiereba aRniSnuli sistemis 

funqciuri nawilia, romelic gankuTvnilia monacemebis Casawerad, Se-

sanaxad da gasacemad. aRniSnulis Sesabamisad ganasxvaveben mexsiere-

bis muSaobis Caweris, Senaxvisa da wakiTxvis reJimebs. informaciis 

damxsomebel mowyobilobaSi (dm-Si) Caweras an misgan amokiTxvas 

sxvagvarad dm-Tan mimarTvasac uwodeben. mexsierebis swrafmoqmedeba 
ganisazRvreba dm-Tan mimarTvis operaciis xangrZlivobiT. info-
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rmaciis Caweris SemTxvevaSi dm-Tan  mimarTvis tmim dro miiReba in-

formaciis tZ moZebnis, adre Cawerili informaciis twS waSlisa da 

mis nacvlad axali ricxvis tCw Caweris droebis SekrebiT: 

tmim = tZ + twS + tCw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

informaciis wakiTxvis SemTxvevaSi dm-Tan  mimarTvis tmim dro 

miiReba informaciis tZ moZebnis, misi twk wakiTxvisa da wakiTxuli 

kodebis taRdg. aRdgenis droebis SekrebiT (wakiTxuli informaciis 

aRdgena saWiroa im SemTxvevaSi, Tu wakiTxvis procesis dros 

ziandeba Cawerili informacia):  

tmim = tZ + twk + taRdg. 

damxsomebeli mowyobilobebis klasifikacia 4.11 naxazzea mocemu-
li. SevniSnavT, rom samisamarTo mimarTvis mqone mexsierebas xSirad 

samisamarTo amorCevis mexsierebasac uwodeben. aseve asociaciuri mi-
marTvis mexsiereba cnobilia asociaciuri amorCevis mexsierebis 
saxelwodebiTac. 

4.1. statikuri 

4.2. dinamikuri 

6.1. samisamarTo 

    mimarTviT 

6.2. asociaciuri 

    mimarTviT 

2.1. zeoperatiuli 

2.2. operatiuli 

2.3. mudmivi 

2.4. buferuli 

2.5. garegani 

1. gamoyenebis 

  mixedviT 

2. daniSnuleb- 

is mixedviT 

3. moqmedebis fi- 

zikuri princi- 

pebis mixedviT 

4. informaciis 

Senaxvis xer- 

xis mixedviT 

 

5. ujredTan SeR- 

wevis mixedviT 

6. mimarTvis xasi- 

aTis mixedviT 

1.1. garegani 

1.2. Sinagani 

(operatiuli) 

5.2. cikluri 

   SeRwevis 

5.1. mimdevrobi- 

   Ti SeRwevis 

5.3. Tavisufali 

    SeRwevis 

3.2. magnituri 

3.3 optikuri 

3.1. naxevargam- 

    taruli 

 klasifikaciis niSnebi 

nax. 4.11.   damxsomebeli mowyobilobebis klasifikacia      
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erTdroulad maRali rom iyos mikroprocesorul sistemis rog-

orc sainformacio tevadoba, ise swrafmoqmedebac, misi mexsiereba 

ierarqiulad unda iyos agebuli. mexsierebis ieraqiuloba zrdis mex-

sierebis tevadobas da amcirebs mexsierebasTan mimarTvis dros. Sesa-

Zlebeli xdeba gavzardoT mexsierebaSi Sesanaxi monacemebis raodeno-

ba, rac rTuli amcanebis gadasawyvetadaa saWiro. dm-is struqturis  

ierarqiulad  agebisas  informaciis nakadebis logikuri organizacia     

 

 

 

 

 

     

       

    

`  
 
                                                                                                                                  
 
                                                                                                                                  
 
 
 
 
 

gilobriv mexsierebasac uwodeben, romelsac aqvs procesoris Tana-

zomadi swrafmoqmedeba. zeoperatiuli dm-is tevadoba Cveulebrivad 

ramdenime aTeuli sityvidan ramdenime aTas sityvamde, xolo maTdami 

mimarTvis dro – ramdenime meaTedi mikrowamidan ramdenime meased mi-

krowamamde icvleba. isini gankuTvnilia programis mimdinare brZa-

nebaTa garkveuli mimdevrobebis Sesanaxad. zeoperatiuli dm-ebi im 

SemTxvevaSi gamoiyeneba, rodesac procesoris swrafmoqmedebas 

zRudavs operatiuli damxsomebeli mowyobilobebis swrafmoqmedeba. 

2. operatiuli damxsomebeli mowyobilobebi (RAM), romlebs Zi-
riTad mexsierebasac uwodeben. aRniSnuli saxis damsomebel mowyobi-

loba araa specializebuli informaciis an marto Caweraze, an misgan 

informaciis marto wakiTxvaze: Tavisuflad SeiZleba amovirCioT mu-

iseTi unda iyos, rom kompiut-

eruli sistemis mTliani sa-

informacio veli warmoidgi-

nebodes Sinagani abstraqtuli 

dm-s saxiT, romelsac eqneba 

erTiani samisamarTo sivrce. 

aseT abstraqtul dm-s vi-
rtualur (warmodgeniT) dm-s 

uwodeben. misi ujredebi misa-

marTdeba abstraqtuli maTema- 

tikuri misamarTebiT, risTvi-  

sac gamoiyeneba gverdobrivi 

cxrilebi. ierarqiul stru-  

qturaSi SeiZleba gamovyoT 

mexsierebis Semdegi damxsome-

beli mwyobilobebi (nax. 4.12):  
    

  1. zeoperatiuli damxsome-
beli mowyobilobebi.  maT ad-   

  

 

     

   

nax. 4.12. mikroprocesorul sistemaTa  
damxsomebeli mowyobilobebis ierarqia      

p
r
o
c
e
s
o
r
i
 

garegani damxsome- 

beli mowyobiloba 

buferuli damxsome- 

beli mowyobiloba 

 zeoperatiuli 

damxsomebeli 

mowyobiloba 

 operatiuli damxso- 

mebeli mowyobiloba 

 mudmivi damxsome- 

beli mowyobiloba 

IV 

done 

III 

done 

II 

done 

I 

done 
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Saobis orive reJimi; amitom xSirad mas Tavisufali SeRwevis mexsi-
erebas, anu RAM-s (Random Access Memory) uwodeben.  radgan ganxilu-

li saxis mexsierebisaTvis realizebadia rogorc Caweris, ise waki-

Txvis reJimi, wakiTxva/Caweris mexsiereba, anu RWM-s (Re-ad/Write 

Memor) uwodeben. maSasadame, SemoklebiT operatiul mexsierebas Se-

iZleba RAM an RWM vuwodoT. Cven gamoviyenebT pirvel maTgans. 

operatiuli dm gamoiyeneba mimdinare gamoTvlebisaTvis saWiro 

monacemebisa da programebis, agreTve iseTi programebis Sesanaxad, 

romlebzedac saWiroa moxdes swrafi gadasvla gamoTvliTi procesis 

mimdinareobisas Sewyvetebis warmoSobis dros. Tanamedrove mikropro-

cesoruli sistemebis operatiul damxsomebel mowyobilobebSi SeiZ-

leba SevinaxoT ramdenime aTasi sityvidan ramdenime aseul aTas sity-

vamde; maTdami mimarTvis dro mikrowamis garkveuli nawilidan ramde-

nime mikrowamamde icvleba. operatiuli damxsomebeli mowyobilobebi 

procesorTan SeiZleba rogorc uSualod, ise zeoperatiuli damxs-

omebeli mowyobilobebis meSveobiT, iyos dakavSirebuli. operatiul 

da zeoperatiul damxsomebel mowyobilobaTa mexsierebis elementebad 
gamoiyeneba naxevargamtaruli elementebi, Txeli magnituri firebi, 

ferituli gularebi da a.S.  

3. mudmivi damxsomebeli mowyobilobebi (ROM) gankuTvnilia mxo-

lod gamoTvlebis procesSi ucvleli informaciis, magaliTad, mudmi-

vad gamoyenebadi programebis, monacemebis, funqciaTa cxrilebis, mik-

roprogramebis da a.S, Senaxvisa da wakiTxisaTvis. maTSi informacia 

mxolod erTxel (damzadebis procesSi) Caiwereba da muSaobis dros 

SesaZlebelia mxolod misi wakiTxva. amitom mas mxolod wakiTxvi-
saTvis gankuTvnil mexsiereba, anu ROM-s (Read-Only Memory) uwo-

deben. romelsac  Cven mudmivi mexsierebis SemoklebiT aRniSvnisaTvis 

gamoviyenebT. mudmivi damxsomebeli mowyobilobebis aparaturuli 

sirTule Camouvardeba operatiuli damxsomebeli mowyobilobebis 

aparaturul sirTules. 

4. buferuli damxsomebeli mowyobilobebi mowyobilobebi (bdm) 
gamoiyeneba sxvadasxva swrafmoqmedebis mqone, magaliTad, operatiul 

da gare damxsomebel mowyobilobebs Soris informaciis gacvlisas 

monacemebis saSualedo SenaxvisaTvis. tevadobisa da swrafmoqmedebis 

mixedviT buferul damxsomebel mowyobilobebs ukavia saSualedo ad-

gili operatiul da gare damxsomebel mowyobilobebs Soris. maTi 

agebisaTvis SeiZleba gamoyenebuli iqnes naxevargamtaruli elemente-

bi, ferituli gularebi da magnituri diskebi.  
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5. gare damxsomebeli mowyobilobebi  (gdm) informaciis didi ma-

sivebis Sesanaxad gamoiyeneba. maTSi erTdroulad Sesanaxi monacemebis 

moculoba SeiZleba aWarbebdes asaobiT milion sityvebs, maTdami mi-
marTvis dro ki icvleba ramdenime miliwamebdan wamis ramdenime me-

aTedamde. gare damxsomebel mowyobilobebSi Senaxuli monacemebi ga-

moTvliT procesSi uSualod ar gamoiyeneba: isini gare mowyobilobe-

bidan miewodeba operatiul damxsomebel mowyobilobebs. gare damxso-

mebel mowyobilobebad xSirad gamoiyeneba magnituri lentebi, moqni-

li da xisti magnituri diskebi, cilindruli magnituri domenebis 

Semcveli mikrosqemebi, agreTve optikuri diskebi. 

naxevargamtarul damxsomebel mowyobilobis elements safuZvlad 

udevs trigeris bistabuluri sqema, romelic Sedgeba gadajvaredine-

buli kavSirebiani logikuri elementebisa da informaciis Cawera/wa-

kiTxisaTvis gankuTvnili wredebisagan. aseTi elementebis Rirsebaa is 

rom rogorc maTi, ise am elementebis bazaze organizebuli eleqtro-

nuli mowyobilobebis (registrebis, deSifratorebis da a.S.) damza-

deba erTiani teqnologiuri procesiTaa SesaZlebeli. 

damxsomebeli elementebis mravalferovnebiT aixsneba is garemoeba, 

rom mravalferovania rogorc dis-ebad (did intgralur sqemebad) 

aRniSnuli elementebis, ise  damgroveblebad dis-ebis gaerTianebis 

xerxebi.  

damxsomebeli elementebis klasificireba SeiZleba movaxdinoT fi-

ziko-teqnologiuri, sqemoteqnikuri da sistemoteqnikuri niSnebiT. 

mokled ganvixiloT isini. 

a) fiziko-teqnologiurad ganasxvaveben, erTi mxriv, bipolaruli 
tranzistorebiT, xolo, meore mxriv, liTon-Jangeul-naxevargamtaru-

li anu lJn-tranzistorebiT agebul damxsomebel elementebs. pirve-

li saxis tranzistorerebi danarT 3-Si, xolo meore saxis tranzis-

torebi - danarT 4-Si  gvaqvs dawvrilebiT ganxiluli aq ki maT zo-

gadad davaxasiaTebT. 

bipolarul tranzistorebs safuZvlad udevs naxevargamtarul 

blokSi mimdinare movlenebi. aRniSnuli bloki Sedgeba  n da  p tipis 

gamtarobis urTierTmonacvle 3 aresagan. amis Sedegad masSi warmoq-
mnilia ori p-n gadasasvleli. gadasasvlelebi erTmaneTisagan daSore-

bulia manZiliT, romelic araZiriTadi mzidebis – eleqtronebisa da 

«xvrelebis» difuziur sigrZeze naklebia. bipolaruli teqnologiis 

gamoyenebiT damuSavebulia damxsomebeli elementebis didi jgufi, 
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romlebic agebulia erTemiteruli da mravalemiteruli tranzisto-

rebiT, tiristorebiT, inJeqciuri sqemebiT. 

lJn-tranzistorebs (unipolarul tranzistorebs) safuZvlad 

udevs or eleqtrods Soris moqceul naxevargamtaruli masalis 

gamtarobis marTvis principi; marTva xorcieldeba eleqtruli ve-

liT, ris gamoc lJn-tranzistorebs velis tranzistorebsac uwo-
deben. lJn-tranzistori aqtiuri xelsawyoa, romelSic dens grZivi 

eleqtruli velis zemoqamedebiT warmoqmnis muxtebis ZiriTadi mzi-

debi, xolo denis sidides marTavs mmarTvel eleqtrodze modebuli 

ganivi eleqtruli veli. arsebobs ori saxis, kerZod, n– da p–tipis 

arxebiani lJn-tranzistorebi. kristalSi maTi Calagebis simWidro-

ve 106 bits aRwevs. 
b) sqemoteqnikurad damxsomebel elementebs ganasxvaveben:  

▲ maTSi arsebuli tranzistorebis raodenobis mixedviT; 

▲ informaciis amisaRebad saWiro samisamarTo da Tanrigobrivi sa-

ltebis raodenobisa da funqciebis mixedviT (Caweris, wakiTxvisa da 

kvebis Zabvis miwodebis SeTasebuli an danawevrebubuli funqciebi); 

▲ trigerSi arsebuli sadatvirTo winaRobebis xasiaTis mixedviT 

(wrfivi, arawrfivi, gadarTvadi datvirTviani damxsomebeli ele-

mentebi); 

▲ Tanrigobriv salteebTan damxsomebeli elementebis kavSiris sa-

xexeebis mixedviT (uSualo an sagasaRebo elementis meSveobiT ganxo-

rcielebuli kavSirebiani damxsomebeli elementebi). 

g) sistemoteqnikurad damxsomebel mowyobilobebs ganasxvaveben: 

▲ Senaxvis principis mixedviT (statikuri, dinamikuri da kvazi-
statikuri damxsomebeli elementebi); 

▲ wakiTxvis principis mixedviT (damxsomebeli elementebi, romle-

bidanac wakiTxvis Semdeg ar nadgurdeba wakiTxuli informacia an 

aRniSnuli informacia nadgurdeba da saWiro xdeba misi aRdgena). 

▲ damxsomebeli elementebidan wakiTxuli signalis formisa da 

saxis mixedviT (damxsomebeli elementebi, romlebidanac waikiTxeba 

erTpolaruli, orpolaruli, parafazuli formis,  impulsuri denis 

an impulsuri Zabvis saxis signalebi). 
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5.1. procesoris agebis principebi 

 

mikroprogramuli marTvis principi. cifrul sistemebSi 

(mowyobilobebSi) informaciaze operaciebs asrulebs mikro-
procesoruli marTvis principis gamoyenebiT agebuli proceso-
ri. aRniSnuli principi Semdegi xuTi debulebiT gamoixateba: 

1) informacia warmoidgineba calkeuli sityvebis (orobiTi 
kodebis) saxiT, romlebzec garkveuli saxis operaciebs asru-

rulebs procesori; 

2) sainformacio sityvebze (orobiT kodebze) procesoris 
mier Casatarebeli nebismieri operacia warmoadgens rTul ope-

racias; igi Sedgeba mimdevrobiTad Sesasrulebel elementalur 

moqmedebebisagan, romlebsac mikroperaciebi ewodeba. 
3) mikrooperaciebis Sesrulebis Tanamimdevrobis dasacavad 

gamoiyeneba logikuri pirobebi; isini logikuri 1-is an 0-is 
saxiT asaxavs procesoris mdgomareobas, romelSic igi gadadis 

yoveli mikrooperaciis Sesrulebis Semdeg. 

4) procesorSi operaciebis Sesrulebis procesi aRiwereba 

mikrooperaciebisa da logikuri pirobebis terminebis meSveob-

iT warmodgenili algoriTmis formiT, romelsac mikroprogra-
ma ewodeba;  

5) mikroprograma gamoiyeneba procesoris funqciis warmod-
genis formad, romlis safuZvelzec ganisazRvreba procesoris 
struqtura da droSi misi funqcionirebis wesi. 

procesoris struqtura.  struqturul-funqcionurad 

procesori iyofa or nawilad: operaciul da mmarTvel avtoma-

tad (nax.5.1). 
operaciuli avtomati gankuTvnilia: 1) Sesasvleli (D), ga-

mosasvleli (R) da Sinagani (S) sityvaTa simravlis Sesanaxad; 

V Tavi  

mikroprocesoris anatomia  
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2) R Sedegis miRebisaTvis saWiro mikrooperaciaTa nakrebis Se-

sasruleblad; 3) mauwyebeli signalebis X simravlis formire-

bisaTvis, romlis TiToeuli elementi garkveul logikur pi-

robebTan igivdeba. 

operaciuli avtomatiT realizebadi mikrooperaciebis inici-

cirebas axdens mmarTveli Y = {y1…yN} signalebis simravle, 

romlis yoveli wevri Seesabameba garkveul mikrooperacias.    
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
operaciuli avtomati Tavis mxriv Sedgeba (nax.5.1,b) mexsi-

erebisa da ori kombinaciuri sqemisagan, romelTaganac erTi 

warmoqmnis mikrooperaciebs, xolo meore – logikur pirobebs.  
 
 

Nnax. 5.1. procesoris struqtura (a), operaciuli  
avtomatis struqtura (b) 

S 
S 

X 

R 

D 

Y 

a) 

b) 
operaciuli avtomati 

monace- 

mebi D 
Sede- 

gi R 

mikrobrZa- 

nebebi Y 
logikuri 

pirobebi X 

mmarTveli 

avtomati 

 

operaciuli 

avtomati 

(S) 

Siga sityvebi 

logikuri  

pirobebis 

kombinaci- 

uri sqema 

mexsi- 

ereba 

mikroopera- 

ciebis kom- 

binaciuri 

sqema 

S 

p r o c e s o r i 
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mmarTveli avtomati (ix.nax.5.1,a) warmoqmnis mikroprogramiT 
gansazRvrul da logikur X pirobaTa mniSvnelobebis Sesaba-

mis mmarTvel signalebs, romlebic Sedis Y simravleSi. mikro-

programebis paketis Sesrulebisas mikroprocesoris Sesa-

svlelebs mimdevrobiT miewodeba ama Tu im mikroprogramis Se-

sabamisi operaciebis kodebi. aRniSnul Sesasvlelebs SeiZleba 

logikuri pirobebis gare signalebic  miewodos, xolo misi 

gamosasvlelebidan miRebuli iqnes gare mowyobilobis mmarTve-

li signalebi. 

mmarTveli avtomatis struqtura mniSvnelovnadaa damokide-

buli imaze, Tu ra principiTaa agebuli mocemuli avtomati. 

sqemuri logikis principis gamoyenebiT agebul mmarTvel avto-

matebSi mmarTveli Y signalebis saWiro mimdevrobas gamoimuSa-

vebs logikuri elementebisagan agebuli sqema, romelsac ume-

teswilad aqvs mcire da saSualo xarisxis integraciis mqone 

integraluri mikrosqemis saxe. daprogramebadi logikis 
principis gamoyenebisas mmarTveli Y signalebi gamomuSavdeba 

mudmiv damxsomebel mowyobilobebSi an daprogramebad logikur 

matricebSi Senaxuli mikroprogramis meSveobiT. 

ganasxvaveben specializebul da universalur procesorebs. 
pirveli maTgani gankuTvnilia garkveuli ariTmetikuli Tu 

logikuri operaciebis Sesasruleblad, xolo meore maTgans 

aqvs funqcionirebis metad farTo sfero. mocemul paragrafSi 

yuradRebas specializebul procesorebze gavamaxvilebT, xolo 

momdevno paragrafSi ufro vrclad ganvixilavT universaluri 

procesorebis funqcionirebis sakiTxebs. 

sqemuri logikis principis gamoyenebiT mmarTveli avtomatis 

sinTezis procesi ramdenime etapisagan Sedgeba. pirvel etapze 
aigeba im operaciaTa algoriTmebis graf-sqemebi, romelebic un-

da marTos aRniSnulma avtomatma. meore etapze aigeba mmarTve-
li avtomatis gadasvlebis grafi, romelic gansazRvravs mmar-

Tveli avtomatis funqcionirebis kanonsa da struqturas. ami-

saTvis fiqsirdeba da kodirdeba avtomatis mdgomareobebi: av-

tomatis TiToeul mdgomareobas SeuTanaddeba trigerebis Q-

gamosasvlelTa mdgomareobebiT warmoqmnili garkveuli koduri 
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kombinacia. kodis Tanrigebis n raodenoba emTxveva trigerebis 

raodenobas da akmayofilebs K2n pirobas, sadac K avtomatis 

mdgomareobaTa raodenobaa.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mmarTveli avtomatis struqturuli avtomatis sqema (nax. 

5.2,a) Seicavs:   
1) T1,…,Tn-1 trigerebs, romlebic warmoqmnis gamosasvleli 

Q0,…,Qn-1 signalebis daxmarebiT avtomatis mimdinare mdgomare-

obis fiqsirebisaTvis saWiro informaciis Semnaxvel registrs; 

2) DC deSifrators, romelic n-Tanrigiani Q0,…,Qn-1 kods 

gardaqmnis avtomatis mdgomareobaTa a0,,…,aK-1 signalebad; 

3) kombinaciur sqemas, romelic Sesasvleli X1,…,XM, 

a0,…,aK-1 signalebiT gamoimuSavebs operatiuli avtomatisaTvis 

Nnax. 5.2. sqemuri logikisa (a) da daprogramebadi logi- 
     kis (b) mmarTveli avtomatis struqturuli sqema 
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gankuTvnil Y1,…,YN, xolo trigerebisaTvis – S0,…,Sn-1, 

Q0,…,Qn-1  signalebs. 

amis Semdeg dgeba TiToeuli gansaxilveli algoriTmisaTvis 

mmarTveli avtomatis kombinaciuri sqemis agebulebis ganszRvr-

is amocana, romlis ganxilva scdeba Cveni wignis CarCoebs. 

xazs gavusvamT mxolod im faqts, rom sqemuri logikis mqone 
mmar-Tveli avtomati operaciuli avtomatis muSaobisaTvis 

aucile-beli mmarTveli signalebis mimdevrobis formirebas 

aparaturu-li saSualebebis daxmarebiT axdens. 

ramdenime sityviT SevexoT sxva principiT agebul mmarTve-

li avtomats, romlis drosac uwyvet mmarTvel signalebs 

waroSobs mmarTveli mexsierebis ujredebSi Senaxuli mikro-

programa. 

mmarTveli signalebis Y = (y1, y2,…) erToblioba TiToeul 

taqtur periodSi warmoqmnis mikrobrZanebas. garkveuli opera-

ciis Sesasruleblad gankuTvnili mikrobrZanebebis mimdevrobas 

mikroprograma ewodeba. aseT SemTxvevaSi operaciis Sesruleba 
daiyvaneba mmarTveli mexsierebidan mikroprogramis Semadgeneli 

mikrobrZanebebis amoRebasa da mmarTveli Y signalebis daxmare-

biT operaciuli avtomatisaTvis mis gadacemamde. mmarTvel mex-
sierebaSi Seinaxeba sxvadasxva operaciebis SesrulebisaTvis 

gankuTvnili mravali mikroprograma. esa Tu is mikroprograma 

amoirCeva operatiuli mexsierebidan Semosuli brZanebis daxma-

rebiT. amorCeuli mikroprograma realizdeba mmarTveli mexsi-

erebis ujredebidan mikrobrZanebis mikrobrZanebebis mimdevro-

biTi wakiTxvis gziT. mmarTvis aseTi principis dros TiTo-

euli taqtis dros ganisazRvreba mmarTveli mexsierebis im 

ujredis misamarTi, romlidanac unda moxdes mikroprogramis 

morigi mikrobrZanebis wakiTxva. mikroprogramis mikrobrZaneba 

Seicavs mTel rig velebs. TiToeul vels eTmoba garkveuli 

raodenobis Tanrigebi. velebis erTobliobas ewodeba mikro-
brZanebis fragmenti. mikroprogramis Semadgeneli mikrobrZaneb-

is formatSi, rogorc wesi, gaiTvaliswineba Semdegi sami saxis 

veli: 1) mmarTveli signalebis veli, romelic eTmoba operaci-

uli avtomatis marTvisaTvis gankuTvnil Y mikrobrZanebas; 2) 
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gadasvlis pirobis veli, romelSic mieTiTeba mocemul mikro-

brZanebaze gadasvla xdeba raime pirobis Sesrulebisas Tu ne-

bismier SemTxvevaSi; pirvel SemTxvevis dros gvaqvs e.w. piro-
biTi gadasvla, xolo meore SemTxvevis dros ki – upirobo ga-
dasvla. pirobiTi gadasvlis dros ganisazRvreba logikuri pi-
roba Xi, romlis Sesrulebisas xdeba gadasvla; 3) misamarTis 
veli, romelSic mieTiTeba mikroprogramaSi Semavali sasurve-

li mikrobrZanebis saorientacio misamarTi. zogadad misamarTi 
logikur pirobebzea damokidebuli. gadasvlis saxesa da logi-

kuri pirobis Sesruleba-arSesrulebaze damokidebuliT narCun-

deba an modificirdeba (icvleba) zemoT aRniSnuli saorienta-

cio misamarTi. 

daprogramebadi logikis mqone mmarTveli avtomatis ganzo-
gadebuli struqtura 5.2,b naxazzea gamosaxuli. igi mmarTve-

li mexsierebis garda Seicavs morigi mikrobrZanebis warmomq-

mneli funqciis Semsrulebel mikroprogramuli marTvis bloks.  

misamarTis velebis mdgomareobaze, mimdinare mikrobrZanebis 

gadasvlis pirobasa da operaciuli avtomatis mier gacemuli 

logikuri pirobebis signalTa mniSvnelobaze damokidebulebiT 

mikroprogramuli marTvis blokSi formirdeba mexsierebis im 

ujredis misamarTi, romelSicaa Senaxuli Sesasrulebeli mi-

kroprogramis morigi mikrobrZaneba. momdevno taqtur periodSi 

mikrobrZaneba amoikiTxeba mmarTveli mexsierebidan. mmarTvel 

signalTa velis Tanrigebi gadaecema operaciul avtomats, xo-

lo misamarTis velisa da gadasvlis pirobaTa velis Tanrigebi 

– mikroprogramuli marTvis bloks; operaciuli avtomati Se-

asrulebs mocemul Yi mikrobrZanebas, xolo mikroprogramebis 

marTvis bloki Camoayalibebs momdevno mikrobrZanebis misa-

marTs. procesi gagrZeldeba mikroprogramis mTlianad Sesru-

lebamde. vinaidan mmarTveli avtomatis struqtura standartu-

lia, amitom konstruqtorebis mTeli Zalisxmeva gadatanilia 

mudmiv damxsomebel mowyobilobaSi Casaweri mikroprogramis 

Sedgenaze, romlis ganxilvac scdeba Cveni wignis CarCoebs.  
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5.2. universaluri 8-Tanrigiani 

procesoris zogadi struqtura 

 

operaciuli da mmarTveli avtomatebis saxiT warmodgenili 

specializebuli procesorebis struqtura, romelic wina para-

ragrafSi ganvixileT, TvalsaCino warmodgenas gvaZlevs garkve-

uli operaciebis Sesasruleblad gankuTvnili procesorebis 

agebisa da funqcionirebis principebis Sesaxeb. maTgan gansvaveb-

iT universaluri procesorebi gacilebiT bevr sxvadasxva ci-

frul kvanZebsa da informaciis gasacvlelad gankuTvnil arx-

ebs Seicavs da amitom maT gacilebiT farTo funqciuri Sesa-

Zleblobebi aqvs. mikroprocesorebis agebulebisa da informa-

ciis mikroprocesoruli damuSavebis ufro naTlad gagebisaT-

vis mizanSewonilia ganvixiloT umartivesi 8-Tanrigiani proce-
sori (nax.5.3). 

 procesorebis maTi daniSnulebaa brZanebaTa sakuTari sis-

temiT gaTvaliswinebuli operaciebis Sesruleba. programis re-

alizebisaTvis mikroprocesoruli sistemis centralurma pro-

cesorma unda Seasrulos Semdeg funqciebi: 

1) operatiul mexsierebaSi Senaxuli brZanebebisa da monace-

mebis misamarTis formireba; 
2) mexsierebidan brZanebebis amokreba da maTi gaSfvra; 
3) ZiriTadi (operatiuli) mexsierebidan monacemebis miReba, 

maTze brZanebis kidiT gansazRvruli ariTmetikuli, logikuri 

da sxva operaciebis Catareba da gare mowyobilobebisaTvis an 

mexsierebisaTvis damuSavebuli monacemebis gadacema; 
4) Sinagani kvanZebis, gare mowyobilobebisa da mexsierebis 

normaluri funqcionirebisaTvis saWiro mdgomareobis (logi-

kuri pirobis), mmarTveli da droiTi signalebis formireba; 
5) Sesrulebul operaciaTa Sedegebis, misamarTebis, mdgoma-

reobis formirebuli signalebisa da sxva monacemebis droebiTi 
Senaxva; 

6) gare mowyobilobebidan Semosuli moTxovnis signalebis 

miReba da maTi momsaxureba. 
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procesoris agebuleba SeviswavloT 5.3 naxazze moyvanili 

struqturuli sqemis magaliTze. aRniSnuli naxazidan naTlad  

Cans, rom procesori Semadgeneli ZiriTadi nawilebia: 1) ope-
raciuli avtomati, romlic Seicavs alm–iT aRniSnul ariT-

metikul-logikur mowyobilobasa da mis momsaxure registrebs 

(A akumulatorsa da or damatebiT registrs), aTobiTi koreq-

ciis bloks da logikuri pirobebis maformirebel niSnebis re-

gistrs; 2) mmarTveli avtomati, romelic Seicavs brZanebebis 

registrs (Instruction Registr-IR), deSifratorsa da marTvis 

bloks; 3) Siga mexsiereba, romelic Seicavs saerTo daniSnu-

lebis (W,Z,B,C,D,E,H,L) registrebs, stekis maCvenebels (Stack 

Pointer-SP), programul mTvlels (Program Counter–PC; mas brZane-

bebis maCvenebels – Pointer of Instruction-s, anu PC-sac uwodeben), 

misamarTis registrsa (Address Register-AR) da buferul regi-

strs; 4) komunikaciis saSualebebi, romlebsac miekuTvneba Si-

ga salteebi, monacemebis salte (mn.st), misamarTis salte 

(ms.st) da marTvis salte.  

mokled ganvixiloT mikroprocesoris TiToeuli struqtu-

ruli erTeuli. 

1.ariTmetikul-logikuri mowyobiloba anu alm. igi sa-

Sualebas gvaZlevs 8-Tanrigian operandebze SevasruloT Semde-

gi operaciebi: a) ori orobiTi operandis ariTmetikuli Se-

kreba, romlis drosac gadatana gadaecema an ar gadaecema uf-

ros Tanrigs da gamokleba, romlis drosac sesxi gadmoitaneba 

an ar gadmoitaneba umcros TanrigSi; b) diziunqcia, koniun-

qcia, oris moduliT Sekreba da Sedareba; g) oTxi saxis cik-

luri Zvra (ix.§2.11); d) ariTmetikuli operaciebi aTobiT 

ricxvebze. 

operaciebis Sesrulebisas alm-s erT-erTi operandi miewo-

deba A akumulatorisa da damtebiT registr 1-is, xolo meore 

operandi – damatebiT registr 2-is gavliT. cikluri Zvrebi 

sruldeba mxolod A akumulatoris SigTavsze. akumulatorSi-

ive Tavsdeba alm–Si Sesrulebul operaciaTa Sedegebi. 

2.aTobiTi koreqciis bloki gamoiyeneba procesoris mier 
aTobiTi ricxvebis Sekrebis procesSi wamoWrili koreqtirebis  
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procesis realizebisaTvis. aTobiTi ricxvebis Sesakrebad aTo-

biTi ricxvis TiToeuli cifri, rogorc wesi, warmoidgineba 

8421 kodis (ix.nax.2.7,a) oTxniSna sityvebiT  (naxevarbaitebiT, 

nax.5..4. aTobiTi koreqciis ori magaliTi 

# 1  m a g a l i T i 

orobiTi operandebi aTobiTi ekvivalentebi 

Tanrigebis aTobiTi wonebi 

0 0 1 0 0 0 0 0 

128 64 2 1 4 8 16 32 

4 

0 0 0 0 1 1 0 0 9 

0 0 0 0 0 0 1 1 6 

0 0 0 0 1 0 1 1 13 

19  16  3   0 1 0 0 1 1 0 0 

orobiTi operandebi aTobiTi  ekvivalentebi 

# 2  m a g a l i T i 

0 0 0 0 0 0 1 1 6 

1 0 0 0 0 0 0 0 16 

Tanrigebis aTobiTi wonebi 

1 1 0 0 0 0 0 0 

128 64 2 1 4 8 16 32 

9 

0 0 0 0 0 1 1 1 7 

0 0 0 0 1 0 1 1 22  16  6   
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tetradebiT). naxevarbaitebi ariTmetikis wesebiT ikribeba. ko-

reqciis aucilebloba maSin wamoiWreba, rodesac jami 9-ze me-
tia. koreqtirebisaTvis miRebul jams unda daematos  aTobiTi 

ricxv 6-is Sesabamisi orobiTi 0110 ricxvi.  amas ganapirobebs 
is garemoeba, rom xuTniSna orobiTi ricxvis ufrosi (mexuTe) 

Tanrigis wonaa 16 aTobiTi erTeuli, xolo orniSna aTobiTi 

ricxvis ufrosi  Tanrigis wona 10-is tolia, e.i. aRniSnuli 

wonebis sxvaoba 6-is tolia.  

 Sekrebis Sedegad Tu miiReba 10-dan 15-mde ricxvi, maSin 
610 (01102) ricxvis mimateba me-5 TanrigSi gaaCens 1-s. es biti 
ufros naxevarbaitSi gadasvliT «waiRebs danamats, e.i.6-s» da 
datovebs swor Sedegs. koreqciis es SemTxveva (rodesac Sekre-

bis Sedegad miRebulia ricxvi 13) 5.4,a naxazzea ilustri-

rebuli. 

Sekrebis Sedegad Tu miiReba 16-dan 18-mde ricxvi, maSin me-5 
TanrigSi Cndeba 1, romlis mniSvneloba (gadatanamde) Seesaba-

meba aTobiT ricxv 16-s. ufros naxevarbaitSi am 1-anis gadata-
nis Semdeg misi mniSvneloba xdeba 10-is toli, e.i. 6 asTobiTi 
erTeuliT mcirdeba, rac moiTxovs mis koreqtirebas (e.i. 6-is 
mimatebas). koreqciis es SemTxveva (rodesac Sekrebis Sedegad 

miRebulia ricxvi 16) 5.4,b naxazzea ilustrrebuli 

3.niSnebis (almebis) registri. alm uSualodaa dakavSi-

rebuli niSnebis (almebis) 5-Tanrigian registrTan, romelSic 

fiqsirdeba zogierTi ariTmetikuli da logikuri operaciebis 

Sesrulebis Sedegebi. igi Seicavs Semdeg 5 trigers: a) gada-
tanis trigers,  romelic gamoimuSavebs C=1 signals Sekrebis 

an Zvris operaciebis Sesrulebisas ufrosi Tanrigidan 1-is ga-
datanis warmoSobisis dros; b) damatebiTi gadatanis trigers, 
romelic gamoimuSavebs V=1 signals orobiT-aTobiT kodebze 

operaciis Catarebisas mesame (e.i. umcrosi naxevarbaitis ufro-

si) Tanrigidan gadasatani 1-is warmoSobis dros; g) nulis 
trigers, romelic gamoimuSavebs Z=1 signals operaciis Sede-

gad 0-is miRebis dros; d) niSnis trigers, romelic gamo-

imuSavebs S=1 signals damatebiT kodiT warmodgenili operand-

is ufrosi Tanrigis 1-ze tolobis, e. i. uaryofiTi ricxvis 
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miRebis dros; e) luwobis trigers, romelic gamo-imuSavebs 

P=1 signals operaciis SedegSi luwi raodenobis 1-is arsebo-
bis dros. 

CamoTvlili trigerebi programaSi uzrunvelyofs pirobiT 

gadasvlebs. magaliTad, Tu wina operaciis Sesrulebis Sedegi 

0-is tolia, maSin nulis trigeri gadadis mdgomareoba 1-Si 
(Z=1) da moxdeba programis sxva nawilze gadasvla. monacemebis 

saltiT gadacemis dros baitSi niSnebis registris Tanrigebis 
ganawileba 5.5 naxazzea moyvanili. 

4.registrebi.  registrebTan, maT Soris brZanebebis mTvle-
lsa da stekis maCvenebelTan, SeRweva registrebis seleqtoris 
daxmarebiT multipleqsorebiTaa SesaZlebeli.    

 

 

 
 

 

                                                                                                                                                         
dasamuSavebeli monacemebis Senaxvisas saerTo daniSnulebis 

registrebi  TamaSobs akumulatorebis, xolo operandTa misa-

marTebis Senaxvisas – maCveneblebis rols. programis Sesrule-

bisas B,C,D,E,H,L registrebi SeiZleba gamoviyenoT rogorc 

damoukidebel 8-Tanrigian registrebad, aseve 16-Tanrigiani re-
gistrul BC, DE, HL wyvilebadac. maT moixsebieben 16-Tanri-
gian B,D,H registris saxeliTac, romelSic Senaxulia 16-Tan-
rigiani ricxvis pirveli baiti. 16-Tanrigiani H registri ga-

moiyeneba samisamarTo registradac: iribi registruli damisa-

marTebis dros igi inaxavs ZiriTadi mexsierebidan Semomaval 

SemsruleblobiT misamarTs.  
H da Z registrebi programulad miuwvdomelia da mxolod 

Siga mikroprocesoruli brZanebebisaTvis gamoiyeneba. maTSi Se-

inaxeba brZanebis meore da mesame baitebi 

mikroprocesorsa da gare mowyobilonebs Soris informacia 

gaicvleba ormxrivmimarTuli buferuli registriT, xolo mex-

siereba da gare mowyobilobebi damisamarTdeba 16-Tanrigiani 

nax.5.5.  baitSi niSnebis registrebis Tanrigebis ganawileba  

C 1 P 0 V 0 Z S 

D1 D3 D5 D0 D2 D4 D6 D7 

niSnebi 

Tanrigebi 
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misamarTis registris meSveobiT. buferuli da misamarTis re-

gistrebis Taviseburebaa is, rom garda logikuri 0-isa da 1-is 
toli mdgomareobebisa maTSi gaTvaliswinebulia mesame mdgoma-

reobac, romlis drosac usasrulod didia registrebis gamo-

sasvleli winaRoba. am mdgomareobaSi mikroprocesoris arsebo-

bisas gare mowyobilobebi muSaobs mexsierebasTan pirdapiri 
daSvebis reJimSi.  

5. programuli mTvleli (Program Conter – PC), anu brZaneba-
Ta maCvenebeli (Pointer of  Instruction – PI) gankuTvnilia mexsiereba-

Si im ujredis misamarTis misaTiTeblad, romelSic brZanebis 

morigi baitia ganTavsebuli (brZanebebisaTvis gamoiyeneba 3-ba-
ituri formati). amitom brZanebis yoveli morigi baitis amor-

Cevis Semdeg inkrement-dekrementis sqema programuli mTvle-

lis SigTavss zrdis erTi erTeuliT. romelime brZanebis amo-

krebis win brZanebebis mTvlelSi Seitaneba misi pirveli bait-

is misamarTi. 3-baituri brZanebis amokrebisas programuli 

mTvlelis SigTavsi samjer izrdeba. misamarTebis cvlilebis 

Cveulebrivi mimdevroba SeiZleba Seicvalos. amisaTvis gaTva-

liswinebulia programis im nawilis sawyisi misamarTis Setan-

is SesaZlebloba, romelic mocemul momentSi unda Sesruldes. 

programis am nawils qveprograma ewodeba. 
6. stekis maCvenebeli (Stack Pointer- SP) mexsierebis stekad 

wodebuli gansakuTrebuli nawilis swrafad damamisamarTebeli 

16-Tanrigian registria. stekuri mexsiereba kompiuteris Ziri-
riTadi mexsierebis gansakuTrebuli saxea, romelic Sewyvetebis 

momsaxurebisaTvis gamoiyeneba. mikroprocesoris mier qveprog-

ramis damuSavebis periodSi stekSi Seinaxeba Sewyvetil mexsi-

erebaSi dabrunebis misamarTi, agreTve akumulatorisa da niS-

nebis registris SigTavsebi.  

stekTan gacvla xdeba 2-baituri sityvebiT, romelTa Sesana-

xad gamoiyeneba ori mezobeli ujredi. stekis SP maCvenebelSi 

A misamarTis Senaxvis SemTxvevisaTvis stekiT gacvlis Tavise-

bureba 5.6 naxazzea ilustrirebuli. stekSi informaciis 

Setanisas SP registris SigTavsi 1-iT mcirdeba da A-1 misama-

srTis mqone ujredSi Caiwereba ufrosi baiti; amis Semdeg xe-
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laxla 1-iT mcirdeba SP registris SigTavsi da A-2 misamamar-

is mqone ujredSi Caiwereba umcrosi baiti da a.S. stekis mier 

dakavebul ukanaskneli ujredis A misamarTi Senaxuli iqneba 

stekis SP maCvenebelSi. stekidan informaciis gamotana iwyeba 
im ujredidan, romlis misamarTi SP-Sia Senaxuli (Cvens SemTx-

vevaSi iq inaxeba A misamarTi). pirveli umcrosi Tanrigis ga-

motanis Semdeg SP–s SigTavsi 1-iT izrdeba da A-1 misamarTis 

mqone ujredidan gamoitaneba ufrosi baiti. ufrosi baitis wa-

kiTxis Semdeg xelaxla 1-iT izrdeba SP–s SigTavsi da a.S. e.i. 

SP ar Cerdeba wakiTxul ujredze, igi miuTiTebs stekis mwve-

rvals. amgvarad stekuri mexsiereba muSaobs principiT – pi-
rvelad amoiReba ukanasknelad Sesuli monacemebi. 

 

 

  
                                                                                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. mmarTveli avtomati. Sesasrulebeli brZanebis pirveli 

baiti brZanebebis registrSi Caiwereba. brZanebebis deSifrato-
rSi formirdeba signalebi, romelTa moqmedebiT marTvis blo-
kSi amuSavdeba moTxovnili operaciis Semsrulebeli mikropro-

grama. brZanebebis nakrebiT gansazRvruli operaciis mikropro-

A-1 

RAM-is ujredebi 

misamarTi SigTavsi 

ufr. baiti 

A-4 

A-3 

A-2 

A 

umcr. baiti 

ufr. baiti 

umcr. baiti 

SP 

stekSi  Setana 

SP 

A+3 

A+2 

A+1 

A 

RAM-is ujredebi 

misamarTi SigTavsi 

ufr. baiti 

umcr. baiti 

ufr. baiti 

umcr. baiti 

stekidan  gamotana 

nax.5.6. stekSi Sesrulebadi operaciebi 
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gramebi mudmiv mexsierebaSia “Cakerebuli”. marTvis blokis Se-
sasvlelebs miewodeba: a) T periodis mqone taqturi F1\, F1  

impulsebis ori aragadamfaravi F1\, F1  mimdevroba; b) mikro-

procesorTan informaciis gasacvlelad gare mowyobilobebisa 

da mexsierebis mzadyofnis signali READI; g) mTavari progra-

mis Sesrulebis Sewyvetisa da am Sewyvetis momsaxure qvepro-

gramis Sesrulebaze gadasvlis Sesaxeb gare mowyobilobebidan 

Semosuli SekiTxvis signali INT; d) salteebis mitacebis Se-

saxeb gare mowyobilobidan Semosuli signali HOLD; igi, ro-

gorc wesi, saWiroa mexsierebasan pirdapiri SeRwevis arxiT 

informaciis gacvlis organizebisaTvis; e) mikroprocesoris 

sawyisi dayenebisaTvis saWiro Camoyris signali RESET. 

MAmarTvis blokis gamosasvlelze warmoiSveba procesoris Siga 

mowyobilobebis marTvis signalebi (5.3 naxazze isini naCvenebi ar 

aris) da signalebi, romlebiTac imarTeba gare mowyobilobebi. ker-

Zod, gare mowyobilobebis marTvisaTvis warmoiSoba signalebi: a) si-

nqronizaciis signali SYNC; igi TiToeuli samanqano ciklis dawye-

bas gviCvenebs; samanqano cikli warmoadgens drois monakveTs, romel-

sac xarjavs gare mowyobiloba an mexsiereba mexsierebasTan erTxel 

mimarTvis dros; b) monacemebis misaRebad procesoris mzadyofnis ma-

dasturebeli signali DBIN; g) lodinis reJimSi pricesoris yofnis 

madasturebeli signali WAIT; d) salteebis mitacebis signali 

HLDA; igi salteebis maRalomur mdgomareobaSi yofnas adasturebs, 

rac procesoris gverdis avliT mexsierebasTan gare mowyobilobebis 

mimarTvas xdis SesaZlebels; e) Sewyvetis nebadarTvis signali IN-

TE; igi adasturebs marTvis blokSi arsebuli Sewyvetis nebadamrT-
veli trigeris logikuri 1-is mdgomareobaSi yofnas, rac SekiTxvis 

signalebis miRebas xdis SesaZlebels; v) gacemis   ̅̅ ̅̅ ̅=0 signali; igi 

gviCvenebs, rom mexsierebaSi Casawerad an gare mowyobilobebisaTvis 

gadasacemad saWiro informacia procesorma gamoatana saltes. 

8. mikroprocesoris interfeisi. informacia procesoris 

kvanZebs Soris monacemebis Siga 8-Tanrigiani saltiT, xolo 

gare kvanZebs Soris – monacemebis 8-Tanrigiani saltiTa (mn. 
st-iT) da buferuli registriT gaicvleba. mexsierebisa da 

gare mowyobilobebis damisamarTebisaTvis gamoiyeneba misamarTe-
bis 16 Tanrigiani salted da misamarTis registri. 
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……………. 

 

 

 

 

 

6.1. mikroprocesoruli sistemis zogadi 

daxasiaTeba 

 

mikroprocesoruli siostema ewodeba erTi an ramdenime mo-
wyobilobebis Semdgar funqciurad dasrulebul nakeTobas, ro-

melTaganac ZiriTadia mikroprocesori da/an mikrokontroleri 

[11]. misi tipuri struqtura nax6.1.-zea moyvanili. igi Sedgeba 

Semdegi sami ZiriTadi mowyobilobisagan: 1) procesori; 2) 
mexsiereba, romelic moicavs operatiul (RAM) mexsierebasa da 

mudmiv (ROM) mexsierebas. ukanaskneli gamoiyeneba monacemebisa 

da programebis Sesanaxad); 3) Setana/gamotanis (I/O – In-

put/Output Devices) mowyobiloba, romelic gamoiyeneba gare mowyo-

bilobebTan mikroprocesoris dasakavSireblad, mikroproceso-

ris mier Sesasvleli signalebis misaRebad da gamosasvleli 

signalebis gasacemad. signalis miRebisas es signali Seitaneba 

mikroprocesorSi da Tvlian rom mikroprocesorma waikiTxa 
(Read) igi; signals gacemisas es signali gaitaneba gare mowyo-

bilobaSi da Tvlian, rom gare mowyobilobam Cawera (Write) 

igi.   

mikroprocesoruli sistemis mowyobilobebi gaerTianebulia 

saerTo sistemuri saltiT (sistemuri magistraliT), romelic 

Sedgeba Semdegi oTxi saltisagan: 1) misamarTis salte (Addr-

ess Bus); 2) monacemTa salte (Data Buss); 3) marTvis salte (Co-

ntrol Buss); 4) kvebis salte (Pover Bus). 

misamarTis salte gamoiyeneba im mowyobilobis misamarTis 

(nomris) gansasazRvravad, romelTanac mocemul momentSi unda 

gacvalos informacia procesorma. mikroprocesorul sistemaSi 

TiToeul mowyobilobasa (mikroprocesoris garda) da mexsie-

rebis TiToeul ujreds miniWebuli aqvs sakuTari misamarTi 

VI Tavi 

mikroprocesoruli sistemis 

funqcionirebis sakiTxebi  
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(nomeri). rodesac procesori misamarTis salteze gamoitans 

romelime misamarTis kods, mowyobilobisaTvis, romelsac mini-

Webuli aqvs es misamarTi, naTeli xdeba, rom man unda gaucv-

alos informacia procesors. misamarTebis salte SeiZleba 

iyos erTmxriv an ormxrivad mimarTuli. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

monacemebis salte warmoadgens mikroprocesoruli sistemis 

yvela mowyobilobas Soris sainformacio kodebis gadasacemad 

gamoyenebul mTavar saltes. informaciis gadagzavnaSi Cveuleb-

riv monawileobs procesori. igi monacemebis kods agzavnis 

romelime mowyobilobaSi an mexsierebis romelime ujredSi da 

piriqiT – monacemebis kods iRebs romelime mowyobilobidan an 

mexsierebis ujredidan. Tumca SesaZlebelia informaciis gada-

cema procesoris monawileobis gareSe moxdes mowyobilobebs 

Soris. monacemebis salte yovelTvis ormxrivaa mimarTuli. 

marTvis salte misamarTisa da monacemebis salteebisagan 

gansxvavebiT Sedgeba gancalkevebuli mmarTveli signalebisagan. 

informaciis gacvlis procesSi TiToeul am signals aqvs saku-

Tari funqcia. zogierTi signali gamoiyeneba gadasacemi an misa-

Rebi monacemebis strobirebisaTvis (e. i. isini gansazRvravs  

nax. 6.1 mikroprocesoruli sistemis 
        struqtura 

Sesasvleli 

 signalebi 

gamosasvleli 

  signalebi 

monacemebis salte 

misamarTis salte 

kvebis salte 

marTvis salte 

sistemuri sal- 

te (magistrali) 

procesori 

Setana/gamotanis 

mowyobiloba 

mudmivi 

(ROM) 

operatiuli 

   (RAM) 

mexsiereba 
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drois momentebs, romelTa drosac kodi gamotanilia monaceme-

bis salteze). danarCeni signalebi SeiZleba gamoyenebuli iqnes 

monacemebis miRebis dasadastureblad, yvela mowyobilobis sa-

wyis mdgomareobaSi mosayvanad, mowyobilobebis testirebisa-

Tvis da a. S. marTvis salte SeiZleba iyos erTmxriv an or-

mxrivad mimarTuli.    

kvebis salte gamoiyeneba ara sainformacio signalebis gada-

sagzavnad, aramed sistemis kvebisaTvis. igi Sedgeba kvebis xaze-

bisa da saerTo sadenisagan. mikroprocesorul sistemaSi SeiZ-

leba iyos kvebis erTi (xSirad +5 voltiani) an ramdenime (-5, 
+12 da -12 voltiani) wyaro. kvebis TiToeul Zabvas Seesabameba 

kavSiris sakuTari xazi. am xazebTan mowyobilobebi paralelu-

rad aris mierTebuli.  

mikroprocesorul sistemaSi Sesasvleli kodis Sesatanad 
procesori misamarTis saltiT mimarTavs Setana-gamotanis sa-

Wiro mowyobilobas da monacemebis saltiT iRebs Sesasvlel 

informacias. mikroprocesoruli sistemidan gamosasvleli ko-
dis (signalis) gamosatanad procesori misamarTis saltiT mi-

marTavs Setana/gamotanis saWiro mowyobilobas da monacemebis 

saltiT mas gadascems gamosasvlel informacias.  

informaciis rTuli mravalsafexurovani damuSavebis dros 

procesorma SeiZleba saSualedo Sedegebi sistemur operati-

ul mexsierebaSi Seinaxos. mexsierebis nebismier ujredTan mima-

rTvisaTvis procesors misamarTis salteze gamoaqvs am ujred-

is misamarTi da monacemebis saltiT masSi gadascems, an misgan 

iRebs sainformacio kods. operatiul an mudmiv mexsierebaSi 

mmarTveli kodebicaa (procesoris mier Sesasrulebeli brZane-

bebicaa) moTavsebuli, romelTa wakiTxva procesors misamarTe-

bis salteze arsebuli misamarTebis Sesabamisad monacemebis sa-

ltiT SeuZlia. mudmivi mexsierebaSi ZiriTadad Senaxulia mi-

kroprocesoruli sistemis sawyisi damuSavebis programa, rome-

lic kvebis yoveli CarTvis Semdeg sruldeba. masSi informacia 

erTxel da samudamod Seitaneba. 

amgvarad, mikroprocesorul sistemaSi sainformacio da 

brZanebebis kodebi salteebis meSveobiT mimdevrobiT, rigiTobis 
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dacviT, gadaicema. es ganapirobebs mikroprocesoruli sistemis 

SedarebiT dabal siswrafes. aRniSnul siswrafes zRudavs ara 

imdenad procesoris nelmoqmedeba (rac aseve mniSvnelovania) 

da magistraliT informaciis gacvlis dabali siCqare, aramed 

is, rom informacia mimdevrobiT gadaicema.     

 mniSvnelovania gaviTvaliswinoT isic, rom Setana/gamotanis 
mowyobilobebs, romlebic «xisti logikis» gamoyenebiTaa age-

buli, SeiZleba  davakisroT mikroprocesoruli sistemis mier 

Sesasrulebeli funqciebis nawilis Sesruleba; maSasadame, Se-

gviZlia aRniSnuli funqciebis erTi nawili SevasruloT apara-

turulad, meore nawili ki – programulad. am dros unda gva-

xsovdes, rom  aparaturuli realizacia aCqarebs funqciebis 
Sesrulebis siswrafes, magram arasakmarisad moqnilia da 

zrdis sistemis Rirebulebas; programuli realizacia, piriq-
iT, amcirebs funqciebis Sesrulebis siswrafes, magram uzrun-

velyofs maRal moqnilobas da ar zrdis sistemis fass. maSasa-

dame, funqciebi aparaturulad da programulad realizebisaT-

vis ise unda gavyoT, rom saWiro moqnilobisa da Rirebulebis 

SenarCunebis pirobebSi maqsimalurad amaRldes funqciebis Se-

srulebis swrfmoqmedeba. aRniSnulis gamo unda moxdes apara-

turuli da programuli funqciebis optimaluri kombinireba. 

zogjer Setana/gamotanis mowyobilobebi Tavad Seicavs saku-
Tar procesors, e. i. TviTonvea mcire mikroprocesoruli sis-

tema. masSi programuli funqciebis gadataniT SegviZlia gan-

vtvirToT ZiriTadi sistemis centraluri procesori.  

  

6.2.  mikroprocesoruli sistemis 

muSaobis reJimebi 

 

mikroprocesoruli sistema, rogorc aRvniSneT, uzrunvel-

yofs muSaobis maRal moqnilobas, ris gamoc misi saSualebiT 

nebismieri amocanis gadawyvetaa SesaZlebeli. am moqnilobas 

ganapirobebs is garemoeba, rom sistemis funqciebis realizebas 

procesori programis (programuli uzrunvelyofis, anu 

software–s). aparatura (aparaturuli uzrunvelyofa – hardwa-
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re) nebismieri amocanisaTvis ucvlelia. mexsierebaSi programis 

CaweriT SeiZleba vaiZuloT mikroprocesoruli sistema Se-

asrulos mocemuli aparaturiT mxardaWerili nebismieri amo-

cana. amasTanave, kavSirebis salturi organizacia saSualebas 

gvaZlevs sakmaod iolad SevcvaloT aparaturuli modulebi, 

magaliTad, SeiZleba Zveli mexsiereba SevcvaloT didi mocu-

lobis an ufro swrafmoqmedi axali mexsierebiT, sistemas da-

vumatoT Setana/gamotanis mowyobiloba an movaxdinoT arsebu-

li mowyobilobis modernizeba, procesori SevcvaloT ufro 

mZlavri procesoriT. yovelive zemoT aRniSnuli saSualebas 

gvaZlevs damatebiT gavzardoT sistemis moqniloba da sistemi-

sadmi wayenebuli moTxovnebis nebismieri cvlilebebis piro-

bebSic uzrunvelvyoT sistemis saWiro xangamZleoba. 

mikroprocesoruli sistemis moqnilobas amaRlebis kidev 

erTi wyaroa muSaobis reJimebis SerCevis SesaZlebloba. es 

ukanaskneli faqtobrivad igivea, rac sistemis magistralSi in-
formaciis gacvlis reJimis SerCevis SesaZlebloba.  

nebismier mikroprocesorul sistemas (maT Soris - komp-

utersac) aqvs magistralSi informaciis gacvlis Semdegi sami 

reJimi: 1) informaciis programuli gacvlis reJimi; 2) 
SewyvetebiT (Interrupts-is) informaciis gacvlis reJimi da 3) 
mexsierebasTan informaciis uSualod gacvlis reJimi (Direct 

Memori  Access-s, anu DMA-s) informaciis gacvlis reJimi. 

informaciis programuli gacvlis reJimi nebismieri mikro-
procesoruli sistemis ZiriTadi reJimia, romlis gareSe info-

rmacia verc erTi sxva reJimiT ver gaicvleba. am reJimSi sis-

temuri magistralis erTaderTi baton-patroni (anu mavale-

beli, Master) aris procesori. informaciis gacvlis nebismieri 

operaciis mainicirebeli procesoria da TiToeuli maTgani 

programis mier dadgenili Tanamimdevrobis mkacri dacviT 

sruldeba. 

procesori mexsierebidan kiTxulobs (irCevs) brZanebaTa ko-

debs da asrulebs maT. Sesrulebis periodSi mexsierebidan an 

Setana/gamotanis mowyobilobebidan waikiTxavs monacemebs, da-

muSavebs maT, monacemebs Cawers mexsierebaSi an gadascems maT 
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Setana/gamotanis mowyobilobebs. programaSi Semaval brZanebebs 

procesori kiTxulobs wrfivad, ciklurad an naxtomiT. 

wrfivi wakiTxvis SemTxvevaSi procesori brZanebebs kiTxu-
lobs Tanamimdevrulad, programaSi maTi ganlagebis rigiTobis 

dacviT; 

 cikluri wakiTxva SeiZleba SevadaroT teqstis dazepire-

bis mizniT am teqstSi Semavali garkveuli monakveTis ramden-

jerme ganmeorebiT wakiTxvas. procesori brZanebebis garkveul 

Tanamimdevrobas ramdenjerme kiTxulobs. ciklidan gamosvla 
niSnavs, garveuli raodenobis ganmeorebiTi procesis Semdeg 

teqstis programis momdevno brZanebebis wakiTxvaze gadasvl-

as.Pprocesori Tu ver axerxebs ciklidan gamosvlas da usasr-

ulod agrZelebs brZanebaTa garkveuli erTobliobis kiTxvis 

process, maSin amboben, rom moxda misi Cacikvla.  
naxtomiT wakiTxvisas procesori garkveuli brZanebis waki-

Txvis Semdeg erTi an ramdenime brZanebis iqiT mdgari brZanebis 

wakiTxvaze gadadis.  

wakiTxvis samive xerxisaTvis damaxasiaTebelia is, rom pro-

gramis wakiTxvis procesi uwyvetia da am process srulad 

akontrolebs procesori. procesori ar reagirebs programas-

Tan daukavSirebel arc erT gare movlenaze (nax.6.2). magistra-
lSi yvela signals mocemul SemTxvevaSi akontrolebs proce-

sori. 

SewyvetebiT informaciis gadacema maSin gamoiyeneba, rodesac 
saWiroa mikroprocesorulma sistemam raRac garegan movlena-

ze, garedan Semosul garkveul signalze moaxdinos reagireba. 

kompiuteris SemTxvevaSi gare movlena SeiZleba iyos klavi-

aturis klaviSze TiTis daWera, an lokaluri qselidan mona-

cemTa paketis Semosvla. kompiuterma reagireba unda moaxdinos 

amaze, kerZod, ekranze gamoitanos simbolo an waikiTxos qse-

lidan miRebuli paketi da daamuSaos igi.  

gare movlenaze reagireba zogadad SeiZleba moxdes: 1) am 
movlenis dadgomis faqtze mudmivi programuli kontrolis 
ganxorcielebis gziT (am meTods ewodeba almis gamokiTxvis 
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anu Polling-is meTodi); 2) Sewyvetis daxmarebiT, rac niSnavs 
mimdinare programis SesrulebidanN eqsternulad aucilebeli 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

programis Sesrulebaze procesoris iZulebiT gadayvanas; 3) 
mexsierebasTan pirdapiri daSvebis gziT. am dros informaciis 

gacvlaSi procesori ar monawileobs: igi gamorTulia siste-

muri magistralidan da mas CamorTmeuli aqvs Semosul eqster-

nul programasa da mexsierebas Soris Suamavlis funqciis Ses-

rulebis funqcia. aRniSnuli programa pirdapir daiSveba mexsi-

erebasTan da TviTon axorcielebs masTan kavSirs.  

samive meTodis ilustrireba movaxdinoT Semdegi martivi 

magaliTiT. davuSvaT, rom sauzmisaTvis quraze asaduReblad 

davdgiT rZe. naTelia, rom rZis aduRebaze saswrafod unda mo-

vaxdinoT reagireba. amis organizebis pirveli gzaa rZisTvis 

mudmivad Tvalyuris devneba, romlis drosac sxva saqmisTvis 

dro ar dagvrCeba. amas eTanadeba almis gamokiTxviani progra-
muli reJimi. meore gzaa qvabze gadamwodis dayeneba, romelic 

rZis aduRebisas mogvcems bgeriT signals. am SemTxvevaSi rZis 

nax. 6.2. informaciis programuli gacvla 

programa 

brZanebebis 

mimdevrobiT 

Sesruleba 

brZaneba 1 

brZaneba 2 

brZaneba 3 

brZaneba N 

brZaneba N+1 

brZaneba N+2 

brZaneba N+3 

brZaneba N+4 

brZaneba N+5 

cikli 

naxtomi 
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aduRebamde SegveZleba guldamSvidebiT SevasruloT sxva saqme: 

xmovani signalis gagonebisTanave gamovrTavT quras, Tumca qur-

is gamorTvamde raRac mcire dro dagvekargeba mimdinare samu-

Saodan gamosasvlelad. amitom Cveni reaqcia pirvel SemTxveva-

ze ufro dagvianebuli iqneba. aRniSnul SemTxvevas eTanadeba 

informaciis gacvla Sewyvetis gamoyenebiT. arsebobs mesame 

gzac, romlis drosac qvabze dayenebuli gadamwodi rZis adu-

Rebis faqts Cven ki ar Segvatyobinebs, aramed uCvenod gamor-

Tavs quras. ukanaskneli SemTxveva SeiZleba SevadaroT informa-

ciis gacvlas mexsierebaSi pirdapiri daSvebis gziT, Tumca Se-
dareba ramdenadme uxeSia, radgan Cven (romelic procesoris 

rols vTamaSobT) mTlad usaqmod ar vrCebiT: vasrulebT sxva 

samuSaos. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mikroprocesorul sistemaSi realizebuli rom iyos almis 

gamokiTxvis pirveli SemTxveva, saWiroa im mowyobilobaze mi-

erTebul Setana/gamotanis mowyobilobidan, romlis qcevazec 

saWiroa moxdes saswrafo reagireba, procesori informacias 

mudmivad unda kiTxulobdes.  

nax. 6.3 Sewyvetis momsaxureba 

brZaneba N+2  

ZiriTadi 

Pprogramis 

Sesruleba 

ZiriTadi 

programis 

Sesruleba 

Sewyvetis 

moTxovna 

 

brZaneba 1 

brZaneba 2 

brZaneba 3 

brZaneba N 

brZaneba N+1 

ZiriTadi mexsiereba 

brZaneba 2 

brZaneba 3 

brZaneba K 

brZaneba 1 

Sewyvetis 

damuSavebis 

programa 
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SewyvetiT informaciis gacvlis meore SemTxvevis dros 

procesori rogorc ki gare mowyobilobidan miiRebs Sewyvetis, 

anu IRQ  moTxovnas  (IRQ - Interrupt  ReQuest  «moTxovna Sewy-
vetaze»), daasrulebs mimdinare brZanebis Sesrulebas da gada-

dis Sewyvetis damuSavebis programaze. am ukanasknelis dasru-

lebis Semdeg igi ubrundeba sawyis programas im wertilidan, 

romelSic moxda Sewyveta (nax.6.3)  
informaciis programulad gacvlis reJimis analogurad Se-

wyvetiT informaciis gacvlis reJimis drosac mTel samuSaos 
asrulebs procesori. gare movlena mas aiZulebs yuradReba 

mxolod droebiT gadaitanos Sewyvetis programaze. gare mov-

lenaze reaqcia SewyvetiT informaciis damuSavebis dros ufro 

Seyovnebulia informaciis programulad damuSavebasTan Seda-

rebiT. am ukanaskneliviT magistralze yvela signali proces-

ors gamoaqvs, e. i. igi akontrolebs magistrals. 

Sewyvetebis momsaxurebisaTvis sistemaSi zogjer Seitaneba 

Sewyvetebis kontroleris specialuri moduli, romelic info-

rmaciis gacvlaSi ar monawileobs. misi amocanaa mikropro-

cesors gauadvilos muSaoba gare mowyobilobebidan Semosul 

moTxovnebTan. am kontrolers Cveulebriv marTavs procesori 

sistemuri saltis meSveobiT. 

SewyvetebiT informaciis gacvlis reJimi ar zrdis mikro-

procesoruli sistemis muSaobis siCqares. misi gamoyeneba saSu-

alebas gvaZlevs uari vTqvaT gare movlenis almis mudmivi ga-

mokiTxvaze, rac gare movlenis moxdenamde procesors saSual-

ebas aZlevs dakavdes konkretuli amocanebis SesrulebiT. 

mexsierebasTan informaciis uSualod gacvlis reJimi 
(DMA) wina ori reJimisagan diametralurad gansxvavebuli 

reJimia, romlis drosac informacia sistemuri saltiT gaic-

vleba procesoris monawileobis gareSe. gare mowyobiloba, 

romelic saWiroebs momsaxurebas, acnobebs procesors, rom 

aucilebelia DMA reJimi. sapasuxod procesori daasrulebs 

mimdinare brZanebis Sesrulebas da yvela saltidan gamoir-

Tveba, riTac momTxovni mowyobilobisaTvis cnobili xdeba, rom 

SeiZleba daiwyos DMA reJimSi informaciis gacvla. 
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DMA operacia daiyvaneba Setana/gamotanis mowyobilobidan 

mexsierebaSi an piriqiT informaciis gadagzavnamde. informaciis 

gadagzavnis damTavrebis Semdeg procesori ZiriTad (sawyis) 

programas ubrundeba im wertilSi, sadac moxda misi Sewyveta 

(nax. 6.4). es hgavs Sewyvetebis reJimis momsaxurebas, oRond im 
gansxvavebiT, rom procesori wyvets informaciis gacvlis pro-

cesSi monawileobas. Sewyvetebis SemTxvevis msgavsad DMA-s 

drosac gare movlenaze reaqcia programuli reJimis dros ar-

sebul reaqciaze gacilebiT dabalia.  

naTelia, rom am SemTxvevaSi sistemaSi saWiroa SevitanoT 

damatebiTi mowyobiloba (DMA-s kontroleri), romelic pro-

cesoris yovelgvari monawileobis gareSe sistemuri saltiT 

informacias srulfasovnad gacvlis. amasTanave, procesorma 

aRniSnul DMA-s kontrolers winaswar unda Seatyobinos, Tu 

saidan unda aiRos man informacia da/an sad unda moaTavsos 

igi. DMA-s kontroleri SeiZleba miviCnioT specializebul 

nax. 6.4.  DMA –s momsaxureba 

programa 

brZanebebis 

Sesrulebis 

gagrZeleba 

 brZanebebis 

mimdevrobiT 

 Sesruleba 

DMA-s moTxovna 

DMA-s ganmavlobaSi 

gaCerebis wertili 

brZaneba 1 

brZaneba 2 

brZaneba 3 

brZaneba N 

brZaneba N+1 

brZaneba N+2 

brZaneba N+3 

brZaneba N+4 

brZaneba N+5 
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procesorad, romelic centraluri procesorisagan gansaxvaveb-

iT TviTon ar monawileobs informaciis gacvlaSi, magram SeuZ-

lia informaciis miReba da gacema (nax. 6.5).  
 
 
 
 
 
 
 
 

 

 

SesaZlebelia DMA kontroleri Sediodes Setana/gamotanis 

erT (an ramdenime) mowyobilobis struqturaSi, romelsac (an 

romlebsac) sWirdeba DMA reJimi. 

Teoriulad mexsierebaSi pirdapiri SeRwevis reJimma SeiZle-

ba informaciis ufro swrafad gacvalos, vidre programulma 

reJimma, radgan DMA-is specializebul kontrolers SeuZlia 

monacemebi centralur procesorze ufro swrafad gadasces; 

magram praqtikulad am upiratesobis realizeba yovelTvis ver 

xerxdeba. DMA reJimSi gacvlis siCqare Cveulebriv magistra-

lis SesaZleblobebiTaa SezRuduli. garda amisa, DMA kontro-

leris reJimebis programulad dasaxvis aucileblobam SeiZleba 

DMA reJimSi monacemebis ufro swrafad gadagzavnis Sedegad 

miRebuli mogeba SeiZleba gaaqarwylos. amitom DMA reJimi 
iSviaTad gamoiyeneba.  

sistemaSi Tu ukve arsebobs damoukidebeli DMA kontro-

leri, maSin mTel rig SemTxvevaSi SeiZleba mniSvnelovnad ga-

vamartivoT DMA reJimSi momuSave Setana/gamotanis aparatura. 

albaT, es aris DMA reJimis udavo erTaderTi upiratesoba. 

 

 

 

nax.6.5. sainformacio nakadebi DMA reJimSi 

sistemuri magistrali 

Setana/gamotan-  

is mowyobiloba mexsiereba 
DMA-s kont-

roleri 
procesori 
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6.3. mikroprocesoruli sistemebis 

arqiteqtura 

 

mikroprocesoruli sistemebis umravlesobas safuZvlad ud-

evs jon fon nemanis, artur biorksisa da herman goldstainis 
mier 1946 wels formulirebuli Semdegi principebi: 

1. programuli marTvis principi (programa Sedgeba im 

brZanebebis nakrebisagan, romlebsac procesori erTmaneTis mi-

yolebiT avtomaturad asrulebs); 

2. mexsierebis erTgvarovnobis principi (programebi da mona-
cemebi erTsa da igive mexsierebaSia Senaxuli; brZanebebze Se-

iZleba iseTive moqmedebebi SevasruloT, rogorc monacemebze); 

3. misamarTianobis principi (ZiriTadi mexsiereba struqtu-
rulad Sedgeba danomrili ujredebisagan). 

zemoTCamoTvlili principebis dacviT agebul mikroproceso-

srul sistemaze amboben, rom mas aqvs klasikuri, anu fon ne-
imaniseuli (pristonuli, im qalaqis sapativcemlod, sadac 

moRvaweobda fon neimani) arqiteqtura. 
bunebrivad ibadeba kiTxva imis Sesaxeb, Tu ras ewodeba mi-

kroprocesoruli sistemis arqiteqtura. igi SeiZleba ganisa-

zRvros viwro utilitaruli da zogad teqnikuri Tvalsa-

zrisiT. 

viwro utilitaruli TvalsazrisiT mikroprocesoruli si-
stemis arqiteqtura am sistemis im Tvisebebis erTobliobaa, 

romlebic mniSvnelovania momxmareblisaTvis. 

zogad teqnikuri TvalsazrisiT mikroprocesoruli siste-
mis arqiteqtura ganisazRvreba rogorc am sistemis aparatu-
ruli da programuli uzrunvelyofis erToblioba, romelic 

informaciis cifruli damuSavebis saSualebas iZleva. ufro 

dawvrilebiT, mikroprocesoruli sistemis arqiteqtura ewo-

deba aRniSnuli sistemis garkveul doneze aRweras, romelic 

moicavs daprogramebis samomxmareblo SesaZleblobebis, brZa-

nebaTa da damisamarTebaTa sistemebis, mexsierebis organizaciis 

aRwerasac. arqiteqtura gansazRvravs mikroprocesoruli sis-

stemis moqmedebis princips, sainformacio kavSirebsa da Ziri-
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Tadi logikuri kvanZebis (procesoris, operatiuli da gare 

damxsomebeli mowyobilobebis, periferiuli mowyobilobebis) 

urTierTSeerTebebs. sxvadasxva mikroprocesoruli sistemebis 

arqiteqturaTa erTnairoba uzrunvelyofs maT samomxmareblo 

urTierTSeTavsebadobasac.  

aqamde Cven ganvixilavdiT mxolod fon neimaniseuli (pris-
tonuli) arqiteqturis mqone mikroprocesorul sistemas. mo-

nacemebisa da brZanebebis gadasagzavnad mis struqturaSi erTa-

derTi saltis arsebobis gamo (nax. 6.6,a) mas xSirad erTsal-
tur sistemasac uwodeben.    

arsebobs mikroprocesoruli sistemis alternatiuli arqi-

teqtura – monacemebisa da brZanebebis dacalkevebuli salte-
ebiani (orsaltiani, anu harvarduli) arqiteqtura. am arqiteq-
turis dros sistemaSi monacemebisaTvis da brZanebebisaTvis 

TavTavianTi mexsiereba arsebobs (nax.6.6,b). maTTan procesori 
informacias gancalkevebuli salteebiT cvlis.  

ganvixiloT orive arqiteqturis rogorc dadebiTi, ise  

uaryofiTi mxareebi. 

pristonuli, anu fon neimaniseuli (saerTo saltiani) arqi-
teqtura martivia, igi procesorisagan ar moiTxovs orive sa-
ltis erTdroulad momsaxurebasa da maTi saSualebiT infor-

maciis gacvlis gakontrolebas. monacemebisa da brZanebebisaT-

vis saerTo mexsierebis arseboba saSualebas iZleva, moqnilad 

ganawildes misi moculoba monacemebsa da brZanebebs Soris. ma-

galiTad, zogjer gamoiyeneba didi da rTuli programa, xolo 

Sesanaxi monacemebis raodenoba mcirea da piriqiT, saWiroa ma-

rtivi programa, magram misi meSveobiT muSavdeba didi moculo-

bis monacemebi. monacemebsa da brZanebebs mexsierebis moculoba 

moqnilad SeiZleba gaunawildes. mTavaria mxolod is, rom 

programa da monacemebi erTad moTavsdes sistemaSi. aseTi arqi-

teqturis mqone sistemebSi, rogorc wesi, gamoiyeneba sakmaod 

didi (aTobiTi da asobiTi megabaitis toli) moculobis mex-

siereba, rac rTuli amocanebis gadawyvetis saSualebas iZleva. 

gacilebiT rTulia harvarduli arqiteqtura, igi aiZulebs 

procesors erTdroulad kodebis or nakadTan imuSaos da in-
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formacia or salteSi erTdroulad gacvalos. programa Sesa-

Zlebelia mxolod brZanebebis mexsierebaSi, xolo monacemebi – 

monacemebis mexsierebaSi movaTavsoT. aseTi viwro specializa-

cia zRudavs sistemis mier gadasawyveti amocanebis areals, 

radgan mexsierebis moqnili gadanawilebis saSualebas ar iZle-

va. am SemTxvevaSi monacemebis mexsierebisa da brZanebebis 

mexsierebis moculobebi Zalian didi ar aris, amitom mocemu-

li arqiteqturiani sistemebi SesaZlebelia gamoviyenoT nakle-

bad rTuli amocanebis gadasawyvetad. 

harvarduli (orsaltiani) arqiteqturis ZiriTadi Rirseba, 

upirvelesad yovlisa, aris misi swrafmoqmedeba. 

saqme isaa, rom erTaderTi saltis dros procesori iZule-

bulia am saltiT rogorc  miiRos (mexsierebidan an Setana/ 

gamotanis mowyobilobebidan) aseve gadaagzavnos (mexsierebaSi 

an Setana/gamotanis mowyobilobaSi) monacemebi, agreTve amave 

saltis meSveobiT unda waikiTxos brZanebebi mexsierebaSi. bune-

brivia, rom magistralSi erTdroulad es gadagzavnebi ver gan-

xorcieldeba. Tanamedrove procesorebs brZanebebisa Sesruleb-

is procesisa da sistemur saltesTan informaciis gacvlis ci-

klebis urTierTSeTavseba SeuZlia. konveieruli teqnologieb-

isa da swrafi keS-mexsierebis gamoyeneba mas saSualebas aZlevs 

SedarebiT nelmomqmed sistemur mexsierebasTan daaCqaros ur-

TierTmoqmedebis procesi. taqturi sixSiris amaRleba da pro-

cesorebis struqturis srulyofa brZanebis Sesrulebis xangr-

Zlivobas amcirebs. magram sistemis swrafmoqmedebis Semdgomi 

gazrda mxolod monacemebis gadagzavnebisa da brZanebebis wa-

kiTxvis SeTavsebiT, e. i. orsaltian (harvardul) arqiteqtura-

ze gadasvliTaa SesaZlebeli. 

orsaltiani (harvarduli) arqiteqtura gadasawyveti amo-

canebis Sesabamisad salteTa stuqturebis (sxvadasxva kodis 

Tanrigebis, informaciis gacvlis wesis, siCqaris da a.S.) opti-

malurad SerCevis saSualebas gvaZlevs. amitom sxva pirobebis 

erTnairobisas orsaltur (harvardul) arqiteqturaze gada-

svla amaRlebs mikroprocesoruli sistemis muSaobis saCqares, 
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Tumca zrdis aparaturul danaxarjebsa da procesoris stru-

qturas.  

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                       

 

                                                                          

 

 

 

 

 

 

 

 

 

orsaltiani arqiteqturis upiratesobebi yvelaze martivad 

realizdeba erTi mikrosqemis farglebSi. am SemTxvevaSi mniS-

vnelovnad mcirdeba am arqiteqturis naklovanebebis zegavlena. 

amitom igi gamoiyeneba mikrokontrolerebSi, romlebic nakle-

bad rTuli amocanebis swrafad gadawyvetis saSualebas gva-

Zlevs. 

 

 

 

nax.6.6. mikroprocesoruli sistemis fon neimaniseuli anu 
pristonuli (a) da harvarduli (b) arqiteqtura 

b) 

monacemebis salte 

procesori 

brZanebebis salte 

Setana/gamotan-  

is mowyobiloba 

brZanebebis 

mexsiereba 

monacemebis 

mexsiereba 

a) 

monacemebisa da brZane- 

bebis saerTo salte 

monacemebi brZanebebi 

Setana/gamotan-  

is mowyobiloba 
procesori 

mexsiereba 
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6.4. mikroprocesorul sistemaTa tipebi 

 

gamoyenebis farTo diapazonisa da wayenebuli moTxovnebis mraval-

ferovnebis gamo damuSavebulia urTierTgansxvavebuli simZlavreebis, 

struqturuli Taviseburebebisa da SesaZleblobebis mqone Semdegi 

tipis mikroprocesoruli sistemebi: 1) mikrokontrolerebi – umar-
tivesi mikroprocesoruli sistemebi, romlebSic sistemis yvela kva-

nZi an maTi umravlesoba erTi mikrosqemis saxiT aris realizebuli; 

2)  kontrolerebi – gancalkevebuli modulebis saxiT realizebuli 

mmarTveli mikroprocesoruli sistemebi; 3) mikrokompiuterebi – ga-
re mowyobilobebTan SeuRlebis ganviTarebuli saSualebebiani Seda-

rebiT mZlavri mikroprocesoruli sistemebi; 4) kompiuterebi (maT 
Soris – personaluri) – yvelaze mZlavri da universaluri mikro-

procesoruli sistemebi. 

zemoT CamoTvlili tipis mikroprocesorul sistemebis urTierT-

gamijvna xSirad sakmaod Znelia, Tumca arsebobs maT Soris garkveu-

li gansxvavebebi. 

mikrokontrolerebi iseTi universaluri mowyobilobebia, romleb-

ic praqtikulad gamoiyeneba ara damoukideblad, aramed ufro rTuli 

mikroprocesoruli sistemis, maT Soris kontrolerebis, Semadgenlo-

baSi. mikrokontroleris salte momxmareblisagan dafarulia da mo-

Tavsebulia mikrosqemis SigniT. SezRudulia mikrokontrolerebTan 

gare mowyobilobebis mierTebis SesaZleblobebi. mikrokontrolerebis 

gamoyenebiT agebuli mowyobilobebi erTi konkretuli amocanis gada-

sawyvetadaa gankuTvnili. 

kontrolerebi, rogorc wesi, aigeba garkveuli erTi amocanis, an 

erTmaneTTan daaxloebuli amocanebis jgufis gadasawyvetad. SeuZle-

belia maT mivuerToT damatebiTi kvanZebi da mowyobilobebi; magali-

Tad, didi mexsiereba, Setana/gamotanis saSualebebi da a.S. maTi sis-

temuri salte umeteswilad dafarulia momxmareblisaTvis. kontro-

leris struqtura martivia da maqsimaluri swrafmoqmedebis niSniTaa 

optimizebuli. umeteswilad Sesasrulebeli programebi mudmiv mex-

sierebaSia Senaxuli da ucvlelia. konstruqciulad kontrolerebi 

gamodis erTdafuri variantis saxiT. 

mikrokompiuterebs kontrolerebze ufro Ria struqtura aqvs:  
maT sistemur salteze ramdenime damatebiTi mowyobilobis mierTebaa 

SesaZlebeli. mikrokompiuterebi moTavsebulia sistemuri magistra-

lis momxmareblisaTvis xelmisawvdomi gasarTian korpusSi. maT SeiZ-
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iZleba hqondes informaciis Senaxvis magnituri mzidiani saSualebebi 

(magaliTad, magnituri diskebi) da momxmarebelTan kavSiris sakmaod 

ganviTarebuli saSualebebi (videomonitori, klaviatura). mikrokompi-

uterebi gaTvlilia farTo wris amocanebis gadasawyvetad, oRond 

kontrolerebisagan gansxvavebiT, saWiroa yovel axal amocanasTan mi-

si xelaxla misadageba. mikrokompiuterebis mier Sesasrulebeli pro-

grammebis Secvla Zalian advilia.  

kompiuterebi  da maTi gavrcelebuli saxeebi personaluri kompi-
uterebi yvelaze gavrcelebuli universaluri mikroprocesoruli 

sistemebia. maTSi aucileblad gaTvaliswinebulia modernizciisa da 

axal mowyobilobebTan mierTebis SesaZlebloba. maTi sistemuri sal-

te xelmisawvdomia momxmareblisaTvis. kompiuterTan gare mowyobi-

lobebi SeiZleba kavSiris ramdenime (zogjer 10-mde) CaSenebuli por-

tiT mivaerToT. kompiuters yovelTvis aqvs momxmarebelTan kavSiris 

metad ganviTarebuli sistema, didi moculobis informaciis Sesanaxi 

saSualeba, sainformacio qselebiT sxva kompiuterebTan dakavSirebis 

saSualebebi. mravalferovania kompiuterebis gamoyenebis sfero, rome-

lic yvelasaTvis cnobilia.           
 zemoT CamoTvlili TiToeuli mikroprocesoruli sistemis dax-

marebiT SeiZleba nebismieri amocanis gadawyveta. magram misi amorCev-

is dros unda viswrafodes Tavi avaridoT siWarbes da mocemuli 

amocanisaTvis uzrunvelvyoT aucilebeli moqniloba.  

axali mikroprocesoruli sistemebis damuSavebisas dReisaTvis 

ufro xSirad (daaxloebiT 80% SemTxvevaSi) irCeven mikrokontrol-

erebs. am dros mikrokontrolerebs iyeneben damoukideblad (umniSvne-

lo aparaturis damatebiT) an Setana/gamotanis ganviTarebuli saSu-

alebebis mqone  ufro rTul  kontrolerebTan erTad. 

mikroprocesorebisa da mikroprocesoruli kompleqtebis bazaze 

agebul klasikur mikroprocesorul sistemebs warmoebebi iSviaTad 

uSvebs maTi damuSavebisa da gamarTvis sirTulis gamo. aseTi tipis 

sistemebs ZiriTadad maSin iyeneben, rodesac moTxovnebs ver akmayofi-

lebs tipuri mikrokontrolerebi.  

dRes mniSvnelovani adgili ukavia personaluri kompiuteris sa-

fuZvelze agebul mikroprocesoruli sistemebs. SeuRlebis damate-

biTi mowyobilobebiT aRWurvil personalur kompiuterebs saTanado 
pirobebis Seqmnis SemTxvevaSi nebismieri amocanis gadawyveta SeuZlia, 

oRond xSirad Znelia aRniSnuli pirobebis uzrunvelyofa.   
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7.1. mikroprocesorul sistemaTa 

salteebiT informaciis gacvlis ciklebi 

 

mikroprocesoruli sistemebis aparaturuli nawilis asa-

gebad, romlis gareSec maTSi ver imuSavebs vercerTi program-

muli uzrunvelyofa, saWiroa vicodeT am sistemaTa salteebiT 

informaciis gacvlis organizebis principebi.   

pirveli mikroprocesorebis arsebobis 40-ze meti wlis gan-

mavlobaSi gamomuSavebuli iqna informaciis gacvlis garkveuli 

wesebi, romlebic unda davicvaT axali mikroprocesoruli si-

stemebis damuSavebisaTvis. es wesebi Zalian rTuli ar aris, 

magram samuSaos warmatebulad Sesasruleblad maTi codna da 

ganuxreli dacvaa saWiro. praqtikam gviCvena, rom salteebiT 
informaciis gacvlis principebis codna konkretuli mikro-
procesorebis Taviseburebebis codnaze ufro mniSvnelovania. 
standartuli sistemuri magistralis sicocxlisunarianoba 

aRemateba ama Tu im procesoris analogur parametrs. axali 

procesorebis Semqmnelebi orientacias iReben ukve arsebuli 

standartis magistralebze. ufro metic, sruliad gansxvavebu-

li procesorebis gamoyenebiT agebuli zogierTi sistemebi er-

Tsa da imave sistemur saltes gamoiyenebs. maSasadame, mikro-
procesoruli sistemebis agebis procesSi magistrali umni-
Svnelovanes rols asrulebs.  

informacia mikroprocesorul sistemebSi informaciis gac-

vlis ciklebSi gaicvleba. informaciis gacvlis cikli ewodeba 
drois intervals, romlis ganmavlobaSic salteSi informaciis 

gacvlis erTi elementaruli operacia sruldeba. kerZod, pro-

cesoridan mexsierebaSi an Setana/gamotanis mowyobilobidan – 

procesorSi monacemebis kodi am ciklebSi gadaigzavneba. erTi 

VII Tavi  

informaciis gacvlis 

organizacia  
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ciklis farglebSi SeiZleba monacemebis ramdenime kodi monace-

mTa mTeli masivebic ki gadaigzavnos. magram es iSviaTad xdeba. 

ganasxvaveben informaciis gacvlis Semdegi ori tipis 

cikls: 1) Caweris cikls, romlis drosac procesori Cawers 

(gamoitans) informacias; 2) wakiTxvis (Setanis) cikls, rom-
lis drosac procesori kiTxulobs (Seitans) informacias. 

zogierT mikroprocesorul sistemebSi arsebobs «wakiTxva-
modifikacia-Caweris » an «Setana-pauza-gamotanis » ciklic. am 

ciklebSi procesori jer mexsierebidan an Setana/gamotanis mo-

wyobilobidan amoikiTxavs informacias, Semdeg Taviseburad 

gardaqmnis mas da xelaxla Cawers imave misamarTze. magaliTad, 

procesorma SeiZleba mexsierebis ujredidan amoikiTxos kodi, 

gazardos igi erTi erTeuliT da xelaxla Caweros imave uj-

redSi. aseTi tipis ciklis arseboba-araarseboba procesoris 

Taviseburebazea damokidebuli.  

 gansakuTrebil adgils ikavebs mexsierebasTan informaciis 
uSualod gacvlis cikli (sistemaSi Tu aris gaTvaliswinebu-

li mexsieremasTan informaciis usualod gacvlis SesaZleblo-

ba) da Sewyvetis moTxovnisa da am moTxovnis dakmayofilebis 
cikli (Sewyvetis arsebobis SemTxvevaSi). TiToeuli ciklis 

ganmavlobaSi informaciis gamcvleli mowyobilobebi sainforma-

cio da mmarTvel signalebs erTmaneTs mkacrad gansazRvruli 

wesis, anu informaciis gacvlis protokolis dacviT awvdis.  
gacvlis ciklis xangrZlivoba SeiZleba iyos mudmivi an cvla-

di, magram igi yovelTvis Sedgeba sistemis taqturi sixSiris 

ramdenime periodisagan, e. i. idealuri SemTxvevis drosac pro-

cesoris mier informaciis rogorc wakiTxvis, ise Caweris six-

Sire ramdenjerme  mcirea sistemis taqtur sixSireze.  

brZanebaTa kodebi sistemis mexsierebidanac wakiTxvis cik-

lebis daxmarebiT waikiTxeba. amitom erTsalturi arqiteqtu-
ris SemTxvevaSi sistemur magistralSi urTierTmonacvleobs 

brZanebebis wakiTxvisa da gadagzavnis (wakiTxvis, Caweris) cik-

lebi, magram damoukideblad imisa, monacemebi gaigzavneba Tu 

brZanebebi, ucvleli rCeba informaciis gacvlis protokolebi. 

orsalturi arqiteqturis SemTxvevaSi brZanebebis wakiTxvisa 
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da monacemebis Caweris an wakiTxvis ciklebi sxvadasxa salte-

ebSia gadanawilebuli da isini SeiZleba erTdroulad Sesrul-

des.  

7.2. mikroprocesorul sistemaTa 

salteebi 

informaciis gacvlis ciklebis TaviseburebaTa ganxilvamde 

gavecnoT mikroprocesoruli sistemebis sxvadasxva salteebis 

Semadgelobasa da gavarkvioT maTi daniSnuleba. 

mikroprocesoruli sistemis sistemuri magistrali (siste-

muri salte), rogorc aRvniSneT, Sedgeba sami ZiriTadi, ker-

Zod, monacemebis, misamarTisa da marTvis saltisagan. 

monacemebis salte – ZiriTadi saltea, romlisTvisac iqmne-

ba mTeli sistema. misi Tanrigebis (kavSirebis arxebis) raode-

noba gansazRvravs informaciis gacvlis siCqares, efeqturobasa 

da brZanebaTa SesaZlo raodenobas.        
mimarTulebis salte yovelTvis ormxrivmimarTulia. radgan 

informacia orive mimarTulebiT SeiZleba gadaices. am saltis 

xazebis gamosasvlel kaskadad xSirad gamoiyeneba 3-mdgomare-
obiani (3S tipis) gamosasvleli kaskadi (ix.§1.4.2). 

monacemebis saltes Cveulebriv aqvs 8, 16, 32 an 64 Tanri-
gi. maTi saSualebiT informaciis gacvlis erTi ciklis ganmav-

lobaSi Sesabamisad gadaicema 1, 2, 4 da 8 bitis toli infor-

macia. monacemebis saltis Tanrigianoba emTxveva mTeli magis-

tralis Tanrigianobasac. magaliTad, 32-Tanrigian sistemur sa-
lteze saubrisas igulisxmeba, rom  misamarTebis saltec 32-  
-Tanrigiania.  

misamarTis salte – mniSvnelobiT meorea, romelic gan-

sazRvravs mikroprocesoruli sistemis mosalodnel sirTul-

es anu mexsierebis dasaSveb moculobas; swored am ukanasknel-

zea damokidebulia programis SesaZlo sidide da monacemebis 

is moculoba, romlis damaxsovrebacaa SesaZlebeli. misamarTis 

N Tanrigianma saltem SeiZleba 2
N raodenobis obieqti daami-

samarTos. magaliTad, misamarTis 16-Tanrigiani saltis SemTx-

vevaSi gvaqvs 65536 misamarTi. misamarTis saltis Tanrigianoba 

Cveulebriv 4-is jeradia da SeiZleba miaRwios 32-s an 64-s. 
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misamarTis salte SeiZleba iyos erTmxriv mimarTuli (mxo-

lod procesoriT magistralis marTvis dros) an ormxrivmi-

marTuli (sxva mowyobilobisaTvis, magaliTad, mexsierebasTan 

pirdapir daSvebis kontrolerisaTvis, magistralis droebiT 

marTvis gadacemis SesaZleblobis dros). am saltis xazebis 

gamosasvlel kaskadad xSirad gamoiyeneba 3-mdgomareobiani (3S 
tipis)  gamosasvleli  kaskadi, an Cveulebrivi ttl (2-    
-mdgomareobiani, 2S tipis) kaskadi (ix.§1.4.2). 

 

  

 

 

 

 

 

 

 

 

 

magistralis kavSirebis arxTa saerTo raodenobis Sesamci-

reblad xSirad axdenen misamarTisa da momacemebis salteebis 

multipleqsirebas, romlis drosac misamarTebica da monacemeb-

ic kavSiris erTi da imave arxiT, oRond drois sxvadasxva mo-

mentebSi gadaicema (ciklis dasawyisSi gadaicema misamarTi, bo-

loSi ki – monacemebi). am momentebis fiqsirebisaTis (anu, ro-

gorc amboben, strobirebisaTvis) marTvis saltiT gadaicema 

specialuri signali. naTelia, rom multipleqsirebuli sal-

tis gamoyenebisas mcirdeba informaciis gacvlis siCqare da 

izrdeba gacvlis ciklis xangrZlivoba (nax. 7.1). misamarTisa 
da monacemebis salteebis tipebze damokidebulebiT arsebobs 

multipleqsirebuli da aramultipleqsirebuli magistralebi. 

zogierT multipleqsirebul magistralSi misamarTis erTi 

kodis Semdeg monacemebis ramdenime kodis (an monacemebis masiv-

is) misamarTi gadaicema. es mniSvnelovnad amaRlebs magitral-

is swrafmoqmedebas. zogjer magistralSi gamoiyeneba nawilob-

nax. 7.1. misamarTisa da monacemebis salteTa multipleqsireba 

 

aramultipleqsuri salteebi 

misamarTi 
misamarTis 

  salte 

monacemebi 
monacemebis 

  salte 

misamarTi/monacemebis 

     s a l t e monacemebi misamarTi 

multipleqsirebuli salte 
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rivi multipleqsireba anu monacemebis TanrigTa erTi nawili 

gadaicema misamarTebis aramultipleqsuri, meore nawili ki – 

multipleqsuri xazebiT. 

marTvis salte. damxmare saltea, romelSic cirkulirebs 

mimdinare ciklis tipis ganmsazRvreli da ciklis urTierT-

toli nawilebis droiTi momentebis mafiqsirebeli mmarTveli 

signalebi. garda amisa, mmarTveli signalebi mexsierebis an Se-

tana/gamotanis (Semsrulebeli) mowyobilobebis (slave-s) muSa-

obasTan aTanxmebs procesoris (an magistralis sxva mflobel-

is, mavaleblis, master-is) muSaobas.  
marTvis signalebi iSviaTad gadaicema dadebiTi, xolo ume-

teswilad - uaryofiTi logikis gamoyenebiT. saltis xazebi 

SeiZleba iyos rogorc erT- aseve ormxrivmimarTuli. maTTvis 

gamoiyeneba sxvadasxva tipis gamosasvleli kaskadebi; kerZod, 

2S tipis kaskadi gamoiyeneba erTmimarTuli xazebisaTvis, xo-

lo 3S tipis kaskadi – ormxrivmimarTuli xazebisaTvis; am 

ukanasaknelebisaTvis SeiZleba Ria koleqtoriani (OC-ti-

pis)gamosasvleli kaskadis gamoyenebac (ix.§1.4.2). 
umTavresi mmarTveli signalebia gacvlis strobebi, romleb-

ic warmoadgens procesoris mier formirebul da drois im mo-

mentebis ganmsazRvrel signalebs, romelTa drosac monacemebis 

salteSi gadaigzavneba da gaicvleba monacemebi. umeteswilad 

magistralSi gacvlis Semdegi ori saxis strobi gamoiyeneba:  

1) Caweris (gamotanis) strobi; igi drois im moments gansazR-
vravs, rodesac Semsrulebel mowyobilobas SeuZlia proce-

soris mier monacemebis salteze gamotanili monacemebis miReba; 

2) wakiTxvis (Setanis) strobi; igi drois im moments gansazR-
vravs, rodesac Semsrulebelma mowyobilobam monacemebis sal-

teze unda gamoitanos procesoris mier wasakiTxi monacemebis 

kodi. 

amave dros didi mniSvneloba aqvs ciklis farglebSi proce-

sori Tu rogor amTavrebs gacvlas, romel momentSi miiRebs 

igi gacvlis strobs. SesaZlebelia amis gadawyvetis ori Sem-

degi gza (nax. 7.2): 1) sinqronuli gacvlis gza; am dros 

procesori monacemebis gacvlas amTavrebs dayovnebis erTxel 
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da samudamod dadgenili  tday-s toli intervalis Semdeg, e. 

i. Semsrulebeli mowyobilobis interesis gauTvaliswineblad; 

2) asinqronuli gacvlis gza; am dros procesori gacvlas am-

Tavrebs mxolod Semsrulebeli mowyobilobis mier gamogzavni-

li operaciis damTavrebis mauwyebeli specialuri signalis mi-

Rebis Semdeg. amas ewodeba «xelis CamorTmevis» anu «hands-

hake»-s reJimi. 

 

 

 

 

 

 

 

sinqronuli gacvlis Rirsebaa gacvlis ufro martivi pro-

tokoli, mcire raodenobis mmarTveli signalebis arseboba. nak-
lia Semsruleblis mier operaciis dasrulebis garantiis ar-

arseboba, agreTve is, rom Semsrulebels unda hqondes maRali 

swrafmoqmedeba. 

Aasinqronuli gacvlis Rirsebaa monacemebis gadagzavnis uf-
ro maRali saimedooba, sxvadasxva swrafmoqmedebis Semsruleb-

lebTan muSaobis SesaZlebloba. naklia TiToeuli momxmareblis 

mier dadasturebis signalis formirebis aucilebloba, rac 

warmoSobs damatebiT aparaturuli xarjebis saWiroebas. 

gacvlis aRniSnuli saxeebis swrafmoqmedebis calsaxad 

Sefaseba SeuZlebelia. informaciis asinqronuli gacvlis dros 
saWiroa damatebiTi dro signalis gamomuSaveba-gadacemisa da 

procesoris mier misi damuSavebisaTvis. sinqronuli gacvlis 
dros xelovnurad unda gavzardoT gacvlis strobis xan-

grZlivoba imisaTvis, rom didi raodenobis Semsrulebelma mo-

wyobilobebma procesoris tempSi moaswros informaciis ga-

cvla. aRniSnulis gamo zogjer magistralSi gaTvaliswinebu-

lia rogorc sinqronuli, ise asinqronuli gacvlis SesaZleb-

loba. am dros sinqronuli gacvla aris ZiriTadi da sakmaod 

nax. 7.2. informaciis sinqronuli da asinqronuli gacvla 

asinqronuli gacvla sinqronuli gacvla 

tday gacvlis 

strobi 

gacvlis 

strobi 

dadast 

tureba 
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swrafi, xolo asinqronuli gacvla mxolod nelmoqmedi Sems-

ruleblebisaTvis gamoiyeneba. 

gacvlis gamoyenebul saxeze damokidebulebiT ganasxvaveben 

mikroprocesoruli sistemebis sinqronul da asinqronul ma-

gistralebs. 

 

7.3. informaciis gacvlis ciklebi 

 

7.3.1. informaciis programuli gacvla 

 

informaciis programuli gacvlis procesi simartivisaTvis 

kerZo ori tipuri magaliTis formiT ganvixiloT. pirvel maga-

liTSi gacvlisaTvis gamoviyenebT firma DEC–is (Digital Equipm-

ent Corporation) mier damuSvebul  Q-saltes, xolo meore maga-

liTSi - firma IBM-is mier SemoTavazebul sinqronul aramu-

ltipleqsirebul ISA (Industrial Standard Architecture) saltes. aRvniS-

navT, rom Q–salte farTod gamoiyeneba rogorc mikrokompi-

uterebSi, ise samrewvelo kontrolerebSi, xolo ISA-salte - 

personalur kompiuterebSi. orive magaliTSi signalis saxe-

lwodebis win «minusi» niSnis arseboba niSnavs rom aqtiur si-
gnals aqvs dabali, xolo pasiur signals – maRali done; «mi-
nusi» niSnis ararsebobisas aqtiur signals aqvs maRali, xolo 

pasiur signals – dabali done.        

█ I magaliTi. programuli gacvla Q-saltis gamoyene-
biT. Q–saltiT informaciis gacvlis procesSi arsebuli waki-

kiTxvisa (Setanisa) da Caweris (gamotanis) ciklebis gamarti-

vebuli droiTi diagramebi 7.3 naxazzea moyvanili.  

informaciis gacvlis ciklis dasawyisSi (misamarTis fazaSi) 
procesori misamarTi/monacemebis (AD) salteze gamoitans misa-

marTis kods. am salteze gamoiyeneba uaryofiTi logika. AD 

salteze signalebis saSualo done imas aRniSnavs, rom drois 

mocemul intervalebSi arsebuli signalebis mdgomareoba araa 

mniSvnelovani. misamarTis strobirebisaTvis gamoiyeneba aseve 

procesoris mier gamotanili uaryofiTi -SYNC signali. misi 

wina (uaryofiTi) fronti gviCvenebs, rom AD salteze gamota-
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nilia saWiro (moqmedi) misamarTi. misamarTis faza erTnairia 

Cawerisa da wakiTxvis ciklebSi. 

 

 

 

 

 

 

     

     

 

 
           

    

                                                                                                          

 

 

sakuTar kodis miRebis (amocnobis) Semdeg Setana/gamotanis 

mowyobiloba an mexsiereba (Semsrulebeli) daiwyebs mzadebas 

informaciis gasacvlelad. strobirebis -SYNC signalis dawye-

bidan (misi uaryofiTi frontidan) garkveuli drois gavlis 

Semdeg procesori moxsnis misamarTs da daiwyebs monacemebis 
fazas.  

wakiTxvis ciklis monacemebis fazaSi (nax. 7.3,a) procesori 
gamoitans monacemebis wakiTxvis strobis -DIN signals, roml-

is sapasuxod im mowyobilobam, romelsac mimarTavs procesori 

(Semsrulebeli) unda gamoitanos monacemebis (wasakiTxi mona-

cemebis) kuTvnili kodi. imavdroulad am mowyobilobam gacv-

lis dasamowmebeli -RPLY signaliT unda daadasturos opera-

ciis Sesruleba. 

Semsrulebel mowyobilobebs Soris rom ar warmoiSvas kon-

fliqtebi, -RPLY signalisaTvis gamosasvlel kaskadad gamoiye-

neba Ria koleqtoriani (OC tipis, ix.§1.4.2) kaskadi. proceso-
ri -RPLY signalis miRebis Semdeg amTavrebs muSaobas. 

amisaTvis igi moxsnis -DIN  da -SYNC signalebs. Semsrulebe-

nax. 7.3. Q- saltiT wakiTxvisa (a) da Caweris (b) cikli 

-SYNC 

monacemebis faza misamarTis faza 

monacemebis wakiTxva misamarTi -AD 

-SYNC 

-DIN 

-RPLY 

-DOUT 

 
-RPLY 

-AD misamarTi monacemebis wakiTxva 
b) 

a) 
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lma mowyobilobam -DIN signalis moxsnis sapasuxod AD sal-

tedan unda moxsnas monacemebis kodi da daasrulos dadastu-

rebis -RPLY signali. 

Caweris ciklis monacemebis fazaSi (nax.7.3,b) procesori AD 

salteze gamoitans Casaweri monacemebis kods, romelsac Tan 

axlavs monacemebis Caweris strobis uaryofiT -DOUT signa-
li. Semsrulebelma mowyobilobam am signalis mixedviT proce-

soridan unda miiRos monacemeb da warmoSvas informaciis ga-

cvlis damadasturebel -RPLY signali. signal -RPLY-is miRe-

bis Semdeg procesori amTavrebs informaciis gacvlis cikls. 

amisaTvis igi AD saltidan moxsnis monacemebis kodsa da     

-DOUT signals. am ukanasknelis moxsnis sapasuxod Semsrule-

belma mowyobilobam unda daamTavros madasturebeli –RPLY 

signali; da bolos, procesori moxsnis -SYNC signals. 

zemoT aRniSnulis Tanaxmad, ganxiluli saltiT misamarTi 

gadaicema sinqronulad (momxmareblis mier misi miRebis daud-

astureblad), xolo monacemebi – asinqronulad, e. i. Semsru-

lebelma mowyobilobam aucileblad unda daadasturos rom man 

gasca an miiRo monacemebi. dadgenili drois ganmavlobaSi da-

dasturebis -RPLY signalis ararsebobas procesori avariul 

situaciad aRiqvams. principulad SesaZlebelia misamarTis asi-

nqronulad gadacemac. amiT gaizrdeba gacvlis saimedooba, mag-

ram SeiZleba Semcirdes gacvlis siCqare. 

Q-bus magistralze wakiTxvisa da Caweris ciklebis garda 

gamoiyeneba «Setana-pauza -gamotanis » («modificireba-Cawera») 
tipis cikli. misi gamartivebuli diagrama 7.4 naxazzea warmo-
dgenili.  

am ciklSi samisamarTo faza zustad iseve sruldeba, rog-

orc wakiTxvisa (Setanis) da Caweris (gamotanis) ciklebSi. mo-
nacemebis fazaSi ki procesori jer waikiTxavs samisamarTo 

fazaSi miTiTebul misamarTze arsebul monacems, daamuSavebs 

mas da Semdeg mas imave misamarTze Cawers. wakiTxvisaTvis gamo-

iyeneba wakiTxvis -DIN strobi, xolo CawerisaTvis – Caweris 

-DOUT strobi. Semsrulebeli mowyobiloba -DIN signalis sa-

pasuxod sakuTar monacemebs gaitans AD salteze, xolo      
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-DOUT signalis sapasuxod igi miiRebs monacemebs AD salte-

dan. wakiTxvisa da Caweris ciklebis analogurad Semsrulebe-

li mowyobiloba mis mier TiToeuli operaciis Sesrulebas 

adasturebs -RPLY  signaliT. «Setana-pauza-gamotanis» ciklis 

sidide aRemateba wakiTxvisa da Caweris cal-calke aRebuli 

ciklebis sidideebs, magram Camouvardeba am ciklebis jamur si-

dides (radgan misTvis mxolod erTi samisamarTo fazaa sakma-

risi). procesori «Setana-pauza-gamotanis» ciklis dasawyisSi 

gamoimuSavebs –SYNC signals da mas Seinaxavs mTeli ciklis 

damTavrebamde.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

█ II magaliTi. programuli gacvla ISAsaltis gamo-
yenebiT.  ISA saltiT Setana/gamotanis mowyobilobaSi Cawerisa 

am mowyobilobidan wakiTxvis gamartivebuli ciklebi 7.5 naxaz-
zea moyvanili.  

orive cikli iwyeba procesoris (mavaleblis) mier misamar-

Tis SA salteze misamarTis kodis gamotaniT (am salteze lo-

gika dadebiTia). misamarTi SA salteze rCeba ciklis damTavre-

bamde. orive ciklisaTvis erTnairi misamarTis  faza mTavrdeba 
monacemebis gacvlis -IOR an -IOW strobis dawyebisas. misamar-

Tis fazis ganmavlobaSi Semsrulebelma mowyobilobam unda mi-

iRos misamarTis kodi da amoicnos an ver amoicnos igi. amo-

nax. 7.4. cikli “Setana-pauza-gamotana” Q-saltiT  

-AD 

-SYNC 

-DIN 

-RPLY 

-DOUT 

misamarTis 

faza monacemebis faza 

misamarTi monac. wakiTxva monac. Cawera 
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cnobis SemTxvevaSi Semsrulebeli mowyobiloba daiwyebs info-

rmaciis gacvlisaTvis mzadebas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

wakiTxvis ciklis monacemebis fazaSi (nax. 7.5,a) procesori 
gamoitans Setana/gamotanis mowyobilobidan monacemebis wakiTx-

vis -IOR signals. amis sapasuxod Semsrulebelma mowyobilo-

bam monacemis SD salteze unda gasces monacemebis sakuTari 

kodi (wasakiTxi monacemebi). monacemebis salteze logika dade-

debiTia. dadgenili drois gavlis Semdeg procesori moxsnis 

gacvlis -IOR strobs, romlis Semdeg SA saltidanac moixsne-

ba misamarTis kodi. cikli mTavrdeba Semsruleblis swrafmoq-

medebis gauTvaliswineblad.  

zemoT aRwerili procesi mimdinareobs informaciis sinqro-
nuli gacvlis dros, magram ISA magistralze informaciis as-

inqronuli gacvlacaa gaTvaliswinebuli. amisaTvis gamoiyeneba 

arxis (magistralis) mzadyofnobis I/Q CH RDY  signali. Sem-

nax. 7.5. ISA –s saltiT Setana/gamotanis mowyobilobidan wakiTx-  
        xvisa (a)  da masSi Caweris (b) cikli 

misamarTi 

-IOW 

b) 

 SA 

a) 

monacemebis wakiTxva 

misamarTis faza monacemebis faza 

misamarTi  SA 

-IOR 

 SD 

 I/Q CH RDY 

monacemebis  Cawera 

 I/Q CH RDY 

 SD 
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srulebel mowyobilobebs Soris konfliqtebis warmoSobis Ta-

vidan asacileblad aRniSnuli signalis gamosasvlel kaskadad 

gamoiyeneba OC-tipis kaskadi (ix.§1.4.2). sinqronuli gacvlis 

dros I/Q CH RDY  signali yovelTvis dadebiTia, magram nel-

moqmed Semsrulebel mowyobilobas, romelic procesoris tem-

piT ver muSaobs, SeuZlia es signali moxsnas, e. i. igi nulo-

vani gaxados informaciis gacvlis strobis dawyebisTanave. ase-

Ti situaciis dros procesori gaaxangrZlivebs gacvlis 

strobs da I/Q CH RDY  signalis xelaxla dadebiTad gaxdo-

mamde gadaavadebs ciklis damTavrebas. simartivisaTvis SeiZleba 

CavTvaloT, rom Semsrulebeli mowyobiloba mocemul SemTxve-

vaSi warmoqmnis gacvlis damTavrebisaTvis moumzadeblobis ma-

Cvenebel uaryofiT signals. am signalis arsebobis ganmavloba-

Si Cerdeba magistralze gacvlis procesi. 

Q-bus magistralze asinqronuli gacvlisagan ISA magist-

ralze igive gacvla Semdegi niSniT gansxvavdeba. Q-bus-is 

dros dadasturebis signali aucilebelia, xolo ISA-s SemTx-

vevaSi moumzadeblobis Sesaxeb niSani Semsrulebeli ar warmo-

qmnis Tu igi SeZlebs procesoris tempiT muSaobas. samagierod 

ciklis yoveli dasrulebis momentSi procesori Q-bus-is Sem-

TxvevaSi yovelTvis darwmunebulia, rom Semsrulebelma mowyo-

bilobam moaswro moTxovnili operaciis Sesruleba, xolo 

ISA-s SemTxvevaSi ara. 

Caweris ciklis monacemebis fazaSi (nax.7.5,b) procesori Se-
tana/gamotanis mowyobilobaSi Caweris –IOW strobis Tanxleb-

iT monacemis SD salteze gamoitans Casaweri monacemebis kods. 

am signalis miRebis Semdeg Semsrulebelma mowyobilobam SD 

saltedan unda Seitanos Casaweri monacemebis kodi. es Tu 

procesori muSaobis tempiT ver ganaxorciela, maSin aRniSnul 

mowyobilobas SeuZlia -IOW signalis wina frontis miRebis 

Semdeg saWiro droiT moxsnas I/Q CH RDY  signali, ris Sede-

gadac procesori gadaavadebs Caweris ciklis damTavrebas. 

ganxiluli magaliTebi ver amowuravs naxsenebi magistraleb-

iT informaciis gacvlis yvela detals. maTi saSualebiT mxo-

lod gacvlis ZiriTadi principebia ilustrirebuli.  
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7.3.2. SewyvetiT informaciis gacvla 

 

Sewyvetis reJimSi informacia imave principebiT gaicvleba 

rogorc programuli gacvlis dros, magram mas axasiaTebs mTe-

li rigi specifikuri Tavisebureba. 

mikroprocesorul sistemebSi ZiriTadad arsebobs Semdegi 

ori saxis Sewyvetebi: 1)veqtoruli Sewyveta, romelis drosac 

aucilebelia magistraliT wakiTxvis ciklis organizeba; 2) 
radialuri Sewyveta, romelTa drosac magistraliT raime 

ciklis organizeba saWiro ar aris.  

zogadad, mikroprocesorul sistemebSi xSiria Sewyveta, 

amitom procesors sWirdeba hqondes informacia konkretuli 

Sewyvetis nomris (anu, rogorc xSirad amboben, veqtoris mi-
samarTis) Sesaxeb.  

veqtoruli Sewyvetis dros Sewyvetis nomris kodi proce-
sors Sewyvetis gamomTxovi Setana/gamotanis mowyobilobisagan 

gadaecema. amisaTvis procesori Caatarebs magistraliT wakiTx-

vis process da monacemebis saltiT iRebs Sewyvetis nomris 

kods. Sewyvetis gamomTxovma mowyobilobam vinaidan ar icis, 

miaqcevs Tu ara mas yuradRebas procesori, amitom mocemul 

ciklSi ar gamoiyeneba misamarTis salte. am SemTxvevaSi Se-

tana/gamotanis yvela mowyobilobisaTvis sakmarisia magistral-

Si Sewyvetis mxolod erTi gamoTxova arebobdes. asea, magali-

Tad, Q-bus magistralSi, 

SewyvetebSi monawile signalebis Q-bus magistralSi gavrce-

lebis sqema 7.6,a naxazze, xolo Sewyvetis ciklis moTxovnisa 

da miwodebis gamartivebuli droiTi diagrama 7.6,b naxazzea 

moyvanili. 

Sewyveta gamoiTxoveba uaryofiTi -VIRQ signaliT, romlis 

formireba SeuZlia Sewyvetis msurvel  nebismier mowyobilo-

bas. maT Soris konfliqtis warmoSobis Tavidan asacileblad  

-VIRQ signalisaTvis gamosasvlel kaskadad gamoiyeneba Ria 
koleqtoriani gamosasvleli OC kaskadi. signal -VIRQ-s  

miRebis Semdeg procesori mimdinare brZanebis Sesrulebis 

damTavrebis Semdeg mowyobilobas miscems Sewyvetis nebas; ami- 
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saTvis is gamoitans monacemebis wakiTxvis –DIN da Sewyvetis 

nebadarTvis -IAKO signals. ukanaskneli signali Seecdeba mi-

mdevrobiT gaiaros potencialurad Sewyvetis gamomTxovi yvela 

mowyobiloba, magram mas gzas gadauketavs Sewyvetis realurad 

gamomTxovi mowyobiloba. amis Sedegad aRmoCndeba, rom Tu Se-

wyveta erTdroulad gamoiTxova ramdenime mowyobilobam, si-

gnals miiRebs procesorTan axlo mdgomi mxolod erTi maTga-

ni. konfliqtebis gadawyvetis aseT meqanizms zogjer geografi-
ul prioritets (an mwkivobriv prioritets, Daisy Chain-s) 

uwodeben. Sewyvetis gamomTxovma mowyobilobam -IAKO signalis 

miRebis Semdeg unda moxsnas sakuTari -VIRQ signali.  

aRniSnulis Semdeg procesori Seasrulebs Sewyvetis nomris 

wakiTxvis umisamarTod wakiTxvis cikls. mowyobilobam, ro-

melsac gamoeyo Sewyveta, –DIN da -IAKO signalebis miRebis 

nax.7.6. veqtorul SewyvetebSi monawile signalebis Q-bus 

magistralSi gavrcelebis sqema (a) da aRniSnuli Sewyvetis 
moTxovna/miwodebis ciklis gamartivebuli droiTi diagrama (b)  

a) 

b) 

sistemuri  magistrali 

procesori 

VIRQ 

IAKO 

mowyobi- 

loba 1 

mowyobi- 

loba 2 

mowyobi- 

loba 3 

VIRQ 

DIN 

IAKO 

RPLY 

AD Sewyvetis nomeri 
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Semdeg misamarTi/monacemebis AD salteze unda gasces Sewy-

vetis nomeri (Sewyvetis misamarTis kodi) da gaitanos 

dadasturebis –RPLY signali. procesori waikiTxavs am kods 

da –DIN, -IAKO signalebis moxsnis gziT daasrulebs umisamar-

Tod wakiTxvis cikls.  

radialuri Sewyvetis dros magistralSi Sewyvetis moTxov-

nis xazebis raodenoba SesaZlo sxvadasxva Sewyvetis raode-

nobis tolia. maSasadame, Sewyvetis sargeblobis msurveli Se-

tana/gamotani TiToeuli mowyobiloba sakuTari gancalkevebu-

li arxiT agzavnis Sewyvetis gamoTxovis signals. procesori 

Sewyvetis nomers amoicnobs im xazis nomris mixedviT, romli-

danac igi iRebs Sewyvetis signals. am dros ar arsebobs magi-

straliT informaciis gacvlis araviTari cikli. radialuri 

Sewyvetis dros sistemaSi Cveulebriv CairTveba Sewyvetis mo-

Txovnis signalebis damamuSavebeli kontroleri. swored asea 

organizebuli Sewyvetebi, magaliTad, ISA magistralSi. 

 

 

 

 

 

 

 

 

 

 

 

 

magistralis dros SewyvetiT informaciis gacvlaSi mona-

wile mowyobilobebs  Soris arsebuli kavSirebis gamartivebu-

li sqema 7.7 naxazzea moyvanili.  procesori kontrolerTan 

urTierTobas amyarebs rogorc magistraliT (muSaobis reJimis 

dasasaxad), ise umagistralodac (SewyvetaTa moTxonebis damu-

Savebis dros). SewyvetaTa gamoTxovaTa IRQ signalebi magis-

tralis yvela mowyobilobas Soris nawildeba. IRQ-is TiTo-

nax.7.7. magistralze  radialuri Sewyvetebis organizebi- 
      saTvis saWiro Sewyvetebis struqtura 

sistemuri magistrali 

mowyobi- 

loba 2 
mowyobi- 

loba 1 

Sewyvetis  

kontro- 

leri 

proce- 

sori IRQ IRQ 
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eul xazze modis erTi mowyobiloba. radgan am xazebSi kon-

fliqturi situaciebi ar warmoiqmneba, amitom maTTvis gamoiye-

neba 2S tipis gamosasvleli kaskadi (ix.§1.4.2) Sewyvetis moTx-
ovnas warmoadgens IRQ signalis wina, dadebiTi fronti. ram-

denime mowyobilobidan Sewyvetis mosvlis SemTxvevaSi maTi 

Sesrulebis rigiTobas gansazRvravs kontroleri. 

orive saxis Sewyvetas aqvs rogorc dadebiTi, ise uaryofi-

Ti mxareebi. kerZod, veqtoruli Sewyveta sistemas aZlevs uf-

ro met moqnilobas, magram am dros umisamarTo wakiTxvis cik-

lebis momsaxurebisaTvis Sewyvetis momTxovn TiToeul mowyo-

bilobaSi saWiroa damatebiTi aparaturuli kvanZebis arseboba. 

radialuri Sewyvetis raodenoba sistemaSi Zalian bevri ar ar-

is (maTi raodenoba 1-dan 16-mde meryeobs). aseTi saxis Sewyve-
tis dros sistemaSi aucleblad unda arsebobdes Sewyvetis 

kontroleri. TiToeuli radialuri Sewyveta sistemuri magis-

tralis marTvis salteSi damatebiTi xazis arsebobas moiTx-

ovs, samagierod radialur SewyvetasTan muSaoba advilia, rad-

gan yvelaferi daiyvaneba erTaderTi IRQ signalis gamomuSaveb-

aze da informaciis gacvlis araviTari cikli magistralSi 

saWiro ar aris.   

 

7.3.3. mexsierebasTan informaciis uSualod 

gacvla 

 

mexsierebasTan informaciis uSualod gacvlis (DMA) reJi-

mis ciklebi imave wesebiT sruldeba, ra wesebiTac sruldeba 

programuli gacvlisa da Sewyvetebis miwodebis ciklebi. 

DMA-reJimSi gacvlis dawyebamde mowyobilobam, romelsac 

DMA sWirdeba, unda moiTxovos da miiRos igi. DMA-s moTx-

ovisa da miRebis procedura Zalian hgavs Sewyvetis moTxo-

vnisa da miRebis prceduras. orive SemTxvevaSi momsaxurebis 

momTxovnma mowyobilobam moTxovnis signali unda gaugzavnos 

procesors; oRond DMA-s SemTxvevaSi procesorma momTxovn 

mowyobilobas igi specialuri signalebis daxmarebiT unda mi-

awodos, radgan uSualod gacvlis ganmavlobaSi procesori ma-
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gistralisagan gamorTulia. radialur Sewyvetis dros pro-

cesors ar moeTxoveba misi miwodeba.  

Q-bus magistralis SemTxvevaSi DMA-s moTxovna da miwode-

ba  Sewyvetebis moTxovnisa da miwodebis msgavsad organizdeba. 

DMA-Si monawile mowyobilobaTa kavSirebis gamartivebuli 

struqtura 7.8 naxazzea naCvenebi. DMA-s gamoTxova/miwodebis 

droiTi diagrama Zalian hgavs Sewyvetebis gamoTxova/miwodebis 

droiT diagramas (ix. nax. 7.6,b).           
  

 

          
 

 

 

 

 

 

 

 

DMA-s moTxovnis DMR signali saerTo xaziT gadaecema 

yvela mowyobilobas, romelsac sWirdeba DMA. am xazze 

gamoiyeneba OC tipis gamosasvleli kaskadi (ix.§1.4.2). pro-

cesori -DMR signalis miRebis Semdeg gascems DMA-s miwo-

debis DMGO signals, romelic IAKO signalis (ix.nax.7.6,a) 
analoguria. es signalic cdilobs, mimdevrobiT gaiaros yvela 

mowyobilobaSi, magram mas gzas gadauketavs da daisakuTrebs 

procesorTan axlos mdebare mowyobiloba (geografiuli pri-
oriteti). amis Semdeg DMA-s mimRebi mowyobiloba programu-

li gacvlis ciklebis analogurad Caatarebs magistraliT gac-

vlis ciklebs. DMA-s ciklebSi informacia waikiTxeba mexsi-

erebidan da Caiwereba Setana/gamotanis mowyobilobaSi an piri-

qiT – waikiTxeba Setana/gamotanis mowyobilobidan da gadaice-

ma mexsierebaSi. 

ISA magistralis SemTxvevaSi DMA-s moTxovna/miwodeba Za-

lian hgavs radialuri Sewyvetebis realizacias (nax. 7.9,a). 

nax.7.8. Q-bus magistralis dros mpS-s gamoTxova/miwodebis-  

procesSi monawile mowyobilobaTa kavSirebis struqtura     

sistemuri magistrali 

proce- 

sori DMR 

DMGO 

mowyobiloba 1 mowyobiloba 2 mowyobiloba 3 
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sistemaSi zustad iseve arsebobs DMA-s kontroleri. masSi 

Tavs iyris DMA-s gamoTxovis -DRQ signalebi da misgan 

gamodis DMA-s miwodebis -DACK signalebi. DMA-s TiToeul 

arxTan  (da signalebis wyvilTan) mierTebulia DMA-s gamom-

Txovi mxolod erTi mowyobiloba. arxisaTvis (signalebisaT-

vis)  gamoiyeneba 2S gamosasvleli kaskadi (ix.§1.4.2). mowyobi-
loba, romelmac informacia mexsierebasTan uSualod unda 

gacvalos, agzavnis moTxovnis -DRQ signals da sapasuxod iR-

ebs miwodebis -DACK signals. amis Semdeg DMA-s kontrole-

ri asrulebs Setana/gamotanis mowyobilobasa da mexsierebas 

Soris informaciis gacvlis cikls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 nax. 7.9.  magistralis dros DMA-s moTxovna/miwodebis 

kavSirebis struqtura (a) da DMA-s cikli (b)   

a) 

b) 

sistemuri magistrali 

DACK 

mowyobi- 

loba 2 

mowyobi- 

loba 1 
mpS-s kon-  

troleri 
proce- 

sori DRQ DACK DACK DRQ DRQ 

mexsierebis misamarTi 

       -IOW 

(-MEMW) 

SA monacemebi 

AEN 

DRQ 

-DACK 

SA 

     -  IOR 

(-MEMR) 
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ISA magistralis SemTxvevaSi DMA-s ciklebis gamartivebu-

li droiTi diagrama 7.9,b naxazzea naCvenebi. 
ISA magistralis SemTxvevaSi mexsierebaSi CawerisaTvis gamo-

iyeneba (-MEMW) strobi, xolo Setana/gamotanis magistralSi 

Casawerad - (-IOW) strobi.; aseve, mexsierebidan wasakiTxad 

gamoiyeneba (-MER) strobi, xolo Setana/gamotanis mowyobi-

lobidan wasakiTxad - (-IOR) strobi. es saSualebas iZleva 

mexsierebasTan informaciis uSualod gacvlis erT ciklis gan-

mavlobaSi SevasruloT informaciis mexsierebidan wakiTxvisa 

da Setana/gamotanis mowyobilobaSi misi Caweris, an Seta-

na/gamotanis mowyobilobidan informaciis waiTxvisa da mexsi-

erebaSi misi Caweris operaciebi. am dros misamarTis salteze 

gamoitaneba mexsierebis misamarTi, xolo Setana/gamotanis mi-

samarTi Seicvleba erTaderTi AEN signaliT. bunebrivia, rom 

mexsierebasTan informaciis uSualod gacvlis reJimSi Seta-

na/gamotanis mxolod is mowyobiloba monawileobs, romelic 

winaswar moiTxova da amis safuZvelze miiRo DMA. aseTi gama-

rtivebuli damisamarTebis gamo Setana/gamotanis mowyobilob-

ebs Soris araviTari konfliqti ar warmoiSoba.  

 

7.4. magistralSi signalebis gavrcelebis 

procesi 

magistalebsa da salteebSi informaciis gacvlis organizeb-

is dros unda gaviTvaliswinoT rogorc salteebSi signalebis 

gavrcelebasTan, ise Tavad salteebis bunebasTan dakavSirebuli 

ramdenime umniSvnelovanesi momenti. sawinaaRmdego SemTxvevaSi 

sistemaSi Semavali cifruli mowyobilobebis mTeli logikis 

uSecdomod daproeqtebis miuxedavad mikroprocesoruli sis-

tema an ubralod ar imuSavebs, an imuSavebs aramdgradad. 

mikroprocesoruli sistemis salte (magistrali) mikrosqe-

maSi Tu ar aris CaSenebuli da garedanaa gayvanili, maSin saWi-

roa gaviTvaliswinoT grZel xazebSi signalebis gavlis Tavise-

burebebi. miuxedavad imisa, rom magistrali Zalian grZeli ar 

aris (misi sigrZe or aTeul santimetrs ar aWarbebs), zemoT 

aRniSnuli Taviseburebebis gaTvaliswineba mainc aucilebelia 
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gacvlis sinqronizebisaTvis. magistralSi signalebis gavrcele-

baze zemoqmedebs Semdegi faqtorebi: 

 

 

 

 

 

 
 
 
 
 
1) magistralis xazebSi signalebis gavrcelebis dayovnebaTa 

jamuri sidide; 2) saltis sxvadasxva xazSi signalebis urTi-

erTgansxvavebuli dayovnebiT gavrceleba; 3) kavSiris xazebze 
signalebis araerTdrouli gamotana; 4) magistralSi gamaval 

signalTa frontebis damaxinjeba; 5) kavSiris xazebis boloebi-

dan signalebis arekvla (nax. 7.10). 
yvela am faqtoris gasaTvaliswineblad gacvlis standartu-

li magistralebisa da protokolebis Semqmnelebi yovelTvis 

iTvaliswineben informaciis gacvlaSi monawile signalebs So-

ris aucilebel dayovnebebs. amasTanave am dayovnebebs ise irCev-

en, rom signalis mimReb mowyobilobas rCebodes am signalis 

dasamuSaveblad sakmarisi dro. yoveli axali magistralis da-

muSavebisas zemoT aRniSnulis gaTvaliswineba savaldebuloa. 

aRniSnulidan naTelia, rom dayovnebebis Semcirebis gziT 

romelime standartuli protokolis «modernizeba» Zalian sa-

xifaToa. zustad aseve saxifaToa protokolis Seucvlelad 

magistralis dagrZelebis mcdeloba, romlis drosac izrdeba 

xazebsa da salteebSi signalis gavrcelebis dayovneba. amgvari 

«modernizaciisadmi» gansakuTrebiT mgrZnobiarea sinqronuli 

magistralebi, romlebSic savaldebulo ar aris TiToeuli 

operaciis Sesrulebis dadastureba. 

 magaliTad, gacvlis ciklSi misamarTis fazis xangrZlivoba 
Semdegnairad amoirCeva. samisamarTo fazis ganmavlobaSi misa-

nax. 7.10. salteSi signalebis gavrcelebis procesi 

mimRebi 

wyaro 

dayovneba 

mimRebi wyaro 
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marTis kodis yvela Tanrigis yvela, Tundac procesoris mier 

ara erTdroulad formirebuli, signali saltis sakuTari sa-

denebiT unda mivides Semsrulebel mowyobilobamde; xolo am 

ukanasknelma unda miiRos da daamuSaos misamarTis es kodi 

(e.i. ucxo misamarTisagan unda ganasxvaos sakuTari misamarTi). 

procesis garantirebulad SesrulebisaTvis samisamarTo fazis 

realuri xangrZlivoba ramdenadme unda aRematebodes minimalu-

rad aucilebel xangrZlivobas.    

zustad aseve, wakiTxvis ciklSi monacemebis fazis xangrZi-
voba ise unda SeirCes, rom mis ganmavlobaSi: 1) Semsrulebelma 

mowyobilobam moaswros wakiTxvis strobis miReba da monaceme-

bis salteze wakiTxuli monacemebis gatana; 2) aRniSnuli kodi 

mivides procesoramde; 3) procesorma moaswros misi waikiTxva. 
Aamis Semdeg procesori moxsnis wakiTxvis strobs, signal-

is es ukana fronti dayovnebiT miva Semsrulebel mowyobilo-

bamde, romelic aseve dayovnebiT moxsnis monacemebis sakuTar 

kods. analogiuri procesi mimdinareobs Caweris ciklSic. 
 

 

 

 

 

 

 

 

 

 

 

magistralSi gavrcelebuli signalebis formis gasaumjobes-

eblad zogjer magistralis xazis boloebSi gamoiyeneba bolo 

maTanxmeblebi (terminatorebi). maTi gamoyeneba maSinaa gansaku-

TrebiT mniSvnelovani, rodesac magistralis dasaSvebi sigrZe 

ramdenime metrs aRemateba. magaliTad, Q-bus magistralis Sem- 

TxvevaSi gamoiyeneba 120-omiani da 220-omiani maTanxmeblebi 

(nax.7.11).  

nax. 7.11. Q-bus magistralis bolo maTanxmeblebi 

120-omiani maTanxmebeli 250-omiani maTanxmebeli 

180 Ω 

390 Ω 

Z = 120 Ω 

+5 v +5 v 

330 Ω 

680 Ω 

Z = 250 Ω 
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maTanxmeblebis CarTvis dros icvleba magistralis xazebze 

momuSave gadamcemebis sadatvirTvo unari. ISA magistralSi 

msgavsi maTanxmeblebi ar gamoiyeneba, Tumca zogierT xazebze 

mierTebulia rezistorebi, romelTa meore boloebi mierTebu-

lia kvebis saltesTan (aseTebia xazebi, romelTa gamosasvlel 

kaskadebad gamoiyeneba OC tipis kaskadebi, ix.§1.4.2). 
magistrals SeiZleba miuerTdes gamosasvleli denis momxma-

rebeli ramdenime mowyobiloba, amitom magistralis xazebze 

momuSave gadamcemTa gamosasvlelma kaskadebma unda uzrunvel-

yos maRali gamosasvleli denebi. magistraluri gadamwodebis 

mier moTxovnili gamosasvleli denebis tipuri sidideebi ic-
vleba 20-dan 30 miliamperamde farglebSi. imavdroulad gadam-

cemebis gadatvirTvis gamosaricxad saWiroa mcire iyos magis-

tralur mimRebebTa Sesasvleli denebi. magistraluri mimRebe-

bis Sesasvleli denebi  0,2-dan 0,8 miliamperamde farglebSi 

unda icvlebodes.    
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mikroprocesoruli sistemis magistralTan mierTebuli Zi-

riTadi mowyobilobebia procesori, mexsiereba da Setana/ga-

motanis mowyobilobebi. mokled ganvixiloT TiToeuli maTga-

nis funqciebi, agreTve agebisa da magistralTan mierTebis pri-

ncipebi.  

 

8.1. mikroprocesori da misi funqciebi 

 

mikroprocesors (nax.8.1), romlis raobasac zemoT gavecaniT, 

adreul wlebSi ramdenime mikrosqemisagan warmoqmnili komple-

tis saxe hqonda, magram dReisaTvis am saxiT mas praqtikulad 

ar ageben. Tanamedrove mikroprocesori warmoadgens misa-

marTis, monacemebisa da marTvis salteebTan dakavSirerebuli 

sami, agreTve sxva damxmare funqciebis Sesasruleblad aucile-

beli sxvadasxva damatebiTi gamomyvanis mqone erT mikrosqemas. 

gamomyvanTa raodenobis Sesamcireblad zogjer axdenen signa-

lebisa da salteebis multipleqsirebas. 

procesoris umniSvnelovanesi parametrebia misi monacemebisa 

da misamarTis salteTa Tanrigianoba da marTvis salteSi ar-

sebuli mmarTveli signalebis raodenoba. monacemebis saltis 

Tanrigianoba gansazRvravs sistemis muSaobis siCqares, misamar-
Tis saltis Tanrigianoba – sistemis dasaSveb sirTules, xo-
lo marTvis xazebis raodenoba – sistemis sxva mowyobilobeb-

Tan procesoris mier informaciis gacvlis reJimebis mraval-
ferovnebasa da efeqturobas. 

procesori taqtirebadi mowyobilobaa da amitom sami Ziri-

Tadi saltisaTvis gankuTvnili gamomyvanebis garda mas  yovel-

Tvis aqvs gare taqturi signalis anu kvarculi (CLK) rezon-

natoris misaerTeblad gankuTvnili erTi an ori  gamomyvanic. 

VIII Tavi  

magistralis mowyobilobaTa 

funqciebi  
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rac ufro didia procesoris taqturi siCqare, miT ufro 

swrafad muSaobs igi, e. i. miT ufro swrafad asrulebs 

brZane- 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

bebs. aRsaniSnavia rom procesoris siswrafes ara marto taq-

turi sixSire, aramed misi struqturis Taviseburebebic gan-

sazRvravs. Tanamedrove procesorebi brZanebaTa did umravle-

sobas erTi taqtis ganmavlobaSi asrulebs da maT aqvs ramde-

nime brZanebis paralelurad SesrulebisaTvis saWiro saSuale-

bebic. procesoris taqturi sixSire pirdapir da xistad ar  

gansazRvravs magistralSi informaciis gacvlis siCqares, rad-

gan am ukanasknels zRudavs magistralSi signalis dayovnebiT 

gavrceleba da am dros warmoSobili damaxinjebebi. maSasadame, 

taqturi sixSire gansazRvravs procesoris ara garegan, aramed 

Sinagan siCqares. zogjer taqtur sixSires aqvs qveda da zeda 

zRvrebi. zeda sazRvarze gadametebam SeiZleba gadaaxuros pro-

cesori da warmoSvas (regularuladac, rac yvelaze ufro 

arasasurvelia) amovardnebi. amitom am sixSiris cvlilebas Za-

lian frTxilad unda movekidoT. 

procesorSi arsebuli kidev erTi mniSvnelovani signalia 

sawyisi Camoyris (Camogdebis) RESET signali. kvebis CarTvis, 
avariuli situaciis, an procesoris «Cakidebis» dros am signa-

nax. 8.1. procesoris CarTvis blokuri sqema 

Ukv. 

CLC 

(saaTi) 

procesori 

GND 

(miwa) 

Reset 

taqti 

+5 v 

mikrosqema 

(kristali) monacemebis, misamarTisa 

da marTvis salteebisaken 
buferi 

 

sistemuri magistrali 

RESET 

(Camoyra) 
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is miwodeba iwvevs procesoris inicializacias (vargis mdgo-

mareobaSi moyvanas), aiZulebs mas Seudges sawyisi amuSavebis 

programis Sesrulebas. avariuli situacia SeiZleba gamoiwvios 

kvebis wredebsa da «miwaSi» arsebulma dabrkolebebma, mexsier-

ebaSi momxdarma amovardnebma, gare maionizebelma gamosxivebam 

da mravalma sxva mizezma. amis Sedegad procesorma SeiZleba 

dakargos programis Sesrulebaze kontrolo da romeliRac 

misamarTTan gaCerdes. swored am mdgomareobidan gamosayvanad 

gamoiyeneba sawyisi Camoyris RESET signali. sawyisi Camoyris 

am SesasvleliT SeiZleba procesors vacnoboT dadgenil  zo-

maze ufro metad kvebis Zabvis Semcirebis faqti. aseT SemTx-

vevaSi procesori daiwyebs mniSvnelovani monacemebis Semanar-

Cunebeli programis Sesrulebas. Tavisi arsiT es Sesasvleli 

radialuri Sewyvetis nairsa-xeobad SeiZleba miviCnioT.  

zogjer mikroprocesoris mikrosqemas gansakuTrebuli si-

tuaciebis dasamuSaveblad (magaliTad, gare taimeridan Sewyve-

tisaTvis) SeiZleba hqondes radialuri Sewyvetebis kidev er-

Ti-ori Sesasvlelic. 

Tanamedrove procesoris kvebis saltes Cveulebriv aqvs kve-

bis erTi (+5 an +3 voltis toli) Zabva da saerTo sadeni 

(«miwa»). adreul procesorebs arc Tu ise iSviaTad kvebis ra-

mdenime Zabva sWirdeboda. zogierT procesorebSi gaTvaliswine-

bulia dabali energomoxmarebis reJimi. procesorebis Taname-

drove, gansakuTrebiT maRali taqturi sixSiris mqone, mikro-

sqemebi Cveulebriv sakmaod did simZlavres moixmars. amitom 

korpusis normaluri samuSao temperaturis SesanarCuneblad 

maTze xSirad radiatorebi, ventilatorebi, xolo zogjer – 

specialuri mikromacivrebicaa dayenebuli.              

  magistrals procesori uerTdeba saWiroebisamebr demu-

ltipleqsirebisa da magistralis signalebis eleqtruli  bu-

ferirebis uzrunvelmyofi buferuli mikrosqemebiT. zogjer 

sistemuri magistralSi miRebuli informaciis gacvlis pro-

tokoli ar emTxveva  procesoris salteebSi gacvlisaTvis ga-

moyenebul protokols; am dros buferuli mikrosqemebi erTma-

neTTan aTanxmebs aRniSnul protokolebs. zogjer mikroproce-
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sorul sistemaSi gamoiyeneba ramdenime (sistemuri da lokalu-

ri) magistrali. aseT SemTxvevaSi TiToeuli magistralisaTvis 

gamoiyeneba sakuTari buferuli kvanZi. aseTi struqtura, 

magaliTad, damaxasiaTebelia personaluri kompiuterebisaTvis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
kvebis CarTvis Semdeg procesors miewodeba sawyisi amuSave-

bis programis pirveli brZaneba  da igi Seudgeba mudmiv (ener-

godamoukidebel) mexsierebaSi winaswar Cawerili am programis 

Sesrulebas. misi damTavrebis Semdeg procesori gadava mudmiv 

an operatiul mexsierebaSi arsebuli ZiriTadi programis Sesa-

sruleblad, risTvisac igi pirveli brZanebidan dawyebuli ri-

giTobis dacviT am programis yvela brZanebas asrulebs. Ziri-

Tadi programis Sesrulebis process igi SeiZleba drodadro 

moacdinos gare Sewyvetebma DMA–s (ix.§6.2) moTxovnebma.  
mexsierebidan brZanebebs procesori amokrebs magistralis 

mixedviT wakiTxvebis ciklebis daxmarebiT. aucileblobis Se-

mTxvevaSi procesori: 1) Caweris ciklebiT monacemebs Cawers 

nax. 8.2. mikroprocesoris Sinagani struqturis 
       gamartivebuli sqema 

registrebi 

monacemebis 

  8alte 

 misamarTis 
   salte   marTvis 

   salte 

 

kvebis 

salte taqturi 

signali 

Camoyra 

(Reset) 

 

p  r  o  c  e  s  o  r  i  

niSnebis 

registri 

ariTmetikul-logikuri 

 mowyobiloba (alm) 

marTvis 

logika 

RG 

RG 

RG 

PSV 
DMA-s mar- 

 Tvis sqema 

  

Sewyveteb- 

is marT- 

vis sqema 

  

brZanebebis 

amokrebis 

marTvis 

sqema 
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mexsierebaSi an Setana/gamotanis mowyobilobebSi; 2) wakiTxvis 
ciklebiT amoikiTxavs monacemebs mexsierebidan an Setana/gamo-

tanis mowyobilobebidan.    

amgvarad nebismieri procesoris ZiriTadi funqciebia: 1) Se-

sasrulebeli brZanebebis amorCeva (wakiTxva); 2) mexsierebidan 

an Setana/gamotanis mowyobilobidan monacemebis Setana (waki-

Txva); 3) mexsierebaSi an Setana/gamotanis mowyobilobaSi mona-

cemebis gatana (Cawera); 4) monacemebis (operandebis) damuSave-

ba, maT Soris maTze ariTmetikul-logikuri operaciebis Ses-

ruleba; 5) mexsierebis damisamarTeba, e. i. mexsierebis im misa-

marTis gacema, romelTanac unda gaicvalos informacia; 6) Se-

wyvetebisa da DMA-s reJimis damuSaveba. 

8.2 naxazze mocemulia mikroprocesoris gamartivebuli 

struqturuli sqema. gavecnoT masSi moyvanili kvanZebis ZiriT-

ad funqciebs. 

 

█ brZanebebis amokrebis marTvis sqema gankuTvnilia mex-

sierebidan brZanebebis wasakiTxad da maTi gaSifvrisaTvis. ad-

reul mikroprocesorebSi ukve amoRebuli brZanebis Sesrule-

bisa da imavdroulad momdevno brZanebis amoRebis operaciebi 

urTierTSeuTavsebadebi iyo da amitom isini erTdroulad ver 

sruldeboda. mogvianebiT 16-Tanrigian procesorebSi gamoCnda 

wina brZanebis Sesrulebis periodSi ramdenime momdevno brZane-

bis amorCevis SesaZleblobis uzrunvelmyofi  e.w. brZanebaTa 
konveieri. am dros ori procesi sruldeba paralelurad, rac 

amaRlebs procesoris swrafmoqmedebas. konveieri procesoris 

momcro Sinagani mexsierebaa, romelSic pirveli SesaZleblobi-

sTanave (gare saltis ganTavisuflebisTanave) Caiwereba mocemu-

li brZanebis momdevnod Sesasrulebeli ramdenime brZaneba. maT 

mikroprocesori iseTive TanamimdevrobiT waikiTxavs, ra Tanami-

mdevrobiTac isini aris Cawerili konveierSi. amis gamo konve-

ieri warmoadgens FIFO («First In – First  Out», anu «pirveli Sevi-

da – pirveli gamovida»)  tipis mexsierebas. 
mocemuli brZanebis Sesrulebis Semdeg procesori Tu gada-

dis ara momdevno, aramed daSorebiT mdgar brZanebaze, maSin 
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konveieri ar gamogvadgeba, masSi winaswar Cawerili brZanebebi 

gamouyenebeli rCeba da isini unda Camoiyaros. sabednierod 

aseTi SemTxvevebis raodenoba didi ar aris.    

konveieris ideis ganviTarebis Sedegad damuSavda procesor-
is Sinagani keSmexsiereba, romelic im periodSi, rodesac 

procesori garkveuli brZanebebis damuSavebiTaa dakavebuli, iv-

seba momavalSi Sesasrulebeli brZanebebiT. rac ufro didia 

keS-mexsiereba, miT ufro naklebia imis albaToba, rom SeiZleba 

gadasvlis brZanebis gamoCenis dros saWiro gaxdes misi SigTa-

vsis Camoyra. cxadia, rom Sinagan mexsierebaSi arsebul brZane-

bebs procesori gare mexsierebaSi arsebul brZanebebze ufro 

swrafad asrulebs. keS-exsierebaSi mocemul momentSi dasamu-

Savebeli monacemebic SeiZleba iqnes Senaxuli, rac agreTve aC-

qarebs muSaobas. maRali swrafmoqmedebis uzrunvelsayofad Ta-

namedrove procesorebSi gamoiyeneba: 1) brZanebebis amokrebisa 

da maTi DgaSifvris urTierTSeTavseba; 2) ramdenime brZanebis 

erTdroulad gaSifvra; 3) brZanebaTa ramdenime paraleluri 

konveieri; 4) gadasvlaTa brZanebebis winaswarmetyveleba da 

zogierTi sxva meTodi. 

 

█ ariTmetikur-logikuri mowyobiloba (alm, ALU) gan-

kuTvnilia procesoris mier miRebuli brZanebis Sesabamisasad 

informaciis dasamuSaveblad. damuSavebis mizani SeiZleba iyos 

sxvadasxva logikuri an ariTmetikuli operaciebis Sesruleba. 

am dros realizebadi brZanebiT ganisazRvreba, Tu romel kode-

bze unda Sesruldes operaciebi da sad unda moTavsdes miRe-

buli Sedegebi. brZanebiT Tu moiTxoveba monacemebis daumuSave-

blad gadagzavna, maSin mis SesrulebaSi alm ar monawileobs. 

alm-is swrafmoqmedeba mniSvnelovanwilad gansazRvravs 

procesoris mwarmoeblurobas. amasTanave, mniSvnelovania ara 

marto im taqturi signalis sixSire, romliTac xdeba alm–is 

taqtireba, aramed ama Tu im brZanebis Sesasruleblad saWiro 

taqtebis raodenobac. mwarmoeblurobis asamaRleblad kons-

truqtori cdilobs uzrunvelyos erTi taqtis ganmavlobaSi 

brZanebis Sesruleba da maqsimalurad gazrdos taqturi sixSi-
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re. mwarmoeblurobis amaRlebis erT-erTi gzaa alm mier Sesa-

srulebeli brZanebebis raodenobis Semcireba, rac realizebu-

lia brZanebebis Semcirebul nakrebze momuSave (e.w. RISC anu 

“Reduced Instruction Set Computer”) procesorebSi. procesoris mwar-

moeblurobis miRwevis meore gzaa masSi paralelurad momuSave 

ramdenime alm-s gamoyeneba. 

rac Seexeba mcurav wertilian ricxvebze Sesasrulebel, ag-

reTve sxva specialur rTul operaciebs, adreul procesoreb-

Si maTi realizeba xdeboda ufro martivi brZanebaTa mimdevro-

bis, specialuri veprogramebis gamoyenebiT; Semdeg damuSavda 

specialuri gamomTvlelebi – maTematikuri Tanaprocesorebi, 

romlebic aseT operaciebis Sesrulebisas cvlida ZiriTad 

procesors. Tanamedrove mikroprocesorebSi maTematikuri Tana-

procesorebi Semadgenel nawils warmoadgens. 

  

█ procesoris RG registrebi faqtobrivad sxvadasxva ko-
debis (monacemebis, misamarTebis, brZanebebis) droebiT Sesanaxad 

gankuTvnili mexsierebis Zalian swrafi ujredebia. vinaidan ma-

Tze operaciebi maqsimalurad swrafad sruldeba, amitom sasu-

rvelia mikroprocesorSi rac SeiZleba bevri registris ganTa-

vseba. procesoris swrafmoqmedebaze Zalian did gavlenas ax-

dens registrTa Tanrigianoba. registrebisa da alm-is Tanri-

rigianobas ewodeba procesoris Sinagani Tanrigianoba, romelic 

SeiZleba ar daemTxves mis garegan Tanrigianobas. 
Sinagani registrebis daniSnulebis gansasazRvravad arsebobs 

ori midgoma. kompania Intel–is mier mxardaWerili pirveli mid-
gomis dros TiToeuli registrisaTvis ganisazRvreba mkacrad 

gansazRvruli funqcia. aseTi midgoma, erTi mxriv, amartivebs 

procesoris organizebas da amcirebs brZanebis Sesrulebis 

dros, magram, meore mxriv, amcirebs moqnilobas, xolo zogjer 

programis Sesrulebis processac anelebs. magaliTad, zogierT 

ariTmetikuli operaciebs asrulebs da Setana/gamotanis mowyo-

bilobebTan informaciis cvlis akumulatorad wodebuli erTa-

derTi registri, ris gamoc zogierTi procedurebis Casatareb-
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lad zogjer saWiro xdeba registrebs Soris ramdenime dama-

tebiTi gadagzavnis proceduris Sesruleba. 

meore midgomis dros yvela (an TiTqmis yvela) registri 

Tanabaruflebiania. aseTi midgoma gamoyenebulia, magaliTad, fi-

rma DEC-is mier gamoSvebul 16-Tanrigian T-11 procesorSi. am 

dros miiRweva maqsimaluri moqniloba, magram ramdenadme rTu-

ldeba procesoris struqtura. 

arsebobs saSualedo midgomac, kerZod, firma Motorola-s mi-

er SemoTavazebul MS68000 procesorSi registrebis erTi na-

xevari gamoiyeneba monacemebisaTvis da isini urTierTSenacvle-

badebia, xolo aseve urTierTSenacvlebadi meore naxevari  mi-

samarTebisTvisaa gamoyenebuli. 

 

█ niSnebis  PSW registri  (mdgomareobis registri) zemoT 
ganxiluli sxva registrebisagan gansxvavebiT gankuTvnilia ara 

raime monacemis an misamarTis, aramed procesoris mdgomareobis 
maCvenebeli sityvis Sesanaxad, romlis inglisuri abreviaturaa 

PSW (Processor Status Word). am sityvis TiToeul bits alami ewo-

deba da igi Seicavs informacias wina brZanebis Sesrulebis Se-

saxeb; magaliTad, arsebobs e.w. «nulovani Sedegis biti (ala-
mi)», romelic maSin damyardeba («gamoifineba»), rodesac wina 
brZanebis Sesrulebis Sedegad nuli iqneba miRebuli da gaiwmi-

ndeba («Camoixsneba») maSin, rodesac brZanebis Sedegad miRebu-
li iqneba nulisagan gansxvavabuli Sedegi. am bitebs (almebs) 

iyenebs pirobiTi gadasvlis brZanebebi, magaliTad «nulovani 
Sedegis SemTxvevaSi gadasvlis brZaneba». aRniSnuli registri 

SeiZleba Seicavdes e. w «marTvis almebsac», romelTa dani-

Snulebaaб gansazRvros. garkveuli brZanebebis Sesrulebis re-
Jimebi.  

 

█ Sewyvetebis marTvis sqemis daniSnulebaa: 1) daamuSaos 

procesorTan mosuli Sewyvetis moTxovna; 2) gansazRvros Se-
wyvetis damuSavebis programis saTavis misamarTi (Sewyvetis 

veqtoris misamarTi); 3) mimdinare brZanebis damTavrebis Semdeg 
mexsierebaSi (stekSi) Seinaxos procesoris registrTa mimdina-
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re SigTavsebi; 4) uzrunvelyos Sewyvetis damuSavebis program-

maze gadasvla;  

Sewyvetis damuSavebis programis damTavrebis Semdeg mexsi-

erebidan (stekidan) aRdgeba Sinagani registrebis mniSvnelobebi 

da procesori ubrundeba Sewyvetil ZiriTad programas. stekis 

Sesaxeb dawvrilebiT visaubrebT Semdeg ganyofilebaSi. 

 

█ mexsierebasTan informaciis uSualod gacvlis mmarTveli 
sqema gankuTvnilia gare salteebidan procesoris droebiT ga-

mosarTvelad da misi muSaobis manamade SesaCereblad, sanam 

DMA-s momTxovni mowyobiloba mexsierebasTan uSualod info-

rmaciis gacvlis uflebiT sargeblobs..  

 

█ marTvis logikis mier sruldeba: 1) procesoris kvanZebis 
urTierTzemoqmedebebi; 2) monacemebis gadagzavnebi; 3) gare si-
gnalebTan procesoris sinqronizeba; 3) informaciis Setanisa 
da gamotanis procedurebi. 

procesoris muSaobis periodSi brZanebebis amokrebis sqema 

mexsierebidan mimdevrobiT amoirCevs Sesasrulebel brZanebebs; 

monacemebis damuSavebis saWiroebis warmoSobфSi erTveba alm. 

am ukanasknelis Sesasvlelebs dasamuSavebeli monacemebi SeiZl-
eba miewodos mexsierebidan an Sinagani registrebidan. Sinagan 

registrebSi inaxeba mexsierebaSi ganTavsebuli dasamuSavebeli 

monacemebis misamarTebic. alm-Si monacemebis damuSavebis Se-

degebi cvlis niSnebis registris mdgomareobas da Caiwereba 

Sinagan mexsierebaSi an mexsierebaSi (monacemebis wyaroca da 

mimRebic brZanebis kodSia miTiTebuli). aucileblobis SemTxve-

vaSi informacia SeiZleba gadaiweros mexsierebidan (an Seta-

na/gamotanis mowyobilobidan) Sinagan registrSi an piriqiT, 

Sinagani registridan - mexsierebaSi (an Setana/gamotanis mo-

wyobilobaSi).  

nebismieri mikroprocesoris Sinagani registri asrulebs Se-

mdeg or samomsaxuro funqcias: 1) gansazRvravs mexsierebis im 
ujredis misamarTs, romelSic moTavsebulia mocemul momentSi 

Sesasrulebeli brZaneba (esaa brZanebaTa mTvlelis anu brZaneb-
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aTa maCveneblis funqcia); 2) gansazRvravs stekis mimdinare 

misamarTs (esaa stekis maCveneblis funqcia). 
sxvadasxva mikroprocesorSi TiToeuli am funqciis Sesasru-

leblad SeiZleba gamoiyos erTi an ori Sinagani registri. zem-

oT aRniSnuli ori (brZanebebisa da stekis) maCveneblebi erTma-

neTisagan gansxvavdeba ara marto sakuTari specifikuri, samo-

msaxuro, sistemuri daniSnulebiT, aramed SigTavsis Secvlis 

gansakuTrebuli xerxebiTac. programebs maTi SigTavsebis Sec-

vla mxolod ukiduresi saWiroebis dros SeuZlia, radgan am 

dros daSvebulma Secdomam SeiZleba daarRvios kompiuteris 

muSaoba, gamoiwvios misi «dakideba» («gaWedva») da gaafuWos 
mexsierebis SigTavsi. 

brZanebebis maCveneblis (mTvlelis) SigTavsi Semdegnairad 

icvleba. sistemis muSaobis dasawyisSi (kvebis CarTvisas) masSi 

erTxel da samudamod Seitaneba dadgenili mniSvneloba. esaa 

sawyisi amuSavebis programis pirveli misamarTi. mexsierebidan 

TiToeuli morigi brZanebis amoRebis Semdeg brZanebis formatsa 

da mikroprocesoris tipze damokidebulebiT erTi an ori er-

TeuliT avtomaturad izrdeba (inkrementirdeba) brZanebebis ma-

Cveneblis mniSvneloba; e. i. momdevno brZaneba amorCeuli iqneba 

mexsierebis rigiT momdevno misamarTidan. mexsierebis misamar-

Tebis mimdevrobiT gadarCevis damrRvevi gadasvlis brZanebis 
Sesrulebisas brZanebebis maCvenebelSi iZulebiT Caiwereba axa-

li mniSneloba – mexsierebis axali misamarTi, romlidanac da-

wyebuli brZanebaTa misamarTebi mimdevrobis dacviT amoirCeva. 

qveprogramis gamoZaxebisa da qveprogramidan dabrunebis dros 

an Sewyvetis damuSavebis dawyebisa da misi damTavrebis dros 

brZanebaTa maCveneblis SigTavsebi analogurad Seicvleba. 

zogadad stekze da, kerZod, stekis maCvenebelze qvemoT vi-

laparakebT.. 
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8.2. mexsierebis funqciebi 

 

mikroprocesoruli sistemis mexsiereba droebiT an mudmiv-

ad Seinaxavs monacemebisa da brZanebebis orobiT kodebs. mexsi-

erebis moculobiT ganisazRvreba ara marto is, Tu ramdenad 

rTuli algoriTmebis realizebas SeZlebs sistema, aramed ga-

rkveulwilad mTlianad sistemis swrafmoqmedebac. mexsierebis 
modulebi Sedgeba operatiuli an mudmivi mexsierebis mikro-

sqemebisagan. bolo wlebSi mikroprocesoruli sistemebSi xSi-

rad gamoiyeneba e. w. fleSmexsiereba (flesh memory), romelic 

warmoadgens SigTavsis mravaljeradad Caweris unaris mqone 

energodamoukidebel mexsierebas. 

orobiTi kodebis saxiT warmodgenili informacia uSualod 

Seinaxeba mexsierebis ujredebSi, romelTa raodenoba 2-is je-
radia. misamarTebis N Tanrgiani saltis gamoyenebisas mexsiere-

bis ujredebis maqsimaluri raodenoba 2N 
-is tolia. mexsiere-

bis moculobas yvelaze xSirad misi ujredebis Tanrigianobaze 

damoukideblad baitebiT zomaven. zogadad termin baitiT aRi-
niSneba informaciis erTi simbolos kodirebisaTvis gamoyenebu-

li orobiTi ricxvis bitebis raodenoba. iyo dro, rodesac 

amisTvis gamoiyeneboda 5-bituri orobiTi ricxvebi da maSin ba-
itad iTvleboda 5 biti; dReisaTvis aRniSnuli miznisaTvis 8-
bitur orobiTi ricxvebi gamoiyeneba da amitom baiti ewodeba 

8-s. gamoiyeneba mexsierebis moculobis ufro msxvili erTeul-

ebic; magaliTad,  kilobaiti (kb), romelic udris 210 = 1024 
baits; megabaiti (mb), romelic udris  220 =1048576 baits  
(daaxloebiT 106 milion baits); gigabaiti (gb), romelic 

udris 230 =1073741824 baits (daaxloebiT udris miliard 

baits); terabaiti (tb), romelic udris 240=1099511627776 
baits (daxloebiT  trilion baits); petabaiti (pb), romelic 

udris 250 =1024 terabaits (daaxloebiT kvadrilion baits) 

da a.S. 

mexsierebaSi Tu 65536 ujredia, romelTaganac TiToeuli 

16 Tanrigiania, maSin amboben, rom mexsierebis moculoba 128 
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kilobaitis tolia. mikroprocesoruli sistemis mexsierebis 

ujredebis erTobliobas sistemis mexsierebis sivrce ewodeba. 
sistemur magistralTan mexsierebis modulis misaerTeblad 

gamoiyeneba SeuRlebis blokebi, romelTa SemadgenlobaSi Sedis 

misamarTis deSifratori (seleqtori), magistralis mmarTveli 

signalebis damamuSavebeli sqema da monacemebis buferebi (nax. 

8.3)  
mikroprocesoruli sistemis muSaobis procesSi permanent-

lad myardeba kavSiri sistemul saltesa da mexsierebas Soris. 

operatiuli mexsierebis SemTxvevaSi  es kavSirebi myardeba wa-
kiTxvisa da Caweris, xolo mudmivi mexsierebis  SemTxvevaSi - 
mxolod wakiTxvis ciklebSi. sistemis struqtura Seicavs mex-

sierebis ramdenime moduls, romelTaganac TiToeulisaTvis  

mexsierebaSi gamoyofilia fiqsirebuli raodenobis ujrdebisa-

gan warmoqmnili garkveuli  midamo. am midamos gansazRvravs 
modulSi arsebuli misamarTis seleqtori (ix.nax.8.3). saWiro 
momentebSi mexsierebis muSaobis nebadarTvis CS da mexsiere-

baSi Caweris nebadarTvis WR signalebs gamoimuSavebs marTvis 

sqema. monacemebis buferebi monacemebs gadascems mexsierebidan 

magistralSi an piriqiT – magistralidan mexsierebaSi.  

 

 

  

      

  

 

 

 

 

 

 

 

 

 

 

 
nax. 8.3. mexsierebis modulis gamartivebuli struqtura 
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mikroprocesoruli sistemis mexsierebis sivrceSi Cveuleb-

riv gamoyofilia specialuri funqciebis Semsrulebeli ram-

denime gansakuTrebuli midamo. 

sawyisi amuSavebis programis mexsierebis midamo yovelTvis 

mudmiv damxsomebel mowyobilobaSi an fleSmexsierebaSia or-

ganizebuli. kvebis wyaros CarTvis an RESET signalis daxma-

rebiT Camoyris Semdeg procesori swored am midamodan iwyebs 

muSaobas. 

stekis mexsierebis midamo anu ubralod steki operatiuli 

mexsierebis nawilia, romelic gankuTvnilia LIFO (“Last In – 

First Out” e. i. “Sevida bolo, gamovida pirveli”) reJimSi monacemebis 

droebiT Sesanaxad. sxva operatiuli mexsierebisagan gansxva-

vebiT tekis damisamarTebis xerxi ucvlelia. stekSi nebismieri 

ricxvis (kodis) Cawerisas aRniSnuli ricxvi Caiwereba misamar-

Tze, romelic miiReba stekis maCveneblis registris SigTavsis 

erTi (an ori) erTeuliT winaswar Semcirebis (dekrementireb-
is) Sedegad. amis gamo aRmoCndeba, rom ukanasknelad Cawerili 

ricxvi Tavdapirvelad, xolo pirvelad Cawerili ricxvi – bo-

loSi iqneba wakiTxuli. aseT mexsierebas ewodeba  anu savaznis 
tipis mexsiereba (avtomatis savaznidan Tavdapirvelad amoiReba  

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

nax. 8.4  stekis muSaobis principis ilustrireba 
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masSi ukanasknelad Cadebuli vazna). stekis moqmedebis principi 

8.4 naxazzea moyvanili (mexsierebis ujre-debis misamarTebi pi-

robiTadaa SerCeuli.  

davuSvaT, rom stekis mimdinare mdgomareobaa 1000008 da 
masSi unda CavweroT ori ricxvi (sityva). pirveli sityvis Ca-  

iwereba 1000006 (Caweris win stekis maCvenebeli oriT mcir-

eba), xolo meore – 1000004 misamarTian ujredSi. amis Semdeg 
Tu am or sityvas wavikiTxavT, pirvelad waikiTxeba 1000004 
misamarTian ujredSi Cawerili sityva, romlis Semdeg stekis 

maCvenebeli gaxdeba 1000006. Semdeg waikiTxeba 1000006 uj-
redSi arsebuli sityva da stekis maCvenebeli 1000008-s toli 

gaxdeba. yvelaferi dabrunda sawyis mdgomareobaSi. pirvelad 

wakiTxuli iqna meored Cawerili, xolo Semdeg - pirvelad Ca-

werili sityva.  

aseTi damisamarTeba aucileblia mravaljeradad Calagebuli 
programebis SemTxvevaSi. davuSaT, rom sruldeba ZiriTadi 

programa, romlidanac saWiroa gamoZaxebuli iqnes 1-li qve-

programa. am qveprogramis realizebis dawyebamde Sesawyveti 

ZiriTadi programis monacemebi da misi momsaxure Siga re-

gistrebis SigTavsebi Seinaxeba (gadaiwereba) stekSi da iq iqne-

ba Senaxuli manam, sanam bolomde ar Sesruldeba gamoZaxebuli 

qveprograma. amis Semdeg igi dabrundeba (waikiTxeba, amoiReba) 

stekidan. saWiro Tu gaxda 1-li qveprogramidan me-2 qvepro-
gramis gamoZaxeba, maSin igive operacia Catardeba 1-li qvepro-

gramis monacemebisa da Sinagani registrebis SigTavsebisTvisac. 

naTelia, rom me-2 qveprogramis SigniT stekis napirTan (saida-
nac iwyeba wakiTxva) iqneba 1-li qveprogramis monacemebi, xolo 

ufro Rrmad iqneba ZiriTadi programis monacemebi. am dros 

stekidan wakiTxvisas avtomaturad iqneba daculi informaciis 

wakiTxvis saWiro Tanamimdevroba. igive iqneba maSinac, rodesac 

gacilebiT maRali iqneba aseTi Calegebebis done. aqedan naTlad 

Cans, rom sasurvelia monacemebi, rac SeiZleba Rrmad Sevi-

naxoT, raTa isini swrafad ar amovides zedapirze. 

stekTan informaciis gacvlisaTvis nebismieri procesoris 

brZanebaTa sistemaSi gaTvaliswinebulia stekSi Caweris PUSH 
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da stekidan wakiTxvis POP brZanebebi. stekSi SeiZleba gadav-

maloT ara marto procesorebis yvela Sinagani registris, 

aramed niSnebis registris SigTavsic (procesoris mdgomareob-
is PSW sityvac) SevinaxoT. es saSualebas mogvcems, magali-

Tad, qveprogramidan dabrunebisas gavakontroloT am qvepro-

gramis uSualod gamoZaxebis dros Sesasrulebeli ukanaskneli 

brZanebis Sesrulebis Sedegi. programebsa da qveprogramebs So-

ris monacemebis moxerxebulad urTierTgacvlisaTvis stekSi 

SeiZleba monacemebic SevinaxoT. zogadad, mexsierebidan steks 

rac ufro didi midamo daeTmoba, miT ufro gauadvildeba muS-

Saoba damprogramebels da miT ufro rTuli programebis Se-

srulebas SeZlebs mikroprocesoruli sistema.   

mexsierebis Semdegi specialuri midamoa Sewyvetebis veqtor-
Ta cxrili.  

Sewyvetis cneba zogadad sakmaod mravalmniSvnelovania. Se-
wyvetad iTvleba ara marto gare mowyobilobis moTxovnis mo-

msaxureba, aramed procesoris muSaobis Tanamimdevrobis nebis-

mieri darRvevac. magaliTad, Sewyveta SeiZleba iseTi ariTmeti-

kuli operaciis arakoreqtuli SesrulebisaTvis iyos gaTvali-

swinebuli, rogoricaa nulze gayofa. arsebobs agreTve pro-
gramuli Sewyvetac, romlis drosac ZiriTad programaSi wina-

swaraa gaTvaliswinebuli garkveul qveprogramaze gadasvlis 

brZaneba da misi Sesrulebis Semdeg xdeba ZiriTad programaze 

dabruneba. programul da namdvil Sewyvetebs is aqvs saerTo, 

rom orive SemTxvevaSi erTnairad xdeba ZiriTadi programidan 

qveprogramaze da piriqiT gadasvlis procesebi.  

nebismieri Sewyveta muSavdeba SewyvetaTa veqtorebis (maCve-

neblebebis) cxrilis meSveobiT. umartives SemTxvevaSi am 

cxrilSi arsebobs Sewyvetebis damuSavebis programebis dasa-

wyisTa misamarTebi, romlebsac veqtorebi ewodeba. cxrili Se-

iZleba sakmaod grZeli iyos (ramdenime aseul elements Seicav-

des). Cveulebrivad Sewyvetebis veqtorTa midamo mexsierebis 

sivrcis dasawyisSi (mexsierebis dabali misamarTebian ujredeb-

Si) ganTavsdeba. TiToeuli veqtoris (anu TiToeuli veqtoris 

sawyisi elementis) misamarTi warmoadgens Sewyvetis nomers. 
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aparaturuli Sewyvetebis dros Sewyvetis nomeri ganisazR-

vreba Sewyvetis momTxovni mowyobilobiT (veqtoruli Sewyve-
tis dros) an Sewyvetis momTxovni xazis nomriT (radialuri 
Sewyvetis dros). aparaturuli Sewyvetis mimRebi mowyobilo-

ba daasrulebs mimdinare brZanebis Sesrulebas da mimarTavs me-

xsierebaSi arsebuli Sewyvetebis veqtorTa cxrilis im stri-

qons, romelic ganisazRvreba moTxovnili Sewyvetis nomriT. 

procesori waikiTxavs am striqonis SigTavss (Sewyvetis veq-

toris kods) da gadava mexsierebis am veqtoriT mocemul misa-

marTze. am misamarTidan dawyebuli mexsierebaSi ganTavsebuli 

unda iyos mocemuli nomriani Sewyvetis damuSavebis programa. 

Sewyvetis damuSavebis programis boloSi aucileblad unda iy-

os ganTavsebuli Sewyvetidan gamosvlis brZaneba, romlis Ses-

rulebis Semdeg procesori daubrundeba Sewyvetil ZiriTad 

programas da gaagrZelebs mis Sesrulebas. Sewyvetebis damuSa-

vebis programis Sesrulebis periodSi procesoris parametre-

bi stekSi unda iyos Senaxuli. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

davuSvaT, rom procesori asrulebda ZiriTadi programis im 

brZanebas, romlis nomeri mexsierebaSi vTqvaT iyo 3000 (nax. 
8.5). am momentSi man miiRo moTxovna Sewyvetidan, romlis no-

nax.8.5. Sewyvetis damuSavebis gamartivebuli algoriTmi 
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amuli damuSaveba 

steki 

PSV 

3001 
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meri iyo 5. procesori daamTavrebs im brZanebis Sesrulebas, 

romlis misamarTi mexsierebaSi iyo 3000. Semdeg stekSi Seina-
xavs brZanebebis mTvlelis mimdinare nomers (3001-s) da PSW–

s mimdinare mniSvnelobas. amis Semdeg mexsierebis nomer 5-dan 
waikiTxavs Sewyvetis veqtoris kods. davuSvaT, es kodi iyos  

7000-is toli.  procesori mexsierebaSi 7000 misamarTze ga-
dava da am misamarTidan daiwyebs Sewyvetis programis damuSa-

vebas. SeiZleba, rom es programa mTavrdebodes misamarT 7150-
ze. am misamarTze misvlis Semdeg procesori ubrundeba Sewyve-

tili programis Sesrulebas. amisaTvis mas stekidan amoaqvs mi-

samarTis mniSvneloba (Cvens SemTxvevaSi 3001), romelzedac Se-

wyda Zveli programa da im momentisaTvis arsebuli PSW.  

procesori waikiTxavs brZanebas misamarT 3001-dan  
avariul situaciaSi warmoSobili Sewyveta zustad aseve 

damuSavdeba, oRond am SemTxvevaSi Sewyvetis veqtoris misamar-

Ti (veqtorebis cxrilSi striqonis nomeri) xistad iqneba mib-

muli avariuli situaciis mocemul tipTan. 

Sewyvetebis organizebis aseTi, pirveli SexedviT sakmaod 

rTuli organizacia damprogramebels saSualebas aZlevs advi-

lad Secvalos Sewyvetebis damuSavebis programebi, isini mexsi-

erebis nebismier sferoSi ganaTavsos da  nebismieri zomisa da 

sirTulis gaxados. 

Sewyvetis damuSavebis programis Sesrulebis periodSi Se-

iZleba movides Sewyvetaze axali moTxovna. am SemTxvevaSi igi 

damuSavdeba zustad iseve, rogorc es zemoT aRvwereT, oRond 

ZiriTad programad CaiTvleba wina Sewyvetis damuSavebis pro-

grama. amas ewodeba Sewyvetebis mravaljeradi Calageba. stekis 
meqanizmi aseTi mravaljeradi Calagebis uproblemod momsaxu-

rebis saSualebas iZleva, radgan stekidan pirvelad amoiReba 

ukanasknelad Senaxuli kodi, e.i. mocemuli Sewyvetis damuSave-

bidan gadasvla xdeba wina Sewyvetaze.  

SevniSnavT, rom ufro rTuli SemTxvevebis dros Sewyveteb-

is veqtorTa cxrilSi SeiZleba ganTavsebuli iyos ara Sewyve-

tebis damuSavebis programebis dasawyisis misamarTebi, aramed 

Sewyvetebis e. w. deskriptorebi (aRmwerebi). miuxedavad aseTi 
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saxecvlilebisa, am deskriptoris damuSavebis Sedegad sabolo-

od mainc Sewyvetis damuSavebis programis dasawyisis misamar-

Ti miiReba. 

mikroprocesoruli sistemis mexsierebis kidev erTi speci-

aluri midamoSi organizdeba sistemur saltesTan mierTebuli 
mowyobilobebis mexsiereba. mexsierebis aseTi ubani arc Tu ise 
xSirad gvxvdeba, magram zogjer misi arseboba metad mosaxer-

xebelia. e. i. procesori iRebs Setana/gamotanis an sistemur 

saltesTan mierTebuli romelime sxva mowyobilobis mexsiere-

basTan imgvari urTierTobis damyarebis saSualebas, rogori 

urTierTobac aqvs mas damyarebuli sakuTar sistemur mexsiere-

basTan. Cveulebriv amisaTvis mexsierebis sivrceSi gamoyofili 

sarkmeli arcTu ise didia. 

mexsierebis sivrcis yvela danarCen nawilis daniSnuleba 

universaluria. maTSi ganTavsdeba rogorc monacemebi, aseve 

programebi (ra Tqma unda, erTsalturi, anu fon neimaniseuli 

arqiteqturis SemTxvevaSi). zogjer mexsierebis es sivrce ga-

moiyeneba yovelgvari sazRvrebisagan Tavisufali erTiani sivr-

cis saxiT. sxva SemTxvevebSi ki mexsierebis sivrce SeiZleba 

dayofili iyos segmentebad da hqondes segmentis dasawyisis 

misamarTisa da segmentis dadgenili zomis programulad Sec-

vlis SesaZlebloba.  

zemoT aRniSnul orive midgomas aqvs rogorc dadebiTi, ise 
uaryofiTi mxareebi. magaliTad segmentebis gamoyeneba progra-
mebis an monacemebis midamos dacvis saSualebas iZleva, magram 

segmentebis sazRvrebma SeiZleba gaarTulos didi programebisa 

da monacemTa masivebis ganTavseba. 

dasasruls SevCerdebiT mexsierebis misamarTebisa da Seta-
na/gamotanis mowyobilobebis misamarTebis gamijvnis problema-

ze. arsebobs am problemis gadawyvetisadmi Semdegi ori Ziri-

Tadi midgoma: 1) saerTo samisamarTo sivrceSi Setana/gamotan- 

is mowyobilobebis misamarTebisaTvis specialuri midamos gamo-

yofa; 2) mexsierebis samisamarTo sivrcisagan Setana/gamotanis 
mowyobilobebis samisamarTo sivrcis sruli gamijvna. 
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pirveli midgoma imiTaa kargi, rom Setana/gamotanis mowyo-
bilobebTan mimarTvisas procesorma SeiZleba gamoiyenos mexsi-

erebasTan saurTierTeblo brZanebebi, magram am dros Setana/ 

/gamotanis mowyobilobebis samisamarTo sivrcis toli sidid-

iT mcirdeba mexsierebis samisamarTo sivrce. magaliTad, 16-Ta-
nrigiani samisamarTo saltis dros SeiZleba mxolod 64 ki-
lobaitis raodenobis misamarTebis arseboba. amaTgan 54 kilo-

baitis raodenobis misamarTi gamoiyofa mexsierebis samisamarTo 

sivrcisaTvis, xolo 8 kilobaiti sivrce – Setana/gamotanis 

mowyobilobebis samisamarTo sivrcisaTvis. 

meore midgomis Rirseba is aris, rom mexsiereba ikavebs mi-
kroprocesoruli sistemis mTel samisamarTo sivrces. Seta-

na/gamotanis mowyobilobebTan urTierTobisaTvis gamoiyeneba 

specialuri brZanebebi da magistralze informaciis gacvlis 

specialuri strobebi. swored ase gakeTebuli, magaliTad, per-
sonalur kompiuterebSi; magram mocemul SemTxvevaSi Setana/ 

gamotanis mowyobilobebTan urTieTobis SesaZleblobebi saer-

To mexsierebis dros urTierTobis SesaZleblobasTan Sedareb-

iT mniSvnelovnad SezRudulia. 

 

8.3. virtualuri mexsierebis koncefcia da 

mexsierebis gverdobrivi organizaciis 

principi 

 

mikroprocesoruli sistemis mexsiereba, romelsac Carlz 
bebijma sawyobi (Store) uwoda, programebisa da monacemebis sa-

xiT warmodgenili informaciis Sesanaxad («dasawyobebisaTvis») 
Seqmnili saSualebaa. zogadad arsebobs misi Semdegi ori saxe: 

▲ operatiuli miznebisaTvis gankuTvnili mcire moculobis 

informaciis Sesanaxad gamoiyeneba ZiriTadi mexsiereba, rome-

lic realizebulia operatiuli damxsomebeli mowyobilobebisa 

da mudmivi damxsomebeli mowyobilobebis saxiT; 
▲ didi moculobis xangrZlivad Sesanaxi diskuri, lentu-

ri da sxva saxis damgroveblebi. 
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adreul mikroprocesorul sistemebSi mexsierebis erTi na-

wili ganTavsdeboda mikroprocesorul blokSi, meore nawili 

ki aRniSnuli blokis gareT; amitom pirvel maTgans uwodeb-

dnen Siga, xolo meore maTgans – gare mexsierebas. am dros 
Siga mexsiereba warmoadgenda eleqtronul da magnitur (feri-

tul gularebian) mowyobilobebs, gare mexsiereba ki magnituri 

dolebis gamoyenebiT damzarebul moZrav mzidebian gancalkeveb-

ul mowyobilobebs. dReisaTvis mexsierebis mowyobilobebis um-

ravlesoba (personaluri kompiuterebis SemTxvevaSi ki mTlian-

ad) sistemur blokSia moTavsebuli. miuxedavad amisa, SenarCu-

nebuli iqna Siga da gare mowyobilobebad mexsierebis dayofis 

tradicia, amasTanave: 

▲ Siga (operatiuli da mudmivi) mexsiereba ewodeba muSa-
obis dros mikroprocesoris mier uSualod moxamrebadi info-

rmaciis Semnaxvel mexsierebas, romelic mikrosqemebis saxiT 

mzaddeba. mas xSirad ZiriTad mexsierebasac uwodeben. 
▲ gare (Cveulebriv, diskuri) mexsiereba, romelSi arsebul 

informaciis gamoyenebisaTvis mikroprocesors sWirdeba «Suama-
vali», romelic am informacias gadmoakopirebs operatiul 

(Siga) mexsierebaSi, e. i. procesori am informacias uSualod 

ver moixmars. Suamavlis rols TamaSobs specialuri programe-

ebis (draiverebis) meSveobiT funqcionirebadi kontrolerebi.  
Siga (ZiriTad) mexsierebas miekuTvneba operatiuli da mu-

dmivi mexsiereba. operatiul mexsierebaSi Seinaxeba mocemul 

momentSi mikroprocesoris mier realizebadi samomxmareblo 

programebi da monacemebi. mudmiv mexsiereba gamoiyenebs Setana-

gamotanis bazur sistemaSi (e. w. BIOS-Si) Semavali damxmare 

qveprogramebi da im dafebisaTvis (magaliTad, videoadapterisa-

Tvis) gankuTvnili draiverebi, romlebic aqtiurdeba  amuSave-

bis sawyis etapze.  arsebobs mudmivi mexsierebis mravali saxe-

sxvaoba (ROM, PROM, EPROM, EEPROM, Flash Mrmory, 

FRAM), romlebic erTmaneTisagan agebulebisa da gamoyenebis 

sferoebis mixedviT gansxvavdeba.  

§2.4-Si ganxiluli gvaqvs mexsierebis klasificirebasTan da-

kavSirebuli zogierTi ZiriTadi sakiTxi da maT axla ar Seve-
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xebiT, aq yuradRebas gavamaxvilebT mxolod mexsierebis logi-

kuri organizaciis iseT specifikur sakiTxebze, rogorebicaa 

virtualuri mexsierebis koncefcia da mexsierebis gverdobrivi 

organizaciis principi. 

mexsierebis ujredebis damisamarTebisaTvis gamoiyeneba misa-

marTebis 16-Tanrigiani salte (ix.nax.5.3). misi saSualebiT 

SeiZleba damisamarTdes mexsierebis 216=65536 ujredi. maSasa-
dame, mas Seesabameba SesaZlo samisamarTo sivrce am ukanas-

knels warmoqmnis misamarTebi, romelTa aTobiTi ekvivalentebis 

0,1,2,...,65535.  
ZiriTadi mexsiereba  Seicavs 4096 ujreds. am ujredebis 

misamarTebi, romelTa aTobiTi ekvivalentebia 0,1,2,....4095, war-
moqmnis fizikur samisamarTo sivrcs. 

adreul wlebSi fizikur samisamarTo sivrcis da SesaZlo 

samisamarTo sivrci moculobebi erTmaneTis toli iyo, e.i. ar-

sebobda urTierTcalsaxa Sesabamisoba SesaZlo da fizikur mi-

samarTebs Soris. rogorc vxedavT, SesaZlo samisamarTo sivr-

cis moculobam mniSvnelovnad Camoitova ukan fizikuri samisa-

marTo sivrce da dairRva zemoT aRniSnuli urTirTSesabamiso-

ba. SesaZlo samisamarTo sivrces, romlis moculoba aRemateba 

fizikur samisamarTo sivrces, virtualuri samisamarTo sivrce 
ewoda. warmoqmnili Seusabamobisagan Tavis dasaRwevad virtu-

aluri (SesaZlo) samisamarTo sivrce daiyo sasargeblo (0-dan 
4095-mde) da usargeblo misamarTebad (4096-dan 65535-mde). 
drois nebismier momentSi SeiZleba kavSiri damyarebuliyo me-

xsierebis mxolod pirvel 4096 (0-dan 4095-mde misamarTis 
mqone) ujredTan.  usargeblo misamarTebTan SecdomiT mimarT-

visas procesori Secdomis warmoSobas afiqsirebda, kerZod, ga-

moimuSavebda ararsebul mexsierebasTan mimarTvis signals.  

vitualuri mexsierebis koncefcia warmoadgens realuri 

mexsierebis misamarTebis sivrceSi virtualuri samisamarTo si-

vrcis misamarTebis (romlisTvisac SeeZlo miemarTa proce-

sors) asaxvas (nax.8.6).  am dros igulisxmeba, rom:  
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▲ garda ZiriTadi mexsierebisa, mikroprocesorul sistema-

Si aris gare (diskuri) mexsiereba, romelSic Senaxulia pro-

grama; 

▲ sistemas aqvs asaxvis ganmaxorcielebeli saSualebebi.  

virtualuri mexsierebis moqmedebis meqanizmi aseTia: 
▲ 0-dan 4095-mde misamarTebiani moduli 1 gadakopirdeba 

ZiriTad mexsierebaSi da moxdeba misi realizeba; 

▲ modul 1-ma Tu ar ganicada cvlilebebi, ZiriTad mexsi-

erebaSi gadakopirdeba 4096-dan 8191-mde misamarTebiani modu-
li 2 da Sesruldeba; sawinaaRmdego SemTxvevaSi saWiroa dasa-

wyisSi diskze gadaigzavnos (dabrundes) moduli 1. 
 

 

 

   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
virtualuri mexsierebis zemoT ganxiluli moduluri 

struqtura ganekuTvneba e. w. erTganzomilebian mexsierebas. 

erTganzomilebiani mexsiereba ewodeba iseT mexsierebas, rom-

lis samisamarTo sivrce Sedgeba 0-dan garkveul maqsimalur 

asaxva 

15 

61440 

65535 

0 

1 

2 

0 

4095 

8192 

12287 

8191 

4096 
4095 

0 

virtualuri 

samisamarTo 

sivrce 

fizikuri 

samisamarTo 

sivrce 

ZiriTadi 

mexsiereba 

diskuri 

mexsiereba 

nax.8.6. fizikur misamarTebSi 
    virtualuri misamarTeb- 

    is asaxva mexsierebis  

modulebi  

anu gverdebi 
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mniSvnelobamde wrfivad (mimdevrobiTad)  mzardi misamarTebi-

sagan. aseT struqturas ewodeba mexsierebis gverdobrivad or-
ganizebuli struqtura, xolo mexsierebaSi Semaval modulebs 

– mexsierebis gverdebi. ramdenime erTganzomilebiani samisamar-

To sivrceTa erToblioba warmoqmnis mravalganzomilebian sami-

samarTo sivrces. mravalganzomilebiani samisamarTo sivrcis 

gamoyenebiT virtualuri mexsiereba gvaZlevs mexsierebis orga-

nizebis specifikur saxes, romelsac uwodeben mexsierebis se-
gmentur struqturas, xolo am struqturis miRebis process 

– mexsierebis segmentirebas. segmenturi struqturis erTeuls 

warmoadgens segmenti, romelic Tavisi arsiT erTganzomilebi-

ani mexsierebaa. gverdebisagan gansxvavebiT segmentebs SeiZleba 

hqondes gansxvavebuli zomis samisamarTo zomebi. 

   
 
 
 
    

 

 

 

 

 

 

 

 

 

 

 

mexsierebis segmentirebis sakiTxs metnaklebad srulad §9. 

2.2.-Si SevexebiT, xolo aq mxolod mexsierebis gverdobrivi 
organizebis princips ganvixilavT. am principis Tanaxmad vir-

rtualuri samisamarTo sivrce Tanabari zomis gverdebisagan 

Sedgeba. fizikuri samisamarTo sivrcec iyofa gverdis tol 

calkeul nawilebad. TiToeul aseT nawils ewodeba gverdo-

nax. 8.7. mexsierebis gverdobrivi organizaciis ilustracia 

diskuri mexsiereba. 

virtualuri misamarTebi 

8191…4096 
12227…8192 
16383…12228 
20479…16384 
24575…20480 
28671…24576 

4095…0 0 
1 
2 
3 
4 
5 
6 

65535…61440 15 
14 65535…61440 

8191…4096 
12227…8192 
16383…12228 

4095…0 0 
1 
2 
3 

7 
6 

32767…28672 
28671…24576 

ZiriTadi mexsiereba 

  

fizikuri 

 misamarTebi gv
er
d
o
br

iv
i 

ka
d
r
i 
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brivi kadri. 8.3 naxazze moyvanili ZiriTadi mexsiereba mxo-

lod erT gverdobriv kadrs Seicavs. ramdenime, kerZod, rva 

gverdobrivi kadris magaliTi 8.7 naxazzea moyvanili, romlis 

Tanaxmadac: 

▲virtualuri samisamarTo sivrcis zomaa 64 kilobaiti da 

igi dayofilia 16 gverdad; TiToeulis gverdis zomaa 4 kilo-

baiti; 

▲ZiriTadi mexsierebis fizikuri samisamarTo sivrcis zo-

maa 32 kilobaiti da igi Seicavs 8 gverdobriv kadrs, romel-

Taganac TiToeulis zomaa 4 kilobaiti.  

mexsierebis gverdobrivi organizebis dros 16-Tanrigiani vi-
rtualuri misamarTi aisaxeba ZiriTadi mexsierebis 15-Tanrigi-
an fizikur misamarTSi. mexsierebis segmentirebis sakiTxs met-
naklebad dawvrilebiT §9.2.2-Si SevexebiT.   

 

8.4. Setana/gamotanis mowyobilobaTa 

funqciebi 

Setana/gamotanis mowyobilobebi magistralTan TiTqmis igive 

principebiT cvlis informacias, rogorc mexsiereba. informa-

ciis gacvlis TvalsazrisiT yvelaze mniSvnelovani gansxvavebaa 

is, rom mexsierebis moduls sistebis samisamarTo sivrceSi ga-

aCnia bevri (ramdenime aTeul milionamde) misamarTi, xolo Se-

tana/gamotanis mowyobilobas Cveulebriv mcire raodenobis 

(aTamde), xolo zogjer mxolod erTaderTi misamarTi. 

mexsierebis modulebi informacias cvlis mxolod magis-

tralTan da procesorTan, xolo Setana/gamotanis mowyobilo-

bebi damatebiT urTierTzemoqmedebs cifruli an analoguri sa-

xis gare mowyobilobebTanac. amitom  mexsierebis modulebTan 

SedarebiT gacilebiT mravalferovania Setana/gamotanis mowyo-

bilobebi. xSirad maT iseTi gansxvavebuli saxelebiTac moixse-

neben, rogoricaa: SeuRlebis mowyobilobebi, kontrolerebi, 

gafarToebis baraTebi, interfeisuli modulebi da a.S.  

Setana/gamotanis mowyobilobebi magistralTan erTnairi pri-

ncipiT cvlis; amitom magistralTan SeuRlebis kvanZebic erT-

nairi principebis gamoyenebiTaa realizebuli. Setana/gamotanis 
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mowyobilobis, ufro zustad, misi sainterfesio nawilis gama-

rtivebuli struqtura 8.8 naxazzea naCvenebi. mexsierebis mo-
dulis msgavsad igic aucileblad Seicavs misamarTis seleq-

toris, monacemebis strobebis damuSavebis marTvis sqemebsa da 

monacemTa buferebs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setana/gamotanis umartivesi mowyobilobebi gare mowyobi-

lobebisaTvis monacemebis kods paraleluri formatiT gaitans 

da maTgan amave formatiT miiRebs mas. Setana/gamotanis aseT 

mowyobilobebs xSirad Setana/gamotanis paralelur portebsac 
uwodeben. isini yvelaze universaluria, e. i. akmayofilebs di-

di raodenobis gare mowyobilobebTan SeuRlebis moTxovnebs; 

amitom maT xSirad mikroprocesoruli sistemis stuqturaSi 

standartul mowyobilobebad gamoiyeneben. Cveulebriv parale-

lur portebi Sedis mikrokontrolerebis SemadgenlobaSi. mik-

buferi registri 

nax. 8.8. Setana/gamotanis umartivesi mowyobilobis struqtura 

marTvis 

kvanZi 

 

gare mowyobi- 

lobaSi Sesas- 

vleli porti 

 

gare mowyobilo- 

bidan gamosas- 

vleli porti 

 

Setana/gamotanis 

mowyobilobis 

interfeisuli 

nawili 
misamarTis 

seleqtori 

Sesasvleli 

 buferi 

gare mowyo- 

bilobisakenEN 

gare mowyo- 

bilobidan 

marTvis sqema 

misamarTis salte 

monacemebis salte 

marTvis salte 

C OE 
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rokontroleri swored paraleluri portebiT ukavSirdeba ga-

re samyaros.  

umartives SemTxvevaSi Sesasvlel ports (Setanis ports) 
warmoadgens paraleluri registri, romelSic procesors Se-

uZlia Caweros informacia. gamosasvlel portad (gamotanis 
portad) Cveulebriv gamoiyeneba erTmxiv mimarTuli buferi, 

romlis meSveobiTac procesors SeuZlia gare mowyobilobidan  

waikiTxos informacia. swored aseTi portebia naCvenebi 8.8 na-
xazze moyvanil sqemaze. porti SeiZleba ormxrivmimarTulic 

iyos, e. i. Seasrulos rogorc Sesasvleli, ise gamosasvleli 

portis funqacia. aseT SemTxvevaSi procesori im misamarTidan 

waikiTxavs informacias, romel misamarTzedac axdens informa-

ciis Caweras. es garemoeba gare mowyobilobasTan damakavSire-

beli Sesasvleli da gamosasvleli xazebis gaerTianebisa da 

ormxrivimarTuli xazis formirebis saSualebas gvaZlevs. 

magistralis mxridan mimarTvis SemTxvevaSi misamarTis sele-
qtori amoicnobs Setana/gamotanis mocemuli mowyobilobisaT-

vis miniWebul misamarTs. marTvis sqema informaciis gacvlis 

magistraluri strobebis sapasuxod gascems gacvlis Sinagan 

strobebs. monacemebis Sesasvleli buferi Setana/gamotanis am 
mowyobilobasTan eleqtrulad SeaTanxmebs monacemebis saltes 

(SesaZlebelia buferi arc arsebobdes). registrSi monacemebis 

saltidan mosuli monacemebi C signaliT Caiwereba da gaitane-

ba gare mowyobilobaSi (ix. nax.8.8). portidan wakiTxvis cikl-

Si  monacemebis gamosasvleli buferi monacemebs gare mowyobi-
lobidan gadascems magistralis monacemebis salteze. 

Setana/gamotanis ufro rTuli mowyobilobebis (SeuRlebis 

mowyobilobebis) SemadgenlobaSi Sedis Sinagani buferuli ope-
ratiuli mexsiereba da, ufro metic, maT SeiZleba sakuTari 

mikrokontroleric hqondes.              
Setana/gamotanis TviToeul mowyobilobas mikroprocesoru-

li sistemis samisamarTo sivrceSi gamoeyofa sakuTari misamar-

Ti. gamoricxuli unda iyos misamarTebis dublireba, rasac 

Tvali unda adevnos mikroprocesoruli sistemis dammuSaveb-

elma da momxmarebelmac. 
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Setana/gamotanis mowyobilobebma SeiZleba informacia ara 

marto programulad, aramed Sewyvetebis SemweobiTac gacvalos. 

aseT SemTxvevaSi isini gare mowyobilobidan Semosul  Sewyve-

tis momTxovn signals gardaqmnis mocemuli magistralisaTvis 

aucilebel Sewyvetis moTxovnis signalad (an signalebis mim-

devrobad veqtoruli Sewyvetis dros). mexsierebasTan informa-
ciis uSualod gasacvlelad Setana/gamotanis mowyobilobam ma-

gistralze unda gasces DMA-s moTxovna da imuSaos mocemuli 

magistralisTvis miRebul ciklebSi. 

mikroprocesorul sistemebSi, rogorc wesi, gamohofen Se-

tana/gamotanis mowyobilobebis Semdeg sam jgufs: 1) momxmareb-
lis intefeisis mowyobilobebs (romelic gankuTvnilia momxma-

reblis mier informaciis Sesatanad da momxmareblisaTvis in-

formaciis gamosatanad); 2) informaciis xangrZlivad Senaxvi-

saTvis gankuTvnil mowyobilobebs; 3) taimerul mowyobilo-

bebs. 

momxmareblis interfeisisaTvis gankuTvnili Setanis mowyo-
bilobebs miekuTvneba klaviaturis, tumblerebis, calkeuli 

Rilakebis, mausis, trekbolis, joistikisa da a. S. kontrole-

rebi. momxmareblis interfeisisaTvis gankuTvnili gamotanis 
mowyobilobebs miekuTvneba Suqdioduri indikatorebis, tab-

los, sxvadasxva saxis ekranis da a.S. kontrolerebi. umartive-

si mmarTveli kontrolerebis an mikrokontrolerebis SemTxve-

vaSi es saSualebebi SeiZleba ar arsebobdes, xolo rTul mi-

kroprocesorul sistemebSi isini aucileblad gamoiyeneba. 

mocecemul SemTxvevaSi gare mowyobilobis rols asrulebs 

ada-miani.  

informaciis xangrZlivad SenaxvisTvis gankuTvnili Seta-
na/gamotanis mowyobilobebi uzrunvelyofs mikroprocesoruli 

sistemis SeuRlebas kompaqturi an magnituri diskebis disko-

satarebTan, agreTve magnitur lentze damgroveblebTan.  

taimeruli sistemebi Setana/gamotanis sxva mowyobilobebi-

sagan imiT gansxvavdeba, rom maT SeiZleba ar hqondes gare mo-

wyobilobebTan misaerTebeli gamomyvanebi. isini imisaTvisaa gan-

kuTvnili, rom mikroprocesorulma sistemam SeZlos: daicvas 
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dasaxuli droiTi intervalebis, Tvalyuri adevnos realur 

dros, DaiTvalis impulsebi da a. S. nebismieri taimeri efuZne-

ba urTierTamuSavebis unaris mqone kvarcul taqtur generato-

rsa da mravalTanriga orobiT mTvlelebs. procesors SeuZlia 

taimerSi Caweros taqturi sixSiris gayofis koeficientebi da 

dasaTvleli impulsebis raodenoba, dasaxos taimeris mTvlele-

bis muSaobis reJimi; rac Seexeba wakiTxvas, igi kiTxulobs 

mTvlelebis gamosasvlel kodebs. SesaZlebelia taimeris yvela 

funqcia programuladac Sesruldes, amitom SeiZleba zogierT 

sistemebSi isini arc arsebobdes; magram sistemaSi taimeris Ca-

rTva ufro rTuli amocanebis gadawyvetisa da ufro efeqtu-

ri algoriTmebis agebis saSualebas iZleva.   
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9.1. zogadi sakiTxebi 

 

procesoris anu Carlz bebijiseuli wisqvilis (mill-is), 

ZiriTadi funqciaa Seasrulos orobiTi kodebis saxiT warmo-

dgenil monacemebze ariTmetikuli da logikuri operaciebis 

Casatareblad saWiro brZanebebi. aRniSnuli brZanebebis sistema 
Camogavs logikuri elementebis WeSmaritobis cxrils 
(logikuri mikrosqemebis muSaobis reJimebis cxrils); kerZod, 
isini gansazRvravs procesoris reaqcias mis Sesasvlelebze mo-

qmedi sityvebze, e. i. procesoris muSaobis logikas. 

mikroprocesoruli sistemis damuSavebis procesSi progra-

mebis Sedgena umniSvnelovanesi da xSirad metad Sromatevadi 

etapia. efeqturi programebis Sesadgenad aucilebelia, Tundac 

zogadi warmodgena mainc gvqondes procesoris mier gamoyene-

bul brZanebaTa sistemaze. kompaqturi da swrafi programebisa 
da qveprogramebis Sedgena asembleris enazea SesaZlebeli. misi 
gamoyenebisaTvis procesoris brZanebaTa sistemis codnaa saWi-

ro; es imiTaa ganpirobebuli, rom asembleri warmoadgens ada-

mianis mier advilad aRsaqameli (simboluri) formiT brZaneba-

Ta kodebis Caweris formats. 

 programuli uzrunvelyofis damuSavebisaTvis arsebobs 

sxvadasxva programuli saSualebac, kerZod maRali donis da-

programebis enebi (paskali, si da a. S.); maT gamosayeneblad 

procesoris brZanebebis codna saWiro ar aris, magram brZa-

nebaTa sistemisa da asembleris enis codna nebismieri mikro-

procesoruli sistemis programuli uzrunvelyofis zogierTi 

umniSvnelovanesi nawilebis efeqturobis ramdenjerme gazrdis 

saSualebas iZleva. amitom mocemul TavSi ganvixilavT proce-

IX Tavi  

procesoris funqcionirebis 

safuZvlebi   
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sorebis umravlesobaSi gamoyenebuli ZiriTadi tipis brZanebe-

bsa da maTi gamoyenebis Taviseburebebs.  

procesoris mexsierebidan amosarCevi (wasakiTxi) TiToeuli 

brZaneba uaxloesi ramdenime taqtis ganmavlobaSi gansazRvravs 

procesoris qcevis algoriTms. brZanebis kodi procesors ga-
nusazRvravs: 1) romel operandebze (e.i. monacemebze) ra opera-
cia unda Seasrulos; 2)saidan unda aiRos brZanebis Sesasru-
leblad saWiro informacia; 3) miRebuli Sedegi (Tu es saWi-

roa) sad unda moaTavsos. 

brZanebis kod SeiZleba erTi an ramdenime baitisagan Sedge-

bodes; procesorisTvis brZanebis kodis pirvelive baitis an 

sityvis waikTxisTanave xdeba naTeli, aRniSnuli kodis Tu ra-

mdeni baiti unda waikiTxos man. brZanebis kodi procesorSi ga-

iSifreba da gardaiqmneba procesoris calkeuli kvanZebis mier 

Sesasrulebeli mikrooperaciebis nakrebad. misi codna mikro-
procesoruli sistemis SemqmnelisaTvis Zalian mniSvnelovani 

ar aris. misTvis mxolod ama Tu im brZanebis Sedegis codnaa 

mniSvnelovani.  

 

9.2. operandebis damisamarTeba 

 

procesoris brZanebaTa udidesi nawilis funqcionireba mo-

nacemebis kodebTan (operandebTan) aris dakavSirebuli. zogi-

erTi maTgani gadaamuSavebs Sesasvlel (erT an or) operands, 
sxvebi ki gamoimuSavebs (umeteswilad, erTaderT) gamosasvlel 
operands. Sesasvlel operandebs wyaro operandebi, xolo 

gamosasvlel operandebs – mimRebi operandebi ewodeba. Sesas-
vleli da gamosasvleli operandebis yvela es kodi sadRac un-

da iyos ganTavsebuli. isini SeiZleba ganTavsdes procesoris 

Siga registrebSi (yvelaze mosaxerxebeli da swrafi varianti), 

sistemur mexsierebaSi (yvelaze gavrcelebuli varianti), an 

Setana/gamotanis mowyobilobaSi (yvelaze iSviaTi SemTxveva). 

operandebis adgilmdebareobas gansazRvravs brZanebis kodi. am-

asTanave arsebobs sxvadasxva meTodi imisa, Tu saidan unda iq-

nes aRebuli Sesasvleli operandi, da sad unda moTavsdes ga-
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mosasvleli operandi. am meTodebs ewodeba damisamarTebis me-
Todebi. damisamarTebis amorCeuli meTodis efeqturoba mniS-

vnelovanwilad gansazRvravs mTlianad mikroprocesoris muSa-

obis efeqturobas.  

 

9.2.1. damisamarTebis meTodebi 

 

sxvadasxva procesorebSi damisamarTebis meTodebis raodeno-

ba 4-dan 16-mde icvleba. ganvixiloT dReisaTvis mikroproceso-

rebis umravlesobaSi gamoyenebuli damisamarTebis meTodebis 

ramdenime tipi. 

uSualo damisamarTebis dros (nax. 9.1,a) Sesasvleli opera-

ndi mexsierebaSi uSualod brZanebis kodis Semdeg aris ganTav-

sebuli. operands Cveulebriv warmoadgens konstanta, romelic 

sadRac unda gadaigzavnos, an romelime Siga registris Sig-

Tavss miematos da a. S. magaliTad, SeiZleba arsebobdes proce-

soris romelime Sinagani  registris  SigTavsisasaTvis ricxv 

8-is mimatebis brZaneba. es ricxvi 8 mexsierebaSi ganTavsdeba 
programaSi arsebuli  Sekrebis brZanebis Semdeg arsebul misa-

marTze.      

pirdapiri (anu absoluturi) damisamarTebis dros (nax.9.1,b) 
mexsierebaSi ganTavsebul brZanebis kods uSualod mosdevs ara 

operandi, aramed am operandis adgilmdebareobis ganmsazRvreli 

misamarTi. magaliTad, ganvixiloT mexsierebis im ujredis ga-

wmendis (SigTavsis ganulebis) brZaneba, romlis misamarTia 

1000000; es misamarTi ganTavsdeba uSualod aRniSnuli brZa-

nebis kodis Semdeg.   

registruli damisamarTebis dros (nax.9.1,g) operandi Tavs-
deba procesoris Siga registrSi. aseTi SeiZleba iyos, magali-

Tad, erTi registridan meoreSi ricxvis gadagzavnis brZaneba, 

romliTac ricxvi gadaicema registr 1-dan registri 2-Si. or-
ive registris  nomeri (1 da 2) ganisazRvreba gadagzavnis 

brZanebis kodiT. 

iribul-registruli (anu iribuli) damisamarTebis dros 

procesoris Siga registrSi Tavsdeba ara Tavad operandi, ara-
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med mexsierebaSi am operandis misamarTi (nax. 9.1,d). magaliTad, 

aseTia mexsierebis im ujredis gawmendis brZaneba, romlis mi-

samarTi moTavsebulia nulovan registrSi. am registris nome-

ri (0) ganisazRvreba gawmendis brZanebis kodiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

iSviaTad gvxvdeba damisamarTebis Semdegi ori meTodi:  

1. avtoinkrementaluri damisamarTeba Zalian hgavs irib 

damisa-marTebas da misgan mxolod imiT gansxvavdeba, rom 

brZanebis Sesrulebis Semdeg gamoyenebuli SigTavsi erTi an 

ori erTe-uliT izrdeba. damisamarTebis es meTodi Zalian 

mosaxerxebe-lia, magaliTad, mexsierebaSi arsebuli monacemTa 

masivSi Sema-vali kodebis dasamuSaveblad. konkretuli kodis 

damuSavebis Semdeg registrSi gaCenili axali misamarTi ukve 

gviCvenebs ma-sivis momdevno dasamuSavebel kods. mocemul 

SemTxvevaSi rom iribi damisamarTeba gamogveyenebina, maSin 

nax. 9.1. uSualo damisamarTeba (a), pirdapiri damisamarTeba (b), 
       registruli damisamarTeba (g), iribi damisamarTeba (d)  

d) 

a) 

b) 

g) 

p
r
o
g
r
a
m
a
 

m
o
n
a
c
e
m
e
b
i
 

operandi 

mexsiereba 

operan. misam.  

brZaneba 

brZaneba 

operandi 

mexsiereba 

p
r
o
g
r
a
m
a
 

registri 

brZaneba 

mexsiereba 

operandi 

m
o
n
a
c
e
m
e
b
i
 

p
r
o
g
r
a
m
a
 

mexsiereba registri 

operandi 

brZaneba 

operan. misam.

 

 



198 
 

 

dagvWirdeboda damtebiTi brZanebiT gagvezarda am registris 

SigTavsi. 

2. avtodekrementaluri damisamarTeba hgavs avtoinkrementa-
lur damisamarTebas, oRond amorCeuli registris SigTavsi 

brZanebis Sesrulebis win erTi an ori erTeuliT ki ar izrde-

ba, aramed mcirdeba. es damisamarTebac monacemTa masivebis dasa-

muSavebladaa mosaxerxebeli. avtoinkrimentaluri da avtode-

krimentaluri damisamarTebebi stekuri tipis mexsierebis (ix. 

nax. 8.4) mexsierebis organizebis saSualebas iZleva.  

damisamarTebis sxva gavrcelebuli meTodebidan SeiZleba 

vaxsenoT indeqsuri meTodebi, romelTa drosac operandis misa-

marTi gamoiTvleba registris SigTavsisa da  mocemuli kons-

tantas (indeqsis) Sekrebis gziT. am konstantas kodi mexsiere-

baSi uSualod brZanebis kodis Semdeg aris ganTavsebuli.  

damisamarTebis ama Tu im meTodis amorCevaze mniSvnelovan-

wiladaa damokidebuli brZanebis Sesrulebis xangrZlivoba. 

yvelaze swrafia registruli damisamarTeba, radgan am dros 
saWiro ar aris magistralSi informaciis gacvlis damatebiTi 

ciklebi. damisamarTeba Tu moiTxovs mexsierebasTan mimarTvas, 

maSin am mimarTvisaTvis saWiro ciklebis xangrZlivobaTa gamo 

gaxangrZlivdeba brZanebis Sesrulebac. naTelia, rom rac ufro 

bevr Sinagan registrs Seicavs procesori, miT ufro xSirad 

SegveZleba gamoviyenoT registruli damisamarTeba da, aqedan 

gamomdinare, sistema miT ufro swrafad imuSavebs.   

 

9.2.2. mexsierebis segmentireba 

 

mexsierebis segmentireba (ix.§ 8.3) pirvelad ganxorcielda 

1978 wels firma Intel-is mier damuSavebul pirvel 16-Tanrigi-
an I8086 mikroprocesorSi. misi damuSavebis aucilebloba gana-

piroba im garemoebam, rom aRniSnuli firmis mier damuSavebuli 

procesorebis Sinagani registrebi 16-Tanrigiania, xolo fizi-

kuri misamarTi ki 20-Tanrigiani. 16-Tanrigiani misamarTi mxo-
lod 64 kilobaitiani moculobis mexsierebis gamoyenebis sa-

Sualebas gvaZlevs, rac aSkarad arasakmarisia. swored am si-
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tuaciidan gamosvlisaTvis damuSavda mexsierebis segmentirebis 

meTodi. im periodSi firma Motorola–s mier gamoSvebul 

MC68000 mikroprocesors ki hqonda 32-Tanrigiani Sinagani re-
gistrebi, amitom misTvis mexsierebis segmentirebis problema 

ar wamoWrila. 

mokled ganvixiloT firma Intel-is mier gamoSvebul sxvada-

sxva mikroprocesorebSi mexsierebis segmentirebis principebi. 

 

█ I8086  procesorSi mexsiereba ase aris segmentirebuli. 

sistemis mTeli mexsiereba warmodgenilia ara uwyveti sivr-

cis, aramed mocemuli zomis (64 kilobaitis toli)  ramdenime 

nakveTis saxiT, romelTa mdebareobebi mexsierebis sivrceSi Se-

iZleba programuli gziT Seicvalos. 

mexsierebis misamarTebis kodebis Sesanaxad gamoiyeneba ara 

calkeuli registrebi, aramed registrTa wyvilebi, romlebic 

Sedgeba: 1) segmentis dasawyisis misamarTis (e.i. mexsierebaSi 
segmentis mdebareobis) ganmsazRvreli segmenturi registrisa-
gan; 2) segmentis SigniT samuSao misamarTis mdebareobis ganm-
sazRvreli maCvenebeli registrisagan (wanacvlebis registri-
sagan). 

 

 

 
  
   
 

 

 

 

 

 

 

misamarTis gare salteze gamosatani mexsierebis 20-Tanrigi-
ani fizikuri misamarTi warmoiqmneba ise, rogorc es 9.2 naxaz-
zea naCvenebi, e. i. wanacvlebisa da segmentis 4 bitiT wanac-

Semsrulebeli misamarTi 

    (wanacvleba) 

segmentis misamarTi 

mexsierebis fizikuri 

misamarTi 

16  biti 

16  biti 

20  biti 

4 biti 

nax. 9.2.. segmentis misamarTisa da wanacvlebisagan  
      mexsierebis fizikuri misamarTis formireba  
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vlebuli misamarTis Sekrebis gziT. amis Sedegad miRebuli fi-

zikuri misamarTis mexsierebaSi ganTavsebis adgili 9.3 naxaz-
zea naCvenebi.   

segmenti SeiZleba daiwyos mexsierebis mxolod 16-baitur 
sazRvarze (radgan segmentis misamarTis arsebiTad aqvs oTxi 

umcrosi nulovani Tanrigi, rogorc 9.2 naxazidan Cans), e.i. 
16-is jeradi misamarTidan. segmentebis am dasaSveb sazRvrebs 
ewodeba paragrafebis sazRvrebi. 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

█ mikroprocesor Intel 80286-Si mexsierebis segmentirebis 

ufro rTuli meTodebi gamoiyeneba. mis e. w. dacul reJimSi 

mexsierebis misamarTi gamoiTvleba 9.4 naxazze moyvanili sqem-

is Sesabamisad.  

mocemuli SemTxvevis dros segmentur registrSi Seinaxeba 

ara segmentebis bazisuri (sawyisi) misamarTi, aramed mexsiereb-

aSi im misamarTebis ganmsazRvreli seleqtorebis kodebi, rom-

lebSicaa Senaxuli segmentebis deskriptrorebi (e. i. aRmwere-

bi). mexsierebis deskriptorian sferos ewodeba deskriptore-
bis cxrili. segmentis TiToeuli deskriptori Seicavs segmen-

tis bazisur misamarTs, segmentis zomas (romelic icvleba   

1-dan 64 kilobaitamde) da mis atributebs. segmentis bazisuri 

nax. 9.3. segmentSi fizikuri misamarTi (kodebad 
  gamoyenebulia 16-Tanrigiani ricxvebi) 

misamar- 

Tebi 
mexsiereba 

segmentis zoma (10000  

baiti = 64 kilobaiti 

wanacvleba 

(3ABE) 

00000 

12000 

15ABE 

21FFF 
22000 

00001 

fizikuri misamarTi 

segmentis misamarTi 
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misamarTi 24-bitiania, rac fizikuri mexsierebis 16 megabaitis 
damisamarTebas uzrunvelyofs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

amgvarad, mexsierebis fizikuri misamarTis gamomTvlel suma-

tors miewodeba ara segmenturi registris SigTavsi, rogorc 

es xdeboda wina SemTxvevaSi, aramed deskriptorebis cxrili-

dan segmentis bazisuri misamarTi. 
 

█ segmentirebis kidev ufro rTuli meTodi gamoiyeneba da 

Intel-is mier gamoSvebul I80386 da momdevno modelis proce-

sorebSi. es modeli 9.5 naxazzea ilustrirebuli. 

mexsierebis misamarTi (fizikuri misamarTi) sam etapad gamo-

iTvleba. dasawyisSi sami komponentis, kerZod, bazis (Base), in-

deqsisa (Index) da wanacvlebis (Displacement) SekrebiT gamoiT-

vleba 32-Tanrigiani e. w. efeqturi misamarTi. am dros SesaZ-
lebelia masStabze (Scale) indeqsis gamravleba. 

nax.9.4. procesor Intel 80286 –is mexsierebis damisamar- 
              Teba dacul reJimSi   

0 23 

0 

15 0 

15 

segmenti 

segmentis  

deskrip- 

torebis 

cxrili 

mexsiereba 

operandi 

operandi 

segmentis  

deskriptori 

segmenturi registri 

seleqtori 

wanacvleba 

fiziku- 

ri misama- 

rTis su- 

matori 

segmentis bazu- 

ri misamarTi 

p r o c e s o r i  
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gavecnoT am komponentebs. 1) wanacvleba warmoadgens brZane-
baSi CarTul 8-, 16- an 32-Tanrigian ricxvs; 2) baza (Base) 

procesoris bazisuri registris SigTavsia. Cveulebriv igi ga-

moiyeneba garkveuli masivis dasawyisis misaTiTeblad; 3) indeq-
si (Index) procesoris indeqsuri registris SigTavsia. Cveul-

ebriv igi gamoiyeneba masivis erT-erTi elementis amosarCevad; 

4) masStabi (Scale) im brZanebis kodSi miTiTebuli 1-is, 2-is, 
4-is an 8-is toli mamravli, romelzec mravldeba indeqsi sxva 

komponentebTan mis Sekrebamde. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

amis Semdeg segmentaciis specialuri bloki gamoiTvlis 32-
Tanrigian wrfiv misamarTs, romelic miiReba segmenturi regi-

stridan aRebuli bazisuri misamarTisa da efeqturi misamar-

Tis SekrebiT. da bolos, segmenturi gadamisamarTebis blokis 

mier wrfivi misamarTis gardaqmniT warmoiqmneba 32-bituri 
fizikuri misamarTi; kerZod, wrfiv misamarTs igi gadaTargmnis 
oTx-oTx kilobaitian fizikur gverdad.  

nebismier SemTxvevaSi segmentireba mexsierebaSi erT an ram-

denime segments gamoyofs monacemebisaTvis da amdenive segments 

wrfivi 

misamarTi 

 

 

32 

 

fizikuri 

misamarTi 

 

 

mexsiereba 

 

 

gverdebis gadami- 

samarTebis bloki 

 

 

deskriptoris indeqsi 

 

efeqturi  

misamarTi 

 

32 

 

32 

 

segmentaciis 

bloki 

 

segmenturi 

registri 

 

efeqturi misamarTis 

gamoTvla 

BASE DISP 

INDEX 
SCALE 

(1,2,4,8) 

nax.9.5. procesor Intel 80386 –is fizikuri misamar- 
       Tis formireba dacul reJimSi   
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– programebisaTvis. erTi segmentidan meoreze gadasvla segmen-

turi registris SigTavsis Secvlaze daiyvaneba. zogjer es Za-

lian mosaxerxebelia, magram segmentirebul mexsierebasTan mu-

Saoba uwyvet, arasegmentirebul mexsierebasTan muSaobaze uf-

ro rTulia, radgan saWiroa segmentTa sazRvrebisaTvis, maT 

aRmwerebisaTvis, gadamrTvelebisaTvis da a.S. Tvalyuris dev-

neba.  

9.2.3. baitebisa da sityvebis 

damisamarTeba 

 

16 an 32 Tanrigis mqone bevr procesors SeuZlia mexsiere-

baSi ara marto (16_Tanrigiani an 32-Tanrigiani) mTeli sityv-

is, aramed masSi Semavali calkeuli baitebis damisamarTeba, 

risTvisac TiToeuli baits sakuTari misamarTi gaaCnia. 

16-Tanrigiani procesorebis SemTxvevaSi mexsierebaSi TiTo-
eul 16-Tanrigian sityvas mikuTvnebuli aqvs luwi misamarTi, 

xolo masSi Semaval baitebs SeiZleba hqondes rogorc luwi, 

ise kenti misamarTebi.  

 

 

 

 

 

 

    

 

  

      

 

magaliTisaTvis ganvixiloT mexsierebis 16-Tanrigiani ujre-
di, romlis misamarTia 24640 da romelSic Senaxulia sityva 

3B7D (nax.9.6). mTlianad am sityvaze mimarTvisaTvis procesori 

gamoitans misamarT 24640-s da gamoiyenebs sityvis damamisamar-
mTebel brZanebas; mas Tu surs mimarTos am sityvis umcros 7D 

baits, maSin gamoitans imave 24640 misamarTs, oRond gamoiy-

nax. 9.6. sityvebisa da baitebis damisamarTeba  

sityva 

(misamarTi 24640) 

sityva 

(misamarTi 24642) 

   ufrosi baiti 

(misamarTi 24641) 

   ufrosi baiti 

(misamarTi 24643) 

umcrosi baiti 

(misamarTi 24640) 

umcrosi baiti 

(misamarTi 24642) 

16 biti 

3B 7D 

59 8C 

mexsiereba 
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enebs ara sityvis, aramed baitis damamisamarTebel brZanebas. 

sityvis ufros 3B baitTan mimarTvisaTvis procesori ukve ga-

moitans 24641 misamarTsa da gamoiyenebs baitis damamisamarTe-
bel brZanebas. radgan 24640 da 24641 misamarTebi ukve gamo-
viyeneT, amitom 598C SigTavsian momdevno ujrisaTvis unda ga-

moviyenoT momdevno 24642 da 24643 misamarTebi.    
magistralze baitebisa da sityvebis gacvlis ciklebis erT-

maneTisagan gansasxvaveblad marTvis salteSi gamoiyeneba baite-

bis gacvlis maCvenebeli specialuri signali. baitebTan samuSa-

od brZanebaTa sistemaSi gaiTvaliswineba specialuri brZaneba, 

an gamoiyeneba damisamarTebis garkveuli meTodebi.  

 

9.3. procesoris registrebi 

 

procesoris Sinagani registri samomsaxuro informaciis 

droebiT Sesanaxad gankuTvnili mcire zomis zeoperatiuli me-
xsierebaa. sxvadasxva procesorebSi registrebis raodenoba 6-
8-dan ramdenime aTeulamde icvleba. ganasxvaveben specialize-
bul da universalur registrebs. ZiriTadad specializebuli 

registrebia brZanebebis mTvleli registri, mdgomareobis 

(PSW) registri da stekis maCvenebeli registri; danarCenebi 

SeiZleba iyos rogorc unisaversaluri, ise specializebuli. 

ganvixiloT sxvadasxva saxis mikroprocesori.  

█ firma DEC–as 16-Tanrigian procesor T-11–Si aris saer-

To daniSnulebis 8 da mdgomareobis eraTaderTi registri. yve-
la registri  16-Tanrigiania. saerTo daniSnulebis register-
bidan (sdr-ebidan) erTi gamoiyeneba brZanebis mTvlelad, xo-
lo meore – stekis maCveneblad. danarCeni registri srulad 

urTierTSenacvlebadia, e. i. universaluri daniSnulebisaa da 

SeuZlia Seinaxos rogorc monacemebi, ise misamarTebic (maCve-

neblebic), indeqsebic da a. S. mocemuli procesoris mexsi-

erebis maqsimaluri dasaSvebi moculoba 64 kilobaitia (mexsi-

erebis misamarTi 16-Tanrigiania).    
█ Motorola–s 16-Tanrigian procesor MC68000–Si Semdegi 

19 registria: mdgomareobis 16-Tanrigiani registri, brZanebe-
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bis mTvleli 32-Tanrigiani registri, misamarTis 32-Tanrigiani 
9 da monacemebis amdenive Tanrigiani 8 registri. damisamarTe-
badi mexsierebis maqsimaluri dasaSvebi moculobaa 16 megabaiti 
(misamarTis gare salte 24-Tanrigiania). monacemebis rvave da 

misamarTis Svidive registri urTierTSenacvlebadia. 

█ procesor I8086 procesorSi arsebul TiToeul reg-

istri specialuri daniSnuleba da SeuZlia erTmaneTi mxolod 

nawilobriv an saerTod ver Secvalos. dawvrilebiT ganvixi-

loT am procesoris ramdenime Tavisebureba.  

procesors aqvs 16-Tanrigiani 14 registri. amaTgan oTxi 

(AX,BX,CX,DX) monacemebisTvisaa gankuTvnili; TiToeul maT-

gans operandebisa da operaciaTa Sedegebis Senaxvis garda saku-

Tari Semdegi specifikuri daniSnuleba: 1) AX-registri monaw-

wileobs gamravlebis, gayofisa da Setana/gamotanis mowyobilo-

bebTan informaciis gacvlis procesebSi; 2) BX-registri misa-

marTis gamoTvlebSi bazuri registris funqcias asrulebs; 3) 
CX-registri gamoiyeneba ciklebis mTvlelad; 4) DX-registri 

monawileobs Setana/gamotanis misamarTis gansazRvraSi. 

SesaZlebelia monacemebis registrebis orive baiti iqnes ga-

moyenebuli (magaliTad, AX registrSi am baitebs aqvs sakuTa-

ri saxelwodeba: umcrosi baitis saxelia AL, xolo ufrosi 

baitis saxeli - AN). 

procesoris momdevno oTxi Sinagani registrs warmoadgens 

e.w. segmenturi registrebi. romelTaganac TiToeuli maTgani 

samuSao segmentebidan erT-erTi maTganis mdgomareobas gansa-

zRvravs (nax. 9.7): 1) CS  (Code Segment) registri Seesabameba im 

brZanebebis segments, romlebic sruldeba mocemul momentSi; 

2) DS  (Data  Segment) registri Seesabameba im monacemebis seg-

ments, romelsac mocemul momentSi iyenebs procesori; 3) ES  

(Extra  Segment) registri Seesabameba monacemebis damatebiT segm-

ents; 4) SS  (Stack  Segment) registri Seesabameba stekis seg-

ments. 

mexsierebis sivrcis optimaluri gamoyenebisaTvis principu-

lad SesaZlebelia yvela am segmentma erTmaneTi gadafaros. ma-

galiTad, Tu programa moicavs mxolod segmentis nawils, ma-
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Sin monacemebis segmenti SeiZleba daiwyos ara programis mTe-

li segmentis damTavrebis Semdeg, aramed programis damTavre-

bisTanave (16 baiti sizustiT).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

procesoris Semdegi xuTi registri (SP – Stack Pointer, BP- 

Base Pointer, SI – Source Index, DI – Destination Index, IP – Instuction Poin-

ter), gamoiyeneba maCveneblebad (e.i. segmentis farglebSi gansaz-

Rvravs wanacvlebas). magaliTad, brZanebebis mTvleli warmoiS-

veba CS da IP registrebis wyviliT, xolo stekis maCvenebeli 

- SP da SS registrebis wyviliT. SI, DI registrebi gamoiye-

neba striqonul operaciebSi, e.i. erTi brZanebiT mexsierebis 

ramdenime ujredis mimdevrobiT damuSavebis dros.       

ukanaskneli FLAGS registri warmoadgens procesoris 

mdgomareobis (PSW) registrs. masSi arsebuli 16 Tanrigidan 
gamoiyeneba Semdegi cxra Tanrigi (nax. 9.8.): CF – (Carry Flag) – 

ariTmetikuli operaciebis dros gadtanis alami; PF – (Part 

Flag) – Sedegis siluwis alami;  AF – (Auxiliar Flag) – damatebiTi 
gadatanis; ZF – (Zero Flag) – nulovani Sedegis alami; SF - (Sign 

nax. 9.7. mexsierebaSi brZanebebis, monacemebisa 
         da stekis segmentebi  

mexsiereba 

(CS) 

(DS) 

(ES) 

(SS) 

brZanebebis segmenti 

monacemebis segmenti 

monacemebis dama- 

tebiTi segmenti 

steki 
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Flag) – niSnis alami (emTxveva Sedegis ufros bits); TF – (Trap 

Flag) – bijuri reJimis alami (gamoiyeneba gamarTvis dros; IF – 

(Interrupt-enable Flag) – aparaturuli Sewyvetebis nebadarTvis al-

ami; DF – (Direction Flag) –  striqonuli operaciebis dros mimar-

Tulebis alami; OF – (Overflow Flag) –  gadavsebis alami.  
 

 

 

 

 

 

mdgomareobis registris ujredebSi bitebis dauyeneba da bi-

tebisagan ujredebis gasufTaveba xdeba wina brZanebis Sesru-

lebis Sedegad miRebul Sedegze damokidebulebiT da maT gamo-

iyenebs procesoris zogierTi brZaneba. ujredebSi bitebi SeiZ-

lebs daayenos an waSalos procesoris specialuri brZanebam 

(momdevno paragrafSi ganvixilavT procesoris brZanebaTa 

sistemas). 

bevr mikropocesorSi gamoyofilia akumulatorad (e.i. dam-
grovleblad) wodebuli specialuri registri. am dros, ro-

gorc wesi, mxolod am registris meSveobiT xdeba urTierTze-

moqmedeba Setana/gamotanis mowyobilobebTan. zogjer masSi Tav-

sdeba nebismieri brZanebis Sesrulebis Sedegi. magaliTad 8086 
registrSi monacemebis AX registri SeiZleba CaiTvalos Tavi-

sebur akumulatorad, radgan igi aucileblad monawileobs ga-

mravlebisa da gayofis brZanebis SesrulebaSi, agreTve mxolod 

misi gavliT SeiZleba gadavgzavnoT monacemebi Setana/gamotanis 

mowyobilobaSi da agreTve am mowyobilobidan. specialuri re-

gistr-akumulatoris gamoyofa amartivebs procesoris stru-

qturas da aCqarebs procesoris SigniT gadagzavnebs, magram 

zogjer anelebs sistemis muSaobas, radgan informaciis mTelma 

nakadma erTadrT registr-akumulatorSi unda gaiaros. aseTi 

problema ar wamoiWreba maSin, rodesac yvela registri urTi-

erTSecvladia.          

nax. 9.8. 8086  procesoris mdgomareobis registri 

4 8 0 1 2 3 5 6 7 9 10 11 12 13 14 15 

OF DF IF TF SF ZF AF PF CF 
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10.1. zogadi cnobebi 

 

procesoris brZanebaTa sistema Semavali brZanebebis saxeebi, 

maTi Sesasrulebeli funqciebi da Taviseburebebi 10.1 cxril-

Sia moyvanili. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TiToeuli Sesrulebuli brZanebis Sedegis Sesabamisad pro-

cesoris mdgomareobis registrze (PSW-ze) dayendeba biti, an 

daicleba igi bitisagan; PSW–Si almebis Secvla nebismier 

X Tavi  

procesorebis brZanebaTa 

sistema   

 

cxrili 10.1. mikroprocesoris brZanebebi 

brZanebaTa 

saxeebi 

Sesasrulebeli 

funqciebi 
brZanebebis 

Tviseburebebi 

monacemTa 

gadagzavnis 

brZanebebi 

operandebis gadagzavna 

(gadakopireba)wyarodan 

(Source) mimRebSi (Desti-

nation) 

wyarod da mimRebad gamoiye-

neba procesoris Siga regis- 

trebi, mexsierebis an Seta-

na/gamotanis ujredebi; alm 

am dros ar gamoiyeneba 

ariTmeti-

kuli brZa- 

nebebi 

Sekrebis, gamoklebis, gamra-

vlebis, gayofis, 1-iT gazr-

dis (inkrementirebis). 1-iT 

Semcirebis (dekrimentireb- 

is) operaciebi 

brZanebebs sWirdeba erTi an 

ori Sesasvleli operandi; 

isini warmoqmnis erT ga-

mosasvlel operands 

logikuri 

brZanebebi 

koniunqciis, diziunqciis, in-

versiis, 2-is moduliT Se-

krebis, gawmendis, sxvadasxva 

saxis (marjvniv, marcxniv, ar-

iTmetikuli, cikluri) Zvris 

operaciebi 

- “ - 

gadasvlaTa 

brZanebebi 

uzrunvelyofs qveproramaze 

gadasvlas, misgan dabrunebas, 

programaTa fragmentebis ga-

motovebas, warmoqmnis cik-

lebs,  ganStoebebs  da a.S.  

yovelTvis cvlis brZanebaTa 

mTvlelis SigTavss; aris upi-

robo an pirobiTi; iZleva in-

formaciis rTuli algoriT-

mebis agebis saSualebas 
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brZanebas ar SeuZlia. isini konkretuli procesoris Tavise-

burebebis Sesabamisad ganisazRvreba. 

sxvadasxva procesoris brZanebebis sistemebi arsebiTi urTi-

erTgansxvavebulobis miuxedavad erTmaneTs Zalian hgavs. sxva-

dasxva procesorebis brZanebaTa raodenobebic sxvadasxvaa. maga-

liTad, MC68000 procesors aqvs 61 xolo, 8086 procesors – 
133 brZaneba. Tanamedrove mZlavri procesoris brZanebaTa ra-

odenoba ramdenime aseuls aRwevs. arsebobs brZanebaTa Semcire-

buli nakrebis mqone procesorebic (e.w. RISC procesorebi; Re-

ducid Instuction Set Computer), romlebSic brZanebaTa raodenobis ma-

Semcirebis xarjze gazrdilia efeqturoba da muSaobis siCqare. 

ufro dawvrilebiT ganvixiloT procesoris brZanebaTa 10.1 
cxrilSi moyvanili oTxive jgufis Taviseburebebi.   

 

10.2. monacemebis gadagzavnis brZanebebi 

 

nebismieri procesoris mrZanebaTa sistemebSi Zalian mniSvne-

lovani adgili ukavia monacemebis gadagzavnis brZanebebs. isini 

asrulebs Semdeg umniSvnelovanes funqciebs: 1) procesoris 

Sinagan registrebSi CatvirTavs (Cawers) SigTavsebs; 2) proce-
soris Sinagani registrebis SigTavsebs Seinaxavs mexsierebaSi; 

3) mexsierebis erTi aredan SigTavss gadaakopirebs meore are-
Si; 4) Setana/.gamotanis mowyobilobebSi Cawers an misgan amo-

ikiTxavs informacias. 

zogierT (magaliTad, T-11 tipis) procesorSi yvela am fun-

qcias operandebis damisamarTebis sxvadasxva meTodiT asru-

lebs erTaderTi MOV (MOVB) brZaneba. 

sxva procesorebSi, garda MOV brZanebisa, CamoTvlili 

funqciebis Sesasruleblad gamoiyeneba kidev ramdenime brZaneba. 

magaliTad, registebSi CatvirTvisaTavis SeiZleba gamoyenebuli 

iqnes CatvirTvis brZanebebi, amasTanave sxvadasxva registrisaT-
vis gamoyenebuli unda iqnes sxvadasxva brZaneba (maTi aRniSnebi 

Sedgenilia sityva LOAD-is gamoyenebiT). xSirad stekSi Casa-

tvirTad an stekidan amosaRebad gamoiyeneba specialuri brZane-

bebi (PUSH -“Seinaxe stekSi”, POP - “amoiRe stekidan”). isini 
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gadagzavnisas axdens avtoinkrementirebas da dekrementirebas 

(aRniSnuli procesebi procesorSi cxadi saxiT romc ar iyos 

gaTvaliswinebuli). 

zogierTi (magaliTad, 8086) procesoris brZanebaTa sistema-
Si monacemebis striqonuli (anu mwkrivuli) gadagzavnisaTvis 

arsebobs specialuri MOVS brZaneba. igi gadaagzavnis ara 

erTi sityvas an baits, aramed dasaxuli raodenobis sityvebsa 

da baitebs (MOVSB), e. i. magistralSi warmoSobs informaci-

is gacvlis ara erT, aramed ramdenime cikls. am dros mexsi-

erebis misamarTi, romelTanac xdeba urTierTzemoqmedeba, Ti-

Toeuli mimarTvis Semdeg izrdeba (an mcirdeba) 1-iT an 2-iT. 
e. i. aracxadi saxiT gamoiyeneba avtoinkrementuli an avtode-

krementuli damisamarTeba. 

zogierT (magaliTad, 8086) procesorSi specialurad gamo-

moiyofa Setana/gamotanis mowyobilobebTan gacvlis funqciebi. 

IN brZaneba gamoiyeneba Setana/gamotanis mowyobilobidan infor-

maciis wasakiTxad (SetanisaTvis), xolo OUT brZaneba – piriq-

iT aRniSnul mowyobilobaSi informaciis Casawerad (gamosata-

nad). am SemTxvevaSi informacia gaicvleba registr-akumulato-

rsa da Setana/gamotanis mowyobilobas Soris. amave ojaxis 

(80286 procesoridan dawyebuli) ufro mowinave procesorebis 

brZanebaTa sistemebSi damatebulia striqonuli (mwkrivuli) 

Setanis INS da striqonuli gamotanis OUTS brZanebebi. am 

brZanebebiT monacemebis mTeli masivi gadaigzavneba mexsierebi-

dan Setana/gamotanis mowyobilobaSi (OUTS) an piriqiT – Se-

tana/gamotanis mowyobilobidan – mexsierebaSi (INS brZanebiT). 

TiToeuli mimarTvis Semdeg mexsierebis misamarTi izrdeba an 

mcirdeba (MOVS brZanebis analogurad).  

monacemebis gadagzavnis brZanebebs miekuTvneba informaciis 
gacvlis brZanebebic (maTi saxelwodebebi warmoiqmneba sityvi-

sagan Exchange). SeiZleba gaiTvaliswinebodes informaciis ga-

cvla Sinagan registrebs Soris, erTi registris or naxevars 

Soris (SWAR) an registrsa da mexsierebis ujreds Soris. 
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10.3. ariTmetikuli brZanebebi 

 

ariTmetikuli brZanebebi operandebis kodebs orobiT an or-

obiT-aTobiT kodebad ganixilavs. isini Semdeg xuT ZiriTad 

jgufad iyofa: 1. fiqsirebul mZimiani ariTmetikuli (Sekrebis, 

gamoklebis, gamravlebisa da gayofis) operaciebis Camtarebel 

brZanebebi; 2. mcurav mZimiani ariTmetikuli (Sekrebis, ga-

moklebis, gamravlebisa da gayofis) operaciebis Camtarebeli 

brZanebebi; 3. Camoyris (ganulebis) brZanebebi; 4. inkrementisa 
da dekrementis brZanebebi; 5. Sedarebis brZanebebi. 

mokled ganvixiloT am jgufebSi Semavali brZanebebi. 

█ fiqsirebuli mZimiani brZanebebi procesoris registrebSi 
an mexsierebaSi arsebul kodebs Cveulebriv orobiT ricxvebad 

ganixilavs. Sekrebis (ADD) brZaneba gamoiTvlis ori kodis 

jams. gamoklebis (SUB) brZaneba gamoiTvlis ori kodis sxva-

obas. gamravlebis (MUL) brZaneba gamoiTvlis ori kodis nam-

ravls (Sedegis Tanrigianoba orjer aRemateba TanamamravlTa 

Tanrigianobas). gayofis (DIV) brZaneba erTi kodis meoreze ga-

yofis Sedegad miRebul ganayofs gamoiTvlis. nebismier am 

brZanebas SeuZlia operacia Caataros rogorc niSnian, ise uni-

Sno ricxvebze. 

█ mcuravi mZimiani (wertiliani) brZanebebi iyenebs xarisxi-
sa da mantisiT ricxvebis warmodgenis formats (Cveulebriv es 

ricxvebi ikavebs mexsierebis or mezobel ujreds). Tanamedro-

ve mZlavr procesorebSi mcuravi wertiliani brZanebebis nakre-

bSi oTxi ariTmetikuli moqmedebis Sesasrulebeli brZanebebis 

garda Sedis sxva brZanebebic, romliTac gamoiTvleba trigono-

metriuli, logariTmuli, agreTve bgerisa da gamosaxulebis 

dasamuSaveblad saWiro sxva rTuli funqciebi. 

█ gawmendis (CLR) brZanebebi gankuTvnilia registrSi an 

mexsierebis ujredSi nulovani kodis Casawerad. es brZanebebi 

SeiZleba Seicvalos nulovani kodis gadagzavnis brZanebebiT, 

magram Camogdebis specialuri brZanebebi Cveulebriv gadagzavn-

is brZanebebze ufro swrafad muSaobs. Camogdebis brZanebebs 
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xSirad logikuri brZanebebis jgufs miakuTvneben da aRniSnuli 

brZanebebis ganxilvisas kidev erTxel davubrundebiT maT.  

█ inkrementis (erTiiT gazrdis, INC) da dekrementis (erT-
iT Semcirebis, DEC) brZanebebic Zalian mosaxerxebelia. isini 

SeiZleba Seicvalos erTis mimatebis an gamoklebis brZanebebiT, 

magram am ukanasknel operaciebze swrafad sruldeba inkremen-

tisa da dekrementis brZanebebi.  isini moiTxovs erTaderT Se-

sasvlel operands, romelic imavdroulad gamosasvleli ope-

randicaa.  

█ Sedarebis (CMP) brZaneba ori Sesasvleli operandis Se-

sadareblad gamoiyeneba. arsebiTad igi gamoiTvlis am ori ope-

randis sxvaobas, oRond gamosasvlel operandis warmoqmnis na-

cvlad gamoklebis Sedegze damokidebulebiT procesoris mdgo-

mareobis (PSW) registrSi arsebul garkveul bitebs. Sedare-

bis brZanebis momdevno (Cveulebriv, gadasvlis) brZaneba gaana-
alizebs procesoris mdgomareobis registrSi arsebul bitebs 

da maT mniSvnelobaze damokidebulebiT Seasrulebs garkveul 

moqmedebas (gadasvlis brZanebebze §10.5-Si visaubrebT). zogi-
erT (magaliTad, 8086 da masTan SeTavsebad) procesorSi gamo-
iyeneba mexsierebaSi arsebuli operandebis ori mimdevrobis 

mwkrivulad Sedarebis brZanebebi. 

 

10.4. logikuri brZanebebi 

 

logikuri brZanebebi operandebze asrulebs logikur (bi-

tur) operaciebs, e. i. operandebis kodebs ganixilavs ara er-

Tian ricxvad, aramed calkeuli bitebis nakrebad. amiT gans-

xvavdeba isini ariTmetikuli operaciebisagan. logikuri brZane-

bebi Semdeg ZiriTad operaciebs asrulebs: 1) logikur da op-

eracias, logikur an operacias, 2-is moduliT Sekrebis  op-

eracias; 2) logikur, ariTmetikul da ciklur Zvrebs; 3) bit-
ebisa da operandebis Semowmebas; 4) procesoris mdgomareobis 
(PSW) registrSi bitebis (almebis) dayenebasa da Camogdebas.  
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logikuri operaciebis brZanebebi saSualebas iZleva ori Se-

sasvleli operandisagan calkeuli bitebis saxiT gamoiTvalos 

ZiriTadi logikuri funqciebi. 

 da (AND) operacia gamoiyeneba mocemuli bitebis iZulebiT 

Camosayrelad. amisaTvis erT operandad gamoiyeneba niRbis ko-
di, romlis im TanrigebSi bitebad, romelTa Camoyra moiTx-

oveba, bitebad nulebia dayenebuli (ix. nax. 2.19,b). 
an (OR) operacia gamoiyeneba mocemuli bitebis iZulebiT 

dasayeneblad. amisaTvis erT operandad gamoiyeneba niRbis kodi, 
romlis im TanrigebSi, romlebSic erTianis dayeneba moiTx-

oveba, bitebad  erTianebia dayenebuli (ix. nax. 2.19,d). .  
oris moduliT Sekrebis (XOR) operacia gamoiyeneba mocemu-

li bitebis inversirebisaTvis. amisaTvis erT operandad gamoiy-

eneba niRbis kodi, romlis im TanrigebSi, romelTa inversire-

ba moiTxoveba, bitebad erTianebia dayenebuli (ix. nax. 2.19,v). 
registrebSi orobiTi kodebis Zvris operaciebi datalurad 

gvaqvs ganxiluli §2.11-Si.    
 

10.5. gadasvlaTa brZanebebi 

 

gadasvlaTa brZanebebi gankuTvnilia  yvela SesaZlo cikle-

bis, ganStoebebis, qveprogramebis gamoZaxebebisa da a. S. orga-

nizebisaTvis, e. i. isini arRvevs ZiriTadi programis mimedvrob-
iT Sesrulebis reJims. aRniSnuli brZanebebi registrmTvlel-

Si Cawers axal mniSvnelobas da amiT aiZulebs procesors 

gadavides ara momdevno, aramed mexsierebaSi arsebuli nebismier 

sxva brZanebaze. arsebobs ZiriTadi brZanebis im wertilze 

dabrune-bis brZanebebic, romlidanac moxda gadasvla. momavalSi 

Tu gvaqvs ganzraxuli ZiriTad programze dabruneba, maSin am 

pro-gramidan yoveli gadaxvevis win procesoris mimdinare 

parame-trebi stekSi unda iqnes Senaxuli; aseTi ganzraxvis 

ararsebo-bisas stekSi parametrebis Senaxva saWiro ar aris.    

ganasxvaveben gadasvlis Semdegi ori saxis brZanebebs: 1) up-

irobo gadasvlis brZanebebs; 2) pirobiTi gadasvlis brZanebebs. 
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am brZanebaTa saxelwodebebSi gamoiyeneba sityvebi Branch  (gan-

Stoeba) da Jump (naxtomi). gavecnoT orive maTgans. 

█ upirobo gadasvlaTa brZanebebi axal misamarTze upirobo 

gadasvlas moiTxovs. maTi saSualebiT miTiTebuli sididiT 

xdeba mimdinare programaSi win an ukan wanacvleba, an mexsier-

ebis miTiTebul misamarTze gadasvla. wanacvlebis sidide an mi-

samarTis axali mniSvneloba Sesasvleli operandis saxiTaa wa-

rmodgenili.  

█ pirobiT gadasvlaTa brZanebebi gadasvlas iwvevs ara 

yovelTvis, aramed mxolod mocemuli pirobis Sesrulebisas. 

aseT pirobebad gamoiyeneba procesoris mdgomareobis PSW re-

gistrSi almebis mdgomareobebi, e. i. gadasvlis pirobaa almis 

mniSvnelobis Semcvleli wina operaciis Sedegi. sxvadasxva 

procesorebSi am pirobaTa raodenoba 4-dan 16-mdea. maTi ramde-
nime magaliTia: 1) «gadasvla, 0-ze tolobisas»; 2) «gadasvla 

1-ze tolobisas»; 3) «gadasvla  gadavsebisas»; 4) «gadasvla 

gadavseba ararsebobisas»; 5) «gadasvla 0-ze metobisas»; 6) 
«gadasvla 0-ze naklebobis an tolis dros» da a.S. 

gadasvlis pirobis Sesrulebisas brZanebaTa registrmTvle-

lSi CaitvirTeba axali mniSvnelobis brZaneba, sawinaaRmdego 

SemTxvevaSi aRniSnuli registris SigTavsi ubralod gaizrdeba 

da procesori daiwyebs momdevno brZanebis Sesrulebas. 

gadasvlis pirobis Sesamowmeblad pirobiTi gadasvlis  

brZanebis (an, SesaZlebelia, ramdenime brZanebis) win specialu-

rad sruldeba Sedarebis CMP brZaneba. magram almebi  SeiZle-

ba daayenos (1-is toli gaxados), magaliTad, monacemebis gadam-

gzavnma, ariTmetikulma an logikurma nebismierma brZanebam. 

  

pirobiTi da upirobi gadasvlebis ramdenime brZanebis erTo-

blivad gamoyeneba procesors saSualebas aZlevs ganaStovos 

nebismieri sirTulis algoriTmi. magaliTisaTvis 10.1 naxazze 
naCvenebia orad ganStoebuli, xolo 10.3  naxazze - samad ga-
nStoebuli programa, romlebic boloSi xelaxla erTiandeba. 

mimdinare programis dasrulebis Semdeg gadasvlis wertil-

Si xelaxla dabrunebis uzrunvelmyofi gadasvlis brZanebebi 
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damxmare programebis – e.w. qveprogramebis Sesasruleblad 

gamoiyeneba. maT qveprogramebis gamoZaxebis brZanebebsac uwo-

deben da CALL mnemokodiT aRniSnaven. qveprogramebis gamoyene-

ba amartivebs da ufro logikurs xdis ZiriTad brZanebas. amiT 

es ukanaskneli moqnili, advilad dasaweri da adviladve gasa-

marTi xdeba. amave dros qveprogramebis zrdis programis Se-

srulebis xangrZlivobas da amitom maTi gamoyenebis dros  sa-

Wiroa davicvaT zomiereba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 dabrunebis gamTvaliswinebeli gadasvlis yvela brZaneba 

asrulebs upirobo gadasvlas (isini ar amowmebs araviTar 

alams). samagierod maT sWirdeba erTi Sesasvleli operandi, 

romelsac SeuZlia miuTiTos rogorc axali misamarTis abso-

luturi mniSvneloba, aseve misamarTis mimdinare mniSvnelobisa-

Tvis misamatebeli wanacvleba. brZanebaTa mTvlelis mimdinare 
mniSvneloba (mimdinare misamarTi) gadasvlis Sesrulebis win 

Seinaxeba stekSi.  

qveprogramis gamoZaxebis wertilSi (gadasvlis wertilSi) 

ukudabrunebisaTvis gamoiyeneba dabrunebis specialuri (RET an  

nax. 10.1. orad ganStoebuli programis realizeba 

mexsiereba 

ki 

ara 

algoriTmi 

A < 1 

A + B         A 

P3  programa 

P1  programa P2 programa 

P1 programis dasawyisi 

gadasvla, Tu 1-ze naklebia 

upirobo gadasvla 

P2 programis dasawyisi 

P2 programis dasasruli 

P3 programis dasawyisi 

  Sekreba 
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RTS) brZaneba. igi stekidan amoitans gadasvlis brZanebis mi-

samarTis mniSvnelobas da mas  Cawers brZanebaTa mTvlel regi-

strSi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
█ dabrunebis unaris mqone gadasvlis brZanebebs Soris gan-

sakuTrebuli adgili ukavia e. w. SewyvetaTa (INT) brZanebebs. 
isini Sesasvlel operandad moiTxovs Sewyvetis nomers (veqto-

ris misamarTs). maTi momsaxureba zustad iseve xdeba, rogorc 

aparaturuli Sewyvetebis dros, e. i. mocemuli gadasvlisaTvis 

procesori mimarTavs SewyvetaTa veqtorebis cxrilis, da Sewy-

vetis nomris mixedviT misgan miiRebs mexsierebis im ujredis 

misamarTs, romelzec unda moxdes gadasvla. Sewyvetis gamoZa-

xebis misamarTi da procesoris mdgomareobis (PSW) registris 

SigTavsi Seinaxeba stekSi. PSW-s Senaxvaa dabrunebiT gadas-

nax. 10.2. samad ganStoebuli programis realizeba 

algoriTmi 

ki 

ara ara 

A + B         A 

P2 programa 

P4  programa 

P3  programa 

A < 1 A =1 

P1  programa 

mexsiereba 

P2 programis dasawyisi 

 

Sekreba 

gadasvla, Tu 1-is tolia 

gadasvla, Tu 1-ze naklebia 

P3 programis dasawyisi 

upirobo gadasvla 

P1 programis dasawyisi 

 

upirobo gadasvla 

P2 programis dasasruli 

 P4 programis dasawyisi 
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vlis brZanebebisagan Sewyvetebis brZanebebis mniSvnelovani gan-

masxvavebli niSani.  

  gamosayeneblad Sewyvetebis brZanebebi xSirad dabrunebis 

unaris mqone brZanebebze ufro mosaxerxebelia. Sewyvetebis 
veqtorTa cxrilis Sedgenis Semdeg mas SeiZleba mivmarToT sa-

Wiroebis yoveli warmoSobis dros. Sewyvetis nomeri Seesabame-
ba qveprogramis nomers, e. i. qveprogramis mier Sesasrulebeli 

funqciis nomers. amitom Sewyvetebis brZanebebs ufro xSirad 

iyeneben procesorTa brZanebebis sistemebSi, vidre dabrunebis 

unaris mqone gadasvlebis Cveulebriv brZanebebs. 

Sewyvetis brZanebiT gamoZaxebuli qveprogramidan dasabru-

neblad gamoiyeneba Sewyvetidan dabrunebis (IRET an RTI) brZa-

neba. am brZanebas stekidan amoaqvs masSi Senaxuli rogorc 

brZanebaTa mTvlelis, ise procesoris mdgomareobis PSW regi-

stris SigTavsi.  

Cven zemoT ganvixileT procesorebSi yvelaze xSirad gamo-

yenebadi brZanebebi. ra Tqma unda, konkretul procesorebs xSi-

rad aqvs mravali sxva brZanebac. migvaCnia, rom maTi Seswavla 

aRniSnuli procesorebis gamoyenebis procesSi aris ufroa mo-

saxerxebeli. 

      

10.6. procesoris swrafmoqmedeba 

 

mTeli mikroprocesoruli sistemis muSaobis efeqturobis 

ganmsazRvreli erT-erTi umniSvnelovanesi maxasiaTebelia pro-
cesoris swrafmoqmedeba. igi imdenad mraval faqtorzea damo-

kidebuli, rom sxvadasxva firmis mier damuSavebuli an sxvada-

sxva daniSnulebis procesoris Tundac erT ojaxSi Semavali 

procesorebis erTmaneTTan Sedarebac, Zalian rTulia. 

gamovyoT procesoris swrafmoqmedebaze gavlenis momxdeni 

umniSvnelovanesi faqtorebi. 

█ taqturi sixSire. swrafmoqmedeba, upirveles yovlisa, 

procesoris taqtur sixSirezea damokidebuli. procesoris Si-

gniT yvela operacia sruldeba sinqronulad, taqtirdeba er-

Tiani taqturi signaliT. rac ufro maRalia taqturi sixSire, 
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miT ufro swrafad muSaobs procesori; garkveuli procesoris 

taqturi sixSiris orjer gazrda amdenjerve amcirebs am pro-

cesoris mier brZanebebis Sesrulebaze daxarjul dros.   

█ taqtebis raodenoba. sxvadasxva procesore erTsa da imave 
brZanebebis Sesasruleblad sxvadasxva raodenobis taqtebi sWi-

rdebaT; brZanebis Sesasruleblad saWiro taqtebis raodenoba 

SeZleba erTidan aTamde da, SesaZlebelia, asamdec icvlebodes. 

arsebobs iseTi procesorebic, romlebsac mikro operaciebis 

daparalelebis xarjze brZanebis Sesrulebas taqtis garkveul 

nawilSic aswrebs. 

█ brZanebebis sirTule da damisamarTebis meTodebi. brZa-

nebis Sesrulebaze daxarjuli taqtebis raodenoba damokide-

bulia am brZanebis sirTulesa da damisamarTebis meTodebze. ma-

galiTad, yvelaze swrafad (mcire raodenobis taqtebSi) sru-

ldeba Sinagan registrebSi monacemTa gadagzavnis brZanebebi, 

yvelaze nela ki (meti raodenobis taqtebSi) - mexsierebaSi Se-

naxul mcurav mZimian ricxvebze rTuli arimetikuli moqmedeb-

aTa Catarebis brZanebebi. 

 

 

 

 

 

 

 

 

 

 

 

procesorebis mwarmoeblurobis raodenobrivi SefasebisaTv-
is zomis erTeulad adre gamoiyeneboda MIPS  (Mega Instuksion 

Per Sekond), romelic gviCvenebs, wamSi Tu ramdeni milioni ope-

raciis Sesruleba SeuZlia maT. bunebrivia, rom mikroproceso-

rebis damamzadeblebi cdilobdnen, gamoeyenebinaT yvelaxe swra-

fi brZanebebi. aseTi midgoma arc Tu iseTi didad mosaxerxebe-

Intel Motorola 

8085 8086 6800 68000 

8 8 

3 5 1 8 

80 133 72 61 

16 16 

1,3 0,4 2,0 0,3 

f i r m a 

Tanrigianoba 

brZanebebis raodenoba 

taqturi sixSire, mghc 

mokle operaciebis Ses-  

   rulebis dro, mkwm 

procesori 

cxrili 10.1. zogierTi procesoris parametrebi 
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li aRmoCnda. mogvianebiT mcurav wertilian ricxvebze moqmede-

bebis Catarebis dros mwarmoeblurobis Sesafaseblad SemoRe-

buli iqma zomis axali erTeuli – FLOPS (FLoating point Opera-

tion Per Second), romelic gviCvenebs mcurav mZimian ricxvebze 

wamSi Sesrulebuli operaciebis raodenobas. igi  Tavisi arsiT 

igi viwrospecialuria, radgan zogierT sistemaSi saerTod ar 

gamoiyeneba mcuravi mZimiani ricxvebi.  

procesoris swrafmoqmedebis maCvenebeli sxva analoguri ma-

Cvenebelia mokle (swrafi) operaciebis Sesrulebis dro. maga-

liTisaTvis, 10.1 cxrilSi warmodgenilia ramdenime 8- da 16-
Tanrigiani procesorebis swrafmoqmedebis maCveneblebi. dRe-

isaTvis MIPS-is msgavsad es maCvenebelic praqtikulad ar ga-

moiyeneba.  

brZanebebis Sesrulebis dro swrafmoqmedebis ganmsazRvreli 

mniSvnelovani, magram ara erTaderTi faqtoria. didi mniSvne-

loba aqvs procesoris brZanebaTa sistemis struqturasac. ma-
galiTad, zogierTi procesorisaTvis garkveuli operaciis Se-

sasruleblad erTi brZanebaa sakmarisi, magram sxva procesors 

amisaTvis ramdenime brZaneba sWirdeba. zogierT procesorebs 

aqvs erTi tipis, xolo meores – sxva tipis amocanebis swra-

fad gadamwyveti brZanebaTa sistema. mniSvnelovania agreTve is, 

Tu damisamarTebis rogori sistemaa gamoyenebuli mocemul 

procesorSi, arsebobs Tu ara mexsierebis segmentireba, SeuZ-

lia Tu ara mas Setana/gamotanis mowyobilobebTan urTier-

Toba da a.S.  

sistemis swrafmoqmedebaze did gavlenas isic axdens, Tu 

rogor urTierTobs procesori brZanebebisa da monacemebis 

mexsierebasTan, aqvs Tu ara mas erTmaneTs SeuiTavsos ukve 

amokrebili brZanebebis Sesrulebisa da mexsierebidan axali 

brZanebebis amokrebis procesebi.  

zogadad sistemis swrafmoqmedebas procesoris Tanrigianob-

ac gansazRvravs. 8-Tanrigiani procesori 16-Tanrigian proce-
sorze ufro nela gadaagzavnis da daamuSavebs monacemTa did 

masivebs, 16-Tanrigiani procesori ki 65536-ze ufro did cif-
rebs 32-Tanrigian procesorze ufro nela daamuSavebs. 
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maRali sirTulis amocanebis gadawyvetisas mikroproceso-

ruli sistemis swrafmoqmedeba sistemuri mexsierebis saerTo 
moculobazea damokidebuli. amas ganapirobebs is garemoeba, 

rom mcire moculobis sistemuri mexsierebis dros mikropro-

cesorul sistema iZulebulia monacemebi gare mexsierebaSi (ma-

galiTad, magnitur diskze) Seinaxos, rac mniSvnelovnad (ram-

denime xarisxiT) anelebs muSaobas. procesorisaTvis aseve mni-

Svnelovania samisamarTo saltis Tanrigianobac. 

zemoT moyvanili faqtebis gamo SeiZleba davaskvnaT, rom pi-

robiTia procesorTa mwarmoeblurobis maCveneblebi. isini mxo-

lod iribad axasiaTebs mocemuli procesoris bazaze agebuli 

sistemis swrafmoqmedebas. miuxedavad amisa, procesorebis mwa-

rmoebeli zogierTi firma mainc gvawvdis sakuTari produ-

qtebis raodenobriv maCveneblebs. isini gansazRvrulia sxvada-

sxva brZanebebis ama Tu im TanafardobiT Semcveli specialuri 

satesto programebis Sesrulebis magaliTze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

magaliTad firma Intel–ma 1992 wels 32-Tanrigiani mikro-
procesorebis mwarmoeblurobis urTierTSedarebisaTvis zomis 

sakuTari erTeuli iCMOP Index (Intel  COmparative Microproces-

sor Performance) SemogvTavaza. am maCveneblis gamosaTvlelad ga-

moiyeneba mTeli da mcuravi wertilis mqone ricxvebis, agreTve 

cxrili 10.2. procesorTa mwarmoeblurobis iCMOP da 

           da iCMOP Index 2.0  indeqsebi  

procesori 

i486SX-25 

i386DX-33 

i486DX-33 

i486DX2-66 

i486DX4-100 

Pentium-60 

Pentium-100 

Pentium-133 

iCMOP Index 2.0 

90 

100 

114 

142 

160 

203 

220 

303 

iCMOP Index 

100 

56 

136 

297 

435 

510 

815 

1110 

procesori 

Pentium-100 

Pentium-120 

Pentium-150 

Pentium-200 

Pentium MMX-233 

Pentium Pro-200 

Pentium II-266 

Pentium MMX-160 
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grafikisa da videos damamuSavebeli 16- da 32-Tanrigiani brZa-
nebebis nakrebi, xolo sabaziso procesorad SerCeulia i486SX-

25 tipis procesori, romlis indeqsad miRebulia ricxvi 100. 
cxril 10.2-is marcxena nawilSi moyvanilia firmis zogierTi 

procesorisaTvis gamoTvlili iCMOP indeqsebi. rogorc cxri-

lidan Cans, ufro ganviTarebuli arqiteqturis gamo 486 oja-
xis procesocesorebi yovelTvis ufro swrafia 386 ojaxis 

procesorebze, xolo nebismieri Pentium–i swrafia 486 oja-
xis nebismier procesorze.  taqturi sixSire, romelic cxri-

lSi procesoris saxelwodebisTan defisiTaa dakav-Sirebuli, 

mwarmoeblurobas mxolod erTi ojaxis farglebSi gansa-

zRvravs. 

firma Intel–ma 1996 wels SemogvTavaza meore maCvenebeli - 

iCMOP Index 2.0. romlis gamosaTvlelad ukve ar gamoiyeneba 

16_Tanrigiani brZanebebi; samagierod Setanilia multimediuri 

testi, xolo 100-s toli indeqsian sabaziso procesorad 

i486SX-25–s nacvlad aRebulia procesori Pentium-120.  

firma Intel -is mier gamoSvebuli zogierTi procesorisaT-

vis gamoTvlili iCMOP Index 2.0 maCvenebeli 10.2 cxrilis ma-

rjvena nawilSia moyvanili. 

zemoT moyvanili da msgavsi maCveneblebis Rirebuleba ar 

aris Zalian maRali. konkretuli kompiuterisa da sxvadasxva 

procesorisaTvis maCvenebelTa sididem SeiZleba mogvawodos 

sruliad obieqturi monacemebi, romelTa saSualebiTac Segve-

Zleba, magaliTad, SevafasoT ufro mZlavri procesoriT moce-

muli procesoris Secvlis miznSewonileba, magram gasaSuale-

buli iCMOP maCvenebeliT zustad ver davadgenT sxvadasxva 

tipis gamoyenebaze orientirebuli sxvadasxva amocanis gada-

wyvetisas, rogor imuSavebs mocemuli procesori.  
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11.1. mikrokontroleris raoba 

 

mikrokontroleri warmoadgens sxvadasxva eleqtronuli mowyobi-

lobebis marTvisaTvis gankuTvnil specialur mikrosqemas. mikrokon-

troleris «daibada» 1971 wels, rodesac qveyanas moevlina misi 

udidebulesoba – saerTo daniSnulebis mikroprocesori. 

mikrokontrolerebis Semqmnelebma xorci Seasxes maxvilgonivrul 

ideas – erT korpusSi gaaerTianes procesori, mexsiereba da perife-

riuli mowyobilobebi. miuxedavad imisa, rom ukanasknel xans mikro-

kontrolerebis yovelwliuri warmoeba mravaljer aRemateba mikro-

procesorebis warmoebas, maTze moTxovnileba mainc ar mcirdeba. 

mikrokontrolerebs uSvebs aTobiT kompania. amasTanave isini awar-

moebs ara marto Tanamedrove 32-Tanrigian, aramed 16- da 8-bitur 
(i8051-is analogur) mikrokontrolerebsac. maTi simravle dayofilia 

calkeul ojaxebad. TiToeuli ojaxis SigniT SeiZleba SevxvdeT 

sruliad erTnair models, romlebic erTmaneTisagan gansxvavdeba cen-

traluri procesoris muSaobis siCqariTa da mexsierebis moculo-

biT. saqme isaa, rom mikrokontrolerebi upiratesad gamoiyeneba CaSe-

nebul sistemebSi, saTamaSoebSi, CarxebSi, masobriv samecniero teqni-

kaSi, sarkinigzo avtomatikis mmarTvel mowyobilobebSi, Tanamedrove 

avtomobilebSi, saojaxo avtomatikaSi – iq, sadac saWiroa ara pro-

cesoris simZlavre, aramed ufro saWiroa fassa da sakmaris funqci-

urobas Soris wonasworobis dacva. swored amitomaa dRemde moTxov-

nadi Zveli (8-Tanrigiani) tipis mikrokontrolerebi; maT avtomatu-

rad karebis gaRebisa da gazonebis morwyvidan dawyebuli «gonieri 

saxlis» sistemaSi integraciiT damTavrebuli, bevri ram SeuZlia. 

amasTanave bazarze mravladaa wamSi asobiT milion operaciis Camtare-

beli da mravalferovani periferiuli mowyobilobebiT «kbilebamde 

aRWurvili» ufro mZlavri mikrokontrolerebic. maTTvis Sesatyvisi 

amocanebi arsebobs. amgvarad, konstruqtorma jer unda Seafasos 

XI Tavi  

zogadi cnobebi mikrokonrto-

ntrolerebis Sesaxeb   
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amocana da mxolod amis Semdeg unda SeirCios misTvis mikrokontro-

leri.    

dReisaTvis arsebobs i8051 mikrokontrolerTan SeTavsebadi 200-
ze meti modifikaciisa da uamravi sxva tipis mikrokontrolerebi. 

konstruqtorebs Soris didi popularobiT sargeblobs firma Micro-

cip Technology-is mier damuSavebuli PIC da Atmel-is mier damuSave-

buli AVR tipis 8-Tanrigiani, TI firmis mier damuSavebuli MSP430 

tipis 16-Tanrigiani, ARM Limited firmis mier damuSavebuli ARM 

tipis 32-Tanrigiani da a.S. mikrokontrolerebi.  

mikrokontroleri erTdroulad aris rogorc programulad mar-

Tvadi rTuli mowyobiloba, ise eleqtronuli xelsawyoc (mikrosqe-

mac), ris gamoc mis Sesafaseblad didi raodenobis parametrebi gamo-

iyeneba. saxelwodebaSi arsebuli winsarTi «mikro» aRniSnavs, rom 

igi mzaddeba mikroeleqtronuli teqnologiiT. 

muSaobis procesSi mikrokontroleri mexsierebidan an Setanis po-

rtidan amoikiTxavs brZanebebs da asrulebs maT. es niSnavs, rom Ti-

Toeuli brZaneba ganisazRvreba mikrokontroleris arqiteqturaSi Ca-

debuli brZanebaTa sistemiT da brZanebis kodis Sesruleba mikrosqem-
is Siga elementebis mier garkveuli mikrooperaciebis CatarebiT ga-
moixateba.  

mikrokontrolerebi sxvadasxva eleqtronuli da eleqtruli mo-

wyobilobebis moqnilad marTvis saSualebas gvaZlevs. zogierTi mode-

lis mikrokontrolerebi imdevnad mZlavria, rom SeuZlia gadarTos 

rele (magaliTad, naZvis xis girlandaSi). 

mikrokontrolerebi, rogorc wesi, muSaobs ara gancalkevebulad, 

aramed CairCileba sqemaSi, romelTanac mis garda mierTebulia ekra-

ni, saklaviaturo Sesasvlelebi, sxvadasxva gadamwodi da a.S.  

mikrokontrolerebisaTvis gankuTvnilma programebma SeiZleba ima-

Ti yuradReba miipyros, romlebic yoveli bitis momWirned gamoyeneb-

as aniWebs upiratesobas, radgan mikrokontrolerebSi arsebuli mex-
sierebis moculoba 2-dan 128 kilobaitis farglebSia. Zalian mcire 

moculobis mexsierebis dros gvixdeba programa asembleris an for-

tes enebze davweroT. aRniSnuli moculobis sidide «odnavi amosun-
Tqvis» saSualebas Tu mogvcems, maSin SegveZleba beisikis an paskalis 
specialuri versiebic gamoviyenoT, Tumca umjobesia orientacia C 

enaze aviRoT. sabolood daprogramebamde mikrokontroleri unda 

«gavtestestoT» specialur aparaturuli an programuli emulatoreb-
bSi. 
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daismis kiTxva: mikroprocesori da mikrokontroleri erTi da 
imave mowyobilobis sxvadasva dasaxelebebia Tu gansxvavebuli mowyo-
bilobebi?  

mikroprocesori nebismieri gamomTvleli manqanis centraluri mo-

wyobilobaa, romelic damzadebulia integraluri teqnologiiT. saxe-

lwodebac migviTiTebs imaze, rom swored masSi mimdinareobs gamoT-

vliTi procesebi. arcTu Tanamedrove da mZlavr gamomTvlel sistem-

ad gardaqmnisaTvis mas unda davumatoT gare mowyobilobebi, upirve-

les yovlisa, operatiuli mexsiereba da informaciis Setana/gamotan-

is portebi.  

rac Seexeba mikrokontrolers, mas sakuTar struqturaSive aqvs 
rogorc procesori, aseve RAM, ROM da periferiul mowyobiloba-

Ta mTeli nakrebi; e. i. igi ukve «fexze myarad damdgari» gamomTvle-

li sistemaa. Tavdapirvelad mas erTkristalur gamomTvlel manqanas-

ac uwodebdnen, oRond mogvianebiT kontrolerad «gadanaTles»; amiT 
xazi gausves im faqts, rom mikrokontrolerisaTvis mniSvnelovania 

ara gamoTvliTi funqciis Sesruleba, aramed marTvis procesSi mis 
mier Setanili wvlili (ingl. termini Control niSnavs marTvas)      

    

11.2. mikrokontrolerebis klasifikacia da 

struqtura 

 

dReisaTvis arsebuli mikrokontrolerebi iyofa Semdeg sam ZiriT-

ad jgufad: 1) CasaSenebel 8-Tanrigian mikrokontrolerebad; 2) 6- 
da 32-Tanrigian mikrokontrolerebad; 3) cifrul sasignalo (DSP) 

mikrokontrolerebad. 

mikrokontrolerTa mravalricxovan ojaxSi yvelaze metad gavrce-

lebulia 8-Tanrigiani mikrokontrolerebi. ganviTarebis procesSi maT 

gaiares SedarebiT susti periferiis mqone kontrolerebidan drois 

realur masStabSi momuSave mravalfunqciuri kontrolerebisaken mi-

mavali rTuli gza. gansakuTrebiT warmatebiT isini gamoiyeneba iseTi 

realuri obieqtebis marTvisaTvis, romelTa funqcionirebis algori-

TmebSi mravladaa gamoyenebuli logikuri funqciebi. amas ganapirobebs 

is garemoeba, rom logikuri funqciebis realizebis saswrafe proce-

soris Tanrigianobaze ar aris damokidebuli. sarkinigzo avtomatiki-
sa da telemeqanikis sistemebis mier realizebuli funqciebis abso-

luturi umravlesoba logikuri funqciebia; amitom aRniSnuli Tana-
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medrove sistemebis asagebad gamoyenebul umniSvnelovanes saelemento 

bazas wored 8-Tanrigiani mikroprocesorebi gvevlineba.  

8-Tanrigiani mikrokontrolerebis popularobis zrdas xeli iseTi 

cnobili firmebis mier gamoSvebuli nakeTobaTa nomenklaturis gafa-

rToebamac Seuwyo, rogoricaa Motorola, Microchip, Intel, Zilog, Atmel 

da sxvebi. 

Tanamedrove 8-Tanrigian mikrokontrolerebis ganmasxvavebeli niS-

nebia: 

▲ moduluri organizacia, romlis drosac ZiriTadi procesoru-

li birTvis (centraluri procesoris) bazaze proeqtdeba mikrokon-

trolerebis ojaxi, romelSic Semavali wevrebis mexsierebebi, peri-

feriul modulTa nakrebebi da sinqronizciis sixSireebi erTmaneTisa-

gan gansxvavdeba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
▲ daxuruli arqiteqtura; misTvis damaxasiaTebelia mikrokon-

troleris korpusze misamarTisa da monacemebis xazebis gamomyvanTa 

ararseboba; e. i. igi warmoadgens monacemebis Caketilad damamuSave-

bel sistemas, romlis SesaZleblobebis gazrda misamarTisa da mona-

cemebis paraleluri salteebis gamoyenebis gziT ar aris gaTvaliswi-

nebuli.   

▲ tipuri periferiuli funqcionaluri modulebis (taimerebis, 

mimdevrobiTi interfeisis kontrolerebis, analur-cifruli gardam-

qmnelebisa da sxvaTa) gamoyeneba. sxvadasxva mwarmoeblis mier gamoS-

nax. 11.1 mikrokontroleris moduluri struqtura 

damatebi- 

Ti modu- 

lebi 

taimeri 

 

 Setana/ga- 
motanis  

portebi 

 

 

 RAM 

 

 

 ROM 

 

 

taqtu- 

ri gene- 

ratori 

 

misamarTis magistrali 

cvladi funqciuri bloki 

procesoruli birTvi 

centraluri 

procesori 
sinqronizaci- 

is sqema 

marTvis 

sqema 

 

 

 

 

 

monacemebis magistrali 
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Svebuli aRniSnuli modulebi umniSvnelo gansxvavebiT asrulebs da-

valebul algoriTmebs.  

▲ periferiuli modulebis muSaobis reJimebis raodenobis gafar-
Toebis SesaZlebloba; aRniSnuli reJimebi daisaxeba mikrokontrole-

eris specialur funqciaTa registrebis inicializaciis procesSi. 

agebis moduluri principis dros erTi ojaxSi Semaval sxvadasxva 

modelis mikrokontrolers aqvs erTnairi procesoruli birTvi da 

cvladi funqciuri bloki. moduluri mikrokontroleris struqtura 

11.1 naxazzea moyvanili. 

procesoruli birTvi Seicavs: 1) centralur procesors; 2) misa-
samarTs. monacemebisa da marTvis salteebidan Semdgar marTvis Siga 

magistrals; 3) mikrokontroleris sinqronizaciis sqemas; 4) mikro-
kontroleris muSaobis reJimebis marTvis sqemas; aRniSnul reJimebSi 

Sedis dabali energomoxmarebis reJimi, sawyisi amuSavebis (Camogde-

bis) reJimi da a.S. 

cvlad funqciur blokSi gaerTianebulia taqturi generatorebis 

moduli, sxvadasxva tipisa da moculobis mexsierebis modulebi, Se-

tana/gamotanis portebi, taimerebi. SedarebiT martiv mikrontrolere-

bSi Sewyvetebis damuSavebis moduli procesorul birTvSia Setanili, 

ufro rTul mikrokontrolerebSi igi cvlad funqciur blokSi gan-

viTarebuli SesaZleblobebis modulis saxiTaa formirebuli. aRniS-

nul blokSi SeiZleba Sediodes iseTi damatebiTi modulebic, rogo-

ricaa Zabvis komparatorebi, analogur-cifruli acg  gardamqmnele-

bi da sxva. TiToeuli moduli Sinagani kontroleruli magistralis 

protokolis gaTvaliswinebiT proeqtdeba mikrokontrolerSi samuSa-

od. mocemuli midgoma saSualebas iZleva erTi ojaxis farglebSi Se-

iqmnes mravalferovani struqturis mikrokontrolerebi.  

 

11.3. mikrokontroleris procesoruli 

birTvi 

 

█ mikrokontroleris procesoruli birTvis 

struqtura. procesoruli birTvi (MCU - Microprocessor Core Unit) 
warmoadgens mikrokontroleris safuZvels. igi asrulebs yvela ga-

moTvliT operacias da, imavdroulad, marTavs sqemis yvela danarCeni 

nawilis muSaobas. sistemuri salteebiT procesoruli birTvi mona-

cemebs cvlis rogorc mexsierebasTan, ise yvela funqciur blokTan. 

mikroprocesoruli birTvis Tanrigianoba mTlianad mikroko-
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ntroleris Tanrigianobas gansazRvravs. dReisaTvis yvelaze gavrce-

lebulia 8-Tanrigiani mikrokontrolerebi. garda am kontrolerebisa, 

martiv sqemebSi farTod gamoiyeneba 4-bituri, xolo rTul maRal-

mwarmoeblur sistemebSi – 16- da 32-Tanrigiani mikrokontrolerebi. 

 

Tanamedrove 8 Tanrigiani mikrokontrolerebis procesorul bir-

TvSi gamoiyeneba brZanebaTa sruli sistemis (Complicated Instruction Set 

Computer) marealizebeli CISC-arqiteqturis procesori, an brZaneba-

Ta Semoklebuli sistemis (Reduced Instruction Set Computer) marelizebe-

li RISC-arqiteqturis procesori. ganvixiloT orive maTgani. 

 ▲ CISC-procesorebi iyenebs damisamarTebis ganviTarebuli Sesa-

Zleblobebis mqone brZanebaTa did nakrebs, ris gamoc aRniSnuli 

procesoriani mikrokontroleris gamoyenebis SemTxvevaSi saWiro ope-

raciis Sesasruleblad brZanebaTa sistemidan SesaZlebelia yvelaze 

Sesaferisi brZanebis amorCeva. 8-Tanrigian mikrokontroleris SemTx-

vevaSi CISC-arqiteqturian procesors SeZleba hqondes erTbaitiani, 

orbaitiani da sambaitiani (iSviaTad - oTxbaitiani) formatis brZane-

bebi. am dros brZanebaTa sistema araorTogonaluria, rac imas niS-
navs, rom yvela brZanebas ar SeuZlia procesoris nebismieri regis-

trisaTvis damisamarTebis nebismieri xerxi gamoiyenos. Sesasrulebe-

li brZaneba mexsierebidan ramdenime ciklis ganmavlobaSi calkeuli 

baitebis saxiT amoikrifeba. brZanebis Sesasruleblad SeiZleba 1-dan 
12-mde raodenobis cikli iyos saWiro. 

CISC-arqiteqturiani procesorebia:  a) firma Intel–is mier damu-

Savebuli MCS-51 birTviani mikrokontrolerebi, romlebsac dRes 

uSvebs mravali mwarmoebeli. b) firma Motorola–is mier gamoSvebuli 

mikrokontrolerTa HCO5, HCO8 , HCO11 ojaxebi da sxvebi. 

▲ RISC-arqiteqturian procesorebSi minimumamdea Semcirebuli 

Sesasrulebel brZanebaTa nakrebi. rTuli operaciebis realizebisaT-

vis brZanebebaTa kombinirebaa saWiro. am dros yvela brZaneba fiqsi-

rebuli sigrZisaa (Seicavs 12, 14 an 16 bits). mexsierebidan brZanebis 
amosaRebad da mis Sesasruleblad sinqronizaciis TiTo-TiTo ciklia 

(taqtia) sakmarisi. RISC-procesoris brZanebaTa sistema procesoris 

yvela registris Tanabaruflebiani gamoyenebis saSualebas iZleva, 

rac operaciebis Sesrulebis dros damatebiT moqnilobas uznvel-

yofs.  
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RISC-procesorebs miekuTvneba: a) firma Atmel-is mier gamoSvebu-

li AVR tipis mikrokontrolerebi b) firma Microchip-is mier gamo-

Svebuli PIC16, PIC17 tipis mikrokontrolerebi da sxvebi.  

Sinagani magistralis erTi da imave taqturi sixSiris dros 

CISC-procesorian mikrokontrolerebTan SedarebiT RISC-procesore-

bian mikrokontrolerebs, erTi SexedviT, ufro maRali mwarmoeblu-

roba unda hqondes, magram sinamdvleSi mwarmoeblurobis Sefasebis 

sakiTxi metad rTulia da aracalsaxa gadawyveta aqvs. 

jer erTi, savsebiT koreqtuli ar aris brZanebebis Sesrulebis 

xangrZlivobis mixedviT gansxvavebuli (RISC, CISC) sistemis mikro-

kontrolerebis mwarmoeblurobis Sedareba. Cveulebriv miRebulia, 

rom mikroprocesorisa da mikrokontroleris mwarmoebluroba Se-
fasdes registridan registrSi erTi wamis ganmavlobaSi Sesrule-

buli gadagzavnis operaciebis raodenobis mixedviT. CISC-procesori-

an mikrokontrolerSi registridan registrSi gadagzavnis dro 1-dan 
3-ciklamdea, da TiTqos misi mwarmoebluroba unda Camouvardebodes 

RISC-procesoriani mikrokontroleris mwarmoeblurobas, magram 

RISC-procesoris dros brZanebaTa sistemis orTogonalobis Se-

narCunebis pirobebSi brZanebaTa formatis Semoklebisaken swrafvam 

SezRuda erT brZanebisaTvis misawvdomi registrebis raodenoba. maga-

liTad, PIC16 mikrokontroleris brZanebaTa sistemiT SesaZlebelia 

operaciis Sedegi gadaigzavnos mxolod wyaro-registr f–Si an samu-

Sao registr W-Si. amitom am registrebisagan gansxvavebul  regis-

trSi erT-erT xelmisawvdomi registridan SigTavsis gadasagzavnad 

ori brZanebis gamoyeneba dagvWirdeba. amis aucilebloba xSirad maSin 

warmoiSoba, rodesac mikrokontroleris erT-erT portSi saerTo 

daniSnulebis romelime registris SigTavsia gadasagzavni. maSasadame, 

brZanebaTa rTuli sistema zogjer operaciis Sesrulebis ufro ef-

eqturi xerxis realizebis saSualebas gvaZlevs. 

meorec, registridan registrSi gadagzavnis siCqaris mixedviT mi-
krokontroleris mwarmoeblurobis Sefaseba ar iTvaliwinebs marTvis 

konkretulad realizebadi algoriTmis Taviseburebebs. magaliTad, av-

tomatizebuli marTvis swrafmoqmedi mowyobilobebis Seqmnisas Ziri-

Tadi yuradReba unda daeTmos gadacemis sxvadasxva funqciis realiz-

ebisas gamravlebisa da gayofis operaciebis Sesrulebis xangrZivobas, 

xolo sayofacxovrebo teqnikis distanciuri marTvis pultis reali-

zaciis dros saWiroa Sefasdes klaviaturis gamokiTxvisas gamoyene-

buli logikuri funqciebis Sesrulebisa da marTvis mimdevrobiTi 
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koduri gzavnilis generaciis xangrZlivoba. amitom maRali swrafmoq-

medebis momTxovn kritikul situaciebSi mwarmoeblurobis ganmsa-

zRvrel faqtorebSi dominirebs im operaciaTa simravlis Sesrulebis 

siswrafe,  

mesamec, aucilebelia imis gaTvaliswinebac, rom mikrokontrolis 

sinqronizaciis sixSiris Sesaxeb cnobarebSi moyvanili monacemebi Cve-

ulebriv Seesabameba misaerTebeli kvarculi rezonatoris sixSires, 

maSin rodesac centraluri procesoris ciklis xangrZlivoba Sinagan 

kontroleruli magistraliT informaciis gacvlis sixSiriT ganisa-

zRvreba. zemoT moyvanil or sixSires Soris Tanafardoba TiToeuli 

mikrokontrolerisaTvis individualuria da igi unda iqnes gaTvalis-

winebuli sxvadasxva modelis kontrolerebis mwarmoeblurobis Se-

darebisas. 

brZanebis amoRebisa da Sesrulebis procesebis organizaciis Tva-

lsazrisiT Tanamedrove 8-Tanrigian mikrokontrolerebSi gamoiyeneba 

ukve naxsenebi fonneimaniseuli (pristonuli) an harvarduli arqi-

teqtura. 

                     
 
 
   
 

     

 

    

      

 

   

 
▲ fonneimaniseuli arqiteqturis ZiriTadi Taviseburebaa pro-

gramebisa da monacemebis Sesanaxad saerTo mexsierebis gamoyeneba (nax. 

11.2). erTi mexsierebis arseboba amartivebs mikroprocesoruli sis-

temis struqturas. igi monacemebis sferoebs Soris resursebis ope-

ratiuli gadanawilebis saSualebasac iZleva, rac mniSvnelovnad ama-

Rlebs mikroprocesoruli sistemis moqnilobas. saerTo mexsierebaSi 

stekis ganTavsebam gaaiola mis SigTavsTan SeRweva. yovelive zemoT 

CamoTvlilis gamo fonneimaniseuli arqiteqtura universaluri, maT 

nax. 11.2. fonneimaniseuli (pristonuli) arqiteqturis 
            mikroprocesoruli sistema 

mexsiere- 

bis are 

progr- 

amebis  

ROM 

(RAM)  

monac- 

emebis  

RAM  
stek- 

uri  

RAM  

interfe- 

isis  

bloki 

mexsier- 

ebiT 

centraluri 

procesori  

da Sinagani 

registrebi 

misamarTis salte 

monacemebis salte 

marTvis salte 

brZanebebis  

deSifratori 
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Soris personaluri kompiterebisaTvis ZiriTad arqiteqturad gada-

iqca.  

▲ harvarduli arqiteqturis ZiriTadi Taviseburebaa brZanebebisa 
da monacemebis Sesanaxad sxvadasxva samisamarTo sivrcis gamoyeneba 

(nax. 11.3). wina saukunis 70-ian wlebamde, e. i. manamade, sanam mikro-

kontrolerebis mwarmoeblebisaTvis naTeli ar gaxda, rom aRniSnul 

arqiteqturas SeeZlo avtonomiuri marTvis sistemaTa SemqmnelebisaT-

vis garkveul upiratesobis motana, am arqiteqturas ar gamoiyeneb-

dnen. 

sxvadasxva obieqtebis marTvaSi mikroprocesoruli sistemebis ga-

moyenebam gviCvena, rom marTvis algoriTmebis umravlesobis reali-

zebisaTvis didi mniSvneloba ara aqvs fon neimaniseuli arqiteqturis 

iseT Rirsebebs, rogorebicaa moqniloba da universaloba. analiziT 

dadginda, rom marTvis programebis Sesrulebisas saSualedo Sedegeb-

is damaxsovrebisaTvis saWiro mexsierebis moculoba programebis Se-

sanaxad saWiro mexsierebis moculobis mesamedze naklebia. aseT piro-

bebSi mexsierebis erTiani samisamarTo sivrcis gamoyeneba operandebis 

damisamarTebisaTvis saWiro Tanrigebis raodenobis gazrdis xarjze 

adidebs brZanebebis formats. monacemebis Sesanaxad mcire moculobis 

mexsierebis gamoyeneba amoklebs brZanebaTa sigrZeebs da aCqarebs mona-

cemebis mexsierebaSi informaciis moZiebas.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

garda amisa, fonneimaniseul arqiteqturasTan SedarebiT harvar-

dul arqiteqturas paraleluri operaciebis realizaciis xarjze 

nax. 11.3. harvarduli arqiteqturis mikropro-  
              cesoruli sistema 

programeb- 

is mexsiereba 
monacemeb- 

is mexsiereba 

brZa- 

nebeb- 

is de- 

Sifra- 

tori 

reg- 

ist- 

ruli  

RAM 

  

pro- 

gram- 

ebis  

ROM 
  

steki 

centraluri pro- 

cesori da regis-  

trul RAM-Tan 

interfeisi 

 salte 

marTvis 

 salte 

monacemebis 

 salte 

misamarTis 
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aqvs programebis ufro swrafad Sesrulebis potenciali. mocemuli 

brZanebis Sesrulebis procesSive SeiZleba amoRebuli iqnes momdevno 

brZaneba, e. i. brZanebis Ziebis ganmavlobaSi procesoris mocdena ga-

moiricxeba. am meTodis SemweobiT sxvadasxva brZanebebi SeiZleba erT-

nairi raodenobis taqtebSi Sesruldes, rac ciklebis Sesrulebis 

droisa da programis kritikuli ubnebis ufro martivad gansazR-

vris saSualebas gvaZlevs.   

Tanamedrove 8-Tanrigiani mikrokontrolerebis umravlesobaSi 
harvarduli arqiteqturaa gamoyenebuli. misi naklia zogierTi prog-

ramuli procedurebis realizebisaTvis arasakmarisi moqniloba. ami-

tom sxvadasxva arqiteqturis gamoyenebiT realizebuli mikrokon-

trolerebi erTmaneTs gamoyenebis konkretuli sferos gaTvaliswineb-

iT unda Seudardes.  

█  mikrokontroleris procesoris brZanebaTa sistema. 

nebismieri mikroprocesoruli sistemis msgavsad mikrokontroleris 

procesoris brZanebaTa simravle Semdegi oTxi saxis brZanebebs mo-

icavs: 1) monacemTa gadagzavnis brZanebebs, 2) ariTmetikul brZa-

nebebs, 3) logikur brZanebebs, 4) gadasvlaTa brZanebebs. 

portebis (registrebis) Tanrigebis damoukideblad marTvisaTvis 

Tanamedrove mikrokontrolerTa umravlesobaSi bituri marTvis brZa-

nebaTa jgufic (bulis anu bituri procesoric) gamoiyeneba. Taname-

drove mikrokontrolerebSi gamoiyeneba bituri brZanebebis jgufic 
(bulis an bituri procesori). bituri procesoris brZanebaTa ar-
seboba mniSvnelovnad amcirebs mmarTveli programebis moculobasa da 

maTi Sesrulebis dros. 

mikrokontrolerSi gamoiyofa im kontroleris resursebis mmarT-

veli brZanebebi, romelic gankuTvnilia Setana/gamotanis portebis 

muSaobis reJimebis awyobisaTvis, taimeris marTvisaTvis da a.S. Tana-

medrove mikrokontrolerebis umravlesobaSi kontroleris Sinagani 

resursebi monacemebis mexsierebaSi aisaxeba, amitom resursebis mar-

TvisaTvis gamoiyeneba gadagzavnis brZanebebi.  

universaluri mikroprocesoris brZanebaTa sistemisagan gansxvaveb-

iT mikrokontrolerebis brZanebaTa sistemaSi naklebadaa ganviTarebu-

li ariTmetikuli da logikuri brZanebebis jgufi, magram samagierod 

maT aqvT monacemebis gadagzavnisa da  brZanebaTa mZlavri jgufebi. am-

as ganapirobebs mikrokontroleris gamoyenebis Tavisebureba, romlis 

Tanaxmadac man mudmivad unda akontrolos irgvliv arsebuli mdgo-
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mareoba da masze damokidebulebiT warmoqmnas mmarTveli zemoqmedebe-

bi.  

█ mikrokontroleris sinqronizaciis sqema warmoqmnis 

centraluri procesoris sakomando ciklebis Sesrulebisa da Sinagan 

magistralze informaciis gacvlisaTvis aucilebel sinqronizaciis 

signalebs. centraluri procesoris struqturaze damokidebulebiT 

sakomando ciklma SeiZleba moicvas sinqronizaciis erTidan ramdenime 

(4-6) taqti. sinqronizaciis sqema mikrokontroleris taimerebis mu-

SaobisaTvis saWiro drois moniSvnis funqciasac asrulebs. sin-

qronizaciis sqemis SemadgenlobaSi Sedis sinqrosignalebis saWiro 

mimdevrobis maformirebeli sixSiris gamyofebi.  

 

11.4. mikrokontrolerebis rezidentuli 

mexsiereba 

 

mikrokontroleris rezidentuli (laT. residens – adgilze darCe-

na) mexsiereba ewodeba programebisa da monacemebis Senaxva-gamoyenebi-
saTvis saWiro mexsierebas, romelic mudmivadaa (rezidentuladaa) ga-

nTavsebuli mikrokontroleris struqturaSi. Tanamedrove 8-Tanrigi-
ani mikrokontrolreebis daxuruli arqiteqturis realizeba mikro-

sqemis kristalSi mexsierebis ori tipis modulis integraciiT (mud-

mivad ganTavsebiT) gaxda SesaZlebeli. pirvelia gamoyenebiTi progra-

mebis kodebis Sesanaxi energodamoukidebeli (RAM) mexsiereba, xolo 

meorea gamoTvlaTa saSualedo Sedegebis Sesanaxi operatiuli damx-

somebeli (RAM) mexsiereba. mikrokontrolerebis gamoCenis momenti-

dan dRamde mravali cvlileba ganicada energodamoukidebelma mexsi-

erebebma, ris SemweobiTac ara marto gaizarda maTi tevadoba, swraf-

moqmedeba da maTSi informaciis Senaxvis saimedooba, aramed warmoiq-

mna mikrokontroleris rezidentuli mesxierebis daprogramebis prin-

cipulad axali teqnologiebi 

momxmarebelTa TvalsazrisiT mikrokontroleris rezidentuli me-

xsiereba iyofa programebis mexsierebad, monacemebis mexsierebad da 

registrul mexsierebad. mokled ganvixiloT TiToeuli maTgani. 

█ programebis mexsiereba. programebis mexsierebisaTvis dama-

xasiaTebeli ZiriTadi Tvisebaa misi energodamoukidebloba, rac kve-

bis ararsebobisas programebis Senaxvis SesaZleblobas niSnavs. mikro-

kontroleris momxmarebelTa Tvalsawieridan SeiZleba erTmaneTisagan 
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ganvasxvaoT programebis energodamoukidebeli saxis Semdegi mex-

sierebebi: 

▲ niRburi tipis mudmivi mexsiereba, anu, rogorc mas xSirad 

mask-ROM-s uwodeben. am tipis mudmivi mexsierebis ujredebSi Sig-

Tavsebi niRbebis daxmarebiT Seitaneba da Semdeg SeuZlebeli xdeba 

misi Secvla. amitom programebis aseTi tipis mexsierebaSi saWiroa 

praqtikaSi sakmaod kargad Semowmebuli programebi SevitanoT, ra-

dgan Setanis Semdeg maTi Secvla SeuZlebeli gaxdeba. mocemuli me-

xsierebis ZiriTadi naklia maRali Rirebuleba, rac ganpirobebulia 

fotoSablonebis axali kompleqsebis Seqmnasa da warmoebaSi danergva-

sTan dakavSirebul did xarjebTan. Cveulebriv, am process 2-3 Tve 
sWirdeba da ekonomikurad maSinaa gamarTlebuli, rodesac ramdenime 

aTeuli aTasi xelsawyos gamoSvebaa navaraudevi. niRburi tipis mud-

mivi damxsomebeli mexsierebis Rirsebaa qarxnuli pirobebSi dapro-

gramebisas informaciis Senaxvis maRali saimedooba.  

▲ ultraiisferi waSlis unariani gadaprogramebadi mudmivi dam-
xsomebeli mowyobiloba EPROM (Erasable Programmable    ROM). moce-

muli tipis mudmivi mexsiereba eleqtruli signalebiT daprogramdeba 

da ultraiisferi dasxivebiT waiSleba EPROM mexsierebis ujrede-

bi warmoadgens «mcuravi» saketis mqone «liToni-Jangeuli-naxevargam-

tari» tipis lJn-naxevargamtars (MOS-naxevargamtars), romelSic 

muxti Sesabamisi eleqtruli signalebis mowodebis dros mmarTveli 

saketidan gadaicema. ujredis SigTavsis wasaSlelad igi dasxivdeba 

ultraiisferi SuqiT, romelic mcurav sakets gadascems potenciuri 

barieris gadalaxvisa da fuZeSreze CamodinebisaTvis sakmaris energi-

as. es procesi SeiZleba ramdenime wamidan ramdenime wuTamde gagrZe-

ldes. EPROM-mexsierebiani mikrokontroleri SeiZleba mravaljera-

dad daprogramdes. igi moTavsebulia ultraiisferi sxivis gasatare-

blad saWiro kvarculi sarkmlian keramikuli korpusSi. es korpusi 

sakmaod Zviria, rac mniSvnelovnaa aZvirebs mikrokontrolers. fasis 

Sesamcireblad gamodis usarkmlo korpusSi Casmuli EPROM-mexsi-

erebiani mikrokontroleri, romelsac erTjeradad daprogramebadi 

EPROM versia ewodeba.  

▲ momxmareblis mier erTjeradad daprogramebadi mudmivi damxso-

mebeli mowyobiloba – OTPROM (One-Time Programmable ROM). igi wa-

rmoadgens mikrokontoleris gasaiafeblad usarkmlo keramikul ko-

rpusSi Casmuli EPROM mexsierebis versias. aseTi korpusebis gamo-

yenebiT gamowveuli gaiafeba imdenad mniSvnelovania, rom am versiis 
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mexsierebas xSirad niRburi mudmivi damxsomebeli mowyobilobis na-

cvladac gamoiyeneben. 

▲ eleqtruli waSlis unaris mqone da momxmareblis mier dapro-

gramebadi mudmivi damxsomebeli mowyobiloba – EEPROM (Electrically 

Erasable Programmable  ROM). igi warmoadgens EPROM mexsierebis axal 

Taobas, romelSic gvirabuli meqanizmebis gamoyenebis xarjze Sesa-

Zlebelia mexsierebis ujrebi eleqtruli signalebiTve wavSaloT. 

EEPROM-is gamoyenebisas SegviZlia mikrokontroleri dafidan mo-

uxsnelad davaprogramoT. am xerxis wyalobiT SeiZleba gavmarToT da 

SevcvaloT programuli uzrunvelyofa. es saSualebas gvaZlevs mniS-

vnelovani mogeba miviRoT mikrokotroleruli sistemebis damuSavebis 

sawyis stadiaze an maTi Seswavlis procesSi, rodesac sistemis muSa-

obis uunarobis mizezebis povnasa da programebis mexsierebis waSla-

daprogramebis ciklebis Sesrulebaze didi dro gvekargeba. fasis mi-

xedviT EEPROM ikavebs saSualo mdgomareobas OTPROM-sa da EP-

ROM-s Soris. EEPROM-mexsierebis daprogramebis teqnologiis 

dros SesaZlebelia  ujredebi baitobiT waiSalos da/an daprogram-

des. EEPROM-is TvalnaTeli upiratesobis miuxedavad, programebis 

Sesanaxad aseTi mexsiereba mikrokontrolerebSi iSviaTad gamoiyeneba. 

amas ganapirobebs is rom, jer erTi, EEPROM-mexsierebas gaaCnia Se-

zRuduli moculoba, da meorec, is, rom gamoCnda gacilebiT iafi 

Flesh mexsiereba, romlis samomxmareblo maxasiaTeblebi daemTxva 

EEPROM–is analogur maxasiaTeblebs. 

▲ eleqtruli waSlis unaris mqone Flash tipis mudmivi damxso-

mebeli mowyobiloba – Flash-ROM. funqciurad Flash-ROM da EEP-

ROM mexsierebebi erTmaneTisagan ZiriTadad Cawerili informaciis 

waSlis xerxis mixedviT gansxvavdeba. EEPROM-mexsierebaSi informa-

cia baitebad SeiZleba waiSalos, Flash-mexsierebaSi ki – baitebis Se-

mcvel blokebad. Flash-mexsierebis erTaderTi ujredis SigTavsis Se-

sacvlelad mTeli blokis gadaprogramebaa saWiro. EEPROM-Tan Se-

darebiT madekodirebeli sqemebis gamartivebam Flash-mexsierebiani mi-

krokontroleri ara marto erTjeradad daprogramebadi mudmivi me-

xsierebis mqone, aramed niRburi mudmivi mexsierebis mqone mikro-

kontrolerze ufro konkurentunariani gaxada. 

 █ monacemebis mexsiereba. mikrokontrolerebSi monacemebis 

mexsiereba, rogorc wesi, statikuri operatiuli damxsomebeli mowy-
obilobis safuZvelzea agebuli. termini «statikuri» niSnavs, rom 
energomoxmarebis Semcirebis mizniT operatiuli damxsomebeli mowyo-
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bilobis ujredebis SigTavsi mikrokontroleris taqturi sixSiris 

ragind mcire mniSvnelobamde Semcirebis drosac SenarCundeba. mikro-

kontrolerebis umravlesobas aqvs informaciis SenaxvisaTvis auc-

ilebeli USTANDBY Zabvis parametri. kvebis Zabvis nominalurad dasa-

Sveb UDDMIN doneze dabal, magram USTANDBY-ze maRal mniSvnelobamde 

Semcirebisas mikrokontroleri programas ver Searulebs, magram Se-

inarCunebs operatiul damxsomebel mowyobilobaSi Senaxul informa-

cias. kvebis Zabvis aRdgenis Semdeg mikroprocesori SeiZleba «Camo-

iyaros» da monacemebis daukargavad gagrZeldes programis Sesrule-

ba. monacemebis SesanarCuneblad saWiroa USTANDBY  Zabva daaxloebiT 1 
V-s toli iyos. rac saSualebas iZleva saWiroebis SemTxvevaSi mi-

krokontroleri gadayvanili iqnes avtonomiuri wyrodan kvebaze da 

am reJimSi SenarCundes monacemebi operatiul damxsomebel mowyobi-

lobaSi. 

mikrokontrolerSi monacemebis mexsierebis moculoba, rogorc 

wesi, mcirea da Cveulebriv aTeul da aseul baits Seadgens. es unda 

gaviTvaliswinoT mikrokontroleris daprogramebisas. magaliTad, mi-

krokontroleris daprogramebisas SesaZleblobis arsebobis SemTxve-

vaSi konstantebi cvladebis saxiT ki ar Seinaxeba, aramed programeb-

is mudmiv damxsomebel mowyobilobaSi Seitaneba. maqsimalurad unda 

gamoviyenoT mikrokontroleris aparaturuli SesaZleblobebi, ker-

Zod, taimerebi. gamoyenebiTi programebis dros unda vecadoT Tavi 

avaridoT monacemTa didi masivebs. 

█  mikrokontrolerTa registruli mexsiereba. nebismi-

eri mikroprocesoruli sistemebis msgavsad mikrokontrolerebSic 

arsebobs marTvisaTvis sakuTari resursebis gamomyenebeli registreb-

is nakrebi. masSi Cveulebriv Sedis procesoris registrebi (akumula-

tori, mdgomareobisa da indeqsuri registrebi), marTvis registrebi 
(SewyvetebiT, taimeriT marTvis registrebi), monacemebis Semtani da 
gamomtani registebi (portebis monacemTa registrebi, paraleluri, 

mimdevrobiTi an analoguri Setanis marTvis registrebi). am regi-

strebs sxvadasxvagvarad unda mivmarToT. 

RISC-procesorian mikrokontrolerSi yvela registri (xSirad, 

akumulatoric) cxadad misamarTdeba. es muSaobis dros maRal moqni-

lobas uzrunvelyofs. 

mikrokontroleris samisamarTo sivrceSi registrebis ganTavseba 

erT-erTi umniSvnelovanesi sakiTxia. zogierT mikrokontrolerSi 

yvela registri da monacemTa mexsiereba erTsa da imave samisamarTo 
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sivrceSi ganTavsdeba. es niSnavs, rom monacemebis mexsiereba regis-

trebTanaa SeTavsebuli. am movlenas «mexsierebaSi mikrokontroleris 
resursebis asaxva» ewodeba.  

sxva mikrokontrolerebSi Setana/gamotanis mowyobilobebis sami-

samarTo sivrce gamoyofilia mexsierebis saerTo sivrcisagan. Seta-

na/gamotanis gancalkevebuli sivrce harvarduli arqiteqturian pro-

cesors garkveul upiratesobas aniWebs, kerZod, Setana/gamotanis re-

gistrTan mimarTvis paralelurad maT brZanebis wakiTxvac SeuZlia. 

█ mikrokontroleris steki. mikrokontrolerebSi operati-

ul damxsomebel mowyobilobas qveprogramebis gamosaZaxeblad da Se-

wyvetebis dasamuSavebladac iyeneben. am operaciebis dros saWiroa 

Senaxuli iqnes programuli mTvlelisa da ZiriTadi registrebis 

(akumulatoris, mdgomareobis registrisa da sxvebis) SigTavsebi, xo-

lo ZiriTad programaze gadasvlisas isini xelaxla aRdges. 

fonneimaniseul arqiteqturaSi mexsierebis erTiani are stekis 

realizebisTvisac gamoiyeneba. es amcirebs mowyobilobis mwarmoeblu-

robas, radgan sxvadasxva saxis mexsierebasTan erTdroulad mimarTva 

SeuZlebelia. kerZod, qveprogramis gamoZaxebis brZanebis Sesrulebis 

Semdegi brZanebis amoReba mxolod stekSi programuli mTvlelis 

SigTavsis moTavsebis Semdegaa SesaZlebeli. 

harvardul arqiteqturaSi stekuri operaciebi am mizniT specili-

ur mexsierebaSi SeiZleba Sesruldes. amis gamo qveprogramis gamoZa-

xebis brZanebis Sesrulebisis periodSivea SesaZlebeli ramdenime sxva 

brZanebis erTdrouli Sesruleba.  

aucilebelia, gvaxsovdes, rom orive arqiteqturian mikrokontro-

lerSi monacemebis mcire moculobis mexsierebaa gamoyenebuli. proce-

sorSi gancalkevebuli stekis arsebobisas masSi Cawerili monacemebis 

moculoba Tu gadaaWarbebs stekis tevadobas, maSin ciklurad Seic-

vleba stekis maCvenebeli da igi daiwyebs stekis adre Caweril uj-

redebze miTiTebas. es niSnavs, rom Zalian bevri qveprogramis gamoZa-

Zaxebisas stekSi dabrunebis araswori misamarTi aRmoCndeba. stekSi 

monacemebis Casawerad mikrokontroleri Tu mexsierebis saerTo ares 

gamoiyenebs, maSin arsebobs imis saSiSroeba, rom stekis gadavsebisas 

masSi CasatvirTi monacemebi Caiweros monacemebis sferoSi an mudmiv 

damxsomebel mowyobilobaSi. 

█ gare mexsiereba. mikrokontrolerebis daxurul arqiteqtu-

raze gadasvlis damkvidrebuli tendenciis miuxedavad mainc warmo-

iSoba rogorc programebis, ise monacemebis mexsierebasTan gare mex-
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sierebis damatebiT mierTebis saWiroeba. misi dakmayofilebis Semde-gi 

ori xerxi arsebobs: 1) mikrokontrolerSi gare mexsierebasTan 

mierTebis specialuri aparaturis gaTvaliswineba; 2) gare mexsiereba-
sTan misaerTeblad Setana/gamotanis mowyobilobebis gamoyeneba. 

pirveli xerxi uzrunvelyofs maRal swrafmoqmedebas, magram 

zrdis aparaturul siWarbes; meore xerxi ar zrdis struqturul 

siWarbes, magram amcirebs sistemis swrafmoqmedebas. 

 

11.5. Setana/gamotanis portebi 

 

TiToeul mikrokontrolers aqvs garkveuli raodenobis Setana-ga-

motanis xazi. isini gaerTianebulia Setana/gamotanis 8-Tanrigian pa-

ralelur PTx portebad, sadac «x» arabuli cifrebis an laTinu-ri 

alfabetis asoebiT gamoxatuli portis saxelia; pirvel SemTxve-vaSi 

viRebT PT1, PT2, PT2 da a. S., xolo meore SemTxvevaSi - PTA, PTB, 

PTC da a. S gamosaxulebebs. mikrokontroleris mexsierebis baraTSi 

Setana/gamotanis TiToeuli porti warmodgenilia am portis mona-

cemebis DPTx registris saxiT. 

Setanis reJimSi PTx portis registrSi Caiwereba portis xazebze 

formirebuli orobiTi kodi. gamotanis reJimSi programis marTviT 
DPTx registrSi Cawerili monacemebi  gadaecema mikrokontroleris 

im gamomyvanebze, romlebic PTx portis xazebadaa gamoyenebuli. mona-

cemebis DPTx registrTan mimarTvisaTvis gamoiyeneba is brZanenebebi, 
romlebic operatiuli rezidentuli mexsierebis ujredebis mimarTvi-

saTvisaa gankuTvnili. garda amisa, mraval mikrokontrolerSi porte-

bis calkeuli Tanrigi SeiZleba bituri procesoris brZanebebiT iq-
nes gamokiTxuli. 

funqcionaluri TvalsazrisiT arsebobs: 1. calmxrivmimarTuli 
portebi, romlebic mikrokontroleris specifikaciis Sesabamisad ga-

moiyeneba informaciis marto Sesatanad an gamosatanad; 2. ormxrivmi-
marTuli portebi, romlebSic gadacemis mimarTuleba (Setana Tu ga-

motana) sistemis inicializaciis procesSi ganisazRvreba; 3. alter-
natiuli funqciis portebi. aseTi portebis calkeuli xazebi daka-

vSirebulia mikrokontrolerSi CaSenebul iseT periferiul mowyobi-

lobebTan, rogorebicaa taimeri, analogurcifruli gardamqmneli, mi-

mdevrobiTi mimReb-gadamcemi kontrolerebi. mikrokontroleris Sesa-

bamisi periferiuli modulis ararsebobisas misi gamomyvanebi SeiZle-

ba Setana/gamotanis Cveulebriv xazebad amoqmeddes. piriqiT, Tu mo-
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duli gaaqtivebulia, maSin Setana/gamotanis misi kuTvnili xazebi mo-

dulSi misTvis dakisrebuli funqcionaluri daniSnulebis Sesabamis-

ad avtomaturad funqcionirebs da SeuZlebelia Setana/gamotanis xa-

zebad maTi gamoyeneba. rogorc calmxrivmimarTuli, ise ormxrivmimar-

Tuli portebis xazebs SeiZleba hqondes alternatiuli funqciebi. 

ganvixiloT mikrokontroleris Setana/gamotanis xazebis buferTa 
sqemoteqnikuri Taviseburebebi. specialur literaturaSi Setana/ga-

motanis xazebis gamosasvlel kaskadebs xSirad draiverebs uwodeben. 
analoguri saxelwodeba aqvs personalur kontroleris programul 

saSualebebsac, magram maTgan gansxvavebiT Cven mier zemoT aRniSnuli 

draiverebi aparaturuli da ara programuli saSualebebia! Tanamed-

rove mikrokontrolerebSi ormxrivmimarTuli portebis umravleso-

bas SeuZlia damoukideblad dasaxos TiToeul xazSi gadacemis mima-

rTuleba, e. i. portad gaerTianebuli xazebis jgufs SeiZleba ise 

mimarTos, rogorc mexsierebis ujredebs, rac mosaxerxebelia parale-

luri fornatiT gacvlis organizebisas. saWiroebisamebr TiToeuli 

xazi individualuradac SeiZleba iqnes konfigurirebuli da mas imave 

portis sxva xazebisagan damoukideblad moemsaxuros bituri pro-

cesoris brZanebebi.  

ganasxvaveben Setana/gamotanis Semdegi saxis draiverebs: 1) ormx-
rivmimarTuli xazebi, romlebic Setanaze an gamotanaze aewyoba gada-

cemis mimarTulebis DDPTx registrSi bitis daprogramebiT; Setanis 

reJimSi muSaobis dros xazs aqvs maRali Sesasvleli winaRoba;  2) 

ormxrivmimarTuli xazebi, romlebic winaswar inicializacias ar sa-
Wiroebs; aseT xazebs wakiTxvisas aqvs gansakuTrebuli unari; Seta-

nis reJimSi muSaobis dros am xazsac maRali Sesasvleli winaRoba 

aqvs. 3) kvazi ormxrivmimarTuli xazi; ar saWiroebs winaswar inici-

alizacias; Setanis reJimSi draiveri avtomaturad axdens kvebis way-

ros Zabvis mniSvnelobis logikur 1-mde «amqaCavi» rezistors mier-

Tebas. 4) «amqaCavi» rezistorebis programulad mierTebis unaris 

mqone  ormxrivmimarTuli xazebi.  

portebisa da draiverebis sqemebis ganxilva cdeba Cveni wignis 

farglebs.  
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11.6. realur droSi mikrokontrole- 

rebis funqcionirebis sakiTxisaTvis  

 

mikrokontrolerulma sistemam marTvis amocanebis umravlesoba 

realur droSi unda gadawyvitos. es imas niSnavs, rom man samarTavi 
obieqtis arsebuli mdgomareobis sasurvel mdgomareobad Sesacvlel-

ad saWiro drois ganmavlobaSi unda  moaswros yvela  operaciis Se-

sruleba (obieqtis Sesaxeb sakontrolo informaciis miReba, damuSa-

veba da mmarTveli zemoqmedebis formireba).  

realur droSi funqcionirebisaTvis aucilebeli funqciebis pro-

cesorisaTvis dakisrebis SemTxvevaSi procesori iZulebuli gaxdeba 

gamoTvliTi procedurebisaTvis aucilebeli sakuTari ZviradRirebu-

li resursebi am mizniT daxarjos, rac ekonomikurad gaumarTlebe-

lia. amitom Tanamedrove mikrokontrolerebis umravlesoba aRWur-

vilia realur droSi funqcionirebisaTvis aucilebeli  aparaturu-
li uzrunvelyofiT, romelSic ZiriTad funqciebs taimeri (taime-

rebi) asrulebs. 

taimerebis moduli gankuTvnilia: 1) garkveuli movlenis dawyebis 

fiqsirebisaTvis (am informacias mas gare sensorebi awvdis); 2) mmar-
rTveli zemoqmedebis procesis droSi ganawilebisaTvis (nebismieri 

zemoqmedeba zustad maSin undi iqnes formirebuli, rodesac es auci-

lebelia marTvis procesis normaluri mimdinareobisaTvis).  

8-Tanrigiani mikrokontroleris taimeris moduli warmoadgens 

marTvis sqemiT aRWurvil 8- an 16-Tanrigian mTvlels. mikrokontro-

leris sqemoteqnikiT Cveulebriv taimeri gare movlenebis mTvlelis 

reJimSi muSaobisaTvis aris gaTvaliswinebuli, amitom mas Cveulebriv 

taimer/mTvlels uwodeben.  
mikrokontroleris SemadgenlobaSi gamoyenebuli tipuri taim-

er/mTvlelebis sqemebis ganxilva cdeba Cveni wignis farglebs. 

 

11.7. 8-Tanrigiani mikrokontrolerebis 

popularuli ojaxebi 

 

sarkinigzo avtomatikisa da telemeqanikis mikroprocesoruli mo-

wyobilobebis asagebad, rogorc zemoT aRvniSneT, farTod gamoiyeneba 

8-Tanrigiani mikrokontrolerebi. amis gamo ramdenadme dawvrilebiT 

ganvixilavT aRniSnul mikrokontrolerebs. 
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msoflio bazarze warmodgenili 8-Tanrigiani mikrokontrolerebis 

modifikaciaTa raodenoba imdenad didia, rom mxolod maTi saxelwo-

debaTa CamonaTvali ramdenime aTeul gverds daikavebs. amitom Cven 

aRniSnuli mikrokontrolerebis mxolod im ojaxebs davaxasiaTebT 

mokled, romlebmac bolo wlebSi moipova didi popularoba. 

am ojaxebs Soris, upirveles yovlisa, unda vaxsenoT MCS-51 bi-

rTvis mqone mikrokontrolerebi. MCS-51 birTvis mqone mZlavr 

klans safuZveli Cauyara firma Intel-ma, romelmac 1980 wels gamo-

uSva 8051AH saxelwodebis mikrokontroleri. Tavisi droisTvis igi 

sakmaod rTul nakeTobad iTvleboda, romlis kristalSi 128000 
tranzistori iyo ganTavsebuli. es mikrokontroleri Seicavda mi-

kroprocesorul MCS-51 birTvs, 4 kilobaitis moculobis reziden-

tul mudmiv damxsomebel (ROM) mowyobilobas, 128 baitian opera-
tiul damxsomebel (RAM) mowyobilobas, Setana/gamotanis 4 ports, 
2 taimersa da asinqronul ports. masSi arsebuli centraluri 

MCS-51 procesoris swrafmoqmedeba Tanamedrove gadasaxedidan ar 

iyo didi - Siga saltis sixSire Seadgenda 1 megahercs. samagierod 
Tavad MCS-51 birTvi imdenad warmatebuli aRmoCnda, rom man  ram-

denime aTeuli wlis ganmavlobaSi 8-Tanrigiani mikrokontrolerebis 

ojaxSi faqtoobrivi standartis saxeli daimkvidra.  

firma Intel-i permanentulad srulyofda MCS-51 arqiteqturis 

mqone mikrokontrolers, ris Sedegadac mis bolo modelebSi Siga 

saltis sixSire 3 megahecamde gaizarda, gamoCnda modelebi, romleb-

Sic programebisaTvis gankuTvnili mexsierebis moculobebi iyo 8, 16 
da 32 kilobaiti (nacvlad pirvandeli 2 kilobaitisa); mikro-

kontroleris SemadgenlobaSi gaCnda axali periferiuli modulebi 

(analogur-cifruli gardamqmneli, masivebis daprogramebadi mTvle-

lebi, modaraje taimeri).  

amavdroulad mTelma rigma sxva firmebma daamuSaves programebisa 

da monacemebis Tanamedrove (Flash da EEP-ROM) tipis mexsierebebisa 

da periferiuli modulebis gafarToebuli nakrebis mqone mikrokon-

trolerebi, romlebic kvebisaTvis iyenebda farTo diapazonSi cvlad 

Zabvasa da programulad MCS-51 mikrokontrolerTan iyo Tavsebadi. 

firma Intel-ma TandaTan Sewyvita 8-Tanrigiani mikroprocesorebis 

warmoeba. amis Sedegad 51-e ojaxis ZiriTad mwarmoeblebad gaxda fi-

rmebi «Phillips», «Infineon», «Atmel», «Dallas Semiconductor», «Temic».  

1999 wels firma  «Analog Devices»-ma 51-e birTvis safuZvelze warmo-

moadgina sruliad axali mikrokontroleri Adu812.  mas hqonda iseTi 
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SesaniSnavi teqnikuri maxasiaTeblebis mqone CaSenebuli acg da 

cag, rom Adu812-is ojaxs ewoda inteleqtualuri gardamqmnelebi 
anu mikrokonvertorebi. 

MCS-51 ojaxis Seqmnis paralelurad firmam «Motorola» daamuSa-

va mikrokontrolerebis dRemde popularuli HCO5 ojaxi. am ojaxis 
farglebSi firma «Motorola»-am sajarod dasaxa «SekveTili» mikro-
kokontrolerebis strategia, romelsac dRemde warmatebiT axorci-

elebs. am ojaxis mravali modeli imis wyalobiT iqmneba, rom msxvi-

lma momxmareblebma firmebi «Motorola»-as konkretuli produqciisa-

Tvis garkveuli konfiguraciis mikrokontrolerebs ukveTavs. dRes 

HCO5 ojaxSi DIP16 korpusSi moTavsebuli umartivesi 68HC05KJ1 

mikrokontroleridan dawyebuli da ukorpuso 128-gamomyvaniani Za-

lian rTuli 68HC05L10 mikrokontroleriT damTavrebuli (romel-

lsac aqvs  Txevadkristaluri indakatoris 960 segmentis mmarTveli 

CaSenebuli kontroleri) sxvadasxva saxis daaxloebiT 180 mikrokon-
troleria gaerTianebuli mTeli. Tavisi arsebobis ganmavlobaSi 

HCO5 ojaxi MCS-51-is Zlieri da warmatebuli opo-nentia. 

 MCS-51 ojaxis mikrokontrolerebis sapirwoned, romlebic age-

bulia harvarduli arqiteqturis gamoyenebiT, HCO5 ojaxis mikro-
kontrolerebSi pristonuli (fon neimaniseuli) arqiteqturaa re-

alizebuli. am ukanasknel ojaxSi marTvis Tundac Zalian martivi 

amocanebis gadasawyvetad gamoyenebulia SesaZlo teqnikuri gadawyve-

tebis mravalferovani speqtri, risi meSveobiTac momxmarebelis te-

qnikuri moTxovnebis srulad dakmayofileba miiRweva yovelgvari ar-

qiteqturuli da mwarmoebluri siWarbis gareSe. HCO5 ojaxis mik-

rokontrolerebis aseTi xangrliv warmatebas gansazRvravs arc zes-

wrafmoqmedeba (modelebis umravlesobis Siga saltis sixSire 2 mega-
hercis tolia) da arc brZanebaTa unikaluri nakrebi. warmatebas 

ganapirobebs masobrivi moxmarebis bazris sxvadasxva seqtorze Za-

lian zust orientacia. umartivesi HCO5 modulis ucvlelad Senar-

Cunebis fonze gamoiyeneba uaRresad mravalferovani periferiuli mo-

dulebi. es saSualebas iZleva, konstruqtors TiToeuli amocanisaT-

vis Seiqmnas arqiteqturis  praqtikulad araWarbi resursi, rac 

nakeTobid minimalur Rirebulebas ganapirobebs. 

iaf «SekveTil» HCO5 ojaxTan erTad «Motorol»-m 1980 welsave 

SemogvTavaza universaluri da ufro mwarmoebluri mikrokontrole-

rebis HCO11 ojaxi. dReisaTvis am ojaxSi 40-mde modelia gerTiane-

buli HCO5 ojaxisagan gansxvavbebiT HCO11 ojaxis procesoruli 
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birTvisTvis SesaZlebelia operaciebis Sesruleba 16-Tanrigian opera-
ndebze, igi iyenebs damisamarTebis damatebiT meTodebs da mas aqvs  
Sinagani salteebis amaRlebuli (4 megahrcamde) sixSire. HCO11 oj-

axis mikrokontrolerebs aqvs sami tipis mexsiereba, kerZod, pro-
gramebisaTvis gankuTvnili erTjeradad daprogramebadi mudmivi mexsi-

ereba, monacemebisaTvis gankuTvnili operatiuli damxsomebeli mowyo-

biloba da eleqtrulad rogorc daprogramebadi, ise waSladi mexsi-

ereba monacemebisaTvis.  

wina saukunis 90-ian wlebSi firma «Motorola»-m mikontrolerTa 

HCO5 saxelwodebis mqone ojaxis momavalSi Secvlisa da axali 

«samrewvelo standartis» Seqmnis formirebis ambiciuri gegmis real-

izebis mizniT momxmarebelTa samsjavroze gamoitana 8-Tanrigian mi-
krokontrolerTa HCO8 saxelwodebis mqone axali ojaxi. am ojaxis 

damaxasiaTebeli niSnebia: 

▲ maRalmwarmoebluri 8-Tanrigiani alm. misi mwarmoebluroba 

gazrdilia: a) Siga salteebiT informaciis gacvlis sixSiris 8,0 me-
gahercamde amaRlebis; b) mocemuli brZanebis Sesrulebisa da momdev-

no brZanebis amorCevis ciklebis urTierTSeTavsebis; g) cxrilebis 

daTvalierebis specialuri brZanebebis Semotanisa da Sesabamisi ci-

klebis organizebis; d) operandebis damisamarTebis xerxebis raodeno-
bis gazrdis gziT. 

▲ HCO5 ojaxis procesorul birTvTan «Tavidan bolomde» pro-
gramuli SeTavsebadoba rogorc sawyisi teqstis, aseve obieqturi ko-

debis doneze; 

▲ momxmareblisa programebisaTvis gankuTvnili mudmivi damxsome-

beli (ROM) mowyobilobisaTvis Flesh-teqnologiaze gadasvla. umra-

vlesi tipis mikrokontrolerebisaTvis proeqtdeba «korpusidan kor-

pusSi» Secvlis SesaZleblobis mqone ori modeli. es modelebi fu-

nqciuri Semadgenlobis mixedviT erTmaneTis sruli identurebia da 

erTmaneTisagan ROM-Si informaciis Setanis teqnologiiT gansxvav-

deba (erTSi gamoiyeneba maskROM xolo meoreSi - Flesh  teqno-

logia); 

▲ periferiuli modulebis biblioTeka Seicavs informaciis mim-

devrobiT gamcvleli kontrolerebis gafarToebul nakrebs; firma 

«Motorola»-s mikrokontrolerebisaTvis standartuli asinqronuli 

(SCI) da sinqronuli (SPI) gacvlis portebis garda damuSavebulia 

samrewvelo qselebSi CAN protokoliT, agreTve gamoTvliTi teqni-
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kaSi dRes gavrcelebuli USB saltiT muSaobisaTvis gamiznuli ko-

ntrolerebi; 

▲ arsebiTadaa gaumjobesebuli mikrokontroleris gamarTvis Se-

saZlebloba. CaSenebuli monitori da specialuri porti SesaZlebels 

xdis marTvis gamoyenebiTi programebi uSualod dasamzadebeli pro-

duqciis (saboloo nakeTobis) dafaze gavmarToT ZviradRirebuli sqe-

muri emulatorebis gamouyeneblad; 

▲ programebisaTvis gankuTvnili Flesh tipis mqone mikrokontro-

lerSi SeiZleba realizebuli iqnes sistemaSi daprogramebis reJimi, 
romlis drosac programa nakeTobis dafaze stacionarulad ga-

nTavsebul mikrokontrolis mexsierebaSi Seitaneba. programis kodebi 

personaluri kompiuteridan mimdevrobiTi interfeisiT gadaicema; 

▲ specialuri sqemoteqnikuri gadawyvetebis gamoyenebis meSveobiT 

amaRlebulia eleqtromagnituri dabrkolebebis pirobebsa da araxel-

sayrel garemoSi momuSave mikrokontrolerebis funqcionirebis saime-

dooba.  

1980 wlis boloSi firma «Motorola»-m daamzada PIC16C5x tipis 

mikrokontroleri, romelmac dasabami misca PIC16 ojaxis farTo ga-

vrcelebas. maRali mwarmoeblurobis, mcire moxmarebuli simZlavrisa 

da dabali Rirebulebis gamo RISC-arqiteqturianma am ojaxma seri-

ozuli konkurencia gauwia im periodSi gamoSvebad CISC-arqiteqtu-

rian mikrokontrolerebs da saTave daudo martiv erTsityvian brZa-
nebaTa sistmis mqone RISC-arqiteqturas. sabaziso PIC16C5x ojaxi 

mxolod 33 brZanebas Seicavs. yvela brZaneba, garda gadasvlis brZa-

nebebisa, erT samanqano ciklSi sruldeba. 20 megaherci sixSiriT ta-
qtirebis dros PIC16C5x–s mwarmoeblurobaa 5 MIPS. dReisaTvis 

firma uSvebs RISC-arqiteqturiani mikrokontrolerebis Semdeg xuT 

ojaxs: 

1) PIC15C5x ojaxs, romelSic Sedis minimaluroi raodenobis 

periferiuli mowyobilobebis mqone iafi mikrokontrolerebi;  

2) PIC12Cxxx ojaxs, romelSic Sedis miniaturul 8-gamomyvanian 
korpusSi moTavsebul mikrokontrolerebs, romlebSic CaSenebulia 

taqturi generatori; aRniSnuli «miniaturuloba» am ojaxis zogi-
erT wevrs xels ar uSlis gaaCndes CaSenebuli analogur-cifruli 

gardamqmnelis 8-Tanrigiani moduli;  

3) PIC16x/7x/8x/9x ojaxs, romelSic Sedis ganviTarebuli perife-

feriani mikrokontrolerebi. periferiuli modulebis SemadgenlobaSi 

Sedis wataceba/Sedarebis opciebiani taimer-mTvlelebi, ganedur-impu-
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lsuri modulatorebi, analoguri komparatorebi, acg, sxvadasxva 

(mimdevrobiTi da paraleluri) mimdevrobis interfeisuli kontro-

lerebi;       

4) PIC17C4 x/5xx ojaxs, romelSic Sedis brZanebaTa gafarToebu-

li sistemisa da vrceli periferiis mqone maRalmwarmoebluri mi-

krokontolerebi; am ojaxis mikrokontrolerebs gaaCnia CaSenebuli 

aparaturuli 88 mamravlebels, romelic gamravlebis operacias erT 

samanqano ciklSi asrulebs;  

5) PIC18Cxxx ojaxs, romelSic Sedis  C-kompilatoris gamoyene-

biT optimizebuli RISC-birTvis mqone mikrokontrolerebs, romelTa 

Siga saltis sixSire 10 megahercis tolia.  

1997 wels  firma «Atmel»-ma warmoadgina AVR ojaxis pirveli 

mikrokontrolerebi. AVRAT90S ojaxi aerTianebs harvardul mZlavr 

RISC-procesorebs, romlebSic programebisa da monacemebis mexsiere-

erebasTan gancalkevebulad xdeba daSveba, gamoiyeneba saerTo daniSnu-

lebis 32-Tanrigiani registrebi da brZanebaTa ganviTarebuli sistema. 

AVR ojaxis momdevno versiaTa alm-is SemadgenlobaSi Seitanes apa-

raturuli mamravlebeli. AVR-is brZanebaTa bazuri nakrebi Seicavs 

120 instruqcias. brZanebebis umravlesoba sruldeba erT samanqano 

ciklSi da mTeli rigi wevrebis mwarmoebluroba 20 MIPS–is tolia. 

AVR-is periferiaSi Sedis paraleluri portebi, taimer-mTvlelebi, 

sxvadasxva mimdevrobiTi interfeisebi, acg, analoguri komparatore-

bi. ganasxvaveben AVR–is Semdeg sam serias: 

1) tiny AVR seria, romelic moicavs 8-gamomyvanian iaf korpusSi 
moTavsebul mikrokontrolerebs;                

2) classic AVR seria, romelic mTavari seraa. masSi gaerTianebulia 

16 MIPS-mde mwarmoeblurobis mikrokontrolerebi, romlebSic 8 ki-
lobaitamde moculobis programebi Seinaxeba Flesh mexsierebaSi, xo-

lo da 128 baitidan 512 baitamde monacemebisTvis realizebulia sta-

tikuri RAM; 

3) mega AVR seria. masSi gaerTianebulia mikrokontrolerebi, 

romlebsac aqvs didi (128 kilbaitamde) moculobis fleS tipis mu-
dmivi damxsomebeli (Flesh ROM) mowyobiloba, 4 kilobaitamde mocu-

lobis operatiuli (RAM) mexsiereba da romelTa mwarmoebluroba  

16 MIPS-mdea. aRniSnuli mikrokontrolerebi gamoiyeneba rTuli amo-

canebis gadasawyvetad. 
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12.1. zogadi cnobebi 

 

asze meti wlis winaT adamianis mier agebuli signalizaciisa da 
blokirebis (sarkinigzo avtomatikisa da telemeqanikis) releuri mo-
wyobilobebi saSualebas gvaZlevda ara marto agvemaRlebina matarebe-

lTa moZraobis siCqare, aramed Tavidan agvecilebina avariebi. moZra-

obis dabali intensivobis dros usafrTxoebis sakmarisi donis dac-

viT matarebelTa moZraobis marTva meisreebsac SeeZlo. moZraobis si-

Cqarisa da intensivobis amaRlebis Semdeg meisris SesaZleblobebi ar 

aRmoCnda sakmarisi swori moqmedebebis droulad ganxorcielebisaT-

vis. Seqmnili situaciidan gamosvlis mizniT damuSavda zemoT aRniS-

nuli mowyobilobebi. 

dRes mowmeni varT imisa, rom msgavsi mowyobilobebi gamoiyeneba 

yvela sxva saxis transportis marTvisaTvis. 

saaviacio transportis moZraobis marTvisaTvis zemoT aRniSnuli 

releuri mowyobiloebis analoguri mowyobilobebi gamoiyeneba ro-

gorc saaerodomo zonaSi, ise trasebzec. am mowyobilobaTa Tavise-

burebaa is, rom sahaero transporti sam ganzomilebaSia ganfenili. 

adamianebs aucileblad sWirdebaT hqondeT sakuTari «mesame ganzomi-

leba», romelic maT gauZlierebs gadawyvetilebis swrafi miRebis un-

ars. releuri mowyobilobebi adamianebs swored am «mesame ganzomile-

bis» SeZenaSi exmareba. sarkinigzo signalizaciisa da blokirebis mo-

wyobilobebis gamogonebidan saukuneze meti xnis gasvlis Semdegac am 

mimarTulebiT adamianis bunebrivi unari umniSvnelod gaizarda, xolo 

transportis funqcionirebis algoriTmebi mniSvnelovnad garTulda. 

amis gamo gadawyvetilebis miRebis amocana asi wlis gavlis Semdeg 

kidev ufro aqtualuri gaxda. sabednierod Tanamedrove mikroproce-

soruli sistemebis saxis mqone releuri mowyobilobebis udidesi ga-

nviTarebis wyalobiT adamians dRes am amocanis gadasawyvetad gaci-

lebiT meti SesaZleblobebi aqvs.  

saaviacio xazebze moZraobis marTvis problemis gadawyveta garda-

uvlad unda efuZnebodes damxmare saSualebebs, romlebic kritikul 

XII Tavi 

transportze mikropro-

cesoruli teqnikis gamoyeneba  
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pirobebSi amaRlebs adamianis unars, swrafad miiRos swori gadawyve-

tileba. gadawyvetilebaTa Sedegebis Tanabari mniSvnelobis dros zem-

oT aRniSnuli sakmarisi ar aris. romelime gadawyvetilebis uSecdo-

mobaSi darwmunebis SemTxvevaSic ki adamiani mainc ar wyvets yvela 

SesaZlo gadawyvetilebebidan «saukeTesos» Zebnis process. sxva si-
tyvebiT rom vTqvaT, adamians manam ar daakmayofilebs usafrTxo ga-

dawyvetilebebis konkretuli nakrebi, sanam ar darwmundeba, rom igi 

sxva nakrebebze ufro optimaluria.  

mikroprocesoruli teqnika farTod gamoiyeneba saavtomobilo 
transportzec. ganvixiloT aRniSnuli gamoyenebis zogierTi magali-

Ti. 

avtomobilis erT-erT mTavari nawilia benzinze momuSave Sigawvis 

Zrava. misi muSaobisaTvis saWiroa haerisa da sawvavi airebis garkve-

uli proporciis narevis momzadeba. aRniSnuli narevis momzadebis 

process karburacia, xolo am procesis marealizebel mowyobilobas 

– karburatori ewodeba. damyarebuli siCqariT manqanis moZraobisas 

sawvav airTan haeri 15:1 proporciT unda iyos Sereuli; gacivebuli 

Zravas amuSavebisaTvis moiTxoveba ufro maRali, kerZod. 10:1–is to-
li proporcia. Tanabari moZraobisa da Zravas efeqturi muSaobis uz-

runvelyofisaTvis aucilebelia efeqturi karburacia. 

karburatori, samwuxaros, ver uzrunvelyofs samuSao reJimebis 
mTel diapazonSi optimaluri Semadgenlobis narevis miwodebas. amas 
ganapirobebs karburatorisaTvis damaxasiaTebeli iseTi sayovelTaod 

cnobili nakli, rogoricaa uqmi svlisa da mcire datvirTvebis dros 

Zravas muSaobis dros narevis Semadgenlobis uzrunvelyofis dabali  

sizuste. amis Sedegad gvixdeba narevi zedmetad gavamdidroT, radgan 

sawinaaRmdego SemTxvevaSi dabali brunvebis dros Zrava aramdgradad 

imuSavebs. karburatorSi sawvavis miwodebas gansazRvravs tivtivur 

kameraSi misi done, romelzec gavlenas axdens benzinis simkvrive 

(sxvadasxva xarisxis benzinebisaTvis igi icvleba 0,7-0,78 
 

   
 far-

glebSi). benzinis simkvrive Tavis mxriv mniSvnelovnadaa damokidebu-

li temperaturaze. amitom karburatoris muSaoba unda icvlebodes 

benzinis xarisxisa da temperaturis cvlilebis kvalobaze, rac jer-

jerobiT SeuZlebelia. kameraSi benzinis done icvleba manqanis aCqa-

rebulad, mosaxvevebSi, daRmarTze, ryevebiT moZraobisas, rac cvlis 

cilindrebSi mis miwodebas; garda amisa, temperaturazea damoki-

debuli haeris simkvrivec, e. i. masSi arsebuli Jangbadis raodenobac. 
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mravali aTeuli welia cdiloben karburacia Secvalon sawvavis 

marTulad SefrqveviT. 1939 wels italiaSi Moto Guzzi–s mier Se-
moTavazebuli iqna eleqtruli marTviT sawvavis Sefrqvevis sistema; 

1957 wels firma Chrysler–ma daamuSava vakuumuri milakebiT agebuli 

sawvavis Sefrqvevis mmarTveli sistema. sawvavis Sefrqvevis procesis 

mmarTveli tranzistoruli sistemebi 1967 wels daamuSava Volkswa-

gen–ma, xolo 1971 wels Nissan–ma. 

benzinis ZravebisaTvis sawvavis Sefrqvevis mmarTveli sistema, ro-

melic uzrunvelyofs yvelaze mkacr moTxovnebs, moxerxda mikropro-

cesoruli teqnikis gamoCenis Semdeg. dRes isini gamoiyeneba yvela 

klasis avtomobilebSi. yvelaze metad gavrcelda sawvavis ganawile-

bulad Semfrqvevi impulsuri sistemebi, romlebSic frqvevanebi Ti-

Toeuli cilindris milyelebSi sarqvelebis maxloblad yendeba.  

Zravas marTvis garda mikroprocesorebi gamoiyeneba antiblokire-

bisa da antiwabuqsavebis sistemebSi. 

antiblokirebis sistemebi mudmivad zomavs Tvlebis brunvis kuTx-

uri siCqares da damuxruWebisas uzrunvelyofs yvela Tvlis erTnair 

kuTxuri siCqariT brunvas; aRniSnuli maqsimalurad amcirebs damux-

ruWebis manZils da eqstrenuli damuxruWebis dros inarCunebs ma-

nqanis marTvadobas. 

zemoT aRniSnuli funqciis msgavs funqcias asrulebs antiwabuq-

savebis sistemebi, romlebic wamyvan Tvlebs ar aZlevs wabuqsavebis 

SesaZleblobas. es gansakuTrebiT mniSvnelovania winaamZravian avtomo-

bilebSi, radgan isini ukanaamZravian manqanebze ufro advilad kargavs 

gzasTan SeWidulobas.  

mikroprocesoruli sistemebi gamoiyeneba agreTve: 1) farebisa da 
naTebis mmarTvel sistemaSi; 2) Sejaxebis mafrTxilebel sistemaSi; 

3) usafrTxoebis baliSebis marTvisaTvis; 4) imobibilaizeris (manqan-

is gatacebis sawinaaRmdego eleqtronuli mowyobilobis nairsaxeob-

is) funqcionirebisaTvis; 5) saproeqcio displeisaTvis; 6) minis saw-
mendebis marTvisaTvis; 7) audosistemisaTvis; 8) eleqtronuli kompa-

sisaTvis; 9) adapteruli sakidaris sixistis regulirebisaTvis; 10) 
dasajdomebis marTvisaTvis; 11) saburavebSi wnevis monitoringisa da 
avtodatumbvis organizebisaTvis; 12) transmisiis marTvisaTvis da a.S. 

sainteresoa im faqtis aRniSvna, rom avtomobil «Peugeot 206»-s 

bortze funqcionirebs 27 mikrokontroleri, xolo iseTi umaRlesi 

klasis avtomobilSi, rogoricaa meSvide seriis «BMV», gamoyenebu-
lia 60-ze meti mikrokontroleri. 
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rkinigzebsa da saaviacio transportze moZraobis marTvisaTvis 

releuri mowyobilobebis gamoyenebis Sesaxeb zemoT gamoTqmuli mo-

sazrebiT naTlad Cans, rom releuri mowyobilobebis ZiriTadi dani-

Snulebaa adamians gadawyvetilebis swrafad miRebaSi daexmaros. mmar-

Tveli releuri mowyobilobebis TiToeuli gamosasvleli signali 

konkretuli mmarTvelobiTi gadawyvetilebis inicirebas iwvevs. mowy-

obilobebis Sesasvlelebs miewodeba signalebis rogorc calkeuli 

kombinaciebi, ise kombinaciaTa garkveuli mimdevrobebi. calkeuli ko-
mbinacia gansazRvravs drois mocemul momentSi formirebul xdomi-

lobas, xolo mimdevrobebi – am xdomilobis warmoSobis istorias. 

sxvadasxva istoriuli gziT formirebul erTi da imave Sesasvlel 

signalebs saWiroebis SemTxvevebSi unda SeeZlos sxvadasxva gamosas-

vleli signalebis formireba. swored es garemoeba unda gaiTvaliswi-

nos konstruqtorma mmarTveli releuri mowyobilobaTa agebis dros. 

es imas niSnavs, rom xSirad mmarTvel releur mowyobilobas garkve-

uli Sesasvleli kombinaciis formirebis istoriis damxsomebeli «me-
xsierebac» unda gaaCndes.   

marTvis mikroprocesoruli sistemebis sinTezisa da analizis zo-

gadi sakiTxebi mesame TavSi gvaqvs gadmocemuli. konkretizaciis miz-

niT am TavSi SedarebiT dawvrilebiT ganvixilavT avtomatikisa da 

telemeqanikis sasadgure sistemebSi mikrorocesoruli teqnikis gamo-

yenebis ZiriTad principebs.        

 

12.2. sarkinigzo avtomatikisa da telemeqanikis  

mikroprocesorul sitemebze gadasvlis safuZvlebi  

 

sarkinigzo avtomatikis telemeqanikis sistemebis (sats-is) ga-

nviTarebis etapebi icvleboda maT asagebad gamoyenebuli saelemento 

bazisa da amis safuZvelze Tavad sistemebis asagebad gamoyenebuli 

saimedoobisa da usafrTxoebis meTodebis cvlilebis kvalobaze. ga-

nviTarebis saukuneze meti xnis ganmavlobaSi gamoiyofa aRniSnuli 

sistemebis ganviTarebis xuTi etapi: 1) I etapi (1860-1900) – meqani-
kuri sistemebis etapi; 2) II etapi (1900-1930)- eleqtromeqanikuri 

sistemebis etapi; 3) III etapi (1930-1960) - releuri sistemebis 

etapi; 4) IV etapi (1960-1980) - naxevargamtaruli sistemebis etapi, 

romelic momdevno etapis qveetapad SeiZleba CavTvaloT; 5)V etapi 
(1980 wlidan dRemde) - mikroprocesoruli sistemebis etapi. 
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sats-ebis agebisaTvis gamoyenebuli releuri saelemento bazidan 

mikroprocesorul saelemento bazaze gadasvlis aucileblobas gana-

pirobebs aRniSnuli sistemebis ganviTarebis oTxi tendencia: 

1. sistemaTa funqciuri sirTulis amaRleba. rkinigzebis gamtaro-
bisa da gadazidvebis unaris mudmivi gazrdisa da matarebelTa moZra-

obis siCqaris amaRlebis aucilebloba sats-ebisagan moiTxovs axa-

li funqciebis Sesrulebas, maTi saeqspluatacio da teqnikuri maxa-

siaTeblebis gaumjobesebas. es funqciebi gacilebiT rTulia, vidre 

is funqciebi, romlebic adre wydeboda releuri sistemebis mier. ma-

galiTad, dReisaTvis ukve sakmarisi ar aris moZraobis usafrTxoeb-

is pirobebis dacviT marSrutis gamzadeba da SuqniSnis gaReba, rom-

lebsac warmatebiT asrulebs avtomatikisa da telemeqanikis sasadgu-

re releuri sistemebi. dRis wesrigSi dgeba sxvadasxva kriteriumeb-

is gaTvaliswinebiT iseTi optimaluri marSrutebis amorCevis amoca-

na, romlis formirebis procesSi gaTvaliswinebuli iqneba matareb-

lis wona da sigrZe, sadgurSi matareblis Semosvlis drois da am 

matareblis nomris fiqsireba, mezobeli sadgurebisaTvis matareblis 

maxasiaTeblebis miwodeba da a. S. sxva sityvebiT rom vTqvaT, sats-

ebis mier gadasawyveti logikuri amocanebi TandaTanobiT gardaiqmneba 
gamoTvliT amocanebad. universaluri kompiuterebiTa an sqemuri xer-

xebiT maTi gadawyveta ver mogvcems saWiro efeqts; amas ganapirobebs 

is garemoeba, rom, jer erTi,  Znelia rogorc aucilebeli programe-

bis Seqmna, aseve scb-s pirobebTan universaluri kompiuteris Se-

guebis amocanis gadawyveta, da meorec, aseTi midgomis Sedegad miiRe-
ba veeberTela da Zalian Zviri mowyobilobebi. 

aRniSnuls adasturebs eleqtronuli centralizaciis Sesaqmnel-

ad daxarjuli ocwliani periodis ganmavlobaSi miRebuli gamocdi-

leba, romlis drosac ver moxerxda praqtikulad misaRebi saxis sis-

tetemis ageba; warumateblobis mTavari mizezi iyo sistemis asagebad 

aucilebeli saelemento bazis ararseboba. mikroprocesorebis gamo-

yenebam SesaZlebeli gaxada am amocanis praqtikul doneze gadawyveta. 

dReisaTvis, rodesac msoflios mowinave qveynebSi ukve funqcioni-

rebs mikroprocesoruli teqnikis gamoyenebiT agebuli sasadgure da 

sagadasarbeno, avtomaturi salokomotivo signalizaciis, matarebel-

Ta avtomaturi tarebis sistemebi da mowyobilobebi, gorakis avtoma-

tikis kompleqsebi, sruliad naTeli gaxda, rom swored mikroproce-
soruli teqnika gansazRvravs sats-ebis Semdgom ganviTarebas. aseve 
gamoikveTa, rom mikroprocesorebis gamoyeneba moiTxovs sarkinigzo 
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avtomatikisa da telemeqanikis sistemebis agebisaTvis dRemde arsebu-

li midgomebis gadafasebas. aucilebelia amocanebis Zalian zusti da-

sma, maTi gadawyvetebis gzebis yvelaze efeqturi gzebis saqmis codn-

iT dasabuTeba da saTanado realizacia. 

2. sistemebis struqturuli garTuleba. sats-ebze dakisrebuli 

funqciebis raodenobis gazrda arTulebs maT struqturas. sistemis 

Semadgeneli blokebis raodenoba ramdenime aTeuljer izrdeba. swor-

ed aseTi pirobebis dros gvaZlevs mogebas zedidi integraluri sqe-

mebis gamoyeneba. amas Tu davumatebT imas, rom gamoviyenebT farTo 

funqciuri SesaZleblobebis mqone universalur elementebs, darwmu-

nebulebi unda viyoT, rom miviRebT  gansacvifrebel Sedegebs. swo-

red aseT elementebs warmoadgens mikroprocesorebi. mcire gabari-

tebisa da dabali Rirebulebis gamo swored mikroprocesorebs SeuZ-
lia warmatebiT moaxdinos sats-ebis funqciaTa realizacia.  

3. saimedobisadmi wayenebuli moTxovnebis amaRleba. adamianidan av-
tomatikis saSualebebisaTvis gadacemuli funqciebis raodenobis ga-

zrda zrdis mtyunebis fass. mxedvelobidan ar unda gamogvrCes 

sats-ebis momsaxurebis procesebis Sromatevadobac. mtyuneba, rome-

lic ar warmoqmnis saSiS situacias, xSirad iwvevs matareblebis xan-

grZliv dayovnebas. bunebrivia, rom am situaciaSi sistemis saimedo-

oba umniSvnelovanesi da aucilebeli pirobaa. saimedoobis amaRlebis 

ZiriTadi gzaa – sistemis sxvadasxva doneze siWarbis Setana, rac 

xSirad aormagebs da asammagebs aparaturis moculobas. srufasovnad 

swored aq vlindeba mikroprocesoruli teqnikis SesaZleblobebi.  

4. kontrolvargisobisadmi wayenebuli moTxovnebis amaRleba. 
sistemebis garTuleba da axali integraluri saelemento bazis gamo-

yeneba Zalian arTulebs momsaxurebasa da remonts. amis gamo axali 

sistemis damuSavebis etapzeve unda miviRoT zomebi misi momsaxureb-

is gasamartiveblad, mtyunebebis moZebnisa da SekeTebis gasaadvileb-

lad, e.i. sistema unda gavxadoT kontrolvargisi. am TvisebiT si-
stemis aRWurvisTvisac saWiro xdeba misi siWarbis gazrda. zogjer 

sul raRac ramdenime elementis damatebac ki mniSvnelovnad aadvil-

ebs uwesivrobis moZebnas, rac aadvilebs momsaxure personalis saqmi-

anobasa da aumjobesebs sistemis saeqspluatacio pirobebs.  

sats-ebis ganviTarebis zemoT CamoTvlili tendenciebisadmi mi-

kroprocesoruli sistemebis Sesatyvisobas. upirveles yovlisa, gana-

pirobebs mikroprocesorebis universaloba, e.i. maTi unari sistemis 
struqturis Seucvlelad, mxolod programuli meTodebis gamoyene-
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biT gadawyvitos marTvis procesSi warmoSobili gamoTvliTi da lo-

gikuri amocanebi. Teoriuli TvalsazrisiT universaloba gamomdina-

reobs fundamenturi principidan: aparaturuli saSualebebiT reali-
zebadi nebismieri procesi  programuladac SeiZleba iqnes realize-
buli da piriqiT. 

mikroprocesoruli sistemebis meore umniSvnelovanesi Tvisebaa 

moqniloba, e. i. erTi amocanidan meoreze programulad gadawyobis 

SesaZlebloba. swored am Tvisebazea dafuZnebuli moqnili avtomati-
zebuli warmoebis ganviTareba. 

maSasadame, mikroprocesorebis universaloba da moqniloba saSu-

alebas gvaZlevs, mniSvnelovani droiTi da materialuri danakargebis 

gareSe gadavwyvitoT sistemis struqturuli sirTulis amaRlebiT 

warmoqmnili problemebi. saimedoobisa da kontrolvargisobis amaR-

lebasTan dakavSirebuli problemebis advilad daZlevis saSualebasac 

gvaZlevs mikroprocesorebisaTvis damaxasiaTebeli maRali sakuTari 

saimedooba, mcire gabaritebi da Rirebuleba. es maxasiaTeblebi mni-

Svnelovani siWarbis mqone mikroprocesoruli sistemebis realurad 

agebis saSualebas gvaZlevs, rac Seesabameba sats-ebisadmi wayene-

bul axal moTxovnebs.  

unda aRvniSnoT mikroprocesoruli sistemebis kidev erTi Rirseba 

– damzadebis maRali teqnologuroba. amas ganapirobebs is garemoeba, 
rom sistemis asagebad gamoyenebuli standartuli modulebi, romle-

bic makompleqtebeli nakeTobebia, Tavis mxriv aTeulobiT aTasi fun-

qciuri elementebisagan Sedgeba. 

sxvadasxva mowyobilobebSi mikroprocesorebis danergvis intense-

uroba maTi xelmisawvdomobiTaa ganpirobebuli. isedac iafi seriuli 

mikroprocesorebis Rirebulebas Semcirebis tendencia aqvs. Tavisi 

ganviTarebis 20 wlis ganmavlobaSi warmoqmnilia aseTi elementebis 

5 Taoba, romlebSic gaerTianebuli mikroprocesorebis integraciis 

xarisxi da swrafmoqmedeba permanentulad izrdeba. aRvniSnavT, rom 

kristalze ganTavsebulma elementebis raodenobam ukve 2 miliards 

gadaaWarba, xolo wamSi Sesrulebuli operaciebis raodenoba gadacda 

1012-s. 
dReisaTvis mikroprocesoruli teqnikis ganviTarebis tempebi win 

uswrebs diskretuli sistemebis ganviTarebisa da sats-ebisadmi ax-

al moTxovnebis wayenebis tempebs. swored es warmoadgens mikropro-

cesoruli saelemento bazis perspeqtulobis mTavar niSans. 
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mikroprocesorul sistemaTa Rirsebebze laparikis dros mxedve-

lobidan ar unda gamogvrCes maTi Seqmnis dros warmoSobili siZne-

leebic. upirveles yovlisa, unda aRvniSnoT, rom aparaturul dis-

kretul mowyobilobebTan SedarebiT mikroprocesorul sistemebSi 

mcirdeba gamoTvlebis siCqare, rac operaciebis programulad reali-

zaciiTaa gamowveuli. aparaturuli realizaciis dros ar arsebobs 

universaloba da yoveli funqciis Sesasruleblad specialuri logi-

kuri sqema aigeba. programuli realizaciis dros gamoTvlebis pro-

cesi iyofa mTel rig mikrooperaciebad da isini droSi mimdevrobiT 

realizdeba. garda amisa, erTi da igive amocana SeiZleba sxvadasxva 

programiT iqnes gadawyvetili.  

swrafmoqmedebis Semcirebam drois realur masStabSi momuSave 

marTvis sistemebs maSin SeiZleba Seuqmnas siZnele, rodesac marTvis 

signalebis formirebaze ufro swrafad Tavad marTvis procesi mimdi-

nareobs. vinaidan sarkinigzo transportze mimdinare teqnologiuri 

procesebi sakmaod nelia, amitom, aseTi SezRudva ar warmoadgens gan-

msazRvrels. igi SeiZleba davZlioT paraleluri gamoTvlebis orga-

nizebiTa da zogierTi funqciebis aparaturulad SesrulebiT (aseTi 

tendencia damaxasiaTebelia Tanamedrove kompiuteruli sistemebi-

saTvisac). 

mikroprocesorul teqnikaze gadasvlisas warmoSobili meore 

problemaa realur pirobebSi momuSave mikroprocesoruli sistemebis 
dabrkolebamdgradobis uzrunvelyofa. es problema ar aris axali da 

nebismieri mikroeleqtronuli sistemisTvisaa damaxasiaTebeli. igi ga-

nsakuTrebiT gamwvavda mikroeleqtronuli da releur-kontaqturi 

mowyobilobebis erToblivi gamoyenebis dros. am mimarTulebiT xangr-

Zlivi muSaobis periodSi damuSavebuli iqna rTul eleqtromagnit-

ur garemoSi funqcionirebadi mikroprocesoruli sistemebis dabrko-

lebamdgradobis uzrunvelyofis mravali xerxi da saSualeba. 

kidev erT siZneles warmoadgens mikroprocesoruli sistemebis 

momsaxureba, maTSi warmoSobili uwesivrobebis povna da SekeTeba. 

amis gadawyvetisa gzaa kontrolebavargisi sistemebis Seqmna, bloku-

ri gaformeba da mtyunebaTa indikacia. 

mikroprocesoruli sistemebis ganmasxvavebeli niSania is, rom 

programuli uzrunvelyofa did zegavlenas axdens sistemaTa sirTu-

lesa da saimedoobaze. Zalian rTulia did sistemaTa programebi, rac 

moiTxovs, rom am sistemaTa Semqmnelebs daproeqtebis, gamarTvisa da 

testirebis sferoSi hqondeT sakmaod maRali gamocdileba.    
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12.3. eleqtruli centralizaciis agebis sakiTxebi 

   
eleqtruli centralizacia specifikuri logikuri (orobiTi) 

funqciebis marealizebeli rTuli diskretuli sistemaa. aRniSnuli 

funqciebi maTematikurad Caiwereba logikuri gamosaxulebebis meSve-

eobiT.  

logikuri gamosaxulebebi logikis algebris formulebia, romel-

Ta realizeba SesaZlebelia diskretuli elementebiT (releebiT, 

tranzistorebiT da a.S.) agebuli sqemebis an binaruli programebis 

saSualebiT. pirvel SemTxvevaSi saqme gvaqvs logikuri gamosaxulebe-

bis aparaturul, xolo meore SemTxvevaSi – programul realizaci-

asTan.  

releuri eleqtruli centralizaciis SemTxvevaSi gamoiyeneba lo-

gikuri gamosaxulebebis aparaturuli realizacia, xolo mikropro-

cesoruli centralizaciis SemTxvevaSi – programuli realizacia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ganvixiloT 12.1,a naxazze mocemuli pirobiTi sadguris Sesasvle-

li SuqniSnebis Н da Ч SuqniSnis marTvis gamartivebuli sqemebi. nor-

malurad aRniSnuli SuqniSnebi daxurulia. davuSvaT, rom aucilebe-

lia gamzaddes Н SuqniSniT 1П, xolo Ч SuqniSniT - 2П liandagze 

miRebis marSruti. pirvel SemTxvevaSi isari 1 unda gadaviyvanoT 

plusovan, xolo meore SemTxvevaSi isari 2 - minusovan mdebareobaSi 
da Semdeg Sesabamisad gavaRoT Н da Ч SuqniSani. aRniSnuli SuqniSneb-

is gasaRebad saWiroa Semowmdes pirobebi, romlebic 12.1 cxrilSia 

moyvanili. Tu davuSvebT, rom xi, i = 1,2,…,8 pirobis Seusruleblobis 

a) 

1 2 

Ч2 

Ч 

2l 

Il 

H 

ЧI H2 

HI 

b) H 1ПК   

   
x2 
 

1СП    

   x3 

 

IП 

  
x4 

 

НК   

  
x1 
 

g) Ч 2П  

   
x8 

 

2СП  

   
x7 

 

2МК  

   x6 

 

ЧК  

 
x5 

 

nax. 12.1. Sesasvleli SuqniSnebis gaRebis algoriTmios aparatu- 
       rulad realizaciis mailustrirebeli sqema 
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SemTxvevaSi  xi = 0, xolo misi Sesrulebis SemTxvevaSi - xi = 1, maSin 

xi  aRniSvnebi logikur cvladebad gadaiqceva, e. i. xi(0,1) 

Sesasvleli H SuqniSnis gasaRebad erTdroulad unda Sesruldes 

12.1 cxrilSi moyvanili yvela x1 - x4 piroba; aqedan gamomdinare, Sesa-
svleli H SuqniSnis gaRebis logikuri (orobiTi) FH funqcia warmo-

adgens Sesabamisi logikuri xi , i = 1,2,3,4 cvladebis koniunqcias (lo-

gikur namravls):   

       FH = x1 x2  x3  x4         xi(0,1),     i = 1,2,3,4;             (12.1) 

analogiurad, Sesasvleli Ч SuqniSnis gaRebis logikur FЧ funq-

cias eqneba Semdegi saxe:  

   FЧ = x5 x6  x7 x8 ,        xi(0,1),     i = 5,6,7,8.            (12.2)   

FH da FЧ funqciebi logikuri funqciebia, e.i. FH , FЧ(0,1). kerZod, 
FH=0-is SemTxvevaSi H SuqniSani daxurulia, xolo FH=1-is SemTxve-

vaSi - Riaa. analogiurad, Tu Ч SuqniSni daxurulia, maSin FЧ =0, 
xolo Tu Riaa - FЧ =1.  

 

 

 

 

 

 

 

 

 

 

logikuri FH da FЧ funqciebis SeiZleba realizdes aparaturul-

ad an programulad; amasTanave maTi aparaturuli realizeba xdeba 

releur, xolo programuli realizeba – mikroprocesorul centra-

lizaciebSi. cal-calke ganvixiloT TiToeuli SemTxveva 

aparaturuli realizacia releuri eleqtruli centralizaciis 
SemTxvevaSi.  releur eleqtrul centralizaciaSi (12.1) da (12.2) 

gamosaxulebebSi Semaval xi cvladebs Seesabameba releTa frontuli 

kontaqtebi, romelTa dasaxelebebi 12.2 cxrilSia moyvanili. 

logikuri FH funqciis aparaturulad marealizebeli sqema miiRe-

ba  x1 … x4  cvladebis Sesabamisi kontaqtebis mimdevrobiT SeerTebiT 

(nax.12,b), xolo FЧ funqciis aparaturulad marealizebeli sqema -  

x5…x8 cvladebis Sesabamisi kontaqtebis mimdevrobiT SeerTebiT 

(nax.12.1,g). sabolood SeiZleba davaskvnaT, rom (12.1) da (12.2) fun-

cxr.12. 1. Н da Ч SuqniSnebis gasaRebad Sesamowmebeli pirobebi 

 

x1 

x2 

x3 

x4 

aRniSvna 

gacemulia Н SuqniSnis  
   gaRebis brZaneba 

isari 1 plusovan mdeba- 
     reobaSia 

1СП ubani Tavisufalia 

1l liandagi Tavisufalia 

aRniSvnis Sinaarsi 

x5 

x6 

x7 

x8 

aRniSvna 

gacemulia Ч SuqniSnis  
   gaRebis brZaneba 

 isari 2 minusovan mdeba- 
   reobaSia 

2СП ubani Tavisufalia 

2l  liandagi Tavisufalia 

aRniSvnis Sinaarsi 
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qciebis aparaturuli realizebis Sedegebi Sesabamisad 12.1,b da 12.1,g 
naxazebzea moyvanili.  

 

 

 

 

 

 

 

 

 

 

 

 

 
programuli realizacia mikroprocesoruli eleqtruli centra-

lizaciis SemTxvevaSi. mikroprocesorul sistemebSi gamoiyeneba eleq-

truli centralizaciis algoriTmebis programuli realizaciis 

dros gamoiyeneba logikuri funqciebis uSualod gamoTvlisa da bina-
ruli daprogramebis meTodi. ganvixiloT orive maTgani. 

1. logikuri funqciebis uSualod gamoTvlis meTodi.  mik-

roprocesorad gamoviyenoT gamoviyenoT firma Intel-is mier damuSave-

Sbul 8080/8085 ojaxis mikroprocesori, romlebic klasikuri saxis 

mikroprocesoradaa miCneuli. igi Sedgeba Semdegi oTxi blokisagan: 
1) damxsomebeli mowyobiloba; masSi inaxeba Sesasvleli monacemebi da 

gamoTvlaTa Sedegebi; 2) saerTo daniSnulebis rvaTanrigiani A,B,C, 

E,H,L registrebi; maTSi droebiT inaxeba is monacemebi (operandebi), 

romlebzec xorcieldeba ariTmetikuli da logikuri operaciebi; aR-

niSnuli registrebidan A warmoadgens erTmag registrs (SeuZlebe-

lia romelime sxva registrTan misi gaerTianeba) da mas akumulato-
ri ewodeba; or operandze ariTmetikuli an logikuri operaciis Ca-

tarebisas erT-erTi operandi da aRniSnuli operaciis Sedegi aucil-

eblad A akumulatorSia Cawerili. danarCeni registrebidan Sewyvi-

lebadia (B,C), (D,E) da (H,L) registrebi, ris Sedegadac SesaZle-

belia BC, DE da HL saxelwodebis TeqvsmetTanrigiani registrebis 

warmoqmna 3) ariTmetikul-logikuri mowyobiloba (alm), romelSic 

sruldeba ariTmetikuli da logikuri operaciebi; 4) informaciis 

Setanisa da gamotanisaTvis gankuTvnili registrebi, romlebsac por-

cxr. 12.2. logikuri xi , i=1,…,8 cvladebis kontaqtebiT realizeba 

H SuqniSnis Rilakuri HK reles frontuli kontaqti  

sakontrolo 1ПK reles frontuli kontaqti  

saliandago 1CП reles frontuli kontaqti  

saliandago 1П reles frontuli kontaqti  

Ч SuqniSnis Rilakuri ЧK reles frontuli kontaqti  

sakontrolo 2MK reles frontuli kontaqti  

saliandago 2CП reles frontuli kontaqti  

saliandago 2П reles frontuli kontaqti  

logikuri 

cvladebi    logikuri cvladebis marealizebeli kontaqtebi 

x1 
x2 
x3 
x4 
x5 
x6 
x7 
x8 
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tebi ewodeba da pirobiTad aRiniSneba rogorc PORT i, i=1,2,…; 

8080/8085 mikroprocesoris brZanebaTa sistema [3]-Sia moyvanili.  

 

    

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gansaxilveli meTodis arsi logikuri (12.1) da (12.2) funqciebis 
gamoTvlis magaliTze ganvixiloT. 12.2 naxazze warmodgenilia mikro-

procesorul sistemaSi monacemebis Senaxvisa da gadagzavnis sqema. ma-

sze naCvenebia gamoTvlis procesSi monawile zemoT aRniSnuli oTxi-

ve ZiriTadi bloki: damxsomebeli dm mowyobiloba, alm, saerTo da-

niSnulebis registebi da portebi. 

12.3. cxrilSi moyvanilia FH da FЧ funqciebis gamoTvlis pro-

grama. H da Ч SuqniSnebis gaRebis pirobebis ganmsazRvreli Sesasvle-

li x1,…,x8 cvladebi Seinaxeba dm-s ujredebSi, romelTa misamarTe-

bia M1,…, M8. pirveli rva brZaneba gamoiTvlis FH funqcias. # 1,...,4 
brZanebiT x1,…,x4 cvladebi dm-dan Seitaneba saerTo daniSnulebis 

registrebSi. #5,6,7 brZanebebi asruleben aRniSnuli cvladebis lo-

gikur gamravlebas, ris Sedegadac formirdeba FH = x1x2x3x4  funqcia. 

#8 brZaneba FH funqciis mniSvnelobas gadaagzavnis gamosasvlel re-

nax.12.2. monacemebis Senaxvisa da gadagzavnis sqema 

Ч signalis 
  marTva 

H signalis 
  marTva 

x1 

x2 

x3 

x 4 

x5 

x6 
x7 

x8 

PORT 1 PORT 2 

saerTo 
daniSnulebis 
registrebi 

 

 A 

 B 

 C 

 D 

 E 

 H 

 L 

dm 

MOV C, M3 

MOV D, M4 

MOV A, M1 

MOV B, M2 

alm 

M1 

M2 

M3 

M4 

M5 

M6 

M7 

M8 
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gistr (port) PORT 1-Si. am registris mdgomareobaze (FH =0 an 1) 
damokidebulebiT imarTeba H SuqniSani. #9,...,16 brZanebebiT analogu-

rad gamoiTvleba FЧ funqcia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. binaruli daprogramebis meTodi. binaruli daprogramebis me-

Todi dafuZnebulia imaze, rom bulis funqciis gamoTvla daiyvaneba 

Semdegi pirobiTi gadasvlis brZanebis mimdevrobiT Sesrulebaze:  

i:Tu A, maSin j, sawinaaRmdego SemTxvevaSi i+1, sadac i brZanebis 
nomeria. 

12.2 naxazze moyvanili (12.1) da (12.2) funqciebis gamomTvleli 

binaruli programebis blok-sqemebi. 

uSualo gamoTvlebis meTodi gamoirCeva simartiviT da Tvalsano-

ebiT. programebis moculoba da maTi damuSavebis xangrZlivoba kon-

kretuli logikuri gamosaxulebis sirTuliT ganisazRvreba. binaru- 
li programebis meTodis Sesaxeb SedarebiT  dawvrilebiT vilapara-

kebT momdevno paragrafSi. 

ANA    D 

cxr. 12.3.   FH  da FЧ funqciebis gamoTvlis programa    

MOV  A, M5 

fN-is mniSvneloba gatanili iqnas .PORT1 -Si 

b  r  Z  a  n  e  b  e  b  i 
brZane- 

bis # 

brZanebis  

mnemonika 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14  

15  

16 

SigTavsi gadaigzavnos M1 ujredidan A registrSi 
 igive M2 ujredidan B registrSi 
 igive  M3 ujredidan  C registrSi 
igive  M4 ujredidan  D registrSi 

MOV  A, M1 

MOV  B, M2 

MOV  C, M3 

MOV  D, M4 

MOV  B, M6 

MOV  C, M7 

MOV  D, M8 

ANA    B 

ANA    C 

ANA    D 

ANA    B 

ANA    C 

OUT   PORT1 

OUT   PORT2 

gadamravldes A da B registrebis SigTavsebi (x1x2) 
 imave A da C registrebis SigTavsebi (x1x2x3) 
 imave A da D registrebis SigTavsebi (fN =(x1x2x3 x4)) 

M5 ujredidan SigTavsi gadaigzavnos A registrSi 
M6  ujredidan SigTavsi gadaigzavnos B registrSi 
M7 ujredidan SigTavsi gadaigzavnos C registrSi 
M8 ujredidan SigTavsi gadaigzavnos D registrSi 
gadamravldes A da B registrebis SigTavsebi (x5x6) 
imave A da C registrebis SigTavsebi (x5x6x7) 

imave A da D registrebis SigTavsebi (fЧ=(x5x6x7x8)) 
fN-is mniSvneloba gatanili iqnas  PORT2-Si 
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zogadad, mikroprocesoruli centralizaciis programuli uzrun-

velyofa warmoadgens amocanebis mTeli kompleqsis gadamwyvet rTul 

produqts. es amocanebi ganisazRvreba sadgurebze matareblebis mo-

Zraobis  rTuli teqnologiuri procesis TaviseburebebiT; aRniSnuli 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

procesi sapasuxismgeblo asinqronul paralelur process warmoad-

gens. sadgurebze samatareblo erTeulebi erTmaneTisagan damoukideb-

lad drosa da sivrceSi paralelurad gadaadgildeba (e.i. gadadagil-

ebaTa sinqronizeba ar xdeba). aucilebelia erTdroulad damuSavdes 

informaciebi ramdenime marSrutis Sesaxeb; amitom SeiZleba gamoiyos 

mikroprocesoruli centralizaciis programuli uzrunvelyofis Se-

mdegi sami amocana: 1) eleqtruli centralizaciis teqnologiuri 

algoriTmebis realizacia; 2) paraleluri gamoTvlebis organizeba; 

3) paraleluri gamoTvlebis organizeba.  

 paraleluri gamoTvlebis organizebisaTvis mmarTvel gamoTvliT 

kompleqsSi gamoiyeneba informaciis mimdevrobiTi, funqcionaluri, 

konveieruli da multiprocesoruli damuSaveba. 

mimdevrobiTi damuSavebisas kompleqsSi erTi procesoria, romelic 

procesebs faqtobrivad droSi mimdevrobiT (rigis mixedviT) amuSav-

ebs; es SesaZlebelia, Tu gamoTvlebis siCqare Tavad teqnologiuri 

nax.12.2.  Н da Ч SuqniSnebis marTvis binarul programaTa blok-sqemebi  

a) 

ara 

Н signalis 
gaReba 

1.algoriTmi A1 

2. X1 =0 
? 

3. X2 =0 
? 

4. X3 =0 
? 

5. X4 =0 
? 

 

 

 

 

Н signalis 
daxurva 

ara 

ara 

ki 

ki 

ki 

ki 

Н signalis 
  gaReba 

Н signalis 
daxurva 

 

 

 

 

1.algoriTmi A1 

2. X5 =0 
? 

3. X6 =0 
? 

4. X7 =0 
? 

5. X8 =0 
? 

ara 

ara 

ara 

ki 

ki 

ki 

ki 

b) 
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procesis (magaliTad, matareblebis moZraobis) monacemebis cvlileb-

is  siCqares mniSvnelovnad aRemateba. aseT SemTxvevaSi iqmneba para-

leluri gamoTvlebis iluzia. magaliTad, amgvaradaa agebuli sadgu-

rze Sesasvleli SuqniSnebis gaRebis pirobebis gansazRvris zemoT 

moyvanili programa (ix. cxr12.3); pirveli rva brZanebiT gamoiTvleba 

fN  funqcia, xolo bolo rva brZanebiT -– fЧ  funqcia. 

 
                                                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

funqciuri damuSavebis dros mmarTvel gamoTvliT kompleqsSi ar-

sebobs ramdenime funqciis erTdroulad Semsrulebeli da informa-

ciis urTierTgamcvleli mowyobilobebi. aseTi midgomaa gamoyenebu-

li, magaliTad, 12.2 naxazze moyvanili algoriTmebis blok-sqemebis 

realizebisas; mocemul SemTxvevaSi A1 algoriTmi realizdeba pro-

cesorSi, romelic matareblebis moZraobas marTavs sadguris kent ye-

lSi (naxazi 12.1), xolo A2 algoriTmi – sadguris luwi yelis 

procesorSi. 

konveieruli damuSavebisas gamoTvliTi procesi iyofa ramdenime 

etapad da TiToeuli maTgani paralelur-mimdevrobiTad realizdeba 

sxvadasxva procesorSi (konveieris principis mixedviT).  
multiprocesoruli damuSaveba xorcieldeba saerTo salteebisa 

da saerTo mexsierebis mqone mravali procesoriT.  

mikroprocesoruli centralizaciis damuSavebis dros informaci-

is damuSavebis miTiTebuli xerxebis marealizebeli struqturuli 

sqemebi 12.3 naxzzea moyvanili. mimdevrobiTi gamoTvla xdeba erTpro-
cesorul sistemaSi (nax. 12.3,a). igi gamoiyeneba didi kompiuteriT 

nax. 12.3. mikroprocesoruli centralizaciebis struqturuli sqemebi 

 

a) b) 

g) 

d) 

e g m 

mikro egm1   

mikro egm2   

mikro egm3  

mikro egmn  cp 

mikro egm   
mikro egm   

mikro egm   

mikro egm   

mikro egm   
mikro egm   

Sgm Sgm dm dm mpn mp1 mp 
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aRWurvil msxvil sadgurebSi, an iseT mcire sadgurebSi, sadac erTi 

mikrokompiuteris gamoyenebac sakmarisia. radialuri struqturis si-
stemaSi (nax. 12.3,b) realizdeba funqciuri damuSaveba. TiToeuli mi-

krokompiuteri marTavs sadguris garkveul raions. raionul kompi-

uterebs Soris kavSiri mmarTveli centraluri cp procersoris me-

SveobiT myardeba. magistraluri struqturis sistemaSi (nax.12.3,g) 
informacia multipleqsurad muSavdeba. sistemis elementebi (mp mi-

kroprocesorebi, damxsomebeli dm mowyobilobebi, Setana-gamotanis 

SgmDmowyobilobebi) saerTo magistralTanaa (saltesTanaa) mierTebu-

li. yvela elementis muSaobis reglamentirebas axdens mmarTveli mp 

procesori. qseluri struqturis sistemaSi (nax.12.3,d) raionuli mi-

krokompiuterebi informacias erTmaneTs konveieris principis mixed-

viT ucvlis. mikrokompiuterebi sadgurze geografiuli principiTaa 

ganTavsebuli. 

TiToeul ganxilul sistemas aqvs sakuTari Rirsebebica da nak-

lovanebebic. maTi Sefaseba SeiZleba programuli uzrunvelyovis sir-

Tulis, saimedoobisa da swrafmoqmedebis niSnebis mixedviT. yvelaze 

martivi programuli uzrunvelyofa aqvs erTprocesorul da qse-
lur sistemebs. pirvel SemTxvevaSi saWiro ar aris sxvadasxva mi-

krokompiuterebs Soris urTierTzemoqmedebis problemis gadawyveta, 

xolo meore SemTxvevaSi es urTierTzemoqmedebebi martivia – TiTo-

eul maTgans  mezobel mikrokompiuterisaTvis informaciis gadacema 

moeTxoveba. saimedoobis TvalsazrisiT saukeTeso Tvisebebisaa qselu-
ri struqtura. masSi arsebuli erTi raionuli mikrokompiuteris 

mtyuneba gamoricxavs yvela danarCen raionSi marSrutebis dayenebis 

SesaZleblobas. radialur da magistralur struqturebSi sistemis 
muSaoba irRveva mmarTveli procesoris mtyunebebis an magistralis 

dazianebis dros. yvelaze swrafmoqmedia qseluri sistema, radgan ma-
sSi realizebulia informaciis damuSavebis ara marto konveieruli, 

aramed funqciuri principic. sadguris sxvadasxva raionSi marSru-

tebs erTdroulad amuSavebs sxvadasxva mikrokompiuteri. yvelaze 

nelmomqmedia erTprocesoruli (masSi marSrutebi droSi mimdevrobiT 
muSavdeba) da magistraluri sistemebi (magistralis SezRuduli ga-

mtarobis unaris gamo). 
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12.4. binaruli programis blok-sqemis agebis 

formalizebuli  meTodi [6] 

 (damuSavebulia saxelmZRvanelos avtoris mier 2005 wels) 

 

binaruli daprogramebis meTodi warmatebiT gamoiyeneba logikuri 

funqciebis programuli realizebisaTvis. igi gamoirCeva maRali 

swrafmoqmedebiT, radgan misi gamoyenebis dros saSualedo monacemeb-

is Senaxva saWiro ar aris. es xels uwyobs operatiuli mexsierebis 

gantvirTvas, rac metad mniSvnelovania araerT specializebul mikro-

procesorul sistemebSi am mexsierebaTa mokrZalebuli moculobebis 

gamo. mocemuli meTodis erT-erT naklad unda CaiTvalos binaruli 

programis blok-sqemis agebis formaluri meTodis ararseboba, rac 

arTulebs aRniSnuli blok-sqemis agebis process.  

sarkinigzo avtomatikisa da telemeqanikis mikroprocesoruli si-

stemebis mier realizebuli funqciebis absoluturi umravlesoba 

logikuri funqciebia. aRniSnulidan gamomdinare maTi realizebisa-

Tvis swored daprogramebis binaruli meTodis gamoyenebaa mizanSewo-

nili. am meTodis zemoT aRniSnuli naklisa aRmofxvris mizniT  Cven 

mier damuSavebuli da sankt-peterburgis mimosvlis gzaTa saxelmwi-

fo universitetis samecniero Sromebis krebulSi 2005 wels gamo-

qveynebuli iqna binaruli programis blok-sqemis agebis formaluri 
meTodi. aRniSnuli meTodis arsi aseTia: Tavdapirvelad aigeba gansa-
xilveli logikuri funqciis binaruli daSlis grafi, romlidanac 
formaluri meTodis gamoyenebiT miiReba aRiSnuli funqciis binaru-
li programis blok-sqema. 

vimedovnebT, rom Cven mier SemoTavazebuli meTodis gamoyeneba mni-

Svnelovnad gauadvilebs muSaobas sarkinigzo avtomatikisa da te-

lemeqanikis mikroprocesoruli mowyobilobebis damproeqteblebs. aR-

niSnulidan gamomdinare, mizanSewonilad CavTvaloT, mocemul saxel-

mZRvaneloSi qarTul enaze mogveyana misi ramdenadme modernizebuli 

varianti. modernizebis ZiriTadi mizani iyo SemoTavazebuli meTodi 

praqtikuli gamoyenebisaTvis mosaxerxebeli formiT warmogvedgina. 

TvalsaCinoebisaTvis aRniSnuli meTodi ganvixiloT konkretuli 

logikuri funqciis magaliTze. davuSvaT, rom saWiroa avagoT Semde-

gi logikuri funqciis binaruli programis blok-sqema: 

f (   ,    ,    ) =     (      ̅̅ ̅ +   ̅̅ ̅   ).             (12.3) 

dasmuli amocanis gadawyvetas viwyebT mocemuli funqciis binaru-
li daSlis grafis SedgeniT, risTvisac viyenebT logikis algebraSi 
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cnobil meTods. kerZod, n argumentze damokidebuli logikuri 

f(  ,       ) funqcia SeiZleba xi (xi=1,…,n) cvladebis mixedviT 

Tanamimdevrulad daiSalos Semdegi formulis mixedviT:  

f(x1,…, xi-1 xi, xi+1,…, xn )  =   ̅ f(x1,…, xi-1, 0, xi+1,…, xn ) + 

                                       + x1 f(x1,…, xi-1, 1, xi+1,…, xn ).     (12.4) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mocemuli funqciisaTvis binaruli daSlis grafis Sedgenas viwy-

ebT zeda wverodan., romelsac I rangis wveros vuwodebT (nax.12.4). 
am wveroSi vaTavsebT gansaxilveli funqcias da mas (12.2) formulis 

Sesabamisad    cvladis mixedviT vSliT (nax.12.4). ganxiluli wvero-

dan gamodis asagebi binaruli grafis II rangis wveroebisaken mimar-

Tuli Stoebi, romelTaganac erT-erTi moniSnulia   ̅̅ ̅, xolo meore 

   cvladiT (ix.nax. 12. 4).   ̅̅ ̅ cvladiT moniSnuli Sto Sedis wve-

roSi, romelSic Cawerilia gansaxilveli funqciis   ̅̅ ̅ cvladis mixe-

xedviT daSlis Sedegi, xolo    cvladiT moniSnuli Sto Sedis im 

wveroSi, romelSic Cawerilia gansaxilveli funqciis    cvladis 

mixedviT daSlis Sedegi (ix. nax. 12.4). rogorc naxazidan Cans, 

wverodan gamosuli   ̅̅̅ Sto Sedis II rangis wveroSi, romelSic dgas 

konstanta 0, romelsac konstanturi wvero vuwodoT, xolo    Sto 
wveroSi, romelSic moTavsebulia logikuri x2  ̅̅ ̅+  ̅̅ ̅x3 funqcia, ro-

melsac logikuri wvero vuwodoT. konstantur wverosTan funqciis 
daSlis process vwyvetT, xolo logikur wveroSi moTavsebul fun-

  ̅̅ ̅ 
 

   

 

  ̅̅ ̅ 
 

   

 I rangi 

II rangi 

III rangi 

       0 (x2  ̅̅ ̅+   ̅̅ ̅ x3)=0 

 

       x1(x2  ̅̅ ̅+   ̅̅ ̅ x3) 

 

 ̅ =1  ̅ =0 

        1   ̅̅ ̅+  ̅x3=    ̅̅ ̅ 

 

  ̅̅ ̅ 
 

   

 

1 0 

  ̅̅ ̅ 
         0   ̅̅ ̅+   ̅x3= x3 

 

   

 

       1 (x2  ̅̅ ̅+   ̅̅ ̅ x3) = 

      = x2  ̅̅ ̅+   ̅̅ ̅ x3 

 

f = 0 f = 1 

nax.12.4. logikuri (12.1) funqciis binaruli daSlis grafi  
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qcias vSliT, oRond ukve   ̅̅ ̅ cvladis mixedviT. viRebT III rangis 
wveroebs. rogorc 12.4 naxazidan Cans, III rangis yvela wvero ko-

nstanturia, e. i. cvladebis mixedviT logikuri funqciis daSlis 

procesi mTavrdeba.  

zogadad, n argumentze damokidebuli logikuri funqciis cvla-

debad daSlis procesi n-ur rangze wydeba. Cvens magaliTSi igi Sewy-

da III rangze, radgan ganvixilavdiT n=3 argumentze damokidebul 

(12.3) logikur funqcias. 

logikuri funqciis daSlis Sedegad 0-is toli konstanturi wve-

roebs vuerTebT f=0 gamosasvlels, xolo 1-is tol konstanturi 

wveroebs - f=1 gamosasvlels, rogorc es 12.4 naxazzea naCvenebi. mas-
ze naCveneb grafs ewodeba gansaxilveli logikuri binaruli daS-lis 
grafi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12.4 naxazze miRebuli (12.1) funqciis binaruli daSlis grafidan 

uSualod aigeba aRniSnuli funqciis binaruli programis blok-sqema 
(nax.12.5) Semdegi algoriTmis daxmarebiT: 

1. grafis wveroebi romlebidanac gamodis   ,   ̅ cvladebiT moni-

Snuli Stoebi Seicvalos logikuri blokebiT, romlebSic   =0, 

i(1,2,…,n). 

2. amoiSalos grafis wveroebi, romlebidanac ar gamodis Stoebi; 

   3. Stoebze arsebuli    niSnulebi Seicvalos sityvebiT «ki», xo-

lo,   ̅ niSnulebi sityvebiT «ara» (i(1,2,…,n)); 

ki 

ki ara 

x2= 0 
? 

 

portSi f=0-is 

gamotana 

portSi f=1-is 

gamotana 

dasawyisi 

x1`= 0 
? 

 

x3= 0 
? 

 

x3= 0 
? 

 

ki ki 

ara 

ara ara 

nax.12.5. logikuri (12.1) 
funqciis binaruli programis 

blok-sqema.  
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4. konsatanta 0-is Semcveli wveroebis gaerTianeba miuerTdes 

bloks «port f=0-Si gamotana», xolo konsatanta 1-is Semcveli wve-

roebis gaerTianeba – bloks «port f=0-Si gamotana».  
 

12.5.   sarkinigzo avtomatikisa da telemeqanikis 

mikroprocesorul sistemaTa xarisxobrivi 

maxasiaTeblebi 

 

mikroprocesorul  sats-ebs unda hqondeT garkveuli xarisxo-

brivi maCveneblebi, romlebic maTi damuSavebis procesSi unda iyos 

uzrunvelyofili. amdenad mikroprocesoruli sats-ebis dammuSaveb-

lebisaTvis maTi codna aucilebelia. amis gamo mokled ganxiloT aR-

niSnuli maCveneblebi da maTi uzrunvelyofis gzebi.   

saimedooba ewodeba sats-is unars mocemul reJimebsa da gamoye-

nebis pirobebSi uzrunvelyos matarebelTa uwyveti da usafrTxo mu-

Saoba, teqnikuri momsaxureba da remonti. misi amaRleba SeiZleba Se-

mdegi sami xerxiT – maRali saimedoobis mqone elementebis gamoyeneb-

iT, siWarbis SetaniTa da teqnikuri momsaxurebis efeqturi meTode-

bis gamoyenebiT. mikroprocesorul sisatemaTa saimedoobis maCveneb-

lebis prognozirebadi maCveneblebi damokidebulia sistemis tipze da 

ganisazRvreba eqsperimentulad an sistemis maTematikuri modelire-

bis Sedegebis mixedviT. aRniSnuli maCveneblebi ar unda Camouvarde-

bodes mocemuli sistemis dRes arsebuli releur-kontaqturi ana-

logebis maCveneblebs. 

usafrTxoeba warmoadgens sistemebis Tviseba muSaobis procesSi 

ar dauSvas saxifaTo mtyunebebi. sats-ebis klasis sitemebis agebis 

TeoriisaTvis fundamenturia saxifaTo mtyunebis cneba. popularulad 

ganvmartoT igi. davuSvaT, rom wesivrul mdgomareobaSi yofnis dros 

garkveuli sistema axdens algoriTmis realizebas, romelic zogadi 

saxiT SeiZleba formaluri enis saSualebiT CavweroT. mtyunebebis 

warmoSobisas igi gadaiqceva axali algoriTmis marealizebel uwesiv-

ro sistemad. sistema Tu asrulebs matareblebis moZraobis usafrTx-

oebis uzrunvelyofasTan dakavSirebul sapasuxismgeblo funqciebs, 

maSin misi muSaobis algoriTmis formalur gamosaxulebas emateba  

“saxifaTo” movlenis Canaweri, romelic im pirobebs gansazRvravs, 

romelTa drosac irRveva matareblebis moZraobis usafrTxoeba. 

aseTi formalizacia aucilebelia saxifaTo mtyunebebis gamomri-

cxavi sqemebis sinTezis dros. aRniSnuli problema Teoriulad ukve 
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gadawyvetilia. mTavaria, swored am Teoriis safuZvelze aigos usaf-

rTxo sqemebi. 

usafrTxoebis maxasiaTeblebia usafrTxo muSaobis albaToba da 

saxifaTo mtyunebebis intensivoba. sats-ebis asagebad gamoyenebuli 

elementebisaTvis saxifaTi mtyunebebis intensivoba ar unda aWarbeb-

des (10-12...10-14)sT-1-s. 

gamZleoba warmoadgens sistemis Tvisebas elementTa mtyunebebis 

warmoSobisas funqcionirebis unarisa da marTvis avtomatizaciis do-

nis Semcirebis xarjze SeinarCunos muSaobis unari. zogadad, 

sistemebi SeiZleba iyos: 1) wesivruli, 2) muSaobis unaris mqone, 3) 
muSaobis uunaro, 4) saxifaTo an 5) zRvrul mdgomareobaSi. bolo 

oTx mdgomareobaSi sistema mxolod mtyunebebis warmoSobis Semdeg 

SeiZleba gadavides. saTanadod agebisas man SeiZleba SeinarCunos mu-

Saobis unari, an gadavides muSaobis uunaro an zRvrul mdgomare-

obaSi. ukanasknel SemTxvevaSi sistemis gamoyeneba mizanSeuwonelia. 

saxifaTo mtyunebas sistema gadayavs saxifaTo mdgomareobaSi da am 

mtyunebis - sistemis eqspluatacia dauSvebelia.  

maSasadame, gamZle sistemam mtyunebis warmoSobis Semdeg unda Se-

inarCunos muSaobis unari. mikroprocesoruli momsaxurebadi sats-

ebi ise unda avagoT, rom maRali albaTobis rac SeiZleba didi ra-

odenobis mtyunebebma ver daarRvios maTi muSaobis unari. magaliTad, 

mikroprocesorulma eleqtrulma centralizaciebma mtyunebebis war-

moSobis Semdeg unda SeinarCunos isrebis individualurad gadayvanisa 

da momwvevi signaliT matareblebis miRebis unari.  

mtyunebamdgradoba – ewodeba sistemis unars elementebis mtyune-

bebis dros funqcionirebis efeqturobis Seumcireblad SeinarCunos 

muSaobis unari. aseTi sistemebi manam ganagrZobs funqcionirebas, 

sanam maTSi momxdari mtyunebebis raodenoba garkveul d mniSvnelobas 

ar gadaaWarbebs. aRniSnulis gamo sistemas d-mtyunebamdgrad sistemas 
uwodeben. isini ganagrZobs efeqturad funqcionirebas manam, sanam wa-

rmoSobili mtyunebebis raodenoba d-s toli an masze naklebia. 

arsebobs mtyunebamdgraobis uzrunvelyofis Semdegi ori ZiriTadi 

xerxi. pirvelia mtyunebebis «SeniRbva», e. i. sistemis romelime apa-

raturuli an programuli modulis SigniT momxdari uwesivroba ima-

leba da ar mJRavndeba modulis gamosasvlelebze. meore xerxi dafu-
Znebulia sistemis TviTtestirebaze: mtyuneba, piriqiT, uswrafesad 

mJRavndeba da uwesivro bloki muSaobis Seferxebamde wesivruliT av-

tomaturad icvleba.        
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mtyunebamdgradobis uzrunvelyofa moiTxovs aparaturuli da 

programuli saSualebebis did siWarbes. am dros aparaturis raode-

noba samjer da ufro metad izrdeba. amis gamo am unariT releuri 
sats-ebis aRWurva praqtikulad SeuZlebelia: ar arsebobs mtyune-
bamdgradi releuri sats-ebi. mikroprocesoruli teqnikis gamoyene-

bam mtyunebamdgradi sats-ebis ageba realuri gaxada. 

sakontrolod vargisoba – sistemis Tvisebaa gaamartivos teqniku-
ri momsaxurebis, uwesivro elementebis aRmoCenisa da remontis pro-

cesebi. es Tviseba sistemaSi misi Seqmnis procesSi SeiZleba Caidos 

da isic saWiroebs siWarbis Setanas. arsebul releur sistemebs aqvs 

sakmaod maRali «bunebrivi» kontrolvargisoba, radgan SesaZlebelia 

releTa muSaobis vizualurad gakontroleba. integraluri sqemebiT, 

da, maSasadame, mikroprocesorebiT agebul sistemebs aseTi unari ar 

gaaCnia. igi SeiZleba sistemis damuSavebis dros kompleqsuri teqni-

kuri zomebis miRebiT iqnes uzrunvelyofili.              
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d a n a r T e b i 

   danarTi 1. mikroprocesorebis teqnikaSi gamoyenebuli 

 ZiriTadi inglisuri abreviaturebi 

danarTi 2. naxevargamtaruli teqnikis safuZvlebi 
     danarTi 3. cifruli eleqtronuli sqemebi 

  danarTi 4. cifruli mowyobilobebis abstraqtuli 

           sinTezis formaluri algoriTmi (damuSavebuli 

           saxelmZRvanelos avtoris mier) 
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danarTi 1 

mikroprocesorebis teqnikaSi 

gamoyenebuli ZiriTadi inglisuri 

abreviaturebi da terminebi 

 
- 2S (2-States Output) -  ori aqtiuri (0 da 1) mdgomareobiani gamosa-

svleli; ttl-is (TTL-is) standartuli gamosasvleli.  

- 3S (3-States Output) - sami (ori aqtiuri – 0;1 da mesame pasiuri, 
gamorTuli) mdgomareobiani gamosasvleli; gamosasvlelis ori aqti-

uri mdgomareobisagan gansxvavebuli mesame mdgomareoba. 

- AD - misamarTi/monacemebi 

- Adder - sumatori, amjamavi. 

- AND - logikuri da funqcia.  

- AC (Alternating Current)- cvladi deni. 

- ALU (Arithmetic and Logic Unit) - alm, ariTmetikul-logikuri mo-

wyobiloba. 

 - ADC (Analog-to-Digital Converter)- analogur-cifruli gardamqmne-

li. 

- ASCII (American Standard Cfor ode Information Interchange) simboluri 

informaciis gacvlis standartuli amerikuli kodi. 

- BCD (Binary-Coded Decimal) – orobiT-aTobiTi kodi. 

- BiCMOS (Bipolar Complementary Metal-Oxide-Semiconductor) – mikros-

sqemebis damzadebis teqnologia, romelic erT kristalSi erTmaneTs 

uTavsebs bipolarul da klJn (komplementarul liTonJan-geul-

naxevargamtarul) struqturebs. 

- Buffer - buferi. 

- Bus - salte, magistrali.  

- CAS (Column-Address Select) – svetis misamarTis amomrCevi signali 

(dinamikuri mexsierebis mikrosqemebSi).  

- Chip - mikrosqema, Cipi. 

- Chipset – kompiuteris organizebisaTvis gankuTvnili kontroler-

Ta mikrosqemebis nakrebi. 

- CISC (Complete Instructrion Set Computer) – brZanebebis sruli nakreb-

is mqone kompiuteri (an procesori). 

- Clear - gawmenda, nulze Camoyra.  

- CLC, Clock – taqturi, mataqtirebeli signali.  

- CMOS (Complementary Metal-Oxide-Semiconductor) – komplementaruli 

liTon-Jangeul-naxevargamtaruli (klJn) teqnologia.  
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- Coder - Sifratori, koderi.  

- Comparator - komparatori.  

- Converter - gardamqmneli.  

- Core Speed – procesoris Siga sixSire, romelzedac muSaobs misi 

gamomTvleli birTvi. 

- CPU (Central Processor Unit) – centraluri procesori. 

- CRC (Cyclic Redundancy Check) – cikluri sakontrolo jami, agre-

Tve aseTi jamis gamomyenebeli Teoria. 

-Counter – mTvleli.  

- DAC (Digital-to-Analog Converter) - cifrul-analoguri gardamqmne-

li.  

- DC (Direct Current) - mudmivi deni.  

- Decoder - deSifratori, dekoderi.  

- Delay -  dayovneba.  

- Desktop – samagido personaluri kompiuteri. 

- DIC (Dual In-line Ceramic package) – DIL tipis keramikuli korpusi 

mikrosqemisaTvis. 

- DIL (Dual In-Line package) - mikrosqemis korpusi, romelSic gamom-

yvanebi or mwkrivSi vertikaluradaa ganTavsebuli.    

- DIMM (Dual In-Line Memory Module) - ormxriv ganTavsebuli gamo-

myvanebis mqone mexsierebis moduli. 

- DIP (Dual In-line Plastic package) - DIL tipis plastmasuri korpusi 

mikrosqemisaTvis. 

- DIP Switches - DIP tipis korpusSi CamontaJebuli tipis mcirega-

barituli amomrTveli.  

- DMA – (Direct Memori Acces) – mexsierebasTan pirdapiri daSveba; in-

formaciis uSualo gacvla. 

- DOS (Disk Operating System) – diskuri operatiuli sistema. 

- DRAM (Dynamic RAM) - dinamikuri operatiuli damxsomebeli mo-

wyobiloba (odm). 
- Driver - gamosasvleli buferi, draiveri. 

- DSP – (Digital Signal Processor) –sasignalo procesori. 

- EEPROM (Electrically Erasable Programmable ROM) - eleqtruli wa-

Slisa da daprogramebis unariani mudmivi damxsomebeli mowyobiloba.  

-EISA (Enhanced ISA) – sistemuri ISA saltis cifruli gafarToeb-

uli (32-Tanrigiani) varianti, romelic ISA-Tan srulad Tavsebadia.  
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- EPROM (Erasable Programmable ROM) mudmivi mexsiereba, romelSic 

Cawerili informacia SeiZleba ultraiisferi sxivebiT waiSalos da 

mis nacvlad axali programa Caiweros. 

- Fault –mtyuneba; Sewyvetis tipi. 

- FDD (Floppy Disk Drive) – moqnil diskze informaciis gare damgro-

vebeli. 

 - Female -  gasarTi-rozeti, bude.  

- FIFO (First In, First Out) – «pirveli Sevida – pirveli gamovida», 
mimdevrobiTi SeRweviani operatiuli damxsomebeli mowyobilobis or-

ganizaciis erT-erTi xerxi. 

- Firmware – mikroprocesoruli sistemis energodamoukidebel mex-

sierebaSi Senaxuli programebi. 

- Flash memory – EEPROM  mexsierebis nairsaxeoba, romelic xasi-

aTdeba maRali tevadobiTa da mcire winaRobiT, moixmars mcire ele-

qtrul energias da aqvs xelaxla Caweris didi raodenobis ciklebi; 

fleSmexsiereba. 

- Flip-Fор - trigeri. 

- FLOPS  (Floaring point Operations Per Second) – mcuravwertilian ri-

cxvebze wamSi Sesrulebuli operaciebis raodenoba, procesoris mwa-

rmoeblurobis gazomvis erTeuli. 

- Gate -  logikuri elementi, ventili.  

- GND (GrouND) – sqemis saerTo gamosasvleli.  

- Н (High) - signalis maRali done; dadebiTi logikis dros igi 

logikuri 1-is, xolo uaryofiTi logikis dros – logikuri 0-is 
dones Seesabameba. 

- H – ricxvis TeqvsmetobiT sistemiT Caweris niSani, mag., 3DE7h.  

- Handshake – informaciis gacvlis asinqronuli reJimi, romlis 

drosac gamoiyeneba Semsruleblis mzadyofnis madasturebeli signa-

li. 

- Hardware – mikroprocesoruli sistemis aparaturuli (eleqtro-

nuli) saSualebebi.  

- HDD (Hard Disk Drive) – xist diskze informaciis gare damgroveb-

eli. 

- Hex – Tvlis TeqvsmetobiTi sistema. 

- HMA – (High Memory Area) – «maRali mexsierebis» are personal-

ur kompiuterSi.  

- IC (Integrated Circuit) -  integraluri mikrosqema. 

- Inverter – invertori.  



271 
 

 

-Interrupts – Sewyveta; 

- iCOMP (Intel Comparrative Microprocessor Performance) – firma Intel–is 

mikroprocesorebis mwarmoeblurobis Sefasebis indeqsi. 

- IDE – (Integrated Drive Electronics) kompiuterTan diskosatarebis mi-

saerTebeli interfeisi.  

-Idle – uqmi svlis reJimi. 

-IDT – (Interrupt Descriptor Table) – SewyvetaTa deskriptorebis cxri-

li.  

-Instruction – instruqcia, brZaneba. 

- Instruction Set -  procesoris brZanebaTa sistema. 

- INT – (INTerrupt) – Sewyveta, Sewyvetis veqtori. 

-IO, I/O (Input/Output) – Setana/gamotana, Sesasvleli/gamosasvleli. 

- IOPL (Input/Output Privilege Level) – Setana/gamotanis operaciis pri-

vilegiebis done. 

- IPC (Instruction Per Cycle) – erT taqtSi procesoris mier Sesrule-

buli operaciebis raodenoba. 

- IRQ  (Interrupt ReQuest) – Sewyvetis moTxovna. 

- ISA (Industrial Standard Architeccture) – sinqronuli aramultipleq-

sirebuli salte. 

- Jumper – dafaze manWvaluri kontaqtebis SemaerTebeli saxsneli 

zRudari, jemperi.  

- L (Low) - signalis dabali done; dadebiTi logikis dros igi lo-

gikuri 0-is, xolo uaryofiTi logikis dros – logikuri 1-is do-
nes Seesabameba. 

- L1 Cash da L2 Cash – 1-li donis (Sinagani) da me-2 donis (gare-
gani) keSmexsiereba.  

- Latch – «sasxletis» tipis trigeri (registri).  

- LCD (Liquid Crystal Display) – Txevadkristalkuri displei, indika-

tori.  

- LIFO (Last In, First Out) – operatiuli mexsierebis saxe, romelic 

muSaobs principiT: «bolos Sevida, pirveli gamovida».  
- Line driver – xazis draiveri, buferi. 

- LPT (Line PrinTer) – interfeis Centronics-is mixedviT momuSave 

printeris misaerTebeli porti.  

- LSB (Least Significant Bit) – sityvis an baitis umcrosi biti. 

- LSI (Large Scale Integration) – didi integraluri sqema. 

- LVT (Low-Voltage Technology) - mikrosqemebis dabalvolturi teqno-

logia (3,3 voltis toli kvebis Zabva).  
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- Male – gasarTi Cangali, Stekeri.  

- Master – informaciis gacvlaSi monawile wamyvani, mTavari mowyo-

biloba; mavalebeli.  

- MFLOPS (Mega FLOPS) -  mcuravwertilian ricxvebze wamSi Ses-

rulebuli milioni operaciis raodenoba, procesoris mwarmoebluro-

bis gazomvis erTeuli. 

- MIPS (Mega Instructions Per Second) – wamSi Sesrulebuli milioni 

operacia, procesoris mwarmoeblurobis gazomvis erTeuli. 

- MCP (Math CoProcessor) – maTematikuri Tanaprocesori. 

- MCU (Microprogram Control Unit) – mikroprogramuli marTvis blo-

ki. 

- MMU (Memory Management Unit) – mexsierebis marTvis bloki. 

- Monostable multivibrator – momlodine multivibratori; erT-

vibratori.  

- MSB (Most Significant Bit) – sityvaSi an baitSi ufrosi biti.  
- MSW (Machine State Word) - manqanis mdgomareobis sityva. 

- NIC (Network Interface Card) – qseluri baraTi, lokaluri qselis 

adapteri. 

- NMI (Non Masked Interrupt) – SeuniRbavi Sewyveta. 

- NPU (Numeric Processor Unit) – maTematikuri Tanaprocesori. 

- NVRAM (Non-Volatile RAM) – kvebis Sewyvetisas informaciis Sem-

naxveli  energodamoukidebeli operatiuli mexsiereba.  

- OC (Open-Collector Output) – mikrosqemis Ria koleqtoriani gamo-

sasvleli. 

- Oct – Tvlis rvaobiTi sistema. 

- OTPROM (One-Time Programmable ROM) – momxmareblis mier erT-

jeradad daprgramebadi mudmivi damxsomebeli mowyobiloba. 

- OR – logikuri ara funqcia. 

- PAL (Programmable Array Logic) - daprogramebadi logikuri mat-

rica.  

- Parity - luwoba, pariteti.  
- PC (Program Counter) – brZanebebis mTvleli.  

- PCI (Programmable Interruption Controller) – Sewyvetis daprogrameba-

adi kontroleri. 

- PIO (Programming Input/Output) – programulad marTvadi Sesasvle-

li/gamisasvleli. 

-PLD (Programmable Logic Device) – daprogramebadi logikuri sqema. 

- Plug – Canglis tipis gasarTi.  
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-PnP, P&P (Plug-and-Play) – «Casvi da marTe» kompiuteris konfi-
guraciis avtomaturi awyoba. 

-Pointer – maCvenebeli. 

- Polling – almis (bitis mdgomareobis) programulad gamokiTxva.  

-POP – stekidan amoReba.  

- POST (Power On Self Test) – sawyisi CarTvis testi. 

- POST (Proicedure Of Self-Testing) – TviTtestirebis procedura. 

- Power down – Semcirebuli energomoxmarebis reJimi.  

-PPI (Programmable Peripheral Interface) – periferiuli mowyobilobeb-

is daprogramebadi interfeisi. 

- Preset – winaswari dayeneba.  

- PROM (Programmable ROM) – daprogramebadi mudmivi damxsomebeli 

mowyobiloba; gadaprogramebadi mudmivi damxsomebeli mowyobiloba. 

- PSW (Processor Status Word) -  procesoris mdgomareobis sityva, 

Siga registrSi procesoris mdgomareobis kodi. 

-Multiplexer - multipleqsori. 

- Push– stekSi Senaxva. 

- Pull-up Resistor - mikrosqemis gamosasvlelsa da kvebis saltes 

Soris CasarTavi sadatvirTo winaRoba.  

-Multivibrator – multipleqsori.  

- NAND (not and)  – logikuri an-ara funqcia.    

- Noninverter – mameorebeli.  

- NOR(not or) –logikuri da-ara funqcia.  

- NVRAM (Non-Volatile RAM) - energodamoukidebeli operatiuli 

damxsomebeli mexsiereba, romelic informacias inaxavs kvebis gamor-

Tvis Semdeg.  

- Q-Bus (cnobilia LSI-11 Bus saxeliTac) – multipleqsirebuli 

salte   

- RAM (Random Access Memory) - operatiuli damxsomebeli mowyobi-

loba.  

- RAS (Row-Address Select) - striqonis misamarTis amomrCevi signali 

(dinamikuri mexsierebis mikrosqemebSi). 

- Receiver – mimRebi, Sesasvleli buferi.  

- Refresh – regeneracia (dinamikur mexsierebaSi). 

- Register – registri.  

- Reset - nulovan an sawyis mdgomareobaSi myofi mikrosqemis daye-

nebis signali.  
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- RISC (Reduced Instruction Set Computer) – brZanebebis Semoklebuli 

nakrebiani kompiuteri (procesori). 

- ROM (Read-Only Memory) – mudmivi damxsomebeli mowyobiloba.  

- RS-232C (Reference Standard)  - monacemebis mimdevrobiTi gadacemis 

standartulii interfeisi. 

- RxC (Received Clock) - misaRebi signali.   

- RxD (Received Data) – misaRebi monacemebi. 

- RxC (Received Clock) – misaRebi sinqronsignali. 

- RxD (Received Data) – misaRebi monacemebi. 

- Schmitt trigger -Smidtis trigeri.  
- SCSI (Small Computer System Interface) – kompiuterTan gare mowyobi-

bilobebis, maT Soris diskosatarebis, mierTebis interfeisi. 

- SDRAM (Synchronous Dynamic RAM) - sinqronuli dinamikuri opera-

tiuli damxsomebeli mowyobiloba.  

- Set – logikuri 1-is tol mdgomareobaSi gamosasvlelis dayenebis 

signali.  

- SIMM (Single In-Line Memory Module) - erT mwkrivSi ganlagebuli 

gamomyvanebiani mexsierebis moduli.  

- SIP (Single In-line Package) -  mikrosqemis erT mwkrivSi ganlagebuli 

gamomyvanebiani korpusi.  

- Slave – informaciis gacvlaSi monawile amyoli, pasiuri mowyo-

biloba.  

- Slot –nabeWdi gamtarebis saxis mqone gasarTis mqone nabeWdi da-

febis misaerTebeli xvreluri gasarTi, sloti.  

- Socket – dafaze mikrosqemebis dasayenebeli kontaqtirebadi mowy-

obiloba, soketi.  

- Softwsare – mikroprocesoruli sistemis programuli saSualebe-

bi (programebi).  

- SP (Stack Pointer) – stekis maCvenebeli.  

- SRAM (Static RAM) – statikuri operatiuli damxsomebeli 

mowyobiloba.  

- Stack – stekis maCvenebeli. 

- Strobe -  mastrobirebeli signali, strobi (im operaciis dawyebis 

signali, romelic drois gansazRvrul periodSi unda Sesruldes).  

- Terminator – kavSiris xazSi arsebuli bolo maTanxmebeli mowyo-

biloba (Cveulebriv – rezistori).  

- Timer – taimeri, taimeruli xelsawyo. 
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- TI, Til (Texas Instruments Inc.) -  mcire da saSualo integraciis mqo-

ne cifruli mikrosqemebis mwarmoebeli wamyvani amerikuli firma.  

- TR (Terminate Resistor) – kavSiris xazis sadatvirTo rezistori.  
- Transceiver – mimReb-gadamcemi, transiveri, ormxrivmimarTuli bu-

feri.   

- Transmitter – gadamcemi, gamosasvleli buferi.  

- Trap – maxe; Sewyvetis tipi. 

- Trigger – trigeri. 

- TTL (Transistor-Transistor Logic) – tranzistor-tranzistoruli lo-

gika, ttl .  

- TTLS (Transistor-Transistor Logic Schottky) – Sotkis tranzistor-tra-

nzistoruli logika. 

- Turbo -  amaRlebuli swrafmoqmedebis reJimi 

- ТхС (Transmitted Clock) -  gadasacemi sinqronsignali.  

- TxD (Transmitted Data) – gadasacemi monacemebi. 

- UPI (Universal Peripheral Interface) – universaluri periferiuli in-

terfeisi. 

- V - Zabva (Voltage), volti (Volt). 

VLB (VESTA Local Bus) – personaluri kompiuteris lokaluri 

salte. 

- VLSI (Very Large Scale Integration) – zedidi integraluri sqema.  

- Watchdog – modaraje taimeri. mikroprocesoruli sistema gamo-

yavs «dakidebuli» mdgomareobidan. 
- Waveform - signalis forma.  

XOR- gamomricxveli an; 2-is moduliT Semkreba.  

-Z (Z-state) -  mikrosqemis gamosasvlelis mesame (maRalimpendasuri) 

mdgomareoba. 

- ZIF (Zero Insertion Force) – nulovani ZalviT Casadgmeli gasarTi an 

soketi. 
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danarTi 2 

naxevargamtaruli teqnikis safuZvlebi 

 

 

termini «tranzistori» warmoqmnilia sityvebis «transferisa» 
(gardamqmnelisa) da «rezistoris» urTierTSerwymiT. sabolood si-

tyva «tranzistori». «winaRobis gardamqmnels» niSnavs. tranzistori 
gamoiyeneba rogorc analogur, aseve cifrul teqnikaSi. analogur 

teqnkaSi igi asrulebs susti signalebis maZliereblis, xolo cifr-

ul teqnikaSi – gasaRebis funqcias. orive aRniSnul procesSi gasar-

kvevad aucilebelia icodeT tranzistoris dasamzadeblad gamoyene-

bul naxevargamtartSi mimdinare procesebi.   

 

d.2.1. eleqtrogamtaroba da atomis  

agebuleba 

 

eleqtruli deni gamtarSi eleqtronebis moZraobiT warmoiqmneba. 

imis warmosadenad, Tu rogor xdeba es, saWiroa ganvixiloT atomis 

agebuleba. amas maqsimalurad gamartivebulad, SeiZleba iTqvas, rom, 

primituladac ki gavakeTebT, magram es ganxilva procesis arsSi 

imdenad gagvarkvevs, ramdenadac es naxevargamtaris muSaobis gasageba-

daa sakmarisi. 

1973 wels danielma fizikosma nils borma atomis planetaruli 

modeli SemogvTavaza (nax.d2.1).  
aRniSnuli Teoriis Tanaxmad atomi Sedgeba birTvisa da mis irg-

vliv garkveul orbitebze mbrunavi uaryofiTad damuxtuli eleq-

tronebisagan. birTvi Sedgeba dadebiTad damuxtuli protonebisa da 

neitraluri (daumuxtavi) neitronebisagan. aRniSnulis Sedegad bir-

Tvi dadebiTadaa damuxtuli, romlis sidide protonebis jamuri mux-

tis tolia. eleqtronebis jamuri uaryofiTi muxtis sidide udris 

birTvis dadebiTi muxtis sidides. es muxtebi erTmaneTs aneitralebs, 

ris gamoc atomi normalurad neitraluria. 

eleqtronis dakargvisas jamuri eleqtruli muxti xdeba dadebi-

Ti, xolo Tavad atomi gadaiqceva dadebiT ionad. ucxo eleqtronis 

mierTebisas atomi gadaiqceva uaryofiT ionad.  
d2.2 naxazze moyvanilia mendeleevis perioduli cxrilis frag-

menti. yuradReba mivaqcioT ujras, romelSic moTavsebulia silica-

umi anu kaJbadi (Si).  
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marjvena qveda kuTxeSi svetad dajgufebuli cifrebi atomis or-

bitebze eleqtronebis ganawilebas gviCvenebs. mis Tanaxmad silica-

umis birTvis irgvliv sami orbitaa. pirvel (birTvTan uaxloes) or-

bitaze brunavs 2, meore orbitaze – 8, xolo mesame orbitaze – 4 

eleqtroni. siliciumis struqtura, romelzec gamosaxulia birTvi 

da mis irgvliv mbrunavi eleqtronebi, d2.3,a naxazzea naCvenebi.  
erT orbitaze moZravi eleqtronebi warmoqmnis Tavisebur garss. 

eleqtronebis raodenobaze damokidebulebiT atomSi SeiZleba sxvada-

sxva raodenobis garsi arsebobdes, magram maTi raodenoba 7-s ar aW-
arbebs. es garsebi Sesabamisad aRniSnulia laTinuri K, L, M, N, O, P 

da Q asoebiT. TiToeul garsSi  Semavali eleqtronebis maqsimaluri 

raodenobebi aseTia: K=2, L=8, M =18, N=32, O =50, P=72, Q=98. maga-

liTad, bolo Q garsSi SeiZleba Sediodes 98 an ufro naklebi ra-

odenobis eleqtronebi. TiToeul garsSi arsebuli eleqtronebis ra-

odenobebi CvenTvis saintereso ar aris. Cven gvainteresebs mxolod 

atomis gare garsSi ganTavsebuli eleqtronebi. 

yvela eleqtroni erTsa da igive sibrtyeze ar brunavs. K saxel-

wodebis garsSi Semavali ori eleqtronic erTmaneTTan axlo ganTav-

sebul or sferul orbitebze brunavs, xolo sxva garsebSi Semavali 

eleqtronebis orbitebis formebi imdenad mravalferovania, rom maTi 

+ 
+ + 

+ 
+ 

+ 

+ + 
+ + 

+ 

+ 

- 

- 

- 

- 

- 

- 

- 
- - 

- 

- 
- 

- 

- 

nax.d2.1. atomis nils boriseuli plane-  
        taruli modeli  
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aRwera sakmaod did dros wagvarTmevs da amitom mas Tavs avaridebT. 

msjelobis gasamartiveblad SeiZleba CavTvaloT, rom yvelaferi ise 

xdeba, rogorc es naxaz d2.3,a-zea naCvenebi. 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
aseTi gamartivebis SemTxvevaSi siliciumis metad rTuli konfigu-

raciis kristaluri meseric SeiZleba brtyeli saxiT warmovadginoT 

(nax d2.3,b), rac gagviadvilebs masalis aRqmas. 

gare garsis eleqtronebs (ix. d2.3,a) ewodeba savalento eleq-
tronebi. d2.3,b naxazze swored savalento eleqtronebia naCvenebi 

(danarCen eleqtronebs mniSvneloba ara aqvs CvenTvis sainteresi saki-

Txis ganxilvisaTvis). swored isini monawileobs molekulebad ato-

mebis SeerTebasa da nivTierebis Tvisebebis warmoqmnaSi.  

gare garsSi Semaval eleqtronebs SeuZlia mowydes sakuTar at-

oms, Tavisuflad ixetialos nivTierebaSi, xolo garkveuli pirobe-

bis arsebobis SemTxvevaSi – warmoqmnas eleqtruli deni. garda amisa, 

nax. d3.2. mendeleevis perioduli cxrilis fragmenti  

8 

Si 14 

26,092 

siliciumi 

III IV V 

a b a b a b 

Sc 21 

44,956 

skandiumi 
8 
2 

9 
2 

Ti 22 

47,956 

titani 

8 
2 

10 
2 

V 23 

50,941 

vandaniumi 
8 
2 

11 
2 

32 

72,59 

germaniumi 
8 
2 

4 
18 

As 33 

74,822 

dariSxani 

naxSirbadi 

N 7 

azoti 
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2 

Al 13 

alumini 
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C 

12,011 
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2 
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2 

3 
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8 
2 
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2 

5 
18 
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2 
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6 

Ge 

P 15 

30,974 
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swored gare garsSi mimdinareobs naxevargamtaruli maZlierebeli 

xelsawyoebis - tranzistorebis warmomqmneli procesebi. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

d2.3,b naxazze naCvenebia siliciumis anu kaJbadis (Si) atomebis 

(nax. d2.3,a) gaerTianebiT warmoqmnili wminda siliciumuri (kaJbadu-

ri) naxevargamtari. masSi absoluturi nulis temperaturaze Tavisu-

fali eleqtronebi ar arsebobs. 

situacia Seicvleba, Tu siliciumSi SevitanT dariSxanis (As) at-

omebs (nax.d2.3,g), romelTa gare orbitaze moZraobs xuTi eleqtro-

nax d2.3 siliciumis anu igive kaJbadis atomi da misgan warmoSobili 
naxevargamtarebi  

      

d) 

b) a) 

g) Warbi eleqtroni warmoSobili xvreli 

SeniSvna:     - eleqtroni,    -xvreli. 

      
    

wminda naxevarga- 

mtari 
siliciumis  atomi 

p –tipis  naxevar- 

gamtari 

 n –tipis  naxevar- 

gamtari 

Si Si Si 

Si Si Si 

Si Si Si 

orbita K 

orbita L 

orbita M 

birTvi 

(14 pro- 

toni) 

eleq- 

troni 

 

As 

Si Si Si 

Si Si 

Si Si Si 

Si Si Si 

Si Si 

Si Si Si 

In 
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ni. am xuTi eleqtronidan oTxi kavSirs daamyarebs siliciumis (kaJ-

badis) atomebTan, xolo mexuTe eleqtroni gadaiqceva Tavisufal 

eleqtronad. aseT naxevargamtars ewodeba n tipis naxevargamtari.  
siliciumis wminda naxevargamtarSi samvalentiani indiumis (In) 

atomebis Setanisas sami eleqtroni kavSirs daamyarebs siliciumis 

mezobel sam atomTan, xolo meoTxe eleqtronis adgilze warmoiSoba 

sicariele, romelsac xvreli ewodeba (nax. d2.3,d). aseT naxevargam-
tars p tipis naxevargamtari ewodeba.  

        

d.2.2. gamtarebi, izolatorebi da 

naxevargamtarebi 

 

eleqtroteqnikaSi saxvadasxva masala gamoiyeneba. nivTierebis el-

eqtronul Tvisebebs gansazRvravs gare savalento orbitaze eleq-

tronebis raodenoba. rac ufro naklebi raodenobis eleqtronebia ga-

re savalento zonaSi, miT ufro naklebadaa isini dakavSirebuli 

birTvTan da miT ufro advilad SeuZlia maT wavides «samogzaurod». 
temperaturuli ryevebis zemoqmedebiT eleqtronebi SeiZleba mo-

wydes atoms da daiwyos moZraoba atomTaSoris sivrceSi. maT Tavisu-
fali eleqtronebi ewodeba da swored isini warmoqmnis dens. daismis 
kiTxva, Tu ramdenad didia atomTaSorisi sivrce da aqvs Tu ara ni-

vTierebis SigniT Tavisufal eleqtronebs moZraobis SesaZlebloba?  

myari sxeulebisa da siTxeebis struqtura Zafis gorgaliviT uwy-

veti da mWidro gvegonos.  sinamdvileSi ki myari sxeuli ufro sa-

Tevzao an frenburTis bades ufro hgavs. sayofacxovrebo doneze Zne-

lia amis SemCneva, magram zusti samecniero kvlevebi gviCvenebs, rom 

eleqtronebsa da birTvs Soris arsebuli manZilebi Tavad birTvisa 

da eleqtronebis zomebze gacilebiT didia. 

atomis birTvis zomas fexburTis burTis zomamde Tu gavzrdiT, 

maSin eleqtronebi muxudos marcvlebis zomas miiRebs, xolo TiTo-

euli aseTi marcvali «birTvisagan» ramdenime aseuli da SeiZleba 

aTaseuli metriT aRmoCndeba daSorebuli. birTvsa da eleqtrons So-

ris ki sicarielea - ubralod araferi ar aris! aseT masStabSi Tu 

warmovidgenT manZilebs nivTierebis atomebs Soris, maSin miviRebT 

namdvilad fantastikur zomebs – isini aTeuli da aseuli kilome-

tris toli aRmoCndeba!  

kargi gamtarebia liTonebi. magaliTad, oqrosa da vercxlis ato-
mebis gare orbitebze mxolod TiTo-TiTo eleqtronia, amitom isini 
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saukeTeso gamtarebia. eleqtrul dens, oRond ramdenadme cudad, at-
arebs rkinac. kidev ufro cudad atarebs dens maRali winaRobiani 

Senadnobebi - niqromi, manganini, konstantani, feqrali (rkina-qro-

malumini) da sxvebi. 

masalis mier eleqtruli denis gatarebis unaris Sesfaseblad Se-

motanili iqna “kuTri eleqtrogamtarobis” cneba, romlis Sebrunebu-

li sididea “kuTri winaRoba”. meqanikaSi am cnebebs Seesabameba kuTri 
wona.  

gamtarebisagan gansxvavebiT izolatorebi cdilobs ar dakargos 

eleqtronebi. maTSi eleqtronebi Zalian mtkicedaa dakavSirebuli bi-

rTvTan da Tavisufali eleqtronebis raodenoba umniSvneloa; rac 

ufro naklebia es raodenoba, miT ukeTesia izolatori da piriqiT. 

izolatorebSi Tavisufal eleqtronebs warmoSobs eleqtronTa 

Tburi rxevebi: maRali temperaturis zemoqmedebisas zogierTi eleq-

troni mainc axerxebs birTvisagan mowyvetas, rac auaresebs maizo-

lirebel Tvisebebs. 

idealuri gamtaris kuTri winaRoba nulis toli unda iyos. sabe-

dnierod aseTi gamtari ar arsebobs: aseTi gamtaris arsebobisas uaz-

robad gadaiqceoda omis I=U/R kanoni (nulze gayofa ar SeiZleba!). 

mxolod absoluturi nulis (-273,2C
0) tol temperaturaze sru-

liad qreba Tburi ryevebi da am dros yvelaze cudi izolatoric 

sakmaod karg izolatorad gardaiqmneba. sicudisa da sikargis raode-

nobrivad SefasebisaTvis gamoiyeneba kuTri winaRobis cneba.  

masalis kuTri winaRobis ganzomilebaa omi/santimetri. igi 

warmoadgens am masalisagan damzadebuli iseTi kubis winaRobas, rom-

lis wibos sigrZe 1 santimetria. kuTri winaRobis Sebrunebul sidi-

des ewodeba kuTri gamtaroba. romlis sidide simensebSi (sm) izome-

ba ( 1sm = 1/omi) 
kargi gamtaroba anu mcire kuTri winaRoba aqvs vercxls, spilen-

Zsa da alumins, romelTa kuTri winaRobebia: 1,5•10-6 
, 1,78•10

-6
 da 

2,8•10
-6omi/sm. gacilebiT cudi gamtaroba anu maRali kuTri winaRoba 

aqvs Senadnobebs konstantinsa da niqroms, romelTa kuTri winaRobe-

bia Sesabamisad  0,5•10-4 da 1,1•10-4 omi/sm. maT SeiZleba vuwodoT cu-
di gamtarebi.    

calke jgufad SeiZleba gamovyoT naxevargamtarebi: germaniumi, 

kaJbadi da seleni, romelTa kuTri winaRobebi Sesabamisad 60, 5000 
da 100000 omi/sm-s tolia am jgufSi Semaval elementebs cud gamta-
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rebze maRali, magram izolatorebze naklebi kuTri winaRobebi aqvs, 

ris gamoc maT naxevargamtarebs uwodeben.  
zemoT mocemuli mokle Sesavlis Semdeg ganvixiloT rogor urTi-

erTzemoqmedebs atomebi da rogor warmoSobs sxvadasxva nivTierebis 

warmomqmnel molekulebs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
atomis stabiluri mdgomareoba ewodeba iseT mdgomareobas, rom-

lis drosac atomis gare orbitaze 8 eleqtronia. stabiluri atomi 

ar cdilobs mezobel atomebs arc waarTvas da arc dauTmos eleq-

tronebi. amaSi dasarwmuneblad sakmarisia SevxedoT periodul cxri-

lSi arsebul inertul airebs neons, argons, kriptonsa da qsenons. 
TiToeuli maTganis atomis gare SreSi rva-rva eleqtronia, ris gam-

oc es airebi sxva nivTierebebTan reaqciaSi ar Sedis da axal qimi-

ur nivTierebebs ar warmoqmnis.  

sxvanairad iqceva atomebi, romelTa gare SreSi 8-ze naklebi ra-

odenobis eleqtronebia. isini cdilobs gauerTiandes sxva atomebs da 

maTgan gadmoibiros eleqtronebi sakuTar gare SreSi arsebuli ato-

mebis raodenobis rvamde Sesavsebad. 

magaliTad, wylis H2O molekula Sedgeba wyalbadis ori da 

Jangbadis erTi atomisagan (nax.d2.4,a).  

nax.d2.4. wylisa (a) da saWmeli marilis (b) moleku- 
     ebis warmoqmna 

a) 

H2O 

saWmeli marili 

NaCl 
Na 

Cl 

natriumi qlori 

H 

H 

O 

Gb) 
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nax.d2.4,a-s marcxena mxareze cal-calkea gamosaxuli wyalbadis 

ori da Jangbadis erTi atomi. Jangbadis atomis gare orbitaze arse-

bobs 6 eleqtroni da am atomis maxloblad imyofeba wyalbadis ori 

atomis ori eleqtroni. Jangbads gare orbitaze arsebuli eleqtro-

nebis raodenobis sanukvar rvamde Sesavsebad swored ori eleqtroni 

aklia da igi am mizans miaRwevs wyalbadis zemoT aRniSnuli ori 

atomis mierTebiT. 

analogur mdgomareobaSia wyalbadis atomebi. maT gare orbitis 

Sesavsebad Svid-Svidi eleqtroni sWirdeba. wyalbadis pirvel (zeda) 

atoms SeuZlia 6 eleqtroni Jangbadis atomis gare orbitidan, xolo 

1 atomi meore wyalbadis gare orbitidan miiRos. amis Sedegad mis 

gare orbitaze eleqtronebis raodenoba 8-is toli gaxdeba. aseve Se-

uZlia moiqces wyalbad-is meore atomma da miviRebT nax.d2.4,a naxa-
zis marjvena nawilSi gamosaxul wylis molekulas.  

nax. d2.4,b-ze naCvenebis natriumisa da qloris atomebis SeerTebis 

procesi, romlis Sedegadac miiReba natriumis qloridi, romelic 

Cveulebriv saWmeli marilia. 

am SemTxvevaSic reaqciaSi monawile TiToeuli atomi meore atomi-

sagan iRebs misTvis saWiro eleqtrons: natriumi sakuTar erTaderT 

eleqtrons miuerTebs qloris 7 eleqtrons da imavdroulad sakuTa-

ri gamgeblobaSi gadaiyvans qloris Svidive eleqtrons. amis Semdegad 

orive atomis gare Sreze eleqtronebis raodenoba rvis toli gax-

deba, riTac sruli Tanxmoba da keTildReoba miiRweva! 

 

d.2.3. atomebis valentoba 

 

atomebi, romelTa gare orbitaze 6 an 7 eleqtronia, cdilobs mi-

ierTos 1 an 2 eleqtroni. aseT atomebze amboben, rom isini erT- an 

orvalentianebia. atomis gare orbitaze Tu 1,2 an 3 eleqtronia, ma-

Sin igi maT gacemas cdilobs da igi Sesabamisad erT-, or- an samva-

lentianad iTvleba. 

atomis gare orbitaze 4 eleqtronis arsebobisas igi cdil-obs 

iseT atomTan gaerTiandes, romlis gare Srezec aseve 4 eleqtronia. 

swored amitom erTiandeba tranzistorebis dasamzadeblad gamoyenebu-

li germaniumisa da siliciumis atomebi. am SemTxvevaSi atomebs oTx-
valentianebs uwodeben (germaniumisa da siliciumis atomebi sxva, ma-

galiTad, Jangbadisa da wyalbadis atomebTanac erTiandeba, magram es 

SeerTebebi CvenTvis araa saintereso).  
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nax.d2.5,a-ze naCvenebia Tavis msgavs atomTan gaerTianebis msur-

veli germaniumis an siliciumis atomi. eleqtronebs Soris punqtu-

ruli wrewirebi gamosaxavs adgilebs, romlebSic SeiZleba moxdes 

mezobeli atomis oTxi eleqtroni. 

 

d.2.4. naxevargamtarebis kristaluri  

struqtura 

 

germaniumisa da siliciumis atomebi periodul cxrilis im jguf-

Sia moTavsebuli, romelSic Sedis naxSirbadi. amitom isini gaerTi-

anebis dros war-moqmnis almasisebur kristalur struqturas, rom-

lis gamartivebuli gamosaxuleba d2.5,b naxazzea warmodgenili.  

germaniumis erTi atomi kubis centrSi, xolo danarCeni 4 atomi 
– kubis wveroebSia ganTavsebuli. kubis centrSi ganTavsebuli atomi 

sakuTari savalento eleqtronebiT uaxloes mezoblebTanaa dakavSire-

kbuli. kuTxuri atomebi sakuTar savalento eleqtronebs aZlevs ce-

Ge (Si) 
 

 

 

qiravdeba qiravdeba 

qiravdeba qiravdeba 

a) b) 

g) 

nax. d2.5.  germaniumis (siliciumis) atomi (a), almasiseburi kristaluri  
    struqtura (b), germaniumis kristaluri brtyeli struqtura (g)   

 

http://electrik.info/main/school/
http://electrik.info/main/school/
http://electrik.info/main/school/
http://electrik.info/main/school/
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ntrSi ganTavebul da mezobel atomebs, romlebic naxazze naCvenebi 

ar aris. amgvarad, gare orbitebi rva-rva eleqtronebamdea Sevsebuli. 

kristalur gisosSi, ra Tqma unda, araviTari kubi ar arsebobs - igi 

naxazze atomebis moculobiTi ganlagebis naTlad gagebisTvisaa na-

Cvenebi. 

naxevargamtarebis aRweris maqsimalurad gamartivebisaTvis krista-

luri meseri SeiZleba ara sivrculad (ix. nax. d2.5,b), aramed 

brtyeli saxiTac gamovsaxoT (nax. d2.5,g). 
aseT kristalSi yvela eleqtroni sakuTari savalento kavSireb-

iT atomebTan mWidrodaa mibmuli da Tavisufali eleqtronebi ubra-

lod ar arsebobs. maTi ararsebobis gamo saqme TiTqos izolatorTan 

unda gvqondes, magram sinamdvileSi es ase ar aris. 

 

d.2.5. gamtarobis saxeebi 

 

saqme isaa, rom temperaturis zemoqmedebiT zogierTi eleqtroni 

axerxebs mowydes sakuTar atomebs da drois garkveuli monakveTis 

ganmavlobaSi birTvTan kavSirs Tavi daaRwios. amitom germaniumis 

kristalSi yovelTvis arsebobs mcire raodenobis Tavisufali ele-

qtronebi, romlebiTac SeiZleba warmoiSvas eleqtruli deni. ramdeni 

Tavisufali eleqtroni SeiZleba arsebobddes germaniumSi normalur 

pirobebSi?  

1010 (aT miliard) atomSi SeiZleba arsebobdes orze araumetesi 

Tavisufali eleqtroni, amitom germaniumi cudi gamtari, anu, naxe-

vargamtaria. amave dros unda aRiniSnos, rom sul raRac erT grami 

germaniumi Seicavs 1022, e.i. 103•1018 anu aTas kvintilion atoms, ris 

gamoc masSi SeiZleba arsebobdes daaxloebiT ori aTasi miliardi 

Tavisufali eleqtroni. es sakmarisi ar aris didi denis warmosaqmne-

lad, radgan 1 amperi denis dros wamSi gadis 1 kuloni eleqtruli 

muxti, anu 6•1018 (eqvsi kvintilioni) eleqtroni. samagierod Tburi 

moZraobis wyalobiT germaniums mainc aqvs sakuTar gamtarobad wode-
debuli mcire gamtaroba. 

temperaturis amaRlebiT eleqtronebi iZens damatebiT energias da 

amis Sedegad zogierTi eleqtroni axerxeba sakuTari atomebisagan 

mowyvetas. isini gadaiqceva Tavisufal eleqtronebad da gare eleq-

truli velis ararsebobisas kristalis Tavisufal sivrceSi 

qaoturad moZraobs. 
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eleqtrondakargul atomebs moZraoba ar SeuZlia da Tavisi nor-

maluri mdgomareobis mimarT kristalur meserSi odnav irxeva. eleq-

trondakargul aseT atomebs dadebiTi ionebi ewodeba. SeiZleba Cav-

TvaloT, rom sakuTari atomebisagan mowyvetili eleqtronebis adgi-

lebze Cndeba Tavisufali adgilebi, romlebsac xvrelebi ewodeba. 
eleqtronebisa da xvrelebis raodenobebi erTmaneTis tolia da 

amitom xvrels SeiZlia miitacos mis axlos moxvedrili eleqtroni. 

amis Sedegad dadebiTi ioni xelaxla xdeba neitraluri. xvrelebTan 

eleqtronebis SeerTebis process rekombinacia ewodeba. 
aseTive sixSiriT xdeba atomebisagan eleqtronebis mowyveta, ami-

tom konkretul naxevargamtarSi eleqtronebisa da xvrelebis saSu-

alo raodenoba mudmivi sididea da gare pirobebze, upirveles 

yovlisa temperaturazea damokidebuli. 

naxevargamtaris kristalze Tu movdebT Zabvas, maSin eleqtronebis 

moZraoba wesrigdeba da kristalSi gaCndeba deni, romelic ganpirobe-

buli iqneba eleqtronul-xvreluri (e.i. jamuri) gamtarobiT. aseTi 

naxevargamtari ar SeiZleba gamoviyenoT diodebis, tranzistorebisa 

da sxva eleqtronuli xelsawyoebis asagebad, radgan masSi SeuZlebe-

blia p-n gadasasvlelis formireba. am gadasasvlelis formirebisaT-

vis aucilebelia gamoviyenoT ori sxvadasxva tipis naxevargamtari. 

erT-erT maTgans unda hqondes mxolod p-gamtarobisa (p-niSnavs posi-

tive–s, anu dadebiTs, xvrelurs), solo meores - n–gamtarobis (n ni-

Snavs nitive–s, anu uaryofiTs, eleqtronuls). 

umniSvnelo raodenobis minarevebis miuxedavad, maTi arseboba mniS-

vnelovanwilad cvlis naxevargamtaris Tvisebebs da sxvadasxva gamta-

robis mqone naxevargamtarebis miRebis saSualebas iZleva.  

 

d.2.6. diodis mowyobiloba da muSaoba 

 

naxevargamtaruli mowyobilobebis ojaxSi diodi umartivesi 

xelsawyoa. naxevargamtaris, magaliTad, germaniumis firfitis marcx-

ena nawilSi Tu SevitanT aqceptorul, xolo marjvena nawilSi – 

donorul minarevs, maSin aRniSnul nawilebSi miviRebT Sesabamisad p-

tipisa da n tipis maxevargamtarebs. firfitis Sua nawilSi ki 

warmoiSoba e. w. pn gadasasvleli (nax. d2.6,a). 
am naxazis qveda nawilSi punqtiriTaa Semoxazuli sqemebze diod-

is pirobiTi aRniSvna. 
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aseT kristalSi sxvadasxva gamtarobis ori zonaa, romlebidanac 

ori gamomyvani gamodis. amitom miiRo xelsawyom diodis saxelwodeba 

(«di» – ors niSnavs). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. d2.6.  naxevargamtaruli diodis sqemebi 

eleqtruli veli 

 zogierTi eleqtroni gadadis 

  pn–gadasasvlels (dreifi)   

difuzia 

a 
 difuzia eleqtron-  

  ebs ukanve abrunebs 

anodi 

a) b) 

g) 

d) 

PN-gadasasvleli 

anodi kaTodi 

denis mimarTuleba 

P N 

anodi kaTodi 

Id 

anodi kaTodi 

kaTodi 

difuzia difuzia 

eleqtruli veli eleqtruli veli 

difuzia difuzia 

eleqtruli veli eleqtruli veli 
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p da n gamtarobebiani naxevargamtarobebis Sepirapirebis adgilze 

warmoSobili pn-gadasasvleli yvela danarCeni naxevargamtaruli xe-

lsawyos safuZvelia. diodisagan gansxvavebiT, romelsac mxolod er-

Ti aseTi gadasasvleli aqvs, tranzistors aqvs ori, xolo tiris-
tors – sami aseTi gadasasvleli.  

 

d.2.6.1.  pn  gadasasvleli simSvidis mdgomareobaSi 

 

gancalkevebulad aRebuli pn-gadasasvlelis, Cvens SemTxvevaSi – 

diodis, SigniT simSvidis mdgomareobaSic mimdinareobs saintereso 

procesebi (nax. d2.6,b). aseTi moZraobis gamo p mxareze garkveul 

donemde izrdeba nivTierebis simkvrive. iseve, rogorc sunamos sur-

neli mTel oTaxSi vrceldeba (rasac difuzia ewodeba), aseve nawi-

lakebic cdilobs mTel sivrceSi Tanabrad ganawildes, amitom, adre 

Tu gvian, eleqtronebi xelaxla ubrundeba n zonas. 

eleqtroenergiis momxmarebelTa umravlesobisaTvis denis mimarTu-

lebas mniSvneloba ara aqvs - naTura anaTebs, uTo cxeldeba da a.S. 

diodisaTvis denis mimarTuleba Zalian did rols TamaSobs. swored 

am Tvisebas uzrunvelyofs pn-gadasasvleli. ganvixiloT rogor 

iqceva diodi masTan denis mierTebis ori SesaZlo SemTxvevis dros. 

 

d.2.6.2. diodis ukumimarTulebiT CarTva 

 

naxevargamtarul diods Tu kvebis wyaros ise mivuerTebT, 

rogorc es nax d2.6,g-zea naCvenebi, maSin masSi deni ar gava. naxazis 
Tanaxmad kvebis wyaros dadebiTi polusi mierTebulia n, xolo 

uaryofiTi polusi – p zonasTan. amis Sedegad eleqtronebi n zoni-

dan miiswrafvis wyaros dadebiTi polusisaken. Tavis mxriv p zonis 

dadebiT muxtebs (xvrelebs) izidavs kvebis wyaros uaryofiTi po-

lusi. amitom, rogorc naxazidan Cans, gadasasvlelSi warmoiqmneba 

sicariele da masSi ar rCeba muxtis mzidebi da ubralod SeuZ-

lebelia denis warmoqmna.  

kvebis wyaros Zabvis gazrdiT izrdeba kvebis wyaros mier eleq-

tronebisa da xvrelebis mizidvis Zala da gadasasvlelSi ufro mci-

rdeba muxtis mzidebis raodenoba. amitom diodis ukuCarTvis dros 

diodSi ar gadis deni. aseTi SemTxvevis dros amboben, rom diodi 
ukuZabviTaa Caketili. polusebis siaxloves nivTierebis simkvrivis 

gazrda warmoSobs difuzias – mTel moculobaSi nivTierebis Tanabr-
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ad ganawilebisken swrafvas, rac moxdeba diodidan kvebis Zabvis mox-

snis Semdeg.  

Caketil diodSi mainc gadis umniSvnelo sididis deni, romelsac 

ukudeni ewodeba. am dens warmoqmnis muxtis araZiriTadi mzidebi, 

romlebic ZiriTadi mzidebiviT, oRond Sebrunebuli mimarTulebiT 

moZraobs. bunebrivia, rom aseTi moZraobas ganapirobebs ukuZabva. um-

niSvnelo raodenobis araZiriTadi mzidebi aseve umniSvnelo sididis 

ukudens warmoqmnis. 

kristalis temperaturiT izrdeba araZiriTadi mzidebis raode-

noba, rac zrdis ukudenis sidide. am denis sidide SeiZleba imdenad 

gaizardos, daarRvios pn gadasasvleli. amitom SezRudulia 

naxevargamtaruli xelsawyoebis – diodebis, tranzistorebis, mikro-

sqemebis samuSao temperaturis sidide. gadaxurebisagan mZlavri di-

odebisa da tranzistorebis dasacavad saWiroa gaviTvaliswinoT si-

Tbos arinebis specialuri saSualebebi (qulerebi, radiatorebi da a. 

S.) 

 

d.2.6.3. diodis pirdapiri mimarTulebiT CarTva 

 

SevcvaloT kvebis wyaros CarTvis polaroba (nax.6,d): minusi mivu-

erToT n zonas (kaTods), xolo minusi – p zonas (anods). aseTi 

CarTvis dros n zonidan eleqtronebs gandevnis batareis minusovani 

polusi da isini daiwyebs moZraobas pn gadasasvlelisaken. zonis da-

debiTad damuxtul xvrelebs p zonidan gandevnis  batareis pluso-

vani polusi. maSasadame, eleqtronebi da xvrelebi urTierTSemxvedri 

mimarTulebiT amoZravdeba. 

pn gadasasvlelTan Tavs moiyris sxvadasva polarobis nawilaki 

da maT Soris warmoiqmneba eleqtruli veli. amitom eleqtronebi ga-

dalaxavs pn gadasasvlels da gzas p zonis gavliT gaagrZelebs. am 

dros maTi mcire nawili rekombinirdeba xvrelebTan, magram didi na-

wili gaeSureba batareis plusovani polusisaken, ris Sedegadac di-

odSi gava Id deni (ix .nax. d2.6,d) 
am dens ewodeba pirdapiri deni. mis maqsimalur sidides gansazR-

vravs diodis teqnikuri monacemebi. pirdapiri denis sidide Tu gada-

aWarbebs am maqsimalur mniSvnelobas, maSin wamoiWreba diodis mwyo-

bridan gamosvlis saSiSroeba. naxazze pirdapiri denis mimarTuleba 

emTxveva saerTod miRebul mimarTulebas, romelic eleqtronebis 

moZraobis sawinaaRmdegoa. 
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pirdapiri mimarTulebiT diodis CarTvisas mcirea diodis winaRo-

ba. es winaRoba mravaljer izrdeba diodis ukumimarTulebiT CarTvi-

sas da masSi imdenad umniSvnelo sididis deni gadis, rom igi SeiZ-

leba ugulvebelvyoT. sabolood SeiZleba davaskvnaT, rom diodi iq-

ceva meqanikuri ventiliviT, romelic wyals erTi mimarTulebiT ata-

rebs, xolo meore mimarTulebiT ki ara. am Tvisebis gamo diods na-
xevargamtaruli ventili ewodeba.  

 

d.2.7. bipolaruli tranzistoris 

mowyobiloba da muSaoba 

 

zemoT ganxiluli naxevargamtaruli diodi Tu erTi pn gadasas-

vlelisagan Sedgeboda, tranzistorSi am gadasavlelebis raodenoba 

oris tolia. amitom naxevargamtaruli diodi SeiZleba ganvixiloT 

an rogorc tranzistoris winapari, an rogorc misi naxevari nawili. 

bipolaruli tranzistoris agebuleba Zalian hgavs puris ori na-

Wrisagan damzadebuli sendviCis agebulebas. puris naWrebis funqcias 

tranzistorSi asrulebs garkveuli (n an p) naxevargamtaruli masa-

lisagan damzadebuli firfitebi, xolo SigTavsis funqcias – sawina-

aRmdego tipis naxevargamtaruli masalisagan damzadebuli firfita. 

magaliTad, puris naWrebis Sesabamisi firfitebi Tu n tipis naxevri- 

saganaa damzadeduli, maSin SigTavsis dasamzadeblad gamoyenebuli iq-

neba p tipis naxevargamtarisagan damzadebuli firfita da aseT tra-

nzistors misi Semadgeneli Sreebis ganTavsebis Tanamimdevrobis Se-

sabamisad  npn tipis tranzistori ewodeba. zemoT aRniSnuli tipis 

naxevargamtarebs Tu SevcvliT sawinaaRmdego tipis naxevargamta-

rebiT miviRebT pnp tipis tranzistors. 

npn tipis tranzistoris agebuleba d2.7,a naxazze, xolo pnp 

tipis tranzistori – d2.7,b naxazzea gamoxazuli. am naxazebis mar-

jvena nawilebSi naCvenebia Sesabamisi tranzistorebis pirobiTi aRni-

Svnebi. aRniSnuli naxazebis Tanaxmad, SigTavss ewodeba baza, xolo am 

SigTavsis Semonafenebs – emiteri da koleqtori. aqve xazgasmiT unda 

aRvniSnoT, rom tranzistoris normalurad muSaobisaTvis bazis sisqe 
gacilebiT naklebi unda emiterisa da koleqtoris sisqeze. 

adre naxevargamtarul masalad gamoiyeneboda germaniumi, magram 

ukeTesi teqnikuri maxasiaTeblebis gamo dRes umeteswilad silici-

umiisagan damzadebuli tranzistorebi gamoiyeneba. germaniumis 

gamoyenebisas Tu ufro teqnologiuri iyo pnp tipis tranzistoreb- 
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nax. d2..7. tranzistoris agebulebisa da muSaobis principis  
      mailustrirebeli naxazebi  

     - ZiriTadi: 

d) g) 

a) b) 

v) e) 

C 
E 

B 

Ik Ek-e 

Eb-e Ib 

baza koleqtori emiteri 
n p n 

     - emisirebuli. 

2) dadebiTi muxtis mzidi 
(xvreli): 

SeniSvnebi 
 1) uaryofiTi muxtis mzidi 

(eleqtroni): 

  - ZiriTadi; 
  - emisirebuli. 

B 

C 

E 

C E p n n 

B 

npn  tranzistori 

B 

E 

Ek-e 

C 

n p n 
emiteri koleqtori baza 

B 

C 

E 

B 

C E p p n 

pnp  tranzistori 

p 

n 

virtual- 

uri tur- 

 niketi 

baza 

 

emiteri 

koleqtori 

n 

n 

Ie = 505 mA 

p 

virtual- 

uri tur- 

 niketi 

n 

baza 

Ik = 500 mA 

Ib = 5mA 

koleqtori 

emiteri 

npn pnp 

d1 

d2 

C 

E 

B 
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is warmoeba, siliciumis gamoyenebis dros ufro teqnologiuri gax-

da npn tipis tranzistorebis warmoeba; amitom dReisaTvis yvelaze 

gavrcelebulia npn tipis kaJbaduri tranzistorebi da Cven swored 

mas ganvixilavT. yvelaferi, rasac vityviT npn tranzistorebze, sa-

marTliani iqneba pnp tranziსტორეbisTvisac, oRond saWiroa 

SevcvaloT tranzistorisa kvebis polaroba. 

tranzistoris muSaobaSi garkvevisaTvis gavixsenoT eleqtronebis, 

xvrelebis, donorebisa da aqceptorebis raoba.  

tranzistorebis agebuleba da pirobiTi gamosaxulebebi d2.7,a,b 
naxazebzea naCvenebi; d2.7,g naxazze maTSi arsebuli pn–gadasasvlele-

bi diodebis saxiTaa warmodgenili. igi dagvexmareba tranzistorSi 

mimdinare procesebis naTlad gaazrebisaTvis. dawvrilebiT gavecnoT 

npn tipis tranzistoris Sinagan samyaros, romelic d2.7,d naxazzea 
warmodgenili. masze kvebis wyaros polusebi isea mierTebuli, ro-

gorc es xdeba realur sqemebSi arsebuli tranzistorebis dros. am 

SemTxvevaSi baza-emiteris gadasasvleli (naxaz d2.7,b naCvenebi d1 

diodi) gaRebulia da masSi gava marcxnidan marjvniv moZravi eleq-

tronebi. bazis gavlis Semdeg es eleqtronebi daejaxeba baza-emi-

teris daketil gadasasvlels (7,b naxazze naCveneb daketil d2 di-

ods), romelic SeaCerebs am moZraobas: eleqtronebis moZraobis gza 

daketilia. 

kvebis wyaros polarobis Secvlisas daiketeba baza-emiteris gada-

sasvleli (d2.7,b naxazis d1 diodi), xolo gaiReba – baza-koleqto-

ris gadasasvleli (d2.7,b naxzis d2 diodi) da mdgomareoba ar Se-

icvleba: daketili iqneba eleqtronebis moZraobis gza. 

sabolood SeiZleba davaskvnaT, rom tranzistorSi deni ar gava 

emitersa da koleqtorze nebismieri polarobis Zabvis modebis dros. 

miuxedavd imisa, rom daketilia eleqtronebis samoZrao gza, ma-

inc moiZebneba temperaturis zemoqmedebiT «Zalmocemuli» zogierTi 
mardi eleqtroni, romelic daZlevs potenciur bariersa da imoZrav-

ebs daketil gzaze. amitom tranzistoris aseTi CarTvis drosac ba-

zidan koleqtoris mimarTulebiT (e. i.d7,b naxazze naCvenebi daketi-
li d2 diodis gavliT) mainc iarsebebs umniSvnelo deni (emiteridan 
wamosuli deni bazaSi mniSvnelovnad Sesustdeba da koleqtoris ga-

vliT gaagrZelebs gzas). imis gamo, rom am denis warmoqmnaSi mona-

wileobs baza-koleqtorze warmoSobili potenciuri barieris gadam-

laxavi yvela Tavisufali eleqtroni, amitom mas sawyisi gajerebis 
deni ewodeba. igi umarTavia, arsebobs yvela tranzistorSi da mci-
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redaa damokidebuli gare Zabvaze: dasaSveb farglebSi gare Zabvis maq-

simalurad gazrdisas igi umniSvnelod izrdeba. samagirod aRniSnuli 

denis sidideze mniSvnelovan rols asrulebs temperatura. 

temperaturis Semdgomi amaRleba gazrdis gajerebis sawyis dens, 

romelic damatebiT gaacxelebs baza-koleqtoris gadasasvlels (d2 

diods). aseT temperaturul arastabilurobas SeuZlia gamoiwvios 

siTburi garRveva da tranzistori mwyobridan gamoiyvanos. amitom sa-

Wiroa miviRoT tranzistoris gagrilebisaTvis saWiro zomebi da ma-

Rali temperaturis dros tranzistorze ar movdoT zRvruli Zab-

vebi.  

zemoT ganxilul sqemebSi bazaze ar iyo modebuli Zabva. tranzis-

toris aseTi CarTva praqtikulad ar gamoiyeneba. aucilebelia bazaze 

modebuli iyos emiteris Zabvaze mcire iseTi polarobis Zabva, rom-

lis meSveobiTac pirdapir iqneba wanacvlebuli baza-emiteris gadasa-

svleli (nax. d2.7,g naxazze Sesabamisi d1 diodi). tranzistoris 

aseTi swori CarTva d2.7,e naxazzea moyvanili. 

diodis SemTxvevaSi Tu yvelaferi Zalian martivadaa mowyobili – 

gaRebis Semdeg masSi gadis deni, xolo tranzistorSi sxva movleneb-

ic xdeba. emiterul dens n gamtarobis mqone E emiters eleqtronebi 

Seaqvs p gamtarobis B bazaSi (ix. nax. d2.7,e). eleqtronebis nawili 

Seavsebs bazaSi arsebul xvrelebs (moxdeba maTi rekombinacia) da 

gaCndeba bazis umniSvnelo Ib deni (ix. nax. d2.7,e). vinaidan baza 
Txelia, amitom mcirea  masSi arsebuli xvrelebis raodenobac da E 

emiteridan bazaSi Semosuli eleqtronebis mxolod mcire nawilis 

rekombinacia moxdeba. danarCeni didi raodenobis eleqtronebi bazid-

an amoiReba. 

amgvarad, baza-emiteris gadasasvlelze (ix. nax.d.3.7,e), anu am ga-
dasavleliT warmoqmnil d1 diodze (ix. naxd.3.7,g) modebuli Zabvis 

mcire Eb-e wyaro exmareba eleqtronebs daZlios ukuwanacvlebuli 

(daketili) baza-koleqtoris (d2 diodis) potenciuri barieri da Ik 

denis saxiT dabrundes E emiterSi. amas ewodeba tranzistoruli ef-
eqti,  romlis aRmoCenisaTvis u. Soklim, (j. bardinTan da u. brait-
enTan erTad) 1956 wels miiRo nobelis premia. es efeqti samecniero 

literaturaSi Soklis tranzistoruli efeqtis saxeliT Sevida. 
Soklis tranzistorul efetis arsSi gasarkvevad ganvixiloT 

d2.7,v naxazi. am naxazis zeda nawilSi gamoxatuli sqema axdens 

d327,d naxazze gamosaxuli tranzistoris Sinagani arxebis mdgomare-

obis ilustrirebas: virtualuri turniketis frTebiT Tavisufal 
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eleqtronebs gadaketili aqvs samoZrao gzebi da tranzistorSi deni 

ar gadis.  

d.3.7,e naxazis qvemo nawilze gamosaxuli sqema axdens d.3.7,v na-
xazze gamosaxuli tranzistoris SigniT mimdinare procesebis ilus-

trirebas. pirdapir wanacvlebul baza-emiterSi gamavali susti Ib 

deni virtualuri turniketis mokle frTaze zemoqmedebiT TiTqos 

«Seatrialebs turnikets» da gzas gauxsnis  Ib da Ik denebs. swored 

am virtualuri turniketis moqmedeba axdens Soklis tranzistoru-
li efeqtis ilustrirebas: susti deni gzis gaxsnaSi exmareba 

mZlavr dens! amis Semdeg yvelaferi kanonzomierad grZeldeba: erTma-

neTs Seerwymeba Ib da Ik denebi da tranzistorSi gaivlis mZlavri 

emiteruli IeIk+Ib deni. miaxloebis niSani aq imis gamo dgas, rom 

bazaSi mcire danakargebis gamo Ie deni imdenad umniSvnelodaa nakle-

bi Ik+Ib denze, rom isini SeiZleba TiTqmis erTmaneTis tolad Cav-

TvaloT.   

d.2.8.  tranzistoris muSaoba  

sagasaRebo reJimSi 

 

tranzistorze Zabvas Tu ar mivawodebT, an bazisa da emiteris ga-

momyvanebs erTmaneTTan SevaerTebT, maSin Ub-e Zabva nulis toli gax-

deba da, aqedan gamomdinare, ar iqneba bazis Ib deni. tranzistori 

da-iketeba, koleqtoluri (swored is sawyisi) deni imdenad umniSvne-

lo iqneba, rom SeiZleba ugulvebelvyoT. am SemTxvevisas amboben, 

rom tranzistori imyofeba wakveTis mdgomareobaSi, e .i. daketilia.  

wakveTis sawinaaRmdego mdgomareobas gajerebis mdgomareoba ewo-
deba. es xdeba tranzistoris mTlianad gaRebisas, rodesac ufro me-

tad gaReba SeuZlebelia. aseTi gaRebis dros koleqtor-emiteris ub-

nis winaRoba umniSvneloa da koleqtorul wredSi rezistoris ga-

uTvaliswineblad tranzistoris CarTvisas igi myisierad daiwveba. 

wakveTisa da gajerebis mdgomareobebis arsSi gasarkvevad SeiZle-

ba gamoviyenoT d2.7,e naxazis qveda nawilze gamosaxuli sqema. aRniS-

nul mdgomareobebebs Seesabameba warmosaxviTi turniketis ganapira 

mdgomareobebi. kerZod, tranzistori iqneba wakveTis mdgomareobaSi, 
Tu turniketis orive (patara da didi) frTa srulad Caketavs kon-

trolirebad arxebs da piriqiT, tranzistori iqneba gajerebis 
mdgomareobreobaSi, Tu turniketis orive frTa srulad gaaRebs aR-

niSnul arxebs. pirvel SemTxvevaSi aRniSnuli arxebis winaRobebi ma-

qsimaluria (TiTqmis usasrulobis tolia), xolo meore SemTxvevaSi 
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- minimaluri (TiTqmis nulis toli). danarCen SemTxvevebSi tranzis-

tori iqneba nawilobriv Ria (arc wakveTisa da arc gajerebis) mdgo-

mareobaSi.  

am mdgomareobamde tranzistoris misayvanad saWiroa arsebobdes 

sakmaod maRali bazisuri Ib deni, risTvisac bazis-emiteris gadasas-

vlelze modebuli Ub-e Zabva 0,6...0,7 voltis rangis unda iyos. Sem-

zRudavi rezistoris ararsebobisas bazi-emiteris gadasasvlelisa-

Tvis aseTi sididis Zabva Zalian didia. marTlac, tranzistoris Se-

sasvleli maxasiaTebeli (nax.d2.8,a) Zalian hgavs diodis maxasiaTeb-

lis pirdapir Stos. 

es ori (wakveTisa da gajerebis) mdgomareoba gamoiyeneba tranzis-

toris sagasaRebo mdgomareobaSi (cifrul teqnikaSi) muSaobisas, ro-
desac tranzistori asrulebs Cveulebrivi reles kontaqtis rols. 

analogur teqnikaSi tranzistoris gamoyenebisas, piriqiT, iReben spe-
cialur zomebs gajerebis mdgo-mareobaSi tranzistoris gadasvlis 

gamosaricxavad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gasaRebis mdgomareobaSi muSaobis ZiriTadi arsi isaa, rom bazis 

mcire deni marTavs koleqtoris masze ramdenime aTeuljer met did 

dens. miuxedavad imisa, rom koleqtoris didi deni energiis gare 

wyarodan miiReba, denis mixedviT gaZlierebis faqti mainc gvaqvs. 

martivi magaliTi: mcire mikrosqemas SeuZlia didi naTuris an Zravis 

CarTva. 

sagasaRebo reJimSi tranzistoris aseTi gaZlierebis sididis gan-

sazRvrisaTvis gamoiyeneba «didi denis reJimSi denis mixedviT gaZli-

a) b) 

Ub-e 

0,6 

10 

20 

30 

Ib 

430 

+5 v 
Rb 

Rb-e 
4,3k 

+ 12 v 

100 mA 

 12 v 

nax. d.2.8. tranzistoris Sesasvleli maxasiaTebeli (a), 
  sagasaRebo kaskadis sqema (b) 
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erebis  koeficienti». sagasaRebo reJimSi muSaobisas es koefici-
enti araviTar SemTxvevaSi ar aris 10...20-ze naklebi. 

 ganisazRvreba, rogorc koleqtoris SesaZlo maqsimaluri  denis 

fardoba bazis SesaZlo minimalur denTan. sidide uganzomileboa da 

gviCvenebs «Tu ramdenjeraa didi»:   
 

                                                  (1) 
 

didi ubedureba ar iqneba, denis sidide moTxovnilze meti rom 

iyos: tranzistori gajerebul mdgomareobaSia (nax d2.7,e-ze virtu-
aluri turniketi bolomdea Setrialebuli, e.i. mTlianad aqvs gaRe-

buli arxebi)  da amitom igi ufro metad ver gaiReba. Cveulebrivi 

tranzistorebis garda sagasaRebo reJimSi muSaobisaTvis gamoiyeneba 

«darlingtonuri» anu Sedgenili tranzistorebi, romelTa «super 

beta» SeiZleba 1000-is toli da ufro metic iyos. 

sagasaRebo kaskadis ganxila usabuTo rom ar gamogvivides, ganvi-

xiloT d2.8,b naxazze naCvenebi sagasaRebo kaskadis muSaoba. 
kaskadi daniSnulebaa CarTos da amorTos naTura. cxadia, datvir-

Tvad naTuris nacvlad SeiZleba gamoviyenoT nebismieri eleqtruli 

xelsawyo: rele, eleqtroZrava, eleqtroqura da a. S. amocanis Tavi-

seburebaa is, rom naTuris sruli varvarebisaTvis saWiroa saTanadod 

SevirCioT bazis wredSi CarTul rezistoris winaRobis sidide.  

aseTi naTurebi gamoiyeneba, magaliTad, avtomobilSi xelsawyoTa 

dafis gasanaTeblad. 1,5 amperiani КТ815 tranzistori Cveni xelsawy-

osaTvis sruliad sakmarisia. 

yvelaze sainteresoa is faqti, rom gamoTvlebSi Zabvas yuradReba 

ar eqceva da mxolod piroba (1)-is dacva mowmdeba. amitom naTura 
SeiZleba ikvebebodes 200 volti ZabviT, xolo tranzistoris bazis 

wredi imarTebodes 5 volti kvebis mqone mikrosqemiT. Cvens magaliT-

Si mikrosqema ar arsebobs da bazis wredi imarTeba kontaqtiT, ro-

melzedac modebulia 5 volti Zabva. naTuris kvebis Zabvaa 12 volti 

da igi moixmars 100 miliamper dens. ivaraudeba, rom =10. baza-emi-
teris gadasasvlelze Zabvis vardna Ub-e=0,6 volts (ix.nax. d2.8,a). 
aseTi monacemebis dros: 

▲ bazis denis sidide unda iyos Ib= Ib/=100/10=10 miliamperi. 

▲ bazis Rb rezistorze modebuli Zabva Seadgens:  

        5 V – Ub-e = 5 V  – 0,6 V = 4,4V. 

▲ omis kanonis Tanaxmad: 

         
      

         
 . 
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       R = U / I = 4,4 volti / 0,01 amperi = 440 oms. 

standartuli tranzistorebis CamonaTvlidan virCevT 430 omi 

winaRobian rezistors da amiT mTavrdeba gamoTvlis procesi. am pro-

cesis dros ar gamogviTvlia bazasa da emiters Soris CarTuli Rb-e 

rezistoris winaRoba, romlis daniSnuleba aris ganrTuli Rilakis 

dros saimedod daketos tranzistori. es rezistori rom ar arsebo-

bdes nebismieri dabrkoleba tranzistorze aucileblad moaxdenda 

zegavlenas. am mxriv igi SeiZleba deteqtoruli radiomimRebis an-

tenas SevadaroT.  

tranzistoris saimedod dasaketad, wakveTis mdgomareobaSi mis ga-

dasayvanad aucilebelia urTierTtoli iyos emiterisa da bazis po-

tencialebi. Cveni «saswavlo sqemisaTvis» ufro mosaxerxebeli iqne-

boda iseTi gadamrTveli kontaqti gamogveyenebina, romliTac naTuras 

anTebisaTvis mivuerTebdiT +5 volt Zabvas, xolo CaqrobisaTvis – 

mTel kaskads gadavrTavdiT «miwaze».  
yvelgan da yovelTvis amis fufuneba ar gveqneba. amitom ufro ad-

vilia Rb-e rezistoris daxmarebiT erTmaneTs gavutoloT bazisa da 

emiteris potencialebi. am rezistoris nominalis gamoTvla saWiro 

ar aris. misi winaRoba 10-jer meti unda iyos Rb rezistoris wina-

Robaze. praqtikuli monacemebis Tanaxmad misi sidide 5...10 kiloomis 

toli unda iyos. 

ganxiluli sqema warmoadgens saerTo emiteriani sqemis nairsaxe-

obas. aq unda aRiniSnos Semdegi ori Tavisebureba. jer erTi, esaa 
mmarTvel Zabvad +5 volti Zabvis gamoyeneba: swored aseTi Zabva ga-

moiyeneba maSin, rodesac sagasaRebi kaskadi uerTdeba cifrul mikro-

sqemebs anu, ufro xSirad, mikrokontrolerebs. meorec, koleqtorze 

arsebuli signali  bazaze arsebul signalis mimarT invertirebulia 

(e.i. Sesasvleli signali invertirdeba). kontaqtiT bazaze +5 bazaze 
Zabvis miwodebisas koleqtorze modebuli Zabva TiTqmis nulamde var-

deba. am dros vizualurad naTura ar invertirdeba: bazaze Tu sig-

nali arsebobs, maSin naTura anTia. SevniSnavT, rom Sesasvleli Sesas-

vleli signali invertirdeba tranzistoris analogur sqemebSi gamo-

yenebis drosac.   
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danarTi 3. cifruli eleqtronuli 

sqemebi 

 

d.3.1. velis tranzistorebis agebisa da 

funqcionirebis sakiTxebi 

 

cifruli eleqtronuli sqemebis asagebad gamoyenebul masobrivad 

gamoiyeneba pn-diodebi, bipolaruli da velis tranzistorebi. aR-

niSnuli elementebidan pirveli ori maTganis agebisa da funqcionire-

bis principebi met-naklebad srulad ganvixileT danarT 2-Si. axla 

SevexebiT velis tranzistoreebis agebisa da funqcionirebis 

principebs.  

velis tranzistori naxevargamtaruli xelsawyoa, romlis 

or gamomyvans Soris arsebuli ubnis winaRoba icvleba mesame gamom-

yvanze modebuli potencialiT. d3.1,a naxazze moyvanilia velis tran-

zistoris erT-erTi nairsaxeoba, romelsac liTon-Jangeul-naxevar-
gamtaris, anu SemoklebiT - lJn tipis tranzistori ewodeba. mis 

asagebad gamoyenebulia ori naxevargamtaruli ubnis mqone kristali, 

romelTaganac erT-erTi ubani n, xolo meore – p tipisaa. am kris-

tals fuZeSre ewodeba. 
fuZeSris erT-erT ubans ewodeba saTave, xolo meores – Casadina-

ri. saTave fuZeSrisa is ubania, romlidanac saTaves iRebs muxtis 

mzidebis nakadi, xolo Casadinari – is ubani, romelSic aRniSnuli 

nakadi Caedinebia. saTavesa da Casadinars Soris arsebul sivrces ar-
xi ewodeba. arxis zemoT ganTavsebulia saketad wodebuli liTonis 

eleqtrodi. igi mTlianad faravs arxs, oRond misgan dieleqtrikis 

(Cveulebriv kaJbadis orJangis) Txeli SriTaa izolirebuli. vinaidan 

xelsawyo Seicavs liTonis sakets, maizolirebeli Jangeulis Sresa 
da naxevargamtaris fuZeSres, amitom man miiRo liTon-Jangeul-naxe-

vargamtaris tipis xelsawyos saxelwodeba.  

samuSao reJimSi deni saTavidan arxis meSveobiT miedineba Casadina-

risaken. es deni saTavisa da CasadinarisaTvis muxtis ZiriTadi mzide-

bisaganaa warmoqmnili. magaliTad, d3.1,a naxazze moyvanili tranzis-

torSi saTaved da Casadinrad gamoyenebulia n tipis naxevargamtari, 

romelSic muxtis ZiriTadi mzidebi eleqtronebia da amitom am naxe-

vargamtarSi zemoT aRniSnul deni eleqtronebis mowesrigebuli mo-

Zraobis Sedegad unda warmoiqmnas. normalur pirobebSi p-tipis naxe-

vargamtarisagan warmoqmnil arxSi mcire raodenobiTaa Tavisufali 
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(moZravi) eleqtronebi da amitom maRalia misi winaRoba. mdgomareoba 

Seicvleba saketze  Camiwebuli fuZeSris mimarT dadebiT potencial-

is modebiT. am potencialis wyalobiT saketze gaCndeba dadebiTi mu-

xtebi, romlis wyalobiT eleqtronebi fuZeSris farTo sivrcidan 

gadainacvlebs arxSi da Seamcirebs mis winaRobas.  

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

saketze modebuli ZabvisaTvis arsebobs garkveuli zRurbluri 

mniSvneloba, romlis drosac mkveTrad mcirdeba arxis winaRoba. sake-

tze modebuli Zabvis sidide Tu am zRurblur mniSvnelobaze nakle-

bia, maSin Zalian didia arxis winaRoba, rac mniSvnelovnad amcirebs 

masSi gamavali denis sidides da amitom Tvlian, rom tranzistori 
daketilia. saketze modebuli Zabvis sidide Tu aRemateba zRurblur 

mniSnelobas, maSin arxis winaRoba umniSvnelo xdeba da iTvleba, rom 

tranzistori gaRebulia.  
Cven mier aRwerili tranzistorze amboben, rom igi muSaobs gam-

didrebis reJimSi, ramdenadac saketze modebuli Zabva zrdis arxSi 

eleqtronebis raodenobas, e. i. arxs eleqtronebiT amdidrebs. norma-
lurad am tranzistoris saketze Zabva modebuli ar aris, ris gamoc 

igi daketilia. amitom mas velis normalurad daketil tranzistor-
sac uwodeben. igi SeiZleba SevadaroT reles kontaqts, romelic re-

les gragnilze Zabvis ararsebobisas wyvets wreds. 

nax. d3.1. velis normalurad daketili n–arxiani (a) da 

p–arxiani (b) tipis lJn-tranzistori, lJn- tran-

zistorebis standartuli aRniSvnebi (b, g, d, e, v)  

saketi 

saketi 

Casadinari 

fuZeSre 

saTave 

v) 

a) 

g) e) 

b) 

d) 

n fuZeSre  

p p a r x i 

saTave  

Casad- 

 dari  

dieleqtriki (Si2) 

a r x i 

fuZeSre 

saTave  

saketi 

p 
Casadi- 

 nari  

n n 
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arsebobs velis normalurad Ria tranzistorebic, romlis sake-

tze Zabvis ararsebobis (anu, nulovani Zabvis arsebobis) dros arxs 

SedarebiT dabali winaRoba aqvs. aseT tranzistorSi, rogorc saTavi-

sa da Casadinaris, ise fuZeSris asagebad erTi da igive tipis naxe-

vargamtaruli masala gamoiyeneba. d3.1,a naxazze naCveneb tra-

nzistorSi fuZeSrisaTvis gamoiyeneba p, xolo saTavisa da Casadi-

narisaTvis - n tipis naxevargamtaruli masala. samives Sesaqmnelad 

Tu n tipis naxevargamtaruli masalas gamoviyenebT, maSin miviRebT 

gaRaribebis reJimSi momuSave velis tranzistors. normalurad, e. i. 

saketze 0-is toli Zabvis arsebobisas misi arxis winaRoba umni-

Svneloa da masSi deni umniSvnelo danakargiT gaivlis anu tranzis-
tori Riaa. saketze zRurblur sidideze meti Zabvis modebisas arxi-

dan ganidevneba eleqtronebi, e.i. arxi eleqtronebisagan gaRaribdeba, 

mniSvnelovnad gaizrdeba misi winaRoba e. i. tranzistori daiketeba. 
velis maSasadame gaRaribebis reJimSi momuSave tranzistori norma-
lurad (saketze Zabvis ararsebobisas) daketilia. 

d3.1,a naxazze naCveneb tranzistoris konfiguraciis mqone rog-
orc daketil, ise Ria velis tranzistorebSi dens eleqtronebi wa-

rmoqmnis da amitom maT n–arxiani xelsawyoebi ewodeba. am tranzis-
torebis muSaobis Cveulebrivi reJimis dros sadinarTan SefardebiT 

saTaves potenciali dadebiTia (maRalia). arsebobs velis p–arxiani 
tranzistorebic. maTSi deni xvreluri gamtarobis xarjze warmoiq-

mneba. isini n–arxiani xelsawyoebiviT muSaobs, oRond im gansxvaveb-
iT, rom yvela Zabvas sawionaaRmdego polaroba unda hqondes. 

d3.1,b naxazze moyvanilia velis normalurad daketili n–arxiani 
lJn- tranzistoris agebuleba.  

  arsebobs ori (n da p) tipis arxi da normalur pirobebSi Ses-

aZlo ori (normalurad daketili da normalurad Ria) mdgomareoba. 

maTi kombinaciiT SeiZleba warmoiqmnes Semdegi oTxi tipis lJn 

tranzistori: 1. n–arxiani normalurad daketili (gamdidrebis reJi-

mSi momuSave) lJn tranzistori (nax. d3.1,g); 2. p–arxiani normalu-

rad daketili (gamdidrebis reJimSi momuSave) lJn tranzistori 

(nax. d3.1,d); 3. n–arxiani normalurad Ria (gaRaribebis reJimSi mo-

muSave) lJn tranzistori (nax. d3.1,e); 4. . p–arxiani normalurad 

Ria (gaRaribebis reJimSi momuSave) lJn- tranzistori (nax. d3.1,v). 
velis lJn tranzistorebiT agebuli sqemebis swrafmoqmedebas 

ZiriTadad gansazRvravs saketisa da sxva eleqtrodebs Soris wa-

rmoqmnil tevadobebaTa sidideebi. xelsawyos erTi mdgomareobidan me-
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oreSi gadasvlamde am tevadobebma unda moaswros damuxtva da gan-

muxtva. situacias isic arTulebs, rom bipolarul tranzistorebTan 

SedarebiT velis tranzistorebs gamtar mdgomareobebSi ufro 

maRali winaRobebi aqvs. velis tranzistori, rogorc wesi, misi Car-

Tvis wredSi arsebuli velis meore tranzistoriT imarTeba, rac 

mniSvnelovnad zrdis misi tevadobis damuxtvis dros. am mizezis ga-

mo lJn tranzistorebiT agebuli sqemebi zogadad bipolaruli 

tranzistorebiTa da diodebiT agebul sqemebze ufro nelmomqedia. 

  

d.3.2. logikuri elementebi 

 

logikuri elementebi anu ventilebi warmoadgens elementalur 

logikur funqciaTa marealizebel diskretul mowyobilobebs, rom-

lebic rTuli diskretuli mowyobilobebis asagebad saWiro saeleme-

nto bazis Sesaqmnelad gamoiyeneba. minimaluri raodenobis logikuri 

elementebis erTobliobas, romlis gamoyenebiTac nebismieri sirTul-

is diskretuli mowyobilobis sinTezia SesaZlebeli, logikur ele-
mentTa funqcionalurad sruli sistema ewodeba. 

nebismieri sirTulis diskretuli mowyobilobis sinTezis Teori-

uli problemebis gadasawyvetad gamoiyeneba logikur elementebis fu-

nqciurad sruli sistema, romelic Sedgeba koniunqtoris (da-el-

ementis), diziunqtorisa (an-elementisa) da invertorisagan (ara-

elementisagan), e. i. igi sami elementisagan Semdgari sistemaa. rac 
Seexeba rTuli diskretuli mowyobilobis praqtikul realizebas, am 

miznisaTvis gamoiyeneba erTi logikuri elementisagan warmoqmnili 
sruli sistema da es elementi SeiZleba iyos da-ara elemen-ti an 

an-ara elementi. 

zemoT aRniSnulidan gamomdinare, rTuli logikuri funqciebis ma-

realizebeli diskretuli mowyobilobebi aigeba logikuri ele-

mentebiT. Tavad logikuri elementebi SeiZleba avagoT eleqtromagni-

turi elementebis kontaqtebiT an ukontaqto eleqtronuli elemen-

tebiT – diodebiT an tranzistorebiT. d4.2,a naxazze moyvanilia di-

odebiT agebuli da-ventilis sqema. mis orive x1 da x2 Sesasvlelze 

maRali (5 voltis toli) potencialis, e.i. logikuri signal 1-is 
arsebobisas y gamosasvlelzedac iarsebebs logikuri 1. Tundac erT 
Sesasvlelze nulovani potencialis (logikuri 0-is) arsebobisas Se-
sabamisi diodi pirdapir wanacvldeba, e.i. misi  winaRoba TiTqmis 0-
is toli gaxdeba da gamosasvlelze damyardeba 0-Tan axlomdebare 
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potenciali (logikuri 0). am sqemis moqmedebas gamoxatavs d3.2,a na-
xazze moyvanili WeSmaritobis cxrili, romelic da-funqcias Seesa-

bameba. 

dioduri ventilis gamoyeneba SeiZleba zogjer sasargeblo iyos, 

magram logikur elementad mis farTod gamoyenebas xels uSlis mis-

Tvis damaxasiaTebeli Semdegi ori nakli.  

1. mis gamosasvlelze formirebuli potenciali mgrZnobiarea Sesa-

svlelze modebuli potencialebis doneTa umniSvnelo cvlilebebis 

mimarT. es nakli gansakuTrebiT mwvaved maSin iCens Tavs, rodesac 

erT-erT Sesasvlelze gvaqvs logikuri 0. am SemTxvevaSi Sesasvlel-

ze idealuri nulovani potencialisagan nebismieri gadaxra zustad 

aseTive gadaxras warmoSobs mis gamosasvlelze. garda amisa, gamosas-

vlelze nulovani Zabvisagan damatebiT gadaxras ganapirobebs pirda-

pir wanacvlebul diodze arsebuli aranulovani Zabvis vardnac. 
dioduri ventilebis mimdevrobiT CarTvisas erTi ventilidan me-

ore ventilSi Sesasvleli signalis gavlisas rxevebisadmi zemoT aR-

werili mgrZnobiarobiT gamowveuli gadaxrebi ikribeba, ramac Se-

iZleba seriozuli darRvevebi gamoiwvios. 

                 

 

 

 

 

 

      

 

 

 

   

   
 
2. ventilis muSaoba damokidebulia mis gamosasvlelze CarTuli 

mimRebis winaRobaze. maRali donis gamosasvleli denis dros deni 
ventilis gamosasvlelidan mimRebisaken ventilis rezistoris gavliT 

miedineba; rezistorze Zabvis vardna gamosasvlelze potencials amci-

rebs. es Semcireba mniSvnelovania, radgan Sesasvlelze dabali poten-

cialebis dros Sesasvleli wredebis gadatvirTvis Tavidan asacileb-

lad aRniSnuli rezistoris winaRoba mniSvnelovani unda iyos. mcire 

nax. d3.2. (a) dioduri da ventili; 

     (b) logikuri elementis sami na- 

        wili.  

b) 
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donis gamosasvleli denis dros deni mimRebidan ventilisaken aris 

mimarTuli. am denma dabali potencialis SesasvlelebSi unda gaiar-

os. aman SeiZleba warmoqmnas situacia, romlis drosac erT Sesasv-

lels mouxdeba bevr sxva ventilidan mosuli denis gatareba, rac 

garkveul sirTulesTan aris dakavSirebuli. 

zogadad, dioduri sqemebisadmi damaxasiaTebel nakls ganapirobebs 

is, rom diodi pasiuri xelsawyoa. trnzistorebi piriqiT aqtiuri 
xelsawyoebia im TvalsazrisiT, rom maTSi did signalebs susti si-

gnalebi marTavs. 

dioduri ventilebis zemoT moyvanili naklovanebebi SegviZlia 

specialuri tranzitoruli sqemebiT aRmovfxvraT. kerZod, pirvels 
nakls Tavidan avicilebT tranzistoruli sqemiT, romelic ventilis 

gamosasvlelze formirebul potencialis dones dauaxlovebs ideal-

ur mniSvnelobas; meore nakls aRmovfxvriT mimRebisaTvis gankuTvni-
li denisagan ventilis Sesasvlelebis ganmamxoloebeli damatebiTi 

wredis meSveobiT.  

am or damatebiT sqemas ventolis aRmdgeni da buferuli nawilebi 
uwodes. sawyisma diodurma sqemam ki miiRo ventilis kombinaciuri 
nawilis saxeli, radgan misi saSualebiT Sesasvlel signalTa sxvada-

sxva kombinaciebi warmoiSoba. dioduri ventilis amgvarad modernize-

buli sqemis blokuri gamosaxuleba d3.2,b naxazzea moyvanili. misi 

struqtura Seicavs rogorc diodebisagan, ise tranzistorebisagan 

agebul nawilebs. ventilebis agebis aseTma  logikam diodur-tranzi-
storuli logikis (dtl-is) saxelwodeba miiRo. 

ventilis sqemis d3.2,b naxazze moyvanili pirobiTi dayofa Ti-

Toeuli nawilis muSaobis gancalkevebulad ganxilvis saSualebas 

gvaZlevs. ama Tu im konkretuli miznis misaRwevad SegviZlia marto 

buferuli an aRmdgeni nawilis modernizeba movaxdinoT, xolo sxva 

komponentebi ucvlelad davtovoT. arsebobs iseTi ventilebic, rome-

lTa aseT sam nawilad dayofa SeuZlebelia. aseTia, magaliTad, uSu-
alo kavSirebiani sqemebis ojaxSi Semavali ventilebi. maTSi samive 

funqcias asrulebs ganuyoflad dakavSirebuli tranzistorebisagan 

Sedgenili sqema.  

ventilebi garkveul ojaxebadaa dayofili. TiToeul ojaxSi gaer-

Tianebulia saerTo teqnologiiT agebuli, magram sxvadasxva logiku-

ri funqciis Semsrulebeli ventilebis nakrebi. am logikur funq-

ciebidan erT-erTi maTgani wamyvania da masze maxvildeba yuradReba. 

aseT wamyvan funqciad yovelTvis aRebulia iseTi funqcia, romelic 
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damoukideblad warmoqmnis logikuri funqciebis funqciurad srul 

sistemas. post-iablonskis Teoremis Tanaxmad aseTebia logiku-ri 

da-ara da an-ara funqciebi. pirvel maTgans Seferis funqcia, 

xolo meore maTgans – pirsis isars uwodeben. logikur ojaxi SeiZ-

leba davyoT bipolaruli tranzistorebisagan agebuli ventilebisa 

da lJn tranzistorebisagan agebuli ventilebis klasebad. 
ventilebis ganxilvisas operirebas vaxdenT dabali da maRali donis 

potencialbze. am dros saWiroa SevTanxmdeT maT aRniSvnebze. dabal 

potencials Tu aRvniSnavT logikuri 0-iT, xolo maRal potencials 

– logikuri 1-iT, maSvin gveqneba dadebiTi konvencia, xolo piriqiT 

aRniSvnis dros – uaryofiTi konvencia. 
ventilebis damaxasiaTebeli ZiriTadi parametrebia: 1) gamosasvle-

lis mixedviT ganStoebis koeficienti, romelic gviCvenebs ventilis 

gamosasvlelTan misaerTebeli ventilebis maqsimalur raodenobas; igi 

gansazRvreba gamosasvlelSi gamavali denis Zalis mniSvnelobiT, ro-

melic aucilebelia gamosasvlelze mniSvnelovani gadaxris gareSe 

logikuri 0-isa da 1-is Sesabamisi potencialebis SesanarCuneblad; 

2) Sesasvlelis mixedviT gaerTianebis koeficienti, romelic gviCven-

ebs mocemuli tipis ventilis Sesasvlelebis raodenobas; 3)  dayov-
nebis dro anu signalis gavrcelebis dayovneba, romelic gviCvenebs 

ventilze signalebis kombinaciis miwodebidan ra drois gasvlis 

Semdeg formirdeba Sesabamisi gamosasvleli signali. 4) dabrkoleba-
mdgradoba, romelic axasiaTebs ventilis unars gaumklavdes ori 

logikuri mniSvnelobebis Sesabamisi standartuli sidideebidan si-

gnalis gadaxras; 6)simZlavris ganbneva, romelic warmoadgens mu-

Saobis dros ventilis mier moxmarebul simZlavres;  

 

d3.3. tranzistorul-tranzistoruli 

 logika da misi modifikaciebi 

(montaJuri da samstabiluri logikebi) 

 

tranzistorul-tranzistoruli logikis (ttl-is) 

saxelwodebis ojaxSi Semavali logikuri elementebi mxolod bipo-

laruli tranzistorebiTaa agebuli. masSi Semavali erT-erTi venti-

li d3.3,a naxazzea gamosaxuli.  

ventilis kombinatoruli nawili Seicavs mravalemiterul T1 

tranzistors. naxazze naCvenebia ori emiteri, Tumca maTi raodenoba 

SeiZleba ufro metic iyos. TiToeuli Sesasvleli signali sakuTar 
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emiterzea miwodebuli. emiterebi bazasTan warmoqmnis pn–gadasas-

vlels.  pirdapir  wanacvlebuli Tundac erTi emiteris arsebobisas 

T1 tranzistori gamtar mdgomareobaSi iqneba, e. i. koleqtoris gamo-

myvanSi SeiZleba gavides deni.  rezistoriT bazaze dadebiTi poten-

cialis miwodebis gamo baza-emiteris gadasasvleli pirdapir wanac-

vldeba yovelTvis, rodesac Sesabamisi emiteris potenciali «nulov-

an», anu Camiwebuli wertilis potencialTan axlos iqneba. es imas 

niSnavs, rom T1 tranzistori gamtar mdgomareobaSi iqneba maSin, ro-
desac Tundac erT-erT xi Sesasvlelze miwodebuli iqneba logikuri 

0 (dabali potenciali). am SemTxvevaSi dabali potencialis mqone 

emiterSi gava ZiriTadad bazuri deniT ganpirebuli SesamCnevi deni. 

ventilis yvela Sesasvlelze logikuri 1-is (maRali potencialis) 

miwodebisas T1 tranzistori daiketeba da yvela mis emiterSi Zalian 

susti deni gaivlis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. d3.3. da-ara- funqciis marealizebeli ttl ventilis  

          nairsaxeobebi;  
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ventilis aRmdgeni nawili Sedgeba T2 tranzistorisa da ori re-

zistorisagan. T2-is baza T1-is koleqtorTanaa SeerTeuli, e.i. T1-is 

koleqtoris deni T2-is bazur dens warmoadgens. rodesac T1 gaRebu-

lia, maSin deni misi koleqtoridan dabali potencialis mqone emi-

teris an emiterebisaken aris mimarTuli. es mimarTuleba im denis mi-

marTulebis sawinaaRmdegoa, romelic unda hqondes T2-is bazis dens 

am tranzistoris baza-emiteris gadasasvlelis pirdapir wasanacvleb-

lad. e.i. yovelTvis, rodesac T1  Riaa, daketilia T2.  
T1-is daketil mdgomareobaSi yofnisas mis bazaze modebuli +5 

voltis potencialis gamo baza-koleqtoris gadasasvleli pirdapi-

raa wanacvlebuli. amitom pirdapir wanacvlebuli pn-diodis msgav-

sad igi gamtar mdgomareobaSi unda iyos. es Tavis mxriv pirdapir 

waanacvlebs T2-is baza-emitersac, ase rom T2 aRmoCndeba gajerebil 

(gamtar) mdgomareobaSi. T2 tranzistoris am urTierTsawinaaRmdego 

(wakveTisa da gajerebis) mdgomareobidan TiToeuli Sesasvlelze pi-

robebis mTeli diapazonisaTvis SeimCneva. am TvalsazrisiT T2 tran-

zistoris wredi realurad asrulebs signalis aRmdgenis funqcias.  

ventilis buferuli nawili T3 tranzistorisa R rezistorisagan 

Sedgeba. T3-is bazis potencials marTavs aRmdgeni nawilis T2 tran-

zistori. T2-is gamtar mdgomareobaSi yofnisas misi emiteri iRebs 0-
sa da +5 volts Soris arsebul raRac dadebiT mniSvnelobas (konk-

kretuli sidide aRmdgeni nawilis or rezistorzea damokidebuli). 

es Tavis mxriv pirdapir waanacvlebs buferuli nawilis T3  tranzis-

tors da igi gaiReba. aseT situaciaSi ventilis y gamosasvlelze 

gaCndeba «miwis» potencialTan axlomdebare potenciali.  

meore SemxvevaSi, rodesac T2 ar atarebs, nulis toli aRmoCndeba 

mis emiterze modebuli Zabva, ris gamoc T3-is baza-emiteris gadasas-

vleli ar iqneba pirdapir wanacvlebuli da T3 daiketeba. am situa-

aciaSi buferis koleqtoruli wredis rezistoris wyalobiT ven-

tilis gamosasvlelze damyardeba kvebis +5 voltTan axlomdebare 

potenciali. gamosasvlelze potencialis realuri sidide damokide-

bulia R rezistorze Zabvis vardniT da mas gansazRvravs am rezito-

rSi gamavali datvirTvis deni. ganxiluli ttl- ventilis funqci-

onirebis ganmsazRvreli WeSmaritobis cxrili d3.3,g naxazzea moyva-
nili - igi Sesabameba da-ara funqciis WeSmaritobis cxrils. e. i. 

ganxiluli ventili warmoadgens da-ara logikur elements. am 

elementis pirobiTi gamosaxuleba d3.3,d naxazzea naCvenebi. mis Sesa-
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svlelze marto erTi emiteris arsebobisas miviRebT ara elements 

(invertors).           
bufers unda SeeZlos masTan mierTebuli sxva ventilebis sworad 

muSaobisaTvis saWiro sididis denis gatareba. ttl- ventilis Sesa-

svlelze mniSvnelovani deni masze dabali potencialis arsebobis 

dros SeiniSneba. am SemTxvevaSi deni marTuli ventilis Sesasvleli-

dan mmarTveli ventilis gamosasvlelisaken aris mimarTuli. Cvens mi-

er ganxiluli sqema daakmayofilebs mmarTveli ventilisadmi wayeneb-

ul moTxovnebs, Tu buferul T3 tranzistors SeeZleba gaataros 

misi marTuli yvela Sesasvlelidan mosuli jamuri da sakuTari ko-

leqtoruli rezistoridan mosuli deni. 

ganxilul ventilSi daketili T3-is dros ventilis gamosasvlel-

ze  dabali potencialidan maRal potencialze gadasarTvelad R re-

zistori gamoiyeneba, rac zrdis signalis gavrcelebis dayovnebas. ve-

ntilis gamosasvlel xazsa da «miwas» Soris yovelTvis warmoiSveba 

sagrZnobi parazituli tevadoba. dabali potenciali maRali po-
tencialiT ver Seicvleba am tevadobis ganmuxtvamde, rac ayovnebs am 
process. maRali potenciali dabali potencialiT gacilebiT swra-
fad icvleba. 

ttl-ventilebis gadarTvis siCqaris gasazrdelad buferul na-

wilSi arsebuli pasiuri R rezistoris nacvlad xSirad tranzisto-

ri gamoiyeneba. es tranzistori gaiReba maSin, rodesac ventilis ga-
mosasvlelze potenciali maRali xdeba da warmoqmnis parazituli 

tevadobis swrafad dammuxtvel dabalomian wreds. d3.3,b naxazze wa-
rmodgenili amgvarad modificirebuli ttl- ventilis sqemis bufe-

rul nawils ewodeba aqtiuri datvirTviani gamosasvleli kaskadi. am 
buferSi gvaqvs TH da TL tranzistorebi. amaTgan TH tranzistori 

gankuTvnilia ventilis gamosasvlelze maRali donis potencialis, 

xolo TL tranzistori, piriqiT – dabali donis potencialis for-

mirebisaTvis.  

T2-is daketili mdgomareobis dros TL-is bazaze modebulia «mi-
wis» dabali potenciali, xolo TH–is bazaze maRali potenciali; 

amitom TH gamtar mdgomareobaSia, xolo TL daketilia.  

T2-is gamtari mdgomareobis dros orive TL  da TH transistoreb-

is bazaze iseTi saSualo sididis potencialia modebuli, rom igi 

sakmarisia TL tranzistoris, magram araa sakmarisi TH tranzistoris 

gasaRebad. TH-s mimdevrobiT mierTebuli  diodi gankuTvnilia TH-is 

potencialis daaxloebiT 0,7 voltamde gasazrdelad. es uzrunvel-
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yofs T2  da  TL tranzistorebis Ria mdgomareobaSi yofnisas garanti-

rebulad iyos daketili TH tranzistori. TH  da  TL tranzistorebs 

Soris mcire winaRoba CarTulia erTi mdgomareobidan meoreSi gadas-

vlis dros gamavali denis SezRudvisaTvis, rodesac orive tranzis-

storis nawilobriv gamtar mdgomareobaSi imyofeba. 

gamosasvlelze sadatvirTo rezistoris mqone ramdenime ttl- 

ventilis gamosasvlelebis SeerTebiT axali logikuri elementi mi-

iReba. axali logikuri elementis miRebis aseT samontaJo xerxs mo-

ntaJuri logika ewodeba.  d3.4,a naxazze gamosaxulia da-ara 

funqciis marealizebeli ori ttl ventili, romelTa gamosasvleli 

xazebia SeerTebuli. erT-erTi an orive buferuli (TA,TB) tranzis-

toris Ria mdgomareobaSi yofnis dros saerTo xazze myardeba «mi-
wis» toli dabali potenciali, anu logikuri 0. sawinaaRmdego Se-
mTxvevaSi rezistorebis wyalobiT gamosasvlelze myardeba maRali 

potenciali, anu logikuri d3.4,b naxazze moyvanilia am gaerTianebiT 

miRebuli sqemis WeSmaritobis cxrili, romlis Tanaxmadac miRebuli 

sqema axdens y = y
(1)

 & y
(2) koniunqciis realizebas, e. i. warmoadgens da 

elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

montaJuri logikis gamoyenebiT miRebul ventils eqneba maRali 

swrafmoqmedeba mis buferul nawilSi aqtiuri datvirTvis mqone 

ttl- ventilebis  (nax. d3.4,b) gamoyenebisas (am ukanasknelTa maRa-

li swrafmoqmedebis gamo). am ideis realizebis saSualebas ar gvaZl-    

nax. d4.4. ori ttl ventiliT montaJuri da ventilis ageba.  
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evs Semdegi ori garemoeba: 1) erT-erTi ttl- ventili mis buferu-

li nawilis zeda tranzistoris Ria mdgomareobis dros Seecdeboda 
aemaRlebina potenciali saerTo gamosasvlelze; imave dros meore 

ttl- ventili mis buferul nawilSi qveda tranzistoris Ria 

mdgomareobisas am saerTo gamosasvlelis potencialis piriqiT, dasa-

a) 

nax. d4.5. (a)samstabuluri ttl-sqemebi (b)-(i) samstabiluri sqe- 

             mebis saxesxvaobebis pirobiTi aRniSvnebi  
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dablebad ar daiSurebda Zalisxmevas. amis Sedegad Ria tranzi-

storebSi gaivlida Zalian didi deni, romlebsac SeiZleba isini da-

ezianebina. 2) xifaTs TavsDan verc am dazianebis ganuxorcielebisas 

avicilebdiT, radgan saerTo gamosasvlelze potencialis done ar 

iqneboda arc imdenad dabali, rom igi logikur 0-ad CagveTvala da 

arc imdendenad maRali, rom logikur 1-ad migveCnia.  
 zemoT aRniSnuli miuxedavad SeiZleba samontaJo logikis Rirse-

bas SevuTavsoT gamosasvlel kaskadSi sadatvirTo tranzistorebis 

mqone ventilebis swrafmoqmedeba. kerZod, ttl- ventilis qceva 

SeiZleba SevcvaloT, Tu mdgomareobisaTvis, romlis drosac misi po-

tenciali arc sakmaod maRalia da arc sakmaod dabali, mesame mdgo-
mareobis cnebas SemovitanT! am dros miRebul ventils sami mdgo-
mareobis mqone sqemas, anu samstabilur sqemas (ventils) uwodeben.          

d3.5.,a naxazze moyvanilia da-ara funqciis marealizebeli  sam-

stabiluri ttl- ventili, romelSic TH da TL tranzistorebis sa-

marTavad Semotanilia nebarTvis xazad wodebuli damatebiTi mmarTve-
li xazi. es xazi d2 diodiT uerTdeba aRmdgeni nawilis T2  trazis-

toris emitersa da buferuli sqemis zeda TH tranzistoris bazas.  

nebarTvis xazze dabali potencialis (logikuri 0-is) miwodebis- 
as orive gamosasvleli TH  da TL tranzistori daketilia. zeda TH 

transistors ketavs d2 diodis pirdapiri wanacvlebis (gamtar 

mdgomareobaSi yofnis) gamo mis bazaze damyarebuli dabali 

potenciali. qveda TL tranzistoris Caketvas ki iwvevs Sesasvlel T1 

tranzistoris emiterze logikuri 0-is arseboba. 
nebarTvis xazze maRali potencialis (logikuri 1-is) miwodebisas 

d2 diodi daiketeba da amitom zeda TH tranzistoris qceva daemTx-

veva ttl- ventilSi mis normalur qcevas. amitom Sesasvleli T1 

tranzistoris romelime emiterze miwodebul logikur 1-s es emite-
ri TiTqos TamaSidan gayavs. amgvarad, nebarTvis xazze maRali poten-

cialis miwodebisas ventilis mdgomareobas mTlianad gansazRvravs 

sxva Sesasvlelebi da igi da-ara funqciis marealizebeli Cveuleb-

rivi ttl- ventiliviT imuSavebs. 

arsebobs sami Sesasvlelis mqone Semdegi saxis samstabiluri ven-

tili: 

1. samstabiluri maformirebeli, romelsac gamosasvlelze gada-

aqvs mis Sesasvlelze miwodebuli potenciali. misi pirobiTi gamosa-

xuleba d3.5,b naxazze moyvanilia ucxour literaturaSi, xolo 

d3.5,g naxazze – samamulo samecniero-teqnikur literaturaSi miRe-
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buli misi pirobiTi gamosaxuleba; 2. samstabiluri ara- ventili 

(nax. d3.5,d,e); 3. samstabiluri  da- ventili (nax.d4.5,v); 4. samsta-
biluri  da-ara-  ventili (nax. d4.5,z);  3. samstabiluri  an ve-

ntili (nax. d3.5,T); 4. samstabiluri an-ara- ventili (nax. d3.5,i).  
samstabiluri ori an ufro meti raodenobis ventilebis gamosas-

vlelebis SeerTebisas nebarTvis signali drois nebismier momentSi 

mxolod erT ventils unda ewodebodes, e. i. «nebarTva» mxolod erT 

ventils unda eZleodes. amis Sedegad miiReba garkveulad SezRudu-
li saxis samontaJo logika. misi qcevis aRwera Cveulebrivi samonta-

Jo logikis qcevis aRweraze ramdenadme rTulia.   

ttl farTod gavrcelda kompiuterebSi, eleqtronul-samusiko in-

strumentebSi, sakontrolo-sazom aparaturasa da avtomatikaSi. ttl-

is farTod gavrcelebis gamo eleqtronuli mowyobilobebs xSirad 

ttl-Tan SeTavsebad Sesasvlel da gamosasvlel wredebiT aRWuraven. 

 eleqtronuli sistemebis konstruqtorebisaTvis ttl popular-

li Texas Instruments firmis mier 1965 wels 7400 seriis SemoTavazeb-
is Semdeg gaxda. mikrosqemebis es seria samrewvelo standartad gadaiq-

ca. vinaidan Texas Instruments firmis 7400 seria yvelaze metad gavrce-

lda, amitom mas funqciurad da parametrulad imeorebs sxva (AMD, 

Harris, Intel, Intersil, Motorola, National) firmebis mier gamoSvebuli pro-

duqciebi. ttl-is mniSvnelobas ganapirobebs is, rom ttl- mikro-

sqemebi metad mosaxerxebelia masobrivi warmoebisaTvis da misma parame-

trebma mniSvnelovnad gaaaswro adre warmoebuli (rdt-, drt-) mi-

krosqmebis parametrebs.  

 

 

 

bipolaruli tranzistorebiT agebuli logikuri ventilebis sqemeb-

is swrafmoqmedebis gasazrdelad saWiroa gamovricxoT maTSi arsebuli 

tranzistorebis gajerebis mdgomareobaSi gadasvla. gajereba ewodeba 

tranzistoris mdgomareobas, romlis drosac misi orive gadasasvleli 

pirdapir aris wanacvlebuli. gajerebis mdgomareobaSi myof tranzis-

torSi muxtis araZiriTadi mzidavebi orive gadasasvlelis gavliT mig-

rirebs da bazis zonaSi grovdeba Warbi raodenobis araZiriTadi mzida-

vebi, romelic unda gaifantos tranzistoris daketil mdgomareobaSi 

gadasvlamde. logikuri elementebis  emiteruli kavSirebiani lo-

gikis (ekl logikis) saxelwodebis ojaxSi gajerebis reJims koleq-

torul dens saWiro zRvrebSi SenarCunebis gziT icileben Tavidan. 

d3.4. emiteruli kavSiriani logikuri 

 elementebis agebis safuZvlebi 

 

https://ru.wikipedia.org/wiki/Texas_Instruments
https://ru.wikipedia.org/wiki/Texas_Instruments
https://en.wikipedia.org/wiki/Harris_Corporation
https://ru.wikipedia.org/wiki/Intel
https://ru.wikipedia.org/wiki/Intersil
https://ru.wikipedia.org/wiki/Motorola
https://en.wikipedia.org/wiki/National_(brand)
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ekl-ventilis tranzistorSi koleqtoruli denis dones marTavs 

emiterTan mierTebuli rezistori (nax. d3.6,a). am rezistoris ararse-
bobis (e. i. emiteris pirdapir Camiwebis) dros gaRebuli tranzistoris 

gajerebis Tavidan acileba gagviWirdeboda, radgan misi am mdgomareoba-

Si yofnisas baza-emiteris gadasasvlelze modebul Zabvis sidide mci-

red (0,2-0,3 voltiT) gansxvavdeba gajerebis mdgomareobis dros imave 

gadasasvlelze modebuli Zabvis sididisagan. amis gamo tranzistoris 

gasaRebad bazaze Zabvis miwodebisas signalis donis odnavma darRvevam, 

an tranzistoris parametrebis mcireodenma gadaxram SeiZleba tranzi-

stori gaRebul mdgomareobaSi gadaiyvanos. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

davuSvaT, rom tranzistoris bazaze miwasTan SefardebiT  miwodebu-

lia dadebiTi UB potenciali (ix. nax. d3.6,a). emiteruli deniT RE re-

zistorze gamowveuli Zabvis vardna emiterze warmoSobs dadebiT UE po-

tencials. amis gamo baza-emiterze modebuli UB-E Zabva bazaze modebul 

UB Zabvaze UE sididiT iqneba naklebi. ufro metic, UB Zabvis zrdis 

kvalobaze gaizrdeba emiterSi gamavali deni, rac gazrdis emiterze mo-

debul UE Zabvas. emiterze modebuli Zabvis zrdas garkveulwilad 

akompensirebs bazaze Zabvis gazrda. amgvarad baza-emiteris 

nax.d3..6. koleqtoruli denis SemzRudveli emiteriani rezis-  
  toris mqone tranzistoris sqema (a); ekl-  ventilis kom- 
  binatoruli (b) da buferuli (g) nawilebis sqema   

a) 
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gadasasvlelze potencialTa sxvaoba gacilebiT ufro nela gaizrdeba, 

vidre miwis mimarT bazis Zabva. sxva sityvebiT rom vTqvaT, emiteris 

wredSi rezistoris arsebobis gamo warmoiSveba uaryofiTi ukukavSiri, 
romelic amcirebs bazaze modebuli Zabvis cvlilebisadmi tranzistor-
is mgrZnobiarobas. am uaryofiTi kavSiris gamo mcirdeba tranzistoris 
parametrebis cvlilebisadmi koleqtorSi gamavali denis mgrZnobiaro-
bac. am ori garemoebis erToblioba gvaZlevs tranzistoris gajerebis 

gamoricxvis saSualebas 

rogorc davrwmundiT, tranzistoris emiterul wredSi rezistoris 

CarTviT Tavidan vicilebT gajerebas, oRond emiteris denis sasurveli 

cvlilebis uzrunvelyofisaTvis saWiroa bazaze modebuli Zabva sakmao 

farTo diapazonSi icvlebodes. samwuxarod, araa sasurveli, ori logi-

kuri mniSvnelobis Sesabamisi Sesasvleli Zabvis doneebi erTmaneTisagan 

mniSvnelovnad gansxvavdebodes. amitom ekl- ventilSi Sesasvleli si-

gnalebi kombinirdeba diferencialuri (an deniT gadamrTveli) sqemis 

meSveobiT (nax. d3.6,b). aseTi sqemis dros ori logikuri mniSvnelobis 

Sesabamis Sesasvlel Zabvebs Soris gansxvaveba mcirea. sqema Seicavs bmu-

li emiterebian ramdenime tranzistors, romlebsac aqvs saerTo emite-

ruli rezistori. sqemis marcxena nawilSi ganTavsebuli tranzistore-

bis bazebi x1 da x2 SesasvlelebTanaa dakavSirebuli. am Sesasvleli 

tranzistorebis koleqtorebi saerTo koleqtorul rezistorTanaa mi-

erTebuli. marjvniv ganTavsebuli tranzistoris bazas miewodeba stabi-

luri sayrdeni UBB Zabva, xolo koleqtorul wredSi CarTulia gan-

calkevebuli rezistori. koleqtoruli rezistorebis zeda boloebi 

Camiwebulia da kvebis uaryofiTi UBB Zabva emiteruli rezistoris qve-

da bolozea modebuli. 

T3 tranzistoris bazaze modebuli UBB Zabvis sidide Sesasvleli  

ZabvebisaTvis zRurblur sidides warmoadgens. T3 tranzistoris wya-

lobiT yvela emiteris SeerTebis wertilze modebul Zabvis sidide 

(UBB - UB-E )-ze aranakleb sididemde daiyvaneba. amitom, Tu erT-erT mar-

cxena tranzistorze modebuli Sesasvleli Zabva UBB-ze naklebi iqneba, 

maSin es tranzistori daiketeba, vinaidan misi baza-emiteris gadasas-

vleli  sakmaod pirdapir ver wanacvldeba. 

meore mxriv, erT-erT marcxena tranzistoris bazaze UBB-ze meti 

Zabvis modebisas mis emiterze modebuli Zabva (UBB - UB-E )-ze meti aR-

moCndeba. am situaciaSi T3 tranzistori daiketeba, vinaidan misi baza-

emiteris gadasasvleli sakmaod pirdapir ver wanacvldeba. amgvarad, ve-

ntilis Sesasvlelebze modebuli Zabvis mniSvnelobaze damokidebuleb-
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iT deni mxolod marcxena an marjvena nawilis tranzistorSi (an tran-

zistorebSi) gaivlis.  

sinamdvileSi Sesasvlelebze modebul ZabvaTa doneebi UBB-s mniSvne-

lobasTan Zalian axloa; ase, rom emiterze modebuli potencialis 

sidi-de SedarebiT mudmivia. amitom SedarebiT mudmivia emiterul 

rezistor-Si gamavali denic, romelic Ria tranzistorSi gamaval dens 

warmoadg-ens. sayrdeni UBB Zabvis sidide ise SeirCeva, rom I denma ar 

gamoiwvios tranzistoris gajereba.  

sqemis im nawilis koleqtorul rezistorze, romelSic I deni ga-

dis, moxdeba Zabvis vardna. amis Sedegad gamtari nawilis koleqtorze 

modebuli Zabva miiRebs uaryofiT -UCL mniSvnelobas da aragamtar na-

wilSi koleqtorze modebuli Zabva nulis toli gaxdeba. erT-erT Se-

sasvlelze modebuli Zabvis mniSvneloba Tu UBB-s mniSvnelobaze meti 

(e.i. ufro nakleb uaryofiTi) iqneba, maSin marcxena nawilis tranzis-

tori gaRebuli iqneba, ris SemweobiTac marcxena nawilis koleqtorze 

modebuli Zabva miiRebs -UCL mniSvnelobas, xolo marjvena nawilSi ko-

leqtorze modebuli Zabva nulis toli gaxdeba.  

meore mxriv, Tu orive Sesasvlelze modebuli Zabva Tu UBB-ze nak-

lebi iqneba, maSin daiketeba marcxena nawilSi arsebuli orive T1 da T2 

tranzistori da, maSasadame, marcxena nawilis koleqtorze modebuli 

Zabva nulis toli, xolo marjvena nawilis koleqtorze modebuli Zab-

va -UCL-s toli gaxdeba. amgvarad, sqema axdens Sesasvleli signalebis 
kombinirebas. igi aRmdgenis funqciasac asrulebs, radgan koleqtorze 

modebuli Zabvebi Sesasvleli signalis ryevebisadmi naklebad mgrZnobi-

area, am ryevebis simciris gamo.  

zemoT ganxilul sqemis garda ekl- ventils aqvs buferuli nawi-

lic (nax. d3.6,g). buferuli tranzistoris baza sqemis kombinatoruli 

nawilis nebismier koleqtorul gamomyvanTan aris mierTebuli. mTlian-

ad ventilis y gamosasvlels faqturad buferuli tranzistoris emi-

teri warmoadgens (ix.nax. d3.6,g). vinaidan buferuli tranzistoris 

emiterul nawilze CarTulia rezistori, romelzec kvebis uaryofiTi -

UEE Zabvaa modebuli, amitom am tranzistoris baza-emiteris gada-

sasvleli pirdapir mimarTulebiTaa wanacvlebuli da igi yovelTvis ga-

Rebulia. miuxedavad amisa, emiteruli rezistoris wyalobiT buferuli 

tranzistoris gajereba ar xdeba. mis emiterze modebuli Zabvis sidide 

udris bazaze modebul Zabvis sidides minus UB-E (e.i. emiterze modebu-

li Zabva bazaze modebul Zabvaze ufro uaryofiTia). bazis Zabvis cvli-

lebisas masTan erTad icvleba emiteris Zabvac. am TvalsazrisiT emi-
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terze modebuli Zabva imeorebs bazaze modebul Zabvas. amitom aseT 

sqemas Cveulebriv emiterul mameorebels uwodeben.          
 ekl- ventilSi buferuli nawili asrulebs or funqcias. jer er-

Ti, igi gamoricxavs datvirTvis denze (romelic ventilis gamosasvle-

lze gvaqvs) kombinaciuri nawilis koleqtorze modebuli Zabvis damo-

kidebulebas; da meorec, misi wyalobiT ganisazRvreba ventilis gamosas-

vlelze logikuri 0-isa da logikuri 1-is Sesabamisi Zabvebis iseTi 
mniSvnelobebi, romelTa drosac gamoiricxeba am gamosasvlelTan dakav-

kavSirebuli sxva ekl- ventilis Sesasvleli tranzistoris gajereba. 

kerZod, logikur 1-s Seesatyviseba UB-E Zabva, xolo logikur 0-s – 
(UCL - UB-E) Zabva. 

 

                        

mikroprocesorebisa da masTan dakavSirebuli komponentebis reali-

zaciisas erT-erTi umniSvnelovanesi parametria ventilebis raodenoba, 

romlebic SeiZleba Calagdes erT integralur sqemaSi. erTikristaluri 

mikroprocesoris asagebad sakmaod maRali unda iyos kristalze venti-

lebis ganTavsebis simWidrove. ase mWidrod SeiZleba ganTavsdes inte-

graluri inJeqciuri logikis (I
2
L) ojaxis SemadgenlobaSi 

Semavali logikuri sqemebis asagebad gamoyenebuli ventilebi..  

Cveulebriv I
2
L ventilebi aigeba d3.7,a naxazze moyvanili ortranzi-

storuli sqemis safuZvelze, romelic invertors warmoadgens. masSi R 

rezistoriani pnp tipis T1 tranzistori  asrulebs npn tipis T2 tra-

nzistoris bazaze denis mimwodebeli kvebis wyaros rols. T1 trazis-

toris baza Camiwebulia da misi baza-emiteris gadasasvleli ukuwanac-

vlebulia. amitom T1-is emiteris potenciali SedarebiT mudmivi da 

mcire (daaxloebiT 0,7 voltis toli) rCeba aseve TiTqmis mudmivia R 

rezistorze arsebuli Zabvis vardna da igi daaxloebiT (+US – 0,7) vo-

ltis tolia. amgvarad, R rezistorSi gadis T1-is emiteruli denis 

toli US-0,7)/R sididis deni. es deni praqtikulad T1-is koleqtoruli 

denis tolia (maTi sxvaoba Zalian mcirea da udris bazis dens).   

Sesasvleli wredi Tu ar moixmars dens (x Sesasvleli gawyvetilia), 

maSin T1-is koleqtoruli deni T2-is bazas miewodeba. amboben, rom  es 

deni «inJeqcirdeba» T2-is bazaSi (aqedan warmodgeba ojaxis saxelwode-

ba.) am reJimSi T2-is baza-emiteri sakmaodaa pirdapir wanacvlebuli da 

gaRebulia. meore mxriv, Sesasvleli Tu miwasTanaa mierTebuli, maSin 

T1-Si gamavali deni gaivlis Sesasvlel wredSi, ris Sedegadac T2 da-

iketeba. amgvarad, rodesac ventilis Sesasvleli «ganrTulia», maSin mi-

d3.5. integraluri inJeqciuri logikis 

Taviseburebebi 
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si gamosasvleli «Camiwebuli», xolo Tu “Camiwebulia”, maSin misi ga-

mosasleli «ganrTuli» aRmoCndeba. logikur sidideebad «ganrTvisa» da 
«Camiwebis» interpretirebisas miviRebT invertors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 I
2
L ventilis sqemaze ufro advili misi damzadebaaa (nax.d3.7,b). 

ramdenadac erTmaneTTana SeerTebuli T1-is koleqtorisa da T2-is bazas 

dasamzadeblad p-tipis naxevargamtari gamoiyeneba da amitom isini kris-

talze erTiani garemis saxiT realizdeba. analogur gaerTianebas war-

moqmnis T1-is baza da T2-is emiteri. amitom uwodeben I
2
L logikas Se-

Tavsebul tranzistorul logikasac.  

ramdenime Sesasvleliani ventilebi SeiZleba ganxilul sabфziso 

ven-tilebis montaJis gziT, e. i. montaJuri logikis gamoyenebiT avagoT. 
kerZod, an-ara logikuri funqciis marealizebeli orSesasvleliani 

I
2
L ventils miviRebTб Tu ori invertoris gamosasvlelebs erTmaneTTan  

SevaerTebT.  

I
2
L logikis gansakuTrebuli Rirsebaa is, rom misi ganTavsebisaTvis 

kristalis Zalian mcire farTobia sakmarisi, ris gamoc igi integri-

rebisaTvis metad mosaxerxebelia.     

T1 tranzistori asrulebs mudmivi I0 denis wyaros rols. Tu x = 1 

maSin es deni mTlianad Sedis T2 tranzistoris bazaSi, ris Sedegadac 

igi Riaa. am SemTxvevaSi y1 = 0 da y2 = 0. Tu x = 0, maSin igi gadis T1 

tranzistoris bazaSi da y1 = 1, y2 = 1.  

 

 

 

nax. d47. I2L-invertori (a) da misi fizikuri struqtura (b)  

 R  

pnp 

T1 

x 

y1  =  x 

y2  =  x 

T2 

+US 

n p 

n
+ 

n 

n 

p 

+US 
x y1 y2 

a) b) 

npn 
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d.3.6. velis tranzistorebiT agebuli  

logikuri elementebi 

 

velis tranzistorebiT agebuli elementebis ramdenime seria arse-

bobs. ori farTod cnobili ojaxi agebulia n-lJn- da p-lJn teq-

nologiiT; isini Sesabamisad iyenebs n–arxul da p–arxul tranzis-

torebs. mesame ojaxis ventilebSi gamoiyeneba rogorc n–arxuli, 

aseve p–arxuli tranzistorebi, romlebic erTmaneTs «avsebs», erTma-

neTis mimarT «damatebas» (ing. Complementary – «damatebiTi», «urTierTSe-

mavsebadi») warmoadgens, amitom mas komplementaruli logikis lJn 

ojaxi ewoda da Semoklebulad aRniSnaven, rogorc klJn. 

n-arxuli da p-arxuli lJn- tranzistorebiT agebuli logikuri 

elementebi sqemebi mikuTvneba uSualo kavSirebiani sqemebis ojaxs. am 
ojaxSi Semaval sqemebSi gadamrTvelad momuSave tranzistorebi mim-

devrobiT an paraleluradaa SeerTebuli. magaliTisaTvis, gavaanali-

zoT paralelurad SeerTebuli normalurad daketili (gamdidrebis 

reJimSi momuSave) n-arxuli ori lJn- tranzistorisagan miRebuli 

sqema (nax. d3.8,a). x1 da x2 Sesasvlelidan erT erTze (an oriveze) 

dadebiTi potencialis (logikuri 1-is) modebisas masTan dakavSirebu- 
li tranzistori (tranzistorebi) gaiReba, gamosasvlel xazsa da 

miwas Soris warmoiqmneba dabali winaRobis wredi da gamosasvlelze 

damyardeba dabali potenciali. meore mxriv, Tu orive tranzistorze 

modebulia miwis potenciali, isini daiketeba. am situaciaSi  R 

rezistoris xaziT gamosasvlelze damyardeba daaxloebiT UDD–s 

toli potenciali, radgan maRalia daketili tranzistorebis 

impendasi. dadebiTi konvenciis gamoyenebis SemTxvevaSi d3.8,a naxazze 
moyvanili ventili moaxdens an-ara- funqciis realizebas, radgan 

mis gamosasvlelze dabali potenciali gaCndeba maSin da mxolod 

maSin, rodesac erT-erT Sesasvlelze mainc iqneba modebuli maRali 

potenciali. 

normalurad daketili  n-arxul lJn- tranzistorebis mimdevrob-

iT SeerTebisas (nax. d3.8,b) miviRebT da-ara- ventils. am SemTxve-

vaSi mimdevrobiTad SeerTebuli tranzistorebi Sesasvlelsa da miwas 

Soris SedarebiT dabali winaRobis mqone wreds mxolod maSin war-

moqmnis, rodesac orive Sesasvlelze gveqneba maRali potenciali. 

erT-erT Sesasvlelze mainc dabali potencialis arsebobisas gamosa-

svlelze gveqneba daaxloebiT UDD–s toli potenciali. radgan mim-
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devrobiTi SeerTebis dros winaRobebi ikribeba, amitom SezRudulia 

mimdevrobiT SeerTebuli tranzistorebis raodenoba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

rezistorebi integralur sqemaSi sxva komponentebTan SedrebiT 

did moculobas ikavebs, ris gamoc mouxerxebelia maTi gamoyeneba. am-

itom lJn- tranzistorebiT agebul ventilSi sadatvirTo rezisto-

radac lJn- tranzistors iyeneben, romlebic arawrfivi rezistore-

biviT moqmedebs. Zalian xSirad am miznisaTvis iyeneben gaRaribebis 

reJimSi momuSave lJn- tranzistorebs, romlebSic saketi saTavesTa-

naa SeerTebuli, xolo fuZeSresTan SeerTebuli kontaqti gamouyene-

bladaa datovebuli, rogorc es d3.8,g naxazze moyvanil, invertoris  
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  nax. d3.8.  velis tranzistorebiT agebuli logikuri:  a)an-ara-elem- 

enti; b)da-ara elementi; g) n-lJn invertori;  d) p-lJn invertori    
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sqemazea naCvenebi. am invertoris x Sesasvlelze dabali potencialis 

(logikuri 0-is) miwodebisas daketilia masTan dakavSirebuli qveda 

tranzistori. y gamosasvlelisa da sadatvirTo zeda tranzistoris 

Semcvel xazSi gadis mcire deni. zeda sadatvirTo tranzistori iR-

eba, radgan igi gaRaribebis reJimSi muSaobs; Zabvis vardna ZiriTadad 

qveda tranzistorze xdeba da gamosasvlelze myardeba maRali poten-

ciali (logikuri 1). 
 x Sesasvlelze piriqiT, maRali potencialis (logikuri 1-is) 

arsebobisas Riaa masTan dakavSirebuli qveda tranzistori; zeda sa-

datvirTo tranzistoris saketsa da saTaveze, agreTve ventilis y 

gamosasvlelze myardeba daaxloebiT miwis potencialis toli daba-

li potenciali (logikuri 0). CasadinarTan dakavSirebul arxTan Se-

fardebiT saketis potenciali uaryofiTi xdeba; mkveTrad izrdeba sa-

datvirTo tranzistoris winaRoba e. i igi tranzistori arawrfivi 

rezistoriviT iqceva da misi gamoyeneba sjobia arawrfivi rezisto-

ris gamoyenebas. 

n-arxul lJn- sqemebSi Zabva dadebiTi unda iyos. kvebis Zabvis 

sidides Tu +5 voltis tolad aviRebT da lJn- tranzistorebis 

saketebze uzrunvelvyofT zRurbluri Zabvis saWiro UT mniSvnelo-

bas, maSin miRebuli n-arxul lJn- sqemebi ttl- sqemebisadmi Se-

Tavsebadebi iqneba.    

p-lJn- ventilebis sqema ZiriTadad n-lJn- sqemebis analoguria, 

oRond p-arxuli lJn- tranzistorebis muSaobisas maT saketsa da 

Casadinarze saTavesTan SefardebiT uaryofiTi (dabali) Zabva unda iy-

os modebuli, rogorc es d3.8,d naxazze moyvanil invertoris sqema-
zea naCvenebi. 

 lJn- tranzistorebs saketSi gamavali denis mimarT aqvs maRali 

winaRoba, ris Sedegadac statikur mdgomareobaSi lJn ventilebi 

maTi mmarTveli sqemebisagan dens praqtikulad ar moixmars. amis gamo 
maT aqvT gamosasvlelis mimarT ganStoebis didi koeficienti. amasTa-

nave SegviZlia integralur sqemaSi isini mWidrod CavalagoT. meore 

mxriv sakmaod didia lJn- tranzistoris sakets, saTaves, Casadinar-

sa da fuZeSres Soris warmoqmnili tevadobebis mniSvnelobebi. amit-

om bipolaruli tranzistorebiT agebul ventilebTan SedarebiT da-

balia lJn- ventilebis swrafmoqmedeba (am ukanasknelebSi mdgoma-

reobis Secvlamde aRniSnuli tevadobebi saWiroa ganimuxtos). garda 

amisa, tevadobis gadammuxtveli deni mmarTveli ventilidan unda mo-
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diodes, rac xSiri gadarTvebis dros mniSvnelovnad zrdis gabneul 

simZlavres. 

 

d.4.7. klJn-struqturebiT agebuli logikuri 

elementebi 

 

komplementaruli liTon-Jangeul-naxevargamtaris anu klJn stru-

qturaSi zemoT ganxiluli n-lJn- da p-lJn- struqturebisagan ga-

nsxvavebiT arsebobs velis rogorc n- aseve p-arxiani tranzistorebi. 

klJn- teqnologia 1963 wels, xolo am teqnologiiT agebuli pi-
rveli mikrosqemebi - 1968 wels damuSavda. 

klJn ventili Sedgeba ori nawilisagan, romelTaganac erT-erTi 

adablebs gamosasvlelze, xolo garkveuli pirobebis dros, Sesas-

vlelzec modebul potencials; meore nawili ki piriqiT - aRniS-

nul potencialebs amaRlebs.  orive nawili agebulia uSualo kavSi-

riani sqemis saxiT. d3.9,a naxazis zeda nawilze moyvanilia kmop- 

elementebiT agebuli ara- ventilis sqema, xolo qveda nawilze am 

ventilis pirobiTi aRniSvna. misi «damadablebeli nawili» Sedgeba n-

arxuli normalurad daketili lJn- tranzistorisagan, romlis Ca-
sadinari y  gamosasvlelTan, xolo saTave – miwasTanaa SeerTebuli. 

«amamaRlebeli nawili» Sedgeba Sedgeba p-arxuli normalurad da-

ketili lJn- tranzistorisagan, romlis Casadinari y gamosasvlel-

Tan, xolo saTave - kvebis dadebiT UDD ZabvasTanaa mierTebuli. 

invertoris x Sesasvleli orive tranzistoris sakets uerTdeba.  
n-arxuli qveda lJn- tranzistori maSin gaiReba, rodesac x Sesas-

vlelze modebuli Zabvis sidide ventilis zRurblur UT sidides 

gadaaWarbebs. amis Sedegad y gamosasvlelze damyardeba dabali poten-

ciali. sawinaaRmdego SemTxvevaSi am tranzistors eqneba maRali 

winaRoba da gavlenas ver moaxdens gamosasvlelis doneze. p-arxuli 

zeda tranzistori muSaobis saTavis potencialze SedarebiT maRali 

Casadinaris potencialis dros. igi maSin gaiReba, rodesac saketis 
potenciali saTavis UDD-s tol potencialze sakmaod naklebi iqneba. 

amgvrad, yovelTvis, rodesac Sesasvlelis potenciali UDD-s Camou-

vardeba ventilis zRurbluri UT Zabvaze meti sididiT, es tranzi-

stori gaiReba da gamosasvlelze damyardeba maRali potenciali. sa-

winaaRmdego SemTxvevaSi p-arxul transistors eqneba maRali wina-

Roba da gavlenas  ver moaxdens  gamosasvleli signalis doneze. na-

Telia,  rom dadebiTi konvenciis dros Tu x=0, maSin y=1 da pi-
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riqiT, rodes-ac x=1, maSin y=0, e.i. sqema axdens Sesasvlelze mode-

buli logikuri signalis invertirebas. 
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nax.d 3.9. kmop-ventilebi: a) kmop-  invertori; b) orSesasvleliani 
an-ara- ventili; g) an-ara ventilis funqcionirebis cxrili; d) or-
Sesasvleliani da-ara-  ventili; 
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kmop-elementebisagan agebuli orSesasvleliani an-ara- ventil-

is sqema d3.9,b naxazis zeda, xolo misi pirobiTi gamosaxuleba – 

qveda nawilzea moyvanili. ventilis «damadablebeli nawili» sqemis 
qve-da nawilSi moyvanili paralelurad SeerTebuli da Camiwebuli 

saTaveebis mqone ori n-arxuli tranzistorisagan Sedgeba. TiToeuli 

am tranzistoris saketi erT-erT (x1 an x2) Sesasvlels ukavSirdeba. 

romelime Sesasvlelze Tu modebulia zRurblur UT Zabvaze didi Za-

bva (logikuri 1), maSin masTan dakavSirebuli tranzistori gaiReba 

da gamosasvlelze damyardeba logikuri 0 (dabali potenciali). sa-

winaaRmdego SemTxvevaSi orive tranzistori didi winaRobian rezis-

torebiviT imoqmedebs da gavlenas ver moaxdens gamosasvleli y sig-

nalis doneze. 

ventilis «amamaRlebeli» nawili Sedgeba mimdevrobiT SeerTebuli 

ori p-arxiani lJn-tranzistorisagan. am tranzistorebis TiToeuli 

saketi SeerTebulia erT-erT gamosasvlelTan. orive Sesasvlelze 

modebuli potenciali rodesac UDD-ze naklebia ventilis gaRebisaT-

vis saWiro UT-ze meti sididiT, maSin orive tranzistori gaiReba da 

maRla aswevs gamosasvlelis potencials. sawinaaRmdego SemTxvevaSi 

isini maRali winaRobiani rezistorebis msgavsad imoqmedebs. 

dadebiTi logikis CarCoSi nebismier Sesasvlelze logikuri 1-is 
dros sqemis qveda nawili gamosasvlelze dones amcirebs logikur 

0-mde, xolo rodesac orive Sesasvlels mieweodeba logikuri 0, 
maSin sqemis zeda nawili gamosasvlelze uzrunvelyofs logikur 1-s. 
amgvarad ventili axdens logikur an-ara operacias. misi funqci-

onirebis cxrilidan (nax.d3.9.9,g) Cans, rom sqemis qveda nawili ax-

dens logikuri 0-is, xolo zeda nawili – logikuri 1-is formireb-
as. da-ara operaciis marealizebeli kmop- ventilebi SeiZleba av-

agoT «damadablebeli» nawilis n-arxuli tranzistorebis mimdvro-

bTi da «amamaRlebeli» nawilis p-arxuli tranzistorebis parale-

luri SeerTebis gziT (d3.9,d naxazi).      
klJn- logikis struqtura wina paragrafSi ganxilul struqtu-

rebze ufro rTulia da am teqnologiiT damzadebul logikuri ele-

mentebs mikrosqemaSi maRali simWidroviT ver ganvaTavsebT. samagier-

od mas aqvs erTi metad mniSvnelovani Rirseba. struqturis Sesas-

vleli signalebis mudmivad miwodebis periodSi struqtura umniSvne-

lo simZlavres moixmars. es Zalian mniSvnelovania batareiT momuSa-

ve mowyobilobebisaTvis.  
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 danarTi 4. 

cifruli mowyobilobebis abstraqtuli 

sinTezis formaluri algoriTmi [6,7]  

(damuSavebulia saxelmZRvanelos avtoris mier 2005-2008 

wlebSi) 
 

mmarTveli mowyobilobis agebis pirvel stadiaze garkveuli enis 

gamoyenebiT Sedgenili unda iqnes davaleba, romelSic zustad da la-

koniurad iqneba formulirebuli aRniSnuli mowyobilobis mier Sesa-

srulebeli funqciebi. aseT enad bunebrivi salaparako enis gamoyeneba 

araa sasurveli misi bunebrivi siWarbisa da araerTmniSvnelianobis 

gamo. amitom damuSavebuli iqna sxvadasxva araWarbi  formaluri ene-

bi. erT-erT aseT enas warmoadgens regularul gamosaxulebaTa ena.  
regularuli gamosaxulebis meSveobiT zustad da calsaxad for-

mulirdeba mmarTveli mowyobilobis agebis davaleba, romlis mixedvi-

Tac konstruqtori axdens aRniSnuli gamosaxulebis programul an 
aparaturul realizebas. regularuli gamosaxulebis saxiT Sedgeni-

li davalebis mixedviT mmarTveli mowyobilobis realizebis proces-

Si garkvevisaTvis, upirveles yovlisa, unda gvesmodes Tavad regula-

ruli gamosaxulebis raoba, romelic avtomatebis abstraqtuli Te-

oriaSia ganmartebuli.  

 

d4.1. avtomatebis abstraqtuli Teoriis 

elementebi 

 

aucilebel sawyis cnebebs gavecnoT kerZo magaliTis ganxilvis 

procesSi.  

davuSvaT, rom asagebia erTi Sesasvlelisa (Rilaki x) da erTi 

gamosasvlelis (naTura z) mqone diskretuli mowyobiloba, romelic 

z naTuras CarTavs x Rilakze TiTis yovel kenti raodenobiT da amo-

rTavs - TiTis yoveli luwi raodenobiT daWerisas (nax. d4.1,a). 

 

 

 

 

 

avtomatebis abstraqtuli Teoria diskretul mowyobilobas «Savi 

yuTis» saxiT ganixilavs, e.i. mas ar ainteresebs misi Sinagani stru-

a) b) 
nax. d4.1. abstraqtu- 
li avtomatis  gansa- 
zRvris ilustrireba 

mravaltaq-

turi sqema 

x 
z ababa 01100 sasruli 

avtomati 
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qtura, e. i rogoraa agebuli realuri mravaltaqturi sqema. am Te-

oriis meTodebi diskretuli mowyobilobis qcevas gansazRvravs sig-

nalebis Sesasvleli da gamosasvleli mimdevrobebis saxiT. es saSu-

alebas gvaZlevs, vipovoT diskretuli mowyobilobis funqcionirebis 

uzogadesi kanonzomierebebi. «Savi yuTis» saxiT ganxilul diskret-

ul mowyobilobas abstraqtuli avtomati anu ubralod, avtomati 
ewodeba.  

avtomatis Sesasvleli cvladebis nakrebs vuwodoT Sesasvleli 
aso. d4.1,a naxazze naCvenebi SemTxvevisaTvis arsebobs Sesasvleli 

cvladebis ori nakrebi x=0 da x=1, romlebic Sesabamisad a da b as-

oebiT aRvniSnoT. Sesasvleli asoebis simravles ewodeba Sesasvleli 
alfabeti da A simboloTi aRiniSneba, e.i. A=(a,b). analogurad, gamo-

mosasvleli cvladebis nakrebs ewodeba gamosasvleli asoebi, xolo 

maT simravles – gamosasvleli alfabeti. Camqrali z naTuris Sesaba-

mis gamosasvlel asos Tu aRvniSnavT 0-iT, Camqrali naTuris Sesabam-

is asos - 1-iT, xolo gamosasvlel alfabets Z-iT, maSin SegviZlia 

davweroT, rom  Z=(0,1). 

avtomatis TiToeul Sinagan mdgomareobas SevusabamoT garkveuli 

gamosasvleli aso. ganxilul SemTxvevaSi sul ori gamosasvleli 

aso arsebobs, avtomatis Sinagan mdgomareobaTa raodenobac oris to-

li iqneba. erT-erTs, romlis drosac naTuraSi deni ar gadis, Sevu-

sabamoT gamosasvleli aso 0, xolo meores, romlis drosac naTura-

Si deni gadis – gamosasvleli aso 1. miviRebT avtomats, romlis ga-

mosasvleli signali mxolod Sinagan mdgomareobis funqcias warmoad-

gens. aseT avtomats muris avtomati ewodeba, e.i. Cveni avtomati mu-
ris tipis sasrul avtomats warmoadgens (mas sasruli raodenobis, 

kerZod ori Sinagani mdgomareoba aqvs). arsebobs e. w. milis avtoma-
matic, romlis gamosasvleli signali avtomatis Sesasvleli signa-

lisa da Sinagani mdgomareobis funqcias warmoadgens. muris nebismier 

avtomats calsaxad Seesabameba ekvivalenturi milis avtomati, ami-

tom sakmarisia mxolod muris avtomati ganvixiloT: miRebuli Sede-

gebi samarTliani iqneba milis avtomatisTvisac.  

sasruli Sesasvleli da gamosasvleli alfabetbis mqone avto-

mats, romelsac aqvs sasruli raodenobis Sinagani mdgomareobebi, sa-
sruli avtomati ewodeba. cxadia, rom Cvens magaliTSi ganxilulia 

muris tipis abstraqtuli sasruli avtomati.    

avtomatis Sinagan mdgomareobebs, romelebsac z=1 gamosasvleli 

Seesabameba, gamosasvleli signaliT moniSnuli mdgomareoba anu sima-
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rtivisaTvis ubralod moniSnuli mdgomareoba vuwodoT. Cven mier 

ganxilul avtomatSi moniSnulia yvela is mdgomareoba, romelSic 

avtomatis yofnis dros anTia z (ix.nax.d41,a) naTura, e. i. rodesac 
z=1.  avtomati muSaobis dawyebis win garkveul fiqsirebul mdgoma-

reobaSi unda iyos. am mdgomareobas sawyisi mdgomareoba ewodeba. yo-
veli amuSavebis win avtomati gadaiyvaneba sawyis mdgomareobaSi. amas 

avtomatis inicializacia ewodeba.  
ganvixiloT maTematikuri aparati, romelic saSualebas mogvcems  

Sesasvlel da gamosasvlel signalTa mimdevrobebis gamoyenebiT abs-

traqtuli sasruli avtomatis muSaoba aRvweroT. Sesasvleli Tu ga-

mosasvleli asoebis nebismier mimdevrobas sityva vuwodoT. Sesas-

vleli asoebiT warmoiqmneba avtomatis Sesasvleli sityvebi, xolo 

gamosasvleli asoebiT – gamosasvleli sityvebi. ivaraudeba,  rom 

abstraqtuli avtomati muSaobs diskretul droSi. maSin realuri 

sqemis Sesasvlelebis nebismieri cvlileba abstraqtulad (fizikuri 

arsSi garkvevis gareSe) SeiZleba avtomatis Sesasvlelze garkveuli 

Sesasvleli sityvis mosvlad interpretirdes. 

d4.1,b naxazze naCvenebia, rom Sesasvleli ababa sityvis mosvli-

sas avtomati gamoimuSavebs gamosasvlel 01100 sityvas, rac Caiwere-

ba ase: ababa… 01100 …; amgvarad, sasruli avtomati SeiZleba si-
tyvebis gardamqmnelad ganvixiloT. igi A={a,b} alfabetiT Sedgenili 

sityvebis simravles calsaxad asaxavs Z={0,1} alfabetiT Sedgenili 

sityvebis simravleSi. aqve SevniSnavT, rom sasruli alfabetis saSu-

alebiT warmoqmnili sityvebis raodenoba usasruloa.  

CavTvaloT, rom Sesasvleli  sityva avtomatSi warmodgenilia, 
Tu misi zemoqmedebiT avtomati sawyisi mdgomareobidan gadadis erT-

erT moniSnul mdgomareobaSi. magaliTad, ababa sityva Cvens avtoma-

tSi ar aris warmodgenili, radgan mas avtomati gadahyavs mouniSnav  

mdgomareobaSi (gamosasvlel sityvaSi ukanaskneli asoa z=1). avtoma-
tSi warmodgenili Sesasvleli sityvis magaliTia ababab sityva, rad-

gan ababab011001. am SemTxvevaSi Rilakze TiTi samjer aris daWe-

rili da naTura anTia. 

A={a,b} alfabetiT agebuli sityvebis simravles ewodeba xdomi-
leba da aRiniSneba E asoTi. xdomileba warmodgenilia avtomatSi, 

Tu am avtomatSi warmodgenilia xdomilebaSi Semavali yvela sityva. 

magaliTad, ganvixiloT xdomileba E1={ab, aba, abab}. Cvens avtomatSi 

warmodgenilia am xdomilebaSi Semavali ab, abab sityvebi da araa wa-



326 
 

 

rmodgenili sityva aba, amitom avtomatSi E1 xdomileba warmodgeni-

li ar aris.  

mtkicdeba, rom sasrul avtomatSi warmodgenilia nebismieri re-

gularuli xdomileba. regularuli  xdomileba ewodeba iseT xdo-
molebas, romelic SeiZleba erTi formulis saxiT CavweroT mxolod 

iseTi sami operaciis gamoyenebiT, rogoricaa diziunqcia, gamravleba 

da iteracia. am formulas ewodeba regularuli gamosaxuleba, e. i. 

regularuli gamosaxuleba warmoadgens erTi formulis saxiT Ca-

weril xdomilebas. am formulaSi pirvelad sruldeba iteraciis, 

Semdeg - gamravlebisa da bolos iteraciis operacia. ganvsazRvroT 

zemoT aRniSnuli operaciebi: 1) E1 da E2 xdomilebis E1E2 diziun-
qcia ewodeba am xdomilebebis sityvaTa simravleebis gaerTianebiT mi-

Rebul simravles. Tu E1=(ab, aba, abab), xolo E2=(ba, bab, aba), ma-

Sin E1E2=(ab, aba, abab, ba, bab, aba)   2) E1 da E2 xdomilebis E1E2 

gamravleba ewodeba xdomilebas, romelic Sedgeba pq saxis yvela 

sityvisagan, sadac p E1 xolo q E2.  3) E xdomilebis {E} 

iteraciaewodeba xdomilebas: {E}= e  E  EE EEE…, sadac aris 

carieli sityva, romelis Seesatyviseba avtomatis Sesasvlelze 

Sesasvleli asos mousvlelobas, mag., {ab}= e  ab  abab  ababab   

 abababab … 

algebras, romlis mzidi simravlea Sesasvleli alfabetiT Sedge-

nili yvela sityvis simravle, xolo operaciebi -  zemoT CamoTvli-

li sami operacia, xdomilebis algebra ewodeba. maSasadame, regula-

ruli gamosaxuleba warmoadgens xdomilebis algebris formulas. 

 

d4.2. regularuli gamosaxulebis analizi 

    

regularuli gamosaxulebaSi Seyursulia sasruli avtomatebis 

yvela Sesasvleli sityva. sasruli avtomatebis abstraqtuli sinTe-
zis algoriTmi [5] saSualebas gvaZlevs, TiToeul Sesasvleli sity-

vis sapasuxod avtomatis mier formirebuli gamosasvleli sityva re-
gularuli gamosaxulebidan ganvsazRvroT. regularuli gamosaxule-

bidan mimdevrobiTi avtomatis Sesasvleli sityvebisa da maTi Sesa-

tyvisi gamosasvleli sityvebis gansazRvris praqtikul meTods regu-
laruli gamosaxulebis gaSla ewodeba.     

 regularuli gamosaxulebis gaSlis operacia saSualebas gvaZl-

evs, avagoT avtomatis gadasvlebisa da gamosasvlelebis cxrili, ag-
reTve gadasvlebis diagrama da matrica. aRniSnuli elementebis er-
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Toblioba warmoqmnis specifikur enas, romelsac mowyobilobis dam-
muSaveblis enas vuwodebT. am enis gamoyeneba aZlevs saSualebas dam-

muSavebels formaluri gziT moaxdinos mowyobilobis struqturis 

sinTezireba. 

zemoT aRniSnulis Tanaxmad, marTvis cifruli mowyobilobebis 

ko-nstruirebis procesSi dammuSaveblis winaSe bunebrivad wamoiWreba 

SemkveTis enidan misTvis Cveul enaze gadasvlis saWiroeba. dReisa-

Tvis aRniSnuli gadasvla araa formalizebuli, rac arTulebs mowy-

obilobis konstruirebis saerTo process. Cvens swored am gadas-

vlis formaluri meTodi davamuSaveT. radgan dammuSaveblis enis 

elementebis daxmarebiT mmarTveli cifruli mowyobilobis struqtu-

ris agebis amocana ukve formalizebulia, Cveni meTodis gamoyenebiT 

mTlianad formalizdeba mimdevrobiTi avtomatebis sinTezis klasi-
kuri meTodebis daxmarebiT mmarTveli mowyobilobebis konstruirebis 
mTeli cikli. 

regularuli gamosaxulebebis ganxilvisas advilad SevamCnevT maT-

Si Semaval calkeul nawilebs, romlebic moTavsebulia rogorc ite-

raciul (figurul), ise algebrul (mrgval) frCxilebSi. figurul 

frCxilebSi moqceul regularuli gamosaxulebis calkeul nawilebs 

iteraciuli rgolebi, xolo mrgval frCxilebi moqceul nawilebs – 

algebruli rgolebi vuwodoT. sxva iteraciuli (algebruli) rgo-

lis Semcvel iteretiul (algebrul) rgols rTuli, xolo aseTi 

rgolebis armqone rgoli – martivi rgoli vuwodoT. 
SemoviRoT elementis cneba. nebismieri (rogorc iteratiul, ise 

algebrul) rgolSi diziunqciis niSnebiT dakavSirebul wevrebs am 

rgolis elementebi vuwodoT. erTi elementis Semcvel rgols – 

erTelementiani, xolo ramdenime elementis Semcvel rgols – mrava-
lelementiani rgoli vuwodoT. gansazRvrebis Tanaxmad SeiZleba ar-

sebobdes erTelementiani rTuli an mravalelementiani martivi rgo-
li. 

regularuli gamosaxulebis magaliTad aviRoT Semdegi gamosaxul-

leba [19]:  

                E = ( b a  { a } b { a  { b } b } ) a,          (d4.1) 

sadac arsebuli laTinuri asoebi warmoadgens garkveuli mimdevrobi-

Ti abstraqtuli avtomatis Sesasvleli alfabetis asoebs. 

mocemul regularul gamosaxulebaSi Sedis martivi erTelementi-

ani {a} da {b}, rTuli orelementiani {a{b}b} iteratiuli rgoli, 
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agreTve martivi orelementiani algebruli (b{a}b{a{b}b}) elemen-

ti. 

Cveni mizania davamuSavoT misi gaSlis formaluri algoriTmi. 

regularuli gamosaxulebis gaSlisaTvis SemoRebulia mocemuli 

gamosaxulebis adgilebis cneba. regularuli gamosaxulebis adgilebi 
ewodeba gamosaxulebis nebismier or simbolos (asos, frCxilis, di-

ziunqciis niSnis) Soris, agreTve gamosaxulebis marcxena da marjve-

na ganapira adgilebze moTavsebul gancalkevebis specialur (patara 

vertikalur) xazebs. regularuli gamosaxuleba Tu mravalwevrs wa-

rmoadgens, igi unda Caisvas frCxilebSi.  

regularuli gamosaxulebis adgilebs Soris ganasxvaveben ZiriTad 

da araZiriTad adgilebs. ZiriTadi adgili ewodeba: 1) adgils, ro-

mlis uSualod marcxniv dgas Sesasvleli alfabetis aso da 2) sa-
wyis asos (romlis marjvnidan iwyeba gamosaxuleba). yvela danarCeni 

aso iTvleba araZiriTad asoebad. 
regularuli gamosaxulebis araZiriTadi adgilebis simravlidan 

gamoiyofa ZiriTadiswina adgilebi. ZiriTadiswina adgili ewodeba re-
gularuli gamosaxulebis iseT araZiriTad adgils, romlis uSual-

od marjvniv dgas Sesasvleli alfabetas aso.  

regularuli gamosaxulebis adgilebi specifikuri geometriuli 

obieqtebia. am obieqtebiT manipulirebis saSualeba rom gvqondes, isi-

ni inomreba naturaluri ricxvebiT da amis Semdeg TiToeuli konkre-

tuli adgilis rigiTi nomeri igivdeba am geometriul adgilTan.  

geometriuli adgilebis dasanomrad gamoviyenoT Cvens mier damu-

Savebuli Semdegi specialuri P-procedura: 
1. naturaluri 1,2,…,(n-1) asoebiT, sadac n ZiriTadi asoebis sa-

erTo raodenobaa, davnomroT ZiriTadi adgilebi; 2. pirveli punqtis 

Sesrulebis Semdeg warmoqmnili ricxviTi striqonis qvemoT gava-

vloT horizontaluri xazi; 3. unomrod darCenili araZiriTadi ad-

gilebis gamomsaxavi vertikaluri xazebi gavagrZeloT wina punqtSi 

gatarebuli horizontaluri xazis gadakveTamde da davnomroT natu-

raluri (n+1),(n+2),…,(m-1), sadac m regularuli gamosaxulebis 

adgilebis saerTo raodenobaa; 4. gavxazoT ZiriTadis wina adgilebis 

nomrebi; 5. proceduris dasasruli.  

regularuli gamosaxulebis formas, romelsac igi miiRebs masze 

P-proceduris Catarebis Semdeg regularuli gamosaxulebis N-forma 
vuwodoT. regularuli (d4.1) gamosaxulebis N-forma moyvanilia 

d4.2,a naxazze. 
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d4.3. regularuli gamosaxulebis 

damuSavebis sakiTxebi 

 

SemoviRoT Semdegi gansazRvrebebi:  

1) regularuli gamosaxulebis sawyisi da bolo adgilebi vu-

wodoT am gamosaxulebis ganapira marcxena da marjvena adgilebs. 

(d5.1) gamosaxulebis sawyisi da bolo adgilebia misi 0 da 8 adgi-

lebi;  

2) regularuli gamosaxulebaSi arsebuli iteratiuli da logi-

kuri rgolis sawyisi adgili vuwodoT mocemuli rgolis pirveli 

(gamxsneli) frCxilis uSualod marjvniv arsebul adgils.  

3) regularuli gamosaxulebaSi arsebuli iteraciuli da logi-

kuri rgolis bolo adgili vuwodoT mocemuli rgolis ukanaskneli 

(damxuravi) frCxilis uSualod marjvniv arsebul adgils. (d4.1) ga-

mosaxulebis calkeuli iteratiuli da logikuri rgolebis sawyisi 

adgilebi moyvanilia cxril 1-Si (nax. d4.2,b);  
4) regularuli gamosaxulebaSi arsebuli (iteraciul da algeb-

rul) rgolis elementis sawyisi adgili vuwodoT am elementis pir-

veli simbolos (asos an frCxilis) uSualod marcxniv arsebul ad-

gils;  

5) regularuli gamosaxulebaSi arsebuli (iteraciul da algeb-

rul) rgolis elementis bolo adgili vuwodoT am elementis pir-

veli simbolos (asos an frCxilis) uSualod marjvniv arsebul ad-

gils; 

cxril 1-Si (nax. d4.2,b) (d4.1) gamosaxulebis rgolebi daSli-

lia calkeul elementebad da miTiTebulia maTi sawyisi da bolo 

adgilebis nomrebi.  

mimdevrobiTi avtomatis Sesasvlel sityebad regularuli gamosa-

xulebis gaSlis procesi interpretirdeba rogorc mocemuli gamosa-

xulebis erTi adgilidan meore adgilze gadasvlebis  mimdevroba, 

romelic iwyeba mocemuli gamosaxulebis sawyisi adgilidan da mTa-

vrdeba bolo adgilze. am gadasvlebis analizurad CawerisaTvis Semo-

vitanoT diqotomiis cnebaze damyarebuli axali maTematikuri apa-

rati. diqotomia (berZ. dichotomia – orad gakveTa) vuwodoT regula-

ruli gamosaxulebis or adgils, romelTa Soris xdeba gadasvla;  

masSi aqtiur adgilad CavTvaloT adgili, romlidanac xdeba gada-

svla, xolo pasiur adgilad – adgili, romelSic xdeba gadasvla. 
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 nax. d4.2. I da II gvaris diqotomiebis gansazRvris sakiTxebi 

d) 
cxrili 1 

sawyisi 

adgili 

iteratiuli 

da (algebru- 

li) rgolebi  

bolo 

adgili 

{a} 

{b} 

{a{b}b} 

(ba{a}b{a{b}b}) 

10 

14 

4 

0 

12 

16 

17 

18 

a) 

b) 

g) 

e) 

    ( b   a      {   a   }   b   {   a      {  b  }   b   }  )  a    
 

0 1 2 3 4 5 6 7 8 

9 10 11 12 13 14 15 16 17 18 
       

(ba{a}b{a{b}b}) 

wesebi regolebi II gvaris diqotomiebi 

II.1 wesi 

II.2 wesi 

II.3 wesi 

II.4 wesi 

{a} 

{a{b}b} 

{a} 

{b} 

{a{b}b} 

{b} 

(0; 9), (0; 10)   
(18; 2), (18; 11)   

(10; 12), (10; 11)   
(4; 13), (4; 14) (4; 17)    

(14; 16), (14; 15)   

(12; 11), (12; 3)   
(17; 13), (17; 14), (17; 5),(17;7 )     

(16; 15), (16; 6)   

cxrili 4 

11 

15 

13 

14 

9 

10 

3 

6 

5 

7 

2 

17 

regularuli gamosaxulebis daSla: 

rgolebad 
 rgolebis 

elementebad 
sawyisi bolo 

elementebis adgilebi 

ba 

{a}b{a{b}b} 

a 

{b}b 

b 

a 

(ba{a}b{a{b}b}) 

{a{b}b} 

{b} 

{a} 

cxrili 2 

cxrili 3 

(1; 2)a 

 
 

wesebi 
I gvaris di- 

qotomiebi 

 I.1 wesi 

 

I.2 wesi 

 

(11;3)a; 

 
 

(13;5)a; 

 
 (12;4)b; 

 
 

(9;1)b; 

 
 

(15;6)b; 

 
 

(18;8)a. 
 

 

(16;7)b; 
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erTi adgilida meoreze gadasvla xdeba uSualod an Sesasvleli 
alfabetas asos meSveobiT [19]. pirveli saxis gadasvlis dros Sesas-

vleli alfabetis aso ar warmoiqmneba, xolo meore SemTxvevaSi war- 

moiSveba is aso, romlis meSveobiTac ganxorcielda mocemuli gada-

svla.  

I gvaris diqotomia  vuwodoT regularuli gamosaxulebis im ori 

adgilis erTobliobas, romelTa Sorisac gadasvla Sesasvleli asos 

meSveobiT xdeba, xolo II gvaris diqotomia - regularuli gamosaxu- 

lebis im ori adgilis erTobliobas, romelTa Sorisac xdeba uSu-

alo gadasvla; 

Semotanili gansazRvrebis Tanaxmad I gvaris diqotomiisa daxmare-
biT warmoiqmneba Sesasvleli alfabetas aso, xolo II gvaris diqo-
tomiis saSualebiT momdvno asos warmosaqmnelad saWiro axal sas-

tarto adgilze xdeba gadanacvleba. 

aqtiuri , pasiuri  adgilebisagan Semdgari I gvaris iseTi di-

qotomia da romlis -dan –ze gadasvla xdeba xi A asos meSveob-

iT (sadac A mimdevrobiTi avtomatis Sesasvleli alfabetaa), piro-

biTad aRvniSnoT rogorc       xolo aqtiuri  da pasiuri  aso- 

asosasagan Semdgari II gvaris diqotomia – rogorc      

CamovayaliboT I da II gvaris diqotomiebis gasazRvris wesebi.   
1) I rigis diqotomiis gansazRvris wesebi: 
I.1. Sesasvleli alfabetis romelime asos uSualod marcxniv ar-

sebuli ZiriTadi adgili am asos uSualod marjvniv arsebul adgil-

Tan warmoqmnis I gvaris diqotomias, romelSic igi aris aqtiuri. am 

diqotomiis ganxorcielebisas warmoiqmneba diqotomiis elementebs 

Soris arsebuli Sesasvleli aso. 

I.2. Sesasvleli alfabetis romelime asos uSualod marcxniv ar-

sebuli ZiriTadiswina adgili am asos uSualod marjvniv arsebul 

adgilTan warmoqmnis I gvaris diqotomias, romelSic igi aris aqti-

uri. am diqotomiis ganxorcielebisas warmoiqmneba diqotomiis ele-

mentebs Soris arsebuli Sesasvleli aso. 

zemoT formulirebuli wesebis meSveobiT regularuli (d4.1) ga-

mosaxulebisaTvis gansazRvruli I rangis diqotomiebi moyvanilia 

cxril 3-Si (nax.d4.2,d).  

2) II rigis diqotomiis gansazRvris wesebi: 
II.1. algebruli rgolis sawyisi adgili II gvaris diqotomiebs wa-

rmoqmnis am rgolis TiToeuli elementis sawyis adgilebTan da am 

diqotomiebSi igi aris aqtiuri;  

(, )x  , 
i   

(, ).      
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I.2. algebruli rgolis bolo adgili II gvaris diqotomiebs wa-
rmoqmnis am rgolis TiToeuli elementis bolo adgilebTan da am 

diqotomiebSi aqtiuri aris elementTa bolo adgilebi; 

 II.3. iteraciuli rgolis sawyisi adgili II gvaris diqotomiebs 
warmoqmnis: 

    ▲ am rgolis bolo adgilTan; 

    ▲ am rgolis TiToeuli elementis sawyis adgilebTan da 

orive SemTxvevaSi igi aris aqtiuri.  

II.4. iteraciuli rgolis bolo adgili II gvaris diqotomiebs wa-
rmoqmnis:  

     ▲ am rgolis TiToeuli elementis sawyis adgilebTan da am 

diqotomiebSi igi aris aqtiuri;  

     ▲ am rgolis TiToeuli elementis bolo adgilebTan da am di- 

     qotomiebSi aqtiuria elementTa bolo adgilebi  

II.5. carieli simboloebi sawyisi da bolo adgilebi erTmaneTTan 

warmoqmnis aqturi adgilis armqone II gvaris diqotomiebs, romlebic 

cariel (gadagvarebul) diqotomiebs warmoadgens  

II.6. II rigis diqotomiebis warmoqmnis zemoT CamoTvlili wesebi-

sagan gansxvavebuli sxva wesebi ar arsebobs. 

 

d4.4. regularuli gamosaxulebis araZiri- 

Tadi adgilebis moniSvnis formaluri 

 meTodis damuSaveba 

 

regularuli gamosaxulebidan mimdevrobiTi avtomatis Sesasvleli 

sityvis gaSlis procesSi aRniSnuli sityvis asoebi, rogorc zemoT 

aRvniSneT, warmoiqmneba ZiriTadi an winaZiriTadi adgilebidan garkve-

ul araZiriTad adgilebze gadasvlis meSveobiT. konkretul araZiri-

Tad adgilze gadasvla SeiZleba ara nebismieri ZiriTadi an ZiriTadi-

swina adgilidan, aramed mxolod zogierTi maTganidan. es imas niS-

navs, rom konkretuli araZiriTadi adgilisaTvis arsebobs iseTi Zi-

riTadi an ZiriTadis wina adgilebi, romlebidanac SesaZlebelia mox-

des masze gadasvla.    

araZiriTadi adgilis nomris qvemoT im ZiriTadi da ZiriTadis wi-

na adgilTa nomrebis miweras, romlebidanac SesaZlebelia moxdes aR-

niSnuli adgilebidan masze gadasvla, am araZiriTadi adgilis moniS-
vna ewodeba.  



333 
 

 

regularuli gamosaxulebis formas, romelsac igi iRebs araZiri-

Tadi adgilebis moniSvnis Semdeg, F-forma vuwodoT. 
N-formiT warmodgenil regularul gamosaxulebis araZiriTadi 

adgilebis moniSvnis arsebuli wesi [5,19,25] moiTxovs xeliT gadarC-

evas, rac SeuZlebels xdis kompiuterze Sesabamisi procesis organi-

zebas. Cveni mizani aRniSnuli naklis gamosworebaa. misi miRweva SeiZ-

leba zemoT gansazRvruli II rigis diqotomiebis gamoyenebiT. cxril 

4-Si (nax. d4.2,e) moyvanilia ganxiluli regularuli gamosaxuleba-

Si arsebuli rgolebis elementebi da TiToeuli rgolisaTvis gansa-

zRvruli II rigis diqotomebiebis CamonaTvali.  

II rigis yvela diqotomiis gaerTianebiT miRebuli simravle aRvni-

SnoT DII simboloTi da igi warmovidginoT ori qvesimravlis gaerTi-

anebiT miRebuli simravlis formiT:  

DII = DII(1)  DII(2) ,       

sadac DII(1)  qvesimravle Sedgeba II rigis mxolod iseTi diqotomi-

ebisagan, romlebic Seicavs erT ZiriTad adgils mainc, xolo DII(2)  
qvesimravle Sedgeba mxolod araZiriTadi adgilebis Semcveli diqo-

tomiebisagan. gansaxilveli (d4.1) gamosaxulebis DII simravle saku-

Tarive qvesimravleebiT moyvanilia cxril 5-Si (nax.d4.3,a)  

DII(1) da DII(2) qvesimravleebisaTvis SevadginoT specialuri baraTe-

bi, romlebsac Sesabamisad DII(1) - da DII(2) -baraTebi vuwodoT. 

▲ DII(1)-baraTi Sedgeba naturaluri 0,1,…,n  ricxvebiT danomrili 

(n+1)raodenobis svetisa da aseve naturaluri n+1, n+1,…,m ricxveb-

iT danomrili m-( n+1) raodenobis striqonisagan, sadac n aris re-

gularuli gamosaxulebis ZiriTadi adgilebis, xolo m amave gamosa-

xulebis yvela adgilis raodenoba. II rigis yovel           qo-

qotomias, sadac (1,2,...,n), ( n+1, n+1,…,m), Seesabameba am cxri-

lis  striqonisa da  svetis gadakveTaze arsebuli ujra; am uj-

raSi unda CavweroT aRniSnuli diqotomiis aqtiuri wevris  nomeri  

▲ DII(2)-baraTi Sedgeba erTi svetisa da n+1, n+2,…,m ricxvebiT 

danomrili m-(n+1) raodenobis mwkrivisagan. II rigis yovel diqoto-         

mia           -s, sadac (1,2,...,n), ( n+1, n+1,…,m), Seesabameba 

isari, romelic iwyeba mocemuli diqotomiis aqtiuri wevris  nom-

ris Sesabamisi striqonidan da mTavrdeba amave diqotomiis araaqti-

uri wevris  nomris striqonSi; amasTanave, isari mimarTulia araaq-

tiuri  nomris Sesabamisi striqonisaken. 

(, ) DII(1)  

(, ) DII(2)   
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 DII(1) –baraTisTvis marjvniv DII(2) - baraTis midgmiT miiReba gaer-

Tianebuli DII –baraTi, romelic d4.3,b naxazzea moyvanili. mocemul 

naxazze DII –baraTis misaRebad Savi feris ujrebi saWiroa CavTvloT 

cariel ujrebad.  

SemovitanoT ramdenime gansazRvreba: 

 1)  DII –baraTis urTierTdakavSirebuli striqonebi vuwodoT am 

baraTis striqonTa wyvils, romlebSic DII(2) – baraTis isrebis bolo-

ebia ganTavsebuli; amasTanave striqons, saidanac iwyeba isari, vuwo-

doT maRali donis striqoni, xolo striqons, sadac mTavrdeba isari 

– dabali donis striqoni. 

 2) DII –baraTis urTierTdakavSirebuli striqonebis doneTa gaTa-
nabrebis operacia vuwodoT aqtiur striqonSi arsebuli ricxvebis 

pasiur striqonSi gadakopirebis process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 davuSvaT, rom SeerTebuli DII- baraTSi urTierTdakavSirebuli 

striqonebia  da . am striqonebidan maRali donis Tu aris , xo-

cxrili 5 

a) b) 

7 

7 

6 

5 
5 

5 
5 

5 

4 

10 

11 
12 

13 
14 
15 
16 
17 

18 

3 

1 0 

 DII(2) 
baraTi 

 DII(1)  baraTi 

2 3 4 5 6 7 8 

0 

0 
0 

0 

2 

3 

9 

4 

4 

4 
4 

4 
5 

6 

7 
7 

7 

7 

7 7 6 

0 

    ( b   a      {   a   }   b   {   a      {  b  }   b   }  )  a    
 

0 1 2 3 4 5 6 7 8 

9 10 11 12 13 14 15 16 17 18 
       

0 0 3 4 4 4 4 4 2 
3 0 5 5 5 5 5 4 

6 7 5 
7 7 7 

DII  simravle 

DII(1) qve- 

imravle 

DII(2) qve- 

imravle 

(0; 9), (0; 10), 

(4; 13), (4; 14), 

(4; 17), (12; 3), 

(16; 6), (17; 5), 

(17; 7), (18; 2), 

(10; 11), (10; 12), 

(12; 11), (14; 15), 

(17; 13), (17; 14), 

(14; 16), (16; 15), 

(18; 17). 

  

  

  

  

  

  

  

  

  

 

g) 

DII - baraTi 

nax. d4.3. regularuli gamosaxulebis warmodgena F- formis saxiT  
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lo dabali donis -  striqoni, maSin maTi doneebis gaTanabrebis 

operacia aRvniSnoT rogorc ; igi  striqonSi arsebuli  ri-

cxvebis  striqonSi gadakopirebas niSnavs. DII– baraTSi amavdroul-

ad Tu -Tan urTierTdakavSirerebuli   striqonic aRmoCndeba, ma-

Sin Sesasrulebeli iqneb doneTaa gaTanabrebis rTuli  ope-

racia. igi niSnavs, rom ricxvebi jer  striqonidan gadakopirdes  
striqonSi da mxolod amis Semdeg moxdes ukanasknel striqonSi fo-

rmirebuli yvela ricxvi gadakopireba  striqonSi. 

ganxilul magaliTSi (ix.nax. d4.2,b) gvaqvs urTierTdakavSirebu-
li striqonebis doneTa gaTanabrebis Semdegi rTuli operaciebi: 

     101211;  141615;  181713; 181714. 

3) gaTanabrebuli DII - baraTi vuwodoT iseT DII - baraTs, romel-

Sic gaTanabrebulia yvela urTierTdakavSirebul striqonTa doneebi. 

ganxilul magaliTisTvis d4.3,b naxazze naCveneb baraTSi gaTana-
brebis yvela procesis Sedegad gaCenili ricxvebi Savi feris ujre-

debSia naCvenebi. yvela (rogorc TeTr, ise Sav) ujrebSi arsebuli 

ricxvebis erTobliobiT warmoiqmneba gaTanabrebuli DII - baraTi. 

gaTanabrebuli DII - baraTi gamoyenebiT SesaZlebelia Camovayalib-

oT regularuli gamosaxulebis araZiriTadi i-uri (i{ n+1, 

n+1,…,m}) adgilis moniSvnis, e.i. aRniSnuli gamosaxulebis F- for- 

mis miRebis procesis formaluri Sesrulebis Semdegi wesi 

█ regularul gamosaxulebis F-formis misaRebad, anu araZiriTa-

di i-uri, i  (n+1, n +2,…, m) adgilis moniSvnisaTvis aucilebeli da 

sakmarisia gaTanabrebuli DII -baraTis i-ur striqonSi mdgari yvela 

ricxvi svetis saxiT qvemoT mivuweroT N-formis regularuli gamo-

saxulebis i-uri adgili nomers. █ 

zemoT formulirebuli wesis gamoyenebiT miRebuli ganxiluli 

regularuli gamosaxulebis F-forma d.4.3,g naxazzea moyvanili.   

 

d4.3. regularuli gamosaxulebis gaSlis 

formaluri meTodi 

 
abstraqtuli sasruli avtomatis Sesasvleli da gamosasvleli 

sityvebis Caweris formaa aRniSnuli avtomatis gadasvlebisa da gamo-

sasvlelebis cxrili. aRniSnulidan gamomdinare calkeul sityvebad 

regularuli gamosaxulebis gaSla aRniSnuli cxrilis formirebis 

tolfasia. 

(d4.2) 
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regularuli gamosaxulebidan muris avtomatis gadasvlebis cxri-

lis miRebis arsebuli wesic [5,19,25] araformalizebulia (moiTxovs 

xeliT gadarCevas) rac SeuZlebels xdis kompiuteriT am procesis 

avtomatizebas. aRniSnuli naklis gamosworeba SeiZleba zemoT gansa-

zRvruli I rigis diqotomiebis gamoyenebiT.  

 I rigis diqotomiebis DI  simravle warmovadginoT Semdegnairad: 

 

sadac       warmoadgens Sesasvleli xi asos warmomqmneli I gvaris 
diqotomiebis simravles, romelTa ganxorcielebisas warmoiqmneba Se-

sasvleli xj,  j=1,2,…, m aso. 

ganxiluli magaliTisaTvis (ix. nax.d.3,g) Sesasvleli A={a,b} al-

fabeti Seicavs 2 asos, amitom d4.2 gamosaxuleba iRebs saxes:  

  

 

 

DI  simravlis gamoyenebiT SevadginoT DI –baraTi (nax.d4.3,a) Sem-
degnairad: 

▲ DI(a)DI qvesimravleSi Semavali TiToeuli diqotomiisaTvis ga-

movyoT sakuTari sveti, romelTa erToblioba warmoqmnis DI(a)-vels. 

aseve DI(b) vels warmoqmnis DI(b)DI  qvesimravlis diqotomiebisaTvis 

gamoyofili svetebi;     

▲ DI –baraTSi gaviTvaliswinoT m+1 striqoni da davnomroT isini 

0,1,...,m ricxvebiT (m udidesi ricxvia im ricxvebs Soris, romliTac 

danomrilia ZiriTadi adgilebi). 

█ CavTvaloT, rom DI–baraTis qvesvetebi i(0,1,…,m) striqoniT 

gadaifareba, Tu am qvesvetebis diqotomiis aqtiuri wevrebi regula-

ruli gamosaxulebis F-formaSi moniSnulia i ricxviT (Tu aqtiuria 

regularuli gamosaxulebis ZiriTadiswina adgili) an rodesac aqti-

uri adgilis nomeri emTxveva i ricxvs (Tu aqtiuria regularuli ga-

mosaxulebis ZiriTadi adgili). 

█  DI–baraTis ujrebi Sevsebis wesi. DI–baraTis  ujrebSi, romle-

bic dgas i striqonisa da an striqoniT gadafaruli qvesvetebis gada-

kveTebze, Caiwereba aRniSnuli qvesvetebis Sesabamis diqotomiebSi ar-

sebuli pasiuri adgilis nomrebi. DI–baraTis danarCeni ujrebi rCeba 
Seuvsebeli. 

█ ganvixiloT DI–baraTis romelime, kerZod   diqotomiiT      

aRniSnuli qvesvetis ujrebis Sevsebis magaliTi. diqotomiaSi Sema-

vali adgili 11 moniSnulia ricxvebiT 0 da 3 (ix. nax. d.3,g), amitom 

(d4.2) ,       
 

 
) )    =       

 

 

  …       
 

 
) 

      
 

 
) 

DI = DI(a)  DI(b ) =  

 

(11;3)a; 

 
 ]   

 

[(1;2)a; 

 
 (13;5)a; 

  
(18;8)a 

  (d4.3) 

 
]. 

 

  [ 

 

(15;6)b; 

 
 (16;7)b 

 
 (9;1)b; 

 
 (12;4)b; 

 
 

 (11;3), 
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es qvesveti daifareba DI– baraTis 0 da 3 striqonebiT. aqedan gamom-
dinare ujrebSi, romlebic ganTavsebulia     svetisa da 0;1 stri-
qonebis gadakveTebze, Caiwereba diqotomiis pasiuri adgilis nomeri 

3. analogurad Seivseba DI–baraTis danarCeni adgilebi (ix. nax. 

d4.4,a). 

█ DI– baraTis gamoyeneba saSualebas formaluri meTodis gamoyene-

-biT avagoT muris avtomatis pirveladi gadasvlebis cxrili, 
romlis martivi gardaqmniT miiReba muris avtomatis gadasvlebis  
cxrili.  

DI- baraTis meSveobiT muris avtomatis gadasvlebis pirveladi 
cxrilis agebis algoriTmi: 

1. avtomatis Sinagan mdgomareobebad aiReba ZiriTadi adgilebis M 

simravlis qvesimravleebi. am qvesimravleebiT warmoiSveba gadasvlebis 

pirveladi  cxrilis  striqonebi, amitom maT am striqonebis warmom-  

Sobi qvesimravleebi vuwodoT da aRvniSnoT Lk ,k = 1,2,… asoebiT; ga-

dasvlebis cxrilis striqonebi aRiniSneba maTi warmomSobi qvesimrav-

liT; 

2. gadasvlebis pirveladi cxrilis (nax.d.4.4,b) ageba iwyeba 

sawyi-si mdgomareobis Sesabamisi striqonis SedgeniT. mis warmomSob 

qvesimravled apriorulad aiReba 0M adgilis Semcveli warmomSobi 

L1= =(0) qvesimravle. 

3. aRniSnuli cxrilis danarCeni mdgomareobebis Sesabamisi stri-
qonebis formirdeba Sedgenil stiqonebSi maTi warmomSobi qvesimra-

vleebis gamoCenis Semdeg; 

4. warmomSobi Lk=(1, 2,…, M) qvesimravlis mixedviT (sadac iN, 

xolo N – naturaluri ricxvebis simravlea)  gadasvlebis pirveladi 

cxrilis Sedgenis wesi: a) ganvixiloT gadasvlebis pirveladi cxri-
lis striqoni, romelsac Seesabameba Lk qvesimravle da svetebi, rom-

mlebic Seesabameeba xji Sesasvlelebi; maT gadakveTebze arsebuli      

ujrebi aRvniSnoT rogorc (Lk, xji). maTi raodenoba udris Lk qve-

simravleSi arsebuli i ricxvebis raodenobas; b) ganvixiloT DI–ba-
raTis is striqonebi, romelTa nomrebi emTxveva Lk qvesimravleSi ar-

sebul ricxvebs; g) DI–baraTis wina punqtSi ganxilul striqonebisa 

da amave baraTis DI(ji) –velis gadakveTaze arsebuli ricxvebisagan Se-

vadginoT simravle da igi CavweroT gadasvlebis pirveladi cxrilis 

a punqtSi formirebul (Lk, xji) ujraSi; d) wina punqtSi formirebu-

li simravleebi warmoadgens warmomSob simravles. Tu aseTi simrav-

 (11;3) 
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le ar arsebobs ukve formirebul warmomSob simravleebs Soris, mas 

Seesabameba gadasvlebis pirveladi cxrilis axali striqoni. 

5. gadasvlebis cxrilis svet «gamosasvlelis» im striqonSi, ro-
melsac Seesabameba moniSnuli warmomSobi qvesimravle, Caiwereba ci-

fri 1, xolo am svetis danarCen striqonebSi Caiwereba cifrebi 0.  
6. gadasvlebis pirveladi cxrilis ageba damTavrdeba yvela war-

momSobi simravlis Sesabamisi striqonis formirebis Semdeg.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. d4.4. avtomatis ga-  
  dasasvlelebisa da ga- 

  mosasvlelebis cxril- 

  is ageba   

Sesasvlelebi gamosas- 

vleli a b S 

1 2 3 0 
2 2 4 0 

3 5 4 0 
4 5 4 0 

5 5 4 1 

a) 

b) 

g) 

DI -baraTi 

 (12;4)  (13;5) 

DI(a)  veli DI(b) veli 

 (16;17)  (15;6)  (18;8)  (9;1) 
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gadasvlebis pirveladi cxrili 

L1=(0) 

L2=(3) 

L4=(4) 

L5=(2;5;8) 

L6=(6;7) 

L7=(5;8) 

L3=(1;4) 

xj1=a 

xj Sesasvlelebi   

  
 xj2=b 

gamosas- 

vleli   

 
 

S   mdgomareobebi  

  
 

warmomSobi qve- 

simravleebi 

 

#

  

  
 0 

0 

0 
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2 
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(1;4) 

(4) 

(6;7) 

(6;7) 

(6;7) 

(6;7) 

(6;7) 

(3) 

(2;5;8) 

(5;8) 

(3) 

(5;8) 

(5;8) 

(5;8) 
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ganvixiloT Cveni magaliTisaTvis gadasvlebis pirveladi cxrilis 

Sedgenis procesis fragmenti. 

cxrilis Sedgenas viwyebT sawyisi mdgomareobis Sesabamisi stri-

qonis agebiT, romlisTvisac warmomSob qvesimravled apriorulad vi-

RebT L1=(0) qvesimravles. igi Seicavs element 0-s.  

DI– baraTis (ix. nax.d.4.4,a) striqon 0-isa da DI(a) velis gadakve-

Taze dgas ricxvi 3, xolo am striqonisa DI(b) velis gadakveTaze ri-

cxvebi 1 da 4. amitom Cndeba L2=(3) da L3=(1;4) simravleebi. amaTgan 

pirveli simravle L2=(3) Caiwereba (L1; xj1=a) ujraSi, xolo meore si-

mravle L3=(1;4) -  (L1; xj2=b) ujraSi. 

miRebuli simravleebi warmoadgens axal warmomSob L2 = (3)  da L3 

= (1;4) qvesimravleebs gadasvlebis pirvelad cxrilSi Sesabameba 2 da 
3 striqonebi. 

█ ganvixiloT gadasvlebis pirvelad cxrilSi striqon 3-is Sev-
sebis procesi. mas Seesabameba L3=(1;4) qvesimravle. 

DI– baraTis (ix. nax.d.4.4,a) 1 da 4 striqonebisa DI(a) velis ga-

dakveTaze dgas ricxvebi 2,4,8, xolo am striqonebsa DI(b) velis ga-
dakveTaze ricxvebi 6 da 7. amitom Cndeba L5=(2;4;8) da L6=(6;7) simra-

vleebi. amaTgan pirveli simravle L5=(2;4;8) Caiwereba (L3; xj1=a) ujra-

Si, xolo meore simravle L6=(6;7) -  (L3; xj2=b) ujraSi. 

miRebuli simravleebi warmoadgens axal warmomSob L4=(2;4;8) da 

L5=(6;7) qvesimravleebs gadasvlebis pirvelad cxrilSi Sesabameba 5 
da 6 striqonebi. ase Seivseba gadasvlebis pirveladi cxrilis sxva 

striqonebic. 

moniSnul warmomSob qvesimravleebs warmoadgens L5=(2;4;8) da L7 = 

=(5;8) qvesimravleebi (maTSi Sedis ganxiluli regularuli gamosa-

xulebis bolo adgilis nomeri 8), amitom svetSi «gamosasvleli» 
cifri 1 Caiwereba am svetis me-5 da me-7 striqonebSi (ix. nax. 

d.4.4,a). 
█ gadasvlebis miRebul pirvelad cxrili Seicavs 8 striqons, 

romelTaganac erTnairia me-5 da me-6 striqonebi. maTi gaerTianeba 

striqonebis raodenobas 7-mde amcirebs. SemdgomSi aRniSnuli cxri-

lis minimizebis [1,5] meSveobiT gvrCeba xuTi striqonis mqone gadas-
vlebis minimizebuli cxrili (nax. d.4,4,g).  

miRebuli gadasvlebis cxrilis Sesabamisi abstraqtuli avtomatis 

ekvivalenturi mmarTveli diskretuli mowyobiloba SeiZleba reali-

zdes rogorc programulad, ise aparaturuladac. 
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