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winasityvaoba 

 

nebismieri radioeleqtronuli mowyobilobis damuSavebas Tan sdevs 

fizikuri da maTematikuri modelireba. fizikuri modelireba 

dakavSirebulia did danaxarjebTan, rac gamowveulia damuSavebuli 

mowyobilobis maketis damzadebiT da  maTi gamokvlevis SromatevadobiT. 

xSirad mowyobilobis sirTulis gamo  fizikuri modelireba sulac 

SeuZlebelia. aRniSnul SemTxvevaSi mimarTaven maTematikur modelirebas 

kompiuteris gamoyenebiT. 

arsebobs kompiuteris monitoris ekranze eleqtronuli sqemebis 

modelirebis programebis paketebis sakmaod didi raodenoba. erT-erT 

maTgans, momxmareblisTvis martivs da amasTanave dadebiTi Sedegebis 

momcems, warmoadgens programuli paketi  Electronics Workbench ( EWB – 

eleqtronuli laboratoria, damuSavebulia kanaduri firma Interactive Image 

Technologies mier). programa iZleva martivi xerxebis saSualebiT cifruli 

da analoguri eleqtronuli sqemebis agebas, sxvadasxva eleqtro da 

radiosazomi xelsawyoebis mierTebas, cifruli monacemebis da 

oscilogramis, droiTi diagramis saxiT Sedegebis miRebas.  

programa EWB Taviseburebas warmoadgens virtualuri 

makontrolebel - sazomi xelsawyoebis arseboba, romlebic rogorc 

garegnulad, ise Tavisi maxasiaTeblebiT, TiTqmis daaxlovebulia 

samrewvelo analogebTan.  programaSi  agreTve Setanilia virtualuri 

xelsawyo, egreT wodebuli, logikuri gardamqmneli, romelsac realurad 

arsebul fizikur xelsawyoebs Soris ar gaaCnia analogi.  

programas gaaCnia standartuli, martivaT gasagebi interfeisi. 

programasTan muSaobisas studenti iZens damoukidebeli muSaobis 

unars, eleqtronuli mowyobilobebis proeqtirebis Tanamedrove 

saSualebebze warmodgenas da anviTarebs Tavis SemoqmediT potencials. 

meToduri miTiTebani Sedgeba ori nawilisagan. pirvel nawilSi  

moyvanilia EWB programis aRwera da sqemis modelirebis teqnologia, 

xolo meoreSi ganxilulia 12 laboratoriuli samuSao. TiToeuli 

maTgani Seicavs laboratoriuli samuSaos Tematikis zogad cnobebs, 

samuSaos davalebebs da maTi Sesrulebis meTodikas,  damatebiT 

davalebebs, romlis  SesrulebiT studenti aRrmavebs miRebul codnas. 
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laboratoriuli samuSaoebis Sesrulebisas students SeuZlia SesTavazos 

Tavisi teqnikuri gadawyvetileba da moaxdinos misi aprobacia.  

laboratoriuli samuSaoebis Catarebis dawyebamde studenti unda 

gaecnos modelirebis programis muSa fanjris struqturas, masSi 

Semavali sabiblioTeko komponentebis da makontrolebeli-sazomi 

xelsawyoebis aRweras da sqemis modelirebis teqnologias.  

laboratoriuli samuSaoebis dasruleba formdeba kompiuterze 

Sesrulebuli angariSiT. angariSs eniWeba Sesabamisi qula da dasturdeba 

pedagogis xelmoweriT.  
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I nawili. Electronics Workbench  programis aRwera 

 

1. programis interfeisi  

 

programis interfeisi, romelic moyvanilia qvemoT naxazze, 

Seicavs: meniuebis vels, vindousis standartuli da programis  

marTvis Rilakebisagan Sedgenil saxazavs, komponentebisa  da  sazom – 

makontrolebeli xelsawyoebis aRmniSvneli Rilakebisagan Sedgenil 

saxazavs, sqemis modelirebis gamSveb da modelirebis droebiT 

SemCerebel Rilakebs, samuSao vels. 

 

 

 

 

                              

komponentebisa da makontrolebeli sazomi xelsawyos saxazavis 

TiToeuli Rilakis gaaqtiurebiT ekranze Cndeba Sesabamis qvejgufSi 

Semavali komponentebis biblioTeka grafikuli aRniSvniT da 

qvejgufebis dasaxelebiT. TiToeuli biblioTekis komponentis 

grafikul aRniSvnaze (niSnakze) Tagvis kursoris mitaniT Cndeba am 

komponentis dasaxeleba, xolo Tagvis marcxena Rilakze daWeriT  da 

misi argaSvebiT komponentis samuSao velze gadatana. 

samuSao velze xdeba gamosakvlevi sqemis eleqtruli principuli 

naxazis Sedgena. 
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1.1. meniuebis veli 

 

meniuebis veli Sedgeba Semdegi komponentebisagan: 

  failebTan muSaobis meniu (File),  

  redaqtirebis meniu (Edit), 

  wredebTan muSaobis meniu (Circuit), 

  sqemebis analizis meniu (Analysis), 

  fanjrebTan muSaobis meniu (Windows), 

  daxmarebis meniu (Help). 

 

1.1.1. meniu FILE 

meniu File gankuTvnilia: failebis Casawerad da wasakiTxad; 

dasabeWdad SerCeuli sqemis Semadgeneli nawilebis aslis misaRebad 

da failebis import-eqsportis gansaxorcieleblad modelirebisa da 

nabeWdi firfitebis damuSavebisas sxva programebis formatebSi. 

am meniuSi Semavali brZanebebia: 

- failebTan muSaobis vindousis tipuri brZanebebi: New 

(Ctrl+N),      Open . . .(Ctrl+O), Save (Ctrl+S) da Save As . . .; 

- Revent to Seved . . . – mimdinare redaqtirebisas Setanili yvela 

cvlilebis gauqmeba; 

- Print . . . (Ctrl+P) – printerze amosabeWdi monacemebis SerCeva 

Semdegi brZanebebis Semcveli qvemenius mixedviT: 

Schematic – sqema; 

Description – sqemis aRweriloba; 

Part list -  printerze amosabeWdi dokumentebis CamonaTvali; 

Label list – sqemis elementebis aRniSvnaTa sia; 

Model list – sqemaSi arsebuli komponentebis sia; 

Subcircuits – qvesqema (sqemis nawili, romelic aris dasrulebuli 

funqciuri kvanZi da SemosazRvrulia marTkuTxediT am ukanasknelis 

SigniT ganTavsebuli dasaxelebiT); 

Analysis options – modelirebis reJimebis CamonaTvali; 

Instruments – xelsawyoebis sia. 

amave qvemeniuSi SesaZlebelia dasabeWdi ofciis arCeva (Rilaki 

Setup) da printerze amobeWdva (Rilaki Print). programaSi 
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gaTvaliswinebulia agreTve printerze amosabeWdi monacemebis 

masStabis SesaZlebloba 20%-dan 500%-mde. 

- Print Setup . . . – printeris gamarTva; 

- Exit (ALT+F4) – programidan gamosvla; 

- Install . . . – diskebidan damatebiTi programebis instalireba; 

- Export to PCB – sqemis SeerTebebis siis Sedgena OrCAD-is 

formatSi da nabeWdi firfitebsis damuSavebis sxva 

programebSi; 

- Iport from SPICE – sqemis arwerilobis teqsturi failebis 

importi (SPICE-is formatidan) da am aRwerilobis mixedviT 

sqemis avtomaturi ageba. SPICE-is formatia .cir.; 

- Export to SPICE – sqemis teqsturi aRerilobis da modelirebis 

davalebis Sedgena SPICE-is formatSi; 

- Iport/Export – monacemTa gacvlis SesaZlebloba nabeWdi 

firfitebis damuSavebis EWB Layout programasTan. 

 

1.1.2.  meniu  EDIT 

meniu Edit – is daniSnulebaa sqemis redaqtirebis brZanebebis 

Sesruleba da ekranis aslis gadaReba. am menius brZanebebia: 

            -  Cut (Ctrl+X) – sqemis moniSnuli nawilis waSla (amoWra) gacvlis 

buferSi SenaxviT; 

            - Copy (Ctrl+C) – sqemis moniSnuli nawilis  aslis gadaReba 

gacvlis buferSi; 

- Paste (Crtl+V) - gacvlis buferis Semcvelobis Casma programis 

samuSao fanjaraSi; 

- Delete (Del) – sqemis moniSnuli nawilis waSla; 

- Select All (crtl+A) - mTeli sqemis moniSvna; 

- Copy Bits (Ctrl+l) - am brZanebiT Tagvis kursori gadaiqceva 

jvrad, romlis meSveobiTac SesaZlebelia ekranis saWiro nawilis 

gamoyofa marTkuTxedis wesiT. Tagvis marcxena Rilakidan TiTis 

moSorebisas xdeba gamoyofili nawilis aslis gadaReba gacvlis 

buferSi. mTliani ekranis aslis gadaRebisas saWiroa Print Screen 

klaviSze daWera, xolo ekranis gamoyofili nawilis aslis gadaReba 
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(magaliTad, dialoguri fanjara) SesaZlebelia Alt+Print Screen 

kombinaciiT; 

- Show Clipboard – gacvlis buferis Semcvelobis Cveneba. 

 

1.1.3.meniu CIRCUIT 

meniu Circuit gankuTvnilia sqemebis mosamzadeblad da modelirebis 

parametrebis SesarCevad. menius brZanebebia: 

- Rotate (Ctrl+R)  moniSnuli komponentis grafikuli 

gamosaxulebis brunva an sazomi xelsawyos panelze  Sesavali 

momWerebis ganlagebis Secvla (Tagvze yoveli dawkapunebisas 

komponentebis umetesoba ganicdis Semobrunebas 90º-iT saaTis isris 

moZraobis sawinaaRmdego mimarTulebiT); 

- Flip Horizontal – komponentis grafikuli gamosaxulebis 

sarkisebri gardasaxva horizontaluri mimarTulebiT; 

- Flip Vertical - komponentis grafikuli gamosaxulebis 

sarkisebri gardasaxva vertikaluri mimarTulebiT; 

- Component Properties . . . – komponentis dasaxeleba. es brZaneba 

sruldeba agreTve komponentis niSnakze Tagvis orjer dawkapunebiT an 

 Rilakis gaaqtiurebiT. brZanebebis Sesrulebisas ekranze Cndeba 

dialoguri fanjara gaaqtiurebuli qvebrZanebiT Value. garda am 

brZanebebisa, dialoguri fanjara Seicavs agreTve qvebrZanebebs: Label, 

Fault, Displey, Analysis Setup. 

TiToeuli qvebrZanebis gaaqtiurebisas ekranze Cndeba Sesabamisi 

dialoguri fanjara. ganvixiloT am qvebrZanebebis daniSnuleba: 

Label – gamoyofili komponentebis poziciuri aRniSvna;  

Value  – komponentis parametris nominalis mniSvnelobis da 

ganzomilebis Secvla; parametris wrfivi (TC1) da kvadratuli (TC2) 

temperaturuli koeficientebis mniSvnelobebis SeCeva; parametris  

mniSvnelobis cdomilebis (tolerance) mocema. Tu cdomileba sqemaSi 

Semavali yvela komponentisaTvis saerToa, maSin cdomilebaSi iwereba 

Global da aqtiurdeba ofcia use global tolerance; 

Fault – komponentis modelirebis pirobebi. dialogur fanjaraSi 

mocemulia komponentis grafikuli gamosaxuleba, misi Sesavalis da 

gamosavalis gasaaqtiurebeli gamomyvanebi da SesaZlo dazianebebis 
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CamonaTvali. am CamonaTvalSi Sedis: Leakage (gaJonvis winaRobis 

mniSvneloba), Short (mokled CarTva), Open (kontaqtis gawveta) da None 

(dazianeba araa). am qvebrZanebebiT SesaZlebelia sqemebSi sxvadasxva 

saxis defeqtebis gaTvaliswineba (dumilis reJimSi gaaqtiurebulia 

brZaneba None). 

Display – ekranze komponentis aRniSvnis gamotanis variantebi. Use 

Schematic Options global setting ofciis arCevisas komponentis aRniSvnis 

gamosatanad gamoiyeneba mTliani sqemisaTvis dadgenili iseTi 

pirobebi, rogoricaa: Show labels (komponentebis poziciuri aRniSvnebis 

Cveneba), Show values, Show reference ID (komponentebis nominalis sawyisi 

mniSvnelobis Cveneba). Tu es ofcia ar aris arCeuli, maSin komponentis 

aRniSvna gamoitaneba da nominalis mniSvsneloba SeirCeva TiToeuli 

komponentisaTvis individualurad. 

Analysis Setup – temperaturis mniSvnelobis dayeneba (Temperature). 

fanjaraSi mocemuli ofciis Use global temperature gaaqtiurebiT mTliani 

sqemisaTvis aiReba temperaturis erTi mniSvneloba. 

      unda aRiniSnos, rom TiToeul dialogur fanajaraSi 

konkretuli mniSvnelobebi Sedis klaviaturis meSveobiT, xolo 

ganzomileba SeirCeva zemoT-qvemoT  mimarTul isriani aRniSvnebis 

momcvleli RilakebiT (magaliTad, kondensatoris tevadobis mocema 

SesaZlebelia pikofaradebSi, nanofaradebSi, mikrofaradebSi).  

aqtiuri elementebis SemTxvevaSi Component Properties brZanebaSi 

Semavali qvebrZaneba Value icvleba qvebrZanebiT Models, romlis 

gaaqtiurebiT ekranze Cndeba naCvenebi dialoguri fanjara. am fanjris 

meSveobiT xdeba sabiblioTeko komponentis tipis SerCeva, SerCeuli 

parametrebis mniSvnelobebis Secvla da axali biblioTekis Seqmna. am 

dialoguri fanjris gamoZaxeba SesaZlebelia agreTve komponentis 

aRmniSvnel niSnakze Tagvis orjer dawkapunebiT. dialogur fanjaraSi 

mocemuli fanjrebis da Rilakebis daniSnuilebaa: 

Library – im biblioTekis dasaxeleba, romlebSicaa ganTavsebuli 

amorCeuli komponentebi; 

Model – amorCeul biblioTekaSi Semavali komponentebis 

modelirebis dasaxeleba; 

New Library – axali bibliTekis Seqmna. am Rilakis gaaqtiurebisas 

ekranze Cndeba dialoguri fanjara, romelSic unda iqnes Setanili 
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axali biblioTekis dasaxeleba. OK (Senaxva) Rilakis gaaqtiurebisas es 

axali dasaxeleba gaCndeba Library-s svetSi. dasaxelebis SecdomiT 

akrefvis SemTxvevaSi saWiroa Cancel (Senaxvis gareSe) Rilakis 

gaaqtiureba; 

Edit – amorCeuli modelis parametrebis Cveneba. am Rilakis 

gaaqtiurebis Sedegad gamoZaxebuli dialoguri fanjriT xdeba 

amorCeuli modelis parametrebis Cveneba. axali biblioTekis Semqmnis 

Semdeg SesaZlebelia parametrebis cvlileba saWiroebis Sesabamisad. 

Copy – Model – is svetSi amorCeuli komponentis aslis gadaReba 

gacvlis buferSi; 

Paste – gacvlis buferSi aslgadaRebuli komponentis modelis 

Casma svetSi Library an axlad gaxsnil biblioTekaSi, paramtrebis 

Semdgomi redaqtirebisaTvis ZiriTad biblioTekaSi Semavali 

komponentis maxasiaTeblebis Seucvlelad; 

Delete - biblioTekaSi Semavali komponentis modelis waSla misi 

moniSvnis Semdeg; 

Rename – komponentis aRmniSvneli modelis dasaxelebis Secvla; 

- Create Subcircuit . . . – sqemis moniSnuli nawilidan qvesqemis Seqmna. 

am brZanebis Sesrulebisas ekranze Cndeba dialoguri fanjara. 

striqonSi Name unda Caiweros qvesqemis saxeli. saxelis miniWebis 

Semdeg fanjaraSi mocemul Rilakebze daWeriT SesaZlebeli xdeba 

Semdegi operaciebis ganxorcieleba: 

Copy from Circuit – qvesqemis kopireba biblioTekaSi Favorites saerTo 

sqemaSi cvlilebebis Setanis gareSe; 

Move From Circuit – moniSnuli sqemis nawilis CamoWra saerTo 

sqemidan, am CamoWrili nawilis gardaqmna qvesqemad da misi aslis 

gadaReba biblioTekaSi Favorites; 

Replace in Circuit – saerTo sqemis moniSnuli nawilis Secvla 

qvesqemiT da aslis gadaReba biblioTekaSi Favorites.  

qvesqemis daTvalierebisa da redaqtirebisaTvis saWiroa mis 

niSnakze Tagvis marcxena RilakiT orjer dawkapuneba. qvesqemis 

damatebiTi gamosasvlelis gamosayvanad aucilebelia qvesqemis 

Sesabamisi wertilidan kavSiris(xazis) Tagvis kursoriT gaWimva 

qvesqemis samuSao fanjris romelime sazRvramde. gamosasvlelis 
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gasauqmeblad saWiroa Tagvis meSveobiT patara oTxkuTxedis qvesqemis 

samuSao fanjridan saerTo sqemis samuSao fanjaraze gadatana. 

- Zoom in – sqemis gadideba masStaburad masStabis miTiTebiT 

50-200% diapazonSi; 

- Zoom Out – sqemis dapataraveba masStaburad masStabis 

miTiTebiT 50-200% diapazonSi; 

am ori ukanaskneli brZanebis Sesruleba SesaZlebelia agreTve 

standartuli aRniSvnis mqone mnemonikuri saSualebiT . 

- Schematic Options . . . – sqemis gaformeba. am brZanebis 

Sesrulebisas ekranze Cndeba dialoguri fanjara gaaqtiurebuli 

qvebrZanebiT Grid (bade); 

Grid – qvebrZaneba Seicavs or ofcias: Show grid (badis Cveneba) da 

Use Grid (badis gamoyeneba). amasTan, pirveli ofcia gaaqtiurebulia 

maSin, rodesac CarTulia meore ofcia; 

Show/Hide -  Cveneba-damalva. am brZanebis Sesrulebisas ekraanze 

Cndeba dialoguri fanjara, romelic Seicavs Semdeg ofciebs: 

Show labels – ekranze komponentis poziciuri aRniSvnis Cveneba; 

Show reference ID – komponentis parametris sawyisi mniSvnelobis 

Cveneba; 

Show models – komponentis modelis saxelis Cveneba; 

Show values  – komponentis parametris nominalis Cveneba; 

Show nodes – kvanZis numeraciis Cveneba; 

Autohide parts bins – dumilis reJimSi mocemul sqemaSi komponentis 

biblioTekis Semadgenlobis damalva; 

Keep parts bin positions – sqemis gaformebisas gamoyenebuli 

komponentebis biblioTekis Senaxva ekranze.  aqve unda aRiniSnos, rom 

axali biblioTekis Sedgenisas imave adgilze ganTavsebuli wina 

biblioTeka qreba. Tu saWiroa yvela biblioTekis SenarCuneba, maSin 

aucilebelia maTi ganTavseba ekranis sxvadasxva adgilze. 

Font – Srifti. am qvebrZanebis Sesabamis dialogur fanjaraSi 

SesaZlebelia rogorc komponentis poziciuri aRniSvnis (Label), ise 

komponentis parametris nominaluri mniSvnelobis (Values) gamomsaxveli 

ricxvis Sriftis saxeobis (Font name) da Sriftis zomis (Font size) 

dasaxelebis SerCeva. 
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Sriftis dasaxelebisa da Sriftis zomis asarCevad gamoiyeneba 

dialoguri fanjara, romlis gamoZaxeba SesaZlebelia set label font 

(poziciuri aRniSvnebis Srifti) an set value font (nominaluri 

mniSvnelobis Srifti) Rilakebze daWeriT. 

Wiring – gayvaniloba (montaJi). am qvebrZanebas Seesabameba  

dialoguri fanjara, romelic gamoiyeneba nabeWdi firfitis naxazis 

Sesadgenad.  

Priting – beWdva. am qvebrZanebis daniSnulebaa nabeWdi firfitis 

naxazis printerze dabeWdva. 

 

1.1.4. meniu ANALYSIS 

meniu Analysis-iT xdeba sqemis modelireba. am meniuSi Semavali 

brZanebebia: 

- Activate (ctrl+G) – modelirebis procesis gaSveba; 

- Pause (F9) - modelirebis procesis droebiTi SeCereba; 

- Stop (Ctrl+T) - modelirebis procesis damTavreba; 

- Analysis Options . . .  (Ctrl+Y) – brZanebis nusxa modelirebis 

parametrebis dasayeneblad; 

- DC Operating point  - reJimis gaTvla mudmivi denis mimarT; 

- AC  Frequency – sixSiruli maxasiaTeblebis gaangariSeba; 

- Analysis Graphs – gaangariSebis Sedegebis grafikuli gamosaxva; 

- Transient . . . – gardamavali procesebis gaangariSeba; 

- Fourier . . . – speqtruli analizis Catareba; 

- Monte Carlo . . . – statistikuri analizi monte-karlos meTodiT; 

- Display Graph – Sesrulebuli modelirebis Sedegebis gamotana 

ekranze. 

pirveli sami brZanebis Sesruleba SesaZlebelia agreTve 

modelirebis gamSvebi da modelirebis droebiTi  SemCerebeli 

Rilakebis meSveobiT, rac Seexeba danarCen brZanebebs, TiToeuli 

maTgani Sedgeba qvebrZanebebisagan. ganvixiloT es brZanebebi. 

 

1.1.5. meniu WINDOW 

meniu Window Seicavs Semdeg brZanebebs: 

1. Arrang (Ctrl+W) – muSa fanjaraSi ganTavsebuli informaciis 

mowesrigeba ekranis gadaweris gziT. am SemTxvevaSi gaswordeba 
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komponentebis damaxinjebuli gamosaxulebebi da SemaerTebeli 

gamtarebi; 

2. Circuit – sqemis gamotana wina planze; 

3. Description (Ctrl+D) - sqemis aRwerilobis wina planze gamotana, 

Tu igi arsebobs. 

 

1.1.6. meniu HELP 

meniu Seicavs mokle monacemebs zemoT ganxiluli yvela 

brZanebis, sabiblioTeko komponentebis, sazomi xelsawyoebis da TviT 

programis Sesaxeb. unda aRiniSnos, rom sabiblioTeko komponentebis 

Sesaxeb cnobebis misaRebad saWiroa sqemaze Tagvis dawkapuneba 

(komponenti ganTavsdeba wiTlad) da Semdeg F1 klaviSze daWera. 

 

 

1.2. marTvis elementebi 

 

 (New) – axali failis Seqmna [Ctrl+N], 

 (Open) – failis gaxsna [Ctrl+O], 

 (Save) – failis Sinaarsis damaxsovreba [Ctrl+S], 

 (Print) – failis SigTavsis beWvda [Ctrl+P], 

 (Cut) – failSi erT-erTi monakveTis amoWra [Ctrl+X], 

 (Copy) – failis an monakveTis aslis Sesruleba [Ctrl+C], 

 (Paste) – failSi gacvlis buferis SigTavsis Casma [Ctrl+V], 

 (Rotate) – gamosaxulebis Sebruneba [Ctrl+R], 

 (Flip Horizontal) – gamosaxulebis asaxva marcxnidan marjvniv, 

 (Flip Vertical) – gamosaxulebis asaxva zevidan qveviT, 
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 (Greate Subcircuit) – mikrosqemis (blokis, qvesqemis) 

Seqmna[Ctrl+B], 

 (Display Graphs) – grafikis asaxva, 

 (Component Properties) – komponentebis Tvisebebi, 

 (Zoom Out) - masStabis Semcireba, 

 (zoom In) – masStabis gazrda, 

 - masStabis gazrda an  Semcireba procentuli 

TanafardobiT, 

 (Help) – daxmarebis gamoZaxeba. 

 

 

1.3. eleqtruli sqemebis komponentebi 

 

     1.3.1.  (Sources) - signalebis wyaroebi. Rilakze erTjeradi 

dawkapunebiT gaixsneba aRniSnuli komponentebis biblioTeka. 

                              

 - damiweba. 

 - batarea (mudmivi Zabvis wyaro), 

 - mudmivi denis wyaro, 

 - sinusoiduri Zabvis wyaro, 

 - sinusoiduri denis wyaro, 

 - ZabviT marTvadi Zabvis wyaro, 
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 - ZabviT marTvadi denis wyaro, 

 - deniT marTvadi Zabvis wyaro, 

 - deniT marTvadi denis wyaro, 

 - fiqsirebuli Zabvis +5v kvebis wyaro, 

 - fiqsirebuli Zabvis +15v kvebis wyaro, 

 - marTkuTxa formis impulsebis generatori, 

 - amplitudiT modulirebuli rxevebis generatori, 

 - sixSiris modulirebuli rxevebis generatori, 

 - ZabviT marTvadi sinusoiduri rxevebis wyaro, 

 - ZabviT marTvadi samkuTxa formis impulsebis wyaro, 

 - ZabviT marTvadi marTkuTxa formis impulsebis wyaro, 

 - marTvadi erTjeradi impulsis wyaro, 

 - uban-uban wrfivi Zabvis wyaro, 

 - ZabviT marTvadi uban-uban wrfivi Zabvis wyaro, 

 - sixSiruli manipulatori, 

 - polinomuri wyaro, 

 - arawrfivi signalebis wyaro. 

  

      1.3.2.  (Basic) – ZiriTadi. Rilakze erTjeradi dawkapunebiT 

gaixsneba pasiuri komponentebis biblioTeka. 
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 - SeerTebis wertili, agreTve gamoiyeneba sqemaze warweris 

SemotanisaTvis, 

 - rezistori, 

 - kondensatori, 

 - induqciuroba, 

 - transformatori, 

 - eleqtromagnituri rele, 

       - gadamrTveli (erTpolusiani tumbleri), marTvadia 

klaviaturis nebismieri RilakiT, 

 - gadamrTveli droiTi dayovnebiT. 

 - ZabviT marTvadi gadamrTveli, 

 - deniT marTvadi gadamrTveli, 

 - mudmivi Zabvis wyaro mimdevrobiT CarTuli rezistoriT, 

 - potenciometri, 

 - erTnairi nominalis rva damoukidebeli rezistoris 

nakrebi, 

 - ZabviT marTvadi analoguri signalis komutatori, 

 - eleqtrolituri kondensatori, 

 - cvladi tevadobis kondensatori, 

 - cvladi induqciurobis koWa, 

 - koWa gularis gareSe, 

 - magnituri koWa. 

 - arawrfivi transformatori. 
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      1.3.3.  (Diodes) – diodebi. Rilaki iZaxebs diodebis biblioTekas. 

              

 - naxevargamtariani diodi, 

 - stabilitroni, 

 - Suqdiodi, 

 - gammarTveli bogiri, 

 - dinistori, 

 - tiristori, 

 - ormxrivi dinistori, 

 - ormxrivi tiristori. 

 

       1.3.4.  (Transistors) – tranzistorebi. Rilaki iZaxebs 

tranzistorebis biblioTekas. 

           

        - bipolaruli NPN tranzistori, 

        - bipolaruli PNP tranzistori, 

        - veliani tranzistori PN gadasvliT (N-arxiT), 

  - veliani tranzistori PN gadasvliT (P-arxiT), 

   - N-arxiani liTon-dieleqtriki-naxevradgamtari (ldn) 

tranzistori CaSenebuli saketiT, 
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   - P-arxiani ldn tranzistori CaSenebuli saketiT, 

   - N-arxiani ldn tranzistori daincirebuli saketiT, 

   - P-arxiani ldn tranzistori daincirebuli saketiT, 

  - veliani tranzistori N-arxiT da galiumis arsenidiani, 

  -  veliani tranzistori P-arxiT da galiumis arsenidiani. 

 

      1.3.5.  (Analog ICs) – Rilaki iZaxebs analoguri integraluri 

mikrosqemebis biblioTekas. 

        

        - operaciuli maZlierebeli 3 gamomyvaniT, 

        - operaciuli maZlierebeli 5 gamomyvaniT, 

        - operaciuli maZlierebeli 7 gamomyvaniT, 

        - operaciuli maZlierebeli 9 gamomyvaniT, 

        - komparatori, 

        - sixSireebis avtomaturad sinfazirebis sqema. 

 

       1.3.6.  (Mixed ICs)  -  Rilaki iZaxebs Sereuli tipis 

mikrosqemebis biblioTekas. 

       

       - analogur - cifruli gardamqneli, 

 - cifrul - analoguri gardamqneli gareSe sayrdeni deniT, 

       - cifrul - analoguri gardamqneli gareSe sayrdeni ZabviT, 
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        - multivibratori, 

        - integraluri taimeri. 

 

 

1.4. cifruli sqemebis komponentebi 

 

       1.4.1.  (Digital ICs)  -  Rilaki iZaxebs amerikuli warmoebis 

seriuli cifruli integraluri mikrosqemebis biblioTekas: 

        

       , , , ,  - aRniSnuli niSnakebis TiToeuli 

nusxa Seicavs tranzistorul-tranzistoruli logikis (ttl) mqone  

mikrosqemebis modelebs, 

        - liToni-Jangeuli-naxevargamtaruli logikis (lJn) mqone 

mikrosqemebis modelebi. 

       mocemul biblioTekaSi arsebuli seriuli cifruli 

integraluri mikrosqemebis nusxa maTi funqcionaluri daniSnulebiT 

moyvanilia danarT. 1-Si, xolo mikrosqemebis grafikul 

gamosaxulebebze miRebuli gamomyvanebis aRniSvnebi danarT. 2-Si. 

 

       1.4.2.  (Logic Gates) - Rilaki iZaxebs logikur elementebs da am 

elementebis seriul mikrosqemebs. 

        

        (2Input AND Gate) - koniunqtori (logikuri ,,2da‘‘ elementi), 

        (2 Input OR Gate) - diziunqtori (logikuri ,,2an‘‘ elementi), 

 (NOT Gate) - invertori (logikuri ,,ara‘‘ elementi), 
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 (2 Input  NOR Gate) - pirsis elementi (logikuri ,,2an-ara‘‘ 

elementi), 

 (2 Input NAND Gate) - Seferis elementebi (logikuri ,,2da-

ara‘‘ elementi), 

 (2 Input  XOR  Gate) – ,,an-is gamomricxveli’’ elementi, 

  (2 Input  XNOR  Gate ) - ,,an-ara-s gamomricxveli’’ elementi, 

 (Tristate buffer) - buferi gamosasvlelis sami mdgomareobiT, 

 (Buffer) - buferi, 

 (Schmitt triggered invertor) - Smidtis trigeri uaryofiT, 

 - logikuri  ,,da‘‘ elementebis mikrosqemebi, 

 - logikuri  ,,an‘‘ elementebis mikrosqemebi, 

 - logikuri  ,,da-ara‘‘ elementebis mikrosqemebi, 

 - logikuri  ,,an-ara‘‘ elementebis mikrosqemebi, 

 - logikuri ,,ara‘‘ elementis mikrosqemebi, 

 -  ,,an-is gamomricxveli’’ elementis mikrosqemebi, 

 - ,,an-ara-s gamomricxveli’’ elementis mikrosqemebi, 

 - buferuli elementis mikrosqemebi. 

programaSi logikuri elementebis pirobiTi grafikuli 

aRniSvnebi realizebulia amerikul ANSI (American National Standard Institute) 

standartSi, xolo cifruli teqnikis gavrcelebul literaturaSi da 

saleqcio kursSi gamoiyeneba evropuli  DIN (Deutsche Ingenieuring Normen)  

standarti. magram mocemuli aRniSvnebi advilad aRsaqmelia miT ufro 

rom Tagvis isris nebismier elementis niSnakTan miyvanisas Cndeba 

damatebiTi inglisuri warwera (moyvanilia zemoT TiToeul niSnakTan 

frCxilebSi). 
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yvela logikur elements gaaCnia ori Sesasvleli. elementis 

dialoguri fanjris gamoZaxebiT, masSi Rilakis ,, Number of Inputs’’ 

daWeriT  Sesasvlelebis raodenobis ricxvi SeiZleba oridan rvamde 

gaizardos.  

       biblioTekaSi arsebuli logikuri elementebis mikrosqemebis 

funqcionaluri daniSnuleba ix. danarT. 1-Si.  

 

       1.4.3.   (Digital) – Rilaki iZaxebs cifrul mowyobilobebs da 

seriuli mowyobilobebis mikrosqemebis biblioTekas.  

        

 (Half  Adder) - erTTanriga naxevrad amjamavi, 

 (Full Adder)- erTTanriga srulad amjamavi, 

 (RS Flip – Flop) - asinqronuli RS trigeri, 

 (JK Flip – Flop with Active High Asynch Inputs) - JK trigeri 

winaswari dayenebis pirdapiri SesasvlelebiT, 

 (JK Flip – Flop with Active Low Asynch Inputs) - JK trigeri 

winaswari dayenebis inversiuli SesasvlelebiT, 

 (D Flip – Flop )- D trigeri, 

 (D Flip – Flop with Active Low Asynch Inputs) - D trigeri 

winaswari dayenebis inversiuli SesasvlelebiT, 

 (Multiplexers) – multipleqsoris seriuli mikrosqemebi,  

 (Dec/Demux) – deSifratoris seriuli mikrosqemebi, 

 (Encoders) – Sifratoris seriuli mikrosqemebi, 

 (Arithmetic) – ariTmetikul-ligikuri moyobilobis 

mikrosqemebi, 
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 (Counters) – mTvlelis seriuli mikrosqemebi, 

 (Shift Registers) – Zvris registris seriuli mikrosqemebi, 

 (Flip Flops) – trigeris seriuli mikrosqemebi.   

 trigerebis zeda Sesasvleli aris erTis mdgomareobaSi 

dayenebis, xolo qveda – nulis mdgomareobaSi dayenebis Sesasvleli. 

       biblioTekaSi arsebuli cifruli mowyobilobebis mikrosqemebis  

funqcionaluri daniSnuleba ix. danarT. 1-Si. 

 

 

                1.5. indikatorebi 

 

        (Indicators) – indikatoruli mowyobilobebis biblioTeka: 

 

 (Voltmeter) – voltmetri, 

 (Ammeter) – ampermetri, 

 (Bulb) – varvarebis naTura, 

 (Red Probe) – logikuri sasinji. gamoiyeneba mierTebis 

wertilSi logikuri mdgomareobis fiqsirebisaTvis, 

 (Seven Segment  Display) – Svidsegmentiani indikatori.  

gamoiyeneba aTobiTi da TeqvsmetobiTi ricxvebis asaxvisaTvis. 

uerTdeba specialur deSifrators, sadac TiToeul segments 

miniWebuli aqvs saxeli :  

 
 

 (Decoded Seven Segment  Display) - Svidsegmentiani indikatori 

deSifratoriT. Mmisi saSualebiT xorcieldeba aTobiTi da 
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TeqvsmetobiTi ricxvebis asaxva  Sesasvlelebze Sesabamisi orobiTi 

ricxvis miwodebisas: 

         
 
 

                

 
 

 

(Buzzer) – xmovani indikatori, 

(Bargraph Display) – logikuri donis gasazomi indikatori, 

Seicavs aT damoukidebel Suqdiods,  

(Decoded Bargraph Display) - logikuri donis gasazomi 

dekodirebuli indikatori, Seicavs aT Suqdiods analogur-cifruli 

gardamqneliT. 

                        

1.6. marTvis mowyobilobebi 

 

 (Controls) – Rilakis daWeriT ixsneba marTvis analoguri 

mowyobilobebis biblioTeka: 

   

 - madiferencirebeli rgoli, 

 - maintegrirebeli rgoli, 

 - masStabirebis (proporciulobis) rgoli, 

 - gadacemis funqciis maformirebeli, 

 - analoguri gadamamravlebeli, 
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 - analoguri gamyofi, 

 - samSesasavleliani amjamavi, 

 - Zabvis marTvadi SemzRudveli, 

 - Zabvis aramarTvadi SemzRudveli, 

 - histerezisuli maxasiaTeblis mqone bloki, 

 - signalebis seleqtori. 

 

 

1.7. damatebiTi mowyobilobebibi 

 

      (Miscellaneous) – Rilakis daWeriT ixsneba 

sxvadasxva mowyobilobebibis biblioTeka: 

 

 - dnobadi damcveli, 

 - monacemTa Camweri, 

 - makromodelebis nakrebi (qvesistemebi), 

 - gadacemis xazi danakargebiT, 

 - gadacemis xazi danakargebis gareSe, 

 - kvarculi rezonatori 

 - mudmivi denis eleqtroZrava, 

 - eleqtrovakuumiani triodi, 

, ,  - mudmivi denis gardamqnelebi. 
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             1.8.xelsawyoebi 

 

(Instruments) – Rilakis daWeriT ixsneba sazom - sakontrolo 

xelsawyoebis biblioTeka:  

 

        (Multimetr) – multimetri. gamoiyeneba Zabvis, denis, winaRobis 

an Zabvis vardnis gasazomad. sqemas uerTdeba ,,+” da ,,-“ klemebiT,  

(Function Generator) – funqciuri generatori. misi 

daniSnulebaa perioduli signalebis generireba. warmoadgens 

sinusoidaluri, marTkuTxa da samkuTxa formis analoguri signalebis 

gacemis Zabvis wyaros,    

(Oscilloscope) – orarxiani oscilografi. gamoiyeneba 

eleqtruli signalis amplitudis da sixSiris cvlilebis asaxvisaTvis. 

SeiZleba gamoyenebuli iyos droSi signalis grafikuli asaxvis 

miRebisaTvis an ori signalis formis SesadareblaT, 

(Bode Plotter) – amplitudur-sixSiruli da fazur-sixSiruli 

maxasiaTeblebis sazomi. warmoadgens grafamgebs (oTxpolusis 

amplitudur-sixSiruli da fazur-sixSiruli maxasiaTeblebis amgebi), 

(Word Generator) – sityvebis generatori. gankuTvnilia 

cifruli signalebis mimdevrobis formirebisaTvis. gaaCnia cifruli 

mimdevrobis generaciis 16 arxi. generirebuli impulsebis 

Tanmimdevroba miewodeba TeqvsmetobiT kodSi, 

(Logic Analyzer) – logikuri analizatori. misi daniSnulebaa 

gamosakvlevi sqemis Teqvsmet wertilSi droiTi diagramebis 

aRwarmoeba, 

(Logic Converter) – logikuri gardamqmneli. gamoiyeneba 

logikuri sqemebis sinTezis da analizisaTvis. misi saSualebiT 

xorcieldeba: logikuri gamosaxulebis Tanaxmad WeSmaritebis 

cxrilis Sedgena, WeSmaritebis cxrilis Tanaxmad logikuri 
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gamosaxulebis miReba, miRebuli gamosaxulebis minimizacia, cifruli 

sqemis mixedviT WeSmaritebis cxrilis Sedgena, logikuri 

gamosaxulebis sqemuri realizeba bulis da Seferis bazisebSi.  

 xelsawyos gamoZaxebisaTvis amorCeuli niSnaki kursoriT 

gadaitaneba muSa velSi da gamtarebiT uerTdeba gamosakvlev sqemas. 

xelsawyos (multimetris da generatoris gamoklebiT) samuSao velze 

asaxuli niSnaki warmoadgens mis SekumSul gamosaxulebas. xelsawyos 

muSa mdgomareobaSi mosayvanad saWiroa kursoriT xelsawyos niSnakze 

orjer dawkapuneba. TiToeuli xelsawyo Seicavs muSa reJimebis 

amomrCev marTvis Rilakebs. Rilakze dawkapunebiT xdeba misi 

gaaqtiureba da Sesabamisi reJimebis SerCeva. aqve unda aRiniSnos, rom 

muSa mdgomareobaSi moyvanili xelsawyos marTvis zogierTi Rilaki 

xelsawyos gamoZaxebisTanave gaaqtiurebulia maTze zemoqmedebis 

gareSe (dumilisas). 

Y mocemul laboratoriul samuSaoebSi gamoyenebuli zemoT 

CamoTvlili xelsawyoebTagan maTi muSa mdgomareobaSi gadayvana da 

muSaobis reJimis dayeneba aRwerilia saTanado laboratoriul 

samuSaoSi. 
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2.sqemis modelirebis meTodologia 

 

sqemis agebis procesi iwyeba samuSao fanjaraSi mamodelirebeli 

sqemis komponentebis ganTavsebiT. TiToeuli komponenti ganlagebulia 

programis saTanado ganyofilebis biblioTekaSi, romlis gaxsna 

xorcieldeba  sasurveli ganyofilebis RilakTan  Tagvis kursoris 

mitaniT da  misi marcxena Rilakze dawkapunebiT. gaxsnis Semdeg xdeba 

saWiro komponentis niSnakze Tagvis kursoris mitana da Tagvis marcxena 

Rilakze daWera. komponentis wiTeli feris miRebisas SerCeuli 

komponentis niSnaki gadaadgildeba Tagvis kursoris meSveobiT samuSao 

fanjris sasurvel adgilze da marcxena Rilakis ganTavisuflebis 

Sedegad is dafiqsirdeba  

SerCeuli komponentis niSnakze (roca is wiTeli ferisaa) Tagvis 

orjer dawkapunebiT xdeba misi Sesabamisi dialoguri fanjris gamoZaxeba. 

am ukanasknelis meSveobiT komponents mieniWeba poziciuri aRniSvna da 

SeirCeva parametrebis sasurveli mniSvnelobebi. SerCeuli parametrebis 

dadasturebisaTvis gamoiyeneba Rilaki Accept an klaviSi Enter. 

komponentebis ganlagebisas saWiroa agreTve sakontrolebeli 

wertilebisa da sazom-sakontrolo xelsawyoebis niSnakebis ganlagebis 

gaTvaliswineba. 

komponentebis ganlagebis Semdeg maTi gamomyvanebis erTmaneTTan 

dakavSireba xorcieldeba gamtarebis meSveobiT. amasTan, unda aRiniSnos, 

rom komponentis TiToeul gamomyvanTan SesaZlebelia mxolod erTi 

gamtaris mierTeba. SeerTebis mosaxdenad saWiroa Tagvis kursoris mitana 

komponentis gamomyvanTan da patara Savi burTulis gamoCenis Semdeg 

Tagvis marcxena Rilakze daWera. komponentis gamomyvanTan warmoqmnili 

gamtari Tagvis meSveobiT miitaneba meore komponentis gamomyvanTan da am 

ukanasknelTan patara Savi burTulis gamoCenisaTanave Tagvis marcxena 

Rilaki Tavisufldeba. am operaciis SesrulebiT ori komponentis TiTo 

gamomyvani erTmaneTs ukavSirdeba gamtaris meSveobiT. Tu saWiroa 

komponentis gamomyvanis dakavSireba ramdenime komponentis gamomyvanebTan 

(an erTi komponentis ramdenime gamomyvanTan), maSin Passive ganyofilebidan 

gamoiZaxeba SeerTebis wertili wiTeli foniT da igi daitaneba 

gatarebul gamtarze. samuSao fanjris Tavisufal adgilze Tagvis orjer 

dawkapunebiT wertili gaSavdeba. Tu am wertilsa da gamtars Soris 

eleqtruli SeerTeba ganxorcieldeba, maSin SeerTebis wertili mTlianad 
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Savdeba. Tu SeerTebis wertilze Cans gadamkveTi gamtaris kvali, maSin 

eleqtruli SeerTeba araa ganxorcielebuli da saWiroa wertilis 

ganTavsebis operaciis xelsayreli Sesruleba. SeerTebis wertilis dasmis 

Semdeg SesaZlebelia gatarebul gamtarTan kidev ori gamtaris 

dakavSireba. Tu saWiroa gamtaris gauqmeba, maSin Tagvis kursori miitaneba 

erT-erTi komponentis gamomyvanTan an SeerTebis wertilTan da am 

ukanasknelTan Savi wertilis gaCenis Semdeg xdeba Tagvis marcxena 

Rilakze daWera. erTi bolodan ganTavisuflebuli gamtari 

gadaadgildeba Tagvis meSeobiT samuSao fanjris Tavisufal adgilze da 

marcxena Rilaki Tavisufldeba. 

Tu saWiroa komponentis gamomyvanis dakavSireba ukve gatarebul 

gamtarTan, maSin komponentis gamomyvanidan aiReba axali gamtari da es 

ukanaskneli miitaneba arsebul gamtarTan. SeerTebis wertilis warmoqmnis 

Semdeg Tagvis marcxena Rilaki Tavisufldeba. 

SeerTebis wertilis gamoyeneba SeiZleba ara mxolod gamtarebis 

SesaerTeblad, aramed sqemaze warwerebis dasatanad (magaliTad, gamtaris 

funqciuri daniSnuleba da sxva). warweris dasatanad saWiroa wertilze 

Tagvis orjer dawkapuneba da gaxsnil dialogur fanjaraSi Sesabamisi 

monacemebis Setana. amasTan, unda aRiniSnos, rom warweraSi Semavali 

simboloebis raodenoba ar unda aRematebodes ToTxmets da warweris 

daZvra SesaZlebelia marcxniv,  marcxnidan saWiro raodenobis `carieli 

simbolos~ Setanis Semdeg. es Tviseba SeiZleba gamoyenebul iqnas im 

SemTxvevaSi, rodesac komponentis poziciuri aRniSvna (magaliTad, Q1,S0, 

VT1)  edeba gverdiT gamaval gamtars an sqemis sxva elements. 

gamtaris calkeuli segmentis gadaadgileba SesaZlebelia 

ganxorcieldes Semdegnairad: Tagvis kursori miitaneba gamtarTan, 

daeWireba marcxena Rilaks da vertikaluri an horizontaluri 

mimarTulebiT ormagi kursoris gaCenis Semdeg Sesruldeba gamtaris 

segmentis gadaadgileba. 

sqemasTan makontrolebeli sazomi xelsawyoebis mierTeba xdeba 

analogiurad. amasTan, iseTi xelsawyoebis SeerTeba, rogoricaa 

oscilografi da logikuri analizatori, mizanSewonilia Sesruldes 

feradi gamtarebiT, radgan gamtaris feri gansazRvravs Sesabamisi 

oscilogramis fers. feradi gamtarebis gamoyeneba mizanSewonilia 

agreTve erTi da igive funqciuri daniSnulebis gamtarebis aRsaniSnavad. 

Sesabamisad sqemaSi sxva sqemis an raime fragmentis importirebisas 

mizanSewonilia moqmedebebis Catareba Sesruldes Semdegi TanmimdevrobiT: 
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-File  Save As brZanebiT Caiweros failSi Sesadgeni sqema dialogur 

fanjaraSi misi saxelis miTiTebiT; 

-File  Open brZanebiT CaitvirTos muSa fanjaraze importirebadi 

sqema Windows – is standartuli saxiT; 

-Edit  Select All brZanebiT Sesruldes sqemis gamoyofa, Tu xdeba 

mTliani sqemis importireba, an Sesruldes sqemis saWiro nawilis 

gamoyofa; 

-Edit  Copy brZanebiT Sesruldes gamoyofili sqemis aslis 

gadagzavna  gacvlis buferSi; 

-Edit  Open brZanebiT Sesruldes Sesadgeni sqemis CatvirTva; 

             -Edit  Paste brZanebiT Sesruldes gacvlis buferidan sqemis dasma 

samuSao fanjaraSi (dasmuli sqema wiTeli fonisaa da igi SeiZleba 

daiyos Sesadgen sqemad). dasmis Semdeg importirebuli sqema iTvleba 

gamoyofilad; 

-kursoris marTvis klaviSebis an Tagvis meSveobiT Sesruldes 

gamoyofili sqemis gadaadgileba muSa fanjris saWiro adgilas. 

gamoyofili sqemis ganTavsebis Semdeg Sesruldes gamoyofis gauqmeba; 

-importirebuli sqemis CarTvis Semdeg Sesruldes am sqemis yvela 

komponentze Tagvis dawkapuneba. 

sqemis calkeuli fragmentis gadaadgileba xdeba analogiurad. 

agebuli sqemis modelirebis gasaSvebad gamoiyeneba Rilaki 

, romelic Tagvis kursoris mitaniT unda gadairTos I (In-CarTuli) 

mdgomareobaSi, xolo gamorTva – Rilakis O (Out-gamosvla) 

mdgomareobaSi gadarTviT. modelirebis droebiT SeCereba 

xorcieldeba  Rilakis daWeriT. 

laboratoriuli samuSaoebis dasruleba formdeba kompiuterze 

Sesrulebuli angariSebis krebuliT, romelsac eniWeba Sesabamisi qula. 

TiToeuli laboratoriuli samuSaos angariSi unda iyos moyvanili 

Tematikis Sinaarsi, mamodelirebeli mowyobilobis daniSnuleba, 

gamokvlevis Catarebis msvlelobisas TiToeuli miRebuli Sedegi da 

maTi miRebis meTodika, daskvna.  

angariSSi modelirebuli sqemis da gamokvlebis Sedegebis 

mosayvanaT unda Sesruldes Semdegi moqmedebani: 
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- marTvis klaviaturis Print Screen SysRg Rilakis daWeriT 

gadaigzavnos programis fanjris gamosaxuleba gacvlis buferSi; 

- SediT Pprograma Paint – Si, gacvlis buferidan masSi Ctrl+V - 

Ti  gadaitaneT programis fanjaraSi arsebuli gamosaxuleba; 

-  moniSneT gamosaxulebis saWiro monakveTi, Ctrl+C – Ti CasviT 

aRniSnuli monakveTi angariSis aRweraSi.  
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II nawili. Llaboratoriuli samuSaoebi 

 

laboratoriuli samuSao # 1 

Tema: 

logikuri (bulis) funqciebi  

 

        samuSaos Sinaarsi 

  1. logikuri (bulis) funqciebis (F1-F16) WeSmaritebis cxrilis 

Sedgena. mocemuli funqciebis gamosaxulebis minimizacia. 

          BABABAF 1  

          CBACBACBACBAF 2  

     CBACBACBACBAF 3  

          CBACBACBACBAF 
4

 

           CBACBACBACBAF 
5

 

          CBACBACBACBACBAF 6  

          CBACBACBACBACBAF 
7

 

                    DCBADCBADCBADCBAF 8  

          DCBADCBADCBADCBAF 
9

 

        DCBADCBADCBADCBAF 
10

              

DCBADCBADCBADCBADCBADCBAF 
11

 

   DCBADCBADCBADCBADCBADCBAF 
12

 

   DCBADCBADCBADCBADCBADCBAF 
13

 

      DCBADCBADCBADCBAF
14

DCBADCBA                           

       DCBADCBADCBADCBADCBADCBAF
15

 

             DCBA   

       DCBADCBADCBADCBADCBADCBAF
16

 

             DCBADCBADCBA   
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      2. WeSmaritebis cxrilebis 1.1 da 1.2  mixedviT funqciebis (F17 –F3) 

logikuri gamosaxulebis Sedgena. miRebuli gamosaxulebis minimizacia 

 

 

 
 
 
 
 
 
 
 

      
 

 
 

 

 

 

     zogadi cnobebi 

     eleqtronuli gamomTvleli manqanebi da sxva cifruli 

mowyobilobebi funqcionireben specialuri maTematikuri aparatis –  

poz. 
aRn. 

A B C F17 F18 F19 F20 F21 F22 

1 0 0 0 0 1 1 0   1 1 
2 0 0 1 0 0 0 1 1 0 
3 0 1 0 1 0 1 0 0 1 
4 0 1 1 1 0 0 1 1 1 
5 1 0 0 1 1 1 0 0 0 
6 1 0 1 0 1 0 1 1 0 
7 1 1 0 1 0 1 1 1 1 
8 1 1 1 1 1 0 1 0 0 

poz. 
aRn. 

A B C D F23 F24 F25 F26 F27 F28 F29 F30 F31 F32 

   1 0   0 0 0   0   0   0   1  0       1   0   0   1   1 
   2 0 0 0 1   1   1   1   0   0   0   1   1   1   1 
   3 0 0 1 0   1   1   0   1   1   1   0   0   0   1 
   4 0 0 1 1   1   0   1   0   1   0   1   1   0   1 
   5 0 1 0 0   0   0   0   1   1   0   1   0   0   1 
   6 0 1 0 1   1   1   1   0   0   0   0   0   1   0 
   7 0 1 1 0   1   1   1   1   0   1   1   0   0   1 
   8 0 1 1 1   1   0   0   0   1   1   0   1   0   0 
   9 1    0 0 0   0   0   1   1   0   1   0   0   1   0 
  10 1 0 0 1   0   1   0   1   0   0   1   1   1   0 
  11 1 0 1 0   0   1   1   0   0   1   0   0   1   0 
  12 1 0 1 1   1   0   0   0   0   0   1   1   0   1 
  13 1 1 0 0   0   0   1   0     1   0   1   0   0   0 
  14 1 1 0 1   0   1   0   0   1   1   0   0   0   1 
  15 1 1 1 0   1   0   1   0   0   0   1   0   1   0 
  16 1 1 1 1   1   0   1   0   0   1   0   1   1   1 
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logikis algebris mkafio logikuri kanonebis Sesabamisad. logikis 

algebris fuZemdeblad iTvleba ingliseli maTematikosi jorj buli 

(XIXs.), romelmac aristoteliseuli (aristoteli - Zv.w. IVs. berZeni 

mecnieri) maTematikis (deduqtiuri logikis) safuZcelze Seqmna 

Tanamedrove maTematikuri logikis aparati. aqedan gamomdinare 

logikis algebras xSirad uwodeben bulis algebras.  

    logikis algebraSi cvladebi da maTi funqciebi Rebuloben 

mxolod or mniSvnelobas 1 da 0, romlebic warmoadgenen simboloebs , 

sadac 1 (logikuri 1) asaxavs absolutur WeSmaritebas, xolo 0 

(logikuri 0) – absolutur mcdarobas. aRniSnul cvladebs da maT 

funqciebs ewodebaT orobiTi, logikuri an bulis cvladebi da 

funqciebi. 

     logikis algebraSi arsebiTad arsebobs sami ZiriTadi operacia: 

diziunqcia (logikuri Sekreba), koniunqcia (logikuri gamravleba) da 

inversia (logikuri uaryofa). danarCeni sxva logikuri operaciebi 

warmoadgenen maT kombinaciebs. 

      ZiriTadi operaciebis mniSvneloba SeiZleba ganisazRvros 

grafikuli ilustraciiT (nax.1.1), sadac marTkudxedi warmoadgens 

yvela im elementebis simravles romelTa mimarT es operaciebi 

gamoiyeneba. marTkudxedis wertilebis qvesimravle SeiZleba aisaxos 

wris saxiT mis SigniT, xolo ori qvesimravle (X da Z) – ori wris 

saxiT (nax.1.1a). amgvar gamosaxulebas ewodeba venis diagrama.              

      nax.1.1b-ze moyvanili venis diagramis gamuqebuli are asaxavs 

qvesimravleebis gaerTianebas, aRiwereba gamosaxulebiT:PXZ, ZX   an  X 

&* Z, da aris logikuri gamravlebis operaciis grafikuli warmodgena. 

e.i. logikuri gamravlebis operacia uzrunvelyofs gansazRvruli 

minimaluri ares gamoyofas. 

       nax.1.1g-ze naCvenebi venis diagramis gamuqebuli are asaxavs 

logikuri Sekrebis operaciis moqmedebas, aRiwereba gamosaxulebiT: XZ 

an X + Z. aRniSnuli operacia gamoiyeneba maqsimaluri ares 

gamoyofisaTvis.     

 

* & niSani  damwerlobaSi Semotanilia  cnobili Zveli romaeli 

oratoris ciceronis mdivnis mark tuli tironis mier, romelic 

werisas laTinur ”EET” (da, inglisurad- and), cvlida & niSniT. 
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       orive zemoT naxsenebi operacia SezRudulia qvesimravleebis 

gamoyofis SesaZleblobaSi. amasTan dakavSirebiT Semotanilia logikuri 

uaryofis operacia. nax.1.1v-ze naCvenebia misi moqmedeba X qvesimravleze 

(gamuqebuli are), aRiniSneba – X , is uzrunvelyofs logikuri gamravlebis 

da Sekrebis operaciebis gavrcelebas sxva simravleebze.      

      bulis algebraSi, klasikuri maTematikis analogiurad, funqciis 

warmodgenisaTvis gamoiyeneba ori xerxi: analizuri (formulis saxiT) an 

cxriluri. bulis funqciis analizuri gamosaxuleba warmoadgens 

logikur (bulis) gamosaxulebas, romelSic naCvenebia Tu ra 

TanmimdevrobiT,  ra logikuri operaciebi unda Sesruldes funqciis 

argumentebze. cxriluri xerxis gamoyenebisas dgeba egreT wodebuli 

WeSmaritebis cxrili, sadac moyvanilia argumentebis  yvela SesaZlo 

kombinacia da funqciis Sesabamisi mniSvneloba. 

     miRebulia logikuri funqciebis warmodgenis ori kanonikuri forma: 

srulyofili diziunqturuli normaluri forma  da srulyofili 

koniunqturuli normaluri forma . 

     funqciis warmodgenas srulyofili diziunqturuli normaluri 

formiT ewodeba iseT formas romlis dros logikuri gamosaxulebis 

wevrebi dakavSirebuli arian diziunqciiT, xolo TiToeuli wevrTagani 

warmoadgens funqciis yvela argumentebis (an maTi inversiebis) 

koniunqcias. 
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     funqciis warmodgenas srulyofili koniunqturuli normaluri 

formiT   ewodeba iseT formas romlis dros logikuri gamosaxulebis 

wevrebi dakavSirebuli arian koniunqciiT, xolo TiToeuli wevrTagani 

warmoadgens funqciis yvela argumentebis (an maTi inversiebis) 

diziunqcias. 

kanonikuri formiT funqciis warmodgenis safuZvelze agebuli 

cifruli mowyobilobis sqema, rogorc wesi, gamodis rTuli da 

Txoulobs elementebis did raodenobas. aqedan gamomdinare sqemis 

agebisas iyeneben funqciis gamartivebis (minimizaciis) sxvadasxva 

meTodebs, ris Sedegad sqema Zalze martivdeba. 

arsebobs logikuri gamosaxulebis minimizaciis analizuri da 

grafikuli meTodebi. analizuri meTodi iyenebs bulis algebris kanonebs 

(magaliTad, STanTqmis da Sewebvis kanonebs). grafikuli meTodisas 

gamoiyeneba baraTebi, magaliTad, karnos baraTebi. 

   

        samuSaos Sesrulebis meTodika  

 

    TagviT daawkapuneT programis makontrolebeli sazomi 

xelsawyos     Rilakze, ris SedegaT gaiSleba xelsawyoebis 

biblioTeka.  masSi moTavsebuli niSnaki  (logikuri gardaqmneli) 

Tagvis gamoyenebiT gadaitaneT muSa velze, sadac gaCndeba xelsawyos 

SekumSuli gamosaxuleba   , masze orjer dawkapunebiT ekranze 

gaiSleba  logikuri gardaqmnelis wina paneli (nax.1.2). 

mocemuli funqciis (F1-F16)   gamosaxuleba SeitaneT gardaqmnelis 

qveda striqonSi (1), amasTanave masSi winaswar gaaqtiurdeba kursori, 

xolo argumentis inversiuli mniSvnelobisaTvis gamoiyeneT Semdegi 

simbolo, magaliTad A . B 

logikuri  gardamqmnelis  klaviSze  dawkapunebiT mis 

wina panelze miiReba funqciis  WeSmaritebis cxrili (panelze-2 daiwereba 

funqciis argumentebis yvela SesaZlo kombinacia, xolo marjvena svetSi-3 

funqciis Sesabamisi mniSvnelobebi). miRebuli Sedegi daafiqsireT. 

daawkapuneT  klaviSze. qveda striqonSi miiReba Setanili 

funqciis minimizebuli gamosaxuleba. miRebuli Sedegi daafiqsireT. 
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      damatebiTi davaleba:  

1. miRebuli WeSmaritebis cxrilis mixedviT SeadgineT mocemuli 

funqciis logikuri gamosaxuleba srulyofili koniunqturuli 

normaluri formiT da SeitaneT gardamqmnelis  striqonSi. miiReT 

funqciis  WeSmaritebis cxrili da SeadareT zemoT miRebul cxrilTan;  

2. karnos baraTebis gamoyenebiT SeasruleT mocemuli funqciis 

minimizeba. miRebuli Sedegi SeadareT zemoT miRebul minimizebul 

gamosaxulebas. 

 

         1.1 da 1.2 cxrilebSi mocemuli funqciis ( F17 – F32 )  Tanaxmad 

xelsawyos wina panelze (nax.1.2) ganlagebul argumentebis saindikacio 

klemebze A,B,…,H daWeriT  airCieT funqciebis  argumentebis saTanado 

raodenoba (3 an 4), ris Sedegad klemebi gamuqdeba, panelze (2) daiwereba 

arCeuli argumentebis yvela SesaZlo kombinacia.  

moaTavseT kursori panelis marjvena svetSi (3) Sesasworebel 

striqonze da mocemuli cxrilis Tanaxmad SeitaneT funqciis WeSmariti 

mniSvnelobebi (nuli Seicvalos erTianiT).  
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 gardaqmnelis   klaviSze daWeriT panelis qveda 

striqonSi daiwereba funqciis bulis gamosaxuleba, xolo  

klaviSze daWeriT - funqciis minimizebuli gamosaxuleba.  

zemoT miRebuli TiToeuli Sedegi daafiqsireT. 

 

 damatebiTi davaleba:  

1. karnos baraTebis gamoyenebiT SeasruleT srulyofili 

diziunqturuli normaluri formiT funqciis miRebuli gamosaxulebis 

minimizeba da SeadareT zemoT miRebul minimizebul gamosaxulebas. 

2. mocemuli WeSmaritebis cxrilis mixedviT SeadgineT funqciis 

bulis gamosaxuleba srulyofili koniunqturuli normaluri formiT da 

SeitaneT gardaqmnelis  striqonSi. miiReT funqciis  WeSmaritebis 

cxrili da SeadareT mocemul cxrilTan. 
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laboratoriuli samuSao # 2 

Tema: 

logikuri elementebis funqcionirebis kvleva  

 

   samuSaos Sinaarsi 

 

    1. elementaruli logikuri funqciebis realizebis logikuri 

elementebis moqmedebis principis kvlevis Catareba. 

2. kombinirebuli logikuri elementebis   (koimplikatoris, 

implikatoris, maJoritaris, orsafexuriani) moqmedebis principis kvlevis 

Catareba.  

 

zogadi cnobebi 

 

cifruli informaciis yvelaze rTuli gardaqmnebic sabolood 

daiyvaneba martiv logikur operaciebamde, romelTa realizeba 

xorcieldeba eleqtronuli sqemebis – logikuri elementebis 

saSualebiT. logikuri elementebi moqmedeben bulis algebris 

formulebis Sesabamisad da iyeneben orobiT cvladebs, aqedan 

gamomdinare maT ewodebaT orobiTi logikuri elementebi. 

realur pirobebSi logikuri cvladebi (1 da 0), rogorc wesi, 

aisaxeba Zabvis ori sxvadasxva doniT: U1 da U0 , agreTve gamoiyeneba 

Zabvis maRali da dabali donis aRniSvna Sesabamisad H(Hing)  da  L(Low). 

logikuri cvladebidan eleqtrul signalebSi gadasvlisas dgeba 

logikuri  SeTanxmebis  sakiTxi.  arsebobs  dadebiTi  da   uaryofiTi  

logikis cneba. dadebiT logikaSi U1 > U0 ,   xolo  uaryofiTSi U1 < U0. 

Tanamedrove cifrul teqnikaSi ZiriTadaT iyeneben dadebiT logikas. 

elementaruli logikuri funqciebis (erTi da ori cvladis mqone 

funqciebi)  realizebis ZiriTadi da sabazo logikur elementebs 

warmoadgens: diziunqtori anu  2an elementi ( элемент 2ИЛИ, 2Input OR 

Gate); koniunqtori anu  2da elementi ( элемент 2И, 2Input AND Gate); 

invertori anu  ara elementi (элемент НЕ, NOT Gate); Seferis elementi anu  

2da-ara elementi (элемент 2И- НЕ,  2Input NAND Gate); pirsis elementi anu 2an-

ara elementi (элемент 2ИЛИ- НЕ,  2Input NOR Gate); utolobis anu an 

gamomricxveli elementi (элемент  ИСКЛЮЧАЮЩЕЕ  ИЛИ, 2Input XOR Gate); 
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tolobis anu an-ara gamomricxveli elementi (элемент  ИСКЛЮЧАЮЩЕЕ  

ИЛИ- НЕ, 2Input XNOR Gate). 

sami cvladis funqciebs Soris interes warmoadgens maJoritaruli 

 ( Major – udidesi, ufrosi) - umravlesobis funqcia, romelic Rebulobs 

WeSmarit mniSvnelobas mxolod maSin roca umravlesoba ( samisTvis – 

ori an sami ) Rebulobs WeSmarit mniSvnelobas. 

ZiriTadi logikuri elementebis (diziunqtori, koniunqtori, 

invertori) erTmaneTTan gansazRvruli wesebiT SeerTebisas miiReba 

SedarebiT ufro rTuli logikuri funqciebis realizebis kombinirebuli 

logikuri elementebi.  

radioelementebis analogiurad TiToeuli logikuri elementi da 

tipuri funqcionaluri cifruli mowyobiloba xasiaTdeba pirobiTi 

grafikuli aRniSvniT. maTi muSaobis principi aRiwereba Sesasrulebadi 

funqciis logikuri gamosaxulebiT, WeSmaritebis cxriliT da muSaobis 

droiTi diagramiT. 

logikuri elementebi gamoiyeneba cifruli eleqtronikis realuri 

amocanebis gadawyvetisaTvis. sxvadasxva logikuri elementebis 

erTmaneTTan SeerTebiT aigeba kombinaciuri cifruli mowyobilobebi. 

 

 

samuSaos Catarebis meTodika. 

 

        ZiriTadi da sabazo logikuri elementebis moqmedebis 

principis gamosakvlevad aageT elementebis modelirebis saerTo sqema 

(nax.2.1), risTvisac  panelis   Rilakze Tagvis dawkapunebiT    

gaxseniT logikuri elementebis biblioTeka. kursori miiyvaneT sqemaSi 

monawile elementis grafikuli aRniSvnis niSnakTan, daaWireT Tagvis 

marcxena Rilaks da misi ar gaSvebiT gadaitaneT gamosaxuleba samuSao 

velze. 

     orjer daawkapuneT mis gamosaxulebaze, gaixsneba elementis 

dialoguri fanjara, masSi daawkapuneT Label Rilakze da SeitaneT 

sqemaSi arsebuli misi aRniSvna (D1, D2,...,D7). sqemaSi gamoyenebuli 

gadamrTvelebis _ 1 da 2 tumblerebis asaxva xorcieldeba 

komponentebis panelis   Rilakze dawkapunebiT, gaxsnil meniudan 

samuSao velze  orjer  gadaitaneT  tumbleris  grafikuli  aRniSvnis 
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mqone  niSnaki. tumbleris gamosaxulebas saWiro mdgomareobis 

dafiqsirebisaTvis daawkapuneT mis  gamosaxulebaze, ris Sedegad 

gamosaxuleba gaaqtiurdeba (gawiTldeba) da brunvis  Rilakze 

daWeriT daafiqsireT sqemaze arsebuli mdgomareoba. orjer 

daawkapuneT tumbleris gamosaxulebaze, samuSao velze gaCndeba misi 

dialoguri fanjara, masSi daawkapuneT Label Rilakze da SeitaneT  misi 

funqcionaluri daniSnulebis saxeli –AAA,A xolo Key Rilakze 

dawkapunebiT marTvis panelis Sesabamisi Rilakis saxeli – 1. meore 

tumbleris SemTxvevaSi mianiWeT saxelebi: B da 2B. 

       sqemis kvebis wyaro da damiwebis niSnebis gamosaxuleba miiReba 

komponentebis panelis   Rilakze daWeriT, gaxsnil biblioTekidan 

magidaze gadaitaneT miwis da batareis grafikuli aRniSvnis niSnebi. 

batareis niSanze orjer dawkapunebiT gaCndeba misi komponentebis 

paneli, daawkapuneT Value Rilakze, masSi SeitaneT Zabvis mniSvneloba – 

5v. sqemis gamosasvlelze CarTuli logikuri sasinjis (indikatoris) 

gamosaxuleba miiReba komponentebis panelis  saindikacio   

Rilakis daWeriT, gaxsnil biblioTekidan magidaze gadaitaneT 

logikuri sasinjis niSnaki. misi sqemaze arsebuli mdgomareobis 

dafiqsirebisaTvis gamoiyeneT brunvis Rilaki. 
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 instrumentebis panelze ganlagebuli sqemis modelirebis gamSvebi 

 Rilaki daayeneT I (In-CarTuli) mdgomareobaSi. tumblerebis 

gadarTvis meSveobiT logikuri elementebis Sesasvlelebze miawodeT 

logikuri erTiani (+5v. tumbleris zeda mdgomareoba) da nuli (”miwa”. 

tumbleris qveda mdgomareoba) sxvadasxva kombinaciiT. tumblerebis 

marTva xorcieldeba marTvis panelze maTi saxelis mqone Rilakebze(1 da 

2) daWeriT. yoveli axali kombinaciis miwodebamde daaWireT modelirebis 

droebiT SemCerebel  Rilaks, gadarTeT tumblerebi (SecvaleT 

erTianis da nulis kombinacia)  da daabruneT Rilaki sawyis 

mdgomareobaSi.  SeamowmeT TiToeuli logikuri elementis moqmedebis 

principi nax.2.2-ze moyvanili  WeSmaritis cxrilebis Sesabamisad.  

logikuri elementebis gamosasvlelze CarTuli logikuri sasinji 

miuTiTebs gamosasvlelze logikuri erTis da nulis arsebobas (roca 

logikuri sasinji anaTebs, maSin gamosasvlelze logikuri erTia). 

       elementebis moqmedebis kontroli agreTve xorcieldeba droiTi 

diagramis agebiT, risTvis gamoiyeneba specialuri logikuri 

analizatori. analizatori ganlagebulia sazom-sakontrolo     

xelsawyoebis panelze. daawkapuneT  Rilakze, gaxsnili meniudan 

analizatoris SekumSuli gamosaxulebis   niSnaki gadaitaneT 

samuSao magidaze. sqemis Sesasvlelebi da TiToeuli elementis 

gamosasvleli miuerTeT analizatoris SekumSuli gamosaxulebis 

klemebTan, rogorc naCvenebia nax.2.3a-ze. orjer dawkapunebiT SekumSul 

gamosaxulebaze, gaixsneba analizatoris wina paneli (nax.2.3b), sadac unda 

aisaxos TiToeuli elementis muSaobis droiTi diagrama.  

      droiTi diagramebis agebisas gaimeoreT yvela zemoT aRwerili 

moqmedebani. modelirebis droebiT SemCerebel  Rilakis gamoyenebiT 

analizatoris wina panelze daafiqsireT TiToeuli kombinaciis 

gamosasvleli signalis mniSvneloba. 

      modelirebis dasrulebisas daayeneT gamSvebi Rilaki OO (Out – 

gamorTuli) mdgomareobaSi. 
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   damatebiTi davaleba: 

 

       1. SeadgineT nax.2.3-ze monawile logikuri elementebis funqciis 

bulis gamosaxuleba, risTvis gamoiZaxeT logikuri gardaqmnelis 

SekumSuli gamosaxuleba da mas TanmimdevrobiT miuerTeT TiToeuli 

logikuri elementi, rogorc es naCvenebia nax.2.4-ze.  

                 

 

 

     orjer daawkapuneT SekumSul gamosaxulebaze da gaxsnili 

gardaqmnelis wina panelze Tagvis kursoriT gaaqtiureT (gaamuqeT) klemebi 

(invertorisTvis mxolod erTi klema), ris SedegaT miiReba elementis 

muSaobis WeSmaritebis cxrili. miRebuli cxrili SeadareT nax.2.2-ze 

moyvanili Sesabamis cxrils. 

     daaWireT gardaqmnelis   klaviSze, panelis qveda 

striqonSi daiwereba funqciis bulis gamosaxuleba.       

   2. aageT nax.2.5-ze moyvanili modelirebis sqema, sadac elementebis 

erT – erT Sesasvlelze (nax.2.3–ze gauqmebulia tumbleri  A) impulsebis 

generatoridan mudmivad miwodebulia taqturi impulsebi.  

      generatoris gamosaxuleba moTavsebulia programis sazom – 

sakontrol xelsawyoebis ganyofilebaSi. daaWireT  Rilaks, masSi 

ganlagebuli niSnaki gadaitaneT samuSao velze, romelic 

warmoadgens generatoris SekumSul gamosaxulebas. masze dawkapunebiT 

gaixsneba generatoris dialoguri fanjara, sadac gaaqtiureT 

martkudxedi impulsebi da moniSneT sixSire (freguency) 1 Hz . 

     gamoiZaxeT analizatoris wina paneli, tumbleri B daayeneT qveda 

mdgomareobaSi (logikuri nulis miwodebis mdgomareobaSi), CarTeT 
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     modelirebis gamSvebi Rilaki, droiT diagramaze daafiqsireT 

TiToeuli logikuri elementis gamosasvlelze daformirebuli signali. 

daaWireT modelirebis droebiT SemCerebel Rilaks, gadarTeT tumbleri 

B zeda mdgomareobaSi (logikuri erTianis miwodebis mdgomareobaSi), 
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CarTeT modelirebis Rilaki  da diagramaze daafiqsireT TiToeuli 

logikuri elementis gamosasvlelze daformirebuli signali. 

      gaanalizeT miRebuli Sedegebi.   

 

                         implikatoris da koimplikatoris WeSmaritebis cxrilis 

miReba xorcieldeba logikuri gardaqmnelis gamoyenebiT. wina amocanis 

analogiurad gamoiZaxeT gardaqmnelis SekumSuligamosaxuleba, 

gamosakvlevi elementebi TanmimdevrobiT miuerTeT  logikur 

analizators (nax.2.6).  

   

 

       

 

                             

 

        gamoiZaxeT logikuri gardamqmnelis wina paneli  masSi 

gaaqtiureT Rilakebi  A da B, daaWireT saTanado klaviSebze da 

gardaqmnelis ekranze gaCndeba elementis WeSmaritebis cxrili da bulis 

funqciis gamosaxuleba. daafiqsireT miRebuli Sedegi. 

      aageT nax.2.7-ze moyvanili sqema da SeamowmeT TiToeuli elementis 

moqmedebis principi miRebuli WeSmaritebis cxrilis Sesabamisad. 

analogiurad zemoT aRwerilisa analizatoris gamoyenebiT aageT 

elementebis droiTi diagrama. 

       aageT maJoritaruli Eelementis modelirebis sqema (nax.2.8), sadac 

sami Sesasvlelis mqone diziunqtoris (3an)  gamosaxulebis miRebisaTvis 

orjer  daawkapuneT  mis  orSesasvlelian (2an) gamosaxulebaze.  ekranze 

gaCndeba misi dialoguri fanjara (2-Input OR Gate Properties), masSi 

daawkapuneT Number of Inputs Rilakze, gaxsnil fanjaraSi moniSneT 3. 

miuerTeT modelirebis sqema logikur gardamqmnels, masSi gaaqtiureT A, B  

da  C klemebi,  daaWireT    klaviSze  da  ekranze    Seivseba 

elementis WeSmaritebis cxrili,    klaviSze  daWeriT ekranis 
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striqonSi daiwereba  elementis bulis funqciis gamosaxuleba, xolo 

 klaviSze daWeriT ki misi minimizeruli gamosaxuleba. yvela 

miRebuli Sedegi daafiqsireT. 

      aageT nax.2.9-ze moyvanili maJoritaruli elementis modelirebis 

sqema. tumblerebis  saSualebiT sqemis A,B,C Sesasvlelebze miawodeT 

logikuri erTianis  da logikuri nulis doneebis kombinaciebi. miRebuli 

Sedegi SeadareT zemoT miRebuli  WeSmaritebis cxrils. aageT elementis 

droiTi diagrama.                                                                          



 51

                       

                           

 

 

    aageT nax.2.10-ze orsafexuriani 2-2-3da-3an-ara logikuri elementis 

logikuri struqturis modelirebis sqema. miuerTeT sqemis Sesasvlelebi 

logikur gardamqmnels, gamoiZaxeT muSaobis WeSmaritebis cxrili da 

funqciis logikuri gamosaxuleba, risTvisac moniSneT A,B,C, D da  E 

klemebi. daafiqsireT miRebuli Sedegi.    

 

 

 

 

analogiurad wina elementisa sqemis Sesasvlelebze CarTeT 

tumblerebi, maTi saSualebiT SeamowmeT elementis muSaobis principi 

miRebuli WeSmaritebis cxrilis Sesabamisad. aageT elementis droiTi 

diagrama. 
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  damatebiTi davaleba: 

     1. nax.2.7-ze moyvanil sqemaSi gaauqmeT tumbleri 1 (X0)   da miuerTeT 

impulsebis generatori (nax.2.5-is sqemis analogiurad). tumbleri 2 (X1) 

daayeneT qveda mdgomareobaSi (logikuri nulis miwodebis mdgomareobaSi), 

CarTeT modelirebis gamSvebi Rilaki, droiT diagramaze daafiqsireT 

TiToeuli logikuri elementis (implikatoris da koimplikatoris) 

gamosasvlelze daformirebuli signali. daaWireT modelirebis droebiT 

SemCerebel Rilaks, gadarTeT tumbleri B zeda mdgomareobaSi (logikuri 

erTianis miwodebis mdgomareobaSi), CarTeT modelirebis Rilaki  da 

diagramaze daafiqsireT TiToeuli logikuri elementis gamosasvlelze 

daformirebuli signali. gaanalizeT miRebuli Sedegebi. 

2. karnos baraTebis gamoyenebiT SeasruleT funqciis miRebuli 

gamosaxulebis minimizireba. Sedegi SeadareT zemoT miRebul Sedegs 

(logikuri gardaqmnelis gamoyenebiT). 
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laboratoriuli samuSao # 3 

Tema: 

integraluri logikuri komponentebi  

 

     samuSaos Sinaarsi 

 

     1. tranzistoruli-tranzistoruli logikis mikrosqemebis sabazo 

logikuri elementis sqemis modelireba;  

2. emiterebiT dakavSirebuli logikis mikrosqemebis sabazo 

logikuri elementis sqemis modelireba; 

3. velian tranzistorebze agebuli mikrosqemebis sabazo 

logikuri elementis sqemis modelireba ; 

4. komplementarul velian tranzistorebze agebuli 

mikrosqemebis sabazo logikuri elementis sqemis modelireba. 

 

zogadi cnobebi. 

 

Tanamedrove cifruli teqnikis ZiriTad elementur bazas 

warmoadgens cifruli integraluri mikrosqemebi. integraluri 

mikrosqema aris mikroeleqtronuli mowyobiloba, romelic Seicavs 

rogorc aqtiur (tranzistorebs, diodebs), aseve pasiur (rezistorebs, 

kondensatorebs, droselebs) mikroelementebs, romlebic damzadebuli 

arian erTian teqnologiur procesSi,  dakavSirebuli arian 

erTmaneTTan eleqtrulad, moTavsebuli arian erT saerTo korpusSi. 

maTi gamoSveba xorcieldeba seriebis saxiT. TiToeuli maTganis fuZes 

warmoadgens sabazo, ZiriTadaT Dda-ara  an  an-ara  operaciis 

Semsrulebeli, logikuri elementi. sabazo elements SeiZleba gaaCndes 

ramdenime sqemuri varianti, e.i. is SeiZleba aigos sxvadasxvanairad 

rezistorebis, diodebis, bipolaruli da unipolaruli (veliani) 

tranzistorebis gamoyenebiT. 

arsebobs rezistorul-tranzistoruli logikis (rtl), diodur-

tranzistoruli logikis (dtl), tranzistorul-tranzistoruli 

logikis (ttl), emiterulad dakavSirebuli logikis (edl), 

integralur-inJeqciuri logikis (iil an i2l) da velian mJn (metali-
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Jangeuli-naxevargamtari) tranzistorebze agebuli integraluri 

mikrosqemebi. 

        rtl logikis mikrosqemebi agebulia tranzistorul 

gasaRebebze, romelTa Soris ganxorcielebulia rezistoruli kavSiri. 

isini ZiriTadad gamoiyeneba dabali swrafqmedebis cifrul 

mowyobilobebSi. 

        dtl logikis mikrosqemebi agebulia dioduri logikuri 

sqemisa da tranzistoruli invertoris safuZvelze, ZiriTadad 

gamoiyeneba saSualo swrafqmedebis cifrul mowyobilobebSi. 

        ttl logikis mikrosqemebSi Sesaval wredSi gamoiyeneba 

mravalemiteriani tranzistori. Cveulebrivi bipolaruli 

tranzistorebisagan is imiT gansxvavdaba, rom aqvs ramdenime emiteri 

(2,4 an 8) da erTi saerTo baza da koleqtori. emiteris ricxvi 

gansazRvravs Sesasvlelebis raodenobas. ttl – Tan erTad farTo 

gavrceleba pova ttlS (tranzistorul-tranzistoruli logika 

Sotkis tranzistorebze) mikrosqemebma. isini igive principiT aigeba, 

rac ttl, magram Cveulebrivi tranzistoris nacvlad maTSi 

gamoiyeneba tranzistori Sotkis diodTan erTad, romelic CarTulia 

koleqtoruli gadasasvlelis paralelurad. ttl da ttlS 

mikrosqemebi xasiaTdeba SedarebiT maRali swrafqmedebiT da kargi 

xelSeSlamedegobiT, rac safuZvels iZleva maTi gamoyenebisa farTo 

daniSnulebis cifrul mowyobilobebSi. 

       edl logikis mikrosqemebis sabazo elementis ZiriTad nawils 

warmoadgens denis gadamrTveli, igi Sedgeba ori tranzistorisagan, 

romlebic muSaoben aragajerebul reJimSi. orive tranzistoris 

emiterebi gaerTianebulia da dakavSirebulia denis generatorTan. edl 

logikis mikrosqemebi xasiaTdeba maRali swrafqmedebiT, maTi 

gamoyeneba SeiZleba im cifrul mowyobilobebSi, romlebSic gadarTvis 

sixSire aRemateba 50 mghc-s. 

      i2l logikis mikrosqemebi warmoadgenen uSualokavSirebiani 

sqemebis ganviTarebas. aseTi sqemebis muSaobis unari damokidebulia  

datvirTvis arCevaze, romelic gansazRvravs gamosavali tranzistoris 

dens bazur wredSi. aRniSnuli logikis mikrosqemebis dadebiT mxares 

warmoadgens mcire energomoxmareba, sakmao swrafqmedeba da 

integraciis maRali done. uaryofiTi mxareebia: mgrZnobiaroba da sxva 
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logikis mikrosqemebTan uSualod dakavSirebis SeuZlebloba. swored 

aqedan gamomdinare isini farTod gamoiyeneba mikroprocesoris did 

integralur sqemebSi, sadac isini asruleben yvela funqcias 

struqturis SigniT.   

       ukanasknel periodSi farTo gamoyeneba poves integraluri 

mikrosqemebi velian tranzistorebze, romlebic damzadebuli arian  

mJn texnologiiT. radgan Jangeuli asrulebs dieleqtrikis rols, 

amitom maT mdn tranzistorebsac uwodeben. mJn tranzistori arsebobs 

ori saxis: p da n tipis. velian tranzistorebze agebuli integraluri 

sqemebis swrafqmedeba naklebia rtl an edl sqemebTan SedarebiT, 

magram gamoirCevian dabali moxmarebuli simZlavriT, maRali 

datvirTvis unariT, xelSeSlamedegobiT da, rac Zalze mniSvnelovania, 

ikavebs nakleb farTobs. amitom isini ZiriTadaT gamoiyeneba iq, sadac 

ar aris moTxovna maRal siswrafeze, magram saWiroa integraciis 

maRali done. 

        integralur mikrosqemebSi  veliani tranzistorebis 

efeqturoba gaizrdeba, Tuki gamoviyenebT sxvadasxva tipis gamtarobis 

komplementarul tranzistorebs (kmJn). kmJn struqturis mikrosqemaTa 

parametrebi axloa idealurTan. statikur reJimSi isini TiTqmis ar 

iTxoven simZlavres, aqvT maRali datvirTvis unari da 

xelSeSlamedegoba, kargi temperaturuli stabiluroba. gamosavali 

signalis done praqtikulad kvebis wyaros tolia, maRalia integraciis 

xarisxi. amiT aixsneba maTi farTo gamoyeneba did integralur 

sqemebSi, esenia: maxsovrobis mowyobilobebi, mikroprocesoruli 

kopleqtis mowyobilobebi, analogur-cifruli da cifrul-analoguri 

gardaqmnelebi da sxva.  

 

samuSaos Catarebis meTodika. 

 

          3.1 nax-ze moyvanilia ttl tipis mikrosqemis sabazo  da-ara 

logikuri elementis modelirebis sqema. sqema Sedgeba sami 

kaskadisagan:  mravalemiterian tranzistorze (VT1a da VT1b) agebuli 

Sesavali kaskadi, romelic asrulebs gamravlebis (da) funqciis 

realizebas; VT2   tranzistorze agebuli fazis gamyofi kaskadi 

Sekrebis (an) funqciis realizebis SesaZleblobiT da or 
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tranzistorze agebuli gamosasvleli gamaZlierebeli. moyvanili 

sabazo elementi gamoiyeneba ttl mikrosqemebis rigi seriebSi 

umravlesoba logikuri sqemebis asagebaT. 

 

   

 

 

 

 

       aageT mocemuli sqema. tranzistoris,  diodis da winaRobis 

gamosaxulebis misaRebad daaWireT komponentebis panelis ,  

da  Rilakebze. gaxsnili biblioTekebidan  niSnakebi , , 

 da  gadaitaneT samuSao magidaze. orjer daawkapuneT 

winaRobis miRebul gamosaxulebaze, ris Sedegad gaixsneba misi 

dialoguri fanjara (Resistor Properties) ,masSi SeitaneT sqemaze mocemuli 

parametri. 

      CaatareT sqemis funqcionirebis gamokvleva. A da B tumblerebis 

gadarTviT sqemis Sesasvlelebze miawodeT logikuri erTis da nulis 

sxvadasxva kombinacia da SeamowmeT sqemis funqcionireba da-ara 

elementis cxrilis Sesabamisad (laboratoriuli samuSao #3). Sedegi 

mowmdeba gamosasvlelze CarTuli  Suqdiodis (OUT) saSualebiT, 

sadac logikuri erTianisas  isrebi gaSavebulia (rogorc naCvenebia 

nax-ze), xolo logikuri nulis dros isrebi – TeTria. 
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   damatebiTi davaleba: 

 

      zemoT ganxiluli sabazo elementis sqema gamoiyeneba ttl 

mikrosqemebis seriebis umravlesoba logikuri sqemebis asagebad. 3.1 

nax-ze moyvanil sqemas Tu daemateba kidev erTi Sesavali kaskadi 

miviRebT da–an-araAfunqciis Semsrulebeli logikuri elementis 

models, romelic moyvanilia 3.2 nax-ze. 

 

    

 

 

 

  

 

       aageT  mocemuli sqema. CaatareT sqemis funqcionirebis 

gamokvleva. A,B,C da D tumblerebis gadarTviT sqemis Sesasvlelebze 

miawodeT logikuri erTians da nulis sxvadasxva kombinacia da 

SeamowmeT sqemis funqcionireba 3.1 cxrilis Sesabamisad. 
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            aageT 3.3 nax-ze moyvanili emiterebiT dakavSirebuli 

logikis mikrosqemis an/an–ara logikuri elementis modelirebis sqema. 

CaatareT sqemis funqcionirebis gamokvleva. A da B tumblerebis 

gadarTviT sqemis Sesasvlelebze miawodeT logikuri erTis da nulis 

sxvadasxva kombinacia da SeamowmeT sqemis funqcionireba an 

(gamosasvlili Y1) da an–ara (gamosasvlili Y2) elementebis cxrilis 

Sesabamisad (laboratoriuli samuSao #3).  

 

 

 

 

 

      mocemul nax-ze  Y2 gamosasvlelze damyarebulia logikuri 

erTiani (isrebi gaSavebulia), xolo  Y1 gamosasvlelze – logikuri 

nuli (isrebi TeTria). 

№ DD C B A Y 

0 0   0 0 0 1 

1 0 0 0 1 1 

2 0 0 1 0 1 

3 0 0 1 1 0 

4 0 1 0 0 1 

5 0 1 0 1 1 

6 0 1 1 0 1 

7 0 1 1 1 0 

№ DD C B A Y 

8 1 0 0 0 1 

9 1 0 0 1 1 

10 1 0 1 0 1 

11 1 0 1 1 1 

12 1 1 0 0 0 

13 1 1 0 1 0 

14 1 1 1 0 0 

15 1 1 1 1 0 
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             aageT 3..4 nax-ze moyvanili velian tranzistorebze 

agebuli ara (nax.3.4a), da-ara (nax.3.4b) da an–ara (nax.3.4g) logikuri 

elementebis modelirebis sqema. daaWireT tranzistorebis biblioTekis 

Rilaks, masSi airCieT  veliani tranzistori saxisa: 4 Terminal Depletion 

N-MOSFET  (oTxi Sesasvlelis mqone gaRaribebuli N-arxiT)  -   

niSnaki. 

      Caatared sqemebis funqcionirebis gamokvleva, sadac A da B 

tumblerebis gadarTviT sqemis Sesasvlelebze miawodeT logikuri 

erTis da nulis sxvadasxva kombinacia da SeamowmeT sqemebis 

funqcionireba Sesabamisi elementis cxrilis Tanaxmad 

(laboratoriuli samuSao #3). Sedegi mowmdeba gamosasvlelze 

CarTuli  logikuri sasinjis (Y) saSualebiT. gamosasvlelze 

logikuri erTianis  arsebobisas logikuri sasinji anTebulia, xolo 

logikuri nulis dros  – Camqralia. 
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                                aageT 3.5 nax-ze moyvanili komplementarul velian 

tranzistorebze  agebuli logikuri elementebis: ara (nax.3.5a), da-ara 

(nax.3.5b) da an–ara (nax.3.5g) modelirebis sqemibi. tranzistorebis 

biblioTekaSi isev virCevT wina sqemebSi gamoyenebuli oTxi 

Sesasvlelis da gaRaribebuli N-arxis mqone velian tranzistors,   

agreTve viyenebT mis mimarT komplementaruli oTxi Sesasvlelis da  

gaRaribebuli P-arxis (4 Terminal Depletion P-MOSFET)  mqone velian 

tranzistors -  niSnaki.  
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       aRniSnuli tranzistorebi arxebis tipis mixedviT oradia 

(sarkisebria), maTi kvebac sarkisebria, anu P-arxis tranzistorSi 

saTave uerTeba ”pliusTan”. VT2 , VT3 da VT4  P- tranzistorebisaTvis 

nax-ze moyvanili mdgomareobis misacemad moniSneT tranzistoris 

gamosaxuleba, daaWireT programis  Rilaks, ris Sedegad misi 

gamosaxuleba  Sebrundeba horizontaluri RerZis mimarT.   

      zemoT Catarebuli moqmedebebis analogiurad CaatareT sqemebis 

funqcionirebis gamokvleva. 
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laboratoriuli samuSao # 4 

Tema: 

cifruli sqemebis sinTezi 

 

 

     samuSaos Sinaarsi.  

 

      1. cifruli sqemebis sinTezi (bulis funqciebis sqemuri 

realizeba). 

2. sinTezirebuli sqemebis yvela SesaZlo sqemuri variantis 

modelireba. 

3. cifruli sqemebis ageba mikrosqemebis gamoyenebiT. 

 

zogadi cnobebi. 

 

nebismieri rTuli logikuri gamosaxulebis sqemuri realizeba- 

sinTezi xorcieldeba operaciebis Sesrulebis dadgenili 

gansazRvruli TanmimdevrobiT: jer sruldeba cvladis inversiis 

operacia, Semdeg logikuri gamravlebis operacia da bolos logikuri 

Sekrebis operaciis realizeba. magram, Tu gamosaxulebaSi monawileobs 

frCxilebi, maSin argumentis inversiis Sesrulebis Semdeg sruldeba 

masSi moTavsebuli operaciebi da Semdeg gare operaciebi zemoT 

aRniSnuli TanmimdevrobiT.  

nebismieri sqemis ageba SeiZleba ganxorcieldes elementebis 

sxvadasxva bazisSi: bulis (da, an da ara elementebis gamoyenebiT); 

Seferis (mxolod da – ara elementebis gamoyenebiT) da pirsis 

(mxolod an – ara elementebis gamoyenebiT). 

 

 

samuSaos Catarebis meTodika. 

 

   bulis funqciebis F1 – F16 (laboratoriuli samuSao #1)  

sqemis sinTezi SeiZleba Sesruldes logikuri gardaqmnelis 

gamoyenebiT.  
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logikuri gardaqmnelis striqonSi SeitaneT mocemuli funqciis 

gamosaxuleba, daaWireT gardaqmnelis  klaviSze da mis 

ekranze daiwereba funqciis WeSmaritebis cxrili. daaWireT 

gardaqmnelis  klaviSze, Sedegad samuSao velze 

daixazeba funqciis sinTezirebuli sqema Sesrulebuli bulis bazisSi 

da mxolod ori Sesasvlelis  mqone logikur elementebze. sanam sqema 

aqtiuria (wiTeli ferisaa) miiyvaneT masTan Tagvis kursori, romelic 

gardaiqmneba xelis gamosaxulebaSi da sqema gaadaadgileT velis 

Tavisufal adgilze. daafiqsireT miRebuli Sedegi. 

  klaviSze daWeriT miiReT funqciis minimizebuli 

gamosaxuleba da isev   klaviSze daWeriT daixazeba 

sqemis minimizebuli varianti. moaTavseT sqema velis Tavisufal 

adgilze, daafiqsireT miRebuli Sedegebi. 

bulis funqciebis F17 – F32 (laboratoriuli samuSao #1)  sqemis 

sinTezisaTvis logikur gardaqmnelSi funqciis Sesabamisad gaaqtiureT 

saTanado klemebi (A, B, ... H)  da  SeitaneT funqciis WeSmariti 

mniSvnelobebi (saTanado striqonSi nuli SecvaleT erTianiT). miiReT 

funqciis bulis gamosaxuleba. zemoT aRwerili TanmimdevrobiT 

SeasruleT funqciis  sqemuri  realizeba, funqciis minimizacia da    

minimizebuli sqemis ageba. 

 

   damatebiTi davaleba: 

 

samuSao velze aageT mocemuli funqciis logikuri sqema, sadac 

gamoiyeneT funqciis Sesabamisad sami da oTxi Sesasvlelis mqone 

logikuri elementebi. orze meti Sesasvlelis mqone elementis 

miRebisaTvis gaaqtiureT (gaawiTleT) orSesasvleliani elementis 

gamosaxuleba, orjer daawkapuneT mis gamosaxulebaze, gaxsnil 

dialogur fanjaraSi daawkapuneT  Number of Inputs Rilakze, gaxsnil 

fanjaraSi moniSneT Sesabamisad 3 an 4.  sinTezirebuli sqema miuerTeT 

logikur gardaqmnels, daaWireT mis   klaviSze da miiReT 

sqemis moqmedebis WeSmaritebis cxrili, xolo saTanado klaviSze 

dawkapunebiT bulis gamosaxuleba. 
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daafiqsireT miRebuli Sedegi,  SeadareT zemoT miRebul 

SedegTan  da gaanalizeT. 

 

    logikuri gardaqmnelis striqonSi mocemuli funqciis 

gamosaxulebis miRebis Semdeg daaWireT     klaviSze, 

Sedegad samuSao velze daixazeba funqciis sinTezirebuli sqema 

Sesrulebuli mxolod ori Sesasvlelis  mqone Dda - ara logikur 

elementebze (Seferis bazisSi). 

 

   damatebiTi davaleba: 

 

1. moiyvaneT mocemuli funqciis minimizebuli gamosaxuleba 

Seferis bazisSi ise rom sqema aigos mxolod 2da – ara logikur 

elementebze. samuSao velze aageT gardaqmnili funqciis logikuri 

sqema da miuerTeT logikur gardamqmnels. miiReT gardamqmnelis 

ekranze sqemis WeSmaritebis cxrili da Sesrulebuli funqciis bulis 

gamosaxuleba. 

 daafiqsireT miRebuli Sedegi da SeadareT zemoT miRebul 

SedegTan. 

2. moiyvaneT mocemuli funqciis minimizebuli gamosaxuleba 

pirsis bazisSi ise rom sqema aigos mxolod 2an – ara logikur 

elementebze. samuSao velze aageT gardaqmnili funqciis logikuri 

sqema da miuerTeT logikur gardaqmnels. miiReT gardaqmnelis ekranze 

sqemis WeSmaritebis cxrili da Sesrulebuli funqciis bulis 

gamosaxuleba. 

daafiqsireT miRebuli Sedegi, SeadareT zemoT miRebul 

SedegTan  da gaanalizeT. 

pirsis bazisSi gardaqmnili funqciis gamosaxuleba SeitaneT 

logikuri gardaqmnelis striqonSi, daawkapuneT   

klaviSze, ris SedegaT miiReba funqciis realizebis logikuri sqema 

pirsis bazisSi.  

daafiqsireT miRebuli Sedegi, SeadareT zemoT miRebul 

SedegTan da gaanalizeT. 
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       aageT nax.4.1-ze moyvanili cifruli sqema, romelic 

asrulebs Semdegi funqciis realizebas: 

CBACBACBACBAF   

       sqema agebulia mikrosqemebis katalogis  Rilakis 

ganyofilebaSi ganlagebuli Semdegi integraluri mikrosqemebis 

gamoyenebiT:  

         - 4009 warmoadgens invertors, masSi ganlagebulia eqvsi 

elementi, sadac I1 – I6  -  TiToeuli elementis Sesasvlelia, xolo O1 – 

O6  - maTi gamosasvlelebi. mikrosqema ganlagebulia ganyofilebis  

niSnakis CamonaTvalSi; 

         - 4072 warmoadgens diziunqtors - 4an logikur elements, masSi 

moTavsebulia ori elementi, sadac I1 – I4,  I5 – I8  -  TiToeuli elementis 

Sesasvlelebia, xolo O1 , O2  - maTi gamosasvlelebi. mikrosqema 

ganlagebulia ganyofilebis  niSnakis CamonaTvalSi; 

          - 4073 warmoadgens koniunqtors - 3da logikur elements, 

masSi moTavsebulia sami elementi, sadac I1 – I3,  I4 – I6, ,  I7 – I9 -  

TiToeuli elementis Sesasvlelebia, xolo O1 , O2, O3  - maTi 

gamosasvlelebi. mikrosqema ganlagebulia ganyofilebis  niSnakis 

CamonaTvalSi. 

          sqemis asagebad saWiroa oTxi koniuqtori, mikrosqema 4073 ki 

Seicavs mxolod sam elements. aqedan gamomdinare sqemaSi 

gamoyenebulia ori aRniSnuli mikrosqema. 

          funqciis gamosaxulebidan gamomdinare SeamowmeT sqemis 

fuqcionireba,  risTvis A,B,C tumblerebis gadarTvis meSveobiT sqemas 

miawodeT yvela SesaZlo samTanriga koduri kombinacia. funqciis 

WeSmariti mniSvneloba mowmdeba F logikuri sasinjiT.  Tu logikuri 

sasinji wiTeli ferisaa (anTebulia) maSin F = 1, Tu ki  Camqralia - F = 0. 

 

 

 



 

      



 

       SeasruleT qvemoT moyvanili TiToeuli logikuri funqciis 

sqemuri realizeba bulis, Seferis da pirsis bazisebSi programaSi 

arsebuli logikuri elementebis integraluri mikrosqemebis 

gamoyenebiT: 

43211 XXXXF  ; 

43212 XXXXF  ; 

      43213 XXXXF  ; 

      543214 XXXXXF 




  ; 

       215 XXF  43 XX  ; 

      543216 )( XXXXXF  ; 

      243217 XXXXXF  ; 

      543218 )( XXXXXF  ; 

      )( 2543219 XXXXXXF  ; 

      35432110 XXXXXXF  . 

     integraluri mikrosqemis  asarCevad daaWireT logikuri 

elementebis  mikrosqemebis katalogis   Rilaks, masSi elementis 

saxeobis mixedviT saTanado niSnaki (nax.4.2) gadaitaneT samuSao 

magidaze. gaxsnil nusxaSi airCieT saWiro  mikrosqema. 
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laboratoriuli samuSao # 5 

Tema: 

kombinaciuri mowyobilobis modelireba. 

 kodebis gardaqmnelebi 

 

 

      samuSaos Sinaarsi 

 

1. orobiTi Sifratoris logikuri struqturis modelireba. 

Sifratoris Sesasvleli arxebis raodenobis gazrdis sqemis 

modelireba. mikrosqemis CarTvis sqemis modelireba. 

2. orobiTi deSifratoris logikuri struqturis modelireba. 

deSifratoris Tanrigobis (gamosasvleli arxebis raodenobis) gazrdis 

sqemis modelireba.  mikrosqemis CarTvis sqemis modelireba. 

3. Svidsegmenta kodSi gardamqmnelis logikuri struqturis 

modelireba. mikrosqemis CarTvis sqemis modelireba. 

  

 

 zogadi cnobebi 

 

zogadaT  cifruli mowyobilobebi iyofa kombinaciur da 

mimdevrobiTi qmedebis mowyobilobebad. 

kombinaciuri mowyobilobis gamosasvleli signalis mniSvneloba 

drois nebismier diskretul momentSi calsaxad damokidebulia 

Sesasvleli signalebis mxolod mimdinare mniSvnelobaze. aRniSnuli 

tipis mowyobilobebs ar gaaCniaT mexsiereba.  

cifrul mowyobilobebSi informaciis sistemuri 

warmodgenisaTvis gamoiyeneba specialuri xerxi – kodireba. 

informaciis damuSavebis, Senaxvis da gadacemis teqnikis ganviTarebam 

ganapiroba sxvadasxva kodebis SemoReba. kodebi gamoiyeneba 

informaciis dacvisaTvis, SekumSisaTvis, dabrkolebamdgradobis 

uzrunvelyofisaTvis da a.S.  

praqtikaSi iyeneben cifruli kodebis sxvadasxva saxeobas: 

orobiTi, orobiT – aTobiTi, poziciuri (“N-dan 1“ kodi), 

Svidsegmenta da mravali sxva. ricxvebis warmodgena aTvlis sxvadasxva 
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sistemebSi (orobiTSi, rvaobiTSi, aTobiTSi, TeqvsmetobiTSi da sxva) 

warmoadgens martiv ricxobriv kodirebas.  orobiT – aTobiTi da 

Svidsegmenta kodebi saWiroa monacemTa vizualuri warmodgenisaTvis, 

poziciuri kodi gamoiyeneba calkeuli obieqtebis CarTvisas an 

monacemTa gadacemisas. 

      kodebis magaliTs warmoadgens morzes anbani, cnobili brailis 

Srifti, romelsac iyeneben usinaTlo adamianebi wignebis kiTxvisas. 

aRniSnuli kodebi arsobrivad warmoadgenen orobiT kods. farTod 

gavrcelebul kods warmoadgens ASII (American Standard Code for Information 

Interchange) kodi, swored am kodSi miRebulia informaciis Senaxva 

kompiuteris mexsierebaSi, xolo gamoTvlebi xorcieldeba orobiT 

kodSi. 

zemoT aRniSnulidan gamomdinare dgeba kodebis gardaqmnis 

amocana. 

kombinaciuri tipis cifrul mowyobilobas, romelic asrulebs 

erTi kodis gardaqmnas sxva saxis kodSi ewodeba kodis gardamqmneli. 

aRniSnuli saxis mowyobilobas warmoadgens Sifratori (asrulebs 

poziciuri kodis gardaqmnas orobiT kodSi) , deSifratori (asrulebs 

Sifratoris ukufunqcias anu orobiT kods gardaqmnis poziciur 

kodSi) da kodis gardamqmneli Svidsegmenta indikatorisaTvis 

(asrulebs orobiTi kodis gardaqmnas aTobiT ricxvSi). 

 

samuSaos Catarebis meTodika. 

 

       aageT nax.5.1 moyvanili 10x4 Sifratoris logikuri struqturis 

sqema.  sqemis  gamosasvlelze   CarTuli cifruli indikatoris 

gamosaxulebis miRebisaTvis daawkapuneT komponentebis programis 

panelis  Rilakze, gaxsnili biblioTekidan   niSnaki 

gadaitaneT muSa velze da miuerTeT gamosasvlelebs. 

Tanmimdevrulad TiToeuli tumbleris (1 – 9) CarTviT (misi zeda 

mdgomareobaSi gadayvaniT) Sifratoris TiToeul Sesasvlelze 

miawodeT logikuri erTianis donis signali (5v), amasTanave sxva 

tumblerebi imyofeba gamorTul mdgomareobaSi (gadayvanilia qveda 

mdgomareobaSi) da Sesabamisad Sifratoris sxva Sesasvlelebze 
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miewodeba logikuri nulis donis signali. Sedegad Sifratoris 

gamosasvlelze unda daformirdes tumbleris nomris (aTobiTi 

ricxvebis) orobiTi kodi. miRebuli kodis mniSvneloba mowmdeba 

gamosasvlelze CarTuli logikuri sasinjebiT da cifrul 

indikatorze asaxuli aTobiTi ricxviT.   

      SeamowmeT da gaanalizeT mocemuli Sifratoris funqcionireba, 

aageT muSaobis droiTi diagrama. TiToeuli gamosasvlelisaTvis (X0 ... 

X3)  SeadgineT logikuri gamosaxuleba. 

           

 

 

 

 mza mikrosqemebis saxiT arsebobs egreT wodebuli 

prioritetuli Sifratori, romelSic ramodenime Sesasvlelis 

erdroulad arCevisas gamosasvlelze formirdeba umaRlesi nomris 

mqone Sesasvlelis (aTobiTi ricxvis) orobiTi kodi.  
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        daawkapuneT  klaviSze, gaxsnili biblioTekidan magidaze 

gadaitaneT  niSnaki , ris Sedegad gaixsneba programaSi arsebuli 

Sifratoris mikrosqemebis CamonaTvali. moniSneT mikrosqema 74147 da  

daaWireT  Rilaks, samuSao magidaze gaCndeba arCeuli 

mikrosqemis grafikuli aRniSvna (nax.5.2), romelic warmoadgens 10 x  4 

prioritetis mqone Sifrators, sadac me 9 Sesasvlels gaaCnia yvelaze 

maRali prioriteti. aageT nax.5.2 moyvanili mikrosqemis CarTvis sqema. 

 

       

 

 

 

  SeamowmeT da gaanalizeT mocemuli Sifratoris funqcionireba 

WeSmaritebis cxril.5.1 Tanaxmad. TiToeuli gamosasvlelisaTvis (X0 ... 

X3)  SeadgineT logikuri gamosaxuleba. 

 

 

 



 72

 

 

 

 

          damatebiTi davaleba: 

 

       74148 mikrosqemis safuZvelze, romelic warmoadgens 8  x 3-ze 

prioritetul Sifrators (  muSaobis WeSmaritebis cxrili moyvanilia 

cxril.5.2-Si) aageT 16  x  4-ze prioritetuli Sifratoris  funqciuri 

sqema (nax.5.3). aRniSnuli mikrosqema ganlagebulia Sifratoris 

mikrosqemebis igive CamonaTvalSi sadac moTavsebulia mikrosqema 74147. 
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      Sifrators gaaCnia rva mimarTvis Sesasvleli 0 . . . 7. mimarTvis 

TiToeul wyaros gaaCnia fiqsirebuli prioriteti, amasTanave umaRlesi 

prioritetiT sargeblobs Sifratoris meSvide Sesasvleli.  

Sifrators gaaCnia damatebiTi signalebi romelTa saSualebiT        

SeiZleba aigos kaskaduri sqema raTa gaizardos mimarTvis 

Sesasvlelebis raodenoba.  

       cxrilidan gamomdinare roca Sifrators ar gaaCnia arcerTi 

gamoZaxeba (mis Sesasvlelebze damyarebulia logikuri erTianis donis 

signalebi, radgan Sesasvlelis gamoZaxeba xorcieldeba logikuri 
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nulis donis signaliT) misi gamosasvlelebi imyofeba pasiur 

mdgomareobaSi (romelsac mocemul mowyobilobaSi Seesabameba 

erTianis donis signalebi, e.i. Sifratoris gamosasvlelebze miiReba 

inversiuli orobiTi kodi).  

     Tanmimdevrulad TiToeuli tumbleris: 0 – 9, A - 10, B - 11, C - 12, D 

- 13, E - 14 da F – 15 qveda mdgomareobaSi gadarTviT SeamowmeT  da 

gaanalizeT sqemis funqcionireba romelic mowmdeba gamosasvlelebze 

CarTuli logikuri sasinjebiT, sadac aisaxeba mimarTvis nomris 

pirdapiri orobiTi kodi.  

        SeadgineT    mocemuli Sifratoris muSaobis WeSmaritebis 

cxrili da TiToeuli gamosasvlelisaTvis (X0 ... X3)   – bulis 

gamosaxuleba. 

 

        aageT pirdapiri (nax.5.4) da inversiuli (nax.5.5) 

gamosasvlelebis mqone orTanriga deSifratoris (2 x 4 -ze) struqturis 

modelirebis sqema.  

  1 da 2 tumblerebis saSualebiT 0 – 3 ricxvebis Sesabamisi 

orobiTi kombinaciebis Tanmimdevruli miwodebiT rigrigobiT (zemodan 

qvemoT) unda ainTos nax.5.4-ze naCvenebi deSifratoris gamosasvlelebze  

CarTuli TiTo logikuri sasinji (danarCeni sami Camqrali iqneba), e.i. 

moxdeba logikuri erTianis moZraoba, xolo nax.5.5 naCvenebi 

deSifratoris gamosasvlelebze – rigrigobiT unda Caqres CarTuli  

TiTo logikuri sasinji (danarCeni sami anTebuli iqneba), e.i. moxdeba 

gamosasvlelebze logikuri nulis moZraoba. 

SeamowmeT da gaanalizeT mocemuli deSifratorebis 

funqcionireba, SeadgineT muSaobis WeSmaritebis cxrili, aageT 

muSaobis droiTi diagrama. TiToeuli gamosasvlelisaTvis (Y0 ... Y3)  

dawereT logikuri gamosaxuleba. 

              aageT nax.5.6-ze naCvenebi 3 x  8-ze deSifratoris logikuri 

struqturis sqema, romelsac gaaCnia damatebiTi – muSaobis nebarTvis            

Sesasvleli E.  roca nebarTvis signalis mniSvneloba Seesabameba 

Zabvis  dabal dones ( E =0 )  deSifratori funqcionirebs, xolo roca  

- Zabvis  maRal dones ( E =1 )   misi muSaoba blokirebulia da yvela 

gamosasvlelebze damyarebulia logikuri nulis donis signalebi.  
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1 . . . 3 tumblerebis meSveobiT 0…. . . 7 ricxvebis Sesabamisi 

orobiTi kombinaciebis Tanmimdevruli miwodebiT sqemis 

gamosasvlelze rigrigobiT (zemodan qveviT) unda ainTos 

gamosasvlelebze CarTuli TiTo logikuri  saindikacio sasinji. 

sqemis moqmedebisaTvis saWiroa tumbleri E iyos nulianis miwodebis 

mdgomareobaSi. 

  SeamowmeT da gaanalizeT mocemuli deSifratorebis 

funqcionireba, SeadgineT muSaobis WeSmaritebis cxrili, aageT  

muSaobis droiTi diagrama. TiToeuli gamosasvlelisaTvis (Y0 ... Y7)  

SeadgineT bulis  gamosaxuleba. 
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       daawkapuneT  klaviSze, gaxsnili biblioTekidan magidaze 

gadaitaneT  niSnaki , ris Sedegad gaixsneba programaSi arsebuli 

deSifratoris mikrosqemebis CamonaTvali. moniSneT mikrosqema 74154 da  

daaWireT  Rilaks, samuSao magidaze gaCndeba arCeuli 

mikrosqemis gragikuli aRniSvna (nax.5.7), romelic warmoadgens  4 x 16-ze 

deSifrators inversiuli gamosasvlelebiT da  aageT misi CarTvis 

modelirebis sqema (nax.5.7). 

 

 

 

 

 

       

 tumblerebis A,B,C,D gamoyenebiT ricxvebis 0. . . 15 Sesabamisi orobiTi 

kombinaciis Tanmimdevruli miwodebiT unda Caqres gamosasvlelze 

CarTuli TiTo logikuri sasinji (Y0. . . Y15), xolo danarCeni darCeba 

anTebuli. miwodebuli orobiTi kombinaciis siswore mowmdeba 

Sesasvlelebze CarTuli logikuri sasinjeebis meSveobiT. 

deSifratori imoqmedebs mxolod roca G1’=G2’=0 rac imarTeba 

tumbleriT E. 
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       CaatareT mikrosqemis moqmedebis principis gamokvleba  

WeSmaritebis cxrilis (cxril. 5.3)  Sesabamisad.  SeadgineT   

TiToeuli gamosasvlelisaTvis ( Y0  -  Y15) bulis gamosaxuleba. 

 
 

 

   

    

74154 mikrosqemis gamoyenebiT aageT 5 x 32 deSifratoris 

funqcionaluri sqema (nax.5.8). gaanalizeT agebuli mowyobilobis  

funqcionireba da moiyvaneT muSaobis principis aRwera. SeadgineT 

agebuli deSifratoris muSaobis WeSmaritebis cxrili da TiToeuli 

gamosasvlelisaTvis (Y0 ... Y31)   – bulis gamosaxuleba. 

 

        damatebiTi davaleba: 
  
        1. aageT nax.5.9  naCvenebi deSifratoris logikuri struqturis 

sqema, romelic warmoadgens or 2 x 4 deSifrators. maT gaaCniaT 

saerTo sainformacio Sesasvlelebi, xolo TiToeul maTgans -

calkeuli  muSaobis nebarTvis Sesasvlelebi, Sesabamisad : E1 da  E2, 

E3  da  E4. 

        SeamowmeT  da gaanalizeT sqemis funqcionireba, romelic 

mowmdeba gamosasvlelebze CarTuli logikuri sasinjebiT da muSaobis 

droiTi diagramiT.        
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        moiyvaneT agebuli deSifratoris muSaobis principis aRwera, 

SeadgineT  misi muSaobis WeSmaritebis cxrili da TiToeuli 

gamosasvlelis (Y01 – Y31, Y02 – Y32)  bulis gamosaxuleba. 

        2. 74138 nikrosqemis gamoyenebiT aageT 5 x 32 deSifratoris 

funqcionaluri sqema (max.5.10). aRniSnuli mikrosqema ganlagebulia 

biblioTekis igive katalogSi rac mikrosqema 74154. 

      tumblerebis A,B,C,D,E gadarTviT deSifratoris Sesasvlelebze 

Tanmimdevrulad miawodeT aTobiTi ricxvebis 0 . . . 31 Sesabamisi 

orobiTi kombinacia, SeamowmeT da gaanalizeT sqemis funqcionireba. 

 



 80

 

 

 

 

 

       SeadgineT agebuli deSifratoris muSaobis WeSmaritebis 

cxrili da TiToeuli gamosasvlelisaTvis  bulis gamosaxuleba.  

 

               aageT nax.5.11-ze naCvenebi samTanriga orobiTi kodis 

Svidsegmenta kodSi gardaqmnis deSifratoris logikuri struqturis 

sqema. 

        CaatareT sqemis funqcionirebis gamokvleva. tumblerebis 1, 2, 3 

saSualebiT sqemis Sesasvlelebze miawodeT 0 . . . 7 cifrebis 

Sesabamisi orobiTi kodi da daakvirdiT  gamosasvlelze CarTul  



            

 



 

 
 
 
 
 
 
 
 
Svidsegmenta indikators. SeadgineT sqemis moqmedebis WeSmaritebis 

cxrili da TiToeuli gamosasvlelisaTvis (AA,B,C,D,E,F,G) logikuri 

gamosaxuleba. 

 
        aageT nax.5.12 moyvanili orobiT – aTobiTi kodis Svidsegmenta 

kodSi gardaqmnis mowyobilobis logikuri struqturis sqema. sqemaSi 

gamoyenebulia orobiT – aTobiTi deSifratoris mikrosqema 7442, 

romelic ganlagebulia  niSnakis mikrosqemebis CamonaTvalSi. 

moniSneT mikrosqema 7442 da  daaWireT  Rilaks. 

        mikrosqemis muSaobis WeSmaritebis cxrili moyvanilia 

cxril.5.4-Si.  
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      CaatareT sqemis funqcionirebis gamokvleva. tumblerebis 1 - 4 

saSualebiT sqemis Sesasvlelebze miawodeT 0 . . . 9 cifrebis  

Sesabamisi orobiTi kodi da daakvirdiT  gamosasvlelze CarTul  
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Svidsegmenta indikators. dawereT sqemis  TiToeuli gamosasvlelis 

(AA,B,C,D,E,F,G) logikuri gamosaxuleba. 

       daaWireT cifruli mikrosqemebis biblioTekis  Rilakze, 

masSi airCieT   niSnaki, romelic  gadaitaneT samuSao velze.  

Sedegad gaixsneba mikrosqemebis CamonaTvali, moniSneT mikrosqema 7447, 

romelic warmoadgens Svidsegmenta indikatoris CarTvis deSifrators. 

deSifratori asrulebs orobiT – aTobiTi kodis gardaqmnas 

Svidsegmenta deSifratorSi. 

aageT arCeuli mikrosqemis CarTvis sqema (nax.5.13), sadac     

mikrosqemis gamosasvlelze CarTulia Svidsegmenta indikatori. 

indikatoris gamosaxulebis gamoZaxeba xorcieldeba programis  

Rilakze daWeriT, gaxsnili biblioTekidan   niSnakis samuSao 

magidaze gadataniT. 

 

 

 

 

    tumblerebis saSualebiT mikrosqemis Sesasvlelebze 

Tanmimdevrulad miawodeT aTobiTi ricxvebis (0 – 9) orobiTi kodi, 

ris Sedegad Svidsegmenta indikatorze unda aisaxos Sesabamisi 

aTobiTi ricxvis gamosaxuleba. 
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        CaatareT mikrosqemis moqmedebis principis gamokvleba 

WeSmaritebis  cxril.5.5 Sesabamisad. 
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laboratoriuli samuSao # 6 

Tema: 

kombinaciuri mowyobilobis modelireba. 

             cifruli signalebis gadamrTvelebi     

 

 

      samuSaos Sinaarsi 

 

      1. multipleqsoris logikuri struqturis sqemis modelireba. 

monacemTa arxebis raodenobis gazrdis sqemis modelireba. mikrosqemis 

CarTvis sqemis modelireba. 

2. demultipleqsoris logikuri struqturis sqemis modelireba.  

mikrosqemis CarTvis sqemis modelireba. 

 

zogadi cnobebi 

 

sxvadasxva radioeleqtronuli moqyobilobebis gamoyenebisas 

xSirad Cndeba signalebis arCevis (seleqciis) aucilebloba, romelic 

miewodeba mocemul Sesasvlels sxva mravalTaganisagan. magaliTad, 

Zvel radiomimRebSi da televizorSi aRniSnuli funqciis (diapazonis 

an arxis arCeva) realizeba xorcieldeba mravali poziciis mqone 

meqanikuri gadamrTvelis gamoyenebiT anu xorcieldeba erTerTi arxis 

komutacia erT gamosasvlelze. 

Mmultipleqsori warmoadgens cifruli signalebis marTvad 

gadamrTvels, romelic uzrunvelyofs mravali Sesasvleli signalidan 

mxolod arsebuli nomris (misamarTis) mqone signalis gadacemas 

erTaderT gamosasvlelze.  monacemTa mravali arxidan erTze 

gadarTvis operacias ewodeba multipleqsireba. 

Ddemultipleqsori warmoadgens mowyobilobas romelic 

uzrunvelyofs erTi arxis SeerTebas ramdenime damoukidebel arxTan, 

anu asrulebs multipleqsoris Sebrunebul funqcias. 
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sasamuSaos Catarebis meTodika 

 

         aageT nax.6.1 naCvenebi oTxarxiani multipleqsoris (4 x 1) 

logikuri struqturis sqema,   romelsac gaaCnia rogorc pirdapiri (F) 

agreTve inversiuli gamosasvleli ( F ). 

         

                            

 

 

 

tumblerebis 1 - 4  saSualebiT multipleqsoris monacemTa 

arxebs (D0,D1,D2,D3) miawodeT nebismieri oTxTanriga orobiTi sityva. 

tumblerebis 5,6 gadarTviT mowyobilobis samisamarTo Sesasvlelebs 

(A1,A0)  TanmimdevrobiT miawodeT monacemTa arxebis nomris orobiTi 

kodi (misamarTi). gamosasvlelebze (F da F )  CarTuli logikuri 

sasinjis meSveobiT daakvirdiT miwodebuli paraleluli monacemebis  

Tanmimdevrobas. 

      gaanalizeT multipleqsoris moqmedebis principi. SeadgineT 

multipleqsoris muSaobis WeSmaritebis cxrili da misi 

gamosasvlelebis funqciis logikuri gamosaxuleba.  sqemas 

mierTebuli analizatoris gamoyenebiT aageT multipleqsoris droiTi 

diagrama. 
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      aageT nax.6.2 moyvanili nebarTvis Sesasvlelis (E) mqone 8 x 1 

multipleqsoris logikuri struqtura. mis monacemTa Sesasvlelebs 

(D0 – D7) mudmivad miewodeba  orobiTi sityva–10101101.            

mowyobilobis samisamarTo Sesasvlelebi (A0,A1,A2) da gamosasvleli 

(F) miuerTed logikur gardamqmnels. tumbleri E gadarTeT erTianis 

miwodebis mdgomareobaSi (zeda mdgomareoba).  

 

       

 

 

        

 

        daafiqsireT da SeamowmeT logikuri gardamqnelis wina 

panelze miRebuli multipleqsoris WeSmaritebis cxrili.      

     F gamosasvlelisaTvis SeadgineT funqciis logikuri 

gamosaxuleba. 
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     gadarTed tumbleri E qveda (nulianis miwodebis) mdgomareobaSi. 

daafiqsireT da gaanalizeT miRebuli WeSmaritebis cxrili.  

     daaWireT programis   Rilaks, gaxsnili  biblioTekidan  

niSnaki gadaitaneT samuSao magidaze, mikrosqemebis CamonaTvalSi 

airCieT mikrosqema 74151, romelic warmoadgens inversiuli muSaobis 

nebarTvis Sesasvlelis mqone 8 x 1 multipleqsors. 

         aageT nax.6.3 moyvanili 74151 mikrosqemis CarTvis sqema,       

CaatareT mikrosqemis moqmedebis principis gamokvleba WeSmaritebis  

cxril.6.1 Sesabamisad. 
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sadac: Select (A,B,C) – samisamarTo Sesasvlelebi; 

       Strobe ( G’) – muSaobis nebarTvis Sesasvleli; 

       Outputs (Y) – multipleqsoris pirdapiri gamosasvleli; 

       Outputs (W) -  multipleqsoris inversiuli gamosasvleli. 

       tumbleri E daayeneT nulis miwodebis mdgomareobaSi. 

tumblerebis 0 – 7 gamoyenebiT multipleqsoris monacemTa 

Sesasvlelebs D0 – D7  miawodeT nebismieri orobiTi sityva, amasTanave 

A,B,C  tumblerebis saSualebiT mowyobilobis samisamarTo 

Sesasvlelebs TanmimdevrobiT miawodeT monacemTa arxebis nomris 

orobiTi kodi. gamosasvlelze (Y) CarTuli logikuri sasinjis F 

meSveobiT daakvirdiT monacemTa gadacemis Tanmimdevrobis siswores, 

xolo gamosasvlelze (W) – Tanmimdevrobis inversias (logikuri 

sasinji F  ). 

       multipleqsors miuerTeT analizatori da aageT misi muSaobis 

droiTi diagrama 

      74153 mikrosqemis gamoyenebiT aageT 16 arxiani (16 x 1) 

multipleqsoris funqcionaluri sqema (nax.6.4). mikrosqema 

ganlagebulia igive niSnakis mikrosqemebis CamonaTvalSi, warmoadgens 

or 4 x 1 multipleqsors. mikrosqemis moqmedebis WeSmaritebis  cxrili 

moyvanilia cxril. 6.2, sadac:  

- Select (A,B) – samisamarTo Sesasvlelebi ; 

                                 - Data inputs (C0,C1,C2,C3) – monacemTa arxebi ; 

                                 -  Strobe (G’) – muSaobis nebarTvis Sesasvleli ; 
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                -  Output (Y) – mowyobilobis gamosasvleli.  

 

 

              

 

    sqemaSi monawile mikrosqema 74139 ganlagebulia  Rilakis 

ganyofilebaSi. daaWireT Rilaks,  niSnaki gadaitaneT samuSao 

magidaze, gaxsnili mikrosqemebis CamonaTvalSi airCieT mikrosqema 

74153. mikrosqema warmoadgens deSifrators, romelSic ganlagebulia 

ori 2 x 4 deSifratori, romlis muSaobis WeSmaritebis cxrili 

moyvanilia cxril. 6.3, sadac: 

          - Enable G – muSaobis nebarTvis Sesasvleli;  

                    -  Select  A B – deSifratoris sainformacio  Sesasvlelebi; 

                    -  Outputs Y0 Y1 Y2 Y3 – deSifratoris gamosasvlelebi. 

 

 

                

 



 

  



 

       multipleqsoris monacemTa DSesasvlelebze D0 – D15: D0 – D3 

(mikrosqema D2:1C0 – 1C3), D4 – D7 (mikrosqema D2:2C0 – 2C3), D8 – D11 

(mikrosqema D3:1C0 – 1C3), D12 – D15 (mikrosqema D2:2C0 – 2C3)  mudmivad 

miwodebulia orobiTi sityva: 1001101001101011. CaatareT sqemis 

funqcionirebis gamokvleva. tumblerebis A,B,C,D saSualebiT sqemis 

Sesasvlelebze miawodeT monacemTa arxebis nomris (cifrebis 0 – 15) 

Sesabamisi orobiTi kodi, gamosasvlelze CarTuli logikuri sasinjis 

F meSveobiT daakvirdiT monacemTa gadacemis Tanmimdevrobis siswores. 

moiyvaneT agebuli multipleqsoris moqmedebis principis aRwera, F 

gamosasvlelisaTvis SeadgineT funqciis logikuri gamosaxuleba. 

 

       damatebiTi davaleba: 

 

      1. aageT nax.6.5 naCvenebi 32x1 multipleqsoris sqema. CaatareT misi 

funqcionirebis gamokvleva, moiyvaneT moqmedebis principis aRwera. 

sqemaSi gamoyenebuli mikrosqema 74251  zemoT ganxiluli mikrosqemis 

74151 analogiuria, mas gaaCnia sami mdgomareobis mqone gamosasvleli. 

ganlagebulia igive niSnakis CamonaTvalSi, xolo sqemaSi gamoyenebuli 

deSifratoris mikrosqema 74155 - igive niSnakis CamonaTvalSi rac 

mikrosqema 74139.  mikrosqemaSi moTavsebulia ori 2 x 4 deSifratori, 

TiToeuls gaaCnia ori muSaobis nebarTvis signali G da G. 

     SeadgineT F gamosasvlelis funqciis logikuri gamosaxuleba.  

     2. 74150 mikrosqemis (nax.6.6) safuZvelze, romelic warmoadgens 16x1 

multipleqsors, SeasruleT 32x1 multiple1soris struqturis sinTezi.   

mikrosqema ganlagebulia igive CamonaTvalSi, sadac zeviT ganxiluli 

mikrosqemebi. misi WeSmaritebis cxrilis misaRebad moniSneT 

mikrosqemis gamosaxuleba, Tagvis isari miiyvaneT mis 

gamosaxulebasTan, daaWireT Tagvis marjvena Rilaks, gaxsnil meniuSi 

moniSneT striqoni Help, ris Sedegad gaixsneba mikrosqemis 

WeSmaritebis cxrili. moiyvaneT damuSavebuli sqemis aRwera. 

     3. aageT nax.6.7 moyvanili multipleqsoris logikuri struqtura 

da muSaobis  droiTi diagrama. SeadgineT muSaobis WeSmaritebis 

cxrili, F1,F2,FgamosasvlelebisaTvis - logikuri gamosaxulebani. 

 



 

 

 
 



 

                    .                   
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           aageT nax.6.8 naCvenebi 1 x 4 demultipleqsoris logikuri 

struqtura. tumbler 1-is saSualebiT mowyobilobis monacemTa 

Sesasvlelze (D) miawodeT erTianebis da nulebis sxvadasxva 

Tanmimdevroba, xolo 1 da 2 - tumbleris saSualebiT orobiTi kodis 

sxvadasxva kombinacia, romlebic warmoadgenen demultipleqsoris 

gamosasvleli arxebis misamarTs. Mmimdevrulad miwodebuli 

informacia Tanmimdevrulad unda ganawildes sqemis gamosasvlelze, 

rac mowmdeba saindikacio sasinjebiT (D0 – D3).   

       

    

 

 

 

 

       aageT mowyobilobis moqmedebis droiTi diagrama da SeadgineT 

TiToeuli gamosasvlelisTvis funqciis logikuri gamosaxuleba. 

      cifruli mikrosqemebis biblioTekaSi  moZebneT mikrosqema 

74238, romelic warmoadgens 3x8-ze Dec/DEMUX 

(deSifrator/demultipleqsori) sami muSaobis nebarTvis SesasvleliT: 
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G1,G2A,G2B. demultipleqsoris G1 Sesasvleli gamoiyeneba monacemTa 

miwodebisaTvis. aageT mikrosqemis CarTvis sqema (nax.6.9).  

 

 

 

 

 

 

        CaatareT mikrosqemis moqmedebis principis gamokvleva 

WeSmaritebis cxrilis Sesabamisad, romlis gamoZaxebisaTvis moniSneT 

mikrosqemis gamosaxuleba, daaWireT Tagvis marjvena Rilaks, moniSneT 

menius striqoni Help. tumblerebis A,B,C saSualebiT miawodeT 

samTanriga orobiTi kodis sxvadasxva kombinacia, romlis mniSvneloba 

aTobiTi ricxvis saxiT aisaxeba cifrul indikatorze. miwodebuli 

kodis Tanaxmad saTanado gamosasvlelze unda ainTos logikuri 

sasinji, Tu  tumbleri D imyofeba erTianis miwodebis mdgomareobaSi, 

an Caqres Tu tumbleri D imyofeba nulis miwodebis mdgomareobaSi. 

 

 

 

 

 

 

laboratoriuli samuSao # 7 

Tema: 

kombinaciuri mowyobilobis modelireba. 

ariTmetikuli, Semdarebeli da makontrolebeli 

mowyobilobebi 

  

      samuSaos Sinaarsi 

 

 1. amjamavis logikuri struqturis modelireba. mravalTanriga 

amjamavis sqemis modelireba. mikrosqemis CarTvis sqemis modelireba 

 2. komparatoris logikuri struqturis modelireba.  
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 3. luwobis da kentobis makontrolebeli sqemis logikuri 

struqturis modelireba. mikrosqemis CarTvis sqemis modelireba 

 

zogadi cnobebi 

 

orobiTi ricxvebis ariTmetikuli Sekreba warmoadgens im 

maTematikur operacias romelic faqtobrivad gvevlineba  

eleqtronuli gamomTvleli manqanebis moqmedebis safuZvlad. aqedan 

gamomdinare pirvel manqanebs uwodebdnen ariTmetikul mowyobilobebs. 

ori orobiTi sityvebis Sekrebis Semsrulebel mowyobilobas 

ewodeba amjamavi. erTTanriga orobiTi sityvebis amjamavs gaaCnia ori 

gamosasvleli: jami S (laTinuri sityvidan Summa) da gadatana C 

(inglisuri sityvidan Carry). 

ganasxvaveben naxevrad da srulad amjamavs. naxevrad amjamavSi 

Sekreba sruldeba wina Tanrigidan gadatanis gaTvaliswinebis gareSe, 

anu mas ar gaaCnia aRniSnuli Sesasvleli. aqedan gamomdinare naxevrad 

amjamavi gamoiyeneba mxolod erTTanriga an mravalTanriga orobiTi 

kodebis mxolod yvelaze umcrosi Tanrigebis Sesakrebad. 

mravalTanriga orobiTi sityvebis ufrosi Tanrigebis Sekrebisas 

saWiroa wina (umcrosi) Tanrigidan gadatanis gaTvaliswineba, rac 

xorcieldeba srulad amjamavSi. 

cifruli informaciis damuSavebisas xSirad gamoiyeneba 

ricxvebis Sedarebis operaciebi sxvadasxva niSanTvisebis mixedviT: 

modulis mixedviT; Sedareba ricxvebis niSanis mixedviT; mcocavi mZimis 

formiT warmodgenili ricxvebis mantisebis Sedareba. es operaciebi 

gamoiyeneba mTvlelebSi, deSifratorebSi da amjamavebSi, 

mikroprogamuli marTvis blokebSi, keS-mexsierebaSi da sxva. 

ori koduri sityvis Semdarebel mowyobilobas ewodeba 

cifruli komparatori (laTinuri sityvidan  Comparator) K, romelic 

arkvevs or A da B kodur kombinacias Soris Tanafardobas (AB, AB, 

A=B).  

monacemTa gadacemis da Senaxvis sisworis kontroli 

warmoadgens cifruli mowyobilobis  normaluri funqcionirebis 

mTavar pirobad. orobiTi kodis gadacemisas or mowyobilobas Soris 

dabrkolebis signalis moqmedebis gamo kodis erT – erT TanrigSi 
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SeiZleba gaCndes an daikargos erTiani, ris Sedegad mimRebSi miiReba 

mcdari kodi. am faqtis aRmoCena specialuri Semowmebis gareSe 

SeuZlebelia. 

gadacemuli kodis kontrolis  martiv da farTod gamoyenebis 

meTods warmoadgens oris moduliT kontroli (erTianebis raodenobis 

luwobaze / kentobaze kontroli). am meTodis gamoyenebisas TiToeul 

orobiT sityvas emateba damatebiTi sakontrolo Tanrigi (pariteti), 

romlis mniSvneloba SeirCeva ise, rom TiToeuli koduri kombinaciis 

wona (wonis qveS igulisxmeba erTianebis raodenoba mocemul 

kombinaciaSi) iyos luwi / kenti. luwobaze kontrolisas koduri 

kombinaciis wona unda iyos luwi, xolo kentobaze kontrolisas – 

kenti. 

 

samuSaos Catarebis meTodika 

 

             aageT  nax.7.1   moyvanili  naxevrad  amjamavis   logikuri 

struqturis modulirebis sqema, romelic asrulebs ori erTTanriga 

orobiTi ricxvebis (A da B)  ajamvas wina  Tanrigidan     gadatanis 

signalis  gareSe. 

      tumblerebis A da B saSualebiT amjamavis Sesasvlelebze 

miawodeT logikuri doneebi sxvadasxva kombinaciiT, logikuri 

sasinjeebis saSualebiT daakvirdiT sqemis funqcionirebas. 

SeadgineT mocemuli amjamavis muSaobis WeSmaritebis cxrili. S 

da C gamosasvlelebisaTvis SeadgineT funqciis logikuri 

gamosaxuleba, aageT muSaobis droiTi diagrama. 

. 
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      aageT nax.7.2 naCvenebi erTTanriga srulad amjamavis logikuri 

struqturis modelirebis sqema. SeamowmeT sqemis moqmedebis siswore 

WeSmaritebis cxril.7.1 Sesabamisad. erTTanriga ricxvebis miwodebisas 

gamoiyeneT tumblerebi 1,2,3. 

 

        

sadac:  

         - Carry In – wina Tanrigidan gadatanis Sesasvleli; 

                  -  Carry Out –gadatanis signalis gamosasvleli; 

                  -   Sum – jamis Sedegi. 

S da C gamosasvlelebisaTvis  SeadgineT funqciis logikuri 

gamosaxuleba. aageT mocemuli amjamavis muSaobis droiTi diagrama. 
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      daaWireT programis  Rilakze, gaxsnili cifruli sqemebis 

biblioTekidan  niSnaki gadaitaneT samuSao velze, romelic 

warmoadgens erTTanriga srulad amjamavs. aageT nax.7.3 moyvanili 

samTanriga srulad amjamavis logikuri struqturis modelirebis 

sqema, romelic asrulebs ori samTanriga orobiTi ricxvebis (A2 A1 A0 

da   B2 B1 B0) Sekrebas.  

       1,2,3 da 4,5,6 tumblerebis saSualebiT amjamavis Sesasvlelebze 

(A2 A1 A0 da B2 B1 B0)  miawodeT cxril.7.2  moyvanili Sesakrebi orobiTi 

ricxvebi. miwodebuli ricxvebis siswore mowmdeba Sesasvlelebze 

CarTuli cifruli indikatorebis saSualebiT. 

      SeasruleT orobiTi ricxvebis Sekreba da SeavseT cxril.7.2. 

miRebuli Sedegi SeamowmeT gamosasvlelebze CarTuli logikuri 

sasinjebis (C Out,S2,S1,S0)  meSveobiT. aageT amjamavis muSaobis droiTi 

diagrama. 
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       davaleba: 

 
    

 

 
 A2 A1A0 

 
B2 B1 B0 

 
C Out  S2 S1 S0

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

 

       aageT nax.7.4 moyvanili oTxTanriga srulad amjamavis 

modelirebis sqema, agebuli 4008 mikrosqemis safuZvelze, romelic 
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ganlagebulia cifruli mikrosqemebis  ganyofilebaSi  

niSnakis CamonaTvalSi. 

        mikrosqema Sedgeba oTxi erTTanriga amjamavisagan, asrulebs 

ori oTxTanriga orobiTi ricxvebis A(A3 A2 A1 A0)  da  B(B3 B2 B1 B0) 

ajamvas. CaatareT misi funqcionirebis gamokvleva  WeSmaritebis 

cxrilis (cxril.7.3.) Sesabamisad. 

 

 

                      

 

        Sesakrebi ricxvebis miwodeba xorcieldeba 1 . . . 8 

tumblerebis meSveobiT, xolo wina Tanrigidan gadatanis miwodeba – 9 

tumbleriT. Sesatani ricxvebis (A,B) da jamis (S) Sedegis siswore 

mowmdeba cifruli indikatorebis (A,B,Sum)  meSveobiT. miRebuli jamis 

TiToeul TanrigSi agreTve CarTulia logikuri sasinjeebi (S3 S2 S1 

S0), rac iZleba jamis Sedegis orobiT kodSi kontrolis saSualebas. 

        Sekrebis operaciebis dawyebamde SeamowmeT sqemis 

funqcionireba, risTvis TanmimdevrobiT miawodeT A ricxvis yvela 

orobiTi kombinacia 0 – 15. Semowmeba xorcieldeba A da Sum 

indikatorebis meSveobiT. Semdeg aRniSnuli moqmedebani gaimeoreT B 

ricxvisaTvis. 

SeasruleT nebismieri oTxTanriga orobiTi ricxvebis Sekreba jer 

roca CIn = 0, Semdeg roca CIn = 1. Sekrebis Sedegebi gaaformeT cxrilis 

saxiT



 

                              



 

      lamatebiTi davaleba: 

 

1. aageT nax.7.5 moyvanili erTTanriga naxevrad amjamavis 

logikuri struqturis modelirebis sqema Sesrulebuli Seferis 

bazisSi. sqemas miuerTed logikuri gardaqmneli,  da 

 klaviSebis gamoyenebiT miiReT amjamavis TiToeuli  

gamosasvlelisaTvis muSaobis WeSmaritebis cxrili da logikuri 

gamosaxuleba. risTvis mas jer miuerTeT sqemis gamosasvleli  S 

(nax.7.5a), mere  -  C Out (nax.7.5b). miRebuli Sedegebi SeadareT zemoT 

miRebul SedegebTan. 
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moyvanili sqemis mixedviT SeadgineT S da C Out gamosasvlelebis 

funqciis logikuri gamosaxuleba Seferis bazisSi. daamtkiceT 

Sedgenili  da miRebuli gamosaxulebebis Tanafardoba. 

2. aageT nax.7.6 moyvanili erTTanriga srulad amjamavis 

logikuri struqturis modelirebis sqema Sesrulebuli Seferis 

bazisSi. sqemas miuerTeT logikuri gardamqmneli. igive klaviSebis 

gamoyenebiT miiReT misi TiToeuli  gamosasvlelisaTvis muSaobis 

WeSmaritebis cxrili da logikuri gamosaxuleba, risTvisac mas jer 

miuerTeT sqemis gamosasvleli  S , mere  -  C Out. miRebuli Sedegebi 

SeadareT zemoT miRebul Sedegebs. 

    

 

 

 

 

 

moyvanili sqemis mixedviT SeadgineT S da C Out gamosasvlelebis 

funqciis logikuri gamosaxuleba Seferis bazisSi. daamtkiceT 

Sedgenili  da miRebuli gamosaxulebebis Tanafardoba. 

      3. 7.7 nax.-ze moyvanilia oTxTanriga amjamavis mikrosqemis 

safuZvelze agebuli gamoklebis mowyobiloba, sadac B ricxvis 



 

 

    

 



orobiTi kodi miewodeba amjamavs inversiul kodSi, xolo mikrosqemis 

gadatanis Sesasvlels mudmivad miewodeba erTiani.    

A (tumblerebi 1 – 4)  da B (tumblerebi 5 – 8)   sxvadasxva  

ricxvebis orobiTi kodebis miwodebiT, cifrul indikatorze (A-B) da 

logikur sasinjebze dakvirvebiT SeamowmeT gamoklebis mowyobilobis 

funqcionireba.  

      aageT 7.8 nax.-ze moyvanili erTTanriga cifruli 

komparatorisLOlogikuri struqturis modelirebis sqema.G 

        A da B tumblerebis saSualebiT sqemis Sesasvlelebze miawodeT 

logikuri doneebis sxvadasxva kombinacia, SeamowmeT sqemis moqmedeba. 

gamosasvlelebze miRebuli Sedegis siswore mowmdeba F1,F2,F3 

logikuri sasinjeebis gamoyenebiT. SeadgineT mocemuli komparatoris 

 
 
 
 
 
 
 

 

 muSaobis WeSmaritebis cxrili,  F1,F2,F3 gamosasvlelebisaTvis - 

funqciis logikuri gamosaxuleba. aageT komparatoris muSaobis 

droiTi diagrama. 

aageT 7.9 nax.-ze moyvanili erTTanriga cifruli 

komparatorisLOlogikuri struqturis modelirebis sqema Sesrulebuli 

Seferis bazisSi.  

      sqemas miuerTeT logikuri gardamqmneli. komparatoris 

TiToeuli gamosasvleli TanmimdevrobiT miuerTeT gardamqmnels da   
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,  klaviSebis gamoyenebiT miiReT 

komparatoris TiToeuli  gamosasvlelisaTvis muSaobis WeSmaritebis 

cxrili da logikuri gamosaxuleba, miRebuli Sedegebi SeadareT 

zemoT miRebul Sedegebs. 

 

                  
 
 
 
 
 
 
 
 

sqemis mixedviT SeadgineT F1,F2,F3 gamosasvlelebis funqciis 

logikuri gamosaxuleba Seferis bazisSi. daamtkiceT Sedgenili  da 

miRebuli gamosaxulebebis Tanafardoba. 

        aageT nax.7.10 moyvanili erTianebis raodenobis luwobaze 

/kentobaze rvaTanriga koduri kombinaciis Semowmebis makontrolebeli 

sqema, romelic agebulia mxolod @”an-is gamoricxva” elementebze. 

SeamowmeT sqemis moqmedeba. 0 - 7 tumblerebis meSveobiT 

Sesasvlelebs miawodeT logikuri erTi an nuli. Sesasvlelebze 

CarTuli logikuri sasinjebis meSveobiT SesaZlebelia miwodebuli 

erTianebis raodenobis luwobis an kentobis dafiqsireba. 

gamosasvlelze CarTuli logikuri sasinjis F meSveobiT fiqsirdeba 

Semowmebis Sedegi: Tu miwodebul kombinaciaSi erTianebis raodenoba 

luwia, maSin sqemis gamosasvlelze formirdeba logikuri nulis done 

(F=0) da sasinji Camqralia, xolo Tu kentia – formirdeba logikuri 

erTis done (F=1) da sasinji anTebulia. 



 
 
 

 
 
 
 
 
 
 
 



      7.11 nax.-ze naCvenebia xuTTanriga koduri kombinaciis luwobaze / 

kentobaze mamowmebeli sqemis modelireba, romlis moqmedebis analizi 

xorcieldeba logikuri gardamqmnelis gamoyenebiT.  

     gamoiZaxeT gardamqmnelis wina paneli, masSi gaaqtiureT xuTi 

klema (A – E), daaWireT panelis  klaviSaze. gaanalizeT 

gardaqmnelis ekranze miRebuli sqemis moqmedebis WeSmaritebis 

cxrili. 

  

             
 
 
 
 
 
 
 

        nax.7.12 naCvenebia luwobaze an kentobaze mamowmebeli 

mikrosqemis (74280) CarTvis sqemis modelireba. gaxseniT cifruli 

mikrosqemebis ganyofileba, masSi moTavsebuli  niSnaki gadaitaneT 

samuSao magidaze. mikrosqemebis gaxsnil CamonaTvalSi airCieT 

mikrosqema 74280. 

        aageT sqema.  tumblerebis meSveobiT miawodeT luwi da kenti 

erTianebis mqone koduri kombinaciebi. Semowmebis reJimi ganisazRvreba 

I Sesasvlelze (tumbleri 1) miwodebuli logikuri doniT, kerZod Tu 

I=0 ganxorcieldeba Semowmeba erTianebis luw raodenobaze, xolo Tu 

I=1 – erTianebis kent raodenobaze. miwodebul rva TanrigSi erTianebis 

raodenoba Tu luwia, maSin EVEN (EVEN – luwoba) gamosasvlelze 

miiReba logikuri erTianis done da ODD  (ODD  - kentoba) 

gamosasvlelze – nulis done, xolo kentobis SemTxvevaSi ki piriqiT: 

EVEN = 0 da  ODD = 1,rac mowmdeba logikuri sasinjebiT. 
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        damatebiTi davaleba 

 

         1. aageT 7.13 nax.-ze moyvanili oTxTanriga koduri kombinaciis 

gadacemis sisworis mamowmebeli sqema, sadac monacemTa gadamcemSi 

formirdeba sakontrolo Tanrigi – pariteti P. P = 0  Tu ki monacemTa 

kodur kombinaciaSi erTianebis raodenoba kentia, xolo P = 1, roca 

erTianebis raodenoba  luwia.  

        1 – 4 tumblerebis saSualebiT monacemTa gadamcemSi akrifeT 

gadasagzavni informacia (D0 D1 D2 D3). 5 – 6 tumblerebis saSualebiT 
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monacemTa mimRebSi akrifeT igive koduri kombinacia. SeamowmeT 

mimRebSi miRebuli monacemebis siswore logikuri sasinjiT S. Tu 

gadacemuli koduri kombinacia Seicavs erTianebis kent raodenobas S  

unda udrides erTs – logikuri sasinji anTebulia. Tu ki kodur 

kombinaciaSi erTianebis raodenoba luwia S = 0 - logikuri sasinji 

Camqralia. 

       SeadgineT sqemis A,P  da S wertilebSi formirebuli funqciebis 

logikuri gamosaxulebebi. 

        monacemTa mimRebSi erT – erT tumblers SeucvaleT 

mdgomareoba anu SeqmeniT informaciis araswori miRebis magaliTi. 

daakvirdiT miRebul Sedegs da daafiqsireT. 

 
        2. aageT 7.14 nax-ze naCvenebi luwobaze da kentobaze 

mamowmebeli sqema rvaTanriga informaciis gadacemisas, agebuli 74280 

mikrosqemis safuZvelze. 

       tumblerebis 1 – 8 gadarTviT akrifeT nebismieri koduri 

kombinacia. Tu gadasacemi informacia Seicavs erTianebis luw 

raodenobas da Semowmeba xorcieldeba luwobaze (tumbleri Space 

gadarTed qveda mdgomareobaSi, xolo tumbleri 9 – zeda 

mdgomareobaSi), maSin informaciis uSecdomod gadacemisas mimRebSi 

EVEN gamosasvlelze unda daformirdes logikuri nulis donis 

signali (sasinji Camqralia),xolo ODD gamosasvlelze – logikuri 

erTis donis signali.  tumblerebis A,B,C,D,E,F,G,H  gadarTviT misaRebi 

informaciis erT-EerT TanrigSi xelovnurad SeitaneT Secdoma da 

daakvirdiT Sedegs. 

       tumbleri Space gadarTed zeda mdgomareobaSi, xolo tumbleri 

9 – qveda mdgomareobaSi. gadaeciT kenti erTianebis raodenobis 

informacia. uSecdomod gadacemuli informaciis dros mimRebis ODD 

gamosasvlelze unda daformirdes logikuri nulis donis signali, 

xolo EVEN gamosasvlelze – erTianis donis. miRebuli informaciis 

erT – erT TanrigSi SeitaneT Secdoma da daakvirdiT Sedegs. 

        daafiqsireT yvela miRebuli Sedegi.  



 

             

 



laboratoriuli samuSao # 8 

Tema: 

mimdevrobiTi qmedebis mowyobilobis modelireba. 

trigerebi 

 

      samuSaos Sinaarsi 

 

      1. asinqronuli da sinqronuli RS  trigeris logikuri 

struqturis modelireba. 

2. D , JK  da T trigerebis logikuri struqturis modelireba. 

3. mikrosqemebis CarTvis sqemebis modelireba. 

 

zogadi cnobebi 

 

mimdevrobiTi qmedebis mowyobilobis gamosasvleli signalis 

mniSvneloba drois nebismier diskretul momentSi damokidebulia ara 

marto Sesasvlelebze moqmedi mimdinare signalebis mniSvnelobaze, 

aramed mowyobilobis mdgomareobaze romelic Camoyalibda drois wina 

momentSi moqmedi signalebis zemoqmedebiT. aRniSnuli saxis 

mowyobilobebs gaaCniaT mexsiereba, maTi agebis safuZvels warmoadgens 

trigeri. 

trigeri (inglisuri sityvidan trigger – Caxmaxi) – ori mdgradi 

mdgomareobis mqone mowyobiloba, erTs ewodeba erTianis mdgomareoba, 

xolo meores – nulianis. gamoiyeneba erTTanriga maxsovrobis 

elementis saxiT, romelic gankuTvnilia logikuri cvladis Sesanaxad. 

trigeri nebismier mdgomareobas (anu logikur cvlads) inaxavs 

xangrZlivad mxolod mkvebavi Zabvis arsebobisas, romlis gamorTviT 

cvlis Tavis mdgomareobas (anu kargavs masSi Caweril informacias). 

saxeobis mixedviT mas xSirad uwodeben inglisurad  Flip Flop (FF) –s, 

romelic gadadis erTi mdgomareobidan meoreSi. 

trigerebis klasifikacia xorcieldeba logikuri 

funqcionirebis da informaciis Caweris xerxis  mixedviT. 

logikuri funqcionirebis mixedviT ganasxvaveben RS,D,T,JK 

trigerebs, kombinirebul da rTuli Sesavali logikis mqone trigerebs:  
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RS trigers gaaCnia ori gancalkevebuli sainformacio 

Sesasvleli R (Reset – Camoyra) – logikur nulSi dayenebis sainformacio 

Sesasvleli da S (Set–dayeneba) – logikur erTSi dayenebis sainformacio 

Sesasvleli; 

D (Data – monacemebi an  Delay – dayovneba) trigers gaaCnia mxolod 

erTi sainformacio Sesasvleli  D; 

T  (Toggle – Mmrudmxara) - Tvlis trigeri, mas  gaaCnia  mxolod 

Tvlis (sinqronizaciis) Sesasvleli: 

             JK trigeri universaluri trigeria, analogiurad RS tigerisa, 

aqvs ori gancalkevebuli sainformacio Sesasvleli J (Jerk – biZgi) - 

logikur erTSi dayenebis sainformacio Sesasvleli da K  (Killer – 

mkvleli) - logikur nulSi dayenebis (Camoyris) sainformacio 

Sesasvleli, magram masTan SedarebiT ar aqvs akrZaluli mdgomareoba. 

mas gaaCnia T trigeris reJimSi moqmedebis unari. 

      informaciis Caweris xerxis mixedviT ganasxvaveben asinqronul 

(arataqtirebul) da sinqronul (taqtirebul) trigerebs, romlebsac 

gaaCniaT specialuri Sesasvleli C (Clock Pulse – taqturi impulsi) –      

taqturi (sinqronizaciis) impulsebis miwodebis Sesasvleli. 

       sinqronizaciis impulsebis aRqmis mixedviT ganasxvaveben 

statikur (marTvadi doniT. pirdapiri statikuri imarTeba logikuri 

erTianis doniT, xolo inversiuli – logikuri nulis doniT) da 

dinamiur (marTvadi frontid anu impulsis gadasvliT. pirdapiri 

imarTeba logikuri nulidan logikur erTSi gadasvlisas, xolo 

inversiuli – logikuri erTidan logikur nulSi gadasvlisas) 

trigerebs. 

      trigeris logikur struqturaSi gamoyenebuli mixsierebis 

ujredebis raodenobis mixedviT ganasxvaveben erTsafexurian da 

orsafexurian trigerebs. 

 

samuSaos Catarebis meTodika 

 

   aageT nax.8.1 mocemuli asinqronuli RS trigerebis logikuri 

struqtura. erTi maTgani imarTeba (cvlis Tavis mdgomareobas) 

Sesasvlelebze ( S da R )  miwodebuli logikuri nulis doniT 

(inversiuli sainformacio Sesasvlelebis mqone trigeri), xolo meore 
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– Sesasvlelebze ( S da R ) miwodebuli logikuri erTis doniT 

(pirdapiri sainformacio Sesasvlelebis mqone trigeri).    

CarTeT modelirebis Rilaki, 1,2 da 3,4 tumblerebis meSveobiT  

trigerebis sainformacio Sesasvlelebze cxril.8.1 da 8.2 mixedviT 

miawodeT logikuri erTis da nulis doneebis saTanado kombinacia. 

CaatareT trigerebis moqmedebis gamokvleva mocemuli cxrilebis  

Sesabamisad.  

      TiToeuli trigeris mdgomareoba ganisazRvreba gamosasvlelebze 

CarTuli sasinjebis saSualebiT.  

aageT trigerebis muSaobis droiTi diagrama, moiyvaneT maTi 

pirobiTi grafikuli aRniSvna. 

       nax.8.2 moyvanilia sinqronuli RS trigeris logikuri 

struqtura, romelsac gaaCnia  pirdapiri statikuri sinqronizaciis 

Sesasvleli (C) da pirdapiri sainformacio Sesasvlelebi. 

       CarTeT modelirebis Rilaki, CaatareT moyvanili trigeris 

moqmedebis gamokvleva, risTvisac WeSmaritebis cxril.8.3 mixedviT R,S 

 



 119

 

 

 

 

 

 

 

 

 

tumblerebis saSualebiT mis sainformacio Sesasvlelebze miawodeT 

saWiro logikuri doneebis kombinacia. tumbleri C gadaiyvaneT 

erTianis miwodebis mdgomareobaSi, Sedegad trigeris mdgomareoba 

Seicvleba.  trigeris mdgomareoba ganisazRvreba gamosasvlelebze 

CarTuli sasinjebis meSveobiT.  

       aageT trigeris muSaobis droiTi diagrama, moiyvaneT misi 

pirobiTi grafikuli aRniSvna. 

 

 

 

muSaobis reJimi 

  

S’ 

 

R’ 

 

Q 

 

 Q’

erTianis  

mdgomareoba 

 

0 

 

1 

 

1 

 

 0 

nulianis  

mdegomareoba 

 

1 

 

0 

 

0 

 

 1 

mdgomareobis 

Senaxvis  

 

1 

 

1 

 

Q 

 

 Q’

akrZaluli 

mdgomareoba 

 

0   

 

0 

 

1 

 

  1 

 

muSaobis reJimi 

  

S 

 

R 

 

Q 

 

 Q’

erTianis  

mdgomareoba 

 

1 

 

0 

 

1 

 

 0 

nulianis  

mdegomareoba 

 

0 

 

1 

 

0 

 

 1 

mdgomareobis 

Senaxvis  

 

0 

 

0 

 

Q 

 

 Q’

akrZaluli 

mdgomareoba 

 

1   

 

1 

 

1 

 

 1 
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sadac “ x “  – nebismieri mniSvneloba. 

         

               aageT nax.8.3a moyvanili pirdapiri statikuri C 

Sesasvlelis (trigeri cvlis Tavis mdgomareobas miwodebuli 

impulsis maRali donis damyarebisas) mqone D trigeris logikuri 

struqtura, sadac sinqronizaciis C Sesasvleli imarTeba C 

tumbleriT. CaatareT trigeris moqmedebis gamokvleva WeSmaritebis 

cxril.8.4-is (sadac H - High – Zabvis maRali done anu logikuri erTis 

done) Tanaxmad, risTvisac 1 tumbleris meSveobiT miawodeT mas 

Casaweri monacemebi: logikuri 0 da 1. yoveli monacemebis miwodebis 

Semdeg 

 

 

 

 

 

 

 
trigeris  C Sesasvlelze C tumbleris gadarTviT miawodeT logikuri 

1 done, Sedegad trigerma unda Seicvalos mdgomareoba (anu iqneba 

Setanili miwodebuli informacia). 

      moiyvaneT misi pirobiTi grafikuli aRniSvna, aageT muSaobis 

droiTi diagrama. 

       nax.8.3b - ze naCvenebia  pirdapiri statikuri C Sesasvlelis  

mqone D trigeris ori logikuri struqtura, sadac sinqronizaciis  

Sesasvleli imarTeba taqturi impulsebis generatoriT, romelic 

ganlagebulia   programis     Rilakis  ganyofilebaSi,     masSi  

 

muSaobis reJimi 

  

S 

 

C 

 

R 

 

Q 

 

 Q’ 

erTianis mdgomareoba 1 1 0 1 0 

nulianis mdegomareoba 0 1 1 0 1 

Senaxvis mdgomareoba 0    x  0 Q Q’ 

muSaobis reJimi D C Q 

erTianis Cawera 1 H 1 

nulis Cawera 0 H 0 

Senaxva x _ Q 
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moTavsebuli  niSnaki gadaitaneT magidaze. generatori uerTdeba 

trigerebis sinqronul Sesasvlels.  

cvaleT 1 tumbleris mdgomareoba da daakvirdiT pirveli sqemis 

gamosasvlelse CarTul  logikur sasinjebs da aageT droiTi 

diagrama.  

      meore sqema  warmoadgens DV trigeris logikur struqturas. mas 

gaaCnia damatebiTi – nebarTvis Sesasvleli V, romelic atarebs an ar 

atarebs taqtur impulsebs. daayeneT tumbleri V nulis miwodebis 

mdgomareobaSi, SeamowmeT trigeris moqmedeba WeSmaritebis cxril.8.5-is 

Tanaxmad, risTvisac isargebleT tumbleriT 2. trigeris mdgomareoba 
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asaxeT droiT diagramaze. gadarTeT V tumbleri erTianis miwodebis 

mdgomareobaSi da gaimeoreT igive moqmedebani. 

 

 

 

 

 

 

      daaWireT  Rilakze, gaxsnili ganyofilebidan magidaze 

gadaitaneT  niSnaki, romelic warmoadgens D trigeris grafikul 

aRniSvnas. trigers gaaCnia pirdapiri dinamiuri C Sesasvleli (trigeri 

cvlis Tavis mdgomareobas sinqronizaciis impulsis dadebiT 

gadasvlaze – dabali donidan maRal doneze gadasvlisas).  

      aageT nax.8.4 moyvanili misi CarTvis sqema, sadac sinqronizaciis 

Sesasvleli mudmivad mierTebulia taqturi impulsebis generatorTan. 

      D tumbleris saSualebiT trigeris monacemTa Sesasvlelze 

miawodeT logikuri 0 da 1. daafiqsireT trigeris mdgomareoba 

logikuri sasinjebis meSveobiT, aageT muSaobis droiTi diagrama. 

diagramaze daafiqsireT trigeris mdgomareobis cvlis momentebi.   

                                               

 

 

 

 

 

 aageT 8.5 nax-ze moyvanili pirdapiri statikuri Sesasvlelis 

mqone JK trigeris logikuri struqturis modelirebis sqema, romelic 

muSaobis reJimi   D   V  C  Q 

erTianis Cawera  1  1  H  1 

nulis Cawera  0  1  H  0 

Senaxva   x   x  _  Q 



 123

agebulia asinqronuli RS trigerebis safuZvelze. trigeri 

ganlagebulia wina trigerebis imave ganyofilebaSi,  niSnaki 

gadaitaneT samuSao magidaze. 

          

 

 

 

 

      CaatareT trigeris funqcionirebis gamokvleba WeSmaritebis 

cxril. 8.6 mixedviT.  

 

 

 

 

 

 

 

 

 

 

   

 

      J tumbleri gadarTeT zeda mdgomareobaSi, tumbleri  C gadarTeT 

zeda mdgomareobaSi  da isev daabruneT qveda mdgomareobaSi. trigerSi 

unda Caiweros erTiani. daabruneT J tumbleri qveda mdgomareobaSi, 

igive moqmedebebi gaimeoreT  K tumbleriT , ris Sedegad trigerSi 

unda Caiweros nuli. K tumbleric daabruneT qveda mdgomareobaSi, C 

tumbleris mravaljer gadarTviT trigeri yovel gadarTvaze  Secvlis 

muSaobis 

 rejimi 

 J K   C       Q 

erTianis  

Caweris 

 1 

  

 0 

 

 1       1 

nulis  

Caweris 

 0 

 

 1 

   

  1       0 

Tvlis  1  1   1 sawinaaRmdego

mdgomareoba  

Senaxvis  0  0  x       Q 
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mdgomareobas anu ganxorcieldeba Tvlis reJimi. gadarTeT J da  K 

tumblerebi  nulis miwodebis mdgomareobaSi da mravaljer gadarTeT 

C tumbleri – trigeri ar Secvlis mdgomareobas anu ganxorcieldeba 

Senaxvis reJimi. 

        trigeris moqmedeba mowmdeba  gamosasvlelebze CarTuli 

logikuri sasinjeebis meSveobiT. 

        moiyvaneT trigeris pirobiTi grafikuli aRniSvna, aageT 

muSaobis droiTi diagrama, masze moniSneT muSaobis reJimebi. 

        aageT nax.8.6 moyvanili JK trigeris CarTvis sqema, sadac 

sinqronizaciis Sesasvleli imarTeba mudmivad CarTuli generatoriT. 

gaxseniT trigerebis ganyofileba, magidaze gadaitaneT kombinirebuli 

JK trigeris pirobiTi grafikuli aRniSvnis  niSnaki, romelic 

CarTulia mxolod JK trigeris reJimSi.  

        CaatareT JK trigeris moqmedebis gamokvleva zemoT aRwerilis 

mixedviT da aageT misi muSaobis droiTi diagrama. 

 

 
 
  
 

        aageT nax.8.7 moyvanili T trigeris struqturis modelirebis 

sqema. CarTeT modelirebis Rilaki, taqturi impulsebis zemoqmedebiT 

trigeri    gadava    sawinaaRmdego     mdgomareobaSi.      daakvirdiT 

gamosasvlelebze CarTul sasinjebs.   moiyvaneT trigeris pirobiTi 

grafikuli aRniSvna, aageT muSaobis droiTi diagrama. 
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                       8.8 nax-ze naCvenebia trigerebis mikrosqemebis CarTvis 

sqemebis modelireba. mikrosqemebi 4043 (pirdapiri RS SesasvlelebiT) 

da 4044 (inversiuli  RS SesasvlelebiT) warmoadgenen asinqronul RS 

trigerebs (a), romlebic ganlagebuli arian cifruli mikrosqemebis 

katalogis  niSnakis nusxaSi. TiToeulSi moTavsebulia oTxi 

trigeri. . mikrosqema 74174 warmoadgens dinamiuri marTvis mqone D 

trigers (b), ganlagebulia imave katalogis  niSnakis         

nusxaSi, masSi ganlagebulia eqvsi  D trigeri. mikrosqema 7473  
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         warmoadgens  JK tipis trigers (g), ganlagebulia imave katalogis          

niSnakis nusxaSi, masSi ganlagebulia ori trigeri.  

        gansazRvreT TiToeuli trigeris moqmedi signalebis 

mniSvneloba. CaatareT mocemuli mikrosqemebis moqmedebis gamokvleva 

da daafiqsireT trigerebis sxvadasxva mdgomareobebi, aageT maTi 

droiTi diagrama. 
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        damatebiTi davaleba: 

 

1.  ageT 8.9 nax-ze moyvanili pirdapiri dinamiuri 

sinqronizaciiz Sesasvlelis mqone D trigeris logikuri struqtura. 

SeamowmeT misi funqcionireba da gansazRvreT trigeris Sesasvlelebis 

sxvadasxva mdgomareobis dros sqemis 1,2,3 da 4 wertilebSi logikuri 

donis mniSvneloba, aageT misi muSaobis droiTi diagrama.  
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laboratoriuli samuSao # 9 

Tema: 

    mimdevrobiTi qmedebis mowyobilobis modelireba. 

    trigerebi 

 

      samuSaos Sinaarsi 

 

1. kombinirebuli da rTuli Sesavali logikis mqone trigerebis 

logikuri struqturis modelireba; 

2. orsafexuriani trigeris logikuri struqturis modelireba; 

3. Smidtis trigeris sqemis modelireba. mikrosqemis CarTvis 

sqemis modelireba. 

 

zogadi cnobebi 

 

kombinirebul trigerSi gaerTianebulia ori tipis trigeri, 

asinqronuli RS trigeri sxva tipis trigerTan, magaliTad, 

RSD,RSJK,RST, asinqronuli  da sinqronuli RS trigeri. gaerTianebul 

struqturaSi asinqronuli RS trigeris Sesasvlelebs gaaCniaT 

moqmedebis upiratesoba.  

rTuli Sesavali logikis mqone magaliTs warmoadgens 

koniunqciiT gaerTianebuli jgufuri Sesasvlelebis (J1,J2,J3 da 

K1,K2,K3) mqone JK trigeri, anu J=J1•J2•J3  da  K=K1•K2•K3. 

trigeris struqturaSi gamoyenebuli mexsierebis ujredis 

raodenobidan gamomdinare ganasxvaveben erTsafexurian da 

orsafexurian trigerebs. orsafexurian trigerSi mexsierebis pirveli 

ujredi (wamyvani) warmoadgens Sesaval ujreds, xolo meore (momyoli) 

– gamosasvlel ujreds. amgvar struqturas uwodeben MS – struqtura 

(inglisuridan Master – Slave, batoni – mosamsaxure). masSi informacia 

Setana xorcieldeba jer pirvel ujredSi, xolo Semdgom meoreSi, rac 

ganpirobebulia Sinagani dayovnebiT.  

arsebobs trigeris specifikuri saxeoba – Smidtis trigeri 

(1938w. o.g.Smidtma SesTavaza ormag triodze agebuli susti 

ukukavSiris mqone sqema. mogvianebiT damuSavda sxva sqemuri variantebi, 

magram variantis miuxedavad amgvar mowyobilobebs ewodebaT Smidtis 
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trigeri). Smidtis trigeri warmoadgens arasimetriul trigers, 

analogiurad zemoT ganxiluli simetriuli trigerebisa,  mas gaaCnia 

ori mdgradi mdgomareoba. maTi cvla xorcieldeba naxtomiseburad, mis 

gamosasvlelze miiReba damaxasiaTebeli histerezisis maryuJi. 

histerezisis termini Semotanili iqna 1900w. ingliseli mecnieris 

iungis (J.A.Ewing) mier feromagnitis damagnitebis procesis mimarT, rac 

sityva – sityviT niSnavs “naklebobas”. mecnierebaSi da teqnikaSi 

histerezisis movlenis qveS igulisxmeba Sedegis CamorCena misi 

warmomSobi mizezisagan. Smidtis trigerSi gamosasvleli Zabvis 

mniSvneloba CamorCeba Sesasvlel Zabvas.  

Smidtis trigers ar gaaCnia maxsovroba da  Sesabamisad ar 

gamoiyeneba informaciis Sesanaxad. mas iyeneben rogorc gamSveb 

mowyobilobas an marTkuTxa impulsebis mimdevrobis formirebisaTvis 

nebismieri formis signalebidan.  

 

 samuSaos Catarebis meTodika 

 

     9.1 nax-ze naCvenebia kombinirebuli RSD   trigeris CarTvis 

sqemis modelireba, romelic ganlagebulia  Rilakis 

ganyofilebaSi. trigers gaaCnia inversiuli asinqronuli RS 

Sesasvlelebi. 

                 

 

 

 

             aageT moyvanili sqema Seamowmed trigeris funqcionireba 

WeSmaritebis 9.1 cxrilis mixedviT, sadac   POS(POSITIVE)   - impulsis 
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dadebiTi gadasvla. R   da    S   tumblerebi daayeneT erTianis miwodebis  

mdgomareobaSi,  D  tumbleris meSveobiT trigerSi  CawereT   erTiani, 

daakvirdiT mis gamosasvlelebs. R  tumbleri gadarTeT qveda 

mdgomareobaSi, ris Sedegad unda ganxorcieldes  trigeris Camoyra.  

        daabruneT R  tumbleri erTianis mdgomareobaSi, xolo S   tumblerebi 

gadarTeT nulis miwodebis mdgomareobaSi SedegadD trigerSi unda 

Caiweros erTiani. daabruneT S   tumblerebi zeda mdgomareobaSi, D  

tumbleris meSveobiT trigers miawodeT nuli, Sedegad Seicvleba misi         

mdgomareoba. trigeris  TiToeuli mdgomareoba mowmdeba logikuri 

sasinjebis meSveobiT. 

       SeqmeniT asinqronuli RS Sesasvlelebis moqmedebis upiratesobis 

magaliTi, risTvis S tumbleri gadaiyvaneT qveda mdgomareobaSi, xolo 

R – zeda mdgomareobaSi. trigeri dadgeba erTianis mdgomareobaSi. 

Semdeg D tumbleri gadarTed qveda mdgomareobaSi (rac gulisxmobs 

misi nulianis mdgomareobaSi gadasvlas) magram trigeri ar Secvlis 

mdgomareobas. 

       daafiqsireT zemoT Catarebuli moqmedebani, aageT trigeris 

muSaobis droiTi diagrama, masze moniSneT muSaobis reJimebi. 

                9.2 nax-ze naCvenebia kombinirebuli JK trigerebis CarTvis 

modelirebis sqemebi. trigerebi ganlagebulia zemoT ganxiluli 

trigeris igive ganyofilebaSi.  

                9.2a nax-ze moyvanil trigers gaaCnia inversiuli asinqronuli 

muSaobis     

reJimi 

 

D 

 

C 

 

S’    

 

 R’ 

 

Q 

erTianis 

Caweris 

 1 

 x 

POS 

 x 

1 

  0 

  1 

  1 

      1 

nulis  

Caweris 

0 

1 

POS 

POS 

1 

 1 

  0 

  0 

 0 

 

Senaxvis x x  1  1 wina 

mdgomareoba 

akrZaluri 

mdgomareoba 

 

x 

 

x 

 

0 

 

0 

 

1 
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         RS Sesasvlelebi, xolo 9.2b nax-ze pirdapiri Sesasvlelebi. ori 

trigeris gadarTva sruldeba sinqronizaciis impulsis uaryofiT 

gadasvlaze (impulsis erTianis donidan nulis doneze). 

                         

 

                         

 

 

 

 

              aageT 9.2a nax-ze moyvanili sqema. SeamowmeT rtigeris 

funqcionireba WeSmaritebis 9.2 cxrilis mixedviT, sadac NEG 

(NEGATIVE) -impulsis uaryofiTi gadasvla. R   da    S  tumblerebi           

daayeneT erTianis miwodebis mdgomareobaSi, J  tumbleri gadarTeT 

zeda mdgomareobaSi, xolo K tumbleri qveda mdgomareobaSi, Sedegad 

taqturi impulsebis zemoqmedebiT trigerSi unda Caiweros erTiani. 

daakvirdiT mis gamosasvlelebs.   R  tumbleri gadarTeT qveda 

mdgomareobaSi, ris Sedegad unda ganxorcieldes  trigeris Camoyra. 
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                         J tumbleri gadarTed qveda mdgomareobaSi da daakvirdiT mis 

gamosasvlelebs. daabruneT R  tumbleri erTianis mdgomareobaSi, xolo 

S   tumblerebi gadarTed nulis miwodebis mdgomareobaSi SedegadD 

trigerSi unda Caiweros erTiani. daabruneT S   tumbleri erTianis 

mdgomareobaSi, xolo  K tumbleris zeda mdgomareobaSi gadarTviT 

masSi CawereT nuli. 

     gadarTeT J da K tumblerebi qveda mdgomareobaSi, Semdeg piriqiT 

– zeda mdgomareobaSi da daakvirdiT mis gamosasvlelebs. 

       trigeris TiToeuli mdgomareoba mowmdeba gamosasvlelze 

CarTuli logikuri sasinjebiT. daafiqsireT zemoT Catarebuli 

moqmedebani, aageT trigeris muSaobis droiTi diagrama, masze moniSneT 

trigeris muSaobis reJimebi. 

               aageT 9.2b nax-ze moyvanili sqema.  SeamowmeT trigeris 

funqcionireba WeSmaritebis 9.3 cxrilis mixedviT. R   da    S  tumblerebi 

daayeneT qveda (nulis miwodebis) mdgomareobaSi, J  tumbleri gadarTed 

zeda mdgomareobaSi, xolo K tumbleri qveda mdgomareobaSi,  taqturi 

impulsebis zemoqmedebiT trigerSi unda Caiweros erTiani. daakvirdiT 

mis gamosasvlelebs. R  tumbleri gadarTeT zeda mdgomareobaSi, ris 

Sedegad unda ganxorcieldes  trigeris Camoyra. J  tumbleri gadarTeT 

qveda mdgomareobaSi da daakvirdiT mis gamosasvlelebs. daabruneT R  

tumbleri  nulis  miwodebis  mdgomareobaSi,  xolo   S     tumblerebi  

 

musaobis 

rejimebi 

 

 J 

 

 K  

 

 C 

 

  S’ 

 

  R’ 

 

      Q 

erTianis 

Caweris 

 1 

 x 

 0 

 x 

NEG 

  x  

  1 

  0 

  1 

  1 

      1 

nulis 

Caweris 

 1 

 x 

 0 

  x 

NEG 

  x 

  1 

  1 

  1 

  0 

      0 

Tvlis  1  1 NEG   1   1 sawinaaRmdego 

mdgomareoba  

Senaxvis  0  0  x   1   1       Q 
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         gadarTeT nulis miwodebis mdgomareobaSi SedegadD trigerSi unda 

Caiweros erTiani. daabruneT S   tumbleri qveda mdgomareobaSi, xolo  

K tumbleris zeda mdgomareobaSi gadarTviT masSi CawereT nuli. 

        trigeris TiToeuli mdgomareoba mowmdeba gamosasvlelze 

CarTuli logikuri sasinjebiT. daafiqsired zemoT Catarebuli 

moqmedebani, aageT trigeris muSaobis droiTi diagrama, masze moniSneT 

trigeris muSaobis reJimebi. 

9.3 nax-ze naCvenebia kombinirebuli RS trigeris logikuri 

struqtura, romelSic gaerTianebulia sinqronuli (pirdapiri statikuri 

C SesasvleliT) da asinqronuli trigerebi. asinqronul Sesasvlelebis 

(tumblerebi 1,2) moqmed dones warmoadgens logikuri nulis done, xolo 

sinqronuli trigeris R S Sesasvlelebis (tumblerebi 3,4) – logikuri 

erTis done. 

       SeamowmeT misi funqcionireba WeSmaritebis 9.4 cxrilis 

mixedviT. 

       gadarTeT tumbleri 1 (S’)  qveda mdgomareobaSi, amasTanave 

danarCeni trigerebis mdgomareoba unda Seesabamebodes nax.9.3-ze 

moyvanil mdgomareobas, trigeri gadava erTianis mdgomareobaSi. 

tumbleri 4 (R) gadarTed zeda mdgomareobaSi,  tumbleri C gadarTed 

zeda da isev daabruneT qveda mdgomareobaSi, ris Sedegad trigeri 

gadava   nulis   madgomarebaSi.   tumbleri   3 (S)   daayeneT   zeda    

musaobis 

rejimebi 

 

 J 

 

 K  

 

 C 

 

  S 

 

  R 

 

      Q 

erTianis 

Caweris 

 1 

 x 

 0 

 x 

NEG 

  x  

  0 

  1 

  0 

  0 

      1 

nulis 

Caweris 

 0 

 x 

 1 

  x 

NEG 

  x 

  0 

  0 

  0 

  1 

      0 

Tvlis  1  1 NEG   0   0 sawinaaRmdego

mdgomareoba  

Senaxvis  0  0  x   0   0       Q 
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mdgomareobaSi  da   C   tumbleris gadarTviT trigeri dadgeba erTis 

mdgomareobaSi, xolo 2 tumbleris qveda mdgomareobaSi dayenebiT 

trigeri Camoiyreba nulSi. 

        trigeris TiToeuli mdgomareoba mowmdeba gamosasvlelze 

CarTuli logikuri sasinjebiT. daafiqsireT zemoT Catarebuli 

moqmedebani, moiyvaneT misi pirobiTi grafikuli aRniSvna. 

        9.4 nax-ze moyvanilia rTuli Sesavali logikis mqone JK 

trigeris logikuri struqturis modelirebis sqema, sadac J da K 

TiToeul Sesasvlelebze CarTulia 3da-ara elementi, e.i. gazrdilia 

sainformacio Sesasvlelebis raodenoba, romlebic gaerTianebuli 

arian koniunqciiT. 

musaobis 

rejimebi 

 

 S 

 

 R  

 

 C 

 

  S’ 

 

  R’ 

 

      Q 

erTianis 

Caweris 

 1 

 x 

 0 

 x 

   1 

   x  

  1 

  0 

  1 

  1 

      1 

nulis 

Caweris 

 0 

 x 

 1 

  x 

   1 

  x 

  0 

  1 

  0 

  0 

      0 

Tvlis  1  1    1   0   0 sawinaaRmdego 

mdgomareoba  

Senaxvis  0  0  x   1   1       Q 
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      CaatareT trigeris moqmedebis gamokvleva 9.5 cxrilis mixedviT. 

TanmimdevrobiT gadarTeT tumblerebi 1(J1), 2(J2) da 3(J3) zeda 

mdgomareobaSi. TiToeuli tumbleris gadarTvisas daakvirdiT mis 

moqmedebas. trigeri Seicvlis mdgomareobas – dadgeba erTianis 

mdgomareobaSi mxolod yvela tumblerebis erTianis miwodebis 

mdgomareobaSi yofnisas. daabruneT tumblerebi qveda mdgomareobaSi.  

 

 

 

 

 

 

 

 

 

 

 

 

muSaobis 

reJimebi 

 

J1 

 

J2 

 

J3 

 

 C 

 

K1 

 

K2  

 

K3 

 

      Q 

erTianis 

Caweris 

1 

  

 1 

  

 1 NEG 

    

 0   x  x       1 

nulis 

Caweris 

0 

  

 x 

   

 x NEG 

 

  1   1  1       0 

Tvlis 1 1 1 NEG  1  1  1 sawinaaRmdego 

mdgomareoba  

Senaxvis  0 x x  x  0  x  x       Q 
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        gaimeoreT igive moqmedebebi 4(K1), 5(K2) da 6(K3) tumblerebiT, 

trigeri gadava nulianis mdgomareobaSi mxolod yvela tumblerebis 

zeda mdgomareobaSi gadarTvisas.  

        cxrilis mixedviT SeamowmeT trigeris muSaoba Tvlis da 

Senaxvis reJimSi. 

        trigeris TiToeuli mdgomareoba mowmdeba gamosasvlelze 

CarTuli logikuri sasinjebiT. daafiqsireT zemoT Catarebuli 

moqmedebebi da aageT muSaobis droiTi diagrama, masze moniSneT 

trigeris muSaobis reJimebi. moiyvaneT misi pirobiTi grafikuli 

aRniSvna. 

      9.5 nax-ze moyvanilia orsafexuriani (MS struqturis) RS 

trigeris  logikuri struqturis modelirebis sqema, romelic 

agebulia ori identur erTsafexurian kombinirebul RS trigerebze (ix. 

nax.9.3). mocemul sqemaSi mimyoli trigeris (meore safexuri) gadarTva 

(informaciis Cawera) xorcieldeba wamyvani trigeris (pirveli 

safexuri) mimarT arasinqronulad, maT Soris taqturi impulsebis 

wredSi invertoris CarTvis xarjze. trigers gaaCnia pirdapiri 

statikuri sinqronizaciis C Sesasvleli.  
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        mocemuli sqemis agebis gamartivebisaTvis aageT 9.6a nax-ze 

naCvenebi erTsafexuriani kombinirebuli RS trigeris sqema da moniSneT 

(gaawiTleT) ise, rom gamomyvanebis wertilebi (S’,S,C,R,R’,Q,Q’) darCnen 

moniSvnis gareSe. Semdeg SediT programis meniuSi Circuit (wredi) da 

masSi moniSneT Create Subcircuit (subwredis Seqmna) striqoni, Sedegad 

gaixsneba meniu Subcircuit (nax.9.6b), sadac Name striqonSi SeitaneT  

 

                 
 
 
             
                                                            
 
  

           
 
 
 

                   
 
 
 
 
 
 
saxeli RS sub. da daaWireT Copy from Circuit Rilaks. samuSao magidaze 

gaCndeba damatebiTi fanjara masSi asaxuli subblokis sqemiT (nax.9.6g 
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daaWireT programis  Rilaks, ekranze gaCndeba fanjara subblokis 

gamosaxulebiT (nax.9.6e), daaWireT subblokis gamosaxulebaze da 

gaxsnil fanjaraSi Choose SUB   (nax.9.6v) airCieT Accept, ris Sedegad 

magidaze gaCndeba nax.9.9a-ze naCvenebi trigeris logikuri struqturis 

SekumSuli gamosaxuleba subblokis saxiT (nax.9.6d). 

        aageT nax.9.7-ze naCvenebi orsafexuriani RS trigeris  logikuri 

struqturis modelirebis sqema.  

       
 
 
 
   

 

      CaatareT trigeris moqmedebis gamokvleba. tumblerebi 1,2 

gadarTeT zeda (araaqtiuri signalebis miwodebis) mdgomareobaSi 

(S’=R’=1). tumbler 2 gamoyenebiT daayeneT trigeri nulis 

mdgomareobaSi da isev daabruneT sawyis mdgomareobaSi. 

       tumbleri 3 gadarTeT zeda mdgomareobaSi, xolo tumbleri 4 – 

qveda mdgomareobaSi, CarTeT modelirebis Rilaki da gadarTed 

tumbleri C jer zeda (logikuri erTis miwodebis) mdgomareobaSi, ris 

Sedegad pirveli safexuris trigeri dadgeba erTianis mdgomareobaSi 

anu Q=1, Q’=0.  meore trigeris C Sesasvlelze damyarebulia nulis done 

(C’=0) da C tumbleriT isev qveda mdgomareobaSi gadarTviT mis  C 

Sesasvlelze damyardeba eTianis done (C’=1)  da meore trigeric gadava 

logikuri erTis mdgomareobaSi. 
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       trigeris nulianis mdgomareobaSi gadayvanisaTvis SecvaleT 3 

da 4 tumblerebis mdgomareoba. gaimeoreT igive moqmedebani da 

daakvirdiT gamosasvlelebs. 

 trigerebis moqmedebis siswore mowmdeba logikuri sasinjebiT: 

Q1 da Q2. aageT sqemis muSaobis diaframa. moiyvaneT trigeris pirobiTi 

grafikuli aRniSvna.         

 
             9.8 nax-ze naCvenebia Smidtis trigeris klasikuri sqema, 

romelic agebulia emiterebiT dakavSirebuli or tranzistorze (VT1 

da VT2). sqemis In Sesasvlelze (VT1 tranzistoris baza) generatoridan 

(GEN) miewodeba Sesavali signali. sqemis Out gamosasvlelze CarTulia 

invertori da tumbleri (Space), romlis gadarTviT sruldeba 

gamosasvleli signalis pirdapiri (tumbleris zeda mdgomareoba) da 

inversiuli (tumbleris qveda mdgomareoba) formis asaxva 

oscilografis (OSC) ekranze. 
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       aageT mocemuli sqema, risTvisac daaWireT programis 

komponentebis katalogis  Rilaks, gaxsnil CamonaTvalidan  

niSnaki gadaitaneT samuSao magidaze. nominalis arCevisaTvis orjer 

daawkapuneT rezistoris miRebul gamosaxulebaze, gaxsnil dialogur 

fanjaraSi daaWireT Value Rilaks da SeitaneT sqemaSi moyvanili 

nominali, xolo misi sqemuri aRniSvnisaTvis (R1,R2, da a.S.) - Label 

Rilaks. daaWireT tranzistorebis katalogis  Rilaks, gaxsnil 

CamonaTvalidan  niSnaki gadaitaneT samuSao magidaze, orjer 

daawkapuneT miRebul gamosaxulebaze, gaxsnil dialogur fanjaraSi 

moniSneT  zetex  striqoni da Model  svetSi miRebul CamonaTvalSi 

moniSneT sqemaSi moyvanili tranzistoris tipi, xolo sqemaze misi 

aRniSvnis (VT1, VT2) miRebisaTvis Label Rilaks. 

        generatoris da oscilografis gamosaxulebebi moTavsebulia 

programis  Rilakis ganyofilebaSi, masSi   da   

niSnakebi gadaitaneT samuSao magidaze. 

               orjer daawkapuneT generatoris gamosaxulebaze, ris  Sedegad 

gaixsneba misi wina paneli. trigeris gadamcemi maxasiaTeblis 

moxnisaTvis generatorSi avirCioT sinusoidaluri formis miwodebis 

reJimi 9.9a nax-ze moyvanili parametrebiT.  

        orjer daawkapuneT oscilografis gamosaxulebaze, Sesaval  

ZabvasTan gamosasvleli Zabvis damokidebulebis miRebisaTvis gaxsnil  

wina panelze movniSnoT gaSlis B/A reJimi (ix. nax.9.9b).  

       tumbleri daayeneT zeda mdgomareobaSi, CarTeT modelirebis 

Rilaki, oscilografis ekranze unda daixazos histerezisis maryuJi  

(nax.9.9b). gadarTeT tumbleri qveda mdgomareobaSi, ris SedegadD unda 

miviRoT 9.9g nax-ze naCvenebi histerezisis maryuJi, romlis  Semovla 

sruldeba saaTis isris mimarTulebiT. 

       daabruneT tumbleri zeda mdgomareobaSi, oscilografis 

panelze SecvaleT signalebis droSi gaSlis reJimi Y/T – ze da 

Sesasvlelse miwodebuli sinusoidaluri rxevebi trigeris 

gamosasvlelze gardaiqmneba simfazur marTkuTxa rxevebSi (nax.9.10a),  
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xolo tumbleris qveviT gadarTviT – marTkuTxa formis sawinaaRmdego 

fazis mqone rxevebi (nax.9.10b). 

       aageT 9.11 nax-ze naCvenebi inversiuli gamosasvlelis mqone 

Smidtis trigeris mikrosqemis (7414) CarTvis sqema. mikrosqema 

ganlagebulia cifruli mikrosqemebis biblioTekis  niSnakis 

nusxaSi.  

       CaatareT mikrosqemis muSaobis gamokvleva da aageT trigeris 

gamosasvlelis oscilogramebi. 
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       damatebiTi davaleba: 

 

      1. ageT 8.10 nax-ze moyvanili kombinirebuli RSDtrigeris 

logikuri struqturis modelirebis sqema.SeamowmeT trigeris 

moqmedeba, aageT muSaobis droiTi diagrama da moiyvaneT misi 

funqcionirebis aRwera. 

 

 

   nax.9.12. kombinirebuli RSD trigeris logikuri struqturis 

modelireba  
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laboratoriuli samuSao # 10 

Tema: 

mimdevrobiTi qmedebis mowyobilobebis modelireba. 

registrebi 

 

      samuSaos Sinaarsi 

 

      1. paraleluri registris logikuri struqturis modelireba. 

Mmikrosqemis CarTvis sqemis modelireba. 

2. Zvris registris logikuri struqturis modelireba. 

Mmikrosqemis CarTvis sqemis modelireba. 

3. reversiuli registris  logikuri struqturis modelireba. 

Mmikrosqemis CarTvis sqemis modelireba. 

 

zogadi cnobebi 

 

registri (inglisuridan to register – daregistrireba) warmoadgens 

mowyobilobas, romlis daniSnulebaa informaciis miReba, droebiT 

Senaxva da gacema. registri aigeba sinqronul trigerebze, romelTa 

raodenoba gansazRvravs mis, e.i. Sesanaxi monacemebis, Tanrigobas. 

monacemTa miRebis da gadacemis xerxis mixedviT registrebs yofen: 

mimdevrobiT, paralelur da mimdevrobiT-paralelur registrebad. 

mimdevrobiTi registrebi iyofa  erTi mimarTulebiT (Zvris) da orive 

mimarTulebiT (reversiuli) damZvrel registrebad. 

 

samuSaos Catarebis meTodika 

 

          aageT RSD tipis trigeris safuZvelze paraleluri 

oTxTanriga registris logikuri struqtura (nax.10.1). modelirebis 

Rilakis CarTvisas CamoyareT registri (trigerebi daayeneT nulovan 

mdgomareobaSi), risTvisac R tumbleri gadarTeT nulianis miwodebis 

mdgomareobaSi. daabruneT R tumbleri sawyis (zeda) mdgomareobaSi, 1 – 

4 tumblerebis meSveobiT registris sainformacio Sesasvlelebs 

miawodeT Casaweri nebismieri oTxTanriga orobiTi koduri kombinacia 

(D0–D3), romlis mniSneloba TeqvsmetobiT kodSi aisaxeba Sesasvlelze 
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CarTul cifrul indikatorze. gadarTeT tumbleri C zeda 

mdgomareobaSi, ris Sedegad taqturi impulsebi erTdroulad iqneba 

miwodebuli yvela trigerebis sinqronizaciis Sesasvlels. 

 

 

A 

 

 

 

miwodebuli koduri kombinacia Caiwereba registrSi, romlis 

TeqvsmetobiTi mniSvneloba aisaxeba gamosasvlelze (Q0 – Q3) CarTul 

cifrul indikatorze. miawodeT da CawereT registrSi sxva Semdegi 

nebismieri koduri kombinacia da daakvirdiT registris moqmedebas. 

Sedegebi asaxed muSaobis droiT diagramaze. 

moiyvaneT mocemuli registris pirobiTi grafikuli aRniSvna.      
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     nax.10.2 naCvenebia zemoT ganxiluli registris sqema, romelSic  

damatebulia informaciis wakiTxvis nebarTvis kvanZi. aageT mocemuli 

sqema.   

               

 

 

 

 

 

 

        CamoyareT registri. CawereT masSi nebismieri koduri 

kombinacia, amasTanave E tumbleri daayeneT nulis miwodebis  

mdgomareobaSi, rac Seesabameba registris gamosasvlelebidan 

informaciis (Q0 – Q3) wakiTxvis  blokirebas (ara nebarTvas). Sedegad 
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gamosasvlelze CarTul cifrul indikatorze unda aisaxos nulianis 

gamosaxuleba, xolo Cawerili informaciis siswore mowmdeba 

trigerebis gamosasvlelze CarTuli logikuri sasinjeebis meSveobiT. 

         gadarTeT  E tumbleri zeda mdgomareobaSi, registrSi 

Cawerili informaciis mniSvneloba aisaxeba gamosasvlelze CarTul 

cifrul indikatorze. E tumbleris mdgomareobis Seucvlelad 

registrSi CawereT sxva koduri kombinacia, romelic aisaxeba cifrul 

indikatorebze. SecvaleT  E  tumbleris mdgomareoba, daakvirdiT 

registris gamosasvlels.  

      aageT registris muSaobis droiTi diagrama da moiyvaneT misi  

pirobiTi grafikuli aRniSvna. 

nax.10.3 naCvenebia oTxTanriga paraleluri registris mikrosqemis 

74173 CarTvis sqemis modelireba, romelic ganlagebulia  Rilakis 

cifruli mikrosqemebis biblioTekaSi  niSnakis  CamonaTvalSi. 

 

    

 

 

     sadac 1D...4D – informaciis miwodebis Sesasvlelebi, romlebic 

imarTebian 1 – 4 tumblerebis meSveobiT; 1Q...4Q – sami mdgomareobis 

mqone informaciis wakiTxvis gamosasvlelebi, romelTa marTva 
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xorcieldeba G1’ da G2’ signalebiT -  monacemTa wakiTxvis nebarTvis 

Sesasvlelebi (E tumbleri); CLK – taqturi impulsebis Sesasvleli;  

CLR (CLEAR) – registris Camoyris (sawyis mdgomareobaSi dayenebis 

Sesasvleli), romelic imarTeba R tumbleriT; M    da   N  - informaciis 

Caweris nebarTvis Sesasvlelebi (W tumbleri).  

      aageT sqema da CaatareT registris muSaobis gamokvleva 

WeSmaritebis cxril. 10.1-is  Sesabamisad. 

 

 

muSaobis reJimi CLK CLR M’, N’ G1’, G2’ 

Camoyra   x   0   x    x 

monacemTa Cawera POS   1   0    x 

monacemTa wakiTxva POS   1   0    0 

Senaxva   0   1   x    x 

 

 

sadac   POS ( POSITIVE  - dadebiTi)  miuTiTebs rom registrSi monacemTa 

Cawera xorcieldeba taqturi impulsebis  CLK dadebiT gadasvlaze 

(logikuri 0-an logikur 1-Si gadasvlisas).  

      CarTeT modelirebis Rilaki, R tumbleris zeda mdgomareobaSi 

gadarTviT daayeneT registri sawyis mdgomareobaSi, tumblerebi W da E 

gadarTeT zeda mdgomareobaSi, ris Sedegad orive saindikacio 

naTuraze aisaxeba nulis gamosaxuleba. daabruneT R tumbleri qveda 

sawyis mdgomareobaSi, 1 – 4 tumblerebis meSveobiT registris 

sainformacio Sesasvlelebs miawodeT oTxTanriga paraleluri 

koduri kombinacia, romelic aisaxeba Sesasvlelze CarTul tabloze. 

gadarTeT W tumbleri qveda mdgomareobaSi da miwodebuli monacemebi 

Caiwereba registrSi, xolo E tumbleris qveda mdgomareobaSi 

gadarTviT Cawerili informacia iqneba gadacemuli registris 

gamosasvlelebze, rac mowmdeba gamosasvlelze CarTuli saindikacio 

tabloTi. 
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       damatebiTi davaleba: 
 
 
       1. 7474  mikrosqemis gamoyenebiT aageT xuTTanriga paraleluri 

registris logikuri struqtura (nax.10.4 ).  mikrosqema ganlagebulia 

 Rilakis biblioTekis  niSnakis nusxaSi. mikrosqemaSi 

ganlagebulia ori damoukidebeli RSD tipis trigeri.  trigerSi 

gaerTianebulia asinqronuli RS trigeri da D trigeri pirdapiri 

dinamiuri marTviT. 

       mikrosqemis muSaobis WeSmaritebis cxrili moyvanilia cxril. 

10.2-Si, sadac CLR’ da  PRE’– asinqronuli trigeris Sesabamisad R da S 

Sesasvlelebia. 

 

 

muSaobis reJimi CLK CLR’ PRE’ 

registris ganuleba  x  0  1 

registris erTianebiT 

Sevseba 

    

  x      

 

 1 

 

 0 

paraleluri 

informaciis Cawera 

 

POS 

 

 1 

 

 0 

 

       registris gamosasvlelebze CarTuli saindikacio naTurebi 

asaxaven registrSi Cawerili orobiTi kodis mniSvnelobas 

TeqvsmetobiT kodSi, sadac naTura L1 emsaxureba registris ufros 

Tanrigs (mikrosqema DD3), xolo naTura L2 – registris umcros oTx 

Tanrigs (mikrosqemebi DD1 da DD2). 

       CaatareT mocemuli sqemis funqcionirebis gamokvleva. CarTeT 

modelirebis Rilaki, tumbleri R gadarTeT qveda (nulis miwodebis) 

mdgomareobaSi, amasTanave, S tumbleri unda imyofebodes erTianis 

(zeda) mdgomareobaSi, ris Sedegad saindikacio tabloze gamoisaxeba 

nulebis gamosaxuleba. gadarTeT   tumbleri R zeda mdgomareobaSi, 

xolo tumbleri S qveda mdgomareobaSi, Sedegad saindikacio tabloze 

gamoisaxeba 1F gamosaxuleba (orobiTi kodis - 11111 TexvsmetobiTi 

kodi). 

 



 

       

 

 



      daabruneT tumbleri S zeda mdgomareobaSi. 1 – 5 (D0 – D4) 

tumblerebis gadarTviT registris sainformacio Sesasvlelebs 

miawodeT xuTTanriga nebismieri orobiTi kodi (mowmdeba logikuri 

sasinjebiT) da C  tumbleris zeda mdgomareobaSi gadarTvid masSi 

Caiwereba miwodebuli monacemebi, romelic TeqvsmetobiT kodSi 

aisaxeba saindikacio naTurebze (L1,L2). 

      registrSi CawereT Semdegi aTobiTi ricxvebis: 3,10,14,19,25,28,30,31, 

orobiTi kodebi da daafiqsireT saindikacio naTurebis Sinaarsi. 

      2. oTxTanriga paraleluri registris mikrosqemis (74173) 

gamoyenebiT aageT rvaTanriga paraleluri registris logikuri 

struqturis modelirebis sqema (nax.10.5).  
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      CaatareT agebuli registris funqcionirebis gamokvleva. yvela 

tumblerebis mdgomareoba unda Seesabamodes nax.10.5 mocemul 

mdgomareobas. CarTeT modelirebis Rilaki,  R tumbleris zeda 

mdgomareobaSi  gadarTviT daayeneT (CamoyareT) registri nulovan 

mdgomareobaSi da gadarTeT tumbleri E qveda mdgomareobaSi, Sedegad 

registris Sesasvlelebze da gamosasvlelebze CarTul saindikacio 

naTurebze (L1 da L2 – gamosasvlelebze, xolo L3 da L4 – Sesasvlelebze) 

aisaxeba nulianebis gamosaxuleba. daabruneT  R tumbleri qveda 

mdgomareobaSi, 1 – 8 tumblerebis meSveobiT registris monacemTa 

Sesasvlelebs miawodeT nebismieri orobiTi kodi, romlis orobiTi 

mniSvneloba mowmdeba tumblerebTan CarTuli logikuri sasinjebiT, 

xolo saindikacio naTurebze (L3 da  L4) aisaxeba misi TeqvsmetobiTi 

mniSvneloba (sadac umcrosi oTxi Tanrigis mniSvneloba aisaxeba L4  

naTuraze, xolo ufrosi oTxi Tanrigis – L3 naTuraze). gadarTeT 

tumbleri C zeda mdgomareobaSi, miwodebuli orobiTi kodi Caiwereba 

registrSi, romelic iqneba asaxuli L1 da  L2 naTurebze (sadac 

Cawerili kodis umcrosi oTxi Tanrigis mniSvneloba aisaxeba L2  

naTuraze, xolo ufrosi oTxi Tanrigis – L1 naTuraze). 

       gadarTeT tumblerebi: C  -   qveda mdgomareobaSi ,E – zeda 

mdgomareobaSi. registris monacemTa Sesasvlelebs miawodeT sxva 

orobiTi koduri kombinacia, romelic aisaxeba logikur sasinjeebze 

da L3, L4  naTurebze,  gadarTeT tumbleri  C zeda mdgomareobaSi da 

miwodebuli monacemebi Caiwereba registrSi. gadarTeT tumbleri E 

qveda mdgomareobaSi da Cawerili informacia aisaxeba L1 da  L2 

naTurebze. 

       daabruneT tumblerebi C da E  sawyis mdgomareobaSi. R 

tumbleris zeda mdgomareobaSi  gadarTviT CamoyareT registri 

nulovan mdgomareobaSi da gadarTed tumbleri E qveda mdgomareobaSi , 

L1 da  L2 naTurebze aisaxeba nulianebis gamosaxuleba. 

       daafiqsireT saindikacio naTurebze L1L -  L4   Semdegi ricxvebis: 

15,79,123,157,176,200,255 registrSi miwodeba – Cawera.  

       3. paraleluri registris gamoyenebiT SeiZleba aigos 

amjamavi-damgrovebeli. 10.6 nax-ze naCvenebia amjamav - damgroveblis  

 



 

                      

 



umartivesi logikuri struqturis modelirebis sqema, romelic Sicavs 

TviT amjamavs da registrs. sqemaSi gamoyenebulia oTxTanriga 

amjamavis mikrosqema 4008, romelic ganlagebulia cifruli 

mikrosqemebis biblioTekis  niSnakis nusxaSi. 

amjamavis B Sesasvlelebs miewodeba ricxvi B (B0 B1 B2 B3), xolo A  

Sesasvlelebs – ricxvi registris gamosasvlelebidan. 

SeamowmeT mocemuli sqemis funqcionireba. modelirebis Rilakis 

CarTvisas R tumbleris zeda mdgomareobaSi gadarTviT CamoyareT 

registri nulovan mdgomareobaSi da isev daabruneT qveda 

mdgomareobaSi. 1,2,3,4 tumblerebis gadarTviT amjamavis B 

Sesasvlelebs miawodeT nebismieri ricxvis, magaliTad k=5, orobiTi 

kodi. gadarTeT tumbleri C gadarTed jer zeda (taqturi impulsis 

miwodebis) mdgomareobaSi, ris Sedegad ricxvi B Caiwereba registrSi 

da gaCndeba amjamavis A Sesasvlelebze, Semdeg isev daabruneT qveda 

mdgomareobaSi. amjamavis gamosasvlelze miiReba ricxvi 2B(10). 

registrs isev miawodoT  taqturi impulsi, ricxvi 2B=10 Caiwereba 

registrSi da amjamavis gamosasvlelze gaCndeba ricxvi NB=3B=15 da 

a.S. e.i.. , amjamavSi ganxorcieldeba ricxvis mateba. 

   Tu ki amjamav-damgrovebelSi dagrovebuli ricxvi 

NB gadaaWarbebs mis moculobas 12 n (n-amjamavis Tanrigoba, mocemul 

sqemaSi n=4), maSin amjamavis gadatanis gamosasvlelze (СОUТ) gaCndeba 

gadatanis signali - logikuri `1~, xolo mis S gamosasvlelze ricxvi 

S=NB-2n..  

   miRebuli Sedegebi mowmdeba amjamavis gamosasvslelebze 

CarTuli logikuri sasinjebiT. 

       SeamowmeT da daafiqsired agebuli sqemis moqmedeba Semdegi B 

ricxvebis miwodebisas BB=3 ,7, 12. 

           10.7 nax-ze naCvenebia oTxTanriga Zvris registrebis 

logikuri struqturis modelirebis sqemebi.         

      aageT 10.7a nax-ze naCvenebi sqema, sadac informaciis Zvra 

xorcieldeba marjvniv (Q0  Q3). CarTeT modelirebis Rilaki, R 

tumbleriT CamoyareT registri. registris DSR (Data Serial Right- 

mimdevrobiT marjvniv) Sesasvlelze sxvadasxva TanmimdevrobiT 

miawodeT logikuri erTiani da nuli. yoveli monacemis miwodebis 
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Semdeg C tumbleri gadarTeT zeda mdgomareobaSi da Semdeg gamorTeT, 

ris Sedegad monacemebi Tanmimderulad Caiwereba registrSi, rac 

mowmdeba gamosasvlelze CarTuli logikuri sasinjebis saSualebiT.   
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        registris oTxTanriga informaciis Sevsebis Semdeg  D 

tumbleri gadarTeT qveda (nulis miwodebis) mdgomareobaSi da 

gaagrZeleT C tumbleris gadarTvebi zeda da Semdeg qveda 

mdgomareobaSi, ris Sedegad OUT gamosasvlelze mimdevrobiT kodSi 

moixsneba registrSi Cawerili informacia, xolo registri Seivseba 

nulebiT. 

      moiyvaneT registris muSaobis droiTi diagrama. 

      aageT 10.7b nax-ze naCvenebi sqema, sadac informaciis 

Tanmimdevruli miwodeba xorcieldeba registris DSL (Data Serial Left-

mimdevrobiT marcxniv) Sesasvlelidan, e.i. misi Sevseba miwodebuli 

informacciiT ganxorcieldeba marcxnidan marjvniv. analogiurad 

zemoT aRwerilisa gaagrZeleT registris gamokvleva da aageT misi 

muSaobis droiTi diagrama. 

      10.8 nax-ze naCvenebia wriuli registris, romelic warmoadgens 

Zvris registris  erT – erT saxeobas,  struqturis modelirebis sqema. 

masSi registris nulSi Camoyrisas (R tumbleri gadarTed qveda 

mdgomareobaSi) pirveli trigeri dgeba erTianis mdgomareobaSi da 

taqturi impulsebis miwodebisas aRniSnuli erTiani mimdevrobiT 

gadaadgildeba Semdeg TanrigSi anu imoZravebs wriulad Q0 – dan isev 

Q0 – mde da a.S. 

      aageT mocemuli sqema, CaatareT registris moqmedebis gamokvleva 

da daakvirdiT gamosasvlelebze CarTul logikur sasinjebs. aageT 

registris muSaobis droiTi diagrama. 

      10.9 nax-ze naCvenebia oTxTanriga Zvris registris mikrosqemis 

(4015) CarTvis modelirebis sqema. mikrosqema ganlagebulia  

Rilakis biblioTekaSi  niSnakis CamonaTvalSi. masSi moTavsebulia 

ori oTxTanriga registri A da B romlebSic xorcieldeba 

informaciis Zvra marjvniv (Q0-Q3) da gaaCniaT Cawerili informaciis 

paralelur kodSi wakiTxvis SesaZlebloba. nax.-ze moyvanilia A 

registris CarTvis sqema sadac informaciis mimdevrobiTi Setana 

sruldeba mxolod erT DA Sesasvlelze da SeiZleba wakiTxuli iyos 

paralelur kodebSi Tanrigebis gamosasvlelebze (001A-003A). 
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      CaatareT registris muSaobis gamokvleva. R tumbleri gadarTeT 

zeda mdgomareobaSi, registris yvela TanrigSi Caiwereba nuli, rac 

aisaxeba mis gamosasvlelebze (O0A-O3A) Cartul logikur sasinjebze 

(Q0-Q3) da  cifrul indikatorze. daabruneT tumbleri R sawyis 

mdgomareobaSi, gadarTed C tumbleri zeda (generatoridan taqturi 

impulsebis miwodebis) mdgomareobaSi, D tumbleris gadarTviT 

registris sainformacio Sesasvlels (DA) miawodeT erTebis da 

nulebis nebismieri Tanmimdevroba.  logikuri sasinjebis da cifruli 

indikatoris saSualebuT daakvirdiT da daafiqsureT informaciis 

mimdevrobiTi Caweris  procesi.  

   

       damatebiTi davaleba 
 
  

1. 10.10 nax-ze naCvenebia informaciis marjvniv Zvris oTxTanriga 

registris logikuri struqturis modelirebis sqema, romelSic 

gaTvaliswinebulia informaciis paraleluri Caweris – wakiTxvis 

SesaZlebloba. 

informaciis (monacemebis) paraleluri Cawera xorcieldeba  

trigerebis asinqronuli S sesasvlelebis gamoyenebiT, romlebic 

mierTebulia Seferis elementebis gamosasvlelTan. elementebis 

gaerTianebul Sesasvlelebs miewodeba infomraciis Caweris nebarTvis 

signali (tumbleri W –Write- Cawera), xolo elementebis meore 

Sesasvlelebs – Casaweri monacemebi 30 DD  (tumblerebi 1-4). 

Cawerili monacemebis paraleluri wakiTxva xorcieldeba 

trigerebis gamosasvlelebze CarTuli koniuqtorebis 

gamosasvlelebze, romelTa agerTianebul Sesasvlelebs miewodeba 

wakiTxvis nebarTvis signali (tumbleri E). 

aageT mocemuli sqema. CaatareT registris moqmedebis gamokleva:  

- R tumbleris qveda mdgomareobaSi gadarTviT CamoyareT 

registri. daabruneT tumbleri sawyis – zeda mdgomareobaSi; 

      - 41 tumblerebis garaTviT registrs miawodeT nebismiri 

paraleluri orobiTi kodi. tumbleri W gadarTeT zeda 

mdgomareobaSi, Sedegad miwodebuli monacemebi Caiwereba registrSi. 

 

 



            

 

 

 

 



 

Sedegi mowmdeba trigerebis gamosasvlelze CarTuli logikuri 

sasinjebiT; 

- tumbleri E gadarTeT zeda mdgomareobaSi. Cawerili 

monacemebi paralelur kodSi waikiTxeba koniunqtorebis 

gamosasvslelze CarTuli logikuri sasinjeebis saSualebiT (Q0- Q3 ); 

- daabruneT tumbleri E sawyis (qveda) mdgomareobaSi. gadarTeT 

tumbleri C  taqturi impulsebis miwodebis mdgomareobaSi da 

daakvirdiT registris OUT gamosasvlelze CarTul logikur sasinjs, 

sadac Sesasvlelze arsebuli monacemebi iqneba wakiTxuli 

mimdevrobiT kodSi; 

- D tumbleris gadarTviT registrs mimdevrobiT miawodeT 

nebismieri oTxTanriga orobiTi kodi. registris Sevsebisas C 

tumbleri   gadarTeT  qveda  mdgomareobaSi.  registris  Q0- Q3  

 gamosasvlelebidan mimdevrobiT Cawerili informacia waikiTxeba 

paralelur kodSi. 

moiyvaneT mocemuli registris pirobiTi grafikuli aRniSvna da 

misi funqcionirebis aRwera. 

2. aageT 10.11 nax-ze naCvenebi rvaTanriga Zvris registris 

modelirebis sqema, romelic warmoadgens registris Tanrigobis 

gazrdis magaliTs. sqemis asagebisas gamoyenebulia mikrosqema 4015, 

romlis korpusSi ganlagebulia ori oTxTanriga Zvris registri A da 

B. 

Tanrigebis gazrdisaTvis A regitris ufrosi Tanrigis 

gamosasvleli Q3A mierTebulia B registris monacemTa mimdevrobiT 

miwodebis Sesasvleli DB. Camoyris  MRA da MRB, sinqronizaciis 

(Caweris, Zvris) CPA da CPB signalebis orive registris Sesasvllebi 

gaerTianebulia. agebul registrSi monacemTa mimdevrobiT kodSi 

miwodebis Sesasvlels warmoadgens A registris Sesasvleli DA 

(tumbleri D). 

CaatareT agebuli regitris funqcionirebis gamokvleva. 

daafiqsireT rvaTanriga informaciis mimdevrobiTi Caweris (DA 

Sesasvleli) da wakiTxvis (Q3B gamosasvleli) procesi. 
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moiyvaneT registris pirobiTi grafikuli aRniSvna da misi 

moqmedebis principis arwera. 

 
 

   
 
 
 
 
 

      10.12 nax-ze moyvanilia oTxTanriga reversiuli registris 

logikuri struqturis modelirebis sqema, sadac TiToeul TanrigSi 

Seyvanilia 22  da-an elementebi, romelTa saSualebiT xorcieldeba 

monacemTa gadacemis mimarTulebis cvla. 

aageT mocemuli sqema, sadac: 

- ER (Enable Right – tumbleri 2) da EL (Enable left – tumbleri 1) – 

informaciis Zvris nebarTva Sesabamisad marjvniv (Q0   Q3) da marcxniv 

(Q0   Q3) tumbleris zeda mdgomareobaSi gadarTviT airCeva Zvris 

Sesabamisi mimarTuleba; 

- DSR (Data Serial Rigt –tumbleri 3 da DSL (data Serial Left – tumbleri 

4) monacemebis mimdevrobiT miwodebis Sesasvlelebi. 

CaatareT agebuli registris funqcionirebis gamokvleva. 

 
 



 

 

 

 

 



R tumbleriT CamoyareT registri. tumblerebi 1 da CgadarTeT 

zeda mdgomareobaSi, xolo tumbleri 4-is gadarTviT mimdevrobiT 

miawodeT nebismieri koduri kombinacia. trigerebis gamosasvlelze 

CarTuli logikuri sasinjebis meSveobiT daakvirdiT miwodebuli 

monacemebis Zvris mimarTulebas. 

tubleri 4 gadarTeT qveda mdgomareobaSi ris Sedegad registri 

mimdevrobiT Seivseba nulebiT. gadarTeT tumblerebi 1 da C qveda 

mdgomareobaSi. 

tumblerebi 2 da C  daayeneT zeda mdgomareobaSi, xolo 

tumbleri 3-is gadarTviT mimdevrobiT miawodeT nebismieri koduri 

kombinacia. logikuri sasinjebis meSveobiT daakvirdiT miwodebuli 

monacemebis Zvris mimarTulebas. 

aageT 10.13 nax-ze naCvenebi oTxTanriga universaluri reversiuli 

registris mikrosqemis 74194 CarTvis modelirebis sqema. registris 

gaaCnia informaciis mimdevrobiTi Setanis Sesasvlelebi mis marjvniv 

(SR –tumbleri 5) an marcxniv (SL – tumbleri 6) Zvrisas da pralelur 

kodSi monacemTa miwodebis Sesasvlelebi (A,B,C,D-tumblerebi 

Sesabamisad 1,2,3,4). registris muSaobis arCeva xorcieldeba SO 

(tumbleri 7) da S1 (tumbleri 8) Sesasvlelebze Sesabamisi koduri 

kombinaciis miwodebiT. 

CaatareT registris funqcionirebis gamokvleva WeSmaritebis 

cxrili 10.3-is Sesabamisad. 

                                                      cxrili 10.3 

muSaobis reJimebi S1         S2 SR SL CLK CLR 

monacemebis 

paraleluri Setana 

1       1 x x POS 1 

Zvra marjvniv 0       1 D x POS 1 

Zvra marcxniv 1       0 x D POS 1 

informaciis Setana 0       0 x x x 1 

Camoyra x       x x x x 0 

 

      gadarTeT tumblerebi 7 da 8 zeda mdgomareobaSi, rac 

Seesabameba registrSi informaciis paralelur kodSi Setanis muSaobis 

reJims. 1-4 tumblerebis zeda mdgomareobaSi gadarTviT yvela trigerSi 

Caiwereba  erTiani,  Sedegad   ainTeba   registris  gamosasvlelebze  
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CarTuli logikuri sasinjebi (QA,QB,QC,QD), xolo cifrul 

indikatorze aisaxeba miwodebuli kodis TeqvsmetobiTi mniSvneloba – 

F. 

 

          

 

 

 

 

 

gadarTeT tumblerebi 7 da 8 informaciis marjvniv Zvris reJimSi 

muSaobisaTvis (ixile cxrili 9.1), xolo tumbleri 5 datoveT qveda 

mdgomareobaSi. Sedegad registris trigerSi dawyebuli umcrosi 

Tanrigidan (QA) ufrosi Tanrigis (QD)  mimarTulebiT TanmimdevrobiT 

Caiwereba nuli (logikuri sasinjebi QA,QB,QC,QD TandaTan Caqreba). 

gadarTeT tumbleri 5 zeda mdgomareobaSi registri imave 

mimarTulebiT TandaTan Seivseba erTianebiT (ainTeba QAQ1 sasinjebi). 
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gadarTeT tumblerebi 7 da 8 informaciis marcxniv Zvris reJimSi, 

xolo tumbleri 6 datoveT qveda mdgomareobaSi. registris trigerebSi 

dawyebuli ufrosi Tanrigidan (QD) umcrosi Tanrigis (QA) 

mimarTulebiT TanmimdevrobiT Caiwereba nuli, xolo Semdgom me-6 

tumbleris zeda mdgomareobaSi gadarTvisas isev TandaTan Seivseba 

erTianebad. 

gadarTeT tumbleri R qveda mdgomareobaSi, ris Sedegad 

registri unda Camoiyaros nulSi. 

 

 

damatebiTi davaleba 

 

10.14 nax-ze naCvenebia rvaTanriga reversiuli universaluri 

registris modelirebis sqema, romelic warmoadgens Tanrigobis 

gazrdis magaliTs, risTvisac gamoyenebulia ori oTxTanriga 

reversiuli registri. 

zeda mikrosqemis registri inaxavs 8 Tanriga monacemebis oTx 

umcros Tanrigs, xolo qveda mikrosqema – monacemTa oTx ufros 

Tanrigs. 

aageT mocemuli sqema da CaatareT funqcionirebis gamokvleva. 

moiyvaneT registris moqmedebis principis aRwera da pirobiTi 

grafikuli aRniSvna. 
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laboratoriuli samuSao #11 

Tema: 

mimdevrobiTi qmedebis mowyobilobebis modelireba. 

orobiTi kodirebis mTvlelebi 

 

      samuSaos Sinaarsi 

 

      1. Sekrebaze da  gamoklebaze momuSave orobiTi mTvlelis 

logikuri struqturis modelireba. Mmikrosqemis CarTvis sqemis 

modelireba.  

2.  reversiuli mTvlelis sqemis modelireba. 

3. orobiT – aTobiTi mTvlelis logikuri struqturis 

modelireba. Mmikrosqemis CarTvis sqemis modelireba. 

 

zogadi cnobebi 

 

mTvlelis daniSnulebaa mis Sesasvlelze miwodebuli 

impulsebis Tvla an sixSiris gayofa. mis gamosasvlelze signalebi 

gansazRvrul kodSi asaxaven miwodebuli impulsebis raodenobas. 

mTvlelis simboloa CT (inglisuri sityvidan Counter – mTvleli).  

mTvlelis ZiriTad statikur parametrs warmoadgens Tvlis 

moduli M (tevadoba), romelic gansazRvravs mis mier miRebuli 

sxvadasxva  mdgomareobebis SesaZlo raodenobas. M raodenobis 

impulsebis miRebis Semdeg iwyeba Tvlis axali cikli, romelic 

imeorebs winamdebares. 

 mTvlelebis klasifikacia xdeba Semdegi niSnebis mixedviT:  

 - Sinagani mdgomareobebis kodirebis xerxis mixedviT: orobiTi 

kodirebis (Tvlis Sedegi miiReba orobiT kodSi) da araorobiTi 

kodirebis mTvlelebi (jonsonis, erTi N – dan kodis mqone);  

 - Tvlis modulis Tanaxmad: orobiTi (binaluri), romlis 

Tvlis moduli M=2n, sadac n – mTvlelis Tanrigoba anu misi 

gamosasvlelebis raodenoba;  orobiT – aTobiTi (dekaduri), romlis 

Tvlis moduli M=10 an nebismieri sxva moduliT, romlis  M = 2n;        

  - Tvlis mimarTulebis mixedviT: Sekrebaze momuSave - pirdapiri 

Tvlis (Up-counter), gamoklebaze momuSave - ukuTvlis (Down-counter), 
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reversiuli (Up/Down-counter)-Tvlis mimarTulebis cvliT. Sekrebisas 

mTvlelis SigTavsi izrdeba erTi erTeuliT (rac Seesabameba 

inkrementis operacias), xolo gamoklebisas – mcirdeba erTi erTeuliT 

(rac Seesabameba dekrementis operacias); 

 - Sinagani kavSirebis mixedviT: mimdevrobiTi gadataniT 

(asinqronuli mTvlelebi), paraleluri gadataniT (sinqronuli 

mTvlelebi) da  paralelur -  mimdevrobiTi gadataniT . 

cifruli mTvlelebis gamoyeneba ZiriTadaT dakavSirebulia  

impulsebis sixSiris dayofasTan, droiTi intervalebis formirebasTan, 

damxsomebeli mowyobilobebisaTvis samisamarTo signalebis SeqmnasTan, 

sxvadasxva formis signalebis generirebasTan da mravali sxva. 

 

       samuSaos Catarebis meTodika 

 

         aageT 11.1a nax-ze naCvenebi mimdevrobiTi gadatanis mqone 

oTxTanriga Sekrebaze momuSave orobiTi mTvlelis modelirebis sqema, 

agebuli RSD tipis trigerebze. 

       CarTeT modelirebis Rilaki, R tumbleris qveda mdgomareobaSi 

gadarTviT mTvleli daayeneT sawyis (nulovan) mdgomareobaSi, 

amasTanave cifrul indikatorze unda aisaxos nulianis gamosaxuleba, 

xolo gamosasvlelebze CarTuli logikuri sasinjebi unda iyos 

Camqrali. R tumbleri daabruneT zeda  mdgomareobaSi da daakvirdiT 

indikators, sadac TeqvsmeTediT kodSi TanmimdevrobiT unda aisaxos 

mTvlelis mier miRebuli (daTvlili) impulsebis raodenoba, xolo 

logikuri sasinjebis saSualebiT miiReba Tvlis Sedegi orobiT kodSi. 

      aageT mTvlelis muSaobis droiTi diagrama (nax.11.1b), sadac 1 da2 

saxazavebis saSualebiT dafiqsirebulia Tvlis sruli cikli (0 – 15). 

aRwereT mTvlelis moqmedebis principi, moiyvaneT mTvlelis pirobiTi 

grafikuli aRniSvna. 

aageT gamoklebaze momuSave mTvlelis logikuri struqtura 

(nax.11.2a). CaatareT yvela zemoT CamoTvlili moqmedebani. aageT  

muSaobis droiTi diagrama (nax.11.2b), masze daafiqsireT Tvlis sruli 

cikli (15 – 0). aRwereT mTvlelis moqmedebis principi.        
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nax.11.3-ze naCvenebia paraleluri gadatanis mqone oTxTanriga 

Sekrebaze momuSave orobiTi mTvlelis modelirebis sqema, agebuli JKD 

tipis trigerebze. mocemul sqemaSi Tvlis impulsebi erdroulad 

miewodeba yvela trigers. umcrosi Tanrigis (Q0)  trigeri yovelTvis 

imyofeba Tvlis reJimSi (J,K Sesasvlelebs mudmivad miewodebaT 



     

 
 
 
 
 
logikuri erTianis donis signali), xolo danarCeni trigerebis 

muSaobis reJimis gansazRvra xorcieldeba wina trigeris 

mdgomareobiT. aRniSnuli sruldeba trigerebis gamosasvlelze 

CarTuli logikuri elementebis meSveobiT.      

CarTeT modelirebis Rilaki, CamoyareT mTvleli. Tvlisas 

daakvirdiT cifrul indikatorze asaxul cifrebs da mTvlelis 

gamosasvlelebze CarTul logikur sasinjebs. aRwereT sqemis 

moqmedebis principi. 

11.4 nax-ze .naCvenebia orobiTi mTvlelis mikrosqemis 7493 CarTvis 

sqemis modelireba. mikrosqema Seicavs or mTvlels, sadac erTis 

Tvlis moduli M = 2 (Tvlis Sesasvleli CKA, gamosasvleli – QA) da 

agebulia erT trigerze, xolo meore warmoadgens 

samTanrigaGmTvlels, romlis Tvlis moduli M = 8 (Tvlis Sesasvleli 

CKB, gamosasvlelebi – QB, QC, QD).  

  R01 da R02 Sesasvlelebis gamoyenebiT xorcieldeba Sesabamisad 

pirveli da meore mTvlelis sawyis (nulovan) mdgomareobaSi dayeneba 

anu maTi Camoyra (ganuleba), romelic sruldeba erTianis donis 

signaliT  

aageT 11.4a nax–ze naCvenebi sqema. mocemuli mikrosqema 

ganlagebulia  Rilakis biblioTekis  niSnakis nusxaSi. 

. 



 

    

     

 

            

CarTeT modelirebis Rilaki, tumblerebi 1 da 2 daayeneT zeda 

(erTianis miwodebis) mdgomareobaSi, Sedegad mTvlelebis Sinaarsi 

ganuldeba, rac mowmdeba pirveli mTvlelis QA gamosasvlelze 

CarTuli logikuri sasinjis, xolo meore mTvlelis gamosasvlelebze 

CarTuli cifruli indikatoris meSveobiT. 

gadarTeT tumblerebi  R qveda (nulis miwodebis) mdgomareobaSi 

da daakvirdiT indikatorebs. aageT mikrosqemis muSaobis droiTi 

diagrama. masze daafiqsireT mTvlelebis Tvlis sruli cikli. 

     11.4b nax-ze naCvenebia 7493 mikrosqemis, rogorc oTxTanriga 

orobiTi mTvlelis (Tvlis moduli M=2x8=16) CarTvis sqemis 

modelireba,  sadac pirveli mTvlelis QA gamosasvleli mierTebulia 



 173

meore mTvlelis CKB Sesasvlels, xolo dasaTvleli impulsebi 

generatoridan miewodeba miRebuli mTvlelis Tvlis Sesasvlels (CKA).  

aageT mocemuli sqema. R tumbleriT daayeneT mTvleli sawyis  

mdgomareobaSi. daakvirdiT cifrul indikators da aageT mTvlelis 

muSaobis droiTi diagrama. masze moniSneT mTvlelis Tvlis sruli 

cikli. 

      aageT 11.5 nax-ze naCvenebi 74163 mikrosqemis CarTvis modelirebis 

sqema. mikrosqema warmoadgens oTxTanriga orobiT MmTvlels ricxvis 

(0-15-is CaTvliT) paraleluri Caweris SesaZleblobiT (A,B,C,D 

Sesasvlelebi). mikrosqema ganlagebulia cifruli mikrosqemebis 

biblioTekis  niSnakis nusxaSi.  

 

 

 

 

 

       CaatareT mikrosqemis funqcionirebis gamokvleva muSaobis 

WeSmaritebis cxrilis Tanaxmad, romlis gamoZaxebisaTvis moniSneT 

mikrosqema, daaWireT Tagvis marjvena Rilaks, gaxsnil meniuSi 

moniSneT Help striqoni. 
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      R tumbleris qveda mdgomareobaSi gadarTviT gaanuleT mTvleli 

da isev daabruneT zeda mdgomareobaSi. danarCeni tumblerebis 

mdgomareoba unda Seesabamebodes nax-ze naCveneb mdgomareobas. CarTed 

modelirebis Rilaki, C tumbleri gadarTed zeda mdgomareobaSi da 

daakvirdiT mTvlelis gamosasvlelebze CarTul indikators da 

logikur sasinjebs. mTvlelis RCO (sasinji CR) warmoadgens Semdeg 

TanrigSi gadatanis gamosasvlels, sadac logikuri erTianis donis 

signali formirdeba mTvlelis erTianebiT Sevsebisas (ricxvi 15).  

       gamorTed C tumbleri, 1-4 tumblerebis gadarTviT mTvlelis 

Sesasvlelebs miawodeT nebismieri orobiTi kodi, romlis mniSvneloba 

aisaxeba  Sesasvlelze  CarTul  indikatorebze.  gadarTed  5,6  da  7  

tumbleri qveda mdgomareobaSi da CarTeT tumbleri C, ris Sedegad 

miwodebuli ricxvi Caiwereba mTvlelSi da aisaxeba gamosasvlelze. 

daabruneT 5,6,7 tumblerebi zeda mdgomareobaSi da daakvirdiT 

gamosasvlelebze CarTul indikatorebs. 

        daafiqsireT ramodenime ricxvebis winaswar Caweris 

mdgomareoba. 

 

       damatebiTi davaleba: 
 
 
       zemoT ganxiluli mikrosqemis safuZvelze  aageT 11.6  nax-ze 

moyvanili rvaTanriga orobiTi mTvlelis (M = 28 = 256) modelirebis 

sqema, sadac umcrosi Tanrigebis mTvlelis (DD1) ufrosi Tanrigis 

gamosasvleli (QD) mierTebulia ufrosi Tanrigebis mTvlelis (DD2) 

Tvlis Sesasvlels (CKA). 

CaatareT agebuli sqemis funqcionirebis gamokvleva. cifrul 

indikatorze daafiqsireT masSi Cawerili Semdegi ricxvebis 

mdgomareoba: 7, 68, 143, 179, 202, 255.  

moiyvaneT sqemis moqmedebis principis aRwera. 
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       aageT 11.7 nax-ze naCvenebi orobiTi reversiuli mTvlelis 

modelirebis sqema, sadac “ + “ an “ – “ tumbleris zeda mdgomareobaSi 

gadarTviT xorcieldeba Tvlis mimarTulebis arCeva. 

CaatareT moyvanili sqemis muSaobis gamokvleva:  

      1. CarTeT modelirebis Rilaki, gadarTeT tumbleri 1 (R-) qveda 

mdgomareobaSi, ris Sedegad mTvlelSi unda Caiweros maqsimaluri 

ricxvi – 15 da saindikacio tabloze aisaxeba misi TeqvsmetobiTi 

analogi – F. daabruneT tumbleri zeda mdgomareobaSi. “ – “ da C 

tumblerebi gadarTeT zeda mdgomareobaSi, daakvirdiT cifrul 

indikators romlis mniSvneloba TiToeuli miwodebuli impulsis 

Semdeg unda Semcirdes erTi erTeuliT. aageT muSaobis  droiTi 

diagrama, masze moniSneT mTvlelis gamoklebaze muSaobis erTi sruli 

cikli; 



 

 

 

    

 



      2. “ – “ da C tumblerebi gadarTeT qveda mdgomareobaSi. 

gadarTed tumbleri 2 (R+) qveda mdgomareobaSi, ris Sedegad 

mTvlelSi unda Caiweros minimaluri ricxvi – 0 da saindikacio 

tabloze aisaxeba misi gamosaxuleba. daabruneT tumbleri 2 zeda 

mdgomareobaSi, “ + “ da C tumblerebi gadarTeT zeda mdgomareobaSi, 

daakvirdiT cifrul indikators romlis mniSvneloba TiToeuli 

miwodebuli impulsis Semdeg unda gaizardos erTi erTeuliT. aageT 

muSaobis  droiTi diagrama, masze moniSneT mTvlelis Sekrebaze 

muSaobis erTi sruli cikli. 

       11.8 nax-ze naCvenebia oTxTanriga reversiuli orobiTi mTvlelis 

mikrosqemis 74169 CarTvis sqemis modelireba. mikrosqema ganlagebulia 

cifruli mikrosqemebis biblioTekis  niSnakis nusxaSi. misi 

WeSmaritebis cxrili moyvanilia  cxril. 11.1-Si, sadac: 
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       - D/U’ – Tvlis mimarTulebis arCevis Sesasvleli (tumbleri 2); 

       - ENP’ - Tvlis nebarTvis Sesasvleli (tumbleri 3); 

       - LOAD’ – Caweris nebarTvis Sesasvleli (tumbleri 4); 

       - ENT’ - (tumbleri 5); 

       - RCO’ – Semdeg mTvlelSi gadatanis nebarTvis gamosasvleli. 

       aageT mocemuli sqema da CaatareT mTvlelis mikrosqemis 

gamokvleva mocemuli cxrilis Sesabamisad. 

   

         aageT 11.9 nax–ze naCvenebi orobiT – aTobiTi mTvlelis 

logikuri struqturis modelirebis sqema. mTvlelis ganuleba 

(Camoyra) xorcieldeba iZulebiT  Tvlis me - 10 impulsiT (meaTe 

umpulze koniuqtoris gamosasvlelze daformirdeba logikuri nulis 

donis signali) an tumbleriT R ( misi qveda mdgomareobaSi gadarTviT). 

 

muSaobis reJimi 
 

D/U’ ENP’ ENT’ LOAD’ 

Sekrebis   0     0     0   1 
gamoklebis   1     0     0   1 
monacemTa 
paraleluri Caweris 

 
 x 

 
 0   

 
 0 

 
 0 



 
             CaatareT sqemis muSaobis gamokvleva.  CarTeT modelirebis 

Rilaki, gadarTeT tumbleri R qveda mdgomareobaSi amasTanave 

saindikacio tabloze aisaxeba nulis gamosaxuleba, xolo 

gamosasvlelebze CarTuli logikuri sasinjebi unda iyos Camqrali.  

daabruneT aRniSnuli tumbleri zeda mdgomareobaSi, daakvirdiT 

saindikacio tablos, sadac unda mimdevrobiT aisaxos 0-9  aTobiTi 

ricxvebis gamosaxuleba, xolo  logikuri sasinjeebsze aRniSnuli 

ricxvebis orobiTi kodi. 

aageT 11.10a nax-ze naCvenebi orobiT–aTobiTi mTvlelis 

mikrosqemis (7490) CarTvis modelirebis sqema.   mikrosqema  

ganlagebulia  cifruli mikrosqemebis   biblioTekis   niSnakis 

nusxaSi.         

      mikrosqemaSi ganlagebulia ori mTvleli. erTi maTgani (CKA 

SesasvleliT da  QA gamosasvleliT) erTTanrigaa Tvlis moduliT M =  

 2, xolo meore (CKB SesasvleliT  da  QB,QC,QD gamosasvlelebiT) - 

samTanrigaa Tvlis moduliT M = 5. 11.10a nax–ze mikrosqema CarTulia 

rogorc erTiani oTxTanriga mTvleli romlis moduli M = 2 x 5 = 10. R 

tumbleriT xorcieldeba mTvlelis nulSi Camoyra, xolo Space 

tumbleriT – masSi  maqsimaluri ricxvis (9) Cawera.  

       gamoiZaxeT mikrosqemis muSaobis WeSmariTebis cxrili, risTvis 

moniSneT mikrosqema, daaWireT Tagvis marjvena Rilaks, gaxsnil 

meniuSi moniSneT Help striqoni.  

       CaatareT sqemis moqmedebis gamokvleva miRebuli WeSmaritebis 

cxrilis Tanaxmad. CarTeT modelirebis Rilaki, tumbleri R gadarTeT 

zeda mdgomareobaSi da CamoyareT mTvleli   nulSi.  daabruneT   

tumbleri  qveda   mdgomareobaSi  da daakvirdiT saindikacio tablos. 

yovel Semosul impulsze mTvlelis Sinaarsi gaizrdeba erTi 

erTeuliT da roca miaRwevs cxrianis mniSvnelobas SemdgomSi 

Camoiyreba nulSi, daiwyeba Tvlis axali cikli.  

       gadarTeT Space tumbleri  zeda mdgomareobaSi, Sedegad 

saindikacio tabloze aisaxeba cxrianis gamosaxuleba. daabruneT 

tumbleri qveda mdgomareobaSi da mTvleli gaagrZelebs Tvlas.  

       



 

 

 

                                

 

 

 

 

 

  



              aageT mikrosqemis muSaobis droiTi diagrama (nax.10.10g), masze 

moniSneT Tvlis sruli cikli. daTvaleT QD 

gamosasvlelzedaformirebuli impulsebis (arameandri impulsebis) 

xangrZlivoba da miyolebis periodi. 

       aageT 11.10b-ze moyvanili mikrosqemis CarTvis sqema, sadac 

mikrosqema isev CarTulia rogorc erTiani oTxTanriga mTvleli (M = 

10), mxolod Tvlis impulsebi miwodebulia meore mTvlelis Tvlis 

Sesasvlels (CKB), pirveli mTvleli (trigeri)  mierTebulia rogorc 

meoTxe Tanrigi. CaatareT sqemis moqmedebis gamokvleva, aageT muSaobis 

droiTi diagrama masze moniSneT Tvlis sruli cikli. daTvaleT QA 

gamosasvlelze daformirebuli impulsebis (meandri impulsebis) 

xangrZlivoba da miyolebis periodi. 

 

       damatebiTi davaleba: 
 
       
      1. aageT 11.11 nax–ze moyvanili 74162 mikrosqemis CarTvis 

modelirebis sqema, romelic ganlagebulia cifruli mikrosqemebis 

biblioTekis  niSnakis nusxaSi. mikrosqema warmoadgens orobiT – 

aTobiT mTvlels monacemTa (aTobiTi ricxvis) winaswari Caweris 

SesaZleblobiT (A,B,C,D Sesasvlelebi). 

      mTvlelis gamosasvlelze CarTulia Svidsegmenta deSifratori 

(mikkosqema 7447), romlis saSualebiT saindikacio tabloze aisaxeba 

mTvlelis mier daTvlili impulsebis raodenoba aTobiT kodSi. 

mikrosqema ganlagebulia mikrosqemebis igive biblioTekis  

niSnakis nusxaSi.  CaatareT mikrosqemis moqmedebis  gamokvleva 

WeSmaritebis cxril.11.2 Sesabamisad. 

 
     

muSaobis reJimi CLR’ ENP ENT LOAD’ 

ganulebis    0  x  x   x 

Tvlis  1  1  1   1 

monacemTa  

paraleluri Caweris 

 

 1 

 

  0    

 

  0 

 

    0 

 
 



 

 

 

 



 

CarTeT modelirebis Rilaki. tumbleri R gadarTeT qveda 

mdgomareobaSi (CamoyareT mTvleli nulSi) da daabruneT zeda 

mdgomareobaSi.  

      tumblerebi A,B,C,D gadarTeT qveda mdgomareobaSi, xolo 

tumbleri W-zeda mdgomareobaSi.  gadarTeT tumbleri Space zeda 

mdgomareobaSi, ris Sedegad mTvleli daiwyebs generatoridan 

miwodebuli impulsebis Tvlas, rac mowmdeba deSifratoris 

gamosasvlelze CarTuli indikatoris saSualebiT. 

            gadarTeT tumbleri  Space   qveda mdgomareobaSi.  A,B,C,D 

tumblerebis meSveobiT  mTvlelis A,B,C,D Sesasvlelebs miawodeT 0 – 

9 nebismieri ricxvis orobiTi kodi da  Space   tumbleris zemoT 

gadarTviT CawereT mTvlelSi, romelic aisaxeba saindikacio naTuraze. 

gadarTeT mTvleli Tvlis reJimSi da daakvirdiT  saindikacio 

naTuras. 

       2. aageT 11.12 nax-ze naCvenebi sqema  M=100 modulis mTvlelis 

modelirebis sqema agebuli zemoT ganxiluli mikrosqemis (74162) 

safuZvelze.  

      Caatared sqemis gamokvleba da daafiqsired mTvlelSi Semdegi 

ricxvebi: 9, 17, 32, 64, 73, 99. 
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laboratoriuli samuSao # 12 

Tema: 

mimdevrobiTi qmedebis mowyobilobebis modelireba. 

 sixSiris gamyofi mTvlelebi, araorobiTi kodirebis 

mTvlelebi 

 

      samuSaos Sinaarsi 

 

      1. sixSiris  gamyofi mTvlelis logikuri struqturis 

modelireba. Mmikrosqemis CarTvis sqemis modelireba. 

2. araorobiTi kodirebis mTvlelebis logikuri struqturis 

modelireba. Mmikrosqemis CarTvis sqemis modelireba 

 

zogadi cnobebi 

 

araorobiTi kodirebis mTvlelebs Soris praqtikuli gamoyeneba 

poves greis kodis, jonsonis MmTvlelebi, “erTi N-dan” kodis mqone 

mTvlelebi. 

“erTi N-dan kodis mqone mTvlelebi gamoiyeneba sinqronizaciis, 

marTvis sistemebSi da sxva cifrul mowyobilobebSi. maTi gamoyenebiT 

Rebuloben mocemuli droiTi  diagramebis impulsebis Tanmimdevrobebs. 

mTvlels gaaCnia erTi Sesasvleli da N gamosasvleli. maT agreTve 

ewodebaT taqtebis manawilebeli (impulsebis, doneebis manawilebeli). 

jonsonis mTvleli warmoadgens ukukavSiris (inversiuli 

gamosasvleli pirvel trigerze) mqone wriul registrs. Mmas aqvs 2n 

mdgomareoba, e.i. orjer meti vidre igive Tanrigobis Zvris registrs. 

     

samuSaos Catarebis meTodika 

 

  nax.12.1 naCvenebia 6-ze(a) da 11-ze(b) sixSiris gamyofi mTvlelis 

logikuri struqtura, sadac logikuri elementebis saSualebiT 

xorcieldeba mTvlelis iZulebiTi Camoyra (ganuleba). pirvel 

mTvlelSi Camoyra ganxorcieldeba me-6 impulsiT, xolo maqsimaluri 

ricxvi, romelic aisaxeba saindikacio tabloze udris xuTs.   
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meore mTvlelis  Camoyra  Sesruldeba  me-11  impulsiT,  xolo  

maqsimaluri ricxvi, romelic aisaxeba saindikacio tabloze, udris 

aTs. Oorive mTvlelis ufrosi Tanrigis gamosasvlelze miiReba 

miwodebuli sixSiris 6 da 11-ze gayofili sixSiris impulsebi. 

CaatareT moyvanili sqemebis moqmedebis gamokvleva, moiyvaneT 

maTi muSaobis WeSmaritebis cxrili. 

    aageT 12.2 nax-ze moyvanili sixSiris 9-ze gayofis modelirebis 

sqema(Tvlis modulis M=9 mqone  mTvleli) agebuli  74163  mikrosqemis 

(oTxTanriga orobiTi mTvleli) safuZvelze. mikrosqema ganlagebulia 

cifruli mikrosqemebis biblioTekis  niSnakis nusxaSi. 
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     12.2a nax-ze mTvleli gaivlis cxra sxvadasxva mdgomareobas 

nulidan rvis CaTvliT. CaatareT mTvlelis funqcionirebis 

gamokvleva, risTvis daayeneT tumbleri R zeda mdgomareobaSi ris 

Sedegad mTvlelis Sinaarsi unda ganuldes. daabruneT tumbleri qveda 

mdgomareobaSi da daakvirdiT saindikacio tablos, gansazRvreT QD 
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gamosasvlelze CarTuli logikuri elementis daniSnuleba.  aageT 

mTvlelis muSaobis droiTi diagrama, masze moniSneT Tvlis sruli 

cikli. daTvaleT QD gamosasvlelze miRebuli impulsebis 

xangrZlivoba da miyolebis periodi. moiyvaneT mTvlelis moqmedebis 

principis aRwera. 

 12.2b nax-ze mTvleli agreTve gaivlis cxra sxvadasxva 

mdgomareobas, mxolod Svididan TxuTmetis CaTvliT, anu mTvlelis 

sawyis mdgomareobaSi dayenebisas masSi iwereba Svidiani (A,B,C,D 

Sesasvlelebze mudmivad miwodebulia Svidianis orobiTi kodi). 

CaatareT mTvlelis funqcionirebis gamokvleva, risTvis daayeneT 

tumbleri Space zeda mdgomareobaSi ris Sedegad mTvlelSi unda 

Caiweros Svidiani. daabruneT tumbleri qveda mdgomareobaSi da 

daakvirdiT saindikacio tablos, gansazRvreT RCO gamosasvlelze 

CarTuli invertoris daniSnuleba. aageT mTvlelis muSaobis droiTi 

diagrama, masze moniSneT Tvlis sruli cikli. daTvaleT QD 

gamosasvlelze miRebuli impulsebis xangrZlivoba da miyolebis 

periodi. moiyvaneT mTvlelis moqmedebis principis aRwera. 

 12.3 nax-ze naCvenebia 12-ze sixSiris mTvlel-gamyofis 

mikrosqemis 7492 CarTvis sqemebi. mikrosqema ganlagebulia cifruli 

mikrosqemebis biblioTekis  niSnakis nusxaSi, masSi moTavsebulia 

ori mTvleli, sadac erT-erTi mTvlelis M=2 (Tvlis Sesasvleli – 

CLKA’, gamosasvleli -  QA), xolo meore mTvlelis M=6 (Tvlis 

Sesasvleli – CLKB’, gamosasvlelebi -  QB,QC,QD). 

aageT 12.3a nax-ze moyvanili sqema, sadac  mikrosqema CarTulia 

rogorc oTxTanriga mTvleli Tvlis moduliT M=12. CaatareT sqemis 

funqcionirebis gamokvleva. R  tumbleris zeda mdgomareobaSi 

gadarTviT CamoyareT MmTvleli sawyis mdgomareobaSi, Semdeg isev 

daabruneT qveda mdgomareobaSi. daakvirdiT gamosasvlelebze CarTul 

logikur sasinjebs da saindikacio tablos. aageT muSaobis droiTi 

diagrama, masze moniSneT Tvlis sruli cikli. gansazRvreT ufrosi 

Tanrigis gamosasvlelze miRebuli impulsebis sixSire. moiyvaneT 

mTvlelis moqmedebis principis aRwera. 
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      aageT 12.3b nax-ze moyvanili sqema. Nnax-ze C da Space  tumblerebis 

mdgomareoba Seesabameba  mikrosqemis, rogorc ori mTvlelis CarTvas. 

daakvirdiT mTvlelebis gamosasvlelebs. aageT muSaobis droiTi 

diagrama, masze moniSneT maTi Tvlis sruli cikli. gadarTeT 

tumblerebi qveda mdgomareobaSi, ris Sedegad ganxorcieldeba 

mikrosqemis CarTva isev rogorc oTxTanriga Tvlis modulis M=12 

mqone mTvleli, sadac dasaTvleli impulsebi miewodeba CLKB’ 

Sesasvlels, xolo mTvlelis ufros Tanrigs warmoadgens 

gamosasvleli -  QA. daakvirdiT mTvlelis gamosasvlelebs. aageT 

muSaobis droiTi diagrama, masze moniSneT  Tvlis sruli cikli. 

gansazRvreT ufrosi Tanrigis impulsebis sixSire. moiyvaneT mTvlelis 

moqmedebis principis aRwera. 
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12.4 nax-ze naCvenebia orobiTi oTxTanriga mTvlelis mikrosqemis 

7493 gamoyenebiT sxvadasxva Tvlis modulis mqone mTvlelis , aqedan 

gamomdinare sixSiris sxvadasxva gayofis, modelirebis sqema. 

mikrosqema ganlagebulia zemoT naxsenebi niSnakis nusxaSi. 

 
 

 

 

 

 

       1 – 4 tumblerebis saSualebiT SeirCeva Tvlis moduli erTidan 

TxuTmetis CaTvliT. sasurveli Tvlis modulis misaRebad saWiroa im 

tumblerebis gadarTva zeda mdgomareobaSi, romlis Tanrigebis 

orobiTi wonebis (1,2,4,8) jami utoldeba Tvlis moduls (magaliTad, 

Tu saWiroa M=13, maSin tumblerebi 1,3 da 4 unda gadairTon zeda 

mdgomareobaSi da mTvlelis ufrosi Tanrigis gamosasvlelse miiReba 

M-ze gayofili sixSiris impulsebi. mTvlelis ganuleba xorcieldeba 

R tumbleris zeda mdgomareobaSi gadarTviT. me-5 tumbleris zeda 

mdgomareobaSi gadarTviT oTxSesasvleliani koniunqtoris 

gamosasvleli, sadac erTianis donis signali formirdeba saWiro  M  

miRwevisas, uerTdeba mTvlelis nulSi Camoyris Sesasvlels. 

      SeamowmeT sqemis funqcionireba szvadasxva M-isaTvis. aageT 

droiTi diagramebi, gansazRvreT MmTvlelis gamosasvlelze miRebuli 

impulsebis sixSire. 
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      aageT 12.5a nax-ze moyvanili sqema, romelic warmoadgens 

oTxTanriga jonsonis mTvlels. CaatareT sqemis funqcionirebis 

gamokvleva, risTvisac R tumbleris qveda mdgomareobaSi  gadarTviT 

gaanuleT mTvleli, daabruneT tumbleri sawyis mdgomareobaSi, ris  

 

 

 

 

 

 

SedegaTDD mTvleli daiwyebs muSaobas. jer TandaTan Seivseba 

erTianebiT, Semdeg nulebiT da aseTi ciklebi ganmeordeba. aageT misi 

muSaobis droiTi diagrama (nax.12.5b). moiyvaneT sqemis moqmedebis 

principis aRwera. 

  12.6 nax-ze naCvenebia 74174 mikrosqemis safuZvelze agebuli 

eqvsTanriga jonsonis mTvlelis modelirebis sqema. mikrosqema  
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ganlagebulia cifruli mikrosqemebis biblioTekis  niSnakis 

nusxaSi. masSi moTavsebulia eqvsi D tipis trigeri saerTo 

sainformacio da Camoyris SesasvlelebiT. aageT mocemuli sqema da 

misi muSaobis droiTi diagrama.  

12.7  nax-ze  naCvenebia  74164 mikrosqemis  safuZvelze  agebuli 
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rvaTanriga jonsonis mTvlelis modelirebis sqema. mikrosqema 

ganlagebulia zemoT naxsenebi niSnakis nusxaSi.M 

     mikrosqema warmoadgens rvaTanriga Zvris registrs. aageT 

mocemuli sqema, CaatareT misi muSaobis gamokvleva, aageT muSaobis 

droiTi diagrama, aRwereT sqemis moqmedebis principi. 

 aageT 12.8a nax-ze taqtebis manawileblis logikuri struqturis 

modelirebis sqema, sadac xorcieldeba jonsonis mTvlelis 

gamosasvleli kodis  gardaqmna “erTi N-dan” kodSi.  

aageT sqemis muSaobis droiTi diagrama. sqemis 

gamosasvlelebisaTvis F0 – F7 SeadgineT logikuri gamosaxulebani. 
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                                                                  danarTi 1  

 

seriuli cifruli integraluri mikrosqemebis 

biblioTekis  nusxa 

 

EWB 5.0 programis biblioTeka Seicavs SN74 da CD40 seriebis 
mikrosqemebs (SN74 – ttl logika, xolo CD40 – klJnN logika). qvemoT 
moyvanilia am mikrosqemebis nusxa da maTi funqciuri daniSnuleba.  
 

 : 
7400 (Quad 2-In NAND) - oTxi elementi `2da-ara~; 

7402 (Quad 2-In NOR) - oTxi elementi `2an-ara~; 

7403 (Quad 2-In NAND (LC-OC)) - oTxi elementi `2da-ara~ Ria koleqtoriT; 

7404 (Nex  INVERTER) - eqvsi elementi `ara~ 

7405 (Nex  INVERTER (LC-OC)) - eqvsi elementi `ara~ Ria koleqtoriT; 

7406 (INVERTER (HC-OD)) - eqvsi elementi `ara~ Ria koleqtoriT; 

7407,7417 (Nex  BUFFER (HC-OD))  - eqvsi buferuli elementi Ria  

         koleqtoriT; 

7408 (Quad 2-In AND) - oTxi elementi `2da~; 

7409 (Quad 2-In AND (LC-OC)) - oTxi elementi `2da~ Ria koleqtoriT; 

7410 (Tri 3-In NAND) - sami elementi   `3da-ara~; 

7411 (Tri 3-In AND) - sami elementi   `3da~; 

7412 (Tri 3-In NAND (LC-OC)) - sami elementi   `3da-ara~ Ria koleqtoriT; 

7414 (Nex  INVERTER (Schmitt)) – Smitis trigeri inversiuli 

     gamosasvleliT; 

7415 (Tri 3-In AND (LC-OC)) - sami elementi   `3da~ Ria koleqtoriT; 

7416 (Nex  INVERTER (HC-OD)) - eqvsi elementi `ara~ Ria koleqtoriT; 

7420 (Dual 4-In NAND) - ori elementi `4da-ara~; 

7421 (Dual 4-In AND) - ori elementi `4da~; 

7422 (Dual 4-In NAND (LC-OC)) - ori elementi `4da-ara~ Ria koleqtoriT; 

7425 (Dual 4-In NOR w/Strobe) - ori elementi `4an-ara~ strobirebis 

     SesasvleliT; 

7426 (Quad 2-In NAND (HC-OD)) - oTxi elementi `2da-ara~ Ria 

     koleqtoriT; 

7427 (Tri 3-In NOR) - sami elementi `3an-ara~; 

7428  (Quad 2-In NOR) - oTxi elementi `2an-ara~; 

7430 (8-In NAND) - elementi `8da-ara~; 

7432 (Quad 2-In OR) - oTxi elementi `2an~; 
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7433 (Quad 2-In NOR (LC-OC)) - oTxi elementi `2an-ara~ Ria koleqtoriT; 

7437 (Quad 2-In NAND) - oTxi elementi `2da-ara~; 

7438 (Quad 2-In NAND (LS-OC)) - oTxi elementi `2da-ara~ Ria 

     koleqtoriT; 

7439 (Quad 2-In NAND (LS-OC)) - oTxi elementi `2da-ara~ Ria  

     koleqtoriT; 

7440  (Dual 4-In NAND) - ori elementi `4da-ara~; 

7442,7445 (4-BCD to 10-Decimal Dec) - orobiT-aTobiTi deSifratori 4x10; 

7447 (BCD to Seven-Segment Dec) – Svidsegmenta deSifratori 4x7; 

7451 (AND-OR-INVERTER) - elementi `2-2da-2an-ara~; 

7454 (4-Wide 2-In AND-OR-INVERTER) - elementi `4-2da-4an-ara~; 

7455 (2-Wide 4-In AND-OR-INVERTER)  - elementi `4-4da-2an-ara~; 

7469 (Dual 4-bit Binary Counter) – oTxTanriga orobiTi mTvleli; 

7472 (AND-gated JK MS SLV FF (pre, clr)) - erTi JK trigeri `3da~SesasvleliT; 

7473 (Dual  JK FF (clr)) – ori JK trigeri; 

7474  (Dual  D-type FF (pre,clr)) - ori D trigeri; 

7475 (4-bit Bistable Latches) - oTxi D trigeri pirdapiri da inversiuli  

          gamosasvlelebiT; 

7476  (Dual  JK FF (pre,clr))  - ori JK trigeri; 

7477  (4-bit Bistable Latches) - oTxi D trigeri pirdapiri gamosasvlelebiT; 

7486 (Quad 2-In XOR) - oTxi elementi `an gamomricxveli~; 

7490 (Decade Counter) - oTxTanriga asinqronuli orobiT-aTobiTi 

    mTvleli; 

7492 (Divide-By-Twelve Counter) - oTxTanriga asinqronuli mTvleli  

    gamyofi 12-ze; 

7493 (4-bit Binary Counter)  - oTxTanriga asinqronuli orobiTi mTvleli; 

 

: 

74107 (Dual  JK FF (clr)) - ori JK trigeri gancalkevebuli nulze dayenebis 

     SesasvlelebiT; 

74109 (Dual  JK’ FF (+edge, pre, clr)) - ori JK trigeri; 

74112 (Dual  JK FF (-edge, pre, clr)) - ori JK trigeri; 

74113 (Dual  JK MS-SLV FF (-edge, pre)) ‐ ori JK trigeri gancalkevebuli 

     erTze dayenebis  SesasvlelebiT; 

74114 (Dual  JK FF (-edge, pre, Com clk & clr)) ‐ ori JK trigeri nulze dayenebis 

     saerTo SesasvleliT da erTze dayenebis gancalkevebuli 

     SesasvlelebiT; 

74116 (Dual  4 bit Latches (clr)) -  

74125 (Quad Bus BUFFER w/3-state OUT) ‐ oTxi buferi gamosasvlelis sami  



 197

      mdgomareobiT da inversiuli mniSvnelobis nebarTvis signaliT; 

74126 (Quad Bus BUFFER w/3-state OUT) ‐ oTxi buferi gamosasvlelis sami 

     mdgomareobiT da pirdapiri nebarTvis signaliT; 

74132 (Quad 2-In NAND (Schmitt)) – oTxi elementi ,,da-ara”; 

74133 (13-In NAND) – elementi ,,13da-ara”; 

74134 (12-In NAND w/3-state Out) - elementi “12 da-ara” gamosasvlelis sami 

     mdgomareobiT; 

74138 (3-to 8 Dec) ‐ deSifratori 3×8; 

74139 (Dual 2-to 4 Dec/DEMUX) ‐ ori deSifratori 2×4; 

74145 (BCD-to Decimal Dec) - orobiT-aTobiTi deSifratori; 

74147 (10-to 4 Priority Enc) - prioritetuli Sifratori 10×4; 

74148 (8-to-3 Priority Enc) - prioritetuli Sifratori 8×3; 

74150 (1-of-16 Data Sel/MUX) - multipleqsori 16×1; 

74151 (1-of-8 Data Sel/MUX) - multipleqsori 8×1; 

74153 (Dual 4-to-1 Data Sel/MUX) - ori multipleqsori 4×1; 

74154 (4-to-16 Dec/DEMUX) - deSifratori 4×16; 

74155 (Dual 2-to-4 Dec/DEMUX) - ori deSifratori 2×4; 

74156 (Dual 2-to-4 Dec/DEMUX (LS-OC)) - ori deSifratori 2×4 Ria  

     koleqtoriani gamosasvlelebiT; 

74157 (Quad 2-to-1 Data Sel/MUX) - oTxarxiani orSesasvleliani  

     multipleqsori; 

74158 (Quad 2-to-1 Data Sel/MUX) - oTxarxiani orSesasvleliani 

     multipleqsori inversiuli gamosasvlelebiT; 

74159 (4-to-16 Dec/DEMUX (LS-OC)) - deSifratori 4×16 Ria  

     koleqtoriani gamosasvlelebiT; 

74160 (Sync 4-bit Decade Counter (Clr)) - oTxTanriga sinqronuli orobiT- 

     aTobiTi mTvleli; 

74162 (Sync 4-bit Decade Counter) - oTxTanriga sinqronuli aTobiTi 

     mTvleli; 

74163 (Sync 4-bit Binary Counter) - oTxTanriga sinqronuli orobiT-aTobiTi 

     mTvleli; 

74164 (8-bit Parallel-Out Serial Shift Reg) - rvaTanriga Zvris registri 

     informaciis paraleluri wakiTxvis SesaZlelobiT; 

74165,74166 (Parallel-load 8-bit Shift Reg) - rvaTanriga Zvris registri 

     informaciis paraleluri wakiTxvis SesaZlelobiT; 

74169 (Sync 4-bit Up/Down Binary) - oTxTanriga reversiuli sinqronuli 

     orobiTi mTvleli; 

74173 (4-bit D-type Reg w/3-state Out) - oTxTanriga paraleluri registri 

     gamosasvlelebis sami mdgomareobiT; 
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74174 (Hex D-type FF (clr)) - eqvsi D trigeri; 

74175 (Quad D-type FF (clr)) - oTxi D trigeri; 

74181 (Alu/Function Generator) - oTxTanriga ariTmetikul-logikuri 

     mowyobiloba; 

74190 (Sync BCD Up/Down Counter) - oTxTanriga reversiuli sinqronuli 

     orobiTi mTvleli; 

74191 (Sync 4-bit Up/Down Counter) - sinqronuli reversiuli orobiTi 

     mTvleli; 

74194 (4-bit Bidirectional Univ. Shift Reg) – oTxTanriga universaluri Zvris 

     registri; 

74195 (4-bit Parallel-Access Shift Reg) - oTxTanriga Zvris registri 

     paraleluri SetaniT; 

74198,74199 (8-bit Shift Reg (shl/shr Ctrl)) - rvaTanriga universaluri Zvris 

registri; 

: 

74240 (Octal BUFFER w/3-state Out) ‐ rva buferi inversiuli da 

     sammdgomareobiani gamosasvleliT;  

74241,74244 (Octal BUFFER w/3-state Out)  ‐ rva buferi gamosasvlelis sami 

     mdgomareobiT; 

74251 (Data Sel/MUX w/3-state Out)  ‐  multipleqsori 8×1 gamosasvlelebis 

sami  

     mdgomareobiT; 

74253 (Dual 4-to-1 Data Sel/MUX w/3-state Out) ‐ ori multipleqsori 4×1  

     gamosasvlelebis sami mdgomareobiT; 

74257 (Quad 2-to-1 Line Data Sel/MUX) ‐ oTxarxiani orSesasvleliani 

     multipleqsori gamosasvlelebis sami mdgomareobiT; 

74258 (Quad 2-to-1 Line Data Sel/MUX) ‐ oTxarxiani orSesasvleliani 

      multipleqsori gamosasvlelebis sami mdgomareobiT da 

      inversiiT; 

74266 (Quad 2-ln XNOR (LS-OC)) ‐ oTxi elementi `an-ara gamomricxveli~ Ria 

      koleqtoriT; 

74273 (Octal D-type FF)  ‐  rvaTanriga paraleluri registri nulze 

dayenebiT; 

74280 (9-bit Odd/Even Parity Generator/Checker) ‐ luwobis Semamowmebeli sqema 

     cxra TanrigisaTvis; 

74290 (Decade Counter) ‐ orobiT-aTobiTi mTvleli; 

74293 (4-bit Binary Counter) ‐ oTxTanriga orobiTi mTvleli; 

74298 (Quad 2-ln MUX) ‐ oTxarxiani orSesasvleliani multipleqsori 

     damxsomebeli registriT; 
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: 

74373 (Octal D-type Transparent Latches) ‐ rvaTanriga paraleluri registri 

     sammdgomareobiani gamosasvlelebiT da statikuri 

     sinqronizaciiT; 

74374 (Octal D-type FF (+edge)) ‐ rvaTanriga paraleluri registri 

     sammdgomareobiani gamosasvlelebiT da dinamikuri 

     sinqronizaciiT; 

74377 (Octal D-type FF w/En) ‐ rvaTanriga paraleluri registri Caweris 

     nebarTviT; 

: 

74445 (BCD-to-Decimal Dec) - orobiT-aTobiTi deSifratori inversiuli 

     gamosasvelebiT; 

74465, 74466 (Octal BUFFER w/3-state Out) ‐ rva buferi gamosasvlelis sami 

     mdgomareobiT. 

: 

4000 (Dual 3-ln NOR and INVERTER) ‐ ori elementi “3an-ara” da erTi  

     elementi“ara”; 

4001 (Quad 2-ln NOR) – oTxi elementi “2an-ara”; 

4002 (Dual 4-ln NOR) – ori elementi “2an-ara”; 

4008 (4-bit Binary Full Adder) – oTxTanriga sruli amjamavi; 
4009 (Hex INVERTER) – eqvsi elementi “ara” gamosasvlelis sami 

    mdgomareobiT; 

4010 (Hex BUFFER) – donis eqvsi gardamqmneli lJn-ttl; 

4011 (Quad 2-ln NAND) – oTxi elementi “2da-ara”; 

4012 (Dual 4-ln NAND) – ori elementi “2da-ara”; 

4013 (Dual D-type FF (+edge)) – ori D trigeri; 

4014 (8-bit Static Shift Reg) – rvaTanriga mimdevrobiTi Zvris registri; 

4015 (Dual 4-bit Static Shift Reg) – ori oTxTanriga Zvris registri; 

4017 (5-stage Johnson Counter) –jonsonis mTvleli deSifratoriT; 

4019 (Quad 2-ln MUX) – oTxi multipleqsori 2x1; 

4023 (Tri 3-ln NAND) – sami elementi “3da-ara”; 

4024 (7-stage Binary Counter) – SvidTanriga orobiTi mTvleli; 

4025 (Tri 3-ln NOR) – sami elementi “3an-ara”; 

4027 (Dual JK FF (+edge, pre, clr)) – ori JK trigeri S,R da C SesasvlelebiT; 

4028 (1-of-10 Dec) – orobiT-aTobiTi deSifratori; 

4030 (Quad 2-ln XOR) – oTxi elementi “an-is gamomricxveli”; 

4040 (12-stage Binary Counter) – TormetTanriga orobiTi mTvleli; 
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4041 (Quad True/Complement BUFFER) – donis oTxi gardamqmneli 

    komplementaruli gamosasvlelebiT; 

4042 (Quad D-Latch) – oTxi D trigeri; 

4043,4044  (Quad RS Latch w/3-state Out) – oTxi RS trigeri  sammdgomareobiani 

    gamosasvlelebiT; 

4049 (Hex INVERTER) – donis eqvsi gardamqmneli lJn-ttl inversiiT; 

4050 (Hex BUFFER) – donis eqvsi gardamqmneli lJn-ttl; 

4066 (Quad Analog Switches) – oTxi gadamrTveli (cifruli an analoguri 

    signalis); 

4068 (8-ln NAND) – elementi “8da-ara”; 

4069 (Hex INVERTER) – eqvsi elementi “ara”; 

4070 (Quad 2-ln XOR) – eqvsi elementi “an-is gamomricxveli”; 

4071 (Quad 2-ln OR) – oTxi elementi “2an”; 

4072 (Dual 4-ln OR) – ori elementi “4an”; 

4073 (Tri 3-ln AND) - sami elementi “3da”; 

4075 (Tri 3-ln OR) – sami elementi “3an”; 

4076 (Quad D-type Reg w/3-state Out) – oTxTanriga paraleluri registri 

    sammdgomareobiani gamosasvlelebiT; 

4077 (Quad 2-ln XNOR) – oTxi elementi “an-ara gamomricxveli”; 

4078 (8-ln NOR) – elementi “8an-ara”; 

4081 (Quad 2-ln AND) – oTxi elementi “2da”; 

4082 (Dual 4-ln AND) – ori elementi “4da”; 

4093 (Quad 2-ln NAND (Schmitt)) – oTxi Smidtis trigeri “2da-ara” 

    SesasvleliT. 
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                                                                danarTi 2 

 

mikrosqemebis grafikul gamosaxulebebze miRebuli 

gamomyvanebis aRniSvnebi 

 

SN74 seriis mikrosqemebisaTvis: 

 

Vcc – kvebis gamomyvani; 

GND – saerTo gamomyvani (miwa); 

NC – Tavisufali gamomyvani; 

A, B, C...L – Sesasvlelebi; 

Y, Q, W, 0, 1, 2...9...16 – gamosasvlelebi; 

RO an CLR – nulze dayenebis Sesasvleli; 

R9 – cxraze dayenebis Sesasvleli; 

CLK – sinqroimpulsis Sesasvleli; 

PRE – erTze dayenebis Sesasvleli; 

OC an G – strobirebis Sesasvleli; 

SO, S1, SP, SL –  

ENP – 

ENT –                        nebarTvis Sesasvlelebi; 

LOAD – 

A/B - 

RCO – gadatanis gamosasvleli; 

D/U – Tvlis mimarTulebis Sesasvleli; 

 

        CD40 seriis mikrosqemebisaTvis: 

 

Vdd – kvebis gamomyvani; 

Vss – saerTo gamomyvani; 

I – Sesasvlelebi; 

O – gamosasvlelebi; 

NC – Tavisufali gamomyvani; 

MR – ganulebis Sesasvleli; 

CP – sinqroimpulsis Sesasvleli; 

CD, R – nulze dayenebis Sesasvleli; 

SD, S – erTze dayenebis Sesasvleli; 

A, K, J, D – informaciuli Sesasvlelebi; 

ED, EO – nebarTvis Sesasvlelebi. 
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