Tema 2. cifruli eleqtronikis elementebi - informaciis gardaqmnis da

        damuSavebis zogierTi umartivesi xelsawyo

mecadineoba 2.

cifruli informaciis gardaqmnis, damuSavebis da urTierTgacvlisaTvis Seqmnilia sxvadasxva tipiuri eleqtruli xelsawyo. maTi wyeba warmoadgens Tavisebur “konstruqtors” – maTi urTierTSeerTebiT axali funqcionaluri Tvisebebis mqone eleqtruli konstruqciebis miRebaa SesaZlebeli. aucileblad mkacrad unda iyos daculi am sawyisi, elementaruli blokebis sxvebTan mierTebis da funqcionirebis wesi. wina mecadineobaze gavicaniT Sifratorebi da deSifratorebi, da maTi gamoyenebiT avawyeT SedarebiT rTuli funqcionaluri kvanZi. qvemod gavecnobiT kidev ramdenime xelsawyos da kidev avawyobT sxvadasxva daniSnulebis kvanZebs.

mTvleli

es eleqtronuli xelsawyo iZleva saSualebas davTvaloT da orobiTi ricxvis saxiT gamovxatoT mis Sesavalze Tanmimdevrulad miwodebuli eleqtronuli impulsebis raodenoba. impulsebis Tanmimdevroba da mTvlelis grafikuli gamosaxuleba warmodgenilia nax. 2.10-ze.

	nax. 2.10
	
	

	[image: image1.emf]
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	1. impulsebis Tanmimdevroba
	2. mTvleli 
	3. mTvlelebis mimdevrobiTi CarTva


Tu mTvlelis Sesavalze (eleqtrodi C) miwodebuli signali Seicavs 5 impulss, mTvlelis gamosavalze miRebuli iqneba orobiTi ricxvi 101, romelic impulsebis raodenobis tolia. naxatze gamosaxuli mTvleli, impulsebis raodenobis gazrdis SemTxvevaSi, daiTvlis maT raodenobas 16-mde, da isev Tavidan daiwyebs Tvlas. mTvleli reagirebs Sesavali impulsis ara dasawyisze (frontze), aramed mis dasasrulze – Zabvis dacemaze.  mTvlelebs gaaCniaT marTvis Sesavali R, romlis saSualebiT SesaZlebelia mTvlelis sawyis mdgomareobaSi gadayvana – daTvlili impulsebis ricxvis waSla. am Sesavalze impulsis miwodebis Semdeg gamosaval eleqtrodebze miviRebT nolebs. 

SesaZlebelia mTvlelebis mimdevrobiTi CarTva. am SemTxvevaSi yovel Semdgom mTvlels miewodeba informacia wina mTvlelis ufrosi Tanrigidan, ese igi wina mTvlelis Tvlis maqsimaluri Sedegi erTi impulsis saxiT gadaecema meore mTvlels. Tvlis dros, rigiT meoTxe eleqtrodze, gaCndeba 1 (gaizrdeba Zabva) rodesac daiTvleba 8 impulsi. 1 Seicvleba 0-iT rodesac Sesavalze damTavrdeba meTeqsvmete impulsi. swored am momentSi meore mTvlelis gamosavalze, mis pirvel gamosaval eleqtrodze, gaCndeba 1. or Tanmimdevrulad CarTul mTvlels SeuZlia daTvalos 16*16=256 impulsi. sam mTvlels SeuZlia 16*16*16=4096 impulsis daTvla. aseTi CarTvis SemTxvevaSi erTmaneTTan aerTianeben marTvis eleqtrodebs, raTa aseTi kompleqsuri mTvlelis sawyis mdgomareobaSi moyvana xdebodes sinqronulad.

arseboben mTvlelebi, romlebic iTvlian aTamde da ubrundebian sawyis nulovan mdgomareobas. sam aseT mTvlels SeuZlia daTvalos 1000 impulsi. 

SesaZlebelia mTvlelis Tvlis koeficientis Secvla damatebiTi logikuri elementebis gamoyenebiT.  

erTerT aseT logikur elements warmoadgens logikuri elementi “da”. gamoyenebis TvalsazrisiT ufro teqnologiuria logikuri elementi “da-ara”. es logikuri elementebi warmodgenilia nax. 2.11 –ze. maTi funqcionirebis cxrilebi da logikuri operaciis aRwera iqvea warmodgenili.
	nax. 2.11
	
	

	1. elementi “da”
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	logikuri elementi “da” adarebs Semaval signalebs da reagirebs im SemTxvevaSi, rodesac Sesavalis orive eleqtrodze aris signali, e.i. miwodebulia 1.  

	2. elementi “da-ara”

[image: image5.emf]
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	logikuri elementi “da-ara” asrulebs element da-s Sebrunebul operacias (uaryofs da-s). adarebs ra Semaval signalebs, reagirebs 1-aniT gamosavalze im SemTxvevaSi, rodesac Sesavalis orive eleqtrodze an ar aris signali, an signali aris mxolod erTze. Tu orive Sesavalze 1-a , gamosavalze iqneba 0. 




am elementebis gamoyenebiT SesaZlebelia mTvlelebis “gadaprogrameba”. magaliTad, gadavaprogramoT mTvleli, romelic iTvlis Teqvsmetamde ise, rom aTamde Tvalos. es imas niSnavs, rom aTamde daTvlis Semdeg mTvlelis gamosaval eleqtrodebze nolebi unda gaCndes – mTvleli sawyis mdgomareobas unda daubrundes. amis miRweva SesaZlebelia R Sesavali eleqtrodis gamoyenebiT. nax. 2.12-ze. naCvenebia mTvlelis Tvlis koeficientis gadaptogramebis miRwevis xerxi da naCvenebia Tvlis diagrama, anu mTvlelis gamosavali eleqtrodebis mdgomareobis cvlileba droSi. logikuri elementi mierTebulia or SerCeul gamosaval eleqtrodTan, romlebic Seesabamebian orobiTi ricxvis meore da meoTxe Tanrigebs. Tvlis dros, rogorc ki meaTe Sesavali impulsi miewodeba mTvlels, mis gamosavalze gaCndeba orobiTi ricxvi 1010. logikuri elementi maSinaTve moaxdens reagirebas da gadaiyvans mTvlels sawyis nulovan mdgomareobaSi. Tvlis Semdegi cikli isev aTamde gagrZeldeba. gaiTvaliswineT, rom mTvleli, rogorc “Savi yuTi”, muSaobisas yovelTvis ajamebs Sesuli impulsebis raodenobas da gamoyavs am jamis mniSvneloba orobiTi ricxvis saxiT. miaqcieT yuradReba mTvlelis muSaobis diagramas: 

	nax. 2.12
	

	[image: image6.emf]
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· Sesavalze pirveli mosuli impulsis damTavrebisTanave, pirvel gamosaval eleqtrodze Q1 –ze Cndeba 1. danarCen gamosaval eleqtrodebze gvaqvs nolebi. pirveli impulsi daTvlilia. 

· Q1  eleqtrodis mdgomareoba Seicvleba 0 –iT Sesavalze mosuli meore impulsis damTavrebisTanave. amavdroulad 1 gaCndeba meore eleqtrodze – Q2 –ze, da mTvlelis gamosavalze gveqneba orobiTi ricxvi 10. 
· Sesavalze mesame impulsis damTavrebisTanave 1 isev Cndeba pirvel eleqtrodze. radgan eleqtrodi Q2 inarCunebs Tavis mdgomareobas, am momentidan mTvlelis gamosavalze gvaqvs orobiTi ricxvi 11.
· Sesavalze meoTxe impulsis damTavrebisTanave Q1 da Q2 gadadian nulovan mdgomareobaSi da 1 Cndeba Q3 eleqtrodze. miRebulia orobiTi ricxvi 100.
· am wesiT Tvla grZeldeba. Tanmimdevrulad miiReba ricxvebi 1012=5, 1102=6, 1112=7.
· Sesavalze merve impulsis damTavrebisTanave 1 gaCndeba Q4  eleqtrodze da miviRebT orobiT ricxvs 1000. 
· Sesavalze mecxre impulsis damTavrebisTanave 1 gaCndeba Q1 eleqtrodzec da miviRebT orobiT ricxvs 1001.
· Sesavalze meaTe impulsis damTavrebisTanave da Q2 eleqtrodze 1-is gaCeniT maSinadve amuSavdeba logikuri elementi da mTvleli gadava sawyis mdgomareobaSi
aseTi midgomis gamoyenebiT SesaZlebelia Tvlis sxva koeficientis daprogrameba. magaliTad 6-mde Tvlis sqema moyvanilia nax. 2.13 –ze. Tvla igive algoriTmiT grZeldeba. logikuri elementi amuSavdeba da gadaiyvans mTvlels sawyis nulovan mdgomareobaSi meeqvse impulsis damTavrebisTanave. 

mTvlelTan deSifratoris da ricxviTi indikatoris mierTeba araviTar siZneles ar warmoadgens. sqemis aseTi gardaqmnis SemTxvevaSi Cven miviRebT mTvlelebis farTo daniSnulebis ojaxs, romelic gamoiyeneba teqnikis sxvadasxva dargSi. Tu, magaliTad Sesasvleli aRWurvilia mbrunavi mowyobilobiT, romelic erTi adamianis gasvlis dros erTxel mobrundeba da mogvcems sasignalo impuls, SegviZlia vTvaloT ramdenma adamianma gaiara Sesasvleli. Tu mTvlels miewodeba impulsebi 1 sekundis intervaliT, SegviZlia avawyoT saaTi. magaliTi moyvanilia nax. 2.14 –ze. 

	nax. 2.13
	

	[image: image8.emf]
1. Sesavalze pirveli mosuli impulsis damTavrebisTanave, pirvel gamosaval eleqtrodze Q1 –ze Cndeba 1. danarCen gamosaval eleqtrodebze gvaqvs nolebi. pirveli impulsi daTvlilia. 


	2. Q1  eleqtrodis mdgomareoba Seicvleba 0 –iT Sesavalze mosuli meore impulsis damTavrebisTanave. amavdroulad 1 gaCndeba meore eleqtrodze – Q2 –ze, da mTvlelis gamosavalze gveqneba orobiTi ricxvi 10. 
3. Sesavalze mesame impulsis damTavrebisTanave 1 isev Cndeba pirvel eleqtrodze. radgan eleqtrodi Q2 inarCunebs Tavis mdgomareobas, am momentidan mTvlelis gamosavalze gvaqvs orobiTi ricxvi 11.
4. Sesavalze meoTxe impulsis damTavrebisTanave Q1 da Q2 gadadian nulovan mdgomareobaSi da 1 Cndeba Q3 eleqtrodze. miRebulia orobiTi ricxvi 100.
5. Semdeg miiReba ricxvi 1012=5.
6. Sesavalze meeqvse impulsis damTavrebisTanave da Q2 eleqtrodze 1-is gaCeniT amuSavdeba logikuri elementi da mTvleli gadava sawyis mdgomareobaSi



	nax. 2.14

	[image: image9.emf]

	wredis pirveli rgoli iTvlis aTamde, meore ki eqvsamde. Tu am sqemis Sesavalze mivawvdiT impulsebs yovel wams, miviRrebT wammzoms. Tu gavzrdiT rgolebis raodenobas da SevarCevT Tvlis saTanado koeficientebs – avawyobT saaTs. ra Tqma unda saaTis ciferblatze pirvel adgilas unda ganTavsdes saaTebis Tvlis Sedegi – mTvlelis bolo rgolis indikatori. is mxolod orze gayofas unda asrulebdes (dReRame 24 saaTia). marcxnidan meore pozicias daikavebs indikatori, romlis mTvleli iTvlis aTamde. Semdegi rgoli daTvlis 6-mde (saaTSi 60 wuTia), da ase Semdeg. aseTi ciferblatis maqsimaluri ricxvia 23 saaTi 59 wuTi 59 wami.  


miaqcieT yuradReba, rom logikuri wredi Sedgenilia ara arTi “da” elementisagan, aramed ori “da-ara” elementisagan. pirveli SexedviT, sqema amiT garTulebulia, magram teqnologiurad ufro moxerxebuli aRmoCnda mikroeleqtronuli sqemebis (Cipebis) moxmareba, romlebSic ramdenime “da-ara” elementia moTavsebuli. elementebis kombinaciiT orive logikuri elementi miiReba. Tu CipSi mxolod “da” elementebia, igive CipiT “da-ara” elementebs ver miviRebT.

eleqtronikaSi sxva martivi logikuri elementebic gamoiyeneba. maT Sesaval eleqtrodebze informacia erTdroulad miewodeba, xolo Sedegi gamisavalze, rogorc “Savi yuTis” gamosavalze, Seesabameba ama Tu im logikuri operaciis ganmartebas.  nax. 2.15-ze gameorebulia nax. 2.11 elementebi da warmodgenilia ramdenime axali. 

	nax. 2.15
	
	

	1. elementi “da”
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	logikuri elementi “da” adarebs Semaval signalebs da reagirebs im SemTxvevaSi, rodesac Sesavalis orive eleqtrodze aris signali, e.i. miwodebulia 1.  

	2. elementi “da-ara”
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	logikuri elementi “da-ara” asrulebs element da-s Sebrunebul operacias (uaryofs da-s). adarebs ra Semaval signalebs, reagirebs 1-niT gamosavalze im SemTxvevaSi, rodesac Sesavalis orive eleqtrodze an ar aris signali, an erTze aris signali. Tu orive Sesavalzea 1, gamosavalze 0. 



	3. elementi “ara”

[image: image12.emf]
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	umartivesi logikuri elementi.

	4. isev elementi “da-ara”

[image: image13.emf]
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	es elementi warmoadgens ori elementis kombinacias – da, ara.

[image: image16.emf]

	5. elementi “an”
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	elementi “an” reagirebs im SemTxvevaSi, Tu informaci Sesaval eleqtrodebZe gansxvavdeba. 

	6. elementi “an-ara”
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	a

b
c

0

0

1

0

1

0

1

0

0

1

1

0

	elementi “an-ara” warmoadgens an-is uaryofas. reagirebs im SemTxvevaSi, Tu informaci Sesaval eleqtrodebZe ar gansxvavdeba, an ar aris, e.i. orive eleqtrodze 0. es elementic warmoadgens ori elementis kombinacias. “an” + “ara”.




CamoTvlil logikur elementebs SesaZlebelia gaaCndes ara ori, aramed meti Sesavali eleqtrodi. am SemTxvevebSi saTanado cxrilebs ufro rTuli saxe eqneba.

Seswavlil eleqtronul mowyobilobebs emateba ori axali.

multipleqsori 

am xelsawyos (nax. 2.16) daniSnulebaa poziciuri kodis saxiT warmodgenili informaciis gardaqmna impulsebis mimdevrobad. sityvebi multi da plexsor saTanadoT niSnaven mravals da patara CaquCs, romelic gamoiyeneba medicinaSi (plexis – berZn. dartyma). xelsawyos gaaCnia ori Sesavali bloki – porti. pirveli informaciulia, da mas poziciuri kodis saxiT miewodeba Sesavali informacia. meore portiT imarTeba multipleqsoris muSaoba. am portze miwodebuli kodis Sesabamisad informacia Sesavlis saTanado eleqtrodidan gadaicema gamosavalze. magaliTad, Tu marTvis kodi warmodgenilia ricxvebiT 00 – gamosavalze gamoyvanili gveqneba D0  eleqtrodze arsebuli informacia. Tu marTvis kodi warmodgenilia orobiTi ricxvebiT 01 (X0-s Seesabameba 1, xolo X1-s Seesabameba 0) – gamosavalze gamoyvanili gveqneba D1  eleqtrodze arsebuli informacia, da ase Semdeg. gasagebi xdeba xelsawyos dasaxelebis arsi – marTvis Sesavalze “dakakunebiT” Tanmimdevrulad “gamoiyvaneba” Sesavalze arsebuli informacia.

	nax. 2.16
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SesaZlebelia multipleqsoris eleqtrodebis raodenobis gazrda, magaliTad 16 sainformacio eleqtrodi da, saTanadod 4 marTvis eleqtrodi (romlebic orobiTi warmodgeniT 16 eleqtrodis marTvis saSualebas iZleva).

miaqcieT yuradReba, rom miltipleqsori, informaciis zustad gadasacemad, unda asrulebdes ciklur muSaobas Semdegi wesiT:

· informacia sainformacio eleqtrodebze ar unda icvlebodes “gamoyvanis” proceduris ganmavlobaSi.

· pirveli etapi - ciklis dasawyisSi unformacia Semodis sainformacio eleqtrodebze da ucvleli rCeba ciklis damTavrebamde.

· meore etapi – raime saSualebiT icvleba orobiTi ricxvi marTvis eleqtrodebze da am ricxvis Sesabamisi sainformacio eleqtrodidan informacia gamodis multipleqsoris gamosavalxe.

· ciklis dasrulebisas SesaZlebelia axali ciklis dawyeba – axali informaciis miwodeba sainformacio eleqtrodebze da informaciis gamoyvanis dawyeba.

demultipleqsori

es mowyobiloba multipleqsoris msgavsia, magram misi informaciis gardaqmnis algoriTmi Sebrunebulia – informacia, romelic warmodgenilia impulsebis mimdevrobis saxiT, gardaiqmneba da warmosdgeba poziciuri kodis saxiT (nax. 2.17).

	nax. 2.17
	

	[image: image20.emf]
	X1

X0

Y0

Y1

Y2

Y3

0

0

D
0

0

0

0

1

0
D

0

0

1

0

0
0

D

0

1

1

0
0

0

D




miaqcieT yuradRema, rom demultipleqsoris gamosavalze informacia ar aris erTdroulad warmodgenili orobiTi ricxviT da ciklurad icvleba. cikls gansazRvravs marTvis eleqtrodebis mdgomareoba:

· vawvdiT marTvaze orobiT 00, Sesavalze informacias da  vkiTxulobT am informacias gamosavlis pirvel eleqtrodze.

· vawvdiT marTvaze orobiT 01, Sesavalze axal informacias da  vkiTxulobT am informacias gamosavlis meore eleqtrodze.

· vawvdiT marTvaze orobiT 10, Sesavalze axal informacias da  vkiTxulobT am informacias gamosavlis mesame eleqtrodze. 

· vawvdiT marTvaze orobiT 11, Sesavalze axal informacias da  vkiTxulobT am informacias gamosavlis meoTxe eleqtrodze. 

advili misaxvedria, rom am ori mowyobilobis gamoyenebiT SesaZlebeli xdeba umartivesi informaciia gadacemis arxis organizacia. Tu multipleqsoro da demultipleqsori erTmaneTs daSorebulia, magram maTi marTva raRacnairad sinqronizirebulia, anu erTdroulad erTi da igive marTvis kodi miewodeba, maSin arxis Sesavalze arsebuli informacia gadaicema da aRdgeba arxis gamosavalze. amis sqematuri, gamartivebuli ilustracia warmodgenilia nax. 2.18 –ze. qvemod msgavsi sainformacio arxis organizacias ganvixilavT detalurad. aseTi kavSiri da arxebis organizacia xSirad gamoiyeneba eleqtronul teqnikaSi.

arxis sinqronizacia SesaZlebelia ganxorcieldes mTvlelebis gamoyenebiT. am SemTxvevaSi saWiroa davayenoT erTi mTvleli multipleqsoris samarTavad da meore demultipleqsoris samarTavad. irive mTvlels unda miewodos erTi da igive wyarodan impulsebi da maTi sawyis mdgomareobaSi dasayenebeli eleqtrodebi unda gaerTiandes. 

davaleba 1
daxazeT mTvlelebiT sinqronizirebuli arqis sqema da aRwereT misi muSaoba.

	nax. 2.18

	[image: image21.emf]


logikuri elementebis gamoyenebiT ukve SesaZlebelia pirveli, SedarebiT rTuli sqemebis ageba. magaliTisaTvis ganvixiloT multipleqsoris sqema. sqema moyvanilia nax. 2.19 –ze. multipleqsoris asagebad gamoyenebulia:

· erTi deSifratori, romelsac marTvis orobiTi kodi gadayavs aTobiTSi;

· oTxi elementi “da”, romelTa meSveobiT xdeba Sesavali informaciis “wakiTxva”;

· erTi elementi “an”, romelsac sabolood gamoyavs informacia multipleqsoridan.

sqema funqcionirebs Semdegnairad: 

· deSifratori, Sesavali kodis Sesabamisad, Tanmimdevrulad awarmoebs logikuri elementebis “gamokiTxvas” – Sesavali kodis Sesabamisad saTanado elementis Sesatyvis eleqtrodze miewodeba 1, danarCen logikur elementebs miewodebaT 0;

· is logikuri elementi, romelic gaaqtiurebulia (romelsac miewoda 1), iwyebs funqcionirebas – Tu mis meore eleqtrodze arsebuli informacia agreTve warmodgenilia 1-iT, “da” elementis gamosavalze gaCndeba 1;

· Semdeg etapze signali Sedis “an” elementSi da gamodis multipleqsoris gamosavalze, es elementi mxolod aerTianebs “da” eleqtrodebis gamosavlebs informaciis multipleqsoridan gamosayvanad 

	nax. 2.19
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davaleba 2      

aRwereT nax. 2.20-ze warmodgenili demultipleqsoros muSaobis Tanmimdevroba.

	nax. 2.20
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davalebis pasuxi 1
gadamcemi arxis sinqronizacia mTvlelebis gamoyenebiT.

mTvlelebiT sinqronizaciisaTvis saWiroa arxis orive bolos ganTavsdes mTvleli, romlis gamosavali kodi gamoyenebuli iqneba multipleqsoris da demultipleqsoris samarTavad. mTvlelebis gamosavali eleqtrodebis poziciebi SeTanxmebuli unda iyos samarTavi mowyobilobebis poziciebTan. am SemTxvevaSi mTvlelebze miwodebuli impulsebis raodenobis Sesabamisad imuSavebs arxis marTva. radgan marTva xorcieldeba mxolod ori orobiTi TanrigiT, mTvlelebis Tvlis koeficienti ar unda aRematebodes 3. es uzrunvelyofilia mTvlelebis sawyis mdgomareobaSi gadayvanis eleqtrodebis SeerTebiT da am wredis SeerTebiT mTvlelis gamosaval mesame eleqtrodTan, romlis aTobiTi mniSvneloba udris 4. aucilebelia mTvlelebis Sesavlebis gaerTianeba. Seqmnil sqemaSi 1 arxiT gadaicema informacia, 2 arxiT Tvladi impulsebi, da 3 arxiT ganxorcieldeba mTvlelebis sinqronizacia.
[image: image26.emf]
davalebis pasuxi 2
naxaz 2.20-ze moyvanili demultipleqsoris logikuri elementebi imarTebian deSifratoriT. marTvis kodis Sesabamisad deSifratori Tanmimdevrulad awvdis 1 logikuri elementebis Sesavlebze. radgan logikuri elementebis meore Sesavlebi garTianebulia da warmoadgenen demultipleqsoris sainformacio Sesavals, gaaqtiurebuli – informaciis gamosayvanad momzadebuli, yovelTvis iqneba is elementi romelsac deSifratori mimarTavs. Tu gaaqtiurebis momentSi informacia warmodgenilia 1-iT, is gava gamosavalze, Tu 0-iT, elementis gamosavalze darCeba 0. 
“an”
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