
Tema 3. eleqtronikis ZiriTadi cifruli xelsawyoebi 
 
mecadineoba 2 
 
ariTmetikul-logikuri kvanZi da mikrokontrolerebi 
 
wina mecadineobebze ganvixileT praqtikulad yvela eleqtruli kvanZi, 
romelic Tanamedrove cifrul eleqtronikaSi muSaobs. yvela es 
xelsawyo martiv logikur elementebzea awyobili. aris cifrul 
eleqtronikaSi ramdenime kvanZi, romelic ariTmetikul operaciebs 
asrulebs. yvela ariTmetikuli operaciis safuZvelSi devs Sekrebis 
operacia. radgan cifrul eleqtronikaSi orobiT ricxvebs viyenebT, unda 
ganvsazRvroT Tu ras warmoadgens orobiTi Sekrebis operacia. 
ganvixiloT umartivesi SemTxveva – ori erTbitiani ricxvis Sekreba: 

• Tu ricxvebia 0 da 0 – Sekrebis Sedegi 0; 

• Tu ricxvebia 0 da 1 – Sekrebis Sedegi 1; 

• Tu ricxvebia 1 da 0 – Sekrebis Sedegi 1;  

• Tu ricxvebia 1 da 1 – Sekrebis Sedegi 10, mimdinare Tanrigi Seivso 
da Semdeg, ufro maRal TanrigSi, gaCnda 1. 

ukanaskneli Sedegi miuTiTebs, rom im TanrigSi, romelsac ricxvebi 
miekuTneboda aris 0, da aucilebelia maRali Tanrigis Semoyvana. ajamvis 
Sedegi Semdeg TanrigSi unda aisaxos.  
  
ganvixiloT ori ricxvi 1100 da 1010, da maTi Sekrebis operacia cxrilis 
saxiT.  

A 1 1 0 0
B 1 0 1 0
S 0 1 1 0
C 1 0 0 0

 
cxrilis pirvel or striqonSi warmodgenilia ricxvebi, mesameSi maTi 
jami, xolo meoTxeSi imis “niSani”, rom SemosaRebia kidev erTi Tanrigi, 
da masSi 1 unda Caiweros. es bolo striqoni e.w. “gadatanis” 
aucileblobas aRniSnavs. am striqonSi Cven 1-is saxiT vimaxsovrebT, rom 
Tanrigi Seivso, da Semdeg, ufro maRal Tanrigs, mis bitebTan erTad, 
unda gadaeces SesakrebaT kidev erTi erTiani. cxrili miiRebs saxes: 
 

A 0 1 1 0 0 
B 0 1 0 1 0 
S 1 0 1 1 0 
C 0 1 0 0 0  

 
 
, anu zogadad - 

A  An . Ai . A3 A2 A1 A0
B  BBn . BBi . BB3 BB2 BB1 BB0
S  Sn . Si . S3 S2 S1 S0
C  Cn . Ci . C3 C2 C1 C0 

  
Ai  da BBi  Sesakrebi ricxvebis i–uri Tanrigis cifrebia, Si – maTi jamia, 
xolo Ci  i+1 TanrigSi gadatanis maCvenebelia.  
 
nax. 3.11-ze sqematurad warmodgenilia 1 bitSi mimdinare Sekrebis 
operaciis monawile wevrebi da mravali bitis mqone ricxvebis ajamvis 
Tanmimdevroba, romelic xorcieldeba zogadi SemTxvevis cxrilis 
Sesabamisad. 
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nax. 3.11  

 
 

a) 1 bitSi mimdinare Sekrebis operaciis 
wevrebi da saTanadi eleqtruli yjredi, 
romelis asrulebs moqmedebas teqstSi 
xsenebuli wesis Sesabamisad. 

b) mravali bitis mqone ricxvebis ajamvis 
Tanmimdevroba 

 
ajamvis operaciis organizacia xdeba logikuri elementebis saSualebiT.  
 
ajamva da sxva ariTmetikuli operaciebis ganxorcieleba cifrul 
eleqtronul xelsawyoebSi xdeba e.w. ariTmetikul-logikuri kvanZis 
(alk) saSualebiT. sqematurad es kvanZi naCvenebia nax. 3.12-ze. am 
grafikuli gamosaxulebidan naTelia, rom ganmartebiT, es kvanZi 
awarmoebs operacias or Sesaval ricxvze (A da B) saTanado brZanebis 
Sesabamisad (F). operaciis Sedegad miiReba Sedegi (R) da ganisazRvreba 
misi statusi (D) masTan raime sxva operaciis SesrulebisaTvis am kvanZis 
gareT. ariTmetikul-logikuri kvanZis cneba – zogadi cnebaa. kvanZi 
SeiZleba sxvadasxva sirTulis iyos, SesaZlebelia erTnaeri kvanZebisagan 
Sesdgebodes da paralelurad asrulebdes sxvadasxva funqciebs. 
zogadad, kvanZis muSaobis cikli mosuli brZanebis “gaazrebiT” iwyeba. 
Semdeg moyveba brZanebis Sesruleba. dasrulebisas, axali brZanebis 
miReba-gaazreba da a.S.  
 
nax. 3.12  

 

ariTmetikul-logikuri kvanZi – alk, yvela 
Tanamedrove saTvleli mowyobilobis 
ganuyofeli nawilia.  aseTi kvanZis 
koncefcia 1945 wels SeimuSava 
maTematikosma jon fon neimanma. 

ariTmetikul-logikuri kvanZi  

 
alk-s cnebasTan erTad Cven avtomaturad SemoviReT brZanebis cneba da 
brZanebebis erTobliobis, anu programis cneba. 
 
am momentidan gagvaCnia sruli zogadi codna imisaTvis, rom vimsjeloT 
e.w. mikroprocesoris, an mikrokontroleris, anda ufro rTuli 
mowyobilobis – procesoris agebulebaze. alk-s daniSnulebis logika 
karnaxobs Semdegi msjelobis Tanmimdevrobas:  
 

• muSaobisas alk iRebs informaciul nakads ori tipis ricxvebis, ori 
nakadis saxiT: brZanebebis kodebi da dasamuSavebeli ricxvebi. 
brZanebebi, Tavis mxriv, kodirebulia ricxvebis saxiT da alk-s 
“esmis”, Tu ra operacia unda ganaxorcielos ama Tu im brZanebis 
miRebisas. zogadad, brZaneba unda Seicavdes informacias imis 
Sesaxeb, Tu saidan unda aiRos alk-m ricxvebi, ra operacia unda 
Seasrulos da sad ganaTavsos Sedegi. alk saidanRac unda iRebdes 
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brZanebebs da ricxvebs. naTelia, amisaTvis saWiroa mexsiereba – 
mexsiereba romelic moemsaxureba brZanebebs, anu programas, da 
mexsiereba dasamuSavebeli ricxvebisaTvis. 

• daculi unda iyos programis brZanebebis Tanmimdevroba, anu 
romeliRac kvanZi unda akontrolebdes da icavdes am Tanmimdevrobas.  

• operaciebis Sesrulebis Sedegi unda gadaigzavnebodes saTanado 
daniSnulebiT. 

 
am zogadi mosazrebebidan gamomdinare, isaxeba umartivesi 
mikrokontroleris, an mikroprocesoris struqtura. es mikrosqemaa, 
romlis Seicavs yvelafers, rac saWiroa damoukidebeli muSaobisaTvis 
ricxviT monacemebTan. odnav ufro rTuli mikrokontrolerebi Seicaven 
kvanZebs analoguri informaciis cifrulSi da cifrulis analogurSi 
gardasaqmnelad, e.w. taimerebs da sxva funqcionalur kvanZebs. 
mikrokontroleris gamartivebuli blok sqema warmodgenilia nax. 3.13-ze.     
 
nax. 3.13    

  
 
 
mikrokontroleris gamartivebuli blok 
sqema. mikrokontroleri gamoiyeneba 
sxvadasxva mowyobilobebis marTvisaTvis 
da maTi urTierTqmedebis da erToblivi 
funqcionirebis organizaciisaTvis.  
 
mikrokontroleris pirveli nimuSi 
dapatentebuli iyo 1971 wels – 
mikrosqemis erT kristalze ganTavsda am 
blok sqemaze mocemuli kvanZebi.  
        
 

              
sxvadasxva korpusebSi awyobili sxvadasxva daniSnulebis mikrokontrolerebi 

 
operaciis Sesasruleblad, alk iRebs ricxvebs registrebidan, 
registrebSic anTavsebs Sedegs. zogadi daniSnulebis registrebis kvanZi 
Seicavs saTanado raodenobis registrebs am miznebis uzrunvelsayofad. 
muSaobis dros registrebis SerCeva da maTTan urTierTqmedebis 
Tanmimdevroba ganisazRvreba programiT. programam yovelTvis unda 
“daasaxelos” - miuTiTos is registrebi, romlebTan unda ganxorcieldes 
muSaoba yovel etapze. umetes SemTxvevaSi mikrokontrolerebi iyeneben 8-
bitian registrebs da muSaoben 8-bitian orobiT ricxvebTan. 8-bitiani 
orobiTi ricxvi 1 baitis saxels atarebs. 

registrebis raodenoba SemosazRvrulia – isini uzrunvelyofen alk-s 
funqcionirebis uSualo moTxovnilebebs. mikrokontroleris 
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srulyofili muSaobisaTvis es ar aris sakmarisi, amitom kontroleri 
Seicavs operatiul mexsierebas. aq inaxeba informacia, romelic iqmneba 
kontroleris muSaobis procesSi, an Semodis garedan, da uzrunvelyofs 
misi muSaobis srul algoriTms da funqciis Sesrulebas.   

bunebrivia SekiTxva - sad da rogor inaxeba kontroleris programa, da 
rogor aris organizebuli programis urTierTqmedeba alk-sTan. 
amisaTvis gamoiyeneba brZanebebis registri, programuli mexsiereba da 
brZanebebis mTvleli. brZanebebis registrs Tanmimdevrulad miewodebian 
programis brZanebebi. zogadaT, es registri emsaxureba ara marto alk-s 
– SesaZlebelia kontrolerSi sxva kvanZebic iyos. alk mudmivad “ixedeba” 
am registrSi, “arkvevs” aris Tu ara misken mimarTuli brZaneba. Tu aseTi 
brZaneba gamoCnda, alk mas asrulebs. 

 

brZanebebis registrSi brZabebebi xvdebian programuli mexsierebidan. 
mikrokontrolerebSi es kvanZi mudmivi mexsierebis kvanZis saxeliTaa 
cnobili. am mexsierebis yoveli misamarTiT aRniSnul ujredSi erTi 
brZanebaa Cawerili. erTad es brZanebebi qmnian programas da Cawerilebi 
arian im TanmimdevrobiT, romelic gaTvaliswinebulia 
mikrokontroleris muSaobis algoriTmSi. mexsierebidan brZanebis 
“amosaRebad” saWiroa miuTiToT mas im ujredis misamarTi, sadac 
Cawerilia saTanado brZaneba. kontroleris programirebis dros, 
brZanebebi iwereba ujredebSi im TanmimdevrobiT, ra TanmimdevrobiT unda 
sruldebodes programa. programis asamoqmedeblad sakmarisia vcvaloT 
brZanebebis mTvlelis mniSvneloba. Tu mTvlelis mniSvneloba 1-iT 
icvleba, programa Semdegi brZanebis Sesrulebaze gadadis. 

rogorc zemod aRiniSna, mikrokontrolerebi gamoiyeneba sxvadasxva 
mowyobilobebis samarTavad, amitom kontrolers aucileblad unda 
gaaCndes informaciis gareT gamoyvanis da miRebis saSualeba. es funqcia 
uzrunvelyofilia e.w. portebiT.  porti warmoadgens erTbitiani arxebis 
erTobliobas, romelTa calcalke awyoba SesaZlebelia rogorc 
informaciis miRebaze, aseve gadacemaze. portis arxebis awyoba – maTi 
funqcionaluri daniSnulebis daprogrameba - xorcieldeba kontroleris 
amocanidan gamomdinare.  kontroleris daprogrameba, rogorc wesi, 
iwyeba portebis awyobiT. 

kontrolerebis daprogramebis procesi uzrunvelyofilia programirebis 
eniT, romelic cnobilia Assembler–is saxeliT. am enaze iqmneba sawyisi 
programa. es umartivesi, umartives funqcionalur elementebze dayvanili  
programaa, romelic muSaobs e.w. manqanur kodebTan. kontrolerisaTvis 
uSualod gasagebia mxolod es ena, romelic uSualod organizebulia 
kontroleris eleqtronikis konstruqciaSi. Assembler–ze momzadebuli 
programa gardaiqmneba manqanur kodebSi e.w. kompilatoris saSualebiT. es 
programaa, romelic amartivebs programirebis process – Taviseburi 
“Tarjimania”, romelsac gadayavs Assembler–is sityvebiT da simboloebiT 
aRniSnuli brZanebebi manqanuri kodebis TanmimdevrobaSi. 
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dResdReobiT, mikrokontrolerebis daprogrameba xorcieldeba 
kompiuteris saSualebiT. mzaddeba programa Assembler–ze, xdeba misi 
kompilireba manqanur kodebSi da damatebiTi mowyobilobis, 
programatoris saSualebiT, misi Cawera kontroleris programul 
mexsierebaSi. programatori, erTismxvriv, uerTdeba kompiuteris portebs, 
meoresmxvriv kontrolers. programatori uzrunvelyofs Caweris 
proceduris teqnologiur eleqtrul reJims. 

pirveli mikrokontrolerebis maxasiaTeblebi 

pirveli mikrokontroleri gaCnda 1971 wels. kontroleri TMS1000 
daamzada firma Texas Instruments. misi operatiuli mexsiereba Seicavda 32 
baits (baiti 8-bitiani orobiTi ricxvia), programuli mexsiereba 1 
kilobaits. 

1976 wels Intel –ma gamouSva kontroleri cnobili saxeliT 8048. 
kontroleri Seicavda 64 baitian operatiul mexsierebas, 1 kilobaitian 
programul mexsierebas, or taimers – mowyobilobas romelic zomavs 
gansazRvruli drois intervals, saaTis generators  da 27 bitian ports 
(an 27 erTbitian ports, rac funqcionalurad erTi da igivea). saaTiT 
aRWurvili kontroleri “mibmulia” realur drosTan. mas SeuZlia 
daniSnul dros daiwyos an Sewyvitos raime funqcia, taimeris 
saSualebiT ki gadazomos programiT gaTvaliswinebuli intervali da, 
isev daiwyos an SeaCeros raime qmedeba. magaliTad, daniSnul dros 
CarTos raime agregati da amuSaos igi teqnologiuri procesiT 
gansazRvruli drois ganmavlobaSi. 

Tanamedrove mikrokontrolerebis maxasiaTeblebi 

1996 wels firma Atmel-ma daiwyo kontrolerebis sakmaod ganviTarebuli 
ojaxis warmoeba. am firmis kontrolerebi dRes sakmaod popularulia, 
erTgvar standartsac ki warmoadgenen kontrolerebs Soris. ramdenime 
kontroleris maxasiaTebeli, magaliTisaTvis, moyvanilia cxrilSi.  

Flash ROM – programulu mexsiereba (kilobaiti);  
RAM – monacemTa mexsiereba (baiti);  
Max I/O – portebis raodenoba; 
F. max – muSaobis maqsimaluri sixSire; 
Timer(s) – taimerebis/mTvlelebis raodenoba;  
RTC – realuri drois sistema (saaTi);  
AD – analogur/cifruli gardamqmnelebis arxebis raodenoba.  
 

Device Flash 
ROM 

RAM Max 
I/O 

F.max 
MHz 

16-
bit 

timer 

8-bit 
timer 

RTC AD 

ATmega128 128 4096 53 16 2 2 Yes 8 
ATmega1280 128 8192 86 16 4 2 Yes 16 
ATmega1281 128 8192 51 16 4 2 Yes 16 
ATmega16 16 1024 32 16 1 2 Yes 8 
ATmega162 16 1024 35 16 2 2 Yes - 
ATmega164 16 1024 32 20 1 2 Yes 8 
ATmega165 16 1024 54 16 1 2 Yes 8 
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ATmega168 16 1024 23 20 1 2 Yes 8 
ATmega169 16 1024 53 16 1 2 Yes 8 
ATmega2560 256 8192 86 16 4 2 Yes 16 
ATmega2561 256 8192 51 16 4 2 Yes 16 
ATmega32 32 2048 32 16 1 2 Yes 8 
ATmega324 32 2048 32 20 1 2 Yes 8 
ATmega325 32 2048 53 16 1 2 Yes 8 
ATmega3250 32 2048 68 16 1 2 Yes 8 
ATmega329 32 2048 53 16 1 2 Yes 8 
ATmega3290 32 2048 68 16 1 2 Yes 8 
ATmega406 40 2048 18 1 1 1 Yes  

yvela kontroleri aRWurvilia erTi an ramdenime sxvadasxva tipis 
sakomunikacio xaziT, romelic uzrunvelyofs mis urTierTqmedebas gare 
mowyobilobebTan. 

mikrokontroleros gamoyenebis magaliTebi 

mikrokontrolerebis farTo danergvam Secvala Tanamedrove teqnikis 
saxe. mravali, maT Soris farTo moxmarebis, sagani gaxda 
avtomatizirebuli da aRWurvili funqcionirebis sxvadasxva reJimiT. am 
eleqtronuli xelsawyoebis aseTma farTo gavrcelebam Secvala mravali 
sainJinro mimarTulebis saxe.  kontrolerebis gasacnobad, Sesaswavlad 
da gamosayeneblad mravali saxelmZRvanelo gamoica, uamravi veb saiti 
iZleva informacias da rekomendaciebs. miCneulia, rom kontrolerebis 
gamoyenebis teqnologiis asaTviseblad erTerTi saukeTesoa ATmega8 
kontroleri. misi teqnikuri maCveneblebi moyvanilia cxrilSi.  

Device Flash 
ROM 

RAM Max 
I/O 

F.max 
MHz 

16-bit 
timer 

8-bit 
timer 

RTC AD 

ATmega8 8 1024 23 16 1 2 Yes 8 

nax 3.14 –ze warmodgenilia am kontrolerze awyobili umartivesi 
xelsawyo – Suqgamomsxivebeli diodis programulad marTvis bloki. am 
xelsawyoTi SesaZlebelia naTebis nebismieri reJimis organizacia: 
sxvadasxva sixSiriT cimcimi, cvalebadi sixSiriT cimcimi, gansazRvrul 
dros CarTva da gamorTva, gansazRvruli drois intervalebiT CarTva, da 
sxva, praqtikulad nebismieri reJimis organizacia. SesaZlebelia 
ramdenime Suqdiodis CarTva da e.w. Suqgirliandebis organizacia.  

nax 3.14 –ze warmodgenili sqemis elementebia: 
Suqdiodi LED 1, 
damcavi rezistoro R1, 
kondensatorebi C1, C2, 
kvarcis rezonatori Q1. 

kondensatorebi da kvarcis rezonatori warmoadgenen mikrokontroleris 
stabiluri sixSiris generatoris gare kvanZs. es sixSire gamoiyeneba 
kontroleris saaTisa da taimerebis muSaobaSi. rezonatori warmoadgens 
eleqtrul mowyobilobas – kondensators, romlis eleqtrodebs Soris 
moTavsebulia kvarcis kristali. generatorSi, sakuTar sixSirexe 
aRznebuli kristali, sakmaod zustad inarCynebs am sixSires. es 
Taviseburi eleqtruli qanqaraa eleqtronuli saaTisaTvis. 
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nax 3.14   

 

 

 
a) xelsawyos principuli sqema. marjvniv 
naCvenebia portebi, romelTa gamoyenebiT 
xerxdeba kompiuterTan SeerTeba da 
daprogrameba. 

b) xelsawyos samontaJo sqema da 
programirebisaTvis kompiuterTan 
mierTebis organizacia – moiTxovs 
mxolod damcav rezistorebs 
kompiuteris portTan SesaerTeblad 

naxazidan naTelia, Tu ramdenad martivia xelsawyos teqnikuri nawili, 
SeerTebebis da damatebiTi detalebis raodenoba sakmaod mcirea. 
praqtikulad mTeli eleqtronika moTavsebulia mikroCipis SigniT. mTeli 
teqnologiuri aqcenti gadatanilia kontroleris programirebaze. 
kontroleri SegviZlia ganvixiloT rogorc Savi yuTi da mivyveT misi 
gamoyenebis instruqcias.  

nax 3.15   

 

 

a) xelsawyos samontaJo da principuli sqema. 
gamoyenebulia mikroZravis mikrokontroleri. komponentebi: 
rezistori, Suqdiodi da eleqtriZrava. 

b) mini roboti 

kontrolerebis gamoyenebis TvalsazrisiT aseTi gamartiveba maT mimarT 
did interess iwvevs da teqnikuri modelirebis da Semoqmedebis erTerTi 
mniSvnelovani wyaro xdeba. gansakuTrebiT popularuli gaxda martivi 
moZravi avtonomiuri robotebis awyoba da sxvadasxva reJimiT 
programireba. qvemod moyvanilia ramdenime magaliTi saitidan myrobot.ru. 
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es konstruqciebi advilad asawyobia da mikrokontrolerebis 
teqnologiis asaTviseblad metad sasargebloa. pirveli roboti 
reagirebs sinaTleze. programis mixedviT SesaZlebelia daiwyos an 
SeaCeros moZraoba gare Suqsignalis moqmedebis Sedegad, an ufro rTuli 
moZraobis programa Seasrulos: signalis Semdeg moZraoba daiwyos an 
SeaCeros programulad gansazRvruli drois intervalis Semdeg, 
daTvalos sinaTlis sasignalo impulsebi da moaxdinos maTze reagireba 
programiT gaTvaliswinebuli wesiT da a.S. aseTi konstruqcia 
warmodgenilia nax 3.15 –ze.  

nax 3.16    

 

 

 
a) xelsawyos samontaJo da principuli sqema. komponentebi: 
Suqgamomsxivebeli da SuqmimRebi diodebi, rezistorebi, 
kondensatorebi, kvarcis rezonatori, mikroZravebi. 

b) mini robotis 
konstruqcia da 
roboti-mxatvari 

 

 

 

 

g) naxatebis nimuSebi 

kidev erTi konstruqcia warmodgenilia nax. 3.16-ze. es roboti 
aRWurvilia ori ZraviT. mas SeuZlia ufro rTuli moZraobis Sesruleba. 
teqnikurad sqema isev sakmaod martivia, magram funqcionalurad misi 
SesaZleblobani mkveTrad gazrdilia. SesaZlebelia es roboti 

 8



iseTnairad davaprogramod, rom moZraobisas miyves xazs. aseTi 
konstruqciebi sakmaod popularulia. maT iyeneben saxatavad. am 
SemTxvevaSi naxatis saxe ganisazRvreba programiT. zogi aseTi robo-
naxati gamofenilia Tanamedrove samxatvro galereaSi.    

cifruli eleqtronikis komponentebis maxasiaTeblebi 

aqamde  Cven vixilavdiT eleqtrul signalebs idealizirebulad, mxolod 
1 da 0 logikuri doneebis saxiT. realur cifrul eleqtronikaSi am da 
sxva mniSvnelobebs eniWeba savsebiT konkretuli fizikuri Sinaarsi, 
romelic warmodgenilia eleqtronuli xelsawyoebis teqnikuri 
parametrebis saxiT. realur eleqtronul xelsawyoebTan muSaobisas 
saWiroa am parametrebis codna. ganvixiloT es parametrebi: 

1. xelsawyos kvebis Zabva. Yyvela mikrosqema muSaobs garkveul misTvis 
gankuTvnil Zabvaze. naklebi Zabvis modebisas is SesaZloa ver “CairTos” 
an srulad ver ifunqcioneros, zedmeti Zabvis modebisas ki “gadaiwvas” – 
romelime nawilis mwyobridan gamosvlis gamo Sewydes funqcionireba. 
2. Sesavali logikuri 0-s da 1-s doneebi. 0-sa da 1-is Sesabamisi 
mniSvnelobebisTvis sazogadod miuTiTeben ZabvaTa diapazonebs, 
magaliTad: 0 – araumetes 2 voltisaa, 1 – aranakleb 3 voltisaa. aseT 
SemTxvevaSi 2.5 voltis miwodebisas gaurkveveli iqneba Sedegi. 
3. gamosavali logikuri 0-s da 1-s doneebi. sazogadod gamosaval 
monacemebSi 0-sa da 1-is doneebi SeiZleba mniSvnelovnad gansxvavdebodes, 
magram yovelTvis gamosavali 0-is done ar aRemateba Sesavali 0-is dones, 
da gamosavali 1-is done araa Sesavali 1-is doneze dabali. 
4. deni, romelsac moixmars mowyobiloba. Ksazogadod cdiloben 
ekonomiuri energomoxmarebis kontrolerebis SerCevas. 
5. Sesavali deni. Cveulebriv miuTiTeben maqsimalurad SesaZlebel 
mniSvnelobas. 
6. gamosavali deni. Cveulebriv miuTiTeben maqsimalurad SesaZlebel 
mniSvnelobas. mis mniSvnelobazea damokidebuli Tu ra simZlavris 
xelsawyos mierTebaa SesaZlebeli gamosavalze.  
7. impulsis xangrZlivoba. Cveulebriv miuTiTeben minimalur SesaZlebel 
mniSvnelobas. is aRwers Tu ra umciresi xangrZlivobis impulsis aRqma 
da damuSaveba SeuZlia mikrokontrolers.  
8. maqsimaluri samuSao sixSire. es maxasiaTebeli metad mniSvnelovania 
is aRwers xelsawyos muSaobis siCqares anu ra sixSiriT xorcieldeba 
TiToeuli operacia xelsawyoSi. cxadia SedarebiT mcire sixSireze 
momuSave (SedarebiT nel) Zvel (adre gamoSvebul) mikrokontrolerebs ar 
SeuZliaT srulfasovnad imuSaon ufro maRalsixSireze momuSave (axal, 
SedarebiT Cqar) Tanamedrove mikroprocesorebTan.  
9. 0-1 da 1-0 gadarTvis dro. Cveulebriv miuTiTebs im minimalur dros 
romlis ganmavlobaSic signali SeiZleba Seicvalos Tavisi diapazonis 
10%-dan 90%-mde an piriqiT. cxadia es maxasiaTebeli mWidro kavSirSia 
xelsawyos samuSao sixSiresTan. 
10. signalis gavrcelebis dayovneba. umetes SemTxvevaSi mikrokontroleri 
Sedgeba ramdenime kaskadisgan, romlebic myisierad ar reagireben 
Semosul signalze. amitom signalis gavrcelebis dayovnebis dro 
warmoadgens mis mer yoveli kaskadis gavlisas daxarjul droTa jams. 
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