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Resume 

The work titled “Direct current motor microprocessor control system 

exploring”contains  direct  current  motor  1BB-42  mathematical  modelling  with  

computer  math software Mathcad 15, transient curves exploring motor’s behavoir during 

transient modes and motors frequency diagrams(Bode diagrams). Also power bridge of 

the system is being modelled  with  Multisim  9  electronic  circuitry  design  software  

with  its  transient  mode curves and frequency diagrams with the affection of load 

resistance on bridge energising trinsient time is explored and graphically represented with 

find out the math formula of the  dependance.  The  system  representation  as  integrity  

of  frequency  blocks  and  its performance  modelling  with  the  software  Vissim  is  

also  performed.  Finally  system circuitry  schematic  diagram  and  list  of  electronic  

components  are  presented.  System performance on examples of certain modules is 

discribed with block-diagrams. A mounted switch (DIR) for run/stop, clockwise, and 

counterclockwise movement and a potentiometer (SPEED) for variable speed (PWM) 

input are available on the application board to enable stand-alone prototyping. An 

optional feedback loop from the DC motor to the Atmel ATmega88 can be established 

using Hall sensor(s). The two Hall inputs can be linked to the connector HALL as well as 

the 5V supply for the Hall sensors. There is also an on-board shunt current sensor to 

detect over-currents (using Atmel ATmega88’s analog comparator) and to measure motor 

current. The application is designed for high temperature environments. The Atmel 

ATmega88 and the Atmel driver ATA6824 are qualified up to an ambient temperature of 

150°C. Under thermal overload conditions, the Atmel ATA6824 switches off. If the 

temperature exceeds the prewarning threshold, the microcontroller can reduce the output 

power. Capacitance material on X8R quality is necessary to ensure high ambient 

temperatures. Mounted connectors, a switch, and a potentiometer on the board, enable 

prototyping; however, these components are not qualified for use under high 

temperatures. The board can be integrated into high-temperature environments using 

wires.  ATA6824 DIR pin is set according to command direction. PWM ratio is refreshed 

constantly according to speed of the potentiometer ADC input.Command switch inputs 

are monitored to stop motor or keep it stopped. Atmel ATA6824 detects a short circuit: 

H-bridge short-circuited and FET is switched off until next PWM rising edge. This 
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default is reported to software through a diagnostic feature: an interrupt occurs on DG1 

MCU input pin, which internally latches a failure. Apart from switching on the DG1 

LED, no action is taken by the software in response to this event. In a customer 

application, this should be managed, eventually by the interrupt sub-routine, especially in 

case of a 100% PWM ratio where no rising edge appears at the Atmel ATA6824 PWM 

input to make a retry. Care should be taken in motor transient state (e.g. motor start-up). 

An accelerating curve is preferable from 0% to 100% PWM ratio transition, which may 

be mistaken for a short-circuit condition. Without management, in the worst case 

scenario, the motor will not start as the outputs are switched off, and short circuit will be 

shown on DG1 pin. Atmel ATA6824 detects an over-temperature  warning: an interrupt 

occurs on the  MCU. This diagnostic doesn’t need to be software latched as it remains 

high until  the temperature decreases. The application software toggles an LED. 
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1. kvlevis aqtualoba 

 

amJamad arsebobs oTxi erTaneTisagan gansxvavebuli midgoma 

teqnikuri obieqtebis marTvis procesebis avtomatizaciis sferoSi. 

isini erTmaneTisagan gansxvavdebian maT mier ganxorcielebuli 

marTvis kanonebis sirTulis xarisxiT, gamoyenebis sferoTi da 

fasiT. Yyvelaze martivi da iafi Tanamedrove avtomatizaciis 

xerxTa Soris daprogramebis aucileblobis gareSe aris myari 

sxeulis releebis gamoyeneba(inglisurenovan literaturaSi Solid 

State Relay(SSR), rusulenovan literaturaSi Твёрдотельное реле(ТТЛ)). 

Mmyari sxeulis releebis(msr) gamoyenebiT SegviZlia warmatebulad 

CavanacvloT Zaluri, sakommutacio, sareleo-sakontaqtoro logika 

martiv eleqtroamZravebSi rogorc mudmivi denis Zravebis agreTve 

cvladi denis Zravebis gamoyenebiT. Semdegi SedarebiT bevrad 

rTuli magram Zalian iafi saSualeba aris mikrokontroliori(maTi 

aRwera ixileT literaturuli mimoxilvis me-3-e 

TavSi(avtomatizaciis saSualebebi)). Mmikrokontroliori 

warmoadgens mikroprocessorTa SedarebiT martiv saxeobas, 

romelic orientirebulia marTvis amocanebis Sesrulebaze da 

rogorc wesi Tanamedrove mikrokontrolerebi arian 8-Tanrigiani 

erTkristalze damontaJebuli mikroprocessori. Mmesame SedarebiT 

ufro Zviri, magram gamoyenebis TvalsazrisiT mZlavri 

avtomatizaciis saSualebaa e.w Tanamedrove eleqtroamZravebi – es 

aris nakeTobebi romlebsac aqvT damTavrebuli Zaluri da 

mmarTveli nawili romelic damontaJebulia erT korpusSi, 

romlebsac aqvT mzomi da mmarTveli Sesasvlel-gamosasvlelebi. 

maTi gamoyeneba-danergvisaTvis saWiroa mxolod kvalificiuri 

montaJi da gawyoba. Mmudmivi denis eleqtroamZravebis ZiriTadi 

mwarmoebeli firmebia Sprint Electric(UK) da Control Techniques. maTi 

aRwera ixileT literaturuli mimoxilvis me-3-e TavSi 
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avtomatizaciis saSualebebi.Aavtomatizaciis yvelaze Zviri da 

mZlavri gadawyvetilebaa aris programirebadi logikuri 

kontroliori(plk), romlis funqciebi amocanebis umetes nawilSi 

aris Warbi an saerTod ar gamoiyeneba(Деменков).  

amJamad mrewvelobis da transportis sxvadasxva dargSi jer 

kidev Warbobs amZravebi sareleo kontaqtoruli marTvis sqemiT. 

aseT sqemebSi plk-ze gadasvla ar aris gamarTlebuli aramxolod 

ekonomikuri TvalsazrisiT – aramed gonierebiTac ki Zalian didi 

fasebidan da funqcionalurad didi siWarbidan gamomdinare. amasTan 

erTad sareleo-sakontaqtoro logikis da eleqtromagnituri 

gamSvebebis gamoyeneba meqanikuri kontaqtebis arsebobis gamo, 

naperwklianobis, cveTis, movlisa da dasufTavebis aucileblobis, 

dabali swrafmoqmedebis gamo ar pasuxobs aranair Tanamedrove 

moTxovnebs da ukve teqnikur-ekonomikuri TvalsazrisiT ar aris 

mizanSewonili. amasTan erTad mxolod msr-bis gamoyenebiT, 

romelic Tavisi siiafesTan erTad moqmedebs sxvadasxva Taobebis 

inJinrebisa da teqnikosebisTvis cnobili sareleo kontaqtoruli 

logikis principebiT da amasTan erTad uzrunvelyofs 

swrafmoqmedebasa da saimedoobas da agreTve 

feTqebadusafrTxoebiT tradiciuli sareleo-kontaqtoruli 

sqemebisagan gansxvavebiT, ar SeiZleba vcnoT rogorc optimaluri 

gadawyvetileba mTeli rigi amZravebisaTvis(Tumca bevri martivi 

eleqtroamZravisaTvis es savsebiT sakmarisia) gamomTvleli 

mowyobilobis ararsebobis gamo romelic aris mikroprocessori da 

kerZod misi bevrad martivi saxeoba mikrokontroliori. Aaqedan 

gamomdinare dResdReobiT arsebuli didi raodenobis moZvelebuli 

eleqtroamZravebis ricxvSi romlebic moqmedeben sareleo-

kontaqtoruli logikis bazae rogorc plk-bis agreTve  e.w 

Tanamedrove eleqtroamZravebis gamoyeneba maTi funqcionaluri 

siWarbisa da didi fasebidan gamomdinare ar aris gamarTlebuli, 
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Tumca mxolod msr-bis gamoyeneba ar gvaZlevs saSualebas 

gadavaprogramoT eleqtroamZravi e.i teqnologiuri procesebis 

gaTanamedroveobas da zogjer pirobebis cvlilebas esaWiroeba 

eleqtroamZravi gadaprogramirebis saSualebiT romelsac aqvs 

ukontaqto Zaluri nawili myari relebis da sxva ukontaqto 

eleqtronuli mowyobilobebiT. 

 Aaqedan gamomdinare amJamad yvelaze aqtualuri da gonieri 

gadawyvetilebaa dabali da saSualo sirTulis eleqtroamZravebSi 

aris 8-Tanrigiani mikrokontroliorebis(mikroprocessorebis) 

gamoyeneba logikur-gamomTvlel nawilSi da Mmsr da ganiv 

impulsuri modulaciis principiT momuSave eleqronikiT Zalur 

nawilSi. amasTan erTad eleqtroamZravebis mimoxilvidan(ixileT 

literaturuli mimoxilvis me-3-e Tavi avtomatizaciis saSualebebi) 

gairkva rom Sprint Electric da Control Techniques eleqtroamZravebSi 

brunvis siCqaris Sesasvleli organizebulia taqogeneratoris 

bazaze. Aaqedan gamomdinare es produqcia orientirebulia Zveli 

eleqtroamZravebis Canacvlebaze siCqaris sensorebis Tanamedrove 

siCqaris sensorebiT(mzomebiT) Canacvlebis gareSe, e.i 

Sinaarsobrivad ar aris Zireuli, radgan warmoadgens Tanamedrove 

eleqtroamZravis adaptacias brunvis siCqaris ukve didi xnis win 

cnobil da moZvelebul mowyobilobasTan – taqogeneratorTan. dRes 

am miznisaTvis gamoiyenebian TviTmasStabirebadi siCqaris sensorebi, 

romelTa muSaoba damyarebulia holis efeqtis principze. Ees 

upirviles yovlisa gaaumjobesebs masogabaritul monacemebs, 

gaanTavissuflebs momsaxure personals taqogeneratoris movlis 

saWiroebisagan da amasTan erTad rac Zalian mTavaria 

uzrunvelyofs saWiroebis SemTxvevaSi rogorc Zalian dabali 

agreTve Zalian maRali brunvis siCqaris saimedo da zust 

gazomvas(uku kaSiris konturebSi). gaabaTilebs taqogeneraoris da 

mudmivi denis Zravis lilvebis zusti SeerTebis saWiroebas da 
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Seamcirebs xmaurs. ZiriTadi da sakmaod rTuli amocanaa romelic 

Segvxvdeba mikroprocessoruli marTvis sistemis kvlevis dros 

aris mikrokontroleris daprogrameba, romelic xdeba samanqano 

enebis doneze asembleri an si asemblerisaTvis. Semdegi amocanaa 

aris mikrokontrolioris integracia Zalur(msr da ganiv 

impulsuri modulatori) sensorul(zomvis) nawilebTan. Aam  

sistemis gawyoba,  gamocda da kvleva laboratorul pirobebSi. 

Yyvelaferi es saSualebas mogvcems gadavideT konkretuli da 

mkafio teqnikuri da programuli saSualebebis moZiebaze da es 

yvelaferi erTad emsaxureba erT mizans SevimuSavoT gzebi sareleo 

kontaqtoruli eleqtroamZravebidan masiuri gadasvlis iaf saimedo 

da kompaqtur safuZvelze gadaprogramebis saSualebiT magram 

funqcionaluri siWarbis da gamouyeneblobisa da siZviris gareSe – 

e.i gaumarTlebeli xarjebisagan rac axasiaTebs programirebad-

logikur kontroliorebs(plk-bs).   

2. samuSaos mizani 

1. sistemis muSaunarianobis dadgena srulyofili programuli da 

maTematikuri saSualebebis gamoyenebiT. 

2. gardamaval reJimebze datvirTvis gavlenis analitikuri 

formulis saxiT miReba. 

3. mTliani sistemis moqmedebis xarisxis Sefaseba. 

4. marTvis logikuri nawilis srulyofa Tanamedrove 

maTematikuri aparatis gamoyenebiT. 

5. sistemis eqsperimentuli maketis praqtikuli realizaciisaTvis 

mzadeba. 

6. SesaZlo danergvis sferos warmodgena. 

7. danaxarjebis analizi.   

kvlevis amocanebi: 

1. mudmivi denis Zravis mikroprocesoruli marTvis sistemis 

struqturis dayofa kvanZebad. 
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2. Zravis maTematikuri modelis Sedgena. 

3. Zravis maTematikuri modelidan gamomdinare sxvadasxva 

statikuri da dinamikuri maxasiaTeblebis ageba, sixSiruli 

maxasiaTeblebis ageba(bodes diagramebi). 

4. agebuli maxasiaTeblebis gaanalizeba. 

5. tranzistoruli gardamsaxis maTematikuri modelis Sedgena. 

6. maTematikuri modelidan gamomdinare gardamsaxis sixSiruli 

max-asiaTeblebis ageba(bodes diagramebi). 

7. specialuri programebis gamoyenebiT tranzistoruli 

gardamsaxis gardamavali reJimebis Seswavla. 

8. gardamavali reJimebis xarisxis parametrebis dadgena(drois 

mudmivebi, wminda dayovneba, gardamavali reJimebis 

xangrZlivoba 

9. tranzistoruli gardamsaxis gardamaval reJimebze datvirTvis 

winaaRmdegobis gavlenis dadgena maTematikuri saxiT. 

10. tranzistoruli gardamsaxis sixSiruli kvanZis saxiT 

warmodgena. 

11. tranzistoruli gardamsaxis marTvis logikuri sqemis 

damuSaveba ukontaqto logikur elementebze. 

12. mTliani sistemis Sekvra sixSiruli kvanZebis saxiT. 

13. mTliani sistemis dinamikuri maxasiaTeblebis miReba, mTliani 

gardamavali reJimis xarisxis maCveneblebis miReba, statizmi, 

astatizmi, gadametregulireba. 

14. Tanamedrove elementur bazaze Sesrulebuli gardamsaxis 

upiratesobebze xazgasma tradiciuli tiristorul sqemebTan 

SedarebiT. 

15. mowyobilobis praqtikuli realizaciis aucileblobis 

xazgasma. 
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3. kvlevis obieqti da meTodebi 

 
nax. #1 mudmivi denis Zravis mikroprocesoruli marTvis 

sistemis mowyobilobis xedi 

Mmudmivi denis Zravis marTvis logikis damuSavebis amocanas 

specialur literaturaSic ki naklebi yuradReba eTmoba, magram es 

erTi SexedviT martivi mimarTuleba ar aris trivialuri. rogorc 

wesi specialistebi saubroben amZravebTan dakavSirebul sxvadasxva 

problematikaze, magram naklebad aris ganxiluli ama Tu im 

amocanis gadawyvetis Teoriuli da praqtikuli niuansebi. amis 

naTeli magaliTia is faqtia, rom avtomaturi marTvis sqemebis 

damuSavebis dros cdiloben martivi msjelobiT moaxerxon 

dasamuSavebeli sqemis analizi da am dros ar sargebloben 

maTematikis instrumentiT, romelic imisaTvis ki ar iqmneboda, rom 

studentebs cxovreba gaumwaros, aramed imisaTvis, rom SesaZlebeli 

gaxdes sxvadasxva teqnikuri Tu sabunebusmetyvelo an Tundac 

komerciuli amocanis Rrma formalizacia, romlis gareSe amocanis 

gadawyveta SeuZlebelia. es misaRwevia Tu amocana gvaqvs mkafiod 

dasaxuli. Aamitom Cven SevecadeT bulis algebras da diskretuli 

mowyobilobebis Teoriis gamoyenebiT gadagveWra marTvis logikis 

da iqidan gamomdinare sqemis damuSaveba, romelsac ar eqneba 

siWarbe da am dros iqneba sakmarisi piroba srulyofili marTvisa. 

iqidan gamomdinare rom gvWirdeba amZravis saaTis  isris 
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mimarTulebiT brunva da sawinaaRmdegod, aseve brunvis siCqaris 

marTva da aqedan gamomdinare ori tranzistoris ganiv impulsuri 

reJimiT marTva, sqemis Zaluri nawilis marTvis logikis damuSaveba 

ar aris trivialuri amocana da ver SemuSavdeba mxolod 

msjelobiT. Aaq saWiroa amocanis Rrmad formalizacia, romelic 

xerxdeba logikuri algebris kanonebis praqtikuli gamoyenebით. 

marTvis logikis amocanis farmalizacia gvWirdeba sabolood 

imisaTvis, rom SevimuSavoT sqema logikur elementebze, rac 

sakuTriv mogvcems instruments mudmivi denis Zravis 

mikroprocessoruli marTvis sistemis kvlevisa, rac naSromis 

mTavar komponents warmoadgens. amocanis formalizaciis etapebia 

Semdegia:  

1. WeSmaritebis cxrilis Sedgena. 

2. ჭეშმარიტების ცხრილიდან გამომდინარე ლოგიკური ფუნქციის 

ლოგიკის ალგებრის განტოლების სახით შედგენა. 

3. logikuri funqciis gardaqmna da gamartiveba logikis 

algebris gamoyenebiT. 

4. funqciidan gamomdinare logikuri elementebis SerCeva. 

5. miRebul logikur sqemis Sesasvlelze diskretuli 

signalebis cvlilebiT “0” da “1”, vakverdebiT sqemis 

gamosasvlelze diskretuli signalis cvlilebas. 

6. miRebuli marTvis sqemis maketireba eleqtronuli sqemebis 

maketirebis programaSi Multisim 9. 

7. miRebuli marTvis sqemis “mierTeba” tranzistorebis  

bogirTan. 

8. saerTo sqemis gamocda da dakvirveba. 

WeSmaritebis cxrilis Sedgenamde minda warmogidginoT mudmivi 

denis Zravis mikroprocesoruli marTvis sqemis abstraqtuli saxe, 

romelsac Cven viyenebT kvlevis obieqtze warmodgenis Sesaqmnelad. 

Ddasaxuli amocanis Sesasruleblad dagvWirdeba bulis algebris 
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da diskretul mowyobilobaTa Teoriis  zogierTi kanonis 

gamoyeneba, rac mokled ganixileba disertaciaSi.  

 

 

nax.2 mudmivi denis Zravis mikroprocesoruli marTvis sistemis 

gamartivebuli principialuri sqema 
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nax. #3 logikuri algebris meTodebiT damuSavebuli bogiris Zalovani 

tranzistorebis marTvis sqema Tanamedrove komponentebze 

 

nebismieri obieqtis regulirebis sistemis kvleva da kerZod 

Cvens SemTxvevaSi mudmivi denis Zravis mikroprocessoruli marTvis 

sistemis kvleva mdgomareobs struqturuli sqemis damuSavebaSi da 

sistemis kvanZebis rogoricaa Zrava, tranzistoruli gardamsaxi, 

tranzistoruli gardamsaxis mmarTveli logikis da uku kavSiris 

sensorebis gadamwodi funqciis dadgenaSi. iqidan gamomdinare, rom 

1BB-42 mudmivi denis Zravas gadamwodi funqcia, drois 

eleqtromeqanikuri da eleqtromagnituri mudmivebi gvaqvs 

dadgenili kidev erTxel cxrilSi qvemod moviyvanoT es metismetad 

mniSvnelovani parametrebi romlebic dagvWirdebian Cveni sistemis 

modelirebis dros.  

 

 

 

& 

& 

1 
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cxrili #1 Ford 1BB-42 Zravis drois mudmivebi da gadamwodi 

funqcia 

Zravis 

eleqtromeqanikuri 

mudmiva 

Zravis 

eleqtromagnituri 

mudmiva 

Zravis 

gadamwodi Ffunqcia 

410191.1 −
⋅  0.37 

( )
137.00000441.0

57.28
2

+⋅+⋅
=

pp
pw  

axla isev davubrundeT tranzistoruli gardamsaxis drois 

mudmivebis da gadamwodi funqciis dadgenis amocanas. praqtikulad 

es amocana ar aris trivialuri radgan obieqtis gadamwodi funqcia 

ar Sedis mowyobilobaTa monacemTa nomenklaturaSi. Cvens 

SemTxvevaSi cnobilia tranzistoruli gardamsaxis gadamwodi 

Ffunqciis gamosaxuleba, magram ar gvaqvs am gadamwodi funqciis 

parametrebi. gadamwodi Ffunqciis parametrebis dadgena SeiZleba 

sami ZiriTadi gziT: 

1. analizuri meTodiT. 

2. eqsperimentuli meTodiT. 

3. obieqtis modelireba specialuri kompiuteruli programebis   

      gamoyenebiT. (Multisim, Vissim). 

 

analizuri meTodi moiTxovs obieqtis Sida agebulebis, 

Semadgenel nawilebSi mimdinare fizikuri procesebis doskonalur 

codnas da Zlier maTematikur instrumentebs. eqsperimentaluri 

meTodi moiTxovs minimalur monacemebs mowyobilobaze da mis 

SigniT mimdinare Ffizikur procesebze. aq Cven sakvlev obieqts 

vixilavT rogorc e.w Sav yuTs da SeiZleba praqtikulad iyos 

gamoyenebuli, oRond obieqti Ffizikurad unda arsebobdes. iqidan 

gamomdinare, rom sakvlevi obieqti aris eqsperimentuli da 

Ffizikurad jer ar gvaqvs agebuli tranzistoruli gardamsaxis 

Zaluri da marTvis nawilis virtualuri maketis saxiT ageba da 
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masze garkveuli eqsperimentis Catareba mogviwevs. am eqsperimentis 

fizikuri Sinaarsi Semdegi saxisaa: obieqtis Sesasvlelze vawvdiT 

raRaca zemoqmed signals, xolo gamosasvlelze vakvirdebiT 

gamoZaxils, anu zemoqmedebis Sedegad miRebul signals 

gamosasvlelze, amis Semdeg miRebul monacemebs davamuSavebT, 

avagebT gardamaval maxasiaTeblebs gardamsaxis Zabvis, denis, Zravis 

momentis da siCqaris. obieqtis Sesasvlelze signalis miwodebisas 

obieqtis gamosasvleli sidide icvleba raRaca sawyisi 

mniSvnelobidan bolo damyarebul mniSvnelobamde da es 

mimdinareobs garkveuli drois SualedSi raRaca gardamavali 

reJimis saxiT. am gardamavali reJimis grafiks ewodeba obieqtis 

gardamavali maxasiaTebeli da rogorc wesi fiqsirdeba droiTi 

diagramis saxiT h(t), romelic Seicavs yvela saWiro informacias 

gadamwodi funqciis gamosaxulebis dadgenisa da gamosaxulebaSi 

Semavali parametrebsac, rogoricaa sistemis wminda dayovneba da 

drois mudmiva. tranzistoruli gardamsaxis SemTxvevaSi saqme 

SedarebiT martivadaa, radgan CvenTvis zogadi saxiT cnobilia 

tranzisoruli gardamsaxis gadamwodi funqciis gamosaxuleba, 

romelsac kidev erTxel qvemod moviyvanT:  

( )
( )

( ) 1

0

+⋅
⋅==

⋅−

sT

e
k

sU

sU
sW

mn

s

mn

y

mn

τ

     (1) 

sadac: 

)(sU mn -tranzistoruli gardamsaxis Sesasvlelze Zabvis 

gamosaxulebaa, 

( )−sU y tranzistorTa mmarTveli Zabvis gamosaxuleba. 

Kmn- gardamsaxis gaZlierebis koeficienti. 

Tmn- gardamsaxis Zaluri wredis eleqtromagnituri drois 

mudmiva. 

−0τ  dayovnebis dro. 
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 −0τ damokidebulia mmarTveli signalis miwodebis momentze da 

mimarTulebaze da mdebareobs diapazonSi f10 ≤ , sadac f gim-is 

sixSirea icvleba diapazonSi (2-10 khc). maRali sixSiris dros ganiv 

impulsuri gardamsaxi SeiZleba CavTvaloT uinercio kvanZad da 

pirvel miaxlovebaSi  ugulebelvyoT sidideebiT Tmn da 0τ -iT da 

miviRoT  W(s)=kmn. am Fformulis praqtikulad gamoyenebas Cven 

daviwyebT me-9-e gverdze, rodesac daviwyebT gadamwodi Ffunqciis 

gamosaxulebis daweras, ris saSualebasac mogvcems erTeulovani 

safexurebrivi zemoqmedebis cda, romelic mogvcems gaZlierebis 

koeficientis mniSvnelobas da da drois mudmivas. 

Oobieqtis gadamwodi Ffunqciis gansazRvra gardamavali 

maxasiaTeblis mixedviT warmoebs meTodikiT, romelsac safuZvlad 

udevs aproqsimaciis meTodi. aseTi aproqsimaciis arsi mdgomareobs 

realuri gamosakvlevi obieqtis CanacvlebiT raRaca idealuri 

obieqtiT, romlis parametrebi winaswar aris cnobili da am 

parametrTa nakrebi aris minimaluri da realuri obieqtisgan 

garkveuli dasaSvebi cdomilebiT gansxvavdeba. avtomaturi marTvis 

TeoriaSi aseT idealur obieqtebs tipiur rgolebs uwodeben.  

imisaTvis, rom miviRoT tranzistoruli gardamsaxis 

eqsperimentuli gardamavali maxasiaTeblis grafikebi h(t), obieqtis 

uku kavSiri unda gavwyvitoT da obieqtis Sesasvlelze vaZlevT 

zemoqmedebas Sesasvleli sididis naxtomis saxiT. sxvanairad 

SeiZleba iTqvas, rom tranzistoruli gardamsaxi myisierad 

CairTveba maqsimalur Zabvze – 12 volti. obieqtis gamosasvleli 

sidide- gardamsaxis Zabvaa Zravis Ruzaze. gamosasvleli sidide 

Sesasvleli naxtomi signalisgan gansxvavebiT icvleba sawyisi 

mniSvnelobidan 0 bolo mniSvnelobamde 12 v ara naxtomiseburad, 

aramed droSi gardamavali saxiT. am gardamavali reJimis mruds 

ewodeba samarTavi obieqtis gardamavali maxasiaTebeli. monacemebi 

Zabvis Sesasvlelze naxtomiseburi cvlilebis Sesaxeb da 
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gamosasvleli Zabvis, denis, Zravis siCqaris Sesaxeb fiqsirdeba 

personaluri kompiuteris myar diskze cxrilebis redaqtoris(Excel-

is) gamoyenebiT Semdgomi damuSvebisaTvis da grafikebis asagebad. am 

monacemTa damuSavebis Sedegad sakmarisi sizustiT SeiZleba 

gamovikvlioT obieqtis dinamiuri da statikuri maxasiaTeblebi 

gamartivebuli sainJinro meTodikis gamoyenebiT, rac mdgomareobs 

mxebis gavlebas gardamavali maxasiaTeblis S wertilSi romlis 

warmoebuli(gamosasvleli Zabvis sididis cvlilebis siCqare) 

maqsimaluria. es aris ubralo grafikuli meTodi romlis arsi 

mdgomareobs SemdegSi: eqsperimentaluri gardamavali maxasiaTeblis 

grafikze eZeben gamosasvleli sididis cvlilebis maqsimaluri 

siCqaris wertils. es wertili amasTan erTad aris mrudis 

gadagrexvis wertili(simrudis niSnis cvlilebis A wertilSi). am 

wertilSi gaatareben mxebs gardamaval mrudTan, mxebis gadakveTamde 

sawyis mniSvnelobebTan y(0) da gamosasvleli sididis damyarebul 

mniSvnelobamde ( )∞y . gadakveTis wertilebs B da C gadaitaneben 

drois RerZze da daniSnaven drois or monakveTs: erTi Sesasvleli 

sididis naxtomis momentidan (t=0) momentamde, romelic moniSnulia 

B-wertiliT, xolo meore B wertiliT daniSnuli momentidan C 

wertiliT daniSnul momentamde. pirveli monakveTi gvaZlevs wminda 

dayovnebas τ , xolo meore obieqtis drois mudmivaa T. gardamavali 

reJimis eqsperimentaluri mrudis aproqsimaciisaTvis S wertilSi 

gavavlebT AB mxebs y(t) da ( )∞y -Tan gadakveTamde. praqtikulad ( )∞y  

ganisazRvreba gamosasvleli damyarebuli mniSvnelobis  98% 

miRebisas. abscisaTa RerZze ganisazRvreba droiTi monakveTebi: τt - 

satransporto dayovnebis dro, tv – tevaduri obieqtis dayovnebis 

dro da t- dayovnebis sruli dro. dayovnebis sruli dro 

ganisazRvreba formuliT:     

vttt += τ       (2) 
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Tob – obieqtis drois mudmivaa romelic warmoadgens AB mxebis 

proeqcias abscisaTa RerZze. Obieqtis gaZlierebis koeficienti K 

ganisazRvreba gamosasvleli parametris sididis nazardis 

SedardebiT Y∆  obieqtze zemoqmedebis sididesTan X∆ , Semdegi 

FformuliT: 

X

Y
K

∆

∆
=        (3) 

obieqtis gansazRvruli parametrebiT SegviZlia CavweroT 

gantoleba droiT formaSi:  

( )
( ) ( )τ−⋅∆⋅=+ tXKty

dt

tTdy
     (4) 

da agreTve operatorul formaSi, romelic iTvaliswinebs 

obieqtis sixSirul Tvisebebs:  

( )
( )1+⋅

⋅
=

−

PT

eK
pW

pτ

                                                       (5) 

iqedan gamomdinare, rom SezRudulebi varT sistemis naturaSi 

kvlevis TvalsazrisiT, radgan amisaTvis dagvWirdeba mowyobilobis 

konstruireba, ismis SekiTxva ranairad unda gamovikvlioT is? 

daaxlovebiT 20 wlis win daiwyo mniSvnelovani progresi 

sxvadasxva eleqtronuli mowyobilobis personalur kompiuterze 

modelirebis kuTxiT, romelic Tavdapirvelad gamoixata imaSi, rom 

Seiqmna eleqtronuli sqemebis modelirebis programa Electronics 

Workbench, romelic Tavidan saswavlo miznebisaTvis iyo 

Cafiqrebuli, xolo Semdgom imdenad daixvewa, rom daiwyo am 

programis gamoyeneba eleqtronuli sqemebis profesionaluri da 

samoyvareblo konstruirebis sferoSi, rac 1990 wlebis 

dasawyisisaTvis didi warmateba iyo. aseTi programis gamoyeneba 

saSualebas iZleva Tavi avaridoT ZviradRirebuli komponentebis 

dazianebas, gaaiolebs mowyobilobis gawyobis process, magram, 

amasTan erTad, rac Cvens SemTxvevaSi yvelaze mTavaria, mogvcems 

saSualebas sistemis gamokvleva CavataroT sxvadasxva 
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ZviradRirebuli aparaturis SeZenis gareSe: mTeli kvlevis procesi 

mimdinareobs kompiuteris gamoyenebiT da Semdeg xdeba virtualuri 

eqsperimentebis Sedegad miRebul monacemTa damuSaveba cxrilebis 

redaqtorSi, rogoricaa Excel-i. am zogadi saxis mokle eqskursis 

bolos minda avRniSno is, rom personaluri kompiuteri dRes 

TiTqmis yvela ojaxSi gvxvdeba, xolo cifruli oscillografi, 

signalebis generatori erTeulebis arsenalSia. aqedan gamomdinare, 

imisaTvis, rom dRes gamovikvlioT sakmaod rTuli eleqtronuli 

mowyobilobebi aucilebeli araa movawyoT ZviradRirebuli 

laboratoria, aramed sakmarisia mokrZalebuli monacemebis mqone 

kompiuteri raTa jer avawyoT, gavawyoT, gadaviRoT oscilogramebi 

da davamuSavoT eqsperimentis Sedegad miRebuli monacemebi, rom 

Semdgom sxvadasxva maTematikuri insrumentebiT, romelTa didi 

nusxa MS Excell-is arsenalSia, ganvazogadoT miRebuli Sedegebi da 

warmogidginoT is saerTo kanonzomierebebi, romlebic dgindeba 

sakmaod zusti saxiT im didi monacemTa masivebis damuSavebis 

Semdgom, romelTa damuSavebas kompiuteri axerxebs wamis 

meaTedebSi. 

axla ki mudmivi denis Zravis Zaluri bogiris virtualur 

komponentebze awyobis, gawyobis da gamocdis eqsperiments SevudgeT. 

Multisim-9 es is ZiriTadi instrumentia, romlis gamoyenebiT 

rogorc moyvarulebi da agreTve gamocdili profesionalebi 

sargebloben maT SemoqmedebiT saqmianobaSi. Multisim-is 

biblioTekebSi Sedian rogorc elementaruli komponentebi, 

rogorebicaa rezistorebi, kondensatorebi, induqciuri koWebi, 

agreTve SedarebiT rTuli: mikrosqemebi, mikrokontrolerebi. erT-

erTi yvelaze mniSvnelovania isic rom es programa gvTavazobs 

insrumentebis nairsaxeobebis iseT nusxas, romelzec bevri 

laboratoria iocnebebda, esenia: oscilografebi, bodes ploteri, 

logikis analizatori da a.S, rom araFeri vTqvaT voltmetrebze, 
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ampermetrebze, sixSirmzomebze. yvela am mowyobilobaTa realurTan 

miaxlovebuli komponentebis maketia Cvens xelTaa. rogorc vxedavT 

es programa saSualebas gvaZlevs eleqtronuli sqemebis 

maketirebisa da Seqmnil maketTa amuSaveba, ra Tqma unda virtualur 

reJimSi. amis garda minda avRniSno, rom am programiT 

sargrblobisaTvis ar aris saWiro raime maTematikuri modelebis 

Seqmna, imotom, rom es maTematika programis dammuSavebelTa 

kolosaluri Sromis Sedegad devs programis TviToeul virtualur 

komponentSi. 

imaze Tu ramdenad misaRebia am programiT modelirebiT 

monacemebi, metyvelebs is faqti, rom eleqtronikis bevri 

mwarmoebeli kompania iyenebs am programas gamogonili sqemebis 

muSaunarianobis dadgenaSi Semdgom ki mowyobilobas naturaSi 

amzadebs. ra Tqma unda es Zalian rTuli da specifikuri niuansebiT 

gajerebuli saqmianobaa, magram udavoa is, rom es gacilebiT 

martivia vidre Tavidanve vecadoT Ffizikurad davamzadoT da 

gamovikvlioT  realuri mowyobilobaa. 

axla ki mokled avRweroT Cvens mier Mmultisim-Si damuSavebuli 

mowyobiloba da CavataroT cdebi, romelTa warmarTva Semdeg 

miznebs emsaxureba:  

1. sistemis dinamiur parametrebze datvirTvis winaRobis 

gavlena. 

2. gardamavali reJimebis mrudebis oscilografirebis gziT 

miReba. 

3. erTeulovani safexurebrivi zemoqmedebis cdiT sistemis 

reaqciaze dakvirveba. 

4. miRebuli eqsperimentaluri grafikebis analizuri 

gamosaxulebis dadgena. 

aqve minda xazi gavusva kidev erT mniSvnelovan komponents: 

Multisim-is komponentTa biblioTekaSi Sedian sxvadasxva Zravebi, maT 

Soris Sedis mudmivi denis Zravic, romliTac Cven sqemis mokled 
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aRweras daviwyebT. mudmivi denis Zravi Sedis meniuSi Electromechanical, 

DC Motor. am komponentis samuSao areSi moTavsebis Semdgom vxedavT 

rom es xuTgamomyvaniani virtualuri komponentia. am gamomyvanebidan 

ori-Ruzis wverebia, ori aRgznebis, xolo erTi- Zravis lilvia, 

romlidan SeiZleba moixsnas Zravas siCqaris signali. virtualuri 

Zravas konfigurirebis fanjris gamoyvanis Semdgom SegviZlia 

SeviyvanoT Zravis simZlavre, nominaluri deni da Zabva, Ruzis 

wredis induqciuroba da aqtiuri winaaRmdegoba, aRgznebis 

gragnilis winaaRmdegoba, magnituri nakadi, nominaluri deni da a.S. 

amasTan erTad Zravis dakonfigurirebis fanjaraSi SegviZlia 

SeviyvanoT meqanikuri parametrebic, rogoricaa inerciis momenti, 

xaxunis koeficienti. Cven amocanas aseTnairad mivudgebiT, daviwyoT 

imiT, rom CvenTvis cnobilia  Zravis yvela zemoTCamoTvlili 

parametri. avirCioT meniudan Electromechanics mudmivi denis Zrava. 

davawkapunoT am obieqtze marjvena klaviSiT da gamova mudmivi 

denis Zravis parametrebis fanjara, romelSic SeviyvanT mudmivi 

denis Zravis Ford 1BB-42 sapasporto da Cvens mier Catarebuli 

eqsperimentebis Sedegad miRebuli parametrebi, rogoricaa: Ruzis 

aqtiuri winaaRmdegoba da induqciuroba, inerciis momenti, xaxunis 

momenti, mokled SerTvis momenti, Zravis eleqtromagnituri da 

eleqtromeqanikuri mudmiva am fanjaraSi ar gvWirdeba. am 

zemoTaRniSnuli parametrebis dasadgenad  Catarebul eqsperimentze 

aq ver SevCerdebiT, radgan es eqsperimentebi dawvrilebiT 

aRwerilia Jurnal energiis 2013 wlis martis nomerSi saTauriT: 

mcire simZlavris mudmivi denis Zravis aradokumentirebuli 

parametrebis gansazRvra. OK Rilakze dawkapunebiT mudmivi denis 

Zravis parametrebi Segvyavs Zravis modelSi. aqve ar unda 

dagvaviwydes rom Zravis siCqareze dakvirveba gvWirdeba, amisaTvis 

Zravis models multisimSi aqvs e.w me-5-e gamomyvani, romelic unda 

mivaerTod virtualuri oscilografis erT-erTi arxis centralur 
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gamomyvans, xolo am arxis meore gamomyvani unda davamiwoT. es 

saSualebas mogvcems oscilograFis saSualebiT davakvirdeT Zravis 

gaqanebis gardamaval reJims. amis Semdeg gavixsenoT is, rom Zravis 

siCqaris garda saWiroa davakvirdeT Ruzis densa da Zabvas, 

romlebzec dakvirveba unda vawarmooT aseve oscilografiT. Zabvis 

oscilografireba warmoebs ubralod oscilografis erT-erTi 

arxis Zravis Ruazaze mierTebiT. denis myisier mniSvnelobebze 

dakvirveba ki, ar aris aseTi elementaruli. teqnikaSi denis 

oscilograFirebisaTvis datvirTvasTan mimdevrobiT rTaven raRaca 

Zalian mcire winaaRmdegobis mniSvnelobis rezistors, romlis 

winaaRmdegobis sididis mniSvnelobaa rogorc wesi 10 jer naklebia 

ZiriTadi datvirTvis winaaRmdegobaze. amis Semdgom rezistoris 

paralelurad unda CavrToT oscilografis erT-erTi arxis orive 

gamomyvani. es eleqtrikosTa enaze niSnavs imas, rom davakvirdebiT 

Zabvis vardnas rezistorze. iqidan gamomdinare, rom Cveni 

rezistoris winaaRmdegobis sidide cnobilia, xolo virtualuri 

rezistoris winaRobis Termiuli koeFicienti 0 tolia, SeiZleba 

CavTvaloT, rom rezistorze Zabvis vardnis sidide mxolod 

rezistorSi gamavali denis sididezea damokidebuli da ar aris 

damokidebuli rezistoris temperaturaze, es imas mogvcems rom 

oscilograFze gveqneba rezistorze Zabvis vardnis signali, romlis 

TviToeuli drois mimentisTvis myisieri Zabvis vardnis mniSvneloba 

gayofili rezistoris winaaRmdegobis mniSvnelobaze mogvcems 

rezistorSi gamavali myisieri denis sidides. realur sqemebSi es 

ase ar aris, radgan rezistoris winaaRmdegoba temperaturis 

zrdasTan erTad rogorc wesi izrdeba da gamoisaxeba Semdegi 

formuliT:  

2020 RkRRx ⋅+=       (6) 

es imas nisnavs, rom cnobarebSi mocemulia rezisorebis 

winaaRmdegobis mniSvneloba, roca misi temperatura Seadgens, xolo 
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raRac x-temperaturaze is gaizrdeba da iqneba damokidebuli 

winaRobis Termiul koeficientze, rusul literaturaSi TKC. axla 

sqemis Zravis Semdgom avirCioT Sesabamisi komponentebi da 

davitanoT Zaluri bogiris komponentebi: oTxi veliani 

tranzistori, rezistorebi da kondensatorebi, rogorc diagrama 

#1-ze warmodgenili. tranzistorebi erTmaneTisagan damoukideblad 

imarTebian. tranzistorebis marTvis diskretuli nawili romelic 

mikroprocessors warmoadgens ganxilulia TavSi mudmivi denis 

Zravis mikroprocesorulu marTvis sistemis logikis damuSavebaSi. 

Zaluri bogiris marTvis mikroprocesoruli nawilis logika devs 

blokis XSC-1-is SigniT. am blokis Semadgenlobis gaSiFrva ar aris 

mizanSewonili, radgan is ukve sxva Temaa. diskretuli blokis 

gamosasvleli oTxi arxis mdgomareobas vakvirdebiT oTxi 

SuqdiodiT: rodesac Suqdiodi anaTebs, maSin gvaqvs logikuri “1”, 

piriqiT – “0”. mmarTveli blokis gamomavali sadenebi mierTebulia 

veliani tranzistorebis CamketebTan(inglisurad Gate, rusulad 

Затвор). oTxi tranzistori, romlebic arian Zaluri bogiris 

marTvadi komponenti maTi “istok” “stok” wyvilwyviladaa gaerTianebuli 

da mierTebulia Zravis RuzasTan. Zravis siCqaris davaleba 

Formirdeba potenciometriT, romelic awvdis 

Sesadarebel(davalebis) signals komparatoris erT Sesasvlelze, 

xolo komparatoris meore Sesasvleli mierTebulia xerxisebri 

Zabvis generatorTan. xerxisebri Zabvis generatoris signali aris 

wrFivi kanoniT zrdadi da am wrFis TviToeuli wertili dardeba 

davalebis konstantur signals. rodesac xerxisebri da davalebis 

signalis piroba sruldeba komparatoris gamosasvlelze 

Formirdeba logikuri erTiani, romlis signali marTkuTxa 

formisaa, romelic Semdeg ewodeba logikuri blokis XSC-1-is 

Sesasvlelze. logikuri bloki imisda mixredviT Zravis brunvis 

mimarTulebis gasaRebi ra mdgomareobaSia, gamosasvlelze 
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damoukideblad awvdis tranzistorebis Camketebze(Gate) marTvis 

signals. es SeiZleba iyos an logikuri erTiani an 0 an ganiv 

impulsuri modulaciis signali(gim). dawvrilebiT am diskretuli 

blokis maTematikuri damuSavebis procedura ixileT am namuSevris 

Sesabamis TavSi saTauriT mudmivi denis Zravis mikroprocesoruli 

marTvis sistemis blokis logikuri nawilis damuSaveba. logikuri 

bloki es mikroprocesoruli marTvis sistemis mTavari nawilia, 

romliTac xdeba tranzistorebis marTvis kanonis Formirdeba. sxva 

tranzistorebisagan veliani tranzistorebis SUD 50 N 04 erT-erTi 

umTavresi upiratesobaa, rom maTi marTva SeiZleba uSualod 

ganxorcieldes logikuri signalebiT “0”-iT da “1”-iT. es didi 

nabijia win, radgan tranzistoruli bogirebis sxva mowyobilobebSi 

saWiroa logikur nawilsa da tranzistorebis bazebs Soris 

Sesruldes signalebis maZlierebeli, raTa SesaZlebeli gaxdes 

iseTi signalis miReba, romelic sakmarisad Zlieri iqneba, rom 

gaxsnas tranzistori. es naklovaneba Seexeba Cveulebriv 

bipolarul tranzistors da kidev ufro metad tiristorebs, am 

ori sxvadasxva klasis mowyobilobebs aerTianebs is, rom isini 

deniT marTvadi naxevargamtaruli komponentebi arian, praqtikulad 

es imas niSnavs, rom tiristorebis gaxsnisTvis marTvis deni aRwevs 

0.1, 0.5 ampers, xolo bipolaruli tranzistorebis marTvis deni 

aRwevs aTeul miliamperebs, yvelaferi es SeuZlebels xdis 

bipolaruli tranzistorebis da tiristorebis logikuri 

signalebiT uSualod marTvas da moiTxovs damatebiT kvanZs: 

maZlierebels, rac arTulebs, adablebs sistemis swrafmoqmedebas 

da am damatebiTi kvanZis Seyvanis Sedegad gvaZlevs sistemis ufro 

did drois mudmivas. kidev erTi upiratesoba veliani MOSFET(Metal 

Oxide Semiconductor Field Emitted Transistor) mdgomareobs imaSi, rom 

veliani tranzistoris gaxsnis da Caketvis dro aris 2-5 mikrowami, 

xolo bipolaruli tranzistorebis gaxsnis dro Seadgens 5 dan 20 
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miliwamamde, rac TiTqmis aTjer  metia! rom araferi vTqvaT 

tiristorebze, romlis maTavari nakli aris is, rom is 

naxevradmarTvadi gasaRebia. marTvis eleqtrodeze signalis 

miwodebiT is SeiZleba gavxsnaT da sanam tiristoris anod-kaTodur 

ZiriTad wredSi deni gadis tiristoris Caketva aris SeuZlebeli. 

amitom samrewvelo sixSiris sinusoidur wredebSi tiristoris 

Caketva xdeba sinusoidis nolze gadasvlis momentSi, xolo mudmivi 

denis wredebSi tiristoris Casaketad anodur- kaToduri wredi 

unda davaSuntoT raRaca mcire sididis winaRobis rezistoriT. 

yvelaferi es miuTiTebs imaze, rom Zravebis marTvis axal 

sistemebSi unda gamoviyenoT veliani tranzistorebi, rogorc 

swraFmoqmedi, mZlavri, ciFrul nawilTan advilad integrirebadi 

komponenti maTi gamoyenebiT movaxerxebT aseTi sistemebis mcire 

drois mudmivebis miRebas rac praqtikulad niSnavs sistemebis 

swrafmoqmedebis amaRlebas. da bolos sanam gadavalT 

tranzistoruli gardamsaxis drois mudmivebis da gadamwodi 

Funqciis gamosaxulebis dadgenis cdebze qvemod ixileT sxvadasxva 

veliani tranzistorebis maT Soris mravalgamomyvanian korpusSi 

Sesrulebuli nimuSis suraTi:  

 

nax. #4 mZlavri veliani tranzistori BLF7G20L-200 
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4. naSromis ZiriTadi Sedegebi da mecnieruli siaxle 

 

mudmivi denis Zravis mikroprocesoruli marTvis sistemis 

kvlevis Sedegad konkretuli Zravis Ford 1BB-42 da konkretuli 

mikrokontroleris Atmega 88 –is magaliTze miRebulia Semdegi 

ZiriTadi Sedegebi: 

1. mikroprocesoruli marTvis principialuri sqema 

warmodgenilia iseTi gamartivebuli da amave dros zusti 

saxiT, romelic SesaZlebels xdis mis analizs Rrma 

teqnikuri detalebis Seswavlis gareSe. 

2. miRebulia Zravis gadacemis funqcia. 

3. agebulia Zravis sixSiruli maxasiaTeblebi. 

4. agebulia Zravis gardamavali maxasiaTeblebi. 

5. Sedgenilia da runge-kutis meTodiT amoxsnilia Zravis 

diferencialuri gantolebaTa sistema meqanikur 

datvirTvasTan erTad. 

6. damuSavebulia Zravis mikroprocesoruli marTvis 

sistemis Zaluri nawilis marTvis logikuri sqema bulis 

algebrisa da WeSmaritebis cxrilis gamoyenebiT 

Tanamedrove elementur bazaze. 

7. tranzistoruli gardamsaxis gadacemis funqciis 

gamosaxuleba davadgineT eqsperimentuli gziT, 

eleqtronikis maketirebis programuli paketis gamoyenebiT 

Multisim 9. 

8. aigo tranzistoruli gardamsaxis sixSiruli 

maxasiaTeblebi. 

9. Sesrulda gardamsaxis gamosasvleli Zabvis 

eqsperimentuli damokidebulebis formuliT aproqsimacia. 

10. dadginda regulirebis xarisxis ZiriTadi maCveneblebi. 
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11. Seswavlili iqna tranzistoruli gardamsaxis 

maTematikuri modeli. 

12. avtomaturi marTvis wredebis analizis programis  

Vissim-is gamoyenebiT moxda muSaobis Semdegi reJimebis 

simulacia: 

1. tranzistoruli gardamsaxis CarTva uqm svlaze. 

2. dautvirTavi Zravis amuSaveba tranzistoruli 

gardamsaxidan. 

3. amuSaveba modebuli nominaluri tvirTiT. 

4. maqsimaluri momentiT Zravis amuSaveba. 

5. amuSaveba uqm svlaze da datvirTvis naxtomiseburad 

modeba. 

6. Zabvis cvlileba gardamsaxis gamosasvlelze datvirTvis 

cvlilebis dros. 

13. damuSavebulia mudmivi denis Zravis marTvis sistemis 

teqnologiuri nawili. 

14. damuSavebulia detaluri principialuri sqema. 

15. Sedgenilia ZiriTadi komponentebis marTvis 

algoriTmebi. 

16. damuSavebulia mowyobilobis komponentTa detaluri 

sia. 

17. Sefasebulia sistemis damzadebasTan dakavSirebiT 

finansuri danaxarjebi. 

 

mecnieruli siaxle: miRebulia gardamsaxis gamosasvlelze Zabvis 

sididis damokidebuleba datvirTvis rezistoris winaaRmdegobasTan 

analizuri saxiT. 

miRebulia drois mudmivebisa da wminda dayovnebebis analizuri 

damokidebuleba datvirTvis rezistoris winaaRmdegobaze. 
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miRebulia gardamsaxis drois mudmivebis da wminda dayovnebebis 

mniSvnelobebi rogorc Zrauli datvirTvisaTvis, agreTve aqtiuri 

winaaRmdegobisaTvis. 

damuSavebulia mudmivi denis Zravis mikroprocesoruli marTvis 

sistemis dizainis praqtikuli meTodika, romelsac ar aqvs 

funqcionaluri siWarbe. 

 

5. Sedegebis gamoyenebis sfero 

gamoyenebis sfero moicavs iseT danadgarebs sadac saWiroa 

sxvadasxva perifiriuli sistemebis marTva saerTo 

bortkompiuteridan, amisaTvis mowyobiloba aRWurvilia SIO(Serial 

Input Output) da SPI(Serial Programming Interface) gasarTiT. agreTve is 

SeiZleba gamoyenebuli iqnas iq sadac raRaca mizezebis gamo ar 

aris gaTvaliswinebuli momsaxure personalis an operatoris yofna 

da  ar arsebobs sinusoiduri denis samrewvelo qselTan wvdoma. 

mowyobiloba winaswari SefasebiT SeiZleba gamoyenebuli iqnas 

garemos temperaturis -70 0C dan +150 0C – mde, rac saSualebas 

iZleva CavaSenoT is raRac specifikuri funqciis Semsrulebel 

obieqtebSi. 

 

6. cnobebi disertaciis struqturaze da Semadgenlobis Sesaxeb 

disertacia Seicavs 132 gverds da Sesdgeba eqvsi Tavisgan da 

danarTisagan, sadac moyvanailia sxvadasxva teqnikuri detalebi da 

sacdeli maketebi sxvadasxva cdebis gansaxorcieleblad. 

disertacia Seicavs 69 diagramas, naxazs da ilustracias. teqstSi 

CarTulia 20 cxrili. kvleva Sesrulebulia me-5-e TavSi, xolo 

danarCeni Tavebi, me-6-is garda damxmare da TxrobiTi saxisaa, 

romelic mkiTxvels awvdis informacias am specifikuri dargis 

problemebze, kvlevis amocanebze da a.S. disertaciis me-6-e TavSi 
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detalurad aRwerilia mowyobilobis ZiriTadi da damxmare 

modulebi da moyvanilia komponentTa sia. 

 

7. disertaciis ZiriTadi Sedegebi Tavebis mixedviT 

1 TavSi sadisertacio Temis aqtualobis dasabuTeba. 

2 TavSi Camoyalibda Tanamedrove avtomatizaciis amocanebis 

teqnikuri gadawyvetilebis gzebi da dasabuTda, rom 

mikrokontroleris gamoyenebis SemTxvevaSi mowyobiloba iqneba 

SedarebiT iafi, magram amisTvis saWiroa aseTi sistemis kvlevis 

meTodebis damuSaveba. 

3 TavSi mokled ganxilulia myarsxeuliani reles gamoyenebis 

perspeqtiva da sareleo-kontaqtoruli sqemebis myarsxeuliani 

releebiT Secvlis perspeqtiva. 

4 TavSi ganxilulia Tanamedrove mudmivi denis 

eleqtroamZravebi. 

5 TavSi Zravis statikuri, dinamiuri da sixSiruli 

maxasiaTeblebis kvleva, gadacemis funqciis gamosaxulebis dadgena. 

gardamsaxis drois mudmivebis, gadacemis funqciis, wminda 

dayovnebis kvlevis cdebi, analizuri saxiT eqsperimentuli gziT 

miRebuli monacemebis gamosaxulebebis dadgena, sistemis xarisxis 

maCveneblebis dadgena da a.S. 

6 TavSi mowyobilobis komponentTa siis Sedgena da finansuri 

danaxarjebis Sefaseba. 

8. zogadi daskvnebi 

ZiriTadi aqcenti gakeTebulia mowyobilobis logikuri 

nawilis sqemuri Sesrulebis realizaciasTan dakavSirebiT 

logikuri funqciis dadgenasTan da logikur komponentTa 

urTierTSeerTebaze, risTvis gamoyenebuli iyo bulis algebris 

matematikuri aparati. eqsperementaluri gziT Seswavlilia 

konkretuli mudmivi denis Zravi da Sesrulebulia Zravis 

maTematikuri modeli. rac moicavs : eleqtromagnituri da 
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eleqtromeqanikuri drois mudmivebis dadgenas, Zravis gadamwodi 

funqciis dadgenas, Zravis amplitudo sixSiruli da fazo 

sixSiruli funqciebis gamosaxulebebis dadgenas da grafikebis 

agebas. agebuli aris Zravis amuSavebis da safexurebrivi 

zemoqmedebis gardamavali reJimebis grafikebi. Seswavlilia da 

dadgenilia analitikuri formiT maTematikuri formula romelic 

asaxavs datvirTvis winaRobis gavlenas tranzistoruli 

gardamsaxis wminda dayovnebaze da drois mudmivaze, risTvisac 

Catarebulia eleqtronuli sqemis damuSaveba da am sqemis 

erTeulovani safexurebrivi zemoqmedebis cdebis Catareba, rac 

saSualeba mogvca tranzistoruli gardamsaxis sruli maTematikuri 

modelis srulfasovnad da Rrmad Segveswavla. naSromSi mkafiod 

Cans tendencia da Rrmad aris dasabuTebuli Tanamedrove 

elementur bazaze gadasvlis saWiroeba konkretuli eqsperementuli 

mowyobilobis magaliTze. es elementuri bazaa mZlavri veliani 

tranzistorebi SUD50N04, holis sensorebi Honeywell SCR-3C da 

mikrokontroleri ATMEGA88 masTan momuSave specialuri 

mmarTveli mikrosqema ATA6824. damuSavebulia da programa Multisim-

Si maketis saxiT moqmedebs mudmivi denis Zravis mikroprocesoruli 

marTvis sistemis maketi. daskvniT nawilSi  mowyobiloba dayofilia 

sixSirul kvanZebad da miRebulia struqturuli avtomaturi 

marTvis sqema denis da siCqaris regulirebis konturebiT. 

TviToeuli elementisaTvis(sixSiruli kvanZisaTvis) dadgenilia 

gadamwodi funqciis gamosaxuleba, rac mogvca saSualeba erTianad 

Segvekvra mowyobiloba specialur programa Vissim-Si da 

Segvefasebiana gardamavali reJimebis xarisxis maCveneblebi, 

rogoricaa : statizmi, astatizmi, kvebis wyaros dinamikuri Zabvis 

vardna. miRebuli Sedegebi saSualebas gvaZleven viyoT 

darwmunebuli sistemis muSaunarianobaSi da teqnilogiur 

vargisianobaSi mudmivi denis eleqtroamZravebSi gamosayeneblad, 
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rac garkveulwilad am naSromis mizans warmoadgenda. naSromis 

bolos warmodgenilia danarTi romelSic Tavmoyrilia sistemis 

yvela nawilis parametrebi da maTematikuri gamosaxulebebi. agreTve 

danarTSi moyvanilia eqsperimentuli modelirebis gziT miRebuli 

gardamavali reJimebis maxasiaTebeli grafikebi da mowyobilobis 

programuli maketirebis moqmedi sqemebi.  

miuxedavad sakmaod didi kvlevebisa, mowyobilobis damzadebis 

da detaluri gamocdis da gawyobis gareSe am etapze SeuZlebelia 

danergvaze seriozuli saubari. 

 

9. informacia aprobaciis Sesaxeb, moxsenebebi, seminarebi 

kvlevis zogierT Sedegebze gakeTda moxseneba 17 aprils 2013 

wels Catarebul aSS-s saerTaSoriso ganviTarebis saagentos 

“hidroenergetikaSi investiciebis xelSewyobis proeqtisa” da 

saqarTvelos teqnikuri universitetis erTobliv konferenciaze, 

prezentaciis saxiT, Temaze: “mudmivi denis Zravis 

mikroprocesoruli marTvis sistemis damuSaveba”. kvlevis Sedegebze 

Catarda moxsenebebi kaTedris seminarebze da koloqviumebze. 

 

10. gamoqveynebuli naSromebis sia 

1 qvriviSvili n.m mcire simZlavris mudmivi denis Zravebis 

parametrebis eqsperimentuli gansazRvra. “energia” #1(65) 2013 w. 

2 qvriviSvili n.m eleqtronuli sqemebis damuSavebis 

programuli paketis Multisim-9 praqtikuli gamoyeneba tiristoruli 

marTvadi gammarTvelis da simistoruli cvladi Zabvis 

regulatoris magaliTebze. ”energia”, #3(67), 2013 w.  
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