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რეზიუმერეზიუმერეზიუმერეზიუმე    

naSromi saTauriT “mudmivi denis Zravis mikroprocesoruli 

marTvis sistemis kvleva” Seicavs mudmivi denis Zravis Ford 1BB-42 
maTematikur modelirebas, kompiuteruli maTematikis programiT 

Mathcad 15.0, rac Seicavs gardamavali reJimebis mrudebis agebas, 
romlebic aRweren Zravis moqmedebas gardamavali reJimebis dros da 
Zravis sixSirul diagramebs(bodes diagramebs). sistemis Zaluri 
bogiri(romelic Sesrulebulia velian tranzistorebze, 

maketirebulia da modelirebuli Multisim 9 eleqtronuli wredebis 
dizainis programiT, ra dros gamovikvlieT da grafikulad avageT 
gardamsaxis Zabvis, denis, siCqaris koordinatebis cvlileba droSi, 
davadgineT TviToeuli cdisaTvis gardamsaxis drois mudmiva, wminda 
dayovneba, gardamavali da gadacemis funqcia. amis Sedegad dadginda 
gardamsaxis gamosasvleli Zabvis damokidebuleba mierTebuli 
rezistoris winaRobasTan, gardamsaxis gamosasvlelze Zabvis 
damyarebis gardamavali reJimis dro, wminda dayovneba da drois 
mudmiva TviToeuli cdisaTvis.  

sistemis warmodgena sixSirul kvanZebad da Sekruli uku-
kavSirebiT sistemis  Sefaseba Sesrulebul iqna avtomaturi 

sistemebis maketirebisa da modelirebis programiT Vissim-is 
gamoyenebiT. sabolood sistemis principialuri sqema da 
eleqtronul komponentTa sia aris warmodgenili(calkeul 
komponentTa fasebis miTiTebiT da saerTo SefasebiT). sistemis 
muSaobis zogierTi saxasiaTo reJimi aris grafikulad 
warmodgenili. mowyobiloba Seicavs brunvis mimarTulebis 
gadamrTvelis da siCqaris davalebis potenciometrs. siCqaris uku 
kavSiri aris ganxorcielebuli holis sensorebiT da 

mikrokontroler Atmega 88-is gamoyenebiT. mowyobilobis Zalur 
nawilSi aris gaTvaliswinebuli denis sensori(denuri Suntis 
SesrulebiT), romliTac mikrokontroleri aRmoaCens Zravis 
gadamettvirTvas da gazomavs Zravis dens(moments). mowyobilobis 

dizaini iTvaliswinebs maRali +1500 C  garemos temperaturis 

gamoyenebas. gadaxurebis SemTxvevaSi Zaluri bogiris marTvis ATA 

6824 mikrosqema SeaCerebs mowyobilobis muSaobas. mowyobilobaSi 
gamoyenebuli kondensatorebs unda hqondeT stabiluri C(T) 
tevadoba/temperatura maxasiaTebeli, amisaTvis kondensatorebi 

SerCeuli unda iqnas e.w X8R dieleqtrikiT, winaaRmdeg SemTxvevaSi 
mowyobilobis muSaoba arastabiluria. mowyobilobis Zalur bogirze 
mokled SerTvis SemTxvevaSi mmarTveli mikrosqema ar awvdis gaxsnis 
impulss Zalovan tranzistorebs da elodeba mikrokontroleris 
Semdeg e.w “amomaval fronts”, ra dros Zalur tranzistorebs isev 
ewodeba gaxsnis signali. Zalur bogirSi mokled SerTvis Sesaxeb 

Setyobineba warmoebs diagnostikis modulidan DG1 SuqdiodiT. 
gadaxurebis SemTxvevaSi mmarTveli mikrosqema droebiT SeaCerebs 
mowyobilobis muSaobas manam, sanam temperatura ar dabrundeba 
dasaSveb zRvrebSi, ra dros mowyobiloba ganaaxlebs amZravis 
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muSaobas personalis Carevis gareSe. yvelaferi es mowyobilobis 
gamoyenebis saSualebas iZleva iq, sadac ar aris wvdoma cvlad 

sinusoidur qselTan, arsebobs maRali t<1500C temperatura da ar 
aris momsaxure personali an operatori.  

    

AbstractAbstractAbstractAbstract    

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 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 
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remains high until  the temperature decreases. The application software toggles an LED. 
This makes it possible of use the device in such environments, where sine-wave shaped 
current supply is not available, high temperatures up to 150 0 C exist, and there are no 
operators(personnel). 
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ars – avtomaturi regulirebi sistema 

gim – ganiv impulsuri modulacia 

mdZ – mudmivi denis Zravi 

umdZ – ukoleqtoro mudmivi denis Zravi 

VCC – aq mikrokontroleris da mmarTveli mikrosqemis 

stabilizirebuli 5 voltiani kveba 

GND –  “miwa”, anu saerTo minusi 

PGND-  “Zaluri miwa” 

VBATVBATVBATVBAT – “batareuli kveba” stabilizaciis da filtraciis gareSe 

VBATSWVBATSWVBATSWVBATSW – “batareuli kveba” stabilizirebuli da gafiltruli 

NCNCNCNC – mikrosqemis an sxva komponentis “fexi”, romelic ar aris 

gamoyenebuli 

PWMPWMPWMPWM – PPPPulse WWWWidth MMMModulation ganiv impulsuri modulacia 

MOSFETMOSFETMOSFETMOSFET – MMMMetal OOOOxide SSSSemiconductor FFFField EEEEmmited TTTTransistor – metali-oqsidi-

naxevradgamtari-veliT emisiis tranzistori – igive veliani 

tranzistori 

SIOSIOSIOSIO – SSSSerial IIIInput OOOOutput – mimdevruli Sesasvlel gamosasvleli – gareSe 

mowyobilobebTan(mag. saavtomobilo bortkompiuteri) kavSiris 

gasarTi  

ISPISPISPISP – IIIIntegrated SSSSerial PPPProgramming – mikrokontroleris daprogramebis 6 

sadeniani porti 

LEDLEDLEDLED – LLLLight EEEEmmited DDDDiode – Suqdiodi anu ledi 
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DCDCDCDC –  DDDDirect CCCCurrent – aq akumulatoruli batareidan aRebuli mudmivi 

deni  

RWDRWDRWDRWD – rezistori romelic gansazRvravs taimeris aTvlis 

xangrZlivobas 

CC TimeCC TimeCC TimeCC Time – CCCCross CCCConduction TTTTime – jvaredini(gamWoli) gamtarobis dro 

RST RST RST RST – Reset - Camoyra 

RXRXRXRX – “miReba” 

TXTXTXTX – “gacema” 

Bias currentBias currentBias currentBias current –  wanacvlebis deni 

PCBPCBPCBPCB – PPPPrinted CCCCircuit BBBBoard – folgirebuli minateqstolitisgan 

damzadebuli qimiurad damuSavebuli firfita romelzec 

montaJdebian  eleqtronuli komponentebi 

GainGainGainGain – gaZlierebis koeficienti 

MCUMCUMCUMCU – mikrokontroleri 

DIRDIRDIRDIR – DDDDirection – Zravis brunvis mimarTuleba 

CCWCCWCCWCCW – CCCCounter CCCClock WWWWise – lilvis brunva saaTis mimarTulebis 

sawinaaRmdegod 

CWCWCWCW – CCCClock WWWWise – saaTis isris mimarTulebiT 

PBPBPBPB – PPPPush BBBButton - Rilaki 

ReleaseReleaseReleaseRelease – gaSveba 

DG1, DG2, DG3DG1, DG2, DG3DG1, DG2, DG3DG1, DG2, DG3 – sadiagnostiko wredebi 

FeedbackFeedbackFeedbackFeedback – uku kavSiri 

LoopLoopLoopLoop – konturi 

Charge pumpCharge pumpCharge pumpCharge pump – muxtis (bogiris Camketebis) mmarTveli generatori 

PINPINPINPIN – mikrosqemis an sxva komponentis “fexi” 
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მადლიერებამადლიერებამადლიერებამადლიერება 

 

gansakuTrebiT did madlobas vuxdi mamaCems malxaz 

qvriviSvils, doqtoranturaSi swavlebis safasuris anazRaurebis, 

moraluri da sxva mxardaWerisTvis, SeniSvnebisTvis da 

gulSematkivrobisaTvis, Cems xelmZRvanels b-n givi SavelaSvils 

naSrimis obieqturad SefasebisaTvis, biZaCems b-n aleqsei Jukovskis 

praqtikuli da metad faseuli ESeniSvnebisaTvis da yuradRebisaTvis, 

saqarTvelos teqnikuri universitetis energetikis da 

telekomunikaciebis fakultetis eleqtruli danadgarebis kaTedris 

profesor maswavlebels b-n guram cxomeliZes naSromis teqnikuri da 

teqnologiuri mxaris cocxali interesisaTvis da gagebisaTvis. 

agreTve madloba minda vuTxra dedaCems natalia Jukovskaias 

sxvadasxva SeniSvnebisTvis romlebic momca disertaciis 

literaturul mimoxilvaze muSaobis periodSi da yvela pirovnebas 

romlebic gulSmatkivroben maTi uangaro mxardaWerisaTvis.



1 

Sesavali 

 

Msaukuneebis mijnaze kacobriobis winaSe dadga problemebi, 

romlebic zogadad mdgomareobs imaSi, rom atmosferoSi 

naxSirorJangis koncentraciasTan erTad izrdeba ekologiuri 

safrTxeebi. miuxedavad kacobriobis mcdelobisa da am kuTxiT 

bevri samecniero praqtikuli saqmianobisa, energiis mTavar wyarod 

rCeba navTobi, qvanaxSiri da bunebrivi airi. rogorc cnobilia maTi 

dawvis Sedegad warmoiqmneba CO2, H2O, azotis oqsidebi NOx, 

gogirdwyalbadi H2S romlebic sakmaod dagrovda atmosferoSi da 

ekologiur problemas qmnis. agreTve naxSirbadi C, romelic 

Wvartlis nawilakebis saxiT gafantulia atmosferoSi da iwvevs 

onkologiuri daavadebebis riskis zrdas. sazogadoebis udidesi 

nawilisaTvis ukve cnobilia, rom am qimiur nivTierebaTa wyaros 

warmoadgenen naxSirwyalbadovan sawvavze momuSave Sida wviis 

Zravebi, Tboeleqtrosadgurebi, Tboeleqtrocentralebi da sxva 

sawarmoebi, romlebic moixmaren myar, Txevad da gazisebr 

naxSirwyalbadovan sawvavs. 

1986 wels msoflios kidev erTxel Seaxsena Tavi atomuri 

eleqtrosadgurebis eqspluataciasTan dakavSirebilma safrTxem, 

romelmac radiaqtiuli dabinZurebis saxiT gamoiCina Tavi. H 

Hhidroeleqtrosadgurebis mSeneblobas xSir SemTxvevaSi 

aranaklebad saziano Sedegebi mosdevs datborili teritoriebis 

saxiT. Mmagram gansakuTrebiT saSiSia sakuTriv kaSxlebi, romlebis 

akavebs miliardobiT kubur metr wyals da maTi daSlis an 

dangrevis SemTxvevaSi mosalodneli iqneba seriozuli teqnogenuri 

katastrofebi. Aam yvelaferTan erTad hidroeleqtrosadgurebis 

gauazrebelma mSeneblobam xeli Seuwyo gruntebis erozias, wylis 

did farTze dagubebis Sedegad mdinareebis kalapotebSi 

xvdeba(Camoirecxeba) sasoflo sameurneo niadagi(miwa), romelic 

seriozulad azianebs wyalsacavebis wylis xarisxs, iwvevs 

mdinareebis amwvanebas, daWaobebas. Eekologiur safrTxesTan erTad 

Cans eleqtroenergiis warmoebis tradiciuli teqnologiis 
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naklovanebebi. erT erTi mniSvnelovani maTgani aris 

eleqtroenergiis kargvebi eleqtrogadamcem xazebSi. rogorc 

cnobilia es danakargebi SeiZleba SevafasoT Semdegi formuliT: 

                           RIP ⋅=∆ 2      

  

Ddenis mniSvnelobis kvadratis Sesamcireblad mimarTaven Zabvis 

zrdas, rac iwvevs aparaturis Zlier gaZvirebas. amasTan erTad 

sadenebis aqtiuri winaRobis Semcireba praqtikulad ver xerxdeba. 

zegamtarebi kvlav rCeba praqtikulad daunergav teqnologiad 

tradiciul energetikaSi. 

Yyvela am zemoT CamoTvlilma ekologiurma da ekonomikurma 

aspeqtma ukve zerele msjelobis Sedegad cxadhyo, rom kacobriobam 

kvlav unda Seecados gaaZlieros samuSaoebi sxva energiis wyaros 

mosapoveblad.  romlebsac ekologiur usafrTxoebasTan erTan 

kidev or Zalzed mniSvnelovan moTxovnas daakmayofilebs:  

1. eleqtroenergiis miRebis dros unda vecadoT Tavi 

avaridoT mis did manZilze gadacemas. 

2. unda iyos SesaZlebeli eleqtroenergiis dagroveba. 

(akumulireba). 

Eeleqtroenergiis erT-erT yvelaze  perspeqtiul wyarod mzis 

batareebi aris miCneuli. Mmzis nakadis gamosxivebis simZlavre 

dedamiwis atmosferos sawyisSi aris gazomili sidide da Seadgens 

1366 vats erT kvadratul metrze. amasTan erTad dadgenilia isic, 

rom evropis sxvadasxva qveyanaSi mzis gamosxivebis simZlavre 

Rrublian amindSi Seadgens aranakleb 100 vats kvadratul metrze. 

Yyvelaze gavrcelebuli tipebis mzis batareebis gamoyenebiT mzis 

energiis gardaqmnis efeqtiuroba Seadgens 9-24 %. AamasTan erTad 

batareis fasi Seadgens 1 dan 3-mde amerikul dolars nominaluri 

simZlavris 1 vatze. Eeleqtroenergiis fotoeleqtruli gziT 

generaciis SemTxvevaSi 1 kvt.sT fasi Seadgens 0.25 dolars. 

Ffotovoltaikis evropuli federaciis(EPIA) azriT, 2020 wels 

fotoeleqtruli wesiT miRebuli eleqtroenergiis fasi Semcirdeba 

0.1 evromde kilovatsaaTamde samrewvelo danadgarebisaTvis da 0.15 
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evro kilovatsaaTze sacxovrebeli kompleqsebisaTvis. zogierT 

laboratoriebSi miRebulia elementebi efeqtiurobiT 43%. 2011 wlis 

ianvarSi bazarze Semovida fotoelementebi efeqturobiT 39 %. am 

msjelobidan cxadia, rom mzis batareebi da akumuliatorebi arian 

mudmivi denis gamomuSavebisa da dagrovebis wyaroebi. aseTi 

energetikuli sistemis dedamiwis calkeul teritoriebze danergvis 

Sedegad miviRebT mudmivi denis decentralizebul qsels, aqedan 

gamomdinare mudmivi denis sinusoidur cvlad denad gardaqmna 

iqneba ekonomikurad gaumarTlebeli, gardamsaxebSi 

eleqtroenergiis kargvebis gamo. Aaqedan gamomdinare 

eleqtroenergiis momxmareblebma unda imuSavon uSualod mudmiv 

denze. Ees advilad miiRweva televizorebis, kompiuterebis 

SemTxvevaSi, magram Zraul datvirTvaze saWiro gaxdeba mudmivi 

denis sxvadasxva konstruqciuli Sesrulebis mudmivi denis 

koleqtoriani Tu ukoleqtoro Zravebi, romelTa CarTva uSualod 

moxerxdeba mudmivi denis qselSi yvelanairi gardaqmnis gareSe.  

   Ggarda amisa eleqtromobilebSi, mcurav saSualebebSi eleqtrul 

wevaze, cvladi denis eleqtruli Zravebis Agamoyeneba ar iqneba 

gamarTlebuli isev imis gamo, rom denis pirveladi wyaro mudmiv 

Zabvas gamoimuSavebs da misi gardaqmna cvlad Zabvad ar iqneba 

ekonomikurad gamarTlebuli. Yyvelaferi es zemoTaRniSuli 

gvaZlevs saSualebas vivaraudoT, rom mudmivi denis Zravebs didi 

perspeqtiva aqvT. dRevandel praqtikaSi ki es Zravebi yvelaze metad 

warmodgenilni arian eleqtrificirebul avtotsatransporto 

saSualebebsa, sxvadasxva Semsrulebeli organos amZravebad 

rogoricaa videokamerebis amZravebi, avtomobilebis agregatebi: 

starteri, eleqtrobenzotumbo, radiatoris ventilatorebi. calke 

aRsaniSnavia isic, rom mudmivi denis mcire simZlavris Zravebi 

gamoiyenebian kosmosuri xomaldebis mzis batareaTa momarTvisaTvis, 

kosmosuri xomaldebis sicicxlisunarianobis sistemebSi, mokled 

rom vTqvaT mudmivi denis Zravebi arian yvelgan, sadac gamoiyenebian 

eleqtroenergiis statikuri(araeleqtromanqanuri) avtonomiuri 

wyaroebi.Aaqedan gamomdinare mudmivi denis Zravebis ufro farTo 
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masiuri gamoyenebis perspeqtiva ikveTeba da gansakuTrebul 

mniSvnelobas iZens maTi marTvis sistemebis ufro Rrma Seswavla da 

kvleva, romelTa ricxvs, teqnologiebis ganviTarebis axal etapze 

miekuTvneba mikroprocesoruli(mikrokontroleriT) marTvis sistema, 

romlis sacdeli maketebiTa da kompiuteruli modelebis saxiT 

danergva sawyis etapze unda xdebodes laboratoriul 

pirobebSi.Aaqedan gamomdinare mudmivi denis Zravis 

mikroprocessoruli sistemis kvlevas sakmaod mniSvnelovani 

samecniero-praqtikuli mniSvneloba aqvs.    

daskvna : iqidan gamomdinare, rom mzis energiis eleqtrulad 

gardaqmnis Sedegad viRebT mudmiv Zabvas mudmivi denis Zravebis 

gamoyeneba momavalSi bevrad gaizrdeba. 

 

literaturuli mimoxilva 

 

  rogorc Tanamedrove kvlevebma cxadyo marTvadi 

gammarTvelebis tiristorebze agebul sqemebs seriozuli 

naklovanebebi gaaCniaT. es naklovanebebi mdgomareoben 

gamosasvleli Zabvis pulsaciis maRal mniSvnelobaSi, simZlavris 

koeficientis dabal sidideSi, romelic klebulobs gamosasvleli 

Zabvis proporciulad, agreTve gamosasvleli denis erTi 

mimarTulebiT muSaobaSi. imisaTvis, rom gamarTuli denis dineba 

uzrunvelvyoT orive mimarTulebiT, gamoiyeneben reversul 

tiristorul gardamsaxebs, romlebic Sesdgebian Semxvedr-

paralelurad SeerTebuli tiristoruli gardamsaxebisagan, 

romelTa erT-erTi maTganis daniSnuleba gaataros deni pirdapiri 

mimarTulebiT, xolo meore uku mimarTulebiT. Ees arTulebs 

konstruqcias da aZvirebs gardamsaxs. avtonomiuri invertoris 

tipis mixedviT mudmivi denis konturi SeiZleba Sesrulebuli iyos 

rogorc kvanZi, romelic uzrunvelyofs gamosasvleli Zabvis mudmiv 

sidides(rogorc wesi es C an LC filtria), an rogorc kvanZi 

romelic inarCunebs denis Zalis sididis mudmiv 

mniSvnelobas(filtri reaqtoris saxiT didi induqciurobis 
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mniSvnelobiT). Kkondensatoris tevadobis sidide rogorc wesi 

Seadgens 2000 dan 20000 mikrofaradamde, aseT kondensatorebs aqvT 

didi gabaritebi da maRali fasebi. denis avtonomiuri invertorebis 

(dai) mniSvnelovani naklovanebaa is, rom mas ar SeuZlia imuSavos 

uqm svlaze(e.i gamorTuli ZraviT). Aamis garda denis avtonomiuri 

invertorebis gamoyenebis Sedegad SesaZlebelia simZlavris 

mniSvnelovani kargvebi da damatebiTi SeSfoTebis momentebis 

warmoqmna ZravaSi, romlebic gamoiwveven Zravis siCqaris ryevas. 

imisaTvis rom moxdes Zravebis kvebisTvis denis formireba, romelTa 

forma iqneba sinusoidurTan axlos saWiroa dai-s sqemebis 

garTuleba. Zaluri gasaRebebis sqemebis Sesasruleblad, iseTi 

mowyobilobebisaTvis romelTa komutaciis denebi ar aRemateba 50 a, 

gamoiyenebian veliani tranzistorebi izolorebuli CamketiT – Metal 

Oxide Semiconductor Field Effect Transistor (MOSFET) da bipolaruli 

tranzistorebi izolirebuli CamketiT – Isulated Gate Bipolar 

Transistor(IGBT) agreTve maRali da dabali sixSiris diodebi da 

tiristorebi. simZlavris dabali kargvebi gasaRebis reJimSi, denisa 

da Zabvis sididis maRali mniSvnelobebi, agreTve CarTvis da 

gamorTvis drois dabali mniSvnelobebi saSualebas iZleva SevqmnaT 

mZlavri da kompaqturi mowyobilobebi, romlebic xasiaTdeba 

naxevargamtaruli gasaRebebis komutaciis maRali sixSiriT. [11,52]. 

tiristori miekuTvneba mowyobilobebs struqturiT p-n-p-n. 

struqturis pirobiTi saxis gaTvaliswinebiT, Cans, rom tiristori 

miekuTvneba bipolaruli tranzistorebis klass, ufro zustad 

oTxfeniani mowyobilobebis klass eleqtrogamtarobis 

urTierTmonacvleobis principiT. muSaobis principis mixedviT is  

warmoadgens gammarTvels, romelsac SeuZlia gaataros deni 

mxolod erTi mimarTulebiT. iseve rogorc naxevradgamtarul 

tranzistors mas aqvs marTvis eleqtrodi. rogorc gammarTveli 

tiristori imiT gansxvavdeba, rom araZiriTadi muSa matareblebis 

gareSe mmarTveli eleqtrodis gavliT, is ar gaiReba. rogorc 

gamartivebuli modelidan Cans, tiristoris mmarTveli eleqtrodi 

srulad analogiuria bipolaruli tranzistoris bazisa, magram 
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aqvs Zalzed mniSvnelovani gansxvaveba: tiristoris mmarTveli 

eleqtrodis meSveobiT tiristori SeiZleba gavaRoT, magram ar 

SeiZleba CavketoT!  Aam sakmaod mniSvnelovani naklovanebis garda 

aRsaniSnavia isic, rom miuxedavad komutirebuli simZlavris Zalian 

didi mniSvnelobebis(zogierT SemTxvevaSi ramodenime megavati!), mas 

kidev erTi susti mxare axasiaTebs – gamorTvis(Caketvis) didi dro. 

imisaTvis rom, CavketoT tiristori unda Sewydes an Semcirdes 

denis mniSvneloba sakmaod didi droiT, romlis ganmavlobaSi 

ZiriTad muSa matareblebi unda rekombinirdes(eleqtronul-

naxvretTa wyvilebi) an gaiwovos. sanam deni struqturis gavliT ar 

dablokirdeba – tiristori darCeba gaxsnili. sinusoiduri denis 

komutaciis wredebSi sinusoiduri Zabva waanacvlebs tiristors uku 

mimarTulebiT da amiT ketavs mas. Mmagram mudmivi denis wredebSi 

saqme gacilebiT rTulad aris: saWiro xdeba damatebiTi sqemis 

konstruireba anoduri denis Sesamcireblad, raTa moxerxdes 

tiristoris dabruneba Caketil mdgomareobaSi.     

radgan Caketva dakavSirebulia matarebelTa 

rekombinaciasTan(iseve rogorc bipolarul tranzistorSi), 

tiristoris gadarTvis dro gacilebiT metia vidre mZlavr velian 

tranzistorebSi. saSualo simZlavris tiristorisTvis gamorTvis 

sruli dro Seadgens ramodenime mikrowams, xolo mZlavr velian 

tranzistorebSi es mniSvneloba ramodenime nanowamia. (wyaro: e.s 

oqsneri). radgan Cvens SemTxvevaSi deni ar aRemateba 30-40 ampers, 

xolo muSa Zabva 12 volts, zemoTCamoTvlili tiristoruli 

sistemebis naklovanebebis gaTvaliswinebiT, sqemis Zalur nawilSi 

jobia rom gamoviyenoT veliani tranzistorebi MOSFET, romelTa 

veliani efeqtis principi pirvelad formulirebuli iqna 1930 wels 

aSS-Si gacemul patentSi jon lilienfeldis saxelze. Ees 

pirovneba, romelic specialobiT iyo fizikosi, Tavidan laifcigSi 

aswavlida, magram Semdgom aSS-Si moRvaweobda. 1948 wels Sokli da 

pirsoni cdilobdnen SeeqmnaT elementaruli veliani tranzistori, 

germeniumis Txeli fenis damtverviT dieleqtrikze, magram 

uSedegod. realur warmatebas im droisTvis axali teqnologiis 
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danergvaSi miRweuli iqna bardinis kvlevis Semdgom zedapiruli 

mdgomareobebis Sesaxeb da Soklis mier gamiqveynebul unipolaruli 

veliani tranzistoris Teoriul analizSi. 1964 wels gamoqveynda 

ori mniSvnelovani statia erTi zuligis meore franguli 

fizikosis teSneris. am statiebsa pirvelad ganxiluli iyo veliani 

tranzistoris gamoyenebis SesaZlebloba didi simZlavris 

signalebis samarTavad. radgan Cven am statiebs aq ver 

CavuRrmavdebiT, avSniSnoT mxolod is, rom orive statiaSi 

mecnierebi  cdilobdnen ori urTierTgamomricxavi problemiis 

gadawyvetas: SeeqmnaT maRalsixSiruli xelsawyo da mieRoT 

gajerebis denis maRali mniSvneloba. im dros simZlavris 

koeficientis amaRlebas cdilobdnen naxevargamtaris zomebis 

ubralo gadidebiT, ris Sedegad izrdeboda parazituli tevadoba 

da arxis winaRoba, rac Tavis mxriv amcirebda maralsixSirul 

parametrebs, radgan parazituli tevadobis zrdas moyveboda 

zRvruli muSa sixSire, xolo arxis winaRobis gazrdiT 

izRudeboda deni.  

dResdReobiT moTxovna mudmivi denis koleqtorul Zravebze 

sakmaod maRalia da gansakuTrebiT didi moTxovniT sargebloben 

mcire simZlavris koleqtoriani mudmivi denis Zravebi(1 kvt-mde), 

romlis erT-erT maTgans mikroprocessorul marTvis sistemasTan 

vixilavT am kvlevaSi. Ees Zravebi zogadad xasiaTdeba 

konstruqciuli TvisebebiT, romlebic SesaZlebels xdian 

ekonomiurad vareguliroT brunvis sixSire farTo diapazonSi. mdZ-

ebi xasiaTdeba maRali mqk-iT daaxloebiT 85 %, maRali amuSavebis 

momentiT da dabali masiT. gansakuTrebiT aRsaniSnavia is, rom 

mudmivi denis Zravis brunvis sixSiris statikuri stabilizaciis 

sistemis gamoyenebiT miiRweva brunvis sixSiris stabilurobis 

mniSvneloba 0.5 %. amasTan erTad mudmivi denis koleqtoriani 

Zravebis swrafmoqmedeba, romelic drois mudmivis minimaluri 

mniSvnelobiT xasiaTdeba Seadgens 5-10 miliwams. Mmudmivi denis 

Zravebi gansakuTrebiT moTxovnadia avtomaturi marTvis sistemebSi, 

romlebic saWiroeben swraf amuSavebasa da Zravis stabilur 
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muSaobas brunvis sixSiris regulirebis saSualebiT. Aamitom isini 

idealurad ergebian avtomatikis sistemebs, sadac saWiroa 

eleqtroZravis saimedooba da ar aris saWiro didi simZlavre.  

Aaseve safren aparatebSi gamoiyenebian mdZ-bi sadac simZlavris 

diapazoni meryeobs erTeul vatidan ramodenime aTeul kilovatamde. 

zogadad TviTmfrinavze montaJdeba 200 cali mudmivi denis Zravi.  

me-19 da me-20 saukunis mijnaze warmoebisaTvis iyo 

damaxasiaTebeli agregatebis, sxvadasxva manqana-danadgarebis 

warmadobis ganuxreli zrda. Mme-20 saukunis meore naxevridan 

aRiniSneba mkvlevarTa yuradRebis TandaTan gadatana warmoebis 

marTvis procesebis srulyofaze. Mmiuxedavad imisa, rom obieqtebis 

maTematikuri modelebis damuSaveba maSin iyo Zalian rTuli 

amocana eleqtronul gamoTvliTi teqnikis ganviTarebis dabali 

donis gamo, mkvlevarTa mier moxerxda bevri teqnikuri obieqtis 

maTematikuri modelis Sedgena(maT Soris mudmivi denis Zravis, 

tiristorebis, ufro gvian tranzistorebis da a.S).  

Появление мощных, полностью управляемых полевых транзисторов, 

MOSFET (Metal - Oxide - Semiconductor Field Effect Transistor) и биполярных 

транзисторов с изолированным затвором IGBT (Isulated Gate Bipolar Transistor) 

привело к развитию преобразовательной техники и расширению сферы 

применения синхронных и асинхронных электроприводов с 

преобразователями частоты. Другим фактором, обусловившим 

совершенствование регулируемого электропривода и расширение сфер его 

применения, было создание микропроцессоров (МП) и однокристальных 

микроконтроллеров (МК) достаточной вычислительной мощности [16,152].  
 

Zravebis da sxvadasxva meqanizmebis maTematikuri modelis 

Sedgenisas xdeboda maTematikuri modelis gamartiveba Semdegnairad: 

1. mxedvelobaSi ar miiReboda daZvris momenti. 

2. xdeboda xaxunis momentis ugulebelyofa. 

3. inerciis momentis Sesaxeb informacias moiZiebdnen 

specialuri cxrilebidan, magram mTeli rigi ZravebisTvis es 

sidide ar iyo cnobili. 

Jurnal energiaSi gamoqveynebul statiaSi 2013 w martis nomerSi 

Квривишвили Н.М ‘Экспериментальное определение параметров двигателей 
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постоянного тока малой мощности’  moyvanilia eqsperimentebi aseTi 

parametrebis dasadgenad praqtikul magaliTebzeze aq minda 

avRniSno, rom didi simZlavris Zravebisagan gansxvavebiT mcire 

simZlavris mudmivi denis ZravebSi zemoTaRniSnuli parametrebis 

ugulebelyofa ar SeiZleba, radgan rogorc zemoTaRniSnul 

statiaSi gamoqveynebulma kvlevis masalebma cxdyo, rom mcire 

simZlavris ZravebSi daZvris da xaxunis momentebis mniSvneloba 

sakmaod axlos dgas Tavisi sididiT Zravis eleqtromagnitur 

momentTan. 

samwuxarod, rogorc praqtika gviCvenebs, Cvens qveyanaSi kvlav 

Warbobs eleqtroamZravebi sareleo-kontaqtoruli logikis marTvis 

sqemebiT, da qvemod minda gavaanalizo is ZiriTadi faqtorebi, 

romlebic xels uSlian Tanamedrove avtomatizaciis saSualebaTa 

farTo danergvas. 

Tavdapirvelad minda mokled avRwero msoflioSi arsebuli 

perspeqtiuli midgomebi avtomatizaciis kuTxiT. amaTgan erT-erTi 

perspeqtiuli da ukve xSirad gamoyenebuli aris myarsxeuliani 

rele inglisurad solid state relay (SSR), rusul literaturaSi gvxvdeba 

termini Твёрдотельное реле. Ees warmoadggens marTvad 

naxevradgamtarul struqturas romelsac gamoiyeneben eleqtruli 

gamSvebis nacvlad.  

 

N  

Nnax.1 myarsxeuliani reles struqtura 
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N 

naxevradgamtaruli reles gamoyenebis areali eleqtromagnitur 

gamSvebTa Canacvleba sareleo-kontaqtorul sqemebSi. 

magaliTisaTvis minda moviyvano erT-erTi reles suraTi, romelic 

warmodgenilia nax.2-ze 

 

 

 

 

Nnax. 2 myarsxeuliani rele romlis 1 da 2 gamomyvani 240 v, 2.5 a denis 

komutaciisaTvis gankuTvnili, mmarTveli impulsi ewodeba 3,4 

gamomyvanebs amplitudiT 3-18 v-mde 

 

 

Mmyarsxeuliani reles gamoyenebis areali SezRudulia sakomutacio 

funqciis SesrulebiT, mas sakuTriv ar SeuZlia marTvis kanonis 

ganxorcieleba, is mxolod da mxolod Semsrulebeli organoa. 

Semdegi Tvisobrivad Zalian mdidari mowyobilobaa – 

mikrokontroleri (inglisur literaturaSi Microcontroller), 

romelzec ufro dawvrilebiT SevCerdebiT. Mmikrokontroleris 

xedi warmodgenilia nax.3-ze. 
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Nnax.3 mikrokontrolerebi ATMega32 da ATMega88  

 

 

 me-20 saukunis 80 wlebis literaturaSi am mowyobilobis 

aRsaniSnavad gamoiyeneboda termini: Однокристальная микроЭВМ. Aaqve 

minda moviyvano im droisTvis damaxasiaTebeli terminebis 

ganmarteba: 

mikro egm – egm, romelic Sesdgeba mikroprocessorisagan, 

naxevargamtaruli mexsierebisagan, periferiul mowyobilobebTan 

kavSiris saSualebebisagan, da saWiroebisamebr marTvis pultisagan 

da kvebis wyarosagan, romlebic dakavSirebulni arian saerTo 

konstruqciiT[3,7]. 

   Mmikroprocesori – programulad marTvadi mowyobiloba, 

romelic uSualod ganaxorcielebs informaciis damuSavebis 

process da warmarTavs mas, romelic agebulia erT an ramodenime 

integralur mikrosqemaze[3,6]. regulirebis nebismieri procesi 

Seicavs or qvesistemas marTvadi qvesistemisa da mmarTveli an 

maregulirebeli sistemisa, romelTa erToblioba qmnis avtomaturi 

regulirebis sistemas (ars-s). nax.4 
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Nnax.4 regulatoris da marTvadi obieqtis kavSiris 

struqtura 

 

Nnax.4-ze warmodgenilia avtomaturi regulirebis mravalkonturiani 

sqema, sadac davalebis zemoqmedeba ewodeba regulatoris 

Sesasvlels ЗДН, ВХ-regulatoris Sesasvlelia, ВЫХ- 

regulatoris gamosasvlelia,  

Г – gauTanxmoebaa (Secdoma), ИМ-Semsrulebeli meqanizmebi, ДЧ- 

sensorebi, АЦП- analogur cifruli gardamsaxebi,  ЦАП- cifro-

analoguri gardamsaxebi. marTvis obieqti (Cvens SemTxvevaSi mudmivi 

denis Zravia), romlis normalurad funqcionirebisaTvis agebulia 

avtomaturi regulirebis sistema. sxvanairad rom vTqvaT, marTvis 

obieqti es ars-is ZiriTadi komponenti, romlis saWiro reJimi unda 

iyos uzrunvelyofili regulatoris mier. Semsrulebeli meqanizmi 

es aris mowyobiloba romlis meSveobiT xdeba marTvadi obieqtis 

reJimis cvlileba. 

marTvis nebismieri obieqti, romelsac axasiaTebs garkveuli masa, 

xolo eleqtroteqnikaSi da eleqtronikaSi induqciurobebiT da 

tevadobebiT xasiaTdeba, aris dinamiuri, radgan gareSe 

zemoqmedebisas warmoiqmneba Sesabamisi reaqcia da misi mdgomareoba 

ar SeiZleba Seicvalos myisierad. 

Pprogramirebadi logikuri kontroleris (regulatoris) ZiriTadi 

funqcia- gamoimuSavos mmarTveli zemoqmedeba, romelic 

uzrunvelyofs obieqtis mier saWiro funqciebis Sesrulebas. 

imisaTvis rom avagoT avtomaturi marTvis sistema saWiroa 

ganisazRvros obieqtis maTematikuri modeli, sxvanairad rom vTqvaT 
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unda davadginoT damokidebuleba, romelic akavSirebs mis 

parametrebs. Nnax5-ze moyvanilia erTkonturiani ars-is sqema, 

romelic SeiZleba gamoviyenoT gamoTvlebSi.  

 

 

Nnax.5 erTkonturiani ars-is struqturuli sqema 

 

Ffizikur sidides x(t), romelic eqvemdebareba regulirebas, uwodeben 

gamosasvlel sidides. zemoqmedebas g(t), romelic axasiaTebs 

saregulirebeli sididis sasurvel mniSvnelobas, ewodeba davaleba, 

an zogierT amocanaSi danayeni.  g(t) da x(t) sxvaobas, romelic 

aRiniSneba e(t) ewodeba Secdoma an gauTanxmoeba. zemoqmedebas u(t), 

romelsac gamoimuSavebs regulatori saregulirebeli sididis 

moTxovnili kanonis mixedviT Sesacvlelad ewodeba 

maregulirebeli zemoqmedeba.  

zemoqmedebas f(t), romelic cdilobs daarRvios gansazRvruli 

funqcionaluri damokidebuleba davalebasa da saregulirebel 

sididis Soris SemaSfoTebeli zemoqmedeba ewodeba. 

Aaqedan gamomdinare SeiZleba vTqvaT, rom avtomaturi 

regulirebis procesSi mimdinareobs davalebis gardaqmna 

saregulirebel sidided.  

zogad SemTxvevaSi rogorc davaleba aseve saregulirebeli 

sidide SeiZleba Seicavdes sxvadasxva fizikuri signalebis 

erTobliobas, e.i is veqtoruli saxisaa. Tu sistema 

mravalganzomiliania, maSin is unda ganvsazRvroT mdgomareobaTa 
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sivrcis terminologiiT. Uuku kavSiri, romelic xuravs (kravs) 

sistemas gadascems gazomvis Sedegs sistemis Sesasvlelze. sistemis 

amocana mdgomareobs imaSi, rom rac SeiZleba zustad asaxos 

gamosasvlelze x(t), romelic ganisazRvreba Sesasvlelze kanoniT 

g(t), da rac SeiZleba srulad CaaxSos SemaSfoTebeli zemoqmedeba 

f(t), an sxva nebismieri xarvezi (dabrkoleba) Tu isini arian. 

Ggamosasvleli sidide f(t) dardeba Sesasvlel sididesTan. amisaTvis 

gamoiyeneba Sesabamisi sensori. Semadarebeli mowyobilobis 

gamosasvlelze formirdeba gauTanxmoeba. gauTanxmoeba aris 

sistemaze zemoqmedebis wyaro, Tanac sistema muSaobs am sididis 

ganeitralebaze an minimumamde Semcirebaze.  

Mmudmivi da sxva tipis Zravebis avtomatizaciis saSualebebidan 

gansakuTrebiT aRsaniSnavia e.w Tanamedrove eleqtroamZravebi, 

romlebic warmoadgenen gansazRvruli marTvis funqciebiT 

aRWurvil nakeTobas romelic gankuTvnilia mdZ-bis marTvis da 

regulirebis sxvadasxva kanonebis ganxorcielebisaTvis. 

praqtikulad isini warmoadgenen erT korpusSi damontaJebul Zalur 

da marTvis mikroprocessorul an martiv SemTxvevaSi mikrosqemebze 

damzadebul eleqtronul an cifrul nawils. amasTan erTad maT 

aqvT Ddiskretuli Sesasvlelebi bolo amomrTvelebis da 

blokkontaqtebis misaerTeblad da analoguri Sesasvlelebi denisa 

da brunvis sixSiris gasazomad taqogeneratoris an ufro 

Tanamedrove sensorebis misaerTeblad. Mmsaoflio bazarze mdZ-bis 

Tanamedrove amZravebis warmoebaSi gansakuTrebiT popularulia 

Semdegi mwarmoebeli Sprint Electric (UK) da Control Techniques. Ees 

mwarmoeblebi awarmoeben 1, 2 da 4 kvadrantian eleqtroamZravebs 

mudmivi denis Zravebis samarTavad, gamodian rogorc analoguri 

aseve cifruli eleqtroamZravebi simZlavriT 0.1 – 930 kvt-mde. 

ganvixiloT sxvadasxva tipis eleqtroamZravebi maTi ZiriTadi 3 

klasis 1,2 da 4 kvadrantSi muSaobis SesaZleblobisa da simZlavris 

mixedviT. 

Mmcire simZlavris mudmivi denis eleqtroamZravi umTavresad 

gamoiyeneba iseT mowyobilobebSi rogoricaa saTvalTvalo 
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videokamerebi da wrfivi ateniuatorebi. Aam eleqtroamZravebs 

miuxedavad maTi simZlavris mcire mniSvnelobebisa (0.1 – 0.6kvt), 

sakmaod mkacri moTxovnebi waeyeneba, regulirebis sizustisa, 

simdoris, swrafmoqmedobis da mudmivi mzadyofnis saxiT. 

erTkvadrantian ukorpuso amZravebidan ganvixiloT e.w “370” seriis 

eleqtroamZravi simZlavriT 0.55 kvt-mde. romlis naxazs vxedavT 

qvemod.  

 

 

Nnax.6 370-e seriis eleqtroamZravis mowyobilobis xedi 

 

 

  370- es yvelaze martivi modelia erTkvadrantiani ukorpuso 

eleqtroamZravebidan. eleqtroamZravis kveba- erTfazaa 110/240 an 

30/60 v. is gamoiyeneba Zravebis samarTavad romelTa deni ar 

aRemateba 3.7 amp. (0.55kvt). mas aqvs araizolirebuli eleqtronuli 

nawili. saSualebas gvaZlevs gamoviyenoT igi agreTve mudmivi denis 

Zravebis samarTavad mudmivi magnitebiT. aqvs mtkice xraxniani 

klemebi. Aaqvs denuri maqsimaluri dacva. Aam eleqtroamZravs aqvs 

Zravis Ruzis gaqanebis regulirebadi dro romlis diapazoni 

Seadgens 1-dan 20 wm-de.  siCqaris marTva xorcieldeba gare 

potenciometris gamoyenebiT. aRWurvilia diskretuli Sesasvleli 

Zravis asmiSaveblad. masSi CaSenebulia mcveli. Aaqvs SesaZlebloba 

uku kavSiriT muSaobis saSualeba siCqaris mixedviT 
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taqogeneratoridan an Ruzis Zabvis mixedviT. ganxorcielebulia IR 

kompensacia. Aagznebis gragnilis sakvebad aqvs Zabviani 

gamosasvleli deniT 0.5 amp-mde. damzadebulia kompaqturi zomiT 

100x100 x 42 mm simaRle x sigane x siRrme. siCqaris diapazoni – sruli 

momentiT muSaoba siCqariTa diapazonSi 0 dan 100 % mde mdZ-is 

simZlavris mixedviT. datvirTvis sruli regulireba 0.1% dan (uku 

kavSiris sensoriT) da 2% (uku kavSiris sensoriT Ruzis denis 

mixedviT). Zravis maqsimaluri siCqare uzrunvelyofilia ZabvebSi 90 

v-dan 200 v-mde an 24 v dan 48 v-mde (modelebi 370 LV). amZravis 

minimaluri siCqare 0 dan 30% -mde maqsimalurisa. 

Ggaqanebis/damuxruWebis dro 1 dan 20 wm-mde. IR kompensacia 0 dan 25 

% mde. gamosasvleli deni 0 dan 100% mde momentisa denis mixedviT. 

e.i 0 dan 3.7 amp-mde. parametrebis yvela mniSvnelobebi izrdeba 

wrfivad potenciometrebis mobrunebiT saaTis isris mimarTulebiT. 

Ddistanciuri marTva xorcieldeba potenciometriT nominaliT 10 

komi. amuSaveba/sdeq brZanebis Sesruleba warmoebs gare “mSrali” 

kontaqtidan. marTvis algoriTmebi (meTodebi). siCqaris konturi 

imarTeba pi (proporciul integraluri) marTvis marTvis kanoniT 

uku kavSiriT Ruzis Zabvis mixedviT. denis marTvis konturi 

imarTeba pi (proporxiul-integraluri) kanoniT uku kavSiriT denis 

mixedviT. mmarTveli signalebi da amZravis yvela Sesasvleli wredi 

araizolirebulia. ar SeiZleba terminalebis 

(Sesasvlel/gamosasvlelebis) mierTeba miwasTan an sxva 

araizolirebul mowyobilobebTan. 

Semdegi ufro zogadi gamoyenebis sferoTi mudmivi denis 2-

kvadrantiani analoguri eleqtroamZravi romelic uzrunvelyofs 

Ruzis nominalur dens 106 amp-mde simZlavriT 44 kvt-mde. es amZravi 

ekonomiuri TvalsazrisiT efeqturi gadawyvetilebaa martiv 

meqanizmebSi, sadac ar mogveTxoveba amZravi meqanizmis Zravis 

reversi (2-kvadrantiani marTva). SLE-s kompaqturi zoma gvaZlevs 

saSualebas efeqturad CavaSenoT igi marTvis sistemaSi. amZravis 

kveba 3-fazaa ZabviT 240/380/415/480 v cvladi sinusoidaluri Zabvisa. 

Mmodeli  SLE – es mudmivi denis orkvadrantiani amZravia, romelic 
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Seicavs oTx modifikacias: 34amp (14kvt), 58amp (24kvt), 82amp(34kvt) da 

106amp(44kvt). amZravebs aqvT Sesasvleli Zravis momentis samarTavad. 

mas gaaCnia gafrTxilebebeis(gangaSebis) Suqdiodebis didi 

raodenoba. Aaqvs siCqaris nulovani davalebis blokirebis 

saSualeba. aqvs didi raodenobiT analoguri da diskretuli 

Sesasvlel/gamosasvleli. Ee.w S-rampiT gaqanebis saSualeba. 

agznebis denis fiqsirebuli mniSvnelobiT miwodebis saSualeba. 

agznebis Zabvis gamosasvlels aqvs saSualeba uzrunvelyos deni 2.5 

amp-mde. amZravis zomebia 290 x 215 x 155 mm simaRle x sigane x siRrme. 

Ees eleqtroamZravebi specialurad iwarmoeba rogorc iafi da 

kompaqturi nakeTobebi iseTi amocanebisaTvis sadac ar aris saWiro 

standartuli konfiguraciis Secvla. maT aqvT momentis marTvis 

Sesasvleli koWebis daxvevis manqanebSi gamosayeneblad da daWimvis 

cvlileba, siCqaris dasaSvebze amaRlebis kontroliT. Aaqvs 

ramodenime dacva amZravisa da Zravis sruli dacvisaTvis. 

xelmisawvdomia Semdegi samomxmareblo danayenebi: gaqaneba, 

damuxruWeba, maqsimaluri siCqare, minimaluri siCqare, Zravis 

maqsimaluri deni(momenti), IR – kompensacia, stabilizacia, siCqare 

biZgis reJimSi(Jog Speed). 370 seriis amZravebisagan gansxvavebiT aqvs 

izolirebuli Sesasvlel/gamosasvlelebi marTvis platis 

moxerxebuli mierTebis uzrunvelsayofad. Ruzis ZabvaTa 

gaumjobasebuli diapazoni, saSualebas gvaZlevs davadabloT Zravis 

fasi. aqvT Zalian kompaqturi dizaini, romelic saSualebas 

gvaZlevs modernizaciis samuSaoebi CaataroT, marTvis karadebSi 

sivrcis ekonomiiT. nulovani siCqaris fiqsaciis funqcia idealurad 

gamosadegia eqstruderebSi gamosayeneblad. Sesasvlelebi amuSaveba, 

muSaoba, davaleba aRWurvilia 8 damatebiTi analoguri Sesasvlel 

gamosasvleliT kompleqsuri sistemebis gansaxorcieleblad. 

SesaZlebelia muSaoba 150% gadatvirTviT 30 wm-is ganmavlobaSi. 

Zravis Ruzis Zabvis mixedviT uku kavSiri an uku kavSiris sensoris 

signaliT taxogeneratoriT. SLE seriis eleqtroamZravebSi 

gamoiyeneba marTvis meTodi e.w daxuruli veqtori rogorc uku 

kavSiriT muSaobis siCqaris mixedviT, agreTve rotoris uku 
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kavSiris rotoris(Ruzis) denis mixedviT. meTodis arCevani 

damokidebulia Zravis mimentis da siCqaris maRali xarisxiT 

muSaobis SesaZleblobiT. Zrava da gardamsaxi gadatvirTvisagan 

daculia blokirebis taimeriT, romelic avtomaturad TiSavs kvebas, 

Tu 30 wm-is ganmavlobaSi ar miiRweva davalebiT gansazRvruli 

siCqare da amasTan erTad gardamsaxis deni aRwevs 150% -is 

nominaluri mniSvnelobisa. Ees saSualebas gvaZlevs xanmokled 

warmovqmnaT maRali mabrunebeli momenti, denis marTva 

uzrunvelyofs eleqtroamZravis danergvas saxvadasxva 

mowyobilobebSi gadatvirTvisagan da siCqaris saSiSi amaRlebisagan. 

davalebis signali Seizleba gadavceT potenciometris gamoyenebiT, 

signaliT, romlis potenciali icvleba 0 dan 10 voltamde da deniT 

4-20 ma. siCqaris mixedviT uku kavSiri SeiZleba ganvaxorcieloT, 

taqogeneratoris gamoyenebiT, romelic damontaJebulia Zravis 

lilvze an rotoris Zabvis mixedviT. gardamsaxi Sesdgeba ori 

konturisagan maRali sizustiT. Nnax.7 –ze moyanilia amZravis 

struqturuli sqema.  

 

 

Nnax.7 LE eleqtroamZravis struqturuli sqema 

 

Aavtomaturi regulirebis struqtura Sesdeba ori 

konturisagan. Ggare konturi – warmoqmnis siCqaris ukukavSiris 

konturs. is “ixsneba” taqogeneratoris momWerebidan da mierTdeba 

amZravis klemaze #56-ze. Aaqedan is gadadis komparatorze da 

dardeba siCqaris davalebasTan, romlis mniSvneloba voltebSi 

potenciometris saSualebiT SeiZleba vcvaloT 0-10 v-is farglebSi. 
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Kkomparatoris gamosasvlelidan sxvaobis(Secdomis siCqaris 

mixedviT) signali Secdomis maZliereblis Sesasvlelze moedeba da 

isev ewodeba Sedarebis kvanZs sadac is dardeba Zravis 

denis(mabrunebeli momentis) mniSvnelobasTan, es ukanaskneli 

izomeba SigniTa konturiT, romlis meSveobiT organizebulia uku 

kavSiri denis mixedviT, Semdegnairad: Ruzis wredSi CarTuli denis 

sensoridan denis modulirebuli potencialis(Zabvis) mixedviT(0-5 v-

mde) ewodeba amZravis klemaze #54 da komparatoriT dardeba 

siCqaris Secdomis(davalebisa da arsebulis sxvaoba) da am 

Sedarebis Sedegad, is ewodeba denis Secdomis maZlierebals da 

iqedan ewodeba marTvadi gammarTvelis mmarTvel Sesasvlelze, 

romelic Zabvis efeqturi mniSvnelobis cvlilebiT aregulirebs 

Ruzis denis mniSvnelobas, romlis mniSvneloba regulirebis 

sistemis konturebis muSaobis Sedegad raRaca cdomilebiT 

utoldeba davalebas. Ggardamsaxs aqvs didi raodenobiT damatebiTi 

Sesasvlel/gamosasvlelebi. Sida wredebs aqvs galvanuri 

ganmxoloeba mkvebavi qselisagan, rac saSualebas iZleva mivaerTod 

gare wyaroebi. SLE seria awyobilia uaxlesi avtomatizirebuli 

sistemebis gamoyenebiT, da Seicavs yvelaze Tanamedrove damagrebisa 

da mierTebis saSualebebs(klemnikebs da gasarTebs), rac gvaZlevs 

saSualebas maRali saimedobis, stabilurobisa da sizustis miRebas. 

200XLV- oTxkvadrantiani eleqtroamZravis Zalian kompaqturi 

SesrulebiT damzadebuli nakeTobaa, romelic gamoiyeneba 

simZlavreze 0.1 kvt-mde, mcire Zravebis samarTavad, nominaluri 

deniT 2 amp-mde da nominaluri ZabviT 48 v-mde. es modeli 

idealurad morgebadia iseTi gamoyenebebisaTvis, rogoricaa 

saTvalTvalo videokamerebi, wrfivi ateniuatorebi da zogierTi 

sxva. amZravis kveba xdeba mudmivi denis wyarodan ZabviT 12 dan 48 v-

mde. models 200 XLV SeuZlia marTos Zravebi da wrfivi 

ateniuatorebiT ZabviT 48-v mde. es aris 4-kvadrantiani 

eleqtroamZravi, romelic Zalian swrafad reagirebs marTvis 

signalebze, gabaritebiT 82 x 40 x 50 mm (simaRle*sigane*siRrme), is 

Tavsebadia eleqtromagnituri dabrkolebebis mimarT mgrZnobiare 
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eleqtronul mowyobilobebTan. Aam amZravs aqvs Semdegi 

Taviseburebebi: +ve, -ve diferencialuri Sesasvlelebi siCqaris 

davalebis misacemad. Ddenis gansazRvrul sidideze amaRlebisagan 

dacva, siCqaris mixedviT ukukavSiriT muSaoba taqogeneratorisagan 

an Ruzis gragnilis Zabvis mixedviT. IR kompensacia + / _ 2 amp 

gamosasvleli gadatvirTvis saSualebiT 150 % -mde, gadaxurebisagan 

CaSenebuli dacva. Dda wina modelisagan gansxvavebiT srulyofili 

regulatori, romelic muSaobs pid(proporciul-integro-

diferencirebis) kanoniT uku kavSiris wredSi. Dda rac aucileblad 

aRsaniSnavia aqvs mdgomareobis marTvis saSualeba. 200XLV- 

gamoiyeneba musiani mdZ-bis samarTavad agreTve Zrava-reduqtorebis 

samarTavad. 200XLV- marTavs brunvas da Zravebis damuxruWebas orive 

mimarTulebiT da ikvebeba erTfaza kvebis wyarodan, batareisagan an 

mudmivi denis araregulirebadi wyarodan. 200XLV- gansakuTrebuli 

unari Seesabameba misi metad mkacri moTxovnebis mqone gamoyenebis 

sferos. Aam eleqtroamZravs aqvs ganierzoliani, absoluturad 

wrfivi, dabrkolebebis mimarT daculi gamosasvleli, 200XLV-aris 

idealuri wrfivi ateniuatorebisaTvis. iqidan gamomdinare, rom 

SeiZleba mivaerTod uku kavSiris signali CaSenebuli 

pid(proporciul-integrirebul-diferencirebuli) regulatoris 

Sesasvlelze, mowyobiloba saSualebas iZleva zustad 

vareguliroT siCqare da mdgomareoba. Aam seriis amZravebSi 

Cadebulia saSualeba diskretulad vcvaloT gaqaneba/damuxruWebis 

dro. es funqcia SeiZleba gamoviyenoT optimaluri dinamiuri 

maxasiaTeblebis misaRebad. is gamoiyeneba iq, sadac saWiroa 

dabalZabviani mdZ-bis zusti marTva. Semdegi ofciebi  SeiZleba 

gamogvadges damatebiTi saSualebebis gamosayeneblad:  

 

1. pid-regulatori pozicionirebisaTvis da uku kavSiris  

    sensoriT muSaobis saSualebiT.  

2. gaqaneba damuxruWebis rampebis morgeba.  

3. damatebiTi dacva. 
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pid regulatorze Semavali da gamomavali ukukavSiris 

wredebis gadamrTveli SeiZleba davayenoT sam reJimze: 

“proporciuli”, “proporciul integrirebuli” da “proporciul-

integrirebul-diferenciuli”. reJimebSi pi da pid integrirebis 

dro erTnairia da udris 100 mw-s, xolo gaZlierebis koeficienti 3-

is tolia. regulator maqs xdeba gaZlierebis koeficientis 

regulatori. integrirebis dro SeiZleba gavzardoT bipolaruli 

kondensatoris CarTviT poziciaSi INT CAP. integrirebis dro 

izrdeba kondensatoris tevadobis proporciulad. 100nF 

kondensatori daamatebs 100 mwm. gaZlierebis koeficienti 

proporciuli mdgenelisa SeiZleba gaormagdes PG zRudarebis 

mocilebiT amZravis qveda da zeda nawilze. taxogeneratoridan uku 

kavSiris gansaxorcieleblad gare zRudari(jamperi) unda davayenoT 

mdgomareobaSi PI an PID gamoZaxilis gasaumjobeseblad. 

pozicionirebis dros unda gamoviyenoT mxolod PID reJimi. 

imisaTvis, rom movaxerxoT amZravis gamoZaxilis vizualizacia da 

gawyoba unda gamoviyenoT Sesasvlelze marTkuTxa impulsebi da 

oscilografi. amZravis regulatoris gawyoba warmoebs saxeluriT 

“MAX”. amasTan erTad yuradsaRebia is, rom uku kavSiris sensors 

ar unda hqondes folxva. im SemTxvevaSi, Tu ukukavSiris signali 

daikarga, eleqtroamZravi avtomaturad SezRudavs Zravis Ruzaze 

modebul Zabvas ramodenime voltis farglebSi. Tu amZravs viyenebT 

momentis marTvis reJimSi, maSin mzomi rezistori mierTdeba 8-

gamosasvleli klemis A+ wredSi. gasazomi signali rezistoridan 

ewodeba bude “Av” –Si gadamrTvelisa, romelic qvemodaa 

damontaJebuli. amZravi daiwyebs gamomavali denis marTvas Semavali 

Zabvis proporciulad.  

  

daskvnebi: 

1. dRes sakmaod mdidari da mravalferovani 

avtomatizaciis saSualebebidan gansakuTrebiT unda 

gamovyoT iafi mowyobilobebi rogoricaa 

mikrokontrolerebi da myarsxeuliani releebi. 
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2. iqidan gamomdinare, rom maTi danergva SedarebiT 

rTulia unda damuSavdes maTi danergvis gamartivebuli 

meTodebi. 

3. teqnikur wreebSi, samecniero-kvleviT centrebsa da 

laboratoriebSi unda davZlioT arajansaRi konservatizmi 

da ganvTavissufldeT moZvelebuli 

stereotipebisagan(rogorc es zogierT sxva dargSi xdeba: 

mag. kosmosi), da Tamamad vecadoT davamuSavoT da 

davnergoT eqsperimentuli nimuSebis saxiT principulad 

gansxvavebuli mowyobilobebi. 
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Tavi 1 mudmivi denis Zravis mikroprocessoruli marTvis 

sistemis kvleva 

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 

avtomatizaciis saSualebebi.Aavtomatizaciis yvelaze Zviri da 

mZlavri gadawyvetilebaa aris programirebadi logikuri 
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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, 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. 
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 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 

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 
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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).   

 

       

naxazi #8 370 amZravis struqturuli sqema 

        

 

           

Nnaxazi #9 SLE- seriis 2-kvadrantiani eleqtroamZravi 
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1.1 mudmivi denis Zravis mikroprocesoruli marTvis 

sistemis kvlevis fizikuri obieqtebi 

 

 
nax. #10 mudmivi denis Zravis mikroprocesoruli marTvis 

sistemis mowyobilobis xedi 

 

kvlevis miznebi: 

 

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. 

2. Zravis maTematikuri modelis Sedgena. 
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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 da a.S). 

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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nax. # 11 mudmivi denis mikroprocesoruli marTvis sistemis 

gamartivebuli principialuri sqema 

 

 

1.2 mudmivi denis Zravis Ford 1BB – 42 maTematikuri 

modelis Sedgena 

Mmudmivi denis Zravze eqsperimentebis Sedegad, romlebic miznad 

isaxavda Zravis parametrebis dadgenas, romlebic ar iyo 

dokumentirebuli mwarmoeblis mier, miviReT isini, ris Sedegad 

SesaZlebeli gaxda Zravis maTematikuri modelis Sedgena. yvelaferi 

es saWiroa imisaTvis, rom miviRoT Zravis gadamwodi funqcia da 

CavrToT is avtomaturi marTvis sistemaSi erT-erTi kvanZis 
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saxiT.Eeqsperimentebis Sedegad miRebuli parametrebi davajufeT 

cxrili #1-Si, romelic qvemod aris moyvanili. 

 

 

 

cxrili #1 

Nnominaluri Zabva Un   (v) 12 

Nnominaluri eleqtruli simZlavre Pn   (vat) 240 

  brunvis nominaluri sixSire nn   (br/wT) 1850 

  nominaluri deni In   (amp) 20 

 nominaluri mbrunavi   

 momenti(gamoTvlili) 
Mn (nхm) 0.30405 

 eleqtruli mudmiva Ce -------- 0.000576317 

 Zravis Ruzis winaaRmdegoba Rj   (omi) 0.260 

 eleqtromeqanikuri mudmiva Cm ------- 0.0152 

 inerciis momenti(gamoTvlili) J     (kgхm2) 0.001752 

 Ruzis induqciuroba(gamoTvlili) Lj   (henri) 3.09707х10-5 

 lilvis radiusi R    (m) 0.004 

 

 

gamoTvlili parametrebi: 

 

           20==
n

n
n

U

P
I   amp    (1.1)              7.193

30
=

⋅
=

π
ω n

n

n
     rad/wm    (1.2) 

 

eqsperimentuli da gamoTvlili monacemebi: 

 

Ruzis winaaRmdegoba:^     

                               26.0=jR omi                         (1.3) 

Zravis eleqtruli mudmiva:^  

035.0=
⋅−

=
n

jnn

e

RIU
C

ω
     (1.4) 
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romelic udris eleqtromeqanikur mudmivas:  

em CC = .       (1.5) 

Zravis nominaluri momenti: 

^           702.0=⋅= mmn ICM      n.m      (1.6) 

Zravis inerciis momenti:  

001751696.0=J         kg.m2 

xaxunis momenti:  

071.00 =sM          n.m 

realuri uqmi svlis deni xaxunis momentis gaTvaliswinebiT: 

^^ 02.20
0 ==

m

s
s

C

M
I   n.m     (1.7) 

mokled SerTvis momenti:^ 

62.1=⋅= m

j

n
kz C

R

U
M   n.m    (1.8) 

Ruzis induqciuroba: 

^ 51009707.3 −⋅=jL  henri; 

idealuri uqmi svlis siCqare:^  

 

8.34100 =⋅
⋅−

= n

jnn

n

RIU

U
ωω   rad/wm    (1.9) 

 

realuri uqmi svlis siCqare: 
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drois mudmivebis gaangariSeba : 

 

drois eleqtromagnituri mudmiva:^ 
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Ddrois eleqtromeqanikuri mudmiva:^ 

 

37.0=
⋅

⋅
=

me
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 Zravis bunebrivi meqanikuri maxasiaTebeli warmovidginoT ori 

veqtoris saxiT: 

momentis veqtori:            siCqaris veqtori: 
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nax. #12 statikuri bunebrivi meqanikuri maxasiaTebeli 

      

 

 

 

 

Zravis gadamwodi funqcia: 
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eC
pF

1
)(1 =                          (1.16) 
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2 +⋅+⋅⋅= pTpTTpF mme                (1.17) 

))(()( 22 pFp
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d
pf ⋅=         (1.18) 

 maxasiaTebeli gantolebis fesvebi:^ 
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( )Tpolyrootsp =        (1.20) 

3
1 10392.8 ⋅−=p   706.22 −=p      (1.21) 

  

amplitudur-sixSiruli maxasiaTebeli: 

 

( ) ( )ωω ⋅= iwk        (1.22) 

  

( ) ( )( )ωω kL log20 ⋅=       (1.23) 

 

5...9.4,5 −−=k       (1.24) 

( ) kk 10=ω        (1.25) 
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                          310395.8
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      (1.26) 

 

asimptoturi logariTmul-amplituduri maxasiaTeblebi:^ 

 

37.011 =⋅⋅−= em TTpT     (1.27) 
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3

2
2 10392.8

1
⋅==

T
ω      (1.30) 

asimptotebi:^ 

( ) 094.29log20 01
=⋅= kLa      (1.31) 

( ) ( ) ( )10 log20log20
2

TkLa ⋅⋅−⋅= ωω    (1.32) 

( ) ( )2log20
23

TLL aa ⋅⋅−= ωω      (1.33) 

 

 

 

nax. #13 Zravis amplitudur-sixSiruli maxasiaTebeli 

 

 

 fazo-sixSiruli maxasiaTebelis gamosaxuleba da diagrama:^ 

 

^ ( ) ( )( )ω
π

ω ⋅⋅=Φ iwarg
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nax. #14 fazo-sixSiruli maxasiaTebeli 

 

 

gardamavali maxasiaTeblebi marTvis mixedviT:^ 
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nax. #15 Zravis gardamavali maxasiaTebeli 
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( ) )(th
dt

d
tK =       (1.37) 

 

( ) 








≥

<
=

0

00

tU

t
tU

n

       (1.38) 

 

maSin Zravis gaqaneba SeiZleba gansazRvruli integraliT 

gamovsaxoT: 

( ) ( ) ( )∫ ⋅−=
t

d dUtKt
0

τττω      (1.39) 

Qqvemod vixiloT Zravis gaqanebis mrudi. 

 

 

nax. #16 Zravis gaqaneba 

 

 

 

 

 Zravis gadamwodi funqcia SeSfoTebis mixedviT:  

 

( )
1

1

2

2

+⋅+⋅⋅
=

mme

e

j

m
TpTTp

C
R

pw       (1.40) 

   

( ) ( )1
1

21 +⋅⋅⋅−= pT
C

RpF e

e

j       (1.41) 

 

  



 37 

amplitudur-sixSiruli maxasiaTebeli: 

 

( ) ( )ωω ⋅= iwk mm         (1.42) 

        

( ) ( )( )ωω mm kL log20 ⋅=       (1.43) 

 

49.28
1

0 ==
eC

k       (1.44) 

 

7........9.4,5 −−=k            (1.45)  

 

       ( ) kk 10=ω        (1.46) 

 

705.2
1

=
mT

       (1.47) 

 

310395.8
1

⋅=
eT

      (1.48) 

asimptotebi:  

( ) ( )ωω ⋅= iFk 11       (1.49) 

( ) ( )( )ωω 11 log20 kL ⋅=      (1.50) 

( )
( )ω

ω
⋅

=
iF

k
2

2

1
      (1.51) 

( ) ( )( )ωω 22 log20 kL ⋅=      (1.52) 











⋅⋅=

2

1
log20

e

ja
C

RL      (1.53) 

( ) ( )12 log20 TLL aa ⋅⋅−= ωω      (1.54) 

 

am formulebiT avagoT sistemis amplitudur-sixSiruli 

maxasiaTebeli SeSfoTebis mimarT. 
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nax. #17 sistemis amplitudur-sixSiruli maxasiaTebeli SeSfoTebis 

mixedviT 

 

fazur sixSiruli maxasiaTebeli SeSfoTebis mixedviT:  

 

( )( )ω
π

⋅⋅=Φ iwmm arg
180

      (1.55) 

 

Semdeg gverdze vixiloT fazur-sixSiruli maxasiaTebeli 

SeSfoTebis mimarT. 
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nax. #18 fazur-sixSiruli maxasiaTebeli SeSfoTebis mimarT 

 

gardamavali reJimi momentis sefexurebrivi cvlilebisas: 

 

( )
( )
( )

( )
( )

∑ 







⋅+=

=

⋅
2

1 2

1

2

1

0

0

i

tp

i

i ie
pf

pF

F

F
th     (1.56) 

 

 

asimptota, romlisken miiswrafvis ( )th : 

036.2110 =
kzM

ω
      (1.57) 
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nax. #19 gardamavali reJimi safexurebrivi tvirTis zemoqmedebis dros 

datvirTvis momentis zemoqmedeba 

 

( ) ( )th
dt

d
tK =       (1.58) 

( ) 








≥

<
=

2

20

tM

tM
tM

n

s
     (1.59) 

( ) ( ) ( )∫ ⋅⋅−⋅+=
t

dMtKt
0

00 τττωω      (1.60) 

5.........1.0,0=t       (1.61) 

 

 

nax. #20 gardamavali reJimi datvirTvis momentis modebisas 

 

 Semdeg gverdze warmodgenilia Zravis diferencialuri 

gantolebebi meqanikur datvirTvasTan erTad. 
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 gvaqvs Semdegi saxis diferencialur gantolebaTa sistema: 

 

( )



















⋅+−

⋅−⋅−

=

J

xCM

L

xCxRU

xD
ms

j

ejn

10

21

,τ      (1.62) 

 

sawyisi pirobebi:    









=

0

0
x       (1.63) 

 

modelis integrirebis parametrebi: 

  

00 =t        2=endt         1000=qp  - gamosayvani wert. raodenoba (1.64) 

 

amovxsnaT diferencialur gantolebaTa sistema ricxobrivi 

integrirebis runge-kutis meTodiT: 

 

( )DqpttxRkadaptZ end ,,,, 0=      (1.65) 

qpq ........1=        (1.66) 

Zravis CarTvis gardamavali reJimis mrudebi naCvenebia qvemod 

grafikze: 

 

nax. #21 Zravis CarTvis gardamavali reJimi 
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1.3 marTvis sistemis logikuri nawilis damuSaveba 

 

 amocanis Sinaarsi 

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 

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 
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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 

da diskretul mowyobilobaTa Teoriis  zogierTi kanonis 

gamoyeneba, rac mokled ganixileba qvemoT.  

 

1.4 diskretul mowyobilobaTa Teoriis mokle 

mimoxilva 

Ddiskretul mowyobilobaTa Teoriis sagani warmoadgens bulis 

algebris maTematikuri aparati, logikur funqciaTa micemis da 

realizaciis xerxebi, logikur gamosaxulebaTa da kombinaciur 

mimdevrobiTi mowyobilobebis gardaqmnis da minimizaciis xerxebi.  

Llogikuri gamosaxulebis minimizaciisaTvis, (rac zogadad 

aris saWiro diskretul mowyobilobaTa damuSavebis dros) da 

kerZod, Cvens SemTxvevaSi gamoiyenebian logikis algebris kanonebi. 
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gadanacvlebis: 

1221 xxxx ⋅=⋅  da   1221 xxxx +=+      (1.67) 

jgufdebadobis: 

( ) ( )321321 xxxxxx ⋅⋅=⋅   da    ( ) ( )321321 xxxxxx ++=++    (1.68) 

tavtologiis: 

xxx =⋅   da     xxx =+      (1.69) 

Semobrunebis:  

Tu: 21 xx =   maSin 21 xx =      (1.70) 

 aq xazi cvladis zemoT logikur Semobrunebas(inversias) niSnavs. 

ormagi inversiis an uaryofis uaryofa: 

xx =         (1.71) 

nulovani simravlis: 

00 =⋅x    da       xx =+ 0      (1.72) 

universaluri simravlis: 

xx =⋅1         da    11 =+x      (1.73) 

damatebiTobis:  

0=⋅ xx        da     1=+ xx     (1.74) 

ganawilebis: 

 

( ) 3121321 xxxxxxx ⋅+⋅=+⋅   da ( ) ( )3121321 xxxxxxx +⋅+=⋅+   (1.75) 

 

STanTqvis: 

1211 xxxx =⋅+     da   ( ) 1211 xxxx =+⋅     (1.76) 

Sewebebis: 

( ) ( ) 12121 xxxxx =+⋅+     da  12121 xxxxx =⋅+⋅    (1.77) 

 

de-morganis: 

2121 xxxx +=⋅      da   2121 xxxx ⋅=+     (1.78) 

axla ganvixiloT logikuri funqciis minimizaciis praqtikuli 

magaliTi.  

G 
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gvaqvs Semdegi saxis logikuri funqcia: 

( )bcdcadbdcaF +⋅+=      (1.79) 

1. ( )( ) ( ) dadcdacdbdacdbdcadbdca +=+=++=⋅⋅=+    (1.80) 

2. ( ) dbcadbccadbccabdcca =+=⋅=







+    (1.81) 

3. ( )bcadcaF +++=       (1.82) 

Mmiuxedavad imisa, rom Cven sareleo kontaqtorul sqemas ar 

vamuSavebT, mainc avRniSnoT is, rom normalurad Caketil 

kontaqtebs Seesabamebian cvladebis inversuli sidideebi, xolo 

normalurad gaxsnils – pirdapiri. Mmimdevruli SeerTeba 

Seesabameba konunqciis operacias(gamravleba), xolo paraleluri 

dizunqciis(momateba).  

Ggamosaxuleba minimizaciis Semdgom miiRebs saxes: 

( )bcadcaF +++=        (1.83) 

 

 

 

nax. #22. sareleo kontaqtoruli sqema 

 

 

amis Semdgom SegviZlia avagoT sqema statikur logikur 

elementebze, rac Cveni SemTxvevisTvis ufro aqtualuria:  
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nax. #23 logikuri funqcia romelic Sesrulebulia statikur 

logikur elementebze 

 

 

 

1.5 logikuri sqemebis ageba WeSmaritebis cxriliT 

 

A arsebobs ori kanonikuri forma logikis algebrisa: diziunqciuri 

da  koniunqciuri srulyofili normaluri forma. 

diziunqciuri dsnf warmoadgens diziunqcias erTianis 

konstitucienti. erTianis konstitucienti – aris funqcia, romelic 

erTianis mniSvnelobas iRebs mxolod erTaderTi Sesasvleli 

cvladebis nakrebis SemTxvevaSi. koniunqciuri srulyofili 

logikuri funqcia kslf – warmoadgens koniunqcias nolis 

konstitucientisa. nolis konstitucienti – es aris funqcia, 

romelic iRebs nolis mniSvnelobas mxolod erTi Sesasvlelis 

cvladebis nakrebis dros. magaliTisaTvis, funqcia F romelic 

aris oTxi cvladis funqcia a, b, c, d mocemulia WeSmaritebis 

cxrilis saxiT. 

cxrili #2 WeSmaritebis cxrilis magaliTi 

# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

a b c d 0000 0001 0010 0011 0100 0101 0110 0111 1000 10

01 

10

10 

1000 11

0

0 

11

01 

1110 1111 

F 1 0 1 0 1 1 1 0 0 0 1 1 0 1 1 0 
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WeSmaritebis cxrilis mixedviT CavweroT srulyofili normaluri 

koniunqciuri srulyofili normaluri forma : 

 

dabccdbadcbadbcadcbadcbadcbadcbaF +++++++=  (1.84) 

    

 sqemis zeda nawilSi vxedavT tranzistorul bogirs romelis 

oTxi tranzistorisagan Sesdgeba. Aabstraqtulad  es bogiri 

dayofilia or nawilad: e.w maRali mxare da dabali mxaris 

tranzistorebi. Ddiagramaze H1, H2 da L1, L2. es tranzistorebi 

zogadad rom vTqvaT imarTeba Semdegi principiT: oTxi maTganidan 

erTi srulad gaxsnilia, erTi srulad Caketilia ori ki imarTeba 

ganiv-impulsuri modulaciis kanoniT (gim). Uufro zustad, amZravis 

brunvis mimarTulebidan gamomdinare tranzistoruli bogiris 

marTvis cxrili mogvawvdis informacias, romelic warmodgenilia 

qvemod. 

 

cxrili #3 gasaRebebis mdgomareoba marTvis signalebidan gamomdinare 

mmarTveli 

Sesasvlelebi 

mmarTveli sqemis mdgomareoba 

gasaRebebis mimarT 

komentari 

ON DIR PWM H1 L1 H2 L2 ----------------

--------------- 

0 X X OFF OFF OFF OFF Llodini 

1 0 PWM ON OFF /PWM PWM Zravi 

“win 

svla” 

gim-

reJimiT 

1 1 PWM /PWM PWM ON OFF Zravi 

“ukan 

svla” 

gim-

reJimiT 
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Ees aris e.w WeSmaritebis cxrili, sadac mkafiod 

Camoyalibebulia amZravis brunvis mimarTulebis da gim-dan 

gamomdinare TviToeuli bogiris tranzistori ra reJimSi unda 

imyofebodes. rogorc ukve avRniSneT WeSmaritebis cxrili aris 

diskretuli sistemis formalizaciis pirveli safexuri, romelic 

gvaZlevs saSualebas CamovweroT sistemis logikuri funqciebi. 

radgan Cven sqemas unda hqondes brunvis mimarTulebis marTvis 

gasaRebi ori mdgomareobiT da sami gamomyvaniT rac advili 

warmosadgenia. marTvis gasaRebis saerTo wverze vaZlevT raime 

eleqtrul signals romelic Seesabameba logikur “1”-ans, xolo 

gamosasvlelebi logikur sqemas romelsac Cven exla SevimuSavebT. 

Yyvelaferi es abstraqtulad rom warmovidginoT gvaqvs ori salte 

D da P romlebzec rigrigobiT vawvdiT “1” da “0”. Llogikuri sqemis 

gamosasvlelze ki gveqneba oTxi cvladi H1 L1 H2 L2, romlebic 

unda miiRon iseTi mniSvnelobebi, romlebic cxril #1-Si 

aRniSnuli. zemoTaRniSnul cxrils ufro formalizebulad Semdegi 

saxe aqvs(qvemoT). 

 

cxrili #4 gamosasvleli cvladebis mniSvneloba Sesasvlelis mimarT 

Sesasvleli cvladebi Ggamosasvleli cvladebi 

D P H1 L1 H2 L2 

0 0 1 0 1 0 

0 1 1 0 0 1 

1 0 1 0 1 0 

1 1 0 1 1 0 

  

 

 Aam cxrilidan gamomdinare CamovweroT logikuri funqciebi 

TviToeuli gamosasvlelisaTvis: 

PDPDPDH ⋅+⋅+⋅=1       (1.85) 
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gavamartivoT es gamosaxuleba: 

DPPDH =+=1       (1.86) 

 

Semdegi gamosasvlelebisaTvis: 

DDL ⋅=1       (1.87) 

H2-Tvis gveqneba: PDPDPDH ⋅=+=+=2     (1.88) 

L2 –Tvis gveqneba:  PDL ⋅=2      (1.89) 

 

Llogikuri gantolebebis gasamartiveblad gamoviyeneT de-

morganis kanonebi, romelTa Tanaxmad dizunqciebis inversia udris 

inversiaTa koniunqciebs, xolo konunqciaTa inversia udris 

inversiaTa dizunqcias, es sityvierad gamoTqmuli kanonebi 

maTematikurad Semdegnairad gamoisaxeba:  

baba ⋅=+      da     baba +=⋅     (1.90) 

Aaxla H1 L1 H2 L2 TviToeuli gamosasvleli cvladisaTvis 

aviRoT logikuri elementebi da gadavweroT maTi logikuri 

funqciebi grafikuli eniT. 
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nax. #24 bogiris Zalovani tranzistorebis marTvis sqema logikur 

elementebaze 

 

1.6 tranzistoruli gardamsaxis kvleva 

 

 

imisaTvis rom, srulfasovnad gamivikvlioT mudmivi denis 

Zravis mikroprocesoruli marTvis sistema, unda dagvedgina Zravis 

gadamwodi funqcia da amasTan erTad saWiroa gamivikvlioT 

tranzistoruli gardamsaxis gadamwodi funqcia, drois mudmiva, 

wminda dayovneba da ase Semdeg. Aqedan gamomdinare gverds ver 

auvliT tranzistorul gardamsaxs da mis marTvis sqemas, romelTa 

virtualuri maketis saxiT awyoba mogviwevs programa Multisim 9-Si. 

Aamjerad kvlevis dros Semdeg strategias mivmarTavT: 

 

1. sqemis diskretuli mmarTeli nawilis logikis  

      damuSeveba(rasac SevecdebiT calke TavSi). 

2. virtualuri komponentebis gamoyenebiT eleqtronuli    

      sqemebis modelirebis programaSi Multisim-9-Si avawyoT  

      marTvis sistema tranzistorebis Zaluri bogiriT da    

      mudmivi denis virtualuri ZraviT. 

3. CavataroT safexuriani erTeulovani zemoqmedebis modebis   

      cda sistemaze, romelic mogvcems: 

    wminda dayovnebis mniSvnelobas Zravis Ruzis winaRobaze   

    da sxvadasxva sididis winaRobis CarTvas. 

      gardamsaxis Zabvis gardamavali procesis grafiks droSi. 

      denis oscilogramas Zravis RuzaSi. 

   amis Sedegad saSualeba gveqneba davadginoT datvirTvidan   

   gamomdinare ra sididis drois mudmivebi iqnebian   

   tranzistorul gardamsaxSi. 

4. yvelaferi es saSualebas mogvcems avagoT 

sistemis(tranzistoruli gardamsaxis) amplitudur 
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sixSiruli da Ffazur sixSiruli maxasiaTeblebi. rac 

saSualebas mogvcems davadginoT sistemis mdgradoba. 

5. amis Semdeg saSualeba gveqneba davadginoT sistemis 

statizmi, astatizmi, gadametregulireba rogorc gardamavali 

maxasiaTeblebis xarisxis maCveneblebi. 

6. avawyoT sqema avtomaturi sistemebis modelirebis paket 

vissim-Si da detalurad gavaanalizoT sistemis 

qceva(moqmedeba) muSaobis sxvadasxva reJimSi. 

7. yvelaferi es saSualebas mogvcems vivsauroT sistemis 

muSaunarianobaze da SevadaroT is sxva sistemebs. 

8. visaubroT da gavaanalizoT sistemis danergvis 

perspeqtivebi. 

zogadi saxiT tranzisoruli  gardamsaxis gadamwodi funqcia 

SeiZleba iyos aRwerili gantolebiT:  

 

( )
( )
( ) 1

0

+⋅
⋅==

⋅−

sT

e
k

sU

sU
sW

mn

s

mn

y

mn
τ

       (1.91) 

 

 

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 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. 
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tranzistoruli gardamsaxebis gamoyenebas mudmivi denis 

gardasaqmnelad  Seaqvs rigi Taviseburebebi, romlebic gavlenas 

axdenen mudmivi denis eleqtroamZravebis meqanikur  da 

saregulirebel maxasiaTeblebze, romlebic Semdegia: 

1. regulirebis diskretuloba. 

2. gardamsaxis parametrbis zegavlena eleqtroZravas 

statikur maxasiaTeblebze. 

3. RuzaSi denis wyveta datvirTvis dabal momentebze. 

tranzistorebis mniSvnelovan Taviseburebas warmoadgens is, rom 

maT SeuZliaT imuSavon ufro maRal sixSireebze vidre 

tiristorebi. tiristorebTan SedarebiT tranzistorebi, 

gansakuTrebiT veliani swrafad da advilad iketeba, rac 

mniSvnelovnad aadvilebs gardamsaxis marTvas. 

yvelaferi es saSualebas gvaZlevs gavakeToT Semdegi daskvna: 

1. eleqtroamZravis gamosakvlevad gvWirdeba tranzistoruli 

gardamsaxis gamokvleva, raTa dadgindes gardamsaxis Semdegi 

parametrebi: wminda dayovneba da drois midmivebi Tmn sxvadasxva 

datvirTvis dros. 

2.  gaukeTdes oscilografireba gardamsaxis gamosasvleli Zabvis 

da Zravis Ruzis denisa. 

3.  sasurvelia dadgindes Teoriuli damokidebuleba maTematikuri 

saxiT tranzistoruli gardamsaxis Zabvisa da Ruzis(datvirTvis) 

winaRobisa. es SeiZleba movaxerxoT miRebili mrudeebis 

aproqsimaciiT raRaca Teoriuli maTematikuri gamosaxulebebiT. 

4.  tranzistoruli gardamsaxis rogorc avtomaturi marTvis 

regulirebis sistemis erT-erTi umTavresi nawilis logariTmul 

amplituduri sixSiruli da logariTmuli fazur sixSiruli 

maxasiaTeblebis dadgena da ageba. yvelaferi es saSualebas 

mogvcems miviRoT maTematikuri formalizebuli saxiT 

tranzistoruli gardamsaxis e.w bloki romelic ukve Zravas 

dadgenil gadamwod funqciasTan da ukukavSirebTan erTad  

erTianad gamoviyeneoT avtomaturi marTvis mikroprocessorul 

sistemaSi da gamovikvlioT saerTod sistemis gardamavali 
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procesebis xarisxebis maCveneblebi, rogoricaa statizmi, 

astatizmi, gadametregulireba da zogierTi sxva. yvelaferi amis 

misaRwevad dagvWirdeba Cveni mikroprocesoruli marTvis 

sistemis virtualuri awyoba, gamarTva da erTeulovani 

safexurebrivi zemoqmedebis cdebis Catareba, miRebul monacemTa 

damuSaveba eleqtronuli cxrilebis saxiT, rac saSualebas 

mogvcems davadginoT tranzistoruli gardamsaxis gadamwodi 

funqcia da sixSiruli maxasiaTeblebi. 

sanam uSualod gadavalT kvlevis am metismetad 

detalizirebul da Sromatevad etapebze mokled ganvixiloT 

regulirebis obieqtebis maxasiaTeblebis eqsperimentuli dadgena da 

kvlevis instrumentuli saSualebebi rac zogadad moiTxovs Cvengan 

kvlevis strategiebis da kvlevis teqnologiebis gonieri xerxebis 

damuSavebas.  

 

1.7 regulirebis obieqtis gadamwodi funqciis dadgenis 

strategia 

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.  
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cxrili #5 Ford 1BB-42 Zravis drois mudmivebi da gadamwodi funqcia 

Zravis 

eleqtromeqanikuri 

mudmiva 

Zravis 

eleqtromagnituri 

mudmiva 

Zravis gadacemis 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 

masze garkveuli eqsperimentis Catareba mogviwevs. am eqsperimentis 
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Ffizikuri 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

     (1.92) 

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. 

 −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 
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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 

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 
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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       (1.93) 

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

∆

∆
=        (1.94) 

obieqtis gansazRvruli parametrebiT SegviZlia CavweroT 

gantoleba droiT formaSi:  
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( )
( ) ( )τ−⋅∆⋅=+ tXKty

dt

tTdy
     (1.95) 

da agreTve operatorul formaSi, romelic iTvaliswinebs 

obieqtis sixSirul Tvisebebs:  

( )
( )1+⋅

⋅
=

−

PT

eK
pW

pτ

      (1.96) 

 

 

1.8 kvlevis teqnologiuri xerxebi da eqsperimenti 

 

samecniero kvleviTi samuSaoebis Catarebis mravalsaukunovan 

istoriaSi ama Tu im eqsperimentis an kvlevis daskvniT da xSirad 

Sualedur etapebze gadamwyveti sityva rogorc wesi kvlevis da 

eqsperimentebis teqnilogias eTqmoda. ukve sityva eqsperimenti 

laTinurad niSnavs cdas. cdas, romelsac swori dagegmareba da 

gonivrulad Catarebas moiTxovs mkvlevarisagan. sanam eqsperimentis 

dagegvas gadavwyvitavT, pirvel rigSi sakvlevi obieqti 

abstraqtulad unda warmividginoT, es imas niSnavs, rom obieqti unda 

ganvixiloT rogorc raRaca e.w Savi yuTi. unda movaciloT 

kavSirebi da ugulebelvyoT sxvadasxva zemoqmedi faqtorebi, 

rogorebicaa magaliTad: xaxunis Zala, temperatura, signalTa 

xmauriT dabinZureba, SemaerTebeli gamtarebis aqtiuri da 

induqciuri, tevaduri induqciuroba da sxva mravali faqtori 

romelTa obieqtis modelSi CarTva sawyis etapze imdenad 

gaarTulebs mas, rom SeuZlebels gaxdis obieqtis kvlevas. am 

abstraqciis Sedegad unda miviRoT bloki, romelic Sesasvlelze 

miwodebuli signals raRaca kanoniT daamuSavebs da gamosasvlelze 

miviRebT signals, romelic amplitudiT, faziT, sixSiriT iqneba 

gansxvavebuli signalisgan Sesasvlelze. aseve unda gvaxsovdes rom 

realur samyaroSi yvela materialuri obieqti aris dinamiuri. es 

imas niSnavs, rom nebismieri obieqtis gamosasvlelze signali 

damokidebulia aramxolod drois mocemul momentSi Sesasvlel 
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signalze, aramed am signalis mniSvnelobaze mocemul momentamde. es 

SeiZleba Semdegnairad Caiweros:  

000 )),(( YttXF =−      (1.97) 

zogadad sistemis kvleva, rodesac sistemis agebulebis Sesaxeb 

mcire informacia gvaqvs praqtikulad SeiZleba Seiswavlos am 

sistemis Sesasvlelze erTeulovani safexurebrivi zemoqmedebis 

gziT. es iseTi signalia, romelic iRebs 0-is an 1-is mniSvnelobas 

drois gaTvaliswinbiT. 

 

1.9 kvlevis instrumentebi  

 

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 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 
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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. 

              1.10  Multisim-Si virtualuri maketis Seqmna 

 

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, 

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 
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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 

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 
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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 

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 
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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 ⋅+=       (1.98) 

es imas nisnavs, rom cnobarebSi mocemulia rezisorebis 

winaaRmdegobis mniSvneloba, roca misi temperatura Seadgens, xolo 

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 
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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 

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 
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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 

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:  
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nax. #25 mZlavri veliani tranzistori BLF7G20L-200 

 

1.11  tranzistoruli gardamsaxis gardamavali funqciis 

kvlevis cdebi 

 

rogorc am naSromis dasawyisSi aRiniSna es klasikuri cda imaSi 

mdgomarebs, rom sqemas srul Zabvaze myisierad CavrTavT da 

davakvirdebiT oscilografze gamosasvlels, im dros romelic 

gadis manam, sanam gamosasvlelze gardamavali reJimi warmoiqmneba 

wminda dayovneba t0 hqvia, xolo gamosasvleli signalis gardamavali 

reJimis mrudTan gavavloT mxebi im wertilTan romelzec SeiniSneba 

signalis maqsimaluri cda, Semdeg am mxebidan davuSvaT droiTa 

RerZze perpendikulari, romlis proeqcia iqneba tranzistoruli 

gardamsaxis drois mudmiva. eqsperimentis mizania tranzistoruli 

gardamsaxis gamosasvlelze mivaerTod jer arawrFivi kanoniT 

zrdadi sxvadasxva winaRobis rezistorebi da ramodenime 

eqsperimentis Semdeg mivaerTod eqsperimentuli sakvlevi Zravis 

Ruza da davakvirdeT Zravis siCqaris, denis, Zabvis oscilogramas. 

daviwyoT Semdegnairad: moviyvanoT Cveni awyobili maketi muSa 

mdgomareobaSi, gamoviyvanoT signalebze dasakvirveblad 

oscilograFebi da CavrToT Multisim-is simulaciis reJimi sqemis 

GamSvebi signalis nulovani mniSvnelobis dros. es imas niSnavs, rom 

sqemas ‘sZinavs’: is mzad aris CasarTvelad gamosasvlelze, rogorc 

oscilograma gviCvenebs gvaqvs signalis raRac umniSvnelo 

Fluqtuaciebi, Semdeg gasaRebze moqmedebiT CavrToT is da maSinve 

oscilograFis lurrji sxivi miiRebs saFexuris formas. fizikurad 

es imas niSnav, rom Sesasvlelze sqemis amuSavebis signali 

myisierad Seicvala 0 dan logikur 1-mde. gamosasvlelze Zabvis 
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gardamavali reJimis mrudi gvaqvs, romelic 0.26 omiani 

winaRobisaTvis Semdegi saxisaa: 

analogiurad logariTmuli SkaliT vcvaloT datvirTvis 

rezistoris winaaRmdegoba da miviRoT gardamavali reJimis 

mrudeebi winaRobis TviToeuli mniSvnelobisaTvis. yoveli 

diagramis qvemod moviyvanoT cxrili sadac iqneba gamosaxuli 

gamosakvlevi sistemis dinamikis maxasiatebeli parametrebi, 

rofgoricaa: wminda dayovneba t0, drois mudmiva Tmn  da sistemis 

gadamwodi funqcia W(s). aqve unda avRniSnoT isic, rom Multisim-is 

SaSualebiT TviToeuli oscilogramebis myisieri mniSvnelobebis 

wertilebi avtvirTet Excell-Si da TviToeul oscilogramas aq 

davurTavs Excell-is cxrilis nawils. 

 

cxrili #6 

wminda 

dayovneba 

t0,  wm 

drois 

mudmiva 

Tmn 

gardamavali 

funqciis gamosaxuleba h(t) 

maqsima

luri 

Zabva 

Um, v 

0.28585 0.05268 ( )
















≥









−⋅

<

=
−−

28585.0109.10

28585.00

05268.0

28585.0

ifte

ift

th
t

 10.09 

 

 

axla ki davweroT am SemTxvevisaTvis gardamsaxis gadamwodi 

Funqcia. rogorc me-3-e gverdze avRniSneT tranzistoruli 

gardamsaxi aris inerciuli kvanZi, romelic xasiaTdeba gaZlierebis 

koeficientiT kmn, dayovnebis droiT:       

 

5
0 102.3

31250

11 −⋅==≤
f

τ hc     (1.99) 

 

 31250 iqidan gamomdinareobs, rom mikroprocesoris gim-sixSire 

f=31250 hc.  gaZlierebis koeficientis sidide iqneba toli:  
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841.0
12

09.10

1

2 ===
U

U
kmn      (1.100) 

 

sadac U2 Zabva tranzistoruli gardamsaxis gamosasvlelze, xolo 

U1- Zabva tranzistoruli gardamsaxis Sesasvlelze. aqedan 

gamomdinare davweroT tranzistoruli gardamsaxis gadamwodi 

Ffunqciis gamosaxuleba:  

 

( )
( )
( ) 105268.0

841.0
1

5
0 102.3

+⋅
⋅=

+⋅
⋅==

⋅⋅−⋅− −

s

e

sT

e
k

sU

sU
sW

s

mn

s

mn

y

mn
τ

    (1.101) 

 

am gamosaxulebaSi, rogorc Semdgomi cdebi gviCveneben, romlebic 

qmemodaa moyvanili, sxva winaaRmdegobis datvirTvebis 

rezistorebisaTvis da Zravis RuzisTvis icvlebian mxolod da 

mxolod kmn da Tm- i, xolo 0τ , romelic damokidebulia 

ganivimpulsuri modulaciis sixSireze – ucvleli rCeba. 

 

 

 

nax. # 26 gardamsaxis gardamavali maxasiaTebeli, Rdat=0.26 omi 
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cxrili #7 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavaliFfunqciis 

gamosaxuleba h(t) 

maqsimaluri 

Zabva Um, v 

6108.1 −⋅  71039.3 −⋅  

( )
















⋅≥













−⋅

⋅<

= −⋅

−⋅−

−

−

−

61039.3

108.1

6

108.1111
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7

6

te

t

th
t

 11 

 

 

gaZlierebis koeficienti:   

 

;917.0
12

11

1

2 ===
U

U
kmn      (1.102) 

dayovnebis dro:   

 

5
0 102.3 −⋅=τ wm       (1.103) 

gadamwodi Ffunqcia:   

 

( )
11039.3

917.0
1 7

102.3 5
0

+⋅⋅
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+⋅
⋅=
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⋅⋅−⋅− −
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e
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     (1.104) 
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nax. #27 gardamsaxis gardamavali maxasiaTebeli, Rdat=0.6 omi 

 

 

 

cxrili #8 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali Ffunqciis 

gamosaxuleba h(t) 

maqsimalu

ri Zabva 

Um, v 

2.78 10-6 71054.2 −⋅  ( )
















⋅≥













−⋅

⋅<
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gaZlierebis koeficienti:   

917.0
12
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1

2 ===
U

U
kmn      (1.105) 
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wminda dayovneba:  

5
0 102.3 −⋅=τ  wm      (1.106) 

gadamwodi Ffunqcia:  

( )
11054.2
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7

102.3 5

+⋅⋅
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s

e
sW

s

     (1.107) 

 

 

 

nax. #28 gardamsaxis gardamavali maxasiaTebeli, Rdat=0.82 omi 

 

 

 

cxrili #9 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali funqciis 

gamosaxuleba h(t) 

maqsima

luri 

Zabva 

Um, v 

61085.2 −⋅  7100.4 −⋅  ( )
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gaZlierebis koeficienti:    

992.0
12

9.11

1

2 ===
U

U
kmn ,  5

0 102.3 −⋅=τ wm   (1.108) 

gadamwodi funqcia:   
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     (1.109) 

 

 

 

nax. #29 gardamsaxis gardamavali maxasiaTebeli, Rdat=8.22 omi 

 

 

cxrili # 10 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali Ffunqciis 

gamosaxuleba h(t) 
Um, v 

61058.2 −⋅  71003.5 −⋅  ( )
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gaZlierebis koeficienti:  

1
12

12

1

2 ===
U

U
kmn       (1.110) 

wminda dayovneba:  

5
0 102.3 −⋅=τ wm      (1.111) 

gadamwodi funqcia:  
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     (1.112) 

 

 

nax. #30 gardamsaxis gardamavali maxasiaTebeli, Rdat=26 omi 

 

cxrili #11 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali funqciis 

gamosaxuleba h(t) 
Um, v 
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gaZlierebis koeficienti:  

983.0
12

8.11
==mnk      (1.113) 

wminda dayovneba: 

 5
0 102.3 −⋅=τ wm      (1.114) 

gadamwodi funqcia:  

( )
110219.4

983.0
6

102.3 5

+⋅⋅
⋅=

−

⋅⋅− −

s

e
sW

s

     (1.115) 

 

 

 

nax. #31 gardamsaxis gardamavali maxasiaTebeli,  Rdat=2.6 omi 

 

cxrili #12 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali Ffunqciis 

gamosaxuleba h(t) 
Um, v 

610218.2 −⋅  710769.3 −⋅  ( )
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gaZlierebis koeficienti:  

 

917.0
12

11
==mnk        (1.116) 

 

wminda dayovneba:  

5
0 102.3 −⋅=τ wm        (1.117) 

 

 

gadamwodi funqcia:       ( )
110769.3
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7
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nax. #32 gardamsaxis gardamavali maxasiaTebeli,  Rdat=0.46 omi 
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cxrili #13 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali Ffunqciis 

gamosaxuleba h(t) 

Um, v 

610352.2 −⋅  710512.3 −⋅  
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gaZlierebis koeficienti:   

 

975.0
12

7.11
==mnk         (1.119)  

wminda dayovneba:  

 

5
0 102.3 −⋅=τ  wm        (1.120) 

gadamwodi funqcia:   
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nax. #33 gardamsaxis gardamavali maxasiaTebeli, datvirTvis winaRoba 

1.46 omi 

 

 

cxrili #14 

wminda 

dayovneb.   

t0 

drois 

mudmiva 

Tmn 

gardamavali funqciis gamosaxuleba 

h(t) 
Um, v 

510684.1 −⋅  
610323.1 −⋅
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gaZlierebis koeficienti:  
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754.11
==mnk         (1.122) 
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wminda dayovneba:        5
0 102.3 −⋅=τ  wm                 (1.123) 

 

gadamwodi funqciis gamosaxuleba:  

 

( )
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nax. #34 gardamsaxis gardamavali maxasiaTebeli, Rdat=4.62 omi 
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cxrili #15 

wminda 

dayovneba 

t0 

drois 

mudmiva 

Tmn 

gardamavali funqciis 

gamosaxuleba h(t) 

maqsima

luri 

Zabva 

Um, v 
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gaZlierebis koeficienti:  

1
12

12
==mnk         (1.125) 

wminda dayovneba:  

5
0 102.3 −⋅=τ wm        (1.126) 

 

gadamwodi funqcia:  
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nax. #35 gardamsaxis gardamavali maxasiaTebeli, Rdat=14.62 omi 

 

 

 

 

1.12 dinamikis  damokidebuleba datvirTvis rezistoris 

winaaRobis sidideze 

 

imis Semdeg, rac CavatareT aTi gardamavali maxasiaTeblis 

aTi(10) cda saSualeba gveZleva, visaubroT da ricxvobrivad 

davadginoT gardamsaxis dinamikis parametrebis damokidebuleba 

datvirTvis winaaRmdegobis sidideze. kidev erTxel davasaxeloT 

es ori Zalzed mTavari sidideebi, romlebicaa wminda dayovneba t0  

da drois mudmiva Tmn. qvemod cxrilSi moviyvanod datvirTvis 

winaaRmdegoba da Sesabamisi dinamikis parametrebi. 

 

 

cxrili #16 

№ Rdat, omi t0, wm Tmn, wm 
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№ Rdat, omi t0, wm Tmn, wm 

1 0.26 0.28585 0.05268 

2 0.46 610218.2 −⋅  710769.3 −⋅  

3 0.6 6108.1 −⋅  71039.3 −⋅  

4 0.82 61078.2 −⋅  71054.2 −⋅  

5 1.46 610352.2 −⋅  710512.3 −⋅  

6 2.6 ⋅99.4 10-5 610219.4 −⋅  

7 4.62 510684.1 −⋅  610323.1 −⋅  

8 8.22 61085.2 −⋅  7104 −⋅  

9 14.62 610874.4 −⋅  710911.5 −⋅  

10 26 61058.2 −⋅  71003.5 −⋅  

 

 

 
nax. #36 drois mudmivebis da wminda dayovnebis analizuri 

damokidebuleba reistoris winaRobaze 
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1-Tavis  daskvna 

 

1. tranzistoruli gardamsaxis wminda dayovneba da drois 

mudmiva damokidebulia tranzistoruli gardamsaxis 

gamosasvlelze mierTebuli datvirTvis rezistoris 

winaaRmdegobaze. 

2. gamoyvanili iqna wminda dayovnebis drois damokidebulebis 

formula mierTebuli datvirTvis rezistoris 

winaaRmdegobasTan Semdegi saxiT : 

 

( )
( )R

Rt
ln594.4188.6

108.7 6

0
⋅+

⋅
=

−

     (1.128) 

 

3. gamoyvanili iqna tranzistoruli gardamsaxis drois 

mudmivis damokidebulebis formula mierTebuli datvirTvis 

rezistoris winaaRmdegobasTan Semdegi saxiT : 

 

( )
( )R

RT
ln594.4188.6

102.8 6

⋅+

⋅
=

−

     (1.129) 

 

4.    miRebuli analizuri damokidebulebebi tranzistoruli 

gardamsaxis gardamavali da gadacemis funqciebis 

damokidebulebebTan da agebul maxasiaTeblebTan erTad aris 

sakmarisi, rom tranzistoruli gardamsaxis kvlevis amocana 

Sesrulebulad CavTvaloT. 
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Tavi 2 

tranzistoruli gardamsaxis sixSiruli maxasiaTeblebi 

 

bodes diagrama, rusul literaturaSi(Логарифмическая амплитудно-

частотная и фазо-частотные характеристики), warmoadgens grafiks, romlis 

abscisaTa RerZze datanilia sixSire, xolo ordinatTa RerZze 

datanilia signalis amplituda an Ffazis wanacvleba gamosasvleli 

signalisa Sesasvleli signalis mimarT. rogorc wesi, istoriulad, 

es aris ori graFikis kombinacia: romelTagan erT-erTi aris 

signalis amplitudis graFiki, romelic gamosaxavs gaZlierebis 

koeficientis damokidebulebas signalis cvlilebis sixSiresTan, 

meore ki gamosaxavs Sesasvleli signalis mimarT gamosasvlelis 

signalis Ffazis daZvras. rogorc wesi gaZlierebis koeficients 

iReben logariTmul maStabSi, amisaTvis gamoiyeneben specialurad 

gamogonil erTeuls- decibels. es Semdegnairad gamoisaxeba: 

[ ]decibelk
X

Y
=⋅ lg20       (2.1) 

magaliTad Tu signalis 10 hercidan 1000 hercamde  cvlilebas 

mohyva signalis amplitudis cvlileba 3 voltidan 0.5 voltamde, 

gaZlierebis koeficienti Cveulebriv wrfiv maStabSi iqneboda 

)6(166.0
3

5.0
===

X

Y
k , rac gvaZlevs iracionalur ricxvs, rac 

praqtikul angariSebSi uxerxulia. magram Tu gaZlierebis 

koeficients decibelebSi(logariTmul maStabSi) gamovsaxavT 

gveqneba:  

6.15
3

5.0
lg20lg20 −=⋅=⋅=

X

Y
k  decibeli     (2.2) 

 

2.1 mokle istoriuli cnobebi. 

hendrik bode (1905-1982) iyo gamoCenili mecnieri da inJineri, 

romelmac Seitana didi wvlili marTvis mecnierebaSi. rodesac is 

muSaobda belis laboratoriebSi aSS-Si 1930-ian wlebSi, man 
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daamuSava martivi, magram zusti gaZlierebis koeficientis da 

Ffazis Zvris grafikuli warmosaxvis  meTodi. ufro gvian am 

meTods daarqves avtoris saxeli – bodes diagrama. am diagramaze 

amplitudis RerZi aris daniSnuli decibelebiT, rac aris 20-jer 

logariTmi fuZiT aTi amplitudis gaZlierebis koeficientisa:  

X

Y
decibel log20 ⋅=      (2.3) 

iqidan gamomdinare, rom amplitudis gaZlierebis koeficienti 

aris logariTmuli sidide, bodes grafikze amplitudaTa namravls 

miviRebT Tu SevkribavT Sesabamisi wertilebis ordinatebs grafikze 

romlebic arian gamosaxuli decibelebSi. iqidan gamomdinare, rom:  

( ) ( ) ( ).logloglog baba +=⋅    (2.4) 

 es Zalian moxerxebulia, radgan SedarebiT rTuli gamravlebis 

moqmedebas vcvliT SedarebiT martivi momatebiT, rac advilad 

SeiZleba gakeTdes grafikze. bodes fazuri grafiki warmoadgens 

fazis funqcias sixSiris mimarT, agreTve grafikze daitaneba 

logariTmuli sixSiris RerZi, romelic rogorc wesi gamoiyeneba 

amplitudis grafikTan erTad, raTa davakvirdeT ramdenad signali 

iqneba daZruli faziT Sesasvleli signalis mimarT. magaliTad, 

signali romelic gamoisaxeba: 

( )tA ⋅⋅ ωsin       (2.5) 

 SeiZleba iyos Sesustebuli, magram agreTve faziT daZruli. Tu 

sistema signals asustebs raRaca X koeficientiT, da faza 

gamosasvleli signalisa daiZvreba Φ− -iT, maSin signali sistemis 

gamosasvlelze iqneba:  

( ).sin Φ−⋅⋅ t
X

A
ω        (2.6) 

rogorc wesi fazis Zvra aris sixSiris funqcia. Ffaza SeiZleba 

aseve pirdapir iyos miRebuligraFikul mniSvnelobaTa SekrebiT, es 

faqti aris maTematikurad gasagebi rodesac Fazas vxedavT rogorc 
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kompleqsuri gaZlierebis koeFicientis logariTmisa warmosaxviT 

nawils.  

 

2.2 tranzistoruli gardamsaxis amplitudur-sixSiruli da 

fazur-sixSiruli maxasiaTeblebi 

tranzistoruli gardamsaxis amplitudur sixSiruli 

maxasiaTeblis asagebad gvaqvs yvela saWiro monacemebi, kerZod: 

tranzisoruli gardamsaxis 10 drois mudmiva, aTi wminda dayovnebis 

dro, 10 gamosasvleli maqsimaluri Zabvis sxvadasxva mniSvneloba. 

rogorc Cven ukve vTqviT amplitudur-sixSiruli maxasiaTebeli 

warmoadgens gaZlierebis koeFicientis damokidebulebas Sesasvleli 

signalis cvlilebis sixSireze, xolo fazur sixSiruli 

maxasiaTebeli warmoadgens gamosasvleli signalis fazis Zvras 

Sesasvleli signalis mimarT Sesasvleli signalis sixSirestan 

damokidebulebiT. iqidan gamomdinare, rom gvaqvs gadamwodi funqciis 

sxvadasxva aTi gamosaxuleba, gavaqvs saWiro da sakmarisi 

informacia raTa avagoT es maxasiaTeblebi. Cvens SemTxvevaSi es 

maxasiaTeblebi metad mniSvnelovania, radgan gim-signalis sixSiris 

Cvlilebas mosdevs gamosasvleli signalis amplitudis cvlileba 

da Ffazis Zvra. aqedan gamomdinare am maxasiaTebelTa agebis Sedegad 

saSualeba gveZleva gamovikvlioT sqemis muSa sixSiruli diapazoni. 

drois mudmivebi da wminda dayovnebebis da datvirTvis 

winaaRmdegobis mniSvnelobebi warmovidginoT veqtorebiT: 



























=

26

22.8

6.2

82.0

6.0

26.0

nR (2.7)         



























⋅

⋅

⋅

⋅

⋅

=

−

−

−

−

−

6

6

5

6

6

0

1058.2

1085.2

10992.4

1078.2

108.1

28585.0

t   (2.8)         



























⋅

⋅

⋅

⋅

⋅

=

−

−

−

−

−

7

7

6

7

7

1003.5

10.4

10219.4

1054.2

1039.3

05268.0

pT  (2.9) 
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gvaqvs agreTve gamosasvleli Zabvis maqsimaluri mniSvnelobis 

Zabvis veqtori:  

                                  



























=

12

9.11

8.11

11

11

09.10

mU       (2.10) 

 

nax. #37-ze wminda dayovnebis da drois damokidebuleba datvirTvis 

winaRobaze  

 

 

 

rogorc ukve wina TavSi CavwereT gadamwodi funqciis zogadi 

gamosaxuleba tranzistoruli gardamsaxisaTvis Semdegi saxisaa:  

 ( )
1

0

+⋅
⋅=

⋅−

pn

tp

tptp
Tp

e
kpw

n

         (2.11) 

amplitudur-sixSiruli maxasiaTeblis gamosaxuleba: 

( ) ( )ωω ⋅= iwK tptp          (2.12) 
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fazur-sixSiruli maxasiaTeblis gamosaxuleba: 

( ) ( )( )ωω tptp KL log20 ⋅=          (2.13) 

 

5

0

10556.5
1

⋅=
nt

   (2.14)             
61095.2

1
⋅=

pnT
   (2.15) 

 

k= 3, 3.01…….8        (2.16) 

 

( ) kk 10=ω        (2.17) 

 

 

 

nax. #38 gardamsaxis naxevradlogariTmuli amplitudur sixSiruli 

maxasiaTebeli 

 

 

 

( ) ( )( )ω
π

ω ⋅⋅=Φ iwtptp arg
180

       (2.18) 

       

61051.1 ⋅=c         (2.19) 
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6106.4 ⋅=d        (2.20) 

 

6108 ⋅=f       (2.21) 

 

fazur- sixSiruli maxasiaTeblis veqtori:  

 

( )

( )
( )( )
( )( )
( )( ) fif

dfif

cdif

cif

tp

tp

tp

tp

>−Φ

>≥−Φ

>≥−Φ

<Φ

=

ωω

ωω

ωω

ωω

ωϕ

1080

720

360
       (2.22) 

61095.2
1

⋅=
pnT

       (2.23) 

        

5

0

10556.5
1

⋅=
nt

     (2.24) 

 

 

nax. #39 gardamsaxis fazur sixSiruli maxasiaTebeli 

 

 

 

( ) ( )( )kk tp ωΦ=Φ      (2.25) 
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31008.1720360 ⋅=+       (2.26) 

 

31026.11801080 ⋅=+      (2.27) 

 

14
90

1260
=        (2.28) 

 

 

 

 

nax. #40 gardamsaxis Zabvis eqsperimentuli damokidebulebis 

formuliT aproqsimacia 
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nax. #41 gardamsaxis gardamavali maxasiaTebeli, romelic CarTulia 

Zravis Ruzaze 1BB-42 

 

 

nax. #42 taqogeneratoris Zabvis grafiki 
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          nax. #43 Zravis Ruzis deni gardamsaxis CarTvis Semdeg 

  

 

 

 

cxrili #17 eqsperimentuli monacemebi 

datvirTvis 

winaRoba 

Rn(omi) 

t0 wminda 

dayovneba(wm) 

Tmn 

tranzistoruli 

gardamsaxis 

drois mudmiva 

Um gamosasvleli 

Zabvis 

amplituda(volti) 

0.26 0.28585 0.05268 10.09 

0.462353 61021837.2 −⋅  3.76877 10-7  11 

0.822192 2.78 10-6 2.54 10-7 11 

1.462087 2.352 10-6 3.512 10-7 11.7 

2.6 4.992 10-5 4.219 10-6 11.8 

4.623 1.684 10-5 1.323 10-6 11.75 

8.222 2.85 10-6 4 10-7 11.90 

14.621 4.874 10-6 5.911 10-7 12 

26 2.58 10-6 5.03 10-7 12 
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datvirTvis 

winaRoba 

Rn(omi) 

t0 wminda 

dayovneba(wm) 

Tmn 

tranzistoruli 

gardamsaxis 

drois mudmiva 

Um gamosasvleli 

Zabvis 

amplituda(volti) 

    

nominali 0.6 1.8 10-6 3.39 10-7 

 

 

cxrili #18 saangariSo monacemebi 

 

n, 

gaang. 

№ 

t01 t0 t0 saangariSo  Tmn t0(R) Tmn 
( )RceBRAU ⋅−⋅⋅−⋅= 1

 

1 
1.019 

10-1 
0.286 0.287 0.099 0.1 0.049 10.235 

2 
3.106 

10-5 

9.579 

10-6 
4.582 10-6 

2.924 

10-6 

3.106 

10-5 

2.95 

10-6 
10.692 

3 
1.553 

10-5 

9.579 

10-6 
1.659 10-6 

1.462 

10-6 

1.553 

10-5 

1.475 

10-6 
11.217 

4 
1.035 

10-5 

9.579 

10-6 
1.01 10-5 

9.748 

10-7 

1.035 

10-5 

9.834 

10-7 
11.652 

5 
7.766 

10-6 

9.579 

10-6 
1.743 10-5 

7.311 

10-7 

7.766 

10-6 

7.376 

10-7 
11.859 

6 
6.213 

10-6 

9.579 

10-6 
1.967 10-5 

5.849 

10-7 

6.213 

10-6 

5.9 

10-7 
11.898 

7 
5.177 

10-6 

9.579 

10-6 
1.656 10-5 

4.874 

10-7 

5.177 

10-6 

4.917 

10-7 
11.9 

8 
4.437 

10-6 

9.579 

10-6 
1.031 10-5 

4.178 

10-7 

4.438 

10-6 

4.215 

10-7 
11.9 

9 
3.883 

10-6 

9.579 

10-6 
4.101 10-6 

3.656 

10-7 

3.883 

10-6 

3.688 

10-7 
11.9 

 

saS. 

mniSv. 

 

1.0552 

10-5 

 

9.579 

10-6 

 

1.055 10-5 

 

9.935 

10-7 

 

1.055 

10-5 

 

1.002 

10-6 

 

0.208 
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( )( )
nwk

gnfA
T

⋅+

++⋅⋅
=

1cos
      (2.29) 

 

( )wnkcthAT +⋅⋅=        (2.30) 

 

nwk

A
T

⋅+
=        (2.31) 

 

( )ReU ⋅−⋅−⋅= 58.121.019.11       (2.32) 

 

 

R=0.968       (2.33) 

        

( )
nwk

gnfA
T

⋅+

+⋅⋅
=

cos
       (2.34) 

      

nwk

A
T

⋅+
=        (2.35) 

RK

A
t

ln
0

⋅+
=

ω
       (2.36) 

 

cxrili #19 

         

A 0.204 9.58 

10-6 

0.00014 0.01915 8.214 

10-5 

7.802 

10-6 

A 11.89 

k -6551.6 6.686 -2.728 -6547.9 6.189 6.189 B 0.211 

w 6553.6 -6.686 2.728 6548.17 4.594 4.594 C 1.584 

f   7.87 10-

1 

     

g   1.1424     0.968 

Secdoma 0.03383 2.054 

10-9 

      

correl -0.5479 -0.55  0.99 0.99 0.99   
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me-2-e Tavis ZiriTadi Sedegebi da daskvna 

 

1.  bevri eqsperimentuli cdebis da monacemTa damuSavebis 

Sedegad, miRweuli iqna gardamsaxis gamosasvlelze 

damyarebuli Zabvis eqsperimentuli damokidebuleba 

gamosasvlelze mierTebuli rezistoris winaaRmdegobasTan 

analitikuri formuliT aproqsimacia, romelic Semdegi saxisaa: 

 

( )ReU ⋅−⋅−⋅= 58.121.019.11      (2.37) 

 

2.   avageT tranzistoruli gardamsaxis amplitudur-sixSiruli da 

fazur-sixSiruli maxasiaTeblebi, ramac cxadhyo, rom 

tranzistoruli gardamsaxis ganiv impulsuri modulaciis 

prinxipiT marTvisas 106 hc sixSiris gadaWarbebisas 

gamosasvleli signalis(Zabvis) amplituda mkveTrad ecema, xolo 

gamosasvleli signalis fazis Zvris kuTxe Sesasvleli 

signalis fazis mimarT jer mdored 1800 –iT CamorCeba 

miaxloebiT 105 hc sixSireze, xolo sixSiris kidev ufro 

amaRlebisas 18000-mde kuTxiT CamorCeba, rac kargad Cans 

sixSirul diagramebze. 

3.   avageT tranzistoruli gardamsaxis Zravis Ruzaze CarTvis 

gardamavali maxasiaTebeli, ris Sedegad miviReT, rom 

tranzistoruli gardamsaxi faqtiurad uinercioa, radgan 

wminda dayovnebis dro Seadgens 0.00000197 wm-s, xolo 

tranzistoruli gardamsaxis gamosasvlelze Zravis Ruzaze 

mierTebisas Zabva myardeba 0.00000262 wm-Si, Zravis amuSavebisas 

nominalur datvirTvaze denis myisa mniSvneloba aRwevs 39 

ampers, denis sidide myardeba 0.2521 wm-Si.  
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Tavi 3 

 gardamavali reJimebis xarisxis maCveneblebi 

 

mdgradoba aris aucilebeli, magram arasakmarisi moTxovna, 

romelic ganapirobebs sistemis gamoyenebis SesaZleblobas. 

imisaTvis rom, SevaFasoT TviToeul konkretul SemTxvevaSi 

gamoiyeneben marTvis sistemis xarisxis Semdeg maCveneblebs: 

   sistemis sizuste, romelic xasiaTdeba damyarebul reJimSi   

Secdomis sididiT gardamavali procesis xasiaTi. imisaTvis, rom 

SevqmnaT erTnairi midgoma SefasebaSi, miRebulia ganvixiloT 

gardamavali reJimi rogorc sistemis reaqcia erteulovan 

safexurebriv zemoqmedebaze.SemaSFoTebeli zemoqmedebis aseTi 

naxtomiseburi cvlileba qmnis yvelaze mZime reJims momuSave 

sistemisaTvis. zogadad, gareSe zemoqmedeba(SeSfoTeba) SeiZleba 

iyos determinirebuli an drois SemTxveviTi Funqciebi. imisaTvis, 

rom SevaFasoT sistemis xarisxi, gamoiyeneba xarisxis maCvenebeli-

Secdomis albaToba. avtomaturi regulirebis sistemis Secdoma 

damyarebul reJimSi ganisazRvreba gardamavali reJimis 

damTavrebisas, romelic iqna gamowveuli erTeulovani 

saFexurebrivi zemoqmedebiT. am Secdomis sidide SeiZleba iyos 

napovni sistemis diFerencialuri gantolebis amoxsnis dros. aseT 

SemTxvevaSi diFerencialuri gantolebis sruli amoxsna SeiZleba 

iyos ganxiluli rogorc jami zogadi amoxsnisa erTgvarovani 

diferencialuri gantolebisa da kerZo amoxsnisa araerTgvarovani 

diFerencialuri gantolebisa. Semdegi saxiT:  

ulirebisgadametregdamyzogadi εεε +=       (3.1) 

 

mdgradi sistemisaTvis erTgvarovani diferencialuri gantolebis 

amoxsna miiswrafvis nulisaken:  
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∑ →⋅=
=

⋅
n

i

tp
igar

ieC
1

0ε       (3.2) 

aqedan gamomdinare Secdoma damyarebul reJimSi iqneba 

ganpirobebuli araerTgvarovani diferencialuri gantolebis kerZo 

amoxsniT. avtomaturi regulirebis sistemebi iyofa statikur da 

astatikurebze. aseTi dayofa xorcieldeba damyarebuli Secdomis 

xasiaTis niSniT saFeuxurebrivi(naxtomisebri) zemoqmedebisas. 

avtomaturi regulirebis sistemis damyarebuli Secdomas ewodeba 

statikuri Secdoma.   avtomaturi regulirebis sistemebi, romelTa 

statikuri Secdoma ar aris nolis toli ewodeba statikuri 

sistemebi. imisaTvis rom, ganvsazrvroT avtomaturi regulirebis 

sistema romels miekuTvneba, ar aris aucilebeli, rom amovxsnat 

diFerencialuri gantoleba Sekruli sistemis naxtomiseburi 

zemoqmedebisas. am SekiTxvaze pasuxis gasacemad sakmarisia gvqondes 

gadamwodi funqciis sakvlevi sistemis gamosaxuleba marTvis 

gaxsnili konturisTvis.   astatikuri avtomaturi regulirebis 

sistemis niSania aris  marTvis gaxsnil konturSi 

integrirebis(astatikuri) kvanZis arseboba, e.i iseTi kvanZis 

arseboba, romlis gadamwodi Ffunqcia Semdegi saxisaa:                     

( )
p

pW
1

=          (3.3) 

Tu avtomaturi regulirebis sistemis gaxsnil konturSi ar 

arsebobs maintegrirebeli kvanZi, maSin es aris statikuri sistema. 

amaSi SeiZleba davrwmundeT, Tu vipoviT  s(t) naxtomiseburi 

(saFexurebrivi) zemoqmedebis dros. maintegrirebeli kvanZebis 

raodenoba sistemaSi gansazRvravs sistemis astatizmis xarisxs. 

arsebobs agreTve zemoqmedebis xarisxis cneba, romelSi 

igulisxmeba zemoqmedebis Fiqsirebuli warmoebulis xarisxi. 

sistemaSi garkveuli raodenobis maintegrirebeli kvanZebis Seyvana 

saSualebas gvaZlevs SevzRudoT an saerTod gavaneitraloT 

damyarebuli Secdoma damyε
 zemoqmedebis arsebobis dros, romelic 
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ganuwyvetliv icvleba mudmivi warmoebuliT. statikuri da 

astatikuri magaliTebis saxiT SegviZlia moviyvanoT sistemebi 

sixSiruli da Fazuri avtomorgebiT. avtomaturi regulirebis 

sistemis meore maCvenebelia- gardamavali reJimis xasiaTi. 

gardamavali reJimis xasiaTis ZiriTadi parametrebia:  

maqsimaluri gadametregulireba, romelic gamoisaxeba gamosasvleli 

cvladis maqsimaluri mniSvnelobis SefardebiT gardamaval 

procesSi, damyarebul mniSvnelobasTan:   

damy

MAXI
m

h

h
h =         (3.4) 

sadac damyh - gamosasvleli cvladis mniSvneloba ∞→t ; 

gamosasvleli sididis pirveli  maqsimumis damyarebis 

dro(maqsimaluri gadametregulirebis) pt . 

gardamavali procesis xangrZlivoba e.i drois intervali gareSe 

SemaSFoTebeli zemoqmedebis miwodebidan da gardamavali procesis 

dasrulebamde st . 

rogorc wesi Tvlian, rom gardamavali reJimi mTavrdeba, Tu 

gamosasvleli sidide damyarebuli mniSvnelobisagan gansxvavdeba 

damyarebuli mniSvnelobidan aranakleb 5 %-iT;  

gardamavali procesis ryevis sixSire iω . 

imisaTvis, rom ganvsazRvroT gardamavali procesis maCveneblebi, 

saWiroa miviRoT Caketil konturiani avtomaturi regulirebis 

sistemis e.i movZebnoT sistemis reaqcia erTeulovan naxtomisebur 

zemoqmedebaze. axla ki ganvixiloT is, Tu rogor SevafasoT mTeli 

sistemis muSaobis da gardamavali reJimebis xarisxi, romlebic 

zemoT CamovTvaleT. 
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nax. # 44 gadametregulireba 

 

 

3.1 სისტემისსისტემისსისტემისსისტემის    რეგულირებისრეგულირებისრეგულირებისრეგულირების        ძირითადიძირითადიძირითადიძირითადი    მაჩვენებლებიმაჩვენებლებიმაჩვენებლებიმაჩვენებლები    

 

rogorc ukve cnobilia mTliani sitemis ZiriTadi kvanZebia: Zravi 

1BB-42, tranzistoruli gardamsaxi, meqanikuri datvirTva da 

mikrokontroleri. rogorc Cven ukve davinaxeT, Zalian bevri kvleva 

dagvWirda Zravis gadamwodi funqciis dadgenisTvis da agreTve 

tranzistoruli gardamsaxis erTeulovani Ffunqciisa da gadamwodi 

Funqciis gamosaxulebis dasadgenad, dadginda maTi drois mudmivebi, 

gardamsaxis wminda dayovneba da gamosasvlelze damyarebuli Zabvis 

maqsimaluri mniSvneloba, yvelaFeri es saSualebas gvaZlevs Cveni 

sistema rogorc xarisxobrivad da raodenobrivad SevaFasoT 

rogorc marTvis avtomaturi sistema, romelTa kerZo magaliTs 

warmoadgens mudmivi denis Zravis mikroprocesoruli marTvis sqema. 

am sistemis kvlevis amocana metwilad ukve Sesrulebulia da 

daskvniT etapze saWiroa SevkraT is saerTo struqturaSi da 

davakvirdeT mis parametrebs, upirveles yovlisa gardamavali 

reJimis xarisxis parametrebia, rogoricaa: statizmi, astatizmi da 

gadametregulireba. gardamavali reJimebis gamokvlevisas unda 

vecadoT SevqmnaT muSaobis rac SeiZleba uFro mZime reJimi, raTa 
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Semdgom davakvirdeT am reJimTa xarisxs da SevaFaseTi sistemis 

gamoyenebis perspeqtivebi.  

 

Zravis eleqtruli mudmiva:  

035.0

60

14702

26.02012

60

2
=

⋅⋅

⋅−
=

⋅⋅

⋅−
=

⋅−
=

ππω n
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e         (3.5)  

   Zravis eleqtromagnituri drois mudmiva: 

410191.1 −⋅==
j

j

e
R

L
T            (3.6) 

  drois eleqtromeqanikuri mudmiva:   

 

                   37.0=
⋅

⋅
=

me

j

m
CC

RJ
T             (3.7) 

Zravis gadamwodi Ffunqcia SeSfoTebis mixedviT:   

 

( )
137.0000044067.0

1
43.7

1

1
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+⋅+⋅
⋅=

+⋅+⋅⋅

⋅

=
ssTpTTp
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e
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sistemis regulirebis xarisxis ZiriTadi maCveneblebi Seadgens: 

gadametregulireba 32=σ  %, siCqaris dinamikuri vardna Zravas 

RerZze datvirTvis uecari modebisas 007.0=∆ dinν , xolo kvebis 

wyaros Zabvis naxtomiseburi cvlilebisas 012.0=∆ dinν , gardamavali 

procesis xangrZlivoba tგ= 0,8 წმ. 
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3.2 tranzistoruli gardamsaxis sixSiruli rgolis 

saxiT warmodgena  

 

iseve rogorc Zravi tranzistoruli gardamsaxi dinamiuri 

obieqtia. upirveles yovlisa is xasiaTdeba wminda dayovnebis 

droiT t0, es is droa romelic aiTvleba tranzistoruli 

gardamsaxis Sesasvlelze erTeulivani saFexurebrivi zemoqmedebis 

miwodebidan im momentamde rodesac Zabva tranzistoruli 

gardamsaxis gamosasvlelze iwyebs zrdas. anu martivad rom vTqvaT 

es is droa, romelic aiTvleba tranzistoruli gardamsaxis 

gaSvebis(srul Zabvaze CarTvis) momentidan, momentamde rodesac 

gamosasvlelze Zabva iwyebas zrdas. Cvens SemTxvevaSi es dro 

Seadgens:  

t0=0.28585 wm        (3.9) 

aseve Zalian mniSvnelovania tranzistoruli gardamsaxis drois 

mudmivis sidide. rac ufro didia drois mudmivis mniSvneloba, miT 

ufro didxans mimdinareobs gardamavali reJimi. Cvens SemTxvevaSi 

drois mudmivis sidide Seadgens:  

Tmn=0.05268         (3.10) 

axla isev davubrundeT gardamsaxis gardamaval funqcias, 

romlis fizikuri arsi Semdegnairia: es is funqcia, romlis 

mixedviT gardamsaxis Sesasvlelze saFexurebrivi impulsis 

miwodebis momentidan gamosasvlelze jer nolis tolia drois 

wminda dayovnebis Sualedze t0, xolo Semdeg gamosasvlelze signali 

gamoisaxeba e.w gardamavali FunqciiT. Cvens SemTxvevaSi es 

gamosaxuleba ukve ganvsazRvreT da aq meored moviyvanT:  

 

( )
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28585.0109.10

28585.00

05268.0

28585.0

te

t
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        (3.11) 

 

aq 10.09 maqsimaluri Zabvaa gardamsaxis gamosasvlelze Um. aseve 

gardamsaxis sqema xasiaTdeba Zalian mniSvnelovani sididiT- 
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gaZlierebis koeficientiT kmn. es sidide aris signalis Ffardoba 

gardamsaxis gamosasvlelze  signalTan gardamsaxis SesasvlelTan. 

Cvens SemTxvevaSi is Semdegia:  

841.0
12

09.10

1

2 ===
U

U
kmn         (3.12) 

Zalian mniSvnelovani sidide romelic axasiaTebs 

tranzistoruli gardamsaxis dinamiurobas(swraFmoqmedebas) aris 

dayovnebis dro 0τ . es sidide  aris damokidebuli tranzistoruli 

gardamsaxis mmarTveli sqemis, Cvens SemTxvevaSi mikrokontroleris 

mmarTveli impulsebis sixSireze da sixSiris Sebrunebul sidides 

warmoadgens Semdegnairad:  

5
0 102.3

31250

11 −⋅===
f

τ         (3.13) 

aq f=31250 hc ganiv impulsuri gardamsaxis muSa sixSire(Cvens 

mowyobilobaSi).  

tranzistoruli gardamsaxis gadamwodi Ffunqciis gamosaxuleba 

iqneba Semdegi:  
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      (3.14) 

 

xarisxobrivad es gamosaxuleba warmoadgens ori gamosaxulebis 

namravls: pirveli Tanrigis inerciuli kvanZis da wminda dayovnebis 

kvanZis gamravlebas. amaSi martivad davrwmundebiT Tu am 

gamosaxulebas Semdegnairad gardavqmniT:  

 

( ) s
s

e
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1
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radgan tranzistoruli gardamsaxis gadamwodi Funqcia Cven 

warmovidgineT rogorc ori sxvadasva tipis kvanZis namravli 

marTvis avtomaturi Teoriis kursidan gavixsenoT is, rom 

grafikulad ori kvanZis gadamwodi Funqciebis namravli 
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ekvivalenturia am kvanZTa mimdevrobiT SeerTebisa, rac 

abstraqtulad Semdegnairad gamoixateba:  

 

 

 

  W1(s) W2(s)  -------------  --                       

 

nax. #45 wminda dayovnebis da maintegrirebeli rgolebis mimdevrobiT 

SeerTeba gvaZlevs gardamsaxis models 

 

 

aqedan gamomdinare inerciuli pirveli Tanrigis wminda 

dayovnebis kvanZTa mimdevruli SeerTebis Sedegad miviRebT ukve 

tranzistoruli gardamsaxis mimdevrobiT SeerTebul or sixSirul 

kvanZs: 

 

 

 

                                                                                                                                                    

    

nax. #46 Zaluri Sesasvleli da mmarTveli Sesasvleli 
mikrokontroleridan                                                   

 

me-3-e Tavis Sedegebi da daskvna 

 

1. tranzistoruli gardamsaxi da mmarTveli mikrosqema ATA6824 

Tavisi fizikuri Sinaarsis gamo unda warmovidginoT rogorc 

ori mimdevrobiT SeerTebuli sixSiruli rgolebi : 

romelTagan erT-erTi aris pirveli Tanrigis inerciuli 

rgoli(gardamsaxi), xolo meore wminda dayovnebis sixSiruli 

rgoli(mikrosqema), romelic muSaobs mikrokontroleris(aq 

igivea rac mikroprocesoris) ganivimpulsuri gardamsaxis 

sixSireze(Cvens SemTxvevaSi 31250 hc). 

W1(s) W2(s) 

105268.0

1
841.0

+⋅
⋅

s
 s

e
⋅⋅− −5102.3  
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2. mowyobilobis gardamavali reJimebis xarisxis maCveneblebi 

praqtikulad misaRebia. 
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Tavi 4 

Sedegebi da maTi gansja 

4.1 sistemis erTianad Sekvra da Sefaseba programa Vissim-is 

gamoyenebiT 

 

axla, rodesac viciT mTliani sistemis calkeuli umTavresi 

kvanZebis: Zrava da tranzistoruli gardamsaxis drois mudmivebi da 

gadamwodi funqciebi, saSualeba gveZleva es sistema erTianad 

SevkraT da “vamuSavoT” iseTi reJimebiT, rogoric mosalodnelia: 

1. amuSaveba dautvirTavad. 

2. amuSaveba dautvirTavad da Semdeg naxtomisebrad 

datvirTvis modeba. 

3. amuSaveba sruli datvirTvis qveS. 

4. amuSaveba uqmi svliT, Semdgom naxtomiseburad nominaluri 

datvirTvis modeba, proporciul-integraluri(pi) 

regulatoris gamoyenebiT. 

kidev erTxel qvemod mogvyavs mudmivi denis Zravis 

mikroprocessoruli marTvis sistemis struqturuli sqema,  Zravisa 

da tranzistoruli gardamsaxis drois mudmivebi da gadamwodi 

funqciebi. 

1. Zravis drois eleqtromagnituri mudmiva: 410191.1 −⋅=eT  

2. Zravis drois eleqtromeqanikuri mudmiva: 37.0=mT  

3. Zravis eleqtromagnituri mudmiva: 035.0=eC  

4. Zravis eleqtromeqanikuri mudmiva: 035.0=mC  

5. Ruzis winaRoba: 26.0=jR  

6. mudmivi koeficientebi: 407.7=
m

j

C

R
 da 846.3

1
=

jR
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nax. #47 mudmivi denis eleqtroamZravi, romlis fragmenti aRebul 

iqna programa Vissim-Si modelirebisaTvis 

gaxsnili sistema uqmi svla, Zabva tranzistorul gardamsaxze 

 

 
nax. #48 tranzistoruli gardamsaxis CarTva uqm svlaze  
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    nax. #49 dautvirTavi Zravis amuSaveba tranzistoruli 
gardamsaxidan 
 
 
 

1. Zravis deni igive reJimSi 
 

 
    nax. #50 dautvirTavi Zravis amuSaveba tranzistoruli 
gardamsaxidan, denis cvlilebis grafiki 
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2. Zravis deni igive reJimSi oRond sawyisi monakveTi: 
 

 
 
nax. #51 gaxsnili sistema amuSaveba datvirTvis qveS, 

nominaluri momentiT 702.0=nM  n.m 

 
 
 
 

siCqare 7.193=nω  rad/wm 

 
nax. #52 amuSaveba maqsimaluri datvirTvis qveS 
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nax. #53 mawsimaluri momentiT datvirTuli Zravis amuSaveba 

  

 

 

 

nax. #54 nominaluri momentiT datvirTuli Zravis amuSaveba, 
denis cvlileba sawyisi monakveTisaTvis 
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nax. #55 amuSaveba uqm svlaze, 0.11 wm-is Sendgom datvirTvis 

naxtomiseburad modeba, siCqaris cvlilebis grafiki 

 

 

nax. #56 amuSaveba uqm svlaze, 0.11 wm-is Sendgom datvirTvis 

naxtomiseburad modeba, denis cvlilebis grafiki  
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daxuruli sistema proporciul-impulsuri(pi) regulatoriT 

amuSaveba uqm svlaze, 2 wm-is Semdeg datvirTvis 

naxtomiseburad modeba.  

 

nax. #57 Zabvis cvlileba tranzistoruli gardamsaxis 

gamosasvlelze, daxurul sistemaSi datvirTvis naxtomiseburi 

modebis SemTxvevaSi 
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nax. #58 igive reJimi siCqarisaTvis 

 

 

deni: 

 

nax. #59 igive reJimi denisaTvis 
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me-4 Tavis daskvnebi: 

 

1. miRebulia Zravis srulfasovani maTematikuri modeli. 

2. modelis mixedviT avageT statikuri dinamikuri da 

sixSiruli  maxasiaTeblebi. 

3. miRebulia gardamsaxis maTematikuri modeli. 

4. miRebulia gardamsaxis gadacemis funqciebi sxvadasxva 

SemTxvevebisaTvis. 

5. Seswavlilia gardamsaxis drois mudmivebze da wminda 

dayovnebebze datvirTvis gavlena da miRebulia 

analitikuri gamosaxuleba. 

6. miRebulia gardamsaxis sixSiruli maxasiaTeblebi. 

7. damuSavebulia gardamsaxis marTvis sqema siWarbis gareSe 

Tanamedrove maTematikuri aparatis gamoyenebiT. 

8. miRebulia gardamavali reJimis xarisxis maCveneblebi. 

9. sistemas aqvs misaRebi xarisxi. 

10. am etapze ufro Rrma da Sorsmmomavali daskvnebis gakeTeba 

Znelia mowyobilobis fizikuri ararsebobis gamo. 
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Tavi 5 

  teqnologiuri nawili 

 

 
nax. #@60 mudmivi denis mikroprocesoruli marTvis sistemis 

mowyobiloba 

 

nebismieri mowyobilobis kvlevis daskvniT etapze, gansakuTrebiT 

Tu mowyobiloba aris eqsperimentuli, mkvlevars uCndeba survili 

es mowyobiloba fizikurad ganaxorcielos da daamzados. es 

kvlevis Sedegs miscems sxva mniSvnelovan funqciebs – maTi 

fizikuri kvlevis saSualebebi gaCndeba. samrewvelo didi seriebiT 

warmoebuli mowyobilobebisagan gansaxvavebiT axalbeda 

mowyobilobis sqemuri Sesrulebis wiaRSi budobs uamravi 

teqnologiuri naklovaneba da xarvezebi. rogorc sxvadasxva 

teqnikis Seqmnis istoria mogviTxrobs es aris rTuli da 

saintereso saqmianoba, romelsac mTel msoflioSi mravali adamiani 

gansakuTrebiT axalgazrda dResac misdevs da aseTi tipis xalxs 

zogadad Free Lancer-s eZaxian. iqidan gamomdinare, rom mowyobiloba 

eqsperimentulia umjobesia is moduluri principiT avawyoT.  

aq Semdegi modulebi gveqneba:  

1- Zaluri tranzistorebis bogiri,  

1A- denis komparatori, 

2- Zaluri bogiris draiveri,  

2A-Zaluri bogiris draiveris kvebis stabilizirebuli wyaro,  
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3- mikrokontroleris moduli,  

3A- kvebis Zabvis mzomi moduli,  

3B- Zaluri bogiris diagnostikis moduli,  

3C- mikrokontroleris daprogramebis ISP moduli,  

3D- Zravis brunvis mimarTulebis sampoziciani gadamrTveli,  

3 E -sistemis amuSavebis Rilaki,  

4- batareisgan kvebis gasarTi,  

4A- Zravis siCqaris davalebis potenciometri,  

4B- Zabvis arsebobis indikatori 5 volti,  

5 -Zravis mimarTulebis brunvis indikatori(win/ukan),  

6 –Zravis Ruzis wredis mierTebis gasarTi, holis sensorebiT uku   

  kavSiris mowyobiloba(siCqaris uku-kavSiri).  
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nax. #61 mudmivi denis Zravis mikroprocesoruli marTvis sistemis 

mowyobilobis principialuri sqema 



 116 

 

nax. # 62 mudmivi denis Zravis mikroprocesoruli marTvis sistemis 

damxmare modulebis principialuri sqemebi 
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nax. #63 analoguri komparatoris da diagnostikis  moqmedeba 

 

 

 

nax. #64 mudmivi denis Zravis mikroprocesoruli marTvis sistemis 

ZiriTadi muSa cikli  

 

 

yvela es moduli da maTi komponentebis raodenoba da tipebi 

moyvanilia qvemod cxrilSi.  
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cxrili #20 mudmivi denis Ford 1BB-42 Zravis mikroprocesoruli 

marTvis sistemis komponentTa nusxa da funqcionaluri daniSnuleba 

modulebis mixedviT 

№ 

modulis 

aRniSvna da 

funqcionalur

i daniSnuleba 

komponenti 
aRn. 

sqemaze 
tipi nominali 

ra-

ba/fas

i 

cali/

$ 

tranzistore

bi 

Q3 Q4 

Q5 Q6 
SUD50N04 50 A 40 V 4/20 

rezistorebi 
R18 R19 

R22 R23 

 
10 Ω 4/0.1 

rezistorebi 
R20 R21 

R25 R26 

 
470 kΩ 4/0.1 

kondensatore

bi 

C21 C22 

C28 C29 

 
10 nF 4/0.3 

rezistorebi 
R16 R17 

R27 R28 

 
4.7 Ω 4/0.1 

1 
1, Zaluri 

bogiri 

kondensatore

bi 

C23 C24 

C25 C26 

 
4.7 nF 4/0.3 

kondensatori C31  1 nF 1/0.1 

rezistori R31  2.2 kΩ 1/0.05 

rezistori 
R24 preceziu

li 
249 kΩ 1 /0.05 

kondensatori C32  100 nF 1/0.1 

operaciuli 

maZlierebeli 

U3 OPA333 

Texas 

Instruments 

 

1/0.4 

rezistori 
R33 preceziu

li 
249 kΩ 1/0.2 

kondensatori C30  100 pf 1/0.2 

rezistorebi R29 R32   10 kΩ 2/0.1 

2 
1A, denis 

komparatori 

mzomi Sunti 

R30 Defect>20a

, Vshunt=100 

mv 

5 MΩ 1/2 
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№ 

modulis 

aRniSvna da 

funqcionalur

i daniSnuleba 

komponenti 
aRn. 

sqemaze 
tipi nominali 

ra-

ba/fas

i 

cali/

$ 

Vampl=2.5 v 

diodi D1 GF1G  1/0.2 

kondensatori 
C1 eleqtro

lit. 
50v 10 mf 1/0.2 

kondensatori C2  50v 100 nf 1/0.2 

Zaluri 

bogiris 

draiveris 

mikrosqema 

U1 

ATA6824  1/5 

kondensatori C17  220 nf 1/0.1 

rezistori R12  51 kΩ 1/0.1 

rezistori R13  10 kΩ 1/0.1 

3 

2, Zaluri 

bogiris 

draiveri 

ATA 6824 

kondensatori C19  330 pf 1/0.1 

kondensatori C13  470 nf 1/0.1 

kondensatori C18  220 nf 1/0.1 

kondensatori C3  50 v 100 nf 1/0.1 
3 

2, Zaluri 

bogiris 

draiveriATA 

6824 kondensatori C5  2.2 mf 1/0.1 

rezistori R9 

  

 

10 kΩ 

 

 

1/0.1 

diodi D3 BAS16  1/0.2 

tranzistori Q2 BC817-40  1/0.3 

 

induqciuri 

koWa(haeri) 

 

L1 

 
 

6 mH 

 

1/1 

rezistori R8  470 kΩ 1/0.1 

tranzistori Q1 SUD50N04  1/5 

rezistori R11  10 kΩ 1/0.1 

 

 

4 

 

 

 

 

4 

 

 

 

2A, draiveris 

stabilizireb

uli kvebis 

wyaro 

 

2A, draiveris 

stabilizireb

uli kvebis 

wyaro 

kondensatori C14  470 nf 1/0.2 
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№ 

modulis 

aRniSvna da 

funqcionalur

i daniSnuleba 

komponenti 
aRn. 

sqemaze 
tipi nominali 

ra-

ba/fas

i 

cali/

$ 

kondensatori 
C6 

 
100 mf, 50 

v 
1/0.1 

rezistori R1  10 kΩ 1/0.1 

kondensatori C27  100 nf 1/0.1 

rezistori R14  120 kΩ 1/0.1 

kondensatori C33  100 nf 1/0.1 

rezistori R35  120 kΩ 1/0.1 

kondensatori C8  100 nf 1/0.1 

kondensatori C10  100 nf 1/0.1 

5 

3, 

mikrokontro

leris 

moduli 

ATMega88 

mikrokont-

eri 

U2 
ATMega88 

 
1/7 

rezistori R2  120 kΩ 1/0.1 

kondensatori C4  100 nf 1/0.1 

rezistori R5  47 kΩ 1/0.1 6 

3A, kvebis 

Zabvis mzomi 

moduli stabilitron

i 

D2 BZX84-

C5V1 
 1/0.1 

rezistorebi 
R34 R36 

R37 
 

 

 

330 omi 

 

 

3/0.1  

 

7 

 

 

3B,  

Zaluri 

bogiris 

diagnostikis 

moduli 

Suqdiodebi 

DG1 

DG2 

DG3 

Led CMS 

Red 

 

3/0.1 

8 

3C, 

mikrokontro

leris 

programator

is gasarTi 

 

ISP 6 pin male 

 

1/2 

9 
3D, 

sampoziciani 

 
DIR 

  
1/3 
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№ 

modulis 

aRniSvna da 

funqcionalur

i daniSnuleba 

komponenti 
aRn. 

sqemaze 
tipi nominali 

ra-

ba/fas

i 

cali/

$ 

gadamreTveli

(Zravis 

brunvis 

mimarTulebis 

arCeva). 

1

0 

 E, 

Rilaki 

 Release 

PB 

  
1/3 

1

1 

4,  

batareuli 

kvebis 

mierTebis 

gasarTi 

 

Bat 3-fexa 

 

1/2 

 

 

1

2  

 

 

4A,  

Zravis 

brunvis 

siCqaris 

regulirebi

s 

potenciomet

ri 

 

 

 

Speed 

 

 

 

100 kΩ 

 

 

1/2 

rezistori R3  330 Ω 1/0.1 

1

3 

4B,  

xuTi 

voltis 

Zabvis 

arsebobis 

indikatori 

Suqdiodi 

 

Led CMS 

Green 
 1/0.2 
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№ 

modulis 

aRniSvna da 

funqcionalur

i daniSnuleba 

komponenti 
aRn. 

sqemaze 
tipi nominali 

ra-

ba/fas

i 

cali/

$ 

rezistori R15 1 kΩ 1/0.1 

Suqdiodi 
MOT_

CW 

Led CMS 

Blue 

 
1/0.2 

1

4 

5,  

Zravis 

brunvis 

mimarTulebi

s 

maCvenebeli 

Suqdiodi 
MOT_

CCW 

Led CMS 

Yellow 

 

1/0.2 

1

5  

6,  

Zravis 

Ruzis 

mierTebis 

gasarTi 

 

MOT 

  

1/2 

 

rezistorebi 

 

R7 R10 

  

47 kΩ 

 

2/0.1 

rezistorebi 

kondensatore

bi 

R4 R6 

C15 C16 

 
10 kΩ 

1 nf 

2/0.1 

2/0.1 

holis 

sensorebi 
H1 H2 

Honeywell  

SCR-3C 

moqm. 

mudmivi 

magnitis 

samxreT 

polusze. 

2/10 

mudmivi 

magnitebi 

  magrd 

Zravis 

lilvze. 

2/1 

 

 

 

 

 

 

 

 

 

 

1

6 

7, holis 

sensorebis 

siCqaris 

signalis 

formirebis 

da 

mikrokontr

olerSi 

Seyvanis 

moduli.     
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№ 

modulis 

aRniSvna da 

funqcionalur

i daniSnuleba 

komponenti 
aRn. 

sqemaze 
tipi nominali 

ra-

ba/fas

i 

cali/

$ 

2/10 

jami : 

 

 

 

 

1

7 

8, Zravebi 

Ford 1BB-42 

   

12 V, 240 

W, 1470 

br/wT 

~82 $ 

 

 

 

danaxarjebi damatebiT xelsawyoebze : 

1. oscilografi mexsierebiT 1 c ------------------------------------------- ~ 800 $ 

2. marTkuTxa impulsebis generatori Г-3-34 1c------------------------------  ~50 $ 

3. bodes pleteri 1 c-----------------------------------------------------------------------  ~500 $ 

4. sxvadasxva mowyobiloba da masala-------------------------------------------- ~ 100 $ 

 

sul miaxlovebiT ; 1450 + 82 = 1532 $ 

 

 

me-5-e Tavis daskvnebi : 

 

1. mowyobilobis fizikuri damzadebisTvis sacdeli maketis 

saxiT ar aris saWiro didi Tanxebi(komponentebis saerTo 

Rirebuleba miaxloebiT 82 $, xolo damzadebis xarjebi 

ucnobia. 

2. mowyobiloba eqsperimentulia da aqedan gamomdinare naadrevia 

saubari danergvaze. 
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3. sxvadasxva damxmare mowyobilobaze danaxarji 

mniSvnelovnad aRemateba sakuTriv mowyobilobis 

komponentebze danaxarjebs 1450 $. 

4. saWiroa damzadeba mowyobilobis gawyoba-amuSaveba da bevri 

sxvadasxva eqsperimentis Catareba, mxolod amis Semdeg 

gamoikveTeba danergvis perspeqtiva. 

5. sacdel mowyobilobas dasWirdeba meqanikuri datvirTvis 

modeba. 

 

 

saerTo daskvna 

 

sadisertacio naSromSi “mudmivi denis Zravis 

mikroprocesoruli marTvis sistemis kvleva” 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 

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 
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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, 

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. 
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danarTi 

1. modelirebis obieqtis principialuri bloq-sqema. 

2. modelirebis obieqtis principialuri struqturuli sqema. 

3. multisimSi awyobili mudmivi denis Zravis 

mikroprocesoruli marTvis sistemis maketi proporciul-

integraluri (pi) regulatoris gareSe. 

4. multisimSi awyobili mudmivi denis Zravis 

mikroprocesoruli marTvis sistemis maketi proporciul-

integraluri (pi) regulatoriT. 
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nax. #1 mudmivi denis Zravis mikroprocesoruli marTvis sistemis blok-sqema 
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nax. #2 mudmivi denis Zravis marTvis struqturuli sqema 
 

sqemaze aRniSnulia: Wგარ(p) - გარდამსახის გადამწოდი ფუნქცია,  W1(P) და W2(P) - შესაბამისად ძრავის 

ელექტრომაგნიტური და მექანიკური ნაწილების გადამწოდი ფუნქციები, Wს და Wდრ     შესაბამისად სიჩქარისა და დენის 

რეგულატორების გადამწოდი ფუნქციები, Kდ და Kსი - შესბამისად სიჩქარისა და დენის სენსორთა გადაცემის 

კოეფიციენტები.  

სქემის შესასვლელს ეწოდება სიჩქარის დავალება, ხოლო გამოსასვლელზე გვაქვს ელექტროამძრავის ბრუნვის სიჩქარე. 
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nax. # 3 multisimSi awyobili mudmivi denis Zravis mikroprocesoruli marTvis sistemis maketi 

proporciul-integraluri (pi) regulatoris 
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nax. #4 multisimSi awyobili mudmivi denis Zravis mikroprocesoruli marTvis sistemis maketi 

proporciul-integraluri (pi) regulatoriT 
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