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marTvis avtomatizirebuli sistemebis (mas) Tanxleba 

da diagnostika 

leqcia 1.  marTvis avtomatizirebuli sistemebis saimedooba 

marTvis avtomatizirebuli sistemebis (mas) saimedoobisa da 

usafrTxoebis qveS igulisxmeba misi daculoba SemTxveviTi anda 

winaswar ganzraxuli Carevisagan, rac gamoixateba informaciis 

datacebasa da cvlilebaSi (programuli saimedooba), anda aparaturis 

elementebis mtyunebebidan gamomdinare (aparaturuli saimedooba) misi 

Sromisunarianobis darRvevaSi ris Sedegadac SeiZleba dairRvas 

marTvis avtomatizirebuli sistemebis funqcionirebis normaluri 

procesi. 

SeiZleba agreTve iTqvas, rom Mmas-is funqcionirebis 

efeqtiuroba mniSvnelovanwilad damokidebulia rogorc sistemis 

SemadgenlobaSi myofi calkeuli mowyobilobebis, aseve im 

aparaturisagan saimedoobisagan, romlebic am  mowyobilobebis 

urTierTkavSirs uzrunvelyofs. 

ZiriTadi mizezebi, ramac ganapiroba saimedoobis problemebis 

mimarT mometebuli interesi, arian: 1) aparaturis raodenobis zrda da 

rTuli mas-is gamoCena, 2) makompleqtebeli elementebis ufro neli 

zrda, 3) aparaturis mier Sesasrulebeli funqciebis mniSvnelobebis 

zrda, 4) eqspluataciis pirobebis garTuleba. 

saimedoobis saerTo Teoriis qveS moiazreba samecniero 

disciplina, romelic swavlobs aparaturis mtyunebebis warmoSobisa 

da aRdgenis kanonzomierebebs da ikvlevs teqnikuri saSualebebis 

saimedoobis gazrdis sxvadasxva RonisZiebebis efeqturobas. 

saimedoobis Teoria swavlobs saimedoobis kriteriumebsa da 

raodenobriv maxasiaTeblebs, elementebisa da sistemebis saimedoobis 

analizis meTodebs, elementebisa da sistemebis sinTezis meTodebs 

winaswar mocemuli saimedoobiT, teqnikuri saSualebebis saimedoobis 

gazrdis meTodebs proeqtirebisa da eqspluataciis etapebze, 

aparaturis gamocdis meTodebs saimedoobaze. 

Mmas-Si gamoyenebuli elementebi SeiZleba dayofil iqnas 

pirvelad elementebad, (radioelementebi, Zravebi da sxv, da im 
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elementebad (meoradi elementebi), romlebic TviTon Sedgebian 

pirveladi elementebisagan. sistema ki Sedgeba pirveladi da meoradi 

elementebis erTobliobisagan. 

Cveulebrivad, pirveladi elementebis saimedoobis 

maxasiaTeblebis dadgenas axden an fizikuri procesebis analizis, an 

gamocdebi CatarebiT, anda eqspluataciis gamocdilebidan gamomdinare. 

danarCeni elementebisaTvis, maT ricxvSi sistemebisaTvisac ki 

saimedoobis maxasiaTeblebs igeben am pirveladi elementebis 

saimedoobidan gamomdinare gaangariSebis meTodebiT. 

Mmas-is elementebi da sistemebi SeiZleba imyofebodnen or 

mdgomareobaSi: Sromisunarianobis, anda Sromisuunarobis 

mdgomareobaSi. Sromisunarianobis cneba es saimedoobis Teoriis 

erTerTi ZiriTadi cnebaa. 

Sromisunarianoba – es sistemis an elementebis is mdgomareobaa, 

romlis drosac MmaT SeuZliaT Seasrulon mocemuli funqciebi, 

amasTanave inarCuneben mocemuli parametrebis mniSvnelobebs 

normatiul-teqnikuri dokumentaciis mier dadgenil sazRvrebSi. 

mtyuneba – es sistemis an elementis Sromisunarianobis darRvevaa. 

SeSfoTeba – ki aris sistemis an elementis is mdgomareoba, 

romlis drosac Siga an gare raime zemoqmedebis mizezebiT isini 

droebiT wyveten Tavisi funqciebis Sesrulebas. Aam SemTxvevaSi 

aparaturis swori muSaoba aRdgeba TviTneburad, gare Zalis Carevis 

gareSe.  

maSasadame SeSfoTeba -  es TviTmoSorebadi mtyunebaa, romelsac 

mivyavarT Sromisunarianobis mcire xniT dakargvasTan. xolo, Tu ki 

sistemis SemadgenlobaSi gamoyenebulia kompiuteri, maSin SeSfoTebam 

SeiZleba gamoiwvios masSi arsebuli monacemebis an mmarTveli 

programuli kodis damaxinjeba, rasac mivyevarT sistemis araswor 

funqcionirebasTan. problemis sirTule mdgomareobs imaSi, rom 

SeSfoTeba moqmedebs mcire xnis ganmavlobaSi, da informaciis 

damaxinjebis faqtis dadgena rTuli saqmea. mtyunebaTa warmoSobis 

specifikis gaTvaliswinebiT SeiZleba calke ganixilebodes 

saimedoobis gaangariSebis meTodebi da saimedoobis uzrunvelyofis 

meTodebi SeSfoTebebis pirobebSi.   E 
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M mas-is aparaturuli saimedooba ganisazRvreba iseTi TvisebebiT, 

rogoricaa “umtyunoba”, “TavSenaxuloba”, “remontovargisianoba” da 

“aRdgeniToba”. 

M mas-is programuli saimedoobisa da usafrTxoebis qveS 

igulisxmeba misi daculoba mis normalur funqcionirebaSi 

winaswarganzraxuli anda SemTxveviTi Carevisagan, rac SeiZleba 

gamoixatebodes informaciis datacebasa an SecvlasTan. 

Mmas-is ekonomiuri efeqturoba ganisazRvreba misi aparaturuli da 

programuli saimedoobiT. 

saimedoobis Semcireba iwvevs rogorc iZulebiT gaCerebebs aseve 

avariul situaciebs. saimedoobis gazrda zrdis sistemis fass da misi 

eqspluataciis xarjebs. 

saimedoobis ekonomiurad mizanSewonili done airCeva 

struqturiT da funqciebiT msgavsi variantebis erTmaneTTan 

SedarebiT. (saimedoobis optimizaciis kriteriumebi). 

 

leqcia 2. ZiriTadi cnebebi da gansazRvrebebi 

marTvis avtomatizirebuli sistemebi Seicavs gansazRvruli 

raodenobis kompiuterebs, samrewvelo kontrolerebs, Carxebisa da 

samrewvelo robotebis ricxvuli programuli marTvis mowyobilobebs, 

satransporto saSualebebis marTvis saSualebebs da sxva 

teqnologiur danadgarebs, romlebic gaerTianebulia lokaluri 

gamoTvliTi qselebis saSualebiT da uzrunvelyofen marTvis 

informaciis Segrovebas, damuSavebas, Senaxvas da gadacemas. 

marTvis avtomatizirebuli sistemebis saimedoobisa da 

usafrTxoebis qveS igulisxmeba misi daculoba Tavisi funqcionirebis 

normalur procesSi SemTxveviT an winaswarganzraxuli Carevisagan, 

ramac SeiZleba gamoiwvios misi Sromisunarianobis darRveva anda 

informaciis dataceba da cvlileba. 

SemTxveviTi Carevis magaliTebia: 

- avariuli situaciebi, romlebic gamowveulia stiqiuri 

ubedurebebiT, anda eleqtrokvebis gamorTviT; 

- eleqtruli sqemebis mtyunebebi anda SeSfoTebebi; 

- daprogramirebis Secdomebi; 
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- momsaxure personalis Secdomebi. 

winaswarganzraxuli Carevebi – es borotmganmzraxvelebis 

mizanmimarTuli moqmedebebia. 

informaciis dataceba dakavSirebulia konfidencialuri anda 

saidumlo informaciis gaxmaurebasTan. 

informaciis cvlileba niSnavs mis damaxinjebas anda ganadgurebas. 

marTvis avtomatizirebuli sistemebis Sromisunarianobis darRveva 

damokidebulia mwarmoeblobis an funqcionaluri SesaZleblobebis 

SemcirebasTan, anda misi romelime sainformacio resursebis 

gamoyenebis  blokirebasTan. 

sistemis teqnikuri saSualebebis saimedooba ganisazRvreba im 

TvisebebiT, romelic ganpirovnebulia umtyunobis, Sromisunarianobis, 

- didxnovanebis anda TavSenaxulobis cnebebiT. 

umtyunoba –  es sistemis Tvisebaa iZulebiTi SeCerebebis gareSe     

SeinarCunos Tavisi Sromisunarianoba drois garkveuli periodis 

ganmavlobaSi, romlis Sefasebac xdeba egreTwodebuli namuSevrobiT 

da rac niSnavs Sesrulebuli samuSaos xangrZliobasa da moculobas 

pirvel mtyunebamde. 

Sromisunarianoba – niSnavs sistemis iseT mdgomareobas, romlis 

drosac is normalurad asrulebs maszed dakisrebul yvela im 

funqcias, rac gaTvaliswinebulia teqnikuri dokumentaciis 

parametrebiT. 

didxnovaneba – Tvisebaa iyos eqspluataciaSi didi xnis 

ganmavlobaSi aucilebeli teqnikuri momsaxurebisa da remontis 

TanxlebiT. sistemis didxnovaneba izomeba misi  resursiT 

(namuSevrobiT zRvrul mdgomareobamde) da samsaxuris vadiT 

(eqspluataciis kalendaruli xangrZlioba zRvrul mdgomareobamde). 

sistemis zRvruli mdgomareoba ganisazRvreba misi Semdgomi 

eqspluataciis SeuZleblobiT, rac SeiZleba sxvadasxva mizeziT iyos 

gamowveuli: 

- warmoiSva mtyuneba, ris Sedegadac aRdgena SeuZlebeli 

anda aramizanSeuwonelia; 

- gamomdinare usafrTxoebidan; 
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- misi Semdgomi eqcpluataciis ekonomiuri efeqtiurobis 

dabali maCvenebeliT. 

remontovargisianoba – es sistemis momarjvebulobaa mtyunebaTa 

Tavidan acdenis, aRmoCenisa da likvidaciis mimarT. 

remontovargisianoba xasiaTdeba im droisa da saSualebebis xarjviT 

rac saWiroa mtyunebis Semdeg sistemis aRdgenisaTvis da agreTve 

sistemis SenarCunebisaTvis Sromisunarianobis mdgomareobaSi. 

avtomatizirebuli sistemebi SeiZleba iyos remontuli da 

araremontuli. 

remontul  sistemebs aqvT samsaxuris vada (resursi), romelic 

ganisazRvreba sistemis muSaobis efeqtiurobis SemcirebiT da misi 

Semdgomi eqspluataciis mizanSewonilobiT. 

araremontuli arian iseTi sistemebi, romelTa remonti SeuZlebelia, 

anda ar aris gaTvaliswinebuli normatiul-teqnikuri, saremonto Tu 

saproeqto dokumentaciiT. 

TviTSenaxviToba - es sistemis (da misi Semadgeneli elementebis)  

Tvisebaa, rom SeinarCunos Tavisi parametrebi ucvlelad Senaxvisa da 

transportirebis garkveuli vadebis ganmavlobaSi, garkveuli garemo 

pirobebis zemoqmedebis pirobebSi (temperaturuli ryevebi, sinotivis 

zemoqmedeba, vibraciebi da sxv). Aam ganmartebebidan gamomdinare 

SemogvaQvs saimedoobis zusti gansaZRvra, rac mdgomareobs SemdegSi. 

saimedooba - es sistemis an elementebis Tvisebaa, Seasrulos mocemuli 

funqciebi da amasTanave SeinarCunos droSi dadgenili saeqspluatacio 

maCveneblebi mocemul zRvrebSi, rac Seesabameba mocemul reJimebsa da 

eqspluataciis pirobebs, teqnikur momsaxurebas, remontebs, senaxvas 

das transportirebas. 

G     gamomdinare yovelive zemoTqmulidan SeiZleba davaskvnaT, rom  

saimedoobis cneba aris fundamentaluri cneba, romelic moicavs 

elementebisa da sistemebis teqnikuri eqspluataciis yvela mxares. 

upirveles yovlisa  saimedooba aris Semadgeneli nawili ufro farTo 

gagebis rogoricaa – efeqturoba. 

Eefeqturoba – aris sistemis an elementis Tviseba Seasrulos 

mocemuli funqciebi moTxovnili xarisxiT. Mmasze garda saimedoobisa 
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gavlenas axdens agreTve sizuste xelSeSlebis mimarT mdgradoba da 

sxv. 

E mas-is eqspluataciis procesSi asruleben mTel rig samuSaoebs, 

saimedoobis gazrdis mimarTulebiT. am samuSaoebs profilaqtikuri 

ewodebaT. 

profilaqtikuri samuSaoebi – es aparaturis gegmuri 

daTvalierebisa da remontebis samuSaoebia, romlis daniSnulebac 

saimedoobis moTxovnili maxasiaTeblebis uzrunvelyofaa. 

kiTxvebi TviTkontrolisaTvis 

1. ra Sedegebamde SeiZleba migviyvanos programuli mas-is 

programulli produqtis datacebam, cvlilebam anda ganadgurebam? 

2. riT gansxvavdeba mas-is aparaturuli darRvevebi programulisagan 

da ra SeiZleba iyos am darRvevebis Sedegi? 

3. riT gansxvavdeba erTmaneTisagan mas-is SemTxveviTi da 

winaswarganzraxuli darRvevebi? 

 

leqcia 3. mtyunebaTa klasifikacia 

saimedoobis Teoriis erTerTi ZiriTadi cnebaa mtyunebis cneba. 

Mmtyuneba - aris is movlena rac iwvevs sistemis Sromisunarianobis 

nawilobriv anda srul dakargvas. 

mtyuneba SeiZleba dakavSirebul iqnas raime dasaxuli funqciis 

Sesrulebis darRvevasTan (funqcionirebis mtyuneba), an momsaxure 

personalis arasakmaris kvalifikaciasTan, ris Sedegadac sistema ver 

asrulebs dasaxul funqciebs damakmayofileblad. Mmtyunebebi SeiZleba 

dakavSirebuli iyos sistemis parametrebis anda maxasiaTeblebis 

cvlilebebTan, anu erTerTi ZiriTadi funqcia sruldeba cudad 

(parametruli mtyuneba). 

Mmtyunebebis klasifikacia SeiZleba maTi xasiaTisa da 

Taviseburebebis mixedviT, aRmocenebis momentis mixedviT da sxv. 

Semdegnairad. 

1. mtyunebis aRmocenebis momentamde parametris cvlilebis xasiaTis 

mixedviT ansxvaveben: 

- ucabed mtyunebas; 

- TandaTanobiT mtyunebas. 
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2. sxva mtyunebebTan kavSiris mixedviT: 

- damoukidebeli mtyuneba; 

- damokidebuli mtyuneba. 

3. mtyunebis aRmocenebis Semdeg sistemis gamoyenebadobis 

SesaZleblobiT: 

- nawilobrivi mtyuneba; 

- sruli mtyuneba. 

4. mtyunebis aRmofxvris xasiaTiT: 

- mdgradi mtyuneba; 

- TviTmocilebadi mtyuneba (SeSfoTeba anda urTierTSenacvlebiTi 

mtyuneba). 

5. gare gamomJRavnebis arsebobiT: 

- TvalnaTeli (cxadi) mtyuneba; 

- damaluli (aracxadi) mtyuneba; 

6. aRmocenebis mizeziT: 

- konstruqciuli mtyuneba; 

- teqnologiuri mtyuneba; 

- eqcpluataciuri mtyuneba. 

7. warmoSobis bunebiT: 

- bunebrivi mtyuneba; 

- xelovnuri mtyuneba. 

8. aRmocenebis drois mixedviT: 

- mtyuneba gamocdebisas; 

- mtyuneba sawyisi gawyobiTi muSaobis  periodSi; 

- mtyuneba normaluri eqspluataciis periodSi; 

- mtyuneba eqspluataciis periodis Semdeg. 

kiTxvebi TviTkontrolisaTvis 

1. ras ewodeba mtyuneba avtomatizirebuli marTvis sistemebSi? 

2. riT gansxvavdeba mtyuneba SeSfoTebisagan? 

3. ra principiT kvalificierdebian mtyunebebi? 
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leqcia 4. marTvis avtomatizirebuli sistemebis saimedoobis 

maCveneblebi 

sistemis normaluri funqcionirebis darRveva iwvevs mtyunebas. 

mas – is funqcionireba es aris Sromisunarianobisa da mtyunebebis 

intervalebis urTierTmonacvleoba. Aam intervalebis xangrZlioba 

SemTxveviTi sididea. Aamitom mas – is saimedoobis maxasiaTeblebis 

aRwerisaTvis gamoiyeneba albaTobis Teoriis, SemTxveviTi procesebis 

Teoriis da matematikuri statistikis maTematikuri aparati. 

Aarsebobs avtomatikis sistemebis saimedoobis mravalricxovani 

maCvenebeli, romelTagan ganvixilavT zogierT maTgans. 

Uumtyunobis maCveneblebi 

remontuli sistemebis saimedoobis umniSvnelovanesi maCvenebelia 

sidide  romelic gansazRvravs imis albaTobas, rom mtyunebaTa 

Soris namuSevroba  gadaaWarbebs mocemul 

),(TP

HT T  dros. 

TTPTP H ≥= ()( ) 

umtyunobis erTerTi maCvenebelia sistemis umtyunod muSaobis 

albaToba , anu albaToba imisa, rom raRac t  drois (namuSevrobis) 

ganmavlobaSi ar iqneba arcerTi mtyuneba, da igi kavSirSia mtyunebis 

albaTobasTan  anu albaTobasTan imisa, rom sistema, romelic 

Sromisunariania drois sawyis momentSi, umtyunebs erTjer mainc 

mocemuli namuSevrobis ganmavlobaSi, da es kavSiri gamoixateba 

martivi damokidebulebiT: 

)(tP

)(tF

)(1)( tFtP −=  

Gganawilebis eqsponencialuri kanonisaTvis (es ganawileba yvelaze 

xSiradaa gamoyenebuli avtomatikis sistemebis saimedoobis 

gamokvlevebisaTvis): 

HT
t

tP e
−

=)(  

remontuli sistemebis  Uumtyunobis ZiriTadi kriteriumebia: 

- albaToba imisa, rom mtyunebaTa Soris namuSevroba meti iqneba )(tP T -

s mocemul mniSvnelobaze; 

- sistemis mtyunebaTa nakadis parametri (anu sistemis mtyunebebis 

saSualo ricxvi drois erTeulSi)  
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i

r

i
iN λλ ∑

=

=
1

 

sadac iλ  mtyunebaTa intensiobaa; 

- namuSevroba mtyunebaze (sistemas or Tanmimdevrul mtyunebaTa Soris 

muSaobis saSualo xangrZliobaa) λ
1=HT ; 

- garantirebuli (gama-procentuli) namuSevroba mtyunebamde, anu imis 

albaToba, rom mocemuli namuSevrobis sazRvrebSi sistemis mtyuneba 

ar moxdeba. 

remontovargisianobis maCveneblebi 

remontovargisianobis maCveneblebs ganekuTvnebian: 

-  sistemis aRdgenis albaToba P )( zTP mocemuli drois ganmavlobaSi; ZT

- aRdgenis saSualo dro  (romelic gansazRvravs momsaxurebis 

mocemul pirobebSi mtyunebis aRmoCenasa da aRmofxvraze drois 

saSualo kargvebs); 

BP

- aRdgenis gama-procentuli dro – es is droa, romlis ganmavlobaSic 

sistemis Sromisunarianoba procentebSi gamosaxuli albaTobiT λ  

mTlianad aRmoifxvreba; 

- mzadyofnis koeficienti gk   - gansazRvravs imis albaTobas, rom 

sistema wesrigSia nabismieri SemTxveviT aRebuli drois momentSi, 

romlebic mdebareoben gegmiuri profilaqtikuri momsaxurebis 

monakveTebSi da fasdeba mtyunebaze namuSevrobis drois SefardebiT 

muSaoba-aRdgenis ciklis saSualo xangrZliobaze  

)( HH

H

TT
T

gk
+

=  

teqnikuri gamoyenebis koeficientiT 
TI

k   - romelic fasdeba 

mtyunebaze namuSevrobis drois SefardebiT muSaoba-aRdgena-

profilaqtikis ciklis saSualo xangrZliobaze  

)( prtTT
T

BH

H
TI

k
++

=  
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didxnovanebis maCveneblebi 

sistemis didxnovaneba xasiaTdeba misi resursiT   - igi aris 

sistemis muSaobis saerTo dro (anda muSaobis moculoba) muSaobis 

mTeli saerTo drois ganmavlobaSi, im momentamde rodesac misi 

Semdgomi eqspluatacia SeuZlebelia anda ekonomiurad 

araxelsayrelia. 

D didxnovanebis ZiriTadi maCveneblebia: 

- saSualo resursi  – resursis maTematikuri molodini; pT

- gama-procentuli resursi – jamuri namuSevroba, romlis drosac 

procentebSi gamosaxuli λ  albaTobiT  sistema ar aRwevs Tavis 

zRvrul mdgomareobas; 

- gama-procentuli saerTo muSaoba – eqspluataciis kalendaruli 

xangrZliobaa, romlis drosac procentebSi gamosaxuli λ albaTobiT   

sistema ar aRwevs Tavis zRvrul mdgomareobas. 

TavSenaxulobis maCveneblebi 

TavSenaxulobis maCveneblebi iZlevian sistemis (da misi 

elementebis) SesaZleblobebis raodenobriv maxasiaTeblebs, romlebic 

uCveneben, rom SeinarCunon Tavisi xarisxi misi transportirebisa da 

Senaxvis ganmavlobaSi. Mmisi ZiriTadi maxasiaTeblebia: 

- TavSenaxulobis saSualo dro (Senaxvis is saSualo dro, romlis 

drosac sistemis anda misi elementebis parametrebis cvluleba ar 

aWarbeben dasaSveb sidideebs); 

- TavSenaxulobis garantirebuli (gama-procentuli) Senaxvis dro, anu 

procentebSi gamosaxuli λ  albaTobiT miRweuli TavSenaxulobis dro. 

avtomatikis sistemebis normaluri funqcionireba damokidebulia misi 

Semadgeneli elementebis moqmedebebze, anu sistemis umtyuno muSaobis 

albaToba damokidebulia sistemis elementebis umtyuno muSaobis 

albaTobebze   da ganisazRvreba formuliT )(tiP

)(tiP =  ∏
=

N

i

tPi
1

)(

sadac N - elementebis raodenobaa. 

mTeli sistemis saimedo muSaobis uzrunvelyofisTvis 

Semotanilia sistemis siWarbis cneba. 

ganasxvaveben struqturul da informaciul siWarbes. 
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struqturuli siWarbe ganisazRvreba signalebis gadacemis 

damatebiTi arxebiT (erTerTi elementis mtyunebisas mis funqciebs 

asrulebs meore elementi), romelic normaluri muSaobis dros ar 

gamoiyeneba. 

informaciuli siWarbe ganisazRvreba signalSi damatebiTi 

informaciis arsebobiT, romelic yvela elementis normaluri muSaobis 

dros ar gamoiyeneba, da gamoiyeneba mxolod mtyunebis warmoSobis 

dros. 

siWarbis Semotana zrdis sistemis saiomedoobas umtyunobis 

gazrdis gziT. 

remontovargisianobis gazrda miiRweva  unificirebuli blokuri 

konstruqciis gamoyenebiT, agreTve mtyunebaTa diagnostikisa da 

indikaciis gziT. 

marTvis avtomaqtizirebuli sistemebis saimedooba ZiriTadaT 

ganisazRvreba umtyunobisa da remontovargisianobis Tvisebebis 

SeTanxmebiT. 

kiTxvebi TviTkontrolisaTvis 

1. ras ewodeba sistemebis Sromisunariani mdgomareoba? 

2. daasaxeleT remontuli sistemebis saimedoobis ZiriTadi 

maCveneblebi. 

3. ra igulisxmeba sistemis struqturuli da informaciuli siWarbis 

qveS? 

 

 

leqcia 5. mas-is teqnikuri diagnostika. algoriTmi da 

meTodebi 

     mas-is saimedoobis uzrunvelyofisa da SenarCunebis erTerT 

umniSvnelovanes saSualebas warmoadgens teqnikuri diagnostika. 

     teqnikuri diagnostikis qveS igulisxmeba codnis is dargi 

romelic axorcielebs mas-is reJimebidan an mdgomareobebidan 

gadaxrebis aRmoCenis meTodebisa da saSualebebis damuSavebas, 

sistemebSi an mis elementebSi defeqtebis aRmoCenis da maTive 

lokalizaciis saSualebebis damuSavebas. 
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D    diagnostirebis dros upirvelesad yovlisa aucilebelia drois 

mocemul momentSi sistemis teqnikuri mdgomareobis gansazRvra [7]. Ees 

imas niSnavs, rom saWiroa Semowmdes sistemis wesrigSi yofna, da misi 

Sromisunarianoba, anda misi funqcionirebis siswore (gairkves, aris 

Tu ara sistemis parametrebi moTxovnil sazRvrebSi, sistemam xom ar 

ganicada mtyuneba da sworad asrulebs Tu ara maszed dakisrebul 

funqciebs). Tu ki sistemam ganicada mtyuneba maSin saWiroa im 

defeqtebis aRmoCena, rac arRvevs sistemis muSaobis siswores, 

Sromisunarianobas, anda swor funqcionirebas.  

    amitom diagnostirebis ZiriTadi mizani SeiZleba Camoyalibdes 

Semdegnairad: aucilebelia sistemis gamomavali parametrebis Sefaseba 

da maTi mocemuli mniSvnelobebidan gadaxris gamovlena. amasTanave 

saWiroa mxedvelobaSi miRebul iqnas sastemis muSaobis reWimebis da 

misi eqsploataciis mTeli diapazoni, da agreTve gamomavali 

parametrebis cvlilebebis SesaZleblobebi (egreT wodebuli 

parametruli saimedooba). 

ganasxvaveben testur da funqcionalur diagnostirebas.O 

     tesuri diagnostireba saSualebas gvaZlevs gavarkvioT sistemis 

teqnikuri mdgomareoba maszed testuri zemoqmedebis Sedegad. Aam 

SemTxvevaSi xdeba sistemisa da misi elementebis parametrebis 

Semowmeba da maTi gadaxrebis mizezebis dadgena testuri 

zemoqmedebebis Sedegad. 

F    funqcionaluri diagnostireba SesaZleblobas gvaZlevs 

gavarkvioT sistemis an misi elementebis teqnikuri mdgomareoba maTzed 

samuSao zemoqmedebebis Sedegad.   samuSao zemoqmedeba akontrolebs 

sistemis mier dakisrebuli funqciebis Sesrulebas mocemuli 

parametrebiT da avlens misi swori funqcionirebis darRvevis 

mizezebs. testuri da funqcionaluri diagnostireba sruldeba 

egreTwodebuli diagnostirebis algoriTmebiT. 

diagnostirebis algoriTmi -          

es sakontrolebel wertilebSi elementaruli Semowmebebisa da im 

wesebis erTobliobaa, romlebic adgenen   maTi Catarebis 

Tanmimdevrobas da agreTve am Semowmebebis rezultatebis analizs, ris 

mixedviTac SesaZlebelia dadgindes sistema gamarTulia anda sworad 

 14



funqcionirebs Tu gaumarTav mdgomareobaSia da dadgindes sistema 

anda misi elementebi gafuWebulia Tu ara. 

D     testuri diagnostirebis algoriTmebSi sakontrolirebeli 

wertilebi dadgenilia winaswar, isini erTidaigivea yvela 

SemowmebebisaTvis da SeirCeva mxolod testuri zemoqmedebebi. rac 

Seexeba funqcionaluri diagnostirebis algoriTmebs winaswar 

garkveulia mxolod Semavali zemoqmedebebi, sakontrolebeli 

wertilebi ki aucilebelia SeirCes. 

     sxvadasxva elementaruli Semowmebebis Catarebisas SeiZleba 

moTxovnil iyos sxvadasxva danaxarjebi maT realizaciaze. Aam 

Semowmebebma SeiZleba mogvces sxvadasxva informacia sistemis 

teqnikur mdgomareobaze. erTidaigive elementaruli Semowmebebi 

SeiZleba realizebul iqnas sxvadasxva TanmimdevrobebiT. Aanu 

diagnostirebis erTi amocanis gadawyetisTvisac ki SeiZleba agebul 

iqnas ramdenime algoriTmi. Sesabamisad dgeba aucilebloba 

diagnostirebis optimaluri algoriTmebis damuSavebisa, ris drosac 

maTi realizaciisaTvis moTxovnili danaxarjebi Semcirdebian. 

(minimizaciis amocana zogierT SemTxvevebSi SeiZleba Zalzed 

garTulebuli aRmoCndes, mag. gamoTvlebis sirTuliT). diagnostirebis 

efeqturoba fasdeba diagnostirebis algoriTmebis da diagnostirebis 

saSualebebis xarisxiT.  

     diagnostirebis saSualebebi iyofian pirvel rigSi programul da 

aparaturul saSualebebad da agreTve gare (konstruqciulad 

Sesrulebulia sistemidan gancalkavebulad) da CaSenebul 

(konstruqciulad Sesrulebulia, rogorc sistemis Semadgeneli 

nawili) saSualebebad. cnobilia agreTve xelis, avtomatizirebuli da 

avtomaturi, specializirebuli da universaluri diagnostirebis 

saSualebebi. 

mas-is diagnostirebis meTodebi ganisazRvreba sxvadasxva 

faqtorebiT: diagnostirebis obieqtebis arCeviT (kvanZi, bloki, 

elementi da sxv.). Gmoxmarebuli diagnostikuri saSualebebTan 

damokidebuli gamoyenebuli diagnostikuri parametrebiT (drouli, 

Zalovnuri, eleqtruli, vibroakustikuri da sxv.). 
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diagnostirebisas Zalzed farTodaa gavrcelebuli sakontrolo 

oscilogramebis meTodi. igi damyarebulia sxvadasxva parametrebis 

drois funqciebis grafikebis gamoyenebaSi, riTac fasdeba calkeuli 

kvanZebis, blokebisa Tu mTeli sistemis teqnikuri mdgomareoba da 

Sromisunarianoba [7]. 

sakontrolo oscilogramebis meTodis arsi mdgomareobs 

SemdegSi. adgenen diagnostikur models, gansazRvraven sxvadasxva 

parametrebis diagnoistikur faseulobas, afaseben diagnostirebisaTvis 

parametrebis gamoyenebis Sromatevadobas, winaswar gansazRvraven 

sadiagnostiko parametrebs, eqsperimentalurad gansazRvraven 

parametrebis defeqtebis mimarT mgrZnobiarobas da maT diagnostikur 

faseulobas, sakontrolo oscilogramebisaTvis irCeven ZiriTad 

diagnostikur parametrebs, arkveven arCeuli parametrebis garegnul 

saxesa da damaxasiaTebel niSanTvisebebs, ZiriTadi parametrebis 

mrudebis amplitudur mniSvnelobebsa da dasaSveb zRvrebs, adgenen da 

eqsperimentalurad amowmeben sakontrolo oscilogramebs, avlenen 

urTierTkavSirs mrudebis maxasiaTebel niSanTvisebebsa da 

dasakvirebeli obieqtebis mdgomareobebs Soris, agroveben da Sifraven 

defeqtebs, adgenen diagnostikur baraTebsa da instruqciebs 

diagnostirebis SesrulebisaTvis. 

sakontrolo oscilogramebis meTodi SeiZleba realizebul iqnas 

rogorc diagnostikuri  xelsawyoebiT aseve kompiuteris daxmarebiT 

avtonomiur reWimSi. meTodi xelsayrelia gamoyenebul iqnas agreTve 

specializirebul sagamocdo stendebze meqanizmebisa da kvanZebis 

damzadebis xarisxis Sesamowmeblad eqspluataciis pirobebSic. 

Ddiagnostirebis procesebis efeqturoba umeteswilad 

ganisazRvreba sistemis programuli saSual;ebebiT. 

kiTxvebi TviTkontrollisaTvis 

1. ra Sedis teqnikuri diagnostikis cnebaSi? 

2. daasaxeleT diagnostirebis saxeebi da maTi ganmasxvavebeli 

niSnebi. 
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leqcia 6. mas-is programuli saimedoobis principebi 

saimedo mas-is Seqmnis saWiroeba iTvaliswinebs kompleqsuri 

RonisZiebebis ganxorcielebas, rac mimarTuli unda iyos mis dacvaze  

maszed SemTxveviTi an winaswarganzraxuli zemoqmedebisagan, ramac 

SeiZleba gamoiwvios marTvis daprogramirebuli procesis darRveva. 

RonisZiebaTa kompleqsi Sedgeba: 

- samarTlebrivi normebisagan; 

- moralur-eTikuri normebisagan; 

- administraciul-organizaciuli RonisZiebebisagan; 

- programul-teqnikuri saSualebebisagan. 

1. samarTlebrivi normebi dafuZnebulia kanonebze, 

brZanebulebebze, normatiul aqtebze romlebic aregulireben 

informaciasTan mopyrobis wesebs da adgenen maTi darRvevisTvis 

pasuxismgeblobis zomebs. 

2.  moralur-eTikuri normebi gansazRvraven momsaxure 

personalis moqmedebas, rac tradiciulad Camoyalibebul iqna 

mocemul sazogadoebaSi. 

3. administraciul-organizaciuli RonisZiebebi dakavSirebulia 

momsaxure personalis SerCevasa da momzadebasTan, SeSvebis reJimTan, 

aRricxvis organizaciasTan, da dokumentaciis (informaciis) 

gamoyenebasTan, agreTve personalis kontrolis organizaciasTan, 

mocemuli organizaciisaTvis personalis gadaadgilebis fizikur 

SezRudvasTan (koduri gamRebebi, blokirebebi da sxv.). 

4. programul-teqnikuri saSualebebi (pts) dakavSirebulia: 

- informaciis daSifvrasTan; 

-  mas –is momxmarebelTa identifikaciasTan (gamocnoba) da 

autentifikaciasTan (namdvilobis Semowmeba); 

- informaciis xeluxleblobis kontrolTan; 

- mas –Si momxdari movlenebis registraciasa da analizTan. 

P     personaluri kompiuterebis pirvel operaciuli sistemebs (MS-

DOS, Windows  3.1 versiis CaTvliT) ar gaaCndaT TavianTi sakuTari 

Tavis dacvis saSualebebi. Windows NT da Windows 2000 operaciul 

sistemebSi  ki ukve gamoCndnen aseTi dacvis programul-teqnikuri 

saSualebebi. 
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programul-teqnikuri saSualebebs SeiZleba hqondeT dacvis 5 

done. 

pirveli done. Aam doneze operaciuli sistema SesaZleblobas 

aZlevs kompiuteris individualur momxmarebels daicvas informacia 

sakuTari tradiciuli damxmare programebis (utilitebis) gamoyenebiT. 

meore done. mas –s aqvT  momxmarebelTa mxolod identifikaciisa 

da autentifikaciis sistemebi. Ees sistemebi zRudaven mas –sTan 

daSvebas SemTxveviTi an ukanono momxmareblebisagan. 

mesame done. mas –ebi uzrunvelyofen informaciis daSifvras 

(informaciis daSifvra diskebze). daSifvra SeiZleba ganxorcielebul 

iqnas rogorc failis doneze (arj tipis arxivatori), aseve diskis 

doneze (Discreet programa Norton Utilities paketSi). 

meoTxe done. mas –ebi uzrunvelyofen kavSirebis arxebSi 

gadasacemi informaciis daSifvras. daSifvra SeiZleba iyos arxebis 

mixedviT (mTeli informacia, samomsaxuro informaciis CaTvliT) OSI 

sistemis bazaze (Open System Interconnection) da saboloo mxolod 

konfidencialuri informaciis daSifvrisaTvis (magram ara 

samomsaxurosi). 

mexuTe done.  mas –ebi axdens rogorc avtoris, aseve TviT 

gadasacemi informaciis autentifikacias (teqstis) standartizirebuli 

kodis anda eleqtronuli cifruli xelmoweris gamoyenebiT. 

kiTxvebi TviTkontrollisaTvis 

1. ra gansxvavebaa saiedo mas-is Seqmnis samarTebliv da 

moralur-eTikuri normebs Soris. 

2. SeuZliaT Tu ara administraciul-saoprganizacio 

RonisZiebebs Secvalos saomedo mas-is Seqmnis programul-

teqnikuri saSualebebi. 

 

leqcia 7 personaluri kompiuterebis bazaze 

agebuliAmarTvis avtomatiuri sistemebis diagnostika da 

programuli saimedooba 

personalur kompiuterze muSaobis dros da misi gamoyenebisas an 

rogorc mas-is mmarTvel mowyobilobad, an rogorc informaciis 
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gacvlis mowyobilobad lokalur gamomTvlerl qselSi, anda 

sabolood, rogorc saidumlo anda konfidencialuri informaciis 

droebiTi (an mudmivi) damaxsovrebis mowyobilobad aucilebelia 

dacul iqnas martivi, magram mTel rig SemTxvevebSi sakmaod efeqturi 

RonisZiebebi informaciis anda gamoyenebuli programuli 

uzrunvelyofis dacvisaTvis.  

aseT RonisZiebebs SeiZleba mivakuTnoT: 

1. kompiuteris monitoris droebiTi dablokireba; 

2. drekadi magnituri diskebis gamoyeneba informaciis didi 

xniT SenaxvisaTvis; 

3. informaciis rezervuli kopireba; 

4. sanagve yuTis da meniu dokumentis gawmenda; 

5. diskebis gawmenda Tavidan moSorebuli failebisgan; 

6. informaciis Senaxulobis diagnostika; 

7. informaciis dacva SemTxveviTi cvlilebebisagan; 

8. failebisa da papkebis gadamalva; 

9. informaciis dacva paroliT. 

1. kompiuteris droebiT datovebisas Tu saWiroa  informaciis  

dacva arasasurveli, magram kompiuterul teqnologiebSi arc Tu ise 

kargad gaTviTcnobierebuli personebisagan, aris SesaZlebloba 

kompiuteris monitoris droebiTi blokirebisa DOS-is srulekranul 

reJimSi gadasvlis gziT. Aam reJimSi monitoris mTeli ekrani gamuqdeba 

da darCeba ramodenime, arafris mTqmeli gamoucdeli adamianisaTvis, 

gamonaTebuli simbolo. 

        DOS-is am reJimis gaSvebisaTvis aucilebelia gavixsnaT Start 

meniu, amovirCioT Programs, gaRebul fanjaraSi avirCioT Seans MS 

DOS. Ees gamoiwvevs monitoris mTeli ekranis gamuqebas. 

     reJimidan dabrunebisaTvis aucilebelia avkrifoT EXIT (exit) da 

davaWiroT Enter klaviSas. 

     Tu Seans MS DOS ixsneba sxva fanjrebs zeviT patara fanjaraSi, 

maSin aucilebelia DOS menius gamoZaxebisaTvis klaviSTa kombinaciis 

ALT+Space – is daWera, avirCioT iq brZaneba Maximixe da gavimeoroTD 

DOS reWimis gaSveba. 
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2. drekadi magnituri diskebis gamoyeneba informaciis didi xniT 

SenaxvisaTvis SesaZleblobas gvaZlevs yovelTvis xelT gvqondes 

saidumlo anda konfidencialuri informacia. amisaTvis kompiuterze 

muSaobis damTavrebis Semdeg, aucilebelia davakopiroT informacia 

drekad magnitur diskze da aucileblad movaciloT kopirebuli 

informacia kompiuteridan. 

Ffailis kopireba drekad magnitur diskze: 

- CavayenoT disketa A diskamZravSi; 

- davawkapunoT Tagvis marjvena klaviSaze Start RilakiT; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Explorer; 

- davawkapunoT orjer Tagvis marcxena klaviSiT saZiebel 

papkaze; 

- davawkapunoT Tagvis marjvena klaviSiT dasakopirebel 

failze; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze File; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Copy; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Floppy A; 

- davawkapunoT Tagvis marjvena klaviSiT fanjris Tavisufal 

adgilas: 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Paste 
failis moSoreba: 

- davawkapunoT Tagvis marjvena klaviSiT niSanze My 

computer; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Explore; 

- davawkapunoT Tagvis marcxena klaviSiT saZiebel diskze 

fanjaraSi Folders; 
- davawkapunoT orjer marcxena klaviSiT im folderze sadac 

aris saZiebo faili; 

- davawkapunoT Tagvis marjvena klaviSiT im failze, romelic 

unda moSordes; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Delete; 
- upasuxoT kompiuteris SekiTxvas. 
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3. informaciis rezervuli kopireba xorcieldeba im SemTxvevebSi 

rodesac arsebobs programuli uzrunvelyofis anda damuSavebaSi 

myofi failis winaswarganzraxuli anda SemTxveviTi  moSorebis 

albaToba, kompiuterSi virusis moxvedra anda sistemis sruli 

SeSfoTebis SesaZlebloba. 

P am SemTxvevebSi programuli uzrunvelyofis dayenebisas 

aucilebelia Seiqmnas saavario an sistemuri diski. Aam diskze unda 

iyos is informacia rac sakmarisia, rom operaciulma sistemam gauSvas 

kompiuteri A diskidan, maszed unda iyos agreTve kompiuteris 

konfiguraciis informacia. Ees diski unda inaxebodes usafrTxo 

adgilas. sistemur disks ar SeuZlia aRadginos monacemTa failebi, 

romlebic iqmnebian sxvadasxva danarTebis gamoyenebiT rogoricaa 

teqsturi procesorebi, eleqtronuli cxrilebi, grafikuli 

redaqtorebi da sxv. mas ar SeuZlia aRadginos aseve informaciebi, 

romlebic miRebulia gare wyaroebidan. 

     arsebobs sarezervo kopirebis specialuri programebi, romlebic 

gvaZleven myar diskze arsebuli informaciis drekad diskze 

informaciis swrafi gadaweris SesaZleblobas. Aam saxis programebidan 

farTod gamoiyeneba Norton Backup da Fast Back Plus. 

4. Windows-is standartuli dayenebebis Sesabamisad 

kompiuteridan moSorebuli failebi faqtiurad Tavsdebian folderSi 

Recycle Bin (sanagve kalaTa)  da imyofebian iq mis srul gasufTavebamde. 
Ees saWiroa imitom, rom zogierT SemTxvevaSi aucilebeli xdeba 

SemTxveviT mocilebuli failis aRdgena. amitom Recycle Bin folderSi 

“moSorebuli” failebi SeiZleba ara marto gadavaTvalieroT aramed 

aRvadginoT kidec Tavis Zvel alagas. ASesabamisad, es folderi 

saWiroa periodulad gaiwmindos iq dagrovebuli “moSorebuli” 

failebisgan, radgan isini SeiZleba warmoadgendnen garkveuli wris 

pirovnebebisaTvis gansakuTrebul interess. igive problema dgas 

failebis moSorebisas meniusganú Documents. 
failis moSoreba sanagve kalaTasagan: 

- davawkapunoT orjer Tagvis marcxena klaviSiT sanagve 

kalaTis folderze; 
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- davawkapunoT Tagvis marcxena klaviSiT im failze, romelic 

saWiroa moSorebul iqnas; 

- davawkapunoT Tagvis marcxena klaviSiT menius striqonSi 

punqt File-ze ; 

- davawkapunoT Tagvis marcxena klaviSiT menius striqonSi 

punqt Delete; 
- upasuxeT kompiuteris SekiTxvas. 

sanagve kalaTis perioduli gawmendebis nacvlad SeiZleba saerTod 

uari vTqvaT sanagve kalaTis momsaxurebaze Tu ki Sesabamisad avawyobT 

mas. 

sanagve kalaTis awyoba: 

- davawkapunoT Tagvis marjvena klaviSiT niSanze Recycle Bin; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Properties; 

- davawkapunoT Tagvis marcxena klaviSiT CanarTze Global; 

- davayenoT gadamrTveli punqtze Use one setting for all drives; 

- davayenoT mcocara Maximum size of Recycle Bin 10%-ze; 

- davayenoT alami punqtze Display delete confirmation dialog; 

- davawkapunoT Tagvis marcxena klaviSiT OK. 
Tu ki ar aris saWiro sanagve yuTis momsaxureba maSin davayenoT 

gadamrTveli punqtze Do not move files tu the Recycle Bin. Remove files 

immediately when deleted; 

- davawkapunoT Tagvis marcxena klaviSiT OK. 

meniusgan  Documents moSorebuli failebis ganadgureba 

- davawkapunoT Tagvis marcxena klaviSiT Rilakze Start; 

- davawkapunoT Tagvis marcxena klaviSiT punqtze Settings; 

- davawkapunoT Tagvis marcxena klaviSiT Control Panel; 

- davawkapunoT Tagvis marcxena klaviSiT fanjaraSi Propertys 

CanarTSi nastroika meniu; 

- davawkapunoT Tagvis marcxena klaviSiT Rilakze oCistit 

- davawkapunoT Tagvis marcxena klaviSiT OK. 
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Aamave dros aucilebelia gvaxsovdes, rom zemoTmiTiTebuli 

operaciebis Sesrulebis Semdeg meniu Documents-Si nadgurdeba yvela 

faili. 

5. diskebSi, romlebSic gamoiyeneba informaciis SenaxvisaTvis, 

gamoiyeneba magnituri masalebi. informacia inaxeba diskis calkeul 

damagnitebul areebSi. diskis am areebs ewodeba seqtorebi. ramdenime 

seqtori gaerTianebulia klasterebSi. seqtorebi da klasterebi 

warmoqmnian diskis bilikebs. Ffailis zomisa da ganlagebis adgilis 

Sesaxeb informacia fiqsirdeba katalogebis bilikebSi. srulebiTac 

araa aicilebeli, rom erTi failis informacia ganlagebul iqnas 

momijnave seqtorebSi.  is SeiZleba moTavsebul iqnas diskis nebismier 

adgilas. rodesac faili, romelic Cawerilia diskze moSordeba, am 

failis monacemebi mainc rCeba diskze. Aam SemTxvevaSi Sordeba 

mxolod informacia failis Sesaxeb katalogidan. Ffailis moSorebis 

Semdeg is seqtorebi romlebSic isaa Cawerili xelmisawvdomi xdeba 

axlad Seqmnili failebisTvis, radganac kompiuteri aRiqvams maT 

rogorc Tavisuflebs. Aaxlad Seqmnili failebis monacemebi 

gadaewereba ganadgurebuli failis monacemebs “zemodan” Zveli 

informaciis damatebiTi waSlis gareSe. xoda swored es drois 

monakveTi Zveli failis ganadgurebidan axali failis Caweramde, 

romlis monacemebic SeiZleba iyos Cawerili moSorebuli failis 

seqtorebSi, SeiZleba gamoyenebul iqnas ucxo pirebis mier 

ganadgurebuli failis aRdgenisaTvis, risTvisac gamoiyeneben 

specialur programa-utilitebs, mag. Norton Unerase [6].  

     ganulebuli failis monacemebis saboloo ganadgurebisaTvis 

gamoiyeneben specialur programa-utilitebs, romlebic avseben am 

seqtorebs, romlebsac es faili ikavebda am diskze an nulebiT, anda 

SemTxveviTi ricxvebiT, amasTan am operaciebs axorcieleben 

ramdenjerme TanmimdevrobiT, saTanado saimedoobis uzrunvelsayofad. 

aseT utikitebs ganekuTvnebian McAfee Office 2000, Norton Utilites 2000 da 

Quarterdesk Remove-It. 

   6. informaciis Senaxulobis diagnosatika mdgomareobs saidumlo 

an konfidencialuri informaciis failebis mimdenare gamoyenebis 

(gaReba) kontrolSi.  
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aramkafio simravleebi marTvis sistemebSi 

sakiTxebi 

1. Fuzzy Logic Toolbox paketis daniSnuleba da SesaZleblobebi; 

2. aramkafio informacia da amoxsnebi (daskvnebi); 

3. aramkafio simravleebi; 

4. aramkafio logikis mikuTvnebis funqciebi; 

5. operaciebi aramkafio simravleebze; 

6. logikuri operaciebi; 

7. algebruli operaciebi; 

8. aramkafio fardobebi; 

9. operaciebi aramkafio fardobebze; 

10. ori fardobis SeerTeba; 

11. ori fardobis gadaakveTa; 

12. ori fardobis algebruli gamravleba; 

13. ori fardobis algebruli Sekreba; 

14. fardobaTa damateba; 

15. Cveulebrivi fardoba, uaxloesi aramkafiosTan; 

16. kompozicia (gadaxveva) ori aramkafio fardobebisa; 

17. (max-*)-kompozicia; 

18. aramkafio daskvnebi; 

19. mamdanis algoriTmi (Mamdani); 

20. sujenos algoriTmi (Sugeno); 

21. aramkafioebasTan dayvanis meTodi; 

22. gadawyvetilebaTa miRebis sistemis efeqturoba;  

23. hibriduli qselebi; 

24. Fuzzy Logic Toolbox-is grafikuli interfeisi;  

25. grafikuli interfeisis Semadgenloba; 

26. aramkafio maaproqsirebeli sistemis ageba; 

27. eqspertuli sistemis ageba:  ramdeni mivceT “CaisTvis”; 

28. Sedegebis eqsporti da importi; 

29. momxmareblis mikuTvnebis funqciis Seqmna; 

30. hibriduli sistemebis grafikuli interfeisi; 

31. klasterizaciis programis grafikuli interfeisi; 

32. Fuzzy Logic Toolbox-isTan muSaoba brZanebaTa striqonSi; 
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33. brZanebaTa striqonSi muSaobis SesaZleblobani; 

34. grafikuli interfeisis programebis gamoZaxebis funqcia; 

35. mikuTvnebis funqciis davaleba; 

36. aramkafio daskvnis sistemebis funqciebi; 

37. Seqmnili sistemis Senaxvis, gaxsnis da gamoyenebis funqciebi; 

38. grafikulo fanjris gamoyenebis funqciebi;  

39. aramkafio sistemebis daskvnis Seqmnis, struqturis naxvis da 

redaqtirebis funqciebi;  

40. damatebiTi funqciebi; 

41. hibriduli qselebis Seqmnisa da/an swavlebis funqciebi ANFIS 

arqiteqturiT; 

42. klasterizaciis funqca; 

43. FIS-struqturis generaciis funqcia; 

44. aramkafio daskvnis struqturis generaciis funqcia; 

45. klasterebis centris dabrunebis funqcia; 

46. servisuli funqciebi; 

47. interfeisis dialogiuri fanjrebis gamoZaxebis funqcia; 

48. Fuzzy Logic-is muSaoba Simulink-Tan; 

49. magaliTi: bakSi wylis donis kontroli; 

50. aramkafio modelis gamoyeneba Simulink-is blokebis gamoyenebiT; 

51. Fuzzy Logic Toolbox-is paketis muSaobis sademonstracio magaliTebi. 

 

leqcia 1.  Fuzzy Logic Toolbox  aramkafio logikis paketi 

MATLAB-Si 

Fuzzy Logic Toolbox paketis daniSnuleba da SesaZleblobebi 

aramkafio logikis paketi – es gamoyenebiTi programebis paketia, 

romlebic exeba gafantul anu aramkafio simravleebs da 

SesaZleblobas iZleva davaproeqtoT egret wodebuli aramkafio 

eqspertuli da/an mmarTveli sistemebi. paketis ZiriTadi 

SesaZleblobebia:  

• aramkafio daskvnis sistemebis ageba (eqspertuli sistemebis, 

regulatorebis, damokidebulebaTa aproqsimatorebis); 
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• adaptiuri aramkafio sistemebis ageba (hibriduli heironuli 

qselebis; 

• interaqtiuli dinamiuri modelireba Simulink-Si. 

paketi SesaZleblobas gvaZlevs vimuSaoT: 

• grafikuli interfeisis reJimSi; 

• brZanebis striqonis reJimSi; 

• Simulink-is paketis blokebisa da xerxebis gamoyenebiT. 

MATLAB 5.3.1 sistemaSi gamoiyeneba am paketis 2.0.1 versia. 

aramkafio informacia da daskvnebi 

namdvilad, adamianis inteleqtis yvelaze gasaocar Tvisebad 

SeiZleba CaiTvalos swori gadawyvetilebebis miRebis unari arasruli 

da aramkafio informaciis viTarebaSi. adamianis miaxloebiTi 

azrovnebis modelebis ageba da maTi gamoyeneba kompiuteruli 

sistemebis momaval modelebSi warmoadgens dReisaTvis mecnierebis 

erTerT umniSvnelovanes problemas. 

mniSvnelovan nabiji am mimarTulebiT gadadga kaliforniis 

universitetis profesorma (berkli) lotfi a. zadem (Lotfi A. Zadeh). misma 

naSromma ”Fuzzy Sets”, romelic gamoqveynda 1965 w.  JurnalSi ”Information 

and Control”, #8, safuZveli Cauyara adamianis inteleqtualuri 

saqmianobis modelirebas da sawyisi biZgi misca axali maTematikuri 

Teoriis ganviTarebas. 

zadem ganavrco simravlis klasikuri kantoruli cneba, imis 

daSvebiT, rom maxasiaTebelma funqciam (simravlis elementis 

mikuTvnebis funqciam SeiZleba miiRos ara mxolod 0-is da 1-is 

mniSvnelobebi, aramed  nebismieri mniSvneloba [0,1] intervalSi. aseT 

simravleebs daarqva man swored aramkafio (Fuzzy) simravleebi.  l. 

zadem SemoiRo agreTve ramdenime operacia am aramkafio simravleebze 

da SemogvTavaza ukve cnobili logikuri daskvnis modus ponens da modus 

tollens meTodebis ganzogadeba. 

SemoiRo ra Semdeg lingvistikuri cvladis cneba da dauSva 

agreTve is, rom misi mniSvnelobebi (termebi) warmoadgenen aramkafio 

simravleebs, zadem Seqmna inteleqtualuri saqmianobis, maT ricxvSi 

aramkafio da gaurkveveli gamoTqmebis, procesebis aRweris aparati.  
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l.zadesa da misi mimdevrebis Semdgomma Sromebma  myari safuZveli 

Seuqmnes axal Teorias da Seqmnes winapirobebi aramkafio marTvis 

meTodebis farTo danergvisa sainJinro praqtikaSi.  

ukve 1990 wlisaTvis am problematikis irgvliv gamoqveynebuli 

iyo 10000-ze meti naSromi, xolo mkvlevarebis ricxvma miaRwia10 000, 

aqedan a.S.S-Si, evropasa da ssrk-Si 200-300 kacs, daaxlovebiT 1000 

iaponiaSi, 2000-3000 indoeTSi, da daaxloebiT 5000 CineTSi. 

amis Semdeg daiwyo daiwyo aramkafio simravleebze damyarebuli axali 

modelebisa meTodebis gamoyeneba mrewvelobaSi. da miuxedavad imisa, 

rom aramkafio marTvis sistemebis pirveli gamoyeneba evropaSi Sedga, 

ufro intensiurad maTi danergva iaponiaSi xdeboda.     

maTi gamoyenebis speqtri Zalian farToa: metropolitenis 

matareblebis gaCerebisa da daZvris procesebsa, da satvirTi 

liftebisa da domenuri Rumelis marTisagan  dawyebuli damTavrebuli 

sarecxi manqanebis, mtversasrutebis maRali sixSiris Rumelebis 

muSaobis modelirebebiT damTavrebuli.  amasTanave aramkafio 

sistemebi SesaZleblobas gvaZleven avamaRloT produqciis xarisxi 

resurso da energo danaxarjebis Semcirebis gziT da uzrunvelyofen 

ufro maRal mdgradobas tradiciul avtomatur marTvis sistemebTan 

SedarebiT xelisSemSleli faqtorebis zemoqmedebis mimarT. 

sxva sityvebiT rom vTqvaT axali midgomebi SesaZleblobas 

iZleva gavafarTooT  avtomatizaciis sistemebis gamoyenebis sfero 

klasikuri Teoriis gamoyenebadobis miRma. sainteresoa l. zades azri 

am kuTxiT: ”me vTvli, rom sizustisaken metismetma swrafvam gamoiwvia 

zemoqmedeba, ramac nulamde daiyvana marTvis Teoria da sistemebis 

Teoria, radganac mas mivyevarT iqitken, rom am kvlevebi amareSi 

maxvildeba maTze da mxolod maT problemebze, romlebic 

eqvemdebareba Zust amoxsnebs. Sedegad mniSvnelovani problemebis 

mravali klasi, romlebSic monacemebi, miznebi da SezRudvebi arian 

Zalian rTuli anda cudad gansazRvrulebi misTvis, rom SesaZlebloba 

iyos zusti maTematikuri  analizi, rceboda da darCeba gverdze im 

mizeziT, rom isini ar eqvemdebarebian maTemaTikur traqtovkas. 

imisaTvis, rom iTqvas raime mniSvnelovani msgavsi saxis problemebis 

Sesaxeb, Cven unda uari vTqvaT Cvens moTxovnebze sizustis mixedviT da 
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dauSvaT is Sedegebi, romlebic arian ramdenadme aramkafioni anda 

gaurkvevelni”. 

aramkafio sistemebis kvlevebis centris wanacvlebam maTi 

praqtikuli gamoyenebis mxares migviyvana mTeli rigi problemebis 

dayenebasTan, iseTebis, rogoricaa kompiuterebis axali arqiteqtura 

aramkafio gamoTvlebisTvis, aramkafio kompiuterebis  da 

kontrolerebis elementuri baza, damuSavebis instrumentaluri 

saSualebebi, aramkafio marTvis sistemebis gaangariSebisa da 

damuSavebis inJinruli meTodebi da mravali sxva. 

mkiTxvelebTan wardgenili saxelmZRvanelos ZiriTadi mizania- 

bakalavrebis, magistrantebis, doqtorantebisa da axalgazrda mecnier 

muSkebis yuradRebis miqceva aramkafio problematikaze da misces maT 

sawyisi codna Tanamedrove mecnierebis erTerT yvelaze saintereso 

mimarTulebSi. 

    

leqcia  2. zogadi cnebebi 

aramkafio simravleebis maTematikuri Teoria SesaZleblobas 

gvaZlevs aRvweroT aramkafio cnebebi da codnebi, SevasruloT 

operaciebi am codnebze da CamovayaliboT aramkafio daskvnebi. 

aramkafio marTva gansakuTrebiT sasargeblo     aRmoCnda, rodesac 

teqnologiuri procesebi Zalzed rTulia sazogadod miRebuli 

raodenobrivi meTodebiT analizisaTvis, anda rodesac xelmisawvdimi 

informaciis wyaroebis interpretacia Tvisobrivia, arazustia, 

gaurkvevelia.  

aramkafio logika, razedac dafuZnebulia aramkafio marTva, 

ufro axlosaa adamianur azrovnebasTan da bunebriv enebTan, vidre 

tradiciuli logikuri sistemebi. aramkafio logika ZiriTadaT 

uzrunvelyofs realuri samyaros gaurkvevlobebisa da uzustobebis 

efeqtiuri asaxvis saSualebebs. sawyisi informaciis aramkafioebis 

arekvlis maTematikuri saSulebebis arseboba SesaZleblobas gvaZlevs 

avagoT modeli, romelic adekvaturi iqneba realobasTan. 

aramkafio simravleebi 

dauSvaT E – universaluri simravlea, x - E-s elementia, xolo P 

– raime Tviseba. Cveulebrivi (mkafio) qvesimravle A universaluri 
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simravlisgan, romlis elementebi akmayofileben P Tvisebas, 

ganisazRvreba rogorc mowesrigebuli wyvilebis simravle  

A ={μA(x)/ x }  sadac μA(x) – maxasiaTebeli funqcia aromelic iRebs 

mniSvnelobas 1, Tu x akmayofilebsA P Tvisebas, da 0 – winaaRmdeg 

SemTxvevaSi. 
aramkafio qvesimravle gansxvavdeba Cveulebrivisagan imiT, rom x 

elementebisaTvis E – dan ar aris calsaxa pasuxi ”da/ara” P 

TvisebasTan mimarTebaSi. amasTan dakavSirebiT A aramkafio qvesimravle 

E – universaluri simravlisagan ganisazRvreba rogorc mowesrigebuli 

wyvilebis simravle mikuTvnebis maxasiaTebeli funqciiT μA(x) (an 

ubralod mikuTvnebis funqciiT, (inglisur literaturaSi aRiniSneba 

abreviaturiT mf), da romelic iRebs mniSvnelobebs raime sruliad 

mowesrigebul simravleSi M (mag. M = [0, 1]). 

mikuTvnebis funqcia miuTiTebs imas, Tu ra xarisxiT (anda doniT) 

aris dakavSirebuli x elementi A simravles. M simravles uwodeben 

mikuTvnebaTa simravles. Tu M = [0, 1], maSin aramkafio qvesimravle 

SeiZleba ganxilul iqnas, rogorc Cveulebrivi mkafio simravle. 

aramkafio simravlis Caweris magaliTebia: 

dauSvaT E = { x1, x2, x3, x4, x5};  M = [0, 1]; A ki aramkafio simravlea 

romlisTvisac:  

  

maSin  A simravle SeiZleba warmovidginoT, rogorc  

 

anda, rogorc 

anda, rogorc 
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A =
x1 x2 x3 x4 x5

0,3 0 1 0,5 0,9

 

SeniSvna: “+“ niSani aRniSnavs ara Sekrebis, aramed gaerTinebis 

operacias. 

aramkafio simravleebis magaliTebi: 

1. dauSvaT E ={0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10}; M ={0, 1}. aramkafio simravle 

“ramdenime” SeiZleba ganisazRvros Semdegnairad:  

“ramdenime" = 0,5/3+0,8/4+1/5+1/6+0,8/7+0,5/8. 

2. dauSvaT E = {0, 1, 2, 3, …n,…}; aramkafio simravle “mcire” SeiZleba 

ganisazRvros Semdegnairad: 

 
3. dauSvaT E = {0, 1, 2, 3, …….100}; da Seesabameba cnebas “asaki”, maSin 
aramkafio simravle “axalgazrda” SesaZloa ganisazRvros 

gamosaxulebiT 

 

 
aramkafio logikis mikuTvnebis funqcia 

zemoT moyvanili magaliTebisTvis gamoiyeneba mikuTvnebis 

funqciebis dadgenis pirdapiri meTodebi, rodesac eqsperti ubralod 

miakuTvnebs μA(x) TviToeuli x ∈ E. Cveulebrivad, mikuTvnebis 

funqciebis dadgenis pirdapiri meTodebi gamoiyeneba iseTi 

cnebebisaTvis, romelTa gazomvac SeiZleba: siCqare, dro, manZili, 

wneva, temperatura da sxv, an rodesac mowodebulia poliaruli 

mniSvnelobebi.  
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pirdapiri meTodebis gamoiyenebisas gamoiyeneba agreTve jgufuri 

pirdapiri meTodebi, maSin, magaliTad, roca eqspertebis jgufs 

warudgenen konkretul pirovnebas da TviToeulma maTganma unda 

upasuxos erTerTi pasuxi oridan,mag. ”es kaci melotia” an ”es kaci ar 

aris meloti”, - maSin damadasturebeli pasuxis ganayofi eqspertebis 

saerTo ricxvze gvaZlevs μ ”meloti” -is  mniSvnelobas wardgenili 

pirovnebisaTvis. 

garda zemoT naCvenebi mikuTvnebaTa funqciis mocemis meTodebisa 

gamoiyeneba agreTve tipiuri formebi funqciebisa, romlebic qvemoTaa 

moyvanili. (nax. 1.1). 

• samkuTxovani (trimf) 

• trapeciuli (trapmf) 

• gausis (gaussmf) 

• ormagi gausis (gauss2mf) 

• ganzogadoebuli zarismagvari (gbellmf) 

• sigmoiduri (sigmf) 

• ormagi sigmoiduri (dsigmf); 

• ori sigmoiduri funqciis namravli (psigmf); 

• Z-funqcia; 

• S-funqcia 

• Pi-funqcia 
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moyvanili funqciebis konkretuli saxe ganisazRvreba maT 

Sesabamis analitikur gamosaxulebebSi moyvanili parametrebis 

mniSvnelobebiT, magaliTad: 
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da sxv. 

 

leqcia 3. operaciebi aramkafio simravleebze logikuri 

operaciebi 

ganvixiloT ZiriTadi logikuri operaciebi, romlebic 

SesaZlebelia aramkafio simravleebze. 

CarTva 

dauSvaT A da B – aramkafio simravlebia E universalur simravleze. 

amboben, rom A aris B-s SemadgenlobaSi, Tu ∀x∈E μA(x) μB(x).   

aRinSivna:.  A ⊂ B. 

zogjer gamoiyeneba termini “dominireba”, anu, im SemTxvevaSi rodesac 

A ⊂ B, maSin amboben, rom B dominirebs A-ze. 

toloba 

A da B – aramkafio simravlebi tolia erTmaneTis Tu ∀x∈E μA(x) = μB (x). 

aRinSivna:.  A = B. 

damateba (Sevseba) 

vTqvaT Μ = [0,1],  A da B – aramkafio simravlebia E universalur 

simravleze. A da B avseben erTmaneTs Tu ∀x∈E μA(x) = 1 - μ B(x). 

aRinSivna:. B  =   an A  =    

aq naTelia, rom ( ) = A  (damateba gansazRvrulia Μ = [0,1] –isTvis, 

magram aseve naTelia, rom igi SeiZleba ganisazRvros nebismieri 

mowesrigebuli  Μ - isTvis). 
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gadakveTa 

A∩B – is udidesi aramkafio simravlea, romelic imyofeba A –Sic da B –

Sic. 

μA∩B(x) = min( μA(x), μ B(x)). 

gaerTianeba 

А ∪ В – is umciresi aramkafio simravlea, romelic moicavs A –sac da B –

sac. 

μA∪ B(x) = max(μA(x), μ B(x)). 

sxvaoba 

А - B = А∩    mikuTvnebis funqciiT: 

μA-B(x) = μA ∩ (x) = min( μA(x), 1 - μ B(x)). 

dizunqciuri jami 

А⊕B = (А - B)∪(B - А) = (А ∩ ) ∪(  ∩ B) mikuTvnebis funqciiT: 

μA-B(x) = max{[min{μ A(x), 1 - μB(x)}];[min{1 - μA(x), μB(x)}] } 

magaliTebi. 

vTqvaT:      

A = 0,4/ x1 + 0,2/ x2+0/ x3+1/ x4;  

B = 0,7/ x1+0,9/ x2+0,1/ x3+1/ x4;  

C = 0,1/ x1+1/ x2+0,2/ x3+0,9/ x4 

aq: 

 A⊂B, anu  A imyofeba B -Si an B dominirebs A -ze, С ar edreba arc  A-s 

arc B-s, anu {A, С} da { B, С} – wyvilebi arian aradominirebuli 

aramkafio simravleebis wyvilebi. A ≠ B ≠ C; 

1.  = 0,6/ x1 + 0,8/x2 + 1/x3 + 0/x4; 

2. = 0,3/x1 + 0,1/x2 + 0,9/x3 + 0/x4; 

3. A∩B = 0,4/x1 + 0,2/x2 + 0/x3 + 1/x4; 

4. А∪В = 0,7/x1 + 0,9/x2 + 0,1/x3 + 1/x4; 

5. А - В = А∩ = 0,3/x1 + 0,1/x2 + 0/x3 + 0/x4; 

6. В - А = ∩ В = 0,6/x1 + 0,8/x2 + 0,1/x3 + 0/x4; 

7. А ⊕ В = 0,6/x1 + 0,8/x2 + 0,1/x3 + 0/x4. 
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aramkafio simravleebisaTvis SeiZleba agebul iqnas vizualuri 

warmodgena. 

amisaTvis ganvixiloT koordinatebis sworkuTxa sistema, romlis 

ordinatTa RerZze gadaizomeba μA(x) – is mniSvnelobebi, xolo 

abscisebis RerZze nebismierad ganlagebulia E elementebi. Tu ki E 

Tavisi bunebiT mowesrigebulia, maSin es mowesrigebuloba sasurvelia 

SenarCunebul iqnas abscisis RerZze elementebis ganlagebaSi. aseTi 

warmodgenebi TvalsaCinos xdis martiv logikur operaciebs aramkafio 

simravleebze (nax. 1.2).   

suraTis zeda nawilSi gaSavebuli are Seesabameba aramkafio А 

simravles, da Tu zustad vilaparakebT asaxavs А-s mniSvnelobebis 

ares da agreTve yvela aramkafio simravles, romlebsac А Seicavs. 

naxazis qveda nawilSi naCvenebia , А∩ , А∪ . 

 

∪ da ∩.operaciebis Tvisebebi 

vTqvaT А, В, С – aramkafio simravleebia, maSin adgili aqvs Semdeg 

Tvisebebs:  

 - komutatiurobas; 

- asociaturobas;  
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- idempotentobas;  

 

- distributivnobas; 

A∪∅ = A, где ∅ - carieli simravlea, anu μ∅(x) = 0 ∀>x∈E;  

A∩∅ = ∅;  

A∩E = A, sadac E –universaluri simravlea;  

A∪E = E;  

- de morganis Teoremebia.  

mkafio simravleebisagan gansxvavebiT, aramkafio simravleebisaTvis 

zogadad; 

A∩  ≠ ∅, 

A∪  ≠ E. 

(rac, kerZod ilustrirebulia zemoT aramkafio simravleebis 

TvalsaCinoT asaxvis magaliTze).  

SeniSvna: zemoT moyvanili operaciebi aramkafio simravleebze 

damyarebulia min da max operaciebis gamoyenebaze. aramkafio 

simravleebis TeoriaSi muSavdeba sakiTxebi ganzogadoebuli, 

parametrizebuli operatorebis gadakveTis, gaerTianebis da damatebis 

agebisa, romlebic SesaZleblobas iZlevian mxedvelobaSi miiRon 

mravalferovani azrobrivi gansxvavebebi maTi Sesabamisi “da”, “an”, 

“ara” kavSirebisa.  

erTerTi midgoma gadakveTisa da gaerTianebis operatorebis 

mimarT aris maTi gansazRvra samkuTxovani normebisa da konormebis 

klasebSi. 

samkuTxeduri norma ( t-norma ) ewodeba oradgilian namdvil funqcias 

T:[0,1]×[0,1]→[0,1], romelic akmayofilebs Semdeg pirobebs: 

1. T(0,0)=0; T(μA, 1) = μA; T(1, μ A) = μA -SezRudulobas;  

2. T(μA, μB) ≤T(μC, μD Tu μA≤μC , μB≤μD -monotonurobas;  
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3. T(μA , μ B) = T(μB, μA) -komutatiurobas; 

4. T(μA, T(μ B, μC))= T( T(μA, μB), μC) - asociatiurobas. 

samkuTxeduri normebis umartivesi SemTxvevebia:  

min(μA , μ B) 

namravli μA⋅μB 

max(0, μA + μ B -1). 

samkuTxeduri konorma ( t-konorma) ewodeba oradgilian namdvil 

funqcias ⊥:[0,1]×[0,1]→ [0,1], Semdegi TvisebebiT: 

1. T(1,1) = 1; T(μA ,0) = μ A ; T(0, μ A) = μA - SezRudulobas; 

2. T(μA, μB )≥ T(μC, μD ), Tu μA ≥μC , μB ≥μD - monotonurobas; 

3. T(μA , μB ) = T(μB , μA ) – komutatiurobas;  

4. T(μA, T(μB , μC )) = T(T(μA , μB ), μC ) - asociatiurobas. 

t – konormis magaliTebia: 

max(μA, μ B) 

μA + μB - μA⋅ μB 

min(1, μA + μB).  

 

leqcia 4. algebruli operaciebi 

axla warmovadginoT algebruli operaciebi aramkafio simravleebze. 

algebruli gamravleba A da B aRiniSneba ase  da ganisazRvreba: 

 

am simravleebisa algebruli ajamva aRiniSneba ase  da 

ganisazRvreba: 
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algebruli gamravlebis safuZvelze gansazRvrulia aramkafio A 

simravlis ayvana α xarisxSi, sadac α - dadebiTi ricxvia. aramkafio 

simravle  ganisazRvreba mikuTvnebis funqciiT: 

 

xarisxSi ayvanis kerZo SemTxvevebia: 

• CON(A) = A2 – koncentrirebis operacia (SemWidroveba); 

• DIL(A) = A0,5 – gawelvis operacia. 

es operaciebi gamoiyeneba lingvistikur gaurkvevlobebTan muSaobis 

dros.  

aramkafio simravleebis dekartis (pirdapiri) gamravleba. dauSvaT:  

A1, A2, ... An – aramkafio simravleebia E1, E2, ... En universaluri 

simravleebisa Sesabamisad. dekartuli anu pirdapiri gamravleba  A = 

A1 ×           A2 × ... × An aramkafio qvesimravlea  E= E1 × E2 × ... × En 

simravlisa mikuTvnebis funqciiT 

 

 

aramkafio fardobebi 

vTqvaT E= E1 × E2 × ... × En – universaluri simravleebis pirdapiri 

gamravlebaa da M – mikuTvnebis raime simravle (magaliTad, M = [0, 1]).  

leqcia 12. Pproeqti-dasabuTeba 

stuU-Si informatikisa da kompiuteruli teqnologiebis  

fakultetze, sainJinro kibernetikisa da xelsawyoTamSeneblobis 

departamentSi xelovnuri inteleqtis mimarTulebiT eleqtronuli 

inJineriis laboratoriis Seqmnis Sesaxeb. 

Да, сегодня университет имеет безусловные преимущества в подготовке 

специалистов именно по этой специальности.  
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Обусловлено это наличием высококвалифицированных преподавателей и 

оснащенных по последнему слову техники лабораторий для - ученых инженеров – 

электронщиков. В чем же преимущества этой «новой» специальности?  

Широчайшее поле возможности развития творческих способностей и 

трудоустройства, чего нет сегодня даже для экономистов. В этом и многом другом 

- конкурентные преимущества специальности.  

A     ai es aris mcire amonaridi, im publikaciidan, romelic gazeT 

“Свободная Грузиа“-Si gamoqveynda 2008 wlis 31 ivliss Ddiana 

SereSaSvilis mier da ganTavsda agreTve internet saitze  

http://www.svobodnaya-gruzia.com/miscell/?p=9-10/06 

     arada vis winaSe miaRwa am “преимущества“ –s saqarTvelos 

saxelmwifo universitetma? vin hyavT mxedvelobaSi? saqarTvelos 

teqnikuri universiteti! diax, diax, mxolod da mxolod stu. Aaq 

laparaki rom iyos wminda fundamentur mimarTulebebze rogoricaa 

maTematika, fizika, qimia, biologia, fiziologia da sxv. maSin gasagebi 

iqneboda maTi paTosi, magram aq laparakia wminda gamoyenebiTi 

xasiaTis, sainJinro mimarTulebis mecnierebis, gamoyenebiTi 

eleqtronikis Sesaxeb, rac wesiT da rigiT stu-s prerogativaa da es 

metad damafiqrebili unda iyos stu-s da Sesabamisi fakultetebis 

administraciisaTvis. 

     mogexsenebaT dReisaTvis eleqtronuli teqnologiebis yvelaze 

mzard da dinamiurad ganviTarebad mimarTulebas warmoadgens 

mikrokontroleruli sistemebi, romlebic ukve gamoiyenebian ara marto 

procesebis kontrolis, marTvisa da inJinruli monitoringis, aramed 

monacemTa marTvis, gadamuSavebisa da gadacemis amocanebis 

gadawyvetilebebSi.  

      maT SexvdebiT realuri droisa Tu CaSenebul sistemebSi: 

samxedro, sainformacio, samzom, samedicino, sayofacxovrebo, saTamaSo, 

saavtomobilo, sarkinigzo, saaviacio, sadarajo, teqnologiuri 

procesebis marTvis, xelovnuri inteleqtis, robototeqnikis, 
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meqatronikis, qseluri aparaturisa  da kidev mraval sxva 

xelsawyoebsa da mowyobilobebSi samuSaod. K 

     kolosaluria mikrokontrolerebis amJamindeli msoflio 

warmoebis wliuri done aTamde miliardi cali weliwadSi. SeiZleba 

iTqvas, rom mikrokontrolerebiT gajerebulia dRevandeli adamianis 

yofiereba. amis, dasamtkiceblad isic kmara Tu gavixsenebT, rom 

dReisaTvis erTi saSualo amerikelis ojaxi aRWurvilia asamde aseTi 

mowyobilobiT. M       

     mikrokontrolerebis warmoebaSi CarTulia aTobiT cnobili 

firma, romlebic uSveben asobiT sxvadasxva daniSnulebisa da 

SesaZleblobebis mqone mikrokontrolerebs. xolo, maTi gamoyeneba 

damuSavebebSi moiTxovs ara marto Rrma inJinrul codnas 

kompiuterebis arqiteqturasa da sqemoteqnikaSi, aramed 

daprogramirebis safuZvlian codnas asamblerebisa da maRali donis 

enebzec ki.      

      sakiTxis mniSvnelobidan gamomdinare msoflios TiTqmis yvela 

umaRles teqnikur saswavleblebSi da saxelmwifo universitetebSic ki 

bolo wlebSi iqmneboda mikrokontroleruli sistemebis Semswavleli 

saswavlo-meToduri da sakonsultacio centrebi, laboratoriebi, 

fasiani Tu ufaso kursebi, romlebic uzrunvelyofdnen saTanado 

specialistebis, profesiuli kadrebisa da pedagogebis  momzadebasa da 

gadamzadebas am mimarTulebiT.  

      danarT-1-Si warmodgenilia mcire nawili universitetebisa 

mikrokontrolerebis Semswavleli zogadi da specializirebuli 

kursebiT, laboratoriebiT da Asaswavlo-sakonsultacio centrebiT. 

maT Sorisaa ruseTsa da dsT-s sivrcis universitetebic. 

     samwuxarod saqarTvelos teqnikur universitetSi jer kidev 

naklebi yuradReba eqceva mikrokontroleruli sistemebis swavlebas, 

laboratoriebis Seqmnasa da maT saTanado aRWurvas. Aam mxriv 

saqarTvelos saxelmwifo universitetmac ki gagviswro, ix. danarTi-2.    

     fasdaudebelia mikrokontrolerebis roli sainJinro 

mecnierebebis ganviTarebis saqmeSi. mikrokontroleruli sistemebis 

kvlevebsa damuSavebebSi garda universitetebisa CarTulia agreTve 

aTeulobiT samecniero-kvleviTi instituti, saproeqto da 
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sakonsultacio organizacia da damoukidebeli firma TavianTi 

sawarmoo simZlavreebiT.    

      gansakuTrebiT xelsayrelia maT bazaze dafuZnebuli industriis 

ganviTareba mcirebiujetiani qveynebisaTvis, iseTisa rogorc Cveni 

qveyanaa, radgan maTi gamoyeneba ar moiTxovs did finansur 

danaxarjebs da ekonomiurad gamarTlebulia. dReisaTvis ukve aris 

qveynebi, romelTa sabiujeto Semosavlebis 80 procenti msgavsi 

teqnologiebis aTvisebasa da realizaciaze modis. 

     Uunda aRiniSnos, rom me mikrokontroleruli sistemebis 

kvlevebisa da damuSavebebis laboratoriis Seqmnis mizniT araerTxel 

mivmarTe oficialurad stu-s administraciis xelmZRvanelobas, kerZoT 

baton ramaz xuroZes - 2005 wels, baton arCil mowoneliZes - 2007 

wels, magram samwuxarod saqme win ver wavida. Tumc unda aRiniSnos, 

rom b-n r. xuroZis brZanebiT (brZ. # 28 13.04.05w), maSindeli #41 

kaTedris gamgis prof. zurab wveraiZis wardginebiT Seiqmna 

mikrokontroleruli  sistemebis Semswavleli “saswavlo da 

sakonsultacio centri”, Mmagram maSin Sesabamisi farTis gamonaxva ver 

moxerxda, amas daemTxva universitetis reformebi da es saqme Seferxda. 

     rac Seexeba Cems gamocdilebas msgavs saqmianobaSi mogaxsenebT, 

rom 36 weli vimuSave analogiur samecniero mimarTulebis mqone 

laboratoriaSi, aqedan 6 weli sainJinro Tanamdebobebze, 14 weli 

samecniero Tanamdebobebze, xolo 16 weli samecniero laboratoriebis 

gamged, aqedan logikuri analizisa da diagnostikis laboratoria, 

romelic mikroprocesorul sistemebze iyo orientirebuli, Seqmnili 

iyo uSualod Cemi inciativiTa da sakavSiro xelsawyoTamSeneblobis 

saministros warmomadgenlebis batonebis iveri frangiSvilisa da 

keSekis xelSewyobiTa da TanadgomiT. A 

     am xnis ganmavlobaSi monawileoba maqvs miRebuli mraval 

samecniero-kvleviT da sacdel-sakonstruqtoro Temebis damuSavebaSi, 

seriul warmoebaSi gaSvebasa da gawyobis samuSaoebSi, maT samxedro, 

samrewvelo da saganmanaTleblo obieqtebze danergvaSi. Eesenia 

informaciis maregistrirebeli mowyobilobebi, specializirebuli da 

universaluri gamomTvleli manqanebi, informaciuli kompleqsebi, 

logikuri analizatorebi, sxvadasxva procesebis marTvis pultebi, 
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metalis mZebnelebi. SeiZleba iTqvas, rom yofili sabWoTa kavSirisa da 

sev-is qveynebis Tboeleqtrosadgurebis mZlavri energoblokebis 90% 

da atomuri eleqtrosadgurebis 70% Cemi monawileobiT Seqmnili 

informaciuli kompleqsebiTaa aRWurvili. xolo, Cemi sainciativo 

sacdel-sakonstruqtoro damuSaveba “logikuri analizatori la-16”, 

sakavSiro xelsawyoTamSeneblobis saministros umniSvnelovanes 

samuSaoTa gegmaSic ki iqna Casmuli, iwarmoeboda seriulad, igi 

gamofenil iyo yofili ssr kavSiris TiTqmis yvela respublikis 

xelsawyoTamSeneblobis salonSi, bolos sakavSiro saxalxo 

meurneobis miRwevaTa gamofenazec gaigzavna, saxelmwifo premiazec 

unda wardgeniliyo magram sabWoTa kavSiris daSlam yvelaferi CafuSa. 

A     am samuSaoebisTvis miRebuli maqvs sabWoTa kavSiris warCinebuli 

gamomgoneblisa (14 gamogoneba, aqedan erTi maTgani Ria beWvdaSi 

gamoqveynebis akrZalviT) da Cexoslovakiis warCinebuli energetikosis 

wodebebi, gamoqveynebuli maqvs statiebi, moxsenebaTa Tezisebi, 

sainformacio-sareklamo prospeqtebi. daculi maqvs disertacia grifiT 

“samsaxurebrivi gamoyenebisaTvis”. 

     Cemi damuSavebebi da gamogonebebi danergili iyo agreTve Cveni 

qveynis, saqarTvelos samrewvelo da saganmanaTleblo obieqtebze, 

kerZoT: xelsawyoTamSeneblobaSi, CarxmSeneblobaSi, 

elmavalSeneblobaSi, samxedro mrewvelobaSi, politeqnikur 

institutSi, agreTve spec. daniSnulebis obieqtebze.  

    amJamad intensiurad vmuSaob mikrokontroleruli sistemebis 

kvlevebsa, damuSavebebsa da gamoyenebebSi. bolo xuTi wlis 

ganmavlobaSi damuSavebuli da danergili maqvs sami mowyobiloba: 

“adamianis fizikuri reaqciis gamzomi mowyobiloba”, “obieqtTa dacvis 

mowyobiloba” da “metalaRmomCeni”, miRebuli maqvs saqarTvelos eqvsi 

patenti, gamoqveynebuli maqvs eqvsi samecniero statia, gamosuli var 

oTx saerTaSoriso konferenciaze moxsenebiT da gamoqveynebuli maqvs 

Sesabamisi masalebi, gamoqveynebuli maqvs erTi damxmare 

saxelmZRvanelo da erTi meToduri miTiTeba, xelmZRvaneloba maqvs 

gaweuli erT warmatebiT dacul samagistro disertaciaze, 

damuSavebuli maqvs ori sakonkurso proeqti sagranto 
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dafinansebisaTvis, erTi saqarTvelos teqnikuri universitetSi, erTi ki 

saqarTvelos erovnul samecniero fondSi. ix. danarTi 3. 

   rogorc yovelive zemoT aRiSnulisagan Cans, var mosuli stu-Si 

dargobrivi mecnierebidan informaciuli teqnologiebis 

mimarTulebebiT. maqvs codna da gamocdileba Tanamedrove 

eleqtronuli mowyobilobebis laboratoriebis SeqmnaSi da mis bazaze 

mecnierul  damuSavebebSi, kvlevebSi da danergvebSi. maqvs didi 

survili, rom Cemi es codna da gamocdileba gadavce Sesabamisi 

specialobis studentebs. Mmaqvs survili vaswavlo studentebs 

sagamomgoneblo saqmianoba, rasac Cemi azriT didi saxelmwifo 

mniSvneloba aqvs.  Dda yovelive amisaTvis gTxovT Tanadgomasa da 

xelSewyobas stu-s, Sesabamis struqturaSi mikrokontrolerebis 

Semswavleli samecniero laboratoriis  Camoyalibebis saqmeSi. 

U     unda aRiniSnos agreTve erTi metad mniSvnelovani garemoeba. 

Uukanasknel wlebSi SeimCneva mokrokontrolerebis sul ufro farTo 

gamoyeneba xelovnuri inteleqtis amocanebis gadasawyvetad. rogoricaa 

mag. saxeTa gamocnoba, xmis gamocnoba, neironuli qselebi da sxv. Aam 

mizniT SeirCa da warmaTebiT gamoiyeneba Sesabamisi Teoriuli bazac, 

egreTwodebuli araklasikuri logika, konkretulad aramkafio logika  

(Fuzzy Logic) da  gauqmebadi logika (Defeasible Logic), rac yvelaze ukeTesad 

Seesabameba xelovnuri inteleqtis amocanebs. qvemoT moyvanilia is 

samecniero Sromebi da gamocemebi, romlebSic ganxilulia es 

egzotikuri Teoriebi da maTi gamoyenebebi.  

 

samecniero Sromebi da statiebi 

1. B. Kosko// "Neural Networks and Fuzzy Systems--A Dynamic Systems Approach to 

Machine Intelligence"/ (Prentice-Hall, Englewood Cliffs, N.J., 1992). 

2. Michael A. Covington// Defeasible Logic on an Embedded Microcontroller /Proceedings, 

Tenth International Conference on Industrial and Engineering Applications of Artificial 

Intelligence and Expert Systems (IEA-AI), 1999), 

3. Ali Gulbag…// A neural network implemented microcontroller system for quantitative 

classification of hazardous organic gases in the ambient air, International Journal of 

Environment and Pollution, Volume 36, Number 1-3 / 2009 

4. Mutlu Avcı… // GENERATION OF TANGENT HYPERBOLIC SIGMOID FUNCTION FOR MICROCONTROLLER 

BASED 
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DIGITAL IMPLEMENTATIONS OF NEURAL NETWORKS//Yildiz Technical University Electronics and 

Communication Engineering Dept. 

5. David Drew …// Autonomous Directional Rotary Artificial Intelligence Navigational 

System/ 

Cornell University, David Drew and Joanna Dai.mht 

6. Brubaker, D.I.// Fuzzy-logic Basics: Intuitive Rules Replace Complex Math, / EDN, June 18, 1992. 

7. Schwartz, D.G. and Klir, G.J.,//"Fuzzy Logic Flowers in Japan," IEEE Spectrum// July 1992. 

8. Zadeh, L.A.// Fuzzy Sets// Information and Control, Vol. 8, pp. 338-353, 1965.  

9. Zadeh, L.A., //Outline of a New Approach to the Analysis of Complex Systems and Decision 

Processes// IEEE Transactions on Systems, Man, and Cybernetics, SMC-3, pp. 28-44, 1973. 

10. Brubaker, D.I., //Fuzzy-logic Basics: Intuitive Rules Replace Complex Math,// EDN, June 18, 1992.  

wignebi 

1. Bert van Dam //Artificial Intelligence//   2009//The book 

2. Geoffrey I. Webb // AI 2004: //Advances in Artificial intelligence : 17th Australian Joint 

3. George J. Klir, Bo Yuan// Fuzzy Sets and Fuzzy Logic: Theory and Applications  

4. George J. Klir, et al // Fuzzy Set Theory: Foundations and Applications  

5. N. M. Martin (Editor), L. C. Jain (Editor) //Fusion of Neural Networks, Fuzzy Systems and 

Genetic Algorithms: Industrial Applications  

6.  Guido J. Deboeck (Editor)//Trading on the Edge : Neural, Genetic, and Fuzzy Systems for 

Chaotic Financial Markets (Wiley Finance). 

 
Aam araklasikur logikaTa zogierTi gamoyenebebi moicavs: 

• marTvas (robototeqnikas, avtomatikas, sayofacxovrebo 

eleqtronikas); 

• sainformacio sistemebs (monacemTa bazebis marTvis sistemebs,  

sainformaciis saZiebo sistemebs); 

• saxeTa gamocnobas (gamosaxulebaTa damuSaveba, manqanuri xedva); 

• gadawyvetilebaTa mxardaWeras (adaptiuri sistemebi, sensoruli 

analizi); 

     moviyvanoT kidev erTi citata zemoTaRniSnuli publikaciidan.   

“Специализация «электроника» обретает в Грузии второе дыхание. Расскажите об этом 

подробнее. Раньше такого рода специальность присутствовала в различных 

модификациях. И была представлена на разных кафедрах в том же ГПИ. А сегодня она 

получила новую реализацию в ТГУ. Электроника, это сплав научных достижений и 

современных технологий. Прежде всего, это умные электронные машины - они 
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снабжены «электронными мозгами», программами, созданными на основе сложнейших 

математических алгоритмов, миниатюрны и встроены в самые разнообразные объекты. 

От игрушек до сложных космических систем.” 

     aq avtori kmayofilebiT aRniSnavs, rom adre es specialoba 

farTod iyo warmodgenili ГПИ -Si sxvadasxva kaTedrebze, magram axla 

aq, CvenTan ТГУ-Si miiRo axali realizaciao.  

     me vfiqrob, rom Cven, anu stu-m unda daibrunos Zveli avtoriteti 

am mimarTulebiT.  am mizniT mizanSewonilad mimaCnia eleqtronuli 

laboratoriis Seqmna xelovnuri inteleqtis mimarTulebis (kaTedris) 

bazaze, sadac Cemi azriT dReisaTvis aris yvelaze farTo asparezi 

Tanamedrove eleqtronuli teqnologiebis gamoyenebisa im mecnieruli 

kvlevebisa da rezultatebis praqtikuli realizaciebis mizniT, rac 

miRweulia am kaTedris mecnierebis mravalwliani moRvaweobiT, 

kaTedris gamgis baton oTar verulavas xelmZRvanelobiT. 

darwmunebuli var, kaTedris mecnierebis Teoriuli kvlevebis 

mravalaTeulwliani gamocdilebis - xelovnuri inteleqtis dargSi da 

Cemi mravalaTeulwliani gamocdilebis - eleqtronuli 

mowyobilobebis damuSavebebis dargSi erToblivi gamoyenebis Sedegad 

xelovnuri inteleqtis eleqtronuli laboratoria  warmatebiT 

Seasrulebs maszed dakisrebuli amocanebis gadawyvetilebebs, kerZoT 

jer erTi aRvzrdiT maRalkvalificiur specialistebs, mkvlevar 

eqsperimentatorebs mecnierebisa da teqnikis sxvadasxva dargebSi da 

meore, SevasrulebT Cveni qveynisa da sazogadoebisaTvis realur 

praqtikul damuSavebebs, riTac xels SeuwyobT stu-s finansuri 

mdgomareobis gaumjobesebas. 

     laboratoria, analogiurad msgavsi sazRvargareTuli 

struqturebisa, unda Sedgebodes cxra samuSao adgilisagan, aqedan 

erTi xelmZRvanelisTvis xolo rva ki studentebisTvis. TviToeuli 

adgili unda iyos aRWurvili pentiumis klasis kompiuterisagan da 

sxvadasxva firmebis _ atmelis, maikroCipis, zailogis, motorolas 

(erTi mainc TviToeuli adgilebisTvis) instrumentaluri 

saSualebebisagan. laboratoriis SemadgenlobaSi unda iyos agreTve 

erTi 16 arxiani logikuri analizatori, erTi orarxiani 

oscilografi, erTi erTarxiani oscilografi, erTi laboratoriuli 
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regulirebadi kvebis wyaro, cxra 12 voltiani mcire simZlavris kvebis 

wyaro, erTi 12 voltiani damteni.     

TviToeul samuSao adgils unda gaaCndes agreTve sxvadasxva 

farTobis mqone teqnologiuri beWvdiTi dafebi maketebis asawyobad, 

mikrokontrolebis sxvadasxva kompleqtebi, eleqtronuli elementebi 

(winaaRmdegobebi, kondesatorebi, diodebi, tranzistorebi, Suqdiodebi, 

Svidsegmentiani indfikatorebi da sxv.), agreTve Sromis saSualebebi 

(sarCilavi,  kala, kanifoli, flusi, pinceti, lanceti, mkvnetara).  
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eleqtronika 

leqcia 1. istoriuli mimoxilva 
ra aris eleqtronika?- eleqtronika aris informaciis gadacema, 

miReba, damuSaveba da Senaxva eleqtruli muxtebis daxmarebiT. Eigi 

aris mecnierebac, teqnikuri xerxebic, mrewvelobac.  

rac Seexeba informacias, igi warmoiSva mas Semdeg roca 

warmoiSva kacobrioba.Aadamianis azrovneba, metyveleba, sasignalo 

koconebi, simaforuli telegrafi Tu sxv. – es yvelaferi informaciis 

miReba, gadacema, damuSaveba da Senaxvaa. es yvelaferi ki ukve 5000 

welia arsebobs. Mmagram mxolod axlaxan, me-18 saukunis bolos iqna 

gamogonili telefoni da telegrafi, romlebic warmoadgenen 

informaciis gadacemisa da miRebis mowyobilobebs eleqtruli 

signalebis daxmarebiT. maTi gamogonebiT daiwyo eleqtronikis 

ganviTareba, anu im eleqtronikisa rogorc mas dRes uwodeben. 

1895 wels popovma gamoigona da aawyo radios moqmedi modeli, 

romelic iyo informaciis umavTulod gadacemis eleqtronuli 

mowyobiloba. hercma Caatara cdebi raqdiotalRebis gavrcelebis 

Sesaxeb, markonim ganaviTara da gamoiyena es cdebi radios asagebad, 

romelsac saSualeba hqonda amoerCia gadamcemi radiosadguri 

gamosxivebis talRis sigrZis mixedviT. 

Mmagram dasawyisSi ar arsebobda kargi gamaZlierebeli elementi 

eleqtruli mowyobilobebisaTvis. amitom eleqtronikis namdvili 

ganviTareba daiwyo 1904 wlidan, mas Semdeg rodesac gamogonil iqna 

radiomilaki-diodi, 1907 wels ki radiomilaki-triodi. maTi 

gamosaxulebebi mocemulia nax. 1-ze. Mmarcxniv gamosaxulia 

radiomilaki – diodi, romelic Sedgeba hermetiuli balonisagan, 

xolo balonis SigniT vakumia da ramodenime metalis konstruqcia 

gareT gamomavali gamomyvanebiT - eleqtrodebiT. erTi maTgani 

varvarebis Zafia, romelSic denis gatarebiT axorcieleben mis 

gaxurebas 700-2300оC. es Zafi axurebs kaTods, romelzedac miwodebulia 

uaryofiTi Zabva da amitom kaTodi gamoafrqvevs eleqtronebs. anodze 

mierTebulia dadebiTi Zabva. maT Soris (kaTodsa da anods Soris) 

ZabvaTa sxvaoba sakmaod didia (100-300 v) da amitom is eleqtronebi 
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romlebic gamoityorcnebian kaTodis mier miizidebian anodis mier   

da Sesabamisad milakSi gaivlis deni.   

                    

  

                      

                              nax. 1 

 

Tu ki Zabvis polarobas SevcvliT, maSin eleqtronebi civi anodidan 

ar amoityorcnebian, da amitom deni milakSi ar gaivlis. Aaqedan Cans, 

rom diodma SeiZleba Seasrulos cvladi denis gamarTvis funqcia.    

Mnaxazis marjvniv gamosaxulia radiomilaki – triodi. Maqac 

yvelaferi iseTivea rac diodSi, magram aq aris damatebiTi eleqtrodi- 

mmarTveli bade. Cveulebriv badeze modeben uaryofiT potencials, rac 

xels uSlis (ganizidavs) kaTodidan amofrqveul eleqtronebs. 

Sesabamisad rac ufro metia badis uaryofiTi potenciali, miT ufro 

mcire eleqtronebi gaZvrebian kaTodidan anodisaken. Aamgvarad badis 

potenciali gamoiyeneba radiomilakSi denis samarTavad. Cveulebrivad 

milakSi bade kaTodTan ufro axlosaa ganlagebulia vidre anodTan, 

amiTom badis mcire potencialebis cvlilebiT SeiZleba milakis didi 

denebis marTva. Tu anodze Zabva didi winaRobis gavliT miewodeba, 

maSin anodze potenciali ufro didad Seicvleba vidre badeze. 

maSasadame es mowyobiloba gamodis Zabvis kargi gamaZlierebeli. 

radiomilakebma ganviTarebis Zalzed didi gza gaiares. 

gamoCndnen, ufro srulyofili tetrodebi da pentodebi, anu milakebi 

oTxi da xuTi eleqtrodebiT, romlebsac hqondaT ufro didi 

gaZlierebis koeficientebi. Semdeg daiwyes ufro rTuli 

radiomilakebis Seqmna xuTze meti eleqtrodebiT: maTgan yvelaze meti 

gavrceleba hqondaT gaormagebul diodebs, triodebs, diod-triodebs 

da sxv. gasmoCndnen gaziT Sevsebuli milakebi - gazotronebi. maTSi 
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moTavsebuli iyo gazi didi wnevis qveS. Cveulebriv es gazi 

ionizirdeba, anu warmoiqmneba ionebi - anu atomebi eleqtronebis 

gareSe, romelTac hqondaT dadebiTi muxti. aseT milakebSi denis 

gavla ufro rTulia, radgan igi SeiZleba iyos rogorc eleqtronuli 

aseve ionuri. milakebis zomebi ki iyo Zalzed gansxvavebuli 

erTmaneTisagan: dawyebuli TiTissimsxo miniaturulidan damTavrebuli 

uzarmazar adamianis simaRlemde. 

triodis gamogonebam didi roli iTamaSa eleqtronikis 

ganviTarebaSi. Mmeore msoflio omisTvis radiomilakebis msoflio 

wliurma warmoebam ramdenime milions gadaaWarba. Ggamogonil iqna da 

Seiqmna informaciis gadacemisa da miRebis mravali mowyobiloba. Mmag. 

telefoni da telegrafi, radiomimRebi da radiogadamcemi. 

Ppatefonebis magivrad gamoCndnen firfitebis eleqtronuli 

damkvrelebi, magnitofonebi. Ddaiwyo satelevizio teqnikis 

ganviTarebac.  

Mmagram yvelaferi es jer kidev nawilia eleqtronikis 

amocanebisa. sad aris informaciis damuSaveba, eleqtronikis yvelaze 

rTuli, mniSvnelovani da saintereso funqcia. naTelia, rom es amocana 

SeiZleba warmatebiT gadawyvitos mxolod gamomTvlelma 

mowyobilobam. 

meore msoflio omis dasawyisisTvis ukve gamoCndnen 

eleqtronuli ariTmometrebi, informaciis cifruli dammuSaveblebi. 

Mmagram eleqtronikis am sferos namdvili ganviTareba daiwyo 

eleqtronuli gamomTvleli manqanebis (egm) gamoCenisTanave. Ees ambavi 

moxda 1948 wels, rodesac amerikis SeerTebul StatebSi Seiqmna 

pirveli egm-i radiomilakebze, romlis saxelwodebac iyo eniak-i. 

qvemoT moyvanilia am eleqtronuli gamomTvleli manqanis zogierTi 

parametri: 

 

radiomilakebis raodenoba 18000 cali 

sxva elementebis raodenoba  100 000 cali 

wona 30 tona 

farTi  100 m. kvadrati 
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gafantuli simZlavre 100 kvt 

swrafqmedeba 10 000 hc 

                

rogorc am cxrilidan Cans egm-i iyo grandiozuli nageboba. 

magram mas hqonda Tanamedrove gamomTvleli manqanis yvela niSani. 

maxsovroba, romelic Seicavda monacemebs da maTi damuSavebis 

programas, ariTmetikul - logikuri mowyobiloba, gare 

mowyobilobebTan kavSiri. magram, ra Tqma unda mas hqonda agreTve 

bevri xarvezic. teqnikis dRevandel dones Tu SevadarebT es egm-i 

ufro naklebad rTulia vidre Tanamedrove kalkuliatori, 

gansakuTrebiT im SemTxvevaSi Tu es kalkuliatori programirebadia, 

magram wonis mixedviT (30 tona 50 gramTan SedarebiT), dakavebuli 

farTis, gafantuli simZlavris mixedviT  Tanamedrove 

kalkuliatorebs mniSvnelovnad ufro ukeTesi maCveneblebi gaaCniaT. 

gansakuTrebiT mniSvnelovania is, rom maTi swrafqmedeba gacilebiT 

metia 1 mhc-ze, anu asjer ufro didia vidre pirvili egm - is. 

Mmagram, kidev ufro mniSvnelovania pirveli egm-is muSaobis 

xangrZlioba, romelic ZiriTadaT  damokidebulia radiomilakis 

muSaobis xangrZliobaze. Ees parametri ki ganisazRvreba mtyunebaTa 

(anu maTi mwyobridan gamosvlaTa, gafuWebaTa) intensivobiT, romelic 

tolia 

λ = 10-5
s

-1 

es niSnavs imas, rom 100 000 radiomilakidan erTi cali mainc 

mwyobridan gamova 1 saaTis ganmavlobaSi. sxva sityvebiT rom vTqvaT, 

erTi radiomilakis muSaobis xangrZlioba tolia  

Т = 1/λ = 105 
sE 

es sakmaod didi cifria. marTlacda, Tu CavTvliT, rom dReRameSi 

magaliTad 25 saaTia, maSin igi 4 000 dRis tolia, anu daaxlovebiT 12 

wlis ganmavlobaSi imuSavebs mwyobridan gamousvlelad. Ees 

TavisTavad cudi araa Tu erTdroulad mxolod 5-10 radiomilaki 

muSaobs, magram Tu ki erTdroulad 18 000 radiomilaki muSaobs maSin 

situacia mkveTrad icvleba. Yyvela radiomilaki muSaobs 12 wlis 

ganmavlobaSi, magram isini mwyobridan gamodian SemTxveviT, drois 

nabismier momentSi. erTi radiomilakis mwyobridan gamosvliTac ki 
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mwyobridan gamodis mTeli mowyobiloba. Aam SemTxvevaSi mTeli 

mowyobilobisaTvis SegviZlia davweroT, rom 

λsaer = N * λ = 18 000 * 10-5 = 0,18 s-1 

xolo mTeli mowyobilobis muSaobis xangrZlioba toli iqneba 

Т saer = 5 sE 

gamodis, rom eniak–is muSaobis xangrZlioba sul 5 saaTi 

yofila! saSualod yovel 5 saaTSi romeliRac radiomilaki SeiZleba 

gamovides mwyobridan. moiZebnos 18 000 radiomilakidan erTi 

gafuWebuli radiomilaki arc Tu ioli saqmea. Mmas Semdeg ki rodesac 

igi napovnia saWiroa misi Secvla da Semdeg ki egm-is Semowmeba 

Sromisunarianobaze. yvelafer amas dasWirdeba kidev daaxlovebiT 5 s. 

magram saWiro iyo ufro rTuli egm-is Seqmna. Tu ki mas 

gavarTulebdiT iseTnairad, rom gavzrdidiT radiomilakebis 

raodenobas vTqvaT 10-jer, am SemTxvevaSi muSaobis xangrZlioba 

iqneboda 0,5 s. remontze ki wavidoda kidev ufro meti dro. es ki egm-Si 

gamoyenebuli elementebis “raodenobaTa katastrofaa”. 

eleqtronikis mTeli Semdgomi ganviTareba dakavSirebulia 

“raodenobaTa katastrofa”-sTan brZolasTan. amisaTvis saWiro iyo 

radiomilakis mtyunebaTa intensiobis Semcireba. magram radiomilaki 

rTuli mowyobilobaa. jer erTi mis SigniT Rrma vakumia, Tu is 

daikargeba es gamoiwvevs anoduri denis Semcirebas, radganac 

gaizrdeba am eleqtronebis Sejaxebis raodenoba haeris atomebTan da 

im ionebTan, romlebic am Sejaxebis Sedegad warmoiqmneba. naTuris 

bade  ki mavTulis spiralia, romelic kaTodis garSemoa daxveuli. igi 

Zalian sustia. ver itans gadatvirTvebs, vibracias. varvarebis Zafi 

gaxurebulia maRal temperaturamde, amitom gamoafrqvevs ara marto 

eleqtronebs, aramed sakmaod bevr atomebs, e.i. Zafi ganuwyvetliv 

orTqldeba. yvela am xarvezis Tavidan acileba da amiT radiomilakis 

muSaobis xangrZliobis gazrda ver moxerxda.  

da ai 1948 wels gamoigones tranzistori. is Tavidan 

gamoiyureboda ise, rogorc es nax. 2-zea nasCvenebi. 
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                              nax. 2 

 

tranzistori gacilebiT ukeTesia vidre radiomilaki: ufro mcire 

zomebisaa, msubuqia, ar aris varvarebis Zafebi. misi zomebi erT 

milimetrze meti araa. es naxevargamtaris mTeli naWeria, romelic 

sakmaod sali masalaa, sisaliT igi ar Camouvardeba foladsa da Tujs. 

amitom tranzistoris mtyunebaTa intensioba naklebia, daaxloebiT igi 

udris: 

λ = 10-7 
s

-1 

tranzistorebma Zalzed swrafad moipoves popularoba da 

gasaRebis bazari. ukve 1949 wels amerikis SeerTebul StatebSi Seqmnes 

pirveli tranzistoruli egm-i romelic eniak-is analogiuri iyo, e.i 

ukve erT welSi mas Semdeg rac gamogonil iqna tranzistori. 

ilustraciisaTvis mogvaqvs citata Jurnal "Наука и жизнь"-idan rac 

gamoqveynda 1986,  № 2 –Si: “Tu aTvlis wertilad miviRebT pirvel 

manqanebs, maSin dReisaTvis egm-is Siga maxsovrobis moculoba 

gaizarda asobiT jer, aTasobiT jer Semcirda energiis moxmareba, 

fasi. specialistebma daiangariSes, rom Tu ki aseTive tempebiT 

ganviTardeboda avtomobilmSenebloba, maSin “volgis’ klasis manqana 

imoZravebda TiTqmis sinaTlis sxivis siswrafiT, moixmarda ramdenime 

gram benzins as kilometrze da misi Rirebuleba iqneboda ramdenime 

maneTi” da es iyo sul raRac 15 wlis winaT. 

exla vnaxoT ufro dawvrilebiT Tu rogor iqna gamogonebuli 

tranzistori. aRmoCnda, rom is gamoigones maSin rodesac ikvlevdnen 

ori р-п  gadasvlis (naxevargamtaruli diodebis) urTiergavlenas, 

roca isini ganlagebul iyvnen Zalzed axlo manZilze erTmaneTTan.  

ori metalis Zalzed maxvil nemss aTavsebdnen germaniumis 

(naxevargamtaris) zedapirze Zalzed mcire manZilzed erTmaneTTan da 
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Semdeg maTSi mcire xnis ganmavlobaSi atarebdnen did dens. Ees deni 

iwvevda nemsebis gaxurebas did temperaturaze rac Tavis mxriv iwvevda 

maT SeduRebas naxevargamtarze. Aanu sxva sityvebiT rom vTqvaT am 

dros xdeboda naxevargamtaris gaxureba, metali nawilobriv ixsneboda 

naxevargamtarSi  da igi difundirdeboda mis SigniT. metalis SerCeva 

xdeboda imgvarad, rom misi atomebi qmnidnen eleqtronul п-tipis 

naxevargamtars. amgvarad miiReboda ori р-п  gadasasvleli. da 

radganac isini iyvnen Zalzed axlos, amitom Sedioden 

urTierTqmedebaSi erTmaneTTan da miiReboda tranzistori. 

pirvel tranzistorebs swored amgvarad amzadebdnen da am 

teqnologias uwodebdnen wertilovans. magram misi xarvezebi 

TvalnaTeli iyo maSinve. saqme imaSia, rom tranzistorebis TeoriiT р-п 

gadasasvlebs Soris manZili gacilebiT naklebi unda iyos difuziuri 

manZilis sidideze (Tu ra aris es amas Cven ganvixilavT Semdeg 

leqciebSi). es sidide Zalzed mcirea, igi devs erTidan ramdenime 

aTeul mikrometramde (Cveulebrivad amboben mikronebs) zRvarSi. ori 

nemsis ase axlos erTmaneTTan ganlageba SeuZlebelia. mikroni 

gacilebiT mcirea vidre adamianis Tmis sisqe (daaxlovebiT 50 mkm).  

SeiZleba dauSvaT, rom manZili nemsebs Soris Tanazomadia 

adamianis Tmis sisqisa da magaliTad tolia 0,1 mm, anu 100 mkm. Semdeg 

unda gavataroT eleqtruli ganmuxtvis naperwkali am nemsebs Soris, 

rom miviRoT maTi gadnoba da metalis Sereva da difuzia. es procesi 

Zneli gansaxorcielebelia, amitom am teqnologiiT damzadebuli bevri 

tranzistori wundebulni aRmoCndebodnen xolme; xan р-п gadasasvlebi 

erwymodnen xolme erTmaneTs, xan MmaT Sori manZili iyo xolme Zalzed 

didi, xolo TviTon tranzistoris gaZlierebis koeficienti iyo 

SemTxveviTi sidide. 

saWiro iyo tranzistorebis damzadebis teqnologiis 

gaumjobeseba. pirveli nabiji am mimarTulebiT gadadgmul iqna 

rodesac wertilovani teqnologia Secvales Sednobis teqnologiiT. 

ZiriTadi konstruqcia, romelic am meTodSia gamoyenebuli: or  

grafitul  firfitas, romelzedac datanilia mcire zomis Rrmulebi 

maTSi moTavsebuli aluminiT gars SemoaWdoben germaniumis firfitas 

п-tipis eleqtronuli eleqtrogamtareblobiT. Aam konstruqcias 
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aTavseben RumelSi, romelSic maRali temperaturaa (600-800оС). Aalumini 

am temperaturaze dneba da difundirdeba germaniumSi. rodesac 

difuzia Rrma fenebSi gavrceldeba process wyvetaven. Aalumini aris 

aqceptori, e.i iq sadac difuzia moxda germaniumi gadaiqca p-tipis 

xvrelur naxevargamtarad.  

Amis Semdeg miRebul firfitas daWrian nawilebad, romlebic 

Sedgenilni iqnebian sami sxvadasxva tipis eleqtrogamtarebiT 

(tranzistorebi), Cadeben korpusebSi da miarCilaven kristals 

fexebTan. amiT tranzistori damzadebulia. 

Sednobis tranzistorebi gacilebiT ukeTesia wertilovan 

tranzistorebTan SedarebiT: aq difuziis procesi ufro marTvadia, 

ubralod myardeba RumelSi mudmivi temperatura da regulirdeba 

difuziis mimdinareobis dro. Aamgvarad wertilovani teqnologia 

Secvlil iqna Sednobis teqnologiiT. 

Mmiuxedavad amisa, Sednobis teqnologias aqvs garkveuli 

xarvezebi. MmaT Soris ZiriTadia is, rom difuzia xdeba sxvadasxva 

mxares. Fgermaniumis naxevargamtaris firfitis sisqes ver iReben 0,5...1 

mm-ze naklebs radgan is gadaiqceva drekadad, daiwyebs daxvevas da 

dakargavs brtyel formas. amgvarad gamodis, rom firfitis sisqe sadac 

jer kidev SeiZleba difuziis Catareba Seadgens rogorc minimum 250 

mkm, bazis sisqe 1...5 mkm-ia da igi unda gaketdes zusti (sizustiT 

aranakleb 1 mkm). sabolood viRebT, rom saWiroa difuziis Catareba 250 

mkm-is siRrmeze sizustiT 1 mkm. Ees ki Zalzed rTuli 

gansaxorcielebelia. 

tranzistorebis damzadebis teqnologiis TandaTanobiT 

daxvewis Semdeg gadavidnen egreTwodebul difuziur teqnologiaze, 

romelic dafuZnebulia fotoliTografiaze. 

fotoliTografiis mokle aRwera. mis amocanas Seadgens 

kremniumis zedapirze (es masala yvelaze kargad esadageba 

fotoliTografiis meTods) difuziisaTvis Sesabamisi niRbis Seqmna, 

romelic damzaddeba calke lokalurad. Aam niRabma unda gauZlos 

Zalzed maRal temperaturas (1200...13000С). am mizniT gamoiyeneba 

kremniumis Jangi, romlis miRebac xdeba Zalzed martivad TviTon 

kremniumis daJangviT maRal temperaturaze wylis orTqlisa da 

 54



Jangbadis gamoyenebiT. Mmisi sisqe daaxloebiT 1 mkm-ia, magram es 

sakmarisia raTa ar mieces Senarevis atomebs naxevargamtarSi 

difundirebis saSualeba. Aamis Semdeg kremniumis JangeulSi akeTeben 

naxvretebs (fanjrebs), romlebic gansazRvraven sad unda moxdes 

lokaluri difuziebi. 

     fanjrebis damzadebisTvis Cveulebriv gamoiyeneben fotorezists - 

es ki praqtikulad fotoemulsiaa, romelsac aqvs garkveuli Tvisebebi: 

1. man unda gauZlos gamxsneli mJaviT mowamvlas (Cveulebriv 

fotoemulsia ver uZlebs), rac aucilebelia kremniumis 

dioqsidSi fanjrebis amowvisaTvis. 

2. mas unda hqondes didi garCevadoba (1000 xazze meti 1 milimetrze, 

anu 1 mkm-ze naklebi). 

3. mas unda hqonde dabali siblante, imisTvis, raTa gaiSalos 1 mkm 

sisqis Sred. (sxvagvarad aseTi maRali garCevadoba ver miiReba).  

4. mas unda Hqondes Suqis dasxivebis mimarT mgrZnobiaroba   

ultraiisfer areSi  (sinaTlis talRis sigrZe Seadgens (0,3  mkm). 

     aseTi mravali gansakuTrebuli Tviseba SeiZleba hqondes mxolod 

gansakuTrebul nivTierebas. Eesaa plastmasa, romelic sinaTlis sxivis 

zemoqmedebiT iSleba, anda sapirispirod, sinaTlis sxivis zemoqmedebiT 

iqmneba. aseTi nivTiereba Seqmnil iqna mravali saxeobis, maT 

fotorezistebi ewodebaT.  

     amgvarad, fotoliTografiis procesSi, Cven SeiZleba SevqmnaT 

kremniumis Jangeuli (kremniumis nmaxevargamtarze), Semdeg maszed 

davitanoT fotorezistis Zalzed Txeli fena, Semdeg fotoSablonis 

gamoyenebiT (es gansakuTrebuli fotofirfiTaa, romelzedac aris 

bevri winaswar gaangariSebuli da datanili muqi da Ria feris 

adgilebi) gavanaTebT mas ultraiisferi SuqiT, Semdeg gamovamJRavnebT 

mas anu movaSorebT ganaTebul adgilebs (an sapirispiroT ara 

ganaTebul nawilebs). Amis Semdeg movaSorebT am fanjrebSi arsebul 

kremniumis dioksids, (gamxsnel mJavaSi mowamvla) da movaSorebT 

TviTon fotorezists, radgan misma narCenebma SeiZleba xeli SeuSalos 

difuziis maRaltemperaturul process. Amis Semdeg ki SeiZleba 

calmxrivi difuziis ganxorcieleba.  
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     aqedan gamomdinareobs, rom ufro martivia gakeTdes zustad 

regulirebadi viwro bazuri Sre, risTvisac vaxorcielebT difuzias 

daaxloebiT 5...6 mkm-ze, Semdeg meorad difuzias 3...4 mkm-ze, Sesabamisad 

baza iqneba daaxloebiT 2 mkm-is sisqis. Ddifuziis siRrme da bazis 

sisqe Tanafardni arian, amitom SeiZleba maTi zustad gakeTeba (mTeli 

firfitis sisqe SeiZleba iyos nebismieri,Mmag. 1 mm. firfita (romelsac 

ekleqtronikaSi Cveulebriv Cipsac eZaxian) SeiZleba daWril iqnas 

calkeul tranzistorebad. Semdeg Semowmebulni da kargi 

tranzistorebi moTavsebul iqnas korpusSi. 

ratom SeZlo mxolod fotoliTografiam bazis sisqis zusti 

dayenebis problemas gadaWra? saqme imaSia, rom Tu ki bazis sisqes 5 

mikronze naklebs aviRebTn (Tmis sisqis 0,1 nawili), maSin SeuZlebeli 

iqneboda aseT aresTan kontaqtis mierTeba. Llokaluri emiteruli 

areebis damzadebisas es kontaqti SeiZleba gaketdes zevidan im 

adgilas sadac ar aris emiteri da sadac SeiZleba iyos gacilebiT 

meti farTobi.  

Aamitom fotoliTografiisa da lokaluri difuziis meTodebis 

ganviTarebam migviyvana tranzistorebis damzadebis difuziuri 

teqnologiis sayovelTao aRiarebamde. 

60-70 wlebSi farTo gavrcerleba hpova tranzistorulma egm-ma 

БЭСМ-6 -ma. Mmagram isic ki umtyunod muSaobda mxolod 1-2 dReRame da 

Semdeg gamodioda mwyobridan. Amis Semdeg saWiro iyo misi remonti 

romelzec midioda daaxloebiT 1-2 dReDRame. Meti raRa gza iyo?  

Uunda amaRllebuliyo tranzistoris saimedooba. Dda es problema 

gadawyvetil iqna. 

TviToeul tranzistors sami kontaqti aqvs, romelsac amzadeben 

oqros kontaqtebis mirCilviT. Aanu sami minarCili kristalzed, 3 

minarCili korpusis fexebTan, sami ki uSualod sqemasTan. sul gamodis 

9 minarCili. Mmetal Jangeul naxevargamtarul tranzistorebs 4 

kontaqti aqvs, amitom aq ukve 12 minarCili gamodis. ra iqneba Tu ki ar 

davWriT tranzistorul firmitas calkeul tranziastorebaT da 

egreve gamoviyenebT maT sqemaSi? saintereso ideaa, amiT SesaZlebelia 

3-jer Semcirdes kontaqtebis raodenoba. Mmagram aq aris sxva problema. 

kerZoT yvela tranzistori damoklebuli iqneba erTmaneTTan 
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koleqtorebiTa da bazebiT. amiTom isini saWiroa ganvamxolood 

erTmaneTisagan. Ees problemac gadawyda da ara erTi meTodiT! 

TviToeuli difuziis dros saWiroa difundirdes is Sre, 

romelic iyo uaryofiTi, anu muxtis matareblebis koncentracia 

aRmoCndeba ufro meti vidre wina Sris.. e.i. yvelaze naklebi 

koncentracia unda iyos firfitaSi. jibeebSi is metia, jibeebma 

SeiZleba Seasrulos koleqtorebis roli, amis Semdeg Seiqmneba bazis 

are, masSi muxtis gadamtanebis koncentracia ufro metia vidre 

koleqtorul areSi, Semdeg keTdeba emiteruli are romelSic yvelaze 

metia muxtis gadamtanebis koncentracia. Ees ki imas niSnavs, rom 

koleqtoruli aris winaaRmdegoba yvelaze didia da amiTom Zalzed 

didia drois mudmiva RC, anu tranzistorebi muSaoben Zalzed nela. 

tranzistorebis swrafqmedebis gazrdisaTvis or jibeze saWiroa 

Txeli fenis gakeTeba, romelTac eqneba muxtis matareblebis didi 

koncentracia. Ees problema gadawyvetil iqna fenebis epitaqsialuri 

dazrdis gziT romelsac iseTive kristaluri orientacia  hqonda rac 

safens. Eesaa epitaqsia. SeiZleba daSendes monokristalis Txeli fena, 

magram muxtis gadamtanebis gansxvavebuli koncentraciiT. 

Sedegad, tranzistoris (integraluri mikrosqemis) damzadebis 

sruli cikli gamoiyureba Semdegnairad. 

1. pirvel etapze akeTeben donorebis lokalur difuzias, 

amasTanave Zlier difuzias – raTa Seiqmnas damaluli fena. 

2. meore etapze asruleben epitaqsias anu epitaqsialuri fenis 

daSenebas eleqtronebis dabali koncentraciiT (eleqtronebi metia, 

vidre xvrelebi). 

3. mesame etapze asruleben aqceptronebis lokalur difuzias 

jebeebaT dayofisaTvis. 

4. amis Semdeg isev asruleben aqceptronul difuzias bazuri 

areebis SeqmnisaTvis. 

5. amis Semdeg saWiroa emiterebis Seqmna, anu donarebis 

lokaluri difuzia. erTdroulad amzadeben koleqtorul aresTan 

karg kontaqts-koleqtoris SegniT Zalzed legirebuli areis SeqmniT. 
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6. da bolos kremniumis mTel zedapirs icaven kremniumis JangiT, 

Semdeg akeTeben maszed fanjrebs tranzistoris kontaqtebisTvis, 

Semdeg afrqveven maTzed metals, zedmet metals ki aSoreben.  

Semdeg unda daiWras firmita calkeul mikrosqemebad, Camagrdes 

korpusSi, mierCilos kontaqtebi. 

aRmoCnda, rom mikrosqemis mtyuvnebaTa intesioba 

naxevargamtaruli struqturiT ki ar ganisazRvreba, aramedD ZiriTadaT 

damokidebulia kontaqtebis raodenobaze. Aamitom mikrosqemis 

mtyuvnebaTa intensioba agreTve daaxloebiT 10-7 s-1-ia. EerT 

mikrosqemaze SeiZleba gakeTdes bevri tranzistori. dReisaTvic maTma 

raodenobam SeiZleba ramdenime aTeul milions gadaaWarbos. 

eleqtrul sqemebSi Cveulebriv bevri elementia. rogor 

davamzadoT isini? 

diodad Cveulebriv gamoiyeneben tranzistors, romelsac ara aqvs 

emiteruli are, anda Cveulebriv tranzistors daumokleben erT р-п 

gadasasvlels.  

rezistorad gamoiyeneben bazur anda koleqtorul ares, magram 

igi unda gakeTdes saWiro sigrZisa da sifarTis saWiro winaaRmdegobis 

misaRebad da Semdeg mas miuerTeben 2 kontaqts. 

Kkondensatorad gamoiyeneben р-п gadasasvlelis parazitul 

tevadobas, anda kondensators akeTeben kremniumis orJangiT, romelsac 

gamoiyeneben dieleqtrikad. 

induqtiobas mikroeleqtronikaSi rogorc aseTi ar akeTeben. 

miuxedavad am yvelafrisa mikroeleqtronikas mainc aqvs Tavisi 

zRvari. tranzistorebis ricxvis gazrda erT kristalze usasrulod 

SeuZlebelia, radganac maT aqvT garkveuli SezRudvebi zomebis 

Semcirebaze. Kkristalis farTobsac Zalzed ver gavafarTovebT. 

Aam SemTxvevaSi aris garkveuli imedi imisa, rom perspeqtivas 

mogvcems funqcionaluri eleqtronika - es is eleqtronikaa, romelSic 

tranzistoris martivi funqciebi Canacvlebulni iqnebian ufro rTuli 

funqciebiT, romlebic SeiZleba sruldebodnen sxvadasxva 

kristalebSi, rogoricaa naxevargamtaruli, segnetoeleqtruli, 

magnito-eleqtruli da sxv.    
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leqcia 2. naxevargamtarebis eleqtrogamtaroba 

cnobilia, rom eleqtruli deni aris eleqtruli muxtebis 

gadatana erTi adgilidan meoreze. Eeleqtruli muxti ki 

elementaruli nawilakebis Tviswebaa. Aarseboben dadebiTi da 

uaryofiTi muxtebi, radganac atomebi Sedgebian dadebiTad damuxtuli 

atomis birTvisa da mis garSemo mbrunavi uaryofiTad damuxtuli 

eleqtronebisagan. Yyvelaze naklebi muxti aqvs eleqtrons. isini 

miizidebian atomis birTvis mier. birTvis muxti gacilebiT didi aqvT, 

misi sidide eleqtronis muxtis jeradia. mTlianobaSi atomebi 

neitralurni arian radgan eleqtronebis raodenoba tolia birTvis 

muxtisa. Mmagram eleqtroni zogjer  SeiZleba mowyvetil iqnas 

atomisagan, rac SeiZleba moxdes magaliTad maRali temperaturebis 

dros. MmagaliTad radiomilakSi gaxurebuli kaTodi gamostyorcnis 

eleqtronebs (romlebic 2000-jer msubuqia atomebze), da isini 

monawileobas iReben kaTodidan anodisaken denis gadatanaSi. 

Mmyar sxeulebSi situacia ufro rTulia, radgan eleqtronebi 

ar arian Tavisufalni. cnobilia, rom calke atomSi eleqtroni 

imyofeba dadebiTi muxtis mizidulobis velSi. Ees SeiZleba 

warmovidginoT, rogorc potencialuri Rrmuli, ix. Nnax, marcxniv. 

Nnaxazze naCvenebia energiis damokidebuleba koordinatisagan erTi 

atomisaTvis marcxniv da mTeli kristalisaTvis marjvniv. erTi atomis 

SemTxvevaSi es ubralod energiis Semcirebaa nulidad usasrulobaSi 

uaryofiT usasrulobamde atomis centrSi. Zalzed mcire 

nawilakebisaTvis potencialur RrmulSi gamoyenebadia kvanturi 

meqanikis kanonebi, da amitom yvelaferi ise ar aris rogorc klasikur 

meqanikaSi. Aaq arsebobs dasaSveb energiaTa diskretuli mwkrivi, 

rasTanac SeiZleba eleqtronebis arseboba atomSi. Tumc paulis 

principidan gamomdinare TviToeul energetikul doneze SeiZleba 

mxolod erTi eleqtronis arseboba. Kkristalis SemTxvevaSi ki, 

rodesac atomebi ganTavsebulia mkacrad periodulad da erTmaneTTan 

Zalzed mcire manZilze suraTi iRebs mniSvnelobas rogorc es  nax.  –

ze marjvnivaa naCvenebi (aq simartivisaTvis naCvenebia 

erTganzomilebiani situacia da ara samganzomilebiani, rogorc es 

sinamdvileSia). Aaq Cans, rom potencialuri Rrmulebis erTmaneTze 
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gadafarvis gamo maTi simaRle Semcirda napira potencialuri 

Rrmulebis garda. Kkvanturi meqanika gveubneba, rom Zalzed mcire 

manZilebis SemTxvevaSi eleqtronebma SeiZleba daZlion es barieri 

damatebiTi energiis miniWebis gareSe. magram albaToba imisa, rom isini 

daZleven am bariers ukuproporciulia barberis sifarTisa da 

simaRlisa eqcponencialur formaSic ki. amitom mxolod da mxolod 

atomur doneze vlindeba kvanturi efeqti, romelsac ewodeba 

gvirabuli efeqti. 

Sedegad eleqtronebma SeiZleba yovelgvari damatebiTi energiis 

gareSe SeaRwios erTi atomidan meoreSi - mezobelSi, Semdeg mesameSi 

da a.S.S. sxva sityvebiT rom vTqvaT, aq xdeba eleqtronebis 

gansazogadoebrioba. Mmagram paulis principi kralavs erT 

energetikul doneze erTze meti eleqtronis arsebobas. Amas mivyevarT 

iqiTken, rom TviToeuli energetikuli done atomSi ixliCeba 

energetikul zonad, romelic Sedgeba iseTi raodenobis doneebisgan, 

ramdeni atomicaa am kristalis naWerSi. Ees ki Zalzed bevria, erT sm 3-

Si daaxlovebiT 1023-ia. 

zonebis raodenoba kristalSi unda Seesabamebodes doneebis 

raodenobas atomSi. Mmagram zonis sigane donis siRrmezea 

damokidebuli. rac ufro Rrmaa igi miT naklebia donis sigane, imitom 

rom miT metia gvirabis efeqtSi gadasalaxavi barieri. Yyvelaze Rrma 

doneebi praqtikulad ar ixliCebian. Yyvelaze zeda dakavebuli doneebi 

daixliCebian yvelaze metad, radgan maT aqvT yvelaze meti sigane. 

naxevargamtarebSi yvelaze sainteresoni arian yvelaze maRali 

dakavebuli zona da Semdegi carieli zona. Aamitom  atomebis 

potencialur Rrmulebs Cveulebriv ar xazaven, da yvela saxis 

sxvadasxva zonebidan xataven mxolod am ors. 
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Ev simvoloTi aRniSnaven bolo Sevsebuli zonis zeda sazRvars, 

anu savalento zonis Wers; 

Ec simvoloTi aRniSnaven pirveli carieli zonis qveda 

sazRvars, anu gatarebis donis fskers.; 

Eg = Ec -  Ev simvoloTi ki aRniSnaven akrZaluli zonis siganes. 

Aamrigad, erTi SexedviT Cven vxvdebiT, rom myar sxeulSi aris 

damuxtuli nawilakebi-eleqtronebi, romlebsac SeuZliaT moZraoba 

masSi. Mmagram sinamdvileSi arc mTlad asea saqme. Aase magaliTad, 

bevri myari sxeuli metalebia da isini kargad atareben dens, magram 

sxva saqmea dieleqtrikebi, isini cudad atareben dens, arian kidev 

naxevargamtarebi, romlebsac uWiravT Sualeduri mdgomareoba 

metalebsa da dieleqtrikebs Soris denis gatarebis `TvalsazrisiT.. 

Aam situacias SeiZleba axsna moeZebnos eleqtrogamtareblobis zonuri 

Teoriidan gamomdinare.  

dieleqtrikebSi eleqtronebi imdenia, rom isini srulad avseben 

savalento zonas, gamtareblobis zona ki carielia, iq eleqtronebi ar 

arian. amitom gamtareblobis zona dens ar atarebs, savalento zonas 

ki SeuZlia denis gatareba, magram ar atarebs, radgan eleqtronebis 

yvela mdgomareoba zustad simetriulia da Tu ki aris mdgomareoba 

impulsiT р, maSin moiZebneba mdgomareoba mpulsiT –р. TviToeuli am 

mdgomareobaTagani denis gadamtania, magram am denebis mimarTulebani 

urTierT sawinaaRmdegoa da jamuri deni nulis tolia. Tu ki 

savalento zona sulmTlad Sevsebulia, maSin TviToeuli eleqtroni 

atarebs Tavis mcire dens, mTeli kristali ki araviTar dens ar 

atarebs. 

sxva suraTi SeimCneba metalebSi, sadac eleqtronebis raodenoba 

imdenia, rom isini avseben savalento zonas mxolod sanaxevrod. 

nulovani temperaturas dros kelvinis SkaliT (e.i -273оС) yvela qveda 

mdgomareoba Sevsebulia eleqtronebiT, xolo yvela zeda carielia. 

magram mdgomareobebs Soris MmanZili Zalzed mcirea da sistemas 

mcireodeni aRgznebac ki, mag. Ppatara Zabvis modebamac ki SeiZleba 

gamoiwvios eleqtronebis wanacvleba wonasworobis mdgomareobidan da 

amiT gamoiwvios eleqtronebis gavrcelebis siCqareebis wonasworobis 
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darRveva. Sesabamisad Zalian martivad warmoiqmneba eleqtruli deni 

anu miiReba eleqtrogamtarebloba. 

ufro maRali temperaturebis dros warmoiqmneba raRac 

gadarecxva eleqtronebisa mdgomareobebis mixedviT, kerZod miiReba 

fermi-dirakis ganawilebis funqcia:  

 

                 

sadac:  F(E) - eleqtronis mier  E energiis donis dakavebis albaTobaa: 

        EF  - raRac konstantaa, romelsac aqvs energiis ganzomileba da  

ewodeba fermis done. Ees funqcia gamoiyureba Semdegnairad. (ix. nax).  

 

 

   Y 

Aaq funqcia F gadazomilia horizontalurad, xolo misi 

argumenti – vertikalurad. Mmarcxena uwyveti xazi – F(E)=0; marjvena 

punqtiruli xazi - F(E)=1. Tu  Е>E2  maSin eleqtronebis mier 

mdgomareobis Sevsebis albaToba nulis tolia – deni ar aris. Tu E<E1 

F(E)=1 , maSin yvela mdgomareoba Sevsebulia da es eleqtronebi 

kristalis simetriidan gamomdinare isev ar atarebs dens. xolo, rac 

Seexeba punqtirul xazebs Soris arsebul mdgomareobebs – isini 

Sevsebuli arian magram ara yvelani, amitom am eleqtronebma SeiZleba 

gaataron deni. Swored amitomac, metalebi kargad atareben 

eleqtrobas.  
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sul sxvanairad aris saqme dieleqtrikebisa da 

naxevargamtarebis SemTxvevaSi. Eaq eleqtronebis raodenoba sakmarisia 

mxolod ramdenime zonis Sesavsebad, maT Soris savalentosic. Mmagram 

danarCenebi, maT ricxvSi ki savalonto zonebic carielebia.. cxadia 

carieli zonebi eleqtrul dens ar atarebs. Mmagram dens ar atarebs 

agreTve sulmTlad Sevsebulebic, radganac kristalis simetriidan 

gamomdinare yvela patara deni erTmaneTs awonasworebs. 

Mmagram rac zemoT iTqva is samarTliania kelvinis SkaliT 

nulovan temperaturaze (-2730С). Uufro maRal temperaturebze  da 

miTumetes oTaxis temperaturaze ki kristalis atomebis 

temperaturuli rxevebidan gamomdinare am atomebis energiis nawili 

gadaecema eleqtronebs rac ganapirobebs energiis mixedviT 

ganawilebas fermi-dirakis funqciis Tanaxmad. Eeleqtronebis nawili 

(Tumc mcire maTgani) miiReben sakmaris energias imisaTvis, rom 

gadalaxon akrZaluli zona da moxvdnen gamtareblobis zonaSi. Ees 

situacia ilustrirebulia naxazebze: 

 

 

     marcxena naxazze warmodgenilia mdgomareobis simWidrove Е – 

sgan damokidebulebaSi. Nnulovani energiis dros igi Zalzed mcirea, 

ufro sworad 2 –is tolia imitom, rom eleqtronis spini tolia +/- ½, 

anu erT mdgomareobaSi iqneba ori eleqtroni sxvadasxva spinebiT. 

Eenergiis zrdiT mdgomareobis simWidrove Ec (anu Ev –E  savalento 

zonisTvis) donidan aTvlili energiis kvadratis proporciuli xdeba. 

meore naxazze warmodgenilia fermi-dirakis funqcia. Semdeg 

suraTze ki warmodgenilia am ori funqciis namravli romelic aq ukve 
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warmoadgens eleqtronebis koncentraciis damokidebulebas 

energiisagan. aqedan Cans, rom gamtareblobis zonaSi eleqtronebis 

raodenoba mcirea, radganac maT mier mdgomareobebis Sevsebis 

albaToba mniSvnelovnad naklebia 1-ze. amiTom isini SeiZleba 

moZraobdnen praqtikulad rogorc vakumSi, ise, rom TiTqmis ar 

urTierTmoqmedeben erTmaneTTan. 

sruliad sxva rame SeiZleba iTqvas savalento zonis Sesaxeb: aq 

ukve mdgomareobis Sevsebis albaToba praqtikulad 1-is tolia, anu 

TiTqmis yvela mdgomareoba Sevsebulia eleqtronebiT. am SemTxvevaSi 

Znelia maTi moZraobis aRwera, radganac praqtikulad isini mudmivad 

xels uSlian erTmaneTs, rameTu eleqtronebs SeuZliaT sadme 

gadainacvlon Tu iq Tavisufali mdgomareobaa, magram iq ki TiTqmis 

yvela mdgomareoba Sevsebulia.  

amiTom moilaparakes, rom carieli adgilebis mdgomareoba 

aRweron-“xvrelebiT”, romlebic raodenobiT mcirea. (ar SegveSalos 

naxvretebTan). xvrelebi SeiZleba moZraobdnen rogorRac 

damoukideblad, ise rom TiTqmis ar ejaxebian erTmaneTs. MmaTi 

moZraoba SeiZleba aRiweros sakmaod martivad, iseve rogor 

eleqtronebis moZraoba gamtareblobis zonaSi. maTi koncentracia 

aRiwereba mdgomareobaTa raodenobis namravliT 1-isa da Ffermi-

dirakis funqciis sxvaobaze. ix.  mesame naxazi savalento zonaSi. 

bolo naxazze warmodgenilia energiis damokidebuleba 

koordinatisagan. gamtareblobis zonis fskerze aris eleqtronebis 

raRac raodenoba. savalento zonis WerSi aris xvrelebis raRac 

raodenoba. MmaT eleqtronebisagan gansxvavebiT dadebiTi muxti aqvT. 

radganac eleqtronebi ibadebian savalento zonidan gamosvlisas 

eleqtronis gamtareblobis zonaSi, amiTom maTi raodenoba zustad 

tolia xvrelebisa. 

Ffermi-dirakis funqcia aRwers eleqtronebis wonasworobis 

mdgomareobas. Tu magaliTad romeliRac temperaturaze (mag. oTaxis 

temperatura) eleqtronebi ar arseboben, maSin warmoiqmneba 

eleqtronebisa da xvrelebis Termogeneracia da Semdeg isini 

ganawildebian Ffermi-dirakis funqciis mixedviT. generaciis siCqare 

damokidebulia temperaturisa da akrZaluli zonis siganisagan da 
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praqtikulad araa damokidebuli eleqtronebisa da xvrelebis 

koncentraciisagan.  

Aamis paralelurad warmoiSoba uku procesi – eleqtronebisa da 

xvrelebis rekombinacia: warmovidginoT, rom eleqtronis SemTxveviTi 

moZraobisas igi Sexvda xvrels. Eeleqtroni am SemTxvevaSi 

gamtareblobis zonidan aRmoCndeba savalento zonis romeliRac 

mdgomareobaSi, am dros sadRac gamoiyofa energiis sxvaoba da 

impulsebis sxvaoba da eleqtroni da xvreli urTierTganadgurdebian, 

anu rogorc eleqtronikaSi amboben, isini rekombinireben. am procesis 

siCqare proporciulia пр –s namravlze, sadac п – eleqtronebis 

koncentracia (Cveulebrivad sm-3-Si), xolo р xvrelebis koncentracia 

(isic sm-3-Si). 

imasTan dakavSirebiT, rom drois zrdasTan erTad eleqtronebisa 

da xvrelebis generaciisas п da р izrdebian, es procesi zrdis 

eleqtronebisa da xvrelebis rekombinaciis siCqares. Ees niSnavs rom 

procesi miaRwevs im mdgomareobas, rac xasiaTdeba Ffermi-dirakis 

funqciiT. Aamitom Cven vxedavT, rom eleqtronebisa da xvrelebis 

generacia yovelTvis arsebobs, da yovelTvis arsebobs rekombinaciac, 

ufralod wonasworobaSi isini mkacrad tolni arian erTmaneTisagan.  

Eeleqtronebis koncentracia gamtareblobis zonaSi 

ganisazRvreba formuliT: 

 

sadac NC  - mdgomareobis efeqtiuri simkvrivea gamtareblobis 

zobaSi. Aanalogiurad:      

  

sadac NV  - mdgomareobis efeqturi simkvrivea savalento zonaSi. Cven 

viciT, rom eleqtronebisa da xvrelebis koncentracia erTnairia, anu 

n=p=ni , garda amisa,  

 

Aam formulidan Cans, rom yvelaferi damokidebulia  

eqsponentis wevrebisagan. Aase magaliTad oTaxis temperaturisTvis 

miviRebT, rom: 
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 Eg, эв ni, см-3 

�germaniumi������� 0,66 2*1013 

�kremniumi����� 1,12 1010 

�galiumis arsenidi ����� 

������ 

1,42 106 

   

     aqedan kargad Cans, rom akrZaluli zonis siganis mcire 

cvlilebisas mkveTrad icvleba muxtis matareblebis koncentracia. 

Aase magaliTad germaniumSi 1 kubur santimetrSi eleqtronebis an 

xvrelebis raodenoba iqneba 2*1013 , galiumis arsenidSi ki – sul 106, 

e.i. 10 milionjer naklebi. amitom dieleqtrikebsa da naxevargamtarebs 

Soris ar aris principuli gansxvaveba, aramed aq aris mxolod 

raodenobrivi gansxvaveba, dieleqtrikebSi ubralod akrZaluli zonis 

sigane mcirediT metia 1,6 ev. 

     aqamde Cven mxedvelobaSi gvqonda mxolod  absoluturad sufTa 

kristalebi, romelTac araviTari minarevebi ar hqondaT. sinamdvileSi 

ki minarevebi arseboben da TamaSoben Zalzed did rols. sufTa 

naxevargamtarebs ewodebaT sakuTrivi, xolo minarevebiT –minareviani. 

ganvixiloT yvelaze martivi minarevebi, romlebic germaniumisa da 

kremniumis atomebisagan gansxvavdeba erTi valentobiT (germaniumisa da 

kremniumis valentobaa 4). 

Tu ki aris 5 eleqtroniani minarevi gare orbitaze, maSin 

germaniumisa da kremniumis kavSirebSi monawileobs 4 eleqtroni, 

mexuTe ki zedmetia, is advilad swydeba minarevis atomisagan da 

SeuZlia Tavisuflad gadaadgildes kristalSi. Sesabamisad 

naxevargamtarSi aRmoCndebian zedmeti eleqtronebi, xolo 

rekombinaciidan gamomdinare xvrelebis raodenoba mcirdeba. Aam dros 

xdeba fermis donis wanacvleba zemoT, eleqtronebisa da xvrelebis 

wonasworoba icvleba, xolo maTi namravlir ucvleli Ceba, ix. nax. 

amasTan narevs, romelic gascems eleqtrons ewodeba donori. 

Tu ki naxevargamtarSi sxva 3 valentian narevs SevitanT, maSin 

warmoiSoba sxva situacia: oTxmagi kavSirisaTvis naxevargamtaris 

atomebs ar yofniT erTi eleqtroni. Amitom naxevargamtari gascems 

 66



erTeleqtrons, eleqtronebis raodenoba mcirdeba, xolo 

rekombinaciidan gamomdinare xvrelebis raodenoba izrdeba. Amas 

uCvenebs qveda naxazi. aseT minarevebs ewodeba aqceptronuli. 

Ddonoruli narevian naxevargamtars uwodeben eleqtronuls anu 

n tipis naxevargamtars, xolo naxevargamtars aqceptronuli nareviT 

ewodeba xvreluri anu p tipis. niSandoblivia, rom naxevargamtaruli 

xelsawyoebi iyeneben n da p naxevargamtarebis erTobliobas, amitom ar 

cdiloben sufTa naxevargamtarebs miRebas, aramed Cveulebrivad 

gamoiyeneben narevian naxevargamtarebs. 

Eexla ganvixiloT gamtareblobis zonis eleqtrogamtaroba. 

Cveulebriv Tavisufali eleqtroni aRiwereba parabluri dispersiuli 

mrudiT (energiis damokidebuleba impulsisagan), ix. nax.  

        

 

 

     eleqtronisaTvis, romelic kristalSia moTavsebuli yvelaferi 

sxvagvaradaa. marTalia, impulsis nulovani mniSvnelobebis siaxloves 

energia agreTve hgavs parabolas, magram nulisagan moSorebiT es ufro 

sinusoidaa anu perioduli mrudia. Ees gaqnsxvaveba ki principialuria. 

Tavisufali eleqtronisaTvis maszed eleqtruli velis modebisas misi 

energia ganuwyvetliv matulobs, xolo kristalSi mdebare 

eleqtronisTvis igi matulobs mxolod raRac mniSvnelobamde, xolo 

Semdeg mcirdeba. eleqtronis siCqare ganisazRvreba energiis 

warmoebuliT impulsiT. parabolisTvis siCqare yovelTvis  izrdeba (aq 

Cven ar ganvixilavT fardobiTobis Teorias da amitom ar viRebT 

mxedvelobaSi eleqtronis siCqaris sasruloebs, romelic ar SeiZleba 

iyos ufro meti vidre sinatlis siCqarea). sinusoidis SemTxvevaSi 
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eleqtronis siCqare dasawyisSi izrdeba, Semdeg aRwevs maqsimums, 

(mrudis yvelaze metad damreci monakveTi), Semdeg vardeba da aRwevs 

nulis mdgomareobas, Semdeg iwyebs cvlilebas uaryofiTi 

mimarTulebiT da a.S.S. gamodis, rom dispersiulobis mrudis 

periodulobis damokidebulebidan gamomdinare, eleqtronis siCqarem 

ganuwyvetliv unda icvalos mimarTuleba da mTlianobaSi is ar unda 

gadaadgildebodes. 

Mmagram es ase ar aris. kristalebSi Zalzed bevri sxvadasxva 

xarvezebia: eleqtronebi da xvrelebi SeiZleba ejaxebodnen xolme 

erTmaneTs, fononebi (Tburi rxevebi) SeiZleba urTierTqmedebdnen 

eleqtronebTan da xvrelebTan, damuxtuli da neitraluri minarevebi 

moqmedeben eleqtronebisa da xvrelebis moZraobebze, fononebi da sxva 

nawilakebi agreTve Seejaxebian xolme maT. Yyvelaferi es zRudavs 

eleqtronebis Tavisufal moZraobas. Ggamodis, rom ai eleqtroni cot-

cotas aCqarda, rom maSinve xdeba misi Sejaxeba raimesTan, da man 

dakarga siCqare.  

 

leqcia 3. Р-п gadasvlebi 
Uuzarmazari raodenobis naxevargamtarul xelsawyoebSi 

gamoyenebulia р-п gadasvlebi (zogjer р-п gadasvla ar aris saWiro, 

magaliTad fotowinaaRmdegobebSi, anda ganis diodebSi). amitom Cven 

amJamad ganvixilavT misi muSaobis princips.  

amrigad р-п gadasvla es iseTi naxevargamtaruli struqturaa, 

romelic Seicavs eletronul da xvrelur naxevargamtarul areebs. 

amasTan es areebi miRebulia erTian struqturaSi donorebisa da 

aqceptronebis difuziis Sedegad. Mmagram Cven pirobiTad CavTvliT, 

rom es ori are jer calcalke arsebobdnen da Semdeg moxda maTi 

SeerTeba. Amrigad aris ori are, eleqtronuli da xvreluri. avagoT 

zonuri diagramebi naxevargamtarebis am ori nawilisaTvis:  
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isini erTnairebia, radgan naxevargamtari erTidaigivea, magram fermis 

doneebi mdebareoben sxvadasxva simaRleze, radganac marcxniv п- tipis  

 

naxevargamtaria da fermis done  akrZaluli zonis Sualedis zemoTaa, 

xolo marjvniv р- tipis naxevargamtaria fermis done  akrZaluli 

zonis Sualedis qvemoTaa. Tu ki axla SevaerTebT am or nawils, maSin 

eleqtronebi.romlabic marcxniv bevria difundirdebian marjvniv, 

xolo xvrelebi, romlebic marjvnivaa bevri difundirdebian marcxniv 

(naxazze naCvenebia isrebiT. Aqedan gamomdinareobs sabolood, rom 

struqturis marcxena nawili daimuxteba dadebiTad, xolo marjvena 

uaryofiTad. 

magram am dros eleqtronis energia Semcirdeba, xolo marjvniv 

gaizrdeba, ano moxdeba diagramis marcxena nawilis wanacvleba qvemoT, 

xolo marjvena nawilis zemoT. Es procesi unda damTavrdes, rodesac 

fermis doneebis urTierT damTxveva naxevargamtaris marcxena da 

marjvena nawilebSi: 

                                                                            Е ---  

 

 

 

(wonasworobis mdgomareobaSi fermis gantolebis doneebi rTuli 

sistemis sxsvadasxva nawilebSi erTmanets Tanxvdebian). cinamdvileSi 

ki, naxevargamtaris marjvena da marcxena nawilebs Soris warmoiSoba 

eleqtruli veli, pomelic mimarTulia pliusidan minusisaken, anu ise 

rogorc es naxazzea naCvenebi. Ees eleqtruli veli iwvevs dreifuli 

denis warmoSobas, romelic mimarTulia ise, rom eleqtronebi dian 

marjvnidan marcxniv, xolo xvrelebi ki – sawinaaRmdegod. Rac metia 

eleqtruli veli miT metia es deni. Bolo bolo is gaawonasworebs 
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difuziur dens, radgann mimarTulebiT igi sawinaaRmdegoa. Damyardeba 

wonasworoba (erTdroulad arseboben ori difuziuri deni – 

eleqtronebisa da xvrelebis da ori dreifuli deni, romlebic 

yvelani erTmanettan tolia). 

axla ganvixiloT muxtebis matareblebis raodenoba 

(eleqtronebisa da xvrelebis). Marcxniv da marjvniv sadac zonuri 

diagrama horizontaluria isivi bevria, radgan fermis doneebi 

axlosaa zonebis Sesabamis sazRvrebTan. xolo iq, sadac es sazRvrebi 

mruddebian, fermis done Sordeba erT sazRvars da uaxlovdeba meores. 

Naxazze Cans, rom n tipis areSi eleqtronebi gacilebiT nalkebi 

xdebian, vidre iyo marcxena areSi, xolo p tipis areSi xvrelebi 

gacilebiT naklebia vidre iyo marjvena nawilSi.  

magram, marcxena nawili neitraluria, radgan masSi aris aseve 

ionis muxtebi, anu donoris atomebi. Ees atomebi xistadaa Camagrebuli 

kristaluri meseris kvanZebSi da ar SeuZliaT moZraoba, anu denis 

gadatana ar SeuZliaT. magram maTi raodenoba zustad tolia 

eleqtronebis raodenobis, amitom am areSi ar aris muxtebi (TviTon 

diagrama gveubneba amas: Tu energetikuli doneebis  xazebi 

horizontaluria, maSin ar aris eleqtruli veli, anu ar aris muxtebi, 

anu maTi jami polarobis CaTvliT nulis tolia). igive SeiZleba 

iTqvas naxevargamtaris marjvena naqwilzec: xvrelebisa da 

aqcepyronebis raodenoba masSi Tanabaria, Tomc icini bevria, magram 

sruli muxti nulis tolia. 

sul sxva situaciaa naxevargamtaris Sua nawilSi, sadac zonebi 

gamrudebulia. uZravi muxtebis raodenoba, donorebi da aqceptronebi 

bevria. xolo eleqtronebisa da xvrelebis ki, imasTan dakavSirebiT, 

rom zonis sazRvrebsa da fermis dones Soris manZili izrdeba - 

ramdenjerme mcirdeba.  amitomaa, rom am areSi aris muxtebi da 

praqtikulad maTi raodenoba tolia uZravi donorebisa da 

aqceptronebis muxtebisa. 

       

 70



      

Ppraqtikulad es sworkuTxedebia, radganac eleqtronebi da xvrelebi 

am areSi umniSvnelo raodenobisaa. Nnaxazze sworkuTxedebi 

gansxvavdebian erTmaneTisagan, radganac donorebis simkvrive marcxniv 

naklebia, vidre aqceptronebisa marjvniv (miaqcieT yuradRebafermis 

donis mdgomareobas). Mmagram sworkuTxedebis farTobebi mkacrad 

toli unda iyos erTmaneTisa, radganac sruli muxtebi marcxniv da 

marjvniv tolia erTmaneTisa. amitom am SemTxvevaSi  ln > lp . 

     SemovitanoT moculobiTi muxtis aris (are) cneba (mma). Es is area 

sadac ris muxTi, anda romelSic icvlebian eleqtruli zonebi. Am aeis 

siganea   

  

A

п
pn qN

lll 002 φςς Δ
=+=

sadac ε о    -   msoflio konstantaa, romelic tolia 1/(9*109) фм , 

             εп     -   naxevargamtaris  dieleqtrikuli mudmivaa, 

       Δφо     -  potencialebis kontaqturi sxvaobaa, anu sxva   

             sityvebiT rom vTqvaT, potencialuri barieris   

             simaRlea, gayofils erTi eleqtronis muxtze, 

       NА    -  erToblivi koncentraciaa, romelic ganisazRvreba  

             formuliT:  

                    NА = Nд Nа /(Nд +Nа ) 

sadac Nд    -   donorebis koncentraciaa n – tipis gamtareblobis   

             naWerSi, 

              NА    -   aqceptronebis koncentraciaa p – tipis    

             gamtareblobis naWerSi. 

Aam formulidan Cans, rom NА  ufro axlosaa im 

koncentraciasTan, romelic naklebia (Tu ki, magaliTad,  Nд – a 
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naklebi, maSin igi SeiZleba ugulebelyofil iqnas mniSvnelSi NА – sTan 

SedarebiT, Semdeg es NА SeiZleba SevamciroT da darCeba mxolod Nд). 

Sesabamisad, mTeli mma – s are ganisaZRvreba im nawiliT, 

romlis muxTic naklebia, imitom rom is ufro sqelia. 

eleqtruli veli SeiZleba gairkves muxtis sididis am 

damokidebulebiT koordinatisagan. Uubralod sakmarisia aRebul iqnas 

am muxtis integrali. am SemTxvevaSi miiReba mrudi, romelic Semdeg 

naxazzea gamosaxuli. 

 

         

        

cxadia, rom eleqtruli veli izrdeba, Tanac izrdeba igi 

sworxazovnad, radganac muxtis simkvrive mudmivia, gaizrdeba Емакс, da 

Semdeg davardeba nulamde, radganac Semdeg  

 

muxts aqvs sxva niSani. 

     Eeleqtruli potenciali agreTve moiZebneba eleqtruli veils 

gamosaxulebis integrirebiT, amasTan cnobilia, rom potenciali 

moiqceva aseTnairad: horizontalurad, sadac ar aris muxtebi, (aris 

neitraloba), da parabolurad, sadac aris mudmivi muxti da 

eleqtruli veils xazovani zrda. zustad aseve iqceva energetikuli 

done, radganac igi ganisazRvreba rogorc eleqtronis muxtis 

namravli Zabvaze (Tumc aq unda mxedvelobaSi miRebul iqnas, rom 

eleqtronis muxti uaryofiTia, da potenciali aisaxeba horizontalTan 

SefardebiT). 

Eexla gavarkvioT, ra mouva p-n  gadasvlas, maszed Zabvis 

modebisas? Es damokidebuli iqneba imaze Tu sad movdebT pliuss da 
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sad minuss. iTvleba, rom Tu pliuss movdebT p – areSi, xolo minuss n 

– areSi, maSin es iqneba p-n  gadasvlis pirdapiri wanacvleba, Tu ki 

sawinaaRmdegod movdebT am Zabvebs, maSin iqneba uku wanacvleba  p-n  

gadasvlisa.  

p-n  gadasvlis pirdapiri wanacvlebis ( pliusi p – areSi) 

SemTxvevaSi, eleqtronis energia p – areSi izrdeba, xoli n – areSi ki 

mcirdeba, amitom potencialuri barieri mcirdeba. Aaseve mcirdeba 

moculobiTi muxTis sigane formulis mixedviT?.  

Aamrigad, p-n  gadasvlaSi aris dieleqtrikuli are, romelic 

pirdapiri wanacvlebis dros mcirdeba sisqeSi, amitom am aris 

eleqtruli winaaRmdegoba mniSvnelovnad mcirdeba. 

Uuku wanacvlebis dros, (pliusi n – areSi) eleqtronis energia 

mcirdeba n – areSi mcirdeba, es are zonaSi wainacvlebs qvemoT, xolo 

р-zona wainacvlebs zemoT. Barieris simaRle mcirdeba, aseve zemoT 

moyvanili formulis ZaliT izrdeba sivrculi muxtis aris sigane (aq 

saWiroa imis mxedvelobaSi miReba, rom am SemTxvevaSi formulaSi 

Cajdeba U). anu am SemTxvevaSi dieleqtrikuli fena p-n  gadasvlis 

SigniTi zrdeba, da amit struqturis eleqtruli winaaRmdegoba 

izrdeba modebuli Zabvis zrdis (moduliT) Sesabamisad. 

A

п

qN
UUl )(2)( 00 −Δ

=
φςς

 

 

 Uufro mkacr Teoriul dasabuTebas iZleva aseTi formula: 

sadac I – denia, romelic p-n  gadasvlaSi gadis; 

]1)[exp( −=
kT
qUII s

        Is – raRac mudmivaa, romelsac denis ganzomileba aqvs da  

       ganisazRvreba p da n  tipis eleqtrogamtareblobis mqone    

       masalebis TvisebebiT.  

Aam formulis Sesabamisi mrudi warmodgenilia qvemoT naxazze. 
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Р-n gadasvla, anda sxvagvarad naxevargamtaruli diodi, rogorc 

mas uwodeben, romelsac aqvs aseTi voltamperuli maxasiaTebeli, 

gamoiyeneba sxvadasxva antenebidan anda eleqtroqselidan miRebuli 

eleqtruli denis gamarTvisaTvis. Garda amisa is aseve farTod 

gamoiyeneba sxva naxevargamtarul mowyobilobebSi, sadac gamoiyeneba 

ara marTo erTi p-n gadasvla, aramed 2, 3, da gacilebiT meti p-n 

gadasvlebi, romelTac vCven ganvixilavT qvemoT. amjerad ki Cven 

ganvixilavT,  p-n gadasvlebis realuri maxasiaTeblebi. 

realuri maxasiaTeblebi Zalzed gansxvavdebian idealurisagan. 

Aase magaliTad, pirdapir StoSiaris ramdenime sxvaoba idealurisagan, 

magram mTavari isaa, rom eqsponenta vrceldeba mxolod Uп  Zabvamde. 

rodesac U>Uп  potencialuri barieri mTlad qreba, da amitom p-n 

gadasvlis eleqtruli winaaRmdegoba toli xdeba mxolod p da n 

areebis eleqtruli winaaRmdegobebis jamisa, xolo TviTon fenis 

winaaRmdegoba qreba. Amitom rodesac  U>Uп  voltamperuli 

maxasiaTebeli (vam) xazovania, ix. naxazi.   
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Aase, rom pirdapir StoSi U U0 - amde narCundeba idealuri mrudi 

(eqsponenta), xolo Semdeg ki igi iRebs sworxazovan formas. 

Uuku StoSi, eqsponentasTan erTad, romelic Zalzed swrafad 

gadadis gajerebis mdgomareobaSi, aris kidev sxva deni, romelic 

gamowveulia moculobiTi muxtis areSi generirebuli muxtis 

matareblebiT. saqme imaSia, rom oTaxis temperaturis dros (da miT 

ufro, maszed maRal temperaturebze) naxevargamtarSi yovelTvis 

ibadebian eleqtronebi da xvrelebi (Termogeneracia). Cveulebriv isini, 

cotaodens gaivl-gamoivlian ra naxevargamtarSi xvdebian erTmaneTs da 

iRupebian (rekombinireben). Magram is eleqtronebi da xvrelebi, 

romlebic daibadnen moculobiTi muxtis fenaSi, ver aswreben 

daRupvas, radganac iq aris eleqtruli veli, romelic gaqaCavs maT 

sxvadasxva mxares. Mmagram maSin, rogorc es naxazzea nmaCvenebi, p-n 

gadasvlis gavliT gaivlis elementaruli deni. rac metia moculobiTi 

muxtis fenis sisqe, miT metia Jamuri deni. ase, rom gajerebis 

Cveulebriv dens, romelic arsebobs p-n gadasvlaSi, ematebakidev deni 

romelic proporciulia moculobiTi muxtis fenis sisqisa, anu uku 

Zabvis kvadratuli fesvisa. 
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sxvadasxva diodebSi, romlebic damzadebulia sxvadasxva 

naxevargamtarebisagan moculobiTi muxtis fenis sisqe sxvadasxvaa, da 

amitom maT mier Setanili wvlilis fardobiTi sidide sxvadasxvaa. 

Cveulebriv germaniumis p-n gadasvlebSi wvlili mcirea, xolo 

kremniumis p-n gadasvlebSi meti, da realur kremniumis diodebSic uku 

deni praqtikulad yovelTvis proporciulia Zabvis modulis 

kvadratuli fesvisa (daaxloebiT). 

magram uku mimarTulebis SemTxvevaSi aris kidev zogierTi 

taviseburebebi., romlebic dakavSirebulia masTan, rom p-n 

gadasasvlelze ecema meti Zabva. amiTom raRac ZabvasTan miaxloebis 

dros xdeba eleqtruli garRveva naxevargamtarisa da igi gamodis 

mwyobridan. 

Cven aq ganvixilavT garRvevis erTerT SesaZlebel mexanizms-

zvaviseburs. Aam SemTxvevaSi, eleqtruli velis sakmarisad didi 

daZabulobis dros, eleqtroni gamtareblobis zonaSi an xvreli 

savalento zonaSi SeiZleba aCqardnen, manamde, sanam ar moxdeba maTi 

Sejaxeba raRac defeqtebTan, im energiamde, romelic sakmarisia axalui 

eleqtronebisa da xvrelebis dabadebisTvis. Ase, rom erTi eleqtronis 

(xvrelis) magivrad gaCnda sami nawilaki. TviToeuli es nawilaki Tavis 

mxriv TviTonac SeuZliaT aCqardnen, imave did siCqareebamde da 

gasammagdnen. Tu eleqtruli velis daZabuloba izrdeba, amiTom 

zvaviseburi procesi izrdeba – gasammageba xdeba SemdegSic da 

nawilakebis raodenoba mkveTrad izrdeba. voltamperul 

maxasiaTebelze  amas Seesabameba TiTqmis vertikaluri monakveTi – 

Zabva ar izrdeba deni ki mZlavrad izrdeba.  

Aamis Semdeg dgeba Tburi garRvevis momenti, anu miviRebT imas, 

rom denis zrdiT imatebs diodis temperatura, amas mivyevarT 

koncentraciis momatebamde Termogeneraciidan gamomdinare, deni isev 
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izrdeba, rac iwvevs temperaturis axal zrdas da ase Semdeg manam 

nimuSi ar daiwveba. Am monakveTze volt – amperuli maxasiaTebels aqvs 

uaryofiTi daxra – anu diodis dinamiuri winaaRmdegoba uaryofiTia.  

p-n gadasvlis sxva parametriebs miekuTvneba diodis parazituli 

tevadoba. igi miiReba imiTom, rom p-n gadasvlaSi yovelTvis aris 

moculobiTi muxtis are, anu are, romelSic yovelTvis aris muxTi. Es 

muxTi damokidebulia modebul Zabvaze. Anu es aris Cveulebrivi 

kondensatori. Magram Cveulebrivi kondensatorisagan gansxvavebiT p-n 

gadasvllas aqvs tevadoba, romelic damokidebulia Zabvaze. amiTom 

ufro mosaxerxebelia tevadoba ki ara, aramed  ganvixiloT dinamiuri 

tavadoba p-n gadasvlisa.  

                  

Aes tevadoba TamaSobs did rols uku Zabvis SemTxvevaSi da mas 

eqodeba barieruli. TvalnaTelia, rom rac metia uku Zabva, miT metia l   

da miT naklebi . Pirdapiri wanacvlebisas  mainc arsebabs, magram 

gacilebiT did rols TamaSobs difuziuri tevadoba, romeliccndeba 

imasTan damokidebulebiT, rom warmoiSoba difuZia eleqtronebisa da 

xvrelebisa sawinaaRmdego tipis eleqtrogamtarobasTan. Magram am 

tevadobis ganxilva gacilebiT rTulia, da Cven ar ganvixilavT mas aq. 

     Cven ganvixileT realuri Tvisebebi diodisa. Aaxla ki ganvixioT 

diodis gamoyeneba. 

     p-n gadasvlis yvelaze martivi da TvalnaTeli gamoyenebaa misi 

gammarTvelebad gamoyeneba. magram jer saWiroa gavrkveT Tu ra saWiroa 

eleqtruli denis gamarTva. Uupirveles yovlisa es cvladi denis 

gamarTvaa, rac saWiroa sxvadasxva saxis aparaturis kvebisaTvis 

mudmivi deniT. Ees Cveulebriv 50 an 60 hc-ia , rac sakmaod dabali 

sixSirea. amitom am diodebis swrafqmedba ar moiTxoveba, magram 

moiTxoveba sakmaod didi denis gatareba, rac miiRweva  p-n gadasvlis 

sakmaod didi zedapiris gamoyenebiT. Ees egreT wodebuli Zalovani 

diodebia. Denis gamarTva warmoebs Semdegi sqemis mixedviT: 

 

 77



      

     eleqtromamoZravebeli Zalis wyarodan deni gaivlis diodisa da 

Semdeg datvirTvis  winaaRmdegobis gavliT. datvirTvis 

winaaRmdegobaze gamoiyofa Zabva romelic Camohgavs denis diagramas, 

e.i Zabva iqneba erTi niSnis, magram Zalzed pulsirebuli, rac 

dauSvebelias. raTqma unda SeiZleba sqemis garTuleba oTxi diodis 

gamoyenebis gziT, am SemTxvevaSi ar iqneba gamotovebebi,magram 

impulsireba (pulsacia) rCeba. amisTavidan asacileblad iyeneben 

signalis filtracias, umartives SemTxvevaSi ki iyeneben kondensators: 

           

     sxva situacia warmoiqmneba diodis gamoyenebisas radiosignalis 

gamarTvisaTvis. Aaq ukve sxva sixSireebia – asobiT kilogercidan 

asobiT megahercamde. Aamitom diodis mimarT mTavari moTxovnaa misi 

maRal sixSireoba. amiTom diodebs akeTeben mcire farTobebze da 

wertilovnebsac ki, rom Semcirdes maTi parazituli tevadoba. Aaq 

kidev SemorCenilia wertilovani diodebi. 

     zogjer gamoiyeneben diodis maxasiaTeblis uku Stos vertikalur 

monakveTs Zabvis stabilizaciisaTvis. Ddiodebi, romlebis specialurad 

damzadebulia am mizniT iwodebian stabilitronebad. Zalzed 

mniSvnelovania damzaddes stabilitronebi sxvadasxva Zabvebze, anu 
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gaketdes p-n  gadasvla garRvevis Zabvis saWiro mniSvnelobisaTvis. Ees 

martivad SeiZleba Sesruldes saWiro xarisxis legirebis SerCeviT (p 

da n  tipis donorebisa da aqceptronebis koncentracia).  

             p-n  gadasvlis parazituli tevadoba yovelTvis saziano ar aris. 

zogjer, rodesac tevadoba mniSvnelovania,     p-n  gadasvlas iyeneben 

kondensatorad. gansakuTrebiT mniSvnelovania is, rom tevadoba 

SeiZleba vareguliroT sxvadasxva uku Zabvis modebis gziT. Aam 

miznisTvis specialurad damzadebuli diodebs varikapebi ewodebaT.  

     ramdenadme gansxvavebuli diodebi miiRebian, rodesac  p da n  

areebi Zalzed legirebulni arian, ise rom fermis doneebi gamodian 

Sesabamis zonebSi: 

                

moculobiTi muxtis are Zalzed pataraa, radgan didebia 

donorTa da aqceptronTa minarevebis koncentracia. Amitom Zalzed 

didia albaToba imisa, rom eleqtronebi savalento zonidan maSinve 

gadadian gamtareblobis zonaSi (da sawinaaRmdegoT). aseT 

struqturaSi mcire Zabvebisas gadian Zalian didi denebi. Ppirdapiri 

mimarTulebiT mcire wanacvlebisas barieris simaRle mcirdeba, da 

qreba savalento zonis da gamtareblobis zonis gadafarva, deni 

mcirdeba, xolo Semdeg rodesac barieri saerTod qreba, deni isev 

izrdeba. Ees egreTwiodebuli gvirabuli denia. Misi maxasiaTebeli 

naCvenebia naxazze qvemoT: 
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       Ggvirabuli diodis mniSvnelovani maxasiaTebelia is, rom mas 

aqvs monakveTi uaryofiTi diferencialuri winaaRmdegobiT. Ees 

SesaZleblobas gvaZlevs gavakeToT masze cvladi signalis martivi 

generatori, Tanac Zalzed maRalsixSiruli (zemaRali sixSire (zms)).  

     gansakuTrebiT mniSvnelovania is, rom p - n  gadasvlebi SeiZleba 

urTierTqmedebdnen sxvadasxva gamomsxiveblebTan. Tu p - n  gadasvla 

urTierTmoqmedebs sinaTlesTan maSin mas fotodiodi eqodeba. 

 vanturi meqanikidan gamomdinare sinaTle SeiZleba ganvixiloT 

orgvarad: erTis mxriv es eleqtromagnituri talRaa, xolo meores 

mxriv igi nawilakebis – fotonebis nakadia. Nnaxevargamtarisa da 

sinaTlis urTierTqmedeba mosaxerxebelia ganvixiloT fotonebidan 

gamom,dinare. 

rodesac fotoni moxvdeba naxevargamtarSi, is SeiZleba Seejaxos 

savalento zonis eleqtrons. Aam dros fotoni aZlevs energias 

eleqtrons da qreba. Tu ki fotoni speqtris xiluli nawilidanaa, 

maSin misi energia sruliad sakmarisia eleqtronis da xvrelis 

fotogeneraciis mosaxdenad (eleqtroni savalento zondan gadadis 

gamtareblobis zonaSi, xolo xvreli rCeba savalento zonaSi). 

rodesac fotoni xvdeba neitralur areSi, maSin 

axladdabadebuli wyvilebi (eleqtroni da xvreli) qaoturad 

gadaadgildebian ra mcire xnis ganmavlobaSi kristaluri meseris 

gaswvriv, SeiZleba erTmaneTs Sexvdnen da rekombinirdnen. Aqedan 

gamomdinare, radganacwyvilebis sicocxlis dro mcirea, maT mier 
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gamowveuli efeqti Zalzed sustia. sxva saqmea, Tu fotoni Caiylapeba 

sivrculi muxtis areSi – aseT SemTxvevaSi dabadebuli wyvilebi am 

aris eleqtruli velis ZaliT gaiyofian erTmaneTisagan, ise rom erTi 

fotonis STanTqmis Semdeg  p - n  gadasvlis gavliT gaivlis erTi 

muxtis deni. 

Tu fotodiodo CarTulia mokledSerTul wredSi, maSin rac 

metia fotonebis nakadi, miT metia fotodeni, aseTi fotodiodebi 

gamoiyenebian ganaTebulobis registraciisaTvis. 

Tu ki fotodiodo CarTulia Ria wredSi, maSin fotogeneracia 

iwvevs n aris damuxtvas uaryofiTad da p aris damuxtvas dadebiTad. 

Magram am SemTxvevaSi mcirdeba potencialuri Barberis simaRle, da 

Sesabamisad eleqtruli velis sidide moculobiTi muxtis areSi. Bolo 

bolo p - n  gadasvlaze warmoiqmneba potencialTa sxvaoba, romelic 

tolia Un potencialebis kontaqturi sxvaobisa, da Semdgomi dayofa 

fotogeneraciis wyvilebisa Sewydeba. 

Ees movlena Cveulebriv gamoiyeneba mzis batariebSi, sadac 

grovdeba aserto batareaSi didi raodenobis iaffasiani didi 

farTobis kremniumis diodebi, maTi potencialebis kontaqturi sxvaoba 

Seadgens 0,6 ... 0,8 volts. 

naxevargamtarul diodebs gamoiyeneben agraTve sinaTlis Suqis  

gamosxivebisaTvis. Aam funqcias asruleben egreTwodebuli Suqdiodebi. 

samwuxarod arc germaniums da arc kremniums ar SeuZliaT fotonebis 

bgamosxiveba, radgan isini sworzonuri ar arian. sworzonur 

naxevargamtarebs miekuTneba magaliTad galiumis arsenidi (AsGa), 

romelic gamosaxulia   marcxniv, xolo Ge da Si marjvniv. 

germaniumSi da kremniumSi gverdiTi minimumi ganTavsebulia cota 

qvemoT ZiriTadisagan da mas avseben eleqtronebi, amitom maT SeuZliaT 

rekombinacia mxolod energiisa da impulsis gamoyofiT, AsGa -Si ki 

swori zonebia da amitom rekombinacia xdeba impulsis gamoyofis 

gareSe. (gamoiyofa mxolod energia). Amitom germaniumSi da kremniumSi 

gamoiyofian fotonebi (romelsac aqvs igive impulsi), xolo galiumis 

arsenidSi – fotoni (romelsac ar aqvs impulsi).  

magram galiumis arsenidSi gamosxivebuli talRis sigrZe 1 mkm-ze 

metia, anu igi gamoasxivebs speqtris infrawiTel areSi. talRis saJiro 
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sigrZe miiReba galiumis fosfidSi, radganac mas ufro farTo 

akrZaluli zona aqvs da amitom igi Seesabameba xilul sxivs. 

 

leqcia 16. bipoliaruli tranzistorebi 

     wina leqciaze  Cven ganvixileT erTi p - n  gadasvlis (diodis) 

muSaoba. magram cnobilia, rom gacilebiT meti gamoyenebaawvT im 

naxevargamtarul mowyobilobebs, romelTac aqvT sxvadasxva 

eleqtrogamtareblobis ufro meti fenebi, romlebis ganlagebulia 

sxvadasxva monacvleobiT. ganvixiloT erTerTi maTgani bipoliaruli 

tranzistori. 

bipoliaruli tranzistoris muSaobis principi damyarebulia 

masZed, rom 2 p - n  gadasvla ganlagebulia ise axlos erTmaneTTan, rom 

adgili aqvs maR urTierTgavlenas, ris Sedegadac maT SeuZliaT 

eleqtruli signalebis gaZliereba.  

rogorc naxazzea naCvenebi esaa sami are - n, p da  n . (principSi 

SeiZleba SebrunebiTac iyos - p, n da  p;. Yyvela ganmarTeba, rac exeba 

erTi tipis tranzisTors samarTliania meore tipis 

tranzistorisTvisac, im gansxvavebiT, rom Zabvebis poliaroba 

modebuli maT gamomyvanebZe iqneba sxvadasxva. simarTivisaTvis Cven 

ganvixilavT mxolod n- p- n tipis tranzistors, rogorc naCvenebia 

naxazze. 

amrigad naxazze gamosaxulia sami fena: pirveli esaa 

eleqtronuli eleqtrogamtareblobis, romelic Zalzed legirebulia 

amiTom ufro mZlavria, igi aRiniSneba plius-emiteriT, meorea 

xvraluri anu baza da mesame isev eleqtronulia, magram ufro sustad 

legirebulia (iq eleqtronebis koncentracia yvelaze mcirea) da mas 

ewodeba koleqtori.  

bazis sisqe  Lб anu manZili or p- n gadaasvlas Soris, Zalzed 

mcirea. is bazaSi eleqtronis difuziur sigrZeze naklebi unda iyos, 

romelic erTeulidan aTeulobiT mkm-ia. Bbazis sisqe ki ar unda iyos 

ramdenime erTeul mikronze meti. (adamianis Tmis sisqe tolia 20 ... 50 

mkm. unda aRiniSnos, rom es axlosaa adamianis Tvalis garCevadobasTan, 

radganac Cven ar SegviZlia davinaxoT araferi amaze naklebi, vidre 
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sinaTlis talRis sigrZea, anu daaxloebiT 0,5 mkm). Tranzistoris 

yvela sxva danarCeni zomebi daaxl;oebiT 1 mm-ze meti ar aris. 

tranzistoris fenebs miawodeben Zabvebs ise, rom emiteruli  p- n 

gadaasvla wanacvlebulia pirdapiri mimarTulebiT, da mis gavliT 

gadis didi deni, xolo koleqtoruli p- n gadaasvla wanacvlebulia 

sawinaaRmdego mxares, ise rom mis gavliT deni ar unda gavides. 

Mmagram imasTan dakavSirebiT, rom  p- n  gadaasvlebi ganTavsebulia 

erTmaneTTan axlo manZilze, amitom maT gavlena aqvT erTmaneTze da 

suraTi icvleba: eleqtronebis deni, romlebis gavidnen emiteruli p- n  

gadaasvlis gavliT, miaRwevs koleqtorul p- n  gadasasvlels, da am 

ukanasknelis eleqtruli veliT Seizidebian koleqtorSi. Amis Sedegad 

karg tranzistorebisTvis praqtikulad koleqtoris mTeli deni tolia 

emiteruli denisa. Denis kargvebi Zalzed umniSvneloa: ikargeba 

ramdenime procenti da procentis nawilic ki. 

ganvixiloT ufro dawvrilebiT denebis Semadgenelelni  n- p- n 

tipis bipoliarul tranzistorSi., rac gamosaxulia nax: 

zeda deni (didi msxvili isari minusiT) – es koleqtorebis denia 

emiteridan koleqtorisaken. emiterSi eleqtronebi bevria, amitom es 

deni didia. Rodesac eleqtronebi Sevlen bazaSi mis Semdeg isini 

moZraoben difuziis xarjze (bazaSi eleqtruli veli ar aris) – 

marcxniv eleqtronebi bevria, marjvniv ki cota. maSasadame isini 

moZraoben marcxnidan marjvniv. Bbazis boloSi isini xvdebian 

koleqtoruli p- n gadasvlis eleqtruli velis areSi, romlebic 

gamoqaCaven eleqtronebs bazidan koleqtorSi. Radganac es veli didia, 

amitom eleqtronebis koncentracia bazaSi uSualod koleqtorul p- n 

gadasvlasTan praqtikulad nulis tolia. amiTom eleqtronebis 

koncentraciis gradienti bazaSi Zalzed didia- marcxniv is Zalzed 

didia, marjvniv _ TiTqmis nuli, xolo bazis sigrZe Zalzed mcirea: 

  

                

sadac n0  - eleqtronebis koncentraciaa bazaZi marcxniv 

(emiterTan),  
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           Zalzed didia. Aamitom difuziuri deni Zalzed didia, 

xolo dreifuli deni saerTod ar aris. 

sinamdvileSi is aris, magram Zalzed mcirea. marTlacda Zabva ki 

mieqodeba bazas, magram gverdidan, da mcire (ert voltze meti ara). 

xolo eleqtruli velis daZabuloba gaiangariSeba rogorc Zabvis 

fardoba manZilTan, romelzedac es Zabva moedeba. Cven SemTxvevaSi 

manZili – es tranzistoris sisqea im mimarTulebiT, romelic 

perpendikularulia difuziuri denis, da es sisqe 10 ... 1000 jer metia 

Lб-ze. Aamitom dreifuli deni mniSvnelovnad mcirea difuziuris, meore 

mcire eleqtronuli deni naxazze, romelic naCvenebia wvrili xaziT 

da uxvevs bazuri kontaqtisaken. 

meore mcire deni eleqtronebisa – es is eleqtronebia, 

romlebicSexvdnen bazaSi xvrelebs da rekombinirdnen. xvrelebi 

romlebic saJiroa amisaTvis SeiZleba Semoedinon bazuri 

kontaqtisagan, radganac emiterSi da koleqtorSi isini ar arian. Ees 

deni Tavidan aRniSnulia minusiT, Semdeg ki is xvdeba xvrelur dens, 

romelic aRniSnulia pliusiT, da gamodis bazuri kontaqtisagan. 

Mesame mcire deni – es xvrelebis difuziuri denia bazidan 

emiterSi. is gacilebit mcirea eleqtronebis difuziuri danisa 

(emiteridan bazaSi), imitom rom eleqtronebi emiterSi gacilebit 

didia, vidre xvrelebisa bazaSi (gagaxsenebT, rom emiteri yvelaze 

ufro metad legirebuli area n- p- n tipis bipoliarul tranzistorSi). 

Ees gamosaxulia uwvrilesi xvreluri daniT, romelic aseve SeiZleba 

daiwyos bazur kontaqtze, da damtavrdes emiterul kontaqtze. 

amrigad, aris sami patara deni, romlebic yeWvelad unda 

gadiodnen bazidan emiterSi; es aris eleqtronebis dreifuli deni (igi 

ufro mcirea vidre difuziuri), rekombinaciis deni( isic mcirea, 

radgan mcirea baszis sisqe) da difuziis xvreluri deni (igic mcirea, 

radganac xvrelebis koncentracia bazaSi ufro mcirea, vidre 

eleqtronebis koncentracia emiterSi). da aris didi difuziuri deni 

eleqtronebisa emiterisgan bazaSi, romelic mimarTulia koneqtoruli 

p- n gadasvlisaken da misi eleqtronuli veliTmiizideba koleqtorSi. 

Koleqtoruli denis sefardeba bazurTan es is mTavari koeficientia 

tranzistorisa, romelic gviCvenebs mis gaZlierebis SesaZleblobebs: 
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radganac  >> , amitom es sidide didia, anu tranzistori 

aZlierebs dens. Cveulebrib β Seadgens 10 – 300, iSviaT SemTxvevaSi 

(zalian farTozolian tranzistorebis magaliTze) β SeiZleba iyos 

ufro mcire (daaxloebiT 2 – 5), Aanda ufro meti, (5 000 – 10 000) rac 

gaaCniaT superbeta tranzistorebs. 

Amrigad, tranzistoris bazis deni Zalezed mcirea, amitom 

emiteris deni praqtikulad sul mTlad gardaiqmneba koleqtoris 

denad, da mxolod misi mcire nawili gardaiqmneba bazis denaT:  
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β  dakavSirebulia α − sTan formuliT Iк/Iэ: 

da sawinaaRmdegod: 

α
αβ
−

=
1

 

 raTqma unda α Zalian axlosaa  erTianTan, magram α<1. 

     Amrigad, naTelia Tu saidan miiReba danis mixedviT gaZliereba 

tranzistorSi: Tu ki bazaze mivawodebT mcire sididis dens, maSin 

emitersa da koleqtorSi gaivlian denebi, β da β+1 jer meti vidre 

bazaSi. Mmagram eleqtronikaSi gacilebiT ufro xSirad gamoiyeneba 

Zabvis gamaZliereblebi. rogor miiReba es? 

     Cveulebrivad marTaven tranzisroriT, mis emiterul p- n 

gadasvlelze, romelic pirdapiri mimarTulebiT aris wanacvlebuli, 

denis an Zabvis miwodebiT. amasTan masZe Zabvis vardna Zalze didi ar 

aris – daaxloebiT potencialebis kontaqturi sxvaobisa, romelic 0,6 
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... 0,7 voltis tolia. Ese igi Zabvis cvladi nawili saerTod Zevs 0,1 

voltis siaxloveSi.  

     gamomavali deni, romladac koleqtoruli deni iTvleba saerTod 

ar aris damokidebuli koleqtorze modebul Zabvaze, Tu ki igi mTlad 

nulovani anda uaryofiTi ar aris. amitom Tu ki SevaerTebT 

koleqtors Zabvis wyarosTan winaaRmdegobis gavliT, maSin deni Iк, 
romelic gadis am winaaRmdegobis  gavliT da romelic damokidebulia 

mxolod Sesasvlelze modebul ZabvaZe, gamoyofs Zabvas am 

winaaRmdegobaze, miT mets, rac metia es winaaRmdegoba. 

     naTelia, rom maqsimaluri gamosasvleli winaaRmdegoba tolia 

wyaros Zabvisa Eп, romelic SeiZleba iyos 5 ... 15 volti da SeiZleba 

metic ki. dauSvaT Eп=10 v, maSin 

     amrigad, Cven gavigeT  Tu ris xarjze warmoiqmneba Zabvis mixedviT 

gaZlierebis koeficienti. exla ganvixilavT amas ufro dawvrilebiT 

tranzistoris konkretuli CarTvis sqemebis gaTvaliswinebiT. 

                  

Cveulebriv sqemebSi bipoliaruli tranzistorebi aseTnairadaa 

gamosaxuli: 

                 

     rogorc Cans, tranzistoris sqematiuri gamosaxuleba savsebiT ar 

hgavs mis namdvil konstruqcias. magram asea miRebuli. wrexazi 

ganasaxierebs tranzistoris korpuss, indeqsiT "б" aRniSnulia kontaqti 

bazasTan  "к" aris kontaqti koleqtorul aresTan, xolo "э" – ki 

emiterul aresTan. isris mimarTuleba emiterul kontaqtTan uCvenebs 

tranzistoris tips (n- p- n an  p- n- p). 

     gamaZlierebeli kaskadis Sesasvleli aris emiteruli p- n gaadasvla 

anu б-э kontaqtebi. pirdapiri wanacvlebis dros es pirdapiri Zabvaa 

emiteruli p- n gaadasvlisaTvis anu volt-amperul maxasiaTebels (vam) 

aqvs aseTi saxe: 
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Tu tranzistori Riaa, maSin Zabva p- n gaadasvlaze daaxloebiT 0,6 

voltis tolia. Tu is 0,1 voltze naklebia, maSin deni mcirdeba. 

gamoviangariSoT, ramdenjer mcirdeba deni, Tu ki Zabva Semcirdeba 0.1 

voltiT. gavixsenoT, rom кТ/q=0.026 v, amitom denis cvlileba SeiZleba 

miaxloebiT gaviangariSoT formuliT: 

I 50)4exp()026,0/1,0exp()5,0(/)6,0( =I = ≈
 

amrigad deni davardeba daaxloebiT 50 jer, da SeiZleba 

CavTvaloT, rom tranzistoris gavliT deni ar gadis. 

exla ganvixiloT n- p- n tranzistoris  gamomavali maxasiaTeblebi 

anu (vam) koleqtorze. dasawyisSi CavTvliT, rom tranzistori 

CarTulia saerTo bazis sqemiT. 

Cven vxedavT, rom emiterul p- n gadasvlaze modebulia pirdapiri 

wanacvleba: pliusi bazis kontaqtze, xolo minusi emiterul 

kontaqtze. koleqtorul p- n gadasvlaze modebulia uku Zabva. am 

SemTxvevaSi karg tranzistorSi koleqtoruli deni sul umniSvnelod 

mcirea emiterulze. amitom voltamperuli maxasiaTeblebi unda iyos 

horizontalurebi. 

es marcxena naxazia.  Awarmodgenilia oTxi xazi emiteris oTxi 

denisaTvis. sinamdvileSi isini gamoiyurebian cota sxvagvarad ix. 

marjvena naxazi. (jer erTi uaryofiTi Zabvis dros (da iqneba 

pirdapiri wanacvleba koleqtoruli p – n gadasvlisaTvis) deni 

swrafaT vardeba. xolo dadebiTi ZabvisaTvis koleqtoris denebi 

cotcota izrdeba, rac xdeba imitom, rom Zabvis zrdiT, izrdeba uku 

wanacvleba koleqtorul p – n gadasvlze, amave dros izrdeba misi 
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moculobiTi muxtis are, da amitom mcirdeba bazis neitraluri 

nawili. Es iwvevs mas, rom sruli koleqtoruli deni TandaTanobiT 

izrdeba. Bolos ki xdeba denis mkveTri zrda, romelic 

dakavSirebulia p – n gadasvlis garRvevasTan. 

Uufro xSirad gamoiyeneba sqema saerTo emiteriT. Am SemTxvevaSi 

mrudebi mcired wainacvleben marjvniv: 

am SemTxvevaSi bazaSi da emiterSi miewodebat Zabva erTi niSniT, 

magram bazaZo miewodeba 0,7 voltze naklebi, xolo koleqtorSi 5 -15 v. 

Tu koleqtorul wredSi CavrTavT rezistors, maSin didi denebis 

dros Zabva Semcirdeba da SeiZleba nulsac gautoldes. amSemTxvevaSi 

damyardeba gajerebis reJimi: Zabva koleqtorul gadasasvlelze 

gaxdeba pirdapiri, deni gaivlis koleqtoridan bazaSi da emiteridan 

bazaSi, koleqtorul wredSi deni Sewydeba, xolo bazaSi daiwyeba 

eleqtronebis dagroveba. Ees aris egreTwodebuli gajerebis reJimi. 

gajerebis reJimi Zalian usiamovno movlenaa, radganac am dros bazaSi 

matareblebis dagrovebiT mkvetrad uaresdeba tranzistoris 

swrafqmedeba. AserTo bazis sqemaSi aseTi rame ar xdeba.  

aRvniSnavT agreTve, rom koleqtoris denis zrda, romelic 

maszed Zabvis zrdiT aris gamowveuli SeiZleba SeiZlebaq daxasiaTdes 

koleqtoris diferencialuri winaaRmdegobiT O  

   

к

к
кд I

Ur
Δ
Δ

=

 

diferencialuri koleqtoruli winaaRmdegoba aserto emiterian 

sqemaSi (se), ramdenjerme mcirea vidre saserTo bazian sqemaSi (sb). 

axla ganvixiloT ufro dawvrilebiT tranzistoris CarTvis sami 

yvelaze tipiuri  sqema, esenia: saerTo emiteriT, saerTo koleqtoriT 

da saerTo baziT. Aam sqemebSi saerTo ewodeba  im kontaqts, romelic 

dakavSirebuli miwasTan pirdapir an kvebis wyaros dabali 

winaaRmdegobis gavliT. xolo sxva kontaqtebze iqneba miwodebuli da 

gamosasvleli signalebi. 
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saerTo emiterul sqemebSi Sesasvleli signali miewodeba bazaze, 

xolo gamomavali signali ixsneba koleqtorisagan. Sqema da 

gamomavali maxasiaTeblebi gamosaxulia naxazze: 

aqedan Cans, rom sqema Zalzed garTulda, magram mTavari rac aq 

aris – es Rк rezistoria, romelic gansazRvravs Zabvis mixedviT 

gaZlierebis koeficients, da romelic erTeuli koloomidan 

megaomamde farglebSi icvleba. (rac metia es rezistori, miT metia 

gaZliereba), yvela danarCeni elementi ki met-naklebad pirobiTia.  

Rэn –  rezistori  upirveles yovlisa aucilebelia tranzistoris 

TermostabilizaciisaTvis. Ees xorcieldeba mudmivi denis mixedviT 

uku kavSiris wyalobiT, romelsac Cven QvemoT ganvixilavT. Сэ – 

kondensatori, romelic aSuntebs am winaaRmdegobas muSa sixSireebze, 

ise rom cvladi signalis SemTxvevaSi es rezistori TiTqosda 

saerTod ar aris. Ees kondensatori ramdenime mikrofaradia. igi 

Cveulebriv eleqtrolituri kondensatoria.  

Ср – es damyofi kodensatorebia, romlebic gamohyofen signalebis 

mudmiv mdgenelebs Sesasvlelebsa da gamosasvlelebze, gare 

signalebisgan. Cveulebriv es ramdenime mikrofaradia.  

Rб1 –  es mniSnnelovani rezistoria, romelic tranzistoris 

musaobas marTavs da misi movaleobaa tranzistoris muSa wertolis 

dayeneba. Ees rezistori ayenebs bazis denis mudmiv mdgenels da misi 

mniSvneloba damokidebulia Rк winaaRmdegobis sidideze.  

Rб2 – praqtikulad ara saWiro rezistoria, ubralod idgmeba 

sqemaSi ubralod tranzistoris dacvisaTvis gadawvisagan. Misi 

mniSvnerloba unda iyos didi, radgan igi Sesasvlelis paralelurad 

dgas da SeiZleba igi daamoklos. Cveulebriv misi sidide 1 an 

ramdenime kiloomia, radgan tranzistoris Sesasvleli winaaRmdegoba 

mcirea. 

Rн – datvirTvis winaaRmdegobaa, igi rac metia miT ukeTesia, 

radgan igi CarTulia tranzistoris gamosasvlelis paralelurad, da 

Tu igi mcire iqneba gamosasvleli signali davardeba.  

U Uвх – es signalia tranzistoris Sesasvlelze. rogorc naxazidan 

Cans Sesasvlelze bevri sxvadasxva detalia rezistorebi, 

kondensatorebi. magram muSa sixSireebze kondensatorebi nakleb 
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winaaRmdegobas uweven signalebs da amitom isini kargad atareben am 

signalebs. rac Seexeba or paralelur rezistors Rб1 da Rб 2 , isini 

sakmaod didebia tranzistoris Sesasvlelis winaaRmdegobaze, amiTom 

mxedvelobaSi viRebT mxolod mis winaaRmdegobas.  

Cveulebriv TviTon tranzistoris sakuTriv winaaRmdegobebi 

aRiniSneba patara asoebiT: 

 rб – tranzistoris bazuri aris winaaRmdegobaa, igi Cveulebriv 

Zalian mcirea – ramdenime omidan aTeulobiT omamde; 

rэ – tranzistoris emiteruli aris winaaRmdegoba (aTeulobiT an 

aseulobiT nawili omisa) da emiteruli p – n gadasvlis 

winaaRmdegobaa romelic Cveulebriv wanacvlebulia pirdapiri 

mimarTulebiT. Ria tranzistoris dros es Cveulebrivad 10 ... 100 omia.  

Eaxla SevafasoT rэ winaaRmdegoba  pirdapir wanacvlebuli p – n 

gadasvlis volt-amperuli maxasiaTeblis formulisagan: 

)exp(
kT
qUII s=

 

(Cveulebriv, pirdapiri wanacvlebis dros erT erTeuls 

yuradRebas ar vaqcevT). SevafasoT diferencialuri sidide rэ 

gavawarmooT formula U -Ti: anu 

aqedan Cans, rom p – n gadasvlis winaaRmdegoba damokidebulia 

mxolod im denze, romelic masSi gadis. Aase mag. 1 ma Ddenis dros 

oTaxis temperaturisas (daaxloebiT  3000К) miiReba 0,026В/10-3 = 26 omi, 

xolo 10 ma-s dros ki 2,6 omi. 

M     magram bazis winaaRmdegoba rogorc tranzistoris Sesasvleli 

winaaRmdegoba ufro Znelad gansasazRvravia. Saqme imaSia, rom bazis 

deni unda gaizardos β+1 jer(es fardobaa Iэ/Iб). Aamitom Zabvac, 

romelic ecema emiterul p – n gadasvlaze, gaizrdeba amave ricxvjer:   

amrigad, tranzistoris Sesasvleli winaaRmdegoba Zalzed iqneba 

damokidebululi β , rб da rэ, -ze, aseve  emiterSi gamaval denze. Mmagram es 

sidide arc Tu ise didia; Tu CavTvliT, rom β=100, xolo deni tolia 1 

kT
qI
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miliamperis, maSin es qinaaRmdegoba daaxloebiT 2,6 kiloomia, Tu ki 

deni 10 miliamperia, maSin igi 260 omia, did denebZe ukve saJiro iqneba 

bazis winaaRmdegobis damateba. 

     Sesasvlelze moedeba Zabva Uвх. deni romelic bazaSi gadis tolia: 
вхвхб rUI /=

koleqtoris gavliT gadis deni Iк = βIб  gamovTvaloT potenciali 

koleqtotrze: 

exla vipovoT Zabvis mixedviT gaZlierebis koeficienti Кu=Uвых/Uвх, 

magram radganac amis gamoTvla gaZnelebulia, movZebniT gaZlierebis 

diferencialur koeficients: 

aqedan Cans, rom Zabvis mimarT gaZlierebis koeficienti 

uaryofiTia, anu gamomavli signali sawinaaRmdego fazaSia SemavalTan, 

da sakmaod didia, radganac Rk >>rвх da β>10. 

sainteresoa aseve SevaasruloT sqemis grafikuli gamokvleva. 

Ees SesaZleblobas gvaZlevs SevasruloT marjvena naxazi, sadac 

mocemulia vam-is ojaxi.  

dauSvaT, rom Cven SevZeliT moZebna konkretuli gadaqyveta grafikuli 

meTodis daxmarebiT. simartivisaTvisv vTvliT, rom Rэ = 0 Rн = бескон: 

naTelia:               marjvniv devs funqcia Uк(Iк), am funqciis ojaxi 

aris Cven grafikze. Marcxniv aseve raRac funqciaa Iк  dan. Mmagram es 

swori xazia, egreT wodebuli datvirTvis xazi. is ganisazRvreba 

kvebis wyaros ZabviT da koleqtoris winaaRmdegobiT 

ori wertili, romelTa gavliTac gadis es swori aris: 
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Eк/Rк 0 

 

datvirTvis swori xazi agreTve gamosaxulia naxazze;. Mmisi gadakveTa 

mrudebis ojaxis erTerT mrudTan es aris Cveni amocanis grafikuli 

gadawyveta. Dda  es gadawyveTa ufro marTebulia, vidre Cveni winare, 

radganac is iTvaliswinebs namdvil grafikebs. 

       vTqvaT, Semavali denebi iseTebia, rom muSaoben pirveli da 

mesame mrudebi ojaxidan………. 

      Aaxla ganvixiloT tranzistoris CarTvis sxva sqema. 

Aq tranzistoris Sesasvlelze zustad igivea, rasc winamdebare 

sqemaSi. koleqtorSi da emiterSi ki gansxvavebulia! Koleqtori 

SeerTebulia pirdaoir kvebis wyarosTan, gamomavali Zavba aRebulia 

emiterSi CarTuli rezistorisgan. 

      CarTvis aseTi sqema Zalzed moqmedebs sqemis Semaval 

winaaRmdegobaze: 

Tu tranzistoris Semavali winaaRmdegoba 3 kom-ia, xolo β=300, 

maSin formulis ZaliT Semavali winaaRmdegoba iqneba daaxloebiT 1 

mom anu es Zalian bevria.  

))(1( ээбвх rrr R= + +β +

ratom moxda ase? Ees moxda uku kavSiris ZaliT. Saqme imaSia, 

rom tranzistorze moqmedebs bazasa da emiters Soris potencialTa 

sxvaoba, da rac metia es sxvaoba  miT metia deni emiteruli p – n 

gadasvlis gavliT, miT metia zabvis vardna Rэ rezistorze, magram miT 

naklebia potencialTa sxvaoba emiterul p – n gadasvlaze. Uku kavSiri 

100 procentiania. Cven SeiZleba gamovTvaloT gaZlierebis 

diferencialuri koeficienti Sesabamisi gantolebebis 

gadiferencirebebiT. miviRebT: Tu rэ = 30 om, xolo Rэ = 3 kom, maSin Кuд 

=1/(1+30/3000)=0,99. Canas, rom Кuд 1-ze naklebia, magram Zalzed axlosaa 

masTan. 

ээ
uд Rr

K
/1

1
+

=

Ggamomavali winaaRmdegoba Zalzed mcirdeba Rэ - sTan SedarebiT. 
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TiTqosda aseTi mowyobiloba maincdamainc Zalian saWiro ar aris, 

radgan gaZlierebis koeficienti erTze naklebia. magram is faqti, rom 

saerTo emiterul sqemas aseTi cudi maxasiaTebeli aqvs gamowveulia 

imiT, rom mas dabali Sesasvleli winaRoba da maRali gamomavali 

winaaRmdegoba aqvs, amitom gaZnelebulia aseTi sqemebis mimdevrobiTi 

SeerTeba, radgan yoveli Semdgomi sqema daamoklebs wina sqemis 

gamomaval signals. Tu ki saerToemiTerul sqemebs Soris CavrTavT 

sqemebs saerTo koleqtoriT, maSin se-is sqemis maRali gamomavali 

winaaRmdegoba SeuTanxmdeba sk-s sqemis Zalzed did Semaval 

winaaRmdegobas, xolo sk-is sqemis dabali gamomavali winaaRmdegoba 

SeuTanxmdeba ara Zalzed dabal Sesasvlel winaaRmdegobas se sqemisa. 

Ees xdeba imitom, rom Zabvis mixedviT erTeulovani gaZliereba 

saerTo emiteruli sqemisa, mas aqvs sakmaod didi gaZlierebis 

koeficienti denis mixedviT (daaxloebiT β).  

arseboben kidev sqemebi saerTo baziT. isini sakmaod iSviaTad 

gamoiyeneba, amiTom maT Cven ar ganvixilavT.  

Cven qvemoT moviyvanT SedatrebiTi monacemebis cxrils am 

sqemebis mixedviT. 

 

 rвх rвых Ku Ki Kp SeniSvna 

ОЭ saSualo maRali didi didi Zalze 

didi 

xSirad 

gamoiyeneba 

ОК Zalze 

didi 

Zalze 

mcire 

1 didi didi xSirad ar 

gamoiyeneba 

ОБ mcire Zalze 

didi 

didi 1 didi iSviaTad 

gamoiyeneba 

    

 

 

leqcia 5. veliani tranzistorebi 

samfeniani p da n tipis sxva mowyobilobebia velis 

tranzistorebi. Kkonstruqcia velis tranzistorebisa p – n gadasvliT 

warmodgenilia naxazze: 
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rogorc Cans, aqac sami fenaa n-, p- da n- tipis, (SeiZleba es 

mimdevroba sawinaaRmdegodac iyos dalagebuli p-, n- da p-tipebiT). 

SesarTavi (naxazze aRniSnulia S asoTi) da saTaves Soris (s) 

modebulia Zabva, iseTi, rom muxtebi (am SemTxvevaSi xvrelebi) 

gamoedinebian saTavidan da Caedinebian SesarTavSi.  Ees niSnavs imas, 

rom SesarTavze modebulia uaryofiTi Zabva, xolo saTave miwdeba. p- n 

tipis gadasvlis arsebobidan gamomdinareobs, rom arxis are 

viwrovdeba, ufro metadac ki, radganac  aq p- n gadasvla sqelia, mas 

aqvs sivrculi muxtis are, romelis naxazze aRniSnulia punqtiruli 

xaziT.  Camkets miewodeba dadebiTi Zabva, iseTi, rom p - n gadasvla 

wanacvlebulia uku mimarTulebiT riTac sivrculi muxtis are ufro 

farTovdeba, xolo arxis sigane viwrovdeba. Ees iwvevs arxis denis 

Semcirebas (muxtebis nakadi saTavidan SesarTavamde) – es ki ukve denis 

regulirebaa, rac iZleva kidec gaZlierebis reJims. 

Ees tranzistoria p- tipis arxiT, Tu ki fenebi sawinaaRmdegod 

dalagdeba maSin miiReba n- tipis arxiani tranzistori. Mmas yvelaferi 

igive aqvs rac winas, oRond arxSi gaedinebian eleqtronebi, 

SesarTavze miewodeba pliusi, xolo saketze - minusi.  

davubrundeT p- tipis tranzistors. radganac saketze miewodeba 

uku Zabva, amitom is cudad atarebs dens (es aris p - n gadasvlis uku 

deni), anu velis tranzistoris Semavali winaaRmdegoba Zalzed didia. 

velis tranzistoris marTva xdeba ZabviT, anu eleqtruli veliT. AamiT 

is raRacaSi hgavs radiomilaks. aQ, iseve rogorc radionaTuraSi. 

Camketze Zabvis gazrdiT (moduliT), saTavidan SesarTavisaken gamavali 

deni mcirdeba. raRac Zabvaze Uзи=U0 sivrculi muxtis are  Caiketeba, da 

SesarTavis deni gautoldeba nuls. Aam Zabvas ewodeba wakveTis Zabva.  

      gamomavali da gardamavali maxasiaTeblebi warmodgenilia 

naxazze: rogorc ubralo daTvalierebidan Cans, SesarTavis deni - 

Zabvisa da SesarTavi - saTavis Zabverbis maxasiaTeblebi unda iyvnen 

sworxazovnebi, oRond maTi daxra gaxdeba ufro meti rac ufro metia 

Zabva Camketi – saTavisa. Ees xdeba imitom, rom Camketze Zabvis 

matebisas arxis winaaRmdegoba izrdeba. Mmagram mrudebi swrafad 

iwyeben gajerebas da gadian TiTqmis horizontalur monakveTze. Ees 

aixsneba imiT, rom Zabva, romelic vardeba arxSi, icvleba 0-dan Uси –
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mde, es ki niSnavs, rom p - n gadasvlaze Zabvis vardna sxvadasxvaa: 

saTavesTan axlo areSi is tolia Uзи, xolo SesavrTavTan ki - Uзи + Uси 

–s, anu metia. amrigad naxazze marcxniv marjvniv sivrculi muxtis are 

farToa, xolo arxi Seviwrovebuli. amiTom gasagebia, rom arxis 

winaaRmdegoba  Uси Zabvis zrdiT izrdeba, xolo maxasiaTeblebi 

vardebian. 

     Mmarjvena naxazze warmodgenilia situacia, rodesac Uси Zabva 

iRebs Zalian did mniSvnelobas, anu maSin rodesac moculobiTi 

muxtis areebi zeda da qveda p - n gadasvlebisTvis urTierTSexebaSi 

modian. Aam SemTxvevaSi, TiTqosda deni arxSi unda Sewydes, radganac 

arxi wydeba. magram sinamdvileSi yvelaferi sxvagvarad xdeba. rogorc 

Semdegi naxazidan Cans moculobiTi muxtis areSi aris eleqtruli 

velebi, romlebic isrebiTaa naCvenebi, da isini mimarTulia ZiriTadaT  

n- tipisgan p- tipisken. Mmagram iq, sadac moculobiTi muxtis areebi 

erTmaneTs erwymian, es veli mimarTulia marcxnidan marjvniv, ise, rom 

xvrelebi, Tu kidev isini arseboben, marjvniv moculobiTi muxtis 

aredan,  gamoiqaCebian arxidan. 

     raRac azriT es Zalzed hgavs SemTxvevas, romelsac adgili awvs 

bipoliarul tranzistorebSi: iqac muxtis matareblebi difundireben 

koleqtorisken, da Semdeg koleqtoruli p - n gadasvlis Zalzed 

Zlieri eleqtruli veliT gamoiqaCebian koleqtorSi. 

     Aam SemTxvevaSi moculobiTi muxtis veli gacilebiT didia vidre 

p- arxis veli. Aamitom imis Semdeg, roca moculobiTi muxtebis areebi 

erTmaneTs Seerwymian Uси  Zabvis Semdgomi zrda uzrunvelyofili 

iqneba moculobiTi muxtis velis zrdiT. xolo p- arxis marcxena 

nawili ucvleli rCeba. Magram zustad igi gansazRvravs arxis dens. 

Amitom deni. velis tranzistoris gavliT metad ar icvleba. (deni 

mcirediT kidev izrdeba, magram pirveli miaxloebiT SeiZleba iTqvas, 

rom is ucvlelia).  

Ees ki aris gamomavali maxasiaTeblis muSa monakveTi – deni 

ganisazRvreba Camketze modebuli ZabviT, magram ar aris damokidebuli 

SesarTavze modebuli ZabviT, anu SeiZleba gamoyenebul iqnas Zabvios 

gaZlierebisaTvis. Cveulebriv am monakveTze muSaoben gamaZliereblebi 
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velis tranzistorebSi, anu gamoiyeneba is SemTxveva, rodesac 

moculobiTi muxtis areebi erTmaneTs gadafaraven.  

Zabvas, saidanac iwyeba daxrili monakveTi, ewodeba gajerebis 

Zabva: 

зисн UUU −= 0  

garda amisa: 

                                            2
0max )/1( UUII зиcc −=

sadac Icmax  - SesarTavis maqsimaluri denia, rasac adgili aqvs 

rodesac Uзи =0. 

veilian tranzistorze damyarebuli gamaZliereblis 

gaZlierebis koeficientis gansazRvrisaTvis mniSvnelovania misi 

simrudis garkveva. (bipoliarul tranzistorebis  β koeficientis 

analogiurad): 

                                               )/1( 0max UUss зи−=   

sadac smax maqsimaluri simrudea, rasac adgili aqvs rodesac Uзи 

=0. igi ganisazRvreba Semdegnairad: 

                                              0maxmax /2 UIs c=

simrude gaizomeba ma/v ganzomilebiT. igi Cveulebriv devs 1 - 

dan 100-mde diapazonSi. Sesasvleli winaaRmdegoba ki Seadgens 109...1012  

oms. sqemaze veils tranzistorebi aRiniSnebian ase: 

veils tranzistorebSi uxerxilobas qmnis is, rom Camketis 

wredis kveba (Sesasavali) da SesarTavis (gamomavali) sxvadasxva 

poliarulia. Aanu saWiroa ori sxvadasxva batareikis gamoyeneba. 

Mmagram kondensatoris gamoyenebiT es SeiZleba advilad iqnas Tavidan 

acilebuli rogorc es naCvwenebia naxazze: es tranzistori n – 

arxiTaa, amitom SesarTavze modebulia dade3biTi Zabva, xolo Camketze 

-  uaryofiTi. igi miiReba wanacvlebis xarJze, romelic saTavis 

winaaRmdegobaze gamoiyofa. Cvladi cignalis mixedviT misi sidide 

savsebiT kompensirdeba winaaRmdegobis paralelurad agreTve 

kondensatoris CaTvliT. 

Cveulebriv sruli sqema Seicavs agreTve winaarmdegobasac, rac 

Sesasvlel wredSia CarTuli, da romlebis gansazRvraven sqemis 
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Sesasvlel winaaRmdegobas. Ggamomavali winaaRmdegoba ganisazRvreba  

tranzistoris SesarTavis Rc winaaRmdegobiT da SesarTavis 

diferencialuri winaaRmdegobiT, anu tranzistoris gamomavali 

maxasiaTeblis daxriT. 

am sqemis gaZlierebis koeficienti: 

                                                            cu sRK =  

Dman SeiZleba ramdenime aseuls miaRwios. 

     Ees aris sqema saerTo saTaviT (ss). Bbipoliaruli 

tranzistorebis analogirad aris sqemebi saerTo SesarTaviT (sS): 

     TiTqosda, es mniSvnelovnad ufro marTivi sqemaa, magram 

praqtikulad igi iseTivea rogorc sqema ss, magram ar aris 

kondensatori Си. Amitom uaryofiTi ukukavSiris moqmedeba  ar 

gamoiricxeba, da amitom Zabvis mixedviT gaZlierebis koeficienti 

praqtikulad 1-is tolia. Ddenis mixedviT gaZlierebis koeficienti 1-ze 

metia, da gamomavali winaaRmdegobac mniSvnelovnad naklebia, vidre 

sqemisa ss. 

     SesaZlebelia agebul oqnas sqema saerTo saketiT, analogiurad 

sqemebisa saerTo baziT bipoliarul tranzistorebSi. magram garda 

teqnikuri sirTuleebisa (Znelia saerTo saketis gakeTeba, rodesac ar 

aris saketSi gamavali deni), arc aris aseTi aucilebloba. radganac 

velis tranzistorebis Sesasvleli winaaRmdegobebi Zalian didia da 

ar aris saWiro Tavidan iqnas acilebuli gamomavali signalis 

damoklebis efeqti mravalkaskada sqemebSi. 

Mmdn (mJn) veliani tranzistorebi 

     Mmetal-dieleqtrik-naxevargamtaruli, anda sxvagvarad metal- 

Jangeul-naxevargamtaruli (mJn) velis tranzistorebi Zalzed 

gansxvavdeba zemoT ganxilulisagan rogorc moqmedebis principiT, 

iseve damzadebis teqnologiiT. Magram saboloo monacemebi 

(gardamavali da gamomaqvali maxasiaTeblebi) maTi Zalzed hgvanan 

bolo grafikebis mrudeebs. 

     ganvixiloT, magaliTad, naxevargamtari (kremniumi, germaniumi) p-

tipis eleqtrogamtareblobiT. CavTvalot, rom maszed datanilia 

dieleqtrikis Txeli fena (yvelaze xSirad daizrdeba germaniumus anda 

kremniumis Jangeuli). dieleqtrikis fena unda iyos Zalzed mcire. Tu 
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naxevargamtarebis teqnologiaSi gamoiyeneba jangeulis damcavi fena 

sisqiT 1-dan 2-3 mkm-amde, maSin Cven CavTvliT, rom dieleqtrikis fenis 

sisqe Zavs 0,1 ... 0,3 mkm-is sazRvrebSi. 

       dieleqtrikis zemoT ki datanilia metalios fena. Metalsa da 

naxevargamtars Soris modebulia eleqtruli veli. 

      Txeli dieleqtrikis SemTxvevaSi eleqtruli veli advilad 

SeaRwevs naxevargamtarSi. Ras moimoqmedebs es veli naxevargamtarSi 

advilad gasagebias zonuri diagramebis gamokvleviT: 

naxazze gamosaxulia sami damokidebuleba eleqtronisa 

koordinatebisagan. Marcxniv naCvenebia SemTxveva, rodesac metalze 

(aRniSnulia aso М –iT) Mmodebulia naxevargamtaris mimarT uaryofiTi 

Zabva. Es veli miiZidavs Tavisken xvrelebs, xolo eleqtronebs 

ganizidavs. sxva sityvebiT, rom vTqvaT, zonuri diagrama aiRuneba 

zeviT, xolo wonasworobis damyarebis SemtxvevaSi zedapirTan 

xvrelebis raodenoba gaxdeba ufro meti, vidre iyo sawyis 

naxevargamtarSi. 

Sua suraTze gamosaxulia diagrama im SemTxvevisaTvis, rodesac 

metalze naxevargamtarasTan SefardebiT modebulia dadebiTi zabva, am 

semTxvevaSi zonebi gadaRunulia qvemoT. xvrelebi zedapirTan gaxda 

ufro mcire, vidre siRrmeSi, xolo eleqtronebi – meti. Magram jer 

kidev xvrelebi zedapirTan ufro metia vidre eleqtronebi. 

     Mmarjvena naxazze situacia kardinalurad Seicvala: Zabva isev 

dadebiTia, magram ukve sakmaod didia imisatvis, rom eleqtronebi 

zedapirtan gaxdnen ufro meti, vidre xvrelebi. Nnaxevargamtari gaiyo 

or areT: siRrmeSi es Zveleburad p-tipia, xolo zedapirtan siaxloves 

– n-tipia (moxda eleqtrogamtareblobis tipebis inversia).  

     Eexla ganvixiloT konstruqcia, romelis gamosaxulia marcxniv. 

Ees p-tipis naxevargamtaria (mag. Kremniumi), romelSic formirebulia n-

tipis ori are. Zemodan, garda kremniumis Jangeulisa, datanilia 

agreTve kremniumis Jangeulis Txeli fena n -areebs Soris. Tu axla 

movdebT Zabvas SesarTavsa da saTaves Soris, maSin araferi ar moxdeba: 

deni ar warmoiqmneba, radgan Zabvis nebismieri niSnis SemTxvevaSi 

erTerTi mains p- n gadasvla wanacvlebuli iqneba uku mimarTulebiT 
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(es iseve rogorc bipoliarul tranzistorSi, Zalzer sqeli bazis 

SemTxvevasi-ori p- n gadasvla calcalke).  

    Aaxla modiT movdoT dadebiTi Zabva saketze safenTan (podloJka) 

mimarTebaSi. (marjvniv). Tu es Zabva metia raRac, egreTwodebul 

zRurbul Zabvaze (Uп), maSin xvrelebi  ganizidebian   zedapiridan 

naxevargamtaris siRrmeSi , xolo eleqtronebi miiZidebian 

zedapirisaken, da isini iq gaxdebian metni vidre xvrelebi, amiT 

zedaprTan axlos gamoCndeba n-tipis inducirebuli fena. Ees fena 

SeierTebs or sawyis n -tipis fenas  da SesarTavsa da saTaves Soris 

warmoiSoba deni. Aamboben, rom warmoiqmna n–tipis arxi. 

     raTqma unda SeiZleba p- n- p areebiani struqturis aReba. maSin 

yvela zemoTTqmuli misTviosac samarTlianio iqneba, magram aq saketze 

unda movdoT uaryofiTi Zabva da arxic p tipis iqneba. SemdgomSi Cven 

ganvixilavT mxolod n -arxian mJn velis tranzistorebs. 

     TvalnaTelia, rom am struqturas aqvs 4 kontaqti. zogjer yvela 

isini gamoyenebulia. Mmagram xSirad saTaves aerTeben safenTan, da 

amrigad rCeba mxolod sami kontaqti. simartivisaTvis Cvenc 

ganvixilavT mxolod am SemTxvevebs.  

     Nnaxazze warmodgenilia mjn velis tranzistoris gardamavali da 

gamomavali maxasiaTeblebi CaSenebuli n-arxiT. Aaq Cans, rom am 

SemTxvevaSi yvela potevciali dadebiTia. Gardamavali maxasiaTebeli 

iqceva ise, rogorc parabolis nawili. SesarTavis denis 

damokidebuleba SesarTav-saTavis Zabvisagan moyvanilia marjvena 

naxazze. Ees mrudebi Zalze hgavs  p-n gadasvlis velis tranzistoris 

gamomaval maxasiaTeblebs, magram aq SesarTavis denis da Zabvisa 

SesatrTavze niSnebi erTmaneTs emTxveva. 

     Aaqac kidev, iseve rogorc wina SemTxvevaSi, ismeba sakiTxi, ratom 

ar arian maxasiaTeblebi sworxazovnebi, TiTqosda xom Cans, rom 

TiTqosda mxolod Uзп  Zabvazea damokidebuli gamtarebloba? da 

Sesabamisad dacul unda iyos omis kanoni. Aanu SesarTavis deni 

proporciuli unda iyos SesarTav-saTaveze modebuli Zabvisagan. 

Magram, naxazidan Cans, rom rac metia SesarTav-saTaveze modebuli 

Zabva, miT metia arxis winaaRmdegoba. Ees aixsneba imiT, rom arxSi aris 

Zabvis vardna, da radganac saketSi ar aris araviTari deni, amitom 
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Zabva saketis yvela wertilSi erTnairia. Tu saTave da safeni 

gaerTianebulia, maSin arxSi saTavesTan axlos Zabva nulis tolia. 

xolo SesarTavTan axlos tolia Uси. Sesabamisad potencialTa sxvaoba 

saketSa da safens Soris Semcirdeba saTavidan SesarTavisken, arxs 

eqneba sxvadasxva sisqe da eleqtrogamtarebloba, rogorc es naxazzea 

naCvenebi naxazze marcxniv. 

     Rogorc es teoriidan miiReba, SesarTavis denis damokidebulebas 

saketsa da SesaTrTavze modebuli Zabvebisagan aqvs Semdegi saxe: 

                                          ([ ) ]2

2
1

cиcипзпc UUUUKI −−=   

 sadac К – koeficientia, romelic tranzistoris konstruqciasa da 

teqnologiazea damokidebuli, da aqvs А/В2 ganzomileba. Ees parabolaa  

Uси – Ic  kordinatebSi. amasTan gadabrunebuli da gamavali koordinatTa 

saTaveSi. Aam funqciis maqsimumi devs  

                                                         пзпcи UUU −=  

wertilSi 

da Seadgens 

                        2
max )(

2
1

пзпc UUKI −=  

Amis Semdeg unda dadges vardna. Mmagram grafikze as vardna ar Cans. 

raSia saqme? aRmoCnda, rom mizezi imaSia, rom p-n gadasvlaSi aris 

moculobiTi muxtis are, xolo masSi-eleqtruli veli, romelic 

naxazze isrebiTaa naCvenebi:  

yvela isars sxvadasxva mimarTuleba aqvs, magram arxis bolos 

mimarTuleba yovelTvis erTnairia. veli mimarTulia ise, rom 

eleqtronebi gamoiqaCebian arxidan da Caedinebian SesarTavis areSi. Ees 

veli sakmaod didia, amitom eleqtronebis gamoqaCva didi ZaliT xdeba. 
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Es TiTqmis iseve xdeba rohorc velis tranzistorebSi p-n gadasvliT, 

anda bipoliarul tranzistorebSi. Aam mizeziT, SesarTavze Zabvis 

Semdegi zrdisas mTeli es naWarbi Zabva vardeba SesarTavis 

moculobiTi muxtis areze da iwvevs eleqtronebis gamoqaCvas arxidan 

SesarTavSi, xolo arxze vardeba erTnairi Zabva da amis Semdeg deni 

aRar icvleba. amitom denis vardna ar xdeba, da aris mudmivoba 

(sinamdvileSi denis zrdac ki aris, magram Zalzed neli zrda). zustad 

es area velis tranzistoris gamomavali maxasiaTeblis muSa monakveTi, 

anu tranzistori yovelTvis daketili arxiT muSaobas. SesarTavis 

deni tolia 

                         2
max )(

2
1

пзпcc UUKII −==    

cicabooba ganisazRvreba saketze arsebuli denis warmoebuliT ZabviT   

                                                )( пзпзпc UUKdUdIs −==  

rac metia Zabva saketze, miT metia cicaboba. Mmagram realurad saketi 

ZalZed swrafad irRveva, radganac es Zalzed Txeli fenaa kremniumis 

Jangisa, amitom cicabooba mcirediT metia, vidre veils 

tranzistorebis p-n gadasvliT.  Ggarda amisa mJn veils 

tranzistorebi Zalzed xSirad gairRvebian statikuri muxtiT, amiTom 

isini undas mierCilis sqemebSi didi sifrTxiliT. Cveulebriv veils 

tranzistoris yvela kontaqti SeerTebulia erTmaneTTan maTi Senaxvis, 

an transportirebis dros da ganmxolovdebian mxolod maTi mirCilvis 

dros, sarCilavi unda iyos damiwebuli, da mas, vinc arCilebs unda 

hqondes xelze wamocmuli damiwebuli samajuri. 

     qvemoT naCvenebia mJn tranzistorebis sqematiuri gamosaxuleba n-

arxiT (marcxniv) da p-arxiT (marjvniv).   
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aseT tranzistorebs ewodebaT mJn tranzistorebi izolirebuli 

arxiT. SeiZleba kidev, manmade vidre gavakeTebdeT saketis qveda 

dieleqtriks gaketdes donorebis kidev erTi difuzia n-arxiani 

tranzistorebisaTvis anda aqceptronebis p-arxiani 

tranzistorebisaTvis, es imisTvis, rom SevqmnaT CaSenebuli arxi. maSin 

maxasiaTeblebi miiReben aseT saxes: 

exla tranzistorebs aqvT deni saketze nulovani Zabvis drosac 

ki, da aris SesaZlebloba misi marTvisa, anu miviRoT gaZliereba. aseTi 

tranzistorebi aRiniSnebian TiTqmis iseve rogorc tranzistorebi 

inducirebuli arxiT: 

              

inducirebuli da CaSenebuli arxebiT damzadebuli tranzistorebis 

gamoyenebisas miRebuli sqemuri gadawyvetilebebi, mcired gansxvavdeba   

p-n gadasvliani velis tranzistorebis sqemuri gadawyvetilebebidan. 

 

leqcia 6. uku kavSiri 

dRes Cven gamovikvlevT erTi SexedviT Zalzed saziano movlenas-

uku kavSirs.  

ra aris uku kavSiri. Ees Zalzed martivia. Yyvela saxis 

mowyobilobaSi, sadac aris Sesasvleli da gamosasvleli, aris raRac 

parazituli gavlena gamomavali signalebisa Sesasvlel signalebze. 

Titqosda amasTan brZolaa saWiro. Mmagram modiT jer ganvixiloT, 

rasTan gvaqvs saqme.  

Nnaxazze naCvenebia mowyobiloba erti Sesasvlelita da erti 

gamosasvleliT. (es mowyobilobaa samkuTxedi), uku kavSiri naCvenebia 

oTxkuTxediT da es uku kavSiri emeteba an akldeba Sesasvlel 

signals: 
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  dauSvaT jer gamomavali signalis nawili (В<1) akldeba Sesasvlel 

signals. maSin es uaryofiti uku kavSiria (uuk), da gamaZliereblis 

Sesasvlelze iqneba signali 

выхвхвх BUUU −=0  

Mmagram rogorc viciT К – gamaZliereblis gaZlierebis koeficienTia,da 

raTqma unda is erTze metia. Amitom 

0
0 вхвых UКU =  

am ori gantolebidan seiZleba gamovTiSoT Uвх
0, miviRebT: 

)(0 выхвхвых BUUKU −=  

Axla WegviZlia davajgufoT Sesasvleli da gamosasvleli Zabvebi da 

movZebnoT maTi fardoba, anu gaZlierebis koeficienti uku kavSiris 

gaTvaliswinebiT: 

 

amrigad Cans, rom uuk arsebobisas Кос  yovelTvis naklebia anda tolia 

К0 (es bolo iqneba maSin, rodesac К0 anu uku kavSiri ar aris). Aaxla 

SevxedoT ufro yuradRebiT mnisvnels. Aaq ВК0 namravli SeiZleba iyos 

nebismieri sidide, mat ricxvSi didic, (1-ze mniSvnelovnad didi). 

Mmagram maSin erTiani mniSvnelSi SeiZleba uarvyoT. Dda К0 Seikveceba, 

darCeba: 

 

amrigad Cven vxedavT, rom am SemTxvevaSi gaZlierebis koeficienti 

srulebiTac ar aris damokidebuli sawyis koeficientze К0-ze , da 

ganisazRvreba raRac SemTxveviTi sididiT В. 

     M magram ai aseTi Taviseburebebia.  К0 –  sakmaod ganusazRvreli 

sididea. jer erTi is Zalzedaa damokidebuli β – koeficientisagan, 
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romelic warmoadgens tranzistoris gaZlierebis koeficients denis 

mimarT, meorec - is Zalzedaa damokidebuli temperaturisagan, da 

sakmaod arastabiluri sididea. B В ki SeiZleba gaketdes specialurad 

da sakmaod zustad. radganac В <1,  amitom uuk –is gamaZlierebeli ar 

aris saWiro, anu SeiZleba rezistorebic ki sakmarisi aRmoCndes uku 

kavSirisaTvis. 

amrigad,  В SeiZleba Sesruldes moTxovniT sizustiT 10-4 ...10-6, 

xolo  К0 – 

100%-iani an ramdenadme Semcirebuli sizustiT. Anu, Tu ki gavakeTebT 

uku kavSirs specialurad uaryofiTs, maSin amiT SeiZleba 

gavaumjobesaT gaZlierebis koeficientis dayenebis sizuste, TviTon 

gaZlierebis Semcirebis xarjze (1/В  metia erTze da naklebia K К0 -ze ).  

     Aaxla ganvixiloT ufro zustad, ramdenjeraa SesaZlebeli 

gavaumjobesoT gaZlierebios koeficienti. amisTvis saWiroa 

gavawarmooT gamosaxuleba Кос К0–iT, miviRebT: 

2
00 )1/(1/ BKdKdK oc +=  

F=1+BК0  sidides ewodeba uku kavSiris siRrme. Ees zustad is sididea, 

romliTac mcirdeba gaZlierebis koeficienti uku kavSiris gamoyenebiT. 

imisaTvis, rom SevamciroT am faqtoris gavlena gavamravloT miRebuli 

gamosaxuleba F –ze: 

FdKdKF oc /1)/( 0 =  

amrigad К0–is nebismieri arastabilurobiT gamowveuli gavlena  Кос-ze 

mcirdeba F jer, anu yaryofiTi ukukavSiris siRrmeiT. 

     mogvianebiT Cven dawvrilebiT ganvixilavT Tu ra  gavlenas 

axdens uaryofiTi ukukavSiri Кос –ze.  

Axla ki davweroT calsaxa gamosaxuleba  Uвх
0-sTvis: 

FUU вхвх /0 =  

uSualod gamaZliereblis Sesasvlelze uuk –is didi siRrmisas Zabva 

Zalzed mcirea. 

     Aaxla ganvixiloT dadebiTi uklukavSiris SemTxveva (duk) – es 

maSin xdeba, rodesac Sesasvlelze emagteba gamomavali signalis 

nawili. saboloo formaSi icvleba mxolod niSani: 
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0

1 BK
K

U
U

K
вх

вых
ос −

==  

Aaq SesaZlebelia sami SemTxveva: 

1.  BK0<1.  naTelia, rom amas maSin aqvs adgili rodesac Кос>K0. erTi 

SexedviT Cans, rom es Zalzed sasargeblo SemTxvevaa – gamaZliereblis 

gaZlierebis koeficienti izrdeba, igiSeiZleba miviRoT ramdenic 

gvinda didi. Mmagram, rogorc Cven adre davinaxeT, uaryodfiTi 

ukukavSiris ganxilvisas Cveulebriv gamaZliereblis gaZlierebis 

koeficienti arc Tu ise kargia, arastabiluria, dadebiTi ukukavSiris 

gamoyenebiT  miRebuli gazlierebis Sedegad  ki misi arastabiluroba 

kidev ufro gaizrdeba. amitom es SemTxveva saerTod ar gamoiyeneba 

praqtikaSi. 

2. BK0=1. am SemTxvevaSi. Am SemTxvevaSi formula saerTod 

arakoreqtulia, radganac mniSvnelSi miiReba nuli, xolo nulze 

gayofa ar SeiZleba. Magram Cven amas ase ar gavakeTebT, vityviT 

mxolod, rom usasrulod didi gaZlierebis koeficientis SemTxveva 

Seesabameba signalis generaciis pirobas, anu am SemTxvevaSi 

gamaZlierebeli gadaiqceva generatorad. Ees ki praqtikulad xSirad 

gamoiyeneba, rodesac saWiroa Seiqmnas: sinusoidaluri, sworkuTxa, 

anda sxva perioduli signalebi. Aam SemTxvevaSi iReben karg 

gamaZlierebels da miuerTeben  dadebiT uku kavSirs, romelic 

pasuxobs miTiTebul pirobas. 

3. BK0>1. naTelia, rom am asemTxvevaSi rezultatis gaangariSeba 

formuliT SesaZlebelia, К0<0. magram, misi gamoyenebadobis sauTooba 

darCa, TiTqosda raRac ar gaviTvaliswineT. Ufro yuradRebiT Tu 

SevxedavT, davinaxavT, rom es iseTive situaciaa, rodesac 

gamaZliereblidan miiReba ganeratori. 

     Metad Cven dadebiT uku kavSirs aRar ganvixilavT, da 

daubruldebit uaryodfiTi ukukavSiris ganxilvas. Amave dros 

cavTvliT, rom es saziano ki ara, aramed Zalzed sasargeblo movlenaa, 

da SemTxveviT ki ar warmoiSoba, aramed gakeTebulia sagangebod. 

Aamitom winaswar CavTvliT, rom К0 arc Tu ise stabiluri sididea, 

magram Zalzed didia. Mmagram uuk -is gamoyenebiT Cven vaRwevT 
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gamaZliereblis stabilurobis gaumjobesebas, gaZlierebis 

koeficientis raRac nawilis dakargviT. 

Aamplitudur-sixSiruli maxasiaTebeli 

     ganvixiloT gamaZl;iereblis amplitudur-sixSiruli 

maxasiaTebeli (asm). naTelia, rom amisaTvis saWiroa aigos amplitidis 

damokidebuleba (gaZlierebis koeficientis) sixSiresTan mimarTebaSi 

ormag logariTmul masStabSi. ratom? imitom, rom amplitudisa da 

sixSiris rTuli damokidebulebebi ormag logariTmul masStabSi 

gadaiqceva martivSi. magaliTi warmodgenilia naxazze., zeda  mrudi: 

erTeulovani kaskadisaTvis, romlisTvisac sixSiris mixedviT 

zeda da qveda SezRudvebi Cveulebriv dakavSirebulia erT RC –

wredTan, gaZlierebis koeficientis zrda da vardna damokidebulia 

sixSireze proporciulad (zrda proporciulia f-is, vardna 

ukuproporciulia f-is). ormag logariTmul masStabSi ki erTic da 

meorec midian sworxazovnad, romlebic horizontaluris  mimarT 450 –

T arian daxrili. sxva upiratesoba isa agreTve, rom ormagi 

logariTmuli masStabi sasargebloa sixSireebis da gaZlierebis 

koeficientabis did diapazonSi cvlilebisas. 

     Cven kidev gvJirdeba movnaxioT sognali, romelis Seadgens Кмакс–is 

0,7 nawils.  Ees niSnavs, rom unda gadavinacvloT qvemoT Кмакс-gan 

erTidaigive bijiT, imisda miuxedavad, Tu ras udris Кмакс. 

         amrigad, Cven gvaqvs mrudi К0, es zeda mrudia naxazze, romelic 

aRwers gamaZliereblis sixSirul maxasiaTebels uku kavSiris gareSe. 

saWiroa gadavinacvloT К0-is maqsimaluri mniSvnelobidan 0,7-is 

doneze. Romelic gansazRvravs qveda da zeda sixSirul sazRvrebs, 

xolo maTi sxvaoba  Δf0 ki aris sixSireTa zoli.  

     ra moxdeba im SemTxvevaSi Tu ki gamoviyenebT uaryofiT 

ukukavSirs?YaqQsaWiroa ukve cnobili formulis gamoyeneba. Tu ВК0>>1, 

maSin Кос=1/В. winaaRmdeg SemTxvevaSi  Кос<K0, amis gaTvaliswinebiT 

ormag logariTmul masStabSi es mrudi warikveTeba 1/В doniT, 

rogorc amas gvaCvenebs mrudi Кос. Tu ki wavinacvlebT imave sidideze 

0,7, miviRebT axal sixSireTa zols Δfос. naTelia, rom es ufro didi 

sixSireTa zolia.     
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     Uumjobesdeba agreTve TviT sixSireTa maxasiaTebeli. magaliTad 

Cven cudi, araTanabari maxasiaTebeli gvaqvs, rogorc es naxazzea.  

TvalnaTelia, rom sixSireTa maxasiateblebis uswormasworoba 

mcirdeba F-jer. 

     cnobilia, rom amplitudur-sixSiruli uswormasworobis 

arsebobisas, aris agreTve fazur-sixSiruli uswormasworobac. Mmag. 

bolo nazazze naCvenebi maxasiaTeblisTvis fazuri maxasiaTebeli 

iqneba iseTive, rogorc zeda naxazze. uaryofiTi uku kavSiris 

gamoyenebis dros mrudi gauTovdeba ise, rom iq sadacuaryofiTi uku 

kavSiri moqmedebs (uku kavSiris siRrme didia), iq faza miiswrafis 

nulisken, ix. nax. 

A mis gageba SesaZlebelia Semdegi msjelobiT. Tu Cven gaZlierebis 

koeficientis formulaSi gaviTvaliswinebT fazebis Zvrasac, maSin es 

iqneba gaZlierebis kmpleqsuri koeficienti. davweroT kompleqsuri 

gaZliererbis kioeficientis gantoleba, sadac kompleqsur sidideebsv 

aRvniSnavT zevidan wertiliT: 

 
avagoT axla kompleqsur sibrtyeze gamoangariSebuli Кос

.; 

dauSvaT K0
. –didi gaZlierebis koeficientia, didia sigrZe, da aqvs 

raRac daxra, romelic fazas asaxavs. ВK0
. – cota naklebia da emTxveva 

mas faziT, xolo 1+ВK0
. iqneba mxolod mcired gansxvavebuli, radgan 1 

mcirea. Eexla saWiroa K0
.  gavyoT 1+ВK0

.-ze. Kkompleqsuri ricxvebis 

erTmaneTze gayofiT, modulebi iyofa erTmaneTze, xolo fazebi 

akldeba erTmaneTs. amitom Doc<Do, xolo konkretulad maTi 

Tanafardobis gaangariSeba SeiZleba Tu davwerT: 

Tu ki aqedan yuradRebas ar mivaqcevT gamovricxavT sinuss 

(CavTvliT, rom kuTxeebi mcirea), miviRebT: 

ococ DDDBK −= 00  

saidanac: 

FDBKDD ooooc /)1/( =+=  
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amrigad, uaryofiTi ukukavSiris arsebobis SemTxvevaSi fazebis 

wanacvleba mcirdeba uku kavSiris siRrmiT, romelic rogorc adre iyo 

naCvenebi gamoisaxeba F asoTi. 

     Aaqamde Cven arsad ar viTvaliswinebdiT, rom gaZlietreba xdeboda 

Zabvis mixedviT, SeiZleba iTqvas, rom denis mixedviT gaZlierebis 

koeficienti da yvela sxva danarCeni zustad iseTivea, rogorc 

ZabvisTvis. Aanu yvelaferi is  razedac gvqonda msjeloba uaryofiTi 

ukakavSiris dadebiT gavlenaze, samarTliani iqneba denis 

gamaZliereblebis mimarTac. Magram aris gamaZliereblis 

parametrebi,romelTvisac es yvelaferi analogiuri ar aris. Esaa- 

Sesasvleli da gamosasvleli winaaRmdegobebi gamaZliereblebisa. 

imisTvis, rom gaverkveT, Tu rogor zegavlenas axdens uaryofiTi uku 

kavSiri am winaaRmdegobebze ganvixiloT oTxi sxvadasxva SemTxveva: 

1. Zabvis mixedviT mimdevrobiTi uku kavSiri. ras niSnavs es? Ubralod 

es imas nSnavs,rom gamomavali Zabvis nawili ixsneba datvirTvisgan da 

emateba Sesasvlel Zabvas. SevadginoT cxrili: 

 

Sesasvleli Ggamosasvleli 

Zabva Zabva 

 

Aam SemTxvevaSi  

вхосвхвхос IUUR /)( +=  

Ggardaqmnis Semdeg: 

FRBK
I

U
R вх

вх

вх
вхос =+= )1( 0  

Cven vxedavT, rom Semavali winaaRmdegoba  gaizarda uku kavSiris 

siRrmis sididiT. xolo gamomavali winaaRmdegoba ki Semcirda F jer: 

FRR выхвыхос /≈  

2. Zabvis mixedviT mimdevrobiTi uku kavSiri. gamaZliereblis 

Sesasvlelze signali miewodeba ZabviT, gamosasvlelidan is ixsneba 

denis proporciuli. 
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Sesasvleli Ggamosasvleli 

Zabva Ddeni 

 

am semTxvevaSi Sesavali winaaRmdegoba aseve izrdeba 

FRBK
I

U
R вх

вх

вх
вхос =+= )1( 0  

sxvanairadaris saqme gamomaval winaaRmdegobasTan dakavSirebiT 

)1( ++= uосвыхвыхос KRRR  

sadac, Roc – winaaRmdegobaa, saidanac ixsneba signali, romelic 

proporciulia gamomavali deni. Aase rom, am SemTxvevasi Cven vxedavT, 

rom  rogorc Sesasvleli, aseve gamosasvli winaardegobebi didebia, 

daaxloebiT F -jer metia, vidre Cveulebrivi gamaZliereblisa. 

3. denis mixedviT paraleluri uku kavSiri. Aam SemTxvevaSi gamomavali 

denis nawili miewodeba Sesasvlelze da akldeba Sesasvleli 

denisagan. amitom rezultati iqneba iseTi ragorc es cxrilSia 

moyvanili.  

Sesasvleli Ggamosasvleli 

deni Ddeni 

 

 Semavali winaaRmdegoba mcirdeba:  

FRR вхвхос /=  

xolo, gamomavali winaaRmdegoba izrdeba: 

FRR выхвыхос ≈  

5. Zabvis mixedviT paraleluri uku kavSiri. Aam SemTxvevaSi 

Sesasvlelze emateba deni, xolo gamosasvlelidan ixsneba Zabva. 

 

Sesasvleli Ggamosasvleli 

deni DZabva 
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Aam SemTxvevaSi rogorc Sesasvleli, aseve gamosasvleli 

winaaRmdegobebi mcirdeba F-jer: 

FRRFRR выхвыхосвхвхос // ≈≈  

Cven ukve davrwmundiT, rom uuk gaZlierebis didi koeficientebis 

SemTxvevaSi (1000 dan 1000 000) da uku kavSiris didi siRrmiT F > 100 

Zalian sasargebloa: marTalia gaZlierebis koeficienti mcirdeba, 

magran samagieroT umjobesdeba sixSiruli Tvisebebi, gamaZliereblis 

sworxazovneba, fazuri maxasiaTeblebi da a.S.S. magram xandaxan xdeba, 

rom rodesac uaryofiTi uku kavSiri moicavs gamaZliereblis bevr 

kaskads, xSirad xdeba TviTaRgzneba da gamaZlierebeli gadaiqceva 

generatorad.  

ratom xdeba es? saqme imaSia, rom uuk – maSinaa rodesac 

Sesasvlelsa da gamosasvlel signalebs Soris Seadgens 1800. magram ar 

arsebobs gamaZlierebeli usasrulod didi sixSiruli zoliT. sadRac 

aucileblad warmoiqmneba sixSiruli maxasiaTeblis vardna. amasTan 

cnobilia, rom Tu ormag logariTmul masStabSi zrda an vardna 

mimdinareobs  450 kuTxiT, maSin emateba an akldeba fazis wanacvleba 900 

–iT. Tu ki gamaZlierebeli orkaskadiania, masin iqneba 1800. magram 

jamSi es ukve 3600-ia, anu uuk- s magivrad miiReba duk-i anu uaryofiTi 

ukukavSiris magier warmoiSveba dadebiTi ukukavSiri. Tu amasTanave 

gaZlierebis koeficientic 1-ze metia, masin miiReba generatori. Es 

situacia ilustrirebulia nax. Aaris ubralo meTodi am movlenis 

winaaRmdeg brZolisa. saWiroa gamaZliereblis gamomaval kaskadSi 

Cayendes tevadoba, ise, rom mas didi gaZlierebis koeficientis 

SemTxvevaSi, SeezRuda gamazliereblis gaZlierebis koeficienti ise, 

ram maxasiaTeblebis vardna iyos 450–iani kuTxiT.   

 

leqcia7. treining programebi 

04 - inJineria 

0403 -  xelsawyoTamSenebloba avtomatizacia da marTvis sistemebi 

040301 – avtomatizavia da marTvis sistemebi 

040451 – avtomatizaciisa da marTvis sistemebis teqnikosi 
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kursebi: 

1. samrewvelo kontrolerebi scentraluri procesorebi da Semyvan – 

gamomyvani mowyobilobebi. 

• kursi gaTvaliswinebulia personalisTvis, romlebic 

axorcieleben SAIMATIC S7 kontrolerebis bazaze agebuli 

sistemebis momsaxurebasa da gaSveba-gawyobis samuSaoebs; 

• msmenelebisagan moiTxoveba mxolod, operaciul sistema Windows-

Si muSaobis unar-Cvevebi da zogadi warmodgenebi avtomatizaciis 

sistemebze; 

• kursis miznebia: SIMATIK S7 sistemebis codnis miReba, aparaturisa 

da programebis eqspluataciaSi gaSveba, Secdomebis moZebna da 

uwesrigobaTa aRmofxvra; 

• msmenelebis wavlebis procesSi SeiZenen codnas, romelic 

aucilebelia uwesivroebis diagnostikisa da Secdomebis 

moZebnisaTvis, agreTve programirebis safuZvlebis codnas, rac 

aucilebelia aparaturuli uwesivrobebis moZebnisas da 

programebis modifikaciisaTvis eqspluataciis procesSi; 

• praqtikuli savarjiSoebi unda Sesruldes SIMATIK S7 300/400 – is 

saswavlos tendebze, programatorze FieldPG dakonveieris 

modelze. 

2. samrewveli kontrolerebis bazaze agebuli marTvis sistemebis 

vizualizaciis saSualebebi da sixSiruli gardamqmnelebi. 

• kursi gaTvaliswinebulia im specialistebisaTvis, romelTa 

saqmianoba dakavSirebulia SIMATIK S7kontrolerebis 

bazazeagebuli marTvis sistemebi seqspluataciaSi gaSvebasa da 

momsaxurebaze; 

• gansakuTrebuli yuradReba mieqceva kontroleris 

urTierTqmedebas vizualizaciis saSualebebsa 

(operatorispanelebi) da sixSirul gardamqmnelebTan; 
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• msmenelebisagan moiTxoveb aoperaciul sistema Windows-Si 

muSaobis unar-Cvevebi, umaRlesi teqnikuri anda saSualo 

specialuri ganaTleba;  

• kursis miznebia:  SIMATIK S7 300/400 – is aparaturis saSualebebTan 

da da sxva analogiur avtomatizirebul sistemebTan 

muSaobisunar-Cvevebis miReba, SIMATIK S7 300/400 –is programebis 

Seqmnisa da eqspluataciaSi gaSvebis safuZvlebis codna; 

• praqtikuli savarjiSoebi unda Sesruldes SIMATIK S7 300/400–is 

sistemebis saswavlo stendebze, programatorze FieldPG, 

konveieris modelze da sademonstracio stendze Micromaster 440. 

3. samrewveli kontrolerebis bazaze agebuli marTvis sistemebis 

samrewvelo interfeisebi da HMI sistemebi. 

• kursi gaTvaliswinebulia im specialistebisaTvis, romelTa 

saqmianoba dakavSirebulia SIMATIK S7 kontrolerebis bazaze 

agebuli marTvis sistemebis eqspluataciaSi gaSvebasa da 

momsaxurebaze; 

• kursi uzrunvelyofs SIMATIK S7 sistemebis Sesaxeb codnis 

gafarTovebuli donis miRebas misi qseluri gadawyvetilebebis, 

adamianur-manqanuri (HMI) interfeisebis sistemebis da sixSiruli 

gardamqmnelebis gamoyenebiT; 

• kursis mizanebia: gafarToebuli codnis miReba SIMATIK S7 

sistemebis momsaxurebis Sesaxeb, agreTve aparaturisa da 

programis gaSvebisa da Secdomebisa da uwesrigobebis Zebnis 

Sesaxeb; 

• praqtikuli savarjiSoebi unda Sesruldes SIMATIK S7 300/400 – is 

sistemebis saswavlo stendebze, programatorze FieldPG, 

konveieris modelze da sademonstraciostendze Micromaster 440; 

• msmenelebisagan moiTxoveba operaciul sistema Windows-Si 

muSaobis unar-Cvevebi, umaRlesi teqnikuri an da 

saSualospecialuri ganaTleba, SIMATIK S7-is sawyisi codna am 

kursebis CamonaTvalidan pirveli kursis doneze;  
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4. samrewvelo kontrolerebis bazaze agebuli marTvis sistemebis 

diagnostika da momsaxureba. kursi gaTvaliswinebulia im 

specialistebisaTvis, romelTa saqmianoba dakavSirebulia SIMATIK S7 

300/400kontrolerebis bazaze agebuli marTvis sistemebis 

eqspluataciaSi gaSvebasa da momsaxurebaze; 

• kursi uzrunvelyofs SIMATIK S7 sistemebis Sesaxeb codnis 

gafarTovebuli donis miRebas misi operaciuli sistemasa da 

servisul momsaxurebaze; 

• kursis miznebia: gafarTovebuli codnis miReba SIMATIK S7-is 

sistemebis momsaxurebis, aparaturisa da programebis 

eqspluataciaSi gaSvebis, Secdomebisa da uwesrigobebis moZebnis 

sakiTxebis gadaWrebSi;  

• msmenelebisagan moiTxoveba operaciul sistema Windows-Si 

muSaobis unar-Cvevebi, umaRlesi teqnikuri anda saSualo 

specialuri ganaTleba, SIMATIK S7-is sawyisi codna am kursebis 

CamonaTvalidan pirveli kursis doneze;  

• praqtikuli savarjiSoebi unda Sesruldes SIMATIK S7 300/400 – is 

saswavlo stendebze, programatorzeFieldPG, konveieris modelze 

da sademonstracio stendzeM FieldPG, konveieris modelze da 

sademonstraciostendze Micromaster 440. 

5. programirebadi logikuri kontrolerebis programirebis enebi da 

daprogramirebis saSualebebi. 

• kursi gaTvaliswinebulia im specialistebisaTvis, romlebic 

muSaoben SIMATIK S7 bazaze arsebulisi stemebis proeqtirebaze, 

programirebasa da danergvaze; 

• kursi uzrunvelyofs codnis aucilebel bazur dones SIMATIK 

S7–is praqtikuli programirebisa da momsaxurebisaTvis; 

• msmenelebisagan moiTxoveba operaciul sistema Windows-Si 

muSaobis unar-Cvevebi, umaRlesi teqnikuri anda saSualo 

specialuri ganaTleba, SIMATIK S7-is sawyisi codna am kursebis 

CamonaTvalidan pirveli kursis doneze;  
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• kursis mizanebia: paketSTEP7-is Seswavla, programuli 

struqturebis Seswavla, samomxmareblo programebis damuSaveba, 

dokumentireba da gaSveba; 

• praqtikuli savarjiSoebi undaSesruldes SIMATIK S7 300/400 – is 

saswavlo stendebze, programatorze FieldPG, konveieris modelze 

da sademonstracio stendze Micromaster 440. 

6. SIMATIC S7 300/400 samrewvelo kontrolerebis programireba 

• kursi gaTvaliswinebulia im specialistebisaTvis, 

romlebic muSaoben SIMATIK S7 bazaze arsebuli sistemebis 

proeqtirebaze, programirebasa da danergvaze; 

• kursi uzrunvelyofs codnis gafarTovebuli donis miRebas 

SIMATIK S7-is praqtikuli programirebis saqmeSi. 

• msmenelebisagan moiTxoveba operaciulsistema Windows-Si 

muSaobis unar-Cvevebi, umaRlesi teqnikuri ganaTleba 

(sasurvelia), bazuri codna wina me-3 an me-4 an me-5 kursebis 

doneze; 

• kursismiznebia: STEP7 enis gafarToebuli Seswavla, 

momxmareblis programebis damuSaveba da gaSveba SIMATIC S7 

kontroleris standarTuli da sistemuri funqciebis 

gamoyenebiT; 

• praqtikuli savarjiSoebi undaSesruldes SIMATIK S7 300/400 

– is saswavlo stendebze, programatorzeFieldPG da 

konveieris modelze. 

moTxovnebi: yvela kursis msmenelebisagan moiTxoveba operaciul 

sistema Windows-Si muSaobis unar-Cvevebi, zogadi warmodgenebi 

avtomatizaciis sistemebze, an  umaRlesi teqnikuria ndasaSualo 

specialuri ganaTleba,  me-3 da me-4 kursis msmenelebs damatebiT 

moeTxovebaT SIMATIK S7-is sawyis icodna, me-5 da me-6 kursis 

msmenelebs damatebiT moeTxovebaT codna wina me-2, an me-3, an me-4 

kursebis doneebze. 

1. SimaticS7  Training Caze S7-300 PROFIBUS With Touch Panel saor.fasi 10000 

ev.Заказной номер: 6ZB2 310-0CD00 
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2. Micromaster 4 40 Training Case With Pulse generator and brake saor.fasi 5000ev. 

Заказной номер: 6AG1 062-1AA07-0AA0 

3. Programmer FildPG Заказнойномер: 6ES7790-1AA00-0AA0 saor. fasi 5000 

ev. 

4. AS-Interface Training Caze 

5. Заказ нойномер: 6ZB2520-0AB00 saor. fasi 5000 ev. 

6. Model Konveiersaor. fasi 35000 ev. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 115



kompiuterebis arqiteqtura 

leqcia 1.Kkompiuteruli teqnikis ganviTarebis mimoxilva 

umaRlesi teqnologiebis bolodroindeli warmatebebiTa da 

miRwavebiTaa ganpirobebuli, rom kacobrioba swrafad gadadis Tavisi 

ganviTarebis industrialuri eridan umeteswilad informaciul eraze. 

samecniero teqnikurma progresma, mrewvelobis ganviTarebam, kosmosis 

aTvisebam da agreTve saxelmwifoTa TavdacviTma saWiroebebma 

moiTxoves informaciis uzarmazari nakadebis gadamuSaveba, romlebmac 

gamoiwvies qveynebis da zogadad kacobriobis ganviTarebis 

prioritetebis Secvla. ukve exla arian ganviTarebuli qveynebi, 

romelTa simdidris 80-90% informaciis dagrovebiT SenaxviT da 

gayidviT aris miRebuli, aman gamoiwvia agreTve aTeulobiT da albaT 

aseulobiT milioni adamianis cxovrebis stilisa da muSaobis xasiaTis 

Secvla, mWidrod daukavSira ra isini kompiuterebTan da  

informaciul procesebTan zogadad. 

rogorc cnobilia kompiuteri inglisuri sityvaa da niSnavs 

gamomTvlels. es termini rogorc gamomTvleli manqanis aRmniSvneli 

xmarebaSi Semovida ocdaaTiode wlis winaT mas Semdeg rac Seiqmna da 

farTo gamoyeneba  hpova gamoTvliT teqnikaSi mikroprocesorebma. 

kompiuteri aris eleqtronuli mowyobiloba, romelic asrulebs 

informaciis Seyvanas, Senaxvas, mis gadamuSavebas garkveuli programiT 

da miRebuli Sedegebis gamoyvanas adamianis aRqmisaTvis mosaxerxebeli 

formiT. rogors vxedavT kompiuteris erTerTi ZiriTadi da mTavari 

amocanaa informaciis gadamuSaveba. 

informacia warmoadgens monacemTa (ambebTa) erTobliobas, 

romelic miiReba garemomcveli garemodan (Semomavali informacia), 

gaicema garemomcvel garemoSi (gamomavali informacia), anda Seinaxvis 

garkveuli sistemis SigniT. informacia arsebobs sabuTebis, naxazebis, 

naxatebis teqstebis, bgeriTi da sxivuri signalebis, eleqtruli da 

nervuli impulsebis da sxv. saxiT. 

50 wlebis dasawyisidan  firma IBM-ma  (wamyvani kompiuteruli 

kompania) gaacnobiera rom, Tu gadavidodnen erTiani kompiuteruli 

manqanebis ojaxis Seqmnaze, romlelTac SesaZlebloba eqneboda 

erTiani instruqciebis Sesrulebisa, maSin es xelsayreli iqneboda 
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rogorc firmisTvis aseve momxmareblebisaTvis.  Oojaxis wevrebs 

Soris aseTi SeTavsebadobis donis aRsawerad firma IBM-ma 

kompiuterul mecnierebaSi Semoitana termini Aarqiteqtura da 

daadgina, rom axali ojaxis wevrebs (kompiuterebs) unda hqonoda erTi 

da igive arqiteqtura magram bevri SesaZlo sxvadasxva teqnikuri 

Sesruleba, da romlebsac unda hqonodaT erTidaigive programebis 

Sesrulebis unari Sesrulebis siCqarisa da fasis SesaZlo 

gansxvavebiT.    

termini arqiteqtura SeiZleba vixmaroT  gamoTvliTi teqnikis 

(mowyobilobaTa erToblioba romelTa daniSnulebaa informaciis 

avtomaturi anda avtomatizirebuli  gadamuSaveba) nebismieri 

warmomadgenlobisaTvis  rogorebicaa: gamomTvleli sistemebi, 

gamomTvleli manqanebi anu kompiuterebi, mikroprocesorebi, 

erTkristaliani mikrogamomTvleli manqanebi (mikrokontrolerebi). 

Tanamedrove gamomTvleli sistemebis (gamomTvleli manqanebis 

aparaturuli da programuli saSualebebis erToblioba) sirTulem 

kanonzomierad migviyvana gamomTvleli sistemis arqiteqturis cnebamde 

(anu sistemis logikuri organizaciamde), romelic moicavs misi agebis 

zogadi da mTavari sakiTxebis erTobliobas misi SesaZleblobebis 

Sesaxeb, romlebic mvniSvnelovannia pirvel rigSi momxmareblisa da 

programistebis saWiroebebisaTvis. 

kompiuterebis (anda sxva sityvebiT rom vTqvaT kompiuteri 

warmoadgens programirebad eleqtronul mowyobilobas romelsac 

SeuZlia monacemTa gadamuSaveba da gamoTvlebis Sesruleba, aseve mas 

SeuZlia Seasrulos simbolebze manipulirebis sxava amocanebi) 

arqiteqturis qveS igulisxmeba misi logikuri organizacia, struqtura 

da resursebi e.i gamomTvleli sistemis saSualebebi, romlebic 

SesaZlebelia gamoyofil iqnen garkveuli drois intervalze monacemTa 

gadamuSavebis procesisaTvis. 

xolo mikroprocesoris (programulad marTvadi mowyobiloba, 

ropmlis daniSnulebaa cifruli informaciis gadamuSaveba da am 

gadamuSavebis procesis marTva, da romelic Sesrulebulia maRali 

integraciis eleqtronuli  erTi an ramodenimes sqemisagan 

(mikrosqemisagan)) arqiteqtura aris misi aparaturuli eleqtronuli 
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saSualebebis funqcionaluri SesaZleblobebi, romlebic gamoiyenebian 

monacemTa da masnqanuri operaciebis  warmodgenisaTvis, 

algoriTmebisa da gamoTvliTi procesebis aRwerisaTvis.A 

M maSasadame, SeiZleba sabolood Camovayalibod rom kompiuterebis 

arqiteqtura warmoadgens kompiuterebis aparatuli nawilis im 

funqcionalur SesaZleblobebs, romelic gasaTvaliswinebeli da 

saWiroa pirvel rigSi programistebisaTvis da moicavs iseT aspeqtebs 

rogorebicaa monacemTa tipi da zoma, (mag. 16 Tanriga orobiTi 

ricxvebi), im operaciebis tipebi romlebsac kompiuteri asrulebs (mag. 

Sekreba, gamokleba da sxv.), im registrTa raodenoba da tipebi 

romlebic programuladaa xelmisawvdomi da sxv.  

rac Seexeba kompiuterebis struqturul organizacias igi 

warmoadgens im struturul urTierTdamokidebulebebs, romlebic 

programistisaTvis xelmiuwvdomelia, radgan ar arseboben 

instruqciebi maTze manipulirebiusa. magaliTad periferiuli 

mowyobilobebis interfeisebi, maxsovrobis Sesrulebisas gamoyenebuli 

teqnologia, programulad xelmiuwvdomeli damxmare registrebi da 

sxv. 

Cveni saswavlo kursi moicavs kompiuterebis orTave mxares e.i. 

rogorc arqiteqturas ise struqturas xolo termini A”arqiteqtura” 

zogjer warmoadgens gafarToebul cnebas romelSic igulisxmeba 

orTave arqiteqturac da organizaciac. 

kompiuterebis Tanamedrove arqiteqtura ganisazRveba Semdegi 

principebiT: 

  programuli marTvis principi. igi Uuzrunvelyofs gamoTvliTi 

propcesis avtomatur Sesrulebas. Aam  principis Tanaxmad TviToeuli 

amocanis gadasawyvetad muSavdeba sakuTari programa, romelic 

gansazRvravs kompiuteris moqmedebis Tanmimdevrobas; 

programis Senaxvis principi maxsovrobaSi. Aam principis Tanaxmad 

brZanebebi iseve SeiZleba miewodos alm_s rogorc monacemebi, da 

maSasadame isini SeiZleba iseve gadamuSavdnen rogorc ricxvebi, xolo 

TviTon programa amocanis gadawyvetis Sesrulebis win gadaitvirTeba 

operatiul maxsovrobaSi rac aCqarebs mis Sesrulebas; 
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  operatiul maxsovrobis ujredebTan TanabarSesaZlebeli daSveba 

(xelmisawvdomoba). Aam principis Tanaxmad  programisa da monacemebis 

elementebi SeiZleba Caweril iqnen operatiuli maxsovrobis nebismier 

adgilebSi, rac saSualebas gvaZlevs mivakiTxoT nebismier mocemul 

misamarTs winamdebareebTan mikiTxvis gareSe. 

A am principebidan gamomdinare SeiZleba vamtkicoT, rom 

Tanamedrove kompiuteri is teqnikuri mowyobilobaa, romelis 

maxsovrobaSi sawyisi monacemebis cifruli kodebis da maTi 

gadamuSavebis programis Seyvanis  Semdeg romelic aseve cifruli 

kodebiTaa warmodgenili_ SeuZlia gamoTvliTi procesis avtomaturi 

Sesruleba da amocanis gadawyvetis saboloo Sedegebis warmodgena 

adamianis aRTqmisaTvis mosaxerxebeli formiT. 

Tanamedrove  personaluri kompiuterebis (pk) proeqtirebisas 

maTi xarisxisa da mwarmoeblobis gazrdis mizniT xSirad gverds 

uvlian xolme fon neimanis tradiciul arqiteqturas.  

rogorc cnobilia pk_s xarisxi ganpirobebulia:  centraluri 

procesoris swrafqmedebiT, brZanebaTa raodenobiT romlebic SeuZlia 

Seasrulos procesors, erTdroulad maszed mierTebuli periferiuli 

mowyobilobebis raodenobiT,  magram praqtikulad momxmareblebs 

yvelaze metad ainteresebs kompiuteris mwarmoebloba_misi efeqturi 

swrafqmedebis maCvenebeli, e.i misi unari ara marto swrafad imuSaos 

aramed swrafad gadawyvitos konkretuli dasmuli sakiTxebi. 

Y yvela aRniSnuli da agreTve sxva faqtorebi ganapirobeben 

kompiuterebis elementuri bazis principialuri da konstruqciuli 

gaumjobesebebis saWiroebas e.i ufro swrafqmedi, saimedo da muSaobaSi 

mosaxerxebeli procesorebis, maxsovrobis mowyobilobebis, 

Semyvan_gamomyvani mowyobilobebis Seqmnas, magram Tu 

gaviTvaliswinebT, rom elementebis muSaobis siCqare SeuZlebelia 

usasrulod gavzardoT radgan arseboben teqnologiuri da fizikis 

kanonebidan gamowveuli SezRudvebi. Aamitom damproeqteblebi 

problemis gadawyvetas eZeben kompiuterebis arqiteqturis 

gaumjobesebaSi. 
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A ase  warmoiSvnen kompiuterebi mravalprocesoruli 

arqiteqturiT, sadac ramdenime procesori erTdroulad muSaoben 

xolo maTi saerTo mwarmoebloba toli xdeba TviToeuli procesoris 

mwarmoeblobaTa jamisa. Aase magaliTad arseboben 64 procesopriani, 

100 procesoriani superkompiuterebi da sxv.. 

K kompiuteris muSaobis siswrafe mniSvnelovnad damokidebulia 

operatiuli maxsovrobis swrafmoqmedebisagan. Aamitom ganuwyvetliv 

mimdinareobs samuSaoebi axali elementebis Sesaqmnelad, romelTa 

gamoyenebiTac ufro mcire droSi moxdeba Cawera_amokiTxvis 

operaciebis Sesruleba, magram aq Tavs iCens sxva problema, kerZod 

swrafqmedebis gazrda uciloblad iwvevs misi Rirebulobis gazrdas, 

rac yovelTvis xelsayreli ar aris ekonomiuri TvalsazrisiT. 

P problemis gadawyveta xdeba mravaldoniani maxsovrobis SeqmniT. 

Ooperatiuli  maxsovroba Sedgeba ori nawilisagan: ZiriTadi nawili 

mzaddeba SedarebiT naklebi swrafqmedebis magram iafi 

komponentebisagan, xolo damatebiTi e.i. egreT wodebuli 

keS_maxsovroba keTdeba ufro swrafmoqmedi elementebisagan. 

Mmonacemebi romlebic ufro xSirad gamoiyenebian procesoris mier 

imyofebian keS_maxsovrobaSi, xolo operetiuli informaciis didi 

moculoba imyofeba ZiriTad maxsovrobaSi. 

A adre Semyvan_gamomyvani mowyobilobebis didi nawili imarTeboda 

centraluri procesoris mier, rac did dros iTxovda. Tanamedrove 

kompiuterebis arqiteqtura uzrunvelyofs, pirdapiri daSvebis 

(kavSiris) arxebis arsebobas operatiul mexsierebasTan, rac 

anTavisuflebs centralur procesors periferiul mowyobilobebTan 

monacemebis Seyvana gamoyvanis operaciebisagan, garda amisa am 

ukanasknelTa marTvis funqciebis didZali nawili SeiZleba moxdes 

specializirebuli procesorebis daxmarebiT, rac iwvevs centraluri 

procesoris gantvirTvas da rogorc Sedegi misi mwarmoeblobis 

gazrdas.  

 

leqcia 2. kompiuterebis klasifikaciis meTodebi 

kompiuteris saxeebis nomenklatura uzarmazaria: manqanebi 

ganirCevian daniSnulebis mixedviT, simZlavriT, zomebiT, elementuri 
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baziT da sxv. amitom eleqtronuli gamomTvlel manqanebis (egm) 

klasifikacias axdenen sxvadasxva niSnebis mixedviT. unda aRiniSnos 

rom nebismieri klasifikacia ramdenadme pirobiTia imitom rom 

kompiuteruli mecnierebisa da teqnikis ganviTareba iseTi swrafi 

tempiT xdeba, rom dRevandeli mikroegm_i ar CamorCeba Tavisi 

simZlavriT xuTi wlis winandel miniegm_ebs da axlowarsulis 

superkompiuterebsac ki. Garda amisa kompiuterebis Caricxva garkveul 

klasSi sakmaod pirobiTia radganac jgufebad dayofa arazustia, 

amasTanave Semovida praqtikaSi  kompiuterebis SekveTiT awyobis 

praqtika sadac xdeba kvanZebisa da modelebis adaptacia SemkveTebis 

moTxovnilebis Sesabamisad.  

ganvixiloT kompiuterebis klasifikaciis yvelaze gavrcelebuli 

kriteriumebi. 

klasifikacia daniSnulebis mixedviT 

• didi eleqtronul_gamomTvleli manqanebi; 

• mini egm 

• mikro egm 

• personaluri kompiuterebi 

didi egm_ebi (main freimebi) 

  am tipis manqanebs gamoiyeneben saxalxo meurneobis didi 

dargebisa momsaxurebisaTvis. isini xasiaTdebian 64 Tanrigiani 

paralelurad momuSave prosesorebiT (romelTa raodenoba aRwevs 100), 

asobis miliardi operacia wamSi jamuri swrafqmedebiT, muSaobis 

mravalmoxmarebis reJimiT. 

aseTi super egm –ebia:  IBM 360, IBM 370, Cray 3, Cray 4, VAX-100, Hitachi, 

Fujitsu VP2000. 

mini egm_ebi 

  isini hgvanan did manqanebs, masgram SedarebiT mcire zomisani 

arian. maT iyeneben did warmoebebsa da samecniero organizaciebSi. 

iyeneben aseve warmoebis procesebis marTvisTvis. isini xasiaTdebian 

multiprocesoruli arxiteqturiT, 200_mde mierTebuli terminaliT, 

diskuri damamaxsovrebeli mowyobilobiT romelTa moculobam 

Seiwleba asobiT gigabaits miaRwios. 

M  mikro egm_i 
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AaseTi tipis kompiuterebi xelmisawvdomia bevri organizaciisaTvis, 

samecniero laboratoriebisTvis. MmaTi Sesabamisi sistemuri 

programebi Tan mohyveba mikro egm_s.  

P  personaluri kompiuterebi (pk) 

Ffantastikuri ganviTareba Hhpova bolo 20 wlis ganmavlobaSi. Ppk_is 

daniSnulebaa erTi samuSao adgilis momsaxureba. Mmas aqvs 

SesaZlebloba uzrynvelyos calkeuli sawarmosa Tu piris 

moTxovnilebis dakmayofileba. internetis gamoCeniT Ppk_is 

popularoba mniSvnelovnad gaizarda, radganac personaluri 

kompiuteris daxmarebiT SesaZlebloba gaCnda samecniero, sacnobaro, 

saswavlo da gasarTobi informaciis miRebisa da gamoyenebisa. 

Tavis mxriv personaluri kompiuterebi pirobiTad SeiZleba daiyos 

profesionalur da sayofacxovrebo manqanebad. Mmagram aparatiuli 

uzrunvelyofis fasebis Semcirebis kvalobaze maT Soris gansxvaveba 

iSleba. 1999 wlidan moqmedebs saerTaSorisi saserTifikacio 

standarti_PC99  specifikacia romlis mixedviTac isini iyofian: 

• sayovelTao personaluri kompiuterebad ( Consumer PC) 

• saqmian personalur kompiuterebad (Offise PC) 

• portatiul personalur kompiuterebad (Mobile PC) 

• samuSao sadgurebad ( WorkStation) 

• gasarTob personalur kompiuterebad (Mentertaiment PC) 

  personaluri kompiuterebis umetesoba bazarze xvdeba rogorc 

sayovelTao. saqmian personal kompiuterebs aqvT grafikisa da xmis 

aRwarmoebis minimaluri saSualebebi.portatiuli personaluri 

kompiuterebi gamoirCevian Soreuli daSvebis komunikaciis 

saSualebebiT (kompiuteruli kavSiri).samuSao sadgurebs aqvT 

mometebuli moTxovnebi monacemTa Senaxvis mowyobilobebis mimarT, 

xolo gasarTobi  personaluri kompiuterebSi ZiriTadi aqcenti 

gadatanilia grafikisa da xmis aRwarmoebis mowyobilobebis mimarT. 

klasifikacia specializaciis donis mixedviT 

• universaluri 

• specializirebuli 

universaluri personaluri kompiuterebis (pk) bazaze SeiZleba 

agebul iqnas nebismieri konfiguracia grafikasTan, teqstTan, 
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muzikasTan, videosTan da sxv. samuSaod. specializirebuli pk 

Seqmnilni arian konkretuli amocanebis gadasawyvetad, kerZod 

manqanebis, TviTmfrinavebis, raketebis saborto kompiuterebi. K 

kinofilmebTan, reklamebTan samuSaod gankuTvnil 

specializirebul mini egm_ebs ewodebaT samuSao sadgurebi. erTian 

qselSi kompiuterebis gamaerTianebel specializirebul kompiuterebs 

failuri serverebi ewodebaT. xolo internetis qselSi informaciis 

gadamcem kompiuterebs qseluri serverebi ewodebaT. (serveri 

inglisuri sityvaa da niSnavs  momsaxure (mosamsaxure) mowyobilobas). 

Kklasifikacia zomis mixedviT 

• samagido (desktop); 

• portatiuli (notebook); 

• jibis (palmtop). 

Aaqedan yvelaze metad gavrcelebulia samagido personaluri 

kompiuterebi, romlebsac SesaZlebloba aqvT konfiguraciic advili 

cvlilebisa. portatulebi momxmareblebisaTvis mosaxerxebelni arian, 

aqvT moSorebul kompiuterebTan kavSiris SesaZleblobebi. xolo rac 

Seexeba jibis modelebs maT SeiZleba vuwodoT inteleqtualuri 

wignakebi, isini saSualebas gvaZleven operatiuld SevinaxoT 

monacemebi da agreTve swrafadve mivakiTxoT maT. 

Kklasifikacia SeTavsebadobis mixedviT 

Aarseboben mravali kompiuterebi romlebic awyobilni arian sxvadasxva 

firmebis mier warmoebuli detalebiT. AaseT pirobebSi yvelaze metad 

mniSvnelovania  kompiuterTa uzrunvelyofis SeTavsebadoba:  

• aparatiuli SeTavsebadoba (IBM PC da Apple Macintosh –is plaTforma); 

• SeTavsebadoba operaciuli sistemis doneze; 

• programuli SeTavsebadoba;  

• SeTavsebadoba monacemTa doneze; 

sakontrolo kiTxvebi 

1. ra aris kompiuteris arqiteqtura? Kkompiuteris zogadi struqtura? 

2. Kkompiuteris Tanamedrove arqiteqturis principebi? 

3. Kkompiuteris klasifikaciis meTodebi? Kklasifikacia daniSnulebis 

mixedviT? D 

4. didi egm_ebi (Main Frame)? 
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5. mini egm-Ebi?Mmikro egm_ebi? 

6. personaluri kompiuterebi? Kklasifikacia saerTaSoriso 

standartiT? 

7. klasifikacia specializaciis doniT? Klasifikasia zomis mixedviT? 

Kklasifikacia SeTavsebadobis mixedviT? 

 

leqcia 3. kompiuteris blok_sqema. fon neimanis modeli 

zogadad cifrul kompiuterebs aqvT erTiani forma, romelic 

Semotanil iqna 1945 wlidan da cnobilia rogorc fon neimanis 

modeli. igi Sedgeba xuTi ZiriTadi komponentisagan ix.figura 1.1 

 

figura 2.1  cifruli kompiuteris fon neimanis modeli 

 

     msxvili isrebi warmoadgenen monacemTa salteebs, xolo wvrili 

marTvis salteebs Semyvani mowyobiloba (Sm) 1 uzrunvelyofs 

monacemebisa da instruqciebis Seyvanas sistemaSi, romlebic SemdgomSi 

Seinaxebian maxsovrobis mowyobilobaSi (mm) 4. Mmonacemebi da 

instruqciebi gadamuSavdebian ariTmetikul_logikur mowyobilobaSi 

(alm) 2. kontrolis mowyobilobis (km) 5 xelmZRvanelobiT, xolo 

Sedegebi gadaigzavnebian gamomyvan mowyobilobaSi (gm)  3.   xSirad alm 

da km erTad arian warmodgenilni da maT erTobliobas ewodeba 

centraluri procesoruli mowyobiloba (cpm), rac xSirad Sesabamisi 

inglisuri abreviaturiT SeiZleba Segvxvdes literaturaSi (CPU). 
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(termini procesori inglisuri sityvaa da niSnavs gadamamuSavebels, 

gardamqmnels). 

fon neimanis modelis erTerTi yvelaze mniSvnelovani aspeqtia 

damaxsovrebadi programebi. Ee.i. programebi iseve Caiwerebian da 

Seinaxebian maxsovrobis mowyobilobaSi rogorc monacemebi, romelTa 

gadamuSavebacaa saWiro ganxorcieldes. Mmm_Si Caweril programebze 

iseTive manipulaciebi SeiZleba ganxorcieldes rogors monacemebze 

rasac Zalze didi mniSvneloba aqvs Tanamedrove kompiuterebis 

operaciuli sistemebisa da kompilatorebis efeqtiuri muSaobisaTvis. 

 

 

 

fig. 2.2 sistemuri salturi modeli 

 

miuxedavad imisa rom fon neimanis modeli farTodaa 

gavrcelebuli Tanamedrove kompiuterebSi mainc saWiro Seiqmna misi 

gaumjobeseba. Ffigura 1.2_ze warmodgenilia kompiuteris aseTi 

modernizebuli modeli romelsac sistemur saltur models uwodeben 

figura 2.2.-ze gamosaxulia kompiuteruli sistemebis sistemur 

salturi modeli am figuraze 1 aris (CPU), romelic Sedgeba 

ariTmetikul_logikuri mowyobilobisagan, kontrolis 

mowyobilobisagan da programulad xelmisawvdomi registrebisagan, 2 

aris maxsovrobis mowyobilobeba, 3 Semyvani da gamomyvani 

mowyobilobebi gaerTianebulad warmodgenili (Sgm), 5,6 da 7 erTad 

aRebulni warmoadgenen sistemur salteTa erTobliobas romlebic 

Sedgebian MmonacemTa saltesagan 5, samisamarTo saltesagan 6 da 

kontrolis (marTvis) saltesagan 7. Aam modelis didi mniSvneloba 
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mdgomareobs imaSi, rom misi calkeuli mowyobilobebi gaerTianebulia 

erTsaxela salteebis saxiT rac amartivebs maT Soris komunikacias da 

zogadad kompiuterebis struqturas. 

F fizikurad salteebi damzadebulni arian gamtarTa 

erTobliobisagan, romlebic dajgufebulni arian funqciebis mixedviT, 

mag. 32_bitian monacemTa saltes aqvs 32 individualuri gamtari 

romlis TviToeuli maTganic erTi  biti informaciis matarebelia. 

monacemTa salte  gadascems monacemebs sistemis komponentebs Soris 

orTave mimarTulebiT, samisamarTo salte  gansazRvravs maxsovrobis 

ujredebis adgilmdebareobas sadac monacemebi Caiwereba an saidanac 

isini amoikiTxebian. xolo kontrolis salteebis saSvalebiT warmoebs 

marTvis signalebis gadacema sistemis komponentebs Soris.  

rogorc kompiuteris sistemur salturi modelidan 

gamomdinareobs, masSi unda iyvnen Semavalni specialuri blokebi 

romlebic pasuxs ageben nebismieri zemoT CamoTvlili operaciebis 

SesrulebisTvis, marTlac aseTi blokebia: 

• Semyvan_gamomyvani mowyobiloba  

• centraluri procesori 

• maxsovrobis mowyobiloba 

yvela es bloki SeiZleba Sedgebodnen ufro mcire 

mowyobilobebisgan. KkerZod procesorSi SeiZleba Sediodnen alm, km, 

specialuri daniSnulebis registrebi da SesaZloa mcire moculobis 

zeroperatiuli maxsovrobis mowyobiloba anu egreTwodebuli 

keS_maxsovroba. 

centraluri procesori Sedgeba:  

• marTvis mowyobilobisagan, romlis daniSnulebaa kompiuteris 

yvela blokis muSaobis koordinacia. Ggarkveuli TanmimdevrobiT 

igi waikiTxavs operatiuli maxsovrobidan brZanebas brZanebaze. 

AaRniSnuli brZanebebi masSi ganiSifrebian, ris Semdegac 

mmarTveli signalebi gadaecemian alm_s, igi aewyoba im 

moqmedebis Sesasruleblad rac miTiTebul iyo mimdinare 

brZanebaSi (aq SesaZloa monawileoba miiRon agreTve 

Semyvan_gamomyvanma mowyobilobebma), amis Semdeg gaicema brZaneba 

arCeuli moqmedebis Sesrulebaze da es procesi gagrZeldeba 
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• ariTmetikul_logikuri mowyobilobisagan es kompiuteris blokia 

romlis daniSnulebaa programis brZanebebis (instruqciebis) 

Tanaxmad monacemTa gardaqmna: maTze ariTmetikuli an logikuri 

moqmedebebis Sesruleba, da registrebisagan romelTa 

danuSnulebacaa im monacemebis droebiT damaxsovreba_Senaxva 

romelzedac xdeba operaciebis Catareba da aseve am operaciebis 

Sedegebis damaxsovreba;  

• maxsovrobis mowyobiloba_es kompiuteris blokia romlis 

daniSnulebaa programebis, Semavali, gamomavali da Sualeduri 

monacemebis droebiTi (operatiuli damaxsovreba) an xangrZlivi 

(mudmivi damaxsovreba) Senaxva. Ooperatiul maxsovrobas aqvs 

didi swrafqmedeba magram masSi informasiis Senaxva warmoebs 

mxolod CarTuli kvebis wyaros SemTxvevaSi, mudmivi maxsovroba 

inarCunebs informacias kvebis wyaros gamorTvis SemTxvevaSic, 

magram informaciis gacvlis siCqare massa da processors Soris 

gacilebiT naklebia. 

 

leqcia 4. manqanebis arqiteqturili  doneebi 

rogorc yvela rTul sistemas kompiuterebsac SeiZleba SevxedoT 

sxvadasxva perspeqtividan anu doneebidan, dawyebuli yvelaze 

dabali_tranzistoruli donidan damTavrebuli yvelaze maRal 

momxmareblis donede. TviToeuli done warmoadgens  kompiuteris raime 

ganzogadebas. Sesawloa kompiuterebis aseTi warmatebis  erTerTi 

mizezi gamowveuli iyos imiTac, rom es doneebi aseTnairad arian 

erTmaneTisagan gancalkavebulni da damoukidebelni.  

Aaq naTlada Cans rom momxmareblebs, romlebic amuSaveben 

magaliTad teqstur procesoris programebs araferad sWirdebaT 

cnobebi maTi programirebis Sesaxeb, Tu rogor arian isini 

daproeqtebul_Sesrulebulni romeli enis gamoyenebiT, romeli 

transliatorebiT da sxv. Tavis mxriv programistebs araferaT 

sWirdebaT logikuri sqemebis donis Sesaxeb informirebuleba. 
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manqanebis arqiteqturis doneebis gancalkaveblis principebidan 

gamomdinareobs manqanebis SeTavsebadobis principi qvemodan zemoT. 

SeTavsebadoba qvemodan zeviT 

tranzistoris gamogonebam gamoiwvia kompiuterebis aparatiuli 

nawilis uswreafesi gaumjobeseba ramac Tavis mxriv gamoiwvia maT 

Soris (kompiuterebs Soris) SeTavsebadobis problema. Mmomxmareblebs 

sWirdebodaT da Tanaxma iyvnen SeeZinaT ufro da ufro axali, mZlavri 

da swrafqwmedi manqanebi magram yovel axal models hqonda axali 

arqiteqtura da amitom Zveli programuli uzrunvelyofa ar muSaobda 

axal aparaturaze, programul_aparatiuli SeTavsebadobis problema 

imdenad seriozuli aRmoCnda rom momxmareblebi xSirad uars 

ambobdnen axali kompiuterebis SeZenaze radgan samuSao programebis 

axal arqiteqturaze gadayvana Zalze Zviri ujdebodaT, xolo isini 

vinc mainc yidulobdnen axal manqanebs Tveebis ganmavlobaSi mainc ver 

iyenebdnen maT vidre Zveli programuli uzronvelyofisa da monacemTa 

anawyobebis konvertacias ar daamTavrebdnen am axali sistemebisTvis. A 

A am problemaze muSaobisas firma IBM-ma wamoayena manqanaTa 

ojaxis koncefcia da gamouSva kidec seria kompiuterebisa, romlebic 

ekuTvnodnen 360_is ojaxs. Aam ojaxis ufro mZlavr manqanebs 

SeerZloT aemuSavebinaT is programebi yovelgvari modifikaciis 

gareSe,  romlebic dawerilni iyvnen naklebi simZlavris manqanebisTvis. 

Aai es iyo qvemodan zemoT SeTavsebadobis realuri ganxorcieleba. 

doneebi 

ganvixiloT kompiuteris Ddoneebi momxmareblis donidan 

tranzistorul donemde. 

maRali done - momxmareblis done: momxmarebelTa (aplikaciuri) 

programebi. 

maRali donis kompiuteruli enebi - asembleris ena / manqanuri kodi 

mikroprogramul / aparatiuli kontroli 

funqcionaluri mowyobilobebi (maxsovroba, alm da sxv.), logikuri 

sqemebi 

dabali done - tranzistorebi da gamtarebi 

MmomxmarebelTa anu aplikaciuri done 
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A am doneze momxmarebeli urTierTqmedebs kompiuterTan 

programrebis gaSvebis gziT (teqsturi redaqtorebi, eleqtronuli 

cxrilebi an mag. TamaSebi). Aaq momxmarebeli xedavs kompiuters im 

programebis gadasaxedidan romelzedac is muSaobs da srulebiTac ar 

sWirdeba SeamCnios misi Sinagani struqtura an mis dabali doneebi. 

maRali donis enis done 

visac umuSavia maRali donis programirebis enebze rogorebicaa 

C, C ++, Pbeisiki, paskali, fortrani, an java man icis rom is 

urTierTqmedebs  kompiuterTan Sesabamis maRali donis enis doneze.  

Aaq programisti xedavs mxolod da mxolod enas da manqanis sxva 

araviTar detals romlebic mis (am manqanis)  dabal dones 

ganekuTvnebian. Aaq programisti xedavs magaliTad maRali donis enis 

monacemebisa da instruqciebis tipebs, magram ar ainteresebs Tu es 

instruqciebi ra saxiT Sesruldebian manqanaze. Aes ukve manqanis 

funqciaa gardaqmnas maRali donis enaze dawerili instruqciebi 

kompiuteris aparatiuli uzrunvelyofis Sesabamisad. P 

programebi romlebic maRali donis enebzea dawerili SeiZleba 

gadakompilirdes sxvadasxva manqanebisTvis da Sesruldes maTze 

garantirebulad erTidaigive saboloo Sedegebis miRebiT. Cven aseT 

SemTxvevaSi vambobT, es manqanebi SeTavsebadni arian maRali donis 

enebis doneze da am aseT SeTavsebadobas vuwodebT SeTavsebadobas 

sawyis kodze. 

asembleris ena/manqanuri kodis done 

rogorc zemoT iyo aRniSnuli maRali donis enas naklebi aqvs 

saerTo im manqanasTan romlisTvinac xdeba maTze dawerili 

programebis gadaTargmna (trancsilacia). Kkompiuteri gadaTargmnis 

sawyis kods manqanur enaze (manqanuri kodi). maRali donis ena 

uzrunvelyofs programistebs enobrivi konstruqciebisa da monacemTa 

tipebis winaswar kargad mofiqrebuli garkveuli anawyobiT. rac 

Seexeba manqanur kods igi ase vTqvaT qveviT ixedeba manqanur 

ierarqiaSi da pasuxobs manqanuri dizainis dabali donis aspeqtebs. 

MmaSasadame manqanur kodebs saqme aqvT manqanur elementebTan 

rogoricaa mag. registrebi da monacemTa gadacemebi maT Soris. 
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Mmanqanuri instruqciebis nakrebs mocemuli konkretuli manqanisaTvis 

am manqanis instruqciebis anawyobi ewodeba. 

ra Tqma unda moqmedi manqanuri kodebi erTianebisa da nulebis 

koleqcia arian, romlebsac agreTve manqanuri orobiTi kodi anda 

mokled orobiTi kodi ewodeba. Ffaqtia rom aq programireba mxolod 

am ori simboloebis saSualebiT gamoiwvevs uamrav Secdomebs, aqedan 

gamomdinare  upirveles yovlisa iwerebodnen egreTwodebuli programa 

asemblerebi romlebsac SeeZloT martivi enobrivi mnemonikebis 

rogoricaa mag.  Move  Data, Acc,    gadaTargmna maT Sesabamis manqanur 

kodebSi. xolo is ena, romlis konstruqciebic erTi-erTTan 

gamoixatebian manqanuri eniT cnobilni arian rogorc ena asemblerebi.  

 MmaSasadame aqedan gamomdinareobs rom SesaZlebelia iyos 

mravali sxvadasxva manqanebi romlebic gansxvavebulebi arian dabali 

doneeis SesrulebiT magram romelTac aqvT instruqciebis  

erTidaigive anawyobi, anda romlebis instruqciebis anawyobebic 

warmoadgenen romelime sxva manqanebis instruqciebis qve an ze 

simravleebs. Amis gaTvaliswinebiT firmaMA IBM-mma gamouSva IBM 360 

manqanebis seria manqanur kodebSi zeviT SeTavsebadobis garantiiT. 

 Mmanqanuri kodi romelic muSaobs 360 seriis 35 modelze, 

imuSavebs misive 50 modelze yovelgvari gadakeTebis gareSe, rac 

saSualebas aZlevs momxmarebels modernizacia gaukeTis Tavis manqanur 

parks da SeiZinos ufro mZlavri manqanebi programuli uzrunvelyofis 

gadakeTebis gareSe. Aam saxis SeTavsebadobas ewodeba oroboTi 

SeTavsebadoba. AaRniSnulmaNULMA Tvisebam gamoiwvia 360 seriis  

kompiuterebis udidesi warmateba. 

intelis korporaciamac Seitana orobiTi SeTavsebadobic 

principi Tavisi procesorebis ojaxis wevrebSi. Aam SemTxvevaSi 

orobiTi kodebi romlebic dawerilni iyvnen misi ojaxis pirveli 

wevrisTvis rogoricaa 8086 unda yofiliyvnen dayenebulni da 

gaSvebulni yovelgvari cvlilebis gareSe momdevno wevrebisaTvis, 

rogorebicaa 80186, 80286, 80386, 80486 da agreTve pentium procesorebis 

umeteswil wevrebze 

kontrolis (marTvis) done 
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marTvis mowyobiloba axorcielebs manqanur instruqciebs 

nabij_nabij, registrebs Soris informaciis urTierT gadacema iqneba 

es Tu sxva moqmedeba. Tumc, Tu rogor akeTebs amas es asembleris enis 

programistisTvis saintereso ar aris. Kkontrolis mowyobiolobis 

Sesrulebis ori ZiriTadi gza arsebobs:Mmikroprogramuli da 

aparatuli. EdResdReobiT yfro gavrcelebulia aparatuli gza, rac 

imas NniSnavs rom yvela sakontrolo signalebis generacia, romlebic 

saWiroa marTvis operaciebis Sesasruleblad xdeba cifruli 

logikuri komponenTebis saSualebiT. A 

am meTodis dadebiTi mxarea muSaobis didi swrafqmedeba magram 

bolo dromde Zneli iyo misi proeqtireba da modifikacia. SedarebiT 

neli magram Sesasruleblad marTivia Tu inctruqciebs SevasrulebT 

rogorc mikroprogramebs. es ukanasknelni sinamdvileSi mcire 

programebi arian dawerilni ufro dabali donis enaze romlebic 

sruldebian apratiulad da romelTa funqciacaa manqanuri_enuri 

instruqciebis interpretacia. 

funqcionalur mowyobilobaTa done 

marTvis mowyobilobis mier Sesrulebuli registrTa Soris 

gadacemebisa Tu sxva operaciebis saSvalebiT xdeba informaciis 

moZraoba funqcionaur mowyobilobebs Soris, romelTac ase imitom 

ewodebaT rom isimni axorcieleben kompiuterisaTvis mniSvnelovan 

funqciebs. funqcionaluri  mowyobilobebi Seicaven CPU-s 

(centraluri procesoris) Siga registrebs, aritmetikul_logikur 

mowyobilobas ALU, da kompiuteris mTavari maxsovrobis mowyobilobas. 

logikuri sqemebi, tranzistorebi da gamtarebi 

rogorc cnobilia logikuri sxemebisagan agebulni arian 

funqcionaluri mowyobilobebi xolo TviTon es logikuri sxemebi 

agebulni arian tranzistorebisagan da maTi SemaerTebeli 

gamtarebisagan. Llogikuri sqemebi asruleben umdablesi donis 

logikur operaciebs romlebisaganac kompiuteris funqcionirebaa 

damokidebuli. Uumdablesi e.i. tranzistorebisa da gamtarebis doneze 

kompiuteri CanTqmulia Zabvis, denis, signalis gavrcelebis dayovnebis, 

kvantebis efeqtebisa da sxv. dabali donis ganzomilebebis detalebSi. 

doneebs Soris urTierTzemoqmedeba 
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donis SigniTa da doneTa Soris gansxvavebebi xSirad Zalzed 

araTvalsaCinoa da Zalzed Znelia maT Soris zRvaris gavleba. 

MmagaliTad axali kompiutris arqiteqtura gaumjobesebuli 

Sesrulebisas SeiZleba Seicavdes instruqciebs mcocavi mZimisaTvis, 

magram mas aucileblad unda hqondes sakmarisi aparatura minimaluri 

jamuri raodenobis instruqciebis Sesasruleblad. Aam SemTxvevaSi 

instruqciebi mcocavi mZimiT Secvlilia Cveulebrivi manqanuri 

instruqciebis TanmimdevrobiT, romlebic asrulerben  imitacias ( 

emuliacias) aRniSnuli mcocavi mZimis instruqciebisa. Aaris 

SemTxvevebi (magram ara aucileblad) rodesac  mikroprocesorebTan 

erTad iyeneben Tanaprocesorebs mcocavi mZimis instruciebis 

Sesasruleblad. E 

Tu am mikroprocesorebs aseTi Tanaprocesorebi ara aqvT, maSin 

isini  emuliacias axdenen mcocavi mZimis instruqciebisas mcocavi 

mZimis qveprogramebis mimdevrobiT SesrulerbiT romleebic ekuTvnian 

mikroprocesorebis manqanuri enas, da romlebis xSirad Senaxulni 

arian ROM-Si, romelic Tavis mxriv aris mxolod_wakiTxvis 

maxsovrobis mikrosqema. AaseT SemTxvevaSi asembleris ena da maRali 

donis ena erTnairad aRiqvamen orTave tipis  SesaZleblobas mcocav 

mZimeebian ricxvebze moqmedebis SesrulebisTvis. magram isini mainc 

gansxvavdebian Sesrulebis siCqariT. 

M maRali donis enis done funqcionaluri mowyobilobebis donis 

CaTvliT SeiZleba ise iyvnen gadaxlarTuli erTmaneTTan  rom xSirad 

Znelia xolme imis gageba Tu romeli operacia romel doneze xdeba. 

Kkompiuterevbis doneTa ierarxiebad dayofis wesi maTi 

klasifikaciisaTvis ki ar aris xelsayreli aramed Semdgomi 

swavlebisaTvis raTa ufro metad TvalsaCino gavxadoT is Temebi 

rasac Cven SemdgomTavebSi gavivliT. 

programistTa Tvalsawieri_instruqciaTa anawyobis (kompleqtis) 

arqiteqtura 

  rogorc zemoT iyo aRniSnuli asembleris enis programistis 

yuradRebis qveSaa manqanis funqcionaluri mowyobilobebi da 

asembleris ena. instruqciebis anawyobisa da funqcionaluri 
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mowyobilobebis erTobliobas manqanaTa  instruqciebis anawyobis 

arqiteqtura ISA-ewodeba. 

Tavis mxriv kompiuteris arqiteqtura uyurebs sistemas yoveli 

mxridan. Ees arqiteqtura romelic fokusirdeba kompiuteris dizainze 

yovelmxriv damokidebulia mwarmoeblobis moTxovnilebebTan da 

xelfexSekrulia ase vTqvaT misi RirebulebiT. Mmwarmoebloba 

SeiZleba ganisazRvros programis Sesrulebis siCqariT, masqanis 

maxsovrobis moculobiT an sxva mravali parametriT. Rirebuleba 

SeiZleba gamoxatul iqnas fuladi erTeulebiT, an zoma_woniT an 

moxmarebuli simZlavriT. Kkompiuteris arqiteqturis propeqtirebisas 

gaTvaliswinebulni unda iqnen mwarmoeblobis sasurveli miznebi ise 

rom misi Rirebuleba ar gamovides dasaSvebi zRvaridan.  

 

leqcia 24. procesorebi 

procesoris daniSnuleba misi Semadgenloba 

rogorc aRniSnuli iyo cifruli  kompiuteri Sedgeba 

erTmaneTTan SeerTebuli procesorebis, maxsovrobis da 

Semyvan/gamomyvani mowyobilobebisagan. Eumartivesi saxis salteebze 

orientirebuli kompiuteri naCvenebia figura 3.1 

centraluri procesori aris kompiuteris “tvini”. Mmisi  funqciaa 

mTavar maxsovrobaSi Senaxuli programebis Sesruleba maTi 

instruqciebis wakiTxvis, maTi gamokvlevis (garkvevis, deSifraciis) da 

Semdeg maTi nabij_nabij Sesrulebis GgziT. Kkompiuteris komponentebi 

SeerTebulia erTmaneTTan salteebis meSveobiT, romlebic 

warmoadgenen paraleluri gamtarebis koleqciebs da SeuZliaT 

monacemebis, marTvisa da samisamarTo signalebis urTierTgadagzavna. 

salteebi centraluri procesoris mimarT SeiZleba iyos rogorc gare 

(mag. misi SemaerTebeli mTavar maxsovrobasTan) aseve SigniTa, rogorc 

amas SemdegSi  davinaxavT. cntraluri procesori Sedgeba  ramdenime 

nawilisagan. MmarTvis mowyobiloba valdebulia  amoiRos mTavari 

maxsovrobidan instruqciebi da gaarkvios maTi tipi. 

AariTmetikul_logikuri  mowyobilobis daniSnulebaa instruqciebis 

Sesabamisi ariTmetikuli da logikuri (rogoricaa mag. Bbulis D”da”) 

operaciebis Sesruleba. Pprocesori Secavs agreTve mcire raodenobis 
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didi swrafqmedebis  maxsovrobas Sualeduri razultatebisa da 

zogierTi sakontrolo informaciis Sesanaxad. Ees maxsovroba 

agebulia ramodenime registrisagan, romlis TviToeul maTgansac  aqvs 

garkveuli zoma da funqcia. Cveulebrivad registrebs aqvT erTidaigive 

zoma. TviToeul maTgans SeuZlia erTi ricxvis Senaxva. radganac 

registrebi procesoris SigniTaa maTSi SeiZleba didi siswrafiT 

Caweris an amokiTxvis operaciebis warmoeba. 

procesoris yvelaze mniSvnelovani registria programuli 

mTvleli (PC) romelic yovelTvis uCvenebs im Semdgom instruqciis 

misamarTs mTavari maxsovrobisa, saidanac miRebul unda iqnas da 

Sesrulebuli es instruqcia. EerTerTi mniSvnelovani registria 

agreTve instruqciebis registri (IR), romelic yovelTvis inaxavs im 

instruqcias romelelic sruldeba mimdinared. Kkompiuterebis 

umetesobas aqvs kidev mravali registri,  zogierTi maTgani zogadi 

daniSnulebisaa xolo zogierTi maTgani specialuri daniSnulebis. 

 

 

          figura 3.1 martivi kompiuteris organizacia erTi  CPU_Ti 

ori Semyvan/gamomyvani  mowyobilobiT da erTi mTavari maxsovrobiT 

 

procesopris  (CPU) -s organizacia 

tipiuri centraluri procesoris organizacia  mocemulia 

figura 3.2_ze 
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figura 3.2  tipiuri fon neimanis modelis manqanis monacemTa 

gadaadgilebis trasa 

 

rogorc figuridan Cans arsebobs registrebis Knakrebi 

romlebidanac informacia SeiZleba miewodos ariTmetikul_logikuri 

mowyobilobis ALU-s Semaval registrebs, romlebis aRniSnulni arian 

A da B asoebiT. Aam registrebis daniSnulebaa monacemTa dakaveba ALU-s 

Sesasvlelebze manam igi am monacemebze operaciebs awarmoebs. ALU  

axdens Sekrebis, gamoklebis da sxv. martiv operaciebs im monacemebze 

romlebic mis Sesasvlelebzea warmodgenili xolo Sedegs gadascems 

gamosasvlel registrze, saidanac aRniSnuli Sedegi SemdgomSi 

SeiZleba gadaiweros da Senaxul iqnas winaT aRniSnul registrebSi. 

K kompiuteris metiwili instruqciebisa SeiZleba daiyos or 

kategoriad: registr_maxsovrobad da registr_registrad. 

registr_maxsovrobis instruqciebi axorcieleben maxsovrobidan 

sityvebis amokiTxvas da maT gadacemas registrebSi saidanac isini 

SemdgomSi ALU_Si unda gadaigzavnos Semdgomi instruqciebis 

SesrulebiT. (“sityva” aris monacemTa erTeuli romelic maxsovrobasa 

da registrs Soris gadaicema). sxva saxis registr_maxsovrobis 

instruqciebi saSualebas gvaZleven ukan gadavweroT sityvebi 

registridan maxsovrobaSi. 
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rac Seexeba registr_registrebis instruqciebs isini waikiTxaven 

or operands Sesabamisad ori registridan, gadascemen maT ALU-s 

Semaval registrebs. ALU asrulebs garkveul moqmedebebs maTze da 

Semdeg Seinaxavs miRebul Sedegs erTerT romelime registrSi. 

Aamgvarad operandebis (monacemebi romlebzedac operaciebi iwarmoveba) 

gadagzavnas ALU_Si da Sedegebis Senaxvis prosess monacemTa moZraobis 

marSrutis cikli ewodeba. Mueteswilad igi gansazRvravs Tu risi 

SesaZlebloba aqvs prosecors. Tu es cikli swrafia maSin manqanac 

swrafad muSaobs. 

CPU  asrulebs TviToeul funqcias nabij_nabij rogorc mokle 

instruqciebis Tanmimdevrobas. es nabijebi miaxloebiT ase SeiZleba 

warmovidginoT: 

1. maxsovrobidan morigi instruqciis amoReba da instruqciebis 

registrSi gadagzavna; 

2. programuli mTvlelis mniSvnelobis Secvla instruqciis 

maCveneblis Sesabamisad; 

3. axlad amoRebuli instruqciis tipis gansazRvra; 

4. Tu instruqcias Wirdeba sityvebi maxsovrobidan maSin misi 

adgilmdgomareobis garkveva; 

5. sityvis gadagzavna (Tu es saWiroa) CPU- registrSi; 

6. instruqciis Sesruleba; 

7. erTi nabijiT win waweva Semdgomi instruqciis Sesasruleblad. 

N nabijTa am Tanmimdevrobas xSirad 

amoReba_dekodireba_Sesrulebis ciklsac uZaxian. 

mikroprocesorebi, mokle istoriuli mimoxilva 

yvelaferi daiwyo 1969 wlidan rodesac iaponurma firmam 

buzikomma romelic eleqtromeqanikur kalkulatorebs awarmoebda 

SeukveTa firma intels rom misi Semdgomi Taobis eleqtronuli 

kalkuliatorisaTvis daemzadebina eleqtronuli mikrosqemebi (Cipebi) 

romelTa raodenobac aRwevda 12_s. intelis erTerTma inJenerma, 

kerZod ted hoffma romelic monawileobas iRebda am proeqtis 

SesrulebaSi gaaanaliza ra samuSao proeqti, moifiqra  rom mas 

SeeZlo gaekeTebina 4_Tanrigiani CPU mxolod erT Cipze, romelic 

igive funqciebs Seasrulebda rasac aRniSnuli 12 mikrosqema da 
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iqneboda gacilebiT iafi, martivi da rac mTavaria gamosadegi farTo 

gamoyenebisaTvis. Aamrigad 1970 wels Seiqmna msoflioSi pirveli 

ertkristaliani (erT korpusiani mikrosqema) 4004 saxelwodebiT da 

romelis Seicavda 2300 tranzistors. 

intelma Seisyida buzikomisagan yvela uflebebi da 1972 wels 

gamouSva ukve axali 8_Tanrigiani versia aRniSnuli mikroprocesorisa 

8008. moTxovnileba am mikrosqemaze imdenad didi iyo, rom Cqara, 

kerZod 1974 wels intelma kidev axali gaumjobesebuli versia 8080 

gamouSva. warmateba amJamadac didi iyo da es versia aRniSnuli 

mikrosqemebisa male gaxda masiuri sabazro moTxovnilebis sagani, man 

gamoacocxla mTeli industia da nacvlaT aTasebisa mzaddeboda da 

iyideboda milionebi. 

1978 wels gamovida 8086 romelic iyo sruliad 16 Tanrigiani Cipi 

erT korpusSi. igi marTalia Tavisi arqiteqturiT hgavda 8080 magram ar 

iyo srulyofilad SeTavsebadi masTan. Aam mikroprocesors mohyva 8088 

romelsac hqonda igive arqiteqtura rac mas da SesaZlebloba hqonda 

gaeSva igive programebi magram hqonda 8 Tanrigiani salte 16_ianis 

nacvlad rac xdida mas ufro iafs magram nakleb swrafqmeds. Aam 

mikrosqemas brwyinvale bedi aRmoaSnda  radganac igi firma IBM_mma 

airCia Tavisi originaluri personaluri kompiuteris IBM  PC – bazur 

CPU-d. es mikrosqema gaxda personaluri kompiuterebis industriis 

standartad. 

samwuxarod arc 8088-s, arc 8086-s ar SeeZloT 1 megabaitze meti 

maxsovrobis adresacia, romelic ukve 80 wlebis dasawyisidan gaxda 

seriozuli problema. amitom intelma daaproeqta 80286, romelic iyo 

8086 mimarT SeTavsebadi qvemodan zemoT. instruqciaTa bazisuri 

anawyobi igive iyo  rogorc 8086-is, magram maxsovrobis organizacia 

iyo sakmaod gansxvavebuli Tumc amasTanave mouxerxebeli radganac 

unda dakmayofiliyo Zvel mikrosqemebTan SeTavsebadobis piroba.  

80286 mikroprocesori firma IBM-mma gamoiyena Tavisi personaluri 

kompiuterebis Semdgom modelebSi PC/AT da PS/2-Si. Aam modelebsac 

uzarmazari warmatebebi hqonda radganac adamianebi hxedavdnen masSi 

ufro swrafmoqmed 8088-s. 
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Semdegi logikuri nabiji iyo 1985 wels gamoSvebuli namdvilad 

32 _bitiani mikrosqema erT kristalze 80386. rogorc misi winamorbedi 

isic met-naklebad SeTavsebadi iyo 8080-is SemdgomebTan.  

zemodan qvemoT SeTavsebadobis principi misasalmebeli iyo 

xalxisTvis visTvisac Zveli programuli produqtebis gaSveba maTze 

mniSvnelovani iyo, magram sruliad miyRebeli iyo maTTvis visac 

sWirdebodaT martivi, sufTa da Tanamedrove arqiteqtura, romelic 

damZimebuli ar iqneboda warsulis teqnologiebiTa da SecdomebiT.  

amitom oTxi wlis Semdeg gamovida 80486, romelic arsiT igive iyo rac 

ufro swrafi 80386, magram mas hqonda mowyobiloba mcocav mZimeze 

operaciebis Sesasruleblad da agreTve 8K qeS maxsovroba CipSi. Q 

qeS-maxsovroba gamoiyeneba mTavari maxsovrobidan amoRebuli im 

sityvebis (informaciis) Sesanaxad romlebic ufro xSirad gamoiyeneba 

centraluri procesoris mier da ganlagebulia mis SigniT anda 

uSualod mis siaxloves raTa Tavidan iqnas acilebuli ufro 

nelmoqmed mTavar maxsovrobasTan xSiri kavSirurTierToba. AamasTanave 

masSi iyo ganxorcielebuli informaciis gadamuSavebis axali 

koncepcia, egreT wodebuli konveieruli meTodi rac mniSvnelovnad 

zrdida procesoris mwarmoeblobas. 

amis Semdeg gamoCnda pentiumis ojaxis pirveli mikroprocesori 

pentium-i romelsac hqonda ori mowyobiloba konveieruli  ø principiT 

informaciis gadamuSavebisTvis rac mas orjer ufro swrafqmedsa 

xdida. M 

mas mohyva pentium pro romelic miuxedavaT mcire gansxvavebisa 

saxelSi, mniSvnelovnad wingadadgmuli nabiji iyo arqiteqturis 

TvalsazrisiT mis winamorbedTan SedarebiT. Mmag. is ganirCeoda 

gansxvavebuli Sinagani organizaciiT da nacvlad informaciis 

gadamuSavebis konveieruli principisa hqonda erTdroulad xuTamde 

instruqciis Sesrulebis unari. Kkidev erTi siaxle rac pentium pro-

hqonda iyo is, rom mas hqonda or doniani qeS maxsovroba. procesorul 

Cips Tavis mxriv hqonda 8 kilobaiti maxsovroba xSirad gamoyenebadi 

instruqciebis SenaxvisaTvis da 8 kilobaiti maxsovroba xSirad 

gamoyenebadi monacemebis SenaxvisaTvis. Ees iyo pirveli donis keS 

maxsovroba, xolo meore donis  keS maxsovroba 256 kilobaitis 
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moculobiT moTavsebuli iyo centraluri prosesoris gareT magram 

mis uSualo siaxloves. 

Semdegi axali intel procesori iyo pentium 2 igive pentium pro 

magram mas damatebuli hqonda specialuri multimediuri ganviTareba – 

GgagrZeleba, egreTwodebuli MMX. Aaq damatebulni iyvnen specialuri 

instruqciebi audio da video procesebisaTvis saWiro gamoTvlebis 

dasaCqareblad da aman SesaZlebloba gaxada agreTve specialuri 

multimedia Tanaprocesorebze uaris Tqmisa. 

amis Semdegê 1998 wels intelma warmoadgina axali mwkrivi 

produqciisa egreT wodebuli Celeron romlebic iyvnen faqtiurad 

dabalmwarmoebluri da dabalfasiani pentium 2 procesorebi 

dabalfasian personalur kompiuterebSi gamosayeneblad. imave wels 

firmam gamouSva ufro maRali klasis pentium 2 procesorebi 

egreTwodebuli Xeon, romelTac HqondaT ufro didi keSi, swrafi 

salte da ukeTesi multiprocesoruli mxardaWera. 

Y yvela saxis intelis Cipi aris SeTavsebadi zemodan qvemoT 8086-

amde, sxva sityvebiT rom vTqvaT pentium 2 – ma SeiZleba gauSvas 8086-is 

programebi modifikaciis gareSe. magram raTqma unda pentium 2 aris 

250-jer ufro rTuli vidre 8086 da amgvarad mas gacilebiT ufro 

bevri SesaZlebloba aqvs vidre 8086-s. 

 

Chip    Data MHz Tranzistors Memory                          

Notes 

4004 apr-71 0.108 2,300 640  pirveli mikroprocesori 

erT Cipze 

8008 apr-72 0.108 3,500 16K pirveli 8-bitiani 

mikroprocesori 

8080 apr-74 2 6,000 64K pirveli 

farTodaniSnulebis Cipi 

8086 ivn-78 5…8 29,000 1MB pirveli 16-bitiani CPU erT 

Cipze 

8088 ivn-79 5…8 29,000 1MB gamoiyeneboda IBM PC-Si 

80286 Teb-82 8…12 134,000 16MB maxsovrobis 

dacva 
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80386 oqt-85 16…33 275,000 4GB pirveli 32-

bitiani CPU 

80486 apr-89 25…100 1,2M 4GB CaSenebuli 8 kilobaitiani 

keSi 

Pentium mar-93 60…233 3,1M 4GB ori konveieri 

Pentium 

Pro 

mar-95 150…200 5,5M 4GB CaSenebuli ordoniani keSi

Pentium 

2 

mai-97 233…400 7,5M 4GB Pentium Pro 

+MMX 

F 

figura 3.3 intelis firmis centraluri procesorebis 

(mikroprocesorebis) ojaxi 

 

leqcia 24. Mmuris kanoni 

kompiuterebis industria viTardeba iseTi siswrafiT rogorc 

arcerTi sxva. ZiriTadi ganmsazRvreli Zala am ganviTarebisa aris 

mikrosqemebis damamzadebeli firmebis SesaZleblobebi yovelwliurad 

sul ufro da ufro meti raodenobis tranzistorebi Cation 

erTeulovan CepebSi. rac metia tranzistorebi romlebic arian pawawina 

eleqtronuli gadamrTvelebi miT didia maxsovroba da mZlavria 

procesorebi. 

teqnologiuri progresis tempi SeiZleba modelirebul iqnas 

samecniero  SedegebiT, romelic cnobilia muris kanoniT. Ggordon 

murma intelis TanadamfuZnebelma da prezidentma es kanoni 

mecnieruli dakvirvebebis Sedegad aRmoaCina 1965 wels.  
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fig. 3.4 muris kanoni uCvenebs  erT korpusSi tranzistorebis 60 %-ian 

wliur zrdas. 

 

Mmaxsovrobis Cipebis Seswavlisas man daadgina, rom yovel sam 

weliwadSi erTxel gamoCndeboda xolme axali generaciis maxsovrobis 

mikrosqemebi romlebsac oTxjer ufro didi maxsovroba hqonda vidre 

mis winamorbeds. man naTlad dainaxa rom tranzistorebis raodenoba 

Cipebze izrdeboda mudmivi da Tanabari tempebiT da iwinaswarmetyvela 

aseTi tempiT zrda aTwleulebis ganmavlobaSi. DdReisTvis muris 

kanonis safuZvelze miRebulia rom tranzistorebis raodenoba Cipze 

ormagdeba yovel 18 TveSi erTjel, riTac gamodis, rom yovel 

weliwads maTi raodenoba 60 procentiT imatebs. Aaqve unda aRiniSnos, 

rom Tumc muris kanoni exeba maxsovrobis Cipebs, igi Seesatyviseba 

agreTve CPU Cipebsac. 

cifruli warwerebi grafikze uCvenebs maxsovrobis zomas bitebSi 

           1k – tolia      1024 bitis 

           1m – tolia          1024 k  bitis 

 

Tanamedrove kompiuterebis  dizainis ZiriTadi principebi 

RISC arqireqtura CISC-is nacvlad 

1980 –ian wlebamde kompiuterebis mwarmoeblebi cdilobdnen 

daemuSavebinaT manqanebi sul ufro rTuli da mravalricxovani 
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instruqciaTa anawyobebiT, aqedan warmoiSvava abreviatura CISC  

(Complex Instruction Set Computer), (kompiuteris instruqciaTa 

rTuli anawyobi). iyvnen manqanebi sadac maTi raodenoba aRwevda 200 da 

300-c ki. instruqciaTa raodenobis aseTi zrda ZiriTadaT 

ganpirobebuli iyo programirebis maRali donis enaTa 

moTxovnilebebiT. Mmagram aRniSnuli wlebidan daiwyo gamosvla 

maSindeli komerciuli procesorebidan mniSvnelovnad gansxvavebulma 

procesorebma sadac darRveuli iyo zemodan qvemoT SeTavsebadobis 

principi, maTi damproeqteblebi Tavisuflebi iyvnen aerCiaT axali 

nebismieri anawyobi instruqciebisa raTa maqsimaluri gaexadaT 

totaluri sistemuri mwarmoebloba. DmaTac wiriTadi aqcenti 

gadaitanes martiv instruqciebze romlebic SesaZlebeli iyo swrafad 

Sesrulebuliyvnen.  

Cqara gairkva rom proeqtirebisas Tu gamoiyenebdnen iseT 

instruqciebs romlebic swrafad aiRebdnen starts da swrafad 

Sesruldebodnen, es iqneboda gasaRebi  kargi mwarmoeblobisaTvis. 

Aamgvarad daiwyo warmoeba axali tipis propcesorebisa romelTa 

instruqciebic gamoirCeodnen simartiviT da simciriT.  Mmag. Ppirveli 

tipis procesorebs hqondaT araumetes 50 instruqciisa. Aamitomac maT 

ewodaT RISC  (Redused Instruction Set Computer), (kompiuteris instruqciaTa 

Sekvecili anawyobvi). amgvarad gamocxadda rom kompiuterebis 

daproeqtebis ufro ukeTesi gza iyo mcire raodenobis martivi 

instruqciebis qona romelTa Sesrulebac erTi ciklis ganmavlobaSi 

iqneboda SesaZlebeli, vidre mag. ori registridan informaciis 

wakiTxva da Sedegis Senaxva isev registrSi, rac xorcieldeba erTi 

instruqciiT. rogorc vxedavT erTidaigive rezultatis misaRebad RISC 

procesorebs ramdenjerme meti instruqciis Sesruleba uxdeba vidre 

CISC procesorebs. im SemTxvevaSic ki rodesac pirvel maTgans sWirdeba 

oTxi an xuTi instruqciis Sesruleba imave operaciisaTvis rasac 

meore procesori erTi instruqciiT akeTebs mainc RISC procesorebi 

imarjveben radganac maTi instruqciebi SedarebiT martivia da aTjer 

ufro mcire dro sWirdebaT Sesasruleblad. 

SeiZleba vifiqroT rom radganac RISC teqnologiebze 

damyarebuli manqanebi (rogoricaa mag. DEC alfa)  romelTac 
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upiratesoba aqvT mwarmoeblobiT CISC teqnologiebze damyarebul 

manqanebTan (rogoricaa mag. intel pentiumi) gamoaZevebdnen maT 

komerciuli bazridan. Mmagram araviTari amgvari ar moxda, imitom rom 

jer erTi arsebobs QqvemoT SeTavsebadobis principi da rac ar unda 

iyos kompaniebs miliardibiT dolari aqvT Cadebuli intelis 

manqanebis programul uzrunvelyofaSi. Mmeorec, rac unda 

gansacvifrebeli ar iyos intelma SeZlo igive ideebis ganxorcieleba 

CISC arqiteqturaSi. 

486-idan dawyebuli intel prosesorebi Seicaven RISC birTvs 

romelic asrulebens umartives da xSerad gamoyenebad instruiqciebs 

erTi ciklis ganmavlobaSi maSin rodesac sruldeba ufro rTuli CISC  

tipis instruqcia. Tumc aseTi hibridi ar aris iseTi swrafi rogorc 

sufTa RISC dizaini, miuxedavaT amisa is iZleva sakmao mwarmoeblobas 

da amasTanave imis SesaZleblobas rom gamoyenebul iqnas Zveli 

programuli uzrunvelyofa modifikaciebis gareSe. 

kopiuterebis mwarmoeblobis gazrdis ZiriTadi Pprincipebi 

maSasadame proeqtirebis RISC dizainuri principi saSualebas 

aZlevs procesorebs Seasrulos maTze dakisrebuli samuSaoebi 

ukeTesad. MmarTalia QqvemoT SeTavsebadobis moTxovnilebebi 

drodadro aiZuleben damproeqteblebs eZebon kompromisebi magram 

axali principebis gamoyeneba aris is mizani romliskenac yovelTvis 

miiswrafvian damproeqteblebi. AaseTebia: 

• yvela instruqciis uSualod Sesrulebis principi aparaturis 

mier. 

rogorc cnobilia zogierT rTul instruqciebs procesoriebi 

pirdapir ki ar asruleben aramed sxva arsebuli ufro martivi 

instruqciebis (mikroinstruqciebis) Tanmimdevruli SesrulebiT. es 

raTqma unda iwvevs zedmet droiT danaxarjebs. Tu procesorebis 

aparatiuli nawilebi SeZleben yvela instruqciis pirdapir 

Sesrulebas es gamoiwvevs interpretaciis etapis ugulvebelyofas da 

saboloo jamSi instruqciaTa Sesrulebis siCqaris gazrdas; 

• instruqciaTa Sesrulebis tempis maqsimizacia.  

kompiuterebis mwarmoeblebi yvela Rones mimarTaven raTa 

maqsimalurad gazardon maTi mwarmoebloba. Ppirvel rigSi mimarTaven 
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wamSi rac SeiZleba meti instruqciis Sesrulebis gazrdis gzas. 

pirvel rigSi Tu SevZlebT SevasruloT 500 milioni operacia wamSi es 

imis Tanabaria rom avagoT 500-MIPS procesori, imisda miuxedavaT Tu is 

instruqciebi TviTon ra xnis ganmavlobaSi sruldebian. (MIPS-niSnavs 

milion operacias wamis ganmalobaSi). 

es principi miuTiTebs rom paralelizmma SeiZleba iTamaSos 

mniSvnelovani roli kompiuterebis mwarmoeblobis gaumjobesebaSi 

radganac  didi raodenobis nelmoqmedi instruqciebis mokle droSi 

Sesruleba SesaZlebelia mxolod mravali maTganis erTdrouli 

SesrulebiT droSi; 

• instruqciebis advilad dekodirebis SesaZleblobada. 

erTerTi kritikuli SezRudva instruqciebis gaSvebisas aris maTi 

dekodirebis  tempi anu imis garkveva Tu ra saxis resursebi sWirdebaT 

maT. Yyvelaferi rac daexmareba am procesis SesrulebaSi raTqma unda 

sasargebloa. Eesenia   mag. instruqciebis regularuli Sesruleba, 

maTi fiqsirebuli sigrZeebi mindorTa mcire raodenobebiT, rac 

SeiZleba naklebi raodenobis gansxvavebuli formats instruqciebiT; 

• Ddamxmare registrebis siWarbe. 

radganac Tanamedrove maxsovrobis mowyobilobebi jer kidev 

mniSvnelovnad nelmoqmedia vidre  prosesoruli mowyobilobebi 

amotom mizanSewonilia rom prosesorSi iyos rac SeiZleba bevri 

registrebi da operaciebi warmoebdnen am registrebis Semcvelobebze. 

xolo maxsovrobidan informaciis gadawera registrebSi da piruku 

SesaZlebelia moxdes sxva instruqciebis Sesrulebis TanxvedraT. 

bevri registrebis arseboba (aranakleb 32) mizanSewonilia imisaTvis 

rom Tu ki sityvebi  ukve amoRebulia maxsovrobidan da Ggadagzavnilni 

arian regeistrebSi isini iyvnen iq rac SeiZleba didxans vidre isini 

ukve gaxdebian arasaWironi, raTa Tavidan iqnas acilebuli maTi 

xelmeored amokiTxvis saWiroeba. 

paralelizmi instruqciaTa doneze 

kompiuterebis mwarmoeblebi mudmivad iswrafvian gaaumjobeson 

maT mier damuSavebuli manqanebis mwarmoebloba. EerTerTi gzaa Cipebis 

muSaobis sixSiris gazrda, magram yoveli axali dazainisaTvis 

garkveuli istoriuli momentisaTvis es maCvenebeli yovelTvis 
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SezRudulia imdroindeli teqnologiuri SesaZleblobebiT. Aaqedan 

gamomdinare kompiuterTa arqiteqtorebi mimarTaven paralelizms (e.i. 

erTdroulad ori an meti saqmis keTeba) rogorc sxva gzas rom miiRon 

mwarmoeblobis Tanabarzomieri gazrda mocemuli sawyisi taqturi 

sixSirisaTvis. 

Tavis mxriv arsebobs ori ZiriTadi forma paralelizmisa: 

paralelizmi instruqciaTa doneze da paralelizmi procesorTa 

doneze. Aadre paralelizmi ganixileboda instruqciaTa SigniT raTa 

miRebul yofiliyo manqanaTa gamosasvlelebze ufro meti 

instruqcia/wamSi, mogvianebiT ki es paralelizmi ganixileboda 

rogorc mravali centraluri procesoris erTdrouli muSaoba 

erTidaigive problemis gadasawyvetad. TviToeul am midgomas aqvs 

Tavisi sazomi. GganvixiloT 

Tvitoeuli calcalke.  

konveieruli procesorebi 

es meTodi cnobili iyo jer kidev adre radganac inctruqciebis 

arCevis procesi maxsovrobidan iyo yvelaze vizro adgili 

instruqciaTa Sesrulebis siCqareSi. Aam problemis SemsubuqebisaTvis 

zogierT kompiuters hqonda SesaZlebloba winaswar (winmswrebad) 

instruqciebis maxsovrobidan amorCeva_amoRebisa radganac isini unda 

yofiliyvnen iq da im dros rodesac isini saWironi iqnebodnen.. es 

instruqciebi amorCevis Semdeg Seinaxebodnen registrebis kompleqtSi 

romelTac winaswaramorCevis buferi ewodebodaT. Ees xdeboda imiTom 

rom roca is instruqsiebi saWironi gaxdebodnen maTi amokiTxva 

momxdariyo ara nelmoqmedi maxsovrobidan aramed swrafmoqmedi 

buferidan. rogorc Cans winaswaramrCeva iyofa or nawilad: amorCeva 

da aqtiuri Sesruleba. 

K konveieruli koncefcia ufro metad aviTarebs am strategias. 

Ninstruqciebis Sesrulebis procesis mxolod or nawilad dayofis 

nacvlad isini ufro met nawilebad iyofian romelTa TviToeul 

nawilsac Sesabamisad asrulebs aparaturis garkveuli nawili, xolo 

instruqciaTa yovelive am nawilis Sesruleba xdeba paralelurad. 

fig. 4.3.1 a uCvenebs xuTi mowyobilobisagan Sedgenil konveiers, 

romlebsac agreTve kaskadebsac uwodeben. Ppirveli kaskadi 
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axorcielebs maxsovrobidan instruqciis amorCevas da mis buferSi 

moTavsebas vidre igi saWiro ar gaxdeba. Mme-2 kaskadi asrulebs 

instruqciis dekodirebas, misi tipis gansazRvras da im operandebis 

garkvevas romlebzedac saWiroa operaciebis Sesruleba. Mme-3 kaskadi 

arkvevs operandebis adgilmdebareobas da amoiRebs maT am 

maxsovrobidan an registridan. me-4 kaskadi asrulebs im operacas 

operandebze romelic miTiTebuli iyo instruqciaSi da finaluri me-5 

kaskadi gadawers moqmedebis rezultats ukan saWiro registrSi. 

fig. 4.3.1 b uCvenebs Tu rogor moqmedebs konveieri rogorc drois 

funqcia. G 

manqanis pirveli ciklis ganmavlobaSi pirveli kaskadi  muSaobs 

pirveli instruqciis maxsovrobidan amoRebaze.  

me-2 ciklis dros me-2 kaskadi axdens pirveli instruqciis 

dekodirebas, maSin rodesac pirveli kaskadi axdens ukve meore 

instruqciis amorCevas. 

me-3 ciklis dros me-3 kaskadi axdens operandebis amorCevas 

pirveli instruqciisaTvis, me-2 kaskadi axdens meore instruqciis 

dekodirebas xolo pirveli kaskadi irCevs mesame instruqcias. 

me-4 ciklis dros me-4 kaskadi asrulebs pirvel instruqcias, me-3 

kaskasdi irCevs operandebs me-2 instruqciisaTvis, me-2 kaskadi axdens 

me-3 instruqciis dekodirebas xoli pirveli kaskadi irCevs me-4 

instruqcias. 

finalSi me-5 ciklis dros me-5 kaskadi gadawers pirveli instruqciis 

Sesabamis rezultats ukan, maSin roca sxva kaskadebi monsaxurebas 

uweven Semdgom instruqciebs. 
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Ffig 4.3.1   (a) xuTkaskadiani konveieri, (b) kaskadebis mdgomareobebi 

drois funqciis mixedviT. (naCvenebia mxolod 9 cikli) 

 

Tu dauSvebT rom manqanuri cikli 2 nanowamia (nwm) maSin 

miviRebT rom erTi instruqciis Sesrulebas xutkaskadian konveierze 10 

nanowami dasWirdeba. Aamitom erTi SexedviT SeiZleba mogveCvenos rom 

manqana muSaobs 100 MIPS siCqariT, magram Tu yuradRebiT daukvirdebiT 

davinaxavT rom yovel manqanur ciklSi ( 2 nanowami) erTi mTliani 

instruqcia sruldeba, gamodis rom misi mwarmoebloba 500 MIPS -ia da 

ara 100 M MIPS-i. 

konveieruli principi adgilebs ucvlis manqanis gamtarunarianobasa 

(ramdeni MIPS-i aqvs procesors) da mis dafarul mdgomareobebs (Tu ra 

dro sWirdeba mas erTi instruqciis Sesasruleblad) erTmaneTSi. Tu 

magaliTad manqanuri cikli tolia  T nwm da kaskadTa raodenoba tolia 

n-is, maSin dafaruli mdgomareoba  tolia nT nwm-is xolo 

gamtarunarianoba tolia 1000/T MIPS-i.  

superskaliaruli arqiteqtura 

Tu erTi konveieri kargia raTqmaunda ori ukeTesi iqneba. 

EerTerTi SesaZlebeli sqema or konveieruli CPU-s  ganxorcielebisa 

naCvenebia figura 4.3.2-ze. A 

aq erTaderTi amorCevis mowyobiloba axdens instruqciaTa 

wyvilebis erTdroul amorCevas da TviToeul maTgans agzavnis Tavis 

sakuTar konveierSi anu TavianT sakuTar mTlian ALU-Si paraleluri 

 147



operaciebisTvis warmoebisaTvis. Pparaleluri muSaobis 

SesaZleblobisaTvis aucilebelia rom es or-ori instruqciebi ar 

unda iyvnen erTmaneTTan konfliktur mdgomareobaSi anu ar unda 

iyenebdnen erTidaigive resursebs (mag. registrebs), da arcerTi maTgani 

ar unda iyvnen damokidebulni meoris muSaobis rezultateze. Aam 

SemTxvevaSi mniSvnelovania gvqondes damatebiTe aparatura (hardware) 

komfliqtebis aRmoCenisa da ukugdebisaTvis, anda kompilatori unda 

generirebdes Sesabamis situaciebs raTa es komfliqtebi ar moxdnen.  

aq Semovida termini kompilatori romelis aRniSnavs Semdegs. Tu 

raime programa iwereba romelime maRali donis enaze igi principSi ar 

aris orientirebuli romelime konkretul manqanaze raime konkretuli 

instruqciaTa anawyobiT, aramed igi iwereba raTa gaSvebul iqnan 

mravali sxvadasxva arqiteqturis mqone manqanebze. raTa es moxdes 

saWiro iqneba am sawyisi programebis gadayvana (gadaTargmna) 

konkretuli manqanis enaze. swored am process kompilacia ewodeba. 

xolo im damxmare mTargmnel programas romelic axorcielebs 

kompilacias kompilatori ewodeba. aq xazia gasasmeli rom 

kompilatoris muSaobis Sedegi programaa, axali programa romelic 

orientirebulia konkretul manqanur enaze da eqvivalenturia sawyisi 

programisa dawerils maRali donis enaze. e.i igi  generirebs axal 

programas. 

arseboben sxva saxis mTargmneli programebi interpretatorebi 

romlebic gaiSvebian ra romelime konkretul manqanaze nabij-nabij  

fig. 4.3.1 ormagi xuTkaskadiani konveieri instruqciebis amorCevis 

saerTo mowyobilobiT. 
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kiTxuloben am maRali donis enebze daweril sawyis programebs da ase 

striqon-striqon, mimdevrobiT asruleben instruqciebs instruqciebze. 

Aam process interpretacia ewodeba da igi ar moiTxovs axali 

programis generirebas. 

pirveliad konveieri gamoiyena firma intelma Tavis 486 CPU-Si 

romelsac hqonda erTi konveieri, magram ukve pentiums hqonda ori 

xuT_kaskadiani konveieri,    daaxlovebiT iseTi rogorc fig 4.3.1_zea 

warmodgenili. Aaq mTavari konveieri, romelsac ewodeboda U konveieri 

asrulebda nebismier  pentium instruqciebs, xolo meore konveieri 

egreT wodebuli V konveieri asrulebda mxolod martiv mTelricxva 

instruqciebs (aseve erT martiv mcocavmZimian instruqcias_FFXCH).  

aq raTqma unda Zalze rTulia imis garkveva arian Tu ara 

instruqciaTa wyvilni urTierTSeTavsebadi raTa isini Sesruldnen 

paralelurad. Tu isini SeTavsebadni ar arian maSin Sesruldeboda 

mxolod pirveli maTgani U konveierSi. meore maTgani am SemTxvevaSi 

moicdida da dawyvildeboda Semdgom instruqciasTan. 

amgvarad pentiumzed orientirebul kompiliatorebs SeuZliaT 

awarmoon gacilebiT swrafadSesrulebadi programebi vidre Zvel 

kompilatorebs.  

gamoTvlebma uCvenes rom kodebi optimizebulni pentium 

procesorebisaTvis orjer ufro swrafad sruldebodnen mTelricxva 

programebisaTvis vidre imave sixSiriT momuSave 486 procesorebze da 

es miRweuli mizani mTlianad da savsebiT miewereba meore konveiers. 

raTqma unda SesaZlebelia konveierebis raodenobis gazrda magaliTad 

oTxamde magram  es gamoiwvevs Zalze didi raodenobis aparaturis 

damatebas. sxva midgomaa gamoyenebuli maRali klasis CPU-ebSi. A 

mTavari idea aris isev erTi konveieris arseboba magram aq gazrdilia 

meoTxe kaskadis e.i funqcionaluri mowyobilobis struqtura rogorc 

naCvenebia fig 4.3.2-ze. 

pentium 2 procesors aqvs analogiuri struqtura romelic 

ganmixileba SemdegSi. Aai procesorebis agebis aseT midgomas 

superskaliaruli arqiteqtura ewodeba. am ideis faruli arsi isaa 

rom me 3 kaskads SeuZlia instruqciebis gaSvema mniSvnelovnad ufro 

swrafad vidre  
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me-4 kaskads maTi Sesruleba. Tu magaliTad dauSvebT rom me-3 kaskads 

SeuZlia instruqciebis gatareba yovel 10  nwm-Si da funqcionalur 

mowyobilobebsac SeeZleba igive instruqciis Sesruleba 10 nwm_Si 

maSin erTdroulad mxolod erTi mowyobiloba iqneba dakavebuli da 

am ideas azri aRar eqneba. sinamdvileSi ki funqcionaluri 

mowyobilobebis umetesobas me-4 kaskadSi sWirdeba mniSvnelovnad 

ufro meti dro vidre erTi ciklia, gansakuTrebiT maT visac  

sWirdebaT maxsovrobasTan mikiTxva an mcocav mZimeebian ricxvebze 

manipulireba. rogorc figuridan Cans me-4 kaskadSi SesaZlebelia 

erTze meti  ALU-s arseboba. 

 

 

 

Ffig. 4.3.2 superskalaruli kompiuteri xuTi funqcionaluri 

mowyobilobiT 

 

  

leqcia 7. paralelizmi procesorTa doneze 

sruliad gasagebia sul ufro metad swrafqmedi kompiuterebis 

moTxovnilebisken midrekileba. astronomebs surT imis modelireba Tu 

ra moxdeba didi afeTqebis Semdeg pirvel mikrowamSi, ekonomistebs 

sWirdebaT msoflio ekonomikis modelireba xolo Tineijerebs 
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magaliTad SeiZleba surdeT  3D interaqtiuri multimediuri TamaSi 

Tavis multimediur megobarTan. Ees yvelaferi iTxoven procesorebis 

mwarmoeblobis mniSvnelovnad gazrdas. MmaSin rodesac CPU-ebi jer 

kidev inarCuneben siswrafis zrdas isini adre Tu gvian mainc 

Seejaxebian sinaTlis gavrcelebis siCqaris problemas magaliTad 

optikur boCkovan gamtarSi an spilenZis gamtarSi denis gavlis 

siCqares  romelic daaxlovebiT 20 sm/nwm-ia, imis da miuxedavad ra 

genialuri inJenrebic ar unda hyavdes firma intels. ufro swrafi 

Cipebi agreTve ufro meT siTbos gamohyofen romlis gafanTvac 

probl

ravalprocesoriani kompiuterebis ageba, r5omelsac 

qvemoT SevexebiT. 

idi mecnieruli anda 

pirveli aseTi kompiuteri iyo ILLIAK 4 , romelic gamovida 

1972 w

emaa. 

instruqciaTa donis paralelizmi Svelis cotaodens magram 

konveieruli anda superskaliaruli arqiteqtura iSviaTad iZleva xuT 

an aTjerad mogebaze mets.  50, 100-jer meti siswrafis misaRebad ukve 

erTaderTi gzaa m

matriculi procesori 

Fbevr fizikur da inJenerul problemebs matriculi anu mkacrad 

regularuli xasiaTi aqvT. Aaq  xSirad erTnairi gamoTvlebia saWiro 

erTidaigive droSi magram gansxvavebuli monacemebisaTvis. aseTi 

propgramebis regularoba da struqtura saSualebas iZleva 

davaCqaroT gamoTvlebi maTi paralelurad Sesrulebis gziT. 

Aarsebobs ori sxvadasxva meTodi aseTi saxis d

inJinruli programebis swrafad Sesasruleblad. 

M matriculi kompiuteri Sedgeba didi raodenobis identuri 

procesorebisagan romlebic asruleben erTdaimave dros erTdaigive 

gamoTvlebs magram monacemTa sxvadasxva mniSvnelobebisaTvis. 

MmsoflioSi 

els. P 

proeqtis originaloba mdgomareobda imaSi rom manqana Sedgeboda 

oTxi kvadratisagan, romlis TviToeul kvadrats qonda 8*8-ze 

kvadratuli meseri, TviToeuli maTgani Sedgenili iyo 

procesor/maxsovrobis elementebisagan. TviToeuli am kvadratis 

marTva xdeboda erTi saerTo procesoridan xolo yvela procesori  

asrulebda erTidaigive gamoTvlebs  im monacemebze romlebic 
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TavianTi sakuTari maxsovroboidan miewodeboda, (aq isini 

(CaitvirTebodnen) gadaiwerebodnen manqanis muSaobis sawyis fazaSi). 

Uunda iTqvas rom aseTi manqanis mwarmoeblobam miaRwia 1 gigaflops 

(miliardi mcocav-mZimiani operacia wamSi), ramac gaaorkeca 

gamoTvliTvlebis simZ . 

a romelic dResac   agrZelebs analogiuri 

marebiT da isini faqtiurad seriulad axorcieleben 

 pirdapir gamoyenebul iqnas 

lavre mTel msoflioSi

veqtoruli procesori 

programistisaTvis veqtoruli procesori umeteswilad rogorc 

matriculi procesori ise Cans. isic Zalzed efeqturia monacemTa 

wyvilebze TanmimdevrobiTi operaciebis SesrulebisaTvis, magram 

matriculi procesorisagan gansxvavebiT Sekrebis yvela operacia 

sruldeba martoxela mkacrad koveierul amjamavze. veqtoruli 

procesoris ZiriTadi mwarmoebeli iyo CRAY_s kompania, romelic axla 

SGI-is SemadgenlobaSia d

kompiuterebis warmoebas. 

O orTave, rogorc matriculi aseve veqtoruli procesorebi 

muSaoben monacemTa matricebze, orTave  asrulebens erTeulovan 

instruqciebs mag. ori veqtoris elementebis wyvilwyvilad Sekrebas, 

magram maSin rodesac matriculi procesori amas akeTebs imiT rom 

aqvs imave raodenobis amjamavi ramdeni elementicaa veqtorSi, 

veqtoruli procesori iyenebs veqtoruli registris koncefcias.  

veqtoruli procesori Sedgeba Cveulebrivi registrebis jgufisagan, 

romlebic SeiZleba CaitvirTon maxsovrobidan erTeulovani  

instruqciebis dax

maT CatvirTvas. A 

  amis Semdeg veqtoruli Sekrebis instruqciebi asruleben ori 

aseTi veqtoris elementebidan maT wyvilwyvil Sekrebas, romlebic 

miewodebian konveierul amjamavs (am ori veqtoruli registridan). 

Aamjamavis muSaobis Sedegi sxva axali veqtoria romelc an SeiZleba 

Senaxul iyos veqtorul registrSi anda

axali veqtoruli operaciis operandad.  

A am ori procesoris SedarebiTi analizi gviCvenebs rom, marTalia 

matriculi procesorebi muSaoben ufro efeqturad magram isini 

iTxoven gacilebiT met aparaturas (hardware) da Znelia maTi 

programireba. veqtoruli procesori Tavis mxriv SiiZleba damatebul 
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iqnas Cveulebriv procesors. Aazri mdgomareobs imaSi rom programis 

nawilebi, romlebic SeiZleba veqtorizebulni iqnen SeiZleba swrafad 

Sesrulebul iqnen veqtoruli mowyobilobis SesaZleblobebis 

gamoyenebiT, maSin rodesac programis danarCeni nawili SesaZloa 

Sesrulebul iqnas Cveuleb cesorze.  

an da amrigad is ar 

SeiZl

unda iyvnen (programulad) rom ar 

gadakveTon erTmaneTis gzebi. 

riv erTeulovan pro

multiprocesorebi 

rogorc naCvenebi iyo  matriculi procesori Sedgeboda mravali 

procesorisagan magram isini ar arian damoukidebelni radgan isini 

imarTebian erTi saerTo marTvis mowyobilobisag

eba CaiTvalos multiprocesorul manqanad. 

Cveni pirveli paraleluri sistema mravalricxovani srulyofili 

CPU-ebiT aris multiprocesoruli, sistema romelsac gaaCnia erTze 

meti CPU-i da erTi saerTo maxsovroba. radganac TviToeul 

procesors SeuZlia maxsovrobis raime nawilis wakiTxva an Cawera 

isini urTierTSeTanxmebulni 

 

fig. 4.4 1  multiprocesorebi l aT 

gareSe 

 

okalur maxsopvrobebTan erTad da m

 

aseT sistemebs bevri kompania akeTebs.Aaq didi fantazia ar unda 

imis garkvevas rom didi raodenobis swrafi procesorebis mudmivi 

mcdeloba saerTo maxsovrobasTan kavSirisaTvis saerTo saltis 

daxmarebiT warmoqmnis konfliqtur situaciebs. Ddamproeqteblebi 
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Seamciron procesorTa es ganuwyveteli 

urTie

ari salteebis gamoyeneba (ix. 

wyvetili xazebiT naCv

ovroba aqvT. AaseT sistemebs 

mult

bismieri 

kompiuteridan meoremde ar aRemateba ramdenime mikrowams.     

mudmivad cdiloben mravalricxovani sqemoteqnikuri 

gadawyvetilebebiT 

rTkompliqTi. E 

erTerTi aseTi sqemaa amave figuraze naCvenebi lokaluri 

maxsobrobebi romlebic Tvitoeuli CPU-s sakuTrebas warmoadgens da 

erTmaneTs ar uyofen. AaseT maxsovrobaSi SesaZlebelia im programuli 

kodebisa da monacemebis Senaxva romlebic TviToeuli 

procesorisaTvisaa gankuTvnili da sxvas ar sWirdeba. rasakvirvelia 

am Tavis kerZo maxsovrobasTan mikiTxvisas gamoyenebul ar unda iqnas 

saerTo salte, radganac es mniSvnelovnad Seamcirebda saltis 

trafiks. Aaq mizanSewonilia sakuT

enebi salteebi). 

multikompiuterebi 

Tumc multiprocesoruli sistema mcire raodenobis 

procesorebiT (<64) SedarebiT martivi asagebia ufro didebi 

gansacvifreblad Znelia asagebad. siZnele mdgomareobs upirveles  

yovlisa yvela procesoris erT maxsovrobasTan SeerTebaSi. Aam 

problemis Tavidan asacileblad bevrma dizainerma ubralod uari 

Tqva am saerTod saxmar maxsovrobaze da daiwyes ageba iseTi 

sistemebis romlebic Sedgebian didi raodenobis erTmaneTTan 

SeerTebul kompiuterebTan da romlebsac saerTo ki ara aramed 

TavianTi sakuTari maxs

ikompiuterebs uwodeben. 

aseT did sistemebSi yvela kompiuteri rom yvela kompiuterTan 

SeaerTo praqtikulad SeuZlebelia, amitom gamoiyeneben 2D da 3D 

badeebis, xeebis da rkalebis topologiebs. Aamitom gzavnilebma erTi 

kompiuteridan meoresTan unda gaiaros erTi an ramdenime kompiuteri 

an komutatori rom miaRwios gamgzavnidan mimRebamde. Mmiuxedavad amisa 

agebul iqnen multikompiuterebi romlebic Sedgebian aTiaTasobiT 

kompiuterisgan sadac gzavnilis gadagzavnis dro erTi ne
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