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ganxilulia Tanamedrove Zaluri naxevargamtaruli gasaRebebis 

sabaziso struqturebi, maTi maxasiaTeblebi da parametrebi, marTvis 

meTodebi. yuradReba gamaxvilebulia Zaluri gasaRebebis muSaobis 

reJimebze, eleqtruli energiis gardamqmnelebSi maTi gamoyenebis 

Taviseburebebze. gaanalizebulia Zalur eleqtronikaSi gamoyenebuli 

transformatorebis, reaqtorebisa da kondensatorebis muSaobis 

sakiTxebi. 

gankuTvnilia energetikisa da eleqtroinJineriis specialobis 

bakalavriatisa da magistraturis studentebisaTvis. 
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1. Sesavali 

 

1.1. zogadi cnobebi 

 

teqnikis Tanamedrove dargebis absoluturi umravlesobis progresi 

mWidro kavSirSia Zaluri anu energetikuli eleqtronikis miRwevebTan, 

rac eleqtruli energiis efeqtur gardamqmnelebსა da  regulatorebze 

sul ufro mzardi moTxovniTaa ganpirobebuli. 

eleqtruli energiis gardamqmnelebisa da regulatorebis Zaluri 

sqemebis Tvisebebi, maxasiaTeblebi da parametrebi, pirvel rigSi, 

gamoyenebul naxevargamtaruli xelsawyoebis teqnikur maxasiaTeblebzea 

damokidebuli. Zalur eleqtronul mowyobilobebSi gamoyenebuli 

naxevargamtaruli gadamrTvelebis (eleqtronuli gasaRebebis) maRali 

xarisxi warmoadgens am mowyobilobebis srulyofilobis safuZvels. 

Zaluri eleqtronikis ganviTarebaSi axali era 1958 wlidan iwyeba, 

rodesac aTvisebuli iqna tiristorebis warmoeba. gansakuTrebulad 

swrafi tempiT winsvla ki Zalurma eleqtronikam gasuli saukunis 80-an 

wlebidan daiwyo, rac Zaluri srulad marTvadi naxevagamtaruli 

xelsawyoebis (gasaRebebis) maxasiaTeblebisa da parametrebis srulyofis 

gzaze miRweulma warmatebebma ganapiroba. dainerga Zaluri 

naxevargamtaruli gasaRebebis damzadebis axali teqnologia. kerZod, 

Semcirebuli iqna am xelsawyoebSi dengamtari arxis sigrZe ZiriTadi 

eleqtrodebis (anodi da kaTodi, emiteri da koleqtori, saTave da 

Casadinari) fuZe naxevargamtaruli kristalis erT zedapirze 

horizontaluri (planaruli) ganlagebis nacvlad, urTierT mopirdapire 

zedapirze vertikaluri ganlagebis Sedegad. Zaluri gasaRebebis siTburi 

Tvisebebis gaumjobesebis mizniT dengamtari arxi danawevrda didi 

raodenobis paralelurad momuSave dengamtari arxebis saxiT. Zaluri 

naxevargamtaruli gasaRebebis am axal teqnologias safuZvlad daedo 

cifruli integraluri mikrosqemebis damzadebis teqnologiuri 

miRwevebi, ris safuZvelzec SesaZlebeli gaxda mravalujrediani 

struqturis mqone marTvadi Zaluri naxevargamtaruli gasaRebebis: 

bipolaruli tranzistorebis (BJT),  p-n gadasasvleliani da 

izolirebuli marTvis eleqtrodiani veliT marTvadi tranzistorebis 
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(FET, MOSFET), izolirebuli baziani bipolaruli tranzistorebis 

(IGBT), srulad marTvadi (gamorTvadi) tiristorebis (GTO), veliT 

marTvadi gamorTvadi tiristorebisa (FCT, MCT) da sxv. Seqmna. 

mravalujrediani struqturis naxevargamtaruli gasaRebebis 

moqmedebis principi da fizikuri maxasiaTeblebi ganisazRvreba 

struqturaSi Semavali identuri Tvisebis mqone calkeuli elementaruli 

sabazo ujredis (romelTa saerTo raodenoba ramdenime aTasamdea,) 

moqmedebis principiTa da fizikuri TvisebebiT. rac ufro rTulia am 

elementaruli ujredis struqtura, miT ufro maRalia aseTi ujredebis 

Semcveli Zaluri gasaRebis teqnikuri maCveneblebi. 

axali meTodiT damzadebuli Zaluri srulad marTvadi 

gadamrTvelebis (gasaRebebis) gamoyenebi შედეგად mniSvnelovnad gaizarda 

eleqtruli energiis gardamqmneli mowyobilobebis simZlavre da 

funqciuri SesaZleblobebi, gafarTovda gardamqmnelebis gamoyenebis 

sfero, Seicvala gardamqmneliani sistemis Tvisebebi, gamosworda 

gardamqmnelebis bevri naklovani Tviseba. 

bolo ocwleulSi 600 v-dan 1700 v-mde Zabvis farglebSi saukeTeso 

gadamrTvel elementad (gasaRebad) unda CaiTvalos IGBT (Insulated Gate 

Bipolar Transistor _ izolirebuli marTvis eleqtrodiani bipolaruli 

tranzistori) modulebi. bolo dros IGBT gasaRebebi konkurencias uwevs 

sxvadsxva modifikaciis tiristorul gasaRebebs maRali Zabvebis 

diapazonSic. yvelaze didi simZlavris Tanamedrove  IGBT modulebad 

SeiZleba CaiTvalos: EUPEC firmis EZ600R65KF1B tipis moduli 

(gaangariSebulia 600 a denze da 6500v Zabvaze), igive firmis FZ3600R17KE3 

tipis moduli (gaangariSebulia 3600 a denze da 1700 v Zabvaze), Mitsubishi 

firmis SM900 HB - 90H tipis moduli (gaangariSebulia 900 a denze da 4500 

v Zabvaze). 

tranzistoruli modulebisTvis damaxasiaTebeli komutaciuri 

danakargebis simcire da gadarTvebisTvis saWiro droიs mcire intervali, 

SesaZlebels xdis gardamqmnelma mowyobilobebma normalurad 

ifunqcioniros komutaciis SedarebiT maRali sixSireebis dros. 

SCHNTIPER  ELECTRIC  da SIEMENS firmebis mier warmoebuli sixSiris 

Tanamedrove tranzistorul gardamqmnelebSi dasaSvebia ganedur-
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impulsuri modulaciis sixSiris awyoba 0,5...16 khc farglebSi. Tumca, 

gardamqmnelebSi energiis danakargis gansazRvrul farglebSi momatebis 

daSvebis pirobebSi, SesaZlebelia IGBT modulebze awyobili 

gardamqmnelebis ganedur-impulsuri modulaciis sixSiris gazrda. 

tranzistorebis gadarTvis sixSiris gazrdisas advildeba   

gardamqmnelebis Sesaval da gamosaval wredebSi denebisa da Zabvebis 

filtracia, ukeTaa uzrunvelyofili gardamqmnelebis eleqtromagnituri 

Tavsebadoba mkvebav qselTan da datvirTvasTan. 

 

 

 

1.2. Zaluri naxevargamtaruli xelsawyoebis klasifikacia 

da gamoyenebis areali 

 

Zaluri naxevargamtaruli xelsawyoebis klasifikacia SeiZleba 

movaxdinoT maT dasamzadeblad gamoyenebuli naxevargamtaruli masalis, 

xelsawyoTa struqturaSi Semavali n- da p - tipis ubnebis (p-n 

gadasasvlelis) Seqmnis dros gamoyenebuli teqnologiuri meTodis, 

xelsawyoTa moqmedebis principisa da sxva niSnebis mixedviT. 

Tanamedrove Zaluri naxevargamtaruli xelsawyoebi ZiriTadad 

mzaddeba qimiur elementTa perioduli sistemis meoTxe jgufis 

elementis _ siliciumis Si (kaJbadi) gamoyenebiT. bolo periodSi 

zogierTi Zaluri naxevargamtaruli xelsawyos (Sotkis diodi, MOSFET 

tranzistori) dasamzadeblad gamoiyeneba axali, perspeqtiuli 

naxevargamtaruli masala _ siliciumis karbidi (SiC). 

Zaluri naxevargamtaruli xelsawyoebis struqturaSi Semavali p-n 

gadasasvlelebis Sesaqmnelad farTodaa gamoyenebuli difuziuri 

teqnologia. kerZod, n - tipis fuZe naxevargamtaris kristalSi, p - tipis 

gamtarobis ubnis Sesaqmnelad gamoiyeneba myari, Txevadi an airuli 

mdgomareobidan aqceptruli qimiuri elementis atomebis Setana difuziis 

gziT. maRal muSa sixSireebze momuSave xelsawyoebis dasamzadeblad 

gamoiyeneba, agreTve, n - p gadasasvlelis miRebis epitaqsialuri 

teqnologia, romlis drosac fuZe naxevargamtaruli kristalis 
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zedapirze sawinaaRmdego tipis gamtarobis naxevargamtaruli afskis 

wanazardis (danaleqis) SeqmniT miiReba p-n gadasasvlelis Semcveli 

erTiani naxevargamtaruli kristali. 

moqmedebis principis mixedviT Zaluri naxevargamtaruli 

xelsawyoebi SeiZleba daiyos sam did jgufad: Zaluri aramarTvadi 

gasaRebebi, Zaluri arasrulad marTvadi gasaRebebi da Zaluri srulad 

marTvadi gasaRebebi (sur.1.1). calkeul jgufSi Semavali 

naxevargamtaruli xelsawyoebi, Tavis mxriv, erTmaneTisgan gansxvavdebian 

xelsawyos struqturaSi Semavali sabaziso ujredis agebis meTodisa da 

sirTulis, Zaluri wredebis gadarTvis marTvis meTodis, gadarTvebis 

siswrafis, gareSe Zabvis blokirebis xasiaTisa da sxva niSnebis mixedviT. 

 

 

sur..1.1. Zaluri naxevargamtaruli xelsawyoebis klasifikacia 

 

1.1. cxrilSi Setanilia denis gardamqmnel mowyobilobebSi gamoyenebuli 

Tanamedrove Zaluri naxevargamtaruli xelsawyoebis (gasaRebebis) sareitingo 

monacemebi. 
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cxrili 1.1. 

xelsawyoTa 
jgufi 

Zaluri xelsawyoebi Zabva/deni 
umaRlesi 
sixSire 
(  ) 

gadarTvebis 
dro      

Ria 
mdgomareobis 
winaRoba     

Zaluri 
diodebi 

 
 
 
 
 
 
 

 

diodebi 

zogadi 
daniSnulebis 

4000V/4500A 1K 50-100 0,32m 

6000V/3500A 1K 50-100 0,6m 

600V/9570A 1K 50-100 0,1m 

swrafmoqmedi 
 

2800V/1700A 20K 5-10 0,4m 

4500V/1950A 20K 5-10 1,2m 

6000V/1100A 20K 5-10 1.96m 

Sotkis 
600V/17A 30K 0,2 0,14 

150V/80A 30K 0,2 8,63 

 
Zaluri 

transistor-
ebi 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

bipol-
aruli 

erTeuli  
 
 

darlingtoni 

400V/250A 25K 9 4m 

400V/40A 30K 6 31m 

630V/50A 35K 2 15m 

1200V/400A 20K 30 10m 

   MOSFETS erTeuli 800V/7,5A 100K 1,6 1 

 

COOLMOS 
 

erTeuli 
800V/7,8A 125K 2 1,2m 

600V/40A 125K 1 0,12m 

1000V/6,1A 125K 1,5 2 

 

IGBTs 

 
erTeuli 

2500V/2400A 100K 5-10 2,3m 

1200V/52A 100K 5-10 0,13 

1200V/25A 100K 5-10 0,14 

1200V/80A 100K 5-10 44m 

1800V/2200A 100K 5-10 1,76m 

SIT  1200V/300A 100K 0,5 1,2 

 
 
tiristorebi 

 

SCR 
fazuri 
marTviT 

bunebrivi 
komutaciiT 

6500V/4200A 60 100-400 0,58m 

2800V/1500A 60 100-400 0,72m 

5000V/4600A 60 100-400 0,48m 

5000V/3600A 60 100-400 0,5m 

5000V/5000A 60 100-400 0,45m 

iZulebiTi 
gamorTviT 

2800V/1850A 20K 20-100 0,87m 

1800V/2100A 20K 20-100 0,78m 

4500V/3000A 20K 20-100 0,5m 

6000V/2300A 20K 20-100 0,53m 

4500V/3700A 20K 20-100 0,77m 

RCT 2500V/1000A 20K 20-100 2,1m 

LASCR 6000V/1500A 400 200-400 0,53m 

marTvis 
eleq-

trodiT 
gamo-

rTvadi 

GTO 4500V/4000A 10K 50-110 1,07 

HD-GTO 4500V/3000A 10K 50-110 1,07m 

SITH 4000V/2200A 20K 5-10 5,6m 

IGCT 4500V/3000A 5K 80-110 0,8m 

TRIACs 
ormxrivgamta

ri 
1200V/300A 400 200-400 3,6m 

MCTs erTeuli 
4500V/250A 5K 50-110 10,7m 

1400V/65A 5K 50-110 28m 
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aramarTvadi naxevargamtaruli gasaRebebis jgufs miekuTvneba: 

zogadi daniSnulebis gammarTveli diodebi, swrafmoqmedi (swrafad 

aRdgenadi) diodebi da Sotkis diodebi. 

arasrulad marTvadi gasaRebebis jgufSi Semaval xelsawyoebSi 

marTvas eqvemdebareba CarTvis (gaRebis) procesi, xolo gamorTvis 

procesi umarTavia. am jgufSi Sedis: zogadi daniSnulebis 

erToperaciuli tiristori (SCR), ormagi konstruqciis erToperaciuli 

tiristori (BCT), erToperaciuli tiristorisa da uku diodis wyvili 

(RCT), tiristori denis orive mimarTulebiT simetriuli gatarebiT 

(TRIAC), tiristori optikuri marTviT (tiristoruli optroni _ LASCR). 

srulad marTvadi gasaRebebis jgufSi Semaval gasaRebebSi marTvis 

process eqvemdebareba rogorc CarTvis (gaRebis), ise gamorTvis (Caketvis) 

procesi. am jgufSi Sedis: Zaluri bipolaruli tranzistorebi (BJT), 

Zaluri veliT marTvadi tranzistorebi (MOSFET, SITr, Cool mos), srulad 

marTvadi anu marTvis eleqtrodiT gamorTvadi tiristorebi (GTO, SITh, 

MCT, GCT, IGCT), izolirebulbaziani bipolaruli tranzistorebi (IGBT). 

gadarTvebisaTvis saWiro marTvis signalebis xasiaTidan gamomdinare, 

Zaluri naxevargamtaruli gasaRebebi SeiZleba daiyos or jgufad: 

gasaRebebi, romlebic moiTxoven marTvis xangrZliv signals da 

gasaRebebi, romlebic muSaoben xanmokle impulsuri marTvis signalebiT. 

pirveli jgufis gasaRebebs miekuTvneba: BJT, MOSFET, SITr  da IGBT 

gasaRebebi. meore jgufSi Sedis: SCR, GTO, MCT, GCT da IGCT gasaRebebi. 

Zaluri naxevargamtaruli gasaRebebis gamoyenebis ZiriTadi 

sferoebi, Zaluri sqemebis simZlavrisa da muSa sixSireebis mixedviT, 

warmodgenilia sur.1.2-ze. 
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sur.1.2. Zaluri naxevargamtaruli xelsawyoebis 

gamoyenebis sferoebi 
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2.Zaluri aramarTvadi naxevargamtaruli gasaRebebi 

 

2.1. naxevargamtaruli diodis moqmedebis principi. 

    volt-amperuli maxasiaTebeli 
 

diodi warmoadgens denis erTi mimarTulebiT gatarebis Tvisebis 

mqone eleqtruli wredis oreleqtrodian elements (xelsawyos). diodebis 

mier denis calmxrivi gatareba ganpirobebulia  struqturaSi arsebuli 

p-n gadasasvlelis arsebobiT, romelic warmoiqmneba eleqtronuli (n) da 

xvreluri (p) gamtarobis naxevargamtaruli Sreebis metalurgiul 

sazRvarTan. p-n gadasasvlelis formireba xorcieldeba Sednobis, 

difuziisa da epitaqsialuri teqnologiuri meTodebis gamoyenebiT. 

difuziisa da epitaqsiis teqnologiuri procesebis marTvis Tanamedrove 

teqnika saSualebas iZleva damzadebul iqnas sasurveli maxasiaTebeli 

parametrebis (Tvisebebis) mqone naxevargamtaruli xelsawyo. 

p-n gadasasvleliani naxevargamtaruli kristalis ganivi kveTis xedi 

da diodis pirobiTi grafikuli aRniSvna mocemulia 1.3 suraTze. 

 

 

sur.1.3. p-n gadasasvleli (a) da diodis grafikuli aRniSvna (ბ) 

 

rodesac p-ubnis sakontaqto gamomyvani (diodis anodi) mierTebulia 

gareSe Zabvis wyaros plusTan, xolo n-ubnis sakontaqto gamomyvani 

(diodis kaTodi) _ gareSe Zabvis wyaros minusTan, maSin p-n gadasasvlelze 

imoqmedebs pirdapiri wanacvlebis Zabva, romelic muxtis ZiriTadi 

gadamtanebisaTvis Seamcirebs p-n gadasasvlelis sakontaqto velis mier 

Seqmnili potencialuri barieris simaRles da gare Sekrul wredSi 

gaivlis p-n struqturis muxtis ZiriTadi gadamtanebiT ganpirobebuli 

pirdapiri deni, romelic swrafad iwyebs zrdas pirdapiri wanacvlebis 

Zabvis mciredi sididiT gazrdis dros. maSasadame, pirdapiri Zabvis 
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moqmedebis dros, diods aqvs mcire Sinagani winaRoba, ის dens kargad 

atarebs da mcirea მის Sinagan winaRobaze  Zabvis vardna. 

Tu SecvliT p- da n- ubnebis gareSe Zabvis wyarosTan mierTebis wess, 

e.i. p-ubnis sakontaqto gamomyvans (anods) mivaerTebT Zabvis wyaros 

minusTan, xolo n- ubnis sakontaqto gamomyvans (kaTods) _ Zabvis wyaros 

plusTan, maSin p-n gadasasvlelze imoqmedebs ukuwanacvlebis Zabva, 

romelic muxtis ZiriTadi gadamtanebisaTvis gazrdis p-n gadasasvlelis 

velis mier Seqmnili potencialuri barieris simaRles da am Zabvis 

gansazRvruli mniSvnelobis dros (voltis meaTedi nawilebi), gare 

Sekrul wredSi gaivlis mxolod muxtis araZiriTadi gadamtanebiT 

ganpirobebuli deni, romelsac pirdapiri denis sawinaaRmdego 

mimarTuleba aqvs. imis gamo, rom muxtis araZiriTadi gadamtanebis 

koncentracia p-n struqturaSi gacilebiT naklebia muxtis ZiriTadi 

gadamtanebis koncentraciaze, pirdapiri da uku Zabvebis absolutur 

mniSvnelobaTa erTnairi sididis SemTxvevaSi, diodis pirdapiri deni 

gacilebiT aRemateba ukudenis sidides. amitom es ukanaskneli SeiZleba 

ugulvebelvyoT da miviCnioT, rom normalur reJimSi muSaobis dros, 

diodi dens gaatarebs mxolod pirdapir ZabvasTan mierTebis SemTxvevaSi. 

 

idealizebuli p-n gadasasvleliani diodis 

volt-amperuli maxasiaTebeli 

 

idealizebuli p-n gadasasvleli warmoadgens realuri p-n 

gadasasvlelis gamartivebul models. aseT modelSi miRebulia Semdegi 

ZiriTadi daSvebebi: 

 muxtis moZravi gadamtanebisagan gaRaribebul ubanSi (ionebis 

gauwonasworebeli sivrculi muxtis ubani) adgili ar aqvs 

muxtis Tavisufali gadamtanebis Termogeneracias; 

 ionebis gauwonasworebeli sivrculi muxtis ubnis gareT 

eleqtruli veli ar arsebobs da aq adgili aqvs muxtis 

Tavisufali gadamtanebis mxolod difuziur moZraobas; 

 zedapiruli efeqtebi mxedvelobaSi ar miiReba. 
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diodis idealizebuli volt-amperuli maxasiaTebeli 1.4,a suraTzea 

naCvenebi. 

 

sur.1.4. diodis idealizebuli volt-amperuli maxasiaTebeli 

 

zogjer diods miiCneven idealur gadamrTvelad (gasaRebad). am 

SemTxvevaSi diodze arsebuli pirdapiri Zabvis vardna da diodSi 

gamavali ukudeni nulis toladaa miCneuli (სურ.1.4,b). 

diodis idealizebuli volt-amperuli maxasiaTeblis analizuri 

gamosaxuleba Semdegi saxisaa 

                           ),1(
/

 TD VV

sD eII                              (1.1.) 

sadac DI diodSi gamavali denia; 

DV diodis anodsa da kaTods Soris moqmedi Zabva; 

SI gajerebis ukudeni, romlis tipობრივი sidide 
156 10...10 
 a-is 

farglebSia; 

TV temperaturuli potenciali. 

gajerebis ukudeni ganisazRvreba p-n gadasasvlelis sazRvrebidan 

muxtis Tavisufal gadamtanTa sadifuzio manZiliT Semofarglul zonaSi 

arsebuli muxtis araZiriTadi gadamtanebis maqsimaluri raodenobiT, rac 

Tavis mxriv, p-n struqturis temperaturazea damokidebuli. amitom SI  

dens temperaturul dens uwodeben. 

temperaturuli potenciali 

                                  ,
q

KT
VT                                (1.2.) 

sadac   k1910602,1q eleqtronis muxtis absoluturi sididea; 

23103806,1 K j/k _ bolcmanis mudmiva; 



13 
 

 CT 0273 absoluturi temperatura kelvinis skaliT.  

oTaxis temperaturis )20( 0C  dros 

2,25
10602,1

293103806,1
19

23











q

KT
VT

 mlv. 

volt-amperuli maxasiaTeblis pirdapiri Sto.  diodSi gamavali deni 

rCeba umniSvnelod mcire sididis, vidre diodze moqmedi pirdapiri Zabva 

ar gadaaWarbebs  zRvrul sidides, romelic diodis gamRebi 

(zRurbluri) pirdapiri Zabvis saxelwodebiTaa cnobili. am Zabvis 

tipობრივი mniSvneloba 0,5...0,7 v-is farglebSia moTavsebuli. pirdapiri 

Zabvis aseTi mniSvnelobebis dros S

VV

S IeI TD 
/

 da volt-amperuli 

maxasiaTeblis pirdapiri Stos analizuri gamosaxuleba miiRebs saxes  

                                ,
/ TD VV

D eI                                 (1.3.) 

e.i. 
0TD VV   Zabvis mniSvnelobebis dros pirdapiri deni gaizrdeba 

eqsponencialuri kanoniT. 

volt-amperuli maxasiaTeblis ukuSto. diodze ukuZabvis moqmedebis 

dros ,0DV  amitom volt-amperuli maxasiaTeblis analizuri 

gamosaxuleba Semdeg saxes miiRebs 

                           ).1(
/||


 TD VV

SD eII                             (1.4.) 

Tu TD VV || , rac praqtikulad sruldeba 1,0DV v ukuZabvis 

nebismieri mniSvnelobis dros, maSin .
/||

S

VV

S IeI TD 


 amitom ukuZabvis 

aseTi mniSvnelobebis dros, diodis ukudeni  rCeba mudmivi sididis 

)( SD II  . 

magaliTi 1.1.  

          pirdapiri Zabvis vardna diodze 8,0DV v, rodesac masSi 

gaedineba 100DI a-is toli deni. vipovoT gajerebis SI  

ukudeni oTaxis temperaturis ( C020 ) dros. 

amoxsna 

(1.1) gamosaxulebis Tanaxmad 

,1025,61)1(100 12102,25/8,0 3

SS IeI 
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saidanac 
12106,1 SI a. 

 

diodis realuri volt-amperuli maxasiaTebeli 

 

idealizebuli p-n gadasasvlelis volt-amperuli maxasiaTeblis 

pirdapiri Stos gantolebaSi (1.3) ar aris gaTvaliswinebuli bazis ubnis 

moculobiTi winaRoba )( br . es winaRoba ramdenime aTeuli omidan 

dawyebuli, ramdenime aseuli omis toli SeiZleba iyos (bazaSi 

minareuli atomebis koncentraciis mixedviT). miuxedavad imisa, rom es 

winaRoba muxtis moZravi gadamtanebisagan gaRaribebuli Sris winaRobaze 

gacilebiT naklebi sididisaa, br  winaRobaze pirdapiri Zabvis vardnam 

SesaZloa moaxdinos mniSvnelovani zegavlena volt-amperuli 

maxasiaTeblis pirdapir Stoზე. amitom, realuri p-n gadasasvlelis 

volt-amperuli maxasiaTeblis pirdapiri Stos gantoleba Semdegi saxiT 

unda Caiweros 

                             TV
brVV

SD

DD

eII



 .                               (1.5) 

pirdapiri denis mcire mniSvnelobebis dros, Zabvis vardna br  

winaRobaze Zalze mcire sididisaa da SeiZleba miviCnioT, rom pirdapiri 

Zabvis wyaros mTeli Zabva uSualod p-n gadasasvlelze moqmedebs. 

pirdapiri denis didi mniSvnelobebis dros ki br  winaRobaze Zabvis 

vardnam SeiZleba gadaaWarbos uSualod p-n gadasasvlelze moqmed 

pirdapir Zabvas. amis gamo, volt-amperuli maxasiaTeblis pirdapiri Stos 

Sesabamisi ubani miiRebs wrfiv xasiaTs. 

idealizebuli p-n gadasasvlelis volt-amperuli maxasiaTeblis 

ukuStos ganxilvisas mxedvelobaSi miRebuli iyo mxolod 

gadasasvlelis sazRvrebidan muxtis gadamtanebis sadifuzio manZiliT 

Semofargluli naxevargamtaris neitraluri ubnebis siTburi warmoSobis 

muxtis araZiriTadi gadamtanebiT ganpirobebuli SI  deni. ukuZabviT 

wanacvlebuli realuri p-n gadasasvlelis ukudenis SeqmnaSi SI  denis 

garda, monawileobas Rebulobs muxtis Tavisufali gadamtanebisagan 

gaRaribebul SreSi Termogeneraciiთ warmoqmnili Tavisufali 
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eleqtronebi da xvrelebi. am muxtebis dreifuli moZraoba warmoSobs 

damatebiT dens, romelsac generaciis deni )( GI  ewodeba. genareciis deni 

daemateba 
SI  dens da diodis ukudeni gaizrdeba. 

SI _isgan gansxvavebiT, 

generaciis deni )( GI  damokidebulia ukuZabvis sidideze, vinaidan 

ukuZabvis cvlilebiT, icvleba muxtis gadamtanebisagan gaRaribebuli 

Sris sigane 

                               
i

oG

n
VSqI )( ,                          (1.6) 

sadac  gaRaribebul SreSi muxtis gadamtanTa sicocxlis  

xangrZlivobaa; 

)(VS
o gaRaribebuli Sris moculoba; 

in sakuTrivi naxevargamtaris TermogeneraciiT 

ganpirobebuli eleqtronebis koncentracia; 

q eleqtronis muxti. 

unda aRiniSnos, rom KT

W

SG eII 2~/



, e.i. srul ukudenSi miT metia 

generaciis denis wili, rac ufro didia naxevargamtaris akrZaluli 

zonis W  sigane da dabalia temperatura ).(T  magaliTad, KT 300  da 

1V v SemTxvevaSi siliciumis p-n gadasasvlelis generaciis deni 

810GI a, xolo 
1410SI a. 

generaciis denis garda, realur p-n gadasasvlelSi gaedineba e.w. 

gaJonvis deni. gaJonvis denis arsebobas ganapirobebs p-n gadasasvleliani 

naxevargamtaruli kristalis zedapiruli ubnis daWuWyianeba sxva 

nivTierebis atomebiT, agreTve zedapiruli muxtebis arseboba. amis gamo, 

n- da p- ubnebs Soris warmoiqmneba gamtari arxebi, romelSic gaedineba 

(gaJonavs) deni. es deni ukuZabvis gazrdisas izrdeba wrfivi kanoniT da 

SeiZleba gadaaWarbos SI  da GI  denebs. 

 

diodis p-n gadasasvlelis garRveva  

 

garRveva ewodeba p-n gadasasvlelSi Tavisufali muxtis damatebiTi 

gadamtanebis warmoqmnis შედეგად ukudenis mkveTr zrdas. p-n 
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gadasasvlelis garRveva iwyeba, rodesac masze moqmedi ukuZabvis 

absoluturi sidide garkveul kritikul zRvars uaxlovdeba. ukuZabvis 

ამ mniSvnelobas p-n gadasasvlelis gamrRvev Zabvas )( BRu  uwodeben. 

muxtis damatebiTi gadamtanebis warmoqmnis mizezebidan gamomdinare, 

erTmaneTisagan ganasxvaveben eleqtrul da siTbur garRvevebs. 

eleqtruli garRveva, Tavis mxriv, SeiZleba iyos gvirabuli da zvavuri 

(zeneris) xasiaTis. 

 

sur.1.5.zonuri diagrama gvirabuli         sur.1.6. p-n gadasasvlelis  volt-         

efeqtis dros                                amperuli  maxasiaTeblis  ukuSto:                                  

                                              1-zvavuri garRveva;  2-gvirabuli                                                  

                                              garRveva;   3-siTburi garRveva 

 

gvirabuli garRveva. am saxis garRveva dakavSirebulia e.w. gvirabul 

efeqtTan. gvirabuli efeqtis arsi imaSi mdgomareobs, rom didi simaRlis 

potencialuri barieris mqone p-n gadasasvlelSi ,,gaZvrebian” 

energetikuli barieris simaRleze naklebi energiis mqone eleqtronebi 

da ikaveben gadasasvlelis meore mxares igive simaRlis Tavisufal 

energetikul orbitebs. gvirabul efeqts adgili aqvs minarevebiT Zlier 

legirebul n
+
- da p

+
- ubnebs Soris warmoqmnil gadasasvlelze, romlis 

sigane Zalze mcire sididisaa (10 nm-is rigis) da gadasasvlelze 

moqmedebs 
510 v/sm-ze meti sididis eleqtruli velis daZabuloba. aseTi 

sididis daZabulobis dros n
+
- da p

+
- ubnebis energetikuli zonebis 

sazRvrebi imdenad mruddeba, rom p
+
- ubnis savalento zonis 

eleqtronebis energia gauTanabrdeba n
+
- ubnis gamtarobis zonis 

eleqtronebis energias. amitom, p
+
- ubnis savalento zonis eleqtronebi 
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,,horizontaluri” gadasvliT ikaveben igive simaRlis Tavisufal 

energetikul doneebs n
+
- ubnis gamtarobis zonaSi (sur.1.5.). eleqtronebis 

aseTი gadaadgileba warmoqmnis dens, romelsac gvirabuli deni ewodeba. 

ukuZabvis gazrdisas potencialuri barieris sisqe mcirdeba, rac 

zrdis gvirabuli efeqtis albaTobas. amitom gvirabuli deni mkveTrad 

izrdeba ukuZabvis mcire sididiT gazrdis drosac ki. p
+ 

- n
+ 

gadasasvlelis volt-amperuli maxasiaTeblis ukuStos gvirabuli 

garRvevis Sesabamisi 2 - ubani naCvenebia 1.6 suraTze. 

temperaturis gazrdisas akrZaluli zonis sigane )( W  

umniSvnelod mcirdeba. mcirdeba gvirabuli garRvevis Zabvis sididec, e.i. 

gvirabuli garRvevis Zabvis temperaturuli koeficienti uaryofiTi 

niSnisaa. 

zvavuri garRveva. zvavur garRvevas ganapirobebs p-n gadasasvlelze 

arsebul mZlavr eleqtrul velSi aCqarebuli didi kinetikuri energiis 

mqone muxtis araZiriTadi gadamtanebi. aRniSnulma muxtebma Tavisufal 

ganarbenze SesaZloa SeiZinon iseTi sididis kinetikuri energia, rom 

gaRaribebuli Sris neitralur atomebTan dajaxebisas gamoiwvion maTi 

ionizacia (dartymiTi ionizacia). dartymiTi ionizaciis Sedegad gaCndeba 

eleqtron-xvrelis axali wyvilebi. SemdegSi dartymiT ionizaciaSi 

monawileobas miiRebs eleqtron-xvrelis es axali wyvilebi da a.S. 

(sur.1.7). p-n gadasasvlelze eleqtruli velis sakmaod didi daZabulobis 

dros, rodesac eleqtron-xvrelis yoveli axali wyvili warmoSobs 

eleqtron-xvrelis erTze met axal wyvils, muxtebis gamravlebis 

procesi miiRebs zვavisebr xasiaTs. amis gamo, ukudeni swrafad izrdeba 

da misi sidide SeiZleba SeizRudos mxolod gareSe wredis winaRobiT. 

zemoT aRwerili procesis dasaxasiaTeblad SemoaqvT muxtis 

gadamtanebis zvavuri gamravlebis koeficienti - .M  igi etoleba 

gaRaribebul SreSi erTi mxridan Sesuli muxtis gadamtanebiT 

ganpirobebul denis Sefardebas meore mxareze gamosuli muxtis 

gadamtanebiT ganpirobebul denTan ).1( M  ukuZabvis gazrdisas M is 

sidide izrdeba. misi sidide gamoisaxeba naxevrad empiruli formuliT 
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m

BR

B

V

V
M

)(1

1



 ,                            (1.7) 

 

 

sur.1.7. eleqtronebis gamravlebis sqema zvavuri 

garRvevis dros 

 

sadac m naxevargamtaris masalaze damokidebuli parametria; 

BRV zvavuri garRvevis Zabva. 

garRvevas adgili aqvs BRB VV   tolobis dros, rasac Seesabameba 

M , e.i. ukudenis SeuzRudavi gazrda. zvavuri garRvevis reJimSi 

volt-amperuli maxasiaTeblis ukuStos zogadi saxe naCvenebia 1.6 

სურათზე (mrudi 1). 

temperaturis gazrdisas zvavuri garRvevis Zabva izrdeba, rac 

aixsneba muxtis gadamtanebis Tavisufali ganarbenis SemcirebiT. naklebi 

sididis Tavisufal ganarbenze eleqtrul vels unda hqondes meti 

sididis daZabuloba imisaTvis, rom muxtis gadamtanebma SeiZinon 

dartymiTi ionizaciisaTvis saWiro energia. amrigad, zvavuri garRvevis 

Zabvis temperaturuli koeficienti, gvirabuli garRvevis Zabvis 

temperaturuli koeficientisagan gansxvavebiT, dadebiTi niSnisaa. 

siTburi garRveva. siTbur garRvevas iwvevs ukudenis gavlis 

procesSi p-n gadasasvlelze gamoyofili siTbo, rodesac es ukanaskneli 

p-n gadasasvlelis mier gabneul siTbos raodenobaze metia. siTbos 

dagrovebis gamo, adgili aqvs p-n gadasasvlelze eleqtron-xvrelis 

wyvilis intensiur generacias da ukudenis gazrdas. ukudenis gazrda ki, 
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Tavis mxriv, gamoiwvevs temperaturis Semdgom zrdas da a.S. p-n 

gadasasvlelis ukudenis zrdis procesi miiRebs zვavisebr xasiaTs. 

siTburi garRvevis Taviseburebaa is, rom volt-amperuli 

maxasiaTeblis Sesabamis Stoze (სურ.1.6, mrudi 3) arsebobs uaryofiTi 

diferencialuri winaRobis ubani (e.i.  0
dI

dV
is Sesabamisi ubani). 

siTburi garRvevis Zabvis sidide damokidebulia n-p gadasasvlelidan 

siTbos gabnevis pirobebze. es Zabva mcirdeba garemos temperaturis 

gazrdis dros. garda amisa, p-n gadasasvlelis siTburi garRvevis Zabva 

miT ufro mcire sididisaa, rac ufro didia 
SI  siTburi ukudeni. 

germaniumis p-n gadasasvlelisaTvis damaxasiaTebelia ukudenis 

gazrdili mniSvneloba. amitom, aseTi gadasasvlelis siTburi garRvevis 

Zabva zvavuri garRvevis Zabvaze naklebia oTaxis temperaturis drosac 

ki. siliciumis p-n gadasasvlelisaTvis damaxasiaTebelia mcire sididis 

ukudeni. aseTი gadasasvlelebis siTburi garRvevis Zabva imdenad 

maRalia, rom zvavuri garRveva ufro adre xdeba, vidre siTburi. Tumca 

p-n gadasasvlelis garRveva SeiZleba daiwyos zvavuri xasiaTis 

garRveviT da ukudenis gazrdili mniSvnelobis dros gadaizardos 

siTbur garRvevaSi. unda aRiniSnos, rom eleqtrul zvavur garRvevas, 

rodasac ukudeni SezRudulia gareSe wredis winaRobiT,  aqvs შeqcevadi 

xasiaTi (p-n gadasasvleli ar hkargavs normaluri funqcionirebis unars). 

maSin, rodesac siTburi garRveva Seuqcevadi xasiaTisaa da iwvevs p-n 

gadasasvlelis struqturis daSlas. 

 

    2.2. gardamavali procesebi diodis p-n gadasasvlelze 

 

gadarTvebis reJimSi muSaobis dros diodi periodulad gadadis 

Caketili (denis aragamtari) mdgomareobidan Ria (denis gamtar) 

mdgomareobaSi da, piriqiT, Riadan Caketil mdgomareobaSi. 

diodis erTi mdgomareobidan meore mdgomareobaSi gadarTvis 

procesi garkveuli inerciulobiT xasiaTdeba, radgan pirdapir ZabvasTan 

mierTebis Semdeg p-n gadasasvlelis momijnave SreebSi muxtis 

gadamtanebis Ria mdgomareobis Sesabamis koncentraciamde gazrdas, xolo 
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ukuZabvis mierTebis Semdeg muxtis gadamtanebis koncentraciis Caketili 

mdgomareobis Sesabamis sididemde Semcirebas, drois gansazRvruli 

intervali esaWiroeba.  

ganvixiloT diodis gadarTvebis dros aRZruli gardamavali 

procesi, rodesac R  datvirTvis winaRobasTan mimdevrobiT mierTebul 

diodze moqmedebs marTkuTxa formis cvladi Zabva (sur.1.8). 

 

sur..1.8. gardamavali procesebi diodis gadarTvebis dros 

 

0t  momentSi sqemis Sesasvlelze moqmedi Zabva naxტomiseburad 

izrdeba da Rebulobs SF VV    tol mniSvnelobas. diodis 

naxevargamtarul struqturaSi mimdinare difuziuri procesebis 

inerciulobis gamo, diodSi deni iwyebs gavlas dayovnebiT da aRwevs 

damyarebul mniSvnelobas )( FI  gansazRvruli drois Semdeg. amitom 

sawyis momentSi mTeli Sesavali Zabva diodze vardeba, xolo diodSi 
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gamavali denis matebasTan erTad diodze arsebuli Zabvis vardna )( DV  

iwyebs Semcirebas da Rebulobs damyarebul mniSvnelobas )( FV . drois 

Sualeds, romlis ganmavlobaSic diodze arsebuli Zabvis vardna ecema 

maqsimaluri mniSvnelobidan 1,25
FV  sididemde, ewodeba diodis 

pirdapiri winaRobis damyarebis xangrZlivoba ).( ft  

aseTi mdgomareoba SenarCundeba 
2t  momentamde, rodesac Sesavalze 

Zabvis polaruloba icvleba naxtomiseburad da Rebulobs  _
SV  

mniSvnelobas. Zabvis niSnis Secvlis miuxedavad, p-n gadasasvlelis 

sazRvrebze pirdapiri denis gavlis dros dagrovili Warbi muxtis 

araZiriTadi gadamtanebi bazidan ukanve Seizideba emiterul SreSi 

ukuZabvis mier Seqmnili eleqtruli veliს გავლენით, ris gamoc 

garkveuli drois manZilze diodi inarCunebs Ria mdgomareobas 

Secvlili mimarTulebis denis dros. 
32 tt   intervalSi mimdinareobs 

muxtis araZiriTadi gadamtanebis bazidan emiterSi gadasvlisa da gare 

wredSi maTi gawovisa da bazaSi muxtebis rekombinaciis procesi. drois 

am intervalSi diodze dadebiTi Zabvaa SenarCunebuli da Tu 

,FS VV   maSin ukudeni 
R

V
I S

rrM   inarCunebs ucvlel mniSvnelobas. 

3t  drois momentSi Zabva diodze utoldeba nuls da Semdeg 

Rebulobs uaryofiT mniSvnelobas (diodze moqmedebas iwyebs ukuZabva). 

iwyeba ukuwinaRobis aRdgenis procesi, romlis drosac ukudenis sidide 

mcirdeba nominalur mniSvnelobamde, xolo diodze moqmedi uku Zabva 

izrdeba maqsimalur sididemde. 
43 tt   intervalSi diodSi gamavali 

ukudeni ganpirobebulia ara marto narCeni muxtis araZiriTadi 

gadamtanebis koncentraciis SemcirebiT wonswiruli mdgomareobis 

Sesabamis sididemde, aramed p-n gadasasvlelis barieruli tevadobis 

damuxtvis deniTac. drois intervals, romlis ganmavlobaSic diodze 

ukuZabvis mierTebis Semdeg diodSi gamavali ukudeni Semcirdeba rrMI25,0  

mniSvnelobamde, ukuwinaRobis aRdgenis dro ewodeba ).( rrt  
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diodis CarTva-gamorTvis procesebis ganxilvidan Cans, rom diodi 

ar warmoadgens idealur gasaRebs da gardamavali procesebis  dros 

gaaCnia mniSvnelovani gamtarebloba uku mimarTulebiTac. 

unda aRiniSnos, rom Tu 0R  (rac Seesabameba diodis tevadobiTi 

xasiaTis datvirTvaze muSaobas, an diodis gamoyenebas marTvadi 

gasaRebebisaTvis ukudiodis funqciis Sesasruleblad), maSin Caketvis 

momentSi diodSi gamavali deni bevrad aRemateba damyarebuli reJimis 

Sesabamis datvirTvis dens. 

1.8 სურათზე warmodgenili bolo diagramidan gamomdinareobs, rom 

diodSi simZlavris danakargi mkveTrad izrdeba CarTvisa da 

gansakuTrebiT gamorTvis dros. am danakargebis Sesamcireblad da 

diodis saimedo muSaobis uzrunvelsayofad gamoiyeneba dinamikuri 

procesebis maformirebeli specialuri sqemebi-snaberebi (Snubbers). 

snaberis umartives sqemas warmoadgens wredi, romelic Sedgeba 

mimdevrobiT SeerTebuli winaRobisa da kondensatorisagan. es sqema 

diods miuerTdeba paralelurad (1.8,a სურათზე naCvenebia punqtiriT).   

 

  2.3. Zaluri diodebis tipebi 

 

dioduri gasaRebi idealuria, Tu misi ukuwinaRobis aRdgenis 

xangrZlivoba nulis tolia. magram idealurTan miaxloebuli diodebis 

damzadeba Zalze Zviri jdeba. amavdroulad, diodebis praqtikuli 

gamoyenebis dros xSirad ukuwinaRobis aRdgenis drois xangrZlivobas 

arsebiTi mniSvneloba ar eniWeba da savsebiT dasaSvebia SedarebiT iafi 

Rirebulebis diodebis gamoyeneba. ukuaRdgenis maxasiaTeblisa da 

damzadebis teqnologiuri meTodebidan gamomdinare, Zaluri diodebs 

yofen Semdeg kategoriebad: 

1. standartuli anu zogadi daniSnulebis Zaluri gammarTveli 

diodebi; 

2. swrafmoqmedi (swrafad aRdgenadi) diodebi (diodebi 

ukuwinaRobis aRdgenis mcire xangrZlivobiT); 

3. Sotkis diodebi. 
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  2.3.1. zogadi daniSnulebis Zaluri gammarTveli 

diodebi 

 

zogadi daniSnulebis gammarTveli diodebi mraval-mniSvnelovan 

rols asrulebs denis gardamqmnel Zalur eleqtronul wredebSi. 

Zaluri eleqtronuli mowyobilobebis simZlavre SeiZleba aRwevdes 

ramdenime megavats. aqedan gamomdinare, aseT mowyobilobebSi gamoyenebul 

diodur gasaRebebs unda SeeZlos didi sididis denis (ramdenime 

kiloamperamde) gatareba da didi sididis ukuZabvis (ramdenime 

kilovoltamde) blokireba, rac ganapirobebs mcire simZlavris dioduri 

gasaRebebisagan gansxvavebul maT struqturul da konstruqciuli 

Sesrulebas. 

 

sur.1.9 siliciumis Zaluri diodis struqtura 

 

siliciumis Zaluri diodebis struqtura sqematurad 1.9 suraTzea 

warmodgenili. igi Sedgeba sami ubnisagan (Srisagan). struqturaSi 

Semavali eleqtronuli da xvreluri gamtarobis ganapira Sreebi (p
+
, n

+
) 

Seicavs minarevebis gazrdil koncentracias (Zlier legirebuli Sreebi) 

da maT emiterul Srebs uwodeben. centraluri Sris eleqtrogamtaroba 

da masSi Setanili minarevebis koncentracia emTxveva siliciumis im fuZe 

Sris (diskos) eleqtrogamtarobasa da minarevebis koncentracias, romlis 

safuZvelzec damzadebulia zemoaRniSnuli naxevargamtaruli struqtura. 

am ubans baza ewodeba. 

p
+_tipis emiteris Sre n_tipis bazasTan warmoqmnis 

eleqtronul_xvrelur (p
+
- n

+
), xolo n

+_tipis emiteris Sre n_tipis 

bazasTan warmoqmnis e.w. eleqtronul_eleqtronul gadasasvlels (n
+
- n). 
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amgvarad, Zalur diodebs aqvT samSriani p
+
- n - n

+
  struqtura. kargi 

kontaqtis miRebisa da diodSi gamoyofili siTbos garemo sivrceSi ukeT 

gabnevis mizniT siliciumis diskos zedapiri moliTonebulia. 

Zaluri diodis struqturaSi sustad legirebuli n-Sris arsebobis 

gamo, p
+
-n gadasasvlelis sazRvrebi farTovdeba (n-tipis Sris xarjze) da 

Sesabamisad izrdeba gadasasvlelis gamrRvevi Zabvis sidide, rac diodze 

moqmedi ukuZabvis dasaSvebi maqsimaluri mniSvnelobis gazrdis 

saSualebas iZleva. 

1.10 suraTze naCvenebia zogadi daniSnulebis gammarTveli diodebis 

korpusTa gare xedebi. 

 

 

sur..10. saerTo daniSnulebis gammarTveli 

          diodebi 

 

zogadi daniSnulebis Zaluri gammarTveli diodebis 

parametrebi 

 

Zaluri diodebis parametrebi daiyofa ramdenime jgufad Zabvis, 

denis, Sinagani winaRobisa da simZlavris danakargebis, komutaciuri 

movlenebis, temperaturuli da siTburi Tvisebebis mixedviT. qvemoT 

ganvixilavT parametrTa CamoTvlil jgufebSi Semaval mxolod ZiriTad 

parametrebs. vidre gadavidodeT calkeuli parametrebis ganxilvaze, 

winaswar mivceT ganmartebebi im zogad terminebs, romlebic 
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gamoyenebuli iqneba rogorc dioduri, ise sxva Zaluri naxevargamtaruli 

gasaRebebis parametrebis ganxilvis dros. 

Zaluri diodebis parametrebi daiyofa maxasiaTebel da zRvrulad 

dasaSveb (maqsimalurad da minimalurad dasaSvebi mniSvnelobebi) 

parametrebad. 

parametris dasaSvebi mniSvneloba _ esaa parametris is mniSvneloba, 

romlis drosac mosalodnelia xelsawyos normaluri funqcionireba, 

xolo parametris zRvrulad dasaSvebi mniSvneloba _ esaa parametris is 

mniSvneloba, romelis farglebidan gamosvla iwvevs xelsawyos 

dazianebas. 

maxasiaTebeli parametrebi _ esaa eleqtruli, siTburi an meqanikuri 

sidideebis mniSvnelobebi, romelic xelsawyos Tvisebebis Sesafasebladaa 

gamoyenebuli. 

gansxvaveba maxasiaTebel da zRvrulad dasaSveb parametrebs Soris 

imaSi mdgomareobs, rom maxasiaTebeli parametrebis dadgena 

SesaZlebelia pirdapiri an iribi gazomvebis CatarebiT, xolo zRvrulad 

dasaSvebi parametrebis gansazRvra gazomvebis CatarebiT SeuZlebelia. 

zRvrulad dasaSveb parametrebis dadgena xdeba cdebis, gamocdebis an 

gaangariSebis Catarebis safuZvelze. 

qvemoT mocemulia Zaluri diodebis ZiriTadi parametrebis 

CamonaTvali da maTi asoiTi aRniSvnebi.  

parametrebi Zabvis mixedviT: 

 impulsuri pirdapiri Zabva........................................................................................... FMV  

 ganmeorebadi impulsuri ukuZabva........................................................................ RRMV  

 araganmeorebadi impulsuri ukuZabva............................................................. RSMV  

 impulsuri muSa ukuZabva............................................................................................ RWMV  

 zRurbluri Zabva............................................................................................................... TOV  

 

parametrebi denis mixedviT: 

 saSualo pirdapiri deni (zRvruli deni)........................................... )(, AVFFAV II  

 dartymiTi araganmeorebadi pirdapiri deni (dartymiTi pirdapiri 

deni)............................................................................................................................................. FSMI  
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 ganmeorebadi impulsuri ukudeni..................................................................
RRMI  

 

parametrebi Sinagani winaRobisa da simZlavris danakargis mixedviT: 

 diferencialuri pirdapiri winaRoba.......................................................
Tr  

 ukudanakargebis dartymiTi simZlavre..................................................
RSMP  

 ukudanakargebis ganmeorebadi impulsuri simZlavre.........
RRMP  

parametrebi komutaciuri procesebis mixedviT: 

 ukuwinaRobis aRdgenis (ukuaRdgenis) dro......................................
rrt  

 aRdgenis muxti..............................................................................................................
rrQ  

 

temperaturuli da siTburi parametrebi: 

 eleqtruli gadasasvlelis efeqturi ekvivalenturi temparatura 

(gadasasvlelis temperatura)......................................... )()()( ;;;;; VJVJVJJJJ TtTt   

 gadasasvleli-korpusis siTburi winaRoba.... thjcR  

parametrebis zemoT mocemuli dasaxelebebi (terminebi) da 

parametrTa aRniSvnebi, romelic zRvrulad dasaSveb mniSvnelobebTanaa 

dakavSirebuli, arasrulia. rodesac saubaria parametrze, romelsac 

maqsimalurad dasaSvebi mniSvneloba aqvs, maSin termins unda daematos 

sityvebi ,,maqsimalurad dasaSvebi”, xolo asoiT aRniSvnas-indeqsi m . 

rodesac saubaria parametris minimalurad dasaSveb mniSvnelobaze, maSin 

termins unda daematos sityvebi ,,minimalurad dasaSvebi”, xolo 

aRniSvnas-indeqsi .min  ,,saSualo pirdapiri deni”_s nacvlad magaliTad, 

saWiro iqneboda dagvewera ,,maqsimalurad dasaSvebi saSualo pirdapiri 

deni” da gamogveyenebina aRniSvna ,FAVmI nacvlad FAVI   aRniSvnisa.  

qvemoT mocemulia parametrebis dasaxelebebis (terminebis) 

ganmartebebi. 

 

parametrebi Zabvis mixedviT 

 

impulsuri pirdapiri Zabva FMV pirdapiri Zabvis udidesi myisi 

mniSvneloba, ganpirobebuli mocemuli mniSvnelobis pirdapiri deniT. 
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ganmeorebadi impulsuri ukuZabva RRMV diodze moqmedi ukuZabvis 

udidesi myisi mniSvneloba, yvela ganmeorebadi gardamavali Zabvis 

CaTvliT, magram araganmeorebadi gardamavali Zabvis gamoricxviT. 

araganmeorebadi impulsuri ukuZabva RSMU diodze moqmedi 

nebismieri araganmeorebadi gardamavali Zabvis udidesi myisi 

mniSvneloba. 

impulsuri muSa ukuZabva RWMV diodze moqmedi ukuZabvis udidesi 

myisi mniSvneloba, ganmeorebadi da araganmeorebadi gardamavali Zabvebis 

mxedvelobaSi miuReblad. 

,,ganmeorebadi impulsuri ukuZabva”, ,,araganmeorebadi impulsuri 

ukuZabva” da ,,impulsuri muSa ukuZabva” terminebis azrobrivi axsna 

warmodgenilia 1.9 suraTze. ganmeorebadi umpulsuri ukuZabvis 

maqsimalurad dasaSvebi mniSvnelobis toli amplitudis gardamavali 

Zabvis impulsebi diodze moqmedebs mkvebavi qselis sixSiris Sesabamisi 

periodulobiT. rac Seexeba gardamavali Zabvis impulsebs, romlis 

amplituda araganmeorebadi maqsimalurad dasaSvebi ukuZabvis tolia, 

diodze moqmedebs mkvebavi qselis sixSireze naklebi sixSiriT. 

 

 

sur..1.11. ganmeorebadi, araganmeorebadi da muSa impulsuri 

 ukuZabvis terminebis asaxsnelad 

 

ganmeorebadi gardamavali Zabvebi ZiriTadad ganpirobebulia  

gardamqmnelis aqtiuri elementebis komutaciuri procesebiT; araganmeorebadi _ 

gardamqmnelis sqemis miRma arsebuli mizezebiT: elWeqiT gamowveuli gadaZabva, 

mkvebav qselSi arsebuli gadaZabva da sxv. 

ganmeorebadi impulsuri ukuZabvis maqsimalurad dasaSvebi sidide 

daaxloebiT 0,75-0,85 gamrRvevi Zabvis tolia. araganmeorebadi impulsuri 

ukuZabvis maqsimalurad dasaSvebi sidide ar unda aRematebodes 1,16 RRMV . 
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Tanamedrove Zaluri diodebis maqsimalurad dasaSvebi impulsuri muSa 

ukuZabvis sidide 50 v-dan dawyebuli 5kv-mde farglebSia. 

zRurbluri Zabva 0TV es aris pirdapiri Zabvis mniSvneloba, romelic 

ganisazRvreba volt-amperuli maxasiaTeblis gawrfivebuli ubnis gagrZelebis 

Zabvis RerZTan gadakveTis wertilis Sesabamisi ZabviT (ix. სურ.1.4). 

 

parametrebi denis mixedviT 

 

maqsimalurad dasaSvebi saSualo pirdapiri deni (zRvruli deni) _es 

deni diodSi xangrZlivad gamavali pirdapiri denis periodze 

gasaSualebuli mniSvnelobis maqsimalurad dasaSvebi sididea. 

Tanamedrove Zaluri diodebis maqsimalurad dasaSvebi saSualo 

pirdapiri deni 10 a-dan dawyebuli, ramdenime aTasi amperis farglebSia: 

dartymiTi pirdapiri deni FSMI esaa mocemuli xangrZlivobis 

sinusoiduri formis pirdapiri denis erTjeradi impulsis myisi 

mniSvnelobis maqsimalurad dasaSvebi sidide.  

dartymiTi pirdapiri deni avariul dens warmoadგენს. igi 

ganpirobebulia diodis wredSi CarTuli datvirTvis wredis mokled 

SerTviT. amavdroulad igulisxmeba, rom avariuli impulsis damTavrebis 

momentSi gardamqmnelis dacva aswrebs amoqmedebas da mkvebavi qseli 

gamoirTveba. dartymiTi denis zemoqmedebam ar unda gamoiwvios diodis 

mwyobridan gamosvla. 

ganmeorebadi impulsuri ukudeni RRMI esaa ukudenis udidesi myisi 

mniSvneloba, ganpirobebuli ganmeorebadi impulsuri ukuZabviT. Zaluri 

diodebis ganmeorebadi impulsuri ukudenis mniSvneloba,  

naxevargamtaruli struqturis farTobidan gamomdinare, SeiZleba 

Seadgendes ramdenime miliamperidan dawyebuli, ramdenime aseul 

miliampers. 
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parametrebi Sinagani winaRobisa da simZlavris  

danakargis mixedviT 

 

diferencialuri pirdapiri winaRoba Tr am winaRobis mniSvneloba 

)(
f

f

T
I

V
r




  damokidebulia volt-amperuli maxasiaTeblis pirdapiri Stos 

gawrfivebuli ubnis daxrilobaze. 

ukudanakargebis dartymiTi simZlavre RSMP diodSi warmoqmnili 

simZlavris danakargis myisi mniSvnelobis maqsimalurad dasaSvebi 

sidide, rodesac  garRvevis ubanze diodi ukumimarTulebiT itvirTeba 

erTjeradi denis impulsebiT. 

ukudanakargebis ganmeorebadi impulsuri simZlavre RRMP diodSi 

warmoqmnili simZlavris danakargis myisi mniSvnelobis maqsimalurad 

dasaSvebi sidide, rodesac  garRvevis ubanze დიოდი ukumimarTulebiT 

itvirTeba denis perioduli impulsebiT. 

ukudanakargebis dartymiTi da ganmeorebadi impulsuri simZlavreebi 

warmoadgenen mxolod zvavuri tipis gammarTveli diodebis parametrebs. 

 

parametrebi komutaciuri movlenebis mixedviT 

 

ukuaRdgenis dro rrt esaa drois intervali pirdapiri denis nulze 

gavlis momentsa (rodesac diodis deni icvlis mimarTulebas 

pirdapiridan ukumimarTulebiT) da drois moments Soris, rodesac 

diodSi gamavali ukudeni mcirdeba misi maqsimaluri mniSvnelobis 25%-

mde. fsrr ttt  , sadac st  aris diodis n-p gadasasvlelze ukuZabvis 

mierTebis dayovnebis dro, xolo ft ukudenis 0,25 RRMI mde 

Sesamcireblad saWiro drois intervali (ix.სურ.1.8). 

ukuaRdgenis muxti rrQ esaa sruli muxti, romelic gamodis diodis 

struqturidan, rodesac diodi gansazRvruli sididis pirdapiri denis 

gamtari mdgomareobidan gadairTveba gansazRvruli sididis ukuZabvaze. 
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,fsrr QQQ   sadac 
sQ  aris dayovnebis muxti, romelic diodis 

struqturidan gamoiwveba gare wredSi, xolo fQ narCeni muxti. 

 

temperaturuli da siTburi parametrebi 

 

Zaluri diodebis n-p gadasasvlelis temperaturas aqvs ori 

zRvruli mniSvneloba: maqsimalurad dasaSvebi da minimalurad dasaSvebi. 

gadasasvlelis maqsimalurad dasaSvebi temperatura jmT esaa 

temperatura, romlis gadameteba diodebis xangrZlivi eqspluataciis 

dros dauSvebelia. 

axali seriis Zaluri diodebis n-p gadasasvlelis maqsimalurad 

dasaSvebi temperatura C0190 -is tolia, Tu ganmeorebadi impulsuri 

ukuZabvis sidide 1600 v-s ar aRemateba. rodesac ganmeorebadi impulsuri 

ukuZabvis sidide 2800 v-mdea, diodis n-p gadasasvlelis maqsimalurad 

dasaSvebi temperatura Semcirebulia C0175 mde, xolo 4000 v-mde 

ganmeorebadi impulsuri ukuZabvis dros _ C0150 _mde. 

swrafad aRdgenadi da zvavuri diodebis n-p gadasasvlelis 

maqsimalurad dasaSvebi temperatura  C0160140 is farglebSia. 

diodis n-p gadasasvlelis minimalurad dasaSvebi temperatura 

minjT esaa is minimaluri temperatura, romelzec naklebi temperaturis 

pirobebSi dauSvebelia diodebis ara marto eqspluatacia, aramed 

Senaxvac. es imiTaa ganpirobebuli, rom aseT dabal temperaturaze 

icvleba diodis rogorc eleqtruli Tvisebebi, ise mosalodnelia misi 

meqanikuri dazianeba diodis konstruqciuli elementebis wrfivi 

gafarToebis koeficientebs Soris arsebuli gansxvavebis gamo. diodebis 

n-p gadasasvlelis minimalurad dasaSvebi temperaturis sidide 

moTavsebulia - C0)60...50( -is farglebSi. 

gadasasvleli _ korpusis ubnis siTburi winaRoba thjcR  esaa 

diodis n-p gadasasvlelsa da korpuss Soris temperaturuli sxvaobis 

Sefardeba diodSi warmoqmnili simZlavris danakargTan, rodesac igi 

damyarebul reJimSi muSaobs. 
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diodebis paraleluri SeerTeba 

 

diodebis paraleluri SeerTeba saWiroa jamuri pirdapiri denis 

gasazrdelad. paraleluri SeerTebis dros warmoiqmneba calkeul 

paralelur StoSi denebis araTanabari gadanawilebis problema, 

romelic diodebis volt-amperuli maxasiaTeblis pirdapir StoTa Soris 

gansxvavebiTaa gamowveuli. denebis araTanabarma gadanawilebam, Tavis 

mxriv, SeiZleba gamoiwvios zogierTi diodis gadatvirTva da mwyobridan 

gamosvla. amitom saWiroa paralelurad SeerTebul diodebSi gamavali 

denebis gasaTanabreblad saTanado RonisZiebebis gatareba. 

denebis araTanabari gadanawileba or diodSi (maTi uSualo 

paraleluri SeerTebis dros), romelic gamowveulia diodebis volt-

amperuli maxasiaTeblis pirdapiri Stoebis gansxvavebulobiT, 

ilustirebulia 1.12,a suraTze. 

 

sur.1.12. diodebis volt-amperuli maxasiaTeblis pirdapiri 

Sto (a), diodebis paraleluri SeerTebis sqemebi (b,g,d) 

 

rogorc 1.12,a suraTidan Cans pirdapiri Zabvis erTnairi sididis 

dros calkeul diodSi gamavali deni mniSvnelovnad gansxvavdeba 

erTmaneTisagan. paralelur StoebSi denebis gaTanabrebis bunebrivi gzaa 

iseTi diodebis SerCeva, romelTac zustad erTnairi volt-amperuli 

maxasiaTeblis pirdapiri Sto eqneba (sur.1.12,b), rac xSirad gadauWrel 

problemas warmoadgens. amitom saWiro xdeba paralelur diodur 

StoebSi denebis xelovnuri gaTanabreba. 

paralelur diodur StoebSi denebis gaTanabreba principSi 

SesaZlebelia diodebis mimdevrobiT damatebiTi gamTanabrebeli aqtiuri 

winaRobis CarTviT (sur.1.12,g), romelTa sidide mniSvnelovnad aRemateba 

diodebis pirdapir winaRobas, magram am meTodis gamoyenebis SemTxvevaSi, 
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gansakuTrebiT didi denebis dros, mniSvnelovnad izrdeba simZlavris 

danakargi da mcirdeba gardamqmneli mowyobilobis mqk. 

didi denebis SemTxvevaSi farTod gamoiyeneba denis induqciuri 

damyofebi (sur.1.12,d). paralelur StoebSi denis momatebis SemTxvevaSi, 

StoSi CarTul induqciurobis koWaSi aRZruli TviTinduqciis emZ 

naklebad sagrZnobs xdis diodebis pirdapiri CarTvis Sesabamisi 

maxasiaTebeli parametrebis gabnevadobiT gamowveul denis araTanabar 

gadanawilebas. 

 

diodebis mimdevrobiTi SeerTeba 

 

diodebis mimdevrobiTi SeerTebis mizania jamuri dasaSvebi 

ukuZabvis sididis gazrda. ukuZabvis moqmedebis dros, mimdevrobiT 

SeerTebul diodebSi gaivlis erTnairi sididis ukudeni (sur.1.13,a). 

magram diodebis volt-amperuli maxasiaTeblis ukuStoebis daxrilobaTa 

Soris gardauvali gansxvavebis gamo, saerTo ukuZabva calkeul diodze 

araTanabrad gadanawildeba. 

 

sur.1.13. diodebis mimdevrobiTi SeerTebis sqema da maTi 

volt-amperuli maxasiaTeblis ukuStoebi 

 

mimdevrobiT SeerTebul diodebze ukuZabvis araTanabari 

gadanawileba arasasurvelia, radgan Tu romelime maTganze moqmedi 

ukuZabva gadaaWarbebs gamrRvevi Zabvis sidides, moxdeba aramarto am 

diodis, aramed masTan mimdevrobiT mierTebuli yvela sxva diodis 

garRveva da mwyobridan gamosvla. 
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mimdevrobiT SeerTebul diodebze ukuZabvis araTanabari 

gadanawilebis gamoricxvis mizniT, TiToeuli diodis paralelurad 

CairTveba Zabvis gamTanabrebeli rezistorebi (sur..1.14,a). 

 

 

sur..1.14. diodebze ukuZabvis gamTanabrebeli sqema (a) da diodebis  

volt-amperuli maxasiaTeblebis ukuStoebi (b) 

 

rogorc 1.14,b suraTidan Cans diodebze ukuZabvis erTnairi sididiT 

gadanawilebis SemTxvevaSi )( 21 DD VV  , calkeul diodSi gamavali deni 

ar aris erTnairi sididis. jamuri ukudeni SI  gadanawildeba 

mimdevrobiT SeerTebul diodebsa da maT paralelurad CarTul 

rezistorebSi 

                         ,2211 RSRSS IIIII                           (1.8)  
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Tu diodebis paralelurad erTnairi winaRobis rezistorebs 

CavrTavT, e.i. ,21 RRR   maSin diodebis volt-amperuli maxasiaTeblis 

ukuStoTa sxvadasxva daxrilobis gamo, calkeul diodze moqmedi Zabva 

ar iqneba erTnairi sididis, 1DV  da 2DV  am SemTxvevaSi ganisazRvreba 

gamosaxulebidan  

                             ,2
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                              .21 DDD VVV                               (1.11) 
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gardamavali reJimebis dros mimdevrobiT SeerTebul diodebze 

ukuZabvis Tanabari gadanawilebis uzrunvelsayofad TiToeuli diodis 

paralelurad unda CairTos mimdevrobiT SeerTebuli 
SC  kondensatori 

da 
SR  rezistori. (sur.1.15) 

 

 

sur.1.15. mimdevrobiT SeerTebul diodebze ZabvaTa gadanawilebis 

wredebi damyarebul da gardamaval reJimebSi 

 

magaliTi 1.2. 

mimdevrobiT SeerTebul or diodze (sur..1.14) moqmedebs 5DV kv-is 

toli mudmivi ukuZabva. diodebis ukudenebia 301 SI mla da 352 SI mla. 

unda ganisazRvros: 

a) calkeul diodze moqmedi ukuZabvis mniSvneloba, rodesac 

diodebis paralelurad erTnairi winaRobis Zabvis 

gamanawilebeli rezistorebia CarTuli, 10021  RR kom; 

b) Zabvis manawilebeli rezistorebis winaRobebi 1R  da 2R , rodesac 

ukuZabva diodebze Tanabradaa ganawilebuli .2/21 DDD VVV   

amoxsna 

a. 301 SI mla, 352 SI mla, 10021  RRR kom. - ,21 DDD VVV   

anu .12 DDD VVV   

(1.10) gamosaxulebaSi CavsvaT 12 DDD VVV   da miRebuli 

gamosaxulebidan ganvsazRvroT ,1DV  miviRebT 
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b. 301 SI mla, 352 SI mla, 2500
2

21  D
DD

V
VV v. 

(1.9) gamosaxulebidan ganvsazRvroT  
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 2.3.2. swrafad aRdgenadi diodebi 

 

swrafad aRdgenadi diodebis ukuwinaRobis aRdgenis dro )( rrt  

gacilebiT naklebia zogadi daniSnulebis gammarTveli diodebis 

ukuaRdgenis droze. aseTi diodebi gamoiyeneba mudmivi deni _ mudmivi  

deni )( dcdc   da mudmivi deni _ cvladi deni )( acdc   gardamqmnelebis 

sqemebSi, sadac diodebis Caketili mdgomareobis (ukuwinaRobis) aRdgenis 

siCqares xSirad gadamwyveti mniSvneloba aqvs. swrafad aRdgenadi 

diodebis samuSao denebis mniSvnelobebi 1a-dan dawyebuli, ramdenime 

aseuli amperis farglebSia, xolo samuSao Zabvebi moTavsebulia 50...3000 

v-is farglebSi. 

400 v-ze meti samuSao Zabvis mqone swrafad aRdgenadi diodebis 

damzadeba xdeba difuzuri teqnologiuri meTodis gamoyenebiT. aseTi 

diodebis p-n gadasasvlels aqvs mcire farTobi, xolo bazis Sres gaaCnia 

muxtis gadamtanebis rekombinaciis gazrdili unari. es ukanaskneli 

ganpirobebulia bazis SreSi platinis an oqros minarevis difuzuri 

SetaniT, romelTa atomebi warmoqmnian muxtis gadamtanTa efeqtur 

sarekombinacio centrebs. 

400 v-ze naklebi samuSao Zabvis mqone diodebis damzadeba xdeba 

epitaqsialuri teqnologiis gamoyenebiT. aseT diodebs aqvT Zalze mcire 

siganis bazis Sre, amitom diodebis ukuwinaRobis aRdgenis xangrZlivoba 

50 nwm-ze naklebia. 1.16 suraTze naCvenebia seriuli warmoebis swrafad 

aRdgenadi diodebis korpusTa gare xedebi. 

 



36 
 

 

sur.1.16. swrafad aRdgenadi diodebi  

 

2.3.3. Sotkis diodi 

 

Sotkis diodebis muSa nawils warmoadgens liTonisa da 

naxevargamtaris kontaqtis dros warmoqmnili potencialuri barieri, 

romelsac Sotkis bariersac uwodeben. liTonisa da naxevargamtaris 

kontaqti miiReba n-tipis siliciumis fuZe Sreze liTonis epitaqsialuri 

Txeli Sris daleqvis gziT.  

p-n gadasasvleliani diodebisagan gansxvavebiT, Sotkis diodebSi 

adgili ar aqvs bazaSi muxtis araZiriTadi gadamtanebis inieqciis 

process. amitom maT ar gaaCniaT muxtis araZiriTadi gadamtanebis 

dagrovebisa da gawovis procesebTan dakavSirebuli difuziuri tevadoba.  

Sotkis diodis erTi mdgomareobidan meoreSi (Ria _ Caketili) 

gadarTvis siCqares mxolod eleqtruli gadasasvlelis barieruli 

tevadoba ganapirobebs. amis gamo, misi ukuaRdgenis xangrZlivoba 

nanowamis meaTedi nawilebis tolia da misi muSa sixSire 3...15 gigahercs 

aRwevs. Sotkis diodis dadebiTi Tvisebaa isic, rom pirdapiri Zabvis 

vardna mis Siga winaRobaze daaxloebiT 0,2 v-iT naklebia, vidre  p-n 

gadasasvlelian diodebze da ar aRemateba 0,4 v-s. 

Sotkis diodebis ukudenis sidide aRemateba p-n gadasasvleliani 

diodebis ukudens, amitom Sotkis diodebis ukuZabvis maqsimalurad 

dasaSvebi sidide SedarebiT mcirea da 100 v-iT Semoifargleba. Sotkis 

diodebis muSa denis sidide 1...400 a-is farglebSia. 
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Sotkis diodebi warmoadgenen idealur gasaRebebs dabali Zabvisa da 

SedarebiT maRali denebis kvebis wyaroebisaTvis. 1.17 suraTze naCvenebia 

20 da 30 amperiani seriuli warmoebis Sotkis diodebis korpusis gare 

xedi.  

 

 

sur..1.17. Sotkis diodebi 

 

 2.3.4. siliciumis karbidis diodebi 

 

siliciumis karbidi )(SiC  aris Zaluri eleqtronikis axali, 

uaRresad perspeqtiuli, masala. am masalis gamoyenebiT damzadebul 

xelsawyoebs aqvT  gacilebiT  ukeTesi  teqnikuri maCveneblebi, vidre 

Si isa da GaAs  gamoyenebiT damzadebul xelsawyoebs. ase, magaliTad, 

SiC is Sotkis diodebSi aris ultradabali simZlavris danakargi. 

maRalia muSaobis saimedooba. garda amisa, aseT diodebis ukuaRdgenis 

dro praqtikulad nuls utoldeba da aqvT gadarTvebis ultramaRali 

siCqare. gadarTvebis procesze temperaturis cvlileba gavlenas ar 

axdens. 

 

sakontrolo SekiTxvebi 

1.1. rogori saxis p-n gadasasvlels ewodeba idealizebuli da 

rogoria misi volt-amperuli maxasiaTeblis analizuri 

gamosaxuleba. 

1.2. ras warmoadgens diodis p-n gadasasvlelis gajerebis ukudeni. 
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1.3. rogori sididis iqneba temperaturuli potenciali, rodesac 

absoluturi temperatura KT 0300 . 

1.4. riT gansxvavdeba diodis realuri volt-amperuli maxasiaTeblis 

pirdapiri Sto idealurisagan. 

1.5. riT gansxvavdeba diodis realuri volt-amperuli maxasiaTeblis 

ukuSto idealurisagan. 

1.6. romeli denebi ganapirobebs diodis p-n gadasasvlelis ukudenis 

realur sidides. 

1.7. ganmarteT diodis p-n gadasasvlelis gamrRvevi ukuZabva. 

CamoTvaleT p-n gadasasvlelis garRvevis saxeebi. romeli maTgania 

Seuqcevadi xasiaTis da ratom. 

1.8. ras ewodeba diodze pirdapiri Zabvis vardnis damyarebis dro. 

1.9. ganmarteT diodis ukuaRdgenis muxti. 

1.10.  ganmarteT diodis ukuaRdgenis dro. 

1.11.  ra aris ukuaRdgenis drois arsebobis mizezi p-n gadasasvlelian 

diodebSi. 

1.12.  axseniT ukuaRdgenis etapze diodSi gazrdili sididis ukudenis 

gavlis mizezi. 

1.13.  CamoTvaleT Zaluri diodebis tipebi. 

1.14.  rogoria zogadi daniSnulebis Zaluri gammarTveli diodebis 

struqtura. 

1.15.  CamoTvaleT Zaluri diodebis parametrTa jgufebi. 

1.16.  ras ewodeba diodis pirdapiri Zabvis zRurbluri mniSvneloba. 

1.17.  ganmarteT Zalur diodebze moqmedi ganmeorebadi, araganmeorebadi 

da muSa impulsuri ukuZabvebi. 

1.18.  rogoria zogadi daniSnulebis gammarTveli diodebis ukuaRdgenis 

drois tipobrivi sidide. 

1.19.  rogoria swrafad aRdgenadi diodebis ukuaRdgenis drois 

tipobrivi mniSvnelobebi. 

1.20.  axseniT paralelurad SeerTebul erTidaigive tipis Zalur 

diodebSi datvirTvis denis araTanabari gadanawilebis mizezi da 

daasaxeleT diodebSi denebis gaTanabrebis meTodebi. 
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1.21.  axseniT mimdevrobiT SeerTebul erTidaigive tipis diodebze 

ukuZabvis araTanabari ganawilebis mizezi da daasaxleT diodebze 

Zabvebis gaTanabrebis meTodi. 

1.22.  rodesac Zabvis maTanabrebeli rezistorebiT mimdevrobiT 

SeerTebul diodebze ukuZabvebi Tanabradaa ganawilebuli, ratom 

aris gansxvavebuli diodebSi gamavali ukudenebi. 

1.23.  raSi mdgomareobs ZiriTadi gansxvaveba p-n gadasasvlelian da 

Sotkis diodebs Soris. 
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3. Zaluri marTvadi naxevargamtaruli 

gasaRebebis sabaziso struqturebi 

 

3.1. Sesavali 

am Tavis mizania praqtikaSi gamoyenebuli gasaRebisebur reJimSi 

momuSave Zaluri naxevargamtaruli xelsawyoebis elementaruli 

ujredebis struqturების ganxilva. es saSualebas mogvcems ufro 

TvalsaCinod warmovidginoT gasaRebis moqmedebis principi, romelic maT 

muSaobas udevs safuZvlad. eleqtronuli gasaRebebis struqturas 

ganvixilavT rogorc siliciumis eleqtronuli (n) da xvreluri (p) 

gamtarobis naxevargamtaruli Sreebis SeuRlebiT miRebuli eleqtruli 

gadasasvlelebis erTobliobas. 

n-  da p- tipis naxevargamtaruli Sreebis muxtis ZiriTad da 

araZiriTad gadamtanTa koncentraciebs Soris arsebuli Tanafardobis 

mixedviT, unda ganvasxvaoT simetriuli da arasimetriuli eleqtruli 

gadasasvlelebi. muxtis gadamtanebis koncentraciaTa Soris mkveTri 

asimetriis SemTxvevaSi, rodesac Sreebis muxtis gadamtanebis 

koncentraciebi erTmaneTisgan erTi rigiT da metad gansxvavdeba, 

ujredis struqturaSi Semavali Sreebi Semdegi simboloebiT aRiniSneba: 

p
+
-n,   p-n

-
,   p

+
-n

+
-n

-
  da a.S., sadac ,,+” da ,,-“ mianiSnebs naxevargamtarul 

SreebSi minarevebis gazrdil da Semcirebul koncentraciebze. 

struqturaSi Semavali elementebis gare sakontakto gamomyvanebTan 

misaerTeblad gamoiyeneba moliTonebuli Sreebi an polikristaluri 

siliciumis Sre. 

gasaRebisebur reJimSi momuSave naxevargamtaruli xelsawyos 

Caketilidan Ria mdgomareobaSi, da piriqiT, gadasvlas Tan axlavs 

xelsawyos struqturis gamtari Tvisebebis cvalebadoba. am garemoebam 

asaxva hpova marTvadi gasaRebebis saxelwodebaSi. sityva tranzistori 

(transistor) nawarmoebia ori inglisuri sityvidan: transfer - e.i. gardaqmna da 

resistor - winaRoba. sityva tiristori (thyristor) warmosdgeba berZnuli 

sityvidan thyra - kari e.i. aqvs Caketili da Ria mdgomareoba da kvlav 

inglisuri sityvidan resistor. gasaRebis Ria mdgomareoba ganisazRvreba 

ujredis struqturaSi maRali koncentraciis muxtis gadamtanebis 
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Semcveli da, maSasadame, mcire winaRobis gamtari arxiT. gasaRebis 

Casaketad aucilebelia gamtar arxSi muxtis gadamtanebis gadaadgilebis 

Sesawyvetad saWiro pirobis Seqmna. amis miRweva xdeba muxtis 

gadamtanebisagan gaRaribebuli sivrculi muxtis ubnis warmoqmniT, sadac 

praqtikulad ar arsebobs eleqtronebi da xvrelebi. gadarTvis aseTi 

meqanizmi damaxasiaTebelia yvela gasaRebisebur reJimSi momuSave 

xelsawyosaTvis, xolo maTi dengamtari mdgomareobis marTva 

xorcieldeba sakontaqto gamomyvanidan, romelic bazis, Camketis an 

marTvis eleqtrodis saxelwodebiTaa cnobili. mxolod gansxvavebulia 

is fizikuri efeqti, romelic safuZvlad udevs gadarTvis princips. 

bipolaruli struqturebisaTvis esaa muxtis gadamtanTa inieqciis, 

muxtebis gadatanisa da eqstraqciis procesebi, xolo unipolaruli 

struqturebisaTvis - arxis gamtarobis tipis inversia da moculobiTi 

muxtis ubnebis mijra. 

Tanamedrove Zaluri naxevargamtaruli gasaRebebi struqturulad 

warmosdgeba erTnairi Tvisebebis paralelurad SeerTebuli 

elementaruli ujredebis erTobliobis saxiT, rac qvemoT warmodgenili 

iqneba gamartivebuli saxiT, magram iseT doneze, rom SesaZlebeli iyos 

maTi muSaobis fizikuri principis swori gageba. 

 

 

3.2. Zaluri tranzistoruli gasaRebebi 

 

3.2.1 Zaluri bipolaruli tranzistoruli gasaRebi 

(BJT) 

 

n-p-n tipis Zaluri bipolaruli tranzistoris sabaziso ujredis 

struqtura 3.1 suraTzea naCvenebi. sabaziso ujredis dasamzadeblad 

gamoiyeneba minarevis gazrdili koncentraciis (Zlierlegirebuli) 

Semcveli n-tipis siliciumis safeni (n+-Sre), romlis qveda zedapirze 

gakeTebulia koleqtoris omuri kontaqti (liTonis Sre). n
+
-safenis zeda 

zedapirze epitaqsialuri amozrdis meTodis gamoyenebiT miRebulia 

minareviT sustad legirebuli (maRali omuri winaRobis) n
-
-Sre. am Sris 

zedapirze difuziuri meTodis gamoyenebiT Seqmnilia p-bazis Sre. amis 
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Semdeg, p-bazis zedapirze planaruli teqnologiis mixedviT 

xorcieldeba zedapiris dafarva siliciumis orJangis (SiO2) Txeli SriT, 

siliciumis orJangis Sris garkveuli ubnebis specialuri xsnariT 

amoWmis Sedegad warmoqmnil fanjrebSi donoruli minarevis implantacia 

da emiteris n+- ubnebis miReba, emiterisa da bazis ubnebis zedapiris 

moliToneba da sakontaqto eleqtrodebis gakeTeba. amrigad, emterisa da 

bazis sakontaqto gamomyvanebi Sesrulebulia naxevargamtaruli 

kristalis erT zedapirze, xolo koleqtoris sakontaqto gamomyvani -

sawinaaRmdego mxares mdebare zedapirze. aseTnairad Seqmnil struqturas 

ewodeba vertikaluri struqtura. 

 

 

sur. 3.1. Zaluri bipolaruli tranzistoris sabaziso ujredis struqtura 

 

sabaziso ujredSi koleqtoruli gadasasvleli p- da n
-
-ubnebs 

Soris arsebobs. koleqtoruli ubnis (n
-
) susti legirebis gamo, 

gazrdilia koleqtoruli p-n gadasasvlelis sisqe, rac dasaSvebi 

ukuZabvis mniSvnelovani gazrdis saSualebas iZleva. 

sabaziso ujredSi emiteruli gadasasvleli danawevrebuli 

xasiaTisaa, ris Sedegadac Semcirebulia winaRoba p-bazisa da emiteris 

kontqats Soris, gaumjobesebulia denis ganawileba da aRmofxvrilia e.w. 

Termulad arastabiluri cxeli wertilebi, romlebic denis araTanabari 

ganawilebis gamo warmoiqmneba. 

sustad legirebuli koleqtoruli ubnis arseboba Zalur 

bipolarul tranzistorSi iwvevs denis gadacemis koeficientis 
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mniSvnelovan Semcirebas. amitom, tranzistoris gajerebis reJimis 

uzrunvelsayofad saWiro xdeba bazis denis mniSvnelovani gazrda. amis 

gamo, mniSvnelovnad izrdeba xelsawyos marTvisaTvis saWiro simZlavre, 

rac arasasurvelia. denis gadacemis koeficientis gazrdis saWiroeba 

moiTxovs sabaziso ujredis struqturis garTulebas (3.1. suraTze 

naCvenebi ar aris). kerZod, sabaziso ujredSi keTdeba damatebiTi 

tranzistoruli struqtura (n-p-n) da am gziT ujredSi formirebuli 

ori tranzistori SeerTdeba e.w. darlingtonis sqemis mixedviT 

(Sedgenili tranzistoris sqema). tranzistorebis SeerTebis sqema 3.2. 

suraTzea naCvenebi.  

 

sur. 3.2. Sedgenili tranzistoris sqema 

 

aseTi struqturis mqone tranzistoris bazis denis gadacemis 

koeficienti      β=β1∙β2 , 

sadac β1, β2 –VT1,VT2 tranzistorebis bazis denis gadacemis 

koeficientebia. 

 VT1 da VT2 tranzistorebis emiteruli gadasasvlelebi 

daSuntebulia R1 da R2 rezistorebiT. es rezistorebi zrdis koleqtor-

emiteris wredis muSa Zabvis sidides da aumjobesebs tranzistoris 

siTbur stabilurobas. garda amisa, es rezistorebi aumjobesebs 

tranzistoris Caketil mdgomareobaSi gadasvlis (gamorTvis) dinamikur 

maxasiaTebels. 

3.3. suraTze naCvenebia sxvadasxva simZlavris diskretuli 

Sesrulebis Zaluri bipolaruli tranzistorebis tipobrivi korpusebis 

gare xedi. 
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sur.3.3. Zaluri bipolaruli tranzistorebi 

 

3.2.2. Zaluri veliT marTvadi tranzistorebi izolirebuli marTvis 

eleqtrodiT (MOSFET) 

liToni-dieleqtriki-naxevargamtari (ldn) struqturis Tanamedrove 

Zaluri tranzistorebi SeiZleba daiyos or ZiriTad jgufad: maRali 

sixSiris dabalZabviani tranzistorebi da tranzistorebi maRali muSa 

ZabviT. orive jgufis tranzistoruli gasaRebi mravalujrediani 

srtuqturisaa. sabaziso ujredebis damzadeba xdeba ori variantis 

mixedviT: V-teqnologiiT (V-MOS FET) da D-teqnologiiT (D-MOS FET). 

V-teqnologiis mixedviT damzadebul sabaziso ujreds mxolod 

vertikaluri struqtura gaaCnia (sur. 3.4.). sawyis masalad gamoiyeneba n
+
-

naxevargamtaruli kristalis firfita (safeni), romelzec daleqilia n
-
-

epitaqsialuri Sre. am Sreze minarevebis Tanamimdevruli difuziiT 

formirdeba p-ubani da Zlierlegirebuli n
+
-saTavis ubani. am etapamde 

warmoebuli teqnologiuri operaciebi bipolaruli sabaziso ujredis 

Sesrulebisas gamoyenebuli teqnologiuri operaciebis identuria. amis 

Semdeg, SerCeviTi qimiuri damuSavebiT miiReba V-s msgavsi arxi, romelic 

dafarulia siliciumis orJangis saizolacio SriT. am ukanasknelis 

zedapirze moliTonebis teqnologiuri meTodis gamoyenebiT datanilia 

liTonis Sre, romelzec gakeTebulia Camketis (marTvis eleqtrodis) 

sakontaqto gamomyvani. analogiurad ukeTdeba sakontaqto gamomyvanebi n
+ 

-ubnebs. rac Seexeba Casadinaris sakontaqto gamomyvans, igi 

Sesrulebulia n
+
- naxevargamtaruli kristalis safenis ukana 

moliTonebuli zedapiridan. 
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sur. 3.4. ldn tranzistoruli gasaRebis sabaziso ujredis struqturebi:  

a) V- teqnologia; b) D- teqnologia; g) ekvivalenturi sqema;  1. - dieleqtriki;  

2. n-arxi; 3. n
- -tipis  epitaqsialuri Sre 4. n

+ - tipis safeni 

 

D-teqnologiis mixedviT damzadebul sabaziso ujreds SeiZleba 

hqondes rogorc vertikaluri, ise horizontaluri (planaruli) 

sturqtura. amJamad, aseTi sabaziso ujredebis damzadeba ZiriTadad 

xdeba vertikaluri struqturis mixedviT (sur. 3.4, b). am saxis sabaziso 

ujredis Sesrulebis drosac gamoyenebulia Zlierlegirebuli n
+
-safeni, 

romlis ukana zedapiri dafarulia liTonis Txeli SriT da igi 

Casadinaris funqcias asrulebs. safenis wina zedapirze epitaqsialuri 

amozrdis meTodis gamoyenebiT Seqmnilia sustad legirebuli n
-
-Sre. am 

Sreze minarevebis Setanis difuziuri teqnologiis gamoyenebiT Seqmnilia 

p-ubani da saTavis Zlierlegirebuli n
+
-ubnebi. moliTonebis operaciis 

Catarebis Sedegad miRebulia Camketisa da saTavis sakontaqto 

gamomyvanebi.  

Zaluri ldn-tranzistorebis sabaziso ujredis muSaobis principi 

dainduqciebularxiani veliT marTvadi tranzistoris muSaobis principis 

analogiuria. sabaziso ujredis Ria mdgomareobaSi gadarTvisaTvis 

aucilebelia arxis im ubnis gamtarobis inversia, romelic uSualod 

mmarTveli eleqtrodis (Camketis) qvemoTaa moTavsebuli. Zaluri ldn 

gasaRebis sabaziso ujredi, rogorc wesi, n-arxiania. sabaziso ujredis 

Camketze dadebiTi wanacvlebis Zabvis miwodebisas, eleqtruli velis 
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Zalxazebi gaaRweven ra Camketsa da arxs Soris ganTavsebul 

dieleqtrikis SreSi, moxdeba p-ubnis zedapiruli Sreebidan xvrelebis 

ganzidva, xolo p-ubnis siRrmiseuli Sreebidan zedapiruli Sreebisaken-

eleqtronebis mizidva. amis gamo, p-ubnis zedapirqveSa Sreebi (Camketis 

qvemoT) gamdidrdeba eleqtronebiT da Seicvleba am Sreebis gamtarobis 

tipi, e.i. n
+
-saTvisa da n

- Casadinaris ubnebi erTmaneTs daukavSirdebian 

muSa denis gamtari n-tipis arxiT. 

Ria mdgomareobis dros Zaluri ldn - tranzistorul gasaRebis 

Casadinarsa da saTaves Soris warmoqmnili pirdapiri Zabvis vardna, 

dengamtari arxis winaRobazea damokidebuli. es winaRoba ki sabaziso 

ujredis struqturis sxvadasxva ubnis winaRobebiTaa ganpirobebuli. 

gasaRebis struqturaSi am winaRobis sidides ZiriTadad epitaqsialuri 

Sris winaRoba gansazRvravs (mTeli winaRobis 95%-is toli). gamrRvevi 

Zabvis sididis gazrda da amavdroulad Ria arxis narCeni winaRobis 

sididis Semcireba SeuZlebelia, radgan epitaqsialuri Sris winaRoba 

)( epiR  gamrRvevi Zabvis 2.5...2.7 xarisxis proporciulia da saWiroa 

kompromisuli gadawyvetilebis miReba. 

Zaluri ldn-tranzistoris orive saxis sabaziso ujredi Seicavs 

Siga “parazitul” n-p-n bipolarul tranzistors (VT, sur. 3.4.), romlic 

warmoqmnilia: n
+
-saTavis ubniT (emiteri), inversuli arxis p-ubniT (baza) 

da n
-
-epitaqsialuri SriT (koleqtori). es tranzistori CarTulia ldn-

struqturis muSa arxis paralelurad. imisaTvis, rom xelsawyom 

SeinarCunos veliT marTvadi tranzistorebisaTvis damaxasiaTebeli 

dadebiTi Tvisebebi, aucilebelia gamoiricxos muxtis gadamtanebis 

bipolaruli meqanizmis amoqmedeba. am mizniT p-ubnis nawili Zaluri  

ldn - tranzistoris sabazo ujredSi kontqatSიa saTavis gamomyvanis 

liTonis SresTan. sqemoteqnikuri TvalsazrisiT aseTi teqnologiuri 

RonisZiebis gatareba parazituli n-p-n tranzistoris emiteruli 

gadasasvlelis mokled SerTvis eqvivalenturia. Tumca, imis gamo, rom p-

ubans gansazRvruli sasruli sididis grZivi Rp winaRoba gaaCnia, 

aRniSnuli problema bolomde gadaWrili ar aris. Casadinaris wredSi 

Zabvis didi siCqariT cvlilebis dros Tavs iCens dV/dt-s efeqti. kerZod, 

tevadobiTi xasiaTis ukukavSiris denma grZiv Rp winaRobaze SeiZleba 
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Seqmnas n-p-n tranzistoris gaRebisTvis sakmarisi wanacvlebis Zabva. 

zemoaRniSnulis gaTvaliswineba gansakuTrebiT saWiroa maRali Zabvis 

ldn-tranzistorebis struqturaSi, sadac gamoyenebuli unda iqnes 

dacvis damatebiTi saSualebebi. 

sakontaqto liTonis SresTan p-ubnis mierTebis gamo, Zaluri ldn- 

tranzistoris struqturis SigniT kidev erTi damatebiTi elementi-

ukuwanacvlebis mqone p-n
- gadasasvleli Cndeba. es ukanaskneli SeiZleba 

ganxiluli iqnes, rogorc Siga diodi, romelic saTave-Casadinaris 

wredis Semxvedr-paraleluradaa CarTuli (sur. 3.4, g). sabaziso ujredis 

daproeqteba xdeba ise, rom am diodis zRvruli parametrebi 

SesabamisobaSia ldn-tranzistoris analogiur maCveneblebTan da amave 

dros gaaCnia Caketili mdgomareobis aRdgenis sakmaod mcire dro. 

V-ldn da D-ldn sabaziso ujredebis struqturaTa Soris garkveuli 

gansxvavebis miuxedavad, maT muSaobas safuZvlad udevs erTi saerTo 

principi. kerZod, Caketili mdgomareobis dros Casaddinarsa da saTaves 

Soris mierTebuli gareSe Zabvis wyaros eleqtruli veli 

koncentrirebulia Casadinaris n
-
-epitaqsialur ubanSi, ris gamoc 

gamrRvevi Zabvis (maSasadame dasaSvebi Zabvis) sidide maRalia. 

bipolaruli sabaziso ujredis msgavsad, ZabviT garRvevis SesaZlo 

meqanizmebia:  

 zvavuri garRveva eleqtruli velis daZabulobis didi sididis 

dros; 

 siTburi garRveva denuri gadatvirTvebis dros; 

 gamWoli garRveva, romelic sivrculi muxtis velebis 

gadaadgilebisa da moZravi muxtebiT gaRaribebuli ubnebis mijris 

efeqtiTaa ganpirobebuli. 

3.5 suraTze naCvenebia diskretuli Sesrulebis MOSFET 

tranzistorebis tipobrivi korpusebis gare xedi. 
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sur.3.5. MOSFET tranzistorebi 

 

3.2.2.1. CoolMOS - tranzistoris sabaziso ujredis struqtura 

Zaluri ldn - struqturis veliT marTvadi tranzistorebis Ria 

arxis narCeni winaRobis Semcirebis problemis axal gadawyvetas 

warmoadgens Secvlili struqturis sabaziso ujredis Seqmna e.w. 

CoolMOS teqnologiis gamoyenebiT. am teqnologiis arsi imaSi 

mdgomareobs, rom specialuri epitaqsialuri procesis gamoyenebiT 

formirdeba struqturaSi Semavali gansakuTrebuli geometriis p-ubani 

(sur.3.6). p-ubans aqvs mniSvnelovani CaRrmaveba struqturis im nawilSi, 

romelic uSualod Camketis qvemoTaa ganTavsebuli. am SemTxvevaSi Ria 

arxis narCeni winaRoba mkveTrad mcirdeba, radgan denis gatarebaSi 

monawilebs epitaqsialuri Sris Zalze mcire nawili. 

Caketil gasaRebze moqmedi gareSe Zabvis mier Seqmnili eleqtruli 

velis ZiriTadi nawili ki Tavmoyrilia epotaqsialuri Sris farTo 

gverdiT ubnebze, romlebic denis gatarebaSi ar monawileoben. CoolMOS 

tranzistorebSi adgili aqvs Ria gamtari arxis narCen winaRobasa da 

gamrRvev Zabvas Soris pirdapir proporciul damokidebulebas.  
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sur. 3.6. CoolMOS tranzistoris sabaziso ujredis struqtura 

 

3.2.3. Zaluri bipolaruli tranzistoruli gasaRebi  

izolirebuli baziT (IGBT) 

 

am saxis xelsawyo warmoadgens ldn da bipolaruli tranzistorebis 

struqturaTa monoliTur kombiancias. xelsawyos sabaziso ujredi 

miiReba Sesavali ldn da gamosavali bipolaruli tranzistorebis 

struqturaTa Serwymis Sedegad. aseTi teqnikuri gadawyvetis Sedegad 

miRebul xelsawyoSi gaerTianebulia rogorc bipolaruli, ise ldn 

tranzistoris dadebiTi Tvisebebi. sabaziso elementis struqturaSi 

Semavali bipolaruli tranzistoris bazas mmarTveli signali miewodeba 

izolirebulCamketiani veliT marTvadi tranzistoris saSualebiT. amis 

gamo, am saxis xelsawyom miiRo izolirebulbaziani bipolaruli 

tranzistoris saxelwodeba. misi Semoklebuli inglisuri dasaxelebaa-

IGBT (Insulated Gate Bipolar Transistor). 

IGBT  gasaRebis sabaziso ujredis struqtura  warmodgenilia 3.7. a. 

suraTze, xolo 3.7.b. suraTze naCvenebia sabaziso ujredis ekvivalenturi 

sqema. IGBT gasaRebis sabaziso ujreds aqvs ldn-gasaRebis sabazo 

ujredis analogiuri struqtura. gansxvaveba mxolod imaSia, rom IGBT 

gasaRebis sabaziso ujredis Sesrulebis dros n
+
-tipis safenis nacvlad 

gamoyenebulia p
+
- tipis safeni, ris Sedegadac struqturaSi gaCndeba 

erTi damatebiTi p-n gadasasvleli. safenis ukana zedapiris moliTonebis 

Sedegad miRebuli kontaqti asrulebs koleqtoris funqcias, romelsac 

gasaRebis Ria mdgomareobaSi gadarTvis dros miuerTdeba gareSe Zabvis 
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wyaros plusi (Zabvis wyaros minusi miuerTdeba emiters). ldn-sabaziso 

ujredis msgavsad, gareSe wyaros Zabvis ZiriTadi nawili sustad 

legirebul n
-
-epitaqsialur Sreze moedeba.  

izolirebul Camketze dadebiTi wanacvlebis Zabvis miwodebis dros, 

p-ubnis zedapirqveSa Sreebis gamtarobis inversiis gamo, warmoiqmneba n-

tipis dengamtari arxi_2 da emiter-koleqtoris wredSi gaivlis deni. 

denis ZiriTadi gza naCvenebia 3.7. suraTze. 

im procesTan erTad, romelic ldn-struqturisTvisacaa 

damaxasiaTebeli, gansaxilveli struqturis sabaziso ujredSi aRiZvreba 

muxtebis gadanawilebis damatebiTi procesi. imis gamo, rom koleqtoris 

Zlierlegirebul p
+
-ubanze dadebiTi Zabva moqmedebs, adgili aqvs p

+
-

ubnidan muxtis araZiriTadi gadamtanebis intensiur inieqcias n
- 
- ubanSi. 

am ubanSi warmoqmnili muxtis araZiriTadi gadamtanebis koncentraciis 

gradientis arsebobis gamo, xvrelebi gadainacvleben n
-
 - ubnis siRrmeSi, 

arxis maxloblad warmoqmnian dadebiT moculobiT muxts da axdenen 

arxis winaRobis sididis Secvlas (modulacias). aqedan gamomdinare, 

aseTi struqturis mqone sabaziso ujredma miiRo 

modulirebulgamtarobiani struqturis saxelwodeba. arxis modulaciis 

gamo, misi winaRoba gamtari mdgomareobis dros mniSvnelovnad mcirdeba.  

 

 

  sur. 3.7.  IGBT  sabaziso ujredis struqtura  (a); ekvivalenturi sqema  (b);  

pirobiTi aRniSvna (g); 1 - liTonis Sre; 2- arxi; 3 - dieleqtriki; 4- Camketi 
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Ria IGBT gasaRebze Zabvis sruli vardna (VTI parazituli 

tranzistoris gavlenas mxedvelobaSi ar vRebulobT) etoleba  

 ( ) ,
 

 
p n p

CE sat BE B onV V I R  (3.1) 

sadac VBE - p-n-p tranzistoris pirdapiri wanacvlebis mqone emiterul  

gadasasvlelze arsebuli Zabvis vardnaa; 

Ron –ldn tranzistoris dengamtari arxis omuri winaRobaa; 

IB- p-n-p tranzistoris bazis denia.  

maSasadame, Ria tranzistorul gasaRebze arsebuli Zabvis sruli 

vardna or komponents Seicavs:  

 Zabvis vardna p-n-p tranzistoris emiterul gadasasvlelze, 

romelsac SemdegSi sruli Zabvis vardnis dioduri Semdgeni 

vuwodoT;  

 Zabvis vardna ldn tranzistoris arxis winaRobaze, romelsac 

SemdegSi vuwodoT sruli Zabvis vardnis omuri Semdgeni. 

erTis mxriv, Ria IGBT gasaRebze arsebuli sruli Zabvis vardna ar 

SeiZleba iyos Zabvis vardnis dioduri Semdgenis zRvrul mniSvnelobaze 

naklebi. meores mxriv, igi gamosavali denis (koleqtoris deni) da ldn- 

tranzistoris arxis omuri winaRobis namravlis proporciulia. Zabvis 

vardnis omuri Semdgeni arsebobs  p-n-p tranzistoris bazis wredSi, 

xolo gamosavali deni p-n-p tranzistoris emiteris dens warmoadgens. 

imis gamo, rom emiteris deni bazis dens (β+1)-jer aRemateba, dengamtari 

arxis modulaciis dros miiReba gamosavali denis mimarT arxis 

winaRobis (β+1)-jer Semcirebis efeqti. amitom (3.1) gamosaxuleba Semdeg 

saxes miiRebs 

 .
1

)( C

on

pnp
BEsatCE I

R
VV 




 
 (3.2) 

(3.2) gamosaxulebidan gamomdinareobs, rom IGBT gasaRebSi pirdapiri 

Zabvis vardnis Sesamcireblad SeiZleba ori meTodis gamoyeneba: 

epitaqsialuri Sris omuri winaRobis Semcireba da p-n-p tranzistoris 

bazis denis gadacemis koeficientis (β) gazrda. 

pirveli meTodis gamoyenebis dros SemzRudvel faqtors 

warmoadgens n
-
-Sris geometriul zomebTan dakavSirebuli faqtori, 

romelic Caketil gasaRebze zRvrulad dasaSvebi Zabvis sididis 
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SemcirebiTaa ganpirobebuli. β gadacemis koeficientis mniSvnelovani 

gazrdis damabrkolebel faqtors ki warmoadgens IGBT gasaRebis 

struqturaSi e.w. trigeruli efeqtis aRZvris albaToba. saqme imaSia, rom 

IGBT gasaRebis sabaziso ujredis struqturaSi Semavali VT1 da VT2 

tranzistorebs Soris (sur. 3.7, b) arsebobs Sinagani dadebiTi ukukavSiri 

(tiristoruli struqturis analogiurad). es ukukavSiri ganpirobebulia 

imiT, rom VT2 traznistoris koleqtoris deni gavlenas axdens VT1 

tranzistoris bazis denze, xolo VT1 tranzistoris koleqtoris deni-

VT2 tranzistoris bazis denze. garkveuli pirobis Sesrulebis 

SemTxvevaSi SeiZleba aRiZvras gasaRebis CarTvis regeneraciuli procesi, 

romelsac trigerul efeqts uwodeben. trigeruli efeqtis amoqmedebisas, 

IGBT gasaRebian gardamqmnel mowyobilobebSi adgili aqvs seriozul 

avariul reJims. 

yuradReba unda gamaxvildes IGBT gasaRebis sabaziso ujredis 

muSaobis kidev erT Taviseburebaze, rac imaSi gamoixateba, rom pirdapiri 

denis gavlis procesSi struqturis bazebSi grovdeba muxtis Warbi 

araZiriTadi gadamtanebi (ldn sabaziso ujredis struqturaSi aseT 

process adgili ar aqvs). amis gamo, IGBT sabaziso ujredis struqturis 

ldn nawilis eleqtruli veliT swrafi gamorTvis dros, n
-
-bazis ubani 

moikveTeba ra gamosavali wredisgan dengamtari arxis (2) ararsebobis 

gamo (sur. 3.7.), am ukanasknelSi dagrovili muxtis araZiriTadi 

gadamtanebis koncentraciis Semcireba wonasworul mdgomareobaSi 

dasabruneblad unda moxdes mxolod muxtebis rekombinaciis xarjze. 

rekombinaciis procesis inerciulobis gamo, koleqtorSi denis Sewyvetis 

momenti faziT CamorCeba struqturis ldn nawilis gamorTvis moments, 

e.i. gasaRebis marTvis wredidan gamorTvis Semdeg, drois garkveuli 

intervalis manZilze gamosaval wredSi (koleqtorSi) iarsebebs narCeni 

deni (tail current), romelic auaresebs IGBT gasaRebis sixSirul Tvisebebs 

(ldn gasaRebTan SedarebiT).  
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3.2.4. statikuri induqciuri tranzistoruli gasaRebi (SITr) 

 

statikuri induqciuri tranzistori faqtiurad warmoadgens p-n gada-

sasvlelian veliT marTvadi tranzistors. arsebobs aseTi tranzistoris 

sabaziso ujredis Sesrulebis sami varianti, romlebic erTmaneTisgan 

gansxvavdebian mmarTveli eleqtrodis (Camketis) konstruqciuli 

SesrulebiT. 3.8.a suraTze naCvenebia CamalulCamketiani sabaziso ujredis 

struqtura. Camketi ganTavsebulia dengamtari arxis siRrmeSi da aqvs badis 

forma. amitom mas mmarTvel badesac uwodeben. 

sabaziso ujredis damzadeba xdeba siliciumis n
+
-tipis safenze. am 

safenis wina zedapirze epitaqsialuri daleqvis meTodis gamoyenebiT 

Seqmnilia n
-
-sustad legirebuli Sre. ujreds aqvs vertikaluri 

struqtura. Casadinaris kontaqti Seqmnilia safenis ukana zedapiris 

moliTonebis gziT. Semdgomi teqnologiuri operaciebis CatarebiT 

miiReba saWiro geometriis mqone p
+
-ubnebi (mmarTveli bade) da saTavis n

+
-

ubani. teqnologiuri procesis bolo etapze moliTonebis gziT miiReba 

Camketis da saTavis sakontaqto gamomyvanebi. 

 

 

 

sur. 3.8. statikuri induqciuri sabaziso ujredis struqtura (a); 

pirobiTi aRniSvna (b) 

 

sabaziso ujredis struqturis gamrRvevi Zabvis sidide 

damokidebulia n
-
-epitaqsialuri Sris sisqeze. 
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Camketze uaryofiTi niSnis Zabvis miwodebisas, mmarTveli p
+
-n

- 

gadasasvlelebis garSemo warmoiqmneba minarevis ionebis sivrculi 

muxtis ubani, romlis ZiriTadi nawili ganTavsdeba sustad  legirebul 

n
--SreSi. sivrculi muxtis ubnebis urTierT gadakveTisas denis gavla  

arxSi Sewydeba (arxi Caiketeba). rodesac Camketze uaryofiTi wanacvlebis 

Zabva miwodebuli ar aris (Camketis potenciali nulis tolia), maSin 

arxSi gaedineba maqsimaluri deni, e.i. statikuri induqciuri 

tranzistoruli gasaRebi normalurad Ria gasaRebs warmoadgens.  

Ria gasaRebze narCeni Zabvis sidide damokidebulia sustad 

legirebuli n
-
-Sris winaRobaze, romelic didi sididisaa. amitom Ria 

gasaRebze narCeni Zabva sakmaod maRalia. Ria gasaRebze narCeni Zabvis 

sididis Semcireba SesaZlebelia Camketze dadebiTi wanacvlebis Zabvis 

miwodebiT. am SemTxvevaSi, Camketis p
+
-Sridan adgili aqvs muxtis 

araZiriTadi gadamtanebis inieqcias n
-
-ubanSi, ris Sedegadac IGBT 

gasaRebis analogiurad, moxdeba arxis winaRobis modulacia (Semcireba). 

gasaRebis muSaobis aseT reJims bipolaruli reJimi ewodeba. bipolaruli 

reJimi gamoiyeneba did denebze da maRal Zabvebze momuSave statikur 

induqciur gasaRebebSi. 

 

3.3. tiristorebi 

 

3.3.1. zogadi cnobebi 
 

tiristorebs uwodeben sam (da met) np   gadasasvlelian 

naxevargamtarul xelsawyoebs, romlebic gamoiyeneba eleqtronuli 

gasaRebebis saxiT denis gadamrTvel sqemebSi. arsebobs tiristorebis 

mravali saxeoba. maT klasifikacias ZiriTadad axdenen sakontaqto 

gamomyvanTa (eleqtrodTa) raodenobisa da marTvis meTodis mixedviT. 

marTvis meTodis mixedviT arsebobs aramarTvadi da marTvadi 

tiristorebi. aramarTvad tiristorebs aqvT ori mTavari sakontaqto 

gamomyvani (ori eleqtrodi): anodi da kaTodi. amitom am saxis 

xelsawyoebs diodur tiristorebs an dinistorebs uwodeben. dioduri 

tiristoris (dinistoris) dengamtar mdgomareobaSi (gaxsna) da denis 

aragamtar mdgomareobaSi (Caketva) Cayeneba xdeba anodsa da kaTods 
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Soris moqmedi Zabvis polarulobis SecvliT. igi dens atarebs, Tu 

anodTan miyvanilia gareSe Zabvis wyaros plusi, xolo kaTodTan _ 

minusi, e.i. mierTebulia pirdapir ZabvasTan. 

marTvad tiristorebs anodisa da kaTodis garda aqvT mesame 

sakontaqto gamomyvani, romelic marTvis funqcias asrulebs. amitom am 

saxis tiristors triodul tiristors an trinistors uwodeben. 

trioduli tiristoris gadayvana Caketilidan gaxsnil mdgomareobaSi 

SeiZleba ganxorcieldes mxolod marTvis denis saSualebiT.  

Tu marTvis eleqtrodis saSualebiT SeiZleba tiristoris mxolod 

Caketili mdgomareobidan gaxsnil mdgomareobaSi gadayvana (gaxsna), maSin 

saqme gvaqvs erToperacian (arasrulad marTvad) tiristorTan, xolo 

roca marTvis denis saSualebiT SesaZlebelia tiristoris rogorc 

gaxsna, ise Caketva, saqme gvaqvs oroperacian (srulad marTvadi) 

tiristorTan. 

praqtikaSi gavrcelebul aramarTvad da marTvad tiristorebs 

SeiZleba gaaCndeT sxvadasxvanairi konstruqciuli Sesruleba. 

konstruqciuli Sesrulebis mixedviT arsebobs: tiristorebi 

ukugamtareblobis gareSe, tiristorebi ukugamtareblobiT da 

tiristorebi ormxrivi (simetriuli) gamtareblobiT. garda amisa, 

tiristorebis denuri marTva SeiZleba ganxorcieldes kaTodis mxridan 

an anodis mxridan. 

tiristorebis pirobiTi aRniSvnebi mocemulia sur.3.9-ze. 

 

)a )b
)g

)d )e )v

)z )T )i )k )l
 

sur.3.9. tiristorebis pirobiTi aRniSvnebi: 

 a - dioduri,  ukugamtareblobis   gareSe;   b - dioduri,   ukugamtareblobiT;  

 g - dioduri  simetriuli  gamtareblobiT;  d,e - trioduli,  

ukugamtareblobis gareSe anodis da kaTodis mxridan marTviT; v,z - trioduli, 

ukugamtareblobiT, anodis da kaTodis mxridan marTviT; T - trioduli 

simetriuli gamtareblobiT; i,k - trioduli,  srulad  marTvadi,  

ukugamtareblobiT;  l - tetroduli 
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3.3.2. aramarTvadi tiristoris (dinistoris) moqmedebis principi. 

volt-amperuli maxasiaTebeli 

 

konstroqciuli gansxvavebis miuxedavad, tiristorebis safuZvels 

warmoadgens siliciumis fuZe kristalSi monacvleobiT ganlagebuli 

sxvadasxva tipis gamtarobis oTxSriani naxevargamtaruli struqtura 

(sur.3.10,a). 

naxevargamtaruli struqturis ganapira 1p da 2n Sreebs emiteruli 

ubnebi ewodeba, xolo SuaSi ganlagebul 1n da 2p Sreebs _ bazebi. 

Cveulebriv, ganapira 1p ubans uwodeben anods, xolo 2n ubans _ 

kaTods. sxvadasxva tipis gamtarobis ubnebs Soris arsebobs sami np   

gadasasvleli. ganapira 1j  da 3j  np   gadasasvlelebs emiteruli 

gadasasvlelebi ewodebaT, xolo centralur 2j  gadasasvlels ewodeba 

koleqtoruli gadasasvleli. 

 

sur.3.10. dioduri tiristoris struqtura (a); tiristoris 

       struqturis  warmodgena  ori  tranzistoruli 

                       struqturiT (b); ekvivalenturi sqema (g)  

 

tiristoruli struqturis calkeul SreSi Setanilia minarevis 

sxvadasxva koncentracia. calkeul SreebSi minarevebis koncentraciis 

erT-erTi varianti SeiZleba iyos aseTi: 1p da 2p SreebSi aqceptoruli 

minarevis koncentraciaa ,/110 317 sm  1n SreSi donoruli minarevis 

koncentracia _ 315 /110 sm  da 2n SreSi donoruli minarevis koncentracia 

_ ./110 319 sm  sxvadasxva sididisaa agreTve calkeuli Sris sisqe. 
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maqsimaluri sisqe aqvs 1n Sres, romelic Seadgens 240-260 mikrons. amis 

gamo 1n ubans ganieri baza ewodeba. 1p da 2p Sreebis sisqe Seadgens 

40-60 mikrons, xolo 2n Sris sisqe _ 10-15 mikrons. 

tiristoris struqturuli aRnagobidan gamomdinareobs, rom igi 

SeiZleba ganxiluli iqnes rogorc ori, erTmaneTTan SeTavsebuli, 

211 pnp   da 221 npn   tranzistoruli struqtura (sur.3.10,b), e.i. 

tiristori SeiZleba warmodgenili iqnes erTmaneTTan dakavSirebuli 

pnp  da npn   tipis tranzistorebis ekvivalentis saxiT (sur.3.10,g). 

        ganvixiloT aramarTvadi tiristoris (dinistoris) moqmedebis 

principi, roca masze mierTebulia pirdapiri Zabva ( 1p  anodze miyvanilia 

gareSe Zabvis wyaros plusi, xolo 2n  kaTodze_minusi). es Zabva 21 , jj  da 

3j  gadasasvlelebze ganawildeba sur.3.11-ze naCvenebi polarulobiT, e.i. 

1j  da 3j  emiterul gadasasvlelebze aRmoCndeba pirdapiri wanacvlebis 

Zabva, xolo 2j  koleqtorul gadasasvlelze _ ukuwanacvlebis Zabva. 

amitom gare Zabvis ZiriTadi nawilis vardna moxdeba 2j  koleqtorul  

gadasasvlelze.  imis  gamo, rom 1j  da 3j  gadasasvlelebs aqvT pirdapiri 

wanacvleba, adgili eqneba bazebSi muxtis araZiriTadi gadamtanebis 

inieqcias(xvrelebis inieqcias 1n bazaSi da eleqtronebis inieqcias 2p

bazaSi). inieqcirebuli muxtebi difuziuri gadaadgilebis Sedegad 

miaRweven ra 2j  koleqtorul gadasasvlelamde, eqstraqciis Sedagad 

koleqtorul gadasasvlelze iarsebebs xvrelebis da eleqtronebis 

urTierT sawinaaRmdego mimarTulebis nakadebi da koleqtoruli 

gadasasvlelSi gaivlis deni 2211 eek III    1[ j  da 2j gadasasvlelebis 

mkveTri arasimetriulobis gamo, emiteruli gadasasvlelebis denebis 

eleqtronul 1( j  gadasasvlelze) da xvrelur ( 3j  gadasasvlelze) 

mdgenelebs mxedvelobaSi ar vRebulobT]. garda kI   denisa, koleqtorul 

gadasasvlelze gaivlis sakuTari ukudeni .00 np III kkk0   koleqtoruli 

gadasasvlelis sruli deni iqneba 

                               .02211 keek IIII    
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sur.3.11. denebis ganawileba aramarTvadi tiristoris 

                       struqturaSi 

 

gare wredSi gamavali I deni  calkeuli gadasasvlelebis denebis tolia, 

e.i. .21 kee IIII   maSin  

                     021 )( kIII    an 
)(1 21

0

 


kI
I  .                 (3.3) 

gareSe Zabvis mcire mniSvnelobebis dros Zalze mcirea emiteruli 

gadasasvlelebis pirdapiri wanacvlebis Zabva, radgan gareSe Zabva 

TiTqmis mTlianad ukuwanacvlebis mqone 2j  gadasasvlelze moedeba. 

amitom mcirea 1eI  da 2eI  denebi (mikroamperis nawilebi) da maTTan 

dakavSirebuli 1  da 2  denis gadacemis koeficientebi. gare wredSi 

gamavali deni ZiriTadad ganisazRvreba koleqtoruli gadasasvlelis 

ukudeniT .0kII   am reJims Seesabameba aramarTvadi tiristoris volt-

amperuli maxasiaTeblis OA ubani (sur.3.12). am ubanze muSaobis dros 

tiristors gaaCnia Zalze didi sididis diferencialuri winaRoba. igi 

imyofeba denis aragamtar (Caketil) mdgomareobaSi. 

 

sur.3.12. aramarTvadi tiristoris volt-amperuli 

                         maxasiaTebeli 
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mierTebuli Zabvis gazrdisas, Tavdapirvelad deni umniSvnelod 

izrdeba. Zabvis Semdgomi gazrdisas ki, 2j  koleqtoruli gadasasvlelis 

sazRvrebis gafarToebis gamo, sul ufro met rols asrulebs muxtis is 

gadamtanebi, romlebic warmoiqmnebian gafarToebuli da Zlieri 

eleqtruli velis mqone koleqtorul gadasasvlelze didi siCqariT 

moZravi muxtebiT gamowveuli dartymiTi ionizaciis Sedegad. rodesac 

gare Zabvis sidide miuaxlovdeba CarTvis Zabvis CarpV  Sesabamis 

mniSvnelobas ( A  wertili) koleqtorul gadasasvlelze aRiZvreba 

intensiuri ionizaciis procesi, rasac Tan axlavs muxtis gadamtanTa 

swrafi gamravleba. mkveTrad izrdeba 2p bazaSi gadasuli xvrelebis da 

1n bazaSi gadasuli eleqtronebis (e.i. np II 00 kk da  denebi). vinaidan 

Zalze mcire pirdapiri wanacvlebis gamo maRalia emiteruli 

gadasasvlelebis potencialuri barieris simaRle, zemoxsenebuli 

xvrelebi da eleqtronebi bazebSi yovndebian da warmoqmnian Warb 

dadebiT da uaryofiT muxtebs (Warbi dadebiTi muxti gaCndeba 2p

bazaSi, xolo Warbi uaryofiTi muxti _ 1n  bazaSi). 1n  bazaSi gaCenili 

Warbi uaryofiTi muxti nawilobriv gaakompensirebs donoruli minarevis 

ionebis dadebiT sivrcul muxts 1j  gadasasvlelze, xolo 2p  bazaSi 

gaCenili Warbi dadebiTi muxti nawilobriv gaakompensirebs aqceptoruli 

minarevis ionebis uaryofiT sivrcul muxts 3j  gadasasvlelze. 

zemoaRniSnulis gamo, Semcirdeba 1j  da 3j  emiteruli gadasasvlelebis 

potencialuri barierebis simaRle, gaizrdeba 1n  da 2p  bazebSi 

xvrelebisa da eleqtronebis inieqciis intensioba, e.i. gaizrdeba gare 

wredSi gamavali deni. am reJims Seesabameba volt-amperuli 

maxasiaTeblis AB  ubani. am ubnis bolos struqturis diferencialuri 

winaRoba xdeba nulis toli .0









dI

dV
 rodesac gareSe Zabva 

gadaaWarbebs CaraV  Sesabamis mniSvnelobas struqturis SigniT aRiZvreba 

muxtebis gadamtanTa gamravlebis zvavisebri procesi, romlis drosac 2j  

koleqtorul gadasasvlelze moZravi muxtebis raodenobis gazrdas Tan 

axlavs emiteruli gadasasvlelebis denebisa da denis gadacemis 1  da 
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2  koeficientebis zrda. denis gadacemis koeficientebis jami utoldeba 

erTs ,)1( 21   amitom (3.3.) gantolebis Tanaxmad .I  denis 

gazrdasTan erTad 2j  gadasasvlelze adgili aqvs Zabvis vardnis 

Semcirebas. ase imitom xdeba, rom 1n  da 2p  bazebSi dagrovili Warbi 

muxtebi amcireben 2j gadasasvlelis potencialuri barieris simaRles. 2j  

gadasasvlelze Zabvis vardnis Semcireba gamoiwvevs 1j  da 3j  

gadasasvlelebze pirdapiri wanacvlebis Zabvis gazrdas da masTan 

dakavSirebuli muxtis araZiriTadi gadamtanebis inieqciis intensiobis 

gazrdas bazebSi, rac Tavis mxriv gamoiwvevs koleqtoruli denis 

Semdgom zrdas. amrigad, tiristoris CarTvis procesSi Cndeba Siga 

dadebiTi ukukavSiri, ris gamoc adgili aqvs tiristorul struqturaSi 

denis zrdis regeneraciul process .)( I  CarTvis (gaxsnis) 

gardamaval reJimSi (volt-amperuli maxasiaTeblis BC  ubani) 

tiristoris diferencialuri winaRoba uaryofiTi niSnisaa. tiristorSi 

gamavali denis SezRudvas axdens gare wredSi CarTuli datvirTvis R  

winaRoba. CarTvis Semdeg Zabvis vardna tiristorze mkveTrad mcirdeba, 

ris gamoc muxtebis gamravlebis zvaviseburi procesi Sewydeba. 

imis gamo, rom tiristoris gaxsnil mdgomareobaSi gadarTvis 

Semdegac grZeldeba bazebSi Warbi muxtebis dagrovebis procesi, samive 

np   gadasasvlels aRmoaCndeba pirdapiri wanacvleba. gaxsnili 

mdgomareobis dros,  romelsac Seesabameba volt-amperuli maxasiaTeblis 

CD ubani, tiristoris diferencialuri winaRoba mcirea (erTeuli omebi). 

gaxsnil tiristorze Zabvis vardna  ki  daaxloebiT  1,35-jer  aRemateba 

diodze Zabvis vardnas da igi 25,1  v-is farglebSia. 

aramarTvadi tiristoris gaxsnili mdgomareobidan Caketil 

mdgomareobaSi gadarTva moxdeba, rodesac tiristorSi gamavali deni 

tiristoris gaxsnil mdgomareobaSi Sekavebis minimalur denze naklebi 

gaxdeba, am dens tiristoris gamorTvis dens uwodeben .)( gampI  

aramarTvadi tiristoris Caketil mdgomareobaSi gadasayvanad gamoiyeneba 

sxvadasxva xerxi, romlebic 3.13 suraTzea naCvenebi. 

Tu aramarTvadi tiristors mivuerTebT ukuZabvas (anodze mivaerTebT 

gare Zabvis wyaros minuss, xolo kaTodze-pluss), maSin 1j  da 3j  
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emiterul gadasasvlelebs aRmoaCndebaT ukuwanacvleba da gaatareben 

umniSvnelo sididis ukudens, rodesac ukuZabva gadaaWarbebs garkveul 

zRvrul sidides diodebis msgavsad, adgili eqneba eleqtrul zvavur 

garRvevas, romelic SeiZleba gadaizardos Seuqcevad Tbur garRvevaSi.  

 

 

sur.3.13. aramarTvadi tiristoris gamorTvis sqemebi: 

               a-anodis wredis gawyveta; b-tiristoris daSunteba; 

       g-denis Semcireba damR  winaRobis CarTviT; 

                 d-damuxtuli C  kondensatoridan ukuZabvis miwodeba 

 

 

3.3.3. marTvadi erToperaciuli tiristorebi (SCR) 

 

aramarTvadi tiristoris Caketili mdgomareobidan gaxsnil 

mdgoamreobaSi gadarTvis mxolod erTi gza arsebobs. es gza oTxSrian 

struqturaze mierTebuli pirdapiri Zabvis CaraV  sididemde gazrdaa. 

oTxSriani struqturis dengamtar (gaxsnil) mdgomareobaSi gadayvanis 

meore meTodi realizebulia marTvad tiristorebSi. amisaTvis oTxSriani 

naxevargamtaruli struqturis erT-erTi pirobiTi tranzistoris 1(VT an 

,2VT  sur.3.10,b) bazas ukeTdeba gare sakontaqto gamomyvani, ris Sedegadac 

miiReba oTxSriani struqturis trioduli varianti. es sakontaqto 

gamomyvani asrulebs mmarTveli eleqtrodis funqcias. gare sakontaqto 

gamomyvani SeiZleba Sesruldes rogorc anoduri ubnis )( 1p  momijnave 

bazidan ,)( 1n  ise kaToduri ubnis )( 2n  momijnave bazidan .)( 2p  marTvadi 



62 
 

tiristoris Sesabamisi pirobiTi aRniSvnebi mocemulia 3.9 suraTze. 

pirveli variantis SemTxvevaSi marTvis procesi xorcieldeba anodis 

mxridan,  marTvis eleqtrodze anodis mimarT uaryofiTi potencialis 

miwodebiT, xolo meore variantis SemTxvevaSi marTvis procesi 

xorcieldeba kaTodis mxridan, marTvis eleqtrodze kaTodis mimarT 

dadebiTi potencialis miwodebiT. erT-erT bazaSi marTvis denis 

gatarebis Sedegad izrdeba Sesabamisi tranzistoris denis gadacemis 

koeficienti 1(  an )2  da oTxSriani struqturis gaxsnis piroba 

121   Sesruldeba anoduri Zabvis naklebi sididis dros. 3.14 

suraTze mocemulia marTvad (triodul) tiristorSi denebis ganawilebis 

suraTi, rodesac marTva xdeba kaTodis mxridan. 

 

 

sur..3.14. denebis ganawileba marTvad tiristorSi 

 

3j  emiterul  gadasasvlelze damatebiTi pirdapiri wanacvlebis 

Zabvis miwodebisas marTvis eleqtrodSi gaivlis deni .mI  am denis 

gavlisas gare wredidan 2p  bazaSi Sedis damatebiTi xvrelebi, romlebic 

nawilobriv akompensireben 3j  gadasasvlelis aqceptoruli minarevis 

ionebis uaryofiT sivrcul muxts, ris gamoc Semcirdeba gadasasvlelis 

potencialuri barieris simaRle da 2n  ubnidan 2p  ubanSi inieqcirdeba 

muxtis araZiriTadi gadamtanebi (eleqtronebi). inieqcirebuli 

eleqtronebis mcire nawili rekombinirdeba 2p  ubnis xvrelebTan, xolo 

maTi didi nawili koleqtoruli gadasasvlelis velis gavleniT 

gadavlen 1n  bazaSi. maSasadame, marTvis denis gavleniT 2j  koleqtoruli 
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gadasasvlelis deni gaizrdeba mI  sididiT (  bazis denis gadacemis 

koeficientia)  da  gare wredSi gamavali deni iqneba 

                       
)(1 21

0










mk II
I  .                              (3.4)   

 

 

sur..3.15. marTvadi tiristoris maxasiaTebelTa ojaxi 
 

 1n  bazaSi damatebiTi eleqtronebis gadasvlis gamo dairRveva 

muxtebis balansi, romlis aRsadgenadac Zlierdeba 1p dan  1n Si 

xvrelebis gadasvla, rac, Tavis mxriv, gamoiwvevs koleqtoruli 

gadasasvlelis denis gazrdas da amavdroulad 2p  ubanze Warbi 

xvrelebis gaCenas. amis gamo, gaizrdeba 2n  ubnidan  2p  ubanSi 

eleqtronebis inieqcia. amrigad, marTvis eleqtrodSi denis gatarebiT 

dasabami mieca oTxSrian struqturaSi muxtebis gamravlebis (denis 

zrdis) regeneraciul process. marTvis denis gavleniT Caketil 

koleqtorul gadasasvlelze gamavali denis sididis gazrda, pirveli 

miaxloebiT, modebuli Zabvis sididis gazrdis analogiuria, radgan 

orive SemTxvevaSi izrdeba muxtis gadamtanTa zvavuri (regeneraciuli) 

gamravlebis albaToba. amitom marTvis denis sididis SecvliT unda 

Seicvalos im Zabvis sidide, romlis drosac xdeba tiristoris Caketili 

mdgomareobidan gaxsnil mdgomareobaSi gadarTva. marTvadi tiristoris 

volt-amperuli maxasiaTeblis  pirdapir StoTa ojaxi   naCvenebia 3.15 

suraTze. 
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rogorc am სურათიდან Cans, marTvis denis gazrdisas tiristoris 

CarTvis Zabva mcirdeba, anu aseTi tiristori marTvadi CarTvis Zabvis 

mqone dioduri tiristoris ekvivalenturia. 

CarTvis Semdeg, marTvis eleqtrodi hkargavs marTvadobis funqcias, 

amitom misi daxmarebiT tiristoris gamorTva (Caketili mdgomareobaSi 

gadayvana) SeuZlebelia. marTvis eleqtrodiT xorcieldeba tiristoris 

mxolod CarTvis operacia. amis gamo, mas erToperaciul tiristors, an 

martivad, tiristors uwodeben. erToperaciuli tiristoris Caketva 

SeiZleba ganxorcieldes igive meTodebis gamoyenebiT, romlebic 

ganxiluli iyo aramarTvadi tiristorisaTvis (sur.3.13). 

erToperaciuli tiristorebi ZiriTadad cvladi Zabvis wredebSi 

gadamrTvel elementebad gamoiyeneba. am dros maTi CarTvis momentis 

regulireba xorcieldeba ara marTvis denis sididis cvliT, aramed misi 

fazis SecvliT sinusoiduri anoduri Zabvis mimarT (fazuri marTva). 

tiristoris gaRebas (CarTvas) anxorcieleben marTvis eleqtrodSi denis 

xanmokle (aseul mikrowamamde xangrZliobiT) impulsis gatarebiT. 

marTvis denis impulsis amplituda SeirCeva ise, rom tiristori gaixsnas 

anoduri Zabvis umciresi mniSvnelobis dros. marTvisaTvis xanmokle 

impulsuri xasiaTis denis gamoyeneba mniSvnelovnad amcirebs 

tiristoruli gadamrTvelebis (gasaRebebis) mier marTvis sistemidan 

moTxovnili simZlavres. 

Zaluri erToperaciuli tiristoruli gasaRebis struqtura, sxva 

Zaluri gasaRebebis struqturis msgavsad, mravalujrediania. 

amavdroulad igi ordonianicaa da Sedgeba ZiriTadi da damxmare 

nawilebisagan. maRalvoltiani Zaluri tiristoruli ujredis ganivi 

kveTi 3.16 suraTzea naCvenebi. 

ordonian struqturaSi Semavali damxmare (damatebiTi) Sinagani 

tiristori gankuTvnilia ZiriTadi struqturis CarTvis efeqturobis 

gasazrdelad. struqtura mravalarxiania. masSi ganTavsebulia ZiriTadi 

da damxmare ubnebis monacvleobiT ganlagebuli p
+
-n-p-n

+
  Sreebi. 

sqemoteqnikuri TvalsazrisiT ordoniani struqtura SeiZleba 

warmodgenili iqnas 3.17 suraTze naCvenebi saxiT. 

 

 



65 
 

 

 

mocemuli struqturis damzadeba xdeba ormxrivi difuziuri 

meTodis gamoyenebiT, romlis drosac n-tipis maRali omuri winaRobis 

firfitaze aqceptoruli minarevis Setanis Sedegad miiReba p
+
-ubani, 

Txeli p
 
-tipisa da farTo  n-tipis bazis ubnebi. amis Semdeg lokaluri 

difuziis gamoyenebiT Seiqmneba n
+
-tipis kaToduri ubnebi da formirdeba 

Sesabamisi geometriis p
 

-bazis ubani. miRebuli struqtura Seicavs 

tiristoris ZiriTad struqturaSi ganawilebul Suntirebul kaTodur p-

n gadasasvlelebs. es Suntebi Cveulebriv warmosdgeba cilindruli 

formis p
 
-bazis lokaluri ubnebis saxiT, romlebic mirTulia kaTodis 

omur kontaqtebTan da Tanabradaa ganawilebuli struqturis mTel 

farTობze. Suntirebis ZiriTadi daniSnulebaa struqturis 

temperaturuli stabilurobis amaRleba da დაბრკოლებამდგრადობის 

gazrda. 

3.18 suraTze naCvenebia sxvadasxva simZlavris diskretuli  

Sesrulebis erToperaciuli (SCR) tiristorebis tipobrivi korpusebis 

gare xedi. 
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sur.3.18. SCR tiristorebi 

 

3.3.4. srulad marTvadi (oroperaciuli) tiristori 

(GTO) 

 

 

sur.3.19. denebis ganawileba oroperaciul tiristorSi 

 

marTvadi tiristoris meore saxeobaa oroperaciuli, anu srulad 

marTvadi tiristori, romlis rogorc gaxsna, ise Caketva xdeba marTvis 

eleqtrodis denis saSualebiT. mas xSirad gamorTvad (Caketvad) 

tiristorsac uwodeben. konstruqciuli Sesrulebis mixedviT aseTi 

tiristori didad ar gansxvavdeba erToperaciuli tiristorisagan. 

oroperaciuli tiristoris gaxsna xdeba ise, rogorc erToperaciulis, 

magaliTad, 2p  bazaSi marTvis dadebiTi denis gatarebiT. oroperaciuli 

tiristoris Casaketad imave 2p  bazaSi unda gatardes gamxsneli denis 

sawinaaRmdego mimarTulebis deni (sur.3.19). amisaTvis 22 np   

gadasasvlels unda miuerTdes Camketi Zabvis wyaro. 
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marTvis denis gatarebamde 1n  da 2p  bazebSi arsebobs gajerebis 

mdgomareobis Sesabamisi muxtis gadamtanebis didi koncentracia. mE  

Zabvis gavleniT 2p  bazaSi dagrovili xvrelebi imoZraveben marTvis 

eleqtrodSi suraTze naCvenebi mimarTulebiT, xolo imave bazaSi 

dagrovili eleqtronebi gadadian jer 2n  ubanSi, Semdeg ki marTvis 

wredSi. eleqtronebis es nakadi Seamcirebs 3j  gadasasvlelis dens da, 

amis gamo, Semcirdeba 2j  koleqtorul gadasasvlelze adre gamavali 

denis 22 I  Semdgeni. am Semdgenis Semcireba Tavis mxriv gamoiwvevs 1j  

gadasasvlelis e1I  denis da, maSasadame, koleqtoruli gadasasvlelis 

11 eI  Semdgenis Semcirebas. denebis zemoaRniSnuli Semdgenebis Semcireba 

sabolood gare wredSi gamavali I  denis Semcirebas gamoiwvevs. gare 

wredSi gamavali denis Semcirebis gamo, moiklebs Zabvis vardna dR  

datvirTvis winaRobaze da Sesabamisad moimatebs Zabva tiristoris 

momWerebze, romelic ZiriTadad 2j  koleqtorul gadasasvlelze moedeba. 

marTvis eleqtrodSi gamavali denis sakmarisi amplitudisa da 

xangrZliobis SemTxvevaSi, moxdeba bazebSi dagrovili Warbi muxtebis 

koncentraciis da tiristorSi gamavali denis zvaviseburi Semcireba 

nulamde, e.i. tiristoris struqturaSi moqmedebas iwyebs dadebiTi 

ukukavSiri marTvis uaryofiTi denis dros. 

gamosarTavi I  anoduri denis yovel mniSvnelobas marTvis denis 

garkveuli aucilebeli minimaluri mniSvneloba Seesabameba, romelic miT 

ufro mcirea, rac ufro metia tiristoris gamorTvis dro (xangrZlioba). 

rodesac Camketi marTvis deni impulsuri formisaa (rogorc es 3.19 

suraTzea naCvenebi), misi amplitudis aucilebeli minimaluri 

mniSvneloba impulsis xangrZliobazea damokidebuli. gamosarTavi I  

denis Sefardebas tiristoris CaketvisaTvis saWiro marTvis denis 

statikur mniSvnelobasTan tiristoris gamorTvis koeficienti ewodeba. 

es koeficienti gansazRvravs marTvis eleqtrodiT tiristoris gamorTvis 

efeqtianobas. gamorTvis koeficientis sidide tiristorebisaTvis 

moTavsebulia farglebSi .74  maSasadame tiristoris Camketi marTvis 

denis sidide sakmaod axlosaa ZiriTadi (gamosarTavi) denis 
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mniSvnelobasTan, rac gamorTvis aseTi meTodis seriozul naklovan 

Tvisebas warmoadgens. 

Zaluri oroperaciuli tiristorebis damzadeba warmoebs 

mravalarxiani struqturis mixedviT. igi Seicavs erTnairi Tvisebis mqone 

elementarul (sabaziso) ujredTa did raodenobas. ase, magaliTad, 

oroperaciuli tiristori, romelic gaTvaliswinebulia 4 kiloamperi 

denis gatarebaze, Seicavs 2000 sabaziso ujreds. TiToeuli ujredis 

marTvis eleqtrods SeuZlia Caketos 2 a deni. 

Zaluri oroperaciuli tiristoruli gasaRebis sabaziso ujredis 

damzadeba xdeba ori ZiriTadi saxis struqturis mixedviT, romlebic 3.20. 

suraTzea naCvenebi. suraTze warmodgenil orive saxis sabaziso ujreds 

aqvs vertikaluri struqtura. kaTodisa da marTvis eleqtrodebis 

sakontaqto liTonis Sreebi Seqmnilia kristalis erT zedapirze, xolo 

anodis sakontaqto liTonis Sre - kristalis sawinaaRmdego mxaris 

zedapirze. 

safenad gamoyenebulia sustad legirebuli (maRalomuri) n
-
-

siliciumis firfita, romlis urTierTmopirdapire mxares mdebare 

zedapirebze aqceptoruli minarevis difuziuri meTodiT Setanis Sedegad 

miRebulia anodis p
+
-ubani da p-bazis Sre. p-Sris lokalur ubnebSi 

donoruli minarevis difuziiT miiReba kaTodis n
+
-ubnebi. amis Semdeg, 

kaTodis n
+
-ubnebis zedapirebis moliTonebiT Seqmnilia kaTodis 

sakontaqto gamomyvanebi, xolo p-bazis zedapiruli ubnebis moliTonebiT 

- bazis sakontaqto gamomyvanebi. 

3.20, a suraTze warmodgenil sabaziso ujredis struqturaSi anodis 

p
+
-ubani erTgvarovania. tiristorul gasaRebze ukuZabvis moqmedebis 

dros gareSe Zabva praqtikulad mTlianad J3 gadasasvlelze moedeba, 

radgan J2 gadasasvlels am dros pirdapiri wanacvleba gaaCnia, xolo J1 

gadasasvlelis gamrRvevi ukuZabva mcire sididisaa (J1 gadasasvlelis 

mcire sisqis gamo). J3 gadasasvleli ZiriTadad koncentrirebulia n
- - 

sustad legirebul ubanSi. am gadasasvlelis garRvevisTvis didi Zabvaa 

saWiro (gadasasvlelis didi siganis gamo). amave dros, sakmaod maRalia 

Ria gasaRebze narCeni Zabvisa da simZlavris danakargis sidide. aseTi 

struqturis mqone oroperaciuli tiristoruli gasaRebebi gamoiyeneba 
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maRali Zabvis denis gardamqmnel mowyobilobebSi, romlebic ar 

saWiroeben sqemuri komponentis saxiT ukumaSuntebel diodebs. 

 

 

sur. 3.20. Zaluri oroperaciuli tiristoris sabaziso ujredis struqturebi 

(a,b);  oroperaciuli tiristoris pirobiTi aRniSvnebi (g) 

 

3.20, b suraTze warmodgenil sabaziso ujredis struqturaSi anodis 

p
+
-Sre araerTgavrovania. aq Seqmnilia n

+
-Zlierlegirebuli lokaluri 

ubnebi, ris Sedegadac warmoqmnili damatebiTi eleqtruli 

gadasasvlelebi axdenen J3 gadasasvlelis ganawilebul daSuntebas 

ukuZabvis moqmedebis dros, e.i. asruleben ukumaSuntebeli diodebis 

funqcias. aseTi struqturis mqone sabaziso ujredis dasaSvebi ukuZabva 

SedarebiT dabalia, Tumca gaumjobesebulia sxva eleqtruli Tvisebebi. 

aseTi struqturis mqone gasaRebis Ria mdgomareobis narCeni Zabva da 

simZlavris danakargi SedarebiT naklebi sididisaa, gaaCnia ukeTesi 

dinamikuri Tvisebebi da mcirea gaJonvis ukudeni. oroperaciuli 

tiristoruli gasaRebebi farTod gamoiyeneba Zabvis avtonomiur 

invertorebSi. 

tiristoruli gasaRebis Zabvis naxtomebisagan dacvis mizniT xSirad 

gamoiyeneba gasaRebTan Semxvedr-paralelurad mierTebuli diodi 

(ukudiodi). arsebobs oroperaciuli (agreTve erToperaciuli) 

tiristorisa da CaSenebuli ukudiodis monoliTuri struqtura (sur. 

3.21). am saxis tiristorulma gasaRebebma miiRes ukugamtarobiani 

tiristorebis saxelwodeba (RCT - Reverse Conducting Thyristor).  
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tiristorisa da diodis monoliTuri kombinacia aumjobesebs 

gasaRebis dinamikur Tvisebebs, radgan adgili aqvs SeerTebaTa 

induqciurobebis gavlenis minimizacias. integrirebuli diodis 

struqtura, romelic p-n-n
+
 Sreebisganaa Seqmnili, tiristoris ZiriTadi 

seqciisagan izolirebulia an damcavi difuzuri rgoliT anda damcavi 

WriliT, am RonisZiebis gatareba diodTan dakavSirebul muxtis 

gadamtanebs ar aZlevs tiristorul seqtorSi gaRwevis saSualebas. 

Tumca mas Tan axlavs gaJonvis denebis sididis gazrda da 
dt

dV
 faqtoris 

mimarT mdgradobis Semcireba. 

 

 

sur.3.21. ukugamtarobiani tiristoris pirobiTi 

aRniSvna (a) da struqtura (b) 

 

Cveulebrivi (standartuli) gamorTvadi (GTO) tiristorebis Camketi 

uaryofiTi marTvis denis saWiro sididemde gazrdis xangrZlivoba da, 

aqedan gamomdinare, gamorTvis xangrZlivoba, ramdenime mikrowamis tolia. 

Camketi marTvis denis cvlilebis siCqaris gazrdas xels uSlis ori 

faqtori: mTeli struqturis Caketvis koeficientis mkveTri Semcireba da 

marTvis eleqtrodis wredSi arsebuli SedarebiT didi parazituli 

induqciuroba (100...300 nhn). es faqtorebi praqtikulad SeuZlebels xdis 

gamosavali Zabvis gasazrdelad standartuli GTO tiristorebis 

mimdevrobiTi SeerTebis gamoyenebas, radgan ar xdeba yvela tiristoris 

erTdrouli da swrafi Caketva. es problema gadaiWra HD-GTO 
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tiristorebis SeqmniT, sadac gamoyenebulia marTvis xisti principi. am 

tiristorebis marTvis denis zrdis siCqare, standartuli GTO 

tiristorebTan SedarebiT, ori rigiT maRalia (2000....4000 a/mkwm), xolo 

parazituli induqciuroba Semcirebulia 4...5 nhn-mde. mimdevrobiT 

SeerTebuli aseTi tiristorebis gamorTvis xangrZlivobaTa gabnevadoba 

ar aRemateba 0,1 mkwm-s. aseTi xelsawyoebis SeqmniT gadaidga pirveli 

nabiji 3...4 ka denze momuSave specialuri struqturebis Seqmnis gzaze, 

romlebSic yvela paralelurad momuSave ujreds aqvs gamorTvis 

erTnairi dro. am tiristorebma miiRes marTvis eleqtrodiT 

komutirebadi tiristoris saxelwodeba (GCT - Gate commutated thyristor). 

GCT- tiristoris marTvis eleqtrodze uaryofiTi wanacvlebis Zabvis 

miwodebisas, adgili aqvs Camketi denis Zalze swraf zrdas praqtikulad 

anoduri denis sididemde. erTdroulad adgili aqvs struqturis n
+
-

ubnebze denis Sewyvetas (sur.3.22,b). Caketvisas anoduri deni gadairTveba 

marTvis eleqtrodis wredSi, xolo oTxSriani struqturis muSa nawili 

gardaiqmneba samSrian p-n-p-tranzistorul struqturad, romelic 

swrafad iketeba bazis wredis gawyvetis Sedegad. 

4 ka-is tol denze momuSave GCT- tiristori Sedgeba oriaTasi 

segmentisagan, romelTagan TiToeuls unari Seswevs Caketos 2 a-is toli 

deni. 

Seqmnilia GCT- tiristorisa da Semxvedr-paraleluri diodis 

monoliTuri struqtura, romelmac miiRo ukugamtarobiani marTvis 

eleqtrodiT komutirebadi tiristoris saxelwodeba RGCT. 

GCT- tiristorSi anoduri denis marTvis wredSi gadarTvisaTvis 

saWiroa marTvis impulsebis maformireblis mierTebis dabalinduqciuri 

wredi. amitom Seiqmna GCT- tiristoris specialuri konstruqcia 

integrirebuli marTvis impulsebis maformirebliT, romelmac miiRo 

integrirebuli marTvis eleqtrodiT komutirebadi tiristoris 

saxelwodeba - IGCT (Integrated qate commutated thyristor)  (sur. 3.23) 
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sur.3.22. standartuli GTO-tiristoris (a) da  

              GCT -tiristoris gamorTvis principi (b) 

 

 

 

sur.3.23. GCT-tiristoris marTvis impulsebis maformireblis 

            mierTebis dabalinduqciuri sqema (a), IGCT-tiristoris 

konstruqcia (b) 

 

3.24 suraTze naCvenebia sxvadasxva simZlavris diskretuli 

Sesrulebis oroperaciuli (GTO)  tiristorebis tipobrivi korpusebis 

gare xedi. 

 

3.3.5. induqciuri tiristoruli gasaRebi (SITh)   

statikuri induqciuri tranzistorebis msgavsad, arsebobs 

induqciuri tiristoris sabaziso ujredis Sesrulebis ramdenime 

varianti. 3.25.   suraTze   naCvenebia  induqciuri  tiristoris  sabaziso  
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sur.3.24. oroperaciuli (GTO)  tiristorebi 

 

ujredis Sesrulebis erT-erTi struqturuli varianti-sabaziso ujredi 

marTvis eleqtrodis zedapiruli SesrulebiT.  

 

 

sur. 3.25. induqciuri tiristoris sabaziso ujredis struqtura (a); sabaziso 

ujredis ekvivalenturi sqema (b); induqciuri tiristoris  

pirobiTi  aRniSvna (g) 

 

safeni warmoadgens p
+
-tipis siliciumis firfitas (induqciur 

tranzistorSi safenad n
+
-tipis siliciumi iyo gamoyenebuli). safenis 

ukana zedapiri moliTonebulia da gakeTebuli aqvs anodis sakontaqto 

gamomyvani. safenis wina zedapirze formirebuli Sreebis ganlageba 

praqtikulad induqciuri tranzistoruli variantis gameorebas 
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warmoadgens. aq ganTavsebulia: sustad legirebuli n
-
-epitaqsialuri Sre, 

marTvis eleqtrodis zedapiruli p
+
-ubnebi da kaTodis n

+
-ubnebi. 

struqturaSi Semavali da morigeobiT ganlagebuli oTxi sxvadasxva 

tipis gamtarobis mqone ubnebis arsebobam ganapiroba xelsawyos 

dasaxeleba - tiristori. aseTi tiristoruli gasaRebis sabaziso ujredi 

warmoadgens p-n-p tipis tranzistorisa (VT1) da p-n gadasasvleliani n-

arxiani veliT marTvadi tranzistoris (VT2) kombiancias (sur. 3.25, b). 

induqciuri tiristoris pirobiTi aRniSvna 3.25, g suraTzea naCvenebi. 

induqciur tiristorSi, erT da oroperaciuli tiristorisgan 

gansxvavebiT, ar arsebobs Sinagani dadebiTi ukukavSiri da gaRebis 

regeneraciuli inerciuli procesi. amis gamo, induqciur tiristorul 

gasaRebs SeuZlia didi sididis denebis maRali siCqariT gadarTva, e.i. 

igi swrafmomqmedi gasaRebia. 

induqciuri tiristoruli gasaRebi normalurad Ria gasaRebs 

warmoadgens. rodesac marTvis eleqtrods nulis toli potenciali aqvs, 

xolo anods - dadebiTi potenciali, maSin p
+
-anoduri ubnidan n

-
-

epitaqsialur SreSi inieqcirebuli xvrelebis moculobiTi muxti axdens 

n
-
-sustad legirebuli Sris gamtarobis modulacias (gamtarobis 

gazrdas). struqturaSi (sur. 3.25, a) Semavali VT2 veliT marTvadi 

tranzistoris dengamtari arxis winaRoba mcirdeba, xolo VT1 

bipolaruli tranzistori gadadis gajerebis reJimSi. tiristorSi 

gaivlis Ria mdgomareobis Sesabamisi deni, romlis gzaze mxolod erTi 

p
+
-n

- gadasasvlelia. amitom, Ria induqciur tiristorul gasaRebze 

arsebuli narCeni Zabva mniSvnelovnad naklebia, vidre erT da 

oroperaciul tiristorul gasaRebebze narCeni Zabvis sidide, rac aseTi 

gasaRebis mniSvnelovani dadebiT Tvisebas warmoadgens. induqciuri 

tiristoruli gasaRebis mniSvnelovani dadebiT Tvisebas warmoadgens 

isic, rom Ria gasaRebis winaRobis temperaturuli koeficienti dadebiTi 

niSnisaa. amis gamo, adgili aqvs gasaRebis struqturaSi Semavali 

elementaruli ujredebis denebis TviTgaTanabrebis efeqts. induqciur 

tiristorul gasaRebs gaaCnia gazrdili Termomedegoba pikuri denuri 

gadatvirTvebis mimarT.  

induqciuri tiristoruli gasaRebis Semdegi dadebiTi Tvisebaa is, 

rom dengamtari arxis gamtarobis gasazrdelad da Ria mdgomareobis 
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narCeni Zabvis Sesamcireblad ar aris saWiro marTvis eleqtrodSi denis 

gatareba (rac induqciuri tranzistoruli gasaRebisTvis aucilebelia). 

amitom, induqciuri tiristoruli gasaRebebis marTvis wredi, Zaluri 

ldn gasaRebebis msgavsad, moiTxovs mcire simZlavres. 

zemoaRniSnuli dadebiTi Tvisebebis miuxedavad, induqciurma 

tiristorulma gasaRebebma jer-jerobiT ver hpoves farTo praqtikuli 

gamoyeneba. amis mizezi, erTis mxriv, isaa, rom rTulia maTi damzadebis 

teqnologia. meores mxriv, imis gamo, rom igi normalurad Ria gasaRebia, 

gaaCnia marTvis dabali saimedooba. induqciuri tiristoruli gasaRebis 

Caketili mdgomareobis uzrunvelsayofad aucilebelia marTvis 

eleqtrodze uaryofiTi wanacvlebis Zabvis (10-20v) uwyveti SenarCuneba. 

uaryofiTi wanacvlebis Zabvis xanmokle gamorTvas SeuZlia gamoiwvios 

aseT gasaRebebze momuSave gardamqmnel mowyobilobebSi katastrofuli 

avariuli procesebi. 

wamyvani firmebis Zalisxmeva mimarTulia induqciuri tiristoruli 

gasaRebis aRniSnuli naklovani mxaris gamosasworeblad. ukve Seqmnilia 

normalurad Caketil induqciur tiristorul gasaRebTa ramdenime 

varianti, Tumca, maTi damzadeba did teqnologiur sirTuleebTan 

aRmoCnda dakavSirebuli. 

 

            .3.3.6. veliT marTvadi tiristoruli gasaRebi (MCT) 

 

veliT marTvadi tiristorebi warmoadgenen Zaluri 

naxevargamtaruli gasaRebebis axal klass. am saxis gasaRebis 

struqturaSi integrebulia induqciuri tiristori da 

izolirebulCamketiani veliT marTvadi tranzistori. gasaRebis marTva 

xorcieldeba veliT marTvadi tranzistoris saSualebiT, ris gamoc igi 

normalurad Caketil gasaRebs warmoadgens. amave dros, mas gaaCnia 

induqciuri tiristorisaTvis damaxasiaTebeli dadebiTi Tvisebebi. 

monoliTurma naxevargamtarulma struqturam, romelSic 

integrebulia mmarTveli ldn tranzistorisa da induqciuri tiristoris 

struqturebi, miiRo kombinirebuli tranzistorul-tiristoruli 

struqturis saxelwodeba - MCT (MOS Composite SITh). aseTi gasaRebis 

sabaziso ujredis struqtura warmoadgenilia 3.26, a suraTze. 3.26, b 
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suraTze ki naCvenebia sabaziso ujredis ekvivalenturi sqema, xolo 3.26,g 

suraTze - MCT gasaRebis pirobiTi aRniSvna.  

mmarTvel ldn tranzistorul struqturaSi Sedis 

Zlierlegirebuli n
+
-saTavisa (4) da Casadinaris (3) ubnebi. saTave 

dakavSirebulia sabaziso ujredis kaTodis sakontaqto gamomyvanTan. ldn 

tranzistorSi im SemTxvevaSi gaivlis deni, rodesac Camketze 

miwodebuli dadebiTi Zabva aRemateba p-Sris gamtarobis inversiisTvis 

saWiro zRurblur mniSvnelobas. am dros, ldn tranzistoris Casadinari, 

romelic uSualo kavSirSia n
-
-epitaqsialur SresTan, mierTebuli 

aRmoCndeba sabaziso ujredis kaTodTan. maSasadame, sabaziso ujredis 

anodsa da kaTods Soris deni gaivlis mxolod im SemTxvevaSi, rodesac 

ldn tranzistoris Camketze zRurblurze meti sididis Zabva imoqmedebs, 

e.i. aseTi struqturis mqone ujredi normalurad Caketili gasaRebia. 

 

sur. 3.26. veliT marTvadi tiristoruli gasaRebis (MCT) sabaziso ujredis   

struqtura (a); ekvivalenturi sqema (b); veliT marTvadi tiristoris pirobiTi 

aRniSvna (g). 1-liTonis Sre; 2- dieleqtrikis Sre; 3 - ldn tranzistoris 

Casadinari; 4 - ldn tranzistoris saTave 

 

sabaziso ujredis centralur nawilSi moTavsebulia induqciuri 

tiristoris marTvis eleqtrodis (Camketis) p
+
-ubani. es ukanaskneli 

kaTodis liTonur Sres ukavSirdeba CaSenebuli p
+
-n

+ gadasasvleliT. 

sqemoteqnikuri TvalsazrisiT es gadasasvleli warmoadgens (1,5...÷2,5)v 

muSa Zabvis mqone stabilitrons. aseTi struqturuli erTeulis damateba 

aumjobesebs sabaziso ujredis dinamikur maxasiaTeblebs gaRebis 
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procesSi da xels uwyobs gasaRebis Ria mdgomareobis SenarCunebas 

anoduri denis didi simkvrivis dros. MCT gasaRebis dadebiTi Tvisebaa 

is, rom ar arsebobs uSualo kavSiri anodur da marTvis (ldn 

tranzistoris Camketi) wredebs Soris. 

damuSavebulia MCT gasaRebis sabaziso ujredis sxvadasxva varianti: 

n- da p –arxiani ldn tranzistoriT, Zabvis Sekavebis (blokirebis) 

simetriuli da arasimetriuli TvisebiT, gaRebis optikuri meTodiT da 

sxv. Tumca, yvela maTgans gaaCnia erTi saerTo Tviseba: gasaRebis erTi 

mgomareobidan meoreSi gadarTva xorcieldeba struqturaSi integrebuli 

ldn tranzistoriT. 

Zaluri MCT gasaRebis saqesploatacio parametrebi oroperaciuli 

tiristorebis parametrebis analogiuria. garkveuli gansxvavebaa mxolod 

marTvis wredis parametrTa jgufSi. 

MCT gasaRebebis simZlavriseuli parametrebi (muSa Zabva da deni) 

SesabamisobaSia erT da oroperaciuli tiristoruli analogiebis 

simZlavriseul parametrebTan. 

 

3.3.7. simetriuli tiristori (simistori) 

 

simetriuli anu ormxriv gamtari tiristoris struqturuli sqema 

naCvenebia 3.27. სურათზე . aseT tiristors 5-Sriani struqtura aqvs. ,1p  2n  

da 2p  mTavar naxevargamtarul Sreebs garda, xelsawyos aqvs damatebiTi 

1n  da 3n  gverdiTi Sreebi. 

4
1 3 4

4

4
2

n 1n

2n 2n

3n 2p

2p

1p 1p

 

sur..3.27. simistoris struqtura:  1 , 2-ZiriTadi eleqtrodebi; 

                   3-marTvis eleqtrodi;   4-liTonis kontaqti 
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naxevargamtaruli Sreebis suraTze naCvenebi ganlagebis mixedviT 

simetriuli tiristori SeiZleba ganvixiloT rogorc ori, erTmaneTis 

mimarT Semxvedrad CarTuli oTxSriani tiristoruli struqtura: pirvel 

tiristors Seqmnis 3221 npnp   Sreebi, xolo meore tiristors -  

1122 npnp   Sreebi. pirvel tiristorSi, roca 1p s aqvs dadebiTi 

potenciali 3n is mimarT gaivlis pirdapiri deni. analogiurad, Tu 2p

is potenciali dadebiTia 1n is mimarT, meore oTxSrian tiristorSi 

gaivlis pirvelis Semxvedrad mimarTuli pirdapiri deni. simetriuli 

tiristoris volt-amperuli maxasiaTebeli mocemulia 3.28 სურათზე. 

amrigad, 5-Sriani struqturis mqone naxevargamtaruli xelsawyo dens 

erTnairad atarebs orive mimarTulebiT, ramac ganapiroba misi 

dasaxeleba _ simetriuli tiristori, SemoklebiT _ simistori. 

simistorebs gamoiyeneben ukontaqto gadamrTvelebad cvladi denis 

wredebSi. kerZod, maTi gamoyeneba SeiZleba cvladi Zabvis reversul 

gadamrTvelebsa da cvladi denis regulatorebSi. simistoris gamoyeneba, 

or calxmriv gamtar tiristorTan SedarebiT, ufro ekonomiuria, radgan 

ufro efeqturadaa gamoyenebuli np   gadasasvlelebis farTi. 

 

 

sur..3.28. simistoris volt-amperuli  maxasiaTebeli 

 

 

simistoris marTva cvladi Zabvis orive naxevarperiodSi 

xorcieldeba marTvis erTi wredis gamoyenebiT. marTvis eleqtrodi 
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liTonis sakontaqto SriT dakavSirebulia 1p  SresTan da mis mezoblad 

moTavsebul damatebiT n  zonasTan (nax.3.27). amitom simistori 

gadairTveba gaxsnil mdgomareobaSi marTvis eleqtrodze Zabvis dadebiTi 

(marTva sruldeba kaTodis mxridan. marTvis deni naCvenebia mTliani 

wirebiT) an uaryofiTi impulsis (marTva sruldeba anodis mxridan, 

marTvis deni naCvenebia wyvetili wirebiT) saSualebiT, ZiriTad 

eleqtrodebze cvladi Zabvis dadebiTi da uaryofiTi naxevarperiodis 

Sesabamisad. 

 
 
 

sakontrolo SekiTxvebi 

 

3.1. rogoria Tanamedrove marTvadi Zaluri naxevargamtaruli 

gasaRebebis struqtura; 

3.2. rogoria Zaluri bipolaruli tranzistoris sabaziso ujredis 

struqtura; 

3.3. rogoraa miRweuli Zalur bipolarul tranzistorSi 

koleqtoruli p-n gadasasvlelis dasaSvebi ukuZabvis sididis 

gazrda; 

3.4. ratomaa saWiro Zaluri bipolaruli tranzistoruli gasaRebis 

sabaziso ujredSi darglingtonis sqemis mixedviT ori 

tranzistoris gamoyeneba da rogoria aseTi Sedgenili 

tranzistoris bazis denis gadacemis koeficienti; 

3.5. rogoria V-teqnologiis mixedviT damzadebuli Zaluri MOSFET-

tranzistoris struqtura; 

3.6. rogoria D-teqnologiis mixedviT damzadebuli Zaluri MOSFET-

tranzistoris struqtura; 

3.7. ra aris saWiro Zaluri MOSFET-tranzistorebis Ria 

mdgomareobaSi gadarTvisaTvis da riTaa ganpirobebuli dengamtari 

arxis winaRoba; 

3.8. rogoraa gazrdili Zaluri MOSFET-tranzistorebis Casadinarsa 

da saTaves Soris moqmedi Zabvis dasaSvebi sidide; 

3.9. rogoria Zaluri MOSFET-tranzistorebis ZabviT garRvevis 

meqanizmebi; 
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3.10. raSi mdgomareobs Zaluri MOSFET-tranzistorebis sabaziso 

ujredis struqturaSi COOLMOS teqnologiis gamoyenebis arsi; 

3.11. ris xarjzea COOLMOS - tranzistorebSi Semcirebuli dengamtari 

arxis narCeni winaRoba; 

3.12. rogori damokidebulebaa COOLMOS - tranzistorSi narCen 

winaRobasa da gamrRvev Zabvas Soris; 

3.13. rogoria IGBT-tranzistoris sabaziso ujredis struqtura; 

3.14. ratom miiRo IGBT-tranzistoris struqturam modulirebul- 

gamtarobiani struqturis saxelwodeba; 

3.15. ramden komponents Seicavs IGBT-gasaRebze sruli Zabvis vardna da 

ras warmoadgens es komponentebi; 

3.16. ra meTodebis gamoyenebiTaa SesaZlebeli IGBT-tranzistorul 

gasaRebSi pirdapiri Zabvis vardnis Semcireba; 

3.17. riT aris gamowveuli marTvis eleqtrodiT gamorTvis Semdeg IGBT-

tranzistoris koleqtorSi narCeni denis SenarCuneba drois 

garkveul intervalSi da ra gavlenas axdens narCeni deni 

gasaRebis muSaobaze; 

3.18. ras warmoadgens statikuri induqciuri tranzistori; ra 

variantebis mixedviT xdeba misi sabaziso ujredis Sesruleba da 

riT gansxvavdebian erTmaneTisagan es variantebi; 

3.19. rogoria CamalulCamketiani statikuri induqciuri tranzistoris 

sabaziso ujredis struqtura da razea damokidebuli Ria 

gasaRebze narCeni Zabvis sidide. ra gziT SeiZleba Ria gasaRebze 

narCeni Zabvis Semcireba; 

3.20. rogori saxis naxevargamtarul xelsawyoebs uwodeben 

tiristorebs; 

3.21. rogor SeiZleba dinistoris gaxsna da Caketva; 

3.22. ekvivalenturad rogor SeiZleba warmosdges oTxSriani 

tiristoruli struqtura; 

3.23. romel tiristorebs ewodeba arasrulad marTvadi? srulad 

marTvadi?; 

3.24. daaxasiaTeT denebis ganawileba aramarTvadi tiristoris 

struqturaSi; 
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3.25. daaxasiaTeT aramarTvadi tiristoris voltamperuli 

maxasiaTeblis pirdapiri Sto; 

3.26. daaxasiaTeT denebis ganawileba arasrulad marTvad 

(erToperaciul) tiristorul struqturaSi; 

3.27. daaxasiaTeT erToperaciuli tiristoris volt-amperuli 

maxasiaTeblis pirdapiri Sto marTvis denis sxvadasxva sididis 

dros; 

3.28. axseniT oTxSrian struqturaSi muxtebis gamravlebis 

regeneraciul procesis arsi; 

3.29. raSi mdgomareobs Zaluri maRalvoltiani erToperaciuli 

tiristoris sabaziso ujredis struqturuli Tavisebureba; 

3.30. daaxasiaTeT denebis ganawileba oroperaciul tiristorSi marTvis 

eleqtrodze Camketi Zabvis miwodebisas; 

3.31. rogoria Zaluri oroperaciuli tiristoris sabaziso ujredis 

struqturebi da raSi gamoixateba am struqturebs Soris 

gansxvaveba; 

3.32. rogor oroperaciul tiristors ewodeba ukugamtarobiani da 

rogoria aseTi tiristoris sabaziso ujredis struqtura; 

3.33. romel tiristors ewodeba marTvis eleqtrodiT komutirebadi da 

ratom; 

3.34. romelma tiristorma miiRo integrirebuli marTvis eleqtrodiT 

komutirebadi tiristoris saxelwodeba da ratom; 

3.35. rogoria induqciuri tiristoris sabaziso ujredis struqtura da 

rogoria misi ekvivalenturi sqema; 

3.36. ra aris induqciuri tiristoruli gasaRebis dadebiTi da 

uaryofiTi Tvisebebi; 

3.37. rogoria veliT marTvadi (MCT) tiristoris struqtura. ratom 

miiRo am saxis tiristorma kombinirebuli srulad marTvadi 

gasaRebis saxelwodeba; 

3.38. rogoria MCT - tiristoris ekvivalenturi sqema; 

3.39. daaxasiaTeT simetriuli tiristoris sabaziso ujredis 

struqtura. 
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4. Zaluri marTvadi naxevargamtaruli gasaRebebis 

maxasiaTeblebi da parametrebi 

 

4.1. Sesavali 

Zaluri marTvadi naxevargamtaruli gasaRebebis sacnobaro 

informacia moicavs aTeulobiT parametrsa da maxasiaTebels. mocemuli 

Tavis ZiriTadi mizania sqemebSi gasaRebebis gamoyenebisaTvis saWiro 

sacnobaro informaciis sistemis ganxilva. 

Zaluri naxevargamtaruli gasaRebebis parametrTa sistema pirobiTad 

Semdeg jgufebad SeiZleba daiyos: 

 parametrebi gasaRebis gamosavali wredis Zabvis mixedviT, romelic 

iZleva informacias xelsawyos mier Zabvis blokirebis unarze da 

Ria mdgomareobaSi narCeni Zabvis sidideze. 

 parametrebi gasaRebis gamosavali wredis denis mixedviT, romelic 

moicavs ინფორმაციას gasaRebis denis saSualo, impulsuri da 

dartymiTi mniSvnelobebis Sesaxeb, agreTve Caketili mdgomareobis 

dros gaJonvis denebis sidideze. 

 parametrTa jgufi, romelic iZleva informacias gasaRebis marTvis 

wredis normaluri funqcionirebisTvis saWiro pirobebis 

Sesrulebaze. 

 gasaRebis efeqturobis parametrebi, romelic gamoiyeneba gasaRebis 

მaZlierebuli Tvisebisa da  xarisxis Sesafaseblad. 

 parametrTa jgufi, romelic gamoiyeneba gasaRebis gaReba-Caketvis 

dros aRZruli gardamavali procesebisa da misi etapebis 

xangrZlivobaTa Sesafaseblad. 

 dinamikur parametrTa jgufi, romelSic Sedis denisa da Zabvis 

cvlilebis siCqaris maqsimalurad dasaSvebi sidide gasaRebis Ria  

და Caketili mdgomareobis dros , agreTve parazituli tevadobisa 

da induqciurobebis mniSvnelobebi. 

 siTburi parametrebi, romlebic iZleva informacias Zaluri 

naxevargamtaruli gasaRebis maqsimalurad dasaSveb temperaturaze 

da siTbur winaRobaze. 
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 simZlavrisuli da energetikuli parametrebi, romlebic iZleva 

informacias gasaRebis struqturaSi arsebuli simZlavris 

danakargebis Sesaxeb. 

Zaluri naxevargamtaruli gasaRebebis saimedo funqcionireba 

mxolod im SemTxvevaSi იქნება uzrunvelyofili, Tu ar moxdeba nebismieri 

jgufis parametris მაქსიმალურად dasaSveb mniSvnelobaze gadamateba. 

amavdroulad araa mizanSewonili Zaluri gasaRebis denisa da Zabvis 

maragis gazrdili koeficientiT muSaoba, radgan es gamoiwvevs 

dasamuSavebeli gardamqmneli mowobilobis ekonomiurobis mniSvnelovan 

Semcirebas. amitom gardamqmneli mowyobilobis sqemaSi gamoyenebuli 

Zaluri gasaRebis SerCeva unda ganxorcieldes qvemoT mocemuli mkacrad 

gansazRvruli TanamimdevrobiT: 

 დასაშვები ძაბვისა და დენის, აგრეთვე  დატვირთვის მიერ მოთხოვნილი 

სიმძლავრის მიხედვით,  ganisazRvreba moTxovnebi gardamqmnelis 

sqemaSi gamosayenebeli Zaluri gasaRebisადმი.  

 განისაზღვრება Zabvis amplituduri mniSvnelobebi ძალური გასაღების 

sqemaSi  აღძრული gardamavali reJimebis dros.                 

 ganisazRvreba sqemis muSa temperaturuli diapazoni, agreTve 

garemo sivrcis maqsimaluri temperatura. 

 miRebuli monacemebisa da gasaRebis sacnobaro katalogebis 

monacemebis Sedarebis Sedegad შეირჩევა gasaRebis tipi.  

 xorcieldeba gaangariSeba da მოცემული ძალური გასაღებისთვის 

შეირჩევა siTboarinebis sistemა.  

 მართვის წრედის პარამეტრების გათვალისწინებით ganisazRvreba Zaluri 

gasaRebebis marTvis sqemis mimarT wayenebuli moTxovnebi.  

ცალკეული ჯგუფის მართვადი ნახევარგამტარული გასაღებების პარამეტრთა 

განხილვის დროს, ქვემოთ ყურადღება გამახვილებულია მხოლოდ იმ ძირითად 

პარამეტრებზე, რომლებიც ელექტრული ენერგიის სქემებში მათი გამოყენების 

შესაძლებლობის დასადგენადაა საჭირო.  
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4.2. Zaluri  tranzistorული გასაღებების  

 parametrebi 

 

Zaluri bipolaruli tranzistoris maqsimalurad dasaSvebi da 

maxasiaTebeli eleqtruli parametrebia: 

parametrebi gamosavali wredis (koleqtoris) Zabvebis mixedviT. 

 maqsimalurad dasaSvebi Zabva koleqtorsa da emiters Soris (VCEO); 

 koleqtor-emiteri wredis narCeni Zabva gajerebis reJimSi (VCE (sat)). 

  parametrebi gamosavali wredis (koleqtoris) denebis mixedviT. 

 koleqtoris maqsimalurad dasaSvebi deni (IC); 

 koleqtoris maqsimalurad dasaSvebi impulsuri deni (ICM); 

 mokveTis koleqtoruli deni (ICEX). 

marTvis wredis parametrebi 

 baza-emiteris gadasasvlelis maqsimalurad dasaSvebi ukuZabva 

(VEBO); 

 gajerebis baza-emiteris Zabva (VBE (sat)); 

 bazuri deni mokveTis reJimSi (IEBO). 

gaZlierebis (aqtiuri) reJimis parametrebi 

 gaZlierebis statikuri koeficienti (hFE); 

 erTeulis toli gaZlierebis Sesabamisi sixSire (fT). 

dinamikuri parametrebi 

 koleqtoris denis matebis dasawyisis dayovnebis dro (td); 

 koleqtoris denis zrdadobis dro (tr); 

 CarTvis dro (ton); 

 muxtis Warbi  gadamtanebis gare wredSi gawovis dro (tS); 

 koleqtoris denis klebis dro (tf). 

simZlavris mixedviT Zaluri bipolaruli tranzistoris parametria 

koleqtoris mier gabneuli maqsimaluri simZlavre (Pc). 

siTburi parametrebi 

 koleqtoruli gadasasvleli - korpusi ubnis siTburi  winaRoba 

(RThJ-C); 

 korpusi-gamagrilebeli sistemis ubnis siTburi winaRoba (RThc-S); 
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 koleqtoruli gadasasvlelis maqsimaluri temperatura (Tjmax); 

 korpusis temperatura (TC); 

 garemos temperatura (TA); 

 

Zaluri izolirebulCamketiani veliT marTvadi tranzistoris 

(MOSFET) maqsimalurad dasaSvebi da maxasiaTebeli eleqtruli 

parametrebia: 

gamosavali wredis (Casadinaris) Zabvis mixedviT 

 Casadinari-saTave Zabvis maqsimalurad dasaSvebi sidide (VDS); 

parametrebi Casadinaris denebis mixedviT 

 Casadinaris maqsimalurad dasaSvebi deni (ID); 

 Casadinaris maqsimalurad dasaSvebi impulsuri deni (IDM); 

 Casadinaris mokveTis deni (IDSS). 

marTvis wredis parametrebi 

 zRurbluri Zabva Camketsa da saTaves Soris (VGS); 

 Camketsa da saTaves Soris maqsimalurad dasaSvebi pirdapiri (uku) 

Zabva (VGSS); 

 Camketis gaJonvis deni (IGSS). 

maZlierebeli Tvisebis maxasiaTebeli parametrebi 

 pirdapiri gadacemis maxasiaTeblis daxriloba (
FSg ); 

 Casadinaris da saTaves SemaerTebeli arxis winaRoba Ria 

mdgomareobaSi (RDS(on)). 

dinamikuri parametrebi 

 CarTvis dayovnebis dro (td(on)); 

 Casadinaris denis zrdis dro (tr); 

 gamorTvis dayovnebis dro (td(off)); 

 Casadinaris denis klebis dro (tf); 

 Sesavalis tevadoba (Ciss); 

 gamosavalis tevadoba (Coss); 

 Camketis wredis saerTo muxti (QG); 
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 Caketili mdgomareobis dros Zabvis zrdis kritikuli siCqare 

crit)
dt

dv
( ; 

 sakontaqto gamomyvanebis parazituli induqciuroba (LS). 

simZlavriseuli da energetikuli parametrebi 

 gabneuli simZlavris maqsimaluri mniSvneloba (PD); 

 energiis danakargi CarTvis dros (EON); 

 energiis danakargi gamorTvis dros (Eoff). 

izolirebuli Camketiani bipolaruli tranzistori (IGBT) Zaluri 

veliT marTvadi tranzistoruli gasaRebis analogiuri parametrebiT 

xasiaTdeba. gansxvaveba mxolod imaSia, rom IGBT - gasaRebis 

dasaxasiaTeblad Ria arxis winaRobis nacvlad koleqtor-emiteris 

gajerebis Zabva (VCE(sat)) gamoiyeneba, romelic koleqtoris denisa da 

Camketze moqmedi Zabvis mocemuli mniSvnelobis mixedviT ganisazRvreba. 

IGBT  gasaRebis zogierTi damamzadebeli firma da kompania iZleva 

monacemebs gajerebis gamosavali Zabvis calkeul Semdgenebzec, 

struqturis bipolaruli da veliT marTvadi nawilebisaTvis. 

ConCEnpCEsatCE IRVV )()(   . 

statikuri induqciuri tranzistoruli gasaRebebis (SIT)  

dasaxasiaTeblad gamoiyeneba Zaluri MOSFET da IGBT tranzistorebis 

parametrTa sistema, romelic Sevsebulia SIT- gasaRebis bipolarul 

reJimSi gadarTvis SesaZleblobis amsaxveli damatebiTi parametrebiT. es 

parametrebia: 

 Camketis maqsimalurad dasaSvebi pirdapiri deni; 

 Camketis maqsimalurad dasaSvebi impulsuri pirdapiri deni; 

 blokirebis koeficienti; 

 saerTo saTavian sqemaSi denis gadacemis statikuri koeficienti; 

 Ria mdgomareobis winaRoba bipolarul reJimSi; 

 muxtis gadamtanebis gawovis dro bipolarul reJimSi. 
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4.3. Zaluri tiristoruli gasaRebebis parametrebi 
 

Zaluri arasrulad marTvadi (erToperaciuli) tiristorebis 

dasaxasiaTeblad gamoyenebuli parametrTa umravlesoba warmoadgens 

Zaluri dioduri gasaRebebisTvis gamoyenebuli parametrebis gameorebas. 

amitom aq mxolod im parametrebs ganvixilavT, romelic erToperaciuli 

tiristorebis muSaobis TaviseburebasTanaa dakavSirebuli. es 

parametrebi da maTi Sesabamisi asoiTi aRniSvnebi Semdegia: 

parametrebi Zabvis mixedviT 

 mudmivi pirdapiri Zabva Caketili mdgomareobaSi (VD); 

 mudmivi ukuZabva Caketili mdgomareobaSi (VR); 

 ganmeorebadi (araganmeorebadi) pirdapiri impulsuri Zabva Caketil 

mdgomareobaSi [VDRM (VDSM)]; 

 ganmeorebadi (araganmeorebadi) impulsuri ukuZabva Caketil 

mdgomareobaSi [VRRM (VRSM)]; 

 zRurbluri Zabva (VTO); 

 Zabvis zrdis kritikuli siCqare Caketil mdgomareobaSi )crit
dt

dv
( D ; 

 aragamRebi Zabva marTvis eleqtrodze (VGD); 

 gamRebi Zabva marTvis eleqtrodze (VGT). 

parametrebi denis mixedviT 

 denis saSualo mniSvneloba Ria mdgomareobaSi (ITAV); 

 marTvis eleqtrodis gamRebi deni (IGT); 

 marTvis eleqtrodis aragamRebi deni (IGD); 

 denis zrdis kritikuli siCqare Ria mdgomareobis dros )crit
dt

di
( T ; 

parametrebi winaRobisa da simZlavris danakargis mixedviT 

 diferencialuri winaRoba Ria mdgomareobaSi (rT); 

 danakargebis dartymiTi simZalavre uku aragamtar mdgomareobaSi 

(PRSM). 

komutaciuri procesebis maxasiaTebeli parametrebi 

 marTvis eleqtrodiT CarTvis dro (CarTvis dro) )(tgt ; 

 gamorTvis dro ZiriTadi wredis mixedviT )(tq
; 
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 ukuaRdgenis dro (tr); 

 ukuaRdgenis muxti (Qr); 

Zaluri srulad marTvadi (oroperaciuli) tiristoris bevri 

parametri arasrulad marTvadi (erToperaciuli) tiristoris 

parametrebis analogiuria. amis gamo, yuradRebas SevaCerebT im damatebiT 

parametrebze, romelic srulad marTvadi tiristoris (GTO)  

Sesafasebladaa gamoyenebuli. 

parametrebi anoduri denis mixedviT 

 ganmeorebadi impulsuri Casaketi deni (ITQRM); 

 dartymiTi araganmeorebadi deni Ria mdgomareobaSi (ITSM); 

 Ria mdgomareobaSi Sekavebis deni (IH); 

 dacviTi maCvenebeli (I
2
t); 

 narCeni denis sawyisi mniSvneloba gamorTvis dros (ITQT); 

 pirdapiri (uku) deni Caketil mdgomareobaSi (ID (IR)). 

marTvis wredis parametrebi 

 marTvis eleqtrodis impulsuri pirdapiri (uku) deni (IFGM (IRGM)); 

 impulsuri pirdapiri (uku) Zabva marTvis eleqtrodze (VFGM (VRGM)); 

 gamRebi Zabva marTvis eleqtrodze (VGT); 

 marTvis gadasasvlelis gamRebi deni (IGT); 

 marTvis eleqtrodSi gasatarebeli Camketi uaryofiTi denis zrdis 

siCqare )
dt

di
(

GQ
; 

 Caketvis koeficienti (GGQ). 

dinamikuri parametrebi 

 CarTvis dayovnebis dro (tgd); 

 CarTvis dro (tgt); 

 dayovnebis dro marTvis eleqtrodis mixedviT (tGL); 

 anoduri denis klebis dro marTvis eleqtrodiT gamorTvisas (tgf); 

 marTvis eleqtrodiT gamorTvis dro (tgq); 

 marTvis wredis Camketi muxti (QGQ). 

parametrebi simZlavris danakargis mixedviT 

 simZlavris danakargi CarTvis dros (PTT); 
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 simZlavris danakargi gamorTvis dros (PRQ); 

 simZlavris danakargi Ria mdgomareobaSi (PT); 

 gaRebis (Caketvis) impulsis dasaSvebi simZlavre (PGT). 

sxva tipis srulad marTvad Zalur tiristorebs aqvT parametrTa 

analogiuri sistema, parametrTa im jgufis gamoklebiT, romelic marTvis 

wredTanaa dakavSirebuli. 

 

4.4. Zaluri srulad marTvadi naxevargamtaruli gasaRebebis 

maxasiaTeblebi da sqemebis muSaobis reJimebi 

 

marTvadi naxevargamtaruli gasaRebebis Semcveli wredis muSaobis 

reJimi gansazRvravs blokirebuli Zabvisa da gasaRebis denis amplitudis 

cvlilebis diapazons, Caketili da Ria mdgomareobebis dros. amitom 

uaRresad mniSvnelovania imis garkveva, Tu rogoraa damokidebuli 

gasaRebis parametrebi gamosaval denebsa da Zabvebze. sakuTriv gasaRebis 

gamosaval densa da Zabvas Soris kavSiri mocemulia gamosavalis 

maxasiaTeblebiT. es maxasiaTeblebi gviCvenebs Tu rogori sididis deni 

gaivlis xelsawyoSi gansazRvruli sididis gamosavali Zabvisa da 

Sesasvlelze moqmedi mocemuli sididis signalis pirobebSi. sxvadasxva 

jgufis Zaluri tranzistoruli gasaRebebisa da tranzistoruli 

modulebis gamosavali maxasiaTeblebi warmodgenilia 4.1.......4.4. suraTebze. 

 

 

 

sur.4.1. bipolaruli tranzistoris gamosavalis maxasiaTeblebi 
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xelsawyos gamosavali wredis Zabvasa da dens Soris am 

maxasiaTeblebis mixedviT warmodgenili damokidebuleba statikuri 

xasiaTisaa. gadarTvebis (gasaRebisebur) reJimSi muSaobis dros 

tranzistoris gamosavali wredis mdgomareoba ganisazRvreba muSa 

wertilis datvirTvis wrfis gaswrvriv gadadgilebis mixedviT. 

gamosavali Zabvis mocemuli mniSvnelobis dros tranzistoris 

gamosavali denis cvlilebis Sefardeba Sesavalze moqmedi signaliT 

gamowveul denis cvlilebasTan warmoadgens denis gaZlierebis 

koeficients. 

saerTo emiteriT CarTuli bipolaruli tranzistoris denis 

gaZlierebis koeficienti 

constV
I

I
h CE

B

C
FE 




 | . 

analogiurad ganisazRvreba induqciuri tranzistorebis denis 

gadacemis koeficienti (B) bipolarul reJimSi muSaobis dros. saerTo 

saTaviT CarTuli induqciuri tranzistoris denis gadacemis koeficienti  

constV
I

I
B DS

G

D 






| . 

 

 

sur.4.2. MOSFET tranzistoris gamosavalis maxasiaTeblebi 

 

MOSFET, IGBT da SIT tranzistorebisaTvis, rodesac SIT  

tranzistorebi veliT gadarTvis reJimSi muSaobs, gaZlierebis 

koeficientis nacvlad gadacemis maxasiaTeblis daxrilobis S 
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koeficienti gamoiyeneba, romelsac Zalur daxrilobasac uwodeben. 

saerTo saTaviani (an saerTo emiteriani  IGBT tranzistorebisaTvis) 

sqemis SemTxvevaSi 

constV
I

I
S DS

GS

D 



 | . 

 

sur.4.3. IGBT tranzistoris gamosavalis maxasiaTeblebi 

 

 

sur.4.4. SIT tranzistoris gamosavalis maxasiaTeblebi 

 

bipolaruli tranzistoris gaZlierebis koeficienti damokidebulia 

datvirTvis denis sidideze. datvirTvis denis gazrdisas gaZlierebis 

koeficienti ganicdis Semcirebas. amavdroulad gaZlierebis koeficienti 

gansazRvravs tranzistoruli gasaRebis unars imyofebodes gajerebis 

(Ria) mdgomareobaSi. amitom datvirTvis didi denebis dros 
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mniSvnelovania gaZlierebis koeficientis gamosavali denis sidideze 

damokidebulebis codna. 

imis gamo, rom tranzistoris gasaRebisebur reJimSi samuSaod 

gamoyenebisa da cnobarebSi miTiTebul gaZlierebis koeficientis 

gazomvis (wrfivi reJimi) pirobebs Soris arsebobs garkveuli 

Seusabamoba, tranzistoris garantirebuli gajerebisaTvis saWiroa 

Sesavali denis gansazRvruli maragiT aReba. maragis koeficienti (Ksat) 

ganisazRvreba tranzistoris garantirebuli gajerebisaTvis saWiro 

Sesavali denis SefardebiT Sesavali denis im mniSvnelobasTan, romelic 

ganisazRvreba gamosavali denisa da cnobarebSi miTiTebuli gadacemis 

koeficientis mixedviT 

FEC

satB

B

satB

sat
hI

I

I

I
K

/

)()(
 . 

satK  koeficientis sidide sxvadasxva tipis tranzistorisaTvis 

SeirCeva 2.....5 farglebSi. 

magaliTis saxiT gaavanalizoT saerTo emiteriT CarTuli 

bipolaruli tranzistoris sqema, rodesac sqemaSi CarTuli tranzistori 

gasaRebisebur reJimSi imuSavebs (sur.4.5) 

 

 

sur.4.5. tranzistoruli gasaRebis sqema (a) Caketili 

      da Ria mdgomareobis grafikuli gansazRvra (b) 

 

tranzistoris Caketili da Ria mdgomareobis dros sqemaSi mimdinare 

procesebis ganxilvis dros gamoviyenoT grafo-analizuri meTodi, 

romelic gulisxmobs tranzistoris gamosaval (koleqtorul) 
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maxasiaTebelTa ojaxSi mudmivi denis mixedviT datvirTvis wrfis (AB) 

agebas. datvirTvis wrfe aRiwereba gamosaxulebiT 

                            
CCCCCEC RIVVV                           (4.1) 

da aigeba tranzistoris aqtiur (gaZlierebis) reJimSi muSaobis 

SemTxvevis analogiurad. datvirTvis wrfis gadakveTis wertilebi 

tranzistoris volt-amperuli maxasiaTeblebTan gansazRvravs Zabvebis 

mniSvnelobebs sqemis elementebze da denebs mimdevrobiT wredSi. 

bipolaruli tranzistori Caketil mdgomareobaSi aRmoCndeba misi 

mokveTis reJimSi CayenebiT. amisaTvis tranzistoris Sesavals miewodeba 

uaryofiTi Zabva VB < 0 (polaruloba frCxilebSi, sur.4.5). es Zabva 

Caketavs tranzistoris emiterul gadasasvlels, e.i. 0EI . koleqtoris 

wredSi am dros gaedineba ukuwanacvlebis mqone koleqtoruli 

gadasasvlelis Zalze mcire sididis sawyisi temperaturuli deni COI . 

tranzistoris Caketil mdgomareobas Seesabameba a  wertili datvirTvis 

AB wrfeze (sur. 4.5,b). 

gamosaval (datvirTvis) wredSi 
COI  denis arseboba mianiSnebs 

maszed, rom Caketil mdgomareobaSi tranzistori ver uzrunvelyofs 

datvirTvis CR  rezistoris srul gaTiSvas kvebis CCV  Zabvis wyarosgan. 

amitom sqemaSi gamosayeneblad unda SeirCes rac SeiZleba mcire sawyisi 

temperaturuli denis mqone Zaluri tranzistori. 

bipolaruli tranzistoris Ria mdgomareobaSi gadarTvisTvis unda 

Seicvalos BV  Zabvis polaruloba (polaruloba frCxilebis gareSe, sur. 

4.5,a). am SemTxvevaSi baza-emiteris gadasasvlelze imoqmedebs pirdapiri 

Zabva da muSa wertili datvirTvis wrfeze gadainacvlebs b  

mdgomareobaSi. 

ganvsazRvroT tranzistoruli gasaRebis Ria mdgomareobaSi 

gadasvlisTvis saWiro piroba. amisaTvis CavTvaloT, rom bazaSi gamavali 

deni  

                                
B

BEB
B

R

VV
I


                             (4.2) 

TandaTanobiT matulobs. bazis denis gazrdasTan erTad, gaizrdeba 

koleqtorSi gamavali denic da muSa wertili a  mdebareobidan 
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TandaTanobiT gadainacvlebs b mdebareobisaken. amitom Zabva 

tranzistoris koleqtorsa da emiters Soris  

          )( BEB

B

CF
CCCBFCCCCCCCE VV

R

R
VRIVRIVV 


          (4.3) 

TandaTanobiT Semcirdeba. 

amavdroulad  

,BECBCE VVV   

anu 

                              ,BECECB VVV                              (4.4) 

sadac CBV baza-koleqtoris gadasasvlelze moqmedi Zabvaa; 

BEV baza-emiteris gadasasvlelze moqmedi Zabva; 

CEV koleqtorsa da emiters Soris moqmedi Zabva. 

(4.4) gamosaxulebidan Cans, rom Tu BECE VV  , baza-koleqtoris 

gadasasvlels aqvs ukuwanacvleba da tranzistori muSaobs aqtiur 

reJimSi. 0CBV , anu CEBE VV   pirobis Sesruleba iTvleba zRvrul 

reJimad, radgan igi gansazRvravs tranzistoris gaZlierebis wrfivi 

reJimidan gajerebis arawrfiv reJimSi gadasvlas. zRvruli reJimis 

Sesabamisi koleqtoris denis maqsimaluri mniSvneloba 

                       .
C

BECC

C

CECC
CM

R

VV

R

VV
I





                        (4.5) 

koleqtoris denis aseTi mniSvnelobis dros bazaSi gamavali deni 

                                ,
F

CM
BM

I
I


                                (4.6) 

sadac F bazis denis gaZlierebis statikuri koeficientia. 

BMI  deni warmoadgens bazaSi gamavali denis mniSvnelobas, romlis 

drosac tranzistori imyofeba gajerebis zRvarze, amitom mas bazis 

denis zRvruli mniSvneloba ewodeba. 

amgvarad, datvirTvis wiris b wertili warmoadgens datvirTvis 

wiris gakveTis wertils BMB II   denis Sesabamisi maxasiaTeblis sawyis 

ubanTan, romelsac Seesabameba koleqtorsa da emiters Soris narCeni 

Zabvis minimaluri sidide ).( )(satCEV  bazis denis Semdgomi gazrdisas CEV  
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Zabva metad aRar Semcirdeba, radgan 
BMB II   denebis Sesabamisi yvela 

koleqtoruli maxasiaTebeli gaivlis igive b wertilze. 

rodesac 
BEV  Zabvis gazrdis gamo, bazis deni gadaaWarbebs  zRvrul 

mniSvnelobas, Sesruldeba utoloba ,BECE VV   rac imas niSnavs, rom  

tranzistoris koleqtorul gadasasvlelze imoqmedebs pirdapiri 

wanacvlebis Zabva da tranzistori imuSavebs gajerebis reJimSi. 

gajerebis reJimSi tranzistoris koleqtoris deni praqtikulad aRar 

icvleba da ganisazRvreba Semdegi gamosaxulebis mixedviT 

                           ,
)(

)(

C

satCECC

satC
R

VV
I


                           (4.7) 

xolo bazis denis Sesabamisi sidide 

                               .
)(

)(

F

satC

satB

I
I


                              (4.8) 

gajerebis mdgradi reJimis misaRebad saWiroa Sesruldes toloba 

                             .5...2
)(


BM

satB

sat
I

I
K  

satK  warmoadgens tranzistoris gajerebis siRrmis maxasiaTebel 

koeficients. 

 

magaliTi 4.1. 4.5 suraTze warmodgenil sqemaSi CarTuli 

tranzistoris bazis denis gaZlierebis  koeficienti 

icvleba 8-dan 40-mde farglebSi. koleqtoruli 

datvirTvis winaRoba .10 CR  kvebis wyaros Zabva 

220CCV v. Sesavalze miwodebuli Zabva 10BV v. 

cnobilia, rom 0,1)( satCEV v da 5,1)( satBEV v. unda 

ganisazRvros BR  rezistoris winaRoba da simZlavris 

danakargi tranzistorul gasaRebSi, rodesac  .5satK  

 

amoxsna 

gajerebis reJimSi tranzistors koleqtorSi gaivlis deni 
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9,21
10

0,1220)(

)( 






C

satCECC

satC
R

VV
I a. 

tranzistoris bazaSi gamavali Sesabamisi denis sidide iqneba 

7,2
8

9,21

min

)(

)( 


satC

satB

I
I a 

gajerebis mocemuli koeficientis mixedviT bazaSi unda gaiaros 

denma 

65,1373,25)(  satBsatB IKI a. 

Sesaval wredSi CarTuli 
BR  rezistoris winaRoba 

62,0
65,13

5,110)(








B

satBEB

B
I

VV
R  om. 

tranzistorul gasaRebze simZlavris danakargi 

375,429,2147,209,210,165,135,1  CCEBBET IVIVP  vt. 

 

4.5. Zaluri gasaRebebis gadarTvebis dros mimdinare 

                         გარდამავალი  procesebi 

            

 Zaluri marTvadi naxevargamtaruli gasaRebebis komutaciuri 

(gaReba-Caketvis) procesebis dros adgili aqvs gardamaval procesebs, 

rac naxevargamtarul struqturaSi muxtis moZravi gadamtanebis 

dagrovebisa da Semcirebis (gare wredSi gawovis) inerciul procesebTana 

dakavSirebuli. qvemoT ganvixilavT ZiriTadi marTvadi naxevargamtaruli 

gasaRebebis gadarTvebis dros aRZrul dinamikur procesebs da am 

procesebis gavlenas gasaRebebis sixSirul Tvisebebze. 

 

4.5.1. gardamavali procesebi erToperaciuli tiristorebis  

gadarTvebis dros 

 

erToperaciuli tiristoris CarTvis gardamavali 

procesi 

tiristoris CarTvis dros aRZruli gardamavali procesi grZeldeba 

gansazRruli drois manZilze. es dro ganisazRvreba anoduri denis 
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cvlilebis dawyebis dayovnebisa da stacionaluri mdgomareobis 

Sesabamis sididemde denis zrdis etapebis Sesabamisi xangrZlivobaTa 

jamiT. 

anoduri denis cvlilebis dawyebis dayovnebis cnebis qveS 

igulisxmeba tiristoris CarTvisas aRZruli gardamavali procesis 

sawyisi etapi, romelic moicavs drois Sualeds marTvis eleqtrodSi 

denis impulsis 
GI  gatarebis momentidan, vidre anoduri deni ar 

daiwyebs mkveTr zvavisebr cvlilebas. 

tiristoris marTvis eleqtrodSi denis 
GI  impulsis gatarebamde 

kvebis wyarodan p-n-p-n struqturaze mierTebulia pirdapiri Zabva 

(sur.4.6,b), romelic praqtikulad mTlianad moedeba 
2J  koleqtorul 

gadasasvlels. marTvis eleqtrodSi denis impulsis gatarebamde 

tiristori Caketil mdgomareobaSi imyofeba da amis gamo anodis wredSi 

gaedineba Zalze mcire sididis deni (sur.4.6,a). 

marTvis eleqtrodze Zabvis impulsis miwodebisas, oTxSrian 

struqturaSi Semavali n-p-n tranzistoris emiteruli gadasasvlelis 

deni naxtomiseburad gaizrdeba. amis gamo, 
2n  emiteruli Sridan 

2p  

bazaSi inieqcirdeba eleqtronebi, romelTa nawili miaRwevs 
2J  

koleqtorul gadasasvlelamde gansazRvruli drois gasvlis Semdeg. 

amitom oTxSriani struqturis Semadgeneli n-p-n tranzistoris 

koleqtoruli deni )(i j2n  gaizrdeba gansazRvruli dayovnebiT marTvis 

eleqtrodSi denis 
GI  impulsis gavlis sawyis momentTan SedarebiT. n-p-n 

tranzistoris koleqtoris deni aris oTxSrian struqturaSi Semavali 

meore, p-n-p struqturis, tranzistoris bazis deni.  am denis  wyalobiT 

p-n-p tranzistoris 
1n  bazaSi dagrovdeba muxtis ZiriTadi gadamtanebi - 

eleqtronebi. 
1n  bazaSi eleqtronebis dagroveba, Tavis mxriv, gamoiwvevs 

1p  emiteruli Sridan 
1n  bazis SreSi xvrelebis sapasuxo inieqcias. 

inieqcirebuli xvrelebi gansazRvruli drois Semdeg miaRweven 
2J  

koleqtoruli gadasasvlelamde, rac gamoiwvevs p-n-p tranzistoris 

koleqtoris denis gazrdas n-p-n tranzistoris koleqtoris denTan 

SedarebiT gansazRvruli dayovnebiT. 
2p  bazis SreSi gadasuli 
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xvrelebis dagrovebis Sedegad moxdeba 
2n  emiteruli Sridan 

eleqtronebis sapasuxo inieqcia da a.S. maSasadame, marTvis eleqtrodSi 

denis gatarebiT dasabami mieca oTxSrian struqturaSi muxtebis 

gamravlebis regeneraciul process. 

 

 

sur.4.6. tiristoris gadarTvebis dros aRZruli dinamikuri 

   procesebi (a), oTxSriani struqtura pirdapiri  

                   wanacvlebiT (b) 

 

tiristoris gaRebis dayovnebis etapTan dakavSirebulia oTxSriani 

struqturis gaRebis dawyebisTvis saWiro kritikuli muxtis 
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dagrovebisTvis saWiro drois monakveTi. anoduri Zabvis mocemuli 

mniSvnelobis dros tiristri Ria mdgomareobaSi gadairTveba marTvis 
GI  

denis mkacrad gansazRvruli sididis dros. marTvis denis am 

mniSvnelobas tiristoris gamReb marTvis dens uwodeben da aRiniSneba 

GTI -iT. 

muxtebis dagrovebis etapis xangrZlivoba 

.),(0 GTG

GTG

G II
II

I
nt 


   

rodesac 
GTG II  , maSin 

,
0

G

GT
d

I

I
t   

sadac 0 anoduri denis matebis drois mudmivaa. 

Tu 
GI  deni axlosaa 

GTI  denTan, maSin kritikuli muxtis dagrovebis 

xangrZlivoba didia. 
GI  denis didi amplitudis dros, kritikuli muxtis 

dagrovebis xangrZlivoba miiswrafis nulisken, 
GI  denis gazrdasTan 

erTad, xolo CarTvis dayovnebis dro minimaluria da damokidebulia 

muxtis moZravi gadamtanebis mier bazis Sreebis garbenisTvis saWiro 

droze. 

muxtebis dagrovebis etapis xangrZlivoba ganapirobebs marTvis 

denis impulsis saWiro xangrZlivobas. Tu GI  denis impulsis 

xangrZlivoba aRemateba muxtebis dagrovebis etapis xangrZlivobas 

mxolod am SemTxvevaSi gadairTveba tiristori Ria mdgomareobaSi. 

CarTvis dayovnebis etapis dasrulebis Semdeg, tiristorul 

oTxSrian struqturaSi Semaval tranzistorebs Soris myardeba sakmaod 

Zlieri dadebiTi ukukavSiri da iwyeba anoduri denis mkveTri, zvavisebri 

zrdis etapi. am etapze anoduri deni izrdeba eqsponencialuri kanonis 

mixedviT. 

,),(exp)()(
0

d
d tt

tt
titi 





  

sadac  )( dti anoduri denis sididea CarTvis dayovnebis etapis bolos. 
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0   drois mudmiva anoduri denis zvavisebri zrdis mTeli etapis 

manZilze sazogadod ar rCeba ucleli sididis. aRniSnul etapze 
0  

drois mudmivas cvlileba imiT aixsneba, rom igi damokidebulia 

tiristoris struqturaSi Semavali tranzistorebis emiteruli 

gadasasvlelebis denebis gadacemis 
1  da 

2  koeficientebis sidideze. 

kerZod maszed, Tu ramdenad aRemateba 
21    jami erTs. rac ufro 

didia 121   sxvaoba, miT ufro Zlieria tranzistorebs Soris 

arsebuli dadebiTi ukukavSiri, naklebia 
0  da didia anoduri denis 

zrdis siCqare e.i. naklebia am etapis 
rt  xangrZlivoba. 

tiristoris CarTvis dinamikuri procesis ganxilvis dros 

gansakuTrebul yuradRebas moiTxovs 
dt

dv
 efeqti. 

dt

dv
 efeqtis arsi imaSi 

gamoixateba, rom anoduri Zabvis cvlilebis siCqaris gazrdisas mcirdeba 

tiristoris Ria mdgomareobaSi gadarTvis Zabvis sidide. 
dt

dv
 efeqti 

ganpirobebulia koleqtoruli gadasasvlelis barieruli tevadobis 

arsebobiT. 

meti TvalsaCinoebisaTvis koleqtoruli gadasasvlelis barieruli 

tevadoba SeiZleba warmovadginoT koleqtoruli gadasasvlelis 

paralelurad CarTuli gareSe kondensatoris saxiT (sur.4.6,ბ). anoduri 

Zabvis zrdis procesSi es kondensatori imuxteba da masSi gaivlis 2Ci  

tevaduri deni. es deni SeiZleba ganxiluli iqnas rogorc marTvis 

eleqtrodis gareSe deni, romelic Sedis 2p  bazis SreSi da gamodis 1n  

bazis Sridan. 

2p  bazaSi Sesuli gareSe deni SeiZleba CaiTvalos marTvis 

eleqtrodSi gamaval pirdapir denad, romelsac gansazRvrul pirobebSi 

SeuZlia tiristoris Ria mdgomareobaSi gadarTva. 1n  bazidan gamosul 

dens aseve SeiZleba ewodos marTvis pirdapiri deni, Tu miviCnevdiT, rom 

marTvis funqcias 1n  bazis deni asrulebs. 

amgvarad, anoduri Zabvis zrdis procesSi koleqtorul 

gadasasvlelSi tevaduri denis gavla 2p  bazisTvis pirdapiri denis 
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impulsis miwodebis ekvivalenturia. denis es impulsi xels uwyobs 

tiristoris Ria mdgomareobaSi gadarTvas. koleqtorul gadasasvlelis 

tevaduri denis gavleniT tiristori Ria mdgomareobaSi gadairTveba 

ufro naklebi sididis anoduri Zabvis dros, vidre im SemTxvevaSi, 

rodesac koleqtoruli gadasasvlelis tevaduri deni nulis tolia. 

tiristoris anoduri Zabvis matebis siCqaris 
dt

dv
 gazrdisas, izrdeba 

tiristoris ukontrolo gaRebis albaToba. amitom tiristorebis 

anoduri Zabvis zrdis siCqare limitirebulia maqsimalurad dasaSvebi 

mniSvnelobis mixedviT. 

 

 erToperaciuli tiristoris gamorTvis gardamavali 

procesi 

 

tiristoris gamorTvis gardamavali procesi warmoadgens 

tiristoris Ria mdgomareobidan Caketil mdgomareobaSi gadasvlis 

process. erToperaciuli tiristoris gamorTva SesaZloa ganxorcieldes 

pirdapiri denis nulamde SemcirebiT an anoduri Zabvis polarulobis 

SecvliT. qvemoT gavaanalizebT tiristoris gamorTvis dros aRZrul 

procesebs anoduri Zabvis polarulobis Secvlisas.  

Ria mdgomareobaSi muSaobis dros tiristoris bazis SreebSi 

grovdeba gauwonasworebeli muxtis gadamtanebis didi sididis Warbi 

muxti. es muxti bevrad aRemateba CarTvis kritikul muxts. amitom 

tiristors ar SeuZlia Ria mdgomareobidan Caketil mdgomareobaSi 

myisieri gadarTva. imisTvis, rom tiristori gamoirTos, e.i. SeinarCunos 

Caketili mdgomareoba anodze pirdapiri Zabvis aRdgenisas, aucilebelia 

tiristoris struqturaSi dagrovili Warbi muxtis Semcireba ise, rom 

igi CarTvis kritikul muxtze naklebi gaxdes. drois Sualedi, romelic 

aucilebelia tiristoris bazebSi gauwonasworebeli Warbi muxtis 

Sesamcireblad CarTvis kritikul muxtze nakleb sididemde, warmoadgens 

tiristoris gamorTvis gardamavali procesis xangrZlivobas. 

gamorTvis gardamaval procesSi tiristoris anoduri Zabvisa da 

denis droSi cvlileba naCvenebia 4.6,ა suraTze. tiristoris gamorTvis 

procesi iwyeba 0t  momentidan, xolo 1tt   momentSi anoduri deni nulis 
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toli xdeba. anoduri Zabvis polarulobis Secvlis gamo, deni 

mimarTulebas icvlis da tiristorSi deni iwyebs ukumimarTulebiT 

gavlas. denis mimarTulebis Secvlis gamo, niSans icvlis bazis Sreebze 

arsebuli Zabvis vardnebic. bazis Sreebze arsebuli Zabvis vardnebi 

gamoakldeba p-n gadasasvlelebis jamur Zabvis vardnas. amitom 

tiristoris anoduri Zabva anoduri denis nulTan gatolebis Semdeg 

swrafad iwyebs Semcirebas da denTan erTad icvlis mimarTulebas. 

ukudenis gavlis gamo, 
1t  momentis Semdeg bazis Sreebis muxtis 

araZiriTadi gadamtanebi emiteruli gadasasvlelebis sazRvrebTan 

swrafad iwyebs Semcirebas. ukuwinaRobas pirveli aRidgens 
3J  

gadasasvleli, magram imis gamo, rom am gadasasvlelis gamrRvevi Zabva 

mcire sididisaa (ar aRemateba 10 v-s), 
3J  gadasasvlelis ukuwinaRobis 

aRdgena praqtikulad ver axdens ukudenis sididis SezRudvas. 

tiristorSi gamavali ukudeni agrZelebs zrdas manmade, vidre xvrelebis 

koncentracia 
1n  bazaSi (

1J  gadasasvlelis sazRvarTan) ar Semcirdeba 

nulamde (
2t  momenti). am momentSi ukudeni Rebulobs maqsimaluri 

mniSvnelobas. amis Semdeg, 1J  gadasasvlelze aRmoCndeba ukuwanacvlebis 

Zabva da misi winaRoba iwyebs swraf zrdas. ukudeni mcirdeba, xolo 

tiristorze moqmedi ukuZabva izrdeba Zaluri wredis kvebis wyaros 

Zabvis Sesabamis sididemde. 

3t  momentSi 
1J  gadasasvlelis ukuwinaRoba sruladaa aRdgenili, 

magram arawonasworuli xvrelebis Warbi muxti 1n  bazaSi jer kidev 

mniSvnelovnad gansxvavdeba nulisgan. 

3t  momentis Semdeg xvrelebis Warbi muxti 1n  bazaSi agrZelebs 

Semcirebas eleqtronebisa da xvrelebis rekombinaciis xarjze. 

43 tt   drois SualedSi tiristorze moqmedebs maqsimaluri ukuZabva 

da masSi gaedineba mcire sididis ukudeni. 4t  momentidan tiristorze 

moqmedi ukuZabva iwyebs gansazRvruli siCqariT Semcirebas da 5t  

momentSi gaivlis ra nulovan mniSvnelobaze, tiristorze moqmedebas 

iwyebs pirdapiri Zabva. 
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4t  momentSi anodurma denma SeiZleba Seicvalos mimarTuleba, rac 

1J  gadasasvlelis barieruli tevadobis deniTaa gamowveuli. es deni 

barieruli tevadobis sididisa da ukuZabvis klebis siCqaris 

proporciulia. Tu aRniSnuli deni gadaaWarbebs tiristorSi gamavali 

ukudenis sidides, maSin tiristorSi deni pirdapiri mimarTulebiT 

gaivlis. 

5t  momentis Semdeg koleqtoruli gadasasvlelis barieruli 

tevadobis denis gavleniT tiristoruli struqturis emiteruli 

gadasasvlelebze aRoCndeba pirdapiri wanacvleba da bazis SreebSi 

daiwyeba gauwonasworebeli Warbi muxtebis koncentraciis warmoqmna. Tu 

koncentracia gadaaWarbebs tiristoris CarTvis kritikul muxts, 

tiristori gaiReba marTvis eleqtrodSi denis impulsis gautareblad. 

tiristoris gamorTvis gardamavali procesi im SemTxvevaSi iTvleba 

dasrulebulad, Tu 
5t  momentis Semdeg tiristors aRmoaCndeba mocemuli 

siCqariT zrdadi da mocemuli amplitudis pirdapiri Zabvis blokirebis 

unari. 

amgvarad, tiristoris gamorTvis gardamavali procesi Semdegi 

etapebisagan Sedgeba: 

 ukudenis zrdis etapi, romlis drosac adgili aqvs tiristoris 

struqturaSi dagrovili pirdapiri denis Sesabamisi muxtebis gare 

wredSi gawovas. am etapis xangrZlivobis Sesafaseblad gamoiyeneba 

muxtebis gawovis St  dro. 

 tiristoruli struqturis p-n gadasasvlelebis ukuwinaRobis 

aRdgenis etapi. am etapis xangrZlivobis Sesafaseblad gamoiyeneba 

ukuwinaRobis aRdgenis ft  dro.  

 tiristoris Caketili mdgomareobis saboloo aRdgenis etapi. 

am etapebis Sesabamisi drois intervalebis jams tiristoris 

gamorTvis qt  dro ewodeba. 

 

 

 

 



104 
 

4.5.2. gardamavali procesebi oroperaciuli (GTO) tiristorebis 

gadarTvebis dros 

 

4.7 suraTze naCvenebia GTO-tiristoris gadarTvebis dros mimdinare 

gardamavali (dinamikuri) procesebis xasiaTi. CarTvis procesis gtt  

xangrZlivoba ise, rogorc erToperaciuli tiristoris SemTxvevaSi 

Sedgeba anoduri denis cvlilebis dawyebis dayovnebis gdt  da 

stacionaluri mdgomareobis Sesabamis sididemde anoduri denis 

gazrdisTvis saWiro drois 
rt  intervalebisagan. gaRebis procesSi GTO-

tiristorSi mimdinare procesebis xasiaTi iseTivea, rogoric 

erToperaciul tiristorSi. CarTvis mcire xangrZlivobisa da CarTvis 

procesSi mcire danakargebis misaRebad, GTO-tiristoris marTvis 

eleqtrodis deni sawyis etapze unda izrdebodes maRali siCqariT, 

kerZod 5
dt

dig
a/mkwm. 

oroperaciuli tiristoris Caketva xorcieldeba ara anodsa da 

kaTods Soris moqmedi Zabvis polarulobis Secvlis Sedegad, aramed 

marTvis eleqtrodSi gamRebi denis sawinaaRmdego mimarTulebis denis 

gatarebiT (sur.4.7). marTvis eleqtrodSi uaryofiTi denis gatarebisas, 

tiristoris struqturaSi Semavali n1-p2-n2 tranzistoris (sur.4.7) bazis 

deni Semcirdeba, rac am struqturaSi Semaval tranzistorebs Soris 

dadebiTi ukukavSiris arsebobis gamo gamoiwvevs struqturis denebis 

Semdgenebis Semcirebas. aqedan gamomdinare, tiristorSi gamavali jamuri 

deni nulamde Semcirdeba, e.i. xelsawyo Caiketeba. 

GTO-tiristorisTvis damaxasiaTebelia gamorTvis sakmaod neli 

tempi. gamorTvis procesi Sedgeba ori stadiisagan. pirvel stadiaze 

tiristoris anoduri deni mcirdeba SedarebiT swrafi tempiT e.w. narCeni 

denis sawyis mniSvnelobamde (ITQT  deni), romelic anoduri denis sawyisi 

mniSvnelobis (10....20)%-is farglebSia. meore stadiaze adgili aqvs narCeni 

denis naklebi siCqariT nulamde Semcirebas. meore stadiis xangrZlivoba 

gtt  mniSvnelovnad aRemateba pirvel stadiaze denis vardnis gft  

xangrZlivobas. 
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sur.4.7. dinamikuri procesebi GTO-tiristoris  

gadarTvebis dros 

 

 

GTO-tiristoris gamorTvis saWiro denis uaryofiTi impulss unda 

gaaCndes sawyisi zrdis maRali siCqare 20( 
dt

di
a/mkwm) da didi amplituda 

(anoduri denis 30%-mde). amavdroulad marTvis denis uaryofiTi 

impulsis xangrZlivoba ar unda iyos naklebi marTvis eleqtrodiT 

tiristoris sruli gamorTvis saWiro gqt  droze. 
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4.5.3 gardamavali procesebi Zaluri bipolaruli tranzistoruli 

gasaRebis gadarTvebis dros 

 

4.8 suraTze grafikuladaa naCvenebi Zaluri bipolaruli 

tranzistoruli gasaRebis CarTvisa da gamorTvis dros aRZruli 

procesebis xasiaTi. 

tranzistoruli gasaRebis CasarTavad bazas miewodeba cicabo 

frontis mqone marTkuTxa impulsi. ise, rogorc tiristorul 

gasaRebebSi, tranzistoruli gasaRebis gamosavalis (koleqtoris) deni 

zrdas iwyebs impulsis miwodebidan garkveuli dagvianebiT. koleqtoris 

denis cvlilebis dawyebis dagvianebis Sesafaseblad gamoiyeneba 

tranzistoris CarTvis dayovnebis 
dt  dro. 

 

sur.4.8.  gardamavali procesebi bipolaruli tranzistoruli 

gasaRebis gadarTvebis dros 

 

CarTvis dayovnebis drois intervalis damTavrebis Semdeg iwyeba 

koleqtoris denis zrdisa da koleqtorsa da emiters Soris moqmedi 

Zabvis klebis procesi. es procesi grZeldeba rt  drois manZilze, ris 

Semdegac koleqtoris deni Rebulobs gajerebis reJimis denis Sesabamis 

damyarebul mniSvnelobas, xolo Zabva koleqtorsa da emiters Soris 
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mcirdeba gajerebis reJimis Sesabamis damyarebul sididemde (VCEsat). unda 

aRiniSnos, rom tranzistoruli gasaRebis CarTvisTvis saWiro drois 

intervali )( rdon ttt   mcirdeba tranzistoris gajerebis koeficientis 

)( satK  gazrdisas. es imiT aixsneba, rom 
satK  koeficientis met 

mniSvnelobas Seesabameba tranzistoris gamRebi bazis denis meti sidide, 

ris gamoc koleqtoruli deni damyarebul mniSvnelobas Rebulobs 

drois nakleb intervalSi. 

tranzistoris gamosarTavad baza-emiteris gadasasvlels miewodeba 

ukuZabva, ris gamoc bazis deni icvlis mimarTulebas da xdeba -
2BI -is 

toli. Camketi Zabvis miwodebis Semdeg, koleqtoris deni da Zabva 

koleqtor _ emiters Soris drois gansazRvrul intervalSi rCeba 

ucvleli sididis, e.i. adgili aqvs tranzistoris Caketvis procesis 

dayovnebas. amis mizezia is, rom Camketi Zabvis miwodebis momentSi 

tranzistori imyofeba gajerebis mdgomareobaSi, romlis drosac bazaSi 

dagrovilia didi koncentraciis muxtis araZiriTadi gadamtanebi 

(eleqtronebi) da koleqtoris deni inarCunebs sawyis mniSvnelobas 

eleqtonebis koleqtorSi gadasvlis Sedegad. mxolod imis Semdeg, rac 

bazaSi dagrovili Warbi muxtis araZiriTadi gadamtanebi koleqtoris 

gavliT gaiwoveba gare wredSi, tranzistori muSaobas daiwyebs aqtiur 

reJimSi da koleqtoris deni iwyebs Semcirebas. drois intervals, 

romlis ganmavlobaSic mimdinareobs bazaSi dagrovili Warbi muxtebis 

gawovis procesi, gawovis st  dro ewodeba. drois es intervali miT meti 

sididisaa, rac ufro didia gajerebis satK  koeficienti. 

bazidan muxtebis gawovis procesis dasrulebis Semdeg rogorc 

bazis, ise koleqtoris deni iwyebs Semcirebas da orive deni 

praqtikulad erTdroulad xdeba nulis toli. koleqtoris denis klebis 

procesis xangrZlivobis Sesafaseblad gamoiyeneba koleqtoruli denis 

vardnis ft  dro. 
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4.5.4. gardamavali procesebi Zaluri veliT marTvadi tranzistoris 

gadarTvebis dros 

 

ganvixiloT veliT marTvadi (MOSFET) tranzistoris gasaRebisebur 

reJimSi muSaobis dros aRZruli dinamikuri procesebi 4.9,a suraTze 

warmodgenili sqemis gamoyenebiT. 

tranzistoris Camketze (marTvis eleqtrodze) mierTebulia 

marTkuTxa impulsuri Zabvis wyaro 
GV . Camketze Zabvis impulsis 

miwodebis Semdeg, sawyis etapze moxdeba gsC  kondensatoris damuxtva 

signalis wyaros Siga winaRobis ( )1R  gavliT. sanam kondensatorze Zabva 

ar miaRwevs dengamtari arxis warmoqmnisTvis saWiro zRurblur 

mniSvnelobas Casadinaris deni nulis toli rCeba da Casadinarisa da 

saTaves Soris  moqmedebs kvebis wyaros Zabvis (
DSV ) toli Zabva. 

 

 

sur.4.9. MOSFET tranzistoris CarTvis sqema (a) da gadarTvebis 

dinamikuri procesebi (b) 

 

rodesac gsC  tevadoba daimuxteba dengamtari arxis inducirebisTvis 

saWiro zRurblur Zabvamde, garkveuli drois manZilze tranzistoris 

mdgomareobis Sesabamisi muSa wertili aRmoCndeba gamosavalis 

maxasiaTeblis horizontalur, anu signalebis gaZlierebis Sesabamis 

ubanSi. am reJimSi muSaobis dros tranzistoris Sesavalis tevadoba 
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,)1( gdVgs CKCC S  

sadac  DV SRK tranzistoriani sqemis gaZlierebis koeficientia. 

Sesavalis tevadobis gazrdis gamo, Semcirdeba Camketsa da saTaves 

Soris moqmedi Zabvis zrdis siCqare. SC   tevadobis damuxtvis procesSi 

Camket-saTaves Soris moqmedi Zabvis momatebasTan erTad, izrdeba 

Casadinaris deni, xolo Casadinarsa da saTaves Soris Zabvis vardna 

mcirdeba. SC   tevadobis damuxtvis procesi gagrZeldeba manmade, vidre 

Casadinarsa da saTaves Soris Zabvis vardna ar Semcirdeba iseT 

sididemde, romlis drosac tranzistoris mdgomareobis Sesabamisi muSa 

wertili aRmoCndeba tranzistoris gamosavalis maxasiaTeblis sawyis 

wrfiv ubanSi. am SemTxvevaSi tranzistoris Sesavalis tevadoba 

Semcirdeba gsC -mde, ris gamoc misi damuxtvis siCqare mkveTrad 

gaizrdeba da sabolood Camketze aRmoCndeba GV  _s toli Zabva (sur.4.9). 

amgvarad, veliT marTvadi tranzistoruli gasaRebis CarTvis 

procesis dros Casadinaris denis impulsi, marTvis impulsis miwodebis 

momentTan SedarebiT, igvianebs 
rdon ttt   drois intervaliT, sadac 

dt  

drois intervalia marTvis impulsis miwodebidan Casadinaris denis 

zrdis procesis dasawyisamde, xolo rt -Casadinaris denis impulsis 

damyarebul sididemde gasazrdelad saWiro drois intervali. 

analogiur procesebs aqvs adgili MOSFET tranzistoruli 

gasaRebis gamorTvis dros. gamorTvis sruli dro warmoadgens: marTvis 

impulsis Sewyvetis momentidan Casadinaris denis klebis dawyebis 

momentamde drois intervalis )( offdt , Casadinaris denis vardnis drois 

intervalisa )( ft  da sawyisi mdgomareobis aRdgenisTvis saWiro 

intervalis jams. 

 

sakontrolo SekiTxvebi 

4.1. daasaxeleT Zaluri tranzistoruli da tiristoruli gasaRebebis 

gamosavali wredis parametrebi Zabvebis mixedviT; 

4.2. daasaxeleT tranzistoruli da tiristoruli gasaRebebis 

gamosavali wredis parametrebi denebis mixedviT; 
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4.3. daasaxeleT tranzistoruli da tiristoruli gasaRebebis marTvis 

wredis parametrebi; 

4.4. daasaxeleT tranzistoruli da tiristoruli gasaRebebis 

dinamikuri (komutaciuri) parametrebi; 

4.5. daasaxeleT tranzistoruli da tiristoruli gasaRebebis 

simZlvriseuli da energetikuli parametrebi; 

4.6. riT ganisazRvreba Zaluri bipolaruli tranzistorebis 

gamosavali wredis mdgomareoba gadarTvebis reJimSi muSaobis 

dros da rogoria denis gaZlierebis koeficientis gamosaxuleba; 

4.7. razea damokidebuli bipolaruli tranzistoris gaZlierebis 

koeficienti da rogoria misi cvlilebis xasiaTi; 

4.8. ras ewodeba Zaluri bipolaruli tranzistoris gajerebis 

koeficienti da rogoria am koeficientis rekomendebuli sidide; 

4.9. rogor icvleba Zaluri bipolaruli tranzistoris koleqtorsa 

da emiters Soris Zabvis vardna bazis denis gazrdisas; 

4.10. ra pirobis Sesrulebaa saWiro Zaluri bipolaruli 

tranzistoruli gasaRebis gajerebis zRvruli reJimis misaRebad; 

4.11. rogor gamoisaxeba tranzistoris zRvruli reJimis Sesabamisi 

koleqtoruli denis maqsimaluri mniSvneloba da Sesabamisi bazis 

denis mniSvneloba; 

4.12. rogori wanacvleba gaaCnia bipolaruli tranzistoris 

koleqtorul gadasasvlels, rodesac tranzistori gajerebis 

reJimSia; 

4.13. axseniT erToperaciuli tiristoris anoduri denis cvlilebis 

dawyebis dayovnebis mizezi marTvis eleqtodze Zabvis gamRebi 

impulsis miwodebis Semdeg; 

4.14. drois ra monakveTi gansazRvravs tiristoris anoduri denis 

zrdis procesis dawyebas marTvis eleqtrodze gamRebi impulsis 

miwodebis Semdeg; 

4.15. ras ewodeba tiristoris gamRebi marTvis deni; 

4.16. ra ganapirobebs marTvis denis impulsis saWiro xangrZlivobas; 

4.17. rogori kanoniT icvleba tiristoris anoduri deni mkveTri, 

zvavisebri zrdis procesSi; 
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4.18. raSi mdgomareobs 
dt

dv
 efeqtis arsi; 

4.19. ra xdeba 
dt

dv
 pirdapiri anoduri Zabvis cvlilebis siCqaris 

kritikul mniSvnelobaze gadaWarbebisas; 

4.20. ra uSlis xels erToperaciuli tiristoris Ria mdgomareobidan 

Caketil mdgomareobaSi myisier gadarTvas ukuZabvis mierTebisas; 

4.21. riT aixsneba tiristorSi gamavali ukudenis zrdis procesi 

ukuZabvis mierTebis sawyis etapze; 

4.22. ra procesebis damTavrebis Semdeg iwyeba tiristoris 

ukuwinaRobis aRdgena da rodis xdeba ukuZabva maqsimaluri 

sididis; 

4.23. SeiZleba Tu ara tiristoruli struqturis centraluri 

(koleqtoruli) gadasasvlelis ukuwinaRobis aRdgenisTanave 

tiristorze pirdapiri Zabvis mierTeba. mizezi axseniT; 

4.24. CamoTvaleT tiristoris gamorTvis gardamavali procesis etapebi 

da ganmarteT tiristoris gamorTvis dro; 

4.25. daaxasiaTeT oroperaciuli )(GTO  tiristoris CarTvis 

gardamavali procesi; 

4.26. rogori xasiaTi unda hqondes GTO  tiristoris marTvis 

eleqtrodis denis impulss; 

4.27. daaxasiaTeT GTO  tiristoris marTvis eleqtrodiT gamorTvis 

procesi; 

4.28. rogori unda iyos GTO -tiristoris gamorTvis uaryofiTi 

impulsi; 

4.29. daaxasiaTeT Zaluri bipolaruli tranzistoruli gasaRebis 

CarTvis gardamavali procesi; 

4.30. axseniT ra gavlenas axdens Zaluri bipolaruli tranzistoris 

gajerebis koeficienti CarTvisTvis saWiro dros intervalze; 

4.31. rogor xdeba tiristoruli gasaRebis Riadan Caketil 

mdgomareobaSi gadarTva; 

4.32. aRwereT Zaluri bipolaruli tranzistorSi mimdinare procesebi 

marTvis eleqtrodze ukuZabvis miwodebis Semdeg gamorTvis sawyis 

etapze; 
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4.33. razea damokidebuli bipolaruli tranzistoris gamorTvis 

procesSi Warbi muxtebis gawovis 
St  dro; 

4.34. axseniT razea damokidebuli veliT marTvadi (MOSFET) 

tranzistoruli gasaRebis CarTvis dawyebis dagvianebis drois 

intervali; 

4.35. ratom xdeba, rom mas Semdeg rac MOSFET tranzistoris Sesavalis 

Zabva miaRwevs zRurblur mniSvnelobas, Sesavali Zabvis zrdis 

siCqare klebulobs; 

4.36. MOSFET tranzistoris CarTvis procesSi ris Semdeg Sewydeba 

Casadinarsa da saTaves Soris Zabvis vardnis klebisa da 

Casadinaris denis zrdis procesi; 

4.37. aRwereT MOSFET tranzistoris gamorTvis gardamavali procesi. 
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5. Zaluri naxevargamtaruli gasaRebebis  

marTvis sistemebi 

5.1. marTvis sistemis daniSnuleba 

 

eleqtruli energiis gardamqmneli mowyobilobebi Sedgeba Zaluri 

da mmarTveli nawilebisagan, romlebic ganuwyvetliv zemoqmedeben 

erTmaneTze. Zaluri nawili, romelic umetes SemTxvevaSi marTvadi 

gasaRebebis (ventilebis) bazazea awyobili, uzrunvelyofs kvebis 

wyarodan miRebuli eleqtruli energiis datvirTvisadmi gadacemas, 

xolo mmarTveli nawilis daniSnulebaa datvirTvisadmi gadacemuli 

eleqtruli energiis nakadis regulireba.Ggarda amisa, mmarTvel nawils 

dakisrebuli aqvs gardamqmneli danadgaris teqnikuri mdgomareobisa da 

funqcionirebis Sesaxeb informaciis mopoveba da uwesivrobaTa 

diagnostika, ris Sedegadac miiReba erTiani informaciuli sistema. 

Zaluri naxevargamtaruli gasaRebebis marTvis sistema warmoadgens 

gardamqmneli danadgaris saerTo informaciuli sistemis nawils. 

Ffunqciuri TvalsazrisiT igi warmoadgens damoukidebel bloks, 

romelic gamoimuSavebs gasaRebebis (ventilebis) marTvisTvis saWiro 

impulsebs. marTvis sistemis struqtura, muSaobis algoriTmi da 

maxasiaTeblebi damokidebulia gardamqmnelis tipze, sqemur Sesrulebaze 

da muSaobis reJimze. 

 

5.2. gardamqmnelebis marTvis sistemis struqturuli  

sqemebi da muSaobis zogadi principi 

 

qselis amyoli gardamqmnelebis (gammarTveli, qselis amyoli 

invertori, reversuli gardamqmneli, sixSiris gardamqmneli qselTan 

uSualo kavSiriT) marTvis sistemebis muSaoba dafuZnebulia impulsur-

fazuri marTvis principze. Aam principis gamoyenebis dros adgili aqvs 

Zaluri gasaRebis marTvis eleqtrodze gamRebi impulsis miwodebis 

momentis Secvlas, cvladi denis qselis Zabvis dadebiTi naxevartalRis 

sawyisi fazis (nulis) mimarT, rac ganapirobebs gardamqmnelis 

gamosavali Zabvis Sesabamis cvlilebas. aseTi gardamqmnelebis marTvis 

sistemis muSaobis principi ganvixiloT erTfaza boguri gammarTvelis 
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magaliTze (sur. 5.1). gammarTvelis impulsur-fazuri marTvis 

funqcionaluri sqema da masSi Semavali funqciuri kvanZebis muSaobis 

amsaxveli droiTi diagramebi 5.1 suraTzea warmodgenili. 

 

sur. 5.1 erTfaza boguri gammarTveli 

 

gammarTvelis marTvis sistemis muSaobis zogadi principi SemdegSi 

mdgomareobs. Mmkvebavi cvladi denis qselis Zabva (sur. 5.2, a) 1-

transformatoruli blokis saSualebiT gardaiqmneba saWiro 

amplitudisa da fazis mqone V1 sinusoidur Zabvad (sur. 5.2,b), romelic 

miewodeba impulsTa mimdevrobis maformirebel me-2 bloks. Ees 

ukanaskneli gamoimuSavebs, erTis mxriv, me-3 blokSi gamoyenebuli 

wrfivadcvladi (xerxiseburi) Zabvis generatoris gamSveb V2 impulsur 

Zabvas, meores mxriv, V3 da V4 impulsur Zabvebs, romlebic uzrunvelyofen 

marTvis arxebSi impulsebis gamanawilebeli me-5 blokis qselis cvlad 

ZabvasTan sinqronizmSi muSaobas. me-3 blokSi xdeba V5-xerxiseburi Zabvisa 

da mmarTveli signalis Zabvis (Vm) Sedareba. Aam Zabvebis gatolebis 

momentSi warmoiqmneba V6-mmarTveli impulsebi. Vm mmarTveli signalis 

Zabvis Secvlisas icvleba V6-mmarTveli impulsebis warmoqmnis momenti, 

rac, Tavis mxriv, gamoiwvevs V1 Zabvis dadebiTi naxevartalRis sawyisi 

fazis (nulis) mimarT tiristorebis gaRebis momentis, anu marTvis α 

kuTxis Secvlas. Mme-3 blokidan gamosuli impulsebi miewodeba impulsTa 

xangrZlivobis maformirebel me-4 bloks, xolo am ukanasknelidan 

gamosuli V7-mmarTveli impulsebi, V3 da V4 masinqronebel impulsebTan 

erTad, miewodeba marTvis arxebSi impulsebis gamanawilebel me-5 bloks. 

igi axdens impulsebis or arxSi ganawilebas. Aam arxebidan gamosuli V8 
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da V9 mmarTveli impulsebi erTmaneTis mimarT daZruli arian 1800-iT. V8 

da V9 mmarTveli impulsebi Sedian me-6 blokSi, sadac xdeba maTi 

simZlavriseuli parametrebis miyvana tiristorebis saimedo gaRebisTvis 

saWiro donemde. Mme-6 blokidan gamosuli mmarTveli impulsebi, 

potencialuri ganmxoloebis me-7 blokis (impulsuri transformatori an 

optronuli wyvili) gavliT, miewodeba VS1, VS4 tiristorTa wyvilis 

marTvis eleqtrodebs, xolo 1800-ani fazuri ZvriT-VS2, VS3 tiristoruli 

wyvilis marTvis eleqtrodebs. 

 

 

sur. 5.2 erTfaza boguri gammarTvelis impulsur-fazuri marTvis sistemis 

funqcionaluri sqema 

 

eleqtruli energiis avtonomiuri gardamqmnelebis (avtonomiuri 

invertori, mudmivi Zabvis impulsuri gardamqmneli) marTvis sistemebi 

saWiroeben gasaRebTa (ventilTa) komutaciis algoriTmis modifikacias, 

rac ganpirobebulia am saxis gardamqmnelebis muSaobis reJimis 
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specifikurobiT. magaliTad, Zabvis avtonomiur invertorebSi gamoiyeneba 

gasaRebTa (ventilTa) Ria mdgomareobaSi yofnis sxvadasxva xangrZlivoba, 

gamosavali Zabvis ganedur-impulsuri meTodiT formirebisa da sididis 

regulirebis dros. 

avtonomiuri invertorebis marTvis sistemebis ganmasxvavebeli 

niSania agreTve is, rom sinqronizaciis blokis nacvlad, aq gamoiyeneba 

taqturi impulsebis generatori, romelic gansazRvravs gamosavali 

Zabvis an denis sixSires. 

mudmivi Zabvis impulsuri gardamqmnelebis (mudmivi Zabvis 

regulatorebis) marTvis sistemebis ageba xdeba gamosavali Zabvis 

impulsuri regulirebis principze dayrdnobiT. kerZod, am saxis 

gardamqmnelebSi ZiriTadad gamoiyeneba regulirebis ganedur-impulsuri 

meTodi, romlis drosac icvleba mmarTveli impulsebis xangrZlivoba, 

sixSiris ucvleli sididis dros.Aam saxis gardamqmnelebis marTvis 

sistemis ZiriTad nawils warmoadgens ganedur-impulsuri modulatori 

(gim), romelic anxorcielebs gasaRebTa komutacias (sur 5.3). 

 

 

sur. 5.3. mudmivi Zabvis impulsuri gardamqmnelis ganedur-impulsuri 

marTvis sistema 

 

impulsuri gardamqmnelis marTvis sistemaSi gamoiyeneba uaryofiTi 

ukukavSiris kvanZi, romelic warmoqmnis ra regulirebis Sekrul 

konturs, anxorcielebs gardamqmnelis gamosavali Zabvis stabilizacias. 

eleqtruli energiis gardamqmnelebis marTvis sistemebis teqnikuri 

srulyofis Tanamedrove tendenciaa sqemuri elementebis integraciis 

xarisxis gazrda. diskretulelementebiani sqemoteqnikuri gadawyvetebi 

adgils uTmobs integralur mikrosqemebs da mikrokontrolerebs. 

eleqtruli energiis gardamqmneli danadgarebis marTvis nawilis 

universalur saSualebas mikrokontroleri warmoadgens, romelic, jer 
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erTi, anxorcielebs gardamqmnelis Zaluri nawilis gasaRebebis 

(ventilebis) logikur komutaciebs ukukavSiris signalebis miRebis 

Sedegad da, meorec, uzrunvelyofs interfeisuli funqciis Sesrulebas 

operatorTan an sxva teqnologiur obieqtTan kavSiris damyarebis dros. 

magaliTad, eleqtruli amZravis marTvis sistemaSi gamoyenebuli 

mikrokontroleri Seicavs ganedur-impulsurad modulirebadi 

generatorebis saWiro raodenobas, romlebic miiReben ra procesoridan 

moTxovnil sixSireze an impulsTa simeCxreze saWiro informacias,  

damoukideblad anxorcieleben invertoris Zaluri gasaRebebis logikur 

(SeTanxmebul) marTvas.  

cifruli integraluri mikrosqemebis gamosavali signalis 

simZlavre, rogorc wesi, Zaluri gasaRebebis saimedo marTvis 

uzrunvelsayofad ar aris sakmarisi.Aamitom saWiroa misi gaZliereba, 

risTvisac aucilebelia marTvis sistemaSi simZlavris maZliereblis 

gamoyeneba. Uumetes SemTxvevaSi, simZlavris maZlierebelma unda 

uzrunvelyos gardamqmnelis Zaluri da informaciuli nawilebis 

potencialuri (galvanuri) ganmxoloebac. Zaluri naxevargamtaruli 

gasaRebebis marTvis sistemebisaTvis Seqmnilia simZlavris maZlierebelTa 

specializebuli mikrosqemebi, romelTac draiverebs (driver) uwodeben. 

 

5.3. mmarTveli impulsebis maformirebelTa ZiriTadi tipebi 

 

eleqtruli energiis gardamqmnelebis marTvis sistemas, sxva 

funqciebTan erTad, Semdegi ori funqciis Sesruleba ekisreba. es 

funqciebia: Zaluri gasaRebebis (ventilebis) gaReba-Caketvis (komutaciis) 

logikis Camoyalibeba da mmarTveli impulsebis simZlavriseuli 

parametris miyvana gasaRebebis saimedo komutaciisaTvis saWiro donemde. 

Ggardamqmnelis marTvis sistemis nawils, romelsac zemoaRniSnuli 

funqciis Sesruleba ekisreba, mmarTveli impulsebis maformirebeli (mim) 

ewodeba. maSasadame, mim unda Seicavdes sainfromacio-logikur nawils da 

mmarTveli impulsebis maZlierebels. 

gardamqmnelis Zaluri nawili da mim-is maZlierebeli nawili 

muSaobis procesSi warmoqmnis marTvis sistemis normaluri 

funqcionirebis xelSeSlebs (dabrkolebebs). gardamqmnelis Zalur 
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nawilSi didi amplitudis denis gavlis dros warmoqmnili dabrkoleba 

(xelSeSla) amcirebs marTvis sistemis muSaobis saimedoobas da SeiZleba 

gaxdes marTvis sistemis mtyunebis mizezi. magaliTis saxiT, ganvixiloT 

5.4  suraTze naCvenebi izolirebulbazian bipolarul tranzistorebze 

awyobili boguri gammarTvelis sqema, romelSic marTvis bloki uSualo 

(potencialur) kavSirSia gardamqmnelis Zalur saltesTan. 

 

sur. 5.4. gardamqmnelis Zaluri nawilis gavlena marTvis sistemaze 

 

bogas marcxena mxris qveda VT1 tranzistoruli gasaRebis Ria 

mdgomareobis dros, Zalur salteSi gamavali deni L-parazitul 

induqciurobaSi aRZravs dabrkolebis 
di

L
dt

 Zabvas. amis gamo, saltes 

sxvadasxva wertils aRmoaCndeba sxvadasxva potenciali (φA>φB>φC.). 

potencialTa Soris aseTi gansxvavebis gamo Semdegi problemebi 

warmoiqmneba: 

 φA>φB utolobis gamo, VT1 tranzistoris CarTva moxdeba didi 

dayovnebiT; 

 φC<φB utolobis gamo, gaizrdeba Zabva bogas marjvena mxris qveda 

VT2 tranzistorze; 

 φA>φC utolobis gamo, marTvis sistemis saerTo salteSi gaivlis 

ukukavSiris parazituli deni, romelsac SeuZlia gamoiwvios 

marTvis sistemis logikuri nawilis muSaobis CaSla. 

zemoaRniSnulidan gamomdinare, saWiroa gardamqmnelis Zaluri da 

marTvis nawilebis potencialuri (galvanuri) ganmxoloeba (gancalkeveba). 
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potencialuri ganmxoloebis principis mixedviT arsebobs mmarTveli 

impulsebis maformirebelTa ori tipi:  

 mmarTveli impulsebis maformirebeli, romelSic potencialuri 

ganmxoloeba miRweulia gasaRebis marTvis eleqtrodze saWiro 

formisa da simZlavris mmarTveli impulsebis transformatoruli 

miwodebiT (sur.5.5); 

 mmarTveli impulsebis maformirebeli, romelSic gamoyenebulia 

informaciuli signalisa da marTvisTvis saWiro energiis 

gancalkevebuli gadacema (sur. 5.6). 

pirveli tipis mmarTveli impulsebis maformirebelSi SesaZlebelia 

rogorc Zabvis, ise denis transformatoris gamoyeneba. 

  

 

sur. 5.5.  mmarTveli impulsisa da energiis erToblivi gadacema 

 

 

sur. 5.6. sainformacio signalisa da energiis gancalkevebuli gadacema 

 

meore tipis mmarTveli impulsebis maformirebelSi, sadac 

impulsebis gaZlierebisaTvis saWiro eleqtruli energia da 

informaciuli signali gancalkevebulad gadaicema, gamoiyeneba 

informaciuli signalis potencialuri ganmxoloebisa da 

maZliereblisadmi eleqtruli energiis miwodebis sxvadasxva meTodi.  
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sur. 5.7. mmarTveli impulsebis maformireblis kveba  

Zaluri gasaRebis gamosavali wredidan 

 

informaciuli arxis potencialuri ganmxoloeba xorcieldeba 

maRali sixSiris transformatoris an optronuli wyvilis gamoyenebiT. 

Tu gardamqmnelis muSa Zabva Zalze didia, maSin optronuli wyvilis 

nacvlad gamoiyeneba informaciuli signalis gadacemis optikur-

boWkovani sistemebi. rac Seexeba impulsuri maZliereblisaTvis saWiro 

eleqtruli energiis miwodebas, is SeiZleba ganxorcieldes: 

 mkvebavi cvladi denis qselidan dabali sixSiris 

transformatoriT da gammarTveliT (sur. 5.9); 

 Zaluri gasaRebis gamosavali wredidan (sur. 5.7); 

 izolirebuli mudmivi denis wyaroebidan (sur. 5.8). 

 

 

sur. 5.8. mmarTveli impulsebis maformirebeli izolirebuli wyaroebidan 
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sur. 5..9. mmarTveli impulsebis maformireblis kveba dabali  

sixSiris transformatoridan 

 

5.4. Zaluri naxevargamtaruli gasaRebebis draiverebi 

 

mmarTveli impulsebis maZlierebels, romelic saWiro formisa da 

simZlavris signals iZleva da damzadebulia integraluri mikrosqemis 

saxiT, draivers uwodeben (inglisuri sityvis “driver”-is mixedviT, rac 

qarTulad “mZRols” niSnavs). aseTi mikrosqemebis damzadeba swarmoebs 

hibriduli teqnologiis mixedviT rogorc calkeuli Zaluri 

gasaRebebisaTvis, ise boguri konfiguraciis Zaluri sqemebisTvis (zeda 

da qveda donis gasaRebebis gancalkevebuli marTviT). 

informaciuli arxis potencialuri (galvanuri) ganmxoloebis 

gamoyenebuli meTodis mixedviT arsebobs: draiverebi CaSenebuli 

optronuli da maRali sixSiris transformatoriani ganmxoloebis 

wredebiT da draiverebi, romelTaTvisac gaTvaliswinebulia 

potencialuri ganmxoloebis saSualebaTa garedan mierTeba. draiverTa 

eleqtruli kveba SeiZleba ganxorcieldes wina paragrafSi ganxiluli 

nebismieri meTodis gamoyenebiT. 

maSasadame, draiveri specializebul mikrosqemas 

warmoadgens.Ddraiveris struqturuli sqema sxvadasxva tipis Zaluri 

naxevargamtaruli gasaRebisTvis sxvadasxvaa. qvemoT naCvenebia Zaluri 
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bipolaruli tranzistoris (sur. 5.10), izolirebulCamketiani veliT 

marTvadi Zaluri tranzistorisa (sur. 5.11) da izolirebulbaziani 

Zaluri bipolaruli tranzistoris (IGBT) (sur. 5.12) draiverebis 

struqturuli sqemebi. 

 

sur. 5.12. Zaluri bipolaruli tranzistoruli gasaRebis draiveris  

struqturuli sqema 

 

 

sur. 5.11. izolirebulCamketiani veliT marTvadi tranzistoruli  

gasaRebis draiveris struqturuli sqema 

 

 

sur. 5.12. izolirebulbaziani bipolaruli gasaRebis draiveris  

  struqturuli sqema 
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draiveris struqturaSi Sedis Sesavali, SemaTanxmebeli da 

gamosavali kvanZebi. Sesavali kvanZi warmoadgens sainformacio arxis 

signalis mimRebs. SemaTanxmebeli kvanZi axdens sainformacio signalis 

gardaqmnas saWiro donis potencialis mqone mmarTvel signalad. 

Ggamosaval kvanZSi sabolood Camoyalibdeba moTxovnili formisa da 

simZlavris mmarTveli signali.  

xSirad, draivers damatebiT dakisrebuli aqvs Zaluri gasaRebis 

gadatvirTvisgan dacvis funqcia an mikrosqemis kvebis Zabvis donis 

TvalTvali. 

draiveris Sesavali kvanZi warmoadgens optikur wyvils (optrons). 

zogjer optronis nacvlad draiveris struqturaSi gamoyenebulia 

logikuri sqema, romelic sainformacio signals awvdis potencialuri 

ganmxoloebis maRalsixSirul transformators. 

SemaTanxmebeli kvanZi awyobilia erTi an ramdenime gasaRebisebur 

reJimSi momuSave tranzistoris gamoyenebiT. Mmisi funqciaa 

informaciuli signalis donis amaRleba. Aam kvanZs unda hqondes denis 

gaZlierebis maRali koeficienti da gazrdili swrafqmedeba. Aaqedan 

gamomdinare, sqemaSi gamoyenebuli tranzistorebi ar Sedian gajerebaSi 

da sqemas aqvs denis gadacemis maRali koeficienti. 

yvela tipis Zaluri tranzistoruli gasaRebis draiverebis rogorc 

Sesavali, ise SemaTanxmebeli kvanZi erTnairi sqemuri Sesrulebisaa. 

Ddraiverebis gamosavali kvanZis sqemur Sesrulebas ki ganapirobebs 

Zaluri gasaRebis marTvis wredis maxasiaTeblebi da droiTi 

parametrebis marTvis reJimze damokidebulebis xasiaTi (mmarTveli 

signalis optimaluri forma). 

draiveri, rogorc wesi, warmoadgens dasrulebul mowyobilobas. igi 

gaTvaliswinebulia konkretuli tipis tranzistoruli gasaRebisTvis da 

marTvis wredTan misi mierTebis dros problemebi ar warmoiqmneba. 

damatebiTi sqemoteqnikuri RonisZiebis gatareba mxolod im SemTxvevaSia 

saWiro, rodesac aucilebelia marTvis signalis parametrebis Secvla, 

anda erTi draiveridan paralelurad SeerTebuli gasaRebebis marTva. 

draiveris Tvisebebis Sefaseba xdeba parametrTa sistemiT. draiveris 

ZiriTadi parametrebia: Sesavali da gamosavali signalebis eleqtruli 
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parametrebi (deni, Zabva), muSa temperaturuli diapazoni, signalis 

gadacemis dayovnebis dro, gabneuli simZlavre. 

sazRvargareTis firmebi da kompaniebi (motorola, semikroni, 

micubiSi da sxva) awarmoeben sxvadasxva tipis draiverebs rogorc 

erTeuli Zaluri gasaRebebisTvis, ise naxevradboguri da boguri 

konfiguraciis sqemebisTvis. draiverebis parametrebi mocemulia 

cnobarebSi [1]. 

 

sakontrolo SekiTxvebi 

5.1. ra principzea dafuZnebuli qselis amyoli gardamqmnelebis 

marTvis sistemis muSaoba da raSi mdgomareobs am principis arsi; 

5.2. daaxasiaTeT cvladi Zabvis gammarTvelis impulsur-fazuri marTvis 

funqciuri sqema; 

5.3. raSi mdgomareobs avtonomiuri invertorebis marTvis sistemis 

muSaobis Taviseburebebi; 

5.4. ra principze dayrdnobiT xdeba mudmivi Zabvis impulsuri 

gardamqmnelebis marTvis sistemebis ageba; 

5.5. raSi mdgomareobs eleqtruli gardamqmnelebis marTvis sistemebis 

agebis Tanamedrove tendencia; 

5.6. raSi mdgomareobs draivebis daniSnuleba; 

5.7. ra funqcia akisria mmarTveli impulsebis maformirebels; 

5.8. ra gavlenas axdens gardamqmnelis Zaluri nawili marTvis sistemis 

muSaobaze; 

5.9. ra problemebs warmoSobs parazituli induqciurobebSi aRZruli 

dabrkolebis 
dt

di
L  Zabva; 

5.10.  daasახეleT wredebis potencialuri ganmxoloebis tipebi; 

5.11.  daaxasiaTeT potencialuri ganmxoloebis transformatoriani 

sqema; 

5.12.  raSi mdgomareobs sainformacio signalisa da energiis 

gancalkevebuli gadacemis arsi; 

5.13.  rogor xorcieldeba informaciuli arxis potencialuri 

ganmxoloeba; 
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5.14.  ra meTodebiT xdeba impulsuri maZliereblebisaTvis saWiro 

energiis miwodeba; 

5.15.  ganmarteT Zaluri naxevargamtaruli gasaRebis draiveri; 

5.16.  daasaxeleT draiverebis jgufebi informaciuli arxis 

potencialuri ganmxoloebis meTodis mixedviT; 

5.17.  daasaxeleT draiveris struqturaSi Semavali ZiriTadi kvanZebi; 

5.18.  daaxasiaTeT Zaluri bipolaruli tranzistoruli gasaRebis 

draiveris struqturuli sqema; 

5.19.  daaxasiTeT Zaluri uzolirebulCamketiani veliT marTvadi 

tranzistoruli gasaRebis draiveris struqturuli sqema; 

5.20. daaxasiaTeT izolirebulbaziani bipolaruli gasaRebis draiveris 

struqturuli sqema; 

5.21.  ra parametrebis mixedviT xdeba draiveris Tvisebebis Sefaseba; 

5.22.  ra SemTxvevaSia saWiro damatebiTi RonisZiebis gatareba draiveris 

gamoyenebisas.  
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6. Zaluri eleqtronikis reaqtiuli elementebi 

da kondensatorebi 

6.1. transformatorebi da reaqtorebi 

 

Zalur eleqtronikaSi transformatorebi farTodaa gamoyenebuli 

mkvebavi cvladi denis qselis Zabvis sididis gardaqmnis, mkvebavi 

qselisagan gardamqmnelis datvirTvis wredis eleqtruli (galvanuri) 

ganmxoloebisa da mkvebavi cvladi denis qselis fazaTa ricxvis 

gardaqmnis mizniT. Zalur eleqtronikaSi gamoyenebuli transformatoris 

muSaobis Taviseburebaa is, rom sxvadasxva jgufis (tipis) 

gardamqmnelebSi gamoyenebuli transformatoris gragnilebSi gamaval 

dens aqvs arasinusoiduri forma. 

Zalur eleqtronikaSi farTodaa gamoyenebuli agreTve sxvadasxva 

konstruqciis reaqtorebi, foladis gulriani an gularis gareSe 

induqciurobis koWebis saxiT. yvelaze xSirad reaqtorebi gamoiyeneba 

filtris Semadgeneli elementis saxiT mudmivi da cvladi denis 

wredebSi. garda amisa, reaqtorebi gamoiyeneba impulsuri denebisa da 

Zabvebis wredebSi, rogorc rxeviTi LC konturebis Semdgeneli 

elementi. reaqtorebs iyeneben agreTve sqemaSi impulsuri denebis 

cvlilebis siCqaris SesazRudad. 

Zaluri naxevargamtaruli xelsawyoebisagan gansxvavebiT, 

naxevargamtaruli gardamqmnelebisaTvis gankuTvnili sერიული warmoebis 

transformatorebis nomenklatura sakmaod mokrZalebulia, rac 

ganpirobebulia eleqtromomaragebis qselebsa da eleqtroenergiis 

tipobriv momxmareblebSi Zabvebis mniSvnelobaTa SezRudulobiT. amis 

gamo, gardamqmnelebis transformatorebis unifikacia განხორციელდა 

mxolod erTi jgufis gardamqnelebisაTvis - cvladi Zabvis 

gammarTvelebisa da qselis amyoli invertorebisაTvis. sxva tipis 

gardamqmnelebis transformatorebi, romlebic muSaoben arastandartul 

sixSireze, arastandartuli formis (arasinusoidurი) Zabvaze da 

transformaciis arastandartuli koeficientiT, mzaddeba iqve, sadac 

gardamqmneli mowyobiloba. amitom maTi unifikacia xdeba ara dargis, 

aramed sawarmos doneze. 
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imis mixedviT, Tu rogoria gardamqmneli mowyobilobis simZlavre, 

sqema da muSaobis reJimi, transformatoris sxvadasxva parametrs 

mniSvnelovani gavlenis moxdena SeuZlia gardamqmnelis sqemis calkeul 

wredebSi mimdinare eleqtromagnituri procesebis xasiaTze. 

6.1,a suraTze warmodgenilia erTfaza orgragniliani 

transformatoris magnituri sistema, sadac 
1W  pirveladi da 

2W  

meoreuli gragnilebi Sebmulia erTmaneTTan 
0  saerTo magnituri 

nakadiT, romelic ZiriTadad magnitogamtariT Seikvreba. imis gamo, rom 

pirveladi da meoreuli gragnilebis ganlageba Cveulebriv erTnairi ar 

aris, xolo realuri transformatoris foladis gularas magnituri 

gamtaroba SezRuduli sididisaa, saerTo nakadTan erTad TiToeul 

gragnilSi aRiZvreba damatebiTi nakadi, romelic mxolod sakuTar 

gragnilTanaa Sebmuli. am nakads gabnevis nakadi ewodeba da aRiniSneba 

S iT. calkeuli gragnilebis S1  da 
S2  gabnevis nakadebi saerTo 

0  

nakadze bevrad naklebi sididisaa. 

transformatoris ekvivalentur sqemaSi (sur.6.1,b) gragnilebis 

gabnevis nakadi gaTvaliswinebulia 
SL1
 da 

SL2
 induqciurobebiT. gabnevis 

nakadis induqciurobebTan erTad, ekvivalentur sqemaSi 

gaTvaliswinebulia gragnilebis 1R  da 2R  winaRobebi, xolo 0L  

induqciurobiT gaTvaliswinebulia 
0I     damagnitebis deni, romelic 

0  

nakadis Sesaqmneladaa saWiro. 
0R  winaRobiT gaTvaliswinebulia 

magnitogamtarSi arsebuli danakargebi histerezisze da grigalur 

denebze. 

qselis amyoli gardamqmnelebis muSaobis reJimi mniSvnelovnadaa 

damokidebuli transformatoris magnitogamtaris erT Reroze 

ganTavsebuli pirveladi da meoreuli gragnilis )( 2

|

1 SSaa LLLX    

induqciur winaRobaze da 2

|

1 RRRa   aqtiur winaRobaze, sadac 

SS L
w

w
L 1

2

1

2|

1 )(  არის მეორეულ გრაგნილზე დაყვანილი პირველადი გრაგნილის        
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induqciuroba, xolo  1

2

1

2|

1 )( R
w

w
R მეორეულ გრაგნილზე დაყვანილი 

პირველადი გრაგნილის aqtiuri winaRoba. 

ekvivalenturi sqemis elementebis parametrebi Cveulebriv 

ganisazRvreba transformatoris uqmi svlisa da mokled SerTvis cdebis 

safuZvelze. aRniSnul parametrebs xSirad warmoadgenen fardobiTi 

sididebis saxiT. parametrebis aseTi saxiT warmodgenis upiratesoba 

imaSi gamoixateba, rom pirveladi da meoreuli gragnilebisaTvis igi 

erTnairi სიდიდისაა.  

 

sur.6.1. erTfaza transformatoris magnituri sistema (a) 

da Canacvlebis sqema (b) 

 

transformatoris ekvivalenturi sqemis fardobiTi parametrebis 

gaangariSebis dros viyenebT transformatoris Semdeg sapasporto 

monacemebs: transformatoris nominalur aqtiur da srul simZlavres 

),( nomnom Sp , pirveladi gragnilis Zabvis nominalur mniSvnelobas )( 1nomV , 

transformatoris mokled SerTvis simZlavres )( m.SP , mokled SerTvis 

Zabvis fardobiT mniSvnelobas procentebSi %)( m.SP  da uqmi svlis 

simZlavres )( 0P . am monacemebis safuZvelze განისაზღვრება: 

 sabaziso winaRoba 
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)()
22

vt

v
(om

nom

nom1

b
P

V
R  . 

 pirveladi gragnilis denis nominalur mniSvneloba 

)()(
v

va

1nom

nom
1nom

V

S
aI  . 

 simZlavris koeficientი transformatoris mokled SerTvis dros 

,cos
1nomm.S

m.S
m.S

IV

P
  

sadac 1nom
m.S

m.S V
V

V 
100

%
  . 

 mokled SerTvis srul winaRoba 

)
a

3
((om)

1nom

m.S
m.S

I

U
Z  . 

 mokled SerTvis aqtiuri winaRoba 

m.Sm.Sm.S sinZr   (om). 

 pirveladi da meoreuli gragnilis fardobiT aqtiuri winaRoba 

b

m.S

R

r
RR

2

*

2

*

1  . 

 pirveladi da meoreuli gragnilis fardobiTi gabnevis 

induqciuroba 

b

m.S

R

X
LL

2

*

2

*

1  . 

 damagnitebis Stos aqtiuri winaRobიsa da induqciurobis 

fardobiTი sidide 

0

00
P

S
LR nom . 

gardamqmneli danadgarebis xvedriTi energetikuli maCveneblebi 

ZiriTadad ganisazRvreba eleqtromagnituri elementebis, kerZod 

transformatoris, gabarituli zomebiTa da masiT. amitom 

gardamqmnelebis daproeqtebis dros didi mniSvneloba eniWeba Semdegi 

sawyisi monacemebis zust formulirebas: Zabvebisa da denebis 
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mniSvnelobebi da formebi, sixSireebi, garemo sivrcis temperaturaze 

gadamateba da sxv. transformatoris masagabarituli maCveneblებis 

ganmsazRvrel umniSvnelovanes faqtors misi muSa sixSire warmoadgens. 

 transformatoris gragnilebze (an reaqტorze) sinusoiduri formis 

Zabvis მოქმედების SemTxvevaSi foladisagan an magnituri Senadnobebisagan 

damzadebul magnitოgamtarSi danakargebi [3]-is Tanaxmad ganisazRvreba 

formuliT: 

                               P
22/3

mBAfP rk ,                            (6.1) 

sadac rkP _xvedriTi danakargebia, vt/sm3; 

f gadamagnitebis sixSire, hc; 

mB magnituri induqciis amplituda, tl; 

A konkretuli magnituri masalis maxasiaTebeli xvedriTi 

danakargis empiriuli koeficienti. 

yvelaze farTod gavrcelebulი masalebisaTvis A parameters 

Semdegi mniSvnelobebi aqvs: 580 (0,05 mm sisqis eleqtroteqnikuri 

foladi), 360 (0,05 mm sisqis 50H Senadnobi), 90 (0,05 mm sisqis 80 HXC 

Senadnobi). feritebisTvis xvedriTi danakargi ganisazRvreba danakargebis 

kuTxis tangensiს მიხედვით შემდეგი გამოსახულებიდან: 

                             rtgBP m  /21 rk ,                           (6.2) 

sadac r _fardobiT magnituri SeRwevadobaa. 

(6.1) da (6.2) formulebi samarTliania sinusoiduri ZabvisaTvis. 

arasinusoiduri Zabvis semTxvevaSi xvedriTi danakargebi izrdeba   

koeficientjer, sadac   ganisazRvreba ძabvis perioduli funqciis 

furies mwkrivad daSlis gziT. 

nebismieri formis cvladi denis dros danakargebi transformatoris 

(reaqtoris) gragnilebSi ganisazRvreba cnobili gamosaxulebis mixedviT: 

~

2rIP sp , 

sadac I gragnilSi gamavali denis moqmedi mniSvnelobaa; 

~r gragnilis ekvivalenturi winaRoba. 
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~r  winaRoba SesaZlebelia gamoisaxos  R  omuri winaRobiT მუდმივი 

დენის მიმართ da 
RK  koeficientiT, romelic iTvaliswinebs winaRobis 

namats cvlad denze: 

RKr R ~
. 

sixSiris gazrdis dros, izrdeba gabnevis nakadis induqciurobebi 

SL1
 da 

SL2
, agreTve ,,parazituli” 

11, CC  da 
2C  tevadobiTi kavSirebi 

(sur.6.1,b). 

(6.1) da (6.2) gamosaxulebebiთ transformatorიs simZლavresa da 

gabaritul zomebs Soris Tanafardoba ganიsazRvreბა miaxloebiT. ufro 

zusti Tanafardoba, sadac gaTvaliswinebulia sixSiris gavlena, miiReba 

msgavsebis kriteriumebze dayrdnobiT. aseTi kriteriumebis sistemas 

safuZvlad udevs msgavsebis pirobebi da procesebi calkeuli jgufis 

eleqtromagnitur elementebSi (magaliTad, transformatorebSi an 

reaqtorebSi). kerZod, დადგენილია transformatoris magnitogamtaris rkV  

moculobas, tS  simZlavresa da f  sixSires Soris Semdegi 

damokidebulebaა [3]: 

                           
4/1

/
fT

S
KAV




t

Srk ,                        (6.5) 

sadac T temperaturის  namatia, C0
; 

SK magnitogamtaris fanjris gragnilis gamtariT Sevsebis 

koeficienti. 

(6.5)-dan gamomdinareobs, rom rac ufro maRalia sixSire miT 

ukeTesiა transformatoris masisa da moculobis xvedriTi maCveneblebi. 

magram, amavdroulad SezRudulia sixSiris gazrdis SesaZlebloba, 

radgan rodesac sixSire miaRwevs zRvrul (kritikul) zRvars, sixSiris 

gazrda aRar iwvevs transformatoris moculobis Semdgom Semcirebas. 

magnitogamtarSi energiis danakargis garda, aucilebelia amaRlebul 

sixSireze, Zabvis gadacemis (transformaciis) koeficientis sidideze 

gabnevis nakadis induqciurobebis gavlenis gaTvaliswineba. ase, 

magaliTad, [3]-Si naCvenebia, rom saSualo simZlavris erTfaza 

transformatorebis gansazRvruli klasisTvis (maT parametrebs Soris 
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urTierTkavSiris gaTvaliswinebiT) zRvruli (kritikuli) sixSire 

SesaZlebelia ganisazRvros Semdegi Tanafardobidan 

                               
td

zR
S

T

KA
f




61075,1
,                      (6.6) 

sadac dK koeficienti iTvaliswinebs magnituri masalis daWris meTods. 

Tu 500 f hc sixSireze da C050 -is toli gadaxurebis dros 

transformatoris moculobas miviRebT sabaziso sidided, maSin (6.6) 

gamosaxulebis gaTvaliswinebiT SesaZlebelia ganisazRvros ramdenjer 

Semcirdeba transformatoris moculoba muSa sixSiris gazrdisas: 

                            
4/10 )(23  td

zR

SKA
V

V
,                       (6.7) 

sadac 
0V   da    zRV _transformatoris magnitogamtaris moculobaa  

0f   da    

zRf  sixSireze Sesabamisad. 

(6.7)-dan gamomdinareobs, rom sixSiris gazrdis dros 

transformatoris moculobis Semcireba (dasaSvebi gadaxurebis 

pirobebSi) ganpirobebulia transformatoris simZlavriTa da 

danakargebiT magnitogamtarSi. 

magaliTis saxiT 6.1 cxrilSi mocemulia zRvruli sixSiris 

mniSvnelobebi sxvadasxva markis Rerovani konstruqciis 

magnitogamtarebisaTvis. 

 

cxrili 6.1 

masalis tipi A simkvrive g/sm3 
zRvruli sixSire 

hc 

foladi AЭ360  

(sisqe 0,08mm) 
580 7,6 7230 

Senadnobi H50  360 8,2 8735 

Senadnobi 

HXC80  
90 8,2 27960 

feriti 

HMC2500  
120 4 52420 
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sixSiris gavlena sxvadasxva masalisagan damzadebuli Rerovani 

konstruqciis magnitogamtaris moculobaze naCvenebia 6.2 suraTze. am 

damokidebulebebidan Cans, rom moculobis zRvruli Semcirebis sidide 

umniSvnelodaa damokidebuli gamoyenebuli masalis markaze, magram 

arsebiTad icvleba TviT moculobis absoluturi mniSvneloba. kidev 

erTxel unda aRiniSnos, rom zRf  mniSvnelovnadaa damokidebuli gabnevis 

induqciurobis winaRobaze. amitom zRf   sixSiris gazrdisTvis saWiro 

xdeba specialuri zomebis gatareba gabnevis induqciurobebis 

Sesamcireblad: gragnilebis seqcionireba, konstruqciis gaumjobeseba da 

sxv. saerTod ki transformatoris moculobis ganmsazRvrel faqtors 

magnitogamtaris masala warmoadgens. amaRlebul sixSireze gamoiyeneba 

gadamagnitebis naklebi danakargebis mqone civnaglini foladi. rac ufro 

mcirea magnitogamtaris dasamzadeblad gamoyenebuli foladis zolis 

sisqe, miT naklebia grigaluri denebiT gamowveuli danakargi da sustia 

magnituri SeRwevadobis sixSireze damokidebulebis xarisxi. 20 khc-ze 

meti sixSireebis dros rekomendebulia feritebis gamoyeneba, romelTac 

gaaCniaT gazrdili xvedriTi eleqtruli winaRoba maRali sixSiris 

denebis mimarT. 

 

 

sur.6.2. magnitogamtaris moculobaTa damokidebuleba sixSireze: 

       1-foladi AЭ360 , 0,08 mm; 2-Senadnobi H50 , 0,05 mm 

3-Senadnobi HXC80 ; 4-feriti HMC2500  

 

Zaluri eleqtronikisaTvis perspeqtiul eleqtromagnitur masalad 

miCneulia amorfuli struqturis liTonis Senadnobebi. aseT masalebs,  

tradiciul eleqtromagnitur masalebTan SedarebiT, gaaCnia gacilebiT 
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ukeTesi magnituri da meqanikuri maxasiaTeblebi, rac eleqtromagnituri 

elementebis masagabarituli maCveneblebis mniSvnelovani gaumjobesebis 

saSualebas iZleva. amavdroulad unda aRiniSnos, rom amorfuli 

Senadnobebis magnituri Tvisebebis maRali donis misaRwevad, saWiroa 

maTi specialuri Termuli damuSaveba magnitur velSi. aseTi masalebis 

magnituri Tvisebebi didadaa damokidebuli damzadebis teqnologiaze, 

rac xels uSlis amorfuli Senadnobebis farTo seriul warmoebaSi 

danergvas. 

yovelive zemoaRniSnuli Seexeba ara mxolod transformatorebs, 

aramed reaqtorebsac. amaRlebul sixSireebze reaqtoris moculoba aseve 

magnitogamtarSi arsebuli danakargebiT ganisazRvreba. am 

Tvalsazrisidan gamomdinare, mcire energotevadobis reaqtorebis 

magnitur masalad mizanSewonilia magnitodieleqtrikebis (alsiferi, 

feriti) gamoiyeneba. rodesac reaqtoris energotevadoba didi sididisaa, 

moTxovnili induqciuroba ki mcire sididis, maSin mizanSewoniladaa 

miCneuli reaqtorebis gamoyeneba magnituri gularas gareSe. 

 

 

6.2. kondensatorebi 

 

cvladi denis kondensatorebi eleqtruli energiis gardamqmnelebis 

Zaluri wredebis ZiriTad elementTa jgufs miekuTvneba. amavdroulad am 

wredebSi cxadadaa gamovlenili iseTi faqtorebi, romlebic 

mniSvnelovan gavlenas axdenen kondensatorebis muSaobis reJimze: 

denebisa da Zabvebis arasinusoiduri xasiaTi, sixSirul-impulsuri 

regulirebis dros muSa sixSiris farTo diapazoni da sxv.  

kondensatoris muSaobis reJimis dasaxasiaTeblad iyeneben aqtiuri 

danakargebis mniSvnelobebs. swored es mniSvnelobebi gansazRvraven 

kondensatorze Zabvis moqmedi mniSvnelobis dasaSveb sidides da Zabvis 

formas. cnobilia, rom sinusoiduri formis Zabvis dros danakargebi 

kondensatorSi, mis dieleqtrikSi arsebuli danakargebis kuTxis 

tangensis )( tg  proporciulia. es danakargebi damokidebulia 

temperaturaze, Zabvaze, sixSireze da sxv. 
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arapolaruli kondensatorebis tg  sixSireze praqtikulad araა 

damokidebuli  50-dan 1000 hc-mde  sixSirul diapazonSi, xolo 1000-dan 

10 000 hc-mde diapazonSi tg -s sidide daaxloebiT 10-jer izrdeba. 

temperaturis cvlileba am saxis kondensatorebis tg -ze SedarebiT 

nakleb zegavlenas axdens (temperaturis C020 -dan C0100 -mde  

gazrdisas tg  daaxloebiT 2-jer izrdeba). kondensatorSi danakargebis 

zusti gansazRvra idealuri sinusoiduri Zabvis SemTxvevaSic ki sakmaod 

rTul amocanas warmoadgens. 

kidev ufro rTul amocanas warmoadgens kondensatorSi arsebuli 

danakargebis Sefaseba arasinusoiduri denebisa da Zabvebis SemTxvevaSi. 

am Sefasebis cnobili meTodebidan SeiZleba gamoiyos yvelaze zogadi da 

amavdroulad sakmaod miaxloebiTi meTodi, romelic arasinusoiduri 

Zabvis harmonikuli Semdgenebis saxiT warmodgenazea daმყარებული. am 

meTodiT gaangariSebis Catarebis dros, simZlavris danakargi 

kondensatorSi miiReba kondensatorze miwodebuli Zabvis calkeuli 

harmoniuli SemdgeniT Seqmnili danakargebis Sejamebis Sedegad 

                            





1

2

1
n

nn tgnVCP                           (6.8) 

sadac n Zabvis harmonikis rigiTi nomeria; 

C kondensatoris tevadoba ZiriTadi harmonikis sixSireze; 

1 Zabvis pirveli harmonikis kuTxuri sixSire; 

nV me-n  harmonikis moqmedi mniSvneloba; 

ntg me-n  harmonikiT gamowveuli danakargebis kuTxis tangesi. 

(6.8) gamosaxulebidan SeiZleba ganisazRvros ekvivalenturi Zabvis 

dasaSvebi moqmedi mniSvneloba n  normirebul sixSireze, romlis 

mniSvnelobac kondensatoris teqnikur pirobebSia mocemuli. 

cvladi denis kondensatorebis xvedriTi maxasiaTeblebis 

umniSvnelovanes parameters warmoadgens kondensatorze miwodebuli 

Zabvis harmonikuli Semdgenebis sixSire. 6.3. suraTze naCvenebia 

kondensatorze miwodebuli Zabvis dasaSvebi amplitudis sixSireze 

tipobrivi damokidebuleba [4]. 
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sur.6.3.dasaSvebi Zabvis amplitudis     sur.6.4. 577,1075  KK  da 1172 K  

damokidebuleba sixSireze              tipis kondensatorebis xvedriTi  

reaqtiuli simZlavris damokidebuleba  

 Zabvis sixSireze 

 

kondensatoris tipis SerCeva unda moxdes miwodebuli Zabvis 

sixSirisa da firmis gaTvaliswinebiT. amavdroulad angariSi unda 

gaewios sxvadasxva SemzRud faqtors. magaliTad, kondensatorze 

trapeciis formis Zabvis moqmedebis SemTxvevaSi, rodesac Zabvis 

impulsebis sixSire da frontis xangrZlivoba SedarebiT mcirea, 

SemzRud faqtors impulsuri denis amplituduri sidide warmoadgens. 

amaRlebuli sixSiris (1 khc-ze meti) sinusoiduri Zabvis SemTxvevaSi 

SemzRud faqtors simZlavris damatebiTi kargvebi warmoadgens. 

kondensatoris tipis SerCevis dros SemzRud faqtorad warmosdgeba 

agreTve misi xanmokle eleqtruli simtkice, romlis Sesabamisadac xdeba 

kondensatoris Zabvis nominaluri mniSvnelobis normireba. 

vinaidan cvladi denis kondensatoris reaqtiuli simZlavre 

uSualodaa dakavSirebuli sixSireze, kondensatorebis xvedriTi 

maCveneblebic (reaqtiuli simZlavris Sefardeba moculobasTan, masasTan 

an sxva parametrTan) sixSiris funqcias warmoadgenen. magaliTis saxiT 

6.4 suraTze mocemulia sxvadasxva tipis cvladi denis kondensatorebis 

xvedriTi moculobis damokidebuleba sixSireze. rogorc 6.4 suraTidan 

Cans konkretuli tipis tiristorisTvis arsebobs mierTebuli Zabvis 

optimaluri sixSire, romlis drosac misi moculoba minimaluri 

sididisaa. 

eleqtrolituri kondensatorebi warmoadgenen mudmivi denis 

filtrebis ZiriTad elements. muSa reJimSi aseT kondensatorze 

moqmedebs Zabvis rogorc mudmivi, ise cvladi Semdgeni. eleqtrolituri 
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kondensatorebis pasportSi tevadobis sididesTan erTad Setanilia 

mudmivi Zabvis nominaluri mniSvneloba da cvladi Zabvis dasaSvebi 

mniSvneloba 50 hc sixSiris sinusoiduri Zabvis saxiT. cvladi Zabvis 

ufro maRali sixSiris dros saWiroa kondensatoris gamtarobisa da 

masTan dakavSirebuli filtraciis unaris Semcirebis gamomwvevi sxva 

faqtorebis gaTvaliswineba [4].  

sinusoiduri denis SemTxvevaSi filtraciis unari ganisazRvreba 

kondensatoris 
CZ  sruli winaRobiT, romelic Seesabameba 6.5,a suraTze 

naCveneb eleqtrolituri kondensatoris ekvivalentur sqemas, sadac 
SC  

aris dieleqtrikiT ganpirobebuli tevadoba, dr  da er  dieleqtrikisa da 

eleqtrolitSi danakargebis Sesabamisi aqtiuri winaRobebia, xolo eL  

seqciisa da gamomyvanebis ekvivalenturi induqciurobaa. Canacvlebis 

sqemis Tanaxmad  

                           
22 )2/1( eSSC fCrZ  ,                        (6.8) 

sadac ;
)/(1

;
2

0ff

C
Crrr S

SS


 eed

  

.2/10 SCLf e  

 

 

sur.6.5. eleqtrolituri kondensatoris Canacvlebis sqema amaRlebul  

        sixSireze (a) da sruli winaRobis damokidebuleba sixSireze  

250 K  tipis kondensatorisaTvis (b) 
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SC  tevadobis mniSvneloba damokidebulia kondensatoris tipze, mis 

parametrebze da sixSireze. eL  induqciuroba SedarebiT stabilur 

sidides warmoadgens, xolo sxva parametrebi icvleba droSi, agreTve 

sixSirisa da temperaturis mixedviT. 

6.5,b suraTze magaliTis saxiT warmodgenilia 2050 K  tipis 

kondensatoris sruli winaRobis (
CZ ) fardobiTi mniSvnelobis 

damokidebuleba sixSireze garemo sivrcis C025  temperaturis dros. 

punqtiruli wrfiT naCvenebia idealuri kondensatoris )0(  srLe  

sixSiruli maxasiaTebeli.  

zemoT mocemuli damokidebulebebidan gamomdinareobs, rom 2050 K  

tipis kondensatoris gamfiltravi unari iwyebs Semcirebas 10 khc-ze meti 

sixSireebis dros, xolo 20 khc-ze meti sixSiris SemTxvevaSi misi 

gamoyeneba aRaraa mizanSewonili. aseT sixSireebze mizanSewonilia 

orgnuli an keramikuli dialeqtrikiani kondensatorebis gamoyeneba. 

arasinusoiduri formis Zabvis pulsaciebis ზეmoqmedebis 

SemTxvevaSi, pulsaciebis speqtruli Semadgenlobis mixedviT, 

kondensatoris rogorc gamfiltravi, ise datvirTvis unarianoba 

icvleba. amitom zogierTi tipis oqsidur-eleqtrolituri 

kondensatorebisaTvis zemoT mocemuli sixSiruli damokidebulebebis 

garda, teqnikur pasportSi mocemulia nomogramebi, romlebic sixSiris 

gaTvaliswinebiT konkretuli arasinusoiduri formis Zabvis dasaSvebi 

amplitudis gansazRvris saSualebas iZleva.  

Zaluri eleqtronuli aparaturis dagegmarebis etapze, winaswari 

Sefasebis gasakeTeblad, sakmarisia kondensatorze moqmedi Zabvis 

pulsaciebis ZiriTadi harmonikebis gaTvaliswineba zeddebis principis 

gamoyenebiT Catarebuli gaangariSebis gziT. miRebuli Sedegebi unda 

dazustdes eqsperimentiT. amisaTvis unda gaizomos denis moqmedi 

mniSvneloba, agreTve kondensatoris korpusisa da garemo sivrcis 

temperatura. 
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sakontrolo SekiTxvebi 

 

6.1. ra funqciebis Sesruleba ekisreba transformatorebs Zalur 

eleqtronikaSi; 

6.2. ra funqciebis Sesruleba ekisreba reaqtorebs Zalur 

eleqtronikaSi; 

6.3. ras ewodeba gabnevis nakadi da riTaa ganpirobebuli aseTi nakadis 

arseboba; 

6.4. rogor SeiZleba transformatoris ekvivalenturi sqemis 

elementebis parametrebis gansazRvra; 

6.5. ra upiratesoba aqvs transformatoris eqvivalenturi sqemis 

parametrebis fardobiTი sididis მიხედვით warmodgenas; 

6.6. transformatoris ekvivalenturi sqemis fardobiTi parametrebis 

gaangariSebis dros romeli sapasporto monacemebia gamoyenebuli; 

6.7. ras warmoadgens sabaziso winaRoba; 

6.8. rogor vangariSobT transformatoris mokled SerTvis wredis 

srul winaRobas? aqtiur winaRobas? reaqtiul winaRobas? 

6.9. ras etoleba transformatoris damagnitebis Stos aqtiuri da 

induqciuri winaRobebis fardobiTi sidide; 

6.10. rogor unda ganisazRvros qselis amyoli gardamqmnelis 

transformatoris erT Reroze ganlagebuli pirveladi da 

meoreuli gragnilis aqtiuri da induqciuri winaRobebi; 

6.11. rogor ganisazRvreba gardamqmneli danadgaris xvedriTi 

energetikuli maCveneblebi; 

6.12. rogor davadgenT magnitogamtarSi danakargebis sidides 

sinusoiduri formis Zabvis SemTxvevaSi; 

6.13. rogor ganisazRvreba xvedriTi danakargebi magnitogamtarSi 

arasinusoiduri Zabvebis SemTxvevaSi; 

6.14. ra udevs safuZvlad msgavsebis kriteriumebs; 

6.15. rogori saxe aqvs magnitogamtaris moculobas, transformatoris 

simZlavresa da Zabvis sixSires Soris დამოკიდებულებას; 

6.16. razea damokidebuli zRvruli (kritikuli) sixSire; 

6.17. ra aris saWiro zRvruli sixSiris gasazRvrisTvis; 
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6.18. romeli masalebia miCneuli Zaluri eleqtronikis perspeqtiul 

eleqtromagnitur masalebad da ratom; 

6.19. romeli eleqtromagnituri masalebis gamoyenebaa mizanSewonili 

mcire energotevadobis reaqtorebis dasamzadeblad; 

6.20. ra faqtorebi axdens gavlenas cvladi denis kondensatorebis 

muSaobis reJimze; 

6.21. razea damokidebuli danakargebi kondensatorSi sinusoiduri 

formis Zabvis dros; 

6.22. rogor icvleba danakargebis kuTxis tangesi arapolarul 

kondensatorebSi sixSiris 50-dan 10 000 hc-mde diapazonSi; 

6.23. raSi mdgomareobs kondensatorSi arsebuli danakargebis Sefasebis 

meTodi arasinusoiduri denebisa da Zabvebis dros; 

6.24. ra warmoadgens cvladi denis kondensatorebis xvedriTi 

maxasiaTeblebis ZiriTad parameters; 

6.25. rogor unda moxdes cvladi denis kondensatorebis tipis SerCeva;  

6.26. ra iTvleba cvladi denis kondensatorebis tipis SerCevis dros 

SemzRud faqtorad; 

6.27. ra daniSnulebiT gamoiyeneba Zalur eleqtronikaSi 

eleqtrolituri kondensatorebi; 

6.28. ra parametrebia Setanili eleqtrolituri kondensatoris 

pasportSi; 

6.29. razea damokidebuli eleqtrolituri kondensatoris filtraciis 

unari; 

6.30. risi gaTvaliswinebaa saWiro Zaluri eleqtronuli aparaturis 

dagegmarebis etapebze konkretuli tipis kondensatoris 

gamoyenebis winaswari Sefasebis gasakeTeblad. 
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