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   Ddamxmare saxelmZRvaneloSi ganxilulia Tanamedrove Zaluri srulad 

marTvadi naxevargamtaruli gasaRebebis muSaobis fizikuri safuZvlebi, 

ZiriTadi eleqtruli da siTburi maxasiaTeblebi da parametrebi, marTvis 

Tanamedrove sistemebi. Ddamxmare saxelmZRvanelo gamoadgeba energetikisa da 

telekomunikaciis fakultetis studentebs sagnis – “Zaluri eleqtronika” 

Seswavlis dros. 
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Sesavali 

 

   Zaluri (energetikuli) eleqtronikis progresi pirvel rigSi 

dakavSirebulia im warmatebebTan, romelic srulad marTvadi Zaluri 

naxevargamtaruli xelsawyoebis teqnikuri maxasiaTeblebis da parametrebis 

srulyofis gzazea miRweuli. Eeleqtruli energiis iseT momxmareblebSi, 

rogoricaa: mudmivi da cvladi denis amZravi, eleqtroTermia, eleqtrolizis 

teqnologiuri danadgarebi, eleqtruli energiis mudmivi deniT gadamcemi 

xazebi da sxva, gamoyenebul naxevargamtarul xelsawyoebs akisriaT 

eleqtruli wredebis komutacia (perioduli gadarTvebi), e. i. muSaoben 

gasaRebisebur reJimSi. Eeleqtruli energiis zemoaRniSnuli momxmareblebis 

simZlavre, rig SemTxvevaSi, megavatebiT ganisazRvreba da amave dros sul 

ufro izrdeba maTi gamoyenebis masStabebi. Aamitom, msoflios mowinave 

qveynebis firmebma da kompaniebma gasuli saukunis 80-ani wlebidan didi 

mecnieruli da sxva resursebi warmarTes teqnikurad srulyofili Zaluri 

naxevargamtaruli gasaRebebis Sesaqmnelad. damuSavda axali midgomebi da 

teqnologiebi am saxis xelsawyoebis dasamzadeblad. 

   srulad marTvadi Zaluri naxevargamtaruli gasaRebebis funqciuri 

SesaZleblobebis Sesafaseblad Semotanili iqna vargisobis koeficienti. 

Zaluri bipolaruli tranzistorebis vargisobis koeficients gansazRvraven 

gaZlierebis koeficientisa da sixSireTa gatarebis zolis maqsimaulri 

sixSiris namravliT. Zaluri veliT marTuli tranzistorebis vargisobis 

koeficienti gadacemis maxasiaTeblis daxrilobis proporcliuli da marTvis 

Semavali wredis tevadobis ukuproporciulia. Oorive gasaRebis vargisobis 

koeficientze ZiriTad gavlenas dengamtari arxis sigrZe axdens. kerZod, 

dengamtari arxis sigrZis SemcirebiT gasaRebis vargisobis koeficienti 

izrdeba. 

   srulad marTvad Zalur naxevargamtarul gasaRebebSi dengamtari arxis 

damokleba SesaZlebeli gaxda ZiriTadi eleqtrodebis (anodi da kaTodi, 

emiteri da koleqtori, saTave da Casadeni) fuZe naxevargamtaruli kristalis 

erT zedapirze horizontaluri (planaruli) ganlagebis nacvlad, urTierT 

mopirdapire zedapirebze ganlagebiT (ZiriTad eleqtrodTa vertikaluri 

ganlagebiT). 

   ZiriTad eleqtrodTa vertikaluri ganlagebis Sedegad Zaluri gasaRebebis 

vargisobis koeficienti erTi rigiT da metad gaizarda. Mmagram Zaluri  

gasaRebebis erTarxian vertikalur struqturas, planarul struqturasTan 

SedarebiT, uaresi siTburi Tvisebebi aRmoaCnda. vertikalur struqturiani 

Zaluri gasaRebebis siTburi Tvisebebis gasaumjobeseblad saWiro gaxda 
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dengamtari arxis danawevreba erTnairi parametrebis mqone didi raodenobis 

paralelurad momuSave dengamtar arxebad. Zaluri naxevargamtaruli 

gasaRebebis damzadebis am axal teqnologias safuZvlad daedo cifruli 

integraluri mikrosqemebis damzadebis teqnologiuri miRwevebi. aRniSnuli 

teqnologiuri miRwevebis gamoyenebiT SesaZlebeli gaxda mravalujrediani 

struqturis mqone srulad marTvadi Zaluri naxevargamtaruli gasaRebebis 

Seqmna. 

   Mmravalujrediani struqturis mqone naxevargamtaruli gasaRebebis 

moqmedebis principi da fizikuri maxasiaTeblebi ganisazRvreba struqturaSi 

Semavali identuri Tvisebis mqone calkeuli elementaruli ujredis (sabazo 

ujredi) moqmedebis principiT da fizikuri TvisebebiT. rac ufro rTulia am 

elementaruli ujredis struqtura, miT ufro axlosaa Zaluri gasaRebi 

idealurTan. idealuri ki isTi gasaRebia, romelsac unari Seswevs myisierad 

gadarTos usasrulod didi sididis deni (marTvis wredis mier moTxovnili 

nulis toli simZlavris pirobebSi) da moaxdinos usasrulod didi sididis 

ukuZabvis blokireba (Sekaveba), gaaCnia gaxsnili mdgomareobis dros nulis 

toli narCeni Zabva da Caketili mdgomareobis dros nulis toli gaJonvis 

deni (ukudeni). cxadia, idealuri gasaRebi ar SeiZleba arsebobdes. realuri 

gasaRebebi met-naklebi xarisxiT uaxlovdebian idealurs. 

   Mmravalujrediani struqturis mqone srulad marTvadi Zaluri naxe-

vargamtaruli gasaRebebis samrewvelo warmoeba daiwyo gasuli saukunis 80-iani 

wlebidan. aseT gasaRebebs miekuTvnebian: 

• Zaluri bipolaruli tranzistorebi (BJT); 

• Zaluri veliT marTuli tranzistorebi izolirebuli marTvis 

eleqtrodiT (MOS, FET); 

• Bbipolaruli tranzistorebi izolirebuli baziT (IGBT); 

• Ooroperaciuli (gamorTvadi) tiristorebi (GTO); 

• tranzistorebi da tiristorebi statikuri induqciiT (SITr, SITh); 

• veliT gamorTvadi tiristorebi (FCT, MCT); 

   zemodasaxelebuli Zaluri gasaRebebis bazaze sazRvargareTis wamyvani 

firmebi (Motorola, General Electric, Mitsubishi, da sxva) amzadeben erT, or, oTx da eqvs 

gasaRebian modulebs naxevradboguri da boguri (erTfaza. samfaza) sqemebis 

saxiT. 

   80-ani wlebis meore naxevarSi Seiqmna Zaluri (energetikuli) eleqtronikis  

xelsawyoTa axali klasi, romelmac miiRo Zaluri inteleqtualuri 

integraluri sqemebis saxelwodeba. aseTi sqemebi erT kristalSi an erT 

korpusSi aerTianeben rogorc Zalur srulad marTvad gasaRebebs sakuTari 

marTvisa da dacvis sqemebTan erTad, ise mTeli gardamqmneli danadgaris 
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marTvis sistemas, kontrolisa da sadiagnostiko sistemebs. Aamis gamo, 

mkveTrad mcirdeba gardamqmenlis wona da zomebi, izrdeba muSaobis 

saimedooba da farTovdeba maTi funqciuri SesaZleblobebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 6

1 Zaluri tranzistoruli gasaRebebi 

1.1. Zaluri bipolaruli tranzistoruli gasaRebi 

 

 

   n-p-n tipis Zaluri bipolaruli tranzistoris sabazo ujredis struqtura 

1.1 suraTzea naCvenebi. sabazo 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 Semdeg, P-bazis zedapirze planaruli teqnologiis mixedviT  

 

xorcieldeba zedapiris siliciumis orJangis (SiO2) Txeli SriT dafarva, 

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 vertikaluri struqtura ewodeba. 

   sabazo ujredSi koleqtoruli gadasasvleli p- da n--ubnebs Soris arsebobs. 

koleqtoruli ubnis (n-
) susti legirebis gamo gazrdilia koleqtoruli p-n 
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gadasasvlelis sisqe, rac dasaSvebi ukuZabvis mniSvnelovani gazrdis 

saSualebas iZleva. 

   emiteruli gadasasvleli sabazo ujredSi 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 warmoiqmnebian. 

   Zalur bipolarul tranzistorSi sustad legirebuli koleqtoruli ubnis 

arseboba iwvevs denis gadacemis koeficientis mniSvnelovan Semcirebas. amitom, 

tranzistoris gajerebis reJimis uzrunvelsayofad saWiro xdeba bazis denis 

mniSvnelovani gazrda. amis gamo ki mniSvnelovnad izrdeba xelsawyos  

marTvisTvis saWiro simZlavre, rac arasasurvelia. denis gadacemis 

koeficientis gazrdis saWiroeba moiTxovs sabazo ujredis struqturis 

garTulebas (1.1-suraTze naCvenebi ar aris). kerZod, sabazo 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 1.2. suraTzea 

naCvenebi. 

 

   aseTi struqturis mqone tranzistoris bazis denis gadacemis koeficienti 

                               β=β1·β2  , 

sadac β1, β2 –VT1,VT2 tranzistorebis denis gadacemis koeficientebia. 

      VT1 da VT2 tranzistorebis emiteruli gadasasvlelebi daSuntebulia R1 

da R2 rezistorebiT. es rezistorebi zrdian koleqtor-emiteris wredis muSa 

Zabvis sidides da aumjobeseben tranzistoris siTbur stabilobas. garda 

amisa, es rezistorebi aumjobeseben tranzistoris Caketil mdgomareobaSi 

gadasvlis (gamorTvis) dinamikur maxasiaTebels. 
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1.2 Zaluri bipolaruli tranzistorebis  

saqesploatacio parametrebi 

 

   Zaluri bipolaruli tranzistorebis sacnobaro katalogebSi Cveulebriv 

zRvruli saqesploatacio parametrebia miTiTebuli. Zaluri bipolaruli 

tranzistoris muSaobis zRvrulad dasaSvebi reJimi ganisazRvreba Zabvisa da 

denis dasaSvebi mniSvnelobebiT, agreTve xelsawyoSi gamoyofili 

maqsimalurad dasaSvebi simZlavriT da korpusis temperaturiT. Zaluri  

 

bipolaruli tranzistoris mwyobridan gamosvlas ZiriTadad iwvevs erT-erT 

eleqtrul gadasasvlelze dasaSvebze meti sididis ukuZabvis moqmedeba da 

xelsawyos gadaxureba didi sididis denis gavlis dros. 

   Zaluri bipolaruli tranzistoruli gasaRebis SerCevisa da muSaobis 

reJimis gaangariSebis dros gamoyenebuli sacnobaro parametrebi mocemulia 

cxrilis saxiT. 

   cxrili 1.1. Zaluri bipolaruli tranzistorebis parametrebi 

aRniSvna parametrTa 

jgufi 
parametris dasaxeleba 

rus. ingl. 
gazomvis reJimi 

1 2 3 4 5 

 

 

 

 

 

koleqtoris  

Zabvis 

mixedviT 

koleqtoruli 

gadasasvevlis 

maqsimalurad dasaSvebi 

Zabva 

 

koleqtor-emiters Soris 

maqsimalurad dasaSvebi 

Zabva 

 

koleqtor-emiteris 

gajerebis Zabva 

Vкб max 
 
 
 
 
Vкэ max 
 
 
 
Vкэ нас 

VCBO 
 
 
 
 
VCEO 
 
 
 
VCE(sat) 

roca emiretis deni 

nulis tolia 

 

 

roca bazis deni 

nulis tolia 

 

koleqtoris denis 

mocemuli 

mniSvnelobisa da 

bazis pirdapiri 

denis mocemuli 

mniSvnelobis dros 

 

 

 koleqtoris 

Ddenis  

mixedviT 

koleqtoris deni mokve-

Tis reJimSi 

 

koleqtoris maqsimalurad 

dasaSvebi deni 

 

koleqtoris maqsimalurad 

dasaSvebi impulsuri deni 

 

 

 

IKmax 

 

 
IK·U 

ICEX 
 
 
IC 
 
 
ICM 

bazis wredis uaryo-

fiTi wanacvlebis 

dros 

korpusis mocemul 

temperaturaze 

 

impulsis xangrZli-

obis mocemuli sidi-

dis dros 

 

marTvis 

wredis 

mixedviT 

 

 

 

 

baza-emiteris 

maqsimalurad dasaSvebi 

ukuZabva 

 

 

 

 
VБэmax 
 
 
 
 
 

 

VEBO 
 
 
 
 
 

 

roca koleqtoris 

deni nulis tolia  
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marTvis 

wredis 

mixedviT 

 

bazis deni mokveTis 

reJimSi 

 

 

 

 

baza-emiteris gajerebis 

Zabva 

 
- 
 
 
 
 
 
VБЭ·HAC 

 
IEBO 
 
 
 
 
 
VBE(sat) 

 

bazis wredis uaryo-

fiTi wanacvlebisa 

da koleqtoris 

nulis toli denis 

dros 

 

koleqtoris denis 

mocemuli 

mniSvnelobisa da 

bazis pirdapiri 

denis dros 

 

 

 

gaZlierebis 

koeficientis 

mixedviT 

denis statikuri 

gaZlierebis koeficienti 

 

 

 

 

gaZlierebis sasazRvro 

sixSire 

 

h21Э 
 
 
 
 
 
frP 

hFE 
 
 
 
 
 
fT 

koleqtoris denis 

mocemuli 

mniSvnelobisa da 

koleqtor-emiteris 

mcire Zabvis dros. 

 

koleqtoris denis 

mocemuli 

mniSvnelobis dros 

 

 

 

 

 

 

 

dinamikuri 

parametrebi 

 

 

 

 

koleqtoris denis zrdis 

xangrZlivoba 

 

 

CarTvis dro 

 

koleqtoris denis klebis 

xangrZlioba 

 

gawovis dro 

 

koleqtoruli 

gadasasvlelis barieruli 

tevadoba 

 

tHAP 
 
 
 
tBKЛ 
 
 
tCП 
 
 
tpacc. 
 
 
CKБ 

tR 
 
 
 
tON 
 
 
tF 
 
 
tS 
 
 
CCB 

Semavali da gamoma-

vali wredebis 

mocemuli reJimis 

dros 

 

 

 

 

 

 

 

gamosavali Zabvis 

mocemuli 

mniSvnelobis dros 

 

 

 

 

 

 

 

 

siTburi 

parametrebi 

 

 

 

 

 

 

 

 

 

 

 

gadasasvleli-korpusis 

siTburi winaRoba 

 

gadasasvleli-garemos 

gardamavali winaRoba 

 

gadasasvleli-korpusis 

gardamavali winaRoba 

 

gadasasvlelis maqsimalu-

rad dasaSvebi 

temperatura 

 

korpusis temperatura 

 

garemos temperatura 

 

 

 

 
RT(П-K) 
 
 
RT(П-С) 
 
 
ZT 
 
 
 
TП·max 
 
 
TK 
 
TCP 
 
 
 
 

 
RTh-C 
 
 
RThJ-A 
 
 
ZThJ-C 
 
 
 
TJ(max) 
 
 
TC 
 
TA 
 
 
 
 

 

gamagrilebelis 

gamoyenebis 

SemTxvevaSi 

gamagrilebeli ar 

aris gamoyenebuli 

 

impulsis 

xangrZlivobis 

mocemuli 

mniSvnelobis dros 

uaryofiTi da 

dadebiTi 
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siTburi 

parametrebi 

 

 

 

korpusi-gamagrilebeli 

siTburi winaRoba 

 
 
 
RT(K-O) 

 
 
 
RThC-S 

korpussa da 

gamagrilebels 

Soris kontaqtis 

mocemuli 

parametrebis 

pirobebSi 

simZlavre koleqtorze gabneuli 

maqsimaluri simZlavre 
PK PC korpusis mocemuli 

temperaturis dros 

 

   Zaluri bipolaruli tranzistoruli gasaRebis warmatebuli 

funqcionirebisTvis aucilebelia, rom ar moxdes cxrilSi mocemuli 

nebismieri jgufis parametris zRvrulad dasaSvebi sididis gadameteba.  

   Tanamedrove Zaluri bipolaruli tranzistoruli gasaRebebi normalurad 

funqcionireben 500 a-mde denze da 1500 v-mde Zabvaze 10 khc muSa sixSiris 

dros. aseTi gasaRebebis umniSvnelovanes dadebiT Tvisebas warmoadgens Ria 

gasaRebze Zabvis vardnisa (narCeni Zabvis) da simZlavris danakargis mcire 

sidide. Ria gasaRebze narCeni Zabva ar aRemateba 1,5-2 v. amave dros, maT 

gaaCniaT seriozuli uaryofiTi Tvisebebi:  

• bipolaruli tranzistoruli gasaRebis marTvis wredi moiTxovs 

sakmaod did simZlavres; 

• gadarTvebTan dakavSirebulia gardamavali procesebis gazrdili 

inerciuloba; 

• gasaRebebis paraleluri SeerTebis dros adgili aqvs calkeul 

StoSi denis araTanabar gadanawilebas. paralelur StoebSi denebis 

gaTanabrebisaTvis saWiroa damatebiTi sqemuri elementebis gamoyeneba;  

• maRalia aseTi gasaRebebis siTburi da meoreuli garRvevis albaToba. 

zemoaRniSnuli uaryofiTi Tvisebebis gamo, Zaluri bipolaruli 

tranzistoruli gasaRebebis gamoyenebis sfero sakmaod SezRudulia. 

 

 

1.3 Zaluri veliT marTuli tranzistorebi izolirebuli 

marTvis eleqtrodiT 

 

   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. sabazo ujredebis damzadeba xdeba ori variantis mixedviT: 

V-teqnologiiT (V-MOS FET) da D-teqnologiiT (D-MOS FET). 
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   V-teqnologiis mixedviT damzadebul sabazo ujreds mxolod vertikaluri 

struqtura gaaCnia (sur. 1.3). sawyis masalad gamoiyeneba n+-naxevargamtaruli  

 

 

 

kristalis firfita (safeni), romelzec amozrdilia n--epitaqsialuri Sre. 

am Sreze minarevebis mimdevrobiTi difuziiT formirdeba P-ubani da 

Zlierlegirebuli n+-saTvis ubani. am etapamde warmoebuli teqnologiuri 

operaciebi bipolaruli sabazo ujreds 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 

meTodis gamoyenebiT datanilia liTonis Sre, romelzec gakeTebulia 

Camketis (marTvis eleqtrodis) sakontaqto gamomyvani. analogiurad 

ukeTdeba sakontaqto gamomyvanebi n+ -ubnebs. rac Seexeba Casadenis 

sakontaqto gamomyvans, igi Sesrulebulia n+- naxevargamtaruli kristalis 

safenis ukana moliTonebuli zedapiridan. 

   D-teqnologiis mixedviT damzadebul sabazo ujreds SeiZleba hqondes 

rogorc vertikaluri, ise horizontaluri (planaruli) sturqtura. amJamad 

aseTi sabazo ujredebis damzadeba xdeba ZiriTadad vertikaluri 

srtuqturis mixedviT (sur. 1.3, b). am saxis sabazo ujredis Sesrulebis 

drosac gamoyenebulia Zlierlegirebuli n+
-safeni, romlis ukana zedapiri 

dafarulia liTonis Txeli SriT da igi Casadenis funqcias asrulebs. 

safenis wina zedapirze epitaqsialuri amozrdis meTodis gamoyenebiT 

Seqmnilia sustad legirebuli n--Sre. am Sreze minarevebis Setanis 
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difuziuri teqnologiis gamoyenebiT Seqmnilia P-ubani da saTavis 

Zlierlegirebuli n+-ubnebi. moliTonebis operaciis Catarebis Sedegad 

miRebulia Camketisa da saTavis sakontaqto gamomyvanebi.  

   V-ldn da D-ldn sabazo ujredebis Sesrulebis TiTqmis erTnairi 

teqnologiis miuxedavad, V-ldn sabazo ujredebs aqvT Zalze mcire sigrZis 

dengamtari arxi (0,1 mkm-de). amitom mcirea gasaRebis winaRoba da narCeni 

Zabvis sidide Ria mdgomareobis dros. amasTan erTad, mcirea gamrRvevi 

Zabvis sidide Caketili mdgomareobis dros. D-ldn sabazo ujredebSi 

dengamtari arxis sigrZe mniSvnelovnad meti sididisaa. aseTi gasaRebis 

gamrRvevi Zabva sakmaod maRalia, magram, amave dros, sakmaod didia narCeni 

Zabva Ria mdgomareobaSi. 

      ldn sabazo ujredis muSaobis principi planaruli teqnologiiT 

Sesrulebuli dainduqciebularxiani veliT marTuli tranzistoris 

muSaobis principis analogiuria. sabazo ujredis Ria mdgomareobaSi 

gadarTvisTvis aucilebelia arxis im ubnis gamtarobis inversia, romelic 

uSualod mmarTveli eleqtrodis (Camketis) qvemoTaa moTavsebuli. Zaluri 

ldn gasaRebis sabazo ujredi, rogorc wesi, n-arxiania. sabazo ujredis 

Camketze dadebiTi wanacvlebis Zabvis miwodebisas, eleqtruli velis 

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- 

Casadenis ubnebi erTmaneTs daukavSirdebian n-tipis arxiT. 

   Zaluri ldn-tranzistoris orive saxis sabazo ujredi Seicavs Siga 

“parazitul” n-p-n bipolarul tranzistors (VT, sur. 1.3.), romlic 

warmoqmnilia: n+-saTvis ubniT (emiteri), inversuli arxis P-ubniT (baza) da 

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

struqturis muSa arxis paralelurad. imisaTvis, rom xelsawyom 

SeinarCunos veliani tranzistorebisaTvis damaxasiaTebeli dadebiTi 

Tvisebebi aucilebelia gamoiricxos muxtis gadamtanebis bipolaruli 

meqanizmis amoqmedeba. am mizniT Zaluri ldn-tranzistoris sabazo ujredSi 

P-ubnis nawili kontqatSi imyofeba saTavis gamomyvanis liTonis SresTan. 

sqemoteqnikuri TvalsazrisiT aseTi teqnologiuri RonisZiebis gatareba 

parazituli n-p-n tranzistoris emiteruli gadasasvlelis mokled CarTvis 

eqvivalenturia. Tumca, imis gamo, rom P-ubans gansazRvruli sasruli 

sididis grZivi Rp winaRoba gaaCnia, aRniSnuli problema bolomde 

gadaWrili ar aris. Casadenis wredSi Zabvis didi siCqariT cvlilebis dros 
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Tavs iCens dv/dt efeqti. kerZod, tevaduri xasiaTis ukukavSiris denma grZiv 

Rp winaRobaze SeiZleba 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. 

   P-ubnis sakontaqto liTonis SresTan 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-Casadenis wredis 

Semxvedr-paraleluradaa CarTuli (sur.1.3, g). sabazo 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 sabazo ujredebis struqturaTa Soris garkveuli 

gansxvavebis miuxedavad, maT muSaobas safuZvlad udevs erTi saerTo 

principi. kerZod, Caketili mdgomareobis dros Casadensa da saTaves Soris 

mierTebuli gareSe Zabvis wyaros eleqtruli veli koncentrirebulia 

Casadenis n-
-epitaqsialur ubanSi, ris gamoc gamrRvevi Zabvis (maSasadame 

dasaSvebi Zabvis) sidide maRalia. bipolaruli sabazo 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. 

 

 

 

1.4. Zaluri ldn gasaRebebis saeqsploatacio  

parametrebi 

 

   Zaluri ldn gasaRebebis SerCevis da muSaobis reJimis gaangariSebis 

dros gamoyenebuli sacnobaro parametrebi mocemulia cxrilis saxiT. 
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  cxrili 1.2 Zaluri ldn tranzistoris parametrebi 

aRniSvna parametrTa 

jgufi 
parametris dasaxeleba 

rus. ingl. 
gazomvis reJimi 

1 2 3 4 5 

 

Zabva 

Casadenze 

Casadensa da saTaves 

Soris Zabvis 

maqsimalurad dasaSvebi 

sidide 

Vcu max VDS  

Casadenis deni 

 

 

 

 

Casadenis deni 

mokveTis deni CasadenSi 

 

 

 

Casadenis maqsimalurad 

dasaSvebi deni 

 

Casadenis maqsimalurad 

dasaSvebi impulsuri deni 

IOTC 
 
 
 
IC max 

 
 
ICU 

IDSS 

 
 
 
ID 

 

 
IDM 

Camket-saTavis 

mokled CarTvisa da 

VDS Zabvis dros 
 

korpusis mocemuli 

temperaturis dros 

 

impulsis 

xangrZlivobis 

mocemuli 

mniSvnelobis dros 

 

 

 

marTvis 

wredis 

parametrebi 

Camket-saTaves Soris 

mqasimalurad dasaSvebi 

pirdapiri (uku) Zabva  

 

Camket-saTaves Soris 

zRurbluri Zabva 

 

Camketis gaJonvis deni 

VЗИ max 

 

 

 
VЗИ ПOP 
 
 
VЗИ OTC 

VGSS 

 

 

 
VGS(th) 
 
 
IGSS 

Casaden-saTavis 

wredis mokeld 

CarTvis dros 

 

VDS Zabvis dros  
 

VGSS Zabvis da 
Casaden-saTavis 

wredis mokled 

CarTvis dros 

 

 

maZlierebeli 

parametrebi 

pirdapiri gadacemis 

maxasiaTeblis daxriloba 

 

Casadeni-saTaves Soris 

winaRoba Ria 

mdgomareobis dros 

S 
 
 
RCU 

gFS 

 

 

RDS (On) 

VDS da ID mocemuli 

mniSvnelobis dros 
 
ID da Camket-saTave 

Zabvis mocemuli 

mniSvnelobis dros 

 

 

 

 

 

 

 

 

dinamikuri 

parametrebi 

 

 

 

 

 

 

 

 

 

 

 

CarTvis dayovnebis dro 

 

gamorTvis dayovnebis dro 

 

Casadenis denis zrdis 

dro 

 

Casadenis denis klebis 

dro 

 

Semavali wredis tevadoba 

 

gamomavali wredis 

tevadoba 

 

gamomavali wredis 

tevadoba 

 

Camketis wredis saerTo 

muxti 

tЗ BKЛ 
 
tЗ BЫK 
 
tнap 
 
 
tСП 

 

 
С11,U 
 
C22,U 
 
 
C12,U 
 
 
- 
 
 

tD(on) 
 
tD(off) 
 
tR 
 
 
tF 
 
 
CiSS 
 
COSS 
 
 
CRSS 
 
 
QG 
 
 

Semavali da 

gamomavali wredis 

mocemuli reJimis 

dros 

 

 

 

 

 

 

VDS mocemuli 

sididis da 1 mghc 

sixSiris dros 

CiSS=CGS+CGD 
COSS=CGD+CDS 
CRSS=CGD 
 
datvirTvis da 

marTvis mocemuli 

reJimis dros 



 15

 

 

 

 

dinamikuri 

parametrebi 

 

 

Zabvis zrdis kritikuli 

siCqare Caketili 

mdgomareobis dros 

 

 

 
 
dv/dt 

 
 
dv/dt 

 

gamosavali Zabvis 

mocemuli 

amplitudis, Camket-

saTavis wredis 

mokled CarTvisa da 

gadasasvlelis 

mqasimaluri 

temperaturis dros 
 

 

 

 

 

 

 

 

 

siTburi 

parametrebi 

gadasasvleli-korpusi 

siTburi winaRoba 

 

gadasasvleli-garemo 

siTburi winaRoba 

 

korpusi-gamagrilebeli 

siTburi winaRoba 

 

gadasasvleli-korpusi 

gardamavali winaRoba 

 

gadasasvlelis 

maqsimalurad dasaSvebi 

temperatura 

 

korpusis temperatura 

 

garemos temperatura 

RTП-K 
 
 
 
RTП-C 

 
 
RTK-O 

 
 
 
rT 

 
 
TП max 
 
 
TK 
 
TOKP 

RThJC 
 
 
 
RThJA 

 

 
RThCS 
 
 
 
ZThJC 

 
 
TJ(max) 
 
 
TC 
 
TA 

gamagrileblis 

gamoyenebis dros 

 

gamagrileblis 

gareSe 

 

korpussa da gama-

grilebels Soris 

kontaqtis mocemuli 

parametrebis dros 

 

impulsis mocemuli 

xangrZlivobis dros 

 

temperaturis 

dadebiTi da 

uaryofiTi 

diapazonisTvis 

 

 

 

simZlavre 

gabneuli simZlavris 

maqsimaluri mniSvneloba 

 

energiis danakargi 

CarTvis dros 

 

energiis danakargi 

gamorTvis dros 

Pmax 
 
 
- 
 
 
- 

PD 
 
 
EON 
 
 
Eoff 

korpusis 

temperaturis 

mocemuli 

mniSvnelobis dros 

 

datvirTvis da 

marTvis mocemuli 

reJimis dros 

 

Zaluri ldn gasaRebebis dadebiTi Tvisebebia:  

• ldn gasaRebSi adgili ar aqvs muxtis dagrovebis da gawovis 

inerciul procesebs, amitom gasaRebis erTi mdgomareobidan meoreSi 

gadarTvis siCqare maRalia. aqedan gamomdinare, ldn gasaRebebs 

SeuZliaT normaluri funqcionireba gacilebiT ufro maRali 

sixSiris denis gardamqmnelebSi, vidre bipolarul tranzistorul 

gasaRebebs; 

• ldn gasaRebebis marTvis simZlavre gacilebiT naklebia, vidre 

bipolaruli traznistoruli gasaRebebis marTvis simZlavre; 

• ldn gasaRebis dengamtari arxis erTgvarovnebis gamo misi winaRobis 

temperaturuli koeficienti dadebiTi niSnisaa. amis gamo, gasaRebis 

Termomedegoba maRalia da gaaCnia arxSi gamavali denebis simkvrivis 

TviTgaTanabrebis unari. am Tvisebebidan gamomdinare, gasaRebebis 
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paraleluri SeerTebis dros aRar aris saWiro paralelur StoebSi 

denebis gamTanabrebeli damatebiTi elementebis gamoyeneba; 

   

   Zaluri ldn gasaRebebis seriozuli naklovani mxarea is, rom Ria 

mdgomareobis dros dengamtari arxis winaRoba da narCeni Zabva sakmaod didi 

sididiaa. amis gamo, gasaRebSi simZlavris mniSvnelovan danakargs aqvs adgili. 

am maCveneblis mixedviT igi mniSvnelovnad CamorCeba Zalur bipolarul 

tranzistorul gasaRebs. 

 

 

1.5. Zaluri bipolaruli tranzistoruli gasaRebi 

izolirebuli baziT 

 

   am saxis xelsawyo warmoadgens ldn da bipolaruli tranzistorebis 

struqturaTa monoliTur kombiancias. xelsawyos sabazo ujredi miiReba 

Sesavali ldn da gamosavali bipolaruli tranzistoris struqturaTa 

Serwymis Sedegad. aseTi teqnikuri gadawyvetis Sedegad miRebul 

xelsawyoSi gaerTianebulia rogorc bipolaruli, ise ldn tranzistoris 

dadebiTi Tvisebebi. sabazo elementis struqturaSi Semavali bipolaruli 

tranzistoris bazas mmarTveli signali miewodeba izolirebulCamketiani 

veliT marTuli tranzistoris saSualebiT. amis gamo, am saxis xelsawyom 

miiRo izolirebulbaziani bipolaruli tranzistoris saxelwodeba. misi 

Semoklebuli inglisuri dasaxelebaa-IGBT (Insulated Gate Bipolar Transistor). 

   IGBT gasaRebis sabazo ujredis struqtura warmodgenilia 1.4. a suraTze, 

xolo 1.4. b suraTze naCvenebia sabazo ujredis eqvivalenturi sqema. IGBT 

gasaRebis sabazo ujreds aqvs ldn-gasaRebis sabazo ujredis analogiuri 

struqtura. gansxvaveba mxolod imaSia, rom IGBT gasaRebis sabazo 

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 wyaros plusi 

(Zabvis wyaros minusi miuerTdeba emiters). ldn-sabazo ujredis msgavsad, 

gareSe wyaros Zabva ZiriTadad sustad legirebul n--epitaqsialur Sreze 

moedeba.  

   izolirebul Camketze dadebiTi wanacvlebis Zabvis miwodebis dros P-

ubnis zedapirqveSa Sreebis gamtarobis inversiis gamo, warmoiqmneba n-
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tipis dengamtari arxi 2 da emiter-koleqtoris wredSi gaivlis deni. denis 

ZiriTadi gza naCvenebia 1.4 suraTze. 

 

 

 

   am procesTan erTad, romelic ldn-struqturisTvisacaa 

damaxasiaTebeli, gansaxilveli struqturis sabazo 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 gadaadgildebian n--ubnis siRrmeSi, 

arxis maxloblad warmoqmnian dadebiT moculobiT muxts da axdenen arxis 

winaRobis Secvlas (modulacias). aqedan gamomdianre, aseTi struqturis 

mqone sabazo ujredma miiRo modulirebulgamtarobiani struqturis 

saxelwodeba. arxis modulaciis gamo misi winaRoba gamtari mdgomareobis 

dros mniSvnelovnad mcirdeba.  

   Ria IGBT gasaRebze sruli Zabvis vardna (VTI parazituli tranzistoris 

gavlenas mxedvelobaSi ar vRebulobT) etoleba 

 
                            VCE(sat) =VBE + IBRon,                   (1.1)                                  p-n-p 

      

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

             gadasasvlelze arsebuli Zabvis vardnaa; 

              Ron –ldn –tranzistoris dengamtari arxis omuri winaRobaa; 
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              IB-  p-n-p  tranzistoris bazis denia.  

   maSasadame, Ria tranzistorul gasaRebze arsebuli sruli Zabvis vardna or 

komponents Seicavs: 

• Zabvis vardna p-n-p tranzistoris emiterul gadasasvlelze, 

romelsac SemdegSi vuwodoT sruli Zabvis vardnis dioduri 

mdgeneli; 

• Zabvis vardna ldn-tranzistoris arxis winaRobaze, romelsac 

SemdegSi vuwodoT sruli Zabvis vardnis omuri mdgeneli. 

erTis mxriv, Ria IGBT gasaRebze arsebuli sruli Zabvis vardna ar SeiZleba 

iyos Zabvis vardnis dioduri mdgenelis zRvrul mniSvnelobaze naklebi. 

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

arxis omuri winaRobis namravlis proporciulia. Zabvis vardnis omuri 

mdgeneli p-n-p tranzistoris bazis wredSia, xolo gamosavali deni amave dros 

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 

(1.1) gamosaxuleba Semdeg saxes miiRebs 

VCE(sat)=VBE+Ron/1+β·IC         (1.2) 
                                                               p-n-p 

 

   (1.2) 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 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 sabazo ujredis struqturaSi 

Semavali VT1 da VT2 tranzistorebs Soris (sur. 1.4, 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 dros SeiZleba 

aRiZvras gasaRebis CarTvis regeneraciuli procesi, romelsac trigerul 

efeqts uwodeben. trigeruli efeqtis amoqmedebisas IGBT gasaRebian 

gardamqmnel mowyobilobebSi adgili aqvs seriozul avariul reJims. 
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   yuradReba unda gamaxvildes IGBT gasaRebis sabazo ujredis muSaobis kidev 

erT Taviseburebaze, rac imaSi gamoixateba, rom pirdapiri denis gavlis 

procesSi struqturis bazebSi grovdeba muxtis Warbi araZiriTadi gadamtanebi 

(ldn-sabazo ujredis struqturaSi aseT process adgili ar aqvs). amis gamo, 

IGBT sabazo ujredis struqturis ldn nawilis eleqtruli veliT swrafi 

gamorTvis dros, n--bazis ubani moikveTeba ra gamosavali wredisgan dengamtari 

arxis 2 ararsebobis gamo (sur. 1.4.), 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).  

   Zaluri izolirebulbaziani bipolaruli gasaRebebis dasaxasiaTeblad  

parametrTa igive sistema gamoiyeneba, romelic Zaluri ldn gasaRebebisTvis 

aris damaxasiaTebeli (cxrili 1.2.). gansxvaveba mxolod imaSia, rom Ria arxis 

winaRobis nacvlad cnobarebSi mocemulia koleqtor-emiteris gajerebis Zabva 

Vэк нас [VCE(sat)], romelic ganisazRvreba koleqtoris denisa da Camketis Zabvis 

mocemuli mniSvnelobis dros. zogi damamzadebeli firma iZleva agreTve 

monacemebs IGBT gasaRebis gajerebis Zabvis calkeuli mdgenelebis Sesaxeb 

(struqturis veliani da bipolaruli nawilebisaTvis) 

VCE (sat) = VCEP-n+RCE(on)IC                        (1.3) 

    

   Tanamedrove Zalur IGBT gasaRebebs SeuZliaT normaluri funqcionireba 1ka-

mde denze da ramdenime kilovoltamde Zabvaze. muSa sixSire 50khc-mdea. 

   Zaluri IGBT gasaRebebis dadebiTi Tvisebebia: 

• mcirea marTvisTvis moTxovnili simZlavre; 

• gaaCniaT denuri gadatvirTvebis mimarT gazrdili mdgradoba; 

• mcirea Ria gasaRebze simZlavris danakargi; 

• gaaCniaT gazrdili swrafmoqmedeba gadarTvebis dros (Zalur 

bipolarul tranzistorul gasaRebTan SedarebiT). 
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1.6. statikuri induqciuri tranzistoruli  

gasaRebi (SITr) 

 

   statikuri induqciuri tranzistori faqtiurad warmoadgens p-n 

gadasasvlelian veliT marTul tranzistors. arsebobs aseTi tranzistoris 

sabazo ujredis Sesrulebis sami varianti, romlebic erTmaneTisgan 

gansxvavdebian mmarTveli eleqtrodis (Camketis) konstruqciuli 

SesrulebiT. 1.5.a suraTze naCvenebia CamalulCamketiani sabazo ujredis 

struqtura. Camketi ganTavsebulia dengamtari arxis siRrmeSi da aqvs badis 

forma. amitom mas mmarTvel badesac uwodeben. 

   sabazo ujredis damzadeba xdeba siliciumis n+-tipis safenze. am safens 

wina zedapirze epitaqsialuri amozrdis meTodis gamoyenebiT Seqmnilia n--
sustad legirebuli Sre. ujreds aqvs vertikaluri struqtura. Casadenis 

kontaqti Seqmnilia safenis ukana zedapiris moliTonebis gziT. Semdegi 

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 

 

 

   sabazo ujredis struqturis gamrRvevi Zabvis sidide damokidebulia n--

epitaqsialuri Sris sisqeze. 

   Camketze uaryofiTi niSnis Zabvis miwodebisas mmarTvel p+-n- 

gadasasvlelebis garSemo warmoiqmneba minarevis ionebis sivrculi muxtis 
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ubani, romlis ZiriTadi nawili ganTavsdeba sustad legirebul n-
-SreSi. 

sivrculi muxtis ubnebis gadakveTisas adgili eqneba arxSi denis Sewyvetas 

(arxis Caketvas). rodesac Camketze uaryofiTi wanacvlebis Zabva ar aris 

miwodebuli (Camketis potenciali nulis tolia) 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. 

   statikuri induqciuri tranzistorebis saeqsploatacio parametrebs 

axasiaTebT mniSvnelovani gabnevadoba. yvelaze srulyofilad aseTi 

gasaRebebis Sefaseba SesaZlebelia Zaluri ldn da IGBT gasaRebebis 

parametrTa sistemiT, romelsac damatebuli aqvs specialuri parametrebi, 

romlebic asaxaven aseTi gasaRebebis bipolarul reJimSi muSaobas. 

damatebiTi parametrebis sistema mocemulia 1.3. cxrilSi. 

 

 

   cxrili 1.3 statikuri induqciuri tranzistoruli gasaRebebis 

damatebiTi parametrebi 

parametrTa jgufi parametris dasaxeleba aRniSvna     gazomvis reJimi 

 

 

 

marTvis wredis 

parameterbi 

Camketis pirdapiri 

denis maqsimalurad 

dasaSvebi mniSvneloba  

 

 

Camketis pirdapiri 

impulsuri denis 

maqsimalurad 

dasaSvebi mniSvneloba 

IЗ max 
 
 
 
 
 
IG 
 
 

 

 

 

 

 

impulsebis 

xangrZlivobis da 

simeCxris 

mocemuli 

mniSvnelobis 

dros 

 

 

 

efeqturoba 

 

 

 

 

blokirebis 

koeficienti  

 

 

 

 

 
β 
 
 
 
 
 

 

Casaden-saTave 

maqsimaluri Zabvis 

dros 
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efeqturoba 

saerTo saTaviani 

sqemis denis gadacemis 

statikuri koeficienti 

 

Ria mdgomareobis 

winaRoba bipolarul 

reJimSi 

 
B 
 
 
 
RDS(on)BP 
 

Casadenis denis, 

Camketis denisa da 

Casadeni-saTave 

Zabvis mocemuli 

mniSvnelobis 

dros 

 

dinamikuri 

parametrebi 

 

gawovis dro 

bipolarul reJimSi 

 
tpacc 

Casadenis da 

Camketis denis 

mocemuli 

mniSvnelobis 

dros 

 

   statikuri induqciuri tranzistoruli gasaRebebi simZlavriseuli da 

dinamikuri parametrebis mixedviT axlosaa bipolarul tranzistorul 

gasaRebebTan. garda amisa, isini normalurad Ria gasaRebebs warmoadgenen, 

ris gamoc maTi marTvis saimedooba dabalia. yovelive amis gamo, statikuri 

induqciuri tranzistoruli gasaRebebis gamoyenebis sfero sakmaod 

SezRudulia. 

 

 

2. srulad marTvadi tiristoruli  

gasaRebebi 

 

   srulad marTvadi ewodeba tiristorul gasaRebs, romelic rogorc 

gaxsnil, ise Caketil mdgomareobaSi gadadis marTvis eleqtrodis 

saSualebiT. srulad marTvad tiristorebs gamorTvad (Caketvad) 

tiristorebsac uwodeben, riTac xazgasmulia is faqti, rom Cveulebrivi, 

anu erToperaciuli tiristorisgan gansxvavebiT, marTvis eleqtrodiT 

SesaZlebelia maTi ara marto gaxsna, aramed Caketvac (gamorTvac). 

   srulad marTvadi tiristoruli gasaRebebi miekuTvnebian yvelaze mZlavr 

gasaRebTa jgufs. am jgufSi Sedis: oroperaciuli (gamorTvadi) tiristori, 

induqciuri tiristori da veliT marTuli tiristori. ganvixiloT 

zemoCamoTvlili tiristoruli gasaRebebis konstruqciuli Taviseburebebi 

da eleqtruli Tvisebebi. 

 

2.1. Zaluri oroperaciuli (gamorTvadi) tiristori (GTO) 

 

   Zaluri oroperaciuli tiristorebis damzadeba warmoebs mravalarxiani 

struqturis mixedviT. igi Seicavs erTnairi Tvisebis mqone elementarul 

(sabazo) ujredTa did raodenobas. ase magaliTad, oroperaciuli 
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tiristori, romelic gaTvaliswinebulia 4 kiloamperi denis gatarebaze, 

Seicavs 2000 sabazo ujreds. TiToeuli ujredis marTvis eleqtrods 

SeuZlia Caketos 2 a deni. 

   Zaluri oroperaciuli tiristoruli gasaRebis sabazo ujredis 

damzadeba xdeba ori ZiriTadi saxis struqturis mixedviT, romlebic 2.1. 

suraTzea naCvenebi. suraTze warmodgenil orive saxis sabazo 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. 

 

   2.1, a suraTze warmodgenil sabazo 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 
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gasaRebze narCeni Zabvisa da simZlavris danakargis sidide. aseTi 

struqturis mqone oroperaciuli tiristoruli gasaRebebi gamoiyeneba 

maRali Zabvis denis gardamqmnel mowyobilobebSi, romlebic ar saWiroeben 

sqemuri komponentis saxiT ukumaSuntebel diodebs. 

   2.1, b suraTze warmodgenil sabazo 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 

sabazo ujredis dasaSvebi ukuZabva SedarebiT dabalia, Tumca 

gaumjobesebulia sxva eleqtruli Tvisebebi. aseTi struqturis mqone 

gasaRebis Ria mdgomareobis narCeni Zabva da simZlavris danakargi 

SedarebiT mcire sididisaa, gaaCnia ukeTesi dinamikuri Tvisebebi da mcirea  

gaJonvis ukudeni. oroperaciuli tiristoruli gasaRebebi farTod 

gamoiyeneba Zabvis avtonomiur invertorebSi. 

   Zaluri oroperaciuli tiristoruli gasaRebis SerCevisa da muSaobis 

reJimis gaangariSebis dros gamoyenebuli sacnobaro parametrebi mocemulia 

2.1. cxrilSi. 

 

cxrili 2.1. Zaluri oroperaciuli tiristorebis parametrebi. 

aRniSvna parametrTa 

jgufi 
parametris dasaxeleba 

rus. ingl. 
gazomvis reJimi 

1 2 3 4 5 

 

 

 

 

 

 

 

anoduri 

wredis Zabva 

mudmivi pirdapiri Zabva 

Caketil mdgomareobaSi 

 

mudmivi ukuZabva Caketil 

mdgomareobaSi 

 

Ria mdgomareobis Zabva 

 

ganmeorebadi 

(araganmeorebadi) 

impulsuri pirdapiri 

Zabva Caketil 

mdgomareobaSi 

 

ganmeorebadi 

(araganmeorebadi) 

impulsuri ukuZabva 

Caketil mdgomareobaSi 

Vпост 

 

 

Vпост 

 

 

Vо.с 

 
 

Vп (Vн.п) 

VD 

 

 
VR 

 

 
VT 

 
 
VDRM 

(VDSM) 

 

 

 

 

 

anoduri denis moce-

muli mniSvnelobis 

dros 

 

 

 

 

 

 

 

 

 

 

anoduri 

wredis deni 

 

 

 

 

ganmeorebadi impulsuri 

Casaketi deni 

 

 

 
 
IП·И 
 
 
 

 
 
ITQRM 
 
 
 

 

anoduri Zabvis da 

dacvis wredis 

parametrebis 

mocemuli 

mniSvnelobis dros 
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anoduri 

wredis deni 

saSualo deni Ria 

mdgomareobis dros 

 

 

denis moqmedi mniSvneloba 

Ria mdgomareobis dros 

 

 

araganmeorebadi dartymis 

deni Ria mdgomareobis 

dros 

 

Sekavebis anoduri deni 

 

dacvis maCvenebeli 

 

 

narCeni denis sawyisi 

mniSvneloba gamorTvis 

dros 

 

 

pirdapiri (uku) deni 

Caketili mdgomareobis 

dros 

ICP 
 
 
 
Iдейст 
 
 
Iудар 
 
 
 
 
Iуд 
 
I2t 
 
 
- 
 
 
 
 
 
IУТ 

IT (av) 
 
 
 
IT (rms) 
 
 
ITSM 
 
 
 
 
IH 
 
I2t 
 
 
ITQT 
 
 
 
 
 
ID(IR) 

sinusoiduri formis 

(60 hc sixSire) 

 

 

 

 

 

sinusoiduri formis 

naxevarperiodi (60 

hc sixSire) 

 

 

 

sinusoiduri formis 

erTi periodi (60 hc 

sixSire) 

 

gamorTvis mocemuli 

reJimis da 

gadasasvlelis 

mocemuli 

temperaturis dros 

anoduri Zabvis 

mocemuli 

mniSvnelobis dros 

 

 

 

 

 

 

 

marTvis 

wredis 

parametrebi 

 

impulsuri pirdapiri 

(uku) Zabva marTvis 

eleqtrodze  

 

marTvis eleqtrodis 

gamRebi Zabva 

 

marTvis eleqtrodis 

impulsuri pirdapiri 

(uku) deni 

 

mmarTveli gadasaslelis 

gamRebi deni 

 

mmarTveli eleqtrodis 

Camketi denis zrdis 

siCqare 

 

VУП·max 
(Vуо max) 
 
 
Vуо 
 
 
- 
 
 
 
Iуо 
 
 
 
- 

VFGM 
(VRGM) 
 
 
VGT 
 
 
IFGM 
(IRGM) 
 
 
IGT 
 
 
 
diGQ/dt 

 

 

 

 

 

 

 

anoduri wredis 

mocemuli reJimis 

dros 

 

 

 

 

 

 

dinamikuri 

parametrebi 

CarTvis dayovnebis dro 

 

gamorTvis dro 

 

marTvis eleqtrodis 

mixedviT dayovnebis dro 

 

anoduri denis klebis 

dro marTvis eleqtrodiT 

Caketvisas 

 

marTvis eleqtrodiT 

Caketvis dro 

tЗ BKЛ 
 
tBKЛ 
 
 
- 
 
 
tCП 
 
 
tB 

tGD 
 
tGT 
 
 
tGL 
 
 
tGF 
 
 
tGQ 

 

 

 

 

 

 

 

Semavali da 

gamomavali wredebis 

mocemuli reJimis 

dros 
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   Tanamedrove Zaluri oroperaciuli tiristoruli gasaRebebis 

simZlavriseuli parametrebi TandaTan uaxlovdeba erToperaciuli 

tiristorebis analogiur parametrebs. ase magaliTad, iaponurma kompaniam 

“mitsubishi Electric” aiTvisa oroperaciuli tiristorebi 6000 a denze da 6000 v 

muSa Zabvaze. es tiristorebi normalurad funqcionireben 20 khc muSa 

sixSiris dros. Ria tiristorze narCeni Zabva ar aRemateba 6 v-s. Caketvis 

koeficienti 5÷6-is farglebSia. 

 

 

 

2.2. induqciuri tiristoruli gasaRebi (FCT) 

 

   statikuri induqciuri tranzistorebis msgavsad, arsebobs induqciuri 

tiristoris sabazo ujredis Sesrulebis ramdenime varianti. 2.2. suraTze 

naCvenebia induqciuri tiristoris sabazo ujredis Sesrulebis erT-erTi 

struqturuli varianti-sabazo ujredi marTvis eleqtrodis zedapiruli 

SesrulebiT. 

 

 

 

      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 ganmeorebas warmoadgens. aq 
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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 sabazo ujredi warmoadgens p-n-p tipis 

tranzistorisa (VT1) da p-n gadasasvleliani n-arxiani veliT marTuli 

tranzistoris (VT2) kombiancias (sur. 2.2, b). induqciuri tiristoris 

pirobiTi aRniSvna 2.2, b 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 

swrafmoqmedi 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. 2.2, a) Semavali VT2 veliT marTuli tranzistoris 

dengamtari arxis winaRoba mcirdeba, xolo VT1 bipolaruli tranzistori 

gadadis gajerebis reJimSi. tiristorSi gaivlis Ria mdgomareobis 

Sesabamisi deni, romlis gzaze mxolod erTi p+-n- dagasasvlelia. amitom, 

induqciur tiristorul gasaRebze Ria mdgomareobis narCeni Zabva 

mniSvnelovnad naklebia, vidre erT da oroperaciul tiristorul 

gasaRebebze, rac aseTi gasaRebis mniSvnelovani dadebiTi Tvisebaa. 

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 narCeni 

Zabvis Sesamcireblad ar aris saWiro marTvis eleqtrodSi denis gatareba 

(rac induqciuri tranzistoruli gasaRebisTvisaa saWiro). amitom, 

induqciuri tiristoruli gasaRebebis marTvis wredi, Zaluri ldn 

gasaRebebis msgavsad, moiTxovs mcire simZlavres. 
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   zemoaRniSnuli dadebiTi Tvisebebis miuxedavad, induqciurma 

tiristorulma gasaRebebma jer-jerobiT ver hpoves farTo praqtikuli 

gamoyeneba. amis mizezi, erTis mxriv, isaa, rom maT gaaCniaT damzadebis 

rTuli 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. 

 

 

 

2.3. veliT marTuli tiristoruli gasaRebi (MCT) 

 

   veliT marTuli tiristorebi warmoadgenen Zaluri naxevargamtaruli 

gasaRebebis axal klass. am saxis gasaRebis struqturaSi integrebulia 

induqciuri tiristori da izolirebulCamketiani veliT marTuli 

tranzistori. gasaRebis marTva xorcieldeba veliT marTuli tranzistoris 

saSualebiT da amis gamo igi warmoadgens normalurad Caketil gasaRebs. 

amave dros, mas gaaCnia induqciuri tiristorisTvis 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 sabazo ujredis 

struqtura warmoadgenilia 2.3, a suraTze.  2.3, b suraTze ki naCvenebia 

sabazo ujredis ekvivalenturi sqema da MCT gasaRebis pirobiTi aRniSvna.  

   mmarTvel ldn tranzistorul struqturaSi Sedis Zlierlegirebuli n+-

saTavisa (4) da Casadenis (3) ubnebi. saTave dakavSirebulia sabazo ujredis 

kaTodis sakontaqto gamomyvanTan. ldn tranzistorSi im SemTxvevaSi 

gaivlis deni, Tu Camketze miwodebuli dadebiTi Zabva aRemateba P-Sris 

gamtarobis inversiisTvis saWiro zRurblur mniSvnelobas.  am dros ldn 
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tranzistoris Casadeni, romelic uSualo kavSirSia n—-epitaqsialur 

SresTan, sabazo ujredis kaTodTan aRmoCndeba mierTebuli. maSasadame, 

sabazo ujredis anodsa da kaTods Soris deni gaivlis mxolod im 

SemTxvevaSi, rodesac ldn tranzistoris Camketze zRurblurze meti 

sididis Zabva moqmedebs, e.i. aseTi struqturis mqone ujredi normalurad 

Caketili gasaRebia. 

   sabazo 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 sabazo 

ujredis dinamikur maxasiaTeblebs gaRebis 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 sabazo ujredis sxvadasxva varianti:  

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

simetriuli da arasimetriuli TvisebiT, gaRebis optikuri meTodiT da sxva. 

Tumca, yvela maTgans gaaCnia erTi saerTo Tviseba: gasaRebis erTi  

mgomareobidan meoreSi gadarTva xorcieldeba struqturaSi integrebuli 

ldn tranzistoriT. 
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   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. naxevargamtaruli gasaRebebis zRvruli  

parametrebi 

 

   Zaluri gasaRebis muSaobis zRvrulad dasaSvebi reJimi ganisazRvreba 

maqsimalurad dasaSvebi ZabviT da deniT, gabneuli simZlavris maqsimaluri 

mniSvnelobiT, gadasasvlelebis da korpusis maqsimalurad dasaSvebi 

temperaturiT. 

   Zabvis zRvruli mniSvneloba SezRudulia gasaRebis struqturaSi ama Tu im 

saxis garRvevis ganviTarebis gamo: moculobiTi muxtis zonebis mirTva, 

zvavuri da zedapiruli garRveva. Tanamedrove Zaluri gasaRebebis 

struqturaSi ganmsazRvreli roli zvavur garRvevas gaaCnia, radgan masTan 

dakavSirebulia muxtis gadamtanebis ukontrolo gamravlebis procesi. 

   gasaRebis maqsimalurad dasaSvebi denis sidide damokidebulia: 

gadasasvlelebis maqsimalurad dasaSveb muSa temperaturaze, konstruqciul 

Sesrulebaze (gamomyvanebis da kontaqtebis saimedoobaze), agreTve gasaRebis 

maZlierebeli Tvisebis cvlilebis diapazonze mocemuli denuri datvirTvis 

pirobebSi. 

   naxevargamtaruli gasaRebis gadasasvlelebisa da korpusis maqsimalurad 

dasaSvebi temperatura ganisazRvreba fuZe masalis fizikuri TvisebebiT. igi 

damokidebulia agreTve gadasasvlelebis struqturaze da konstruqciaze. 

   bipolaruli tranzistorebis da statikuri induqciis principze momuSave 

tranzistorebis maqsimalurad dasaSvebi temperatura ramdenadme maRalia, 

vidre Zaluri ldn da IGBT tranzistorebis dasaSvebi temperatura. 

   regeneraciul efeqtze momuSave tiristorul gasaRebebs SeuZliaT 

normaluri funqcionireba (125÷140)0C temperaturaze. induqciuri tiristoruli 

struqturis maqsimalurad dasaSvebi temperatura 2000C aRwevs. 
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   naxevargamtaruli gasaRebis muSaobis minimaluri temperaturis zRvaris 

dadgena xdeba imis mixedviT, rom ar moxdes xelsawyos konstruqciis daSla 

da eleqtruli maxasiaTeblebis mniSvnelovani gauareseba. minimaluri 

temperaturis zRvari ZiriTadad Semoifargleba (-40÷-60)0C-iT. 

   naxevargamtaruli gasaRebis mier gabneuli maqsimaluri simZlavre 

damokidebulia misi struqturis siTbur winaRobaze, romelic am simZlavres 

akavSirebs gadasasvlelebs temperaturasTan. temperaturis kavSirs gasaRebis 

struqturaSi gamoyofil simZlavresTan gansazRvravs siTbos warTvemis meTodi 

da gamagrileblis konstruqcia. 

   Zaluri naxevargamtaruli gasaRebebis zRvruli SesaZleblobebis  

TvalsaCinod warmodgenis mizniT gamoiyeneba usafrTxo reJimebis ares (ura)  

amsaxveli diagrama, romelsac maqsimaluri reJimebis aresac uwodeben (SOA-Safe 

Operation Area), 

 

 

3.1. usafrTxo reJimebis are (ura) 

 

   usafrTxo reJimebis are (ura) ewodeba eleqtrul maxasiaTebelTa 

erTobliobas, romelTa SenarCunebis SemTxvevaSi uzrunvelyofilia 

naxevargamtaruli gasaRebis saimedo muSaoba, misi parametrebisa da 

maxasiaTeblebis mniSvnelovani gauaresebis gareSe. ura-s sazRvrebi 

ganisazRvreba gamosavali deniT, ZabviT, maqsimaluri gabneuli simZlavriT da 

gadasasvlelebis dasaSvebi tmperaturiT. 

   naxevargamtaruli gasaRebebis normaluri funqcionireba damokidebulia 

eqsploataciis reJimebze. amis gamo, mizanSewonilia cal-calke iqnes 

ganxiluli: 

• ura pirdapiri wanacvlebis dros (pura) (FBSOA-Forward Bias SOA)-

eqsploataciis reJimi gasaRebis Sesavali wredis dadebiTi ZabviT 

wanacvlebis dros; 

• ura ukuwanacvlebis dros (uura)(RBSOA-Reverse Bias SOA)-eqsploataciis 

reJimi gasaRebis Semavali wredis uaryofiTi ZabviT wanacvlebis 

dros; 

• ura denuri gadatvirTvis reJimSi (SCS OA-Short Circuit SOA). 

   pura-s diagramis tipuri saxe 3.1. suraTzea naCvenebi. diagramis 

horizontaluri ubani BC Seesabameba gamosavali denis (Iout) mqasimalur 

dasaSveb mniSvnelobas, xolo vertikaluri ubani-EF-gasaRebis gaTiSuli 

Semavali wredis SemTxvevaSi (yvelaze mZime reJimi) gamosavali Zabvis 
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zRvrul (dasaSveb) mniSvnelobas (Vout0). aRniSnul sidideebze xanmokle da 

mciredi gadametebac ki iwvevs gasaRebis struqturis Seuqcevad dazianebas. 

   diagramis AB monakveTi gansazRvravs gajerebis Zabvis minimalurad 

SesaZlo mniSvnelobas datvirTvis denis mocemul mniSvnelobaze. aseTi 

SezRudva praqtikulad ar arsebobs bipolarulgamtarobian gasaRebebSi, 

dangamtari bazuri Sreebis winaRobis maRali donis modulaciis pirobebSi. 

   diagramis daxrili CD monakveTis sazRvrebi ganisazRvreba gasaRebis 

struqturaSi gamoyofili im zRvruli simZlavriT, romlis drosac 

gadasasvlelis temperatura miaRwevs maqsimalurad dasaSveb TJ(max) 

mniSvnelobas. imis gamo, rom denis gavlis xangrZlivobis Semcirebisas 

gasaRebis denuri gadatvirTvis unari izrdeba, amiT izrdeba pura-s  

 

sazRvrebi zRvruli Zabvis ucvleli sididis dros. rodesac gamomavali 

denis xangrZlioba 10 mk wm-ze naklebia ura-is diagrama Rebulobs 

sworkuTxa formas da Semofarglulia gasaRebis maqsimalurad dasaSvebi 

impulsuri deniT IOUT.P(max) da zRvruli gamosavali ZabviT VOUT.0 (sur. 3.2). 

   muSa wertilis gamosvla pura-s farglebs gareT bipolaruli gasaRebebSi 

muSa denis SedarebiT mcire da gamosavali Zabvis didi mniSvnelobis dros 

ufro saxifaToa, vidre didi denisa da SedarebiT mcire Zabvis dros. 

gamosavali denis garkveul kritikul mniSvnelobaze ufro metad 

Semcirebisas, bipolaruli gasaRebis struqturaSi aRiZvreba 

eleqtrosiTburi ukukavSiri, rac meoreuli garRvevis mizezi xdeba. aseTi 

garRvevis fizikur mizezs gamosavali denis lokalizaciis efeqti 

warmoadgens, ris Sedegadac gasaRebis struqturaSi Cndeba e.w. “cxeli 

wertilebi” da adgili aqvs struqturis siTbur daSlas (ganadgurebas). Tu 

teqnologiuri procesis araidealurobis gamo, gasaRebis elementarul 

sabazo ujredebSi deni araTanabrad ganawilda, maSin zogierTi ujredi 
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(romelSic meti deni gaivlis) did temperaturamde cxeldeba. vinaidan 

bipolaruli struqturebis Ria mdgomareobis winaRobas uaryofiTi 

temperaturuli koeficienti gaaCnia, met temperaturamde gacxelebul 

ujredebSi kidev ufro meti sididis deni gaivlis, rac, Tavis mxriv, kidev 

ufro gazrdis struqturis lokalur gadaxurebas da a.S. zemoaRniSnulidan 

gamomdinare, pura damatebiT izRudeba diagramaze naCvenebi DE monakveTiT 

(sur. 3.1.). gamosavali denis zRvruli mniSvneloba, romlis drosac 

gasaRebis struqturaSi Termuli arastabiloba iwyebs ganviTarebas, denis 

xangrZliobaze praqtikulad ar aris damokidebuli. 

   meoreuli garRvevis denis zRvruli mniSvneloba (garRvevis sazRvari) 

                           IOUT= a (VOUT)-n,                         (3.1) 
 sadac a, n- gasaRebis struqturasa da teqnologiaze damokidebuli 

parametrebia. 

   veliT marTul da kombinirebul gasaRebebs gaaCniaT Ria mdgomareobis 

winaRobis dadebiTi temperaturuli koeficienti. Aamitom, aseT gasaRebebSi 

ar arsebobs eleqtrosiTburi ukukavSiri da masTan dakavSirebuli 

meoreuli garRvevis uaryofiTi movlena. aseTi gasaRebebis calkeuli 

ujredis denuri gadatvirTviT gamowveuli temperaturis gazrda gamoiwvevs 

maTi winaRobis gazrdas da denis avtomatur Semcirebas, e.i. aseTi 

gasaRebebis struqturaSi moqmedebs denebis TviTgaTanabrebis meqanizmi. 

aqedan gamomdinare, aseTi gasaRebebi xasiaTdebian gazrdili  

TermomedegobiT. Tumca, arc aseTi gasaRebebia srulad dazRveuli 

Termomedegobis darRvevisgan. saqme imaSia, rom uwyveti gamosavali denis 

gazrdisas temperaturis momatebiT gamowveuli winaRobis swrafi zrda 

iwvevs xelsawyoSi simZlavris mniSvnelovan danakargs 

                                                              P=I2
OUT ron(T),                             (3.2)          

sadac ron-temperaturaze damokidebuli Ria gasaRebis Siga winaRobaa. 

simZlavris es danakargi iwvevs kristalis temperaturis mkveTr gazrdas da 

meoreuli garRvevis analogiuri movlenis ganviTarebas. misi aRmofxvris 

erT-erTi gzaa siTbos wamrTmevis (radiatoris) gamoyeneba. Termuli 

mdgradobis darRveva am saxis gasaRebebSi SeiZleba gamoiwvios agreTve 

arasworma eqsploataciam (denuri gadatvirTvebi, maRali temperatura, 

gamomavali Zabvis naxtomiseburi cvlileba da sxva), romlis drosac 

SesaZlebelia moxdes gasaRebis struqturaSi Semavali parazituli n-p-n 

tranzistoris CarTva da meoreuli garRvevis analogiuri efeqtis 

warmoqmna. 

   naxevargamtaruli gasaRebis Caketvis dros usafrTxo muSaobis 

Sesafaseblad gamoiyeneba ukuwanacvlebuli gasaRebis usafrTxo reJimebis 
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ares (uura) amsaxveli diagrama. Tu gasaRebis Casaketad uaryofiTi 

wanacvlebis miwodeba saWiro ar aris (magaliTad, Zaluri ldn 

tranzistorebi an IGBT gasaRebi), maSin aseT ura-s uwodeben gamorTvis 

usafrTxo reJimis ares (uura) (Turn-off switching SOA). tranzistoruli 

gasaRebebis uura-s diagramebi 3.4. suraTzea naCvenebi. 

 

   Zaluri bipolaruli tranzistorebisa da bipolarul reJimSi momuSave 

induqciuri tranzistorebisTvis mTavar SemzRudvel faqtors waroadgens 

emiteris centralur nawilSi energiis lokalizeba uaryofiTi bazuri 

deniT Caketvis dros. am efeqts meoreul garRvevasac uwodeben baza-

emiteris gadasasvlelis ukuwanacvlebis dros. siTburi arastabilobis 

ubnis sazRvari damokidebulia bazis Camketi denis amplitudaze da 

uaryofiTi wanacvlebis Zabvaze. 

   Zalur ldn tranzistorebSi, agreTve velian statikur induqciur 

tranzistorebSi, meoreuli garRvevis efeqtis ararsebobis SemTxvevaSi 

uura-s diagrama marTkuTxedis formisaa. garkveuli SezRudva SeiZleba 

dakavSirebuli iyos maRalZabviani tranzistorebis struqturaze dv/dt 

efeqtis gavlenasTan. amitom, am parametrma ar unda gadaaWarbos cnobarSi 

miTiTebul sidides. 

   IGBT gasaRebis Caketvis dros ZiriTadi yuradReba unda daeTmos  

tranzistoris struqturaSi trigeruli efeqtis aRZvris SesaZleblobas.  

IGBT gasaRebis gamorTvis gardamavali procesis damamTavrebel stadiaze 

narCeni deni ganisazRvreba p-n-p tranzistoris bazaSi dagrovili xvrelebis 

rekombinaciiT. gamosaval wredSi Zabvis gazrdis dros xvrelebis nawili 

gadadis IGBT struqturis parazituli n-p-n tranzistoris bazaSi. Tu am 

tranzistoris p-bazis Sris grZiv winaRobaze (RP) warmoiqmna kritikuli 
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sididis wanacvleba, maSin aRiZvreba trigeruli efeqti, romelic Tavisi 

arsiT meoreuli garRvevis efeqtis analoguria. es problema 1200 v-mde muSa 

Zabvis mqone IGBT gasaRebebSi gadaWrilia teqnologiur doneze-sabazo 

ujredis struqturis geometriis optimizaciis xarjze, xolo ufro maRali 

Zabvis IGBT gasaRebebis uura-Si unda ganxorcieldes saTanado SezRudva 

(sur. 3.3.).  

 

 

 

  vinaidan gamorTvis gardamavali procesi SedarebiT swrafad mimdinareobs, 

uura-s denis zRvruli mniSvnelobis dadgena xdeba maqsimaluri impulsuri 

denis (IC.P) mixedviT. zRvruli Zabvis dadgena ki ise, rogorc pura-sTvis. 
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4. naxevargamtaruli gasaRebebis siburi 

maxasiaTeblebi 

 

   Zalur naxevargamtarul gasaRebebSi danakargebis jamur simZlavres an 

energias gansazRvravs Semdegi ZiriTadi mdgenelebi: 

• gasaRebis  gadarTvisTvis saWiro denebTan da ZabvebTan 

dakavSirebuli danakargebi marTvis wredSi; 

• gamosavali wredis ZabviT da gaJonvis deniT ganpirobebuli 

danakargi gasaRebis Caketili mdgomareobis dros; 

• datvirTvis deniT da narCeni ZabviT ganpirobebuli statikuri 

danakargi gasaRebis Ria mdgomareobis dros; 

• dinamikuri, anu gadarTvebis dros arsebuli danakargebi. 

Tanamedrove Zaluri naxevargamtaruli gasaRebebis gaJonvis denebi metad 

mcire sididisaa. amis gamo, masTan dakavSirebuli danakargis 

ugulvelyofa savsebiT SesaZlebelia. analogiurad SeiZleba Zaluri 

veliT marTuli gasaRebebis (ldn da mmarTveli p-n gadasasvleliT) 

marTvis wredSi arsebuli danakargebis ugulvebelyofa. datvirTvis didi 

denebis dros gajerebis reJimSi momuSave Zaluri bipolaruli 

tranzistoruli gasaRebisTvis ki aseTi daSvebis gakTeba aRar SeiZleba, 

radgan denis gadacemis koeficientis mniSvnelovani Semcirebis gamo, 

marTvis wredSi arsebuli simZlavris danakargi TiTqmis uTanabrdeba 

koleqtorul gadasasvlelze arsebul simZlavris danakargs. 

   Zalur naxevargamtarul gasaRebebSi arsebuli simZlavris danakargi 

gardaiqmneba siTbod da gasaRebis struqtura cxeldeba. gasaRebis 

struqturis im ubnebis adgilmdebareoba, sadac siTbos gamoyofas aqvs 

adgili, did farglebSi icvleba. gadarTvebis gardamavali procesis 

dros siTbos gamoyofa xdeba gadasasvlelebis sivrculi muxtis areSi 

didi siCqariT moZravi muxtebis kristaluri meseris atomebTan dajaxebis 

dros. Zabvis kritikuli sididis dros, am dajaxebebis Sedegad adgili 

aqvs damatebiTi (meoreuli) muxtis gadamtanebis warmoqmnas, romlebic 

eleqtrul velSi aCqarebis Semdeg zvavuri garRvevis mizezi xdebian. 

gasaRebis struqturis araerTgvarovnebis gamo, zvavuri mikroplazmebi 

Semoifargleba lokaluri ubnebis saxiT, romlebSic adgili aqvs siTbos 

gamoyofas. 

   naxevargamtaruli gasaRebis Ria mdgomareobis dros yvela p-n 

gadasasvlels pirdapiri wanacvleba gaaCnia. pirdapiri denis gavlisas  
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eleqtronebi da xvrelebi, daZleven ra p-n gadasasvlelebis potencialur 

bariers, moZraoben difuziurad an dreifulad, vidre ar moxdeba maTi 

rekombinacia, anda dagroveba struqturis zedapirul SreebSi. siTbos 

gamoyofa am dros muxtis araZiriTadi gadamtanebis rekombinaciis 

adgilebSi xdeba. garda amisa, naxevargamtarul struqturaSi gamoiyofa 

e.w. joulis siTbo. es ukanaskneli ganpirobebulia Zabvis vardniT, 

romelic muxtis ZiriTadi gadamtanebis deniTaa gamowveuli. siTbo 

gamoiyofa agreTve kontaqtebze da dengamtar sadenebSi, romelic omur 

winaRobebze arsebuli simZlavris danakargebiTaa ganpirobebuli. 

   imisaTvis, rom ar moxdes gadaxureba, struqturaSi gamoyofili siTbo 

unda gamovides struqturis gareT. naxevargamtaruli struqturisadmi 

siTbos warTmevis meTodi gansazRvravs maqsimalurad dasaSvebi 

temperaturis damokidebulebis xasiaTs struqturaSi arsebul simZlavris 

srul danakargebTan.  

   uwyveti denebis reJimSi muSaobis dros naxevargamtaruli gasaRebebis 

mier siTbos gacemis dasaxasiaTeblad gamoiyeneba parametri, romelsac 

siTburi winaRoba ewodeba-RTh. es ukanaskneli ganisazRvreba xelsawyos 

korpusis farglebSi temperaturaTa sxvaobis (∆T) SefardebiT gadasacem 

simZlavresTan (P0)  

                                    RTh=∆T/ P0.                              (4.1)                      
   impulsur reJimSi muSaobis dros gamoyofili siTbo grovdeba 

gasaRebis struqturis masalis siTbur tevadobaSi. am SemTxvevaSi 

gamoiyeneba gardamavali siTburi winaRobis (ZTh(t)) cneba. igi 

ganisazRvreba xelsawyos temperaturuli reaqciiT danakargebis myisieri 

simZlavrisadmi 

 

                                   ZTh(t) ==∆T(t)/ ∆P,                     (4.2) 

sadac ∆P-danakargebis simZlavris nazrdia; 

∆T(t)-t momentSi gasaRebis struqturis temperaturis nazrdi. 
   naxevargamtaruli gasaRebis struqturaSi siTbos gamoyofis rTuli 

bunebis gamo, aucilebelia zogierTi gamartivebis Semotana, ris 

safuZvelzec SesaZlebeli xdeba dasaSvebi reJimebis raodenobrivi 

Sefaseba. kerZod, miiCneven, rom gasaRebSi arsebuli danakargi mxolod 

siTbod gardaimqneba da igi gamoiyofa naxevargamtaruli kristalis  
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ZiriTadi gadasasvlelis paralelur sibrtyeSi. aseTi daSveba 

samarTliania, Tu mxedvelobaSi ar miviRebT struqturis e.w. cxel 

wertilebSi lokalur danakargebs. miRebuli daSvebis dros, muSaobis 

dasaSvebi reJimebis gansazRvra dafuZnebulia gadasasvlelis 

temperaturis TJ  Sefasebaze. igi ar unda aRematebodes sacnobaro 

parametris saxiT mocemul TJ (max) . 

 

 

4.1. danakargebi Zalur naxevargamtarul  

gasaRebebSi 

 

   Zalur naxevargamtarul gasaRebSi jamuri danakargebis gaangariSebis 

dros mxedvelobaSi miviRebT dinamikur, anu gadarTvebis dros arsebul 

danakargebs da statikur danakargs gasaRebis Ria mdgomareobis dros. 

gaviTvaliswinebT agreTve im damatebiT danakargebs, romelsac adgili 

aqvs zogierTi Zaluri naxevargamtaruli gasaRebis marTvis wredSi. 

   4.1. suraTze naCvenebia naxevargamtaruli gasaRebis pirdapiri denis 

impulsis tipuri forma. gaangariSebis dros gamoviyenebT Semdeg droiT 

parametrebs: 

   tP=t3-t2-pirdapiri denis xangrZlivoba; 

   tR=t2-t1-pirdapiri denis zrdis dro; 

   tF=t4-t3-pirdapiri denis klebis dro. 

 

   pirdapiri denis mocemuli amplitudis (IM) dros gasaRebis gaRebis 

procesSi denis myisi mniSvneloba aRiwereba gantolebiT 

                i(t)ON=t/tRIM                             (4.3) 
   Ria mdgomareobis dros gasaRebSi gadis deni 

                i(t)COND=IM                               (4.4) 
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gamorTvis procesSi denis myisi mniSvneloba gamoisaxeba gantolebiT 

                i(t)OFF=IM(1-t/tF)                       (4.5) 
   pirvel rigSi ganvsazRvroT danakargebi naxevargamtaruli gasaRebis 

gaRebis (CarTvis) gardamavali procesis dros. 4.2. suraTze naCvenebia 

denisa da Zabvis tipuri diagramebi gasaRebis CarTvis gardamavali 

procesis dros sxvadasxva xasiaTis datvirTvis SemTxvevaSi. 

 

   gasaRebis CarTvis procesSi danakargis energia-EON zogadad warmo-
sdegba Semdegi saxiT    t2 

                   EON=∫t1  i(t)v(t)dt                  (4.6) 

   (4.6) gamosaxulebidan SeiZleba ganisazRvros danakargebis energia 

sxvadasxva xasiaTis datvirTvis dros. rodesac datvirTva aqtiuri 

xasiaTisaa 

                   EON=IME/6•tR                      (4.7) 

   Tu datvirTva induqciuri xasiaTisaa, maSin impulsuri denebis reJimSi 

danakargebis energia  

                   EON=IM·VCOND/2·tR                   (4.8) 

   rodesac datvirTva induqciuri xasiaTisaa, maSin uwyveti denebis 

reJimSi danakargebis energia  

                    EON=IME/2·tR,                        (4.9) 
   sadac E-Caketil gasaRebze arsebuli Zabvaa; 

          VCOND-Ria gasaRebze Zabvis vardnaa (narCeni Zabva). 

   naxevargamtaruli gasaRebis Caketvis gardamavali procesis dros, 

danakargebis gansazRvris mizniT, gamoviyenoT denisa da Zabvis 

cvlilebis gamartiveuli suraTi, romelic sxvadasxva xasiaTis 

datvirTvis dros 4.3. suraTzea naCvenebi 

 



 40

 

   gasaRebis gamorTvis procesSi danakargis energia EOFF ganisazRvreba 

forumlidan                  t4 

                        EOFF=∫t3  i(t)v(t)dt                           (4.10) 

   (4.10)-is miaxloebiT amonaxsns aqvs Semdegi saxe 

                        EOFF=IME/KOFF·tF                            (4.11) 

   sadac KOFF=6-aqtiuri datvirTvis dros; 

          KOFF=2E/VCOND-induqciuri datvirTvis dros, impulsuri denebis    

          reJimSi; 

          KOFF=2-induqciuri datvirTvis dros uwyveti denebis reJimSi. 

   gasaRebis Ria mdgomareobis dros statikuri danakargebis energia ECOND 

ganisazRvreba gamosaxulebidan  

                               t3 

                      ECOND=∫t2  i(t)v(t)dt=IMVCOND·tP                (4.12) 

   danakargebis sruli energia naxevargamtarul gasaRebebSi, romelTa marTvis 

wredSi umniSvnelo sididis danakargebia, etoleba dinamikuri da statikuri 

danakargebis energiaTa jams 

                               E0=EON+EOFF+ECOND                                            (4.13) 
   Zaluri bipolaruli tranzistoruli gasaRebebisa da bipolarul reJimSi 

momuSave statikuri idnuqciuri tranzistoruli gasaRebebis marTvis wredSi 

arsebuli damatebiTi danakargebis energia SeiZleba Sefasdes Semdegi  

gamosaxulebis mixedviT  

                      EiN=ViN(sat) IiNtp                               (4.14) 

   sadac ViN(sat)-gajerebis reJimis dros mmarTvel gadasasvlelze moqmedi   

           Zabvaa; 

           IiN-Sesavali denis amplitudaa. 
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   Zaluri ldn da IGBT gasaRebebis marTvis wredSi arsebuli damatebiTi 

danakargebis energia ganisazRvreba Semdegi gamosaxulebiT 

                      EiN=QG·ViN,                                          (4.15) 

      sadac  QG-Camketis tevadobaSi dagrovili muxtia; 

           ViN-gasaRebis Sesaval wredze moqmedi Zabvaa. 

   marTvis wredSi arsebuli damatebiTi danakargebis gaTvaliswinebiT, 

gasaRebSi arsebuli danakargebis sruli energia 

                   E0=EiN+EON+EOFF+ECOND.                         (4.16) 

   gadarTvis mocemuli f sixSiris dros gasaRebSi arsebuli danakargebis 

saSualo simZlavre PAV  ganisazRvreba formuliT 

                      PAV=f E0 .                                                                           (4.17) 

   denis gavlis mocemuli tP xangrZlivobis dros gasaRebSi arsebuli 

danakargebis maqsimaluri simZlavre SielZeba napovni iqnes Semdegi formulis 

gamoyenebiT 

                     PM=E0/tP.                                                 (4.18) 

 

 

 

 

4.2. siTburi winaRobebi 

 

   naxevargamtaruli gasaRebis struqturis temperatura (TJ), rodesac 

cnobilia danakargebis sruli simZlavre, SeiZleba ganisazRvros siTburi 

winaRobis daxmarebiT. gasaRebisa da siTbos wamrTmevisgan (gamagrilebeli) 

Sedgenili sistema, mudmivi denis reJimSi, SeiZleba warmodgenili iqnes 

Canacvlebis sqemiT, romelic Sedgeba siTbogadacemis maxasiaTebeli siTburi  

winaRobebisagan (su. 4.4, b). siTbos warTmevis imitaciis mizniT gamoiyeneba 

eleqtrosiTburi modeli, romelic saSualebas iZleva erTmaneTTan 

dakavSirdes sistemis temperaturis cvlileba da danakargebis simZlavre-P0. 

   Canacvlebis sqemis mixedviT gadasasvlelis temperatura-TJ SeiZleba 

gamoisaxos Semdegi gantolebiT 

                      TJ=P0(RThJC+RThCS+RThSA)+TA,                           (4.19) 
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   sadac TA-garemos temperaturaa; 

       RThJC-gadasasvleli-korpusi ubnis siTburi winaRobaa; 

       RThCS-korpusi-gamagrilebeli ubnis siTburi winaRobaa; 

       RThSA-gamagrilebeli-garemo ubnis siTburi winaRobaa. 

   gadasasvleli-korpusi ubnis siTburi winaRoba ganisazRvreba gasaRebis 

Sinagani konstruqciiT da siTburi parametrebiT. kerZod: xelsawyos fuZisa da 

kristalis geometriuli zomebiT da formiT, xelsawyos fuZis masalis 

siTburi winaRobiT, kristalis xelsawyos fuZesTan kontaqtis xarisxiT da 

sxva. aRniSnuli siTburi winaRoba ganapirobebs naxevargamtaruli gasaRebis 

datvirTvis unarianobis zRvars, romelic SieZleba ganisazRvros (4.19) 

gamosaxulebidan idealuri siTbowarTmevisa da gagrilebis meTodis 

SemTxvevaSi (RThCS=RThSA=0) 

                                      Pmax =TJ-TA/RThJC.                                (4.20) 

    korpusi-gamagrilebeli ubnis siTburi winaRoba (RThCS) damokidebulia: 

gasaRebis korpusis tipze, sakontaqto zedapiris farTze, gasaRebis korpusis 

da gamagrileblis urTierT miWeris Zalaze. RThCS siTburi winaRobis  

Sesamcireblad da gasaRebis korpussa da gamagrilebels Soris kontaqtis 

gasaumjobeseblad iyeneben siTbogamtari SezeTvis meTods. rig SemTxvevaSi 

gasaRebis korpusi eleqtrulad izolirebuli unda iyos gamagrileblisgan. am 

mizniT, diskretuli Sesrulebis xelsawyoebisTvis mzaddeba specialuri 

eleqtromaizolirebeli safenebi. am safenebis forma iseTia, rom korpusisa da 

gamagrileblis zedapirebis eleqtroizolacia xels ar uSlis maT Soris 

siTbogadacemis process. siTburi winaRobis Semcirebis mizniT iyeneben 

siTbogamtari SezeTvis meTodsac. 
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   siTburi winaRobebi RThJC da RThCS (an maTi jami) yoveli Zaluri 

gasaRebisTvis mocemulia sacnobaro parametris saxiT. maSin, gadasasvlelsa 

da garemos Soris temperaturis dasaSvebi sxvaobis ∆TJA=TJ-TA mixedviT, (4.19) 

gamosaxulebidan, SeiZleba gaangariSebuli iqnes gamagrilebeli-garemo ubnis 

siTburi winaRoba RThSA da SeirCes saTanado monacemebis mqone gamagrilebeli 

(radiatori). 

                     RThSA=∆TJA/PO-(RThJC+RThJS).                              (4.21) 

   

    siTbur winaRobaTa ZiriTadi mdgenelebisTvis miRebuli gamosaxulebebi 

samarTliania moduluri konstruqciis Zaluri gasaRebebisTvisac. 

   gagrilebis pirobebidan gamomdinare, siTburi winaRoba SieZleba 

icvlebodes did farglebSi. 10 kvt-mde simZlavris gardamqmnel 

mowyobilobebSi gamoyenebul naxevargamtaruli gasaRebebisTvis gamoiyeneba 

bunebrivi gagrileba. meti simZlavris gardamqmneli mowyobilobebis 

gasaRebebisTvis-haeriT an siTxiT iZulebiTi gagrilebis sistema. ukanasknel 

wlebSi farTo gamoyeneba hpova e.w. aorTqlebiT gagrilebam, romelic 

gamoiyeneba, Tu siTburi nakadis simkvrive 20 vt/sm2-s aRemateba. Zaluri 

naxevargamtaruli gasaRebebisTvis ama Tu im saxis gagrilebis SerCevas axdenen 

specialuri diagramebis gamoyenebiT, romlebic erTmaneTTan akavSireben 

gamoyofili siTburi nakadis simkvrives da gasaRebis struqturis dasaSveb 

temperaturas-TJ.  

   rodesac Zaluri naxevargamtaruli gasaRebi muSaobs impulsuri denebis 

reJimSi, maSin siTburi gaangariSebis dros gaTvaliswinebuli unda iqnes 

struqturis siTburi winaRobis gavliT siTburi nakadis ara marto gadacema, 

aramed struqturis calkeuli Sreebis siTbotevadobaSi siTbos nawilobrivi 

dagrovebac. aseTi Sreebi warmoadgenen temperaturuli velis diskretul 

doneebs. 

   gadasasvleli-garemo ubnis temperaturuli velis diskretul doneebs 

Soris moTavsebuli yoveli elementaruli ubani SeiZleba warmodgenili iqnes 

sakuTari siTburi winaRobiT da siTbotevadobiT (sur. 4.5). 4.5. suraTze: R1C1- 

gadasasvleli-korpusi ubnis siTburi winaRoba da Tbotevadobaa, R2C2-korpusi-

gamagrilebeli ubnis analogiuri Tburi parametrebia, R3C3-gamagrilebeli-

garemo ubnis Tburi parametrebia. 
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   mocemuli siTburi modeli agebulia gadasasvleli-garemo sistemis 

realuri Sreebis temperaturuli diskretizaciis safuZvelze, magram aseTi 

siTburi modelis praqtikuli gamoyeneba gaZnelebulia R, C-parametrebis 

eqsperimentuli gansazRvris sirTulis gamo. Amitom praqtikuli gamoyeneba 

hpova meore siTburma modelma, sadac gamoyenebulia dayvanili R*, C* 

parametrebi (sur. 4.6). 

 

   aseTi siTburi modelis Sesavalis winaRoba da, maSasadame, gadasasvlelis 

temperatura, namdvili parametrebis mixedviT Sedgenili modelis Sesavali 

winaRobisa da gadasasvlelis temperaturis tolia. siTburi modelis 

parametrebis gansazRvra ki xdeba yoveli konkretuli tipis xelsawyosTvis 

gagrilebis mrudis mixedviT, xolo struqturis temperaturis (TJ) droSi 

cvlileba ganisazRvreba formuliT  

          TJ(t)=TA+P0Σ   Ri (1-e-t/RiCi),                                                 (4.22) 

           sadac TA -garemos temperaturaa; 

                  P0-simZlavris naxtomia impulsur reJimSi; 

                  Ri,Ci-siTburi modelis dayvanili parametrebia; 

                  n-siTburi modelis rgolebis ricxvia. 
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   sacnobaro informaciis saxiT, rogorc wesi, mocemulia mravalrgoliani 

modelis Ri  da Ci parametrebi (an Ri da τi =Ri·Ci ) da gardamavali siTburi 

winaRobis-   ZThJS cvlilebis diagrama, romelic warmosdgeba Semdegi 

maTematikuri gamosaxulebiT 

                                     ZThJS(t)=Σ Ri (1-e -t/RiCi)                                        (4.23) 

   4.6. suraTze siTburi winaRoba ZThJS mocemulia, rogorc impulsuri 

simZlavris funqcia logariTmul masStabSi. 

 

                 

   simZlavris P0-naxtomis dros gadasasvlelis temperaturis droSi cvlileba 

SeiZleba ganisazRvros formuliT 

                  

                       TJ(t)=TA+P0ZThJC                                                 (4.24) 

 

   (4.22) da (4.24) formulebis gamoyenebiT, TJ (t)-temperaturis gaangariSebis dros 

igulisxmeba, rom gaangariSeba unda moxdes simZlavris P0 impulsis tP 

xangrZliobis Sesamabis drois intervalSi (t<tP). cxadia, gadasasvlelis 

temperatura udides mniSvnelobas miaRwevs t=tP drois momentSi 

                        TMAX=TA+P0ZThJC(tP)                                    (4.25) 

   t>tP drois intervalSi temperaturis gansazRvrisas gamoiyeneba zeddebis 

meTodi. kerZod, nulovani simZlavris reJimi ganixileba rogorc erTnairi 

amplitudis, magram sxvadasxva polarobis ori P0-impulsis moqmedeba.Aam 

SemTxvevaSi gadasasvlelis temperatura SeiZleba ganisazRvros Semdegi 

gamosaxulebiT 

                      TJ(t)=TA+P0ZThJC(t)- P0ZThJC(t-tP)                       (4.26) 

   Tu simZlavris impulsis forma gansxvavebulia marTkuTxa formisgan (gaaCnia 

nebismieri forma) temperaturis analizuri gaangariSeba Zalze rTul amocanas 

warmoadgens.Aam SemTxvevaSi mizanSewonilia mravalrgoliani siTburi modelis 
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ricxviTi gaangariSeba egm-ze an simZlavris impulsis-P(t)  gardaqmna marTkuTxa 

formis simZlavris eqvivalentur impulsad. am ukanasknel SemTxvevaSi 

temperaturis saangariSo formulebi simZlavris ganmeorebadi impulsebis 

tipuri kombinaciebisTvis mocemulia specialur literaturaSi cxrilebis 

saxiT. 

 

 

 

4.3 Zaluri naxevargamtaruli gasaRebebis 

muSaobis dasaSvebi reJimebi 

 

   Teoriuli ganxilvis safuZvelze, romelic 4.1., 4.2. paragrafebSia mocemuli, 

SeiZleba ganisazRvros Zaluri naxevargamtaruli gasaRebis datvriTvis densa 

da gasaRebis korpusis temperaturas Soris damokidebuleba, gadasasvlelis 

maqsimalurad dasaSvebi temperaturis gaTvaliswinebiT. 

   Nnaxevargamtaruli gasaRebis pirdapiri denis impulsisTvis (sur.4.1) 

miRebuli iyo gasaRebSi arsebuli saSualo da maqsimaluri danakargebis 

simZlavris gamnsazRvreli formulebi (4.17) da (4.18). Tu gaviTvaliswinebT 

gasaRebis siTbur winaRobas, maSin gadasasvlelis saSualo TJ (AV) da 

maqsimaluri-TJ(MAX) temperatura ganisazRvreba Semdegi gamosaxulebebis 

mixedviT 

                                                                                           

                       TJ(AV)=TC+PAVRThJC;                      (4.27)   

                                              TJ(MAX)=TC+PMZThJC(tP),                   (4.28) 
                 sadac TC-gasaRebis korpusis temperaturaa; 

                RThJC-gadasasvleli-korpusi ubnis statikuri siTburi winaRobaa; 

                ZThJC-gadasasvleli-korpusi ubnis gardamavali winaRobaa denis  

                  impulsis damTavrebis momentSi; 

                tP-datvirTvis denis impulsis xanrgZlivobaa. 

   Ddenis impulsis xangrZlivobis (tP) Semcirebisa da impulsebis simeCxris (D) 

gazrdisas gardamavali winaRoba-ZThJC(t) gadadis diagramis horizontalur 

ubanSi (sur. 4.6.). es imas niSnavs, rom impulsuri simZlavris am sixSirul 

intervalSi gasaRebis struqturis siTburi inerciuloba sakmaod maRalia, 

xolo gadasasvlelis saSualo temperatura TJ(AV) praqtikulad ar gansxvavdeba 

maqsimaluri temperaturisgan-TJ(max). am dros sruldeba toloba 

                  PM/PAV=RThJC/ZThJC(tP)                     (4.29) 
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   gaangariSebebis safuZvelze dgindeba, rom zemoaRniSnuli samarTliania 

gasaRebis gadarTvebis sixSireebze (3÷10)khc. sxva SemTxvevebSi TJ(max)>TJ(AV) da 

siTburi gadatvirTvebis gaangariSeba unda moxdes gardamavali siTburi 

winaRobis diagramebis gamoyenebiT. 

   (4.18) da (4.24) formulebis gamoyenebiT SieZleba Caiweros gadasasvlelis 

maqsiamluri temperaturis Semdegi gamosaxuleba 

                  TJ(max)=TC+E0/tPZThJC(tP)                                 (4.30) 

 

   Nnaxevargamtarul gasaRebSi arsebuli danakargebis energia (E0) datvirTvis 

denis funqciaa.Aamitom, gadasasvlelis maqsimalurad dasaSvebi temperaturis 

mniSvnelobis gamosaxuleba (4.30) amave dros warmoadgens gasaRebis aracxadi 

saxiT Caweril datvirTvis denis saangariSo formulasac. 

 

   sacnobaro literaturaSi, dasaSvebi datvirTvis deni rogorc gasaRebis 

korpusis temperaturis funqcia (gadasasvlelis maqsimaluri temperaturis 

dros), mocemulia grafikebis saxiT sxvadasxva formis mqone denebisTvis. 4.7. 

suraTze naCvenebia aseTi grafikis tipuri saxe erTi kerZo SemTxvevisTvis. 
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5. Zaluri naxevargamtaruli gasaRebebis 

(ventilebis) marTvis sistemebi 

 

5.1 marTvis sistemis daniSnuleba 

 

   Eeleqtruli 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 magaliTze (sur. 5.1.). gammarTvelis impulsur-fazuri 
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marTvis funqcionaluri sqema da masSi Semavali funqciuri kvanZebis muSaobis 

amsaxveli droiTi diagramebi 5.2 suraTzea warmodgenili. 

 

   gammarTvelis marTvis sistemis muSaobis zogadi principi SemdegSi 

mdgomareobs. Mmkvebavi cvladi denis qselis Zabva (sur. 4.2,a) 1-

transformatoruli blokis saSualebiT gardaiqmneba saWiro amplitudisa da 

fazis mqone U1 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 U2 impulsur Zabvas, meores mxriv, U3 da U4 impulsur 

Zabvebs, romlebic uzrunvelyofen marTvis arxebSi impulsebis gamanawilebeli 

me-5 blokis qselis cvlad ZabvasTan sinqronizmSi muSaobas. me-3 blokSi xdeba 

U5-xerxiseburi Zabvisa da mmarTveli signalis Zabvis (Um) Sedareba. Aam Zabvebis 

gatolebis momentSi warmoiqmneba U6-mmarTveli impulsebi. Um mmarTveli 

signalis Zabvis Secvlisas icvleba U6-mmarTveli impulsebis warmoqmnis 

momenti, rac, Tavis mxriv, gamoiwvevs U1 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 

U7-mmarTveli impulsebi, U3 da U4 masinqronebel impulsebTan erTad, miewodeba 

marTvis arxebSi impulsebis gamanawilebel me-5 bloks. igi axdens impulsebis 

or arxSi ganawilebas. Aam arxebidan gamosuli U8 da U9 mmarTveli impulsebi 

erTmaneTis mimarT daZruli arian 1800-iT. U8 da U9 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 
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transformatori an optronuli wyvili) gavliT, miewodeba VS1, VS4 

tiristorTa wyvilis marTvis eleqtrodebs, xolo 1800-ani fazuri ZvriT-VS2, 

VS3 tiristoruli wyvilis marTvis eleqtrodebs. 

 

   Eeleqtruli energiis avtonomiuri gardamqmnelebis (avtonomiuri invertori, 

mudmivi Zabvis impulsuri gardamqmneli) marTvis sistemebi saWiroeben 

gasaRebTa (ventilTa) komutaciis algoriTmis modifikacias, rac 

ganpirobebulia am saxis gardamqmnelebis muSaobis reJimis specifikurobiT. 

magaliTad, Zabvis avtonomiur invertorebSi gamoiyeneba gasaRebTa (ventilTa) 

Ria mdgomareobaSi yofnis sxvadasxva xangrZlivoba gamosavali Zabvis ganiv-

impulsuri meTodiT formirebisa da sididis regulirebis dros. 

   avtonomiuri invertorebis marTvis sistemebis ganmasxvavebeli niSania 

agreTve is, rom sinqronizaciis blokis nacvlad, aq gamoiyeneba taqturi 
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impulsebis generatori, romelic gansazRvravs gamosavali Zabvis an denis 

sixSires. 

   Mmudmivi Zabvis impulsuri gardamqmnelebis (mudmivi Zabvis regulatorebis) 

marTvis sistemebis ageba xdeba gamosavali Zabvis impulsuri regulirebis 

principze dayrdnobiT. kerZod, am saxis gardamqmnelebSi ZiriTadad gamoiyeneba 

regulirebis ganiv-impulsuri meTodi, romlis drosac icvleba mmarTveli 

impulsebis xangrZlivoba sixSiris ucvleli sididis dros.Aam saxis 

gardamqmnelebis marTvis sistemis ZiriTad nawils warmoadgens ganiv-

impulsuri modulatori (gim), romelic anxorcielebs gasaRebTa komutacias 

(sur 5.3). 

 

   impulsuri gardamqmnelis marTvis sistemaSi gamoiyeneba uaryofiTi 

ukukavSiris kvanZi, romelic warmoqmnis ra regulirebis Sekrul konturs, 

anxorcielebs gardamqmnelis gamosavali Zabvis stabilizacias. 

   Eeleqtruli energiis gardamqmnelebis marTvis sistemebis teqnikuri 

srulyofis Tanamedrove tendenciaa sqemuri elementebis integraciis xarisxis 

gazrda. diskretulelementebiani sqemoteqnikuri gadawyvetebi adgils uTmobs 

integralur mikrosqemebs da mikrokontrolebs. 

   Eeleqtruli energiis gardamqmneli danadgarebis marTvis nawilis 

universalur saSualebas mikrokontroleri warmoadgens, romelic, jer 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 ganiv-

impulsurad modulirebadi generatorebis saWiro raodenobas, romlebic 

miiReben ra saWiro informacias procesoridan moTxovnil sixSireze an 

impulsTa simeCxreze, damoukideblad anxorcieleben invertoris Zaluri 

gasaRebebis logikur (SeTanxmebul) marTvas. 
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   cifruli integraluri mikrosqemebis gamosavali signalis simZlavre, 

rogorc wesi, Zaluri gasaRebebis saimedo funqcionirebisTvis 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 (galvanur) ganmxoloebac. Zaluri naxevargamtaruli 

gasaRebebis marTvis sistemebisTvis Seqmnilia simZlavris maZlierebelTa 

specializebuli mikrosqemebi, romelsac draiverebs (driver) uwodeben. 

 

 

 

5.3. mmarTveli impulsebis maformirebelTa 

ZiriTadi tipebi 

 

   Eeleqtruli energiis gardamqmnelebis marTvis sistemas, sxva funqciebTan 

erTad, Semdegi ori funqciis Sesruleba ekisreba: 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 akisria, mmarTveli impulsebis 

maformirebeli (mim) ewodeba. maSasadame, mim unda Seicavdes sainfromacio-

logikur nawils da mmarTveli impulsebis maZlierebels. 

   Ggardamqmnelis Zaluri nawili da mim-is maZlierebeli nawili muSaobis 

procesSi warmoqmnis marTvis sistemis normaluri funqcionirebis xelSeSlebs 

(dabrkolebebs). gardamqmnelis Zalur 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 izolirebulbaziani bipolarul 

tranzistorebze awyobili boguri gammarTvelis sqema, romelSic marTvis 

bloki uSualo (potencialur) kavSirSia gardamqmnelis Zalur saltesTan. 

   Bbogas marcxena mxris qveda VT1 tranzistoruli gasaRebis Ria 

mdgomareobis dros Zalur salteSi gamavali deni L-parazitul 

induqciurobaSi aRZravs dabrkolebis L di/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; 
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• 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). 

   potencialuri ganmxoloebis principis mixedviT arsebobs ori tipis 

mmarTveli impulsebis maformirebeli: 

• mmarTveli impulsebis maformirebeli, romelSic potencialuri 

ganmxoloeba miRweulia gasaRebis marTvis eleqtrodze saWiro 

formisa da simZlavris mmarTveli impulsebis transformatoris 

saSualebiT 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. 
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   meore tipis mmarTveli impulsebis maformirebelSi, sadac impulsebis 

maZliereblisTvis saWiro eleqtruli energia da informaciuli signali 

gancalkevebulad gadaicema, gamoiyeneba informaciuli signalis potencialuri 

ganmxoloebisa da maZliereblisadmi eleqtruli energiis miwodebis sxvadasxva 

meTodi.  

 

    informaciuli arxis potencialuri ganmxoloeba xorcieldeba maRali 

sixSiris transformatoris an optronuli wyvilis gamoyenebiT. Tu 

gardamqmnelis muSa Zabva Zalze didia, optronuli wyvilis nacvlad 

gamoiyeneba informaciuli signalis gadacemis optikur-boWkovani sistemebi. 
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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). 
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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 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 bipolaruli tranzistoris (sur. 5.10), 

izolirebulCamketiani veliT marTuli Zaluri tranzistoris (sur. 5.11) da 

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

draiverebis struqturuli sqemebi. 
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   Ddraiveris struqturaSi Sedis: Sesavali, SemaTanxmebeli da gamosavali 

kvanZebi. Sesavali kvanZi warmoadgens sainformacio arxis signalis mimRebs. 

SemaTanxmebeli kvanZi axdens sainformacio signalis gardaqmnas saWiro 

potencialuri donis 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. 

   Ddraiveris Sesavali kvanZi warmoadgens optikur wyvils (optrons). zogjer 

optronis nacvlad draiveris struqturaSi gamoyenebulia logikuri sqema, 
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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. 

   Yyvela 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). 

   Ddraiveri, 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. Ddraiveris 

ZiriTadi parametrebia: Sesavali da gamosavali signalebis eleqtruli 

parametrebi (deni, Zabva), muSa temperaturuli diapazoni, signalis gadacemis 

dayovnebis dro, gafantuli 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 cnobarSi [1]. 
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