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Tavi I.   vakuumuri eleqtronuli xelsawyoebi 
 

1.1. eleqtruli deni gazSi da vakuumSi 

 

nivTierebaSi eleqtruli denis gavlis aucilebeli pirobaa masSi  

arsebobdes Tavisufali muxtebi da masze modebuli  iyos potencialTa sxvaoba anu 

Zabva. CavataroT aseTi cda: aviRoT ori liTonis firfita (eleqtrodi) da erTi 

mivuerTod denis wyaros uaryofiT momWers, xolo meore A  ampermetrisa da R 
winaRobis saSualebiT dadebiT momWers (nax. 1.1.1). davinaxavT, rom ampermetris isari  

 

 
 

ar gadaixreba e.i. wredSi denma ar gaiara. sakmarisia liTonis firfitebs Soris 

SevitanoT anTebuli asanTi wredSi deni gaivlis (gadaixreba ampermetris isari). es 

movlena ase aixsneba: pirvel SemTxvevaSi firfitebs Soris ar arsebobda 

damuxtuli nawilakebi da amitom wredSi denma ar gaiara, xolo meore SemTxvevaSi 

anTebulma asanTma moaxdina firfitebs Soris moTavsebuli haeris ionizacia 

(warmoiqmna dadebiTad da uaryofiTad damuxtuli nawilakebi), dadebiTma muxtebma 

daiwyes moZraoba uaryofiTad damuxtuli firfitisaken, xolo uaryofiTma muxtebma 

dadebiTad damuxtul firfitisaken. amis Sedegad Seikra wredi da gaiara denma.  

 zemod moyvanil SemTxvevaSi wredSi maSinac gaivlis deni Tu firfitebs 

Soris SevqmniT did daZabulobis eleqtrul vels. es SesaZlebelia Tu gavzrdiT 

denis wyaros E eleqtromamoZravebel Zalas (e.m.Z). am SemTxvevaSi haeeris ionizacia 

moxdeba eleqtruli velis saSualebiT.  

 amrigad, gazSi rom gaiaros denma saWiroa masze movdoT Zabva da movaxdinoT 

misi ionizacia.  

 vakuumSi denis gavlis Sesaswavlad Cavatarod aseTi cda: aviRoT minis 

kolbi, amovtumboT haeri (SevqmnaT vakuumi) da CavrCiloT masSi ori eleqtrodi. es 

eleqtrodebi zemoT moyvanili cdis analogiurad mivuerTod denis wyaros (nax. 

1.1.2.).  

 
 

am SemTxvevaSi wredSi deni ar gava. Semdeg uaryofiTad damuxtul eleqtrods 

gavukeTod meore momWeri da nax. 1.1.2.-ze naCvenebi sqemis mixedviT mivuerTod E1 e.m.Z 
mqone denis wyaro. davinaxavT rom wredSi ampermetris isari gadaixreba e.i. wredSi 
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gaiara denma. es movlena Semdegnairad aixsneba: pirvel SemTxvevaSi eleqtrodebs 

Soris ar arsebobda damuxtuli nawilkebi da amitom wredSi denma ar gaiara, xolo 

meore SemTxvevaSi mivaerTed ra E1  denis wyaro uaryofiTad damuxtul 

eleqtrodsigi gaxurda da misgan moxda eleqtronebis amofrqveva. 

amofrqveulmeleqtronebmadaiwyes moZraoba dadebiTi firfitisaken, Seikra wredi da 

gaiara denma. 

 nax. 1.1.2-ze moyvanil wredSi deni gaivlis im SemTxvevaSic Tu E1  denis wyaros 

mierTbis magivrad SevqmniT uaryofiTi  eleqtrodis garSemo garkveuli sididis 

dadebiT eleqtrul vels. am SemTxvevaSi eleqtruli velis gavleniT uaryofiTi 

eleqtrodidan moxdeba eleqtronebis amofrqveva.  

 amrigad, imisaTvis, rom vakuumSi gaiaros denma saWiroa raime  saSualebiT 

masSi SevqmnaT damuxtuli nawilakebi (eleqtronebi) da movdoT masze Zabva.  

 

                                                      

 

 

1.2 eleqtruli emisiis saxeebi 
 

sxeulidan eleqtronebis gamosvlis  process eleqtruli  emisia ewodeba. 

arsebobs eleqtruli emisiis Semdegi saxeebi: 1.  Termoeleqtruli   emisia 

2. fotoeleqtruli emisia 3. eleqtrostatikuri emisia 4. meoradi eleqtruli emisia. 

 sxeulis gaxurebis Sedegad misgan eleqtronebis gamosvlis process 

Termoeleqtruli emisia ewodeba. am SemTxvevaSi gamosuli (amofrqveuli) 

eleqtronebis raodenoba miT metia rac metia sxeulis temperatura. sxeulze 

gaxurebis Sedegad gadacemuli energia ixarjeba im Zalebis dasaZlevad, romlebic 

ewinaaRmdegebian misgan leqtronebis gamosvlas. am energias gamosvlis muSaoba 

ewodeba. liTonis SemTxvevaSi zedapiris farTobis erTeulidan Termoeleqtruli 

emisiiT miRebuli denis sidide ganisazRvreba riCardson-deSmanis formuliT: 

                                    T
b

eATi
0

2 −
=  

sadac A  liTonis gvarobaze damokidebuli koeficientia: 
K

W
b 0

0 =  da igi 

nivTierebidan eleqtronis gamosvlis muSaobis proporciulia; K  bolcmanis 

mudmivaa;  absolituri temperaturaa: eleqtronis gamosvlis muSaobaa.  T 0W
 sxeulze sinaTlis dacemis Sedegad eleqtronebis amofrqvevis movlenas 

fotoeleqtruli emisia ewodeba. am dros sinaTlis fotonebi gadascemen TavianT 

energias liTonSi arsebul eleqtronebs da isini amis gamo toveben sxeulis 

zedapirs. es movlena aRiwereba stoletovisa da ainStainis kanonebiT:  

                               φKI =  da 0

2

2
v Whvm

−=  

sadac I aris fotodeni; K - koeficienti; φ - sinaTlis nakadi; - nawilkis masa; 

- siCqare; h - plankis mudmiva; - sinaTlis talRis sigrZe. Tu 

m
v v 0Whv =  maSin 

eleqtronebi liTonidan gamovlen nulovani siCqariT, xolo Tu >  maSin 

gamosul eleqtronebs gaaCniaT garkveuli siCqare. 

hv 0W

 liTonis zedapirTan Seqmnili didi daZabulobis dadebiTi eleqtruli velis 

mier amofrqveul eleqtronebis movlenas ewodeba eleqtrostatikuri emisia. am 

movlenis Teoria damuSavebulia Sotkis mier. dadgenilia, rom eleqtruli velis 

daZabuloba ar unda iyos 108 v/m-ze naklebi. 

 garkveuli siCqariT moZravi eleqtronebis liTonis zedapirze dajaxebis 

Sedegad misgan axali eleqtronebis amofrqvevis movlenas meoradi emisia ewodeba. 

meoradi eleqtruli emisiisaTvis saWiroa, rom liTonze dajaxebuli eleqtronebis 

energia iyos (10 15) eleqtronvoltis toli.  ÷
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1.3. vakuumuri eleqtronuli milakebi 
 

 nax. 1.1.2-ze moyvanil sqemaSi Tu SevcvliT eleqtrodebze modebuli Zabvis 

polarobas davinaxavT, rom wredSi deni ar gava. es gamowveulia imiT, rom 

amofrqveuli eleqtronebi uaryofiTad damuxtuli firfitis mier ganizidebian, 

dabrundebian im firfitaze saidanac amoifrqvnen, amis gamo wredi ar Seikvreba da 

wredSi deni ar gava.  

 nax. 1.1.2-ze moyvanil wredSi CarTul xelsawyos, romelic warmoadgens minis 

balons, saidanac amotumbulia haeri da CarCilulia eleqtrodebi, ewodeba 

vakuumuri diodi. im eleqtrods, romelic mierTebulia denis wyaros uaryofiT 

poluss da saidanac amoifrqveva eleqtronebi ewodeba kaTodi, xolo meores, 

romelic miereTebulia denis wyaros dadebiT momWers, ewodeba anodi. diodisaTvis 

damaxasiaTebeli Tvisebaa deni gaataros mxolod erTi mimarTulebiT anodidan 

kaTodisaken. Tu diodze modebuli Zabvis zrdas daviwyebT nulidan, maSin wredSi 

CarTuli ampermetri gviCvenebs, rom dasawyisSi deni TandaTanobiT izrdeba, xolo 

roca miaRwevs Zabva raRac sidides Semdgomi zrdiT deni aRar gaizrdeba. reJims 

rodesac diodSi gamavali deni aRar izrdeba gajerebis reJimi ewodeba, xolo 

Zabvas gajerebis Zabva. nax. 1.3.1-ze naCvenebia diodis volt-amperuli 

maxasiaTebeli. igi Sesdgeba 5 ubnisagan:  AB aqtiuri reJimi;  BC  gajerebis  reJimi;   

oU

oU

 
 
CD kaTodidan eleqtronebis meoradi amofrqvevis reJimi; AF diodis ukuCarTvis 

reJimi;   F K diodis ukugatarebis reJimi; 

 rogorc nax.1.3.1 Cans, roca Zabva anodsa da kaTods Soris nulia wredSi deni 

mainc gadis. es  deni gamowveulia imiT, rom kaTodidan amoifrqveva zogierTi 

eleqtroni iseTi siCqariT, rom igi miaRwevs anods da wredSi gava mcire deni. es 

deni Tavisi simciris gamo SeiZleba ugulvebelvyoT. AB ubanze Zabvis 

TandaTanobiTi zrda iwvevs denis TandaTanobiT zrdas, radgan kaTodidan 

amofrqveul eleqtronebs gaaCniaT sxvadasxva siCqare, zogs nulovanic ki. amotom 

Zabvis TandaTanobiT zrdiT eleqtronebic TandaTanobiT iZenen iseT siCqares, 

romelic  sakmarisia anodamde misaRwevad. roca Zabva gautoldeba -s, MmaSin 

yvela amofrqveuli eleqtroni miaRwevs anods da Zabvis Semdgomi zrda ukve aRar 

iwvevs BC ubanze denis zrdas. CD ubanze imdenad didia velis daZabuloba, rom 

kaTodidan adgili aqvs eleqtronebis meorad emisias. amis gamo anodamde misuli 

eleqtronebis raodenoba izrdeba da Sesabamisad izrdeba wredSi gamavali denic.  

0I

oU

AEFK ubanze anods miewodeba uaryofiTi potenciali, xolo kaTods dadebiTi. igi 

Seesabameba diodis ukuCarTvis reJims. AEF ubanze diodSi deni ar gadis, radgan 
kaTodidan amofrqveuli eleqtronebi anodis mier ganizidebian da brundebian isev 

kaTodze. AE ubanze deni TandaTanobiT mcirdeba nulamde, xolo EF ubanze igi 

nulis tolia. FK ubanze wredSi gadis ukudeni, romelic Zabvis zrdiT 

TandaTanobiT izrdeba, radgan am SemTxvevaSi iseTi didia velis potenciali, rom 

anodidan iwyeba eleqtronebis meoradi emisia, romelic Zabvis zrdiT (ukuZabva) 

TandaTanobiT izrdeba.  
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 nax.1.3.2-ze naCvenebia vakuumuri diodis sqematuri aRniSvna. mesame eleqtrodi 

aris varvarebis Zafi (v.Z.), romelSic gadis varvarebis deni, xurdeba da igi axurebs 

kaTods.  

 Tu anodsa da kaTods Soris movaTavsebT mesame eleqtrods (bade) da mas 

mivawvdiT mcire uaryofiT potencials, maSin am potencialis cvlilebiT SeiZleba 

vcvaloT anodisaken mimavali eleqtronebis ricxvi da Sesabamisad wredSi gamavali 

denic. aseT vakuumur eleqtronul xelsawyos ewodeba vakuumuri triodi. arsebobs 

agreTve oTxeleqtrodiani da xuTeleqtrodiani vakuumuri xelsawyoebi.  

 dReisaTvis vakuumuri xelsawyoebi TiTqmis ar gamoiyeneba (garda 

eleqtronul sxivuri milakisa), radgan didia maTi gabaritebi, gaaCnia didi 

sakuTari xmauris signali, eleqtrodebze saWiroa mivawodoT didi eleqtruli 

Zabvebi (100 500 voltis farglebSi), Sesabamisad moiTxoven kvebis did energias da 

sxva. amitom maT garda eleqtrosxivuri milakisa ar ganvixilavT.  

÷

 

 

1.4. eleqtronuli milakebis kaTodebi 
 

 eleqtronuli milakis erT-erT mniSvnelovan elements warmoadgens kaTodi. 

misi muSaobis xarisxi ganisazRvreba misi parametrebiT. kaTodis parametrebia: 

1.kaToduri denis maqsimaluri simkvrive; 2.kaTodis efeqturoba; 3.muSa temperatura; 

4.kaTodis muSaobis xangrZlivoba.  

 kaTodis dens uwodeben kaTodidan sxva eleqtrodebisaken mimarTul 

eleqtronebis nakads. kaToduri denis maqsimaluri simkvrive aris kaTodis 

zedapiris farTis erTeulidan amofrqveuli eleqtronebisagan miRebuli 

maqsimaluri denis simkvrive. Tanamedrove kaTodebs gaaCniaT (0,1÷ 1,0) a/sm2 denis 

maqsimaluri simkvrive.  

 kaTodis efeqturoba aris miliamperebSi gamosaxuli kaTodis emisiis deni, 

romelic miiReba kaTodis gaxurebaze daxarjuli 1vt simZlavris dros.  

                                   

33

max1
UI

I
H = ma/vt 

sadac aris kaTodis emisiis maqsimaluri deni.  da  aris varvarebis deni 

da Zabva. kaTodis efeqturobiT faasdeba misi ekonomiuroba. rac ufro didia 

kaTodis efeqturoba miT ufro meti emisiis deni miiReba varvarebis simZlavris 

naklebi danaxarjebiT. kaTodis efeqturoba moTavsebulia (2 100)ma/vt farglebSi.  

max1I 3I 3U

÷
 kaTodis muSa temperaturaSi igulisxmeba is minimaluri temperatura, 

romelic saWiroa kaTodis gasaxureblad, raTa miRebuli iqnas nominaluri 

kaToduri emisiis deni. rac ufro mcirea es temperatura miT ufro efeqturia 

kaTodi e.i. naklebi energia ixarjeba mis gaxurebaze. kaTodis muSa temperaturaas 

Seadgens (1000 2500)K.  ÷
 kaTodis xangrZlivoba aris is dro, romlis ganmavlobaSic mas SeuZlia 

uwyveti muSaoba ise, rom akmayofilebdes parametrebze normalur moTxovnebs.  

 kaTodi SeiZleba davyoT oTx ZiriTad jgufad: 1. liTonuri;  

2. liTonafskuri; 3. naxevargamtaruli; 4. rTuli (liTonnaxevargamtaruli da 

liTnokeramikuli). kaTodebi SeiZleba iyos rogorc aragaaqtiurebuli ise 

gaaqtiurebuli. gaaqtiurebuyli kaTodebis zedapiri dafarulia specialuri feniT, 

romelic amcirebs kaTodis muSa temperaturas da misi mTeli zedapiridan axdens 

Tanabrad eleqtronebis emisias.  

 aragaaqtiurebuli liTonuri kaTodebi yvelaze ufro naklebad ekonomiuria. 

isini ZiriTadad mzaddebian volframisagan.  

 liTonafskuri kaTodebi warmoadgenen dadebiTad damuxtuli nivTierebis 

zedapirs, romelic dafarulia erT an ramodenime liTonis feniT. aseTi kaTodebis 

gavrcelebuli saxeebia karbiduli da bariumvolframis kaTodebi.  

 naxevargamtaruli kaTodebi aris maRalekonomiuri. kaTodis sadfuZveli 

(kerni) dafarulia eleqtronuli tipis eleqtrogamtarobis mqone aqtiuri 

nivTierebis (20 100)mkm feniT. mas miekuTvneba oqsiduri da Torium-oqsiduri 

kaTodebi. 

÷
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 rTuli kaTodebi warmoadgenen oqsidur safuZvelze damzadebul 

liTononaxevargamtarul an liTonokeramikul kaTodebs.  

 kaTodebi kostruqciis mixedviT iyofa or jgufad: uSualo varvarebis da 

SesaTbobi. 

 uSualo varvarebis kaTodi aris iseTi kaTodi, romeliSic gadis varvarebis 

deni, xurdeba da amoifrqveva eleqtronebi.  

 SesaTbob kaTodebSi eleqtrulad ganmxoloebulia erTmaneTisagan varvarebis 

Zafi da is zedapiri saidanac xdeba eleqtronebis emisia. varvarebis denis 

meSveobiT xurdeba varvarebis Zafi da igi gadascems siTbos (aTbobs, axurebs) mis 

garSemo myof kaTods, ris Sedegadac misgan amoifrqveva eleqtrodebi.  

 

 

1.5. eleqtronul-sxivuri milaki 
 

eleqtronul xelsawyos, romelic gamoiyeneba ekrnze eleqtronebis 

moqmedebiT mnaTi xilvadi (optikuri) gamosaxulebis misaRebad eleqtronul-sxivuri 

milaki ewodeba. arsebobs aseTi milakebis sxvadasxva saxe: satelevizio, 

oscilografuli, damamaxsovrebeli da sxva. ganvixiloT eleqtronul-sxivuri 

milakis muSaoba mimRebi satelevizio (kineskopi) milakis magaliTze. 

 nax.1.5.1-ze naCvenebia eleqtronul-sxivuri milakis sqematuri aRniSvna. igi 

warmoadgens minis balons, romelSic Seqmnilia maRali vakuumi (10-7÷ 10-8)mm.vwy.sv. 
 

 
 

balonSi CarCilulia eleqtrodebis sistema: varvarebis Zafi (v.Z.), K kaTodi, M 

moduliatori, A1 pirveli anodi da ori wyvili gadamxreli firfitebi X1-X2 
(horizontaluri) da  Y1-Y2(vertikaluri), balonis torsuli nawilis Siga zedapirs 

ewodeba ekrani, romelic dafarulia luminaforiT da masze swrafad moZravi 

eleqtronebis dacema iwvevs mis naTebas. eleqtronebis nakadi (sxivi) ekranze 

gadaadgilebisas tovebs mnaT kvals. ekranis balonTan SemaerTebeli yeli asrulebs 

A2 meoradi anodis rols. 

 eleqtronul-sxivur milakSi gamoiyeneba arapirdapiri varvarebis oqsiduri 

kaTodi, romelsac gaaCnia cilindrui forma. mis SigniT moTavsebulia volframis 

gamaxurebeli varvarebis Zafi. kaTods aTavseben cilindruli formis 

moduliatorSi, romelsac meore mxares gaaCnia xvreli. am xvrelSi unda gavides 

kaTodidan amofrqveuli eleqtronebi. moduliators awvdian uaryofiT potencials, 

raTa man kaTodidan sxvadasxva mimarTulebiT amotyorcnili eleqtrnebis Sekreba 

moaxdinos erT viwro konad (eleqtruli sxivi). uaryofiTi potenciali iseTi unda 

iyos rom yvela amotyorcnili eleqtroni moZraobis Sewyvetis gareSe Segrovdes. 

amis gamo moduliators mcire uaryofiT potencials awvdian (ramodenime volts). 

mcire farglebSi moduliatoris potencialis cvlilebiT SeiZleba vcvalod 

eleqtronuli sxivis intensioba da Sesabamisad milakis ekranze vcvalod mnaTi 

laqis sikaSkaSe. M cilindrul eleqtrods moduliators imitom uwodeben, rom igi 

axdens eleqtronuli sxivis modulacias.  
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 moduliatorsa da kaTods Soris garkveuli uaryofiTi Zabvis Ddros 

eleqtronuli sxivis moZraoba wydeba da ekranze mnaTi laqa qreba. aseT Zabvas 

moduliatoris Camketi Zabva ewodeba. es Zabva ramdenime aTeul volts Sadgens. 

 pirveli anodi moduliatoridan dacilebulia garkveuli manZiliT. igi Rru 

cilindruli formisaa. masze kaTodis mimarT miewodeba dadebiTi potenciali 

(ramodenime aseuli volti). am Zabvis gavleniT eleqtronuli sxivi iZens did 

siCqares da didi kinetikuri energiiT bombavs ekrans.  

eleqtronu-sxiuri milakis eleqtrodebs Soris sivrceSi iqmneba 

araerTgvarovani eleqtruli veli, romelic gavlenas axdens eleqtronebis 

moZraobis traeqtoriaze da cdilobs dauaxlovos isini milakis RerZs. amrigad, 

aRniSnuli eleqtruli veli asrulebs mafokusirebeli linzis rols. 

eleqtronul-sxivur milakSi moTavsebulia ori gadamxreli firfita, 

horizontaluri da vertikaluri. TiToeuli wyvili gadamxreli firfita 

warmoadgens brtyel kondesators. horizontaluri gadamxreli firfitebis 

saSualebiT ekranze sxivi gadaadgildeba marcxnidan marjvniv, xolo vertikaluri 

gadamxreli firfitebi sxivs amoZravebs ekranis zemodan qvemoT. sxivi ukan 

dabrunebis dros (horizontaluri mimarTulebiT marjvnidan mrcxniv, xolo 

vertikaluri mimarTulebiT qvemodan zemod)  qreba da ekranze kvals ar tovebs.  

ekranze sxivi ise swrafad moZraobs, rom ekranis erTi adgilidan (wertili) 

meoreze gadasvlisas ekranis mnaTi wertili ver aswrebs Caqrobas da Cven gvgonia, 

rom mTeli ekrani aris ganaTebuli. sinamdvileSi ki sxivi moZraobs wertil-wertil 

da anaTebs ekranis im adgils, romelzec igi ecema.   

Tanamedrove kinoskopebs aqvs moaluminirebuli ekrani sxvadasxva diagonalis 

sigrZiT da 4/5 gverdebis fardobiT, eleqtrostatikuri dafokusireba, sxivis 

gadaxris magnituri sistema 1100-mde gadaxris kuTxiT. sxivi ekranze xazavs xazebs 

(striqonebs) da TandaTan Camodis zemodan qvemod. dros, romlis ganmavlobaSi 

sxivi moZraobs ukiduresi zemo marcxena wertilidan da brundeba imave adgilze 

aris erTi satelevizio kadris dro. xolo is dro, romelsac andomebs sxivi 

ukiduresi marcxena wertilidan da brundeba ukan aris erTi satelevizio 

striqonis dro. 

ekranze rastris (ekranis mTeli naTeba) warmosaqmnelad gadamxrel koWebSi 

(firfitebi) atareben xerxisebur an ufro rTuli formis dens. denis sixSire 

kadris koWebSi (vertikaluri gadamxreli firfitebi) aris 50 hc, xolo 

striqonulSi (horizontaluri gadamxreli firfitebi) aris 15625 hc. am denebis 

forma naCvenebia nax. 1.5.2-ze.  

 

 
 

nax. 1.5.2-ze Is aris striqonis koWebSi deni sidide; Ik -ki kadris koWebSi; Ts-

striqonis dro; Tsa-striqonis aqtiuri dro (am drois ganmavlobaSi sxivi anaTebs 

ekrans striqonis gaswvriv an rac igivea sxivi  ekranis marcxena mxridan  

marjvenamde andomebs Tsa dros); Tsp-striqonis pasiuri dro (sxivis moZraobis dro 

ekranis marjvnidan marcxniv); Tk-kadris dro; Tka-kadris aqtiuri dro (sxivi 

moZraobis dro ekranis zemodan qvemoT); Tkp-kadris pasiuri dro ( sxivis moZraobis 

dro ekranis qvemodan zemoT). 
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 SEKM  satelevizio standartis mixedviT Ts=64 mkwm; Tsa=52 mkwm; Tsp=12m kwm; 

Tk=20 mlwm; Tka=16,8m lwm da Tkp=3.2 mlwm. kadrSi aris 625 striqoni. kadris aqtiur 

nawilSi 575 da pasiurSi 50 striqonia. satelevizio signalis sixSiris zolis 

Semcirebis gamo kadri Sedgeba ori satelevizio velisagan da TiToeulSi 

moTavsebulia 312,5 striqoni. pirveli velis ganmavlobaSi ekranze ixazeba kenti 

dasaxelebis striqonebi, xolo meoreSi luwi dasaxelebis striqonebi. e.i. pirvelSi 

1,3,5,. . . . . ,287 da 289-is naxevari, Semdeg sxivi qreba brundeba ukan da iwyebs luwi 

striqonebis xazvas. meore veli iwyeba meore striqonis Sua adgilidan Semdeg 4,6,8,. 

. . .,570, Semdeg isev qreba brundeba ukan da iwyebs Tavidan moZraobas (nax.1.5.3.). 

 

 
 

zemod moyvanili msjelobis safuZvelze SeiZleba vTqvaT, rom Tu deni ar 

gadis vertikalur gadamxrel koWebSi, maSin ekranis centrSi miviRebT 

horizontalur mnaT xazs, xolo Tu ar gadis deni horizontalur koWebSi, maSin –-  

vertikalur xazs. Tu deni ar gadis arcerT gadamxrel koWbSi, maSin miviRebT mnaT 

wertils ekranis ceentrSi. Tanamedrove kineskopebSi aRniSnul SemTxvevebSi mnaTi 

xazebi da wertilebi ar Cans, radgan es SemTxvevebi aris kineskopis (televizoris) 

aranormaluri muSaobis (televizoris dazianebis) SemTxvevebi da am dros rom ar 

moxdes ekranis mnaTi adgilebis amowva (radgan am dros xSirad da didi 

intensivobiT ecema ekranis erTi da igive adgils eleqtrronuli sxivi) 

eleqtronuli sxivi avtomaturad qreba.  
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Tavi 2.  naxevargamtari 
 

 

2.1. naxevargamtarebi. naxevargamtarebis struqturaYFGA 

da gamtarobis saaxeebi 

 
nivTierebas, romlis kuTri eleqtrowinaRoba oTaxis temperaturaze 

moTavsebulia - dan om.sm sazRvrebSi naxevargamtari 

ewodeba. Tu nivTierebis kuTri winaRoba naklebia om.sm maSin igi aris 

gamtari (metali), xolo Tu metia om.sm  aris aragamtari (dieleqtriki). 

dReisaTvis cnobili naxevargamtarebis raodenoba gacilebiT metia vidre 

metalebisa da dieleqtrikebisa. naxevargamtarebs miekuTneba: qimiuri elementebi 

siliciumi, germaniumi, seleni da sxva; spilenZis orJangi, cinkis Jangi, cinkis 

sulfidi, karbidi da sxva qimiuri naerTebi. 

23 1010 −− ÷=ρ 98 1010 ÷=ρ

)1010( 46 −− ÷

)1010( 1810 ÷

       sufTaA metalebisagan gansxvavebiT sufTa naxevargamtarebis winaaRmdegoba 

didad aris damokidebuli temperaturaze. temperaturis zrdiT winaRoba ki ar 

matulobs aramed iklebs. 

sufTa metalebSi minarevis damateba iwvevs miRebuli Senadnobis kuTri 

winaRobis gazrdas Semdgenebis kuTri winaRobebTan SedarebiT, xolo sufTa 

naxevargamtarebSi piriqiT xdeba, kuTri winaRoba Zlier mcirdeba. magaliTad Tu 

germaniums davumatebT 10-5% dariSxans, maSin miRebuli naxevargamtaris kuTri 

winaRoba 200-jer mcirdeba vidre sufTa naxevargamtarisa. 

naxevargamtarSi aRniSnuli Tvisebebis Tavisurebebis mizezis axsna cxadi 

gaxdeba, rodesac ganvixilavT naxevargamtarebis struqturas da gamtarobis 

meqanizms. 

SemdgomSi naxevargamtarebis saxiT ganvixilavT germaniums da siliciums. 

isini Tanamedrove naxevargamtaruli teqnikis ZiriTadi elementebia. 

germaniumisa da siliciumis kristaluri meseri aris tetraedris formis, 

romlis kuTxeebSi da centrSi moTavsebulia atomi (nax. 2.1.1). tetraeduli sistemis 

damaxasiaTebeli Tvisebaa is, rom manZili centrSi moTavsebul atomsa da kuTxeebSi 

moTavsebul atomebs Soris aris erTidaigive. yvela kuTxis atomi aris agreTve 

centraluri sxva oTxi atomisa. 

 

 
 

kristalur meserSi atomebs Soris kavSiri xorcieldeba wyvil-wyvilad 

gaerTianebuli savalento eleqtronebis saSualebiT. aseTi gaerTianebis suraTi 

naCvenebia nax. 2.1.2-ze. 
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eleqtronebis TiToeuli wyvili Sesabamisad miekuTneba rogorc erT ise 

meore atoms. amis gamo yoveli atomis garSemo iqmneba mdgradi (neitraluri) rva 

eleqtroniani garsi. atomebs Soris iseT kavSirs, rodesac TiToeuli maTgani rCeba 

neitraluri ewodeba wyvileleqtronuli an kovalenturi an ubralod valenturi. 

kristaluri mesris aRniSnul struqturas adgili aqvs absolitur nul 

temperaturaze. temperaturis zrdiT izrdeba kristalur meserSi atomebis rxeva da 

xdeba zogierTi savalento kavSiris rRveva. amis SedegaT warmoiqmneba Tavisufali 

eleqtronebi (savalento kavSiris rRvevis Sedegad eleqtroni tovebs Tavis adgils 

da gadadis sxvagan), xolo mis adgilas warmoiqmneba cariele adgili, romelsac 

xvreli ewodeba. xvrels gaaCnia iseTive muxti, rogorc eleqtrons magram misi 

sapirispiro (dadebiTi). xvreli iseve rogorc Tavisufali eleqtroni, moZraobs 

qaosurad da Semdeg rekombirdeba (uerTdeba) romelime Tavisufal eleqtronTan. 

xvrelisa da Tavisufali eleqtronis moZraoba aris urTierTsawinaaRmdego. 

temperaturis zrdiT maTi raodenoba izrdeba da amitomac naxevargamtaris winaRoba 

mcirdeba. 

amgvarad, naxevargamtarSi arsebobs ori saxis muxtebi eleqtronebi da 

xvralebi. absoliturad sufTa da erTgvarovani naxevargamtaris gaxurebis Sedegad 

eleqtronebi da xvrelebi wyvil-wyvilad warmoiqmnebian. naxevargamtarSi xdeba maTi 

rogorc generacia ise rekombinacia. gamtarobas, romelic gamowveulia wyvili 

(eleqtroni da xvreli) muxtebis saSualebiT ewodeba sakuTari gamtaroba da 

 sadac -naxevargamtaris sakuTari denia, -xvrelebis mier gamowveuli 

denia, xolo -eleqtronebis mier. 

exs iii += si xi

ei
sufTa naxevargamtarSi minarevis Setanis Semdeg, irRveva kristaluri mesris 

struqtura da warmoiqmnebian dadebiTi muxtis matareblebi. amis Sedegad misi 

gamtaroba izrdeba da winaRoba ki mcirdeba. aseT naxevargamtars uwodeben 

minarevian naxevargamtars. zogadad naxevargamtaris deni tolia:  

                            ms iii +=  

sadac  -minareuli gamtarobis denia. mi
 

2.2  n da p tipis naxevargamtarebi 
 

       minarevis atomebi sxvadasxvanairad ganlagdebian ZiriTadi (sakuTari) 

naxevargamtaris kristalur meserSi. siliciumSi da germaniumSi minarevis atomebi 
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xSirad Caenacvlebian ZiriTad atomebs kristaluri mesris kvanZebSi. aseTi 

Canacvlebis saxe damokidebulia minarevis tipze. 

       Tu sufTa siliciumSi SevitanT xuT valentian fosfors, maSin fosforis 

atomis oTxi eleqtroni Seva kavSirSi mis mezoblad ganlagebul siliciumis 

atomis oTx eleqtronTan (nax. 2.2.1) da warmoiqmneba rva eleqtroniani mdgradi 

garsi. am kombinaciis mecxre eleqtroni (fosforis atomis mexuTe eleqtroni) 

atomis birTvTan iqneba sustad dakavSirebuli, igi advilad mowydeba mas da 

gaxdeba Tavisufali eleqtroni, xolo minarevis atomi gardaiqmneba uZrav dadebiT 

erTeulovan muxtian ionad. am dros minareviT gamowveuli Tavisufali eleqtronebi 

daemateba sakuTar Tavisufal eleqtronebs, romlebic TermogeneraciiT 

warmoiqmnebian. amis Sedegad naxevargamtaris gamtaroba mkveTrad izrdeba da igi 

upiratesad xdeba eleqtronuli. aseT naxevargamtars uwodeben eleqtronuls an n 
tipisas. minarevs, romelic uzrunvelyofs eleqtronul gamtarobas, uwodeben 

donorebs (eleqtronebis mimcemi). siliciumisa da germaniumisaTvis fosforis garda 

donori SeiZleba iyos dariSxani, stibiumi da sxva xuT valentiani elementi. 

 

 
 

Tu sufTaA siliciumSi SevitanT sam valentiani boris atomebs, maSin suraTi 

iqneba sxva. boris atomma rom daamyaros myari rva eleqtroniani kavSiri mis 

mezoblad myof oTx siliciumis atomTan mas esaWiroeba erTi damatebiTi 

eleqtroni. amitom igi am eleqtrons arTmevs ZiriTadi kristaluri mesris atoms 

(nax.2.2.2). am SemTxvevaSi boris atomi gardaiqmneba uZrav uaryofiT ionad. im 

adgilze, sadac boris atomma miiRo eleqtroni, warmoiqmneba xvreli, romelic 

daemateba TermogeneraciiT miRebul xvrelebs. amis Sedegad naxevargamtaris 

eleqtrogamtaroba mkveTrad izrdeba da xdeba dadebiTi xasiaTis. iseT 

naxevargamtarebs, romlis gamtaroba upiratesad ganpirobebulia xvrelebis 

arsebobiT ewodeba xvreluri an p tipis. minarevs, romelic uzrunvelyofs xvrelur 

                                  

gamtarobas, uwodeben aqceptorebs (eleqtronebis mimRebs). germaniumisa da 

siliciumisaTvis aqceptorebi boris garda aris alumini, galiumi, indiumi da sxva 

sam valentiani elementi. 
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radgan minarevian naxevargamtarSi, erTi tipis moZravi muxtebi sWarbobs 

meores, amitom miRebulia vuwodoT im muxtis matsrebels, romelic metia ZiriTadi, 

xolo romelic naklebia araZiriTadi. 

       amrigad n tipis naxevargamtarSi ZiriTadi muxtis matarebelia eleqtronii, 

xolo araZiriTadis xvreli. aseve p tipis naxevargamtarSi ZiriTadia xvreli da 

araZiriTadia eleqtroni. 

 

 

2.3  myari sxeulis energetikuli zonebi 

 
        naxevargamtaris analizis safuZveli aris myari sxeulis zonuri Reoria. 

rogorc cnobilia izolirebuli atomi xasiaTdeba eleqtronebis dasaSvebi energiis 

diskretuli speqtriT. energiis gazrdiT doneebs Soris manZili TandaTanobiT 

mcirdeba. energetikuli speqtris e.w. Weri aris ionizaciis done, romlidanac 

eleqtronebi xdeba Tavisufali da mas SeuZlia datovos atomi. eleqtronebiT 

Sevsebuli atomis doneebi qmnian atomis garsacms, romelic aRiniSneba cifrebiT 1, 

2, 3, 4…da a.S. an asoebiT K, L, M da a.S. garsacmebi dawyebuli meoredan iyofian 

qvegarsacmebad 2s, 2p, 3s, 3p, 3d da a.S. eleqtronebiT Sevsebuli garsacmebisa da 

qvegarsacmebis raodenoba damokidebulia mendeleevis periodul sistemaSi 

elementis rigiT nomerze. araagznebul mdgomareobaSi atomis zeda doneebi 

eleqtronebiT yovelTvis carielia. myari sxeuli es aris uamravi atomebis 

erToblioba, romelTa Soris manZili Zalian mcirea da isini erTmaneTze Zlier 

urTierTqmedeben. amitom myari sxeulis naWerSi yvela atomebis erToblioba 

SeiZleba ganvixiloT, rogorc erTi mTliani giganturi molekula. igi xasiaTdeba 

igive energetikuli speqtriT, rogoriTac atomi. am speqtris Tavisebureba is aris, 

rom igi Sesdgeba ara dasaSvebi diskretuli doneebisagan, aramed dasaSvebi 

diskretuli zonebisagan. amis gamo yoveli myari sxeulis kristalisaTvis arsebobs 

garkveuli zonuri diagrama, romelSic dasaSvebi zonebi monacvleoben akrZaluli 

zonebiT. mkacrad rom vTqvaT, dasaSveb zonebs aqvT diskretuli struqtura da 

Sesdgeba imdeni donisagan ramdeni atomicaa mocemul sxeulSi. 

        rig SemTxvevebSi dasaSvebi zonebi erTmaneTs faraven da maSin Sesabamisi 

akrZaluli zona ar arsebobs. aseT gadafarvas adgili aqvs speqtris maRal 

nawilSi, radgan zeda doneebi atomSi ganlagebuli arian erTmaneTTan axlos. 
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        dasaSveb zonebs Soris energetikuli manZili (is energia, romelic saWiroa   

mezobeli dasaSvebi zonidan eleqtronis gadasavlelad) damokidebulia eleqtronis 

atomTan kavSiris energiaze. 

        myari sxeulis gamtaroba ganpirobebulia imiT, rom eleqtronebs SeuZliaT 

gadsvla uaxloes energetikul doneebze. aqedan gamomdinare gamtarobaSi 

monawileoba SeuZliaT mxolod im zonis eleqtronebs, romelSic aris Tavisufali 

doneebi. aseTi Tavisufali doneebi yovelTvis arsebobs maRal dasaSveb zonaSi. 

amitom maRal zonas uwodeben gamtarobis zonas. 

        gamtarobis zonasTan axlos myof zonas uwodeben valentobis zonas. 

absolitur nul temperaturaze gamtarobis zona ar aris srulad Sevsebuli 

eleqtronebiT, xolo savalento zona sruladaa Sevsebuli da amis gamo am zonis 

eleqtronebi ver iReben monawileobas gamtarobaSi. magram absolitur nulze maRal 

temperaturaze savalento zonidan eleqtronebi gadadian gamtarobis zonaSi da 

iReben monawileobas gamtarobaSi. am dros savalento zonaSi Cndeba Tavisufali 

doneebi, sadac sxva ufro qveda zonebidan SesaZlebelia eleqtronebis gadmosvla. 

es movlena Seexeba sxva process, romelsac Cven ar vixilavT. 

       myari sxeulebis zonuri struqtura aris myari sxeulis metalebad, 

naxevargamtarebad da dieleqtrikebad dayofis ZiriTadi safuZveli. nax. 2.3.1 

naCvenebia myari sxeulis zonuri struqtura absolitur nulisagan mcired 

gansxvavebul temperaturaze (T >00K). 

 

 
 

metalebSi gamtarobisa da savalento zonebi erTmaneTs faraven. amis gamo 

gamtarobis zonaSi yovelTvis imyofebian eleqtronebi da absolitur nul 

temperaturazec ki gaaCniaT maT gamtaroba. naxevargamtarebSi da dieleqtrikebSi 

gamtarobisa da savalento zonebi gamoyofilia akrZaluli zoniT, romlis sigane 

dieleqtrikSi ufro metia vidre naxevargamtarSi. absolitur nul teperaturaze 

                                     

naxevargamtarebSi da dieleqtrikebSi gamtarobis zonaSi eleqtronebi ar arseboben, 

amitom maTi gamtaroba nulis tolia. sxva romelime ufro maRal temperaturaze 

naxevargamtaris gamtarobis zonaSi savalento zonidan gadmodian eleqtronebi 

(gadalaxaven ra akrZalul zonas) da naxevargamtari iZens gamtarobas, xolo 

dieleqtrikSi  savalento zonis eleqtronebi ver gadalaxaven akrZalul zonas da 

amitom mas gamtaroba ar gaaCnia. 

       rogorc avRniSneT, Tu naxevargamtaris temperatura absolitur nulisagan 

aris gansxvavebuli, maSin gamtarobis zonaSi Cndebian eleqtronebi, xolo 

savalento zonaSi Seuvsebuli doneebi (xvrelebi). orive isini (eleqtronebi 
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daxvrelebi) warmoiqmnebian erTdroulad toli raodenobiT. orive zonis 

Tavisufal muxtebs SeuZliaT eleqtrul velSi moZraoba da amitom naxevargamtars 

gaaCnia gamtaroba. eleqtronebis gadasvla erTi zonidan meoreSi aris droebiTi. 

raRac drois Semdeg gadasuli eleqtronebi isev brundebian sawyis zonaSi (xdeba 

rekombinacia). eleqtronebis erTi zonidan meoreSi gadasvla-gadmosvlis procesi 

ganuwyvetliv mimdinareobs. temperaturis zrdiT izrdeba eleqtron-xvrelis 

wyvilis raodenoba da amasTan izrdeba naxevargamtaris gamtaroba. 

       nax.2.3.2-ze naCvenebia minareviani naxevargamtaris zonuri  struqtura  

 

 
 

 

absolitur nul temperaturaze. donoruli minarevi xasiaTdeba imiT, rom misi 

savalento doneebi ganlagebulia akrZaluli zonis zemo naxevarSi, xolo 

aqceptoruli minarevis SemTxvevaSi qvemo naxevarSi. eleqtronis gadasasvlelad 

donoruli donidan gamtarobis zonaSi da savalento zonidan aqceptorul doneze 

saWiroa mcire energia. amitom am dros minareviani gamtaroba gacilebiT ufro 

didia vidre sakuTari gamtaroba. es samarTliania mxolod dabal temperaturaze. 

temperaturis Semdgomi zrda iwvevs sakuTari gamtarobis TandaTanobiT zrdas, 

xolo minareul gamtarobas gaaCnia zRvari. amitom maRal temperaturaze minareviani 

naxevargamtaris gamtaroba ZiriTadad aris sakuTari. 

       myar sxeulSi eleqtronebis ganawileba energetikuli doneebis mixedviT 

ganisazRvreba naxevargamtaris 1sm3-Si elewtronebis dn ricxviT, romlebsac ukaviaT 

energetikuli doneebi dw energiis romeliRac intervalSi: 

dwwfwpdn )()(=  
sadac aris energetikuli doneebis simkvriveTa ganawilebis funqcia, romelic 

gansazRvravs energiis erTeul mniSvnelobaze mosul doneebis ricxvs;  aris 
ganawilebis funqcia, romelic asaxavs mocemul T temperaturis dros w energiis 

mqone energetikuli donis eleqtronebiT Sevsebis albaTobas.  albaToba 

ganisazRvreba fermis ganawilebis funqciiT (fermis funqcia), sadac w

)(wp
)(wf

)(wf
F aris fermis       
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done (fermis energia); k- bolcmanis mudmivaa; T- absolituri temperaturaa. 

        naxevargamtarebs, romlebSic muxtebis gadamtanebis energetikuli doneebis 

mixedviT ganawileba emorCileba maqsvelis kanons, aragadagvarebuli ewodeba. 

maqsvelis ganawilebis kanoni zemoT moyvanili tolobisaTvis aris Semdegi: 
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am naxevargamtarebSi fermis done mdebareobs akrZaluli zonis SigniT. 

         naxevargamtarebs, romelTa Tvisebebi emorCileba fermis statistikas 

(fermis funqcias) gadagvarebuli ewodeba. naxevargamtaris mdgomareoba misi 

gadagvarebis TvalsazrisiT damokidebulia minarevis koncentraciasa da 

temperaturaze. aragadagvarebul naxevargamtarebSi minarevis koncentracia imyofeba 

(1012-1018) sm-3 sazRvrebSi. gadagvarebis SemTxvevaSi minarevis koncentracia izrdeba 

(1019-1021)-mde. 

        aragadagvarebul naxevargamtarSi minarevis koncentraciis gazrda iwvevs n 
tipis naxevargamtarSi fermis donis awevas da TandaTanobiT miaxloebas gamtarobis 

zonis fskerTan, xolo  p tipis naxevargamtarSi fermis done TandaTanobiT daiwevs 

da miuaxlovdeba savalento zonis Wers. eleqtronebis koncentravias, rommlis 

drosac fermis done emTxveva gamtarobis zonis fskers, miRebulia ewodos 

kritikuli nkr. aseve xvrelebis koncentracias, romlis drosac fermis done 

emTxveva savalento zonis Wers, miRebulia ewodos kritikuli pkr. gamoTvlilia, 

rom T=300K dros germaniumi SeiZleba CaiTvalos gadagvarebulad, Tu n>nkr=2,5. 
1019

sm-3. 

 

2.4   p-n gadasasvleli 
 

 

®   naxevargamtaruli xelsawyos dasamzadeblad iyeneben ara erTi tipis 

naxevargamtarebs, aramed sxxvadasxva tipis naxevargamtarebs, romlebic erTmaneTTan 

arian moyvanili kontaqtSi. 

        Tu kontaqtSi moviyvanT or sxvadasxva tipis naxevargamtars (n da p), maSin 
gamyofi sazRvris axlos adgili eqneba ZiriTadi gadamtanebis 

urTierTneitralizacias. koncentraciaTa mkveTri gansxvavebis gamo xvrelebi 

difuziiT gadadian p tipis naxevargamtaridan n  tipis naxevargamtarSi da 

rekombirdebian iq  eleqtronebTan. aseve eleqtronebi n-dan gadadian p-Si da axdenen 
iq xvrelebTan neitralizacias. procesis damyarebis Semdeg gamyof sazRvarze 

iqmneba ormagi eleqtronuli fena, romelic Raribia muxtis ZiriTadi gadamtanebiT, 

amitom maRali eleqtruli winaRoba aqvs da xels uSlis muxtebis Semdgom 

gadaadgilebas. am fenas dadebiTi muxtebi n naxevargamtaris mxaras aqvs, rac 

gapirobebulia donoruli minarevis ionTa muxtiT, xolo uaryofiTi muxti am fenas 

aqvs p naxevargamtaris mxares da igi Seqmnilia aqceptoruli minarevis ionebis mier. 

aRniSnul ormag fenas (nax.2.4.1 muqi ubani) eleqtronul-xvreluri an p-n 
gadasasvleli ewodeba. igi ramdenime mikroni sisqisaa da mTeli ganxiluli 

sistemis metad mcire nawilia, magram is gansazRvravs naxevargamtaruli xelsawyos 

ZiriTad Tvisebas. 

 

 
 
p-n gadasasvleli xasiTdeba sakontaqto Uk ZabviT da Ek daZabulobiT, 

romelic ewinaaRmdegeba xvrelebisa da eleqtronebis urTierT gadasvlas. amrigad 

p-n gadasasvlelze warmoiqmneba potencialuri barieri, romlic ewinaaRmdegeba 

ZiriTadi gadamtanebis gadasvlas da myardeba dinamiuri wonasworoba, romlis 

drosac p-n gadasasvlelSi adgili aRar aqvs muxtebis moZraobas. 
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Tu p-n gadasavlels garedan movdebT U Zabvas iseTi polarobiT, rom p 
naxevargamtarze miewodos uaryofiTi, xolo n-ze dadebiTi potenciali, maSin ZabviT 

Semnili E eleqtruli veli daemTxveva mimarTulebiT sakontaqto Ek eleqtrul 

vels da Sejamdeba masTan. amis Sedegad Camketi fenis sazRvrebi farTovdeba da 

Zabva gaxdeba Uk+U, xolo winaRoba izrdeba, radgan U Zabvis moqmedebiT ZiriTadi 

gadamtanebi gamoiyvanebian sakontaqto aredan periferiisaken, rac kidev ufro 

zrdis ZiriTadi gadamtanebis deficits p-n gadasasvlelSi. am SemTxvevaSi p-n 
gadasasvlelSi gamavali deni mcirea da mas uku Iuku deni ewodeba. p-n gadasavleli 

am dros Caketilia, xolo U Zabvas Camketi anu uku Zabva ewodeba. 

Tu U Zabvas dadebiTi polarobiT movdebT p naxevargamtars, xolo 

uaryofiTiT n-s, maSin Ek da E urTierTsawinaaRmdego iqneba da potencialuri 

barieri sakontaqto fenaSi mcirdeba Uk-U-mde. am dros U-s moqmedebiT ZiriTadi 

gadamtanebi Sedian periferiidan sakontaqto areSi da amcireben iq eleqtronebisa 

da xvrelebis deficits. potencialuri barieris Semcirebis gamo advildeba 

ZiriTadi gadamtanebis gadasvla p-n gadasasvlelSi da deni izrdeba. e.i. p-n 
gadasavlelis winaRoba mcirdeba. aseT mdgomareobas gaxsnili ewodeba, xolo U 

Zabvas pirdapiri anu gamxsneli Zabva ewodeba. U Zabvis zrdiT potencialuri 

barieri mcirdeba da rodesac U=(0,35-0,5)v, maSin saerTod qreba da gadis Ipir 
pirdapiri deni. 

rogorc zemoT moyvanili msjelobidan Cans p-n gadasavlels gaaCnia 

arasimetriulu eleqtruli gamtarobis Tviseba. 

sxvadasxva kuTri gamtarobis mqone ori n tipis naxevargamtarebis kontaqtis 
Sedegad miRebul gadasavlels eleqtronul-eleqtronuli anu n-n+

 gadasasvleli 

ewodeba. amasTan + niSani ekuTvnis ufro maRali kuTri gamtarobis ares. 

analogiurad arsebobs p-p+
 an xvrelur-xvreluri gadasasvleli. 

Tu gadasavlelis farTobi metia mis sisqeze, maSin gadasasvlels sibrtyiTi 

ewodeba, xolo Tu naklebia, maSin wertilovani. 

heterogenuli, anu heterogadasasvleli ewodeba sxvadasxva masalis 

naxevargamtarebs Soris gadasasvlels, romlebic xasiaTdebian sxvadasxva siganis 

akrZaluli zoniT. heterogadasasvlelis magaliTad SeiZleba moviyvanoT 

gadasasvleli n tipis germaniumsa da p tipis galiumis arsenids Soris an n tipis 
germaniumsa da n tipis galiumis arsenids Soris da sxva. 

praqtikaSi p-n gadasasvlelis miRebis sami xerxi arsebobs: 1. nadnobodan 

gamozrdis meTodi 2. Sednobis meTodi 3. difuziis meTodi. 

nadnobidan gamozrdis meTodi dafuZnebulia imaze, rom gamdnari 

naxevargamtaruli nivTierebis gamyarebisas masSi Semavali minarevebi uTanabrod 

nawildeba myar da Txevad fazebs Soris. Tu naxevargamtaris zodis ubans 

gavadnobT maRali sixSiris eleqtruli veliT da am vels gadavaadgilebT zodis 

gaswvriv erTi mimarTulebiT, maSin minarevebi waritaceba gamdnari ubnis mier da 

gaZevdebian zodis bolosaken. amis gamo zodis sxvadasxva ubans minarevebis 

sxvadasxva koncentracia eqneba da isini sxvadasxva tipis naxevargamtarebi iqneba. 

Sednobis meTodis dros, magaliTad, eleqtronul germaniumSi adnoben 

indiums, romelic aqceptorul minarevs warmoadgens. gadnobis Sedegad germaniumis 

nawili ixsneba indiumSi da germaniumis firfitis zedapirze warmoiqmneba 

CaRrmaveba da gacivebis Sedegad warmoiqmneba p tipis germaniumis Sre, romelic 

kontaqtSi iqneba n tipis germaniumTan. 

difuziis meTodi mdgomareobs imaSi, rom maRal temperaturaze p da n tipis 
naxevargamtarebi difundirdeba erTmaneTSi. 

 

 

 

 



Tavi 3.  naxevargamtaruli eleqtruli xelsawyoebi 
                  

3.1  naxevargamtaruli diodi 

 
p-n gadasasvlelis arasimetriuli eleqtrogamtarobis Tviseba safuZvlad 

daedo naxevargamtaruli diodis muSaobas. diodi aris naxevargamtaruli xelsawyo, 

romelic dens atarebs mxolod erTi mimarTulebiT. igi aris hermetiul korpusSi 

moTavsebuli p-n gadasasvleli, romlis p da n nawilebs gakeTebuli aqvs 

gamomyvanebi. gamomyvans, romelic mierTebulia p naxevargamtarTan ewodeba anodi, 

xolo romelic mierTebulia n-Tan ewodeba kaTodi. nax. 3.1.1-ze da nax. 3.1.2-ze 

Sesabamisad naCvenebia diodis struqturuli da sqematuri aRniSvna. 

 

 

 
maxasiaTebels ewodeba diodis volt-amperuli maxasiaTebeli. Tu diodis anodze 

movdebT plius potencials, xolo kaTodze minuss, maSin Zabvis zrdiT    deni 

araxazovnad gaizrdeba. Tu ki anodze movdebT uaryofiT potencials, xolo 

kaTodze dadebiTs, maSin Zabvis zrdiT deni jer TiTqmis nulis tolia  Semdeg ki 

myisierad izrdeba. pirvel SemTxvevaSi diodze modebulia pirdapiri anu gamRebi 

Zabva, xolo meore SemxvevaSi uku anu Camketi Zabva. diodi Ria mdgomareobaSia Tu 

Ua-Uk>0 da Caketilia Tu Ua-Uk<0. sadac Ua aris anodze modebuli potenciali, 

xolo Uk kaTodze. 

 diodis volt-amperuli maxasiaTebeli naCvenebia 3.1.4-ze. igi Sedgeba ori 

Stosagan: pirdapiri (diodze modebulia pirdapiri Zabva) da uku (diodze 

modebulia uku Zabva).  
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pirdapiri Zabvis SemTxvevaSi (maxasiaTeblis OA ubani) Zabvis zrda iwvevs 

denis eqsponencialur zrdas. es zrda iqamde gagrZeldeba, sanam p-n gadasasvleli 

ar gadaiwveba (gawydeba). 

ukuZabvis SemTxvevaSi diodis volt-amperuli maxasiaTebeli Sedgeba ori 

ubnisagan. OB ubanze diodSi gamavali deni TiTqmis nulis tolia (Zalian mcirea, 

romelic SeiZleba ugulvebelvyoT). miaRwevs ra uku Zabva Ug mniSvnelobas, Zabvis 

Semdgomi zrda gamoiwvevs denis myisier zrdaas (BD ubani). am dros diodi gairRva, 
Semcirda winaRoba (gaxda nulis toli) da deni amis gamo myisierad gaizarda. Ug-s  

diodis garRvevis uku Zabva ewodeba.  

 arsebobs diodis garRvevis Semdegi oTxi saxe:  1. zvauri, 2. gvirabuli,  

3. Tburi, 4. zedapiruli. pirvel or saxes xSirad uwodeben eleqtrul garRvevas. 

      zvauri garRveva warmoiqmneba p-n gadasasvlelSi Cqari eleqtronebis an 

xvrelebis mier neitraluri atomebis dartymiTi ionizaciis Sedegad. am dros 

warmoiqmnebian muxtis gadamtanis axali wyvilebi, romlebic moZraoben ra 

gadasasvlelis eleqtrul velSi, atomebTan dajaxebisas kvlav warmoqmnian 

gadamtanebis axal wyvilebs da a.S., e.i. gadamtanebi gadasasvlelSi zvaviseburad 

mravldebian. am procesis parametrs warmoadgens gamravlebis M koeficienti, 

romelic ganisazRvreba, rogorc p-n gadasasvlelidan gamosuli gadamtanebis 

ricxvis fardoba gadasasvlelSi Sesuli imave tipis gadamtanebis ricxvTan. M 
koeficienti SeiZleba gamoiTvalos Semdegi empiriuli formuliT: 

                      

                        M=1 / [1 – (U/Ugamr. )]a                                                                           

a xarisxis maCvenebeli damokidebulia imaze Tu ra masalisaganaa damzadebuli 

naxevargamtari. 

gamrRvevi Zabvis sidide damokidabulia naxevargamtaris kuTr winaRobaze da misi 

gazrdiT izrdeba, aseve damikidebulia imaze Tu ra masalisaganaa damzadebuli 

naxevargamtari. 

gvirabuli garRveva viTardeba im SemTxvevaSi, Tu p-n gadasasvlelSi eleqtruli 

velis daZabuloba aRwevs 7.105 v/sm rigis sidides. velis aseTi didi daZabuloba 

SesaZlebelia naxevargamtaruli diodis p da n areebSi minarevis Zalian maRali 

koncentraciis dros, rodesac gadasasvlelis sisqe xdeba Zalian mcire (0,01 mkm 

rigis). garRvevis mizezs warmoadgens gvirabuli efeqti, romelic imaSi 

mdgomareobs, rom n aris gamtarobis zonisa da p aris savalento zonis   

eleqtronebis nawili Jonavs p-n gadasasvlelis energetikul barierSi Tavisi 

energiis Seucvlelad. am dros gamrRvevi Zabva gadamtanebis koncentraciis 

ukuproporciulia, e.i. naxevargamtaris orive aris kuTri winaRobis 

pirdapirproporciulia. 

Tburi garRveva ganpirobebulia p-n gadasasvlelis Tburi  reJimis mdgomareobis 

dakargviT. Tu uku denis gavlis dros gamoyofili siTbo metia im siTboze, 

romelic SeuZlia gasces (gafantos) gadasasvlelma, maSin ukanasknelis temperatura 

izrdeba. es ki iwvevs eleqtron-xvrelebis damatebiT generacias da uku denis 

Semdgom gadidebas, rac kidev zrdis temperaturas da a.S. aseTi mzardi procesis 

Sedegad gadasasvleli dauSveblad xurdeba da xdeba Tburi garRveva. Tburi 

garRvevis Zabva Zalian mcirdeba garemos temperaturis gazrdiT da Tburi 

winaRobis gadidebiT. Tburi garRvevis damaxasiaTebel Tvisebas warmoadgens, volt-

amperuli maxasiaTeblis uku Stoze vardnili ubani (nax. 3.1..4-ze BC), uaryofiTi 

diferencialuri winaRobiT. 

zedapiruli garRveva damokidebulia p-n gadasasvlelis sisqeze zedapiruli 

muxtis zemoqmedebasTan, romlis drosac am adgilas xdeba p-n gadasasvlelis 

garRvva. aseTi garRvevisgan Tavis dasacavad saWiroa naxevargamtaris zedapiri 

daifaros didi dieleqtrikuli SeRwevadobis mqone masalis damcavi garsiT. 

praqtikaSi ufro xSirad gxvxvdeba zvauri garRveva. rac Seexeba Tbur garRvevas igi 

warmoiqmneba didi ukudenebis dros. 

diodi SeiZleba damzaddes rogorc erTi, ise ori da meti gadasasvleliT. 

orgadasasvleliani diodi aris p-i-n saxis, sadac sami monacvle area: xvreluri, 

sakuTrivi (i) da eleqtronuli gamtarobiT. aseT diods gaaCnia didi dasaSvebi 

ukuZabva da didi dasaSvebi pirdapiri deni. ukuZabvis modebis dros i aris winaRoba 



matulobs, radgan eleqtruli veli misgan Seiwovs gadamtanebs, rac iwvevs masSi 

ukudeniT Seqmnili Zabvis vardnis gadidebas. pirdapiri  Zabvis dros, piriqiT i aris 
winaRoba mcirdeba masSi n aridan eleqtronebisa da p aridan xvrelebis gadasvlis 

gamo, amitom  i   aris Zabvis vardna mcirdeba. 
 

 

3.2 naxevargamtaruli diodebis klasifikacia 

 
 ZiriTadi daniSnuilebis mixedviT arseboben Semdegi saxis diodebi:  

1. gammarTveli, 2. Ddeteqtoruli, 3. Semrevi 4. modulatoruli, 5. Ggammamravlebeli 

da sxva. zemaRal sixSireze momuSave diodebs ewodeba zemaRali sixSiris diodebi, 

xolo impulsur reJimSi momuSave diodebs ewodebaT impulsuri diodebi.  

 Aarsebobs agreTve iseTi diodebi, romelTaA saxelwodeba dakavSirebulia 

diodis volt-amperul maxasiaTeblis garkveul ubanze maTi muSaobis 

Taviseburebaze. aseTia, naxevargamtaruli stabilitroni, romlis muSa ubania 

diodis volt-amperuli maxasiaTeblis garRvevis ubani; gvirabuli diodi, romelic 

Seqmnilia gadagvarebuli naxevargamtaris safuZvelze da muSa ubani aris 

maxasiaTeblis is ubani sadac diferencialuriwinaRoba aris uaryofiT; Seqceuli 

diodi, romelic Seqmnilia gadagvareuli naxevargamtris safiZvelze, romlis deni 

uku Zabvis dros ganpirobeblia gvirabuli meqanizmiT, xolo pirdapiri Zabvis dros 

muxtebis gadasvla np −  gadasasvlelSi xdeba mxolod injeqciiT (garedan 

SesvliT). konstruqciis mixedviT naxevargamtaruli diodebi iyofa or ZiriTad 

jgufad: 1. wertilovni da 2. sibrtyiTi. wertilovan diodebs aqvT wertilovani 

np −  gadasasvleli, xolo sibrtyiT diodSi gadasasvleli aris sibrtyiTi.  

 sixSiris mixedviT diodebi aris  1. dabalsixSiruli; 2. saSualosixSiruli  

3. maRalsixSiruli.  

 sibrtyiT diodebSi np −  gadasasvlels aqvs didi farTobi da mniSvneovani 

sakuTari tevadoba (aTeuli pikofaradis rigis), amis gamo isini gamoiyeneba mZlavr, 

magram dabalsixSirul xelsawyoebSi.  

 wertilovan diodebSi np −  gadasasvleli aris mcire farTobis da mcire 

sakuTari tevadobis  (pikofaradis measedi), amis gamo isini gamoiyeneba maRal da 

zemaRal sixSireebze da gamarTuli deni ar aRemateba ramodenime aTeul 

miliampers.  

 simZlavris mixedviT gammarTveli diodebi arsebobs Semdegi saxis: 1. mcire 

simZlavris (p<3vt) 2. saSualo somZlavris (3vt<p<10vt) 3. didi simZlavris (p>10vt).  
 diodis volt-amperuli maxasiaTeblis ganxilvis dros avRniSneT, rom 

pirdapiri denis usasrulod zrda SeuZlebeli, aseve SeuZlebelia diodis uku 

Zabvis usasrulo zrdac. amitom mis ZiriTad parametrbs warmoadgens dasaSveni 

piradapiri denisa da dasaSvebi ukuZabvis sidide. diodis praqtikuli gamoyenebis 

TvalsazRisiT unda vicodeT is reJimi, ra rejimSic unda imuSaos diodma. kerZod, 

risi toli iqneba pirdapiri deni, uku Zabva, ra simZlavre mova masze, ra sixSiris 

diapazonSi imuSavebs  da a. S., saerTod ra miznisTvis aris diodi gamosayenebeli. 

yovelive amis codnis Semdeg SesaZlebelia specialuri cnobaridan SevriCioT 

CvenTvis saWiro diodis tipi.  

 

 

                  3.3 naxevargamtaruli stabilitronebi 
  

 

iseT diods, romelsac masSi gamavali denis garkveul farglebSi cvlilebis 

dros SeuZlia mogvces mudmivi (stabiluri) Zabva stabilitroni ewodeba. 

stabilitroni masTan paralelurad mierTebul datvirTvis winaRobaze inarCunebs 

stabilur Zabvas, rodesac icvleba kvebis Zabva an datvirTvis winaRoba. igi 

warmoadgens Zlierad legirebuli siliciumisgan damzadebul sibrtyiT 

diods.stabilitronis muSaobisTvis gamoiyeneba garRvevis ubani volt-amperuli 
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maxasiaTeblis uku Stoze, romelzec uku Zabvis mciredi cvla iwvevs uku denis 

mkveTr cvlilebas.  

 siliciumis gamoyeneba strbilitronis damzadebis dros gamowveulia imiT, 

rom mas gaaCnia mcire uku deni sanam igi gairRveva, amis gamo garRvevis win 

stabilitroni ar cxeldeba, garRvevis reJimSi gadadis sakmaod swrafad da 

garRvevis ubnis maxasiaTebeli gadis TiTqmis vertikalurad, ar gaCnia uaryofiTi 

daxra.  

 stabilitronSi garRevevis meqanizmi SeiZleba iyos gvirabuli, zvauri da 

Sereuli (gvirabul-zvauri). garRvevis saxe damokidebulia stabilitronis im fenis  

kuTr winaRobaze, romelSic gadadian muxtis araZiriTadi gadamtanebi. Tu 

aRniSnuli fenis (bazis)  winaRoba aris Zalian mcire (dabalvoltiani 

stabilitroni), maSin adgili aqvs gvirabul (zenerul) garRevvas, xolo Tu maRa-

lomiania (maRali Zabvis stabilitroni), maSin adgili aqvs zvaur garRevvas, an rac 

igivea minarevis didi koncentraciis SemTxvevaSi gadasasvleli aris Txeli da 

masSi aRiZvreba didi daZabulobis eleqtruli veli, romelic iwvevs gvirabul 

garRvevas. minarevebis mcire koncentraciis SemTxvevaSi gadasasvlels aqvs didi 

sisqe da garRveva aris zvauri. garRvevis Zabvis sidide damokidebulia masalis 

kuTr winaRobaze, rac ufro naklebia kuTri winaRoba miT naklebia gamrRvevi Zabva.  

 dReisaTvis warmoeba uSvebs siliciumis bazaze damzadebul sxvadasxva saxis 

stabilitronebs. stabilitronis pirobiT aRniSvna naCvenebia nax. 3.3.1-ze xolo nax. 

3.3.2-ze naCvenebia misi volt-amperuli  maxasiaTebeli.  

 

 
        

stabilitronis dasawyis momentSi garRvevis procesi aramdgradia, drodadro 

wydeba, rodesac denis mniSvneloba miaRwevs Imin da gaxdeba meti, mxolod maSin  

xdeba igi mdgradi. stabilitronis muSa denis intervals irCeven  Imin-dan Imaq  

intervalSi. Imaq ganisazRvreba stabilitronze mosuli maqsimaluri dasaSvebi 

simZlavriT.  

 stabilitrons aerTeben Rd  datvirTvis winaRobas paralelurad, xolo 

masTan mimdevrobiT rTaven Rst stabilizaciis winaRobas da anods awvdian 

uaryofiT potencials e.i. stabilitrons wredSi rTaven uku mimarTulebiT. misi 

CarTvis sqema naCvenebia nax. 3.3.3-ze.  Rst winaRobis gareSe sqemas ar SeuZlia 

Seasrulos stabilizaciis funqcia.  Rst gamavali denis cvlilebisas masze Zavis   
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vardna icvleba ise, rom gamosasvleli Zabva rCeba stabilizirebuli. denis 

cvlilebis mizezi SeiZleba iyos rogorc datvirTvis winaRobis cvlileba ise 

kvebis wyaros Zabvis cvlileba. cxadia es cvlileba unda iyos iseTi, rom Ist ar 

gamovides Imin-Imaq farglebidan, winaaRmdeg SemxvevaSi gamosasvleli Zabvis 

stabilizacia ver moxerxdeba.  

 nax. 3.3..3-ze moyvanili sqema muSaobs Semdegnairad:  davuSvaT, rom datvirTvis 

winaRoba Semcirda, amis gamo gaizrdeba datvirtvis deni, Zabvis vardna Rst 

winaRobaze da stabilitronSi gamavali deni. magram Tu stabilitronSi gamavali 

deni ar gadaaWarbebs Imaq, maSin datvirTvaze Zabva iqneba ucvleli. Tu datvirTvis 

winaRoba gaizrdeba, amis gamo Semcirdeba datvirTvis deni, Zabvis vardna Rst 

winaRobaze da stabilitronSi gamavavali deni. stabilitronSi gamavali deni Tu ar 

iqneba Imin naklebi, maSin datvirTvaze Zabva iqneba ucvleli. analogiurad imusavebs 

sqema maSin rodesac Seicvleba mkvebavi Zabva.  

 amrigad zemioT moyvanil sqemaSi datvirTvis cvlilebasTA erTad icvleba 

Zabvis vardna Rst winaRobaze ise, rom datvirTavze Zabva aris mudmivi. cxadia 

datvirTva unda icvlebiodes iseT farglebSi, rom deni ar unda gmodiodes Imin-Imaq 
farglebidan.  

 Tanamedrove warmoeba uSvebs stabilitronebs sxvadasxva Zabvebze da 

simZlavreebze. misi SerCeva xdeba konkretuli gamoyenebis sferosa da Tavisi 

parametrebis mixedviT. stabilitronis parametrebia: stabilizaciis Zabva; 

diferencialuri winaRoba, statikuri winaRoba, xarisxis koeficienti da dasaSvebi 

simZlavre.  

 

 

3.4 varikapi 

 
 varikapi aris eleqtronuli xelsawyo, romlis tevadobis cvlileba SeiZleba 

masze Zabvis cvlilebis Sedegad.  

 varikapi aris naxevargamtaruli diodi, romelzec miewodeba misi tevadobis 

saSualo mniSvnelobis ganmsamzRvreli uku Zabva. gadasasvlelis sawyisi tevadoba 

Uuku=0 Zabvis dros ganisazRvreba gadasasvlelis geometriuli zomebiT, 

naxevargamtaris kuTri winaRobiT da damzadebis teqnologiiT. varikaps unda 

hqondes Zabvisagan damokidebuli tevadobis cvlilebis didi diapazoni.  

 varikapebs amzadeben wertilovani diodebis an Txelxaziani sibrtyiTi 

diodebis (20mkm rigis) saxiT. mis ZiriTad parametrebs warmoadgens: tevadoba 

normaluri Zabvis dros, vargisianoba, tevadobis mixedviT gadafarvis koficienti 

da tevadobis temperaturuli koeficienti.  

 Zabvis mixedviT tevadobis cvlilebis efeqti SeiZleba gamoiyenebuli iqnes 

sixSiris gamravlebis miznisaTvis. am principze momuSave diodebs uwodeben 

varaqtorebs.  

 

 

3.5 gvirabuli diodi 

 
 gvirabuli diodi damuSavebuli iqna (1958-1959) wlebSi, iaponeli fizikosis 

esakis mier aRmoCenili Tvisebebis safuZvelze. mas SeuZlia, iseve rogorc 

tranzistors, gaaZlieros signalebi. es gamowveulia imiT, rom volt-amperul 

maxasiaTebelze mas gaaCnia uaryofiTi winaRobis ubani. Cveulebrivi diodebisagan 

gansxvavebiT es ubani moTavsebulia maxasiaTeblis ara uku Stoze, aramet pirdapir 

Stoze.  

 gvirabul diods amzadeben gadagvarebul naxevargamtaris bazaze. misi 

damzadebis dros rgorc p areSi ise n areSi minarevi SehyavT AZalian didi 

koncentraciiT (daaxloebiT  1019÷ 1020sm-3). amis gamo gadasasvlelis sigane Zalian 

mcirea (0,01 mkm rigis). gadasasvlelis SigniT aRiZvreba (105-106)v/sm daZabulobis 

eleqtruli veli. 

 gvirabuli diodis muSaobas safuZvlad udevs gvirabuli efeqti, romlis arsi 

mdgomareobs imaSi, rom eleqtrons, romlis energia naklebia, vidre gadasasvlelis        
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potencialuri barieris simaRle, SeuZlia SeaRwios am gadasasvlelSi, e.i. 

eleqtroni TiTqos sargeblobs Taviseburi gvirabiT rom gavides barierSi ise, rom 

misma energiam ar aiwios barieris doneze maRla.  

 nax. 3.5.1-ze moyvanilia gvirabuli diodis volt-amperuli maxasiaTebeli.  

 

 
am maxasiaTeblis Tavisebureba mdgomareobs SemdegSi: uku Zabvis dros deni Zabvis 

zrdiT swrafad izrdeba. pirdapiri Zabvis dros dasawyisSi Zabvis zrdiT denic 

izrdeba (0A ubani), xolo Semdegi zrda iwvevs denis Semcirebas (AB ubani). Zabvis 
SemdgomSi zrda iwvevs isev denis zrdas (BC ubani). AB ubanze diods gaaCnia 

uaryofiTi winaRoba  da e. i. gvirabuli efeqti. U1 Zabva aris ramdenime aTeuli 

milivoltis rigis, xolo U2 Zabva ramdenime aseuli milivoltisa. 

 gvirabuli diodi xasiaTdeba Semdegi ZiriTadi parametrebiT:  

1. I1/I2 denebis fardobiT; 2. uaryofiTi dif. winaRobis sididiT; 3. ∆Ug=U3-U1  
gadarTvis ZabviT; 4. diodi barieruli tevadobiT.  

gadasasvlelis tevadoba Seadgens 30÷ -50 pf, uaryofiTi diferencialuri 

winaRobis sidide damokidebulia AB ubnis daxrilobaze da igi Seadgens simensis 

erTeul an meased nawils. gvirabul diods gaaCnia agreTve induqciuroba, romelic 

aris parazituli parametri  da igi aris 10-10 hn rigis. cdiloben, rom 

induqciuroba rac SeiZleba mcire iyos. 

dReisTvis gvirabuli diodebi konkurencias ver uwevs tranzistors. mas aqvs 

Tavisi viwro gamoyenebis  sfero, rogoricaa zemaRali sixSiris generatorebi da 

maZliereblebi.  

gvirabuli diodis saintereso saxea Seqceuli diodi, romlis maxasiaTebeli 

naCvenebia nax. 3.5.2-ze. Seqceuli diodi imiT gansxvavdeba gvirabuli diuodisagan, 

rom maxasiaTeblis pirdapir Stoze an ar arebobs an Zalian mcirea maqsimaluri 

wertili. Tu SevadarebT am maxasiaTebels Cveulebriv diodis volt-amperul 

maxasiaTebels davinaxavT rom igi aris Sebrunebuli. e.i. Cveulebrivi diodis 

pirdapiri Sto aris Seqceuli diodis uku Sto da Sesabamisad uku Sto aris 

pirdapiri Sto.  
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Seqceuli diodis pirdapiri Zabva (Cveulebrivi diodis uku Zabvis Sesabamisi) 

aris Zalian mcire (aseuli milivoltis rigis), aseve mcirea ukuZabvac (0,3÷ -0,5)v. es 
Tviseba mraval SemTxvevaSi aris sasargeblo.  

 

 

 

3.6 Sotkis diodi 

 
diodi, romelic damzadebulia liTon-naxevargamtaris bazaze Sotkis diodi 

ewodeba. aseT kontaqtebs da masSi mimdinare fizikur procesebs 1930-ian wlebSi 

swavlobda germaneli fizikosi Sotki da aseT diods mis sapativcemulod ewoda 

Sotkis diodi. igi Seqmnili iqna 1970-ian wlebSi. Sotkis diodis Seqmnis  gzaze iyo 

Semdegi siZneleebi: jer erTi, saWiro iyo metalsa da naxevargamtars Soris 

kontaqti sxva romelime Sualeduri fonis gareSe; xolo meore, saWiro iyo 

naxevargamtaruli firfitebs hqonoda mcire winaRoba. aRniSnuli siZneleebi 

gadalaxuli iqna Tanamedrove teqnologiebis gamoyenebis safuZvelze. DSotkis 

diodis ZiriTadi upiratesoba  np −  gadasasvlelian diodebTan SedarebiT aris is, 

rom pirdapiri Zabvis SemTxvevaSi adgili ar aqvs ara ZiriTadi gadamtanis 

dagrovebas da gawovas. amis gamo  Sotkis diodis inerciuloba ganpirobebulia 

mxolod gadasasvlelis tevadobiT da igi gadasasvlelis zomebis Semcirebis gziT 

SeiZleba SevamciroT. misi muSaobis sixSiris diapazoni aris (3-15)ghc, xolo 

gadarTvis (gadasvla Ria mdgomareobidan CaketilSi an piriqiT) dro aris 0,1 wm-ze 

mcire. garda amisa Sotkis diodis volt-amperuli maxasiaTeblze denis diapazoni 

aris ufro farTo vire np −  gadasasvleliani diodis SemTxvevaSi. magaliTad          
I=f(U) logariTmuli damokidebuleba sruldeba 10-12 – 10-4  amperi denebis 

diapazonSi.  

yovelive amios gamo Sotkis diodi gamoiyeneba impulsur reJimSi muSaobis 

dros, zemaRal sixSireebze da logariTmul elementebad. dReisaTvis Sotkis 

diodebi damzadebulia 50a pirdapiri deniT. am dros Zabvis vardna  Seadgens 

mxolod 0,5v. es monacemebi orjer mcirea vidre Cveulebrivi siliciumis diodis.  

Sotkis diodSi ZiriTad naxevargamtarad gamoiyeneba siliciumi, xolo 

metalad molobdeni, niqromi, oqro, platina da sxva.  
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3.7 diodis praqtikuli gamoyeneba 

 
     praqtikaSi diodi farTod gamoiyeneba. TiTqmis ar arsebobs iseTi eleqtruli 

xelsawyo sadac diodi ama Tu im saxiT ar gamoiyenebodes. ganvixiloT diodis 

praqtikuli gamoyenebis ramodenime  magaliTi. 

1. cvladi denis mudmivad gardaqmna. 

      rogorc cnobilia yofa-cxovrebaSi gamoiyeneba rogorc cvladi ise mudmivi 

deni. amitom saWiroa SegveZlos  cvladi denidan mudmivis miReba da piriqiT. 

cvladi deni icvlis rogorc sidides ise mimarTulebas, xolo mudmivi denis 

rogorc sidide ise mimarTuleba unda iyos mudmivi. amitom cvladi denidan rom 

moviRoT mudmivi deni saWiroa jer gavxadoT igi erTi mimarTulebis, Semdeg ki 

movaxdinoT misi gamudmiveba (stabilizacia). cvladi deni rom gavxadoT erTi 

mimarTulebis denad (gavmarTod) saWiroa gamoviyenoT iseTi eleqtronuli 

xelsawyo, romelic dens mxolod erTi mimarTulebiT gaatatrebs. aseTi xelsawyo 

ki aris diodi. 

       arsebobs cvladi denis gamarTvis erTnaxevarperiodiani da 

ornaxevarperiodiani sqemebi. nax. 3.7.1-ze naCvenebia gammarTvis erTnaxevarperiodiani 

sqema Tavisi droiTi diagramebiT. 

 

 
 

       sqema Sedgeba transformatorisagan (tr), diodisagan (d) da Rd datvirTvis 

winaRobisgan. tr-s daniSnulebaa d-s mivawodoT iseTi sididis cvladi Zabva, 

romlidanac SesaZlebeli iqneba saWiro mudmivi Zabvis miReba. sqema muSaobs Semdeg 

nairad: vTqvaT ot1 drois SualedSi cvlad Zabvas aqvs iseTi polaroba, rom diodis 

anods miewodeba dadebiTi potenciali, xolo kaTods uaryofiTi. am dros diodi 

Riaa da datvirTvaSi naCvenebi mimarTulebiT gadis Id deni. t1t2 SualedSi cvladi 

Zabva icvlis polarobas (anods miewodeba uaryofiTi potenciali, xolo kaTods 

dadebiTi) da diodi iketeba. e.i. datvirTvaSi deni ar gadis. t2t3 SualedSi cvladi 

Zabva isev icvlis polarobas da datvirTvaSi gadis deni da a. S. 

        rogorc droiTi diagramidan Cans datvirTvaSi deni gadis mxolod periodis 

naxevris dros, amitom aseT aqemas ewodeba erTnaxevarperiodiani gamarTvis sqema. 

        ornaxevarperiodiani anu bogiruli gamarTvis sqema naCvenebia nax. 3.7.2-ze. 

(am sqemaze transformatori ar aris naCvenebi. igi ise irTveba, rogorc wina 

sqemaze.) sqema Seicavs oTx diods da datvirTvis winaRobas. igi muSaobs Semdeg 

nairad: ot1 SualedSi d1 anodsa da d4 kaTods miwwodeba dadebiTi potenciali, 

xolo d2 anodsa da d3 kaTods uaryofiTi potenciali. amitom Riaa d1 da d3 

diodebi, xolo Caketilia d2 da d4. deni datvirTvaSi gadis Semdegi gziT:  cvladi 

Zabvis 1 momWeri, d1 diodi, Rd winaRoba, d3 diodi da cvladi Zabvis 2 momWeri.  
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t1t2 SualedSi cvladi Zabvis polaroba icvleba da d1 anodsa da d4 kaTods 

miewodeba uaryofiTi potenciali, xolo d2 anods da d3 kaTods dadebiTi 

potenciali. amitom Riaa d2 da d4, xolo Caketilia d1 da d3 diodebi. am dros deni 

gadis Semdegi gziT: cvladi Zabvis me-2 momWeri, d2 diodi,  Rd datvirTvis winaRoba, 

d4 diodi da cvladi Zabvis pirveli momWeri. rogorc droiTi diagramidan Cans 

datvirTvaSi deni gadis orive naxevar periodSi erTi da igive mimarTulebiT. aseT 

dens pulsirebuli deni ewodeba. 

        arsebobs ornaxevarperiodiani gammarTvis sqema, sadac gamoyenebulia ori 

diodi da transformatoris meoradi gragnilis Sua gamomyvani. aseTi sqema 

naCvenebia nax. 3.7.3-ze. misi droiTi diagrama analogiuria bogiruli sqemis droiTi 

diagramis, xolo muSaobis principSi is gansxvavebaa, rom periodis naxevarSi denis 

gatarebaSi monawileobas iRebs mxolod TiTo diodi. 

 

 
 

           rac Seexeba gamarTuli denis sididis gamudmivebas (stabilizacias), mas 

ganvixilavT Semdeg paragrafSi. 

            2. signalis sixSiris Secvla 

arsebobs iseTi sqemebi, romelTa saSualebiT SesaZlebelia eleqtrul  

signalis sixSiris Secvla. im sqemas, romelic zrdis signalis sixSires ewodeba 

moduliatori, xolo romelic amcirebs demodulitori. maTi eleqtruli sqema da 

muSaobis principi aris erTi da igive. ganvixiloT moduliatoris muSaobis 

principi. moduliatoris erT-erTi sqema naCvenebia nax. 3.7.4-ze. igi Sesdgeba ori 

transformatorisa (tr1 da tr2) da oTxi diodisagan. am sqemas ewodeba sixSiris 

ormagi balansuri gardamqmneli an rac igivea wriuli gardamqmneli. tr1-s 

pirvelad gragnils miewodeba is signali, romlis sixSirec unda gaizardos. igi 

Caiwereba ase  es=Essin2π ft. tr2-is meorad gragnilize miviRebT gazrdili sixSiris 

signals.  tr1-is meoradi  da tr2-is pirveladi gragnilis Sua wertilebSi  
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miewodeba signali, romlis saSualebiTac xdeba sixSiris gazrda. am signals 

gadamtani signali anu gadamtani sixSire ewodeba. igi aris garkveuli mudmivi 

sixSiris sinusoiduri formis signali da ase Caiwereba  eg=Egsin2π Ft. im signalis 

sixSire, romlis sixSirec unda gaizardos SeiZleba icvlebodes. Tu sixSire 

izrdeba, maSin gadamtani sixSire meti unda iyos vidre Sesacvleli signalis 

sixSire. xolo Tu sixSire mcirdeba, maSin piriqiT. am ori signalis Serevis dros 

datvirTvaSi miiReba deni, romelic tolia  Id(t)=es(t)n1GH(t)n2 sadac G=1/(Rs+Rd),  n1 da 

n2 aris Sesabamisad pirveli  da meore transformatorebis transformaciis 

koeficienti, xolo H(t) aris CarTvis funqcia romelsac aqvs mimdevrobiTi 

sworkuTxa impulsebis saxe. Tu am funqcias gavSliT furies mwkrivis saxiT, maSin 

davinaxavT, rom igi Seicavs  gadamtani sixSiris jerad sxvadasxva sixSiris 

sinusoidur signalebs. amrigad tr-2-s meorad gragnilze miviRebT gazrdili 

sixSiris signalebs. Tu am gragnils mivuerTebT Sesabamis zolovan filtrs, maSin 

am filtris gamosasvlelze miviRebT saWiro sixSiris signals.  

 

 

3.8 tranzistori 

 
        tranzistori ewodeba naxevargamtarul xelsawyos, romelic gamoiyeneba 

susti eleqtro signalebis gasaZliereblad. igi 1949-1950 wlebSi damuSavebuli iqna 

amerikeli mecnieris v. Soklis mier. tranzistoris yvelaze ufro gavrcelebul 

tips warmoadgens sibrtyiTi tranzistori, romelic warmatebiT gamoiyeneba rogorc 

gaZlierebis ise gasaRebis reJimSi muSaobis dros. igi aris eleqtronuli sqemis 

universaluri elementi. 

         tranZistori warmoadgens or gadasasvlelian xelsawyos. gadasasvlelebi 

warmoiqmnebian im sami fenis sazRvrebze, romelTaganac Sesdgeba igi. tranzistori 

Semadgeneli fenebis mixedviT aris ori tipis p-n-p da n-p-n. nax. 3.8.1-ze da nax. 3.8.2-ze 
Sesabamisad naCvenebia p-n-p da n-p-n tipis tranzistorebis  struqturuli da 

sqemuri aRniSvnebi. 
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        tranzistoris erT gadasasvlelze modebulia pirdapiri Zabva, xolo 

meoreze uku Zabva. im gadasasvlelis gare fenas, romelzec modebulia pirdapiri 

Zabva ewodeba emiteri (e), xolo romelzec modebulia uku Zabva ewodeba koleqtori 

(k). Sua fenas ki baza (b) ewodeba. bazis sisqe yovelTvis mcirea vidre koleqtoris 

an emiteris. emiteridan xdeba bazaSi muxtis ZiriTadi gadamtanebis gadasvla, xolo 

koleqtori maT agrovebs. imis gamo, rom adgili hqondes koleqtorSi muxtebis 

Segrovebas saWiroa bazis sisqe iyos sakmarisad mcire. winaaRmdeg SemTxvevaSi 

emiteridan gadasuli muxtebi moaswreben bazaSi mTlian rekombinacias da veRar 

miaRweven koleqtoramde. 

        aRsaniSnavia, rom tranzistori aris Sebrunebuli xelsawyo, rac imas 

niSnavs, rom Teoriulad SesaZlebelia  emiterisa da koleqtoris adgilebis 

Secvla. es SesaZlebelia imitom, rom isini arian erTnairi tipis naxevargamtarebi. 

magram, radgan emiterisa da koleqtoris fenebi realurad arasimetriuli 

struqturisaa da aseve sxvadasxva nivTierebisaganaa damzadebuli, amitom maTi 

adgilebis Secvla dauSvebelia. 

         arsebobs tranzistoris muSaobis Semdegi reJimebi:  1.  aqtiuri  2. wakveTis 

3. gajerebis 4. inversiuli.  

         tranzistoris muSaobis aqtiuri reJimi gamoiyeneba mcire signalebis 

gasaZliereblad. am reJimSi emiter-baza gadasasvlels miewodeba ramodenime aTeuli 

volti pirdapiri Zabva, xoli koleqtor-baza gadasasvlels ramodenime aTeuli an 

aseuli volti uku Zabva. 

          wakveTis reJimSi orive gadasasvlels miewodeba uku Zabva. am reJimsSi 

tranzistori Caketilia. gajerebis reJimSi orive gadasasvlels miewodeba 

pirdapiri Zabva da tranzistori Riaa. es orive reJimi gamoiyeneba tranzistoris 

gadamrTvelad muSaobis dros. 

           inversiul reJimSi emiteri da koleqtori cvlian TavianT rolebs, 

emiteri xdeba koleqtori da piriqiT. 

           arsebobs tranzistoris CarTvis sami sqema:  1. saerTo baziT  2. saerTo 

emiteriT  3. saerTo koleqtoriT. aRniSnuli CarTvis sqemebi p-n-p tipis 

tranzistorisaTvis Sesabamisad naCvenebia nax. 3.8.3-ze, nax. 3.8.4-ze da nax. 3.8.5-ze. 

analogiurad iqneba n-p-n tranzistorisTvisac. 

 

 
 

praqtikaSi yvelaze ufro xSirad gamoiyeneba tranzistoris saerTo baziT da 

saerTo emiteriT CarTvis sqemebi. 

         tranzistoris muSaobis principi mdgomareobs SemdegSi: rogorc avRniSneT 

emiter-baza gadasasvlelze modebulia pirdapiri Zabva, amitom emiteridan bazaSi 

gadadian muxtis ZiriTadi gadamtanebi (bazisaTvis araZiriTadi gadamtanebi) da 

isini nawilobriv rekombirdebian bazis ZiriTad gadamtanebTan (bazis mcire sisqis 

gamo misi ZiriTadi gadamtanebis raodenoba gacilebiT mcirea vidre emiteris 

ZiriTadi gadamtanebisa). koleqtor-baza gadasasvlelze ki modebulia uku Zabva. es 

Zabva uku aris bazisa da koleqtoris ZiriTadi gadamtanebisTvis, xolo bazaSi 

moxvedrili emiteris ZiriTadi gadamtanebisaTnvis aris pirdapiri. amis gamo bazaSi  
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rekombinirebis gareSe darCenili emiteris ZiriTadi gadamtanebi gadavlian 

koleqtorSi da masSi gaivlis koleqtoruli deni. Tu vcvliT bazis potencials, 

maSin Seicvleba bazaSi  garedan Setanili  ZiriTadi gadamtanebis raodenoba da 

Sesabamisad Seicvleba rekombirebuli muxtebis raodenobac. amis gamo Seicvleba 

bazaSi rekombinaciis gareSe darCenili emiteris ZiriTadi gadamtanebis raodenoba 

da  amasTanave koleqtorSi gadasuli muxtis gadamtanebis raodenobac. e.i. 

Sesabamisad Seicvleba koleqtoruli denic. amrigad, bazis potencialis mcire 

farglebSi cvlilebis Sedegad SesaZlebelia did ferglebSi vcvaloT 

koleqtoruli deni da Sesabamisad gavaZlieroT emiter-bazaze modebuli susti 

signali. 

         nax. 3.8.6-ze naCvenebia tranzistorSi denis ganawilebis sqema. rogorc  

 

                                                                         
naxazidan Cans  Ie=Ib+Ik  da  Ib  gacilebiT mcirea vidre  Ie da Ik.  Ib-s cvlilebiT 

SeiZleba vcvaloT  Ik. 
 

 

 

 

             3.9  tranzistoris parametrebi da maxasiaTeblebi 

 
        traniztoris ZiriTad parametrebs miekuTvneba: 

1. emiteruli denis diferencialuri koeficienti 

                 α  = dIk/dUe   rodesac Uk=Const  

2. emiteruli gadasasvlelis diferencialuri winaRoba  

                    re= dUe/dIe   rodesac  Uk=Const 
3. koleqtoruli gadasasvlelis diferencialuri winaRoba 

                 rk= dUk/dIk   rodesac  Ie=Const  

4. Zabvis mixedviT Siga ukukavSiris koeficienti 

                   µ ek=dUk/dUe    rodesac  Ie=Const 
      igi gviCvenebs Tu rogor gavlenas axdens koleqtoruli Zabva emiterulze.  

5. bazis moculobiTi winaRoba  rb. 
6. tranzistoris siTburi deni  Iko. 
7. bazuri denis diferencialuri koeficienti 

                     β =dIk/dIb  rodesac  Uk=Const 
        α -s uwodeben  agreTve denis gaZlierebis koeficients tranzistoris saerTo 

baziT CarTvis dros. radgan Ie>Ik, amitom   α <1.  β –s ki uwodeben denis 

gaZlierebis koeficients tranzistoris saerTo emiteriT CarTvis dros. radgan 

Ik>Ib, amitom  β >1. viciT, rom  Ie=Ik+Ib, amitom 
                     β  = α /(1- α ) 

aqedan cxadia, rom saerTo emiteriT CarTvis dros tranzistoris gaZlierebis 

koeficienti aris didi, amitom aseTi CarTvis sqema praqtikaSi farTod 

gamoiyeneba susti signalebis gasaZliereblad. 

          tranzistoris parametrebi saerTo emiteriT CarTvis dros xasiaTdebian 
Ib, Ub, Ik, Uk siddeebis urTierTdamokidebulebiT. praqtikaSi yvelaze ufro 

mizanSewonilia Semdegi damokidebulebebi:  
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                          Ub=f(Ib,Uk)  da  Ik=f(Ib,Uk)  

   am ori damokidebulebidan gamomdinareobs Semdegi tolobebi: 

                         U∆ b= ∂Ub/∂ Ib∆ Ib+∂Ub/∂Uk∆Uk

                          I∆ k= I∂ k/∂ Ib∆ Ib+∂ Ik/∂Ub∆Uk

   an rac igivea 

                                ∆Ub=h11∆ Ib+h12∆Uk 

                                 ∆ Ib=h21∆ Ib+h22∆Uk

sadac hik parametrebi aris Semdegi: h11=∂Ub/∂ Ib– tranzistoris Sesasvleli winaRoba 

mudmivi koleqtoruli Zabvis dros. igi 100-1000 omis farglerSia. h12= U∂ b/∂Uk aris 

ukukavSiris koeficienti Ib=Const SemTxvevaSi. igi asaxavs  koleqtoruli Zabvis 

gavlenas bazis wredze. igi Zalian mcirea (0,002-0,0002), amitom nulis tolic 

SeiZleba CavTvaloT.  h21= I∂ k/ I∂ b= β   aris denis mixedviT gaZlierebis koeficienti, 

roca Uk=Const.  h22=∂ Ik/ U∂ k aris  tranzistoris gamosasvleli gamtaroba, roca 

Ib=Const. 
        tranzistoris sxvadasxva CarTvis sqemebisTvis hik parametrebs sxvadasxva 

mniSvneloba aqvs, romelTa Soris calsaxa maTematikuri kavSiria da  CarTvis 

sqemis Secvlis SemTxvevaSi advilad SeiZleba movaxdinoT misi gadaangariSeba. 

        re, rk da rb  parametrebi damokidebulia tranzistoris saxeze da ar aris 

damokidebuli misi CarTvis sqemaze. isini axasiaTeben tranzistoris fizikur 

Tvisebebs da yoveli konkretuli tranzistorisTvis SesaZlebelia maTi gazomva. 

        damokidebulebas tranzistoris denebsa da Zabvebs Soris tranzistoris 

maxasiaTebeli ewodeba. arsebobs tranzistoris oTxi saxis maxasiaTebeli: 

1. Sesasvleli, romelic tranzistoris Sesasvlelze akavSirebs denisa daZabvis 

sidideebs. 2. pirdapiri gadacemis maxasiaTebeli, romelic asaxavs  gamosasvleli 

denisa da Zabvis  damokidebulebas  Sesabamisad Sesasvlelis densa da Zabvaze. 3. 

ukukavSiris maxasiaTebeli, romelic asaxavs Sesasvleli denisa da Zabvis 

damokidebulebas Sesabamisad gamosasvlel densa da Zamvaze. 4. gamosavleli, 

romelic asaxavs damokidebulebas gamosasvlel densa da Zabvas Soris. aRniSnuli 

maxasiaTeblebi maTematikurad ase Caiwereba: 
1. USes=f(USes)  2. Igam=f(ISes) an Ugam=f(USes)  3. ISes=f(Igam) an USes=f(Ugam)  4. Igam=f(Ugam). 
      tranzistoruli wredis analizisTvis sakmarisia ggvqondes ori maxasiaTebeli 

Sesasvleli da gamosasvleli, xolo danarCeni ori advilad miiReba am ori 

maxasiaTeblidan. amitom tranzistoruli wredisaTvis Sesasvleli da gamosasvleli 

maxasiaTeblebi aris ZiriTadi maxasiaTeblebi. 

     tranzistoris maxasiaTeblebis saxe damokidebulia mis CarTvis sqemaze. radgan 

praqtikaSi yvelaze ufro gamoiyeneba saerTo baziT da saerTo emiteriT CarTvis 

sqemebi, amitom Cven ganvixilavT mxolod am sqemebis Sesabamis Sesasvlel da 

gamosasvlel maxasiaTeblrbs. saerTo koleqtoriT CarTvis maxasiaTebeli mcired 

gansxvavdeba saerTo emiteriT CarTvis maxasiaTebelisgan. 

      nax. 3.9.1-ze moyvanilia saerTo baziT CarTuli tranzistoris gamosasvleli 

maxasiaTebeli sxvadasxva mudmivi emiteruli denis dros da Sesasvleli 

maxasiaTebeli sxvadasxva mudmivi koleqtoruli Zabvis dros. 
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gamosasvleli maxasiaTebeli sxvadasxva mudmivi bazuri denis dros da Sesasvleli 

maxasiaTebeli sxvadasxva mudmivi koleqtoruli Zabvis dros.       

g    gamosasvlel an Sesasvlel maxasiaTeblebis erTobliobas, romelebic 

gadaRebuli arian Sesabamisad sxvadasxva Ib, Ie  da Uk sidideebis SemTxvevaSi ewodeba 

tranzistoris gamosasvlel an Sesasvlel maxasiaTebelTa ojaxi. 

         tranzistoris parametrebi da maxasiaTeblebi damokidebulua 

temperaturaze. temperaturis zrdiT parametrebic izrdeba. amitom es movlena 

tranzistoruli sqemis agebis dros unda iqnas gaTvaliswinebuli. 

         tranzistoris gamaZlierebeli Tvisebebi ganisazRvreba im masalis 

TvisebebiT, romlisaganac igi mzaddeba, misi warmoebis teqnologiiT, konstruqciiT, 

muSaobis reJimiT da CarTvis sqemiT. sixSiris zrdiT gamaZlierebeli Tvisebebi 

uaresdeba. es imas niSnavs, rom mcirdeba gaZlierebis sidide, mcirdeba 

gamosasvleli simZlavre da warmoiqmneba fazuri Zvra (deni gamosasvlelze 

dagvianebulia SesasvlelTan SedarebiT). tranzistoris muSa s∆ ixSireebis 

diapazonze gavlenas axdens Semdegi parametrebi: 1. bazis areSi araZiriTadi 

gadamtanebis emiteruli gadasavlelidan koleqtoramde garbenis dro. 2. emiteruli 

da koleqtoruli gadasavlelebis tevadobebi. 3. ba zis geometruli zomebiT 

gansazRvruli rb winaRoba. maRalsixSiruli tranzistoris damzadebis dros 

cdiloben, rom es parametrebi iyos rac SeiZleba mcire.  
        yvela tranzistors gaaCnia sakuTari xmauris mniSvneloba, romelic aris 

ori saxis dabalsixSiruli da maRal sixSiruli. pirveli gamowveulia 

gadasasvlelerSi zedapiruli efeqtebis arsebobiT, xolo meore fenebis winaRobis 

temperaturuli fluqtuaciiT da safanturi efeqtiT. 

        safanturi efeqtiT gamowveuli xmauri gamoiTvleba formuliT i2=2 ρ I∆ f 
sadac ρ -muxtia;  I–denia da misi diskretuli struqtura aris xmauris mizezi; 

xolo f aris sixSiris zoli, romelSic gamoiTvleba xmauri. safanturi xmauris 

speqtri aris Tanabari e.w. " TeTri xmauri". 

∆

         siTburi xmauri gamoiTvleba formuliT  e2=4kTR∆ f. sadac k bolcmanis 

mudmivaa; T– absolituri temperaturaa; R–winaRobaa, romelic aris xmauris wyaro; e 
aris eqvivalenturi emZ (eleqtromamoZravebeli Zala), romelic  R winaRobis 

mimdevrobiT aris CarTuli. siTburi xmauri aris aseve "TeTri xmauri" e.i gaaCnia 

Tanabari speqtri. 

          dabalsixSiruli xmauris speqtri aris araTanabari, roca   f<<f, maSin es 
xmauri Caiwereba formuliT i2=A∆ f/fm

, sadac A–koeficientia da m xarisxis 

maCvenebeli moTavsebulia SualedSi (0,9–1,5). 
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3.10 Sedgenili tranzistori da tranzistoris tipebi 
 

 

         tranzistoris β  gaZlierebis koeficientis gasazrdelad  saWiroa bazis 

sisqis Semcireba, romelic teqnologiurad Zneli Sesasrulebelia. magram Tu  or 

tranzistors erTmaneTTan SevaerTebT garkveuli saxiT, maSin SesaZlebelia β  

gavzardoT mniSvnelovnad. ori tranzistoris aseT kombinacias, romelic aris erTi 

mTliani tranzistori, ewodeba Sedgenili tranzistori  an darligtonis sqema. igi 

naCvenebia nax. 3.10.1-ze. vaCvenoT, rom Sedgenili tranzistoris gaZlierebis  β   

koeficienti aris gacilebiT meti, vidre TiTeuli tranzistoris β 1 da β 2 

gaZlierebis koeficienti calkcalke. mivceT nazrdi dens  dIb=dIb1, miviRebT, rom 

 

 
 

            dIe1=(1+ β 1)dIb=dIb2= dIb1+dIk1
                        dIk=dIk1+dIk2= β 1dIb+ β 2[(1+ β 1)dIb
gavyoT dIb, miviRebT   dIk/dIb=dIk1/dIb+dIk2/dIb= β 1+ β 2(1+ β 1)  e.i.  β = β 1+ β 2+ β 1 β 2     

radgan yovelTvis   β >>1 SeiZleba CavTvaloT, rom  β = β 1 β 2 , romelic SeiZleba 

iyos ramodenime aTasi. 

      Sedgenili tranzistorSi komponentebis raodenoba SeiZlaba iyos agreTve 

samic. 

      arsebobs tranzistoris Semdegi tipebi: 1. wertilovani 2. sibrtyiTi 3. zvauri. 

      pirvelad Seqmnili iqna wertilovani tranzistori. 1948 wels amerikeli 

mecnierebi d. bardni da v. braiteini ikvlevdnen ra wertilovan germaniumis diods, 

mas daumates nemsi anu zondi. aRmoCnda, rom  Tu zonds movdebT did uku Zabvas, 

maSin deni zondSi icvleba igive nairad, rogorc ZiriTad kontaqtebSi, xolo 

simZlavre zondSi meti iyo vidre ZiriTad kontaqtebSi. es movlena Semdgomi 

konstruqciuli daxvewis Sedegad safuZvlad daedo ewrtilovani tranzistoris 

Seqmnas. e.i. wertilovan tranzistorSi  gadasasvlelis farTobi aris mcire vidre 

misi sisqe. 

     Semdgomi kvlevis Sedegad Seiqmna brtyeli tranzistorebi. aseTi tranzistori 

aRmoCnda ufro ukeTesi da amitom wertilovani tranzistorebs warmoeba TiTqmis 

aRar uSvebs.  

      zvaur tranzistoris muSaobis principi emyareba koleqtorul gadasasvlelSi 

dartymiTi (zvauri) ionizaciis movlwnas. 

 

 

 

 

 

             3.11   veliani tranzistori  
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        imis mixedviT Tu tranzistoris muSaobaSi  ra muxtebi iReben monawileobas 

arsebobs bipolaruli da unipolarulu tranzistorebi.  

        bipolarulia iseTi tranzistori, sadac muxtis gadamtanebad gamoiyeneba 

rogorc xvrelebi ise eleqtronebi. amis gamo wina paragrafebSi ganxiluli yvela 

tranzistori aris bipolaruli. 

        Tu tranzistorSi muxtis gadamtanebs warmoadgens marto xvrelebi an marto 

eleqtronebi ewodeba unipolaruli. aseT tranzistorebs agreTve uwodeben 

eleqtruli veliT (velian) marTvad tranzistorebs. velian tranzistorSi denis 

marTva xdeba eleqtruli velis saSualebiT da ara deniT, rogorc bipolarul 

tranzistorSi. 

        velian tranzistors gaaCnia, iseve rogorc bipolarls, sami gamomyvani: 

saketi (s), romelic analogiuria bazis;  2. Casadeni (C), romelic analogiuria 

emiteris;  3. gamosadeni (g), romelic analogiuria koleqtoris. aseve arsebobs 

veliani tranzistoris CarTvis sami sqema:  1. saerTo CasadeniT;  2. saerTo saketiT; 

3. saerTo gamosadeniT. nax. 3.11.1-ze naCvenebia veliani tranzistoris sqemuri 

aRniSvna da saerTo CasadeniT CarTvis sqema, xolo nax. 3.11..2-ze Sesabamisad saerTo 

gamosadeniT da saerTo saketiT CarTvis sqemebi. 

 

 
 

        arsebobs veliani tranzistoris ori saxe:  1. veliani tranzistori, 

romelSis p-n gadasavlelSi muxtebi moZraoben eleqtruli veli gavleniT. aseT 

velian tranzistors unitrons uwodeben. igi gamogonebuli iqna 1952 wels.  2. 1963 

wels gamogonebuli iqna veliani tranzistori, romelsac hqonda naxevargamtar- 

dieleqtrik–metal fenebi da eleqtruli velis gavleniT muxtis gadamtanebi 

moZraobda dieleqtrikSi. aseT velian tranzistors uwodeben metal–dieleqtrik– 

naxevargamtaruli struqturis tranzistors an SemoklebiT mdn tranzistors an 

tranzistors izolirebuli saketiT. 

       velian tranzistorSi muxtebis nakadi imarTeba gadasavlelSi gaCenili arxis 

kveTis farTobis cvlilebiT. igi icvleba eleqtruli velis gavleniT. amis gamo 

Sesabamisad icvleba masSi gamavali muxtebis raodenoba. 

       dReisaTvis veliani tranzistorebi praqtikaSi farTod gamoiyeneba. rig 

SemTxvevebSi  maT gaaCniaT upiratesoba bipolarul tranzistorebTan SedarebiT. 

kerZod, maT gaaCniaT xmauris dabali done da muSaoben zemaRal sixSireebze. aseve 

isini farTod gamoiyenebian mikrosqemebis dasamzadeblad. 

 

 

 

 

 

       3.12  tranzistoris praqtikuli gamoyeneba  
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        dReisaTvis warmoudgenelia iseTi eleqtruli mowyobilobebi sadac 

farTod ar iyos gamoyenebuli tranzistoris esa Tu is saxe. Cven ganvixiloT 

tranzistoris gamoyenebis mxolod ramodenime magaliTi. 

a. mudmivi denis stabilizatori 

      diodis praqtikuli gamoyenebis ganxilvis dros  avRniSneT, rom diodebis 

saSualebiT SegviZlia miviRoT pulsirebuli deni. e.i. iseTi deni, romelsac 

mimarTuleba ucvleli aqvs, xolo sidide cvalebadi. aseTi saxis denidan mudmivi 

denis misaRebad saWiroa pulsirebuli denis stabilizacia (gamudmiveba). 

        Tu datvirTva mcirea (aTeuli miliamperi), maSin stabilizaciisTvis 

SeiZleba gamoviyenoT induqciuroba da eleqtrolituri kondesatori, rogorc es 

nax. 3.12.1-zea naCvenebi. Tu datvirTva didia (amperebi), maSin aRniSnuli 

induqciuroba da tevadoba sakmarisi aRar aris da saWiroa specialuri 

stabilizaciis mowyobilobis gakeTeba. swored am mowyobilobis ZiriTad nawils 

warmoadgens tranzistori. 

         ganvixiloT denis stabilizaciis principi. stabilizaciis struqturuli 

sqema naCvenebia nax. 3.12.1-ze. Tu datvirTva mcirea, maSin  RdC drois mudmiva imdenad 

didia, rom  C kondesatori  aswrebs ramodenimejer damuxtvas da ganmuxtvas. amis 

gamo, roca pulsirebuli Zabva mcirdeba (uaxlovdeba nuls) C kondesatorze 

dagrovili energia miewodeba datvirTvas da faqtiurad masze Zabva ar icvleba. am 

dros nax. 312.1-ze naCvenebi sxva mowyobilobebi aRar aris saWiro. Tu datvirTva 

mcirea (Rd mcirea), maSin  RdC  im rigisaa, rom C kondesatori veRar aswrebs 

damuxtvas da roca pulsirebuli Zabva mcirdeba datvirTvaze Zabvac mcirdeba e.i. 

veRar xdeba Zabvis gamudmiveba. am dros saWiroa sqemis sxva mowyobilobebis 

muSaoba. 

          stabilizaciis sqema Seicavs Semdeg mowyobilobebs: 

1. cvalebadi  winaRobis elementi (3); misi daniSnulebaa datvirTvis 

cvlilebasTan erTad Seicvalos misi winaRoba. Tu datvirTva izrdeba, maSin misi 

winaRoba unda mcirdebodes, xolo Tu datvirTva mcirdeba, maSin misi winaRoba 

unda gaizardos. igi warmoadgens mZlavr tranzistors, romlis emiters an 

koleqtors (imis mixedviT Tu ra tipisaa tranzistoria) miewodeba pulsirebuli 

Zabvis pliusi an minusi, xolo stabilizirebuli Zabvis pliusi an minusi moixsneba 

Sesabamisad koleqtoridan an emiteridan. ukukavSiris saSualebiT bazaze miewodeba 

signali, romelic datvirTvis cvlilebis Sesabamisad ufro gaaRebs (Seamcirebs 

cvladi winaRobis elementis winaRobas) an  ufro Caketavs (gazrdis winaRobas) 

tranzistors. 

2. Zabvis etaloni(7); misi daniSnulebaa mogvces stabiluri (mcire simZlavris) 

Zabva.  igi warmoadgens Sesabamisi tipis stabilitrons da SeirCeva imis mixedviT 

Tu ra sididis mudmivi Zabvis miReba aris saWiro. 
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3. Zabvis regulirebis elementi (6); misi daniSnulebaa saWiroebis SemTxvevaSi 

xeliT Seicvalos gamosasvleli stabiluri Zabvis sidide. igi aris cvladi 

rezistori (winaRoba). 

4.Sedarebis mowyobiloba (8); misi daniSnulebaa Seadaros erTmaneTs 

gamosasvleli Zabva, etalonuri Zabva da Zabvi regulirebis elementidan moxsnili 

Zabva. es mowyobiloba agebulia tranzistorze. 

5. gamaZlierebeli (9); misi daniSnulebaa, Sedarebis mowyobilobidan moxsnili 

Zabva gaaZlieros da miawodos cvladi winaRobis elements. 

6. induqciuroba (2).  7. tevadoba (1 da 5).  8. datvirTva (4).  

nax. 3.12.1-ze naCvenebi mowyobiloba muSaobs Semdeg nairad: Zabvis regulirebis 

elementis saSualebiT vayenebT saWiro gamosasvlel Zabvas. masze modebuli Zabvis 

vardna miewodeba Sedarebis mowyobilobas. igi aris Sedarebis zRvari. am dros 

sxvaoba gamosasvlel da etalonur Zabvebs Soris TanafardobaSia Sedarebis 

zRvarTan. Tu gaizarda gamosasvleli Zabva, maSin izrdeba sxvaoba  Ugam-Uet e.i 

irRveva Tanafardoba da Sedarebis mowyobiloba gascems iseT Zabvas, rom 

gaZlierebis Semdeg gaizardos cvladi winaRobis elementis winaRoba ise, rom 

gamosasvleli Zabva Cadges normis farglebSi. Tu Semcirda gamosasvleli Zabva, 

maSin mcirdeba  Ugam-Uet sxvaoba da Sedarebis mowyobiliba gascems iseT Zabvas, rom 

gaZlierebis Semdeg Semcirdes cvladi winaRobis elementis winaRoba ise, rom 

gamosasvleli Zabva Cadges normis farglebSi. 

      amrigad pulsirebuli Zabva nawildeba cvladi winaRobis elementsa da 

datvirTvis winaRobas Soris ise, rom datvirTvaze Zabva yovelTvis mudmivia, xolo 

cvladi winaRobis elementze icvleba. cxadia, rom pulsirebuli Zabva meti unda 

iyos vidre stabilizirebuli (gamosasvleli) Zabva, radgan datvirTvis gazrdis 

dros wredSi izrdeba deni da Sesabamisad danakargebi wredis elementebze. 

       tevadobebis sidide didia (ramodenime aTasi mikrofaradi), amitom iyeneben 

eleqtrolitur kondesatorebs. aseve didi unda iyos  induqciurobac. 

       nax. 3.12.2-ze naCvenebia 24v stabilizatoris eleqtruli sqema 8a datvirTvis 

SemTxvevaSi. cvladi winwRobis elementis rols asrulebs T1 mZlavri tranzistori, 

Zabvis regulirebis elementi aris R9 winaRoba, Zabvis etaloni aris d5 

stabilitroni, Sedarebis mowyobiloba agebulia T2  tranzistorze da 

gamaZlierebeli T3 tranzistorze. T2 aris mcire simZlavris, xolo T3 saSualo 

simZlavris. 

 

 
 

        rogorc avRniSneT tranzistorze SeiZleba avawyoT iseTi eleqtruli sqema, 

romelic sust signals gaaZlierebs. imisdamixedviT Tu ra simZlavris signalis 

miReba gvsurs arsebobs erTtranzistoriani, ortranzistoriani da a.S. gaZlierebis 

sqemebi. nax. 3.12.3-ze naCvenebia ortranzistoriani gaZlierebis sqema. 
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nax. 3.12.4-ze naCvenebia erT tranzistorze awyobili generatoris sqema. 

 

 
 

   gamaZliereblisa da generatoris muSaobis principi sxva saganSi iqneba  

ganxiluli. 

 

 

                 3.13   tiristori 
          

sam  p-n gadasasvlelian naxevargamtarul xelsawyos, romelsac volt-  

amperul maxasiaTebelze gaaCnia uaryofiTi winaRobis ubani tiristori ewodeba. 

tiristors SeiZleba hqondes ori an sami gamomyvani. 

          tiristors, romelsac aqvs ori gamomyvani (anodi da kaTodi) ewodeba 

dioduri tiristori an rac igivea dinistori. Mmisi gaReba an Caketva xdeba mkvebavi 

Zabvis sididisa an polarobis cvlilebiT. Amitom mas agreTve uwodeben aramarTvad 

tiristors. 
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          tiristors, romelsac aqvs sami gamomyvani ewodeba trinistori. igi ori 

gamomyvanis (anodi da kaTodi) garda Seicavs mesame gamomyvans (mmarTveli 

eleqtrodi), romlis saSualebiTac SesaZlebelia is gadaviyvanoT rogorc Ria ise 

Caketil mdgomareobaSi, Tu mmarTvel eleqtrods mivawvdiT Sesabamis mmarTvel 

dens. 

         Nnax. 3.13.1-ze naCvenebia dinistoris struqturuli sqema. igi aris oTxi p1-n1-
p2-n2  fenebisagan Semdgari diodi. Tu masze movdebT Zabvas naCvenebi polarobiT, 

 

 
 

maSin gaivlis I deni naxazze naCvenebi mimarTulebiT. Aam dros  p1-n1 da  p2-n2 

gadasavlelebi imuSaveben pirdapiri mimarTulebis Zabvaze, xolo  n1-p2 

gadasasvleli uku mimarTulebis Zabvaze. Aamrigad, gamodis, rom TiTqos ori 

tranzistori muSaobs erT xelsawyoSi, rogorc es naCvenebia nax. 3.13.2-ze. EerTi 

tranzistori aris  p1-n1-p2,  xolo meore  n1-p2-n2.  p1 da n2 aris emiterebi, xolo n1 

da p2 aris erTi tranizstorisTvis baza da meore tranzistorisTvis koleqtori. 

         Nnax. 3.13.3-ze naCvenebia dinistoris pirobiTi aRniSvna da volt-amperuli 

maxasiaTebeli. igi Sesdgeba Semdegi ubnebisagan: 1. OA ubani; am ubanze winaRoba  

 

 
 

didia da Zabvis zrda iwvevs denis umniSvnelod zrdas.  2. AB ubani; am ubanze 
xdeba zvauri garRveva e.i. Zabvis mciredi zrda iwvevs denis swraf zrdas da roca 

U=UCarT. Ee.i. B1
 wertilSi xdeba dinistoris gaReba.  3. BC ubani; am ubanze winaRoba 

aris uaryofiTi da C wertilSi dinistori mTlianad Riaa.  4. CD ubani; am ubanze 

winaRoba mcirea, dinistori Riaa da Zabvis zrdiT deni ise izrdeba, rogorc 

diodSi.  5. OF ubani; es ubani Seesabameba dinistoris uku Stos da roca U>Uuku 

adgili aqvs dinistoris garRvevas. 

          Tu gaxsnil dinistorSi SevamcirebT dens da roca I<Igam igi gadava 

gaxsnil mdgomareobidan CaketilSi da procesi ganviTardeba uku mimarTulebiT. 

denis Semcireba (Caketva) SeiZleba moxdes gare wredSi winaRobis gazrdiT an 

droebiT Zabvis moxsniT. Ddinistoris garRvevis Zabva SeiZleba meti an naklebi iyos 

CarTvis Zabvaze, es damokidebulia misi damzadebis teqnologiaze. 

         Ddinistoris parametrebia:  1. CarTvis Zabva; roca UU>UCarT dinistori 

iReba.  2. CarTvis deni; es deni gadis CarTvis Zabvis dros.  3. Caketili dinistoris 

winaRoba mudmivi da cvladi denis mixedviT. Ppirveli ganisazRvreba gaJonvis 

deniT, romelic aTeuli mikronis rigisaa, xolo meore Zalian didia (ramodenime 

aTeuli da aseuli megaomi).  4. GgamorTvis deni; Tu Ria dinistoris dens 

SevamcirebT gamorTvis denTan SedarebiT, maSin igi Caiketeba.  5. NnarCeni Zabva; es 

is Zabvaa, romelic dinistorzea misi Ria mdgomareobaSi yofnis dros. Igi (0,5–1)v 
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rigisaa.  6. CarTvis dro; igi gviCvenebs Tu ra droSi gadadis dinistori Caketili 

mdgomareobidan RiaSi. igi (0,1–0,5)mkwm rigisaa.  7. GgamorTvis dro; igi gviCvenebs Tu 

ra droSi gadadis dinistori Ria mdgomareobidan gamorTulSi da aris (5–10)mkwm 

rigis. 

          Tu dinistoris  n1 fenas gavukeTebT gamomyvans, maSin aseT eleqtronul 

xelsawyos trinistori ewodeba. Agamomyvans mmarTveli eleqtrodi anu baza ewodeba. 

trinistori SeiZleba gavaRoT an CavketoT iseve rogorc dinistori an mmarTvel 

eleqtrodze mivawodoT Sesabamisi denis impulsi. MmagaliTad, Tu trinistors 

aRebs dadebiTi denis impulsi, maSin Caketavs uaryofiTi denis impulsi da piriqiT. 

marTvel eleqtrodze miwodebuli impulsebiT SesaZlebelia vcvaloT trinistoris 

Caketvis an gaRebis dro da Zabvis sidide. 

          Nnax. 3.13.4-ze naCvenebia trinistoris pirobiTi aRniSvna da volt-amperuli 

maxasiaTebelTa ojaxi. MmaxasiaTeblebi gadaRebulia bazis sxvadasxva denebis 

SemTxvevaSi. 

 

 
 

          rogorc naxazidan Cans trinistoris volt-amperuli maxasiaTebeli 

analogiuria dinistoris volt-amperuli maxasiaTeblis. gansxvaveba aris mxolod 

UCar Zabvis mniSvnelobaSi. 

S         dReisaTvis warmoeba uSvebs sxvadasxva saxis (dabal, maRal da saSualo 

simZlavris ) tiristorebs. mcire simZlavris tiristorebs umTavresad iyeneben 

releur sistemebSi da sakomutacio mowyobilobebSi, xolo didi simZlavrisas 

mZlavr gardamqmnelebSi da gadamrTvel mowyobilobebSi. 

          mZlavr gammarTvelebSi tiristors rTaven diodis magivrad da mmarTvel 

eleqtrodze specialuri impulsis miwodebiT SeiZleba vcvaloT gamosasvleli 

Zabvis sidide. e.i. Tu ra dros gaiReba an Caiketeba tiristori Sesabamisad 

Seicvleba gamosasvleli mudmivi Zabva. 
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