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eleqtronikis safuZvlebi. saxelmZRvanelo. Tbilisi, 2010. 

 

 

     saxelmZRvaneloSi ganxilulia diskretuli da integraluri Sesrulebis 

naxevargamtaruli xelsawyoebis muSaobis fizikuri safuZvlebi, moqmedebis 

principi, maxasiaTeblebi, fizikuri da saeqsploatacio parametrebi. mocemulia am 

xelsawyoTa praqtikuli gamoyenebis magaliTebi, radioeleqtronul 

mowyobilobebSi gamoyenebuli ZiriTadi analoguri da cifruli qmedebis kvanZebis 

muSaobis sakiTxebi. saxelmZRvanelo Sedgenilia disciplinis _ "eleqtronikis 

safuZvlebi" saswavlo programis mixedviT, romelic ekiTxeba energetikisa da 

telekomunikaciebis fakultetis meore kursis studentebs. igi gamoadgeba 

informatikisa da marTvis sistemebis fakultetis studentebsac. 
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Sesavali 

 

eleqtronikas samarTlianad miiCneven samecniero-teqnikuri progresis kata-

lizatorad, radgan eleqtronikis gareSe ar iqneboda is warmateba, romelsac ka-

cobriobam miaRwia kosmosis aTvisebis saqmeSi, atomur energetikasa da gamoTvliT 

teqnikaSi, sawarmoo procesebis avtomatizaciaSi, radiomauwyeblobasa da telexed-

vaSi da a.S. 

eleqtronika aris mecnierebis, teqnikisa da warmoebis sfero, romelic moi-

cavs eleqtronuli xelsawyoebis kvlevis, damuSavebisa da gamoyenebis sakiTxebs. 

Tanamedrove eleqtronikis warmatebebi dakavSirebulia naxevargamtaruli 

eleqtronikis teqnologiur miRwevebTan, ris Sedegadac SesaZlebeli gaxda integ-

raluri mikrosqemebis Seqmna. naxevargamtaruli eleqtronika saTaves 1948 wlidan 

iRebs, rodesac amerikuli firmis (Bell) TanamSromelTa jgufma Seqmna pirveli 

tranzistori. 11 wlis Semdeg ki Texas Instruments firmis inJinrebma Seqmnes pirveli 

mikrosqema, romelic eqvs tranzistors Seicavda, xolo 1971 wels msoflioSi 

cnobilma firma Intel-ma Seqmna pirveli oTxTanrigiani mikroprocesori (4004), 

romelic ukve 2000-ze met tranzistors Seicavda. SemdegSi eleqtronuli 

xelsawyoebis miniaturizacia iseTi swrafi tempiT viTardeboda, rom 1982 wels 

erTi amerikuli samecniero Jurnali werda: "ukanaskneli 25 wlis ganmavlobaSi 

aviamrewveloba ise swrafad rom ganviTarebuliyo, rogorc gamoTvliTi teqnikis 

saSualebaTa mrewveloba, maSin boing-767 TviTmfrinavis Rirebuleba amJamad 500 

dolari iqneboda da igi dedamiwis garSemofrenas 20 wuTs moandomebda, risTvisac 

mas dasWirdeboda 5 galoni saTbobi". 

mikroeleqtronikis STambeWdavi miRwevebi ganpirobebulia ara mxolod 

uaxlesi naxevargamtaruli teqnologiuri miRwevebis gamoyenebiT, aramed aTeuli 

wlebis manZilze inJinerTa didi armiis mier damuSavebuli sqemoteqnikur 

gadawyvetaTa uzarmazari maragis SeqmniT. Tanamedrove maRali integraciis 

mikrosqemebSi realizebulia urTulesi sqemoteqnikuri gadawyvetebi. magram, amave 

dros, unda gvaxsovdes, rom maTi gawyoba xdeba martivi sabazo elementebis 

gamoyenebiT, romelTa ganxilvac winamdebare kursis ZiriTad mizans warmoadgens, 

miT umetes, rom integralur SesrulebasTan erTad praqtikaSi gamoyenebul 

eleqtronul mowyobilobebs diskretuli sqemoteqnikuri Sesrulebac gaaCniaT. 
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1. naxevargamtaruli xelsawyoebis muSaobis fizikuri safuZvlebi 

 

1.1 sakuTrivi naxevargamtari da misi eleqtrogamtaroba 

 

qimiuri elementis atomTa aqtivoba, nebismieri sxva elementTan urTierTqme-

debis dros, ganisazRvreba atomis garsis gare orbitebze moZravi eleqtronebiT, 

romelTac savalento eleqtronebi ewodebaT. savalento eleqtronebi 

monawileoben kristalebis struqturis formirebis procesSi. garda amisa, 

savalento eleqtronebi gansazRvraven nivTierebis eleqtrogamtarobasac.  

naxevargamtarul teqnikaSi gamoyenebuli oTxvalentiani germaniumisa (Ge) da 

siliciumis (Si) kristaluri meseri tetraedris formisaa. kristaluri meseris 

centrSi ganTavsebuli atomi Tanabari maZiliTaa daSorebuli kuTxeebSi ganlage-

buli oTxi uaxloesi atomisagan. Tavis mxriv, kuTxeebSi ganTavsebuli nebismieri 

atomi warmoadgens centralurs sxva oTxi uaxloesi atomis mimarT, romlebic 

aseve warmoqmnian tetraedrs. aseTi saxis kristalur meserSi atomebs Soris 

kavSiri myardeba im ZalebiT, romlebic aRiZvreba savalento eleqtronebis wyvil-

wyvilad gaerTianebiT, ris Sedegadac atomis irgvliv warmoiqmneba mdgradi 

rvaeleqtroniani garsi. atomebs Soris arsebul aseT kavSirs wyvileleqtronuli, 

anu kovalenturi kavSiri ewodeba (ix. sur. 1.1). 

 
 

sur. 1.1. kristalur meserSi germaniumis atomTa Soris  

eleqtronuli  kavSirebis struqtura 

 
Tu naxevargamtaris kristalSi kovalenturi kavSirebi darRveuli ar aris, 

maSin aseT struqturas idealuri ewodeba. idealuri struqturis mqone 

naxevargamtaris eleqtrogamtaroba nulis tolia, radgan savalento eleqtronebs 

moZraoba SeuZliaT atomTa mcire jgufis garSemo da ara kristalis mTel 

moculobaSi. 
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idealuri struqtura naxevargamtaris kristals mxolod absoluturi nuli 

temperaturis (t = –273 oC) dros SeiZleba gaaCndes. ufro maRali temperaturis 

pirobebSi kristaluri meseris kvanZebSi ganlagebuli atomebis siTburi rxevebis 

energia (e.w. fononebi) iwvevs kovalenturi kavSiridan eleqtronebis nawilis 

gamonTavisuflebas da naxevargamtaris kristali iZens denis gatarebis unars. 

temperaturis momatebasTan erTad izrdeba kristalis eleqtrogamtarobac. 

kovalenturi kavSirebis gawyvetisas naxevargamtaris struqturaSi 

warmoiqmneba Tavisufali gadaadgilebis uanris mqone eleqtronebi da vakanturi 

(carieli) adgilebi im energetikul orbitebze, saidanac eleqtronebis wasvla 

moxda. energetikul orbitaze warmoqmnil vakantur adgils xvrels uwodeben. 

xvrels gaaCnia elementaruli dadebiTi muxtis mqone nawilakis Tviseba. misi 

dadebiTi muxti eleqtronis muxtis absoluturi sididis tolia (e.i. xvrelis 

muxti etoleba 1,6•10-19k). xvreli (dadebiTi muxti), eleqtronis msgavsad, 

naxevargamtarul kristalSi qaosurad moZraobs. xvrelis gaCenidan garkveuli 

drois gasvlis Semdeg (drois am intervals xvrelis sicocxlis xangrZlivoba 

ewodeba) mas daikavebs erT-erTi Tavisufali eleqtroni da aRdgeba atomis 

stabiluri (neitraluri) mdgomareoba. am process rekombinacia ewodeba.  

maSasadame, naxevargamtarSi arsebobs ori saxis muxtis gadamtani: eleqtroni 

(uaryofiTi muxtis gadamtani) da xvreli (dadebTi muxtis gadamtani). Tavisufali 

eleqtronebis kristalSi gadaadgilebis siCqare (Zvradoba) mniSvnelovnad 

aRemateba xvrelebis gadaadgilebis siCqares (Zvradobas). 

qimiurad gasufTavebul erTgvarovan naxevargamtars sakuTrivi naxevargamtari 

ewodeba. siTburi energiis (fononebis) gavleniT Tavisufali eleqtronebi da 

xvrelebi sakuTriv naxevargamtarSi, romelTa koncentracias Sesabamisad 

aRniSnaven ni da pi-iT, wyvil-wyvilad Cndebian, e.i. ni= pi. am process Tavisufali 

muxtis Termogeneracia ewodeba. damyarebuli temperaturis dros eleqtron-

xvrelis wyvilis koncentraciebi ganisazRvreba Termogeneraciisa da 

rekombinaciis procesebs Soris arsebuli wonasworobiT. naxevargamtaris 

eleqtrogamtarobas, romelic siTburi warmoSobis Tavisufali eleqtronebisa da 

xvrelebis wyviliTaa ganpirobebuli, sakuTriv eleqtrogamtarobas uwodeben. 
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1.2. minareviani naxevargamtarebi. naxevargamtarTa tipebi 

 

sakuTrivi naxevargamtaris eleqtrogamtaroba Zalze mcirea. amitom xelsaw-

yoTa damzadebis dros maT praqtikulad ar iyeneben. am mizniT, rogorc wesi, mina-

reviani naxevargamtarebi gamoiyeneba, radgan qimiurad gasufTavebul naxevargam-

tarSi saWiro Tvisebebis mqone sxva qimiuri elementis minarevis Setanis SemTx-

vevaSi (10%-mde) mkveTrad izrdeba misi eleqtrogamtaroba. 

 
 

 
sur. 1.2. naxevargamtarul kristalSi germaniumis minarevis atomTa  

Soris eleqtronuli kavSirebis struqtura: 

a) donorulminareviani kristaluri meseri; 

b) aqceptorulminareviani kristaluri meseri  
 

minarevis Setanisas, misi atomebi Caenacvlebian fuZe naxevargamtaris 

kristaluri meseris kvanZebSi ganlagebul zogierT atoms. aseTi Canacvlebis 

Sedegad warmoqmnili suraTi damokidebulia minarevis tipze. ase magaliTad, Tu 

germaniumis kristalSi minarevis saxiT Setanilia xuTvalentiani elementi _ 

stibiumi (surma), maSin am ukanasknelis oTxi savalento eleqtroni Sedis 

germaniumis mezobeli atomebis oTx eleqtronTan kovalentur kavSirSi da 

warmoqmnis mdgrad rvaeleqtronian garss (sur. 1.2, a). stibiumis mexuTe savalento 

eleqtroni kovalenturi kavSirebisaTvis aRmoCndeba "zedmeti".  igi SedarebiT 

sustadaa dakavSirebuli atombirTvTan, fononebis zegavleniT advilad scildeba 

mas da gardaiqmneba Tavisufal eleqtronad. TviT minarevis atomi gardaiqmneba 

erTeuli dadebiTi niSnis muxtis mqone uZrav (lokalizebul) ionad. minareuli 

warmoSobis Tavisufali eleqtronebi daemateba fuZe naxevargamtarSi Termogenera-

ciiT warmoqmnil Tavisufal eleqtronebs, ris gamoc gaizrdeba naxevargamtaris 

kristalis eleqtrogamtaroba. aseTi naxevargamtaris eleqtrogamtarobaSi Ziri-

Tad rols Tavisufali eleqtronebi asruleben. amitom maT muxtis ZiriTadi 

gadamtanebi ewodebaT, xolo TviT naxevargamtars _ eleqtronuli gamtarobis an 

n-tipis naxevargamtari. minarevs, romelic n-tipis naxevargamtars iZleva dono-

ruli (eleqtronis gamcemi) minarevi ewodeba. n-tipis naxevargamtarSi denis gavlis 
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procesSi, eleqtronebis garda monawileoben Termogeneraciis Sedegad warmoq-

mnili xvrelebi (dadebiTi muxtebi). maTi koncentracia gacilebiT naklebia 

eleqtronebis koncentraciaze da amitom maT muxtis araZiriTad gadamtanebs 

uwodeben. Tu am saxis naxevargamtarSi eleqtronebis koncentracias nn-iT avRniS-

navT, xolo xvrelebis koncentracias pn-iT, maSin samarTliania mkacri utoloba 

nn>>pn. 

stibiumis garda donorul minarevad gamoiyeneba fosfori, dariSxani da 

zogierTi sxva elementi. 

Tu germaniumis an siliciumis kristalSi minarevis saxiT SevitanT samva-

lentian indiums (In), maSin miiReba zemoaRwerilisgan gansxvavebuli suraTi 

(sur.1.2. b). kerZod, indiumis atomebi Caenacvlebian ra fuZe naxevargamtaris 

kristaluri meseris kvanZebSi ganlagebul atomebs, mdgradi rvaeleqtroniani 

garsis Sesaqmnelad indiumis atoms erTi eleqtroni daakldeba. indiumis atomi am 

eleqtrons fuZe naxevargamtaris atomisagan miierTebs, rac kristalur meserSi 

xvrelebis warmoqmnas gamoiwvevs. TviT minarevis atomi gardaiqmneba erTeuli 

uaryofiTi muxtis mqone ionad. warmoqmnili xvrelebi daemateba sakuTrivi 

germaniumis kristalSi TermogeneraciiT Seqmnil xvrelebs, ris gamoc gaizrdeba 

naxevargamtaris kristalis eleqtrogamtaroba. maSasadame, aseT naxevargamtarebSi 

muxtis ZiriTad gadamtanebs xvrelebi (dadebiTi muxtebi) warmoadgenen, radgan 

maTi koncentracia gacilebiT meti aRmoCndeba eleqtronebis (muxtis araZiriTadi 

gadamtanebis) koncentraciaze. aseT naxevargamtars xvreluri gamtarobis an p-

tipis naxevargamtars uwodeben. aseTi gamtarobis warmomqmnel minarevs ki 

aqceptoruli (eleqtronis mimRebi) minarevi ewodeba. xvrelebis koncentracias p-

tipis naxevargamtarSi aRniSnaven pp-Ti, xolo eleqtronebis koncentracias np-iT. 

maSin muxtis ZiriTad da araZiriTad gadamtanTa koncentraciebs Soris Tanafar-

doba am tipis naxevargamtarebSi iqneba: pp >> np. 

indiumis garda aqceptorul minarevad gamoiyeneba alumini, galiumi, bori da 

zogierTi sxva elementi. 

donoruli minarevis lokaluri energetikuli doneebidan kovalenturi kavSi-

rebisTvis zedmeti eleqtronebis gamtarobis zonaSi, xolo fuZe naxevargamtaris 

savalento zonis eleqtronebis aqceptoruli minarevis energetikul doneebze ga-

dasvlisaTvis saWiroa garkveuli energia. am energias minarevis atomis ionizaci-

isTvis saWiro energia ewodeba. absoluturi nuli temperaturis dros minarevis 

atomis ionizacias adgili ar eqneba, xolo oTaxis temperaturis pirobebSi 

fononebis energia savsebiT sakmarisia minarevis, praqtikulad yvela, atomis 

ionizaciisaTvis. 
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1.3. eleqtronul-xvreluri (p-n) gadasasvleli 

eleqtronul-xvreluri, anu p-n gadasasvleli ewodeba n- da p-tipis naxevar-

gamtaruli Sreebis kombinacias. aseTi kombinacia naxevargamtaris kristalSi 

miiReba Sednobis, difuziis da sxva specialuri teqnologiuri meTodebis 

gamoyenebiT. am kombinaciis metalurgiul sazRvarze adgili aqvs Semdeg fizikur 

procesebs. imis gamo, rom Tavisufali eleqtronebis koncentracia n-SreSi 

gacilebiT metia, vidre p-SreSi, koncentraciaTa es sxvaoba warmoSobs difuziur 

Zalas, romelic Seecdeba metalurguli sazRvris sxvadasxva mxares eleqtronebis 

koncentraciaTa gaTanabrebas. iwyeba eleqtronebis gadasvla n-Sridan p-SreSi, rac 

pirvel rigSi donoruli minarevis energetikuli doneebidan ganxorcieldeba. amis 

gamo, metalurgiuli sazRvris maxlobel n-ubanze dagrovdeba donoris ionebis 

gauwonasworebeli  dadebiTi sivrculi muxti (sur. 1.3). 

 
 

sur. 1.3.  p-n gadasasvlelis struqtura 

 
analogiur procesebs aqvs adgili xvrelebis (dadebiTi muxtebis) p-Sridan n-

SreSi gadasvlis gamo, romelic gamoiwvevs metalurgiuli sazRvris maxlobel p-

ubanze aqceptoris gauwonasworebeli  uaryofiTi sivrculi muxtis dagrovebas.  

metalurgiuli sazRvris maxloblad warmoqmnili dadebiTi da uaryofiTi 

sivrculi muxtebis ubnebi warmoadgenen sakuTriv p-n gadasasvlels, romlis l 

sigrZe mikronis meaTed nawilebs ar aRemateba. am ubans gaRaribebul Sresac 

uwodeben, radgan aq umniSvneloa muxtis moZravi gadamtanebis koncentracia da 

gaaCnia Zalze didi eleqtruli winaRoba.  

p-n gadasasvlelis sivrculi muxti qmnis eleqtrul vels, romlis daZabulo-

bis E0 veqtoris mimarTuleba 1.3 suraTzea naCvenebi.  p-n gadasasvlelis eleqtruli 
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veli, xels uSlis ra difuziuri ZalebiT gamowveuli muxtis gadamtanebis gadasv-

las erTi ubnidan meoreSi, warmoqmnis potencialur bariers muxtis ZiriTadi 

gadamtanebisaTvis. amis gamo, erTidaigive niSnis muxtebis koncentraciebis 

gaTanabreba metalurgiuli sazRvris sxvadasxva mxares ar moxdeba. 

p-n gadasasvlelis sakuTari eleqtruli veli, piriqiT, xels uwyobs muxtis 

araZiriTadi gadamtanebis gadasvlas metalurgiuli sazRvris erTi mxaridan meore 

mxareze. p-n gadasasvlelis velis gavlenis areSi moxvedrili muxtis araZiriTadi 

gadamtanebis (n-ubnis xvrelebi da p-ubnis eleqtronebi) nakadi ganapirobebs muxtis 

ZiriTadi gadamtanebis difuziuri nakadis sawinaaRmdego mimarTulebis dens, 

romelsac dreifis deni ewodeba. Termodinamikuri wonasworobis pirobebSi es ori 

deni erTmaneTs akompensirebs. amitom, gare Sekrul wredSi aseT pirobebSi deni ar 

gaivlis.  

p-n gadasasvlelis sakuTari eleqtruli velis dasaxasiaTTeblad SemoaqvT 

sakontaqto potencialTa sxvaobis cneba, romelic 1.3 suraTze 0-Taa aRniSnuli. 

sakontaqto potencialTa sxvaoba (potencialuri barieris simaRle) damokidebulia 

n- da p-tipis ubnebSi muxtis ZiriTad da araZiriTad gadamtanTa koncentraciebs 

Soris TanafarTobaze da temperaturul potencialze 

 T =kT/q,                                     (1.1) 

sadac k=1,3810-23j/k _ bolcmanis mudmivaa;  

q=1,610-19k _ elementaruli muxtia (eleqtronis muxtis absoluturi sidide). 

oTaxis temperaturis dros (T=300oK) T 26ml.v. am SemTxvevaSi germaniumis p-n 

gadasasvlelis sakontaqto potencialTa sxvaoba 00,35v, xolo siliciumis p-n 

gadasasvlelis sakontaqto potencialTa sxvaoba 00,62v. 

p-n gadasasvlelis Termodinamikuri wonasworoba dairRveva da gare Sekrul 

wredSi gaivlis deni, Tu mas Zabvis wyarosTan mivaerTebT. SevaerToT p-ubnis 

sakontaqto gamomyvani mudmivi Zabvis wyaros "+"-Tan, xolo n-ubnis sakontaqto 

gamomyvani _ "_"-Tan. maSin, gareSe Zabvis wyaro p-n gadasasvlelze Seqmnis 

eleqtrul vels, romlis daZabulobis Ep veqtors eqneba E0-is sawinaaRmdego 

mimarTuleba. amis gamo, p-n gadasasvlelis potencialuri barieris simaRle 

Semcirdeba '=0_Up sididemde (ix. sur. 1.4). potencialuri barieris Semcirebis 

Sedegad gaizrdeba muxtis ZiriTadi gadamtanebis difuziuri nakadi (muxtis 

araZiriTadi gadamtanerbis nakadi ar icvleba) da gare Sekrul wredSi gaivlis 

deni, romlis sidide swrafad iwyebs zrdas Up Zabvis mciredi gazrdis 

SemTxvevaSic ki. p-n gadasasvlelze mierTebul aseTi polarobis Zabvas pirdapiri 
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Zabva ewodeba, xolo wredSi gamaval dens _ pirdapiri deni.  p-n gadasasvlelis 

aseT CarTvas ki pirdapiri, anu gamtari mimarTulebiT CarTvas vuwodebT. 

         
 

 

 

 

Tu SevcvliT p-n gadasasvlelze mierTebuli mudmivi Zabvis wyaros Zabvis 

polarobas (e.i. "+"-s mivaerTebT n-Tan, wyaros "_"-s ki _ p-Tan), maSin gareSe Zabvis 

wyaro, Semcirebis nacvlad, gazrdis p-n gadasasvlelis potencialuri barieris 

simaRles ''=0+Uu sididemde (ix. sur. 1.5). amiT kvlav dairRveva Termodinamikuri 

wonasworoba muxtis ZiriTadi gadamtanebis difuziuri nakadis praqtikulad 

nulamde Semcirebis gamo (Uu Zabvis erTeul voltamde gazrdisas). am SemTxvevaSi, 

p-n gadasasvlelze iarsebebs mxolod muxtis araZiriTadi gadamtanebis nakadi da 

gare Sekrul wredSi gaivlis am nakadiT ganpirobebuli dreifis deni. aRniSnul 

dens aqvs pirdapiri denis sawinaaRmdego mimarTuleba, ris gamoc mas ukudens 

uwodeben. ukudeni gacilebiT mcire sididisaa, vidre pirdapiri deni, radgan p-n 

struqturaSi muxtis araZiriTadi gadamtanebis koncentracia gacilebiT naklebia 

(103105-jer) muxtis ZiriTadi gadamtanebis koncentrecaze. p-n gadasasvlelze 

mierTebuli aseTi polarobis Zabvas ukuZabva ewodeba, xolo p-n gadasasvlelis 

aseT CarTvas uku, anu aragamtari mimarTulebiT CarTva ewodeba.  

amrigad, p-n gadasasvleli mgrZnobiarea mierTebuli Zabvis polarobis mimarT 

da dens praqtikulad erTi mimarTulebiT atarebs. amis gamo, igi warmoadgens 

cvladi Zabvis gasamarTavad gamoyenebuli naxevargamtaruli xelsawyoebis _ 

diodebis ZiriTad muSa nawils. garda amisa, p-n gadasasvleli warmoadgens 

mravalgadasasvleliani xelsawyoebis _ tranzistorebis da tiristorebis 

safuZvels.  

sur. 1.4.  p-n gadasasvlelis 

pirdapiri CarTva 

sur. 1.5.  p-n gadasasvlelis 

ukuCarTva 
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1.4. p-n gadasasvlelis saxeebi da maTi volt-amperuli maxasiaTebeli 

 

p-n gadasasvlelebi SeiZleba gansxvavdebodnen erTmaneTisagan ori ZiriTadi 

niSnis mixedviT: 

 n- da p-tipis SreebSi muxtis ZiriTadi gadamtanebis koncentraciebs So-

ris TanafardobebiT; 

 n- da p-tipis Sreebs Soris metalurgiuli sazRvris simkveTriT. 

pirveli niSnis mixedviT erTmaneTisgan unda ganvasxvaoT simetriuli da ara-

simetriuli p-n gadasasvlelebi. simetriuli gadasasvlelis orive SreSi muxtis 

ZiriTadi gadamtanebis koncentraciebi erTnairia, xolo arasimetriuli gadasasv-

lelis SreebSi _ mkveTred gansxvavebuli (102103-jer). naxevargamtarul xelsawyo-

ebSi ZiriTadad arasimetriuli p-n gadasasvlelebia gamoyenebuli. 

meore niSnis mixedviT, p-n gadasasvleli SeiZleba iyos safexurebrivi an 

mdore. safexurebrivia iseTi gadasasvleli, romlis n- da p-tipis Sreebs Sorisac 

arsebobs idealuri metalurgiuli sazRvari. kerZod, sazRvris erT mxares 

arsebobs mxolod eleqtronebi, xolo sazRvris meore mxares _ mxolod xvrelebi. 

mdore p-n gadasasvlelis metalurgiuli sazRvarze ki erTi niSnis muxtis koncen-

tracia TandaTan mcirdeba, xolo meore niSnis muxtis koncentracia TandaTan 

izrdeba. yvela realuri p-n gadasasvleli miekuTvneba mdore gadasasvlelTa 

jgufs, Tumca analizis simartivis gamo, SesaZleblobis farglebSi, maT ganixi-

laven rogorc safexurebrivs. 

p-n gadasasvlelebis eleqtrul Tvisebebs afaseben misi volt-amperuli 

maxasiaTeblis mixedviT, romelic amyarebs kavSirs gadasasvlelze moqmed Zabvasa 

da masSi gamaval dens Soris. misi volt-amperuli maxasiaTebeli analizurad 

Semdegi gamosaxulebiT aRiwereba 

 TU /
0I I ( e 1)  ,                              (1.2) 

sadac I _ p-n gadasasvlelis denia;  

U _ gadasasvlelze moqmedi Zabvaa. pirdapiri CarTvis dros Zabva aiReba 

dadebiTi niSniT, xolo uku CarTvis dros _ uaryofiTi niSniT;   

I0 _ gajerebis ukudenia; n=1 . . . 2 _ Sesworebis koeficientia. igi iTva-

liswinebs volt-amperuli maxasiaTeblis idealurisgan (Teoriulisgan) 

gadaxras. 

volt-amperuli maxasiaTeblis grafikuli saxe 1.6 suraTzea warmodgenili. 

koordinatTa sistemis pirvel meoTxedSi agebulia volt-amperuli maxasiaTeblis 

pirdapiri Sto 
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 Ip 
TU /

0I e
 .                              (1.3) 

mesame meoTxedSi agebulia volt-amperuli maxasiaTeblis ukuSto 

 Iu 
U / TI ( e 1) I0 0

   .                          (1.4)          

volt-amperuli maxasiaTeblis ganxilvisas yuradReba unda gamaxvildes or 

faqtze: 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. 1.6. p-n gadasasvlelis vilt-amperuli maxasiaTebeli 

 

 pirdapiri deni gazrdas iwyebs pirdapiri Zabvis ara nulovani mniSvnelo-

bidan, aramed mas Semdeg, rac pirdapiri Zabva gautoldeba gadasasvlelis 

gamRebi Zabvis mniSvnelobas (U'), romelic germaniumis p-n gadasasvlelis-

Tvis (0,2 . . . 0,4) v-is farglebSia, xolo siliciumis gadasasvlelisaTvis _ 

(0,6 . . . 0,8) v-is farglebSi; 

 p-n gadasasvlelis ukudeni rCeba umniSvnelod mcire sididis, vidre abso-

luturi sididis zrdis procesSi ukuZabva ar miaRwevs kritikul zRvars 

(Ug), ris Semdegac adgili aqvs p-n gadasasvlelis garRvevas da ukudenis 

swraf zrdas. cxadia, garRvevis Semdeg p-n gadasasvleli hkargavs denis 

erTi mimarTulebiT gatarebis Tvisebas. germaniumis p-n gadasasvleli 

ufro mcire   Zabvis dros irRveva, vidre siliciumis p-n gadasasvleli. 

erTmaneTisagan unda ganvasxvaoT p-n gadasasvlelis garRvevis ori saxe: 

eleqtruli da siTburi. eleqtruli garRveva dakavSirebulia p-n gadasasvlelze 

eleqtruli velis daZabulobis gazrdis procesTan, ris Sedegadac adgili aqvs 

gvirabuli an zvavuri xasiaTis garRvevebs. 
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gvirabuli xasiaTis garRvevas safuZvlad udevs e.w. gvirabuli efeqti. ker-

Zod, Zalze mcire siganisa da didi eleqtruli daZabulobis mqone p-n gadasasv-

lelze muxtis gadamtanebi gaZvrebian Tavisebur gvirabSi da potencialuri 

barieris daZlevis gareSe aRmoCndebian metalurgiuli sazRvris meore mxareze 

energiis Seucvlelad. 

zvavuri xasiaTis garRvevis safuZvels warmoadgens p-n gadasasvlelis Zlier 

eleqtrul velSi didi siswrafiT moZravi muxtis gadamtanebiT gamowveuli atome-

bis dartymiTi ionizacia da am prrocesTan dakavSirebuli muxtis moZravi gadam-

tanebis raodenobis swrafi zrda. volt-amperul maxasiaTebelze zvavuri eleqtru-

li garRvevis Sesabamis ubans aqvs 1-wyvetili wiris saxe (sur. 1.6). 

siTburi garRvevis mizezi SeiZleba gaxdes ukudeniT gamowveuli p-n gadasas-

vlelis TviTgacxeleba. gadasasvlelis temperaturis momateba gamoiwvevs ukude-

nis zrdas, rac Tavis mxriv kidev ufro gazrdis p-n gadasasvlelis temperaturas 

da a.S. siTburi garRvevis Sesabamis volt-amperuli maxasiaTeblis ubans aqvs 2-

wyvetili wiris saxe (sur. 1.6).  

siTbur garRvevas, rogorc wesi, adgili aqvs im SemTxvevaSi, rodesac ukudeni 

aRwevs sakmaod did mniSvnelobas, magaliTad, zvavuri an gvirabuli garRvevis 

dros. siTburi garRvevis dros naxevargamtaruli kristalis struqtura mTlianad 

iSleba da igi uvargisi xdeba. 

 

1.5. p-n gadasasvlelis tevadoba  

 

        p-n gadasasvlelis p- da n-tipis Sreebi SeiZleba ganxilul iqnas rogorc 

kondensatoris Semonafenebi, xolo moZravi muxtebisagan gaRaribebuli sakuTriv p-

n gadasasvleli _ rogorc dieleqtriki. aqedan gamomdinare, SeiZleba SemoRebuli 

iqnes barieruli tevadobis cneba. 

barieruli tevadoba SeiZleba daiyos or mdgenlad: 

 barieruli tevadoba, romelic asaxavs muxtebis gadanawilebas uSualod 

gadasasvlelze; 

 difuziuri tevadoba, romelic asaxavs muxtis moZravi gadamtanebis 

gadanawilebas naxevargantarul SreebSi (bazebSi). 

barieruli tevadobis aseTi dayofa ramdenadme pirobiTia, magram 

moxerxebulia im TvalsazrisiT, rom es tevadobebi gadasasvlelze moqmedi Zabvis 

sxvadasxva polarobis dros erTnairi sididis ar aris. pirdapiri Zabvis 

moqmedebis dros mTavar rols asrulebs SreebSi (bazebSi) warmoqmnili Warbi 

muxtebi, e.i. difuziuri tevadoba. ukuZabvis SemTxvevaSi bazebSi Warbi muxtebi 
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umniSvnelo sididisaa da mTavar rols barieruli tevadoba asrulebs. orive 

tevadoba arawrfivia. difuziuri tevadoba pirdapir denzea damokidebuli, xolo 

bariuli tevadoba _ ukuZabvaze. 

 

1.6. velis efeqti 

 

erTi jgufis naxevargamtrul xelsawyoTa muSaobas safuZvlad udevs eleq-

truli velis efeqtis fizikuri movlena. velis efeqts uwodeben naxevargamtaris 

zedapirqveSa SreSi muxtis gadamtanTa koncentraciisa da, maSasadame, xvedriTi 

winaRobis cvlilebas eleqtruli velis zemoqmedebisas. eleqtruli velis 

mimarTulebisa da daZabulobis sididis mixedviT naxevargamtaris zedapirqveSa 

SreSi SeZleba arsebobdes sami sxvadasxva reJimi: muxtis gadamtanebisagan 

gaRaribebis reJimi, muxtis gadamtanebis niSnis Secvlis (inversiis) reJimi da 

muxtis gadamtanebiT gamdidrebis reJimi. 

ganvixiloT velis efeqti n-tipis naxevargamtaris magaliTze. 

                                         
a)                                                    b) 

           1 _ gaRaribebuli Sre                         1 _ gaRaribebuli Sre: 

                                                            2 _ inversiuli Sre 

 

sur. 1.7. velis efeqti n-tipis naxevargamtarSi    
 

vTqvaT, n-tipis naxevargamtarze moqmedebs zedapirisadmi marTobuli da  

1.7 suraTze naCvenebi mimarTulebis eleqtruli veli. aseTi mimarTulebis 

eleqtruli veli aiZulebs zedapiris maxlobeli Sris eleqtronebs gadainacvlon 

siRrmiseuli Sreebisaken. eleqtronebis aseTi gadaadgilebis Semdeg, naxevar-

gamtaris zedapiris uaxloes SreSi aRmoCndeba donoruli minarevis dadebiTi 

uZravi ionebis gauwonasworebeli moculobiTi muxti. es Sre gaRaribebulia 

moZravi muxtebisagan da gaaCnia gazrdili xvedriTi winaRoba. amave dros, 

eleqtronuli veli naxevargamtaris zedapirisken miizidavs muxtis araZiriTad 

gadamtanebs _ xvrelebs. magram, sanam eleqtruli velis daZabuloba SedarebiT 

mcire sididisaa, am muxtis koncentracia umniSvneloa da naxevargamtaris  

zedapiris maxloblad aRmoCndeba gansazRvruli sisqis muxtis gadamtanebisagan 

gaRaribebuli Sre _ 1 (sur. 1.7, a). 
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eleqtruli velis daZabulobis gazrdisas muxtis ZiriTad gadamtanTa sul 

ufro meti raodenoba gadaadgildeba siRrmiseul SreebSi da amis gamo izrdeba 

gaRaribebuli Sris sisqe. amave dros, zedapirisaken miizideba muxtis araZiriTad 

gadamtanTa sul ufro meti raodenoba. rodesac muxtis araZiriTadi gadamtanebis 

(xvrelebis) koncentracia gadaaWarbebs muxtis ZiriTadi gadamtanebis (eleqtro-

nebis) koncentracias, Seicvleba zedapiris maxlobeli Sris gamtarobis tipi, anu 

moxdeba misi gamtarobis inversia. muxtis araZiriTadi gadamtanebis dagrovebiT 

Seqmnil Sres (Sre _ 2, sur. 1.7, b) inversul Sres uwodeben. aseTi Sris sisqe (1 . . . 

2) nanometrs ar aRemateba. 

Tu SevcvliT n-tipis naxevargamtarze moqmedi eleqtruli velis mimarTu-

lebas, maSin zedapiris maxlobel SreSi naxevargamtaris siRrmidan Seizidebian 

muxtis ZiriTadi gadamtanebi (eleqtronebi) da aRniSnuli Sre gamdidrdeba muxtis 

ZiriTadi gadamtnebiT. gamdidirebuli SrisaTvis damaxasiaTebelia  gazrdili 

eleqtruli gamtaroba. 

 

1.7. eleqtruli gadasasvleli liTonisa da naxevargamtaris  

kontaqtis dros 

 

liTonisa da naxevargamtaris kontaqtis dros, ori sxvadasxva tipis naxevar-

gamtaris kontaqtis analogiurad, adgili aqvs sakontaqto sibrtyeSi muxtebis 

gadanawilebis process. muxtebis gadanawilebis Sedegad gaCndeba eleqtruli veli 

da sakontaqto potencialTa sxvaoba (potencialuri barieri) 

 k=(Al_An)/q,                                    (1.5) 

sadac, Al _ liTonis zedapiridan eleqtronis gamosvlis muSaobaa; 

An _ naxevargmtaris zedapiridan eleqtronis gamosvlis muSaobaa; 

q _ eleqtronis muxtia. 

naxevargamtaris tipisa da eleqtronebis gamosvlis muSaobaTa Soris Tana-

fardobis mixedviT, sakontaqto areSi SesaZlebelia gaCndes muxtis gadamtanebiT 

gamdidrebuli an gaRaribebuli Sre. rodesac Al<An, eleqtronebi liTonidan naxe-

vargamtarSi gadavlen. im SemTxvevaSi ki, rodesac An<Al, eleqtronebi gadavlen 

naxevargamtaridan liTonSi. 

rodesac kontaqti myardeba p-tipis naxevargamtarsa da liTons Soris da 

Al<An, maSin sakontaqto sibrtyis maxlobel p-naxevargamtaris SreSi eleqtro-

nebis gadasvlis gamo izrdeba muxtebis rekombinaciis intensivoba. amitom, aq Sem-

cirdeba muxtis ZiriTadi gadamtanebis (xvrelebis) koncentracia da warmoiqmneba 
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aqceptoris uZravi ionebis uaryofiTi sivrculi muxti. gaCndeba eleqtruli veli, 

romelic Seaferxebs metalurgiul sazRvarze eleqtronebis gadasvlis process. 

msgavsi suraTi miiReba n-tipis naxevargamtarisa da liTonis kontaqtis dros, 

rodesac  An<Al. am SemTxvevaSi, eleqtronebis gadasvla moxdeba naxevargamtaridan 

liTonSi. amitom, metalurgiuli sazRvris maxlobel  n-naxevargamtaris SreSi 

dagrovdeba donoris dadebiTi ionebis moculobiTi muxti, romlis mier Seqmnili 

eleqtruli veli Seaferxebs naxevargamtaridan liToSi eleqtronebis gadasvlas. 

amrigad, liTon-naxevargamtaris orive saxis kontaqtis dros sakontaqto 

areSi warmoiqmneba moZravi muxtebisgan gaRaribebuli Sre, romelsac p-n gadasasv-

lelis msgavsad, gaaCnia didi sididis xvedriTi winaRoba. aq arsebuli eleqtruli 

veli muxtis gadamtanebis mimarT warmoqmnis potencialur bariers, romelsac 

Sotkis bariersac uwodeben. potencialuri barieris arsebobis gamo, liTonisa da 

naxevargantaris zemoganxilul orive saxis kontaqts gaaCnia denis erTi 

mimarTulebiT gatarebis, anu ventiluri Tviseba. Sotkis barieri warmoadgens 

oreleqtrodiani naxevargamtaruli xelsawyos _ diodis muSa nawils. am saxis 

diods Sotkis diodi ewodeba. 

ventiluri Tvisebis mqone liTon-naxevargamtaris kontaqtis garda, didi praq-

tikuli gamoyeneba aqvs simetriuli gamtarobis mqone liTon-naxevargamtaris kon-

taqts, romelsac omuri kontaqti ewodeba. omuri kontaqti warmoadgens nebismieri 

naxevargamtaruli xelsawyos ganuyofel nawils, radgan mxolod aseTi kontaqti 

unda ganxorcieldes naxevargamtaruli ubnebis (n, p) gareSe wredTan mimaerTebel 

liTonis eleqtrodebTan (sakontaqto gamomyvanebTan). 

p-tipis naxevargamtarsa da liTons Soris omuri kontaqti miiReba, Tu An>Al. 

aseTive kontaqti n-tipis naxevargamtarsa da liTons Soris ki miiReba, rodesac 

An<Al. zemoaRniSnuli orive saxis kontaqtis SemTxvevaSi liTonisa da naxevar-

gamtaris metalurgiul sazRvarTan warmoiqmneba ara gaRaribebuli, aramed muxtis 

gadamtanebiT gamdidrebuli Sre. am Sres gaaCnia gazrdili eleqtrogamtaroba, 

romelic ar aris damokidebuli mierTebuli Zabvis polarobaze. 
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2. naxevargamtaruli xelsawyoebi 

 

2.1 naxevargamtaruli diodebi 

 

naxevargamtaruli diodis muSa organos warmoadgens p-n gadasasvleliani 

naxevargamtaris kristali, romelic moTavsebulia hermetulad daxurul korpusSi 

da kristalis p- da n-ubnebs mirCiluli aqvT maTTan omur kontaqtSi  myofi 

liTonis eleqtrodebi. p-ubnis sakontaqto gamomyvans (eleqtrods) ewodeba anodi, 

xolo n-ubnis sakontaqto gamomyvans _ kaTodi. diodTa absoluturi umravlesobis 

muSaoba dafuZnebulia p-n gadasasvlelis mier denis erTi mimarTulebiT gatarebis 

Tvisebaze. analogiuri Tviseba aqvs Sotkis barierian diodebsac (Sotkis diodebi). 

naxevargamtaruli diodebis zogadi grafikuli aRniSnva 2.1 suraTzea mocemuli. 

arsebobs naxevargamtaruli diodebis mravali nairsaxeoba. maT klasifikacias 

axdenen sxvadasxva niSnis mixedviT. kerZod: gamoyenebuli    naxevargamtaruli 

masalis, gardasaqmneli cvladi  Zabvis sixSiruli diapa-

zonis, funqciuri daniSnulebisa da sxva niSnebis mixedviT. 

    gamoyenebuli naxevargamtaruli masalis mixedviT arse-

bobs: germaniumis, siliciumisa da galium-arsenidis diodebi.            

gardasaqmneli cvladi Zabvis sixSiruli diapazonis 

mixedviT, romelSic diodebs SeuZliaT normaluri funqci-

onireba, arsebobs: dabali sixSiris, maRali sixSirisa da 

universaluri diodebi. 

dabalsixSirul diapazonSi momuSave diodebi funqciuri daniSnulebis mi-

xedviT SeiZleba daiyos Semdeg jgufebad: gammarTveli diodebi, mastabilizebeli 

diodebi (stabilitronebi da stabistorebi), impulsuri diodebi, varikapebi. 

maRalsixSirul diapazonSi momuSave diodebidan unda gamoiyos deteqtoruli 

da parametruli diodebi. 

calke unda iqnes ganxiluli gansxvavebuli fizikur procesebze momuSave 

gvirabuli diodebi, fotodiodebi da Suqdiodebi. agreTve mravalSriani diodebi 

_ dinistorebi. 

motanili klasifikaciis mixedviT diodebs aqvT gansxvavebuli grafikuli 

aRniSvnebi. es aRniSvnebi mocemulia 2.2 sur.aTze. grafikuli aRniSvnis garda, ama 

Tu im tipis diodebis aRsaniSnavad gamoiyeneba asoiT-cifruli kodi. 

 

 

sur. 2.1. diodis 

zogadi grafikuli 

aRniSvna 
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A   a _ gammarTveli;        b _ stabilitroni;           e _ fotodiodi; 

         impulsuri;         Gg _ gvirabuli;               v _ Suqdiodi; 
   maRalsixSiruli;    d _ varikapi;                 z _ dinistori. 

 
sur. 2.2. diodebis grafikuli aRniSvnebi 

 

diodebis eleqtruli Tvisebebis Sesafaseblad eleqtruli parametrebi gamoi-

yeneba. eleqtruli parametrebidan sacnobaro literaturaSi xSirad yuradReba 

gamaxvilebulia ramdenime parametrze, romelTac saklasifikacio parametrebs uwo-

deben. saklasifikacio parametrTa mixedviT naxevargamtaruli diodebis jgufidan 

SeirCeva saWiro eleqtruli monacemebis mqone diodis tipi. am saklasifikacio 

parametrebze SevCerdebiT calkeuli saxis diodis ganxilvis dros. 

 

 

2.1.1. gammarTveli diodebi 

 

gammarTvel diodebs Zalur diodebsac uwodeben. aseTi diodebi warmoadgenen 

dabali da amaRlebuli sixSiris (50 hercidan ramdenime aTeul kilohercamde) 

cvladi denis mudmiv denad gardamqmneli mowyobilobebis ZiriTad Semadgenel 

nawils. am saxis mowyobilobebs gammarTvelebi ewodebaT. 

     Zaluri diodebis eleqtruli Tvisebebis dasaxasiaTeblad gamoiyeneba Semdegi 

saklasifikacio parametrebi: 

 pirdapiri denis saSualo dasaSvebi mniSvneloba _ Ia;  

Zaluri diodebis Ia, ramdenime aTeuli miliamperidan dawyebuli, 

ramdenime aTasi amperis farglebSia; 

 ukuZabvis maqsimaluri dasaSvebi mniSvneloba _ Ub max; 

Zaluri diodebis Ub max, ramdenime aTeuli voltidan dawyebuli, ramdenime 

aTasi voltis farglebSia; 

 ukudenis maqsimaluri mniSvneloba _ Ib max; 

Zaluri diodebis es parametri, ramdenime aTeuli mikroamperidan 

dawyebuli, ramdenime aTeul miliamperamde farglebSia; 

 pirdapiri Zabvis vardna diodze, pirdapiri denis nominaluri 

mniSvnelobis dros. 
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2.1.2. mastabilizebeli diodebi 

 

diods, romelSic Zabvis stabilizaciisTvis volt-amperuli maxasiaTeblis 

ukuStos zvavuri eleqtruli garRvevis Sesabamisi AB ubania (sur. 2.3, a) 

gamoyenebuli, stabilitroni ewodeba. 

   
                a)                                                     b) 
 

sur. 2.3. stabilitronisa (a) da stabistoris (b) maxasiaTeblebi 

 
zvavuri eleqtruli garRvevis mTavari niSanTvisebaa is, rom denis sakmaod 

did farglebSi  (Istmin . . . Istmax) cvlilebis dros (vidre am saxis garRveva ar 

gadaizrdeba siTbur garRvevaSi) Zabvis vardna p-n gadasasvlelze icvleba Zalze 

mcire sididiT. es faqti SeiZleba gamoyenebuli iqnes stabilitronis 

paralelurad CarTul datvirTvis wredze ucvleli sididis Zabvis 

SesanarCuneblad, Sesasvleli Zabvis sididis an datvirTvaSi gamavali denis 

cvlilebis dros. 

stabilitronis ZiriTadi saklasifikacio parametrebia: 

 muSa wertilis (C wertili, sur. 2.3, a) Sesabamisi stabilizaciis Zabva _ 

Ust; 

 diferencialuri winaRoba muSa wertilSi rdif=Ust/Ist; 

 stabilizaciis Zabvis temperaturuli koeficienti _ stabilizaciis 

Zabvis fardobiTi cvlilebis Sefardeba garemos temperaturis 

absolutur cvlilebasTan. 

diods, romelSic Zabvis stabilizaciisTvis gamoyenebulia volt-amperuli 

maxasiaTeblis pirdapiri  Sto stabistori ewodeba. stabistoris stabilizaciis 

Zabva voltis meaTedi nawilebiT ganisazRvreba. 
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rogorc stabilitronisTvis, ise stabistorisaTvis aucilebelia, rom gama-

vali denisa da gamoyofili simZlavris maqsimaluri mniSvneloba ar sWarbobdes 

xelsawyos pasportSi miTiTebul sidides. 

 

 

2.1.3. maRalsixSiruli diodebi 

 

     maRalsixSirul diodebs iyeneben maRali da zemaRali sixSiris  (ramdenime 

aseul megahercamde) cvladi denis gasamarTavad, agreTve eleqtruli signalebis 

modulaciisa da deteqtirebisaTvis. aseTi diodebis ZiriTadi parametrebia: 

 Zabvis vardna diodze (mudmivi pirdapiri denis gavlis dros); 

 ukudenis sidide (ukuZabvis mocemuli sididis dros); 

 diferencialuri winaRoba; 

 muSa sixSiris diapazoni. 

 

 

2.1.4. impulsuri diodebi 

 

impulsuri diodebi muSaoben gasaRebisebur reJimSi (Ria _ Caketili). aseT 

diodebs uxdebaT Zalze mcire xangrZlivobis denis impulsis gatareba. amitom, 

didi mniSvneloba eniWeba diodis Caketilidan Ria mgomareobaSi (gaReba) da Riadan 

Caketil mdgomareibaSi (Caketva) gadasvlis inerciuli procesis xangrZlivobas. 

aqedan gamomdinare, impulsuri diodebis Sesafaseblad gamoiyeneba Semdegi 

parametrebi: 

 diodis pirdapiri winaRobis damyarebis dro _ drois Sualedi, romelic 

gaivlis impulsuri denis CarTvis momentidan, vidre pirdapiri Zabvis 

vardna diodze ar Semcirdeba nominalur sididemde; 

 diodis ukuwinaRobis aRdgenis dro _ drois Sualedi, romelic gaivlis 

pirdapiri denis nulTan gatolebis momentidan, vidre ukudeni ar 

Semcirdeba nominalur sididemde. 

 

 

2.1.5. gvirabuli diodebi 

 

gvirabuli diodis p-n gadasavlelze adgili aqvs gvirabul efeqts, ris gamoc 

misi volt-amperuli maxasiaTeblis pirdapiri Sto "N"-asos formisaa (sur. 2.4.). 
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garda amisa, gvirabuli diodi dens kargad atarebs ukuZabvis moqmedebis 

SemTxvevaSic. 

volt-amperuli maxasiaTeblis pirdapir Stoze uaryofiTi diferencialuri 

winaRobis mqone ubnis (AB) arsebobis gamo gvirabuli diodi gamoiyeneba maZ-

lierebel sqemebSi, sinusoiduri da relaqsaciuri rxevebis generatorebis sqemebsa 

da gadamrTvel sqemebSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. 2.4. gvirabuli diodis volt-amperuli maxasiaTebeli 

 

 

2.1.6. fotodiodebi 

 

fotodiods gammarTveli diodis analogiuri konstruqcia gaaCnia. gansxvaveba 

mxolod imaSi mdgomareobs, rom mas korpusze gakeTebuli aqvs gamWvirvale 

fanjara p-n gadasasvlelsa da mis momijnave ubanze sinaTlis nakadis SesaRwevad. 

 

 

 

 

 

 

 

 

sur. 2.5. a) fotodiodis CarTvis sqema; b) volt-amperuli maxasiaTebeli 
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fotodiodi fotomgrZnobiare xelsawyos warmoadgens. Tu fotodiodi sibne-

leSia moTavsebuli (=0) da masze ukuZabva moqmedebs (sur. 2.5, a), maSin foto-

diodSi gaivlis analogiuri parametrebis mqone gammarTveli diodis gajerebis 

ukudenis toli sididis deni. fotodiodis sinaTlis nakadiT dasxivebis dros p- 

da n-tipis ubnebSi gaCndeba muxtis gadamtanTa damatebiTi raodenoba (sibnelis 

reJimTan SedarebiT), rac gamoiwvevs ukudenis gazrdas (sur. 2.5, b). rac ufro 

didia sinaTlis nakadi, miT meti sididis deni gaivlis fotodiodsa da mis 

midevrobiT CarTul Rd rezistorSi. Rd rezistorze miiReba U Zabvis vardna, 

romelic dasxivebuli nakadis cvlilebis proporciuli iqneba. maSasadame, 

fotodiodi sinaTlis nakadis energias gardaqmnis eleqtrul energiad. 

fotodiodis ZiriTadi parametrebia: 

 integraluri denuri grZnobiereba Sin = If/ _ fotodenis Sefardeba 

sinaTlis nakadTan, Zabvis nominaluri mniSvnelobis dros; 

 swrafqmedeba _ ganisazRvreba im sixSiris sididiT, romlis drosac 

integraluri grZnobiereba mcirdeba 2-jer. 

fotodiodebs iyeneben obieqtebis ganaTebulobis gamzom-makontrolebel xel-

sawyoebSi, agreTve sxvadasxva daniSnulebis releur sqemebsa da mowyobilobebSi. 

 

2.1.7. Suqdiodebi 

 

Suqdiodi axdens eleqtruli energiis gardaqmnas optikuri gamosxivebis ener-

giad. aseT diodSi pirdapiri denis gavlisas, p-n gadasasvlelis momijnave ubanze 

muxtis gadamtanebis (eleqtronebi da xvrelebi) intensiuri rekombinaciis 

gamonTavisuflebuli energia gamosxivdeba sinaTlis qvantebis saxiT. Suqdiodebs 

amzadeben iseTi masalisagan (galiumis arsenidi, siliciumis karbidi, galiumis 

fosfidi), romelTaganac gamosxivebuli sinaTlis talRis sigrZe xiluli gamos-

xivebis ubanSi imyofeba. garda amisa, aseTi diodis korpusze gakeTebulia gamWvir-

vale fanjara, sinaTlis p-n gadasasvlelidan garemoSi gamosxivebis uzrunvel-

sayofad. 

Suqdiodebis ZiriTadi saklasifikacio parametrebia: 

 naTebis sikaSkaSe (pirdapiri denis mocemuli sididis dros); 

 naTebis feri (gamosxivebis speqtruli Semadgenloba); 

 xelsawyos pasportSi aseve miTiTebulia pirdapiri denis minimaluri 

mniSvneloba, ris Semdegac Suqdiodi iwyebs naTebas. 

Suqdiodi mzaddeba erTeuli elementis an jgufuri (matricis) saxiT da 

gamoiyeneba: informaciis asoiTi, cifruli da sxva simboloebiT warmodgenisaTvis. 



 23

2.1.8. varikapi 

 

varikapi es iseTi diodia, romelSic praqtikuli miznebisTvis gamoyenebulia 

ukuZabviT wanacvlebuli p-n gadasasvlelis barieruli tevadoba. es tevadoba uku-

Zabvis sididezea damokidebuli da aisaxeba volt-faraduli maxasiaTebliTY(sur. 

2.6). 

varikapis ZiriTadi parametrebia: 

 nominaluri tevadoba (Cveulebriv 

Uuk= _ 4v-is dros); 

 minimaluri tevadoba (Uuk Zabvis 

maqsimaluri mniSvnelobis dros); 

 maqsimaluri tevadoba (Uuk Zabvis 

minimaluri mniSvnelobis dros); 

 gadafarvis koeficienti _ maqsi-

maluri da minimaluri tevadobebi 

fardoba. 

 

2.1.9. Sotkis diodi 

 

p-n gadasasvleliani diodebisagan gansxvavebiT, Sotkis diodis eleqtrul 

gadasasvlels ar gaaCnia difuziuri tevadoba, rac mkveTrad zrdis, gasaRebisebur 

reJimSi muSaobisas, erTi mdgomareobidan meoreSi (Ria – Caketili) gadarTvis siC-

qares. aseTi gadarTvebis xangrZlivoba mxolod barieruli tevadobiTaa ganpirobe-

buli da ar aRemateba nanowamis meaTed nawilebs. amitom Sotkis diodebis muSa 

sixSire aRwevs (3 . . . 15) gigahercamde. Sotkis diodebis dadebiTi Tvisebaa isic, 

rom pirdapiri Zabvis vardna masze 0,2 v-iT naklebia, vidre p-n gadasasvlelian di-

odze da ar aRemateba 0,4 v-s. ukudenis sidide mikroamperis meaTed nawils ar 

aRemateba. 

Sotkis diodebs SeuZliaT Seasrulon zemaRali sixSiris impulsuri diode-

bis funqcia. 

 

2.1.10. mravalSriani naxevargamtaruli struqturebi 

 

naxevargamtarul xelsawyoTa garkveul jgufs gaaCnia oTx- da xuTSriani 

struqturebi. 2.7 suraTze warmodgenil oTxSrian da sam p-n gasasvlelian p-n-p-n 

struqturis mqone xelsawyos tiristori ewodeba. Tu sakontaqto gamomyvanebi 

sur. 2.6. varikapis volt-faraduli 

maxasiaTebeli 
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gakeTebuli aqvs oTxSriani struqturis mxolod ganapira p1 da n2 Sreebs   (sur. 

2.7, a), maSin mas dioduri tiristori, anda dinistori ewodeba, xolo xelsawyos, 

romelsac damatebiTi mesame sakontaqto gamomyvani aqvs gakeTebuli oTxSriani 

struqturis erTerTi Siga Sridan, (ufro xSirad p2-dan) trioduli tiristiri, anu 

trinistori ewodeba (sur. 2.7, b). am ukanasknels marTvad tiristorsac uwodeben. 

 

 

 

sur. 2.7. mravalSriani naxevargamtaruli xelsawyoebis  

struqturebi da grafikuli aRniSvnebi 

 

farTodaa gamoyenebuli xuTSriani naxevargamtaruli struqturac (n1-p1-n2-p2-

n3), romelic erTi korpusis SigniT Semxvedr-paralelurad CarTuli ori tiris-

toris realizaciis saSualebas iZleva (sur. 2.7, g). am gziT miiReba simetriuli 

tiristori, anu triaki da simetriuli dinistori _ diaki (diaks, triakisagan 

gansxvavebiT marTvis eleqtrodi ar aqvs). 

tiristoriebs, gammarTveli diodebis msgavsad, denis erTi mimarTulebiT 

gatarebis Tviseba (ventiluri Tviseba) gaaCniaT. magram diodebisagan gansxvavebiT 

Caketil (denis aragamtar) mdgomareobaSi tiristori rCeba pirdapiri Zabvis 

sakmaod didi sididis drosac. Tu siliciumis diodebis gamRebi pirdapiri Zabvis 

sidide voltis meaTedi nawilebiT ganisazRvreba, tiristoris gamRebi pirdapiri 

Zabva aseulobiT volts aRwevs. amis gamo, tiristorebis volt-amperuli 

maxasiaTeblis pirdapir Stos "S"-asos msgavsi forma aqvs (sur. 2.8).  

volt-amperuli maxasiaTeblis pirdapir Stoze arsebobs Caketili mdgo-

mareobis Sesabamisi OA ubani da Ria mdgomareobis Sesabamisi CB ubani (sur. 2.8, a). 

dinistoris Caketili mdgomareobidan Ria mdgomareobaSi gadasvlisTvis saWiroa 

Up Zabvam miaRwios oTxSriani struqturis II _ centraluri p-n gadasasvlelis 

eleqtruli garRvevisTvis saWiro sidides. Up Zabvis am mniSvnelobas dinistoris 

Ria mdgomareobaSi gadarTis, anda dinistoris CarTvis Zabva ewodeba. Ria 

mdgomareobaSi gadarTvis Semdeg Zabvis vardna dinistorze 1,5 . . . 2 v-mde 
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mcirdeba, xolo dinistorSi gamavali denis sidide xelsawyos mimdevrobiT Car-

Tuli winaRobis sidideze iqneba damokidebuli. 

 

sur. 2.8. tiristoris volt-amperuli maxasiaTeblebi: 

a) dinistoris volt-amperuli maxasiaTebeli; 

b) marTvadi tiristoris volt-amperuli maxasiaTebeli. 

 

dinistoris Caketil mdgomareobaSi dasabruneblad saWiroa Semcirdes masSi 

gamavali deni ise, rom igi naklebi gaxdes Ria mdgomareobaSi Sekavebis _ ISek (sur. 

2.8, a) denze. amisaTvis unda gaizardos dinistoris mimdevrobiT CarTuli winaRoba 

an dinistors miuerTdes ukuZabva. 

tiristoris (marTvadi tiristoris) volt-amperuli maxasiaTeblis pirdapiri 

Sto warmodgenilia 2.8, b  suraTze. dinistorisagan gansxvavebiT, trinistoris Ria 

mdgomareobaSi gadarTva SesaZlebalia ganxorcieldes pirdapiri Zabvis sxvadasxva 

sididis dros. gadarTvis Zabvis sidide damokidebulia marTvis eleqtrodSi 

gamavali denis sidideze. marTvis eleqtrodSi gamavali denis sididis gazrdisas 

mniSvnelovnad mcirdeba xelsawyos Ria mdgomareobaSi gadarTvisaTvis saWiro 

Zabvis sidide. marTvis eleqtrodSi gamavali denis gansazRvruli sididis dros 

ki trinistoris volt-amperuli maxasiaTeblis pirdapir Stos eqneba gammarTveli 

diodis pirdapiri Stos analogiuri saxe. marTvis denis am mniSvnelobas 

gasworebis dens uwodeben.  amrigad, Tu dinistoris Ria mdgomareobaSi gadarTva 

mxolod pirdapiri anoduri ZabviT aris SesaZlebeli, trinistoris analogiuri 

gadarTva SesaZlebelia, rogorc pirdapiri anoduri ZabviT, ise marTvis 

eleqtrodis deniTac. trinistoris Ria mdgomareobaSi gadarTvas, rogorc wesi, 

mxolod marTvis eleqtrodiT axdenen. amis gamo, trinistoris pirdapiri Zabvis 

dasaSvebi mniSvneloba (Caketili mdgomareobis dasaSvebi Zabva) marTvis denis 

nulovani mniSvnelobis Sesabamisi gadarTvis Zabvis 80%-s ar aRemateba, xolo 

I
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marTvis deni SeirCeva anodis pirdapiri Zabvis SesaZlo minimaluri mniSvnelobis 

mixedviT. 

mniSvnelovania is faqti, rom marTvadi tiristoris saimedo gaRebisTvis 

sakmarisia marTvis eleqtrodSi xanmokle (ramdenime aTeuli mikrowami) impulsuri 

xasiaTis denis gatareba, rac mniSvnelovnad amcirebs trinistoris marTvisaTvis 

saWiro simZlavres. 

trinistori naxevradmarTvadi xelsawyoa, radgan marTvis eleqtrods SeuZlia 

Seasrulos mxolod Caketilidan Ria mdgomareobaSi gadarTvis operacia. amitom 

mas erToperaciul tiristorsac uwodeben. dinistoris msgavsad, erToperaciuli 

tiristoris Caketva  SesaZlebelia mxolod anodis mxridan, ukuZabvis xanmokle 

mierTebiT. 

naxevargamtaruli eleqtronikis teqnologiuri miRwevebis Sedegad 

SesaZlebeli gaxda marTvis eleqtrodiT gamorTvadi trinistoris Seqmna. aseT 

trinistors oroperaciuli tiristori ewodeba, radgan marTvis eleqtrods 

SeuZlia Seasrulos tiristoris rogorc gaRebis, ise Caketvis operacia. aseTi 

tiristoris Ria mdgomareobidan Caketil mdgomareobaSi gadasarTavad sakmarisia 

marTvis eleqtrodSi gaiaros anoduri denis (17 . . . 20)%-is toli amplitudis 

mqone denis xanmokle uaryofiTma impulsma. oroperaciuli tiristoris grafikuli 

aRniSvna naCvenebia 2.9 suraTze. 

xuTSriani, simetriuli struqturis mqo-

ne xelsawyoebi: diaki da triaki imiT gans-

xvavdebian dinistorisa da trinistorisagan, 

rom maT SeuZliaT denis gatareba orive po-

larobis Zabvis dros. rogorc diakis, ise 

triakis volt-amperuli maxasiaTeblis uku-

Sto, romelic koordinatTa sistemis mesame 

meoTxedSia moTavsebuli, I meoTxedSi moTavsebuli pirdapiri Stos (sur. 2.8) ana-

logiuria. amave dros, triakis gadarTva dengamtar mdgomareobaSi xdeba erTi-

daigive marTvis eleqtrodiT, ZiriTad eleqtrodebs Soris moqmedi Zabvis orive 

polarobis dros. 

tiristorebis ZiriTadi saklasifikacio parametrebia: 

 dinistoris Ria mdgomareobaSi gadarTvis Zabva; 

 ukuZabvis dasaSvebi maqsimaluri mniSvneloba _ Ub max; 

 pirdapiri Zabvis dasaSvebi mniSvneloba (Caketili mdgomareobis dros); 

 Zabvis vardna Ria mdgomareobis dros; 

 Ria mdgomareobaSi gadarTvis dro; 

sur. 2.9. oroperaciuli tiristoris 

grafikuli aRniSvna 
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 gamorTvis dro; 

 gamRebi marTvis denis minimaluri da maqsimaluri mniSvneloba. 

tiristorebs didi praqtikuli gamoyeneba aqvT. mcire simZlavris 

tiristorebs iyeneben sainformacio eleqtronikis impulsur sqemebSi samuSaod. 

mZlavri erToperaciuli, oroperaciuli da simetriuli tiristorebi warmoadgenen 

eleqtruli energiis gardamqmneli Zaluri mowyobilobebis sabazo elementebs. 

 

 

2.1.11. fototiristori 

 

fototiristori, fotodiodis msgavsad, optikuri gamosxivebis mimReb 

xelsawyos warmoadgens. mis SuqmgrZnobiare nawilSi Seqmnilia oTxSriani p-n-p-n 

struqtura. am struqturis romelime Siga Sris an anoduri Sris sinaTlis naka-

diT () dasxivebis dros adgili aqvs muxtis damatebiTi gadamtanebis generacias. 

es muxtebi amcireben ra centraluri (koleqtoruli) p-n gadasasvlelis potencia-

luri barieris simaRles, tiristoris Ria mdgomareobaSi gadasvla xdeba Sedare-

biT dabali anoduri Zabvis dros. maSasadame, fototiristoris marTvis optikuri 

signali da erToperaciuli tiristoris marTvis eleqtruli signali erTnair 

zemoqmedebas axdens maTi Caketili mdgomareobidan Ria mdgomareobaSi gadarTvis 

procesze. 2.10 suraTze warmodgenilia fototiristoris pirobiTi grafikuli 

aRniSvna da volt-amperuli maxasiaTeblis pirdapir StoTa ojaxis tipuri saxe 

sinaTlis  nakadis sxvadasxva mniSvnelobis dros. 

 

sur. 2.10. fototiristoris grafikuli aRniSvna (a)  

da volt-amperuli maxasiaTeblis pirdapiri Stoebi (b) 
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2.2 naxevargamtaruli diodebis da tiristorebis gamoyeneba 

 

 

2.2.1. erTfaza gammarTvelebi diodebis gamoyenebiT 

 

erTfaza gammarTveli axdens cvladi Zabvis gardaqmnas mudmiv Zabvad da gamo-

iyeneba radioeleqtronul da sxva mudmiv denze momuSave mowyobilobaTa samrew-

velo cvladi denis qselidan kvebisaTvis. erTfaza gammarTvelis struqturuli 

sqema naCvenebia 2.11 suraTze. 

 

sur. 2.11. erTfaza gardamqmnelis struqturuli sqema 

 

gammarTvels miewodeba mkvebavi qselis u1 cvladi Zabva (u1=220v), romelic 

transformatoris (tr) saSualebiT Seicvleba saWiro u2 sididemde (datvirTvis 

mer moTxivnili mudmivi Zabvis sidididan gamomdinare). u2 cvladi Zabva miewodeba 

diodur bloks (db), romelic am Zabvas gardaqmnis pulsirebuli xasiaTis erTi 

mimarTulebis ud1 Zabvad. ud1 Zabva Seicavs rogorc mudmiv, ise cvlad Semdgenebs. 

gamarTuli Zabvis cvladi Semdgeni cud zegavlenas axdens mudmiv denze momuSave 

eleqtruli energiis momxmareblebis muSaobis reJimze da amis gamo saWiro xdeba 

misi SezRudva dasaSveb donemde. am funqciis Sesruleba akisria filtrs (f). 

mudmiv denze momuSave datvirTvis muSaobis reJimze cudi gavlenis moxdena 

SeuZlia agreTve gamarTuli Zabvis arastabilobas, rac ganapirobebs stabili-

zatoris (st) blokis gamoyenebis saWiroebas. am ukanasknels evaleba stabiluri 

Zabvis SenarCuneba datvirTvaze mkvebavi cvladi denis qselis Zabvis an datvir-

Tvis denis gansazRvrul farglebSi cvlilebis dros. 

gammarTvelis struqturul sqemaSi Semavali blokebidan principulad auci-

lebels mxolod dioduri (ventiluri) bloki warmoadgens. danarCeni sxva bloke-

bis gamoyeneba, mudmivi deni momxmareblebis konkretuli moTxovnebidan gamom-

dinare, zog SemTxvevaSi, SeiZleba ar iyos aucilebeli. 

diodur blokSi SeiZleba gamoyenebul iqnes erTi an gansazRvruli sqemis mi-

xedviT erTmaneTTan mierTebuli ramdenime diodi. cvladi Zabvis gamarTvis umar-

tives sqemas warmoadgens erTdiodiani sqema, romelsac erTfaza cvladi Zabvis 
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gamarTvis naxevarperiodiani sqema ewodeba. 2.12 suraTze mocemulia aseTi gammar-

Tvelis principuli sqema, romeliSic gamoyenebulia dioduri bloki da trans-

formatori. aqve mocemulia gam-

marTvelis muSaobis amsaxveli Zab-

vebisa da denebis diagramebi. 

u2 cvladi Zabvis pirvel na-

xevarperiodSi, e.i. 0 _ T/2 drois 

intervalSi, VD diodze moqmedebs 

pirdapiri Zabva. amitom igi aris 

Ria mdgomareobaSi da Rd datvirT-

vis winaRobaSi u2 Zabvis moqmedebiT 

gaivlis deni id= ia · T/2 _ T drois 

intervalSi diodze ukuZabva moqme-

debs. amitom masSi deni praqtiku-

lad aRar gadis da maSasadame deni 

veRar gaivlis Rd datvirTvis wina-

RobaSic. u2 cvladi Zabvis erTi 

sruli (T) periodis Semdeg eleq-

truli procesebi iwyebs ganme-

orebas. 

rogorc 2.12, b suraTidan Cans, 

VD diodSi da mis mimdevrobiT Car-

Tul Rd rezistorSi deni gadis u2 

cvladi Zabvis mxolod naxevari pe-

riodis ganmavlobaSi. amitom 

gamarTuli  denisa (id) da 

gamarTuli Zabvis (ud)  diagramebi gamoisaxeba naxevarsinusoidebiT, e.i. gamarTuli 

Zabva da deni pulsirebuli xasiaTisaa. amis gamo, gamarTul Zabvasa da dens 

gaaCnia rogorc mudmivi, ise cvladi Semdgeni. mudmivi Semdgeni etoleba  

naxevarsinusoidiT gamosaxuli gamarTuli Zabvisa da denis saSualo mniSvnelobas 

T periodis manZilze, xolo cvladi Semdgeni ganisazRvreba sxvadasxva sixSiris 

harmonikuli speqtriT. 

cvladi Zabvis gammarTvelebis ZiriTadi saangariSo sidideebia: 

 gamarTuli Zabvisa da denis saSualo mniSvneloba (mudmivi Semdgeni) _ 

Ed, Id; 

 diodSi (ventilSi) gamavali pirdapiri denis saSualo mniSvneloba _ Ia; 

sur. 2.12. erTfaza naxevarperiodiani 

gammarTvelis principuli sqema (a)  

da Zabvebisa da denebis diagramebi (b) 
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 diodze (ventilze) moqmedi ukuZabvis maqsimaluri mniSvneloba  

_ Um; 

 gamarTuli Zabvis ZiriTadi (pirveli) harmonikis amplituda _ Ud(1)m; 

 gamarTuli Zabvis pulsaciis koeficienti _ q=Ud(1)m/Ed. naxevarperiodiani 

gammarTvelis garda, pulsaciis koeficientisaTvis samarTliania 

miaxlovebiTi toloba q=2/(m2-1), sadac m pulsaciebis ricxvia T periodis 

manZilze; 

 transformatoris pirveladi da meoreuli gragnilebis Zabvebisa da 

denebis moqmedi (efeqturi) mniSvnelobebi: U1, I1, U2 da I2; 

erTfaza naxevarperiodiani gamarTvis sqemisaTvis samarTliania tolobebi: 

  Ed= 2 U2/0,45 U2; Id=0,45 U2/Rd; Ia= Id; 

  Um= 2 U2; U22,22 Ed; I2=1,57 Id; q1,57. (2.1) 

gammarTvelSi gamoyenebuli diodis sapasporto monacemebi SesabamisobaSi 

unda iyos gammarTvelis saangariSo sidideebTan. kerZod, aucilebelia Semdegi 

pirobebis dacva: 

 gamoyenebuli diodis pirdapiri denis dasaSvebi mniSvneloba ar unda 

iyos denis saangariSo sidideze (Ia) naklebi; 

 diodis ukuZabvis maqsimalurad dasaSvebi mniSvneloba (Ub max) ar unda 

iyos naklebi ukuZabvis maqsimaluri mniSvnelobis saangariSo (Um) 

sidideze. 

 

sur. 2.13 erTfaza cvladi Zabvis gammarTvelis boguri sqema (a), 

Zabvebis da denebis diagramebi 
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naxevarperiodiani gammarTvlis dadebiTi Tvisebaa sqemis simartive. uaryo-

fiTi Tvisebebia: pulsaciis koeficientis didi sidide, gamarTuli Zabvisa da 

denis mudmivi Semdgenebis simcire, transformatoris dadgmuli simZlavris 

gamoyenebis dabali koeficienti. amitom, aseT gammarTvels gaaCnia gamoyenebis 

Zalze SezRuduli sfero. misi gamoyeneba mizanSewonilia mcire simZlavris [(10 . . 

. 15)vt] da didi omuri winaRobis mqone mudmivi denis momxmareblebis kvebisaTvis 

(oscilografisa da satelevizio eleqtronul-sxivuri milakebi), romelTa muSao-

bis reJimze gamarTuli Zabvis maRali pulsaciis koeficientis gavlena umniSvne-

loa. 

gacilebiT farTo gamoyeneba gaaCnia erTfaza cvladi Zabvis gamarTvis srul-

periodian (ornaxevarperiodian) sqemebs: gammarTvelis sqemas trnsformatoris Sua 

wertilis gamomyvaniT da gammarTvelis bogur sqemas. am ori sqemidan upiratesi 

praqtikuli gamoyeneba bogurma sqemam hpova. aseTi gammarTvelis principuli sqema 

da muSaobis amsaxveli diagramebi 2.13 suraTzea naCvenebi.. 

gammarTvelis sqemaSi gamoyenebulia erTfaza transformatori da oTxi di-

odi. diodebi SeerTebulia e.w. bogas principiT. bogas erT diagonalSi CarTulia 

transformatoris meoreuli gragnili (a da b wertilebi), xolo meore diagonalSi 

_ Rd datvirTva. gansaxilvel sqemaSi erTdroulad or-ori diodia dengamtar 

mdgomareobaSi. u2 Zabvis pirveli naxevarperiodis Sesabamis  0 _ T/2 drois 

intervalSi pirdapiri Zabva moqmedebs da dens atarebs VD1 da VD2 diodebi (VD3 

da VD4 Caketilia ukuZabviT). 0 _ T/2 intervalSi deni gaivlis Semdeg Sekrul 

konturSi: a _ VD1 _ Rd _ VD2 _ b _ meoreuli gragnili _ a. u2 Zabvis meore 

naxevarperiodis Sesabamis intervalSi pirdapiri Zabva imoqmedebs VD3 da VD4 

diodebze da deni gaivlis Semdeg Sekrul konturSi: b _ VD3 _ Rd _ VD4 _ a _ 

meoreuli gragnili _ b. VD1 da VD2 diodebi am dros ukuZabviTaa Caketili. Rd 

datvirTvaSi erTnairi mimarTulebis deni gadis u2 Zabvis orive naxevarperiodis 

dros. amitom aseT gammarTvels ornaxevarperiodiani ewodeba. 

erTfaza boguri gammarTvelis saangariSo  sidideebia: 

  Ed0,9 U2; Id=0,9 U2/Rd; Ia= 0,5 Id; q0,67; 

  Um= 2 U21,57 Ed; U21,11 Ed; I2=0,78 Id.  (2.2) 

rogorc (2.2) gamosaxulebidan Cans, bogur gammarTvelSi gamarTuli Zabvisa 

da denis saSualo mniSvneloba (mudmivi Semdgeni) 2-jer metia, vidre 

naxevarperiodian gammarTvelSi, xolo pulsaciis koeficienti _ mniSvnelovnad 

naklebi. gansakuTrebiT mniSvnelovania is faqti, rom transformatoris dadgmuli 

simZlavre am sqemaSi gacileboT ukeTaa gamoyenebuli, vidre naxevarperiodian 

gammarTvelSi. 



 32

2.2.2. erTfaza regulirebadi gammarTveli tiristoris gamoyenebiT 

 

gammarTvel mowyobilebebSi tiristoris gamoyeneba saSualebas iZleva ara 

marto gardaiqmnas mkvebavi qselis cvladi Zabva mudmiv Zabvad, aramed vcvaloT 

kidevac gardaqmnili Zabvis saSualo mniSvneloba. aqedan gamomdinare, rig 

SemTxvevebSi, SesaZlebelia gammarTvelis sqemis maqsimaluri gamartiveba, radgan 

mudmiv denze momuSave datvirTvaze saWiro sididis Zabvis miReba SesaZlebeli 

xdeba transformatoris gamouyenebladac. 2.14 suraTze   mocemulia erTfaza na-

xevarperiodiani utransformatoro gam-

marTvelis sqema, romelSic gamoye-

nebulia marTvadi (erToperaciuli) 

tiristori. aqve mocemulia gammarTvelis 

muSaobis amsaxveli Zabvisa da denis 

diagramebi. 

 VS1 tiristori, diodis analogi-

urad, dens atarebs (Riaa) u2 cvladi 

Zabvis dadebiTi naxevarperiodis dros, 

e.i. 0 – T/2 drois intervalSi. magram 

tiristori, diodisgan gansxvavebiT, 

pirdapiri Zabvis mierTebis Semdegac 

rCeba Caketil mdgomareobaSi, vidre 

marTvis eleqtrodSi ar gaivlis gamRebi 

denis (iG) impulsi. rogorc sqemidan Cans, 

marTvis eleqtrodze VS2 dinistoris 

gavliT mierTebulia C kondensatoris 

Zabva. es Zabva VS1 tiristoris marTvis 

eleqtrodSi denis gatarebas mas Semdeg 

SeZlebs, rodesac igi miaRwevs dinistoris Ria mdgomareobaSi gadarTvisaTvis 

saWiro sidides. VS2 dinistoris gaRebis Semdeg C kondensatori swrafad 

ganimuxteba tiristoris marTvis eleqtrodis Sesaval winaRobaze, rac gamoiwvevs 

marTvis eleqtrodSi denis xanmokle (iG) impulsis gavlas da VS1 tiristoris 

gaRebas. t=0-is mimarT VS1 tiristoris Ria mdgomareobaSi gadarTvis  kuTxis 

sidide, romelsac regulirebis kuTxe ewodeba, damokidebulia kondensatoris 

Zabvasa da VS1 tiristoris pirdapir anodur Zabvas Soris fazur Zvraze. es 

ukanaskneli ki, Tavis mxriv, =RC drois mudmivazea damokidebuli. R cvlad 

winaRobian rezistors warmoadgens, rac regulirebis  kuTxis sakmaod did 

sur. 2.14. erTfaza naxevarperiodiani 

tiristoruli gammarTvelis sqema (a)  

da Zabvebisa da denebis diagramebi (b) 
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farglebSi cvlilebis saSualebas iZleva. -s cvlilebis Sedegad Seicvleba ud 

Zabvis naxevarsinusoidis nawiliT SemosazRvruli farTi (naxazze igi 

daStrixulia), rac gamarTuli Zabvis saSualo mniSvnelobis (mudmivi Semdgenis) 

cvlilebas gamoiwvevs. aseTi gammarTvelebiTaa aRWurvili sayofacxovrebo 

sferoSi gamoyenebuli sxvadasxva xelsawyo_aparatura. 

 

 

2.2.3. cvladi Zabvis regulatori simistoris gamoyenebiT 

 

cvladi Zabvis regulatoris sqema warmodgenilia 2.15 suraTze. aqve naCvenebia 

regulatoris muSaobis amsaxveli denisa da Zabvis diagramebi. regulatori 

saSualebas iZleva vcvaloT Rd aqtiur datvirTvaze miRebuli cvladi Zabvis 

moqmedi  (efeqturi) mniSvneloba ramdenime aTeuli voltidan 220 v-mde. 

 

 
 

sur. 2.15 cvladi Zabvis regulatoris sqema (a), Zabvis diagramebi (b) 

 

tiristorisagan gansxvavebiT, simetriuli tiristori (simistori) dens ata-

rebs u1 Zabvis rogorc dadebiTi, ise uaryofiTi naxevarperiodis dros. simistoris 

Ria mdgomareobaSi gadarTva xorcieldeba orive polarobis Zabvis dros, erTida-

igive marTvis eleqtrodis saSualebiT, am aukanasknelSi sxvadasxva mimarTulebis 
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denis gatarebis gziT. marTvis eleqtrodSi denis gatarebas ki uzrunvelyofs C1 

kondensatoris Zabva mas Semdeg, rac igi miaRwevs SV2 diakis Ria mdgomareobaSi 

gadarTvisaTvis saWiro sidides. diakis gaRebis Semdeg C1 kondensatori swrafad 

ganimuxteba marTvis wredis Sesaval winaRobaze da gaivlis iG denis xanmokle 

impulsi. simistoris gaRebis Semdeg u1 cvladi Zabva praqtikulad mTlianad 

aRmoCndeba mierTebuli Rd datvirTvis winaRobaze. Rd datvirTvaze mierTebuli 

cvladi Zabvis moqmedi mniSvnelobis regulirebis arsi ki imaSi mdgomareobs, rom 

=RC drois mudmivas Secvlisas, icvleba simistoris Ria mdgomareobaSi gadarTvis 

 kuTxe (sur. 2.14, b III RerZi). amis gamo, Seicvleba Rd datvirTvaze moqmedi 

cvladi u1 Zabvis sinusoidis nawilebiT SemosazRvruli farTi (suraTze es farTi 

daStrixulia), romelic am Zabvis moqmedi mniSvnelobis proporciulia. 

imisaTvis, rom u1 cvladi Zabvis dadebiTi da uaryofiTi naxevarperiodebis 

dros regulirebis kuTxeebi iyos toli (), marTvis wredSi CarTulia 

damatebiTi C2 da R2 elementebi.  

cvladi Zabvis regulatori warmoadgens sayofacxovrebo sferoSi gamoyene-

buli sxvadasxva eleqtroteqnikuri xelsawyos Semadgenel nawils. kerZod, gamoi-

yeneba varvarebis naTurebis mier moxmarebuli simZlavris  (ganaTebulobis) sare-

gulireblad, gamacxelebeli xelsawyoebis simZlavris saregulireblad da sxv. 

 

 

2.2.4 gammarTvelis Zabvis magluvebeli filtrebi 

 

erTfaza gammarTvelebis gamosavali Zabvis pulsaciis koeficienti imdenad 

maRalia, rom aseTi ZabviT kvebis SemTxvevaSi radioeleqtronul mowyobilobaTa 

umravlesobis muSaobis reJimi mniSvnelovnad uaresdeba, xolo rig SemTxvevaSi 

aseTi ZabviT kveba saerTod dauSvebelia. amitom, saWiro xdeba gamarTuli Zabvis 

pulsaciis koeficientis Semcireba e.w. magluvebeli filtrebis gamoyenebiT. 

magluvebeli filtrebis ZiriTadi elementebia: kondensatorebi, induqciurobis 

koWebi da tranzistorebi (aqtiuri filtrebisaTvis). ZiriTadi parametri, rom-

liTac unda Sefasdes esa Tu is magluvebeli filtri, aris filtris gagluvebis, 

anu filtraciis koeficienti. igi aris filtris Sesasvlelze miwodebuli 

gamarTuli Zabvis pulsaciis koeficientis Sefardeba filtris gamosasvlelze 

miRebuli Zabvis pulsaciis koeficientTan 

                                                     

    Kf=qS/qg,                                (2.3) 
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sadac qS _ pulsaciis koeficientia filtris Sesasvlelze, romelic ganisaz-

Rvreba gamarTuli Zabvis pulsaciebis m ricxviT cvladi Zabvis T periodis 

manZilze; 

qg _ pulsaciis koeficientia filtris gamosasvlelze, romelic datvir-

Tvis Zabvis pulsaciis dasaSvebi koeficientiT ganisazRvreba. 

filtris sqamaSi gamoyenebuli elementebis mixedviT arsebobs tevaduri, 

induqciuri da eleqtronuli filtrebi, xolo gamfiltravi rgolebis raodenobis 

mixedviT _ erTrgoliani 

da mravalrgoliani fi-

ltrebi. 2.16 suraTze mo-

cemulia umartivesi erT-

rgoliani tevaduri da 

induqciuri filtrebi. 

tevaduri filtris 

kondensatori CarTulia 

Rd datvirTvis winaRobis 

paralelurad, xolo induqciuri filtris induqciurobis koWa CarTulia    Rd-s 

mimdevrobiT. filtris elementebis aseTi CarTva imiT aris nakarnaxevi, rom 

kondensatoris winaRoba cvladi denis mimarT SedarebiT mcirea, xolo 

induqciurobis koWis winaRoba _ SedarebiT didi. amis gamo, rodesac filtris 

kondensatoris winaRoba XCf=1/(2f1mCf)<<Rd, gamarTuli denis cvladi Semdgeni Rd 

datvirTvaSi aRar gaivlis da Seikvreba Cf kondensatoris gavliT. maSasadame, Rd 

datvirTvaze am SemTxvevaSi moedeba gamarTuli Zabvis mxolod mudmivi Semdgeni. 

rogorc zemoaRniSnulidan Cans, tevaduri filtris efeqturoba damokidebulia 

mudmivi denis momxmareblis Siga winaRobaze. aseTi filtris gamoyeneba 

mizanSewonilia didi Siga winaRobis mqone (mcire denze momuSave) mudmivi denis 

momxmareblebisaTvis, romelTa simZlavre ar aRemateba ramdenime aTeul vats. 

induqciur filtrSi datvirTvis mimdevrobiT CarTuli induqciurobis koWas 

winaRoba gamarTuli denis cvladi Semdgenis mimarT maRalia, xolo mudmivi Sem-

dgenis mimarT _ Zalze mcire. amitom, igi mniSvnelovnad zRudavs am denis cvlad 

Semdgens, xolo mudmiv Semdgens atarebs SezRudvis gareSe. aseTi filtris 

gamoyeneba mizanSewonilia did denze momuSave mudmivi Zabvis momxmareblis 

kvebisaTvis. 

filtris gaangariSeba gulisxmobs misi ZiriTadi elementis _ tevadobis an 

induqciurobis sididis gansazRvras filtris gamosasvlelze miRebuli Zabvis 

pulsaciis dasaSvebi koeficientis qg sididis gaTvaliswinebiT. im SemTxvevaSi, 

sur. 2.16. erTrgoliani tevaduri (a) da induqciuri (b) 

filtris sqemebi. 



 36

rodesac 10T RdCf (T mkvebavi qselis Zabvis periodia) tevaduri filtris 

kondensatoris tevadobis sidides davadgenT Semdegi gamosaxulebidan 

  Cf=1/(2fmqgRd). (2.4). 

induqciuri filtris koWas induqciurobis sidide ganisazRvreba gamosa-

xulebidan 

  Lf=Rd    2 1 2K fmf , (2.5) 

sadac f = 50 hc; 

 m _ gamarTuli Zabvis pulsaciaTa ricxvia; 

 Kf _ filtris gagluvebis (filtraciis) koeficientia. 

 

 

2.2.5 gamarTuli Zabvis parametruli stabilizatori 

 

  Zabvis parametruli stabilizatoris ZiriTad elements warmoadgens sta-

bilitroni an stabistori. stabilitronis gamoyenebisas SeiZleba miRebuli iqnas 

ramdenime voltidan dawyebuli, ramdenime aseul voltamde stabiluri Zabva, 

rodesac datvirTvis mier moTxovnili deni erTeuli miliamperidan dawyebuli, 

erTeul amperamde farglebSi icvleba. Tu saWiroa 0,7 . . . 1,5v sididis Zabvis 

stabilizacia, maSin gamoiyeneba stabistori. parametruli stabilizatoris sqema 

warmodgenilia 2.17 suraTze. 

sqemaSi Rd datvirTvis paralelurad 

CarTulia VD stabilitroni. amitom dat-

virTvisa da stabilitronis Zabvebi erTma-

neTis tolia Ust= Ud. stabilitronis mim-

devrobiT CarTulia RS SemzRudi re-

zistori. misi winaRobis sididis SerCeva 

xdeba imis gaTvaliswinebiT, rom eleqtruli 

garRvevis reJimSi stabilitronis deni Seiz-

Rudos xelsawyos pasportSi miTiTebuli nominaluri denis doneze, romelic 

miaxlovebiT stabilitronis minimaluri da maqsimaluri denis saSualo ariT-

metikulis tolia _ In=(Istmin+Istmax)/2. 

datvirTvaze moqmedi Zabva 

  Ud=Ust= US-(Ist+Id)RS. (2.6) 

US Sesavali Zabvis cvlilebisas, stabilitronze Zabvis sawyisi Secvla gamo-

iwvevs stabilitronSi gamavali denis did farglebSi Secvlas (stabilitronis 

volt-amperuli maxasiaTeblis muSa nawilis Taviseburebis gamo) da, maSasadame, RS 

sur. 2.17. Zabvis parametruli 

stabilizatoris sqema 
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winaRobaze Zabvis vardnis Sesabamisi mimarTulebiT Secvlas. amitom, (2.5) tolobis 

marjvena mxare umniSvnelod Seicvleba, rac ganapirobebs Ud datvirTvis Zabvis 

stabilurobas.  

stabilizatoris muSaobis xarisxis Sesafaseblad gamoiyeneba stabilizaciis 

koeficienti 

  Kst=(US/US)/(Ug/Ug), (2.7) 

sadac US da Ug _ stabilizatoris Sesavali da gamosavali Zabvebis nazrdebia 

Sesabamisad; 

US da Ug _ stabilizatoris Sesavali da gamosavali Zabvebis nominaluri 

mniSvnelobebia. 

parametruli stabilizatoris gaangariSebis dros, xSirad, iyeneben miaxlo-

vebiT formulas 

  Kst=(Ug/US)/(RS/rdif), (2.8) 

sadac rdif=Ust/Ist _ stabilitronis Siga (diferencialuri) winaRobaa. Zabvis pa-

rametruli stabilizatoris gaangariSebis dros saWiroa RS winaRobis mocemuli 

mniSvnelobis mixedviT dadgindes US Zabvis cvlilebis dasaSvebi farglebi an US 

Zabvis cvlilebis mocemuli farglebis mixedviT dadgindes RS winaRobis sidide. 

 

 

2.3 tranzistorebi 

 

2.3.1 zogadi cnobebi 

 

"tranzistori" inglisuridan Targmanis Sesabamisad aris "winaRobis gardam-

qmneli". esaa naxevargamtaruli xelsawyo, romlis safuZvels warmoadgens erTi an 

ramdenime urTierTzemomqmedi p-n gadasasvleli. tranzistors gaaCnia sami an meti 

sakontaqto gamomyvani gareSe wredTan misaerTeblad da SeuZlia susti eleq-

truli signalebis gazrda (gaZliereba). 

praqtikaSi farTodaa gavrcelebuli ori p-n gadasasvlelis mqone tranzisto-

rebi. maT bipolarul tranzistorebs uwodeben, radgan xelsawyoSi denis gavlis 

procesSi monawileobas Rebulobs ori niSnis muxti: eleqtroni da xvreli. 

calke jgufs warmoadgenen tranzistorebi, romlebSic denis gavlis pro-

cesSi mxolod erTi niSnis muxti monawileobs (eleqtroni an xvreli). amis gamo, 

aseTi jgufis tranzistorebs unipolaruls uwodeben. 

praqtikuli gamoyeneba aqvs agreTve erTgadasasvlelian tranzistorebs, 

romelTac xSirad orbazian diodebsac uwodeben. 
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2.3.2. bipolaruli tranzistoris struqtura da moqmedebis principi 

 

bipolaruli tranzistoris muSa nawilia germaniumis an siliciumis 

kristali, romeliSic Tanamedrove teqnologiuri meTodebis gamoyenebiT 

Seqmnilia sxvadasxva tipis gamtarobis sami Sris morigeobiTi ganlageba. am 

Sreebis ganlagebis xasiaTidan gamomdinare, arsebobs p-n-p da n-p-n struqturis 

tranzistorebi (sur. 2.18). 

 

sur. 2.18 bipolaruli tranzistoris p-n-p da n-p-n struqturebi (a), 

dioduri ekvivalenturi sqemebi (b), p-n-p da n-p-n struqturis 

tranzistorebis probiTi grafikuli aRniSvnebi (g) 

 

Tanamedrove tranzistorTa umravlesobas, integraluri mikrosqemebis tran-

zistorebis CaTvliT, amzadeben siliciumis gamoyenebiT. maT, rogorc wesi, n-p-n 

struqtura gaaCniaT.  

tranzistoris struqturis ganxilvidan gamomdinareobs, rom igi Seicavs or 

Semxvedrad CarTul diods, romelTac aqvT erTi saerTo n- an p- Sre. am Sres tran-

zistoris baza ewodeba. danarCen or Sres koleqtori da emiteri hqvia. emiteris 

Sre gansxvavdeba koleqtoris Srisagan Setanili minarevis gazrdili koncen-

traciis mixedviT. 

dioduri eqvivalenturi sqemebi (sur. 2.18,b) asaxaven tranzistoris struq-

turaSi ori p-n gadasasvlelis arsebobis faqts, romelTac SemdgomSi emiteruli 

da koleqtoruli gadasasvlelebi vuwodoT. mTavari tranzistoris struqturaSi 

is aris, rom es ori p-n gadasasvleli zegavlenas axdens erTmaneTze, riTac 

tranzistori iZens Tvisobrivad axal funqcias (diodTan SedarebiT) _ eleq-

tronuli signalebis maZliereblis funqcias. 

p-n gadasasvlelebis urTierTzegavlena miRweulia bazis Sris sisqis saTana-

do SerCevis xarjze. kerZod, bazis Sris sisqe muxtis gadamtanTa Tavisufali 

ganarbenis (manZili, romelsac gairbens Tavisufali muxti warmoqmnidan rekombi-
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naciamde) sigrZeze naklebi sididea. rac ufro mcirea bazis Sris sisqe, miT 

ukeTesi xarisxisaa tranzistori. 

muSa reJimis dros tranzistoris eleqtrodebs (emiteris, koleqtoris da 

bazis Sreebis sakontaqto gamomyvanebs) miewodeba mudmivi Zabvebi ori gareSe 

wyarodan. amis garda, igive eleqtrodebs miuerTeben eleqtrul signalebs, rom-

lebic, magaliTad, eqvemdebarebian gaZlierebas. amis gamo, erTmaneTisagan unda 

ganvasxvaoT Sesasvleli wredi, romelSic SehyavT gasaZlierebeli signali da 

gamosasvleli wredi, romlidanac miiReba gaZlierebuli signali. imis mixedviT, 

Tu romeli eleqtrodi iqneba saerTo Sesasvleli da gamosasvleli wrede-

bisaTvis, erTmaneTisagan unda ganvasxvaoT: saerTo baziT (sb), saerTo emiteriT 

(se) da saerTo koleqtoriT (sk) tranzistoris CarTvis sqemebi (sur. 2.19).  

 

sur. 2.19 tranzistoris CarTvis sqemebi. 

 

saerTo bazian sqemaSi Sesaval wreds warmoadgens emiteris wredi, xolo 

gamosavals _ koleqtoris wredi. saerTo emiterian sqemaSi Sesavali wredia bazis 

wredi, gamosavali _ koleqtoris wredi. saerTo koleqtorian sqemaSi Sesavali 

wredia bazis wredi, gamosavali _ emiteris wredi. 

saerTo eleqtrodis potenciali miiCneva nulis tolad da sxva eleqtrode-

bis potencials aiTvlian saerTo eleqtrodis potencialis (nulis) mimarT. tran-

zistorebis eleqtrodebs Soris arsebuli Zabvis aRniSvna xdeba ori indeqsis 

gamoyenebiT. es indeqsebi mianiSneben im eleqtrodTa dasaxelebaze, romelTa Sori-

sac es Zabva arsebobs. meore indeqsi saerTo eleqtrods ekuTvnis. magaliTad, 

saerTo emiterian sqemaSi Zabva bazasa da emiters Soris aRiniSneba Ube-iT, Zabva 

koleqtorsa da emiters Soris Uke-iT. 

p-n-p da n-p-n struqturis mqone tranzistorebSi mimdinare fizikuri proce-

sebi erTnairia, xolo muSa reJimSi Casayeneblad p-n-p da n-p-n tipis tranzis-

torebis eleqtrodebs unda miewodos urTierT sapirispiro niSnis Zabvebi. 

eleqtrodebze miwodebuli Zabvis niSnis mixedviT bipolarul tranzistors 

SeuZlia imuSaos sam sxvadasxva reJimSi: aqtiur reJimSi, gajerebis reJimSi da 

mokveTis reJimSi. 
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mokled gavecnoT saerTo baziT CarTul n-p-n tipis tranzistorSi momdinare 

procesebs aqtiur reJimSi. aqtiur reJimSi Casayeneblad emiterul gadasasvlels 

unda miewodos pirdapiri Zabva, xolo koleqtorul gadasasvlels _ ukuZabva 

(sur. 2.20). 

 

sur. 2.20. denis ganawilebis suraTi bipolarul  

tranzistorebSi aqtiur reJimSi muSaobis dros: 

 - eleqrtroni;   - xvreli. 

 

emiterul n-p gadasasvlelze pirdapiri Zabvis arsebobis gamo, adgili eqneba 

n-emiteridan p-bazaSi eleqtronebis difuziur gadaadgilebas. bazis Sris Zalze 

mcire sisqis gamo, es eleqtronebi advilad miaRweven ukuZabvaze mierTebul ko-

leqtorul gadasasvlelamde. aq arsebuli eleqtruli velis zemoqmedebis Sedegad 

eleqtronebi, romlebic p-bazaSi muxtis araZiriTad gadamtanebs warmoadgenen, 

gadadian koleqtoris SreSi da qmnian koleqtoris denis e.w. tranzitul Semdgens 

_ Ik= Ie.  koeficienti aRniSnavs sruli emiteruli denis im nawils, romelic 

gadaeca koleqtoris wreds. amitom, -s denis gadacemis koeficienti ewodeba da 

warmoadgens bipolaruli tranzistoris umniSvnelovanes fizikur parametrs.  

erTze naklebi sididea, Tumca Zalze axlosaa masTan (=0,92 . . . 0,99). sruli di-

fuziuri emiteruli denis danarCeni (1-)Ie nawili gaivlis bazis sakontaqto 

gamomyvanSi.  

koleqtoris sakontaqto gamomyvanSi Ie tranzituli denis garda gaivlis 

koleqtorisa da bazis Sreebis muxtis araZiriTadi gadamtanebiT ganpirobebuli 

Ik0 ukudeni, romelsac koleqtoris sawyisi temperaturuli deni (Ik0 deni 

temperaturis yoveli 10OC-iT gazrdisas 2,5-jer izrdeba) ewodeba. TavisTavad, Ik0 

deni umniSvnelo sididisaa da mcire simZlavris tranzistorebSi ramdenime aTeul 

mikroampers ar aRemateba. magram maRali temperaturis dros koleqtoris denis 

sidideze mas SesamCnevi gavlenis moxdena SeuZlia. Ik0 deni gaivlis bazis sakon-

taqto gamomyvanSic da aqvs aq gamavali (1-)Ie denis sawinaaRmdego mimarTuleba 
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(sur. 2.20,a). amrigad, bipolaruli tranzistorebis struqturaSi arsebuli denebis 

balansi Semdegi gamosaxulebebiT aisaxeba: 

 Ik=Ie+ Ik0. (2.9) 

 Ib=(1-)Ie_Ik0. (2.10) 

 Ie= Ik+ Ib. (2.11) 

 (2.9) gamosaxulebis Tanaxmad, bipolaruli tranzistoris Sesasvleli wre-

dis Ie deniT SesaZlebelia gamosasvleli wredis Ik denis marTva. denis marTvis es 

meTodi safuZvlad udevs eleqtruli signalebis gaZlierebis princips. pirdapir 

Zabvaze mierTebuli (es Zabva voltis meaTedi nawilebiT ganisazRvreba) emiteris 

wredSi simZlavris mcire danaxarjiT SesaZlebelia ukuZabvaze mierTebul (es 

Zabva ramdenime aTeul voltamdea) koleqtoris wredSi vareguliroT gacilebiT 

meti sididis simZlavre. amitom, Tu emiterul gadasasvlelze pirdapiri wanacv-

lebis mudmivi Zabvis garda imoqmedebs mcire simZlavris cvladi signalis Zabva, 

maSin koleqtoris deni daiwyebs Sesaval wredze moqmedi cvladi signalis analo-

giur cvalebadobas da koleqtorSi CarTuli didi winaRobis mqone Rk rezistorze 

miiReba Sesaval wredze moqmedi signalis Zabvaze gacilebiT meti sididis Zabva. 

saerTo bazian sqemaSi Sesavali da gamosavali denebi daaxlovebiT erTnairi si-

didisaa, amitom cvladi signalis simZlavris gazrda signalis Zabvis gaZlierebis 

xarjze miiReba. 

tranzistoris saerTo emiteriT CarTvis SemTxvevaSi adgili aqvs Sesaval 

wredze miwodebuli cvladi signalis ara marto Zabvis mixedviT, aramed denis 

mixedviTac gaZlierebas. saerTo emiterian sqemaSi gasaZlierebeli signali 

miewodeba bazas, amitom gamosavali wredis (koleqtoris wredis) denis marTva 

moxdeba bazis deniT.am SemTxvevaSi, Sesavali denis gadacemis koeficienti erTze 

metia da amis gamo SeiZleba ewodos mas denis gaZlierebis  koeficienti (). igi 

toli iqneba 

 =Ik/Ib=(Ie+Ik0)/((1-)Ie_Ik0). 

Tu miviCnevT, rom Ik00, maSin 

 =/(1-) (2.12) 

Tu =0,95, miviRebT, =19, e.i. >>1. 

 warmoadgens bipolaruli tranzistoris mniSvnelovan fizikur parametrs. xSi-

rad -s nacvlad iyeneben (mcire signalis reJimSi) denis gaZlierebis saxasiaTo 

h21e parametrsac (h21e). 

kidev ufro meti sididisaa denis gadacemis koeficienti tranzistoris saer-

To koleqtoriT CarTvis dros. am SemTxvevaSi gasaZlierebeli signali miuerTde-

ba bazas, xolo datvirTva CairTveba emiteris wredSi, radgan isaa am SemTxvevaSi 
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gamosavali wredi. denis gadacemis koeficienti saerTo koleqtorian sqemaSi 

etoleba 

   '=Ie/IbIe/(1-)Ie1/(1-).   (2.13) 

saerTo koleqtorian sqemaSi signalis Zabva ar Zlierdeba. simZlavris mixedviT 

gaZlierebuli gamosavali signalis Zabva daaxloebiT Sesaval wredze moqmedi 

signalis Zabvis tolia. amis gamo, aseT sqemas emiterul mameorebelsac uwodeben. 

maSasadame, tranzistoris aqtiur reJimSi muSaobis dros saerTo emiteriT 

CarTuli sqema cvladi signalis simZlavris maqsimalur gaZlierebas iZleva, ramac 

ganapiroba aseTi sqemis farTo praqtikuli gamoyeneba. 

 

2.3.3  bipolaruli tranzistoris muSaobis 

     gajerebis da mokveTis reJimebi 

  

bipolaruli tranzistoris gajerebis reJimSi Casayeneblad orive p-n gada-

sasvlels unda miewodos pirdapiri Zabva (sur. 2.21,a). am SemTxvevaSi adgili aqvs 

eleqtronebis difuziur gadasvlas bazaSi rogorc emiteridan, ise koleqtoridan, 

rac emitersa da koleqtors Soris mdebare ubnis winaRobas (tranzistoris Siga 

winaRobas) mkveTrad Seamcirebs. Sesabamisad, TiTqmis nulamde Semcirdeba wredis 

im ubnis winaRoba, sadac tranzistoria CarTuli. aseT reJimSi muSaobis dros 

tranzistorSi gamavali deni aRar emorCileba marTvas da aqedan gamomdinare, 

tranzistori kargavs eleqtruli signalis gaZlierebis unars.  

 

sur. 2.21 tranzistoris muSaobis gajerebis (a) 

da mokveTis (b) reJimebi 

 

Tu bipolaruli tranzistoris orive p-n gasasvlelze ukuZabva imoqmedebs (sur. 

2.21,b), maSin emiterul da koleqtorul gadasasvlelebze gaivlis umniSvnelo si-

didis Ie0 da Ik0 ukudenebi. am SemTxvevaSi tranzistors aqvs Zalze didi Siga 

winaRoba, amitom wredis ubani, sadac tranzistoria CarTuli dens ar gaatarebs, 

e.i. am reJimSi Cayenebuli tranzistori Seasrulebs wredis gamTiSvelis funqcias. 
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rodesac sqemaSi CarTul tranzistorSi erTmaneTs Caenacvleba gajerebisa da mok-

veTis reJimebi, tranzistori Seasrulebs ara eleqtruli signalebis maZliereb-

lis funqcias, aramed eleqtruli wredis gadamrTvelis, anu eleqtronuli gasa-

Rebis funqcias. 

 

 

2.3.4 bipolaruli tranzistoris volt-amperuli maxasiaTeblebi 

saerTo emiteriT CarTvis dros 

 

volt-amperuli maxasiaTeblebi Seicaven informacias tranzistoris Tvisebe-

bis Sesaxeb yvela reJimSi muSaobis dros. garda amisa, am maxasiaTeblebs iyeneben 

tranzistoriani sqemebis gaangariSebisas. 2.22 suraTze mocemulia Sesavali da ga-

mosavali wredebis volt-amperuli maxasiaTeblTa ojaxebi tranzistoris saerTo 

emiteriT CarTvis dros. 

tranzistoris Sesavalis maxasiaTeblTa ojaxi amyarebs kavSirs emiterul 

gadasasvlelze moqmed pirdapir Zabvasa da bazaSi gamaval dens Soris, Uke Zabvis 

fiqsirebuli mniSvnelobis dros (sur. 2.22,a) 

Ib=f (Ube), Uke=const. 

 

 

sur. 2.22 bipolaruli tranzistoris Sesavali wredis (a) 

da gamosavali wredis (b) volt-amperuli 

maxasiaTeblTa ojaxebi. 

 

Uke=0-is dros Sesavalis volt-amperuli maxasiaTebeli Tvisobrivad ar gans-

xvavdeba Cveulebrivi p-n gadasasvlelis volt-amperuli maxasiaTeblisagan. Uke 

Zabvis absoluturi sididis gazrdisas Sesavali wredis volt-amperuli maxasia-

Tebeli gadainacvlebs marjvniv, rac imas niSnavs, rom koleqtoruli gadasasvle-

lis Zabva gavlenas axdens emiterul gadasasvlelze (e.i. tranzistorSi arsebobs 
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Siga ukukavSiri) da meti sididis Uke Zabvis dros, bazis denis mocemuli sididis 

misaRebad, meti Ube Zabvaa saWiro. 

tranzistoris gamosavalis maxasiaTebelTa ojaxi amyarebs kavSirs koleq-

torul gadasasvlelze moqmed Zabvasa da koleqtorSi gamaval dens Soris, Ib 

denis  fiqsirebuli mniSvnelobebis dros (sur. 2.22,b)  

Ik=f (Uke), Ib=const. 

gamosavalis maxasiaTebelTa ojaxs Semdegi Tvisebebi gaaCnia: 

 maxasiaTeblebi iwyeba koordinatTa saTavidan; 

 yoveli maxasiaTebeli Seicavs cicabo sawyis ubans, sadac Uke Zabvis 

mcire nazrds Ik denis didi nazrdi Seesabameba da TiTqmis horizon-

talur ubans, sadac Ik deni umniSvnelod icvleba Uke Zabvis did 

farglebSi cvlilebis dros; 

 bazis denis gazrdis dros maxasiaTeblebis horizontaluri ubnebi ga-

dainacvleben zemoTken, rac imas niSnavs, rom Uke Zabvis mocemuli mniSv-

nelobis dros miT metia koleqtorSi gamavali deni, rac ufro meti si-

didis deni gadis bazaSi; 

 1 _ daStrixuli ubnis nebismieri wertilis Sesabamisi Uke Zabvisa da Ik 

denis mniSvnelobebi Seesityvebian tranzistoris gajerebis reJims; 

 2 _ daStrixuli ubnis nebismieri wertilis Sesabamisi Uke Zabvisa da Ik 

denis mniSvnelobaTa wyvili Seesityveba tranzistoris mokveTis reJims; 

 maxasiaTeblTa horizontaluri ubnebiT dakavebuli zonis nebismieri 

wertilis Sesabamisi Uke Zabvisa da Ik denis mniSvnelobaTa wyvili 

Seesityveba tranzistoris muSaobas aqtiur reJimSi. 

 

  

2.3.5 unipolaruli (veliT marTuli) tranzistorebi 

 

2.3.5.1 unipolaruli (veliT marTuli) tranzistorebis muSaobis  

zogadi sakiTxebi 

 

unipolaruli tranzistori warmoadgens sameleqtrodian naxevargamtarul 

xelsawyos da bipolaruli tranzistoris analogiurad gamoiyeneba eleqtruli 

signalebis maZliereblis an gadamrTvelis funqciis Sesasruleblad. unipolarul 

tranzistorSi denis gatarebis procesSi, bipolarulisgan gansxvavebiT, mxolod 

erTi niSnis muxti (muxtis ZiriTadi gadamtani) iRebs monawileobas, rac gana-

pirobebs xelsawyos saxelwodebas _ unipolaruli (erTpolaruli). garda amisa, 
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unipolaruli tranzistoris mTavar konstruqciul nawils warmoadgens den-

gamtari arxi, ris gamoc am xelsawyos, adre, arxian tranzistorsac uwodebdnen. 

unipolarul tranzistorSi gamavali denis marTva xorcieldeba dengamtari 

arxis xvedriTi eleqtrogamtarobis an farTobis cvlilebis gziT. orive es me-

Todi damyarebulia eleqtruli velis efeqtze. amitom, unipolarul tranzis-

torebs, Cveulebriv, veliT marTul tranzistorebs uwodeben. 

veliT marTuli tranzistoris dengamtari arxi SeiZleba iyos zedapirqveSa 

an moculobiTi saxis. zedapirqveSa arxi warmoadgens muxtis gadamtanebiT gamdid-

rebul Sres an inversul Sres, romelic gareSe eleqtruli velis zemoqmedebis 

Sedegad warmoiqmneba. moculobiTi arxi ki warmoadgens erTgvarovan naxevargamta-

rul ubans, romelic zedapirisgan gamoyofilia muxtis gadamtanebisgan gaRaribe-

buli SriT.   

moculobiTi arxis mqone veliT marTul tranzistorebSi muxtis gadamta-

nebisgan gaRaribebuli Sre Seiqmneba ukuZabviT wanacvlebuli p-n gadasasvleliT. 

amitom aseT tranzistorebs p-n gadasasvlelian veliT marTul tranzistorebs 

uwodeben. aseTi tranzistorebis struqturuli sqema naCvenebia 2.23 suraTze. 

 

sur. 2.23. veliT marTuli tranzistorebis struqturuli sqemebi: 

a - veliT marTuli tranzistori mmarTveli p-n gadasasvleliT; 

b - veliT marTuli tranzistori izolirebuli CamketiT. 

 

p- tipis arxs mirCiluli aqvs liTonis ori eleqtrodi (sur. 2.23, a). eleqtrods, 

romlidanac muxtis ZiriTadi gadamtanebi Sedian arxSi, ewodeba saTave. 

eleqtrods, romliTac muxtis ZiriTadi gadamtanebi gamodian arxidan , ewodeba 

Casadeni. eleqtrods, romelsac evaleba muxtis gadamtanebisgan gaRaribebuli 

Sris (p-n gadasasvlelis) sazRvrebis da, maSasadame, arxis siganis cvlileba, 

Camketi ewodeba. 
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Tu gareSe mudmivi Zabvis wyaros "_"-s mivuerTebT Casadens, xolo "+"-s 

mivuerTebT saTaves, maSin arxSi gaivlis deni, romelsac SemdegSi Casadenis dens 

vuwodebT (Tu arxi n-tipisaa Casadensa da saTaves Soris misaerTebeli Zabvis 

polaroba unda Seicvalos sapirispiroTi).  

Casadensa da saTaves Soris unda CairTos mudmivi Zabvis meore wyaro ise, rom 

tranzistoris struqturaSi arsebul p-n gadasasvlelze ukuZabva miewodos. uku-

Zabvis sididis Seclisas, p-n gadasasvlelis sigane (muxtis gadamtanebiT 

gaRaribebuli Sris sigane) ZiriTadad arxis xarjze Seicvleba, rac arxis wina-

Robis Secvlas da, maSasadame, aq gamavali denis sididis cvlilebas gamoiwvevs. 

meore tipis veliT marTul tranzistorebs miekuTvnebian tranzistorebi 

zedapirqveSa arxiT. am tipis tranzistorebis gamartivebuli struqturuli sqema 

2.23,b suraTzea naCvenebi. liTonis marTvis eleqtrodi (Camketi) izolirebulia 

naxevargamtari arxisagan dieleqtrikis SriT. amitom am tipis veliT marTul 

tranzistorebs izolirebulCamketian, anda ldn (liToni _ dieleqtriki _ naxevar-

gamtari) tranzistorebs uwodeben. dieleqtrikad ldn tranzistorebSi ZiriTadad 

siliciumis orJangi gamoiyeneba. aseT tranzistoriebs lon (liToni _ orJangi _ 

naxevargamtari) tranzistorebs uwodeben.  

saTavisa da Casadenis sakontaqto gamomyvanebi (omuri kontaqtebi) ukeTdeba 

naxevargamtaris safenze (safeni SeiZleba iyos rogorc p-tipis, ise n-tipis) specia-

lurad Seqmnil, safenisagan gansxvavebuli tipisa da gazrdili eleqtrogam-

tarobis ubnebs, romlebic sabolood erTmaneTs ukavSirdebian igive tipis gamta-

robis mqone arxiT. 

arsebobs ori tipis ldn tranzistori: tranzistori CaSenebuli arxiT da 

tranzistori dainduqciebuli arxiT. 

 pirveli tipis tranzistorebSi saTavisa da Casadenis eleqtrodebTan dakav-

Sirebuli naxevargamtaruli ubnebi erTmaneTs teqnologiurad Sesrulebuli ar-

xiT ukavSirdebian. arxs SeuZlia imuSaos muxtis gadamtanebisagan gaRaribebis 

reJimSi (arxi dens atarebs maSinac ki, rodesac Zabva Camketsa da saTaves Soris 

nulis tolia) da muxtis gadamtanebiT gamdidrebis reJimSi (arxi dens ver atarebs 

Tu Camketsa da saTaves Soris nulis toli Zabvaa). 

meore tipis ldn tranzistoris muSaoba mxolod im SemTxvevaSia 

SesaZlebeli, Tu arxi muSaobs muxtis gadamtanebiT gamdidrebis reJimSi. amisaTvis 

Camketsa da safens Soris CairTveba iseTi polarobis Zabva, rom mis mier Seqm-

nilma velma safenis zedapirqveSa SreSi (dieleqtrikis fenis siaxloves) Seizidos 

iseTi niSnis muxti, rom aq gaCndes inversuli gamtarobis Sre (e.i. rodesac safeni 

p-tipisaa unda gaCndes n-tipis Sre). Seqmnili inversuli Sre erTmaneTTan 
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daakavSirebs safenze specialurad Seqmnil n+_ubnebs (sur. 2.23,b). aseTi saxis ldn 

tranzistors dainduqciebuli arxiani tranzistori ewodeba. Camketze (marTvis 

eleqtrodze)  miwodebuli Zabvis mniSvnelobas, romlis drosac induqcirdeba 

(gaCndeba) dengamtari arxi, ewodeba zRurbluri Zabva. zRurbluri Zabvis sidide n-

dainduqciebularxiani tranzistorisTvis 0,2 . . . 1 v-is farglebSia. 

safenis zedapiridan daSorebisas dainduqciebuli muxtebis koncentracia 

swrafad mcirdeba, ris gamoc siRrmiseul SreebSi iarsebebs muxtis moZravi gadam-

tanebisagan gaRribebuli ubnebi. amis gamo, saTave, Casadeni da arxi izolirebuli 

aRmoCndeba safenisgan p-n gadasasvleliT. amotom, Tu safensac mivawvdiT damatebiT 

Zabvas, maSin arxSi gamavali denis sididis Secvla SesaZlebeli iqneba ara mxolod 

Camketis Zabvis cvlilebiT, aramed safenze miwodebuli Zabvis cvlilebiTac. 

veliT marTul tranzistorebs SeiZleba hqondeT sxvadasxvanairi konstruq-

ciuli Sesruleba. 2.24 suraTze warmodgenilia praqtikaSi gavrcelebuli veliT 

marTuli tranzistorebis pirobiTi grafikuli  aRniSvnebi. 

 

sur. 2.24. veliT marTuli tranzistorebis pirobiTi grafikuli aRniSvnebi: 
a - n-arixiani veliT marTuli tranzistori p-n gadasasvleliT; 
b - p-arixiani veliT marTuli tranzistori p-n gadasasvleliT; 
g - n-CaSenebularxiani veliT marTuli tranzistori izolirebuli CamketiT; 
d - p-CaSenebularxiani veliT marTuli tranzistori izolirebuli CamketiT; 
e - n-dainduqcirebularxiani veliT marTuli tranzistori izolirebuli CamketiT; 
v - p-dainduqcirebularxiani veliT marTuli tranzistori izolirebuli CamketiT; 

 

 

2.3.5.2 veliT marTuli tranzistorebis CarTvis sqemebi 

 

muSa reJimSi, bipolaruli transistorebis analogiurad, veliT marTuli tran-

zistoris eleqtrodebs miewodeba mudmivi Zabvebi ori gareSe wyarodan. garda amisa, 

igive eleqtrodebs miuerTdeba gasaZlierebeli eleqtruli signali (Sesavali wredi) 

da moixsneba gaZlierebuli signali (gamosavali wredi). imis mixedviT, Tu romeli 

eleqtrodi iqneba saerTo rogorc Sesavali, ise gamosavali wredebisaTvis, veliT 

marTuli tranzistorisaTvis gvaqvs CarTvis sami varianti: saerTo saTaviT CarTva, 

saerTo CamketiT CarTva da saerTo CasadeniT CarTva. 2.25 suraTze mocemulia dain-
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duqciebuli n-arxiani veliT marTuli tranzistoris CarTvis sqemebi, muSa reJimSi 

(aqtiur reJimSi) eleqtrodebze Zabvis polarobebis CvenebiT. 

 

sur. 2.25. veliT marTuli tranzistoris CarTvis sqemebi: 
a - saerTo saTaviT CarTva; 
b - saerTo CamketiT CarTva; 
g - saerTo CasadeniT CarTva. 

 

 

2.3.5.3 veliT marTuli tranzistoris volt-amperuli maxasiaTeblebi 

 

veliT marTuli tranzistorebis eleqtruli Tvisebebis Sesafaseblad 

gamoiyeneba volt-amperul maxasiaTebelTa ojaxi. saerTo saTaviT CarTvis dros es 

maxasiaTebelebia: 

 Casadenis maxasiaTebelTa ojaxi 

 ICas= f(UCas.s), UC.s=const; 

 Casaden-Camketis maxasiaTebelTa ojaxi (marTvis maxasiaTeblebi) 

 ICas= f(UC.s), UCas.s=const. 

meti TvalsaCinoebis mizniT, es maxasiaTeblebi ganvixiloT konkretuli monaceme-

bis (Zabvebisa da denebis) gaTvaliswinebiT, tranzistoris tipis miTiTebis gareSe. 

2.26 suraTze naCvenebia p-n gadasasvleliani veliT marTuli tranzistoris 

orive maxasiaTebelTa ojaxi. 

rodesac UC.s=0 da Casadensa da saTaves Soris miwodebulia Zabvis mcire 

mniSvnelobebi, Casadenis deni izrdeba Zabvis TiTqmis pirdapir proporciulad 

(OA ubani, sur. 2.26, a). Casadenis denis zrdasTan erTad izrdeba Casadnis mimar-

TulebiT arxis winaRobaze Zabvis vardna, romelic emateba ra p-n gadasasvlelze 

moqmed Zabvas, am ukanasknels Casadenis uSualo maxloblobaSi maqsimaluri sidi-

de eqneba. amitom Casadenis siaxloves arxi denis gazrdisas TandaTan viwrovdeba, 

misi winaRoba izrdeba, Casadenis denis zrdis tempi ki mcirdeba (AB ubani). Casa-

denis denis gansazRvruli sididis dros, romelsac sawyis dens uwodeben (ICas.saw.), 

p-n gadasasvleli Casadenis uSualo maxloblobaSi  arxs gadaketavs da Casadenis 
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denis Semdgomi zrda Sewydeba. B wertils gajerebis wertili ewodeba, xolo am 

wertilis Sesabamis Zabvas _ gajerebis Zabva (UCas.gaj.). 

 

nax. 2.26 n-arxiani p-n gadasasvleliani veliT marTuli  

tranzistoris maxasiaTebelebi: 

a _ Casadenis; 

b _ Casaden-Camketis 
  

tranzistoris gajerebaSi Sesvlis Semdeg, UCas.s Zabvis gazrdisas, deni praqti-

kulad aRar icvleba. magram, Tu es Zabva garkveul zRvrul sidides gadaaWarbebs 

Casadenis deni kvlav iwyebs swraf zrdas Casadenis ubanze p-n gadasasvlelis 

garRvevis gamo. 

     Camketze gansazRvruli sididis uaryofiTi Zabvis miwodebis Semdeg (UC.s=_2,5v) 

p-n gadasasvlelis sazRvrebi farTovdeba arxis mTel sigrZeze, rac iwvevs arxis 

daviwrovebas da misi sawyisi winaRobis gazrdas. amis gamo, Sesabamisi maxasia-

Teblis sawyis ubans aqvs meti daxriloba. naklebia agreTve gajerebis reJimis 

Sesabamisi denisa da Zabvebis mniSvnelobebi, mcirdeba UCas.gamrR. Zabvis sididec. 

analogiur kanonzomierebebs adgili aqvs 2.26, a suraTze mocemuli danarCeni 

maxasiaTeblebisTvisac. 

p-n gadasasvleliani veliT marTuli tranzistoris marTvis maxasiaTebels 

(Casaden-Camketis maxasiaTebeli) aqvs 2.26, b suraTze naCvenebi saxe. Casadenis deni 

maqsimaluri sididisaa UC.s.=0-is dros, xolo Casadenis deni minimaluri sididisaa 

(narCeni deni, romelic ramdenime mikroamperis tolia) Camket-saTaves Soris uar-

yofiTi Zabvis im mniSvnelobis dros, romelsac mokveTis Zabva ewodeba (UC.s.mok.). 

dainduqciebuli p-arxiani veliT marTuli tranzistoris volt-amperuli ma-

xasiaTeblebi warmodgenilia 2.27 suraTze. 

aseTi tranzistoris Casadenis maxasiaTebelTa ojaxs, p-n gadasasvleliani 

veliT marTuli tranzistoris igve dasaxelebis maxasiaTebelTa analogiuri saxe 

aqvs. Tu Camketze moqmedi uaryofiTi Zabvis absoluturi sidide zRurblur 

Zabvaze naklebia, maSin dengamtari arxi pratikulad Caketilia (ar arsebobs) da 

Casadenis deni narCen dens (ICas.narC.) etoleba (igi ramdenime mikroamperia). Camketis 

Zabvis absoluturi sididis gazrdisas maxasiaTeblebi gadainacvleben zemoTken. 
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rac Seexeba marTvis maxasiaTebels (sur. 2.27, b), mis sawyis ubanze UC.s.= UC.s.zR. 

Zabvis dros Casadenis deni etoleba narCen dens ICas.=ICas.narC.. 
 

 

sur. 2.27 dainduqciebuli p-arxiani veliT marTuli tranzistoris 

maxasiaTeblebi: a – Casadenis: b – Camket-Casadenis 

 

CaSenebularxiani (n-arxiT) ldn tranzistoris Casadenis maxasiaTebelTa oja-

xi (sur. 2.28, a) imiT gansxvavdeba dainduqciebul arxiani tranzistoris igive da-

saxelebis maxasiaTeblisagan, rom misi arxi, UCs=0 Zabvis dros, Caketili ar aris. 

Camketsa da saTaves Soris uaryofiTi Zabvis miwodebisas Casadenis deni mcirdeba 

da am Zabvis absoluturi sididis gazrdis dros  maxasiaTeblebi gadainacvleben 

qvemoTken. Camketsa da saTaves Soris dadebiTi Zabvis miwodebisa da misi sididis 

zrdis dros ki maxasiaTeblebi gadainacvleben zemoTken. marTvis maxasiaTebeli 

(sur. 2.28, b) ordinatTa RerZs gadakveTs wertilSi, romlis Sesabamisi deni aris 

tranzistoris gajerebaSi Sesvlis sawyisi denis (ICas.sawy) toli. 

 

sur. 2.28. CaSenebuli n-arxiani veliT marTuli tranzistoris maxasiaTeblebi: 

a - Casadenis; 

b - Casaden- Camketis 
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2.3.5.4. veliT marTuli tranzistorebis parametrebi 

  

        veliT marTuli tranzistorebis ZiriTadi parametrebia: 

 Casadenis sawyisi deni ICas.saw. _ Casadenis deni Camketsa da saTaves Soris 

nulis toli Zabvisa da Casadenze gajerebis toli an masze meti Zabvis 

dros; 

 Casadenis narCeni deni ICas.narC. _ Casadenis deni, rodesac Camketsa da 

saTaves Soris moqmedebs mokveTis Zabvaze meti sididis Zabva; 

 mokveTis Zabva (UC.s.mok.) _ Zabva p-n gadasasvleliani veliT marTuli 

tranzistoris (aseve gaRaribebis reJimSi momuSave izolirebulCamketiani 

tranzistoris) Camketsa da saTaves Soris, romlis drosac Casadenis deni 

gautoldeba umcires mniSvnelobas (Cveulebriv 10 mka-s); 

 zRurbluri Zabva (UC.s.zR..) _ gamdidrebis reJimSi momuSave izolirebu-

lCamketiani veliT marTuli tranzistoris Camketsa da saTaves Sori Zabva, 

romlis drosac Casadenis deni gautoldeba mocemul minimalur dones (10 

mka); 

 marTvis maxasiaTeblis daxriloba S _ Casadenis denis nazrdis Sefardeba 

Camketi-saTaves Soris Zabvis Sesabamis nazrdTan, tranzistoris saerTo 

saTaviT CarTvis dros. 

 

 

2.3.6. fototranzistori 

 

fototranzistori, fotodiodis msgavsad, warmoadgens sinaTlis mimRebs. igi 

sinaTlis energias gardaqmnis eleqtrul energiad. xelsawyos sinaTlis mgrZno-

biare naxevargamtarul elementze Seqmnilia tranzistoruli p-n-p struqtura 

(sur. 2.29), romelic fotodenis aramarto warmoqmnis, aramed gaZlierebis saSuale-

basac iZleva. fototranzistorSi bazis denis funqcias sinaTlis nakadi asru-

lebs. amitom mas bazis sakontaqto gamomyvani principSi ar esaWiroeba. Tumca, fo-

totranzistors bazis sakontaqto gamomyvans mainc ukeTeben im mizniT, rom 

SesaZlebeli iyos gamosavali wredis denis rogorc optikuri, ise eleqtruli 

marTva. 
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sur. 2.29.  fototranzistoris struqturuli da CarTvis sqemebi (a), pirobiTi grafikuli 

aRniSvna (b), gamosasvlelis maxasiaTebelTa ojaxi (g). 

 

fototranzistors aqvs bipolaruli tranzistoris analogiuri maxasiaTeb-

lebi, mxolod calkeuli maxasiaTeblis gadaRebis dros fiqsirdeba ara bazis de-

ni, aramed sinaTlis  nakadi. 

fototranzistoris SerCevis dros iyeneben fotodoidis analogiur saklasi-

fikacio parametrebs. 

 

2.4 integraluri Sesrulebis naxevargamtaruli xelsawyoebi  

(integraluri mikrosqemebi) 

 

termini "integraluri sqema" (is) asaxavs erT xelsawyoSi calkeuli sqemuri 

komponentebis (doidebi, tranzistorebi, rezistorebi da sxva) gaerTianebis (integ-

rirebis) faqts da, aqedan gamomdinare, aseTi xelsawyos mier calkeuli  

komponentis funqciur SesaZleblobasTan SedarebiT ufro rTuli funqciis 

Sesrulebis SesaZleblobis faqtsac. 

integraluri sqema aris erTmaneTTan dakavSirebuli sqemuri komponentebis 

erToblioba, Sesrulebuli erTiani teqnologiuri ciklis pirobebSi naxevargmta-

ruli masalisgan damzadebul erT safenze. 

komponentebs, romlebic Sedian is-is SemadgenlobaSi da maTi gamoyofa da-

moukidebeli konstruqciuli erTeulis saxiT SeuZlebelia, uwodeben integra-

luri sqemis elementebs. am elementebs, diskretuli konstruqciuli saxiT Camoya-

libebul elementebTan SedarebiT, gaaCniaT sakmaod gansxvavebuli Tvisebebi. 

naxevargamtaruli kristalis erT safenze komponentebis teqnologiuri in-

tegraciis idea warmoiSva mas Semdeg, rac aTvisebuli iqna diskretuli komponen-

tebis, kerZod tranzistorebis, jgufuri damzadebis teqnologia. integraciis idea 

imaSi gamoixateba, rom siliciumis firfitaze (safenze) calkeuli komponentebis 

nacvlad erTdroulad Seiqmnas didi raodenobis "kompleqti". TiToeuli 
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kompleqti unda Seicavdes mocemuli funqciuri kvanZis (magaliTad: maZliereblis, 

generatoris, mexsierebis ujredis da a.S.) asagebad saWiro yvela komponents 

(tranzistors, diods, rezistors da a.S.) (sur. 2.30, a). "kompleqtSi" Semavali 

elementebi erTmaneTs ukavSirdebian ara mavTulis sadenebis mirCilvis gziT, 

aramed liTonis mokle zolebiT, romlebic safenis zedapirze moliTonebis gziT 

miiReba. amrigad, yoveli "kompleqti" faqtiurad aris mza integraluri sqema (sur. 

2.30, b). yvela am "kompleqts" aqvs safenis zedapirze regularuli ganlageba (sur. 

2.30, a), rac safenis calkeul kristalebad daWris saSualebas iZleva. calkeuli 

kristali Tavsdeba hermetulad daxurul korpusSi da ukeTdeba sakontaqto 

gamomyvanebi (eleqtrodebi) gareSe wredTan misaerTeblad, e.i. miecema 

konstruqciulad Camoyalibebuli xelsawyos saxe. 

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT

TD
RT
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a)
b) g)

“kompleqti”

 

sur. 2.30 integraluri sqemis damzadebis jgufuri meTodi: 

a - siliciumis firfita `kompleqti~: ori tranzistori, diodi, rezistori; 

b - `kompleqtiani~ kristali da elementebis dakavSireba kompleqtis SigniT; 

g - mza integraluri sqema korpusSi 

 

integraluri sqemis gamoyenebis SemTxvevaSi, ama Tu im eleqtruli aparatis 

asawyobad saWiro aRar aris sqemuri komponentebis mravalricxovani mirCilviTi 

SeerTebebi, minimumamdea dayvanili agreTve saamwyobo operaciebi, rac mkveTrad 

amcirebs aparatis fass. garda amisa, mkveTrad mcirdeba aparaturis gabarituli 

zomebi da wona, izrdeba maTi muSaobis saimedooba. 

integralur sqemas, sxva eleqtronul xelsawyoTa msgavsad, aqvs Camoyali-

bebuli konstruqciuli saxe da asrulebs gansazRvrul funacias. amitom mas mia-

kuTvneben eleqtronul xelsawyoTa jgufs. igi Tvisobrivad axali tipis xelsaw-

yoa. diskretuli eleqtronuli xelsawyoebisagan (magaliTad, tranzistorebisagan) 

gansxvavebiT maT SeuZliaT rTuli funqciebis damoukideblad Sesruleba. amave 

dros, maTi damzadebis Rirebuleba didad ar gansxvavdeba diskretulad damzade-

buli tranzistorebis Rirebulebisagan.  

integraluri mikrosqemebi erTmaneTisgan gansxvavdebian integraciis xaris-

xiT, anu erT sqemaSi gaerTianebuli elementebis raodenobis mixedviT. integraciis 
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xarisxis mixedviT arsebobs Semdegi jgufis integraluri sqemebi: mcire integ-

raciis (10-mde elementiT), saSualo integraciis (11 . . . 100 elementiT), didi 

integraciis (101 . . . 1000 elementiT) da zedidi integraciis (1000-ze meti elemen-

tiT) integraluri sqemebi. 

funqciuri daniSnulebis mixedviT integraluri mikrosqemebi SeiZleba daiyos 

or jgufad: 

 analoguri, anu wrfiv-impulsuri sqemebi _ gamoiyeneba eleqtruli signa-

lebis gaZlierebis, generirebis, gardaqmnisa da sxva daniSnulebiT; 

 logikuri, anu cifruli mikrosqemebi _ gamoiyeneba eleqtronul gamomTv-

lel aparatebSi, sxvadasxva cifrul xelsawyoebSi da sxva. 

damzadebis teqnologiis mixedviT arsebobs: hibriduli, afskuri da naxevar-

gamtaruli integraluri sqemebi. naxevargamtarul integralur sqemebSi yvela 

aqtiuri da pasiuri elementi Sesrulebulia naxevargamtaruli kristalis mocu-

lobaSi an zedapirze. afskur integralur sqemaSi yvela elementi da elementTa-

Sorisi SeerTebebi Sesrulebulia dieleqtrikis safenis zedapirze, gamtari da 

dieleqtrikuli masalisagan Sesrulebuli firebis saxiT. hibridul integralur 

sqemebSi dengamtari Sreebi, rezistorebi, kondensatoris Semonafenebi warmoad-

genen gansazRvruli zomisa da eleqtruli Tvisebebis mqone firebs, romlic data-

nilia dieleqtrikis safenze. aqve dayenebulia siliciumis n-p-n struqturis tran-

zistorebi da diodebi. 

 

2.5 optoeleqtronuli wyvili (optroni) 

 

ukanasknel xanebSi did warmatebas miaRwia optoeleqtronikis samecniero-teq-

nikurma mimarTulebam, romelSic informaciis gadacemis, damuSavebisa da Senax-

visaTvis gamoiyeneba rogorc eleqtruli, ise oprikuri saSualebebi da meTodebi. 

optoeleqtronikaSi sinaTlis sxivi igive rols asrulebs, rasac eleqtruli 

signali eleqtrul wredebSi. 

optoeleqtronikis ZiriTad komponentad iTvleba fotogamomsxiveblisa da 

fotomimRebis fotonurkavSiriani wyvili, romelsac optroni ewodeba. umartivesi 

optroni warmoadgens oTxpolusas, romelic Seicavs sam elements: sinaTlis 

(gamosxivebis) wyaros _ 1, Suqgamtars (SuqSemyvans) _ 2 da fotomimRebs _3 (sur. 

2.31). 

optronis Sesaval da gamosaval wredebs Soris arsebobs fotonuri kavSiri. 

es wredebi erTmaneTisagan eleqtrulad ganmxoloebulia (rogorc 
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transformatoris Semavali da gamomavali wrede-

bi). arsebobs wredebis mxolod gaJonvis winaRoba, 

romlic Zalze didi sididisaa (1013 . . . 1016 omi). 

Sesavalze moqmedi eleqtruli signali 

aRagznebs fotogamomsxivebels (1) da igi iwyebs 

sinaTlis nakadis gamosxivebas. fotosignali 

Suqgamtari arxis (2) saSualebiT zemoqmedebs 

fotomimRebze (3) da gamosavalze gamodis eleqtruli signali. maSasadame, 

optronSi adgili aqvs Sigafotonur da gareeleqtul kavSirs. 

2.32 suraTze naCvenebia praqtikaSi yvelaze farTod gavrcelebuli umartivesi 

saxis optronebis pirobiTi grafikuli aRniSvnebi. 

 

 

 

sur. 2.32 optronis pirobiTi grafikuli aRniSvnebi: 

a - dioduri optroni; b - tranzistoruli optroni; g - tiristoruli optroni 

 

diodur optronSi gamosxivebis wyarod gamoiyeneba galiumis arsenidis Suq-

diodebi, xolo fotomimRebad _ siliciumis fotodiodebi. diodur optrons iyene-

ben eleqtrnuli gadamrTvelis (eleqtronuli gasaRebis) funqciis Sesasruleb-

lad. mas SeuZlia moaxdinos 106 . . . 107 hc sixSiris cvladi denis wredSi saWiro 

gadarTvebi. 

tranzistorul optronSi fotomimRebad tranzistoruli gasaRebia  gamoyene-

buli (rogorc bipolaruli, ise veliT marTuli). aseT optrons gaaCnia gazrdili 

integraluri grZnobiereba, magram aqvs diodur optronze naklebi swrafqmedeba 

(komutaciis sixSire ar arRemateba 105 hc-s). 

tiristorul optronSi fotomomRebad gamoyenebulia fototiristori, rac 

saSualebas iZleva mniSvnelovnad gaizardos gamosavali wredis deni (5 a da meti), 

maSin rodesac Sesavali wredis CarTvis deni 10 ma-s ar aRemateba. aseT optronebs 

iyeneben sxvadasxva Zaluri eleqtruli wredebis uSualo marTvis mizniT. 

sur. 2.31 optronis struq-

turuli sqema 
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3& nhfypbcnjht,bcf lf byntuhfkehb cmtvt,bc  

ufvj.tyt,f 

 

3&1& tktmnhjyekb vf'kbtht,kt,b 

 

3&1&1& vf’kbtht,kbc veifj,bc pjuflb cfrbs[t,b 

 

tktmnhjyekb vf’kbtht,tkb tojlt,f vjo.j,bkj,fc^ hjvtkibw itcfdkb cbuyfkbc 

ltybs fy ‘f,dbs [jhwbtklt,f vrdt,fdb velvbdb ‘f,dbc o.fhjlfy lfndbhsdbcflvb uflf-

wtvekb cbv’kfdhbc vfhsdf& tktmnhjyekb vf’kbtht,kt,b vbtresdyt,byfy fyfkjueh 

tktmnhjyek vjo.j,bkj,fsf ]ueac& vbcb cnhemnehekb cmtvf vjwtvekbf 3&1 cehfspt&  

 
 

ceh& 3&1& vf’kbtht,kbc cnhemnehekb cmtvf 

 

cbuyfkbc o.fhjc ltybc fy ‘f,dbc ajhvf itb’kt,f b.jc yt,bcvbthb cf[bc% /fhvjybekb 

~cbyecjblehb`^ bvgekcehb lf c[& cbuyfkbc o.fhjc itb’kt,f ofhvjflutyltc% vbrhjajyb^ 

sthvjtktmnhekb vbvojlb^ gbtpjtktvtynb lf vhfdkb c[df&  

vf’kbtht,kbc lfndbhsdfc itb’kt,f ofhvjflutyltc yt,bcvbthb vjo.j,bkj,f% 

[vfvfqkfvjkfgfhfrt^ bylblbrfnjhekb vjo.j,bkj,f^ vpjvb vjo.j,bkj,f lf c[df& 

cfreshbd vf’kbtht,tkb rfcrflbc ~tktvtynfhekb vf’kbtht,tkb e]htlbc` pjufl 

cnhemnehek cmtvfc 3&2 cehfspt yfxdtyt,b cf[t fmdc& cnhemnehek cmtvfib itlbc%  

 
 

ceh& 3&2& vf’kbtht,tkb rfcrflbc cnhemnehekb cmtvf 
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 itcfdfkb ohtlb^ hjvtkbw epheydtk.jac vf’kbtht,tkb tktvtynbc veif ht;bvc 

velvbdb ltybc vb[tldbs lf itcfdfkpt cbuyfkbc vbojlt,fc* 

 ‘f,dbc fy ltybc vfhsdflb o.fhj vf’kbtht,tkb tktvtynbc ~nhfypbcnjhbc` ufvj-

.tyt,bs* 

 ufvjcfdfkb ohtlb^ hjvtkbw epheydtk.jac uf’kbtht,ekb cbuyfkbc lfndbhsdfpt 

uflfwtvfc* 

 ererfdibhbc ohtlb^ hjvtkbw f[ltyc veif ht;bvbc cnf,bkbpfwbfc lf fev]j,tct,c 

rfcrflbc pjubths c[df vfxdtyt,tkc&  

ptvjufy[bkekb cnhemnehekb cmtvbc itcf,fvbcfl itlutybkb tktvtynfhekb vf’-

kbtht,tkb e]htlbc ~vf’kbtht,tkb rfcrflbc` ghbywbgekb cmtvf^ lbcrhtnekb itc-

hekt,bc ,bgjkfhekb nhfypbcnjhbc ufvj.tyt,bs^ vjwtvekbf 3&3^f cehfspt& 

 
ceh& 3&3 vf’kbtht,tkb rfcrflbc ghbywbgekb cmtvf ~f`* 

nhfypbcnjhbc itcfdfkb lf ufvjcfdfkb vf[fcbfst,kt,b ~,` 

 

cnhemnehek cmtvfib yfxdtyt,b vfhsdflb o.fhj fut,ekbf cfthsj tvbnthbs 

xfhsek ,bgjkfhek nhfypbcnjhpt^ hjvtkbw itcfdfk ohtlpt vbojlt,ekb cbuyfkbc 

wdkbkt,bc rfyjpjvbtht,bc itcf,fvbcfl fhtuekbht,c Er  velvbsb ‘f,dbc o.fhjlfy Rl  

lfndbhsdbcflvb uflfwtvek cb’kfdhtc&  

vf’kbtht,tkb rfcrflbc itcfdfk ohtlib xfhsekbf ,R R1 2  ‘f,dbc ufv.jab lf C1  

rjyltycfnjhb& ,R R1 2
 ‘f,dbc ufv.jabs VT  nhfypbcnjhbc ,fpf–tvbnthbc p n  

uflfcfcdktkc vbtojlt,f 
R

E
R R




2
r

1 2

-c njkb gbhlfgbhb ofyfwdkt,bc ‘f,df^ hjvtkbw 

nhfypbcnjhbc itcfdfkb ohtlbc djkn-fvgthekb vf[fcbfst,kbc vb[tldbs ~ceh& 3&3&^,` 
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,fpfib uffnfht,c AI, -c njk ltyc& fv ltyc cbvidblbc^ fye veif ht;bvbc ltyb tojlt,f& se 

‘f,dbc ufv.jablfy vj[cybkb gbhlfgbhb ‘f,df bctsb cblblbcff^ hjv A  othnbkb 

vlt,fhtj,c itcfdfkb vf[fcbfst,kbc ohabd e,fypt lf itcfdfkpt vjmvtlb wdkflb ‘f,df^ 

fvgkbnelbc afhukt,ib wdkbkt,bc lhjc^ fh ufvjlbc fv vf[fcbfst,kbc ohabdb e,yblfy^ 

vfiby ufcf’kbtht,kb cbuyfkbc ajhvf ghfmnbrekfl fh vf[by]lt,f& fcts itvs[dtdfib 

vf’kbht,tkb rfcrflb veifj,c uf’kbtht,bc A  ht;bvib ~uf’kbtht,bc A  rkfcb `&  

A -ht;bvbc ufhlf vf’kbtht,tkb rfcrflt,b itb’kt,f veifj,lyty% , ,B C D  lf 

iefktleh AB  ht;bvib&  

B  - ht;bvbc itvs[dtdfib cbvidblbc ht;bvbc itcf,fvbcb A  othnbkb vlt,fhtj,c 

f,cwbcsf qth’pt lf tvs[dtdf itcfdfkb vf[fcbfst,kbc cfo.bc othnbkc& fvbc ufvj^ ltyb 

nhfypbcnjhib ufbdkbc ufcf’kbtht,tkb cbuyfkbc v[jkjl yf[tdfhb gthbjlbc vfy’bkpt^ 

t&b& 1800-bc itcf,fvbc lhjbc bynthdfkib& fv res[bc yf[tdfhc^ hjvtkbw ittcf,fvt,f 

nhfypbcnjhib ltybc ito.dtnbc vjvtync^ vjrdtsbc res[t ~ ` tojlt,f lf bub 900-bc 

njkbf& B  ht;bvib fveifdt,ty v[jkjl jhnfmnbfy ~cbv’kfdhbc vf’kbtht,tk` rfcrflt,c& 

C  - ht;bvbc ufvj.tyt,bc itvs[dtdfib^ itcfdfkb ltyb cbvidblbc ht;bvib yekbc 

njkbf& nhfypbcnjhib ltyb uflbc itcfdfkb cbuyfkbc gthbjlbc yf[tdfhpt yfrkt,b 

lhjbc vfy’bkpt ~  090 ` & fv ht;bvib fveifdt,ty lblb cv’kfdhbc vf’kbtht,tk rfcrflt,c& 

D -ht;bvbc lhjc nhfypbcnjhb bv.jat,f v[jkjl jh vlujvfhtj,fib – vskbfyfl 

xfrtnbkib fy vskbfyfl qbfib& bub ufvjb.tyt,f nhfypbcnjht,bc tktmnhjyekb 

ufcfqt,bc ~uflfvhsdtkbc` ht;bvib veifj,bcfc& 

ufvjcfdfkb ohtlbc ~rjktmnjhbc` veif^ fye cbvidblbc ht;bvbc ltyb ufybcfpqdht,f 

nhfypbcnjhbc rjktmnjhekb vf[fcbfst,kt,bc vb[tldbs ~ceh& 3& 3^ ,`& fvbcfsdbc 

rjktmnjhek vf[fcbfst,tksf j]f[ib^ U E I R rt r r r  ufynjkt,bc ufvj.tyt,bs^ eylf 

fbujc lfndbhsdbc [fpb& lfndbhsdbc [fpbc  uflfrdtsf AI,  ltybc itcf,vbc rjktmnjhek 

vf[fcbfst,tksfy ufyfgbhj,t,c veif ht;bvib rjktmnjhekb ltybc AIr  cblbltc&  

C1  rjyltcfnjhbs VT - nhfypbcnjhbc ,fpfc vtojlt,f wdkflb ufcf’kbtht,tkb 

cbuyfkb& vj[lt,f hf fv cbuyfkbc ofyfwdkt,bc velvbd ‘f,dfpt ptllt,f^ cbvidblbc ht;bvbc 

itcf,fvbcb A  othnbkb lfbo.t,c uflflubkt,fc hjujhw itcfdfk vf[fcbfst,tkpt^ bct 

ufvjcfdkbc vf[fcbfst,tksf j]f[ib fut,ekb lfndbhsdbc [fpbc ufcodhbd& fvbc ufvj^ 

flubkb tmyt,f ‘fkehb vrdt,fdb Er  o.fhjlfy Rl  lfndbhsdbcflvb uflfwtvekb cbv’kfdhbc 

htuekbht,fc bctsbdt rfyjybs^ hjujhbsfw ufcf'kbtht,tkb cbuyfkb bwdkt,f& tc bvfc 

ybiyfdc^ hjv Rl  lfndbhsdfpt vbbqt,f ufcf’kbtht,tkb cbuyfkbc fyfkjubehb ajhvbc^ 

v[jkjl vfcpt ufwbkt,bs vtnb cbv’kfdhbc wdkflb cbuyfkb&  

fvfdt lhjc^ C1  rjyltcfnjhb cbuyfkbc o.fhjib fh uffnfht,c AU ,t  ‘f,dbs 

ufvjodtek velvbd ltyc^ hbsfw ufvjbhbw[t,f cbuyfkbc ajhvbc lfvf[by]t,f& 
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vf’kbtht,tkb rfcrflbc ufvjcfdfk ohtlib xfhsekbf C2  rjyltycfnjhb& tc 

rjyltycfnjhb epheydtk.jac ufvjcfdfk ohtlib velvbdb lf wdkflb gjntywbfkt,bc 

ufywfkrtdt,fc lf lfndbhsdfc v[jkjl wdkfl ‘f,dfc fodlbc&  

vf’kbtht,tkb rfcrflbc [fhbc[bfyb veij,bc epheydtk.jabc sdfkcfphbcbs lblb 

vybidytkj,f tybzt,f cbvidblbc ht;bvbc ltybc cnf,bkbpfwbfc& cbvidblbc ht;bvbc 

cnf,bkbpfwbbc ths-thsb ufdhwtkt,ekb vtsjlbf velvbdb ltybc vb[tldbs efh.jabsb 

ererfdibhbc ufvj.tyt,f& fv vbpybs^ tvbnfhbc ohtlib xfhsekbf Rt  htpbcnjhb& 

c[dflfc[df vfltcnf,bkbpt,tkb afmnjht,bs ufvjodtekb cbvidblbc ht;bvbc ltybc 

wdkbkt,f Rt  htpbcnjhpt ofhvjmvybc itcf,fvbc ‘f,dbc dfhlyfc^ hjvtkbw cbvidblbc 

ltybc cfo.bcb wdkbkt,bc cfobyffqvltujlff vbvfhsekb lf [tkc eo.j,c cbvidblbc ltybc 

cnf,bkehb cblblbc ityfhxeyt,fc& 

w[flbf^ Rt  htpbcnjhib velvbd ltysfy thsfl ufbdkbc ufcf’kbtht,tkb cbuyfkbs 

itmvybkb wdkflb ltybw& vfiby^ efh.jabsb ererfdibhb ufy[jhwbtklt,f fhf vfhnj 

velvbdb ltybc^ fhfvtl wdkflb ltybc vb[tldbsfw^ hfw uvjbodtdc uf’kbtht,bc 

rjtabwbtynbc vybidytkjdfy itvwbht,fc& bvbcfsdbc^ hjv vbdbqjs cnf,bkehb ht;bvb 

velvbdb ltybc vb[tldbs lf fvfdt lhjc wdkflb cbuyfkbc vfmcbvfkehb uf’kbtht,fw^ Rt  

eylf b.jc cfrvfjl lblb cblblbc^ [jkj vbc gfhfktkehfl xfbhsjc lblb ntdflj,bc 

vmjyt rjyltcfnjhb -Ct & Ct  rjyltcfnjhbc obyfqj,f wdkflb ltybc vbvfhs ufwbkt,bs 

yfrkt,b eylf b.jc Rt  htcnjhbc obyfqj,fpt bubdt ltybc vbvfhs& 

vf’kbtht,tkb rfcrflt,bc sdbct,t,bc itafct,fc f[ltyty% ltybcf ~ iK ` lf ‘f,dbc ~ uK ` 

uf’kbtht,bc rjtabwbtynbc vb[tldbs^ itcfdfkbcf ~ Ritc ` lf ufvjcfdfkbc ~ Rufv ` obyfqj,bc 

vb[tldbs^ wdkflb cbuyfkbc cb[ibhtsf ufnfht,bc pjkbc vb[tldbs lf c[df& 

 

3&1&2& cf,fpj vf’kbtht,tkb rfcrflt,b 

 

lbcrhtnekb lf byntuhfkehb itchekt,bc vhfdfkrfcrflbfyb vf’kbtht,kt,b 

itbwfdty tktvtynfhek vf’kbtht,tk e]htlt,c^ hjvtksfw vf’kbtht,tk rfcrflt,c 

eojlt,ty& 3&4& cehfspt vjwtvekbf ,bgjkfhek nhfypbcnjhbfyb cf,fpj rfcrflt,bc 

ghbywbgekb cmtvt,b& 

3&4^ f cehfspt yfxdtyt, cf,fpj vf’kbtht,tk rfcrflib nhfypbcnjhb xfhsekbf cft-

hsj ,fpbs& ufcf’kbtht,tkb cbuyfkb vbtojlt,f tvbnthc C  rjyltycfnjhbc lf[vfht,bs& 

veif ht;bvbc ufyvcfpqdhtkb velvbdb ‘f,df vbtojlt,f ,fpfc ,R R1 2  ‘f,dbc ufv.jabs^ [jkj 

wdkflb ltybc vb[tldbs ,fpf vbthst,ekbf yekjdfy cfkntcsfy bC  vf,kjrbht,tkb 

rjyltycfnjhbs&  
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ceh& 3&4& cf,fpj vf’kbtht,tkb rfcrflt,b% 

f-cfthsj ,fpbs xfhsdbc cmtvf* ,-cfthsj tvbnthbs xfhsdbc cmtvf*  

u-cfthsj rjktmnjhbs xfhsdbc cmtvf ~tvbnthekb vfvtjht,tkb`& 

 

3&4^ , cehfspt vjwtvekbf cfthsj tvbnthbfyb cf,fpj rfcrflbc cmtvf^ hjvtkbw obyf 

gfhuhfaib b.j ufy[bkekb& 

3&4^ u cehfspt yfxdtyt,bf cfthsj rjktmnjhbfyb ~tvbnthekb vfvtjht,tkb` cf,fpj 

rfcrflbc cmtvf& fm veif ht;bvc ufycfpqdhfdc ,R R1 2  ‘f,dbc ufvj.jablfy vj[cybkb velvbdb 

‘f,df& ufcf’kbtht,tkb cbuyfkb vbtojlt,f ,fpfc C  rjyltycfnjhbc cfiefkt,bs& wdkflb 

ltybc vb[tldbs rjktmnjhb itthst,ekbf yekjdfy cfkntcsfy^ [jkj uf’kbtht,ekb 

cbuyfkb vjb[cyt,f tvbnthib xfhsekb Rt  htpbcnjhblfy&  

cf,fpj rfcrflt,bc ‘bhbsflb tktmnhekb gfhfvtnht,bc uffyufhbit,f itb’kt,f 

vjdf[lbyjs mdtvjs vjwtvekb ufvjcf[ekt,t,bc ufvj.tyt,bs&  

cfthsj ,fpbfyb rfcrflbcsdbc%  

   || ;R R ritc t t   ;R Rufv r   ;iK    / .uK R R r r t t  ~3&1` 

cfthsj tvbnthbfyb rfcrflbcsdbc% 

   ;R R r   itc t t  ;R Rufv r  ;iK  / .uK R R r  r t t  ~3&2` 

cfthsj rjktmnjhbfyb rfcrflbcfsdbc%  

   ( );R R r itc t t  ;R R r ufv t t  iK    / ,uK R R r  t t t 1   ~3&3` 

cflfw ,i uK K - ltybcf lf ‘f,dbc uf’kbtht,bc rjtabwbtynt,bf*  

Tr
I


t

r

- tvbnthekb uflfcfcdktkbc obyfqj,ff* 

T  - ntvgthfnehekb gjntywbfkbf ~jsf[bc ntvgthfnehfpt ,T  0 026 d`&  

dtkbs vfhsek nhfypbcnjht,pt fo.j,bkb lf ghfmnbrfib .dtkfpt afhsjl 

ufvj.tyt,ekb cf,fpj rfcrflt,bc ghbywbgekb cmtvt,b vjwtvekbf 3&5 cehfspt& 
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ceh& 3&5& cf,fpj vf’kbtht,tkb rfcrflt,b dtkbs vfhsekb nhfypbcnjhbc ufvj.tyt,bs% 

f^ , - cfthsj cfsfdbfyb vf’kbtht,tkb rfcrflt,b*  

u^ l - cfthsj xfcfltybfyb vf’kbtht,tkb rfcrflt,b& 

 

hjujhw 3&5 cehfsblfy xfyc^ ghfmnbrekb ufvj.tyt,f fmdc cfthsj cfsfdbs ~ceh& 3&5 

f^,` lf cfthsj xfcfltybs ~ceh& 3&5^ u^ l^` xfhsek cf,fpj rfcrflt,c& cehfspt yfxdtyt,bf 

fctsb cf,fpj rfcrflt,bc jh-jhb cmtvehb vjlbabrfwbf& ths itvs[dtdfib veif ht;bvbc 

ufyvcfpqdhtkb velvbdb ‘f,df cfsfdtib xfhsek sR  htpbcnjhpt fhct,ekb ‘f,dbc dfhlybc 

njkbf& vtjht itvs[dtdfib rb xfvrtnc vbtojlt,f lfvfnt,bsb ‘f,df ,R R1 2  ‘f,dbc 

ufv.jablfy&  

 

3&1&3& lbathtywbfkehb vf’kbtht,tkb rfcrflb lf vbcb tktvtynt,b 

 

lbathtywbfkehb vf’kbtht,tkb vbtresdyt,f velvbdb ltybc vf’kbtht,tksf ]ueac^ 

hflufy ite’kbf yekbc njkb cb[ibhbc vmjyt cbuyfkt,bc uf’kbtht,f& vfuhfv fcts 

vf’kbtht,kt,c b.tyt,ty wdkflb cbuyfkt,bc ufcf’kbtht,kflfw& fvbnjv eahj cojhb 

bmyt,f^ se lbathtywbfkeh vf’kbtht,tkc vbdfresdyt,s eybdthcfkeh vf’kbtht,tksf 

]ueac&  

velvbdb ltybc vf’kbtht,kt,bcfsdbc lfvf[fcbfst,tkbf ufvjcfdfkb ‘f,dbc 

sdbsyt,ehb wdfkt,flj,f ~yekbc lhtbab`^ hjltcfw itcfdfkpt cbuyfkb fh vjmvtlt,c& fv 

efh.jabsb vjdktybc vbybvevfvlt itcfcecnt,kfl velvbdb ltybc vf’kbtht,kt,c fo.j,ty 

lf,fkfyct,ekb cmtvbc ~,jufc` ghbywbgpt& .dtkfpt afhsj ufvj.tyt,f vjbgjdf 

gfhfktkeh - ,fkfycehvf cmtvfv^ hjvtkvfw vbbqj lbathtywbfkehb vf’kbtht,kbc 

cf[tkojlt,f& 3&6& cehfspt yfxdtyt,bf lbathtywbfkehb vf’kbtht,tkb rfcrflbc jhb 

vfhnbdb cmtvehb dfhbfynb& 
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ceh& 3&6 lbathtywbfkehb rfcrflbc cmtvt,b% 

f- htpbcnjhbs tvbntht,bc ohtlib* ,- ltybc cnf,bkbpfnjhbs tvbnthbc ohtlib 

 

evfhnbdtcb vf’kbtht,tkb rfcrflb itlut,f jhb thsyfbhb v[hbcfufy^ hjvtksfufy 

sbsjtekb itbwfdc nhfypbcnjhc lf vbcb rjktmnjhekb lfndbhsdbc htpbcnjhc 

~ ,R Rr1 r2 `& tvbntht,b ufthsbfyt,ekbf lf veif ht;bvbc ufyvcfpqdhtkb htpbcnjhbs 

vbthst,ekbf cfthsj cfkntcsfy ~yeksfy`& vf'kbtht,tk rfcrflc uffxybf jhb itcfdfkb 

ohtlb^ hjvkt,cfw eylf vbethsltc Ui1  lf Ui2  ufcf’kbtht,tkb cbuyfkt,b lf thsb 

ufvjcfdfkb ohtlb ~1-2 othnbkt,c ijhbc`^ hjvkblfyfw vjb[cyt,f uf’kbtht,ekb 

cbuyfkb&  

lfdeidfs^ hjv vf’kbtht,kbc cmtvf fhbc f,cjkbnehfl cbvtnhbekb^ t& b& ,R Rr1 r2  

htpbcnjht,bc obyfqj,t,b lf VT1 , VT2  nhfypbcnjht,bc gfhfvtnht,b pecnfl 

thsyfbhbf& vfiby^ se itcfcdktkt,pt vjmvtlt,c thsyfbhb cblblbcf lf afpbc tktmnhekb 

cbuyfkt,b^ nhfypbcnjht,ib ufvfdfkb ltyt,bw bmyt,f thsyfbhb& fvbnjv ufvjcfdkbc 1-2 

othnbkt,c ijhbc gjntywbfksf c[dfj,f fqvjxylt,f yekbc njkb& uf’kbtht,bc ht;bvc^ 

hjltcfw jhbdt ufcf’kbtht,tkb cbuyfkb thsyfbhbf hjujhw fvgkbnelbc^ bct afpbc 

vb[tldbs^ cbyafpehb cbuyfkbc uf’kbtht,bc ht;bvb tojlt,f& 

se jhdt itcfdfkc vbdfodlbs thsyfbhb ljybc^ vfuhfv cfgbhbcgbhj afpbc cbuyfkt,c^ 

vfiby thsb nhfypbcnjhbc ltyb ufbphlt,f^ [jkj vtjht nhfypbcnjhbc ltyb bubdt 

cblblbs itvwbhlt,f^ fvbnjv Rt  obyfqj,fib ufvfdfkb I0  ltyb ewdktkb lfhxt,f ~ I0  

wfkrtek nhfypbcnjhib ufvfdfkb ltyt,bc ]fvbc njkbf`& wfkrtek v[fhib c[dflfc[df 

cblblbc ltybc ufdkbc ufvj 1 lf 2 othnbkt,bc gjntywbfkt,b fqfh bmyt,f thsvfytsbc 

njkb lf ufvjcfdfkpt vbbqt,f yekbcufy ufyc[dfdt,ekb ‘f,df& tc ‘f,df wfkrtekb 

nhfypbcnjhbc rjktmnjhekb ‘f,dbc wdkbkt,bc ufjhvfut,ekb cblblbc njkb bmyt,f& 
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vf’kbtht,tkb rfcrflb fv itvs[dtdfib veifj,c lbathtywbfkehb cbuyfkbc uf’kbtht,bc 

ht;bvib& 

se lflt,bsb cbuyfkb bvjmvtlt,c v[jkjl ths itcfcdktkpt^ vfufkbsfl^ VT1  

nhfypbcnjhbc ,fpfpt^ vfiby ufbphlt,f fv nhfypbcnjhib ufvfdfkb ltyb& bubdt cblblbs 

ufbphlt,f I0  ltybw^ hfw ufvjbodtdc Rt  htpbcnjhpt ‘f,dbc dfhlybc ufphlfc& Rt  

htpbcnjhpt ‘f,dbc dfhlybc yfphlb vjf[ltyc VT2  nhfypbcnjhbc ,fpfcf lf tvbnthc 

ijhbc gjntywbfksf c[dfj,bc fv yfphlbc njkb cblblbs itvwbht,fc^ hfw sfdbc v[hbd 

itfvwbht,c fv nhfypbcnjhib ufvfdfk ltyc& cf,jkjjl ^ nhfypbcnjht,bc ,fpf-tvbnthc 

ijhbc vjmvtlb ‘f,dbc wdkbkt,f fqvjxylt,f cblblbs njkb lf ybiybs cfobyffqvltuj& 

vfifcflfvt^ itcfdfkb ‘f,dbc ufhrdtekb cblblbs itwdkbcfc itcf,fvbcb nhfypbcnjhbc 

tvbnthbc gjntywbfkb ufbphlt,f fv ‘f,dbc yf[tdhbc njkb cblblbs& ufhlf fvbcf^ bvbclf 

vbe[tlfdfl^ se rfcrflbc hjvtk itcfcdktkc vbtojlf ufcf’kbtht,tkb ‘f,df^ jhbdt 

nhfypbcnjhib ufvfdfkb ltyb thsyfbhb cblblbs itbwdkt,f lf ltybc tc yfphlb 

ufybcfpqdht,f itcfcdktkt,c ijhbc vjlt,ekb ‘f,dt,bc c[dfj,bc yf[tdhbs 

ptvjfqybiyekbc ufsdfkbcobyt,bs lbathtywbfkeh rfcrflbc ,fpt,c ijhbc vjmvtlb 

lbathtywbfkehb cbuyfkbc uf’kbtht,bc rjtabwbtynbc ufvjcf[ekt,f itudb’kbf 

ofhvjdblubyjs itvltub cf[bs 

   / ,K R rl r t  ~3&4` 

cflfw ;R R R r r1 r2  rt -tvbnthbc ihbc vjwekj,bsb obyfqj,ff&  

lbathtywbfkehb rfcrflbc vtjht vybidytkjdfy gfhfvtnhc ofhvjflutyc cbyafpehb 

cbuyfkbc uf’kbtht,bc rjtabwbtynb^ hjvtkbw fct ufvjbcf[t,f 

   /K R Rc r t2 . ~3&5` 

cbyafpehb cbuyfkbc uf’kbtht,bc rjtabwbtynb eylf b.jc hfw itb’kt,f vwbht 

cblblbc ~bltfkeh itvs[dtdfib yekbc njkb`&  

lbathtywbfkehb rfcrflbc itvltub vybidytkjdfyb gfhfvtnhbf cbyafpehb cbuyfkbc 

xf[ij,bc ~[vfehbc cbuyfkbc xf[ij,bc` rjtabwbtynb 

   lgK R r [ t t20 . ~3&6` 

rfcrflbc cbyafpehb cbuyfkbc xf[ij,bc rjtabwbtnb eylf b.jc hfw itb’kt,f lblb 

cblblbc ~bltfkeh itvs[dtdfib ecfchekjl lblb`& 

~3&5` lf ~3&6` ufvjcf[ekt,t,blfy yfskfl xfyc^ hjv K c  lf K[  rjtabwbtynt,bc 

cblbltt,b lfvjrblt,ekbf Rt  htp bcnjhbc obyfqj,fpt& hfw eahj lblbf tc obyfqj,f^ 

vbs eahj vwbhtf K c  lf lblbf K[ & vfuhfv Rt  obyfqj,bc lblb cblblbc lhjc ofhvjbmvyt,f 

vybidytkjdfyb ghj,ktvf nhfypbcnjht,bc velvbdb ltybc vb[tldbs veif ht;bvbc 

epheydtk.jabc sdfkcfphbcbs& rth’jl^ cfzbhj [lt,f Er  rdt,bc o.fhjc ‘f,dbc bcts 

cblbltvlt ufphlf^ hjv fv vtsjlbc ufvj.tyt,f ntmybrehfl vbpfyiteojytkbf& ghj,ktvbc 



 64

uflfzhf itcf’kt,tkb [lt,f^ se rfcrflbc cmtvfib Rt   htpbcnjhbc yfwdkfl cfthsj ,fpbs 

xfhsek VT3  nhfypbcnjhc ufvjdb.tyt,s ~ceh& 3&6^ `& bltbc fhcb bvfib vlujvfhtj,c^ hjv 

cfthsj ,fpbs xfhsekb nhfypbcnjhbc ufvjcfdfkb ohtlbc obyfqj,f velvbdb ltybc 

vbvfhs fh fhbc lblb cblblbc& fvfdt lhjc^ ‘fkpt lblb cblblbcff ufvjcfdfkb ohtlbc 

lbathtywbfkehb obyfqj,f ~obyfqj,f rjktmnjhbc ltybc wdkbkt,bc vbvfhs` 

dU
r

dI
 r,

r
r

, hflufy cfthsj ,fpbs xfhsdbc itvs[dtdfib nhfypbcnjhbc rjktmnjhbc 

djkn-fvgthekb vf[fcbfst,tkb ‘f,dbc qth’bc sbsmvbc gfhfktkehbf& 

 

 

3&1&4& ufvjcfcdktkb vf’kbtht,tkb rfcrflb 

 

 ufvjcfcdktkb rfcrflb ofhvjflutyc vhfdfkrfcrflbfyb vf’kbtht,kbc cf,jkjj 

rfcrflc& vbcb fvjwfyff lfndbhsdfib cfzbhj cbv’kfdhbc epheydtk.jaf& fvbnjv fv 

rfcrflc cbv’kfdhbc vf’kbtht,tkcfw eojlt,ty& 

ufvjcfcdktkb rfcrflb vjbs[jdc rdt,bc o.fhjlfy vf’kbtht,tkib itvjcekb vstkb 

cbv’kfdhbc ‘bhbsfl yfobkc& fvbnjv lblb vybidytkj,f tybzt,f fctsb rfcrflbc vfhub 

mvtlt,bc rjtabwbtync ~vmr`& tc ufycresht,bs vybidytkjdfybf byntuhfkehb cmtvt,bcsdbc^ 

hjvkt,ibw rhbcnfkbc vbth ufhtvjib ufafynekb cbv’kfdhbc cblblt cfrvfjl 

itpqelekbf&  

ufvjcfcdktkb rfcrflbc rdt,bc trjyjvbehb ht;bvbc epheydtkcf.jafl cfzbhjf 

vf’kbtht,tkb tktvtynbc ~nhfypbcnjhbc` itcf’kt,kj,bc chekb ufvj.tyt,f^ hfibw 

gbhdtk hbuib buekbc[vt,f itcfdkbc vf[fcbfst,kbc hjujhw ohabdb^ bct fhfohabdb 

e,ybc ufvj.tyt,f& fvbc ufvj^ flubkb fmdc ufvjcfdfkb cbuyfkbc ajhvbc uflf[hfc itcfdfkb 

cbuyfkb ajhvbcfufy ~cbuyfkbc fhfohabd lfvf[by]t,fc`& 

vfqfkb vmr-bcf lf itlfht,bs lf,fkb fhfohabdb lfvf[by]t,bc vbqt,bc cfiefkt,fc 

b’ktdf ufvjcfcdktkb rfcrflbc jhnfmnbfyb cmtvt,b& fctsb cmtvf itbwfdc jh vf’kbtht,tk 

tktvtync^ hjvkt,bw epheydtk.jaty cfthsj lfndbhsdfib cfobyffqvltuj 

vbvfhsekt,bc ltyt,bc ufnfht,fc& ghfmnbrfib ufdhwtkt,ekbf nhfycajhvfnjhbfyb lf 

enhfycajhvfnjhj jhnfmnbfyb rfcrflt,b&  

sfyfvtlhjdt tktmnhjyekb fgfhfnehbc afhsj vbrhjvbybfnehbpfwbbc ufvj^ 

nhfycajhvfnjhbfyb jhnfmnbfyb rfcrflt,bc ufvj.tyt,bc fhtfkb ‘fkpt itbpqelf lblb 

uf,fhbnekb pjvt,bcf lf ojybc ufvj& ufhlf fvbcf^ byntuhfkehb itchekt,bc 

vf’kbtht,t,ib nhfycajhvfnjhbfyb jhnfmnbfyb rfcrflt,bc htfkbpfwbf cfthsjl 

ite’kt,tkbf& fvbnjv itdxthlts v[jkjl enhfycajhvfnjhj jhnfmnbfyb rfcrflbc 

ufy[bkdfpt& 
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3&7 cehfspt yfxdtyt,bf B  ht;bvib vjveifdt enhfycajhvfnjhj jhnfmnfyb 

ufvjcfcdktkb rfcrflbc vfhnbdb cmtvf& vf’kbtht,tk rfcrflib ufvj.tyt,ekbf jhb rdt,bc 

o.fhj lf xfhsekbf c[dflfc[df nbgbc ~ n p n   lf p n p  ` jhb nhfypbcnjhb 

~nhfypbcnjhsf rjvgktvtynfhekb o.dbkb`& jhbdt nhfypbcnjhbc vfhsdbc ohtlpt 

vjmvtlt,c Ui  cbuyfkb& Ui  cbuyfkbc lflt,bsb yf[tdfhgthbjlbc lhjc VT1  nhfypbcnjhb 

veifj,c tvbnthekb vfvtjht,kbc ht;bvib^ [jkj VT2  nhfypbcnjhb xfrtnbkbf& fvbnjv 

lfndbhsdfpt vjmvtlt,c lff[kjt,bs Ui  njkb ‘f,df& lfndbhsdfib ufvfdfkb ltyb rb 

~  `-]th fqtvfnt,f itcfdfkb ohtlbc ltyc& rfcrflbc cbv’kfdhbc uf’kbtht,bc 

rjtabwbtynb  

   pK   . 

 
ceh& 3&7& ufvjcfcdktkb jhnfmnbfyb rfcrflb nhfypbcnjhsf  

rjvgktvtynfhek o.dbkpt 

 

Ui -cbuyfkbc efh.jabsb yf[tdfhgthbjlbc lhjc vbdbqt,s cfobyfqvltuj cehfsc-

ltyc uffnfht,c VT2  nhfypbcnjhb lf bveifdt,c tvbnthekb vfvtjht,kbc ht;bvib^ [jkj 

VT1  nhfypbcnjhb xfbrtnt,f& fvhbufl^ nhfypbcnjht,b bveifdt,ty vjhbutj,bs^ sbsj-

tekb cbuyfkbc yf[tdfhgthbjlbc vfy’bkpt& hjltcfw U i 0  jhbdt nhfypbcnjhb xfrtnbk 

vlujvfhtj,fibf& 

cbvtnhbekb rdt,bc itvs[dtdfib^ t&b& | | | |E E  r r , lfndbhsdfpt vbqt,ekb ‘f,dbc 

fvgkbnelf  

   .mU Eufv r . ~3&7` 

fv lhjc lfndbhsdfib ufvjb.jaf cbv’kfdht  

   max

E
P

R
 r

2

l
l2

. ~3&8` 

jhbdt nhfypbcnjhbc vbth rdt,bc o.fhjlfy vjs[jdybkb cbv’kfdht bmyt,f  
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   max
0

I
P 2E


  l

r , ~3&9` 

cflfw max
max

U
I

R
 l

l
l

 - lfndbhsdbc vfmcbvfkehb ltybf& 

jhnfmnbfyb rfcrflbc vmr 

   max

0

P
0,785,

P 4

   l     . 

B  ht;bvib vjveifdt jhnfmnbfy rfcrflc fmdc cfrvfjl vfqfkb vmr& vfuhfv^ fvfdt 

lhjc^ vfqfkbf uf’kbtht,ekb cbuyfkbc fhfohabdb lfvf[by]t,f& fhfohabdb 

lfvf[by]t,bc rjtabwbtynbc itcfvwbht,kfl ,fpt,c eylf vtojljc ofyfwdkt,bc velvbdb 

‘f,dt,b ~ AB  ht;bvb`^ nhfypbcnjht,bc itcfdfkb vf[fcbfst,kt,bc fhfohabdb e,ybc 

ptufdktybc ufvjcfhbw[fl& 

 

 

3&1&5 jgthfwbekb v’kbtht,tkb 

~jv` 

 

3&1&5&1& pjuflb wyj,t,b 

 

jgthfwbekb v’kbtht,tkb sfdlfgbhdtkfl ufvj.tyt,ekb b.j fyfkjueh tktmnhj-

yek ufvjvsdtktk vfymfyt,ib c[dflfc[df vfstvfnbrehb jgthfwbt,bc ~itrht,f^ ufvj-

rkt,f^ lbathtywbht,f^ byntuht,f^ lf c[&` itchekt,bcfsdbc^ hfvfw ufyfgbhj,f vfsb lfcf-

[tkt,f ~jgthfwbekb`& itvltuib fv cf[bc vf’kbtht,kt,bc ufvj.tyt,bc cathj ‘fkbfy 

ufafhsjdlf lf fv;fvfl vfsb ufvj.tyt,f [lt,f c[dflfc[df fgfhfnehfib^ 200-pt vtnb 

aeymwbehb rdfy’bc cf[bs & 

jv-bc wyt,bc mdti buekbc[vt,f byntuhfkehb vbrhj-

cmtvf^ hjvkbw fo.j,bkbf lbathtywbfkehb vf’kbtht,tkb 

rfcrflt,bc ,fpfpt lf fmtlfy ufvjvlbyfht bub vtresdyt,f eyb-

dthcfkeh vf’kbtht,tksf ]ueac ~t&b& ite’kbf hjujhw 

velvbdb^ bct wdkflb cbuyfkt,bc uf’kbtht,f`& jgthfwbekb 

vf’kbtht,kbc vbrhjcmtvbc ufvj.tyt,bs itmvybkb aeymwbehb 

rdfy’bc sdbct,t,b ~evhfdktc itvs[dtdfib` v[jkjl 

ererfdibhbc ohtlbc sdbct,t,ptf lfvjrblt,ekb& 

3&8 cehfspt ofhvjlutybkbf ths-thsb nbgbc ~ K140YD1` 

jgthfwbekb vf’kbtht,kbc vbrhjcmtvbc rjhgecpt ufykfut-

,ekb cfrjynfmnj ufvjv.dfyt,bc cmtvf^ cflfw sbsjtek ufvjv-

.dfyc vbothbkb fmdc itcf,fvbcb wbahb~rjhgecbc #at[bc@ yjvthb`&  

ceh& 3&8& 140 1K YD nbgbc 

vbrhjcmtvbc cfrjynfmnj  

ufvjv.dfyt,bc ufykfut,f 
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jgthfwbek vf’kbtht,tkc^ lbathtywbfkehb vf’kbtht,kbc fyfkjubehfl^ fmdc jhb 

itcfdfkb^ hjvkt,bw 9 lf 10 wbaht,bsff fqybiyekb& ths itcfdfkc lfcvekb fmdc #_@ 

ybifyb lf vfc vfbydthcbht,tkb itcfdfkb tojlt,f^ hflufy fm vbojlt,ekb cbuyfkb 

uf’kbtht,bc itvltu ufvjcfdfkpt ufvjlbc itwdkbkb ybiybs ~flubkb fmdc itvfdfkb 

cbuyfkbc ybiybc bydthcbfc`& vtjht itcfdfkc lfcvekb fmdc #  @ ybifyb lf vfc tojlt,f 

fhvfbydthcbht,tkb fy gbhlfgbhb itcfdfkb& fm vbojlt,ekb cbuyfkb uf’kbtht,bc itvltu 

ybifyc fh bwdkbc& [ibhfl^ #_@ ybiybc yfwdkfl vfbydthcbht,tk itcfdfkc lfcvekb fmdc 

#0@ cbv,jkj^ [jkj fhfvfbydtcbht,tkb itcfdfkb .jdtkudfhb fqybidybc ufhtitf& jv-c 

fmdc thsb ufvjcfdfkb^ hjvtkbw fqybiyekbf wbahbs _ 5& jgthfwbek vf’kbtht,tkc 

yjhvfkehb aeymwbjybht,bcfsdbc tcfzbhjt,f c[dflfc[df ybiybc lf thsyfbhb cblblbc 

jhb ‘f,df ~ E, E  `& tc ‘f,dt,b vbtojlt,f itcf,fvbc cfrjynfmnj ufvjv.dfyt,c^ hjvkt,bw 

fqybiyekyb fhbfy wbaht,bs 7 lf1& wbahbs – 4 fqybiyekb vbrhjcmtvbc cfrjynfmnj uf-

vjv.dfyb vbethslt,f cfthsj cfkntc& ufhlf ptvjfqybiyekb cfdfklt,ekj cfrjynfmnj 

ufvjv.dfyt,bcf^ vbrhjcmtvbc rjhgecpt fhct,j,c ibuf othnbkt,bc c[df ufvjv.dfyt,b^ 

hjvkt,bw ufsdfkbcobyt,ekb fhbfy jgthfwbek vf’kbtht,kbc vf[fcbfst,kt,bcf lf 

gfhfvtnht,bc cfrjhtmwbj ufhtit ohtlbc vbcfthst,kfl& vbrhjcmtvbc ths-thsb fctsb 

ufvjv.dfyb fqybiyekbf wbahbs – 12^ hjvtksfyfw vbthst,ekbf vfrjhtmnbht,tkb 1 1C , R   

tktvtynt,b& 

 

 

3&1&5&2& jgthfwbekb vf’kbtht,kbc vf[fcbfst,tkb lf gfhfvtnht,b 

 

jgthfwbekb vf'kbtht,kbc ths-ths 'bhbsfl vf[fcbfst,kfl bsdkt,f gbhlfgbhb 

uflfwtvbc^ fye^ hjujhw vfc [ibhfl eojlt,ty^ fvgkbnelehb vf[fcbfst,tkb U f (U )ufv i  

~ceh& 3&9&`& 

 
 

ceh& 3&9& jgthfwbekb vf'kbtht,kbc fvgkbnelehb vf[fcbfst,kt,b%  

f - fhfvfbydthcbht,tk itcfcdktkbfyb* , - vfbydthcbht,tk itcfcdkbfyb 
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fvgkbneleh vf[fcbfst,kt,pt fhct,j,c jhb thsvfytsbcfufy vrdtshfl ufyc[df-

dt,ekb e,fyb% 

 ohabdb uf'kbtht,bc itcf,fvbcb wbwf,j e,fyb^ hjvtkbw ittcf,fvt,f itcfdfkb 'f,-

dbc wdkbkt,t,bc vwbht lbfgfpjyc ~yekblfy hfvltybvt vbkbdjknfvlt`* 

 uf]tht,bc e,fyb^ hjvtkptw ufvjcfdfkb 'f,df vbfqotdc hf .mU ufv  cblbltc^ hxt,f 

ewdktkb Ui  'f,dbc itvlujvb phlbc vbe[tlfdfl& 

se jgthfwbekb vf'kbtht,kbc gbhdtkb ~itcfdfkb` lbathtywbfkehb rfcfrflb 

bltfkehfl cbvtnhbekbf^ vfiby fvgkbnelehb vf[fcbfst,tkb rjjhlbyfnsf cfsfdtpt 

ufbdkbc^ hfw bvfc ybiyfdc^ hjv se U 0,i  ufvjcfdfkbc 'f,dfw yekbc njkb bmyt,f& 

htfkehb fvgkbnelehb vf[fcbfst,tkb lf'hekbf ~sbsmvbc .jdtksdbc` rjjhlbyfnsf 

cfsfdbc vbvfhs ~o.dtnbkb obht,b`& fvbnjv U 0i  itvs[dtdfib^ U 0.ufv  /0  lf //o  

othnbkt,bc itcf,fvbc 'f,dt,c yekbc ofyfwdkt,bc 'f,dt,b tojlt,f& 

jgthfwbekb vf'kbt,tkbc 'bhbsflb gfhfvtnht,bf% 

 lbathtywbfkehb cbuyfkbc uf'kbtht,bc uK  rjtabwbtynb& jgthfwbekb vf'-

kbtht,kt,bc uK rjtabwbtynb 3 610 ...10  njkbf* 

 cbyafpehb cbuyfkbc itcecnt,bc ~xf[ij,bc` rjtabwbtynb Kci & c[dflfc[df nbgbc 

jgthfwbekb vf'kbtht,kbc  K (60...100 )ci l,* 

 thstekjdfyb uf'kbtht,bc u( K 1)  itcf,fvbcb cb[ibht& tc cb[ibht jgthfwbek 

vf'kbtht,kt,ib fqotdc 615.10  /w-fvlt* 

 yekbc ofyfwdkt,bc 'f,df Uofy & tc 'f,df hfvltybvt vbkbdjknc fh fqtvfnt,f* 

 itcfdfkbc obyfqj,f _ Ritc & c[dflfc[df nbgbc jgthfwbekb vf'kbtht,kbc 

4 9R 10 ...10itc jv* 

 ufvjcfdfkbc obyfqj,f _ .Rufv  jgthfwbekb vf'kbtht,kbc ufvjcfdkbc obyfqj,f fh 

fqtvfnt,f hfvltybvt fctek jvc* 

 vfmcbvfkehb ufvjcfdfkb 'f,df _ mUufv & 

 

3&1&5&3& cfvfcinf,j jgthfwbekb vf’kbtht,tkb 

 

jgthfwbekb vf’kbtht,kbc ‘f,dbc uf’kbtht,bc rjtabwbtynb lblb cblblbcff^ [jkj 

ufvjcfdfkb ‘f,dbc vfmcbvfkehb cblblt fh fqtvfnt,f jh fstek djknc^ fvbnjv ohabdb 

uf’kbtht,bc ht;bvbc itcf,fvbcb itcfdfkb cbuyfkbc fvgkbnelehb lbfgfpjyb fh 

fqtvfnt,f hfvltybvt vbkbdjknc& ufcf’kbtht,tkb cbuyfkbc lbyfvbrehb lbfgfpjyb 
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ufbphlt,f^ se [tkjdyehfl itdfvwbht,s jv-bc fvgkbnelehb vf[fcbfst,kbc lf[-

hbkj,bc res[tc ‘f,dbc qth’sfy ~ceh& 3&10`& fvbcfsdbc cfrvfhbcbf jv-ib ufydf[jhwbtkjs 

efh.jabsb ererfdibhb& fctsb ererfdibhbc ufycf[jhwbtkt,kfl cfzbhjf ufvjcfdfkpt 

vbqt,ekb cbuyfkbc ufhrdtek yfobkbc vfbydthcbht,tk itcfdfkpt lf,heyt,f ~ceh& 3& 11`& 

 
ceh& 3&10& fhfvbfydthcbht,tkb jv-bc fvgkbnelehb vf[fcbfst,tkb% 

1- ererfdibhbc ufhtit*  2-efh.jabsb ererfdibhbs 

 

efh.jabsb ererfdibhbc ohtlib ufvj.tyt,ekb cmtvehb rjvgjytynt,bc cf[tj,bc vb-

[tldbs jv-bfy cmtvfc ite’kbf c[dflfc[df aeymwbbc itchekt,f& hjltcfw efh.jabsb 

ererfdibhbc ohtlib v[jkjl htpbcnjht,bf ufvj.tyt,ekb^ vfiby jv-bfybc cmtvf f[ltyc 

tktmnhekb cbuyfkbc ohabd ~cbuyfkbc ajhvbc ityfhxeyt,bs` uf’kbtht,fc& fcts cmtvfc 

cfvfcinf,j jgthfwbek vf’kbtht,tkc eojlt,ty& 

3&11& cehfspt yfxdtyt,bf vfbydthcbht,tkb lf fhfvfbydthcbht,tkb cfvfcinf,j 

jgthfwbekb vf’kbtht,kbc cmtvt,b& 

 
ceh&3&11& cfvfcinf,j jgthfwbekb vf’kbtht,kbc cmtvt,b% 

f- vfbydthcbht,tkb jv* ,-fhfvfbydthcbht,tkb jv* u-‘f,dbc vfvtjht,tkb jv 

 

vfbydthcbht,tk cfvfcinf,j vf’kbtht,tkib ufcf’kbtht,kb cbuyfkb vbtojlt,f 

vfbydthcbht,tk itcfdfkc& fvfdt itcfdfkc vbtojlt,f efh.jabsb ererfdibhbc ‘f,df 

   1

1 2

R
U U

R R


er ufv . ~3&10` 
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fhfvfbydthcbht,tkb itcfdfkb vbthst,ekbf cfthsj cfkntpt ~fmdc yekbc njkb 

gjntywbfkb`& rbh/jabc gbhdtkb rfyjybc sfyf[vfl  

   1 2i i i . i  ~3&11` 

bltfkeh jv-ib i 0i . fvbnjv 1 2i i .   se ufdbsdfkbcobyt,s^ hjv   

   1

U
i

R
 itc

1

, 2
2

U
i

R
 ufv . ~3&12` 

vbdbqt,s  

   
1

U U

R R
 itc ufv

2

 ~3&13`  

‘f,dbc uf’kbtht,bc rjtabwbtynb    njkb bmyf,f 

   2

1

U R
K .

U R
  ufv

e
itc

 ~3&14` 

vfifcflfvt^ efh.jabs ererfdibhbfyb jv-bc ‘f,dbc uf’kbtht,bc rjtabwbtynb v[j-

kjl vbrhjcmtvfpt lfvfnt,ekb ufht tktvtynt,bc ~rblekb tktvtynt,bc` gfhvtnhptf 

lfvjrblt,ekb&  

fhfvfbydthcbht,tk cfvfcinf,j vf’kbtht,tkib ufcf’kbtht,tkb cbuyfkb fhfvfby-

dthcbht,tk itcfdfkc vbtojlt,f ~ceh& 3&11^,`& ererfdibhbc ‘f,df vfbydthcbht,tk 

itcfcdktkpt vjmvtlt,c& fvbc ufvj^ itcfcdktkt,c ijhbc fhct,j,c lbathtywbfkehb 

cbuyfkb  

   1

1 2

R
U U U U U

R R
   

lba itc er itc ufv . ~3&15` 

ufvjcfdfkpt vbqt,ekb ‘f,df 

   1
u

1 2

R
U K (U U ),

R R
 

ufv itc ufv  ~3&16` 

cflfw uK - jv-bc vbrhjcmtvbc ‘f,dbc uf’kbtht,bc rjtabwbtynbf& ererfdibhbfyb jv-bc 

‘f,dbc uf’kbtht,bc rjtabwbtynb 

   u

1 1
u

1 2 u 1 2

U K 1
K .

R R1U 1 K
R R K R R

  
 

 

ufv
e

itc

 ~3&17` 

hflufy uK 1 ^ itb’kt,f xfdsdfkjs^ hjv 
u

1
0

K
 & vfiby  

   1 2 2
u

1 1

R R R
K 1

R R


   .  ~3&18` 

se vfbdthcbht,tk itcfdfkc vbtojlt,f vstkb ufvjcfdfkb ‘f,df^ t&b& 2R 0  ~ ceh& 

3&11^`^  vfiby 1R obyfqj,bc yt,bcvbthb cblblbc lhjc K 1e & fhvfbydthcbht,tkb 

cfvfcinf,j vf'kbtht,kbc fcts cmtvfc ‘f,dbc vfvtjht,tkb tojlt,f ~U Uufv itc )&  
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3&1&5&4& jgthfwbekb cmtvt,b 

 

jgthfwbekb vf’kbtht,kt,bc ufvj.tyt,bs itcf’kt,tkbf bctsb cmtvt,bc itmvyf^ 

hjvtksf cfiefkt,bsfw tktmnhek cbuyfkt,pt [jhwbtklt,f vfstvfnbrehb jgthfwbt,b 

~itrht,f^ ufvjrkt,f^ byntuht,f^ lbathtywbht,f lf f&i&`& fctsb cmtvt,b^ aeymwbehb 

rdfy’t,bc cf[bs^ afhsjlff ufvj.tyt,ekb fdnjvfnehb vfhsdbc vjo.j,bkj,t,ib^ 

ufvjsdkbsb ntmybrbc cfiefkt,t,ib lf c[df& ufydb[bkjs jgthfwbekb vf’kbtht,kbc 

ufvj.tyt,bs fo.j,bkb cbuyfkt,bc vf]fvt,kbcf lf vfbyntuht,tkb cmtvt,bc veifj,bc 

ghbywbgb& 

3&12& cehfspt ofhvjlutybkbf cbuyfkt,bc vf]fvt,kbc ~cevfnjhbc` evfhnbdtcb cmtvf 

lf vbcb veifj,bc fvcf[dtkb lhjbsb lbfuhfvt,b&  

 
 

ceh&3&12& cevfnjhbc cmtvf ~f`^ lhjbsb lbfuhfvt,b ~,` 

 

rbh/jabc gbhdtkb rfyjybc ufvj.tyt,bs itcfdfkb ohtlbcsdbc itdflubyjs ltyt,bc 

,fkfycbc ufynjkt,f  

   1 2 3i i i i i   e i  ~3&19 `  

se vbdbxytds hjv jgthfwbekb vf’kbtht,tkb bltfkehbf ~t&b& uK ,  R itc `^ 

vfiby jv-bc uflfwtvbc vf[fcbfst,kbc ohabdb uf’kbtht,bc itcf,fvbc e,fypt veifj,bc 

itvs[dtdfib^ vbc itcfcdktkt,c ijhb gjntywbfksf c[dfj,f yeksfyff f[kjc& fvbnjv^ 

hfrb fhfvfbydthcbht,tkb itcfdfkbc gjntywbfkb yekbc njkbf ~vbthst,ekbf yekjdfy 

cfkntcsfy`^ vfbydthcbht,tkb itcfdkbc gjntywbfkbw yekbc njkb bmyt,f& 

ptvjfqybiyekbc ufvj^ vfbydthcbht,tk itcfdfkpt vthst,ekb cbuyfkt,b thsvfytspt fh 

vfj[lytyt ptufdktyfc lf udtmyt,f%  

   1

U
i ,

R
 i1

1

 2
2

2

U
i ,

R
 i  3

3

U
i ,

R
 id U

i .
R

 ufv
e

e

 ~3&20`  
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se ufdbsdfkbcobyt,s^ hjv R i ^ vfiby i 0i  lf ~3&19` ufvjcf[ekt,f vbbqt,c 

itvltu cf[tc 

   1 2 3i i i i    e ; 

   3

1 2 3

UUU U
.

R R R R
    ufvii1 i2

e

 ~3&21` 

dsmdfs^ 1 2 3R R R R   , vfiby vf]fvt,kbc ufvjcfdfkb ‘f,dbc ufvjcf[ekt,fc tmyt,f 

itvltub cf[t 

          
R

U (U U U ).
R

   e
ufv i1 i2 i3  ~3&22` 

fvhbufl^ vf]fvt,kbc ufvjcfdfkpt vbqt,ekb ‘f,df itcfdfkpt vbojlt,ek cbuyfksf 

‘f,dt,bc ]fvbc ghjgjhwbekbf& #_@ ybifyb vbesbst,c vfcptl^ hjv it]fvt,fcsfy thsfl 

flubkb fmdc cbuyfkt,bc ybiybc bydthcbfc ~ceh&3&12^ ,`& 

3& 13& cehfspt vjwtvekbf cbuyfkt,bc vfbyntuht,kbc evfhnbdtcb cmtvf& cfvfcinf,j 

vf’kbtht,kbcufy ufyc[dfdt,bs^ fm ererfdibhb rjyltycfnjhbsff ufy[jhwbtkt,ekb& 

itcfdfkb ohtlbc ltyt,bc ,fkfycbc ufynjkt,f fct xfbotht,f 

   R Ci i i .  i  ~3&24`  

dsmdfs^ jv bltfkehbf^ vfiby i 0i  lf ~3&24` ufvjcf[ekt,bc cfae’dtkpt itudb’kbf 

xfdothjs 

   R c

U
i i

R
  i . ~3&25` 

 

 
 

ceh& 3&13& byntuhfnjhbc cmtvf jv-pt 

 

rjyltcfnjhbc ‘f,df^ hjvtkbw cmtvbc ufvjcfdfkb ‘f,dbc njkbf^ bwdkt,f itvltub 

rfyjybc vb[tldbs 

   
t t

c

0 0

1 1
U U icdt U ( t )dt.

C RC
    ufv i  ~3&26` 
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bvbc ufvj^ hjv cmtvbc itcfdfkpt vjmvtlt,c yf[njvbct,ehb [fcbfsbc velvbdb ‘f,df  

~t&b& U ( t ) consti `^ cmtvbc ufvjcfdfkb ‘f,df 

   
U

U t
RC

  i
ufv . ~3&27` 

fv ufvjcf[ekt,fib 
U

const
RC

i . 

vfifcflfvt^ se byntuhfnjhbc itcfdfkpt t  lhjbc bynthdfkib velvbdb ‘f,df 

vjmvtlt,c^ vfiby ufvjcfdfkb ‘f,df (U )ufv  lhjbc fv bynthdfkib ohabdb rfyjybs 

itbwdkt,f ~ceh&3&13`& fmtlfy ufvjvlbyfht^ byntuhfnjhb ofhvjflutyc ohabdfl wdkflb 

cbuyfkt,bc utythfnjhbc ths-ths ‘bhbsfl rdfy’c&  

 

 

3&1&5&5& ‘f,dbc fyfkjuehb rjvgfhfnjhb 

 

‘f,dbc rjvgfhfnjhb ofhvjflutyc byntuhfkeh vbrhjcmtvfc^ hjvkbc lfybiyekt,ff 

jhb ‘f,dbc itlfht,f& ghbywbgib^ .jdtkb byntuhfkehb jgthfwbekb vf’kbtht,tkb 

‘f,dbc rjvgfhfnjhcfw ofhvjflutyc^ hflufy vbc vfbydthcbht,tk lf fhfvfbydthcbht,tk 

itcfcdktkt,pt vjojlt,ekb cbuyfkt,b^ ittlht,f hf thsvfytsc^ ufnjkt,bc vjvtynib 

ufvjcfdfkpt ofhvjfbmvyt,f cfsfyflj ybiybcf lf cblblbc cbuyfkb& 

 
ceh& 3&14&’f,dbc fyfkjuehb rjvgfhfnjhb 

 

dsmdfs^ jv-c byntuhfkehb vbrhjcmtvbc itcfcdktkt,pt vjmvtlt,c 1U  lf 2U  ‘f,dt,b 

~ceh&3&14&f`& hjltcfw 1 2U U , vfiby byntuhfkehb vbrhjcmtvf uflfbhsdt,f lflt,bsb 

uf]tht,bc vlujvfhtj,fib lf ufvjcfdfkpt fqvjxylt,f .maxUufv  cblblbc ‘f,df^ ~ceh& 

3&14&u`& [jkj^  hjltcfw 1 2U U  vbrhjcmtvf uflfbhsdt,f efh.jabsb uf]tht,bc 

vlujvfhtj,fib^ t&b& maxU U ufv ufv  ~ceh& 3&14^ u`& 1U  lf 2U   'f,dt,bc njkj,bc itvs[dtdfib 

JV bveifdt,c uflfwtvbc vf[fcbfst,kbc ohabdb uf’kbtht,bc itcf,fvbc AB  e,fypt ~ceh& 
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3&14^ ,`& fv itvs[dtdfib^ ufvjcfdfkb ‘f,df vjsfdclt,f maxUufv –cf lf maxU ufv -c ijhbc& 

fvbnjv 1U  lf 2U  ‘f,dfsf cblbltt,bc itlfht,bcfc^ itcf’kj wljvbkt,f itb’kt,f 

itafcltc itafhlt,bs 

   max max max

u u

U ( U ) 2U
.

K K

 
ufv ufv ufv  

bvbc ufvj^ hjv uK  lblb cblblbcff 4[(1...5 ) 10 ] , tc wljvbkt,f vbkbdjknbc vtfstlb 

yfobkt,bs ufybcfpqdht,f& 

afhsj gfhmnbrekb ufvj.tyt,f fmdc lflt,bs ererfdibhbfy rjvgfhfnjht,cfw^ 

hjvtksfw ivbnnbc nhbutht,c^ fye pqeh,keh tktvtynt,c eojlt,ty ~ceh& 3&15`& 

 
 

ceh& 3&15  ivbnnbc nhbuthbc cmtvf ~f`^ uflfhsdbc vf[fcbfst,tkb ~,` 

 

rjvgfhfnjhbc cmtvfib 1R , 2R  ‘f,dbc ufvj.jabs ufy[jhwbtkt,ekbf lflt,bsb 

ererfdibhb^ hflufy ufvjcfdfkb ‘f,dbc 2

1 2

R

R R


 .maxUufv  yfobkb e,heylt,f 

fhfvfbydthcbht,tk itcfdfkc& fvfdt itcfdfkc vbtojlt,f ufhtit ‘f,dbc o.fhjc 0U  ‘f,dbc 

2

1 2

R

R R 0U  yfobkb& vfifcflfvt^ fhfvfbydthcbht,tk itcfdfkc vbtojlt,f ‘f,df 

   1 2
1 0 .max

1 2 1 2

R R
U U U .

R R R R
 

  ufv  ~3&28` 

JV-bc vfbydthcbht,tk itcfcdktkpt vjmvtlt,c Ui  cbuyfkb& dsmdfs^ sfdlfgbhdtkfl 

fv itcfcdktkpt vjmvtlt,c lblb cblblbc efh.jabsb cbuyfkb lf fvbc ufvj JV bv.jat,f 

lflt,bsb uf]tht,bc vlujvfhtj,fib& vfiby^ fhfvbfydthcbht,tk itcfcdktkc vbtojlt,f 

lflt,bsb ‘f,df 

   / 1 2
1 0 max

1 2 1 2

R R
U U U .

R R R R
 

  ufv  ~3&29` 
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rjvgfhfnjhb fv vlujvfhtj,fc itbyfhxeyt,c vfyfvlt^ dblht Ui  cbuyfkbc ‘f,df fh 

ufenjklt,f /
1U  ‘f,dfc& ‘f,dfsf ufnjkt,bc vjvtynib rjvgfhfnjhb uflfbhsdt,f 

efh.jabsb uf]tht,bc vlujvfhtj,fib lf ufvjcfdfkpt fqvjxylt,f maxU ufv  ‘f,df& fvbnjv^ 

fhfvfbydthcbht,tk itcfcdktkpt ‘f,dbc cblblt itbwdkt,f 

   // 1 2
1 0 max

1 2 1 2

R R
U U U .

R R R R
 

  ufv  ~3&30` 

rjvgfhfnjhb efh.jabsb uf]tht,bc vlujvfhtj,fib lfhxt,f vfyfvlt^ dblht Ui  

cbuyfkbc ‘f,df itvwbht,bc ghjwtcib fh uf[lt,f //
1U  ‘f,dbc njkb& ufnjkt,bc vjvtynib 

rjvgfhfnjhb lfe,heylt,f lflt,bsb uf]tht,bc vlujvfhtj,fc lf lfhxt,f fv 

vlujfhtj,fib^ dblht Ui  cbuyfkbc ‘f,df rdkfd fh ufenjklt,f /
1U  ‘f,dfc& 

fvhbufl^ lflt,bs ererfdibhbfyb rjvgfhfnjhbc ~ivbnnbc nhbuthbc` ufvjcfdfkpt 

vlujvfhtj,bc itwdkf [lt,f cbuyfkbc ‘f,dbc cf[dflfc[df vybidytkj,t,bc ~ /
1U  lf //

1U ` 

lhjc& tc rb bvfc biyfdc^ hjv fctsb rjvgfhfnjhbc uflfwtvbc vf[fcbfst,tkpt bfhct,t,c 

/bcnthtpbcbc .ekab^ hjvkbc cbufyt / //
1 1U U  ‘f,dbs ufybcfpqdht,f& ivbnnbc nhbuthbc 

/bcnthtpbcbc .ekabc cbufyt 2

1

R

R
 itafhlt,fptf lfvjrblt,ekb& 

 

 

3&1&6& ‘f,dbc rjvgtycfwbehb cnf,bkbpfnjhb 

 

‘f,dbc gfhfvtnhekb cnf,bkbpfnjhbcfufy ufyc[dfdt,bs^ rjvgtycfwbehb cnf,bkb-

pfnjhb lfndbhsdfpt cnf,bkeh ‘f,dfc byfhxeyt,c efh.jabsb ererfdibhbc tktmnhekb 

cbuyfkbc vfhtuekbht,tkb tktvtynbc vfhsdbc tktmnhjlpt ptvjmvtlt,bc upbs& ‘f,dbc 

vfhtuekbht,tk tktvtynfl ufvjb.tyt,f nhfypbcnjhb^ hjvtkbw xfbhsdt,f lfndbhsdbc 

vbvltdhj,bs fy gfhfktkehfl& itcf,fvbcfl fhct,j,c vbvltdhj,bsb  lf gfhfktkehb 

nbgbc ‘f,dbc rjvgtycfwbehb cnf,bkbpfnjht,b& itlfht,bs vtnb ufvjt.yt,f fmdc 

vbvltdhj,bsb nbgbc rjvgtycfwbeh cnf,bkbpfnjht,c^ hjvtksf cnhemnehek cmtvfc 

3&16 cehfspt yfxdtyt,b cf[t fmdc&  

‘f,dbc ufv.jabc ~’u` cfiefkt,bs 0U  ufvjcfdfkb ‘f,dbc  yfobkb vbtojlt,f 

ufysfy[vt,bc cbuyfkbc vf’kbtht,tkc ~ucv`^ cflfw [lt,f vbcb itlfht,f cf.hltyb 

~cnf,bkehb` ‘f,dbc o.fhjc ufvjcfdfk ‘f,dfcsfy lf fv ‘f,dfsf c[dfj,bc ~t& b& ufysfy[vt,bc 

cbuyfkbc` uf’kbtht,f& vf’kbtht,kbc ufvjcfdfkb ‘f,df vbtojlt,f ‘f,dbc 

vfhtuekbht,tkb tktvtynbc ~vt` itcfdfkc lf f[ltyc vbcb ibuf obyfqj,bc  ~uflfwtvbc 

rjtabwbtynbc` itwdkfc& 
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ceh& 3&16& ‘f,dbc rjvgtycfwbehb cnf,bkbpfnjhbc cnhemnehekb cmtvf 

 

rjvgtycfwbehb cnf,bkbpfnjhbc ufvfhnbdt,ekb ghbywbgekb cmtvf yfxdtyt,bf 3&17^ 

f cehfspt& cmtvfib vfhtuektbht,tk tktvtync ofhvjflutyc cfthsj rjktmnjhbs  

xfhsekb  ~tvbnthekb vfvtjht,tkb` VTO   nhfypbcnjhb^ [jkj ufysfy[vt,bc cbuyfkbc 

uf’kbtht,fc  f[ltyc VT1  nhfypbcnjhpt fo.j,bkb thsrfcrflbfyb vf’kbtht,tkb& 

cf.hltyb ~cnf,bkehb` ‘f,dbc o.fhjc ofhvjflutyc VD  cnf,bkbnhjyb& 1R  vbcb ltybc 

itvpqelb obyfqj,ff& ufvjcfdfkb ‘f,dbc  ufv.jafl  ufvj.tyt,ekbf 2 3R ,R   htpbcnjht,b& 

cnf,bkbpfnjhb  itvltuyfbhfl veifj,c&  

 

 
ceh& 3&17& ‘f,dbc rjvgthycfwbehb cnf,bkbpfnjht,bc ghbywbgekb cmtvt,b 

 

iU  itcfdfkb ‘f,dbc ufphlbcfc^ sfdlfgbhdtkfl ufbphlt,f 0U  ufvjcfdfkb ‘f,dfw^ hfw 

ufvjbodtdc  VT1  nhfypbcnjhbc ,fpbc ltybcf lf^ vfifcflfvt^ rjktmnjhbc ltybc 

ufphlfcfw& fvbc ufvj^ itvwbhlt,f fv nhfypbcnjhbc rjktmnjhbc gjntywbfkb^ hfw sfdbc 

v[hbd ufvjbodtdc VT0  vfhtuekbht,tkb nhfypbcnjhbc ltybc itvwbht,fc ~ibuf 

obyfqj,bc ufphlfc` lf 0U  ‘f,dbc ghjgjhwbek itvwbht,fc& hbc ufvjw cnf,bkpfnjhbc 

ufvjcfdfkpt fqlut,f ‘f,dbc yjvbyfkehb cblblt& fyfkjubeh ghjwtcc fmdc flubkb 
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lfnhdbhsdbc ltybc itvwbht,bc lhjc^ hflufy cfo.bc tnfgpt^ fv itvs[dtdfibw^ flubkb 

tmyt,f 0U -bc ufphlfc& se vj[lf iU  itcfdfkb ‘f,dbc itvwbht,f ~fy lfndhbsdhbc ltybc 

ufphlf`^ vfiby cfo.bc tnfgpt itvwbhlt,f 0U  ‘f,df^ hfw sfdbc v[hbd itfvwbht,c VT1  

nhfypbcnjhbc ,fpbc ltyc lf ufphlbc fvfdt nhfypbcnjhbc rjktmnjhbc gjntywbfkc& 

fvbc ufvj ufbphlt,f VT0  vfhtuekbht,tkb nhfypbcnjhbc ltyb lf itvwbhlt,f vbcb ibuf 

obyfqj,f& VT0  nhfypbcnjhpt ‘f,dbc dfhlybc itvwbht,bc itltufl ufbphlt,f 0U  ‘f,df lf 

cnf,bkbpfnjhbc ufvjcfdfkpt fqlut,f ‘f,dbc yjvbyfkehb cblblt& 

rjvgtycfwbehb cnf,bkbpfnjhbc  ufvjcfdfkb ‘f,dbc ufynjkt,f fct itb’kt,f 

xfbothjc 

   0 0 0K (U K U ) U cf. l , ~3&31` 

cflfw Ucf. –cf.hltyb ‘f,dbc cblbltf^ 

0K -ufysfy[vt,bc cbuyfkbc uf’kbtht,bc rjtabwbtynbf^  

3

2 3

R
K 1

R R
 

l  - ‘f,dbc ufv.jabc uflfwtvbc rjtabwbtynbf& 

~3&31` ufvjcf[ekt,blfy vbdbqt,s 

   0
0

0

U K
U .

1 K K





cf.

l

 ~3&32` 

se ufysfy[vt,bc cbuyfkbc vf’kbtht,tkc uffxybf lblb uf’kbtht,bc rjtabwbtynb lf 

cheklt,f gbhj,f 0K K 1l  ^ vfiby vbdbqt,s 

   2 3
0

3

U U ( R R )
U

K R


 cf. cf.

l

. ~3&33` 

~3&33` ufvjcf[ekt,blfy ufvjvlbyfhtj,c^ hjv rjvgtycfwbehb cnf,bkbpfnjhbc 

ufvjcfdfkb ‘f,df fh fhbc lfvjrblt,ekb itcfdfkb ‘f,dbc wdfkt,flj,fpt lf cf.hltyb 

‘f,dbc ghjgjhwbekbf& ufvjcfdfkb ‘f,dbc cnf,bkj,f lfvjrblt,ekbf cf.hltyb ‘f,dbc 

cnf,bkj,fpt^ 2 3R R  ‘f,dbc ufv.jabc uflfwtvbc rjtabwbtynbcf lf ufysfy[vt,bc cbuyfkbc 

uf’kbtht,bc rjtabwbtynbc cnf,bkj,fpt& fvbc ufvj^ ‘f,dbc ufv.jaib ufvj.tyt,ekb eylf 

bmytc thsybhb ntvgthfnehekb rjtabwbtynbc vmjyt htpbcnjht,b& ufysfy[vt,bc 

cbuyfkbc  uf’kbtht,bc rjtabwbtynbc fhfcnf,bkj,bc ufdktyf itb’kt,f ufvjbhbw[jc^ se 

tc rjtabwbtynb lblb cblblbc bmyt,f ~1000-pt vtnb`& fvbnjv ufysfy[vt,bc cbuyfkbc 

vf’kbtht,kfl lblb uf’kbtht,bc rjtabwbtynbc vmjyt jgthfwbekb vf’kbtht,kbc 

ufvj.tyt,ff vbpfyitojybkb ~ceh&3&17^ ,`& 
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3&2 tktmnjhyekb utythfnjht,b 

 

3&2&1& pjuflb wyj,t,b 

 

tktmnhjyekb utythfnjhb vrdt,fdb velvbdb ‘f,dbc o.fhjc tythubfc ufhlfmvybc 

cfzbhj ajhvbc^ cb[ibhbcf lf cbv’kfdhbc tktmnhekb h[tdt,bc tythubfl& tktmnhjyekb 

utythfnjht,b ofhvjflutyty c[dflfc[df [tkcfo.jcf lf vjo.j,bkj,bc  itvflutytk yf-

obkc& fct vfufkbsfl^ tktmnhjyekb utythfnjht,b ufvjb.tyt,f eybdthcfkeh ufvpjv 

[tkcfo.jt,ib^ jcwbkjuhfat,ib^ vbrhjghjwtcjhek cbcntvt,ib^ c[dflc[df ntmyjkj-

ueh lfyflufht,ib lf f&i&  

fhct,j,c tktmnjyek utythfnjhsf vhfdfkcf[tj,f& vfs rkfcbabrfwbfc f[ltyty% 

utythfnjhblfy vbqt,ekb tktmnhekb h[tdt,bc ajhvbcf lf cb[ibhbc^ utythfnjhbc 

vf’kbtht,tk yfobkib ufvj.tyt,ekb fmnbeh tktvtynsf cf[tj,bc^ utythfnjhbc cmtvfib 

ufvj.tyt,ekb cb[ibhbc fvjvhxtdb ohtlt,bc cf[tj,bc^ vjmvtlt,bc ghbywbgbc^ 

lfybiyekt,bc^ cbv’kfdhbcf lf c[df ybiybc vb[tldbs& 

utythfnjhblfy vbqt,ekb tktmnhekb h[tdt,bc ajhvbc vb[tldbs fhct,j,c 

/fhvjybekb ~cbyecjblehb` lf fhf/fhvjybekb ~htmfkfcfwbehb` h[tdbc utythfnjht,b& 

utythbht,ekb tktmnhekb h[tdt,bc cb[ibhbc cblblbc vb[tldbs fhct,j,c vfqfkb 

lf lf,fkb cb[ibhbc utyhfnjht,b& 

ufvj.tyt,ekb fmnbehb tktvtynt,bc cf[tj,bc vb[tldbs fhct,j,c% nhfypbcnjhbfyb^ 

jgthfwbekvf’kbtht,kbfyb^ vbkfrbfyb^ lf c[df utythfnjht,b& 

utyhfnjht,bc cmtvfib ufvj.tyt,ekb cb[ibhbc fvjvhxtdb ohtlbc cf[tj,bc vb[tldbs 

fhct,j,c LC  lf RC   utythfnjht,b& 

vjmvtlt,bc ghbywbgbc vb[tldbs fhct,j,c sdbsfqupyt,flb^ fye fdnjutythfnjht,b 

lf utythfnjht,b ufht fqupyt,bs& 
 

 

3&2&2 LC   fdnjutythfnjhbc vjmvtlt,bc ghbywbgb 

 
LC  fdnjutythfnjht,b vbtresdyt,bfy vfqfkcb[ib-

hek utythfnjhsf ]ueac& fdnjutythfnjhbc cnhemne-

hekb cmtvf yfxdtyt,bf 3&18 cehfspt& cnhemnehek 

cmtvfib itlbc jhb vsfdfhb rdfy’b% K  uf’kbtht,bc rjtab-

wbtynbc vmjyt thsrfcrflbfyb vf’kbtht,tkb lf   uflfwt-

vbc rjtabwbtynbc vmjyt cb[ibhbc fvjvhxtdb ohtlb^ 

hjvkbc lf[vfht,bsfw vf’kbtht,tkib ufy[jhwbtkt-

,ekbf lflt,bsb ererfdibhb&  

ceh& 3&18& fdnjutythfnjhbc 

cnhemnehekb cmtvf 
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bvbcfsdbc^ hjv fdnjutythfnjhbc velvbdb ‘f,dbc o.fhjcsfy vbthst,bc itltufl uf-

vjcfdfkpt ofhvjbmvyfc vluhflb tktmnhekb h[tdt,b^ eylf itchekltc sdbsfqupyt,bc 

jhb gbhj,f 

   K 1,   ~3&34` 

   0; 2 ,     ~3&35` 

cflfw K  – vf’kbtht,kbc uf’kbtht,bc rjtabwbtynbc vjlekbf* 
U

U
  er

ufv

 - ere-

rfdibhbc ohtlbc uflfwtvbc rjtabwbtynbc vjlekbf*   - vf’kbtht,tkb rdfy’bc ufvjcfdfk 

lf itcfdfk ‘f,dt,c ijhbc afpehb ‘dhbc res[tf*   - ererfdibhbc rdfy’bc itcfdfk lf 

ufvjcfdfk ‘f,dt,c ijhbc afpehb ‘dhbc res[tf& 

~3&34` njkj,f ofhvjflutyc fvgkbnelehb ,fkfycbc gbhj,fc^ [jkj ~3&35 ` njkj,f 

– afpehb ,fkfycbc gbhj,fc& 

wyj,bkbf^ hjv cfthsj tvbnthbs fy cfthsj cfsfdbs xfhsekb nhfypbcnjhekb vf’-

kbtht,kb rfcrflbc ufvjcfdfkpt vbqt,ekb cbuyfkbc afpf 1800-bsff lf’hekb itcfdfkb 

cbuyfkbc afpbcufy& fvbnjv^ se ufvjcfdfkb cbuyfkbc yfobkc afpbc itewdktkfl 

vbdfodlbs vf’kbtht,kbc itcfdfkc^ vfiby ufy[jhwbtklt,f efh.jabsb ererfdibhb& bvb-

cfsdbc^ hjv itchekltc sdbsfqupyt,bcfsdbc cfzbhj afpehb ,fkfycbc gbhj,f ~t&b&  vf’-

kbtht,tkib ufy[jhwbtkltc lflt,bsb ererfdibhb` ererfdibhbc ohtlvf vf’kbtht,kbc 

itcfdfkc eylf vbfojljc 1800-bs lf’hekb ufvjcfdfkb ‘f,df ~fv ‘f,dbc ufycfpqdhekb 

yfobkb`&  

fewbkt,tkbf fvgkbnelehb ,fkfycbc gbhj,bc itchekt,fw^ hflufy veifj,bc ghj-

wtcib fdnjutythfnjhib flubkb fmdc tythubbc lfyfrfhuc& tythubbc lfyfrfhub eylf itbd-

cjc rdt,bc o.fhjlfy itvjcekb tythubbs^ hfw lflt,bsb ererfdibhbc ohtlbc lf[vfht,bs 

eylf ufy[jhwbtkltc&  

ufydb[bkjs LC  – fdnjutythfnjhbc vjmvtlt,bc ghbwbgb^ hjltcfw h[tdbsb rjyne-

hb xfhsekbf nhfypbcnjhbc itcfdfkb ohtlbc gfhfktkehfl ~ceh&3&19`& fdnjutyt-

hfnjhbc vf’kbtht,tk rdfy’ib fmnbeh tktvtynfl ufvj.tyt,ekbf cfthsj cfsfdbs 

xfhsekb dtkbs vfhsekb nhfypbcnjhb& lflt,bsb ererfdibhbc hujkbc aeymwbfc rb 

fchekt,c xfcfltybc ohtlib xfhsekb Le  bylemwbehj,bc rjzf^ hjvtkbw bylemwbeh 

rfdibhibf L ,Cr r  htpjyfycekb rjynehbc bylemwbehj,bc rjzfcsfy& fdnjutythfnjhib^ 

velvbdb ‘f,dbc o.fhjcsfy vbthst,bc itvltu^ fqb’dht,f 
L C

 


r r

 cb[ibhbc cfo.bcb cecnb 

h[tdt,b^ hjvtkbw bvjmvtlt,c hf nhfypbcnjhbc xfvrtnpt ~vfhsdbc tktmnhjlpt`^ 

uf’kbthlt,f lf ererfdibhbcf lf h[tdbsb rjynehbc rjzt,c ijhbc fhct,ekb 

bylemwbehb rfdibhbc o.fkj,bs e,heylt,f h[tdbs rjynehc& L Cr r  rjynehib 

ofhvjmvybkb h[tdt,b rdkfd uf’kbthlt,f lf f&i& h[tdt,bc fvgkbnelf sfylfsfyj,bs 



 80

bphlt,f ~ceh& 3&19^ u`^ hfcfw ittcf,fvt,f K   gbhj,bc itchekt,f& nhfypbcnjhbc 

xfvrtnpt ~ itcfdfk ohtlpt` vjmvtlb h[tdt,bc fvgkbnelbc ufphlbc itltufl 

nhfypbcnjhb veifj,fc bo.t,c fvgkbnelehb vf[fcbfst,kbc fhfohabd e,fypt ~ ab  e,fyb^ 

ceh& 3&19^ ,`& fvbc ufvj^ vwbhlt,f uf’kbtht,bc rjabwbtynbc vjlekb lf K  yfvhfdkb 

ufenjklt,f thsc ~ceh& 3&19^ u`& fvbs lfvsfdhlt,f lfv.fht,ekb fvgkbnelbc vmjyt 

vluhflb h[tdt,bc xfvj.fkb,t,bc ghjwtcb lf fvgkbnelehb ,fkfycbc gbhj,bc 

itchekt,bc itvs[dtdfib fdnjvfnehfl ityfhxeylt,f velvbdb cblblbc fvgkbnelf^ 

hflufy Le  bylemwbehj,bc rjzfc lf[vfht,bs Exfc  rdt,bc o.fhjlfy itvjcekb tythubf 

vjf[ltyc h[tdbs rjynehib fhct,ekb tythubbc lfyfrfhut,bc rjvgtycfwbfc&  

 

ceh&3&19 cbyecjblehb h[tdbc LC -fdnjutythfnjhb% 

f-fdnjutythfnjhbc ghbywbgekb cmtvf* ,-vf’kbtht,kbc fvgkbnelehb vf[fcbfst,tkb& 

u-fdnjutythfnjhbc sdbsfqupyt,bc lbfuhfvf 

 

LC -fdnjutythfnjhib afpehb ,fkfycbc gbhj,f  ~3&35` cheklt,f v[jkjl   cb[-

ibhtpt^ t&b& ererfdibhbc hujkb v[jkjl fv cb[ibhtpt f[ltyc vf’kbtht,kbc epheydtk-

.jafc cfzbhj cbqhvbc lflt,bsb ererfdibhbs& ghfmnbrekfl^ afpehb ,fkfycbc gbhj,bc 

itchekt,f [jhwbtklt,f Le  lf Lr  bylemwbehj,bc rjzt,bc lf[dtdbc vbvfhsekt,fsf 

ithxtdbc upbs& rth’jl^ Le  lf Lr  bylemwbehj,bc rjzt,bc lf[dtdf eylf vj[ltc ehsbths 

cfgbhbcgbhj vbvfhsekt,bs& 

fdnjutythfnjhib^ bct hjujhw tktmnhjyek vf’kbtht,tkib^ fewbkt,tkbf nhfy-

pbcnjhbc velvbdb ltybc vb[tldbs veif ht;bvbc epheydtk.jaf& fdnjutythfnjhbc 

cmtvfib fv aeymwbfc fchekt,c tktvtynt,b^ hjvkt,bw n–fh[bfyb dtkbs vfhsek nhfy-

pbcnjhbc xfvrtnc fodlbfy sbsmvbc velvbdb cblblbc efh.jabsb ofyfwdkt,bc ‘f,dfc& 

R , Cx x  tktvtynt,bc gfhfvtnht,bc ithxtdbs itcf’kt,tkbf nhfypbcnjhbc cfzbhj ht;bvib 
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xf.tyt,f& Rx  htpbcnjhbc obyfqj,f^ xdtekt,hbd^ fbqt,f hfvltybvt vtufjvbc njkb^ [jkj 

Cx  rjyltycfnjhbc ntdflj,f fbqt,f 100 gbrjafhflbc  afhukt,ib& 

 
 

3&2&3& /fhvjybekb h[tdbc fdnjutythfnjht,bc cmtvt,b 

 

afhsj ghfmnbrekb ufvj.tyt,f vjbgjdf cbyecjlehb h[tdbc LC _fdnjutythfnjhbc 

cmtvt,vf^ hjvkt,ibw LC  h[tdbs rjynehc ufht ohtlsfy uffxybf fhf jhothnbkbfyb^ 

fhfvtl cfvothnbkbfyb rjynfmnb& fvbc ufvj^ fcts utythfnjht,c cfvothnbkbfy 

utythfnjht,c eojlt,ty& ufvjb.tyt,f bctsb utythfnjht,bc jhb cmtvehb dfhbfynb%  

 bylemwbehb cfvothnbkbfyb utythfnjhbc cmtvf* 

 ntdflehb cfvothnbkbfyb utythfnjhbc cmtvf& 

LC  rjynehbc ufht ohtlsfy cfvb othnbkbs vbthst,f htpjyfycekb rjynehblfy 

ererfdibhbc cbuyfkbc eiefkj vj[cybc cfiefkt,fc b’ktdf& 3&20^f cehfspt ufvjcf[ekbf  

bylemwbehb cfvothnbkbfyb ^ [jkj 3&20^, cehfspt – ntdflehb cfvothnbkbfyb  

utythfnjhbc ghbywbgekb cmtvt,b& 

 
 

ceh& 3&20& cfvothnbkbfyb  LC -fdnjutythfnjht,bc cmtvt,b 

 

lfutybkbf^ hjv cfvothnbkbfyb utythfnjht,bc h[tdbsb rjynehbc c[dflfc[df v[f-

htc vlt,fht injt,bc htfmnbekb ufvnfhj,t,b eylf b.jc thsvfytsbc njkb%  

bylemwbeh cfvothnbkbfy cmtvfib  

   
1 2

1
C

( L L )


 



 r ; ~3&36` 

ntdfleh cfvothnbkbfy cmtvfib  

   1 2

1 2

C C 1

C C L









 r

 ~3&37` 
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cfvothnbkbfyb fdnjutythfnjht,bc cmtvt,ib ererfdibhbc ‘f,dfcf ~ceh&3&20` lf 

rjynehbc ‘f,dfc cfthsj cfknbc ~fqybiyekbf   cbv,jkjsb` vbvfhs fmds ehsbths 

cfobyffqvltuj vbvfhsekt,f ~afpf`^ hfw ufyfgbhj,t,c afpehb ,fkfycbc gbhj,bc 

itchekt,fc& vjwtvek htpjyfycek cb[ibhtpt fvgkbnelehb ,fkfycbc gbhj,bc 

itchekt,f vbbqotdf 1 2L , L  bylemwbehj,t,bc fy 1 2C , C  ntdflj,t,bc cblbltsf 

htuekbht,bc upbs& 

 
 

ceh& 3&21& LC -fdnjutythfnjhbc cmtvf jgthfwbekb vf’kbtht,kbc ufvj.tyt,bs 

 

15 vu/w cb[ibhtvlt LC -fdnjutythfnjht,ib itcf’kt,tkbf jgthfwbekb vf’kbt-

ht,kt,bc ufvj.tyt,fw& fctsb utythfnjhbc ghbywbgekb cmtvf 3&21& cehfsptf yfxdtyt,b& 

utythfnjhbc cmtvfib lflt,bsb ererfdibhbc ufhlf^ hjvtkbw LC  htpjyfycekb rjy-

nehbs [jhwbtklt,f^ ufvj.tyt,ekbf efh.jabsb  ererfdibhbw  ~ 1 2R , R  ’f,dbc ufv.jabs`& 

efh.jabsb ererfdibhbc ufvj.tyt,f cfzbhjf jgthfwbekb vf’kbtht,kbc fvgkbnelehb 

vf[fcbfst,kbc lf[hbkj,bc itcfwdktkfl & 

/fhvjybekb h[tdt,bc fdnjutythfnjhsf  vtjht ]ueac vbtresdyt,bfy RC –fdnjut-

ythfnjht,b^ hjvtksfw lf,fkb lf byahflf,fkb cb[ibhbc ~hfvltybvt fctekb rbkj-

/thwblfy /thwbc vtfstl yfobkt,fvlt`  /fhvjybekb h[tdt,bc vbcfqt,fl ufvjb.tyt,ty& fv 

cf[bc utyhfnjht,ib lflt,bsb ererfdibhbc hujkbc aeymwbfc fchekt,c RC  cb[ibhbc 

fvjvhxtdb ohtlb& LC  ohtlbc yfwdkfl RC  ohtlbc ufvj.tyt,f bvbsff ufygbhj,t,ekb^ hjv 

LC  rjynehbc pjvt,b lf,fk cb[ibhtt,pt ‘fkpt lblb cblblbc ufvjlbc& ptvjfqybiyek 

cb[ibhek lbfgfpjyib htpbcnjht,bcf lf rjyltycfnjht,bc ufvj.tyt,bcfc fdnjutyt-

hfnjhc uffxybf eahj vfqfkb cnf,bkj,f^ fmdc yfrkt,b vfcf lf qbht,ekt,f LC – fdnjut-

ythfnjhsfy itlfht,bs& RC - fdnjutythfnjhbc cmtvfib ufvjb.tyt,f hjujhw  ,bgjkf-

hekb nhfypbcnjhb^ bct dtkbs vfhsekb nhfypbcnjhb^ fuhtsdt jgthfwbekb byntu-

hfkehb vbrhjcmtvf& 
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fdnjutythfnjhbc pjuflb cnhemenhekb cmtvbc itcf,fvbcfl ~ceh&3&18`^ RC - 

fdnjutythfnjhbw itbwfdc vf’kbtht,tkc ~’bhbsflfl thsrfcrflbfyc` lf lflt,bsb 

ererfdibhbc cb[ibhbc fvjvhxtd hujkc& fctsb cb[ibhbc  fvjvfhxtd hujkt,fl 

ufvjb.tyt,f% Г -ct,hb RC  ohtlb^ dbybc ,juf lf jhvfub T –ct,hb ,juf ~ceh&3&22`& 

 

 

ceh& 3&22& cb[ibhbc fvjvhxtdb RC  ohtlt,b% 

f- Г -ct,hb RC  ohtlb* ,- -dbybc ,juf* u – jhvfub  T - ct,hb ,juf 

 

3&23& cehfspt vjwtvekbf RC –fdnjutythfnjhbc ghbywbgekb cmtvf& cmtvf itbwfdc 

thsrfcrflbfy vf’kbtht,tkc dtkbs vfhsek nhfypbcnjhpt lf Г –ct,h cb[ibhbc 

fvjvhxtd ohtlc&  
 

 

ceh&3&23  RC -fdnjutythfnjhbc ghbywbgekb cmtvf ~f`* cfvhujkbfyb  Г - ct,hb ohtlb ~,` 

 

afpehb ,fkfycbc gbhj,bc itchekt,bc vbpybs^ hfw vjbs[jdc vf’kbtht,kbc ufvjcf-

dfkb ‘f,dbc afpbc 1800-bs itwdkfc^ ufvjb.tyt,f cfvb thsyfbhb gfhfvtnht,bc vmjyt Г –

ct,hb RC  ohtlbc vbvltdhj,bsb itthst,f& se xfdsdkbs^ hjv vf’kbtht,kbc itcfdfkb 

ohtlbc obyfqj,f ‘fkbfy lblb cblblbcff^ [jkj ufvjcfdfkb ohtlbc obyfqj,f – ‘fkbfy 

gfnfhf^ hfcfw .dtkfpt vtnfl dtkbs vfhsek nhfypbcnjht,pt fo.j,bkb vf’kbtht,kb 
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rfcrflb gfce[j,c^ vfiby sbjtekb Г -ct,hb RC  ohtlb vjf[ltyc ufvjcfdfkb ‘f,dbc 600-bfy 

afpeh ‘dhfc lf ]fvib vbdbqt,s ufvjcfdfkb cbuyfkbc 1800-fy afpeh ‘dhfc& 

uffyufhbit,bs lflutybkbf^ hjv afpehb ,fkfycbc gbhj,f cheklt,f cb[ibhtpt 

   0

1
f ,

15,4RC
  ~3&38` 

[jkj fvgkbnelehb ,fkfycbc gbhj,f cheklt,f K 29  uf’kbtht,bc rjtabwbtynbc 

lhjc& 

se fdnjutythfnjhbc ererfdibhbc rdfy’ib flubkt,c itewdkbs htpbcnjht,cf lf 

rjyltycfnjht,c ~ceh& 3& 23^ ,`^ vfiby fdnjh[tdt,bc utythfwbf vj[lt,f  

   0

1
f

7,5RC
  ~3&39` 

cb[ibhtpt^ se vf’kbtht,kbc uf’kbtht,bc rjtabwbtynb K 18,4 . fyfkjubehfl fbo.j,f 

lf,fkb cb[ibhbc fdnjutythfnjhbc cmtvf^ hjltcfw ererfdibhbc rdfy’ib 3&22 cehfspt 

vjwtvekb c[df cb[ibhbc fvjvhxtdb RC  ohtlb bmyt,f ufvj.tyt,ekb& 

 

3&2&4 vfhsres[f ajhvbc h[tdt,bc fdnjutythfnjhb 

~veknbdb,hfnjhb` 

 

se fdnjutythfnjhib sdbsfqupyt,bc gbhj,t,b cheklt,f fhf v[jkjl thsb 

hjvtkbvt cb[ibhbc lhjc^ fhfvtl hfvltybvt cb[ibhbcfsdbc fy cb[ibhtsf pjkbcfsdbc^ 

vfiby fctsb utythfnjhbc ufvjcfdfkpt vbbqt,f /fhvjybekbcfufy ufyc[dfdt,ekb hsekb 

ajhvbc h[tdt,b ~vfs ijhbc vfhsres[f ajhvbc h[tdf`^ hjvtkbw itbwfdc c[dflc[df 

cb[ibhbc h[tdfsf ~/fhvjybrfsf` ufycfpqdhek cgtmnhc& fctsb utyhfnjht,blfy 

ghfmnbrfib .dtkfpt afhsjl ufdhwtkt,ekc vfhsres[f h[tdt,bc utythfnjhb 

ofhvjflutyc^ hjvtkcfw veknbdb,hfnjhb tojlt,f 
 

 
ceh&3&24& fdnjh[tdbsb veknbdb,hfnjhbc cmtvf ~f`* ‘f,dt,bc lbfuhfvt,b ~,` 
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veknbdb,hfnjhb itb’kt,f fbo.jc hjujhw nhfypbcnjht,pt^ bct byntuhfkeh 

vbrhjcmtvt,pt& 3&24 cehfspt yfxdtyt,bf jgthfwbekb byntuhfkehb vbrhjcmtvbc ,fpfpt 

fo.j,bkb fdnjh[tdbsb veknbdb,hfnjhbc cmtvf& jgthfwbek vf’kbtht,tkpt vrdt,fdb 

‘f,dt,bc vbojlt,bcfc^ cfo.bc tnfgpt^ vfbydthcbht,tk 1– itcfdfkc^ hjvtkbw C  rjyltycf-

njhbc ufdkbs cfthsj cfkntcsfyff vbthst,ekb ~tc erfyfcrytkb  – cbv,jkjsbf fqybi-

yekb`^ yekbc njkb gjntywbfkb uffxybf ~C -rjyltycfnjhb ufyve[nek vlujvfhtj,f-

ibf`& fhfvfbydthcbht,tk 2 –itcfdfkc rb 1 2R , R  ‘f,dbc ufvj.jabs vbtojlt,f ererfdibhbc 

‘f,df& w[flbf^ vrdt,fdb ‘f,dt,bc vbthst,fvlt U 0ufv . ‘f,dt,bc vbthst,bcfc fewbkt,kfl 

tmyt,f flubkb Uufv  ‘f,dbc uflf[hfc yekblfy lflt,bsb fy efh.jabsb vbvfhsekt,bs& lf-

deidfs^ hjv ‘f,dt,sfy vbthst,bcfc veknbdb,hfnjhbc ufvjcfdfkpt fqb’dhf U 0 ufv  

‘f,dbc vwbht yfphlb& tc ‘f,df 1 2R , R   ererfdibhbc ohtlbs vbtojlt,f fhfvfbydthcfht,tk 

itcfdfkc lf uf’kbtht,bc itvltu e,heylt,f ufvjcfdfkc& ufphlbkb ufvjcfdfkb ‘f,df 

rdkfd vbtojlt,f fhfvfbydthcbht,tk itcfdfkc^ uf’kbthlt,f^uflftwtvf ufvjcfdfkc lf 

f&i& fqb’dht,f ‘f,dbc pdfdbct,ehb phlbc ghjwtcb^ hbc itltuflfw ufvjcfdfkb ‘f,df 

sbsmvbc v.bcbthfl bphlt,f maxUufv –vlt lf  hxt,f ewdktkb& vfifcflfvt^ cfo.bc tnfgpt 

jgthfwbekb vf’kbtht,kbc vfbydthcbht,tk itcfdfkc fmdc yekbc njkb gjntywbfkb^ 

[jkj fhfvfbydthcbht,tk itcfdfkpt vjmvtlt,c lflt,bsb ererfdibhbc ‘f,df 

   
2

1
R max

1 2

R
U U ,

R R


 ufv  ~3&40` 

hjvtkbw jgthfwbek vf’kbtht,tkc njdt,c lflt,bsb uf]tht,bc vlujvfhtj,fib& maxUufv  

‘f,df R  htpbcnjhbc ufdkbs vjmvtlt,c C  rjyltycfnjhpt^ hbc ufvjw bub bo.t,c lf-

ve[ndfc  RC   lhjbc  velvbdfc itcf,fvbcb cbcohfabs& itcf,fvbcfl^ lfbo.t,f vfbydth-

cbht,tkb itcfdfkbc gjntywbfkbc phlbc ghjwtcb&  lhjbc 2t  vjvtynib ~ceh& 3&24^,` cU  

‘f,df  ~vfbydthcbht,tk itcfdfkpt vjmvtlb ‘f,df` ufenjklt,f fhfvfbydthcbht,tk 

itcfdfkpt vjmvtl 
2R

U  ‘f,dfc^ hfw ufvjbodtdc jgthfwbekb vf’kbtht,kbc uflfhsdfc 

efh.jabsb uf]tht,bc vlujvfhtj,fib ~lbathtywbfkehb itcfcdktkbc sdbct,bc 

sfyf[vfl` lf ufvjcfdfkpt fqvjxylt,f maxUufv  ‘f,df& fvbnjv fhfvfbdthcbh,tk itcfdfkpt 

bvjmvtlt,c ererfdibhbc ‘f,df 

   
2

1
R max

1 2

R
U U

R R


 ufv , ~3&41`  

hjvtkbw eyfhxeyt,c jgthfwbek vf’kbtht,tkc efh.jabsb uf]tht,bc vlujvfhtj,fc& 

fv]thfl C  rjyltcfnjhpt bvjmvtlt,c efh.jabsb ‘f,df^ hbc ufvjw bub lfbo.t,c uflf-

ve[ndfc  RC   lhjbc velvbdfc itcf,fvbcb cbcohfabs& 3t  vjvtynib rjyltycfnjhbc ‘f,df 
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ufenjklt,f fhfvfbydthcbht,tk itcfdfkpt vjmvtl 
2R

U  ‘f,dfc^ hfw ufvjbodtdc jgthfwb-

ekb vf’kbtht,kbc uflfhsdfc lflt,bsb uf]tht,bc vlujvfhtj,fib lf veknbdb,hfnjhbc 

ufvjcfdfkpt rdkfd fqvjxylt,f maxU ufv  ‘f,df& fvbs vsfdhlt,f fdnjutythfnjhbc 

ufvjcfdfkpt fq’hekb vfhsres[f ajhvbc h[tdbc thsb chekb gthbjlb ~T `& fvbc itvltu 

ptvjfqothbkb ghjwtcb bo.t,c ufyvtjht,fc lf veknbdb,hfnjhbc ufvjcfdfkpt 

xfvj.fkb,lt,f vfhsres[f ajhvbc h[tdt,b^ hjvkbc cb[ibht  

   
2

1

1 1
f .

2RT 2RC ln(1 )
R

 


 ~3&42` 

 

3&2&5& ohabdfl wdkflb ‘f,dbc utythfnjhb 

 

ohabdfl wdkflb ‘f,dbc utythfnjhb ufvjcfdfkpt udf’ktdc [th[bct,ehb ajhvbc 

‘f,dfc ~ceh&3&25`& fctsb ajhvbc ‘f,dbc ‘bhbsflb gfhfvtnht,bf% gbhlfgbhb ~veif` cdkbc 

[fyuh’kbdj,f ~ tg `^ erecdkbc [fyuh’kbdj,f ~ te `^ fvgkbnelf ~ mU ` lf ufyvtjht,flj,bc 

gthbjlb ~T `& 

 
ceh& 3&25 [th[bct,ehb ‘f,dbc lbfuhfvf 

ghfmnbrfib ufdhwtkt,ekb ohabdfl wdkflb ‘f,dbc utythfnjht,b c[dflc[df 

cmtvehb itchekt,bcff& vfs ijhbc ufycfresht,ekb flubkb erfdbf cmtvt,c JV-bc 

ufvj.tyt,bs& ths-ths fctsb cmtvf 3&26^f cehfsptf ofhvjlutybkb& fmdt yfxdtyt,bf cmtvbc 

veifj,bc fvcf[dtkb lhjbsb lbfuhfvf ~veh&3&26^,`& 

 
ceh& 3&26 ohabdfl wdkflb ‘f,dbc utythfnjhbc cmtvf ~f`^  

vvfhsdtkb lf ufvjcfdfkb ‘f,dt,bc lbfuhfvt,b ~,` 
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ohabdfl wdkflb ‘f,dbc utythfnjhbc cmtvbc ‘bhbsflb rdfy’t,bf% rjvgfhfnjhb lf 

byntuhfnjhb& utythfnjhb veifj,c ufhtlfy fupyt,bc ht;bvib& vbcb vfhsdf [jhwbtklt,f 

ufhtit fvupyt,b Uu  bvgekcehb ‘f,dbs& vvfhsdtkb bvgekcbc [fyuh’kbdj,f ~ tb ` ufyfgb-

hj,t,c utythfnjhbc ufvjcfdfkb ‘f,dbc erecdkbc [fyuh’kbdj,fc ~ te `& [jkj vvfhsdtk 

bvgekcsf ijhbc gfepbc [fyuh’kbdj,f ~ tg ` - ufvjcfdfkb ‘f,dbc gbhlfgbhb ~veif` cdkbc 

[fyuh’kbdj,fc ~ tg `& fhfvfbydthcbht,tk itcfdfkpt vvfhsdtkb cbuyfkbc vbojlt,fvlt ~ 1t  

vjvtynfvlt` rjvgfhfnjhb bv.jat,f efh.jabsb uf]tht,bc vlujvfhtj,fib 

~ / /
maxU U ufv ufv `^ hflufy vfbydthcbht,tk itcfdfkpt 0E  lflt,bsb ‘f,df vjmvtlt,c& 

rjvgfhfnjhbc ufvjcfdfkbc efh.jabsb ‘f,df^ VD2  lbjlbc ufdkbs^ bvjmvtlt,c hf 

byntuhfnjhbc vfbydthcbht,tk itcfdfkpt^ utythfnjhbc ufvjcfdfkpt ofhvjij,c 

( )U U ufv   lflt,bs ‘f,dfc& 

rjvgfhfnjhbc fhfvfbydthcbht,tk itcfdfkpt m 0U Ev  fvgkbnelbc vmjyt vvfhsdtkb 

bvgekcbc vjojlt,bc ~ 1t  vjvtynb` itvltu^ rjjvgfhfnjhb uflfbhsdt,f lflt,bsb 

uf]tht,bc vlujvfhtj,fib ~ / /
maxU Uufv ufv `^ ufbqt,f VD1  lbjlb lf byntuhfnjhbc 

vfbydthcbht,tk itcfdfkpt bvjmvtlt,c tb  [fyuh’kbdj,bc lflt,bsb velvbdb ‘f,df& fvbnjv^ 

byntuhfnjhbc ufvjcfdfkpt ~lf vfifcflfvt^ utythfnjhbc ufvjcfdfkpt` ‘f,df bo.t,c 

itvwbht,fc ohabdb rfyjybs^ bwdkbc ybifyc lf lfv.fhlt,f ( )U U ufv  ljytpt ~ 1 2t ...t  

bynthdfkib`^ hbsfw lfvsfdhlt,f utythfnjhbc ufvjcfdfkb ‘f,dbc erecdkbc ajhvbht,bc 

ghjwtcb& ufvjcfdfkb ‘f,dbc erecdkbc ohabc lf[hbkj,f tnjkt,f  

   max
1

dU 1
S U ,

dt R C
   ufv

e ufv  ~3&43` 

cflfw maxUufv –byntuhfnjhib ufvj.tyt,ekb JV-bc ufvjcfdfkb ‘f,dbc vfmcbvfkehb 

vybidytkj,ff&  

rjvgfhfnjhbc fhfvfbydthcbht,tk itcfdfkpt vvfhssdtkb bvgekcbc ito.dtnbcfc^ 

vfbydbhcbht,tk itcfdfkpt vjmvtlb 0E  lflt,bsb ‘f,df rjvgfhfnjhc uflfhsfdc 

efh.jabsb uf]tht,bc vlujvfhtj,fib / /
max(U U ) ufv ufv & fvbnjv^ ufbqt,f VD2  lbjlb lf 

bvgekcsf ijhbc fhct,ekb gfepbc itcf,fvbcb lhjbc bynthdfkib 2 3( t ...t ) , byntuhfnjhbc 

ufvjcfdfkpt xfvj.fkb,lt,f utythfnjhbc gbhlfgbhb ~veif` cdkbc itcf,fvbcb ohabdfl 

wdkflb ‘f,df& utythfnjhbc ufvjcfdfkb ‘f,dbc gbhlfgbh cdkbc itcf,fvbcb ohabc 

lf[hbkj,f tnjkt,f 

   max
2

dU 1
S U .

dt R C
 


ufv

g ufv . ~3&44` 
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ohabdfl wdkflb ‘f,dbc utythfnjhbc vluhflb veifj,bc epheydtk.jabc vbpybs 

cfzbhjf itvltub gbhj,bc itchekt,f 

   nt S t S . g g e  ~3&45` 

fv gbhj,bc lfwdfc f[ltyty ‘f,dbc vbybvfkehb ( )[U ]  lf vfmcbvfkehb ( )[U ]  vybid-

ytkj,t,bc itpqeldbc upbs& fvbcfsdbc^ byntuhfnjhbc  ufvjcfdfkbc gfhfktkehfl eylf 

xfbhsjc c[dflfc[df cblblbc cnf,bkbpfwbbc ‘f,dbc vmjyt^ itv[dtlhfl itthst,ekb^ VD3  

lf VD4  cnf,bkbnhjyt,b& VD3  cnf,bkbnhjybc cnf,bkbpfwbbc ‘f,dbc cblblt 

ufyfgbhj,t,c utythfnjhbc ufvjcfdfkb ‘f,dbc ( )U   vfmcbvfkeh vybidytkj,fc^ [jkj VD4  

cnf,bkbnhjybc cnf,bkbpfwbbc ‘f,dbc cblblt – ufvjcfdfkb ‘f,dbc vbybvfkeh ( )U   

vybidytkj,fc& 

ufhtit fupyt,bfyb ohabdfl wdkflb ‘f,dbc utythfnjht,bc ufhlf fhct,j,c sdbs-

fupyt,bc ~fdnjh[tdbs` ht;bvib vjveifdt utythfnjht,bw& 
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4& wbahekb tktmnhjybrbc itcfdfkb 
 

4&1& 'bhbsflb wyj,t,b lf ufyvfhnt,t,b 

 

sfyfvtlhjdt tktmnhjybrfib afhsjlff ufvj.tyt,ekb jhj,bsb rjlbc cf[bs ofhvj-

lutybkb byajhvfwbbc vbqt,bc^ lfveifdt,bcf lf uflfwtvbc wbahekb vtsjlt,b& byajhvf-

wbbc wbahekb lfveifdt,bc vjo.j,bkj,t,bc cfae’dtkc wbahekb byntuhfkehb vbrhj-

cmtvt,b ofhvjflutyty& wbahekb byntuhfkehb vbrhjcmtvt,bc ufvj.tyt,bs fbo.j,f c[df-

lfc[df kjubrehb vjo.j,bkj,t,b^ vt[cbtht,bc vjo.j,bkj,t,b^ rjlbc ufhlfvmvytkt,b lf 

c[df& 

.jdtkb wbahekb vbrhjcmtvf ofhvjflutyc kjubreh tktvtynsf yfrht,c& kjubrehb 

tktvtynt,b wbahekb ajhvbs ofhvjlutybk tktmnhek cbuyfkt,pt fofhvjt,ty vfhnbd 

kjubreh jgthfwbt,c& wbahekb cbuyfkt,b rb xdtekt,hbd qt,ekj,ty v[jkjl jh hbw-

[dbs vybidytkj,fc& tc vybidytkj,t,bf thsb fy yekb& kjubrehb tktvtynbc itcfcdkt-

kt,pt vjmvtlb wbahekb cbuyfkb ~t&b& 1lf 0` ofhvjclut,f vfqfkb lf lf,fkb ljybc 

tktmnhekb gjntywbfkbc fylf ‘f,dbc bvgekcbc cf[bs& 

 
ceh& 4&1 wbahekb cbuyfkbc cf[tt,b 

 

K155  cthbbc lf c[df vbrhjcmtvt,bcfsdbc lf,fkb ljybc ‘f,df tnjkt,f 0&&&0^4d^ [jkj 

vfqfkb ljybc ‘f,df fqtvfnt,f 2^4 d-c&  

hjltcfw gjntywbfkbc vfqfk ljytc ittcf,fvt,f kjubrehb 1^ [jkj gjntywbfkbc 

lf,fk ljytc-kjubrehb  0^ vfiby fcts kjubrfc lflt,bsb^ fye gjpbnbehb kjubrf 

tojlt,f ~ceh&4&1^f`& it,heyt,ekb itcf,fvbcj,bc itvs[dtdfib cfmvt udfmdc efh.jabs^ fye 

ytufnbeh kjubrfcsfy ~ceh&4&1^,`& bvgekcehb cbuyfkbc cf[t yfxdtyt,bf 4&1^ u cehfspt& fv 

itvs[dtdfib^ kjubrehb tktvtynbc itcfdfkpt ‘f,dbc bvgekcbc vjmvtlt,bc vjvtynib fv 

itcfdfkpt fqvjxylt,f kjubrehb 1 ^ [jkj ‘f,dbc bvgekcbc fhfhct,j,bc lhjc –

kjubrehb 0& 
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4&2& jhj,bsb cbuyfkt,bc kjubrehb ufhlfmvyt,b&  

kjubrehb tktvtynt,b 

 

jhj,bsb ~wbahekb` cbuyfkt,bc kjubrehb ufhlfmvyf vbvlbyfhtj,c cfvb tktvtynf-

hekb jgthfwbbc ufvj.tyt,bs% 

 kjubrehb ufvhfdkt,f^ fye jgthfwbf #lf@* 

 kjubrehb itrht,f^ fye jgthfwbf #fy@*  

 kjubrehb efh.jaf^ fye jgthfwbf #fhf@& 

n  wdkflbc ~wbahekb ajhvbsb ofhvjlutybkb cbuyfkbc` .dtkf itcf’kj aeymwbf 

itb’kt,f vbqt,ek bmyfc fv cfvb jgthfwbbc lf[vfht,bs& kjubrehb jgthfwbf rb itb’kt,f 

ofhvjlutybkb b.jc% cbn.dbthfl^ w[hbkbc cf[bs^ fkut,hekfl lf ufhabrbc cf[bs&  

tktvtynt,c^ hjvkt,bw fchekt,ty% #lf@^ #fy@^ #fhf@ kjubreh jgthfwbt,c tojlt,f% 

LF-kjubrehb tktvtynb^ FY-kjubrehb tktvtynb lf FHF-kjubrehb tktvtynb& 

kjubrehb ufvhfdkt,bc jgthfwbf ~rjybeymwbf`& LF–kjubrehb tktvtynb& ufvhfd-

kt,bc kjubrehb jgthfwbf fkut,hekfl itvltu yfbhfl xfbotht,f 

   Y X1 X 2 ... Xn,     ~4&1` 

cflfw X1, X 2,Xn –wbahekb cbuyfkt,bf kjubrehb tktvtynbc itcfcdktkt,pt& kj-

ubrehb tktvtynbc itcfcdktkt,bc vbybvfkehb hfjltyj,f jhbc njkbf&  

Y -wbahekb cbuyfkbf kjubrehb tktvtynbc ufvjcfcdktkpt*  

 -kjubrehb ufvhfdkt,bc fqvybidytkb cbv,jkjf& pju]th ufvjb.tyt,f ufvhfdkt,bc 

xdtekt,hbdb #  @-cbv,jkjw& 

byajhvfwbbc lfveifdt,bc sdfkcfphbcbs  ufvhfdkt,bc kjubrehb jgthfwbf ofhvj-

flutyc c[dflfc[df cbuyfkbc o.fhjlfy kjubrehb tktvtynbc itcfcdktkt,pt vbcekb kj-

ubrehb 1-t,bc lfvs[dtdbc jghtfwbfc& LF–kjubrehb tktvtynbc veifj,bc kjubrf fctsbf% 

vfqfkb ljybc ‘f,df tktvtynbc ufvjcfdfkpt vbbqt,f v[jkjl bv itvs[dtdfib^ hjltcfw 

fctsb ljybc cbuyfkb bvjmvtlt,c thsljekfl vbc .dtkf itcfdfkpt& 4&2& cehfspt yfxdt-

yt,bf% jhitcfcdktkbfyb LF–kjubrehb tktvtynbc uhfabrekb fqybidyf^ veifj,bc ztivf-

hbnt,bc w[hbkb lf kjubreh tktvtynib vbvlbyfht tktmnhekb ghjwtct,bc lhjbsb 

lbfuhfvt,b&  

ztivfhbnt,bc w[hbkb ofhvjlutyfc b’ktdf LF–kjubrehb tktvtynbc vlujvfhtj,bc 

~itcfdfk lf ufvjcfdfk cbuyfkt,c ijhbc kjubrehb rfdibhbc` itcf[t,& hjujhw ztivf-

hbnt,bc w[hbkblfy xfyc^ kjubrehb  tktvtynbc ufvjcdkfpt vfqfkb ljybc cbuyfkb 

~kjubrehb 1` v[jkjl bv itvs[dtdfib vbbqt,f^ se fv tktvtynbc jhbdt itcfdfkpt 

fqvjxylt,f fctsbdt ljybc cbuyfkb&  
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ceh&4&2 lf-kjubrehb tktvtynb% 

f-uhfabrekb fqybidyf* ,-veifj,bc ztivfhbnt,bc w[hbkb*   

u-vbvlbyfht tktmnhekb ghjwtct,bc lhjbsb lbfuhfvt,b 

 

4&2^u cehfspt yfxdtyt,b lhjbsb lbfuhfvt,b sdfkcfxbyj ofhvjlutyfc b’ktdf LF–

kjubreh tktvtynib vbvlbyfht tktmnhekb ghjwtct,bc itcf[t,& lhjbsb lbfuhfvbc 

vb[tldbs^ vfqfkb ljybc cbuyfkb gbhdtkfl fqvjxylf X1  itcfdfkpt& ufvjcfdfkpt vf-

qfkb ljybc cbuyfkb fqvjxylt,f hjujhw rb fctsbdt ljybc cbuyfkb bvjmvtlt,c X 2  itcf-

dfkptw lf ufvjcfdfkpt ityfhxeylt,f vfqfkb ljybc ‘f,df vfyfvlt^ cfyfv vfqfkb ljybc 

‘f,df ~cbuyfkb` fhct,j,c kjubrehb tktvtynbc jhbdt itcfdfkpt&  

itrht,bc kjubrehb jgthfwbf ~lbpbeymwbf`& FY-kjubrehb tktvtynb& byajhvfwbbc 

lfveifdt,bc sdfkcfphbcbs tc jgthfwbf  fhbc  c[dflfc[df cbuyfkbc o.fhjlfy vjcekb 

byajhvfwbbc itrht,f lf ufthsbfyt,f ths fh[ib& kjubrehb itrht,bc jgthfwbf fkut,-

hekfl fct xfbotht,f 

   Y X1 X 2 ... Xn,     ~4&2` 

cflfw Y –cbuyfkbf kjubrehb tktvtynbc ufvjcfdfkpt* 

X1,X 2...Xn -cbuyfkt,bf kjubrehb tktvtynbc itcfcdktkt,pt* 

 -kjubrehb itrht,bc fqvybidytkb cbv,jkjf& pju]th ufvjb.tyt,f itrht,bc 

xdtekt,hbdb #  @ cbv,jkj& 

4&3 cehfspt yfxdtyt,bf FY-kjubrehb tktvtynbc uhfabrekb fqybidyf^ veifj,bc 

ztivfhbnt,bc w[hbkb lf vbvlbyfht tktmnhekb ghjwtct,bc lhjbsb lfbuhfvt,b& 

 
ceh& 4&3 FY-kjubrehb tktvtynb% f - kjubrehb tktvtynbc uhfabrekb fqybidyf*  

, - veifj,bc ztivfhbnt,bc w[hbkb* u - tktmnhekb ghjwtct,bc lhjbsb lbfuhfvt,b 
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FY-kjubrehb tktvtync^ LF-kjubrehb tktvtynbc vcufdcfl^ uffxybf jhb fy vtnb 

itcfdfkb& jhitcfcdktkbfyb FY-kjubrehb tktvtynbc veifj,bc ztivfhbnt,bc w[hbkbcf 

lf tktmnhekb ghjwtct,bc lhjbsb lbfuhfvt,bc sfyf[vfl ~ceh&4&3^ u`^ vfqfkb ljybc 

cbuyfkb ufvjcfdfkpt fqvjxylt,f^ se fctsbdt ljybc cbuyfkb  vjmvtlt,c X1  fy X 2   

itcfdfkpt^ fylf jhbdt itcfdfkpt thslhjekfl& 

kjubrehb efh.jabc jgthfwbf ~bydthcbf`&  FHF-kjubrehb tktvtynb& kjubrehb 

efh.jabc jgthfwbbc itvchekt,tk tktvtync uffxybf thsb itcfdfkb lf thsb ufvjcfdfkb& 

FHF-kjubrehb tktvtynb ofhvjflutyc bydthnjhc^ t&b& bcts tktmnhjyek vjo.j,b-

kj,fc^ hjvkbc ufvjcfdfkb cbuyfkbc ljyt itcfdfkpt vjmvtlb cbuyfkbc ljybc cfobyf-

fqvltujf& tc bvfc ybiyfdc^ hjv^ se fctsb kjubrehb tktvtynbc itcfdfkpt vjmvtlt,c 

vfqfkb ljybc cbuyfkb ~kjubrehb 1`^ vfiby vbc ufvjcfdfkpt fqvjxylt,f lf,fkb ljybc 

cbuyfkb ~kjubrehb0` lf gbhbmbs – se kjubrehb tktvtynbc itcfdfkpt lf,fkb ljybc 

cbuyfkb ~kjubrehb 0` vjmvtlt,lf^ vfiby ufvjcfdfkpt fqvjxylt,f vfqfkb ljybc cbuyfkb 

~kjubrehb1`& efh.jabc kjubrehb jgthfwbf fkut,hekfl fct xfbotht,f 

   Y X  ~4&3` 

fkut,hek xfyfothib efh.jabc jgthfwbf cbv,jkehfl X  wdkflbc ptvjs [fpbc 

lfcvbs fqbybiyt,f lf cbn.dbthfl ufvjbsmvbc hjuhw #fhf X @& 

4&4 cehfspt vjwtvekbf FHF-kjubrehb tktvtynbc uhfabrekb fqybidyf^ veifj,bc 

ztivfhbnt,bc w[hbkb lf kjubreh tktvtynib vbvlbyfht tktmnhekb ghjwtcbc 

lbfuhfvf& 

 
ceh& 4&4&  FHF - kjubrehb tktvtynb% 

f - uhfabrekb fqybidyf* , - veifj,bc ztivfhbnt,bc w[hbkb* u- lhjbsb lbfuhfvf 

 
 

4&3& ,ekbc fkut,hbc fmcbjvt,b lf rfyjyt,b 

 

wbahekb tktmnhjybrbc vjo.j,bkj,bc veifj,bc fhcib ufcfhrdtdfl ofhvjlutyf 

eylf udmjyltc kjubrbc^ fye ,ekbc fkut,hbc ~l& ,ekb fhbc kjubrbc fkut,hbc 

ae’tvlt,tkb` fmcbjvt,cf lf rfyjyt,pt& 

,ekbc fkut,hbc fmcbjvt,b itvltub cf[bsff xfvj.fkb,t,ekb% 

   1 X 1; 0 X 0; 0 X X ; 1 X X ;         

   X X X ; X X X ; X X 1; X X 0; X X .          ~4&4` 
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,ekbc fkut,hbc rfyjyt,b rb fctf xfvj.fkb,t,ekb% 

   X1 X 2 X 2 X1;     X1 X 2 X 2 X1;     

   X1 X 2 X 3 X1 ( X 2 X 3 );      X1 X 2 X 3 X1 ( X 2 X 3 );      

   X1 ( X 2 X 3 ) ( X1 X 2 ) ( X1 X 3 );       

   X1 ( X 2 X 3 ) ( X1 X 2 ) ( X1 X 3 );       ~4&5` 

   X1 X 2 X1 X 2;    X1 X 2 X1 X 2;    

   X1 X1 X 2 X1;    X1 ( X1 X 2 ) X1.    

fv fmcbjvt,bcf lf rfyjyt,bc ufvj.tyt,f kjubrehb aeymwbt,bc ufvfhnbdt,bc 

~vbybvbpfwbbc` cfiefkt,fc b’ktdf& 

 

4&4& rjv,byfwbehb kjubrehb tktvtynt,b 

 

evfhnbdtcb tktvtynt,bc cfiefkt,bs itb’kt,f fbo.jc eahj hsekb kjubrehb 

ohtlt,b^ hjvkt,bw fchekt,ty jh lf vtn kjubreh jgthfwbfc& vfs rjv,byfwbeh kj-

ubreh tktvtynt,c eojlt,ty&  

4&5& cehfspt yfxdtyt,bf pjubthsb vfsufybc uhfabrekb fqybidyt,b lf itchekt,ekb 

kjubrehb jgthfwbt,bc fkut,hekb ufvjcf[ekt,t,b&  

ufydb[bkjs LF-FHF kjubrehb tktvtynbc veifj,bc ghbywbgb^ bub ofhvjflutyc 

jhb evfhnbdtcb LF- lf FHF- kjubrehb tktvtynbc rjv,byfwbfc& fcts kjubreh 

tktvtync uffxybf jhb fy vtnb itcfdfkb lf thsb ufvjcfdfkb^ hjvtkbw vwbht 

lbfvtnhbfyb ohbsff fqybiyekb ~ceh&4&5^f`& fv kjubrehb tktvtynbc veifj,bc 

ztivfhbnt,bc w[hbkb lf vfcib vbvlbyfht tktmnhekb ghjwtct,bc   lbfuhfvt,b 4&6& 

cehfsptf  yfxdtyt,b& se  kjubrehb  tktvtynbc   .dtkf itcfdfkpt fqvjxylt,f vfqfkb 

ljybc cbuyfkb ~kjubrehb 1`^ vfiby ufvjcfdfkpt vbbqt,f lf,fkb ljybc cbuyfkb 

~kjybrehb0`^ [jkj hjltcfw v[jkjl ths fy jhbdt itcfdfkpt lf,fkb ljybc cbuyfkbf 

vbojlt,ekb^ vfiby ufvjcfdfkpt fqvjxylt,f vfqfkb ljybc cbuyfkb ~kjubrehb1`& fctsb 

lfcrdyf lfcnehlt,f 4&6& cehfspt ofhvjlutykb kjubrehb tktvtynbc veifj,bc 

ztivfhbnt,bc w[hbkbsf lf lhjbsb lbfuhfvt,bs& 

 
ceh& 4&5& rjv,byfwbehb kjubrehb tktvtynt,bc uhfabrekb fqybidyt,b%  

f - LF-FHF kjubrehb tktvtynb*  

, - FY-FHF kjubrehb tktvtynb* u - LF-FY-FHF kjubrehb tktvtynb 
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ceh& 4&6& LF-FHF rjv,byfwbehb kjubrehb tktvtynb% 

f - veifj,bc ztivfhbnt,bc w[hbkb* , - lhjbsb lbfuhfvt,b 

 

se LF-FHF kjubrehb tktvtynbc itcfcdktkt,c 

thsvfytssfy itdfthst,s lf vfc vbdfodlbs vfqfkb ljybc 

cbuyfkc^ kjubrehb tktvtynbc ufvjcfdfkpt vbdbqt,s lf,fkb 

ljybc cbuyfkc^ lf gbhbmbs^ ufthsbfyt,ek itcfcdktkt,pt 

lf,fkb ljybc cbuyfkbc vbojlt,bc itvs[dtdfib ufvjcfdfkpt 

fqvjxylt,f vfqfkb ljybc cbuyfkb& vfifcflfvt^ fv itvs[dtdfib 

LF-FHF tktvtynb ufhlfbmvyt,f bydthnjhfl^ t&b& itfchekt,c 

kjubrehb efh.jabc jgthfwbfc ~ceh& 4&7`&  LF–FHF kjubrehb tktvtynbc tc sdbct,f 

afhsjlff ufvj.tyt,ekb wbahekb ntmybrbc  vjo.j,bkj,t,ib& 

fyfkjubehb ufy[bkdbc cfae’dtkpt lfdfcrdybs^ hjv FY-FHF rjv,byfwbehb kjub-

rehb tktvtynbc ufvjcfdfkpt vfqfkb ljybc cbuyfkb fqvjxylt,f v[jkjl bv itvs[dtdfib^ 

se kjubrehb tktvtynbc .dtkf itcfdfkpt lf,fkb ljybc cbuyfkb bmyt,f vbojlt,ekb& 

kjubrehb wdkflt,bc .dtkf c[df rjv,byfwbbc lhjc tktvtynbc ufvjcfdfkpt fqvjxylt,f 

lf,fkb ljybc cbuyfkb& 

ufy[bkekb evfhnbdtcb lf rjv,byfwbehb kjubrehb cmtvt,blfy wbahekb byntuhf-

kehb vbrhjcmtvt,bc itvflutykj,fib ‘bhbsflfl ufvj.tyt,ekbf itlfht,bs vfhnbdb LF-

FHF^ FY-FHF rjv,byfwbehb kjubrehb tktvtynt,b lf eahj hsekb LF-FY-FHF kjub-

rehb tktvtynb& fv kjubreh tktvtynsfufy yt,bcvbthbc ufvj.tyt,bs itb’kt,f vjdf[-

lbyjs LF^ FY^ FHF tktvtynfhekb aeymwbbc htfkbpfwbf& 4&8 cehfspt ofhvjlutybkbf 

LF-FHF lf FY-FHF rjv,byfwbehb tktvtynt,bs tktvtynfhekb kjubrehb jgthfwbt,bc 

htfkbpfwbbc vfufkbst,b&  

 

ceh& 4&7&  LF-FHF 

kjubrehb tktvtynb 

bydthnjhbc ht;bvib 
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ceh& 4&8& LF^ FY^ FHF kjubrehb jgthfwbt,bc htfkbpfwbf LF-FHF ~f` lf  

FY-FHF ~,` kjubrehb tktvtynt,bs& 

 

 

4&5& wbahekb byntuhfkehb vbrhjcmtvt,bc cf,fpj tktvtynt,b 

 

ghfmnbrfib ufdhwtkt,ekbf c[dflc[df cthbbc wbahekb ~kjubrehb` byntuhfkehb 

vbrhjcmtvt,b& sbsjtekb cthbbc vbrhjcmtvbc cfae’dtkc ~,fpfc` LF-FHF^ FY-FHF kj-

ubrehb jgthfwbbc itvchekt,tkb tktmnhekb cmtvf ~kjubrehb tktvtynb` ofhvjflutyc& 

cojhtl fv cf,fpj tktmnhekb cmtvbc gfhfvtnht,ptf lfvjrblt,ekb wfkrtekb cthbbc 

wbahekb byntuhfkehb vbrhjcmtvbc aeymwbehb itcf’kt,kj,t,b& 

cf,fpj tktvtynbc cmtvehb itchekt,bc vb[tldbs eylf ufvjb.jc wbahekb 

bynthufkehb vbrhjcmtvt,bc itvltub ‘bhbsflb ]ueat,b% 

 lbjl-nhfypbcnjhek kjubrbfyb ~lnk` cthbbc vbrhjcmtvt,b* 

 nhfypbcnjhek – nhfypbcnjhek kjubrbfyb ~NNK` cthbbc vbrhjcmtvt,b* 

 tvbnthekrfdibhbfyb ~TRK`` cthbbc vbrhjcmtvt,b* 

 byntuhfkehb vbrhjcmtvt,bc cthbf c[dflfc[df nbgbc ~ n  lf P ` lfbylemwbt,ekfh-

[bfyb dtkbs vfhsekb nhfypbcnjhekb o.dbkbc ~kbsjyb-jh;fyub-yf[tdfhufv-

nfhb cnhemnehbc nhfypbcnjht,b`^ fye nhfypbcnjhsf rjvgktvtynfhekb 

o.dbkbc ~itvjrkt,bs RKJY-nhfypbcnjht,bc` ufvj.tyt,bs& 
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ufydb[bkjs wbahek byntuhfkeh vbrhjcmtvt,ib afhsjl ufvj.tyt,ekb NNK lf 

RKJY cf,fpj tktvtynt,b& 

NNK cf,fpj tktvtynb& cf,fpj tktvtynib ufvj.tyt,ekbf  vhfdfktvbnthbfyb 

nhfypbcnjhb ~ceh&4&9& f`^ hjvkbc lfvpflt,f v[jkjl byntuhfkehb ntmyjkjubbc 

ufvj.tyt,bs uf[lf itcf’kt,tkb& fv cf[bc nhfypbcnjhbc cnhemnehfib tvbnthekb P n   

uflfcfcdktkt,b bctf ufykfut,ekb^ hjv ufvjhbw[ekbf vfsb gbhlfgbhb ehsbths ptvjm-

vtlt,f& fvbc ufvj^ tvbnthekb uflfcfcdktkt,b itb’kt,f ufy[bkekb bmytc gfhfktkehfl 

xfhsekb lfvjerblt,tkb lbjlt,bc cf[bs^ hjujhw tc 4&9^ , cehfspt ofhvjlutybk 

tmdbdfktyneh cmtvfptf yfxdtyt,b& fvfdt tmdbdfktyneh cmtvfpt VT1  nhfypbcnjhbc 

rjktmnjhekb uflfcfcdktkbw lbjlbc cf[bsff ~VD3 ` ofvjlutybkb& 

 

 
ceh& 4&9& NNK cf,fpj tktvtynbc cmtvf% vfhnbdb bydthnjhbs ~f`^ 

vhfdfktvbnthbfyb nhfypbcnjhbc tmdbdfktynehb cmtvf ~,` 

 

cf,fpj tktvtynbc itcfdfk ohtlt,c VD1,VD2  lbjlt,b cf[bs ofhvjlutybkb vhfdfk-

tvbnthbfyb ~fv itvs[dtdfib jhtvbnthbfyb` nhfypbcnjhbc tvbnthekb uflfcfcdktkt,b 

ofhvjflutyty^ [jkj cf,fpj tktvtynbc ufvjcfdfkb cbuyfkb vjb[cyt,f VT2  nhfypbc-

njhbc rjktmnjhblfy& tc nhfypbcnjhb f[ltyc wbahekb cbuyfkbc bydthcbfc lf^ fmtlfy 

ufvjlbyfht^ fchekt,c FHF-kjubrehb jgthfwbfc& VT2  nhfypbcnjhbc ,fpbc ltyb 

ufygbhj,t,ekbf VT1  nhfypbcnjhbc rjktmnjhekb uflfcfcdktkbc^ fye rjktmnjhekb 

lbjlbc ~VD3 ) ltybs& se cf,fpj tktvtynbc jhbdt itcfdfkc vfqfkb ljybc cbuyfkb ~kj-

ubrehb1` vbtojlt,f^ vfiby  VT1  nhfypbcnjhbc tvbnthekb uflfcfdktkt,b ~t&b& VD1 , 

VD2  lbjlt,b` xfrtnbkbf lf Er  ‘f,dbs ufygbhj,t,ekb ltyb ufbdkbc rjynehib% 

E R1 VD3 VT2   r  nhfypbcnjhbc ,fpf-tvbnthbc uflfcfcdktkb - - Er . VT2  uflflbc 

uf]tht,bc ht;bvib lf vbc rjktmnjhpt fqvjxylt,f cbuyfkbc lf,fkb ljyt ~kjubrehb 0`& 

hjltcfw VT1  nhfypbcnjhbc ths itcfdfkpt vfbyw lf,fkb ljybc cbuyfkb ~kjubrehb 0` 
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bvjmvtlt,c^ vfiby Er  ‘f,dbs ufygbhj,t,ekb ltyb ufbdkbc R1   htpbcnjhcf lf qbf 

vlujvfhtj,fib v.ja itcfdfkb ohtlbc lbjlib ~VD1  lf VD2 `& R1  htpbcnjhpt ufbphlt,f 

'f,dbc dfhlyf^ hfw ufvjbodtdc VT1  nhfypbcnjhbc ,fpbc lflt,bsb gjntywbfkbc vrdtsh 

itvwbht,fc& fvbc ufvj^ xfbrtnt,f VD3  rjktmnjhekb lbjlb lf VT2  nhfypbcnjhbc 

,fpfib ltyb ito.lt,f& tc nhfypbcnjhb fqvjxylt,f vjrdtsbc ht;bvib lf cf,fpj 

tktvtynbc ufvjcfdfkpt vbbqt,f vfqfkb ljybc cbuyfkb ~kjubrehb1`& vfifcflfvt^ cf,fpj 

tktvtynb fchekt,c LF-FHF kjubreh jgthfwbfc& 

ptvjs ufy[bkekb b.j nnk cf,fpj tktvtynbc ufvfhnbdt,ekb cmtvehb dfhbfynb& 

sfyfvtlhjdt wbahek byntuhfkeh vbrhjcmtvt,ib ufvj.tyt,ekb cf,fpj tktvtynt,b 

itlfht,bs hsekb cmtvehb itchekt,bcff& wbahekb byntuhfkehb vbrhjcmtvbc lfndbh-

sdbc eyfhbfyj,bc ufphlf^ fuhtsdt LF-FHF kjubrehb jgthfwbbc ufhlf FY-FHF jgthf-

wbbc itchekt,f^ itcf’kt,tkb [lt,f afpbc lfv[ktxb rfcrflbc lfvfnt,bs lf bydthnjhbc 

cmtvbc ufhsekt,bc [fh]pt& 

RKJY cf,fpj tktvtynb& RKJY cthbbc wbahekb vbrhjcmtvt,bc evfhnbdtc tkt-

vtync ofhvjflutyc RKJY bydthnjhb^ hjvkbc tktmnhekb cmtvf 4&10^f cehfsptf 

yfxdtyt,b& cmtvf itbwfdc c[dflfc[df nbgbc lfbylemwbt,ekfh[bfy nhfypbcnjhsf o.dbkc 

~VT1,VT2 `& n -fh[bfyb nhfypbcnjhbc ~VT1 ` cfsfdt vbthst,ekbf cfthsj cfkntcsfy 

~yekjdfyb gjntywbfkbc vmjyt cfknt`& tc nhfypbcnjhb bsdkt,f fmnbeh nhfypbc-

njhfl&  P -fh[bfyb nhfypbcnjhbc ~VT2 ` cfsfdt vbthst,ekbf rdt,bc o.fhjc gkecsfy 

~ E `&VT2  nhfypbcnjhb ofhvjflutyc VT1  fmnbehb nhfypbcnjhbc lfndbhsdfc 

~lbyfvbrehb lfndbhsdf`&  
 

 
ceh& 4&10& rkjy cthbbc vbrhjcmtvbc cf,fpj tktvtynt,b% 

 bydthnjhb ~f`^ FY-FHF kjubrehb tktvtynb ~,`^ LF-FHF kjubrehb tktvtynb ~u` 

 

cmtvf fchekt,c kjubrehb efh.jabc jgthfwbfc ~jgthfwbf FHF` lf veifj,c lflt-

,bsb kjubrbc itcf,fvbcfl& vfhskfw^ se X  itcfdfkpt vjmvtlt,c vfqfkb ljybc cbuyfkb 

~kjubrehb1`& vfiby ufbqt,f VT1 ~ n -fh[bfyb` nhfypbcnjhb^ [jkj VT2  ~ P -fh[bfyb` 
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nhfypbcnjhb xfbrtnt,f& fvbnjv kjubrehb tktvtynbc ufvjcfdfkpt fqvjxylt,f lf,fkb 

ljybc cbuyfkb ~kjubrehb 0`& hjltcfw X  itcfdfkpt bvjmvtlt,c lf,fkb ljybc cbuyfkb 

VT1  nhfypbcnjhb xfbrtnt,f^ [jkj VT2  nhfypbcnjhb ufbqt,f^ hflufy fv nfhypbc-

njhbc xfvrtnc vbcbdt cfsfdbc vbvfhs fqvjfxylt,f lff[kjt,bs E -c njkb gjntywbfkb& 

fvbnjv kjubrehb tktvtynbc ufvjcfdfkpt fqvjxylt,f vfqfkb ljybc cbuyfkb& 

RKJY - bydthnjhbc evybidytkjdfytcb sdbct,ff bc^ hjv VT1  fmnbehb nhfypbc-

njhb hjujhw xfrtnbkb^ bct qbf vlujvfhtj,bc lhjc ~cnfnbrehb ht;bvb`^ rdt,bc 

o.fhjlfy cbv’kfdhtc ghfmnbrekfl fh vjbs[jdc& cbv’kfdht b[fh]t,f v[jkjl 

uflfhsdbc lbyfvbrehb ghjwtcbc lhjc^ ufvjcfdfkb ohtlbc gfhfpbnekb ntdflj,bcf lf 

nhfypbcnjhbc tktmnhjlsfijhbcb ntdflj,t,bc lfve[ndfpt& uflfhsdt,bc lbyfvbrehb 

ghjwtcbc lhjc bydthnjhbc vbth rdt,bc o.fhjlfy vjs[jdybkb cbv’kfdht 

   2P 2C f U ,  lby  ~4&6` 

cflfw C -lfndbhsdbc tmdbdfktynehb ntdflj,ff* f -uflfhsdt,bc veif cb[ibhtf* U -rdt-

,bc o.fhjc ‘f,df& 

RKJY-bydthnjhb ofhvjflutyc FY-FHF^ LF-FHF kjubrehb tktvtynt,bc cf,fpj 

tktvtync& 4&10^, cehfspt vjwtvekbf jhitcfcdktkbfyb FY-FHF kjubrehb tktvtynbc 

cmtvf& fm^ gfhktkehfl itthst,ekb VT1  lf VT2  n -fh[bfyb nhfypbcnjht,b ofhvjfl-

utyty fmnbeh nhfypbcnjht,c^ [jkj vbvltdhj,bs itthst,ekb VT3  lf VT4  P -fh[bfyb 

nhfypbcnjht,b-lfndbhsdbc nhfypbcnjht,bf& VT1  lf VT3  nhfypbcnjht,b ofhvjmvybfy 

ths rjvgktvtynfhek o.dbkc ~RKJY-bydthnjhb` lf vfsb vfhsdf [jhwbtklt,f X1  

cbuyfkbs& VT2  lf VT4  nhfypbcnjht,b rb ofhvjmvybfy vtjht rjvgktvtynfhek o.dbkc 

~vtjht RKJY-bydthnjhb` lf vfsb vfhsdf [lt,f X 2  cbuyfkbs& hjltcfw itcfcdktkt,pt 

lf,fkb ljybc cbuyfkt,bf^ jhbdt fmnbehb nhfypbcnjhb xfrtnbkbf^ [jkj jhbdt 

lfndbhsdbc nhfypbcnjhb qbff& fvbnjv kjubrehb tktvtynbc ufvjcfdfkpt fqvjxylt,f 

vfqfkb ljybc cbuyfkb& se ths itcfdfkpt vfbyw vfqfkb ljybc cbuyfkb bvjmvtlt,c^ vfiby 

ths-thsb fmnbehb nhfypbcnjhb ufbqt,f^ [jkj vfcsfy o.dbkib vjveifdt lfndbhsdbc 

nhfypbcnjhb xfbrtnt,f lf kjubrehb tktvtynbc ufvjcfdfkpt fqvjxylt,f lf,fkb ljybc 

cbuyfkb& vfifcflfvt^ cmtvf fchekt,c FY-FHF kjubreh jgthfwbfc& 

jhitcfcdktkbfyb LF-FHF kjubrehb tktvtynbc cmtvfib ~ceh&4&10^ u` fmnbehb 

nhfypbcnjht,b ~VT1,VT2 ` vbvltdhj,bsff itthst,ekb^ [jkj lfndbhsdbc nhfypbcnj-

ht,b  ~VT3,VT4 ` - gfhfktkehfl& VT1  lf VT3  nhfypbcnjht,b ofhvjmvybfy ths rjvgkt-

vtynfhek o.dbkc lf vfsb vfhsdf vbvlbyfhtj,c X1  cbuyfkbs& VT2  lf VT4  nhfypbc-

njht,b ofhvjmvybfy vtjht rjvgktvtynfhek o.dbkc lf vfsb vfhsdf [lt,f X 2  cbuyfkbs& 

bvbc ufvj^ hjv fmnbehb nfhypbcnjht,b vbvltdhj,bsff itthst,ekb^ kjubrehb 

tktvtynbc ufvjcfdfkpt lf,fkb ljybc cbuyfkb vbbqt,f^ se jhbdt nhfypbcnjhb thsl-

hjekfl qbf vlujvfhtj,fibf^ t&b& jhbdt itcfdfkpt vjmvtlt,c vfqfkb ljybc cbuyfkb& 
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itcfcdktkpt vjmvtlb cbuyfkt,bc yt,bcvbthb c[df rjv,byfwbbc lhjc kjubrehb 

tktvtynbc ufvjcfdfkpt fqvjxylt,f vfqfkb ljybc cbuyfkb& vfifcflfvt^ kjubrehb 

tktvtynb fchekt,c LF-FHF kjubreh jgthfwbfc& 

rkjy cthbbc wbahekb byntuhfkehb vbrhjcmtvt,b rdt,bc o.fhjlfy vjb[vfhty 

ufwbkt,bs yfrkt, cbv’kfdhtc^ dblht c[df cthbbc vbrhjcmtvt,b^ uffxybfs ufht 

[tkititkt,bc vbvfhs ufphlbkb vluhflj,f lf lfndbhsdbc ufphlbkb eyfhbfyj,f& 

 

4&6& wbahekb byntuhfkehb vbrhjcmtvt,bc gfhfvtnht,b 

 

wbahekb byntuhfkehb vbrhjcmtvt,bc ‘bhbsflb gfhfvtnt,bf% 

 kjubrehb 1-bc itcf,fvbcb ~buekbc[vt,f lflt,bsb kjubrf` itcfdfkbcf lf ufvjcf-

dfkbc 'f,dt,b% U1
i  lf U1

u  – vbrhjcmtvbc itcfdfkpt lf ufvjcfdfkpt ‘f,dbc vfqfkb 

ljybc itcf,fvbcb vybidytkj,t,b* 

 kjubrehb 0-bc itcf,fvbcb itcfdfkbc lf ufvjcfdfkbc ‘f,dt,b% 0Ui  lf 0Uu –vbrhj-

cmtvbc itcfdfkpt lf ufvjcfdfkpt ‘f,dbc lf,fkb ljybc itcf,fvbcb vybidytkj,t,b* 

 kjubrehb 1-bc itcf,fvbcb itcfdfkbc lf ufvjcfdfkbc ltyt,b% I1
i  lf I1

u , fuhtsdt 

kjubrehb 0-bc itcf,fvbcb itcfdfkbc lf ufvjcfdfkbc ltyt,b% 0Ii  lf 0Iu * 

 cbuyfkbc kjubrehb dfhlybkb ~ahjynb` U U U ;  1 0
kju u u  

 pqeh,kehb ‘f,df ~ .Upq ` –itcfdfkpt vjmvtlb ‘f,dbc cblblt^ hjvkbc lhjcfw 

vbrhjcmtvbc ufvjcfdfkpt flubkb fmdc vlujvfhtj,bc cfobyffqvltujsb itwdkfc*  

 kjubrehb 1-bc lf kjubrehb 0-bc itcf,fvbcb cbuyfkt,bc ~’f,dbc` ptvjmvtlt,bc 

lhjc itcfdfkbc lf ufvjcfdfkbc obyfqj,t,b% 1 0R ; Ri i  lf 1 0R ; R ;u u  

 vbrhjcmtvbc vbth rdt,bc o.fhjlfy vjs[jdybkb cbv’kfdhbc cfiefkj vybidytkj,f 

   
0

.

P P
P ,

2




1
u v

v cfi  ~4&7` 

cflfw 0Pv  lf 1Pv  – vbrhjcmtvbc vbth rdt,bc o.fhjlfy vjs[jdybkb cbv’kfdhtt,bf cmtvbc 

ufvjcfdfkpt kjubrehb 0-bcf lf kjubrehb 1-bc lhjc* 

 wbahekb byntuhfkehb vbrhjcmtvbc itcfcdktkt,bc hbw[db* 

 wbahekb byntuhfkehb vbrhjcmtvbc lfndbhsdbc eyfhbfyj,f& fv gfhfvtnhbc 

itafct,fc f[ltyty ufvjcfdfkbc ufyinjt,bc rjtabwbtynbs^ hjvtkbw udbxdtyt,c 

fyfkjubehb vbrhjcmtvt,bc bv hfjltyj,fc^ hjvtksf vbthst,fwff itcf’kt,tkb 

vjwtvekb vbrhjcmtvbc ufvjcfdfkpt& 
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ptvjfqybiyekb gfhfvtnht,b vbtresdyt,bfy wbahekb byntuhfkehb vbrhjcmtvt,bc 

cnfnbreh gfhvtnhsf ]ueac& vbrhjcmtvt,bc lbyfvbrehb sdbct,t,bc itcfafct,kfl ufvjb-

.tyt,f% cbuyfkbc uflfwtvbc lf.jdyt,bc lhj ~ tl ` lf itcfdfkb cbuyfkbc vfmcbvfkehb 

cb[ibht ~ maxf `& 

wbahekb byntuhfkehb vbrhjcmtvt,bc itcfdfkpt vbojlt,ekb cbuyfkb cmtvbc ufvj-

cfdfkpt ufvjlbc ufhrdtekb lf.jdyt,bs& cbuyfkbc itcfdfkblfy ufvjcfdfkpt uflfwtvbc 

lf.jdyt,bc lhj ~ tl ` ufyfgbhj,t,c wbahekb byntuhfkehb vbrhjcmtvt,bc cohfamvtlt,fc&  

tl  lf.jdyt,bc lhjc^ hjujhw otcb^ cfpqdhfdty FHF-kjubrehb tktvtynbc  itcfdfkpt lf 

ufvjcfdfkpt fhct,ekb cbuyfkt,bc fvgkbnelbc yf[tdhbc itcf,fvbc ljytsf ijhbc lhjbc 

bynthdfkbc vb[tldbs ~ceh&4&11` 

   
1,0 0 ,1t t

t ,


 l l
l

2
 ~4&8` 

cflfw 1,0tl  - cbuyfkbc uflfwtvbc lf.jdyt,bc [fyuh’kbdj,ff vbrhjcmtvbc xfhsdbc lhjc* 0,1tl  

- cbuyfkbc uflfwtvbc lf.jdyt,ff vbrhjcmtvbc ufvjhsdbc lhjc& 

 
 

ceh& 4&11& cbuyfkbc uflfwtvbc lf.jdyt,bc lbfuhfvf 

 

 

 

4&7& wbahekb tktmnhjybrbc aeymwbehb rdfy't,b 

 

4&7&1 nhbutht,b 

 

4&7&1&1 pjuflb wyj,t,b 

 

nhbutht,b vbtresdyt,bfy kjubreh vjo.j,bkj,fsf ]ueac& vfsb veifj,bc sfdbct-

,eht,ff bc^ hjv uffxybfs jhb vluhflb vlujvfhtj,f – kjubrehb 1 lf 0& fv jhb vluhflb 

vlujvfhtj,blfy ths-thsib nhbuthc ite’kbf lfhxtc hfubyl lblb lhjbc ufyvfdkj,fib^ 
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t&b& vfc fmdc byajhvfwbbc lfvf[cjdht,bc eyfhb& vfifcflfvt^ rjv,byfwbehb kjubrehb cmt-

vt,bcfufy ufyc[dfdt,bs^ nhbuthb fhbc lfvf[cjdht,bc eyfhbc vmjyt kjubrehb vjo.j-

,bkj,f& 

nhbuthb vlujvfhtj,fc bwdkbc ufhtit vvfhsdtkb cbuyfkt,bc ~byajhvfwbbc` ptufd-

ktybs& fvfdt lhjc^ nhbuthbc ufvjcfdfkb cbuyfkb ~vlujvfhtj,f` cfpjufljl lfvjrblt-

,ekbf fhf vfhnj vjwtvek vjvtynib vbc itcfcdktkpt vjmvtl cbuyfkt,pt^ fhfvtl bv cbu-

yfkt,ptw^ hjvtkbw fvfdt itcfcdktkpt flht vjmvtlt,lyty& 

4&12 cehfspt yfxdtyt,bf nhbutht,bc ufypjuflt,ekb cnhemnehekb cmtvf& cnhem-

nehek cmtvfib itlbc vt[cbtht,bc e]htlb ~ve` lf vvfhsdtkb kjubrehb vjo.j,bkj,f 

~kv`& 

 
 

ceh& 4&12& nhbutht,bc cnhemnehekb cmtvf 

 

kjubrehb vjo.j,bkj,f itvjcek byajhvfwbfc ufhlfmvybc cbuyfksf rjv,byfwbfl^ 

hjvtksf ptvjmvtlt,bc itltufl vt[cbtht,bc e]htlb lfbrfdt,c jhblfy ths hjvtkbvt 

vluhfl vlujvfhtj,fc ~kjubreh 0-c fy kjubreh 1-c`& 

cfbyajhvfwbj cbuyfkt,b vbtojlt,f kjubrehb vjo.j,bkj,bc A  lf B  itcfcdkt-

kt,c& ufhlfmvybc itvltu^ kjubrehb vjo.j,bkj,blfy ufvjcekb cbuyfkt,b ptvjmvtlt,c 

vt[cbtht,bc e]htlbc /S  lf /R  ibuf itcfcdktkt,pt& E  itcfdfkb ufvjb.tyt,f byajhvf-

wbbc ~cbuyfkbc` vbqt,bc yt,fhsdbc ufcfwtvfl^ [jkj c  itcfdfkb epheydtk.jac byajh-

vfwbbc cbymhjybpt,ek ~nfmnbht,ek`  vbqt,fc& 

nhbuthekb cmtvt,b fbo.j,f cnfylfhnekb kjubrehb tktvtynt,bc ufvj.tyt,bs 

~FY-FHF^ LF-FHF`& fvf se bv nhbuthbc  cmtvbc itmvybc ghjwtcib eylf lfveifdltc 

kjubrehb tktvtynt,bc itthst,bc cmtvf lf ufy[jhwbtkltc fv kjubrehb tktvtynt,bc 

vfhsdbc jhufybpfwbf& fqybiyekblfy ufvjvlbyfht^ fhct,j,c c[dflfc[dfudfhb itchekt,bc 

nhbutht,b& vfs rkfcbabrfwbfc xdtekt,hbd f[ltyty byajhvfwbbc vbqt,bcf ~xfothbc` lf 

aeymwbehb ybifysdbct,t,bc vb[tldbs& 

byajhvfwbbc xfothbc ~vbqt,bc` [fcbfsblfy ufvjvlbyfht fhct,j,c fhfcbymhj-

ybpt,ekb ~fcbymhjyekb` lf cbymhjybpt,ekb ~cbymhjyekb fy nfmnbht,ekb` nhbutht,b& 
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fcbmhjyekb nhbuthbc vlujvfhtj,bc itwdkbcfsdbc cfrvfhbcbf vvfhsdtk itcfcd-

ktkt,pt cbuyfkt,bc vbcdkf& cbymhjybpt,ek ~cbymhjyek` nhbuthib rb vvfhsdtk 

~cfbyajhvfwbj` itcfdfkpt cbuyfkbc fhct,j,bc itvs[dtdfib nhbuthb v[jkjl vfiby 

itbwdkbc vlujvfhtj,fc^ se bvfdt vjvtynib cbuyfkb ~bvgekcbc gjntywbfkbc fy ahjynbc 

cf[bs` bvjmvtlt,c C - vfcbymhjyt,tk itcfdfkptw& 

aeymwbehb ybifysdbct,bc vb[tldbs thsvfytsbcfufy eylf ufydfc[dfdjs% RS ;  D ;  

T ;  JK   nbgbc nhbutht,b& nhbuthbc cf[tkojlt,f fcf[fdc vfhsdbc jhufybpfwbbc 

sfdbct,eht,fc lf tktmnhekb cbuyfkt,bc vbojlt,bcfc vbcb aeymwbjybht,bc fvcf[dtkb 

kjubrehb ufynjkt,bc cf[tc& 

nhbuthc fmdc jhb ufvjcfdfkb& ths-ths ufvjcfdfkc gbhlfgbhb ufvjcfdfkb tojlt,f 

lf fqbybiyt,f Q  fcjsb^ vtjht ufvjcfdfkc bydthcekb ufvjcfdfkb tojlt,f lf fqbybiyt,f  

Q -bs& nhbuthbc vlujvfhtj,f ufybcfpqdht,f gbhlfgbhb ufvjcfdfkbc cbuyfkbs& nhbuthb 

bv.jat,f 1 vlujvfhtj,fib^ hjltcfw Q 1,Q 0,   [jkj 0-vlujvfhtj,fib^ hjltcfw 

Q 0,Q 1  . 

 

4&7&1&2& nhbuthsf cmtvt,b lf vjmvtlt,bc ghbywbgb 

 

RS -nhbuthb& nhbuthsf ijhbc .dtkfpt vfhnbdb cmtvf  RS - nbgbc fcbymhjyek nhb-

uthc uffxybf& fctsb nhbuthbc cmtvfib itlbc ]dfhtlbyb ererfdibht,bs fqzehdbkb  jhb 

FY-FHF^ fylf jhb LF-FHF kjubrehb tktvtynb ~ceh&4&13` 

 
 

ceh& 4&13& fcbymhjyekb RS –nhbuthbc cmtvt,b% 

f - FY-FHF kjubreh tktvtynt,pt& , - LF-FHF kjubreh tktvtynt,pt* 

u - 564TP2   nbgbc vbrhjcmtvf 

 

RS -nhbuthc fmdc jhb cfbyajhvfwbj itcfdfkb ~ R, S ` lf uffxybf jhb vluhflb vluj-

vfhtj,f^ hbc ufvjw vfc ,bcnf,bkeh e]htlcfw eojlt,ty& hjltcfw R 0  lf S 1  nhb-
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uthb uflfbhsdt,f 1-vlujvfhtj,fib  ~Q 1 `^ [jkj se R 1  lf S 0  nhbuthb fqvjxylt,f 

0-vlujvfhtj,fib& R 1, S 1   rjv,byfwbf RS -nbgbc nhbuthbcsdbc frh’fkekbf^ hflufy fv 

lhjc nhbuthbc  vlujvfhtj,f ufehrdtdtkbf ~ X `& cbuyfkt,bc fctsb rjv,byfwbbc lhjc bub 

itb’kt,f fqvjxyltc hjujhw  kjubrehb 1^ bct kjubrehb 0-vlujvfhtj,fib& fvbnjv 

itcfdfkb cbuyfkt,bc tc rjv,byfwbf eylf ufvjbhbw[jc& RS -nhbuthbc vlujvfhtj,t,b^ 

itcfdfkb cbuyfkt,bc c[dflfc[df rjv,byfwbbc lhjc^ 4&1& w[hbkibf vjwtvekb& 

 

         w[h&4&1              w[h&4&2 

 

fv w[hbkib nQ –bs fqybiyekbf nhbuthbc vlujvfhtj,f f[fkb vlujvfhtj,fib 

uflfhsdfvlt^ [jkj   n 1Q  -bs - f[fk vlujvfhtj,fib uflfhsdbc itvltu& 

se RS –nhbuthb LF-FHF kjubreh tktvtynt,ptf fo.j,bkb^ vfiby nhbuthb 1-

vlujvfhtj,fib ~Q 1 ` uflfbhsdt,f S 0,  R 1  cbuyfksf rjv,byfwbbc lhjc^ [jkj  0-

vlujvfhtj,fib  ~Q 0 ` _ S 1,  R 0  rjv,byfwbbc lhjc& fv itvs[dtdfib frh’fkekbf 

S R 0    rjv,byfwbf& 

fctsb cmtvehb itchekt,bc RS –nhbuthbc ~,bcnf,bkehb e]htlbc` vlujvfhtj,bc 

itwdkf  S   lf R   itcfcdktkt,bc vb[tldbs [lt,f kjubrehb 0-bc itcf,fvbcb cbuyfkt-

,bs& fvbnjv^ fcts nhbuthc itb’kt,f tojljc nhbuthb bydthcekb vfhsdbs& vbcb 

vlujvfhtj,t,b itcfdfkb cbuyfkt,bc c[dflfc[df rjv,byfwbbc lhjc vjwtvekbf 4&2& 

w[hbkib& se fv nhbuthbc S   lf R   itcfcdktkt,c vvfhsdtk cbuyfkt,c bydthnjhbc 

ufdkbs vbdfodlbs ~ceh& 4&14`^ vfiby bub bveifdt,c 4&1& w[hbkbc itcf,fvbcfl& 

RS nhbuthc^ hjujhw lfvjerblt,tk vjo.j,bkj,fc^ itlfht,bs itpqelekb 

ufvj.tyt,f fmdc& cfvfubthjl afhsjlff bub ufvj.tyt,ekb c[df^ eahj hsekb^ nhbuthbc 

itvflutykj,fib ,bcnf,bkehb e]htlbc ~vt[cbtht,bc e]htlbc` cf[bs&  
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ceh& 4&14& f cbymhjyekb RS nhbuthbc cmtvf lfvfnt,bsb 1D  lf 2D  bydthnjht,bs 

 

hbu itvs[dtdfib RS nhbuthbc lfvpflt,f [lt,f lfvjerblt,tkb vbrhjcmtvbc 

cf[bsfw& fct vfufkbsfl^ 564TP2  vbrhjcmtvbc rjhgecib ~ceh& 4&13^u` vjsfdct,ekbf js[b 

RS –nhbuthb 1 4Q ...Q  ~1^2^9^10` cfbyajhvfwbj ufvjcfcdktkt,bs& ufhlf fvbcf^ vfc uffxybf 

byajhvfwbbc ~cbuyfkbc` vbqt,bc yt,fhsdbc itcfdfkb ~ E `& hjltcfw E –itcfdfkpt 

vjmvtlt,c kjubrehb1^ vfiby .dtkf nhbuthb veifj,c thsvfytsbcufy lfvjerblt,kfl& se 

E –itcfdfkpt kjubrehb 0 vjmvtlt,c^ vfiby c[df itcfcdktkt,pt vjmvtl cbuyfkt,c fqfh 

ite’kbfs nhbuthbc vlujvfhtj,bc itwdkf&  

cbymhjybpt,ekb ~nfmnbht,ekb` RS -nhbuthbc cmtvfc lfvfnt,ekb fmdc jhb 

kjubrehb tktvtynb ~ceh& 4&15`& 1D  lf 2D  LF-FHF kjubrehb tktvtynt,bc sbsj 

itcfdfkb itthst,ekbf thsvfytssfy lf vbtojlt,f cbymhjybpfwbbc cbuyfkb ~C -

itcfdfkb`^ [jkj fvfdt kjubrehb tktvtynt,bc c[df jhb itcfdfkb fchekt,c S   lf R   

itcfdktkt,bc aeymwbfc& cbymhjybpt,ekb RS –nhbuthbc vlujvfhtj,f bwdkt,f v[jkjl 

bv itvs[dtdfib^ se R   lf S   itcfdktkt,pt cfbyajhvfwbj cbuyfkt,bc vjmvtlt,bc lhjc 

C –itcfdfkpt vjmvtlt,c cbymhjybpfwbbc bvgekcbc vfqfkb gjntywbfkb ~kjubrehb1`& 

vfufkbsbcfsdbc ufydb[bkjs LF-FHF kjubreh tktvtynt,pt fo.j,bkb 

cbymhjyekb nhbuthbc ~ceh& 4&156f` vjmvtlt,bc ghbywbgb& dsmdfs^ nhbuthb bv.jat,f 

Q 1  vlujvfhtj,fib lf itcfcdktkt,pt vbdblf cbuyfksf rjv,byfwbf% R 1,  S 0 . se  C -

itcfdfkpt fv lhjc bvjmvtlt,c kjubrehb 1-bc itcf,fvbcb cbuyfkb^ vfiby 1D  LF-FHF 

kjubrehb tktvtynbc ufvjcfdfkpt bmyt,f kjubrehb 0 ~t&b& R 0 `^ [jkj 2D   kjubrehb 

tktvtynbc ufvjcfdfkpt – kjubrehb 1 ~t&b& S 1 `& 3D , 4D  kjubreh tktvtynpt fo.j,bkb 

,bcnf,bkehb e]htlbc itcfdfkpt vjmvtlb  R 0,  S 1  rjv,byfwbf ufyfgbhj,t,c 

ufvjcfdfkpt Q 0  vlujvfhtj,fc ~b[& 4&2& w[hbkb`& vfifcflfvt^ vj[lf nhbuthbc f[fk 

vlujvfhtj,fib uflfhsdf&  
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ceh& 4&15& cbymhjyekb RS –nhbutht,b% 

f - LF-FHF kjubreh tktvtynpt* , - FY-FHF kjubreh tktvtynpt* 

u-cbymhjyekb –nhbuthbc gbhj,bsb fqybidyf 

 

nhbuthb vlujvfhtj,fc bv itvs[dtdfibw itbwdkbc^ se nhbuthbc Q 0  vlujvfht-

j,bc lhjc itcfcdktkt,pt udtmyt,f S 1,  R 0  rjv,byfwbf lf C – itcfdfkpt bvjmvtlt,c 

cbymhjybpfwbbc bgekcbc vfqfkb gjntywbfkb ~kjubrehb 1`& itcfcdktkt,pt vjmvtl 

cbuyfksf fctsb rjv,byfwbbc lhjc 2D  LF-FHF kjubrehb tktvtynbc  ufvjcfdfkpt 

vbbqt,f kjubrehb 0 ~ S 0 `& [jkj 1D  kjubrehb tktvtynbc ufvjcfdfkpt - kjubrehb 1 

~ R 1 `& ,bcnf,bkehb e]htlbc itcfcdktkt,pt vvfhsdtkb cbuyfkt,bc fctsb rjv,byfwbbc 

lhjc bc uflfbhsdt,f Q 1  vlujvfhtj,fib& 

R   lf S   itcfcdktkt,pt cbuyfksf yt,bcvbthb rjv,byfwbbc lhjc nhbuthbc 

vlhjvfhtj,f ewdktkb hxt,f^ se fv cbuyfkt,bc fhct,j,bc vjvtynib C  itcfdfkpt fh 

bvjmvtlt,c cbymhjybpfwbbc bvgekcbc vfqfkb gjntywbfkb^ hflufy fv itvs[dtdfib 1D  lf 

2D  kjubrehb tktvtynt,bc ufvjcfcdktkt,pt vbbqt,f R 1, S 1  rjv,byfwbf^ hjvtkbw 

,bcnf,bkehb e]htlbc vlujvfhtj,fc fh wdkbc& 

D -nhbuthb& fctsb nhbuthb vbtresdyt,f cbymhjybpt,ek nhbuthsf ]ueac& 

tktvtynfhekb D –nhbuthb^ hjvkbc cmtvf 4&16 cehfsptf ofhvjlutybkb^ itbwfdc 

vt[cbtht,bc e]htlcf ~,bcnf,bkehb e]htlb` lf vvfhsdtk kjubreh  vjo.j,bkj,fc& 

vvfhsdtkb kjubrehb vjo.j,bkj,f fo.j,bkbf jh LF-FHF kjubreh tktvtynpt 

~ 1 2D ,D ` lf fmdc D –cfbyajhvfwbj lf C -cbymhjybpfwbbc itcfcdktkt,b& 

D -nhbuthbc veifj,f fqbotht,f itvltub kjubrehb ufynjkt,bs 

   n 1 nQ D  . ~4&9` 
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ceh& 4&16& D -nhbuthb% 

f - nhbuthbc cmtvf* , - nhbuthbc gbhj,bsb fqybidyf* 

u - itcfdfkb lf ufvjcfdfkb cbuyfkt,bc lbfuhfvt,b 

 

ufynjkt,blfy xfyc hjv D –nhbuthbc vlujvfhtj,f tvs[dtdf cfbyajhvfwbj 

itcfdfkpt vjmvtlb cbuyfkbc rjlc ~kjubrehb1 fy kjubrehb 0`& D -itcfdfkpt vjmvtlb 

cbuyfkb nhbuthbc vlujvfhtj,fc wdkbc bv itvs[dtdfib^ se C –itcfdfkpt fv lhjc 1-bc 

itcf,fvbcb cbuyfkb vjmvtlt,c& hjujhw  itcfdfkb lf ufvjcfdfkb cbuyfkt,bc lbfuhfvblfy 

~ceh&4&16^ u` xfyc^ hjltcfw D 1  lf C –itcfdfkpt vbtojlt,f cbymhjybpfwbbc cbuyfkb 

~C 1 `^ vfiby 1D  kjubrehb tkvtynbc ufvjcfdfkpt fqvjxylt,f kjubrehb 0-bc itcf,fvbcb 

gjntywbfkb^ [jkj 2D  kjubrehb tktvtynbc ufvjcfdfkpt – kjubrehb 1-bc itcf,fvbcb 

gjntywbfkb& cbuyfksf rjv,byfwbf – S 0 , R 1  vt[cbtht,bc e]htlc ~,bcnf,bkeh 

e]htlc` uflfhsfdc Q 1  vlujvfhtj,fib& hjltcfw D 0  lf C 1 , vfiby 1D  kjubrehb 

tktvtynbc ufvjcfdfkpt fqvjxylt,f kjubrehb 1-bc itcf,fvbcb gjntywbfkb^ [jkj 2D  

kjubrehb tktvtynbc ufvjcfdfkpt – kjubrehb 0-bc itcf,fvbcb gjntywbfkb& cbuyfksf 

rjv,byfwbf - S 1,  R 0   vt[cbtht,bc e]htlc uflfhsfdc  Q 0  vlujvfhtj,fib& 

vfifcflfvt^ nhbuthbc vt[cbtht,bc e]htlib xfbotht,f bc byajhvfwbf^ hjvtkbw 

fhct,j,lf D –itcfdfkpt cbymhjybpfwbbc bvgekcbc C -itcfdfkpt vbojlt,bc vjvtynib& 

D -nhbuthbc veifj,bc sfdbct,eht,ff bc^ hjv D –itcfdfkpt kjubrehb 1-bc itcf,fvbcb 

gjntywbfkbc vbojlt,bc ito.dtnbcfc^ Q 1  vlujvfhtj,f ityfhxeylt,f C –itcfdfkpt 

cbymhjybpfwbbc vjhbub cbuyfkbc ~C 1 ` vbojlt,fvlt^ t&b& flubkb fmdc nhbuthbc 

ufvjcfdfkpt byajhvfwbbc lf.jdyt,fc ~ityf[dfc` cbymhjybpfwbbc cbuyfkbc thsb gthbjlbc 

ufyvfdkj,fib& fvbc ufvj^  D -nhbuthc lf.jdyt,bc nhbuthcfw eojlt,ty& 

ghfmnbrfib ufvjb.tyt,f c[df cmtvehb itchekt,bc D –nhbutht,bw& 
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T -nhbuthb& tc fhbc kjubrehb vjo.j,bkj,f^ hjvtkcfw uffxybf jhb vluhflb vluj-

vfhtj,f lf thsb vvfhsdtkb T –itcfdfkb& nhbuthbc vlujvfhtj,f bwdkt,f ~uflfbhsdt,f 

Q 1  vlujvfhtj,blfy Q 0  vlujvfhtj,fib fy gbhbmbs - Q 0  vlujvfhtj,blfy Q 1  

vlujvfhtj,fib` T -itcfdfkpt .jdtkb f[fkb cbuyfkbc ~kjubrehb1` vjmvtlt,bc lhjc& T -

nhbuthc vsdktk nhbuthcfw eojlt,ty& fctsb cf[tkojlt,f bvbsff ufygbhj,t,ekb^ hjv 

vvfhsdtk itcfdfkpt n  hfjltyj,bc  cbuykbc ~kjubrehb1` vbojlt,bcfc^ nhbuthbc 

ufvjcfdfkpt vbbqt,f n / 2  hfjltyj,bc Q 1  vlujvfhtj,f^ t&b& ite’kbf itcfdfkpt 

vjmvtlb bvgekcehb cbuyfkbc hfjltyj,bc lfsdkf&  

vsdktkb nhbuthbc cmtvf fbo.j,f cbymhjybpt,ek RS   lf D   cmtvt,ib cfsfyflj 

ererfdibht,bc ufy[jhwbtkt,bc upbs& 4&17 cehfspt yfxdtyt,bf bvgekcbc ahjynbs 

nfmnbht,ekb  D nhbuthbc ,fpfpt fo.j,bkb vsdktkb nhbuthbc vfhnbdb cmtvf& 

 

ceh& 4&17 vsdktkb ~T ` nhbuthb% 

f - vsdktkb nhbuthbc cmtvf* , - uflfhsdbc lbfuhfvf 

 

ufydb[bkjs vsdktkb nhbuthbc veifj,bc ghbywbgb& nhbuthbc cmtvfib ufvj.tyt-

,ekb D –nhbuthbc bydthcekb ufvjcfdfkb ~Q ` itthst,ekbf vbc D –itcfdfksfy^ [jkj 

cfbyajhvfwbj ~vvfhsdtkb` cbuyfkb vbtojlt,f T  itcfdfkc& lfdeidfs^ hjv cfo.bc 

vjvtynib D –nhbuthb fhbc Q 0  vlujvfhtj,fib& vfiby^ bydthcek ufvjcfdfksfy ~Q 1 ` 

vbthst,ek D –itcfdfkpt fqvjxylt,f kjubrehb 1-bc itcf,fvbcb gjntywbfkb& fvbnjv^ 

T -itcfdfkpt gbhdtkb cfbyajhvfwbj cbuyfkbc ~kjubrehb1` vbcdkbcsfyfdt nhbuthb 

uflfbhsdt,f Q 1  vlujvfhjt,fib&  uflfhsdbc itvltu Q 0  lf D -itcfdfkpt bfhct,t,c 

kjubrehb 0-bc itcf,fvbcb gjntywbfkb& fvhbufl^ gbhdtkb vvfhsdtkb cbuyfkbc 

ptvjmvtlt,bc itvltu vsdktkb nhbuthb fqvjxylt,f Q 1   vlujvfhtj,fib& D -itcfdfkpt 

rb fqvjxylt,f kjubrehb 0& fvbnjv T -itcfdfkpt vbcekb vtjht cbuyfkb D –nhbuthc uf-

lfhsfdc Q 0  vlujvfhtj,fib^ hbc itltuflfw D –itcfdfkpt rdkfd fqvjxylt,f kjubrehb 

1-bc itcf,fvbcb gjntywbfkb lf f&i& ~ceh& 4&17^ ,`& 
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vfifcflfvt^ vsdktkb nhbuthbc vlujvfht,f bwdkt,f T –itcfdfkpt .jdtkb f[fkb 

cfbyajhvfwbj cbuyfkbc vbcdkbc itvltu& T -itcfdfkpt kjubrehb 1-bc itcf,fvbcb .jdtkb 

jhb bvgekcbc vbojlt,bc itltufl nhbuthbc ufvjcfdfkpt ofhvjbmvyt,f Q 1  

vlujvfhtj,bc itcf,fvbcb thsb bvgekcb& 

vsdktkb nhbutht,bc lfvpflt,f lfvjerblt,tkb vbrhjcmtvbc cf[bs fh [lt,f& 

vsdktkb ht;bvb vbbqt,f D –lf JK –nhbutht,bc vbrhjcmtvt,ib cfsfyflj uflfhsdt,bc 

itchekt,bc upbs& 

JK -nhbuthb& fv nbgbc nhbuthb eybdthcfkeh nhbuthc ofhvjflutyc^ hflufy vbc 

cmtvfib vfhnbdb uflfhsdt,bc itchekt,bc itvltu itcf’kt,tkbf RS - lf T  nhbutht,bc 

vbqt,f& JK -nhbuthb^ cbymhjybpt,ekb RS –nhbuthbc vcufdcfl^ cfvitcfcdktkbfybf& bub 

jhcfat[ehbfyb cnhemnehbc vmjyt kjubreh vjo.j,bkj,fc ofhvjflutyc ~ceh&4&18^ f`& 

 

 

ceh& 4&18 jhcfat[ehbfyb JK –nhbuthbc cmtvf ~f` lf gbhj,bsb  fqybidyf ~,` 

 

JK -nhbuthbc gbhdtkb cfat[ehbc cbymhjyek RS –nhbuthc ofv.dfyb ~’bhbsflb` 

nhbuthb tojlt,f^ [jkj vtjht cfat[ehbc cbymhjyek  RS -nhbuthc - fv.jkb nhbuthb& 

JK -nhbuthbc vlujvfhtj,f ufybcfpqdht,f vvfhsdtk J ~ Jump -yf[njvb` lf K ~Keep -

ityf[df` itcfcdktkt,pt vbcekb cbuyfkt,bc rjv,byfwbbc vb[tldbs& fcts nhbuthc^ 

cbymhjyekb RS –nhbuthbcfufy ufyc[dfdt,bs^ fqfh uffxybf J   lf K   itcfcdktkt,pt 

cbuyfksf frh’fkekb rjv,byfwbf –  J 1  lf K 1 & fqybiyekb rjv,byfwbbc lhjc JK –

nhbuthbc vlujvfhtj,f bwdkt,f cfobyffqvltuj vlujvfhtj,bs C –itcfdfkpt .jdtkb 

f[fkb bvgekcbc ~kjubrehb1` vbcdkbc itvltu& 
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ufydb[bkjs JK –nhbuthbc veifj,f J   lf K   itcfdktkpt cbuyfksf c[dflfc[df 

rjv,byfwbbc lhjc& dsmdfs^ nhbuthb sfdlfgbhdtkfl bv.jat,f Q 0  (Q 1 ) 

vlujvfhtj,fib& ofv.dfyb RS -nhbuthbc itvflutykj,fib itvfdfk cfvitcfcdktkbfy 1D  

LF-FHF kjubrehb tktvtynbc itcfcdktkpt bvjmvtlt,c J ,C  lf Q , [jkj 2D  LF-FHF 

kjubrehb tktvtynbc itcfcdktkpt - R, C  lf Q  cbuyfkt,b& fvbnjv^ ofv.dfyb RS –

nhbuthbc ,bcnf,bkehb e]htlbc ~ 3 4D , D  kjubreh tktvtynt,pt` itcfcdktkt,c 

vbtojlt,f% 1S J .C.Q  lf 1R K C Q    cbuyfkt,b& se JK - nhbuthbc itcfcdktkt,pt 

cbuyfksf J 1,  K 0  rjv,byfwbff^ vfiby  C -itcfcdktkpt gbhdtkb vfcbymhjyt,tkb 

cbuyfkbc ~C 1 ` vbcdkbc  itvltu  1S 1 1 1 0     lf 1R 0 1 0 1    . fvbnjv^ ofv.dfyb 

nhbuthbc ,bcnf,bkehb e]htlb ~bydthcekb vfhsdbs` xflut,f 1Q 1  vlujvfhtj,fib C -

itcfdfkpt cbuyfkbc ito.dtnbc vjvtynib (C 1) ^ fv.jkb nhbuthb uflfbhsdt,f 2Q Q 1   

vlujvfhtj,fib^ t& b& J 1,  K 0   rjv,byfwbbc lhjc flubkb tmyt,f JK -nhbuthbc Q 1  

(Q 0 ) vlujvfhtj,fib uflfhsdfc&  

hjltcfw JK –nhbuthbc itcfcdktkt,pt bvjmvtlt,c J 0 , K 1  rjv,byfwbf^ vfiby 

C  itcfdfkpt vfcbymhjyt,tkb cbuyfkbc vbcdkbc itvltu 1S 0 0 1 1     lf 1R 1 1 1 0    . 

fvbnjv^  3 4D D  ,bcnf,bkehb e]htlb uflfbhsdt,f 1Q 0  vlujvfhtj,fib^ [jkj 

C  itcfdfkpt cbuyfkbc ito.dtnbc vjvtynib ~C 1 ) fv.jkb nhbuthbw fqvjxylt,f 2Q 0  

vlujvfhtj,fib& fvhbufl^ cbuyfksf rjv,byfwbf J 0, K 1   f[ltyc JK - nhbuthbc  Q 0  

vlujvfhtj,fib xf.tyt,fc& 

se J K 1   lf C 1 , vfiby 1S 1 1 Q    lf 1R 1 1 Q   . fvbnjv^ se nhbuthb 

Q 0 (Q 1)   vlujvfhtj,fibf^ vfiby 1S 1 1 1 0     lf 1R 1 1 0 1,     hfw ufvjbodtdc 

nhbuthbc 1Q 1  vlujvfhtj,fib uflfhsdfc& vfuhfv^ hjltcfw nhbuthb fhbc Q 1  

vlujvfhtj,fib lf itcfcdktkt,pt fhbc J 1, K 1, C 1    

rjv,byfwbf^ vfiby 1S 1 1 0 1     lf 1R 1 1 1 0    . fvbnjv 

nhbuthb uflfbhsdt,f Q 0  vlujvfhtj,fib&  

fvhbufl^ J K 1   rjv,byfwbbc lhjc JK –nhbuthb 

bveifdt,c vsdktkb nhbuthbc ht;bvib^ t&b& itbwdkbc 

vlujvfhtj,fc vfcbymhjyt,tk itcfdfkpt .jdtkb f[fkb 

cbuyfkbc ~kjubrehb1` vbcdkbcfc& JK -nhbuthbc vsdktkb 

nhbuthbc ht;bvib xfcf.tyt,kfl cfrvfhbcbf J   lf K   

itcfcdktkt,bc ufthsbfyt,f lf vrdt,fdb ‘f,dbc o.fhjcsfy vbthst,f ~ceh& 4&19` 

ceh& 4&19& JK –nhbuthbc  

T -nhbuthfl xfhsdf 
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4&7&2& veknbdb,hfnjht,b 

 

byajhvfwbbc ufhlfmvybcf lf lfveifdt,bc wbahek vjo.j,bkj,t,ib vfhsres[f 

ajhvbc fdnjh[tdt,bc utythfnjhfl wbahek byntuhfkeh vbrhjcmtvt,pt fut,ekb 

veknbdb,hfnjht,bf ufvj.tyt,ekb& 

evfhnbdtc cmtvfib vfhsres[f ajhvbc fdnjh[tdt,b vbbqt,f^ se FHF kjubrehb 

tktvtynbc ~bydthnjhbc` ufvjcfdfkc lf.jdyt,bc ohtlbc cfiefkt,bs vbdethst,s 

bydthnjhbc itcfdfkc ~ceh&4&20^f`&  

bydthnjhbc tktmnhekb rdt,bc o.fhjcsfy vbthst,bc itvltu^ cfo.bc vjvtynib vbc 

ufvjcfdfkpt ofhvjbmvyt,f kjubrehb 1-bc itcf,vbcb vfqfkb gjntywbfkb ~ AU `& tc 

gjntywbfkb  tl  lf.jdyt,bs vbtojlt,f hjujhw Rl  lfndbhsdbc htpbcnjhc ~ B  othnb-

kb`^ bct bydthnjhbc itcfdfkc& bydthnjhb cohfafl uflfbhsdt,f kjubrehb 0-bc 

itcf,fvbc vlujvfhtj,fib^ [jkj B –othnbkc iteyfhxeylt,f kjubrehb 1-bc itcf,fvbcb 

vfqfkb gjntywbfkb tl  lf.jdyt,bc lhjbc ufyvfdkj,fib ~ t 2t l  vjvtynfvlt`& fvbc itvltu 

B  othnbkc fqvjfxylt,f kjubrehb 0-bc itcf,fvbcb gjntywbfkb lf bydthnjhb 

uflfbhsdt,f kjubrehb 1-bc itcf,fvbc vlujvfhtj,fib lf f&i& cmtvbc ufvjcfdfkpt 

xfvj.fkb,lt,f T 2t l   ufyvtjht,flj,bc gthbjlbc vmjyt vfhsres[f ajhvbc bvgekcsf 

vbvltdhj,f ~ceh& 4&20^ ,`& 

 
ceh&4&20& vfhsres[f ajhvbc fdnjh[tdbc utythfnjhbc vfhnbdb cmtvf ~f`^  

lhjbsb lbfuhfvf~,` 

 

fdnjh[tdbs ht;bvib vjveifdt veknbdb,hfnjhbc cmtvfib ufvj.tyt,ekbf ]dfhtlbyb 

ererfdibht,bs fqzehdbkb jhb bydthnjhb& lf.jdyt,bc ohtlbc aeymwbfc fm fchekt,c 

ererfdibhbc ohtlib xfhsekb rjyltycfnjhb ~ceh& 4&21&f`& 

thsb bydthnjhbc ufvjcfdfksfy vbthst,ekb rjyltycfnjhb bve[nt,f vtjht bydth-

njhbc itcfdfkb ohtlbc vbvltdhj,bs xfhsekb htpbcnjhbc ufdkbs& rjyltycfnjhbc 

lfve[ndbc ghjwtcib fv htpbcnjhpt vbqt,ekb ‘f,dbc dfhlyf vbtojlt,f fqybiyekb 

bydthnjhbc itcfdfkc ~Ui  ’f,df` lf^ fmtlfy ufvjvlbyfht^ ufygbhj,t,c gjntywbfkbc cblb-
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ltc bydthnjhbc ufvjcfdfkpt ~kjubrehb 0 fy kjubrehb 1`& rth’jl^ hjltcfw hjvtkbvt 

bydthnjhb ~ 1D  fy 2D ` uflfbhsdt,f kjubrehb 1-bc itcf,fvbc vlujvfhtj,fib^ vfiby vbc 

ufvjcfdfksfy lfrfdibht,ekb rjyltycfnjhb bo.t,c lfve[ndfc vtjht bydthnjhbc 

itcfdfk ohtlib xfhsekb htpbcnjhbc ufdkbs& rjyltycfnjhbc lfve[ndbc cfo.bc tnfgpt 

htpbcnjhib ufbdkbc vfmcbvfkehb cblblbc ltyb lf vfcpt vbqt,ekb ‘f,dbc dfhlyf ~Ui ` fv 

bydthnjhc uflfhsfdc kjubrehb 0-bc itcf,fvbc vlujvfhtj,fib& 

4&21^, cehfspt yfxdtyt,bf veknbdb,hfnjhbc veifj,bc fvcf[dtkb lhjbsb lbfuhfvf& 

t 0  vjvtynib 1D  bydthnjhbc ufvjcfdfksfy vbthst,ek 2C  rjyltycfnjhpt vjmvtlt,c 

kjubrehb 1-bc itcf,fvbcb vfqfkb gjntywbfkb lf 2C  bo.t,c lfve[ndfc 2R  htpbcnjhbc 

ufdkbs& t 0  vjvtynib Ui2  vfmcbvfkehb cblblbcff ~kjubrehb 1-bc itcf,fvbcb`^ hbc uf-

vjw 2D  kjubrehb tktvtynbc ufvjcfdfkpt fqvjxylt,f kjubrehb 0-bc itcf,fvbcb 

gjntywbfkb&  

 
ceh& 4&21& veknbdb,hfnjhbc cmtvf ~f` lf lhjbsb lbfuhfvt,b ~,` 

 

2C  rjyltycfnjhbc lfve[ndbc ghjwtcib vbcb ltyb vwbhlt,f 2 2R C   lhjbc velvb-

dfc itcf,fvbcb cbxmfhbs lf fvbc ufvj fctsbdt cbxmfhbs vwbhlt,f 2D -bc itcfdfkpt vjmvtlb 

‘f,dbc ~Ui2 ` cblbltw& 1t t  vjvtynib Ui2  ‘f,df ufenjklt,f 2D  kjubrehb tktvtynbc ~by-

dthnjhbc` fvjmvtlt,bc ~uflfhsdbc` ‘f,dbc pqeh,keh vybidytkj,fc ~Upq `^ hfw ufvj-

bodtdc vbc uflfhsdfc kjubrehb 1-bc itcf,fvbc vlujvfhtj,fib ~fv kjubrehb tktvtynbc 

itcfdfkpt bvjmvtlt,c kjubrehb 0-bc itcf,fvbcb gjntywbfkb`& 1t  vjvtynblfy lfo.t,ekb 

flubkb tmyt,f 1C  rjyltycfnjhbc lfve[ndfc 1R  htpbcnjhbc ufdkbs& Ui1  ‘f,dbc cfo.bcb 

yf[njvb vjf[ltyc 1D  bydthnjhbc kjubrehb 0-bc itcf,fvbc vlujvfhtj,fib uflfhsdfc lf 

lfhxt,f fv vlujvfhtj,fib vfyfvlt ~ 2t t `^ dblht 1 1 1R C   lhjc itcf,fvbcb cbxmfhbs 

rkt,flb Ui1  ‘f,df fh ufenjklt,f 1D  kjubrehb tktvtynbc kjubrehb 1-bc itcf,fvbc 

vlujvfhtj,fib uflfhsdbc ‘f,dfc ~Upq `& 3t t  vjvtynib vj[lt,f 1D  lf 2D  kjubrehb 
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tktvtynt,bc f[fkb uflfhsdt,b lf f&i& veknbdb,hfnjhbc ufvjcfdfkpt xfvj.fkb,lt,f 

vfhsres[f ajhvbc bvgekcsf vbvltdhj,f ~ . .U ,Uufv 1 ufv 2 `& 

veknbdb,hfnjhbc ufvjcfdfkpt vbqt,ekb bvgekcbc [fyuh’kbdj,f 
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cflfw R2U , R2U  _ ‘f,dbc dfhlyt,bf 1R  lf 2R  htpbcnjht,pt* 
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4&22 cehfspt ofhvjlutybkbf kjubreh tktvtynt,pt fut,ekb vjvkjlbyt ht;bvib 

vjveifdt veknbdb,hfnjhbc cmtvf lf vbcb veifj,bc fvcf[dtkb lhjsb lbfuhfvf& 
 

 
ceh& 4&22& vjvkjlbyt ht;bvib vjveifdt veknjdb,hfnjhbc cmtvf ~f`  

lf lhjbsb lbfuhfvf ~,` 

 

cmtvfib ufvj.tyt,ekbf jhb LF-FHF kjubrehb tktvtynb ~ 1D , 2D `& 1D  tktvtynbc 

itcfcdktkt,b ufthsbfyt,ekbf lf veifj,c bydthnjhfl& 2D  kjubrehb tktvtynbc thsb 

itcfdfkb vbthst,ekbf 1D  kjubrehb tktvtynbc ufvjcfdfksfy^ [jkj vtjht itcfdfkpt 

vjmvtlt,c cmtvbc ufvidt,b Uu  bvgekcehb cbuyfkb&  
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cmtvfc uffxybf thsb vluhflb vlujvfhtj,f lf thsbw-rdfpbvluhflb vlujvfhtj,f& 

cmtvf vluhfl vlujvfhtj,fib hxt,f hfubyl lblb lhjbc ufyvfdkj,fib^ dblht 2D  LF-FHF 

kjubrehb tktvtynbc itcfdfkpt fh bvjmvtlt,c 0-bc itcf,fvbcb cbuyfkb& rdfpbvluhfl 

vlujvfhtj,fib .jaybc [fyuh’kbdj,f rb RC   lhjbc velvbdfptf lfvjrblt,ekb&  

cfo.bcb ~ 0t t ` vlujvfhtj,bc lhjc 1D  kjubrehb tktvtynbc itcfdfkpt vjmvtlt,c 

0
RU U I R i i  ‘f,df^ hjvtkbw yeksfyff f[kjc& fvbc ufvj^ 1D  bydthnjhbc ufvjcfdfkpt 

bmyt,f kjubrehb 1-bc itcf,fvbcb vfqfkb gjntywbfkb& fctsbdt gjntywbfkb bmyt,f vfcsfy 

itthst,ekb 2D  kjubrehb tktvtynbc itcfdfkpt& bvbc ufvj^ hjv fvfdt kjubrehb tkt-

vtynbc vtjht itcfdfkpt kjubrehb 1-bc itcf,fvbcb vfqfkb gjntywbfkb vjmvtlt,c^ vbc 

ufvjcfdfkpt fqvjxylt,f kjubrehb 0-bc itcf,fvbcb gjntywbfkb& fvhbufl^ vluhflb vluj-

vfhtj,bc lhjc cmtvbc ufvjcfdfkpt fhct,j,c kjubrehb 0-bc itcf,fvbcb lf,fkb 

gjntywbfkb& 

1t t  vjvtynib 2D  LF-FHF kjubrehb tktvtynbc sfdbceafk itcfdfkpt bvjmvtlt,c 

ufvidt,b bvgekcb ~kjubrehb 0`^ hbc ufvjw fv kjubrehb tktvtynbc ufvjcfdfkpt 

fqvjxylt,f kjubrehb 1-bc itcf,fvbcb vfqfkb gjntywbfkb^ t&b& cmtvf uflfbhsdt,f f[fk 

vlujvfhtj,fib ~rdfpbvluhflb vlujvfhtj,f`& fv vlujvfhtj,fib cmtvf hxt,f v[jkjl 

ufycfpqdhekb lhjbc vfy’bkpt& 2D  kjubrehb tktvtynbc kjubreh 1-vlujvfhtj,fib 

uflfhsdbc ufvj lfbo.t,f C  rjyltycfnjhbc lfve[ndbc ghjwtcb R  htpbcnjhbc ufdkbs lf 

lfve[ndbc ltybs ufygbhj,t,ekb ‘f,df ~Ui ` bydthnjhc ~ 1D ` uflfhsdfc kjubreh 0 

vlujvfhtj,fib& rjyltycfnjhbc lfve[ndbc ghjwtcib htpbcnjhib ufvfdfkb ltyb lf^ 

vfifcflfvt^ ‘f,df bo.t,c  RC   lhjbc itcf,fvbcb cbcohfabs itvwbht,fc& 2t t  vjvtynib rb 

UI  ‘f,df ufenjklt,f 1D  kjubrehb tktvtynbc fvjmvtlt,bc ‘f,dbc pqeh,keh 

vybidytkj,fc^ hbc ufvjw bub uflfbhsdt,f kjubrehb 1-bc itcf,fvbc vlujvfhtj,fib& vfiby^ 

2D  LF-FHF kjubrehb tktvtynbc jhbdt itcfdfkpt fqvjxylt,f kjubrehb 1 itcf,fvbcb 

vfqfkb gjntywbfkb lf bub uflfbhsdt,f kjubreh 0 vlujvfhtj,fib& fvbs cmtvf ,heylt,f 

cfo.bc vluhfl vlujvfhtj,fib& fvbc itvltu^ cmtvf vlujvfhtj,bc itcfwdktkfl ~rdfpbvluhfl 

vlujvfhtj,fib uflfcfcdktkfl`^ tkjlt,f f[fkb ufvidt,b bvgekcbc ~kjubrehb 0` vbcdkfc& 

fvbnjv fv cf[bc cmtvfc vjvkjlbyt ht;bvib vjveifdt veknbdb,hfnjhc eojlt,ty& tc 

veknbdb,hfnjhb .jdtkb ufvidt,b bvgekcbc cfgfce[jl ths vfhsres[f ajhvbc bvgekcc 

~ /Uufv ` ufvjbveifdt,c& fvbc ufvj vfc thsdb,hfnjhcfw eojlt,ty& 

thsdb,hfnjhbc vbth ufvjveifdt,ekb bvgekcbc [fyuh’kbdj,f ufybcfpqdht,f 

itvltub ufvjcf[ekt,bs 

   
/

RU U U
t RC ln .

U

 


0
ufv ufv

b
pq

 ~4&13` 

 



 114

ufvj.tyt,ekb kbnthfnehf 

 

 

1. Гусев В.Г., Гусев Ю.М. Электроника,М: Высшая школа, 1991. 

2. Степаненко И.П Основы теории транзисторов и транзисторных схем. М: Энергия, 1967. 

3. Степаненко И.П. Основы микроэлекторники. М: Сов. радио,1980. 

4. Токхеим Р.Основы цифровой техники «Перевод с анг. под. ред. Е.К. Масловского М: 

«мир»,1988. 

 



 115

ibyffhcb 
 

itcfdfkb   ........................................................................................................................... 3   

1& yf[tdfhufvnfhekb [tkcfo.jt,bc veifj,bc abpbrehb 

cfae'dkt,b  ....................................................................................................................... 4 

1&1& cfreshbd yf[tdfhufvnfhb lf vbcb tktmnhjufvnfhj,f ........................................ 4 

1&2& vbyfhtdbfyb yf[tdfhufvnfht,b& yf[tdfhufvnfhsf nbgt,b...................................... 6 

1&3& tktmnhjyek-[dhtkehb ~ p n ` uflfcfcdktkb .................................................... 8 

1&4& p n  uflfcfcdktkbc cf[tt,b lf djkn-fvgthekb vf[fcbfst,tkb ..................... 11 

1&5& p n  uflfcfcdktkbc ntdflj,f ............................................................................... 13 

1&6& dtkbc tatmnb ............................................................................................................ 14 

1&7& tktmnhekb uflfcfcdktkb kbsjybcf lf yf[tdfhufvnfhbc  

rjynfmnbc lhjc .............................................................................................................. 15 

2& yf[tdfhufvnfhekb [tkcfo.jt,b .............................................................................. 17 

2&1& yf[tdfhufvnfhekb lbjlt,b ................................................................................... 17 

2&1&1& ufvvfhsdtkb lbjlt,b  .......................................................................................... 18 

2&1&2& vfcnf,bkbpt,tkb lbjlt,b .................................................................................. 19 

2&1&3& vfqfkcb[ibhekb lbjlt,b .................................................................................. 20 

2&1&4& bvgekcehb lbjlt,b .............................................................................................. 20 

2&1&5& udbhf,ekb lbjlt,b .............................................................................................. 20 

2&1&6& ajnjlbjlt,b ........................................................................................................ 21 

2&1&7& iemlbjlt,b ............................................................................................................ 22 

2&1&8& dfhbrfgb .................................................................................................................. 23 

2&1&9& ijnrbc lbjlb ........................................................................................................ 23 

2&1&10& vhfdfkihbfyb yf[tdfhufvnfhekb cnhemneht,b ........................................... 23 

2&1&11& ajnjnbhbcnjhb ................................................................................................ 27 

2&2& yf[tdfhufvnfhekb lbjlt,bcf lf nhfypbcnjht,bc ufvj.tyt,f ......................... 28 

2&2&1& thsafpf ufvvfhsdtkt,b lbjlt,bc ufvj.tyt,bs ................................................ 28 

2&2&2& thsafpf htuekbht,flb ufvvfhsdtkb nbhbcnjhbc ufvj.tyt,bs .................. 32 

2&2&3& wdkflb 'f,dbc htuekfnjhb cbvbcnjhbc ufvj.tyt,bs ..................................... 33 



 116

2&2&4& ufvvfhsdtkbc 'f,dbc vfukedt,tkb abknht,b .................................................. 34 

2&2&5& ufvfhsekb 'f,dbc gfhfvtnhekb cnf,bkbpfnjhb ........................................... 36 

2&3& nhfypbcnjht,b ........................................................................................................ 37 

2&3&1& pjuflb wyj,t,b ..................................................................................................... 37 

2&3&2& ,bgjkfhekb nhfpbcnjhbc cnhemnehf lf vjmvtlt,bc ghbywbgb ................. 38 

2&3&3& ,bgjkfhekb nhfpbcnjhbc veifj,bc uf]tht,bc lf vjrdtsbc ht;bvt,b ....... 42 

2&3&4& ,bgjkfhekb nhfypbcnjhbc djkn-fvgthekb vf[fcbfst,kt,b  

cfthsj tvbnthbs xfhsdbc lhjc ................................................................................... 43  

2&3&5& eybgjkfhekb ~dtkbs vfhsekb` nhfypbnjht,b ............................................ 44 

2&3&5&1& eybgjkfhekb ~dtkbs vfhsekb` nhfypbnjht,bc veifj,bc  

pjuflb cfrbs[t,b ............................................................................................................ 44 

2&3&5&2& dtkbs vfhsekb nhfypbnjhbc xfhsdbc cmtvt,b ............................................ 47 

2&3&5&3& dtkbs vfhsekb nhfypbnjhbc djkn-fvgthekb vf[fcbfst,kt,b .............. 48 

2&3&5&4& dtkbs vfhsekb nhfypbnjht,b gfhfvtnht,b ............................................... 51 

2&3&6& ajnjnhfpbcnjhb ................................................................................................ 51 

2&4& byntuhfkehb itchekt,bc yf[tdfhufvnfhekb [tkcfo.jt,b 

~byntuhfkehb vbrhjcmtvt,b` ........................................................................................ 52 

2&5& jgnjtktmnhjyekb o.dbkb ~jgnhjyb` ............................................................... 54 

3& nhfypbcnjht,bcf lf byntuhfkehb cmtvt,bc ufvj.tyt,f ....................................... 56 

3&1& tktmnhjyekb vf'kbtht,kt,b .............................................................................. 56 

3&1&1& vf'kbtht,kbc veifj,bc pjuflb cfrbs[t,b........................................................ 56 

3&1&2& cf,fpj vf'kbtht,tkb rfcrflt,b .......................................................................... 59 

3&1&3& lbathtywbfkehb vf'kbtht,tkb rfcrflb lf vbcb tktvtynt,b ........................ 61 

3&1&4& ufvjcfcdktkb vf’kbtht,tkb rfcrflb ................................................................ 64 

3&1&5 jgthfwbekb v’kbtht,tkb ~jv` ........................................................................... 66 

3&1&5&1& pjuflb wyj,t,b .................................................................................................. 66 

3&1&5&2& jgthfwbekb vf’kbtht,kbc vf[fcbfst,tkb lf gfhfvtnht,b ........................ 67 

3&1&5&3& cfvfinf,j jgthfwbekb vf'kbtht,tkb ........................................................... 68 

3&1&5&4& jgthfwbekb cmtvt,b .......................................................................................... 71 

3&1&5&5& ‘f,dbc fyfkjubehb rjvgfhfnjhb .................................................................... 73 



 117

3&1&6& ‘f,dbc rjvgtycfwbehb cnf,bkbpfnjhb .............................................................. 75 

3&2 tktmnjhyekb utythfnjht,b ................................................................................. 78 

3&2&1& pjuflb wyj,t,b ..................................................................................................... 78 

3&2&2 LC   fdnjutythfnjhbc vjmvtlt,bc ghbywbgb ..................................................... 78 

3&2&3& /fhvjybekb h[tdbc fdnjutythfnjht,bc cmtvt,b .............................................. 81 

3&2&4& vfhsres[f ajhvbc h[tdt,bc fdnjutythfnjhb ~veknbdb,hfnjhb` .............. 84 

3&2&5& ohabdfl wdkflb ‘f,dbc utythfnjhb .................................................................. 86 

4& wbahekb tktmnhjybrbc itcfdfkb ........................................................................... 89 

4&1& 'bhbsflb wyj,t,b lf ufyvfhnt,t,b ........................................................................ 89 

4&2& jhj,bsb cbuyfkt,bc kjubrehb ufhlfmvyt,b& kjubrehb tktvtynt,b .............. 90 

4&3& ,ekbc fkut,hbc fmcbjvt,b lf rfyjyt,b ................................................................. 92 

4&4& rjv,byfwbehb kjubrehb tktvtynt,b ................................................................... 93 

4&5& wbahekb byntuhfkehb vbrhjcmtvt,bc cf,fpj tktvtynt,b .............................. 95 

4&6& wbahekb byntuhfkehb vbrhjcmtvt,bc gfhfvtnht,b ......................................... 99 

4&7& wbahekb tktmnhjybrbc aeymwbehb rdfy't,b ................................................... 100 

4&7&1 nhbutht,b ............................................................................................................. 100 

4&7&1&1 pjuflb wyj,t,b ................................................................................................. 100 

4&7&1&2& nhbuthsf cmtvt,b lf vjmvtlt,bc ghbywbgb ................................................... 102 

4&7&2& veknbdb,hfnjht,b ............................................................................................ 110 

ufvj.tyt,ekb kbnthfnehf ........................................................................................ 114 

 


