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JlaGopaTopnas padora

HccnenoBanue onTo31eKTPOHHBIX IPUOOPOB U YCTPOICTB

OnTosneKTpoHHBIE TPUOOPHI  SIBISIOTCS  DJIEMEHTHOW  0a30i  ONMTOZJCKTPOHUKH — —
CPaBHMUTEIBLHO HOBOI'O M MEPCIEKTUBHOIO HANPABICHUS IEKTPOHHON TeXHUKU. ONTO3IEKTPOHUKA
HCIOJIb3YET ONTHYECKHE M DJEKTPOHHBbIE SBJIEHMS B BEIIECTBAX, HUX B3aWMHBIE CBS3H,
peoOpa3oBaHums IS IepeIadn, 00padOTKH U XpaHSHHs HH()OpPMAIIHH.

PaboTta omTORNEKTPOHHBIX MPHOOPOB OCHOBaHA HA MPUHIIMIIAX DIIEKTPOONTHYECKOTO M
(hOTOANEKTPHUIECKOTO MpeoOpa3oBaHus, 00yCIOBICHHBIX I'€HEpalMeld CBETOBOTO H3IYYEHUS IPH
HAIMYAHM DJIEKTPOHHOTO TOKAa B BEHIECTBE JHOO HW3MEHEHHEM JJIEKTPO(U3NYECKUX CBOMHCTB
BELIECTBA B PE3YJIbTATE MOIJIONIEHHUS] UM SHEPTUHM CBETOBOTO M3JTy4EHHUSI.

CBOMCTBA OIITPOHOB. DieKTpoHHbIE HPHOOPHI, MPEICTABISAIOMIE COOOH ESIHHYIO
KOHCTPYKIHUIO, COCTOSALIYI0O W3 CBETOM3JIydaTels U (POTONPHUEMHHUKA, CBSI3aHHBIX MEXKIY cOO0O0M
ONTHUYECKH, Ha3bIBalOT onTpoHamMu. CTPyKTypHasi cXxema ONTpOHa Mpe/CTaBlieHa Ha puc. 1.

BxoaHoil curnan, HampuMmep, AIEKTPUUECKHl TOK Iz, mpeoOpasyercs B CBETOM3IIydarTese
CHU B cBeroBoil motok @, sHeprus KOTOPOTO MpPONOPLHOHATIBHA BXOJAHOMY curHamy. Ilo
ontuueckomy kaHaiy OK cBeroBoil mnoTok Hampasisercas B ¢oronpuemHuk DIl rae
npeoOpas3yeTcsi B MPONOPIHHOHAIBHOE MOTOKY 3HAYEHHE BBIXOJIHOTO 3JIEKTPUUECKOro ToKa lpux. C
MOMOIIBKD YCTPOMCTBA yHpaBIECHHS ONTHYECKUM KaHaioM YOK MOKHO yINpaBiIsSITh CBETOBBIM
MMOTOKOM ITyTEM M3MEHEHUs (PU3NYECKUX CBOMCTB CAaMOT0 ONTHYECKOT0 KaHaa.

Takum o00Opa3om, B ONTPOHAaxX OCYLIECTBISIETCS JIBOMHOE MpeoOpa3oBaHHe DSHEPruu:
JNEKTPUYECKON B CBETOBYIO M CBETOBOM CHOBAa B JJIEKTPUYECKYIO. DTO NPHUAAET ONTPOHAM P
COBEPIICHHO HOBBIX CBOMCTB M IO3BOJISIET HA MX OCHOBE CO3/1aBaTh AJIEKTPOHHBIE YCTPOIICTBA C
UCKJTIOYUTENFHO CBOEOOpA3HBIMHM IMapaMeTpaMU U XapaKTepUCTUKaMHU, HEAOCTH)KUMBIMHU TMpU
WCIOJIb30BAHUU TIOJYIIPOBOJHUKOBBIX U AJIEKTPOBaKyyMHBIX THpubopoB. Tak, mnpuMeHEHUE
ONTPOHOB MO3BOJIIET OCYHIECTBUTH IOYTH HACAIBHYIO JJIEKTPUUECKYIO pa3BsA3Ky MEXKIY
3IeMEHTaMH ycTpoiicTa (compotusienue g0 10'® Om, mpoxommas emxocts mo 10 nd). Kpome
TOro, MOryT ObITh 3()PEKTHUBHO  HCMOJIB30BaHBI TAKHWE CBOWCTBA  ONTPOHOB,  Kak
OJIHOHANPABIECHHOCTh MH(POpPMAINH, OTCYTCTBHE OOpAaTHOW CBS3M C BBIXOJA Ha BXOJ, BBICOKAs
MIOMEXO03alIUTHOCTh, LIUPOKas MOJI0Cca MPOIyCKaHus (OT HYJS 0 COTEH U JIaXe ThICSY Merarepii),
COBMECTUMOCTh C JAPYrUMHU (IOJYIIPOBOJHUKOBBIMH) MpuOOpaMHu. ITO JAaeT BO3MOXKHOCTH
HCIIOJIb30BATh ONTPOHBI JJIsi MOAYJIMPOBAHMS CUTHAJIOB, U3MEPEHUN B BBICOKOBOJIBTOBBIX LIEMSX,
COTJIACOBAHUSI HU3KOYACTOTHBIX LIETEH C BBICOKOYACTOTHBIMU M HU3KOOMHBIX C BBICOKOOMHBIMHU.
OnTpoHBl MOTYT OBITH KCIIOJIb30BAaHBI TAK)KE B T'€HEpATOpax MMIYIbCOB M JPYTUX HMITYJIbCHBIX
YCTPOWCTBAX, B Pa3IUYHbIX JATYMKAX, YCTPONCTBAX NO3ULIMOHUPOBAHUS, TUPUCTOPHBIX KAacKalax ¢
ONTHUYECKUM YIPABIECHUEM ISl IEPEKIIOYEHUS B BBICOKOBOJIBTHBIX LEIISX.

K ocHOBHBIM HegOCTaTKaM ONTPOHOB CJIEAYET OTHECTH CHIIBHYIO 3aBUCHUMOCTb HX
rapaMeTpoB OT TeMIapaTypbl, HU3Kui kodddunuent nepenaun, Hu3kuii KI1/1 u BbICOKHIT ypOBEHb
COOCTBEHHBIX IIIYMOB.

B kauectBe wu3nmyuaTeneld B ONTPOHAX HCHOJB3YIOT OOBIYHO CBETOJIUOJBI HAa OCHOBE
apcenuna-pochuna rammus GaAsP, amromunmii-apcennna ramnusi GaAlAs, xapakrepu3yromuecs
O0JIBIION SIPKOCTHIO, BBICOKMM OBICTPOJICHCTBHEM M JIMTEIBHBIM CPOKOM CiykObl. Kpome Toro,
OHM XOPOIIO COTJIACYIOTCS MO CHEKTPAJIbHBIM XapaKTepUCTUKAM C (OTONPHEMHUKAMHU Ha OCHOBE
KpeMHUs. V3nyyeHne B CBETOAMOJAX TMOSBISETCS B pe3ylbTaTe pPEKOMOMHALMU JBIPOK C
MH)XEKTHPOBAHHBIMHU Y€pe3 p-n Mepexo/] dIeKTpoHaMU. D(H(HEeKTUBHOCTh U3ITyUEHHsI CBETOAMOI0B
HEBEJIMKa, B OOJIBIIMHCTBE CIy4aeB OHAa HE MPEBBIIIAET HECKOJbKUX MPOIIEHTOB, YTO CBS3aHO C
TPYOHOCTBIO BBIBOJIA CBETA U3 MOJIYIPOBOIHUKA HAPYXKY.

BonbT-amnepHas XapaKkTEepUCTHKa CBETOJMOAA AaHAIOTWYHA XapaKTEPUCTHKE OOBIYHOTO
KpeMHHEeBOTO auoja. Ha paGouem yyactke npsMoil BeTBU TuddepeHInaIbHOe CONPOTUBICHNUE HE
MPEBBIIIAET HECKONbKMX OM, MOATOMY Uil BO30OYKJIEHHUS CBETOAMOAa TpeOyeTcsi UCTOUHUK C
OO0JIBIIMM BHYTPEHHUM COINPOTHBIIEHUEM (MCTOUHHUK TOKA).

B kauecTBe ()OTONPUEMHHUKOB MOTYT HCIIOJIb30BATHCS (POTOPE3UCTOPHI, (POTOIHOIbI,



(boTOTPaH3UCTOPBI U (POTOTUPHCTOPHI.

DOTOPE3UCTOPBI UCIOJB3YIOTCS B YCTPONUCTBAX aBTOMAaTUKH ¥ U3MEPUTEIbHOU TEXHUKH KaK
yIpaBliieMble TOKOM WM HaIpsbKeHHeM pe3ucTopbl. DoToamoabl u  (HOTOTPAH3UCTOPHI Kak
NPUEMHUKN W3JTy4eHUs TOJY4YMIH B ONTPOHAX HauOOJIbIIEe paclpoCTpaHEHHE, MOCKOJBKY II0
CBOMM XapaKTEpPUCTUKAM M IapaMeTpaM OHU MOTYT padOTaThb COBMECTHO C HHTErPAIbHBIMU

MuKpocxeMaMu. DOTOTUPUCTOPBI — 3JIEKTPOHHBIE KIIOUM C TpPeMs IEpeXoJaMu — ILIHPOKO
IIPUMEHSIOTCS B ONITPOHAX B KAYECTBE KJIFOUEBBIX YCUIIUTENIEH MOIIHOCTH, YIPABISEMbIX CBETOBBIM
U3ITy4YEHUEM.

[lepenaya cBeTOBOTO M3IyYEHHUS B ONTPOHAX OCYHIECTBISIETCS 4Yepe3 ONMTUYECKUN KaHal,
POJIb KOTOPOTO MOTYT MTPaTh Pa3U4HbIe cpenpl. HasHaueHHe omTM4ecKkoro KaHajga — Tepenava
MaKCHMaJIbHOM CBETOBOI SHEPIUU OT U3JIydareis K npueMHuky. [lepenaromieii cpenoit MOryTt ObITh
BO3/YX, Pa3JIMYHbIC UMMEPCHOHHBIE CPEIbI, a TAKKE ONITUYECKHE CBETOBO/IBI [UIMHHOW | M 1 Ooee.
CTEeKIIOBOJIOKOHHBIE ONTHYECKHE JIMHUHM CBS3W IO3BOJIIOT JIOBECTH IPOOMBHOE HAINpsHKEHUE
M30JIALUU MEXIy BXOJIOM M BBIXOJOM omnTpoHa 1m0 150 kB, 4To maeT BO3MOKHOCTH MPHUMEHSTH
OTITPOHBI JIJISI K3MEPEHHU B BBICOKOBOJIBTHBIX IIETISIX.

[IpuBenem KpaTkoe OMHCAaHWE THUIIOB HaWOOJEe PacIpPOCTPAHEHHBIX IPOMBIIUICHHBIX
OTITPOHOB.

®OTOAMOIHBIN OITPOH. YcnosHoe rpadudeckoe 0603HAUEHHE €ro MPHUBEICHO HA
puc. 2a. B kauecTBe M3myyaTelss HCHOJb3YEeTCsS CBETOJMOJ Ha OCHOBE apceHuja rayuius. I'padux
3aBHCUMOCTH SIPKOCTH m3iydeHust @ ot Toka muona Iy mpu pasHbIx Temreparypax T cBeTOAHOI0B
MpHUBEIeH Ha puc. 3. DOTH XapaKTePUCTUKU TPAKTHUECKH JMHEHHBI, TOK IHOJa OTrpaHUYEH
JOMYCTUMON paccerMBaeMOi MOIIHOCThI0. OTMETHM, 4YTO Jake Npu HEOOJBIIMX OOpaTHBIX
HaNPSHKEHUSX CBETOJUO] MOXKET OBITh JIETKO NMPOOHUT M BBIBEACH W3 CTPOsI, IOATOMY HEOOXOIUMO
MPUHUMATh CIIeHUalbHbIe Mepbl 3amuThl. Kak Obulo OTMEUYEHO, M3-3a Majoro JUHAMHYECKOTO
COMPOTHBIICHUS B IPSIMOM HAIIPaBJICHUU CBETOIHOJbI TPEOYIOT MUTAHUSI OT UCTOYHUKA C BHICOKUM
BHYTPEHHHUM colpoTuBiieHueM. [Ipocrelinas cxema NUTaHUs ¢ OTPAaHUYUTEIBHBIM PE3UCTOPOM Rorp
MpHUBeieHa Ha puc. 4a, a Ha puc. 40 MoKa3zaHa 0JHA M3 BO3MOKHBIX CXEM YIPaBJISEMOTO MUTAHUS
CBETO/IMO/Ia C MOMOIIbIO TPAH3UCTOPHOTO YCHUIIMTENS, KOJUIEKTOPHBIM TOK KOTOPOTO 3aBHCUT OT
YIPaBISIOIEr0 HAPSKEHUS.

CBeToIMO Il — BBICOKOYACTOTHBIE IPHOOPHI, UX ObIcTpoAeiicTBHE cocTaBnser 10°-107 c.

B kauectBe (HOTONMPHEMHUKOB B JUOJHBIX ONTPOHAX HCIOJIB3YIOTCS KPEMHHEBBIC
(GOTOaMOBI, KOTOpBIE XOPOLIO  COTJACYIOTCS IO  CIEKTPalIbHBIM  XapakTEepUCTUKaM U
OBICTPOJCHCTBHIO C APCEHUI-TAJUTUEBBIMU CBETOIMOIAMHU.

Kosddunuent nmepemaun toka muoxnoro onrpora man (Ki=l,0-1,5%), ognako muomHbie
OTITPOHBI SIBJISIIOTCS CAMBIMU OBICTPOIEHCTBYIOIIUMH.

Kak anemeHT anektpudeckoil nenu (GpoTONPUEMHHUK AMOAHOTO ONTPOHA MOXKET padoTaTh B
IBYX pexumax: ¢orompeobpazoBaTesnss C BHEHNIHUM HCTOYHHUKOM TuTaHus (puc.5a)
(doToreneparopa 0e3 BHEIIHETO MCTOYHWKA NuTaHus (puc. 6a). Ha puc. 560 u 60 m3o0pakeHbI
BOJIbTAMIIEPHBIE XaPAKTEPUCTUKUA (HOTOIMONA M TMOKA3aHBI SIEKTPUUYECKUE PEXKHUMBI IeTei mpu
pasHbIX OCBEMICHHOCTSIX (poToamona. Ecnu ydecTh 3aBUCMMOCTH MOTOKAa HM3IYYEHHUs CBETOIHOJA
ONTPOHA OT TOKa lzx uUepe3 CBETOOMOJ, TO MOXKHO HAWTH 3aBUCUMOCTh TOKa Iy Harpy304HOro
pesucropa Ry, wnu Hanpsokennst Uy Ha HEM OT BXOJHOTO TOKa ONTpoHa, T.€. [n=f(lsx) mmu Uy=F(15y).

Hano yuuThiBaTh, 4TO A MepeAayd MaKCUMaJbHOW MOIIHOCTH TpeOyeTcs COIJIacoBaHUE
COINPOTHUBJIEHUS] HArpy304HOrO0 pPE3MCTOpa C BBIXOJHBIM CONPOTHUBIEHHEM onTpoHa. M3 puc. Oa
BUJHO, yTO npu Ry=0 BbIXOAHON TOK omTpoHa Iy OymeT MakcUMaibHBIM, a MPHU Pa3MbIKAHUU
Harpy304HOTO pe3UCTOPa MaKCUMAaJIbHBIM OyJeT HanpshkeHue xonoctoro xona Ux portoanona.

®OTOTPAH3UCTOPHBIM OINTPOH. (pu.26). Ilo cpaBHEHHIO C (DOTOAHMOIHBIM
ONTPOHOM B KadyecTBE (POTONMPHEMHUKA B HEM HCIIOIb3YeTCs] KPEMHMEBBIH (HOTOPE3UCTOP.
doTope3ucrtop paboTaeT Kak OOBIYHBIM TPaH3HCTOP, Y KOTOPOro 0a3zoil CIyXHUT IUIOUIanKa Jyis
npueMa M3JydeHUs. Bo3HHMKarOmMi OT TMomajgaHus U3IyuyeHHss Ha 0a3y TOK YIpaBiseT
KOJUIEKTOPHBIM ~ TOKOM  TpaH3UCTOpa.  BbIXonHble  (KOJUIEKTOPHBIE)  XapaKTEPUCTHKH
(boToTpaH3UCTOPA NOJOOHBI AHAJTOTUYHBIM XapaKTEPUCTHKAM OOBIYHOTO TPAH3UCTOPA, HO



napaMeTpoM y HUX SIBIISICTCA HE TOK 0a3bl, a CBETOBOH MOTOK, TIOATOMY 3JIEKTPUYECKHIA BBIBOJT O6a3bl
O0OBIYHO HE UCHONB3yeTca. Ecnu Mexay SMHTTEPOM M KOJUICKTOPOM BKJIIOUUTH HANpPSHKEHHE, TO
nosiBUTCS TOK (poToTpansuctopa. Ilpu momaganum CBETOBOTO M3NMy4eHHs Ha 0a3y KOJUICKTOPHBIN
TOK Bo3pacraer. TakuMm o0pazom, (HOTOPE3UCTOp SABISAETCS YCHIUTENEM 0a30BOTO TOKA, MOITOMY
YYBCTBUTEIBHOCTh €ro MO CpPaBHEHHIO C (POTOIMOJOM 3HAUMTENBHO Bbime. KoadduuueHnt
nepenaun Toka ororpansucroproro onrpona K; =50-100%.

Henocratkom (OTOTpaH3MCTOPOB SBJISETCS TO, YTO OHM IO CPAaBHEHHIO ¢ (HOTOAMOJAMU
ropasno 6ojee MHEPIMOHHEI M uMeloT Owbictponeiicteue 10%-10° c. Haxomar npumeHeHue u
cocTaBHbIE (POTOTPAH3UCTOPHI, BKIIOUEHHBIE 1O cxeme Jlapmuurrona. Kosdoumment nepenaun
TOKa OLIPOHOB HA MX OCHOBE AocTuraer 50%, a GvicTposeiicTBue coctasnser 10 c.

®OTOPE3UCTOPHBIN OIITPOH. (puc.2B). B kauectBe (POTONPUEMHHMKA B ONTPOHAX
MHOTJIa UCTIOJIB3YIOT (POTOPE3UCTOPHI Ha OCHOBE celleHuaa wiu cyabpuaa kaamus (CdSe, CdS), a B
Ka4eCcTBE HM3JIydaTelsl — CIEKTPaJIbHO COTJIACYIOIIMECs ¢ HUMH CBETOAMOJNBI Ha OCHOBe (hochuma
win apcenuaa-pocouna ramwmms (GaP, GaAsP). beictpoaelictBue (hOTOpe3UCTOPHBIX ONTPOHOB
[EIUKOM ONpeAeNsieTcss OBICTpOJecTBHEM (POTONMPUEMHHIKA, KOTOPOE COCTaBISIET EIWHUIIBI
MWUIUCEKYH. THUNHYHBIE BOJBTAMIIEPHBIE XapaKTEPUCTUKU (oTopesncTopa sl pPa3ImIHBIX
CBETOBBIX MOTOKOB ® M300pakeHbI Ha puc.S.

®OTOTUPUCTOPHBIN OIITPOH. (puc.2 r). Bkmouaer B cebs doToTupucrop —
YeTBIPEXCIONHBIN MOJYIPOBOJAHUKOBBIM MpHOOP € Tpems p-n MepexojaMu, paboTarolui Kak
KIIIOY, yOpaBisieMblii cBeToM. [lpwHImMI gedcTBUs (OTOTHPUCTOpPA ¥ €r0  BOJbTaMIICpHBIC
XapaKTEPUCTUKH TaKHE )K€, KaK y OOBIYHOTO THPUCTOPA, TOJBKO POJIb YIPABISIONIETO TOKA HIPAST
CBETOBOW TMOTOK. bBeIcTpojeiicTBue (OTOTHPHCTOpA OIPENENsIeTCS] BPEMEHEM BBIKIIOUYCHUS, B
TE€YeHHE KOTOPOTO MPUOOP MEPEXOAUT M3 OTKPHITOTO COCTOSHHS B 3aKpPBITOE, OHO COCTaBJISAET
JECATKA MUKPOCEKYH]I.

OCHOBHBIE TIAPAMETPbBI OIITPOHOB. BxoaubiMu mnapamMeTpaMd ONTPOHOB
SBJIIIOTCSI: HOMUHAQJIBHBIA BXOJHOM TOK B NPSIMOM HampaBiECHUH lsx mow CBETOAMONA M MAJCHHE
HanpsDKEHUs Ha HEM B MpsIMOM HampaBieHUMHM Usx IPU HOMUHAJIBHOM 3HAUYE€HUM BXOJHOTO TOKa,
BXOJHast €MKOCTh Cgzx B 3a/IaHHOM PEKUME; MAKCUMAJIbHO MOMYCTUMBIA BXOJHOU TOK lpx max;
MaKCUMaJIbHO JJOITyCTUMOE 00paTHOe HanpsbkeHue Ha BX0A€ Usx o6p max.

BbIxosHBIMH TIapaMeTpamMH ONTPOHOB SBJISIOTCS: MAKCUMAaJbHO JOIMYCTUMOE OOpaTHOE
HanpsxkeHUe Usux o6p max, TPUKIAIBIBAEMOE K BBIXOAY; MAKCUMAJIBHO JIONMYCTUMBIN BBIXOJAHOM TOK
lsex max; BBIXOJHAsE eMKOCTb Ceux; CBETOBOE Rz M TeMHOBOE R: BBIXOIHBIE CONPOTHUBIEHUS (AJIs
(hOTOPE3UCTOPHBIX ONITPOHOB).

W3 nepepaTouHbIX NapaMETPOB OCHOBHBIMH SBISIOTCS KOX(QQUUMEHT Mepeiayd ToKa
Ki==(lsmx/15x)- 100, 160 nuddepeHnanbHbII koahpummeHT nepeaadn TOKa
Kig=(dlsux/dlsx) 100, BEIpaskeHHBIE B POLIEHTAX.

bricTpoeiicTBrE ONTpOHA OLIEHUBAIOT MPU 0Jjaye Ha €ro BXOJ MPSIMOYrOJIbHOIO UMITYJIbCa
[0 BPEMEHHU 3aJIePKKH t;; OT MOMEHTA I0Ja4d UMIIYJIbCA J0 MOMEHTA JOCTM)KEHUS BBIXOJHBIM
ToKOM 3HaueHUs 0,1 Ipsx max , @ TaKXKe IO BPEMEHHM HapacTaHUs tuap BbIXOAHOTO ToKa oT 0,1 10 0,9
€ro MakCUMaJbHOTO 3HaueHus. CymMmmapHOe BpeMsl 3a1€pKKU U HapacTaHMs HA3bIBalOT BPEMEHEM
BKJIFOYEHUS  tpen. DBICTpOAEHCTBHE  (OTONPUEMHUKA  XapaKTEPU3yeTCsl €ro  4YacTOTHBIMHU
CBOMCTBaMH, T.€. TAKOW YacTOTON CHHYCOMAAIBHO MOAYJIUPOBAHHOIO CBETOBOIO MOTOKA, IPU

KOTOPOH YyBCTBUTEJIBHOCTh (POTONPUEMHHUKA BCIIEACTBUE MHEPIIMOHHOCTH YMEHBIIIAETCS B 2 J
pas.

I[MPUMEHEHUE OIITPOHOB. B 3aBucumoctu oT THIa GOTONPHUEMHUKA ONTPOHBI MOTYT
MPUMEHATHCS B AJEKTPOHHBIX YCTPOMCTBAX /sl MEPEKIIOUeHUs, TpeoOpa3oBaHusi, COrNIaCOBaHUS,
MOAYISIMUA U T.A. OHU MOTYT HMCIIOJIb30BaThCs TaKXKe B KAUeCTBE MaJIoTa0apUTHBIX MMITYJIbCHBIX
TpaHchopMaToOpoB, peje s KOMMYTAallud HAaNpsDKEHUH W TOKOB, B aBTOI'€HEpaTropax, LEersx
oOpatHO# cBs3M U T.A. Cienyer Moa4epKHyTh, YTO HECMOTPS Ha HAJMYUE Pa3BI3KU MEXIY BXOJOM
U BBIXOJIOM, I10JI0CA TIIPOITYCKaHUs ONITPOHA HAYMHAETCS C HYJIEBOU YaCTOTBHI.

OnTpoHBI ¢ OTKPBITHIM KaHAJIOM CIIyXKaT B KaU€CTBE Pa3jIMYHbIX AATYMKOB (IIEpEMEIIECHUS,
"kpast oobekTa" u z1p.). B ycrpoiicTBax nepeaaun nHpopMaIy 4acTo MPUMEHSIOT



ONTOAIEKTPOHHBIE UHTETPAJIbHBIE MUKPOCXEMBI, B KOTOPBIX B OJIHOM KOPITyce€ 00bEIMHEHBI ONITPOH
U MHTErpaibHast MUKpocxema. DoToNprueEMHHUK TaKON MUKPOCXEMBI MOXKET ObITh U3TOTOBJIEH B TOM
K€ KpUCTaule KPEMHHUS, YTO U TPAH3UCTOPHAsI MUKPOCXEMa, KaK OJTHO LIEJIOE.
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X0/l PABOTHBI.

CoOpaTh cXeMy ONTOZJCKTPOHHOTO KOMMYTaTOpa MpU OTCYTCTBHHM TUTaHHUS
KOJUIEKTOPHOM 11emu Gororpanszucropa (puc. 9).

CHATB BXOJIHYIO XapakTepucTUKy KoMMyTaTopa lux=f(Usx) (TOK Lsx HE mOIIKEH
npesbimath 10 MA). [Toctpouts rpaduk 3aBUCUMOCTH |px=T(Usy).

CHsaTh miepexo1Hyi0 XapakTepuctuky kommyratopa (puc. 10) Ugux=f(Usx) (TOK Isx HE
nosoker npessimath 10 MA). IToctpouts rpaduk 3aBUCHMOCTH Uy =F(Uay).
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