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AHHOTATIIUA

HucummumHa «@u3uKa M TEXHOJOTHsS KBAHTOBBIX NPUOOPOBY MpeIHA3HAYEHA IS
acTIMpaHTOB, O0yHarOIUXCs MO 00pa3oBaTeabHON mporpamme «PHU3MKa MOJTYNMPOBOIHUKOB» U
BXOIHT B Pa3leN «IUCHUILIMHBI 110 BBIOOPY» BapUATUBHON YacTH y4eOHOTO IJIaHa.

IIpu paspabotke pabodeil mporpaMmbl y4eOHOI MUCIUIUIMHBI HCIIONB30BaHbl DenepanbHbIil
rOCYAapCTBEHHBIH 00pa30oBaTEeNbHBIA CTAHAAPT BHICLIETO OOpa3oBaHUs (YPOBEHb MOATOTOBKH
KaaApOB BBICIIEH KBatM(pUKaUWMK) 1O HampasieHuo mnoarotoBku 03.06.01 — «Pusmka u
aCTPOHOMUs», Yy4eOHBI IJIaH TOATOTOBKM  aCIHpaHTOB 1o  npodumro  «Pusmka

MOJIYITPOBOIHUKOBY

Hens Kypca: NOATOTOBKA aCIUPAHTOB B 00NacTU (PU3UKU CBEPXOBICTPONEHCTBYIOIIHX
npuOopoB, MOHUMAKOIMNX (HHU3UIECKUE U TEXHOJIOTHYECKHE AaCHeKThl pa3paboTKu U
TEXHOJIOTHYECKOTO BOILIOLICHHSI TeTEPOINEPEXOAHBIX TPAH3UCTOPOB, BKIIIOYAsT TPAH3UCTOPBI HA
rOps/MUX HOCUTENSIX M TPAaH3UCTOPBI Ha KBAaHTOBBIX 3((ekrax, a TakKe MEPCIEKTHUBBI HX
HCTIOJIB30BAHUSI IS pa3palOTKH CBEPXOBICTPOACHCTBYIOIIMX HHTETPAIbHBIX CXEM.

3apaum:

1. CriocobcTBOBaTh OCBOCHUIO ACHMUPAHTAMH JIOTIOJIHUTENBHBIX Pa3fesioB Kypca
«®Pu3uKa TMOJNYNMPOBOAHHKOB M  HHU3KOPA3MEPHBIX  CTPYKTYp», BKJIIOUAs  LEJIOCTHOE
MpeacTaBjieHne O (PU3UKE MPOLECCOB OECCTONKHOBHUTENBHOTO (OaJTMCTHYECKOrO MEepPeHOca) B
TPAH3UCTOPHBIX CTPYKTypaxX, a TaKkKe -  MPEACTaBIEHHE O B3aUMOCBS3H SJIEKTPOHHOM
CTPYKTYpPbl T€TEPOINEPEeXOAO0B, VCIOBHH KBAHTOBAHUS SJEKTPOHHOTO Tra3a, TOJIIUHBI H
JIETUPOBAHUS CJIOEB TPAH3UCTOPHBIX CIIOEB, UCIOJIB30BAHUS ABOHHBIX TYHHENBHBIX 0apbepoB C
KBAHTOBOH SIMOH TIpH TIOCTPOCHHU TE€TEPOCTPYKTYPHBIX TPAH3UCTOPOB, B TOM HHUCIE
TPaH3UCTOPOB HA KBAHTOBBIX 3(h(eKTax.

2. @dopMHupOBaHHE KOMIIETEHLIMH, COOTBETCTBYIOIIMX MPO(GHI0 TOATOTOBKU
«®u3HKa MOIYIPOBOTHUKOB

KomnereHuuu BbInycKHUKA, GopMHpYyeMble B pe3yJabTaTe H3YYeHHUs] AUCIHILIHHBI.

Y HUBEpCAIbHBIE KOMIIETEHIIHH:

- YK-1. CiocoOHOCTb K KpUTHUECKOMY aHATU3Y M OLICHKE COBPEMEHHBIX HAYYHBIX JOCTHIKEHHH,
T€HEPHPOBAHUIO HOBBIX WAEH MPHU PEIIEHUH UCCIEAOBATENbCKUX M MPAKTUYECKHUX 33714, B TOM
YHCJIe B MEXKIUCIUILIMHAPHBIX O0NACTSIX,

ObwmenpodeccroHaNbHBIE KOMITETEHIINH:



- OIIK-1. CrocoOHOCTBIO CaMOCTOSITEIIBHO OCYIIECTBIISATE HAYYHO-HCCIIEIOBATENBCKYIO
IeSITeNIbHOCTD B 00aCTH (PU3UKH MOJYIPOBOIHUKOB C HCIIOJIB30BAHIEM COBPEMEHHBIX METOIOB
UCCIIETOBAHMS U MH(POPMALMOHHO-KOMMYHHUKAITHOHHBIX TEXHOJIOTHIi
[IpodeccroHa bHbIe KOMIETEHIIUH:

- [IK-1. CiocoGHOCTH CTPOHUTH HOBeMIIME (PU3NIECKHE U MATEMAaTHIECKHUE MOZIETH MprOOpOB,
CXeM, YCTPOMCTB HAHOSJEKTPOHHKH PA3JMYHOTO (PYHKIMOHANIBHOTO HA3HAYEHHs, & TaKXKe
HCTIOJIb30BATh CTAHAAPTHBIE TPOrPAMMHBIE CPEIICTBA UX KOMITBIOTEPHOTO MOJIEIHPOBAHHS

- TIK-2. CrnocoOHOCTH apryMEHTHPOBAaHHO BBIOMPATh W PEATU30BBIBATH HA IPAKTHUKE
3 PEKTUBHYI0 METOAUKY 3KCIIEPHUMEHTAILHOTO HMCCIENOBAHUS MAapaMeTPOB U XapaKTEPHCTUK

HU3SKOPA3MEPHBIX CTPYKTYP, B TOM UUCJIC PA3JTIUIHOTO (I)YHKL[I/IOHaJ'IbHOFO Ha3HAYCHUA

TpeGoBaHHs K YPOBHIO YCBOCHHSI COEPKAHUS THCHHIIIHHBI.
ACTIHPaHTHI TOJKHBI TPUOOPECTH CIENYIOLTNE 3HAHNS U YMEHHUS:
-3HaTh:

® TOHSTHHHBIN anmapar KBaHTOBOH MEXaHHKH, 1Jis1 60jee MOJIHOTO M TOYHOTO MOHMMAaHHUS
dbopMUpOBaHHS SJEKTPOHHON CTPYKTYphl CHCTEM C TIOHIKEHHOH pPa3sMEpPHOCTHIO
(KBAHTOBBIX $IM, KBAaHTOBBIX IPOBOJIOK, KBAaHTOBBIX TOYEK M CBEPXPELIETOK Ha HX
OCHOBE);

® IIeJIOCTHOE  TMpeAcCTaBleHHe O  (U3MKe  IPOLECCOB  OECCTONKHOBHTENBHOTO
(banmucTUYeCKOTO TMEepeHoca) B TPAH3UCTOPHBIX CTPYKTypax W €ro BIMAHUU HA
OvIcTpOneiicTBHE TPUOOPOB;

® IPUPOAY B3aMMOCBSI3U  3JIEKTPOHHOH  CTPYKTYpPBl  TE€TEPOIEPEXOIOB,  YCJIOBUH
KBAaHTOBAHHUSI 3JIEKTPOHHOTO Tra3a, TOJILIMHbI M JICTHPOBAHMS CJIOEB TPAH3HCTOPHBIX
CJIOEB, WCIIOJb30BAHMS JBOMHBIX TYHHEJIbHBIX OapbepoB C KBAHTOBOH SIMOW MpH
MOCTPOEHUH TE€TEPOCTPYKTYPHBIX TPAH3UCTOPOB, B TOM HYHCJIE€ TPAH3UCTOPOB Ha
KBAaHTOBBIX d(PeKrax;

® OCHOBHBIE METOABI CO3JAaHMS MOJYNMPOBOJHHUKOBBIX T€TEPOCTPYKTYpP AN CO3MAHHS
CBEPXOBICTPOAECHCTBYIOLINX TPAH3UCTOPOB;

® OCHOBHBIE METO/BI HCCIIEIOBAHMUS (PYHKIIMOHAIBHBIX CBOMCTB TPAH3UCTOPHBIX CTPYKTYD;

® COBpPEMEHHbIE  CIOCOOBI  HCIONIb30BAaHUS  HWH(POPMALMOHHO-KOMMYHHUKAILIHOHHBIX
TEXHOJIOTUH B 00J1aCTH (PU3UKH TOJTYIPOBOJHUKOBBIX IPUOOPOB.
Yw™meTs:

e BBIOMpaTh MOJENH, HEOOXOAUMBIE JIJIsI ONTUCAHUS (PU3UIECKUX MPOLIECCOB, MPOTEKAIOLITNX

MOJYNTPOBOIHUKOBBIX T€TEPOCTPYKTYpPaX;



® KPUTHYECKH OIIEHHWBATh OOJNACTh NMPUMEHMMOCTH BBIOPAHHBIX MOJAETECH Ui ONHCAHUS
($U3NYECKNX  MPOLECCOB, MPOTEKAIOIIMX MPH  CO3JAaHUH  TMOJYMPOBOJHUKOBBIX
reTepOCTPYKTYD;
e 000CHOBaHO BBIOMpaTh METO/BI (POPMHUPOBAHHMS ITOTYTTPOBOAHUKOBBIX [€TEPOCTPYKTYP C
3a/laHHbIMU MapaMeTpaMu;
e BpOMpPaTb M TPHUMEHATb METONBl HUCCIENOBaHMA  (PYHKIHMOHANBHBIX CBOWCTB
MOJIyIPOBOJIHUKOBBIX T'€TEPOCTPYKTYP.
e COJEPXAHUE TEOPETHYECKOM YACTH KYPCA (36 uacos)
1. IToneBblie u OUNOJISIPHBIE TeTePOCTPYKTYPHbIe TpaH3ucTopsl (10 yacos)
I'erepocTpykTypHble oseBble TpaH3UCTOPEL I eTeponepexon. CenekTUBHOE JErMpOBaHUE.
JIByMepHBbIii 31eKTpOHHBIN Ta3. [loneBbie TpaH3UCTOPBI Ha reTepocTpykTrypax AlGaAs/GaAs ¢
CeJIEKTUBHBIM JiernpoBanueM. OOpaTHbIE U MHOTOKaHAJIbHBIE CTPYKTYPBL. I €TepoCTpyKTypHBIE
ounonsapusle Tparsuctopsl (I'CBT). I'ereposmurrep. basa u komekTop. I'eTepocTpyKTypHBIE
ounonsipabie Tpansuctopbl Ha AlGaAs/GaAs. 'CBT na GalnAs/InP, GalnAsP/InP.
Tpansucropsl ¢ rereponepexonamu u3 GaAs/Si, Ge/Si, o-Si/Si.
2. TpaH3ucTOpBI HA FOPAYHUX JIeKTPoHAX (8 yacoB)
TpaH3ucTOpHI C OAITMCTHYECKON HHKEKIHEH 37eKTPOHOB. CIIEKTPOCKOTHSI FOPSTINX
3NEKTPOHOB. bayncTiueckue TpaH3uCTOPHI € MIIAHAPHO-JIETHPOBAHHBIMU OapbepaMH.
Bamnucriaeckue TpaH3UCTOPBI C TETEPOCTPYKTYPHBIMU OapbepaMu. TpaH3UCTOPBI C MEPEHOCOM
3apsiia B IPOCTPAHCTBE.
3. AmHanorosbie TPAH3UCTOPHI (S 4acoB)
TpaH3uCTOPBI CO CTATUUECKOW MHAYKLHEH. TpaH3uCTOpBI C MpoHUIaeMoi 6a3oi. TpaH3UCTOPHI
C MeTaJUTNIeCcKO 0a30H.
4. Tpau3ucropsl Ha KBaHTOBBIX 3¢ dekTax (7 yacos)
TyHHenupoBaHue U pa3MepHOe KBaHTOBaHUe. Pe3oHaHCHOE TYHHENNPOBaHUE Yepe3 ABOMHON
Oapbep C KBAaHTOBOM SIMOM U CBEpXpeLIeTKy. TpaH3UCTOPHI C PE30HAHCHBIM TYHHEJHPOBAHUEM
(bunonspHBIE U TOJIEBBIE).
5. Tpan3ucTopbl U MHTErpaJIbHbIe MUKPOCXeMbI ¢ HAMBBICIINM ObICTpoaeHcTBHEM (6
4acoB)
TpaH3uCTOPBI ¢ HAUBBICIINM ObICTpOAEHCTBHEM. MIHTerpaibHbIE MEKPOCXEMBI Ha

CBEPXOBICTPOACHCTBYIOLINX TPAH3UCTOPAX.

e TEMBI MPAKTHYECKHX 3AHSITHIA (18 uacos)

Tema 1. TlocTpoeHue reTeponepexoos B Moaenu AHnepcona (2 yaca).



Tema 2.  IIpuHUMI CENEKTUBHOIO JIETUPOBaHUs. [{ByMEpHBIN 3JIEKTPOHHBIN U IBIPOYHBIN

ra3el. (4 gaca).

Tema 3. Pacuer mapameTpoB reTepOCTPYKTYPHBIX MOJIEBBIX TPAH3UCTOPOB (3 Haca).

Tema 4. Pacder mapamMeTpoB reTepOCTPYKTYPHBIX OMTIOJSIPHBIX TPAH3UCTOPOB (3 yaca).

Tema 5. Pacder mapamMeTpoB TPAaH3UCTOPOB HA FOPSIUYUX 3JIEKTPOHAX (3 Haca).

Tema 6. TlocTpoeHMe 30HHBIX TUATPAMM TPAH3UCTOPOB HA KBAaHTOBBLIX 3(dexrax (3 yaca).

e KOHTPOJIb JOCTHKEHUSA LEJEN KYPCA

@opMbl M MeTOABI ISl TEKYyLIero KOHTPOJSA: KOHTPOJbHBIE pPabOTBI MO paszenam

NUCLUTIINHBIL

KonTposbHbie padoThl

KonTtponbHnas padora Nel. I'emepocmpykmypHsie noiiegsle, bunoniapmsie u

VHUROJIAPHbIE MPAHIUCMOPDL.

1.
2.

Kakwue Tunsl rereponepexonos OpiBatoT. Hapucyiite 30HHBIE TUarpaMMbl BCEX THIIOB.
Kakwne mpeumyiecTsa 1at0T reTeponepexoibl B OUMOIAPHBIX FETEPOCTPYKTYPHBIX
TpaH3ucTopax”?

MOo:KHO 1 TOMEHSITh MECTAMHU 3MUTTEP U KOJUIEKTOP B FE€TEPOCTPYKTYPHOM
OUMOJNISIPHOM TpaH3ucTOpe?

Kakwe cymecTByrOT criocoObl OBBIIEHHS Oapbepa AJs IBIPOK B P-N-p
reTePOCTPYKTYPHOM OUTIOIAPHOM TpaH3UCTOpe?

JIJ1s1 4ero UCTIONB3yeTCsl BCTPOESHHOE 3JIEKTPUIecKoe Moye B 0a30B0il oOnactu
reTePOCTPYKTYPHOTO OUTIOISIPHOTO TPAH3UCTOPA, M KAKHM CIIOCOOOM OHO CO37aeTcs?
JIis 4ero uCnoJb30BaJIM PUHLINI CEJIEKTUBHOTO JIETUPOBAHUS B TPAH3UCTOPHBIX
cTpykTypax? [IpuBeaure npumepsl.

KaxoBbI OCHOBHBIE peKUMBI pabOThI TTOJIEBBIX TPAH3UCTOPOB C CEIEKTUBHBIM
JIETUPOBAHUEM?

B uem coctouT posib crieiicepa B MOJE€BOM TPAH3UCTOPE C CEIEKTUBHBIM JIETHPOBaHHUEM ?
UeM oTinuaroTcst 0OpaTHbIe 1 MHOTOKAHAJIBbHBIE CTPYKTYPHI MOJIEBBIX TPAH3UCTOPOB C

CCJICKTHBHBIM J'IeFI/IpOBaHI/IeM?

10. KakoBbI OCHOBHBIE HEOOCTATKHU MOJICBbIX TPAH3UCTOPOB C CCIICKTHBHBIM J'IeFI/IpOBaHI/IeM?

11. Yto Takoe YHUIONSIPHBINA TPAH3UCTOP, KAKOB MPUHLIUII €10 padboTsI?



12.

13.
14.

15.
16.

17.

18.
19.

20.

Kak peanusyercs 6amuIMCTHYECKHI TPAHCTIOPT HOCHTENEH B TOJTYNPOBOJHUKAX H MPH
KaKHX YCJIOBUSIX?

[epedncnuTe TUMBI TPAH3UCTOPOB HA TOPSIYMX HOCUTEISX.

KakoBa OCHOBHasl MpUYMHA TIOTEPb SHEPTUH FOPSIMMH HOCUTENISIME B Oa3e
0aJTMCTUYECKOTO TPpaH3ucTOpa’?

Kak peann3oBaH CIEKTPOMETP TOPSUHX HJIEKTPOHOB M KaKyr0 MHYOPMAIIUIO OH JaeT?
YCTpoicTBO U NMPUHIMT ASHCTBUS 0aJUTHCTHYECKOTO TPAH3UCTOPA ¢ TIaHAPHO-
JIETUPOBAaHHBIMU Oapbepamu.

Kakwue Tumbl 0aIMCTHUECKUX TPAH3UCTOPOB C reTePOCTPYKTYPHBIMHU OapbepamMu MOTYT
ObITh TOCTpoeHbI? O003HAUBTE MX OTJIMYHSL

KaxoB mpuHIUN nefCTBUS TPAH3UCTOPOB C MIEPEHOCOM 3apsaa B MPOCTPAHCTBE?
Kaxwue Tume! TpaH3UCTOPOB C MEPEHOCOM 3apsiia B MPOCTPAHCTBE CYIECTBYIOT? B uem
OTJMYHSA B UX [UIAHAPHOU CTPYKTYype?

B dem cxoncTBo U B yeM paznmune mexkay d¢dexrom ['anna u addexrom nepeHoca

3apsiia B IpOCTPAHCTBE?

KonTtponbHas padora Ne2. Tpansucmopst na keanmoegvix hghexmax.

10.
11.

PasmepHOe KBAaHTOBAaHME B IE€TEPOCUCTEME M KBAHTOBO-MEXAHUYECKOE OTPAKEHUE Ha
Oapbepe.

BeposiTHOCTD TYHHETTUPOBAHUS Yepe3 OJUHOUHBIN Oapbep.

KBaHTOBaHHE 3JIEKTPOHHBIX COCTOSSHUM B OJHOMEPHOM MOTEHLHAIBHONW sIME C
OeckOHeUHBIMU OapbepamH.

30HHAs CTPYKTYpa CBEPXpELIEeTKH, ocuuiuaunu bioxa u yciaoBus nx HabIOAEHUS.
PesonaHcHOe TyHHENMpPOBaHWE uYepe3 JBOWHOH Oapbep ¢ KBAHTOBOH sIMOW W
CBEPXPELIETKOM.

[MocnenoBaTenbHOE TYHHENUPOBAHHME uepe3 ABOHHOW Oapbep ¢ KBAaHTOBOH SIMOU W
CBEPXPELIETKOM.

MexaHu3M MPOXOKACHUS TOKA B AMOE C IBOMHBIM OapbepOoM M KBAHTOBOH sIMOH.
OtpunarenvHoe nuddepeHnnaIbHOe CONPOTUBIICHHE B ITHOME C ABOWHBIM OapbepoM U
KBAHTOBOM SIMOHM U €ro 3aBUCUMOCTb OT YaCTOTHI.

CpaBHUTE CBEPXPEIISTKH U TUOMBI C TBOMHBIM OapbepoM 1 kBaHTOBOM siMoi (JIBKC-
TUOTTBI ).

Crpykrypa u cBoiictsa Tpan3uctopos ¢ JABKC-amutTepom.

dopmupoBaHue, CTPYKTypa U CBOWCTBa OwmonsipHbIXx TpaH3ucropoB ¢ JIBKC-



12.

13.

14.
15.

16.

17.

18.

19.

el

10.

11.

SMUTTEPOM.
bunonspueiii  Tpamsucrop ¢ JBKC crpykrypoit B 0aze: MexaHW3M TpaHCIOpPTa
HOCHTEJIEN.

Kax Bausier Tonmuua kBaHTOBOH siMbl B JIBKC cTpykType Ha BOJIbT-aMIlepHbIE
XapaKTepUCTUKHU?

Uro takoe LITapk-3¢pexT TpaH3UCTOPHI M KaK OHU PabOTaroT?

IToneBoil TpaH3UCTOP C PE30OHAHCHBIM TYHHEJUPOBaHHEM: (POPMHUPOBAHKE, CTPYKTYpa U
CBOMCTBA.

Jloruueckue BEHTWJIM Ha TNPHOOpax C PE30HAHCHBIM TYHHEJIHPOBAHUEM: MEXAHU3M
paboThI, HYHKIMOHATHHBIE BO3MOKHOCTH.

TpaH3ucTopel C mNapaljieNbHBIMM KBAaHTOBBIMH sSIMaMH-KaHaJaMHd — KOHLEMLHS
TPEXypPOBHEBOIO NEPEXOa.

TpaH3ucTOpBl € HAMBBICIIUM OBICTPOAEHCTBHEM: Kak peasn30BaThb HAWBBICIIHNE
3HAYEeHHs TAPaMEeTPOB ObICTpONEHCTBUS?

HerpaH3ucTopHble myTH CO31aHus CBEPXOBICTPOIEHCTBYIOIINX YCTPOMCTB.

e JIEPEYEHD THIIOBBIX DK3AMEHAIINOHHBIX BOITPOCOB

CreKTpOCKOMHsI FOPSYNX 3JIEKTPOHOB.

CenexTuBHOe eruposaHue. J|ByMepHbIii 31€KTPOHHBIHN Ias.

BannucTuueckue TPaH3UCTOPBI € TUIAHAPHO-JIETHPOBAHHBIMU Oapbepam.
Tpan3uctopel Ha KBaHTOBBIX 3(dekrax: pe30oHaAaHCHOE TYHHEIHPOBAHHE dYepe3
IBOMHOM Oapbep ¢ KBAHTOBOM SIMOW U CBEPXPELIETKY.

CranuoHapHasi aperdoBasi CKOPOCTb, MEXKIOTUHHBIN Tiepedpoc, sddekr yderanus
3JIEKTPOHOB.

bamnmncruueckue TPaH3UCTOPBI € TETEPOCTPYKTYPHBIMU OapbepamMu: TPaH3UCTOP C
IBYMEpPHOI 0a30ii, TYHHENbHBINA TPAH3UCTOP HAa TOPSYUX HJIEKTPOHAX.

Bemneck npeiihoBoit CKOPOCTH B NJIMHHBIX M KOPOTKUX CTPYKTYpax, OamIuCcTUIeCKui
IPOJIET.

Tpansucropsl ¢ IBKC-amutrepom.

I'ereporniepexon: OCHOBHbIE YCIOBHS (DOPMHPOBAHUS, THIBI TETEPONEPEXOOB,
pa3pbIBbI 30H, PE3KUE U BAPU3OHHBIE I€TEPONEPEXOABL.

KBaHTOBO-pasMepHbIe CTPYKTYPbl: KBAHTOBBIE IPOBOJIOKM W KBAaHTOBBIE TOYKH.
Marepuanel ¢ pacnpeneaeHHbIMA KBAHTOBBIMU TOYKAMU.

TpaH3UCTOPBI HA TOPSAYUX FJEKTPOHAX:. TPAHZUCTOPBI ¢ OATTUCTUIECKON MHXKEKLIUeH



3JIEKTPOHOB.

12.  TloneBble TPaH3UCTOPHI HAa TETEPOCTPYKTypax C CeNeKTUBHBIM JerupoBanueM (I1T
I'CJI): npsimasi, oOpaTHast U MHOTOKaHAJIbHBIE CTPYKTYPbI, HOPMAaJIbHO OTKPHITBIE H
HOPMAJIbHO 3aKpbIThble CTPYKTYPbI, JocTonHCTBa U HepocTatku 1T I'CJIL

13.  T'erepocTpyKTypHBIE OUNONIPHBIE TPAH3UCTOPBI: TETEPOIMUTTED, 0a3a M KOIIEKTOP.

14.  AHanorosble TPAaH3UCTOPBI: TPAH3UCTOPHI C MPOHUIIAEMON U METAITUIECKOH Oa3amu.

15. T'erepocTpykTypHbIe OWIONSPHBIE TPAH3UCTOPBL. TPAH3UCTOPBI HA CTPYKType
AlGaAs\GaAs.

16. bammicTuueckne TPAH3UCTOPBI C TETEPOCTPYKTYpHbIMH Oapbepamu: bBIT ¢
BAPHU30HHBIM 3MUTTEPOM, TPAH3UCTOP C MHAYLUPOBAHHOH 0a301i.

17. bunonspHbie TPAH3UCTOPBI C PE3OHAHCHBIM TYHHEIUPOBAHUEM.

18.  Ilonesble TPAaH3UCTOPEI C PE3OHAHCHBIM TYHHEINPOBAHUEM.

19.  TpaH3UCTOPBI C HAMBBICIIUM OBICTPOACHCTBHUEM: COBPEMEHHBIE U NIEPCIIEKTUBHBIE.

20. HHTrerpambHble CXeMbl Ha OBICTPOIEHCTBYIOIIUX TPAH3UCTOPAX.
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