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OT3bIB BEAYIIEN OPTAHU3AIIUN
AxunonepHoro obectsa «HayuHo-npousBoacTBeHHOe npearnpusitue «I lynbcap» Ha
nucceprauuto Cunenea Anekces Bragumuposuua Ha TeMy «Pa3zpaboTka
JE€TEKTOPOB MOTJIOIMIEHHOMN 1036l HOHU3UPYIOLLEr0 U3JIyYEeHUS ¢ YyBCTBUTEIbHBIMU
3JIEMEHTaMH Ha OcHOBe p-kaHanbHbIX MHOII-Tpan3uctopoBy», mpeacTaBlIeHHYIO Ha
COMCKaHUE yUYEeHOU CTENeHU KaHIu1aTa TeXHUUYECKUX HayK IO CrenuanbHoCTH 2.2.2.
DJeKTpOHHAsi KOMIIOHEHTHas 0a3a MUKPO- U HAaHODJIEKTPOHHUKH, KBAHTOBBIX
YCTPOUCTB

AKTYaJIbHOCTH TeMbl HCCJIEJOBAHUS

Tema muccepranuu A.B. CuneneBa siBIseTCsl aKTyalbHOM, IMOCKOJIBKY B HeH
pelraeTcs BakHas HAy4YHO-TeXHHYecKas 3a/Ja4a, a UMEHHO pa3paboTka B paMKax
€IMHON KOHCTPYKTHBHO-TEXHOJOTUYECKON KOHLENIMH [ETEKTOPOB IOVIOLUICHHON
J03bl MOHHU3HMPYIOIIEr0 M3JIy4YeHHUs C YyBCTBUTEIbHBIMH 3JIEMEHTaMH Ha OCHOBE
MJIII-TpaH3ucTOpOB A LIMPOKOTO CHeKTpa ycloBHM mnpuMeHeHHs. CyIIeCTBYIOT
pa3UYHbIE MOJIYIIPOBOJAHUKOBBIE [IETEKTOPbl HOHU3UPYIOIIMX H3ITYyYEeHUH, cpeau
KOTOPBIX HECOMHEHHBIH MHTEPEC MPEICTaBIAIOT AETEKTOPHI MOTIOUIEHHON 1036l Ha
ocHoBe M/III-TpaH3uCcTOpOB, KOTOpble 3apeKOMEHIOBaIM ce0s B TaKUX 00IacTsX,
KaK siIepHas MeIWIMHa M KOCMHUYecKass TeXHHMKa. Yaile Bcero B KadyecTBe
YYBCTBUTEJBHBIX  DJIEMEHTOB  TaKUX  JETEKTOPOB  IOIJIOUIEHHOW  JO3BI
MOHHU3UPYIOUIETO U3ITy4YeHHUS IPUMEHAIOTCA p-KaHaibHble MOII-TpaH3UCTOPBI B CUITY
MOHOTOHHOI'O XapakTepa 1030BOM 3aBUCHUMOCTH IOPOTOBOTO HAIpPsKEHHUS, KOTOPOe
4aCTO paccMaTpuBaeTcs Kak MH(OpMaTUBHBIA mapamerp. Kpome Toro, Bo3MOXKHO
NpUMeHeHne CepuiiHo BhInmyckaemblX MOII-TpaH3ucTOpoB (Kak JTUCKPETHBIX, TaK U
TpaH3ucTOpoB U3 cocraBa KMOII uHTerpanbHbIX CXeM), ODHAKO Ui MOJyYeHHs
BBICOKOW paJMallMOHHON 4YyBCTBUTEIBHOCTH M IIMPOKOTO JHana3oHa H3MepPSIeMBIX
103, KaK MpaBuiio, TpedyeTcs pazpaboTKa CrieluaibHbIX YyBCTBUTEIBHBIX 2JIEMEHTOB
10J1 KOHKPETHbIE IUIAaHUPpYEeMBbIe 3a/1auHu.

JIEeTEKTOpLl  NOTJIOIEHHOH O3Bl  HOHU3UPYIOUIETO0  M3JIyYEeHHS  C
YYBCTBUTEJIBHBIMU DJJIEMEHTaMH Ha OCHOBe p-KaHaiubHbIX MHOII-Tpan3ucTopoB
00JIafIal0T LENBIM PSIOM HPEUMYIIECTB [0 CPABHEHHMIO C JIETEKTOPAMH Ha OCHOBE
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MOII-Tpan3ucropoB. K Takum mpeumMyInecTBaM MOXHO OTHECTH: 0OJiee BBICOKYIO
paiMallMOHHYX0  YYBCTBUTEIBHOCTh, JIMHEHHOCTh  KaJIUOPOBOYHOM  KPHUBOW,
OTCYTCTBHE OT)KHUIa, OTCYTCTBHUE 3aBUCUMOCTH OT MOILHOCTH J03bI HOHHU3UPYIOLIETO
n3nydeHus. Ha ocHOBaHMHM 3TOro B JaHHOW IHUCCEPTAIMOHHOH paboTe BHUMaHHE
OBUIO CKOHIIEHTPHUPOBAHO Ha pa3pabOoTKe AEeTEKTOPOB IOIJIOMIEHHOM 103kl IS
IIMPOKOro CIIEKTpa MPUMEHEHWM HMMEeHHO Ha OcHoBe TpaH3ucTtopHbix MHOII-

CTPYKTYD.

CTpykTypa n 00beM qHCCEPTALMOHHOM PadoTHI

Juccepranus COOEpXKUT BBEIEHHE, TISTh TIJIaB, 3aKJIIOYEHHE, CITHCOK
nutepartypsl U3 100 HamMeHoBauuil. OOUK 00BEM nuccepTalMK cocTaBnseT 186
CTpaHUll, BKJIrOYas 77 umroctpauuii 1 23 TaO Uk

Bo BBeaennn 000cHOBaHa aKTyalbHOCTh HAy4HOU paboThl, chopMyTHpOBaHa
Helb W 3aJa4y¥ JUCCEPTallMM, NMPOJEMOHCTPUpOBaHA Hay4YHas HOBH3HA, IMOKa3aHa
IIPaKTUYEeCKast 3HaUUMOCTh U JOCTOBEPHOCTH Pe3yIbTaTOB HCCIIEOBAHUS.

B nepBoii riaee Obl1 MpoBeneH 0030p MOJYNPOBOIHHKOBBIX IETEKTOPOB
MOHU3UPYIOLIEr0 U3JTy4YEeHHs], pPACCMOTPEHbl UX OCHOBHBIE KOHCTPYKIUH U CQepsI
NpUMeHeHHs. PaccMOTpeHbl NMPUHUUIBI pabOThl JETEKTOPOB IOTJIOIIEHHOW O3B
MOHU3UpYIoIIero usnyyenuss Ha ocHoBe MOII- 1 MHOII-Tpan3uctopoB, BbIaeIeHBI
NPEUMYyIeCTBa JETEKTOPOB C YyBCTBUTEIbHBIMH DJJIEMEHTaMH Ha OCHOBE
MHOII-TpaH3ucTOpOB.

Bo BrTopoii rmaBe aBTopoM ObUIH CHOPMYIHPOBaHBl TpeGOBaHHUS K
XapaKTePUCTHKaM [ETEKTOPOB ITOIVIOIIEHHON [03bl MOHU3UPYIOIIETO H3IY4YEHHUS C
4yBCTBUTEJIBHBIMH 3JieMeHTaMU Ha ocHoBe MHOII-TpaH3ucTOpOoB 117151 MpUMEHEHHUS B
pa3IMYHbIX 00JaCTAX HAayKM U TEXHUKU. B JaHHOW TIiiaBe Takxke IpelIoKeHa
(usuveckas MoJenb HAKOIUIEHHs —paJMalOHHO-MHIYLMPOBAHHOTO 3apsfa B
NIOJ3aTBOPHBIX AMANIEKTpHKax p-kaHanpHOoro MHOII-Tpan3ucTopa, kotopas mporiiuia
BaJIMAALMIO Ha U3TOTOBJIEHHBIX TECTOBBIX TPAH3UCTOPAX C TOJIIMHON MO(3aTBOPHBIX
an31eKTpuKoB SizNy / SiO; = 100 / 106,7 um. [Tocie dero 6bUTH MPOBEAEHEI PaCUEThI
TaKUX paadaldOHHBIX XapaKTepUCTHUK, KaK YyBCTBHTEIHLHOCTH W  JMAIa30H
U3MEpSEeMBIX 1103 Uil TPaH3UCTOPOB C PA3IMYHBIMU TOJIIMHAMH I10A3aTBOPHBIX
HUTPUJIA U TUOKCHUIa KPEMHHS.

B Tperbeil riaBe aBTOp HCCIENOBall BO3MOXXHOCTH CO3JIaHHs pP-KaHAIBHBIX
MHOII-Tpan3ucTopoB B paMKax eIWHOW  KOHCTPYKTHBHO-TEXHOJIOTHYECKOH
KOHLENUWU [UIsi TPUMEHEHUS HUX B KayecTBE YYBCTBHUTENIBHBIX JJEMEHTOB
JAETEKTOPOB, KOTOpPbI€ IUIAHUPYIOTCS K MPUMEHEHHUIO [UIs pelleHHs IIHPOKOro
CIIeKTpa 3az1a4. beiia pazpaborana TOMOIOTUsI KPUCTAIIIOB TPAH3UCTOPOB U MapILPYT
U3rOTOBJICHUS, KOTOPBIA BKJIOYAl B ceds 62 TeXHOJOrHMYeCKHe Olepanuu. Bulio
H3rOTOBJICHO HECKOJIBKO MapTHH TPAH3UCTOPHBIX CTPYKTYp, @ Ha UX OCHOBE OBIIH
M3TOTOBJIEHBI ICTEKTOPHI MOTJIOIEHHOMN 1036l HOHU3UPYIOIIETO U3TyYEHUS.

YerBeprasn riasa MOCBSILIEHA UCCIIeIOBAaHHUIO paaralioOHHON
YYBCTBUTEJIbHOCTH U3IOTOBJIEHHBIX JETEKTOPOB MOTJIOLIEHHOM J103BI
HOHM3UPYIOLIETO M3JIyY€HHMs] C YyBCTBUTEIBHBIMH JJEMEHTAMH Ha OCHOBE
p-KaHaJIbHBIX MHOII-Tpan3ucTopos. MakcumanbHas paaralMoHHast
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YYBCTBUTEIBHOCTh M3TOTOBJEHHBIX IETEKTOPOB Habmoganack y JIETEKTOPOB C
YyBCTBUTEJIBHBIMH  JJIEMEHTAMH,  HMEIOIIMMHU  TOJIIMHY  [TOA3aTBOPHBIX
nuaeKTpuKoB SisNy / Si0;, = 150 / 800 HM, a MaKCHUMaIbHBIM 1MANa30H U3MEPSEMBIX
J103 TIPY TOJIIIMHE TOA3aTBOPHBIX AMIIEKTPUKOB Si3Ny / Si02 =35/ 35 uMm.

B nsToii rnaBe mpeacTaBlIE€HBI pe3yJbTAThl MPAKTHUYECKOrO IPUMEHEHHUs
pa3paboTaHHBIX NE€TEKTOPOB COBMECTHO C pa3pabOTaHHBIMU NO3UMETpPAMHU B TaKue
cdhepsl HAYKU ¥ MPOMBIIIIEHHOCTH, KaK: B i1 Vivo TO3UMETPHIO, PaIUOdIEKTPOHHYIO
anmnapaTypy KOCMHYECKHX alllapaToB, JO3UMETPHUI0 Ha OOBEKTax HCIOJb30BaHUS
aTOMHOW JHEpPruu, MHO3MMETPHUIO TPU IMPOBEICHUU pAJHAIIMOHHBIX HUCIBITAHUN U
IEPCOHATIBHYIO JO3UMETPHIO JIJISl PETUCTPALU «aBapUHHBIX» 103 EPCOHAIA.

B 3akaw4yeHun cQopMyJIMPOBAaHBI OCHOBHBIE pPe3yJNbTaThl MPOBEIEHHBIX
JTUCCEPTAIIMOHHBIX UCCIIEOBAHUMN.

ABTOpPOM BbIHECEHbI HA 3aLIUTY cJIeJYIOLIHe HAYYHbIe M0JIOKeHHs :

1. ®usmnueckass MoJelb, MO3BOJISIONIAs INPOTHO3UPOBATh PAIAUALMOHHYIO
YyBCTBUTEJIBHOCTh M JMANa30H HU3MEpSEeMbIX 03 JETEKTOPOB IOIVIOLIEHHOW H03bI
WOHU3UPYIOUIEro U3My4YeHUuss Ha ocHoBe p-kaHaibHbIX MHOII-Tpan3ucTopos,
KOTOpasi, B OTIMYUE OT paHee CYILIECTBYIOIIUX MOJENIEeH, YUYUTHIBAET BIIUSHUE
HAKOILJIEHHOTo 3apsiia Ha rpanuue paszaena SisNg / SiO, Ha HampsyKeHHOCTb
3JIEKTPUYECKOT0 TOJS B CIIOAX AUAJIEKTpPUKa W Ha BbIXoJ 3apsiga B SiO,. Monens
IpUMEHHMa, B TOM 4YHCJe, TpU cJadbIX »dJekTpudyeckux monasx B Si0O; ¢
HaNpsHKEHHOCTHIO MeHee 10° B/cM.

2. DpdeKxT HemuHeHHOCTH 030BOM 3aBHCHMOCTU HAIPSHKEHHs 3aTBOP-HCTOK
p-ka"ansHoro MHOII-TpaH3ucTopa Nnpu MOCTOSHHOM TOKE CTOKa, SBJISIOIIUNCS
CIIEICTBHEM HAKOIUIEHWs paJualMOHHO-UHAYLHMPOBAHHOIO 3apsiia Ha TpaHUle
pasnena, NPUBOMAILIETO K CHIDKEHUIO BBIXOZAa 3apsiia 3a CYET YMEHBIICHHUS
HaIpPsHKEHHOCTH  dJIeKTpudeckoro mnoist B SiO; U KPUTHYECKOMY YBETUYEHHIO
HAIPSHKEHHOCTHU 3JIEKTPUYECKOTo 1oJist B SizNy.

3. 3aBUCHUMOCTH paJHallMOHHON YYBCTBUTEIBHOCTH IETEKTOPA IMOTJIOIIEHHOM
J03bl MOHHU3UPYIOLIEr0 M3JIyYe€HUs C YyBCTBUTE/IBHBIM 3JE€MEHTOM Ha OCHOBE p-
kaHaipHOro MHOII-Tpan3ucTopa 0oT OTpULATEIBHOIO HANpPSDKEHHs Ha 3aTBOPE BO
BpeMsl BO3JECHCTBHsS HOHU3UPYIOLIETO U3JIy4YeHHs, HMeEIoIIas HEeMOHOTOHHBIN
XapakKkTep ¢ BBIPAXKEHHBIM MaKCUMYM.

4. PaguanvoHHas 4yBCTBHTENBHOCTh JETEKTOpa IMOIJIOIIEHHOMW  JIO3bI
VNOHU3UPYIOUIETO HW3Jy4YeHWss Ha OCHoBe p-kaHaabHoro MHOII-TpaH3ucTopa,
XapakTepusyemas ONM3KMMM 3HAUYEHUSMHU PaJUallHOHHONW YYBCTBUTENLHOCTU Kak
NPy OTPULATENIBHOM, TaK M TPHU TIOJOXKHUTEIbHOM HAaNpsHKEHWH Ha 3aTBOpE,
NPUIOKEHHOM BO BpeMs o00Jy4deHus. BenuunHa © HampaBieHHe CIBHra
MH(QOPMATHBHOIO  TMapamMeTpa,  ONpeAeNsieMble  3aXBaTOM  paIHAlMOHHO-
MHyLIMPOBAaHHBIX IBIPOK Ha rpanule SisNy / SiO, npu oTpuiaTeIbHOM HaNpsHKEHUH
Ha 3aTBOpe, a MpPH IOJIOKUTEJIbHOM — 3aXBaTOM paJWallMOHHO-WHIYIHPOBAHHBIX
3JIEKTPOHOB Ha rpanuLe SizsNy / SiOs u npipok Ha rpanuie SiO; / Si.

5. KoHcrpykumu 3aTBOpHEIX cucTeM p-kaHanbHbix MHOII-TpaH3ucTOpOB,
MCIIOJB3YIOIIMXCS B Ka4yeCTBE  YyBCTBUTEIBHBIX  JJIEMEHTOB  JE€TEKTOPOB
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MOTJIOILIEHHOM J103bI HOHU3UPYIOLIECT0 U3JTYUYEHHUA U PEIKHUMBI pa6OTBI ACTEKTOPOB IJIA
IMMOJIy4YC€HUA HGO6XOIIHMOI>1 paJIHaHHOHHOﬁ YYBCTBUTCJIBHOCTH W  JMWalla30Ha
U3MEPSEMBIX N03 IIPH 3aJaHHBIX YCIIOBHUAX ITPUMCHCHUS.

OcHoBHBIEe Hay4YHbIe pe3yJ/IbTaThl, OJY4YeHHbIe ABTOPOM, H HX HOBH3HA:

1. PaspaGorana ¢wusnyeckas Mojendb, I03BOJIAIONIAS IPOTHO3UPOBATH
pagualMOHHYI0 YyBCTBUTEIBHOCTh M AWANa30H U3MEpSeMBIX 103 OETEeKTOPOB
MOMIONIEHHOW 03Bl HOHU3UPYIOLIET0 H3JIy4eHUS Ha OCHOBE p-KaHAJIbHBIX
MHOII-tpan3uctopoB. B oTnuune OT paHee CyIIECTBYIOIIMX MOJEJIEH, IaHHAs
MOJIENIb YYUTBIBAET BIUSIHUE HAKOIUIEHHOTO 3apsiaa Ha rpaHuile pasnena SisNg/ SiO,
Ha HaNpPsHKEHHOCTH 3JIEKTPUYECKOTO T0JIS B CJIOSIX TUAJIEKTPUKA U Ha BBIXOJ 3apsija B
Si0,. Mognenb nmpuMeHHMa, B TOM YHUCIIE, TIPH CIa0bIX NIEKTpUYeCKUX mojsx B Si0; ¢
HaTpPsHKEHHOCTHIO MeHee 10° B/cM.

2. IlponemMoHCTpUpOBaH HEJNWHEWHBIM XapakTep [030BOH 3aBUCHMOCTH
HaIIpsSDKEHUsT 3aTBOP-UCTOK p-kaHaibHOro MHOII-TpaH3ucTopa mnpu MOCTOSHHOM
TOKE CTOKa. ABTOPOM YCTaHOBIEHO, YTO HaHHBIM 3(GdeKT SBIseTcs ClIeICTBUEM
HAKOIUIEHWs.  paJuallMOHHO-UHAYLHMPOBAHHOTO 3apsiga Ha TpaHHIle pas3jaena
Si3N4 / Si0,, mpuBoAsiIero K CHHIKEHHIO BBIXOJA 3apsjia 3a CYET YMEHBIIEHHUS
HAIPSHKEHHOCTH  3JIeKTpUYeckoro mnonsgs B SiO; U KPUTHYECKOMY YBEITUYEHHIO
HaIPsKEHHOCTH IEKTPUUYECKOTO MO B SizNy.

3. BriepBble BBISIBIEH HEMOHOTOHHBIN XapaKTep 3aBUCUMOCTH paavalliOHHOM
YYBCTBUTEIBHOCTH JETEKTOpa MONIOLUIEHHON 103bI MOHU3UPYIOIIETO M3Ty4YeHHUs Ha
ocHoBe p-kaHainpHOro MHOII-TpaH3ucTopa 0T TNPUIOKEHHOTO K  3aTBOPY
OTPULATEJILHOIO  HaIpsDKeHHs. ABTOPOM IIOKa3aHO, YTO TMPH yBEJIWYEHUH
OTPHULIATEIFHOTO HAIIPSXKEHUs Ha 3aTBOPE paJudalMOHHAs YYBCTBUTEIBHOCTh BHAUAJIE
pacTeT BCJIEACTBME yBEJIMYEHHs BBIXOAAa 3apsla, CBA3aHHOTO C  POCTOM
HaNpsHDKEHHOCTH yieKTpudeckoro mnoist B Si0O,, a 3aTeM CHMIKAETCs BCIEACTBHE
JAOCTIDKEHUS TPENETbHO JTOIYCTUMOHN HAIMPSHKEHHOCTH 3JIeKTprudeckoro nojs B SiO;
u(umu) B SizNy.

4. Iloka3zaHo, 4TO NETEKTOp MOIVIOLUIEHHOW J03bI MOHU3UPYIOUIETO HU3IYYEHHUS
Ha ocHOBe p-kaHanbHOro MHOII-Tpan3ucTopa MOXKeT XapaKTepru30oBaThesl OIU3KUMU
3HAYEHHUSIMH paHalliOHHONW YyBCTBUTEIBHOCTU KaK IPH OTPULIATETHHOM, TaK M IPU
TIOJIOXKUTEIBHOM HalPsHKEHWU Ha 3aTBOpE, MPUIIOKEHHOM BO BpeMsi oOnyueHus. [1pu
3TOM BeJIMYWHA M HampaBjIeHHe CIABUra HHPOPMATUBHOIO IapaMeTpa IpH
OTPHLIATSILHOM HAlpsHKEHWHM Ha 3aTBOpPE ONpeAessieTcs 3axBaToM paJrallHOHHO-
MHAYUUPOBAaHHBIX JOBIpOK Ha rpaHune SisNg/SiO;, a Npu MOJOKHUTETEHOM —
3aXBaTOM paaUallMOHHO-WHIYLUPOBAHHBIX AJIEKTPOHOB Ha rpanuile SizN; / SiO, u
AbIpok Ha rpanuue SiO,/ Si. IlpoBoauBIIMecs paHee HCCIEOBAHUS PaJHALlMOHHOM
YyBCTBUTEJIBHOCTH JE€TEKTOPOB IMOMIOLIEHHON 103bl HOHU3UPYIOIIETO HU3IYYEHHs C
IYBCTBUTEIIBHBIMU 3JIeMeHTaMH Ha ocHOBe MOII-TpaH3UCTOPOB MOKA3LIBAKOT, UTO
paAvallMOHHAas  YYBCTBUTEJIBHOCTb IPU  MPHWIOKEHUH  IOJOXKUTEILHOTO U
OTPHMLATEJIFHOTO HAINpsKEHWs Ha 3aTBOP JAeTeKTopa MpH OONyYeHHH OTIUYaeTCs
KapAHHAIBHO.



JIoCTOBEPHOCTH pe3yJabTaTOB H 000CHOBaHHE BbIBOJI0OB

OOOCHOBaHHOCTh M JOCTOBEPHOCTb HAy4YHBIX IIOJIOXKEHWM W BBIBOJOB
JUCCEPTALMU TOATBEP)KIAETCS KOPPEKTHOCTHIO (POPMYIUPOBKH LIE€TH U ITOCTaHOBKU
3a/a4, a TaKXXe HCIIONb30BaHUEM IIPU IMPOBEAECHUH HCCIEAOBAHUN KOMIIJIEKCHOIO
MOIX0/Aa, BKIFOYAIOIIEr0 3KCIEPUMEHTATbHYIO BepU(UKAINIO, TEOPETHYECKOe
MOJIEJINPOBAaHHUE CTPYKTYP U CpPaBHEHHUE MOJYYEHHBIX PE3yJIbTaTOB C JUTEpPaTypPHLIMU
JTaHHBIMH. J[0OCTOBEPHOCTh TakKe obecrieueHa HCIOJNIb30BaHUEM OOIIETIPUHATHIX U
npumensieMbix B AO «HUHII» MeTtoguk HCClIeIOBaHUN, HCIOJIb30BaHUEM
aTTeCTOBAHHOTO U MMOBEPEHHOr0 000PYIOBaHUS U MPUOOPOB, a TAKXKE ITyOIUKALUIMU
Hay4yHbIX palboT, KOTOphIE B IMOJHON Mepe OTpa)katoT OCHOBHBIE pe3yJbTaThl 10 TEME
nYccepTaluu. -

BbIHOCHMBIE aBTOPOM OHCCEPTAIMOHHOM paOOThl Ha 3allUTy [OJIOXKEHHS
SBJISIIOTCSL  PE3YJIbTATOM  JETajJbHOTO  aHalu3a JIMTepaTypHOro  Marepuala,
COTJIACOBAHHOCTBIO TOJYYEHHBIX TEOPETHUUECKUX U IKCIEPUMEHTAIBHBIX NAaHHBIX C
pe3yibTaTamMu UCCiIe0BaHUH.

IIpakTHUYeckasi 3HAYUMOCThH

B pabGore ompeneneHbl M HaydyHO OOOCHOBaHBI KOHCTPYKLIMM 3aTBOPHBIX
cucteM p-MHOIIT, ucnonp3yrommxcsi B KauyecTBE YyBCTBUTENIBHBIX 3JIEMEHTOB
JETEeKTOPOB TMOTJIOUIEHHON [103bl HOHM3UPYIOLIETO H3JIyYeHHUS M PEXKUMBI pabOThI
JETEKTOPOB MJIs TOJYy4YeHUs] HeOOXOOMMOW paaMallMOHHOW YyBCTBUTEIBHOCTH H
JMara3oHa U3MepsieMbIX J03 JJIs 3aJlaHHBIX YCJIOBMHM IpuMeHeHHus. [Ipaktuueckas
3HAYMMOCTB ITOATBEP)KAAETCS BHEAPEHUEM pe3yJIbTaTOB B IIPOMBILNUIEHHOCTh IIPH
BeinonHeHuu psiga HUP u OKP, a takxe BHeapeHueM B yueOHbIN npouecc BY30B.

[TonydeHHble pe3yJabTaTbl MOTYT OBITh KCIOJIB30BaHbl MPENNPUITHIMU
Pa3IMYHBIX OTpAcied MPOMBILUIEHHOCTA U B YaCTHOCTU TakuX [ ockopriopanuii, Kax
«Pocatom», «Poctex» u «Pockocmocy st pa3paboTKH TO3UMETPOB U JETEKTOPOB
JUIS. M3MEPEHHUs IIOMVIOLIEHHON J03bl MOHU3UPYIOLIEr0 H3JIY4YEHHUs, YTO ChIIpaer
3HAYUTENIBHYIO POJIb [UISl Pa3BUTUS JAHHBIX OTpaciel.

TeopeTrnueckasi 3HAYHMOCTh

Teopernyeckas 3HAYMMOCTh JUCCEpPTALlMU 3aKJOYaeTcs B TOM, YTO
NPEACTaBIE€HHAass 3aBUCHUMOCTb pPaJMallMOHHONW YYBCTBUTEJIBHOCTH JI€TEKTOpa
TIOTMIONIEHHOM 103l HMOHHU3MPYIOLIEr0 HU3JIy4eHUS] Ha OCHOBE p-KaHAJIBHOTO
MHOII-Tpan3ucTopa OT OTpULATEIBHOIO HANpsOHKEHUS Ha 3aTBOpe, a TaKxke
HEeJIMHEeNHass J1030Bas 3aBUCHMOCTb HAINpSDKEHUS 3aTBOP-UCTOK p-KaHAJIBHOTO
MHOII-Tpan3ucTopa Mmpu MOCTOSHHOM TOKE CTOKa JOTMOJHSIOT YK€ HMEIOIIUecs
3HaHMS O  paJMalMOHHBIX  XapaKTepUCTHKaX  JETeKTOpOB Ha  OCHOBE
MHOII-TpaH3ucTOpoB ¥ (QU3MYECKUX MeXaHH3MaxX HAKOIUIEHHs MOJ0XUTEIHLHOIO
3apsifa B I0A3aTBOPHBIX AudnekTpukax MHOII-TpaH3ucTopoB.



AnpobGauusi paboTel H NYOJHKALHH 10 JHCCEPTALHH
ABTOpOM omyOnukoBaHO 9 Hay4yHBIX paboTax: 7 U3 HUX B H3AAHUIX,
pekomenoBaHHbIX BAK, U 2 B w3maHusIX, MHAEKCHPYEMbIX B 0azax IUTHPOBaHHUS
Scopus u Web of Science, a Takxe B 20 T€3UCOB JOKJIAI0B.
ArnpoGanus paboOTel ¥ OCHOBHBIX Pe3yJBTAaTOB JHUCCEpPTAllMU ObLIa MPOBeIeHa
Ha 7 TEeMaTU4YeCKUX HAYYHO-TEXHUYECKUX KOH(PEPEHUHUSIX.

K 3ame4yaHusiM MO’KHO OTHECTH cJieaylolee:

1. B mnpeumyuiecTBaXx OETEKTOPOB IOTJIOMIEHHON [03bI HOHU3UPYIOILETro
U3JIy4eHUsT C YyBCTBUTEJIBHBIMH  dSJ€MEHTaMH Ha OCHOBE p-KaHAJIbHBIX
MHOII-TpaH3ucTOpoB mepen AETeKTOpaMH C YYBCTBHUTEJIBHBIMH 3JIEMEHTaMH Ha
ocHoBe MOII-TpaH3uCTOpOB, ONMUCAHHBIX BO BBEIEHUH, YKa3aHO OTCYTCTBHE
3aBUCUMOCTH OT paboyedl TemmepaTypbl MpU H3MEpeHUsX mq03bl. OTCYyTCTBHE
3aBUCUMOCTH OT TeMIlepaTyphbl IOCTUraeTcs IMOUCKOM paboueid Touyku (pabouero
ToKa). Takol MeToq MOXXHO HCIIOJB30BaTh M IPH HCIIOIB30BAaHUU IETEKTOPOB C
4yBCTBUTEJILHBIMU 3J1eMeHTaMU Ha ocHoBe MOII-TpaH3ucTOpOB.

2. B rmaBe 1 ykazaHO, 4TO IETEKTOpHI C YyBCTBUTEIBHBIMU 3JIEMEHTAMH Ha
ocHoBe M/III-TpaH3UCTOPOB SIBISIOTCS UYBCTBUTEJIBHBIMH KO BCE€M THUIIAM
HOHHU3UPYIOLIEr0 U3JIy4YeHHMs, HO B IJlaBe 4 MpelCTaBlIeHbl pPe3yJbTaThl U3MEpPeHUMN
TOJIBKO Mpu 00yueHnd ramma-kBaTtamu *Co.

3. B nuccepraumu, Kak U B aBTOpedepare BCTpEeHarOTCs] HEKPUTHUUYECKHE
OIne4yaTKu U 0(OpMUTEIbCKUE HEJOUYEThl, Ha MpUMep: Ha cTpaHuile 141 B Tabume 22
IIPUCYTCTBYIOT HEKOPPEKTHBIE EPEHOCHI CJIOBA «YyBCTBUTEIBHOCTEY.

Bce 3ameuanus, ykazaHHbIe BbIIIE, HU KOeM 00pa30M He BIIMSIOT Ha OOIIYIO
TIOJIOXKUTENIBHYIO OLEHKY AMCCEPTAllMOHHON paboThl U He yMaJSIOT €€ HOBU3HY WU
IPAKTUYECKYIO 3HAYUMOCTb.

3akjo4eHue

ConepxaHue JuUCCepTAallMOHHOW paboThl W aBTOpedepaTa H3JIOKEHBI C
COOJIIOICHHEM OOILENPUHITON TEPMUHOJIOTHH, IEMOHCTPUPYIOT BBICOKUH ypOBEHb
Hay4HOU IPOpabOTKHU U 001aJal0T 3HAYUTENBHOM MPAKTHYECKOM IEHHOCTHIO.

Conepxanne  aBTOpedepaTa  IMOJHOCTBIO  COOTBETCTBYET  OCHOBHBIM
MIOJIOKEHUSIM JUCCEPTAIUH.

HecmoTpss Ha Hanuuue 3aMedaHUWil, He HOCHAINMX NPHHUHIIHAILHOIO
XapakTepa, UCCIIE€IOBaHUE B LEJIOM BBINOJHEHO HA MpPo¢ecCHOHAJIBLHOM YpPOBHE,
MIPOBE/ICHHBIE UCCIIEIOBAHUS SABIISIIOTCS aKTyaJIbHBIMHU.

IIpuBeneHHbIE B OHCCEpPTAllMH PE3yJIbTAThI, BBIBOALI M BbIIBUraeMble Ha
3aIIUTY TOJIOKEHHUSI COOTBETCTBYIOT HAYyYHOM CrEeLMAIBbHOCTU 2.2.2. DIeKTpOHHas
KOMIIOHEHTHas 6a3a MUKPO- U HAHODJIEKTPOHUKH, KBAHTOBBIX YCTPOMCTB.

Hucceprauns Cunenena A.B. Ha Temy «Pa3paboTka 1eTeKTOPOB MOIJIOIEHHO
J03bI HOHHU3UPYIOIIErO0 M3IYyUYEeHUS] C YYBCTBHUTENIBHBIMH JJIEMEHTAMHU Ha OCHOBE
p-xaHaybHbIX MHOII-Tpan3ucTopoB» MONHOCTBIO COOTBETCTBYET TpeboBanusM BAK
«ITonoxenus o NpHUCY)XAEHUU yUCHBIX CTENEHEN», yTBEPKAEHHOTO TOCTAHOBICHUEM
IlpaButensctea PO Ne 842 or 24.09.2013r. (co BceMM MOCHEIYIOIUMHA
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U3MEHEHUSIMHU), NPEIbSABISEMbIM K JUCCEPTALlMOHHBIM paboTaM Ha COUCKaHUE
YUYEHOH CTeNeHU KaHaujaaTa HayK. HayuHble mosnoxeHus paboTbl 00sagaroT 4eTKO
cOopMyIMpPOBAaHHOW HOBU3HOH, a MpPaKTUYECKHE pPe3yNbTaThl UMEIOT IOKa3aHHYIO
3HAYMMOCTB JUISl Pa3BUTHSI COBPEMEHHON MUKPO3JIEKTPOHUKH.

PaGota nmpencraBmsier co0Oil  CyIIeCTBeHHBIM BKJIad B  pa3BHUTHE
NEPCIIEKTUBHOrO HAaIlpaBJI€HUs HAayKW M OTKPBIBAET HOBBIE BO3MOXXHOCTU s
JaJIbHEHIIUX UCCIIEJOBAHUH U TPAKTUYECKUX pa3paboToK B JaHHON 00JacTH.

ABTOp gaucceprallMOHHOM pabotbl, CuneneB Anekceit Briamumuposud,
3aCJIyKHBAeT TPUCYXKIEHUS YYEHOW CTENeHM KaHIWOaTa TeXHUYECKHUX HayK I10
creuudanbHocTH  2.2.2. DIeKTpOHHas  KOMIIOHEHTHas  0a3a  MUKpO- H
HaHOJJIEKTPOHUKH, KBAHTOBBIX YCTPOMNCTB.

Jlvcceprauys ¥ OT3bIB Ha OOCYXXIEHBI M ONOOpeHBI Ha 3acelaHWU Hay4dHO-
texHuyeckoro coseta AO «HIIT «ITynbcap» (Ne 10/574-25 ot 18 nexabps 2025r1.)

OT3BIB COCTABUII;

Yyensii cexkperaps HTC

HavanpHuk nabopatopuu nepcreKTHBHBIX

Hay4HbIX uccienoBanuii AO «HIII «Ilynscapy,

KaHAUAAT (PU3NKO-MaTeMaTHYeCKUX HayK

(KaHaMIaTCKas AUCCepTalMs 3allUIIeHa MO CIIEUaTbHOCTH
01.04.07 — «Pu3nka KOHIEHCUPOBAHHOTO COCTOSHHS)

Ha Brnanunenosna KaeBuuep
18.12.2025r.
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