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YTBEPXIAIO

I1epBrrit 3amecTuTens

AUPEKTOpa 110 ONEPAMOHHOMY
1.

M. XKXenesnon

OT3bIB
BeyleH opraHu3anuu Ha auccepranmo Illo6o10Boit Tamapsl AneKcaHIPOBHE!
«Pa3paboTKa KOHCTPYKTUBHO-TEXHOJIOIMYECKUX METOROB co3aanus KHU MOII- u
Ounosspubix >nemenToB IC ¢ yiTydiieHHBIMU TapaMeTpaMm», IIPEACTABIECHHYIO Ha
COMCKaHHE y4EHOH CTENEeHH KaHIuaTa TEXHUIECKHUX HaYK 110 CIIENHATBHOCTH 2.2.2 —
«DIeKTPOHHAs KOMIIOHEHTHas 6a3a MUKPO- ¥ HAHO3JIEKTPOHUKH, KBAHTOBBIX YCTPOUCTBY

Aucceprannonnas pabora IlloGonosoit T.A. mocesimena paspaboTke KOHCTPYKLHH
PajiMalioHHO CTOMKHX 3]IEMEHTOB MHTETPATBHBIX CXeM, 06€CIeUMBAIONIMX YIyULICHHE WX
OCHOBHBIX 3JIEKTPO(PU3INIECKUX XapaKTEPUCTHUK.

AxmyaneHocms  membi.  Ilpu  pa3paGoTke TNEPCHEKTHBHBIX  CIIEIM3IIC/THIA
BOCTPEOOBAHbI COBPEMEHHEIE YHHGUIIMPOBAHHBIE MHOTOGbYHKIMOHALHEIE UHTErpaIbHEIE
cxemsl (MC), Brmouyaromue B CBOW COCTaB aHAIOTOBHIE OIOKH CBS3H HA OCHOBE
Gunonsapueix TpansuctopoB (BT) u mudpoBse Groku ynpaBiaeHus Ha ocHoBe MOII-
TpaH3ucTopoB (MOIIT). Takue MC wu3roraBnMBaroTCS ¢ MCMojip3oBaHHEM BuKMOII
TCXHOJIOTMYICCKUX IIPOLIECCOB, INIABHBIM HENOCTATKOM KOTOPHIX SBIAETCS CIIOXKHOCTD
M3TOTOBJICHHS B €/IMHOM TEXHOJIOTMYECKOM IPOLIECCE ABYX THIIOB PaJUAIllMOHHO CTOMKHX
TPaH3UCTOPOB, OTIMYAIOIIMXCS KaK TEXHOIOTMYECKH, TaK M KOHCTPYKTHBHO. I103ToMy
pa3pabotka semenToB MIC yHUBepCcalbHOM KOHCTPYKIMY ABISETCS OMHAM H3 aKTyaJIbHBIX
HanpaBlIeHUH pabOThl IS NPOM3BOAWTENEH HMHTErpalbHBIX CXeM. B IIPEJICTaBICHHOM
paboTe NpOBENEHO HCCIENOBAHUE NAHHON NPOGIEMBI U MPEIJIOKEHO €€ pelleHHeE,
Giaronaps MPUMEHEHHIO HOBBIX HAy4HO OOOCHOBAHHBEIX TEXHOIOTMYECKHX peleHnit u
pa3paboTke crenuanbHON KOHCTPYKIHUHM 3eMenToB BuKMOII UC.

W3BecTHas B JUTepaType pPaIMalliOHHO CTOWKAas TEXHONOIHMS W3rOTOB/ICHUS
BuKMOII UC Ha cTpyKType «KpeMHuii Ha uzojarope» (KHU-cTpykType) obnagaer psagom
HE/IOCTATKOB. 3HAYMTENLHOE BIMSIHHUE [IONOXKHUTENBHEIX 3apsI0B, HAKOTLIEHHBIX Ha I'paHuIle
pasnena KpEeMHUH-OKCHI KPEMHHsS BCIEICTBHE TIaMMa-BO3ICHCTBHS, IPUBOIUT K
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YXyImeHHuio xapakrepucTik kak MOIIT, tak u apyrux sneMentoB MIC. Hanngne éMkocTu
«IoNMMKpeMHHUeBas muHa — KapMaH» MOIIT nNpUBOAUT K YBENIWYECHHIO BPEMEHH
nepekmoYeHus. KpoMe 31oro, B CyOMHUKPOHHOM TEXHOJOTUH C YMEHBIIEHUEM IIPOEKTHEIX
HopM wu3rotoBiaeHuss MOIIT ocoboe BHuMMaHWE clegyeT YOensaTh O00ECIEUEHUIO
3JIEKTPUYECKOM POYHOCTHU IOA3ATBOPHOTO AMANEKTPUKA YMEHBIIEHHON TONIIUHEL

BHIONApHEIA TPaH3UCTOP 3a9aCTyIO HCIOIb3YETCS KaK YJIEMEHT yCHIEHHUS, IO3TOMY
yBEIMYEHHE KOIGQHIMEHTa YCWICHHUS SBIAETCS aKTyalbHOM 3amadeil McClieOBaHMIA.
Pa3paboTKa KOHCTPYKUMI 3JEMEHTOB, CTOMKMX K paJualliOHHOMY, TEMIIEPaTypPHOMY U
APYTUM BHEUIHUM BO3JEHCTBYIOIIUM (aKTOpaM TakoKe SBISACTCS Ba)XKHBIM HaIlpaBlICHHEM
HCCJIEJOBaHUI.

Lenu u 3a0auu pabomer. llensio McclenoBaHMM aBTOpa SBIIACh pa3paboTKa U
snemMeHTOB MIC OpUIMHANbHOM KOHCTPYKIMH C YJIyYHIEHHBIMH 3JIE€KTPOGH3HYECKHMH
XapaKTEepUCTUKaAMHU.

g poctwxenus nocraBieHHoi 1enu T.A. I1106010BoM 6GbUIM IOCTABIEHE U
YCIEIIHO PEIIECHHI CIEAYIONNE 3aJaUM:

1. Paspa6orana xoHcTpykimsa MOIIT ¢ MOBBIIEHHOM paJrallMOHHOMN CTOMKOCTHIO,
TMIOBBIIICHHBIM HANpPSHKEHAEM IPo0O0s IOA3aTBOPHOTO IWIJIEKTPUKA M yMEHBIIEHHBIM
BPEMEHEM NEPEKITIOUCHHUS.

2. PaspaboraHa KOHCTpYKIMsS paguanMoHHO croiikoro BT ma KHH-cTpykType ¢
TIOBBIIICHHBIM 3HaYE€HHUEM KO3(QQULIUEHTA YCUIICHUS.

3. Paspaborana KoHCTpykuus crabmintpona Ha KHU-CTpyKType ¢ BO3MOXKHOCTBIO
yIpaBieHus paboyrM HaNpsHKEHHEM.

Kpamxuii 0630p pabomeot.

Bo BBemenuM 000CHOBaHAa  aKTyalbHOCTh HANpPaBIeHHH  HCCIIeJOBaHMIA,
MPE/ICTABIEHHBIX B AUCCEPTalMOHHOM pabore. CdopMynupoBaHbl: HaydHas HOBH3HA,
NPaKTU4€CKas 3HaYUMOCTh, OCHOBHAs LIEJIb U 33la4d paGOTEL, METOMOJIOTHS U METO/IbI
HICCIIEIOBaHHMSI, BEIHOCHUMBIE Ha 3aIUTY OJIO0KEHHS.

B rmepeoii rnaBe NpOBENEH JMTEPATYpPHEIH 0630p OCHOBHBIX HAIpABIEHHI
JUCCEPTALIMOHHBIX UCCIIEIOBAHUIA.

Bo BTOpoil raBe NpuBENEHBI pE3yNBTATEHI MaTeMAaTHYECKOE MOJEIHPOBAHUE H
SKCIIEPUMEHTAIBHOE UCCIIEIOBaHHUE.

JI1s yBENMYEHUS CXOJMMOCTH PACCUMTAHHBIX U TOMyYEHHBIX JKCIEPHMEHTANBHO
pE3yJNIbTaTOB MaTEeMaTUYECKOEC MOJEIMPOBAHUE TMPOBOAMIOCH C  HCIIOJIB30BAHUEM
KaniOpoBaHHEIX Mojened. KanuGpoBka Mmogmeneif mpoBommiacek 1o 3KCIIEPUMEHTAITBHO
TIOJTy4YCHHBIM XapaKTePUCTUKAM M3TOTOBJICHHEIX 00Pa3IIoB.

OKCIIEPUMEHTAIBHOE HCCIIENIOBAHIE H3TOTOBIEHHBIX CTPYKTYpP IIPOBOXWIOCH Ha
TI0JTyaBTOMAaTHYECKOH 30HIOBOM CTaHIIMHU IPU Pa3HBIX 3HAYCHHUS TEMIIEPATYPHL.

B Tpernelt riaBe mpuBeneHs! pe3ynbTaThl HccrenoBanuii MOIIT ¢ JIBYXCIIOMHBIM
NONUKPEMHUEBBIM  3aTBOpOM. Ilokasano, uyro MOIIT opuUrHHANBEHONH KOHCTPYKIIHH
XapaKTCpU3yeTCs MOBBIIECHHBIM 3HA4YEHHEM HAIpPKEHHUS INIpo0O0s  MOA3aTBOPHOTO
ANDJIEKTPUKA ¥ MEHBIIMM BPEMEHEM MEePEKII0UYEHHU.

B ueTB€pToii raBe npuBeeHE! pe3yIbTaTH HcclienoBauus BT Ha KHH-ctpykType.
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Ilokazano, 4to BT opurvHagbHON KOHCTPYKIMM XapaKTepU3yeTcs IOBBILICHHOM 1030BOM
CTOHKOCTBIO K BO3/ICHCTBHIO raMMa-M3My4eHHUs ¥ GONBIIMMY 3HAYEHUAMH K0od(bdULIHeHTa
YCHIIEHUS I10 TOKY.

B mATOM rnaBe INpHBeNeHBI  Pe3yNbTATHl  MCCIEIOBAaHUMN cTabUIUTpOHA
OpHMIHHAIBHOH KOHCTPYKUMH. II0OKa3aHO, YTO INPENJIOKCHHBIH CTaGHIMTPOH obamaer
BO3MOXXHOCTBIO ~ YNpaBjIeHUs pabOvYuM HAaNpsDKEHUS IIOCPEACTBOM  IIPHJIOIKEHHS
HaIpsKEHUA Ha YIIPABIISIONIMA KOHTAKT.

B 3axniouenuu ipuBEIEHBI OCHOBHBIE PE3yJIbTATH PabOTHI.

Hayunas nosusna.

IlomydyeHa 3aBUCMMOCTE HANpPSXKEHHOCTH SIEKTPUYECKOTO MOJS B IOJ3aTBOPHOM
maznextpuke  MOIIT ¢ ABYXCIOMHEIM MONMKPEMHHEBEIM 3aTBODOM OT  pajHyca
3aKpyIJIEHUA HWOKHUX YTIJIOB 3aTBOpA.

OmnpeneneHa 3aBUCHMOCTh BPEMEHM IEPEKITIOUEHHS KOJBIIEBOIO reHeparopa Ha
opurvHanbHEIX MOIIT 0T paccTOsHUS MeXIy MNOIMKPEMHHEBON IIMHON M KapMaHOM
TPaH3UCTOpA.

Omnpenenena 3aBucHMOCTh Koddduimenta ycunenus BT OT IIMHBI aKTHUBHOI
o0sacTy 6a3bl TpaH3KCTOpA.

OmpeneneHa 3aBMCMMOCTS HaNpsDKEHHs NPOGOS CTaGHIMTPOHA OT HaIIPsDKCHUSA,
NPUII0XKEHHOI'0 Ha yNPaBJIAIOINA KOHTAKT.

IIpakmuueckas 3Hauumocme.

Paspaborana xoncTpykius MOIIT ¢ gByXCIOMHEIM ITOJIMKPEMHHUEBEIM 3aTBOPOM,
XapaKTCpU3YIOWErocs MEHBIIMM BPEMEHEM MEPEKIIOYEHHS, ITOBBIIIEHHOW 1030BOM
CTOMKOCTBIO K BO3JEHCTBHIO raMMa-M3JydYeHHs, YBEIHYECHHEIM HaIpsHDKEHUEM Ipobos
NO3aTBOPHOI'O JU3JIEKTPHKA.

PaspaGorana konctpykums BT ma KHH, XapaKTePU3YIOIAsAcsi IOBBIIIEHHBIM
3Ha4YeHHEM KO0d((UIMEHTA YCHICHHS TOKA ¥ IOBBINICHHOW I030BOH CTOMKOCTBIO K
BO3/ICHCTBHUIO FaMMa-HM3Ty4CHH.

PaspaGoTaHa KOHCTPYKIMs CTaGHJIMTPOHA, XapaKTepU3YIOIAsACs BO3MOXHOCTHIO
YUpaBlIeHHA pabo4ero HaNpPMKEHHS IIOCPEICTBOM IPHIOKEHHS HaIlpsDKEHHUsT Ha
YIPaBJIAIONINI KOHTAKT.

Obocnosannocms u 0ocmoeepHocms pezynomamoe ouccepmayuonHot pabomul,
4 TAlOKE OCHOBHBIX HAY4HBIX MOJIOXEHMH, BHIBOIOB M PEKOMEHIALMM TIOATBEPIKICHEI
3HAUUTEIBHBIM O0BEMOM TIPOBEAEHHEIX HCCIENOBAHMIA C IIOMOIIBIO COBPEMEHHBIX
METO/IOB.

Marepuansl quccepranuu omy6IMKOBaHEl U anpoOMpOBaHbl HA MHOTMX HAyYHBIX
KOH(QEPEHIMIX U CEMHHapaX. Pe3ybTaTsl MCCEPTAMOHHOTO MCCIEI0OBAHMS H3JIOKEHEL B
21 nyGnukamusx, ToM gmciae 9 crateil B PELICH3UPYEMBIX JKypHalaX, 4 TMaTeHTaX,
9 Te3ucax U TpyAax Hay4IHBIX KOH(EPEHIH 1 CEMUHapOB.

ABTOpE(epar NoTHOCTHIO COOTBETCTBYET COAEPIKAHHIO JUCCEPTAIINH.

JIuunbltl 6x1G0 aBTOpa 3aKIIOYAETCS B pa3paboTKe KOHCTPYKIIUM M TEXHOJIOIMH
M3rOTOBJICHHS ONUCAHHBEIX B pabore 31neMeHToB VIC, BHINOSHEHUM YUCIICHHEIX pacyeToB
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MapaMeTPOB  pa3pabOTaHHEIX INPUOOPHEIX KOMIOSHIMH M MX 3I€KTPODH3UYECKHX
XapakTCpHCTHK B CUCTEME aBTOMATH3HMPOBAaHHOIO MpoekThpoBaHus Sentaurus TCAD.
OKCTIEpHMEHTIbHbIE  MCCIIENIOBAHMA  IONYIPOBOJHUKOBEIX CTPYKTYp (oGiyueHue
CIPYKTYP B PEHITEHOBCKOM HMHTalMOHHOM Komiuiekce (PUK), wusMepenne ux
31eKTpodu3rdecKux napametpos (OPII) B auanasoHe TeMmepaTyp M NPH PasHBEIX 103aX
00uydenus) ¥ 06paboTKa MOIyYEHHEIX PE3YIBTATOB TakoKe BhIMOMHEHH T.A. 1110601080
JTMYHO.

HAuccepranus Illo6omosoii T.A. coorBercTByer Bcem TpeGoBammsam BAK,
NpenbABIIEMBIM K KaHAMAATCKUM JucceprauuaM. Cumrato, uro IlloGomosa Tamapa
AJnekcaHpoBHa 3aCITy’KMBAET IPUCYKIEHUS el yUSHOM CTeleHy KaHIUIaTa TeXHIIECKUX
HayK MO CHEUMaNbHOCTH 2.2.2 — «DIEKTpOHHAs KOMIIOHEHTHas 6a3a MHKpO- H
HAHO3JIEKTPOHUKHU, KBAHTOBEIX YCTPOUCTBY.

Pesynbrarsl, nomydenHsie B paGore, uCHonb3yoTcs B Ouwinane OIYII «POAILT-
BHUNO®» «<HUNUC um. I0.E. CenaxoBas.

BmecTe ¢ 9TMM N0 TIpejCTaBIEHHON AMCCEPTANMOHHOM paboTe MOXKHO CHENaTh
HECKOJIBKO 3aMeuanui.

1. B pa6ote GoibI10e BHUMaHHE y/IEICHO ONTHMHU3AIMY apaMeTpOB JBYCJIOMHOTO
TIOJIMKPEMHHEBOT'0 3aTBOPA C TOYKY 3pEHHSI MOBBIIEHUS MPOGMBHOTO HaNpsHKkeHus. BMecte
C TeM, B paboTe OTCYTCTBYET CpaBHEHME IIPEIIOKEHHOM KOHCTPYKLIMH 3aTBOpa ¢
COBPCMCHHBIMM = peanv3allMIMi Ha 0ase CTPYKTYp C METQlIMYECKHM 3aTBOPOM H
AUBJICKTPUKOM C BBICOKOHM MIIEKTPUYIECKOM MTPOHULIAEMOCTEIO.

2. M/3BeCTHO, YTO KPUTHYECKHM pPaJHAliOHHBIM sbdexrom mra KHU-ctpykTyp
ABIICTCS HAKOIUICHUE 3apsi/ia Ha TPAHUIE KPEMHUMH-IUIIEKTPHK U B AUDJIEKTPHKE, IPHIEM
BIMSHME OOBEMHOIO 3apsina B IIO3aTBOPHOM JMBJIEKTPHKE Ha (GyHKIHOHUPOBaHKE
TPpaH3HUCTOpa CHMXKACTCS C yMEHBIICHHEM €ro TOMOJOTHYSCKUX HOpM. IIpH BEIMOIHEHHH
pacyeToB  NI030BOE  BO3JCHCTBMEC TaMMa-M3NIyYEHHsSs HMMTHPOBAIOCH BBEAEHHEM
TIONIOXKUTENIBHBIX 3apA0B Ha rpaHuiy Si/SiO.. Ilpu sTOM crenoBano yuects, uTo IIpu
Pa/IMAlIHOHHOM BO3IEHCTBUN HAKOIUICHUE 3aps/Ia B 3aXOPOHEHHOM JTH3IEKTPHIECKOM CII0E
KHU-cTpykTyp oOKa3sbiBaeT ompejensiomee BO3elCTBHE Ha SIIEKTPODH3IHUECKHIE
XapaKTCPUCTHKH IONYNPOBOAHUKOBEIX CTPYKTyp. Kumernka Hakomtenms 3apsiga Ha
TpaHHIE pasfena U B O0BEME [MBJIEKTPUKA ONPEENAETCS HE TONBKO HCXOXTHBIMU
napamerpamu KHU-CTpyKTyp, HO Taxoke CHEKTPOM M MHTEHCHBHOCTDIO raMMa-u3JIy4eHus,
TEMIIEPATYPOH, TEKTPUUECKUM PERKUMOM KOHKPETHOTO TPaH3UCTOpa BO BpeMs 00Ty4eHus
¥ JpYrUMH (QakTopaMd. DTO CTaBAT BONMPOC KaK O BO3MOXKHOCTH pacrpocTpaHeHUs
PE3YJIbTATOB SKCHEPUMCHTAIBHBIX MCCICAOBAHUN M3TOTOBICHHEIX IIOMYIPOBOJHUKOBEIX
CTPYKTyp Ha HHM3KOIHEPI€THYECKOM DEHTT€HOBCKOM HMMHTAIIMOHHOM KOMIUIEKCE B
MACCHBHOM DPEeXHUME Ha (YHKUHMOHMPOBAHHE OJIEMEHTOB B YCIOBHSX KOCMHUECKOrO
TIPOCTPAaHCTBA, Tak M CPaBHECHHS DPE3YJIBTATOB 3KCIIEPHMMEHTAIBHEIX HCCIAECIOBAHHUN C
MaHHBIMH, IOJyICHHBIMH B IIPOLIECCE MATEMATUIECKOTO MOJIETMPOBAHHS.



OtMedeHHBIE HENOCTATKH, G€3yCIOBHO, HE CHIDKAIOT BHICOKYIO HAYYHYIO [IEHHOCT
TMCCEPTALIMOHHOM PabOTHl, Tak KaK HE 3aTPAarMBalOT BEIHOCHMEIE Ha 3alIATy OCHOBHEIE
TIOJIOKESHUS ¥ HE BIMAIOT Ha OOLIYIO IOIOXKHUTENBHYIO OIIEHKY PaGOTHI.

[uccepranus [ITo6onoBoii T.A. SBJISETCA 3aKOHYEHHOH Hay4HO-
KBaTU()HUKAIIMOHHOK paboTOll M COOTBETCTBYeT KpuTepusaM mm. 9-14 «IlonoseHHs o
TOPSIIKE TPUCYXKICHUA YYEHBIX CTCNEHEH», NpPEObABIAEMBIM K JUCCEPTAlMAM Ha
COMCKaHHUE yueHOH CTeNeHH KaHIu/IaTa TEXHMIECKHX Hayk, a ee aBrop 1llo6omoBa Tamapa
AJeKcaHIpOBHA 3aCITy)KHBAeT HPUCYXIEHUS YYEHOM CTENeHH KAHIMIATa TEXHHYECKHXK
HayK TI0 CHEMMaNbHOCTH 2.2.2 — «DIEKTpOHHAs KOMIIOHEHTHas 6asa MHKpO- H
HAHOJJIEKTPOHHUKH, KBAHTOBBIX YCTPOMCTB»

Huccepranysa M OT3BIB OOCYXKIEHE M OHOGpeHH Ha 3acemanuu HTC Hay4HO-
uccneposarensckoro  oraeneHus 07 ®I'VII «BHAMA wum. HJL  JIyxoBa»
(Ne TIpot T0039/048-2025 ot 28.05.2025).

OT35BIB cOCTaBHI:
HavanpHuk HaydHO-HCCIIeq0BaTENbCKOr0 oTaeaenus 007
®I'VII «xBHUWA um. H.JI. lyxoBa» ,
JNOKTOp TEXHHYECKHX HAYK,

CTapIIMii HAyYHBIA COTPYIHHUK

« byrtun Banentun MiBanoBu4
/ 2g 5. 2028

@I'VIT «xBHHUHUA um. H.JI. TyxoBa»

Anpec: 127030, Mocksa, CymeBckas Viles T 22
Tenedon: (499)978-7803
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