PELIEH3IA
Ha JUcepTalliio
JIuxauoBa Onexkcangpa OnekcanapoBHya
“CnekTpalibHl XapaKTEPUCTUKH Ta CTA01IBHICTh BUITPOMIHIOBAHHS KIIMHOTPOHIB
MUIIMETPOBOT'O Ta CyOM1TIMETPOBOTO Jialla30HIB 3 YpaxyBaHHIM 0COOJUBOCTEH
MPOLIECiB EHEProoOMiHY”, IOJJaHy Ha 300y TTS HAYKOBOTO CTYMEHs TOKTOpa
dbiocodii 3 ranmysi 3Hanb 10 — [IpupogHnYl HayKH 3a CHemiaabHICTIO

104 — ¢i3uka Ta acCTpOHOMIS

AKTYaJILHICTDH JOCTiIKEeHHS.

Huceprariiitna po6ota O. O. JIuxadyoBa npucBsiueHa po3poO1li TeHepaTOPHUX
KOMIUIEKCIB ~ €JICKTPOMArHiTHOTO  BUIIPOMIHIOBaHHS ~ MUJIIMETPOBOIO  Ta
CyOMUTIMETPOBOTO [ialma30HIB HAa OCHOBI KJIMHOTPOHIB, B SKUX 3aBJISIKU
NEPECTPOIOBAHHIO YacTOTH TeHepalli B HIMPOKUX Jlala3oHax peai30BaHO
YaCTOTHY MOJIYJISIII0 BUIIPOMIHIOBAHHS SIK B O€3MEpPEpPBHOMY PEXKHMI, Tak 1 B
PEXHUMI CTYIEHEBOi 3MIHM YacTOTH, II0 MA€ BaKJIMBE 3HAYCHHS AJISI MPAKTHUYHUX
3aCTOCYBaHb y 3ajlayax TPUBHUMIPHOI Bi3yaui3allii 00’€KTiB y paaiojokarii, TI'
OadeHH1 Ta 6aratbox 1HIUX. [IpOTATOM OCTaHHIX JEKIJIBKOX JECATIIITH TPUBAIOThH
poOotu 3 onanyBaHHs TI'11 Aiana3oHy Ta BupimeHHs mpoonemu «TI' nmpoBamisy,
10 MOB’SI3aHO 3 BIJICYTHICTIO MOTYXHUX KOMIAKTHUX JIPKEPEN €JIEKTPOMArHITHOTO
BUIIPOMIHIOBaHHS 3 TEPECTPOIOBAHHSIM YAacCTOTH B IMIMPOKOMY Jlama3oHi MAJis
BEJIMKOIO KUIBKOCTI MPAKTUYHUX 3acTOCyBaHb. KBaHTOBI TreHepaTopH, sKi
e(eKTUBHI Y ONTUYHOMY H 1H(ppaduepBOHOMY Aiana3zoHax, y Tl aiamazoHi MaroTh
JUIIEe JEeKUIbKa YacTOT TeHepallli, W0 BiJANOBIJal0Th KOJWBAJIbHUM Ta
o0epTalbHUM pIBHSAM aKTHBHUX CEPEAOBHII, TaKWX K Iapa MOJIEKYJ BOJIU Ta
HCN. B roii sxe yac OypxJMBHIl pO3BUTOK HAMIBIPOBIIHUKOBUX T'€HEPATOPIB 1€
HE MPUBIB JI0 MIJBUINEHHS IXHHOI BUXITHOI MOTY>KHOCTI 10 PiBHIB, IO MOTPIOH1
i 6araThOX MPAKTUYHUX 337ad. ToxX po3poOka TeHepaTOpHUX CUCTEM Ha OCHOBI
KOMITAKTHUX  BaKyyMHUX  €JIEKTPOHHUX  TPWIAAIB  E€JICKTPOMArHITHOTO
BUIIPOMIHIOBaHHS ~MIJIMETPOBOrO Ta CyOMUIIMETPOBOrO Jiama3oHIB  THITY

KJIMHOTPOH 3 MI1JIBUIIICHUMHU PIBHAMHU BUX1IHOI MOTYHOCTI Ta TMEPECTPOIOBAHHAIM



YacTOTH TeHeparii B MHUPOKOMY [lalla30HI € aKTyaJdbHOIO 3a7a4ero, SIKId 1
MPUCBSIYCHO JHUCEPTAIiiHY POOOTY.

MeTo10 HayKOBHUX JOCHIKEHb TUCEPTAlIiHOI POOOTHM € BCTAHOBIICHHS
BIUTMBY PO3KUIY HIBUAKOCTEH €IEKTPOHIB IHTEHCHUBHUX CTPIYKOBHUX MY4YKiB, IO
BUKIMKAaHI  MyJbCAaIliIMH  TMPUCKOPIOBAIBHOI HANpyrd Ta  MapaMeTpaMu
BHCOKOBOJITHOTO >KHUBJICHHS, HA €()EKTUBHICTh B3a€MOJIIi €IEKTPOHHUX MYYKIB 3
CIICKTPOMArHITHUMHU XBUJISIMH Ta CHEKTpalbHI TapaMeTpH BHUIPOMIHIOBAHHS
KJIIMHOTPOHIB JJIsl peaiizailii 4aCTOTHOI MOAYJIAIIT TeHepallii sk B 6e3nepepBHOMY
PEXHMI, TaK 1 B PEKUMI TUCKPETHOTO MEPECTPOIOBAHHS YacTOTH. B mociimkeHHsX
3HaA4YHA yBara MOPUAUIIETBCSA TpoliecaM (opMyBaHHS IHTEHCUBHHMX CTPIYKOBHX
CJICKTPOHHUX MYYKIB Ta iX B3a€EMOJIlI 3 €JIEKTPOMAarHITHUMH XBUJISIMH, IO
30y/KYIOThCSL B HAQAPO3MIPHUX €JIEKTPOJMHAMIYHMX CHCTEMax KIMHOTPOHIB
MUTIMETPOBOTO Ta CyOMUIIMETPOBOIO Jiala3oHIB, a TAKOX BIUIMBY 3a3HAYCHHUX

IPOLIECIB Ha CIIEKTPaIbHI XapaKTEPUCTUKUA BUIIPOMIHIOBAHHS MPUIIa/iB.

CTyniHb HayKOBOI OOTPYHTOBAHOCTi Ta HAYKOBA HOBHM3HA Pe3yJIbTATIB
podoTu.

JIOCTOBIpHICTh ~ pE3yNbTATIB  JAHMCEpPTALIAHOI poboTH  0Oa3yeThcs  Ha
BUKOPDUCTaHHI KJACHMYHUX MOJIEJIe TpPaeKTOPHOTO aHaiizy pyxy IydKiB
3apAIKEHUX YACTHUHOK Ta 1X B3a€MOJIIi 3 €JIEKTPOMArHITHUMHU TOJISIMU, TOPIBHSAHHI
pe3ysbTaTiB  TEOPETUUYHUX JOCHIKEHb 3 pe3ylbTaTaMd MOJICIIOBaHHS B
YUCENbHUX KOJAX, a TaKOXX BUKOPUCTAaHHI KIJIACUYHUX EKCIEPUMEHTAIbHUX
METO/AIB  JOCHIJDKEHb  [MapaMeTpiB  €JIEKTPOMArHiTHOTO  BHUIPOMIHIOBaHHS
MIJIIMETPOBOTO Ta CYOM1TIMETPOBOTO Jlialla30HIB.

HaykoBa HOBu3Ha aucepramiitHoi pobotu JluxadoBa O. O. BU3HAYAETHCS
HACTYITHUM:

1. 3a pesynbraramMy MOJETIOBAHHS TPAEKTOPIM EIEKTPOHIB 1HTEHCHUBHOTO
CTPIYKOBOTO TMy4Ka, 10 (opMyeTbcs y MAIOJAHIA TrapMari y HOPUCYTHOCTI
CTATUYHOTO  MAar”HiTHOrO TOJs, Ta TPOBEACHUMH EKCIIEPUMEHTAIbLHUMU
JOCIIIJIKEHHSIMA BCTAHOBJIEHO BIUIMB BEJIUYMHHU IyJbCallli MPUCKOPIOBAIBHOI

Hallpyrd Ha pO3KHUJ LIBUJIKOCTEH EJEKTPOHIB Iy4YKa Ta BIEpIIEC BHU3HAYECHO



MaKCUMaJIbHUI PiBEHb MyJbCalliii HAIPYTH, BIUIMB SKUX HA PO3KHU[ IIBUIKOCTEH
CJICKTPOHIB TydYKa € HE3HAYHUM Yy TOPIBHAHHI 3 BIUIMBOM IHIIUX (DI3UUHHUX
¢dakTopis.

2. Bmepmie BCTaHOBIEHO  3aJeXKHICTh  CIEKTPATbHUX  XapaKTEPUCTHK
BUMNPOMIHIOBaHHS KJIMHOTPOHIB MUTIMETPOBOTO Ta CyOMIIIMETPOBOTO Jiara3oHiB
BiJl PE30HACHUX BIJIACTUBOCTEH €JIEKTPOAMHAMIYHOT CUCTEMH MPHJIAIIB, a TaKOXK
B PO3KHUIY IIBUAKOCTEH €JEKTPOHIB I1HTEHCHUBHUX CTPIYKOBUX ITy4KiB, IO
BUKJIMKAHO MYJILCAIISIMH MPUCKOPIOBAIBHOI HAIIPYTH.

3. 3a pesynbraTaMu MOJETIOBaHHSA €JIEKTPOHHO-XBUJIBOBOI B3a€EMOJIi B
CJICKTPOAMHAMIYHUX CUCTEMaX KJIMHOTPOHIB MUIIMETPOBOTO Ta CyOMITIMETPOBOTO
Jiana3oHiB OyJi0 3ampoIOHOBAHO Ta BIEpIIEe EKCIEPUMEHTAIBHO pPeasli30BaHO
MOJICTIIOBaHHSI YacTOTH BHUIPOMIHIOBAaHHS TE€HEPATOPHOI CHUCTEMH Ha OCHOBI
KJIMHOTPOHIB SIK Y PEeKUMI Oe3NepepBHOI MOAYJIALII, TaK 1 Y PEKUMI TUCKPETHOI

MOIYJTISIIIT YaCTOTH.

Crpykrypa i 3mict aumcepramii. Pesynpratu mucepramiitHoi poOoTH
MOBHICTIO BijoOpaxeHo y 9 myOuikamisx: B 5 HAyKOBUX CTaTTAX, 3 AKUX 4
1HIEKCYIOThCSI B MIDKHApOJHHUX HaykoMmeTpuuHux Oazax gaHux Web of Science Ta
Scopus 1 oiHy cTaTTIO OMyOJIiKOBaHO Yy (hax0BOMY HAyKOBOMY BHJAAaHHI YKpaiHH, a
Takok y 4 30ipHHKax MaTepiajiB JONOBIAEH Ha MIKHAPOJHUX HAYKOBHUX
KOH(EpeHIIisX.

Juceprailisi MICTUTh aHOTAI(1}0, BCTYI, YOTHUPU PO3JLIN, BACHOBKH, TIEPEITIK
BUKOPHUCTAHUX JHKEpeJI Ta Mepesik myOikallii aBropa.

YV 6cmyni 0OTpYHTOBAaHO aKTyaJIbHICTh TEMHU JIOCIIIKEHb, CHOPMYITHOBAHO
METy Ta 3a/adl poOOTH, HABEIEHO CTUCITY XapaKTEPUCTUKY pPEe3yJbTaTiB, CTYIIHb
ix anmpo0arrii Ta mepesnik myOTiKaiii.

Y nepwomy po30ini nucepramiiiHoi poOOTH TPOBEASHO OIS PoOIT 3
PO3pOOKK JKEpeN eJEeKTPOMArHITHOTO BHUIIPOMIHIOBAHHS MIJIMETPOBOTO Ta
CyOM1JIIMETPOBOTO [1alla30HIB, HABEACHO PE3yJbTaTH JOCHIHKEHb CIEKTPIB

BUMPOMIHIOBaHHSI BAKYYMHHX €JIEKTPOHHMX MPWIAJIIB 3a3HAUYECHHUX Jlana3oHIB, a



TaKOX 3pOOJICHO aHaji3 TEHEPATOPHUX CHUCTEM 3 MOMYIAINEID YacTOTH IS
PAKTHYHUX 3aCTOCYBaHb.

Jpyeuii po30in nucepTaiiiHoi poOOTH MPUCBIYEHO JOCTIIKEHHIO BILTUBY
napaMeTpiB 1HTEHCUBHHMX CTPIYKOBUX EJEKTPOHHHMX MYUKiB, 1O (OPMYIOThCS
CJICKTPOHHOIO  TapMaTOK  KJIMHOTPOHA, Ha  CTAOUIBHICTh  MapameTpiB
BUIIPOMIHIOBaHHS mpuiany. [IpoBeaeHO TpaeKTOpHMII aHami3 PyXy CTPIYKOBHX
CJICKTPOHHUX TIYYKIB 1 BCTAHOBJICHO 3aJIGKHOCTI PO3KUIY TOB3JIOBXKHIX
IIBUKOCTEH EJIEKTPOHIB IMy4YKa BiJ HIUIBHOCTI EJIEKTPOHIB Ta BiJ MyJbCallii
MPUCKOPIOBAJIbHOI Hanpyrd. Oco0iuBYy yBary NPUAIEHO PO3poO0Ill CHUCTEMHU
KUBJICHHS CIIEKTPOHHUX TapMaT KIMHOTPOHIB 3 JEKiUIbKOMa KOHTYypaMu
3BOPOTHOTO 3B’SI3KY I CTaOLII3alli] mapaMeTpiB BUIIPOMIHIOBAHHS IPUIIA/IIB.

Tpemiti po30in poOOTH MICTUTh PE3YyJbTaTH JAOCHIKEHb CIHEKTPAIbHUX
BJIACTUBOCTEN BUITPOMIHIOBAHHS KJIMHOTPOHIB M1TIMETPOBOTO Ta
CyOMITIMETpOBOTO  Jiama3oHiB. Y  pO3AUIL  MPEACTABICHO  pe3yibTaTd
MOJICTTFOBAaHHS €JICKTPOHHO-XBHIILOBOI B3a€EMO/II1 B €IEKTPOAMHAMIYHUX CHCTEMaX
KJIMHOTPOHIB 1 TOKa3aHO, II0 PE30HACHI BIACTUBOCTI BUIPOMIHIOBAHHA Y
npuiagax MUIIMETPOBOTO Jiala3oHy BHU3HAYAIOTHCA BIAOUTTSIMU TOBEPXHEBOI
XBWJII BijJ TpaHUIlb TPeOIHKH, y TOM Yac AK y CyOMUTIMETpOBOMY Jiama3oHi
PE30HACHICTh 3yMOBJICHO BIIOUTTAMHU Ta TpaHC(HOPMAILI€IO K TOBEPXHEBUX, TaK 1
00’€MHHMX XBWUJIb Yy HaIpO3MIpHUX EJIEKTPOJAMHAMIUYHUX CHUCTEMax MPUIajiB. 3a
pe3ylibTaTaMd MOJICIIOBAaHHS Ta EKCIEPUMEHTAIBHUX JOCHTIIKEHb OTPUMAHO
3QJIEKHOCTI  CHEKTPIB  BUIIPOMIHIOBAHHS KJIWHOTPOHIB  MUIIMETPOBOTO  Ta
CyOM1JTIMETPOBOIO J1alla30HIB BiJ] IIUIBHOCTI €JIEKTPOHHUX ITYYKiB, a TaKOX BIJl
MyJIbCaIiil BUCOKOBOJIBTHOI HAMPyTH, 1110 MPUCKOPIOE ETIEKTPOHU ITyUKa.

Yemeepmuti po30in aucepTaliiiHoi poOOTH € 3aKIIOYHUM, IO MICTUTh
pe3yNbTaT JAOCHIKEHb PEXUMIB MOMYJALIl YAaCTOTH TeHepalii KIMHOTPOHIB
MUTIMETPOBOTO Ta CyOMUTIMETPOBOTO Jiana3oHiB. 3a pe3ysibTaTaMi MOJIEIIOBAHHS
3IEKHOCTEM  4YacTOTM  TeHepalii  KJIMHOTPOHIB  MUIIMETPOBOIO  Ta
CyOMITIMETpOBOTO  Jlama3oHiB  BiJl  NPUCKOPIOBAIBHOI  Hampyru  OyJo
IIPOJAEMOHCTPOBAHO Ta BIEpIIE EKCIEPUMEHTAIBHO PEali30BaHO MOIYJISIIIIO

4acTOTH TeHepalli IpuiiaJiB K B 0e3MEepepBHOMY pEXUMI B MEKax OAHIET 30HU



re’epanii, Tak 1 B PEXHUMI AMCKPETHOTO NEPECTPOIOBAHHS YaCTOTH 3aBISKU

MOCJIIJOBHUM IepexoJaM MK 30HaMU T'eHepallli npusiamy.

IIpakTuyHe 3HAYeHHS1 HAYKOBHUX Ppe3yJbTaTiB, OTPUMaHUX ¥y
nucepraniiHii po6oti JluxadoBa O. O., mossrae y po3poOIli reHepaTopHUX
KOMIUIEKCIB MUTIMETPOBOIO Ta CyOMLIIMETPOBOIO Jiara3oHIB YacTOT, Kl 3/1aTHI
3a0€3MeUUTH BUCOKOCTAOUIBHY T'e€HEepallilo JJIs MPaKTUYHUX 3acTocyBaHb y SAMP
CIEKTPOCKOTIT 3 JTUHAMIYHOIO TOJIAPU3AIIIEI0 sIIep, a TAaKOXK 3/1aTHI 3a0e3MeUnTh
PEXUMHM TeHepallli 3 MOIYJISIIEI0 YacTOTH SIK y 6e3nepepBHOMY pexkumi (FMCW),
TaKk 1 B PEXKUMI MOIYJSIT 3 JUCKPETHUM IEPECTPOIOBAHHSM YacTOTH (Step-
frequency tuning) y mmpokKoMy Jiana3oHi 4acTOT /I 3aCTOCYBaHb Y CHCTEMax
Bi3yanizaiii TpPUBUMIPHUX OO0’€KTIB y O10JiOTii, MEIMIMHI, pajloJoKallii,

MaTepiajJo3HaBCTBI Ta B 0ararboX 1HIIUX MPAKTUYHUX 3a7auax.

BizomocTti mnpo jgoTrpuMaHHsI aKaaeMidyHOI JoOpodecHocTi. VY
aucepraniiHii poboti Ta myOmikamisx JluxadoBa O. O. BiACYTHI MOPYIICHHS

aKaJeMiHO1 JOOPOYECHOCTI.

3ayBakeHHs1 10 AUCepPTALiiHOI po0oTH.

1. B pobGoti O6ysno 6 gyxe IIKaBUM JOCTIAUTH (Pa30Bl MOPTPETH IMOBEAIHKU
eJIEKTPOHIB CTPIUKOBUX Iy4YKIB IMiJl Yac iX B3a€MOAIl 3 €JIEKTPOMAarHiTHUMHU
XBWISIMH B €IIEKTPOJMHAMIYHUX CHUCTEMaxX KIMHOTPOHIB MIJTIMETPOBOTO Ta
CyOMIJTIMETPOBOIO J1ala3oHiB, 110 Jajlo O J0JaTKOBY iHdOpMaIiio TMpo
e(eKTHBHICTh €JICKTPOHHO-XBHUJIHOBOI B3a€MO/III.

2. Jns Oupln rMOOKOTO PO3YMIHHS OTPUMAaHUX B JIMCEpTaIlii pe3yJbTaTiB
TPAEKTOPHOTO aHAJI3y PyXy IHTCHCUBHHUX CTPIYKOBUX EJIEKTPOHHUX MOTOKIB SIK B
o0JacTi €JIeKTPOHHOI rapMaTH, Tak 1 B MPOCTOpi B3aemojii Oyno O KOpUCHUM
HABECTH BIJMOBIAHI CHUCTEMHM pIBHAHb Ta BKa3aTH HAOMMKEHHS, SKI Oyiu
BUKOPHUCTaHI MPU YUCEITLHOMY MOJICTIOBAHHI METOJIOM KPYITHUX YaCTHHOK.

3po0seHi 3ayBakKeHHST HE € MPUHIMIOBUMU 1 HE BIUIMBAIOTh Ha 3arajbHy

BHUCOKY MO3UTUBHY oiiHKy aucepTallii O. O. Jluxayoa. HaBeneHi 3ayBakeHHS HE



BIUIMBAIOTh Ha SIKICTh, HAYKOBY HOBH3HY Ta MPAKTUYHY 3HAYUMICTH IHCEPTALi.

ToMmy iX MOKHA PO3IJIAZIATH SIK MOOAXKaAHHS.

BuCHOBOK 110,10 BiIMOBIAHOCTI AMcepTaIlil HOpMaM.

BBaxarw, mio nauceprarniiina pob6ora JluxauoBa O. O. «CnexrtpaibHi
XapaKTePUCTUKU Ta CTAOLIbHICTh BUIPOMIHIOBAHHS KJIMHOTPOHIB MiJTIMETPOBOTO
Ta CyOMUJIIMETPOBOIO [llalla30HIB 3 ypaxXyBaHHSM OCOOJMBOCTEH IIPOIIECIB
E€HEpProoOMiHY» € 3aBEpIICHOI0 HAYKOBOKO MpAlel0, SKa MICTHTh HU3KY HOBHX,
aKTyaJIbHUX 1 JIOCTOBIPHMX pe3yJIbTaTiB, IO CBIAYaTh MPO 1ii CKJIAJAHICTS,
CHUCTEMAaTUYHICTh Ta BaXJIMBE 3HAYCHHs IJis1 poOIT 3 po3poOku kepen Tl
BUIIPOMIHIOBaHHS 3 TMEPECTPOIOBAHHSAM YaCTOTH VY IIUPOKUX Jliara3oHax.
Juceprariisi moBHICTIO BifnoBigae BumMoram Hakazy MOH VYkpainu Ne 40 Bia
12.01.2017p. “IIpo 3arBepmxkeHHs Bumor no odopmienHs aucepraiii’” (3
HACTYMHUMU 3MiHaMu) Ta “TlopsiaKy npucyKeHHs cTymneHs foKkTopa dimocodii Ta
CKaCyBaHHsI PIIIEHHS Pa30BOi CIHEIIali30BaHOi BYEHOI paaud 3akKjiajay BHIIOi
OCBITH, HAyKOBOi YCTaHOBU IpO MPHUCY/DKEHHSI CTyMeHs JokTtopa (imocodii,”
3aTBepKeHoro nocraHoBoto KaGinety MinictpiB Ykpainu Ne 44 Big 12 ciuHg
2022 p., a 1 aBrop, JIluxauoB Oumnekcanap OJeKCaHAPOBUY, 3aCIyTOBYE
MPUCYDKEHHS oMy CTyTeHs JokTopa ¢dimocodii 3 ramysi 3uanb 10 «IIpupomanudi
HayKn» 3a cneniaipHicTio 104 «Di3uka Ta ACTpOHOMIS.

Penenzent
JoxTop ¢i3.-maT. HAyK, C.H.C,

3aB. BIIJIUIOM paaiodi3uKu TBEPAOTO Tijla

IPE im. O. 4. YcukoBa HAH Ykpaiau Q jf{ %/ 10. O. ABepkoB

23.01.2023 p.

[Tinmuc FO. O. ABepkoBa 3acBiIUyIO.
TBO BueHoro cexperaps
IPE im. O. 4. YcukoBa HAH Ykpainu
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