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PE®EPAT

Juninomuas paborta 56 crpanuil, 28 puCyHKOB, 29 HICTOUHUKOB.

I'eHepauusi CBepXIIMPOKONOJOCHBIX YACTOTHO-MOAYJIUPOBaHHBIX CBU-curnasion
METO/I0M CAMOTeTePOAMHUPOBAHUSA U3JIYyYeHUS JIa3ePHbIX JHOI0B

Hayuynbie pykoBoauTeNln — 3aMECTUTENb 3aBEAYHOLIEro JiabopaTopueit
pagunodoronukn ['HIIO «Omntuka, onTosneKTpoHWKAa M JazepHas TexHukay HAH
benapycu, kannunat ¢usznko-maremarnueckux Hayk Mukutuyk Kupuin bopucosuu,
noueHT kadenpsl nazepHoil ¢u3umku M crnekrpockonuu bI'Y, kannupmat Qusuko-
MareMmaTudyeckux Hayk ['opoau [.B.

KuwueBble cji0oBa:  CaMOreTepOJWHUPOBAHHUE,  BOJOKOHHO-ONTHUYECKUU
uHTeppepoMerp MaiikenbcoHa, cBepxuupokononocHeie CBY-curnainel, JuHeWHas
YaCTOTHAs MOJYJISALNS, paArno(pOTOHUKA.

Heas padoTbl — aHanM3 BBIXOAHBIX XAPAKTEPUCTUK MAKETa yCTPOWCTBA II0
reHepaiu  CBY-curnanoB ¢ JIMHEWHOW 4YacTOTHOM MOAYJALIMENH TpU IPSMOM
MOIYJISIMU  JIA3€pPHOTO0  JHOAa, pa3paboTKa  METOJIOB,  CIOCOOCTBYIOIIUX
JMHEAPU3aUU CBEPXIIUPOKONON0CHbIX CBY-curuanos.

O0bexkT wmccaenoBaHuA: ycTpolcTBO it reHepanuu CBY-curHaioB c
JMHEHHOW YaCTOTHOW MOJYJSIIIMEl Ha OCHOBE BOJOKOHHOTO HWHTepdepoMeTpa
MaiikenbcoHa.

OcHOBHbBIE  MeETOABbI  HCCIACAOBAHMN:  CPAaBHUTEIbHBIA  aHaIU3  C
CYIIECTBYIOIUMHA MeTonaMu paauodoTtonnku mo reHeparuu CBY-curnanoB c
JIMHEMHOM 4YacTOTHOW MonyJisiuued. IIpoBergeHne skcnepumeHTa IO TEHEpaluu
CUTHAJIOB C JIMHEWHOW 4YaCTOTHOW MOJYJAIMEe Ha OCHOBE HHTEpQepoMeTpa
MaiikenbCcoHa.

IlonnyyeHHbIe pe3yJbTAThl M UX HOBU3HA: ObutH noiydeHsl CBU-curnaisl Ha
OCHOBE METOJAa CaMOTe€TepOAMHUPOBAHUS U3IYUEHHS JIA3EPHOTO IMOJA C IIUPUHOU
nosiocel 10 5 I'Tm u nmurenbrOCTHIO 710 140 MKc. [1o pe3ynbpraram AUTUIOMHOM pabOThHI
onyOJIMKOBAHO 2 CTaThU B COOPHUKE TPYAOB KOH(PEPEHITUHN 1 KypHAJIE:

1) 8-oi1 Beepoccuiickoit MUKpOBOTHOBOM KOH(MEPEHIIMHU, KOTOPasi MPOXOAUJia B
r. MockBa, 23-25 wHos0ps 2022r. Hazpanue crarem "MetTon reHepanuu
CBEPXIIMUPOKONIONOCHbIX CBY-cUTrHalioB € JMHEMHO-4YaCTOTHOM MOJYJISIIMEH Ha
OCHOBE CaMOTETEPOJMHHPOBAHUS  HM3IYy4YEHUS Jia3epHOro aAuona"  (aBTOpBI
K.b.Muxutuyk, A.JI.Ynx, JIebenes A.C.)

2) «Kypnan pamguosnekrpoHukun» — 2022r., Nel2. «Meroxg reHepanuu
cBepxmmpokonoysiocHbix CBY-curHanoB ¢ JIMHEHHO-4aCTOTHOW MOMAYJSILIMEH Ha
OCHOBE CaMOTETEPOJMHUPOBAHMS  U3JIYUCHHS  JIA3€pHOr0  1uoAa»  (aBTOPHI
K.b.Mukutuyk, A.J.Unx, Jlebener A.C.).



Pexomengauus mo BHeapeHuro: lcnonp30BaHHE CBEPXIIUPOKONOJIOCHBIX
CATHAJIOB B TEXHUKE PAJHOJIOKAIUH 3HAYUTEIBHO PACIIUPAET BO3MOXKHOCTH
PAANOIOKAMOHHBIX CTaHIMI MO (OPMUPOBAHUIO PATMOUZ00PAKEHUN C BBICOKUM
POCTPAHCTBEHHBIM pa3peiieHrneM. Takum o0pazoM, nanHbIi MeTo 1 Terepanuu CBY-
CUTHAJIOB MOET OBITh UCMOJI30BAH MPU PEIICHUHU 3a7a4 PaIUOIOKAIIUH.



PODEPAT

Jpimiomuas padota 56 ctapoHak, 28 MaloHKay, 29 giTapaTypHBIX KPBIHIII.

I'enepanpisi 3BBIIIIIBIPOKANAJOCHBIX YACTOTHA-MaAYAsIBaHbIX 3BY-cirnanay
MeTaJaM caMareTipaa3iHaBaHHs BbINPAMEHbBAHHA Ja3ePHBIX AbléNay

HaBykoBbIs KipayHiKi — HAMECHIK 3araubika 1adapatopsii paapiédaroniki JJTHBA
«OmnTpika, onTa’IeKTpoHiKa 1 JasepHas TexHikay HAH benapyci, kanaeinar ¢izika-
MaTA MaThluyHbIX HaBYK MikiTuyk K. b, narpuT kadenpol nazepnait iziki i cmekrpackarii
BJ1Y, kauaeiaat ¢izika-maTamMaTeiuHbIX HaByK /1. B. 'opOau.

Kirouasbis CJIOBBI: camareT3paj3iHaBaHHE, BaJIaKOHHA-aNThIYHBI
iHTIpdepoMerp MaiikenbcaHa, 3BBIIIIIBIpOKaNaNOCHbIA 3BY-cirHanel, JiHEWHas
YaCTOTHAs MaIyJISIIIbIsL, paabiédaToHika.

MbTa mpaunbl - aHali3 BBIXOAHBIX XapaKTapbICTBIK MakeTa NpbUIagbl Ta
reHepanpli 3BYU-cirHanay 3 JriHeWHal dYacTOTHAW MayJBSIIBIIH Tpbl  ITpaMoi
MaJyJISIbIl JIa3epHara JIpléaa, pacupamnoyka MeTaaay, sKis CIPBISIONb JTiHeapbI3allbli
3BBILIIIBIpOKananocHbix 3BY-cirnanay.

AO'eKT nacjielaBaHHsl: MpbUIaga s reHepansli 3BY-cirHanay 3 miHeiHai
YaCTOTHAW MaJy SIS Ha aCHOBE BallakOHHara iHTIpdepomerpa MaiikenbcaHa.

ACHOVHBISI MeTaAbl [acjeJaBaHHAy: NapayHaJbHbl aHal3 3 ICHYIOUYBIMI
Meranami paabi€édaToHiki ma reHepanpli 3BY-cirnamay 3 riHelHall dYacToTHai
Manyjsaupisaid. [lpaBan3eHHe 3KCIEPBIMEHTY Ia TEHepalpll CirHajlay 3 JIHEeWHai
4acTOTHAW MaIyJslbIsiid Ha acHOBE iHTAIpdepomeTpa MalikenbcaHa.

ATpbIMaHbIf BbIHIKI i ix HaBi3Ha: ObuTl arpbiManbl 3BY-cirHansl Ha acHOBE
METaJly CaMOreTepOJAMHIPOBaHIsI BBIMPAMEHbBAHHS Jla3epHara Abl€Aa 3 MIBIPHIHEN
najgacel ga 5 I'rip 1 mpangriacimoo nga 140 mkce. Ila BeIHIKaxX ABIIJIOMHAN Tpariibl
amyOJTikaBaHbl 2 apTHIKYJIBI ¥ 300pHIKY Ipall KaH()epIHIIBIN 1 YacoIice:

1) 8. Ycepaciiickait MikpaxBasieBail kKan(pepaHIIbll, sikasg Ipaxoa3ina ¥ r. Macksa,
23-25 nicranaaa 2022r. Ha3Ba apteikyna "Mertaj reHepalibli 3BbIIIIIBIPOKATATOCHBIX
3BY-cirnanay 3 JiHEWHa-4aCTOTHAN MaAyJSIbITH HA aCHOBE caMareTdpaji3iHaBaHHS
BhITIpaMeHbBaHHs JlazepHara aeiéaa" (aytapsl K.b.Mikituyk, A.JL.Uspk, Jlebenzey
A.C)

2) "Xypuan panppiéanextponiki” - 2022r., Ne 12. "Metag reHepalsii
3BBILIIIBIPOKaNagocHbIx 3BY-cirnanay 3 jHelHa-4aCTOTHAM MaayIsblsiii HA aCHOBE
camareTipaj3iHaBaHHs BbIIIpaMEHbBaHHS JiazepHara aepiéna" (ayrapel K.b.MikiTuyK,
A.JL.Ybrk, JIeOemzey A.C.).

Pykamenaanpia nma ykapaHeHHi: BpikappiCTaHHE 3BBIIIIIBIPOKANAIOCHBIX
CirHajay y TAXHIIBI paapléaaKalibli 3HaYHa MaIblpae MardbIMacili paabléIaKkablfHbIX
CTaHUBIM Mma QapmipaBaHHI paablEMalIOHKAay 3 BBICOKIM IPAacTOpaBbIM Ja3BOJaM.
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Taxim ubtHaM, naa3eHbI MeTa] renepallbli 3BU-cirnanay Mosxa ObIIb CKapBICTaHBI PBI
paIHHI 337a4 paabléIaKalibli.



ABSTRACT

Thesis work 56 pages, 28 figures, 29 sources

Self-heterodyne generation of ultrawideband linear frequency modulated
microwave signals based on Michelson interferometer

Scientific supervisors — Deputy Head of the Radio Photonics Laboratory of
the SNPO "Optics, Optoelectronics and Laser Technology" of the National
Academy of Sciences of Belarus, Candidate of Physical and Mathematical
Sciences K. B. Mikitchuk, Associate Professor of the Department of Laser Physics
and Spectroscopy of Belarusian State University, Candidate of Physical and
Mathematical Sciences D.V. Gorbach.

Keywords: self-heterodyne, fiber optic Michelson interferometer, ultra-
wideband microwave signals, linear frequency modulation, radio photonics

The aim of the work: analysis of the output characteristics of a prototype
device for generating microwave signals with linear frequency modulation with
direct modulation of a laser diode, development of methods that contribute to the
linearization of ultra-wideband microwave signals.

Object of study: a device for generating microwave signals with linear
frequency modulation based on a Michelson fiber interferometer.

Main research methods: comparative analysis with existing methods of
radio photonics for generating microwave signals with linear frequency
modulation. Conducting an experiment on generating signals with linear
frequency modulation based on the Michelson interferometer.

The results obtained and their novelty: microwave signals were obtained
based on the method of self-heterodyning of laser diode radiation with a bandwidth
of up to 5 GHz and a duration of up to 140 ps. According to the results of the thesis
work, 2 articles were published in the collection of conference proceedings and
the journal:

1) The 8th All-Russian Microwave Conference, which was held in Moscow,
November 23-25, 2022. Title of the article "Method of generation of ultra-
wideband microwave signals with linear frequency modulation based on self-
heterodyning of laser diode radiation" (authors K.B. Mikitchuk, A.L. Chizh,
Lebedev A.S.)

2) "Journal of Radio Electronics" - 2022, No. 12. "Method of generation of
ultra-wideband microwave signals with linear frequency modulation based on
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self-heterodyning of laser diode radiation" (authors K.B. Mikitchuk, A.L. Chizh,
A.S. Lebedev).

Implementation recommendation: The use of ultra-wideband signals in
radar technology significantly expands the capabilities of radar stations in the
formation of radio images with high spatial resolution. Thus, this method of
generating microwave signals can be used in solving radar problems.



