BIIF'YK O®ILIHHOIO ONMOHEHTA
CTapILOro HAYKOBOIO CriBpoOITHUKA BiAALTY paaiodi3uKiu TBEpAOro Tija IHCTUTYTY
paniodizuku ta enextpoHiku iM. O. 5. Ycukosa HauionansHoi akaaemii Hayk YKpaiHu,
nokropa ¢izuko-MareMaTUYHUX Hayk, JolieHTa Maiizenaica 3axapa Quiekcanaposnua
Ha aucepralliitny poboty Jlras Makcuma IlerpoBuua
«IMHAMIYHI ITPOLIECU Y BATATOPIBHEBHUX ME3OCKOITTYHHX
CUCTEMAX»,
sKa NOJA€ThCs Ha 300y TTsl HAYKOBOI'O CTYIEHs J0KTopa (inocodii
3a crietianbHicTio 104 «®i3uka Ta actpoHOMis» (ramy3s 3HaHb 10 «[IpupoaHuyl HayKn»)

AKTYyaJbHICTH TEMH AHcepTaliiiHol poboTH.

[IpencraBiene nociiKeHHs IPUCBSIYEHO BUBYEHHIO NPOLIECiB, 110 BiOYBAKOTHCS Y
MEe30CKOMIYHUX CHUCTeMax. Y pamKax JMcepTalii aBTOp po3risijae HaAMpOBiJHE Kijble 3
TpboMa KOHTakTamu J[)xo3edcoHa y IBOpiBHEBOMY Ta YOTHPbOXPIBHEBOMY HAOIMKEHHSAX,
NOJIBIHHY KBaHTOBY TOYKY, KyOIT TUIly TPAaHCMOH, SIKUI MiJ'€/IHAHO 10 HaMiBHECKIHUEHHOL
MiHil nepenay.

AKTyanbHICTh POOOTH MOJSATAE Y MOXIIMBOCTI NOPIBHSHHS OTPUMAHUX TEOPETUYHUX
Ta €KCIIEPHUMEHTAJIbHUX pe3yNbTaTiB i, SIK HACHJOK, BCTAHOBJICHHS BiJMOBIIHOCTI MiX
BEJIMYMHAMH, 110 BUKOPHCTOBYIOTHCS IMiJl YaC TEOPETHYHUX PO3PaxXyHKIB Ta TEXHIYHHUMHU
napamMeTpamMH po3riisiayBaHUX cucreM. [lopiBHSUIBHMIT aHami3 Jae 3MOTry BCTaHOBHTH
3aNIeKHICTh MK YacaMM KOTE€PEHTHOCTI i JKHUTTHA HOCHIIKYyBaHHX O0O0'€KTIB Ta iXHIMH
napamMeTpaMi, TaKUMU sIK, HampuKnaja, onopu Ta eMHocTi. OTprMana iHdopMallis aacTh
3MOry 30IJBLIMTH YacH XXHUTTS Ta KOTEPEHTHOCTI PO3IJISIyBaHMX CHUCTEM, L0 BiJIKpHE
BEJIMYEe3HI MOXKJIMBOCTI IXHBOI peanizalii Aj1si po3B’s3aHHS FOCTPUX CydacHUX 3ana4. Cepen
TaKoOro poay npoOieM, MOXHAa BHIUINTH CTBOPEHHS KBAaHTOBUX KOMII IOTEPIB,
MikpoMas3epiB, MiKPOCKOIIIYHHX TEPMOEIEKTPOHHHUX MIPUCTPOIB, TOLIO.

3 iHmoro OOKy, MpoBe/eHi AOCHIKEHHS MalTh BEJIMKE 3HAYE€HHs B KOHTEKCTI
PO3BUTKY (pyHAaMEHTaIbHOI (i3UKH, OCKIIBKM Ha OCHOBI JOCIHIIDKyBaHHX CUCTEM MOXKHA
BHBYATH LTy HU3KY LIKaBUX Ta aKTyalbHUX sBHII Ta edekTiB. [0 Takux sSBHUIL MOXKHa
BiHectH edext Keppa, mapmipyTusaiiito poTOHIB, reHeparilo HEKJIaCHYHUX MiKPOXBHIIb,
nepexonu Jlannay-3inepa-llltykens6epra-Maiiopann, auHamiunmii edexr Kasummupa,
TOLIO.

Taxkum yHHOM, MO’KHA 3pOOHTH BUCHOBOK, III0 IUCEpPTalliliHa poOOTH € aKTyaIbHOK
AK 3 TEOPETUYHOI TaK 1 MPAKTUYHOI TOYOK 30pY.

3B'A130Kk po6OTH 3 HAYKOBHMH NPOrpaMaMH, JIAHAMH, TEMaMH.

Jlicepraiito BUKOHAHO B P13UKO-TeXHIYHOMY IHCTUTYTI HU3bKHMX TeMmnepaTtyp iMm. b.1.
Bepkina HAH Vkpaiuu B pamkax temaruuyHoro ruiany @TIHT im. B.I. Bepkina HAH
Vkpainu 3a Bitomuumu tematukamu 2017-2021 pp. i 2022-2026 pp.
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YacTuna auceprauiiiHoi pobotu Oyna BukoHaHa 3a niarpumku rpaity ARO, CLIA.
YactuHa nuceprauniiiHoi poOoTu Oyna BHKOHaHA 3a MiATpUMKH ctunenaii HauionanbHol
akajaeMmii Hayk YKpaiHW s MOJoAMX BuyeHMX. YacTuHa auceprauiiiHoi pobotu Oyna
BHKOHaHA 3a MiATpUMKHU rpanTy HauioHanbHOT akagemii Hayk YKpaiHu, B paMKaX KOHKYpPCY
POEKTIB HAYKOBO-AOCIIAHUX pOOIT Monoaux ydeHux HaiioHanbHOT akazemii Hayk
Ykpainu.

IloBHOTa BHKJAAY OCHOBHHX pe3yabTaTiB JAHcepTauliiHoi poborn B
ony6iKOBAHHX HAYKOBHX Npausix.

OCHOBHI pe3yJIbTaTH AMCepTaliifHOi poOOTH OIyONiKOBaHI Yy TPbOX HAYKOBHX
crarrax (B KypHanax, ingekcoanux SCOPUS ta Web of Science) Ta npexacraBineni Ha
n’saTH Mi2kHapoaHux KoHpepenuinx. KinbkicTs ony0aikoBaHUX cTaTel € JOCTaTHHOIO 115
NPUCYJDKEHHS CTyIeHs JokTopa dinocodii.

OGrpyHTOBAHICTD i IOCTOBIPHICTH OTPHMAHHX Pe3y/bTATIB.

HeoOxifHO BIAMITHUTH, 110 yCI OTpUMaHI TEOPETHYHI 3aJle)KHOCTI MaloTh A00pe
Y3rOJ/UKEHHS 3 BIJMOBIIHUMH E€KCIIEPUMEHTAJIbHUMU JIaHUMH, 1110 CBIJYUTH IO
NPaBUJIBHICTB 1 IOLUIBHICT 0OpaHuX MiaxoAiB. Bel ekcnepuMeHTanbHi pe3ynbraTd podoTu
MO’KHa BIATBOpUTH, 0a3ylouMCh Ha TEOPETHMYHO OTPMMAaHUX BHpa3ax Ta (opmynax,
BUKJIaJIeHUX y poOoTi. Y mpoueci J0CHiKeHHSI aBTOP BUKOPUCTOBYE METOMAHM 1 IiJAXOAU
TEOpPEeTUYHO! (i3UKH, AKi He BUKIMKAIOTh CYMHIBY i MpOHILIM MepeBipKy Oaratbma
HaykoBUsAMHU. Bci pesynpraTé aucepraniiHoi poOOTH omyOiiKOBaHO Yy pelieH30BaHMX
(paxoBHMX BHIaHHSX i anpoOOBaHO HA MIXKHAPOTHMX HAYKOBHX KOH(EpPEHIisX.

Crpykrypa auceprauiiitoi po6orTH.

Jluceprauisi CKJlafae€TbCsi 3 aHOTALlii, BCTYIy, YOTHPHOX OPHTIHAJIBHHMX PO3JLTIB 3
pUCYHKaMH, BMCHOBKIB 1 CIIMCKY BMKOPMCTaHHUX JiKepell. 3arajibHuii oOcsr auceprarii
craHoBUTh 141 cropinky. PoGora wmictute 37 pucyHkiB, | Tabuuiio Ta CIHCOK
BUKOpUCTaHuX Jpkepen 31 170 naiimenyBanb Ha 17 cTopiHKax.

KoxeH po3ain € cTpyKTypOBaHUM 1 3aBepIIyEThCS BACHOBKAMH.

AHoTania auceprallii HaBeJeHa YKpaiHCHKOI 1 aHIMUIHCEKOKO MOBamMH. Y Hil
BiZ10Opa’keHO 3MICT Ta OCHOBHI HAyKOBI pe3yJIbTaTH.

Y Berymi aBTOp BHM3HAuYa€ OCHOBHI 3aBJ@HHS JIOCHIDKEHHS, METY Ta OIUCYE
aKTyalbHICTh BHOOpY TeMH [OCHi/DKEHHs, 3a3Havya€ O0’€KT, MpeIMeT Ta METOIH
nocniiukeHHs. OKpiM TOro y 1boMy po3faini ¢opMyIbOBaHO HAYKOBY HOBHM3HY, OIHCAHO
NpakTHYHE 3HA4YeHHS OTPUMAHMX pe3yJbTaTiB, HaBeJE€HO BIOMOCTI Mpo mMyOiKalii,
ocoOucTuii BHeCcOK 3700yBayua Ta anpobalito pe3ybTaTiB IucepTallii.

Y nepmomy po3aijai npoBeeHO Orisij JiTepaTypy 3a TEMOIO JucepTauiiHoi poboTH.
30KpeMa, ONUCAaHO TEOpPETHYHI Ta eKCIepUMeHTalIbHI OCHOBH JoC/iKeHHs. Hanpukian,

PO3TIAHYTO C€KCIIEPHUMEHTH 3 BUBYUCHHA Ha,Ial()Bi,[lHOFO Kiﬂbl_l,ﬂ 3 TpbOMa KOHTaKTaMH
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Jlxo3edcoHa y IBOPIBHEBOMY Ta HOTHPbOXPIBHEBOMY HaOIMKEHHSX, NOABIHHOI KBAHTOBOI
TOYKH, KyOiTa THITy TPAHCMOH, Mij'€IHAHOrO /10 HaniBHeCKiHYeHHOI JiHil nepeaay. Cepej
TeOpeTHYHHX aCTeKTIB yBary NpHiJieHo BUBeIeHHIO piBHAHB Oanancy ta Jlinabnana, onucy
TEOPETUYHUX OCHOB HAJNPOBIIHUX KYyOITIB.

VY apyromy po3jiji 3acTocoBaHO piBHsIHHS OanaHcy Ta piBHsAHHS Jlinabnana nns onucy
HaJANpPOBIIHOrO Kinblg 3 TpboMa KoHTakTamu JDkosedcoHa y JIBOPIBHEBOMY Ta
YOTUPHOXPIBHEBOMY HaOIMIKEHHsIX. ABTOPOM OOy 10BaHO HU3KY 3aJI€XKHOCTEH, IKi MalOTh
rapHe y3roJDKeHHs 3 BiJNMOBIHUMH eKClIepUMeHTaMHt. 3 iHIIoro 60Ky aBTOp MOPIBHIOE 1Ba
BHKOPHUCTAHHX MiJXO/H, 110 € 6€3yMOBHO aKTyaJbHO Ta LiKaBO 3 HAyKOBOI TOYKH 30pYy. 3
TIOPIBHSHHS pPe3y/bTaTiB, aBTOP POOUTH BUCHOBOK, IIO B paMKax (opmaii3My piBHSHHS
OanaHcy KOJMBaHHs YCEpPEeIHIOITHCS, TOMY OTPUMaHi KpUBI € MOHOTOHHHUMH, TOAl SIK
niaxina pieasHHA Jlina6nana BigoOpaxae Ginblll CKIAAHY MOBEAIHKY CHCTEMHM.

Tperiii po3aijI MPUCBSYEHO BUKOPUCTAHHIO PiBHAHHS OallaHCy JUISl ONUCY MOABIHHOL
KBAaHTOBOI TOYKHU. [ OJIOBHUM pe3yIbTaTOM pO3Aily € iHTepdeporpama, 3alexHicTh (pa3zoBoi
BIIMOBII pe30HaTOpa Bijl aMILTITY 11 30y1)KYI04Oro CUTHAly Ta €HepreTU4HO]1 BIICTPOUKH.
Jlns oTprMaHHs Takoi iHTepdepeHLiiHOI KapTHHX aBTOPOM OTPHMAHO BUpa3 JJs PiBHIB
eHeprii JocniKyBaHoro o6'exTa Ta nodyaoBaHO HOro AiarpaMmy eHepreTHYHMX piBHIB. Y
IIbOMY BHIIAJIKy TEOPETHYHI Ta eKCIIepUMEHTAIbHI Pe3yJIbTaTH TaKoXK 100pe Y3roKeHi.

Y 4derBepTOMY PO31iJi NPOBEIEHO TEOPETHYHE Ta €KCIIEPUMEHTANIbHE OCIiIKEHHS
BJIACTMBOCTEH KyDiTa THIly TPAaHCMOH IiJ’€JHAHOTO 10 HAIiBHECKIHYEHHOI JIiHil nepeaay.
3okpema, IOCHiIKEHO cmayioHapHy noeediHKy CUCTEMH, a came 1Mo0yJA0BaHO 3aJIeXKHICTb
HMOBIPHOCTI 3aceJieHHs 3aps/I0BOr0 CTaHy KyOiTa Biji YacTOTH 30HIYHOYOrO0 CHTHANy I
MOTY)KHOCTI HakKayku NpU (IKCOBaHIM 4acTOTI HAKayK¥ Ta TMOTYXKHOCTI 30HAYKOYOIro
CUTHaIy. A TaK0XX BUBYEHO OUHAMIYHY NOGEOIHKY IOCIIIDKYBAHOTO Ky0iTa B 3aJ1€)KHOCTI BiJl
3Ha4yeHb YaCTOTHM HaKayky Ta TMOTYKHOCTI CHrHamy Hakadkd. CniJg BiAMITHTH, IO
TEOPETHYHI Ta eKCIIEPUMEHTANIbHI KapTHHU 100pe y3roKyrThCs Misk c00050.

OcHOBHI pe3yabTaTH poOOTH BUCBITIEHO Y PO3/1ijii BHCHOBKH.

3ayBaxeHHs 10 AHcepTaliiHOl po6oTH.

HesBakaloum Ha BHMCOKHWI piBeHb OTpPUMaHHX pe3yJbTaTiB Ta OOIPYHTOBaHICThH
BUCHOBKIB, J10 IUCepTallii cJ1iJ1 3poOUTH eKiTbKa 3ayBaXKeHb:

1. Jina noGynosu iHTepdeporpamu, ska ONMCYe NapaMEeTPUYHy €MHICTb MOABIHHOL
KBAaHTOBOI TOYKH AK (QYHKLIIO aMIUITyau 30Yy/DKyHo4oro CHrHaiy Ta
eHepreTHYHoi BIACTPOWKH &, MiJ 4Yac po3paxyHKIB 0OpaHO 3HA4YEHHS YacCTOTH
30ymxkyrodoro curHany v = 4 GHz, y Toli wac sK Jug  BiANOBIIHOL
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eKCIIepUMEHTalbHOI KapTHHHU 1le 3HavyeHHs jaopieHioe v = 2/ GHz. Bpaxkato, 1o
MOsSICHEHHS 11i€T HEeBiAMOBIAHOCTI Oy10 6 AOLIIBHUM Y pOOOTI.

2. 'V nigposaini 3.4 qucepTaHT ONKMCYE 3aCTOCYBaHHs PIBHSAHHS OanaHcy s MoABIHHOI
KBAHTOBOI TOYKHM Y TpUpiBHEBOMY HabmmkeHH1. OaHaK JOLINBHICTh TAKOTO IIX0LY
HE MIATBEPIKYETHCS KOAHUMHU PO3paxXyHKaMH.

3. ¥V nyskri 1.2.4 aBrop AOCHIKYE HAANMpPOBiAHE Kilblle 3 OJHMM KOHTAKTOM
Jlxo3edcoHa, y Toi 4ac fK y iHIIUX po3aiaax poboTH 10CiKY€EThCS Kiblie 3 TphoMa
1K03e()COHIBCbKUMHM KOHTakTaMu. Byno O AowineHHUM TipoBecTH B NyHKTI 1.2.4
aHaJlli3 camMe Takoi CUCTeMH, 3 TPhOMa KOHTaKTaMH.

3ayBa)keHb 1110J0 TOBHOTH Ta JOCTOBIPHOCTI BHUKJIaJEHHS pe3yJbTaTiB, 110 CYTTEBO
BIUIMHY/M O Ha OLIIHKY JucepTailiiHOl poOOTH HEMAE.

3arajibHi BHCHOBKH.

Jucepraniiina poboTa € LiTICHOK 3aBEpPLICHOI HAYKOBOI Mpalelo, 110 MOBHICTIO
BiANOBiAae 3asBneHii crenianbHocTi 104 «®i3uka Ta actpoHoMis». OTpuMaHi pe3yibTaT
MOBHICTIO BiJINOBIAAIOTH 3asiBII€HIH MET1 JOCIiDKEHHSI.

TakuM YHHOM, OLIHUBILIHN aKTyaJIbHICTh, 3MICT, HAYKOBY HOBH3HY, OOIPYHTOBAHICTH i
JOCTOBIPHICTh pe3yJbTaTiB, BiANOBIAHICTE BUMoraMm MOH VYkpainu 1o po6iT Ha 3100yTTs
cTyneHs JokTopa ¢irocodii BBaxaro, mo aucepraiiiiHa podora «/luHamiuHi mpouecu y
OaraTopiBHEBUX CHCTeMax» BiAnoBifae BciM BUMoram «llopsiiky npucy/uKeHHs CTyneHs
noktopa (pinocodii Ta ckacyBaHHS pilIEHHS Pa30BOI Crieliani30BaHOT BUEHOT pajau 3aKnaiy
BUILIOI OCBITHM, HayKOBOI YCTAHOBM TMpO MNPHCYIKEHHS CTyneHs AokTopa dinocodiin,
3arBepKeHoMy nocraHoBoto Kabinery MinictpiB Ykpainu Ned44 Bia 12 ciuns 2022 p. Tomy
i1 aBtop, Jlrone Makcum IleTpoBuu, 3aciiyroBye Ha NPHUCYIKEHHS HAYKOBOI'O CTYIIEHS
nokropa ¢inocodii 3a cnenianbHicTio 104 «®Pi3uka Ta aCTPOHOMIS».

OdiuiiiHui ONOHEHT:

CTapIIWi HayKOBUH CIiBPOOITHUK
BiILTY paiogi3uKu TBEpPAOIo Tija
IHcTUTYTY paniodhi3uku Ta eneKTPOHIKH

im. O. 5. YcukoBa HauionansHoi akanemii Hayk YKpaiHu, )
JIOKTOp (hizuKO-MaTeMaTHUHUX HAyK, JOLEHT /ZV‘ 3.0. Maiizenic
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