BIAT'YK O®IIINHOIO OIIOHEHTA
CTapIIoro HayKoBOTo CIiBpoGiTHNKA BianiTy paniodizuku TBEpIOro TiNa [acrutyTy
paniodisnku Ta enexrponiky im. O. 5. Ycukosa HarioHambHOL axkazeMii Hayk YKpainu,
JOKTOpa (isMKO-MaTeMaTUYHUX HAYK, AOLeHTa Maiizeica 3axapa OgexcanapoBn4a
Ha mucepTauiiiiy po6oty PuxoBa Aprema IropoBnua
«3acrocyBaHH# iHTEepdepomMeTpil Jlannay-3inepa-IlITiokens6epra-Maitopanu
AJIsL KOHTPOJIFO INHAMIKH KBAaHTOBHMX CHCTEM,
sKa TIOAAETBCA Ha 3000y TTsI HAYKOBOTO CTYNCHS I0KTOpA dimocodii
3a crienianbHicTro 104 «Disrka Ta acTPOHOMis»
(ranyss snamb 10 «IIpapogHudi HayKu»)

AKTYaJIbHICTh TeMH AHcCepTaNiiiHOT poGoTH.

lpencraBnena mucepraniiiia po6OTa MpHUCBSYeHA BHBYCHHIO HHAMIKH
0araTopiBHEBHX KBAHTOBHX CHCTEM T4 METOMIB il OTHKCY i KOHTPOIIO 3a HONOMOTOIO
inTepdepomerpii Jlannay-3inepa-1lITiokens6epra-Maiiopanu Ta iHmmx METOJIiB, TaKHX
K aliabaTHYHO-IMITYTECHA MOZIENb, METOJ PiBHSHB Oanancy. ¥V pamkax poGoTH aBTOp
posrianae KyOir, cucreMy mBOX KyGiTiB 6Ge3 mpuB’sskum g0 pearizanii, KpEeMHIEBY
MO/BIHHY KBAHTOBY TOYKY i3 TOJHHHO-OPOITATHHUMK CTyNeHsMU CBOOOAH, MOABiiiHY
KBAaHTOBY TO4YKY Ha 0cHOBI CMOS TpaH3HCTOpa, NETEKTOP MIKPOXBHITHOBHX doroHiB Ha
OCHOBI IOTOKOBOT'O Ky0iTa.

Bei posrasHyTi TeopeTnuni MeTomu TicHO MOB’s3aHi 3 EKCIIEPUMEHTAMH, MAIOTh
BEJMKE NIPAKTHYHE 3HAYCHHA /A OIACY Ta KOHTPOIIO eKCriepuMeHTiB. Jleski TeopeTiyni
Pe3ynbTaTh Oy/nd MiATBEP/UKEHI MOPIBHAHHAM 3 €KCIEPUMEHTATHHIME JTAHUMH, Ta
MaIOTh 100pY y3TOMXEHICTh i3 HuMM. TeOpeTHYHI METOmH, IO BHBYAIOTHCS y
AMCepTauiiHiil poboTi, MOXyTh GyTH 3aCTOCOBaHI 10 BETHKOT KLTLKOCT PiI3HOMaHITHUX
ABOX- Ta 0araTOpiBHEBMX KBAHTOBHX CHCTEM, IIO € Tyxke aKTyalbHUM CyYaCHUM
HAIPAMKOM JOCIiDKEHb, BBAXAKOUM aKTyalbHICTDH CKCIIEPUMEHTIB 110 pearizarii
KBAaHTOBMX KOMII'FOTEPIB Ta EKCIEPUMEHTIB, MOB’S3aHWX 3 IHIIAMH KBAHTOBMME
TEXHOJIOTiIMH.

AKTYQIBHICTE  IOCTi/UKEHb JMCepTAIlHHOT pobotn A.l. PuxoBa Takox
MiATBEPDKYEThCS THM, IO CTATTi, HA IKHX OCHOBYEThCS Imcepranis, Oy omy6ikoBaHi
B Physical Review xypranax i3 kBapTrimsivu QlI.

Takum 4uHOM, MOkHA 3poGHTH BHCHOBOK, IO JUcepTaliiiHa poboTta €
AKTYaJIbHOIO ONHOYACHO 3 TEOPETHYHOI Ta IPAKTHIHO! TOHOK 30DY.

IloBHOTa BHKIALY OCHOBHHX pesyabTaTiB  guceprauiiinoi poboTm B
0Mmy01iKOBAHHX HAYKOBHX Mpansx.




OcHoBHI pesynbrat aucepTauiifHoi po6otn omyGikosami Yy TPbOX HAaYKOBHX
KypHauax (innexcoBanux SCOPUS ta Web of Science) kBapTiii Q1 Ta mpeacrasneni
Ha JecATH MDKHAPOOHHX KoHdepenuisx. Kimbkicts ony6GmikoBanux crarteli e
AOCTATHBOO [UIs TPUCYIDKEHHS CTYTIEHs AOKTOpa (Ginocodii.

OorpynToBanicTs i 10CTOBIpHiCTL OTPUMAHKX pe3yabLTaTIB.

HeoOxinHo 3a3HayWTH, IO Ti TeOpeTHYHi pes3ymbraTh, SIKi OyJ0 TOpPIBHAHO 3
CKCIEPUMCHTATIBHAMM, MAKOTh 100pe y3rOKEHHS i3 HHMH, WO CBiTYHTH PO
NPaBUIBHICTh 1 AOLiNbHICTE OOpaHMX mimxomis. Pesympraru pobOTH MOXHa JIETKO
BiTBOPHTH, 6asyrounck Ha GopMysax BUKIAZCHHX y poborti. ¥V mpomneci mocmimKeHHs
aBTODP BHKOPHCTOBYE METOIH Ta MiIXOM TEOPETHIHOT Bi3HKH, Ki MpoNIH nepeBipKy
Garatbma HaykoBusMH. PesyiasTatd muceprauiifHOfi pobotn omy6GmikoBaHO Yy
PELIEH30BaHUX (aXOBHX BUAAHHSX i aPOGOBAHO HA YMCETBHIX MiKHADOIHHX HAayKOBUX
KOH(epeHIisX.

CrpykTypa quceprauiitnoi podorn.

AucepTanis cknanaeTes 3 aHOTaLlii, BCTYTTy, YOTHPBOX OPMIIHAJIBHAX PO3MLIB 3
PHUCYHKaMH, BUCHOBKIB i CIIMCKY BMKOPHCTAaHHX IKepell. 3arambHuil oOcsr quceprauil
CTaHOBUTH 152 cTopinku. Po6oTa MicTiTs 35 prcyHKIB Ta criEcok BHKOPHMCTAHHX JDKEpPeT
31 170 naiiMenyBaHb Ha 17 cTopiHKax.

KoxeH po3ziin € cTpyKTypOBaHUM i 3aBepIITyeThCS BUCHOBKAMI.

AHoTanis nucepranii HaBeneHa YKPalHChKOIO Ta aHIVIHCEKON MoBamu. VY Hiii
BifOGp@XEHO 3MICT Ta OCHOBHI HAYKOBi Pe3yIIbTATH.

Y BCTymi aBTOp BM3HAYAE OCHOBHI 3aBIAHHA IOCHI/DKEHHS, METy Ta CTHCIIO
OTIUCY€ aKTYyaTbHICTh BUOOPY TEMH HOCIIIKEHHS, 3a3HAYAE 06 €KT, IIPEIMET Ta METOMIU
JoCTiuKeHHs. OKpiM TOTO, Y IEOMY po3zini chopMyTEOBAHO HAYKOBY HOBU3HY, OIIHCAHO
TPAKTAYHE 3HAYCHHST OTPUMAHMX DPe3yIbTATiB, HABEAEHO BIXOMOCTI Mpo my6mikarii,
ocoGuCTHIl BHECOK 3100yBa4a Ta anpobaiio pe3yisTaTis nuceprariii.

Y nepmomy po3aiii MPOBENEHO OIISX JITEpaTypu 32 TEMOK AMCEPTAI[HHOT
POGOTH, OIUCAHO TEOPETHYHI Ta EKCTIEPHMERTATIBHI OCHOBH IOCILKEHHS. 3okpema Oyiu
HaBE/ICHI TOCMNIaHHA Ha POBOTH, WO AOCTiIKYIOTH Iepexoau Ta iHTephepoMeTpiro
Jlannay-3inepa-IlItiokens6epra-Matiopanu (JIZIIIM), aziabaTHYHO-IMITYIbCHY MOXENTD,
CKCTICPHMEHTANIbHI Ta TEOPeTHYHI pPOOOTH, TMOB’si3aHi i3 peari3alli€l0 KBaHTOBHX
JIOTIYHUX omepaliit 3a Jomomorowo mepexoxmis JIZIIIM, pobOTH, B SIKUX BUBYAIHCH
CHCTEMH 3 TIONBIMHUM 30y/UKEHHAM, POGOTH, i SKUX DeTATbHO PO3IMISAAIOTHCS NESKi
TNeBHI THIH KyOiTiB. Byno Hajano omucu XBaHTOBOT cMcTeMHM Ta MHHAMIKH IETeKTOpa
MIKPOXBHJIBOBHX (DOTOHIB HAa OCHOBi TOTOKOBOTO KyGiTa, sfKi BHKOPHCTOBYIOTHCS Y




4yeTBepTOMy po3aini. HaBeneni poboru nmpucssueri piBasaAEsM JliyBinns-¢on Helimana,
JlinaOnana, bnoxa, piBHSHHAM OayiaHcy.

Y apyromy po3aiji po3risaacTsCs BAKOPUCTAHHS aiabaTUYHO-IMITYIECHOT MO
1)1 peanianii KBaHTOBHX JIOTIYHMX OMNepallif 3a qonmomororo nepexoxis JI3IIM. By:io
JETallbHO PO3IVIAHYTO peanisamii ofZHOKYOiTHMX omeparii X, Apmamapa, ABOKYOiTHHX
onepaitii ISWAP Ta CNOT. Byno po3ristHyTOo MeTox onmTuMisamii peasizanii onepartii,
AKMH TOKpalye KOMOIHALI0 IIBHAKOCTI Ta JOOPOTHOCTI omepaimiil  muisxom
BHKODHCTAHHS 30BHIIIHBOrO 30y/DKYIOUOTO CHTHaNy i3 ©OararbMa epeTHHATH
KBa3IIEPETUHY PIBHIB €HEpriif, i3 [AETaJbHHUM alrOPUTMOM [ONIYKY TMapaMeTpin
30BHIINIHBOTO 30YIDKYIOUOro CcHrHally. HaBeleHO MNOpIBHSHHS IOXMOOK KBAHTOBHMX
JOTI9HMX omepariif, peanTi3oBaHNX KIACHYHMM METOAOM 3a JOIIOMOTOK0 Pabi-iMmymncy
Ta aIbTepHAaTHBHUM MeTogoM Ha ocHoBi JIBIIIM mnepexoaiB, 00 BHUBYAETHCS.
3alponoHOBaHMl  albTEPHATUBHUE MeTom Ta GopMymd Oynmu po3MMpeHi s
3aCTOCYBaHHs 11 OaratopiBHeBHX cucTeM. OKpiMm Iboro Oynu HaBeleHI YMOBH Ha
30yMKyrouurii CUTHaJ Ul iHITAX OBOKYOITHUX omepauiii: SWAP, kBagpaTHHI KOpIiHb i3
SWAP, kBagpatauit kopinb i3 iSWAP, CPhase, CZ, CS.

Y TperboMy po3aiji po3ITANAETBECS CIEKTPOCKOIMis GaraTopiBHEBMX KBAHTOBHX
CHCTEM Ha MPUKNIAL] KPEMHIEBOI JONUHHO-OPOITATBHOT MOBIMHOT KBAHTOBOT TOUKH, KA
sIBJIA€ COOOI0 YOTUPUPIBHEBY KBAaHTOBY CHCTeMY. PO3IUISIHYTO SIK CMrHAI 13 MOABIMHAM
30y/UKCHHSM BHKOPUCTOBYETBCS [UIS TIPOLECY TaK 3BaHOTO OMATaHHSA CHCTEMH,
PO3TNAHYTI OTpUMaHi OAATHEHI PiBHI eHepriii ABOPIBHEBOI CHUCTEMH. 3a JOMOMOTOIO
3acTocyBaHHsA pe3ynbTariB JI3IIM iHTepdepomerpii mwis HBOpiBHEBOI chcTeMH OyIii0o
pO3paxoBaHO Ta IPOAHANI30BaHO (OPMU PE3OHAHCHUX CMYyr Ha iHTepdeporpamax
JIBIIM (rpadik 3a1€5XHOCT] 3aCENEHOCT] BEpXHBOIO CHEPreTHIHOTO PIBHA Bif aMILTITY 11
30y/DKYIOHOTO CUTHAITY Ta €HEPreTHYHOI BiACTPOiikH). OTprMaHi TEOPETHYHI pe3yIbTaTh
MO0pe y3roKYIOThCA Ta MiATBEPIKYIOTCS SKCIIEPUMEHTAILHUMHI 1HTepdEpOrpamMamy.

Y yerBepTomy posaini Oyna po3risHyra 30yDKyBaHa MMOBIiHA KBAHTOBA TOYKA i3
OWCUNATHBHAM oOTO4YeHHsM. Ha excnepuMeHTanbHii inTepdeporpami JI3IIM wmiel
CACTEMH  CIOCTEpPIraroTbCs YOTHPH  PEXHMH 30y[UKeHHs: GaraTompoXimHui,
OZIHOTIPOXiZHMI, IBONIPOXiMHUH i HEKOTEPEHTHHH. 32 JOMOMOTOK PO3B’SA3KY PIBHAHHS
Jlina6nama 6yna obunciena Ta MpoaHamizoBaHA AWHAMIKa (3aI€XKHICTH WMOBIpHOCTEH
3aCeJIEHOCTEH PIBHIB CHCTEMH Bifl 4acy) B yCiX HOTHPBOX pexuMax 30ymKkeHHs. Takox y
IbOMY PO31iJ1i OyJ10 TPOAEMOHCTPOBAHO 3aCTOCYBAHHS a/11abaTHUHO-IMITyICHOT MOZET
Ta METOXy pIBHAHb OajlaHCy U1 ONMCY [OEAKUX THUIB JUHAMIK KBAHTOBHX
GaraTOpiBHEBUX CHCTEM i3 QUCHIIALIEI Ha TMPHKIANI AWHAMIKMA NPOLECY NEpe3apsaKu




JEeTEeKTOpa MiKpPOXBHUIIbOBHX (hOTOHIB Ha OCHOBI MOTOKOBOTO Kyb6ita. OTpuMaHa JMHAMIKA
700pe Y3TOKYEThCS 13 TOYHOKO JIHHAMIKOI0, OTPHMAHOIO 32 JI0TIOMOIO0 BUPIILEHHS
6impi cxmamgHoro pisHsHHS Jlinabnana.

OCHOBHI pe3ybTaTH POOOTH BUCBITIIEHO Y PO3/1iJli BHCHOBKH.

3ayBaKeHHH 10 puceprauifinoi poooTH.

1. V apyromy posaim JMcepTalii Ui pearisanii omepaiit ISWAP, CNOT wrcenbHo
PO3B’SI3YIOTHCS PIBHAHHS 2.82, 2.94, sinmoBinHo. BBaxaro, 1O 6yno 6 JOUiIIBHO
JOATH OITHC YMCEeThHUX IaKeTIB Ta {HCTpYMEHTIB, AKi BUKOPHCTOBYBAMCE U
YUCETBHOTO PO3B'A3KY LuX piBHAHE. HescHO, 1H HaBeeHl pillleHHs Wi 3HaUCHb
rapameTpiB 30y/DKyOHOro CHIHAITY € €M, Skio Hi, To 6yJio 6 paiioHalbHO
BKa3aTH, 3a AKAMH KPHTEPIAMH HPOBOAUBCH BimOip 3 iCHYIOUMX pilIeHb LAX
CHCTEM.

2. V mpyroMy po3fini IpH pO3rIIsii ABOKYOITHHX omepatiili GyB PO3TJIAHYTHI
raMinpToOHiaH aBOX KyGiri 3 XY-, ZZ-, JJ- tunamu B3aemomii. OfHaK He OyIo
HaBeIeHO MPUKIIAMIB CHCTEM KyGIiTiB 3 LIAMHM THITAMH 3B'S3KY MK KyOiTaMH.

3. V mpyromy posini Oymo 6 AOUiMBbHO OULTBIN JETANBHO PO3KPHTH 0OMEIKEHHS
MaKCUMAIbHOI IIBHIKOCTI OQHOKYOITHHX KBaHTOBUX JOTIYHAX ~OTepaLii,
peai3oBaHMX 32 NOIIOMOrOI0 36yKYIOUOro CHTHATY 3 OIHHM Ta JIBOMA
TiepeTHHAMK 00J1acTi KBa3inepeTHy piBHiB eHepriil KybiTa.

3ayBakeHb MO0 MOBHOTH T IOCTOBIPHOCTI BUKIIAJICHHA pe3ynbTariB, WO CYTTEBO

BIUTHHYJIM G Ha OLIHKY HEcepTaliifHol poOOTH HEMAE.

3arajibHi BACHOBKH.

Inceprauiiiaa podoTa € LiTiCHOIO 3aBEPILIEHO0 HAYKOBOIO TPAUCKO, IO MOBHICTIO
BiNOBia€ 3asABICHIN cremanbrocTi 104 «@isuka T2 actposoMis». OTpuMati
pe3yJIbTaTH MOBHICTIO BiATIOBI/IAIOTH 3aAB/IEHIA METi TOCHIDKSHHA.

Takum  UMHOM, OLIHWBIIA  AKTYalbHICTb, 3MicT, HAyKOBYy  HOBHU3HY,
06TPyHTOBAHICTh 1 JIOCTOBIPHICTH Pe3yINbTATiB, pinnosimmicts BuvoraM MOH Vkpainu
710 PoOIT Ha 3100yTTs CTYIICHS AOKTOpa himocodii BBaKaro, IO auceprauiiina podora
«3acTocyBaHHs iHTepdepomeTpil JIaHnay—BiHepa-IHTloKenb6epra—Ma:FIopaHH TSt
KOHTPOJIIO JMHAMIKH KBAHTOBUX CHCTCM sizmosinae Bcim Bumoram «ITopanky
IIPUCYKEHHS  CTYTEHs  A0KTOpa dimocodii Ta cKacyBaHHA pilmeHHs]  Pa3OBOi
creniamizoBaHol BYEHOI pafii 3aKjialy BULIOI OCBITHM, HAyKOBOI YCTaHOBU IIPO
TIPUCY/UKEHHS CTYIEHsd JOKTOpa dimocodii», 3aTBEPIKCHOMY MOCTAHOBOIO Kabinety
MinicTpis Ykpaiun Big 12 ciuns 2022 p. Ne 44 31 3minamMu Biz 21.03.2022 p. Ne 341, Bin
19.05.2023 p. Ne 502, Bix 03.05.2024 p Ne 507. Ha miit morysz, PuxoB Aprem IropoBu4




3aCITyroBy€ Ha IPUCYDKCHHS HAYKOBOT'O CTYIICHA TOKTOpa (hiocodii 3a CremiaibHiCTIO
104 «®izuka Ta aCTPOHOMIS.
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