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1. KBaHTOBI CTaHM CBITJIa, gKi HE MOXYTb OyTH IPEJICTABJIEH] K CTATUCTUYHI CyMillli KOTEDEHTHUX CTaHiB,
Ha3MBaIOTh HeKJIacnYHMMU. POpMasIbHO Lie 03Hauae, mo ixHa [naybepa-Cymapumana P-dyHKuis € Bin'eMHOI0 260
BHCOKOCUHTYJISIPHOIO. TaKi CTaHU JieXXaTh B OCHOBI KJII0UOBUX €(deKTiB KBAHTOBOI ONTHKU, TAKUX SIK
aHTUTPYIyBaHHS (POTOHIB, KBalpaTypHE CTUCHEHHS Ta CyOIlyaCCOHIBCbKOI CTaTUCTUKU (POTOBINJIIKIB, i € pecypcom
D711 KBAHTOBOI METPOJIOTi, KBAHTOBUX KOMYHiKallil1, KBAHTOBOTO CEHCOPUHTY, CXEM OO30HHOTO CEMILIIHTY Ta iHIINX
KBAaHTOBUX JIIHIHHMX Mepe’K, KBAHTOBUX SIAPOBUX METOIB, & TAKOX /IJIsI reHepalii 6araTo4yaCTUHKOBOI 3aIJTyTaHOCT]
3a IOTIOMOTOI0 [IaCUBHUX JIiHIMHO-ONTUYHUX €JIeEMEHTIB. CamMe TOMY JOCTOBIpHE BUSBJIEHHS HEKJIACUYHOCTI €
HEOOXiJIHOIO [1J11 PO3BUTKY LIMX KBAHTOBUX TEXHOJIOTIN. besnocepeHe ekcliepuMeHTasbHe BilHOBIeHHS P-QyHKuii
3a3BMYall HEMOJKJIMBA Yepe3 il CUHTYJIIPHUM XapaKTep, a HasBHI HENIPAMI 03HAKHU, TakKi AK napameTrp Manpend Q,

HepiBHOCTi Knmnika a6o cy66iHOMianbHMI TapaMeTp, OPiEHTOBaHI Ha KOHKPETHI CIIOCTepesKyBaHi BEJIMYMHY Ta €



JiAlle JOCTAaTHIMU yMOBaMU. 3arajbHa MifXif, 1[0 CIIUPAETHCS Ha OMYKJy CTPYKTYPY MHOKMHU KJIACUYHUX
CTaTUCTHUK Ta HA ITOKaKYMKOBI HEPIBHOCTI, 1110 BUIJIMBAIOTD i3 TEOPEMU IIPO PO3LibHY rilepIIOUHY, 3'IBUIacs
Juule HewoAasHo. [Ipore ii npsiMe 3acTOCyBaHHS 4aCcTO € OOUMCIIIOBAJIBHO CKJIQIHUM, 10 3yMOBJIIOE [TOTPEDY B
CHACTEMATUYHOMY CII0CO0i OTPUMaHHS HaMOiIbII TOKAXKYMKOBUX MIiIJIbHUX (2060 Hal6inbIl iHPOPMATUBHUX). METOI0
nuceprauii € po3po6ka i 3aCTOCYyBaHHSI CUCTEMATUYHOI'O TEOPETUYHOTO MiIXOAY 10 MiATBepIKeHHS HEKJIACUIHOCTI
CTaTUCTUKU BUMIPIOBAaHHS KBAHTOBOTO €JIEKTPOMArHiTHOTO BUITPOMIHIOBAaHHS B pealiCTUYHUX Ta iHdbopmMaliiiiHo
HEIOBHUX €KCIIEPUMEHTAIbHUX YMOBaX. JI71s1 JOCSTHEHHS 1liei MeTH NOCTaBJIEHO TPY OCHOBHI 3aBaHHs. [To-niepiue,
c(OpMyJIIOBATU CTPOre MOHSATTS WiTbHUX HEPIBHOCTEH, IO 3a0€3M1€4yI0Th MiHIMaJIbHUI i BUMEPITHUN HAbip
JIiHIMHUX YMOB KJIACUYHOCTI JIJ151 3aJJaHOi cxeMHU BUMipIoBaHHS. [lo-mpyre, oTpuMary misbHI HEPIBHOCTI 114
[IPAKTUYHO 3HAYYIIMX CXEM BUMIPIOBaHHS 3 yPaXyBaHHAM €KCIIEPUMEHTAIbHUX HEJOCKOHAJIIOCTEN, TAKUX K
ONTUYHI BTPAaTH, OOMEXEHA PO3MiJbHA 3IAaTHICTb NETEKTOPIB Ta HEY3TOAKEHICTb Mog,. [To-TpeTe, po3pobuTn
METO/IY BUSIBJIEHHS IIPUXOBAHOI ONTUYHOI HEKJIACUYHOCTI (HEKJIACUYHOCTI, SIKY B IPUHLIUII HEMOJKJIMBO BUSIBUTH
SKOJJHUM CIIOCOOOM, IIIO 3aCTOCOBYETHCS IO OTHOMOOBUX CTAaTUCTUK BUMIPIOBaHHS) LIIJISIXOM BUKOPUCTaHHS
CIIiZIbHOI CTPYKTYPH IIOB'SI3aHUX CTaHiB, TaKMX SIK CTAHH, 10 FOTYIOTbCS YMOBHO Y IBOMOJOBUX CXeMax. Y
JucepTalii po3pobseHo yHi(piKoBaHUI TEOPETUYHUI anapar, sIKUI IIpeJCTaBIlsle€ BUSBIEHHS HEKJIACUYHOCTI
CTaTUCTUK BUMIPIOBaHb 4K 33/1a4y ONYKJIOi reOMeTpii Ta Teopii y3araJibHEHNX MOMEHTIB i 32 PaXyHOK SIKOTO
MOXJIMBE BUBEIIEHHS IPAKTUYHUX KPUTEPIiB AJ1s1 peasiCTUYHUX cxeM PoToneTekTyBaHH4. LllinbHi HepiBHOCTI
3a0€3M1e4yI0Th HAMICUJIbHIlI YMOBY KJIACUYHOCTI, SIKi MOJKHA OTPUMATH 3 IaHOTO HAOOPY €KCIIEPUMEHTAJILHAX
IAHUX, i 3JIMIIAI0THCS 3ACTOCOBHMMH B IIPAaKTUYHUX CLIEHAPIsX, 0 BPAXOBYIOTh €KCIIEPUMEHTAJIbHI
HEeIOCKOHAJOCTI. [ToKka3aHo, 110 BOHU [1I€PEBEPIIYIOTh 3araJIbHOIIPUIHATI yMOBU HAa OCHOBI AUCIIEPCii y KOHKPETHUX
€KCIIEPMMEHTAJIbHO 3HAUYIIMX [IPUKIIALAx, TAKUX SIK CyIlepIlyacCOHIBChbKi padocTUCHEHI cTaHu. [1o6ymoBa Mogeni
JIOKAJIbHUX MTPMXOBAHUX KJIACUYHUX CTaHIB Ja€ 3MOTy BUSIBUTU HEKJIACUYHI PUCU YMOBHO [IPUTOTOBJIEHMX CTaHIB,
HEJIOCTYIIHI 171 6yib-SKOr0 OLHOMOJIOBOTO aHali3y, 32 paXyHOK JeMOHCTpalLlii HeKJIaCUYHOTO CTipUHTY abo, 1110
€KBiBaJICHTHO, ITOPYLIEHHY Liiel MO, Y CYKYITHOCTI Lii Pe3yJIbTaTh PO3LIMPIOIOTh MOKJINBOCTI BUSBJICHHS
HEKJIACMYHOCTI B PeliCTUYHUX KBAHTOBO-OITUYHUX €KCIIEPMMEHTAX i CTBOPIOIOTh HaAiHYy IJIaTGOpPMY ISl

MO AJIbIIOrO PO3UIMPEHHS Ha iHIII eKCIIEPUMEHTAJIbHI CXEMU.

2. Quantum states of light that cannot be represented as statistical mixtures of coherent states are said to be
nonclassical, equivalently characterized by a negative or highly singular Glauber--Sudarshan P function. Such
states underlie core quantum-optical effects---antibunching, squeezing, and sub-Poissonian statistics---and
serve as the operational resource for quantum metrology, communication, sensing, boson sampling, and quantum
kernel methods, as well as for the generation of multipartite entanglement via passive linear optics. Reliable
certification of nonclassicality is therefore essential for the development of these quantum technologies. Direct
reconstruction of the P function is typically infeasible due to its singular nature, and existing indirect criteria---
such as the Mandel Q parameter, Klyshko's inequalities, or the sub-binomial parameter---target specific
observables and provide only sufficient conditions. A general framework based on the convex structure of the set
of classical statistics and on witness inequalities from the hyperplane separation theorem has emerged only
recently, but its direct application is often computationally prohibitive---calling for a systematic way to extract
the tightest---or most informative---witnesses. The aim of this thesis is to develop and apply a systematic
theoretical framework for certifying nonclassicality of measurement statistics of quantum electromagnetic
radiation under realistic and informationally incomplete experimental conditions. More specifically, three
objectives are pursued. First, to formulate a rigorous notion of tight inequalities that provides a minimal and
exhaustive set of linear classicality conditions for a given detection scheme. Second, to derive tight inequalities for
practically relevant measurement schemes, accounting for experimental imperfections such as optical losses,
limited resolution, and mode mismatch. Third, to develop methods for revealing latent optical nonclassicality---
nonclassicality that cannot be detected in principle by any test applied to the individual measurement statistics---
by exploiting the shared structure of related states, such as those conditionally prepared in bipartite schemes. The
thesis develops a unified theoretical framework that casts the certification of nonclassicality of measurement
statistics as a problem in convex geometry and the generalized moment theory, and turns it into a collection of



practical criteria for realistic photodetection schemes. Tight inequalities provide the strongest classicality
conditions extractable from a given set of measurement data and remain applicable in practical scenarios that
account for experimental imperfections such as optical losses and limited detector resolution. They are shown to
outperform traditional variance-based tests in concrete experimentally relevant examples, including super-
Poissonian phase-squeezed states. The introduction of the local hidden classical states model enables one to
reveal nonclassical features of conditionally prepared states that are inaccessible to any single-mode analysis, by
exhibiting nonclassical steering---or equivalently, a violation of this model. Taken together, these results enlarge
the reach of nonclassicality certification in realistic quantum-optical experiments and provide a solid foundation
for further extensions to other experimental schemes.
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