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1. CTpyKTypHMI1 Ta PYHKLIOHATBHUI CUHTE3 pafioeIeKTPOHHUX 3aC00iB iMITyJIbCHOI CIIEKTPOCKOIIii MaTepialiB 3

KBaIPyIIOJIbHUMU SIpaMU aTOMIB.

2. Structural and functional synthesis of the radioelectronic means for pulsed spectroscopy of materials with
quadrupole nuclei of atoms.

Pedepar:

1. Inceprariiio NpUCBsSYE€HO PO3POOJIEHHIO HAYKOBOTO 6Aa3MCy Ta allapaTHO-NIPOrPaMHiil peasisallii NpUHIUIIOBO
HOBUX PillleHb [ BIIPOBAPKEHHS eKCIIePMMEHTaIbHUX METOIiB iMIysibcHOI Dyp'e Ta pesakcaniitHoi
CIIEKTPOCKOIIii SII€PHOT0 KBaAPYIOJBHOTO pe3oHaHcy. HayKoBi focligpKeHHs i po3p0o0KH, 110 NPeCTaBIIeH] B
IycepTaliiiHill poboTi 6a3yl0TbCsl HA PO3B'sI3aHHI 3aBAaHb aHali3y, CUHTE3Y, OTUMi3allii CTPYKTYpHUX Ta
NPUHLMIIOBUX CXEM i PEXXMUMIB ix po60TH. Lle YMOXKIIMBUIIO JOCATHEHHS! METU JOCJIiI)KEHHS — alapaTHO-
IIPOrpamHoi peasisallii TOPTaTUBHOTrO PalioCIIEKTPOMETPA SAEPHOTrO KBAAPYIIOJIbHOIO PE30HAHCY i3 [IOKpalleHUMU
CUTHAJIBHMMU Ta €HEPTeTUYHMMU XapaKTE€PUCTUKAMU LIJIIXOM CXEMHOTO CMHTE3Y Ta ONTUMIi3allii pe>XXnMiB pOoOOTH.
Po3po6ieHo iMiTaliliHy MOJI€JIb iMITyJIbCHOTO METO/ly CIIOCTEPESKEHHS SII€PHOTO KBAAPYNOIbHOIO PE30HAHCY Ha

OCHOBIi 6a30BOi CTPYKTypH OJHOKOTYIIKOBOI'O KorepeHTHoro Qyp’e-pasiocrieKTpomeTpa 6€3 nepeTBOpeHHsI Hecy4oi



4yacToTu. [IpoBeileHO KOMITIOTEPHE MOZEIOBAHHS CUTHAJIBHUX IIEPETBOPEHb CUTHAJY BiIbHOI iHAYKLIi Ta crliHOBOI
JIyHU B Paflio4acTOTHUX TPaKTax iMITyJIbCHOTO PalioCIIEKTPOMETpa MIPU CUHYCOiaIbHOMY Ta IIYMOBOMY 30YIKeHHi
pesoHaHcy. [IpoBeieHO po3paxyHOK Ta PO3po6JIEHO 1ab0PaTOPHUI MaKeT eHeproedeKTUBHOIO IMPOKOCMYTOBOTO
nepenasaya, 1o MoKe 6yTY BUKOPUCTAHWH IPYU BUBYEHHI i30TOMIB 3 KBa/l-pynoabHUMU MoMeHTamu 14N, 35CI,
63Cu, 69Ga, 71Ga, 113In, 115In Ta inmux. Ha 0CHOBI mporpamMHOro Ta anapaTHOro 3abesneyeHHs gipmu “Altera” Ta
CHCTEM aBTO-MaTHU30BaHOro rnpoektyBanHs Quartus I i Altium Designer po3po6sieHo KOHQIrypaLiiiHi CTpyKTypH i
IIPUHIMIIOBI CXEMU CUHTE3aTOPa YacToT, IporpamaTopa 6araToiMIyibCHUX [10C-JIiIOBHOCTEN, aHAJIOTOBUX
BHCOKOYACTOTHUX MOJYJIiB T2 CUCTEMU KEPYBAHHS PajflioCIIEKTPO-METPOM. 3 METOIO JOCIIiIP)KEHHS SIKOCTi Ta
BHMBUYEHHS CEHCOPHUX BJIACTUBOCTEN NIPOBEAEHO €KC-TIEPUMEHTAJIbHI CIIOCTEPEKEHHS SIEPHOTO KBAIPYIIOJIBHOTO
PE30HAHCY B MaJIUX 00’eMax La-pyBaTUX HAMiBIPOBITHMKOBUX KpucTaiiB GaSe Ta InSe 3 BUKOpUCTaHHIM
KOT€PEHTHOTO J1ab0-PaTOPHOTO PaiioCIIEKTPOMETPA Ha OCHOBI 6araToQyHKIiOHaJILHOTO IPOrPAaMHO-KEPOBAHOTO

11(PpPOBOrO OGYUCIIIOBAJIBHOTO SIpa.

2. The thesis is dedicated to development of scientific basis and hardware-software imple-mentation of
fundamentally new solutions for the experimental methods deployment of pulsed Fourier spectroscopy of nuclear
quadrupole resonance (NQR). Scientific investigations and developments represented in the thesis are based on
solving the algorithmic, circuit, configuration-structural problems whose solution allowed achieving the purpose
of the study, namely implementation of hardware-software complex radio technical system of recording NQR
signals by improving pulse excitation method and the algorithms of informational transformation of spin induction
decay signals to solve the problem of accuracy of the study of semiconductor structures of small volumes. A
simulation model of pulsed method for NQR observation was developed on the basis of single-coil coherent
Fourier radio spectrometer without carrier frequency conversion. Com-puter simulation of signal transformations
of the free induction signal and spin echo in radio frequency paths of pulsed radio spectrometer at sinusoidal and
noise excitation of resonance was carried out. The dependences of parameters of signal energy spectra at the
output of transmitter of NQR pulsed spectrometer on the duration of sine and noise excitation pulses were
studied. The energy efficiency was calculated, and the laboratory model of energy-efficient broadband transmitter
was developed that can be used in the study of isotopes with quadrupole moments 14N, 35Cl, 63Cu, 69Ga, 71Ga,
113In, 115In, etc. A parametric estimation of the efficiency of generation algorithms most suitable for syn-thesis of
digital periodic signals on the basis of embedded hardware systems was performed. On the basis of modeling
syntax of dynamic modes in logical structures, formation algorithms of multi-pulse Han, Carr-Purcell, and
Meiboom-Gill sequences were developed for the relaxation spectroscopy of nuclear quadrupole resonance. A
hardware-software data collection system for pulsed NQR spectrometer was developed. Experimental testing of
coherent laboratory radio spectrometer based on a multi-functional software-controlled digital computing core
was performed by pulsed observation of nuclear quadrupole resonance in small volumes of layered semiconductor
crystals GaSe and InSe for the purpose of studying their quality and sensor properties.
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