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Pedepar:

1. Y pykonucy 3arpornoHOBaHO METOJ, MOEJIIOBAHHS i aHAJI3y IMITYyJIbCHUX Ta BUCOKOYACTOTHUX BJIACTUBOCTEN
0araToJOJIMHHYX HaMiBIPOBiIHUKIB. MoJielb 3aCTOCOBaHO 10 6€3 epebiibllieHHs Cy4acHUX, aKTyaJIbHUX i, K Oyze
IOBEJEHO Yy TOMY YUCJI Y PYKOIUCI, IepCIeKTUBHUX HaliBIIPOBiAHMKOBUX MaTepianiB GaN, AlN i InN, sxi 3apa3 Bce
OiypIIe CTAIOTh BifOMI Iif], y3arajbHIOI4Y0I0 Ha3Bow lII-HiTpuau. MeTo[ Biipi3HA€TbCS MOXKIIMBICTIO 3aCTOCYBAaHHS
OJIHOYACHO $IK /IS TUHAMIYHUX 3a71a4 y 4aci, Tak i 3MiHHUX y ITPOCTOPI MOJIiB Ta 36a71aHCOBAaHNM BUKOPHUCTAHHIM
004U CII0BATIBHUX PECYPCiB 6€3 iCTOTHUX BTPAT TOYHOCTI. Ba3ucom 3anrporloHOBaHOrO MiIX0y € YHMCEJIbHE PillleHHs
cucremu gudepeHLialbHUX PiBHSHD, SIKi OTPUMaHi 3 KIHETUYHOTO PiBHSIHHS BosibliMaHa y HaG/IDKeHH] 4acy
penakcanii no gpyHkuii posnoginy y k-ipocropi. Lli piBHSIHHS BioMmi Mif, y3arajbHeHOO Ha3BOIO peJlakCaliiiHuX. B
aHIJIOMOBHIH JiTepatypi el MeToH, 3ycTpiuaeThbcs mif Ha3Boio «Method of moments» (MeTon MOMeHTIB). Ajie Ha



BiIMiHY Bill TPaJULiTHOrO BUKOPVCTAHHS PiBHSHD [JIs1 KOHLIEHTPALlii HOCIIB, IX iMITyJIbCy i eHepril y npaui
BUKOPHMCTAHO 3aMiCTb PiBHSHHS peJlaKkcallii eHeprii piBHSAHHS [J1S1 €JIEKTPOHHOI TEMIIEPATYPH Y SIKOCTi Mipu
CepeIHbOI €HePril TiJIbKK XaOTUYHOrO pyxy. Jlpyra NpMHUMIIOBA BiIMiHHICTB IIOJISIrae B TOMY, IO YacCH peJlakcalii
BU3HAYAIOThCS Yepe3 yCcepeJHEeHHsI KBAHTOBOMEXaHIYHMX MBUIKOCTEN PO3CilOBaHHS, 3a3BU4ail BUKOPUCTOBYBAHUX
y metoai MonTe-Kapiio, 1j1s1 OKpeMUX BUIIIiB PO3CIIOBAHHS, 4 HE SK iHTerpajibHi 3Ha4EHHS i3 CTATUYHUX
XapaKTepUCTUK MaTepiasny. Pi3Hi MexaHi3aMu po3ciloBaHHS HOCIIB BpaxOBYIOTbCS Yyepe3 creln@iyHi 11 HUX 4acu
peJiakcalii 3a JOIIoOMOr'M IPOBEJIEHHS yCePeHEHHS 32 MAaKCBEJIIIBCbKOIO (PYHKIIi€I0 PO3IIOAiNy B HAOIMKEHHI
€JIEKTPOHHOI TemnepaTypu. CucremMa OTPUMaHUX PiBHSAHD BKIIIOYA€E PIBHSIHHS Y YACTUHHUX MOXITHUX SIK 32 4aCOM
TaK i 32 KOOpJUHATaMU, 1O 1a€ MOXKJIUBICTD LOCIIUTYU XapaKTEPHi IPOSIBY iMITyJIbCHUX BJIaCTUBOCTEN
HaMiBIPOBIIHUKOBUX MaTepiaiiB, 30KpeMa: «6aliCTUMHUI TPAHCIIOPT» HOCIiB Y IPOCTOPi Ta €(PEKT «CIJIeCKy»
npeiidoBoi MBUAKOCTI y Yaci. Bnepiue po3ryisHyTo BUkopuctaHHs Oyp’e-niepeTBOpeHHs iMITyIbCHOI 3a/1€5KHOCTI
IpeidoBoi MBUAKOCTI HOCIIB 17151 069N CIEHHSI MAKCUMAaJIbHUX YaCTOT, HA SIKUX Y HaMiBIPOBIIHUKY MOXJIABA
IpoBigHiCcTh. PopMa CIIEKTPaJIbHOI XapaKTEepPUCTUKY IIBUNIKOCTI peiidy HOCIIB IeMOHCTPYeE 3B'S130K 3 MeXaHi3MaMu
PO3Cil0BaHHS, SKi IEPEBAKAIOTH B JAHOMY €JIEKTPUYHOMY 110J1i. BiactusocTi III-HITpUZiB B CUIEHOMY
€JIEKTPUYHOMY I10J1i TPOaHasi30BaHO y YaCTOTHIN 06J1aCTi i pOOMTHCS MOPiBHSHHS 3 ONY0JIIKOBAHUMU METOJlaMU
OL[iIHKM MaKCUMaJIbHUX 4aCTOT MPOBiAHOCTI HAMiBIIPOBIAHUKOBUX MaTepianiB. [lokazaHo, 110 rpaHUYHI YaCTOTU
301/IbLIYIOTHCS i3 3pOCTaHHSIM HaIIPY>KEHOCTI €JIEKTPUYHOrO M0JIs i CKIafatoTh 0 I1I-HiTpuaiB coTHi rirarepiis, a
IJ1s1 HITPUJY aJIIOMIHII0 30KpeMa NepeBUILYIOTh TUCSYY rirarepuis. Lle noB’a3aHo, 32 BACHOBKaMU POOOTH, 3
HaWO6I/IBIINMU [1J151 HBOTO MiKIOJIMHHUMU BiICTaHSIMU i BilIOBiIHO 3 IOPiBHSIHO OCJIA0JIEHUM MiKIOJIVMHHUM
poscitoBaHHsM. [IpoBeneHuI aHasi3 IPOCTOPOBOrO IIPOSIBY €(PEKTY «CIIJIECKY» AEMOHCTPYE MOXJINBICTD
6aJ1iCTUYHOrO MPOJIbOTY HOCIiB (TPaKTUYHO 6€3 3iTKHEHb) y CUJIBHOMY I10J1i Ha BiJICTaHi 10 COTUX i AeCITUX YaCTOK
MikpoMeTpa.

2. The dissertation work proposed a method for modeling and interpreting the high-frequency characteristics of
multi-valley semiconductors, in particular, GaN, AIN, and InN. The model is practiced to state-of-the-art,
encouraging, and relevant materials GaN, AIN, and InN, which are now recognized under the generic name III-
nitrides. The method is noticed by the economical use of computational resources without meaningful loss of
accuracy and the feasibil-ity of using both for dynamic tasks over time and variables in the scope of fields. The
introduced approach is based on solving a system of differential equating, which are known as relaxation equations
and are obtained from the Boltzmann kinetic equating in the relaxation time approximation by averaging over k-
space. In English literature, this method is known as the "method of momentum." Indifference to the traditional
system of equations for the concentration of carriers, their momentum, and energy, here, alternately of the energy
relaxation equation, the equation for electron temperature is done as a measure of the energy of only chaotic
movement. The second meaningful difference is that the relaxation times are not defined as integral values from
the static properties of the material, but for averaging the quantum-mechanical scattering rates usually used in the
Monte Carlo method for particular types of scattering. The averaging was made over the Maxwell distribution
function in the electron temperature approximation, as an outcome of which numerous mechanisms of carrier
scattering through their explicit relaxation times are taken into account. Since the system of equations applied
includes equations in partial derivatives concerning time and coordinates, it performs it possible to examine the
characteristic demonstrations of the impulse properties of the materials under consideration, particularly, the
time effect of the “overshoot” of drift velocity and the spatial “ballistic transport” of carriers. For the first time, the
use of the Fourier transform of the impulse dependence of the carrier drifts velocity to calculate the highest
frequencies inherent in a semiconductor is recognized. A relationship was found between the contour of the
spectral characteristic of the drift velocity and the scattering mechanisms that predominate in a given electric
field. The characteristics of III-nitrides in the frequency region in a strong electric field are investigated and
correlated with existing methods for predicting cut-off frequencies. It is determined that the limiting frequencies
increase with increasing electric field strength and result in hundreds of gigahertz, and for aluminum nitride, it
passes one thousand gigahertz. This is due, obviously, to the greatest for him inter-valley distances and, therefore,
with a decreased inter-valley scattering. The study of the spatial manifestation of the splash effect gives the



possibility of an approximately collisionless, ballistic flight of electrons in a strong field at ranges up to hundredths
and tenths of a micrometer.
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