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1. KineTuka esIeKTpOHiB i GOHOHIB TBEpIOro Tijla 3 ypaxyBaHHIM peJlakcallilHUX CTYIEeHiB cCBO6oaU

2. Kinetics of electrons and phonons of a solid taking into account relaxation degrees of freedom

Pedepar:

1. PoboTa rpyHTY€eTbCSl HA METO[i CKOPOYEHOT0 onucy boroso60Ba, sIKUil 3aCTOCOBYETHCS 4O KBAHTOBOTO PiBHSIHHS
JliyBisnsl Ta KiHETUYHUX PiBHSIHB. JJOCIIKYIOTbCS €J1eKTPOH-(POHOHHI IIPOLIECH B MOJISIPHAX KPUCTAIAX
(mienexTprKax Ta HaMiBIPOBiHMKAX) Ta POHOHHI NIPOLIECH Y JieJeKTPUKax. B OCHOBY PO3IJsiy MOKIaLeHO
(dyHKLiOHaNbHY rinortesy. [Ipu Hbomy y3araabHeHO MeToj, YennmeHa-EHCKora Ha BUNAIOK BPaxyBaHHS
peJlakcaliliHuX npolecis 6is14 iX 3aKiHYE€HHS Ta IPOCTOPOBOI HEJIOKAJIBHOCTI iHTerpasy 3iTKHEHb. 3alIpOIIOHOBAHO
niaxin go no6ynoBU KiHETUKY MOBHO OMMCAHOI CUCTEMU Y PIBHOBRXKHOMY Ta HEPIBHOBaXXHOMY CEPELOBUIL.
[TokazaHo poJsib CTOXaCTUYHOTO METOJLY Y I10OYJ0Bi CKOPOUYEHOr0 OIKUCY 3 YPaXyBaHHS HEPiBHOBAKHUX (QIIYKTyaLii
(kopesnauiit). Ha 11i#1 oCHOBI: BUBeleHO KiHeTUYHe PiBHSIHHS 7151 CUJIbHO HEOJIHOPIAHUX CTaHIB [10JISIpOHA Y
MOJISIPHOMY KPUCTAJi y BUMAJKy KBa3ipiBHOBaKHOTO CTaHy (POHOHHOI IiICMCTEMHU Ta IIPU HASIBHOCTI CUJIBHOTO
€JIEKTPUYHOTO I10J151; BUBEIEH] PIBHSAHHA TiAPOAMHAMIKY IOJISIPOHHOIO ra3y B [IOJSPHOMY KPUCTalli 3 ypaxyBaHHAM

peJlakCalifHuX i AMCUTIATMBHUX IIPOLECIB Ta CUJIBHOI HEOJHOPIJHOCTI CTaHy CUCTEMU; BUBEEHI PiBHAHHS



rigpogrHamiku (OHOHHOI MiACMCTEMU [ieJIEKTPUKA 3 YPaxXyBaHHSM peJIaKCaliliHUX Ta JUCUIIATUBHUX IIPOLIECIB.
BcranoBeHO, 10 JI0KaIbHA PiBHOBAra B CUCTEMI IIpY HASIBHOCTI peJlaKCalliiHUX MIPOLECIB MOPYIIYETHCS, alle
(OHOHHIM TigpoayHaMilli IPU HU3bKUX TEMIIEpaTypax LIUM MOKHA HEXTyBaTU. BcTaHOBJIEHO, 110 BpaxyBaHHs
peJlakcalifiHuX MpoLeciB 3MiHIOE BUpa3y [AJ1s1 KiHeTUUHUX KoedillieHTiB cucteMu. JJocuigkeHa ocobamuBa posib
IIPOLIECIB IEPEKUAHHS Y CTAL[iOHAPHUX CTaHAaX CUCTeMU. Ha OCHOBI CTOXaCTUYHOIO METONY Y KiHETHII MTOJISIPOHIB
y rifpoarHamMivHOMYy (POHOHHOMY CepeloBUIi BpaxOBaHO GiHapHi KopessLii sSIK HOBi TapaMeTpy CKOPOYE€HOT'0
onucy. Husky piBHsIHb, [0 sIKUX Befe meTof YenmeHa-EHcKora, HabIMXeHO pPO3B's13aHO HIJIIXOM PO3BUHEHHS 32

OpPTOTrOHaJIbHUMU MMOJIiIHOMaMU.

2. The work is based on the Bogolyubov reduced description method which is applied to the quantum Liouville
equation and kinetic equations. Electron-phonon processes in polar crystals (in dielectrics and semiconductors)
and phonon processes in dielectrics are investigated. The consideration is based on the functional hypothesis. The
Chapman-Enskog method has been generalized for the case of presence of relaxation processes at their end and
spatial non-locality of collision integral. Approach to construction of kinetics of completely described system in
equilibrium and nonequilibrium medium has been proposed. Role of the stochastic method in construction of the
reduced description taking into account nonequilibrium fluctuations (correlations) is shown. On this base: kinetic
equation for strong non-uniform states of polarons in the case of quasi-equilibrium states of the phonon
subsystem and in the presence of strong electric field is obtained; hydrodynamic equations for low density polaron
gas in polar crystals are derived taking into account relaxation and dissipative processes and strong non-
uniformity of states of the system; hydrodynamic equations for phonon subsystem of dielectrics with account for
relaxation and dissipative processes are built. It is established that in the presence of relaxation processes local
equilibrium assumption is not valid but in phonon hydrodynamics at low temperatures one can neglect by this
phenomenon. It was shown that relaxation processes change expressions for kinetic coefficients of the system. A
special role of the Umklapp processes in steady states of the system has been investigated. On the basis of
stochastic method binary correlations as a new reduced description parameters are taken into account in polaron
kinetics in hydrodynamic phonon medium. A number of equations which the Chapman-Enskog method gives were
approximately solved by expansion in orthogonal polynomials.
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