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1. HaykoBi OCHOBU BILJIMBY BUCOKOKOHIIEHTPOBAHHUX [IOTOKIB €HePrii Ha CTPYKTYpy Ta (Pi3n4Hi BI1aCTUBOCTI
TepPMOEMITEPIB

2. Scientific bases of influence of highly concentrated energy fluxes on the structure and physical properties of

thermionic emitters

Pedepar:

1. O6'exT mocmimkeHHs — nporecu Qi3uKOo-TexHIiYHOi 06pOOKYU MaTepiasiB iHTEeHCUBHUMU MTOTOKAMU €HEePTii i
YaCTMHKaMMU; MeTa JOCJIiKEHHS — pO3p00JIeHHSI HAYKOBUX OCHOB BIJIUBY BUCOKOKOHIIEHTPOBAaHUX IIOTOKIB €Heprii
1 YaCTMHOK Ha CTPYKTYPY i Pi3U4Hi BIaCTUBOCTI TEPMOEMITEPIB 11711 CTBOPEHHS BUCOKOEMICITHUX TEPMOEMITEPIB,
[IPM3HAYEHMUX 1111 POOOTH y IIPUCTPOSIX aBialliiHO-KOCMIYHOI TEXHIKM i CyJaCHUX TE€XHOJIOTIYHUX [IPUCTPOSIX
(}i3nMKO-TeXHIYHOI 06POOKHU; METOIY AOCIIIPKEHHS — TEOPETUYHI [OCTiI)KeHHSs 6a3yI0ThCSI HA MTOJIOKEHHSIX 30HHO]
Teopii HaMIBIIPOBINHUKIB, 171 aHAJII3y TEMIIEPATYPHOTO I10JI TEPMOEMITEPA 3aCTOCOBAHO TEIJIOBY MOJIEJ/Ib KAaTOAA,
SIKUI ITpalioe 3 6e3nepepBHUM a00 iMITyJIbCHMM BiIOOPOM CTPYMY BEJIMKOI I'YCTUHU, iMITyJIbCHUI BUCOKOBOJIbTHUI

11po6ili MasIoro BaKyyMHOTO IIPOMDKKY PO3IJISIHYTO B paMKax aHOJHOTO MeXaHi3My, y IPUIYIIeHH]



€JIEKTPOMArHiTHOI HECTIMKOCTI CTPYMY Y PEYOBYHI, BAHECEHOI B MDKEJIEKTPOIHUM IIPOCTIP 3a iHTEHCMBHOTO
6oMbapIyBaHHS aHOMA €JIEKTPOHAaMU, 1[0 eMiToBaHi 6e3rocepeiHb0 KaTOIOM, eKCIIepUMeHTaIbHI JOCTiI)KeHHS Ha
MOJ€pPHI30BaHOMY i crieliaIbHO BUTOTOBJIEHOMY O0JIafiHAHHI, JOCIIipKEHHS CTPYKTYpH i CKJasy Marepiais
TEPMOEMITePiB 3[iICHEHO METOJIOM PACTPOBOI €JIEKTPOHHOI MIKPOCKOIIii 3 pEHTI€HiBCbKAM MiKpOaHali3oM, poboTa
BUXOJy €JIEKTPOHIB BU3HA4YaIacs 3a METOLOM IIOBHOT'O CTPYMY, €pO3iliHEe BUHECEHHS MaTepiany emitepa
ITOPO>KHUCTOrO KaTOJla KOHTPOJIIOBAJIOCS METOIAMY ONITUYHOI €MICiIHOI CIIEKTPOMETPii HU3bKOTEMIIEPATYPHOL
II71a3MMY; Pe3yJIbTaT — CTBOPEHI TEpMOEMiTepH i3 MaTepiasiB B cucTemi ragpHat 6apilo-CTPOHLIIO 3
IpibHOAUCIIEPCHUM BOJIb(PPAMOM JONYCKAIOTh MPOBEIEHHS aKTUBYBAaHHS €MiCiIHMX BJIACTUBOCTEN 11032
[IPUCTPOEM, TEPMOEMITEpH i3 CIIPSIMOBAHO 3aKPUCTAIi30BaHOTO KoMro3uTy 60 mac. % GdB6-40 mac. % VB2, mo
3a3HaJIM BIUIMBY KUCHIO I1pU TemIiiepaTypi 1796 K pekoMeH0BaHO [0 BUKOPUCTAaHHS Y €JIEKTPOHHO-TIPOMEHEBUX
rapmMarax, 1jid TepMoeMitepa i3 marepiany LMpKoHAT 6apito 3 40 Mac.% BosibdpamMy B [ialla3oHi TEMIIEPATYP
1500...1850 K BusiB€Ha 06/1aCTh TUCKIB MOBITPS, B 5IKiil HE CIIOCTEPIraeTbCsl OTPYEHHS, PO3POOJIEHO METO],
BU3HAYEHHS 3aJI€XKHOCTI €EMICIFIHOTO CTPYMY BiJl aHOJHOI HAIIPYTU [IJIs1 TEPMOEMITEPA IIPY iMITyJILCHUX
BMMIpIOBAaHHSIX, Y SIKOMY 1i5 3QJIE>KHICTb BiIHOBJIIOETHCSI HA OCHOBI BUMIPSIHUX 3aJI€5KHOCTEN Bif 4acy Hanpyru i
BiTIOBiHOTO BiI'yKY aHOJHOTO CTPyMY Ha ()POHTI Ta 3pi3i NPSIMOKYTHOTO BUCOKOBOJIbTHOI'O iMITyJIbCY; HOBM3HA —
BHMBUYEHO Ta BUSBJIEHO 3aKOHOMIPHOCTI 3MiHU CKJIaZy, CTPYKTYPU ¥ €MiCilHUX BJIaCTUBOCTEN TEPMOEMITEPIB 3
KOMIIO3ULiIiHMX MaTepiaziB B cucTemi ragHaT 6apilo-CTPOHLIIO 3 BOJIbPPaMOM, 1110 BiOYBAIOTHCS il BIIJIMBOM
BHCOKUX T€MIIEPATYP, iMIIYJIbCHUX €JIEKTPUYHUX IM0JIiB, KHCHEBMICHNX ra3iB, yreplie Ha iX OCHOBi CTBOPEHO HOBUM
TepMOeMiTep, SIKUl XapaKTepU3y€eThCs I'YCTUHOIO eMiciiiHoro ctpymy 1040 A /cm2 nipu 1635 K, mo € Haibinpmum
L7151 TEPMOEMITEPIB BilOMUX Y CBiTi, HabyJla IOJAJIbIIOTO PO3BUTKY ¥ MeXXaX 30HHOI Teopii HaliBIPOBiTHUKIB
TEOPETUYHA MOZEJIb BU3HAYEHHS €MiCITHMX XapaKTEPUCTVK TEPMOEMITEPIB, 110 MiCTATh HAIiBIIPOBiGHNKOBUI
KOMIIOHEHT JJOHOPHOTO TUILY, BCTAHOBJIEHO, IO IIPU BilOMPaHHI €MiCiHOTO CTPYMY HaMOi/IbIIOrO NePErpiBaHH
HaOyBaIOTh IPUIIOBEPXHEBI 1Iapy, a HE cama [TIOBEPXHS, yIeplle €KCIIEPUMEHTAIbHO BUMIPSIHE 3MiHEHHS
TEeMIIEpaTypH €MITyI0u0i [I0BEepxHi Mif Yac iMIIyJIbCHOTO BiZlOMpaHHs CTPYMY 3 TPUBAJIICTIO iMIIyJbCy 67113bKOI0 10
MKC, yIeplie JOCJiI)KeHO iMITyJIbCHE ITPOOUTTSI MAJIOTO BAKYYMHOT'O IIPOMIXKKY [1J1S1 BUIIAZIKY, KOJIM IKEPEJIOM
iHTEHCUBHOTO NIOTOKY IEPBUHHUX €JIEKTPOHIB € 6e3[10CepeHbO CaM KaToJ, Ta BUSIBJIEHO HECTIMKOCTI CTpyMy Yy
aQHOJIHOMY KOJIi, [0 NepeAyI0Th IPO60I0, Ta HaZaHO (i3UYHE MOSICHEHHS [IPOLeCcaMm, 10 3yMOBJIIOIOTh TaKi
HECTIMKOCTI, yreplie IJIs XapaKTePUCTUKY HEOJHOPILHOI 3a €éMiCiIIHOIO 3IaTHICTIO IIOBEPXHI TEpMOEMITEpa
3aIPONOHOBAHO (YHKIIiIO NEPEXOIVIEHHS €JIEKTPOHIB, (PYHKILisl BUBHAYAETLCS HA MiICTaBi €KCIIEPUMEHTAIbHUX
IAHUX, i CyMiCHO 3 BEJIMYMHOIO CTPYyMY eMicii, BUMIpsIHOMY IIpH rIIMOOKOMY HAaCU4Y€HHI, J03BOJISIE B MOJIEJIi IIJIACKO1
TIOBEPXHI 3 JBOMa COPTaMHU IJISIM BUBHAYUTH €MiCITHUI KOHTPACT MMOBEPXHi 1 YaCTKYU [MOBEPXHI, 1110 BiANIOBiIAIOTh
LM IJISIMaM; CTYIiHb BIPOBAJI)KEHHS — PEe3yJIbTaTu po060TH BrpoBaakeHo Ha TOB «Typbocranby» i
BUKOPUCTOBYIOTbCS B HaBYaJIbHOMY IpoLeci HaljioHaibHOro aepokoCMIigYHOTO yHiBepcuTety iM. M. €. JKyKOBCbKOTO
«XapKiBCbKUY aBiallilHUI iIHCTUTYT»; rajy3b BAKOPUCTAHHS — CTBOPEHHS BUCOKOEMICITHUX TEPMOEMITEPIB,
IIPU3HAYEHUX 1111 POOOTU y IPUCTPOSIX aBialliliHO-KOCMIYHOI TEXHIKU i Cy4aCHUX TEXHOJIOTIYHUX IPUCTPOSIX

(i3MKO-TEXHIYHOI OOPOOKHU.

2. The object of study is the processes of physical and technical processing of materials by intense energy flows
and particles; the purpose of the study is to develop a scientific basis for the influence of highly concentrated
fluxes of energy and particles on the structure and physical properties of thermoemitters to create high-emission
thermoemitters designed to work in aerospace devices and modern technological devices; research methods -
theoretical researches are based on provisions of the zone theory of semiconductors, for the analysis of a
temperature field of a thermoemiter the thermal model of the cathode which works with continuous or pulsed
selection of current of high density is applied, pulsed high-voltage breakdown of a small vacuum gap is considered
in the framework of the anode mechanism, under the assumption of electromagnetic instability of the current in
the substance carried into the interelectrode space by intense bombardment of the anode with electrons emitted
directly by the cathode, experimental studies on modernized and specially manufactured equipment, study of the
structure and composition of thermoelectric materials was carried out by the method of scanning electron
microscopy with X-ray microanalysis, the work function of the electrons was determined by the method of full



current, the erosion removal of the hollow cathode emitter material was controlled by low-temperature plasma
optical emission spectrometry; the result is a created thermoemitters from materials in the system of barium-
strontium hafnates with fine tungsten allow activation of emission properties outside the device, thermoemiters of
directionally crystallized composite 60 wt. % GdB6-40 wt. % VB2 exposed to oxygen at a temperature of 1796 K is
recommended for use in electron beam guns, for a thermoemiter made of barium zirconate with 40 wt.% tungsten
in the temperature range 1500... 1850 K revealed an area of air pressure in which no poisoning is observed, a
method for determining the dependence of the emission current on the anode voltage for a thermoemiter in pulse
measurements has been developed, in which this dependence is restored on the basis of the measured
dependences on the voltage time and the corresponding anode current response at the front and section of a
rectangular high-voltage pulse; novelty - the regularities of changes in the composition, structure and emission
properties of thermoemiters made of composite materials in the system of barium strontium hafnates with
tungsten, which occur under the influence of high temperatures, pulsed electric fields, and oxygen-containing
gases, have been studied and revealed, for the first time on their basis a new thermoemiter was created, which is
characterized by an emission current density of 1040 A / cm2 at 1635 K, which is the largest for thermoemiters
known in the world, the theoretical model for determining the emission characteristics of thermoemiters
containing a semiconductor component of the donor type has been further developed within the band theory of
semiconductors, it is established that when the emission current is selected, the surface layers acquire the
greatest overheating, and not the surface itself, for the first time experimentally measured change in the
temperature of the emitting surface during pulsed current collection with a pulse duration close to 10 us, the
pulsed penetration of a small vacuum gap was studied for the first time for the case when the source of the intense
flow of primary electrons is directly the cathode itself, and current instabilities in the anode circuit preceding the
breakdown were detected, and a physical explanation of the processes causing such instabilities was provided, for
the first time to characterize the inhomogeneous emission capacity of the thermoemiter surface, the function of
electron interception was proposed, the function is determined on the basis of experimental data, and in
combination with the value of the emission current measured at deep saturation, allows in the model of a flat
surface with two types of spots to determine the emission contrast of the surface and the surface fraction
corresponding to these spots; degree of implementation - the results of the work were implemented at “Turbostal”
LLC and used in the educational process of National Aerospace University “Kharkiv Aviation Institute”; scope of
application - creation of high-emission thermoemitters designed to work in aerospace devices and modern
technological devices of physical and technical processing.
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