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AHHOTALIS

Jloowckin  P.  C. TlokpaleHHsSI €HEpPreTMYHUX XapaKTepUCTUK CEKUii
CHWJIBHOCTPYMHOI'O JIIHIHHOTO I1HAYKLIMHOTO MPHUCKOpIOBava 3aps/)KEHUX YacTOK
IUISIXOM YJOCKOHaJeHHs 11 enemeHTiB. — KBamidikaimiiiHa HaykoBa mpars Ha
mpaBax pPyKOITHCY.

Hucepraitist Ha 3100yTTsI HAYKOBOT'O CTYIICHS KaHAWJAAaTa TEXIYHUX HAYK 3a
cnenianbHicTiO 05.09.13 «TexHika CUIBHUX €JIEKTPUYHUX 1 MArHITHUX TOJIBY» —
HanionanbHuil TeXHIYHUNA YHIBEPCUTET «XapKIBCHbKUN MOJITEXHIYHUN THCTUTYTY,
Xapkis, 2017.

B Ham 4Yac pO3BUTOK MNPUCKOPIOBAIBHOI TEXHIKM JII TCHEPYBAaHHS
MOTY>KHOCTPYMOBHUX PEJISTUBICTCHKUX E€JIEKTPOHHUX 1 10HHUX IYYKIB BIIKpHUBAE
MIMPOKI HAyKOBI TepcrnekTuBU. lle cTBopeHHss W HarpiBaHHA IUIa3MU  JI0
TEPMOSJIEPHOT TEeMIIEpaTypHd, HOBI KOJEKTUBHI METOAW MPHUCKOPEHHS 10HIB,
poOOTH 1O 1HEPIIAUTPHOMY TEPMOSICPHOIO CHHTE3y Ha BaXXKWUX 10HAX, 1 Oarato
HIIIOTO.

[lopsan 3 HAayKOBO-TEXHIYHMMH  HalpsIMKamMH, CIOPSIMOBaHUMHU  Ha
IPUCKOPEHHS 3apsPKEHUX YaCTOK O BUCOKUX €HEPTii, IHTEHCUBHO PO3BUBAETHCA
NIPUCKOPIOBAJIbHA BHCOKOBOJIbTHA CHJIBHOCTPYMHA TEXHIKa, CHOpsIMOBaHa Ha
reHEepyBaHHs IYYKiB BIJHOCHO HM3bKOi eHeprii (mo 10 MeB), ame Bucokoi
IHTEHCUBHOCTI, TTPUYOMY TIOTYXKH1 MyYKH MArOTh Maibke Oe3MeXHI MOXKJIUBOCTI
NPAKTUYHOTO 3aCTOCYBAaHHS B MPOMHUCIOBOCTI. [lepcriekTHBHUMH HampsMamu
3aCTOCYBaHHS MYYKiB €: OUUINEHHS BOJHU MPOMHUCTOBHUX, CUIBCHKOTOCIIONAPCHKUX 1
KOMYHQJIBHUX CTOKIB (IIy4KOBO-O30HHA TEXHOJIOTIS), CTEepWiIi3allis MeIMYHUX
BUPOOIB, OYHUIIICHHS BIIXITHUX ra3iB BiJ OKHCIIB CIpKH i a30Ty, CTBOPEHHS HOBUX
MaTtepiaiiB 3 TOKPAIICHUMH TEXHIYHUMH XapaKTePUCTHKaMU, JE31HCEKIlis 3epHa,
MEPEANOCiBHE OMPOMIHEHHS HACiHb, KOHCEpBallil DKi, TPOJOBXKEHHS CTPOKY
30epiraHHs CUIIOCIPOAYKTIB 1 0arato 1HIIOTO.

[To Tomy, K poOOTH 3 IHTCHCUBHUMHU €IEKTPOHHUMH MTyYKaMHU TEPEXOSTh

13 o0jacti JOOCHKEHb B 00JacTh MPOMHUCIOBOTO 3aCTOCYBaHHS, BHUHHUKAE
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HEOOXITHICTh CTBOPEHHS MPUCKOPIOBAYiB 3 BUCOKHM KOE(IIEHTOM KOPUCHOI Ali
(KK]I) i BenmukorO cepelHbOI0 MOTYKHICTIO Mydka (B JECATKIB KLTOBATIB 10 1
MBT 1 6ib1e).

Haii611b11 MOTYy>KHUMHU T'€HEepaTOpaMH IHTEHCUBHUX E€JIEKTPOHHUX 1 10HHUX
My4YKiB € IIUPOKO MOMIMPEH] JIIHIMHI 1HAYKI1HHI npuckoptoBaul (JIIIT). [lepeBaroro
iX y MOPIBHSHHI 3 IHIIMMHU TUIIAMU IPUCKOPIOBAYIB € MOAYJIBHICTh BUKOHAHHS, 1110
7A€ MOXJIMBICTh OTPUMAHHS MPAKTUYHO HEOOMEKEHOI MOTY)KHOCTI IMydYKa IpH
CKUIBKH 3aBI'0OJIHO BEJIMKINA MOTO €HEeprii.

AKTyanbHICTh TEMU 00YMOBJIEHA HEOOXIAHICTIO YAOCKOHAJIEHHS €JIEMEHTIB
cekuii JIIIT enexktponis 1 JIIII 3apsimoBO-KOMIIEHCOBAHMX 10HHMX MYYKIB MJIS
3a0e3MeueHHs] MPUCKOPIOBAIIBHOI HAampyru Ha piBHI He MeHme 2 MB npu
30UTBIIICHH] cepeHboi MOTYXHOCTI mydka Bim 100 kBt mo meraBatHOro piBHI,
MiIBUIIEHUX YacTOTH TMOCWJIOK TPUCKOPIOBAIBHUX IMIYJIBCIB Ta TEMITy
npuckopenHs. [Ipusnauenns pospooroBanpHoro JIIII:

1) y mpommucioBocti (Ha ocHoBi JIIII enexkTpoHiB): i TPOMHCIOBOTO
yCTaTKyBaHHS, TTOB’ 13aHOT0 3 0OPOOJICHHSIM BEJIMKUX OOCSTIB PEUOBHHH;

2) B edepreruiri (Ha ocHosi JIITI 3aps10BO-KOMIIEHCOBAHUX 10HHUX ITYYKIB)
— SIK IpaiiBep peakTopa IHepIiabHOTO TEPMOSIEPHOTO CUHTE3Y Ha BAXKKUX 10HAX.

VY 3B'S3ky 13 [HMM aKTyaJlbHUMU 3aBJaHHSIMH € HAyKOBO-TEXHIUHE
OoOTpyHTYBaHHS HANPSAMKIB yAOCKOHAJeHHs eneMeHTiB cekiin JIIII, mpuzHaueHnx
JUTSL pI3HUX 3aCTOCYBaHb, 3 METOIO MOKPAIIEHHS iX EHEPreTUYHUX XapaKTePUCTHUK 1
3a0e3IeueHHs 3aJJaHuX ITapaMeTpiB MPUCKOPIOBaya.

Mertoro aucepTaliifHoi podOTH € YIOCKOHAICHHS CEKII CHIBHOCTPYMHOTO
JITT enextponiB i JIIII 3apsimoBO-KOMIIEHCOBAHUX 10HHUX MYYKIB JJIS MIOKPAIEHHS
iX EeHepreTMYHHX XapaKTEepUCTUK (TeMIy MPUCKOPEHHS, YacCTOTH MOCHIIOK
MPUCKOPIOBATBHUX IMITYJIBCIB, CEPEAHBOT MOTYKHOCTI ITyUKa).

BiamoBigHO 10 METH TOCIIIKEHHS [TOCTABJIEH] 3aBIAHHA

1. [IpoBectn ananiz BmauBy enemeHTiB cekiii JIIII 3 iHmykuiHoMO
CHUCTEMOIO, CEKI[IOHOBAaHOK TI0O OChOBIH JIOBXKHHI, Ha i eHepPreTuyHi

XapaKTEPUCTUKU, 3 METOI0 pO3pOOJEHHA 3axoliB MOAO0 3a0e3nedyeHHs
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MaKCHUMaJIBHOTO TEMITy NMPUCKOPEHHS TMPU HAWMEHIIUX €HEPTeTHUYHUX BTpATax B
IHAYKIIMHINA CUCTeM1 y TaKUX CEKIIi.

2. [IpoBecTn HayKOBO-T€XHIYHE OOIPYHTYBaHHSI KOHCTPYKIIII €JIEMEHTIB
cekuii JIIIT 3apsg0B0o-KOMIIEHCOBAHUX 10HHUX MYYKiB, IO J03BOJIIE 3a0€3MEYUTH
HEOOXIHI MapaMeTpu MPHUCKOPIOBaya — IMPUCKOPIOBAJIBHY HANpPYry CeKIli He
MeHme 2 MB, temn npuckopeHHss He MeHuie 2 MB/M, udactoTy mnocuiok
MPUCKOPIOBATBHUX IMITYJIbCIB HE MeHIe 11 ',

3. [TpoBecTu YHUCEIbHO-aHAIITHYHE OCIIIKEHHS ITUHAMIKHA
IMIIYJIbCHOT'O TiepemarHiuyBanHsa (¢epomarnetuky iHaykropis JIIIT 3 meroro
BU3HAUEHHS BIUIMBY TeOMETpii (epoMarHiTHUX OcCepAb IHAYKTOPIB 1 PEXKUMY
iXHBOTO HAaBaHTAKEHHS Ha (OPMY IMITYJIbCY MPUCKOPIOBAJIBHOT HANIPYTH. BusiBUTH
IUISAX1 3MEHIIEHHS PO3KUY MPUCKOPIOBAIBHOI HAIIPYTH HA CTOJI1 IMITYJIBCY.

4, [IpoBecTn YMCeNbHO-aHATITUYHE 1 €KCIEPUMEHTAIbHE JOCIIIKECHHS
BIUTMBY KOHCTPYKTUBHHX eneMmeHTIB cekuii JIIII enekTpoHiB Ha 3a0e3medeHHs ii
BHCOKOBOJIBTHOT BaKyyMHOI €JIEKTPUYHOI 130JISI11i 1 3amMporoHyBaTH CIOCOOM iX
yJIOCKOHAJICHHSI.

O0G'ekTOM JOCIIDKEHHS B JUCEPTAIliiHIM poOOTI € eJIeKTPOMAarHiTHi
IPOIIECH, 0 BiIOYBAIOTHCA B CEKIIl CHIBHOCTPYMHOTO JIIHIMHOTO 1HIYKI[IHHOTO
IPUCKOPIOBaYa 3apsHKEHUX YaCTOK.

[Ipeqmerom mochimkeHHs € GOpPMYyBaHHS CHJIBHHX EJICKTPUYHOTO 1
MarHiTHOTO TIOJIIB B EJIGKTPOI3OJLIIMHINA Ta IHIYKIIHHIA cHcTeMax CeKIii
CHJILHOCTPYMHOTO JIIHIHHOTO 1HAYKIIIHHOT'O MPUCKOPIOBaYa 3apsAKEHUX YaCTOK.

[Tpu mpoBeneHHI HAYKOBO-TEXHIYHOTO OOTPYHTYBaHHS KOHCTPYKITI CEKIIii
CWIBHOCTPYMHOT'O JIHIHHOTO 1HAYKI[IHHOTO TPHCKOPIOBaYa 3 TOKPAIICHUMHU
CHEPreTUYHNUMU XapaKTEePUCTUKAMU BHUKOPUCTOBYBAJIMCS aHAIITUYHI METOIU JUIsI
PO3paxyHKy HANpPYKEHOCTI €JICKTPUYHOIO IO B 11  €IEeKTPOI3OIAIIHHIX
€IeMEHTaX B CYKYIMHOCTI 3 YHCEIbHUM MOJCIIOBAaHHSIM EJIEKTPUYHOTO TIOJIS
METOJOM KIHIEBUX eJleMeHTIB. llpu JocHiKeHHI AWUHAMIKKM IMIYJIbCHOTO
nepemMaraiayBanHs epomarHiTHuX ocepapb iHAyKkTOpiB JIIII 3 MeTor0 BU3HAUCHHS

croco0iB 3MEHIIEHHSI PO3KHUAY Ha CTOJIl IMIYJIbCY MPUCKOPIOBAIBHOI HAMPYTH 1
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BU3HAYEHHSI €HEPreTUYHUX BTPAT B IHAYKLIMHIN CHCTEM1 BUKOpHUCTAJACA TEOpIs
IMIYJIbCHOT'O TE€peMarHiuyBaHHd CTPIYKOBUX (PepoOMarHiTHUX MartepiaiiB 13
MPSIMOKYTHOIO TETJICIO TICTEPE3UCY B HAHOCEKYHHOMY JIMaIa30Hi B CIIOIYYEHHI 3
METOJIOM JUCKPETHUX PE3UCTUBHUX cXeM 3amimieHHs. [lpu oOrpyHTyBaHH1
MO>KJIMBOCTI JTOBroTpuBajoi OesnepebiitHoi pobotu cekuii JIII B yacToTHOMY
peXUMI 3 TOYKH 30pYy TEIUIOBUX HABAaHTAaXEHb Ha 1ii €JEMEHTH BHACIIJIOK
€HEpPreTUYHUX BTpaT B HUX BHUKOPUCTAJIUCSA CTAHAAPTHI MOJENl 3 Teopii
Teruionepeaadi. B Xoai MOCTiIPKeHHS BHCOKOBOJBTHOT BaKyyMHOI €JIEKTPHYHOT
13051111 icHytouoi  cekiii  JIIII enekTpoHIB 3aCTOCOBYBAJIOCH  YHCEIBbHE
MOJICTIOBaHHS €JEKTPUYHOTO TIONS BAKyyMHOI €JIEKTPUYHOI 13011l METOI0M
KIHIIEBUX €JEMEHTIB Ta YHCEIbHO-aHAIITHYHI PO3PAaXyHKH HA OCHOBI Teopil
CICKTPUIHUX KiJT,; pe3yabTaTu PO3paxyHKiB Oyno nepeBipeHo
€KCIIEPUMEHTAIBHUM IILISIXOM.

HaykoBa HOBU3HA OTpUMaHUX PE3YNIbTATIB:

1. VY 1ockoHaIeHO CEKI[IOHOBaHY 1O OChOBIM JOBXHHI (DEepOMarHiTHy
IHAYKIIMHY CHCTEMY CeKIli CHJIBHOCTPYMHOI'O JIHIHHOTO  1HAYKI[IHHOTO
IPUCKOPIOBAYA 32 PAaXyYHOK BUKOHAHHS 1HIYKTOPIB 3 paJliaIbHUMHU PO3MipaMHu, 110
3MEHIIYIOThCS B HAIPSMKY BiJl BAKYYMHOTO 130JI5ITOpa 10 TOPILS CEKIlii, 3aBISKH
YoMy ICTOTHO 3MEHIIEHI EHEpPreTUYHi BTpaTH B IHAYKIIHHIA cuUcTeMi 1
3a0€3MeUeHO0 OJIHAKOBUM KOeQIIIEHT 3amacy eJeKTPHUYHOI MIITHOCTI B YCIX
IUISTHKAX BUCOKOBOJIBTHOT 13011111 CEKIIIl.

2. Bnepimie oOrpyHTOBaHO yMOBH PIBHOMIPHOTO PO3MOAUTY BHCOKOT
Halpyrd MO BaKyyMHOMY 130JI5ITOpY KpymHocekiioHoBanoi cekmii JIIT 6e3
3aCTOCYBaHHS MOJUTFHUKA HANPYTH, 3aBASKH PO3TAITYBAHHIO MK TPaJi€HTHUMHU
EJIEKTPOJaMU BAKyyMHOTO 130JISITOpa CEKI[IOHOBAHOI IO pajiycy I1HAYKIIIHHOT
CUCTEMH, 1110 JO3BOJIWIJIO ICTOTHO MIJBUIIUTH BIACHUN TEMIT MPUCKOPEHHS CEKIII.

3. BusiBneno BmimB reomerpii ¢epoMarHiTHOTO ocepas Ha (opmy
IMITyJIbCY CTPYMY NE€pEeMarHidyBaHHS 1HAYKTOpAa B HAHOCEKYHIHOMY JHANa3oHI,
[0 JI03BOJIMJIO BU3HAYMTH CHOCOOM 3MEHIIEHHS PO3KUAY HA CTOJl IMITYJIbCY

MPUCKOPIOBAIBHOT HANIPYTHU MPU pOOOTI IHAYKTOpPA HA HEPOOOUOMY XOJI1 B pEXKUMI



MOBHOI CTPYMOBO1 KOMII€HCAIlli, Ta IPU HABAHTAXXEHHI ITy4YKOM.

4, ExcriepuMeHTanbHO BUSABIECHO HEOaKaHUU €JIEKTPOMArHiTHUI BIUIKB
BIJl Ipocens Koja po3marHivyBaHHs HamiBcekuii JIIIT Ha koTymky ¢gokycyBaHHS,
pO3TalIoOBaHy B MPUCKOPIOBAJIbHIN Kamepi, 10 MPU3BOAMB JI0 MOSBU HEOE3MEUHUX
nepeHanpyr 1 eJeKTPUYHUX Npo0OiB MK 1i BHUBEACHHSIMH; 3alPOINOHOBAHO
crocoOu YCYHEHHSI IIUX MepeHanpyr.

[IpakTHyHe 3HAYCHHS OTPUMAHUX PE3yJIbTATIB:

1.  Po3po0iieHO alrOpUTMH i1HKEHEPHOTO PO3PaXyYHKY €JIEMEHTIB CEKIIii
cunbHOCTpYMHMX JIIIT €IeKTpOHHUX 1 3apsI0BO-KOMIICHCOBAaHUX 10HHMX ITyYKiB,
NpPU3HAYEHUX ISl YACTOTHOTO PEKUMY POOOTH i 3a0e31meueHHs BETUKOT CepeTHbOT
MOTY>KHOCT1 MPUCKOPIOEMOTO ITy4Ka (2K 0 MEraBaTHOT'O PiBHS).

2. 3anporioHOBaHO HOBI CHOCOOM KOMIIOHYBaHHS IHAYKIIIHHOT Ta
eNeKTpo130siiHOT cucteM cekiii JIIII, mo 703BONSAI0TE MOKPAIIUTH €HEPTeTHYH1
XapaKTepUCTUKH MPUCKOPIOBaYa.

3. BusnadueHo BB TeoMeTpii (EepOMarHiTHOTO OCEpAs 1 PEXKUMY
pobotu iHmykTOpa (TMiJ HaBaHTaXKEHHSM a00 MPHU MOBHIA CTPYMOBIM KOMITEHCAII1]
10HHOTO MyYKa €JIEKTPOHHUM) Ha (OpMY IMIYJbCY MPUCKOPIOBAIBHOI HAIIPYTH Ta
3aIpOIIOHOBaH1 CIOCOOM 3MEHIICHHS PO3KWIY Ha CTOJl IMIOYJIbCY MPU PI3HUX
pexuMax poOOTH.

4, Marepianu aucepTariiHoi poOOTH BHUKOPHUCTaHI B HaBYAJIbLHOMY
nporeci kadpeapu «EnekTtpoizonsimiiina ta kadbenpHa TexHikay HTY «XII» npwu
miaroroBmi OakanmaBpiB Ta MaricTpiB 3a Hampsmom 6.05070104 ta 8.05070104
cnemianbHOCTI «TexHika Ta enexkTpodi3uka BHCOKMX HAmpyr» B HaBYAIbHUX
muciuiutinax «KoHgeHcaTopHa TexHikay, «Di3uka eJIeKTPOCTaTUYHUX MPOIECIB 1
TEXHOJIOT1i», Ta MPU BUKOHAHHI JUTUIOMHOTO MPOEKTYBaHHA, KypCOBHUX 1 HAYKOBO-
JOCTITHUX CTYACHTCHKUX POOIT.

Kniowuosi cnosa:. CWIBHOCTPYMHHM JIHIMHUN IHIYKIIHHWNA TPUCKOPIOBAY

3apsIKEHUX YaCTOK, BAKyyMHA €JIeKTPUYHA 130JIsI11151, 1HAYKI[IHHA CUCTEMA.
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ABSTRACT

Lozhkin R. S. High-current linear induction charged particles accelerator
section energy performance improving by improving its elements. Qualification
scientific work on the manuscript.

Technic sciences candidate scientific degree dissertation receiving on
specialty 05.09.13 "Equipment strong electric and magnetic fields" — National
Technical University "Kharkiv Polytechnic Institute”, Kharkiv, 2017,

In our time, the development of accelerator technology, designed to generate
high-current relativistic electron and ion beams, opens up broad scientific
perspectives. This is the creation and heating of plasma to thermonuclear
temperature, new collective methods of ion acceleration, works on heavy ion
fusion, and much more.

Along with scientific and technical directions, aimed at accelerating charged
particles to high energies, an accelerating high-voltage high-current technique is
intensively developing, aimed at generating beams of relatively low energy (up to
10 MeV), but of high intensity, and powerful beams have almost unlimited
possibilities of practical application in industry. The beams application promising
areas are: water treatment industrial, agricultural and municipal effluents (beam-
ozone technology), medical products sterilization, exhaust gases purification from
sulfur and nitrogen oxides, development new materials with improved
performance, grain disinfestation, pre-sowing seeds irradiation, food preservation,
agricultural products extending the shelf life and more.

As soon as work with intense electron beams move from an research area in
the industrial applications area, there is a need for accelerators with high efficiency
and large average beam power (from tens of kilowatts up to 1 MW and more).

As the most intense electron and ion beams powerful generators nowadays
the most widespread linear induction accelerators (LIA). Their advantage in
comparison with other accelerators types is modularity design gives the beam

obtaining almost unlimited power possibility at any big its energy.
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The relevance of the topic is due to the need to improve the elements of the
LIA section of electrons and LIA of charge-compensated ion beams to provide an
accelerating voltage of at least 2 MV with an increase in the average beam power
from 100 kW to a megawatt level, increased frequency of accelerating pulse
transmissions and acceleration rate. The LIA development purpose are:

1) in industry (based on the electrons LIA): for industrial equipment
associated with the processing of matter large volumes;

2) in the energy sector (based on LIA charge-compensated ion beams) as the
reactor driver inertial thermonuclear fusion on heavy ions.

In this regard, topical tasks are the scientific and technical justification of the
directions for improving the elements of the LIA sections intended for various
applications in order to improve their energy characteristics and the specified
parameters of the accelerator.

The aim of the thesis is to improve the sections of electrons high-current
LIA and LIA of charge-compensated ion beams in order to improve their energy
characteristics (acceleration rate, frequency of accelerating impulses, average beam
power).

According the study tasks purpose to:

1. To analyze the influence of the elements of the LIA section with the
induction system, sectioned along the axial length, on its energy characteristics, in
order to develop measures to ensure the maximum rate of acceleration with the
lowest energy losses in the induction system.

2. Conduct a scientific and technical justification for the design of the
elements of the LIA section of charge-compensated ion beams, which allows to
provide the necessary parameters of the accelerator - the accelerating voltage of the
section is not less than 2 MV, the acceleration rate is not less than 2 MV/m, the
frequency of the accelerating impulses is not less than 11 Hz.

3. Conduct a numerically-analytical study of the dynamics of the pulsed
magnetization reversal of the ferromagnet of the LIA inductors in order to

determine the effect of the geometry of the ferromagnetic inductor cores and the
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mode of their loading on the accelerating voltage pulse shape. Identify ways to
reduce the spread of the accelerating voltage on the pulse table.

4. Conduct a numerical-analytical and experimental study of the effect of
structural elements of the electrons LIA section on providing its high-voltage
vacuum electrical insulation and suggest ways to improve them.

The object of research in the thesis work is electromagnetic processes
occurring in the section of a high-current linear induction accelerator of charged
particles.

The subject of the study is the formation the strong electric and magnetic
fields in the electrical insulating and inductive systems of a charged particles high-
current linear induction accelerator section.

During the scientific and technical substantiation of the design of the high-
current linear induction accelerator section a with improved energy characteristics,
analytical methods were used to calculate the electric field strength in its electrical
insulating elements in combination with numerical simulation of the electric field
by the finite element method. In the study of the LIA inductors ferromagnetic cores
pulsed magnetization reversal dynamics in order to determine methods for
reducing the scatter on the accelerating voltage pulse table and determining the
energy losses in the induction system, the theory of pulsed magnetization reversal
of ribbon ferromagnetic materials with a rectangular hysteresis loop in nanosecond
range, discrete resistive substitution schemes. In justifying the possibility of the
LIA section long-term uninterrupted operation in the frequency regime from the
point of view of thermal loads on its elements due to energy losses, standard
models of the heat transfer theory were used in them. During the study of high-
voltage vacuum electrical insulation of the existing the electrons LIA section,
numerical modeling of the electric field of vacuum electrical insulation by the
finite element method and numerically-analytical calculations on the basis of the
electric circuit theory were applied; the results of the calculations were verified
experimentally.

Scientific results novelty:
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1. The ferromagnetic induction system of a high-current linear induction
accelerator section is optimized by performing inductors with radial dimensions
decreasing in the direction from the vacuum insulator to the end of the section, due
to which the energy losses in the induction system are substantially reduced and
the same margin of electric strength in all sections of the high-voltage insulation
section.

2. For the first time, the conditions for uniform distribution of high voltage
along the vacuum insulator of the LIA large section without the use a voltage
divider are justified, due to the arrangement of a radial induction system between
the gradient electrodes of the vacuum insulator, which significantly increases the
self-acceleration rate of the section.

3. The influence of the ferromagnetic core geometry on the shape of the
magnetization reversal current pulse in the nanosecond range was revealed, which
made it possible to determine methods for reducing the scatter on the accelerating
voltage pulse table when the inductor is idling at full current compensation and
under beam loading.

4. An undesirable electromagnetic effect from the throttle of the
demagnetizing circuit of the LIA half-section on the focusing coil located in the
accelerating chamber has been experimentally revealed, which leads to the
appearance of dangerous overvoltage and electrical breakdowns between its
terminals; methods for eliminating these overvoltages are proposed.

The results practical significance are:

1. Algorithms of engineering calculation of elements of high-current
electronic and charge-compensated ion beams LIA sections designed for the
frequency operation mode and providing a large average power of the accelerated
beam (up to a megawatt level) have been developed.

2. New ways of arranging the induction and electrical insulating systems of
the LIA section, which improve the energy characteristics of the accelerator, are
proposed.

3. The influence of the geometry of the ferromagnetic core and the inductor
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operation mode (under load or at full current compensation of the ion beam by the

electron beam) on the pulse shape of the accelerating voltage is determined, and
methods for reducing the spread on the pulse table under various operating
conditions are proposed.

4. The materials of the thesis work were used in the educational process of
the Department of Electrical Insulation and Cable Technology of NTU "KhPI" in
the preparation of bachelors and masters in the direction 6.05070104 and
8.05070104 of the specialty "Engineering and electrophysics of high Voltages" in
the educational disciplines "Condenser technology”, "Physics of electrostatic
processes and technology”, and at performance of degree designing, course and
research student's works.

Keywords: charged particles high-current linear induction accelerator,

vacuum electrical insulation, induction system.
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