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Section 1. Status of the existing accelerators and new
accelerator projects
CTaH ICHYI0OYMX TAa IPOEKTH HOBUX NPHCKOPIOBAYiB

1.01. PROJECTS OF COLLIDERS FOR PARTICLE PHYSICS

E.V. Bulyak
NSC KIPT, Kharkiv, Ukraine;
V.N. Karazin National University, Kharkiv, Ukraine
E-mail: bulyak@kipt.kharkov.ua

We report state and progress of the high energy collider projects that are under
development: circular FCCee, CEPC, and linear ILC and CLIC. Also a novel project
of electron-ion collider EIC is briefly described. All these projects are international
and suggested world-wide collaborations in planning of future experiments, construc-
tion of the facilities and detection systems.

[TPOEKTU KOJIAMJIEPIB JIJISI ®I3UKH YACTUHOK

€.B. bynak
HHI] X®TI, Xapxis, Yxpaina;
Xapxiscvrkuti Hayionanvuul yHisepcumem im. B.H. Kapa3zina, Xapkis, Ykpaina

E-mail: bulyak@kipt.kharkov.ua

BucBitneHo cTaH criipaB Ta Iporpec B pO3BUTKY MPOCKTIB KOMAWIEPiB st MOTPed
¢i3uku yactuHOK. [lepeniueni taki mpoektu sk nukiaiuHi konanaepu FCCee, CEPC
ta miHidHI - [ILC T1a CLIC. TakoX KOpPOTKO OINHWCAaHO HOBUH MPOEKT EJIEKTPOH-
ionHoro konaiigepa EIC. Bcei nepeniveni konaiiiepu € CyTo MDKHAPOJIHUMHU MPOEK-
taMu. HaykoBIIi 31 BChOT0 CBiTYy OyayTh MpHMAaTH y4acThb B pO3pOOIll MporpamMu Ha-
YKOBHUX €KCIIEPUMEHTIB, TPOCKTYBaHHI MPUCKOPIOBAYiB Ta CUCTEM JICTCKTOPIB.

1.02. EXPERIMENTAL FACILITY FOR INVESTIGATION OF ELECTRON
BEAMS INTERACTION WITH SINGLE CRYSTALS AND AMORPHOUS
TARGETS
V.B. Ganenko, S.P. Gokov, Yu.H. Kazarinov, S.H. Karpus, V.Y. Kasilov,
H.D. Kovalenko, S.S. Kochetov, O.O. Shopen, Ye.V. Tsyatsko, M.l. Maslov,
H.P. Vasiliev, V.1. Yalovenko, I.M. Shlyakhov, V.D. Ovchinnik, M.Y. Shulika
NSC KIPT, Kharkiv, Ukraine
E-mail: karpus@kipt.kharkov.ua

The experimental facility for studying the interaction of electrons with single-
crystal and amorphous targets has been developed and mounted on the direct output
of a linear electron accelerator. It consists of several systems and units that perform a
function during the experiment, namely: developed a system for scanning the cross
section of the electron beam to measure the electron angular divergence and a system
of visual monitoring of the beam to transport it from the accelerator to the facility.
The current measuring systems of electrons that have passed through an experimental
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target, as well as a system for monitoring the position of the beam on a single-crystal
target during the experiment are developed too. A special device for installing targets
under the beam for the study of secondary electron emission processes has been de-
veloped and manufactured. A goniometric device has also been installed and a com-
puter-controlled goniometric device has been developed and manufactured. Current-
ly, the facility is connected to the vacuum system of the accelerator and experimental
studies have been started on it. Options for its improvement are discussed.

EKCIIEPUMEHTAJIbHO-IOCJIIAHA YCTAHOBKA JJI JOCIIJIP)KEHHA
B3AEMO/II ITYUKIB EJIEKTPOHIB 3 MOHOKPUCTAJIAMU
TA AMOPOHUMU MIILIEHAMU
B.b. I'anenxo, C.I1. I'oxos, FO.I". Kazapinos, C.I". Kapnycw, B.H. Kacinos,
I'J[. Kosanenko, C.C. Kouemos , O.O. lllonen, €.B. [[ayvko, M.I. Macnos,
I'Il. Bacinves, B.1. Anogenxo, I M. Illnaxos, B./{. Osuunnix, M.IO. [llynixa
HHI] X®DTI, Xapxis, Ykpaina
E-mail: karpus@Xkipt.kharkov.ua

Po3po0neHo Ta 3MOHTOBAaHO Ha MPSIMOMY BUXOJI1 JIHIHHOTO MPUCKOPIOBaya eJIeK-
TPOHIB YCTAHOBKY JJIsI JOCIIJIPKCHHSI B3a€MO/I1i €JIEKTPOHIB 3 MOHOKPUCTAJIIYHUMH Ta
amopdHuMH MimeHssMU. BoHa ckiiamaeThes 3 NEKUIBKOX CHCTEM Ta BY3IIIB, K1 BUKO-
HYIOTh Ty YH IHITY (PYHKIIIO IIPU MPOBEJICHH] €KCIIEPUMEHTY, a CaMe: CTBOPEHO CHC-
TEMY CKaHYBaHHSI MOIEPEYHOrO IMepepi3y MydKy eJIEKTPOHIB JJisi BUMIPIOBaHHS KY-
TOBOT'O PO3XOJIP)KEHHS €JIEKTPOHIB Ta CHCTEMa BI3yaJbHOTO CIOCTEPEKEHHS 3a IMyd-
KOM JUIsl TIPOBEJIEHHSI MOro 3 MpHUCKOpIoBaya Ha ycTaHOBKY. CucTeMa BUMIipIOBaHHS
CTPYMY €JIEKTPOHIB, SIK1 MPOMILIN Yepe3 AOCHIIHY MIIIEHb, a TAKOXK CUCTEMa KOHT-
POJIIO TIOJIOKEHHS My4YKa Ha MOHOKPHUCTAJIYHOI MIIIEH1 B MPOIECi €KCIIEPUMEHTY.
Po3po6ieHO Ta BUTOTOBJICHO CIEMiaIbHUNM TMPUCTPIN IS BCTAHOBJIICHHS IIiJ] ITy4YOK
MIIIeHen JJIs JOCIIKEHHSI MPOIIeCiB BTOPUHHOI eMicii eJIeKTpoHiB. Tako 3MOHTO-
BaHO F'OHIOMETPUYHUN MPUCTPIA Ta po3p0OJICHO 1 BUTOTOBIEHO CHCTEMY aBTOMATH Y-
HOTO KepYyBaHHS TOHIOMETPUYHHM IPHUCTPOEM 3a JIOMOMOTror komm torepa. Ha na-
HUI Yac yCTaHOBKA MpHEIHAHA 0 BAKYyYMHOI CHCTEMH MPUCKOPIOBayYa 1 Ha Hil pO3-
MOYaTo eKCIEepUMEHTANbHI JociiKkeHHs . OOroBOpIOIOTHCS BapiaHTU 11 YJOCKOHA-
JICHHS.

1.03. M-30 MICROTRON FOR RADIATION EXPERIMENTS: FORMATION
AND CONTROL OF IRRADIATION FIELDS

M.1. Romanyuk®, G.F. Pitchenko®, O.M. Turkhovsky', J.J. Gajnish’,
1.G. Megela', M.V. Hoshovsky', 0.0. Parlag", E.V. Oleynikov', 1.V. Pylipchinetc’,
V.V. Lukachinets?, O.V. Dotsenko®, V.T. Maslyuk
! Institute of Electron Physics, Uzhhorod, Ukraine;
2 Uzhgorod National University, Uzhhorod, Ukraine;
* Design Office Pivdenne, Dnipro, Ukraine
E-mail: volodymyr.maslyuk@gmail.com

The parameters of the M-30 microtron allow forming radiation fields of acceler-
ated electrons (e) with high monoenergy (99%) in the energy range of 1...18 MeV,
bremsstrahlung (g) radiation, and neutron (n) fluxes with a density up to
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10™...10" neutr./cm®. The range of currents of the beam of accelerated electrons can
be controlled in the range of 0.1...50 pA. Such parameters allow M-30 using as a ra-
diation test bench for testing materials and devices of space and special applications.
This report considers the basics of operation, parameters and methods of formation,
control of radiation fields, including mixed (e-, g-, n-) type for different distances
from the output node M-30. Methods of control of the homogeneity and energy spec-
trum of irradiation fields, the possibilities of automation of processing, and the graph-
iIc representation of radiation experiments data are discussed. The data of control of
homogeneity of the M-30 irradiation field through recording media (film, glass) and
controlled scanner are compared. Computer simulation results using the GEANT
code of electron beam transformation in e- g-, n- radiation are presented. The possi-
bilities of its optimization by choice of target grade and thickness are discussed.

MIKPOTPOH M-30 JJIS1 PAJIAIIIMHUX EKCITEPUMEHTIB:
OOPMYBAHHSA TA KOHTPO/JIb IT1OJIIB OITPOMIHEHHSA

M.I Pomaniox’, I.®. I[limuenxo', O.M. T ypxoeczmuﬁl, UM, Faimiwd®,
Ll Meeefzal, M.B. I omoecbkuijl, 0.0. Hapﬂael, E.B. Oﬂeﬁﬂikoel,

LB. HuﬂunquHeubl, B.B. ./YykaquHeL;bZ, O.B. ﬂoueHK03, B.T. Macuiox"

1IHcmumym eleKmpoHHOI Qizuku, Yoceopoo, Yipaina,
2Y9fc20p000b1<u12 HayioHanvHull yHisepcumem, Youceopoo, Ykpaina,
Kb llisoenne, /{ninpo, Yxpaina
E-mail: volodymyr.maslyuk@gmail.com

[Tapamerpu MikporpoHa M-30 mo3BoJArOTE (OpMyBaTH pajialliiiHl MOJIS MpHUC-
KOPEHHX EJICKTPOHIB (€) i3 BUCOKOI MOHOEHepreTH4HicTIO (99%) B miama3oHi eHep-
riii 1...18 MeB, ranemiBHOrO () BUIIPOMIHIOBAaHHS Ta HEUTPOHHMX (Nn) MOTOKIB 13
wineHicTIo 10 10™...10" Heiirp./cM?. Jliana30H CTPYMIB IIyYKa IPHCKOPEHHX CIICKT-
POHIB MOXKHa KOHTpostoBaTH B jaiama3oHi 0,1...50 mxA. Taxi mapamerpu M-30 mo-
3BOJISIOTh MOTO BHKOPHUCTAHHS SK paJiallifHOTO CTEHAY I BUIIPOOYBaHb MaTepia-
JIB Ta MPUJIaAIB KOCMIYHOIO Ta CIEHIaIbHOTO BUIIPOMiHIOBaHHS. Po3rismaroThes oc-
HOBHU (DYHKIIIOHYBaHHS, poO0Ui MapaMeTpu Ta MeToAu (POPMYBaHHS, KOHTPOJIIO pai-
alifHUX TMOJIIB B TOMY YHCII 3MimIa”oro (e-, y-, N-) TUIy Uil Pi3HUX Bigmgajiaeh Bing
By31a BuBoy M-30. OOroBOpIOIOTECS METOAM KOHTPOIIO OJHOPITHOCTI Ta €Hepre-
TUYHOTO CIIEKTPY TOJIIB ONMPOMIHEHHS, MOKJIMBOCTI aBTOMaTHU3aIlii 00poOKH Ta rpa-
(GI9HOTO MpEeCTAaBICHHS JaHUX padlalliiHUX eKcrepuMeHTIiB. [lopiBHIOIOThCS aaHi
KOHTPOJIIO OJTHOPIAHOCTI ToJIg onpoMiHeHHsT M-30 3a 10MOMOT0I0 peecTpyrUHX ce-
penoBui (IUTIBKH, CKJIO) Ta KEpoBaHOrO ckaHepa. llpemcraBieHo pe3ynbratu
KOMIT t0TepHO1 cumyisamii i3 Bukopuctanasm koxy GEANT tpanchopmarii myuka
CJICKTPOHIB y- Y-, N-BUIPOMIHEHHS, 00TOBOPIOIOTHCS MOXIJIMBOCTI ii onTUMIi3aIlii BU-
OOpOM COpPTY Ta TOBIIUHU MIIIICHI.
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1.04. RESEARCH OF MULTIPARTICLE PHOTONUCLEAR REACTIONS IN
RDC “ACCELERATOR” NSC KIPT

M.1. Ayzatsky', O.A. Bezshyyko®, V.O. Bocharov', O.S. Deiev', L.O. Golinka-
Bezshyyko®, A.S. Kachan', .M. Kadenko®, S.S. Kandybei', L.P. Korda®, V.Yu. Korda?,
E.L. Kuplennikov', V.A. Kushnir?, V.V. Mytrochenko, S.M. Olejnik’,

S.A. Perezhogin®, M.M. Pilipenko’, O.A. Repikhov', O.V. Rybka®, B.l. Shramenko®,
1.S. Timchenko', V.S. Trubnikov', Ye.O. Vasilev', C. Vallerand”,
'NSC KIPT, Kharkiv, Ukraine;

JERT NAS of Ukraine, Kharkiv, Ukraine;
3Taras Shevchenko National University of Kyiv, Kyiv, Ukraine;
‘Laboratoire de I"Accélérateur Linéaire (LAL), Orsay, France
E-mail: timchenko@kipt.kharkov.ua

The main results obtained in the study of multiparticle photonuclear reactions on
?7Al, ®Nb, "™Mo and '®'Ta nuclei in the range of bremsstrahlung y-quanta energies
Eymax = 35...95 MeV are discussed. The experiments were performed on the electron
beam of the LUE-40 linear accelerator RDC “Accelerator” NSC KIPT using the y-
activation technique. As a result of the performed research, bremsstrahlung flux-
averaged cross-sections (o(E,max)), the cross-sections per equivalent photon
(o(E,max)q), and the isomeric ratios of the products of photonuclear reactions were ob-
tained. For the *Nb, ™Mo nuclei peculiarities in the behavior of the (o(Eymax)) energy
dependences of the studied reactions associated with the influence of shell effects
were found. For photoneutron reactions (y,xn; x=1...8) on ***Ta with the formation of
product nuclei in the ground state with a positive parity = = + good agreement with
the theory was observed, while for = = — significant differences were revealed. Using
as an example of photodisintegration of the ’Al nucleus, the peculiar properties for
the use of two types of averaged cross-sections (c(E,max)) and (c(E,max)q) for different
cases of reactions were established, dependent on one or several reaction channels
with the formation of the same final nucleus-product. The obtained results are com-
pared with the literature data and with the theoretical calculations performed using
the cross sections o(E) from the code TALYS1.95 for different models of the level
density of the LD1-6. Perspective directions of research of multiparticle photonuclear
reactions are discussed.
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JIOCJIIPKEHHSI BATATOYACTHUHKOBMX ®OTOSIJJEPHUX PEAKIIIA
B HAK «IIPUCKOPHOBAY» HHI[ XDTI

M. Aﬁs’aubkuﬁl, O.A. EeswuﬁKoS, B.O. Eouapoel, O.C. ﬂeeel, JI.O. ['oninka-
Be3mm71<03, O.C. Kaqaﬁl, IM. KaOeHKOS, C.C. KaH0u6eﬁl, JLII. Kopc)al,

B.IO. Kopda?’, EJL Kyn]l€HHiK06l, B.A. Kymm’pl, B.B. MumpoquKOl, C.M. Onitinux’,
C.0. Hepeofcoziﬂl, M.M. Iununenxo", O.0. Penixog", O.B. Pubxa", B.1. l[[pameﬂkol,
L.C. Timuenxo", B.C. Tpy6uixos', €.0. Bacumwes", C. Vallerand”,
YHHI] XDTI, Xapxis, Vipaina;
2IEPT HAH Ykpainu, Xapxie, Ykpaina;

SKuiscokuii HayionanbHuil yHigepcumem im. Tapaca lllesuenxa, Kuis, Ykpaina;
‘Laboratoire de I"Accélérateur Linéaire (LAL), Orsay, France
E-mail: timchenko@kipt.kharkov.ua

OOGroBOpIOIOTHCS OCHOBHI Pe3yJIbTaTH, OTPUMaHI MIPU JOCTIKEHH1 0araro4acTu-
HKOBHX (OTOsIepHUX peakiiii Ha sapax > Al, °Nb, ™Mo i **'Ta y gianazoni rpammd-
HHUX €HEpriil raJbMiBHUX Y-KBAaHTIB Eyma. = 35...95 MeB. ExcnepuMenTs npoBesieH1
Ha my4Ky enekTpoHiB npuckoproBaua JIIE-40 HJK «IIpuckoproBau» HHI[ XDTI 13
3aCTOCYBaHHSIM METOJIy HaBEJICHOI Y-aKTUBHOCTI. Y pPe3yJbTaTi MPOBEICHUX JOCIi-
JUKEHB 3700yTO HOBI JlaH1 MO CEPEIHIM IO TOTOKY TaJIbMIBHOTO Y-BUITPOMIHEHHS TIe-
pepizaM (G(Eymax)), Iepepizam Ha exBiBaneHTHUI GOTOH (G(E max)q) Ta MO i30MepHUM
Bi/[HOIIEHHSIM IIPOAYKTiB GoToHyKIOHHNX peakuiit. st *°Nb, ™Mo BusiBieHi 0co6-
JIUBOCTI B TIOBEIHIIl €HEPreTUYHUX 3aJICKHOCTEH Mepepi3iB HOCTIKYBAHUX PEAKIIii,
OB’ SI3aHUX 3 BIUIMBOM 000J0HKOBUX edekTiB. g ¢oronerTtponnux (y,xn; x =
1...8) peaxuiii Ha “*'Ta 3 yTBOpPeHHsM sIep-IPOAYKTIB y OCHOBHOMY CTaHi 3 IIO3UTH-
BHOIO TAPHICTIO T = + CIOCTEPIra€ThCsl TapHE y3TOJKEHHS 3 TEOpi€l0, B TOM Yac siK
JUIS T = — BUSIBJICHO iCTOTHI po36ixnocti. Ha nmpukiani horoposmerienss supa 2 Al
BCTaHOBJIEHI 0COOIMBOCTI BUKOPUCTaHHS JIBOX THUIIB cepeHix nepepisiB (G(Eymax)) 1
(0(Eymax)q) AT PI3HUX BHUIAJKIB NPOTIKaHHS PEaKIiil: Mo oxHOMY a0 MO IEKiLIbKOX
KaHaJIaX peakIliid 3 yTBOPEHHSIM OJHOTO M TOTO K KIHIIEBOTO sSapa-npoaykry. [Ipose-
JICHO TIOPIBHSHHS OTPUMAHUX PE3YJIbTATIB 3 JIITEPATypPHUMHU JaHUMHU 1 3 TEOPETHU-
HUMHU pO3paxyHKaMHd, BUKOHaHMMH 3 BHUKOpHCTaHHsAM TmiepepisiB G(E) 3 komy
TALYS1.95 nnst pisaux mojeneit minbHOCTI piBHIB LD1-6. OGroBopiotoThes mepc-
MEKTUBHI HAIPSIMKHU JOCITIKEHHS 0araTo4acTUHKOBUX (POTOSACPHUX PEaKIIiil.

1.05. EXPERIMENTAL RESEARCH AND WORK DEVELOPMENT ON THE
HELIUM IONS LINAC

I.N. Onyshchenko, O.V. Manuilenko, B.V. Zajtsev, S.M. Dubniuk, 4.P. Kobets,
A.l. Kravchenko, K.V. Pavlii, V.M. Reshetnikov, V.A4. Soshenko, S.S. Tishkin,
O.V. Zhuravlyov, V.G. Zhuravlyov
NSC KIPT, Kharkiv, Ukraine
E-mail: zajtsev@kipt.kharkov.ua

The paper provides a brief summary of the experimental research carried out on
the materials science radiation complex developed in the NSC KIPT. The complex is
based on the helium ions linac. The features and advantages of the accelerating struc-
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ture based on alternative phase focusing (APF) are described. The main directions of
research development are determined. The techniques were developed and irradiation
different types of construction materials and candidate materials for the divertor and
the first wall of the TNR were carried out. The damageability of the irradiated sam-
ples could create from 3 to 80 dpa.

EKCIIEPUMEHTAJIBHI JOCJIIJIP)KEHHA TA PO3BUTOK POBIT
HA JIIHIMHOMY ITPUCKOPIOBAUYI IOHIB I'EJITIO
L. M. Oniwenko, O.B. Manyiinenxo, b.B. 3auyes, C.M. [[yonrwk, A.I1. Kobeys,
A.I Kpaguenxo, K.B. Ilasniu, B.M. Pewwemnixos, B.A. Cowenko, C.C. Tiwkin,
O.B. Kypasnvos, B.I'. Kypaenvos
HHI] X®DTI, Xapxis, Ykpaina
E-mail: zajtsev@kipt.kharkov.ua

HaBeneHo KOpOTKMI BHKIIAJl €KCIIEPUMEHTAIBHUX JOCHIKEHb, MPOBEICHUX Ha
MaTrepiajJo3HaBChKOMY pajiaiiiHoMy Komruiekci, pospoosenomy B HHI[ XDTI.
Kommneke 6a3yeTbest Ha JIIHIHHOMY MpUCKOpIoBayl 10H1B Tenito. Onucani 0co0IMBo-
CTl Ta MepeBaru MPHUCKOPIOIOYOI CTPYKTYPH, B OCHOBY SIKOT MOKJIAJICHUN MPUHIUI
3MiHHO-(a30Bor0 (GoKycyBaHHS. BH3Ha4YeHI OCHOBHI HANpPSIMKH PO3BUTKY JOCIHI-
oKeHb. Po3po0sieH0 METOIMKH Ta MPOBEICHI ONMPOMIHEHHS PI3HOTO THIY KOHCTPYK-
IHHUX MaTrepiajiiB Ta KaHAMJATHUX MaTepialiB JUisl JTUBEPTOpa 1 MEepuIoi CTIHKU
TAP. IlomxkomkyBaHICTh ONPOMIHEHUX 3pa3KiB B €KCIIEpUMEHTaX CTBOpIOBanacs B
mexax 3...80 cHa.

1.06. MEDICAL NEUTRON GENERATORS

V.A. Tsymbal, A.F. Stoyanov
NSC KIPT, Kharkiv, Ukraine
E-mail: tsymbalgtm@gmail.com

At present, the NSC KIPT has developed designs for two types of neutron genera-
tors - a stationary powerful neutron generator and a portable neutron generator.The
powerful neutron generator is intended for research in the field of neutron physics,
use for medical purposes. The portable neutron generator is intended primarily for
use in radiation medicine for brachytherapy; it is planned to use the installation for
the treatment of oncological diseases. The development of the design of neutron gen-
erators provides for modeling the processes of the appearance, propagation and ab-
sorption of neutrons, the acceleration, motion and deceleration of deuterons in the
beam, cooling of the generator elements, etc. Generators are designed on the basis of
the proposed process models.

HEWATPOHHI TEHEPATOPH, TIPU3HAYEHI JUIST BUKOPUCTAHHS
B MEJIULIMHI

B.O. l{umban, O.D. Cmosnos
HHI] X®TI, Xapxis, Yxpaina
E-mail: tsymbalgtm@gmail.com

B nanuit vac 8 HHI[ X®TI po3pobiieH1 KOHCTPYKIIii JBOX TUITIB HEUTPOHHUX Te-
HEpaTOPiB-CTALIOHAPHUA MOTYXHUM HEUTPOHHUN TeHEepaTop 1 MOPTATUBHUNU HEWUT-
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ponHuii rexeparop. [loTyxHMII HEUTPOHHHMI Te€HEPATOp MPU3HAYECHHHA IS JOCIi-
JDKeHb B 00J1aCT1 HEUTPOHHOT (PI3MKHU, BUKOPUCTAHHA B MeAUYHUX HUIsAX. [lopraTtus-
HUW HEUTPOHHUU I'€HEPATOpP NPU3HAYCHUH, B IIEPILY Yepry, 1Jis1 BUKOPUCTAHHSA B pa-
JialiiHid MeIUIMHI pyu OpaxiTepartii, IUIaHYEThCS 3aCTOCYBAHHS YCTAHOBKH JJIA JIi-
KyBaHHSI OHKOJIOTTYHMX 3aXBOpIOBaHb. Po3poOka KOHCTPYKIli HEUTPOHHUX TeHEepa-
TOpIB Nependayae MOJEIIOBAHHS MPOLIECIB BUHUKHEHHS, MOMIMPEHHS 1 TOTIMHAHHS
HEUTPOHIB, PO3TOHY, PYXY 1 ralbMyBaHHS ACUTPOHIB B MYUYKY, OXOJO/KEHHS eleMe-
HTIB reHeparopa Ta iH. Ha mijcraBi 3anponoHOBaHMX MOJENEN MPOLIECIB CIPOEKTO-
BaH1 KOHCTPYKIIi FT€HEPATOPIB.

1.07. POSITRON CONVERTERS: POWER LOAD AND COOLING

E.V. Bulyak
NSC KIPT, Kharkiv, Ukraine;
V.N. Karazin National University, Kharkiv, Ukraine
E-mail: bulyak@kipt.kharkov.ua

Generation of intense positron beams envisaged irradiation of a conversion target
by an electron or gamma beams with high power density. To prevent the conversion
target from destruction, cooling of the target is mandatory. In the report, process of
power impact upon the target is briefly considered, as well as different methods of
cooling are listed.

KOHBEPTOPU ITO3UTPOHIB: OCOBJIMBOCTI TEIIVIOBUX
HAI'PY30K TA OXOJIODKEHHA

€.B. bynax
HHI] X®TI, Xapxis, Yxpaina,
Xaprxiscorkuti Hayionanvuutl yHisepcumem im. B.H. Kapa3zina, Xapkie, Ykpaina

E-mail: bulyak@kipt.kharkov.ua

['eneparriss IHTEHCUBHUX TO3UTPOHHUX IYYKiB mepeaoavyae onpoMiHIOBaHHS KOH-
BEPCIMHMX MIIICHEH IHTCHCUBHUMH MyYKaMH PEISITUBICTCHKUX €JIEKTPOHIB a00 ram-
Ma BHINPOMIHIOBaHHS. Taki MillIeH1 MOTPeOYyIOTh OXOJIOKEHHS JIJIsl 3aM00IraHHIo X
pyiHaiii. KopoTko po3rasigaioTbcs 0COOIMBOCTI IPOLIECY €HEPTOBHUIICHHS B Millle-
Hi, SIK1 BUKJIMKaH1 3HAYHOIO HEOTHOPITHICTIO MPOIIECY SK B Yaci, TaK 1 B IPOCTOPI.
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Section 3. Novel and advanced acceleration techniques
Hogi Ta HecTaHIAPTHI NPUCKOPIOBAJIbHI TEXHOJIOTI1

3.01. PLATEAU FORMATION ON ACCELERATING WAKEFIELD FOR
ELECTRON-WITNESS-BUNCH AND ON DECELERATING WAKEFIELD FOR
DRIVER-BUNCHES

V.1. Maslov*?, D.S. Bondar?, I.N. Onishchenko®, R.T. Ovsiannikov?
'NSC KIPT, Kharkiv, Ukraine;
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: vmaslov@Kkipt.kharkov.ua

Plasma-wakefield acceleration promises compact sources of high-brightness rela-
tivistic electron and positron beams. Applications (particle colliders and free-electron
lasers) of plasma-wakefield accelerators demand low energy spread beams and high-
efficiency operation. Achieving both requires plateau formation on both the accelerat-
ing field for witness-bunch and the decelerating fields for driver-bunches by con-
trolled beam loading of the plasma wave with careful tailored current profiles. We
demonstrate by numerical simulation by 2.5D PIC code LCODE such optimal beam
loading in a linear and blowout electron-driven and ion-driven plasma accelerator
with RF generated low and high beam charge and high beam quality.

The study is supported by the National Research Foundation of Ukraine under the
program “Leading and Young Scientists Research Support” (project agreement #
2020.02/0299).

OOPMYBAHHA IVIATO HA ITPUCKOPIOIOUYOMY KUUIBBATEPHOMY I10JII
JUIA 3T'YCTKA EJIEKTPOHIB, IO ITPUCKOPIOETBHCA,
I HA TAJIbMYIOUYOMY KUUIbBBATEPHOMY I1OJIT JIA 3T'YCTKIB,
O 3bY/XXVIOTD ITOJIE

B.I Maczzoel’z, J.C. BOHdapr, M. OHiu;eHKOl, P.T. Oscannixos®
'HHI] XDTI, Xapxis, Vipaina;
2Xapkiecbkuﬁ Hayionanvnuuu ynisepcumem im. B.H. Kapasina, Xapxis, Ykpaina
E-mail: vmaslov@kipt.kharkov.ua

IIpuckopeHHsI KUTBBAaTEpPHHM II0JIEM B IIJIa3Mi MOJKE 3a0e3MeYUTH KOMITAKTHI
JDKEpeia PeIsiTUBICTCHKUX €JIEKTPOHHUX 1 MO3UTPOHHOIO MYYKiB BUCOKOI SICKPABOC-
Ti. BukopucTtanHus (kKonaiaepu 4aCTUHOK 1 Ja3epy Ha BUIBHUX €JIEKTPOHAX) MJIa3MO-
BUX KUTbBATEPHUX MPHUCKOPIOBAYIB BUMAralOTh BUCOKOT €)EKTUBHOCTI 1 MYyYKIB 3 HU-
3bKUM PO3KUJOM IO eHeprii. JJoCIrHeHHs TOTOo 1 1HIIOro BUMarae ()OpMyBaHHsI TIATO
K Ha MPUCKOPIOIOYOMY MOJI1 JIJIsi 3TYCTKY, [0 IPUCKOPIOETHCS, TaK 1 Ha TajlbMYIO-
YOMY TOJI1 JJIsI 3TYCTKY, 110 30YyJIKY€E MOJIe, HUITXOM KOHTPOJIHOBAHOTO HABAHTAKEH-
HS ITyYKOM IJIa3MOBOI XBUJI1 3 PETENbHO MiAI0paHuM mpodiieM cTpyMy. Mu eMoH-
ctpyeMo uucenbHuM MoaentoBaHHaAM 2.5D PIC-komom LCODE Ttake onTumanbHe
HAaBaHTA)XEHHS MYYKOM B JIIHIHHOMY 1 HEJIHIMHOMY peXUMax B IJIA3MOBOMY IIPHUC-
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KOpIoBadl 31 30y/DKEHHSIM €JIeKTpoHaMu a00 10HaMHu, siKl 1HXKEKTYIoThea 3 BU npuc-
KOPIOBaya, IPH HEBEJIIMKOMY 1 BETMKOMY 3apsJax My4KiB 1 BUCOKIH iX SIKOCTI.

Hocnimpkennss miaTpuMmani HaimioHaapHUM JOCHITHUUBKUM (QOHIOM YKpaiHu B
pamkax nporpamu «llinTpumka HayKOBUX JOCIIKEHb MPOBIIHUX Ta MOJIOJUX BYe-
HUX» (poekT Ne 2020.02/0299).

3.02. EMERGING TRENDS IN WALL-FREE HALL THRUSTERS
DEVELOPMENT

V. Litovko®, V.Yu. Bazhenov?, A.A. Goncharov?, A.M. Dobrovolsky?, 1.V. Najko?
YInstitute for nuclear research, Kyiv, Ukraine;
?Institute of physics, Kyiv, Ukraine
E-mail: ilitovko@ukr.net

Nowadays hundreds of all kinds of spacecraft (maneuverable and marching),
plow the vastness of the vast space. The moving force of such spacecraft has become
the electric propulsions different kinds. Traditionally, Hall thrusters attract a special
attention of the electric propulsion community. Very high efficiency, simplicity, and
potential durability make the Hall thruster one of the primary candidates for miniatur-
ization and application in small communications satellites and using for primary pro-
pulsion in deep-space scientific missions. Hall thrusters inherit coaxial geometry for
which the material of the annular chamber walls significantly affects the plasma dis-
charge properties and erosion of the dielectric walls. To avoid erosion developers try
to create modified wall-less accelerator constructions. But these attempts while are
not completed, quite complicated and sound many skepticism. One of the promising
ways to avoid erosion issues is the separation of the magnetic and electrical circuits
of the accelerator, which is easier to do in the cylindrical geometry. This principle
was carried out and tested in the original Hall type wall-less accelerator. The novelty
of the proposed idea is the use of a virtual parallel surface of the anode to the cathode
due to the principle of equipotentialization of magnetic field lines, which allows to
avoid sputtering of the cathode surface. It was shown the potential drop forms at the
axis that can use for ion beam formation and accelerating. The carried out experi-
mental measurement energy distribution function of out coming ions exhibit that the
EDF is quite monoenergetic with maximal energy about 2/3 anode electric potential.
This opens up possibility to apply these results for creation new generation Hall trust-
ers. This work was supported in part by project # PI-2021.

HOBI TEHAEHLII B PO3BUTKY BE3CTIHHMUX EJJEKTPOPEAKTUBHUX
JABUI'YHIB XOJUIIBCBKOI'O TUITY

LB. Jlimosxo", B.IO. Fasxcenos®, O.A. T OHuapoez,
AM. ﬂ06p060ﬂb0bkuﬁ2, LB. Haiixo®
lI;Ltcmunfzynfz sA0epHux oocnioxcens, Kuis, Yrpaina;
2I;Ltcmwnym Qisuxu, Kuis, Yxpaina
E-mail: ilitovko@ukr.net

B Ham yac COTHI BCUISIKMX KOCMIYHHUX KOpPaOJiiB (MaHEBPEHUX Ta MapIlOBHX)
3HAXOMATHCS B KOCMOCI. IX pyIIiiHOIO CHJIOI CTaldd €JEeKTPUYHI JBUT'YHH PI3HOTO
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pony. Bucoka epekTHBHICTh, MPOCTOTA Ta JTOBIOBIYHICTh ABUTYHIB XoJia poOJsATh
HOro OJHUM 13 OCHOBHUX KAaHIMJATIB HA MIHIATIOPU3AI[II0, 3aCTOCYBaHHS B MaJIUX
CYIyTHHKAX 3B'A3KYy Ta B SIKOCTI OCHOBHOT'O JBUTYHAa B KOCMIYHUX MicCisiX. /BUTYyHU
Xoia ycrnajakyBajdu KOaKCclalbHy T€OMETpIto, IS AKOi MaTepiasl HHIIHIPUYHHUX CTI-
HOK KaMepH CYTTEBO BIUIMBAE HA BJIACTUBOCTI PO3PSIAY IJIa3MU Ta €PO3it0 JTIEIEKTPH-
yHUX CTiHOK. [1[00 YHUKHYTH epo3ii pO3pO6HI/IKI/I HAMAraroThCA CTBOPIOBATH MOJIH-
(I)IKOBaHl KOHCTPYKIIii 0€3 CTIHOK. AJie Il CpoOU MOKU HE 3aBEPILEHI, JOCUTh CKia-
IHI 1 BUKJIMKAIOTh Oarato ckentuuuiMmy. IlepcrnekTUBHUM € YHUKHEHHS MmpoOJieM
€po3ii 3aBISKH PO3AUICHHS MAarHiTHUX Ta €IEKTPUYHUX KUT MPUCKOpPIOBaya B LIMJIIH-
npuuHiid reometpli. Llelt npuniun OyB mpoBeneHHU Ta BUNPOOYBAHHUM B OpUTIHAIb-
HOMY O€3CTIHHOMY NpuckoproBaul Tuny Xosuia. HoBu3Ha inei nomnsirae y BUKOpHUC-
TaHHI BIpTyaJabHOI MOBEPXHI MapajeabHOI aHOAY Ta KaTOAY 3aBISKH MPUHIUIY €KBi-
NOTeHL1ai3allli JIIHI MardHiTHOTroO MoJisA, IO J03BOJISIE YHUKHYTH PO3MMUIIECHHS MOBe-
pxHi kaTtoaa. byno nokazano ¢GopmyBaHHS MaJliHHA MOTEHLIaTy Ha BIC1, IO MOKHA
BUKOPUCTOBYBATH Jisi OpMyBaHHS 1 MPUCKOpPEHHS Mydka 10HIB. [IpoBeneHi excre-
pUMEHTANbHI BUMIPIOBaHHS (PYHKIII PO3MOLTY €HEPrii BUXITHUX 10HIB MOKa3yIOTh,
o ®PE € 1ocuTh MOHOCHEPTETUYHOIO 3 MAKCUMAJILHOIO €HEPTicr0 OIM3bKo 2/3 aHo-
JTHOTO €JIeKTPUYHOro moTeHmiany. Lle BigkpuBae MOXIMBICTH 3aCTOCYBaTH Ll pe-
3yJIbTaTH JJI1 CTBOPEHHS HOBOT'O TIOKOJIIHHS NBUTYHIB Xosuia. Llsg poGoTa Oyna yact-
KOBO miaTpuMana npoektom Ne P1-2021.

3.038. ELECTRON BEAMS WITH HIGH AVERAGE BRIGHTNESS AND
NORMALIZED NANOMETER-SCALE EMITTANCE FROM A NORMALLY
CONDUCTING RADIO-FREQUENCY PHOTO-INJECTOR

A. Opanasenko, Z. Tibai, K. Pepitone, G. Shamuilov, V. Goryashko
NSC KIPT, Kharkiv, Ukraine
E-mail: opanasenko@Xkipt.kharkov.ua

The concept of Compact X-ray Free Electrons Lasers requires electron beams
with high average brightness and normalized nanometer-scale emittance. We present
the results of numerical simulation of a Normal Conducting RF photo-injector with
the operating frequency of 325 MHz, which allows for the production of electron
beams with very high average 5D brightness while having moderate RF power con-
sumption. The nanometer-scale normalized emittance of the beams is ensured by the
“blow-up” mode of generation and by the application of the emittance growth com-
pensation method.

EJIEKTPOHHI ITYUKHA 3 BUCOKOIKO CEPEJIHBOIO ACKPABICTIO
TA HOPMOBAHMM EMITAHCOM HAHOMETPOBOI'O MACIITABY,
O ®OPMYIOTHCA HOPMAJIBHO ITPOBIJHVM BUCOKOYACTOTHHUM
OOTOIHXXEKTOPOM
A. Onanacenxo, 3. Tioau, K. Ilenimone, I'. [llamyiinos, B. ['opawxo
HHI] X®TI, Xapxie, Yrpaina
E-mail: opanasenko@kipt.kharkov.ua

KoHueniyiss KOMIMakTHUX PEHTIE€HIBCHKUX JIa3epiB HA BUIBHUX €JIEKTPOHAX MOTpe-
Oy€ eJIEKTPOHHUX MYYKIB 3 BUCOKOIO CEPEAHBOIO SICKPABICTIO Ta HOPMOBAHUM €MITa-
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HCOM HaHOMETPOBOro MacmTady. Mu mpeacTaBiasieMo pe3ysbTaTH YHCEIbHOIO MO-
JIEIIOBaHHST HOpMaibHO-TIpoBiAHOTO BY-(oTroinxkekTopa 3 poOOYOI0 YACTOTOIO
325 MTI'n, mo no3Bosisie popMyBaTH €IEKTPOHHI MYyYKH B O€3MEPEPBHOMY PEXUMI 3
BHCOKOIO cepeiHboto 5D sicKkpaBiCTIO, MatO4M MOMIpHE crokuBaHHS BU-noTy»)HOCTI.
Emitanc HaHoMmeTpoBoro Macmrady 3a0e3nedyerbcsi (OpMyBaHHSAM €IEKTPOHHOTO
3ryCTKY Y (OpMYy PIBHOMIPHO 3apsJPKEHOI0 €JIICoia, 0 MBUAKO PO3MIUPIOETHCS,
Ta 3aCTOCYBaHHSIM METOAY KOMIIEHCAllli pOCTY €MITaHCY.

3.04. ON THE POSSIBILITY OF RESONANT ACCELERATION OF CHARGED
PARTICLES BY THE FIELD OF A TRANSVERSE ELECTROMAGNETIC
WAVE IN VACUUM

V.O. Buts, A.G. Zagorodny
NSC KIPT, Kharkiv, Ukraine
E-mail: vbuts@kipt.kharkov.ua

The results of an analytical and numerical study of the dynamics of charged parti-
cles (electrons) in the field of a transverse electromagnetic wave in the presence of an
external magnetic field and in the absence of a magnetic field are presented. The dy-
namics of particles in a vacuum were considered. It was found that a significant
role in the dynamics of particles is played by the function, which is equal to the prod-
uct of the particle energy by the derivative phase of the wave. If this function is inte-
gral, then it is possible to obtain rigorous analytical solutions. In the absence of an ex-
ternal magnetic field, there are no resonances in these solutions. It was found in the
work that when this function is not an integral, then new solutions appear for the en-
ergy and for the momenta of particles. The nature of these solutions is resonant, i.e.
the energy and pulse components grow with time in proportion to the first power of
time. The mechanism of the emergence of new resonance solutions is discussed. It
turns out that the phase dynamics of particles at the initial stage is described by an
equation that is similar to the Adler equation, which is known in the theory of syn-
chronization. Numerical analysis of particle dynamics is qualitative well consistent
with analytical results.

ITPO MOXJIMBICTb PEBOHAHCHOI'O [TPUCKOPEHHA 3APAJDKEHNX
YACTHHOK IIOJIAMU ITOIIEPEYHOI EJIEKTPOMATHITHOI XBUJII
Y BAKYYMI

B.O. byy, A.I'. 3aeopooniii
HHI] X®TI, Xapxis, Ykpaina
E-mail: vbuts@kipt.kharkov.ua

Buknaneno pesynbTaTh aHAIITHYHOTO Ta YMCEIHLHOTO BUBYCHHS JAMHAMIKHU 3a-
PADKCHUX YaCTUHOK (€JIEKTPOHIB) B MOJI MOMEPEYHOI €JIeKTPOMATrHITHOT XBUJIl TIPH
HAssBHOCTI 30BHIIIHBOT'O MAarHiTHOTO ITOJIS 1 B BIZICYTHOCTI MarHiTHOTO 1moJs. Po3ris-
nanacs TMHaAMIKa YaCTMHOK y BakyyMi. BUsiBI€HO, 1110 ICTOTHY pOJIb B JUHAMIIIl Ya-
CTUHOK Tpae (PyHKIIis, sika JOPIBHIOE JOOYTKY €Heprii YaCTUHOK Ha MOXIAHY (a3u
XBWIL. Ko 1s QyHKIIS € IHTErpajoM, TO BJIA€ThCS OTPUMATU CTPOTri aHANITUYHI
PO3BSI3KU. Y BIJICYTHOCTI 30BHIIIHHOTO MAarHITHOTO MOJISl B IUX PO3BSI3KaX HEMAE pe-
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30HaHCIB. byno BusiBI€HO, M0 KONM U (YHKLIS HE € IHTErpajioM, TO 3'SIBISIOTHCA
HOBI1 PO3BSI3KH JJIsl €HEPrii 1 1JI IMITYJIbCIB YACTUHOK. XapakTep IUX PIIIeHb € pe3o-
HAaHCHHUM, TOOTO €HEpPris 1 KOMIIOHEHTH IMITYJIbCY 3 YACOM 3POCTalOTh MPOMOPIIIHO
nepuoro cryneHs yacy. OOroBOpro€eThCS MEXaH13M BUHUKHEHHSI HOBUX PE30HAHCHUX
po3Bsi3KiB. BusiBisieThcs, 1m0 (¢azoBa AMHAMIKa YaCTMHOK Ha IMOYATKOBOMY eTalli
OMHCYETHCS PIBHSAHHAM, AK€ CXOXE Ha PIBHAHHS Ajjiepa, sike € BIIOMHUM B Teopii
CUHXpOHI3allii. YuCIoBUi aHaI3 AMHAMIKA YaCTUHOK SIKICHO JTOOpE Y3TOIKYETHCA 3
aHANITUYHUMHU PE3YJIbTaTaAMH.

3.05. ABOUT THE ACCELERATION RATE OF RELATIVISTIC BEAMS BY A
SURFACE WAVE IN A DIELECTRIC LASER ACCELERATOR (DLA)

0.0. Bolshov, A.V. Vasiliev, A.l. Povrozin, G.V. Sotnikov
NSC KIPT, Kharkiv, Ukraine
E-mail: sotnikov@kipt.kharkov.ua

An analysis of the dependence of the acceleration rate of charged particles by a
surface wave arising when a laser pulse/(plane wave) is incident on the interface be-
tween two dielectric media on the phase velocity of the excited wave is carried out. It
Is shown that at resonance acceleration this dependence has a maximum and for ultra-
relativistic particles the acceleration rate tends to zero. The dependences of the accel-
eration rate on the phase velocity of the excited wave for various refractive indices
(dielectric permittivities) of optically transparent medias are investigated analytically
and numerically.

ITPO TEMII ITIPUCKOPEHHA PEJIATUBICTCBKUX ITYUKIB ITOBEPXHEBOIO
XBUIIEIO B AIEJIEKTPUYHOMY JIASEPHOMY ITPUCKOPIOBAUI

0.0. boavwos, A.B. Bacunves, A.l. I[losposin, I'.B. Comnikos
HHI] X®TI, Xapxis, Yxpaina
E-mail: sotnikov@Kkipt.kharkov.ua

[IpoBeneHo aHami3 3aJ€KHOCTI TEMITY NMPUCKOPEHHS 3apsDKEHUX YaCTUHOK IO-
BEPXHEBOI XBUJICIO, III0 BUHUKAE MPHU MaAIHHI JJA3€PHOTO IMITYNbCY /(TIOCKOT XBHII)
Ha MEXY PO3JUTY JBOX CEpeOBHII, Bi ()a30BOI MIBUAKOCTI XBUIII, IO 30Y/KY€ETHCA.
[TokazaHo, 110 Mpy Pe30HAHCHOMY MPUCKOPEHHI 111 3aJIEKHICTh Ma€ MAKCUMYM 1 IS
VIBTPAPENATUBICTCHKUX YaCTUHOK TEMIT MPUCKOPEHHS NparHe 10 Hyssd. AHATITUYHO
Ta YHUCEJIBHO JOCIIKEHO 3aJICKHOCTI TeMITy MPUCKOPEHHS Bix (a30BOi MIBHUAKOCTI
XBUWII, 10 30yKY€EThCS, I PI3HUX MOKA3HHUKIB 3aJIOMJICHHS (I1€IEKTPUIHOI TIPO-
HUKHOCTI) OITHYHO TPO30PHUX MaTepiatiB.

3.06. ACCELERATION OF ELECTRONS USING INVERSE ANOMALQUS
SCATTERING

V.V. Ognivenko
NSC KIPT, Kharkiv, Ukraine
E-mail: ognivenko@kipt.kharkov.ua

Acceleration of electrons in the field of two electromagnetic waves propagating
in a slowing down system in the direction of electron motion is considered. The dy-
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namics of the motion of electrons in the field of waves, one of which propagates with
a phase velocity greater than the velocity of electrons, and the other with a phase ve-
locity less than the velocity of electrons, has been investigated. Taking into account
the deceleration by radiation, the dependence of the electron energy on the coordinate
along the direction of acceleration is determined. The expression for the maximum
electron energy and effective acceleration length is obtained.

I[MPUCKOPEHHA EJIEKTPOHIB 3A JIOITOMOI'OO OBEPHEHOI'O
AHOMAJIBHOI'O PO3CISAHHA
B.B. Oznigenko
HHI] X®DTI, Xapxie, Yxpaina
E-mail: ognivenko@kipt.kharkov.ua

Po3rasiHyTO pUCKOpPEHHSI €IEKTPOHIB Y MOJI1 IBOX €JIEKTPOMArHiTHUX XBUIIb, 110
MOIIUPIOIOTHCS B YIMOBUIBHIOUUN CTPYKTYpl B HANPSIMKY pyXy enekTpoHiB. Jlocii-
JOKEHA IMHAMIKa PYXy €JIEKTPOHIB Y TMOJI1 XBUJIb, OJIHA 3 SIKUX MOLIUPIOETHCS 3 (pa3o-
BOIO IBHUJIKICTIO OUIBIIOI MIBHUAKOCTI €JIEKTPOHIB, a iHIIA 3 (pa30BOIO IIBUIKICTIO
MEHIIIOI0 IMIBUAKOCTI €JIEKTPOHIB. BpaxoByrouu rajibMyBaHHS BHUIIPOMIHIOBaHHSM,
BU3HAYCHA 3aJICKHICTh €HEPTil €JICKTPOHIB BiJl KOOPJAWHATU y370BXK HAMPSIMKY IPHUC-
KopeHHs. OTpuMaHO BUpa3 JJIsl MAaKCUMAaJIbHOI €HEPTil eJIEKTPOHIB 1 €(PpEeKTUBHOI J10-
BXKWHU MPUCKOPECHHS.

Section 6. Synchrotron radiation: sources and applications
CHHXpPOTpOHHE BUIIPOMIHIOBAHHS: JKepeJia Ta
3aCTOCYBAaHHA

6.01. MULTIPHOTON INTERACTION OF RELATIVISTIC ELECTRONS WITH
PERIODIC FIELDS

E.V. Bulyak, N.F. Shul'ga
NSC KIPT, Kharkiv, Ukraine;
V.N. Karazin National University, Kharkiv, Ukraine
E-mail: bulyak@kipt.kharkov.ua

A model of interaction of relativistic electrons with periodic fields is presented.
The model is aimed at evaluation of the electrons spectrum evolution caused by the
recoils due to emission of the multi-harmonic radiation. The field is considered as
guantum, while the relativistic electrons are treated as semi classical objects. The
electron is assumed to interact with random number of the photons within its coherent
length, and emits single photon. The number of initial photons corresponds to the
harmonic number in the classical theory of radiation. As is shown, the model assump-
tion of the Poisson distribution of the number of coherent photons with the Poisson
parameter equal to squared product of the average inclination angle of the electron
trajectory by the Lorentz factor fairly agrees with the classical model. Based on the
developed model, major parameters of the electron beam Kinetics, i.e. the variance
and the stability parameter are estimated. The model is well suited for the numerical
simulation of sources of the hard x-ray and gamma radiation.
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BATTATO®OTOHHA B3AEMOAIA PEJIATUBICTCHKUX EJIEKTPOHIB
3 IIEPIOANYHNUMMU T1TOJIAMU

€.B. bynaxk, M.®@. [llynvea
HHI] X®DTI, Xapxis, Yxpaina,
Xapxiecvkuii nayionanvuut ynieepcumem im. B.H. Kapasina, Xapxkis, Ykpaina

E-mail: bulyak@kipt.kharkov.ua

[IpencraBieHo MO/ENb B3a€EMOIIT PENSATUBICTCHKUX €JIEKTPOHIB 3 NEPIOJUYHUMU
nosiaMu. Ll Monens cupsiMoBaHa Ha OOYMCIIEHHS €BOJIIOLIT €JIEKTPOHHOI'O CIIEKTPA,
BUKJIMKAHOI BiJIJa4Y€l0 MPHU eMICii BUITPOMIHIOBAHHS, IO CKIAJAEThCs 3 OaraTbox ra-
PMOHIK. 30BHIIIHE TMOJIE BBAXAETHCS KBAHTOBHUM, a €JIEKTPOHU — HAIliBKIACHYHUMHU
00’ektamu. KokeH eeKTpoH B 111l MoJieli B3aeMOJIIE 3 JIeKUIbKOMa (JOTOHAMH 30B-
HIIIHBOTO TIOJISI, BUTTPOMIHIOIOYM OJUH BTOPHHHUN POTOH. Uncino mepBuHHUX (HOTO-
HIB JIOPIBHIOE TapMOHIIl B KJIACUYHIA MOJieNl BUNpoMiHtoBaHHs. [loka3zano, 1o nep-
BUHHI (OTOHU po3mnojuIeH] 3a [IyacOHIBCHKMM 3aKOHOM, MPUYOMY HapameTp IbOTro
pPO3MOJIUTY JOPIBHIOE KBaJpaTy MOOYTKY CEpeHBOr0 KyTa BIIXHWIJICHHS €JIEKTPOHA B
30BHIITHBOMY IOJI1 Ta HOTO peNsITUBICTChKOrO (pakropa. bazyrounchk Ha po3pobIieH
MOJIeNTi, MA OTPUMAJIH OI[IHKU TOJOBHHUX MapaMeTPiB KIHETHUKH E€JICKTPOHHOTO IMyJKa:
Bapiallii Ta mapameTrpa cTabuIbHOCTI. Mojaens 100pe MiAXOAUTh JJIsi YUCIOBOTO MO-
JICITIOBAHHS JKEPET )KOPCTKOTO PEHTI€HIBCHKOTO Ta ramMa-BUIPOMiHIOBaHHSI.

6.02. RADIATION FRICTION OF RELATIVISTIC CHARGED PARTICLES
MOVING IN A PERIODIC FIELD

V.V. Ognivenko
NSC KIPT, Kharkiv, Ukraine
E-mail: ognivenko@kipt.kharkov.ua

The motion of a beam of relativistic charged particles in an external periodic field
is considered, taking into account the influence of incoherent fields produced by par-
ticles on this motion. Based on the dynamics of individual particles motion under the
action of the pair interaction forces each of them, the coefficient of friction is ob-
tained. The change in the average value of the momentum of the particles is consid-
ered. The expression for the friction force, which describes the average change in the
momentum of charged particles per unit time, both in the case of motion of an initial-
ly monoenergetic particle beam, and in a beam with a thermal spread of particle ve-
locities is obtained. The relation between the rms momentum spread and the decelera-
tion force of the particles has been derived.

PAJITAINIMHE TEPTS PEJSITUBICTCHKUX 3APSIJIKEHUX YACTUHOK,
10 PYXAKTHCA B IMEPIOJUYHOMY I1OJII
B.B. Ozunisenko
HHI] X®TI, Xapxis, Yxpaina
E-mail: ognivenko@kipt.kharkov.ua

Po3rasiHyTo pyx mydka peNsTUBICTCHKUX 3apsKEHUX YaCTOK y 30BHIIIHBOMY
MEepPIOANYHOMY IOJ1, 3 ypaxyBaHHSM BIUIMBY Ha 1L PyX HEKOT€PEHTHUX OB,
CTBOPIOBaHUX YacTKamMu. Ha OCHOBI JUHAMIKH PyXy OKPEMHUX YaCTHHOK MiJ] JI€I0 CHUII
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MapHOi B3a€EMOJIII KOKHOI 3 HUX OTpUMaHUU Koe(dimieHT TepTsa. Po3risHyTOo 3MiHY
CEPEeHbOI0 3HAYEHHS IMMYJbCY YacTUHOK. OTpUMaHO BUpa3 JJsl CHUIH TepTs, L0
OMHCYE CEPENHIO 3MIHY IMITYJIbCY 3apsPKEHUX YACTMHOK 3a OJUHUIIO Yacy, SK y
BUIAJKY PYXy MOYAaTKOBO MOHOEHEPreTUYHOrO0 MYy4YKYy YACTHMHOK, TaK 1 B MYYKYy 3
TEIJIOBUM PO3KUJOM IIBUIKOCTEH YACTUHOK. YCTAaHOBJICHUW B3a€MO3B'S30K MIXK
CPEIHbOKBAIPATUYHUM PO3KUIOM MO IMITYJIbCAX 1 CUJIOI0 TaJIbMYBaHHS YaCTUHOK.
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September 22, Wednesday, 9%° — 13%

Section 4. Accelerator components
EjieMeHTH IPUCKOPHOBaviB

4.01. INHOMOGENEOUS TRAVELLING-WAVE ACCELERATING SECTIONS
AND WKB APPROACH

M.I. Ayzatsky
NSC KIPT, Kharkiv, Ukraine
E-mail: aizatsky@kipt.kharkov.ua

The report presents the results of a study of the possibility of using the approxi-
mate methods to describe Inhomogeneous Travelling-Wave Accelerating Sections.
This possibility not only simplifies the calculation, but also allows the use of simpler
physical models of transient processes. Using the traveling wave concept simplifies
the understanding of pulsed-excited ITWAS transients and the development of meth-
ods to mitigate their effect on beam parameters.

HEOJHOPIJHI ITIPUCKOPIOIOYI CEKIIT HA XBUJIL, 11O BDKUTD,
I BKb-HABJIMJKEHHA

M.1. Auzayvbkuu
HHIL] X®TI, Xapxis, Yrpaina
E-mail: aizatsky@kipt.kharkov.ua

[IpencraBineHo pe3ynbTaTd JOCHTIIKCHHS MOXKIUBOCTI BUKOPHCTAHHS HaOIMKe-
HUX METOJIB ISl OMMCY HEOHOPIAHUX MPUCKOPIOIOYNX CEKIIN Ha XBUJI1, 110 ODKUTH.
LI MOXJHBICTH HE TUIBKH CIIPOIYE PO3PAXYHOK, a W JO3BOJSIE BUKOPUCTOBYBATH
OuthII MpocTi (i3WUHI MoJENi MepexigHUX IpoleciB. BukopucTaHHS KOHIEMIIii
ODKy4Joi XBHJII CIIPOIIYE PO3YMIHHS MEPEXiAHUX MPOIECIB B CEKIIAX 3 IMITYJIHCHUM
30y/KEHHSIM 1 po3p0oOKY METO/1B 3MEHILICHHS X BIUTMBY Ha ITapaMeTpH ITydKa.

4.02. RF MODULATED THERMIONIC ELECTRON GUN

V.F. Zhiglo, V.V. Mytrochenko, V.A. Kushnir
NSC KIPT, Kharkiv, Ukraine
E-mail: kushnir@kipt.kharkov.ua

The electron gun design for S-band electron linac is proposed. The electron beam
at the exit of the gun is a sequence of bunches that follow with the linac operating
frequency. Beam modulation is performed using the microwave cavity, which is lo-
cated between cathode and anode of the DC gun. The use of such electron source
makes it possible to abandon the use of additional microwave bunchers and a modu-
lated source of anode voltage. The current pulse duration is determined by modulat-
ing microwave pulse. The simulation study results of beam dynamics in the gun and
wave propagation in the line for RF supply of modulating cavity are presents in the
report. It is shown that at constant anode voltage 80 kV at the gun exit the beam en-
ergy is 95 keV and pulse current is 0.44 A. The phase length of bunches does not ex-
ceed 80° at a normalized beam emittance of less than 5 mm mrad.
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TEPMOEMICIMHA EJJEKTPOHHA TAPMATA 3 BUCOKOYACTOTHOIO
MOAVYJIAUIERO ITYUYKA
B.®@. JKueno, B.B. Mumpouenko, B.A. Kywnip
HHI] X®DTI, Xapxis, Yxpaina
E-mail: kushnir@kipt.kharkov.ua

3anponoHOBaHO KOHCTPYKIIIIO €IEKTPOHHOI rapMaTu JJis €JIEKTPOHHOTO MPUCKO-
proBaya S-giana3oHy. EneKTpoHHHMI NMy4OK Ha BUXOJl 3 TrapMarH sBIsE€ COOOIO
MOCIAOBHICTh 3TYCTKIB, SIK1 CHIYIOTh 3 pOOOUYOI0 YACTOTOIO MpHUCKOpIoBaya. Moy-
JAUIS My4YyKa BUKOHYETHCS 3a JIONOMOIOK MIKPOXBHUJIBOBOTO PpE30HATOPA, SKUN
3HAXOJIUTHCSI MK KaTOJIOM 1 aHOJIOM €JIEKTPOHHOI rapMaTu MOCTIHHOTO cTpyMy. Bu-
KOPHUCTaHHS TaKOTO JpKepesia €JIEKTPOHIB J03BOJISI€ BIIMOBUTUCH Bl BUKOPUCTAHHS
J0JIaTKOBUX MIKPOXBHJIBOBUX YIPYIIIOBYBayiB Ta MOAYJIbOBAHOTO JIXKEpesia aHOIHO1
Hanpyru. TpuUBaiCTh IMITYJIbCY CTPYMY BU3HAYAETHCS TPUBAIICTIO MOJYJIIOHOYOIO
HBUY-imnynbcy. IlpeacTtaBieHo pe3yabTaTd UYMCEIBHOTO MOJENIOBAHHSA JAMHAMIKU
My4YKa B rapMaTH Ta PO3MOBCIOJKEHHS KoJnBaHb y JiHli HBY-xuBieHHs monyntoro-
qyoro pe3oHaropa. [lokaszaHo, 1mo npu nocTiiHIN aHoAH1N Hanpy3i 80 kB Ha Buxoai 3
rapMaTy eHepris mydka craHoBuTh 95 k3B, a imnynbscHuit ctpym 0,44 A. da3zosa no-
BXKHMHA 3rycTKiB He nepesuiye 80 ° nmpu HOpMaIi30BaHOMY €MITaHCl My4YKa MEHIIe 5
MM Mpaj.

4.03. THERMALIZATION OF METAL ATOMS OF OPERATING
ENVIRONMENT AT A METAL ION-SPUTTERING SOURCE

V.A. Baturin, P.A. Litvinov, S.A. Pustovoitov, O.Yu. Roenko
Institute of Applied Physics, Sumy, Ukraine
E-mail: baturin4d9@gmail.com

It is proposed to thermize fast metal atoms in the ion source on the hot surface of
the source anode and subsequent desorption in the source discharge cell. In the sug-
gested construction of the source, atom thermalization process is realized on an inte-
rior surface of an anode of the Penning discharge cell in an oscillation area of ioniz-
ing electrons. It has been experimentally shown that the proposed method of thermal-
ization of Fe atoms increases the fraction of Fe+ ions in the extracted ion beam by
three times.

TEPMAJIIBALIA ATOMIB METAJIIB POEOYOI'O CEPEJJOBHIIIA
B PO3ITMJIFOBAJIBHOMY JUKEPEJII METAJIEBUX IOHIB

B.A. bamypin, I1.0. Jlumseunos, C.O. I[Iycmosoumos, O.10. Pocnko
Inemumym npuxnaonoi ¢izuxu, Cymu, Ykpaina
E-mail: baturin49@gmail.com

3anmpomnoHOBaHO TEPMi3yBaTH MIBUIKI aTOMHU METaly B JKEPENi 10HIB Ha rapsdiid
MOBEPXHI aHOJA JKEpesia Ta MOJalblly J1ecOopOLil0 B KOMIPIl po3psay MKepena.
VY omnmcaHiii KOHCTPYKIIIT JXKepesa mpolec TepMmaiizaii aToMma peani3yeThCs Ha BHYT-
pIIIHINA MOBEPXHI aHOAA po3pAaHOi KoMmipku [IeHHIHra B 30H1 KOJIMBaHb 10HI3YIOUUX
eJIeKTpOHIB. ExcriepuMeHTalbHO MOKAa3aHo, 110 3alMpONOHOBaHUMN crnocid Tepmizallii
atomiB Fe 36inbmrye uacTky ioniB Fe' B excTparoanomy myuky ioHiB yTpudi.

35



4.04. EMITTANCE MEASUREMENTS OF AN ACCELERATED BEAM
(REVIEW)
O.F. Dyachenko
NSC KIPT, Kharkiv, Ukraine
E-mail: dyachenkoa@kipt.kharkov.ua

For successful carrying out of experimental nuclear physical researches connected
with use of charged particles accelerated beams, as much as possible exact
knowledge of their parameters is necessary. Effectively working systems of beams
diagnostics on accelerating facilities are for this purpose required. Research of pro-
cesses taking place during acceleration, conditions define of beams coordination with
transport lines elements, a choice of focusing elements optimum configuration are
impossible without knowledge of emittance parameters. Experimental techniques of
emittance measurement have some distinctions, but are reduced to that a small part of
an accelerated beam «is cut out» on known distance by means of a mask which can
have different configurations, and then is scanned on the distance defined by particles
energy. The measurement result is the curve of a current distribution of the split beam
in a direction of one from transverse co-ordinates. This information has enough to
calculate of particles angular distribution. The simplest realization of this technique is
use of the slit distributor and a wire probe (ESA “Sokol”) or photoplate (SLAD).
There are some ways of emittance measurements: the slit method (Allison scanner),
the pepperpot method, and also the gradient method. The most high-speed and enough
exact way of emittance measurement is the pepperpot method (UNILAC). The origi-
nal diagnostic device is developed at Peking University for a single impulse of the
beam H+ which is a combination of Faraday cup and a gauge of the pepperpot type.It
is offered to use an angular distribution of a far-field optical diffraction radiation,
produced by an electron beam, passing through rectangular apertures in screens.

BUMIPIOBAHHA EMITAHCY ITPUCKOPEHOI'O ITYUKA (OT'JISI )

O.D. J[vsauenko
HHI] X®TI, Xapxie, Yxpaina
E-mail: dyachenkoa@kipt.kharkov.ua

JIist  yCHiNIHOTO TPOBEACHHS EKCHEPUMEHTANBHUX SACPHO-(DI3UYHUX JTOCHTI-
JDKCHb, TIOB’I3aHUX 13 BUKOPUCTAHHSAM MPUCKOPEHUX MYUYKiB 3apsHKCHUX YaCTHHOK,
HEOOX1THO MaKCUMAaJIbHO TOYHE 3HAHHS iX mapaMeTpiB. st 1iporo moTpiOHI epeKTu-
BHO TPAIIOIOYl CUCTEMHU JIarHOCTUKH IMYYKIB HAa MPUCKOPIOBAIBHUX YCTAHOBKAX.
JlocnimKeHHsI POTIECiB, M0 BiIOYBAIOTHCS MM 4ac MPUCKOPECHHS, BU3HAYCHHS YMOB
Y3TOJKEHHSI TYYKiB 3 €JIeMEHTaMU TPAHCIOPTHHUX JIiHINA, OOpaHHS ONTUMAIbHOI
KoH(]Iryparii JOKyCyrUnX eJIeMEHTIB HEMOKIIMBI O¢3 3HAHHS IMapaMeTPiB MiTaHCY.
ExcniepuMeHTanbHI METOIMKY BUMIPIOBAaHHS €MITaHCY MAIOTh JISSIKI BIIMIHHOCTI, ajie
3BOJIATHCS JO TOTO, 110 HEBEJIMKA YAaCTHHA MPUCKOPEHOTO MydYKa «BUPIZYETHCS» HA
B1IOMIi BiJICTaH1 3a JOMOMOTOI0 MacKH, siIka MO>K€ MaTu pi3Hi KOoH(]iryparlii, a moTiM
CKAHY€TbCSl Ha BiJICTaHi, OOYMOBIICHIM €HEepri€r0 4acTUHOK. Pe3ynpTaToM BHMIpIO-
BaHHS € KPUBa PO3MOLTY CTPYMY PO3IIEIIJICHOTO IMyYKa B HANPSIMKY OJHIET 3 TOTe-
peunux koopauHat. Lli€i indopmanii gocuTh, 100 po3paxyBaTH KYTOBHI PO3IMOILIT
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yacTUHOK. Hallouibin mpocToro peaizaliclo METOIUKN € BUKOPUCTAHHS IIUTMHHOTO
posnoainbauka i gpotoBoro 3oHAa (ECIT «Cokiny) adbo dotomnactuam (MJITL).
[cHytoTh KiTIbKa C€HOCOOIB BHMIPY €MITAaHCY: UIUIMHHUN (CKaHep AJlTicOHA),
pepperpot, a Takox rpaaieHTHUHN (KBaJpyrnoiabHe cCKaHyBaHHs). Haitouibm mBuaKic-
HUM 1 JOCUTh TOYHUM CIIOCOOOM BUMIPIOBAHHS €MITAHCY € pepperpot («ImepeyHuls»)
Meron (UNILAC). OpuriHanbHuil 11arHOCTUYHUM TPUCTPiit po3pobieHo B IlekiHch-
KOMY YHIBEPCHUTETI JIJIi OIMHOYHOTrO iIMIyJbcy myuka H+, skuil € koMOiHali€0 1u-
ninapa Papanes i 3aco0y BUMIPIOBAHHS THUITY «IIEPEUHUI». 3alIPONOHOBAHO BUKO-
PUCTOBYBAaTH KYTOBUM PO3MOMAUI MOJIA B JAJBbHIN 30HI ONTHYHOTO IU(PPaKIiHHOTO
BUIIPOMIHIOBAHHSI, YTBOPEHOI'O €JIEKTPOHHUM OaHueM, 110 MPOXOJIUTh Yepe3 MpsiMo-
KyTH1 aniepTypH B eKpaHax.

4.05. RARE-EARTH PERMANENT MAGNETS AND THEIR POTENTIAL IN
MAGNETIC SYSTEMS OF TECHNOLOGICAL ELECTRON ACCELERATORS

V.A. Bovda, A.M. Bovda, LS. Guk, V.N. Lyashchenko,
A.O. Mytsykov, L.V. Onishchenko
NSC KIPT, Kharkiv, Ukraine
E-mail: guk@kipt.kharkov.ua

Modern advanced powder metallurgy technologies are the most useful approach
to the production of (Nd, Dy)-Fe-B and Sm-Co magnets. High extrinsic magnetic
properties of these rare-earth permanent magnets as coercitivity and remanence are
highly dependent on the composition and microstructure. Sm-Co or Dy doped Nd-
Fe-B magnets have a high remanence, high energy density and withstand demagneti-
zation at elevated temperature. The latter can find wide application in the develop-
ment of magnetic elements for beam transport systems at technological electron ac-
celerators. These devices will be of minimal size and cost and do not require power
supplies. The aim of this study was analyze the radiation resistance of Nd-Fe-B and
Sm-Co magnets and reveal the appropriate conditions for stable magnetic field pa-
rameters under high irradiation levels, which are typical for output channels of tech-
nological accelerators. Two dipole magnets were developed and manufactured for use
at electron energies of 10 and 23 MeV.The problems arising in the development of
permanent magnet quadrupole lenses for transport channels are discussed.

3ACTOCYBAHHA PIAKO3EMEJIbBHUX MAT'HITIB JIJII CTBOPEHHA
MAT'HITHUX CUCTEM TEXHOJIOI'TYHHUX ITPUCKOPIOBAYIB
EJIEKTPOHIB

B.A. bosoa, A.M. bosoa, 1.C. I'yk, B.H. Jlawenxo,
A.O. Muyukos, JI.B. Onuwenko
HHI] X®TI, Xapxis, Yxpaina
E-mail: guk@kipt.kharkov.ua

CyyacHi TEXHOJIOT1l MOPOUIKOBOI METaIyprii 103BOJISIIOTh CTBOPIOBATH MOCTIMHI
MmarHitTd Ha ocHoBi cmuiaBiB (Nd,Dy)-Fe-B i Sm-Co, mo maroTh BHCOKI 1 cTaOUIbHI
MarHiTH1 XapakKTepUCTUKUA (KOCpUUTHBHA CUJIA, 3aJIMIIKOBA HAMarHiyeHicTh). BoHu
30epiraloTh CBOi BJIACTUBOCTI B IIMPOKOMY J1alia30H1 TEMIEPATYp 1 MalOTh HU3bKUMA
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TeMIEpaTypHuil Koe(illleHT 3aJIMIIKOBOi HamarHideHocTi.Lli yHikanbHi1 Xapakrepuc-
TUKA MOXXYThb 3HAWTH HIMPOKE 3aCTOCYBAaHHS MPH CTBOPEHHI MArHiTHUX €JIEMEHTIB
CUCTEM TPAaHCIOPTYBAHHS MYUYKiB HA TEXHOJOTTYHUX MPUCKOPIOBavax eleKTpoHis. L1
NpUCTPOi OyAYyTh MaTH MIHIMaIbHI PO3MIpHU 1 BapTICTh, HE BUMArarOTh JIKEPEIT KU B-
nenHs.Hamu Oynu npoBeAeH1 AOCHIHKEHHS paaialiiHO1 CTIMKOCTI 3pa3KiB MarHiTiB 3
LMX MaTepiaiiB, IO JT03BOJWIM BCTAHOBUTU YMOBH 30€peXKEHHS MapaMeTpiB MarHiT-
HOT'O TOJIA MPHU BEJTUKUX PIBHAX OMPOMIHEHHSI, XapaKTePHUX JJI1 BUXITHUX KaHaJIB
TEXHOJIOTIYHUX MpHUCcKoptoBayiB.Ha OCHOBI MpoBeAEHUX AOCHIIKEHb PO3pOOJIEH] 1
BUTOTOBJICHI JBA JMIMOJIbHUX MArHiTH, MPU3HAYEH] JIJI1 BUKOPUCTAHHS MPU €HEPrisix
enekTpoHiB 10 1 23 MeB.O0roBoprotoThcs npodieMu, 110 BUHUKAIOTh PU CTBOPEHHI
JUTSl KaHAUTIB TPAHCTIOPTYBAHHS KBAJPYMOJIBHUX JI1H3 HA OCHOBI TOCTIMHUX MAarHiTiB.

4.06. PROCEDURE OF COUPLER MATCHING FOR TRAVELLING WAVE
STRUCTURE OF LINAC
M.I. Ayzatsky, V.V. Mytrochenko, K.Yu. Kramarenko
NSC KIPT, Kharkiv, Ukraine
E-mail: kramer@kipt.kharkov.ua

Procedure of matching of coupler for travelling wave structure based on disk
loaded waveguide is presented. Model for computer simulation or cold-test measure-
ment includes input and output coupler, stack of regular accelerating cells, segments
of rectangular waveguide and beam pipe. The procedure is based on determination of
on-axis complex field values at the centers of regular cells followed by calculation of
phase shifts and amplitude ratios. Only the coupler dimensions are varied at any step
of the procedure. The step-by-step procedure allows one to avoid trial and error and
to reduce the time of coupler matching.

HPOLEZYPA Y3IOJUKEHHA TPAHCOOPMATOPA THITY XBWIL LA
CTPYKTYPU HA XBWJIIL, IO BDKUTD, JTHIMHOI'O ITPUCKOPIOBAYA
EJIEKTPOHIB

M.I. Auzayekuii, B.B. Mumpouenxo, K.FO. Kpamapenko
HHI] X®TI, Xapxis, Yxpaina
E-mail: kramer@kipt.kharkov.ua

[IpencraBneno nponeaypy y3roxeHHs Tpanchopmaropa tuny xBuii (TTB) mns
CTPYKTYpH Ha XBHJII, 10 O1KHUTH, HA OCHOBI MiaparmMoBaHOTO XBWJIEBOMY. Moens
JUISL KOMIT FOTEPHOTO a00 €KCIIEpUMEHTAIBHOTO JOCIIKCHHS BKIIIOYae B ceOe BXil-
Hui 1 Buxigauii TTB, 30ipKy 3 AEKUTBKOX PETyISIPHUX PE30HATOPIB, CETMEHTH TIpsi-
MOKYTHOT'O XBWJIEBOAY 1 TpyOu 115l mposboTy myuka. [Ipouenypa 6a3yeTbcst Ha BU-
3HAYEHHI KOMIUIEKCHOTO TIOJISI Ha OC1 CTPYKTYPHU B IIEHTPAX PEryIsIpHUX PE30HATOPIB
3 MOAAIBIINM PO3PAXyHKOM 3MimeHb (a3u Ta BigHOMmICHb amrutityan. Ha Oynb-
SKOMY €Talli Mporeaypu 3MiHiot0Thes Juie po3mipu TTB. [Toetanmna mpouenypa mo-
3BOJISIE YHUKHYTH 3alBUX CIIPOO 1 MOMUJIOK Ta CKOPOTUTH 4ac y3rojxeHHs TTB.
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4.07. DEVELOPMENT OF A NEW DEVICE FOR TRIGGERING A LINEAR
ELECTRON ACCELERATOR “ALMAZ-2"
D.Yu. Zaleskyi, V.I. Pristupa, V.S. Us, O.L. Omelanenko, G.V. Sotnikov
NSC KIPT, Kharkiv, Ukraine
E-mail: zalesky@kipt.kharkov.ua

A new device for triggering of the linear accelerator of electrons has been devel-
oped and tested. The circuit device consists of a driving generator forming rectangu-
lar pulses with a duration of 1...2 us with a front of about 50 ns and a repetition rate
of 1 to 5 pps, and three channels generating pulses with a delay relative to the pulses
of driving generator, which can be adjusted from 0.1 up to 10 ps. The study is sup-
ported by NAS of Ukraine program “Perspective investigations on plasma physics,
controlled thermonuclear fusion and plasma technologies”, project P-1/63-2020.

PO3POBKA HOBOTI'O ITPYICTPOIO 3AITYCKY JITHIMHOI'O
I[MPUCKOPHOBAYA EJIEKTPOHIB «AJIMA3-2»
I FO. 3anecokuti, B.I. IIpucmyna, B.C. ¥Yc¢, O.JI. Omenanenxo, I'.B. Comuikog
HHI] XTI, Xapxis, Ykpaina
E-mail: zalesky@kipt.kharkov.ua

Po3po0neno ta BUnpoOyBaHO HOBUI MPUCTPIH 3aMyCKY JIIHIHHOTO MPUCKOpIOBaya
eekTpoHiB. Cxema MpHUCTPOIO CKIIAJIAE€ThCS 3 3a/1aBAIbHOTO TeHepaTopy, 1o hopmye
IPSAMOKYTHI IMITYJIbCH TPUBATICTIO Bif 1 10 2 MKC 3 ¢poHTOM Osim3bko 50 He 13 4a-
CTOTOIO MPOXOKEHHS Bif 1 10 5 IMIIYyJIbCIB B CEKYHAY, Ta TPhOX KaHAIIB SIK1 BUPO-
OJIAIOTH IMITYJIBCH 3 3aTPUMKOIO JI0 IMITYJIBCIB 33/1al0IIOT0 TEHEPATOPY, IKa MOXKE pe-
rymoBatucs Bim 0.1 mo 10 mkc. [ocmimkenHs miaTpumano mnporpamoro HAH
VYkpainu «[lepcriekTBHI JOCHIKEHHS 3 (DI3UKH T1a3MHU, KEPOBAHOTO TEPMOSIEPHO-
ro CHHTE3Y Ta IIa3MOBUX TEXHOJIOTIi», mpoekt [1-1/63-2020.
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September 22, Wednesday, 14%° — 17%

Section 5. Beam dynamics
JAuHamika my4KiB

5.01. ACCELERATION OF A COMPENSATED HIGH-CURRENT ION BEAM
IN A SECTION OF A LINEAR INDUCTION ACCELERATOR WITH
ELECTRON ISOLATION BY A STRONG AND WEAK MAGNETIC FIELD OF
CUSP GEOMETRY
I.N. Onishchenko, V.I. Maslov, O.V. Fedorovskaya
NSC KIPT, Kharkiv, Ukraine
E-mail: bogdan@kipt.kharkov.ua

The dynamics of a high-current ion beam (HCIB) and the electron beam, com-
pensating current and charge of HCIB in a cusp magnetic field of various magnitudes
in the accelerating field presence in the section of a linear induction accelerator has
been investigated, by numerical simulation using 3-D code “KARAT”. The possibil-
ity of compensation an accelerated HCIB with an additional electron beam injected
along the radius onto the axis uniformly in all azimuth in the second half of the cusp
has been considered for the selected magnitudes of the cusp magnetic field. The char-
acteristics of HCIB after acceleration and its re-compensation by the additional elec-
tron beam have been investigated to determine the possibility of its using according
to the same scenario in the subsequent accelerating section with cusp magnetic isola-
tion.

[TPUCKOPEHHS CKOMITEHCOBAHOI'O ITIOTY>XHOCTPYMOBOT'O
IOHHOI'O ITYYKA B CEKLIII JITHIMHOI'O IHAYKLIMHOI'O
[TPUCKOPIOBAYA 3 I30JISLIEO EJIEKTPOHIB CUJIBHUM I CJIABKUM
MATHITHUMU TTOJSIMU KACITOBOI TEOMETPII

L. M. Oniwenko, B.I. Macnos, O.B. ®edopiscvka
HHI] X®TI, Xapxis, Yxpaina
E-mail: bogdan@kipt.kharkov.ua

YucenpHuM MoeIOBaHHAM 3 BukopuctanHsaM 3D-koma « KARAT» mocmimkero
IuHaAMIKy TotyxHocTpymoBoro ionHoro mydka (ITIIT) Ta kommeHncyrpodoro ioro 3a
CTPYMOM 1 3apsiJiIOM €IEKTPOHHOTO IMy4YKa B KAaCTIOBOMY MarHiTHOMY TOJIi Pi3HOI Be-
JUYMHA 32 HASBHOCTI MPHUCKOPIOBAIBHOTO TOJIA B CEKIll JIHIHHOTO IHIYKIIHHOTO
mpUCcKoproBava. Po3ristHyTo MOXKIUBICTh KoMIteHcarii mpuckopernoro [T qomatko-
BUM EJICKTPOHHUM ITyYKOM, 1H)KEKTOBAaHUM TIO PaJiiyCy Ha BiCh PIBHOMIPHO MO BCHO-
My a3UMYTY y APYTy MOJIOBUHY Kacma JJisi BAOPAaHUX BEJIMYMH MArHiTHOTO TOJISI Kac-
na. Jlocmimkeno xapakrepuctuku I micast mpuckopeHHs: Ta HOTO MOBTOPHOT KOM-
MeHcallii J0JaTKOBUM €JIEKTPOHHHUM ITYYKOM JJIS BU3HAYCHHSI MOYJIMBOCTI MOTO BU-
KOPUCTaHHS 3a TUM CaMHUM CLIEHapi€EM y HACTYIMHOMY MPUCKOPIOBAJIBLHOMY 3a30pi 3
MarHiTHOIO 130JISIII€0 Kacra.
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5.02. COMPARATIVE ANALYSIS OF ALTERNATING-PHASE AND
COMBINED RF FOCUSING ON THE EXAMPLE OF THE He ION LINAC

S.S. Tishkin
NSC KIPT, Kharkiv, Ukraine
E-mail: tishkin@kipt.kharkov.ua

Considered are the peculiarities of focusing by RF field on the example of helium
ion linac with the output energy of 4 MeV of two types: first is the active accelerator
based on the modified alternating-phase focusing (MAPF) and second is a proposed
accelerator with the combined RF focusing (CRFF) technique used. In the MAPF-
based accelerator, the longitudinal and transverse focusing is provided by the same
accelerating field. In this case, to increase the longitudinal focusing rigidity one has
to decrease the level of radial focusing. This results in reduction in the accelerated
current limit if compared to accelerators that use the autofocusing principle and ex-
ternal focusing elements. To solve this problem, it is proposed to use the CRFF tech-
nique, in which the MAPF-based accelerating&focusing period is supplemented by
gaps with quadrupole symmetry to increase the longitudinal focusing rigidity. By
means of computer simulation, it is shown that the calculated parameters of the
CRFF-based structure offer advantages over the similar parameters of the MAPF-
based accelerator. For instance, at low injection current (less than 5 mA) about 60%
of charged particles are captured into acceleration process in the CRFF-based struc-
ture, while for the MAPF-based one the number is about 40%; the maximum current
of accelerated helium ions is 45 and 10 mA, respectively. Owing to the investigations
conducted, the conclusion about the prospects of the usage of the CRFF in the future
modernization of the helium ion accelerator is presented.

TIOPIBHSJILHUI AHAJII3 3MIHHO-®A30BOI'O TA KOMBIHOBAHOI'O BY-
OOKYCYBAHHSA HA TTPUKJIAAL JITHIMHOI'O ITPUCKOPHOBAYA TIOHIB He

C.C. Tiwkin
HHI] X®TI, Xapxis, Yrpaina
E-mail: tishkin@kipt.kharkov.ua

PosrnstayTi ocob6nuBocTi pokycyBanns BU-monem Ha mpuKiaai JBOX BapiaHTIB
JTHIAHOTO MPUCKOPIOBaYa 10HIB Teii0 3 BUXITHOIO eHeprieto 4 MeB: gitounii npuc-
KOproBad 3 MoaudikoBaHUM 3MiHHO-(pa3zoBuM (okycyBanHsam (M3DD) ta 3amporno-
HOBaHUU mMpuckopioBad 3 koMmOiHoBanuM BU-doxycyBanusm (KBU®D). B mpucko-
proBadax 3 M3D® noB3noBKHE Ta pajgianbHe POKYyCYBaHHS 3IHCHIOETHCS OTHUM i
TUM CaMHUM NPUCKOpIOoYUM mosieM. [lpu 1npoMy 30UTBIIUTH KOPCTKICTH MOB3I0B-
KHBOTO (DOKYCYBaHHSI MOXKJIMBO JIMIIIE 33 PAXyHOK MOCIA0JIeHHS paiaibHOTO (HOKY-
cyBaHHs. lle mpuBOANTH 10 OOMEKEHHS TPHUCKOPIOBAHOTO CTPYMY Y MOPIBHSHHI 3
MPUCKOPIOBAYaMH, SKI BUKOPUCTOBYIOTh NMPUHIIUI aBTO(POKYCYBAaHHsS Ta 30BHIIIHI
doxycyrodi enemenTn. J{ns BuUpimieHHs 1€l TpoOIeMH 3ampONOHOBAHO BUKOPHUCTO-
ByBatT KBU®, nipu sikomy npuckoproroue-pokycyrounii nepiogq M3DPD s 3011b-
IIICHHST TIOB3I0BXXHBOT JKOPCTKOCTI (DOKYCYBaHHS JTOMOBHEHO 3a30paMu 3 KBaJApY-
MOJBLHOI CHUMETpPI€l0. 3a JIONMOMOTOI0 MAaTEMAaTHYHOTO (KOMIT IOTEPHOTO) MOJACTIO-
BaHHS TMOKa3aHO, 110 PO3PAaXyHKOBI MmapaMeTpu npuckoptroBaua 3 KBUD marote ne-
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peBaru nepen npuckoproBaueM 3 3OD. Tak 3aXOMIEHHS YACTUHOK B PEKHUM MPUCKO-
peHHs mpu ManoMy cTpyMi imkekmii (<5 MA) cranoButh 60% mpu KBUD ta 40%
npu M3D®D; mMakcuMalbHHI CTpyM MNpPUCKOpEHUX 10HIB remito 45 ta 10 MA,
BinnoBiaHO. [IpoBeaeHi JOCIIIKEHHS T03BOISIOTH 3pOOUTH BUCHOBOK PO MEPCIEK-
TUBHICTh BuKopucTanHs KBU® npu nmoganpuiiii MmoaepHizallii mpucKoproBaya 10HIB
relio.

5.03. MAGNETIC SYSTEM FOR CLEANING THE GAMMA BEAM AT THE
LUE-40 LINAC OUTPUT

V.V. Mytrochenko, L.1. Selivanov, V.Ph. Zhyglo, |A.N. Vodin|

O.S. Deiev, S.M. Olgjnik, 1.S. Timchenko, V.A. Kushnir
NSC KIPT, Kharkiv, Ukraine
E-mail: mitvic@kipt.kharkov.ua

Study of multiparticle photonuclear reactions, due to the small size of their cross
sections, is associated with obtaining high-intensity fluxes of gamma quanta. For this
purpose, in particular, the bremsstrahlung radiation of accelerated electrons passing
through a converter is used. In order to remove electrons passed through the convert-
er, absorbers made of light materials are used. However, this reduces the number of
gamma quanta and distorts the shape of the bremsstrahlung spectrum significantly af-
fecting accuracy of the experimental results. A special magnetic cleaning system can
be installed instead of absorbers. The report presents the results of calculations, nu-
merical modeling, design, and testing of such a system. The system based on com-
mercially available permanent magnets of rectangular cross sections. It is designed to
obtain “pure” beam of bremsstrahlung quanta when studying the cross sections of
multiparticle photonuclear reactions at the LUE-40 linac.

MAT'HITHA CUCTEMA JIUI1 OYMITEHHA TAMMA-ITYUYKA HA BUXO/II
I[MTPUCKOPHOBAYA JIYE-40

B.B. Mumpouenxo, JI.I. Cenieanos, B.®. Kueno, |O.M. Booin,

O.C. Jlees, C.M.Onitinux, I.C. Timuenko, B.A. Kywmnip
HHI] X®TI, Xapxis, Yxpaina
E-mail: mitvic@Kkipt.kharkov.ua

Hocnimkenas: 6arato4acTKOBUX (DOTOSIIEPHUX Peakiliid uepe3 MalicTh X MepeTH-
HIB TOB'SI3aHO 3 3aCTOCYBAHHSIM BHCOKOIHTEHCHBHUX TOTOKIB ramma-KBaHTiB. [l
IIOTO, 30KpeMa, BUKOPHCTOBYETHCS TalbMIBHE BHUIIPOMIHIOBAHHS MPUCKOPEHUX
€JIEKTPOHIB, 0 MPOWUIUIN Yepe3 KOHBEPTOpP. 3 METOI0 OYHINCHHS IMOTOKY raMma-
KBaHTIB BiJl €JICKTPOHIB, AKI HE TIOTJIMHYJIUCI B KOHBEPTEPI, 32CTOCOBYIOTHCS MOTIIH-
Hadyl 3 jerkux MarepiamiB. OmHak, 11e TPU3BOAUTH 10 3MEHIIEHHS KUTBKOCTI raMMa-
KBaHTIB 1 JI0 CIIOTBOPEHHS (POPMHU TaIbMIBHOTO CHIEKTPY, IO CYTTEBO BILIMBA€E Ha
MOXUOKY €KCTEPUMEHTAIIbHUX PE3yJbTaTiB. 3aMiCTh IMOTJIMHAYIB MOXE OyTH BCTa-
HOBJICHA CIiellialbHa OYMCHA MarHiTHa cUcTeMma. Y JOMOBIJ1I HAaBEICHO pPe3yJibTaTH
PO3paxyHKIB, YHCEJIHHOTO MOJEIIOBAHHS, KOHCTPYIOBAHHS 1 BUIPOOYBaHHS TaKoi
MarHiTHOi cuctemu. llg cucrtema BurotoBieHa Ha 0a3l KOMEPIHHO-IOCTYITHHX
MOCTIMHUX MArHiTIB 3 IPSIMOKYTHHUM IONEpPEeYHUM nepepizoM. BoHa npusHayueHa s
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OTPUMAHHS «YHUCTOTO» Iy4YKa TaJIbMIBHUX KBAHTIB JUIsl POBEIACHHS JOCIIIKEHb I1e-
pPETHHIB Oararo4acTKkoBUX (POTOSAEPHUX peakliid Ha BUXo1 npuckoproBaya JIYE-40.

5.04. PARAMETERS OF THE ELECTRON BEAM AT THE DIRECT OUTPUT
OF LPE-30 FOR THE RESEARCH OF THE ELECTRON INTERACTION WITH
SINGLE CRYSTALS AND AMORPHOUS TARGETS
V.B. Ganenko, S.P. Gokov, Yu.H. Kazarinov, S.H. Karpus,

V.Y. Kasilov, H.D. Kovalenko, S.S. Kochetov,

0.0. Shopen, Ye.V. Tsyatsko
NSC KIPT, Kharkiv, Ukraine
E-mail: karpus@kipt.kharkov.ua

The installation was performed and a research facility at the direct output of LPE-
30 was prepared for testing and experimental research of the electron beams interac-
tion with single crystals and amorphous targets. Requirements for the parameters of
the electron beam at the input of the research facility are determined by the values of
the critical angle of electrons channeling in the crystal for the research of orientation
dependences of gamma-ray radiation, multiple electron scattering, secondary electron
emission yields, electronuclear reactions yields etc., as well as the size of the experi-
mental target and the magnitude of associated gamma radiation. According to the re-
quirements, the value of the angular divergence of the electron beam should be less
than the critical channeling angle, the transverse dimensions of the electron beam
should be less than the target size, and the concomitant gamma background is mini-
mized compared to the gamma ray flux. The parameters of the accelerated electron
beam for the energy range from 6 to 30 MeV were experimentally investigated using
the method of cross section scanning of the beam at the entrance to the research facil-
ity at the fixed size of the electron beam at the input of the accelerating section. The
obtained measurement results are presented in comparison with the calculations of
electron beam scattering for a silicon crystal. It is shown that for the all energy range
from 6 to 30 MeV the angular divergence of electrons is less than the critical angle of
electron channeling in a single crystal.

I[TAPAMETPU ITYUKA EJIEKTPOHIB HA I[IPAIMOMY BUXO/I JITIE-30
JIJI1 JOCJIJDKEHHS B3AEMO/II EJJEKTPOHIB 3 MOHOKPUCTAJIAMU
TA AMOPOHUMU MIIIIEHAMUA

B.b. I'anenxo, C.11. I'okos, FO.I'. Kazapinos, C.I'. Kapnyco,
B.U. Kacinos, I JI. Kosanenxo, C.C. Kouemos,
0.0. llonen, €.B. I[ayvko
HHI] X®TI, Xapxis, Yrpaina
E-mail: karpus@Kkipt.kharkov.ua

BukonaHo MOHTaX 1 MIATOTOBJICHO O BUMPOOYBaHHS JOCIITHUIIBKY YCTAaHOBKY
Ha npsmomy Buxoiil JIITE-30 qis ekcrieprMeHTalIbHOTO JOCTIIKEHHS B3a€MO/IIT IMy-
YKiB €JIEKTPOHIB 3 MOHOKpHUCTajJaMu Ta aMop(HUMU MilieHsiMu. Bumoru 1o napame-
TpIB My4YKa EJEKTPOHIB Ha BXOJ1 JOCIHITHUIIBKOI YCTAHOBKHA BHU3HAYAIOTHCSl 3HAYECH-
HAMHM KPUTHYHOTO KyTa KaHAJIIPyBaHHS E€JEKTPOHIB B KPUCTAIl MPHU JOCHIIKEHHI
OpIEHTAIINHUX 3aJIEKHOCTEH BUIIPOMIHIOBAHHS raMMa-KBaHTIB, 0araTOKpaTHOIO po-
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3CIIOBaHHS €JIEKTPOHIB, BTOPUHHOI €MiC1i €JIEKTPOHIB, BUXO/IIB €JIEKTPOSIIEPHUX pea-
KL Ta 1H., @ TAKOX PO3MIpaMu JOCTIHOI MIIIEH] Ta BEIUYMHOIO CYIIyTHBOIO raM-
Ma-BUIIPOMIHIOBAHHS. 3T1IHO BUMOI'aM 3HAYE€HHS KYTOBOI'O PO3XOJKEHHS IydYKa
€JIEKTPOHIB Ma€ OyTH MEHIIHUM 32 3HAYEHHsS] KPUTUYHOTO KyTa KaHaJIIpyBaHHs, NOIe-
pPEUYHMI PO3MIp MyYKa €JIEKTPOHIB Ma€ OyTH MEHILUM 32 PO3MIp MIIIEHI, a CYMyTHIN
ramma-(GOoH MiHIMI30BaHUW B MOPIBHSIHHI 3 MOTOKOM raMMa-KBaHTIB, IKUH YTBOPEHO
B pe3y/ibTaTl TaJIbMIBHOTO BUIIPOMIHIOBAHHS €JIEKTPOHIB B Kpuctaii. Excriepumenra-
JBHO AOCHIHPKEHO MapaMeTpy My4ykKa MPUCKOPEHUX ENEKTPOHIB 1 Jiana3oHl eHeprii
Bim 6 10 30 MeB 3a 1onomMororw MeToay CKaHyBaHHS MOIMEPEYHOTo Mepepizy Mmydka
Ha BXOJ1 B JOCHIJHUIBKY YCTaHOBKY NpPH 3aJaHOMYy PO3MIpl Iy4yKa €JIEKTPOHIB Ha
BXO/I1 MPUCKOPIOBANBHOI cekiii. [IpeacTaBieHo oTpuMani pe3ynbTaTd BUMIpIOBaHb 1
MOPIBHSIHO 3 PO3paxXyHKaMU PO3CIIOBAaHHS Iy4Ka €JIEKTPOHIB JIJISl KPUCTATy KPEMHIIO.
ITokxazaHo, 110 A1 YChOTO €HEpPreTUYHOro Aianas3ony Bix 6 g0 30 MeB kyrtoBe po3-
XOJKEHHS €JIEKTPOHIB MEHILIE KPUTUYHOTO KyTa KaHaJipyBaHHS €JIEKTPOHIB B MOHO-
KPHUCTAJII.

5.05. TO ANALYSIS OF BEAM TRANSVERSE EMITTANCE MEASUREMENT
ERRORS AT THE LINEAR ELECTRON ACCELERATOR EXIT

V.V. Mytrochenko, S.O. Prerezhogin,
A.N. Opanasenko, V.A. Kushnir
NSC KIPT, Kharkiv, Ukraine
E-mail: mitvic@kipt.kharkov.ua

In order to analyze the errors of experimental methods for measuring the trans-
verse emittance of the beam obtained at the linear electron accelerator output model-
ing of two methods of such measurement was performed. The first method used was
the three-gradient method, also known as the quadrupole scanning method. The se-
cond one was two slits scanning method. The simulation was performed using the
PARMELA code. It was found that emittance values measured by the first method
significantly deviate from the values obtained by macroparticle processing, based on
calculations of second-order moments of the particle distribution function in the
transverse phase space. It is established that the measurement of the transverse emit-
tance by the method of quadrupole scanning gives a satisfactory coincidence with the
values obtained from the processing of macroparticles for the beam, which has a
transverse Kapchinsky-Vladimir distribution. Emittance measurement by two-slit
scanning gives a satisfactory result both for the Kapchinsky-Vladimirsky beam and
for the simulated particle distribution at the accelerator output, because it is based on
the calculated second moments of the particle distribution function. Second-order
moments exist for arbitrary distribution functions due to the limited beam sizes in the
accelerator. Thus, the two-slit scanning method is a more suitable method of measur-
ing the beam emittance at the linear accelerator output. It should be noted that to reli-
ably measure the beam profiles behind the first slit, it is necessary to have a large dy-
namic range of the equipment, since the current through the slit in the center of the
beam differs from this value at its edge by at least three orders of magnitude.
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J1O0 AHAJII3Y [TOXNBOK BUMIPIOBAHH ITOIIEPEYHOI'O EMITAHCY
ITYUYKA HA BUXOAI JITHIMHOI'O ITPUCKOPIOBAYA EJIEKTPOHIB

B.B. Mumpouenxo, C.O. Ilepecocin, A.H. Onanacenxo, B.A. Kywnip
HHI] X®DTI, Xapxis, Yxpaina
E-mail: mitvic@kipt.kharkov.ua

3 METOI0 aHaji3y NOXMOOK €KCIEPUMEHTAIbHUX METO/IB BUMIPIOBAHHS ToIepe-
YHOr'0 €MITaHCy My4YKa, OTPUMAHOTO Ha BUXO/1 JIHIHHOTO MPUCKOPIOBAaYa EJIEKTPO-
HIB, IPOBEICHO MOJICJIIOBAHHSI JBOX METOJI1B TAKOTO BUMIPIOBaHHA. B SKOCTI mepIino-
r0 METOJy BUKOPHUCTOBYBABCS METOJ| TPHOX I'PAJIIE€HTIB, BiTOMHH, TaKOX, K METOJ
CKaHyBaHHS KBaJIPyIoJieM. B SKOCTi Ipyroro MeToly 3aCTOCOBYBABCSl METOJI CKaHY-
BaHHJ ITyYKa JIBOMa IIiTMHAMU. MoIelTtoBaHHS TTPOBOJUIIOCS 3 3aCTOCYBaHHSM TIPO-
rpamu PARMELA. BusiieHi 3HauHi BIAXWJIEHHS OTPUMAHUX BEJIIMYUH €MITaHCY,
BUMIPSHUX TEPITUM METOJOM BiJl BEIMYHH, OTPUMAHHUX 32 JaHUMU 0OpPOOKH Makpo-
YaCTUHOK, 3aCHOBAaHUX HA OOYHUCJICHHAX JIPYTUX MOMEHTIB ()YHKIIIi pO3MOALTY Yac-
TUHOK B IOINEPeYHOMY (ha30BOMY MpOCTOpi. BCcTaHOBICHO, IO BUMIPIOBaHHS TIOTIE-
PEYHOT'O €MITaHCY METOJIOM CKaHYBaHHS KBAJPYIIOJIEM JIa€ 3aJIOBUIbHE CIIBIAIHHS
3 BEJIMYMHAMHU, OTPUMAaHUMHM 3a JaHUMHU OOpOOKM MaKpOYACTHHOK JIJIS MyYKa, STKHM
Mae ronepeunuid po3noAin Kamunucekoro-Bonogumupceskoro. BumiproBanss emira-
HCY METOJIOM CKaHyBaHHS JIBOMA IIUTMHAMH JIa€ 3aJ0BUTBHUI PE3YJIbTAT, SIK JJIS Y-
yKa 3 po3noauioM KamunHcekoro-BonoanMupcesKoro, Tak i AJis 3MO/I€IbOBAHOTO PO-
3MOJIUTY YaCTUHOK Ha BUXOJ1 MPHUCKOPIOBada, 00 BOHO 0a3yeThCsl HA OOYUCIICHI IPY-
TUX MOMEHTIB (pYHKIIii PO3MOAUTY YACTUHOK, a 4epe3 OOMEKEHI po3MipH Mydka B
IIPUCKOPIOBAYi, 1[I MOMEHTH ICHYIOTH JUISl TOBUIBHMX (PyHKIIIHN po3noairy. Takum du-
HOM, METOJI CKaHyBaHHsI JIBOMA IIUTMHAMHU € OUIBIN MiAXOSIIUM METOJI0M BHUMIPIO-
BaHHs €MITaHCYy Iy4Ka Ha BUXOJ1 JIHIMHOTO NMpHCKoproBaya. Tpeba 3a3HAYUTH, IO
JUIS. BIIEBHEHOTO BUMIPIOBAHHS MPOQLIiB MydKa 3a MEPIIOK IIUTMHOI, HEOOX1THO
MaTH BEJIUKHI TUHAMIYHUHN Jiama3oH amapaTypd, TOMY IO CTPYM dYepe3 IIUTUHY B
IIEHTP1 My4YKa BIAPI3HIETHCSA BiJ Ii€l BETUYUHU OUIA MOro Kpar HE MEHIIE, HIXK Ha
TPH TOPSIAKA.

5.06. DYNAMICS OF THE ELECTRON BEAM GENERATED BY THE
MAGNETRON GUN AT DIFFERENT MAGNETIC FIELD CONFIGURATIONS
IN THE TRANSPORT CHANNEL

0O.S. Mazmanishvili, M.G. Reshetnyak, V.P. Romasko, I.A. Chertishchev
NSC KIPT, Kharkiv, Ukraine
E-mail: nreshetnyak@kipt.kharkov.ua

The dynamics of the electron beam generated by the magnetron gun in the parti-
cle transport channel and the focusing efficiency of the tubular electron flux in the
gradient magnetic field are investigated. The experiments were performed with mag-
netron guns with secondary emission cathodes (cathode diameters 36 and 16 mm, an-
odes 78 and 36 mm) at a cathode voltage of 20...80 kV. Magnetic fields were created
by both the solenoid and the solenoid and permanent magnet. The dependence of the
radial distribution of the beam on metal targets on the amplitude and gradient of the
magnetic field along the axis of the system is investigated. The possibility of adjust-
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ing the beam diameter by varying the magnetic field distribution is shown. Impres-
sions of collimated beams on targets located at selected distances were obtained. It is
established that with increasing amplitude of the gradient magnetic field the effect of
radial focusing of the beam is more pronounced.

JTNHAMIKA EJIEKTPOHHOTI'O ITYUKA, IO 'EHEPYETHCAH
MAT'HETPOHHOIO 'APMATOIO, I[TPU PISHUX KOH®II'YPALIAX
MATHITHOI'O ITOJIAA B KAHAJII TPAHCIIOPTYBAHHA

O.C. Mazmaniwegini, M.I". Pewwemnsxk, B.I11. Pomacvko, 1. A. Yepmiwes
HHI] X®TI, Xapxie, Yrpaina
E-mail: nreshetnyak@kipt.kharkov.ua

JIOCHIKEHO MUHAMIKY €JIeKTPOHHOTO MyYKa, M0 TeHEePYEThCS MarHETPOHHOIO
rapMarolo, B KaHajl TPAHCIOPTYBAaHHS YAaCTUHOK 1 €EKTUBHICTh (POKYCYBaHHS TPY-
04YacToro eJICKTPOHHOI'O MOTOKY B TPaJi€HTHOMY MarHiTHOMY moii. ExcriepuMeHTH
NPOBOAWINCS 3 MAarHETPOHHMMM TrapMaTaMd 31 BTOPUHHO-EMICIHHMMH KaTOJaMU
(miametpu katoniB 36 MM 1 16 MM, aHoaiB 78 MM 1 36 MM) Iipu Hampy3i Ha KaToAl
20...80 xB. MarniTHi moJisi CTBOPIOBINCS K COJCHOIIOM, TaK CIUIBHO COJICHOIOM 1
MOCTIMHUM MarHiToM. JlOCHIJDKEHO 3alie’KHICTh pajliaibHOTO PO3MOJAUTY MydKa Ha
METaJIeBUX MIIICHSAX Bl aMIUTITYJU 1 TpaJlieHTa MarHiTHOTO TOJISI Y3/IOBXK OC1 CUCTe-
mu. [loka3aHa MOXJIMBICTH pEryJIOBaHHS JlaMeTpa Iydyka [UISIXOM Bapiaiii
PO3MOALTY MarHiTHOTO mojist. OTpuMaHO BiIOUTKH KOJIMOBAHUX MYYKIB HA MIIICHSX,
pO3TalIoBaHUX HAa 00OpaHUX BifACTaHAX. BcTaHOBIIEHO, 110 31 30 UIBIIIEHHAM aMILIITYIH
I'PaJIEHTHOTO MarHiTHOTO MO e(eKT pamianbHOTO (OKYCYBaHHS IMydKa € OUIbIIe
BUPAKECHUU.

Section 2. High-current pulsed accelerators
CHUIbHOTOYHI iIMIYJILCHI NMPUCKOPIOBAYi

2.01. STABILIZATION OF DECAY PROCESSES IN PLASMA

V.0O. Buts, A.G. Zagorodny, I.K. Kovalchuk, O.P. Tolstoluzhsky
NSC KIPT, Kharkiv, Ukraine
E-mail: tolstoluzhsky@kipt.kharkov.ua

In the study of wave-wave processes in plasma, the most important role is played
by three-wave processes. The decay processes play the most important role in this.
Decay processes are useful for many applications. For example, in this case, the en-
ergy of an external high-frequency wave can be efficiently converted into the energy
of low-frequency plasma eigenwaves, which, in turn, effectively heat the plasma.
However, in many other cases, this process (decay process) may be undesirable. In
these cases, a mechanism is needed that allows you to suppress the decay processes.
The whirligig principle allows you to find such mechanisms. Using this principle, in
the present work conditions was found under which the decay process is suppressed.
In particular, it turned out that circularly polarized waves excited in plasma do not
decays. Moreover, it has been shown that in a magnetoactive plasma, as a result of
the presence of the Faraday effect, the waves with circular polarizations are the
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eigenwaves. If only one wave of these polarizations is retained, then the decay pro-
cess will also be suppressed. There is good qualitative correspondence between the
analytical and numerical results.

CTABUIIBALA PO3ITAAHUX ITPOLIECIB V IIVTA3MI

B.O. byy, A.I'. 3acopooniii, I.K. Kosanvuyk, O.11. Torcmonysiccokuii
HHI] X®DTI, Xapxie, Yrpaina
E-mail: tolstoluzhsky @kipt.kharkov.ua

[Ipu nocnimkeHH1 MpoLeciB XBUIS-XBWISA B IJ1a3M1 HAMOUIbLI BaXJIUBY POJIb Bi-
JIrpaloTh TPUXBHIBOBI Mpoliecu. HalOuibI BaXKIMBY poJib IPU LbOMY BiIIrparoTh
npouecu posmnany. [Ipouecu posmany s 0araThoX I0OAATKIB € KopucHUM. Hanpu-
KJaJ1, TIPY IIbOMY €HEpTisi 30BHIIIHHOI BUCOKOYACTOTHOI XBHIII MOKE €(EKTUBHO TIe-
PETBOPIOBATUCS B €HEPTil0 HU3BKOYACTOTHUX BJIACHUX XBHJIb IUIA3MH, SIKi, B CBOIO
qyepry, epexTUBHO TPitoTh MmIazmMy. OqHaK y 6araThoX iHIIMX BHUMAIKaX IEH mporec
(mporec po3mnanay) Moxke OyTH HeOakaHUM. Y IHMX BUIAIKaX HEOOXIAHUN MEXaHi3M,
SKUH JTO3BOJISIE TPUIYIIUTH TPOIECH po3many. [IpUHIUN M3UTH M03BOJISE 3HAWTH
Taki MeXaHi3Mu. BukopucToBytoun 11eil NMpUHIMUI, B JaHid poOOTI 3HAiIeH] YMOBH,
NpyY BUKOHAHHI SKHX TPOIEC PO3Maay € MPUTHIYCHHM. 30KpeMa, BUSBHIOCS, IO
30y/KeH1 B TUIa3Mi XBHJI1 3 KPYTOBOIO MOJIPU3AIIEI0 HE Po3NagaloThes. btk Toro,
MOKa3aHo, [0 B MAarHiTOAKTHBHIN I1a3Mi B pe3yibTari HaaBHOCTI edekry Dapanes
BIIACHUMHU XBWISMM € Kpa3 XBWII 3 KPYTOBUMHM MoOJsipu3anisMu. Skmio 30epertu
TUIBKH OJIHY 3 LIMX MOJIIpU3allii, TO MPOILEC PO3Majy TakoX Oynae MpurHideHui. €
XOpoIla sSKiCHa BIIMOBIAHICTh aHAITUYHUX Ta YUCEITBHUX PE3YIIbTATIB.

2.02. MAGNETIC FIELD DYNAMICS IN PLASMA OPENING SWITCH

0O.V. Manuilenko, 1.M. Onishchenko, A.V. Pashchenko,
I.A. Pashchenko, V.B. Yuferov, B.V. Zajtsev
NSC KIPT, Kharkiv, Ukraine
E-mail: ovm@Kkipt.kharkov.ua

A plasma opening switch (POS) is a plasma bridge between two electrodes, in
most cases in coaxial geometry. An inner electrode is usually a cathode and outer
electrode is an anode. In a cathode - anode gap, any initial plasma density distribution
Is possible, which is determined by the plasma preparation technique and conditions
at the electrodes. POSes are used for voltage multiplication in pulsed-power science
and technology including high-current pulsed electron accelerators. The plasma and
electromagnetic field dynamics in a POS plasma bridge (for plasma densities
~10"...10" cm?®, cathode - to - anode distances ~ 1 cm, plasma bridge lengths
~ 10 cm) is described by electron magnetohydrodynamics (EMHD) equations: the
electron fluid equation with strong collisions, the Ampere's law with out displace-
ment current, and the Faraday’s law. The EMHD equations, for the axially symmetric
case, can be represented in the form of a nonlinear convective-diffusion equation for
a magnetic field. The equation contains the magnetic field convection in the plasma
due to the Hall effect and the magnetic field diffusion with the diffusion coefficient,
which is determined by the plasma conductivity.The work presents the results of the
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magnetic field equation numerical solution by the finite element method for various
POS initial plasma densities distributions. It is shown that the plasma dynamics in the
POS is mainly determined by the fast dynamics of the magnetic field penetration into
the plasma bridge due to the Hall effect, and the formation and movement of the cur-
rent loop in the plasma. It is shown that the control parameters strongly influencing
the dynamics of the magnetic field and the motion of the current loop in the POS
plasma are the initial plasma density and its spatial distribution.

JINHAMIKA MATHITHOI'O [10JI4 B INTASMOBOMY KOMYTATOPI
CTPYMYVY

b.B. 3auyes, O.B. Manyiinenuxo, . M. Ouniwenko, A.B. [lawenko,
LA. llawenxo, B.b. IOgepos
HHI] X®TI, Xapxie, Yxpaina
E-mail: ovm@kipt.kharkov.ua

[TnasmoBwuii komytatop crpymy (ITKC) siBiise co0010 MI1a3MOBY MEPEMHUYKY MK
JIBOMa EJICKTPOJIaMH, y OUIBIIIOCTI BUMAAKIB KoaKciaJbHOT reomeTpii. BHyTpimHik
€JIEKTPO/I, 3a3BUYAM, € KATOJAOM, 30BHIIIHIN — aHOJOM. Y KaTOJl-aHOJHOMY ITPOMIKKY
MOJKJIUBUH JOBUIBHMM MOYATKOBUH PO3MOAUT T'YCTHHU IUIA3MH, SKHH BH3HAYAETHCS
TEXHIKOIO 1HXKEKIIii I1a3Mu i ymoBamu Ha enekrpojax. [IKC BHKOpHUCTOBYIOTBCS JIs
MHOXEHHS HaIllPyTH Y TOTYXKHIM IMIYJIBCHIN TEXHIII, 30KpeMa, Y CHIIBHOCTP YMOBHUX
IMITYJIbCHUX TPUCKOPIOBauYax eJeKTpoHiB. JIMHaMiKa IJa3MHu 1 €JIEKTPOMArHiTHOTO
MOJISt y TUIA3MOBIH mepeMudlt, st rycTas miasmu ~ 1072...10" cm™, katog-aHoaHIX
BificTaHel ~ 1 cM, JOBXKHH TJ1a3MOBOI epeMuyku ~ 10 cM, OMUCYETHCS PIBHIHHAMU
eleKTpoHHOT MarHiTHOI TiapoauHamiku (EMI'J]): piBHSHHSIM pyXy €JIEKTPOHIB Y
HaOIM)KEHH1 CUJIBHUX 31TKHEHB, 3aKOHOM AMIepa 0e3 CTpyMy 3MIIIEHHS 1 3aKOHOM
®dapanes. Pipasuus EMI/], mis akciallbHO-CUMETPUYHOTO BHUIIAJIKY, MOXKYTh OyTH
IpeACTaBJICHI Y BUTIISIAI HEJIHIHHOTO KOHBEKTUBHO-IU(PY31HHOTO PIBHSIHHS JIJIsS Mar-
HiTHOTO TIONA. Ile piBHAHHS MICTUTh KOHBEKTHBHE 3HECECHHS MAarHiTHOTO TONS Y
mia3Mi 3a paxyHOK edekty Xomia 1 audy3il0 MarHiTHOTO IMOJsA 3 KoeQiIliEeHTOM
mudy3ii, Mo BU3HAYAETHCS MPOBIIHICTIO TIa3Mu. [IpeacTaBiaeHo pe3ynbTaTH YUCIIO-
BOT'O PIIICHHS PIBHSHHS JJIS Mar”iTHOTO ITOJS METOJOM KIHIIEBHX €JIEMEHTIB IS
pi3HUX mo4yaTKoBUX po3noaiutiB ryctuHu miasmu y IIKC. Ilokazano, mo guHamika
mwiazmu y [IKC BU3HAa4a€eThCS, B OCHOBHOMY, IIBHJIKOIO JHHAMIKOIO MPOHUKHECHHS
MarHiTHOTO TOJIS Y MJIa3MOBY MEPEMUYKY BHACIIIOK edekTy Xoiuta, GopMyBaHHIM i
pyXoMm cTpyMoBOi meTnii y tuiadmi. [lokazaHo, 1o KepyrodyuMu MmapaMeTrpamu, Mo
CYTT€BO BIUTMBAIOTHh HA AMHAMIKY MAarHiTHOTO TOJIA 1 pyX CTPYMOBOI METIi y T1a3Mi
[NIKC € mouaTkoBi T'yCTHHA IIA3MH 1 11 MPOCTOPOBI PO3MOILIH.
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Section 7. Beam applications, detectors and detecting nuclear radiations
3acTocyBaHHS NPUCKOPEHMX IYYKiB, 1eTEKTOPH Ta
ACTCKTYBAHHA SIACPHUX BHHpOMiHIOBaHL

7.01. THE METHOD OF RECOIL NUCLEUS IN THE PRODUCTION OF
LANTHANOID ISOTOPES USING NANOTECHNOLOGY

N.P. Dikiy, Yu.V. Lyashko, E.P. Medvedeva, D.V. Medvedev, V.L. Uvarov
NSC KIPT, Kharkiv, Ukraine
E-mail: ndikiy@kipt.kharkov.ua

Nanoparticles of lanthanide oxides Sm,03, Yb,03, Pm,O3 ¢60-80 nm) were acti-
vated by bremsstrahlung gamma radiation on the LUE with E = 12.5 MeV, | =
500 mA. Nuclear reactions were wused ™'Sm(y,n)™*Sm  (Ty, = 46.44 h),
%Yb(y,n)"Yb (Ty, = 100.8 h), *°Nd(y,n)***Nd (T1, = 1.73 h) — *°Pm. The gamma
spectra of these lanthanides were measured by a Ge(Li)-detector with a volume of
50 cm® and with energy resolution 3.2 keV in the area of 1332 keV with a three-layer
protection layer (Pb-Cu-Al) to reduce the background load of the detector. The neu-
tron energy in the y-reaction at E = 12.5 MeV for recoil nuclei are: *°Sm = 4.1 keV,
>Yb = 5.6 keV. When using various types of acceptors, which are nanoparticles of
aluminosilicates, up to 1 Ci *Sm at E = 23 MeV, | = 700 pA and up to 1.2 Ci *°Yb
at E = 36 MeV, | =260 pA can be produced daily at the LUE NSC KIPT. The **Pm
isotope from the cerium group can separated by cascade column extraction using
phosphoric acid tributyl ester. At the LUE NSC KIPT, daily up to 0.5 Ci ***Pm can be
produced at E = 36 MeV, | = 700 pA using necodymium of natural isotopic composi-
tion. With using a neodymium target by enriched to **°Nd, up to 10 Ci ***Pm can be
produced. The use of nanoparticles for targets and acceptors significantly accelerates
the dissolution and release of lanthanide isotopes. For these radioisotopes
(b-emitters), the half-life and particle energy play an important role in clinical per-
formance.The developed photonuclear technologies for the production of isotopes of
lanthanides, as a rule, used for palliative therapy of bone metastases, have a high ef-
fect on aneasthesia and minimal supplementary effects.

METO/I SIJIEP BIJIIAUI Y BUPOBHUIITBI I30TOIIB JJAHTAHOI/IIB
3 BUKOPUCTAHHSIM HAHOTEXHOJIOT T

M.I1. Jluxuii, FO.B. Jluwuxko, O.11. Meoseoesa, /[.B. Meoseoes, B.JI. Yeapoe
HHI] XDTI, Xapkis, Ykpaina
E-mail: ndikiy@kipt.kharkov.ua

HanouactuHku okcuaiB JaHTaHoigiB Sm,0s, Yb,03, Pm,O3 (~ 60-80 uM) Oyiu
aKTHBOBaHI TaJbMIBHUM Tama-BunpoMiHioBanHsM Ha JIIIE 3 £ = 125 MeB, | =
500 mA. Bukopucrani sgepri  peaxmii > Sm(y,n)*Sm  (Ty, = 46.44 ron),
Y%Yb(y,n)*Yb (Ty, = 100.8 rox), “°Nd(y,n)***Nd (Ty, = 1.73 rox) — “*Pm. I'ama-
CIIEKTPH LMX JIaHTaHOINiB 6y Bumipsii Ge(Li)-zerexropom 06'emom 50 cm® 1o i-
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uii ®Co 1332 keB 3 tpumaposum 3axuctoM (Pb-Cu-Al) st 3MeHIIeHHs (pOHOBOTO
3aBaHTaXEHHs JleTekTopa. EHepris HeWTpoHiB B y-peakuii npu E = 12.5 MeB s
saep Bimmaui cranoBuTs: °SM = 4.1 keB, °Yb = 5,6 xeB. IIpu BukopucTanHi pis-
HUX BHUJIIB aKIENTOPIB, 110 MPEACTABISAIOTH COOOI0 HAHOYACTUHKHU aJTOMOCHIIIKATIB,
na JITIE HHI] X®TI momus Moxna Bupodmsta g0 1 Ci *°°Sm mpu E = 23 MeB, | =
700 pA i o 1.2 Ci 7®Yb npu E = 36 MeB, | = 260 pA. Isoton “**Pm 3 nepiesoi rpy-
MM MOKHA BUAUISTH HNUIIXOM KaCKaJHOI €KCTPakKIlii B KOJIOHIII 3 TPIOyTLI0BUM edi-
pom docdopnoi kucioru. Ha JIITE HHIL XTI moans moxna Bupobistu 1o 0,5 Ci
“*Pm npu E = 36 MeB, | = 700 LA mpy BUKOPHCTAHHI HEOANMY HPHPOLHOTO i30-
TOMHOTO CKiaxy. IIpi BUKOPUCTAHHI MilleHi HeoauMy, 36aradeHoro 10 —°Nd, Moxk-
Ha BupoOsatu g0 10 Ci pm, Bukopuctanas HAaHOYACTUHOK JIJIsE MIIIIEHEH 1 aKIleT-
TOpIB 3HAYHO MPUCKOPIOE MPOLIECH PO3UMHEHHS 1 BUXOJY 130TOIIB JAHTaHOIMIB. Y
naHux paaioizoroniB (b-eMiTepu) Mepioj; HAMIBPO3MAaLy 1 €Hepris YaCTUHOK IparoTh
BXUIMBY POJIb I KIIHIYHUX XapakTepUcTHK. Po3pobiieHi ¢oTosepHl TE€XHONOTI]
OTPUMAaHHS 130TOMIB JIAHTAHOI/IB 0COOJIMBO HEOOXIIHI MPU MPOBEACHHI MaJlaTUBHOI
Teparnii KICTKOBUX MeTacTa3iB. L1 130Tonu 1eMOHCTPYIOTh BUCOKI e(peKTH HeOOIeHHS
3 MIHIMQJIBHUMH MOOIYHUMU TIPOSIBAMH.

7.02. ESTIMATION OF GROSS-STRUCTURE PARAMETERS OF GIANT
DIPOLE RESONANCE

N.P. Dikiy, A.A. Zakharchenko, Yu.V. Lyashko, V.L. Uvarov,
V.A. Shevchenko, A.Eh. Tenishev
NSC KIPT, Kharkiv, Ukraine
E-mail: uvarov@kipt.kharkov.ua

Experimental testing of a novel technique for determination of width and maxi-
mum of excitation function of a photonuclear reaction with dominant giant dipole
resonance is conducted. The method is based on measurement of normalized reaction
yield in a thin target, overlapping entirely a flux of X-rays, and on processing of data
with the use of developed analytical model. For the checking of method, the nickel
and molybdenum foils of natural isotopic composition were activated by bremsstrah-
lung radiation at four energies of the electron beam in the range 40...95 MeV. The
obtained parameters of cross-section of the reference reactions *°Ni(y,n)*’Ni and
%\Mo(y,n)*Mo are in good agreement with those presented in the available data-
bases.

OLIHKA ITAPAMETPIB I'POCC-CTPYKTYPU I'IT AHTCHKOI'O
JAUITOJIBHOT'O PE3OHAHCY
M.II Jluxuu, O.O. 3axapuenxo, IO.B. Jlawxo, B.JI. Yeapos,
B.A. lllesuenxo, A.E. Teniwes
HHI] X®TI, Xapxis, Yxpaina
E-mail: uvarov@kipt.kharkov.ua

[IpoBeneHa excriepuMeHTalbHa MepeBIpKa HOBOTO METOY BU3HAYEHHS IIUPUHM 1
MakcUMyMy (DYHKIIT 30y/I>KeHHs (OTOSIAEPHOT peaKilii 3 JOMIHYBaHHSIM TTraHTCHKOTO
JUIIONBHOTO pe3oHaHcy. MeTon 0a3yeThcsi Ha BUMIPIOBAHHI HOPMOBAHOTO BUXOIY
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peakiii y TOHKIf MIIIEeH], [0 MOBHICTIO MEPEKPUBAE MOTIK T'aJIbMIBHOTO BUIPOMi-
HEHHsI IPUCKOPIOBaya €JEKTPOHIB, 1 00poOLl JaHUX 3 BUKOPUCTAHHSAM PO3POOIIEHOT
TeopeTuyHoi Mozeni. /i nepeBipku MeTony OynM akTUBOBaHI (OJNBIU 3 HIKEIIO Ta
MOMIOJEHY MPUPOAHOTO CKIIAAy TaJbMIBHMM BHUIIPOMIHEHHSM NpPH YOTUPHOX 3Ha-
YEHHSX €Heprii My4yky enekTpoHiB y aiana3zoHi 40...95 MeB. OpnepskaHi xapakTepu-
cruku pedepentrnx peaxriit “°Ni(y,n)*’Ni ta **’Mo(y,n)*Mo no6pe y3romkyroTses 3
TaKUMH, 110 MPEJCTABICH] Y HasBHUX 0a3ax AaHUX.

7.03. APPLICATION OF A SCINTILLATION GAMMA-SPECTROMETER FOR
DETERMINATION OF RADON CONTENT IN WATER

D.A. Hakimov, L.V. Zhuk, M K. Kievets
Joint Institute for Power and Nuclear Research — Sosny
of National Academy of Sciences of Belarus, Minsk, Belarus
E-mail: dilshod.4567@mail.ru

Natural concentrations of uranium and, accordingly, radium-226 in soils and
rocks are a source of radon. Concentration of radon in water coming from under-
ground sources is higher than in water from surface sources as a rule. Radon baths for
treatment of various diseases at spa treatment contain radioactive gas radon-222 dis-
solved in water and its daughter decay products. The scientific institution «JIPNR-
Sosny» carries out measurements of the content of radon-222 in mineral water for spa
hotels of the Republic of Belarus. The samples are measured using a stationary gam-
ma-spectrometer with a semiconductor detector.The article presents the results of ex-
perimental studies for determination of the sensitivity of a mobile scintillation gam-
ma-spectrometer to radon-222 in mineral water samples for the selected measurement
geometry and the minimum measurable activity of radon-222 in such samples. The
measurement results of radon content in mineral water samples obtained using that
scintillation gamma-spectrometer, as well as the results of determination of
radon-222 content in the same samples, obtained using stationary gamma-
spectrometers with a semiconductor detector including from other laboratories are al-
so presented. The ongoing research is aimed to increase efficiency and mobility of
measurements for determination of the radon-222 content in mineral water samples.

7.04. MONTE-CARLO SIMULATION OF QUASI-INFINITE DEPLETED
URANIUM TARGET IRRADIATED BY 1...10 GeV DEUTERON AND PROTON
BEAM

V.V. Bukhal, K.V. Husak, I.V. Zhuk, V.A. Voronko, V.V. Sotnikov,
A.A. Zadan, A.A. Baldin, S.I. Tyutyunnikov
Joint Institute for Power and Nuclear Research — Sosny
of National Academy of Sciences of Belarus, Minsk, Belarus
E-mail: o.bukhal@gmail.com

The Monte-Carlo simulation of a quasi-infinite depleted uranium target irradiated
by 1...10 GeV proton and deuteron particles with the help of FLUKA package was
carried out. The main neutron-physical characteristics of a system accelerator plus
uranium target are presented. Spectra of secondary particles generated in target and
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neutron multiplicity are obtained. Total number of **U (n,f), **®*U(n,) reactions oc-
curred in a target are calculated. Beam particle power multiplications were deter-
mined. Calculations were performed with the aim of planning experiments on irradia-
tion of the uranium targer at JINR (Dubna, Russia) in the frame of international pro-
ject “Energy and transmutation of Radioactive Waste”.

7.05. FORMATION OF MIXED X,n-RADIATION FIELD AT AN ELECTRON
ACCELERATOR

A.A. Zakharchenko, V.L. Uvarov
NSC KIPT, Kharkiv, Ukraine
E-mail: uvarov@kipt.kharkov.ua

For conducting photonuclear programs with the use of a high-intensity photon
source, the latter is ordinary obtained by transformation of electron beam into X-ray
radiation. Such a process is performed using an intermediate target-converter that
maid from a high-Z material. The (y,n) reactions take place in the converter under the
action of high-energy bremsstrahlung photons. As a result, a quasi-isotropic neutron
flux escapes the converter jointly with the photon beam directed forward. The rela-
tion of their intensities plays the important role depending on a program under way.In
the work, the spatial radiant characteristics of a mixed X,n-radiation on a photonucle-
ar target at various conditions of its formation in the electron energy range
40...95 MeV are studied by computer simulations with the use of a GEANT4
transport code.

O®OPMYBAHHJI ITOJISI MIITHAHOI'O X,n-BUTITPOMIHEHH
HA ITPUCKOPHOBAUI
A.A. 3axapuenxo, B.JI. Veapos.
HHI] X®TI, Xapxis, Ykpaina
E-mail: uvarov@kipt.kharkov.ua

Jlns BukoHaHHS (QOTOSACPHUX MPOTPaM 3 BUKOPHUCTAHHAM JiKepesna (PoTOHIB Be-
JUKO1 ITHTEHCHUBHOCTI OCTaHHE 3a3BHYAl OJIEP)KYIOTh IIJISAXOM TpaHchopMallii mydka
CJIEKTPOHIB y TaibMiBHE BUMpOMiHeHHA. Llel mporec 3a1HCHIOIOTH 32 JTOMOMOTOI0
MPOMDKHOI MillIeHI-KOHBEPTEPa, Ky BUTOTOBIISIOTH 3 Marepiany 3 BenukuM Z. Ilix
JI€I0 BUCOKOCHEPTCTHYHUX TaJBMIBHUX (POTOHIB y KOHBepTepi BimOyBaroThes (7,N)
peakii. Sk pe3ynbTat, 3 HHOTO KpiM CHPSIMOBAHOTO yIepes MOTOKY (OTOHIB BUXO-
TUTh TaKOXX KBa31130TOPOMHUN MOTIK HEUTpoHiB. CIHiBBIIHOIICHHS iX IHTEHCHUBHO-
CTel Tpa€ BaXXJIWBY pPOJb 3alie)KHO BiI MpOrpamu, IO BUKOHYETHCS. MeTomoMm
KOMII FOTEPHOTO MOJICJIOBAHHS 3 BUKOPUCTAaHHAM TpaHcnopTHoro koxy GEANT4
JOCTIHPKEHO ~ TPOCTOPOBO-CHEPTeTUYHI  XapaKTePUCTUKH  MIIaHoro  X,n-
BUTIPOMiHEHHSI Ha (OTOANEPHINA MilIEHI TPH PI3HUX yMOBaxX Woro ¢GOpMyBaHHS B
niana3oHi eHeprii enexkTpoHis 40...95 MeB.
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7.06. FORMATION AND MONITORING OF SECONDARY X-RAY RADIATION
AT PRODUCT PROCESSING WITH AN ELECTRON BEAM

R.l. Pomatsalyuk, D.V. Titov, A.Ye. Tenishev, V.L. Uvarov,
V.A. Shevchenko, A.A. Zakharchenko, V.N. Vereshchaka
NSC KIPT, Kharkiv, Ukraine
E-mail: rompom@kipt.kharkov.ua

Conducting of radiation-technological programs at an electron accelerator is ac-
companied with absorption of part of the beam in an irradiated object followed with
transformation of energy into ionization losses and bremsstrahlung radiation. In such
a way, a mixed e, X-ray flux is formed in the area behind the object, the intensity of
the electron and photon components in which is determined by the energy and power
of the primary electron beam, as well as by the parameters of the object and devices
positioned behind it. In the paper, the characteristics of the e,X-radiation accompany-
ing product processing with a scanning electron beam with energy 8...12 MeV at an
industrial accelerator LU-10 NSC KIPT are studied.. The conditions for obtaining a
source of secondary bremsstrahlung radiation in a state of electronic equilibrium, as
well as its monitoring using an extended free-air ionization chamber have been ex-
plored. Such an additional source of radiation can be used in the various non-
commercial programs like radiation tests, sanitization of archival materials and cul-
tural heritage objects, etc.

OOPMYBAHHA TA MOHITOPHMHI' BTOPMHHOI'O I'AJIBMIBHOT'O
BUITPOMIHEHHHS ITPY OBPOBLII ITPOJAYKIII ITYYKOM EJIEKTPOHIB

P.I Ilomayanox, /I.B. Timos, A.E. Tenuwes, B.JI. Ysapos,
B.O. lllesuenko, A.O. 3axapuenxo, B.H. Bepewaxa
HHI] X®TI, Xapxis, Yrpaina
E-mail: rompom@kipt.kharkov.ua

[Ipu nmpoBeneHH] pamiallifHO-TEXHOJIOTIYHUX MPOTrpaM Ha MPUCKOPIOBAYl €JICKT-
POHIB YacTHHA ITy4Ka MOTJIMHAETHCSA B 00'€KTi, 110 00pOOsS€Thes, 3 TpaHCchopmMaIri-
€10 €HEePrii B 10HI3aI[iiiHI BTpaTH Ta raJbMiBHE BUIPOMiHEHHS. Sk HacTioK y 00acTi
3a 00'eKTOM (POPMYETHCS TOTIK MIIIAHOTO €,X-BUIIPOMiIHEHHSI, IHTCHCUBHICTD CJICKT-
POHHOTO Ta (HOTOHHOTO KOMIIOHEHTIB B IKOMY BU3HAYAETHCS EHEPTIEI0 1 TOTYXKHICTIO
MEPBUHHOTO Ty4YKa €JEKTPOHIB, a TAKOX MapamMeTpaMH 00'€KTa Ta PO3MIIIEHUX 3a
HUM TPUCTPOIB.Y poOOTI JOCHIIKEHI XapaKTepUCTUKH €,X-BUIPOMIHEHHS, IO CY-
MPOBO/IKYE OOpOOKY MPOAYKIli CKAaHYIOUYMM IIYYKOM €JEKTPOHIB 3 EHEPri€lo
8...12 MeB na npomucioBomy npuckoproBadi JIY-10 HHI[ X®TI. BuBueni ymoBu
OTPUMAaHHS JKEpesia BTOPUHHOTO TabMIBHOTO BHUIIPOMIHEHHS B CTaHI €JIIEKTPOHHOT
piBHOBaru, a TaKOXX HOTO MOHITOPHHTY 3 BHUKOPHCTAHHSIM TMPOTSHKHOI BUIBHO-
MOBITPSTHOT 10HI3aIliitHOT Kamepu. Take J0/1aTKOBE HKEPEI0 BUIMPOMIHIOBAHHS MOXKE
OyTH BHUKOPHUCTAHO JJISi TIPOBEJEHHS PI3HUX HEKOMEPIIIHHUX MpOTrpaM, HAIPHUKIAI,
paialiiHUX BUMPOOYBaHb, CAaHITAPHOI OOPOOKHU apXiBHHX MaTepiajiB, 00'€KTIB Ky-
JBTYPHOT CHIAAIIAHA Ta IHIIIE.
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7.07. ON-LINE LUMINESCENT DOSIMETRY OF PRODUCT PROCESSING
MODE AT AN ELECTRON ACCELERATOR

R.l. Pomatsalyuk, S.K. Romanovsky, A.E. Tenishev, Yu.A. Titarenko,
D.V. Titov, V.L. Uvarov, V.A. Shevchenko
NSC KIPT, Kharkiv, Ukraine
E-mail: romanovsky@kipt.kharkov.ua

Radiation-technological processes based on electron accelerators, in particular,
sterilization of medical devices, are regulated by international standards. The distri-
bution of the electron flux density and absorbed dose of radiation are the main pa-
rameters of such processes, which require constant monitoring. In this work, we in-
vestigated the possibility to determine in real time the absorbed dose profile on the
surface of an object being processed using the effect of cathodoluminescence, that
occurs when the electron flux acts on technical materials (mainly amorphous dielec-
trics). The calibration results of cathodoluminescent radiators of different composi-
tion against the absorbed dose by calorimetric method are presented. The validation
of the novel technique at an LU-10 electron Linac of NSC KIPT made it possible to
establish uncertainty of dose measurements and to specify its sources.

JJIOMIHECIHHEHTHA ON-LINE JO3UMETPIS PEXXUMY OBPOBKHM
[MPOAYKIII HA ITPUCKOPIOBAUI EJIEKTPOHIB
P.I. ITomayanox, C.K. Pomanoscoruti, A.E. Teniwes, F0.0. Timapenxo,
II.B. Timos, B.JI. Yeapos, B.A. lllesuenxo
HHIL] X®TI, Xapxis, Yrpaina
E-mail: romanovsky@kipt.kharkov.ua

PaniaimiiitHo-TEXHOJOT1YHI TIPOIIECH 13 3aCTOCYBaHHSIM IPHUCKOPIOBAUiB €JICK-
TPOHIB, 30KpeMa, CTepuIIizallis BUPOoOiB MEIMUYHOTO IPU3HAYCHHS, PETJIAMEHTYIOThCS
MDKHApOIHUMU cTaHaapTamu. OCHOBHUMU MapaMeTpaMy TaKUX MPOIIECiB, 10 BUMa-
raloTh MOCTIHHOTO KOHTPOJIIO, € PO3IMOLT MUIBHOCTI MOTOKY €JIEKTPOHIB 1 TIOTJIUHY-
Ta 703a BUIPOMiHEHHS. J{OCTIIHKEHO MOXKIIMBICTD 3aCTOCYBaHHS €(eKTy KaTOHO0JF0-
MIHECIICHII1, Ika BUHUKAE TP Jii MOTOKY EJICKTPOHIB Ha TEXHIYHI Matepiaiu (To-
JIOBHUM YMHOM, aMOpQHI TICTSKTPUKU) sl BUSHAUCHHS B PEKUMI pPeaJbHOTO Yacy
poJIF0 MOTTAMHYTOT 103U Ha TOBEpXHI 00pobroBaHoro 06'exta. HaBeneHno pe3yib-
TaTH KaJdiOpyBaHHS KaTOJOJIIOMIHECIICHTHUX PaaiaTOpiB PI3HOTO CKJIaay 3a MOTJIHHY-
TOIO J03010 13 3ACTOCYBAHHIM KaJIOPUMETPUYHOTO METOy. AmrpoOallis HOBOrO METO-
ny Ha mpuckoproBadi enekTponiB JIY-10 HHI[ X®TI no3Bonuna BCTAaHOBUTH BEIH-
YUHY 1 JUKepelia HEBU3HAUYCHOCTI PEe3yJIbTaTy BUMIPIOBaHb JT03H.

7.08. THE POSSIBILITY OF APPLICATION OF PYROMETRIC METHOD IN
INDUSTRIAL DOSIMETRY OF ELECTRON BEAM RADIATION

R.I. Pomatsalyuk, S.K. Romanovsky, V.A. Shevchenko, A.E. Tenishev,
D.V. Titov, V.L. Uvarov, A.A. Zakharchenko, V.F. Zhiglo
NSC KIPT, Kharkiv, Ukraine
E-mail: rompom@kipt.kharkov.ua

Validation of process of medical product sterilization includes absorbed dose
mapping in a phantom made of material representative of the object being processed.
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Typically, such measurements are carried out using disposable chemical dosimeters
placed in the phantom at the nodes of the 3D grid. Such a procedure is very laborious
and costly in terms of the consumption of dosimetry systems. In the work, we inves-
tigated the possibility of using pyrometric method for prompt mapping of the ab-
sorbed dose. The studies were carried out using a rectangular phantom in the form of
a set of expanded polystyrene plates, which is exposed to a scanned electron beam.
The temperature and absorbed dose distributions in the phantom were measured.
A linear dependence between them has been established. The calculation of the ab-
sorbed dose profile was also performed by the MC simulations. Satisfactory agree-
ment of the calculated dose distribution with the measured one is shown. The limita-
tions of applicability of the proposed method are determined.

ITPO MOXJIUBICTD 3ACTOCYBAHHA [IIPOMETPUYHOI'O METOY
B [TPOMUCJIOBIU JO3UMETPII EJIEKTPOHHOI'O BUTTPOMIHEHHS

P.I. Ilomayanok, C.K. Pomanosckuii, B.O. lllesuenko, A.E. Teniwes,
I.B. Timos, B.JI. Yeapos, A.O. 3axapuenko, B.®D. Kueno
HHI] X®TI, Xapkis, Yxpaina
E-mail: rompom@kipt.kharkov.ua

Baniganis npouecy crepuiizailii BUpoOiB MEIUYHOTO MPU3HAUYEHHS BKIIIOYAE Ka-
PTYBaHHS ITPOCTOPOBOTO PO3MOJILTY MOTIMHYTOI 103U y PaHTOMI 3 MaTepiaiy, Kl €
pernpe3eHTaTUBHUM 10 00poOIIOBaHOr0 00'€KTy. 3a3BUYail Taki BUMIPIOBAHHS IPO-
BOJSTHCS 3 BUKOPHUCTAHHSM OJHOPA30BUX XIMIYHHUX JTO3MMETPIB, IO PO3MIIIEHI Y
¢danTomi B By3nax 3D-citku. Lls nmporeaypa € 10CUTh TPYJOMICTKOIO Ta 3aTPaTHOIO
II0JI0 BUTPATH JAO3UMETPUUHUX CUCTEM. ¥ poOOTI BUBYEHA MOXKJIUBICTh 3aCTOCYBaH-
HSl MMPOMETPUYHOTO METOAY JJIsS ONEPaTUBHOIO KapTYBAaHHS MOTIMHYTOI a03u. J[o-
CIIDKCHHS TPOBOJWINCS 3 BHUKOPHUCTAaHHSAM NPSAMOKYTHOTO (paHTOMA Y BHIJISII
HA0Opy IUTACTUH 3 IMIHOMOJICTHPOIY, Ha KWW Ji€ CKAaHOBAaHWUU ITYYOK E€JICKTPOHIB.
IIpoBeneHo cniibHE BHUMIPIOBAHHS PO3MOAUTY TeMIIEpaTypH 1 MOTJIMHYTOI 03U B
danTtoMi. BcTaHoBeHO JHIAHY 3alle)KHICTh MK HUMHU. Po3paxyHok mnpodinro mo-
TJIMHYTOI J103W BHMKOHaHaHO TakoX merogoM MC wmopentoBanns. [lokazana 3a-
JIOBUTbHA BIATIOBIIHICTH PO3PAXyHKOBOTO PO3MOALTY 03 3 BUMIpssHUM. Bu3HnaueHo
TpaHUYHI YMOBH 3aCTOCYBAaHHS 3alIPOTIOHOBAHOTO METOY.

7.09. AN ESTIMATE OF CROSS-SECTION OF PHOTO-PROTON
REACTIONS ON #°Tj ISOTOPES

N.P. Dikiy, A.A. Zakharchenko, Yu.V. Lyashko, V.L. Uvarov,
V.A. Shevchenko, A.Eh. Tenishev
NSC KIPT, Kharkiv, Ukraine
E-mail: uvarov@kipt.kharkov.ua

Development of technologies of isotope production at an electron accelerator, in
particular *’Sc by the *Ti(y,p)*’Sc reaction, requires accurate data on the cross-
sections of this and other photo-proton reactions on the titanium isotopes The availa-
ble reaction parameters are characterized by considerable scatter. Earlier, a simple
technique for estimating maximum and width of excitation function of a reaction with
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dominating giant dipole resonance has been proposed and validated. The method is
based on measurement of normalized reaction yield in a thin target, overlapping
completely a flux of X-rays, and processing of data obtained with the use of devel-
oped analytical model. The joint activation of foils from natural nickel, molybdenum
and titanium by bremsstrahlung radiation with end-point photon energy in the range
40...95 MeV was carried out. The characteristics of the reactions *Ti(y,p)*'Sc,
®Ti(y,p)*®sc, *Ti(y,np)*®sc, “'Ti(y,p)*Sc and “®Ti(y,np)*°Sc were studied by new
technique. For verifying results, the well-examined **Ni(y,n)*’Ni and **Mo(y,n)*Mo
reactions were used.

OLIHKA MEPEPI3IB ®OTOIMPOTOHHUX PEAKLIIN HA I30TOITAX *"°Ti

M.IIL Jluxuu, O.O. 3axapuenxo, [O.B. Jlawxo, B.JI. Ysapos,
B.A. lllesuenxo, A.E. Teniwes
HHI] X®TI, Xapxie, Yxpaina
E-mail: uvarov@kipt.kharkov.ua

Po3BHTOK TeXHOJIOTii BUPOOHHUIITBA i30TOMIB Ha MPUCKOPIOBaYax €JICKTPOHIB, 30-
kpema *’Sc 3a peakuiero “°Ti(y,p)*’Sc moTpe6ye GLIbLI TOUHNX JAHHX MO0 EPePi3iB
i€l Ta 1HIMKUX GOTOMPOTOHHUX Peakiliii Ha 130Tomax TUTaHy. HasBHI mapamerpu pea-
KIII XapaKTEePHU3YIOThCS CYTTEBUM PO3KUIOM. PaHiir OyB 3amporOHOBaHU Ta Baji-
JIOBAaHUW TIPOCTHH METOJ] OIIHKA MaKCUMYMY 1 IMUPUHU (PYHKITIT 30YyKEHHS I pe-
aKIii 3 JOMiHYBaHHSM TiTaHTCHKOTO JUIIOJBHOTO pe30HaHCY. MeTo 3acCHOBaHMIA Ha
BUMIPIOBaHHI HOPMOBAHOTO BUXOJY Peakilii y TOHKIN MIIlIeH], KA TOBHICTIO TIEPEK-
pHUBa€ TMOTIK rajbMiBHUX (OTOHIB, 1 0OpOOIll OJepKaHUX TaHUX 3 BUKOPUCTAHHIM
po3pobiieHoi aHaTHYHOT MoAeni.byno nmpoBeseHo cymicHY akTuBarito ¢oiiit 3 Hi-
KeJt0, MOJIIOJIEHY Ta TUTaHy TaJIbMIBHUM BHUIIPOMIHEHHSM 3 TPAaHHUYHOKO EHEPTIE€I0
dotoniB y miamazoni 40...95 MeB. 3 BHKOpHUCTaHHSIM HOBOTO METOAY IOCITIIKEHO
mapamerpu peakuiit “°Ti(y,p)*'Sc, “Ti(y,p)*Sc, *°Ti(y,np)*Sc, *'Ti(y,p)*°Sc ta
®Ti(y,np)*Sc. s Bepudikauii oxepkaHnx pe3yiIbTaTiB GYIH BHKOPHCTaHI 106pe
suBueHi peaxuii * Ni(y,n)*'Ni ta **’Mo(y,n)*Mo.
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7.10. RADIATION INDUCED SOFTENING OF CRYSTALS

V.1. Dubinko, V.N. Borysenko, V.A. Kushnir, 1.V. Hodak,
V.V. Mytrochenko, V.O. Gamov
NSC KIPT, Kharkiv, Ukraine
E-mail: vdubinko@kipt.kharkov.ua

Under irradiation of crystals, atomic vibrations of the lattice that are large enough
in amplitude so that the linear approximation and therefore the conventional phonon
description of the lattice is not enough. At the same time, these vibrations are local-
ized and can travel long distances in a crystal lattice. In metals and other crystals they
are called intrinsic localized modes (ILMs) or discrete breathers (DBs) and are the
secondary products of irradiation damage, the primary one being the creations of de-
fects that involve atom displacements to produce vacancies and self-interstitial atoms.
ILMs are produced in irradiated materials, where the primary damage consists of dis-
placements of atoms producing point and extended defects, which results in radiation
induced hardening (RIH). A part of the remaining energy will transform in ILMs be-
fore decaying into phonons. Thus, while a material is being irradiated in operational
conditions as in a reactor a considerable amount of DBs with energies of the order of
one eV exist which helps dislocations to unpin from pinning centers, producing Radi-
ation Induced Softening (RIS), which opposes RIH. This effect is investigated under
(in-situ) impulse and steady-state electron irradiation.

PAJITALIIIMHO-THJTYKOBAHA TNIACTU®IKAIS KPUCTAJIIB

B.1. Jly6inko, B.M. bopucenxo, B.A.Kywnip, |.B. Xooak,
B.B. Mumpouenxo, B.O. I'amos
HHI] X®TI, Xapxie, Yrpaina
E-mail: vdubinko@kipt.kharkov.ua

[Tpu onpomiHEeHH] KpUCTAIIB aTOMHI KOJIMBaHHS PEIIITKH, SIKI € JOCTaTHHO BEJITH-
KUMH 32 aMILTITYJI00, TaK IO JIIHIHHOTO HAaOJIMKEHHS 1, OTXKe, 3BUYaiiHOTO (POHOH-
HOTO OMHCY PENIiTKA HeIOCTaTHRO. Y TOM e Yac 111 BiOparlii ToKkaai30BaHi 1 MOXKYTh
MPODKHKATH BETWKI BIICTAaHI B KPUCTATIIYHIN penriTii. Y MeTanax Ta iHIIUX KpUCTa-
JaX BOHHM HA3WBAIOTHCA BIACHUMU JoKanizoBanuMu mMoaamu (BJIM) abo auckperHu-
mu Opuzepamu ([Ib) 1 € BTOpUHHUMHU MPOAYKTaMH TIOIIKOKEHHSI ONPOMIHEHHSM,
OCHOBHUM 3 SKUX € YTBOpPEHHS Ae(EKTiB, 10 BKIIOYAIOTh MEPEMIIICHHS aTOMIB JIJIst
OTPUMAaHHS BaKaHCIi Ta MKBY3eIbHUX aToMiB. BJIM BUPOOISIIOTECS B OTPOMIHEHHX
Marepianax, Ji€ OCHOBHE TOIIKOJKEHHS CKIAJAEThCS 13 MEpPEMIIIeHb aTOMIB, IO
YTBOPIOIOTh TOYKOBI Ta pO3MIHUpPEHi AehEeKTH, M0 TPHU3BOAWTH 10 paaiariitHo-
imykoBanoro 3minHeHHs (P13). Yactuna eneprii, mo 3anumunacs, TpaHCHOPMYETh-
cs B BJIM, mepm HiX posmamatucs Ha ¢GOHOHHM. TakMM YHWHOM, TIOKH MaTepial
OMPOMIHIOETBCSI B pOOOUYMX YMOBaX, SIK y pEakTopi, iCHye 3HauHa KuIbKicTh b 3
EHeprisAIMu TOPSAAKY ojHOoro EB, 110 Jomomarae AUCIOKAIIAM BIAKPITATHCS Bij
[EHTPIB 3aKpIIICHHS, BUPOOJISIOUN pajialliitHo-iHaykoBaHy mactudikamiro (PIIT),
KpucTaiiB 110 npoTuctoith PI3. Lleit edexT mocmimkyeTbes npu (in-situ) iMIyJibC-
HOMY Ta CTal[lOHAPHOMY €JIEKTPOHHOMY OIPOMIHEHHI.
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7.11. PHOTONUCLEAR REACTIONS *Mo(y,n)*Mo, *Cu(y,n)*Cu,
TAl(y,x)**Na, *Nb(y,3n)’Nb AS MONITORS OF BREMSSTRAHLUNG FLUX

0.S. Deiev, 1.S. Timchenko, S.M. Olejnik, |A.N. Vodin|, V.A. Kushnir,
V.V. Mytrochenko, S.O. Perezhogin, V.O. Bocharov, Ye.O. Vasilev

NSC KIPT, Kharkiv, Ukraine
E-mail: deev@Kkipt.kharkov.ua

The use of bremsstrahlung is a good alternative to quasi-monochromatic y-quanta
for conducting experiments on photodisintegration of nuclei in a wide range of ener-
gies. To obtain cross-sections of the reaction, it is necessary to know the exact value
of the flux of bremsstrahlung quanta on the target, which is usually calculated using
the code GEANT4. Some factors of the experiment can make an error: geometric
(displacement of the target center relative to the beam axis), inaccuracy of the irradia-
tion dose, current, slight decrease in electron beam energy at long exposures, beam
profile, etc. For the control of the irradiation parameters, targets-monitors are used,
which are in the same conditions as the studied target. After this, the calculated and
measured cross-sections of the known reaction are compared, and a normalization
factor is obtained, which is used when calculating the values of the investigated
cross-sections. In experiments on the LUE-40 accelerator of RDC “Accelerator” NSC
KIPT, the yields and flux-averaged cross-section (c(E,max))exp Of photonuclear reac-
tions ®Mo(y,n)*Mo, *Cu(y,n)**Cu, Al(y,x)**Na, *Nb(y,3n)*Nb were measured
using the y-activation technique. The possibility of using these reactions to monitor
the flux of bremsstrahlung y-quanta was investigated. The theoretical calculation of
the cross-sections (o(E,max))m Was performed using the cross-sections o(E) from the
code Talys1.95 for monochromatic photons. The normalization coefficients
K = (o(Eymax))th | (0(Eymax))exp Were obtained, which displays the deviation of the cal-
culated in the GEANT4 code flux of inhibitory y-quanta from the real flux that fell on
the target.

®OTOSIEPHI PEAKIII Mo(y,n)*Mo, *Cu(y,n)*Cu, ' Al(y,x)*'Na,
*Nb(y,3n)*Nb SIK MOHITOPU I[TOTOKY I'AJIbMIBHUX KBAHTIB

O.C. Jlees, 1.C. Timuenxo, C.M. Onitinux, |O.M. Booin, B.A. Kywnip,
B.B. Mumpouenxo, C.QO. Ilepeoicocin, B.O. bouapos, €.0. Bacunves

HHI] X®TI, Xapkis, Yxpaina
E-mail: deev@Kkipt.kharkov.ua

3actocyBaHHS TaIbMIBHUX (DOTOHIB € XOPOIIOK aIbTEPHATHBOIO KBA3IMOHOXPO-
MaTUYHUM Y-KBaHTaM JIJIsl TIPOBEJICHHS €KCIIEPUMEHTIB MO (OTOPO3MICTUICHHIO SEP
y MIMPOKOMY IHTEpBai eHeprii. /(s oTpumanHs nepepiziB peakiii HeOOXiTHO 3HATH
TOYHE 3HAYCHHS MOTOKY TAJIbMIBHUX KBAaHTIB Ha MIIICHI, KU, SIK MPaBUIIO, PO3pa-
XOBYyI0Th 3a nonomorow koxy GEANT4. [ledxi ¢akTopu €KCHEPUMEHTY MOXYTh
BHOCUTH MOMUJIKY: T€OMETPUYHUN (3MIIICHHS [IEHTPY MIIIeH] 00 OC1 My4YKa), He-
TOYHICTb /103U OMPOMIHEHHSI, CTPYMY, HE3HAYHE 3MEHIICHHS €HEPrii My4yKa eJIeKTpo-
HIB [PU TPUBAIUX €KCIO3UI[ISIX, TOYHICTh NPOQLUIIO MydKa Ta 1H. [ KOHTpOJIIO ma-
paMeTpiB ONMPOMIHEHHS 3aCTOCOBYIOTh MIIIEHI-MOHITOPH, SIK1 3HaXOASTHCS B OJHAKO-
BHUX 3 JOCJ>)KYBaHOIO MIIIEHHIO YMOBax. [[Jis bOro MopiBHIOIOTH PO3PaXyHKOBI Ta

58



BUMIpSIHI TIEpepi3u BIIOMOI peakilii, Ta OTPUMYIOTh KOE(DILIEHT HOPMYBaHHS, KU
BUKOPUCTOBYIOTh IPpU OOYMCIIEHHI 3HAYE€Hb JOCIIIKYBaHUX IepepiziB. B ekcnepu-
MeHTax Ha npuckopioBaui JIIIE-40 HAK «IIpuckoproBau» HHIL[ X®PTI 13 3acrocy-
BaHHSAM METOJy HaBEJEHOI Y-aKTUBHOCTI BUMIPSIHO BUXOJU Ta CEPEaHI MO rajibMiB-
HOMYy TOTOKY Tniepepi3u (O(Eymax))exp (PoTOAmEpHHX peakiiid %M o(y,n)*Mo,
65Cu(y,n)64Cu, 27Al(y,x)MNa, 93Nb(y,3n)90Nb. Jlocii’keHa MOKJTUBICTh BUKOPUCTAaH-
HS LIMX pEeaKIiil JJisi MOHITOPUHTY MOTOKY rajJbMIBHHUX Y-KBaHTIB. TeopeTuyHuil po3-
paxyHOK nepepi3iB (G(Eymax))th TPOBOAUBCS 3 BUKOPHCTaHHIM IepepiziB o(E) 3 koxy
Talys1.95 nna monoxpomatuyHux ¢oToHiB. Bynu orpumani koedilieHTH HOpMyBaH-
HA K = (6(Eymax))th / (G(Eymax)exp, SKI BiTOOpaXKaIi BIIXUICHHS PO3PaXOBAHOTO B KO/
GEANT4 noToky rajbMiBHUX Y-KBaHTIB BiJ] pe€ajbHOr0 MOTOKY, SIKMM ymaB Ha Mi-
ICHb.

7.12. ISOMERIC RATIO OF NUCLEAR PRODUCTS FROM THE REACTION
1Ta(y,3n)'®"Ta AT ENERGIES E .y = 33...95 MeV

0.S. Deiev, I.S. Timchenko, S.M. Olejnik, |A.N. Vodin, V.A. Kushnir,
V.V. Mytrochenko, S.O. Perezhogin

NSC KIPT, Kharkiv, Ukraine
E-mail: timchenko@kipt.kharkov.ua

A study of photoneutron reactions of **Ta(y,3n)"*™%Ta in the region of brems-
strahlung energies E,max = 33...95 MeV was performed. The measurements were
performed on the beam of the linear electron accelerator LUE-40 in RDC “Accelera-
tor” NSC KIPT using the of the y-activation technique. The flux-averaged cross-
sections (6(Eymax)), (0(Eymax))m, ((Eymax))g @and isomeric ratios d(E,max) Of the nuclei-
products of the studied reaction were determined experimentally. The calculation of
the bremsstrahlung flux was performed using the code GEANT4.9.2 and was addi-
tionally monitored by the reaction yield of ***Mo(y,n)*Mo. The values of the theoret-
ical flux-averaged cross-sections were obtained using o(E) from the TALYS1.95
code for different models of the density levels LD1-6. It is shown that the experi-
mental values of (6(Eymax)), (6(Eymax))g and (6(E,max))m best agree with the theoretical
calculations performed using the code TALYS1.95 for the model LD5: Microscopic
level densities (Skyrme force) from Hilaire's combinatorial tables. The found isomer-
ic relations d(E,max) are consistent with the data from the literature and in the energy
range E,max = 24-95 MeV are grouped around a constant value of 0.34 + 0.02. Exper-
imental values of d(E,max) points to a significant (by a factor of 2.5) suppression of
the reaction with occupation of the isomeric state of the nucleus *"®™Ta relative to the
ground-state occupation of *"®Ta. It is shown that the calculated value of the isomeric
ratio d(E,max) increases with decreasing energy of y-quanta for all models LD1-6, but
the available experimental data do not confirm such dynamics.
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[3OMEPHI BIITHOILUEHHS SAEP-ITPOJAYKTIB 3 PEAKLII **'Ta(y,3n)'"*%™Ta
[TIPU EHEPTISIX E,ypay = 33...95 MeB

O.C. Jlees, 1.C. Timuenxo, C.M. Onitinux, |O.M. Booin|, B.A. Kywmnip,
B.B. Mumpouenxo, C.O. Ilepescocin

HHI] X®DTI, Xapxie, Yxpaina
E-mail: timchenko@kipt.kharkov.ua

IIpoBEaCHO TOCIIKEHHs (POTOHEHTPOHHKX peakiiit o Ta(y,3n)'°™%Ta B o6nacri
IpaHUYHKUX €HEPIidl raJbMIBHUX Y-KBaHTIB E,m.= 33...95 MeB. BumiproBanss npo-
BEJICH1 Ha MYuKYy JiHIiHOTO npuckoproBaya enektpoHis JIITE-40 HIK «IIpuckopro-
Bau» HHI[ X®TI 3 3acrocyBaHHsIM MeTOLy HaBe[eHOI Y-aKTUBHOCTI. ExcniepumeHn-
TaJbHO BU3HAYCHI CEPE/IHI MO TraIbMiBHOMY MOTOKY HepeTHHHU (G(Eymax)), (O(Eymax))m,
(o(Eymax))g Ta i30MepHi BigHOMIEHHS 0(Eymax) SIEP-TIPOTYKTIB TOCTIKYBAHOT peaKIlii.
Po3paxyHOK MOTOKY rajbMiBHHUX raMMa-KBaHTIB MPOBOJWBCS 33 JTOTIOMOTOIO KOIY
GEANT4.9.2 i 101aTKOBO MOHITOpYBABCs IO BUXOAY peakuii ' 'Mo(y,n)*Mo. 3Ha-
YeHHS TEOPETHUUHMX CEepPEe/IHIX MEePEeTHHIB OTpUMaH1 3 BUKopucTaHHIM G(E) 3 komy
TALYS1.95 nns pizaux mojaeneit uiuibHocTi piBHiB LD1-6. [Tokazano, mo ekcrnepu-
MeHTalbHI 3Ha4eHHSA (G(Eymax)), (O(Eymax))g 1 (O(Eymax))m HaMKpale y3roIKylThCs 3
TEOPETHYHUMHU PO3paxyHKaMH, BUKOHAHMMH 3 BHKOpPUCTaHHsIM koxy TALYS1.95
mis moxeni LD5: Microscopic level densities (Skyrme force) from Hilaire's
combinatorial tables. 3naiineni i3omepHi BinHOmEHHS O(Eymax) Y3romKytoThes 3 na-
HMMHU 3 JITEpaTypH 1y Alanas3oHi eHeprikd E,m.c = 24-95 MeB rpynyroTscsi HaBKOJIO
cranoi Benmunnu 0,34 + 0,02. ExcnepumenTanbHi 3Ha4eHHS O(E,m.x) BKa3yloTh Ha
3HAYHE [PUTHIYCHHS 3aCENCHHs i30MEPHOTO CTaHY sapa  o"Ta Mo BiXHOMICHHIO 10
OCHOBHOTO * 9Ta (mpubam3so B 2,5 pasu). IToKa3aHo, IO PO3PAXYHKOBA BEIHUMHA
i3oMepHOro BimHOCHHU U(E,max) 31 3MEHIIIEHHAM eHeprii y-KBaHTIB 3pocTa€e JUIsi BCIX
moaeneit LD1-6, npoTe HasiBHI eKCIIEpUMEHTANIbHI TaH1 HE MATBEPKYIOTh MO110HY
JTUHAMIKY.

7.13. BONNER SPHERICAL NEUTRON SPECTROMETER CALIBRATION
WITH A STANDARD NEUTRON SOURCE

S.A. Kalenik!, S.H. Karpus®, V.Y. Kasilov', V. Kovtun?, P. Kizim?, O. Shchus *
'NSC KIPT, Kharkiv, Ukraine;
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: karpus@kipt.kharkov.ua

The method of activation type Bonner spherical neutron spectrometer calibration
which was developed in the Department of Fundamental and Applied Nuclear Re-
search of the Institute of High Energy Physics and Nuclear Physics of NSC KIPT for
the research of neutron fields in the LPE-30 accelerator hopper is presented. As a
standard source of fast neutrons used PuBe-source of V.N. Karazin Kharkiv National
University (type DSHN-27/112, neutron flux is 4.96x10" n/s in 4x). The activity of
natural indium samples was measured by a gamma spectrometer based on a GeL.i de-
tector. The spectra of activation yields *®™In were obtained for all ten spheres of the
neutron spectrometer, with radii from 5 to 24 cm. A comparison with experimental
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data of neutron field measurements in the LPE-30 accelerator hopper when irradiated
with an electron beam of e-y-n-converter was done.

KAJIIEPYBAHHS KYJIbOBOI'O HEUTPOHHOI'O CITEKTPOMETPA
BOHHEPA 3A IOIIOMOI'OO CTAHIAPTHOI'O JIUKEPEJIA HEUTPOHIB

C.A. Kanenux®, C.T" Kapnyczol, B.H. Kacinos", B. KoemyHZ, I1. Kusum®, O. lllbe2
'HHI] XDTI, Xapxis, Vipaina;

2Xapkiecbkud HayionanvHuu yHisepcumem im. B.H. Kapasina, Xapxis, Ykpaina
E-mail: karpus@kipt.kharkov.ua

[IpencraBiieHO METOJIMKY KaliOpyBaHHS KYJIbOBOI'O HEHTPOHHOI'O CIEKTPOMETPY
bonnepa akrtuBamiiHOro THUMY, pPO3pOOJEHOro Yy BIAAUN (QyHIaMEHTaIbHO-
NPUKIAHUAX AJIEPHUX JOCHKEeHb [HCTUTYTY (DI3UKK BUCOKUX €HEPrii 1 saepHoi ¢i-
suku HHI[ X®OTI nns pocnimkeHHsS HEUTPOHHUX TOJIB y OyHKEpi MPUCKOpPIOBaya
JITTE-30. V sikocTi CTaHAAPTHOTO JIXKEpesia MBUAKUX HEHTpOHIB BUkopuctano PubBe-
mrepeno turmy JIITH-27/112 3 notokoM HeifrpoHiB 4,96x10” u/c B 4m cp XapkiBch-
KOTO HalloHaJibHOTO yHiBepcuTeTy iM. B.H. Kapa3zina. AKTUBHICTH 3pa3KiB HaTy-
pPaNbHOTO 1HII0 BH3HAYalach 3a JIONOMOIOI0 ramMma-crnekTpoMmeTpy Ha 0asi GelLi-
nerektopy. OTPHUMAHO CIIEKTPH aKTHBALIHHMX BEXOMIB ~o'In Iyist ycixX ZECATH Kyilb
HEHUTPOHHOTO CIEKTPOMETPY, paaiycamu Bif 5 10 24 cm. [IpoBeneHo MOpiBHSHHA 3
€KCIIEpPUMEHTATbHUMU JIaHUMH BUMIPIOBAaHHS HEUTPOHHUX MOJIB B OyHKEp1 MPUCKO-
proBaua JIIIE-30 npu onpoMiHEHHI IyYKOM €JIEKTPOHIB €-y-N-KOHBEpTOpa.

7.14. WORLD TRENDS IN THE APPLICATION OF ACCELERATORS FOR THE
PRODUCTION OF BASIC ISOTOPES FOR NUCLEAR MEDICINE

1.S. Guk
NSC KIPT, Kharkiv, Ukraine
E-mail: guk@kipt.kharkov.ua

More than 53 isotopes have been added to the international nuclear medicine da-
tabase for use in the diagnosis and treatment of diseases. However, the main place in
all the variety used belongs to the production of two isotopes - **Mo and *®F. Diag-
nostic imaging techniques account for approximately 90% of all nuclear medicine
procedures and 85% of diagnostic scans are performed using *Mo (**™Tc), which is
about 40 million procedures worldwide each year. Therefore, special attention is paid
to the production of this isotope in the world. There is a tendency of a gradual transi-
tion from the irradiation of weapons-grade uranium targets at nuclear reactors to the
use for these purposes of electron accelerators with superconducting accelerating
structures and deuteron accelerators with the transition to liquid targets from low-
enriched **U. The main use of the isotope °F is in PET diagnostics, as it has proven
to be the most accurate method for detecting and assessing most types of cancer. It is
also widely used in the imaging of the vessels of the heart and brain. The leading role
in this diagnostics is played by small cyclotrons with superconducting magnets oper-
ating at nitrogen temperatures.The creation of special accelerators for the production
of other isotopes that can be used in modern nuclear medicine is currently not eco-
nomically justified, given their small share in the cost in relation to the isotopes con-
sidered above.
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CBITOBI TEHJEHLT Y BUKOPUCTAHHI [TPUCKOPIOBAUIB JIJI
BUPOBHUILITBA OCHOBHUX I30TOMIB 1S SIJIEPHOI MEJAMLIMHU

LC. I'yx
HHI] X®TI, Xapxie, Yxpaina
E-mail: guk@kipt.kharkov.ua

VY MixHapoaHy 0a3y JaHUX MO SJIepHIA MEIUIMHI i1 BUKOPUCTAHHS B J[1arHO-
CTHII1 1 JJIKYBaHH1 XBOp0oO BHeceHO Ouibll 53 130TomiB. OJIHAK T'OJIOBHE MICIE Y BCh-
OMy Pi3HOMAHITTi BHKOPUCTOBYBAHHX HATEKHUTH BHPOOHHUIITBY ABOX i30TOMIB - -"MO
i °F. Meroan miarHoctruHoi Bisyamisawii 3aiiMaroTs mpuotu3ao 90% ycix mpoueayp
AaepHOl MeAUIMHNA 1 85% MIarHOCTUYHUX CKaHYBaHb MPOXOJATH 3 BUKOPUCTAHHSIM
®Mo (*"Tc), mo cxmagae Gnu3bko 40 MiIBHOHIB IPOIEAYp O YCIM CBITi MIOPOKY.
ToMy BUpPOOHHITBY LBOTO 130TONY Y CBITI MpUAUISEThCS ocobnuBa yBara. Cro-
CTEpIra€ThCsl TEHACHIIS TOCTYNOBOTO MEPEXOly BiJ OMPOMIHEHHS MIIIEeHeH 31
30pOHOBOr0 ypaHy Ha SIICPHUX PEAKTOpax 0 BHUKOPUCTAHHS IS IUX IIIEH elek-
TPOHHHX TPUCKOPIOBAYIB 3 HAAMPOBITHUMH MPUCKOPIOIOYNMH CTPYKTypaMu i TpH-
CKOPIOBAYiB IEHTPOHIB 3 MEPEXOAOM Ha PiKi MilleHi 3 Hu3bKo36aradeHnm U, Oc-
HOBHE BHKOPHCTAHHS i30Tomy "°F - y IIDT RiarHOCTHUIN, OCKIIBKH BOHA BHSBUIACS
HAWOLIBIIT TOYHUM METOJIOM BUSIBJICHHS W OIlIHKHM OUIBIIOCTI BUJIB paka. BiH Takox
IIMPOKO BHUKOPUCTOBYETHCS TPH Bidyamizallii CyHH cepIis i TOJIOBHOTO MO3Ky. Be-
Jy4y poJib y Il JIarHOCTHUIII TParOTh MajgoTrabapuTHI ITUKIOTPOHH 3 HAIIPOBITHUMHU
Mar”iTamu, 10 MpaIioloTh MPH a30THUX Temmeparypax. CTBOpPEHHs ClelialbHUX
IIPUCKOPIOBAYIB JIJISI BUPOOHUIITBA 1HIIMX 130TOIB, [0 MOXXYTh BUKOPHUCTOBYBATUCS
B Cy4YacHIH siiepHii MEIUIINHI, Y JaHUN Yac eKOHOMIYHO HE BUIIPAB/IAHO 3 OIJISIY Ha
iXHIO MaJly 4aCTKY y BapTOCTI CTOCOBHO PO3TJISIHYTHX BHIIE 130TOIIIB.

7.15. ANALYSIS OF SECONDARY ELECTRON EMISSION MEASUREMENT
SYSTEMS

H.D. Kovalenko, S.H. Karpus, Yu.H. Kazarinov, V. Borysenko,
S.S. Kochetov, Ye.V. Tsyatsko, O.O. Shopen, V.Y. Kasilov
NSC KIPT, Kharkiv, Ukraine
E-mail: karpus@kipt.kharkov.ua

The analysis of experimental systems for research of the electrons secondary
emission yields during the passage of high-energy electrons through thin films is pre-
sented. The peculiarities of current registration of secondary electrons emitted from
the surface of the investigated samples depending on the design features of the target
device are considered, namely: when using only emitter, systems equipped with con-
tinuous and through collectors. The issue of improving the three-electrode system
(collector-emitter-collector) with through-collectors in order to suppress the residual
magnetization of the experimental equipment is considered.
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AHAJII3 CUCTEM BUMIPIOBAHHS BUXOJ1Y BTOPMHHOI EMICII
EJIEKTPOHIB
I JI. Kosanenko, C.I'. Kapnyco, FO.I'. Kazapinos, B. bopucenxo,
C.C. Kouemos, €.B. I[ayvko, O.O. Llonen, B.H. Kacinos
HHI] XDTI, Xapxie, Yxpaina
E-mail: karpus@kipt.kharkov.ua

[IpencraBiieHO aHami3 €KCIEPUMEHTAJIbHUX CHUCTEM JAOCHIIKEHHS BUXOAY BTO-
PUHHOI eMICIi eJIeKTPOHIB P MPOXOKEHHI BUCOKOEHEPTE€TUUHUX €JIEKTPOHIB Yepes
TOHKI TUIIBKU. PO3INIIHYTO OCOOJIMBOCTI peecTpallii CTpyMYy BTOPUHHHUX €IEKTPOHIB
€MITOBaHUX 3 MOBEPXHI JOCIIKYBAaHUX 3pa3KiB B 3aJIEKHOCTI BiJ] KOHCTPYKI[IMHUX
0COOJIMBOCTEN MPUCTPOIO MIILIEH], a came: NMPU BUKOPUCTAHHI OJIHIET MIIIEH1, CUCTEM
OCHAILIEHUX CYLUUIbHUMH Ta MPOXITHUMHU KOJEKTOpamH. PosrisgaeTscss NMUTaHHS
YJIOCKOHAJIEHHSI TPbOXEJIEKTPOAHOI CUCTEMH 3 MPOXITHUMH KOJEKTOpaMHu 3 METOI0
NPUTHIYEHHS TUIMBY 3aJMIIKOBOI HAMArHI4Y€HOCTI EKCHEePUMEHTAIbHOIO YCTaTKYy-
BaHHS.
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7.16. CORRELATION BETWEEN MULTIPLE SCATTERING ANGLE AND
IONIZATION ENERGY LOSS FOR FAST ELECTRONS

M.V. Bondarenco
NSC KIPT, Kharkiv, Ukraine
E-mail: bon@kipt.kharkov.ua

A correlation between the angle of multiple scattering and the ionization energy
loss for relativistic electrons in an amorphous medium is computed by solving the
combined transport equation. The correlation is found to be the most pronounced at
deflection angles larger than typical, reflecting the underlying single-scattering kine-
matical correlation, but is also sizable at typical deflection angles, where the width of
the angular distribution increases with the increase of the energy loss. The mean en-
ergy loss as a function of the deflection angle is calculated. It grows quadratically
both at small and at large angles, but the proportionality coefficient at large angles is
greater than at small ones.

KOPEJIALIA MDK KYTOM BATTATOPA30BOI'O PO3CISAHHA TA
IOHIBAIIMHOIO BTPATOIO EHEPTII JIJIS IIBUIKWX EJIEKTPOHIB
M.B. Boroapenxo
HHIL] X®TI, Xapxis, Yrpaina
E-mail: bon@kipt.kharkov.ua

Kopensmis Mk KyToM 0araTopa3oBOTO PO3CISHHS Ta 10HI3allIfHOK BTPATOIO
EHepTii U1 PeISITUBICTCHKUX €JIEKTPOHIB B aMOPGHIN peUOBUHI OOUUCITIOETHCS IS~
XOM pO3B’s3aHHsI KOMOIHOBAHOT'O PIBHSHHS NEpeHOCY. BcTaHOBIIGHO, IO KOPEIAIIis
€ HalOUIBIII BUPAXKEHOIO TIPU KyTaxX BIIXWUIICHHsI, OUIBIINX, HK THUIIOBI, 110 BigoOpa-
Kae KIHEeMAaTHYHY KOpEJAIil0 Ha PIBHI OJIHOPA30BOI'O0 PO3CIFOBAHHS, alie TaKOXK €
3HAYHOIO HAa TUIOBUX KyTaX BIIXWUJIEHHS, JIe MIUPHHA KYTOBOTO PO3MOALTY 301JIBIIY-
€TbCSI 31 30UIBIICHHSIM BTpaT eHeprii. OOYUCTIOEThCS CepeHsl BTpaTa €Heprii sk
dbyHKIA KyTa BiaxuieHHs. BoHa pocTe KBaipaTUYHO SK JIJI MaJUX, TaK 1 JJIs BEJH-
KHX KYTIB, aje KOe(ilieHT MPOMOPUIHHOCTI IJsl BEIMKUX KyTax OUTBIIHMMA, HIXK IS
MaJux.

7.17. HYBRID-PS AND MAPS DETECTOR SYSTEMS FOR NUCLEAR
PHYSICS EXPERIMENTS

M.V. Pugach, V.M. Dobishuk, S.B. Chernyshenko, V.O. Kyva, V.M. Pugatch
Kyiv Institute for Nuclear Research, Kyiv, Ukraine
E-mail: mvpugach@gmail.com

Detector systems comprising Hybrid pixel sensors and Monolithic Active Pixel
Sensors (MAPS) are discussed. The emphasis is on the implementation of micropixel
sensors for thestudies of the aneutronic nuclear reaction “'B(p,30). Features of the
experimental setup at the KINR Tandem generator and the algorithms developed for
reconstruction of three-particlefinal state as well as for the data analysis are present-
ed. The features of the Hybrid pixel sensors (Timepix family) incorporate high spa-
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tial resolution (less than 50 um), perfect timing (few ns) incoincident mode studies,
ideal particle identification (alpha-clusters are well distinguished), goodenergy reso-
lution (about 50 keV), high radiation tolerance (40 Mrad for the latest version of
Timepix detectors) make their application advantageous in comparison with the CR-
39 trackingfilms method. Detector systems based on Monolithic Active Pixel Sen-
sors are considered aspotentially promising radiation hard devices (produced in
frames of 65 nm CMOS technology) aiming at building large area tracking systems
for future high energy physics experiments (PANDA @ FAIR/GSI, NICA @ Dubna
and others).

HYBRID-PS TA MAPS JJETEKTOPHI CUCTEMM JJId EKCIIEPUMEHTIB
3 AJIEPHOI ®I3UKU

M.B. Ilyeau, B.M. Jlobiwyxk, C.b. Yepnuwenxo, B.O. Kusa, B.M. Ilyeau
Inemumym si0epuux oocniodcens, Kuis, Yxpaina
E-mail: mvpugach@gmail.com

Po3risiHyTO 1eTeKTOpHI CUCTEMH, 110 BKIIOYAOTh TOPUJIHI TIKCEIbHI JETEKTOPH
Ta MOHOJITHI aKTUBHI mikcesnbH1 aerektopu (MAPS). AKieHT poOUThCs Ha BIpOBa-
JOKEHHI MIKPOITIKCEIbHUX JETEKTOPIB JJIs TOCTIKEHHSI aHEUTPOHHOI SJepHOT peak-
wii B (p,3¢). OcoBIMBOCTI EKCIIEPUMEHTAIBHOI YCTAHOBKY Ha TaHIEMHHUI reHepa-
top KINR Ta po3po0biieHi alropuTMu peKOHCTPYKIIii TPhOXYaCTHHKOBOTO KIHIIEBOTO
cTaHy aHanizy gaHux. OcoOIMBOCTI T1IOpUIHUX MiKCETbHUX AneTekTopiB (CiMencTBO
Timepix) BKIIOYAIOTh BUCOKY NMPOCTOPOBY PO3AUIBHY 3AAaTHICTH (MeHiie 50 MKm),
17IcalbHy CHHXPOHI3aIlito (KiJIbKa HC) BIOCIIIKEHHS BUIIAIKOBUX PEKUMIB, 171€aTbHY
inenTudikamio yacTuHOK (anbda-kiaacTepu n00pe po3pi3HAIOTHCS), AoOpeeHepre-
TUYHY PO3AUIBHY 31aTHICTh (0im3pko 50 keB), BHCOKY TOJEpaHTHICTH JO BH-
npomintoBanHs (40 Mpana s ocranHboi Bepcii Jerexkrtopu Timepix) pobnsars ix 3a-
CTOCYBaHHS BUTITHIIIAM y TIOPiBHAHHI 3 MeTo/IoM BifcTexeHHss CR-39 dinbmis. [le-
TEKTOPHI CHCTEMH, 3aCHOBaHI Ha MOHOJITHUX AaKTHBHUX ITIKCETbHUX JIaTYHKaXx,
PO3MIISAAIOTHCS K MMOTEHIIIHHO TEePCIIEKTUBHI BUIIPOMIHIOBAIBHI JKOPCTKI MPUCTPOT
(BurotoBIIsItOTECST B pamkax 65-aM KMOII-texHosorii) cnpsiMoBaHi Ha CTBOPEHHS

CUCTEM BIJICTE)KCHHS BEIUKHUX TUION] JIJIi MAaHOYTHIX €KCIIEPUMEHTIB 3 (hi3UKHU BHUCO-
kux eHepriii (PANDA @ FAIR / GSI, NICA @ Dubna Ta inmii).

7.18. SIMULATION STUDIES OF THE MOLIERE RADIUS FOR EM
CALORIMETER MATERIALS

O.P. Gavrishchuk, V.E. Kovtun, T.V. Malykhina
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: malykhina@karazin.ua

The detailed Monte Carlo calculations of the Moliere radius (Rm) for some ho-
mogeneous and heterogeneous media used in high-energy electromagnetic calorime-
try are presented. The obtained results, the uncertainties in determining Rm, estimates
of the absorbed energy, methods for approximating the absorbed energy, and the ac-
curacy of the results are discussed. Some Rm are given for prototype calorimeters of
the SPD experiment. The obtained results can be useful in the development of detect-
ing systems for electromagnetic calorimeters.
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MOJEJIOBAHHA PAJIIYCA MOJIBEPA A1 MATEPIAJIIB
EM-KAJIOPUMETPA

O.1l. I'aspuwyyx, B.€. Kosmyn, T.B. Manuxina
Xapxiecvkuti hayionanvuut ynieepcumem im. Kapaszina, Xapkis, Yxpaina
E-mail: malykhina@karazin.ua

[IpencraBneni netanbHi oOuucieHHs MetonoM MonTte-Kapino paniycy Monbepa
(RM) mist nesskux TOMOTCHHHX 1 TETePOreHHUX CEPEIOBHIL, SIKi 3aCTOCOBYIOTHCS B
€JIEKTPOMArHITHIA KaJOpUMETpii BUCOKUX eHeprii. OOroBoprolThCS OTpUMAaHI pe-
3yJlbTaTH, HEBU3HAYEHOCT1 Onucy RM, OI[IHKM MOTJIMHEHOI €Heprii, METOIU ampoK-
cuMallli MOTJIMHEHOI eHeprii, TOYHICTh OTpUMaHMUX pe3ynbTaTiB. HaBenmeno Rm nmns
OPOTOTUIIB KajopuMerpa yctaHoBkM SPD. OTpumani pe3yiabTaTd MOXYTh OyTH KO-
PUCHUMU TIPU PO3POOII JETEKTYIOUUX CUCTEM €JIEKTPOMArHiTHUX KaJIOPUMETPIB.

7.19. CROSS-SECTIONS OF PHOTONUCLEAR REACTIONS ON ™Mo
TARGETS AT END-POINT BREMSSTRAHLUNG
ENERGIES UP TO E,nmax = 100 MeV
0.S. Deiev, 1.S. Timchenko, S.M. Olejnik, |A.N. Vodin|, V.A. Kushnir,
V.V. Mytrochenko, S.O. Perezhogin, V.O. Bocharov
NSC KIPT, Kharkiv, Ukraine
E-mail: deev@kipt.kharkov.ua

The experiments to determine the yields Y(E,ma) and bremsstrahlung flux-
averaged cross-sections (o(Eymax)) Of photonuclear reactions for the natural Mo tar-
gets were performed with the beam from the electron linear accelerator LUE-40 RDC
“Accelerator” NSC KIPT with the use of the y-activation technique. The end-point
bremsstrahlung energies were in the range E,ma= 35...80 MeV. For multiparticle re-
actions "Mo(y,xn)**Mo and "*Mo(y,pxn)*’Nb, the cross-sections o(E) were calculat-
ed for stable Mo isotopes in the range E,max up to 100 MeV in the TALYS1.95 code
with default parameters (level density model LD1). These values o(E) are used to
calculate the yields and average cross-sections. It is shown that in the studied energy
range for the reactions "*Mo(y,xn)**Mo and ""Mo(y,pxn)*’Nb the dominant channels
are *Mo(y,2n)*Mo and *Mo(y,pn)*Nb, respectively. Comparison of the experi-
mental and calculated values of (G(E,ma)) for the reaction **Mo(y,2n)**Mo has shown
a noticeable excess (up to two times) of the experimental results over the TALYS1.95
estimates. This can be explained by the underestimation of the cross-section o(E)
from the TALYSL1.95 code. A similar result was obtained by comparing the experi-
mental and calculated (6(E,max)) Values for the **Mo(y,pn)*Nb reaction.

[TIEPEPI3M ®OTOIJIEPHUX PEAKIIIN HA MIIIEHSX 3 "*Mo ITPU EHEPTIi
I'AJIBMIBHMNX KBAHTIB JIO Eymax = 100 MeB

O.C. Jlees, 1.C. Timuenxo, C.M. Onitinux, |O.M. Booin, B.A. Kywmnip,
B.B. Mumpouenxo, C.O. Ilepescoein, B.O. bouapos

HHI] X®TI, Xapxis, Yxpaina
E-mail: deev@kipt.kharkov.ua

ExcnepumMentu no Bu3HaueHHIO BUXOAIB Y(E,max) 1 c€penHix Mo rarsMiBHOMY MO-
TOKY mepepi3iB (POTOSAECPHUX pEaKIlid Ha MIMIEHSX 3 HaTypajibHOro Mo BUKOHaH1 Ha
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My4Ky JiHIAHOrO npuckoproBava enexktpoHiB JIITE-40 HJK «IIpuckoproBau» NSC
KIPT 3 BUKOpUCTaHHSM Y-aKTHUBAL1ITHOI MeToAUKH. O0NacTh TPAaHUYHUX €HEPrid ra-
NBMIBHHX Y-KBAHTIB CTAHOBHIA Eynay = 35...80 MeB. [lns peakiii " Mo(y,xn)""Mo i
"“"Mo(y,pxn)’Nb mepepizu 6(E) Gymu pospaxoBaHi st cTabiTbHUX i30TOmB Mo y
niana3zoHi Eymax 10 100 MeB y xon1 TALYS1.95 3 napameTpamu 3a 3aMOBUYBaHHSAM
(monenb mubHOCTI piBHIB LD1). 111 3HauenHs 6(E) BUKOpUCTOBYIOThCS JIJIsi po3pa-
XYHKY BHUXOJIIB Ta CepeaHiX mepepi3iB peakuiil. [lokazaHo, mo B JOCIIIKYBAaHOMY
miarasoni eHepriit wst peaxuiit " Mo(y,xn) Mo ta "*Mo(y,pxn)**Nb nominyrounmu
KaHamaMu € ““Mo(y,2n) "Mo ta ““Mo(y,pn)Nb, Binmosigno. ITopiBHSHHS eKcrepH-
MEHTAIBHUX Ta PO3PAXYHKOBHUX 3HA4eHb (G(Eymax)) IS peaKiii 92Mo(y,Zn)goMo To-
Ka3aJio MOMITHE NEPEeBUIICHHS (10 IBOX pa3iB) pe3yJbTaTiB €KCIEPUMEHTY HAJl OLIH-
kamu TALYS1.95. Ile MoxHa mOSICHUTH HEAOOLIHKOIW Tniepepidy o(E) 3 komy
TALYS1.95. [loxibuuii pe3ynbrar OyB OTpUMaHHUI HUIAXOM MOPIBHSHHS €KCIEpH-
MEHTAJIBHUX Ta PO3PaxXOBaHUX 3HauCHb (G(Eymax)) 1 JUIs peakmii *Mo(y,pn)*Nb.

7.20. RESEARCH OF MULTICHANNEL REACTION #’Al(y,x)*Na
AT ENERGIES E, 0y = 35...95 MeV

0.S. Deiev, 1.S. Timchenko, S.M. Olejnik, |A.N. Vodin|, V.A. Kushnir,
V.V. Mytrochenko, S.O. Perezhogin

NSC KIPT, Kharkiv, Ukraine
E-mail: olejniksn@kipt.kharkov.ua

The experiments to study the photonuclear multichannel reaction % Al(y,x)*’Na
were performed on the beam of the linear electron accelerator LUE-40 in RDC “Ac-
celerator” NSC KIPT using the y-activation technique. The peculiarity of the studied
reaction is the presence of seven output channels: x = (na) + (2p3n) + (2npd) + (n2d)
+ (tnp) + (2n°He) + (td), which lead to the formation of the final nucleus-product
2Na. The bremsstrahlung flux-averaged cross-sections (6(Eymax)) and the cross-
sections per equivalent photon (o(E,max)q) Were first measured for the photonuclear
multiparticle reaction *’Al(y,x)*Na at end-point bremsstrahlung energies ranging
from 35 MeV to 95 MeV. The obtained values of (6(E,max)) 1 (6(E,max)q) Were com-
pared with calculations performed using the TALYS1.95 code for different models of
the density levels LD1-6. Consideration is given to special features of calculating the
cross-sections (o(E,max)) and (c(E,max)q) for the case of the final nucleus 2Na produc-
tion in the photodisintegration reaction %’ Al(y,x)*’Na via several partial channels.

JOCIKEHHS BATATOKAHAJIBHOT PEAKIIT *Al(y,X)*Na V JITAITA30OHI
EHEPTTA E,p,y = 35...95 MeB

O.C. Jlees, 1.C. Timuenxo, C.M. Onitinux, |O.M. Booin,B.A. Kywmnip,
B.B. Mumpouenxo, C.O. Ilepescoein

HHI] X®TI, Xapxis, Yxpaina
E-mail: olejniksn@kipt.kharkov.ua

Ha nyuky mniniitHoro npuckoptoBaua eiaektpoHis JIITE-40 HIK «IIpuckoproBau
HHI[ X®TI npoBeneHi eKCIEPUMEHTH O JOCHIJKEHHIO (PoTOsAIepHOi OaraTrokaHa-
JIBHOI peakilii 27Al(y,x)ZZNa 3 BUKOPHUCTAHHSAM METOAY HaBeJIEHO1 Y-aKTUBHOCTIL. Oco-
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ONMUBICTIO JIOCIIPKYBAHOT PEaKIIil € HAasBHICTh CEMHU BUXIITHUX KaHamiB: x = (Na) +
(2p3n) + (2npd) + (n2d) + (tnp) + (2n°He) + (td), o IPHBOLITH DO YTBOPESHHS KiH-
LIEBOTO SIAPA-TIPOAYKTY 22Na.Ynepme BUMIpPSIHI CEpPEHI MO TaIbMIBHOMY MOTOKY Tie-
pepisu  (0(Eymax)) 1 mepepism Ha ekBiBaleHTHHH (OTOH (G(Eymax)g) peaxmii
“"Al(y,x)*Na B o0macTi TpaHMYHHX CHEprifi TradbMIBHHX Y-KBAaHTIB Eymax =
35...95 MeB. IlpoBeneno nopiBHSAHHA 3100yTHX 3Ha4eHb (G(Eymax)) 1 (6(Eymax)q) 3
pO3paxyHKaMH, BUKOHAaHUMHU 3 BUKopucTaHHAM Kony TALYS1.95 nns pisHux moxe-
nelt mubHoCTI piBHIB LD1-6. OGroBoprotoThCs AeTani po3paxyHKy CepeiHiX mepepi-
3iB (O(Eymax)) 1 (6(Eymax)q) Y BUIAAKy MPOTiKaHHA (HOTOAIEPHOI peaKIii 2TAl(y,x)**Na
I JCKITBKOX KaHajaX 3 YTBOPEHHSIM OJHOTO 1 TOTO X KIHIIEBOTO SIAPA-TIPOTYKTY
Na.

7.21. PRODUCT YIELDS FOR THE PHOTOFISSION OF #**Pu WITH BREM?-
STRAHLUNG AT 17.5 MeV BOUNDARY ENERGY

0.0. Parlag, V.T. Maslyuk, E.V.Oleynikov, 1.V. Pylypchynets, A.l. Lengyel
Institute of Electron Physics, Uzhhorod, Ukraine
E-mail: eugene.oleinikov@gmail.com

One of the most important tasks of the nuclear industry is to control the non-
proliferation of fissile nuclear materials at all stages of their utilization, transporta-
tion, and storage. To successfully solving this problem, reliable data on the yields of
fission products obtained, especially in the photofission reactions, are required. In
this report, the results of the investigation of the photofission products of the Pu-239
nucleus carried out on the electron accelerator of IEP NAS of Ukraine — microtron
M-30 at the maximum bremsstrahlung energy of 17.5 MeV are presented. The semi-
conductor gamma-spectroscopy method has been used for measuring the relative cu-
mulative yields of the 14 photofission fragments of Pu-239. The cumulative yields
were determined relative to references — of Te-132 and 1-133 products. The total
yields of the products, summed over the entire mass chain, were calculated using a
semi-empirical formula for the average charge distribution of fragments for a given
mass number. To simulate the spectra of bremsstrahlung’s photons, secondary elec-
trons, and photoneutrons that interacted with the Pu-239 target, the GEANT4 code
was used. The input of accompanying nuclear reactions to the total yield of Pu-239
photofission products for the given experimental parameters was also evaluating. The
obtained experimental results of the total yields of products Pu-239 photofission were
compared with the program codes GEF and Talys1.9.5 simulations. The studies were
conducted to testify the sufficient harmonization of both the experimental and theo-
retical data obtained for Pu-239.

BUXO/U ITPOJIYKTIB ®OTOIIOALTY 2°Pu TIP MAKCUM AJIBHTIA EHEPT T
T AJIbMIBHOT'O BUTTPOMIHIOBAHHS 17,5 MeB

0.0. Illapnae, B.T. Macmok,.€.B. Oneunixos, 1.B. IHununuuneys, O.1. Jlenoen
Incmumym enekmpounnoi ¢izuxu, Yoceopoo, Vrpaina
E-mail: eugene.oleinikov@gmail.com

OnHuM 3 HaWBaXUJIMBIIIKX 3aBJAHb SIACPHOI MPOMUCIOBOCTI € KOHTPOJIb 32 He-
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PO3MOBCIOJKEHHSAM MOAUIBHUX AJIEPHUX MaTEepialliB Ha BCIX €Tanax iX BUKOPUCTAHHS
(mepeMilieHHs, 30epiranHs TOIIO). i ycmiliHOro BUpIIIEHHS L€l mpoOjaeMu mo-
TpiOHa AOCTOBIpHA iHPOpPMaLid PO BUXOAU NPOAYKTIB noAuty. E 1ipomy miani npo-
nyktd (orononiny sanpa Pu-239 mnpencraBndroTh ocoOnuBHil 1HTEepec. Meroaom
HaIIBIPOBIJHUKOBOI raMMa-CIIEKTPOCKOM 1T IPOBEEHO BUMIPIOBAHHS BIIHOCHUX KY-
MYJIATUBHUX BHUXOAIB 14 MpOAYKTIB MpU MaKCHUMalbHIM €Heprii rajibMiBHOIO BU-
npomiHtoBaHHs 17,5 MeB. KymynaruBHi BUXOAU BU3HAYAIKCS BIJHOCHO BHXO/IIB
ynamkiB-penepiB Te-132 Ta 1-133. 3a gomomMororw HamiBeMIIpU4HOI (HOPMYIU ISt
PO3MOALTY CepeHIX 3apsiIiB yJIaMKIB 3 JaHUM MacOBHM YHCJIOM PO3paxoBaHi MOBHI1
BUXOJM MPOAYKTIB MOJLTY, MPOCYMOBaHI MO BCIM MAacOBHUM JIaHLIOKKaM. CTUMyJs-
ist peakuii poronoaury Pu-239 nposoaumiacs Ha eneKTpOHHOMY IpuckopioBaui [ED
HAH VYkpaiau - mikporpori M-30 npu MakcuMamnbHIA €Heprii rajibMiBHOIO BH-
npoMiHioBaHHs 17,5 MeB. [lns po3paxyHKy crnekTpiB (POTOHIB, BTOPMHHUX e€JEK-
TPOHIB Ta (POTOHEHUTPOHIB, SIKI B3aEMOISUTH 3 MilieHHIO Pu-239, 6yB BuKopucTaHuit
nporpamunii maker GEANT4. BukoHaHa o1iHKa BHECKY MPOIYKTIB CYMYTHIX siep-
HUX peakIliil y 3arajbHUM BHUXIJ NMPOAYKTIB (oromoainy sapa Pu-239 npu 3aganux
napameTpax ekcrnepuMeHTy.lIpoBeneHe MOPIBHSHHS OTPUMAHUX EKCIIEPUMEHTAlb-
HUX pe3yJbTaTiB MOBHUX BUXOJIB MPOAYKTiB (oromoainy Pu-239 3 pesynbratamu
monemntoBanHs nporpamHumu kogamu GEF 1 Talys1.9.5. Hamni pesynbTaTé sikicHO
Y3TOJUKYIOTBCS 3 pe3yJIbTaTaMH PO3PaXyHKIB 3a [IUMHU KOJAMH.

7.22. OPTIMIZATION OF PRODUCTION OF PHARMACEUTICALS WITH
ISOTOPE *'C ON THE BEAM OF ELECTRON ACCELERATOR

1.S. Guk, O.S. Deiev, R.M. Dronov, B.l. Shramenko
NSC KIPT, Kharkiv, Ukraine
E-mail: bshram@kipt.kharkov.ua

Photonuclear production of radiopharmaceuticals labeled with the isotope *'C, in-
volves the use of a beam of gamma quanta free from the charged component.The pa-
per shows that this can be done using compact permanent NdFeB magnets. For this
installation geometry, the spectral and angular characteristics of gamma-ray beams
and secondary electrons after the converter are calculated. With a magnetic field of
0.5 T, the possibility of removing secondary electrons from the trajectory of the
gamma ray beam is realized. Activity of radiopharmaceuticals that develops in the
working target is sufficient for the diagnosis and treatment of oncological neoplasms.

OITUMI3ALIISL HAITPALIIOBAHHS ®APMITPEITAPATIB 3 I30TOIIOM *'C
HA IIYYKY ITPUCKOPIOBAYA EJIEKTPOHIB

LC. I'vk, O.C. Jlees, P.M. J/[ponos, b.1. Illpamenxo
HHI] X®TI, Xapxis, Yxpaina
E-mail: bshram@kipt.kharkov.ua

OtpumanHs poTosiaepHuM criocoboM PDII, miuennx isoromom 'C, mepenbauac
3aCTOCYBAaHHSI MYyYKY TraMMa-KBAaHTIB OYHUIIEHOIO BiJ 3apsAJ)KEHOI KOMIOHEHTH.
B po6oTi nokazano, 110 11e Moxe OyTu 3po0JICHO 13 3aCTOCYBAaHHSAM KOMIAKTHUX I10-
CTIHHMX MarHiTiB Ha ocHOBI ciiaBy NdFeB. J{ins maHoi reomeTpii ycTaHOBKH po3pa-
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XOBaH1 CIEKTPaJIbHI Ta KyTOB1 XapaKTEpUCTUKH MyUYKiB raMMa-KBaHTIB Ta BTOPUHHUX
eJIeKTPOHIB micisi KoHBepTopa. [Ipu Benuuuni marditHoro nois 0,5 Tn peanizyerncs
MO>KJIMBICTh BUJAJIUTH BTOPHUHHI €JIEKTPOHM Bl TPAEKTOPIi My4yKy rama-kKBaHTiB. B
po060UO1 MillIeH]1 HANPaIbOBYETHCSI aKTUBHICTh POII, sik0i 10CTaTHRO AJIsI J1arHOCTHU-
KM Ta JIKYBaHHS OHKOJOTIYHUX HOBOYTBOPEHbD.

7.23. FOUR CHANNEL CONTROL MODULE GONIOMETER

G.P. Vasiliev, S.K. Kiprich, O.A. Kapliy, G.D. Kovalenko, N.I. Maslov,
S.M. Potin, V.D. Ovchinnik, M.Y. Shulika, I.N. Shlyakhov, V.I. Yalovenko
NSC KIPT, Kharkiv, Ukraine
E-mail: m_shulika@kipt.kharkov.ua

A four-channel goniometer control module has been developed and created. The
module is designed to control 4 motors of the goniometer, which provide movement
in azimuth, corner of the place, rotation around the axis, moving vertically for output
- cleaning the target on the beam. The module consists of four independent program-
mable control channels for stepper motors, four logic channels for analysis of the
state of limit switches and a primary power supply. Powerful field-effect transistors
from International Rectifier are used as controlled power switches. To generate out-
put signals and communicate with a computer, each control channel uses an AT-
mega328 microcontroller. This construction of the channel allows you to control al-
most any type of stepper motors, you only need to replace the control program. The
software is written using the WIinAVR package and has a General Public License.
Data transfer between the computer and the unit is carried out via the USB interface.

YOTUPLOXKAHAJIbBHUI MOJYJIb KEPYBAHHS TOHIOMETPOM

I'1l. Bacunves, C.K. Kinpiu, O.A. Kanniu, I'./]. Kosanenxo, M.I. Macnos,
C.M. Ilomin, B.J]. Osuunnux, M.IO. lllynixa, I M. IlInaxos, B.1. nosenxo
HHI] X®TI, Xapxis, Ykpaina
E-mail: m_shulika@kipt.kharkov.ua

Po3po0mneHo 1 cTBOPEHO YOTUPHOX KaHATBbHUIA MOAYJIh KEPyBaHHS TOHIOMETPOM.
[Tpu3Hauenuit ang ynpaBiiHAs 4 ABUTYHAMH TOHIOMETpA, sIKi 3a0€3MedyloTh pyX IO
a3MMyT, PO3i MicIs, 0OepTaHHS HABKOJIO OCi, IEPEMIIICHHS 1O BEPTUKAJI JIJIs1 BUBE-
JeHHSA-TIpUOUpaHHs MillIeH] Ha My4oK. /[0 CKkimagy Moy BXOAATh YOTUPH HE3aIexK-
HUX MPOTPAMOBAaHUX KaHAJM YMPABIIHHSI KPOKOBUMU JABUTYHAMH, YOTHPHU JOTTUHUX
KaHaJIM aHaJli3y CTaHy KiHIIEBUX BUMHKAYIB 1 JKEPEJIO MEPBUHHOTO €JIEKTPOKUBIICH-
HS. Y SIKOCTI KEPOBAaHUX CHUJIOBUX KJFOUiB BUKOPHUCTOBYIOTHCS TOTYXHI IMOJTHOBI Tpa-
u3ucropu dipmu International Rectifier. {nst hopMmyBaHHS BUXITHUX CUTHAJIB 1 3B'SI-
3Ky 3 KOMIT'IOTEPOM, B KOXKHOMY KaHaJll YIPaBIIHHS BUKOPUCTOBYETHCS MIKPOKOHT-
ponep ATmega328. Taka moOymoBa KaHaTy, JO3BOJISAE YIPABISATH MPAKTHYHO OYIb-
SKUM THUTIOM KPOKOBUX JBUTYHIB, TOTPIOHO TUTHKHM 3aMIHUTH MPOTPaMy YIIpaBIiHHS.
[Iporpamue 3a0e3medeHHs HamucaHo 3 BuKopucTaHHsAM maketa WINAVR wmae
General Public License. Ilepenaua naHux Mi>xk KOMITFOTEPOM 1 OJIOKOM 3JIIHCHIOETHCS
o USB iaTepdeiicy.
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Posters

P.01. LU-10M LINAC SYNCHRONIZATION SYSTEM
V.M. Boryskin, V.O. Momot, V.V. Churikov, V.l. Solodovnikov, E.I. Zaitsev
NSC KIPT, Kharkiv, Ukraine

The synchronization system is based on STM32F407VG and DP83848. The sys-
tem generates pulses with a frequency of 1 to 600 Hz, a length of up to 2500 ns to
synchronize the operation of the klystron modulator, master oscillator, gun modula-
tor, control equipment of LINAC. The setting of the delay of the synchronization
pulses is adjustable from 0.01 to 20 ps. Synchronization system control is implement-
ed via USB or Ethernet network via TCP / IP protocol. A set of applications was im-
plemented for the organization of system management and monitoring of LINAC,
compatible with Windows XP/7/10.

CUCTEMA CUHXPOHI3ALII ITPUCKOPIOBAYA EJIEKTPOHIB JIY-10M

B.M. Bopuckin, B.O. Momom, B.B. Yypixos, B.I. Conooosnikos, €.1. 3aiiyes
HHIL] X®TI, Xapxie, Yxpaina

Cucrema cuHxpoHizaiii po3pobsena Ha ocHoBl STM32F407VG Tta DP83848.
Cuctema dopmye iMmmyiben yactoToro B 1 1o 600 I'u, goxuHoro a0 2500 HC mmis
CHUHXPOHI3aIlii poOOTH MOIYJIATOPA KIICTPOHA, 33/IaF0IIOTO TeHEpaTopa, MOIYISATOpa
JpKepena, KOHTpoasHO1 anapatypu JITIE. YcraHoBka 3aTpUMKH IMITYJIECIB CHHXPOH 1-
3arrii perymroerbes Big 0.01 1o 20 mkc. KepyBaHHS cHCTEeMOIO CUHXPOHI3aIlil peati-
30BaHo 3a gonomoror USB a6o Ethernet mepesxi 3a npotokonom TCP/IP. Peanizo-
BaHUN KOMIUIEKC JOJATKIB JIJIsl OpraHi3allii KepyBaHHs CUCTEMOIO Ta CIIOCTEPEKEHHS
3a po6otoro JITIE, cymicauit 3 OC Windows XP/7/10.

P.02. DEVELOPMENT OF DEVICE AND SOFTWARE COMPLEX FOR
ACOUSTIC DIAGNOSIS OF PROCESSES OCCURRING IN THE SUPER-
CRITICAL STATE OF FLUID AND MAGNETIC SYSTEM MONITORING

V.M. Boryskin, V.V. Churikov, V.O. Momot, O.S. Bakai
NSC KIPT, Kharkiv, Ukraine

There is a problem of studying the processes that occur during the transition of
the liquid to the supercritical state and in the process of studying and conducting ex-
periments. There is also a problem of controlling the operation of the electromagnetic
system. Since optical, mechanical, electronic, and other control methods are compli-
cated by the conditions (ultra-high pressure, high temperature, a part that requires
monitoring is inside a sealed irradiated metal system), the acoustic research method
was chosen. As a result of the development, a device based on STM32F407VGTS,
DP83848, MAX9814 was created, which allows to receive acoustic data and transmit
them over giant distances via Ethernet. Applications have also been developed that
allow you to visualize, store and process acoustic data: TCP server for data exchange,
operator application, application for processing stored data using statistical and spec-
tral analysis methods. The data of calibration and quality control of the data are giv-
en, after which a series of acoustic measurements of the supercritical water convec-
tion loop and the magnetic device in different conditions was carried out.
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PO3POBKA ITIPUCTPOIO TA [TIPOT'PAMHOI'O KOMIJIEKCY
JUIST AKYCTUYHOI IIATHOCTUKM MPOLIECIB, 1[0 BIIBYBAIOTHCS
B HAJIKPUTUYHOMY CTAHI PIJIMHU, TA KOHTPOJIIO POBOTHU
MATHITHOI'O [IPMICTPOIO

B.M. Bopuckin, B.B. Yypikos, B.O. Momom, O.C. baxau
HHI] XDTI, Xapxie, Yxpaina

[Toctae mpobGiema BUBYEHHS MPOIECIB, MO BiIOYBAIOTHCS IiJl 4Yac MEPEeXOAy
piIMHU y HAJAKpUTUYHHIA CTaH Ta y MpOIleci BUBUCHHS Ta MPOBEACHHS EKCIEPU-
MeHTIB. TakoX ICHye mpolOsieMa KOHTPOIK POOOTH CUCTEMH EJIEKTPOMArHITHOTO
npuctpoto. Tak K ONTHYHUN, MEXaHIYHUH, €EKTPOHHUH, Ta IHIII METOAW KOHTPO-
JI0 YCKJIaHEH1 32 yMOBaMH (HaJIBHCOKHIA THCK, BUCOKa TeMIlepaTypa, 3HaX0[KCHHS
YaCTHUHH, 10 MOTpeOye KOHTPOJIO BCEPEIMHI TE€PMETHUYHOI METaleBOi CHCTEMHU Ta
3HaXOJUTHCS B YMOBAaxX OMPOMIHEHHS) Oys0 0OpaHO aKyCTUYHUM METOJ JOCIHIIKEH-
HB pe3synbTaTi po3poOku Oyno ctBopeHo mnpuctpii Ha 0azi STM32F407VGT6,
DP83848, MAX9814 u1o 103BoJisi€e OTpUMYBATH aKyCTHYHI JIaH1 Ta MepejaBaTu ix Ha
3HA4YHI BiJCTaH1 3a gonoMorow mepexi Ethernet. Takox Oynu po3pobiieHi 0aTKH,
IO HAJaTh 3MOTY Bi3yalli3yBaTH, 30epiraTd Ta OINpalbOBYBaTH aKyCTHYHI JaHi:
TCP-cepBep st oOMiHY JaHUMH, JOJATOK OIepaTopa, A0JATOK JJIsi ONpaIFOBaHHS
30epeKeHUX JaHUX 3 BUKOPUCTAHHSIM METOMIB CTATHCTHYHOTO Ta CIEKTPAIHHOTO
anamizy. [lpuBonmsThcs maHi KamiOpyBaHHS Ta MEPEBIPKH SKOCTI JTAHUX, IMICIs YOTO
Oyna mpoBeleHa cepis aKyCTUYHHUX BUMIPIB POOOTH HAJIKPUTHYHOI BOJHOI KOH-
BEKI[IHHOT MeTJI1 Ta MATHITHOTO TIPUCTPOIO B PI3HUX YMOBAX.

P.03. TRANSITION RADIATION OF A RELATIVISTIC ELECTRON BUNCH
ON A SEMI-INFINITE METAL CYLINDER

V.A. Balakirev, I.N. Onishchenko
NSC KIPT, Kharkiv, Ukraine
E-mail: vabalakirev@rambler.ru

The transition radiation of a relativistic electron bunch is considered when it col-
lides with the end face of a semi-infinite ideally conductive cylinder. Expressions for
the electric field strength of electromagnetic radiation in the wave zone are obtained.
It is shown that this expression contains two terms. The first term describes the actual
transition electromagnetic radiation of the electron bunch. This radiation is primarily
determined by the properties and parameters of the electron bunch itself. The radia-
tion is directed at a small angle to the cylinder axis (the direction of the bunch mo-
tion). The angle of radiation is inversely proportional to the relativistic factor of the
bunch, and the strength of the electric (magnetic) field in this direction is proportional
to the relativistic factor. The second term describes the radiation of the current in-
duced on the surface of a perfectly conducting cylinder and propagating along the
cylinder at the speed of light in vacuum. The strength of this field has an integrable
singularity (is equal infinity) strictly along the surface of the cylinder. This singulari-
ty is well known in electrodynamics and is due to the guiding properties of a perfectly
conducting cylinder. The spatial structure (directional pattern) of the electromagnetic
radiation of the surface current weakly depends on the parameters (energy) of the
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bunch, and is mainly determined by the geometry of the considered cylindrical anten-
na. The shape of the radiated electromagnetic pulse, its total energy and the efficiency
of the bunch radiator have been determined.

HNEPEXTJIHE BUITPOMIHIOBAHHA PEJIATUBICTCBKOI'O EJIEKTPOHHOI'O
3I'VCTKA HA HAITIIBHECKIHEYUHOMY METAJIEBOMY HWJIIH/PI

B.A. banaxipes, I M. Oniwenko
HHI] XDTI, Xapxie, Yxpaina
E-mail: vabalakirev@rambler.ru

Po3ristHyTo mepexigHe BUMPOMIHIOBAHHS PEIISTHBICTCHKOTO €JICKTPOHHOTO 3IyC-
TKY IpU HOT0 31TKHEHHI 3 TOPIIEM HaIIBHECKIHYEHHOTO 1/1eajIbHO MPOBITHOTO LIUJIIH-
npa. OTpuMaHi BUpa3u ISl HAPYXKEHOCT1 €JIEKTPOMAarHiTHOr0O BUIIPOMIHIOBAHHS B
XBUJIbOBOI 30H1. [lokazaHo, 110 11e¥i BUCIIIB MICTUTH JBa noAaHKiB. [lepiiuii 101aHOK
OIMCYE BJIACHE TMEPEXiHE €JICKTPOMArHiTHE BUIIPOMIHIOBAHHS €JICKTPOHHOTO 3TyCT-
Ky. Lle BHIIpOMiHIOBaHHS BHU3HAYAETHCSA B IEPINY Yepry BIACTHBOCTSIMH i IMapameT-
paMHu caMoro €JICKTPOHHOTO 3ryCTKy. BUIIpOMiHIOBaHHS HAMPABIICHO ITiJ] MAJIUM KY-
TOM JIO0 OCi HWJIiHApa (HANpsAMKY PyXy 3TycTKy). KyT BHIpPOMIiHIOBaHHS OOCPHEHO
IPOTOPIIIHHUKI PEISITUBICTCEKOMY (haKTOPY 3TYCTKY, a HAIPYKEHICTh CICKTPHYHOTO
(Mar”iTHOTO) MOJIsI B LIbOMY HAIpPSIMKY MPOMOPIIHHA PEISTUBICTCHKOMY (PakTopy.
Jpyruii 10JjaHOK ONMKCYE BUIPOMIHIOBAHHS CTPYMY, 1HIYKOBAHOTO HA MOBEPXHI 171e-
aJIbHO TIPOBIAHOTO MIJIIH/APA 1 MOMIMPIOETHCS Y3A0BXK IIUJIIH/PA 31 IIBUJIKICTIO CBITJIA
y BakyyMmi. Hampy»eHicTh 11bOTO TIOJISI Ma€ iHTErPOBaHY OCOOJIMBICTh (3BEPTAETHCS B
HECKIHYEHHICTh) CTPOTO Y3JI0BX MOBepxHI IuiIiHApa. Lg ocobauBicTh 100pe Bimoma
B €JIEKTPOJMHAMIKHM 1 00yMOBJIEHA HANPSIMHUMHU BJIACTUBOCTSMH 11€aJIbHO MTPOBIAHO-
ro mwriHapa. [IpoctopoBa cTpykTypa (Aiarpama CripsMOBaHOCT1) €IEKTPOMArHiTHOTO
BUIIPOMIHIOBAHHS ITOBEPXHEBOTO CTPYyMY c¢l1ab0 3aJeKUTh Bil mapameTpiB (eHeprii)
3TYCTKY, 1 B OCHOBHOMY BH3HAYa€ThCS T€OMETPIEI0 PO3TIISHYTOT MIJIIHAPUYHOT aHTe-
HU. Bu3naueHno ¢opma BUMPOMIHIOBAHOTO €JIEKTPOMArHITHOTO IMIYJIbCY, HOTO TOB-
Ha eHepris 1 KK][ BunpomidioBaya.

P.04. EXCITATION OF WAKE FIELDS BY A RELATIVISTIC ELECTRON
BUNCH IN AN IONIC SEMICONDUCTOR WAVEGUIDE

V.A. Balakirev, I.N. Onishchenko
NSC KIPT, Kharkiv, Ukraine
E-mail: vabalakirev@rambler.ru

All crystalline compounds have a mixed covalent-ionic bond. The presence of
ionic bond in semiconductor compounds will influence on the polarization properties
of semiconductors and, accordingly, the frequency dispersion of the dielectric con-
stant of semiconductors. The appearance of a phonon component in the dielectric
constant, in turn, will lead to a significant change spectra of longitudinal (potential)
and transverse (vortex) electromagnetic oscillations in semiconductors. In this work,
we investigate the process of wake fields excitation by a relativistic electron bunch
in a polar semiconductor cylindrical waveguide. The frequency spectrum and electric
field strength of longitudinal plasmon-phonon wake oscillations are determined. The
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frequency spectrum, the electric field strength and the spatial structure of the elec-
tromagnetic wakefield, which is a superposition of the radial harmonics of a semi-
conductor waveguide, have also been investigated.

3bYDKEHHA KUIbBATEPHUX TIOJIIB PEJIATUBICTCHhKUM
EJIEKTPOHHUM 3I'VCTKOM B IOHHOMY HAIIIBITPOBIJHUKOBOMY
XBUJIEBOUI

B.A. banaxipes, I M. Oniwenko
HHI] XDTI, Xapxie, Yxpaina
E-mail: vabalakirev@rambler.ru

Sk BiIOMO, BCl CHOJIYKM MarOTh 3MIIIAaHUN KOBAJICHTHO-10HHUHM 3B'si30K. HasB-
HICTh 10HHOT'O 3B'I3Ky B HaIIBIPOBIIHUKOBHUX CIOJIyKaX OyJe BIUIMBATH HA MOJISIPU-
3aIliiH1 BJIACTUBOCT1 HAMIBIPOBIAHUKIB 1, BIJAMOBIIHO, HA YACTOTHY AMCIEPCIIO Jie-
JEKTPUYHOI MPOHUKHOCTI HAMBIPOBiAHKKIB. [10siBa (POHOHHOT KOMIIOHEHTHU B Jieje-
KTPUYHOT MPOHUKHOCTI, B CBOIO YEpry, MPU3BEE /10 ICTOTHOT 3MIHH CIIEKTPIB MO3/10-
BXKHIX (MOTEHIIHUX) 1 IONIEpEeYHUX (BUXPOBHX) €JIEKTPOMArHiTHUX KOJMBaHb B Ha-
niBIpoBiIHUKAX. JlocaikeHo mporiec 30y PKeHHsI KUIbBAaTEPHUX IOJIIB PEIIATHUBICT-
CBKHUM €JICKTPOHHUM 3T'yCTKOM B MOJIIPHOMY HAITIBITPOBIHUKOBOMY HUTTHAPUIHOMY
XBWJIEBO/Il. BU3HAU€HO YaCTOTHUM CHEKTpP 1 HAMPY>KEHICTh €NEKTPUYHOTO IO M03-
JOBXHIX TJIa3MOH-(DOHOHHUX KUIbBATEPHUX KOJUBaHb. J{OCTIIKEHO TaKOX 4acTOT-
HUMN CIEKTp, HAMPYKEHICTh €NEKTPUYHOTO MOJS 1 TPOCTOPOBA CTPYKTypa €JIEKTPO-
MarHiTHOTO KUIBBAaTEPHOTO TIOJIsA, SKE€ € CYINEPHO3UINEI paiaJbHUX TapMOHIK
HaMIBIIPOBIAHUKOBOT'O XBUJIEBOIY.

P.05. THE PROSPECTS FOR SMALL-GAP RESONATORS BASED ON
COMBINED RF FOCUSING FOR USE IN PROTON LINACS

S.S. Tishkin, M.G. Shulika, O.M. Shulika
NSC KIPT, Kharkiv, Ukraine
E-mail: tishkin@kipt.kharkov.ua

For high-current ion linacs operating over 10...100 MeV energy range, the use of
accelerating structures that implement combined RF focusing, based on 2-, 3-gap
spoke cavity and/or 5-7-gap CH-resonators is suggested. If 2-gap resonators are used,
additional electrodes which create a quadrupole component of the field are introduced
into the accelerating gaps. Thus, an RF focusing quadrupole element with adjustable
focusing stiffness is obtained if autonomous power-supply is provided for these elec-
trodes. Accelerating and phase stability is ensured in conventional 2-, 3-gap spoke
cavities. If the resonator is a CH-structure with 5-7 accelerating gaps, the quadrupole
elements are located in the first and last gaps. In this case, due to the fact that at the
marginal gaps the field strength is approximately 2 times less than at the inner gaps,
the electrical strength of the quadrupole gaps is provided automatically. The absence
of external focusing elements and the structural simplicity of the proposed resonators
makes them promising for use in accelerators operating in continuous or low-duty
mode, which are built on superconducting cavities.
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INHEPCIIEKTUBA BUKOPUCTAHHA MAJIO3A30PHUX PESOHATOPIB
3 KOMBIHOBAHMM BY-®OKYCYBAHHSM V JITHIMHUX
I[MPUCKOPIOBAYAX ITPOTOHIB

C.C. Tiwxin, M.I'. Illynixa, O.M. [llynika
HHI] X®DTI, Xapxie, Yxpaina
E-mail: tishkin@kipt.kharkov.ua

JUisi BEMKOCTPYMOBHMX JIIHIMHMX NPUCKOPIOBAYiB 10HIB B Jlama3oHl €Heprii
10...100 MeB 3anponoHOBaHO BUKOPUCTAHHS MPUCKOPIOIOUYUX CTPYKTYpP 3 KOMOIHO-
BaHUM BY-(pokycyBaHHAM Ha OCHOB1 2-, 3-3a30pHUX CHHIIENOAIOHUX PE30HATOPIB
(spoke cavity) Ta/abo 5-7-3a3opaux CH pe3oHaropiB. Y BHUMAJIKy BHKOPHUCTAHHS 2-
3a30pHUX PE30HATOPIB 10 MPUCKOPIOIOUUX 3a30PiB BBOJSATHCS JTOJATKOBI €IEKTPO/IH,
SIK1 CTBOPIOIOTH KBAJIPYIIOJIBHY KOMIIOHEHTY TOJIs. Y pa3i BUKOPUCTAHHS aBTOHOMHO-
0 KUBIICHHS JJIs €1eKTpoAiB oTpuMaeMo BY dokycyrounii KBaipymoOJIbHAN €IeMEHT
3 PEryJIbOBaHOIO JKOPCTKICTIO (okycyBaHHs. [Ipuckopenns ta $a3zoBa CTIHKICTh 3a-
Oe3rneuyeTbcs y 3BUYAWHUX 2-, 3-3a30pHUX CHHIENONIOHMX pe3oHaTopax (spoke
cavity). Sxmio pesonarop € CH cTpykTyporo 3 5-7 NpUCKOPIOIOYUMH 3a30paMH, TO
KBaJpYIOJbHI €JIEMEHTH PO3TAIllOBaHI B TEPIIOMY Ta OCTaHHBOMY 3a3opax. [Ipum
IIbOMY 3aBJISKH TOMY, III0 Ha KpalHIX 3a30pax HaIMpPYXEHICTh MOJIs MPUOJIU3HO B 2
pa3u MEHIIIa, YUM Ha PEUITi 3a30piB, €JIEKTPUYHA MIIHICTh KBAJIPYMOIbHUX 3a30PIB
3a0€3Ieuy€eThCsl aBTOMAaTUYHO. BilCyTHICTH 30BHINIHIX ()OKYCYIOUHX €JIEMEHTIB Ta
KOHCTPYKTHBHa IMPOCTOTa 3alpONOHOBAHMX BapiaHTIB POOUTH iX MEPCHEKTUBHUMU
IpY BUKOPUCTAHHI Y MPUCKOPIOBaYax, 10 MPaIOIOTh B HEMEPEPBHOMY pexXuMi abo
PEXKUMI 3 MAJIOK0 CKBAXKHICTIO, SIKi TOOY/T0BaH1 Ha HAAIIPOBITHUX Pe30HATOPAX.

P.06. METHODS OF ADJUSTING FORMING LINES USING A LOW VOLTAGE
THYRISTOR SWITCH

O.l. Kosoy, V.O. Mats, V.V. Mytrochenko, V.Yu. Titov, 1.O. Chertishev
NSC KIPT, Kharkiv, Ukraine
E-mail: Kosoy@Kipt.kharkov.ua

The method of adjusting the generating lines of a powerful high-voltage pulse
modulator using a thyristor switch at a charging voltage of 150 V is presented. The
degree of pre-distortion is determined to obtain in the operating mode (60 kV) a volt-
age pulse with the required non-uniformity at the optimal value of the degaussing
current of the transformer. An element of fine tuning of forming lines at operating
voltage is developed and applied.

METOJIMKA HAJIALITYBAHHS ®OPMYIOUUX JITHIN
3 BUKOPUCTAHHAM HU3bKOBOJIbTHOI'O TUPUCTOPHOI'O
KOMYTATOPA
O.1. Kocoti, B.O. May, B.B. Mumpouenxo, B.IO. Timos, 1.0. Yepmiwes
HHI] X®TI, Xapxie, Yxpaina
E-mail: Kosoy@Kipt.kharkov.ua

[IpuBeneno cnocid HanamTyBaHHS (OPMYIOUUX JIIHINA MOTY>KHOTO BUCOKOBOJIBT-
HOTO IMOYJIBCHOTO MOAYJATOPA 3a JIOMOMOTOI0 TUPUCTOPHOTO KIIFOYa MPH 3apsiHii
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Hanpy3i 150 B. Meton nonsirae y BBezieH1 y (pOopMy IMIYJIbCY MOJYJISTOPA IPU HU3b-
Kil Hampysl mepesl CIOTBOPEHb 3 METOK OTPUMAaHHS BHCOKOBOJIBTHOTO IMITYJIBCI 3
IUIOCKOI0 BEPIIMHOK MpU poOodvid Hampy3l. BusHaueHo cTyniHb mepej COTBOPEHb
JUIsL OTpUMaHHSL 'y pobouomy pexumi (60 kB) iMmynscy Hampyru 3 HEOOXITHOIO
HEPIBHOMIPHICTIO IPU ONTHUMAJIbHIA BETMYUHI CTPYMY pO3MAarHidyyBaHHS TpaHCPop-
Martopa. Po3po0ieHo Ta 3acTOCOBAHO €IEMEHT TOYHOI'O HalalllTyBaHHA (POPMYIOUUX
JiHIA npu poOOUid HANpYy3i.

P.07. DEVICE OF REMOTE MEASUREMENT OF THE MODE OF OPERATION
OF THE HEATER OF THE ELECTRON ACCELERATOR “LU-10”
V.0. Mats, S.K. Romanovsky, Yu.O. Titarenko, V.Yu. Titov, Yu.D. Tur
NSC KIPT, Kharkiv, Ukraine
E-mail: Tur@kipt.kharkov.ua

The method of remote measurement and control of signals from an electron
source is given in the work. The remote measuring device was created using
NRF24L01 wireless modules and STM32 microprocessors. The transmitting device
is located in the accelerator hopper, mounted on the incandescent transformer and
connected to the secondary winding, the voltage of which is measured and is used for
power supply. A current transformer is used to measure the incandescent current. The
measured current and voltage by the ADC after software processing are transmitted
to the receiving device.Of interest is the reliability of the device, which operates at a
potential of 5V relative to the ground bus. Reception of the measured signals occurs
directly at work with a beam.

ITPUCTPI JUCTAHLIIMHOT'O BUMIPFOBAHHS PEXXUMY POBOTU
PO3XAPIOBAHHA ITPUCKPIOBAYA «JIY-10»

B.O. May, C.K. Pomanoscoxuu, FO.O. Timapenko, B.FO. Timos, I0O./]. Typ
HHI] X®TI, Xapxis, Yrpaina
E-mail: Tur@kipt.kharkov.ua

[IpuBeneHO METOAWKY MMCTAHIIIMHOTO BUMIPIOBAaHHS Ta KOHTPOJIO CUTHANTIB 3
pKepena enekTpoHiB. [IpucTpiil AUCTaHIIIHHOTO BUMIPIOBAHHS CTBOPEHO 3 BHKOPH-
ctanHsaM Oe3aporoBux moayniB NRF24L01 ta mikponporecopis STM32. Ilepena-
BaJbHUN TPHUCTPIA PO3TAIIOBaHHWK Yy OyHKepi MPHCKOpIOBaya, BCTAHOBJICHHWI Ha
TpaHcGopMaTopi po3KaprOBaHHS Ta MIAKIIOUYEHUN O BTOPUHHOT OOMOTKH, HAmpyra
SAKOT BUMIPIOETHCSI Ta BUKOPUCTOBYETHCS ISl JKUBIIEHHS. J[JI1 BUMIPIOBAaHHS CTPYMY
pPOIKAPIOBAHHSI BUKOPUCTOBYETHCS TpaHChopmaTop cTpymy. BumipsHi cTpym Ta
Hampyra 3a gomomoroto AIIIl micms mporpamHoOi 0OpoOKH MepefaroThCs Ha TPHii-
MaJbHUN TpHUCTpii. Bukiukae iHTepec HaAIMHICTh MPUCTPOIO, KU MPAIIOE T MO-
TeHIiaoM S5V BiTHOCHO 3eMJITHOI muHU. [[pruifoM BUMIpSHUX CUTHATIB BiOyBa€Th-
cs1 6e3nocepeIHbO MpU PoOOTI 3 MYYKOM.
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P.08. SHORT SOLENOID DESIGN FOR ACCELERATOR LUE-40

S.A. Perezhogin, V.A. Kushnir, V.V. Mytrochenko, L.I. Selivanov,
V.Ph. Zhiglo, A.M. Opanasenko
NSC KIPT, Kharkiv, Ukraine
E-mail: psa@kipt.kharkov.ua

Simulation of the electron beam dynamics in an accelerator LUE-40 has been car-
ried out when a short solenoidal field is imposed on the initial part of the 1st acceler-
ating section. The use of a short solenoid along the initial part of the accelerating sec-
tion makes it possible to ensure a small transverse size of the beam inside the acceler-
ating section and, as a consequence, to reduce the degradation of the transverse effec-
tive emittance. The calculation of a short solenoid is made using numerical simula-
tion methods. The design and system for winding the solenoid directly onto the ac-
celerating section have been developed.

PO3POBKA KOPOTKOI'O COJIEHOIJIA J1JId TIPUCKOPIOBAYA JIYE-40

C.O. Ilepescocin, B.A. Kywnip, B.B. Mumpouenxo, JI.1. Cenieanos,
B.®@. JKueno, A.M. Onanacenko
HHIL] X®TI, Xapxis, Yxpaina
E-mail: psa@kipt.kharkov.ua

[IpoBeneHO MOAEMIOBaHHS AWHAMIKH EJIEKTPOHHOTO ITydKa B MPHCKOPIOBadi
JIYE-40 npu HakJIageHHI KOPOTKOT'O COJICHOIMAIBLHOTO TMOJIS Ha MOYaTKOBIA YacTHHI
loi mprcKOprOBaNBEHOI CeKIlii. 3aCTOCYBaHHS KOPOTKOTO COJICHOIIA Y3A0BXK IMOYaTKO-
BOT YaCTHHU TPUCKOPIOBAJIBHOI CEKIIil J03BOJISE 3a0€3MEYUTH Majauil MOTEePEIHHMA
PO3Mip IydKa BCepeauHI MPUCKOPIOBAIBHOT CEKIIIT 1, IK HACIIJIOK, 3MEHIITUTH JIeTpa-
JAIlIIo0 MOINepeyHOro €(heKTUBHOIO eMiTaHca. 3po0JICHO PO3PaxyHOK KOPOTKOT'O CO-
JICHOia 3a JOMOMOTOI0 METOIB YHCEIIFHOTO MOJEeToBaHHSA. Po3po0ieHO KOH-
CTPYKIIif0 I CHCTEMY HaMOTYBaHHsI COJICHOiZa 0e3MocepeIHh0 Ha MPUCKOPIOBAIBHY
CEKIIIIO.

P.09. VACUUM SYSTEM OF KLYSTRON REPAIR FACILITY FOR ELECTRON
ACCELERATORS

R.M. Dronov, M.V. Ivakhnenko, V.O. Mats, Yu.O. Titarenko, V.Yu. Titov
NSC KIPT, Kharkiv, Ukraine
E-mail: romandronov@kipt.kharkov.ua

AVRORA-type KIU-12AM Kklystron has been the main source of rf power for the
accelerators for many decades. Despite the fact that this klystron is no longer com-
mercially available it is still in use in NSC KIPT. Large accumulations of malfunc-
tioning klystrons made it possible to recycle them using the donor parts, which are
well preserved and still functional. Klystron repair process comprises of few stages
and part of these stages requires maintaining the high vacuum inside the klystron and
adjacent systems. The paper describes the vacuum system intended to hold the pres-
sure of residual gases within the required limits during the restoration process that en-
sures normal Klystron performance in future operation.
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BAKYYMHA CUCTEMA YCTAHOBKMU 3 PECTABPAIII KJIICTPOHIB JJI4
[TPUCKOPIOBAYIB EJIEKTPOHIB

P.M. Jlponos, M.B. leaxnenxo, B.O. May, FO.O. Timapenko, B.FO. Timos
HHI] X®TI, Xapxie, Yxpaina
E-mail: romandronov@kipt.kharkov.ua

Kiictpon KIY-12AM tuny ABPOPA mpotsirom 0araTboX IecATUIITh OYB OCHO-
BHUM JIXKEPEJIOM PajJllo4acTOTHOI MOTYKHOCTI JiJIsl IpucKoproBauiB. He3paxkaroun Ha
TE, 10 LeM KIICTPOH OUIblLIE HE BUTOTOBISETHCS, BIH BCE 1€ BUKOPUCTOBYETHCS Y
HHII X®TI. Benuka KUTbKICTh HeMpale3gaTHUX KIICTPOHIB 1a€ MOXKJIMBICTD iX pec-
TaBpyBaTH MIAOMPaOUYM JOHOPCHKI KOMIIOHEHTH, SIK1 JOC1 MepeOyBaloTh y mparesaa-
THOMY cTaHl. [Iporec peMOHTY KIIICTPOHY CKIAJAEThCA 3 JEKUIBKOX €TalliB, 1 4acTu-
Ha 3 [UX eTaliB BUMAarae MiATPUMaHHS BUCOKOTO BaKyyMy BCepeAuHi KIICTPOHY Ta
JOTIOMDKHUX cucTeMax. /laH onuc BakyyMHO1 CUCTEMH, MPU3HAYECHOT JIJIsl YTPUMAaHHS
TUCKY 3QJIMIIKOBHUX Ta3iB y HEOOXIAHUX MeXax MijJ 4yac Mpolecy BIAHOBJIEHHS, 11O
3abe3reuye HOpMajibHy poOOTY KIICTPOHY B MaliOyTHIN eKCIuTyaTarfii.

P.10. APFRFQ — AN INTEGRATED ENVIRONMENT FOR THE DEVE-
LOPMENT OF HIGH-CURRENT LINEAR ION ACCELERATORS WITH RF
FOCUSING

S.S. Tishkin, M.G. Shulika, O.M. Shulika
NSC KIPT, Kharkiv, Ukraine
E-mail: tishkin@kipt.kharkov.ua

Presented is an interactive environment, APFRFQ, for calculating linear accelera-
tors with RF focusing. APFRFQ allows one to make calculations of linac channels of
any complexity not only for the well-known methods of ensuring stability of charged
particle beam acceleration by RF field but also to investigate the most common case
of RF focusing, namely, the combination of alternating-phase focusing and RF quad-
rupole one. New methods implemented into the program are the following: (1) the
method to construct an irregular (quasi-periodic) accelerating channel as a set of sep-
arate consistent focusing periods. In this case, the focusing periods themselves may
differ from each other by the number of accelerating gaps, the phase distribution of
synchronous particles and the accelerating field amplitudes along the gaps, the gap
coefficient, the diameter of the channel aperture, etc.; (2) the “local stability” method,
which allows calculating the radial stability of motion not only in the vicinity of a
synchronous particle but also for nonequilibrium particles trapped in the acceleration
mode along the longitudinal motion, taking into account their phase motion for chan-
nels with real distribution of accelerating fields and Coulomb forces. Moreover, the
similar analysis can be carried out for any group of focusing periods, including the
whole accelerating structure; (3) the method to match the input parameters of a beam
that has an arbitrary six-dimensional phase distribution to the parameters of any (ir-
regular) accelerating structure with the space charge taken into account.
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APFRFQ — IHTETPOBAHE CEPEJJOBUIIE PO3POBKI
BEJIMKOCTPYMOBUX JITHIMHUX I[TPUCKOPIOBAUIB
IOHIB 3 BU-OOKYCYBAHHAM

C.C. Tiwxin, M.I'. lllynixa, O.M. [llynika
HHI] XDTI, Xapxie, Yxpaina
E-mail: tishkin@kipt.kharkov.ua

[IpencraBiieHO IHTEPAKTUBHE CEPENOBHINE AJIsi PO3PAXYHKY MPHUCKOPIOBAYIB 3
¢doxycyBanns BU-nmonem APFRFQ, sike no3Bosisie poOUTH po3paxyHKH TPaKTiIB Jii-
HIHHUX MPUCKOPIOBaYiB OY/b-SKOi CKIaJHOCTI HE TUIBKU JJI BIAOMHX METOJIB 3a-
Oe3rneyeHHs! CTIMKOCTI MPUCKOPEHHS IMYYKIB 3aps/I)KEHUX YaCTUHOK 3a JI0NMOMOTOI0
BY nons, ane i mocaikyBaTh HaOUIbII 3arajbHUi BUNAAOK (okycyBanHs BY-
nojieM — koMmOiHaii 3MiHHO-(pa3zoBoro ta BU-kBagpymnonbHoro ¢okycyBanus. Hosi
METO]IY, 1110 BUKOPUCTOBYIOTHCS B IIbOMY CEpe/lOBUII, € HAacTymHi: (1) Meroa mody-
JIOBU HEPETYIISIPHOTO (KBA31MEPi0UYHOTO) MPUCKOPIOIYOr0 KaHaly JIHIMHOTO Mpu-
CKOpIOBaya, B SIKOMY MPHUCKOPIOIOYUHN TPAKT MPEACTABICHO SIK CYKYIHICTh OKPEMHUX
y3TOJUKEHUX MK co00t0 dokycyrouux nepiofi. [lpu npomy cami ¢pokycyrodi nepio-
1 MOXKYTb BUIPI3HATHCS OJIMH BiJI 1HIIOTO KUIBKICTIO MPUCKOPIOIOYUX 3a30PiB, PO3-
NOJUICHHSAM (Pa3 CUHXPOHHUX YaCTUHOK Ta aMIUTITY/ MPUCKOPIOIOYHUX TMOJIB B HHUX,
Koe(iIieHTOoM 3a30piB, JlaMETPOM alepTypu KaHally TOIIO; (2) METOJ «IOKaIbHOT
CTIAKOCT1», IKHI 03BOJIIE€ BUZHAYUTH pajiajbHy CTIHKICTh PyXy HE TLIBKH HABKOJIO
CUHXPOHHOI YaCTHHKH, ajie TaKOXK ¥ JJI1 HEPIBHOBAXXHUX YACTHHOK, IO 3aXOIUICHI B
PEXHUM MPUCKOPEHHS B3IOBXK MOB3/IOBXKHBOTO PYyXY 3 YpaxXyBaHHSAM ix (a3zoBoro py-
Xy Ui KaHaJiB 3 peajbHUM PO3MOJUICHHSM MPUCKOPIOIOYUX TMOJIB Ta CUJI KYJIOHIB-
cekoi B3aeMoii. [Ipruuomy momiOHMI aHaII3 MOXKHA TIPOBECTU ISl OYIb-SIKOT TPYITH
(hOoKyCyIOUHX MEepioJIiB, BKIIOYAIYH BCIO CTPYKTYPY B IUTOMY; (3) METOJT y3TOIKEH-
HS BXITHUX TapaMeTpiB ITy4yka, M0 Ma€ JOBUIbHE IIECTUBUMIpHE (ha30BE PO3MOJi-
JICHHs, 3 Oy/b-sKOI0 (HEPEryISIPHOI0) MPUCKOPIOIOYOI0 CTPYKTYPOIO 3 ypaxyBaHHIM
cui1 00’ €MHOTO 3apsy.

P.11. FORMATION OF ELECTRON BEAMS WITH GIVEN SPATIAL
DISTRIBUTIONS BY THE SCANNER

V.G. Rudychev, V.T. Lazurik, Y.V. Rudychev
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: vrudychev@karazin.ua

The electron beam distribution on the surface of the irradiated objects was inves-
tigated, when the values of the scanners magnetic field along the coordinates X and
X, Y changed with time. The analytical and numerical methods of calculation of the
electron trajectories in the time-varying magnetic fields at different energies and an-
gles of the electrons, entering the field area, were used. The types the magnetic fields
time dependences, which provided the given distributions of electron beams on the
surfaces of the irradiated objects and on the bremsstrahlung converters, were deter-
mined. The influence of the energy and angular spread in the electron beam on the
change in the particle density on the surface was analyzed. The influence of these fac-
tors can be compensated for by changing the magnetic field. For the (X, Y)-scanner,
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which generates electron beams: the main (incident perpendicular to the object) and
additional (angles of incidence are 60...75° from the perpendicular to the object), a
significant influence of the energy spread on the angles of incidence of the additional
beam is shown. The compensation for the influence of the energy spread on the dose
inhomogeneity in depth is possible, when the thickness of the irradiated object
changes. The conditions for the use of Panovsky lenses are determined.

®OPMYBAHHA [1YUKIB EJIEKTPOHIB 3 3AIAHUM ITPOCTOPOBUM
PO3ITIOAIJIOM 3A JOITOMOI'OIO CKAHEPA

B.I'. Pyouues, B.T. Jlazypix, €.B.Pyouyes
Xapxiscvkuu HayionanvHuu yHisepcumem im. Kapasina, Xapkie, Ykpaina
E-mail: vrudychev@karazin.ua

JlocniapKeHo po3noLT MOTOKIB €JIEKTPOHIB Ha MOBEPXHI 00'€EKTIB IO ONMPOMIHIO-
I0ThCSI TIPU 3MIH1 BEJIMYMH MarHiTHOTO MOJIsi CKaHepiB B30BXK koopauHat X T1a X, Y
BiJl yacy. BukopucTtoByBaiucs aHATITUYHI 1 YUCEIbHI METOJU PO3PAXYHKY TPAEKTO-
piii €JEKTPOHIB B YMOBAaX, L0 3MIHIOIOTHCS Bl 4acy MArHiTHHUX MOJISIX MPU PI3HUX
EHEPrisix Ta KyTax BJIbOTY €JIEKTPOHIB B 00JaCTh MOJsl. BU3HaueHO BUIM 3aJ1€KHOC-
TEH BiJ Yacy MarHiTHUX MOJIB, 5Kl 3a0€3MeUyI0Th 3a/1aHl PO3MOJIUIN MOTOKIB €JIEKT-
POHIB Ha TTOBEPXHAX O0'€KTIB [0 OMPOMIHIOIOTHCSI, TA HA KOHBEPTEPaX TaJbMIBHOTO
BUTIpOMiHIOBaHHs. [IpoaHani3oBaHO BIUIUB €HEPreTUYHOIO 1 KyTOBOTO PO3KUIY Myd-
Ky €JEKTPOHIB Ha 3MIHY IIUTLHOCTI YaCTUHOK Ha ToBepxHI. BrumB nux daktopis
MOXe OyTH KOMIICHCOBAHO 3MiHOI0 MarHiTHOTrO nojst. JJst (X, Y)-ckaHepa, 1o CTBO-
PIOE TIYYKH €JIEKTPOHIB: OCHOBHUM (Iafarouuil NEpPHeHAUKYJIIpHO 00'€KTY) 1 noaaT-
KoBUM (KyTu maaiHHsa 60...75° Big nmeprneHAuKysipa 10 00'ekTa), TOKa3aHO CYTTEBUM
BIUITMB €HEPreTUYHOr0 PO3KHUIY Ha KyTH MaJliHHA J0JaTKOBOro myudka. KommneHncarris
BIUIUBY €HEPTETHYHOTO PO3KHUIAY HAa HEOJHOPITHICTH JTO3U IO IIMOMHI MOXKJIMBA MPHU
3MiHI TOBIIMHHM 00’ €KTY IO ONMPOMIHIOEThCS. BU3HAYEHO YMOBH 3aCTOCYBaHHS JIiH3
ITanOBCKOTO.

P.12. FORMATION OF CHARGE AND CURRENT EXTERNAL SOURCES
UNDER RELATIVISTIC POINT CHARGE NORMAL INCIDENCE ONTO THE
BOUNDARY OF THE PERFECTLY CONDUCTIVE HALF-SPACE

S.D. Prijmenko
NSC KIPT, Kharkiv, Ukraine
E-mail: sprijmenko@Xkipt.kharkov.ua

The study of the transition radiation associated with the cathode and collector of
accelerating devices is important in the accelerator techniques. An uniform motion of
the relativistic point charge along the normal to the perfectly conductive half-space
being crossing its boundary at a constant velocity is under consideration. With the as-
sumption that the volume charge density in the perfect conductor vanishes, the solu-
tions of an inhomogeneous wave equation in the space-time representation for scalar
and vector potentials have been obtained. They are in the form of retarded volume
potentials. The charge-and-current volume densities act as external sources, which
discretely vanish at the half-space boundary. The charge “vanishing” in the open vol-
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ume forms a ball waves of scalar and vector potentials with a back front as a func-
tions of time and distance. The boundary conditions on a perfectly conductive body
are used for non-stationary fields. The surface charge density with a delta-shaped
space and discrete time distributions is formed at the point where the point charge
crosses the boundary of the perfectly conductive half-space. The external charge vol-
ume density arises at the boundary due to the delta-shaped connection between the
surface and volume charges. The “birth” of a charge at the boundary forms a ball
wave of a scalar potential with a front as a function of time and distance.

J1O ®POPMYBAHHA CTOPOHHIX JIKEPEJI 3APAAY I CTPYMY I1IPU
HOPMAJIBHOMY ITAAIHHI PEJIATUBICTCBKOI'O TOYKOBOTI'O 3APAAY
HA MEXY IIEAJIBHO ITPOBIAHOTI'O IIIBITPOCTOPY

C./I. Ilpuiimenko
HHI] X®TI, Xapxie, Yxpaina
E-mail: sprijmenko@kipt.kharkov.ua

B npuckoproBaibpHIl TEXHIlll aKTyaJIbHUM € BUBUYEHHS MEPEX1AHOTO BUIIPOMIHIO-
BaHHS, SIKC MA€ MiCIle Ha KaTO/i i KOJIEKTOPiI MPUCKOPIOBATILHUX MPUCTPOiB. Po3rms-
HYTO PIBHOMIPHUH PyX PESITHBICTCHKOTO TOYKOBOTO 3apsly MO HOpMaJi J0 ifealb-
HO MPOBIJHOTO MIBIPOCTOPY MPH MEPETUHI HOro MeX1 3 MOCTIHHOIO MIBUIKICTIO. Y
NPUITYIICHH1 06epHeHHSI B HYJTb 00'€eMHOT TYCTHHH 3apsy B 171ealIbHOMY TIPOBITHUKY
OTPUMAHO PO3B'SI30K HCOI[HOplILHOI‘O XBUJIBOBOTO plBH}IHH}I B IIPOCTOPOBO-YaCOBOMY
300pakeHH1 IS CKAJIIPHOTO 1 BEKTOPHOTO noteHiianiB. OcTaHHI MalOTh BUTJIS] 3a-
rasHuxX 00'€éeMHHUX MOTEHIliaNiB. B SIKOCTI CTOPOHHIX JXKEpesl BUCTYNAaOTh 00'eMHI1 T'y-
CTHHHM 3apsiy 1 CTPyMY, SIK1 IUCKPETHO NEPETBOPIOIOTHCS B HYJIb HA MEXI MIBIPOC-
Topy. “3HUKHEHHS 3apsaay B HE3aMKHEHOMY 00'eMi (hopMye KyJIbOBI XBHIJII CKaJsp-
HOTO 1 BEKTOPHOTO MOTEHINiaNiB 3 3aJIHIM (PpoHTOM 5K PyHKIIIT yacy i Bimcrani. ['pa-
HUYHI YMOBHU Ha 1I€JIbHO MPOBIIHOMY TUM JJIs HECTAI[IOHAPHUX TIOJIIB BUKOPHUCTO-
BYIOThCS. [loBepXHEBa I'yCTHHA 3apsay 3 JeNbTa-TOMIOHIMM MPOCTOPOBUM 1 IUCKPET-
HUM YaCOBHUM PO3NOJIiJIaMH (DOPMYETHCS B MICIi IEPETHHY TOYKOBUM 3apsIIOM MEXi
17IeaJibHO MPOBIAHOTO MIBIPOCTOPY. 3aBASKU IENbTA-TIOIOHOTO 3B'SI3KY MIXK MOBEPX-
HEBUM 1 00'€eMHUM 3aps/laMHi Ha MeX1 BUHUKAE 00'€eMHA TYCTHHA CTOPOHHBOTO 3apsi-
ay. “HapomKeHH;{ 3apsy Ha MEXi (bopMye KYJIbOBY XBHIIIO CKaJIAPHOTO MOTEHITIATY
3 mepeHIM GPOHTOM SIK (PYHKITIFO Yacy 1 BiACTaHI.

P.13. FORMATION OF OPTICAL IMAGES SYNCHROTRON RADIATION
QUANTUM FLUX OF RELATIVISTIC ELECTRONS IN THE GENERATOR
“NESTOR”

O.C. Mazmanishvili, N.V. Moskalets
NSC KIPT, Kharkiv, Ukraine
E-mail: mazmanishvili@gmail.com

When setting up physical experiments involving the use of the polarization prop-
erties of synchrotron radiation (SR) or a monoenergetic photon beam, a detailed cal-
culation of the spectral angular distribution of SR and its polarization components is
of interest. Taking into account the size of the beam shows that in real conditions the
radiation propagating in the plane of the equilibrium orbit will not be completely po-
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larized, and the shape and dimensions of the angular distribution of radiation will be
distorted. The motion of electrons in the uniform magnetic field and SR of the beam
of relativistic particles in the storage ring of the “NESTOR” are considered. The in-
fluence of the size of the electron beam with the energy E=225 MeV in the 6-
dimensional configuration space on the formation of images of the flux of quanta of
SR is analyzed. It is shown that the main contribution to the formation of images is
made by the two-dimensional distribution of particles along the vertical and vertical
oscillations. A software tool has been developed, the use of which made it possible to
simulate the process of forming optical images by the flux of quanta of SR. The for-
mation of images of the radiation of electrons with an energy of E=225 MeV with a
change in the longitudinal distance L to the registration plane is considered. It is de-
termined that at small longitudinal distances the main contribution to the image is
made by the vertical distribution of particles in the beam. With an increase in the
basic distance L, the contribution of the distribution of particles over vertical oscilla-
tions increases, which becomes decisive for large L. Numerical simulation of image
formation has been carried out. For the base distance of 300 cm and beam parame-
ters with the vertical root mean square size oy of 0.2 mm and a vertical root mean
square size oy’of 0.15 mrad, the family of angular distributions is presented, which
are presented in the form of two-dimensional histograms for wavelengths, A = 0.5 A,
A=A, A = 2, Where A is the critical wavelength of SR. The dimensions of the opti-
cal hatch are obtained, the size of which makes it possible to reliably register the en-
tire flux of quanta of SR for the indicated registration characteristics.

OOPMYBAHHS OIITUYHNX 306PAXEHD IIOTOKOM KBAHTIB
CHUHXPOTPOHHOI'O BUITPOMIHIOBAHHA PEJIATUBICTCBKUX
EJIEKTPOHIB ¥ 'EHEPATOPI «<HECTOP»

O.C. Masmaniweini, H.B. Mocxaneyw
HHI] X®TI, Xapxis, Yxpaina
E-mail: mazmanishvili@gmail.com

ITpu mocTtanoBIll (Pi3MYHUX EKCTIEPUMEHTIB, TIOB'I3aHUX 3 BUKOPUCTAHHSAM IOJIS-
pHU3alifHUX BIACTUBOCTEH CMHXpOTpOHHOTrO BUMpoMiHioBaHHs (CB) abo MmoHoeHep-
TEeTHYHOTO My4Ka (DOTOHIB, MPEACTABIISIE THTEPEC NETATLHUN PO3PAXYHOK CIIEKTPAIb-
HOTO KyTOBOTO po3noainy CB i #oro nonsipusamifHuX KOMIOHEHT. Y paxyBaHHS Po-
3MIpiB ITydYKa MOKa3ye, M0 B pealbHUX YMOBAX BUIPOMIHIOBAHHS, [0 TOIMIUPIOETHCSA
B IUIONIMHI PiBHOBaXXHOT OpOiTH, HE Oy/e MOBHICTIO MOJIIPU30BaHKUM, a (hopma i po3-
MIpH KYTOBOTO PO3MOJILTY BUIIPOMIHIOBaHHS OyayTh CHOTBOpEHi. Po3risHyTO pyX
€JIEKTPOHIB B OJJHOPITHOMY MarHiTHOMY moJii 1 CB myuka pensiTHBICTCHhKUX YaCTUHOK
B HakonmuyBaui “HECTOP”. IlpoananizoBano BB Ha (OpMYBaHHS 300paKE€Hb
noToky kBaHTIiB CB po3mipiB mydka enekTpoHiB 3 eHepricio E=225 MeB B 6-
BUMIpHOMY KOH(Irypariinomy mpoctopi. [lokazano, B opmyBanHs 300paxeHb OcC-
HOBHUM BHECOK BHOCUTH JIBOBUMIPHHM PO3MOALT YACTOK MO BEPTUKAJI 1 O BEPTUKA-
JTHHUM KOJWBaHHAM. Po3risiHyTO popMyBaHHS 300pakeHbh BUIIPOMIHIOBAHHS €JICKT-
poHiB 3 eHepriero E=225 MeB mnipu 3MiH1 M0310BXKHBOT BIZICTaHl L 10 TUIOUHU pe-
ecTpallii. BusHaueHo, 1110 Ha Majaux MO3JIO0BXKHIX BIJCTAHSIX OCHOBHHUM BHECOK B 30-
Opa’keHH1 BHOCUTb BEPTUKAJIbHUN PO3MOJLI YaCTOK B MYUYKy. 31 30UIbIICHHSIM 0a30-
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BOi BiJCTaHl L 3pocTae BHECOK pO3MOJULY YAaCTOK MO BEPTHKAIBHUM KOJUBAHHSIM,
akud 1 Benukux L ctae BusHavanbHUM. [IpoBeneHo uncensHe MoientoBaHHs (Hop-
MyBaHHS 300paxxeHb. J[y1st 6a30Boi Bijgctani B 300 cM 1 mapaMeTpiB mydyka 3 BepTUKa-
JBHUM CEpPEeIHBOKBAIPATUUHUM PO3MIPOM GY, 10 CTaHOBUTH 0,2 MM, 1 cCepeJHbOKBA-
IpaTUYHUM po3MmipoMm oy’ 0.15 Mpas, HaBeIEHO CIMEMCTBO KYTOBHUX PO3MOILIIB, K1
oopMJIeH1 y BUIJISA1 JBOBUMIPHUX TICTOTpaM ISl TOBXKUH XBHIIb A = 0.5 A¢, A = A,
A = 2X, ne A — KpuTHuHA a0BXkKHA XBU1 CB. OTpuMaHo po3MipHu ONTUYHOTO JIOKA,
BEJIMYMHA SIKUX JTO3BOJISIE TAPAHTOBAHO PEECTPYBATH BECh MOTIK kBaHTIB CB ais 3a-
3HAYEHUX XapaKTEPUCTUKAX PeeCTpallii.

P.14. IMAGE CONVERSION OF SIGMA- AND PI- COMPONENTS OF
RELATIVISTIC ELECTRON RADIATION AND METROLOGICAL CHA-
RACTERISTICS OF THE PHOTON FLUX IN THE SYNCHROTRON
RADIATION OUTPUT CHANNEL

O.C. Mazmanishvili, N.V. Moskalets, A.A. Shcherbakov
NSC KIPT, Kharkiv, Ukraine
E-mail: mazmanishvili@gmail.com

The detailed calculation of the spectral-angular distribution of synchrotron radia-
tion (SR) of relativistic electrons in the storage ring is decisive when it is used for
metrological purposes. Taking into account the size of the beam shows that the shape
and size of the angular distribution will be modified. The motion of electrons and SR
of an electron beam in the “NESTOR” storage ring and the formation of images are
considered. The simulation of optical images is carried out and the images of the ra-
diation of electrons with an energy of E=225 MeV are considered with a change in
the longitudinal distance to the registration plane. A family of angular distributions in
the form of two-dimensional histograms is presented. The dimensions of the optical
hatch are obtained, the size of which makes it possible to reliably record the entire
flux of SR quanta for the indicated registration characteristics.

ITEPETBOPEHHA 30bPAXXEHDb CUI'MA- I III-KOMIIOHEHT
BUITPOMIHIOBAHHA PEJIATUBICTCBKUX EJIEKTPOHIB I METPOJIOI'THHI
XAPAKTEPUCTHUKU ITOTOKY ®OTOHIB ¥ KAHAJII BUBOAY
CHUHXPOTPOHHOI'O BUITPOMIHIOBAHHA

O.C. Masmaniweini, H.B. Mockaneys, O.O. ll]epbaxos
HHI] X®TI, Xapkis, Yxpaina
E-mail: mazmanishvili@gmail.com

JleTanbHUN PO3PaxXyHOK CIIEKTPATbHO-KYTOBOTO PO3MOAITY CHHXPOTPOHHOTO BH-
npomiaroBaHHs (CB) pensaTuBiCTCHKUX €MEKTPOHIB B HAKOTIMYYBaUl € BU3HAYALHUM
MIPY BUKOPUCTaHHI HOTO B METPOJIOTIYHUX IIIAX. YpaxyBaHHS PO3MIpPIB IMydKa MOKa-
3ye, o0 ¢opma i po3Mipu KyTOBOTO PO3MOALTY OyAyTh BUI03MiHEHI. PO3TIIIHYTO pyX
enexkTpoHiB 1 CB nyuka enekTponiB B HakonuuyBaui “HECTOP” 1 popmyBanHs 300-
paxeHnb. [IpoBeeHO MOAEIIOBaHHS! ONTUYHUX 300pa’KE€Hb 1 PO3TISIHYTI 300paKEHHS
BUIPOMIHIOBaHHSI €JEKTPOHIB 3 eHeprieto E=225 MeB mnpu 3MiHI MO310BXKHBOI
BiICTaH1 A0 IJIOMIMHU peecTpaliii. HaBeneHo ciMeHCcTBO KyTOBUX pO3MOALIIB 0hOpM-
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JICHUX y BUIJIA1 ABOBUMIPHUX TicTorpaMm. OTprUMaHO po3MIpHU ONTHUYHOTO JIFOKA, Be-
JUYMHA SIKUX J03BOJISIE TAPAaHTOBAHO PEECTPYBATH BECh MOTIK KBaHTIB CB a4 3a3Ha-
YEHUX XapaKTEePHUCTUK peecTparlii.

P.15. TWO-PARAMETRIC BEAM MODEL FOR DOSIMETRY OF THE
PROCESS OF ELECTRON IRRADIATION OF MATERIALS WITH LOW
DENSITY AND ATOMIC NUMBER

V.T. Lazurik, V.M. Lazurik, G. Popov, Z. Zimek
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: lazurik@hotmail.com

The work is devoted to studying the possibility of using a two-parametric model
of an electron beam to describe the depth distributions of the electron dose in materi-
als with a low density and an effective atomic number. In this model, the parameters
are determined by fitting the semi-empirical model (PFSEM-method) to the results of
measurements of the depth-dose distribution in a dosimetric wedge. The depth-dose
distributions in a birchwood wedge were measured at the Institute of Nuclear Chem-
istry and Technology in Warsaw, Poland. The parameters of the electron beam inci-
dent on the wedge were determined by the PFSEM method. The Monte Carlo simula-
tions of the depth-dose distribution in the wedge for the process of electron irradia-
tion, the characteristics of which are determined by the PFSEM method, have been
carried out. It is shown that there is a satisfactory agreement between the measure-
ment results and the Monte Carlo simulation of the depth-dose distribution.The ad-
vantages of describing depth-dose distributions in a wedge based on a two-parametric
model of an electron beam in comparison with traditional methods of polynomial ap-
proximation of measurement results are discussed.

JIBOITAPAMETPUYHA MOJEJIb ITYUKA UL JOSUMETPII ITPOLIECY
EJIEKTPOHHOI'O OITIPOMIHEHHA MATEPIAJIIB 3 HU3bKOIO IIIJIBHICTIO
I ATOMHUM HOMEPOM

B.T. Jlazypuk, B.M. Jlazypux, I'. Ilonos, 3. 3umex
Xapxiscvkuu Hayionanvuuu yHigepcumem im. Kapasina, Xapkie, Yxpaina
E-mail: lazurik@hotmail.com

Pob6ota mpucssueHa AOCTIIHKEHHIO MOXIJIMBOCTI BUKOPUCTAHHS JBOMIapaMeTpUy-
HOT MOJIEJI1 €JIEKTPOHHOTO IyYKa ISl OMUCY PO3MOJIUTY J03H €JIEKTPOHIB MO IHOUHI
B MaTepiajiaX 3 HU3bKOIO MIUIBHICTIO 1 €pEKTUBHUM aTOMHUM HOMEpOM. VY I1il Mojiei
nmapamMeTpu BHU3HAYAIOTHCS IIIAXOM MiATOHKH HamiBemmipudHoi mogeni (PFSEM-
METOJI) 10 pe3yJbTaTiB BUMIPIOBaHb PO3MOLTY JI03M MO TITUOWHI B TO3UMETPUIHOMY
KiuHI. Po3moain go3u mo rimbuHi B KIHMHI 3 0epe30BOi AepeBUHU OyJI0 BUMIPSHO B
[acTuTyTI ssmepHoi Ximii Ta TexHosoriit B Bapmagi, [Tonsma. [Tapamerpu magatouoro
Ha KJIMH €JIEKTPOHHOTO Nydka BuzHavanucs merogom PFSEM. IlpoBeneno monento-
BaHHS MeTofoM MonTte-Kapno po3noauty 103u 1mo riauOWHI B KIUHI JIJIsL IPOLECY
€JIEKTPOHHOTO OMPOMIHEHHSI, XapaKTEPUCTUKHU SIKOro BuU3HadeH1 Metogom PFSEM.
[lokazaHo, 110 ICHY€ 3rofia MIXK pe3yiabTaTaMH BUMIPIOBAHb 1 MOJEIIOBAaHHAM METO-
nom Mownte-Kapno po3noauty no3u no riamOuHi.OOroBOprOIOTECS MEpeBaru OMmucy
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pO3MOJUTY 03U MO INIMOMHI B KJIMHI Ha OCHOBI JBONapaMeTpPUYHOI MOJENl €JIEeKT-
POHHOI'O MyYKa B MOPIBHSAHHI 3 TPAJULIHHUMHA METOJJAMU MOJIMHOMIANIBHOI alpOKCH-
Mallii pe3yJibTaTiB BUMIPIOBaHb.

P.16. OPTIMIZATION OF BREMSSTRAHLUNG CHARACTERISTICS FOR
IRRADIATING THICK OBJECTS

V.G. Rudychev, M.O. Azarenkov, 1.0O. Girka, Y.V. Rudychev
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
E-mail: vrudychev@karazin.ua

The possibility of formation of the bremsstrahlung (BS) characteristics, which
provide the maximum thickness of the irradiated objects at the given value of the
dose uniformity ratio (DUR), was studied. The generation of BS by 7.5 MeV elec-
trons in a three-layer converter with different thicknesses of Ta, water, and Fe was
calculated by the Monte Carlo method (PENELOPE package). The changes in the BS
yields and spectral characteristics at different angles were investigated. It is shown,
that the average BS energy Eav decreases with increase of the angle in respect of the
perpendicular to the irradiated object. An increase in the Ta layer thickness leads to
an increase in Eav. The depth distributions of the doses in polyethylene, produced by
BS incident to the surface of the object at different angles, were calculated. It is
shown, that the angles of incidence and the BS spectra, corresponding to these angles,
affect the type of the depth dose distribution in the irradiated polyethylene. Using the
technique proposed by the authors, the dose distributions at bilateral irradiation with
bremsstrahlung, produced by an extended converter, were calculated. It is shown, that
the depth dose distribution in polyethylene depends on the angles interval of the BS
incident to the object for the given parameters of the converter. The optimal parame-
ters of the converter and the BS angle intervals, at which the thickness of polyeth-
ylene is maximum (double-sided irradiation) at the given value of DUR, were deter-
mined.

OIITUMIBALIA XAPAKTEPUCTHUK I"'AJIBMIBHOI'O BUITPOMIHIOBAHHSA
J1JI1 OTIPOMIHEHHS OB’€KTIB BEJIMKOI TOBILIMTHA

B.I'. Pyouues, M.O. Azapenxos, 1.0. l'ipxa, €.B. Pyouues
Xapxiecvkut HayionanvHuu ynieepcumem im. Kapasina, Xapkis, Yxpaina
E-mail: vrudychev@karazin.ua

BuBdeno MoxIHBICTH (OpPMYBaHHS XapaKTEPUCTHUK TaJbMIBHOTO BUIIPOMIHIO-
BaHHA (I'B) sixi 3a0e3meuyroTh MaKCMManbHy TOBIIMHY O0'€KTIB IO OMPOMIHIOKOTHCS
npu 3amaHomy 3HadeHHi dose uniformity ratio (DUR). Meroxom MonTte-Kapio (ma-
ket PENELOPE) po3paxoBano renepaiito ['B enexrponamu 3 enepriero 7,5 MeB y
TPUIIIAPOBOMY KOHBEpTepi 3 pizHuMuU ToBmmHaMu Ta, Boau 1 Fe. Jlochimkeno 3minu
BUXOJIIB 1 CTIEKTpalbHUX XapakTepucTuk ['B min pizaumu xkytamu. [lokaszano, mo E,y
(cepemnst eneprisi I'B) 3 pocrom Kyra mog0 MEpHeHIUKYIsIpa A0 00'€kTa, IO
OMPOMIHIOETHCS, TIajjae. 30UIbIICHHS! TOBIIMHU mapy Ta mpu3BOAUTH A0 3POCTaHHS
E.. BukoHaHo po3paxyHKH poO3NOAUTIB 103 MO TNIMOMHI MOJIETUIEHY, CTBOPIOBaHI
I'B, magatounm Ha MOBEpXHIO OO0'€eKTa MmiJ pi3HUMU KyTaMH. [loka3zaHo 1m0 KyTH
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MaJ{iHHS 1 BIAMNOBIIHI UM KyTax crnekTpu ['B BminBaioTh Ha BUJ pO3NOALTY A03U MO
MIMOUHI TOMIETUIIEHY, 1[0 ONPOMIHIOETHCSI. BUKOPUCTOBYIOUM METOIUKY, 3aMpOoIo-
HOBaHY aBTOPAMH, BUKOHAH1 PO3PaxXyHKHU J1030BUX PO3MOAUIIB IPU JBOCTOPOHHBOMY
OMPOMIHEHHI rajJbMIBHUM BUIPOMIHIOBaHHSM BiJ] IPOTSKHOTO KOHBepTepa. [lokaza-
HO, 110 PO3MOJLT 03U MO FIMOMHI MOJIETUIEHY 3aJeXUTh BiJ 1HTepBaidy KyTiB ['B
MaJaroyoro Ha 00'eKT JJIS 3alaHUX MapaMeTpiB KOHBepTepa. BuzHaueHo onTuMasibHi
napamMeTpu KOHBepTepa 1 iHTepBanu KyTiB ['B, mpu sikux MakcumanabHa TOBLIMHA
MOJIIETUJIEHY (JBOCTOPOHHE OMPOMIHEHHS ) Ipu 3agaHoMy 3HaueHH1 DUR.

P.17. RADIATION STIMULATION OF THE CATALYTIC ACTIVITY OF
ZIRCONIUM DIOXIDE NANOPARTICLES DURING THE CONVERSION OF
HYDROCARBONS
N.P. Dikiy, Yu.V. Lyashko, O.P. Medvedeva, D.V. Medvedev
NSC KIPT, Kharkiv, Ukraine
E-mail: ndikiy@kipt.kharkov.ua

The development of effective catalysts for a higher yield of low-molecular-weight
products in the conversion of hydrocarbons should be associated with the actively
developing area of nanotechnology, in particular, based on metal nanooxides in an
activated state. Despite the variety of available opportunities in this direction, our
proposed scheme for the direct catalytic oxidation of hydrocarbons to oxygen-
containing products, such as alcohols, ketones, aldehydes, etc., in the presence of na-
noparticles (NPs) of zirconium dioxide can be highly practical. The mutual enhance-
ment of the action of two factors - a high concentration of active centers on the NP
surface and large ionization losses of Auger electrons in the activated state should
lead to an increase in the catalytic activity of this catalyst. Irradiation of the samples
with bremsstrahlung radiation on the linac (E = 22 MeV, | = 500 microA) led to the
activation of Zr according to the reactions *°Zr(y,n)*zr, *zr(y,n)*Zr. Auger electrons
with energies of 1.91 (78.6%) and 12.7 (19.2%) keV assist the decay of *Zr. The cat-
alytic activity of the initial and g-activated ZrO, NPs in the conversion of hydrocar-
bons was being estimated from the optical density products, which were given off
emanated in the range from 200 to 600 nm. It is shown that in all reactions a higher
and faster yield of low-molecular hydrocarbon products (at lambda = 245, 280, 325,
395 nm) is found due to an increase in the catalytic activity of ZrO, after g-activation.
The observed effect can be explained by the high ionization losses of Auger electrons
from the ®2Zr isotope, as well as by the chemisorption of oxygen O,— on the catalyst
surface.

PAIIALIIMHA CTUMYVYJISLIS KATAJITUYHOI AKTUBHOCTI
HAHOUYACTHHOK JJIOKCUJY LIMPKOHIIO B ITIPOIIECAX KOHBEPCII
BYT'JIEBOJIHIB
M.II Jluxuu, FO.B. Jlawxo, O.I1. Medseoesa, JI.B. Medseoes
HHI] X®TI, Xapxis, Yxpaina
E-mail: ndikiy@kipt.kharkov.ua

Po3pobOka epexkTUBHUX KaTad13aTOPIB JJIsl OUIBII BUCOKOTO BUXOAY HU3BKOMOJIE-
KYJISIpPHUX MPOAYKTIB MPU KOHBEPCIi BYIJIE€BOJAHIB MOXke OyTH MOB'i3aHA 3 HOBUM Ha-
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MPSIMKOM HAaHOTEXHOJIOT1#, 30KpeMa, Ha OCHOBI HAHOOKCH/IIB METaJiB B aKTUBOBAHO-
My cTaHl. He3Bakarouun Ha pI13HOMAHITTS HasBHUX MOXJIMBOCTEN B I[bOMY HAINPSMKY,
BHUCOKY NPAKTUYHY peai3aliio MpeACTaBise CXeMa MPSMOro KaTaJiTUYHOI'O0 OKHC-
JICHHS BYTJIEBOJHIB HA TaKl MPOJIYKTHU, K CIIUPTH, KETOHH, AJIbAETIAN Ta 1H. B IPUCY-
THOCTI BUXIJTHMX Ta aKTUBOBaHUX HaHOo4YacTUHOK (HY) miokcuay mupkoHito. B3aemue
MOCWJIEHHA A1i IBOX (paKTOPIB - BUCOKOI KOHLEHTpaIlli aKTUBHUX IIEHTPIB Ha MOBEP-
xH1 g-aktuBoBaHuX HY ZrO, Ta Benukux ioHi3amiiHuX BTpaT OxKe eIEeKTPOHIB MOXKE
MIPUBECTH 0 MIJABUIIEHHS KaTaJITUYHOI aKTUBHOCTI JAaHOTO KaTaiizaropa. Omnpomi-
HEHHs 3pa3KiB TajlbMIBHUM (Q-BunpoMiHioBaHHsM Ha JIIE (E = 22 MeB,
| = 500 MKA) mpuBOAWIO 40 aKTHBaLil Zr mo peakuisx -~ Zr(y,n)*°Zr, *°Zr(y,n)*zr.
Osxe enexktponu 3 enepriero 1,91 (78,6%) i 12,7 (19,2%) xeB cnpusiots po3namy
%9Zr. Karanitiuna akTuBHIiCTh BUXinHuUX Ta g-aktuBoBanux HY ZrO, B KoHBepcii By-
IJIEBOJHIB OLIHIOBAJacs MO ONTHYHIA IIUIBHOCTI BUJAUICHUX MPOAYKTIB B Jlana3oHi
Bix 200 go 600 um. [lokazaHo, 10 y BCIX pPEaKI[isiX BUSBISETHCS OUIbII BUCOKHUM 1
MIBUAKUN BUX1 HU3bKOMOJEKYJISIPHUX BYTJIEBOAHUX MPOAYKTIB (pu amOa = 245,
280, 325, 395 HM) 3a paxyHOK MIJBUIICHHS KaTaTITUYHOT aKTUBHOCTI J-aKTUBOBAHUX
HY ZrO,.0Onepxxanuii pe3yabTaT MOXHA MOSCHUTH BHUCOKUMH 10HI3AI[ITHUMU BTpa-
tamu OsKe CIEKTPOHIB Bl i30Tormy “°Zr, a TakoK XeMocopOIieio KucHIO Op- Ha MO-
BepxHi katanizatopa HY ZrO,.

P.18. THE USE OF HIGH-CURRENT LINAC FOR DETERMINATION THE
*Ca/*®Ca ISOTOPE RATIO IN CORRELATION WITH ANOTHER ELEMENTS
IN DIFFERENT HUMAN PATHOLOGIES

N.P. Dikiy, Yu.V. Lyashko, O.P. Medvedeva, D.V. Medvedev
NSC KIPT, Kharkiv, Ukraine
E-mail: ndikiy@kipt.kharkov.ua

Determination of the “*Ca/*®Ca isotopic ratio in correlation with essential and tox-
ic elements in biological objects can be as additional test in the diagnosis, therapy,
and prevention of various human diseases. This test will make it possible to establish
an unbalance of synergists and antagonists elements in the early stage of bone tissue
diseases in children, in a tumor process, as well as in various environmentally de-
pendent diseases.The objects were activated on the linac with E = 22 MeV, | =
150 pA. The intensities of the y-spectra lines on the Ge(Li)-detector with an energy
resolution of 3.2 keV at the 1333 keV line were used to estimate the isotopic ratio
“Cal*®Ca and other elements. To solve these problems, nuclear reactions were used
Ca(y,n)‘”Ca— U 44Ca(y,p)43K, BSZn(y,p)67Cu, 204Pb(y,n)203Pb, 127|(y’n)126|’
%07r(y,n)**Zr, *®Ni(y,n)>’Ni. The detection limit for determining the content of ele-
ments was 0.1...1 pg/g. The results obtained on the determination of the *Ca/*Ca
isotopic ratio made it possible to establish the intensity of Ca*" circulation through
the cell membranes. lon Ca?* is the main universal mediator of bioregulatory signals
in the cell. An increase or decrease in the near-membrane Ca®* concentration repre-
sents a long-term calcium signal, which significantly alters the intracellular control
cascades, contributes to the disruption of the membrane barrier function for Ca ions,
which transmit signals from outside. Such parameters of gamma activation analysis
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as multielement, high sensitivity, and proximate analysis in the correlation of the
“Ca/*Ca isotopic ratio with the content of other elements, as well as with the results
of clinical, biochemical, and physical indicators, made it possible to monitor the state
of bone tissue in a significant mass of inhabitants of the Kharkiv region, depending
on the epidemiological and ecological situation, as well as a differential diagnosis of
some oncological diseases.

BUKOPUCTAHHS MIOTYXXHOCTPYMOBUX JITIE U1 BUBHAUEHHS
[30TOITHOI'O BIZIHOIUEHHS *Ca/**Ca B KOPEJIALII 3 IHIIMMU
EJIEMEHTAMM [IPU PI3HIX TATOJIOTISX JIFOIMHUA

M.IT. Jluxuii, FO.B. Jlawxo, O.I1. Meoseoesa, JI.B. Meoseoes
HHI] X®TI, Xapxie, Yxpaina
E-mail: ndikiy@kipt.kharkov.ua

BusHaueHnHs 130TONHOTO BIHOIIEHHS Mca®Ca s KOpEJAIii 3 eCCeHIIaTbHUMH 1
TOKCUYHUMU €JIEMEHTaMH B 01000'€KTax MOXE 3'IBUTHCS JTOJIATKOBUM TECTOM B Jlia-
THOCTHII, Tepanii Ta npoUIaKTUIll PI3HUX 3aXBOPIOBaHb JIOAMHU. JlaHU# TecT mo-
3BOJIUTh BCTAHOBUTU JTUCOANAHC €JIEMEHTIB CHMHEPTiICTIB Ta aHTAroHICTIB MpH paH-
HHbOMY BUHUKHCHHI MOPYIICHBb KICTKOBOT TKAHUHU Y JiTEH, MPU IMyXJIMHHOMY TPOIIC-
Cl, @ TAKOX IPH PI3HUX EKOJOTTUHO 3aJIC)KHUX 3aXBOPIOBAHHAX. AKTHBAIlisI 00'€KTIB
nposeneHa Ha JIIIE 3 £ =22 MeB, | = 150 MxA. [1o iHTEeHCUBHOCTI JIiHIN Y-CIIEKTPIB
Ha Ge(Li)-merekTop 3 eHepreTuuyHuM po3aiaeHHsM 3,2 keB mo minii 1333 keB, otpu-
MaH1 OI[IHKHU 130TOMHOI'O BIIHOIIEHHS #Ca/*®Ca 1a iHmMX eneMeHTiB. Jlns BupiieH-
HSI LIMX 3aBJjaHb OYJIM BUKOpPUCTaHi syiepHi peakuii “°Ca(y,n)*'Ca - *'Sc, **Ca(y,p)**K,
SSZn(Y,p)67CU, 204Pb(y,n)203Pb, 44C&(y,p)43K, 127|(y’n)126|’ QOZr(y,n)Eﬁgzr, 58Ni('y,n)57Ni.
Mexa BUSIBICHHS TPY BU3HAUYEHHI BMICTY elleMeHTiB ckiagae ~ 0,1...1 Mxr/r. Otpu-
MaHi pe3yJbTaTH IO BU3HAYCHHIO 130TOIMHOTO BITHOIICHHS “ca/*®Ca JTO3BOJIMIIN
BCTAHOBUTH iHTCHCHBHICTS rupkysusinii Ca®* uepes mem6pann kiitus. lor Ca®" € oc-
HOBHHUM YHIBEPCAIbHUM IMOCEPEAHUKOM O10pETyISITOPHUX CUTHATIB B KiiTuHi. 301-
JIbIICHHS 200 3MCHIICHHS [IPH MeMOpaHHOI KoHnenTpanii Ca®* siBisie o600 TpuBa-
JUN  KaNbI[IEBHM CHUTHAN, SIKMA CYTTEBO 3MIHIOE€ BHYTPINTHBOKIITHHHI KacKaJH
YHIZ)aBJ'IiHHH, a TaKOX CHpHsie TIOpPYIICHHIO Oap'epHOI QyHKII MemMOpaH 1Sl 10HIB
Ca”". Taki mapaMeTpy raMa-aKTUBALiHOTO aHAIli3y K 6araToeleMeHTHICTh, BUCOKA
QY TIUBICTH i EKCIPECHICTD B KOpeIsLii 3 i3otomamuM BinHomeHHsM *'Ca/*Ca 3 BMic-
TOM IHITUX €JIEMEHTIB, a TAKOXK 3 pPe3yJbTaTaMu KIIHIYHUX, O10XIMIYHUX 1 (PI3UUHUX
MOKA3HHKIB, JTO3BOJIMIM MTPOBECTH MOHITOPUHT CTaHY KICTKOBOi TKAHWHU Y 3HAYHOTO
MacCHBY KHTeJiB XapKiBCHKOTO PETiOHY B 3aJICKHOCTI BiJ €MiIEMIOIOTIYHOT Ta €KO-
JoTi9HOT 0OCTAaHOBKH, a TAKOXX MOHITOPUHT MU(EpPEeHITiaTbHOT JIarHOCTUKHU JEIKUX
OHKOJIOT1YHUX 3aXBOPIOBAHb.
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P.19. POLARIZATION OF DIFFRACTION RADIATION FROM THE CHARGED
PARTICLE AND THE BUNCH OF PARTICLES ON THE METAL SPHERE

N.F. Shul’ga', V.V. Syshchenko?®, A.l. Tarnovsky”
INSC KIPT, Kharkiv, Ukraine;
“Belgorod State University, Belgorod, Russian Federation
E-mail: tarnovsky@bsu.edu.ru

A method has been previously proposed for describing the diffraction radiation of
the charged particle on the conductive sphere based on the method known from elec-
trostatics. The developed approach was successfully used to calculate the polarization
of the radiation. In the present report we offer a method for determining the azimuth
of a trajectory of the moving particle relatively the center of the sphere using a single
po-larization-sensitive detector for the radiation emitted in some preselected direc-
tion. The polarization of coherent radiation produced on the sphere by a bunch of par-
ticles is also considered. It is shown that the registering of the polarization of radia-
tion permits evaluation of the positions of the edges of the bunch in respect to the
center of the sphere.

P.20. FACILITY AND RESEARCHES RESULTS OF THE FRICTIONAL
CHARACTERISTICS OF THE PAIR METAL —-IRRADIATED CERAMICS
V.1. Butenko, S.M. Dubniuk, O.F. Dyachenko, O.V. Manuilenko,
K.V. Pavlii, B.V. Zajtsev
NSC KIPT, Kharkiv, Ukraine
E-mail: kvint@kipt.kharkov.ua

The technique and facility for studying of frictional characteristics of the pair
metal — irradiated ceramics is developed. Parameters of samples irradiation on the
linear accelerator of helium ions with energies 0.12 and 4 MeV are resulted and sam-
ples from TiO, and Al,Os are irradiated at a beam energy of 0.12 MeV. For the irra-
diated samples profiles of damageability and distribution of target atoms along of he-
lium ions range and as dispersion factors are calculated and dependences of the
sprayed atoms quantity along of ions range are resulted. Calculations on change of
samples superficial density (0...200 A) are made. The experimental results, concern-
ing dependences of a sliding friction factor on the cycles quantity, temperature and
irradiation doses are presented. At temperature 200°C a sliding friction factor is less,
than at 20°C. The irradiation leads to increase of a friction factor. From the spent cal-
culations and microscopic researches follows that on a surface of the irradiated sam-
ples there is a metallization of structure atoms in connection with dissociation Al,O3
and TiO, to the subsequent mutual carrying over of metals and their connections.
These processes on the one hand increase of ceramics wear resistance, on the other
hand — increase of a friction factors at the expense of more viscous metal connections
interaction. Occurrence of ceramic samples roughness and swelling ceramics as in-
fluences on frictional characteristics of the pair metal —irradiated ceramics.
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YCTAHOBKA TA PE3YJIbTATH JOCIIIXEHb ®PUKITMHUX
XAPAKTEPUCTHUK [TAPU METAJI-OITPOMIHEHA KEPAMIKA

B.1. Bymenxo, C.M. /[y6niok, O.®. /[bsuenxo, b.B. 3atiyes,
O.B. Mawnyiineuxo, K.B. [lasniti
HHI] XDTI, Xapxie, Yxpaina
E-mail: kvint@kipt.kharkov.ua

Po3po0neHo MeToIMKy Ta yCTAHOBKY AJII BUBUEHHSA (QPUKLUIMHUX XapaKTEPUCTHK
napy MeTaja — onpoMiHeHa Kepamika. HaBeneHo mapameTpu onpoMIHEHHS 3pa3KiB Ha
JIHIHHOMY MPUCKOPIOBayi 10HIB renito 3 eneprisimu 0,12 14 MeB Ta onpomineHo 3pa-
3ku 3 Ti0; 1 Al,O3 npu eneprii nyuka 0,12 MeB. Jlyist onpomiHeHUX 3pa3KiB po3pa-
XOBaHO Mpo( il MOLIKOKYBAHOCT1 M pO3MOJUTY aTOMIB MillIeH1 B3/I0BXK MpoOIry io-
HIB TeJIiio, a TAKOXK KOE(IIEHTH PO3MUIICHHS 1 HABEICHO 3aJ€KHOCTI KIJTBKOCTI pO3-
NWICHUX aTOMIB y3JI0BX MPOOIry 10HiB. 3p00JIeHO pO3paxyHKH IIOJ0 3MIHEHHS IO-
BepxHeBoi ryctunu (0...200 A) spaskis. IlogaHO eKcHepUMEHTalbHI Pe3ydbTaTu
II0JI0 3aJIEKHOCTI KoedillieHTa TepTs KOB3aHHS BiJl KUIBKOCTI IIMKIIIB, TEMIEPATypH
i1 no3u onpominenHs. [Ipu Temnepatypi 200°C koedilieHT TEPTs KOB3aHHS MEHIIIE,
Hik mipu 20°C. OnpoMiHEHHS MPU3BOJIUTH 10 30UIbIIeHHS KoedimieHTa TepTs. I3
IIPOBEJACHUX PO3PAXYHKIB 1 MIKPOCKOIIIYHHUX JOCIIXKEHb BUILJIUBAE, 10 HA MMOBEPXHI
ONPOMIHEHUX 3pa3KiB B1AOYBa€TbCA MeTalli3allisi aTOMIB CTPYKTYpH Yy 3B SI3KYy 3 JTH-
comiariero Al,O3 ta TiO, 3 HaCTYITHUM B3a€EMHHUM MEPEHOCOM METAJIIB 1 iX 3’€/IHAHb.
i mporiecu 3 0JTHOTO OOKY 301LIBIIYIOTh 3HOCOCTIMKICTh KEPaMiKH, 3 1HIIOTO OOKY —
30UTBIIYIOTh KOC(IIIEHTH TEepTS dYepe3 B3aeMOJii OUIBIIT B’SI3KHMX MeETaJeBHUX
3’eHaHb. [losBa MIOPCTKOCTI KEPaMIUYHUX 3pa3KiB 1 pO3IMyXaHHs KE€paMiKH TaK CaMo
BILTMBA€E Ha QPUKIIIITHI XapaKTEPUCTUKHU TTapU METAJI — OIIPOMiHEHa KepaMika.

P.21. SOME RESULTS OF RESEARCH OF CHEMICAL PROCESSES IN THE
SUPRECRITIC CONVECTIONAL WATER LOOP UNDER ELECTRON
EXPOSURE

O.l. Azarov, O.S. Bakai, V.M. Boriskin, V.O. Bocharov, Yu.V. Gorenko,
M.O. Dolzhek, V.O. Momot, V.I. Solodovnikov, V.Yu. Titov, G.M. Tsebenko,
V.V. Churikov, S.V. Shelepko
NSC KIPT, Kharkiv, Ukraine
E-mail: bocharov@kipt.kharkov.ua

The specific heat of water at the critical point increases abruptly and therefore su-
percritical water (SCW) can effectively cool a nuclear reactor, it would be promising
to use SCW in nuclear energy. However, at high temperatures and due to radiolysis in
which, along with hydrogen, oxygen, free electrons, hydrogen peroxide and free radi-
cals are formed, SCW has increased corrosion activity. A convection loop with an ir-
radiation chamber was used to study the properties of SCW in order to select struc-
tural materials. The internal volume of the loop was 3.8 liters. In the circulating irra-
diated water the pH value and oxygen content decreased, the electrical conductivity
and chromium content increased to 20...26, copper 39...62, iron 200...500, manga-
nese 12...15, nickel 15...23 ug/l. The behavior of chromium differs from the behav-
ior of other metals-components of stainless steel due to the formation in the oxidizing
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medium of easily soluble Cr (VI), and its content is almost the same in all samples of
deposits on the inner surface of the loop. The conversion of ethyl alcohol, from which
ketones and esters are mainly formed, was also researched. The use of SCW in nucle-
ar energy requires further corrosion research and the study of chemical transfor-
mations of substances under the influence of radiation.

JEAKI PE3VJIBTATU JOCJI/PKEHD XIMIUYHUX ITPOLIECIB ¥V
HAJIKPUTUYHIN KOHBEKIIMHIM BOAHIN ITETJII [TPU OITPOMIHEHHI
EJIEKTPOHAMUA

O.1. Azapos, O.C. bakaii, B.M. bopuckin, B.O. bouapos, FO.B. [ openxo,
M.O. Jlonxncex, B.O. Momom, B.1. Conoooenixos, B.IO. Timos, I'"M. [[ebenxo,
B.B. Yypikos, C.B. lllenenko
HHI] X®TI, Xapxie, Yxpaina
E-mail: bocharov@kipt.kharkov.ua

[TuTomMa TENmI0EMHICTh BOJIU B KPUTHUYHIN TOUIIl CTPUOKOMOAIOHO 30UIBIIYETHCS 1
tomy HajgkputnuHa Boja (HKB) Moxe epeKTHBHO 0XO0JIO/KYBATH SICPHUIN PeakTop,
O0yno 6 nmepcrnexktuBHO BukopuctoByBatd HKB B simepniii enepretuni. OgHak mnpu
BUCOKI TeMIiepaTypi 1 3a paxyHOK paJiioii3y MpH sIKOMY MOpPSJ 3 BOJHEM, KUCHEM,
BUILHUMU €JICKTPOHAMH YTBOPIOETHCS MEPOKCH]T BOAHIO 1 BUTbHI pagukanu, HKB mae
MiABUILEHY KOpO3iiiHy akTUBHICTH. s mocmimkens Biaactuocteit HKB 3 meroro
BUOOPY KOHCTPYKIIIHHUX MaTepianiB Oyjia BUKOpHCTaHA KOHBEKIIIIHA METJIS 3 KaMe-
poro onpoMiHeHHs. BHyTpimHii 00'em meTm ckiaB 3,8 7. YV HUPKYITIOHY0i OIpoMi-
HIOBAHOI BOJII 3HMKYBAJIOCS 3HaU€HHS pH Ta BMICT KHCHIO, MIJBUIIYBAIACS €IEKTPO-
IMPOBIAHICTH 1 BMICT XpoMy a0 20...26, miai 39...62, 3amiza 200...500, mapranirto
12...15, nikenro 15...23 mkr/n. IloBeainka XpoMy BiIpi3HAETHCS Bil MOBEIIHKH 1H-
IIIMX METATIB-KOMIIOHCHTIB HEPKaBir0YOI CTaNIl 3a paXyHOK YTBOPEHHS B OKHCIIFOBa-
JpHOMY cepenoBuilli Jierkopo3zunnuoro Cr (VI), 1 10ro 3MICT NpaKTHYHO OAHAKOBUIA
B yCiX 3pa3Kkax BiIKJIaJICHb Ha BHYTPINIHIA MOBEepxHI MeTai. JIoCHiKyBalu TaKOXK
NEPETBOPEHHSI €TUJIOBOTO CIHUPTY 3 SIKOTO B OCHOBHOMY YTBOPIOIOTHCS KETOHU 1
cknasHi edgipu. s Bukopucranas B saepHii enepreruni HKB nmotpidHe momanpiie
MPOBEJICHHS KOPO3IMHUX JOCHIIKEHb 1 BUBYEHHS XIMIYHUX TEPETBOPEHb PEUOBUH
I 1€F0 pajiarii.

P.22. VECTOR PROTON-BEAM WRITING SYSTEM

H.E. Polojiy, A.G. Ponomarev, S.V. Kolinko, V.A. Rebrov, V.F. Salivon
Institute of Applied Physics, Sumy, Ukraine
E-mail: polojiy_ge@ipflab.sumy.ua

Proton-beam writing gives the possibility to form small-sized structures of
polymeres and other materials directly from computer-set pattern. But raster scan-
ning, usually used in proton-beam writing, gives “pixel” artifacts, especially on
curved and diagonal parts of the structures, and is hard to scale. To make microstruc-
ture lines smoother and litography scalable, an upgrade of proton-beam litography
channel management software was made in the proton-beam accelerator facility
&quot;Sokil&quot; at the Institute of applied physics NAS Ukraine in Sumy. E-beam
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microscope investigation of fabricated microstructures shows already the superiority
of vector litography over raster method. Scaling has almost no effect on lines' quality
including curves and the lines are much smoother than on the structures fabricated
with raster method.

CUCTEMA BEKTOPHOI ITPOTOHHOI JIITOI'PADIT

€. Honoxciu, O.I'. Ilonomapwvos, B.A. Peopos, C.B. Koninvko, B. @. Canigon
Inemumym npuxnaonoi ¢izuxu, Cymu, Yrpaina

E-mail: polojiy_ge@ipflab.sumy.ua

[Iporonna mitorpadis nae 3Mory ¢GopMmyBaTH MajJoOpO3MipHI CTPYKTYpU 3
NoJiiMepiB  Ta IHIIMX MaTepialiB Oe3rnocepeHbO 3a IIa0JOHOM, 3aJaHuM 3
KOMIT I0Tepa. AJie CKaHyBaHHS 3a pacTpoOM, SIKE€ 3a3BMYail 3aCTOCOBYETHCS B IPOTOH-
Hill JiTorpadii, cTBOproe “mikcenpH1” apredaxTd, 0cOOIMBO Ha KPUBHX Ta Jiaro-
HaJIbHUX JUITHKAX CTPYKTYp, @ TaK0X MOraHo miajnaerbcs macmTabyBanHio. 11[o0
3pOOUTH JiHIT MIKPOCTPYKTYp IUIABHUMU Ta JiTorpadito macimrtaboBaHoio, B [HCTH-
TyTi npukiaaHoi ¢izuku HamionanbHoi akaaemii Hayk Ykpainm B Cymax Oyio
3M1ICHEHE BJIOCKOHAJIEHHS MPOTPAMHOTO 3a0e3MeUYeHHs], IKe Kepye 00JIaIHaHHAM Ka-
Hany mnpotoHHoi umitorpadii nHa AIIK “Cokin”. JloCHiKeHHS OTpUMaHHX
MIKPOCTPYKTYp Ha €JIEKTPOHHOMY MIKPOCKOII BXE MOKa3ye CYTTEBY NEpeBary BeK-
TOpHOi Jjitorpagii Haja pacTpOBOIO: MacIITa0yBaHHS NPAKTUYHO HE BIIJIMBAE Ha
SIKICTB JIIHI1H, B TOMY YHCJI1 KpUBHUX 1 caMi JIiHIT € 3HAYHO IJIAaBHIIIIUMH, HIXK Ha CTPYK-
Typax, BUTOTOBJIEHUX PACTPOBUM METOJIOM.

P.23. COMPARISON OF PARAMETERS OF PLASMA GUNS OF COAXIAL
TYPE FOR ACCELERATING EQUIPMENT

D.V. Vinnikov, V.V. Katrechko, V.B. Yuferov, V.l. Tkachev,
S.0. Petrenko, V.T. Fomin
NSC KIPT, Kharkiv, Ukraine
E-mail: katrechko1609@gmail.com

Plasma guns (PG) of the coaxial type have become widespread as plasma injec-
tors for creating a plasma jumper in high-current electronic accelerators with induc-
tive energy storage. The opening of the plasma jumper leads to a multiplication of the
output pulse voltage and the subsequent generation of RF and microwave radiation.
The voltage multiplication factor largely depends on the stability of the parameters of
the plasma flows generated by GHG. Such parameters of primary interest include:
plasma flow rate, ion lifetime, density, temperature and composition.To study the op-
eration of PG with different geometry of electrodes and dielectric materials, in the
“NSC KIPT” created a stand “NRS-PG”. In this work, two designs of PG coaxial
type were considered: RF cable with polyethylene insulation with a diameter of 10
mm and a design with a copper rod and a removable dielectric from a fluoroplastic
ring with a diameter of 22 mm. In the course of the work, experiments were per-
formed to determine the discharge currents and PG voltages at different parameters of
the primary circuit - the discharge circuit. The intensity and duration of the outbreak
of plasma fluxes generated in the IR and the visible radiation range are determined. A
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frame-by-frame scan of the discharge flow in the vacuum chamber is obtained. The
“imprint” of the plasma flow at different distances from the injection surface is taken.
Spectral analysis of the composition of the discharge plasma: by elements and ion
charges. It is concluded that the advantages of using guns with a larger dielectric
emission area.

I[HOPIBHAHHA ITAPAMETPIB INUNIASMOBUX 'APMAT KOAKCIAJIBHOI'O
TUITY J1JI9 TIPUCKOPIOBAJILHOI TEXHIKHA

/l.B. Binnixos, B.B. Kampeuxo, B.b. IOgepos, B.1. Tkauvos,
C.O. llempenko, B.T. ®omin
HHI] X®TI, Xapxie, Yxpaina
E-mail: katrechko1609@gmail.com

[Tnasmosi rapmatu (ITI") koakciaapbHOro THUNY HAOYJIH HIMPOKOTO MOIIMPEHHS B
SIKOCT1 THXEKTOPIB IUIa3MH JUIsl CTBOPCHHS TUIa3MOBOI MIEPEMHYKHU B MOTYKHOCTPY-
MOBHX €JICKTPOHHHUX MPUCKOPIOBaYax 3 iHAYKTHBHUM HaKolMMUYyBadeMm eHeprii. Pos-
MUKaHHS IJIa3MOBOI IMEPEMUYKH MPU3BOJUTH JO MHOXKEHHS HAIPyTH BHXITHOTO M-
nynbscy 1 HactynHoi renepanii BU 1 HBY BunpomintoBanus. KoedilieHT MHOKEHHS
Harpyru 0arato B 4OMY 3aJI€KUTh Bij] CTA0LILHOCTI MapaMeTPiB IJIa3MOBUX MOTOKIB,
mo redepyrotbes [17. Jlo Takux mapameTpiB, SKi IPEACTABISIOTH NEPIIOYSPTOBUI
1HTEpeC, BIAHOCATHCS: MIBUAKICTh MOIMIKUPEHHS MJIA3MOBOTO TIOTOKY, Yac KHUTTS 10HIB,
IIUTBHICTB, TeMIIepaTypa 1 ckian. s nociimkernus podotu [N 3 pisHOIO TeoMeTpi-
€0 enektponiB 1 matepianiB mienektpuka, B HHI[ XDTI crBopenuit crenn “HIC
III"™. PosramsanyTto nBi koHcTpykili 1" koakciansHoro THNy: PK xabens 3 momietuie-
HOBOIO 130JisA11i€r0 aiamMeTpoM 10 MM 1 KOHCTPYKIliA 3 MIITHUM CTPUXKHEM 1 3HIMHUM
TIEJNEKTPUKOM 3 (PTOPOIUIACTOBOTO KUIbI AiameTpoMm 22 mM. [IpoBeaeHo excrepu-
MEHTH T10 BH3HAYEHHIO PO3PSAHUX CTpyMiB 1 Hampyr III' mpu pisHHX mapameTpax
NEPBUHHOTO KOHTYPY — PO3PSIHOrO KoJia. Bu3Ha4eHO 1HTEHCHUBHICTH 1 TPUBAJICTh
criajaxy IUIa3MOBHX IOTOKIB, IO CTBOPIOIOTHCA B IYU 1 BUaMMOMY [iama3oHi BH-
npoMiHIOBaHHs. OTpUMaHO MOKAAPOBY PO3TOPTKY MPOTIKAHHS PO3PAIIB Y BaKyyMHIN
KaMmepi. 3HATHH “BiIOMTOK’ TUIa3MOBOTO MOTOKY Ha PI3HHUX BIJICTaHSAX BiJl MMOBEPXHI
imkekii. [IpoBeneHo crnekTpanbHU aHami3 CKIaAy pO3pSAHOI TIa3MU: 3a eJIeMEeH-
TaMU Ta 3apsiiamMu 10HIB. 3p00JIEHO BUCHOBOK PO MepeBaru BUKOPUCTAHHS rapMar 3
OUTBIIIOO TUTOMICIO EMICIT JTIeTIeKTPUKA.

P.24. GAS DISCHARGE PLASMA FOR AN ACCELERATOR BASED ON A
PLASMA-FILLED DIODE

E.l. Skibenko, A.N. Ozerov, V.B. Yuferov
NSC KIPT, Kharkiv, Ukraine
E-mail: ozerov@kipt.kharkov.ua

Gas-discharge plasma in a Penning cell is used in a number of technical devices
for solving problems in various fields. These are the physics of atomic and electronic
collisions, plasma physics, vacuum technology, accelerator technology, and applied
plasma technologies. In some cases of experimental practice, additional requirements
arise for the parameters and properties of the gas-discharge plasma used. In particu-
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lar, when electron accelerators based on a plasma-filled diode were created. These
requirements are reduced to maintaining the homogeneity and purity of the gas-
discharge plasma and reducing the amount of impurities. Therefore, a search is under
way for ways to exclude the entry of impurities into the discharge gap of the plasma
current switch of the accelerator. That is, plasma sources that do not contain carbon,
copper and other impurities in precipitation. At a plasma sounding frequency of
37.5 GHz, the values of the maximum and average plasma density were experimen-
tally determined. The characteristic times of the formation and existence of the gas-
discharge plasma as a function of the discharge parameters are determined.

I'A30PO3PAJHA IVIASMA JJIA ITPUCKOPIOBAYA HA OCHOBI
ITJTASMOHAITIOBHEHOI'O AIOA

€.1. Cxibenxo, O.M. Ozepos, B.b. FOgepos
HHI] X®TI, Xapxie, Yxpaina
E-mail: ozerov@kipt.kharkov.ua

["azopo3psana miazma B ocepenky [IeHHIHTa BUKOPUCTOBYETHCS B PsIIl TEXH1Y-
HUX TMPUCTPOIB, JUIsl BUPIMICHHS 3aBlaHb B TaKWX 00JacTsX, K (i3uKa aTOMHHX 1
€JIEKTPOHHUX 31TKHEHb, (i3HKa IJIa3MH, BAKYYMHA T€XHIKa, IPUCKOPIOBAJIbHA TEXH1-
Ka, a TaKOX B MPUKIATHUX TUIA3MOBUX TEXHOJIOTIAX. Y JACAKUX BUITAJIKAX SKCIEPH-
MEHTAJIBHOI MPAKTUKKA BUHUKAIOTH JOJATKOBI BUMOTH JI0 TApaMETPIiB 1 BIACTUBOCTEH
BUKOPUCTOBYBAHOI Ta30pO3PSIHOI TUIa3MHU, 30KpeMa MpPH CTBOPEHHI EJIEKTPOHHUX
IIPUCKOPIOBAYIB HA OCHOBI IJIA3MOHANIOBHEHOTO Aiojaa. L{i BuMOru 3BoAsITHCA 10 30€-
PEXEHHS OJTHOPIAHOCTI 1 YUCTOTH Ta30pO3PSAHOL IJIa3MU 1 3HMKEHHS KUTBKOCT1 J10-
MiIoK. ToMy BeJeThCsl MONIYK MIISAX1B, 0 BUKIIOYAIOTh HAJIXOJDKEHHS TOMIIIOK B
PO3PSIAHUIM MPOMDKOK TJIa3MOBOTO KOMYTAaToOpa CTpyMy MpHCKOpIOBaya, TOOTO BH-
KITIOYa€ JDKEpelia Miia3Mu, 10 MICTATh B OMajax BYTJIellb, MiJb 1 1HII gqominrkd. Ha
4acTOT1 30HyBaHHS 11a3MoBoro yreopeHnus 37,5 I'T'1 ekcriepuMeHTanbHO BU3HAYCH]
BEJIMYMHNA MaKCUMAaJbHOI 1 CepeHbOI MIUTRHOCTI IJIa3MH, XapaKTepH1 Yacu BiITBO-
PEHHS 1 ICHYBaHHS ra30pO3PsIHOT IJIa3MU Bijl mapaMeTpiB po3psIy.

P.25. GATED INTEGRATING CURRENT-VOLTAGE CONVERTER FOR
MEASURING LOW CURRENTS

G.P. Vasiliev, S.K. Kiprich, A.A. Kapliy, G.D. Kovalenko, N.I. Maslov,
V.D. Ovchinnik, S.M. Potin, M.Yu. Shulika, I.N. Shliakhov, V.I. Yalovenko
NSC KIPT, Kharkiv, Ukraine
E-mail: shlyahov@kipt.kharkov.ua

Developed and created a universal gated integrating current-voltage converter for
measuring the value of the secondary emission current or the current of accelerated
electrons. The use of modern microcircuits for analog switches in the integrating
converter makes it possible to use it for measurements on ccelerators with continuous
and pulsed beams. The converter has two independent measurement channels. The
conversion factor of the first channel is 1 V/uA, the second one is 1 V / nA. The
range of measured currents, for the first channel from -5 to + 5 pA, the second from -
5to + 5 nA. To control the integrator, process the output signals of the converter and

94



communicate with the computer, an Atmega328 microprocessor is used, which is part
of the unit. The software is written using the WinAVR package which has a General
Public License. Data transfer between the computer and the unit is carried out via the
USB interface.

CTPOBOBAHUI IHTET PYIOUMI ITEPETBOPIOBAY CTPYM-HAIIPYT A
JUISL BUMIPIOBAHHA MAJIMX CTPYMIB

I'Il. Bacunves, C.K. Kinpiu, O.A. Kanniu, I'/]. Kosanenxo, M.I. Macnos,
B.JI. Osuunnux, C.M. [lomin, M.FO. [llynixa, I M. [llnaxos, B.1. nogenxo
HHI] X®TI, Xapxie, Yxpaina
E-mail: shlyahov@kipt.kharkov.ua

Po3po0sneHo 1 CTBOpPEHO yHiBepcalbHUM CTpOOOBAaHUN THTErPYIOUU MEPETBOPIO-
Ba4 CTpPYM-HAaIpyra JJjisi BUMIPIOBaHHS BEJIMYMHU CTPYMYy BTOPHHHOI eMmicii abo
CTpyMY MPHUCKOPEHUX EINEKTPOHIB. 3aCTOCYBAaHHS Cy4yaCHUX MIKPOCXEM aHaJOrOBHX
KOMYTaTOPiB B IHTETPYIOYUM TIEPETBOPIOBAYi JI03BOJIIE BUKOPUCTOBYBATH HOTO JIJIS
NPOBE/ICHHS BUMIPIOBaHb Ha MPUCKOPIOBaYax 3 OC3MepepBHUMU 1 IMITyJIbCHUMH 1Ty 9-
kamu. [lepeTBoproBad mMae 1aBa He3alle)KH1 KaHau BuMiproBaHHs. KoedimieHT mepe-
TBOPEHHs MEpIIOro KaHainy crtaHoBuTh | B/MKA, npyroro - 1 B/HA. [liama3on
BUMIPIOBAaHUX CTPYMIB, JJIS TIEPIIOTO KaHAIY Bif -5 10 + 5 MKA, apyroro Bix -5 1o +
5 HA. Jlng ynpaBiiiHHS IHTETpaTOpOoM, 0OpOOKH BUXITHUX CUTHAIIB IEpEeTBOPIOBaYa 1
3B'I3KY 3 KOMII'FOTEPOM BHKOPHUCTOBYETHCSI MiKporporiecop Atmega328, 10 BXOIUTh
no ckinagy Omoky. Ilporpamne 3a0e3medeHHs] HANMCAHO 3 BUKOPUCTAHHSM TakeTa
WinAVR mae General Public License. [lepegada qaHux Mi>k KOMITFOTEPOM 1 OJI0KOM
sniicHIoeThes o USB iHTepdeiicy.

P.26. COMPUTERIZED STAND FOR MEASURING THE STATISTICAL
CHARACTERISTICS OF PLANAR RADIATION DETECTORS

N.I. Maslov, V.D. Ovchinnik, S.M. Potin, M.Yu. Shulika,
G.P. Vasiliev, V.I. Yalovenko
NSC KIPT, Kharkiv, Ukraine
E-mail: spotin@kipt.kharkov.ua

The stand for studying the static (electrophysical) characteristics of planar radia-
tion detectors consists of a microprobe station with manual movement of probes and
high-precision measuring equipment connected to a computer for carrying out auto-
mated measurements. The main purpose of the stand is to study the characteristics of
planar radiation detectors before placing them in protective housings. Using the stand
allows you to measure the current-voltage and capacitance-voltage characteristics of
the detectors, as well as promptly identify detectors with unstable characteristics. The
obtained measurement results are used to determine the operating modes and reject
semiconductor radiation detectors.
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KOMITFOTEPU30BAHUI CTEH/] BUMIPIOBAHb CTATUYHNX
XAPAKTEPUCTUK ITUNIAHAPHUX KPEMHIEBUX JETEKTOPIB
BUITPOMIHIOBAHHA

M.1. Macnos, B.J[. Osuunnux, C.M. [lomin, M.FO. [llynixa,
I'Il. Bacunves, B.1. Alnosenko
HHI] XTI, Xapxkis, Yxpaina
E-mail: spotin@kipt.kharkov.ua

CreH JOCHIKEHHSI CTaTUYHUX (ENeKTPO(PI3UYHUX) XapaKTEPUCTUK TUIAHAPHUX
JETEeKTOPIB BUINPOMIHIOBAHHS CKJIAIa€ThCs 3 MIKPO30HI0BOI CTAHIIIT 3 pyYHUM Iepe-
MIIIIEHHSM 30H]IB 1 BUCOKOTOYHOT BUMIPIOBAIBHOI armapatrypH, MiJKIFYEHOT 0 KOM-
n'torepa s MPOBEJICHHS aBTOMATH30BaHUX BHUMIpiOBaHb. OCHOBHE NpH3HAYEHHS
CTEH/1y - BUBUCHHS XapaKTEPUCTHUK IJIaHAPHUX JIETEKTOPiB BUIIPOMIHIOBAHHS, /10 PO-
3MIIIEHHA iX B 3aXHCHI KopnycH. BukopucTaHHS CTeHAY [103BOJISiE BUMIPHOBATH
BOJIT-aMIIEpPHI Ta BOJIbT-(hapajiHl XapaKTEPUCTUKH JETEKTOPIB, a TAKOX ONEPaTUBHO
BUSIBIIAITU JIETEKTOPU 3 HECTAOUIBHUMH XapakTepucTukamu. OTpuMaHi pe3ysbTaTu
BUMIPIOBaHb BUKOPUCTOBYIOTHCS JJII BU3HAYEHHS PEXHUMIB poOOTH 1 BimOpako-
BYBaHHS HaIlIBIPOBITHUKOBUX JETEKTOPIB BUIIPOMIHIOBAHHS.

P.27. HF RADIATION PULSE SOURCE LOCATING IN DIN-2K
ACCELERATOR

O.S. Druj, V.V. Yegorenkov, S.V. Marchenko, V.B. Yuferov
NSC KIPT, Kharkiv, Ukraine
E-mail: yvw4827@gmail.com

Experiments aimed at locating the source generating an HF pulse during the
opening of the plasma switch and leading to explosive electron emission at the cath-
ode were performed on DIN-2K pulse accelerator. It is demonstrated that certain
lamps glow during the explosive electron emission pulse. This may point to the pos-
sible HF pulse generation during the opening of a plasma switch or radial interruption
of current.  In order to locate the radiation source the FR-2 dielectric insert was in-
troduced into the vacuum diode and Ne lamps were placed over the anode mesh. The
thickness of this insert was chosen to be larger than the electron penetration depth.
The lack of Ne indicator lamps glow when the anode was shielded by an FR-2 insert
was observed as opposed to the case of operation with the vacuum diode as a load.
The virtual cathode caused by the explosive emission from the cathode is shown to be
the source of HF radiation.

BU3HAYEHHA /DKEPEJIA IMITYJIBCY BU-BUITPOMIHEHHA HA
ITPUCKOPIOBAYI AIH-2K

O.C. Zlpyu, B.B. €zopenkos, C.B. Mapuenko, B.b. IOgepos
HHI] X®TI, Xapxis, Yxpaina
E-mail: yvw4827@gmail.com

Ha immynscHomy mpuckoproBadi JIIH-2K Oynu mpoBeneHi eKCIEpUMEHTH 3 Me-
TOI0 BU3HAYEHHS JiKeperna reHepauii BU-immynbcy mpu po3MUKaHHI IJ1a3MOBOTO
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KJItoya Ta TeHepauii BHOYXOBOi eMicii eleKTpoHIB 3 katony. Ilokazano, mo mnpu
€KpaHyBaHHI My4YKa €JIEKTPOHIB BiJl aHOAY AICJICKTPUYHOIO BCTABKOIO 3 OPraHIuHOIO
CKJIa, TPH YOMY JIOBXKHMHA MPOOIry €JIeKTPOHIB y II€IEKTPUKY MEHIIA 3a 1i TOBILIHHY,
Ha BUXO/1 3 BIKHAa IPUCKOPIOBaYa HE PEECTPYBAIMCS CMAAaXU 1HIAUKATOPHUX HEOHO-
BUX JIaMII, 1[0 MMOCTIAHO BUHHUKAJIM MPHU BIACYTHOCTI BCTaBKU. JJis BUSHAUYEHHS JHKe-
pena BUNPOMIHEHHS Oylia BCTaHOBJIIEHAa TE€THHAKCOBA BCTaBKa Ta I1HAMKATOPHI
HEOHOBI JIaMIH OyJIM pO3MillIeH1 Ha aHOAHIH ciTil. EkciepuMeHTH nmoka3aiu 4acTKo-
BUI criajax JaMmIl IpH IMOyJbci BUOYXOBOi eMicii, [0 CBIAYUTH MPO MOXKIUBE MPO-
xokeHHs: BU-iMIynbCcy npu po3MHKaHHI IJIa3MOBOI MEPETUHKHU, a00 paiiaJbHOMY
po3MukaHHi cTpyMy. [lokazaHo, 1110 JKEpeaoM BUIIPOMIHEHHS € BIPTyalbHUN KaTO,
10 YTBOPEHU BUOYXOBOIO €MICIEI0 KATOY.

P.28. INVESTIGATION OF THE INFLUENCE OF THE PARAMETERS OF THE
PRIMARY CIRCUIT ON THE OUTPUT PARAMETERS OF ACCELERATORS
WITH A PLASMA CURRENT SWITCH

V.B. Yuferov, O.V. Manuylenko, I.A. Pashchenko, I.V. Buravilov,
0.S. Svichkar, O.M. Ponomarev
NSC KIPT, Kharkiv, Ukraine
E-mail: igor_buravilov@kipt.kharkov.ua

The paper presents studies of the parameters of the primary circuit of the pulse
current generator of the accelerator with inductive energy storage (INE) and plasma
current switch (PKS). The energy of the primary circuit, in the case of current open-
ing in the PKS, must be spent on the occurrence of a overvoltage on the INE. There-
fore, the installation parameters must be chosen so that as much of the energy of the
capacitor bank to the moment of current rupture is converted into the energy of the
magnetic field of the current of the primary circuit. To find these mutually agreed pa-
rameters, experimental studies were performed with a PKS plasma jumper simulator
and calculations based on Kirchhoff's laws. Experiments were performed at different
parts of the installation to determine the values of active resistance and inductance in
order to optimize them. According to equivalent electrical schemes, calculations were
performed to determine the parameters of the primary circuit of the PKS from exper-
imental data, numerically model the current dynamics in the primary circuit of instal-
lations and calibrate diagnostic tools.

JOCJIIJUKEHHSA BIUIMBY ITAPAMETPIB ITEPBMHHOI'O KOJIA HA
BUXIJIHI TAPAMETPU ITPUCKOPIOBAYIB 3 INTASMOBUM
KOMYTATOPOM CTPYMY

B.F. FOghepos, O.B. Manyriinenxo, 1. A. Ilawenxo, 1.B. Bypasinos,
O.C. Cgiukap, O.M. Ilonomapes
HHI] XDTI, Xapkis, Ykpaina
E-mail: igor_buravilov@kipt.kharkov.ua

B po6oTi npuBeaeH1 TOCAIKEHHS TapaMeTpiB NEPBUHHOIO KOJia TEHEpaTopy 1M-
MyJILCHOTO CTPYMY MPUCKOPIOBava 3 1HIAYKTUBHUM HakonuuyBaueM eHeprii (IHE) Ta
ma3mMoBuM komytatopoMm ctpymy (IIKC). Enepris nmepBUHHOTO Koja, y BHOAAKY
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po3mukanHs ctpymy B [IKC, mae BuUTpauaTucs Ha BUHUKHEHHS IMIYJIbCY MepeHa-
npyru Ha IHE. Tomy napameTpu yCcTaHOBKM HEOOXIJHO BUOMpATH TaKUM YHHOM,
o0 sK HailOuIbLIe eHeprii KOHJIEHCATOPHOI 0arapei 10 MOMEHTY pO3PHUBY CTPYMY
MEPEXOANIIO B €HEPril0 MArHiTHOrO MoJid CTPyMY MEpBUHHOTO Koja. g 3Haxon-
KEHHS IUX Y3TOJPKEHHX MIDK COOO0 MapaMeTpiB MPOBOJMUIUCH EKCIIEPUMEHTAIbHI
TOCIIKeHHs 3 iMiTaTopoM I1a3mMoBoi nepemudku [IKC Ta po3paxyHkH Ha OCHOBI
3akoHiB Kipxroda. bynu npoBesneHi eKCIEpUMEHTH Ha PI3HUX JUISTHKAaX YCTAaHOBKH
[0 BU3HAYEHHIO 3HAYEHb AKTHUBHOIO OINOPY Ta I1HAYKTHUBHOCTI 3 METOK iX OI-
tuMmizaiii. [lo eKBIBaJEHTHUM ENEKTPOTEXHIYHUM CXeMaM Oyiau MpOBEAEH1 po-
3paxyHKH, 1110 JO3BOJISIIOTH BU3HAa4YaTH napameTpu nepBuHHoro koisa [IKC 3 ekcme-
PUMEHTANbHUX JAHUX, YHCETBbHO MOJICIIOBATH JUHAMIKY CTPYMY Y IEPBUHHOMY KOJI1
YCTAaHOBOK Ta KaJIIOpyBaTH J11arHOCTHYHI 3aCOOH.

P.29. MODELING OF THE PROCESSES OF FORMATION OF RADIATION
DAMAGE IN THE INTERACTION OF GAMMA-QUANTUM FLUXES AND
RELATIVISTIC ELECTRON BEAMS WITH SOLUTIONS OF ORGANIC DYES

S.P. Gokov, Yu.G. Kazarinov, S.A. Kalenik, V.Y. Kasilov, V.V. Kantemirov,
0.0. Mazilov, T.V. Malykhina, V.V. Tsiats ko, E.V. Tsiats ko
NSC KIPT, Kharkiv, Ukraine
E-mail: gokovsp@Kkipt.kharkov.ua

The study of the processes of interaction of ionizing radiation with matter allows
solving a number of applied and fundamental problems in the field of radiation phys-
ics, chemistry, biology, medicine and dosimetry. Electron irradiation was carried out
at the LUE-300 NSC KIPT. The flux of gamma quanta was generated by electron
beams with energies of 15 and 25 MeV using tungsten converters of various thick-
nesses. The computational experiment was carried out by the Monte Carlo method.
A computer program was developed for it in C ++, which uses the Geant4 class li-
braries and operates in a multithreaded mode (to reduce the computation time when
using a large number of primary electrons). The calculations were performed using
the PhysicsList emstandard_opt3 model. In the work, the amount of radiation damage
was determined, which falls on one generated electron and an incident gamma quan-
tum. Comparison of simulation results with experimental data is carried out. On the
basis of the results obtained, conclusions were made regarding the main mechanisms
leading to the breakdown of organic dye molecules, and methods for optimizing the
experiment for further research were proposed.
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MOJIEJTFOBAHHS ITPOIIECIB YTBOPEHHS PAJIIAIIIMHNX ITOIIKOXEHD
ITPU B3AEMO/III ITOTOKIB TAMMA-KBAHTIB I ITYUKIB
PEJIATHUBICTCBKUX EJIEKTPOHIB 3 PO3YMHOM OPI"AHIYHUX
BAPBHUKIB

C.I1. I'oxos, FO.I". Kasapinos, C.O. Kanenux, B.U. Kacinos, B.B. Kanmemipos,
0.0. Masinos, T.B. Manuxina, B.B. [[ayvko, €.B. [[saybko
HHI] XTI, Xapxis, Ykpaina
E-mail: gokovsp@Kkipt.kharkov.ua

JlocnimkeHHs: mTpoleciB B3aeEMO/I1i 10HI3yI0YOr0 BUIIPOMIHIOBAHHS 3 PEYOBUHOIO
J03BOJISIE BUPIIIYBATH LIIUN psAJ MPUKIAJAHUX 1 QyHIaMEHTaNbHUX 3aJa4 B rayysi
paaiamiitHoi ¢i3uku, Ximii, 010J10r1i, MEAUIIMHUA Ta 103UMETpii. ONPOMIHEHHS €JIEeKT-
ponamu npooauiiocs Ha JIVE-300 HHI[ X®TI. TloTik raMmMa-KBaHTIB T€HEpyBaBCs
€JIEKTPOHHUMHU TydKamH 3 eHeprisimu 15 1 25 MeB 3a nonomororo BoJjibppaMoBHX
KOHBEPTEPIB pi3HOT TOBIMHU. OOGUHUCIIIOBAIbHUN €KCIIEPUMEHT MPOBEJACHUN METO-
nom Monte-Kapio. [nst Hporo Oyna po3pobiieHa KoMI'toTepHa nporpama Ha MoBi C
++, sika BUKOpUCTOBYeE 010mioTeku kiaciB Geant-4, 1 mpairoe B 0araTornoToKOBOMY
pexuMi (11 3SMEHIIEHHS Yacy po3paxyHKIB MPU BUKOPUCTaHH1 BETMKOIO YKcia nep-
BUHHUX eJeKTpoHiB). IIpu mpoBeneHHI po3paxyHKIB BUKOPUCTOBYBaJlacs MOJIEh
PhysicsList emstandard opt3. B poGoTi Oyn0 BH3HAU€HO KUIBKICTH paaialliiHUX
YIIKO/)KEHb, SIKE INpHUMaJae Ha OJWH HAPOJKEHUM EJNEeKTPOH 1 MaJaro4yuil ramma-
KBaHT [IpoBeneHO MOpPIBHSAHHS pe3ynbTaTIB MOJAEIIOBAHHA 3 €KCIIEPUMEHTAJIbHUMU
naHuMH. Ha OCHOBI OTpMMaHHX pe3yibTaTiB 3p00JIEHO BUCHOBKH I[0/I0 OCHOBHUX
MEXaHI3MIB, 110 MPHU3BOJATH J0 PO3Bajy MOJEKYJ OpPraHidYHUX OApBHUKIB, a TaKOXK
3alpoIIOHOBAHI CIOCOOM ONTHUMI3allli €eKCIEPUMEHTY MJIsi MPOBEAECHHS MOJAJIbLINX
JIOCIIIIPKEHB.

P.30. MODELING AND EXPERIMENTAL STUDY OF THE PROCESSES OF
INTERACTION OF FLUXES OF FAST AND THERMAL NEUTRONS WITH
SOLUTIONS OF ORGANIC DYES

S.P. Gokov, Yu.G. Kazarinov, S.A. Kalenik, V.Y. Kasilov,
T.V. Malykhina, V.V. Tsiats ko, E.V. Tsiats ko
NSC KIPT, Kharkiv, Ukraine
E-mail: gokovsp@kipt.kharkov.ua

The work carried out modeling and experimental study of the processes of inter-
action of fast, thermal and epithermal neutrons with an aqueous solution of an organ-
ic dye: methylene blue (MB) - CL6H18N3C1 with and without boric acid. Irradiation
was carried out on an LUE-300 electron accelerator. A neutron-producing tungsten
target was irradiated with an electron beam from a linear accelerator with an energy
of 15...20 MeV and a power of 300 W. Tubes with organic dye solutions were in-
stalled perpendicular to the electron beam propagation axis at a distance of 10 cm
from the neutron-producing target in a 5-cm lead shield. The characteristics of neu-
tron fluxes were calculated by the Monte Carlo method. For a computational exper-
Iment, a computer program in the C ++ language has been developed, which uses the
Geant4 class libraries. The optical absorption spectra of the studied samples were also
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analyzed. In the work, the disintegration of organic dye molecules was observed both
due to the kinematic disintegration due to collisions with fast neutrons with nuclei,
and due to the occurrence of nuclear reactions during the capture of thermal neutrons
by boron.

MOJEJIIOBAHHA I EKCITEPUMEHTAJIBHE JOCII/PKEHHA ITPOLIECIB
B3AEMO/II ITOTOKIB IBUAKUX I TEIJIOBUX HEUTPOHIB 3
PO3UNHAMMU OPI'AHIYHMX HAPBHMUKIB

C.I1. I'oxos, FO.I". Kazapinos, C.O. Kanenux, B.U. Kacinos,
T'.B. Manuxiua, B.B. [[ayvko, €.B. [[ayvko
HHI] X®TI, Xapxie, Yxpaina
E-mail: gokovsp@kipt.kharkov.ua

Y po0OTi MPOBOAMIOCS MOJICTIOBAHHS Ta €KCTIEPUMEHTANIBHE JTOCIHIKSHHS TIPO-
IIECIB B3a€MOJIIi MMBUJKUX, TETUIOBUX 1 €MITEIJIOBUX HEHTPOHIB 3 BOJHUM PO3UMHOM
opra"iuHoro 6apBHuka: metuwieHosuit cuti (MC) - C16H18N3C1 3 6opHot0 KHcio-
Toto 1 6e3. OnpoMiHEeHHsI MPOBOAMIIOCS Ha TpuckoproBadi enekTpoHiB JIYE-300.
HetitponoBupobiisitoua Boiab(pamMoBa MillleHb OITPOMiHIOBAIACs MYYKOM €JIEKTPOHIB
JHIAHOTO MpHUCKOpIoBaya 3 eHepriero 15...20 MeB 1 notyxnictio 300 Bt. [Ipo6ipku
3 pO3YMHAMHU OpPTraHIYHUX OAPBHUKIB BCTAHOBIIOBAIHCS MEPIEHAUKYISIPHO OCi MPO-
XOJ/DKEHHSI €JIEKTPOHHOTO Tydka Ha Bigctani 10 cM Bin HEHTPOHOBUPOOISAIOUOT
MIIIeH] B 5-TM CAaHTHUMETPOBOMY CBUHIIEBOMY 3aXHUCTI. XapaKTEPUCTHKU MOTOKIB
HEUTPOHIB po3paxoByBaiucs wMeTogoM Monrte-Kapno. s o04HMCIIOBaTIBHOTO
EKCIIEpUMEHTY po3pobJieHa KOMIT'IOTepHA MporpamMa Ha MoBi C ++, sika BUKOPHUCTO-
Bye 010ioTexu kinaciB Geant4. Tak camo Oyiu mpoaHaai30BaHI ONTUYHI CIIEKTPH TO-
TJIMHAHHS JOCTKEHUX 3pa3kiB. B po0oOTI criocTepiraBcs po3Baj MOJIEKYJ OpraHiy-
HOTO OapBHHKA SIK 32 paXyHOK KIHEMaTHYHOI'O pO3Baly BHACIIIOK 31ITKHCHHS IIIBH]I-
KUX HEUTPOHIB 3 SApaMu, TaK 1 BHACTIJIOK MPOTIKAHHS SICPHUX PEaKIlii MpH 3ax0-
IJICHHI TETJIOBUX HEUTPOHIB OOpOM.

P.31. COMPARATIVE ANALYSIS OF ACCELERATION GRADIENTS FOR
CHIP STRUCTURES WITH DIFFERENT REFRACTIVE INDICES

A.V. Vasyliev, O.0. Bolshov, O.0. Svistunov, A.l. Povrozin,
V.P. Zaitcev, V.P. Leshchenko, G.V. Sotnikov
NSC KIPT, Kharkiv, Ukraine
E-mail: vasilyev.andrey90@gmail.com

The results of numerical studies of accelerating gradients in accelerators based on
dielectric chip structures with different refractive indices, excited by a titanium-
sapphire laser pulse, are presented. A comparative analysis of the influence of the re-
fractive index on the rate of acceleration of electron bunches is carried out. Promising
materials for the manufacture of dielectric laser accelerators are proposed.
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TIOPIBHSJIBHUI AHAJII3 TPAJIEHTIB ITPUCKOPEHHS JIUISI CTPYKTVYP 3
PIBHUMU [TIOKA3ZHUKAMU 3AJIOMJIEHHA

A.B. Bacunves, O.0. borvwos, O.0. Ceicmynos, A.1. [losposin,
B.I1. 3atyes, B.11. Jlewenxo, I'.B. Comuukog
HHI] XDTI, Xapxie, Yxpaina
E-mail: vasilyev.andrey90@gmail.com

[IpencraBiieHi pe3yabTaTH YUCEIBHUX JTOCTIIKEHb MPUCKOPIOIOYHUX I'PAJIIEHTIB, B
IpUCKOproBadax Ha OcHOBI JieneKTpuyHux YIII-cTpykTyp 3 pI3HUMH MOKa3HUKAMHU
3aJIOMJICHHSI, 30Yy/KYyBaHUX THUTaH-candipoBUM Ja3epHUM IMIysnbcoM. [IpoBeneHo
NOPIBHSUIBHUM aHaNi3 BIUIMBY MOKAa3HUKA 3aJIOMJICHHSI HA TEMIT MPUCKOPEHHS €JeK-
TPOHHUX 3TYCTKiB. 3ampONOHOBAHO MEPCHEKTHUBHI Marepiajau JJii BUTOTOBJICHHS
JeJNIEKTPUYHUX JIa3€pHUX TPUCKOPIOBAYIB.

P.32. MILLIMETER-WAVELENGTH RELATIVISTIC MAGNETRON:
PROBLEMS OF MICROWAVE POWER EXTRACTION

N.P. Gadetski, V.G. Korenev, A.N. Lebedenko, I.I. Magda, O.G. Melezhik,
V.G. Sinitsin, A.A. Shtanko, N.V. Volovenko
NSC KIPT, Kharkiv, Ukraine
E-mail: magda@kipt.kharkov.ua

A problem of importance for high-voltage (relativistic) magnetrons operating at
millimeter wavelengths is how to achieve an optimal regime of microwave power ex-
traction from the space of electron beam — RF field interaction. In contrast to deci-
meter or even centimeter wavelength instruments characterized by larger sizes of
their anode-cathode spaces, the millimeter wavelength power cannot be efficiently
extracted in the radial direction via one or several cavities belonging to the slow-
wave structure. The reasons are the small volume of the cavity (undersized at the op-
eration frequency, hence demonstrating a high input ressistance) and the hazard of
appearance of high-voltage breakdowns across the gap. Meanwhile, by introducing
into the structure additional elements to enable RF power extraction along the prin-
cipal symmetry axis of the magnetron, the designer faces the hazard of radically
changing its electrodynamic characteristics. This concerns the generated frequencies,
modal content and polarization of the RF fields at the output as the waveguide be-
comes a part of the wave generation and propagation space. In this paper several
schemes (and practical implementation thereof) of RF power extraction along the
symmetry axis of the magnetron’s cylindrical structure are discussed, including a cir-
cular ring ‘antenna’ at the end of the double-connectivity anode-cathode space, and
sets of (admittedly) resonance-length rods at the faces of the anode-block cavities.
These solutions have allowed increasing the power extraction efficiency by 10 to 20
per cent.
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PEJISTUBICTCHKU MATHETPOH MIIIMETPOBOT'O JIAITA3OHY:
I[IMTAHHS BUBEJIEHHSI MIKPOXBUWJIEBOI EHEPI'I

M.II. I'aoeyvkuti, B.I'. Kopenes, O.M. Jlebeoenko, 1.1. Mazoa,
O.I'. Meneoicux, B.I'. Ciniyun, A.O. [lImanvko, M.B. Bonosenxo
HHI] X®DTI, Xapxie, Yrpaina
E-mail: magda@kipt.kharkov.ua

BaxnuBoro 3amauero JOCHiIKEHb W pO3pOOKH BUCOKOBOJIBTHUX (PENSATUBICTCh-
KHMX) MarHeTpOHIB, IO MPALIOIOTh B MUIIMETPOBOMY JAlana3oH1 IOBKUH XBHJIb, € OTI-
TUMI3allisl pIBHS BUXOJly MIKPOXBHJIEBOi €Heprii 3 00JacTi B3aEMO/I1i BUCOKOYACTOT-
HOTO TIOJIS 3 CJIICKTPOHHUM ITy4KOM. B mpuiamax MiuTiMETpOBOTO Jiala3oHy, Ha
BiIMiHY BiJl IEIIUMETPOBOTO YU CAHTHUMETPOBOTO, BUBEJICHHSI BUCOKOYACTOTHOTO IT0-
7S B pajlialbHOMY HaIPsMKY, 4epe3 JeKiJIbKa Pe30HATOPIB CUCTEMH YITOBUILHEHHS,
BIAETHCS BEIbMHU TpoOseMaTHYHUM. DI3UYHMX NPUYUH TOMY JEKiIbKa: 3aMaliuid
pPO3Mip PE30HATOPHOI MOPOKHUHH, IO € 3aKPUTHYHUM JUISI XBHJIb Ha poOOYid 4da-
CTOTI, III0 Majiu O pyXaTHUCS B pajiaJbHOMY HAIPsMKY, a TAaKOX PU3HK BUHHUKHCHHS
BHUCOKOBOJIbTHOT'O MPO00I0 B 00’€Mi MOPOKHUHU. 3 1HIIOTO OOKY, BBOJASIYM B KOH-
CTPYKIIiFO MPHIIATY JOJATKOBI €JIEMEHTH - 3 METOI0 3a0€3MEeYNTH BUBEICHHS MIKPOX-
BUJIb B3I0BJK OCHOBHOI OCi CHMETpPii MarHETPOHY,- JTOCIITHUK CTUKAETHCS 3 HEMHUHY-
YOI ICTOTHOO 3MIHOKO HOTO €JIECKTPOJIMHAMIYHUX XapaKTepUCTHK. Lle cTocyeThes K
94acTOT reHepallii, Tak 1 MOJIOBOTO CKJIaly ¥ MOJSpU3aIlii OISl MiIKPOXBHIIb HA BUXO/I1
3 MarHeTpPoOHY, OCKUIbKU BUXITHUN XBHJICBIJ CTa€ YACTUHOIO 00’ €My, 1€ Bi1OYBa€Tb-
Csl BIaCHE TeHepallis ¥ 1mojajabiie BUBSICHHS XBUJIb. B maniit poOOTi po3risaaloThCs
JeKUIbKa cXeM (Ta iX TpakTUYHA peaji3allisi) 00 BUBEICHHS MIKPOXBHJICBOT
eHeprii B3JOBXK OCI CUMETpii HWJIIHAPUYHOTO MAarHeTpoHa, a caMe IiIKIIOUCHHs Ha
BUXITHOMY Tepepi3i IBO3B’A3HOTO aHO-KAaTOJHOTO MPOMIKKY KiJIbIIEBOT «AaHTCHHY -
neTii 13 CTpyMOM, a00 3aKpillJIeHHS METaJeBUX IITHUPIB (TaJaHO PE30HAHCHOI JOB-
KUHU) TTOOJIM3Y PE30HATOPHUX MTOPOKHUH CUCTEMH YITOBUIbHEHHA. Ha mpakTuiii Taki
TEXHIYHI PIMIEHHS JO3BOJIMIIA MiTHATA €(PEKTHUBHICTh BUBEACHHS HAJBUCOKOYACTOT-
HuXx XBWiIb Ha 10...20 BiACOTKIB.

P.33. PULSED POWER TO MICROWAVES CONVERSION IN NONLINEAR
TRANSMISSION LINES

S.Y. Karelin, V.G. Korenev, V.B. Krasovitsky,
I.I. Magda, V.S. Mukhin, V.G. Sinitsin
NSC KIPT, Kharkiv, Ukraine
E-mail: magda@kipt.kharkov.ua

The paper presents results of experiments and of numerical simulations concern-
ing the effect of microwave generation at gigahertz frequencies in coaxial transmis-
sion lines which are fed with high voltage unipolar electric pulses. The coaxial line’s
cross-section was partially or fully filled with a dielectric material exhibiting nonline-
ar response to the initial excitation. The insert represented either an isotropic dielec-
tric (in simulations) or a ferrimagnet (in real experiments and in numerical modeling).
The frequencies and amplitudes of the oscillations, as well as the number and spectral
width of the lines generated, are determined by the entity of dispersive and non-linear
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properties of the wave guiding structure. These are governed by diameters of the in-
ner and outer coaxial conductors in the line, diameter of the ferromagnetic insert and
its intrinsic dispersion properties. The relative importance of several basic effects
provoking the appearance of microwave-frequency oscillations is discussed, specifi-
cally the role of higher-order waveguide modes and of the magnetization vector pre-
cession in the ferrimagnetic insert. PACS: 41.20 Gz; 41.20 Jb

KOHBEPCIS IMITYJILCHOI EHEPT'II B MIKPOXBMWJII B JITHISAX ITEPEJJAUI
3 HEJITHIMHUMU BJIACTUBOCTIMU

C.FO. Kapenin, B.I'. Kopenes, B.b. Kpacosuywvxuii,
L1. Maeoa, B.C. Myxin, B.I'. Ciniyun
HHI] XTI, Xapxis, Ykpaina
E-mail: magda@kipt.kharkov.ua

[IpencraBieni pe3ynbTaT €KCIIEPUMEHTATBFHUX JTOCIIHKEHb 1 YMCIOBOTO MOJIe-
JIIOBAHHS CTOCOBHO €(EeKTIB reHepallii MIKpOXBWIb 3 YACTOTaMM TrirarepleBoro Jia-
Ma30HY B KOAKClaIbHUX JIHIAX Tepeadi, B Kl MOJAI0THCS OAHOMOJSIPHI BUCOKOBO-
JIbTHI iMITysbeH. [lepepi3 koakciaabHOI JiHIT OYB 4acTKOBO (B OKpEMHUX BHUIIQJKaX —
MOBHICTIO) 3aIIOBHEHUM J1EJIEKTPUYHUM MaTepiajioM, SKUH Mae HEeNHINHUN aMIuti-
TYy[HUW BIATYK Ha NepBUHHE 30y/pkeHHs. MarepianbHa BCTaBKa fABIsJIa cO00I0 abo
130TPOMHUM J1ieJIEKTPHUK (B YUCIOBOMY MOJICNIIOBaHH1), a00 ¢hepuMarueTuk (sK B pe-
aNbHMUX, TaK 1 B YMCJIOBUX EKCIEpUMeHTax). YacToTH ¥ aMIUTITYyAH KOJHMBaHb, 110
30yKyBaIMCh, & TAKOXK KUIBKICTh 1 CIIEKTpaJIbHA IIMPUHA TeHEPOBAHUX JIIHIA BU3HA-
Jajucs  CYKYMHICTIO JUCHEPCIHHUX 1 HETIHIMHUX BJIACTUBOCTEH XBHJICBOIHOT
CTPYKTYpH, KOTpi 3ajexaTh B JlaMETPiB 30BHINIHBOTO Ta BHYTPIIIHBOTO EJIEK-
TPOJIIB B KOakciaji, giaMmerpa (epuToBOi BCTABKHU, a TAaKOX BiJl BIACHUX JHUCIIEPCIi-
HUX XapaKTepUCTUK (hepoMarHitHoro matepiany. OOroBOPIOETHCS 3HAYYIIICTD KOXK-
HOTO 3 OCHOBHUX (PI3MUHHMX €(EKTiB, II0 MOXKYTh BHUKJIMKATHU TOSBY HAJBHUCOKOYA-
CTOTHHMX KOJIMBaHb Y JIiHII, 30KpeMa 30y/’KEHHSI BUIIUX XBUJIEBOJIHUX MO (JIHIHHO-
ro HaOJWKEHHs) B JIiHII, a TaKoX Tperecii BeKTopa HamMarHideHHS y (epUTOBIM

scrasii. PACS: 41.20 Gz; 41.20 Jb

P.34. CONTROLLED PULSE PYROELECTRIC ACCELERATOR AND SOURCE
OF X-RAY RADIATION

0.0. lvashchuk, A.V. Shchagin, A.S. Kubankin, M.E. Giltz,
V.S. Miroshnik, V.I. Volkov, Yu.V. Grigoriev
Belgorod National State University, Belgorod, Russian Federation;
NSC KIPT, Kharkiv, Ukraine
E-mail: ooleg.ivashuk@gmail.com

The article is devoted to investigation methods of control of x-ray pulse genera-
tion at the pyroelectric accelerator operation in vacuum. Dependence of x-ray radia-
tion yield and duration of its generation on tungsten electron and ion emitter voltage
supply. Development and application prospects controlled pulse pyroelectric acceler-
ator and source of x-ray radiation are discussed.
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KOHTPOJILOBAHUM IMITYJIbCHUM ITIPOEJIEKTPUYHUM [TIPUCKOPIOBAUY
[ JUKEPEJIO PEHTTEHIBCBKOI'O BUITPOMIHIOBAHHS

0.0. Isawyk, A.B. ll]acin, A.C. Kybanxin, M. €. I'invy,
B.C. Mipowmnuxk, B.1. Boakos, FO.B. I pucop’cg
bencopoocvkuti nayionanvruuil depicagnutl yHisepcumen,
bencopoo, Pociiicoxa @edepayis,

HHI] X®DTI, Xapxis, Yxpauna
E-mail: ooleg.ivashuk@gmail.com

CrarTs npucBsiY€HA JOCIIIKEHHIO METO/AIB YIPaBIiHHS I€HEpalli€l0 peHTTeHIB-
CHKUX IMITYJIbCIB NMPU POOOTI MIPOETEKTPUYHOTO MPUCKOPIOBAayYa y BaKyyMl. 3ayiex-
HICTh BUXOJly PEHTTE€HIBCHKOTO BUIIPOMIHIOBAHHS Ta TPUBAJIOCTI MOro reHepariii Bij
HAnpyru €JeKTPOHY Ta 10HHOTO BUIPOMiHIOBada BoJjb(ppamy. OOroBopeHo nepcrnek-
TUBU PO3BUTKY Ta 3aCTOCYBAHHSI KOHTPOJIHOBAHOTO IMITYJILCHOTO MIPOEIEKTPUYHOIO
NPUCKOPIOBAaYa Ta JpKepesia PeHTTeHIBChKOTO BUTIPOMIHIOBAHHS.

P.35. ACCELERATING A PART OF ELECTRONIC BUNCHES BY
WAKEFIELDS IN A WAVEGUIDE WITH DIELECTRIC FILLING

A.F. Linnik, I.N. Onishchenko, V.I. Pristupa, G.V. Sotnikov, V.S. Us
NSC KIPT, Kharkiv, Ukraine
E-mail: pristupa@kipt.kharkov.ua

The paper presents two accelerating schemes that allow using the Cherenkov
wake field excited in waveguide-dielectric structures to accelerate some of the elec-
trons from the bunches that excite this field. The cut off accelerated part of the elec-
trons falls into the accelerating phase of the wake wave either due to the difference in
the distances traveled by the wave and the accelerated bunch, or when the phase ve-
locity of the wave in a certain section of the waveguide increases.

I[TPUCKOPEHHA YACTHMHU EJIEKTPOHHHUX 3I'YCTKIB KIJIb BATEPHUMMU
I[TIOJIIMU B XBWJIEBOUI 3 JIEJIEKTPMUYHNM 3AITOBHEHHAM

A.D. Jlinnux, .M. Oniwenxo, B.1. Ilpucmyna, I'.B. Comnuxos, B.C. Yc
HHI] XDTI, Xapkis, Yxpaina
E-mail: pristupa@kipt.kharkov.ua

[IpencraBieHi ABI MPUCKOPIOBAIIbHI CXEMH, IO JO3BOJISIIOTh BUKOPHCTOBYBATH
30y/PKeHY B XBWJIE BOJHO-TICIIEKTPUYHUX CTPYKTypax YEPEHKOBCHKY KUIbBATEPHY
XBUJIIO JIJISI IPUCKOPEHHS YaCTHHH EJIEKTPOHIB 31 3TYCTKIB, SKi 30y/KYIOTh II€ TIOJIE.
Bupizana mpuckoproBaHa yYacTHHA EJIEKTPOHIB MOTpAIUIsie B MPHUCKOPIOOUY (azy
KiTbBaTepHOi XBWII a00 3a PaxyHOK PI3HUIl B BIICTaHAX, IO MPOXOJHUTH XBWJIS 1
MIPUCKOPIOBAHUMN 3TyCTOK, a00 mpu 301bmIeHHs ()a30BOi MBUAKOCTI XBUJIl HA JESKIN
JUISTHITI XBHJICBOJTY.
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P.36. STOCHASTIC MECHANISM OF BROADENING SPECTRAL DENSITY
OF SYNCHROTRON RADIATION OF RELATIVISTIC ELECTRON

0.S. Mazmanishvili
NSC KIPT, Kharkiv, Ukraine
E-mail: mazmanishvili@gmail.com

The consideration is based on the study of the spectral profile of the synchrotron
radiation (SR) line of a relativistic electron orbiting in a circular orbit in the uniform
magnetic field. Fast stochastic fluctuations accompanying the motion of the electron
during emission of SR quanta lead to the formation of spectral contour of each SR
harmonic and it’s broadening. It is shown that the joint broadening of the set of
harmonics causes broadening of the SR spectrum as the whole. The results of nu-
merical calculations on the formation of the final SR spectral density of a relativistic
electron are presented. In order to obtain precision characteristics, the formation of
SR density in the frequency range exceeding the critical frequency has been studied.

CTOXACTUYHUN MEXAHI3M PO3IINPEHHS CITEKTPAJIBHOI
IJIbBHOCTI CUHXPOTPOHHOI'O BUITPOMIHKOBAHHA
PEJIAATUBICTCBKOI'O EJIEKTPOHA

O.C. Maszmaniweini
HHIL] X®TI, Xapxis, Yxkpaina
E-mail: mazmanishvili@gmail.com

Po3rnsin criupaeThcsi HA BUBYCHHI CIIEKTPAIbHOTO KOHTYPY JIiHII CHHXPOTPOH-
Horo BumnpoMiHtoBaHHA (CB) pensiTHBICTCHKOTO €JIeKTpOHa, MO0 O0EPTAETHCS IO
KpyToBili OpOiITI B OJTHOPITHOMY MarHiTHoMy moil. [1IBuaki ctoxactuuHi QurykTya-
1111, SIKi CYIPOBOKYIOTh PYX €JIeKTpOHa mpu emicii kBauTiB CB, mpuBoaars 10 ¢o-
PMYBaHHSI CIEKTPaJbHOTO KOHTYpPY KOXHOI 3 rapmoHik CB i Horo po3mupeHHro.
[TokazaHo, 10 CHIBHE PO3MMUPEHHS CYKYITHOCTI TaApPMOHIK 00YMOBIIIOE PO3IITHUPEH-
Hs criektpy CB B minomy. I[lpencraBieni pe3ynbrati 4MCENbHUX PO3PAXYHKIB IO
(bopMyBaHHIO TIJCYMKOBOI CIIEKTpabHOI MUTbHOCTI CB peisiTUBICTCHKOTO €IEeKT-
poHa. 3 METOI0 OTPUMMAaHHS MPEIU3INHUX XapaKTEPUCTUK BUBYEHO (PopmMyBaHHS
nrinpHOCTI CB B 0071aCTI 4acTOT, 110 MEPEBUIIYIOTH KPUTHYHY YacTOTY.

P.37. REGISTRATION OF CONVERSION e IN A WIDE RANGE OF ENERGIES
WITH DETECTING SYSTEM
“Si PLANAR DETECTOR — METAL Gd CONVERTER”

V.N. Dubina, S.K. Kiprich, A.A. Kapliy, N.I. Maslov, V.D. Ovchinnik,
M.Y. Shulika, I.N. Shliakhov, S.M. Potin, G.P. Vasiliev, V.I. Yalovenko
NSC KIPT, Kharkiv, Ukraine
E-mail: nikolai.maslov@kipt.kharkov.ua

The possibility of registration of conversion electrons in a wide range of energies
by the detecting system "planar uncooled silicon detector - metal gadolinium con-
verter" is investigated. Conversion electrons are generated when thermal neutrons are
captured by a metallic gadolinium converter. The results of experimental studies of
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the registration of conversion electrons in the spectrometric mode in the energy range
of 30...200 keV are presented.

PEECTPALISI KOHBEPCIMHUX ¢ B IIIMPOKOMY IHTEPBAJII EHEPI'TIA
JNETEKTYIOUYOIKO CUCTEMOIO «Si-INTAHAPHUU JJETEKTOP —
METAJIEBVI Gd-KOHBEPTEP»

B.H. JIy6ina, C.K. Kinpiu, O.A. Kanniu, M.1. Macnos, B./[. Oguunnux,
M.IO. Llynixa, IM. nsaxos, C.M. [lomin, I'1l. Bacunves, B.1. nogenxo
HHI] X®DTI, Xapxis, Ykpaina
E-mail: nikolai.maslov@kipt.kharkov.ua

JloChiKy€eTbCS MOKJIIUMBICTh peecTpalli ACTEKTYIO4Oi CUCTEMOIO ‘“‘TIaHapHUN
HEOXOJIOM)KYBAHUM KPEMHIEBUH JIE€TEKTOpP — METaJeBUM TaJloNliHIEBUI KOHBepTEp”
KOHBEPCIMHUX €JEeKTPOHIB B MIMPOKOMY Jiana3oHi enepriil. KonBepciitHi enekTpoHu
TeHEepYIOThCS MPH 3aXOIUICHH] TEIJIOBUX HEHUTPOHIB METAJIeBUM TraJ0JIIHIEBUM KOH-
BepTepoM. [IpencraBieHi pe3yiabTaTH eKCIEPUMEHTATBHUX AOCTIIHKEHb PeeCTpallii B
CHEKTPOMETPUYHOMY PpEXKUMI KOHBEPCIMHUX €JEKTPOHIB B [lala3oHl eHeprii
30...200 keB.
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[Tigmucano no apyky 30.07.2021. ®opmar 60x84/16. Puzoapyk.
YM. npyk. apk. 5,8. O6ma.-Bua. apk. 6,3. Tupax 100. 3amornerns Ne 28.

HartionanpHuit HayKOBUH IIEHTP «XapKIBChKHUMA (PI3UKO-TEXHIYHUHN THCTUTYT»
61108, m. Xapkis, By;1. Akagemidna, 1

CBiZIOLITBO NPO JI€p’KaBHY PEECTpallito BUJIABIIB BUAABHUYOI MPOTYKIIi{
JK Ne6187 Bin 17.05.2018 p.
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