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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JloCmiIKeHHs TPAaHCIIOPTY WBUAKMX YACTUHOK Yy MYJILTUIIIIKYIOYMX CEPEIOBUINAX Ta B IHTEHCUBHUX 30BHIIIHIX

TOJISX,

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Investigation of transport of fast particles in multiplicative media and in intensive external fields.

Pedepar yKpaiHCBKOIO:

3anponoOHOBaHO HOBUI MiJIXif, [JI OIIMCY TPOLLECY KOT€PEHTHOTO BUNIPOMIHIOBAHHS ITy4KiB
yJIbTPAPEIITUBICTCHKUX €JIEKTPOHIB B OHAYJISITOPi: KBAHTOBUI OINKC BeLly4Oro (30BHILIHBOIO) 10JIS], SIKE HE3aJIe5KHO
PEECTPYETHCA NETEKTOPOM, B IKOCTI SIKOTO BUCTYIIA€ PEJISATUBICTCHKUI €JIEKTPOH. 3allpOIIOHOBAHA MOJEJIb Ma€e
3HaYHi nepeBaru 3 TOYKY 30py MOJANILIIOrO aHaJIi3y: [IOBHA MIOTYKHICTh BUIIPOMIHIOBAHHS € IPSAMO MPOMOPLINHOIO
IO KBaipaTy 3100YTKY JIOPEHLIBCbKOTO (DaKTOpa eIeKTPOHA Ta CEPEIHbOr0 KyTa BiIXWUJIEHHS TPAEKTOPII LIbOro
€JIEKTPOHA B 30BHIITHbOMY I10JIi, 110 ITOBHICTIO Y3rOJKY€EThCS 3 «KJIACUYHUMU» PE3YyJIbTaTaAMU; CEPENHS BEINYNHA
€Heprii BUIIPOMiHEHOT0 KBaHTA HE 3aJI€>KUTh Bif] CUJIM 30BHIIIHbOTO 11014 i JOPIBHIOE CEPENHIN €eHeprii IUII0JIBHOTO
KBaHTa [IPY MaJIOMy OHIYJIITOPHOMY napameTpi. [TokasaHo, 110 yacOHiBCbKa MOJ€JIb 3HAYHO CIIPOLIy€E Ta pOOUTh
OibIl IPO30OPUM YMCIIOBE MOJIE/IIOBAHHSI CAMOY3IO/I)KE€HOI KIHETUKHY €JIEKTPOHHOTO IIy4Ka B JPKepesax SKOPCTKOTO
BUIIPOMiHIOBaHHS. Ha 0CHOBi po3po6s1eHNX Ha MONEepeHIX eTanax poboTy MaTeMaTU4HOI MOJieJli Ta BifjlIOBiIHOTrO
KOMITIOTEPHOTO KOZy [TPOBEIEHO MOJIEJII0BAaHHS IIEPEXiIHUX MPOLECIB y ePCNEKTUBHOMY LIBUIKOMY PeaKTOpi, 110
IIpaLjioe Y Pe>KUMi XBUJIi siiepHoro ropinus (XAI), cipsiMoBaHe Ha BUBYEHHST MOXKJIMBOCTI K€PYBaHHS ITOTYKHICTIO
TaKOro PeakTopa LULJISIXOM 3MiHU e(PEeKTHMBHOCTI pajliaJIbHOrO Bifj0rBaya HEUTPOHIB. 3alIPOIIOHOBAHO NPONOPLiFIHO-
IvdepeHLiaTbHUNA METO, KEPYBaHHS, SIKUH 3a6e3Medye IJIaBHY Ta 6€3M1eUHy 3MiHy IIOTYXKHOCTI peakropa 3 XAT,
VHUKAIOYU CYTTEBUX ii KOJIMBAaHb HA NlepeXxifHux cTamisx. [lokasaHo, o po3pobieHni METO] KePyBaHHS JO3BOJISIE
6e3 BTPyYaHHS B IOT0 aKTUBHY 30HY. [IpoBeieHO NOCIIiIKEHHS BIUIMBY PO3CiI0OBAaHHS Ha OKPEMUX JIAHIIIOJKKAX
aTOMiB IpY [UIOWMHHOMY KaHaJIIOBaHHI BUCOKOEHEPTreTUYHUX MO3UTUBHO 3aPAKEHNX YaCTUHOK Ha PO3IIOLI
CIIEKTPaJIbLHO-KyTOBOTO BUIIPOMIiHIOBAHHS BiJl IUX YaCTUHOK. [I0Ka3aHo, 0 NIPY 3MEHIIEHH] KyTa MK T0YaTKOBAM

iIMITYJIbCOM YaCTMHOK Ta BiCCIO KpUCTAaJIa Y BUIIPOMIHIOBAHHI «BIlepen» 3 IBJISEThCS JOKAJIbHUN MAaKCUMVYM, SIKU
y y < n» 3’ yM,

Pedepar aHIJIiHCBKOIO:

A new approach for describing the process of coherent radiation of ultrarelativistic electron beams in an
undulator is proposed: a quantum description of the leading (external) field, which is independently registered by a
detector, which is a relativistic electron. The proposed model has significant advantages in terms of further
analysis: the total radiation power is directly proportional to the square of the Lorentz factor of the electron and
the mean angle of deflection of the electron trajectory in the external field, which is fully consistent with "classical"
results; the average energy of the radiated quantum does not depend on the strength of the external field and is
equal to the average energy of the dipole quantum at a small undulator parameter. It is shown that the Poisson
model significantly simplifies and makes more transparent the numerical simulation of the self-consistent kinetics
of the electron beam in sources of rigid radiation. Based on the mathematical model developed in the previous
stages and the corresponding computer code, the simulation of transients in a promising fast reactor operating in
the mode of nuclear combustion (NC), aimed at studying the possibility of controlling the power of such a reactor
by changing the efficiency of the radial neutron reflector, was performed. A proportional-differential control
method is proposed, which provides a smooth and safe change of the reactor power from the NC, avoiding
significant fluctuations in the transition stages. It is shown that the developed control method allows to carry out
both a significant temporary reduction of reactor power and its return to the nominal level without interfering
with its core. A study of the effect of scattering on individual atomic strings during planar channeling of high-



energy positively charged particles on the distribution of spectral-angular radiation from these particles has been
carried out. It is shown that as the angle between the initial momentum
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazsa HTII yKpaiHCBKOIO: Teopis TPaHCIIOPTY WIBUAKUX YACTUHOK y MyJIBTUILIIKYIOYMX CEPEIOBUILAX TA B

iHTEHCHMBHUX 30BHIIIHIX ITOJIIX

Hazpa HTII aHrsi#icbKoO0: Theory of fast particle transport in multiplicative media and in intense external
fields

HTII, sixy nepen6a4asiocsi CTBOPUTH:
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l'asy3p 3aCTOCYBaHHS: i3nKa BICOKHX eHepriii, Gpisnka peakropis
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: 3anpornoHoBaHo HOBUI MifXiz, [J1s1 OMKCY NPOLECY KOTEPEHTHOTO BUIPOMIHIOBAHHS [TyYKiB
YJIbTPAPEIATUBICTCHKUX €JIEKTPOHIB B OHAYJISITOPi: KBAHTOBUIH OIMHUC BEyYOTrO (30BHILIHBOTO) M0JIS], SIKE HE3AJIESKHO
PEECTPYETHCS AETEKTOPOM, B SIKOCTI SIKOI'O BUCTYIIAE PEJIITUBICTCHKUI €JIEKTPOH. [I0Ka3aHo, 110 IyacOHiBCbKa
MOZieJIb 3HAYHO CIIPOIIy€ Ta pOOUTD 6isblll IPO30PUM YUCIIOBE MOJIE/IIOBAaHHSI CAMOY3IO/I)KE€HOI KIHETUKU
€JIEKTPOHHOTO IIy4Ka B JPKepeJlax >KOPCTKOTO BUIIPOMiHIOBaHHS!. [IpoBeileHO MOZeJII0BaHHS [TePEXiIHUX NIPOLECIB Y
[epCreKTUBHOMY IIBUJIKOMY PEAKTOPI, L0 MPAIIoe Y PEXXUMI XBUJI aaepHOro ropinHg (XAT'), cnpsiMoBaHe Ha
BMBYEHHSI MOKJIMBOCTi KEpyBaHHS IIOTY>KHICTIO TAKOT'O PeaKTopa IJISIXOM 3MiHU e(pEeKTUBHOCTI pafiaibHOro
Bif6MBaya HENUTPOHIB. 3alIpONIOHOBAHO IIPONOPLIMHO-AudEPEHLIiaTbHUI METOM, KEPYBaHH, SIKUI1 3a6e31edye
IIJIaBHY Ta 6e3MeyYHy 3MiHy OTYXKHOCTI peakropa 3 XTI, yHuKaoun CyTTeBUX ii KOJIMBaHb HA NIEPEXiHUAX CTaJisIX.
[TokaszaHo, 0 po3pobIeHNI MeTO/L KepyBaHHS J03BOJIsIE 3[IiCHIOBATY SIK 3HAYHE TUMYaCOBe 3HIDKEHHS
IIOTY>KHOCTI peaKkTopa, Tak i ii IoBepHeHHsI 10 HOMiHaJILHOTO PiBHS 6€3 BTPY4YaHHS B 10I0 aKTUBHY 30HY.
[TpoBeneHo OOCIiIKEHHS BILJIMBY PO3CiIOBaHHS Ha OKPEMMUX JIAHLIIOKKAX aTOMIB IpY MJIOLMHHOMY KaHaJIlOBaHHI
BHCOKOEHEPreTUYHUX [TO3UTUBHO 3apSAIyKEHNX YACTMHOK Ha PO3IOJiJ CIIEKTPabHO-KyTOBOTO BUIIPOMIHIOBaHHS
Bif] IMX 4aCTMHOK. [ToKa3aHo, 10 NpU 3MEHIIEHHI KyTa Mi’K IOYaTKOBMM iMITyJIbCOM YaCTHUHOK Ta BiCCIO KPUCTa/IA y
BUIIPOMIHIOBAHHI «BIl€pe» 3'IBJISIETHCS JIOKAJIbHUI MaKCUMYM, SKUI IIPU 3MEHIIEHH] LIbOr0 KyTa PyXa€eThCs B

0071aCTh MaJINX €HEPrill BUIIPOMIHIOBaHHS.
ConjiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Exonomis enepropecypcis, Ekonomis matepiais
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ITpakTuyHa peasnizanis HTTI
ITouaTok eramy: 01.2021
3akiHYyeHHs eTamy: 12.2021
Crnio>KuBavi NPOAYKILii:
IlepcneKTHBHI PUHKHU:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IoTpiGHMIT 0GCAT iHBECTHILiH, TUC. TPH.:
IIpaBa, 110 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHs POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:

TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:



IloTeH1iaIbHUI 0OCAT IIPOJASKY, THC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoaaTtkoBa iHpopmamnist:

IX. Bi6siorpadiuHuii onuc
Bulyak E. Shul'ga N. Statistics of relativistic electrons radiating in periodic fields. Phys. Rev. AB. 2019. Vol. 22. P.
040705.

Fomin S.P. et al. Optimization of ignition zone of advanced fast reactor, working in nuclear burning wave mode.
Probl. Atom. Science Tech. 2019. Vol. 121. P. 80-85.

. Shul'ga N.F., Shulga S.N. Geometrical optics method in the theory of channeling of high energy particles in
crystals. Phys. Lett. B. 2019. Vol. 791. P. 225-229.

Shul'ga N.F., Truten' V.I. On fast charged particles scattering in a thin crystalline undulator. Phys. Lett. B. 2019. Vol.
790. P. 574-5717.

Ryzhikov V., G. Onyshchenko, I. Yakymenko et al. Research of the single crystal and multilayer composite detectors
response under irradiation by fast neutrons. East Eur. J. Phys. 2019. Vol. 2. P. 11-18.

Onyshchenko G. et al. The investigation of mechanisms of fast neutron registration in oxide scintillators. East Eur.
J. Phys. 2019. Vol 3. P. 54-62.

Fomin S. P, Kirdin A. L., Malovytsia M. S., Pilipenko V. V., Shul'ga N. F. Influence of the radial neutron reflector
efficiency on the power of fast nuclear-burning-wave reactor. Annals of Nuclear Energy. 2020. Vol.148, P. 107699.

Kyryllin I. V., Shul'ga N. F. On the influence of periodicity in the arrangement of crystalline atomic strings upon the
spectral and spectral-angular distribution of high-energy positively charged particle radiation in crystal. J.
Instrum. 2020. Vol. 15. P. C07019 (1-6).

Trofymenko S. V., Nazhmudinov R.M., Shchagin A.V. et al. Formation region effects in x-ray transition radiation
from 1to 6 GeV electrons in multilayer targets. Nucl. Instrum. Meth. B. 2020. Vol. 476. P. 44-51.

Malovytsia M. S., Fomin A. S., Fomin S. P. Nuclear burning wave concept and theoretical approaches for its
description. East European Journal of Physics. 2020. No. 3, P. 62-72.

Trofymenko S. V., Kyryllin I. V. On the ionization loss spectra of high-energy channeled negatively charged
particles. Eur. Phys. J. C. 2020. Vol. 80. P. 689(1-6).

Trofymenko S. V., Shul'ga N. F. Energy loss by relativistic electron ensembles due to coherent excitation and
ionization of atoms. Phys. Rev. Accel. Beams. 2020. Vol. 23. P. 084501(1-11).

Alekseev V. 1., Eliseyev A. N., Irribarra E. et al. (Trofymenko S.V.). Diffraction of virtual and real photons. JINST.
2020. Vol. 15. P. C03009(1-9).



X. 3aKJIlI0YHi BiTOMOCTI

KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0CiO-BHKOHaBILiB
. Kupunin Irop BikropoBry

(o. @.-m. H.)

Byssik €Bren BikropoBud

(. ¢.-m. H.)

Manosung Makcum CeprinoBuy

Onunienko 'enHanin MuxaiiioBu4
(. ¢.-m. H., 01.04.16)

®omin Cepriii [TeTpoBuy

(k. ¢.-m. H.)

Iyce Onexkcanpgp [ununosuy

(. ¢.-m. H.)

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon

PeecTpaTtop

KepiBnauKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

KaTtpuy Biktop Onexkcannposud
1. ¢.-m. H., 01.04.03, 03.00.02

Cobpan H.B.

+38 (066) 803-49-28

=

S L
ﬁ%i;w-ﬁ"‘ )
L



