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About the International Youth Scientific School-Conference

International youth scientific schools-conferences "Modern problems
of physics and technologies” are held on the basis of the National
Research Nuclear University MEPhI and P.N. Lebedev Physical insitute
of RAS annually.

The purpose of the scientific school-conference:

- Attraction of young scientists, PhD students and students to
discuss actual scientific problems of modern fundamental and applied
physics, nuclear, laser, biomedical and IT breakthrough technologies,
nuclear and electro physical instrumentation, professional development
of future researchers;

- Improving the qualifications of future researchers and
involvement youth in science and education, stimulating scientific and
technical creative activity.

The world's leading scientists in advanced areas of physics,
technology, and education are invited as a school-conference lecturer.
The format of the school provides for reports of young scientists in the
oral and poster sections. In frame of School-Conference subject sections
were organized: Nuclear physics and technologies, particle physics,
astrophysics and cosmophysics; Laser physics, solid state physics, optics
and plasma physics; IT technologies, intelligent systems, cybersecurity;
Engineering physics technologies for biomedicine; Electronics,
automatics,  spintronics, nanotechnologies;  Nuclear, electrical
engineering, mechanical engineering.

Conference languages - Russian and English

Organizers:
e National Research Nuclear University MEPhI
e P.N. Lebedev Physical Institute of RAS

Co-Chairman of the International Program Committee:
e Mikhail N. Strikhanov — Rector of MEPhI
e Oleg N. Krokhin — Academician of RAS, Scientific Adviser of
N.G. Basov Higher School of Physics of MEPhI
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International Program Committee

Kartsev P. F. (MEPhI), executive secretary

Klimentov S.M. (MEPhI)

Barbashina N.S. (MEPhI)

Kargin N.1. (MEPhI)

Kuznetsov A.P. (MEPhI)

Misyurin S.Yu. (MEPhI)

Timoshenko V.U. (MEPhI, Lomonosov MSU)

Kulchin Yu.N. (Far-East Division of RAS, MEPhI)
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Ummarino Giovanni (Politecnico di Torino, Italy, MEPhI)
Barbero Giovanni (Politecnico di Torino, Italy, MEPhI)
Fojtik A. (Technical University Liberec Czech Republic, MEPhI)
Kabashin A.V. (CNRS, France, MEPhI)

Co-Chairman of the International Organizing Committee:

Irina N. Zavestovskaya - Head of N.G. Basov Higher School of
Physics of MEPhI

Igor 1. Yashin - Professor of Scientific & Educational Centre
NEVOD

International Organizing Committee
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1000 AND THEIR CONSEQUENCES
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BOJIOKOH

Mewpayu C., boeoanos @.A., [ pomywrun J{.M.,

IOpun K.O., Awun U.U.
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CopepskaHue/Content
PEXEKIMA ITPOTOHOB B OJIEKTPOHHOM KAHAIJIE
T'AMMA-400
Muxaiinosa A.B., Jleonos A.A., Muxaiinos B.B., Xevimuy M. J].
OITPEJIEJIEHUE UHAVBUIY AJIbHOM JJO3bI OBJIVUEHU S
1 OLIEHKA PUCKA J1J1s1 HACEJIEHM S ITPOBUHIIMIA
MEPCUH (TYPELIKAS PECITYBJIMKA) ITEPE/] BBOJIOM B
DKCIUTYATAIIIIO ABC AKKVYIHO
Momom O.A., Mycmadgpa I'todep, Kynpusinoe B.M., Cein3zbinbic
bB.U., Yoanosa A.A., Camoxun /1.C.
JUATHOCTUKA ITEPEXO/IHBIX PEXKMIMOB
TEIUIOOTAYY B HEJIOTPETOM 1O TEMITEPATYPBI
HACBIILIEHN S BOOE
Mypaodan K.IO., Hasacapoan M.B., /lenoe M.U., Ky3emenkos
J.M., Jlaspyxun A.A., Kyyenxo K.B.
METOJIMKA BOCCTAHOBJIEHIA CITEKTPOB
SJEKTPOHOB U TIO3UTPOHOB HU3KUX DHEPTUIA ITO
JAHHBIM DKCITEPUMEHTA PAMELA 3A 2006-2016.
Myxun I1E., Muxatinoe B.B.
CUT'HAJIBI OT OJMHOYHBIX 3JIEKTPOHOB MOHU3 AL
B IBYX®A3HOM DMUCCHUOHHOM AETEKTOPE P2/-100
Huwema J[A.
OCOBEHHOCTH B3ANMO/JIEUCTBUS HAHOCTPYKTYP C
BBICOKOSDHEPI'ETUUYECKHMMU 3APSAKEHHBIMU
YACTULAMU
Honemaes /[.A., Coxonenxo b.B., Cmapocex A.B.,
Boiimuykuii B.1.
HEUTPOHHAS COCTABJIAIOIIAA PAAUAIIMOHHBIX
XAPAKTEPUCTHK TOIUJIMBA CO CJIOXHOM
T'ETEPOI'EHHOM CTPYKTYPOU
llonoskos C.JI., bBedenxo C.B., Kysneyoséa M.E., beoenxo /].H.
OPBUTBI TPABUTUPYIOLNX KOHOUT'YPALI
C HEAOCTATKOM ITPELIECCHUUA
llomawos U.M., Jupyrés A.H., Yemapuna FO.B.
BEPUDOUKAILIA MOAYJISI CRIMR-SERPENT
MVJIBTUOU3ZNYECKOI'O PACYHETHOI'O KOMITJIEKCA HA
MOJEJIN PEAKTOPA BH-600 13 MEXIYHAPO/HOI'O
BEHUMAPKA MATATO
Ilyeaues I1.A., Pomanenxo B.U., Cmupnos A./[., Tuxomupos I'.B.
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CopepskaHue/Content
CPABHEHUE PE3VJIbTATOB AHAJIM3A
HEOITPEAEJIEHHOCTHU B ®U3NYECKUX PACUETAX
SYEEK BBOP B CYTOUYHOM I'PA®UKE
MAHEBPUPOBAHUN A IBYMS ITPOTPAMMAMMU GETERA 1
WIMS
Paxman Cx Anucyp, Yeaxun M.A
PE3VJIbTATbBI UBMEPEHUS ITIOTOKA AHTUITPOTOHOB 1
[IOMCKA AHTHUJEUTPOHOB U AHTUT'EJIMS B
T'AJTAKTUYECKHUX KOCMUWYECKUX JIYUAX T10 JAHHbBIM
DOKCIHEPUMEHTA ITAMEJIA (2006 - 2016)
Pooenxo C.A, Matiopos A.I' om umenu xoanabopayuu I[IAMEJIA
MOP®OJIOTUYECKME OCOBEHHOCTU YTJIEPOJJHBIX
MUKPOYACTUII I[TbIJTM METEOPUTA «YEJISABHCK»
Casocmeenxo I'A., Tackaeg C.B., I opvragvui H.H.,
Ilyoopos A.E.
OLEHKA YYBCTBUTEJIbBHOCTU YCTAHOBKU TAIGA-
HiSCORE K U3BECTHbBIM 'AMMA-MCTOYHUKAM B T3B-
JUAITA30OHE
Camonuea B.C.
AHAJIN3 IMTPOAJIEHN SI CPOKA 3KCIUIVATAILIMU TBC PY
BK-50 JIO 7-MU JIET B PACIIIMPEHHON AKTUBHOU 30HE
Ckpsioun A.A., E¢pumos E.U.
HENTPOHHO-®U3NYECKUN PACYET
CAMOIIOAJEPKMBAIOIIEIOCA PEAKTOPA B
[MPOI'PAMME SERPENT
Cmuproe AJL., Tuxomupos I'.B., Kysazaxu K., Obapa T.
OITPEJEJIEHUE BEJIMYNHBI PAAMAIITMOHHOT O
PA3OT'PEBA OBPA3IIOB I1PU OBJIYYEHNU B
T'OPM30OHTAJIbBHOM KAHAJIE PEAKTOPA UPT-T
Cumonvruxoe H.B., Anuxun M.H., Havimywun A.I"., Jlebeoes U.U.
CO3JIAHUE ®UJIbTPA HEMTPOHOB JIJ151 HTJI KPEMHUS
MAJIOT'O IUAMETPA HA PEAKTOPE UPT-T
Cumonvruxoe H.B., Anuxun M.H., Havimywun A.1"., Jlebeoes U.U.
Bapnaues B.A.
OBPA3ZOBAHME CI'YCTKOB KBAPK-TJIIOOHHOM
MATEPUU B APO-ANEPHBIX COYJAPEHUAX
Co3zunos E.C.
HNCCJIEJOBAHUE BJIMAHWA KOHUEHTPALIMN
HAHOYACTHUI] Fe304 HA PACXO/ [TAPA TTPY KUTIEHUUA
HAHOXWAKOCTU
Cmpyyanun ILT., Tou X., Kyzvmenxos /.M., Jlenos M.,
Kyyenxo K.B, banaxun b.B.
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H1®POBBIE METOJAbI MCCJIIEAOBAHU A
CBETOBBIX UMITYJILCOB
Cyxanose M. A., Kannun B. A.
CBEPXTOHKAJS CTPYKTVYPA CIIEKTPOB SHEPI'MIH
JJETKHX MIOOHHBLIX ATOMOB
Cyxopykosa O.C., Jlopoxos A.E., Mapmuvinenxo A.IL,
Mapmuinenxo @.A.
MOJIEJIMPOBAHUE HEUTPOHHO-®U3NYECKNX
[TPOLIECCOB AKTUBHOI 30HBI BBOP-1000
Tanaw Xamza
O PEHTTEHOBCKOM U3JIYYEHHUU PAINOITYJIbCAPOB
Tumupreesa M.A., Manos U.D.
CBUAETEJIbLCTBA YHETBEPHOI'O KITACTEPHOI'O
PACITIAJZIA 252CF(SF)
Tomac AJL., lamxos FO.B., Kamanun /I.B., Anexcanopog A.A.,
Anexcanoposa U.A., I'opvanosa 3.1., Kysueyosa E.A.,
Cmpexanoscxuti A.O., Cmpexanoscxuti O.B., ’Kyuxo B.E.
HNCCIEAOBAHUE 3ABUCUMOCTU KPUTUYECKOI'O
YUCJIA POJIEA OT IUAMETPA [MUJIMHPUYECKOI'O
HATPEBATEJIA
Twopuna U.A., Ky3omenxos /.M., [lenos M.U., Kyyenxo K.B.
PA3BUTHUE HEMTPOHHO-®U3MYECKOI TECTOBOM
3AJJAYUN JJIA1 BEPUOGUKAIIMN ITPOTPAMMBI MCU-PTR
JJIA MOJAEJIMPOBAHU S CYTTEPKPUTHUYECKOI'O
BOJOOXJIAXKJIEMOI'O PEAKTOPA HPLWR
D. T. @am, I'. B. Tuxomupos
HOBBI BBICOKOCEIMEHTHUPOBAHHbIM BIVDKHUI
JETEKTOP JJIA DKCITEPUMEHTA T2K
Deoomos C., Kocmun A., Cmuphos A.
AHAJINM3 COOTHOILEHUN JJISI PACUETA
KOBODOUITMEHTA TEIIJIOOTAAYUM K BOAE ITPA
CBEPXKPUTHUYECKHNX JABJIEHUAX
Xaccan A.A., Jlees B.U., Baucos A.M.
MOJIEJIMPOBAHUE BHYTPUPEAKTOPHBIX OB BEKTOB
P11 AHAJIM3E INEPEXO/IHBIX ITPOLIECCOB B
PEAKTOPHOI YCTAHOBKE CO CBUHLIOBbIM
TEIIJIOHOCUTEJIEM
Yyounosa B.A., Huxonos C.1I1.
MOIIHBIE TEJIMOC®EPHBIE BOSMVYUIEHMA BO BPEM
MAKCHUMVYMA 24-'0O COJTHEYHOT'O IT1MKJTA
Lleconesa A.I'., bapoawuna H.C., Konosanosa A.1O.,
Muwymuna FO.H.
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CopepskaHue/Content
NCCIEJOBAHUE KOHTYPOB PET'YJIMPOBAHU A
PEAKTOPA BBOP - 1000

Incaramynu H. 210
AJITOPUTM NAEHTUOUKAIIMU KOPOHAJIBHBIX OBIP HA

UOPOBBIX U30BPAXXEHUAX COJIHIIA
IOn6apucos P.®., Matiopog A.I'. 212

3J1€KTDOHI/IKa, ABTOMATUKA, CIMHTPOHUKA, HAHOTCXHOJIOI'MU
Electronics, automatics, spintronics, nanotechnologies

DEVELOPNG K-ION BATTERIES FOR ENERGY STORAGE

Abramova E.N., Rupasov D.P., Abakumov A.M. 215
THE STUDY OUTLINES THE REGULATION OF VVER - 1000

REACTOR LEVEL CONTROL IN THE DEAERATOR OF BORIC
REGULATION TKC71

Dghaimat L.H., Tolokonskiy A.O. 216
GALLIUM NANOPARTICLE-MEDIATED REDUCTION OF

BRAIN SPECIFIC SERINE PROTEASE-4 IN AN EXPERIMENTAL
METASTATIC CANCER MODEL

Moustafa E.M., Mohamed M A., Thabet N.M. 218
TUNING OF ELECTRONIC PROPERTIES OF C, CAGE VIA

MULTIPLE DOPING: DENSITY FUNCTIONAL STUDY

Salem M.A. 221
MODEL PREDICTIVE CONTROLLER (MPC)
Zaher.L, Abdulraheem K.K, Korolev S.A. 223

CIIEKTPAJIbHBIN AHAJIM3 TOHKOITJIEHOYHBIX CTPYKTYP
HA OCHOBE Cgo B UK JUATIA3OHE

Apymunos H.D., I'ypuenxo B.C.

MEPIIEHAUKYJISIPHAS MATHUTHAA AHU30TPOIIMA B
CJIOUCTBIX CTPYKTYPAX Dy/Co

bapranosa A.C., Casuyxuii A.O., []posocexos A.b.,Kpeiinec H.M.,
Maxaposa M.B., [lpoensdo B.B., Kpasyos E.A. 226
CTPYKTVYPA VIJIEPOJJHBIX HAHOTPYBOK,

HNHKATICYJIMPOBAHHBIX MOJIEKYJIAMU KOPOHEHA

benexees U.A., benenros E.A. 228
MOJEJIMPOBAHUE CTPYKTVYPbBI IIOJIMMEPHOI'O
HAHOKOMIIO3UTA, COAEPXKAIIEIO YI'JIEPOAHBIE HAHO

TPYBKU

boxoe K. A., Bysmaxosea M. M. 230

224
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CopepskaHue/Content

B3AHMOﬂEﬁCTBHE ATOMOB UTTPHA C ®YJIJIEPEHAMU
HA TIOBEPXHOCTH Si(111)-0V3xV3-Au

bonoapenxo C.B.

MATEMATHUYECKOE MOJEJIMPOBAHUE CTPYKTYPhI
OIITUYECKHX CBOMCTB ®PAKTAJIbBHOM OCTPOBKOBOI
METAJUIMYECKOW HAHOIUIEHKU

byxapos JI.H., Kyuepux A.O., Hogukosa O.A.

WU3MEPUTEJIbHBIA KOMILJIEKC JUIA OITPEJEJIEHU A
TEITJIOBOI'O COITPOTUBJIEHUS DJIEMEHTOB

Taspuxoe A.A., Cmupnoe B.U.

YI'JIEPOAHBIE, KPEMHUEBBIE U BOP-HUTPUHBIE
[TPU3MAHBI: KBAHTOBO-XUMHWUYECKU AHAJIN3
Tpuwakos K.C.

JTABEPHAS ITIEUATH YT JIEPOOHBIX HAHOMATEPHUAJIOB
Heoickuna M.A., Komnenox M.C., Peibun M.I"., Ilusosapos I1.A.,
Apymionsin H.P., [lonosuu A.®., Obpazyosa E.JI., Konos B.H.
AJITOPUTM ITOAJEPXKHW ITNIAHUPOBAHU A UCIIBbITAHUN
TEXHUYECKHUX CUCTEM

Hepxyncxuii IT.A., Toroxouckuii A.O.

SJIEKTPOHHAS CTPYKTYPA U DJIEKTPOHHBIE CBOMCTBA
MOHOKPUCTAJIJIOB MoxW1-xTe2 (X =0; 0.5; 1)
Homooxcuposa A.H., Maxnes A.A., LLIpedep E. ., Jlykosnos A.B.,
Haymos C.B., Cemannuxosa A.A., Qucmsaxos B.B., Huang J.C.A.,
Mapuenkosa E.b., Mapuenxos B.B.

UCCIEAJOBAHUE AHOMAJIBHOI'O OTPAXXEHUA IT'MBKX
MJC C HAHOMETPOBBIM ITPOBOAAIINM ITOKPBITUEM
HUsanos P.A., Moposoe C. H., dumaes U.11I.

PA3PABOTKA AJITOPUTMOB VYIIPABJIAIOIINX CUCTEM
BE3OIIACHOCTU PEAKTOPHOI YCTAHOBKHU

Uesanosa I1.C., Anxoecxui K.H.

MOIEJIMPOBAHUE CAMOOPI"AHU3 AL KOJIJIOMJJHBIX
YACTHUL B BbICbIXAIOHlEﬁ HA TIOAJIOXXKE KAIIJIE
Koneeos K.C., bapaw JILIO.

PA3PABOTKA U U3T'OTOBJIEHUE TA3BOUYBCTBUTEJIbHBIX
SJIEMEHTOB CEHCOPOB I'A30B HA OCHOBE
KOBAJIbTCOAEPXAIIETO ITOJIMAKPUJIOHUTPUIIA
Konosanenko CII., beonas T.A.

YCTPOMCTBO PETMCTPALIMY MBILIHEYHOI'O OTBETA JJIA
JUATHOCTHUKU HEﬁPOI[EFEHEPATOPHBIX 3ABOJIEBAHUN
Kouswxuna K.B.
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CopepskaHue/Content
SJIEKTPUYECKUNE XAPAKTEPUCTUKHN TOHKUX ITJIEHOK
OVYIJIEPEHCOEPXAIIINX MATEPUAJIOB
Kpamxo A.O., T'opoynos H.I'., Triomwonux A.C.
PACYET CTPYKTVYPbI HOBBIX ITOJIMMOP®HBIX
PA3HOBU/IHOCTEM I'PA®MHOBBIX CJIOEB HA OCHOBE Ls;
I'PA®EHA
Kyvpuanoe C.P., benenkog E.A.
OCOBEHHOCTU TBEPAO®A3HOI'O CUHTE3A
JIIOMUHO®OPA (Sro,98EU0,02)GazS
Mapoun A.11., Mapvuna V. A.
MOJIEJIb ITPOLIECCA MOHHOM UMITJIAHTALIUN
HAHOYACTULBI B MATPULE JTUOKCHUJA KPEMHUA
Mycmagaes A.I"., Mycmacgaes I'. A.
CYMMATOP-MVJIbTUITJIEKCOP BJIOKA 3JIEKTPOHUKN
KIIACTEPA YCTAHOBKU HEBO/I-1IIAJT
llacwok H.A., Komnanuey K.I'., lllynvoicenxo U.A.
NCCIEJOBAHUE CMAUMBAEMOCTU HETKAHBIX IIJIEHOK
U3 HEMJIOHA 11, COOPMHUPOBAHHbBIX METO/IOM
QJIEKTPOCIIMHHUHI A
llepynosa C.B., Ilagnosa E.P., bazcpos /[.B.
YCJIOBUA ABTOMATU3AIINU TEXHOJIOTMYECKKUX
MMPOLECCOB OUMCTKU [MTPOMBIIIJIIEHHBIX
CTOYHbIX BOJ]
Iywun 1.B., I'vuvko M.C., Hazapoe M.A.
HOBBIIIEHUE JOCTOBEPHOCTU PE3YJIbTATOB
HEPA3PYHIAIOHIEI'O KOHTPOJISI COTOBBIX
KOHCTPYKLIUI M3 [TIKM
Pycaxoe JI.10O., Yepnywun B.A., Haxa606 A.B.
MOJIEJINPOBAHUE CJIOEBBIX ITOJINMMOP®OB HUTPUJIA
BOPA
Pawenyes J[.C., Benenxos E.A.
PACYET BBICOKOYACTOTHOM BJIEKTPOITPOBOJHOCTU
TOHKOM ITPOBO/IAIEN ITPOBOJIOKH B ITPOJI0JIbBHOM
MATHUTHOM I1OJIE C YYETOM 'PAHUYHBIX VCJIOBUIA
OYKCA
Casenko O.B., Ky3neyosa V.A.
BJIMSIHUE TTPOCJIOEK Cr HA MATHUTHBIE CBOMICTBA
CJIOUCTOI'O ®EPPUMATHETHUKA Fe/Gd
Casuyxuii A.0., /lposocexos A.bB., Kpeiinec HM., Xonun J].1.,
Maxaposa M.B., IIpoensioo B.B., Kpasyos E.A.
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CopepskaHue/Content
ABTOMATHU3UPOBAHHBI MEXATPOHHBIN KOMITJIEKC
OPTAHU3 ALV DHTEPAJIBHOI'O ITMTAHW I YEPE3
HA3OT'ACTPAJIBHBIN 30H/]

Casocmeenxo H.B., Vcvinun FO.C., /[yokun M.M.,

Maxcumos H.M.

OCOBEHHOCTU KMHETUYECKHNX 1 MATHUTHBIX
CBOWCTB CIIJIABOB I'EMCJIEPA Mn,YAI U Co FeZ
Cemannuxoga A.A., Upxun B.IO., [Jomooicuposa A.H.,
Ilepesosuuxosa I0.A., Kopenucmos I1.C., Mapuenxos B.B.
OINIPEAEJIEHUE ITAPAMETPOB JIBMKEHWS UCTOYHUKA
MN3JIYYEHUSI HA OCHOBE D®®EKTA OOITJIEPA

Cunxun A.B.

MMPUPOJA ®OTOJIIOMUHECHEHINN ITOPUCTOI'O
KPEKMHMUA C Z[HHHOPI BOJIHBI A=640-670 HM

Cnunuenko E.A., Copokun T.A., Abpamosa E.H., Axosenxo A.I",
Xopm AM.

MOJIEJIMPOBAHUE CTPYKTVYPhI
ABTOUHTEPKAJIMPOBAHHOI'O COEJIMHEHMS HA OCHOBE
T'EKCAT'OHAJIBHOI'O TPA®EHA

Cmupnosa JI.A. , benenxos E.A.

O®OPMHWPOBAHUE NV-IIEHTPA B AJIMA3E METOJIOM
MOJIEKYJISIPHOM JVNHAMUKHA C TIPUMEHEHUEM
HEOPTOI'OHAJIBHOI MOJIEJIN CUJIBHOM CBSI3U
Cmupnosa M.O., I'onosanos A.B., Jlynapes H.B., Tapenxun C.A.,
Tpogpumos C.JI., Tpowues C.FO.

I[TIOPTATUBHbBIN KOHILEHTPATOP KHUCJIOPOJIA

HA OCHOBE FHBPHHHOﬁ MEMBPAHHO-COPBHHOHHOﬁ
TEXHOJIOTUHA

Tuwun A.A.

CO3JIAHME OJJHOKHTYPHOI ACP C ITU-IIOJOBHBIM
HEYETKHUM PET'VJISITOPOM

Trxaues K.M., Koponeg C.A., Toroxonckuii A.O.
MATEMATHUYECKOE MOJIEJIMPOBAHUE ITPOLIECCOB
CAMOOPTAHU3AIIMN B CUCTEMAX CTEPXHEIIO/JJOBHBIX
YACTUI],

Yupkosa B.B.

PACYET DJIEKTPOHHOI'O CITIEKTPA
MOANDUITMPOBAHHOI'O TPA®EHA

Hlapun E.Il., Eecees K.B.
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CopepskaHue/Content
MOJIEJIMPOBAHUE ITPOITIECCA ITOPOOBPA30BAHNS HA
TEKCTYPUPOBAHHBIX U1 ITOJIMPOBAHHBIX
IOBEPXHOCTIX KPEMHI A
Hluwkun U.A., Jluzynxkosa /].A. 298
IIOBEPXHOCTHBIE CKPYUYEHHBIE MATHUTHBIE
COCTOSHNA B CBEPXPEIIETKE Fe/Gd
FOpranos JI.B., Casuykuii A.O., [{posocexog A.b., Kpeiinec H.M.,
Xonun J{. U 300

SAnepHoe, dekTpodu3nueckoe NpudopocTpoeHme,
MAIIMHOCTPOCHUEC
Nuclear, electrical engineering, mechanical engineering

OIPEJEJIEHUE S®OEKTUBHOM TEMIIEPATYPHI [1IP1
BHYTPUPEAKTOPHBIX NCIIBITAHUAX SAJEPHOI'O TOIVIMBA
benenopsicosa E.I'., I[lanacenxo P.A., Tymnoe U.A., Any¢pues b.®. 303
PA3PABOTKA SKCITEPUMEHTAJILHOI'O YCTPOUCTBA JJIs
BHYTPUPEAKTOPHBIX UCIIBITAHUI SIJEPHOI'O TOIJIMBA
benenopsicosa E.I'., I[lanacenxo P.A., Anygpues b.®., Tymnos U.A. 305
TEPMOITPOYHOCTHOM PACUET OBPA3IIOB SJEPHOI'O

TOIUUIMBA TP BHYTPUPEAKTOPHBIX UCIIBITAHUAX HA

CXATHUE
benenopsacosa E.I'., I[lanacenko P.A., Anygpues b.® ,Tymnos U A. 307
WUCTIBITATEJIbHBIA CTEH/L 1J15 KOHTPOJISA TNIOTHOCTHU
I[MTOPOLIKOB B IMPOIIECCE XOJIOAHOI'O ITPECCOBAHUA
buprokos A.I1., Poovro U.U., hoxcko FO.B., bapvuues I'K.,

Yepuwix 11.0., Kopmawosa J[.U. 309
PA3PABOTKA MOBMJIBHOI'O YCTPONCTBA
SJIEKTPOOU3NYECKOI'O HEPA3ZPYIIAIOIET'O KOHTPOJIA
MATEPHAJIOB, U3JIEJINI Y TEXHOJIOTMYECKOI'O
OBOPYJIOBAHUS

Towxodepos B.A., I'owkooeposa E.A., Cypun B.H. 311
3D-TIPUHTEP U1 CTPOUTEJBCTBA MAJIBIX XUJIbIX U
[10JICOBHBIX ITOMEILIEHHIA

Egpemos H.C., Huxonaenxo A.B., buprokos A.I1., FOoun U.A.,

Konawenxoea H.A., I'epacumos J[.1O. 313
IT'MBPUJIHASI CUCTEMA OCYUIKHA

MMPUPOHOI'O I'A3A JIJIS TIOAT'OTOBKU K CXKMXXEHUIO

Kapaceea M JI., I'ypxun B.H. 315
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CopepskaHue/Content
ABTOMATHW3UPOBAHHBIN CTEH/I JUIS IEGEKTOCKOIINU
[MPU BXOJHOM KOHTPOJIE MATUCTPAJIBHBIX TPYBb
Knays A.B., bBupiokog A.11., Toxapes A.H., Moweg A.A.,

Yepnuwix 11.0., 'epacumos /1.1O.

[IPUMEHEHME KIT9 B TEPMOLIMKJIMYECKOM OEPABOTKE
JIETAJIEV MAILIMH U UHCTPYMEHTA

Komonuxos A.C., Kozvipy U.I'., Ky3enxos C.E.

HUOPOBOE IMTPOCTPAHOCTBO TB3JIOB C
MNEPCIHEKTUBHBIMU BUJAMU AJJEPHOT'O TOIJIMBA
Kopenun A.JI., Maxcumxun A.U., benenopscosa E.I"., bepecmos A.B.,
Ouepemvio B.E., JKykoscxuii IO.O.

OINTUMU3BALIMA DJIEMEHTAPHOU SYEVKH SIIEPHOIO
PEAKTOPA BK-300

Kocmiouenxo K.C.

PA3PABOTKA 1 BEPUOUKALIMA METOJA JIOKAJIBHOI'O
OBHAPYXXEHUWA JE®EKTOB B TBOJIAX BUXPETOKOBBIM
METOJAOM

Maxcumxun A.U., benenopscosa E.I'., Kyopssyes E.M., Abnees A.H.,
Toacmoe M.C., I'epacumos /1.1O.

OITPEJIEJIEHUE I'A30BOI'O COCTABA B TB2JIAX JIJIA
MEPCIIEKTUBHbBIX AJJEPHBIX PEAKTOPOB

Maxcumxun A.HU., Abnees A.H., Mapmuvinenxo C.I1., Mapmuinenxo C.C.,
Poovko UU., I'vouna T.B.

CHUHXPOHHOE JIBUXXEHUE MEXAHU3MOB C YYETOM CHJI
PA3JIMYHO¥ ITPUPOIbI
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MATHEMATICAL MODELLING OF FUEL ROD REGIME
DURING PARTIAL UNCOVERED INDUSTRIAL POWERED
RESEARCH REACTOR CORE

Akinola O.N.

The conductive and convective movement of the heat is consider in
terms of the margin in the uniform thermal flux density along the
horizontal axis from fuel element center line down to the cladding, and
to control the surface temperature of partially uncovered fuel cladding
not to exceed the temperature limit. Modelling and Simulation of the
temperature and heat flux density along the fuel element matrix through
the gap to the cladding is implemented to ensure that the temperature
limits of the fuel element matrix is not exceeded.
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Akpuluma A.D., Smirnov A.D., Tikhomirov G.V.

National Nuclear Research University MEPhI,
Institute of Nuclear Physics and Engineering, Moscow, Russia
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Sodium-cooled fast reactors (SFR) are among the generation IV
reactors proposed by the Generation IV International Forum (GIF) to
meet the 2030 to 2040 target for commercial deployment of safer and
more economic designs of nuclear energy systems. However, unlike other
proposed designs there is already considerable experience in the viability
of this reactor. For decades, Russia and a few other countries have
developed, tested, studied and demonstrated the feasibility of the SFR
design [1-3].

This work aims to use Serpent Monte Carlo code [4] to study the
power feedback effects of the assembly of a sodium fast reactor and to
compare it with known benchmarks. This procedure will be carried out
by observing the changes in the multiplication factor when the reactor
power (fuel and coolant temperature) is increased. This is a common
method used in assessing the safety of nuclear power systems. From
published papers, it is expected that there will be positive reactivity
feedback effects, when sodium coolant is removed from the core. This
result was verified using OECD/NEA benchmark for the SFR core [5].
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In this work Modeling of thermal-hydraulic processes in the reactor
core of BREST-1200 is carried out with the help of program APMod
module.

The purpose of this work is to study the behavior of the reactor core
cooled by lead as a metallic coolant in different working regimes as well
in cases of accidental events with partial blockage of the flow section.

Blockages are considered as potentially dangerous sources of
emergency situations in nuclear reactors, and the study of hydrodynamics
and heat transfer in the Fuel Assemblies with a blocked part of the passage
section is given great attention lately.

Anisotropic porous media approach is used in this work [5] which
allows to solve an objective with rather low expenses of the computer
resources and significantly reducing the number of elements the media
was split for compared to the solution not averaged over the space of
equations of hydrodynamics.

The simulation results are compared with the calculations of the
thermal processes which were done earlier to conduct such a comparison.

Calculations of thermal processes and properties for the reactor core
of BREST-1200 included; calculation of the reactor thermal efficiency
with turbine type K-800-24[1][2][3], calculation of reactor thermal power
,Calculation of heat flow and heat parameters by the height of the active
zone[4][5], Calculation of heat transfer coefficients and Temperature
distribution in the Active zone, and Calculation of hydraulic resistance of
the core[4].
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This paper is concerned with instantaneous emergency situations in
VVER-1000 and their consequences emergency situations on the
equipment of the cooling circuit for reactor VVER-1000. Two situations
are discussed: an instant rupture in the pipelines of the first circuit and
instantaneous stop of the main circulating pump. The considered
emergency situations are included in the list of different types of reports
necessary for VVER safety justification [1]. As a model for investigation
we chose the 3 unit of Kalinin NPP (VVER-1000, model 320). All
thermohydraulic and physics data for this are taken from the international
stander problem Kalinin-3 [2-3]. For the calculations, the computational
best estimate code ATHLET [4] was used, which is included in the
software package AC? and officially obtained by the national research
Nuclear University MEPhI according to the license agreement with
Gesellschaft fur Anlagen-und Reaktorsicherheit (GRS) gg GmbH,
Germany [5]. Code ATHLET is certified in Russia for stationary and
transient conditions at reactors with water coolant [6].

Figure 1 shows the nodelization of the first loop of the primary circuit
which is the same for 2" and 3 also the locations which considered in
case of LOCA. Figure 2 shows the nodelization for the fourth loop which
connected with the reactor pressurizer. We consider in detail the initial
period of the accidents, because only at this stage a strongest amplitude
and frequency of pressure fluctuations on NPP elements were observed,
which can lead to significant dynamic loads on the structural elements of
these objects. This can be estimated either by: Joint strength and
hydrodynamic calculations, or It is possible to use the results obtained in
this work as boundary conditions for the calculation of dynamic loads.
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Figure 1: First loop of the primary circuit and considered locations for study

This study was done on steps as following:

1. Studying the situation of instant stop of the MCP in the first loop
of the primary coolant circuit.

2. Considering LOCA (DEB) in the first loop of the primary coolant
circuit near to the core entrance (Location. “L”)

3. Comparing the two emergency situations from the point of view
of the consequence pressure waves in the main components of the reactor.

4. Analysis of uncertainty in the concept of "instantaneous" in the
calculation of emergency modes. 5 different gaps of time were considered
for both emergency cases.

5. LOCA in different locations in the first loop of the primary
circuit. 6 locations for LOCA were considered in this step.

6. The most dangerous places of LBLOCA in the four loops of
primary coolant circuit as a source of dynamic load on the equipment.
The 6 locations in step 5 were considered in each loop.

Figure 2: the 4™ loop of the primary circuit.
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SD-TMSR 2,250 MW [1] is a Single-fluid Double-zone Thorium-
based Molten Salt Reactor. The active core of this reactor is divided into
the inner zone (486 fuel tubes) and the outer zone (522 fuel tubes) in order
to enhance the breeding performance. The lack of computational codes
which deal with MSR cores stands against developing such a concept.

In this paper, SERPENT2 Monte Carlo code has been adopted to
simulate the full-core of the SD-TMSR. In addition, the online
reprocessing and refueling using built-in SERPENT?2 capabilities was
simulated. The Fission Products (FPs) were extracted from the active core
into a GASTANK outside the core. Likewise, Pa was extracted from the
core into another tank which called Pa_tank. ?Pa decayed into 23U
(T12=27 day), part of 233U was used to feed the reactor and the rest is the
net production of 23U,

During the burnup time (10 years), the total mass of the fuel inside the
reactor was checked and found to be constant. Besides, the reactivity was
controlled by adjusting the feed rate of fissile materials [2, 3]. Thus, the
full and clear reprocessing scheme was illustrated in this paper.
Furthermore, the variation of the multiplication factor, breeding ratio,
thorium, and 23U refill rates and build-up of the important nuclides in the
core as a function of burnup time have been investigated. Additionally,
the molten salt Temperature Coefficient of Reactivity (TCR) found to be
negative and equal to -3.13 pcm/K.
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In conclusion, the whole core of SD-TMSR has been modeled and the
net production of 22U is found to be positive.

All calculations presented in this work were implemented by
SERPENT2 version 2.1.30. This paper follows [4] [5] method and applies
to SD-TMSR 2,250 MWth. The drift of the delayed neutron precursor is
not examined in this paper.
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The “cracks under control” project was recently released by the
laboratory ElphysLAB in National Research Nuclear University MEPhI,
Moscow. It is a future proposal to reduce the accident rate situation which
may arise during use of the equipment of NPP, due to the action of the
loads and the occurrence of various types of cracks in the most sensitive
parts of nuclear power plants equipment. The essence of the current
project is based on a new non-destructive testing method which called
scanning contact potentiometry (SCP).

In the current report, the prospects and advantages of using the «crack
under control» projects have been discussed as an integrated system for
improving the safety of various types of equipped nuclear power plants.
Furthermore, the results obtained by the proposed study confirm that the
application of the «crack under control» project is considered as a part
and parcel of the safety of modern nuclear power plants.

By using the SCP method, it is possible to obtain advanced
information on the state of nuclear facilities in the absence of access from
personnel where there are large radiation doses during operation. The
development of integral system based on the «cracks under control»
project will be as a warning bell, which reports about the status of nuclear
power plant equipment during operation with minimal costs.

References

[1] Surin V. 1., New potential for potentiometry, Nuclear Engineering
International journal, http://www.neimagazine.com/features/featurenew-
otential- for-potentiometry-6146360/, 2018.

[2] Abu Ghazal A.A., Dzhumaev P. S., Osintsev A. V., Polski V. I.,
Surin V.l. Physio-mechanical materials testing using scanning contact
potentiometry method// KnE Materials Science, 15th International School-

34


mailto:Gazal.ayman@yandex.ru

Nuclear physics and technologies, particle physics, astrophysics and
cosmophysics
Conference "New materials — Materials of innovative energy.—
publishing@knowledgee.com , Dubai, UAE, 2017.

[3] Electro-physical non-destructive testing of welded joints of steam
generator PGV 1000,Resource center NRNU MEPhI at the site of AEM-
Technology at the Atommash Volgodonsk/VV. G. Beketov, A. E.
Dembitsky, V. V. Kondakov, V. I. Surin, Z. S. Volkova, A. A. Abu Ghazal,
A. |. Alwahabeh etc.// Report on R & d, national research nuclear
University MEPhI, 2017, registration EGISR & d, p.118.

35



Nuclear physics and technologies, particle physics, astrophysics and
cosmophysics
TOLERANT FUEL INFLUENCE ANALYSIS TO VVER
LATTICE MULTIPLYING PROPERTIES

Chukwudobe. L.O.

Mephi, Moscow
+79260025579, leochukwudobel3@yahoo.com

An investigation is carried out on the tolerant fuel influence analysis
on the propagation properties of the VVER lattice. Comparing the
analysis (physical calculations) between the VVER 1000 lattices with
fuel and various Tolerant fuel Candidates (uranium oxide with steel
cladding, carbon cladding, uranium oxide with chromium composition).
The software package used for this analysis is an open source GETERA
code which is designed to physically calculate the multiplication factor
against burnup, calculate the multiplication factor for each fuel system,
determine the area of the geometry of the fuel assemblies, and the radius
of each cell, and the relationship between burnout and thickness for
tolerant fuels proposed in this method at the first probability of collision.
Tolerant fuel (ATF) is intended to reduce the harmful interaction between
the zirconium alloy cladding and high-temperature steam that occurs in
beyond design-basis emergency conditions. They are supposed to work
within the framework of the design of existing and future light-water
reactors, and for this reason they must meet or exceed the neutron and
economic characteristics of conventional fuels. In this study, the neutron
characteristics of tolerant fuel for use in VVER-1000 reactors were
analyzed.
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The excess reactivity of the fresh fuel at the beginning of burnup stage
and flatting the power distribution to avoid an excessively high power
peak in the fresh fuel assemblies are important issues in the VVVER-1000.
There are different methods such as the change of the coolant density and
change the water-uranium ratio in the fuel assemblies to control the
excess reactivity and power peak factors through what is known spectrum
regulation. The spectrum regulation which represented by hardening the
spectrum from the starting time of reactor run. One of the aims of spectral
regulation also to attain the greatest accumulation of plutonium and
softening the spectrum to the end of the run.

A lot of studies were performed to enhance the controlling process of
the excess reactivity. In the light water reactor (LWR), burnable absorbers
are usually used to control the excess reactivity and flatting the power
distribution in the reactor core. the most interesting rare earth elements
with high propensity for neutron absorption (gadolinium, erbium,
dysprosium, hafanium and dysprosium) are studied and compared from
the point of view of their possibilities for the control of core reactivity in
PWRs to increase the cycle length [1]. It is reported that Erbium depletes
relatively slower than gadolinium and boron. Therefore, erbium can be a
rather effective BA for a reactor with a very long cycle [1]. The use of
Gd,0O3 in the form of micro-particles size increase the thermal
conductivity of the Gd,O3 bearing fuel rods which provide the trend of
designing future high burnup fuel. The use of 18 Gd.Os-dispersed fuel
rod with Gd,Os particle diameter 300 um (instead of 12 Gd.Os-bearing
fuel rod), similar reactivity curve can be obtained as conventional design
and the power peaking factor at the beginning of burnup is decreased by
about 5% [2].

In the present work, spectrum regulation has been investigated in the
VVER-1000 reactor by using zirconium rods as a water replacer in the
area between the fuel rods. A previous work of using zirconium rods as
water replacer and placed in some of the guiding channels of the safety
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and control system rods [3]. At the first stage of reactor operation, the
zirconium displacers are inside the guiding channels; at the second stage,
after the boric acid concentration reaches zero concentration, they are
successively extracted from the core without cooling down the reactor,
the stationary load operates in this regime for 298.1 eff. days as compared
with 294 eff. days without regulation of the spectrum. the excess
reactivity formed maintains the reactor in a critical state without adding
boric acid to the coolant. The plutonium mass in the core with spectrum
regulation is greater by 10 kg than the plutonium mass accumulated in the
core without neutron spectrum regulation [3].

In the present study, the specifications of fuel cell of VVER-1000 are
used [4]. The cell calculations are performed to study the fuel pitch
variation in the kiyr. the optimum fuel pitch is determined where it is
located in the under-moderated region for all cold zero power, hot zero
power, and hot full power to assure the core safety. By using the optimum
fuel pitch, the insertion of zirconium rods with different diameters is
investigated and confirmed the reduction of ki by increasing the
zirconium rod diameter as shown in table (1).

Table 1. The decrease of the infinite multiplication factor (kinf) by increasing of inserted
zirconium rod diameter

Zr rod thickness (cm) 0.0 0.1 0.15 0.2 0.25 0.27
Kinf 1412 | 1.396 | 1.361 1.305 1.201 | 1.135
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In this study, vver 1000 fuel burnup analysis during exploitation using
the Getera code, from the burnup of low enriched uranium (LEU), three
reloads was observed to give an average K infinitive of 1.03, this value is
very important as the reactor functions at a criticality of 1.0, excess 0.3
represents a reserve for leakage, this value was obtained at a maximum
burnup of 40(mWD/Hm).

Moderator size was adjusted using different factor in the Getera code
and the best radius adjustment which yielded a maximum burnup of
40(mWD/Hm) was determined, the VVER 1000 library of Getera code
was used for this analysis.

Three number of spectral variations was recorded, this corresponds to
three number of fuel reloads which yielded maximal fuel utilization hence
its efficiency. The procedure was repeated for MOX fuel.

Spectral lattice changes during exploitation is better than normal
reloads as reactivity control due to reduction in boron acid injection for
reactivity control, boric acid is an absorber of neutrons, and if more
neutrons are absorbed, it reduces the action of available neutrons from
initiating further fission reaction on uranium to create other fissionable
product like plutonium.

This reduced use of boron during operation of nuclear reactor for
maintenance or control of reactivity within the acceptable region implies
the reduction in radioactive waste.
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Abstract

A new triangle tight lattice rod bundle with non-uniform wall
roughness and remarkable coolant mixing enhancement is introduced.
The arrangement of the roughness considered in the model is a square
wave distribution. This type of lattice could enhance the heat transfer and
fluid mixing effectively but accompanied by a significant increase loss
of pressure. The patterns flow, vortex structure in lattice were
investigated with steady Reynolds Averaged Navier—Stokes simulation.
The maximum fluid mixing in lattice with non-uniform wall roughness is
about ten times of that in traditional rod bundles. For the same hydraulics
conditions Re=450000, the pressure drop could be increased by 35%
compared to the traditional rod bundles in VVER-1000 reactor.

Keywords: Atrtificial roughness, Aerodynamic roughness length,
turbulent boundary layers, Rough boundary, Sub-channel flow, vortex
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REYNOLDS STRESS TURBULENCE MODEL APPLIED TO
SINGLE-PHASE FLOW IN VVER FUEL ASSEMBLY WITH
SECTORIAL MIXING GRID TYPE
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Abstract

Reynolds stress model (RSM) of turbulent flow in a VVER rod bundle
was performed, and an innovative concept about the flow structure
induced by sectors mixing grid between neighboring fuel-assemblies in
the VVER-1000. The design of the sectorial-mixing-grid was proposed
by OJSC OKB “GIDRO-PRESS” where the main flow of coolant during
the pass through the lattice cells generate cross-flows toward the fuel
rods, these secondary flows relative to main flow are used toenhance
the mixing process in reactor core. ). The computational domain
containing a triangle of three parts of the adjacent fuel assemblies. For
this purpose, Commercial code Fluent 19.0 was used to predict of a 3-D
single-phase flow, friction coefficient, secondary flow, Orthogonal
velocity profiles at gap between neighboring fuel assemblies. The results
show this geometric configuration promotes the coolant mixing between
the assemblies also in the core of the reactor.

Keywords: VVER core, fuel assembly, spacer and mixing grids,
inter-cassette interaction, coolant hydrodynamics, CFD
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The effective height of the stack is the actual height plus the rise of the
plume centerline due to momentum and buoyancy of the effluent [1] . The
main objective of our study is to predict the height of plume rise of stack
in nuclear power plant by theoretical formulas and CFD modelling.

A c++ code was written contains three formulas with different
parameters to calculate the plume rise. Then a Steady-state
Computational Fluid Dynamics (CFD) simulations of plume dispersion
in the neutrally stable atmospheric boundary layer are made with the
commercial code ANSYS Fluent 14.5.

Keywords: plume ; Dispersion ; stack ; CFD; modeling ; NPP

[1] ames E. Carson & Harry Moses (1969) The Validity of Several
Plume Rise Formulas, Journal of the Air Pollution Control Association
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According to the valid EMO12 Safety Report, chap. 4.3.4.5 [1], and
the legislation [2], spent FAs are placed in a spent fuel storage pool
(SNFSP). A distinctive feature of the current method of storing SNF in
the SNFSP is the existence of four empty rows to reduce the kesr. However,
the capacity of the SNFSP is reduced by 71 empty positions.

This work deals with parametric analyses in Serpent2 using a
conservative approach, which requires to know the values of parameters
that adversely affect kesr. The aim of parametric analyses is to determine
these values, their impact on neutron balance and the multiplication
properties of the system. These analyses are to be used for a proposal of
an optimized storage loading scenario - filling some empty positions in
the compact storage grid with up to 24 absorbers could increase the
SNFSP operational storing capacity by up to 47 positions.

The following parametric analyses have been performed for one
profiled fresh fuel assembly placed in the absorption tube cell with
defined reflective boundary conditions:

1. Changing the pin pitch in the range of 12.18 mm to 12.42 mm
with a 0.02 mm step.

2. Changing the coolant temperature from 4 °C to 50 ° C with steps
of 2°C and from 50°C to 100°C with steps of 5°C; assemblies with pin
pitch 12.3 mm and 12.42 mm.

3. Changing the step of the absorber tubes in the range of 161.158
mm to 162.842 mm with a 0.2 mm step.

4, Changing the boron concentration in the ATABOR absorber
steel from 0.5% to 1.2% by a step of 0.05wt%.
5. Changing the fuel density from 10.3 g/cm? to 10.7 g/cm?®

with a 0.1 g/cmd step.
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The parametric analyses have shown that the most unfavorable values,
which are going to be used in the SNFSP optimization calculation:

Boron weight fraction in ATABOR: 1.05 wt%,

Pin pitch: 12.42 mm,

AT pitch: 161.158 mm,

TVEL and TVEG density [4]: 10.7 g/cm®.

Boron concentration in the coolant was 0 g/kg and its temperature was
4°C due to the highest density of water at this temperature. Average
enrichment of the fuel pins was 4.65 wt% and 5.00 wt% and for the FA,
it was 4.92 wt%. Average 2*U enrichment in TVEG was 4.45 wt% and
Gd,03 concentration in TVEG [3] was 3.2 wt%. According to the
conservative approach, the highest value of uranium enrichment and the
lowest possible gadolinium content were taken into account.
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Clusters of galaxies are the most massive systems in Metagalaxy and
its distinction analysis allows concluding large-scale structure properties
such as its formation and evolution — see, for example, [2, 4]. In addition,
studying of galaxies clusters also relates to problems such as the
dependence of the characteristics of galaxies on the surrounding medium
properties. Moreover, clusters of galaxies provide an independent access
to the distribution of dark matter [1, 2]. The presences of dark matter are
proved by some natural evidences such as rotation curves, gravitational
lensing, hot gas in clusters. Thus galaxies clusters members’ motion
dynamic investigation also should estimate possible dark matter presence
due analysis of several catalogues — for instance, CfA2 data [3, 4] and
zCOSMOS Spectroscopic Redshift Survey [5].

We have analyzed several features of galaxies groups # 933, 88, 142,
1046, 1101 from CfA2 sample, which contains data of 1971 groups of
galaxies (totally 6787 members) at galactic latitudes b > 20° (in the north
galactic cap) [2, 3]. Several characteristics of five galaxy clusters were
analyzed such as anomaly difference of angular velocities at various
distances— see fig. 1. Furthermore, preliminary results are allowed to
concluding several peculiarities existence in distributions of
characteristics for group #88, for example, the shape of its distribution on
angular velocity and absolute magnitude — see fig. 2.

These features could be caused by dynamic of galaxies’ motion in
gravitationally bound group possibly connected to surrounding media
inhomogeneities at large distances. Such spatial structures probably
concerning with dark matter presence.
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velocities and b) distribution on absolute magnitude on distance to center of
group
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The paper presents the results of studies of nuclear-physical processes
occurring in a high-temperature gas-cooled thorium reactor [1] for
30 different core-loading options. To ensure reliable and long-term
operation of the reactor (at least 7 years), the proportion of the dispersed
phase and the starting composition of the fuel were selected.

The principal possibility of replacing the near-axial region of the core
of the investigated gas-cooled thorium reactor by a long magnetic trap
with high-temperature plasma is shown for the case of D-D and D-T
thermonuclear reactions in this plasma [2, 3]. The parameters of a long
magnetic trap with a high-temperature plasma column that ensures the
generation of additional neutrons due to thermonuclear reactions are
described. The spatial-energy distribution of the output of the neutrons on
the outer surface of a long magnetic trap is obtained and the possible input
of (n, xn) reactions in the generation of additional neutrons is analyzed.
The prospects of using the plasma D-T neutron source to modify the near-
axial region of the reactor core are demonstrated. The reactor with an
axial source of additional neutrons is designed to study the
thermophysical and neutron-physical characteristics of the dispersive
thorium-plutonium fuel in order to improve its properties.

From the standpoint of advancing in the field of fundamental
knowledge, the goal of these studies is to expand and deepen the
understanding of the possibilities that are opening up with the
development of the technologies of thermonuclear energy of the future.
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Abstract. Stripping process of 6Li at incident momentum 4.5 AGeV/c
and 7Li at incident momentum 3 AGeV/c, provided by the JINR
Synchrophastron, were studied using the photographic emulsion
technique. The two stable isotopes of 6Li and 7Li were treated as two
weakly-bound systems composed of (4He+d) and (4He+t) cluster
configurations, respectively. Along the track double scanning method
was carried out in order to search for 6,7Li interactions in emulsion( Em).
For 6Li-Em and 7Li-Em about 1050 and 1015 inclusive events were
recorded with mean free path 14.5+0.5 cm and 15.140.6 cm respectively.
The measured angular distributions of the outgoing fragments were
compared with that calculated theoretically and good agreement between
the experimental and theoretical values is obtained. This agreement
supported the presence of 6,7Li nuclei in a cluster mode at high energy
reactions.
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There is a huge interest in the high temperature gas cooled reactor
(HTGR), in regard to its postulate of introducing nuclear power and heat
for industrial and electrical generation use. Thus, include its passive and
inertial safety designs. HTGR fuel kernel represent proliferation-less
technology with a use of coated carbon and ceramics material, that
provide less irradiative effects. The problem of introducing a long-live
fuel cycle and validation of neutronics code to give a parallel matched
analysis with the ongoing experimental data is investigated for the current
design suggested for GT-MHR 600 MWth type reactor as a prismatic
fuel. The fuel type used is a PuO, and UO, with 2*°U up to 20 % wi/o.
Thorium (Th) still usefulness for neutronic economy but from the safety
standpoint, the thorium fuel reversed the inherent safety characteristics of
a negative temperature coefficient. Results are calculated dispel the need
for a binary fuel particle system, which is proposed in the General
Atomics GT-MHR concept. The GT-MHR binary system is composed of
both a fissile and fertile particle. Furthermore, this study investigated
some Th percentage in the initial Pu/Th fuel could Investigation would be
done in help of the neutronic code of SCALE 6.2.1
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Nuclear energy is currently one of the world's main sources of
electricity. Closely connected to the use of nuclear energy are important
issues such as the nonproliferation of fissile material that may potentially
use in nuclear weapons (safeguards), and the management of the highly
radioactive nuclear waste.

Safeguards are a set of technical measures applied by the IAEA on
nuclear material and activities, through which the Agency seeks to
independently verify that nuclear facilities are not misused and nuclear
material not diverted from peaceful uses. States accept these measures
through the conclusion of safeguards agreements, for the safeguards
issue, it is important to experimentally verify the presence and identity of
nuclear fuel assemblies and also that the fuel has experienced normal,
civilian reactor operation.

Plutonium-rich mixed oxide fuel (MOX) is increasingly used in
thermal reactors. However, spent MOX fuel could be a potential source
of nuclear weapons material and a safeguards issue is therefore to
determine whether a spent nuclear fuel assembly is of MOX type or of
LEU (Low Enriched Uranium) type.

A technique has been demonstrated, utilizing the ratio of $3*Cs/**Eu,
with which it is possible to determine whether a fuel assembly is of MOX
or LEU type. This is of interest for safeguards as well as for the safe
operation of a final storage facility. The suggested technique is based on
using the ratio of 1**Cs/***Eu because **Eu is produced more extensively
in the case of MOX fuel irradiation while the production of **Cs is
essentially the same or even less as compared with a LEU fuel.

The aim of this work is to Study the influence of enrichments of fuel
(LEU) and the powers of reactor on the accumulation of **Cs and **Eu,
which are used to determine the type of initial fuel in safeguard field. A
number of simulations have been performed in This work using Serpent
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computer code “A continuous -energy Monte Carlo reactor physics
burnup calculation code” to measure the amount of *Cs and ™Eu
generated and accumulated during the “VVER-1200" reactor operation.

In this work, the ratio of Cs-134/Eu-154 was calculated for MOX fuel
with 3% enrichment and for burnup 60 MW.day/KgU. Also, for LEU fuel
was calculated the ratio of these isotopes in many variants of enrichments
and powers of reactor, which presented in table 1.

Task 1 Fuel Enrichment
*with a 3%
constant 2% LEU 3%LEU | 4%LEU | 5% LEU | OOX
power
Task 2 Reactor Power
with a 0 . 3%
constant 3% enriched LEU MOX
enrichment
of 3% LEU | 1.96E+7 | 6.63E+6 | 5.63E+6 | 6.13E+6 | 6.03E+6 | 1.96E+7

Table.1.
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The switching off of one of the four Main Circulation Pumps (MCP),
gave rise to the Kalinin-3 Coolant Transient Benchmark [1].

The switching off of loop one MCP would obviously change the
coolant flow rate in the NPP core which in turn would change the
temperature and pressure of the NPP core. After MCP is switched off, the
control rods of group number 10 went down to set the power of the reactor
to 67%. The purpose of the benchmark is in four exercises, but this thesis
looked at exercise two with the aim of validating the SKETCH-
N/SKAZKA code.

SKETCH-N which is used for the calculation of neutron Kinetics is
coupled with the SKAZKA thermal-hydraulics code developed for
VVER-type reactor core analysis. SKETCH-N/SKAZKA code is used for
VVER-1000 steady-state, transient and burnup calculations [2]. The
reactor core boundary conditions for the problem is provided by
ATHLET/BIPR-VVER code [3].

The radial power distribution of each fuel assembly is compared with
the experimental data for the steady state initial conditions. SKETCH-—
N/SKAZKA and the experimental or ICMS values are considered
sufficiently close, the average difference is about 2%. The maximal
difference is 7.2% and it is at the position 7-32, which is the position of
the replaced fuel assembly.

Figure 1 illustrates the simulated reactor power evolution of
SKETCH-N/SKAZKA during the transient compared to the ICMS
measured values. Figure 2 shows the calculated and experimental values
of the axial offset. The comparison with the other experimental data will
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be given in the report. There is generally good agreement in all calculated
data with experimental results.
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Fig 2: Calculated and experimental axial offset vs time
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The biological effects of radiation result mainly from damage to the
DNA — the most critical target within the cell [1]. Study of the physical
chemistry origin of DNA lesions induced by ionizing radiation of
different types and intensity in dependence of environmental conditions
is actual for the development of radiation therapy and radiation safety.
Primary stages of biological action of radiation can be explored in a
model aqueous solutions of DNA with different concentration [2]. When
radiation is absorbed in a cell or in a solution, the damage to DNA may
occur directly or indirectly. In direct action the radiation energy absorbs
namely by the macromolecule, in indirect action the radiation interacts
with the solvent and produce free radicals and ions which can react with
DNA and make structural damage [1,2]. The contribution of these two
effects depends on linear energy transfer (LET) of radiation and condition
of irradiated object, i.e. on the concentration of targets. In the present
work we study the ratio of direct and indirect action varying the DNA
concentration (Cpna) in the irradiated solutions.

The main types of radiation-induced DNA lesions are destruction and
release of nucleobases, single- and double-strand breaks and degradation
of hydrogen bonds between two complementary DNA strands. It was
found that structure and composition of the DNA secondary hydration
layer are critical for the arising of radiation damage [3,4]. A combination
of spectral methods was applied early to detect nucleobases destruction
and local denaturation in DNA exposed to gamma-radiation [3]. In this
work the spectrophotometric melting is used to evaluate a partial
denaturation of the irradiated DNA and the Spirin method is applied for
total nucleobases determination.
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The DNA solutions were exposed to ®Co gamma-irradiation under
the aerobic conditions at the dose rate 2.0 Gy/s, dose 50 Gy. Spectral
parameters of DNA irradiated with the equal dose at the different Cpna
(table 1) indicate that the total damage decrease with the rise of Cpna, i.€.
the concentration of targets. We can conclude that the indirect action is
the main mechanism of DNA damage in the conditions of the experiment.

Table 1. Parameters of DNA irradiated at the different concentrations

Conat0.1, Residual Melting Hypochromic Degree of
pg/ml Conat0.1, | temperature effect renaturation
ug/ml Tort0.5 (D) £0.02 AD35+0.02
(°C)

(Native) 35.9 35.9 60.7 0.26 0.15
17.9 14.5 - 0.10 0.05
35.9 33.1 45.7 0.13 0.08
71.8 69.2 55.2 0.18 0.13
143.6 136.6 57.1 0.20 0.15
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High fuel burnup and long cycle length are the main objectives for
economic and reliable operation of Advanced Nuclear Power Reactors.
The use of high fuel burnup will result in fewer spent fuel bundles to
handle, store, fewer production of actinides and high consumption of
fissile isotopes.

Fuel cladding is a crucial safety barrier for defense in depth against
release of fission products to the coolant boundary. The selection of
appropriate fuel cladding material to stand for high burnup and long cycle
length is based on nuclear properties, mechanical properties, corrosion
resistance, operating temperature, thermal conductivity, peak cladding
temperature, neutron fluence and chemical interaction with operating
environment. A new cladding material called High Performance Alloy for
Nuclear Applications (HANA) was nominated for high burn up in
Advanced Nuclear Power Reactors.

In this paper AP1000 core was developed through the replacement of
the fuel enrichment to higher values and replacing the ZIRLO cladding
by HANA cladding, with the purpose of achieving higher burn up and
longer cycle length.

The initial core and the developed core were modeled and simulated
using Monte Carlo N-Particle Transport Codes, MCNP6 and MCNPX.
The criticality control parameter, core cycle length and spent fuel
radionuclides inventory were calculated.

The results showed that the developed reactor core can reach a cycle
length up to 22 months at fuel burnup 75GWD/MTU safely using HANA-
4 cladding, compared to the initial design core which can reach to 18
months cycle length at fuel discharge burn-up of 60 GWD/MTU.
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Radiation loads in all experiments at Large Hadron Collider will
increase after High Luminosity upgrade. The expected absorbed dose at
the central area of LHCb electromagnetic calorimeter (ECAL) is expected
to be about 100 MRad. In this case ECAL in its current state cannot be
used due to sensitivity to radiation damages of the active materials,
especially scintillators based on polystyrene — thus there is need to
develop new calorimeter module which can tolerated increased radiation
doses.

Possible candidate to radiation tolerance material can be crystals of
GdsAl;Gaz012:Ce (GAGG:Ce). The samples of these crystals were
irradiated up to 91 MRad at the proton beam in PS accelerator at CERN.
The samples demonstrated high radiation hardness and can be considered
for a potential replacement of plastic scintillator in LHCb ECAL [1].

In a view of high cost, application of the radiation hardness materials
in large-scale detectors is problematic, also by reason of high occupancy,
narrow electromagnetic shower in ECAL is needed. In this case other
options of the detector construction should be considered.

The possible type of design technology of the electromagnetic
calorimeter could be Spaghetti calorimeter (SPACAL) — the one-piece
absorber with scintillation fibers running along the shower direction. This
type of calorimeter technology allows to reduce the amount of the active
material up to 30% in respect to the shashlik type.

Before creating the prototype, the Monte-Carlo simulation of
SPACAL module for estimation of the energy resolution has to be
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performed. Previous simulation studies were performed by H1
collaboration and demonstrate the possibility of reaching the value of
energy resolution below 10% [2].

Simulation study has been performed using a GEANT4 toolkit. First
of all different configurations of SPACAL module with various distance
between fibers and size of fibers were simulated. The main purpose of
this simulation was estimation of energy resolution of the SPACAL
modules with different sampling-fraction. Secondary task was to
calculate the Moliere r