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TEOPETHYECKA{Y ®HU3HUKA

BrinosiHeHbl pacueThl aKCHAJbHOTO TOKA H IJIOTHOCTH 3HEPrUU
BO Bpallalolllefcsl U yCKOPEHHOH cpelle ¢ MCIIOJb30BAHHWEM Ollepa-
Topa mioTHocTH 3yOapeBa W (yHKUHM Buruepa. Ilokasano, uro
UX pe3yJbTaThl MPUBOAAT K OTOXKIECTBJEHHUIO YIJIOBOH CKOPOCTH
U YCKOPEHHS C NeHCTBUTEJNbHBIM U MHUMBIM XUMUYECKUMHU MOTEHLH-
ajlaMU. YCTaHOBJIEHO, YTO MJIOTHOCTb 3HEPrUU oOpallaeTcss B HYyJlb
npu Temmnepatrype 1, paBHOW Temmnepatype YHpy 1y, 4TO HHTep-
NpeTHpyeTCs KaK HeyCTOMYMBOCTBb (pasbl ¢ TeMmmepaTtypod T < Ty .
JlokazaHa oyasbHOCTb MeXKAY KBAaHTOBO-CTATUCTHUYECKHM IOAXOLOM
B mpocTpaHcTBe MUHKOBCKOTO U 3(peKTaMHd HEeTPUBHAJIBHOU Teo-
MeTpPHU B [IPOCTPAHCTBE C KOHUUECKOH CHHIYJ/SPHOCThIO. Pesysbrarsl
NpPUMEeHEHB! K (DU3HMKe CTONKHOBEHHWH Ts2KeJsblX UOHOB.

4,_77§ T1> TU

Ty<Ty< Ty

T3: TU

Hamenenve sheKTUBHON KOHHUUECKOH CHHTYJISIPHOCTH, Aya/JbHOH KBaH-
TOBO-CTAaTUCTHYECKOMY ITIOAXONY, NMpPHU NPUOJUKEHHH TeMIepaTypbl K TeM-

nepatype Yupy cepxy (n = 1/(rT))

e Prokhorov G. Yu., Teryaev O.V., Zakharov V.I. // Phys. Rev. D.
2019. V.99. P.071901; V.100. P. 125009;
Prokhorov G. Yu., Teryaev O.V., Zakharov V.I. // JHEP. 2019.
V.1902. P. 146.

BrepBbie B paMKax MporpamMmMbl M0 U3y4YeHHIO PACHafoB aTOMHBIX
sfep anb(a-pacrnaj, K/1acTepHYI PafiHOAaKTHBHOCTb M CIIOHTaHHOE
JlesleHHe yaasoch ONHCaTh B eIMHOM IOAXO/Ee, OCHOBAHHOM Ha pac-
CMOTPEHHH OMHAMHUKH spa MO KOOPAMHATE 3apslOBOH acCHUMMeT-
puH. PaccunTaHHBIe TepHOAB MoJypacnafa aas sjep 252234236(
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236,238py 242Cm u 248Cf okasanuch B XOpolleM COIVIACHH C HMeIO-
IMMUCS IKCTIEPUMEHTAbHBIMU NaHHBIMHU. [IpencraBieHHast Monesb
ONHKCHIBAET MEPHOIBI TOJypacrnana, KOTOpble pa3/HdalnTcs MexXAy
co6oil 1o 12 mopsiiKoB, ¥ IMO3BOJISIET MPEACKAa3bIBAaTh XapaKTepHble
BpeMeHa /151 KJ1aCTePHOH PafiiO0aKTUBHOCTH U CIIOHTAHHOTO AeJIeHHUs
TSKEJIBIX ¥ CBEPXTSKEJbIX sijep.

e Rogovl.S., Adamian G.G., Antonenko N.V. // Phys. Rev. C. 2019.
V. 100. P.024606.

HccnenoBano MajoyrioBoe paccesiiie (MYP) peHTreHOBCKHX
Jydyel, HETPOHOB M CBETOBBIX BOJIH Ha aHCaMOJsX NeTePMHHUPO-
BaHHBIX (PpaKTaJbHBIX CTPYKTYyp. VX mMoJioKeHUs] B MpOCTpPaHCTBE
¥ OpHEeHTaLWH Mpeanosaraorcs caydaiuHbiMu. CTaHaapTHas METOMH-
Ka 00paboTku gaHHbIX MYP nospossier U3B/eUb TOJABKO TPU Xapak-
TEpPHBIX [TapaMeTpa CUCTeMbl: pa3Mep (ppakTasa U HUKHHUH U BEPXHUH
npenesabl ¢paktanbHoro nuanasona. IlokasaHo, 4To camorogofue
JIeTePMHUHHUPOBAHHBIX (PPAKTANBHBIX CTPYKTYP MO3BOJSIET MOJYYHUTh
UX JIONOJIHUTe/bHble XapaKTePUCTHKU B peasbHOM IPOCTPAHCTBE.
B HacTosiell pa6ote npensioKeHbl H PaCCMOTPEHBl TOYHO pellaeMble
Mozend, onuceiBawiie MYP Ha Takux cucremax. PaspaboraHHble
MOJeJIM MO3BOJSIIOT MOHATh, KAaK H3BJeyb JOMOJHUTE/bHYI HH(pOP-
MalHIo O CTPYKType (ppakTasna M aHAJIUTHUECKH ONHMCATb UHTEHCHB-

3 MR | Ll L
10 —— 7 = 4 (Euclidean object)
(F(@)|»4 ---7=25,L/1=10, h/l=1 (mass fractal)
—— 7 =2.5, L/l= 30, h/l = 3 (mass fractal)
——7=06-25=3.5, L/l =20 (surface fractal)
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Cxemaruueckoe MNpeficTaBleHHe HHTeHCUBHocTed MYP nns perynspHbix
1 (hpakTanbHbIX 0OBEKTOB B 3aBUCHMOCTH OT UMITy/bCa Mepefauu



HocTh MYP, a takxe npeanaraiorT 3(p(peKTHBHbBIE BBIUUC/IHUTE/bHbIE
aJAropuTMbl. B KauecTBe OCHOBHBIX NPHUMEPOB HUCIOJb30BAHBl 0000-
eHHbIH ppakTan KaHTopa 1 HeKOTOpble ero Bapualllu, KOTOpble MO-
IeJIUPYIOT MacCoBble, TOBEPXHOCTHbIE M MYJbTH(paKTalbHble CTPYK-
Typbl. M3yuensl pasauuus naHHbix MYP nns netepMHHHPOBAHHBIX
U Cy4alHBIX (paKTasbHbIX CTPYKTyp. O6CyKaaI0TCS Mpefieibl pHU-
MEHHMOCTH TpPeNJOKEeHHbIX MOfeJsed W MepCrneKTHBbl OyAYLIHX HC-
c/le[]OBaHHH 1eTepMHHUPOBAHHBIX (PpaKTalbHBIX CTPYKTYP.

e Cherny A.Yu., Anitas E.M., Osipov V.A., Kuklin A.I. The
Structure of Deterministic Mass and Surface Fractals: Theory and
Methods of Analyzing Small-Angle Scattering Data // Phys. Chem.
Chem. Phys. 2019. V.21. P. 12748-12762.

Jana obuias kjaaccuUkauds KOHEYHOMEPHBIX HENPUBOAUMBIX
npeicTaBJeHUH NpocTbiX ajiredp JIM, ocHOBaHHas Ha NOCTPOEHHH
npeicTaBleHHH co crapiidM BecoM. B cayuae anre6p si(N,C),
su(N) u rpynn SL(N,C) u SU(N) npencraB/ieHUs] CTPOSATCS SBHO
Ha ocHoBe ayaJspHocT Lypa—Beiins. KarwoueByto posb 3aeck urpa-
I0T TpyNNa MepecTaHOBOK U ee INpelcTaBJeHHs, KOTOpble 00CykKaa-
I0TCS B paMKax Kak noaxoma MOnra-®pobenuyca, Tak U NOAXOAA
Bepmuka—-OxynbkoBa. JlJisi TeH30pHBIX NpejcTaBjaeHudl rpynn Jln
SO u Sp u ux anrebp JIn aHanoruuHyo posb urpaet ajredpa bBpay-
3pa U ee Teopus MNpeicTaBleHHH. PaccMOTpeHBl CIHMHOpPHBIE Mpej-
cTaBJsieHUs anredp so. Ha ocHOBe KOHCTPYKLHH MaTpULL CONpPSI2KEHHUs
u3yueHbl CHHOpHble rpynmbl JIu Spin(p, ¢) U UX npencraBieHus.

e Hcaes A.11., Pybakos B.A. Teopus rpynn u cummMerpuil. [Ipencras-
genus rpynn Jlu u anre6p Jlu. Ilpunoxenus. Hyona: OMAH, 2019.
482 c.

9KCIIEPUMEHTAJIBHAY ®U3HUKA
Pusuka yacTuig

PasBepHyTH 1 BBefeHBbl B 3KCIIyaTaluio KoJsjabopauued «bai-
KaJsl» 4YeTBEPTbIH U MATHIH KJacTepbl HEUTPUHHOTO Teseckona Baikal-
GVD. C ux BBomoM 3¢ ¢deKTHBHBEIH 06beM Teseckona Baikal-GVD

nocTHr 3HadeHns 0,25 kM3 B 3a1aue perucTpaLtH JTUBHEH OT HEATPH-
HO BBICOKHX 3HEPrMH acTpo(U3MYeCKOH MNPHUPOMIbl, YTO COCTABJSET
okoso 0,6 oT 3(peKTHBHOro o6beMa AHTAPKTHUECKOTro IeTeKTopa
[ceCube. B Hacrosiuiee Bpemsi Teseckon coctout u3 1440 ontuue-
CKHUX MopyJsei, pacrnosoxkeHHbIX Ha 40 BepTHKaJNbHBIX TMpJAsSHIAX
(8 rupssiHL B KaxaOM Kjactepe) Ha riybuHe oT 750 mo 1250 wm.
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BeinosHeH npeaBapuTesbHbIi aHaau3 AaHHbX 2016-2018 rr. u ua-
ctuyHo 2019 r., MO3BOJIMBIIMK BHIAEJIUTH MEPBbIE LIECTb COOBITHH
¢ sHeprusamu Bbile ~ 100 T3B, rae notok acTpodusuueckux Hel-
TPUHO Yy2Ke MpeBanupyeT Hal POHOM aTMOC(EpPHBIX HEHTPUHO.

e Avrorin A.D. et al. Baikal-GVD: The New-Generation Neutrino
Telescope in Lake Baikal // Bull. Russ. Acad. Sci. Phys. 2019.
V.83, No.8. P.921-922; Izv. Ross. Akad. Nauk: Ser. Fiz. 2019.
V. 83, No.8. P.1016-1018.

e Avrorin A.D. et al. (Baikal-GVD Collab.). Search for Cascade
Events with Baikal-GVD // Proc. of ICRC2019; https://pos.sissa.
it/358/873/pdf; arXiv:1908.05430.

KoMmnakTHbIH feTekTop peakTopHblX aHTHHeHTpHHO DANSS, co-
snanubld pusukamu OUAN (Hyb6na) u UTOP (MockBa) u ycra-
HoBsieHHbIH Ha Kanuuuuckoét AIC, peructpupyer 6osee 4000 pe-
AKTOPHBIX AaHTHHEHTPUHO B CYTKH IpH (DOHE, He MpeBbIIIAIEM
2-3% (Ha ceromHsi siydiliee B Mupe 3HaueHue). B 2019 r. nposenen
OOHOBJIEHHBIH mMoJiHOMaclITabHbId aHanu3 paHHbXx 2016-2019 rr.
C yJy4LIeHHOH OLeHKOH BCeX HCTOYHHMKOB (POHA U CHCTEMaTHYeCKHX
norpewHocred. [TonydeHo sydiee B MHpe MOAE/bHO-HE3aBHCHMOE
OrpaHHUYeHHe Ha CYLIeCTBOBAHHWE CTEPHJIBHOIO HEHTPHHO.

Kpome toro, DANSS nponeMoHCTprpoBaJs HempepbiBHBIH, 10JIT0-
cpounbiét (¢ okTsi6pst 2016 r.) u BbicOKOTOUHBIE (1,5 %) MOHHTOPHHT
MOLIHOCTH SIA€PHOTO PeakTopa W YYBCTBUTEJbHOCTb K H3MEHEHHIO
coctaBa TomauBa (pasauuHoro cootHomenus 23°U/23°Pu B xome
TOTUIMBHON KammnaHuu). PerieHune o00eHMx 3agad BaxkKHO B paMKax
pa3pabOTKH IKCIEePUMEHTAJNbHBIX MOAXOL0B K KOHTPOJIKO Hepacrpo-
CTpaHeHHs siIePHbIX MaTepHaJoB.

o Anexcees H.I'. u Op. MOHUTOPUPOBaHHE MOLIHOCTH MPOMBILIJIEHHO-
ro peakTopa IO cyeTy aHTHHeHTpuHO B netektope DANSS // {d.
2019. T.82, Neb. C.371-381; Phys. At. Nucl. 2019. V.82, No.5.
P.415-424.

B skcnepumente NOvA (FNAL, CIHIA) c yuyactueM (pH3HKOB
OUSAU nosyueH HOBHIH pe3y/bTaT U3MEPEHHS apaMeTPOB OCLHUJJISA-
uui HedTpuHo. [loodepenHbiil HAGOP CTATUCTHUKU C MyUKaMH HEUTPU-
HO U aHTHHEHUTPHHO, C(HOPMHPOBAHHBIMH YCKOPUTENbHBIM KOMILJIEK-
coM FNAL c nporoHHbIM nyukoM pekopaHoi MouHocTH (~ 800 kB),
M COBMECTHBIH aHa/M3 KaHAJOB HMCUE3HOBEHHS MIOOHHBIX M IOSIB-
JIEHUs 3JIeKTPOHHBIX HEUTPHUHO MO3BOJIUJM OIpelNesUTb MapaMeTphl
ocuuansumi: [Am2,| = 2,48Jj8’(1)(13 - 1073 3B? u sin® fy3 B IManasoHax
0,53-0,60 1 0,45-0,48 s HOpMa/IbHOH Hepapxuu. [Ipu sToM mpes-
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MOYTHTEbHBI HOPMaJIbHasi HePapXUsl U BEPXHUH OKTAHT AJis yraia 093
Ha ypoBHe ~ 1,90 u 1,60 cooTBeTCTBEHHO, a 0OpaTHasi Hepapxus
UCKJ/I0YaeTcsl Ha YypoBHe Oosiee yeM 30 [/ 3HAUeHHs Napamerpa
Hapywenusi CP B6sin3u dcp = /2.

e Acero M.A. et al. (NOvA Collab.). First Measurement of Neutrino
Oscillation Parameters Using Neutrinos and Antineutrinos by
NOwvA // Phys. Rev. Lett. 2019. V. 123, No. 15. P. 151803.

B pamkax npoekra ATLAS na LHC (LUEPH) npu aktuBHOM yuya-
ctuu cotpyanukoB OMAN 6blnn npoBeneHbl Uccaefn0BaHUS 110 MOMC-
Ky pacnaznoB 603oHa Xurrca CTaHIapTHOH MoAesu Ha bb-KBapKOBYIO
napy Npy accoLUaTHBHOM poxjaeHUH ¢ 6o3oHamMu W uau Z. Ilpoana-
JM3UPOBaHHBIE IaHHEIE, COOTBETCTBYoIIMe 79,8 6! MHTerpasbHO
CBETHMOCTH, OBbLJIM MOJy4YeHbl B IPOTOH-TIPOTOHHBIX COydApeHUSX
npu /s = 13 T3B. M3mepeHHoe mnpesbliieHHe HAaOM0OIaEMBIX COObI-
THH Haj 0XKWAAeMbIMH (DOHOBBIMM COOBITHSIMU B KaHaJjle acCOLUaTUB-
HOTO POXKIEHHS TOJbKO C BEKTOPHBIM GO30HOM COOTBETCTBYET 3Ha-
YUMOCTH 9,30, UTO CPAaBHHMO CO 3HAUUMOCTBIO 4,80, TpefcKa3aHHON
B pamkax CM.

e Aaboud M. et al. (The ATLAS Collab.). Measurement of VH, H —
— bb Production as a Function of the Vector-Boson Transverse
Momentum in 13 TeV pp Collisions with the ATLAS Detector //
JHEP. 2019. V.5. P. 141.

PusznKa TIKeJbIX MOHOB BHICOKHUX aﬂeprnﬁ

[TosmyueHsl nepBble GUaHUeCcKHe Pe3y/bTaThbl 10 POXKAEHHIO THIle-
POHOB («CTpaHHBIX» GapuoHOB) Ha ycraHoBke BM@N B 3kcrepu-
MEeHTe, 11eJIbl0 KOTOPOTo SIBJISIETCS UCC/IeL0BAHNE CBOMCTB CBEPXILIOT-
HOH silepHOHM MaTepHH B CTOJNKHOBEHHSIX TS2KeJBbIX HOHOB BBICOKHX
SHepruH, Myykd KOTOPBIX oOecreyar yCKOPUTEIH KoMIlIekca Oycrep
¥ HYKJOTPOH (Meracaiienc-npoekt NICA).

B peannsauuu skcneprMeHTa y4yacTByeT MeXKAYHapoaHas KoJJa-
6opaius, Kotopas BkiuaeT 240 GhU3MKOB W MHXKeHepoB u3 21 wuc-
CJIe[0BaTebCKOTO HHCTUTYTa M3 11 cTpaH, B Tom uucnae 'epmanuu,
®pannun, CIIA u Mspauas. B xone ceaHca Ha BbIBEIE€HHBIX MyuKax
HYKJIOTPOHA ObIJIK 3aperuCTPUPOBaHbl COTHH MHJIJIMOHOB B3aHMOJeH-
CTBHH MOHOB yI/IePOAa, aprOHA U KPUITOHA C MHULIEHSIMH OT YIJIepoaa
10 CBHHIIA.

e Kapishin M. (for the BM@N Collab.). First BM@N Results //
Proc. of the 18th Intern. Conf. “Strangeness in Quark Matter”
(SQM-2019), Bari, Italy.



PusznkKa TAKeEJbIX HOHOB HU3KHUX aHeprnﬁ

B 2019 r. na ¢parment-cenapatrope ACCULINNA-2 6bi1 mpo-
BelleH 3KCIEePUMEHT [0 MOMCKY CBEPXTSKEJNOr0 M30TONa BOAOPO-
ma "H ¥ usydeHmio Koppedsuuil MPoAyKTOB ero pacrnana t + 4n.
OcHoBHOe W B030yxJAeHHOe cocTosiHUS 'H 3acensinch B peakuuu
8He 4+ d — 3He + "H na BTOpHUHOM mMyuKe paiHMOAaKTHBHBIX sep
8He c smeprueit 26 A M3B. B crnekTpe Hemocrarouleii macchl 'H
HabJ/1I0a/Cs UK, KOTOPbIH Obl1 HHTEPNPETHPOBAH KakK AYyIJIET Ie-
pekpbiBaoLuxcsi coctosiHui 5/2% u 3/2T ¢ sneprueit 6,5(5) MaB.
Kpome Toro, Oblnu mosyueHbl yKa3aHHMs Ha 3acesieHHe OCHOBHOTO
cocrosnus 1/2% ¢ sueprueii 1,8(5) MsB. IlpoBenenn TeopeTnue-
CKMe HCCJIeNOBaHHS HHU3KOIHepruuHoro cnektpa 'H u xoppensuuit
TNPOAYKTOB €ro pacnaza.

e Kaminski G. et al. Status of the New Fragment Separator
ACCULINNA-2 and First Experiments // Nucl. Instr. Meth. Phys.
Res. B. 2019 (in press); https://doi.org/10.1016/j.nimb.2019.03.042.

e Bezbakh A.A. et al. Evidence for the First Excited State of "H //
Phys. Rev. Lett. 2019 (in press); arXiv:1906.07818.

e Sharov P.G., Grigorenko L. V., Ismailova A., Zhukov M. V. Pauli-
Principle Driven Correlations in Four-Neutron Nuclear Decays //
JETP Lett. 2019. V.110. P.5-14; Pis’ma v ZhETF. 2019. V.110.
P.7-8; arXiv:1808.00513.

HeilitponHas sinepHas (pu3uKa

[losyyeHbl naHHBIE MO 3MHCCHHM MTHOBEHHBIX HEHTPOHOB MpH
nenesun (MHJI) 23°U TensioBbiMM HEHTPOHAMH M CIIOHTaHHOM JeJie-
nuu 2°2Cf ¢ moMolIb0 1BOHHOl MOHH3ALMOHHOM KaMephl ¢ CeTKaMH
@puina 1 cucreMoil cO0pa JNaHHBIX Ha 0a3e BBICOKOCKOPOCTHBIX

[To3u1MOHHO-4yBCTBUTE b~

Has [BOMHAas MOHU3aLHOH-

Hasi Kamepa IJsi HCCJIeno-

Bauusgs MHJ ¢ 32 cuwuH-

TUJIALMOHHBIMU JE€TEKTO-
pamu




ouudpoBLIMKOB UMNynbcoB. Paspaboranuele B OMAM anropurmel
uudpoBod 06pabOTKM CHUTHAJIOB U MPOrpaMMHOe obecreyeHHe aHa-
JIN32 XapaKTepUCTHK Je/IeHUS T03BOJHIN CKOPPEKTUPOBATh LIMPOKO
UCIIO/Ib3yeMble B HAyUHOH JIMTepaType 3aBUCMMOCTH MHOXKeCTBEHHO-
ctu MHJI nas ykasanHublx peakuuil. bolna paspa6orana v ucnbiTaHa
MO3ULIMOHHO-UyBCTBUTE/bHAS 1BOHHASA MOHU3ALMOHHAA KaMepa MJs
uccienosaiusgs MHJI ¢ 32 CUMHTH/NSLMOHHBIMY 1€TeKTOPaMHU. YCTa-
HOBKa OTKDbIBAeT HOBble IePCHEeKTHBbl B HCCJEJOBAHUAX [NeJIeHHS,
UHIYLHPOBAHHOTO PE30HAHCHBIMU HEHTPOHAMM, U NOAOAPbEPHOTrO Je-
JIeHUS, UHIYLHPOBAHHOIO TeIJIOBBIMH HEHTPOHAMHU filep, TAKHUX Kak
232Th,237Np, 23817

e Zeynalov Sh., Sedyshev P., Shvetsov V., Sidorova O. Prompt
Fission Neutron Investigation in 23%U(nyy,, f) and 2°2Ci(sf) Reac-
tions // Eur. Phys. J. Web Conf. 2019. V.211. P.04003.

e Zeynalov Sh., Sedyshev P., Shvetsov V., Sidorova O. Nuclear Fis-
sion Investigation with Twin lonization Chamber // Appl. Nucl.
Techn. (CRETE2019); Intern. J. Mod. Phys.: Conf. Ser. (in press).

[Ipomoni:keHo uccaenoBaHUe HECTALWOHAPHOHW AU(MPAKUUU Hel-
TPOHOB Ha JBHXKYlleHcs audpakuuoHHOH pemleTtke. IlokasaHo, uto
BBIOOPOM TIV1yOMHBI NPO(UIS PELIeTKH MOXKHO CYLIeCTBEHHO MeHSTb
COOTHOLIEHHe MHTEHCHUBHOCTEH BOJIH PasHBIX AH(PPAKLHUOHHHIX II0-
PAIKOB, MeHfis TeM CaMbIM BeJMYMHY SHEepruu, nepejaBaeMod HeH-
TpoHy. Pe3y/bTaThl 3KCepUMeHTa XOPOLIO COIVIACYIOTCS C TeOpeTH-
4YeCKHMH MpeJCcKa3aHHUsMH, OCHOBAHHBIMH Ha MHOTOBOJIHOBOH IHHa-

I, rel. units I, rel. units

5 I+1 a 14r +1 6
4r 0O @ 1.2F
; ] l 1 1.0
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OHepreTHuecKHe CIEKTpPhl, BO3HHKamolue npu audpakuuuy ¥ XH Ha nBu-

JKYIIUXCsl pellleTKaX. JKCIepHMeHTalbHble (KpacHble CIJIOMIHbIE JHHHH)

1 pacyeTHble (CHHME MyHKTHPHBIE JMHHH) NaHHblE TI0KAa3aHbl JJIs PEIIETOK,
OTJMYAOLIUXCS [yOUHOH npodus



MHUUYECKOH TeOpUH AM(PPaKLUK HEHTPOHOB HA 0ObeMHOH MepUofHdYe-
CKOH pellleTKe.

e Kulin G. V., Frank A.l., Zakharov M.A., Goryunov S. V., Bushu-
ev V.A., Panzarella A., Geltenbort P., Jentschel M. // JETP. 2019.
V. 129. P. 806.

BriepBble ncc/ie0BaHbl MOC/AEACTBHS BAUSHUS HAa MOTOMCTBO Ha-
HOYacTHL cepeOpa, MOCTYNMBIIMX W3 OpraHu3Ma MaTepd B IMpeHa-
TaJbHbIH MEepPHON W mMepHox Jakrauuu. CpaBHeHHe YPOBHeH KOrHH-
TUBHBIX (YHKLHMH y MOJIOAbIX XHBOTHbIX, MOIBEPraBIUIMXCS BJIHS-
HHI0 HaHOuYacTHL cepeOpa, W y KOHTPOJIBHBIX >KHBOTHBIX [0Ka3a-
JI0, UTO B INPeHATasbHBbIA NepHof 006/JacTH MO3ra, OTBedarollve 3a
(opMUpOBaHHe MPOCTPAHCTBEHHOH MaMsiTH, GoJjiee YSI3BUMBI Mepen
HaHOYacTHLAMU cepeOpa, 4eM [MO0Cje POXKAEHHS, YTO MOKET ObiTh
00yCJIOBNIEHO HE3aKOHYEHHbIM Pa3BUTHEM TreMaTo3HLeda nyecKoro
6apbepa y miona (pPUCYHOK).

[TpuMepsl TpaeKTOPUE JBHKEHHUS KUBOTHBIX C PA3HBIMHU TUIIAMHU MOBEIEHHUS
B TecTe Moppuca: /| — HamnpaB/eHHBIH MOUCK, 2 — caydalHbIl MOUCK, 3 —
TUIMOTAaKCHC (CTpaTerust HeCroCcOOHBEIX 0Co6eit)

ConepxkaHue cepebpa B pa3JHUYHbIX OpraHax (B KPOBH, NeyeHH,
JIETKHX, TI0YKaX U MO3re) CaMOK M MX MOTOMCTBA ObLIO ONpeneseHo
MeTOIOM HEHTPOHHOTO aKTHBALHMOHHOrO aHanu3a. CpenHee Macco-
BO€ COep)KaHHe cepebpa B MO3re caMoK cocTaBuio (373 4 75) Hr
U B Mosre notomctBa (385+57) ur. [loaydyeHHble AaHHBIE BaXKHBI
1715 OLeHKH TOKCHYECKOTO BJIMSHHS HaHOMAaTepHaJsoB Ha PernpomyK-
THUBHYIO CHUCTEMY YeJIOBEeKa.

e Zinicouscaia I., Grozdov D., Yushin N., Ivlieva A., Petritskaya E.,
Rogatkin D. Neutron Activation Analysis as a Tool for Tracing the
Accumulation of Silver Nanoparticles in Tissues of Female Mice
and Their Offspring // J. Radioanal. Nucl. Chem. 2019. V.322.
P.1079-1083; DOI:10.1007/s10967-019-06746-9.
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o Usauesa A., I[lempuykas E., Jlonamuna M., Poeamxun /., Suro-
kosckas M. OueHKa KOTHUTHUBHBIX CIIOCOOHOCTEH MBIIIEH, MOABepr-
HYTBIX BO3JE€HCTBUIO HaHOYACTUL cepebpa BO BpeMs MpeHaTaJbHOro
pasButhsi W Jakrauuun // Tpymel 7-ro MexayHaponHoro ¢opyma
o KOrHUTHBHOMY MopesaupoBaHuto (IFCM-2019), PetumHo, ['peuus
(0. Kpurt), 5-15 centsabps 2019 r. C. 276-282.

Pusnka KOHIEHCUPOBAHHBIX Cpe[

HccenenoBanbl MarHUTHBIE W 3J1€KTPOHHBIE CBOHCTBA MarHeTHTa
NpU BBICOKOM JaBJEHHH B 00JACTH CTPYKTYPHOro (hasoBOro mnepe-
xona, mnpoucxonsuero npu 20-25 I'Tla, nas BBIICHEHHS NPUPOABI
aHOMAJIbHOTO TOBeleHUs] (PU3UUECKUX CBOHCTB MarHeTHTa C TOMO-
b0 JUMPAKIUH HEHTPOHOB W CUHXPOTPOHHOH MeccOayIpOBCKON
CTIeKTPOCKONHMH Ha H30TOIe JKeje3a ° Fe B JManasoHe 3HauyeHHil
nasnaenuss 0-40 ['Tla u Temneparypsl 10-300 K. B ¢aze Bricokoro
[aBJieHUsi 00HapYKeHO (peppHMarHuTHOEe YIOPsSAOUEHHe, BOZHUKAIO-
mee npu Temneparype Inp ~ 420 K, u ycraHoB/ieHa ero cHMMeTpHS.
OnpepesieHbl CTPYKTypHasi, MarHUTHasi U 3JEeKTPOHHAs AWArpaMMbl
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Ci/ieBa: HEHTPOHHBIE NU(PPAKLHOHHBIE CIIEKTPbl MATHETHUTA, U3MEPEHHbIe MIPH

pasHbIX 3HauYeHUsAX naBjeHusi go 33 ['Tla Ha nudpaxkromerpe H-6 B ka-

Mepe BBICOKOT'O JABJIEHHS C aJMa3HBIMM HaKOBaJbHAMH U 06pabOTaHHBIE

no Mmertony PutBesnbna. CrpaBa: MarHWTHasi CTPYKTypa OPTOPOMOHUECKON

(ba3bl BBICOKOTO NaBJEHHUS] MarHeTHTa (BBEpXY) U CTPYKTypHasi, MarHUTHas
U 3J1eKTPOHHasl (pa3oBble nUarpaMMbl MarHeTHTa (BHHU3Y)
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MarHeTMTa B HCCJeLyeMOM J[Hala3oHe TepMOAWHAMHYeCKHX Mapa-
METPOB.

e Kozlenko D.P., Dubrovinsky L.S., Kichanov S.E., Lukin E. V.,
Cerantola V., Chumakov A.Il., Savenko B.N. Magnetic and Elec-
tronic Properties of Magnetite across the High-Pressure Ano-
maly // Sci. Rep. 2019. V.9. P.4464.

[IpoBeneHo KoMmJeKCHOe HCCJefOBaHUe BHYTpPeHHel CTPYyKTYp-
HOW opraHusalluud U (as3oBoro cocraBa (parmeHta YessOuHCKOro
MeTeopuTa MeTOLAaMHM HeHTPOHHOH AH(PaKLHH, TOMOrpadUH, ONTH-
YeCcKOH W paMaHOBCKOH crekTpockonuu. OmnpenesneH 06beMHBIH MH-
HepaJlbHBIH COCTaB W NPOCTPAHCTBEHHOE paclpefiesieHhe pa3inuyHbIX
KOMIIOHEHTOB. B fomo/siHeHWe K paHee 0OHApy»KeHHBIM (pa3aM MHHe-
paJioB ONIMBHHA, OPTONHPOKCEHA, MJ1arkMoKJ/1a3a U TPOUJIUTA MOJyUeH-
Hble JaHHble yKa3blBalOT Ha Hajauuue ¢aspl Kamacuta (FeNi) B wnc-
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a) Hccnenyembiit dparment YessbuHckoro merteoputa. 6) He#TpoHHBIH
IU(paKLUUOHHBIN cleKTp (parMeHTa, 06paGoTaHHBIE METOLOM IIOJIHOINPO-
¢uabHOTO aHanM3a. 8) PparmenTsl 3D-Momenn BHYTpeHHeH OpraHH3aluy
uccjenyemoro obpasia, osy4yeHHOH ¢ OMOLLbI0 HEATPOHHOU TOMOTpaduH.
Po3oBble 06/1aCTH COOTBETCTBYIOT MeTaJIMYeCKUM BKJIIOYEHUSIM
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cnenyeMoM Qparmente. OOHapyKeHO reTeporeHHOe paclpejeseHHe
KeJiesa B (pasax OJMBHHA U OPTOINHMPOKCEHA, NPOBeAEeHBl MOpQoJIo-
rHyecKue pacueThl A/ aHa/lHW3a POCTPAHCTBEHHOIO paclpeseseHus
MeTaJlJIMueCKUX KOMIIOHEHTOB.

o Kichanov S.E., Kozlenko D.P., Kirillov A. K., Lukin E. V., Abdu-
rakhimov B., Belozerova N.M., Rutkauskas A. V., Ivankina T.I.,
Savenko B.N. A Structural Insight into the Chelyabinsk Meteo-
rite: Neutron Diffraction, Tomography and Raman Spectroscopy
Study // Springer Nat. Appl. Sci. 2019. V. 1. P. 1563.

MeTon0M CNeKTPOCKONUU M'MIaHTCKOI0 KOMOMHALIMOHHOTO pacce-
suus (IKP) 6bl 3aperucTpupoBaHbl CEKTPEl MOJIEKYJ dejoBeye-
CKOro JiakToeppuHa, aacopOUpOBaHHBIX Ha MocepeOpPeHHOM IOpH-
ctoM KpeMHHH (por-Si) B KoHueHTpauusix or 1076 M 1o yibrpa-
Hu3Koi kKoHueHTpauuu 1078 M (pucynok). TKP-criekTpel J1aKTO-
deppuHa, agcopouposantoro ua 10~ M pacrsopa, Gbliu 10BOJIBHO
c1aGbIMM, HO CHHKeHHe KoHueHTpauuu 10 10710 M npusesio K 3Ha-
YUTeJbHOMY YCUJIEHHIO CHTHAJA.
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['KP-criekTpel Mosiekys nakTodepprHa, ancopOUPOBaHHBIX Ha MocepedpeH-
HOM por-Si

TKP-cnektpel JakTodeppuHa mpu KoHneHTpamusx 10714 u
1076 M 6bIm MeHee MHTEHCHBHLIMH M HauaJlH MeHATbCS M3-3a
yBeJIMUeHHS] BKJAaJa OT MOJEKYJ, BbKXKEHHBIX JaszepoM. Jis
NpefoTBPALleHNs MeperpeBa MOJIEKYJbl aHAJIU3UPYEMOrO BellecTBa
OblM 3allullleHbl rpadeHoM, YTO MO3BOJNUJO OOHAPYKUTb alcop-
GHpOBaHHbIH JakTo(eppuH U3 pactopa 10718 M. Takum o6pasowm,
BIIEPBBIE MPOJEMOHCTPUPOBAHA BO3MOXKHOCTb peructpauuu [KP-
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CIIEKTPOB MOJIEKYJ JIaKTO(heppHHA 4YeJioBeKa, aacopOMpOBAHHBIX Ha
nocepe6penHoM por-Si uz 1076-10~'8 M BogHEIX pacTBOpOB.

e Zavatski S., Arzumanyan G., Bandarenka H. et al. Surface
Enhanced Raman Spectroscopy of Lactoferrin Adsorbed on Silvered
PS Covered with Graphene // Biosensors. 2019. V. 9. P. 34.

PAIUALIMOHHBIE H PATHOBHUOJIOTHYECKHE
HCCJIEJOBAHUA

Crneuunanucramu OMAW u MPHLL um. A. ®. [{pi6a npoBeneHbl
NpelKIHHUYECKHe HCCJIe0BAaHUS HOBOIO METO/A IOBBILIEHUS OHO-
JIOTHUECKOH 3((EeKTHBHOCTH TMPOTOHOB [J5 JIeYeHHsI OMyXOJeBbIX
3aboJsieBaHuil in vivo. I'pynnam >KUBOTHHIX (MbIIIM) Oblia MPUBUTA
omyxoJib MesiaHoMbl. OTyX0J/1d KUBOTHBIX MOABEPTasuch 0OJYUEHHIO
NpOTOHAMHU B MUKe Bparra ¢ npepBapuTe/ibHBIM BBeAeHHEM apaOUHO-
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TpoJib; 6) 00JyueHHe MpoToOHaMK B muke Bparra B nose 10 I'p
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supuuto3uHa (Apall) unu 6e3 Hero. KoHtposibHble (HeoOyueHHbIE)
’KHBOTHBIe Moru6su Ha 30-e CyTKH B pe3ysbTaTe Pa3BUTHS OMyXoJe-
Boro mnpotiecca. Ha 40-e cyTku o6e rpynmnbl 06y4eHHbIX XKHUBOTHBIX
OCTaBaJIUCh KUBBEl. BMecTe ¢ TeM pa3mepbl OMyX0JH MeJaHOMBI y 00-
JIyUeHHBIX >KUBOTHbIX ¢ BBeneHHeM Apall Obiiu mpumepHo B 3 pasa
MEeHBIIMMHU 0 CPaBHEHUIO C 00/1y4eHHBIMU JIULIb ONHUMH POTOHAMHU
(pucynok). Ilomyuen mareHT Ne2699670 Ha H300peTeHHE HOBOTO
MeTOla YCHJIEHUS pafiHalMOHHOIO BO3AEHCTBHUS HA XKUBbIE KJETKH.

e Kpacasun E.A., Bopeiiko A.B., Samyraesa H.A. Howili meron
MOBBIILIEHUS] 3((PEKTUBHOCTH NEHCTBUS HOHU3UPYIOLIUX H3JyueHHH
Ha KJETKH OMyXoJieBbiX TKaHe# // Marepuann 3-# Poccuiickoi
KOH(epeHIINH C MeXIyHapomHbIM yuactreM «Pamgnobuosnornueckie
OCHOBBI J1y4eBoH Tepanuu», OMAN, Hdy6Ha, 2019. C. 84.

HccnenoBanbl MophoyHKLIHOHANBHBEIE T0OKA3ATEIN BO3AEHCTBUS
NPOTOHOB Ha LIEHTPaJbHYI0 HepBHYW cucremy. B mepuon 1-8 cyr
nocJje MPOTOHHOrO OOJyueHHs] MBILIeld W KPbIC B HeJeTaNbHbIX J0-
3ax (0,5-5,0 I'p) mpoucxomauT M030HE3aBUCUMOE CHHKEHHE OCHOB-
HbIX [OKa3aTeJsied CIOHTAaHHOW [BUTaTeJbHOM aKTUBHOCTH TpBI3Y-
HOB. K 90-m cyTkam mocsie o6sydeHHs] OTMedaeTcsi MOBBILIEHHBIH
YPOBeHb MOKa3aTesell OpHeHTHPOBOYHO-HUCCIEI0BATENbCKON PeaKI UK
¥ 3MOLMOHAJNBHOTO CTaTyca BO BCeX Tpymnax 0OJY4YeHHBIX >KHBOT-
HBIX 110 CpaBHeHHIO ¢ OHOKOoHTpoJseM. Hapyinenue nBuratesbHOH
AKTHBHOCTH 0OJy4eHHBIX NPOTOHAMH TPbI3YHOB B PaHHHH MEpUON U
ee OTHOCHTeJbHasi HOPMaJnu3alusl B OTHAJEHHBIH Mocje OOJyueHHus
NeproJ MPOUCXOAAT Ha (DOHe YBEeJUYEHHOr0 YHucja MOP(ONOrHUeCcKH
MU3MEeHEHHbIX U TUCTPO(HUECKUX HEeHPOHOB B THINOKAMIIE U paspe-
JKEHHOCTH KJeTOK [lypKHHbe B MO3KeuKe.

Mopponornyeckue u3MeHeHHs HeHPOHOB B MOJHMOPGHHOM XHJyCe THIIO-
Kamna o6syueHHbIX B n03e 1 [p (a) u HeoOmyuyeHHBIX (6) Kpbic. UepHBIMH
CTpeJIKaMHM OTMeYeHbl HeHpOHbl ¢ JUCTPO(pHYECKUMH H3MeHeHHUsAMH
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o Jlaxosea K.H., Koaecnukosa H.A., Ymuua [.M., Cesepio-
xun F0.C., Bydenrnas H.H., Abpocumosa A.H., Moroxkaros A.T .,
Jlarkosuuwosa M., Hsearnos A.A. MopdodyHKIHOHANbHbIE TTOKa3a-
TeJIM BO3LeHCTBUS MPOTOHOB Ha LEHTPAJbHYI0 HEPBHYIO cHcTeMy //
MenunuHckas paguosioruss ¥ pafuauuoHHas GesomacHocTb. 2019.
T.64, Bumn. 2. C. 75-81.

[TocTpoeHa marematnueckasi Moesb obmacty CA3 runmokamna,
comepxauied B oOued caoxkHocTH 1200 HepBHBIX KJETOK, C HC-
nosb3oBaHueM nporpammHoi cpensl NEURON. Ha ocHoe nanHoi
MOJIEeJIM TIPOU3BEEeH pacyeT BOSHUKHOBEHHS] CHHXPOHHBIX HEHPOHHBIX
OCLHMJIISILUE, BHOCSIINX BKJaa B (OPMHUPOBAHHE - U H-PUTMOB, HUT-
paoLIMX BaXKHYIO POJib B MeXaHHW3Max NaMsaTH u obydenusi. Ha mpu-
Mepe HOHOTpOMHOro petientopa riayramara NMDA, koTopbiii urpaet
KJIIOUEBYIO POJIb B PEry/siiUM CHHANTHUECKOH MIaCTUYHOCTH, 06yye-
HUM U (DOPMHUPOBAHUU PA3JIUYHBIX BHUAOB MAMSITH, IPOBEIEHO MOJe-
KYJSIpHO-IMHAMHUECKOe MOJEJHPOBAHHE TPOLEecca aKTHUBALMHU MOJ-
HOATOMHOU CTPYKTYypbl perientopa NMDA Ha 6aze maketra NAMD.
PaccmoTpeHo B/MSHHE OIMHOYHBIX W JBOMHBIX TOYKOBBIX MYyTalMH,
a TaKXXe CTPYKTYPHOH MyTalMu (HesielldH) Ha CTPYKTYpPy HOHHOTO
KaHa/jia U Ha (PYHKLHOHUPOBAaHHE HEHPOHHOH CETH B LIEJIOM.

e Batova A.S., Bugay A.N., Dushanov E.B. Effect of Mutant
NMDA Receptors on the Oscillations in a Model of Hippocampus //
J. Bioinform. Comput. Biol. 2019. V. 17, No. 1. P. 1940003.

YCKOPHUTEJIbHAY TEMATHUKA

3aBeplIaeTcsl MOHTaX M OCYLIEeCTBJSeTCS M03TaNHas MPOBepKa
M BBOL B 3KCIJyaTalHI0 CBEPXIPOBOASLIETO KOJBLEBOIO YCKOPH-
teasi (¢ mepumerpoM 210 M) — OGycTepa AJsi MCCJIEN0BATENbCKOTO
kommyiekca NICA. Bce 3eMeHTBl MarHUTHO-KPHOCTATHOH CHCTEMBI
6ycrepa (ocHOBbI yckopuTessi) uarorossaensl B OMSAU no opurnHasb-
HOH TEXHOJIOTUH, MoJy4YuBLIed npusHaHue B EBpone. Pa6oty yckopu-
Tessl U POPMHUpOBAHHE MyuKa C BBICOKUM KayecTBOM oOecreydBaeT
KOMIIJIEKC BBICOKOTEXHOJIOTMUHBIX CHCTEM, M3rOTOBJEHHBIX MPH yda-
CTHH BEAYIIUX POCCUHCKUX U 3apyOekKHBIX KOMIAHUH U UHCTUTYTOB.

e Butenko A. et al. NICA Accelerator Complex at JINR // Proc.
of the 10th Intern. Part. Accel. Conf. (IPAC2019), Melbourne,
Australia.

BBeseH B 3KCIUIyaTalMI0 YHHUKAJbHBIA YCKOPHTEJbHBIH KOM-
meke — ¢abpuka cBepxTskesbix 3emeHToB (CTD). [loarorosien
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Kopnyc ¢abpuku CTI

MepBbld 3KCMIEPUMEHT MO CHHTe3y H30TonmoB 115-ro ssemeHTa —
MOCKOBHS. DTOT 3KCIEPUMEHT TOABOAUT HUTOT MHOTOJIETHeH paboThl
OWAU no coznanuio u 3anycky ¢adpuku CTD u nomkeH nokasartb
FOTOBHOCTb KOMIJIEKCA K Hayajy peaju3aldu AOJTOCPOYHOH IPO-
rpaMMbl, HalleJleHHOH Ha cuHTe3 3JeMeHTOB 119 u 120 — mnepBbix
s7eMeHTOB 8-ro nepuopa Ilepuonuueckoit Tabaunsl . 1. Menpenee-
Ba — U M3y4eHHe SiIePHO-(U3UUECKHUX U XUMHUECKHX CBOUCTB HOBBIX
3JIEMEHTOB.
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[azoHanonHeHHBIN cenapaTop, pabpuka CTD

e Dmitriev S.N., Oganessian Yu. Ts., Gulbekyan G.G., Kalagin 1. V.,
Gikal B.N., Bogomolov S.L., lvanenko [.A., Kazarinov N.Yu.,
lvanov G.N., Osipov N.F., Pashchenko S.V., Khabarov M. V.,
Semin V.A., Yeremin A.V., Utyonkov V.K. SHE Factory:
Cyclotron Facility for Super Heavy Elements Research //
Proc. of CYC19 Intern. Conf., South Africa, Cape Town, 2019.
https://cyclotrons2019.vrws.de/

o [yavbexksan I'.T., Amumpues C.H., Hmxuc M.T., Ozanecan I0. L.,
Tukanr B.H., Karaeurn H.B., Cemun B.A., Boeomoros C.JI., bys-
makos B.A., Heanenxko H.A., Kasapuros H.IO., Ocunos H.D.,
[Tawenko C.B., Cokoros B.A., ITweakun H.H., Ilpoxopos C.B.,
Xabapos M.B., l'uxaar K.b5. 3anyck uukiaorpona I11-280 — 6aso-
BOH YCTaHOBKH (haGpHKH cBepxTsikesbix asnementos JIAP OUAU //
[Tucema B AUAL. 2019. T. 16, Ne 6(225). C. 653-665.

HWHPOPMAIIMOHHBIE TEXHOJIOI'NHA
U BbIYUCJIMTEJbHAYI ®PU3UKA

BBeneHa B 3KcIlyaTalMio BTOpasi Odepeib CYIePKOMIbIOTepa
«[oBOpyH», SIBJISIIOILETOCS T€TEPOreHHBIM BBICOKOTIPOU3BOAUTENbHBIM
KOMMOHEHTOM MHOTrO(YHKIHOHAJBHOTO HH(POPMALHOHHO-BBIYUCIH-
tesnpHoro Kommiekca (MHBK) OUSIN. CynepkommbioTep COOEPKHUT
kak CPU BbluMc/IUTEIbHBIE KOMIIOHEHTBI, TaK H YCKOPUTENH BBIYKC-
nennit GPU NVIDIA V100, uto mo3BosisieT MPOBOAHUTH PeCypco-
eMKHe, MaCCHBHO-MapaJjie/ibHble PacueThl, [/ KOTOPBIX TpebyloTcs
pa3JiMuHble THIBl BHIYUCIUTENbHBIX apXUTEKTYP. B HacTosiiiee BpeMs
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cynepkommnbioTep 3aHumaer 10-e mecto B cmucke Top 50 cambix
MOLIHBIX cynepkoMmmnbioTepoB Poccun u crpan CHI u ucnonbayercs
IJis PellIeHUs] MACCHBHO-TIapaJlJiesIbHbIX U PECYPCOeMKHX 3aad, CBsi-
3aHHbIX ¢ peanusyembiM B OMSHN meracaitenc-npoektrom NICA.

3a nmepuon 3KCIJIyaTallMd [0Jb30BATENsIMH M3 JabopaTopui
OHAU 6bino BbimosHeHo cBbille 260000 3apay Ha BcexX BHIYMC/IH-
TeJIbHBIX KOMIOHEHTax cynepkommbioTepa «[oBopyH». Okoso 85 %
pecypcoB CyNepKOMIIbIOTEpa HCIOJMb3YIOTCS KaK /151 TeOPETHYECKHX
UCC/IeI0OBaHUH, TaK W HEMOCPEACTBEHHO [Jsi IeHepalud U PeKOH-
cTpykuuu cobeituil Meranpoekta NICA.

Other
computa- MPD (72 %)
tions (15 %) 134832 jobs
39207 jobs

Total jobs Total jobs
263057 185875

Computations for the NICA
megaproject (66 %)
172575 job:
Joos BM@N (27%)
49360 jobs

SPD (1%)
1683 jobs

Hcnosb3oBaHue pecypcos cymepkommbioTepa «[oBopyH»

e Belyakov D.V. et al. Using the “Govorun” Supercomputer for
the NICA Megaproject // Proc. of the 27th Intern. Symp. on
Nuclear Electronics and Computing (NEC’2019), Budva, Becici,
Montenegro, Sept. 30 — Oct. 4, 2019, CEUR Workshop Proc.
(CEUR-WS.org). V. 2507 (in press).

B 2019 r. o6was 3arpyska Tier-1 cocraBusa 18 % ot cymmapHo#
MPOU3BOIUTENBHOCTH BceX UeHTpoB ypoBHs Tier-1. Lentp Tier-1
(TI_JINR) nemoncTpupyeT cTabu/ibHyl0 PaGoTy MU 3aHHUMaeT 2-e
MeCTO 0 NPOHU3BOAUTENBHOCTH B MHpE.

I'pun-komnonent MMUBK OHAU Bkawouaer uentp Tier-1 aas
skcnepumenta CMS nwa LHC u Tier-2 nas ALICE, ATLAS, CMS,
LHCb, BES, BIOMED, COMPASS, MPD, NOvA, STAR, ILC
U T. I

Caiir OUSH Tier-2 (JINR_LCG2) siBisieTcst Jy4lIUM B POCCHE-
ckom koHcopunyme RDIG (Russian Data Intensive Grid — Poccuii-
CKHE TPUA AJIsSi HHTEHCUBHBIX omnepauuii ¢ naHueiMu). B 2019 r. 6110
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Pacnpenenenue no HopmupoBanHoMy BpeMeHH 3arpy3ku CPU B uacax HS06
3a 2019 r. nns a) caitos Tier-1 akcnepumenta CMS u 6) caiitos Tier-2,
BXOAAIMX B KoHcopunyM RDIG

o6paboTaHo GoJsiee 3 MJIH 3amaHHi, 4To cocTaBasieT b2 % oT obuie#
sarpysku CPU RDIG.

e Baginyan A.S. et al. Grid at JINR // Proc. of the 27th Intern.
Symp. on Nuclear Electronics and Computing (NEC'2019), Budva,
Becici, Montenegro, Sept. 30 — Oct. 4, 2019, CEUR Workshop
Proc. (CEUR-WS.org). V. 2507 (in press).

[IpensioxkeH MeTOn PEKOHCTPYKIUH TPAEKTOPUH 3apsiKEHHBIX Ya-
CTHULl Ha OCHOBE DEKypPpPeHTHOH HEeHPOHHOH CeTH ¢ MOMOLLbBI Je-
tektopa GEM skcnepumenta BM@N. [lokasano, 4to mpenJarae-
MBI ONHOJTAIHBIA AJTOPUTM C TJYOOKOH peKyppeHTHOW HeHpoce-
TbIO 0COOOH KOHCTPYKLHMH U ClelHaNbHOH (PYHKIHEeH OIUOKH, y4UH-
ThIBaIOLleH CHJbHYIO HecOaJaHCHPOBAHHOCTb oOyyarolleld BbIOOPKH,
SIBJISIeTCS TOYHBIM, OBICTPBIM WU He TpebyeT CleluanbHOH CTaluH
npeaBapuTe bHON 00paboTKU. PaboTy Momenu ynanoch CyliecTBEHHO
YCKOPHUTb C MOMOLLBI CPeACTB, NPeloCTaB/seMbIX CYNepKOMIIbIO-
tepoM «[oBopyH». IlpencraBseHHble pe3y/abTaThl JAHHOIO IMOAXOAA
JIs CMOIeIMPOBAaHHBIX coObITHE neTekTopa GEM BM@N rnokasasu
noBbIILIeHHe 3(DPEKTUBHOCTH 06paboTKH COObITHH 10 98,5 %.

e Baranov D. et al. Catch and Prolong: Recurrent Neural Network for
Seeking Track-Candidates // Eur. Phys. J. Web Coni. 2019. V. 201.
P.05001.

BBenen B 3kcmiyaTtauuio KommbloTepHbld off-line kmacrep, xo-
TOPbIH fBJISIETCS ONHUM K3 4yeTblpeX 0a30BbIX KJACTEPOB paclipele-
JIEHHO! KOMIIbIOTepPHO-HUH(OPMALLMOHHOH HH(PACTPYKTYpHl MpOeKTa
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Kommneiorepusiit off-line knacrep JI®BI

«Kommnieke NICA». On mpenHasHadyeH 1/ MOIeNHpOBaHHUsA, obpa-
6OTKH, aHa/M3a HUCCJAEeIyeMbIX MPOLECCOB U XPaHEHHUS IKCIEepPUMeEH-
TaJbHBIX JAHHBIX.

Ksactep mocTpoeH no MOLY/JbHOMY MPUHLMITY, COCTOMT M3 BOCb-
MU CTO€K C KOMIIbIOTEPHBIM W KOMMYHHKAIIMOHHBIM 000pYyLOBaHHEM,
IBYX UCTOYHHKOB GecriepeGOHHOr0 MUTAHHUS, CUCTEMBI OXJaXKIeHHS,
3JIEKTPONUTAHUS U TOXKapOTylleHUsl. Kmactep MMeeT BHYTPEHHIOW
cetb 100 I'6/c Ethernet, monksoueH K KJ1acTepHO# CETH Ha CKOPOCTH
200 I'6/c u k nabopatopHoii cetu Ha ckopoctd 100 ['6/c.

e Kapishin M. (for the BM@N Collab.). First BM@N Results //
Proc. of the 18th Intern. Coni. “Strangeness in Quark Matter”
(SQM-2019), Bari, Italy.

OBPA3OBATEJIbHAA NEATEJIBHOCTD

B 2019 r. B Yue6Ho-HayuHom nentpe OUSAN npowsu obyueHue
okoso 500 cryneHToB 6aszoBbix Kadenp MIY, MOPTU, MUDU,
roCyIapCTBEHHOr0 yHHBepcuTeTa «JlyOHa» W YHHBEPCHTETOB TroOCy-
napctB-uneHoB OMAN. JleTHne yueOHble U NPOU3BOACTBEHHbIE NTPAK-
THKH opraHusoBanbl mjsi moytu 500 cTyneHTOB By30B ApMeHHH,
Benopyccuu, Kazaxcrana, Ky6sl, Poccuu, CepOun, YkpauHsbl.

Exeronnast mexxnyHaponHas npaktuka B 2019 r. mpoBogusacek
B 4 stana ans 134 npencraButenein Asepbaiinkana, Besopyccun,
Boarapuu, Erunta, Ky6sl, [lonbmwn, Pymbinun, Cep6un, CioBakuuy,
Yexuu, Uuau u IOAP.

Oxkosio 60 crymeHToB M acnupaHToB M3 Asepbaiimxana, bBeJo-
pyccuu, boarapuu, Erunta, Uranuu, Kazaxcrana, Ky6sl, Mekcuku,
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Hupepnannos, [losnbmn, Poccuu, Pymbinuu, Cep6un, CiroBakuuy,
Y3b6ekucraHa M YKpauHbl y4yacTBOBAJ/M B JIeTHEH CTYAeHUeCKOH Mpo-
rpamme 2019 r.

YHII u ynuBepcutetom «Jly6Ha» Obljia OpraHW30BaHa ouepenHas
JeTHsAq wKosa «Pusrka. Maremartuka. Mupopmaruka» nis 23 yuu-
Tesiedl U3 rocynapcers-dieHoB OUAN u moutu 100 mKoabHUKOB U3
Benopyccuu, Poccun, Kaszaxcrana n Yxpaunel. B HayuyHOH wIKOJE
IJ1s1 yuutesed ¢husnku, npoxonusiueil B [IEPH, yyactBoBamu 24 npe-
nopaBatesis U3 benopyccun, Poccuu u Ykpaussl.

YHL OM4HN yuactBoBas B opraHu3alyy U NIPOBEIEHUH BCepocC-
cuiickoro dectuBansi NAUKA 0+ B Mockse u J[y6He, pocCHICKOTO
tdecruBansg «<PROHayka» B Kazanu, Bcemuproro [IHs TeMHOU MaTe-
puu, popyma «[Ipodeccun 6ynyiiero» B [lyoHe, [neit pusuku, 31-i
JIeTHel MeKJIyHapooHOH KOMIbIOTepPHOH WKoJbl UM. B. Bomokntuna
u E.IHupkoso# (MKII-2019), 8-ro TtypHHpa 1o poOGOTOTEXHH-
ke OTkpbiTON BepxHeBo/KCKOH 06pa3oBaTeibHON KHOEPHETHUECKOH
cetu Cyber Dubna-2019, mactepckoit ¢usuku «105-i 3geMeHT»
B paMKax 00pa3oBaTeJbHOro npoekra «JIeTHAs WKo/a», 3KCKypCcHH
AJ1s1 CTYLEHTOB, LIKOJbHUKOB M Y4HUTesel H3 ToCylapCTB-UJleHOB
OUAN u npyrux crpan. Corpyanuku YHILI opranusoBanu yua-
ctue OUAU B dectuBane Hayku, TexHosJorud u uckyccrBa «Geek
Picnic» B Canxr-IletepGypre, npuHumanu ydactue B 11-i Bce-
MHpPHOH KOH(epeHUMH Hay4HbIX XypHansuctoB (WCSJ) B JlosanHe
(IBefinapus).

OBIIUVE NAHHBIE
O KOJIMYECTBE IIYBJIHUKAIIMN COTPYIHUKOB OUAIN
(c 13.12.2018 mo 19.12.2019)

e Kuuru — 10:

Plechko V.N. Grassmann Variable Analysis for 1D and 2D
[sing Models (Lectures from 2002) / Ed. by T. C. Dorlas. — Dublin:
DIAS, 2019. — 57 p. — (Communications of the Dublin Institute
for Advanced Studies. Series A (Theoretical Physics), No. 31).

bapbauwos 5.M., Hecmepenko B.B. IlpubauxeHue siiKoHasa
IJisi TIPOLIECCOB BLICOKOHEPreTHUeCKOro paccesinus uactuil: Kype
gexunid. — Usnp. 2-e, ucnp. u gon. — M.: URSS, 2019. — 82 ¢. —
Bubauorp.: c. 79-82.

bawawun M.B., 3emasanan E.B., Cmpeavyosa O.H. Ilpax-
THUeCcKoe BBeleHHe B TexHojoruio MPI Ha kaacrepe HybrilIT:
YuebHoe mnocobue. — Ilyb6Ha: [oc. yH-T «[ly6Ha», 2019. — 50 c.:
un. — bBubauorp.: c.45. — 24 3ka.
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Hanunan I'.B. ®yHnaMeHTa/bHble acleKTbl (DU3UKH JeJeHHUs
sinep: HoBediune uccaenoBanus. — M.: URSS, 2019. — 115, [1] c.:
ua. — bubsaumorp.: c. 113-116.

Hcaes A.Il., Pybakos B.A. Teopus rpynn u cummetpuit. [Ipen-
craBjenus rpynn JIu u anre6p Jlu. [punoxenns. — Hy6una: OUSH,
2019. — 482 ¢. — (OH4H; 2019-38). — Bubauorp.: c. 475-478. —
100 3ks.

[lenuonackesuun 10.3., Baxmeav B. M. CoBpeMeHHBIE YCKOpUTE-
JIU 3apsKeHHBIX YacTHLL M UX IpUJIOKeHHe: YueOHoe nocobue. —
Boponex: Manarenbckuit nom BI'Y, 2018. — 110, [1] c.: us. un. —
bubauorp. B koHlle KHUTH. — 50 3K3.

[Ipoxopos C. B. MHorouacToTHble pe3oHaTopel. MeTonbl pacuera,
MaTeMaTHUYeCcKoe MOJeJUpoBaHue, noctpoeHue. — M.: PagnorexHu-
Ka, 2019. — 220 c.: un. — Bubauorp.: ¢. 216. — 500 3k3.

Cmopodurckuii 5. A. 3bpauubie Tpynsl / Pen.: 10. A. Jlanuios,
B.T'. Kagpiescku#i, A.H.Cucaksan; Cocrt.: B.T.Kagpimesckui,
A.H.Cucaksu [u gp.]. — Han. 3-e. — M.: URSS, 2017. — 566 c.:
un. — (Knaccuku nayku, Ne2). — Bubauorp.: c. 542-561.

Conosves E.A. HoBble mnonxompl B KBaHTOBOH (usuke /
Pen. JI.W.Ilonomapes; Ilep. ¢ anrm.: B.E.CosoBbeB. — M.:
OU3SMATJINT, 2019. — 214 c.: un. — Bubauorp.: c. 206-214.

@panx H.M. Hayunsie Tpyns: B aByx Kuurax. Ku.2 / Cocr.
A.U. Ppank. — 2018. — 670 c.: ua. — Bubmrorp. B KOHILE T/aB;
Bubauorp. cnucok pabor Y. M. dpanka: c. 627-653. — 880 3ka.

e ’KypHasnbHble cTatbu — 1164

[ly6nukanuu B Tpynax koHdepeHuui — 321
[Tpenpuntsl — 45

Agropedeparsl nuccepraunii — 20

Bcero: 1560



THEORETICAL PHYSICS

The calculations of axial current and energy density in
rotating and accelerating medium were performed making use
of the Zubarev density operator and Wigner function. Their
results are shown to lead to the identification of angular velocity
and acceleration with real and imaginary chemical potentials.
It is established that energy density approaches zero for the
temperature 7' equal to the Unruh temperature 7y, and this is
interpreted as instability of the phase with the temperature 7' < Ty.
The duality between quantum-statistical approach in Minkowski
space and the effects of nontrivial geometry in the space with
conical singularity is proved. The results are applied to the physics
of heavy-ion collisions.

‘__77§ T1> TU

Ty< Ty< T,

Ty

The change of effective conical singularity dual to the quantum-statistical
approach for the temperature approaching the Unruh one from above

(n=1/(rT))

e Prokhorov G. Yu., Teryaev O.V., Zakharov V.I. // Phys. Rev. D.
2019. V.99. P.071901; V.100. P. 125009;
Prokhorov G.Yu., Teryaev O.V., Zakharov V.I. // JHEP. 2019.
V.1902. P. 146.

In the framework of the program for the study of atomic
nucleus decays, alpha decay, cluster radioactivity and spontaneous
fission were described for the first time in the unique approach
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based on the consideration of the dynamics of nucleus in charge
asgmmetry coordinate. The calculated half-lives for 232234236(J
236.238py 242Cm and 248Cf nuclei are in good agreement with the
available experimental data. The presented model describes well the
half-lives, which differ up to 12 orders of magnitude, and allows
one to predict the characteristic times for cluster radioactivity and
spontaneous fission of heavy and superheavy nuclei.

e Rogovl.S., Adamian G. G., Antonenko N.V. // Phys. Rev. C. 2019.
V. 100. P.024606.

Small-angle scattering (SAS) of X-rays, neutrons, and
light waves from ensembles of determined fractal structures is
theoretically investigated. Their positions in space and orientation
are assumed to be random. In the standard analysis, only three
parameters can be determined from SAS data: the fractal dimension
as well as the lower and upper limits of the fractal range. It is
shown that the self-similarity of deterministic fractal structures
allows one to obtain their additional characteristics in real space.

In the present paper, exactly solvable models that describe
SAS from this type of systems are proposed and studied. The
developed models make it possible to understand how to extract
additional information about the fractal structures and analytically

3 R L L L |
10 j —— 7 =4 (Euclidean object) 3
(|F(q)|2)] ---7=25,L/l=10, h/l=1 (mass fractal) 3
] —7=25,L/l=30, h/l =3 (mass fractal) E
. § ——7=6-25=23.5, L/l = 20 (surface fractal)
100 4 : :

2rL/1

1079 o 27TL/h 2'7rL/l
100 10! 102 qL 103

Schematic SAS intensities from regular and fractal objects as a function
of the momentum transfer
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describe the intensities of SAS. The main examples are the
generalized Cantor fractal and some of its variations, which model
mass, surface, and multifractal structures. The differences in the
SAS data between deterministic and random fractal structures are
investigated. The limits of applicability of the proposed models and
the prospects for future studies of deterministic fractal structures
are discussed.

e Cherny A.Yu., Anitas E.M., Osipov V.A., Kuklin A.l. The
Structure of Deterministic Mass and Surface Fractals: Theory and
Methods of Analyzing Small-Angle Scattering Data // Phys. Chem.
Chem. Phys. 2019. V.21. P. 12748-12762.

The general classification of finite-dimensional irreducible re-
presentations of simple Lie algebras based on the construction of
highest weight representations is given. In the case of algebras
sl(N,C), su(N) and groups SL(N,C), SU(N) the construction
of representations is based on the Schur-Weyl duality. The key
ingredient here is a symmetric group and its representations which
we discuss within both Young-Frobenius and Okounkov-Vershik
approaches. For tensor representations of SO and Sp groups and
their algebras, the relevant object is the Brauer algebra and its
representation theory. Spinor representations of orthogonal Lie
algebras were analyzed. The spinor Lie groups Spin(p,q) and
their representations were investigated on the basis of conjugation
matrices.

e [saev A.P., Rubakov V.A. Theory of Groups and Symmetries.
Representations of Lie Groups and Algebras. Applications. Dubna:
JINR, 2019. 482 p.

EXPERIMENTAL PHYSICS

Particle Physics

The most important achievement of 2019 is the construction of
the forth and fifth clusters of the deep underwater detector in Lake
Baikal as the next step to full-scale Baikal-GVD detector. With
their introduction, the effective volume of the Baikal-GVD telescope
achieved the value of 0.25 km3 in the task of registration of showers
from high-energy neutrino of astrophysical origin that is about 0.6
of the effective volume of the IceCube detector in the Antarctic.
The detector-2019 consists of 1440 optical modules assembled on
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40 vertical strings (8 strings in each cluster) distributed from 750
to 1250 m depth. Preliminary data analysis for 2016-2018 and,
partially, for 2019 for the search allows one to select first six events
with energies above ~ 100 TeV, where astrophysical neutrino flux
exceeds background atmospheric one.

e Avrorin A.D. et al. Baikal-GVD: The New-Generation Neutrino
Telescope in Lake Baikal // Bull. Russ. Acad. Sci. Phys. 2019.
V.83, No.8. P.921-922; Izv. Ross. Akad. Nauk: Ser. Fiz. 2019.
V. 83, No.8. P.1016-1018.

e Avrorin A.D. et al. (Baikal-GVD Collab.). Search for Cascade
Events with Baikal-GVD // Proc. of ICRC2019; https://pos.sissa.
it/358/873/pdf; arXiv:1908.05430.

A compact DANSS detector of reactor antineutrino, created by
physicists of JINR (Dubna) and ITEP (Moscow), is installed at the
Kalinin NPP and registers more than 4000 reactor antineutrinos per
day with a background not exceeding 2-3% (today the best value
in the world). In 2019, an updated full-scale analysis of 2016-2019
data was carried out with improved estimation of all background
sources and systematic errors. The world’s best model-independent
restriction on the existence of a sterile neutrino has been obtained.

In addition, DANSS demonstrated continuous, long-term (since
October 2016) and high-precision (1.5%) monitoring of the power
of a nuclear reactor and sensitivity to changes in fuel composition
(various ratios of 23U/?3Pu during the fuel campaign). The so-
lution to both problems is important in the development of expe-
rimental approaches to controling the nonproliferation of nuclear
materials.

o Alekseev I.G. et al. Industrial Reactor Power Monitoring Using
Antineutrino Counts in the DANSS Detector // Phys. At. Nucl.
2019. V.82, No.5. P.415-424.

New result on neutrino oscillation parameter measurement was
obtained in the NOvA experiment (FNAL, USA) with participation
of the JINR physicists. Data taking with both neutrino and
antineutrino beam coming from FNAL accelerator complex with
the proton beam of a record power (~ 800 kW) as well as combined
analysis of a muon neutrino disappearance and electron neutrino
appearance channels allowed one to measure the following neutrino
oscillation parameters: |Am3;| = 2.48f8:(1)é - 1073 eV? and sin? fy3 in
the ranges of 0.53-0.60 and 0.45-0.48 for the normal hierarchy of
neutrino masses. The data exclude most values near dcp = 7/2 for
the inverted mass hierarchy by more than 3¢ and favor the normal
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neutrino mass hierarchy by 1.90 and 6y3 values in the upper octant
by 1.60.

e Acero M. A. et al. (NOvA Collab.). First Measurement of Neutrino
Oscillation Parameters Using Neutrinos and Antineutrinos by
NOvA // Phys. Rev. Lett. 2019. V. 123, No. 15. P. 151803.

Under the ATLAS project at the LHC (CERN), actively
participated by JINR staff members, a search for the decay of the
SM Higgs boson into a bb pair was conducted when produced in
association with a W or Z boson. The data, corresponding to an
integrated luminosity of 79.8 fb~! were collected in pp collisions of
the LHC at /s = 13 TeV. A combination of results searching for
the Higgs boson produced in association with a vector boson yields
an observed (expected) significance of 5.3(4.8)0.

e Aaboud M. et al. (The ATLAS Collab.). Measurement of VH, H —
— bb Production as a Function of the Vector-Boson Transverse
Momentum in 13 TeV pp Collisions with the ATLAS Detector //
JHEP. 2019. V.5. P. 141.

High Energy Heavy Ion Physics

First physical results on the production of hyperons (“strange”
baryons) were obtained at the BM@N facility in the experiment
aimed at studying properties of superdense nuclear matter in
collisions of high-energy heavy ions, whose beams will be
provided by the Booster and Nuclotron complex accelerators (NICA
megascience project).

The experiment is represented by the international collaboration
that includes 240 physicists and engineers from 21 research
institutes from 11 countries, including Germany, France, the
United States, and Israel. During the run, hundreds of millions of
interactions of carbon, argon and krypton ions with targets from
carbon to lead were collected on extracted Nuclotron beams.

e Kapishin M. (for the BM@N Collab.). First BM@N Results //

Proc. of the 18th Intern. Conf. “Strangeness in Quark Matter”
(SQM-2019), Bari, Italy.

Low Energy Heavy Ion Physics

In 2019, an experimental search for the superheavy hydrogen
isotope "H was undertaken, and the correlations of its decay
products t + 4n were studied at JINR FLNR using the
ACCULINNA-2 fragment separator. The "H ground and excited

28



states were populated in the 8He + d — 3He + "H reaction using
the secondary beam of ®He radioactive nuclei with the energy of
26A MeV. The "H missing mass spectrum saw a peak that was
interpreted as a doublet of the overlapping 5/2% and 3/27" states
with the energy of 6.5(5) MeV. In addition, there were indications
for the population of the 1/2% ground state with the energy of
1.8(5) MeV. The low-energy "H spectrum and the correlations of
its decay products were theoretically investigated.

e Kaminski G. et al. Status of the New Fragment Separator
ACCULINNA-2 and First Experiments // Nucl. Instr. Meth. Phys.
Res. B. 2019 (in press); https://doi.org/10.1016/j.nimb.2019.03.042.

e Bezbakh A.A. et al. Evidence for the First Excited State of "H //
Phys. Rev. Lett. 2019 (in press); arXiv:1906.07818.

e Sharov P.G., Grigorenko L. V., Ismailova A., Zhukov M. V. Pauli-
Principle Driven Correlations in Four-Neutron Nuclear Decays //
JETP Lett. 2019. V.110. P.5-14; Pis’'ma v ZhETF. 2019. V.110.
P.7-8; arXiv:1808.00513.

Neutron Nuclear Physics

Data on prompt fission neutron (PFN) emission in the reactions
25U (ne, f) and 2°2Ci(sf) were measured using twin back-to-
back ionization chamber (TIC) with Frisch grids along with data
acquisition system based on fast waveform digitizers (WFD).
Using the digital signal processing (DSP) algorithms along with
fission fragments (FF) and PFN analysis software, we managed to
correct PFN multiplicity dependences for measured reaction that
is widely used in the scientific literature. Position-sensitive TIC
for FF and PFN emission study was developed and investigated in
capability to be used in combination with 32 liquid scintillators for

Position-sensitive TIC for

PFN emission study in

combination with 32 liquid
scintillators
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PFN characteristic measurement. The developed setup opens new
perspectives for investigations of resonance neutron induced fission
and the sub-barrier fission, induced by thermal neutrons for nuclei
such as 232Th 237Np, and 238 8U.

e Zeynalov Sh., Sedyshev P., Shvetsov V., Sidorova O. Prompt
Fission Neutron Investigation in 23%U(nyy,, f) and 2°2Ci(sf) Reac-
tions // Eur. Phys. J. Web Coni. 2019. V.211. P.04003.

e Zeynalov Sh., Sedyshev P., Shvetsov V., Sidorova O. Nuclear Fis-
sion Investigation with Twin lonization Chamber // Appl. Nucl.
Techn. (CRETE2019); Intern. J. Mod. Phys.: Conf. Ser. (in press).

The study of nonstationary neutron diffraction by a moving
diffraction grating was continued. It has been shown that by
choosing the depth of the grating profile it is possible to signifi-
cantly change the ratio between intensities of waves of different
diffraction orders, thereby changing the amount of energy trans-
ferred to the neutron. Experimental results are in good agreement
with theoretical predictions based on the multiwave dynamic theory
of neutron diffraction by a 3D periodic grating.
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Energy spectra arising from UCN diffraction by moving gratings.
Experimental (red solid lines) and calculated (blue dotted lines) data are
shown for gratings that differ in profile depth

e Kulin G. V., Frank A.l., Zakharov M. A., Goryunov S. V., Bushu-
ev V.A., Panzarella A., Geltenbort P., Jentschel M. // JETP. 2019.
V. 129. P. 806.

For the first time the impact of silver nanoparticles received
from the mother’s body during the prenatal and lactation periods on
offspring was investigated. Comparison of the cognitive abilities of
experimental young animals, exposed to the effect of nanoparticles,
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and control animals showed that during the prenatal period areas
of the brain which are responsible for the formation of spatial
memory were more vulnerable to silver nanoparticles than after
birth, that can be explained by incomplete development of blood to
brain barrier in fetus. Silver content in different tissues (blood, liver,
brain, lungs and kidneys) was determined by neutron activation
analysis. The average specific mass content of silver which
crossed the blood-brain barrier was (373 +75) ng (for female) and
(385+57) ng (for offspring). The obtained results are important
to assess the toxic effect of nanomaterials on human reproductive
system.

Examples of movement pattern of animal with different types of behavior
in the Morris test: / — directional search, 2 — random search, 3 —
thigmotaxis (strategy of incapable individuals)

e Zinicouscaia I., Grozdov D., Yushin N., Ivlieva A., Petritskaya E.,
Rogatkin D. Neutron Activation Analysis as a Tool for Tracing the
Accumulation of Silver Nanoparticles in Tissues of Female Mice
and Their Offspring // J. Radioanal. Nucl. Chem. 2019. V.322.
P. 1079-1083; DOI:10.1007/s10967-019-06746-9.

e [vlieva A., Petritskaya E., Lopatina M., Rogatkin D., Zinicov-
scaia I. Evaluation of Cognitive Abilities of Mice Exposed to Silver
Nanoparticles during Prenatal Development and Lactation // Proc.
of the VII Intern. Forum on Cognitive Modeling (IFCM-2019),
Rethymno, Greece (Crete), Sept. 5-15, 2019. P. 276-282.

Condensed Matter Physics

Recently anomalous behavior of the physical properties of
magnetite was observed in the region of the pressure-induced
structural phase transition taking place at 20-25 GPa. For
elucidation of the nature of this phenomenon, a study of magnetic
and electronic properties was performed by means of synchrotron
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Left: neutron diffraction patterns of magnetite measured at pressures
up to 33 GPa with the DN-6 diffractometer using diamond anvil cell
and analyzed with the Rietveld method. Right: magnetic structure of
the orthorhombic high-pressure phase of magnetite (top) and structural,
magnetic and electronic phase diagram of magnetite (bottom)

57Fe Moessbauer spectroscopy and neutron diffraction in the
pressure 0-40 GPa and temperature 10-300 K ranges. In the high
pressure phase the long range ferrimagnetic order was observed,
forming at Tnp ~ 420 K, and its symmetry was established. The
structural, magnetic and electronic phase diagram of magnetite in
the studied range of thermodynamic parameters was determined.

e Kozlenko D.P., Dubrovinsky L.S., Kichanov S.E., Lukin E. V.,
Cerantola V., Chumakov A.l., Savenko B.N. Magnetic and Elec-
tronic Properties of Magnetite across the High-Pressure Ano-
maly // Sci. Rep. 2019. V.9. P.4464.

A complex study of internal structural organization and
phase composition of the fragment of Chelyabinsk meteorite was
performed by a combination of neutron diffraction, tomography,
optical and Raman spectroscopy. The bulk mineral composition
and spatial distribution of various components were determined.
In addition to already discovered phases of minerals — olivine,
orthopyroxene, plagioclase and troilite, the measured data point
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a) The studied fragment of Chelyabinsk meteorite. b)) Neutron diffraction

pattern of the fragment analyzed by the profile matching method. ¢) Parts

of the 3D model of structural organization of the studied fragment

obtained by neutron tomography. The pink regions correspond to metallic
inclusions

to a presence of camacite (FeNi) phase in the studied fragment.
The heterogeneous distribution of iron in the phases of olivine
and orthopyroxene was observed, the morphologic calculations
for analysis of spatial distribution of metallic components were
performed.

o Kichanov S.E., Kozlenko D.P., Kirillov A. K., Lukin E. V., Abdu-
rakhimov B., Belozerova N.M., Rutkauskas A. V., lvankina T.I.,
Savenko B.N. A Structural Insight into the Chelyabinsk Meteo-
rite: Neutron Diffraction, Tomography and Raman Spectroscopy
Study // Springer Nat. Appl. Sci. 2019. V. 1. P. 1563.

The SERS spectra of lactoferrin at the 10~'* and 1071 M
concentrations were less intensive and started to change due
to increasing contribution from the laser burned molecules. To
prevent overheating, the analyte molecules were protected with
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SERS spectra of lactoferrin molecules adsorbed on the silvered por-Si

graphene, which allowed the detection of lactoferrin adsorbed from
the 10~18 M solution. Thus, for the first time, the ability to measure
the SERS spectra of the human lactoferrin molecules adsorbed on
the silvered por-Si from the 10-6-10~'8 M water solutions has been
demonstrated.

e Zavatski S., Arzumanyan G., Bandarenka H. et al. Surface
Enhanced Raman Spectroscopy of Lactoferrin Adsorbed on Silvered
PS Covered with Graphene // Biosensors. 2019. V. 9. P. 34.

RADIATION AND RADIOBIOLOGICAL RESEARCH

A group of specialists from the JINR LRB and Tsyb Medical
Radiology Research Center performed pre-clinical in vivo studies
of a new method of increasing the biological effectiveness of
accelerated protons in the treatment of tumors. A group of animals
(mice) was inoculated with a melanoma tumor. The tumors were
exposed to Bragg peak protons — with and without pre-treatment
of mice with cytosine arabinoside (AraC). The control (nonexposed)
animals died of tumor development on the 30th day after exposure.
On the 40th day, both irradiated groups were alive, the tumor
size being smaller by a factor of ~ 3 in the group exposed in
the presence of AraC than in the group exposed without AraC
pre-treatment. Patent No.2699670 has been obtained for a new
method of enhancing the radiation effect on living cells.

e Krasavin E.A., Boreyko A.V., Zamulaeva I.A. A New Method
of Increasing the Efficiency of Ionizing Radiation Action on
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Tumor Tissue Cells // Proc. of the 3rd Russ. Conf. with Intern.
Participation “Radiobiological Basis of Radiation Therapy”, JINR,
Dubna, 2019. P.84 (in Russian).

Morphofunctional indicators of accelerated protons’ action on
the CNS have been studied. During the period of 1-8 days after
proton exposure of mice and rats at nonlethal doses (0.5-5.0 Gy),
a dose-independent decrease was observed in the main indicators
of the rodents’ spontaneous motor activity. By the 90th day, an
increase was observed in the orientation-and-exploratory response
and emotional status indicators in all irradiated animal groups
compared with the control animals. Motor activity disfunction in
the proton-irradiated animals in the early period after exposure and
its relative normalization in the long-term period take place against
the background of an increase in the number of morphologically
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Morphofunctional changes in hippocampal polymorphic hilus neurons in
(a) rats exposed at a dose of 1 Gy and (b) nonexposed rats. The black
arrows point to the neurons with dystrophic changes

changed and dystrophic neurons in the hippocampus and sparseness
of Purkinje cells in the cerebellum.

e Lyakhova K.N., Kolesnikova I. A., Utina D. M., Severyukhin Yu.S.,
Budennaya N.N., Abrosimova A.N., Molokanov A.G., Lal-
kovicova M., Ivanov A.A. Morphofunctional Indicators of the
Effects of Protons on the Central Nervous System // Med. Radiol.
Radiat. Safety. 2019. V.64, No.2. P.75-81 (in Russian); DOI:
10.12737/article_bcab60c7bba45e9.77708543.

A mathematical model of the CA3 region of the hippocampus
containing a total of 1200 nerve cells has been constructed
in the NEURON software environment. Based on this model,
a calculation has been done of the development of synchronous
neuron oscillations, which make a contribution to the formation
of the v and # rhythms — important components of the memory
and learning mechanisms. Using as an example the ionotropic
glutamate NMDA receptor, which plays a key role in synaptic
plasticity regulation, learning, and formation of different types of
memory, a molecular dynamics simulation has been performed of
the activation of the NMDA receptor’s full-atom structure with
the NAMD software package. The influence has been examined
of single and double point mutations and a structure mutation
(deletion) on the ion channel structure and functioning of the neural
network as a whole.

e Batova A.S., Bugay A.N., Dushanov E.B. Effect of Mutant
NMDA Receptors on the Oscillations in a Model of Hippocampus //
J. Bioinform. Comput. Biol. 2019. V. 17, No. 1. P. 1940003.
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ACCELERATOR TOPICS

The assembling of the superconducting ring accelerator —
Booster for the NICA research complex — is being completed, and
the stage-by-stage testing and commissioning (with a perimeter
of 210 m) is being carried out. All elements of the magnetic-
cryostat Booster system (accelerator base) are manufactured at
JINR using the unique technology which is appreciated in Europe.
The accelerator operation and beam production with high quality
are provided by a complex of high-tech systems manufactured with
the participation of leading Russian and foreign companies and
institutes.

Magnetic cryostat system of the NICA Booster is being assembled

e Butenko A. et al. NICA Accelerator Complex at JINR // Proc.
of the 10th Intern. Part. Accel. Conf. (IPAC2019), Melbourne,
Australia.

A unique accelerator complex “Factory of Superheavy Elements”
(SHE Factory) was commissioned. The preparations for the first
experiment on the synthesis of the isotopes of element 115 (mos-
covium) were finalized. The experiment summarizes the results of
JINR’s long-standing work in creating and commissioning the SHE
Factory and aims at showing the complex ready for the long-term
research programme on the synthesis of elements 119 and 120 —
the first elements of the 8th row of the Mendeleev Periodic Table —
and the study of the nuclear and chemical properties of new
elements.
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Gas-filled recoil separator, SHE Factory

e Dmitriev S.N., Oganessian Yu. Ts., Gulbekyan G.G., Kalagin 1. V.,
Gikal B.N., Bogomolov S.L., lvanenko I.A., Kazarinov N.Yu.,
lTvanov G.N., Osipov N.F., Pashchenko S.V., Khabarov M. V.,
Semin V.A., Yeremin A.V., Utyonkov V.K. SHE Factory: Cyc-
lotron Facility for Super Heavy Elements Research // Proc. of
CYC19 Intern. Conf., South Africa, Cape Town, 2019. https://
cyclotrons2019.vrws.de/



e Gulbekian G.G., Dmitriev S.N., Itkis M.G., Oganessian Yu.Ts.,
Gikal B.N., Kalagin 1.V., Semin V.A., Bogomolov S.L., Buz-
makov V.A., Ivanenko I.A., Kazarinov N. Yu., Osipov N.F., Pa-
shchenko S.V., SokolovV.A. Pchelkin N.N., Prokhorov S.V.,
Khabarov M. V., Gikal K.B. The Commissioning of the DC-280
Cyclotron — the Basic Facility of the Factory of Superheavy Ele-
ments of FLNR JINR // Phys. Part. Nucl. Lett. 2019. V. 16, No.6.
P. 866-875.

INFORMATION TECHNOLOGY
AND COMPUTER PHYSICS

In 2019, the second modification of the “Govorun” supercompu-
ter, which is a heterogeneous high-performance component of the
Multifunctional Information and Computing Complex (MICC) of
JINR, was commissioned. The supercomputer contains both CPU
computing components and GPU computing accelerators NVIDIA
V100, which enables one to carry out resource-intensive massively
parallel calculations that require different types of computing
architectures. The “Govorun” supercomputer takes the 10th place
in the Top50 list of the most powerful supercomputers in Russia
and the CIS. At present, the supercomputer is used to solve
massively parallel and resource-intensive tasks related to the NICA
megascience project underway at JINR.

For the period of operation, users from JINR laboratories
accomplished over 260 000 tasks at all components of the “Govorun”
supercomputer. About 85% of the supercomputer resources are
used both for theoretical research and directly for generation and
reconstruction of events of the NICA megaproject.

Other
computa- MPD (72%)
tions (15%) 134832 jobs
39207 jobs

Total jobs Total jobs
263057 185875

Computations for the NICA
megaproject (66%)
172575 job:
R BM@N (27%)
49360 jobs

SPD (1%)
1683 jobs

Using the resources of the “Govorun” supercomputer
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e Belyakov D.V. et al. Using the “Govorun” Supercomputer for
the NICA Megaproject // Proc. of the 27th Intern. Symp. on
Nuclear Electronics and Computing (NEC’2019), Budva, Becici,
Montenegro, Sept. 30 - Oct. 4, 2019, CEUR Workshop Proc.
(CEUR-WS.org). V.2507 (in press).

In 2019, the total load of Tier-1 was 18% of the total
performance of all Tier-1 centers. The Tier-1 center (T1_JINR)
demonstrates stable operation and is ranked second in performance
in the world.

The grid component of the Multifunctional Information and
Computing Complex at LIT comprises the Tier-1 center for the
CMS experiment at the LHC and Tier-2 for ATLAS, CMS, LHCb,
BES, BIOMED, COMPASS, MPD, NOvA, STAR, ILC, etc.

The JINR Tier-2 site (JINR_LCG2) is recognized as the best
in the Russian consortium RDIG (Russian Data Intensive Grid). In
2019, more than 3 million jobs were processed, which comprises
52% of the total load of CPU RDIG.

a4 Ec b sarem SRV pNpl
6% UK-T1-RAL 1% 3% Troitsk-INR-LCG2
! 4%
& RRC-KI
5%

IT-INFN-CNAF ITEP
9% %
JINR-LCG2

0% 52

Distribution by the normalized CPU load time in HS06 hours within 2019
for (a) Tier-1 sites for the CMS experiment and (b) Tier-2 sites being
part of the RDIG consortium

e Baginyan A.S. et al. Grid at JINR // Proc. of the 27th Intern.
Symp. on Nuclear Electronics and Computing (NEC'2019), Budva,
Becici, Montenegro, Sept. 30 — Oct. 4, CEUR Workshop Proc.
(CEUR-WS.org). V. 2507 (in press).

A method for reconstructing trajectories of charged particles
based on a recurrent neural network using the GEM detector of
the BM@N experiment is proposed. It is shown that the proposed
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single-pass algorithm with a deep recurrent neural network of a
special design and a special error function, taking into account the
strong imbalance of the training set, is accurate, fast, and does
not require a peculiar preprocessing stage. The work of the model
was significantly accelerated using tools provided by the “Govorun”
supercomputer. The presented results of the given approach for
simulated events of the BM@N GEM detector showed an increase
in the efficiency of event handling up to 98.5%.

e Baranov D. et al. Catch and Prolong: Recurrent Neural Network for
Seeking Track-Candidates // Eur. Phys. J. Web Conf. 2019. V. 201.
P.05001.

The computer off-line cluster of the Veksler and Baldin Labo-
ratory of High Energy Physics (VBLHEP) is one of the four
basic clusters of the distributed computer and information infra-
structure of the NICA complex project. It is designed for model-
ing, processing, analysis of the studied processes and storage of
experimental data. The cluster is based on a modular principle, con-
sists of eight racks with computer and communication equipment,
two uninterrupted power supplies, cooling, power supply, and fire
extinguishing systems.

The cluster has an internal 100 GB/s Ethernet network and is
connected to the cluster network at 200 GB/s and to the laboratory
network at 100 GB/s.

The computer off-line cluster of VBLHEP
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e Kapishin M. (for the BM@N Collab.). First BM@N Results //
Proc. of the 18th Intern. Coni. “Strangeness in Quark Matter”
(SQM-2019), Bari, Italy.

EDUCATIONAL ACTIVITIES

In 2019, about 500 students studied at the JINR-based
departments of Moscow State University, the Moscow Institute
of Physics and Technology, the Moscow Engineering Physics
Institute, Dubna State University, and the universities of the JINR
Member States. Summer internships and trainings were organized
for almost 500 university students from Armenia, Belarus, Cuba,
Kazakhstan, Russia, Serbia, and Ukraine.

In 2019, the annual International Student Practice was held in
four stages for 134 representatives of Azerbaijan, Belarus, Bulgaria,
Chile, Cuba, the Czech Republic, Egypt, Poland, Romania, Serbia,
Slovakia, and South Africa.

Fifty-eight under- and postgraduate students from Azerbaijan,
Belarus, Bulgaria, Cuba, Egypt, Italy, Kazakhstan, Mexico, the
Netherlands, Poland, Romania, Russia, Serbia, Slovakia, Ukraine,
and Uzbekistan participated in the Summer Student Programme
2019.

In 2019, the University Centre and Dubna State University
organized and ran a summer school “Physics. Mathematics. Infor-
matics” for 23 teachers of Physics, Mathematics, and Computer
Science from the JINR Member States and almost 100 school
students from Belarus, Kazakhstan, Russia, and Ukraine. The
Scientific School for Physics Teachers held at CERN (Switzerland)
was attended by 24 teachers from Belarus, Russia, and Ukraine.

The JINR UC participated in the organization and running
of the All-Russian Science Festival NAUKA O+ in Moscow and
Dubna; Russian Festival “ProNauka” in Kazan; World Dark Matter
Day; forum “Professions of the Future” in Dubna; Physics Days
in Dubna; the 31st International Computer School named after
V. Volokitin and E.Shirkova (ICS-2019); the 8th Open Robotics
Tournament of the Upper-Volga Educational Cyber Network
“CyberDubna-2019”; physics workshop “Element 105" as part
of the educational project “Summer School”; excursions for
students, schoolchildren, and teachers from the JINR Member
States and other countries. The staff members of the University
Centre arranged JINR’s participation in the Festival of Science,
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Technology, and Art “Geek Picnic” in Saint Petersburg and took
part in the 11th World Conference of Science Journalists (WCSJ)
in Lausanne.

GENERAL DATA ON THE NUMBER OF PUBLICATIONS
BY JINR STAFF MEMBERS
(from 13.12.2018 to 19.12.2019)

e Books — 10:

Plechko V.N. Grassmann Variable Analysis for 1D and 2D
[sing Models (Lectures from 2002) / Ed. by T. C. Dorlas. — Dublin:
DIAS, 2019. — 57 p. — (Commun. of the Dublin Institute for
Advanced Studies. Ser. A (Theor. Phys.), No. 31).

Barbashov B. M., Nesterenko V.V. Eikonal Approximation for
Processes of High Energy Scattering of Particles: Course of
Lectures. — 2nd rev. and enlarg. ed. — M.: URSS, 2019. — 82 p. —
Bibliogr.: p.79-82.

Bashashin  M.V., Zemlyanaya E.V.,  Streltsova O.l.
Applicative Introduction to MPI Technique on HybriLIT Cluster:
Manual. — Dubna: State Univ. “Dubna”, 2019. — 50 p.: ill. —
Bibliogr.: p.45. — 24 copies.

Danilyan G.V. Fundamental Aspects of Physics of Nucleus
Fission: The Latest Research. — M.: URSS, 2019. — 115, [1] p.:
ill. — Bibliogr.: p. 113-116.

Isaev A.P., Rubakov V.A. Theory of Groups and Symmetries.
Representations of Lie Groups and Algebras. Applications. —
Dubna: JINR, 2019. — 482p. — (JINR; 2019-38). — Bibliogr.:
p.475-478. — 100 copies.

Penionzhkevich Yu.Eh., Vakhtel V.M. Modern Accelerators
of Charged Particles and Their Application: Manual. — Voronezh:
Publishing house VSU, 2018. — 110, [1] p.: col. ill. — Bibliogr.:
end of book. — 50 copies.

Prokhorov S.V. Multi-Frequency Resonators. Methods of
Calculation, Simulation, Construction. — M.: Radiotekhnika,
2019. — 220 p.: ill. — Bibliogr.: p.216. — 500 copies.

Smorodinsky Ya.A. Selected Works / Eds.: Yu.A.Danilov,
V.G. Kadyshevsky, A.N.Sissakian; Comp.: V.G.Kadyshevsky,
A.N.Sissakian [et al.]. — 3rd ed. — M.: URSS, 2017. — 566 p.:
ill. — (Classic Scientists, No.2). — Bibliogr.: p. 542-561.
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Soloviev E.A. New Approaches in Quantum Physics / Ed.:
L.I. Ponomarev; Transl. from Eng.: V. E. Soloviev. — Fizmatlit,
2019. — 214 p.: ill. — Bibliogr.: p. 206-214.

Frank I.M. Scientific Works: in two books. Book 2 / Comp.:
A.1 Frank. — 2018. — 670 p.: ill. — Bibliogr.: end of chap.; Bibliogr.
list of works by I. M. Frank: p.627-653. — 880 copies.
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