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PU3UKA TAZ2KEJDbIX HOHOB

3aBepllleH LHKJ 3KCIIEPUMEHTOB 10 CHHTE3y HOBBIX CBEPXTSKeJ/bIX 3JeMeHTOB
[Tepuonnueckoit tabauubl [. . MenneneeBa ¢ aToMHbIMH HoMepamu 115, 117
1 118. Pemennem Mexa1yHapOIHOTO COI03a TEOPETHYECKOH W MPHUKJIANHOH XUMUH
(IUPAC) ot 28 Hosi6psi 2016 r. HOBBIM 3/leMeHTaM MPUCBOEHBI Ha3BaAHUS:

e Mockosu#l (Moscovium) u cumBos Mc assa saemenrta 115;

e reneccut (Tennessine) u cumBoa Ts gas snaementa 117;

e oranecoH (Oganesson) u cumBoa Og nis asemenra 118.

CHHTe3 3THX 3/1eMeHTOB OBL BIEpPBBIE OCYILECTBJEH B JIaGopaTopuu simepHbIX
peakuuit um. I'. H. ®neposa OUAH, siBasitoielicss mpu3HaHHBIM MHPOBBIM JIHAEPOM
B 00/1aCTH CHHTE3a U U3yueHHs CBOHCTB CBEPXTSKeJbIX siiep. Beero 3a mociennue
16 ner B OMAU 6b1it OTKPEITHL O 3/71€MEHTOB ¢ aTOMHBIMU HOMepamu 114-118 u,
TaKUM 00pa3oM, 3aBepiieH cenbMoi nepuon Tadmauiel 1. M. Mennesneesa. 2 mapra
2017 r. cocrosinach MHAyrypaluus Ha3BaHWH HOBBIX CHHTe3upoBaHHbIX B OWHAU
3JIEMEHTOB «MOCKOBHH», «TeHHECCHH» U «OTaHeCOH». [IpH3HaHMe 3TOro OTKPBITHS
3akpenusao nauaupytomne nosunud OUAM B mMupe mo CHHTe3y CBEPXTSKEJbIX
3JIEMEHTOB.

Yactp [lepruonnyeckoit Tabauusl aneMeHToB [I. 1. Menneneesa

e Qcanecan 10. L., Amumpues C. H. CHHTe3 U HCC/IeI0BaHHE CBOMCTB CBEPXTHAKEJBIX
atomoB. Pabpuka cBepxTsiKebIX sjaeMentoB // Yenexu xumuu. 2016. T.85. C.901.

e Utyonkov V., Oganessian Yu., Dmitriev S., Itkis M., Moody K., Stoyer M.,
Shaughnessy D., Roberto J., Rykaczewski K., Hamilton J. The Discovery of
Elements 113 to 118 // Proc. of the Nobel Symp. NS 160, Eur. Phys. J. Web
Coni. 2016. V. 131. P.06003.
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e Dmitriev S., Itkis M., Oganessian Yu. Status and Perspectives of the Dubna
Superheavy Element Factory // Proc. of the Nobel Symp. NS 160, Eur. Phys. J.
Web Coni. 2016. V. 131. P.08001.

e IUPAC Press Release, https://iupac.org/iupac-announces-the-names-of-the-ele-
ments-113-115-117-and-118/.

B 2015 r. 3aBepiueHbl KCNEPUMEHTHl 110 CHHTE3y HOBBIX HEHTPOHOHE(UIUT-
HBIX H30TONOB CBEPXTSAXKEJLIX 3JeMEeHTOB B peakuuax causaus *Ca + 2Py u
48Ca + 240Py. B o6enx peakuusax mosyueH HOBBIH u3oTon “°4Fl, HCHBITHIBAIOMIMIA
CTIOHTaHHOE JeJieHWe, a TaKyKe TPU HOBble ILIENOYKH pacrajga yKe H3BEeCTHOTro
usorona 28°Fl. [lnanupyeTcs mpOIOKHTL 3KCIEepPHMEHTANbHOE H3ydeHHe 00/1acTH
HEM3BECTHBIX CBEPXTSIXKEJIBIX Siep, HaXOASIMIMXCS MEeXIy H30TONaMH CBEpXTS-
JKEJIBIX 3JIEMEHTOB, CUHTE3UDOBAHHBIX METONOM «ropsiyero» ciusinuss B OMAU
(dy6ua) u metomom «xogsomnHoro» causHus B GSI (I'epmanus) u RIKEN (fmo-
Hus). PaboTa nmeeT QyHnameHTasbHOEe 3HAYeHHE [Jis TIOHHMaHHs CBOHCTB sep,
HaXOASIIUXCs BOJIM3U IPAHULl OCTPOBA CTAOUJBHOCTH CBEPXTSKEJbIX 3J€MEHTOB.
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e Utyonkov V.K., Brewer N.T., Oganessian Yu.Ts., Rykaczewski K.P., Abdul-
lin F.Sh., Dmitriev S.N., Grzywacz R.K., Itkis M.G., Miernik K., Polya-
kov A.N., Roberto J.B., Sagaidak R.N., Shirokovsky I V., Shumeiko M. V.,
Tsyganov Yu. S., Voinov A. A., Subbotin V. G., Sukhov A. M., Sabel’nikov A. V.,
Vostokin G. K., Hamilton J. H., Stoyer M. A., Strauss S.Y. // Phys. Rev. C. 2015.
V.92. P.034609.

B 2017 r. na yckoputene ¥Y-400M BBeneH B 3KCIJyaTalWio HOBBIH ()parMeHT-
cernapatop ACCULINNA-2 nsis nosiydeHusi My4KoB paAMOaKTHBHBIX siep. DKCIe-
pPHYMEHTaJbHO TIOATBEPXKIEHbl MPOEeKTHbIE TapaMeTPhl JaHHOHW yCTAHOBKH: WHTEH-
CHBHOCTH TTy4KOB, TOJIy4eHHEle B peakuuu ¢parmentannn °Ne 4 Be, B cpenHem
B 25 pas mpeBbllIalOT paHee AoCTUrHyThle. CemapaTop siB/isieTcsi 6a30Boil ycTa-
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HOBKOH [Jis1 WU3yUeHUs JIeTKUX IK30THUECKHUX sifep BOJIM3M TI'DaHUL HYKJIOHHOH
CTaOUNBbHOCTH U TI03BOJIUT BIIEPBbIE BBIMOJHUTbL MOUCK U UCCJAEN0BAaHHE IK30THUE-
CKUX SIIEPHBIX CHUCTEM, TAKUX KakK 5-TH, 8-10He, 24-26Q y Ip., @& TaKXKe HOBBIX
BHIOB PaJiMOaKTHUBHOIO pacnaja.

®parment-cenapatop ACCULINNA-2

e Fomichev A.S. Commissioning of the ACCULINNA-2 Fragment Separator and its
Day-One Experiments // 46th Meeting of the PAC for Nuclear Physics, Dubna,
15 June 2017; http://indico.jinr.ru/conferenceDisplay.py?confld=251.

e Sharov P.G. et al. // Phys. Rev. C. 2017. V.96. P.025807.



YCKOPUTEJBbHAY TEMATHKA

BBeneH B sKcniyaTanuio YHHKa/JbHBIH YCKOPHUTENbHBIH KoMIsleKe — (habGprKa
cBepxTsikebIX aMeMeHToB (CTD), W 3anylieH ee 6a30BbI 3/JeMEHT — HOBBIH
uukaotpon JI1-280. 25 mapra 2019 r. cocTosiock TOPXKECTBEHHOE OTKPBITHE
JKCrepuMeHTa bHOro Kopryca ¢adpukun CTD u 3amyck HoBoro yckopurens. Ha
BBE/IEHHOM B JIEHCTBHE YCKOPHUTEJIbHOM KOMIIJIEKCE HAuaT MepPBBIH IKCIIEPUMEHT
0 CHHTe3y M30TONOB 115-ro sjeMeHTa — MOCKOBHSI B peakllMH B3aHMOLEHCTBHUS
MOHOB KaJblusa-48 U aMepuuus-243. DTOT IKCTIEPUMEHT JAeT CTapT YHHKaJbHOH
nporpamme OUSAM no usydeHuio simepHoO-PU3HUECKMX W XUMHUYECKHX CBOWCTB
CBEPXTSIJKEJIBIX 3JEMEHTOB, a TaKKe MOKa3blBaeT TOTOBHOCTb K 3KCIEPUMEHTaM

['azonanosHeHHbId cenapaTop pabpuku CTI
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Basoas ycranoeka (adpuku CTD — nukaorpon LI-280

M0 CHHTE3y HOBBIX 3JEMEHTOB C aTOMHbIMH HoMepamu 119 u 120 — mnepBbix
a7eMeHTOB 8-ro nepuona [lepuonuueckoii tabauuer 1. M. Menneneesa.

e Dmitriev S.N., Oganessian Yu.Ts., Gulbekyan G.G., Kalagin LV., Gi-
kal B.N., Bogomolov S.L., Ivanenko 1. A., Kazarinov N.Yu., Ivanov 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 [yavbeksan I'.T., Imumpues C.H., Hmxuc M.T., Oeanecan 10.1]., Tukasr b.H.,
Kanraeun H. B., Cemun B. A., bocomoros C.JI., bysamakxos B. A., Heanenko H. A.,
Kazapunos H. fO., Ocunos H. @., lawernko C.B., Cokoaros B. A., [MTueaxun H. H.,
IIpoxopos C.B., Xabapos M.B., Tukasr K.b. 3anyck uukmaorpona HII-280 —
6a3oBoil yctaHoBKH (paGpuku cBepxTsikesbix snementoB JIAP OUAU // Tucbma
B YA, 2019. T. 16, Ne6(225). C.635-665.

e Oganessian Yu.Ts., Dmitriev S.N., Utyonkov V.K. Project of Priority Expe-
riments at SHE Factory // Proc. of the Intern. Symp. on Exotic Nuclei
“EXON-2018", Petrozavodsk, Russia, 10-15 Sept. 2018 / Eds. Yu.E.Peni-
onzhkevich, Yu. G. Sobolev. Singapore: World Sci., 2020. P. 431-436.
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20 nHosibps 2020 r. mpencenarenb [lpaButesnbctBa Poccuiickoit Penepaunn
M. B. MULIYCTHH NPOU3BEJ TeXHOJOTHUeCKHH MYyCK ONHOTO M3 OCHOBHBIX OJIOKOB
MeracatieHc-ipoekTa «Kommieke NICA» — cBepxmpoBopsiiiero 6ycTepHOTO CHH-
xpoTpoHa (6ycTepa).

OToMy COOBITHIO TIpelllecTBOBaja MAJHUTEJNbHAsi W HampsekeHHas pabora Mo
CO3[AHMI0 W BBOLY B 3KCI/IyaTalHI0 BCeX OOBEKTOB HMHIKEKLHOHHOTO KOMILJIEK-
ca TIpoeKTa, BKJII0YAash HUCTOYHHMKH TOJISPU3OBAHHBIX JIETKHX W TSXKeJblX HOHOB
M JIMHEHHBIH YCKOPHUTE/b TSKEJIbIX HOHOB — OCHOBBI JJISI TOJY4YeHHs TpebyeMbIX
My4yKOB M HUX BBOJA B OycTep.

B uertkom cooTBeTcTBHH ¢ myaHoM-rpagukom 19 nexabps 2020 r. omHo3a-
psiIHBIE HOHBI Tesusi OBIIM MHXKEKTHPOBAaHbl B OycTep M MOJyueHa yCTOHUMBast
uupKyasuus nyuka. Ha dororpaduu, caenaHHo# ¢ MOHUTOpPA B MYyJbTOBOH, BUIHO,

[TokaszaHust 6GECKOHTAKTHOIO 3JeKTPOCTAaTHYECKOrO NeTeKTopa My4yka ¢ MUKaMH OT Ipo-
XO0XKIEeHHS NydyKa Ha KaxXJAoM o6opoTe
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Kak My4oK OIHO3apsifiHbiXx HOHOB He ¢ sneprueit 3,2 MsB/a.e. M. uupkyaupyer
B KaHa/le yCKOPUTe/]s C HHTeHCHBHOCTbIO ~ 107 1moHOB/060poT. Bhicokoe Kaue-
CTBO M3rOTOBJIEHUS] U COOPKH BCEX 3J€MEHTOB MAarHUTHOH CHCTeMbl OyCTEpHOTO
CUHXPOTpPOHA MO3BOJIMJIO HayaTb paboTy 6e3 UCIOJb30BAHHS CHCTEMBI KOPPEKLHH
Be/lylero MarHUTHOTo mnoJjsi. HacTpolika pexxuma yckopeHHs Myuka — 3aBeplia-
IOLIWH War K (U3ndeckoMy MycKy Oycrepa.

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

B 2015 r. BBezeHa B 3KcyaTalHi0 BBICOKOTEXHOJOTHYHAS JUHHUS MO COOpPKE
¥ KPUOTE€HHBIM HCIIBITAHUSM CBEPXIMPOBOISILIMX MAarHUTOB, BKJ/IOYalomias B cebs
Yy4YacTKH JJIsT TIPOU3BOACTBA CBEPXIPOBOASILEr0 KabeJsi, U3TOTOBJEHHUS OOMOTOK,
cOOPKH MarHWTOB, HM3MEPEHHs] KadecTBa MO/, BAKYYMHBIX W KPHOTE€HHBIX HC-
neiTaHui. KoHeTpykuus maruutoB paspab6orana B OMAM u ormeuena npemwueit
[IpaButennctBa Poccutickoit ®Penepauuu 3a 2011 r. OcyuiecTBasieTcss cepuiiHoe
TPOM3BOJACTBO CBEPXNPOBOASALIMX MAarHHTOB [/ CO3[aBaeMbIX YCKOPHUTEJBHBIX
KoMmIieKcoB MexxayHapoaHbix npoektoB NICA (OUSAN) u FAIR (PPT).

\

321.)'[ BBICOKOTEXHOJIOTUYHOH JIMHUU [0 c60pKe H KpI/IOFeHHbIM HUCIIbITAHUAM CBerHpO-
BOAAIIMX MArHuTOB OJ1d4 YCKOPI/ITQJII)HI)IX KOMIIJIEKCOB Me}KI[yHapOILHbIX l'[pOQKTOB NICA
(OMH) u FAIR (PPT)

e Kostromin S. et al. Facility for Assembling and Serial Test of Superconducting
Magnets // Proc. of IPAC2014, Dresden, Germany, 2014.

e Nikiforov D. et al. Cryogenic Test Facility of Superconducting Magnets for the
Accelerator Complex NICA // J. Phys.: Conf. Ser. 2014. V.507.
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e Khodzhibagiyan H. G. et al. Superconducting Magnets for the NICA Accelerator
Collider Complex // IEEE Transactions on Applied Superconductivity. 2014. V. 24.
No. 3.

B pamkax peanusauuu npoekta NICA co3naH HOBBIE (DOPHUHXKEKTOP MJIS
CyILLeCTBYIOLEero JauHedHOro yckoputens JIY-20 Ha ocHOBe CEKLHH YCKOPHUTeJs
C MPOCTPaHCTBEHHO-OHOPOAHON KBanpynoabHoi (okycupoBkoi (RFQ). B 2015 r.
NPOBeNeH ero (pU3NYeCKUH MyCcK ¢ NMy4YKaMu AeHUTepus U yriepona OT Ja3epHOro

HauanbHas yacTh JIMHEHHOTO YCKOpHUTeEJIs TAXKEJbIX HOHOB KOJIJIafII[epHOI‘O KOMIIJIEKCa

NICA
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MCTOYHHKA. YCKOpPUTEJb, crpoeKTHpoBaHHbIHA coBMecTHO UTID u MUDU, OGbin
nsrotosieH B BHUUWUT® uwm. E. WM. 3a6a6axnuHa. Breicoko4acTOTHBIN yCHIHUTEND
usrotossieH B MTIP. Cucrembl NUTAaHHS HUCTOUHUKA UOHOB M KaHaJ TPAHCIOPTH-
POBKHU TydKa HU3KOH 3Hepruu paspabdoransl U usrorosseHsl B OUAHN. B coznanun
CHCTEM IMarHOCTHKM W yTpaBJeHHs NMPUHHMANW ydacThe crenuanuctsl us AU
PAH. VYcneurHoe u3roToBieHHe M HCIbiTaHHe cekiuu RFQ, npenHasHaueHHOH
1J151 YCKOPEHUS JIeTKUX HOHOB, SIBJISeTCS 3aMeTHBIM JOCTHXKEeHHeM He TOJbKO MJIsl
OUMAN, Ho 1 1/ pOCCHHCKOH yCKOPUTEJNbHON HAYKH B LIEJIOM.

B corpynnuuecte ¢ ¢upmoit Bevatech OHG (epmanusi) cosmaH JHHEHHBIHR
YCKOPHTEJIb TSXKeJbIX HOHOB (BIJIOTH 10 30s10Ta) ¢ aHeprued 3,2 MsB/HyKJOH U
TokoM 1o 10 MA nsis MHXeKUHOHHOTO KoMIiekca konnaiinepa NICA. B nexaGpe
2015 r. Ha BbIXOZle MEPBOH M3 TpPeX YCKOPSIOMMX CEKIHMH ObLIH TOJMydYeHbl MyUKH
YCKOPEHHBIX MOHOB neliTepusi U requs. B 2016 r. mosydeH mydok C TPOEKTHOH
3Heprueil. Jto mnepBbll B PocCCHU CHJIBHOTOUHBIH TSI2KEJOMOHHBIH YCKOPHUTEJID,
B KOTOPOM HCIIOJIb3yeTCsl CUCTeMa BBICOKOYACTOTHOIO MUTAHHS Ha OCHOBE TBep-
NOTEeJIbHBIX TPaH3UCTOPHBIX YycUJUTesned. B pamkax IIHMPOKOH MexXoyHapomHOH
KoolepalHy co3flaHa YHUKaJ/bHAas YCTaHOBKA C MapaMeTpaMH, COOTBETCTBYIOLIMMH
nepefloBOMYy MHPOBOMY YPOBHIO.

e Butenko A. V., Trubnikov G. V. et al. Commissioning of Heavy lon Linear Acce-
lerator (HILAC) of the NICA Project // Proc. of RUPAC2016, Saint-Petersburg,
Russia.

B 2017 r. B pamkax peanusauuu B Jly6He MeracaieHC-IpoeKTa KOMILJIEKCa
NICA mnpoBenen ceaHc pabGoThl HYKJOTPOHA MPOmo/KHTenbHOCThI0 1008 u mist
MOATOTOBKH MPOrpaMMbl MCCJIENOBAHUN MO M3YYEeHHIO CIIMHOBOH CTPYKTYPBI HYK-

HoBbi#l HCTOYHHK MOJIAPU30OBAHHBIX HOHOB
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JIOHA U TOJSPU3aLUOHHBIX SIBJeHUH. BriepBble 1ITaTHO 3KCIyaTHPOBAJICSl HOBBIH
UCTOYHHK MOJISIPU30BAHHBIX YACTHL U MPOBelNEeHbl SKCIIEPUMEHTHl C NMy4yKaMH{ I10-
JISPU30BaHHBIX NeUTPOHOB. MIHTEHCHBHOCTb MYYKOB COCTaBJ/fJa OT HECKOJbKHX
emuamn 108 10 2 10° yacTui 3a UMK/, MakcHMasbHas 3HEPrHs BbIBEAEHHOTO
nyudka coctaBusa 5,2 ['sB/HyksoH. B Xone ceaHca mosydeHbl MyyKH MoJsIPU30BaH-
HBIX POTOHOB M MPOAEMOHCTPHPOBAHA BO3MOXKHOCTD UX 3P(PEKTUBHOTO YCKOPEHHS
C dHeprued MHXEeKUHH B HYKJIOTPOH b M3B.

e Sidorin A.O. Progress towards Realization of the Nuclotron—-NICA Project //
47th Meeting of the PAC for Particle Physics, Dubna, 26 June 2017,
http://indico.jinr.ru/conferenceDisplay.py?confld=260.

o Kekelidze V. D. Progress of the NICA Project // 122nd Session of the Scientific
Council, Dubna, 18 Sept. 2017; http://indico.jinr.ru/conferenceDisplay.py?confld=
300.

B 2014 r. BnepBble Ha HYKJOTPOHE B KauecCTBe LUTATHOI'O PeajM30BaH PeXUM
paboThl ¢ AByMs MapaJye/bHbIMH Nosb30BaTesaMy. ObecneueHa LUPKYASLUS pac-
MyIieHHOro (6eCcCTPYKTYPHOr0) MydyKa IMOC/IeN0BAaTENbHO HA JBYX «CTOJAX» Mar-
HUTHOTO TOJIsI — [JIsl 9KCIIEPUMEHTa Ha BHYTPeHHEH MUILEHH U AJs IKCIIepUMeHTa
Ha BBIBEIEHHOM IyuKe.

[IpoBeneH nepBblii ceaHc paGOThl C HOBBIM CTEHAOBHIM HCTOUHHKOM TSIZKeJbIX
noHoB «Kprnon-6T» B cocraBe ycKopHTesbHOTO KoMmrmeKkca. ONTHMHU3MPOBAINCH
peKMMBI paboThl UCTOUHHKA U ycKopuTeds JIYV-20 n/s nonyyeHUst HOHOB HECKOJIb-
KHX COPTOB. YCKOpeHHble U BbiBeleHHble ITyUKH silep aproHa UCIIO0JIb30BaNUCh IS
NpoBefleHUs] (PU3UUECKHUX IKCIIePHMEHTOB.

B 2013 r. Ha uukaorpone ¥-400M BBeneH B feliCTBHE HOBBIH HCIBITATENbHBIH
CTEHI JJIS TeCTHUPOBAHHUS PagMalLlMOHHOH CTOHKOCTH 3JEKTPOHHBIX MPUOOPOB Ha
MydyKax TsKeJblX HOHOB ¢ 3Heprueit 14-42 MsB/nyksaon. Hoas ycraHoBka
CYLIECTBEHHO pacUIMpsieT SHepreTHYeCKHH NHANa3oH My4KOB, HEOOXOAUMBIX MAJIS
JaHHBIX HccaenoBaHud. Jlnamason sHepru#t Bbile 10 M3B/HyKJOH 3HaUHTENBHO
yBeJIMUMBaeT BO3MOXKHOCTH MOJEJHPOBAHHUS BO3LEHCTBUS TSKEJOMOHHOH KOMIIO-
HEeHTbl KOCMHUYeCKOTO HM3JIydeHHUs] U MO03BOJIIeT MPOBOJUTb HCIBITAHHS 3JEKTPOH-
HBIX KOMIIOHEHT 6e3 BCKPBITHS KOPIyCOB Kak B BaKyyMe, Tak U B aTMocdepe.

o Skuratov V. A., Teterev Yu. G., Mitrofanov S. V., Kalagin I. V., Gulbekyan G. G.,
Anashin V. S., Emeliyanov V. V. High Energy Ion Beam Line for SEE Testing
at U400M FLNR JINR Cyclotron // 2013 Single-Event Effects (SEE) Symp.
and Military and Aerospace Programmable Logic Devices (MAPLD) Meetings,
9-12 Apr. 2013, La Jolla, California, USA.

CosnmaH npubOp HOBOH KOHCTPYKIHHM — JIa3epHBIH NETEKTOpP YIJOBOTO KoJe-
GaHUs MOBEPXHOCTH 3eMJH, Ha KOTOPOM NOCTHTHYTO pasperienue 5- 107 pan.
DTOT pe3y/bTaT SABJSETCS MPUHLUMIHAILHO BaXKHBIM, MOCKOJBKY OTKPbIBAe€T HOBbLIE
BO3MOKHOCTH TPEU3NOHHOTO HCCJAE0BaHUS YIJIOBBIX KOJeOaHWH TOBEPXHOCTEH.
JleTekTop MOXKeT naTb Hadya/jo HOBOMY IMOKOJEHHIO WHCTPYMEHTOB [Js1 PelleHHs
MHOTHX (yHIaMeHTaJbHBIX Ipo6JieM HayKH U TeXHUKH. K/toueBast naesi KOHCTPYK-
1Y JIa3epHOTO JeTeKTopa — 3TO MCIOJAb30BaHHE BeKTOpa IPaBUTALMM B KauecTBe
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BBICOKOCTAOMJ/IbBHOI'O ONOPHOTO HAaMpaBJeHHs], TaPaHTHPYIOLLETO TOPU30HTANBHOCTh
TIOBEPXHOCTHOTO CJI0S1 XKHUAKOCTH, OTpaxKamlled Ja3epHbli Jy4.

[lonyuyen natent PP Ha n3obpereHue NPelIU3HOHHOTO J1a3€PHOTO UHKJIUHOMET-
pa. PesynbraToM npuMeHeHHs MPeLIU3UOHHOTO J1a3ePHOI0 HHKJIMHOMETPA SIBJSIETCS
yayulleHHe CTabUAN3aLnU TMOJ0KEHUS KPYMHOMACIITAOHBIX NPOMBILJIEHHBIX HJIH
Hay4HO-HCCJ/Ie0BaTENbCKUX KOMILIIEKCOB, TAKHX KaK COBpEMeHHble TeJecKonuye-
CKHMe CHCTeMBl U [Ip., B YCJAOBUSX CEHCMUUYECKUX LIYMOB 36MHOT0 U MHIYCTpPHAJb-
HOTO MPOUCXOXKAEHHUS, a TaKKe PerucTpalus MOBEPXHOCTHHIX CeHCMHUUYECKHX BOJH.

e Batusov V., Budagov J., Lyablin M. A Laser Sensor of a Seismic Slope of the
Earth Surface // Phys. Part. Nucl. Lett. 2013. V. 10, Iss. 1. P.43-48.

e Budagov J., Lyablin M., Shirkov G. The Search for and Registration of Superweak
Angular Ground Motions. JINR Preprint E18-2013-107. Dubna, 2013.

e YcrpoicTBO O/l M3MepeHus yrsa Hakmaona / Bymaros 0. A. (P®), Jlsbaun M. B.
(P®). Iarent 2510488 PD. Ony6s. 27.03.2014. Bros. Ne 9.
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B 2019 r. nony4yensl nepBble pU3HUUECKUE PE3YJIbTATHI 10 POXKIEHHIO TUIIEPOHOB
(«cTpaHHBIX> 6apHOHOB) Ha yctaHoBKe BM@N B skcriepuMeHTe, /b0 KOTOPOTO
SIBJISIETCS MCCJENOBAaHHE CBOUCTB CBEPXIJIOTHOH SepPHOH MaTepHUH B CTOJIKHOBE-
HUSX TS’KeJbIX HOHOB BBICOKHMX 3HEPrMH, My4YKH KOTOPBIX obecrieyaT yCKOpHTe-
JIM KOMIJIeKca Oyctep W HYKJIOTpoH (MeracaiieHc-npoekT NICA). B peanusaunu
JKCIepPUMeHTa y4yacTByeT MexXAyHapoiHas KoJaabopauus, BKaouawouas 240 ¢u-
3UKOB UM HHXeHepoB W3 21 wuHcTuTyTa M3 11 crtpaH, B Tom uucie [epmanuw,
®panuun, CIIA u Hspaunsa. Konnabopauuein paspaboTaH ¥ NpUMeHeH HOBBIH
IKCMEePUMEHTAJbHBIH MeTOl W3yueHHsl BHYTPEHHeH CTPYKTYpbl aTOMHOTO siipa U
HEHTPOHHBIX 3Be3] B dKcrnepuMenTe BM@N. DkcrnepuMeHT, BliepBbie 3aperuCTpH-
pOBaBLIMH BCe NPOAYKTBl peakLUH NpH BbIOMBAHWH HYKJOHOB M Map HYKJOHOB
M3 aTOMHBIX fiIep, OTKPBL1 HOBble MePCIeKTHBBl UCCEN0BAHUS CTPYKTYPHl SIAPA,
B TOM YHCJe KOPOTKOXKHBYIIMX M OoraTelx HeHUTpoHamu snep. [lonyueHnass uH-
(hopmauus 0 (POPMUPOBAHHUM U CBOHCTBAX Map HYKJOHOB B SJEPHOM BelleCTBe,
o6oralleHHOM HeHTPOHAMH, MOCAYKHUT NIPOYHOH OCHOBOH MJ1s TOHHMaHUs CBOHCTB
MJIOTHOH XOJMOAHON 60TaTod HEUTPOHAMM MAaTePUU B HEUTPOHHBIX 3BE3/aX.

dKcnepuMeHTa bHasA ycTaHoBka BM@N

e BM@N Collab. (Short Range Correlations). The Transparent Nucleus: Unper-
turbed Inverse Kinematics Nucleon Knockout Measurements with a 48 GeV/c
Carbon Beam // Nature Phys. (accepted in 2020).

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



PH3NKA YACTHILL 15

B nepuon 2015-2020 rr. pa3BepHYTH U BBeIEHBl B IKCIIyaTalUIO 7 KJacTe-
poB cosnaBaemoro coBmectHo ¢ yueHbiMH WM PAH (Tpouuk) Ha o3. Baiikan
rJ1y60KOBOIHOrO HEHTPUHHOTO TeJieckona KyOoKuJomeTpoBoro maciutada «baii-
kana-I'BIl». C BBomoM cenbMOro kjactepa 3¢ (eKTHBHBEIH 00beM TeJjiecKona J0CTHT
sHauenus 0,35 kM3 B 3a1aue perucTpaluu JHBHeH OT HeHTPHUHO BLICOKMX SHEPIHil
acTpo(hU3MUecKoi MPUPOMbI, YTO COCTaBseT 0KOJo 85 % 3thdpeKkTHBHOrO 06beMa
aHrapkTHuyeckoro getekropa IceCube.

[TpenBaputebHBIN aHAMN3 NAaHHBIX, HaKOMJIeHHBIX B TeueHue 2015, 2016, 2018
1 2019 rr., mMo3BoMUI BBIAENUTb CeMb KaCKaJHBIX COOBITHH C SHEPTrOBbIAEJIEHHEM
6osee 100 TsB, roe motok acTpohU3UUeCKUX HEHTPUHO MpeBAJUPyeT Hal (POHOM
aTMocdepHbIX HEHTPUHO.

y

ay A

[ (\.6“&'&'6 @ — 2016

@ 2017

® 2018

750 M @ — 2019

@ — 2020

36 2?{251“ 540 M
YeCKHX
Moy el
90 m [

OnTuueckue monynu aisi npoekta «baikan-I'BJ»



16 OU3MKA YACTHUILL

e Avrorin A.D. et al. Status of the Baikal-GDV Experiment — 2017 // Proc. of
the 35th Intern. Cosmic Ray Conf. (ICRC-2017). July 10-20 2017, Bexco, Busan,
Korea.

e Jlomoeauxusi I'. B. Tny6okoBonHbIE HefTpuHHbBIH Teseckon — Baikal-GVD // 36-s
Bcepoc. koH(. 0 KocMUuecKuM JaydaM, 28 ceHT. — 2 okt. 2020 r., HUMAD MIY,
online; https://events.sinp.msu.ru/event/3/sessions/22/#20200930.

e Safronov G.B. Status of Baikal-GVD: Results of Track Reconstruction // 40th
Intern. Conf. on High Energy Physics, ICHEP2020, 28 July -6 Aug. 2020, online;
https://indico.cern.ch/event/868940/contributions/3813595/.

Heiitpunnsiit nerektop DANSS, cosnanubiit ¢pusukamu OWAN coBmecTHO
¢ kosseraMmu u3 MTID (MockBa) u ycraHoBieHHbH Ha KamunuHckoir AIC,
ucnpaBHo peructpupyer okoso 4000 peakTOpHBIX AHTHHEHTPUHO B CYTKH IIPH
¢oHe, He mpeBbiatoneM 2-3 % (Ha cerogHs Jydlllee B MHUpe 3HaueHHe).

B 2018 r. 3aBepiueH aHa/u3 MepBOH YACTH SKCIEPUMEHTAJbHBIX NAHHBIX, Ha
OCHOBe KOTOPOTO MOJy4eHO HauboJiee CTPOroe MoJesbHO-HE3aBUCHMOe OrpaHHue-
HHMe Ha CYLIeCTBOBaHHWE CTEPUJbHBIX HedTpuHO. Habop maHHBIX M HMX AeTaJbHbIH
aHaJI3 TPOLOJIKAIOTCS.

YeranoBka DANSS na KasnHuHCKOH aToMHOH asekTpoctanunu (Poccus)

o Alekseev I, Belov V., Brudanin V. et al. Search for Sterile Neutrinos at the
DANSS Experiment // Phys. Lett. B. 2018. V.787. P.56-63; arXiv:1804.04046
[hep-ex].

['pynnoit OMSU B cocraBe Komnabopaunu Daya Bay mocsie o6HOBIeHHST SHEp-
reTUYeCKOH MOMeJM 3KCIepHMeHTa OblIM yTOUHEeHbl 3HaYeHHS OCLHUJJSLHOHHBIX
napameTpoB 63 # Amgez sin? 20,3 = 0,084 + 0,005, Amge = (2,44 +£0,11) x
x 1072 3B2. Ha ocHoBe NaHHBIX, HaGPaHHBIX TOMBKO Ha GJHMKHHX IeTeKTOpax, B
akcriepuMenTe Daya Bay 6bliid M3MepeHBI MOTOK U CHEKTP PEAKTOPHBIX 3JIEKTPOH-
HbIX aHTHHeHTpHHO. Kak M B ApPyrux peakTOpHbIX 3KcrnepuMeHTaX, B Daya Bay
Habmonaetcst oOMIMH NeUIIUT MOTOKA aHTUHEHUTPHHO 5,4 % OTHOCHTENBHO MOIEJH
crnekTpoB aHTHHeHTpuHO Huber + Mueller.
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e An F.P. et al. (Daya Bay Collab.). New Measurement of Antineutrino Oscillation
with the Full Detector Configuration at Daya Bay // Phys. Rev. Lett. 2015. V. 115,
No. 11. P. 111802.

e An F.P. et al. (Daya Bay Collab.). Measurement of the Reactor Antineutrino
Flux and Spectrum at Daya Bay // Phys. Rev. Lett. 2016. V. 116. P.061801.

B 2014 r. na nerexkrope Borexino (I'pan-Cacco, HUranusi) npu ydactuu ¢u-
3ukoB OMSM u3MmepeH MOTOK COJMHEUYHBIX HEHUTPUHO M3 pp-peakUUH B pPeXUMe
peasibHOTO BpeMeHH. Pe3ysbTaT HaXoOMTCSl B XOPOILIEM COTJIaCHH C TIpelcKa3aHusi-
MU cTaHaapTHOH Mopenu CoJiHLA, UTO TMOATBEPXKAAeT cTalroHapHOCTh CosHLIa Ha
BPEMEHHOH 1lIKaJie B COTHH THICSY JIET: HEUTPHUHO JaI0T KAPTHHY SHEPTOBbIIeIeHUS
B HACTOSIIIIEM, COJHEYHAsi CBETMMOCTb COOTBETCTBYET IHEPTrOBbIIEJEHHIO B JaJje-
KOM TPOIMIJIOM, TaK KakK (poToHbl U3 HeHTpa CosHIA BHIXOASAT HA MOBEPXHOCTH 3a
CUeT MelJIeHHOTO mpolecca nU((y3nuH, 3aHUMAIOIIEro COTHH Thicsad JeT. Bmecte
C MpeiBIYIIMMH H3MePeHHSMH COJHEeYHBIX HeHTPHHO W3 peakuuii 'Be, 8B u
pep, W3MepeHHe 3aBepIINJIO H3yueHHe HEHTPUHHBIX MOTOKOB M3 LEMH peakllMH,
HAYMHAIOLINXCSA C pp-peakHHy.

B 2015 r. ony6aKKoBaHbl HOBblE pe3yJbTaThl MO M3MEPEHHI0 MOTOKA TeOHeH-
TPUHO, OCYIIECTBJEHHOro Ha craTtuctuke 2056 cyT: HaOJMIONaeMBIH CHUTHAJM OT
TeOHEHTPHUHO HAXOAMJICS B COMVIACHH C OXKHAAEMBIM [/ OOJBIIMHCTBA reopusnye-
CKUX MojeJsied. BeposTHOCTb OTCYTCTBUS BKJaga OT T€OHEHTPUHO B HaGJOaeMOM
CTeKTpe HUUTOXHO Maja M coctasaser 3,6 - 1072, [Ipu 3ToM BrepBble B HCTOPUHM
HaOJ/MI0IeHHs] TeOHEUTPHHO ¢ omnpeneseHHOH mposed BepossTHOCTH (98 %) MoOXKHO
yTBEpKIaTh, YTO F€OHEHTPUHHBIA CUTHAJ UMeeT HEHY/IeBOH BKJad OT MaHTHH.

e Bellini G. et al. (Borexino Collab.). Neutrinos from the Primary Proton—Proton
Fusion Process // Nature. 2014. V.512. P. 383-386.

e Bellini G. et al. (Borexino Collab.). Final Results of Borexino Phase-I on Low-
Energy Solar Neutrino Spectroscopy // Phys. Rev. D. 2014. V.89. P. 112007.

o Agostini M. et al. (Borexino Collab.). Spectroscopy of Geoneutrinos from 2056
Days of Borexino Data // Phys. Rev. D. 2015. V.92. P.031101.

B pamkax skcrnepumeHta NOVA Oblid H3MepeHBl Cledylollyde Mapamer-

pbl ocuuansAuuit: sin? g3 = 0,51 + 0,10, Am3, = (2,371“8:12) 1073 sB? (NH),

Am3, = (_2’404:8,%171) 1073 3B? (IH). CosnaH cTeHA AJs MPOBEPKH M H3MepEeHHs
NapamMeTpoB 3JEKTPOHMKH, a TakKe BBeleH B 3KCILIyaTallMio LEHTP yAaJeHHOro
koHTposiss (ROC-Dubna), mo3Bosisitolfii KOHTPOJIUPOBATh PAabOTy W YIPaBAAThH
sKcrepuMeHTOM M3 Jly6HEL. BBl npoBeneH aHanu3 CHCTEMAaTHYECKHUX OLIMOOK IKC-
MepUMeHTa, a TaKxKe pa3paboTaHO MPorpaMMHoe obecreueHre 1Jis PETHCTPALUK B
JeTeKTope CUrHaja OT CBEPXHOBOH.

e Sanchez M. Results and Prospects from the NOvA Experiment // NuFACT
Workshop in Rio de Janeiro. Aug. 2015.

B skcnepumente OPERA konnaGopauus, npomo/kasi aHaJu3 NaHHBIX, HAbop
KOTOpBbIX 3akoH4Mscs B KoHIe 2012 r., o6Hapykuaa nsitoe coOBITHE B3aWMOAEH-
cTBUs T-HeUTpUHO. C yueToMm oxupuaemoro ¢oHa B 0,25 coObITHS cTaTHCTHUECKas
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3HaUUMOCTb CBHJETE/bCTBA HEHTPUHHBIX OCUMMIALMH v, — v, cocTaBusa d,lo.
Takum oOGpasom, ryiaBHas 3ajmaya dKCIepuMeHTa — [0Ka3aTeJbCTBO CYLIECTBOBA-
HUSl 3TOTO THIA OCUMJJISIUN, OTBETCTBEHHBIX 32 Ne(ULUUT aTMOC(EPHBIX MIOOH-
HBIX HEHUTPHHO, MyTeM MNPSMOro oOHapyXKeHUSl T-HEHUTPHUHO B My4YKe — YCIEIIHO
BBIMTOJIHEHA.

e Agafonova N. et al. Discovery of 7 Neutrino Appearance in the CNGS Neutrino
Beam with the OPERA Experiment // Phys. Rev. Lett. 2015. V. 115, No.12.
P. 121802.

B 2013 r. npu onpenenstomieM BkJafe cotpynHukoB OWSAM B xome 3skcrme-
pumenta NA48/2 (SPS, LIEPH) nosnyueHo mepBoe 3KcrepHMeHTasbHOe HabJII0-
lleHre HOBOro Kanasia pacnaga K+ — 797tete. Vamepena mmprHa u U3ydeHb
JMHAaMUYecKHe CBOHCTBa pefkoro pacnaga KT — mTyy Ha ocHOBe peKOpmHOH
CTaTUCTHKH — 149 cobbiTHi-KaHaAnaaToB ¢ ¢poHoM B 15,5 + 0,7 cobeituii. B 2015 r.
TMPOBeJIeH aHaJU3 PeKOPIHO GOJBIIOr0 KOJMYECTBA PACNafioB HEUTPATbHBIX THOHOB
70 = ye+ e~ (1,69 - 107 co6bITHII), POsKAEHHBIX B pachafax 3apsKeHHBIX KaOHOB
¢ umnyabcoM p = 60 ['3B/c. B pesysnbrare mosydeHo CTaTHCTHYECKH HanbGoJiee
CTpOroe OrpaHWYeHHe Ha BeJIWYMHY MapaMeTpa CMEIIMBAaHHUS «TeMHOro (OTOHa»
e2 B 06/aCTH ero BO3MOXKHOH Macchl 9 < ma < 70 M»sB/c?, wuckiouamiiee
00bsICHEHHE aHOMaJIbHOrO MAarHUTHOTO MOMEHTa MIOOHA C TOMOIIbI0 THUIOTE3bl
0 BJIMSIHUU «TeMHOTO (poToHa». B 2016 r. 3aBepiieHa o6paboTKa nepBbX NaHHBIX,
MOJNyUeHHBIX B 3KCrepuMeHTe. B pamKax mMoucKka «HOBOH» (DU3MKH B pEIKHX
pacrnagax KaoHOB OOHapyxeHo 17 KaHAHMOATOB B CBepXpelKUH pacnan 3aps-
KeHHoro KaoHa KT — wTvy npu oxupaemoM (oHe 7 COOBITHH. DTO M03BO-
JIUJIO CHeNaTh JIyUllyl0 B MHpe OIEHKY OTHOCHTEJbHOH BepOSITHOCTH pachaja
BR(KT — ntwvr) = (1 1,0fg’g +0,3cuer.) - 10~ yro cormacyercs ¢ mpeackasaHu-
em CTaHmapTHOH Momenu.

¢ Data
SM Kt — ntuvr

0.12
0.10
0.08
0.06
0.04
0.02
0
—-0.02
—-0.04

CoOBbITHS-KaHAUAATE B CBEpX-
peakuil pacnan (B pamKe) U
(oHOBBIE COOLITHSI B MEpeMeH-
HBIX M3MePEeHHOr0 UMITY/IbCa 3a-

2 2/ 4
Mniss GeV /C

[T T T T T T N Y Y T YT T T T T T . -3 R S

HeJOoCTalIled Macchl, CBSI3aH-
HOH C HEHTPUHO

7+ momentum, GeV/c

o Madigozhin D. (NA48/2 and NA62 Collab.). Probing Nonperturbative QCD
with K. and K* — ntyy Decays from the NA48/2 and NA62 Experi-
ments // Proc. of XXI Intern. Workshop on Deep-Inelastic Scattering and Related
Subjects, Marseille, France, Apr. 22-26, 2013. 132; http://pos.sissa.it/archive/
conferences/191/132/DIS 2013_132.pdf.

o Madigozhin D. (NA48/2 Collab.). High Precision Measurement of the Form
Factors of the Semileptonic Decays K* — n%l*v (Kj3) // Proc. of XXI
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Intern. Workshop on Deep-Inelastic Scattering and Related Subjects, Marseille,
France, Apr. 22-26, 2013. 135; http://pos.sissa.it/archive/conferences/191/135/
DIS 2013_135.pdi.

e Batley J.R. et al. (NA48/1 Collab.). A New Measurement of the K+ — rF~yy
Decay at the NA48/2 Experiment. CERN-PH-EP-2013-197.

e Batley J.R. et al. (NA48/2 Collab.). Search for the Dark Photon in 7° Decays //
Phys. Lett. B. 2015. V.746. P. 178.

e Marchevski R. (NA62 Collab.). New Result on the Search for the Kt — ntuw
Decay at the NA62 Experiment at CERN // ICHEP-2020, 28 July -7 Aug. 2020,
Prague.

B 2015 r. Brepsbie Ha LHC 6bu1 ncenenosan pacnan AY — 1(2S8)A%, a rakxke
H3MepeHO OTHOLIEHHWe BeposTHocTell pacnago A — w(QS)AO n A — J/pAL.
Mesonnl J/YX u (25)X BOCCTaHaB.}IHBa}OTCH B pacrnagax Ha MIOOHHYI0
napy, B To Bpems Kak pacnaa A® — pr~ wHcmosbsyeTcss A BOCCTAaHOBJEHHs
A%-6apuona. MsMmepeHHOoe 3HaueHHe OTHOLIEHHSI BepOATHOCTEH pacrajoB
T(AY — (29)A%) /T (A — J/A%) = 0,501 £ 0,033(crat.) & 0,016(cucr.) £
+0,011(B) cornacyercsi ¢ OTHOILLEHHEM BepOSITHOCTEH pacrnana Ajs B-Me30HOB,
usMepeHHelM B npenenax 0,5-0,8. EnvHcTBeHHOe TeopeTHYecKoe MNpelcKasaHHe
IJIsS OTHOLIEeHHsT paccmatpuBaeMbix pacrnanos (0,8 & 0,1) npeBbiliaeT H3MepeHHOe
3HaueHHe.

e Gladilin L., Lyubushkin V. (ATLAS Collab.). Measurement of the Branching
Ratio T (AO — ¥ (28)A%) /T (A) — J/¢A°) with the ATLAS Detector // Phys.
Lett. B. 2015. V.751. P.63-80.

B 2014 r. npu yuactuu ydennix u3 OUSAHN ocyuiecTBsiics mouck pe3oHaHCHO-
ro poxkaeHHs 6030HOB Z* B MPOTOH-TIPOTOHHBIX cTosMKHOBeHUsiXx Ha LHC (LIEPH)
B JMJIENITOHHOM KaHaJje. B pamkax 3ToH 3ajaud OCYIIeCTBJIEHO MOfe/JHpOBaHHe
COOBITHH poXaeHHsT 6030HOB Z*, BBIpabOTaHBl KPUTEPUH OTOOpPA PEKOHCTPYHUPO-
BaHHBIX ycTaHOBKOH ATLAS cobbiTuil ¢ pacnagom Z* B mapy JienTOH—aHTHJIENTOH,
NpeJIoKeHbl KDUTEPHH, MO3BOJISIOLIHE OTJIHUUTL COOBITHSI POXKIEHHUSI Z* OT COOBI-
TUH POXKIEHHUS IPYTUX THIIOB HEUTpasbHBIX 6030HOB (Z', G* u T.11.).

OKCreprUMeHTalbHbIH MOUCK pe30HaHca Z* Obll NMPOBELEH Ha OCHOBE aHa/M3a
~ 25 6~ maHHBIX MO MPOTOH-IPOTOHHLIM CTOJKHOBEHHSM C 3HEprueil c.II.M.
7-8 T3B. Cpenan BbIBOJ O COTJIacHH Ha0/I0JaeMbIX AaHHBIX C MpeicKa3aHHeM
CraHpapTHOH MOAeJH, MOJydeHbl HOBBlE OTpAaHMYEHHSI HA CEUeHHs POXKIEHHs U
Maccy 6030Ha Z*: HOBBIM 3KCIepUMeHTaJ/bHbIH BepXHUH Mpejies Macchl Z* cocTas-
asiet 2,85 TsB.

o Yeletskikh I. V. et al. Search for Z* Boson at ATLAS Detector // Phys. Part.
Nucl. 2014. V.45. P.252.

o Yeletskikh I. V. (ATLAS Collab.). Search for High-Mass Dilepton Resonances in
21 fb~! of pp Collisions at /s = 8 TeV with the ATLAS Experiment // Phys.
Rev. D. 2014. V.90. P.052005; arXiv: 1405.4123.

B 2014 r. rpynmoit OUSIN B sxcnepumente CMS (LHC, LIEPH) o6bliu
3aBeplleHbl 00pa6oTKa W aHaau3 AaHHbIX ceaHcoB 2011-2012 rr. pas npoueccos
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Hpenna-{Ha ¢ poxneHneM nap MIOOHOB. Dbl MoATBepxKIeHbl NpencKa3aHHUs
CraHpapTHO# MolesNd B3aUMONEHCTBHUS 3jeMeHTapHbix uactul (CM) B HoOBo#
00J1aCTH 3HEPTHH U BBINOJHEHbl TIOMCKH CHTHAJOB (PU3MKM 3a pamkamu CM,
B YAaCTHOCTH, CYIIECTBEHHO yBeJUUEH HVXKHHH Mpeles Ha MacCy HOBHIX KaJjuo-
poBouHbIX 6030HOB (mo ~ 2,7 T3B). [lpomosxkanoch HU3ydeHHe CBOUCTB 0030Ha
Xurrca. ¥YTouHeHa mMacca U Opyrue ero XapakTepPUCTHKH, TO3BOJMBLIME CHesaThb
BBIBOJL O HEMPOTHBOPEUHMBOCTH OTKphITOro 603oHa 6o3ony Xurrca CM. Ilouckun
penkux pacnanoB 6030Ha XUrrca faju OTPHULLATe bHbIH pe3yJ/bTar.

e CMS Collab. (Chatrchayn S. et al.). Measurement of the Differential and
Double-Differential Drell-Yan Cross Sections in Proton-Proton Collisions at
/s =7 TeV // JHEP. 2013. V. 12. P.30; arXiv:1310.7291.

e CMS Collab. (Chatrchayn S. et al.). Forward-Backward Asymmetry of Drell-Yan
Lepton Pairs in pp-Collisions at /s =7 TeV // Phys. Lett. B. 2013. V.718.
P.752.

e CMS Collab. (Chatrchayn S. et al.). Search for Microscopic Black Holes in
pp-Collisions at /s =8 TeV // JHEP. 2013. V.07. P. 178.

e CMS Collab. (Chatrchayn S. et al.). Observation of a New Boson with Mass near
125 GeV in pp-Collisions at /s = 7 and 8 TeV // JHEP. 2013. V.06. P.081.

o CMS Collab. (Chatrchayn S. et al.). Properties of the Higgs-Like Boson in the
Decay H to ZZ to 4l in pp-Collisions at 7 and 8 TeV. CMS-PAS-HIG-13-002.
Geneva: CERN, 2013.

o CMS Collab. (Chatrchayn S. et al.). Combination of Standard Model Higgs Boson
Searches and Measurements of the Properties of the New Boson with a Mass
near 125 GeV. CMS-PAS-HIG-13-005. Geneva: CERN, 2013.

o CMS Collab. Measurements of the Differential and Double-Differential Drell-Yan
Cross Sections in Proton-Proton Collisions at 8 TeV. CMS-PAS-SMP-14-003.
Geneva: CERN, 2014.

o Kononaswnurkos B. @., Casuna M. B., Imamos C.B., [llysvea C.I. Heonpene-

JIEHHOCTH CeueHUsl poxKaeHHUs mpoleccoB Jpesna-fHa npu CTONKHOBEHUH POTOHOB
Ha LHC // Ilucema B UAM. 2014. T.11, Ne6(198). C. 1122-1133.

e Jlanés A.B. Pesynbratel kossnabopaiun CMS: 6030H XHrrca M MOMCKH HOBOH
¢dusuku // YOH. 2014. T. 184. C.996-1004.

B 2014 r. B skcnepumente COMPASS (SPS, LIEPH) ¢ yyactuem cneuunasu-
croB OMAUN npoBomuics mMeronnueckud HaOOp DAHHBIX 110 W3YyUEHHIO Tpolecca
Hpenna-fna ¢ nmydkom nuoHoB ¢ 3Heprued 160 ['3B u ¢ mossprusoBaHHOH BO-
noponHo# muiieHblo. B ¢eBpasne u oktsiope 2014 r. B sxkcnepumeHTe COMPASS
TMPOLIJIK UCTIBITAHUST MOLYJel asnekTpoMarHuTHoro kajopumerpa ECALO Ha agek-
TPOHHOM My4yKe yckopuTesabHoro kommiekca ELSA (BouH, 'epmanusi) u ycko-
putens PS (LLEPH, 2KeneBa). PesynbraTel mokasasu, 4To MOAYJb KaJOpUMETpa
M CHUCTeMa CYMTHIBAHHUS, OCHOBaHHAs Ha JIABUHHBIX AMOAAX, MOJHOCTHIO YIOBJe-
TBOPSIOT TPeGOBaHUSM, HEOOXOAUMBIM [Jisi U3MEPEHHH 00O0OLIEHHBIX MapTOHHBIX
pacrpeneseHUH.

B 2015 r. konnabopauus COMPASS ony6aukoBania pesyabTaThl H3Mepe-
HUS TOJSPU3YeMOCTH IHOHA, TMOJyueHHble NpU onpenessiomeM Bkaage OWAU.
B skcnepumenTte nmydok 7~ ¢ umnyabcoMm 190 I'sB/c paccenBascsi Ha TOHKOU
HUKeJIeBOH MHIIEHH. 3HaUeHHWe 3JeKTPUUECKOH MOJsIpU3yeMOCTH MTHOHA COCTaBUJIO
(2,0 £ 0,6¢rar. £ 0,7cper.) - 104 cpM3, YTO HAXOAMTCS B COTJIACHH C TpelcKa3aHHeM
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3(h(peKTUBHOH KHpaJsbHOU TeopuH. TOUHOCTb H3MepeHHUs IOUTH BABOE TPEBOCXOAUT
paHee omyOJHMKOBaHHBIE Pe3y/bTaThl. DTOT Pe3yJbTaT SIBJASETCS MPUHIUIHANBHO
BaXKHBIM [1/151 IPOBEPKH CIPaBeNJIUBOCTH 3((PeKTUBHOH KHPaJbHOU TEOPUH.

e COMPASS Collab. Search for Exclusive Photoproduction of Z*(3900) at
COMPASS // Phys. Rev. Lett. 2015. V.742. P. 330.

e COMPASS Collab. The COMPASS Setup for Physics with Hadron Beams //
Nucl. Instr. Meth. A. 2015. V.779. P.69.

e Adolph C. et al. (COMPASS Collab.). Measurement of the Charged-Pion
Polarizability // Phys. Rev. Lett. 2015. V. 114. P.062002.

B 2014 r. B skcnepumente BES-III (IHEP CAS, Kuraii) B COprJ:LHquCTBe
¢ OUSN Haiiienbl HOBble MOJBI pacraja 3apsKeHHBIX COCTOSIHME ZF W o6Ha-
pyeHa HeliTpasbHas uyactuua Z0(4020), MpeanoNoKUTeNbHO ABJASIONIASCS U30-
CIIMHOBBIM TIAPTHEPOM 3aPSKEHHOTO COCTOSHHUS Z.- (4025) 3apsiKeHHBIH pe30HaHC
7ZF(4025) wabmionanca B peakuuu ete” — Zi7r — D**D*z% npu sueprum
CTOJKHOBeHHH +/s = 4,26 ['3B. Sa(i)I/IKCI/IpOBaHbI nmapaMeTpel 3TOTO pe30HaHca:
macca (4026,3 £ 2,6) MsB/c?, mupuna (24,8 +5,6) MaB/c?, KOTOpEIE cOTa-
cyloTes ¢ mapaMeTpaMu pesoHaHca Zi(4020) pacnana Zi(4020) — her®. Eme
OlMH pesoHaHc, ZF (3885), o6Hapy»xeH B peakiuu ete” — ZErt (D*D) nt
Macca u mmpuHa pesonanca ((3883,9 4 4,3) MsB/c? u (24 84+ 11,5) MaB/c? )
COrIacyloTCs ¢ MapaMeTpaMH paHee OTKpPHITOro pesoHanca Z7 (3900), uTo mnos-
BOJISIET TPEAIONOXKUTh OOHApy»KeHHe IBYX MOJ pacraja OfHOH uyacTHubl. B pe-
akiuuu ete” — 7079, BrepBEe O0OHapyiKeH Hef/’ITpaanuﬁ YapMOHHUHTIONO0OHBIH
pesonanc Z9, ero macca (4023,9 + 4,4) MsB/c?, uTo mossosisieT NpeanoN0KHTh,
4To Z0(4020) SIBJIsIeTCSl HEUTPaJbHbIM H30CTIMHOBBIM MapTHEPOM 3apsi?KEHHOTO pe-
soHaHca Z+(4020). B skcniepumente BES-III MeT010M MOPOroBOro CKaHMPOBAHHS
MOJIyYeHO 3HaueHHe Macchl Tay-entoHa M, = (1776, 91+8 %) MsB/c?. Tounocts
pe3yJsbTaTa NPaKTUUYECKH He YCTYNaeT BCeM MPEXKHUM H3MEPEHHUSIM.

o Ablikim M. et al. // Phys. Rev. Lett. 2014. V. 112. P.022001.
o Ablikim M. et al. // Phys. Rev. Lett. 2014. V. 112. P. 132001.
o Ablikim M. et al. // Phys. Rev. D. 2014. V.90. P.012001.
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[pynna OUSHY, yuacTBytoiias B HOHHOH 4YacTH MPOrpaMMBbl 3KCIIEPUMEHTA
NA61/SHINE (SPS, LIEPH), Bemer cucTemaTHuecKoe H3ydyeHHe sIIpO-siAepHBIX
peakuuit B PbPb-cToNKHOBEHHSIX W HCCAeOBaHHE peaklHil C sapaMu CpeTHUX
pasmepoB (Xe u Ar), a tTakxke Jerkux sigep (Be).

[IpoBeneH aHanu3 NAHHBIX U MOJyUYEHB! TIEPBbIE NIPeBAPUTENbHEIE PE3YJIbTATHI
Mo cTosIKHOBeHHI0 'Be +°Be, a Takxke LaHHEIE IO peakuusm p + p u p+ C (Long
Target) npu 31 I'sB/c, HeoOxonumble /151 HeUTpUHHOTO 3KcnepumenTta T2K.

B 2014 r. B skcmepumeHTax Ha ycrtaHoBKe NAG! mpu akTHBHOM Yy4acTHH
¢usukoB 3 OMAUN nonydeHsl ykasaHHs Ha CyIIeCTBOBAHHE KPUTHUECKOH TOUKH
SIepHON MaTepuu. DTH JaHHble KpaliHe BaXKHbl KaK [/l TEOPHH CTPOEHHUS SiIepHOH
MaTepuu, Tak U C TOYKH 3peHHs JaJbHEeHIINX MPaKTHUeCKUX NMpuMeHeHUH. Mare-
pYst B 06J1aCTH KPUTHUECKOH TOUKH JIOJI?KHA 06J1ajaTh YHUKAJIbHBIMH CBOUCTBAMH,
KOTOpPBbIE TPEACTOUT NETaNbHO UCCJAE0BATh.

e Abgral N. et al. Pion Emission from the T2K Replica Target: Method, Results
and Application // Nucl. Instr. Meth. A. 2013. V.701. P.99-114.

o Stefanek G. (NA49 and NA61/SHINE Collab.) // Nucl. Phys. B. Proc. Suppl.
2014.

B 2013 r. rpynna OUAUN B skcnepumente STAR nwa RHIC (BNL, CIIA)
AaKTHBHO y4yaCTBOBaJa B IMPOrpaMMe MO HM3yueHHIO POKIeHHs aipoHOB B AuAu-
CTOJIKHOBEHHMSAX MPH 9Heprusx /sy = 7,7, 11,5, 19,6, 27, 39 I'aB. Ycranosnena
3aBUCUMOCTb OTHOIIEHHS] Rop 3JJIUNTHYECKOTO MOTOKA /51 ME30HOB, 0apHOHOB
M UX aHTHUYACTHL, OTHOLIEHHS BbIXOAOB YacTHL B AuAUu-CTONKHOBEHHSIX OT ToIe-
PEUHOr0 MMIYJbCa ¥ SHEPTHH CTOJKHOBEHHS \/SNN .

[pynna OUSHN yuacTBOBasa B aHa/M3e HAHHBIX M0 U3MEPEHHIO MOJSPU3ALUH
aHTHUKBApKOB B mpoToHe. [IpoBefeHHBIN aHA/U3 MOKa3aj HaJU4YHe CYLIeCTBEHHOH
aCUMMETPHH, YKa3blBalOIIEH HA JOMHHUPOBAHHE TOJSPU3ALNHN U-aHTHKBAPKOB.

B 2015 r. mpexncraB/ieHbl pe3ysbTaThl HUCC/AELOBAHUN KOPPENSLUOHHON (PYHK-
UM CHCTEMBI M3 JByX aHTHUIIPOTOHOB, NAIOIIHe WH(OPMALHIO O SAEPHBIX CHJAX
MeXy AHTUIPOTOHAMH M TpPeNCTaBJSIOLUINe H3MepeHHe NBYX KJ/IOYeBBIX Mapa-
MEeTPOB CHUJIbHOTO B3aUMOAEHCTBUSI — [IJUHBI paccesHusi (fo) U 3PpdeKTHBHON
obsactTu B3auMopeicTBus (dp). Pe3ynbraThl UMeIOT (yHAAMeHTalbHOEe 3HaueHHe
115l TOHUMaHHUSI CTPYKTYPBl U CBOHCTB aHTHSIEP.

Adamczyk L. et al. (STAR Collab.) // Phys. Rev. Lett. 2013. V. 110. P. 142301.
Adamczyk L. et al. (STAR Collab.) // Phys. Rev. C. 2013. V. 88. P. 34906.
Adamczyk L. et al. (STAR Collab.) // Phys. Rev. C. 2013. V. 88. P. 14904.
Adamczyk L. et al. (STAR Collab.) // Phys. Rev. Lett. 2014. V. 113. P.072301.

STAR Collab. Measurement of Interaction between Antiprotons // Nature. 2015.
V.527. P.345-348.
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[pynna OUAHN B skcnepumente ALICE (LHC, LIEPH) perucrpupoBana naH-
Hple ¢ «minimum bias» Tpurrepom B peakuuu p—Pb npu 5,02 TsB. B 2013 r.
MOJyUYeHbl pPe3yJbTaThl MO (PEMTOCKONMUYECKUM KOPPEJSLHUAM B POXKIEHHUH Map
3apsKeHHbIX KaOHOB B 3TOH peakUuH. BhiMojiHeH aHa/u3 4YMCTOTHI BblleJEHHs
3apsi)KEeHHbIX KaOHOB B cToJKHOBeHuH PbPb (2,76 T3B); mosydyeHbl pesysbraThl
OTHOCHTE/ILHO BEJHMUMHBI R, ¥ 110 poXKaeHHo ¢ — KK .

[Tpomomxkensl nceneoBaHUsS (heMTOCKONIHUECKUX Koppessiuuit bose-diiHuTel-
Ha 1Jsi map 3apsikeHHbIX K-Me30HOB (Ko, K(p), 00pasyioluxcs B MPOTOH-MPO-
TOHHBIX CTOJKHOBeHHSIX npH 3Hepruu 7 TaB. OcoGeHHOCTH BrepBBle MOJTydeHHBIX
pe3y/bTaToB — Pe3KHH pocT pas3Mepa HCTOUHHKA (Riyy) C YBeJHUEHHEM Morepey-
HOH Macchl mapbl (mg) MPH CaMbIX MaJibiX 3HaUeHMsX YHc/a 00pasyoLIUXcs 3a-
psiKkeHHBbIX yacTHl (Ng,) U 0OpaTHast 3aBUCHMOCTb NPH GOJMBLINX 3HAYEHUAX Nep.
Ymenblienne Rj,, ¢ POCTOM myp XapakTepHO AJsi AA-CTOJKHOBEHHH W TEOpeTH-
4yeckd 0OBsICHSETCS KOJJEKTUBHBIMU 3(PQeKTaMy MOTOKOB YacTHL IPU CTOJKHO-
BEHUM OOJIBIIOr0 KOoJM4YecTBa HYKJ/OHOB. [lono6Has KapTHHA B pp-CTOJKHOBEHHAX
MOATBEPKIAET MPEANONOKEHUSI O BO3MOXKHOCTH MPOSIBJAEHHS KOJIJEKTHUBHBIX 3(-
(heKTOB Ha KBapK-TJIIOOHHOM YPOBHE INPHU B3aWMOAEHCTBHUH 3JeMEHTApHBbIX YaCTHIL
C JOCTATOYHO 6OJbLIMM 3HauyeHUeM Ny .

o Abelev B. et al. Charged Kaon Femtoscopic Correlations in pp-Collisions at 1/s =
=7 TeV // Phys. Rev. D. 2013. V.87. P.052016.

e Abelev B. et al. Two and Three-Pion Quantum Statistics Correlations in Pb-Pb
Collisions at 2.76 TeV at the LHC. arXiv:1310.7808 (2013).

e ALICE Collab. Charged Kaon Femtoscopic Correlations in pp Collisions at /s =
=7 TeV // Phys. Rev. D. 2013. V.87. P.052016.
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[IpoBeneHHBIH aHA/IU3 KCIIEPUMEHTOB C YJAbTPAXOJOAHBIMH HEHTPOHAaMH IMO-
KasblBaeT, 4To (puanueckasi aficopOLHsi HAHOYACTHI/HAHOKAMeJ b, JEBUTHPYOIIHX
B BbICOKOBO3OYKIEHHBIX COCTOSIHUSIX B MOTEHIHAJbHOH siMe, 06pa3oBaHHOH CH-
namu Ban nep Baanbca/Kasumupa-Ilonnepa (BanB/KIT), npuBoguT K HOBBIM 3¢-
tdhexkTaM Ha mepeceyeHUH (U3UKHM (yHIAMEHTAJbHBIX B3aUMOIEHCTBUI, HEHTpO-
HOB, TIOBEPXHOCTH M HAHOYACTHI. YueT B3aumopedcTus ¥ XH ¢ HaHouacthuuamu
103B0JIsIeT O0BSCHUTb HENaBHO OTKPBITBIH Tak HasbiBaeMblH MaJblii HarpeB ¥ XH
B JIOBYIIKAX.

e Hecsuscesckuti B. B., Bopornun A. IO., Jlambpexm A., Peiino C., Jlowwaeun E. B.,
Myszviuxa A. 0., Cmpeakos A. B. HabnioneHne KBaHTOBO#H JeBUTALIME HAHOYACTHLL

METOIOM yJbTpaxosofHbix HedTpoHoB // Kpucramiorpadus. 2013. T.58, Neb.
C.730-736.

[IpoaHanusupoBaHbl pe3yabTaThl U3MepeHUH AH(PPY3HOTO OTparkKeHUs O4YeHb
XOJIOOHBIX U XOJIONHBIX HEUTPOHOB OT HAHOCTPYKTYPHUPOBaHHBIX oTpaxkaTeJsel. [lo-
Ka3aHo, YTO HaHOCTPYKTYypHUPOBaHHble OTpPakaTesy 3aMoJHAT Npodes B 00/1acTH
SHepPrui oYeHb XOJOIHBIX U XOJOAHBIX HEUTPOHOB MeXK Ay 3(P(PEeKTUBHBIMU OTpaxKa-
TeJISIMH, UCMOJb3YIOIMMH HEHTPOHHO-ONTHUECKUH MOTeHLHa , U OTpaxKaTe/siMH
Ha OCHOBe Op3TTOBCKOTIO pacCessHUs MU paccessHUsl Ha OTAEJbHBIX fApax CPemibl.

o Lychagin E. V., Muzychka A. Yu., Nesvizhevsky V. V. Nano-Structured Reflectors
for Slow Neutrons // New Developments in Low-Energy Physics Research / Eds.
Tao Zoeng and Meng Ngai. NOVA Publ., 2013.

PaccmoTpenbl ocobeHHOCTH 3(hdeKTa yckopsiouerocs BellectBa (QYB) —
M3MeHeHHs SHepPriuM HeUTPOHA MPH MPOX0XKAEHUH Uepe3 oOpasel] IpesoMJISIOIero
BeIlleCTBa, JBHXKYIIETOCS C YCKOPEHHEM, B C/aydae ABOSKOMPEJOMJSIOUIEH Cpebl.
B sTom cayuae y DY B nosBasitoTcsi HOBBle cBoicTBa. B HelTpoHHOI onTuke DY B
IPUBOMMT K TOSIBJIEHUIO HECTALLUOHAPHOTO COCTOSIHHUS C MPELECCUPYIOLHUM CIIMHOM.
[Ipu mpoxoxkieHHH ABYXKOMIOHEHTHOTO HEHTPUHO 4epe3 CJIOH YCKOPSIOLIErocs
BelllecTBa DY B oka3biBaeT Bo3eHCTBHE HA IBOJIOLHIO HEHTPUHHOTO COCTOSTHUS.

e Ppauk A.H., Haymos B. A. BzaumoneiicTBHe BOJIH C IBOSIKOTIPEJOMJISIIOIIHM Be-
I[eCTBOM, ABHTratomumMes ¢ yckopenuem // d. 2013. T.76. C. 1507.

B pamkax usydeHUs] MMUKPOOHOTEXHOJOTHH METOLOM HeHTPOHHOrO aKTHBALH-
OHHOTrO aHanu3a Ha peaktope MIBP-2 Obln onpenesieH 3/7eMeHTHBIE COCTaB MHUK-
pobua/ibHBEIX 00pa3LOB U OlleHeHa 3(PPeKTHBHOCTb HAKOIJIEeHHs LIMHKA U IPYTUX
MeTaJsJIoB OGMoMaccod cnupy/uHbl. [losyyeHHble pe3ynbTaThl MOKasblBalOT 3(ek-
THUBHOCTb HMCIOJb30BaHUS MHUKpPOBomopocau Spirulina platensis nns u3BjedeHHs
LUHKa U3 CTOYHBIX BOL.
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e Zinicouscaia I, Duca Gh., Rudic V., Cepoi L., Chiriac T., Frontasyeva M. V.,
Pavlov S.S., Gundorina S.F. Spirulina Platensis as Biosorbent of Zinc in
Water // Environ. Eng. Manag. J. 2013. V.12, No.6. P. 1079-1084.

Pa6oTbl M0 aKTHBHOMY GHOMOHMTOPHUHTY C HMCIOJb30BaHHUEM MXOB-TPaHCIIaH-
TaTOB TO3BOJIMJIM MPOBECTH H3yueHHe BO3AYIIHBIX 3arpsisHeHUH B leHTpe Ded-
rpaga (Cepbusi), a Tak»Ke B OIHOM H3 HaHOOJiee IKOJOTHUYECKH Heb/1aronpUsiTHbIX
paiionoB I'peunn — Besukoit ®pakuiickoil HusaMeHHoCTH (ATTHKA). DbDeKTHB-
HOCTb HCIT0/Ib30BaHHSI MXOB-OMOMOHHTOPOB B M3yueHHH aTMOC(EPHBIX BblMaaeHUN
paIMOHYKJHKIOB MPOAEMOHCTPHPOBAHA B COBMECTHBIX paboTax C KoJJjeraMd M3
CnoBakuu, bBenopyccuu, FOAP, Cep6un u Taunanna.

e Saitanis C.J., Frontasyeva M. V., Steinnes E., Palmer M. W., Ostrovnaya T. M.,
Gundorina S. F. Spatiotemporal Distribution of Airborne Elements Monitored with
the Moss Bags Technique in the Great Thracian Lowland, Attica, Greece //
Environ. Monit. Assess. 2013. V. 185, No. 1. P. 955-968.

B HelTpoHHO! (hH3WKe HYXXHBI OTpaXkaTelu Kak s HeHTPOHHBIX IyYKOB,
Tak U AJ9 3PQPeKTUBHbBIX HCTOUHHKOB HeHWTpoHOB. B naHHOH paboTe paccMoT-
peHbl OTpakawlllde CBOHCTBA MaTepHaJsIOB, COCTOSIIIMX M3 HAHOUACTHIL[ PasJvy-
HOH (hopMBI: cpepruuecKoil M LUIHMHAPUYecKOH. CIJIOIIHbIE MaTepHaJsbl XOPOLIO
OTpakaloT HEHTPOHHble NMyYKH JUOO B OUeHb Y3KOH 06/1aCTH MaJsblX 3Heprui
nopsinka ~ 10~7 3B (ckopocTu ~ 5 M/c), MO0 MPH TEIJIOBBIX 3HEPrUsx MopsaKa
~ 0,025 3B (ckopoctu ~ 2200 m/c). B nocnenHee BpeMsi B HeATPOHHOH (u3HU-
Ke 1J151 OUOJIOTHH W HMHAYCTPUH OKa3ajuChb BOCTPeOOBAaHBI XOJOLHblE HEHTPOHBI
¢ sHepruamMu ~ 1077 —107* 3B (ckopoctu ~ 10—500 m/c). Hanoorpaxarenu, Kak
M0KA3aHO Ha PUCYHKEe, OKa3bIBAIOTCS CaMbIMH 3(P(EKTHBHBIMH 0 CPAaBHEHHIO CO
BCEMH M3BECTHBIMH JI0 CHX TIOP.
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Koadduunent orpaxenus R(v) =
OT TOpOMIKAa TOMWMHOH 3 cM, = 05 F
COCTOSIILIETO W3 JJAUHHBIX (1) 04 L
(a = 1000 HM); KopoTKHX (2) ’
(e = 10 HM) HaHOCTepXHeH 0,3
¢ pamgmycoMm 10 HM, mpH

napamerpe norjoiienusi C = 02F

=Cy=628-10"7; 34 — ! ! ! !

To ke, uto [,2, HO mpH 0 100 200 300 400 500
c=0C,=52-10"* v, M/c

o Henamosuu B. K., Hecsumcesckuil B.B. // A3. 2014. T.116, Ne2. C. 100-107.
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Cpenv MHKPOOPraHHW3MOB LHAHOOAKTEPUH TPENCTaBJSIOT OOJBILIOH HHTEpeC
OJis1 TIOJyueHHs] HaHOUaCTHL, TAK KAaK OHH SIBJASIOTCH MOTEHIHWAJbHBIMH HMCTOU-
HUKaM{ HOBBIX MeTabOJHTOB, UMEIIIHX 00JblIoe 3HaUeHHe B OGHOTEXHOJOTHH H
npoMbleHHOCTH. JJ1s1 pa3paGoTKH HETOKCHYHOTO, IKOJOTHUECKH YHUCTOTO Me-
TOfla TOJIyYeHHsI HaHOUACTHI[ cepebpa HCIONb30BaJM IHaHOGaKTepuu Spirulina
platensis u Nostoc linckia. HanodacTuubsl cepebpa HcciefoBaJd C MOMOILbIO
KOMIJIEKCa ONTHYECKHX W aHAJUTHUECKHX METONOB. B yacTHOCTH, NHUHAMHUKY
HaKoTlJIeHHs1 cepeOpa 6MOMacCOd LHAHOOAKTEPHH M3ydyaJd METOAOM HEHTPOHHOTO
aKTUBAIMOHHOTO aHaju3a Ha peaktope MBP-2 OUAU. Dortorpaduu, mosyuen-
Hble C MOMOIIbI0 PACTPOBOTO 3JeKTPOHHOTO MHUKPOCKOMA, MOKa3aJju, 4TO IMpolece
00pa3oBaHUs HaHoOYacTHIl cepebpa nuaHobakTepusMu pasmepamu 10-80 HM mpo-
MUCXOMUT BHEKJIETOYHO, UTO OYeHb BAXKHO C TOUKH 3PEHHS WX NaJbHeHIIero mpu-
MeHeHus. [losydeHHyl0 GHOMacCy MOXKHO HCIOJB30BaTh KaK B TMPOMBILIJEHHbIX,
TakK U B MEIULUHCKUX LEJX.

P2M-tororpapuu Nostoc linckia (a) w Spirulina platensis (6) ¢ HaHOYaCTHLAMH
cepebpa

e Cepoi L., Rudi L., Chiriac T. et al. // Canadian J. Microbiol. 2014. V. 14. P. 1-9;
doi: 10.1139/¢cjm-2014-0450.

Ha umnysnbcHoM ucTOYHMKe pe3oHaHCHbIX HeliTpoHoB MPEH TpamuuuoHHBIH
IJIsI CIEKTPOMETPHUH PE30HAHCHBIX HEHTPOHOB METON BpeMeHM MpoJieTa NMPUMeHeH
IJs1 37IeMEHTHOT0 M M30TOIMHOro aHasnusa o6pasuoB. MueHTudrkauus sneMeHTOB
¥ M30TOMOB OCYLIECTBJSETCS MO SHEPrUsM HEHUTPOHHBIX PE30HAHCOB B PEAKIMH
paauallMOHHOrO 3aXBaTa, a UX COep:KaHHe ompeie/IsieTcsl 0 BbIXOLY raMMa-KBaH-
TOB B HaO/I0IaeMBIX pe30HaHCaxX. 3a BpeMsi BBOAA B OMBITHYIO SKCIJyaTalHio
nepBoil ouepenu ycraHoBkd MPEH (c omHo# yckopsiioiie# cekuuei) peryssipHO
MPOBOAMJICS aHa U3 pyaHeIXx mpobd ILleHTpasbHON reosoruyeckoit sabopaTopuu
MuHucrepcTBa HEPreTHKM U NPUPOAHBIX pecypcoB MOHIOMUM M KOMIO3HTHBIX
o6pasuoB Besopycckoro rocynapctBeHHoro yHuBepcutera. COBMECTHO C COTPYA-
HuKamu TocynapctBeHHOro actpoHomuuyeckoro nHetutyTa uM. I1. K. [rtefinGepra
MTY npoBeneHbl HCClefOBaHUS 3J€MEHTHOTO M H30TOIHOrO cOCTaBa 0OBEKTOB
TNPeaIoN0XKHUTEebHO HE3EMHOI'0 TPOUCXOXKIEHHUS.
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Y4yacToK BpeMANpOJIETHOrO CIIEKTpa MPH aHaJ/M3e reoJorHyeckoi npoosl

e Bamamurna H.B., Mapees [0.]/]., Huxervnep JI.B., Cedvuues [1.B., Ilse-
yos B. H. // Mucema B QUAM. 2015. T. 12, Ne4(195). C. 895-903.

[TukcenbHBEIE KpeMHHeBHIH AeTekTop Timepix, coctosimui U3 256 x 256 nuk-
cesiedl paamMepoM 55 X 55 MKM, HCMOJb30Bascs B KOMOMHAUUU ¢ AFE-1eTeKTopom
(TonumHa 11 MKM) AJIs1 pETHCTPALUM JIETKUX 3apsKEeHHBIX YaCTHI[, UCIyCKaeMbIX
B crioHTaHHOM JeneHud 222Cf. Bricokoe MO3MIMOHHOe paspellieHHe AeTeKTOPHOH

700 q ‘&{,\%

TpexmepHBIe CIIEKTPhl CUTHAJNOB M3 JAeTekTopa Timepix, cCOOTBeTCTBYIOLIMe MapaM a—t
(c/1eBa, 3HepPruM YacTHILl pas3/inuHble) U a—c« (CIpaBa, SHEPTHH YacCTHUL, OJHU3KH APYT

K JpYyTYy)
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CHCTeMbl I103BOJIMJIO BIEPBble HAOJMIONATh OJHOBPEMEHHBIH BBLIET JIBYX 3aps’KeH-
HBIX YaCTHLl C MaJblM OTHOCHTEJNBHBIM yIJIOM BblleTa (HaGJIOfaIuCh Mapbl a—o
M a—t), KOTOpble MPUMUCHLIBAIOTCS pachafy HecTaOU/bHBLIX yacTHi SBe u 'Li*.
OnpenesieHbl BBIXOBl 3THX YACTHL, a TaKXKe YIJIOBble M dHepreTHUecKHe pacripe-
JeJIeHUs] (:-4aCTHL, 00pasyoLIUXCs B YeTBEPHOM JeJICHHH.

o Ahmadov G.S., Kopatch Yu.N., Telezhnikov S.A., Ahmadov F.I., Granja C.,
Garibov A. A., Pospisil S. Detection of Ternary and Quaternary Fission Fragments
from 252Cf with a Position-Sensitive AE—FE Telescope Based on Silicon Detec-
tors // Part. Nucl., Lett. 2015. V.12, No.4(195). P.846-854.



TEOPETHYECKAY ®HU3HUKA

B 2020 r. B pabotax nmo TeopeTHYecKoH (hpHU3HKe BIepBble BbIUMCJEHbl HEPTHUH
nepexo0B B MoJleKyaspHoM HoHe HDY ¢ pekopaHoii TounocTbio ~ 107! B pamkax
HepeJIITUBUCTCKOH KBAHTOBOH 3JEKTPOAMHAMHKH. V3MepeHHble yacTOThl poTalH-
OHHOTO Nlepexojia NO3BOJMHIH TIOJYUYHUTb HauboJ/1ee TOUYHYIO0 NPOBEPKY MpeacKa3aHUH
K31 B TpexuactuuHOM cekTope Ha ypoBHe 5 - 10~!!| orpanudennom Texymmmu
HeompeeNeHHOCTAMU (pyHIaMeHTa bHBIX KOHCTAHT. OTpeneseHO 3HaYeHHe KOM-
OuHauui (yHAAMEHTANbHBIX KOHCTAHT Roome(m;1 +m;1) M mp/me C OTHO-
cutesbHOH TouHocThio 2 - 107!, TTonyuennsle pesyabrathl 6osee uem B 20 pas
YJIydIlIaloT TPaHULY MAJIST TMIOTETHYECKOH MSATOH CHJ/bl B3aHMONEHCTBUS MeEXIY
NIPOTOHOM M AEeHTPOHOM.

Fractional deviation, 10710
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—_——
This work *)
A N —0—
Utot UQXP
1 i .
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Roo(me/m, + m./mg) — 8966.20515041 m~! (10 6m 1)
CpaBHeHHe pe3yJsibTaTOB HACTOsILIEH paboThl CO 3HAUEHHUSIMH U3 PYyTHX paboT

e Alighanbari S., Giri G. S., Constantin F. L., Korobov V.1, Schiller S. // Nature.
2020. V.581. P. 152.

B 2015 r. npoBogu/HCch TeopeTHUECKHe HCCJENOBAaHHS, OTHOCSIIMECS K CO-
3[IaHHI0 HOBBIX (DYHKIIMOHAJbHBIX MAaTE€PHAJOB H YCTPOHCTB C KOHTPOJIHUPYEMbIMH
KBaHTOBBIMHM CBOHCTBaMH, KOTOPO€ B HACTOsiIlee BpeMsi BO MHOTOM OCHOBaHO Ha
uaee opOUTANbHOTO HHKUHUPHHTA B MHOTOCJOMHBIX OKCHIHBIX FeTEPOCTPYKTYpax.
B pabore nokasaHo, uTo 3)(peKThl MEXKCJI0EBOT0O Nepepaclpene/ieHus 3apsiia 1 Ua-
MEeHEHHs CTPYKTYPBI JIMTAHAHOTO OKPYKEeHHsSI MOHOB MePeXOfHbIX MeTaJsoB obec-
MeYrBaIOT BO3MOXKHOCTb KOHTPOJISI TTOC/I€N0BATENbHOCTH OPOUTANbHBIX 3JEKTPOH-
HbIX ypOBHeH (OpOUTa/NbHOH PEKOHCTPYKIHMH) B 00beMe CJOUCTBIX OKcHaoB. Ha
npruMepe CJOUCTBIX OKCHIOB SrolrO4 u BaglrO4 aBTOpHI BriepBEIe MpemoKUIN U
peasn3oBasi KOMOMHHPOBAHHBIH KOJMYECTBEHHbIH aHa/n3 yKa3aHHbIX 3((PeKTOB,
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OCHOBAHHBIN Ha pe3y/bTaTax U3MepeHHH CIIeKTPOB 3/JeKTPOHHOTO MapaMarHUTHOTO
pe3oHaHCa W KBAHTOBO-XMMHUECKHX KJACTePHBIX BBIUUCJAEHHH.

e Bogdanov N., Katukuri V., Romhanyi J., Yushankhai V., Kataev V., Buchner B.,
van den Brink J., Hozoi L. // Nature Commun. 2015. V.6. P.7306.

Pa3BuT HOBBIA Moaxon K TEOpUHM HelepeHOPMHUpPYeMbIX B3anmoaeicTBHH. [lo-
JydyeHbl 000011eHHsl ypaBHEHUH pPeHOPMIPYIIbl, MO3BOJSAIOLIME CYMMHUPOBATh Be-
OylLlMe acUMITOTHKHM BO BCeX TMOpsIKax Teopud Bo3MylleHWH. Halineno yib-
TpaguoJieTOBOE TOBefeHNe psifa CYNepCUMMETPHUUHbBIX, KaJlnOPOBOYHBIX MOAesNeH
KBAaHTOBOU TEOPHH MOJIA.

e Kazakov D. 1., Borlakov A. T., Tolkachev D. M., Viasenko D. E. // Phys. Rev. D.
2018. V.97. P. 125008; JHEP. 2016. V. 161. P. 154.

e Kazakov D.I. // Phys. Lett. B. 2018. V.786. P.327; Phys. Lett. B. 2019. V.797.
P. 134801.

BeinosiHeHBl pacueThl aKCHaNbHOTO TOKA U MJIOTHOCTH 9HEPTHH BO Bpalllalolei-
csl U yckopeHHOH cpene. IlokasaHo, UTO UX pe3yJbTaTbl NPUBOAST K OTOXKIECTB-
JIEHUIO YTJIOBOH CKOPOCTH M YCKOPEHMSI C NeHCTBUTEJNbHBIM M MHHUMBIM XHMHUe-
CKHMH NOTeHLHaJaMH. YCTaHOBJEHO, YTO MJIOTHOCTb 3HEPTUU 00pallaeTcsi B HYJb
npu Temnepatype 7', paBHOH Temnepatype YHpY 1y, UTO UHTepIpeTUpyeTCs Kak
HeyCTOW4YUBOCTb (pasdbl ¢ Temnepatypoil 1" < Ty. JlokasaHa nyafbHOCTb MeXIY
KBaHTOBO-CTAaTUCTUYECKHUM MOAXOAOM B NpocTpaHcTBe MUHKOBCKOro U 3¢ dexTa-
MU HEeTPHBHAJbHOH TeOMETPHUH B NPOCTPAHCTBE C KOHUYECKOH CUHTYASPHOCTBIO.
PesybTaThl NpUMeHEHB! K (PU3HKe CTOJKHOBEHUH TSKeJsblX UOHOB.

“4——”~ T1>TU

Wsmenenne 3(pQpeKTUBHONH KOHHUEC-
KOH CHHTYJISPHOCTH, AyaJ/bHOH KBaH-
TOBO-CTAaTHUCTHYECKOMY MOAXOAY, MPH
NpuOJHKEHUH 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; JHEP. 2019. V. 1902. P. 146

BriepBbie BbIMOJMIHEH CUCTeMaTHUeCKHUH pacueT MOJHOro Habopa TpexIeTaeBblX
B-dbyukuuit CranpaptHoit momenu (CM). [lonyueHHble pe3y/abTaThl MO3BOJSIOT
csizath ¢usnky CM Ha wmacmitabe Heckonbkux T3B W muaHKoBCKOM MaciiTa-
6e. JlocTUrHyTasi B HacTosilllee BpeMsi 3KCIIEPUMEHTabHAsE TOUHOCTb H3MEpeHHs
napaMeTpoB pacyeTa HOCTaTOYHA /s AEMOHCTpALUU camocornsacoBaHHoctd CM
BIJIOThb [0 SHEPIrUH nopsiaka 1019 I'3B.

BrinosHen aHanus crabunpHOCTH Bakyyma CTaHnapTHOH Monend (pU3HUKH 3Je-
MeHTapHbIX 4acTull. Mcrmonb30oBaHbl pPeHOPMTPYIIOBEIE YPABHEHUS HA TpeXMeTse-
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BOM YPOBHE TEOPHM BO3MYILEHHH C YYETOM COTJIACOBAHHSI BXOAHBIX NapaMeTpPOB
Ha AByXIneTJeBoM ypoBHe. Bksansl nonpaBok KXJI yuTeHBl Ha yeThlpexIeT/eBOM
ypoBHe. M3 ycjioBUSI cTa0MJIBHOCTH BaKyyMa MPH 3JHEPTUSX BIJIOTh IO MAcChl
[lnanka ¢ Ucrno/sb30BaHWEM COBPEMEHHOIO SKCMEePUMEHTAJNbHOTO 3HaYeHUsT MacChl
6030Ha Xurrca noJy4yeHo orpaHdueHHe CBepXy Ha Maccy Tomn-KBapka. [TosydyenHoe
3HayeHHe MacChl TOM-KBapka COIJiacyeTcss C COBPEMEHHBIM 3IKCIepPUMEHTAJbHBIM
3HaueHHeM.

e Bednyakov A., Pikelner A., Velizhanin V. // JHEP. 2013. V. 1301. P.017; Phys.
Lett. B. 2013. V.722. P.336-340; Nucl. Phys. B. 2013. V.875. P.552-565;
arXiv:1309.1643 [hep-ph].

e Bednyakov A. V., Kniehl B. A., Pikelner A.F., Veretin O.L. // Phys. Rev. Lett.
2015. V. 115. P.201802.

[Ipu TeopeTHUecKOM HCCNENOBAHUU JeJEHUs TAXKeJbIX fnep oOHapykKeHo, 4To
3BOJIIOLMUS OT OOHO- K TpeX-, a 3aTeM K [Byropbomy MaccoBOMY U 3apsiioBO-
My pacnpeneneHusiM (parMeHTOB OeJieHUS MPOUCXOAUT NPHU H3MEeHEHUM MaccChl
slpa Ha HeCKoNbKOo enuHul. [IpensokeHHas Mofesb IIpelcKasblBaeT HajHdMe
CUMMETPUYHBIX M aCHMMETPHUHBIX MOJ [eJieHHs C PaBHOH BEPOSITHOCTBIO IpH
uncse HeUTpoHOB N = 136 He3aBHCHUMO OT 3apsija Hessiieics CUCTeMbl. BaxkHbIM
pe3y/nbTaToM SBJsIEeTCS COXpaHeHHe aCHMMEeTPHUHBIX (POPM pacrpefesieHUs] Macchl
U 3apsila OCKOJIKOB feJIeHHWS] MPH AOCTAaTOYHO BBICOKUX 3IHEPTUsAX BO30YKAEHUS
JeJsIerocs aapa.

e Pasca H., Andreev A.V., Adamian G.G., Antonenko N.V., Kim Youngman //
Phys. Rev. C. 2016. V.93. P.054602.

e Pasca H., Andreev A. V., Adamian G. G., Antonenko N. V. // Phys. Lett. B. 2016.
V. 760. P.800.

Wsyuena peakuusi pep — d + v, BaxHasi A5l TIOHHMaHUS MPOUCXOXKAEHHS
HeHTpUHO, ¢ 3Hepruel F, = 1,442 M>3B. BriepBeie CKOpOCTb peakuuu pep U ee
acTpo(PU3NIeCcKHH (haKTOp Spep PACCUMTAHBI C yUETOM CHJIBHOTO M KYJOHOBCKOTO
B3aUMOJEUCTBUH B YyCJAOBUSAX coJiHeYHOro sigpa. IIpu aTom Havya/nbHOe cocTosiHUE
CHCTEMBI Spe, TPAKTOBAJNOCH KaK TpexTeJbHOe. PaccuMTaHHBIA NMOTOK HEHTPHHO
nonyuuscss Ha 40 % OGoJibllle, YeM B pacyeTax, B KOTOPbIX HayajbHOE COCTOSTHHE
paccMaTprBaoch B MPUOMHKEHHH IBYX TeJs, U XOPOLIO COrJIacyeTcsl ¢ KCIepH-
MeHTaJbHbIMH NAaHHBIMH KoJsabopauuu Borexino.

e Belyaev V.B. et al. // Phys. Rev. C. 2013. V. 87. P.035804.

BrnepBele mocTpoeHa M BepU(PHULUHUPOBAHA KOJJIEKTUBHA MOAEJb CTPYKTYPHI
fpa, CIocoOHass OJHOBPEMEHHO ONHCBIBAaTb KHpa/bHble KOJeOaHHS W BpalleHUS
aTOMHBIX sJiep, a Takxke nepexogHble pexkUMbl. OmucaHue paclleNyeHns SHepre-
TUYECKHX YPOBHEH MeX1y KHpa/JbHbBIMH AyOseTaMu TpeOyeT BBIXOAA 32 PaMKH
NPUOJIMKEHHUS] CPEHEro I10JIs.

e Jolos R. V. et al. // Phys. Rev. C. 2013. V.87. P.024314.
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PaccuntaH TyHHesNbHBIH TOK B KOHTakTe, COCTOSILIEM H3 IOJYIJIOCKOCTeH
rpadeHa U ABYCJAOHHOTO rpadeHa, ¢ ABYMSI TUIAMHU YNAKOBKHM B JBYX BO3MOXK-
HBIX OpHEHTaLMAX KpUCTalauueckol pemietrku. OOGHapy»KeHO, YTO TPU BCTped-
HOM OpUEeHTALUHU KpaeM KOHTAKTOB THIIA 3Ur3ar MMeeTCsl BbIpaXKEHHBIH 3(deKT
«BKJIIOUEHHS1/BBIKJIIOUEHHUS» O]l BJAUsIHUEM 3aTBopa. Ha ocHOBe 3THX pe3ysnbTaToB
npejJioKeHa HOBasl KOHLENLHsl TyHHeJ/JbHOrO 0JIeBOro TpPaH3UCTopa Ha Oase rpa-
(ena. OcHoBHast uzes COCTOMT B HMCIMOJb30BAHHH IBYX TpaeHOBBIX 3JEKTPOLOB
C 3Uraaroo0pasHbIMU KpasiMH, pa3feseHHbIX Y3KOH IleJblo, 104 BO3[eHCTBHEM
obwero 3areopa. [lokasaHo, 4To Npu KOMHATHOH TeMIepaType TaKoe yCTPOHCTBO
OyneT 006/afaTb SPKO BBIPaXKEHHBIM MepekJovanluM 3(pGheKToM MNpH HU3KOM
HaNpsI2KEHWHW Ha 3aTBOpe M OOJBIIUM KO3((HULHEHTOM YCHJIEHHUS.

e Osipov V., Katkov V. // Appl. Phys. Lett. 2014. V. 104. P.053102; JETP Lett.
2013. V.98. P.782.

BriepBble paccyMTaHbl MOTMPaBKH KBAaHTOBOH 3JEKTPOAMHAMHKH B MOPsIIKE
Mea’ IS TPEXYaCTHUYHOH KYJOHOBCKOH CHCTEMBI, UTO MPHBEJSO K PEKOPIHOMY
10-kpaTHOMY y/yullIeHHIO pe3ysbTaTa [/ SHEPruil mepexona MOJIEKYAsPHOro HOHA
BOJIOPOAA U AHTUMPOTOHHOTO reius. TO MO3BOJUIO0 A0CTHYL ToyHocTH 1,5 - 10711
B OTpeleseHUH OTHOILIEHWH Macc 3/JeKTPOHA U TPOTOHA.

e Korobov V.I., Hilico L., Karr J.-P. // Phys. Rev. Lett. 2014. V. 112. P. 103003;
Phys. Rev. A. 2014. V.89. P.03251.

HoBble naHHble Al HalpaBJeHHOIO MOTOKA NPOTOHOB, AHTHIIPOTOHOB W 3a-
pSIKEHHBIX THOHOB, MoJydeHHble Kosnmabopauued STAR nns paccesinusi pensitu-
BHUCTCKUX TSXKeJbIX HOHOB, ObIM MPOaHaJU3UPOBAHbl C MOMOIIbIO ABYX B3aUMO-
JOMOJIHSAIOUWIUX TTOAXO0L0B: TPAHCIOPTHOH MOJAEJNH MapTOH-aAPOHHOH CTPYHHOH IH-
HaMHKW U MOJEJH TPeXKUAKOCTHOH TuaponrnHaMuKkHu. Ocoboe BHHMaHUE YaeJeHO
U3y4YeHHUI0 HaINPaBJIEHHOTO NOTOKAa aHTHUIIPOTOHOB Ha OCHOBe OaJjaHca MPOLEecCOB
AHHUTUJISILLUY POTOHOB M aHTUIPOTOHOB U PeaKLUH pOXKIAEHUS Mapbl U3 MHOTOMe-
30HHBIX B3auMozeHcTBUH. CpaBHEHHE IKCTIePHMEHTAIbHBIX TaHHBIX H Pe3yJbTaTOB
MOJIe/JMPOBAHHUS YKa3blBaeT Ha CYLIeCTBOBAHHE KBapK-aJpPOHHOro (ha3oBOro Inepe-
XO/la THIa KPOCCOBepa, CMArYamllero ypaBHeHHE COCTOSIHUS SlepHOH MaTepuH, U
He JlaeT HUKaKUX YKa3aHWH Ha (pa3oBHIH Mepexol NepBOro Nopsaaka.

e Konchakouski V. P. et al. // Phys. Rev. C. 2014. V.90. P.014903.

Pa3BUT HOBBIH MHUKPOCKOMMYECKUH TepMOAMHAMHYECKH CaMOCOIJIaCOBaHHBIN
METOJ yueTa TeMMepPaTypPHBIX 3(P(eKTOB B peaKUUsX HEUTPUHO U aTOMHBIX SOEp
B KoJJIaTICHpYyIollell 3Be3nHol MaTepuu. Heympyroe paccesiHre HeHTPUHO Ha To-
pAUMX fIpax U3YUeHO 15 TeMIepaTyp, XapaKTepHbIX [JI YCAOBUH B CBEPXHOBBIX
3Be3nax. [lokasaHo, yTo HabmogaeMoe yBeJHUeHHe CeueHUs paccessHUs 0ObACHA-
eTcsl BAHSIHUEM TeMIlepaTypel Ha cusly nepexonoB l'amoBa-Tessepa, 1oOMUHHPYIO-
IIMX B MPOLECCaX pacCcesiHUS HEUTPUHO MPH HU3KHUX IHEPTUSX.

e Dzhioev A. A. et al. // Phys. Rev. C. 2014. V.89. P.035805.
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M3aydena uHOISIMOHHAS KOCMOJIOTHS B TEOPUH C JIBYMS CKaJSIPHBIMH TOJISIMH,
HeMHUHHUMaJIbHO CBSI3AHHBIMM CO CKajsipoM PHUYuM, M JONONHUTENBHBIM UYJIeHOM
Bufa R?, HapylalWKUM KOH(GOPMHYIO MHBAPHAHTHOCTb. [10CTPOEHBI MONENH HMH-
(GasSUUM B pekMMe MeJJIeHHOTO CKaTbIBAaHUSI B cJydyae OJHOIO AMHAMHYeCKOro
CKaJIIPHOTO MOJIS M B C/ydae ABYX AMHAMHYECKHX CKaJ/ApHbIX MHoJel. DBblio
I0Ka3aHo, UTO CIEeKTpaJbHbIH MHIEKC CKaJSpHOH MOJbl BO3MYLIEHUH MJOTHOCTH U
CKaJ/ISIPHO-TEH30PHOE OTHOLIEHHEe MOT'YT ObITh COBMECTHMbI C MOCAEJHUMH pe3yilb-
taTaMu skcrnepuMmenTta Planck. Takzke Oblio npensoxkeHo 0000lLleHHe MOfeH Ha
caydall Tpex CKaJspHBIX MoJeH.

e Bamba K., Odintsov S. D., Tretyakov P. V. // Eur. Phys. J. C. 2015. V.75. P. 344.



PHU3UKA KOHOAEHCHPOBAHHBIX CPE[

B 2013-2020 rr. crabuspHO (PyHKLUHOHHPOBAJIA MPOrpaMMma MOJb30BaTe el
KOMIJIEKCa CIIeKTPOMETPOB HCCJ/enoBaTeNbckoro peakropa MIBP-2. 3nauntesnbHoe
KOJIMUECTBO Pe3y/bTaTOB M0 (hU3MKe KOHAEHCHPOBAHHBIX Cpell U MaTepHaJsoBe-
JIEHHUI0, TIOJMy4aeMblX B paMKaX TPOTpPaMMbl MOJb30BaTeNel, HaXONAT OTpakeHHe
B Gosiee ueM 90 myGaUKAIUSAX B TOJ.

[IpoBeneHo uccnenoBaHUe KPUCTANINYECKOH CTPYKTYPbl U MATHUTHBIX CBOHCTB
HecoO6cTBeHHOTO MyJsbTH(deppouka RbFe(MoOy)y ¢ 2D-marHuTHOH TpeyrosbHON
pelIeTKOH MeTONAaMH HEHUTPOHHON AW(paKIUU, PEHTIeHOBCKOU AW(PaKLUK U Mar-
HUTHOH BOCIPUMUMYHBOCTH B ILHMPOKOM [IHanas3oHe naB/jeHHH U Temmnepatyp. Ilon
JaBjeHueM HabJionancs CTPYKTYPHBIH (pa3oBbIl Mepexol U3 TPUTOHAJNBHONW B MO-
HOKJMHHYIO (pasy. B TpuroHa/nbHo# (ase ycTaHOBJEHO yBeJHUEHHE TeMIEepaTyphl
Heens ¢ 6apuueckum koadoumuentom 0,09 T'Tla~!. B mMoHOKAMHHO# hase BIcO-
KOTO JIaBJieHHs MarHUTHOe yropsiioueHre He Habmonanock Bryioth 10 7' = 1,5 K.

e Kozlenko D.P., Kichanov S.E., Lukin E.V., Dang N.T., Dubrovinsky L.S.,
Bykova E. A., Kamenev K. V., Liermann H.-P., Morgenroth W., Shapiro A. Ya.,
Savenko B.N. Effect of High Pressure on the Crystal Structure, Magnetic,
Vibrational Properties of Multiferroic RbFe(MoOy)s // Phys. Rev. B. 2013. V. 87.
P.014112.

[IpoBeneHbl HEUTPOHHBIE in Situ WCCAENOBAHHS TPOLECCOB 3apsifa-paspsiga
KOMMepUeCKHX JIUTHEBbIX aKKyMyasiTopoB ¢ 3jektpomamu u3 LiFePO4 (LFP)
1 rpacduta. JletaqbHO MpoaHaJW3HPOBaHA CTaJMHHOCTb Mpollecca BHeApeHHs Li

10 Ah cell, LFPV cathode
FePOy: Vo oo7s mmmmmmmumunmniin w1 1 0 1l [

LiFePOy: Vo 0075 s iwisn s a0t 1 1 1 1 | Potential, V
Graphite 1111 RN 24 32 4

Interplanar distance, A

DBOJIIOLUA HEATPOHHBIX NHU(PPAKLHOHHBIX CIIEKTPOB MOJYUEHHBIX B 3KCIIEDUMEHTE IO

HCCJIeOBaHHI0 paboThl 3JIEKTPOIOB B akKyMmyJsitope Ha ocHoBe LiFePO4 c mo6aBko# V.

CnpaBa npuBelieH rpaduK U3MeHEeHHUs MOTeHMala B MIpoLecce 3apsiga-paspsina akKyMyJs-
Topa
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B TpauT C MocJieoBaTebHEIM 00pa3oBaHreM HecKoaMbKUX LiC,, a3 u o6paTumMbiit
nepexon LiFePOy <> FePO,. AHanu3 n3MeHeHHH MUKPOCTPYKTYpPBl MaTepuasa Ka-
Tola TMpH BHenpeHHU B Hero BaHanus (LFPV) nokasan sHauuTtesbHOe yBesqHUYeHHe
CTerneHH fe(eKTHOCTH CTPYKTYPbI, YTO KOPPeJUpPYyeT C JYULIUMH 3JeKTPOXHUMHUYe-
ckuMu cBoiicTBamu LFPV no cpasrenuto ¢ LFP.

HccrnenoBaHue CTPYKTYPHOTO MOBEAEHHS HOBBIX JEKTPOAHBIX MaTepHaJsoB Ha
ocHoBe MoauduuupoanHoro LiFePO4 HemocpencTBeHHo mnpu 3apsie U paspsiie
aKKyMYyJSTOpa, a TaKKe B CTALMOHAPHBIX YCJOBUSX ObLIO POBENEHO Ha AU(paK-
tomerpe P JIBP peakropa MBP-2.

e Bobrikov I. A., Balagurov A. M., Chih-Wei Hu, Chih-Hao Lee, Sangaa Deleg,
Balagurov D. A. Structural Evolution in LiFePO4-Based Battery Materials: In-Situ
and Ex-Situ Time-of-Flight Neutron Diffraction Study // J. Power Sources. 2014.
V. 258. P.356-364.

o banaeypos A. M. u dp. TlpumeneHue paccesiHusi HEATPOHOB [/s aHAMK3a IPOLECCOB
B JIMTHH-HOHHBIX akKyMmyJsTopax // Yenexu xumuu. 2014. T.83. C. 1120-1134.

[TpoBeneHo MccenoBaHUe >KUAKHUX AUCIHEPCHH NEeTOHALUOHHBIX HaHOA/IMa30B
MEeTOZOM MaJIOyIJIOBOTO paccesiHUsl HEHTPOHOB ¢ BapHalMed KoHTpacrta. Jlis onu-
CaHMs CTPYKTYPHOH OPraHU3aLMH CUCTEMbl MpeJJIOXKEeH HelpepbliBHbIH NPOCTPaH-
CTBEHHBIH Tepexoj YIVIEPOAHBIX COCTOSHUH OT KPUCTaJ/JIMYECKOro ajMasa BHYTPHU
4acTHL K rpaduTonogo6HOMYy COCTOSTHUIO Ha IOBEPXHOCTH. Tako# mepexon Mo3Bo-
JIleT COBMECTUTb IKCIIePUMEHTa/bHO HalJ/0JaeMblil CABUI B CPefHEH MJIOTHOCTH
IJIMHBl pacCcessHUd 4acTHUl, OT MJIOTHOCTH KPUCTAJJIMYECKOro aaMmasa.

o Avdeev M. V., Aksenov V.L., Tomchuk O.V. Bulavin L.A., Garamus V.M.,
Osawa E. The Spatial Diamond—-Graphite Transition in Detonation Nanodiamond
as Revealed by Small-Angle Neutron Sscattering // J. Phys.: Condens. Matter.
2013. V.25. P.445001.

B ycnoBusix BO3meHCTBHSI BBLICOKHMX TeMIepaTyp W MAaBJeHHH CHHTEe3WpOBa-
Ha HoBas MepoBcKHUTHasi (pasa mpocrtoro GuHapHoro okcuna MnyOgz. [lpoBeneHo
KOMIIJIEKCHOE HCCJIeflOBaHHE CTPYKTYPHBIX, MATHUTHBIX U CErHEeTO3JEeKTPHUUECKHUX
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HBIX CTPYKTYp okcuna MneOs (cripaBa)



36 PH3NKA KOHIEHCHMPOBAHHBIX CPEJ

CBOHMCTB JAHHOTO MarepHaJsa. YCTaHOBJIEHO CYIIECTBOBAHHE JBYX CJIOKHBIX MOAY-
JIUPOBaHHBIX aHTH(eppoMarHuTHBIX (a3 (T ~ 100 K, Tno ~ 50 K), u ompe-
JeNeHa WX MarHUTHas CTPYKTypa. B ¢ase HHU3KOH TemmepaTypbl Habm01as0Ch
TNosIBJIeHUe CIHH-WHAYLUPOBAHHOH CIIOHTAHHOH CerHeTO3JeKTpPHUeCKOH MoJsipu3a-
UMW U MaTHUTO3JIEKTPUUeCKUH 3P (PeKT.

e Cong J., Zhai K., Chai Y., Shang D., Khalyavin D. D., Thompson R. D., Kozlen-
ko D.P., Kichanov S. E., Abakumov A. M., Tsirlin A. A., Dubrovinsky L., Xu X.,
Sheng Z., Ouvsyannikov S. V., Sun Y. Spin-Induced Multiferroicity in the Binary
Perovskite Manganite MnyOs // Nature Commun. 2018. V.9. P. 2996.

[IpoBeneHo wucc/ienoBaHHe KPUCTALIMYECKOH, MarHUTHOH CTPYKTypbl M KO-
JlebaTe/IbHBIX CIEKTPOB HecoOCTBeHHOro MyJbTHgepporka YMneOs ¢ cuabHOM
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a) HefiTpoHHble AHQpPaKLUHOHHBIE CIEKTPbI
YMnyOs, u3MepeHHble NIPH Pa3iHUHBIX 3Haue-
HHUSX JaBJeHHs M TeMIepaTypel Ha AH(pak-
tomerpe JH-12 u o6paGoranHble Mo MeTo-
ny PutBenbna. 6) TemnepaTypHble 3aBHCHUMO-
CTH UHTErpajbHOH MHTEHCHBHOCTH XapaKTepHbIX
MAarHUTHBIX NHKOB COPa3MepHOM M HecopasMep-
Hoit ADPM-¢pas ¢ BeKTOPOM pacmpocTpaHeHHs
q=(~1/2,0,~1/4) n nHAyLHPOBAHHO! AaBJe-
HHeM copa3MepHOl ADPM-dassl ¢ BEKTOPOM pac-
npoctpanenust ¢ = (1/2,0,1/2) npu pasaudHbx
3Ha4eHHUsIX faBJjeHHs. 8) CTPYKTypHOe CTpPOEHHe
coeguHerusi YMnoOs W KJlOUeBble MarHUTHbBIE
B3aHMOJIeHCTBHS
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MarHUTO3JEKTPUYECKOH CBSI3bI0 MeTOLAMH HEUTPOHHOH NHU(PPaKLUH, PEeHTreHOB-
CKOH nM(paKLKK U pPaMaHOBCKOH CIIEKTPOCKONMH B AHaNa3oHe BbICOKHUX JaBJeHUH
(0-30 TI'Tla) u temneparyp (10-300 K). C noBbillieHHeM naBjeHHst B 00JaCTH
P > 1 I'lla Habmiopanoch monaBJeHHe COpa3MepHOM U HecopasMepHOH aHTH]ep-
pomarHutHbiXx (ADPM) a3 ¢ BekTOpoM pacmpoctpaHeHus g = (~ 1/2,0,~ 1/4)
M mosiBleHWe HOBOH copa3MepHoil APM-¢pasbl ¢ BeKTOPOM pacrnpocTpaHeHHs
qg=1(1/2,0,1/2). Takoe noBefeHHe CUIBHO KOHTPACTUPYET C APYTHMHU CHCTEMAMH
RMnyOs, B KOTOpBIX MOA JaBJeHHEM HabJ0faeTcsi MPOTHBOMOJNOXKHOE TOBeMe-
HHe — crabusnnsauusi copadmepHoii APM-dasel ¢ BEeKTOPOM pacrpocTpaHeHHs
qg=(1/2,0,1/4). B obnactu 6osee Bbicokux nassenuit (P > 16 I'Tla) nabaropascs
CTPYKTYPHBIH (ha30BbIi MEPexo/, COMPOBOXKAABIIHHCT aHOMAJTUAMH B 6apHUeCKOM
MOBeleHUU HEKOTOPBIX NapaMeTpPOB 3JeMeHTapHOH f4elKH U KojebaTebHbIX MOL.
[TonyueHHble naHHble MO3BOJIMJIM MPOAHAIM3UPOBATL POJb KOHKYPHPYIOLIMX Mar-
HUTHBIX B3aHWMOJEHUCTBUH B (HDOPMHUPOBAHUM OCHOBHOIO MArHUTHOTO COCTOSIHUS
MyabTH(eppoukoB RMnyOs.

e Kozlenko D.P. et al. // Phys. Rev. B. 2015. V.92. P. 134409.

WHTepMeTannuabl pefko3eMesbHBIX MeTanaoB U Kobanpra R—Co memoHCTpH-
PYIOT LIMPOKHH CIEKTP WUHTepPeCHBIX (PU3UUYECKHUX SIBJEHHH, MEepCHeKTHBHBIX MAJs
MX HCIIOJb30BAHUS B KAUeCTBE MaTePHAJIOB s TOCTOSSHHBIX MarHUTOB, 3/J1EMEHTOB
YCTPOUCTB 3JEKTPOHHUKH U OXJAAWUTEJNbHOH TeXHUKU. BO3MOXHOCTH ympaBJ/eHHs
CBOMCTBAMH NaHHBIX MaTepuasoB (HampuMmep, MarHUTHBIM MOJIEM) OIMpeeJsITCs
KoppeJsiliiel MeX1y HaMarHudeHHocTsiMu noppeiietok R u Co.

BrinosnHeHnHble Ha cniekTpoMeTpax MBP-2 nHeliTpoHHBIE Hccen0BaHNs aTOMHON
M MarHUTHOH CTPYKTypel coennHeHu#l RCoo mpu Bapuanuu TepMOIMHAMMYECKHX

T

e 0GPa
& 2GPa
A 41 GPa |

TemnepaTypHble 3aBUCUMOCTH Ha-
MarHu4eHHoCTed nonpemieTok Er
u Co B ErCoy mpu pasinyHbix
3HAUEeHHUSIX JaBJIeHHs, HJJIIOCTPH-
pylollye UX He3aBHCHMOeE IOBefe-
nue. Ha BcTaBkax nmokasaHsl 6apu-
YyeCcKMe 3aBUCHMOCTH TeMIepaTyp
Kiopu noppemerok Er u Co u xa-
pakTep MarHUTHOT'O YIOPsAOYeHHS
B 3THX COeIHHEHHSX

Mo, up/atom
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napaMeTpOB TOKa3aJHd, YTO BLICOKAsl CTeNeHb KOPPEJSIIUU peasUu3yeTcss B COeNU-
HEeHHSIX C BHYTPEHHHUM MAarHUTHBIM MMOJeM R-TofpelleTKH, MpeBLILIAILIIUM ONpe-
NieJIeHHOe KpUTHUYecKoe 3HaueHue He, ~ 75 T, a pis coenunenuii ¢ H < H, Ha-
OJiroaeTCsl HeCOTIaCOBaHHOE MOBeJieHHe HaMarHuueHHocTel noapemietok R u Co.

e Burzo E. et al. // J. Alloys and Compounds. 2014. V.584. P.393-401.
e Kozlenko D.P. et al. // Sci. Rep. 2015. V. 5. P. 8620.

C nomolibio MaJIOyrJ0BOrO paccesiHUss HeHTPOHOB OOHapy»KeHbl H3MEeHEeHHs B
CTPYKTYPHOH OpraHu3allMii MarHWTHBIX XKHAKOCTEH Ha OCHOBe TpaHC(OpPMaTOPHO-
ro MacJja Mofi JeHCcTBHeM BHELIHero MOCTOSHHOIO U I1ePeMEHHOI0 3JeKTPUYeCKOro
noss. [TokazaHo, YTO NpPH NPUIOKEHUH TOCTOSIHHOTO 3JIEKTPUUECKOTO M0JISl HAPSAY
C MaKpOCKONHYeCcKUM (pa30BbIM pasfeseHHeM HMeeT MecTo 00pa3oBaHUe arperaTos
Ha ypoBHe ~ 100 HM ¢ CHJIBHOH 32BHCHMOCTBIO OT HANpSKEHHOCTH MOJS.

I, cm1 a —=—[F=06kV/cm

10000 —— Model ‘polydisperse spheres’
0.008p —=—F =0kV/cm
100 —0.006} ——F=6kV/cm
10 =0.004
1 0.002}
0.1 0T 20 30 40
d, nm
0.01
1E-3 s
1E4 0k i
0.1 0.2 0.3 0.40.5
1E75 L1l 1 1 1 L1l 1 1 1 L1
0.1 1 g, nm-1
6 E=6kV/cm
——>

BosneficTBie BHELIHEr0 3J€KTPHUECKOrO M0/l Ha CTPYKTYPY MarHUTHOH >KHAKOCTH Mar-
HETUT/0JIeMHOBAsT KUCJI0Ta/TpaHC(OPMaTOPHOE MaCJo [/ HAHOYPOBHS: MaJoyIJ0BOe pac-
cesiHMe HEHTPOHOB, KOHLeHTpauusi marHetuta | % (@), MakpoypoBHs: BH3yasibHOe Ha-
G/toneHHe (a30BOTrO pacc/oeHHst B KBaplieBOM KioBere (ToJllKMHA | MM), KOHLEHTpaLHs
marHeruta 0,05% (6). Ha BcTaBke mokasaHbl BOCCTaHOBJIEHHblE M3 KPHMBBIX pacCesHHs
KOppeJIsIMOHHble (GyHKUNH (B BUAe (QYHKUHH pacrnpefiesleHUs MapHbIX PacCTOSHUE) AJs
KHUIKOCTH B JIByX COCTOSIHHSIX («Be3 MoJisi» U «C IMOJIeM»), KOTOpble YKa3blBalOT Ha yBe-
JIMUeHHe XapaKTepHOro pa3Mepa B pe3y/bTaTe 00pa3oBaHMsl arperatoB [PH MPHJIOKEHHH
1noJis, a TaKXKe Ha HaJHuhe aHH30TPONHH B (hopMe arperatoB
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[Tpn BBEIKJIIOUEHHMH 3JIEKTPUUECKOTO MOJS CHCTeMa uYepe3 HeKOTOpoe BpeMs
(mopsinka HeCKOJIbKMX 4acoB) BO3BpallaeTcsl B MCXOfHOe cocrosiHue. [lis mepe-
MEHHOI0 3JIeKTPUUYeCKOro MOJIl MOKa3aHO, 4TO IMPU JOCTAaTOYHO MaJjblX 4acTo-
Tax arperatbl Takxxe o0pasyloTcsi, ONHAKO JAHHBIH Ipollecc INpeKpallaeTcs INpH
TNPeBBILIEHUH HEKOTOPOH KPUTHYeCKOH 4acTOoThl. TakuM 00pas3oM, B AONOJIHEHHe
K arperauydoHHbIM 3(P()eKTaM BO BHEIHeM MarHMTHOM I0Jle, TUIIMYHbIM [1JI8 Mar-
HUTHBIX KHUAKOCTeH, oOHapyXeHa aHaJoTMYHasi YyBCTBUTEJbHOCTb K 3JeKTpHUUe-
CKOMY MOJIIO [/ MATHUTHBIX »KUAKOCTeH Ha OCHOBe AH3/EKTPHYECKHX HOCUTeJseH,
4TO OTKpPbIBaeT HOBblE MOTEHIMaJ/bHble BO3MOXKHOCTH AJI PeryJUpoBaHHs CBOHCTB
JaHHBIX KOMIJIEKCHBIX CHUCTEM C HCIO/b30BAHHEM BHEIIHUX YIPaB/AIOIIMX Mapa-
MeTpOB.

e Rajnak M. et al. // Appl. Phys. Lett. 2015. V. 107. P.073108.

[TpoBeneHO KOMMJIEKCHOE HCC/eNOBaHHE KPHUCTALNHUECKOH CTPYKTYpbl M MO-
JIEKYJISIPHOH IMHAMHMKH COKPHCTaJ/Ia OPOMaHUIMHOBOH KHCJIOTHI: 2,6 TUMETHJIH-
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MounexynsipHasi CTpyKTypa, CrneKTpsl Heympyroro paccesinusi Heitporos (HEPA, 10 K)

W pacyeTHble KoJeOaTesbHble crekTpbl (mns mepexonoB 0 — 1) BrA:2,6-DMP (1: 1)

npu yactote Huxke 925 cm~!. Tak»ke BHIGOPOUHO MpeCTaB/IeHbl PACCUUTAHHbBIE (POHOHHBIE

JUCIePCUOHHbBIE KPHUBbIE BMECTE C MJIOTHOCTbIO KOoJleGaTeIbHBIX COCTOSIHUE, Pa3/I0XKeHHbIX
Ha maplUua/bHble MJIOTHOCTH [Js KaXKAOTO0 MOJIEKYJISIPHOTO (pparMeHTa
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pasuHa (BrA:2,6-DMP, 1| : 1) ¢ momoubi0 MeTOAOB MOHOKDPHCTAJbHOH pPEHTre-
HOBCKOH IH(pakuuu, HeHTpoHHOH crnekTpockonuu (crmektpomerp HEPA) u kowm-
TMJIeMeHTapHbIX CMEeKTPOCKOMMYEeCKHX MeToA0B. /15 UHTepnpeTaluy KCIepHMeH-
Ta/JbHBIX Pe3yJbTAaTOB TaKxKe ObLJIO MPOBENEHO TeOpeTHYeCKoe MOAEJHUPOBAHHE.
CTpyKTypHBIH aHa/M3 IOKasaJj, YTO HCC/efyeMasl cUCTeMa KpHUCTaJlIu3yeTcs B
MOHOKJIMHHOH CTPYKType CHMMeTpud P2j/c ¢ 4YeTbIpbMs MOJIEKYJSPHBIMH €I1-
HULIAMHM B 3JIeMeHTapHOH sduyelike, KOTOpas CONEPXKHUT CeTKy aHTUIapaJljesbHO
OpPHEHTHPOBAHHBIX MOJIEKY/ISIPHBIX Llero4yeK ¢ BOAOPOAHBIMU CBA3SMH. B xozne uH-
TepMOJIeKYJIIPHOTO aHa/ln3a 0OHApy»KeHa HeIKBHBAJNEHTHOCTb BOLOPOAHBIX CBsi3el
MPOMEKYTOUHOH CHJIbl U MPUCYTCTBHE MHOXECTBEHHbBIX ClellM(PUUeCKUX MexXMO-
JIEKYJISIPHBIX CHJL.

o Luczyriska K. et al. // J. Phys. Chem. B. 2015. V. 119. P.6852-6872.



HH®OPMAIIMOHHBIE TEXHOJOTUHU
U BbIYHUCJIHUTEJIDbDHAA ®PU3HUKA

B 2015 r. BBemeH B 3KcmuyaTtaluio HeHTp ypoBHsi Tier-1 mnsi skcrnepumeHTa
CMS Ha Bosbmom agponnom komnainepe (LHC, LIEPH). C 2017 r. caiit Tier-1
OUSAN — omHOro M3 LEHTPOB XpaHeHHWs U 0OpabOTKH NAHHBIX 3KCIIEPUMEHTa
CMS na LHC — 3aHumaer BTOpoe MeCcTO B MHpe; Ha HeM obGpaboTaHo OoJjee
120 MaH coObiTHH, uTO mpeBocXomuT 14 % ot obuiero uucaa. DTOT TPUA-KOM-
noHeHT MHOro(pyHKIHOHAABHOIO MH(POPMALHOHHO-BBIYUCIUTENBHOTO KOMIIEKCa
OUSU paccmaTpuBaeTcsi Kak MPOTOTHI LEHTpPa 00pabOTKU M XpaHEHHUs NaHHBIX
meranpoekta NICA. Cosnanue uentpa yposHsi Tier-1 8 OMSN oTkpbiio HOBYIO
TEePCIeKTUBY MCCEN0BAHUE B 06JIaCTH aHANTUTHKH OOJBIIMX JAHHBIX.

NEvents Processed for good jobs in MEvents
(Million Events) (Sum: 863.720)

T1_US_FNAL — 41.11%

T1_RU_JINR —
1416%

T1 _IT CNAF — 13.86%

B T1 US FNAL — 41.11% (355.095)
B T1 FR_CCIN2P3 — 7.53% (64.995)
ET1_RU_JINR — 14.16% (122.287)
B T0 CH CERN — 6.11% (52.750)

B T1 IT CNAF — 13.86% (119.673)
B T1_DE_KIT — 4.85% (41.859)

B T1 UK RAL — 8.32% (71.874)
OT1_ES_PIC — 4.07% (35.187)

Bx/ag MUpoBEIX LeHTPOB ypoBHs Tier-1 B 06paboTKy KCHepuMeHTa bHbIX JaHHEIX CMS
(B MunHoHax obpabotaHHbIX coObITHI) 3a 2017 T.

e Astakhov N.S. et al. //Phys. Part. Nucl. Lett. 2016. V.13, No.5. P.714-717.
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o Astakhov N.S. et al. // JINR GRID TIER-1@TIER-2, CEUR Workshop Proc.
(CEUR-WS.org). Proc. of the XXVI Intern. Symp. on Nuclear Electronics &
Computing (NEC'2017), 2017.

B 2018 r. BBemeH B 3KchJayaTaluio cynepkommbiotep «[oBopyH» — rerepo-
reHHasi BbIYMC/JAUTeNbHAsi TiaTdopma, comepxkamas kak CPU BeruncantesbHbe
KOMIIOHEHTBI, TaK U yckoputesn Boiuucaenuiit GPU NVIDIA V100 (DGX) nns pe-
CYpPCOeMKHX, MacCHUBHO-MapaJie/IbHbIX pacueToB. JlaHHBIH CylnepKOMIIbIOTEDP 3aHH-
MaeT 17-e mecto B mupoBoM crucke [0500 (uroab 2020 r.) U siBAIsieTCs MEPBBIM 110
CKOPOCTH 00paGOTKH HaHHBIX CPEAH POCCHHCKHX CymnepKoMmbioTepoB. CymepKom-
nbloTep «[oBopyH» mpencraBsiseT co60il HHHOBALHMOHHYIO T'HIIEPKOHBEPTEHTHYIO
MPOTPaMMHO-OTIPeeNIEMYI0 CUCTEMY, 00/aaloIlyl0 YHUKAJbHBIMH CBOHCTBAMH
Mo THOKOCTH HACTPOMKH IO 3agady I0Jb30BaTessl, 00eCrneunBaoLlyl0 MaKCH-
MaJibHO (P (PEeKTHBHOE HCIONb30BAHHE BBHIYUCIUTENBHBIX PECYPCOB. DTO CBOHCTBO
T03BOJISIET CO3/1aBaTh BEICOKOCKOPOCTHYIO CUCTEMY XpaHeHHsl U 00pabOTKH JaHHbBIX
co ckopocTbio mopsinka 300 ['6/c Ha yTeHHe/3amuch, UTO SIBJSIETCS Upe3BbIUANHO
3(h(peKTUBHBIM HHCTPYMEHTOM AJisi 00paGOTKU OOJBLIMX MacCHUBOB AaHHBIX. Pe-
3yJIbTATHI, OJyUeHHbIE C UCIIOIb30BAHUEM PECYPCOB CcymnepkoMibioTepa «[oBopyH»
B mepuop c¢ uroas 2018 r. mo centsabpe 2020 r., mpencraBneHbl B 6GoJiee 4eM
80 nmy6nukanusx.

| s, oo (@D B
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Cynepkomnbiotep «[oBopyH»

o Cynepkommbiotep «[oBopyn»: http://hlit.jinr.ru/about_govorun/.

o Kircher M., Trinter F., Grundmann S., Vela-Perez I., Brennecke S., Eicke N.,
Rist J., Eckart S., Houamer S., Chuluunbaatar O., Popov Yu. et al. // Nature
Phys. 2020. V. 16. P. 756-760.
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CosnaHa MMHTALMOHHAs MOJEJNb CHCTEMBl XpaHeHHs M 00paGOTKH JaHHBIX
yckoputesbHoro Kommiaekca NICA (OMSH). B kayectBe natdopMbl 17151 MOAETH
BblOpaHa cucrema GridSim. CosnaHHas cucTeMa MoJesHpOBaHHs MO3BOJsIET MPO-
BOIUTH Pa3HOOOpa3HblE 3KCIEPUMEHTBI C HCCAeNyeMbIM OOBEKTOM, He mpuberas
K UX (pU3MUECKOH peash3aliu.

e Kopenvkoe B. B., Heuaescxuil A.B., Tpogumos B.B. // NHbopMauuoHHble Tex-
HOJIOTHUH U BblyHcauTesibHble cucTeMbl. 2013. Ne4. C. 37-44.

[IpennokeH moaxon K CO3NaHHI0 00JaYHBIX ABTOHOMHBIX T'PHUA-WH(MPACTPYK-
TYp, NMpPefHA3HAUEHHbIX AJS PELIeHHS] PA3JUUHBIX 3afad B 00/1aCTH 0OJaUYHBIX U
TPUL-TEXHOJIOTHH, a TaK)Ke ONHCaHa peasn3allds TaKOro KOMILJIEKCa M OIBIT ero
ucnosb3oBaHus. Ha ocHoBe paspaGoTaHHOrO MOAXOAA CO3[aH CleLHaNH3UpPOBaH-
HbI 00/aUHBIH MTPOrpaMMHO-anmnapaTHelil Kommaeke B coctase LIMBK OMSIN.

o Kymosckuti H.A. // Wndopmatuzauusi obpasoBanus u Hayku. 2013. Ne4(20).
C. 15-29.

Ha ocnoBe cMmone/MpoBaHHBIX COOBITHH, FeHePUPOBAHHBIX C IOMOLLbBIO NaKeTa
GEANT3 B cpene CBM-ROOT, BbinosHeHa oleHKa 3()()EKTHBHOCTH U TPOU3-
BOAMUTEJNBHOCTH aJrOpUTMa paclo3HaBaHHUsl TPAEKTOPUH 3apsiKeHHBIX UYaCTHI] Ha
MHorosiiepHoM cepBepe OMAN. AnropuT™ npoaeMoHCTPUPOBAJ BBICOKYHO 3(dek-
THUBHOCTb DPEKOHCTPYKUHH TpekoB (96-97 %) mpu HHU3KOM ypOBHE HEKOPPEKTHO
HaleHHBIX TpeKoB (2—4 %). JlocTHrHyTa BBICOKAsi CKOPOCTb 0O6pabGOTKH COOBITHIH
Ha OIHOM siipe, paBHasi B cpenHeM 220 MC Ha OfHO LIEHTPabHOE COObITHE U 25 MC
Ha OfHO cMelllaHHOe cobbiTHe. [lokazaHo, UTO ¢ yBeJHUEeHHEM UHCJ/a BKJIIOYAEMbIX
B 00paboTKy siiep NMPaKTHUECKH JIMHEHHO PAaCTET KOJHUUEeCTBO 00pabOTaHHBIX CO-
OBITHH.

o Kyraxos U.C. u dp. // Tlucema B DUAM. 2013. T. 10, Ne2(179). C. 253-267.

HccenenoBana BO3MOXKHOCTb DErHcTpalyu pacnanos J/i¢ — ete™, poxpaio-
uxest B AuAu-coynapeHusx npu sHeprud mydka 25 ['sB/Hyk/oH Ha ycTaHOBKe
CBM (GSI, Tepmanus). [l BbieJieHHs] CUTHaJbHBIX COOBITMH B YCJOBHSIX JO-
MUHHpYIOIero (oHa pa3paboTaHbl ClielHasbHble KPUTEPUH 0TOOpa M mopobpaHa
onTUMasbHas TosMMHa MHUlIeHH. [Ipensnoxena addexkTHBHAS METOAMKA IO OIMpe-
IeJIEHNIO KPUTHUECKUX I'PaHHIl [J15 YKa3aHHBIX Kputepues otoopa. [lokazaHo, uto
HCIOJ/Ib3yeMble KPUTEPUH MO3BOJIAIOT HaleKHO H C BBICOKOH CKOPOCTBIO OCYIIe-
CTBHUTb HaGOp MPUEMJIEMOH CTATHCTHKH pacrnanos J/¢ — ete™.

e Jlepernosckasn O. 0., Bacuaves [0. O. // Tucema 8 IHAY. 2013. T. 10, Ne 5(182).
C.694-705.

PasgpaboraHa HoBasi cucTeMa MOJENHUPOBAHMS TPUA- M OOJAYHBIX CEPBHCOB,
OpHEHTHPOBAHHAs Ha MOBbILIeHHE 3(D(HEKTUBHOCTH Pa3pabOTKK CUCTEMbl XpaHEHHUs
1 00paboTKH HaHHBIX ycKopuTesabHoro kommiekca NICA. B cucreme peasnnsoBan
MOAXOJ ydyeTa KadecTBa paboThl yxkKe (YHKIHOHUPYIOUIEH CHCTEMBI MPH IMPOEK-
TUPOBAHUM ee JajibHeHIlero pasBUTHUS 3a cyeT OObeJMHEeHHs caMoi MporpamMbl
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MOJIeJIUPOBAHHUSI C CHCTEMOH MOHHUTOPHMHIA peasibHOTO (MJIM MOIENbHOr0) TPHUM-
00/1a4HOT0 cepBHca yepe3 crelHadbHylo 0a3y naHHbIX. [IpuBeneH npumep nprme-
HEeHUs NpOrpaMMbl AJS1 MOAEJHPOBAHUSA AOCTATOYHO 00llel 00JauHON CTPYKTYPBI,
KOTOpasi MOKeT ObITb MCIOJb30BaHa U BHE PaMOK (DH3UUECKOTO IKCIEPHMEHTA.

e Kopernvkos B.B. u dp. // KoMmnbioTepHble HCCeN0BaHUs U MofneaupoBanue. 2014.
T.6, Neb.

[TpoBeseH cpaBHUTENbHBIN aHAJIU3 MAKETOB MOJAEJIUPOBAHUS 00JauHBIX HUH(pa-
crpykryp: CloudSim, iCanCloud, CReST. 9Tu nporpamMMHble NMakeTbl TO3BOJSIOT
co3laBaTb MOHEJNH OOJAuHBbIX CHCTEM C OINpeNeseHHOH (PYHKLUHOHAJIbHOCTBIO U
KoHpurypauuei. [oToBasi Moze/ib 3amyckaeTcs Ha CUMYJISILIHIO, B pe3yJ/ibTaTe 4ero
CHCTEMbl MOIEJTUPOBAHUS MPENOCTABSIOT CTATHCTUYECKY0 HH(OPMAIIHMIO 10 HaH-
6oJiee BaXKHBIM XapaKTEePUCTHKaM: BpeMs BBITIOJHEHUS 3a/ad, >KU3HEHHBIH LHKJI
BUPTYaJbHBIX MalllMH, MCMOJb30BaHHE PecypcoB. AHanu3upys 3Ty HHpOPMAIHIO,
pa3paGoTUHUK MOXKET BbISIBUTb Yy3KHe MeCTa B MOJAEJM W TMPELYCMOTPeTb MyTH
pellleHust mpo6JeM, MPOBEPHUB PE3YJbTAT CAEAYIONUIEH UTepaluell CUMYJSLNH.

e Kopenovkos B. B., Mypasves A. H., Heuaesckuii A. B. // CucTeMHBIH aHa/IU3 B Ha-
yke u o6pasoBanud. 2014. Bein. Ne 2.

Paspa6oTaHbl moaxonsl AJsi 00ecrnedyeHns] HHTerpaliu KOHTEHTa U HHTeporepa-
6eJIbHOCTH HH(POPMALIMOHHBIX CHCTEM, COMPOBOXKIAIIIMX HAayuHble MCCJEI0BAHHUS
B OUAHN, a umenHo: cepBepa HayuHbix nokymeHToB JINR Document Server
(JDS), undopmannoHHo-aHaIUTHYECKOH cHcTeMbl «[lepcoHalibHast HHpOPMALIHS O
cotpynaukax OUSIM» (Personal INformation (PIN)) u cucrembl ynpaBsieHus Ha-
yuHbIMH MeponpustusmMu Indico. KoHeuHoii 1iesiblo 1aHHO#H pa3pabOTKH sIBJsiETCS
KOMIJIEKCHAasi aBTOMAaTH3allus HayuyHO-HCCJ/enoBaTebckoi nestenpbHoct OUAN
Ha OCHOBE MHTEPHET-TEXHOJIOTHH.

o 3auxkuna T.H. u dp. // Tp. XVI Beepoc. koudp. RCDL-2014. Qy6ua, 2014. C. 349.

Paspa6orana nporpamma POTHEA Ha siseike Poptpan 77 nns pacuera ¢ 3a-
JNAHHOH TOUHOCTHIO COOCTBEHHBIX 3HAYeHWH, MOBEPXHOCTHBIX COOCTBEHHBIX (PYHK-
LMH U UX MepBBIX NPOU3BOAHBIX MO MapaMeTpy NapaMeTPUUeCKOro CaMOCOMNpsiKeH-
HOT'O IBYXMEPHOT'O SJIJIUNITHUECKOTO AU (HepeHINaNbHOTO YPAaBHEHHUS C YCJAOBUSAMHU
Hupuxne u/unu Hefimana B KoHeuHOH nByMepHO# obsacTu. [IporpamMma BbUHC/IS-
eT TakxXKe MOTeHIMaNbHble MAaTPHUUHbIE 3JIEMEHTbl — HWHTErpasibl OT MPOU3BeNeHHUS
MOBEPXHOCTHBIX (DYHKUHH H/UJH MEPBBIX MPOU3BOIHBIX OT MOBEPXHOCTHBIX (PYHK-
uui no napamerpy. Co6cTBeHHble 3HaYeHHS, 3aBUCSIIME OT NapameTpa U MaTpHy-
HBIX 3JIeMeHTOB, BbluKc/eHHble porpammoil POTHEA, MoryT GbITh HCIO/IB30BaHbL
nasi perenust ¢ nomolupto nporpammMbl KANTBP 3anau Ha cBsi3aHHBlE COCTOSIHUS
MU MHOIOKaHaJbHBIX 3aJay paccesiHUsl MAJs CHCTEM CBSI3aHHBIX OOBIKHOBEHHBIX
I pepeHIHaNbHBIX YPABHEHUH BTOPOTO MOPSIAKA.

e Gusev A. A. et al. // Comp. Phys. Commun. 2014. V. 185. P. 2636-2654.



NMHOOPMAIIMOHHBIE TEXHOJIOTMHY Y BBIYNCJIMTEJIbHAA ®U3NKA 45

[IpoBeneHo unc/IeHHOe HCCefOBaHUe KOMIJIEKCOB JIOKAJU30BaHHBIX CTPYKTYP
B JBYX JMHAMMYECKUX CHCTeMaX, KaxKAas U3 KOTOPbIX UMeeT MHOXKeCTBO (u-
3U4YeCcKUX TpunokeHui. [lepBas cucTema onuceiBaeTcsl HeJIMHEHHBIM ypaBHEHHEM
[lpenuurepa ¢ BHelHeld Hakaukoi W auccunauuii (NLS). Bropas — ypaBHeHHeM
nBorHoro cunyc-l'opmona (2SQG). UucneHHBIH aHAMM3 B 000UX CJydassX OCHOBaH
Ha MpPOJOJI)KEHHH COOTBETCTBYIOLIUX CTALMOHAPHBIX peLIeHHUH MO MapameTpam U
YHUCJEHHOM pelleHHWH JIMHeapu30BaHHOH 3afayd Ha CcOOCTBEeHHBble 3HAueHUs AJs
aHa/M3a YCTOHUHMBOCTH W Oudypkauuii. MysabTuconnToHHble KoMmmekcsl NLS
uccjenytoTes OJs caydasi caabod W HysneBod auccunauud. Ilas mepBod cucTe-
MBI TTPOIEMOHCTPHUPOBAHO CYILleCTBOBAHME YCTOHUMBBIX U HEYCTOHUUBBIX MYJbTH-
COJIUTOHHBIX CTPYKTYpP B cjydae MaJjod auccunmauud. YucjeHHble pe3yJsbTaThl,
MOJyYeHHble Ha OCHOBE BBILIEU3JIOKEHHOT0 MOAXO0AA, NMOATBEPXKAAITCS MPSMBIM
YUCJEHHbIM pellleHHeM HCXOOHOTO YpaBHEHHsl B YaCTHBIX MPOU3BOAHBIX. s
BTOPOH CHCTEMBI CBOHCTBA MYJbTH(JIOKCOHHBIX pelieHuil 2SQ uccienoBaHbl B
3aBUCHMOCTH OT MapameTpa BTOpPOH rapMoHuKH. [lokasaHo, 4To yueT BTOpOMH
TapMOHUKH MPUBOAUT K HM3MEHEHHIO CBOMCTB M3BECTHBIX pPeLIeHUH U MOSBJEHUIO
HOBBIX COCYIIECTBYIOIIUX (PJIIOKCOHHBIX COCTOSIHHUH.

o 3emasnas E.B., Anexceesa H.B., Amawnacosa I1.X. // Bectn. PYIH. Cep.:
Maremaruka. Mugpopmatuka. Pusuxa. 2014. Ne2. C. 363.

[TokaszaHo, 4To cooTHoueHHe yHUTapHOH U (d)-3KBUBAJE€HTHOCTH MEXKIY 3Jie-
MeHTaMH NpocTpaHcTBa Ry cMeNIaHHBIX COCTOSIHUH d-MepHOH KBAHTOBOU CHCTEMBI
ompezessier mnpoctpaHcTBo opouT Ry /U(d) u obecrieynBaeT ero oOmnucaHHe B
repmunax kosbia R[R(]Y(@ U(d)-uuBapuantaeix MHOrouseHos. JlokasaHo, uTo
noJsyasnre6pandeckasi CTpyKTypa npoctpanctBa Ry /U(d) mosHOCTbIO onpeensieT-
csl JIByMSl OCHOBHBIMH CBOHCTBAMH MaTpHLl IJIOTHOCTH: MX MOJOXKHTEJbHOH MO-
JIyoTnipe/ie/IeHHOCTbIO U 3PMHUTOBOCTbIO. B uacTHOCTH, MOKa3aHO, UTO HEPAaBEHCTBA
[Ipoueccu-IllBapua a/as anemeHTOB 6a3uca KoJblla HHBAPHUAHTOB AJ15 R[R+]U(d),
omnpese/siiolIe TPOCTPAHCTBO OPOUT, BBIMOJHAIOTCS TOXKAECTBEHHO JJIS BCEX 3Jle-
MeHTOB R.

e [epom B.[l., Xeedeaudse A. M., [arui fO.T. // 3an. nayu. cemunapos [IOMU.
2014. T.421. C.68.

[TpensoxkeH MeTon NPUOJIMAKEHHOTO BBIYHUC/IEHUS] MAaTPUUHO3HAUHBIX (DYHKIIH-
OHaJIbHBIX MHTErpaJsoB, NMOPOXKAEHHbIX pelleHHeM ypaBHeHHs Jupaka. DT HHTe-
rpaJibl ONpeNessIOTCs Ha OMHOMEPHBIX HENPEPBIBHBIX MYTAX X |s, | — R 1 npuHu-
MalT 3HayeHHs B IIPOCTPAHCTBe KOMIIEKCHBIX d X d MaTpull. MaTpUyHO3HaUHble
MHTerpaJbl LIHPOKO HUCIOJNb3YIOTCS B PEJNATUBUCTCKOH KBAHTOBOH MeXaHHUKe IJIs
M3yueHHsl YaCTHL[ B 3J€KTPOMArHUTHOM IoJe. A UMEeHHO, HHTerpaJbl MPUMEHSIOT-
csl /15 TOro, 4ToObl NMPeACTaBUTb (DyHIaMeHTaJ/bHOe pelleHHe 3aayd Kowu nas
ypaBHeHus [upaka. IlpensokeHHBIH MeTON OCHOBaH Ha pPasJioXKeHHH (PYHKIHO-
Hasa B psAA. UseHbl psiga MMEOT BHJ NPOU3BENEHHUS JHUHEHHBIX (DYHKLHOHAJOB
C BO3pacTamlleld CyMMapHOH cTeneHbl0. PasBUTHIH MeTON NPUMEHHUM B ciydae
MaJsblX U OOJIbIIMX MapaMeTpoB, BXOASILIMX B MHTerpad.

o Aiipan 3. A., Marromun B. 5. // Bectu. PY[IH. Cep.: Maremaruka. Mudopmaruka.
dusuka. 2014. Ne 1. C.43.
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[IporpammMa mJisi BbIUMCJEHHH IeOMeTpUUYeCKUX XapaKTePUCTHUK SIAPO-sAePHBIX
B3auMoneicTBul, wupoko npuMeHsiemas Ha RHIC u LHC, apantupoBana nis
sxcnepumenToB NICA/MPD 1 CBM. Jlns 3aganust npouib-QyHKIUHA HYKJOH-
HYKJIOHHBIX COYyLapeHUH HCIoJb3yeTcsl MapaMeTpU3alldsl, paHee IpedJoKeHHas
aBTopaMH. [lns onpeneseHns iEPHBIX NapaMeTPOB UCMOJb3YETCS MOAXOM, LLIHPOKO
M3BECTHBIH B (PU3MKe HU3KHUX W NIPOMEKYTOUHBIX 3Hepruil. [Iporpamma paciuirpena
BO3MOKHOCTBIO yyeTa IpUOOBCKOTO HEYNPYroro 3KpaHUPOBAHUS.

o [anoan A.C., ¥Ymunckuii B. B. // Tlucbma B DUAH. 2015. T. 12, Ne 1. C.231-236.

Mopenb MUKpocKonuueckoro ontudeckoro noreHuuana (OIl) npumenena pins
aHanmusa ynpyroro paccesuus !©!!Be mpoToHaMu M AipaMH M aHalIH3a CeUeHHMid
HeyIIpyroro paccesHusi m-Me3oHoB sipamu 25Si, °Ni, 298Pb npu smeprum 291
M>3B. Pacnpenenenusi niotHocty snep %!'Be, monyuennsie B Momenn reHepa-
TOPHBIX KOOPAMHAT M KBaHTOBbIM MeTomoM MoHTe-Kapso, ucrnosb3oBaHbl AJA
pacuera OIl u 3atem nn(pcpegeHuHaanblx CeYEeHUU YIPYyroro paccesiHusi 3THUX
a7ep Ha npoToHax W agpax 2C. Ja1d aHanM3a cedyeHMil HEYNpyroro paccesHHs
T-ME30HOB HCIOJb30BaJUCh MapaMmeTpbl m/N-aMIJIMTYAbl B SIIepHOH cpene, Mo-
JiyueHHble paHee M3 aHa/JW3a JAHHBIX YOPYTOTO paccesiHUs Ha TeX e sapax.
OmnpenesneHsl mapameTpel TyOHHBI peasbHOH M MHUMOH uactedt OIl ¢ yyeTom
M3BECTHOH 3aBUCHMOCTH 00beMHbIX HHTerpastoB OIl or sHepruu. [lonydyenHsle
MOTEHLHANbl MOXKHO HCIO/b30BaTh B [aJbHEHIINX pacyeTax CEYEHHUH peakKLUH
C ydyacTHeM 3THX fJep.

o Zemlyanaya E.V. Spasova K., Lukyanov K.V. Antonov A.N. Gaida-
rov M. K. // Phys. Rev. C. 2015. V.91. P.034606;

o Lukyanov V.K., Zemlyanaya E. V., Lukyanov K.V., Ellithi A.Y., Abdul-Ma-
gead I. A. M. // Intern. J. Mod. Phys. E. 2015. V.24, No.4. P. 1550035;

e Jlykvarnos B.K., 3emasnas E.B., Jlykeswos K.B. [/ dd. 2015. T.78, Nel.
C. 147-155.

[TpensoxkeH anropuT™M peKOHCTPYKLHUH TPEKOB 3apsKeHHBIX YACTHLL HAa OCHOBE
¢uabrpa Kanmana. JaHHBIH aJropuTM MNpUMeHsieTCsl [/l pelLleHHsl ONHOH u3
KJoueBbIX 3ana4 skcrepumenta CBM (GSI, 'epmanusi) — pacrnosHaBaHHS Tpaek-
TOPUH 3apsiKEHHBIX YaCTHL W ONpeleseHHs UX MapaMeTpoB. B cBa3u ¢ TeMm, uTo
B 3KcriepuMenTe CBM mnyianupyercs nosiHasi peKOHCTPYKL S CUTHAJMBHBIX COOBITHH
B peasibHOM BpeMeHHM 3KCIepHMeHTa, pa3pabaTbiBaeMble ajJrOPUTMBI JOJI2KHbI OBITh
ObICTPBIMHU, MAKCUMaJbHO HCIOJb3YIOLUIUMHA BO3MOXXHOCTH COBPEMEHHBIX MHOTO-
snepHblx npoueccopoB 1 GPU-apxurekTyp. PacueTsl nmpoBefeHb!l Ha BEICOKOMPOU3-
BOJIUTENLHOM cepBepe ¢ nByMs mpoueccopamu Intel Xeon X5660 u Bumeokaproii
Nvidia GTX GPU 480.

o Abaszumos T.0O. u dp. // lucema 8 IUAI. 2014. T. 11, Ne4. C.828.
e Ablyazimov T.0., Zyzak M. V., lvanov V. V., Kisel P.I. // Part. Nucl., Lett.
2015. V.12, No. 3. P.423-427.

C moMmolIbi0 MPOMEXKYTOYHOTO MporpaMMHoro obecrneuenus Interware DIRAC
(Distributed Infrastructure with Remote Agent Control) Obuin 06benrHeHb
BbluMcIUTe N bHBIe pecypebl Tierl/Tier2 OMAM, cynepkommnbtotepa «[oBopyH»,



MHP®OPMAIMOHHBIE TEXHOJIOTWUHN W BbIYMCJIMTEJIbHASA PU3UKA 47

obnaynbix cpex OUMSM u opranusauuii ero crpan-yuacTHul, knactepa NICA,
kjaactepa HanuonanbHoro aBToHomHoro yHuBepcutera Mekcuku (UNAM) u pe-
cypebl xpaHenusi: dCache, EOS u cBepxObicTpasi cucTeMa XpaHeHHs] NaHHBIX
Lustre. C ucrnosnb3oBaHWeM 3TOH pachpesieseHHOH HH(PACTPYKTYPBl BBIMOJHS-
eTcst mporpamMma MonTe-Kapio MonmennpoBaHHst NaHHBIX SKCIIEPUMEHTOB Mera-
caitenc-npoekta NICA.

Tier-1 CICC/Tier-2 Cloud “Govorun” NICA UNAM
cluster

CxeMa MHTerpaiuu reorpapuyecku-pacrpeieieHHbIX TeTepPOreHHbIX PeCypCcoB Ha OCHOBE
DIRAC Interware

o Kutouvskiy N. et al. Integration of Distributed Heterogeneous Computing Re-
sources for the MPD Experiment with DIRAC Interware // Phys. Part. Nucl. (in
press).



PAIJUAIIMOHHBIE U PAINOBHUOJIOTUYECKHE
HNCCJIEONOBAHUA

Paspa6otaH NpuUHUMNHAAJBHO HOBBIH MeTOJ TOBBIILIEHUS OHOJOTHYECKOH 3(-
(heKTUBHOCTH TYyYKOB MPOTOHOB MEAULIMHCKOTO Ha3HaYeHUs U TaMMa-TeparneBTHYe-
CKHUX ycTaHoBOK. [logxom ocHOBaH Ha NMpUMeHEHHH O(HLMHAJIBHOTO Ipernapara —
1-5-D-apabuHodypaHO3UILUTO3HHA, UCIOJAB3YEMOTO B OHKOJIOTHUECKOH MPaKTH-
Ke MpHU JieueHWH PAKOBBIX 3a00JieBaHHUH KPOBETBOPHOH cucTeMbl. [Ipu BBeneHUM
npenapata nepel 00JydeHHEM KJETOK 4eJOBeKa HOHU3HPYIOLIUMH H3JTYYeHUSIMU
MPOUCXOIUT TpaHChopMalusi ofHOHUTeBBIX pas3pbiBoB [IHK B setanbHble nByHUTE-
Bble Pa3pbIBbI, UTO 00eCreunBaeT CyIIECTBEHHOE IMOBBIIIEHHE OHONOrHYeCcKOH 3¢-
(heKTUBHOCTH MYYKOB MPOTOHOB, 3HAUNUTEJNBHO COMMKAET 0ONACTH UCIIONb30BAHHUS
MPOTOHHBIX ¥ YTJIEPOAHBIX YCKOPUTEJEH NJisi TepaneBTHUeCKUX LeJsel.

I[Tpotouw 0,6 I'p HB 1 Tp

6es momu- ¢ Apall 8 MaB/wuykaoH
¢ukatopos  uIM 139 k3B/mkm

-e- JIpotonnl 1,25 I'p ¢ Apall u TM
—&- JIpotonnl 1,25 I'p 6e3 moguduKaTopoB
Wouwl 1B 1 T'p 6es Mmomudukatopos

15 muH

80

qy

44

Komuectso YH2AX /53BP1 doxycos
Ha KJIETKY

24 4

Bpewms,u

Nso6paxenus unausuayanpieix YH2AX/53BP1 ¢okycoB u KnHeTHKa HX (HOPMHPOBaHHUS

U 3JMMHMHALUM B sJpax KJETOK uesjoBeKa NPH AeHCTBUH NPOTOHOB B NHKe bparra u

YCKOPEHHBIX HOHOB 6opa ¢ sHeprueit § MaB/HyKJ0H py 06/1yUeHNH B OOBIYHBIX YCIOBUX
U B NIPUCYTCTBHU PagHOMOAU(DHKATOPA

e Kpacasun E. A., Bopeiiko A. B., 3aduenpsaney M.T., Havuna E. B., Koxuna P. A.,
Kysomuna E.A., Kyiuxosa E.A., Cmuprosa E.B., Tumowenxo I'.H., Tuyn-
yuk C.H., Yaycos B. H. Bnusinue unruéutopos cuntesa JIHK Ha Guosoruyeckyio
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3 PEeKTUBHOCTL TyuKa MPOTOHOB B Moau(uuMpoBaHHOM nuke bparra // Ilucbma

B QYAH. 2019. T. 16, Ne2. C. 181.

Cneunanucramu OVAN u MPHILI um. A. ®. [{pi6a npoBeneHbl NpeaKJIHHHUE-
CKHe HCCJIeIOBAHUSI HOBOTO METONA MOBBIIIEHHUS] GHONOrMYeCKOH 3((eKTHBHOCTH
MPOTOHOB MJisl JledeHHsI OMyXoJeBblX 3aboseBaHUH in vivo. I'pynmam >XKHBOTHBIX
(Mpimam) OblIa MPUBUTA OMYyX0Jb MeJaHOMbl. OMyX0/H XKHUBOTHBIX MOIBEPrasUCh
00JyueHHI0 TIPOTOHAMHU B MHKe DBparra ¢ mpenBapuTesibHBIM BBeleHHEM apabHHO-
sunuutosuHa (Apall) unu 6e3 Hero. KoutposibHbie (HeoOJydYeHHbIE) XKUBOTHbBIE
noru6sau Ha 30-e CyTKH B pe3y/bTaTe pPa3BUTHs omyxoJeBoro mpouecca. Ha 40-e
CYyTKH 00e Tpynnbl 00JyUeHHBIX >KMUBOTHBIX OCTABaJUCh KHUBb. BMecTe ¢ Tem
pa3Mephbl OMyXOJH MeJaHOMbI Y 00/yUeHHBIX XKMBOTHBIX ¢ BBedeHHeM Apall Obin
MPUMEPHO B 3 pa3a MEHbUIMMH 110 CPABHEHHUIO C 00/ yUeHHBIMH JIHIIb OMHUMH MPO-
toHaMH. [lonyyen narent Ne2699670 Ha n3oOpeTeHHe HOBOTO MeTOAA YCHJIEHHS
paavaldOHHOTO BO3MEHCTBUS HA YKHBBIE KJIETKH.

5000
-_CZ
o) KonTpo.ib
§4000- P
(&}
3 3000f
X [ >
g B
E )
© 2000 O
=
3 L
S
3 1000_—1
O_Il|||||||||||||||||||||||||||||

10 14 18 22 26 30 34 38
Bpewms nmocsie mepeBHBKM OMYyXOJEBHIX KJIETOK, CYT

2000

Y :—06 ITporousr 10 I'p

= 1600 F =

= Lo

S 1200f &

;;, -_g Apall +

S ook npotonsl 10 I'p
= C

.3

g 400 -

0 L L L L L " L L L PR I S S T |

10 14 18 22 26 30 34 38
BpeMH ocJie MePeBUBKU OMYXOJIEBBIX KJETOK, CYT

KuHeTHKa pocTa OMyXoJH MeJIaHOMbI Y Mblllel: a) HeoOJyueHHbIH KOHTPOJIb; 6) 0bayde-
HHe NpoToHaMu B nuke Bbparra B nose 10 I'p

o Kpacasun E.A., Bopeiiko A.B., 3amyraesa H.A. HoBbii MeTon MOBBILLIEHHS
3P (PEKTUBHOCTH AEHCTBUS HOHU3UPYIOLIUX U3/JIyYeHHH HA KJIETKH OMYXOJEBBIX TKa-
Hell // Matepuanbl 3-i Poc. KoH(. ¢ MexayHap. yuactueMm «Panuo6uosornyeckue
OCHOBBI J1yueBOoH Tepanuu». Ily6na: OUAH, 2019. C. 84.
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[IpoBeneH®l HccenoBaHUsl NeHCTBUSL YCKOPEHHbBIX NPOTOHOB M areHTa XHMHUUe-
CKOH TpUpoabl (METHIHHUTPO30MOUEBHHBI) HA CeTYATKY Ia3a Mbiiei. Paspaborana
MeTOIHKa BHU3yasu3alliHu IHalbHbeIX KaeTok MroJepa (TKM) B cpesax ceTuaTku
rja3a MblllIeH, OTKpbIBalolllas BO3MOXKHOCTb MCCJAELOBAaHHUS OTBETAa 3THUX KJETOK
Ha reHoTokcuueckoe BoafelcTBHe. [ KM urpatoT KJ/i04eByl0 poJib B pereHepanuu
CeTUaTKH IJa3a U SBJSIOTCS eIUHCTBEHHBIMH KJeTKaMH B CeTyaTKe, KOTOpble
COXPaHSIOT CMNOCOOHOCTb K JeJeHHI0. BrifB/AeHO Ha/luuHhe TeHOTOKCHYECKOro Mo-
pora (miaTo YCTOHYMBOCTH Ha KPHUBOH «103a—3(h(heKT») y CeTuaTKH Tjia3a Mbl-
el mocse BO3AEUCTBUS YCKOPEHHBIMH MPOTOHAMU U UHDBEKIUH METHJIHUTPO30-
MoueBHHbl. OOGHapy»KeHa CIOCOOHOCTh CEeTYATKH Iylada K MOp(OJOorn4ecKkoMy H
(hyHKIIMOHAJbHOMY BOCCTAHOBJIEHHUIO TI0CJe BO3AEHCTBUS UCIOJb3yeMBIX B paboTe
FeHOTOKCUYECKHX areHTOB. PesysnbraThl JaHHOH paboThl UMEIOT TeopeTHYecKoe U
MpakTHUeCcKoe 3HaueHHe [J151 pellleHnus pyHIaMeHTaNbHOH po6eMbl TOBPeX AeHUS
U BOCCTAHOBJIEHUS] TEPMHHAJbHO AH((epeHIUPOBAHHBIX KJIETOK U COCTOSILUX U3
HUX TKaHeu.
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U; S g9l MHKpoq)OToEpaqn/m Cpe30B  CeTYaTKH
== rjasa Mbllleld, MOKa3blBalolllie aKTHBa-
g8 7 1Mo Kjaetok Miossiepa B ceTyaTke IO-
32 g0l cJe BBelEHHUS MEeTHUJHUTPO30MOYEBHHBI
= E | B no3e 70 Mr/Kr, U H3MeHEHHe TOJIIH-
= ubl sineproro cjost (SIC) ¢oropeuemnto-
70 (') . é . 1'0 : 1'5 25 POB MBILIK B OTBET Ha JIOKanbHOE 006Jy-

YeHHe NMPOTOHAMHU T'OJIOBbl MBIIIKU CITYCTA

Hosa, Ip 3 cyt (m) u 30 cyt (O) nocsie 06JydeHuUsT

e Tpornos B.A., Bunoepadosa [O. B., lloniunckas B.A., Hexkpacosa E.H., Ocm-
posckuil M. A. VccnenoBaHue aganTHBHOTO OTBeTa CETYATKM [/a3a y Mbllied Ha
o6JydeHue NpoToHaMHU: cBsi3b ¢ penapauueil JHK u rubesnio ¢oTopenenTopHbixX
kiaetok // Ilucema B QUAH. 2015. T.12, Ne1 (192). C.241-255.

e Tpornos B.A., Bunoepadosa [O. B., lloniunckas B.A., Hexkpacosa E.H., Ocm-
posckuil M.A. PanuainuonHoe NpeKOHIULHOHUPOBAHHWE CETYATKH [J1a3a Yy MbI-
el in vivo TOBBbILIAET ee YCTOMYMUBOCTb K MOCJEAYIOLIEMY T[E€HOTOKCHUUEeCKOMY
BO3IEHCTBHIO M CTHUMYJHpPYyeT BoccTaHoBneHHe // Llutosorus. 2015. T.56, Ne2.
C.119-128.

e Buwnoepadosa [0.B. VccienoBaHue MOBPeXAEHUS W ITPOLECCOB BOCCTAHOBJEHHS
CeTUaTKM IJ1a3a MbllIed nocje obJydyeHHs] YCKOPEHHbIMH MPOTOHAMH W NeHCTBUS
MEeTHJIHUTPO30MOUEeBHHE. ABTOped. AHC. ... KaHI. 6uoJ. Hayk. M., 2015. 24 c.

[IpoBeneHo cpaBHUTeNbHOE HCCJeJOBaHHE HHAYKLUM U pernapaluy KJjacTep-
HBIX JIBYHHTeBIX pa3pbiBoB (JIP) JIHK mpu neiictsuu ~-kBanToB %°Co u ycko-
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DEHHBIX TAXKeNLIX HOHOB. IlokasaHo, 4yTo mpu o6aydenuu uoHamu 'B (JIT13
~ 135 k3B/mkm) P JOHK dopmupyoTcs Broib Tpeka MPOXOXKAEHHs YacTH-
Ibl, B TO BpeMsl Kak MNpH ~y-00JyueHUH IOBpeXIeHHs PaBHOMEPHO paclpeneJe-
Hbl B sape KJaeTKH. [leiicTeue woHoB !'B muaynupyer hopMHpPOBaHHE TMKEJbIX
kaactepHbelx nospexaeHuit [JHK, penapauus KOTOPbIX 3aMelJieHa M0 CpaBHe-
HUIO ¢ y-00/1yuenueM (puc.a). O6ayyeHne noHamu ''B mpuBOAMT K (hOpMHpOBa-
HUIO B TpU pasa GoJsbliuero KoaudectBa okycoB YH2AX/53BP1 mno cpaBHeHHIO
C 7y-KBaHTaMH. MakcuMa/bHBEIH BBIXOA (POKYCOB TOCJe ~y-00/yueHUs HaOJI0aIN
yepe3 1 4 mocTpanMauroHHOH HHKYOauuu ¢pubpobaacToB, U OosblIas 4acTb POKY-
coB (~ 75 %) anumuHHpoBasach B TedeHue 4 u (puc.6). B kneTkax, o61ydyeHHBIX
voHamu !B, Haubonbumuii Beixon pokycos YH2AX/53BP1 peructprupoBanu yepes
45 MMH TOCTpafiMallMOHHOH WHKyOauWd. B oTiauuue oT 7-KBaHTOB B KJETKax,
00/1y4eHHbIX YCKOPEHHEIMH HOHaMH !B, yepes 4 4 KondecTBO (DOKYCOB yMeHb-
mwanoch Ha 32 %. dnumuHauuw 68 % (QokycoB Hab/0and TOJbKO uepe3 24 u
NOCTPagHalMOHHOH HHKYOaLUHU.
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@) Busyanusauus IP THK B sinpax ¢hu6po6iacToB ¢ HCIOJb30BAHHEM METOAA MMMYHO-

LUTOXUMHYECKOT0 OKpalnBaHus. 6) KrnHeTHKa (OpPMHPOBAHHS U JIMMHHALMHK (HOKYCOB

~vH2AX/53BP1 (rucron yH2AX u penapauuontsiii 6esok 53BP1 — mapkepst 1P THK)
npy neficteuu y-kBanTos °Co u yckopenHsix HoHoB ''B

e JeZkouvd L. et al. Function of Chromatin Structure and Dynamics in DNA Damage,
Repair and Misrepair: y-Rays and Protons in Action // Appl. Radiat. Isot. 2014.
V.83. P.128-136.

e Falk M. et al. Primary and Secondary Clustering of DSB Repair Foci and Repair
Kinetics Compared for «y-Rays, Protons of Different Energies, and High-LET ?°Ne
lons // J. Radiat. Res. 2014. V.55. Suppl. 1. P.i79-i80; doi: 10.1093/jrr/rrt210.
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e Falk M. et al. Chromatin Differentiation of White Blood Cells Decreases DSB
Damage Induction, Prevents Functional Assembly of Repair Foci, but Has no In-
fluence on Protrusion of Heterochromatic DSBs into the Low-Dense Chromatin //
J. Radiat. Res. 2014. V.55. Suppl. 1. P.i81-i82; doi:10.1093/jrr/rrt194.

[IpoBeneHa cepusi SKCTIIEPUMEHTOB 110 UCCJEA0BAHHUIO PaJHallMOHHO-UHIYIUPO-
BAaHHOI'O MyTareHe3a B KJ€TKaX KHMTaHCKOTo XoMmsiuka (auHusi V79) nocse Bo3-
NEeHCTBHsT YCKOPEHHBIX HOHOB ¢ pasauunoit JI1D (50, 116, 138, 153 kaB/mMkm) u
~v-061y4enus. O6HapyKeHO, UTO (DOPMHUPOBAHHWE MYTAHTHBIX CYOKJOHOB 3aBHUCHT
OT CpOKOB BBICeBa OOJYYEHHBIX KJETOK («BpeMEHH 3KCIPeCCHH» MyTallMi) Ha
CeJIEKTHBHYIO THUTATeJbHYI0 cpeny ¢ 6-tuoryanuHoMm u oT JII1D usnydenudt. Ilpu
yBeJMUEHUH TepHoa IKCIIPECCHH OTMeYeHO yBeJHYeHHe YacTOThl MYTHPOBaHHS
10 MaKCHUMaJbHOTO 3HAYeHHs C TOCAEAYIOLIUM €r0 CHHXKEHHEM [0 CIOHTaHHOTO
ypoBHsi. [lonoxenune storo Mmakcumyma 3asucesio ot JII1D yckopeHHBIX HOHOB.
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Bpemst akcnpeccuu, cyT

5 MakcumanbHbI ypoBeHb pajaualli-
f OHHO-HHJYLIHPOBAHHOTO MyTareHesa
! ! ! ! ! ! ' ' B KJIeTKaX KHTalCKOro XoMsyka B
0 20 40 60 80 100 120 140 160  3aBUCHMOCTH OT «BpPeMeHH 3IKCIpec-
JIT13, k3B / MkM cun» u JI[1D yckopeHHBIX HOHOB

C yBesnnuenuem JII1D 3HaueHHe MakcMMyMa cMelllaeTcsi B CTOPOHY OoJiee
IJIMHHOTO Teprona sKkcnpeccuu. [Ipu y-06/yueHnH MaKCUMaNbHBIH YPOBEHb MyTa-
reHe3a OTMeYeH Ha 3—4-e CyTKH Tocje 00JyueHHs, TOTAA Kak nocje obaydeHus
YCKOPeHHBLIMH HoHaMu Kucaopoga 20 (JITID ~ 116 k3B/MKM) MakcHMAa/bHbI
ypoBeHb MyTareHe3a HabJtonascs depes 11 cyt, a noc/ie 06/ydeHUs] yCKOPEHHBIMU
nonamu Heona 2°Ne (JI[13 ~ 153 k3B/MKmM) — uepes 23 cyT. Ha ocHoBaHMH 1po-
BEJIEHHBIX HUCC/IEeI0BAaHUN MOXKHO TPEITON0XKHTh, UTO MOBBILIEHHBIH YPOBEHb paau-
AlMOHHO-UHIYLIHPOBAHHOIO MyTareHe3a OMpenessieTcss BO3pocClleldl XPOMOCOMHOM
HeCTabUJIbHOCTBIO TIOMYJISIUKM 0OJYYEHHBIX KJETOK, U ero NposiBJeHHe B pas3Hbie
«BpeMeHa KCIMPECCHH» 3aBUCHT OT TSXKECTH MepPBOHAYANbHBIX MOBPEXIEHHH.

e Blaha P., Koshlan I. V., Koshlan N.A., Govorun R.D., Elsha D.V., Bogdano-
va J. V., Sidorina J.J., Krasavin E. A. Induction of HPRT Mutants in V79 Cells
after Gamma and HZE lons Irradiation at Various Expression Times // Book
of Abstr. of the 15th Intern. Congress of Radiation Research. Kyoto, Japan,
25-29 May 2015.

[TponoskeH aHa/IU3 peaKLHUH CHHTE3a XUMUUECKUX COeUHEeHUH U3 hopMamuia
NHyCOH (nmponykra ruaponusa HCN) npu nefictBuu usnydenuit ¢ pasuoi JII13.
Peakuuu cHHTe3a OCYLIECTBJSJINCH NMPH OOJYYEHHH YCKOPEHHBIMH MPOTOHAMH H
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voramu 1'B u !2C B NPUCYTCTBUU KAaTaJM3aTOPOB, MOJYUEHHBIX U3 METEOPUTOB
pasnuuHbIX KJaaccoB. CresaH BBIBOI O TOM, UTO B CHCTeMe «(hOpMaMU, +BelleCTBO
METEOPUTOB + HOHU3HpYIOllee U3JaydeHHes B 3aMeTHBIX KoJHdecTBax (hOpMHpY-
I0TCSl peOHOTUYECKHNe COEeIMHEHUS BIJIOTh N0 HYKJIEO03UIOB — OCHOBHBIX (par-
meHTOB, BXxoasfuwux B coctaB PHK u JHK. Ilonyuenbl mnpencraBuTenn Bcex
KJIaCCOB MOJIEKYJ, HEOOXOANMBIX JJIs1 00pa30BaHHUs KHU3HHU Ha 3eMJie: KapOOHOBbIE
KHCJIOTHI, aMUHOKHUCJIOTH (pHc. 1), caxapa, HyKJeHHOBble OCHOBAaHHsl, HYKJIEO3H bl
(puc. 2) u npyrue CJ0XKHbBIE COeIHHEHHS.
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Puc. 1. PesysnbraTel Mo 06pa3aoBaHHI0 aMHHOKHUCJIOT
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Puc. 2. PesysbraThl 10 00pa3oBaHUI0 HYKJIEHHOBBIX OCHOBAHUH M HYKJEO3UIOB

e Saladino R. et al. Meteorite-Catalyzed Syntheses of Nucleosides and of Other
Prebiotic Compounds from Formamide under Proton Irradiation // J. PNAS. 2015.
V. 112, No. 21. P. E2746-E2755; doi: 10.1073/pnas.1422225112.

Co3maH 3KCrepUMeHTaNbHBIH CTEHI OJs1 UCHBITAHUS NMPUOOPOB SNEPHOU TJa-
HEeTOJIOTHH Ha MOJeJsiX MJjaHeTapHoro rpyHTa. OCHOBY MNJaHeTapHBIX PEroJiu-
TOB MpeJCTaBjsieT co00i MacCHB CHJMKATHOTO CTeKJa, oblied maccoit no 35 T,
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SBJSIOLIUNCA MoOHeJsblo abCOMIOTHO CyXoro rpyHTa. Hamuuune B rpyHTe BOABI
MOJeJTUPYEeTCsl CJOSIMH TOJNMITHJIEHa Ha Pa3HbIX IyOuHax. s MakcUManbHO
BO3MOXKHOTO MPUOJNHKEHUS] K XUMUYECKOMY COCTaBy MapCHaHCKOI'O peroJiuTa Io
Fe, Al u Cl B coctaB MaccHBa CTeKJa N00ABJEHLl TOHKHE CJIOU CTaJH, aJIOMUHUSA
U TIOJUXJOPBUHUMA. B 11e/0M, XMMHYECKUH COCTaB MojeJsel XOpOIlOo CoraacyeTcs
CO CpeqHUM XMMHUYECKHM COCTAaBOM MapCHaHCKOTO U JIYHHOI'O PeroJiuTa.

HccnenoBanusi, MpoBOAHMBIE HA CTeHJE, SIBJASIOTCS MPONOJIKEHHEM MHOTOJET-
Hero uukJa paboT coTpynHHUKOB JlabopaTopuu paivaldOHHONW OHOJIOTHH COBMECT-
Ho ¢ JlabopaTopueit HeHTPOHHOH (HH3UKU U MIHCTUTYTOM KOCMHUECKHX HUCCJIeN0Ba-
uuit PAH no paspa6oTke, co3naHuio U KaJauOpPoBKe MPUOOPOB siAepHOH MMJIaHETOJI0-
rud. [IpuGopel npenHa3HaueHBl AJis aHaJH3a 3JeMEHTHOTO COCTaBa IpyHTa Hebec-
Hbix Teq. CorpynHuku OMAUN yuactBoBanmM B co3naHuu psiga npubopos, ¢ MOMO-
IIbI0 KOTOPBIX ObIIO MOATBEPKAEHO HAJIU4YMe BOASHOrO Jbla Ha Mapce u JlyHe,
HeHTPOHHOro npudopa, CMOHTUPOBAHHOIO Ha 6opTy poBepa «Curiosity», a Takxke
psiia APYyrux npubopoB ajisi Oynyuux muccuit Pockocmoca, NASA u EKA.

o Litvak M.L. et al. Ground Tests with Active Neutron Instrumentation for the
Planetary Science Missions // Nucl. Instr. Meth. A. 2015. V.788. P. 194-202.

CdopmynrpoBaHbl MOIEH TPEX OCHOBHBIX MEXaHM3MOB BOCCTAHOBJIEHHS IO-
Bpexnenud I[P IHK: nHeromosorndnoro BoccoennHeHHs KOHIIOB, TOMOJIOTHYHOH
peKOMOHHALMK ¥ OJHOHUTEBOrO OTXKWTA MO MPSIMBIM MOBTOpaM. [lpemsioxkeHHbIH
MOJIe/IbHBIM TOAXOM TPUMEHeH K onucaHuilo KuHeTWkH penapauuud AP HHK,
WUHIYIUPOBAHHBIX NEHUCTBHEM MOHU3UPYIOLIMX U3JAYYeHUH B LIMPOKOM JHarnasoHe
3Hauenuit JITID — or 0,2 no 440 k3B/MmkMm.

e Lyashko M.S., Belov O. V., Avvakumova I. L. Dynamic Model of DNA Double-
Strand Break Repair by Non-Homologous End Joining // Book of Abstr.
of the IUPAB Intern. Workshop “Computational and Theoretical Modeling of
Biomolecular Interactions”. Dubna, June 3-8, 2013. P.48-49.

[IpoBeneHBl pacyeThbl MO OLEHKE JHEPrOBBIAEJEHHS B OTHENbHBIX HeHpOoHAax
TOJIOBHOT'O MO3Ta TPBI3YHOB MPH JEHUCTBUH TSKEJbIX 3apsiXKEeHHBIX YaCTHIL BHICOKUX
sHepruil. OleHeHO pacrnpefiesieHNe SHEPTUH U 103bl B 00beMHBIX MOJENSX MUpa-
MUAHBIX HefipoHoB o6snactit CAl runmnokamma KpbiC MpH 00yUYeHHH YCKOPEHHBIMU
vonamu “Fe ¢ sueprueit 0,3 u 1,0 ['3B/uHyK0H.

e Batmunkh M., Bayarchimeg L., Lkhagva O., Belov O. Cluster Analysis of HZE
Particle Tracks as Applied to Space Radiobiology Problems // Phys. Part. Nucl.
Lett. 2013. V.10, No.7. P.854-859.

PaccmoTpeHo BaMsHMe HEOZHOPONHOCTEH B CHHANTHUYECKHX CBA3SX B HeHpOH-
HBIX CeTsIX, BO3HUKAIOLIUX BCJENCTBUE PaJUHALHOHHBIX MW XHMHUECKHUX BO3IeH-
CTBHH, Ha pacrnpocTpaHeHHe UMIYAbCOB. B pe3ynbrate B3auMoAeHCTBUS UMITy/IbCa
C HEeOIHOPOLHOCTBIO BO3MOXHBI 3(h(heKThl 3alepKKH, OTPaKeHHsl, KOMIIPECCHH U
pa3bueHuss UMIyJabCca BIJIOTh 10 €ro paspylleHUs.

e byeati A. H. JluccunaTHBHBIE COMIUTOHBI B HEHPOHHBIX CETSIX C JIOKAJbHBIMH MOBpE-
xpuerusimu // C6. Tp. XIV Beepoc. mk.-cemunapa «Bomubl-2013». M.: MTY, 2013.
C. 15-16.
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Metonamu MoJIeKyISIpHOR TUHAMUKH M3Y4YeHbl CTPYKTYpPHBIE U (DYHKIIMOHAJb-
Hble cBodcTBa (pepmeHTa JHK-¢potonnase. IHK-doronuasa — aktusupyeMblit
CBeTOM (DepMeHT, BOCCTaHABJIMUBAIOIINH UHAYLHPOBAaHHBIH YP-13/1yueHHeM LUKJIO-
OyTaH-NMUpUMUAMHOBEIA AuMep B noBpexpaeHHod JHK. IlonyueHHble pesysnbTarhl
CrocoOCTBYIOT pellleHHI0 3ajauu o MexaHuW3max penapauuu JHK nanueiM dep-
MEHTOM.

o [lywanos 3., Xoamypodos X., fAcyoka K., Kpacasun E. M]l-uccienoBaHusi KoH-
dopmarmonnoro nosenenus pepmenra JHK-tboronnaser // [ucema 8 JUAL. 2013.
T. 10(6). C.974-985.

CoBmectHo ¢ cotpynHuKamu [HI[ P® «MHCTUTYT MenuKo-OGHONOrHUECKHUX
npo6nem PAH» u Menuko-texuudyeckoro kommiekca OUSAW B Jlabopatopun
panvalnrMoHHON OHOJIOTHH CO3IAaHO TeXHHYECKOe YCTPOHCTBO, MO3BOJSIOIIEE MPO-
U3BOAWTb TOTa/bHOEe OOJy4YeHHe >KHMBOTHBIX NPOTOHAMH B pACIIMPEHHOM IHKe
Bparra. Ha ypoBHe LiesocTHOro opraHuaMa MpoJeMOHCTPUPOBAHO MOBpexaaioliee
NIeCTBHE TPOTOHOB B MHKe Dparra Ha coCTOfiHME CHUCTEMbl KPOBETBOPEHHS U
LIUTOreHeTHYEeCKOro annapara KJeToK KOCTHOI'O M03ra, J10CTOBEpPHO NpeBhllIaloliee
a(heKT nMyuyka NpoToHOB ¢ 3Heprued 171 MsB.

o Usarnos A. A., Morokanos A.T., Byrvtnuna T. M., Bopoxcyosa C. B., Abpocumo-
sa A.H., Kproukosa [I. M., Ceseproxun FO. C. PanuoGuosoruyeckue 3¢h¢pexThl
TOTaJNbHOrO 00JyUeHHs1 MPOTOHaMH B muke Dparra // MexayHap. Hay4H. KoH(.
«Panuobrosiornyeckre OCHOBBI JyueBoOi Tepanuu omyxoJqei» namstu A. C. CaeHko:
Tes. moka. Mocksa, 19-20 nos6. 2013 r. M..;: PYIIH, 2013. C.8.

[IpoBeneH aHa/in3 peaklMH CHHTe3a XHUMHUYECKHX COeIMHEHHH U3 (opMaMupa
NHoCOH (nponykra rumponnza HCN) npu peficTBUM HOHU3HpYIOLIEH paana-
nud. PeaklMu CHHTE3a OCYIIECTBJSJIUCH NP 00JyUeHHU MPOTOHAMH C SHepruen
165 MsB na ¢asorpone OUAM B mpucyTcTBUH KaTaau3aToOpoB, MOJyUeHHBIX
M3 METEOPUTOB PA3JHUYHBIX KJjaccoB. Ha OCHOBaHMM BbIOJHEHHBIX 3KCIEPH-
MEHTOB CJleJlaH BaKHBIH BBIBOJ O TOM, 4TO B CHCTeMe «(HOpPMaMH] + BeleCTBO
MEeTEOPHUTOB + HOHU3UPYIOLlee H3JydeHHe» B 3aMETHBIX KOJHUYECTBaX (HhOPMHUPO-
BaJIUCh MPeOGUOTHUECKHE COeNUHEHHUs (MpellleCTBEHHUKH HYKJEHHOBBIX KHCJOT,
6esKOB, MeTabOJUUECKHX LHUKJIOB K Merabosusma). [lpu nedictBuu YP u/uau
HarpeBaHUH NMpeOUOTHUECKHE COeMHEHHUsT He 00pa3oBbiBaNuCh. JlaHHBIE HCCIEN0-
BaHMsI MOTYT TPOJIUTh CBET Ha MPOUCXOXKAEHHe KHU3HH BO BceseHHOM.

e Canraduno P., bomma [Quc., Hervgpuno M., Hu Maypo 3., Kanparos M. H.,
Kpacasun E. A., Tumowenko I'. H., Pozanos A. FO. O6pa3oBaHue NpeOUOTHUECKUX
coenuHeHu# GopMamuIa Npu 0OJYUEHHH YaCTHIIAMH BBICOKHX aHeprui // HoBocTu

OHSH. 2013. Ne4. C.16-19.



ACTPOBHOJIOT U4

Metonamu ckaHUpyOLlel 31eKTPOHHOH MUKPOCKOIIMH U PEHTI€HOBCKOI'O 9HEp-
TOAUCIIEPCHOHHOIO MHMKPOAHaJ/M3a BBINOJHEH OO0J/bIIOH LIUKJ HCCJIeJOBAHUH OKa-
MeHeJIbIX MUKPOOPraHu3MOB (MHKPO(OCCHINE) B MeTeopuTax. BeimylieH mepBbli
UJIJIIOCTPUPOBAHHBIN aTiiac MHUKpodoccuauil B Meteopute Opreil. CoBMECTHO ¢
Kossieramu U3 Hranun u Uexuu uccienoBaHO (OpPMHUPOBAaHHE CJOXKHBIX Ipe-
OUOTHYECKUX COelMHEHUH NpU OOJNyueHHH MPOTOHAMM IIPOCTBIX OPTraHHUYeCKHUX
CoelMHEHNH B MPUCYTCTBUU BellleCTBa METEOPHUTOB KakK KaTanusaropa. [Ipensnoxen
HOBBI MEXaHH3M, CIIOCOOCTBYIOIIHH 00pa30BaHUI0 U NepepaboTKe HEPACTBOPHUMO-
ro OpraHM4yecKkoro BelllecTBa B MeTEOPUTaX M B XOfe NPeOMOTHUYECKUX IPOLECCOB.

G, i

M3o06pazkeHns: okaMeHeJ/bIX MUKPOOPTraHW3MOB U3 MeTeopuTa Opreit

e Pozanos A.[O., Xysep P.b., Kpacasun E.A., Camoviauna O.C., Promun A. K.,
Kanpanos M. H., Canpoikun E.A., Aganacvesa A.H. Mereopur Opreit (atmac
mukpogoccunuit) / Ots. pen. A.IO. Posanos. M.: [IMH PAH, 2020. 130 c., 5 ua.,
40 ¢ororabs. Ha pycc. u aHr1. 3.

e Bizzarri B.M., Manini P., Lino V., Ischia M., Kapralov M. 1., Krasavin E.A.,
Mrazikova K., Sponer J., Sponer E., Di Mauro E., Saladino S. High-Energy
Proton-Beam-Induced Polymerization/Oxygenation of Hydroxynaphthalenes on
Meteorites and Nitrogen Transfer from Urea: Modeling Insoluble Organic
Matter? // Chem. Eur. J. 2020. V.26. P.14919-14928; doi: 10.1002/
chem.202002318.
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A series of experiments on the synthesis of superheavy elements with
atomic numbers 115, 117 and 118 of D.I. Mendeleev’s Periodic Table has been
completed. According to the decision of the International Union of Pure and
Applied Chemistry (IUPAC) dated November 28, 2016, the following names and
symbols listed below have been assigned to the new elements:

e moscovium and Mc for element 115;

e tennessine and Ts for element 117;

e oganesson and Og for element 118.

The synthesis of these elements was first performed at the Flerov Laboratory
of Nuclear Reactions (JINR), a recognized world leader in the field of synthesis
and study of properties of superheavy nuclei. Over the past 16 years, five
elements with atomic numbers 114-118 — the heaviest elements known
nowadays — have been discovered at JINR. This marked the completion of
the seventh period of D.I. Mendeleev’'s Periodic Table. On March 2, 2017,
the inauguration of the names of the new synthesized at JINR elements
“moscovium”, “tennessine” and “oganesson” took place. The recognition of this
discovery consolidated the leading positions of JINR in the world in the synthesis
of superheavy elements.
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Part of D.1. Mendeleev’s Periodic Table

o Oganessian Yu.Ts., Dmitriev S. N. Synthesis and Study of Properties of Super-
heavy Atoms. Factory of Superheavy Elements // Russ. Chem. Rev. 2016. V. 85.
P.901.

o Utyonkov V., Oganessian Yu., Dmitriev S., Itkis M., Moody K., Stoyer M.,
Shaughnessy D., Roberto J., Rykaczewski K., Hamilton J. The Discovery of
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Elements 113 to 118 // Proc. of the Nobel Symp. NS 160, Eur. Phys. J. Web
Conf. 2016. V. 131. P.06003.

e Dmitriev S., Itkis M., Oganessian Yu. Status and Perspectives of the Dubna
Superheavy Element Factory // Proc. of the Nobel Symp. NS 160, Eur. Phys. J.
Web Coni. 2016. V. 131. P.08001.

e I[UPAC Press Release; https://iupac.org/iupac-announces-the-names-of-the-
elements-113-115-117-and-118/.

In 2015, experiments on the synthesis of new neutron-deficient isotopes of
superheavy elements in the 4Ca +23Pu and %8Ca +2°Pu fusion reactions were
completed. A new 284FI isotope, undergoing spontaneous fission, was produced
in both reactions. Three new decay chains of the known 2%°FI isotope were also
detected. Further experimental studies on the region of unknown superheavy
nuclei are planned. These superheavy nuclei are located between the isotopes
of superheavy elements synthesized by “hot” fusion at JINR (Dubna) and by
“cold” fusion at GSI (Germany) and RIKEN (Japan). The work is fundamental
for understanding the properties of nuclei located near the borders of the island
of stability of superheavy elements.
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New decay chains of the 2°FI nucleus

e Utyonkov V.K., Brewer N.T., Oganessian Yu.Ts., Rykaczewski K.P., Abdul-
lin F.Sh., Dmitriev S.N., Grzywacz R.K., Itkis M.G., Miernik K., Polya-
kov A.N., Roberto J.B., Sagaidak R.N., Shirokovsky 1. V., Shumeiko M. V.,
Tsyganov Yu. S., Voinov A. A., Subbotin V. G., Sukhov A. M., Sabel’nikov A. V.,
Vostokin G. K., Hamilton J. H., Stoyer M. A., Strauss S. Y. // Phys. Rev. C. 2015.
V.92. P.034609.

In 2017, a new ACCULINNA-2 fragment separator designed for the pro-
duction of radioactive ion beams was commissioned at the U-400M accelerator.
The project parameters of the setup were experimentally validated: the intensities
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of the beams produced in the '°Ne 4 Be fragmentation reaction are on average
higher by a factor of 25 compared to those attained earlier. The separator is
a basic facility for the study of light exotic nuclei near the limits of nucleon
stability and it will allow the search and investigation of exotic nuclear systems,
such as ®~7H, 8-10He, 24-26Q, etc., and of new types of radioactive decay.

7

ACCULINNA-2 fragment separator

e Fomichev A. S. Commissioning of the ACCULINNA-2 Fragment Separator and Its
Day-One Experiments // 46th Meeting of the PAC for Nuclear Physics, Dubna,
15 June 2017; http://indico.jinr.ru/conferenceDisplay.py?confld=251.

e Sharov P.G. et al. // Phys. Rev. C. 2017. V.96. P.025807.
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A unique accelerator complex “Factory of Superheavy Elements” (SHE
Factory) was commissioned, and its basic element, the new DC-280 cyclotron,
was launched. On March 25, 2019, the solemn opening of the experimental
building of the SHE Factory and the launch of the new accelerator took place.
At the commissioned accelerator complex, the first experiment on the synthesis
of isotopes of element 115, moscovium, in the reactions of interaction of 48Ca
and 2*3Am ions was started. This experiment gives a start to the unique JINR
programme for the study of the nuclear physics and chemical properties of
superheavy elements and shows the complex ready for the long-term research

Gas-filled recoil separator, SHE Factory
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Basic element of the SHE Factory, the DC-280 cyclotron

programme on the synthesis of elements 119 and 120 — the first elements of the
8th period of the Mendeleev Periodic Table.

e Dmitriev S.N., Oganessian Yu.Ts., Gulbekyan G.G., Kalagin LV., Gi-
kal B.N., Bogomolov S.L., Ivanenko 1. A., Kazarinov N.Yu., Ivanov 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 CYCI19 Intern. Conf., South Africa, Cape Town, 2019;
https://cyclotrons2019.vrws.de/.

o Gulbekian G.G., Dmitriev S.N., Itkis M.G., Oganessian Yu.Ts., Gikal B.N.,
Kalagin 1. V., Semin V.A., Bogomolov S.L., Buzmakov V. A., Ivanenko I A.,
Kazarinov N. Yu., Osipov N. F., Pashchenko S. V., Sokolov V. 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 Elements of FLNR
JINR // Phys. Part. Nucl. Lett. 2019. V.16, No.6. P. 866-875.

e Oganessian Yu.Ts., Dmitriev S.N., Utyonkov V.K. Project of Priority Expe-
riments at SHE Factory // Proc. of the Intern. Symp. on Exotic Nuclei
“EXON-2018", Petrozavodsk, Russia, 10-15 Sept. 2018 / Eds. Yu.E.Peni-
onzhkevich, Yu. G. Sobolev. Singapore: World Sci., 2020. P. 431-436.
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On November 20, 2020, the Prime Minister of the Russian Federation M. Mi-
shustin made a technological launch of one of the main units of the megascience
project “NICA Complex” — a superconducting booster synchrotron, the Booster.

This event was preceded by the successfully completed long and intense work
on the construction and commissioning of all objects of the injection complex of
the project including sources of polarized, light and heavy ions and the heavy-ion
linear accelerator — the basis for obtaining the required beams and their injection
into the Booster.

In strict accordance with the schedule, on December 19, 2020, single-charged
helium ions were injected into the Booster and a stable circulation of the beam
was obtained. The photo taken from the monitor in the control room shows
3.2 MeV/a.m.u. beam of single-charged ions of He circulating in the Booster
beam pipe with intensity of ~ 10° ions/turn. Tuning the beam acceleration mode
is the final step to the physical launch of the Booster.

Indication of a noncontact electrostatic beam detector with peaks from beam propagation
at each circle
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e Butenko A. et al. NICA Accelerator Complex at JINR // Proc. of the 10th Intern.
Part. Accel. Conf., IPAC2019, Melbourne, Australia.

In 2015, a high-tech line for the assembly and cryogenic testing of super-
conducting magnets was commissioned. This line includes a section for producing
a superconducting cable, a workshop for the windings manufacture, the magnets
assembly area, measurements of the field quality, vacuum and cryogenic tests.
The design ol magnets was developed at JINR, and it was awarded by the
Russian Federation government in 2011. The serial production of superconducting
magnets for the accelerator facilities under construction of the international
projects NICA (JINR) and FAIR (Germany) is brought into force.

\%‘*ﬁm

Hall of the high-tech line for the assembly and cryogenic testing of superconducting
magnets for the accelerator facilities of the international projects NICA (JINR) and
FAIR (Germany)

e Kostromin S. et al. Facility for Assembling and Serial Test of Superconducting
Magnets // Proc. of IPAC2014, 2014, Dresden, Germany.

o Nikiforov D. et al. Cryogenic Test Facility of Superconducting Magnets for the
Accelerator Complex NICA // J. Phys.: Conf. Ser. 2014. V.507.

o Khodzhibagiyan H. G. et al. Superconducting Magnets for the NICA Accelerator
Collider Complex // IEEE Transactions on Applied Superconductivity. 2014. V. 24,
No. 3.

In the framework of the NICA project, a new forinjection for the existing
linear accelerator LU-20 was built. This forinjection was manufactured on the
basis of the accelerator section with spatially uniform quadrupole focusing
(RFQ). In 2015, it was launched with beams of deuterium and carbon from the
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Initial part of the heavy ion linear accelerator of the NICA collider complex

laser source. The accelerator designed jointly by ITEP and MEPhI was made at
VNIITF. A high-frequency amplifier was made at ITEP. The power system of the
ion source and the channel of the low-energy beam transport were designed and
manufactured at JINR. The INR RAS specialists participated in manufacturing
the diagnostics and management systems. A successful production and test of
the RFQ section designed for acceleration of light ions is a notable achievement
both for JINR and Russian accelerator science in general.

In cooperation with German company Bevatech OHG (Germany), a linear
accelerator of heavy ions (down to gold) with energy of 3.2 MeV/n and curtage
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up to 10 mA was created for the NICA collider injection complex. In December
2015, beams of accelerated deuterium and helium ions were obtained at the
exit of the first of the three accelerating sections. In 2016, a beam with
the design energy was obtained. The established linear accelerator is the first
heavy ion accelerator in Russia; the high-frequency power supply system on
the basis of solid-state transistor amplifiers is used for the first time. Within
the framework of the wide international collaboration, a unique facility with
parameters corresponding to the world level has been developed.

e Butenko A. V., Trubnikov G. V. et al. Commissioning of Heavy Ion Linear Acce-
lerator (HILAC) of the NICA Project // Proc. of RUPAC2016, Saint-Petersburg,
Russia.

In 2017, within the development of the megascience project NICA in
Dubna, the Nuclotron run with the duration of 1008 h was performed to
prepare a research programme to study the spin structure of the nucleon and
polarization phenomena. For the first time, a new source of polarized particles
was routinely operated and experiments were carried out with beams of polarized
deuterons. The intensity of the high-polarized deuteron beams ranged from
1-10% up to 2-10° particles per cycle. The maximum extracted beam energy
reached 5.2 GeV/u. During the session, beams of polarized protons were obtained
and the possibility of their effective acceleration with an injection energy of
5 MeV into the Nuclotron was demonstrated.

The new source of polarized ions

e Sidorin A.O. Progress towards Realization of the Nuclotron—-NICA Project //
47th Meeting of the PAC for Particle Physics, Dubna, 26 June 2017,
http://indico.jinr.ru/conferenceDisplay.py?confld=260.
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o Kekelidze V. D. Progress of the NICA Project // 122nd Session of the Scientific
Council, Dubna, 18 Sept. 2017; http://indico.jinr.ru/conferenceDisplay.py?confld=
300.

For the first time, in 2014, the double user operational mode, as a routine
regime, was brought about at the Nuclotron. The circulation of the coasting
(structureless) beam was realized at consequent plateaus of the magnetic field.
At the first plateau the beam was used for internal target experiment; at the
second plateau the slow extraction was realized.

The first operation of the new stand heavy ion source KRION-6T was
performed as a part of the accelerator complex. The optimization of the source
and linac LU-20 regimes was provided for generation of a few ion species.
Accelerated and extracted Ar beams were delivered for users.

In 2013, a new test bench was put into operation at the U-400M cyclotron.
I[ts purpose is to test the radiation resistance of electronics on the heavy-ion
14-42 MeV/nucleon beams. The new setup considerably expands the range
of beam energy required for such experiments. The energy range exceeding
10 MeV/nucleon considerably increases the possibility of modeling the effects
of heavy-ion component of cosmic rays and allows experiments on the electronic
component both in vacuum and in the atmosphere without decapsulation.

e Skuratov V. A., Teterev Yu. G., Mitrofanov S. V., Kalagin I. V., Gulbekyan G. G.,
Anashin V. S., Emeliyanov V. V. High Energy Ion Beam Line for SEE Testing
at U400M FLNR JINR Cyclotron // 2013 Single-Event Effects (SEE) Symp.
and Military and Aerospace Programmable Logic Devices (MAPLD) Meetings,
9-12 Apr. 2013, La Jolla, California, USA.

A conceptually new laser detector of ground angular motion with a resolution
of 51077 rad is developed. This achievement is of fundamental importance as
it ushers in a new generation of instrumentation for the high-precision surface
oscillation studies. The detector can provide fundamentally new approaches
to solving numerous problems of science and technology. The key idea of
this detector design is to use the gravity vector as a highly stable reference
guaranteeing the horizontality of the laser-ray-reflecting liquid surface taken as
a stable reference level.

The RF patent for the invention of a precision laser inclinometer was
obtained. This investigation allowed an improvement in the stabilization of the
position of large-scale industrial or scientific research complexes such as modern
telescopic systems, etc., in conditions of seismic noise of terrestrial and industrial
origin, as well as registration of surface seismic waves.

e Batusov V., Budagov J., Lyablin M. A Laser Sensor of a Seismic Slope of the
Earth Surface // Phys. Part. Nucl. Lett. 2013. V. 10, No. 1. P.43-48.

e Budagov J., Lyablin M., Shirkov G. The Search for and Registration of Superweak
Angular Ground Motions. JINR Preprint E18-2013-107. Dubna, 2013.

e A Device to Measure Incilination Angle / Budagov J. (RU), Lyablin M. (RU).
Patent for Invention RU 2510488. Publ. 27.03.2014. Bull. No.9.
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In 2019, the 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. The collaboration has developed and applied a new
experimental method for studying the internal structure of the atomic nucleus and
neutron stars in the BM@N experiment. The experiment, which was the first to
register all the reaction products upon dislodging nucleons and pairs of nucleons
from atomic nuclei, opened the new prospects for studying the structure of
nucleus, including short-lived and neutron-rich nuclei. The information obtained
on the formation and properties of nucleon pairs in neutron-rich nuclear matter
will be used as a solid underpinning for understanding the properties of dense
cold neutron-rich matter in neutron stars.

The BM@N experimental facility

e BM@N Collab. (Short-Range Correlations). The Transparent Nucleus: Unper-
turbed Inverse Kinematics Nucleon Knockout Measurements with a 48 GeV/c
Carbon Beam // Nature Phys. (in press).

e Kapishin M. (BM@N Collab.). First BM@N Results // Proc. of the 18th Intern.
Conf. “Strangeness in Quark Matter” (SQM-2019), Bari, Italy.
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In the period 2015-2020, seven clusters of deep underwater neutrino
telescope with the effective volume of about a cubic kilometer “Baikal-GVD”,
created jointly with scientists from INR RAS (Troitsk) on Lake Baikal, were
deployed and commissioned. With the introduction of the seventh cluster, the ef-
fective volume of the telescope reached to 0.35 km? in the problem of registering
showers from high-energy neutrinos of an astrophysical nature, which is about
85% of the effective volume of the Antarctic detector IceCube.

Preliminary analysis of accumulated data during 2015, 2016, 2018 and 2019
made it possible to select seven cascade events with an energy release of more
than 100 TeV, where the stream of astrophysical neutrinos prevails over the
background of atmospheric neutrinos.
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e Avrorin A.D. et al. Status of the Baikal-GDV Experiment — 2017 // Proc. of
the 35th Intern. Cosmic Ray Conf. (ICRC-2017), 10-20 July 2017, Bexco, Busan,
Korea.

e Domogatsky G.V. Deep Underwater Neutrino Telescope — Baikal-GVD // The
36th All-Russian Conf. on Cosmic Rays, 28 Sept.—2 Oct. 2020, SINP MSU,
online; https://events.sinp.msu.ru/event/3/sessions/22/#20200930.

e Safronov G.B. Status of Baikal-GVD: Results of Track Reconstruction // The
40th Intern. Conf. on High Energy Physics, ICHEP2020, 28 July -6 Aug. 2020,
online; https://indico.cern.ch/event/868940/contributions/3813595/.

The DLNP JINR physicists in collaboration with ITEP (Moscow) colleagues
created a neutrino detector DANSS at the Kalinin NPP. It registers about 4000
neutrinos per day with a background less than 2-3% (both values are the
worldwide best now).

In 2018, analysis of the first portion of data (approximately one year of
measurement) was performed and the strongest model-independent limit of
the sterile neutrino existence was produced. The data acquisition and detailed
analysis are in progress.

DANSS facility at the Kalinin Nuclear Power Plant (Russia)

o Alekseev I., Belov V., Brudanin V. et al. Search for Sterile Neutrinos at the
DANSS Experiment // Phys. Lett. B. 2018. V.787. P.56-63; arXiv:1804.04046
[hep-ex].

A JINR group within the Daya Bay collaboration clarified the values of
the neutrino oscillation parameters for 6;3 and Am2,: sin? 26,3 = 0.084 + 0.005,
Am?, = (244 £ 0.11) - 1073 eV?, after updating the energy model of the
experiment. Reactor antineutrino rate and spectrum shape were measured based
on near detectors data. As well as other reactor experiments, Daya Bay observes
overall ~ 5.4% antineutrino flux deficit. The deficit and excess are observed in
comparison with Huber—Mueller antineutrino flux mode.
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e An F.P. et al. (Daya Bay Collab.). New Measurement of Antineutrino Oscillation
with the Full Detector Configuration at Daya Bay // Phys. Rev. Lett. 2015. V. 115,
No. 11. P. 111802.

e An F.P. et al. (Daya Bay Collab.). Measurement of the Reactor Antineutrino
Flux and Spectrum at Daya Bay // Phys. Rev. Lett. 2016. V. 116. P.061801.

In 2014, the solar neutrino flux from the pp reaction was measured in real
time at the Borexino detector (Gran Sasso, Italy) with the participation of JINR
physicists. The result is in good agreement with the standard solar model, which
confirms the Sun being in a steady state for hundreds of thousands of years:
neutrinos yield the energy deposition picture at the present, the solar luminosity
corresponds to the energy deposition in a far past because photons come to the
surface of the Sun from its interior due to a slow diffusion process that takes
hundreds of thousands of years. Together with the previous measurements of
solar neutrinos from the "Be, 8B, and pep reactions, this measurement brings to
the end the study of neutrino fluxes from a chain of reactions that begins with
the pp reaction.

In 2015, new results on the Earth antineutrino flux measurement were
published. Geoneutrino measurement is done with 2056 days of data taking.
The obtained signal value is in agreement with the majority of predictions from
geophysical models. The null observation of geoneutrinos with Borexino alone
has a probability of 3.6 - 107°. A geoneutrino signal extracted for the mantle
only is obtained at 98% C.L.

e Bellini G. et al. (Borexino Collab.). Neutrinos from the Primary Proton—Proton
Fusion Process // Nature. 2014. V.512. P. 383-386.

e Bellini G. et al. (Borexino Collab.). Final Results of Borexino Phase-I on Low-
Energy Solar Neutrino Spectroscopy // Phys. Rev. D. 2014. V.89. 112007.

o Agostini M. et al. (Borexino Collab.). Spectroscopy of Geoneutrinos from 2056
Days of Borexino Data // Phys. Rev. D. 2015. V.92. P.031101.

Within the NOvA experiment, the foll owmg oscillation parameters were
measured: sin® o3 = 0.51 £0.10, Am2, = (2.37701%) - 1073 eV2 (NH), Am}, =

= (—2. 40+8 11)- 1073 eV? (IH). A special test bench was constructed at JINR
to measure NOvA electronics parameters. The Remote Operation Center (ROC-
Dubna) was put in operation allowing to monitor and control the NOvA
experiment from Dubna. The analysis of NOvA systematic errors was performed.
Also, the software for the supernova signal analysis was developed.

e Sanchez M. Results and Prospects from the NOwA Experiment // NuFACT
Workshop in Rio de Janeiro. Aug. 2015.

In the OPERA experiment, the collaboration discovered the fifth event of
the tau neutrino, continuing data analysis. This data collection for analysis was
completed at the end of 2012. A search of the tau neutrino interactions in the
detector with a sample of two most probable target bricks per event yielded
5 events with 0.25 expected from all possible background sources. This means
a discovery of the tau neutrino appearance in the CNGS beam at a confidence
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level of 5.1 standard deviations. Thus, the main goal of the experiment — to
prove that this type of oscillations is the reason of the deficit of the atmospheric
muon neutrino through direct observation of v, appearance in the v, beam — is
successfully fulfilled.

e Agafonova N. et al. Discovery of 7 Neutrino Appearance in the CNGS Neutrino
Beam with the OPERA Experiment // Phys. Rev. Lett. 2015. V. 115, No.12.
P. 121802.

In 2013, with the determining contribution of the JINR scientists from
the NA48/2 experiment (SPS, CERN) the first experimental observation was
obtained of a new decay channel K* — n0r%*ete~. The K* — 7t~y rare decay
width was measured and its dynamic properties were studied based on the record
statistics — 149 decay candidates with a background of (15.5 + 0.7) events. In
2015, the analysis of data of a record high number on the decay 7% — ~vete™
(1.69 - 107 events), caused by kaons with p = 60 GeV/c decay, was performed.
As a result, the strongest restriction on the value of the “dark photon” mixing
parameter £2 in the mass region 9 < my < 70 MeV/c? has been obtained.
This restriction excludes the possibility to explain the muon anomal magnetic
momentum by the effects related to the “dark photon”.

In 2016, the processing of the first data obtained in the experiment was
completed. As part of the search for New Physics in rare kaon decays, 17 decay
candidates have been discovered in K+ — 77 rare decay observed with the
expected background of 7 events. This allowed to make the best estimate of

the world of the relative probability of decay BR(KT — ntuvw) = (11.01“;:2 +
+ 0.3gyst) - 10~ which is consistent with the prediction of the Standard Model.
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o Madigozhin D. (NA48/2 and NA62 Collab.). Probing Nonperturbative QCD
with K.4 and K* — ntyy Decays from the NA48/2 and NA62 Expe-
riments // Proc. of XXI Intern. Workshop on Deep-Inelastic Scattering and
Related Subjects, Marseille, France, Apr. 22-26, 2013. 132; http://pos.sissa.it/
archive/conferences/191/132/DIS 2013_132.pdf.
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e Madigozhin D. (NA48/2 Collab.). ngh Precision Measurement of the Form
Factors of the Semileptonic Decays K 701*v(Ky3) // Proc. of XXI Intern.
Workshop on Deep-Inelastic Scattering and Related Subjects, Marseille, France,
Apr. 22-26, 2013. 135; http://pos.sissa.it/archive/conferences/191/135/DIS
2013_135.pdi.

e Batley J.R. et al. (NA48/1 Collab.). A New Measurement of the KT — 7F~yy
Decay at the NA48/2 Experiment. CERN-PH-EP-2013-197.

e Batley J.R. et al. (NA48/2 Collab.). Search for the Dark Photon in 7° Decays //
Phys. Lett. B. 2015. V.746. P. 178.

e Marcheuski R. (NA62 Collab.). New Result on the Search for the KT — ntuvw
Decay at the NA62 Experiment at CERN // ICHEP-2020, 28 July -7 Aug. 2020,
Prague.

In 2015, for the first time, at the LHC, the AY — 1(25)A% decay was ob-
served and the branching ratio of the A) — 1/1(25)1\0 — AY — J/pA was mea-
sured. The J/¢X and (25)X mesons are reconstructed in their decays to a
muon pair, while the A — pr~ decay is exploited for the A? baryon reconstruc-
tion. Branching ratio was measured to be I'(A) — ¢(25)A%)/T'(A) — J/9A%) =
= 0.501 £ 0.033(stat.) £ 0.016(syst.) = 0.01(B). The ratio falls mto the range
0.5-0.8, as found for the branching ratios of analogous B meson decays. The
only available theoretical expectation for the branching ratio (0.8 £ 0.1) exceeds
the measured value.

e Gladilin L., Lyubushkin V. (ATLAS Collab.). Measurement of the Branching
Ratio I'(A° o w(QS)AO)/I‘(AO — J/wA%) with the ATLAS Detector // Phys. Lett.
B. 2015. V.751. P.63-8

In 2014, a search for resonance Z* production in the dilepton channel in
proton—proton collisions at the LHC (CERN) was proposed with the participation
of the JINR scientists. In the scope of this objective, Z*-boson production
events were simulated, criteria for selection of events of the Z* decay into
a lepton—antilepton pair reconstructed at ATLAS were established, and criteria
for discrimination between the Z*-production events and events of production of
other neutral bosons (Z’, G*, etc.) were proposed.

The experimental search for the resonance Z* was based on the analysis
of ~ 25 ib~! of proton—proton collisions at a cms energy of 7 to 8 TeV. The
observed data are found to agree with the Standard Model predictions, and new
limits for the production cross section and mass of the Z* boson are obtained:
the new experimental upper limit for the Z* mass is 2.85 TeV.

o Yeletskikh I. V. et al. Search for Z* Boson at ATLAS Detector // Phys. Part.
Nucl. 2014. V.45. P.252.

o Yeletskikh I. V. (ATLAS Collab.). Search for High-Mass Dilepton Resonances in
21 fb=! of pp Collisions at /s = 8 TeV with the ATLAS Experiment // Phys.
Rev. D. 2014. V.90. P.052005; arXiv: 1405.4123.

In 2014, the JINR group completed processing and analysis of the 2011 and
2012 LHC run data on the Drell-Yan process with a muon pair production in
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the CMS (LHC, CERN) experiment. The predictions of the Standard Model of
elementary particle interactions (SM) were proved in a new energy range. The
search for signals of New Physics beyond the SM was performed as well, and
the limit of new gauge boson mass was significantly extended (up to ~ 2.7 TeV).
The study of the Higgs boson properties was continued. The boson mass and
other parameters were determined more precisely. It allowed making a conclusion
about consistency of the discovered boson hypothesis to the SM Higgs boson.
The search for rare decays of the Higgs boson was not successful.

e CMS Collab. (Chatrchayn S. et al.). Measurement of the Differential and
Double-Differential Drell-Yan Cross Sections in Proton-Proton Collisions at
/s =7 TeV // JHEP. 2013. V. 12. P.30; arXiv:1310.7291.

e CMS Collab. (Chatrchayn S. et al.). Forward-Backward Asymmetry of Drell-Yan
Lepton Pairs in pp-Collisions at /s =7 TeV // Phys. Lett. B. 2013. V.718.
P.752.

e CMS Collab. (Chatrchayn S. et al.). Search for Microscopic Black Holes in
pp-Collisions at /s =8 TeV // JHEP. 2013. V.07. P. 178.

e CMS Collab. (Chatrchayn S. et al.). Observation of a New Boson with Mass near
125 GeV in pp-Collisions at /s =7 and 8 TeV // JHEP. 2013. V.06. P.081.

e CMS Collab. (Chatrchayn S. et al.). Properties of the Higgs-Like Boson in the
Decay H to ZZ to 4l in pp-Collisions at 7 and 8 TeV. CMS-PAS-HIG-13-002.
Geneva: CERN, 2013.

o CMS Collab. (Chatrchayn S. et al.). Combination of Standard Model Higgs Boson
Searches and Measurements of the Properties of the New Boson with a Mass
near 125 GeV. CMS-PAS-HIG-13-005. Geneva: CERN, 2013.

e CMS Collab. Measurements of the Differential and Double-Differential Drell-Yan
Cross Sections in Proton-Proton Collisions at 8 TeV. CMS-PAS-SMP-14-003.
Geneva: CERN, 2014.

e Konoplyannikov V. F., Savina M. V., Shmatov S.V., Shulga S.G. The Uncer-
tainties of the Sections of the Drell-Yan Processes Birth in Proton Collisions at
LHC // Part. Nucl., Lett. 2014. V.11, No.6(198). P. 1122-1133.

e Lanyov A. V. The CMS Collaboration Results: Higgs Boson and the Search for
New Physics // Adv. Phys. Sci. 2014. V. 184. P.996-1004.

In 2014, the test run on the Drell-Yan process measurements with a pion
beam of 160 GeV and a hydrogen polarized target was carried out within the
framework of the COMPASS (SPS, CERN) experiment. In February and October
of 2014, the tests of the electromagnetic calorimeter (ECALO) modules at an
electron beam of the ELSA accelerator complex (Bonn, Germany) and at beams
of the PS accelerator (CERN, Geneva) were held. The obtained results showed
that the calorimeter module and the avalanche diode-based read-out system fully
satisfy conditions of the future measurements of generalized parton distributions.

In 2015, the COMPASS collaboration published the results of measuring
the pion polarizability obtained by defining contribution of the JINR group. In
the experiment, a beam 7~ with a momentum of 190 GeV/c scattered on a
thin nickel target. The value of the electric polarizability of the pion amounted
to (2.0 £ 0640t £ 0.75yst) - 10~* fm3, which agrees with the prediction of the
effective chiral theory. Measurement accuracy is about twice the previously
published results. This result is fundamentally important in checking/testing the
correctness of the effective chiral theory.
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e COMPASS Collab. Search for Exclusive Photoproduction of Z*(3900) at
COMPASS // Phys. Rev. Lett. 2015. V.742. P.330.

o COMPASS Collab. The COMPASS Setup for Physics with Hadron Beams //
Nucl. Instr. Meth. A. 2015. V.779. P.69.

e Adolph C. et al. (COMPASS Collab.). Measurement of the Charged-Pion Polari-
zability // Phys. Rev. Lett. 2015. V. 114. P.062002.

In 2014, in the BES-III (IHEP CAS, China) experiment new decay modes of
the charges states Z+ were found, and a neutral particle Z2(4020) supposed to
be an isospin partner of the charged state ZF(4025) was observed jointly with
JINR. The charged resonance ZF(4025) was observed in the reaction ete™ —
— Z*nt — D**D*0rx% at the collision energy /s = 4.26 GeV. Its mass and
width were found to be (4026.3 & 2.6) MeV/c? and (24.8 +5.6) MeV/c?, in
good agreement with the parameters of the ZF(4020) resonance earlier observed
in the decay mode ZF(4020) — h.m*. Another charged resonance ZZF(3885)
was observed in the reaction ete™ — ZFr* — (D*D)*n*. The mass and the
width of the resonance ((3883.9 +4.3) MeV/c? and (24.8 + 11.5) MeV/c?) are
in good agreement with the parameters of the ZF(3900) resonance observed
earlier, which suggests that two decay modes of one particle are found. A neutral
charmonium-like resonance Z was first observed in the reaction ete™ — 7%7%h,.
The mass of the new resonance is (4023.9 & 4.4) MeV/c?, which suggests that
the Z9(4020) is a neutral isospin partner of the charged resonance Z*(4020).
The tau-lepton mass was measured in the BES-IIT experiment using the threshold
scanning technique and the value M, = (1776.91f8:ig) MeV/c? was obtained. Its
accuracy is almost as good as that of all previous measurements taken together.

o Ablikim M. et al. // Phys. Rev. Lett. 2014. V. 112. P.022001.
o Ablikim M. et al. // Phys. Rev. Lett. 2014. V. 112. P. 132001.
o Ablikim M. et al. // Phys. Rev. D. 2014. V.90. P.012001.
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The JINR group involved in the ion part of the NA61/SHINE (SPS, CERN)
experiment is carrying out the systematic study of nucleus—nucleus reactions
occurring in Pb—Pb collisions and by investigating reactions with medium-sized
nuclei (Xe and Ar) as well as with light nuclei (Be).

The data analysis was carried out, and the first preliminary results were
obtained on the "Be+°Be collision as well as on the p+p and p+ C (Long
Target) reactions at 31 GeV/c required for the neutrino experiment T2K.

In 2014, the evidence of the existence of the critical point of nuclear matter
was received within the experiments at the NA61 with the active participation
of the JINR physicists. These data are highly important for the theory of nuclear
matter and for their further application in practice. Matter in the critical point
region must have unique properties, which should be studied in details.

e Abgral N. et al. Pion Emission from the T2K Replica Target: Method, Results
and Application // Nucl. Instr. Meth. A. 2013. V.701. P.99-114.

o Stefanek G. (NA49 and NA61/SHINE Collab.) // Nucl. Phys. B. Proc. Suppl.
2014.

The JINR group participating in the STAR at RHIC (BNL, USA) experiment
was actively involved in the energy scanning programme on studying hadron
production in AuAu collisions at the energies /syy = 7.7, 11.5, 19.6, 27,
39 GeV. It was found that Reop ratio, elliptic flow for mesons, baryons and their
antiparticles, ratio of particle yields in AuAu collisions depend on the transversal
pulse and energy of the collision /sy .

The JINR group took part in the analysis of new data on measurements of
antiquark polarization of the proton. The analysis demonstrated the presence of a
significant asymmetry indicating the domination of the u-antiquark polarization.

In 2015, the results provided information about nuclear force between
two antiprotons and presented the measurement of the two key parameters
characterizing the corresponding strong interaction, namely, the scattering length
(fo) and effective range (dp). This result provides a fundamental ingredient for
understanding the structure of more sophisticated antinuclei and their properties.

Adamczyk L. et al. (STAR Collab.) // Phys. Rev. Lett. 2013. V. 110. P. 142301.
Adamczyk L. et al. (STAR Collab.) // Phys. Rev. C. 2013. V. 88. P. 34906.
Adamczyk L. et al. (STAR Collab.) // Phys. Rev. C. 2013. V. 88. P. 14904.
Adamczyk L. et al. (STAR Collab.) // Phys. Rev. Lett. 2014. V. 113. P.072301.
STAR Collab. Measurement of Interaction between Antiprotons // Nature. 2015.
V. 527. P.345-348.

The JINR group in the ALICE (LHC, CERN) experiment took data with
minimum bias trigger of p—Pb collisions at 5.02 TeV. In 2013, the results of
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the femtoscopic correlation analysis for charged kaon pair production in p-Pb
collisions at 5.02 TeV per nucleon pair were obtained. The analysis of charged
kaon purity selection in Pb—Pb at 2.76 TeV was performed and the results for
¢ — KK~ production were obtained.

Group of physicists from JINR has continued the investigation of femtoscopic
Bose-Einstein correlations for charged kaon pairs (K, Kq,) produced in
proton—proton collisions at the energy of 7 TeV. The key peculiarity of the
obtained results for K, K, is the sharp increase in source size (Rj,y) with the
increase in the so-called pair transverse mass (myr) at the lowest number of
created charged particles (Ng,) and the inverse dependence at a higher Ng,. The
decrease in R;,, with the increase in my is characteristic for A—A collisions and
theoretically explained by collective effects of particle flows when a big number
of nucleons are collided. The same picture for p—p collisions confirms some
theoretical suppositions on probability of the manifestation of collective effects
on the quark-gluon level in elementary particle interactions with big enough
values of Ny,.

e Abelev B. et al. Charged Kaon Femtoscopic Correlations in pp Collisions at /s =
=7 TeV // Phys. Rev. D. 2013. V.87. P.052016.

e Abelev B. et al. Two and Three-Pion Quantum Statistics Correlations in Pb-Pb
Collisions at 2.76 TeV at the LHC. arXiv:1310.7808. 2013.

e ALICE Collab. Charged Kaon Femtoscopic Correlations in pp Collisions at /s =
=7 TeV // Phys. Rev. 2013. D. V.87. P.052016.
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The analysis of new experiments with ultracold neutrons shows that physical
adsorption of nanoparticles/nanodroplets, levitating in high-excited states in a
deep and broad potential well formed by the van der Waals/Casimir—Polder
(vdW/CP) forces, results in new effects at the intersection of fundamental-
interaction, neutron, surface and nanoparticle physics. Accounting for the
interaction of UCNs with nanoparticles explains the recently discovered
intriguing small heating of UCNs in traps.

e Nesvizhevsky V. V., Voronin A. Yu., Lambrecht A., Reynaud S., Lychagin E. V.,
Muzychka A. Yu., Strelkov A. V. Quantum Levitation of Nanoparticles Seen with
Ultracold Neutrons // Crystallogr. Rep. 2013. V.58, No.5. P.743-748.

The results of measurements of very cold and cold neutrons diffuse reflection
from nano-structured reflectors were analyzed. It was shown that nano-structured
reflectors fill a gap in the energy region between efficient reflectors based on
neutron-optical potential and reflectors based on Bragg scattering and scattering
by individual nuclei.

e Lychagin E. V., Muzychka A. Yu., Nesvizhevsky V. V. Nano-Structured Reflectors
for Slow Neutrons // New Developments in Low-Energy Physics Research / Eds.:
Tao Zoeng and Meng Ngai. NOVA Publ., 2013.

The features of the accelerating matter effect (AME) were analyzed in the
case of a birefringent medium. The AME is the change of neutron energy when
it passes through an accelerating sample of refractive material. In the case of a
birefringent medium, there are new phenomena of AME. In neutron optics, AME
leads to an unsteady state with neutron spin precession. When two-component
neutrino passes through a layer of accelerating matter, the AME influences the
evolution of the neutrino state.

e Frank A.I, Naumov V. A. Interaction of Waves with a Birefringent Medium that
Moves with an Accelerating Speed // Phys. At. Nucl. 2013. V.76. P. 1507.

In the framework of the biotechnology research using the neutron activation
analysis method (NAA) at the IBR-2 reactor the elemental composition of
microbial samples was determined, and the efficiency of accumulation of zinc
and other metals by spirulina biomass was estimated. These results demonstrate
the effectiveness ol using microalgae Spirulina platensis for extracting of zinc
from waste water.

e Zinicouscaia 1., Duca Gh., Rudic V., Cepoi L., Chiriac T., Frontasyeva M. V.,
Paviov S.S., Gundorina S.F. Spirulina Platensis as Biosorbent of Zinc in
Water // Environ. Eng. Manag. J. 2013. V.12, No.6. P. 1079-1084.
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Work on active biomonitoring with moss transplants allowed a study of
air pollutions in the center of Belgrade (Serbia), as well as one of the most
ecologically unfavorable territories of Greece — Great Thracian Lowland (Attica).
The efficiency of moss biomonitoring for investigating atmospheric depositions
of radionuclides was demonstrated in joint studies with Slovakia, Belarus, South
Africa, Serbia and Thailand.

e Saitanis C.J., Frontasyeva M. V., Steinnes E., Palmer M. W., Ostrovnaya T. M.,
Gundorina S. F. Spatiotemporal Distribution of Airborne Elements Monitored with
the Moss Bags Technique in the Great Thracian Lowland, Attica, Greece //
Environ. Monit. Assess. 2013. V. 185, No. 1. P. 955-968.

In neutron physics there is a need for reflectors both for neutron beams
and for the effective neutron sources. This paper consideres the reflective
properties of materials consisting of nanoparticles of different shapes: spherical
and cylindrical. Solid materials reflected neutron beams well either in a very
narrow range of low energies of the order of ~ 1077 eV (~ 5 m/s) or at
thermal energies of the order of ~ 0.025 eV (~ 2200 m/s). Recently, in neutron
physics, biology and industry, cold neutrons with energies of ~ 1077—10"% eV
(~ 10—500 m/s) have been in demand. As shown in the figure, nanoreflectors
are most effective in comparison with all those known hitherto.
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e [gnatovich V.K., Nesvizhevsky V.V. // At. Energy. 2014. V.116, No.2.
P. 100-107.

Among all microorganisms, cyanobacteria represent great interest for the
obtaining of nanoparticles, as they are potential sources of new metabolites that
are of great importance in the sphere of biotechnology and industry. For the
development of nontoxic, environmentally friendly method for producing silver
nanoparticles, cyanobacteria Spirulina platensis and Nostoc linckia have been
used. Silver nanoparticles were studied using a complex of optical and analytical
methods. In particular, the dynamics of silver accumulation by cyanobacteria
biomass was studied by neutron activation analysis at the JINR IBR-2 reactor.
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Photographs obtained using a scanning electron microscope (SEM) showed
that the production of silver nanoparticles by cyanobacteria with the sizes of
10-80 nm occurs extracellularly, which is very important from the point of view
of further application. The resulting biomass can be used both for industrial and

medical purposes.

SEM photographs of Nostoc linckia (a) and Spirulina platensis (b) with silver
nanoparticles

e Cepoi L., Rudi L., Chiriac T. et al. // Canadian J. Microbiol. 2014. V. 14. P. 1-9;
doi: 10.1139/¢cjm-2014-0450.

At the IREN pulsed resonance neutron source, the time-of-flight technique,
which is a traditional method of resonance neutron spectrometry, was applied for
analysis of element and isotope composition of samples. Elements and isotopes
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can be identified by the energies of neutron resonances in the radiative capture
reaction, and their amount is determined by the gamma-ray yield in the observed
resonances. Since the start of the trial operation of the first stage of the
IREN facility (with one accelerating section), the analysis of ore samples from
the Central Geological Laboratory of Mongolia and composite samples from
Belarusian State University was regularly carried out. In cooperation with the
Sternberg Astronomical Institute of Moscow State University, studies of element
and isotope composition of objects presumably of extraterrestrial origin were
conducted.

e Bazhazhina N. V., Mareev Y. D., Pikelner L. B., Sedyshev P. V., Shvetsov V. N. //
Phys. Part. Nucl. Lett. 2015. V. 12, No. 4. P.578-583.

A Timepix silicon pixel detector consisting of a matrix of 256 x 256 square
pixels with a pitch of 55 um was used in combination with the AE detector
(thickness 11 pm) to detect light charged particles emitted in the spontaneous
fission of 252Cf. A high spatial resolution of the detector system made it possible
for the first time to observe a simultaneous emission of two charged particles
with a small relative emission angle («—« and a—t pairs were observed), which
are attributed to the decay of unstable particles of 8Be and "Li*. The yields
of these particles, as well as angular and energy distributions of a particles
produced in the quaternary fission, were determined.
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Three-dimensional spectra of signals from the Timepix detector corresponding to pairs of
a—t (on the left, energies of the particles are different) and a—a« (on the right, energies
of the particles are close to each other)

e Ahmadov G.S., Kopatch Yu.N., Telezhnikov S.A., Ahmadov F.I., Granja C.,
Garibov A. A., Pospisil S. Detection of Ternary and Quaternary Fission Fragments
from 252Cf with a Position-Sensitive AE—F Telescope Based on Silicon Detec-
tors // Part. Nucl., Lett. 2015. V.12, No.4. P.846-854.
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In 2020, in works on theoretical physics, for the first time, the energies of
transitions in the molecular ion HD™ were calculated with a record accuracy
of ~ 107! in the framework of nonrelativistic quantum electrodynamics. The
measured frequencies of the rotational transition made it possible to obtain
the most accurate verification of QED predictions in the quantum-three-body
prediction so far, at the level of 5- 10~ limited by the current uncertainties
of the fundamental constants. We determined the value of the fundamental
constants combinations Roome(m;1 + mgl) and my,/m. with a fractional
uncertainty of 2- 10~!!. These results obtained more than 20 times improve the
boundary for a hypothetical fifth force between a proton and a deuteron.
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e Alighanbari S., Giri G. S., Constantin F. L., Korobov V.1, Schiller S. // Nature.
2020. V.581. P.152.

In 2015, theoretical studies were carried out related to tailoring the electronic
properties of quantum materials and devices with controlled quantum properties,
which is currently largely based on the idea of orbital engineering in multilayered
oxide hetero-structures. It is shown that the interplay of interlayer charge
imbalance and ligand distortions provides a knob for tuning the sequence of
electronic levels (d-orbital reconstruction) even in intrinsically stacked oxides.
Using the example of layered oxides SrolrO4 and BaglrOy, for the first time,
the authors proposed and implemented a combined quantitative analysis of these
effects, based on the results of measurements of electron paramagnetic resonance
spectra and quantum chemical cluster calculations.
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e Bogdanov N., Katukuri V., Romhanyi J., Yushankhai V., Kataev V., Buchner B.,
van den Brink J., Hozoi L. // Nature Commun. 2015. V.6. P.7306.

A new approach to the theory of nonrenormalized interactions is developed.
Generalizations of the renormalization group equations are obtained, which make
it possible to sum up the leading asymptotics in all orders of the perturbation
theory. The ultraviolet behavior of a number of supersymmetric gauge models of
quantum field theory is found.

e Kazakov D. 1., Borlakov A. T., Tolkachev D. M., Viasenko D. E. // Phys.Rev. D.
2018. V.97. P. 125008.

e Kazakov D.I. // Phys. Lett. B. 2018. V.786. P.327; Phys. Lett. B. 2019. V.797.
P. 134801.

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 T equal
to the Unruh temperature 7y;, and this is interpreted as instability of the phase
with the temperature T" < Tyy. 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.

P '7 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; JHEP. 2019. V. 1902. P. 146.

For the first time systematic calculation of the full set of 3-loop Standard
Model beta functions was performed. The result allows one to bind the SM
physics at the TeV scale with the Planck scales. The current experimental
accuracy of the input parameters is sufficient to demonstrate that the SM is a
self-consistent model, at least up to the energy of order 10!0 GeV.

Manifestly gauge-independent analysis of the vacuum stability in the
Standard Model including two-loop matching, three-loop renormalization group
evolution, and pure QCD corrections through four loops is performed. All these
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ingredients are exact, except that light-fermion masses are neglected. We in turn
apply the criterion of nullifying the Higgs seli-coupling and its beta function
in the modified minimal-subtraction scheme and a recently proposed consistent
method for determining the true minimum of the effective Higgs potential that
also avoids gauge dependence. Exploiting our knowledge of the Higgs-boson
mass, we derive an upper bound on the pole mass of the top quark by requiring
the Standard Model stability all the way up to the Planck mass scale and
conservatively estimate the theoretical uncertainty. This bound is compatible
with the Monte Carlo mass quoted by the Particle Data Group at the 1.30 level.

e Bednyakov A., Pikelner A., Velizhanin V. // JHEP. 2013. V.1301. P.017; Phys.
Lett. B. 2013. V.722. P.336-340; Nucl. Phys. B. 2013. V.875. P.552-565;
arXiv:1309.1643 [hep-ph].

e Bednyakov A. V., Kniehl B. A., Pikelner A.F., Veretin O.L. // Phys. Rev. Lett.
2015. V. 115. P.201802.

In the theoretical investigation of the heavy-nuclear fission, it was found
that the evolution from a one- to three- and then two-peaked mass and charge
distributions of the fission fragments occurs across several mass units. The
suggested model predicts the presence of symmetric and asymmetric fission
modes with equal probabilities at N = 136, regardless of the charge number
of the fissioning system. The important result was the conservation of the
asymmetric shapes of the mass and charge distributions of the fission fragments
at high enough excitation energies of the lissioning nucleus.

e Pasca H., Andreev A.V., Adamian G.G., Antonenko N.V., Kim Youngman //
Phys. Rev. C. 2016. V. 93. P.054602.

e Pasca H., Andreev A. V., Adamian G. G., Antonenko N. V. // Phys. Lett. B. 2016.
V.760. P.800.

The reaction pep — d + v,, essential in detecting monoenergetic neutrinos
of £, = 1.442 MeV, was studied. The rate of the pep reaction and the
astrophysical Sy, factor were calculated taking into account the Coulomb and
strong interactions under conditions of the solar core. For the first time, the
initial state was treated as a purely three-body state. The value of the calculated
neutrino flux in the 3-body treatment appeared to be 40% larger as compared to
the theoretical estimates based on the two-body treatment of the initial state and
lies within the confidence interval of the Borexino collaboration data.

e Belyaev V.B. et al. // Phys. Rev. C. 2013. V. 87. P.035804.

For the first time, a collective model which can be applied to describe chiral
vibrations and rotations of nuclei, as well as a transition between these limits,
was proposed and verified. To describe the energy splitting between the chiral
doublet bands, it is necessary to go beyond the mean field approximation.

e Jolos R. V. et al. // Phys. Rev. C. 2013. V.87. P.024314.

Tunnel current was calculated in a contact made of both graphene monolayers
and bilayers with two possible packings and orientations of the crystal lattice. For
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zigzag termination, there exists a pronounced on/off effect under the influence
of the gate voltage. Based on these results, a concept for a graphene tunnel
field-effect transistor was proposed. The main idea is based on the use of two
graphene electrodes with zigzag termination divided by a narrow gap under
the influence of the common gate. It was shown that the device will have a
pronounced switching effect at low gate voltage and high on/off current ratio at
room temperature.

e Osipov V., Katkov V. // Appl. Phys. Lett. 2014. V. 104. P.053102; JETP Lett.
2013. V.98. P.782.

The quantum electrodynamics (QED) corrections at order m.a’ for a three-
body Coulomb system were obtained and led to the record 10-fold improvement
for the transition energies of the hydrogen molecular ion and the antiprotonic
helium. This allows one to achieve a fractional precision of 1.5- 107! in
determination of the electron-to-proton mass ratio.

e Korobov V.I., Hilico L., Karr J.-P. // Phys. Rev. Lett. 2014. V. 112. P. 103003;
Phys. Rev. A. 2014. V.89. P.03251.

Recent STAR data for the directed flow of protons, antiprotons, and charged
pions in relativistic heavy ion collisions were analyzed within the parton-hadron-
string-dynamics transport model and a 3-fluid hydrodynamics approach. Special
attention was paid to the description of antiproton directed flow based on the
balance of proton-antiproton annihilation and the inverse processes for pair
creation from multimeson interactions. Comparison of the measured data and the
model results supports a crossover type of quark—hadron transition that softens
the nuclear EoS but shows no indication of a first-order phase transition.

e Konchakouski V. P., Cassing W. et al. // Phys. Rev. C. 2014. V.90. P.014903.

The novel microscopic and thermodynamically consistent approach to take
into account thermal effects on the neutrino—nucleus reactions in the collapsing
stellar matter was developed. Inelastic neutrino scattering off hot nuclei for
temperatures relevant under supernova conditions is studied. The observed
enhancement of the cross section at low neutrino energies was explained by
thermal effects on the strength of Gamow-Teller transitions, which dominate
the scattering process at low neutrino energies.

e Dzhioev A. A., Vdovin A. I et al. // Phys. Rev. C. 2014. V.89. P.035805.

Inflationary cosmology in a theory where there are two scalar fields which
nonminimally couple to the Ricci scalar and an additional R? term, which breaks
the conformal invariance, was explored. They investigated the slow-roll inflation
in the case of one dynamical scalar field and that of two dynamical scalar fields.
It was explicitly demonstrated that the spectral index of scalar mode of the
density perturbations and the tensor-to-scalar ratio can be consistent with the
observations acquired by the recent Planck satellite. A generalization of the
model with three scalar fields was proposed.

e Bamba K., Odintsov S. D., Tretyakov P. V. // Eur. Phys. J. C. 2015. V.75. P. 344.
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In 2013-2020, the user programme of the spectrometers complex of the
IBR-2 research reactor has been functioning stably. A significant number of
the results in condensed matter physics and materials science from the user
programme are reflected in more than 90 publications per year.

The crystal structure and magnetic properties of improper multiferroic
RbFe(MoOy)e with a 2D magnetic triangular lattice were studied using neutron
diffraction, X-ray diffraction and magnetic susceptibility in a wide range of
pressures and temperatures. Under the pressure structural phase transition
from the trigonal to monoclinic phase was observed. In the trigonal phase, an
increase in the Neel temperature with the pressure coefficient of 0.09 GPa~!
was established. In the monoclinic phase, high pressure of magnetic ordering
was not observed up to 7"= 1.5 K.

e Kozlenko D.P., Kichanov S.E., Lukin E. V., Dang N. T., Dubrovinsky L. S., By-
kova E.A., Kamenev K.V., Liermann H.-P., Morgenroth W., Shapiro A.Ya.,
Savenko B. N. Effect of High Pressure on the Crystal Structure, Magnetic, and
Vibrational Properties of Multiferroic RbFe(MoOy)s // Phys. Rev. B. 2013. V. 87.
P.014112.

In situ neutron analysis of charge-discharge processes in commercial lithium
batteries with LiFePO4 (LFP) and graphite electrodes was conducted. The stages
of the process of Li insertion into graphite with successive formation of several
LiC,, phases and reversible transition LiFePO4 <> FePO, were analyzed in detail.

10 Ah cell, LFPV cathode

FePOy4: Vo oors mmmmmmmmnnmniin i 1 1 1o _
LiFePOy: Vo 0075 emmmmmmumi i g1 | 1 E Potential, V

Graphite i NEERE 24 32 4

Interplanar distance, A

Evolution of neutron diffraction spectra obtained in the experiment on the study of
the electrodes work in a V-doped LiFePOy4-based battery. On the right, a graph of the
potential change in the course of charging/discharging of the battery is shown
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The analysis of the changes in the cathode material microstructure when doped
with vanadium (LFPV) showed a considerable increase in the density of defects
of the structure, which correlates with better electrochemical LFPV properties
if compared to LFP.

The study of the structural behavior of new electrode materials based on the
modified LiFePOy4 directly during charging and discharging of the battery, as
well as in stationary conditions, was carried out using the HRFD diffractometer
of the IBR-2 reactor.

e Bobrikov 1. A., Balagurov A. M., Chih-Wei Hu, Chih-Hao Lee, Sangaa Deleg,
Balagurov D. A. Structural Evolution in LiFePO4-Based Battery Materials: In Situ
and Ex Situ Time-of-Flight Neutron Difiraction Study // J. Power Sources. 2014.
V. 258. P.356-364.

e Balagurov A. et al. // Usp. Khim. 2014. V.83. P. 1120-1134.

A study of liquid dispersions of detonation nanodiamonds by small-angle
neutron scattering with contrast variation was conducted. In order to describe
the structural arrangement of the system, continuous spatial transition of carbon
states from the crystalline diamond within the particles to the graphite-like
state on the surface was proposed. This type of transition allows combining the
experimentally observed shift in the average density of particle scattering length
from the density of crystalline diamond.

o Avdeev M. V., Aksenov V.L., Tomchuk O.V. Bulavin L.A., Garamus V.M.,
Osawa E. The Spatial Diamond—-Graphite Transition in Detonation Nanodiamond
as Revealed by Small-Angle Neutron Scattering // J. Phys.: Condens. Matter.
2013. V.25. P.445001.

A new perovskite phase of the simple binary oxide MnyO3 was synthesized at
high pressure and high temperature conditions. A study of structural, magnetic
and ferroelectric properties of this material was performed. The existence of
two modulated antiferromagnetic phases (T =~ 100 K, Tno ~ 50 K) was

T < T<T T<T
< 10 N2 Nl N2
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*MHSJF* Mné+ a

b
20 25 30 35 40 45 50 55

d-spacing, A

Neutron diffraction patterns (left) and spin arrangement of the modulated magnetic
structures of MnyO3 oxide (right)
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established and their magnetic structure was determined. In the low-temperature
antiferromagnetic phase, emergence of the spin-induced spontaneous ferroelectric
polarization was detected.

e Cong J., Zhai K., Chai Y., Shang D., Khalyavin D. D., Thompson R.D., Kozlen-
ko D.P., Kichanov S. E., Abakumov A. M., Tsirlin A. A., Dubrovinsky L., Xu X.,
Sheng Z., Ovsyannikov S. V., Sun Y. Spin-Induced Multiferroicity in the Binary
Perovskite Manganite MnyOs // Nature Commun. 2018. V.9. P. 2996.

The magnetic, structural, and vibrational properties of YMnyO5 multiferroic
with a strong magnetoelectric coupling have been studied by means of neutron,

a b
T T T T T T T T LIS B B S B e B e B B s S e e e
Rl UL LU LR T willi _ ¢=(0.49,0,0.29) 0 GPa_'
q_(1/27071/2)- 06 I q:(1/27071/4)-
6.5 GPa, 10 K- 04r i
: 1 0.2 T
. . 0.0 [ T T T T 1T [ T T T T [ T T T T 11T |\"| T
= < q=(1/2,0,1/4)
2 = |
Z 202 -
z g .
E g =(1/2,0,1/2)
51 DAY D ) VA=KETL U VAN DN N
ofcpa, 25 K & g=(1/2,0,1/4) 5.4 GPa
0 GPa, 50 K] 0.2 §
i
L in ) q= (]:{2, 0,1/4)] 4= (1/2; 0,1/2) |
0.0 1 F I T | I | L1l I |
2 4 5 6 7 8 10 20 30 40 50
d-spacing, A T, K

Neutron diffraction spectra of YMnoOs obtained
at different pressures and temperatures with
the DN-12 diffractometer and treated with the
Rietveld method (a). Temperature dependences
of integrated intensity of magnetic characteristic
peaks of commensurate and incommensurate
AFM phases with a propagation vector ¢ =
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vector ¢ = (1/2,0, 1/2) under various pres-
sures (b). Structural configuration of YMnyOs
and key magnetic interactions (c)




88 CONDENSED MATTER PHYSICS

X-ray diffraction, and Raman spectroscopy at pressures up to 30 GPa in
a temperature range from 10 to 300 K. The application of high pressure
(P > 1 GPa) resulted in a suppression of commensurate and incommensurate
antiferromagnetic (AFM) phases with a propagation vector ¢ = (~ 1/2,0,~ 1/4)
and appearance of a new commensurate AFM phase with ¢ = (1/2,0,1/2). This
observation is in sharp contrast to a general trend towards the stabilization of the
commensurate AFM phase with the propagation vector ¢ = (1/2,0,1/4) found
in other RMnyOs compounds under pressure. At higher pressures P > 16 GPa,
a structural phase transition accompanied by anomalies in the pressure behavior
of some unit cell parameters and vibrational modes was observed. The obtained
data allowed us to analyze the role of competing magnetic interactions in the
formation of the magnetic ground state of RMnyO5 multiferroics.

e Kozlenko D.P. et al. // Phys. Rev. B. 2015. V.92. P. 134409.

Intermetallic compounds of rare-earth metals and cobalt R-Co show a wide
range of interesting physical phenomena that are promising for use as materials
for permanent magnets, elements of the electronic device and cooling equipment.
The possibility of controlling the properties of these materials (e.g., magnetic
field) is determined by the correlation between the magnetization of R and Co
sublattices.

Neutron studies of the atomic and magnetic structure of RCos compounds,
performed at the IBR-2 spectrometers, at the variation of thermodynamic
parameters have shown that the high degree of correlation is realized in the
compounds with the inner magnetic field of R-sublattice exceeding certain critical
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value H.. ~ 75 T, and for the compounds with H < H,,. inconsistent behavior
of magnetization of R and Co sublattices is observed.

e Burzo E., Viaic P., Kozlenko D. P. et al. // J. Alloys and Compounds. 2014.
V.584. P.393-401.
e Kozlenko D.P., Burzo E., Vlaic P. et al. // Sci. Rep. 2015. V. 5. P. 8620.

Using small-angle neutron scattering, changes in the structural organization
of transformer-oil-based magnetic fluids have been observed under the action of
an external DC and AC electric field. The investigations have been carried out to
clarify the effect of the voltage breakdown enhancement in liquid transformers
when adding nanoparticles, specifically magnetite nanoparticles stabilized by
oleic acid, to a liquid carrier. It has been shown that after the application of a
DC electric field along with a macroscopic phase separation the aggregation at
the size level of 100 nm takes place strongly depending on the field strength.
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The effect of an external electric field on the structure of the magnetic fluid
magnetite/oleic acid/transformer oil for (a) nanoscale: small-angle neutron scattering,
magnetite concentration of 1%, and (b) macrolevel: visual observation of phase separation
in a quartz cell (I mm thick), magnetite concentration of 0.05%. The inset in (a) shows
the correlation functions reconstructed from the scattering curves (in the form of pair
distance distribution functions) for a fluid in two states: “without a field” and “in a field”,
which point to an increase in the characteristic size as a result of aggregate formation
under the applied field, as well as the presence of anisotropy in the aggregate shape
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After the electric field is switched off, after a time (of the order of a few
hours) the system returns to its original structural state. In the case of an
AC electric field, the aggregates also appear at sufficiently low frequencies,
and the process terminates when the frequency exceeds a certain critical value.
Thus, in addition to the effects of aggregation in an external magnetic field,
which is typical for magnetic fluids, a similar sensitivity to the electric field for
magnetic fluids based on dielectric carriers has been detected, which opens up
new potential possibilities for regulating the properties of these complex systems
using external control parameters.

e Rajnak M. et al. // Appl. Phys. Lett. 2015. V. 107. P.073108.

A comprehensive study of the crystal structure and molecular dynamics of
co-crystals of bromanilic acid with 2,6-dimethylpyrazine (BrA:2,6-DMP) 1:1
has been carried out using the methods of single-crystal X-ray diffraction,
neutron spectroscopy (NERA spectrometer), and complementary spectroscopic
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Molecular structure, inelastic neutron scattering spectra (NERA 10 K) and theoretical

calculated vibrational spectra (for 0 — 1 transitions) of BrA:2,6-DMP (1 : 1) in the

frequency range below 925 cm~!. Also, calculated phonon dispersion curves along with

the vibrational density of states decomposed into partial density contributions of each
molecular fragment are selectively presented
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methods. To interpret the experimental results, theoretical calculations have been
performed as well. The structural analysis has revealed that the system under
study crystallizes in the monoclinic P2;/c space group, with four molecular
units per unit cell. The crystal structure can be described as an infinite net
of antiparallelly oriented hydrogen-bonded molecular chains. The intermolecular
analysis has revealed the nonequivalency of the moderate strength hydrogen-
bonding interactions and the presence ol multiple specific intermolecular forces.

o Luczyriska K. et al. // J. Phys. Chem. B. 2015. V. 119. P.6852-6872.



INFORMATION TECHNOLOGIES
AND COMPUTER PHYSICS

The Tier-1 level center for the CMS experiment at the Large Hadron Collider
(LHC, CERN) was put into operation in 2015. Since 2017, the JINR Tier-1 site,
one of the centers of storing and processing data of the CMS experiment at the
LHC, takes the second place in the world — it has processed more than 120
million events that is more than 14% of the total number. Grid component of
the JINR Multifunctional Information and Computing Complex is considered as
a prototype of centres of the data processing and storing system of the NICA
megaproject. The creating of the center of Tier-1 level at JINR opened a new
prospect of research in the field of the Big data analytics.

NEvents Processed for good jobs in MEvents
(Million Events) (Sum: 863.720)

T1_US_FNAL — 41.11%

T1_RU_JINR —
1416%

T1 _IT CNAF — 13.86%

B T1_US FNAL — 41.11% (355.095)
B T1_FR_CCIN2P3 — 7.53% (64.995)
ET1 _RU_JINR — 14.16% (122.287)
B T0_CH_CERN — 6.11% (52.750)

B T1_IT CNAF — 13.86% (119.673)
B T1_DE KIT — 4.85% (41.859)

B T1_UK_RAL — 8.32% (71.874)

O T1_ES PIC — 4.07% (35.187)

The contribution of the world centers of Tier-1 level in the processing of the CMS
experimental data (in millions of processed events) for 2017

e Astakhov N.S. et al. // Phys. Part. Nucl. Lett. 2016. V. 13. No.5. P.714-717.

e Astakhov N.S. et al. // JINR GRID TIER-1@TIER-2, CEUR Workshop Proc.
(CEUR-WS.org) // Proc. of the XXVI Intern. Symp. on Nuclear Electronics and
Computing (NEC'2017), 2017.

In 2018, the “Govorun” supercomputer, which is a heterogeneous
high-performance platform, was commissioned. The supercomputer contains
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both CPU computing components and GPU computing accelerators NVIDIA
V100 (DGX), which enables to carry out resource-intensive massively parallel
calculations that require different types of computing architectures. The
“Govorun” supercomputer takes the 17th place in the world IOP500 list (July
2020) of the most powerful supercomputers in Russia and is the first in
terms of data processing speed among Russian supercomputers. The “Govorun”
supercomputer is an innovative hyper-converged software-defined system with
unique properties of flexibility in customization to the user task, ensuring
the most efficient use of computing resources. This property allows one to
create a high-speed storage and data processing system with a speed of about
300 Gb/s per read/write, which is an extremely effective tool for processing
large amounts of data. The results obtained using the resources of the “Govorun”
supercomputer in the period from July 2018 to September 2020 are presented in
more than 80 publications, including the publication in Nature Physics.
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The “Govorun” supercomputer

e The “Govorun” Supercomputer; http://hlit.jinr.ru/about_govorun/

o Kircher M., Trinter F., Grundmann S., Vela-Perez I., Brennecke S., Eicke N.,
Rist J., Eckart S., Houamer S., Chuluunbaatar O., Popov Yu. et al. // Nature
Phys. 2020. V. 16. P. 756-760.

A simulation model of data storage and processing for the NICA accelerator
complex (JINR) has been developed along the lines previously implemented
in GridSim. The created simulation system allows one to perform various
experiments with an object under study without its physical implementation.

e Korenkov V. V., Nechaeuvskiy A. V., Trofimov V. V. // Inf. Technol. Comp. Syst.
2013. No.4. P.37-44.

An approach to creating cloud autonomous Grid-infrastructures intended for
solving various problems in the field of cloud and grid-technologies has been
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proposed. Implementation of such a complex and its operation experience were
described. On the basis of the developed approach, a specialized cloud soft- and
hardware complex in the JINR CICC structure has been created.

e Kutousky N.A. // Informat. Educ. Sci. 2013. No. 4(20). P. 15-29.

The efficiency and the speed of a track recognition algorithm of charged
particle trajectories were assessed on a LIT-JINR multicore server based on
simulated events generated with the help of the GEANT3 package in the
CBM-ROOT environment. The algorithm has shown an efficiency of track
reconstruction of 96-97% and a low level of incorrectly found tracks of 2-4%.
A high rate of event processing on one core has been reached, amounting on
average to 220 ms per one central event and to 25 ms per one mixed event. It
was found that the increase in the number of the cores included in the processing
resulted practically in a linear growth of the number of processed events.

e Kulakov I.S. et al. // Part. Nucl., Lett. 2013. V. 10, No.2(179). P.253-267.

The possibility to record J/v — eTe™ fissions appearing in Au-Au collisions
with beam energy equal to 25 GeV/nucleon at CMB (GSI, Germany) has been
analyzed. For marking signaling events under the conditions of predominant
background, particular criteria have been developed, and the optimized target
thickness has been chosen. An effective approach to the detection of a critical
boundary to the indicated selection criteria has been suggested. It is shown
that employed criteria allow realization of a number of acceptable J/¢ — ete™
fissions statistics with high reliability and at a high rate.

e Derenovskaya O. Yu., Vasilyev Yu. O. // Part. Nucl., Lett. 2013. V. 10, No. 5(182).
P.694-705.

A new grid and cloud services simulation for the NICA accelerator complex
data storage and processing system has been developed. This system is focused
on improving the efficiency of the grid—cloud systems development by using
work quality indicators of some real system to design and predict its evolution.
For these purposes, the simulation program is combined with real monitoring
system of the grid—cloud service through a special database. An example of the
program usage to simulate a sulficiently general cloud structure, which can be
used for more common purposes, was givern.

e Korenkov V. V. et al. // Comp. Res. Model. 2014. V.6, No.5.

A comparative analysis of packages for modeling of cloud infrastructures
such as CloudSim, iCanCloud, CReST has been done. These program packages
allow developing the models of cloud systems with particular functionality and
configuration. The model is launched for simulation, and as a result, the modeling
systems provide statistical information on the most important features: execution
time, virtual machine lifecycle, the use of recourses. Analyzing this information,
the developer can detect bottle neck in the model and provide for solution, the
realization of which allows control by means of the following simulation iteration.
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e Korenkov V. V., Muravyev A. N., Nechaeusky A. V. // System Analysis in Science
and Education. 2014. No. 2.

Approaches for content integration and interoperability of information sys-
tems, accompanying research at JINR, namely, server of scientific documents
JINR Document Server (JDS), information-analytical system “Personal Informa-
tion of JINR employees” (PIN) and tools for the scientific activities management
Indico, have been developed. The main goal of this investigation is complete
automation of research activities of JINR based on Internet technology.

o Zaikina T.N. et al. // Proc. of XVI All-Russian Sci. Conf. RCDL-2014, Dubna,
2014. P. 349.

A FORTRAN 77 program POTHEA is developed for calculating with a pre-
determined accuracy of eigenvalues, surface eigenfunctions and their first deri-
vatives with respect to a parameter of the parametric self-adjoined 2D elliptic
partial differential equation with the Dirichlet and/or Neumann-type boundary
conditions in a finite two-dimensional region. The program also calculates poten-
tial matrix elements that are integrals of the products of the surface eigenfunc-
tions and/or the first derivatives of the surface eigenfunctions with respect to a
parameter. Eigenvalues and matrix elements computed by the POTHEA program
can be used for solving the bound state and multichannel scattering problems
for a system of the coupled second-order ordinary differential equations with the
help of the KANTBP Benchmark.

e Gusev A. A. et al. // Comp. Phys. Commun. 2014. V. 185. P. 2636-2654.

A numerical investigation of complexes of localized states has been performed
in two dynamical systems: a directly driven nonlinear Schrodinger equation
(NLS) and a double sine-Gordon equation (2SG). Both systems have a wide
range of physical applications. In both cases the numerical approach is based
on a numerical continuation with respect to the control parameters of the
quiescent (stationary) solutions and stability and bifurcation analysis of the
linearized eigenvalue problem. Multisoliton complexes of the NLS equation are
studied in the undamped and weak damping regimes. It has been shown that
in the weak damping case the directly driven NLS equation holds stable and
unstable multisoliton complexes. The obtained numerical results are confirmed by
means of direct numerical simulations of the time-dependent NLS equation. The
properties of the multifluxon solutions of 2SG equation are studied depending
on the parameter of the second harmonic. It is shown that the second harmonic
changes properties and increases the complexity of coexisting static fluxons of
25@G equation.

o Zemlyanaya E.V., Alexeeva N.V. Atanasova P.Kh. // Bull. of Peoples’
Friendship Univ. of Russia. Ser.: Mathematics, Informatics, Physics. 2014. No. 2.
P. 363.

The unitary U(d)-equivalence relation between elements of the space R, of
mixed states of d-dimensional quantum system defines the orbit space Ry /U(d)
and provides its description in terms the ring R[R;]Y(4 of U(d)-invariant
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polynomials. It is proved that the semi-algebraic structure of Ry /U(d) is
determined completely by two basic properties of density matrices, their semi-
positivity and hermicity. Particularly, it is shown that the Processi—-Schwarz
inequalities in elements of integrity basis for R[R,]Y(9) defining the orbit space
are identically satisfied for all elements of R .

o Gerdt V., Khvedelidzhe A., Palii Yu. // J. “Notes of PDMI”. 2014. V.421.
P. 68-80.

Matrix-valued functional integrals generated by solutions of the Dirac
equation are considered. These integrals are defined on one-dimensional
continuous paths x: |s,t| — R and take values in the space of complex d x d
matrices. Matrix-valued integrals are widely used in relativistic quantum
mechanics for research on particles in an electromagnetic field. Namely, the
integrals are applied to represent the fundamental solution of the Cauchy problem
for the Dirac equation. A method of approximate evaluation of matrix-valued
integrals has been proposed. This method is based on the expansion of functional
into a series. The terms of the series have a form of a product of linear
functionals with increasing total power. The proposed method can be used in
case of small and large parameters included in the integral.

o Ayryan E. A., Malyutin V. B. // Bull. of Peoples’ Friendship Univ. of Russia, Ser.:
Mathematics, Informatics, Physics. 2014. No. 1. P.43.

A program code widely applied at RHIC and LHC for calculations of
geometrical properties of nucleus—-nucleus interactions has been adapted for
experiments NICA/MPD and CBM. A parameterization of pp elastic scattering
amplitude earlier proposed by the authors and valid at E.,s > 3 GeV is used for
setting the nucleon-nucleon collision profile. An approach well known in physics
of low and intermediate energies is used for determination of nuclear parameters.
The code is enlarged by a possibility to account Gribov inelastic screening.

e Galoyan A. S., Uzhinsky V. V. // Part. Nucl., Lett. 2015. V. 12, No. 1. P. 231-236.

A model of microscopic optical potential (OP) has been applied to construct
the pion-nucleus differential cross sections of elastic and inelastic scattering
on the nuclei 28Si, 28Ni, 298pp at Tab = 291 MeV. The density distributions
of 19Be and !'Be nuclei obtained within the quantum Monte Carlo model and
the generator coordinate method are used to calculate the OPs and cross
sections of elastic scattering of these nuclei on protons and '2C at energies
E < 100 MeV/nucleon. The real part of the OP is calculated using the folding
model with the exchange terms included, while the imaginary part of the OP that
reproduces the phase of scattering is obtained in the high-energy approximation.
In this hybrid model of OP, the free parameters are the depths of the real
and imaginary parts obtained by fitting the experimental data. The well-known
energy dependence of the volume integrals is used as a physical constraint to
resolve the ambiguities of the parameter values. The potentials can be used in
further calculations of cross section of the reactions with these nuclei.
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o Zemlyanaya E.V. Spasova K., Lukyanov K.V. Antonov A.N. Gaida-
rov M. K. // Phys. Rev. C. 2015. V.91. P.034606.

o Lukyanov V. K., Zemlyanaya E. V., Lukyanov K. V., Ellithi A.Y., Abdul-Mage-
ad I.A. M. // Intern. J. Mod. Phys. E. 2015. V.24, No.4. P. 1550035.

e Lukyanov V.K., Zemlyanaya E.V., Lukyanov K.V. // Yad. Fiz. 2015. V.78,
No. 1. P. 147-155.

An algorithm of the charged particle track reconstruction based on the
Kalman filter has been proposed. This algorithm is used for solving one of
the key tasks of the CBM experiment (GSI, Germany), i.e., recognition of the
trajectories of charged particles and their parameters. Since within the CBM
experiment a full reconstruction of signal events in a real-time experiment
is planned, the developed algorithms should be fast and they have to use
maximally the possibilities of present-day multicore processors and GPU-
architectures. Computations were performed with a high-performance server
with two processors Intel Xeon X5660 and card Nvidia GTX GPU 480.

o Ablyazimov T.O. et al. // Phys. Part. Nucl. Lett. 2014. V.11, No.4. P.828.
e Ablyazimov T.O., Zyzak M. V., Ivanov V. V., Kisel P.I. // Part. Nucl.,, Lett.
2015. V.12, No. 3. P.423-427.

Using the DIRAC (Distributed Infrastructure with Remote Agent Control)
Interware, the computing resources of Tier-1/Tier-2, the “Govorun” supercom-
puter, the computing cloud of JINR and its Member States, the NICA cluster,
the cluster of the National Autonomous University of Mexico (UNAM) and
storage resources, namely, dCache, EOS and the Lustre ultrafast data storage
system, were combined. Using this distributed infrastructure, the program of
Monte Carlo data simulation for experiments of the NICA megascience project
is performed.

e Kutouskiy N. et al. Integration of Distributed Heterogeneous Computing
Resources for the MPD Experiment with DIRAC Interware // Phys. Part. Nucl.
(in press).

Tier-1 CICC/Tier-2 Cloud “Govorun”  NICA UNAM
cluster

Scheme of the integration of geographically distributed heterogeneous resources based
on the DIRAC Interware



RADIATION AND RADIOBIOLOGICAL RESEARCH

A fundamentally new technique of increasing the biological effectiveness of
medical proton beams and -therapy facilities has been developed. The method
allows increasing the biological effectiveness of proton exposure to that of carbon
ion exposure. The approach is based on the application of the officinal preparation
1-3-D-arabinofuranosylcytosine (AraC), which is used in oncological practice for
the treatment of hematopoietic system cancer. It has been established that if the
preparation is introduced before human cell exposure to ionizing radiation, DNA
single-strand breaks are transformed into lethal double-strand ones. The proposed
approach provides a significant increase in the biological effectiveness of proton
beams and v-therapy facilities, thereby bringing the areas of the therapeutic use
of proton and carbon ion accelerators much closer to each other.

Protons 0.6 Gy 1B 1 Gy
No modifiers AraC 8 MeV /nucleon
and HU 139 keV/pm

-®- Protons, 1.25 Gy, AraC and HU
—& Protons, 1.25 Gy, no modifiers
—A— 1B, 1 Gy, 8 MeV /nucleon, 139 keV /pum

15 min

1h

T T T T T
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Images of individual yYH2AX/53BP1 foci and kinetics of their formation and elimination
in human cell nuclei for exposure to Bragg peak protons and 8§ MeV/nucleon boron ions
under normal conditions and in the presence of a radiomodifier

e Krasavin E.A., Boreyko A.V. Chausov V.N., llyina E.V., Kozhina R.A.,
Kulikova E. A., Kuzmina E. A., Smirnova E. V., Timoshenko G. N., Tiunchik S. 1.,
Zadnepryanets M. G. The Influence of DNA Synthesis Inhibitors on the Biological
Effectiveness of a Modified Bragg Peak Proton Beam // Part. Nucl., Lett. 2019.
V.16, No.2. P. 181 (in Russian).
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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 ol 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.
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The kinetics of melanoma tumor growth in mice: a) nonexposed control animals;

5000

W~
=]
o
o

= [\ w
o o o
o o o
o o o

0_

Irradiation

Control

10

14 18 22 26 30 34 38

Time after transplantation of tumor cells, days

2000

1600 f

—_
[\
S
o

]
o
o

S
[an)
S

0
10

b

T T T LML T
<— Jrradiation

Protons (10 Gy)

AraC +

protons (10 Gy)

14 18 22 26 30 34 38

Time after transplantation of tumor cells, days

b) Bragg peak proton exposure at a dose of 10 Gy

e Krasavin E.A., Boreyko A.V., Zamulaeva I.A. A New Method of Increasing
the Efficiency of lonizing Radiation Action on Tumor Tissue Cells // Proc. of
the 3rd Russ. Conf. with Intern. Participation “Radiobiological Basis of Radiation

Therapy”, JINR, Dubna, 2019. P. 84 (in Russian).

A series of studies were performed on the action of accelerated protons and
the chemical agent methylnitrosourea (MNU) on the mouse retina. A technique
visualizing Miiller glial cells (MGC) in mouse retina sections was developed,
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which makes it possible to study the response of these cells to a genotoxic
exposure. MGC play the key role in retinal regeneration and are the only type
of cells that retain the ability to divide. It was found that the mouse retina
has a genotoxic threshold (a stability plateau on the dose—effect curve) after
exposure to accelerated protons and MNU injection. The retina was shown to
have a capacity for morphological and functional repair after exposure to the
genotoxic agents used in this study. The results of this research are theoretically
and practically important for solving the problem of the damage and repair of
terminally differentiated cells and tissues made up of them.
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e Tronov V. A., Vinogradova Yu. V., Poplinskaya V.A., Nekrasova E. I, Ostrov-
sky M.A. A Study of the Mouse Retinal Adaptive Response to Proton Irradiation:
Connection with DNA Repair and Photoreceptor Cell Death // Part. Nucl., Lett.
2015. V.12, No.1 (192). P.241-255 (in Russian).

e Tronov V.A., Vinogradova Yu.V., Poplinskaya V.A., Nekrasova E.I., Ostrov-
sky M. A. In Vivo Radiation Preconditioning of the Mouse Retina Increases Its
Resistance to a Subsequent Genotoxic Exposure and Stimulates Its Recovery //
Cytology. 2015. V.56, No.2. P.119-128 (in Russian).

e Vinogradova Yu. V. A Study of Mouse Retina Damage and Repair after Exposure
to Accelerated Protons and Methylnitrosourea. Author’s diss. abstr. M., 2015 (in
Russian).

A comparative analysis was performed of the induction of clustered DNA
double-strand breaks (DSBs) by ®°Co gamma rays and accelerated heavy ions
and their repair. It was shown that for 1B ion irradiation, DNA DSBs are
formed along the particle track, while gamma-ray-induced lesions are uniformly
distributed over the cell. The !'B ions induce heavy clustered DNA damage,
the repair of which is slower than for gamma irradiation (Fig.a). The !B ion
irradiation results in a threefold yield of yH2AX/53BP1 foci compared with
gamma irradiation. The highest gamma-ray-induced foci yield was observed alter
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1 h of post-irradiation incubation of fibroblasts, and most of the foci (~ 75%)
were eliminated during 4 h (Fig.b). In the cells irradiated with !'B ions, the
highest yield of yYH2AX/53BP1foci was observed after 45 min of post-irradiation
incubation. Unlike gamma rays, in the cells irradiated with B ions, 4 h after
irradiation the number of foci decreased to 68%. Elimination of 68% of the foci
was observed only after 24 h of post-irradiation incubation.
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a) Visualization of DNA DSBs in fibroblast nuclei by immunocytochemical staining.

b) Kinetics of the information and elimination of the yH2AX/53BP1 foci (the YH2AX

histone and the 53BP1 repair protein — DNA DSB markers) for %°Co gamma rays and
accelerated !'B ion exposure

e JeZkovd L., Falk M. et al. Function of Chromatin Structure and Dynamics in DNA
Damage, Repair and Misrepair: y-Rays and Protons in Action // Appl. Radiat.
[sot. 2014. V.83. P. 128-136.

e Falk M., Lukasova E. et al. Primary and Secondary Clustering of DSB Repair
Foci and Repair Kinetics Compared for 7-Rays, Protons of Different Energies,
and High-LET ?°Ne Ions // J. Radiat. Res. 2014. V.55. Suppl. 1. P.i79-i80; doi:
10.1093/jrr/rrt210.

e Falk M., Lukasova E. et al. Chromatin Differentiation of White Blood Cells
Decreases DSB Damage Induction, Prevents Functional Assembly of Repair
Foci, but Has no Influence on Protrusion of Heterochromatic DSBs into the
Low-Dense Chromatin // J. Radiat. Res. 2014. V.55. Suppl.1. P.i81-i82;
doi:10.1093/jrr/rrt194.

A series of experiments were conducted to study HPRT-mutagenesis induced
by accelerated ions of different linear energy transfer (LET) (50, 116, 138, and
153 keV/um) and ~ rays in V79 Chinese hamster cells. It was found that
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its manifestation depends on the duration of irradiated cell seeding (mutation
expression time) in a selective nutrient medium with 6-thioguanine and on
radiation LET. With increasing expression time, the mutagenesis level rose up
to a maximum and then decreased to the spontaneous level. The location of this
maximum depended on accelerated ion LET.
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The maximal level of radiation-induced mutagenesis in Chinese hamster cells depending
on expression time and accelerated ion LET

With increasing LET, the maximum shifted to longer expression times.
For ~ rays, the highest mutagenesis level was observed on the 3rd-4th day
after irradiation, while for accelerated '®0 ions (LET ~ 116 keV/um), 11
days after exposure, and 23 days after exposure to accelerated ?°Ne ions
(LET ~ 153 keV/um). Based on this research, it is possible to assume that
an increased level of radiation-induced mutagenesis is determined by higher
chromosome instability of the irradiated cell population, and its manifestation at
different expression times depends on initial damage severity.

e Blaha P., Koshlan I. V., Koshlan N.A., Govorun R.D., Elsha D.V., Bogdano-
va J. V., Sidorina J.J., Krasavin E. A. Induction of HPRT Mutants in V79 Cells
after Gamma and HZE lons Irradiation at Various Expression Times // Book
of Abstr. of the 15th Intern. Congress of Radiation Research. Kyoto, Japan,
25-29 May 2015.

Research has been continued on the synthesis of chemical compounds
from formamide NHoCOH (an HCN hydrolysis product) under exposure to
radiations with different linear energy transfer. Synthesis reactions occurred
under irradiation with accelerated protons and ''B and !2C ions in the presence
of catalysts obtained from meteorites of different classes. Based on the performed
experiments, a conclusion was made that in the system “formamide + meteorite
matter + ionizing radiation” prebiotic compounds are produced in noticeable
amounts up to nucleosides — the main RNA and DNA building blocks. Examples
of all molecule classes necessary for the origination of life on the Earth
were produced: carboxylic acids, amino acids (Fig. 1), sugars, nucleic bases,
nucleosides (Fig.2), and other complex compounds.



RADIATION AND RADIOBIOLOGICAL RESEARCH 103

. 47 = Canyon Diablo
= 3.5 = Campo del Cielo
;37 «NWA 4482
2 2,5 = NWA 2828
§ 2 = NWA 1465
£ 1,54 = Gold Basin
] B = Orgueil
2 054 . = NWA 5357
- 021 JIt'[l:ll | L | - Al Haggounia
E T T T T T 1
SRRSO
O I O SO I
FTEFFTFTITTIIFS
CEYTIIIT S VS x§ SN
3 SRR VAR
& & NS N >
<9 <0 v @Qo o
&S
Fig. 1. Data on the production of amino acids
= Canyon Diablo
= » Campo del Cielo
= o NWA 4482
g 6 s NWA 2828
% 4 = Gold Basin
) I ﬂ I = NWA 1465
3 0] :Di = Orgueil
=04 T NWA 5357
SO eSS .
N ¢ @ @ @ ¢ @ 5 N~ O = Al Haggounia
O S S S SE S
NS & &S &
T & T F & & ST
G 0& & Y & 6\37 S &
5 ) Q-\‘v
> o8

Fig.2. Data on the production of nucleic bases and nucleosides

e Saladino R., Carota E. et al. Meteorite-Catalyzed Syntheses of Nucleosides and
of Other Prebiotic Compounds from Formamide under Proton Irradiation // J.
PNAS. 2015. V. 112, No.21. P. E2746-E2755; doi: 10.1073/pnas.1422225112.

An experimental stand was constructed to test nuclear planetary science
instruments on planetary soil models. The building hosting the stand provides
a low background of scattered neutrons and allows testing instruments with
different planetary soil models. Planetary regoliths are simulated by a silicate
glass pack with a total weight of up to 35 tons, which is a model of an absolutely
dry soil. Water presence in a soil is modeled by polyethylene layers at different
depths. For the best possible approximation of the chemical composition of
Martian regolith for Fe, Al, and Cl, thin layers of steel, aluminum, and polyvinyl
chloride were included in the glass pack. Overall, the chemical composition of
the models agrees well with the average chemical composition of Martian and
Lunar regolith.
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The research performed at this stand continues LRB’s many-year cooperation
with the Frank Laboratory of Neutron Physics of the Joint Institute for Nuclear
Research and the RAS Institute of Space Research on the design, fabrication,
and calibration of nuclear planetary science instruments for the analysis of
the elemental composition of celestial body soil. In these studies, of special
importance is a search for free or bound water in near-surface layers of Martian
and Lunar regolith. LRB staff participated in the creation of a number of
instruments with which the presence of water ice on the Mars and the Moon
was confirmed, the DAN (Dynamic Albedo of Neutrons) instrument installed
aboard NASA’s Curiosity Mars rover and other instruments to be used in future
missions of Roscosmos, NASA, and ESA.

o Litvak M. L. et al. Ground Tests with Active Neutron Instrumentation for the
Planetary Science Missions // Nucl. Instr. Meth. A. 2015. V.788. P. 194-202.

Models were developed of three main mechanisms of DNA DSB repair: non-
homologous end joining, homologous recombination, and single-strand anneal
through direct repeats. The proposed model approach was applied to the
description of the repair of DNA DSBs induced by ionizing radiation in a wide
LET range of 0.2-440 keV/um.

e Lyashko M.S., Belov O. V., Avvakumova I. L. Dynamic Model of DNA Double-
Strand Break Repair by Non-Homologous End Joining // Book of Abstr.
of the IUPAB Intern. Workshop “Computational and Theoretical Modeling of
Biomolecular Interactions”, Dubna, June 3-8, 2013. P.48-49.

Calculations were done to evaluate energy deposition in isolated neurons
of the rodent brain under exposure to high-energy heavy charged particles.
Estimation was made of the dose and energy distributions in solid models of
pyramidal neurons in the CAl region of the rat hippocampus under irradiation
with 0.3 and 1.0 GeV/nucleon 56Fe jons.

e Batmunkh M., Bayarchimeg L., Lkhagva O., Belov O. Cluster Analysis of HZE
Particle Tracks as Applied to Space Radiobiology Problems // Phys. Part. Nucl.
Lett. 2013. V.10, No.7. P.854-859.

The influence of the heterogeneities in the synaptic links of neural networks
that emerge due to radiation or chemical exposures on pulse propagation was
examined. An interaction between a pulse and a heterogeneity can result in the
delay, reflection, compression, and pulse splitting — down to its destruction.

e Bugay A.N. Dissipative Solitons in Locally Damaged Neural Networks // Proc.
of XIV All-Russian Seminar School “Waves-2013”. Moscow State Univ., 2013.
P.15-16 (in Russian).

With the use of molecular dynamics methods, the structural and functional
properties of the DNA photolyase enzyme were studied. DNA photolyase is a
light-activated enzyme that repairs a UV-induced cyclobutane-pyrimidine dimer
in damaged DNA. The obtained results facilitate solving the problem of the
mechanisms of DNA repair by this enzyme.
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e Dushanov E., Kholmurodov Kh., Yasuoka K., Krasavin A. E. Molecular Dynamics
Research on the Conformational Behavior of the DNA Photolyase Enzyme // Part.
Nucl., Lett. 2013. V. 10, No.6. P.974-985 (in Russian).

In cooperation with staff of the RAS Institute of Biomedical Problems and
the JINR Medical and Technical Complex, an installation was made for the
total irradiation of animals with extended Bragg peak protons. At the level of
a whole organism, the damaging effect of extended Bragg peak protons on the
hematopoietic system and the cytogenetic apparatus of bone marrow is shown,
which is significantly stronger than that of the 171 MeV proton beam.

e Jvanov A.A., Molokanov A.G., Bulynina T.M., Vorozhtsova S.V., Abrosimo-
va A.N., Kryuchkova D. M., Severyukhin Yu.S. Radiobiological Effects of Total
Irradiation with Bragg Peak Protons // Theses of Reports to the Intern. Conf.
“Radiobiological Fundamentals of the Beam Therapy of Tumors” in memory of
Acad. A.S.Sayenko. M.: Peoples’ Friendship Univ. of Russia, Nov. 19-20, 2013.
P.8 (in Russian).

Reactions of chemical compound synthesis from formamide NHoCOH (an
HCN hydrolysis product) under exposure to ionizing radiation were analyzed. The
reactions were carried out under 165 MeV proton irradiation at the Phasotron
(the Dzhelepov Laboratory of Nuclear Problems, JINR) in the presence of
different catalysts isolated from meteorites of different classes. It is remarkable
that in the formamide-radiation system, prebiotic compounds (precursors of
nucleic acids, proteins, metabolic cycles, and metabolism) emerged in notable
amounts. Under exposure to UV and/or heating, no prebiotic compounds were
produced. This research can shed light on the origin of life not only on the Earth
but also in the Universe.

e Saladino R., Botta G., Delfino M., Di Mauro E., Kapralov M.I, Krasa-
vin E. A., Timoshenko G.N., Rozanov A. Yu. Formation of Prebiotic Compounds
of Formamide under Irradiation with High-Energy Particles // JINR News. 2013.
No.4. P.16-19.
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A large cycle of scanning electron microscopy and X-ray energy dispersive
microanalysis studies of fossilized microorganisms (microfossils) in meteorites
has been carried out. The first illustrated atlas of microfossils in the Orgueil
meteorite has been published. In cooperation with colleagues from Italy and the
Czech Republic, the formation of complex prebiotic compounds under proton
irradiation of simple organic compounds in the presence of meteorite matter as
a catalyst has been studied. A new mechanism has been proposed that promotes
the formation and processing of insoluble organic matter in meteorites and during
prebiotic processes.

Images of fossilized microorganisms in the Orgueil meteorite

e Rozanov A.Yu., Hoover R.B., Krasavin E.A., Samylina O.S., Ryumin A. K.,
Kapralov M. 1., Saprykin E.A., Afanasyeva A.N. An Atlas of Microfossils in
the Orgueil Meteorite / Ed.-in-Chief A. Yu. Rozanov. M.: Paleontological Institute,
Russ. Acad. Sci., 2020. 130 p. (in Russian and English).

e Bizzarri B.M., Manini P., Lino V., Ischia M., Kapralov M.Il., Krasa-
vin E.A., Mrazikova K., Sponer J., Sponer E., Di Mauro E., Saladino S.
High-Energy Proton-Beam-Induced Polymerization/Oxygenation of Hydro-
xynaphthalenes on Meteorites and Nitrogen Transfer from Urea: Modeling
Insoluble Organic Matter? // Chem. Eur. J. 2020. V.26. P.14919-14928; doi:
10.1002/chem.202002318.
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