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PHU3UKA TAZ2KEJbIX HOHOB

3aBepllleH LUK KCIIEPUMEHTOB 110 CHHTE3y HOBBIX CBEPXTSIKeJbIX 3/1€MEeHTOB
[Tepuonuyeckoit tabauubl . M. MennesneeBa ¢ aToMHbIMH HoMepamu 115, 117
u 118. PeuenrieM Mex1yHapoqHOTO 01032 TEOPETUYECKOH W MPHUKJAATHOH XUMUN
(IUPAC) ot 28 Hosi6psi 2016 r. HOBbIM 3JIeMEeHTaM MPUCBOEHBI Ha3BaHHS:

e mMockosu# (Moscovium) u cumBos Mc ans saeMenTa 115;

e tenneccuH (Tennessine) u cumBoa Ts pias saemerdTa 117;

e oraecoH (Oganesson) u cumBoa Og nasi anemenra 118.

CHHTe3 3THX 37eMeHTOB OblJ BIEpBble OCyllecTB/IeH B JIaGopaTopuu sfaepHBIX
peakuu#t um. I'. H. @neposa OMAU, saBnsouelics npu3HaHHEIM MHPOBBIM JIHIEPOM
B 00/1aCTH CHHTE3a U U3yueHUs CBOHCTB CBepXTsSxKeJsblX sifep. Becero 3a nocaennue
16 et B OUAN 6blut OTKPBITH 5 3/1€MEHTOB C aTOMHBIMM HOMepaMu 114-118 u,
TakKUM 00pas3oM, 3aBeplueH ceapMoi mepuop Tabmuusl . M. Menneneesa. 2 mapta
2017 r. cocrosinach MHAyTypalus HAa3BaHHHM HOBbIX cHHTe3upoBaHHbIX B OMAU
3JIEMEHTOB «MOCKOBHH», «TeHHECCHH» U «OTaHeCOH». [IpH3HaHMe 3TOro OTKPLITHS
3akpenuso auaupytomue nosuunn OWAWM B Mupe mo cHHTe3y CBepXTsiKeJbIX
3/1EMEHTOB.

Uacrtp [lepronnueckoit Tabaunsl asementoB 1. 1. Menneneera

e QOcanecan 10. L., Imumpues C. H. CHHTE3 U HCCeIOBAaHUE CBOUCTB CBEPXTSKEJBIX
atomoB. Pabpuka cBepxTsikebIx sjMementoB // Yenexu xumun. 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
Conf. 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 Conf. 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 KCMEPUMEHTHl 110 CHHTE3y HOBBIX HEUTPOHOEPUIUT-
HBIX H30TONOB CBEPXTAXKEJLIX 3JeMEHTOB B peakuusax causuus *°Ca + 29Pu u
48Ca + 240Py. B o6enx peakuuax MoJydeH HOBHIH M30Tom “S*Fl, HCHEBITHIBAIOIIMIA
CIIOHTAHHOe JeJleHHe, a TaKxKe TPH HOBble LEMOYKM pacrafa yxKe H3BECTHOTO
usorona 28°F|. TlnanupyeTcs IpOIOIKUTL SKCIIePUMEHTANLHOE H3yUeHHe 06/1acTH
HEHU3BECTHBIX CBEpXTSKeJblX sllep, HaXONSIIUXCS MexKIy H30TONaMH CBEpXTS-
JKEJIBIX 3JIEMEHTOB, CHHTE3UPOBAHHBIX MeETONOM «ropsiuero» causinus B OMAU
(dy6Ha) u metomoMm «xosonHoro» causuus B GSI (Iepmanus) u RIKEN (fmo-
Hus). PabGoTa nmMeeT pyHnaMeHTasbHOE 3HAUeHUE [ TIOHHMaHUs CBOUCTB siep,
HaXOAALMXCS BOJU3U IPAHHUIL OCTPOBA CTAOMJIBHOCTH CBEPXTSKEJbIX 3JIeMEHTOB.

aoo.gggso MeV |Gn 281 (1)02_23262 MeV F1288 | 10.20 MeV
. S .. S
24/72 19/37 19/37
10.461156 MeV
(0.975+9.486) Ds 277 é.;ggl\zesv 800222551 MeV | F1 285 F1288 | 9-98 MeV
. 2 . .
gf?ggs ° 19737 2/31 2/31

10.536167 MeV. 10.179220 MeV
9.52950 MeV |Hs 273 (0.410+10.126) |Ds 277 (2.316+7.863) |Cn281
1.2136s 0.008282's 0.1433s

10.45750 MeV | | 2 Fl2 12.56 MeV
240py +48Ca  03998s 85| | Fl288
24172 24172

2472 -137 2/31

8.448263 MeV 10.237220 MeV
(0.8163»67?63;) Sg 269 9.46262 MeV |Hg 273I (1.162»@?5}9&3)e Ds 277

1.9517 s
521.84's 0.003223 s
24/ 72 19737 2/31

218 MeV

(212.3+5.5) 8.48262 MeV Sg 269 9.47561 MeV |Hs 273
10.37 s 95.42's 0.9013 s

24772 19/37 2/31

220 MeV

(208.1+11.7) o Sg 269
99.95s missing o

19/37

166 MeV
491.06 s
2/31

Hosble nenouxu pacnazna anpa 28°F|

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.

B 2017 r. na yckoputesne ¥Y-400M BBeleH B 3KCIIyaTalMi0 HOBBIE (PparMeHT-
cenapatop ACCULINNA-2 nnst monydeHus: myukoB pafidOAaKTUBHBIX fiep. JKCIe-
pPUMEHTAJIbHO MOATBEPXKIEHb! MPOEKTHBIE MapaMeTpbl AaHHOH YCTAHOBKH: HHTEH-
CHBHOCTH My4KOB, MOJy4YeHHEIe B peakuuu dparmentannn '°Ne+ Be, B cpenHem
B 25 pa3 mpeBbllIalOT paHee AOCTUrHYThle. CemapaTop siB/isetrcsi 6a30Boi ycTa-
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HOBKOH [J/151 M3y4YeHHs JEerKMX 3K30THYeCKHX sifiep BOJIM3M TPaHUL HYKJIOHHOH
CTabUNBHOCTH U MO3BOJMUT BIEpPBble BLIMOJHUThL MOWUCK W HUCCJAEe0BaHUE 3K30THUUe-
CKHUX SIIEPHBIX CUCTEM, TaKHX KakK 5-TH, 8-10He, 24-26Q y Ip., a TaKKe HOBBIX
BHJOB PaJiMOaKTHUBHOTO pacnaja.

®parment-cenapatrop 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.



YCKOPUTEJDBbHAA TEMATHKA

BBenen B 3Kch/ayaTallMio YHHKaJbHBIH YCKOPUTEJNbHBIH KOMIJIeKC — (habprka
cBepxTsike blx ajeMeHToB (CTD), M 3anylieH ee 6a30BbI 3/J€eMEHT — HOBBIH
uukaoTpon JI1-280. 25 mapra 2019 r. cocTosiiock TOPXKECTBEHHOE OTKPBITHE
9KCreprMeHTanbHOro Kopryca (abpuku CTD m 3amyck HoBoro yckopuress. Ha
BBEIEHHOM B JIEHCTBHE YCKOPUTEJIbHOM KOMILJIEKCE HauaT MepPBBIH IKCIIEPUMEHT
M0 CHHTe3y M30TONOB 115-ro 37eMeHTa — MOCKOBHSI B peaklMH B3aWMOIEHCTBHS
WOHOB KaJnblusi-48 U amepuuns-243. DTOT IKCMEPUMEHT JAeT CTapT YHHUKAJIbHOH
nporpamme OUSM no usyueHuto simepHO-PU3UUECKMX W XHMHUECKHX CBOUCTB
CBEPXTSIKEJIbIX 3JIEMEHTOB, a TaKXKe MOKa3blBaeT TOTOBHOCTb K IKCIEpPUMEHTaM

[azoHanosHeHHbIH cenapaTop pabpuku CTI
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Basosast ycranoBka (adpuku CTD — uukgaorpon IL1-280

M0 CHHTE3y HOBBIX 3/€EMEHTOB C aTOMHBIMH HoMmepaMu 119 nm 120 — mnepBbix
37eMeHTOB 8-ro nepuona [lepuonuueckoit Tabauusl 1. V. Menneneesa.

e Dmitriev S.N., Oganessian Yu.Ts., Gulbekyan G.G., Kalagin 1L V., 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 [yavbexksn I'.T., [Imumpues C. H., Hmxuc M.I., Oeanecan 0. L., Tukas b.H.,
Kanaeun H. B., Cemun B. A., bocomoros C.JI., bBysmakxos B. A., Heanenrko H. A.,
Kasapunos H. I0., Ocunos H. @., Iawerko C. B., Cokoros B. A., [MTueaxun H. H.,
IIpoxopos C.B., Xabapos M.B., Tukaar K.b. 3anyck uukmaorpona HI1-280 —
6a30Boil ycTaHOBKU (pabpuku cBepxTsikesbix sjementoB JIAP OWUAU // TMucbma
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 Hosiopss 2020 r. mpencenarenb [IpaButenbctBa Poccniickoit ®Penepaunu
M. B. MuLIycTHH Npou3Bes TeXHOJOTHYeCKHH MYyCK OfHOTO M3 OCHOBHBIX OJIOKOB
MmeracaiieHc-npoekra «Kommiaeke NICA» — cBepxmpoBoasiiiero GyCTepHOTO CHH-
xpoTtpoHa (6ycrepa).

ArtoMy COOBITHIO TpellIecTBOBaja AJNWTENbHAS W HampskeHHas paboTa IO
CO3IaHHI0 U BBOAY B 3KCILIyaTaUHI0 BCeX OOBEKTOB HMHIKEKIHOHHOTO KOMILJIEK-
ca MpOeKTa, BKJOUAs HUCTOUHHWKH TMOJNSPU30BAHHBIX JIETKUX M TSKeJbX HOHOB
U JIMHEHHBbIH yCKOPUTE/b TSKeJblX HOHOB — OCHOBBI 1Jis TOJNy4YeHUs TpebyeMbIX
My4yKOB U HUX BBOJA B OycTep.

B getkom coorBeTcTBHH ¢ miaHoM-Tpadukom 19 mekabpsi 2020 r. omHO3a-
pSIAHBIE MOHBI TI'ejiusi OblIM HHXKEKTHUPOBaHbl B OyCTep M IMOJydeHa yCTOMYHBast
uupkyasuus nydka. Ha ¢otorpaduu, cienanHoi ¢ MOHUTOpPA B MYJIbTOBOH, BUAHO,

Bycrep misi uccaenosatenbekoro kommiekca NICA

[TokaszaHust 6eCKOHTAKTHOTO 9JIEKTPOCTATHYECKOTO AETEKTOpa MydkKa C MHUKaMH OT IIpO-
X0XK[AeHHUS MydKa Ha KaxXao0M 06op0Te
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Kak My4oK OonHO3apsiiHbiX HOHOB He ¢ sHeprueit 3,2 MsB/a.e. M. uupkynupyer
B KaHa/le yCKOPUTe]s C HHTeHCHBHOCTbIO ~ 10 1MoHOB/0GopoT. Bhicokoe Kaue-
CTBO H3rOTOBJIEHHS U COOPKH BCeX 3JleMEeHTOB MarHMTHOH CHUCTeMBl GyCTepHOro
CUHXPOTPOHA MO3BOJIUJIO HayaTh pPaboTy 0€3 HCIO/Ib30BAHUS CUCTEMBI KOPPEKIIUH
Be/ylllero MarHuTHoro noJss. HacTpoiika pexuma yckopeHHs Mydyka — 3aBeplia-
IOIIMH 1Iar K (pU3nuecKoMy 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. BBeieHa B 3KCIIyaTalMi0 BBICOKOTEXHOJNOTMYHAS JIMHHUS MO COOpKe
¥ KPHUOTEHHBIM HCIIBITAHHSIM CBEPXIMPOBOISLIMX MArHUTOB, BKJOYamomias B cebs
Y4YaCTKH IS TIPOM3BOACTBA CBEPXIPOBOASAILEro Kadess, U3rOTOBJEHHS 0OMOTOK,
cOOpPKH MarHWTOB, HM3MEpPEHHs] KadecTBa MOJsI, BAKYYMHBIX W KPHOTEHHBIX HC-
neiTanui. KoHceTpykuusa maruutoB paspabdorana B OWSAM u oTrmeueHna npemuedt
[IpaBurennctBa Poccuiickoit Penepauun 3a 2011 r. OcyuiectsiasieTcss cepuiiHoe
TIPOM3BOACTBO CBEPXMPOBOASILIMX MarHUTOB [JIS1 CO3[aBaeMbIX YCKOPHUTEJNbHBIX
KomMIeKcoB MexayHapoaHbix npoektos NICA (OUAUN) u FAIR (PPT).

T LI

321.)] BBICOKOTE@XHOJOTMYHOH JIUHUU II0 C60pK€ )44 KpI/IOI‘eHHbIM HUCIIbITAHUAM CBerHpO'
BOAALIMX MArHuToB OJid y'CKOpI/ITe.HbeIX KOMIIJIEKCOB ME)K,U,yHapOIIHbIX HpOQKTOB NICA
(OMFIH) u FAIR (®PT)

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 peanusanuu npoekta NICA cosmaH HOBbIH (DOPUHKEKTOP [Js
CYILLECTBYIOLIEr0 JUHeHHOro yckoputens JIY-20 Ha ocHOBe CeKLHM yCKOPUTeJs
C MPOCTPAHCTBEHHO-OIHOPOAHON KBaapymoabHoU (okycupoBkoit (RFQ). B 2015 r.
NpPOBeJleH ero (PU3UYECKUH MyCK ¢ My4YKaMH AeHlTepusl W yIJIepoia OT JIa3epHOro

HavanbHast 4acTb JMHEHHOro yCKOPUTENS TSXKeJbIX MOHOB KOJJaHaepHOro KOMIJIeKca
NICA
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HUCTOYHHUKA. YCKOPHUTEJb, CIIPOoeKTHpoBaHHbIH coBMecTHO MTID u MUDH, 6bin
usrotoBieH B BHUUT®D um. E.W. 3a6a6axnna. Bricoko4acTOTHBIH yCHIUTEND
usrotoBsieH B UTIP. Cuctembl NUTaHUS HCTOUHHKA HOHOB M KaHaJ TPaHCHOPTH-
POBKH MyuKa HU3KOH Hepruu paspabdoransl u usrorosyersl B OMAU. B coznanun
CUCTeM JHMarHOCTUKH M yMpaBJeHUs NPUHUMAJNN ydacTue cneuuanuctel u3z MAU
PAH. YcneuwHoe W3rotoB/jeHHe M HcHbiTaHHe cekiud RFQ, npenHasHaueHHOM
17151 YCKOPEHUs JIETKUX HOHOB, SIBJISIETCS 3aMeTHBIM JOCTHXKEHHEM He TOJIbKO /sl
OWAH, HO 1 nns poCCHUCKOH YCKOPUTEIbHON HAYKH B LIEJIOM.

B corpynnuuectBe ¢ dupmoii Bevatech OHG (I'epmanusi) coznaH JuHeHHbIH
YCKOPHTEJIb TSXKEJbIX HOHOB (BIUIOTH 10 30/10Ta) ¢ 3Hepruedt 3,2 MaB/HykJoH U
TokoM 10 10 MA nsia uHXeKUHOHHOTO KoMmyekca Kodsaiinepa NICA. B nexkaGpe
2015 r. Ha BBIXOZle MEPBOH M3 TPeX YCKOPSIOMIMX CEKIHMH ObLIH TOJNyUYeHbl MyUKH
YCKOPEHHBIX HOHOB neHTepus u reqnus. B 2016 r. mosyueH mydok C MpOeKTHOH
sHeprueil. dto mnepBbll B PoCCHM CHJIBHOTOUHBIH TSXKEJOMOHHBIH YCKODHTEJb,
B KOTOPOM HCIIOJIb3YyeTCsl CHCTeMa BBICOKOUACTOTHOTO MHUTAHHS Ha OCHOBE TBep-
JOTeNBbHBIX TPaH3UCTOPHBIX yCU/HTe]ed. B paMkax WIMPOKOH MexxAyHaponHOH
KOOIepaluy Co3laHa YHUKa/lbHasl YCTAaHOBKA C NapaMeTpaMH, COOTBETCTBYIOLIUMH
repeoBOMY 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 JlyOHe MeracalieHC-poeKTa KOMILJIEKCa
NICA mnpoBeneH ceanc paGoTel HYKJOTpOHa mpoxposxkuTesnbHocTbio 1008 9 nis
TMOATOTOBKH MPOrpaMMbl MCCJEN0BAaHMH M0 M3yYeHHIO CIHHOBOH CTPYKTYPBI HYK-

HoBbiit HCTOYHHK NOJIAPU30BAHHBIX HOHOB
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JIOHA W TIOJISIPU3aLMOHHBIX SIBJeHHWH. BriepBble MITATHO 3KCMJIyaTHPOBAJCS HOBBIH
MCTOUHHK MOJISPU30BAHHBIX YaCTHL W NPOBENEHBl 3KCIIEPUMEHTHI C My4YKaMu IO-
JIIPU30BAHHBIX JeHTPOHOB. MIHTEHCHBHOCTD MyYKOB COCTaBJ/SA/a OT HECKOJbKHX
equann 108 10 2 - 10% wacTun 3a HMKJ, MaKkcHMa/bHAs 3HEPrUs BBIBEJEHHOTO
nyuka cocraBuisa 5,2 ['sB/Hyki/oH. B xoze ceaHca nosydeHsl MydKH MOJSPU30BaH-
HBIX MPOTOHOB U MPOAEMOHCTPUPOBAHA BO3MOXKHOCTb UX 3((EKTUBHOTO YCKOPEHHUS
C 9Heprueil WHXKeKIHH B HYKJOTPOH 5 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.

e 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 KayecTBe LITATHOTO PeaM30BaH PeXHUM
paboThl ¢ AByMS NapaJie/lbHBIMU MoJib3oBaTenssMu. ObecrneyeHa LUPKYAsSLHS pac-
nyleHHoro (6eccTpyKTYpPHOro) Mydka MOCJAe0BaTebHO HA JBYX «CTOJAX» Mar-
HUTHOTO TOJISI — JJIsl SKCIIEPHMEHTa HA BHYTPEeHHEH MHUILEHH U 1151 KCIIepUMeHTa
Ha BBIBEJEHHOM IyUKe.

[TpoBenen nepBelii ceaHc paGOTBEl ¢ HOBBIM CTEHAOBBIM HCTOUHHKOM TSI?KEJIBIX
noHoB «KpuoH-6T» B cocTaBe yckopuTespHOro Kommsekca. ONTUMHU3HUPOBAJIUCDH
peKHMBbl paboTbl UCTOUHHKA U yckopuTedas JIY-20 1715 nosyyeHuss HOHOB HECKOJIb-
KHX COPTOB. YCKOpeHHble U BbIBeleHHble MYyUKH si/lep aproHa HUCI0JMb30BaIUCh IS
npoBefeHNsT PU3UUECKUX IKCIIEPUMEHTOB.

B 2013 r. va uuknorpone ¥Y-400M BBeneH B JeHCTBHE HOBBIH UCIBITATEbHBIH
CTEHI [J5 TeCTHPOBAHHUS PaJallMOHHOH CTOHUKOCTH 3JEKTPOHHBIX MPUOOPOB HA
MyyKaX TsKeJbX HOHOB ¢ 3Heprueit 14-42 MsB/nyksaon. Hoast ycraHoBka
CYLLEeCTBEHHO paclIMpsieT HepreTHYecKUH NuanasoH My4YKOB, HEOOXONUMBIX MAJIS
NaHHBIX HccaenoBanud. Jlnanason snepruil Boiie 10 MasB/Hyk/oH 3HaUUTEIBHO
yBEeJUUHUBAET BO3MOXKHOCTH MOJAEJNHUPOBAHUS BO3NEHCTBUS TSKEJOUOHHOH KOMIIO-
HEHTBl KOCMHYECKOr0 M3Jy4eHHS U I03BOJsIeT MPOBOAUTb HUCIbITAHUS 3JEKTPOH-
HBIX KOMIIOHEHT 0e3 BCKPBbITHSI KOPITYCOB KaK B BaKyyMe, Tak U B aTMocqepe.

e Skuratov V. A., Teterev Yu. G., Mitrofanov S. V., Kalagin 1. V., Gulbekyan G. G.,
Anashin V. S., Emeliyanov V. V. High Energy lon 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.

Cosnan npubop HOBOH KOHCTPYKUMH — JIA3ePHBIM JNETEKTOp YTIJIOBOTO KoJe-
GaHHs MOBEPXHOCTH 3eMJIM, Ha KOTOPOM NOCTHTHYTO paspemenue 5- 1072 pan.
DTOT pe3y/bTaT SABJSETCS NMPUHIUNHNAJBHO BaXKHBIM, OCKOJBKY OTKDbIBAE€T HOBbIE
BO3MOXKHOCTH TIPELM3UOHHOT0 HCCJEIOBAHUS YTJIOBBIX KoJeGaHUH MOBEPXHOCTEH.
JleTekTop MOXKET AaTh HaAuaj0 HOBOMY MOKOJIEHHWIO WHCTPYMEHTOB [JISl PeIleHUs
MHOTHX (PYHIAMEHTaJbHBIX MPo6JeM HAayKH U TeXHUKH. KiiodueBast uaess KOHCTPYK-
[[UH JIa3ePHOTO JETEKTOpPa — 3TO MCIOJb30BAHHWE BEKTOpA IPaBUTALIMK B KauecTBe
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BBICOKOCTAOUJIBHOTO OIIOPHOI'0 HaIllpaBJIeHHs, FrapaHTUPYIOLIEro ropu3oHTaJJIbHOCTDb
[TIOBEPXHOCTHOI'O CJ104 XKHUAKOCTH, OTpama}omeﬁ .Ha3eprIIjI JIyd.

Honyqu nateHt PO na I/ISOépeTeHI/Ie Npeu3UOHHOI0 J1a3€pPHOr0o UHKJIMHOMET-
pa. peSy.}IbTaTOM MPpUMEHEHHA NNPELU3UOHHOI'0 J1Ia3€PHOro0 MHKJIHWHOMETpPA ABJIAECTCA
yJaydlieHue CTabOUIU3ALUN TI0JI0XKEHUS prnHOMaCLUTaGHbIX [IPOMBILLIJIEHHBIX HJIU
Hay4dHO-HCCJAeN0BaTe/IbCKUX KOMIIJIEKCOB, TAKHMX KaK COBPEMEHHbIe TeJieCKOIMHhYe-
CKHWe CUCTEeMbl U IpP., B YCJIOBHUAX celdCcMHUYEeCKUX IyMOB 3€MHOT'O U MHAYCTpHaJb-
HOT'O MPOUCXOXKICHHUA, a TaKKe peructpaurs MoBEepPpXHOCTHBIX ceHCMHUEeCKHUX BOJIH.

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 YcrpoiicTBO muisi uaMepenusi yraa Hakiona / DBymaros 0. A. (P®), JIs6nun M. B.
(P®). ITarent 2510488 P®. Ony6a. 27.03.2014. bron. Ne 9.
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B 2019 r. nonyueHsl nepeele (U3HUECKHe pe3yIbTaThl 10 POXKAEHHIO THIIEPOHOB
(«cTpaHHBIX» 6apHOHOB) Ha ycTaHoBKe BM@N B 3KcneprMeHTe, LeJbl0 KOTOPOTro
SIBJISIETCH UCCJENOBAHHE CBOHCTB CBEPXIJIOTHOHM SiIepHOHM MAaTepPHUH B CTOJKHOBE-
HUSIX TSKeJIbIX MOHOB BBICOKMX 3HEpPrui, NMy4yKH KOTOPHIX oOecreyaTr yCKOpHUTe-
JU KOMIJIeKkca Oycrep W HyKJOTpoH (MeracaiieHc-npoekT NICA). B peanusauuu
JKCMepUMeHTa y4yacTByeT MexKAyHapojiHas KoJiabopauus, Bkaoyatomas 240 ¢u-
3UKOB M HHxKeHepoB ©3 21 uHctutyta M3 11 cTpaH, B ToM uuciae [epmanum,
®pannun, CIOA u Mspaunsa. KoanaGopaiuein paspabotaH W TpPUMeHeH HOBBIH
3KCIIEPUMEHTAJNbHBIH MeTON H3y4eHHsl BHYTPEHHEH CTPYKTYPhl aTOMHOTO sapa U
HeHTPOHHBIX 3Be3M B sKcrepuMenTe BM@N. DkcriepuMeHT, BriepBbie 3aperucTpH-
pOBaBIIMH BCe MNPOAYKTHl peaklUM NpPU BHIOMBAHMHM HYKJIOHOB WU Nap HYKJOHOB
M3 aTOMHBIX SIiep, OTKPbLJI HOBble MEPCHEKTHBbl HUCCAELOBAHUS CTPYKTYPHI SIApa,
B TOM 4MCJle KOPOTKOXKHBYIIMX U OoraTblx HelTpoHamu spep. llonydyenHas un-
(opmanusa o0 (OPMHUPOBAHHH M CBOWCTBAxX Nap HYKJOHOB B S€PHOM BeLIECTBe,
o6oraleHHOM HeHTpOHaMH, MOCJAYXKUT NPOYHOH OCHOBOH A/ IOHUMaHUs CBOHCTB
NJIOTHOH XOJIOAHOH 60raTod HeHTPOHAaMHM MaTepHH B HEHTPOHHBIX 3Be31aX.

dKcnepuMeHTasbHas 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.
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B nepuon 2015-2020 rr. pa3BepHyTbl U BBeLEHBl B IKCILIyaTalHio 7 KJacTe-
poB cosnaBaemoro coBmecTHo ¢ ydeHbimu WAW PAH (Tpouuk) Ha o3. Baiikan
r71y60KOBOAHOIO HEHTPUHHOTO TeJseckona KyOoKuJaomeTpoBoro macirada «bai-
kasa-I[BJl». C BBogom cenbMoro Kiactepa 3¢heKTUBHBIH 00beM Tesieckona JOCTHT
sHauenns 0,35 kM3 B 3ajaye perucTpaiuy JUBHeH OT HEHTPHHO BLICOKMX SHEPTHil
acTpou3nUecKod MPUPOMbl, UTO CcOCTaBJ/sgeT oKolo 85 % 3pdeKkTHBHOrO 06BEMA
aHTapKTHuyeckoro netekropa IceCube.

[IpenBapuTe/bHBEIM aHAMU3 NAHHBIX, HAKOMIEHHBIX B TeueHue 2015, 2016, 2018
1 2019 rr., Mo3BOJIMJ BBIEIUTh CeMb KaCKaJHBIX COOBITHH C HeproBblaeseHHeM
6osee 100 T3B, roe motok acTpousuYecKHX HEHTPHUHO MpeBaNupyeT HaA (POHOM
aTMoc(epHbIX HEHUTPHHO.

750 M

525 M
36 onTu-
4eCKHX
MOLyJIer

90 m [

OnTuueckre mMonynu aisi npoekra «bakikan-I'Bl»
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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). July 10-20 2017, Bexco, Busan,
Korea.

o Jlomoeauxuii I'. B. Tny6okoBomHbIH HeHTpUHHBIH Teseckon — Baikal-GVD // 36-s
Bceepoc. koH(]. Mo KocMHYecKuM JydaM, 28 ceHT. — 2 okt. 2020 r., HUUAD 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/.

Hetitpunnsiii nerektop DANSS, cosnmannbiii ¢pusukamu OHAM coBmecTHO
¢ koaseraMmu U3 MTIP (MockBa) u ycraHoBaeHHbH Ha KanunuHckoit AJC,
ucnpaBHo peructpupyet okoso 4000 peakTOpHBIX AHTUHEHTPUHO B CYTKH IIPH
¢bone, He mpesbimaniieM 2-3 % (Ha ceromHs Jydlllee B MUpe 3HaYEHHE).

B 2018 r. 3aBepieH aHajM3 MepBOH YacTHU IKCIEPUMEHTaNbHBIX NaHHBIX, Ha
OCHOBE KOTOPOTO TOJy4eHO HauboJjiee CTPOTOe MOJAEIbHO-HE3aBUCHMOE OrpaHHuye-
HHMEe Ha CylLeCTBOBaHHWE CTEPHJbHBIX HelTpuHO. Habop maHHBIX M MX HeTajbHbIH
aHaJIu3 MPOLOMIKAIOTCS.

Yeranoska DANSS na KannHuHCKoH 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 OUSU B coctaBe Koanabopauuu Daya Bay nocsie oGHOBNeHUS 3HEp-
reTHYeCcKOH MOJe/ M 3KCIepuMeHTa OblJIM yTOUHEHBbl 3HAYeHUS OCUHJIISALHOHHBIX
napamerpos 03 u AmZ.: sin®26;3 = 0,084 + 0,005, Am2, = (2,44 +0,11) x
x 1073 5B2. Ha ocHOBe NaHHBIX, HaOpaHHBIX TOJNBKO Ha OJUKHHUX NETEKTOpax, B
akcnepuMenTe Daya Bay Obliy U3MepeHbl MOTOK M CHEKTP PEAKTOPHBIX 3JEKTPOH-
HBIX aHTHHeUTpuHO. Kak M B APYrux peakTOPHBIX 3KCrepuMeHTaX, B Daya Bay
HabJrofaeTcst OO 1eUIUT MOTOKA aHTHHEUTPUHO 5,4 % OTHOCHUTEJIBHO MOLEJH
crniekTpoB aHTUHeUTpruHO Huber 4+ 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 nerekrope Borexino (I'pan-Cacco, Mranusi) npu yuactuu ¢u-
3ukoB OWAHM u3aMepeH MOTOK COMHEUHBIX HEHUTPUHO W3 pp-PeaklUH B peKUMe
peasibHOr0 BpeMeHH. Pe3ysbTaT HaXOMUTCS B XOPOILIEM COTJIACHH C TIpeIcKa3aHusi-
MU cTaHAapTHOH Mopesu CosHLA, 4TO MOATBepPKAAeT cTauuoHapHocTh CoJHLA Ha
BpPeMEeHHOH [IKaJjie B COTHH ThICSY JIET: HEUTPHUHO NAIOT KAPTUHY IHEPrOBbIIeEHHUS
B HACTOsIIleM, COJTHeYHasi CBETUMOCTb COOTBETCTBYET 3HEPTOBbIIEJEHUIO B JaJe-
KOM MPOLIJIOM, TaK Kak (oToHbl U3 LeHTpa CoJiHIA BBIXOAST HA [OBEPXHOCTh 3a
cueT MejJieHHOTO mpolecca AUd(y3nd, 3aHUMAIOLIET0 COTHH ThicAY JieT. Bmecrte
C NpelBbILYUIMMH HM3MepeHHSMH COMHEUHBIX HeHTpHHO M3 peakuuil 'Be, B u
pep, U3MepeHHe 3aBeplINJ0 H3yueHHe HEHTPUHHBIX MOTOKOB M3 LIENMH peaklui,
HAYMHAIOLIUXCS C pp-peaKlH.

B 2015 r. ony6/a1MKOBaHbl HOBble Pe3y/bTaThl MO M3MEPEHHI0 TMOTOKA reoHed-
TPUHO, OCYLIECTBJEHHOro Ha craTtuctuke 2056 cyT: HaGJOfaeMbli CHTHAI OT
reoHeHTPUHO HAXOAUJICS B COTJIACHH C OXKHUIAeMbIM AJisi OOJbIIMHCTBA reodrsunde-
CKHX MofeJsiel. BepoATHOCTb OTCYTCTBHS BKJIaZa OT MeOHEHTPHUHO B HAGJIOIAEMOM
CTIeKTpe HUYTOXKHO Mana M coctapiser 3,6 - 1072, TIpu 3TOM BrepBble B MCTOPHH
HaOJ/I0IeHHsI TeOHEHTPUHO C ompeneseHHOH poJsied BeposiTHOCTH (98 %) MOXKHO
YTBEPKIATh, UTO F€OHEHUTPUHHBIA CUTHAJ UMeeT HeHYJeBOH BKJal 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.

e 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 skcnepumeHTa NOVA OblIM HM3MepeHbl CJENYIONIHE MapaMerT-
pui ocunansiumit: sin® fgs = 0,51 £ 0,10, AmZ, = (2,3770(%) - 1073 5B2 (NH),

Am%2 = (—2,40J_r8’%‘71) 1073 5B? (IH). Cosnan cTeHp A5 MPOBEPKH M H3MEPEHHs
napaMeTpoB 3JEKTPOHHMKH, a TaKXKe BBeleH B 3KCIIyaTallHio LEeHTP yHaJeHHOro
koHtposisi (ROC-Dubna), mo3BosisilomMi KOHTPOJHPOBATE PabOTy U YIIPaBJISTh
sKcreprMeHToM U3 JlyGHbI. Dbl MpoBeneH aHaIH3 CHCTEMAaTHYECKUX OIIMGOK JKC-
nepyMeHTa, a TakxKe pa3paGoTaHO MporpaMMHoe obecriedeHHe 1Jisi PErUCTPaLUy B
IETEeKTOpe CHIHaJIa OT CBEPXHOBOM.

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

B skcnepumente OPERA kosnnaGopanusi, mpopo/kasi aHaJu3 TaHHBIX, HAabop
KOTOPBIX 3aKoHUHWJ/cS B KoHLe 2012 r., oOHapyxuJ/a nsitoe coObITHE B3aUMOIEH-
ctBUsl T-HeHTpHHO. C yyeToM oxkupaemoro ¢oHa B 0,25 coObITHS CTAaTUCTHUECKAs
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3HaUMMOCTb CBHJETE/NbCTBA HEHTPUHHBIX OCUMIIALMH v, — v, cocTaBusia d,lo.
Takum o6pasom, riaBHas 3agadya KCIepHMeHTa — JI0Ka3aTe/bCTBO CYILLeCTBOBA-
HHS 3TOTO THMA OCUHUJJISLKH, OTBETCTBEHHBIX 32 Ne(PULUHUT aTMOC(epPHbIX MIOOH-
HbIX HEHTPHHO, MyTeM INpSIMOro OOHApy»KeHHUs! T-HeHTPUHO B My4yKe — YCIELIHO
BBITOJIHEHA.

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 onpenensiomieM BkJaane corpynHukoB OUSM B xome skcme-
pumenta NA48/2 (SPS, LUIEPH) nosydeHo mepBoe 3KcrmepHMeHTa bHOE HabJIH0O-
JleHre HOBOro KaHasla pacnaga K+ — 797tete. Vamepena mmprna u u3ydeHw
JMHAMHYecKHe CBOHCTBA PeNKoro pacnaga KT — 75y Ha ocHOBe peKOpAHOM
cTaTUCTUKH — 149 cobbiTHi-KaHauaaToB ¢ ¢poHom B 15,5 + 0,7 cobbiTuit. B 2015 .
TPOBeNIeH aHaJ/MU3 PEKOPAHO GOJBIIOr0 KOJMYECTBA PACNaoB HEUTPATbHBIX THOHOB
70 = ve+e” (1,69 - 107 cobLITHIT), POXKIEHHBIX B pacrafax 3apsKeHHBIX KaOHOB
¢ umnysabcoM p = 60 ['sB/c. B pesysibraTe mosydyeHO cTaTHCTHUECKH HauboJjee
CTPOroe OTpaHHYeHHe Ha BeJHUYMHY MapaMeTpa CMEIIHBAaHHS «TeMHOTO (hOTOHA»
£2 B o6nacTH ero BO3MOXKHOH Macchl 9 < myu < 70 MsB/c?, uckiouamriee
0ObsICHEHHE aHOMAJIbHOTO MarHUTHOIO MOMEHTa MIOOHA C IOMOLILbIO THIIOTE3bl
O BJIUSIHUM «TeMHOro ¢otoHa». B 2016 r. 3aBepiieHa o6paboTKa MepBbIX AAHHBIX,
TMOJYYeHHbIX B 3KCIepUMeHTe. B pamkax MOHCKa «HOBOH» (DM3UKH B peoKHUX
pacrmajax KaoHOB OOHapyeHo |7 KaHIMIATOB B CBepXpeNKHUH pacmaj 3aps-
xeHHoro kKaoHa Kt — wtvv mpu oxumaemom one 7 cOOBITHH. DTO MO3BO-
JIWJIO CHesaTh JYYLIYI0 B MHpe OLIeHKY OTHOCHTEJbHOH BepOSTHOCTH pacnana
BR(Kt — ntwr) = (1 l,OJ_rg’g +0,3cper. ) - 10711 ut0 cormacyercs ¢ npenckasanu-
em CTaHIapTHOH MOZEJH.

¢ Data
SM Kt — ntur

0.12F
0.10
0.08 F
0.06 £
0.04 F

0.02
0
—-0.02
—0.04

CoObiTUSI-KaHAUAATBl B CBepX-
penkuit pacmnag (B paMmke) |
(hoHOBbIE COOBITHS B MepeMeH-
HBIX H3MePEHHOTO UMITYJ/IbCa 3a-

m%nissu GGVQ/ C4

T T T T T YT T Al ST T T T T . - B B A |

15 20 25 30 35 40 45 DSIKEHHOro NHOHA M KBajpaTa
HeJIOCTAalIIed Macchl, CBsI3aH-
HOH C HeHTPUHO

7+ momentum, GeV/c

e Madigozhin D. (NA48/2 and NA62 Collab.). Probing Nonperturbative QCD
with K. and K* — n%yy 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.

e Madigozhin D. (NA48/2 Collab.). High Precision Measurement of the Form
Factors of the Semileptonic Decays K* — 79%*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.pdf.

e Batley J.R. et al. (NA48/1 Collab.). A New Measurement of the K* — wFqyy
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 Marcheuvski R. (NA62 Collab.). New Result on the Search for the KT — nTvw
Decay at the NA62 Experiment at CERN // ICHEP-2020, 28 July -7 Aug. 2020,
Prague.

B 2015 r. Briepsbie Ha LHC 6b11 ucesenosan pacnan A) — 1(25)A%, a rakxe
H3MepeHo OTHOLIeHWe BeposTHocTell pacnago A — w(QS)AO u A — J/pAL.
Mesonsr J/YX u ¢(25)X BOCCTaHaBJH/IBaIOTCH B pacrnajgax Ha MIOOHHYIO
mapy, B To Bpems Kak pacmaa A — pr~ wucromb3yeTcs /1S BOCCTAaHOBJEHMS
A%-Gapuona. MsmepeHHOoe 3HaueHHe OTHOLIEHHS BepOATHOCTeH pacrajios
L(AY — (25)A%)/T(AY — J/A%) = 0,501 & 0,033(crar.) & 0,016(cuct.) =+
+0,011(B) corsacyercsi ¢ OTHOLIEHHEM BepPOSTHOCTEH pacrnana Aas B-Me30HOB,
usMepeHHbIM B npenenax 0,5-0,8. EnvHcTBeHHOe TeopeTHyecKoe MpelcKasaHue
ISl OTHOLLIeHHUs1 paccmatpuBaeMbix pacnanos (0,8 = 0,1) npeBbiliaeT n3MepeHHOE
3HaueHHe.

e Gladilin L., Lyubushkin V. (ATLAS Collab.). Measurement of the Branching
Ratio T (AO — 1 (28 AO) /1" (A — J/¥A%) with the ATLAS Detector // Phys.
Lett. B. 2015. V.751. P.63-80.

B 2014 r. npu yuactuu yuensix u3 OUAHN ocyiiectBisiics nouck pe3oHaHCHO-
ro poXKJeHust 0030HOB Z* B MPOTOH-NMPOTOHHBIX cToJKHOBeHUsAX Ha LHC (IIEPH)
B IUJIENITOHHOM KaHaJse. B paMkax 3TOH 3ajaud OCYyILIleCTBJIEHO MOAEeJHpOBaHUE
COOBITUH poxKOeHHs 0030HOB Z*, BbIpabOTaHbl KPUTEPHH OTOOpPAa PEKOHCTPYHPO-
BaHHbIX ycTaHOBKOH ATLAS cobbiThil ¢ pacnmanom Z* B mapy JienTOH—aHTHJENTOH,
NpeJIoKeHbl KPUTEPUH, MO3BOJISIOLINE OTJIMYHUTL COOBITUS POXKIAEHHUS Z* OT COObI-
TUH POXKIEHUS IPYTUX THIIOB HEHTPasbHBIX 6030HOB (Z', G* u T.1.).

DKCcreprMeHTalbHbIH MOMCK pe3oHaHca Z* Obll NPOBeLeH Ha OCHOBe aHa/M3a
~ 25 $6~! naHHBLIX MO MPOTOH-TPOTOHHBLIM CTOJKHOBEHHSM C SHeprueil c. 1. M.
7-8 TsB. Cnenan BblBOA O coriacdd Hab/iofaeMblX NAHHBIX C MNpeAcKasaHueM
CraHpapTHOH MOOEJ/H, MOJyuyeHbl HOBble OTPAHHYEHHUS] HA CeYeHWUS] POXKAEHHS U
Maccy 6030Ha Z*: HOBBIH 3KCIEepPUMEHTAJNbHBIH BepXHUH Mpefes Macchl Z* coCTaB-
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 1. 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. rpynnmoit OUSAN B skcnepumente CMS (LHC, LIEPH) Obinu
3aBeplieHbl 06paboTKa W aHanu3 AaHHbIX ceaHcoB 2011-2012 rr. s mpoueccos
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Hpenna-fIHa ¢ poxkpeHueM map MIOOHOB. DBIIM MOATBEpPKIEHBI IMpenCKa3aHHUs
CraHpapTHO# Monesnu B3auMoIeHCTBUs 3jeMeHTapHbX uyacTul (CM) B HOBO#
06/1aCTH 3HepPruil M BBINOJHEHbl MOWUCKH CHTHaJOB (U3UKH 3a pamkamu CM,
B YACTHOCTH, CYILECTBEHHO yBeJIMUEH HMXKHHUH Mpeles Ha MacCy HOBHIX KaJuo-
poBOUHBIX 6030HOB (m0 ~ 2,7 T3B). Ilpomosmxasnoch u3ydyeHHe CBOHCTB 6G030HA
Xurrca. YTouHeHa mMacca M Jpyrve ero XapakTepPUCTHKH, MO3BOJMUBILHE CHEJaThb
BBIBOJI O HENPOTHUBOPEUHUBOCTH OTKPBITOro 603oHa 6o3oHy Xurrca CM. [loncku
peiKuX pacnanoB 6030Ha XHITca Aajd OTPULIATENbHbIH pe3ysabTar.

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.

e 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 Kononaanuukos B. ®@., Casuna M. B., [limamos C.B., [llyrvea C.I. Heomnpepne-
JIEHHOCTH CeueHUst poxkaeHHUs mpoleccoB Jpesna-fIHa npu CTONKHOBEHHH MPOTOHOB
na LHC // Iucema B QUA. 2014. T. 11, Ne6(198). C. 1122-1133.

o Jlanés A.B. PesynpraThl kossnabopaunu CMS: 6oson Xurrca M MoucKH HOBOH
¢dusuku // YOH. 2014. T.184. C.996-1004.

B 2014 r. B skcnepumente COMPASS (SPS, ILIEPH) ¢ yyactuem cneuuasu-
croB OUSAUN npoBomusics MeTonmuuyecKWii HabOp AAHHBIX MO HM3YUYEHHUIO TIpoliecca
Hpenna—-{ua ¢ myukom nuoHoB c¢ 3Heprueir 160 I'sB u ¢ monsipusoBanHO#U BO-
noponHoi MulleHbto. B ¢espane u oktsiope 2014 r. B sxcnepumente COMPASS
TMPOILJIM UCTIBITAHUST MOLYJeH ajekTpoMarHuTHoro Kamopumerpa ECALO Ha agek-
TPOHHOM MyuKe yckopuTesabHoro kommiekca ELSA (Boun, [epmanusi) u ycko-
putens PS (LUEPH, 2KeneBa). PesynbraThl mokasaju, 4To MOAY/Jb KaJOpPHMeETpa
M CHUCTeMa CUYUTHIBAHHS, OCHOBAHHAs Ha JIABUHHBIX AMOAAX, TOJHOCTBIO YIOBJIE-
TBOPSAIOT TPeOOBaHUSAM, HEOOXOAUMBIM [J/151 MU3MepeHHH 000OLIEHHBIX MapTOHHBIX
pacnpenesieHUH.

B 2015 r. komna6opauuss COMPASS ony6aukoBasa pesy/bTaThl H3Mepe-
HUS TIOJSIPU3YeMOCTH TMHOHA, TOJNyUeHHble Mpu ompenensioueM Bkaage OMAN.
B skcnepumente mydok 7~ ¢ umnyascom 190 I'sB/c paccenBascs Ha TOHKOH
HHMKeJIeBOH MUILIEeHH. 3HaueHHe 3JeKTPUUeCKOH MoJspu3yeMOCTH THOHA COCTaBHIIO
(2,0 £ 0,6¢rar, = 0,7cper.) - 104 q)M3, YTO HAXOMHUTCS B COTJIACHHU C MpeAcKa3aHheM
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3¢ (HeKTUBHOH KHPaNbHON TeOpUU. TOUHOCTh H3MepeHHUs MOUTH BABOE MPEBOCXOAUT
paHee onyOJHUKOBaHHble pe3y/bTaThbl. DTOT pe3y/bTaT SABJSAETCS MPUHLHNHAIBHO
Ba’KHBIM [1/151 IPOBEPKH CIIpaBelJIMBOCTH 3(P(PeKTUBHOH KHUPaJbHOH TEOPHUHU.

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 coTpyaHHYecTBe
¢ OUSU maiineHbl HOBble MONBI pacrafa 3apsKeHHBIX COCTOSHMH ZF u o6Ha-
py’eHa HefiTpaibHas dactuua Z0(4020), NpeanonoXKuTebHO ABIAIOMAACT H30-
CTIMHOBBIM MapPTHEPOM 3apsPKeHHOro cocTosiHus 27 (4025). 3apsikeHHBIH pe3oHaHC
7+ (4025) wabmonanca B peakumu ete” — ZEr*t — D**D*OrF npu sueprum
CTOJIKHOBeHHH /s = 4,26 ['3B. 3adukcupoBaHbl MapaMeTpbl 3TOr0 pe3oHaHca:
macca (4026,3 + 2,6) MsB/c?, wuprHa (24,8 £ 5,6) M5B/c?, KOTOpble CcorJyia-
cyloTcs ¢ mapamMeTpaMu pesoHaHca Zi(4020) pacnaga ZF(4020) — h.rT. Eue
ollMH pesoHaHc, Z7 (3885), obHapyxeH B peakuuu ete” — ZErt — (D*D)* 7t
Macca u wrpuna pesonanca ((3883,9 + 4,3) MsB/c? u (24,8 £11,5) MaB/cQ)
coracyloTcsi ¢ mapaMeTpaMH paHee OTKPHITOro pesoHanca Zi(3900), uto mos-
BOJISIET TIPEATONOXKHUTb OOHAapyKeHHe ABYX MOJ pachaja OfHOW yacTHubl. B pe-
akuun ete” — 7970h,. BrepBBIe 06HapyxeH HeHTPaNbHBIH UapPMOHHHIMOLOGHEIM
pesonanc Z°, ero macca (4023,9 & 4,4) MsB/c?, 4To mo3Bo/ISeT MPEeANONOXKHTE,
4TO ZS(4020) SIBJISIETCS HEUTPATbHBIM U30CIUHOBBIM MAPTHEPOM 3apPSI?KEHHOTO pe-
sonaHca Z(4020). B skcnepumente BES-III MeTo10M MOPOroBoro ckaHMpOBaHUS
TMOJyUeHO 3HAaueHHe MacChl Tay-JenToHa M, = (1776,91J_r8:}g) MsB/c?. ToutocTb
pesysbTaTa NpakTHYECKH He YCTyINaeT BCEM MPEeXKHUM H3MepEeHHSIM.

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.



PEJIIATUBUCTCKAMA A0JEPHAYd ®PU3UKA

[pynna OUSHM, yuactByromas B HOHHOM 4YacTH MPOrpPaMMbl 3KCIEPUMeHTa
NA61/SHINE (SPS, LIEPH), Bemer cucremaTHueckoe H3ydeHHE s1IPO-siIE€PHBIX
peakuuil B PbPb-cToNKHOBEHHSAX W HCC/eOBaHHe pPeaKUMH ¢ siApaMH CPeIHHUX
pasmepoB (Xe u Ar), a Takxe Jerkux anep (Be).

[IpoBeseH aHa/IM3 JaHHBIX U MOJy4YeHbl MlepBble MpelBapHUTe/bHbIE Pe3y/bTaThl
Mo croskHoBeHuIo 'Be +7Be, a Takxke naHHBIe 1o peakuusm p +p u p+C (Long
Target) npu 31 I'sB/c, HeoOxonumble 1t HeATpUHHOTO 3KcnepumenTta T2K.

B 2014 r. B skcnepumMeHTax Ha yctaHoBke NAG1 mpu akTHBHOM ydYacTHH
¢usnkoB n3 OMAN nonydeHsl yKasaHHs Ha CYL1eCTBOBAHHWE KPUTHUECKOH TOUKH
sIepHON MaTepUu. DTH JaHHble KpaliHe BayKHbl KaK /151 TEOPUH CTPOEHHUs sIepPHOH
MaTepuH, TaK U ¢ TOYKH 3peHHUs AajbHeHIINX NMPaKTHYeCKUX NpHUMeHeHUH. Mare-
pysd B 06J1aCTH KPUTHUUECKOH TOUKH JOJKHA 00/MafaTh yHUKAJIbHBIMHU CBOHCTBAaMH,
KOTOpBIE TIPEACTOUT AeTaJbHO HCCJAEN0BATD.

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.

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

B 2013 r. rpynna OUSAN B akcnepumente STAR na RHIC (BNL, CIIIA)
AaKTHBHO y4acTBOBaJjia B INPOrpaMMe MO H3y4YeHHIO POXKIeHHs anpoHoB B AuAu-
CTOJIKHOBEHHMSAX NPH 3Heprusx /syn = 7,7, 11,5, 19,6, 27, 39 I'aB. Ycranossena
3aBUCUMOCTb OTHOILIEHUS] Rop 3JJHNTHYECKOrO MOTOKA MAJs Me30HOB, 6apHOHOB
¥ MX aHTHUYACTHIL, OTHOIIEHHS BBIXOAOB YacCTHL B AuAU-CTOJIKHOBEHHSAX OT IOIe-
PEYHOro UMIYJ/bCa U SHEPTUH CTOJKHOBEHHS /SN -

[pynna OUSHN yuacTBOBasna B aHasin3e NaHHBIX M0 W3MEPEHUIO MOJSPU3ALNH
aHTHKBapKOB B NpoToHe. [IpoBefeHHbIH aHAMM3 MoKa3a/ HajJHuHe CylleCTBEHHOH
aCHMMeTPHH, YKa3blBaloOLIeH HA TOMHUHHPOBAaHUE TOJSIPH3ALNH %-aHTHKBAPKOB.

B 2015 r. mpexncTaB/ieHBl pe3yJbTaThl UCCAENI0BAHUE KOPPENSHOHHON (PYHK-
UM CUCTeMBbl U3 JABYX aHTHIIPOTOHOB, Jaiolive HH(MOPMALHIO O SAEPHBIX CHJAX
MeXKJy aHTUIPOTOHAMH W MpelCTaBJsIoOllHe H3MepeHHe NBYX KJIOYeBbIX Mapa-
MEeTPOB CHJIbHOTO B3aUMONEHUCTBUS — [JHHBI paccesiHusi (fp) U 3PPeKTUBHOH
o6sacti B3aumopeicTBus (dp). PesynbraThl UMewT (QyHIaMeHTa/lbHOE 3HaYeHHe
IJ1s1 TIOHUMaHHUSI CTPYKTYPBl U CBOHUCTB aHTHUSIEP.

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 OUSAHN B skcnepumente ALICE (LHC, LIEPH) peructpupoBana naH-
Hble ¢ «minimum bias» Tpurrepom B peakuuu p—Pb npu 5,02 T3B. B 2013 r.
MoJlyyeHbl pe3yJsbTaThl MO (EMTOCKONHYECKHM KOPPEeJSLHUSAM B POXKAEHUU Map
3apsiKEHHBIX KAOHOB B 3TOH peakLUWH. BBIMONHEH aHa/IM3 YUCTOTHl BbIAEJIEHHUS
3apsiKeHHBIX KAOHOB B CcToJIKHOBeHHH PbPb (2,76 T3B); mosydeHbl pe3ysnbTaThl
OTHOCHMTEJIbHO BEJMYHHBI Ri,, U M0 POXKIEHHI ¢ — KTK .

[TponosmxeHsl uccen0BaHUS (EMTOCKONHUECKHUX Koppeasuuil bose-ditnmrei-
Ha I/ map 3apsikeHHbIX K -Me30HOB (K K(p), 00pasyiolmxcs B MNPOTOH-NPO-
TOHHBIX CTOJNIKHOBeHHSX 1pu 3Hepruu 7 TaB. OcobeHHOCTH BrepBble NMONYUEHHBIX
pe3y/bTaToB — Pe3KHH pocT pasMepa UCTOUHHKA (Rin,) C yBeJHUEHHEM INONepey-
HOH Macchl mapbl (mg) NMPHU CaMblX MaJblX 3HAYEHHSIX 4YHc/Ia 00pasyrolIuxcs 3a-
psikeHHBIX yacTHL (N, ) U oOpaTHasi 3aBUCUMOCTD NP GOJbLINX 3HAUeHUSIX Ney,.
Ywmenbinenne Ri,, ¢ POCTOM m7 XapakTepHo 151 AA-CTOJKHOBEHHWH U TEOpeTH-
4eCcKd OOBSCHSETCS KOJJIEKTHBHBIMU 3((eKTaMH MOTOKOB YaCTHI[ TPU CTOJKHO-
BeHHUH OOJIbIIOr0 KoJM4yecTBa HYKJOHOB. [lono6Has KapTHHA B pp-CTOJKHOBEHHSX
TIOATBEPK/AET MPEATIONOKEHHSI O BO3MOKHOCTH TIPOSIBJIEHHS] KOJIJIEKTUBHBIX (-
(eKTOB Ha KBapK-IVIIOOHHOM YPOBHe NPH B3aUMOLEHCTBUU 3/1€MEeHTapHBIX YacTHIL
C IOCTATO4YHO OOJIbIIHUM 3HaueHHeM N, .

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. D. 2013. V.87. P.052016.
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[TpoBeneHHblli aHA/IM3 IKCIEPUMEHTOB C YJIbTPaXOJOIHBIMM HEHTPOHAMH IO-
Ka3blBaeT, 4To (puanueckas ancopOLHs HAHOYACTHL/HAHOKAIeE/b, JEBUTHPYIOLUX
B BBICOKOBO30Y2KIE€HHBIX COCTOSIHHSIX B IOTEHLMaJNbHOH siMe, 06pa3oBaHHOH CHU-
namu Ban nep Baanbca/Kasumupa-Ilonnepa (BaB/KII), npuBogut K HOBBIM 3¢-
(exTaM Ha nepeceyeHHH (DU3MKHM (PYHAAMEHTANbHBIX B3aWMOAEHCTBHH, HeHTpo-
HOB, TIOBEPXHOCTH W HAHOYACTHI. YueT B3aumopedctus ¥ XH ¢ HaHouacTtuuamu
M03BOJISIET 0OBSICHUTh HEJABHO OTKPBITBIM TaK Ha3blBaeMblHd MaJjbli HarpeB ¥ XH
B JIOBYLIKaX.

e Hecsuoncesckuti B. B., Boporun A. fO., Jlambpexm A., Peiino C., Jlowwaeun E. B.,
Mysviuka A. I0., Cmpeakos A. B. HabnoneHne KBaHTOBOK JIEBUTALIHH HAHOYACTHI]
METOLOM YJbTPaxoJiofHbix HeiiTpoHoB // Kpucrannorpadus. 2013. T.58, Neb.
C.730-736.

[IpoaHanu3upoBaHbl pe3y/abTaThl U3MepeHUH OH((PY3HOro OTparKeHWs O4YeHb
XOJIOMHBIX U XOJIOMHBIX HEHTPOHOB OT HAHOCTPYKTYPHUPOBAHHBIX oTpaxaresel. [1o-
Ka3aHO, YTO HAHOCTPYKTYPUPOBAHHbIE OTPaKaTeJ/HU 3aMoJNHSAT Npodes B 001aCTH
SHePrui 0YeHb XOJNOJHBIX U XOJOAHBIX HEUTPOHOB MeX 1y 3(h(PEKTUBHBIMU OTPaXKa-
TeJSIMU, UCMHOJIb3YIOIIUMHU HEHUTPOHHO-ONTHYECKUH MOTEHLHMAJ, U OTpaKaTeasiMu
Ha OCHOBe OP3TTOBCKOTO paccestHUsl U paccesiHUsl Ha OTHEJbHBIX fiIpax CpPefbl.

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.

PaccMoTpenbl ocoGeHHOCTH 3(deKTa yckopsitoulerocss BemiectBa (DYB) —
M3MEeHeHHs SHEPTUH HeHTPOHA NPH NPOXOXKAEHUH Yepe3 00pasel NpeoMJsIOIero
BellleCTBa, JBHUIKYILErocs C YCKOpEHHEM, B cjydae JIBOSKONPEJIOMJSIOUIeH Cpeibl.
B stom cayuae y Y B nosiBasitoTcsi HOBble cBokcTBa. B HeliTpoHHOM onTHke DY B
MPUBOAHXT K TOSIBJEHUIO HECTALUOHAPHOTO COCTOSIHUS C MPELECCUPYIOILUM CIIMHOM.
[Tpy npoxoxkaeHHH ABYXKOMIIOHEHTHOrO HEHTPHHO uepe3 CJIOH YCKOpSIOLLerocs
BellecTBa DY B okasbiBaeT BO3AEHCTBHE HA IBOJIIOLUIO HEUTPUHHOTO COCTOSIHUS.

o @panx A.H., Haymos B.A. BaaumoneiicTBie BOJH C IBOSIKOMPEJOMJISIONUM Be-
IeCTBOM, ABUrawiumMcs ¢ yckopenuem // dP. 2013. T.76. C. 1507.

B pamkax u3ydyeHHs] MUKPOOMOTEXHOJOTMH METONOM HEeHTPOHHOrO aKTHBAllU-
OHHOTO aHaju3a Ha peakTope MBP-2 6wun ompenesneH 37eMeHTHBIH COCTaB MHUK-
poOHaNbHBIX 00pa3loB U OlleHeHa 3()(EKTHBHOCTb HAKOIJIEHHS LHHKA M APYTHX
MeTaJlJioB GuoMaccoil cnupynuHbl. [losyueHHble pe3y/bTaThl MOKas3biBaloT 3hdeK-
THBHOCTb HCIOJb30BaHUS MHUKpOBomopocau Spirulina platensis nnsi u3BiedeHUs:
[IMHKA U3 CTOYHBIX BOJI.
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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 GHOMOHHUTOPHHTY C HCIOJb30BaHMEM MXOB-TpPaHCIIIaH-
TaTOB MO3BOJIUJIM MPOBECTH H3yueHHe BO3AYIIHBIX 3arpsi3HeHWH B leHTpe Des-
rpana (Cepbusi), a Tak»Ke B OJHOM M3 HauboJiee KOJOTHUYECKH HebJaroTnpUsTHBIX
paiionoB ['pennn — Benukoii ®pakuiickoit HusMeHHOCTH (ATTHKA). DdheKkTUB-
HOCTb HCIOJIb30BaHHSI MXOB-OMOMOHUTOPOB B M3yYeHHU aTMOCHEPHBIX BbINaJeHUH
pPaJMOHYKJIUAOB MPOJEMOHCTPUPOBaHa B COBMECTHBIX paboTaxX C KOJJIeTaMH M3
Canoakuu, benopyccun, JOAP, Cep6uun u Tannanna.

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 HeHATpOHHOH (pU3MKe HYXKHBl OTpakaTeJd Kak AJs HEHUTPOHHBIX MYyYKOB,
Tak U 075 3P(PeKTUBHBIX HCTOUHHKOB HeUTpPOHOB. B nmaHHOH pabore paccMmoT-
peHbl OTpaKalolllde CBOHCTBA MaTepPHAJsIOB, COCTOSIIIMX M3 HAHOUACTHIL[ Pa3JIHy-
HOH (bopMBI: cpeprueckod W LUAUHAPUYecKOH. CrJIOIIHbIE MaTepualsbl XOPOLIO
OTpaXKalT HEHTPOHHbIE My4YKH JUOO B OUeHb Y3KOH 00/1aCTH MaJsblX 3Heprui
nopsinka ~ 1077 3B (ckopocty ~ 5 M/c), M6O MPH TEINJIOBLIX SHEPrUAX MOpSAAKA
~ 0,025 3B (ckopoctu ~ 2200 m/c). B nocsenHee Bpemsi B HEHTPOHHOH (PU3HU-
Ke 1/ OMOJIOTHM M MHAYCTPUHM OKa3ajuChb BOCTPeGOBaHbI XOJIOAHbIE HEHUTPOHBI
¢ snepruamu ~ 1077—107* 3B (ckopoctu ~ 10—500 m/c). Hanoorpaxarenu, Kak
MOKa3aHO Ha PUCYHKe, OKa3blBAlOTCs CaMbIMU 3(P(EKTHBHBIMH MO CPAaBHEHHIO CO
BCEMH H3BECTHBIMH JIO0 CHX MOp.

09 r
0,8
0,7

Kosadduunent orpaxenus R(v) =
OT mopowika ToimMHOH 3 cM, = 05
COCTOSILLIEr0 W3 JJHHHBIX (1) 04 L
(a = 1000 HM); KopoTKHX (2) ’
(e = 10 ©uM) HaHOCTepKHEH 0,3
¢ paguycom 10 HM, T1pum

napametpe rmorjouenuss C = 0.2

=Cyp=628-107;, 34 — L I I I
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o Henamosuu B. K., Hecsuxcescxuil B. B. // AD. 2014. T. 116, Ne2. C. 100-107.
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Cpeny MHKpPOOPraHM3MOB LHAHOOAKTEPUU TMPENCTaBJMASIOT OOJBILIOH HHTEpeC
IJ1s TIONlyUYeHUs] HAaHOUACTHIl, TaK KaK OHM SIBJSIOTCS MOTEHLHA/JbHBIMH HCTOY-
HUKaM{ HOBBIX MeTabOJIMTOB, UMEIOLIUX 00J/blloe 3HaYeHHe B OUOTEXHOJOTHH U
npomblleHHOCTH. [l pa3pabOTKM HETOKCHUHOIO, KOJOTHYeCKH UYHUCTOro Me-
TOZA TIOJYYeHHs HAaHOUACTHIl cepebpa HCMOJb30Band LuaHoOakTepuu Spirulina
platensis u Nostoc linckia. HaHouacTuubl cepebpa HccieqoBald C [OMOLLbIO
KOMIIJIEKCa ONTHYECKHX M aHaJUTHYeCKMX MeTOHOB. B uacTHOCTH, AMHaAMHUKY
HakonseHHus cepebpa 6roMaccoll LHaHOOAKTepUH H3ydasd MeTOAOM HEHUTPOHHOrO
aKTHBALIMOHHOTO aHanu3a Ha peakrtope MBP-2 OMAUN. dororpaduu, nomyden-
Hble C MOMOIbI0 PACTPOBOrO 3JEKTPOHHOrO MHKPOCKOMa, M0Ka3aJsH, 4To Mpolecc
o6pa3oBaHHsl HaHOYACTHUI cepebpa unaHo6akTepusmu pazmepamu 10-80 M mpo-
UCXOIUT BHEKJ/ETOYHO, YTO OYeHb BaXKHO C TOYKH 3pEHMS UX JajibHeHIlIero mnpu-
MeHeHHs1. [lonydeHHY10 6HOMacCy MOXKHO HCIOJb30BaTb KaK B MPOMBIILJIEHHBIX,
TaK U B MEIUIUHCKUX LeJsX.

POM-tortorpaduu Nostoc linckia (a) w Spirulina platensis (6) ¢ HaHOUaCTHLAMH
cepebpa

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

Ha umnynbcHoM ucTouHMKe pe3oHaHCHbIX HedTpoHoB MPEH TpamnunonHbIi
AJ1sl CIeKTPOMETPUHM PE30HAHCHBIX HEHTPOHOB MeTOJ BPeMeHHU MpoJeTa NPUMeHeH
17151 3JIEMEHTHOTO M M30TOMHOro aHasiu3a o6pasuos. MueHTH]HKauMs 3/71€MeHTOB
U HM30TOMNOB OCYLIECTBJSETCS MO 3HEPrUsiM HEHUTPOHHBIX PE30HAHCOB B PeaKLMU
paavalMOHHOrO 3aXBaTa, a UX COLEep:KaHHe OmpeJesieTcs 10 BhIXOAY FaMMa-KBaH-
TOB B HaOMIONAaeMbIX pe30HaHCax. 3a BpeMsl BBOJA B OIBITHYIO 3KCIIyaTaLHUIO
nepBoil ouepenu ycraHoBkd MPEH (c omHO# yckopsitolleil cekiuei) perynaspHo
MPOBOAUJCS aHanu3 pymaHbX npob6 LleHTpasbHON reosoruueckoil JsgabopaTtopuu
MuHucTepeTBa 9HEPreTHKH U NPHUPOAHBIX pecypcoB MOHTOMMM W KOMIO3HTHBIX
o6pasuos besnopycckoro rocynapcTBeHHoro yHuBepcuteTa. COBMECTHO C COTpPYA-
Hukamu locynapcTBeHHOro acTpoHoMuueckoro HHCTUTyTa WM. [1. K. [IIteiin6epra
MI'Y npoBeneHBl MCC/IELOBAHHS 3/J€MEHTHOTO M H30TOIHOIO COCTaBa OOBEKTOB
NPeanooKHUTEbHO HE3EMHOI'0 TIPOUCXOXKIAEHHUS.
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YuacToK BPEMSIIPOJIETHOTO CIIEKTPA MPU aHAJTU3€e Te0JOrHUecKOU Mpoobl

e bamamcuna H.B., Mapees [0.[]., [uxeavnep JI. 5., Cedviues II.B., Illge-
yos B. H. // Tlucbma B QYAS. 2015. T. 12, Ne4(195). C. 895-903.

[TukcenbHBIE KpeMHHeBHIH neTekTop Timepix, cocrosimuil U3z 256 x 256 nuk-
ceJiell paamMepoM 55 X 55 MKM, HCMOJb30Bajcs B KoMOuHauuu ¢ AFE-neTekTopom
(ronmuHa 11 MKM) /IS perucTpanyy Jerkux 3apsiKeHHbIX YaCTHLL, UCITyCKaeMbIX
B CrIOHTaHHOM JejeHuH 22°Cfi. Bricokoe MO3MIMOHHOE paspelieHHe AeTeKTOPHOI

TOT, ms

TpexmepHble CEKTpbl CHUTHAJNOB M3 AeTekTopa Timepix, COOTBETCTBYIOLIHe MapaM a—t
(csieBa, HEpPrHM YaCTHIL pas3jnuHble) U a—a (cnpaBa, HepPrud 4acTul OJHM3KH APYT

K IpyTY)
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CHCTeMbl T103BOJIMJIO BIepBble HAOJMIOIATh OOHOBPEMEHHBIH BBIJIET OBYX 3apsi’KeH-
HbIX YaCTHIl C MaJjblM OTHOCHTEJNBHBIM YIVIOM BblieTa (HaOJIOfaMUCh Mapbl a—o
M a—t), KOTOpEe MPHUIHCHIBAIOTCA pachagy HecTabMAbHBIX yacTul °Be u ’Li*.
OnpeneneHbl BBIXOABl 9THX YACTHL, a TaKxkKe YIJOBble W HepreTHUecKHe pacripe-
JeJIeHHsl (i-4acTUL, 00pasyoIHXCcsl B YeTBEPHOM JeJ/IeHHH.

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 252Ci with a Position-Sensitive AE—FE Telescope Based on Silicon Detec-
tors // Part. Nucl., Lett. 2015. V.12, No.4(195). P. 846-854.



TEOPETHUYECKAYd ®U3HUKA

B 2020 r. B pa6oTax no TeopeTuyeckoil (pU3uKe BlepBble BbIYHCAEHbl IHEPTHU
nepexof0B B MoJeKyaspHom Hone HDY ¢ pekopaHoii TounocTbio ~ 10711 B pamkax
HepesIITHBUCTCKOH KBAHTOBOH 3/eKTpPOAMHAMHUKH. M3MepeHHble 4acTOThl poTalu-
OHHOTO Ilepexo/ia M03BOJHIH NOJYUHUTh HauboJ/1ee TOUHYIO0 IPOBEPKY MpeacKa3aHUH
K31 B TpexuactuyHOM cekTope Ha ypoBHe 5 - 107!l orpanudennom Texymmmu
HeolpeaeseHHOCTAMU (PyHIaMeHTalbHbIX KOHCTAaHT. OmnpeseseHO 3HaYeHHE KOM-
OMHaUMK (yHIaMEeHTANbHBIX KOHCTAHT Roome(m;1 +mz') u my/me ¢ orHo-
cuTesibHOl TouHocTbio 2 - 10711 TTonyuennbie pesynprathl Gosee uem B 20 pas
YAyUIIAIOT TPAHUIY AJS THIOTETHUECKOH MATOH CHUJbl B3aHMOIEHCTBHS MeEXIy
NPOTOHOM U AeHTPOHOM.

Fractional deviation, 10 10
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Ro(me/my + m/mg) — 8966.20515041 m ! (10 6 m 1)
CpaBHeHMe pesyJbTaToOB HACTOSALIEH paboThl CO 3HAYEHHUAMH H3 APYTHX PaboT

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

B 2015 r. mpoBomM/IHCh TeOpeTHYECKHe HCCJeN0BaHHs, OTHOCSIIHECS K CO-
3M[aHUI0 HOBBIX (PYHKIIMOHAJbHBIX MaTePHaJOB U YCTPOUCTB C KOHTPOJHPYEMBIMHU
KBAaHTOBBIMH CBOMCTBAaMH, KOTOPOe B HACTOsilllee BpeMsi BO MHOT'OM OCHOBAHO Ha
ujiee opOUTANBHOTO0 MHXKHUHHUPUHTA B MHOTOCJIOUHBIX OKCHAHBIX T€TEPOCTPYKTYpax.
B pa6ote nokaszaHo, 4To 3QeKThl MeXKCJI0EBOTO NepepacrnpeeieHns 3apsiaa U U3-
MeHeHHSs] CTPYKTYPhl JIUTAHIHOTO OKPYKEHHSI UOHOB TePEXOIHBIX MEeTaJjJIoB obec-
MEeUYUBAIOT BO3MOXKHOCTh KOHTPOJISI MTOCJEN0BATENbHOCTH OPOUTANBHBIX JJEKTPOH-
HbIX ypOBHeH (OpOUTa/NbHOH PEKOHCTPYKIMU) B 0ObeMe CJIOUCTBIX OKcHaoB. Ha
npuMepe CJIOUCTBIX OKCHAOB SrolrO4 u BaglrO4 aBTOpHI BrEpBBIE MPemJIOKUNN H
peasn30Bajyd KOMOWHHUPOBAHHBIM KOJMUYECTBEHHBIH aHa/NNU3 yKa3aHHBIX 3()(eKToB,
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OCHOBAHHBIH Ha pesyJsbTatax I/IBMepeHHﬁ CIIEKTPOB 3JEKTPOHHOI'O NMapaMarHuTHOTO
pe30oHaHCa U KBAHTOBO-XUMHUUYECKHUX KJIACTEPHBIX BBIYHCJIEHUH.

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 HOBBIH MOAXOA K TEOPUM HelepeHOpPMUpYyeMbIX B3auMopeilictBuil. Ilo-
JlydeHbl 00001IeHUs1 YpaBHEHUH PEeHOPMIPYIIbl, MO3BOJSIOLIME CYMMHUPOBATh Be-
OylIhe acHMITOTUKH BO BCeX MOPSAKax TeOpHH Bo3MylleHHWH. HatlineHo yuib-
TpaduoJeTOBOE TOBefeHUe psifa CYyNepCUMMETPUYHBIX, KaJUOPOBOYHBIX MOAeseH
KBAHTOBOU TEOPUU MOJS.

e Kazakov D. ., 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.

Brino/iHeHBl pacyeThl akCUaJ/bHOTO TOKa U MJIOTHOCTH 9HEPrUM BO Bpallaollel-
csl U ycKopeHHOH cpene. IlokasaHo, 4TO HUX pe3y/bTaTbl MPUBOAST K OTOXKIECTB-
JIEHUIO YIVIOBOM CKOPOCTH W YCKOpPEHHUSl C NeHCTBUTEJNbHBIM M MHUMBIM XHMHYe-
CKHMH MOTEeHLHAMaMH. YCTAaHOBJEHO, YTO MJIOTHOCTb SHEPrUU 00pallaeTcsl B HYJb
npu temnepatrype 1, paBHOH Temnepatype YHpY 1y, UTO HHTEpHpeTHUPYyeTCs Kak
HeyCcTOHUMBOCTb (pasel ¢ Temneparypod 1" < Ty. [lokasaHa AyaJbHOCTb MeXIy
KBaHTOBO-CTAaTUCTUYECKHUM MOAXOAOM B MpocTpaHcTBe MHUHKOBCKOro U s dexra-
MU HeTPUBHAJNbHOH reOMETPUM B NPOCTPAHCTBE C KOHUYECKOH CHHTYJSPHOCTBIO.
Pesynbrarsl npuMeHeHBl K (DU3MKE CTONKHOBEHHH TSKeJbIX HOHOB.

4,_77_ T1> TU

Namenenre ahdexTHBHON KOHHUeEC-
KO CUHTYJNSPHOCTH, AyaJibHOH KBaH-
TOBO-CTAaTUCTHYECKOMY MOAXOAY, MPH
NPUOJIMKEHUH TeMIlepaTyphl 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 BbINOJIHEH CHCTEMATHUECKHUH pacueT MOJHOTO0 Habopa TpeXMeTJseBhIX
B-pyukuuit CrannaptHo#t monesnu (CM). [lonyueHHBIE pesysbTaThl MO3BOJSIOT
cBsazath ¢u3uky CM Ha macmitabe Heckonbkux T3B W miaHkKoBckoM MacuiTa-
6e. IlocTurHyrasi B HacTosilllee BpeMsl 3KCIEepPUMEeHTaJsbHAs TOUHOCTb M3MepeHHs
MapaMeTpoB pacyeTa NOCTAaTOUHA IS AEMOHCTPallMK camocorsacoBaHHoctH CM
BIIOTb 710 3Hepruii mopsiaka 1010 I'sB.

BrinosiHeH aHaiu3 cTabuabHOCTH BakyyMa CTaHIapTHOH Monesau (hDU3HKH 3Jie-
MeHTapHbIX YacTull. Mcrnosnb3oBaHbl peHOPMIPYINNOBbE YPaBHEHHUS Ha TpeXxIeTse-
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BOM ypOBHE TEOPHUH BO3MYLIEHHH C yueTOM COIJIACOBAHHSl BXOLHBIX NapaMeTpPOB
Ha AByxneTJeBoM ypoBHe. Bksansl mompaBok KXJI yuTeHBl Ha UeThlpexmeT/eBOM
ypoBHe. M3 yc/oBHs cTabU/IBbHOCTH BaKyyMmMa I[PH 3HEPrusix BIJIOTb A0 Macchl
[TnaHka ¢ ucno/sb30BaHHEM COBPEMEHHOr'0 KCIepHMeHTabHOI0 3HaUeHHs! MacChl
6030Ha XHrrca noJy4eHo OrpaHUyeHHe CBepXy Ha Maccy Ton-kBapka. [Tosmyuennoe
3HayeHHe Macchl TON-KBapKa COIJIacyeTcsi C COBPEMEHHBIM 3KCIepPHMeHTaJ/bHbIM
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.

[Ipy TeopeTHUeCKOM HCC/IEIOBAaHUHU Jle/IeHUs TSXKeJbIX siep 00HapYyKeHO, UTo
3BOJIIOLMS OT OQHO- K TpeX-, a 3aTeM K JABYrop60OMy MacCOBOMYy H 3aps0BO-
My pacrnpeleseHHsIM (DparMeHTOB MeJeHHs MPOUCXOAUT INPH HM3MEHEHHH MacChl
fIpa Ha HeCKoJbKO enuHHUIL. [IpensokeHHass Monesb NpelcKa3blBaeT HajlHuHe
CUMMETPUYHBIX M aCHMMETPHUUHBIX MOJ [eJIeHHs C PaBHOHW BEPOSITHOCTBHIO IIPH
yucse HeUTpoHoB N = 136 He3aBUCHMO OT 3apsifa Oeqsilelcs cucTeMbl. BaxxHbIM
pe3y/bTaTOM SIBJISIETCS] COXpaHEeHHe aCHMMETPHUUHBIX (DOPM pacrpelesieHUs] MacChl
M 3apsila OCKOJIKOB [eJIeHHsl MPHU JOCTaTOYHO BBICOKUX SHEPTUSX BO30YKIEHHS
HeJIsilerocs siapa.

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 peakuuss pep — d + Ve, BaxKHas [Js1 TOHUMAaHHs MPOUCXOXKAEHHUS
HelTpuHO, ¢ 3Heprueil E, = 1,442 M>B. BnepBble ckopocTb peakUuu pep U ee
acTpo(U3H4eCcKHH (aKToOp Spep PACCUMTAHBI C yYETOM CHJIIBHOTO M KYJOHOBCKOTO
B3aUMOJEHCTBUH B YCJOBHUSIX COJHEUHOTO simpa. [Ipu 3TOM Hada/bHOE COCTOSTHHE
CHUCTEMBI Spep TPAKTOBAJIOCh KaK TpexTesbHOe. PacCuMTaHHBIA NMOTOK HEHTPHHO
nonyuuJscs Ha 40 % Gosibllle, YeM B pacueTaX, B KOTOPBIX HadyajbHOE COCTOSTHUE
paccMaTpuBasoch B MPUOIUKEHHUH ABYX TeJ, U XOPOLIO COTJIaCyeTcsl C 3KCIepH-
MeHTaJbHBIMH JaHHBIMH Kojsnabopaiuu Borexino.

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

BriepBble mocTpoeHa M BepU(HULHPOBaHA KOJJNEKTHBHAs MOJeNb CTPYKTYpHI
fapa, crocobHasi OMHOBPEMEHHO OMMUCHIBATH KHpa/JbHble KoJeOaHWS W BpalleHHs
aTOMHBIX fiIep, a TaKxKe nepexofHble pexuMbl. OnucaHMe pacllenieHnsl dHepre-
THUYECKHX YPOBHeH MexIy KHpasbHbIMU AyOseTaMy TpeOyeT BBIXOAA 332 PaMKH
NpUOIMKEHUS CPeLHEero moJs.

e Jolos R. V. et al. // Phys. Rev. C. 2013. V.87. P.024314.
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PaccuntaH TyHHeJbHBIH TOK B KOHTAaKTe, COCTOSIIEM H3 MOJYIJIOCKOCTeH
rpaeHa W OBYCJOMHOTO rpaeHa, ¢ OBYMSI THIAMH yNaKOBKH B [BYX BO3MOXK-
HbIX OpHEeHTaLHUsX KpUcTajdaudeckod pemleTkd. OOGHapykKeHO, YTO INpH BCTped-
HOU OpUEHTAaLlUH KpPaeM KOHTAaKTOB THUIA 3Ur3ar MMeeTCs BbIpaKeHHBIH 3(P(eKT
«BKJIIOUEHHS1/BbIKJIIOUEHHUS» O]l BJAUsiHUEM 3aTBopa. Ha ocHOBe 3THX pe3ysnbTaToB
npejsioKeHa HOBasl KOHLENLHsl TYyHHeJ/JbHOIO [0JIeBOro TpaH3UCcTopa Ha 0ase rpa-
¢ena. OcHoBHasi Uaesl COCTOUT B MCIOJIb30BAHHUH ABYX IpadeHOBBIX 3JEeKTPOIOB
C 3Ur3arooOpasHbIMH KpasiMH, pasfeseHHbIX Y3KOH IIeJblo, O] BO3AEHCTBHEM
ob1ero 3ateopa. IlokasaHo, 4To Npu KOMHATHOH TeMIlepaType TaKoe YCTPOHCTBO
OyneT 00/a1aTh SIPKO BbIPAKEHHBIM IepeK/IoYamlUM 3(P(eKToM [pH HHU3KOM
Halpsi>KeHUH Ha 3aTBOpe U OOMbIIUM KO3(D(PULUHUEHTOM YCHUJIEHUS.

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

BriepBble paccuMTaHbl MONPaBKHM KBAHTOBOH 3JEKTPOLMHAMMKH B MOPsIKe
Me IS TPEXUACTHUHOH KYJOHOBCKOH CHCTEMbl, YTO TPHBEJO K PEKOPAHOMY
10-kpaTHOMY YJIy4ILEHHIO pe3yJbTaTa AJisl SHEPTHH Mepexofa MOJEKYASPHOTO HOHA
BOJOPOJA U aHTUIIPOTOHHOTO TeJIHsl. DTO MO3BOJIMJIO HOCTHYL ToyHOCTH 1,5 - 10711
B OIpelesieHUH OTHOILIEHHUH MacC 3JeKTPOHA U MPOTOHA.

e Korobov V.1, Hilico L., Karr J.-P. // Phys. Rev. Lett. 2014. V. 112. P. 103003;
Phys. Rev. A. 2014. V.89. P.03251.

HoBble naHHble 1/ HaNpaBJEHHOTO MOTOKA MPOTOHOB, AHTHUIIPOTOHOB M 3a-
ps’KeHHBIX THOHOB, TosyueHHble KoJsabopanuein STAR nns paccesiHusi pensitu-
BUCTCKHX TsI2KeJ/IbIX MOHOB, OBLIM NIPOAHA/JIM3UPOBAaHbl C MOMOLILbID ABYX B3aUMO-
JOTOJIHSIOWMUX TTOAXOA0B: TPAHCIOPTHOH MOAENH MapTOH-aAPOHHOH CTPYHHOU IH-
HaMHUKH ¥ MOIEJH TPEeXKUAKOCTHOU ruiponruHaMuky. Oco6oe BHUMaHUE yIeJ/eHO
M3y4YeHHUI0 HalpaBJIeHHOTO I0TOKA aHTHUIIPOTOHOB Ha OCHOBe OaJsiaHca MpOLecCcoB
AQHHUTHJISILAK TIPOTOHOB U aHTHUIIPOTOHOB U peakLMUH pPOXAeHHUS Napbl U3 MHOTOMe-
30HHBIX B3auMoneHcTBuil. CpaBHEHHEe SKCIIEPUMEHTa/NbHBIX TAHHBIX U Pe3y/NbTaTOB
MOJIeJIJUPOBAHUA YKa3blBaeT Ha CYLeCTBOBaHHWE KBapK-aJlpOHHOIO (ha3oBoro Inepe-
X0lla TUIa KpOoccoBepa, CMAMYalollero ypaBHeHUe COCTOSIHUS SIIepHOH MaTepuH, U
He JaeT HUKAaKUX YKa3aHUU Ha (pa3oBbIM Mepexof MepBOro MopsaKa.

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

Pa3BUT HOBBIH MHKPOCKOMMYECKHH TepMOAMHAMHYeCKH CaMOCOIJIacOBaHHBIN
MEeTOJl ydyeTa TeMIIePaTyPHBIX 3(P(EKTOB B peakLUUsX HEHTPHUHO M ATOMHBIX sep
B KOJIJIANICUPYIOLLEH 3Be3nHOH MaTepuu. Heympyroe paccesHre HEHTPUHO Ha To-
pSYMX siipax U3ydyeHo AJs TeMIepaTyp, XapakTepHbIX [J/151 YCJIOBUH B CBEPXHOBBIX
3Be3zax. [lokazaHno, yTo Hab/01aeMoe yBeJHUEHHe CeueHHs paccesiHUsl 00bIACHS-
eTcs BIMSHHEM TeMIepaTypbl Ha cuiay nepexonoB ['amoBa—Tesnepa, noMHUHHPYIO-
KX B Mpoleccax paccesiHUss HEHTPUHO NMPH HU3KHUX SHEPTHUsX.

e Dzhioev A. A. et al. // Phys. Rev. C. 2014. V. 89. P.035805.
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V3yueHna uH(IALMOHHAS KOCMOJIOTHS B TEOPUU C ABYMS CKaJsIPHBIMU TOJSIMH,
HeMHUHHMaJ/IbHO CBSI3aHHBIMH CO CKaJ/JsipoM PHuY4M, U [ONOJHUTENbHBIM UJIEHOM
Buna R?, HapylaloWKM KOH(GOPMHYIO MHBapHAHTHOCTb. [10CTPOEHBI MONENH HH-
(GJasLMH B pexUMe MelJIeHHOIO CKaTblBaHUS B CJjydae OJHOrO AHHAMHYECKOro
CKaJISIPHOTO TMOJII M B CJydae ABYX IHHAMHUYECKHUX CKaJSIPHBIX Nojed. bBolio
NI0Ka3aHO, UTO CIeKTPaslbHbIA MHIEKC CKaNSIpHOH MOABl BO3MYLIEHUH IJIOTHOCTH U
CKaJIsIpHO-TEH30PHOE OTHOLLUEHHE MOTYT OBITb COBMECTHMBI C MOCJAeIHUMH Pe3yJb-
tTataMu 3KcnepuMeHTta Planck. Takxke 610 mpensioxkeHo o6oblieHre MOAeNH Ha
cJlydyal Tpex CKaJsipHBIX IOJIeH.

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



PHU3UKA KOHOIEHCHPOBAHHBIX CPEJ

B 2013-2020 rr. crabunbHO (yHKIIMOHHPOBaJa IMPOrpaMMa I0Jb30BaTeNeH
KOMIIJIeKCa CIIeKTPOMETPOB HccJefoBaTebckoro peakrtopa MBP-2. 3nauurtenbHoe
KOJIMYECTBO pPE3YyJbTaTOB 110 (’pI/ISI/IKe KOHIEHCHUPOBAHHLIX Cpea W MaTepHuaJioBe-
JIEHUIO, TOJIyUaeMblX B paMKaX MPOrpaMMbl M0Jb30BaTesel, HAXOAAT OTPaXKeHHe
B Oosiee ueM 90 my6sMKanusx B TOM.

[TpoBeneno uccaenoBanre KpUCTAAANIECKOH CTPYKTYpPbl U MArHUTHBIX CBOMCTB
HecoOcTBeHHOro MynbTU(deppouka RbFe(MoOy)y ¢ 2D-MarHUTHOH TpeyroJbHON
pelleTKOH MeTofaMU HEHTPOHHOH AU(PAKUUU, PEHTTeHOBCKOH NU(ppaKIUK U Mar-
HUTHOHW BOCIIPUMMUYHBOCTH B ILIHMPOKOM [IHanas3oHe AaBjeHHH u Temmepartyp. Ilox
[aBJjieHHeM HaOJlofancsl CTPYKTYPHBIH (pa3oBHIH Mepexol W3 TPUTOHAJIbHOH B MO-
HOKJIMHHYIO (pa3y. B TpuroHanpHOH (ase yCTaHOBJEHO yBeJHUEHHE TEMIEepaTypbl
Heens ¢ 6apuueckum koapodumuentom 0,09 I'Tla~!. B mMoHOKAMHHOH (ase BICO-
KOTO JaBJIeHHs] MarHUTHOe yropsiioueHue He Habmonanoch BrioTh 1o 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(MoQy4)s // Phys. Rev. B. 2013. V. 87.
P.014112.

[IpoBeneHbl HeHUTpOHHBIE in Situ HCCJAeOBAaHUS IPOLECCOB 3apsiia-paspsia
KOMMEepUEeCKHX JIUTHEBBIX aKKyMynasTopoB ¢ 3jektpomamu u3 LiFePOy (LFP)
u rpagura. JletaqbHo MpoaHaNM3WpoOBaHa CTaAHHHOCTb INpoliecca BHeapeHHs Li

10 Ah cell, LFPV cathode
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DBOJIIOUUS HEHTPOHHBIX AHU(MPAKLUHOHHBIX CIEKTPOB MOJYYEHHBIX B JKCIIEPUMEHTE IO

UCCJIEIOBAHUIO PaOOThI 3JIEKTPOJOB B akKyMmyssitope Ha ocHoBe LiFePO4 ¢ mobaBkoii V.

CnpaBa npuBe/ieH rpaduk M3MeHeHHUs OTEHI[HaJla B Mpollecce 3apsia-paspsiia akKyMyJisi-
Topa
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B rpaduT C mocJjenoBaTebHBIM 00pa3oBaHueM HeckobKux LiC,, ¢a3 u oOpaTUMbIH
nepexon LiFePOy4 <> FePO,4. AHanu3 n3MeHeHHH MUKPOCTPYKTYpPbl MaTepuasa Ka-
Tofla TpU BHenpeHHHU B Hero BaHanus (LFPV) nokasan sHaunTe/bHOE yBeJHUEHHE
cTerneHH Ae()eKTHOCTH CTPYKTYPbl, UYTO KOPPEJHUPYET C JYULINMH 3JEKTPOXHUMHUUE-
ckumu cBoiictBamu LFPV no cpasnenuto ¢ LFP.

HccnenoBanue CTPYKTYPHOTO MOBEIEHHUS] HOBBIX 3JIEKTPOAHBIX MaTepuasoB Ha
ocHoBe MonuduuupoBanHoro LiFePO4 HemocpencTBeHHO mpu 3apsiie U paspsiie
aKKyMyJsTOpa, a TakKe B CTALHOHAPHBIX YCJOBUSX ObIIO NMPOBELEHO HA AU(pak-
tometpe PJIBP peakropa UBP-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.

e banazypos A. M. u Op. TlpuMeHeHMe paccestHUsT HEHTPOHOB [JIsI aHAJIH3a MPOLECCOB
B JIMTUH-HOHHBIX akKymyasitopax // Yenexu xumuu. 2014, T.83. C. 1120-1134.

[IpoBeneHo uccrenoBaHre XUIKHUX AUCIEPCUHA NETOHAIIMOHHBIX HAaHOAIMa30B
METOZOM MaJIOyIJIOBOTO paccesiHHsl HEUTPOHOB C Bapuallueil KoHTpacta. s omu-
CaHUSl CTPYKTYPHOU OpPraHMU3allMM CUCTEMBI MPEAJNOXKEH HeNpepbiBHBIA MPOCTPAH-
CTBEHHBIU Tepexo], YrJIepPOAHBIX COCTOSIHUM OT KPUCTAJMJIWYECKOTO ajiMas3a BHYTPHU
YacTul K rpauTonogo6HOMY COCTOSIHHIO HAa TIOBEPXHOCTU. TaKoi mepexof Mo3Bo-
JIsleT COBMECTHUTb 3KCIIepUMEHTaJbHO HabJIOfaeMbld CABUT B CpefHeH MJIOTHOCTH
IJIUHBI paccesiHUsl YaCTHLL OT MJAOTHOCTH KPUCTAJIJIMUECKOTo ajaMasa.

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 BO3IEHCTBHS BBICOKHX TeMIepaTyp M [aBJeHHH CHHTe3HpOBa-
Ha HOBas MepoBCKHUTHas (paza mpoctoro OuHapHOro okcupa MngOgz. IlpoBeneHo
KOMIIJIEKCHOe HCC/eJOBaHHEe CTPYKTYPHbIX, MAarHUTHBIX U CETHETO3JEKTPHYECKUX
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Heiitpornsie nupakiioHHbIe ClIEKTPHl (CJIeBa) ¥ CHMMETPHS MOLYJHUPOBAHHBIX MAarHUT-
HBIX CTPYKTyp okcuaa MnyOs (crpasa)
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CBOHCTB JaHHOTO MaTepHasa. YCTAHOBJIEHO CYIIeCTBOBAaHHE JIBYX CJIOXKHBIX MOALY-
JUpOBaHHbIX aHTH(peppoMarHuTHbiXx (a3 (T ~ 100 K, Tno ~ 50 K), u onpe-
IeseHa WX MarHWTHas CTPYKTypa. B ¢ase HHU3KOH TemmepaTypbl Hab/101a/10Ch
TNOsIB/IEHUEe CIHH-UHAYLUPOBAHHOH CIIOHTAHHOH CerHeTO3/eKTPHUeCKOH MoJsipu3a-
LIMM U MarHUTO3JIEKTPUUECKUH 3((eKT.

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., Ousyannikov S. V., Sun Y. Spin-Induced Multiferroicity in the Binary
Perovskite Manganite MnoOs // Nature Commun. 2018. V. 9. P.2996.

[TpoBeneno wnccienoBaHue KPUCTAINWYECKOH, MAarHUTHOH CTPYKTYpPbl U KO-
JebaTeqbHBIX CHEKTPOB HecoOCTBeHHOro MyJabTHdepponka YMnoOs ¢ cusbHOH

a 6
fm e e e REaa T T T T LI S B B B
Ry CLUR R Bl | q (0 49,0, () 29) 0 GPa_'
6.5 GPa, 10 K- 041 ]
' 0.2 T
. 3 0.0 p— T 1T T T T [ T T T T [ T T T T 1T :hl T
5 9 5 .4 ba= (049,003 1.2 GPa
= s 0 0= (1/2,0,1/4)
= = |
- ‘R
z 502 -
=1 = i
£ 3 1/2,0,1/2
= 1 % 0.0 qi('/' LA i ma B
5 ¢=(1/2,0,1/4) 5.4 GPa
0 GPa, 50 K| 0.2 -
i
;Il:lt:ll = |l |I|||I I o q= (]1{27 0,1/4)7 4= (1/2; 0,1/2) |
0.0 11 111 I L1 1 1111
2 4 5 6 7 8 10 20 30 40 50
d-spacing, A T, K

a) HefiTpoHHble AU(PaKLHUOHHBIE CIEKTPbI
YMnyOp, u3MepeHHBle NPH Pa3HUHBIX 3HaAUe-
HUSIX JABJIEHHS U TeMIeparypsl Ha audpak-
tometpe JH-12 u o6paboraHHble Mo MeTo-
ny PutBenbna. 6) TemnepaTypHble 3aBHCHMO-
CTH WHTErpajbHOH MHTEHCHBHOCTH XapaKTepHBIX
MarHHTHBIX NTHKOB COpa3MepHOH M HecopasMep-
Hoit APM-pa3 ¢ BeKTOPOM pacnpocTpaHeHHs
qg=(~1/2,0,~ 1/4) u unpyuHpOBaHHOH NaBJe-
HHeM copasmepHoit APM-tassl ¢ BeKTOpOM pac-
npoctpanenust ¢ = (1/2,0,1/2) npu pasaudHbx
3Ha4YeHHUsIX AaBjeHHs. 8) CTPYKTYpHOe CTpPOEHHe
coenunenusi YMnoOs U K/lOueBble MarHUTHbIE
B3aUMOJEHCTBHUSA
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MAarHUTO3JEKTPUYECKON CBSI3bI0 MeTOAAMH HEUTPOHHOH NU(PpPaKLUH, PEHTTEHOB-
CKOH IU(pakKLHUK U PaMaHOBCKOH CIIEKTPOCKOIMHU B JHUaNa3oHe BBICOKMX JaBJeHUH
(0-30 I'Tla) u Ttemnepatyp (10-300 K). C mnoBbllleHHeM JaBjeHHs B 00JaCTH
P > 1 I'lla HaOaropasnoch MofaB/eHHe COpa3MepHOH U HecopasMepHOH aHTH(ep-
pomaruutHbix (ADPM) das ¢ BekTopoM pacmpoctpaHenus ¢ = (~ 1/2,0,~ 1/4)
M mosiBjeHHe HOBOH copa3MepHoii ADM-¢pasbl ¢ BeKTOPOM paclpocTpaHeHHs
q=(1/2,0,1/2). Takoe noBeaeHHe CUIBHO KOHTPACTUPYET C APYTUMU CHCTEMAMH
RMnyOs, B KOTOPBIX MOJ AaBjeHHeM HabJioaeTcsi MPOTHBOIOJOXKHOE TOBele-
HUe — crabunnsauusi copadmepHoii ADPM-dasel ¢ BEKTOPOM paclpocTpaHeHHs
g=(1/2,0,1/4). B o6nactu 6osee BbIcOKHX naBjeHuit (P > 16 I'Tla) Habmropascs
CTPYKTYPHBIH (ha30BBHIH Nepexoll, CONPOBOXKAABLUUICA aHOMANUAMU B GapuuecKoM
NOBEJIeHUU HEKOTOPBIX ITapaMeTPOB JeMEHTAapPHOU TYeHKH U KosleOaTeNbHbIX MOJ.
[lonyyeHnble naHHble N03BOJHJM [IPOAHAJIU3UPOBATh POJb KOHKYPUPYIOILIMX Mar-
HUTHBIX B3aUMOLEHCTBUH B (DOPMHUPOBAHMHM OCHOBHOIO MAarHHUTHOTO COCTOSIHHSA
MyabTH(hepporkoB RMnyOs.

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

WHTepmeTannuapl penkoseMesbHBIX MeTadn0B U Kobanbra R—Co memoHcTpu-
PYIOT MIMPOKHUH CHEKTP MHTEPeCHbIX (PU3HUECKHX SIBJEHWH, MEPCeKTHUBHBIX [J151
MX HCIIOJb30BaHUS B KaUeCTBE MaTePHAJOB [IJisI TOCTOSSHHBIX MArHUTOB, 3J1EMEHTOB
YCTPOHCTB 3JIEKTPOHUKH M OXJaAUTENbHOH TeXHHKHU. Bo3aMoXHOCTH ymnpaBieHHs
CBOMCTBAMH JAHHBIX MaTepHasoB (HAampyMep, MarHUTHBIM MOJIEM) ONpenessIoTCs
KOppeJsisiiiel Mex1y HaMarHudeHHocTsiMM mozapeletok R u Co.

BoinosHeHHble Ha criekTpoMeTpax MIBP-2 HeliTpoHHBIE Hcc/en0BaHNS aTOMHOH
U MarHUTHOW CTPYKTypbl coenuHeHWd RCoo mpu Bapuanuu TepMOOUHAMUYECKHX
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napaMeTpoB MOKa3aJjd, YTO BbICOKAsl CTEleHb KOPPEJsLUN peasu3yeTcs B COelu-
HEHUSX C BHYTPEHHHUM MAarHWTHBIM ToJieM R-TiompelieTKy, MpeBbILAIOLIAM OTpe-
NieJleHHOe KpUTHUecKoe 3HayeHue H, ~ 75 Ta, a pasi coenunenust ¢ H < H, Ha-
6/1I0aeTCSl HECOTIaCOBAHHOE TOBeleHHe HaMarHudeHHocTed noapemetok 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 nomolbio MaJIoOyIJ0BOrO paccesiHUss HEHTPOHOB OOHapy»KeHbl M3MEHEeHHs B
CTPYKTYPHOH OpPraHU3allu¥ MaTHUTHBIX JKUAKOCTeH Ha OCHOBe TPaHC(OPMATOPHO-
ro MacJja nof JeHcTBUeM BHEIIHEero MOCTOSHHOIO U I1epeMeHHOI0 3J1eKTPUYECKOro
noJis. [TokazaHo, 4TO MPU NPUNOKEHHH NIOCTOSIHHOTO 3JE€KTPHUECKOTO M0JIsl HApsioy
C MAaKpOCKOIMYeCKUM (pa3oBbIM pas3fiesieHHeM UMeeT MeCTO 00pa3oBaHMe arperaToB
Ha ypoBHe ~ 100 HM C CHJIBHOH 3aBHCHMOCTBIO OT HAlNpS2KEHHOCTH MOJIS.

I, cm1 a —=—[F=6kV/cm
10000 —— Model ‘polydisperse spheres’
—— FE=0kV/cm

1000
[ty ] 0.008f —=—F =0kV/cm
100 g ¢ : 0006k ¢ —=—F=6kV/cm
LA S 2
10 =0.004f
1 0.002f f
0.000LL .
0.1 0 10 20d30 40
, nm
0.01E 100F
1E-3 &hi'\-\
B4k Oh i
0.1 0.2 030405
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BosneficTBre BHELIHEro 3/1€KTPUUECKOro M0Js Ha CTPYKTYPY MarHHTHOH >KHIKOCTH Mar-
HeTHUT/0JIeMHOBAst KMCJ0Ta/TpaHC(hOPMaTOPHOE MacJIo 1151 HAHOYPOBHSI: MaJIOyIJIOBO€ pac-
cesiHHe HEHTPOHOB, KOHLeHTpauusi marHeTuTa 1% (a), MakpoypoBHs: BHM3ya/bHOe Ha-
GuroneHre GpasoBOro pacciOeHHsi B KBapLeBOH KroBeTe (ToJuiuHa | MM), KOHLEHTpaLHs
marHetuta 0,05% (6). Ha BcraBke mokasaHbl BOCCTaHOBJIEHHbIE M3 KPHBBIX PacCesHHs
KOppeJIsiLiMOHHble QYHKUNH (B BUAe (QYHKUHH pacrpefiesieHUs MapHbIX PacCTOSHUE) AJIst
KHUIKOCTH B JIBYyX COCTOSIHUSIX («B€3 MoJisi» U «C MOJIEM»), KOTOPblEe YKAa3biBAlOT HAa YBe-
JIMYeHHe XapaKTepHOro pasMepa B pe3y/bTaTe 00pa30BaHMsI arperatos IPH NPHJIOKEHHH
noJisl, @ TaKXKe Ha HaJHuHe aHW30TPONHH B (hopMe arperaTtoB
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[Ipy BBIKJIOYEHHH 3JEKTPHUECKOTO TOJIs CHCTEMa uepe3 HEeKOTOpoe BpeMs
(mopsizKa HeCKOJNIbKHMX 4acOB) BO3BpalllaeTcsi B MCXOfHOe cocrosiHue. Jnisi mepe-
MEHHOTO 3JIEKTPHUECKOTO TI0JIS MOKa3aHO, YTO MPH JOCTaTOYHO MaJsbIX 4acTo-
Tax arperatbl Takxe o0pasyloTcs, OfHAKO JaHHbIH INpoliecc NpeKkpalliaeTcs Mpu
TNpeBbILIEHHH HEKOTOPOH KPUTHYEeCKOH 4acToTbl. TakuM 00pa3oMm, B JAOMNOJHEHHe
K arperaudoHHbIM 3(p(eKTaM BO BHEIIHEM MarHUTHOM I0Jie, THIMYHBIM [Jsi Mar-
HUTHBIX XHAKOCTel, oOHapyKeHa aHaJorM4yHasi 4yBCTBUTENBHOCTb K 3JEKTpHUYe-
CKOMY TIOJIIO JIJIS1 MaTHUTHBIX KHUAKOCTEH HAa OCHOBE NU3IJEKTPUUIECKUX HOCHTEJEH,
4TO OTKpbIBaeT HOBblE MOTEHILIHA/NbHble BOSMOXKHOCTH /151 peryJHpoBaHHs CBOHCTB
IaHHBIX KOMIJIEKCHBIX CHCTEM C HCIOJb30BaHHEM BHELIHHWX YIPABJ/SIOIIUX Mapa-
MeTpOB.

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

[IpoBeneHo KoMIJeKCHOE HCCJAEf0BAaHHE KPUCTANIWYECKOH CTPYKTYpPbl U MO-
JIEKYJISIDHOU NTUHAMHUKH COKPHUCTaJJIa OPOMaHUJIMHOBOH KHUCJOTH: 2,6 NTUMETHJINU-
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MouiekyssipHasi CTpyKTypa, CIeKTpsl Heympyroro paccesinusi Hedtponos (HEPA, 10 K)

U pacueTHble KoJjebaresbHble crekTpbl (mas mepexomos 0 — 1) BrA:2,6-DMP (1 : 1)

npu yactote Huxe 925 cm~!. Takke BLIGOPOUHO MpeACTaB/IeHb PACCUUTAHHBIE (POHOHHBIE

JIUCTIEPCHOHHbIE KPUBbIE BMECTE C IJIOTHOCTBIO KOJI€GATENbHBIX COCTOSIHUM, PA3JI0KEHHBIX
Ha Maplua/bHble IOTHOCTH [JIsI KaXKJI0T0 MOJIEKYJISIPHOTO (hparMeHTa
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pasunHa (BrA:2,6-DMP, 1:1) ¢ moMombio MeTOIOB MOHOKPHUCTAJbHOH pEHTre-
HOBCKOH NHdpaKLUKHK, HeATpoHHOU crekTpockonuu (cnektpomerp HEPA) u kom-
TMJIeMEHTapHbIX CMEKTPOCKONMUYECKUX MeTon0B. [lJs1 HHTepHpeTaly KCIeprMeH-
Ta/JbHBIX Pe3yJbTaTOB TaKxKe ObLJIO MPOBENEHO TeopeTHYeCKoe MOLEJHUPOBAHUE.
CTpyKTYpHBIH aHa/nu3 MoKasasj, 4To HCCJefyeMasi CHCTeMa KpHCTa/l/n3yeTcs B
MOHOKJIMHHOH CTPYKType CHMMeTpuu P2|/c ¢ ueThbipbMsi MOJIEKYJISIPHBIMH €H-
HULAMH B 3JieMeHTapHOH svelike, KOTOpas COLEPKUT CETKy aHTHIapaJJesbHO
OpPHEHTHPOBAHHBIX MOJIEKYJ/SIPHBIX Lle[IOUeK C BOLOPOAHBIMM CBsA3sSIMHU. B Xome uH-
TepMOJIeKYJIIPHOTO aHa/lu3a 00HApy2KeHa HeIKBHBAJEHTHOCTb BOJOPOAHBIX CBfi3el
MPOMEKYTOUHOH CHJIbl M NPUCYTCTBHE MHOXKECTBEHHBIX CMelU(PHUeCKUX MexXMO-
JIEKYJISIPHBIX CHJI.

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



HHPOPMAIIMOHHBIE TEXHOJIOTUH
U BbIYHUCJIHUTEJIDBHAA ®PU3HUKA

B 2015 r. BBeeH B 3KCmayaTaluio 1eHTp ypoBHs Tier-1 misi skcrmepumeHTa
CMS Ha Bosbmom anponnom komnaiinepe (LHC, HEPH). C 2017 r. caiit Tier-1
OUSAN — onHOro M3 UEHTPOB XpaHeHHs U 0OpabOTKH AaHHBIX 3IKCIEPUMeHTa
CMS na LHC — 3aHumaer BTOpoe MecTo B Mupe; Ha HeM obOpaboTaHo OoJjee
120 msH coObiTHH, 4TO MpeBOCXOAHUT 14 % oT obulero yucaa. ITOT TPUA-KOM-
NoHeHT MHOro(yHKLIHOHAIBHOTO MH(OPMALMOHHO-BBIUUCIUTEIBHOIO KOMIIIEKCa
OUSUN paccmarpuBaeTcss Kak MPOTOTHI LIEHTpPAa 06paGOTKU M XpaHeHHs NaHHBIX
meranpoekta NICA. Cosnanue uentpa yposHsi Tier-1 B8 OMSN oTkpbiio HOBYIO
NepcreKTHUBY MCC/IeN0BaHUH B 00/1aCTH aHAMUTHKHU OOJBLIMX JAaHHbBIX.

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

T1 US FNAL — 41.11%

T1 RU JINR —
14.16%

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)

Bkuag MupoBEIX LeHTPOB ypoBHS Tier-1 B 06paboTKy 3KcIepHMeHTa bHBIX AaHHBIX CMS
(B MHsIHOHAX 00paGoTaHHbIX coObiTHiH) 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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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 &
Computing (NEC'2017), 2017.

B 2018 r. BBemeH B 3KcmayaTalnuio cynepkommnbiotrep «[oBopyH» — rerepo-
reHHasi BbIYMCJAUTeNbHasi TuaTdopma, comepxkamas kak CPU BeruncaurtesbHbIe
KOMIIOHEHTBI, Tak 1 yckoputesnu Beruncaennii GPU NVIDIA V100 (DGX) nas pe-
CYPCOEMKHX, MaCCHBHO-MapaJyieIbHbIX pacueToB. [laHHBIN CyNepKOMIbIOTED 3aHHU-
maet 17-e mecto B mupoBom crucke 10500 (urosb 2020 r.) u siBJIsIETCs IEPBLIM 110
CKOPOCTH 00paGOTKH AaHHBIX CPElH POCCHHCKHX CymepkKoMIbioTepoB. Cymnepkom-
nbloTep «[oBOpyH» mpencTaBsseT co00H HWHHOBALMOHHYIO T'HIIEPKOHBEPreHTHYIO
NPOrpaMMHO-ONIpeae/IIeEMYI0 CUCTeMY, 00JaNaolyl0 YHUKAJAbHBIMU CBOHWCTBAMHU
no TUOKOCTH HACTPOHKH IO 3agady I0Jb30BaTessl, 00eCrneurnBaollyl0 MaKCH-
MaJsIbHO 3((EKTUBHOE HCMOJb30BAHHE BBIUYHCIUTENBHBIX PECYPCOB. DTO CBOHCTBO
TI03BOJISIET CO3/1aBaTh BEICOKOCKOPOCTHYIO CHCTEMY XpaHeHHs U 00paboTKH JaHHbBIX
co ckopocthio mopsinka 300 ['6/c Ha yTeHHe/3amuCh, YTO SIBJASETCS UPe3BbIUaHHO
3(QPeKTUBHBIM WHCTPYMEHTOM MJisi 06paOGOTKH OOJIBIINX MAaCCHBOB MAHHBIX. Pe-
3yJIbTATHI, TIOJyUeHHbIE C UCIIOJIb30BAHHEM PECYPCOB cynepKoMibioTepa «['oBopyH»
B nepuon ¢ uioasg 2018 r. mo centsdps 2020 r., mpexacrtaBjeHbl B 6ojiee 4eM
80 nmy6mukanusx.

CynepxomnbroTER
nmenn H.H. rusgp,_‘liﬂ .

NMT OMAK, &5 5

Cynepkommnsiorep «['oBopyH»

e Cyneprommnbiotep «[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 UMHTALMOHHAs MOIe/b CHUCTeMbl XpaHeHHs M 00pabOTKH AaHHBIX
yckoputesbHoro kommiaekca NICA (OMAN). B kauecTBe niathopMbl 1151 MOAEJH
BoiOpaHa cucrema GridSim. CosnaHHas cucTeMa Mole/HpOBaHMS MO3BOJSIET MPO-
BOAUTb Pa3HOOOpa3Hele KCIEPUMEHTHl C UCCIeNyeMbIM OOBEKTOM, He Npuberas
K UX (U3HUUeCKOH peasiM3alluu.

e Kopenvros B. B., Heuwaescxkuii A.B., Tpogpumos B. B. // NHbopmalnoHHble Tex-
HOJIOTHUU W BblUKCaUTeNbHBlE cucTeMbl. 2013. Ne4. C. 37-44.

[IpensioxkeH moaxon K CO3LaHHIO OOJAUHBIX AaBTOHOMHBIX TI'PHI-MH(PaCTpyK-
Typ, NpefHa3HaYeHHbIX OJ/51 PelIeHHsl PasJHUuHbIX 33724 B 06JacTH 0OJAuHBIX U
TPUI-TEXHOJIOTHH, a TaKxKe OMHCaHA peasu3alusi TAaKOro KOMILJIEeKCa W OMBIT ero
ucnosb3oBaHus. Ha ocHoBe paspaGoTaHHOro MOAXOAA CO3[aH CleLHaIH3HPOBaH-
HBIH 00JIauHBIA NporpaMMHO-annapaTHel kKommieke B coctaBe LIUBK OUAN.

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

Ha ocHoBe cMopepoBaHHBIX COOBITHH, reHEPHPOBAHHBIX C MOMOILBIO MAKeTa
GEANT3 B cpene CBM-ROOT, BeinmosnHeHa oreHka 3()(MEKTHBHOCTH M MPOU3-
BOJIMTE/IbHOCTH aJ/IFOPUTMa paclo3HAaBAaHUS TPAEKTOPHUH 3aps?KeHHBIX YacTHL Ha
mHorosiiepHoM cepepe OMAM. Anroput™ nponeMoHCTPUPOBAJ BHICOKYIO 3 dek-
TUBHOCTb PEKOHCTPYKLUHH TPeKoB (96-97 %) mpu HHU3KOM ypOBHe HEKOPPEKTHO
HaleHHbIX TPeKoB (2—4 %). JlocTHrHyTa BBICOKAsi CKOPOCTb 06paGOTKH COOBITHH
Ha OJHOM sifipe, paBHas B cpenHeM 220 MC Ha OfHO LieHTpPa/bHOE COOBITHE H 25 MC
Ha OflHO cMelllaHHOe coObiTHe. [lokazaHo, 4To ¢ yBe/JMYeHHEM YHUC/Ia BKJIOUAaEeMbIX
B 00pabOTKy silep NPaKkTHUYECKH JHHEeHHO pacTeT KOJH4ecTBO 00pabOTaHHBIX CO-
OBITHH.

e Kynraxos HU.C. u dp. // Mucema B IUAI. 2013. T. 10, Ne2(179). C. 253-267.

HccesenoBana BO3MOXKHOCTb DErMCTpaliMd pacrnamos J/¢ — ete™, poxnaaro-
muxcss B AuAu-coynapeHusix nmpu sHepruu nydyka 25 [3B/HyksoH Ha ycTaHOBKe
CBM (GSI, Tepmanusi). Jlns BbiIeJ€HHS CHUTHAJbHBIX COOBLITMH B YCJIOBHSAX J0-
MHHHpYOILero (oHa pa3paboTaHbl CliellHajbHble KPUTEPUH 0TOOpa M TopobpaHa
onTHMaJjbHas ToMmMHA MULIeHH. [Ipensnoxena shdekTHBHAS METONMKA IO OTpe-
IeJIeHNI0 KPUTHUECKUX IPaHUIl [J1s YKAa3aHHbIX KpuTepueB otoopa. [TokasaHo, uto
HCIOJIb3yeMble KPUTEPUH MO3BOJISIOT HaleKHO M C BBICOKOH CKOPOCTBIO OCYylIe-
CTBHUTb HaGOp MPUEMJIEMOH CTaTUCTHKH pacrnamos J/¢ — ete™.

o Jleperosckas O. fO., Bacurves FO. O. // Tucema 8 YA, 2013. T. 10, Ne5(182).
C.694-705.

PaspaboraHa HoBas cucTeMa MOIEJHUPOBAHHS TPUA- U 00JaYHBIX CEPBHCOB,
OpPHEHTUPOBaHHAS Ha MOBbILIeHHE 3(D(PEKTUBHOCTH Pa3pabOTKH CUCTEMbl XpaHeHHUs
1 006paboTKM NaHHBIX ycKopuTesbHoro Kommiekca NICA. B cucreme peanusoBan
MOAXOM, y4yeTa KadecTBa paboThl yxke (DYHKLUHMOHHUPYIOLIEH CHUCTEMBI NPU INPOEeK-
TUPOBaHUM ee JajibHeHIlero pasBUTHsl 32 CueT 00beJMHEHUs CaMOH MporpaMMbl
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MOJIE/TUPOBAHUS C CHUCTEMOH MOHHUTOPHUHIA peasibHOro (MJHM MOJEJLHOTO) TPHUJ-
06/1a4HOr0 cepBHCca Yepe3 crelrabHy0 6a3y naHHBIX. [IprBeneH npumep mpume-
HeHHS TPOrpaMMbl /151 MOLEJNUPOBAHHUS TOCTATOUHO 0oOliel 00/1a4HON CTPYKTYPHI,
KOTOpasi MOXKeT ObIThb HCIIO/Jb30BaHA U BHE PaMOK (DU3HUECKOTO IKCIepPUMEHTa.

e Kopenvros B.B. u dp. // KomnbloTepHbie MccaenoBaHust U MopesanpoBanue. 2014,
T.6, Ne5.

[IpoBeneH cpaBHUTENBHBIH aHANINW3 MAKETOB MOJEJHPOBaHUs 00JaYHbIX HH(Pa-
crpyktyp: CloudSim, iCanCloud, CReST. 9Tu nporpamMMHble MakeTbl MO3BOJSIOT
CO31aBaTh MO OOJAYHBIX CHUCTEM C OINpele/eHHOH (PYHKIHOHAJIbHOCTBIO U
KoHpurypauuei. [oToBasi Mofesb 3amycKaeTcs Ha CHUMYJSILHIO, B Pe3y/bTaTe Yero
CHCTEMbl MOJIEJTMPOBAHUS MPENOCTABJSIOT CTATHCTHUECKYI0 HH(OPMALIMIO M0 HaH-
fosiee BaXKHBIM XapaKTEPUCTHKAM: BPeMs BBINOJHEHHS 3a1ad, >KHU3HEHHBIH LHKJ
BUPTYyaJbHbIX MallWH, UCIOJb30BaHHE pecypcoB. AHanusupys 3Ty HH(GOpMALHIO,
pa3paboTUHK MOKET BbIIBUTb Y3KHe MecTa B MOJEJNH W IPeIyCMOTPeTb MyTH
pelieHusi npo6JeM, NPOBEPUB Pe3yJbTaT CAelyIolled UTepalueld CUMYJISILUHH.

e Kopenovros B. B., Mypasves A. H., Heuaesckuii A. B. // CucTeMHBIil aHAU3 B Ha-
yKe u o6pasoBanud. 2014. Beim. Ne 2.

Paszpa6oranbl mopxoabl 1Jsi obecrneueHrs HHTErPallii KOHTEHTA U MHTeponepa-
6eJIbHOCTH HH(OPMALIMOHHBIX CUCTEM, COMPOBOXKAAIOIINX HAayYHble MCCJe0BAHHUS
B OMAWN, a umenHo: cepepa HayuHbix nokymeHToB JINR Document Server
(JDS), undopmanoHHo-aHaIUuTHYECKOH cucTeMbl «[lepcoHanbHas HHbopMaLus o
corpynuukax OUAN» (Personal INformation (PIN)) u cuctembl ynpaBjeHus Ha-
yuHbIMH MepornpusaTtusamu Indico. KoHeuHo#i nesibio naHHOH pa3paboTKH SIBJsSeTCS
KOMIIJIEKCHasi aBTOMAaTH3alksl Hay4yHO-HUCCJeN0BaTebckol NesitespHoctH OMAN
Ha OCHOBE MHTEPHET-TEXHOJOTHH.

e 3aukura T.H. u dp. // Tp. XVI Bceepoc. koud. RCDL-2014. y6ua, 2014. C. 349.

Paspa6orana nporpamma POTHEA Ha sisbike @optpan 77 nss pacueta ¢ 3a-
JaHHOU TOUHOCTbIO COOCTBEHHBIX 3HAYeHHH, MOBEPXHOCTHBIX COOCTBEHHBIX (DYHK-
IUH 1 UX NepBBIX MPOU3BOAHBIX 0 apaMeTpy MapaMeTPUYeCcKOro caMoCOMNpsizKeH-
HOTO ABYXMEPHOTO 3JJIMITUYECKOr0 U depeHHaNbHOr0 YpaBHEHHUS ¢ YCAOBUSIMHU
Hupuxje u/uiu HeiimaHna B koHeuHOH nByMepHO# obsacTtu. [IporpamMma BbUHC/IS-
eT TakxKe MOTeHLHUaNbHble MAaTPUUHbIE 3JeMeHTbl — HHTerpassl OT NPOU3BeNeHHUs
TMIOBEPXHOCTHBIX (DYHKLHE H/WJM TEePBBIX MPOU3BOAHBIX OT MOBEPXHOCTHBHIX (DYHK-
uuit no napamerpy. Co6CcTBeHHbIE 3HaYeHHS, 3aBUCSLIME OT NapaMeTpa U MaTpHUy-
HBIX 3/1eMeHTOB, Beiunc/aeHHble porpammoit POTHEA, moryT 6BITb HCIONB30BaHEI
IJs1 petienus ¢ nomouibio nporpaMmmbl KANTBP 3anau Ha cBsizaHHBIE COCTOSIHHUSA
U MHOTOKaHa/JbHBIX 3aJlay paccessHHsl /s CUCTeM CBSI3aHHBIX OOBIKHOBEHHBIX
1 depeHLIHAIbHBIX YPaBHEHHH BTOPOTO MOPSIAKA.

e Gusev A.A. et al. // Comp. Phys. Commun. 2014. V. 185. P.2636-2654.
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[TpoBeneHo uuc/eHHOe HCCef0BaHHE KOMILJIEKCOB JIOKAJIU30BAHHBIX CTPYKTYP
B JIByX OMHAaMHYECKHX CHCTeMaX, Kaxk[aas M3 KOTOPbIX HMeeT MHOXKeCTBO (-
3U4ecKuX npusoxkeHuH. [lepeas cucrema onuceiBaeTcsl HeJUHEHHBIM ypaBHEHHEM
lpenuHrepa ¢ BHelnHed Hakaukod u auccunauuit (NLS). Bropas — ypaBHeHuem
nBoiiHoro cunyc-l'opnona (2SG). UucneHHBIH aHanu3 B 060MX CJaydasiXx OCHOBaH
Ha TMPOJOJKEHUH COOTBETCTBYIOLUIMX CTAllMOHAPHBIX pelleHHH 10 mapameTpam H
YUCJAEHHOM peLIeHWH JIMHeapM30BaHHOU 3agayd Ha COOCTBEHHble 3HAUeHHUs MJIs
aHa/qM3a yCTOMUMBOCTH W Oudypkauui. MysabTHCONHTOHHble KoMIIekchl NLS
UCCJIeNyIOTCS NIt caydasi ciaboil ¥ HysneBOH muccunauwu. JJisi mepBoH cucTe-
Mbl TPOJEMOHCTPHUPOBAHO CYLIECTBOBAaHHE YCTOHUMBBIX U HEYCTOMUYMBHIX MYJbTH-
COJIUTOHHBIX CTPYKTYp B CJydae MaJjiod AuccHnauuu. UucrieHHble pe3y/bTaThl,
MoJlyyeHHble Ha OCHOBE BBIIIEH3JIOXKEHHOTO MOAXO0Ma, MOATBEPKAAIOTCS MPSIMbIM
YUCJAEHHBIM pelleHHeM HCXOOHOTO YpaBHEHHsI B YaCTHBIX MPOU3BOAHBIX. [las
BTOPOH CHCTeMbl CBOHCTBa MYyJbTU(IIOKCOHHBIX pelleHUH 2SQG uccrefoBaHbl B
3aBUCHMOCTH OT [apamMeTpa BTOPOH rapMoHHKH. [lokasaHo, 4TO ydyeT BTOpPOH
FapMOHUKH NPUBOAUT K M3MEHEHHIO CBOHCTB HM3BECTHBIX pelleHHH W IMOsIBJIEHHIO
HOBBIX COCYLIECTBYIOLIUX (DIIOKCOHHBIX COCTOSIHHH.

o 3emasnas E.B., Aanexceesa H.B., Amawnacosa [1.X. // Bectu. PYIH. Cep.:
Marematuka. Mudopmatrka. ®usuka. 2014. Ne 2. C. 363.

[TokasaHo, uTo cooTHolleHHe YHUTApHOH U(d)-3KBUBaJEHTHOCTH MEXAYy 3Jie-
MeHTaMH NMpocTpaHcTBa R CMeIIaHHBIX COCTOSIHUN d-MepHOU KBAaHTOBOH CHCTEMBI
ompenensieT mpoctpaHcTBo op6UT Ry /U(d) M obecreunBaeT ero omnucaHue B
repmunax Kosbla R[R( Y@ U(d)-uuBapuantheix MHOrouseHos. JloKasaHo, uTo
noJsyasnredpandeckasi CTpykTypa npoctpanctsa Ry /U(d) mosHOCTbIO ompeesier-
csl IBYMS OCHOBHBIMM CBOMCTBAMHM MAaTpHL[ MJOTHOCTH: HUX TMOJOXKHTENbHOH I0-
JIyoIpeJle/JeHHOCTbIO U 3PMHUTOBOCTBIO. B yacTHOCTH, MOKa3aHo, UTO HepaBeHCTBA
[Ipoueccu-IlIBapua a5 sneMeHTOB 6a3uca KoJblla HUHBAPUAHTOB ISl R[R+]U(d),
onpeje/SOLIMe IPOCTPAHCTBO OPOUT, BHIOJIHSIOTCS TOXKAECTBEHHO [JIS1 BCeX 3Jle-
MeHTOB R .

e [epom B.Il., Xeedeaudsze A. M., IMarui fO.T. // 3an. nayu. cemunapos [IOMU.
2014. T.421. C.68.

[TpennoxkeH MeTon MpUOJHKEHHOTO BBHIYUCJAEHHUS] MaTPUYHO3HAUHBIX (PYHKLH-
OHaJIbHBIX MHTErpaJioB, MOPOXKAEHHbIX pelleHHeM ypaBHeHHS [lupaka. DTH HHTe-
rpaJibl OMPeessIOTCS HAa OHOMEPHBIX HEMPEePBIBHBIX MyTsX x: |s,t| — R u npuHu-
MaloT 3HauyeHHsl B MPOCTPAHCTBe KOMIJIEKCHBIX d X d MaTpul. MaTpHuHO3HAYHble
MUHTerpaJsbl LIMPOKO HUCIHOJb3YIOTCS B PEJISITUBUCTCKOH KBAHTOBOH MeXaHHKe MAJis
M3yueHHsl YaCTHL B 3JEeKTPOMarHUTHOM ToJie. A MMeHHO, HHTerpaJbl MPUMEHSIOT-
csl IJIsl TOTO, UTOOBl NPeACTaBUTh (DyHIaMeHTaJ/bHOe pelleHue 3amadu Kowmwu pas
ypaBHeHus1 [lupaka. [lpensiokeHHbIH MeTOA OCHOBaH Ha pasJ/oKeHHH (DYyHKIHO-
Ha/ja B psifg. YUjeHbl psina WMEIOT BUA NPOU3BeNEHMS JUHEHHBIX (DYHKLHOHAJOB
C Bo3pacrampolleil cCymMMapHOH cTeneHblo. PasBUTBHIE MeTOH NPUMEHHM B Cjyudae
MaJblX U OOJBLINX MapaMeTpPOB, BXOASILIMX B MHTerpads.

o Aiipan 3. A., Marromun B. b. // Bectn. PYJIH. Cep.: Matematnka. MHudopmartuka.
®usuka. 2014. Nel. C.43.
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[TporpamMma 111 BBIUMCIEHUH reOMEeTPHUECKUX XapaKTEPUCTHK SAPO-sIePHBIX
B3auMoneHcTBUH, wHpoko npumeHsiemas Ha RHIC u LHC, apantupoBana pns
skcriepumMeHToB NICA/MPD u CBM. [lns 3amaHusi npopuib-pyHKLUHH HYKJOH-
HYKJIOHHBIX COYZAapeHHH HCIOJb3yeTcsl MapaMeTpU3alus, paHee MpenJoXKeHHas
aBTopamu. /g onpeneseHUs sepPHBIX NapaMeTPOB MCIOJb3yeTCs MOAXOM, LIHPOKO
M3BECTHBHIH B (PU3MKe HU3KHUX W NIPOMEKYTOUYHBIX Hepruil. [Iporpamma paciuupena
BO3MOKHOCTBIO yyeTa 'pMOOBCKOro Heynpyroro 3KpaHHpPOBaHHS.

o [anroan A.C., ¥Yuwuncrkuii B. B. // Ilucoma 8 QUAY. 2015. T.12, Ne 1. C.231-236.

Mogenb MHKpocKonuueckoro onrtudeckoro noreHuuana (OIl) npumenena nss
ananusa ynpyroro paccesuus !!'Be nmporomamu ¥ fiapaMu M aHaiM3a cedyeHHil
HeyIpyroro paccesHusi m-Me3oHoB supamu 25Si, %8Ni, 28Pb npu smeprum 291
M>3B. Pacnpenenenus niotHoct sgep !!'Be, monyuenHsle B Momean reHepa-
TOPHBIX KOOPAHMHAT W KBaHTOBBIM MeTofoM MoHTe-Kapso, Hcno/sb30BaHbl A4
pacuera OIl u 3arem ILI/Icp(pegeHU,I/Ia.HbeIX CeYeHUH YIpPyroro paccesiHHA 3THUX
s1ep Ha mpoToHax W axpax '2C. JIasd aHanM3a cedyeHMil HEYNPYroro paccesHHs
T-ME30HOB HCIMOJIb30BaNNCh MapaMeTpsl mw/N-aMIJIUTYyAbl B SIAEPHOH cpelne, TO-
JydyeHHble paHee M3 aHa/M3a [AHHBIX YIPYroro paccesHHs Ha TexX XKe sapax.
Omnpeneniensl mapameTpsl TyOWHBI peafbHOW W MHUMOM uacted OIl ¢ ygerom
U3BECTHOH 3aBUCUMOCTH o6beMHbIX HHTerpastoB OIl or snepruu. IlomyueHHble
NOTEHLHAaNbl MOXHO HCIOJb30BaTh B JNaNbHEHIIHMX pacyeTax CeYyeHHH peakLuH
C y4acTHeM 3THUX slep.

e Lukyanov V. K., Kadrev D.N., Zemlyanaya E. V., Spasova K., Lukyanov K. V.,
Antonov A. N., Gaidarov M. K. // Phys. Rev. C. 2015. V.91. P.034606;

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

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

[TpensoxkeH anropUT™M peKOHCTPYKLUH TPEKOB 3apsKEHHbIX YaCTHUL, Ha OCHOBe
¢uabrpa Kanmana. JlaHHBIH afropuT™M NpUMeHsieTCsl [Js1 DEelleHHsl OLHOW U3
KJoueBbiX 3anau skcrnepuMenTa CBM (GSI, 'epmanusi) — pacrnosHaBaHus Tpaek-
TOpPUH 3apsi?KEHHBIX YaCTHL[ W ONpelesleHHs] UX NapameTpoB. B cBs3u ¢ TeM, 4ToO
B s3kcnepumerTe CBM niiaHupyeTcs moJsiHasi peKOHCTPYKLNS CUTHAJNbHBIX COOBITHH
B peaslbHOM BpeMeHH 3KCIIepHMeHTa, pa3pabaTbiBaeMble aJirOPUTMBl JOJKHbI ObITh
OBICTPBIMH, MAaKCUMaJbHO HCIOJb3YIOLIUMHA BO3MOXXHOCTH COBPEMEHHBIX MHOTO-
snepHblx npoueccopoB U GPU-apxurektyp. PacueTsl mpoBeneHbl Ha BBICOKOIIPOU3-
BOJIMTEJIbHOM cepBepe ¢ nBYMs mpoueccopamu Intel Xeon X5660 u BumeokapToi
Nvidia GTX GPU 480.

o Abassumos T.O. u dp. // lucbma B YA, 2014. T. 11, Ne4. C. 828.
e Ablyazimov T.O., Zyzak M. V., lvanov V. V., Kisel P.I. // Part. Nucl.,, Lett.
2015. V.12, No. 3. P.423-427.

C momolIb0 MPOMEXKYTOYHOTO MporpaMMHoro obecreuenus Interware DIRAC
(Distributed Infrastructure with Remote Agent Control) Obim 0O6benuHeHbI
BbluKcauTe bHBIe pecypchl Tierl/Tier2 OWAU, cynepkomnbiotepa «[oBopyH»,
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o6naunbix cpen OUMSAW u opranusauuii ero crpaH-yuacTHul, kaactepa NICA,
knactepa HanuonanbHoro aBroHoMHoro yHuBepcutera Mekcuku (UNAM) u pe-
cypcel xpaHenust: dCache, EOS u cBepxObicTpasi cucTeMa XpaHEHHs] AaHHBIX
Lustre. C wucnosb3oBaHHeM 3TOH pacnpeieseHHOH HH(PACTPYKTYphbl BBINOJHS-
eTcs nporpamMmma MoHTe-Kapsno monesnnpoBaHHsl NaHHBIX 3KCIEPUMEHTOB Mera-
caiierc-npoekta NICA.

e

r

£ ODIRAC L ‘15

I ““{ - L B’

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

CxeMa HHTerpaluu reorpauuecKu-pacripee/eHHbIX TeTeporeHHbIX PecypcoB Ha OCHOBE
DIRAC Interware

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



PAIUAIITMOHHBIE U PAINOBHUOJIOTUYECKHE
HCCJIIENJOBAHHUA

PaspabotaH npHHUUNHAJIBHO HOBBIH METON IOBBILIEHUS] OHOJOrMYecKOH 3¢-
(heKTHBHOCTH MYYKOB NMPOTOHOB MEAMLMHCKOIO Ha3HAYeHUs U raMMa-TepaneBTHYe-
CKHX ycTaHOBOK. [lopxon ocHOBaH Ha MPUMeHEHHWH O(HIIMHAIBHOTO Tpenapara —
1-3-D-apabunodypaHo3uNLHNTO3HHA, HCIONb3YEMOrO B OHKOJOTHYECKOH MpPaKTH-
Ke TpH JieueHUH PaKkoBbIX 3abosieBaHUH KpPOBeTBOPHOH cucTeMbl. [lpu BBemeHHH
npenapara nepef o6/JydyeHHeM KJIETOK ueJoBeKa MOHHU3HUPYIOLIUMHU H3JyYeHUSIMU
TIPOMCXOIUT TpaHCHOpMaLUsi ONHOHUTEBHIX pa3pbiBoB JIHK B sietanmbHble n1ByHHTE-
Bbl€ Pas3pbIBBl, UTO OOecleyrBaeT CYLIEeCTBEHHOE IOBEBILIEHHe OHOJOTHYECKOH (-
(heKTHBHOCTH MYYKOB IPOTOHOB, 3HAYUTENbHO COMUKAET 00/1aCTH HCIONb30BAHUSA
MPOTOHHBIX U YIVIEPOAHBIX YCKOPHUTeJeH 15 TepaneBTHUECKUX LieJsel.

I[Tporonn 0,6 T'p HB [ Tp

6es momu- ¢ Apall 8 MsB/wuykion
¢pukatopos  u M 139 k3B/mkm

-e- JIpotonnl 1,25 I'p ¢ Apall u I'M
—#— [Iporousl 1,25 I'p 6e3 MoanpuxkaTopoB
Honwr !B 1 Tp 6es MmomuduKaTopos

1y 15 MuH

44

Komuuectso YH2AX /53BP1 ¢okycos
Ha KJIeTKY

24 4

Bpewmsi,u

M3zobpaxenuns unansuayansibix YH2AX/53BP1 ¢hokycoB u KMHETHKA HX (POPMHUPOBaHHUS

U 3JUMHHALWK B fiIpax KJETOK uejoBeKa NPH NEeHCTBUM NPOTOHOB B NHKe DBparra u

YCKOPEHHBIX HOHOB 6opa ¢ sHeprueit 8 MaB/HykoH npu 06/y4eHUH B OOBIYHBIX YCIOBHSX
U B NPUCYTCTBHUHU PagHOMOAH(pHKATOPA

e Kpacasun E. A., Bopeiiko A. B., 3adnenpsaney M. T., Havuna E. B., Koscuna P. A.,
Kysomuna E.A., Kyaukosa E.A., Cmupnosa E.B., Tumowenrko I.H., Tuyw-
yuk C. H., Yaycos B. H. Bausinue nuruduropos cunresa JJHK Ha Guosoruueckyto
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3 PeKTHBHOCTL MyYKa MPOTOHOB B MomuduuupoBanHoMm nuke Dparra // [lucbma
B QYAM. 2019. T. 16, Ne2. C. 181.

Crneuunanucramu OMAN u MPHL um. A. ®. [{pi6a npoBeneHsl NpeaKIHHAYE-
CKHe HCCJIeJOBAaHUSI HOBOTO MeTOJa MOBBIILIEHHsS OHOJMOrHYecKOH 3(P¢peKTHBHOCTH
MPOTOHOB AJisl JIeYeHUsI OMyXoJeBblX 3abo/eBaHUH in vivo. I'pynmam KHBOTHBIX
(MpIIIam) OBl MPUBHUTA OMyXO0Jb MeJaHOMbl. OTyX0JH KHUBOTHBIX MOIBEPralnucCh
o6sy4eHHI0 TIPOTOHAMHU B NUKe Bparra ¢ npenBapuTesnbHBIM BBeleHHEM apadHHO-
sunnurosuHa (Apall) unu 6e3 Hero. KoHTposbHble (HeoOJyUeHHBIE) KHUBOTHbBIE
noru6su Ha 30-e cyTKH B pes3y/bTaTe pa3BUTHS omyxoJseBoro npouecca. Ha 40-e
CYTKH 00e rpynmbl 0OJy4YeHHBIX >KMBOTHBIX OCTaBaJHCb »KHUBbl. BmecTe ¢ TeM
pa3Mepbl OMYyXOJH MeJIaHOMBI Y 00JyUeHHbIX KMBOTHBIX ¢ BBeneHueM Apall 6vlin
MPUMEPHO B 3 pa3a MeHbUIMMH M0 CPABHEHHUIO C 00JyUeHHBIMH JIUIIb OMHUMH IPO-
toHamu. [losmyuen mateHT Ne 2699670 Ha M306peTeHHe HOBOTO METOAA YCHJEHHS
pagvalrOHHOTO BO3AEHCTBHS HA KUBBIE KJETKH.
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KuHeTHKa pocta omyXxoJid MeJlaHOMBl Y MbILIEH: a) HeOOMyUeHHbIH KOHTPOJb; 6) obJyde-
HUe npoToHaMu B nuke bparra B nose 10 I'p

e Kpacasun E.A., Bopeiiko A.B., 3amyraesa H.A. HoBbii MeTOn NOBBILIEHHS
3¢ (EeKTHBHOCTH AHCTBUS HOHU3UPYIOLIUX U3JYYeHHH Ha KJETKH OMyXOJIeBBIX TKa-
Hell // Matepuansl 3-it Poc. KoH®. ¢ MexxayHap. yyactheM «PanuoGuosiornueckre
OCHOBBHI Jiy4eBo# Tepanuu». Hyona: OUAH, 2019. C. 84.
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[TpoBeneHs! HMccenoBaHuUs NEHUCTBUS YCKOPEHHBIX NPOTOHOB M areHTa XUMUYe-
CKOH MPUPOZbl (METHIHUTPO3OMOUEBHHBI) HA CeTUATKY I/1a3a Mbliel. Paspaborana
MeTOJIHKa BU3yaJIu3alluu IuaibHbeIX KaeTok Miosnepa (TKM) B cpesax ceTuaTku
r7asa Mbllleld, OTKpbIBalollasi BO3MOXKHOCTb HCCJEOBAHUS OTBETa 3THX KJETOK
Ha reHoTokcuyeckoe BozfelicTBhHe. [ KM urpaior KioueBylo posb B pereHepanuu
CeTyaTKH I/as3a W SBJSIOTCS €AWHCTBEHHBIMH KJETKAMH B CeT4YaTKe, KOTOpble
COXPaHSIOT CIIOCOGHOCTh K JesleHHI0. BbisiBIeHO HaluuHe TeHOTOKCHYeCKOro I10-
pora (MaTo YCTOHUMBOCTH Ha KPUBOH «J103a—3(P(eKT») y CeTUaTKH TIa3a Mbl-
el mocje BO3LEHCTBHUS YCKOPEHHBIMH MPOTOHAMH M MHBEKLHMH METHJIHHTPO30-
MoueBUHBl. OOHapy»eHa CHOCOGHOCTb CEeTYATKH [Ja3a K MOpP(OJOrHUeCKOMY U
(YHKLHOHAJIbHOMY BOCCTaHOBJIEHHIO T0CJe BO3AEHCTBUS UCIONB3yeMbIX B padoTe
reHOTOKCHUYECKHUX areHTOB. Pe3ysbTaTel NaHHOH paboOThl HMEIOT TEOpeTHUYECKOoe U
NpaKkTHYeCcKoe 3HaueHHe AJis pelleHus pyHAaMeHTaabHOH Npo6aeMbl MOBPeX AeHUS
M BOCCTAHOBJIEHHUS] TEPMHUHAJIbHO AU(DPepeHIUPOBAHHBIX KJIETOK U COCTOSIIIUX U3
HUX TKaHeH.

= 100
s I
U; S g0l MHKpO(bOTOEpa(pHH Cpe3oB  CeTYaTKH
T 2 rjasa Mbllllel, NOKasplBalolLlle aKTHBa-
CEE oy KJaetoxk Miossiepa B ceTyaTKe Io-
3 % 80+ c/e BBeJEHUS METHJHHTPO30MOYEBHHBI
= B f103e 70 Mr/Kr, H U3MeHEHHe TOJILLH-
S| uel sipgeproro ciaost (SIC) doropeuento-
70 1 1 1 1 1 1

pPOB MBIIIM B OTBET Ha JIOKaJbHOe 00J1y-
YyeHHe MPOTOHAMHU TOJIOBbI MBILIH CITYCTSI
3 cyt (m) u 30 cyt (O) nocsie 06JaydeHHUsT

0 5 10 15 25
Hosza, I'p

e Tpornos B.A., Bunoepadosa [O. B., lonaunckas B.A., Hexkpacosa E.H., Ocm-
posckuti M. A. VccnenoBanue afanTHBHOTO OTBETA CETUATKH IJa3a y MbILIEH Ha
obsyueHue mpotoHamu: cBsidb ¢ penapanuedi [JHK u rubesnbio doTopenenTopHbIX
kiaetok // lucema B QUAL. 2015. T. 12, Nel (192). C.241-255.

e Tpornos B.A., Bunoepadosa [O. B., lonaunckas B.A., Hexkpacosa E.H., Ocm-
posckuti M. A. PanuauuoHHoe NPEeKOHIULIHOHUPOBAHHWE CETUATKH [/1a3a Yy MBl-
med 7 vivo TOBBILAET ee YCTOMYMBOCTb K IOC/eAyHLeMy TeHOTOKCHUeCKOMY
BO3IEUCTBHIO M CTUMYJupyeT BocctaHoBjienue // Llutosorusi. 2015. T.56, Ne2.
C.119-128.

e Bunoepadosa [0.B. HccnenoBaHue NOBPEXIEHHS U IIPOLECCOB BOCCTAHOBJIEHHS
CeTYaTKM I/1a3a Mbllled nocje o6JydeHUs] YCKOPEHHBIMH NPOTOHAMHM U JeHCTBUS
METHJHHTPO30MOUEeBHHbB. ABTOped. ouc. ... KaHa. 6uoJ. Hayk. M., 2015. 24 c.

[IpoBeeHO cpaBHHUTesNbHOE HCCJe0BaHME WHAYKLUHH U penapauuu KJjacrep-
HBIX JBYHHTeBHIX paspeiBoB (JIP) JIHK npu neiictBum ~-kBantoB %°Co u ycko-
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PeHHBIX TAXKEJBIX HOHOB. IlokasaHo, 4To mpu o6saydenuu uoHamu 'B (JII13
~ 135 x3B/mkm) [P JOHK dopmupyoTcs Broib Tpeka MPOXOXKAEHHs YacTH-
b, B TO BpeMsl Kak MpPH Yy-00y4eHUH MOBPEXIEHHUS PaBHOMEPHO paclpejesie-
HHl B sape KJaeTKH. [eiicTsue woHoB !'B muaymupyer dhopMupOBaHHE TAMKEJbIX
kaacTepHbix nospexknenudt JIHK, penapanus KOTOFI:-IX 3aMejlJieHa 0 CpaBHe-
HUIO ¢ y-06yueHneM (puc.a). O6iyueHHe HOHAMM ''B npuBOaMT K (GOPMHPOBa-
HUIO B TpU pasda GoJbluero KosudecTBa (pokycoB YH2AX/53BP1 no cpaBHeHHIO
C y-KBaHTaMH. MakcHMaJ/IbHBIH BbIXOJ (DOKYCOB IocJje y-o0/aydeHus Habmonann
yepe3 1 u mocTpaananroHHON HHKY6auuu GubpobaacToB, U Gosblias 4acTb POKY-
coB (~ 75 %) anumMuHHpoBasach B TedeHue 4 u (puc.6). B kneTkax, 061ydeHHBIX
vonamu !B, HauGoabunii Beixon hokycoB YH2AX/53BP1 peructpupopanu yepes
45 MUH TIOCTpaJHallMOHHOH WHKyOauuu. B oTindue OT -KBAaHTOB B KJeETKax,
06/TyUeHHBIX YCKOPEHHBLIMM HoHaMM !B, yepes 4 u KommdecTBO (OKYCOB yMeHb-
wasnoch Ha 32 %. dnumuHauuw 68 % (GokycoB HabMOaNH TOJBKO uepe3 24 u
NOCTpaAUallMOHHON UHKYOaLHH.
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yH2AX /53BP1, dokyc/knetka

5 15 30/45 lu 24 44 244y 484y 96 u
MHH  MHH  MHH Bpewmsi mocsie 06sydeHnst

a) Busyanuzaunsa AP JHK B sinpax ¢ubpo6/1acToB ¢ UCMOJb30BAHHEM METOAA UMMYHO-

LUTOXHMHUECKOr0 OKpallnBaHus. 6) KnHeTHka (popMHpOBaHUS U 3JMMHUHALUH (POKYCOB

~vH2AX/53BP1 (rucron yH2AX u penapaiuonnsiit 6esok 53BP1 — mapkeper P THK)
npu neficTeun y-kBantoB %°Co u yckopenHbix uonos ''B

e JeZkoud L. et al. Function of Chromatin Structure and Dynamics in DNA Damage,
Repair and Misrepair: v-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 Regair
Kinetics Compared for v-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.
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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 ceprst SKCEPUMEHTOB MO HCCJAEN0BAHUIO PaHALMOHHO-UHIYIIUPO-
BaHHOTO MyTareHe3a B KJeTKaX KHTaHCKOro xomsiuka (auHusi V79) mocsae Bo3-
NEeACTBHST YCKOPEHHBIX HOHOB ¢ pasauuno# JIIID (50, 116, 138, 153 kaB/mkm) u
v-0061y4enus. O6HapyKeHO, UTO (POPMUPOBAHUE MYTAHTHBIX CyOKJOHOB 3aBHUCHT
OT CPOKOB BbiCeBa OOJYUYEHHBIX KJETOK («BpeMEHH I3KCIPECCHH» MYTalhi) Ha
CEJIEKTUBHYIO MUTATENbHYIO cpeny ¢ 6-thoryanuHoMm u oT JITID uzmyuenuis. Ilpu
yBeJIMUeHUH MepPUOofia IKCIPECCHHM OTMEUEHO YyBeJUYeHHEe YacTOThl MYTHPOBAHUS
[0 MaKCUMaJbHOT'O 3HA4eHWs C TOCJEAYIOIMM ero CHHXKEHHEM JI0 CIMOHTAHHOTO
ypoBHs. [lonoxeHne aToro Mmakcumyma 3aBucesio ot JII1D yckopeHHBIX MOHOB.
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0 20 40 60 80 100 120 140 160  3aBHCHMOCTH OT «BPEMEHH 3KCIIPEC-
JITID, 3B/ MKM cun» u JI[1D ycKopeHHBIX HOHOB

C yBesunuenuem JI[ID 3HaueHMe MakcHMyMa CMellaeTcsi B CTOPOHY OGosee
IJIMHHOTO Tlepuona skcnpeccuu. [Ipu y-06myueHH MaKCUMa/lbHBIE YPOBEHb MYyTa-
reHe3a oTMeueH Ha 3—4-e CyTKM Mocje oOJyueHHs, TOTAA KakK Mocje 00aydeHHus
YCKOPEHHBIMH HMOHaMHu Kucaopoma 00 (JITID ~ 116 k3B/MKM) MakcHMaJbHBIi
ypOBeHb MyTareHesa Hab.ionascs yepes 11 cyt, a nocse o61yueHns1 yCKOPEHHBIMU
vonamu HeoHa 2°Ne (JII1D ~ 153 ksB/MkM) — uepes 23 cyT. Ha ocHoBaHuH npo-
BeJleHHbIX HCCJ/IeI0BAHUH MOXKHO MPETOJOKHUTh, UTO TOBBILIEHHbIH YPOBEHb paiH-
ALMOHHO-UHAYLIUPOBAHHOTO MyTareHe3a ONpefeJisieTCss BO3pPOCIIed XPOMOCOMHOH
HeCTaOUJIbHOCTBIO MOMYJSALUUH 00JMyYeHHBIX KJETOK, H €ro NpOosiBleHHe B pa3Hble
«BpeMeHa 3KCIPecCHH» 3aBUCHUT OT TS2KECTH TePBOHAYAJbHBIX TTOBPEXIEHHUH.

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.

[TponosixeH aHa/M3 peakKUM CHHTE3a XUMHUUECKUX COeANHEHHH U3 (hopMaMua
NHyCOH (nmponykra runponuza HCN) npu nedicTBuM u3aydeHud ¢ pasnoit JII13.
Peakuny cuHTe3a ocyllecTBJSJIACh NPU OOJYYEHUH YCKOPEHHBIMU MPOTOHAMH U
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wornamu 1B u !12C B MPUCYTCTBUU KAaTaJHU3aTOPOB, TOJYYEHHBIX U3 METEOPUTOB
pasJuuHbIX KjaaccoB. CesaH BBIBOJ O TOM, UTO B CHUCTeMe «(hopMaMU[, +BelleCTBO
METEOPHUTOB + HOHH3UPYIOIlee H3JyueHHe» B 3aMeTHBIX KOJMYECTBax (pOpMHUpY-
I0TCSl NIPeOUOTUYECKHE COEIMHEHUs BIJIOTh N0 HYKJEO3WIOB — OCHOBHBIX (par-
meHTOB, Bxomsiwux B coctaB PHK wu JIHK. IlosnydeHbl mnpexnctaBuTesn Bcex
KJIaCCOB MOJIEKYJ, HEOOXOMUMBIX /i 00pa30BaHUS KHU3HU Ha 3emJie; KapOOHOBBIE
KHCJIOTHI, aMUHOKHUCJOTH (pHc. 1), caxapa, HyKJeHHOBble OCHOBaHHUS, HYKJEO3H bl
(puc.2) u npyrue cloXHbBIE COeHHEHMUS.
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Puc. 2. PesysnbraThl 10 06pa3oBaHHI0 HYKJEHHOBBIX OCHOBAHHMH M HYKJEO3HIOB

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.

Co3naH 3KCrepuMeHTaNbHBIH CTEHM /s UCIBITaHUS MPUOOPOB sIIEPHOU Tia-
HETOJIOTHH Ha MONEJsiX TiaHeTapHOro TpyHTa. OCHOBY TJIaHETAPHBIX PEroJIH-
TOB MpeJACTaBJjsieT CO00H MacCHB CHJMKATHOTO CTeKJa, oOlied maccod mo 35 T,
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SIBJSIIOLIUECA MOLeJ/blo abCOMIOTHO CyXoro rpyHta. Hamuuume B rpyHTe BOAbI
MOJE/NUPYeTCsl CJAOSIMH TOJNMATUEHA Ha pasHbX ray6uHax. J1s MakcHMaJsbHO
BO3MOYKHOTO MPHOJMKEHUS K XHUMUYECKOMY COCTaBy MapCHAHCKOTO PErojiuta Io
Fe, Al u Cl B coctaB maccuBa creksa 106aB/aeHbl TOHKHE CJIOU CTa/lHd, allOMUHHS
U MOJIUXJOPBUHUIA. B 11e/10M, XUMHUECKHH COCTaB MOZeJell XOpOLIOo Coracyercs
CO CPeITHUM XMMHUECKHM COCTABOM MapCHAHCKOTO M JIYHHOTO PeroJiuTa.

HccnenoBanus, npoBoauMble Ha CTeHJeE, SIBJASIOTCS MPOLOJIKEHHEM MHOTOJIET-
Hero uukJ/a paboT coTpynHUKoB JlabopaTopuu pagvalvoOHHONW OGHUOJIOTHH COBMECT-
Ho ¢ JlaGopaTtopueil HeATPOHHON (PU3MKKU U MIHCTUTYTOM KOCMHUYECKHX HCCJ/eN0Ba-
Huit PAH no paspa6oTke, co3nanuio ¥ KaauOpoBKe MPUOOPOB SiepHOH MIaHETOJIO-
ruu. [lpuGopel npenHasHayeHsl AJs aHA/IM3a 3JeMEHTHOrO COCTaBa I'pyHTa Hebec-
HeiXx Tes. Corpynuuku OUSAN yuyacTBoBaiM B CO3MaHMHU psiia MpUOOPOB, € MOMO-
1bI0 KOTOPBIX OBIIO MOATBEPKIEHO HAJMMUME BOIASHOTO Jbaa Ha Mapce u Jlyne,
HeHTPOHHOro nprubopa, CMOHTUPOBAHHOTO Ha 60opTy poBepa «Curiosity», a Takxe
psina npyrux npubopoB aas Oynymux muccuit Pockocmoca, NASA n 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.

CcopmynupoBaHbl MOJeJM TPeX OCHOBHBIX MEXaHM3MOB BOCCTAHOBJEHHS MO-
Bpexnenuil JIP JITHK: neromosornynoro BoccoenMHeHHsT KOHIOB, TOMOJIOTHYHOH
peKOMOWHAMK U OJHOHUTEBOTO OTXKWTa MO MPSIMbIM MOBTOpaM. [IpensoxeHHbIH
MoIeJIbHBIH TMOAXOA TNpPUMEHeH K omucaHuio kuHeTWkd penapaund AP JHK,
WUHIYIUPOBAHHBIX JEHUCTBHEM HOHU3UPYIOUIUX HU3JAYYEeHUH B LIMPOKOM Hara3oHe
sgayeHuil JII[1D — or 0,2 no 440 k3B/MKM.

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 TUPAB Intern. Workshop “Computational and Theoretical Modeling of
Biomolecular Interactions”. Dubna, June 3-8, 2013. P.48-49.

[IpoBemeHbl pacueThbl MO OLIEHKE 3HEPrOBBbIAENEHHsT B OTHEJbHBIX HEHPOHAX
TOJIOBHOT'O MO3Ta TPBI3YHOB MPH JEHUCTBUM TSXKEJbIX 3aPSXKEHHBIX YaCTHIL BHICOKHX
sHepruil. OlieHeHO pacrpenesieHHe HEPTHH W J03bl B 0OBEMHBIX MOJEJSX MHpa-
MUIHBIX HeHpoHOB 00acTd CAl runmokamma KpeIC MpU 0OJYyUEHUH YCKOPEHHBIMU
vonamu 96Fe ¢ sneprueit 0,3 u 1,0 ['sB/nyksoH.

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 BiMsiHME HEOJHOPOAHOCTEH B CHMHANTHYeCKUX CBSI3SIX B HEHPOH-
HBIX CETSIX, BO3HUKAMIINX BCJEICTBHE PaNHAllMOHHBIX MJIH XMUMHUECKHX BO3JEH-
CTBMH, Ha pacnpocTpaHeHHe UMIYJAbCOB. B pesysbraTe B3anMoneHCTBHS HMITyJIbCa
C HEOHOPOIHOCTHIO BO3MOXKHBI 3((EKThl 3aep:KKH, OTPAXKEeHHs, KOMIIPECCHH U
pa3bueHHss UMIyJbCa BIJIOTb 0 €ro paspylleHHs.

e byeati A. H. JluccunaTvBHbIE COJUTOHBI B HEUPOHHBIX CETSIX C JIOKAJbHBIMU TOBpe-
xpenusimu // Co6. tp. XIV Beepoc. mik.-cemunapa «Bosubi-2013». M.: MT'Y, 2013.
C. 15-16.
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Metonamu MOJIEKYJISIPHOR OIMHAMUKH U3y4YeHbl CTPYKTYPHBIE U (DYHKLIHMOHAMb-
Hele cBodcTBa (pepmenTta JIHK-tdhortonmuasel. JIHK-doTonnaza — akTuBHpyeMbIi
CBeTOM (DepMeHT, BOCCTAHAB/IMBAIOILMEI UHAYLUPOBAHHBIH YP-H3/1yueHHeM LIHKJIO0-
6yTaH-MUpUMUIMHOBEIH nuMep B noBpexaeHHod IHK. [losyueHHble pesynbTaThl
CNOCOOCTBYIOT pellleHHI0 3a4auu o MexaHudMmax penapauuu JHK nanueim dep-
MEHTOM.

o [ywanos 3., Xoamypodos X., fcyoxa K., Kpacasun E. M]l-uccienoBaHusi KOH-
¢dopmarpontoro nosenenus pepmenra JHK-doronnaser // [ucema 8 JUALA. 2013.
T.10(6). C.974-985.

CoBmectHo ¢ cotpynHukamu [HI[ P® «MHCTUTYT MenuKO-OMONOTHUECKUX
npo6aeMm PAH» u Menuko-trexuuueckoro kommiekca OWMSAN B JlaGopaTopuu
pPagualuMOHHONW OUOJIOTHH CO3[AHO TEXHUUECKOEe YCTPOWCTBO, MO3BOJSIOLIEE IPO-
U3BOJUTh TOTaJbHOE 0O0JydYeHHEe >KUBOTHBIX MPOTOHAMU B PACIIMPEHHOM ITHKE
Bparra. Ha ypoBHe nesocTHOro opraHuaMa MpoaeMOHCTPHPOBAHO MOBpPeXKAAIOIee
IelicTBUe MPOTOHOB B NHKe Dparra Ha cocTosiHME CHCTEMBI KPOBETBOPEHHS U
[UTOTeHEeTHYECKOTO annapaTa KJeTOK KOCTHOIO MO3ra, JOCTOBEPHO MpeBHIIIAoIIee
a(bdekT mydka NMpoTOHOB C dHeprued 171 MsB.

e Hsarnos A. A., Moarokarnos A.T., Byrvinuna T. M., Boposxcyosa C. B., Abpocumo-
sa A.H., Kpoukosa []. M., Ceseproxun F0. C. Paguobuosorndyeckue 3¢hQheKThl
TOTaJbHOrO 00JyueHHsi IPOTOHAMH B muke Dparra // MexayHap. HaydH. KOHd.
«Pannobuosiornueckre 0CHOBHI JyueBOi Tepanuu onyxoJeit» namsatu A. C. CaeHko:
Tes. goka. Mocksa, 19-20 nos6. 2013 r. M.: PYJIH, 2013. C. 8.

[IpoBeseH aHanu3 peakLUMH CHHTe3a XUMHUYECKHX COeJMHEHHH U3 (opMamuia
NHyCOH (nmponykrta rumponusa HCN) npu nelicTBUM HOHU3HpPYIOLIEH pagua-
nuu. Peakuuu cHHTe3a OCYLIECTBJSNUCH NPH 00JyUeHUH MPOTOHAMH C 3Hepruei
165 MsB na ¢dasorpone OUAM B mpucyTCTBHH KaTaau3aTOPOB, MOJYyUeHHBIX
M3 METEOPHTOB PA3JHUUYHBIX KJaccoB. Ha oOCHOBaHWM BBIMOJHEHHBIX 3KCIEpHU-
MEHTOB CleJlaH BaKHbIH BbIBOJ O TOM, 4YTO B CHCTeMe «(OpMaMHJ + BellecTBO
MEeTEOPUTOB + HOHU3UPYIOLee H3JyueHHe» B 3aMETHBIX KOJHUeCTBaX (HOPMHUPO-
BaJIUCb MpPeOUOTHYECKHE COelMHeHHUs (TpellleCTBEHHUKH HYKJEHHOBBIX KHCJOT,
0e/IKOB, MeTabOoNHUeCKHX LHKJIOB M MeraGosusma). [lpu meiictBuu YP u/uiu
HarpeBaHUH NpeOHOTHUECKHE COeJMHeHHUs He 00pa3oBblBanuCh. JlaHHBIE HCC/IEN0-
BaHUS MOTYT IPOJIMTb CBET Ha MPOHUCXOXKIEHHe KHU3HU Bo BceseHHOM.

e Canradurno P., Bomma [x., Hearvgpuno M., Ju Maypo 3., Kanparos M. H.,
Kpacasun E. A., Tumouiernko I'. H., Posarnos A. I0. ObpazoBaHue NpeGHOTHUECKUX
coerHeHu# GopmaMuia npu 06MyUeHHN YaCTULAMU BBICOKUX dHepruit // HoBoctu

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



ACTPOBHOJIOTUA

MeTtonamu ckaHHpyOLIEH 3/71€KTPOHHON MUKPOCKOIIMH U PEHTT€HOBCKOTO 3Hep-
TOAMCIIEPCHOHHOTO MHMKPOaHaJ/M3a BBIMOJNHEH OOJbLIONH LMK/ HCCJeJ0BaHUH OKa-
MeHeJIbIX MHKDPOOPTaHH3MOB (MHKPO(OCCHINH) B MeTeOpHTaxX. BuimylieH mepBbii
WIJIIOCTPUPOBAHHBIA aTiac MuUKpodoccunuii B Meteopute Opreil. CoBMecTHO ¢
KoJsleraMu 13 HMraaun u Yexuum ucciegoBaHo (DOPMHUPOBAHHE CJOXKHBIX IIpe-
OUOTHYECKUX COeIMHEHHH MNpH 0O0JydYeHHH NPOTOHAMM IPOCTHIX OpPraHMYeCcKHX
COeJIMHeHHH B NPUCYTCTBHH BellleCTBa METEOPUTOB KakK KarajusaTtopa. [Ipensoxen
HOBBI MeXaHH3M, CIOCOOCTBYIOLIME 00pa30BaHHUIO U MepepaboTKe HEPACTBOPHUMO-
r0 OPraHUYEeCKOro BellecTBa B MeTEOPUTAX M B XOfe NPeOHMOTHYEeCKHX IPOLeCCOB.

5 pm

N306parkeHus: okaMeHeJ bIX MUKPOOPTraHW3MOB U3 MeTeoputa Opreit

e Pozanos A.I1O., Xysep P.b5., Kpacasun E.A., Camoviauna O.C., Pomun A. K.,
Kanpanos M. H., Canpoikun E.A., Aganacvesa A.H. Mereopur Opreit (atnac
mukpogoccunuit) / Ots. pen. A.10.Posanos. M.: [IMH PAH, 2020. 130 c., 5 ua.,
40 ¢pororadbn. Ha pycc. u aHri1. 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;

o 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.I. 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.

e 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 Conf. 2016. V.131. P.08001.

e IUPAC 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 48Ca+239Pu and *8Ca +24°Pu fusion reactions were
completed. A new 284FI isotope, undergoing spontaneous fission, was produced
in both reactions. Three new decay chains of the known %°F| 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.

10.45750 MeV 12.56 MeV
240py +48Ca o FI285| |F1288
2472

2472

10.29250 MeV |Cn 281 10.39162MeV | F| 285 F1288 | 10.20 MeV
0.0889 s 0.2525 s —
24172 19737 19/37
10.461156 MeV
(0.975+9.486) Ds 277 1.73MeV  |Cn281 10.3597 MeV | F| 285 | |Fi1288 9.98 MeV
0003852 5 0.3684 s 0.0432s
24172 19/37 2/31 2/31
10.536167 MeV 10.179220 MeV
9.52950 MeV |Hs 273 (0410+10.126) |Ds 277 (2.316+7.863) |Cn281
12136 0.008282's 01433 s
-137 2731
8.448263 MeV 10.237220 MeV
(0.816+7.632) |S9269 9.46262 MeV |Hs 273 (1.162+9.075) |Ds277
521.84s 1.9517's 0.003223 s
24/72 19737 2/31
218 MeV
(212.3+5.5) 8.48262 MeV |59 269 9.47561 MeV |Hs 273
10375 95.42s 0.9013's
24772 19/37 2/31
220 MeV
(208.1+11.7) -
99.95s missing o
19/37

166 MeV
491.06 s
2/31

New decay chains of the %5Fl 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., Shirokouvsky 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+ 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, 24-260, etc., and of new types of radioactive decay.

0

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.



ACCELERATOR TOPICS

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 ?*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 1L V., 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/.

e Gulbekian G.G., Dmitriev S.N., Itkis M.G., Oganessian Yu.Ts., Gikal B.N.,
Kalagin 1. V., Semin V.A., Bogomolov S.L., Buzmakov V.A., lvanenko 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 of 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.

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.

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

e 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 lon 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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e 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.
Its 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 lon 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 51079 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 #;3 and Am2,: sin? 26,3 = 0.084 + 0.005,
Am?2, = (2.44 £ 0.11) - 1073 eV?2, aiter 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.

e 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 fol lowm§ oscillation parameters were
measured: sin® o3 = 0.51 £0.10, Am2, = (2.37701%) - 1073 eV? (NH), Am3, =

= (- 2.40f8.i‘71) 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 NOwvA 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* — n%r%ete~. The K* — n%yy 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+ — 77vw 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(K* — 7+uvw) = (11.0739 +

+ 0.3gyst) - 10~ which is consistent with the prediction of the Standard Model.
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Event-candidates for very rare decay (in the box) and background events in terms of the
momentum of the charged pion and the square of the missing mass

e Madigozhin D. (NA48/2 and NA62 Collab.). Probing Nonperturbative QCD
with K. and K* — mn%yy 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.). H1%h Precision Measurement of the Form
Factors of the Semileptonic Decays K 701+ v (K;3) // Proc. of XXI Intern.
Workshop on Deep-Inelastic Scattering and Related Subjects, Marseille, France,
Apr. 22-26, 2013. 13b; 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 — wFqyy
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 Marcheuvski R. (NA62 Collab.). New Result on the Search for the K+ — 7Ty
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 A) — ¢(25)A° decay was ob-
served and the branching ratio of the A — w(QS)AO — 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 into 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‘(AO — ¥(29)A%)/T(AY — J/9A%) with the ATLAS Detector // Phys. Lett.
B. 2015. V.751. P.63-80.

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
Vs =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.

e 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 £ 0.64at £+ 0.7yt ) - 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 ZF(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 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™ —
— ZFnt — D**D*0r% 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 ZX(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% 0h,..
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-III experiment using the threshold
scanning technique and the value M, = (1776.91J_r8:%g) 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.

e 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 Rgop 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 w-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
¢ — K™K~ 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 (Rin,) with the
increase in the so-called pair transverse mass (mg) at the lowest number of
created charged particles (N,) 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 Ng,.

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 Nesvizheusky 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., Nesvizheuvsky 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.l, Naumouv 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 of using microalgae Spirulina platensis for extracting of zinc
from waste water.

e Zinicovscaia 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.
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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 Ignatovich 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/¢jm-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 AFE detector
(thickness 11 um) to detect light charged particles emitted in the spontaneous
fission of 292Cf. 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 « particles
produced in the quaternary fission, were determined.

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—FE 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- 107!, limited by the current uncertainties
of the fundamental constants. We determined the value of the fundamental
constants combinations Roome(m;1 +m;1) and my,/m. with a fractional
uncertainty of 2- 1071, 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.I., 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 BaglrOy4, 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. ., 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 7" equal
to the Unruh temperature Ty, and this is interpreted as instability of the phase
with the temperature 7" < Ty;. The duality between quantum-statistical approach
in Minkowski space and the effects of nontrivial geometry in the space with
conical singularity is proved. The results are applied to the physics of heavy-ion
collisions.

4,_77_ T1> TU

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 100 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 1.3¢ 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 fissioning 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 E, = 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 mqa’ 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!l in
determination of the electron-to-proton mass ratio.

e Korobov V.1, 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. 1. 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.
[t 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(Mo0Oy)s 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 T'= 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(MoQOy)2 // 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 LiFePO, <> FePO, were analyzed in detail.
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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 LiFePO, 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 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.

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 (Tn; =~ 100 K, Tno =~ 50 K) was
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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., Ouvsyannikov S. V., Sun Y. Spin-Induced Multiferroicity in the Binary
Perovskite Manganite MnoOgs // Nature Commun. 2018. V. 9. P.2996.

The magnetic, structural, and vibrational properties of YMnyOs multiferroic
with a strong magnetoelectric coupling have been studied by means of neutron,
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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 RMnsO5 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 RMnyOg5 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 RCoy 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., Vlaic 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 (1 mm thick), magnetite concentration of 0.05%. The inset in (@) 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 of 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 —
14.16%
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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)
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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., Nechaeuskiy 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 Kutovsky 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 sufficiently general cloud structure, which can be
used for more common purposes, was given.

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., Nechaevsky 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.

e 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
2S8@G equation.

e 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 R /U(d)
and provides its description in terms the ring R[R;]V() 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(?) 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 z: |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.

e 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, ®®Ni, 298Pb at Tj., = 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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e Lukyanov V. K., Kadrev D.N., Zemlyanaya E. V., Spasova K., Lukyanov K. V.,
Antonov A. N., Gaidarov M. K. // Phys. Rev. C. 2015. V.91. P.034606.

e 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.

e 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 Kutouvskiy 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
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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-B-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
AraC 8 MeV/nucleon

No modifiers and HU 139 keV/pm

-®- Protons, 1.25 Gy, AraC and HU
—® Protons, 1.25 Gy, no modifiers
== 11B, 1 Gy, 8 MeV /nucleon, 139 keV/um

1h 15 min

4h
Number of yH2AX/53BP1 foci
per cell

24 h

Time, h

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., Illyina E.V., Kozhina R.A.,
Kulikova E. A., Kuzmina E. A., Smirnova E. V., Timoshenko G.N., Tiunchik S. I,
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 of accelerated protons in the treatment of
tumors. A group of animals (mice) was inoculated with a melanoma tumor. The
tumors were exposed to Bragg peak protons — with and without pre-treatment
of mice with cytosine arabinoside (AraC). The control (nonexposed) animals died
of tumor development on the 30th day after exposure. On the 40th day, both
irradiated groups were alive, the tumor size being smaller by a factor of ~ 3 in
the group exposed in the presence of AraC than in the group exposed without
AraC pre-treatment. Patent No. 2699670 has been obtained for a new method of

enhancing the radiation effect on living cells.

The kinetics of melanoma tumor growth in mice: a) nonexposed control animals;
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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 Ionizing 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 Mdiller 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 UB jon 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 after
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1 h of post-irradiation incubation of fibroblasts, and most of the foci (~ 75%)
were eliminated during 4 h (Fig. ). In the cells irradiated with !'B ions, the
highest yield of YH2AX/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 JeZkoud L., Falk M. et al. Function of Chromatin Structure and Dynamics in DNA
Damage, Repair and Misrepair: 7-Rays and Protons in Action // Appl. Radiat.
Isot. 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 «-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 NH9COH (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.
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Fig. 1. Data on the production of amino acids
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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 CI, 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 TUPAB 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 %6Fe ions.

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 [vanov 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 NHyCOH (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.Il, 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.I., 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.I., 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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