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NMPEONCIIOBUE

Ha 134-it ceccum YueHoro cosera OUAUN
(2122 cents6pst 2023 1.) ObLIM MOABEAEHBI UTOTU
BeimonHeHus CemuietHero tuana passutusg OUAN
Ha 2017—2023 rr. B npuHsTOI pe3ogtoLnu noauep-
KHYTO, uTo B aTOT nepuon OMAN nobuics Bre-
YATJISIOLIINX Pe3yJNbTaTOB KaK B PAa3BUTUU KPYITHOMI
UCCIIeI0BaTEeIbCKOM MH(PPACTPyKTyphl, TaK U B Ha-
YVUHBIX UCCIeIOBaHMSIX Ha ee 0aze. HecMoTps Ha
CJIOXXHBIE YCIOBUS pabOoThI, CBS3aHHBIE C KOBUIOM,
1 Pe3Koe YXYALICHWE TeOMOJIUTUYECKON CUTyalluH,
€CTh MHOTO IIOBOJIOB /IS TopaocTy. HecomHeHHBIE
JOCTVDKEHUS, OTKPBIBAIOIIME HOBBIA 3Tall B Opra-
HM3alMM HayYHBIX UccaenoBaHuii B JlyoHe, — co-
3naHue (pabpUKKU CBEPXTSIKENBIX 2JEMEHTOB, BBOJ
B JIEMICTBHUE CYIEepPKOMIIbIOTepa «[ 0BOpYH», BBIBOI
HeitTpuHHOTO Teneckomna Baikal-GVD Ha pekopn-
HbIIl 3(PEKTUBHBIN 00bEM, 3aKIIOUUTENbHAS CTa-
st MeranpoekTa NICA 1 coznaHue Ha €ro OCHOBE
LIMPOKUX MEXIYHAPOTHBIX SKCIIEPUMEHTATbHBIX
kojadopauiit BM@N, MPD, SPD u ARIADNA
Ha 0aze KpyIHOH MCCIen0BaTeIbcKoi MHGPaCcTpyK-
Typsl OUSAN.

[TpencraBisgemM BalleMy BHUMaHWIO OCHOBHBIE
npoctikeHns: OObeIMHEHHOTO MHCTUTYTA SIIEPHBIX
nccaenoBanuit B 2017—2023 rr. Hapsny ¢ pa3Butu-
€M COOCTBEHHOI MH(PACTPYKTYPhl U MH(POpMALK-
OHHBIX, CETEBBIX M BBIUMCIUTEIbHBIX TEXHOJOTUI
OUSAN axTMBHO y4yacTBOBal B MeEXIyHAPOIHBIX
koytabopauusax B HEPH wu psne mpyrux 1neHTpoB
10 BCeMY MUpY, HapallMBaJl CBOW MHTE/UIEKTYalb-
HBIi MOTEHIIMAN, YTO MO3BOJMJIO TMOJYYUTh BECO-
MbIe HayYHBIC PE3YJIbTaThl IO IIMPOKOMY CIEKTDPY
HAaIIpaBJICHUA.

MHCTUTYT 3aMETHO pacIlpUl CBOX MEXIyHa-
poaHYI0 mapTHepckyto ceTb. B 2021 r. coobuiecTBo
MOJTHOMPaBHBIX TocyaapcTB-yieHoB OUSAN nomnos-
HMJIOCh HOBOI CTpaHOit — Apadckoii Pecryonukoit
Erumner. AKTMBHO pa3BuBaloTcs oTHOIIEHUS ¢ Ku-
taeM, Mexcukoit, Muaueit, bpasunueit. CaenaHbl
BaXKHBIC IIATW TI0 Pa3BUTUIO U YKPEIJICHWIO MeX-
JIYHapOIHOTO COTpyAHUYeCTBa ¢ ApmeHuel, Boet-
HamoM, Erunrom, Kasaxcranom, Kyboii, CepoOueii
u IOAP.

3HaKOBBIM COOBITHEM SIBUJIOCH TMOAMMCAHUE
Coduiickoit mekmapaldd — OOKYMEHTa, KOTO-
PBIii CONEPXUT OOpallleHHe K 3aMHTePeCOBAaHHBIM
rocymapcTBaM W OpraHu3alusM TIPUCOEAUHSITHCS

K MHOTOCTOPOHHEMY HAyyHOMY COTpPYIHUYECTBY,
peanmzyemMomy B pamkax OUSIN.

MHCTUTYT TMpUHST  BCECTOPOHHEE  y4acTue
B mnpoBeaeHun oobsiiaeHHoro OOH MexayHapos-
Horo l'oma ¢yHIaMeHTalNbHBIX HAayK, a TaKXe aK-
TUBHO BKJIOUMiCs B JlecsATuieTne HaykKm M TeXHO-
JIOTUiA B cTpaHe MecTononoxenus OUAN.

bl mpuHatel nonoxeHuss o daare OMAN
n 00 accOIMMPOBAHHOM YJIEHCTBE B MHCTUTYTE,
3aBeplieHa paboTa MO CO3/aHUI0 HOBOM apXuTeK-
Typel IIpobiemHo-TeMaTnueckoro raHa OUAU,
JalolIeil Mmpo3payHoe IMpeACTaBIeHUEe O CTPYKTYpe
Hay4yHbIX MpoekToB MHCTUTYTA.

Ycunupatorcsl Haiiy - 0OpasoBaresibHble  MpPo-
TPaMMbI, BBOASITCS HOBBIE (DOpPMATHI COTPYIHMYE-
CTBa ¥ IPUBIEUEHUST MOJIOAEXKM, aKTUBHO OOHOB-
JISIeTCsl ColMabHas MHGPaCcTPYKTypa.

B 1ienioM 3T1 1OCTHKEHMS CO3MaIM OUeHb MPOY-
HYIO OCHOBY JUIs JajibHel1ero pa3sutus Muctury-
Ta B HOBOM ceMujeTuu. Haium ydeHble, MHXeHe-
Pbl U CIELUATUCTBl CMOIJIM AOOMUTHCS OJECTSIIUX
pe3yJabTaToOB, nenas MaKCUMyM IS JOCTVDKEHUS
CTOSIIIMX TIepeN HaMu Iieneit, 6marogapsa yemy MH-
CTUTYTY YIAJIOCh 00ECIIEUNTh ceOe POJIb OMHOIO U3
JUAEPOB HAa MUPOBOM HayyHoM JaHamadrte. MH-
CTUTYT BCEH CBOEH MEeSATEIbHOCTBIO MOATBEPXKIAET
npuHun — «Hayka cOnmkaer Hapomel». Bee ato
JIaeT HaM MPaBoO YBEPEHHO CMOTPETh B Oyjylliee.

Ha Hosiopsekoit (2023 r1.) ceccun Komutera
nonHoMouHbIX TpeacraButeneit OMAN B Kazax-
cTaHe ObUT YTBepXJeH HOBbIM ambuimosHblii Ce-
MustetHuit miad passutusg OUSAU \a 2024—2030 1.
OH oxBaTbhIBaeT LIMPOKMIA CIIEKTP PadOT ¥ HayYHBIX
HamnpapiaeHuil. OcHOBHasl 1ieJb HOBOM CEMMJIET-
KM — peajM3alus spKoil MpuBiaeKaTeJbHON Hayd-
HOI MporpaMMmbl UCCAEAOBAHUN W MPUYMHOXKEHUE
HMHTEJUIEKTYaJIbHOTO KamuTana, 00ecIeYeHHbIX MH-
(bpacTpyKTypHBIMU ¥ (DMHAHCOBBIMU PECYpPCaMM.
HoBgblit aTamm npegycMaTpuBaeT NpoBeACHUE UHTEH-
CUBHBIX HAyYHBIX MCCAESIOBAHMIA HA YK€ CO3MaHHOM
0aze. Mbl OTKpbIBAEM 3Ty CTPAHUILY C OXHAAHUEM
HOBBIX CBEPLICHUI M a3apTOM IEPBOOTKPHIBATEIIEH
Ha TepeaHeM Kpae HayKu.

I'' B.TPYBHUKOB, mupexrtop
O0OBeTIMHEHHOTO WHCTUTYTA
SIIEPHBIX UCCIIeN0BAHUI
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YCKOPUTEJIbHbIV KOMIMJIEKC NICA

B xome peanuzauuu B OMSAN meracaiieHc-Tipo-
ekta NICA B 2017 1. OblT BHepBBIE OCYIIECTBICH
PEXUM YCKOPEHHUS MOJISIPU30BaHHBIX MPOTOHOB B
YCKOPUTENE HYKJIOTPOH, YTO SIBJSICTCS MPUHLUIIU-
AJIbHBIM IIarOM B OCYLIECTBJICHMU MPOrPaMMbl 110
crimHoBOM (pusuke Ha komriekce NICA. ['maBHast
Hay4JHas 3a7a4a 3TOii porpaMMbl — UCCIEI0BaHLE
CIIMHOBOM KBapK-MapTOHHOW CTPYKTYphl IIPOTO-
Ha. DTOMY MpEIIIeCTBOBAIO CO3MaHUE (COBMECT-
Ho ¢ UAW PAH) BbICOKOMHTEHCMBHOTO MCTOY-
HUKA MOJSIPU30BAHHBIX IIPOTOHOB U ICHTPOHOB,
BBOJ| B JIEMCTBME HOBOW BBICOKOYACTOTHOM CEKIUU
MpeayCKOpUTENs, pa3pabOTaHHOTO B COTPYIHMYE-
ctBe OUAN—MUDOU-UTOD HULl KN u usro-
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TOBJICHHOTO Ha Tmpennpustur B CHexuHcKe. boita
pellieHa CJOXHas 3ajaya COXpPaHEHUs ToJsIpu3a-
LU MPOTOHHBIX ITyYKOB B KeCTKO(POKYCUPYIOILIEM
CBEPXIPOBOJSILEM CUHXPOTPOHE M pPaccMOTpeHa
BO3MOXHOCTh HCIIOJIb30BaHMSI HYKJIOTPOHA IpU
9KCTPEMATbHO HU3KOHM 3HEPTUY WHXEKIIMU TPOTO-
HOB — 5 MaB. [1poBeaeHHbIE UBMEPEHMS ITOKA3AIIH,
YTO IapaMeTphbl UCTOUHUKA O0ecIeyaT MOoJIyYeHue
MYYKOB TMOJSIPU30BAHHBIX MMPOTOHOB M AECHTPOHOB
C MHTEHCUBHOCTHIO Ha ypoBHe 101! wacTu 3a uki
U cTeneHbio monspusanuu 6omnee 90 %.
Brimonnena pa®oTa mo MOHTaXy, MO3TaINHOR
MpoOBEpPKe ¥ BBOAY B 3KCIUTyaTallMiO CBEPXIPOBO-
JISIIIET0 KOJIBLEBOTO YCKOPUTENS (C MepuMeTpoOM
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YCKOPUTEJIbHbIN KOMIMJIEKC NICA

Pa3sutue komnnekca NICA B 2017-2023 rr.

4- TeXHUYECKUM 3anycK
(2022-2023):
HILac + 6ycTep + HYKNOTpOH

Beop B aKkcnnyaTauuio
MHXXeKTopHoro kommnnekca NICA

40 MBT — Tenepb AOCTYNHO

= 490 HayuHbIX Ny6nuKauumn 1 7
= 240 fOKNafoB Ha KoHdepeHLUaxX cheumbm 5-1 nyCKOHana.qoqum cech

= IpaKTUKa CTyAeHTOB

Ha NICA B 2023 r. (4 mecaua)
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YCKOPUTEJIbHbIN KOMIMJIEKC NICA

210 M) — OycTtepa IS UCCAEI0BATEIBCKOTO KOM-
miekca NICA. Bce smeMeHTBI MarHMUTHO-KpPHO-
CTaTHOM CUCTEeMBI OycTepa (OCHOBBI YCKOPUTEIS)
nsroronieHsl B OUSAN mo opuruHanbHON TeXHO-
JIOTUH, Toay4yuBileit npuzHanue B EBpone. TexHo-
JIOTUYECKMI TMYCK CBEPXMPOBOASIIETO OyCTEPHOTO
CUHXPOTPOHA IMpOuU3Be Ipencenateb I1paButenb-
ctBa P® 20 HosOpst 2020 r. mocje 3aBepLICHUS
BBOJA B 3KCILIyaTallMl0 BCEX OOBEKTOB MHXKEKIIM-
OHHOTO KOMILIeKCa MpOeKTa, BKJIOYash MCTOYHM-
KM TIOJSIPU30BAaHHBIX, JITKMX M TSKEJIbIX MOHOB
1 JMHEHHBIA YCKOPUTENb TSDKENbIX MOHOB. bbuin
TakKe M3TOTOBJIEHBI CBEPXIIPOBOMASILNE CTPYKTYp-
HbIe MarHUTHl OycTepa, CMOHTUPOBAHbI M TIPOTE-
CTHPOBAHbI BCTPOEHHBIE CUCTEMbI KOJbla OycTepa:
BbICOKOYACTOTHASl YCKOpsIolas CUcTeMa, CHUCTe-
Ma 3JIEKTPOHHOIO OXJAXIEHUS ILUPKYIUPYIOLIETo
MyyKa, YCTPOMCTBA BBOJA U BbIBOAA My4KoB. M3ro-
TOBJIEHA 1IUKJI03a/atolias anmnaparypa oycrepa, arn-
napatypa OUarHOCTUKUA ¥ TEPMOMETPUHU, CHUCTEMbI
MUTAHUS, NETEKTUPOBAHUS IEPEXOA0B U 3alLUThI
MarHUTHO-KPUOCTaTHOM CUCTEMBI.

B 4eTkoM COOTBETCTBMM C MJIaHOM-TpaduKOM
19 mexabpst 2020 r. omHO3apsiTHBIC MOHBI TEJIMSI
ObUIM MHXEKTUPOBAHBI B OyCTep U IOJIyYeHa YCTOM-
yuBas LMPKY/SLUs Mmydka. ITydox omHO3apsiAHBIX
noHoB He ¢ sHeprueit 3,2 M»sB/a.e.M. mmpKyim-
poBal B KaHaje YCKOPUTENS C WHTEHCUBHOCTBIO
okono 109 noHoB/060poT. BHICOKOE Ka4eCcTBO W3-
TOTOBJIEHUSI U COOPKM BCEX 3JEMEHTOB MAarHUTHOM
CUCTeMbI OYCTEPHOTO CMHXPOTPOHA TO3BOJIMIO Ha-
yaTh paboTy 03 UCIOAb30BaHUS CUCTEMbI KOPPEK-
LM BEAYLIETO MAarHUTHOTO IIOJIS.

JIOCTUTHYTBIN SIPKMI pe3yabTaT MOABEI WTOT
MHOTOJIETHE! ClTaXkeHHOM paboThl KOJUIEKTUBA (Du-

3UKOB-YCKOPUTENBIIMKOB W MHXeHepoB OMAUN
B COTpymHMYecTBe ¢ mapTHepamu u3z MAD CO
PAH, WAW PAH, UTO®, WOBD HUIL KU
U MHOTUX JPYTUX POCCUUCKUX U 3apyOEeXHBIX Op-
TaHU3aLUHA.

B cenrs6pe 2021 1. cucteMbl OYyCTEPHOTO CUH-
XPOTPOHA OBLIM BBHIBEACHBI HAa IIPOEKTHBIE ITapaMe-
Tpel. B Xone ceaHca B KoJiblie OycTepa My4yoK MO-
HOB XeJje3a ObL1 BIEpPBbIe YCKOPEH M0 MPOEKTHOMI
sHepruu 578 M»aB/HykioH. B ceance Obl1 Takxe
OCYIIIECTBJIEH TIOJHOIIEHHBII 3amyck 000pyaoBa-
HHUS CUCTEMbI 3JIEKTPOHHOIO OXJIaXIeHus Oycrepa
1 BrepBble B Poccuu MmosyyeHo 3J1€KTPOHHOE OX-
JIAXICHUE TIyYKa TSDKEJIBIX MOHOB. DKCIEPUMEHT
MO OXJaXIEHUIO Ty4yka ObLT MPOBEAEH C MOHAMM
S6Fe!4* npu sHepruyn uHxexuun 3,2 MaB/HyKIIOH.

BaxHbIM MTOrOM ceaHca SIBUIOCH YCIEIIHOE
3aBEpIICHUE COBMECTHBIX pabOT CHeLMaNUCTOB
OUSIN u UAD CO PAH mo co3maHmio cucrteM
BHIBOZIA TIyykKa M3 OycTepa M KaHajla TPaHCIIOPTH-
POBKU IIyYKa B HYKJIOTPOH. BbLIT yCIEIIHO 3amylleH
YHUKAJIbHBIA YOApHBIA MarHuT AJ1s1 BBIBOAA ITy4yKa
n3 OycTepa C PEKOPIHBIM YPOBHEM MAarHHUTHOTO
nmonst 2 x['c, ¥ mony4eH BBIBOM, IIYYKOB JBYX CO-
PTOB MOHOB — TENUSI M Xeje3a — IpU DHEePruu
240 M»3B/HYKIIOH ¢ manbHeIiel TpaHCIOPTUPOB-
KO IT0 KaHajJTy, Ha KOHEUYHOM Y4yacTKe KOTOPOTO
MYYKM MOHOB OBUIM JETEKTHPOBAHBI JaTIYMKAMU
TOKa U TOJOXEHUS IIy4Ka.

K ocenn 2022 r. Obul 3aBepllieH BaKHEHIIWI
atan npoekta NICA — co3naHa TSxKeJOMOHHas Lie-
MTOYKA ¥ 3aIyILEH B KCIUTyaTallni0 MHKEKIIMOHHBII
KOMIUIEKC KOJUlaiilepa, COCTOSILIMN W3 YHUKAJb-
HBIX YCTAHOBOK, HE MMEIOIIUX aHaJOroB B MUpE:
KPUOTEHHOTO MCTOYHMKA W JIUHEHHOTO YCKOPUTEIS
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LMK MarHUTHOTO TMOJST HYKJIOTPOHA M MHTEHCHBHOCTb IMyYKa siiep KCEHOHa, W3-
MepeHHasl TapaMeTpUIecKuM TpaHc(hopMaTopoM ToKa, B MPOIECCE HACTPOUKHU LTS
sKcreprMenTa BM@N. MHTEHCUBHOCTL YCKOPEHHOTO MyYKa npumepHo 107 yacTuil
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YCKOPUTEJIbHbIN KOMIMJIEKC NICA

TSDKEJIBIX MOHOB, KPMOTE€HHBIX CHHXPOTPOHOB Oy-
cTepa ¥ HYKJIOTPOHA, a TaKXKe CHUCTEMBbI KaHAJIOB
TPAHCIOPTUPOBKU MYyYKOB. ITomyyeHbl TpeOyembie
mapamMeTpel, W obecrneyeHa cTaOuiabHasi padboTa
KOMILJIeKCa B TeUeHUe YeThipex MecsueB. [1pu atom
BBe/ICHA B CTPOIl M UCIIBITAHA B JCICTBUU YCTAHOB-
Ka 3JIEKTPOHHOTO OXJIAXIEHUS MOHHBIX IIyYKOB,
M03BOJIMBIIAS YIBOUTh KOJMUYECTBO YaCTUII, YCKO-
PEHHBIX B HyKJIOTpoHe. CeaHC MoOKa3al BBICOKYIO
paboTOCOCOOHOCTh MHXEKIIMOHHOTO KOMILIeKca
1 TIOATBEPANI MPaBWILHOCTh KOHCTPYKTUBHBIX Pe-
LIEHWI, TPUHSITHIX IS ero coopyxeHus. Ilomy-
YyeHa peKOpAHas MHTEHCHBHOCTb Ha BBIBEICHHBIX
My4YKaxX YCKOPEHHBIX MOHOB KceHoHa. Ilomumo
WHXEKINN B KOJUIaiiaep MyYKoB MOHOB BILIOTh 10
30JI0Ta ¥ BUCMYTa, NHXEKIINOHHBII KOMILIEKC 00e-
CIIEUMBAET PELIEHMe MHOTMX (PU3UYECKMX U IpU-
KJIAHBIX 3a/1ay.

B ceance 2022—2023 rr. MmexayHapoaHasl KoJiia-
oopauus BM@N mipoBena muccieqoBaHNs Ha BBIBe-
JEeHHBIX ITyYKax, 3apeTuCTpUpOBaB 00JIee IMOJTYMUII-
JiMapia CTOJKHOBEHMI MOHOB KCEHOHA C SIEPHOM
MUIIeHbIO. MIeT aHaIM3 HAKOTJICHHBIX TaHHBIX.

VYyactHukamu xosumabopanuu ARIADNA BbI-
MOJIHEH DS 9KCIMEPUMEHTOB B paMKax peaiusy-
emoit B OMAU mporpaMMbl MPUKIATHBIX UCCIIE-
JIOBaHUIA, A1 KOTOPOM co3maeTcss HeoOXomaumast
MHQPACTPYKTYypa.

Jlnst MojepHU3alMKu  CBEPXTIPOBO/ISIIETO CUH-
XPOTPOHA HYKJIOTPOH OblIa pa3paboTaHa, U3rOTOB-
JieHa M BBelleHa B 9KCIUTyaTallMI0 YCTaHOBKa JUISI
MPOM3BOACTBA MOJIOTO Kabesis M3 BbICOKOTEMIIEpa-
TYPHOTO CBEPXMPOBOAHMKA. M3 3TOr0 Kabens Obul
M3TOTOBJIEH M YCHEIIHO ucHbiTaH mpu 25 K Mo-
JEeNbHBI  OBICTPOLMKINPYIOUIUI KBaAPYMOJbHBIN
MarHur [1—6].

YcranoBka mig Hamotku BTCII-marauros
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PABPUKA CBEPXTHAXXEJIbIX 3JIEMEHTOB

[IpuopuretHoit 3amaueir B 2017—2023 rr. sBis-
JIOCh CO3[aHMe U 3amyck (haOpUKHU CBEPXTSIKEIBIX
3JeMeHTOB Ha 0Oase nukiaorpoHa JI1-280, a tak-
Ke CO3MaHKMe KOMILIEKCa COBPEMEHHBIX SKCIEepH-
MEHTaJIbHBIX YCTAHOBOK, TNpEeIHA3HAYEHHBIX JUIS
CUHTE3a U M3YYEHUSI CBOWMCTB CBEPXTSIKENBIX 2Jie-
MeHTOB. B 2018 r. 3aBepilIeHO CTPOUTEILCTBO 3KC-
nepuMeHTanpHOro Kopryca ¢gadpuku CTO. ITomy-
YeHbl HEOOXOAMMBbIE pa3pelluTeIbHbIE JTOKYMEHTHI.
Kommiekc BBefieH B 9KCIUTyaTaluio.

®abpuka CTD ObL1a co3maHa Ha 6a3e HOBOIO
yckoputensa Taxenablx noHoB I1-280 — nupepa
cpenu yCKOpuTelieil TaHHOTO THIa B MUpE. YCKO-
putens cipoektupoBaH B OUAMN, yanbl yckoputest
W3rOTOBJCHBI HAa MPENNpPUSTUIX TOCYIapCTB-uJjie-
HoB MHctutryra. [IpoekTHAas MHTEHCUMBHOCTD ITy4-
KOB YCKOPEHHBIX MOHOB KasblsI-48, MoJIy4aeMbIX
Ha yckopurene JI1-280, cocraBnster 10 MKA ua-
ctul, yto B 10 pa3 MpeBOCXOAUT MHTEHCHBHOCTH,
JOCTUTHYTHIE HA YCKOPUTEISIX IIPEAbIAYILEro IOKO-
JICHMUS.

CosmaHbl ¥ BBEACHBI B OKCILTyaTallMio JBa ra-
3oHanonHeHHbIX cenaparopa: [HC-2 (DGFRS-2)
1 GRAND. Cenaparop 'HC-2 npenHa3HaueH mjist
pelleHMs 3alady, CBA3aHHBIX C CUMHTE30M HOBBIX

CBEPXTSIKENBIX 2JIeMEHTOB ¢ HoMmepamu 119 u 120,
cuHTe30M HOBBIX u3oTonoB CTHD u wu3yvyeHuem
CBOMCTB MX paguMoakTuBHOro pacmaga. Cemaparop
GRAND HaueneH Ha wucclemoBaHUE CTPYKTYPBI
CBEPXTSDKENBIX sfep (sAAepHas CHEeKTPOCKOMMS),
a TaKxe u3yyeHue xumuueckux cpoiicts CTO.

B teuenme cemmnerku 2017—2023 rr. Hayaro
CO3[aHue ABYX MEPCIEKTUBHBIX YCTAHOBOK (hadpu-
Kk CTD: MHOTOOTpaXaTeJIbHOrO BPEMSITIPOJIETHOTO
Macc-CreKTpoMeTpa Uil MPELM3MOHHOTO M3Mepe-
HUST MacC TSDKEJeHINX siiep U HOBOTO ceraparopa
GASSOL Ha ocHOBe Ta30HAIMOJHEHHOTO CBEPXIIPO-
BOJSILIETO COJEHOMIA Ul MCCIEAOBAaHUS XUMMUYe-
ckux coiictB CTD ¢ BpeMeHaMM XKM3HM BILIOTH JI0
JIeCSITKOB MUJUTUCEKYH]I.

OnHo¥t u3 rIaBHBIX 3amauy ¢adbpuku CTD aB-
JISIETCSl CUHTE3 HOBBIX 2JIEMEHTOB ¢ HoMepamu 119
n 120. B xauecTBe oiHOI M3 MEPCHEKTUBHBIX peak-
it st cuHtesa 120-ro aaeMeHTa paccMaTpUBaeT-
ca peakuns *Cr + 248Cm.

C LeNbl0 MOATOTOBKM 3KCIIEPUMEHTOB 10 CHUH-
Te3y HOBbIX CTD Oblia M3ydeHa peakiuus CAMSHUS
48Ca + 232Th, Bemymas K 00pa3’0BaHMIO M30TOIOB
snemeHta 110. DxcrepuMeHT ObIT HaleleH Ha
MPOBEPKY PEKOPAHO HM3KOW CTAOMIBLHOCTU OT-
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DPABPUNKA CBEPXTHAXXEJIbIX 2JIEMEHTOB

HOCUTEJIbHO J€JNeHMs, MpeacKa3blBaeMoil TeopU-  Ka3aHa BO3MOXHOCTb MPOBENECHHUST IKCIIEPUMEHTOB
el 1 3TON 00MacTu S/Ep, YTO, B CBOIO OUYEPEND, MpM 9KCTpeMabHO HU3KOM ceyeHnu — 70 ¢0O, uto
JIOJKHO MPUBOJUTL K HU3KOU BEPOSITHOCTU BBIKM-  MMeEET MPUHIUIMAIbHOE 3HAUE€HUE ISl TOCTaHOB-
BaHMs BO30YXIEHHOTO COCTaBHOTO silipa. bblia mo- KM 9KCMEPUMEHTOB MO CUHTE3Y HOBBIX 2JIEMEHTOB.

lazonanonnennsrii cenaparop GRAND, ¢abpuka CTD
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DPABPUNKA CBEPXTHAXXEJIbIX 3JIEMEHTOB

BBeaeHHble B 3KcrJlyaTauuio yctaHoBku JIAP

dparmeHT-cenapatop ACCULINNA-2 Ha uuknoTpoHe Y-400M
(B cTaAuMM MoAepHU3aLUKu; BO3O6HOBNIEHUE IKCNyaTauum
2017 gre=enene- naaHupyeTtcsa B 2024 r.)

OcCHOBHble Hal'lpaB.ﬂeHMﬂ Mccnenosauuu
n3yuyeHune CTPpyKTypbl 3K30TUUECKUX an0ep B6IN3U
n 3a npenejiaMum HeDITpOHHOVI CTabuIbHOCTMU B NpPAMbIX peaKuuax.

2020 .........‘ -“

OCHOBHbIe HanpaBeHus Mccnenoaauuu
- feTaJibHOe U3yUeHue y)ke nsBecTtHbix CT3;
- CMHTEe3 anemMeHToB 119 n 120.

2022 geeeeeenss

OCHOBHbIe HanpaBJIeHUsl UCC/Ief0BaHUMI:
+ BKCNEePUMEHTbI MO 90ePHOMN U Macc-cneKkTpockonuu CT3;
* U3YUYEHUE UX XUMUYUYECKUX CBOUCTB.
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KOMIMJIEKC LMKJIOTPOHA Y-400M

Ha yckxopurene Y-400M B 2017 r. ObLT BBe-
JIeH B 9KCIUTyaTalMio HOBbIM (PparMeHT-cenapaTop
ACCULINNA-2 g mony4eHUsl My4KOB paamo-
akTUBHBIX saep. CemapaTop MOCTPOEH COBMECTHO
¢ (paHiy3ckoil kommaHuen «SigmaPhi» u ycra-
HOBJIEH Ha JIMHWUM TIEPBUYHOTO IMyYyKa YCKOPUTEJsI
V-400M. Cenapatop ACCULINNA-2 ocHalieH
PaaMoYaCTOTHBIM (PUILTPOM JJIsSI JOMOJHUTEIbHOM
OYMCTKM BTOPUYHBIX IyYKOB, MArHUTHBIM CITEK-
TPOMETPOM [UISl pa3fesieHus] MPOAYKTOB peakiuu,
KOMILJICKCOM KPUOICHHBIX MMUIICHEH W30TOIOB
BOJOpPOJA U TS, MACCUBOM HEUTPOHHBIX JETEK-
TOPOB Ha OCHOBE KPHUCTAIJIOB CTUIbOEHA, a TaK-
K€ CMCTEMaMM PETMCTPallMy 3apsKeHHBIX YaCTHIL.
TecToBblE 9KCTIEPUMEHTHI MOATBEPAUIN OCHOBHbBIE
MPOEKTHbIC MOHHO-ONTUYECKUE XapaKTePUCTUKU
YCTAHOBKMU /1151 HEKOTOPBIX paA0aKTUBHBIX MTyYKOB
(1B, 12Be, %!1Li, ©-8He u np.). [ToaydeHHbIE BBIXO-
JIbl 9TMX M30TOIMOB OKA3aJUCh B CpPefHEM B 25 pa3
BBILIE [0 CPAaBHEHUIO C JaHHBIMU JJIsI ceraparopa
ACCULINNA-1, pa6otatomiero B JISIP ¢ 1996 r.

B mepBbIX sKcmepuMeHTax Ha HOBOM (par-
meHT-cerapatope ACCULINNA-2, koTtopsle ObLTH
nposeneHsl B 2018—2020 1r., ymamoch pa3peliuTb

OIHY M3 IaBHO CTOSIIIMX 3HAKOBBIX ITPOOJIEM 3KC-
MIEPUMEHTAIbHON SIIEPHON (UMK — OOHapy-
XeHMe CBEPXTSDKEIbIX M30TONOB Bojopoga — OH
n "H, a TakxKe NPOIBUHYTHCA Ha MyTH MU3YyYeHUs
HOBOI1 MOIBI CIIOHTAHHOTO SIIEPHOTO pacrana ¢ of-
HOBPEMEHHBIM MCITyCKaHNEM YeThIpeX HEHTPOHOB.

B wuwrone 2020 r. Havata MoaepHU3aLUsl LU-
knotpoHa Y-400M. Ilenbio MomepHU3aLUM SBISI-
€TCs TIOBBIIIEHUWE HANEXHOCTH W CTaOMIBHOCTHU
paboThl yCKOpUTENsT (3aMeHa KaTylIeK OCHOBHOTO
MarHuTa, 3aMeHa Y3JI0B BaKyyMHO# CHCTEMBI YCKO-
pUTeNIsd, CUCTeMbI YIIPaBICHUS U CUCTEMbI paaua-
LIMOHHOTO KOHTPOJIST), @ TAKXKE MOBBIIIEHUE MHTEH-
CUBHOCTEH MYYKOB TSKEJIBIX OHOB.

®parmenr-cemapatop ACCULINNA-2 ¢ wuc-
10JIb30BAaHMEM MOJEPHU3UPOBAHHOIO YCKOPUTEIIb-
Horo Komiuiekca Y-400M JISIP OUAN sasnsercs
0a30BOil YCTAHOBKOMW U M3YYEHUS JIETKMX 3K30-
TUYECKUX SIAep BOMM3M TPaHMII HYKJIOHHOM cCTa-
OMJILHOCTY Y TIO3BOJIUT BIIEPBbIE BHIIIOJHUTH OUCK
U MCCIEN0BAaHUE 3K30TUYECKMX SIIEPHBIX CHUCTEM,
takux kak >~ ’H, 8~10He, 24-260 y g1p., a Takxe Ho-
BBIX BUIIOB PagMOaKTUBHOTO pacIaja.

Ycxopurens Y-400M
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PEKOHCTPYKUNA LULNKJTIOTPOHHOIO

KOMITJTIEKCA Y-400(P)

OCHOBHOM 1Ie/TbI0 PEKOHCTPYKIIMM KOMIUIeKca  obecrieyeHue ITaBHOW MEepecTPOKN SHEPIUU HO-
V-400 mo Y-400P sBisiercst pacmmpeHue crekTpa  HOB B auamasoHe (0,8—25 M»sB/HyKioH, CHIDKeHUE
YCKOPSIEMBIX MOHOB OT Te€JIMs 10 ypaHa, CHUXKCHUE SHEpronoTpedJeHNsT W TOBBIIIEHNE AOJITOBPEMEH-
SHEPreTMYECKOro pas3dpoca YCKOPEHHBIX MOHOB,  HOIi CTAOMJILHOCTU PAabOTHI YCKOPUTEIIS.

21 nexabps 2023 r. 3anMBKa MepBbIX KYOOMETpPOB OeToHA B (DYHAAMEHT dKCIepuMeHTanbHoro Kopmyca Y-400P
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PEKOHCTPYKUUA LUMKJTIOTPOHHOIO KOMIJIEKCA Y-400(P)

Monrax 1ukiaorpoHa JI11-140

[MToMuMO MoOAEpPHM3ALUU YCKOPUTENISI, IIPO-
eKT PEKOHCTPYKLIMU YCKOPUTEJILHOTO KOMILIEKCa
V-400(P) Bxitouyaer B cebsl CTPOUTETHLCTBO HOBOTO
SKCIIEPUMEHTAILHOTO KOPITyca, a TaKKe CO3IaHue
HOBBIX 3KCIIEPUMEHTAIBHBIX YCTaHOBOK. Coopy:ke-
HHME HOBOro Kopmyca Hayato B cepeauHe 2023 T.
Y MpMBEIET K YBEJIMYCHUIO MIOIIAAN SKCIIEPUMEH-
TadbHBIX 3a70B 10 1500 M2 ¢ obecreyeHuem pa-
0OTBI B HECKOJBKHUX paludalliOHHO-3AIIUIICHHBIX
KaOMHax.

YckopurenbHbiii kommieke JI11-140 cosmaercs
Ui (pyHOAMEHTANbHBIX MCCICOOBAHMI U TIpHMe-
HEHUS MYYKOB TSDKEJIBIX MOHOB B 00J1aCTH (PU3UKHU
TBEPIOro Tela, MOAU(UKALUU IOBEPXHOCTU Ma-
TepUajoB, B MPOM3BOACTBE TPEKOBBIX MEMOpaH, a

TAKX€ B UCIIBITAHUSAX DJIEKTPOHHOM KOMITOHEHTHOM
0a3bl Ha CTOMKOCTb K BO3AEWCTBUIO OAMHOYHBIX
pagMauMoHHbIX 3(PdekToB. TTpoekT Mo co3maHuio
yckoputenbHoro komrriekca JI11-140 HaxoouTes Ha
3aBEpLIAIONICH CTaIWMu.

Huxnorpon JII-140 mpegHa3HaueH AJsl IMOy-
YeHUsl My4yKoB YCKOpeHHbIX MoHOB oT O 1o Bi ¢
aHeprusimu 4,8 u 2,1 MaB/nykion. [lyuku ¢ aHep-
rueir 4,8 M»B/HykioH obecrieyaT riayOMHY IIpO-
HUKHOBEHUSI MOHOB B Si 0 55 MKM M JUHEHHbIE
nepegaun sHepruv B Si 1o 100 MasB-cm2/mMr mid
3(pheKTUBHOTO UCMBITAHUS 3JEKTPOHUKU. TTyuku ¢
sHeprueii 2,1 MaB/HYKIOH MO3BOJISIT IPOU3BOAUTD
TpeKOBbIe MEMOPaHbI HA OCHOBE MOJUMEPHBIX TLIe-
HOK TojuHoi 1o 30 mukpoH [7—15].
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TEOPETUUECKAHA PUSUKA

B 2017—2023 rr. mcciaemoBaHus TMPOBOAMINCH
[0 LIMPOKOMY CIIEKTPY HaIlpaBJICHMI COBpEMEH-
HOM TEOpeTHUYECKONW ¥ MaTeMaTU4ecKoil u3n-
ku: «DyHpaMeHTalbHbIC B3aUMOJCICTBUS IOJCH
n vactully, «Teopust sSmepHBIX cucteM», «Teopust
CJIOXHBIX CHCTEM U TIEPCIEKTUBHBIX MaTEPHUAIOB»,
«CoBpeMeHHas MmareMaTuueckas (U3MKa: TpaBH-
Talusl, CYNepCUMMETpUss M CTPYHbl». bbuiM OT-
KPBITBl ¥ aKTMBHO Pa3BUBAINCH HOBBIE IMPOEKTHI:
«Teopust anpoHHOI MaTepuy TPU IKCTPEMATbHBIX
yCJAOBUSIX» U «MeToibl KBAaHTOBOM TEOPUM IOJIS
B CJOXHBIX cHucTeMax». BaxHo# cocraBisioniei
B nedreabHocTn JIT® gBasiach TeopeTuyeckas
MoJJIepKKa SKCIIEPUMEHTAIbHBIX UCCIeIOBaHUI B
OUSN wm mpyrumx ucclaemoBaTeNbCKUX ILIEHTPax C
yyactueM OUSIN. 3a 7 net mo pe3ynbTataM MpoBe-
JIEHHBIX UCCIe0BaHMI onyonukoBaHo Oosee 3200
CTaTeil B pelieH3UPYeMbIX XKypHaJlaX U Tpylax KOH-
depennumii. beuto oprannsoBaHo 58 KoH(pepeHIMi
u 17 MonoxpexHbIX 1Ko B JlyOHE U cTpaHax-y4acT-
Hunax OUAN. MexnyHapogHoe COTPYIHUYECTBO
M0 HampaBJIEHUSM MCCIEA0BaHUI ObLTO MOAAEp-
’KaHO TpaHTaMU TIOJTHOMOYHBIX IIpeACTaBUTENICH
MIPaBUTENILCTB CTPAH-YYACTHUII, a TAKKE AUPEKLIUN
OUAN. CotpyaHuYecTBO C TeOpeTUKaMu psia
CTpaH NPOXOAMJIO MpPH MOMAEPXKKE CHEeIMaTbHBIX
MporpaMM ¥ B paMKaX MEXIYHAPOIHBIX COTJalle-
HUii. MHOTME UCCIenoBaTeIbCKUe MPOSKTh U KOH-
dbepeHuyy OblIM mopaepkaHbl rpaHTamMu PODU,
PH® u ¢donma «basuc». Ocoboe BHMMaHUE yie-
JISIOCh TIPUMBJICUYEHUIO K paboTe MOJIOABIX MCClie-
JoBaTesieil, CTYIEHTOB M AacCIMPaHTOB B paMKax
HayYHO-00pa30BaTeIbHOrO TpoekTa «IyOHeHcKast
MEXIyHapoaHas IIKoja MO TeopeTU4YeCcKoil (hu3u-
ke» (DIAS-TH). Huxe npuBeneHbl HEKOTOPBIE SIP-
KHe pe3yJIbTaThl, TOJYUYeHHBIC 32 3T TOMIBI.

Pa3But HOBBII ITOIXOA K TEOPUM HETIEPEHOPMU-
pyeMbIx B3aummoneicTBuii. [lomydeHbl 0000LIEHNS

YpaBHEHUI peHOPMIPYIIIIBI, MO3BOJISIOIINE CYMMMU-
pOBaTh BeAyLIME ACMMITOTUKM BO BCEX MOpPSAKaAX
Teopuu Bo3MylleHmit. HaiineHo yabTpaduoneToBoe
MOBEJCHME psila CYMepCUMMETPUYHBIX KaluOpo-
BOYHBIX MOJ€eJIeil KBAaHTOBOM Teopuu mong [16, 17].

B pamkax Haubosee obuieil mepeHOpMUpPyeMoit
TEOPUM B YETHIPEX M3MEPEHUSIX BIICPBBHIC BBIBEIC-
HBI (QOpMYIIBI I OeTa-(pYHKLUMI KaauOpOBOYHBIX
1 10KaBCKMX KOHCTAHT B3aMMOJEHCTBUS B UEThIpEX
U TpeX METIIX COOTBETCTBEHHO. OpUTMHAIBHOCTD
MOAX0[a COCTOMT B TOM, YTO paccMaTpUBAIUCh
MIPOCThIE <«UTPYLIEYHBbIE» TEOPUM U C KX IIOMO-
b0 (PUKCUPOBATUCH  MOJEIbHO-HE3aBUCUMbIE
KO3(D(UILIMEHTHl B BBIPAXEHUSIX [UIST PEHOPMIPYII-
noBbix (PI') dyHkumit 6e3 TpymoeMKuX M rpo-
MO3IKUX BBIYMCICHUN. braromapsi BBIOJHEHHBIM
pacueTaMm cTajo BO3MOXHBIM TipoBecTy PI'-ananms
MIPOU3BOJILHON MOJeNM HOBOW (DM3MKKM Ha HOBOM
YPOBHE TOYHOCTU 0€3 HEOOXOAMMOCTH SIBHOTO JIMa-
IPaMMHOTO CYeTa U TPOLEeIypbl TEPEHOPMUPOBKHU.
B xauecTBe mpuioxkeHUs] HaiiaeHHBIX (DOPMYIT BbI-
BelIeHbl YeThIpeXIeTIeBble OeTa-(yHKIIMM BCeX Ka-
JMOpoBOYHBIX KOHCTAaHT B CM, a Takxe B ee 0000-
IIEHUM C HECKOJBKMMM XUTTCOBCKUMU HyOIeTaMu

[18, 19].

Paccuurana yacrora nepexona (n, /) = (17, 16) —»
— (16, 15) B mMMOHHOM rejuu-4 ¢ TOYHOCTBIO [0
4 ppb (yacreit Ha MWIIMApA), BKJIIOUas pesiTH-
BUCTCKME W  KBAaHTOBO-3JIEKTPOAMHAMUYECKHUE
nonpaBku 10 O(R o o’). HoBble pacyeTsl 3HAYM-
TEJbHO YJIYYIIAIOT MPEAbIIYLINE TEOPETUYECKUE Pe-
synbTathl (Hori M., Soter A., Korobov V.1. // Phys.
Rev. A. 2014. V.89. P.042515). OueHeHo BausiHUE
CTOJKHOBEHMII MUOHHOTO TeIMsl ¢ aTOMaMu MHU-
LIEHW HA COBUT M YUIMPEHME YacTOThI IEpexoa.
Ecnu skcrnepuMeHTaNbHbIE U3MEPEHUS TOCTUTHYT
ypOBHS ~1 ppb, TO TOYHOCTb OMpENCICHMS MAacChl

Veoll

Veol2
- Jeolz2
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- —
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ITvioHHBI Tenuit U Auarpamma
IBYX(DOTOHHOTO 3KCIIEpPUMEHTa
10 IPELIM3MOHHOMY U3MEPEHUIO
yacrotel repexoga (17,16) —

- (16, 15)
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TEOPETUYECKAHA ®UN3NKA

nuoHa OyaeT yaydmieHa Ha 2—3 nopsaka. Ctojb
TOYHOE 3HAUCHME M, MOXET HAJOXUTb MPSIMbIC
9KCIIEPUMEHTA/IbHbIE OTPAaHMYCHHUSI Ha Maccy aH-
TUHEHUTPUHO MIOOHHOTO apomaTta [20].

[TonyyeHo 00001IEHHO-PEHOPMIPYITIIOBOE
ypaBHEHME, CYMMUPYIOIIee BCe IJIaBHBIE Jorapud-
MBI, U1 3((PEKTUBHOrO MOTEHILIMAla B CKaJISPHO
TEOpUU C TIPOM3BOJILHON (HOPMOIT TMOTEHIIMANA.
VYpaBHeHME OBIIO NMPUMEHEHO K MHQISIMOHHON
KOCMOJIOTUM B aTTpakTOpHOU 7T-Momenn ¢ Men-
JICHHBIM CKaTblBAaHMEM: II0Ka3aHO COXpaHEHME
ACHMIITOTUYECKOTO IMOBEACHUS COOTBETCTBYIOLIMX
3D PEKTUBHBIX MMOTEHIINAIOB, BBIYUCICHBI KOCMO-
Jornyeckue HabmofaeMble, OOHApYXeHO CITOH-
TaHHOE HapylleHWe CUMMETPUU B 3(POEKTUBHOM
MOTEHIMale BCIEACTBME KBAHTOBBIX IONPABOK
(mexanusm Koynamana—Baiin6epra) [21].

[IpoBeneHo u3ydeHME TPAHCIIOPTHHIX CBOMCTB
KBapK-ITIOOHHOM IUIa3Mbl. BBIUMCIIEHBI CIBUTOBAs
u o0beMHasl BSI3KOCTU. BrepBble m3yyeHa MpoOBO-
JUMOCTh BO BHEIIIHEM MAarHWUTHOM II0JIC ¥ TIPU He-
HYJIeBOI OapMOHHON IIJIOTHOCTH [22—24].

Ac/( TCern)
10 ® 0., N,= 16, 200 MeV

& o), N, = 16, 200 MeV
08} Bo., N, = 16,250 MeV

2 oy, N, = 16, 250 MeV

O o, N,= 10, 200 McV
06 B D Il N, = 10, 200 MeV %
04}

o #
021
O 3z
001 ¢
ol © %o
6 ¢ E >3
0.0 0.5 1.0 1.5 2.0
eB, GeV?2

[MponosbHast U mornepeyHast MPOBOAMMOCTU KBapK-IJIi0-
OHHOI1 TUIa3Mbl KaK (YHKIMS MAarHUTHOTO TOJSI TpU
temneparype 7=200 u 250 MaB

[TpoBeneHo wm3yueHHWE CBOWMCTB TUIOTHOM JBY-
uBetHoi KXJI mpu HeHyneBoil GapMOHHOM IJIOT-
HOCTH. DBBIIM WM3y4eHHl ITOTEHLMAJ B3aMMOJIEH-
CTBMSI CTATUIECKMX KBAPKOB B IJIOTHOM OapMOHHOM
MaTepuM, YpaBHEHUS COCTOSIHUSI, IIpOIIaraTtop
IJII00HA W ypaBHEHME cocTosiHus. OOHapyXeH ne-
KOH(balHMEHT B TUIOTHOW OapuMOHHON MaTepuu
[25—28].

BriepBble mpoBeneHO M3ydyeHUE BIMSHUS DPEsi-
TUBUCTCKOTO BpamieHus Ha cpoiictBa KXJ/I. U3y-
YeHO, KaK BpallcHMe BIUSeT Ha (Da3oBbIe Mepe-
xonbl B KX]I, BbIYMCIEHBI YpaBHEHUE COCTOSTHUS
Bpallalonieics TIOOAMHAMUKA U MOMEHT MHEp-
LMW TJTIOOHHOW Maa3Mbl. OOHapyXeH psii HOBBIX
SIBICHUI, KOTOPbIE MOTYT IMPOMCXOAUTh BO Bpa-
maronieiics KXJI. B yacTHocTH, 0OHapyXeHO co-
CTOSIHME, TIPU KOTOPOM MOTYT COCYLIECTBOBATH JIBE
pas3Hble pasieieHHble B TPOCTPAHCTBE (ha3bl KOH-
(baitnMenTa n nekoHpaitHMeHTa [29—31].

N
T

- - - Rational fit 1
Cont. limit 1

§ 5x40x412]
T 6x40x412]
¥ 7 x40 x 4121
L 8x40x4127

18

16

2.0

T
| 7T,

Koaddunuenr K, niasg ramoommHaMMKU, KOTOPHIN IPo-
MOPIIMOHAICH MOMEHTY MHEpLUUU KBAPK-TIIOOHHOIA
TU1a3Mbl, KaK (QyHKIIUS TeMIepaTyphl

Pazpaborana TpexXKMAKOCTHAS TUAPOIUHAMU-
qyeckas MOJeIb, KOTopasi MpUMEHEeHa Ul OIuca-
HMSI CTOJIKHOBeHUIT Au+Au B paMKax IIpOTpaMMbI
sHepretTuyeckoro ckanmposaHus Ha RHIC. B pe-
3yJIbTaTe BHIYMCIEHUI CTAHOBUTCSI OYEBUAHBIM, UYTO
JIyyliiee onucaHue oOIIMX HAOMI0AaeMbIX BEJIUUMH,
TaKMX KaK MHOXKECTBEHHOCTb YAaCTHII, UX CIIEKTPBI
U T.J., MOXET OBbITh mocTurHyTo mist EoS ¢ dazo-

0.1 0.2

—— ayg=0.00
== apy=0.07
tx— apg=0.10
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[ToreH1Man B3aMMOICHCTBUS CTATUIECKUX KBAapKOB A
Pa3HbIX XUMUYECKUX ITOTCHIIHUATIOB
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TEOPETUYECKAHA ®U3NKA

BBIM TepexXoaoM aeKoHpaiiHMeHTa. Takoil mepexon
MIPUBOAUT K YCWJICHUIO 0AaPMOHHOTO TOPMOKEHMS,
TaK 4to ero 3P PeKTUBHOCTD, coctasisiomas 100 %
Mpu 3HEepruu B LeHTpe Macc 7,7 2B, cHmkaeTcs
TONIBLKO 10 ~40 % mpu sHepruu 62 '3B. HanbGoms-
1Me HavajbHble OApMOHHBIE TUIOTHOCTU JOCTHIa-
I0TCSI B ILIEHTPAJbHON O0O0JACTH CTaJKWBAIOIIMXCS
smep mpu syy=20—40 I'sB [32—34].

I'maponmHaMuyeckas Moeb Obula BIEPBLIE KC-
M0JIb30BaHa Ul MCCIeA0BaHUSI 00pa3oBaHMs KJia-
cTepoB. PoxpmeHue JIerKux suep paccMaTpUBaeTcst
B paMKax TepMOAMHAMMYECKOIrO MOAX01a HapaBHE
C aJipoHaMM. YCTaHOBJIEHO, YTO TIO3/HEE 3aMopa-
KMBaHUE MPEAIIOUYTUTEIbHEe IS IEHTPOHOB, TPU-
toHoB 1 He. [IpumeuarenbHo, YyTO HAOIIONAEMBIE
4He nyulie BOCHPOMU3BONATCA TP CTaHIAPTHO
3amopo3ske [35].

PazButa THOpMAHAs Mojenb, CBA3bIBAKOIIAS
MapTOH-aAPOH-CTPYHHYIO AMHAMMYECKYIO MOJIE/b
(PHSD) u ruppomuHaMUYecKylo MOjeNlb, YUUTbI-
BAIOLLYIO CABUTOBYIO BSI3KOCTb B paMKax IOAXOIa
M3pasnga—Crioapra. Ee paboTocrnocoOHOCTh Mpo-
BepeHa Ha pacrpeie/ieHusIX Mo ObICTPOTe MUOHOB
M TIPOTOHOB, a TakXe pachpeaefeHUsX IO Tore-
pPEYHOMY MMIYJIbCY, PACCUYMTAHHBIX JUIS CTOJKHO-
BeHmit Au+Au u Pb+ Pb nipu sneprusax AGS—SPS.
Hecmotpst Ha obiee xopollee corjaacue ¢ JaHHbI-
MU, BBISICHUJIOCH, YTO HEMPOCTO OJHOBPEMEHHO
BOCITPOM3BECTU pacIpene/ieHds] MMOHOB U MPOTO-
HOB 110 ObIcTpOTE [36].

3aBUXPEHHOCTDb, TeHEpUpPyeMasi B CTOJIKHOBEHMU -
SIX IOHOB, U €€ BIMSHME Ha IOJIIPU3aLUI0 TUIIEPO-
HOB M3Y4arTCsl B paMKax TUAPOAMHAMUYECKOTrO U
TPaHCIOPTHOI'O TOAXOA0B. AHANIM3 SKCIEPUMEHTOB
MTOKA3bIBAET, YTO I OMUCAHUS MMITYJIbCHBIX pac-
MpeACJCHUII TTMOHOB, O0pa3yIOIIUXCA TIPU CTOJ-
KHOBEHMHU TSDXKENbIX MOHOB mpu 3Heprusix RHIC
n LHC, moxet moTpedoBaThes 00JbIIOE 3HAYEHUE
XMMUYECKOTO MOTEHIIMAA TMOHOB, OJIM3KOE K KPH-
TUYECKOMY UTSI 003e-3MHINTEHOBCKON KOHAEHCA-
uuu (bOK) B npeanrbHOM MUOHHOM rase. bimzocThb
CUCTeMBI K KpuTnueckoil Touke bOK mposBisercs
B pocTe daykryauuii [37—40].

PaccMoTpeHo BaMAHME MMOHHOTO B3aMMOJAEH-
CcTBUSI Ha (uyKTyauuu 4uciaa vyactul. Hopmupo-
BaHHasg AMCIEPCUS TIOJHOTO YMC/Ia YacTUI U OT-
HOCHUTEJILHOTO YMCJIA 3aPSKEHHBIX M HEUTPAJIbHBIX
MMMOHOB YBEJIMUMBAETCS C TOHMKEHUEM TeMIIepaTy-
PbI, HO OCTA€TCS KOHEYHOM B KPUTUYECKON TOUKE
003e-3MHIITEAHOBCKOM KOHJEHCAIlMM, TOrIa Kak
JUcriepcuu 3apsiaa pacxondarcs [41, 42].

[MIupokuit Kpyr mpobseM cBsI3aH C (a30BbI-
MU TMEPEeXOJaMU B CHCTEMAX, XapaKTepU3YIOLIUXCS
CUJIbHBIM B3aUMOJEICTBUEM 4acTUIl U 00Opa3oBa-
HueM cTpyktyp. [Ipemnoxena obiasg (eHoMeHO-
JIOTHYECKast MOJieJTb CPEIHETO TOJIsl, ONMChIBAIOIIAS
(ha3zoBbIe TIEpexobl IEPBOTO M BTOPOrO POAa B OfI-
HOpPOIHOE ¥ HEOTHOPOAHOE COCTOSIHUS, IPUYEM
Mepexol B MOCIEIHEe MOXET MPOMCXOAUTH JaXe
B Cllydyae, KOrla B3aUMOJIEICTBHE TPAaHCISLIUOH-
HO-MHBAapUaHTHO. Teopusi mpyuMeHUMa Ul OIuca-
HUS CMELIaHHOH (ha3bl B HEHTPOHHBIX 3Be3/laX U
00pa3oBaHUsI HYKJIOHHBIX KIactepoB [43—45].

CeueHust 00pa30BaHUSI CAMbIX TSDKEIBIX HEU3-
BECTHBIX U30TOMOB 283.284Rg  287-290Nh, 291-2%4Mc,
4Ly u 295"297Ts ObIM  BIEPBbIE BHIYUCIEHEI
B pXN-UCTAPUTEIbHBIX KaHaax peaklnil ropsiyero
cusaHus, a 286.287Cn, 290.91F] 291.292\f¢ 1y 294Ly —
B axn-KaHanax. [Toka3aHo, 4TO MCIOJIb30BaHKE Ka-
HaJIOB MICTIApEHMS 3apsKEHHBIX YaCTHUI] TIO3BOJISIET
YBEJIMUUTDh MACCOBOE YMCJIO CAMBIX TSIKEJIBbIX M30-
ToroB siaep ¢ Z=111—117 Ha HECKOJbKO EAMHUII.
Kananbl ucrnapeHus npoToHoB 0oJiee 3(PheKTUBHBI
IUIs mocTvkeHuss N= 184, ueM KaHabl a-OMUCCHU.
WcnaputenbHble KaHAJbI pX1 U aX# TIO3BOJISIIOT T10-
JIyYUTh T€ U30TOIbI, KOTOPbIE HEAOCTYITHBI B X1-Ka-
HaJlax M3-3a OTCYTCTBHSI MTOAXOMSIINX KOMOMHAIIMIA
CTAJIKUBAIOIIMXCI d1ep. B acMMMETpUYHBIX peak-
LMSIX TOPSTYETO CUHTE3a C PaliOAKTUBHBIMU SIIPAMU
OLICHEHBI CeueHMsT 00pa30BaHUSI HOBBIX M30TOIOB
261,263,264N g, 263-265] . 263,264,266,268 R f, 264,265,269 D)y
u 267.268,270.2728¢ g qxn- M Xn-UCHAPUTENBHBIX Ka-
Hajax. IlokazaHo, YTO B KaHalax UCIApeHMs 3a-
PSDKEHHBIX YaCTUL MOXKHO TONYYUTh HEU3BECTHBIE
U30TOIHI ¢ ceueHussMu okojio 0,1—300 HO [46, 47].

UccnenosaHo BiaMsHME KOHEUHOW TeMIepaTyphl
(T~10'0 K) amep ¢ 6nuskum Kk N=50 yuciaom Heii-
TPOHOB Ha CKOPOCTb 3aXBaTa 3JIEKTPOHOB B Bellle-
CTBE KOpa KOJUIANICUPYIOIIell CBEPXHOBOM 3BE3MIblI.
B paMkax TepMOIMHAMUUYECKU IIOCJICAOBATEILHOTO
MOAX0Ja T0Ka3aHO, YTO TEILIOBbIe 3(P(EKThI MpU-
BOIAT K pa30JoKupoBKe ramoB-TesutepoBckux (I'T)
nepexonoB. CpaBHEHME CKOPOCTE 3axBara dJieK-
TPOHOB Ha OCHOBHOM coctosiiuu (7=0) u Ha Ha-
rpeTix aapax SNi, 82Ge, 86Kr u 38Sr cumerens-
CTBYET O BaXHOCTHM y4yeTa KOHEUHOI TeMIlepaTyphbl
saep Ipyu MOJEIMPOBAHMM KOJUIAIICA CBEPXHOBBIX.
[TonyyeHHbIe pe3yabTaThl CIIOCOOCTBYIOT paspeliie-
HUIO BOMPOCA O MEXaHM3Me B3pbiBa KOJLIANICUPYIO-
X CBEPXHOBBIX [48].

HccenenoBaH mpoliece yy-pacnaia HU3KO3HEpre-
TUYECKOTO KBAIPYIOJbHOIO COCTOSIHUSI YeTHO-YET-
Horo gapa. B kayecTBe mpumepa Ui IIEPBOTO BO3-

CoaepxaHue



TEOPETUYECKAHA ®UN3NKA

OyXIEHHOro cocTosAHMs 48Ca BriepBble pacCUMTaHO
OTHOIIIEHWE IIUPUH )y/p-pacmlafioB U MOJy4eHO
MakcuMmaibHoe 3HaueHue 3-1078, xoropoe Moxer
OBITh MPOBEPEHO 3KCIepuMeHTaabHO. Ha ocHoBe
MeTofia (DYHKIIMOHAJA TUIOTHOCTH SHEPIUU TI0Ka3a-
HO, YTO HIMPUHA yy-pacriajia YyBCTBUTEIbHA K Be-
JIMYMHE CMCIIMBAHUS TPOCTBIX M CJIOXHBIX KOH-
¢durypauuii B 00JaCTU TUTAHTCKOTO JMIIOJLHOTO
pe3oHaHca. IIpemioxeH HOBBI CIOCOO MPOBEPKU
MTOHMMAaHMS KOJUICKTUBHBIX MOJL B aTOMHBIX SIIpax,
M OTKpbITa TIEPCTIEKTUBHAs 00J1acTh HUCCIea0Ba-
Huii [49].

Ha ocHoBe reomMeTpuyecKOil KOJJIEKTUBHOM
MOJIEI U KBAa3MYACTUYHO-(HOHOHHOU MOJIEIU BbI-
BelleH MUKPOCKOITMYECKUI BapuaHT (heHOMEHOJIO-
TMYECKOro cooTHolIeHus1 ['pom3uHca. DTO COOT-
HOLIEHKME MPUMEHEHO IS TpeICcKa3aHus SHEepPTruu
BO30YX/IEHMs NEPBBIX 27 COCTOSHMIA B SAIpax C 3a-
psaoM Z> 100 ¢ uenblo aHanM3a CHeKTPOB a-pac-
naga. OOHapyXeHO, YTO B Havyaje LEMOYKMU M3yda-
embIx simep mpu Z=100—110, rme kBagpymoabHas
nedopMmaliyst BHICOKA, SHEPIUsl BO30YXICHUS TIep-
BoIX 27 cocrosHmit He mpebimaer 100 k5B, T.e€.
COOTBETCTBYET BpAaIIaTeIbHBIM COCTOSIHMSIM. 3aTeM
C YMeHBIIIeHneM JaehopMaIn E(2+1) pe3Ko Bo3pac-
TaeT ¥ JJOCTUraeT MAKCMMAIBHOTO 3HauyeHus B 284F]
win B 2920g, T.e. B Apax ¢ MUHUMAILHBIMU 3Ha-
yeHusIMu (3, [50].

CxeMa  MEXaHM3MA  HEIOJHOIO

CIIMSHUS B BUIE CUIBHO acUMMe-

TPUYHOIO KBA3UAENEHUS B CIyyae
peakuuu 30+ 93Nb

6=0,08

(0, 0) (m, 0)

CrexTpanbHble (GYHKIIMU Ha YPOB-
He @epmMu B TMepBOM KBajpare
30HbI bpuiuitosHa, BbHIUMCICHHbIE
IUTST pA3IMYHBIX YPOBHEN IOMMPO-
BaHus 6. [TokazaHa BO3HMKAOIIAS
PEKOHCTPYKLMST MTOBEPXHOCTH
®epmu, cOTACyIOIIAsCS ¢ KCIIe-
PUMEHTOM: TIceBIOIIeTeBas (dasa
(a—6) <> BOJIHA 3apsIOBOI TUIOT-
HOCTU (e—e) <> TICceBaoLIeaeBast
aza (ac) <> PepMHI-KUIKOCTD (3)

IIpennoxeH HOBBIH MeXaHU3M, B KOTOPOM He-
MOJIHOE CAMSIHME paccMaTpUBaeTCsl Kak OYeHb
ACMMMETPUYHOE 10 MacCe KBAa3UJAEJIEHUE NBOMHOM
SIEPHOI  CUCTeMBbI, OOpasylolleiicss Ipu 3axBaTe
HajeTalouiero siapa sapoM-muuieHbro. ITokaszaHo,
YTO HEMOJHOE CIUSHUE MPOUCXOMUT M3-32 CUJb-
HOIO YBEJIMYEHUSI BHYTPEHHEro Oapbepa CIHUSHUS
M0 CTeNeHsIM CBOOOMBI Mepesayd Macchl U 3apsi-
Jla, 4TO MPEMITCTBYET MOJHOMY CIMSIHUIO B OYEHb
ACUMMETPUYHBIX CUCTEMAaX, B pe3yJbTaTe BO3pacTa-
€T BEpOITHOCTb 00pa3oBaHUsl a-yacTul. LleHTpo-
OeXHasl Cuila BBI3BIBAET PA3PYyLICHUE ITOM acum-
METPUYHOI CUCTEMBbI (HAmpuMmep, C a-YacTHIIEi).
OctatouHoe sapo, obpasyrouieecsl NpyU HEMOJIHOM
CIIMSIHMM, HArpeTo MEHbIle, YeM COCTABHOE SIpo,
obpasyrouieecss npu MojaHoMm causiuuu. Ilpemio-
JKEHHBI MEXaHU3M OTKPbIBAET BO3MOXHOCTH LIS
MOJIYYeHUST HOBBIX M30TOIOB B peakLMIX HEMOJHO-
ro causaus [S1].

IToxazaHo, 4TO HEOOBIYHOE MOBEAECHUE TTOBEPX-
Hoctu PepMu B BHICOKOTEMIIEPATyPHO-CBEPXIIPO-
BOMSIIIMX ~ KylpaTraX MOXeT ObITb OOBSICHEHO
B paMKaXx MHUKpocKomnuueckoi r—J-momenu. OHO
BBI3BAHO CHJIbHBIMU 3JIEKTPOHHBIMU KOPPEJSLIU-
MU, TIPUBOJSIIMMU K BO3HMKHOBEHWIO BOJH 3a-
pSAOBOM IJIOTHOCTU. Takum 00pa3oM, BIEPBbIE
B paMKaX MUKPOCKOIMYECKONH MOJEIM IOJIyYeHO
00BSICHEHME SKCIEPUMEHTAIbHBIX JaHHBIX MO pe-

_*He

.\

4He

6= 0,16

(0, 0) (m, 0)
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KOHCTPYKIIMM MoBepXHOcTU Pepmu B IOMUPOBAH-
HbIX Kymparax [52].

HccnenoBaHo BIUSIHME CBS3U MEXIY CBEPXIIPO-
BOISIIMM TOKOM M HAaMarHUYEHHOCTbIO B KO-
3e()COHOBCKOM TIEpPEX0OAe CBEPXIMPOBOTHUK—]ep-
POMAarHeTMK—CBEPXIPOBOAHUK B IIMPKYJISIPHO
MOJIIPU30BAHHOM MarHuTHoM 1one. [IpomemoH-
CTpUpPOBaHA BO3MOXKHOCTh IPOSIBIEHUS (peppomar-
HUTHOTO pE30HAaHCa Ha YaCTOTHOM 3aBMCHMOCTHU
aMIUIATYObl HAMAarHUYEHHOCTU M CPeAHe KpUTH-
YeCcKOM IMJIOTHOCTU TOKa. Ha BosbT-aMIIepHBIX Xa-
PaKTEepUCTUKAX OOHApyKeHbl CYOrapMOHUYECKHUE
JIECTHUYHBIE CTPYKTYPBI, O0YCIOBICHHbIEC BIUSHU-
€M IMHAMMKJ HaMarHMYEHHOCTH Ha pa3HOCThb (a3
B X03e(COHOBCKOM Tepexone. CyOrapMoHMUe-
CKM€ JIECCTHUYHBIC CTPYKTYPBI MOTYT OBITh MCIOJIb-
30BaHBI I PETUCTPALlIN MallOpaHOBCKUX COCTOSI-
HUIi B 1K03e(PCOHOBCKMX HAHOCTPYKTYpax [53].

10y

(N-1)+1/(n-1/m)

Vv _0.4 47_/4
L P
0.8 103 5/3
- 3/2—>A<—3/2
I i . N-1/n
0.6 N=2
FtN-1/n
04[V=1 4/
I 2/3——¥See inset
B N ) + 1 (n1/m)
s N=1,n=3
02 n Iﬁ|/5 i
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CyOrapMOHMYECKHE JIECTHUYHBIE CTPYKTYphl B pas-
JIMYHBIX  YaCTAX  BOJIBT-AMIEPHON  XapaKTEPUCTUKU
S/ F/S-nepexona mpu peppOMarHUTHOM Pe30HAHCE

Pazpabotan MeTon TreHepalMy pPeaTuCTUYHBIX
CTPYKTYp (TOpHMpOBaHHOIrO rpadeHa, KOTOpBIii
OaszupyeTcs Ha pe3yJbTaTaX CTOXACTUYECKMX MO-
JICKYJISIPHO-IMHAMMYECKHMX PACUeTOB. DJIEKTPOH-

Hble TPAHCIIOPTHBIE CBOWCTBA TAKUX CTPYKTYD
paccuMTaHbl B INMPOKOM WMHTEpBajie 3HAYEHMIA
KOHLIEHTPaLKX aTOMOB (hTOpa, a TakXkKe IMpU pa3-
JINYHOI CTeNeHn UX yropsmodyeHns. OGHapyXeHo
COOTBETCTBHE MEXIY HEPETYIAPHOCTHIO PacIio-
JIOKEHUS aTOMOB (DTOpa ¥ DJIEKTPOHHBIMU CBOJi-
crBamu. TIpemToXeHHOE pAcCMOTPEHHE TI03BO-
JIAJIO  BOCIIPOM3BECTH JIBA OKCIIEPUMEHTAIBHBIX
HaOMIONEHNS B JTAaHHOM MaTepyaie: 2JIEKTPOH-IbI-
POYHYIO aCMMMETPHMIO TPAHCIIOPTHBIX CBOICTB U
MK B TPOBOIMMOCTH TIPM KOHIIEHTpaLuu (ropa
okono 10% [54].

CdopmynupoBaHa Mojejb, MO3BOJMBILAS OIHU-
caThb B3aUMOJAEHCTBMSI SKCUTOHOB B OJHOCIOMHBIX
JIUXaJbKOTeHUAaxX nepexonHbix metanion (OIITM)
C yYE€TOM KaK BHYTPUIOJMHHBIX, TaK U MEXIOJIMH-
HBIX 3KCUTOHOB. OOHAPYXEHO, YTO KOPPEKTHBIHI
y4eT IBYHAPHBIX KOpPpeIsSuuil Mexmy (pepMueB-
CKMMM HOCHUTENISIMU 3apsiia, COCTaBJISIIOIIMMU JIBa
9KCUTOHA, U CUMMETPUU B3aUMOJAEHCTBYIOLIUX 3K~
CUTOHOB OKa3bIBaeT OIpelessolliee BIMSHUE Ha
XapakTep SKCUTOH-3KCUTOHHOIO B3aMMOJICHCTBUSI:
OHO SBJISIETCS B OOILEM OTTAJKMBAIOIIMM, 3a MC-
KJIIOUEHMEM ClIydasi SKCUTOHOB U3 Pa3HbIX IOJIMH,
KOTOpPbIE MPUTATUBAIOTCS U 00pa3yloT MEeXIOIMH-
HBIIE OMAKCUTOH. TeM caMbIM BBHISIBJIeHa (puU3Mye-
ckag mpupona omakcuroHa B OIIIM u BmepBble
00BSICHEH 3KCIIEPUMEHTAIbHO HAOII0daeMblil IIK-
pOKUI pa3dpoc 3HAUEHUIN 2HEPrUU OMIKCUTOHA
B pasnuyHeix OJIIIM, B ToM umcie mpu UX WH-
Kancyssiiuu. [lomyuyeHHbIe pe3yabTaThl MpPeacTaB-
JISIIOT OYEBUIHBIA TIPAKTUYECCKUI HMHTEPEC I
PasBUTHS TOJYIPOBOAHMKOBBIX HAHOTEXHOJOTUIA,
MpexJe BCEro B ONTOAEKTPOHUKE [S3].
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30HHasE CTPYKTypa OXHOCIOMHBIX —IMXaJbKOICHMIOB
BoJib(paMa B OKpecTHOCTH J0JMMH K M K' M cBsI3aHHBIE
C HUMM 3KCUTOHBI

CBoiicTBa MepcrneKTHBHBIX MaTepuaaoB B (r3u-
K€ TBEPOTO Tejla U3yYeHbl METOJJAMU PEILIETOYHOTO
MojienMpoBaHus. B yacTHocTH, M3yvyeHbl rpadeH u
JIMPaKOBCKKE MmoayMeTaibl. g aTux marepuanon
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MPOBEACHO M3YYeHUE CTATUYECKOTrO IMOTEHIIMAIa
DNIEKTPUYECKUX 3apsiI0B, MPOBOAMMOCTU W BIIUSI-
HUS KUPATbHOTO XMMUUYECKOTO MOTeHI1aNa Ha (a-
30BbIE TIEpexoabl [56—59].

IlpencrasieHa oOliass Teopus BpallalOLIMXCS
YaCTUL[ C SJIEKTPUYECKUMHU M MArHUTHBIMUA V-
MOJbHBIMM MOMEHTaMM, JABWXYIIMXCS B TIPOU3-
BOJIBHBIX 3JICKTPOMArHUTHbBIX, MHEPUUATbHBIX MU
rpaBUTAllMOHHBIX Moysix. MccinenoBaHa Kak KBaH-
TOBO-MEXAHUYECKAs, TaK U KJIACCUYECKasl TUHAMU-
ka. IlomHoe cornmacre MexXmy KBAaHTOBOW MEXaHM-
KO M KJIacCUYeCKOM Teopueil J0Ka3aHO B 00LIeM
ciydae. B kauecTBe MpUIOXKEHUs MOJYYEHHBIX pe-
3yJIbTaTOB M3YY€HA JMHAMUKA BpallAIOLIEHCs Ya-
CTULbl B TPaBUTALIMOHHOW BOJIHE U TPOAHAIU3M-
POBAHBI MEPCIEKTUBbI UCIOJIb30BAHUS YCTAHOBKU
MAarHUTHOIO PE30HAHCA Ul PErMCTpalMy TPaBUTa-
[IMOHHOM BOJIHBI 3a CYET €€ BIWAHUA HA CITMHOBYIO
JIMHAMUKY [60].

Uccnemosana wmHoroyactuuHas SU(2|1) cy-
nepcUMMETpUYHAss KBAaHTOBasg MeEXaHMKa C J0-
MOJHUTEIbHBIMM ~ TIONYAMHAMUYECKMMU  CIIUHO-
BBIMU CTEIMEHSIMM CBOOOABl. B uacTHocTH, naHa
N=4 cynepcuMMeTpu3alus KBaHTOBON CITMHOBOIA
U(2) mogemn Kamomkepo—Mo3sepa ¢ BHYTpEeHHUM
MAacCOBBIM IApaMeTPOM, IOSIBISIONIMMCS. U3 1I€H-
TpabHOTO pacimpenus cynepanreopsr  SU(2|1).
[Monnas cucrema gomyckaer SU(2|1) kKoBapraHTHOE
pasiesieHnMe Ha CEKTOp LEHTpa Macc U (hakTop Mo
9TOMY CEKTOpY. BhIBeseHbI SIBHBIC BHIPAKEHUS LIS
Kyaccuyecknx v kBaHToBbIX SU(2|1) renepatopoB
B 000MX CEKTOpax, a TaKXe JJIS TIOJHOM CUCTEMBI.
OmpeseneHbl COOTBETCTBYIOIIME IHEPTETUUECKHE
CTIEKTPBI, BEIPOXICHUS ¥ HA0OpHI (PU3NYECKUX CO-
crosHuii [61].

OOHapyXeH HOBbIIf 3 (eKT CTYyIMeHYaToro u3-
JIydeHMsl B Mpolieccax pacragoB KBa3UMepuoauye-
CKUX OpM3EpOB U OCLUUUIOHOB, IIPOSBIISIOLIUICS
B IIOC/IEIOBATEILHOCTH «B3PHIBOB» IIOTOKA paaua-
1IMK, 0CBOOOXKIAEMOI B X0[€ AMHAMUUYECKON 3BO-
JIOLUK CUCTEMBI [62].
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CnekTporpaMma IOTOKa M3Iy4eHusl KBa3ubpusepa B Jie-
(opmupoBaHHoIi Teopun cuHyc-I'opmoHa

[TosyyeHbl TOUHbIE TIOTHOCTH v, U vy, CTSTU-
BaeMbIX U HECTArMBaeMbIX mneresnb B Mojaean O(1)
Ha TMoJjioce KBaJpaTHOM pelIeTKu, CBEPHYTOM B Oec-
KOHEYHBIA LMJIMHIAP ¢ KOHEYHBIM YETHBIM TepU-
MeTpoM OcHOBaHMSA L=2N. DTU MIOTHOCTU TaKXe
PaBHbI TUIOTHOCTSIM KPUTMYECKMX TEPKOJSIINOH-
HBIX KJIaCTEPOB Ha MOBEPHYTOIN Ha 45° KBagpaTHOI
peLIeTKe, CBEPHYTOM B LIMJIMHAP, KOTOPHIE HE OXBa-
THIBAIOT M OXBATHIBAIOT LMJIMHAP COOTBETCTBEHHO.

: N 3N 1
ANHQUZ 3 (= )T (25 + =
QXA Ve(2N) = (2> (2 +2>+ 5 — 2N3 — 3Nrw) 5 _
AUNOHOZ G 3N N+1 N I\’ /N 5\° 2
Qv A5 )T —5— I'=+=) T(=+=) I(N)
ﬁ / 2 6 2 6
A\ Q 117 913 3953 14569 3945737
L\P(j T 87160 8960’ 39424 146432’ 39829504
Y, 2
F\ )f h 9 3N
4 127°T | —
" 22N-2T(N) N 1\’_./N 5\° 2
QA oNy= W beanp (VL EAEL I U
5;%% vne@N) = orEny |2 T ( o 6) : ( o T 6) %
A 3 <§)
(<
. dm SHC C 1 11 421 1403 4189 952067
S 7 ~ 873207 26880° 157696 732160 238977024"

CraruBaeMble (CMHETO 1[BETA) M HECTATMBaeMble (KpacHOro LiBeTa) MeTau B Moaeau neteib O(1) U COOTBETCTBYIOIINE
KJIacTepbl MOIEJIN TIPOCAYMBAHUS (ClIeBa); TOYHBIE BRIPAXKEHUS IS MX TIOTHOCTEN (CIipaBa)
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Pe3ynbraThl mpeacTaBaeHbl KaK SIBHBIC palliOHAIb-
Hble (QYHKUMM NN, IpUHUMAIOIINE PallOHAIbHBIC
3HaueHus mnpu modoM N. Mx acuMnToTMYECKUe
pasoxeHus1 B mpeaeae 0onbliux N MMEIT uppa-
LMOHAJIbHBIE KO3(D(MUIMEHTHI, BOCIPOU3BOASIIINE
B BEIYIIMX TMOpPSIAKAX IOJYYEHHBIE paHee pe3yiib-
Tatbl. JlaHHBIN pe3ylbTaT IOKA3bIBaeT YHMKAallb-
HBII TIpUMEP TOYHOTO BHIUMCIEHUS] HAOII0maeMOit
B OTrpaHMYEHHON CUCTEME, KOTOpas CTaHOBMTCS
KPUTHYECKOI B mpeene OECKOHEYHOro pasmepa.
UccnenoBanus ee yHuBepcaabHOTO CKEHIMHIOBOTO
MOBEICHMSI TIOMOTAIOT JIYUllle TIOHATh (PU3UKY KpU-
TUUYECKUX SIBJIEHUI B IBYMEPHBIX cucteMax [63].

Hccnenosan mpemnoxeHHbIin Boxenem (Vogel)
Croco0 MmapaMeTpu3alMy BCeX MPOCTHIX KOMITIEKC-
HbIX anredp JIu ¢ momMouiblo Tpex MapameTpos,
KOTOPBIE OIPENe/ISIOTCS ¢ TOYHOCTbIO OO OOIIEero
MHOXUTEIS U nepectaHoBoK. [1oka3aHo, Kak Takoe
ONMKCaHWE BO3HMKAET MPU PACCMOTPEHUU paclie-
IJIEHHBIX (ITOJISIPU30BaHHBIX) orepaTopoB Kasumu-
pa — OCHOBHBIX KOHCTPYKTHUBHBIX OJIOKOB, MCITOJIb-
3yeMBbIX TIPU BBIYMCIEHUU 1IBETOBBIX (DAKTOPOB ISt
aMIUTATY B HeaOesleBbIX KaJMOPOBOUHBIX TEOPUSIX
nojist. st pacuieruieHHbIX orneparopoB Kaszumupa
BCEX IPOCTHIX KOMILIEKCHEIX anredp JIu B ompe-
JeSIoIeM U TIPUCOCAMHEHHOM IIPeICTaBICHMSIX
ObUIM IIOCTPOEHBI XapaKTePUCTUUECKME TOXIECTBA.
C mOMONIBIO 3THX TOXAECTB IOJYYEHBI SIBHBIE
(bopMyIIBI IS IPOEKTOPOB Ha MHBApUAHTHBIE MO -
MPOCTPAaHCTBa MpeacTaBieHus 7T® T'B AByX ciayya-
gax: korna T — ompenensioniee u xorna 7' — mpu-

COeIMHEHHOEe TpeAcTaBieHue. B npucoeimHeHHOM
MPEe/ICTABIEHUN TMOCTPOEHHbIE XapaKTepucTUye-
CKME TOXIECTBA M COOTBETCTBYIOIINE MPOEKTOPBI
MCC/IENOBAHbl C TO3UIIMM YHUBEPCATBHOTO OIUCa-
HUS BCEX MPOCTHIX KOMILIEKCHBIX ajiredp Jlu B Tep-
MUHaX TlapameTpoB Boxens [64].

HccnenoBanbl 3¢ @eKThl  3MEKTPOAMHAMUKU
B ITPOCTPAHCTBE-BPEMEHHU C HYJIEBOM KOCMUYECKOM
CTpyHoOIii. PaccMoTpeHBbI ciyyau, KOraa TOPHU3OHT
CTPYHBI IMEPeCceKaeT TOYEUHbII MCTOYHMK C 3JIEK-
TPUYECKUM 3apsSiIOM WM UCTOUYHHMK C MarHUTHBIM
MoMeHTOM. [loka3aHo, 4YTO HyJIeBbIe CTPYHBI BO3MY-
LIAI0T 2JEKTPOMAarHUTHOE I10JIe UCTOUHMKA U UHIY-
LUPYIOT 3JeKTPOMAarHUTHbIE BeIieckKu. IlomydeHo
AQHAIMTUYECKOE MPUOJMXKEHUE IS aCUMIOTOTUKU
3JIEKTPOMArHUTHBIX BOJTH Ha HYJIEBOM OeCcKOHEY-
HOCTHU OYIyIIero, BHIYMCICH MOTOK M3IyYeHMS IS
HCTOYHMKOB 000ouX TUIOB. OLIEHKU IOKa3bIBAIOT,
YTO IMUKOBAsS MOIIHOCTb U3AYYEHUS MOXET OBbITh
BEChbMa BENIMKA IJISI HYJEBBIX CTPYH, ABIKYILIMXCS
BOJIM3M TyJIbCApOB, U ellle Oobllie 1151 MarHera-
poB. B rpaButanum IoxkazaHo, UTO BO3MYLICHME
IPaBUTALIMOHHOIO I0JII MAcCCUBHBIX MCTOYHMKOB,
BBI3BAHHOE HYJICBBIMU KOCMHUYECKMMU CTpYHAMH,
M3y4aeTcsl B BMIE TPAaBUTALIMOHHBIX BCILIECKOB.
HyneBass xocMuueckasi cTpyHa M TOY€UHasl macca
BMeECTe IOPOXKIAI0T IMPOCTPAHCTBO, TE€OMETPUS KO-
TOPOTO BOJM3U HYJNEBON OECKOHEYHOCTU OyayLIero
MTO3BOJISICT OTHECTU €T0 K KJIacCy TaK Ha3bIBaeMbIX
MOJIMOIHOPOAHBIX IIPOCTPAHCTB [65, 66].
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PUSUKA TAXXEJIbIX NOHOB

BbICOKUX DHEPI A

B 2018 r. xonna6opauuss BM@N (Baryonic
Matter at Nuclotron) mpoBeia mepBbIii ce€aHC IO
(usmyeckoit mporpamme sKcrepuMeHTa. beuto 3a-
perucTpupoBaHo Oojiee 2 MJIH COOBITMI BO B3au-
MOJICMICTBUM TIyyKa MOHOB YIJIEpoJa C SHEprueii
4 I'5B/c Ha HYKIOH C XWAKOBOIOPOTHON MHIIIE-

HBIO B paMKax peaJM3alliyd MPOrpaMMBI MCCIIENO0-
BaHUII KOPOTKOAEUCTBYIOLIMX Koppeasiuuii. Kpome
Toro, Kommabopauus BM@N 3apeructpupoBaia
nouty 200 MAH COOBITMI Ha IMy4YkKax MOHOB apro-
Ha M KPUIITOHA C KMHETHYECKOW sHeprueil 3,2 u
2,34 I'sB cooTBeTCTBEHHO.

BM@N

VYyacTHUKM coBellaHusl Konabopauun BM@N

ConepxaHue



®U3NKA TIXKESIbIX MIOHOB BbICOKUX SHEPI I

TexHonornyeckoe nepeMeieHue 800-ToHHOTO coieHouaa aerekropa MPD
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®U3UKA TSXKESIbIX MOHOB BbICOKUX SHEPI UM

VyacTHHMKY coBelnaHus Kojutabopamuu SPD

B xome mnmutenbHoro ceanca 2022—2023 rr. Ha
BBIBEJICHHBIX MyYKaX HYKJIOTPOHA B 3KCIEPUMEH-
Te OBUIM 3aperucTpupoBaHbl 508 MJIH B3amMomeii-
crBuil noHoB 124Xe ¢ mmmensio Csl mpu 3sHep-
run 3,84 1B u 48 man npu sueprum 3,04 I'3B.
ITo utoram o0pabOTKM HAOpPaHHOW CTATUCTUKU
oxupaercss peructpauus 4-10%  A-rumepoHos,
1,2-106 K%-me3onoB u 8000 =-runepoHos. Bmecte
C MACHTU(MULIMPOBAHHBIMU 3apSKEHHBIMM YacCTH-
1laMUd OHM SBJISIOTCSI OCHOBHBIM WHCTPYMEHTOM
M3YYEHUS] CBOICTB SIIEPHOM MaTepuu, 00pa3syio-
meitcs mpu B3aumozeiicteusx Xe + Csl.

B peanuzanuu skcmeprMeHTa y4acTBYET MeEX-
JyHapodHasl KoJjulabopalusi, KOTOpas BKJIIOYAeT
240 ¢u3MKOB U MHXKEeHepoB U3 21 uccaeaoBaTelb-
CKOro uHcTUTyTa U3 11 cTpaH.

3aBeplaeTcss MHTEHCMBHAs paboTa 1o co3ia-
Huto ycraHoBku MPD (Multi-Purpose Detector),
MpejHa3HAUeHHOW JUId  MCCIEeIOBaHUS CBOMCTB
MJIOTHOM OapMOHHON MaTepuu, O00pasyroleics
B CTOJKHOBEHUSIX TSIKEJIbIX MOHOB Ha KoOJUIaiiiepe
NICA. MexnyHaponHas konnabopauys MPD o00b-
enuHset cBbiiie 500 y4yacTHUKOB U3 38 MHCTUTYTOB
n3 12 cTpaH.

Hetextop crmmHoBoit puszuku SPD (Spin Physics
Detector) — BTOpas ycTaHOBKa Ha KoJlaiiaepe
NICA, coznaBaemas 300 uneHamu Kosjgabopauuu
u3 35 uHCTUTYTOB U3 15 cTpaH. B HacTosliee BpeMs
YCUJIMSI YYACTHUKOB COCPEIOTOYEHBI Ha IOATOTOB-
ke TDR u TectupoBaHuM NpOTOTUIIOB JETEKTOPOB
[67—70].
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PU3SUNKA SJIEMEHTAPHbIX YACTNL,

B 2017 r. konnadopanust STAR na RHIC (CILA)
npu akTMBHOM y4actuu rpynnsl u3 OUAN coob-
1IMJIa O TIepBOM HaOoneHNY 3¢ (PeKTa KONIeKTUB-
HOI mossipu3aluu A-TUIIEPOHOB B CTOJKHOBEHUSIX
TSDKEIbIX MOHOB. OOHapyXeHO, YTO HaIlpaBJeHME
MOJISIpU3allii  A-TUTIEPOHOB KOppeIupyeT ¢ Ha-
MIpaBJeHUEM YIJIOBOIO MOMEHTA CUCTEMbl Ha YPOB-
HE HECKOJbKUX IPOLEHTOB IpPU HELEHTPaIbHBIX
CTOJKHOBEHMSIX ¢ 3Heprueit Vsyy=7,7—32 I3B.
Taxke ycTaHOBJIEHO, YTO ropsiyasi CHCTeMa, BO3-
HUKawouass B 00JacTU CPeJHUX OBICTPOT, MOXKET
paccMaTpuBaThbCsl KakK KMAKOCTb, U TMAPOAMHA-
MUYECKME PaCUeThl HAMpSIMYIO CBSI3bIBAIOT IOJS-
PU3ALNIO UCIYILIEHHBIX YaCcTHI] C TaK Ha3bIBaeMOM
3aBUXPEHHOCTHIO (3aKpyUYMBaHUEM ITIOTOKA) XKUAKO-
ct. C MCIIONb30BaHMEM 3TOH CBSI3U ObLIa cIenaHa
OlIEHKA 3aBMXPEHHOCTH KMIKOCTH, CO3MAHHON Ha
RHIC, kortopas cocrasisger mopsaka 9-1021 ¢l
4TO Ha 14 TOPSIIKOB BhILIE, YeM Y JT000ii 13 paHee
HaOmogaeMbIx xuakocteil. [Ipempimyime pesyiib-
TaThl mokasanu, yro cucreMa Ha RHIC saBinsgercsa
caMoil ropsiueil U1 HauMeHee BSA3KOH (OTHOCUTEIb-
HO TUIOTHOCTH HTPOIMMN) M3 KOTAa-aubo Co3aaH-
HBIX [71].

Ousukamu OUAN B skcriepumente COMPASS
(IIEPH) 6buta MHMLIMKMpPOBAaHA MpOrpaMMa MOUCKa
HOBOTO BO3MOXHOTO MEXaHM3Ma POXICHMS 3K30-
TUUYECKUX YapMOHUEB — (DOTOPOXKIEHUST Ha siaep-
Hoit MuieHu. B pesynabrate momcka X(3872) co
CTaTUCTUYECKON 3HAUMMOCTBIO 4,16 B CIEKTpe MH-
BapUAaHTHBIX Macc MoacucTeMsl J/yatn~ KoHeYHOTO
COCTOSIHUSI OBUT OOHAPYXEH CUTHAJ YaCTULbI, Mac-
ca Y IIMPHUHA KOTOPOM COINACYIOTCS C OXUIAeMbI-
Mu a5 X(3872). JletanbHblil aHANIM3 KUHEMATUKU
pacraga HaOJI0aeMON YacTUIIbI TIOKa3al IMOJHOe
HECOOTBETCTBUE XOPOIIO M3BECTHON KWHEMAaTHKE
pacmana X(3872). D10 HeoxumaHHOe HaOJIIOIEHME
MO3BOJIMJIO TPEANOJIOXKUTh, 4TO OOHAPYKEHHBIi
CUTHAJI, BO3MOXKHO, TIPUHAJIEKUT HOBOM YacTHUIIE,
KOTOpasl sIBIsieTcs JacTuieli-mapTHepoM X(3872),
nMeeT OJM3KYI0 Maccy, HO oriuyaeTcs oT X(3872)
Ha0OpoM KBaHTOBBIX urces. CylecTBOBaHME TaKoii
YaCTUIBI-TIAPTHEPA MPEACKa3bIBaeTCd HEKOTOPHI-
MU TEOPETHMUSCKUMU MOIEJSIMU, OIMCHIBAIOIINMU
X(3872) kak cocTossHME M3 ABYX KBapKOB M IBYX
AHTUKBAPKOB, TECHO CBSI3aHHOE CUJILHBIM B3aUMO-
JeicTBUeM (TeTpakBapK). Macca HOBOIO COCTOSI-
Hus pasHa (3860,1+10,0) MaB/c2, GpeiiT-BurHe-
pOBCKag 1IMpuHa ¢ BeposaTHOCTHIO 90 % cocTaBiser
menee 51 MaB/c? [72].

Psin vHTEpeCHBIX pe3yabTaToOB MOJYYEH IPYIIOi
OUSAN B skcriepumente ALICE na LHC (LIEPH).
HoBbiii ananm3 (peMTOCKONMMYECKUX KOPpPeIsSnii
JUISL TIap UAEHTUYHBIX 3apSDKEHHBIX TMOHOB M Kao-
HOB B pp-CTOJIKHOBEeHUSX Tipy 13 TaB Obu1 MpoBeieH
otneabHo st chepuueckux (Sp>0,7) U cTpyitHbIX
(87<0,3) cobbiTHii, TIe S7— momnepevHas chepuy-
HOCTb COOBITHSI. YMEHBIIEHNE PaailyCOB UCTOUHM-
KOB C YBEJIMUEHMEM IOMEPEYHOTO MMITYJIbCA Maphl
HaOJII01aJI0Ch HE TOJIbKO JJIS CTPYWHBIX, HO W JUIS
chepryeckux COOBITUM, KOTOPHIE IEMOHCTPUPYIOT
HETPUBUAJIbHOE TOBEACHUE KOJUIEKTUBHO-II0J00-
HBIX YaCTUI], OXMAAEMOE TOJbKO B CTOJIKHOBEHM-
SIX TSDKEJIBIX MOHOB € BO3MOXHBIM 00pa3oBaHHEM
KBapK-TJIIOOHHOM TITa3Mbl [73].

B oskcnepumente ATLAS na LHC (LIEPH)
MpU  aKTUBHOM yuyacTuu coTpyaHukoB OMAU
ObLIM TIPOBENCHBI MCCIENO0BAHUS IO MOMCKY pac-
nmagoB 0o3oHa Xurrca CM Ha KBapKOBYyIO bb-Tiapy
MpU COBMECTHOM pPOXIeHUU ¢ 0030HOM W wnu Z.
[IpoaHanu3upoBaHHbIC JAaHHBIC, COOTBETCTBYIOLIMEC
MHTErpaabHoil ceeTuMoctd 79,8 6!, Obum 1M0-
JydeHbl B MPOTOH-IIPOTOHHBIX COYAAPEHUSIX MpU

s =13 T»B. M3mepeHHoe mpeBbillieHHE HAOJIO-
JAeMbIX COOBITHI Ham OXUAAeMBIMU (DOHOBHIMU
COOBITUSIMU B KaHajle acCOLMATUBHOIO POXKICHMUS
TOJIBKO ¢ BEKTOPHBIM 0030HOM COOTBETCTBYET 3Ha-
YUMOCTH 5,36, YTO CPaBHMMO CO 3HAUYUMOCTBHIO

L ATLAS _’_Data

F s =13 TeV, 139 b wm VH, H — bb
35F 0+ 1 + 2 leptons (=117

t 2 + 3 jets, 2 b tags I Diboson

30 Dijet mass analysis B-only uncertaint

25 E Weighted by Higgs S/B

N
=)
T

Events/ 10 GeV (weighted, B-subtracted)

R /ST NIRRT FETEE RETTY REETE i 1 FETE RTEe i

40 60 80 100 120 140 160 180 200
Mpp, GeV

PacmipeneneHne mo MHBapMAaHTHOI Macce Taphsl b-CTpyid,

oOpasoBaHHOil B WH- u ZH-peakuusx, mocjie BblYUTa-

HUS BKJIaja BceX (POHOB, KPOME TUOO30HHBIX IMPOLEC-
coB WZwu ZZ
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PU3NKA SJIEMEHTAPHbIX YACTWL],

4,80, mpeackazaHHoit B pamkax CM. CratucTtuue-
CKasl I0CTOBEPHOCTb Pe3yJbTaToOB Obljia 3HAYNUTE I b-
HO YJIy4lleHa Mocjie 00pabOTKU BCeX JaHHBIX.

Cotpynauku OUAN npuHumanu yyactue B 1o-
UCKe TMOTeHLMANbHBIX CCcc-TeTPAKBapKOB, pac-
MaJaloMxcsl Ha TMapy 4YapMOHUEBBIX COCTOSIHMIA
B YETHIPEXMIOOHHOM KOHEYHOM COCTOSIHWH, C MC-
MOJIb30BaHMEM JAHHBIX, TOJydYeHHBIX pu 13 T2B
PP-CTOJIKHOBEHUI, COOTBETCTBYIOILIMX MHTErPajib-
Hoit ceetumoct 139 ¢6~!. Beumm oGHapyXeHbI
CTaTUCTUYECKM 3HAYMMBbIEC TPEBBILICHUSI CUTHAJa
Haj (GOHOM B KaHaje ¢ IBYMs J/y-Me30HaMu, co-
IJIACYIOIIMMUCS C Y3KMM pe3oHaHcoM mipu 6,9 3B
u OoJiee IIMPOKON CTPYKTYpOil mpu 0ojiee HU3KUX
Maccax. Kpome Toro, oOHapy>XeHO CTaTUCTUYECKU
3HAYMMOE IPEBLIIEHNE CUTHaIa Hal (hOHOM B Ka-
Hase ¢ J/y+J/y(2S)-me30Hamu. CrenaHbl OllEH-
KM COOTBETCTBYIOLIMX MacC M INMPUH pacrajgoB
[74=T77].

B 2023 r. B pamkax mpoekta ATLAS mpoBo-
JIVINCh TIOMCKM KBAaHTOBBIX 4epHBIX Iblp (QBH)
B CIIEKTPE MHBAPUAHTHOM MACChl B JIENTOH-CTPYM-

CMS Preliminary

HOM KaHaJie paclaia ¢ MCIOJb30BaHWEM TaHHBIX,
MOJYYEHHBIX TIPU Vs =13 TsB PP-CTOJIKHOBEHHUH,
COOTBETCTBYIOIIMX  MHTErPaibHOM  CBETUMOCTHU
140 ¢6~!. HabGmomaeMblil CrieKTp MHBAPUAHTHOIA
Macchl Iapbl JENTOH—CTpys coriacyercs ¢ CM.
IToctaBneHbl npeaeasl Ha ceyeHue poxaeHus QBH
C YYETOM BEpOSITHOCTHM pacrajia Ha mapy JIenTOH—
cTpysa nns macc Oomee 2 ToB Ha ypoBHE mocTO-
BepHocTH 95%. Huxnuii nmpemen Ha maccy QBH
coctasun 9,2 ToB g ADD mopenu u 6,8 ToB s
RS momenu [78].

B akcnepumente CMS na LHC ¢ yuactuem ¢u-
3ukoB OUAM npoBeneH monucK KBaHTOBBIX YePHBIX
JIBIP C XapaKTEPHOU 3KCIEPUMEHTAIBHON CUTHATY-
poii HapyllleHUsT apoMata eu, er, ut. IloqydyeHHbIe
OrpaHMYeHMsT HA MUHUMAJbHO JIOMYCTHMblE 3Ha-
YeHMsT MacChl KBAHTOBBIX YEPHBIX JbIP COCTABISIOT
or 3,6 10 5,6 ToB/c? B 3aBUCHMOCTHM OT MOJEIN U
qucaa n JOTOJHUTEIbHBIX U3MEPEHUIA.

B cTronkHOBeHUSIX IPOTOHOB ¢ 3Heprueit 13 TaB
B C.I.M. B KaHajie C Tapoil 3JEKTPOHOB U MIOO-
HOB BBICOKMX 3HEPTHUil ¢ UCIOJIb30BaHKWEM Habopa

Moriond 2022
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DPU3NKA SJIEMEHTAPHbIX YACTUL],

JMAHHBIX TIPY TOJHON MHTETPaJbHON CBETUMOCTH
140 p6~! u3MepeHBl BepxHME Ipelebl HA OTHO-
IIEHWS CeUCHUN POXKICHNS HOBBIX Y3KUX PE30HAH-
COB CO CIIMHOM 1 M cIIMHOM 2 M KaJuOpOBOYHOIO
Z-0030Ha. DTO MO3BOJMJIO YCTAaHOBUTh HauboJee
CUJIbHBIE MUPOBBIC OTPaHMYEHMS] Ha MacChl TpaBU-
TOHHBIX COCTOSIHUI B Monenu Pangamn—CaHnpyma,
MIEPEHOCYMKOB B3aUMOJICICTBUS MEXKIY YaCTULIAMU
CM U ceKTopoM TeMHOW MaTepuH, HOBBIX TSKe-
JIBIX KaTMOpOBOYHBIX 0030HOB Mojeneit Bemukoro
o0benMHeHMs. B pamkax moucka Hepe3OHAHCHBIX
CUTHAJIOB HOBOH (bM3MKU ObLT YCTAHOBJEH HKHUIA
Mpeaes Ha BEIMYMHY YIbTpadroJeTOBOrO MaclliTa-
0a oOpe3aHus UIT MOJEIU YEThIPEX(HEPMUOHHOTO
KOHTAKTHOTO B3aMMOJIEHCTBUS M MOJAEIM IUIOCKUX
JOTIOTHATEIbHBIX TIPOCTPAHCTBEHHBIX M3MEPEHMIA
Apkanu-Xamena—Iumonynoca—/JIpau. Taxke
BIIEpBbIE OblIa IpPOBEpeHa M IOATBEPXKICHA YHU-
BEPCAJIBHOCTD JIENITOHHBIX B3aMMOICHCTBUIL B 00-
nactu go 3 TsB. BrimonHeHa cepusi BbIUMCAEHUI
anekTpocnadbix 1 KX/I pagmaliMOHHBIX MOIIPaBOK
JUTS TIPOLIECCOB POKICHUS TTap BHICOKOIHEPTUYHBIX
MIOOHOB B Mpouecce dpenna—SIHa.

VYenemHo peanusytores cortacoBaHHbie B MoU
IUTaHBl TI0 MOJEPHU3AaLMU U TPOBEpKe paboTo-
criocooHoct aerekropoB CMS, B 4acTHOCTH, TO
CO3IaHUIO KaJOpHMETpa BBICOKOM TPaHYISIPHOCTH
(HGCal) n monepHM3aUMM TMepeaHeil MIOOHHOM
cranuun ME1/1 [79-82].

B skcnepumente NA62 na SPS (LIEPH) ¢ yua-
cteM ¢usukoB OUSAN B pamkax momcka HOBOM
(Gu3uKkKM B pemKuX pacmagax KaoHOB OOHAapy:KeHO
17 KaHIMAATOB B CBEPXPEAKMIA pacraj 3apskeHHO-

Data
SM Kt — ntur

:.. -ﬂ‘

15 20 25 30 35 40 45
7" momentum, GeV/c

CoOBITHSI-KaHIUIATE B CBEPXPEIKUIl pacman (B paMKe)

1 (POHOBEIE COOBITHS B TIEPEMEHHBIX M3MEPECHHOTO MM-

MyJibCa 3apsKEHHOTO NMWOHA W KBaJpaTa HEJOCTAKOIIEH
MAaCChI, CBSI3aHHOU C HEUTPUHO

ro kaona K™ — vy npu oxugaemom one B 7 co-

ObITHIL. DTO MO3BOJMIO CHEIATh JIYYIIYI0 B MUpE

OLIEHKY OTHOCHUTEJIbHOI BEpOSITHOCTH pacriajia
_ +0,4 _

BR(Kt — ztw) = (11,0_3:5 1 0,3¢ucr) - 1071 yro

cornacyeTcs ¢ npeackazanuem CM.

Ousukn OUAN Takke 3aBeplIniIn MCCIEO-
BaHue panuauuonHoro pacmaga K+ — aletvy ma
cratuctuke u3 1,3-10° xaHaunatos ¢ GOHOM Me-
Hee 1%, HabpanHoit B 2017—2018 rr. M3mepenus

104

Events/(500 MeV2/c*)

—-10 =5

0

—e— Data

m MC Ke3y

MC K., modified
Accidental

N MC Kt - 2970ty

5

10

Mhiss (Ke3y), MeV2/ct

Pacripenenenue xBaapara HeloCTalOLIE Macchl KOMOMHAIMIA 3aperu-

CTPMPOBAHHBIX YacTUI 70eTvy I OTOOPAHHBIX SKCMEPUMEHTATbHBIX

COOBITUI (TOUKM), a TaKXKe I OXUIAEMOro curHaga u ¢oHa (rucTo-
TrpaMMBbI)
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OTHOCUTENIbHOI BEPOSITHOCTH 3TOTO pachaga B Tpex
OTPAaHWYEHHBIX KMHEMATUYECKMX OO0JIACTSAX ObLIN
BBITOJIHEHBI ¢ OTHOCHUTENBbHOM TOYHOCTBIO B IIpe-
nenax 1%, 4To yaydllMio CYLIECTBYIOILUE Pe3Y.ib-
TaThl Oosiee YyeM B JBa pa3a. McciemoBaHa acuMMe-
TpHUS 3TOTO pacrana, KOTopasi MOXET ObITh CBSI3aHa
¢ T-HapyllieHreM, HO 0Ka3aTeJbCTB €€ CYIIECTBO-
BaHMS B paMKax JOCTUIHYTOM TOYHOCTU OOHapy:xKe-
HO He Obu1o [83, 84].

I'pyrima OUSU B sxcnepumenTe NA64 (LLEPH)
AKTUBHO YYacTByeT B MOICPHM3ALMKM YCTAHOB-
KM ¥ TIPOBEAECHWU CEaHCOB HaOopa OaHHBIX Ha
yckoputene SPS ¢ myykoM MIOOHOB C 3HEPru-
eit 160 I'sB u snextponoB ¢ sHeprueir 100 I'3B.
IIpomoskaeTcst MOMCK JIETKOM TEMHOW MaTepuu 1
ee Meauatopa — TeMHoro ¢otoHa. Ha cratuctuke
3,4-10"! coObiTii Ha MuILEHD (€0t) ObLT BIIEPBBIE
MPOBEAEH TMOMUCK Jierkoro Z' 0030Ha, BO3HUKAIO-
1Iiero B Mojensx paciperus CTaHIapTHON Moje-
JIY, CBS3aHHBIX C HapylIeHNEM 0apHOH-JIETITOHHOM
CUMMeTpUHM. 3a TeHepalnio Z' OTBeYaeT MeXaHU3M
TEMHOI'0 TOPMO3HOIO M3JIyUeHUS B peakiuu pac-
cestuust 100-I'3B a1eKTpoHOB Ha AAepHON MUILIEHU
e/ — e/7'. Pe3ynpTaT NpPOBEICHHOIO aHajiu3a Ha
90 %-M ypoBHE TOCTOBEPHOCTU MCKIIOUMII JaHHBIIA
MeXaHuU3M oOpa3oBaHusg Z'-0030Ha B JMAara3oHe
Mmacc oT 1 k3B 1o 1 I'sB, cyiiecTBeHHO IOMOJHUB
paHee HMEIOIIMECS OTpaHWYCHMS, ITOJYYEHHBIE
B CEpUM HEHUTPUHHBIX SKCIIEPUMEHTOB.

Ha crarucruke 9,37+ 10! eot B3ammoneiicTBuit
31ekTpoHOB ¢ sHeprueit 100 I'5B ¢ akTuBHOI MU-
LIeHbI0, HabpaHHOII B Xozme ceaHcoB 2016—2022 rr.
B oKcriepuMmeHTe NA64, ObIIo BIEpBbIE MPOBEIE-
HO UCCIIeIOBaHWE Haubojiee MHTEPECHOM 00JacTu
MapaMeTpoB Mojeell CKalsapHON U (epMUOHHOM
TepMaJbHOI TeMHOI MaTepuu ¢ cyo-I'sB-Hoii mac-
coit (LDM), poxmeHHOI MeIuaTOpOM — HOBBIM
BEKTOPHBIM 0030HOM — TEeMHBIM (DOTOHOM A’
CurHanoB 00pa3oBaHMUS TeMHOM MaTepuu He 00-
Hapy>keHO, YTO TI03BOJIMJIO YCTAaHOBUTH OoJee
TOYHBIE Mpeaeasl Ha B3auMmomeicTBug A’ ¢ $oTo-
Hamu 1st obimactu Mace my < 0,35 9B, a Takke
WCKJIIOUUTh CLEHAPUU CKAISPHOW U MaAMOPAHOB-
ckoit LDM B oOnacty mapaMeTpOB KOHCTAHTHI
B3aMMOICICTBUST —A', OrpaHUYEHHOU CBepXy

1073
8p-L

1074 CHARM 11

NPCGe

1075

10_6;
Gemma
10*7 R ETIT BRI B AR TET B AR R TIT B S R TITT B ST
1076 1075 1074 1073 1072 107! 1
mz, GeV

Pesynbrar NA64 no uckmoueHuio Ha 90%-M ypoBHe
JIOCTOBEPHOCTH 00JIACTH CYILECTBOBaHUS Z' B MOJIENU
HapylieHuss B—L cuMMeTpuu B 3aBUCUMOCTH OT KOH-
CTaHTBl CBSI3W gp—; W Macchl My B CPaBHEHWUU C pe-
3yJbTaTaMi  HEeUTpUHHBIX dKkcnepuMeHToB TEXONO,
Gemma (peakTtop), Borexino (comHeyHble HEUTPUHO),
LSND u CHARM II (yckopuTenbHbIC 3KCIIEPUMEHTEI)

ap< 0,1, u obmactu Macc 4acTUl TEMHOW MaTe-
pun 0,001 <m, <0,1 I'sB npu ycnosun 3m, < my:
[85, 86].

B pamkax mpoekra BESIII (M®B3, Ile-
KWH) TIpoBeldeHa mpoBepka CP-HapymeHus B
napax =0—20. Tlpouecc J/y —=9-E u mocne-
JyIOllMe pacraabl ObUIM MCCIENOBaHbI Ha CTaTHU-
ctuke (10087+44)-106 cobbitit J/y, HaGpaHHOI
B 9KcrepuMente. [lapamerpsl pactana oz, ¢z)
n Z%az, ¢=) ObUIM OMHOBPEMEHHO M3MEPEHBI C
OecrpelieIeHTHOI TOYHOCThIO. [lomyueHbl Haubo-
Jiee TOYHBIC 3HAYCHUS HAOTIONAEMBIX ATp U AdTp
g CP-napywenus B pacnage 20, Briepsble omnpe-
JieJieHbl c1abasi U cuibHasl pazHocTu a3 p—Cs U
0p—ds, UTO SIBJISIETCS Haubosiee TOYHBIM PEe3yJibTa-
TOM AJg Jr0oro ciabopacmajgaroierocss 0apuo-
Ha [87].
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DPU3SUKA TAXKESbIX MOHOB HU3KUX SHEPT NI

Peanuzanms  sKcmepMMEHTAIBHOM — MTpOrpaM-
Mbl abpuku CTD craproBana B koHue 2020 T.
B teuenne 2020—2023 rr. ObIIM BBITTOJHEHBI Clie-
JyIOlIMe SKCIepuMeHThl Ha myukax *Ca u 40Ar:
232Th + 48Ca — 280DS*, 28U + 40Ar 278DS*,
238y + 48Ca — 286Cn*, 242py + 4Ca — 2901:1*,
23Am +4Ca — 291Mc*. BbUI0 TOIYYEHO OKOJIO
250 coObITHiIT 00pa30BaHUSI CBEPXTSIKEIBIX SAEp;
M3y4eHHl CBOMcTBa pacmana 40 simep B Ouama3oHe
or noypercus (Z=103) mo mockoBust (Z=115).
[lecTb M30TONOB ObLIM MOJYYEHBI U UCCIICAOBAHBI
Briepsbie: 280Mc, 204Lr, 275Ds, 276Ds, 272Hs, 268Sg.

B 2023 r. Ha yckoputeabHOM KoMmimiekce «Da-
OpHMKa CBEPXTSIKENBIX 3JIEMEHTOB» BIIEPBBIC BbI-
MOJTHEH DKCIIEPUMEHT 110 CUHTE3Y U30TOIOoB 116-T0
anemeHTa B peakuyuu *Cr+ 238U, Lenblo sKcre-
pPMMEHTa SIBISUIOCh M3MepeHHe (hakTopa MaaeHMs
CeuyeHMs MpH Tepexoe OT peakuuii ¢ myuykom 48Ca
K 6osee TsxenoMy mydky S*Cr, a Takxke MOJTydeHue
CTabMJILHO BBICOKOTO TOKa myuka >*Cr. Beuio 3a-
PETUCTPUPOBAHO 2 COOBITUSI 00pa30BaHUs HOBOTO
usorona 116-ro snementa — 288Ly. DKcriepuMeHT
nponoskeH B 2024 r. [10—12].

]05 E T T T T T T T T T T T T E
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dU3NKA HEMTPUHO N ACTPODU3NKA

I'my6okoBoaHBIN HEUTpUHHBIN Teaeckor Baikal-
GVD sBisieTcst OMHMM M3 TPeX KPYITHEHIIINX B MUPE
n kpynHeimmm B CeBepHOM TOJYIIApUU TI0 -
(bexTMBHON TUTOLIAAM U O0beMY ISl HAOIIOAEHUS
TIPUPOTHBIX TTOTOKOB HEUTPUHO.

C 2017 mo 2023 r. Obutn yctaHoBneHs! 11 Kia-
CTepOB 0aiiKalbCKOIro TeJlecKoma, ero padouuit

00BeM TIpeBbICHI 3HaueHne ~0,5 KM? B 3amaue pe-
TUCTpPAIlMU COOBITUI OT HEMTPUHO BBICOKUX 3HEP-
ruii (coie 100 TaB). [leTekrop comepKuT B CBO-
eM cocTaBe 12 KjacTepoB ITyOOKOBOIHBIX TMPJSH,
PEeruCTPUPYIOIE W YIPaBJISIONICH aImapaTypbl
(3456 onTruecKux MOIyJeii).

Baiikanbckast skcreguuus

baiikan, 13 mapra 2021 r. INoanucanue MemopaH-
JIymMa o B3auMMoIloHMMaHuuM MuHoOpHayku Poccun
n OUAN no pasButuio 0aiiKalbCKOro TI1yboKo-
BOJHOTO HEHTPMHHOTO TeJEeCKONa B XOIE TOpXKe-
CTBEHHOTO 3amycka Tejeckona Baikal-GVD
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®U3UKA HEMTPUHO U ACTPODU3INKA

YyactHuku pabouero coBemanus 1o npoekty Baikal-GVD B 1enoBom jarepe Ha MecTe MPOBEAECHUS OUEPEIHON IKC-
MMM 10 Pa3BePThIBAHUIO TTYOOKOBOIHOIO HEMTpUHHOrO Teneckona. Pomo: © Upkymckuil eocyoapcmeentbiii yHu-
eepcumem

B navane maprta 2021 r. cocrosuica odpuurab-
HBIl BBOJI B 3KCIUTyaTallMIO ITyOOKOBOIHOTO HEii-
TpuHHoOrO Teseckorna Baikal-GVD (B cocrase Boch-
MU KJIaCTEpOB).

Ilpyn aHamu3e MaHHBIX, MOJYYEHHBIX MPU pa-
bote merexkropa B KoHpurypauusx 2018—2020 rr.,
OBLTM BBIIEIEHB! TIepBhle 10 KaHIMIATOB Ha COOBI-
TUSI, THULIMMPOBAHHBIE HEMTPHUHO BHICOKMX IHEp-
Ml actpopusnyeckoit nmpupoasl. OmybarMKoBaHbI

MEPBbIE Pe3yJbTaThl MOMCKA COOBITUIA OT HEUTpH-
HO Ha gerektope Baikal-GVD, acconmmpoBaHHBIX
C OIIOBELUCHUSIMM AQHTAPKTMUYECKOTO IETEKTOopa
IceCube [88, 89].

B 2022 r. mpu aHanu3e NAHHBIX, MOJYYEHHBIX
npu pabote nmeTekTopa B KoHpurypauusx 2018—
2021 rr., 6bUM BbiAeaeHbl 11 KackagHbIX COOBITUI
¢ oHeprueii 6osee 15 THB, UHULMKUPOBAHHBIX HEM-

[TonoxeHne  TEpPBBIX  JECATH
KaHIUJATOB Ha acTpodusnue-
CKME  HEWTPUHHBIC  COOBITHUS
B Baikal-GVD Ha HeGecHoI1 Kap-
Te ¢ uctounukamu FERMI-LAT
B TaJJaKTUYECKOW CUCTEME KOOP-
nuHAT. BHYTpeHHSIST M BHEIIHSS
OKPYXXHOCTU BOKPYT  COOBITUI
COOTBETCTBYIOT BEPOSITHOCTH pe-
ructpanuu 50 u 90 %

I I
856 1709
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®U3NKA HEUTPUHO U ACTPODU3UKA

PacmipeneneHus mo sHepTUM 3KCIEPUMEHTATBHEIX 1
TEOPETUIECKN OXMIACMBIX COOBITUI B paMKax aHa-
JIM3a KaCKagHBIX COOBITHII M3-TION TOPM30HTA: JKC-
TIepUMEHTAbHBIC COOBITHSI — YepHBIC TOUKHU; Pac-
TIpeesieHue COOBITHIA, oXumaeMoe oT I y3HOTo
MOTOKA HEUTPUHO acTpOoPU3NYECKON MPUPOIBI, —
LITPUXOBas rucrorpaMmma; (POHOBBIE COOBITHUS OT aT-
MOC(EpPHBIX MIOOHOB M aTMOC(EPHBIX HEHTPUHO —
KeaTasi 1 KOpUYHeBask 00JacTH; CyMMapHOe YMCIIO
OXUJAEMbIX CUTHAJbHBIX U (DOHOBBIX COOBITUI —
OpaHXXeBasl TUCTOrpaMMa

TPUHO acTpO(U3MYECKON MPUPOIbI, YTO HA YPOB-
HE JIOCTOBEPHOCTH 3G TMOATBEPXKIACT Pe3yJIbTaThl
MepBOro HaOJIONEHNS TOTOKA acTPO(U3NUECKUX
HEWTPUHO BBICOKMX SHEPrii Ha aHTAPKTUYECKOM
nerekrope IceCube [90].

B 2023 r. mpu aHanu3e NAHHBIX, MOJYYEHHBIX
npu paborte neTekTopa B KoHpurypamusx 2018—
2022 tr., BccaeaoBaHbl KOPPESUUU € IPKUMU pa-
Jqno01a3zapaMy KacKaJHBIX COOBITUI C DHEPTUSIMHU,
npesbimatonmu 100 ToB.

« SIMBAD PSR ¥ IGR J01583+6713

¥ LSI+61303 A XTE J0421+560
XK Swift J0243.6+6124 ¢V 0332+53
Y RX J0148.9+6121 ¥ NGC 1569

K RX J0146.9+6121
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Declination, °
N
o
T

5F .

s0fF

45 1 ..o 1 h 1 1
80 60 40 20

Right ascension, °©

Tpn kackagHbIX coObITMa  Baikal-GVD ¢ BbICO-
Koit  sHeprueii:  GVDI190216CA, GVDI190604CA,
GVD210716CA — BOMM3M TaJaKTUYECKOH TUIOCKOCTH
(cepast TMHMUS) W OIIMOKY OTIpeNeICHNS UX HAaIIPaBICHUI
(uepHble MHUM). ToYyKa CTAaTUCTUYECKM Hambosee 3Ha-
YUMOTo TpeBbIeHNs ToToka IceCube Ham M30TPOMTHBIM
B CeBepHOM MOJyLIAPUU MOKa3aHa KPACHBIM ILTIOCOM
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Hecmotpst Ha To, 4TO B TeKylleM Habope JaH-
HbIX HE OOHApYXEHO CTaTUCTUYECKM 3HAUMMbBIX
3¢ deKToB, aHANN3 yKa3bIBAET HA PSA BO3MOXKHBIX
accolMaluil Kak ¢ KCTparalakTMYeCKMMH, TaK U
C TaJakKTUYeCKMMM WMCTOYHMKaMM. B vacTHoCTH,
ObLT MpeaCcTaBIeH aHalINu3 HAOII0aeMOro TpUILIeTa
HEUTPUHHBIX KaHIWAATOB B TaJIAKTUYECKON ILIO-
CKOCTH, MCCJIe[0OBaHA €ro MOTEeHIMaIbHAsl CBSI3b C
OTIpEIeICHHBIMU TaJlaAKTUIECKUMKM HCTOYHMKAMHU,
PacCMOTPEHO COBIAJCHWE HAIMpaBICHUI IIpUXoma
KAaCKaJHbIX COOBITHII ¢ HECKOJIBKUMU SIPKMMU OJ1a-
3apamu [91].

Ha KanuHuHCKOI aTOMHOI 31eKTpOCTaHLIMU
(KADC) npoBoagaTcs aBa dKCMEpUMEHTa, HaIpaB-
JEHHBIX Ha MccleqoBaHue (QyHIAMEHTAIbHBIX
cBoiictB HelTpuHO: vGeN 1 DANSS.

DKcnepuMeHTanbHasgs ycrtaHoBka vGeN Haxo-
mutest mon peakropoMm Ne3 KADC Ha paccTostHUM
HemHoruMm Gojsiee 10 M OT LEHTpa aKTMBHOM 30HBI
peakTopa. DTo MO3BOJISIET ONMEePUPOBATH TMTAHTCKUM
MOTOKOM HEHTpuHO — Oomee 5-1013 cm2-¢c L.
OkpyXalolue KOHCTPYKLIMOHHbBIE MaTepuasbl pe-
aKTOpa IpEICTaBISAIOT COOO0M XOPOLIYIO 3alIUTy OT
KOCMMUECKOTO M3yUeHHUsI, COOTBETCTBYIOIIYIO0 50 M
BoaHoro skBuBageHTa. B 2021 r. OblIM 3aBepLIEHbI
paboThI MO0 ONTUMM3ALMKU OOOPYIOBAHMSA M Haya-
Thl TUIAHUPYEMbIE HM3MEPEHUS. DHEPreTMYecKoe
paspeleHue netektopa B ycinoBusix KADC cocta-
o 101,6(5) 3B (FWHM). Jlocturnyra acddex-
TMBHOCTb PETMCTpali cCUrHamoB Oosee 80% mis
CUTHAJIOB ¢ aHeprusMu Boie 250 2B.

beuti moNyYeHBl MepBBIE PE3YJILTAaThl 10 TIOM-
CKY KOTE€PEHTHOTO pacCeSHUsS HEUTPUHO U JIPYTUX
B3auMoneiicTBuii. CpaBHEHNE JaHHBIX, HAOPaHHBIX
Mpu paboTarouieM U OCTAaHOBIEHHOM peakTope (154
1 39 CyT COOTBETCTBEHHO), HE BBISIBUJIO IPU3HAKOB
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®U3NKA HEMTPUHO N ACTPODU3NKA

WWER-1000
reactor core

KASC Ne 3

by, .

Cxemaruueckoe pasmelieHue nerekropa DANSS

OXMIaeMOT0 CUTHaJa OT KOTEPEHTHOTO PACCEesTHUS
HEUTPUHO. DTO TMO3BOJWIO TOCTABUTH OTpaHUYE-
HUE Ha TapaMeTp MOHU3ALMOHHBIX MOTePh B rep-
MaHuu (KBeHYMHT) Ha ypoBHe k < 0,23 (90%-it
YPOBeHb HOCTOBepHOCTH) [92, 93].

CorpyaHukamu JISITT coBMecTHO ¢ Komjeramu
n3 UTO® (Mocksa) ObUT CO3MaH HEUTPUHHBIN Je-
tekrop DANSS, He coaepkalluuii moxkapoonacHbIX
WM €OKHUX XUIKOCTEH ¥ MPUIOAHBIN K pa3Melle-
HUIO BOJM3W TIPOMBIIIJIEHHBIX SIIEPHBIX PeakTo-
poB. 3amylieHHbI B paboTy Ha 4-M 2HEprodyoke
KABC, nerekrop perucrtpupyer okono 4000 pe-
AKTOPHBIX aHTUHEHTPUHO B CYTKM Tpu (PoHE, HE
npesbiliatolieM 2—3% (4To SBISETCS HA CETOMHS
JIYYIIMM B MuUpe 3HaueHueM). braromapst mombem-
HOMY MEXaHU3MY JETeKTOP MOXET, He IpeKpaiiast
paboTHI, TIepeMeNIaThes Ha 2 M U, TaKUM 00pa3omM,
U3MEPSITh SHEPreTUUYECCKUI CIIEKTP HEUTPUHO Ha
PasHBIX PAaCCTOSHMSX OT peakTopa. [TomuMo Heii-
TPUHHOM JMATHOCTMKM PeakTopa, 3TO II03BOJISIECT
M3y4yaTh OCUWUIALMU HEUTPUHO HE3aBUCUMO OT
CIIOPHBIX TPEANONOXEHUH O TEOPETUYECKOM Heli-
TPUHHOM CIIEKTpE.

B 2019 r. mpoBeneH MmosHOMAacIUTaOHBIA aHa-
713 OOHOBJIEHHBIX JaHHBIX 2016—2019 rr. ¢ yayy-
HIEHHOH OLIEHKOW BCEX MCTOYHMKOB (DOHA U CH-
cTeMaTuyeckux norpeurHocteit. [TomyueHo nyuriee
B MHUpPE MOJEJIbHO-HE3aBUCUMOE OrpaHMYEHUE Ha
CYIIECTBOBAHUE CTEPWJILHOTO HEUTpUHO [94].

B xone ananmza pgaHHbIX getekTopa DANSS
ObLIO YCTAaHOBJIEHO, YTO OTHOILEHWE Habomae-
MOIi CKOpPOCTM aOCOJIIOTHOTO cyeTa aHTUHEUTpH-

HO K IIpeICKa3aHHOM Ha OCHOBEe Monean Xybepa
n Miomnepa cocrasisger 0,98+0,04. beuim ycra-
HOBJIEHBI TIpeAeNbl B MPOCTPAHCTBE IMapamMeTpOB
TUIOTETUYECKOTO CTEPUIBHOTO HelTpuHO. B vacT-
HocTH, Ui 6osbnx (> 10 3B2) 3HaueHuii mapa-
MeTpa Am3, MCKIIOUAoTCs 3HAYeHNs sin220,,>0,26
Ha 90%-M ypoBHe mocToBepHOCTH. Mcrmonb3o-
BaHUe aOCONIOTHBIX CKOpPOCTEl cueTa JeTeKTopa
DANSS 1no3BoJinio UCKIIOYUTh HAUTYULIYIO TOUKY
Amj,=17,3 3B2, sin226,,=0,36, NOTy4eHHYIO B 3KC-
nepumente «Heiirpuno-4». Kpome Toro, nckioya-
eTCs MPAKTUYECKU BCs 00J1aCTh JOMYCTUMBIX Tapa-
METPOB, TOJIyYeHHBIX B dKcrepuMente BEST [95].

B pamxkax mpoekra TAIGA B OUAUN usroros-
JieHa, OTHpaBjieHa M CMOHTHMPOBAHA Ha TMOJUTOHE
MEXaHMYeCKasl YacTh YETHIPEX UYEPEHKOBCKMX Te-
JeckomnoB. PazpabortaH ¥ M3roTOBICH Ha IOJUIO-
HE IPOTOTUII IIMPOKOYTOJbHOIO JIMH30BOTO 4e-
peHKOBCKOTo Tejeckona. OObeKTHB IUAMETPOM
600 mm wusrotosneH B OUAM. Havan mosyyathb
COBMECTHBIC JaHHBIE B COCTaBe IIPOEKTa TPETHii
yepeHKOBCKMit Teseckorn. [lomydeH curHam ot
ucroyHuka B KpaboBMAHON TyMaHHOCTH C JOCTO-
BepHOCTHIO 12,6 o.

CurHan uccnenoBaH ¢ MCIOJIb30BAaHUEM TpeX
METO/IOB: OAMHOYHOTO, CTepeo U rudbpuaHoro. ['u-
opunneiii (TAIGA-hybrid) meTon, pa3paboTaHHBII
KoJsiiabopalyeii, ToapasyMeBaeT HCMOJIb30BaHUE
JAHHBIX TPU OJHOBPEMEHHOW perucTpanuu co-
ObITUSI ¢ dHeprueil ramma-kBaHTOB Oonee 80 T2B
OOHUM TEJECKOIIOM U HECKOJbKUMU HIMPOKO-
YTOJNBHBIMU JIeTeKTOpaMy. Pe3ynbraTtel M3MepeHuit
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®U3NKA HEUTPUHO U ACTPODU3UKA

At™MochepHbIit yepeHKoBckuit Teaeckon TAIGA-IACT

XOpoHIo ComIacyroTcs Apyr ¢ OIpyrom, ¢ JaHHBIMA
JIPYTUX raMMa-00CcepBaTOPUii 1 TTO3BOJISIIOT B OyIy-
IIeM MCITOJIb30BaTh TMOPUIHBIN METOH IUIS MCCe-
JOBaHUS TaMMa-KBaHTOB B 00JIaCTH HEpPIuii Oojiee
100 TaB. Ilpomomxkatorcss HabmogeHUS W HaOOp
JAHHBIX OT Pa3JMYHBIX MCTOYHMKOB raMMa-M3Iy-
yeHus [96].

B Kwurae npomomxkaercsi cbopka KpymHeidie-
ro jgeTekTopa peakTopHbix aHTuHelTpuHO JUNO.
K HacTosiiemy BpeMeHM yCTaHOBJEHO OoJjiee T0-
JIOBUHBI 13 3amjaHupoBaHHbIX 18000 cdoToymHO-
xuteneir (PDY) mmamerpom 20 mroitmoB 1 25000
®BY mmamerpom 3 mroiima. s 3tux GoTOyMHO-
xuteneit B OMAN paspabotaHo M mpou3BeAeH-
HO BBICOKOBOJIbTHOE TMTaHME C MCIOJb30BAHUEM
20000 creuMaaM3upOBAHHBIX MOIYJeH, BKJIIOUYas
MX TeCTUPOBaHKUE Y IyCKOHAIAIKY.

[TapannensHo BeayTcsl pabOTHI MO TMOATOTOB-
Ke K cOOpKe M YCTaHOBKE AETEKTOpa TOI-TPEKep.
B OUSIU paszpaboTtaHo nmporpaMMHOe obecrieueHne
IJ1s1 cOopa JaHHBIX JETEKTOpa, IpOoLIeAllee OTIa-
Ky Ha npototune Ton-tpekepa B IPHC (CrpacOypr,
O®panuus). B paMkax mpoekTa M3roToBJICHA CTaH-
Mg g MaccoBoro TectupoBaHust 4100 matpwuig
KPEMHMEBBIX  (DOTOYMHOXUTENCH, BKIIOYAIOIINX
130 ThIc. MHOMBKMAYanbHBIX DDY. IpoBeneHo Te-
CTUpOBaHUE 0oJjiee MOJOBUHBI MaTpull [97].

B 2020—2022 rr. B axcniepumenTe NOVA (CIIIA)
ObUT TIPOBENEH aHaIM3 JAHHBIX C YBEJIMYCHHOM
WHTETPAIIBHOM 3KCTO3UILIMEN, KOTOpas TENeEpb CO-
craiser 13,6-1020 pot (MPOTOHOB Ha MMIIEHM)
B myyke HeidtpunHo u 12,5-1020 pot B myuke aH-
THEUTPUHO. COBMECTHASI MHTEPIIPETALIUS Pa3Iny-

HBIX KaHAJOB OCLWUISIMI IO3BOJMIA YTOYHWUTH
rmapaMeTppl 3TOrO SIBJIEHMS: JIyulllee 3HayeHMe
MOATOHKM JIEKUT B TOYKE C HOPMAJbHON Hepap-
XUel, B BEpXHEM OKTaHTe yIiia 653 CO 3HAaUCHHEM

sin22923=0,57ig:g§, Am}y=(2,41£0,07)-1073 B2

u 5CP=O,82i(1)’(2)4 n. Takum 00pa3oM, MO JaHHBIM
3KCHepI/IMeHTa’ NOvVA, npeamnoyTUTeNbHON SBIS-
eTcsl KOMOMHAIMS OCUMJLISILIMOHHBIX MTapaMeTpOB,
MPUBOJAIIAS K CUMMETPUU MEXIY HEUTPUHO U aH-
TUHEUTPUHO, a MPOTUBOIOJIOXHbBIE KOMOMHAILIUK
(«obOpaTHast uepapxusi, dcp=m/2» U «HOpPMaJbHas
nepapxusi, dcp=3r/2») OTBEpraloTCs Ha YPOBHIX
>36 1 >20 cOOTBETCTBEHHO [98, 99].

Herextop Borexino (Mtanmus) perucrpupoBai
HeliTpuHOo oT CojHIA B peakUuu paccesHus Ha
ANIEKTPOHAX B XKMIKOM OPraHUYECKOM CLIMHTUILISI-
Tope obmieit Maccoit 300 1. KimoueBbiM (pakTopom
ycrexa IpoeKTa ObUIO OTCYTCTBUE PAJMOAKTUBHBIX
MpUMeceil B XKUIKOM CLIMHTULISTOPE.

B 2017 r. B pamkax mpoekra Borexino Oblan
OIyOJIMKOBAHbl PE3YJIbTaThl aHalIM3a BPEMEHHBIX
Bapualuii MOTOKa «OepuIIneBbIXx» HeiTpuHo. Ile-
PO Bapualuil COOTBETCTBYET aCTPOHOMUYECKOMY
rofy, pY 3TOM aMILIUTyAa 1 (pa3a Bapualuii Haxo-
JSTCSL B COIJIACHM C OXMIAEMBIMU 32 CUET IKCLECH-
TpucuteTa opouTsl 3eman. ITonryyeHHOe MOArOHOY-
Hoe 3HayeHue nepuoma 7=(367%10) cyT MOXHO
paccMmaTpuBaTh Kak TepBOe M3MEPEHUE MJIUTE/Ib-
HOCTM aCTPOHOMMYECKOTO rofa ¢ MOMOIIbI0 COJI-
HEYHBIX HeliTpruHO. TOUHOCTD OmpeaeNeHus MOTOKa
COJIHEUHBIX «OepUILIMEBBIX» HEUTPUHO YJydlleHa
1o 3%, pp-ueiitpuno — mo 10% wm pep-HeiTpu-
HO — 10 17%. HagexxHocTh HaOMIOAEHUS CUTHAIA
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®U3UKA HEMTPUHO U ACTPODU3INKA

OT pep-HEUTPUHO BIEpBbIe MPEBLICUIA YPOBEHD So.
HoBblie ganHbie Borexino mo coJHeYHbIM HEUTPUHO
MMEIOT JIy4lliee, HO CTATUCTUUYECKU C1ab0 3HAUMMOE
cornacue ¢ BapuaHToM Mojenu CosHIa ¢ BHICOKOM
METAJUIMYHOCTbIO. M3 aHan13a OTKIIOHEHHUST (hOPMbI
CIIEKTpa 3JIEKTPOHOB OTAAa4YM OT MPeACKa3bIBAEMOIo
CM monyyeHo Jyyiliee Ha CETOTHS OTpaHWYCHNE
Ha 3((PEKTUBHBI MATHUTHBI MOMEHT COJIHEUHBIX
neiitpuHo ££T<2,8- 10711 up (90 %-it ypoBeHb 110-
croBepHoctn) [100, 101].

B 2018 r. xonmnabopanueit Borexino ¢ yyactuem
yueHblx OMAN npexacraBieHbl pe3yabTaThl HauOO-
Jiee TIOJIHOTO Ha TOT MOMEHT aHajin3a TIOTOKOB Heli-
TPUHO, COMPOBOXIAIOIINAX TEPMOSIICPHBIE ITPOLIEC-
col BHYTpU ConHia. TOYHOCTh M3MEPEHUS MOTOKA
«OepuueBbIX» HeiTpuHo oT CojiHIIa cOocTaBMIa
pexopaHble 2,7 %, uTo B 2 pa3a Jydlle CyIIeCTBYIO-
IIMX TeOPETUIECKMX Mpeackazanuii. CUTHa oT pe-
akuuu «pep» Ha CoJHIIe BIIEpBbIe 3aperCTPUPOBaH
Ha YPOBHE JJOCTOBEPHOCTH, TIO3BOJISIOILEM FOBOPUTh

0 HaJeXHOM TMOATBEPKICHUM MPOTEKAHUS JaHHOK
peakuuu BHyTpu CosHua. [ToTok HeHTpuHO U3 pe-
aKuMy Ha Oope-8 («OOpHBIE» HEUTPUHO) M3MEpPEH
MIpY HU3KOM 3HepreTnyeckom rnopore 3,2 MaB, He-
JOCTYITHOM JIDYTUM HEHTPUHHBIM JIeTEKTOpaM. Bbi-
COKasl TOYHOCTb M3MEPEHUI TMOTOKa pp-HEUTPUHO
MO3BOJIMJIA BIIEPBBIE SKCIEPUMEHTAIbHO YTOYHHUTD
JeTalyd TepMOSIIEPHBIX IMpoueccoB BHYTpU CoH-
na. CpaBHeHME 3aperiCTPUPOBAHHBIX HEUTPUHHBIX
CUTHAJIOB B JETEKTOpE C MpeAcKa3aHUsIMU CTaH-
naptHoit Moaenu CosiHIIA OJHO3HAYHO YKa3blBaeT
Ha CyILIECTBOBaHME IIEPEXONHOI 30HBI B 00JacTU
HU3KMX BHEPruil MeXIy ABYMS peXuMaMM Heii-
TPUHHBIX OCIWUISLIMIA, IMpeacKa3blBa€MbIX MeXa-
Hu3MoM  MuxeeBa—CmupHoBa—BonbgeHiuTeiiHa.
Taxum obpazom pesynbTaThl Borexino He3aBucuMo,
0e3 MpUBJICYEHUS] TAHHBIX JPYTUX SKCIIEPUMEHTOB,
MOATBEPKAAIOT TEOPETUUYECKU TMpPeACKa3bIBaeMblid
MIEPEXOa MEXIY «BaKYYMHBIM» PEKMMOM OCIIMIUIS-
LW 1 ocUMuIausiMu B BetecTse [102].
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HEWTPOHHASA A0EPHASA PU3UNKA

B pamkax mpoekta TANGRA B JIH® co3nana
YCTAaHOBKA, TIO3BOJISIONIASl TIPOBOAUTH HM3Mepe-
Husl auddepeHInaIbHbIX CEUeHUI IS y-KBaHTOB
M HEWTPOHOB B PEAKLMIX HEUTPOHOB C SHEPrUEH
14 M»sB ¢ sampamm. Ha pucyHke mokasaHa KOH-
(urypammst yCTaHOBKM, COCTOSIIIAS M3 TeHepaTopa
MeueHbIX HelTpoHoB MHI-27 u 18 cumHTMILIS-
LIMOHHBIX JETEKTOPOB y-KBAaHTOB Ha OCHOBE KpH-
ctauioB BGO. TIpoBeaeHbl M3MEpeHUsT Ha JEeTrKUX
U CPeIHUX SIIpax, ONpeAeeHbl SHEPIMY BUIUMBIX
y-TIEPEX0/I0B, 00Pa3yIOUIMXCSl B PA3IMUHBIX peak-
LIUSIX HEUTPOHOB C 3TUMMU SIAPAMM, M MX Tapluaib-
Hble ceyeHMs. IloaydyeHHBIE MaHHBIE MO XapaKTe-
PUCTUYECKUM y-KBAaHTaM KPUTUYECKM BaXKHBI IS
Pa3BUTHSI METOIOB HEPA3PYILAIOLIETO 3JIEMEHTHOTO
aHaJlM3a C UCIOJb30BaHUEM MOPTAaTUBHBIX FeHepa-
TOPOB MeYeHbIX HeliTpoHOB [103].

B  komnabopammu  OUAU-UTOHO-IIUAD
MPOBENEH IMKI SKCHEPUMEHTOB II0 U3MEPEHUIO
T-HeueTHOro 9¢deKra BpalleHUST AENSILErocs
sgapa B VYIJIOBBIX paclpeAeeHUsIX MTHOBEHHBIX
y-kBantoB (ROT-3¢hdexr) npu nenennn 233U mo-
JISIPU30BAHHBIMU HEUTPOHAMMU.

HaGmomaembrii addekr, XoTh 1 gBisgercs Gop-
MajbHO T-HEYETHBIM, OOBSICHSIETCS HE Hapylie-
HUEM BPEMEHHOU MHBAPUAHTHOCTH, a OJUHAMHUKON
mpolecca JeJeHusT BOJIM3M TOUKM pa3pbiBa, TIpe-
JOCTaBJIsIl  YHMKAIbHYIO BO3MOXHOCTb IPSIMOTO
3KCIIEPUMEHTAILHOTO OIpEACICHUsS IlapaMeTpOB
TEOpPUM, OIUCHIBAIOIIEN KBAHTOBO-MEXaHUYECKIME
CBOMCTBa Ipoliecca IeIeHNUS.

bbl1 ompeneneH yron moBopoTa siapa A Tpex
3HAUCHUI SHEPTUU HajieTamoouero Heitpona: 0,025,
0,06 u 0,3 5B. BrepBbie ObL1 M3MepeH 3(PQeKT

w
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Cnesa: ycraHoBka TANGRA ¢ 18 merektopamu BGO. CrpaBa: yrjaoBble pacmpeneneHusl y-KBaHTOB [UISI TEPEX0a0B
B 52Cr. CIuIoIIHbIe KPMBbIE — alNPOKCUMALMS MOAMHOMAaMHU JlexaHapa
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ycraHoBku. CripaBa: yrioBasi 3aBUCUMOCTb KO3(GbUIIMEHTa acCUMMETPUU ISt
y-KBaHTOB B pesoHance 23U 0,3 5B

CrneBa: cxema OKCIIEPUMEHTAIBHOM

35
ConepxaHue



HEMTPOHHAS SAOEPHAS ®U3UKA

B HU3KoJexaleM pesoHaHce 235U. TTokazaHo, uTO
3HaK HabmogaeMoro 3 gpekTa He MEHSIETCSI, HO €ro
BeJIMYMHA Ui TepBoro pesoHanca 23U (0,3 3B)
0Ka3anach B 3 pa3a MeHbLIE, YeM IS TEIUIOBBIX
HeliTpoHoB [104].

BrinmonHeH MK paboOT MO M3MEPEHUI0 ceve-
HUS peakuuu (#, o) ¢ OBICTPHIMM HEHTpOHAMM Ha
anpax 3Cl, 91Zr, 40Ca, 63Cu, 58.60.6INi. Wsmepe-
HUS TPOBOIMIUCH € KBAa3UMOHOZHEPreTUYECKM-
MU HEHTpOHAMU B AMANa30HE SHEPTUM HEUTpO-
HoB 3,0—10,5 M»sB Ha ycranoBkax BI-5 JIHO
OUAN, BI'-4,5 u HI-13 (KwuTaii). BnepBbie mo-

70

= -~ ENDF/B-VIIL0 -
-~ ENDF/B-VIL1 el ]
60 | - --JENDL-4.0 RS
ROSFOND-2010 =JEFF-3.3 »
¥e) --CENDL-3.1 e T
g 50 - -- TENDL-2019 . ST T
= e T.Khromyleva (2018)
k= 408 " Present
5 TALYS-1.9 (default)
Q —— TALYS-1.9 (adjust)
2 30r
o
&)
20 -
10 + 60Ni(n, )’ Fe
O 1 1 1 1 1

2 3 4 5 6 7 8 9
E,, MeV

10 11

12

JydeHsl gaHHbIe 1o peakumsam ONi(n, a)3’Fe (pu
E, nuxe 6 MaB) u INi(n, a)58Fe 114 HeliTpoHOB
B M»B-o0mactu, a Takxke ceuyeHMS IS peakLMit
%0Ni(n, a)>’Fe u ®INi(n, a)*8Fe m1a obnactu E,
soie 8 M3sB u 91Zr(n, a)®8Sr 8 MsB-o6nactu.
Kpowme Toro, Ob11M paccuntaHbl (paKTOPHI a-KIacTe-
pU3aluU C UCIIOIb30BaHMEM KoMIayHa M «knock-
on» MEXaHM3MOB, ITOKa3bIBawolIue (POopMUpPOBaHUE
0-KJIACTEPOB TMOCJE B3aUMOJECHCTBUS HEUTPOHOB
¢ aapamu MulieHU. HoBble pe3y/ibTaThl MO3BOISIOT
YTOUHUTh TEOPETUYECKUE MOJEIU U, CJACI0BATE/Ib-
HO, Hallle TOHMMaHue MexaHu3ma peakuuu [105].

60 —
- - - ENDF/B-VIILO .’
- ENDF/B-VIL1 = ROSFOND-2010 7
50F  =JEFF-33 L
o -..-. JENDL-4.0 o
g CENDL-3.1 B P
- 40 |- - - TENDL-2019 Ve
g s Present . ‘.
= —— TALYS-1.9 (default) L
9 30 L — TALYS-1.9 (adjust) ) PR )
2 : ‘.
8
O 20F
10 6INi(n, a)>8Fe
0 L,"A—" - - 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12

E,, MeV

PesysbTathl 1o ceuenusaM peakuuit ©ONi(n, «)37Fe (ciesa) u 9INi(n, a)38Fe (cripaBa) B cpaBHEHMH C CYIIECTBYIOIMMU

TMAHHBIMY, OlleHKaMu 1 pacyetaMu TALYS-1.9

Wave packet

Wave packet

J

K[

Potential barrier

Potential structure

Initial spectrum

O =
o O

e 29
NCRNNGNCN

Intensity, arb. units

4.2 4.4
Velocity, m/s

<—a

I

Initial spectrum
1.0

0.8
0.6
0.4
0.2
0.0 — S

Intensity, arb. units

1

Velocity, m/s

4.360 4 365 4.370 4.375 4.380 4.385 4.390

PC3YHbTaTbI ncciaeaoBaHusA HpO6J'[CMbI B3aMMOJEHCTBUS BOJHOBOIO MAaKeTa C MOTEHLUUAIbHON CTYIICHbIO U I/IHTepq)e-
PECHUIMOHHBIM (bl/UTBTpOM, ABMXKYIIUMUCA C MOCTOAHHBIM YCKOPECHUEM

36

CoaepxaHue



HEMTPOHHAS A0EPHASI ®U3UNKA

F-DND, d = 4.3 nm,
incident angle 1 deg
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BeposTHOCTE HEUTPOHHOTO pacCesTHUS OT MIOBEPXHOCTH TTOPOIIKOB 13 HAHOAIMA30B Pa3IMIHbBIX
pa3MepoB B 3aBUCUMOCTH OT JUTMHBI BOJHBI HEUTPOHA M yIa paccessHus. CpeqHuil pasMep Ha-
HouacTHIl B obpasuax: a) 4,3 aM; 6) 15,0 Hm

[TpoBeneHbl TeopeTUUecKue UCCIEN0BAHMUS JUIsl
MPOBEPKU TMIIOTE3bl O CYLIECTBOBaHMM 3dekra
YCKOpPEeHMS B cleayoleil (hopMyInpoBKe: pe3yib-
TaTOM B3aMMOJAEHUCTBUS YACTULIbI C JIIOObIM 00OBEK-
TOM, IBMXKYLUIMMCS C YCKOPEHMEM, HOJDKHO OBITh
U3MEHEHHUE €€ DHEPTUU U YacCTOThI, OINpeaessieMoe
COOTHOIIEHHEM Aw = kar, Tae K — BOJHOBOE YUC-
JI0, @ — YCKOpeHWe O0bEKTa U T — BPEMS B3aUMO-
neicTBus. Pe3ynbTaThl MccaeqOBaHUS MPOAEMOH-
CTPUPOBAIIM SIPKO BhIpaXXeHHOE Hanuuue 3¢deKra
YCKOPEHHMs BO BCEX M3YYCHHBIX 3amavax. B ciaydae
PE30HAHCHBIX CTPYKTYp 3(h@EKT yCKOpeHUs Ipo-
MMOPLUMOHANICH BPEMEHU XM3HU COCTOSIHUSI BHYTPU
o0bekTa. [lomyueHHBIE pe3y/abTaThl IOATBEPKIAOT
TUIIOTE3y O TOM, YTO 3(PGhEKT YCKOPEHUS SIBISIETCS
CJIEICTBMEM CYILIECTBOBAHMSI HEHYJEBOTO BPEMEHU
B3aMMOJICICTBUS B KBAaHTOBOM MexaHuke [106].

DKCrepuMeHTaIbHO MPOIEMOHCTPUPOBAHO
YCWJIEHHOE HAMpPaBJIEHHOE M3BJIECYEHUE OYEHb XO-
JoaHbix HelTpoHoB (OXH) U3 rcToYHUKA IpU €ro
OKpYXEHUM OTpaxartejeM M3 HaHoaiMma3oB. Pak-

TOP BBIMTPHIILA B Y3KOM TEJIECHOM YIJIe U3BICUCHUS
OXH co ckopoctsimu 57 u 75 M/c coctaBui 10 pas.
B 1mmpoxkoM TeiecHOM yrjie BBIMIPBILI COCTaBUI
33 pasa a1 HEUTPOHOB O CKOPOCThIO 47 M/c. DTO
9KBUBAJIEHTHO MHOTOKPATHOMY YBEJIMUEHUIO MOIII-
HOCTH UCCJIEI0BATEIbCKOTO SIIEPHOIO PEAKTOpA.

bbl10 M3ydeHO BIMSIHME Pa3MeEpOB HaHOaIMa-
30B Ha 3()(PEKTUBHOCTD OTPAXKEHMSI XOJOAHBIX HEli-
TpoHOB (XH) moj MajbIMU CKOJIB3SIIIMMU yTJIaMHU.
M3mepeHust 1oKasaiu, YTO MOPOLIOK C pa3MepoM
HaHOYACTUIl OKOJo 15 HM maerT Oosbliee aibnbe-
IO JUIl HEMTPOHOB C UIMHOI BOJHBI Gonee 4 A u
MeHblIee anb0eno A HEUTPOHOB C IJIMHOM BOJI-
Hbl MeHee 4 A B cpaBHEHMHM ¢ HaHOAIMa3aMU CO
cpenHuM pasmepoM 4,3 HM. Takoe sBieHHME KBa-
3u3epKaibHOr0 oTpaxeHus: XH oT HaHOMOPOIIKOB
MOXHO TIPUMEHSTh IUIS (DOKYCUPOBKM WM TPaHC-
noptupoBku XH K mcciaenoBaTeIbcKUM YCTaHOB-
KaM B clly4asx, Koraa Apyrue orpaxarean paspy-
1IAI0TC B MHTEHCUBHBIX MOJISIX MOHU3UPYIOLIETO
m3nyuenus [107, 108].
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PN3SNKA KOHOEHCUPOBAHHbLIX CPE

B mepuwon 2017—2021 rr. paboTta peakTopa
MBP-2 Gbuta opraHn3oBaHa B 7—8 LIMKIOB B TOL.
C oxta6psa 2021 r. ycranoBka MBP-2 Obuta mepe-
BelleHa B PeXMM BPEMEHHOIO OCTaHOBA JUIS 3aMe-
HBI 000PYIOBaHUS W TIOJyYeHUS] HOBOW JIMICH3UN
Pocrexnanzopa Ha mpaBo 2KCIIyaTallMu SIIEPHOI
ycranoBku. CcdopmupoBan u mepenaH B Pocrex-
Ha/I30p MakeT JOKYMEHTOB, HEOOXOAUMBIX MUIS I1O-
JydeHus auieH3uu. CHopMyIrpoBaHbl MOSCHEHNUS
K JIOKYMEHTaM Ha aTamne ux akcreptusbl. [locne
MOJIyYeHUSI IMLIEH3UM paboTa peakropa sl (husu-
YeCKMX IKCIIEPUMEHTOB OyaIeT BO30OHOBJIEHA.

B 2020 r. BBeaeH B pexXUM OINBITHOM 3KCIIya-
Talliy BTOPOIl MCTOYHMK XOJIOAHBIX HEUTPOHOB Ha
peakTope BP-2 B HampaBaeHUM 3KCIIePUMEHTallb-
HBIX ITy4KoB 1, 4, 5, 6, 9. [Ing oxnaxkaeHUs 3aMeji-
nuTens ucronabdyercs: pedpukeparop Linde 1200
¢ xojoawibHOW MorHocThio 1200 Bt mpu 10 K.

H'!!!I{IIHWHUHI'Hll‘IHll!

3 L) 7

Me3uTuneHoBbIe MIapUKK — padouee BEILECTBO XOJOMI-
HOTO 3aMeIINTEJIS

3aMmemuTeNnb 0o0eCTIeYrBAeT HEIPEPBIBHBINA CTa-
OWIBHBIN pexXuM paboTel B TeueHWe 11 cyT u maer
BBIMTPHIII B 00J1aCTU JUIMHHOBOJHOBBIX HEHTPOHOB
10 9 pa3 (B 3aBUCMMOCTH OT ITy4yKa 1 00JIaCTH CIIeK-
Tpa HEHTPOHOB) MPU TEMIIEpaType 3aMeMJISIOLIEro
BemiecTna ~25 K [109].

MarHuTHBI OKCUIl TIPEACTABISET COOOW He-
OOBIUHBI ~ TEOMETpUUYECKH  (PPyCTpUPOBAHHBIN
(DyHKUMOHANIbHBIA MaTepual ¢ TeTparoHajbHO
WCKaXXEHHOM CTPYKTYpOW THWIIA INMMHENM, AEMOH-
CTPUPYIOLIMI  BbIpaXkE€HHbIE MarHUTOKAJIOpUYe-
CKW€, MAaTrHUTOYINPYrue W MaTHUTOAUDJIEKTpUYE-
ckue 2 dexThl. MeTomomM HeMTPOHHO AU paKLIT
MPOBEIEHO MCCIEN0BAHUE KPUCTAUIMIECKOH U
MarHUTHOM CTPYKTYp Mn,0s3, Mn3O4 B auama3zo-
He 3HaueHuit gapneHus go 20 I'Tla u TemmepaTyps
15—300 K. ITpu gaBnenun Boimne 2 I'Tla naGmoma-
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100 21
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Wavelength, A

CnekTp HeMTpOHOB U (DAKTOP BHIMIPHILLIA HAa 5-M MyYKe
npy paboTe 3aMeUTUTENIs] B XOJOAHOM U TEILIOBOM pe-
KMMax
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CxeMaTnueckoe TMpeaCcTaBIeHNe MOIYJIMPOBAHHONW MAarHUTHOM CTPYKTYpbl, Bo3HuKatwouleidr Huxke 1y3~33 K mpu ar-
MochepHOM JABICHWU, ¥ T€OMETPUM KOHKYPUPYIOIIMX MAarHUTHBIX B3aMMOJEICTBUN (creBa), a TakkKe MarHUTHOMN
CTPYKTYPBI OPTOPOMOMYECKOii (pa3bl BHICOKOTO JTaBjieHUs (CIrpaBa)
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DPU3NKA KOHOEHCUPOBAHHbIX CPE[

JIUCh TOAABJACHME HU3KOTEMIEPATYPHBIX MOMIYJIM-
poBaHHBIX ADM-pa3 u crabmiamsanus deppumar-
HUTHOM (paspl. OmpeseneHa MarHUTHas CTPYKTypa
OPTOPOMOMYECKO# (ha3bl BHICOKOTO AABIEHUS MPU
P=20 I'Tla. B sroit ¢aze npu Ty=275 K ¢op-
mupyercst ganbHuii AOM-TIOpSIOK ¢ BEKTOPOM
pacnipoctpanenns k=(1/2, 0, 0) Ha Mn3"-nox-
pemietke, a Mn?*-noapeuierka ocTaeTcs MarHuT-
HO-HeynopsiiodyeHHoi. TakuM oOpa3om, Temmepa-
Typa MarHUTHOTO YMOPSIOYEHUS IOA JaBJICHUEM
yBeJIMYMBaeTCsl 0ojiee 4eM B 6 pa3, 4To SIBJISIETCS
VHUKAJIBbHBIM CJIy4aeM CPeAd M3BECTHBIX MarHuT-
HbIX MaTepuanos [110, 111].

Ban-zmep-BaaabCcoBCKME CIIOMCTbIE MAarHUTHBIC
MaTepuaabl C CUMMETPUEl MAarHMTHOM PeIeTKH,
nofo0HOI rpadeHy, 1EMOHCTPUPYIOT CYIIECTBOBA-
HMe MAarHUTHOTO YIOPSIIOYCHUSI TIPU JOCTATOYHO
BBICOKMX TeMIIepaTypax B Ipeiesie A0 eOUHUIHO-
r0 aTOMHOTO cjiosd. Takue MaTepuaibl UMEIOT K-
POKHME TIEPCIEKTUBLI B CO3MaHMM TETEPOCTPYKTYD
JUIST HOBOTO ITOKOJICHUSI YCTPOMCTB CIHUHTPOHUKH,
HAaHOBNEKTPOHUKM, 3allUCH M XpaHEHUS MHQOpP-
Maluu.

C noMolbio HEUTPOHHO!U TU(PaKIMKU U pama-
HOBCKOI CIIEKTPOCKOIUU TPOBEACHBI MCCIEA0BA-
HUS CTPYKTYPHBIX, MAarHUTHBIX M KoJeOaTelbHbIX
CBOMCTB MOJIEJILHOTO TIPEACTaBUTE/IS CeMeiicTBa
BaH-Jep-BaaJbCOBCKMX MarHeTukoB CrXs3— CrBrs.
MaruutHble MOMeHTHI MoHOB Cr, (opmupyoiue
rpadeHonon00HyI0 MarHUTHYIO PELIeTKY B CJIOSIX
Br—Cr—Br, ynopsgounBaiotcsa (GeppoMarHUTHO
npu temneparype Kiopu Te=37 K. B obnactu T
00Hapy:KeHO aHOMAaJIbHOE TIOBEACHUE CTPYKTYPHBIX
napameTpoB. Huke 3Toil TeMmeparypbl XapakTep
TEIJIOBOTO PACILIUPEHUSI M3MEHSUICS C TIONOXKU-
TeJIbHOTO Ha oTpuuaTeabHbIi [112].

B corpynanuectBe ¢ MHCTUTYTOM apxeosoruu
PAH nipoBenens! paboOTHI IO OMHOMY 13 HOBHIX Ha-
TPaBIEHUN — HEPa3pylIAONIEMy HUCCAEI0BAHUIO
BHYTPEHHETO CTPOEHUS OOBEKTOB MCTOPUUYECKOTO
Hacyieauss ¢ TMOMOIIBI0O METOMOB HEWTPOHHOM pa-
avorpadun u tomorpaduu. IloctpoeHsr 3D-mo-
Jeau (GparMeHTOB OpacjeTa W JydyeBOTO KOJTa
u3 Teepckoro kmama (matupoBan XIII—XIV BB.,
HaitneH B 2014 r. B TBepu). Mx aHanu3 mo3Bosi-
€T clieJIaTh BBIBOJBI 00 OCOOEHHOCTSIX TEXHOJOTHH,

L ‘ a
8000 [ | 7
g i
S 6000 ’ 7
S 300 K
E v ol “ ‘ - =
g t  MIN+FM  N+EM N+FM
8 AR o) (012)  (101)
2000 Faps /S 1
TN (T A N I
0 2.0 3.0 4.0 5.0
d-spacing, A

a)

M3MEpEHHBIE TIPU Pa3IMYHBIX TeMIepaTypax, U pac-
cyuTaHHble poduiin. 0) Pombosnpuueckas Kpucrai-

Hefitponnbie audpaxumonssie crektpsl CrBrj,

suyeckas cTpykrypa CrBr; cummerpun R3

CreBa: BOCCTaHOBJIEHHAs W3 JlaH-
HBIX HEWUTPOHHOI  ToMorpaduu
TpeXMepHasi  Moneib  (parMeH-
Ta xonra. CrpaBa: HCCHeIyeMblit
(parmenT Yens0MHCKOro MeTeopu-
Ta 1 (parmentsl 3D-Monenu BHY-
TPEHHEW OpraHu3aluu Huccaeaye-
Moro obpasua. PozoBbie obmactu
COOTBETCTBYIOT MeTaJUIMIECKUM
BKJTIOUEHUSIM
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PU3NKA KOHOEHCUPOBAHHbBIX CPE[,

Citrulline line evolution during neutrophil transformation

UV-A — 365 nm
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orange light — 625 nm
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\(cytochrome bssg

ROS
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Wavenumber, cm™!

CreBa: HU3KOYACTOTHAST 00JIACTh CIEKTPa KOMOMHAIIMOHHOTO pacCesHUS HeMTPO(HUIOB: 3BOMIOIMS (POCT) MHTCHCHB-
HOCTU JIMHMK LIMTPYJUIMHA, YKa3bIBalolllash Ha MpeakTuBaLuio Heto3a. CrpaBa: CUrHalbHble IyTH (OTOAKTHBUPOBAH-
HOTO HeTo3a

HCIIOJIb30BABIIMXCS AJIS1 M3TOTOBJIEHMS IMOAOOHBIX
M3IENNI TaHHOTO TMepuoaa BpeMeHM. Takxke mpo-
BEIECHO KOMIUIEKCHOE MCCAEI0BAHME BHYTPEHHEH
CTPYKTYPHOI oOpraHu3aiuu 1 ¢a30BOro cocTaBa
(pparmenra Yensgounckoro mereoputa. Ompene-
JIeH 0ObEMHBI MUHEPAJIbHBII COCTAB U MPOCTPAH-
CTBEHHOE pACIIPENECICHUE Pa3JIMYHBIX KOMIIOHEH-
ToB [113, 114].

PaMaHOBCKast CITEKTPOCKONUST TPUMEHEHa ISt
aHalM3a HEUTPO(PUIOB, TPaHCHOPMUPOBAHHBIX
IIpY HETO3e — OAHOM M3 (hOpM MpOrpaMMHUpPyeMOit
KJIETOUYHOU TrOesu.

Heilitpopuibl — 3T0 pa3HOBUAHOCTH JEHKO-
LMTOB, YYaCTBYIOIIMX B (DaroumuTo3e MaTOTeHHBIX
MUKPOOPraHU3MOB (0aKTepuii, rpuOKOB, MPOCTEii-
muX). AKTUBaLMS HEUTPOPUIOB MPUBOIUT K MOSIB-
JICHUIO HET03a, KOTOPBII COMpPOBOXIAETCS BhIOpa-
ChIBaHMEM BHEKJIETOUHBIX IIATOTEHOB, BCJEACTBUE
Yero MUHUMM3HPYETCS Bpel Ul APYTUX KIIETOK.
Ha navanpHO#i cTamuy moj AeMCTBUEM CIelMalib-
HBIX (DEPMEHTOB MPOUCXOIUT crieuduueckas pe-

@

aKIUs UUTPYUTMHUPOBAHUS, 1O KOTOPOH MOXKHO
CYINTH O Hayaje mpoliecca aKTUBaIuy HeTo3a. Brl-
COKOUYYBCTBUTEJIbHAS paMaHOBCKasI CIIEKTPOCKOITHS
MTO3BOJIMJIA BBISIBUTH B HM3KOYACTOTHOM JMAara3oHe
CIEKTpa 3BOJIIOLKIO (POCT) MUKA LIUTPY/UIMHA B Te-
yenue 30—40 MuH mocie Havaja aKTWBAIUU KJe-
TOK, UYTO MOXHO KJIacCU(UIINPOBATH KaK paHHIOIO
JIMATHOCTUKY HeTo3a [115—117].

MeTo0M MaJIOYIJIOBOTO PaccesHUsl HEUTPOHOB
(MYPH) wuccnenoBaHo B3aMMOAEHCTBUE MOJAE/b-
HBIX OMOJIOTMYECKHMX MeMOpaH ¢ OeTa-aMWJIOW-
HBIM TIEITUIOM.

PesynbraThl BHepBble MMOKa3aau MEpPeCTpPOii-
Ky oOweil ¢gopMbl MeMOpaHbl OT C(EepUUECKUX
BE3UKYJ A0 IJIOCKUX HAHOAWCKOB B MPHUCYTCTBUM
0eTa-aMUJIOUAHBIX TENTUAOB. DTOT MPOLECC OTHO-
3HAYHO YKAa3bIBaeT Ha pa3pyILUTENIbHOE AEHUCTBHUE
nentuga. MHTepecHO, 4TO HaO/IIOMaeMblil Mexa-
HU3M MOXET OBITh HAIpSIMYylO CBS3aH C paspyle-
HUEM HEHpPOHHBIX KIJIETOK B IIpolecce 00Je3HU
Anbireiimepa [118, 119].

KpuBsie  MYPH,  ngemoH-
CTPUPYIOILIME  JECTPYKTUBHOE
BIMSIHUE  OeTa-aMMJIOMIHOTO

MenTuaa Ha MOJEIbHYIO MeM-
OpaHy u3MeHeHUeM ee dop-
Mbl OT C(hepUYECKUX BE3UKYI
0 TUIOCKMX HaHOAUCKOB. Pe-
3yJbTaThl  MOJEKYJISIPHO-AM-
HaMHUYEeCKOTO MOJAEIUPOBAHUS
WUTIOCTPUPYIOT MOp(oJoruye-
CKUe U3MEHEHUS

Amyloid-beta peptide
in unordered
secondary structure
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PA3BUATUE KOMIJIEKCA

CrNEKTPOMETPOB UBP-2

CoBmecTHO ¢ HammoHambHBIM MHCTUTYTOM HC-
cnemoBanuit u anekrporexuuku (ICPE-CA, by-
xapecT, PymblHMS) pa3paboTaHa M co3fgaHa KpHoO-
MarHUTHAsl CHUCTEMa OKpYXeHusl obpasua st
muppakromerpa JAH-12 UAY HBP-2. Cucrema
COCTOMT M3 MarHUTa Ha OCHOBE BBICOKOTEMIIEpa-
TYPHOTO CBEpXIIPOBOAHMKA B KPHOCTaTe M KPHUO-
CTaTa-BCTaBKM C KaMepoll BBICOKOTO HaBICHUS
¢ oOpa3uoM. MarHuT BBINOJHEH B KOH(MUTYpaLUK

TeJIbMIOJIBLIEBOM Taphl ¢ MAaKCUMAaJbHOW BEIMUM-
HOI MarHuTHOro mojs 5 To.

HoBoe ycTpoiicTBO MO3BOJUT B 3HAUMTEILHOMN
Mepe pacuIMpUTh BO3MOXHOCTHU 110 MCC/IENOBAHUIO
KOHIEHCHPOBAHHBIX CPell Ha CIIEKTPOMETPUIECKOM
0aze peakropa MBP-2. OHO gaeT BO3MOXHOCTb
HE3aBUCHMMOIl BapMalli{ IapaMeTpOB Ha UCCIedy-
€MOM 00pa3slie BO BpeMs KCIIEPMMEHTA I10 pacce-
STHUIO0 HENTPOHOB: BEIWYMHBI MArHUTHOTO ITOJIS,
TeMIiepartypsl, aasienus [120].

Oomotku maruuta Kamepa obpasia

CieBa: BHEIUHMI BUA KPUOMArHMTA, Peajd30BaHHOIO B Buie Hapbl [ebMrosblia, rae B KayecTBe IPOBOAHMKA UC-
I0JIb30BaHa JIEHTA ¢ BBICOKOTEMIIEPATYpHOIl CBepXIpoBoauMocThio. CripaBa: 3D-Mo/e/1b KpMOMATHUTHOM CUCTEMbI Ha
ocHoBe kpuokynaepa SRDK408S

Cresa: perektop ACTPA-M na crektpomerpe ®CJI. CrnpaBa: BHEIIHWI BUA OTAETBHBIX 3JIEMEHTOB NETEKTOPA

ACTPA-M. DreMeHT mpencTaBiseT coboil miactTuny cumntiiaTopa (Ag)/CLiF, xotopoii npunana ¢opma moBepx-

HOCTH BPEMEHHO (DOKYCUPOBKY C HAKJICEHHBIMU CHIEKTPOCMEIIAIOIINMY BOJIOKHAMHU, TIEPEIAIOIINMY TTOTOK CBETa OT
MecTa 3axBarta HeiirpoHa K DY
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PA3BUTUE KOMIJIEKCA CINEKTPOMETPOB NBP-2

3aKOoHUYEHBI pabOTHl MO CO3MAHMIO CIMHTHUII-
nasuuonHoro aetekropa ACTPA-M g dypebe-
crpecc-nudpakromerpa (PCIH).

OCHOBHBIM IIpeJIHAa3HAYEHUEM CIIEKTPOMETpa
OCJl ¢ HoBeM netekropoM ACTPA-M gBnsercs
M3MepeHNe OCTaTOYHBIX HANpsDKEHWH B oOpasiiax.
B nerextope ACTPA-M peann3oBaH MeTOI KOMOU-
HUPOBAaHHOI (POKYCHPOBKH, KOTIa BeCh AMAINa3oH
HaOJIOACHUST IO YIJIy paccesiHus pa30MBaeTcsl Ha

CEKTOPHI, B KaXJIOM M3 KOTOPBIX CTPOMTCS He3a-
BUCUMBII JIETEKTOP, COOTBETCTBYIOIIMI WHIWBU-
QyaJIbHOI TOBEPXHOCTU BPEMEHHOM (DOKYCHPOBKH.
CyMMapHbIfl TTOKpBLIBAEMBIN TENECHBI Yrol co-
ctapisger Q=0,55 cp. Beicokoe MpocTpaHCTBEHHOE
paspelieHre TOCTUTHYTO Osiarofapsi YMEHbIIEHUIO
pazMepa paccemBaOIIET0 00beMa MYyTEM COOTBET-
cTByIoLIel KomuManuu [121].
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PAONALNOHHDBIE N PAOANOBUNOJ1IOI MUECKHUE

NCCJIEOOBAHUA

C ucIonbp30BaHNEM ITYUKOB 3apsKeHHBIX YaCTHII
yckoputeneit OMSAM Oblmm BBISICHEHBI MeXaHU3-
MBI, OMpeAeadionine pa3nuyusl B 3¢ (PeKTUBHOCTH
JICTAJIbHOTO Y MYTAareHHOIrO AEWCTBUSI M3ITYYEHUI
C pasHBIMM (U3MUECKUMHU XapaKTepUCTUKAMM Ha
KJICTKW. YCTaHOBJIEHO, YTO IIPH IOCHCTBUU WU3TIY-
YEHUI SJICKTPOMArHUTHOM TIPUPOABI M TSKEJIBIX
3apsSDKEHHBIX 4acTUll (DOPMMPYIOTCS pa3Hble I10
kauecTBy nospexaeHus JJHK. B orauume ot ¢o-
TOHOB, MHAYLUPYIOIINX ONMHOYHBIC TIOBPEXKICHMS,
IpY JCUCTBUM 3apsSDKEHHBIX YacTHI O00pa3yroTCs
knactepHble noBpexaeHust JJHK. Takue moBpex-
JICHUS TPYIHO PerapupyloTcs KJIETKaMUu U OIpee-
JISTIOT CHel(UKY Pa3IUIHBIX PagralliOHHO-UHIY-
IMpoBaHHBIX 3¢ dexkToB. Ha m3ydyenme netaabHOIA
CTPYKTYphl TaKMX IOBPEXIEHWI U 3aKOHOMEPHO-
CTeil MX BOCCTAHOBJECHMSI B pa3IMUYHBIX CHCTEMax
1 OBbIIM HampaBlieHbl MCCIEIOBAaHUS B OTYCTHBIN
CEMWJICTHUI TIEPHO.

y Tays

® DSB
Chromatin

High-LET

Dose deposition

NccnepoBaHuga MexaHM3MOB (hOPMUPOBAHUS
MOJEKYIAPHbIX HApyLLIeHUN CTPYKTYpbl OHK
N UX penapaumm Npu AenNcTBUU TSHKENbIX
3apSHYKEHHbIX YaCTuUL, Pa3sINYHbIX SHEPrUn

WccnenoBanbl 3aKOHOMEPHOCTM MHAYKLIUU 1
pemnapauuu AByHUTeBBIX pa3pbiBoB JHK (P JJHK)
B KJIETKAaX MJIEKONMTAIOLINX M YEJIOBEKa IpU Leii-
CTBUM WOHM3UPYIOIIUX W3IYYEHUNA C pasHBIMU
¢dbusnyeckuMu xapaktepuctukamu. IlpoaHanusu-
poBaHa KMHETHKA (POPMUPOBAHMS M 3NMUMUHALNN
pagranroHHO-MHAYLIUPOBaHHBIX (PokycoB (PUD)
yH2AX/53BP1 B ampax oGmyuyeHHBIX (DuOpoOIa-
CTOB Y€JIOBEKA U B 3PEJIbIX HEMPOHAX MEPBUUYHON
KYJbTYPHI TUIIIIOKAMIIA KPBIC.

M3ydeHsl ¢opMupoBaHUE M permapanus KOM-
mnekcHbix AP JTHK ¢ yyactuem moauduimpoBaH-
HbIX ocHoBaHuii. ITokazaHo, yto ¢ poctom JIITD
M3Iy4eHUI TPOMCXOAUT CMellleHue MuKa (HopMu-

1h 4h 24 h 96 h

2‘2“

yH2AX/53BP1
foci clusters
complexity

m 1 focus
m 2 foci
m 3 foci
® 4 foci
m 5 foci
6 foci
| 7 foci
0 8 foci

®opmuposanue yH2AX/53BP1 ki1actepoB (hOKycOB pa3IMUHOrO COCTaBa B sApax HOPMaJbHBIX (UOPOOIACTOB KOXU
yenoBeka npu jeiictBuu y-kBantos *0Co, nonos ''B u 20Ne

Busyanuzauust cTpyKTypbl KIacTepoB pernapallMoHHbIX OenkoB 53BP1 B sapax

KJIETOK rinobiacToMbl yeaoBeka U87 uepe3 24 4 mociie 00aydeHusT YCKOPEHHBIMU

nonamu N (smeprus 13 MaB/nykion, nosa 1,3 T'p): a) u306paxeHus B MUKPO-
CKOIle, 0) MmporpaMMHasi mocToopaboTka
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PAOVALIMOHHBIE N PAONOBUNOJTIOM MYECKUE MCCJIEQOBAHNA

poBanust PU® Ha Oojiee 1mo3mHME CPOKH TIOCIE 00-
JIydeHMsI, a TaKKe YBEJIMYMBAETCSl CJAOXKHOCTh KJla-
crepoB PU®D [122].

B coTpymHuuecTBe ¢ YEHICKUMHU U HEMELIKUMU
KOJIIeTaMM pa3paboTaH HOBBII METOJ aHajI13a TOH-
KOI CTPYKTYpbl KjacTepHbIx moBpexiaecHuit JHK
CO CBEepXBBICOKMM paspemieHueM. OH OCHOBaH Ha
MUKPOCKOIMK JIOKAJIM3ALMKM OAMHOYHBIX MOJIe-
kyi1. C mpuMeHeHHEM JaHHOTO MeToja W3yuyeHa
cTpykTypa kinactepHbix JIP JIHK, a Takke mpose-
JICHO CPaBHUTEJIBHOE MCCIEIOBAHUE KMHETUKU HX
pemapanuy B HOPMaJbHBIX U OITyXOJEBBIX KJIETKAX
yeJioBeKa Mpu JCHCTBUM YCKOPEHHBIX MOHOB a30-
ta N. TIpe11oKeHHbI MOAX0A MO3BOJIAET MOJY-
YUTh HOBBIE CBEICHMS O TIPUPOIE PAAUOPEIUCTEHT-
HOCTH psifia omyxoJjeit [123].

CDyHE,aMeHTaJ'IbeIe acCrnekKTbl NOoBbILLEHNA
PaaonouvyBCTBUTEJIbHOCTU OMYXOJ1I€BbIX
KJ1IETOK MnMpu D,eDICTBMI/I NMy4yKoB NPOTOHOB

PazpabotaH ¥ 3amareHTOBaH MPUHLMIIMAIBHO
HOBBIIT METOJ TIOBBIIIEHUS OMOJOTMUECKON 3-
(heKTUBHOCT TMYYKOB TPOTOHOB MEIUIIMHCKOTO
HazHaueHUs ¥ raMMa-TepaneBTUYeCKUX YCTAaHOBOK.
Meton mMO3BOJISET MPUOIU3UTH OUOJOTMYECKYIO
3((PEeKTUBHOCTb TPOTOHHOTO O0JyYeHUsT K -
(dexkTuBHOCTH 00MYUeHUST MoHamu yraepoaa. Ilox-
XOJ OCHOBaH Ha MPUMEHEHUM OMUIIMHAILHOTO
npenapara — 1--D-apaduHodypaHO3UIIMTO3M-
Ha (Apall), ucmonb3yeMoro B OHKOJOTMYECKOMN
MpakTUKe TIpU JICYEHMM PAKOBBIX 3a00J1eBaHMi
KPOBETBOPHOI CUCTEMBbI. YCTaHOBJIEHO, YTO MpU
BBEICHUM TIperapara Tepea oOsyuyeHueM Kie-
TOK 4YeJOoBeKa MOHM3UPYIOLIMMU U3JTyYEHUSIMU
MPOUCXOAUT TpaHChOPMaLUsl OJIHOHMUTEBBIX pPa3-
peiBoB JIHK B netanbHble JBYHHUTEBBIE pa3phIBbI
[124, 125].

—— Apall
r —e— be3 Apall {

(==}

(hokycoB/KkeTKy
(e}

N W B W
=

Konuuectso YH2AX/53BP
S
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o

6 20 22 24
Bpems, u

Cneuunanucrtamu JIPb OUAM u MPHII
M. A.@.1p0a ucciaenoBaHbl 3aKOHOMEPHOCTU U
MOJICKYJIIPHO-KJIETOUYHbIE MEXaHU3Mbl KOMOMHM-
poBaHHOro nelicTBusa Apall M TIPOTOHHOrO M3y-
YeHUS Ha MBIIIUHYIO MejlaHoMy JuHuu B16 in vivo.
KoHTposibHbIe, HE00IyYeHHbIE XXUBOTHBIE TOTHOIN
Ha 30-e CyTKM B pe3yJbTaTe Pa3BUTHS OITyXOJIEBOTO
npouecca. CpenHuii 00beM OMyXoJeil mpu KOMOu-
HUPOBAaHHOM BO3AEWMCTBUU IO CPAaBHEHUIO C 00JIy-
YeHHeM IIPOTOHaMM 0e3 MommduKaTopa CHIKal-
ca B 1,7-3,4 paza B pa3Hble CPOKM HaOJIONEHUS
(»<0,05).

Ha MmosekynsipHOM YpOBHE MOKa3aHO, 4TO KO-
mmyectBo JAP JIHK uepe3 2 cyT mocie 3aBepiie-
HUS CEAaHCOB OOJYYeHHUSI B OIYXOJEBHIX KIIETKAX
JocToBepHo Tmpesbiliaer ypoBeHbs AP JHK npu
panMalMOHHOM BO3JEHCTBUM 0e3 MoauduKaropa.
ITokazaHo, uto BBeaeHue Apall ycunuBaeT mpo-
TUBOOITYXOJIEBOE NICHICTBIE IMPOTOHHOTO M3TyUeHUS
MyTeM peajn3alui HEeCKOJBbKIX MEXaHU3MOB, Cpe-
I KOTOPBIX YMEHbILIEHME KOJMYEeCTBA OIyXOJje-
BBIX CTBOJIOBBIX KJIETOK, YTHETeHME MPoudepalun
KJICTOK M aHTMOTeHEe3a B OITyXOJIM Ha (poHEe M3MeHe-
HUS MMMYHHOTO OTBETa B IIEPBUYHOM Oyare M ero
nHuibTpauyuy auMdountamu [126—129].

Buimonnen ananu3 GopMHUpPOBaHUS XPOMOCOM-
HBIX abeppalvii B KJIETKAaX KapLUMHOMBI 4eJIoBeKa
quaun Cal51 u HOopManbHBIX JTUM@OLMTAX Mepu-
(beprueckoil KpoBU uesoBeKa Mpu 00JydeHnn ¢o-
ToHaMmu ¥ nipotoHamu (150 MaB u B nuke bpoarra)
C HUCIoNb30BaHMEeM MeTadaszHoro meroma. MeTo-
JIOM TIPEXJEBPEMEHHOW KOHAEHCALlMM XpOMaTHHA
OLIEHEHA JIOJISl YCHEITHO BOCCTAaHOBJIEHHBIX Pa3phl-
BOB XpoMmaTrHa uyepe3 12 4 mocne obxydenus. [Ipu
JEUCTBUM TaMMa-KBaHTOB B OITyXOJIEBBIX KIIETKAX
BhIsIBJIeHA Oosiee 2(eKkTUBHASA perapauus pas-

I'uobnacroma U87
e be3 Apall
A Apall

100

—_
o

BeokuBaemocts, %

Ho3a, I'p

Kuneruka dopmupoBanus u snumuHaimn yH2AX/53BP1 dokycoB B siapax KiIeToK Tiro0nacToMbl 4yenoBeka US7
(ceBa) M KpUBBIE BBDKMBAEMOCTM (CrpaBa) Mpu KOMOMHMpoOBaHHOM neiictBuM Apall m mpotoHoB B mose 1,25 I'p
B pacIIMpeHHOM TMKe bparra
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PAOVALUMNOHHBIE N PAONOBUOJTIOM MYECKUNE NCCJIEOOBAHNA
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a) TopMoXeHHe pocTa OMyXOJIM MeJaHOMbI B16 y Mbilieii mociie o0ayyeHus: MPOTOHAMU U KOMOMHUPOBAHHOTO BO3-
neiictBust Apall u mpotoHos B 1o3e 10 I'p. 6) [loist OMyxoJIeBbIX CTBOJIOBBIX KJIETOK B IIEPBUYHOM odare MejaHOMbl B16
yepe3 9 cyT mocie 00ydeHUs] MPOTOHAMU U KOMOMHMPOBaHHOTO BozzieiicTBust Apall n mpotoHoB
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D(GheKTUBHOCTh  pemnapaluMy  pa3pblBOB  XpoMaTHHA
B HOPMAJIbHBIX JUMGOLMTAX YeJOBEKAa U KJIETKax Kap-
uuHOoMbI uHuKM Cal51

PBIBOB XpOMaTMHA IO CPaBHEHWIO ¢ HOPMAaJbHBbI-
MU KJIETKaMH, YeM TIpd OOJyYeHMM IIPOTOHAMHU.
PesynbraTthl yKaspIBalOT Ha IIPEANOYTUTEILHOCTH
MPUMEHEHMS ITyYKOB IIPOTOHOB B JIy4€BOI TEpAIIU1
KapLMHOMbBI MOJIOYHOI ene3nl [130].

NccnenoBaHMa 3aKOHOMEPHOCTEN
N MEXAHU3MOB 06PAa30BaHUA MEeHHbIX
N CTPYKTYPHbIX MyTauun B KNeTKax
MJIEKOMUTAIOLWMNX NPU OENCTBUM TAXKENbIX
3apAXKEHHbIX YacTul,

WccnenosaH  paaualiioOHHO-UHAYLUPOBAHHBIIM
MyTareHe3 B KJIETKaX KUTAHCKOTO XOMSTUKA JIMHUU
V79 nipu aeiictBun yckopeHHbIX 1oHOB (1B, 20Ne
180) ¢ pasmmunoit JIITD u y-kBantos 99Co. Makcu-
MaJIbHbIM BBIXOJ] MyTAHTHBIX KJIOHOB Ha0OJt0AasCs
B Pa3HOE BpeMs B 3aBUCMMOCTH OT XapaKTE€PUCTUK

MOHM3UPYIOLIETO M3JIYYeHUs, TIPUYeM MOJOXKEHUE
MakcuMyMa ¢ yBeauueHueM JIIIO usnyueHuii cme-
1IaJI0Ch B CTOPOHY 00Jice MO3IHMUX BPEMEHHBIX MH-
TepBaJoOB. 3aBUCHMOCThb IOJOXEHUS MaKCMMyMa
BBIXOZA MYTaHTHO# ¢pakuuu ot JIIID MoxeT OBITh
XOpOLIO OIKCAaHa 3KCIOHEHLMANBHON (DyHKIIMEN.
VY pamuanuoHHO-MHAYUMPOBAHHBIX MOHAMM MY-
TAHTOB HA0JI0JAJI0Ch YBEIMUEHUE YPOBHS AEICLUi

W
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Bpemsa skcnipeccun, CyT

40 60 80 100 120 140 160
JIID, xoB/Mkm

Jleneuuu pa3HOro BUIA

MakcuMalbHBIE  YPOBeHb  paauallMOHHO-MHAYIIMPO-

BaHHOTO MyTareHe3a B KJIETKaX KMTaliCKOTO XOMs4Ka U

CTPYKTYpHbIE M3MEHEHUS B Aiprf-TeHE B 3aBUCMOCTH OT
«BpeMeHu akcrnpeccun» u JIID ycKopeHHbIX NOHOB
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¢ poctoM JITID ob6ayyenus (mo ~40%). Y croHTaH-
HBIX MYTAHTOB KJIOHBI C JIeJIELUSIMKA COCTABIISUIA HE
oosee 10% [131, 132].

MccnepgoBaHue pagnalMoHHO-
WHAYUMPOBAHHbIX HAPYLLUEHUN B PA3SINYHbIX
CTPYKTYpax rosiIoBHOro Mosra rpbi3yHOB

[IpoBeneHo cpaBHUTENbHOE MCCIENOBAaHUE Ha-
pYlLEHUI MOBEAEHYECKUX peakluii 1 MOpdosoru-
YeCKUX M3MEHEHUI B TOJIOBHOM MO3T€ B3POCIBIX
CaMOK KpbIC mocie oOmydeHns y-kpantamu 0Co
U TIPOTOHAMM PA3IUYHBIX 3Hepruit B mose 1 Ip.
HabGmonanuce yxynieHus: paboThl KpaTKOBPEMEH-
HOI mamsITH, IBUTaTEeIbHON M MCCIEA0BATEIbCKOM
AKTUBHOCTU KMBOTHBIX. CpaBHMTEIbHBII MAaTo-

Ha cpe3 TKaHU

KonnyecTBo aMUJTOMIHBIX OJISIIEK

MOpP(}OJOTUYECKUI aHATM3 BO3MOXHBIX MPUYUH
HapyIlIeHUsI TIOBEJICHMSI BbISIBAJI PaHHUN aMUJIOU-
7103, ayTOJM3 BMEHAUMAILHOTO CJIosl, Helipojere-
HEepaTHBHbIE U3MEHEHMsI B PA3IMYHbBIX CTPYKTYypax
rOJIOBHOTO MO3ra M pa3BUTHE runeprpodun Hei-
poHoB. [lokazaHo, yTo HabmOmaABIINECS AECTPYK-
TUBHbIE M3MEHEHMS Bo3pacTtailoT ¢ poctoMm JITID
yactui [133].

UccnenoBaHo BausHUe ramma-KBaHtoB %0Co
B no3¢ 2 ['p Ha moBegeHUeCKe peaklunl, UMMYHO-
reMaToJIOTMUECKUi cTaTyc U MOp(POPYHKIMOHATb-
Hble M3MEHEHMSI HEHPOHOB B LEHTPaIbHOI HEpB-
HOU cUcTeMe ceMUMeCSUHbIX Mbleil uHuu ICR.

BuigBieHsl paznuuus B MOBEACHUM OOJyYeH-
HBIX KMBOTHBIX C MCIIOJIb30BAHUEM TECT-CUCTEMbI

AMMIOUIHBIE OJSIIKM B MepeaHeM Mosre Kpbic yepe3 30 cyT mocie obaydeHusl (OTMEUeHbl OeJbIMM CTpeJKaMu Ha
cpesax). K — xonrtponsHas rpynna, I — y-ksantsl 90Co, p170 — npoToHsl ¢ 3Heprueit 170 MsB, p70 — npoToHbI
¢ aHeprueit 70 MaB

»=0.0193* 6
GNI E—
1.6F A
A
12+
A
0.8 F
A
A
0.4} , ,
I AC

a) TerumoBast Kaprta aBikeHUSI B «OTKPBITOM Mojie». 0) [JMalbHO-HEeWPOHAIBHBI MHICKC OOJYyYEHHBIX MBILICH I10
CPaBHEHMIO C BO3PACTHBIMU KOHTPOJbHBIMU MbIlIaMu. KonanuecTBo KuBOTHBIX: | — o0ayueHHbIe (n=10); AC — KOH-
tponb (n=10). Noldus EthoVision software
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«OTKpBITOE TMOJIE», BBIPAXEHHBIE B YBEIUYEHUU
yycaa CTOeK M M3MEHEHMM CTpaTerdy ABMUIATelIb-
Ho#t akTHBHOCTHU. ITocie obnyyeHuUs1 HabIIOAATOCh
Pa3BUTUE JIEUKOIICHUM U YMEHbIICHNUE TIMOHEUPO-
HaJIBHOTO MHIEKCA B TApeHXMMe TOJOBHOTO MO3Ta
Mbieit [134].

MaTeMaTuyeckoe MoaenMpoBaHue
MOJIEKYNSAPHbIX MEXAHU3MOB HapyLUEHWN
CTPYKTYpPbl U (OYHKLMM LLeHTpasIbHOM
HEepPBHOW CUCTEMDI NPU AENCTBUM TAXKESbIX
3apAXKeHHbIX YacTuy,

[IpennoxeH OpUTMHANIBHBIA METON MOIAEIMPO-
BaHUS paTuallMOHHBIX MOBPEXIECHUN B HEWpOHax
U HX CYOKJIETOUHBIX CTPYKTypax IIpd HeiCTBUU
YCKOPEHHBIX 3apsKeHHBIX yacTull. Ha ocHoBe pas-
paboTaHHOM MOIEIM C MCIOJb30BAaHUEM IIaKeTa
Geant4-DNA npoaHaau3uMpoBaHbl 3aKOHOMEPHO-
cTU (OPMUPOBAHUS paluallMOHHO-UHIYLIMPOBAH-
Hbix noBpexaeHuit JTHK B kietkax rummokamma
MO3ra I'pbI3yHOB.

Ha ocHoBe manHbix 0 mnoBpexaeHusx JHK
B sIIpaX HEPBHBIX KJIETOK PAaCCUMTAHbI BBIKMBAe-
MOCTH PaIuOYYBCTBUTEIBHON MOIYISIUU KIETOK
CyOrpaHyJsipHOI 30HBI TMIIOKaMIIa TIpY IeCTBUN
TSDKEJIBIX 3apsDKEeHHBIX yacTull [135, 136].

[ToctpoeHa MaTemaTuyeckas MOJAENb 00JacTU
CA3 rumnmokamma ¢ MCIOJIb30BaHMEM IIPOrpaMM-
Hoit cpeasl NEURON. Ha ocHoBe gaHHOI Mozaeau
MIPOM3BEIEH pacyeT BO3HMKHOBEHUS CHMHXPOHHBIX
HEPOHHBIX OCLMJIISAINIA, BHOCSIIMX BKJIaA B (pop-
MUpPOBaHUE y- U O-pUTMOB, UTPAIOIIMX BAXHYIO

pOJIb B MeXaHM3Max MaMsITh U ooydeHus. Ha mpu-
Mepe MOHOTPOMHOro perenropa ryramata NMDA,
KOTOPBII UTPaeT KIIOUEBYIO POJIb B PETYISLIUUA CU-
HanTUYEeCKON TMJIaCTUYHOCTU, OOydyeHUH U op-
MUPOBAaHUU Pa3IMYHBIX BHAOB IaMSITH, MPOBEIe-
HO MOJIEKYJSIPHO-AMHAMUYECKOE MOJIEIUPOBAHUE
mpouecca akKTUBALMM IIOJTHOATOMHOM CTPYKTYPHI
peuentopa NMDA nHa 6a3ze makera NAMD. Pac-
CMOTPEHO BJIMSHUE OAVMHOYHBIX U TBOMHBIX TOY-
KOBBIX MYTallMid, a TakXkKe CTPYKTYPHOM MyTaluu
(menmemwy) Ha CTPYKTYpY MOHHOTO KaHaja M Ha
(byHKIIMOHMpPOBAaHWE HEWPOHHON CETU B IIEJIOM.
[IpemnoxXeHHbIE MOAEIbHBIA TOAXOMA TO3BOJIS-
€T OLIEHWUThb BJWSHWE MyTallMil B TeHaX HEWpPOHOB
TUIIIIOKAMITIA HA COCTOSIHME CMHATITHUECKUX peleI-
TOpoB. JlaHHBIN MOAX0A ONpoOOBaH HAa MU3BECTHBIX
13 dKcrepruMeHTa 3deKTax oT MyTalluil B TpaHC-
MeMOpaHHOM JOMEHEe, MPUBOMAIIMX K SIUJTIENTH-
yecKnM paccrpoiictBaM. I1o xapakTepy aKTUBHOCTH
HEHPOHHOU CETH M COOTBETCTBYIOLICH 3JIEKTPOIH-
nedazorpaMMe MOXHO CYIMTb O MaKpOCKOIMYe-
CKOM 3 deKTe KOHKpeTHOro Tuna mytauuit [137].

PaguaunoHHble nuccnenoBaHus

C wLenplo pa3BUTHS SKCIEPUMEHTATIBHBIX METO-
JIOB MOJENMPOBaHUSI paldallMOHHOIO pHCKa KOC-
MUYECKUX MOJIETOB B 3MHBIX YCIOBUSIX MPEATOXKEH
1 3allaTeHTOBAaH YHUKAJIbHBIN CUMYJISITOP paguaiy-
OHHOTO TOJISI B YCJIOBUSX JajbHEro kocmoca. Paz-
paboTaHHBIM BapMaHT CUMYJISITOPa BOCIIPOM3BOAUT
B IPaBWJILHOM COOTHOIIEHHWU BCE KOMIIOHEHTHI
TaJaKTMYECKOTO M3Ty4YeHUS] BHYTPU KOCMUUYECKOTO
Kopabiis, ycpeqHeHHBIE ITO COTHEYHON aKTUBHOCTHU
[138—140].

!

=5

1 mm

CA3/CA2

Dentate
Gyrus

Subgranular zone

600 MeV/nucleon 3°Fe ion track

BbDKHBaEMOCTE KIIETOK

0 1

2 3
[Mornowmennas no3a, I'p

a) Mozenuposanne MeTogom Monte-Kapno ctpykTyphl Tpeka noHa S6Fe sHeprueit 600 MaB/HYKJIOH B TpexMepHOii

MOJIEIM TUIIOKamMMa Kpbic. 6) PacyeT BbIKMBAaGMOCTM KJIETOK — TMpeniiecTBeHHUKOB HeiipoHoB (KITH, kpacHbie

JIMHUU, * — SKCTIEPUMEHT) U He3pebix rpaHysipHbix HeiipoHoB (HI'H, cuHue nuHuM, » — 3KCepuMeHT) mpu o0J1y-
YEeHUW TIPOTOHAMU (IITPUXOBBIE JIMHUM) M MOHAMM 3Keje3a (CrutolHbie) ¢ aHeprueit 1 I'B/HykioH

47

ConepxaHue



PAOVALIMOHHBIE N PAONOBUNOJTIOM MYECKUE MCCJIEQOBAHNA
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a) CpaBHEHME PACUETHBIX 3apsIOBBIX pacIpele/ieH!il YacTUIl BO BHYTPEHHEM DPATUAlMOHHOM I0JIé KOCMUYECKOTO
KopabJisi B MUHUMYME U MaKCUMyMe COJTHEUHOU aKTUBHOCTH M PACUETHOTO 3apsIIOBOTO PACHpeIeIeHNsI YaCTUIl B 1OJIe
3a CUMYINsITOpoM. 0) CxeMaTUuecKuii B KOHBEPTOPA CUMYJIATOpA

BolmosiHeH psi MccienoBaHUI, HampaBIEHHBIX
Ha OIIEHKY PpaauallMOHHOTO0 pPUCKAa KOCMOHABTOB
MpY JJIUTEIBHBIX MEXIUIAHETHBIX mosieTax. I1pose-
JICHBI JIeTaJbHBIC PAcyeThl CIEKTPOB BCEX KOMIIO-
HEHTOB PaguallMOHHOIO TOJSI BHYTPU OOMTaeMOro
MOJYJISI KOCMUYECKOTO aIlnaparta OT raJakKTHYecKuX
KOCMMYECKMX M3JIYYeHWiIl B YCIOBMSIX MUHUMyMa
U MakcuMyMa COJJHEUHON aKTMBHOCTH. Bepudmu-
Kallusl MPOBEAEHHBIX PACUeTOB c/iejlaHa Ha OCHO-
B€ €IMHCTBEHHO MOCTYIIHBIX 3KCIIEPUMEHTAIbHBIX
naHHbIX pubopoB RAD u Liulin-MO u nokazana
XOpolliee corjacue ¢ 3KcIepuMeHToM. Paccuura-
Hbl CKOPPEKTUPOBAHHbIE KO3(D(MUILIMEHTH KOHBEP-

cun ¢uoeHe — a3 deKTUBHAA 103a IS BCEX KOM-
MTOHEHTOB PAAMALlMOHHOTO ITOJISI BHYTPH KOpaost
[141, 142].

Mznana moHorpacdusi, B KOTOPOii paccMoTpe-
HBI OCHOBHBIE BOIIPOCHI, Kacaoluecs creunOuku
(opMupoBaHUs TMOJNeHl MOHMU3UPYIOIIUX U3JIyde-
HUII Ha BBICOKORHEPTETMYHBIX YCKOPUTENSX IIPO-
TOHOB ¥ TSDKEJIBIX MOHOB, aKTMBAallMM O0OPYHOBa-
HUS, XJIaJlaTeHTOB, BO3AyXa M 3allUThI, pa3pad0TKu
CPENCTB PaAUaAllMOHHOTO KOHTpoJs [143].

BBemeHbl B 3KCIUTyaTallMio IBE PEHTTEHOBCKUE
YCTAaHOBKM: KOMMakKTHbI ob6aydarens CellRad,

08+1.2mll

YcranoBka SARRP. O6mwmit Bun (a), obiyyeHre MBIILIM B X0le 3KcIepuMeHTa (6), cucremMa IIaHu-
poBaHUsS 00JMyYeHUS (8), KOMITBIOTEpHAsT TOMOTrpadusl BHYTPEHHUX OPraHOB MBIIIM C KOHTPACTHBIM
areHToM (e)
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MpeAHa3HAuYeHHBI Mg pabOThl C KJIETOYHBIMU
KyJAbTypaMM M MHOTO(MYHKIIMOHAJbHBIN HCClie-
nosaresbckuit Kommiaekc SARRP (Small Animal
Radiation Research Platform), mpenHasHaueHHbBIN
JUIS1 paavoOMOJIOTMYECKUX MCCACAOBAHMI Ha MeJ-
KHMX JIJaOOPAaTOPHBIX KMBOTHBIX C BO3MOXKHOCTBIO
PEHTIeHOBCKOW TOMOTrpaMu U BbICOKOKOH(MOPM-
HOTO O0JTy4eHMUSI.

ACTpoBUONOrnyecKne UccrnenoBaHuns

CoBmectHO ¢ Komteramu u3 Mramum m Yexum
HCCIIeN0BaHO (DOPMUPOBAHUE CIOXHBIX ITPEOMOTH-
YeCKMX COCAMHEHUI Mpu OOJYYeHMM IPOTOHAMU

5 pm - ol

MPOCTBIX OPTAHMYECKHUX COCAMHEHWI B MPUCYT-
CTBUM BEIIIECTBAa METCOPUTOB KaK KaTaau3aTopa.
[IpemnoxeH HOBBIM MEXaHM3M, CIIOCOOCTBYIOLIUIA
00pa3oBaHUIO U NepepabOTKe HEPACTBOPUMOTO Op-
raHUYECKOTO BELIECTBA B METEOPUTAX U B XOJIE TIpe-
OMOTUYECKUX TIpoLieccoB |144—146].

MeTtonamMu CKaHUPYIOLIEH 3JIEKTPOHHOM MUKPO-
CKOIMUU U PEHTTEHOBCKOTO 3HEPTOAUCIIEPCUOHHO-
r0 MHUKPOAHaJIU3a BBINIOJHEH LMK UCCIEeA0BAHUI
OKaMEHENbIX MUKPOOPTaHU3MOB (MUKpodoccu-
JUil) B MeTeopuTax. BeIMyIlieH MepBblii WLTIOCTPU-
POBaHHBI aTiac MUKPOGOCCUIMII B METEOPUTE
Opreii [147].

10 pm

N300paxkeHus: okaMeHeIbIX MUKPOOPraHU3MOB 13 MeTeoputa Opreit
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N HAYKUN O XXN3HU

Jlng HoBoit ycraHoBKM Linac-200 cozmaetcst
MoJIb30BaTebcKasl MporpaMma, BKIIOUawolas B
ceost:

— TpOBe/icHUE ITYYKOBBIX HUCIBITAHUI M Kajlu-
OpOBKY IETEKTOPOB sl 3KcrnepuMeHToB MPD,
SPD (a1eKTpoMarHUTHEIE KaJTOPUMETPHI, CTPOY-
JETEKTOPbI, BEPLIMHHBIC ACTEKTOPHI), DJICMECH-
TOB CUCTEMbI JMArHOCTUKM ITy4yKa KOJlIaiizepa
NICA u TecTupoBaHue IETEKTOPOB ISl APYTUX
9KCIIEPUMEHTOB;

— CO3/IaHUE YCKOPUTEJIILHOTO MCTOYHMKA Teparep-
LIEBOTO M3JIYYCHUs C IepecTparBacMbIM CIIEK-
TPOM LI Pagno0OMONOTMYECKUX MCCIeN0BaHUI
(JIPB);

— o0ayyeHue Ouomarepuasa M ACTEKTOPOB AJIs
KocMuueckux skcnepuMenToB (JISAII, UMBII);

— wu3ydeHue ¢otosiaepHbix peakuuit (JIAP, JIATI,
JT®, MI'Y, Vuusepcurer 1. HoBu-Can (Cep-
ous));

— pagualMoOHHOE  MaTepUaloOBeACHUC
ToMcKMii YHUBEPCUTET).

B yckoputenbHOM 3aje CMOHTMPOBaHBI 5-51 U
6-51 CTAaHIIMM YCTAHOBKM, PacCUMTAHHBIE HA SHEp-

(Capos,

ruto mydka no 400 MaB. Bemyrcs paOoThHI o co3-
JAHWIO aBTOMATM3MPOBAHHOM CUCTEMBI YIIpaBie-
Hug Linac-200.

MajorabapuTHBIN TIPEUM3UOHHBINA  J1a3epHBIT
nakanHomerp (MILJIM), pa3paboTaHHBINi COTPY.I-
Huxkamu JISIT OUAUN, 3apekomeHmoBan cebst Kak
BBICOKOTOUHBIM HaIEXHBIM IpUOOp WIS perucTpa-
LMY YIJIOBBIX Kojie0aHuil oBepxHOCTU 3emin. [lo-
CTUTHYTas MHCTPYMEHTaJbHAsE TOYHOCTh COCTABIIS-
er 107 pan.

B teuenme 2022 r. cobpano 6 MIIJIM. Haua-
JIOCh MX pa3MelleHre B HayyHBIX LieHTpax Poccun
1 3a pyOeskoM.

JIBa MHKJIMHOMETpA YCTAaHOBJIEHBI B 3aje Jie-
tekTopa MPD xonnaiinepa NICA. B teueHnue He-
CKOJIKMX MECSIIEB MPOBOAUIOCH MOHUTOPUPOBA-
HUE YIJIOBBIX MUKPOCEHCMOB OT MHIYCTPUAIbHBIX
LIYyMOB M MPUPOIHBIX siBJIeHUI. Hanbonbinme mMu-
KpOCeiicMbl TOCTUTaloT aMIiuTya 4 Mxpan. Paspa-
0aTbIBAIOTCS CIOCOOBI MONABICHUSI MHIYCTPHAIIh-
HBIX IOMeX IJIsl CTabuau3auuy (POKycoB IIyUKOB
KoJlaiiiepa — BBeIeHME OOpaTHBIX CBS3Cil B CH-

Linac-200
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YcraHoBka MajiorabapuTHOTO J1a3epPHOTO MHKITMHO-
merpa B 3ame MPD NICA

CTEMY VIPABJICHUS MarHUTOONTUKOM KoJulaiaepa
1/WIN UCTIOJIb30BaHME TIhe30CTaKepoB [148].

TARDISS (reneruxa knetku). B 2021 r. rpyn-
noit corpynaukoB OUSIU mpoBenen 2-it aTam aKc-
nepuMeHTa B bakcaHckoit HeHTpUHHOI 00cepBaTo-

UK Centre for @
Ecology & Hydrology (e < LRTAP

MOSSES AS BIOMONITORS OF AIR POLLUTION:
2015/ 2016 survey on heavy metals,
nitrogen and POPs in Europe and beyond

pun AW PAH no ucciaeqoBaHUIO CBEPXITYOOKMX
MUKPOOHBIX COOOIIECTB, OOWTAIOIIMX B 3KCTpE-
MaJIbHBIX YCJIOBUSIX HEMOJaleKy OT 3JIbOPYCCKOTO
ByJKaHuueckoro ovara. Ha paccrosaum 4200 m
OT BXOJa BO BCIIOMOIaTeJbHYIO INTOJBHIO B TOJ-
3eMHOM TOpSYeM HMCTOUHUKE TPOM3BOIMIICS OTOOD
00pasIoB BOjbI, TPYHTA U HEOPraHUYECKUX OTJIO-
KEHUH.

bbuti mpoBefeHbl UCCASI0BAHUS 110 U3YYEHUIO
BAMSHMS MOHMXKEHHOTO paaualMoHHOro (oHa Ha
MoJieJibHbIE O1rosornyeckre 00beKThl. C MOMOIIbIO
PHK cexBenupoBaHus BIiepBble OBLIM MAECHTUDU-
LIMpOBaHbI BCe TeHbl D. melanogaster, U3MeHUBILTE
CBOIO aKTMBHOCTb B YCJIOBUSIX HU3KO(OHOBOH Ja-
OopaTopuy. AHAIU3 TOJYYEHHBIX TAHHBIX CBUIE-
TEJIbCTBYET 00 OTCYTCTBMM BIMSIHMUSI CHIDKCHUS
pagMaldoOHHOrO (hOHA Ha CIOXHBIA MOJETbHBIN
opranusMm [149].

B pamkax mexamyHapogHoit mporpammbel OOH
«ATMOC(epHBIE BBITTANCHUS TSDKENBIX METaJlIOB
B EBporne — olieHKM Ha OCHOBE aHaJIM3a MXOB-01O-
MOHUTOPOB» OBbLIM IPOBEAECHBI PAOOTHI MO OLEHKE
3arpsi3HEHKsT Bo3myxa B 12 cTpaHaX-ydyacTHMIIAX
OUAN: Asepbaiimkane, ApmeHuu, bemopyccun,
boarapuu, BeetHame, I'py3un, Kazaxcrane, MoJ-
nose, Monromuu, Poccun, Pympinnm n CioBakum.
JlaHHBIE TTO OAHOMOMEHTHOMY COOPY MXOB-OMOMO-
HHUTOPOB Ha OOJBIIMX TEPPUTOPHUSIX MPEACTABICHBI
B Amnace. OHU MO3BOJISIIOT OLIEHMBATh Kak TMpO-
CTPAHCTBEHHBIE, TaK U BPEMEHHBIC TPEHIBI M3Me-
HEHMUsI KOHLEHTPALMiA TSEKEIbIX METALIOB, a TakXke
HWAEHTU(UIIMPOBATh 00JACTU C BBICOKUM YPOBHEM

3arps3HEHUS B Pe3y/ibTaTe JIOKAJbHOTO W TpaHC-
TPaHUYHOTO TepeHoca MeTamioB [150].

CrneBa: Arac atMocdepHBIX BbITaAeHUI TsDKeNbIX MetauioB. CripaBa: MPOCTPAHCTBEHHOE pacrpesielieHne MHAeKCa
Harpy3KM 3arpsi3HeHus1 Bosnyxa B [py3un
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[IpocTpaHCTBEHHOE paclipeie/ieHne MHASKCa HATPY3KU 3arpsi3HEHUSI 110 MPUOPEKHBIM
paitonam CpeauzemHoro u KpacHoro mopeit, peku Hun u ee aenbThl

B pamkax TeKylIero COTpYIHUYECTBA MEXIY
AkageMueil HayYHBIX MCCIEJOBAaHUII U TEXHOJO-
ruit (ASRT, Erumer) m OUSN Obuta mposene-
Ha paboTa C 1eJbl0 TMOJY4eHUs] BCECTOPOHHEI
KapTUHBI ITI0 OLIEHKE OSKOJOIMYeCKOW CHUTyaluu
B Erunre c¢ mcmojb3oBaHMeM 00pa3loB IOYBHI U
JOHHBIX OTJIOXEHMI M3 peku Hum u ee nenbThl,
npubpexxHbIX paitoHoB CpemuzemHoro u KpacHo-
ro Mopeil. XapakTepucThKa 00OpasLioB Oblla JaHa
C MTOMOILBIO HEHTPOHHO-aKTUBALIMOHHOTO aHaI13a

U Macc-CIeKTpoMeTpa ¢ MHAYKTUBHO CBSI3aHHOIA
T1JIa3MOWA.

XapakTepucTuka mpobd ¢ TOYKU 3peHUsl 3arpsis-
HEHUS TI0Ka3aja, YTO OHO HEepaBHOMEPHO, HEKO-
TOpBIE YYAaCTKM OTHOCHUTEJIBLHO 00jiee 3arpsi3He-
HBbI, YeM JApyrue, HO B LEJIOM HE€ IpPeACTaBIIAIOT
CYILLIECTBEHHOTO pMCKa Ul 3I0POBbSl YEJOBEKA U
OKpyXarolleit cpeabl. TeM He MeHee HACTOSTeIbHO
PEKOMEHIYETCS] MOCTOSHHBI MOHUTOPHUHT BBUIY
BO3MOXHBIX M3MEHEHMi B Oymymem [151, 152].
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OnHUM 13 OCHOBHBIX HampapieHnii CeMuIeTHe-
ro maHa B 2017—2023 rr. gBia0ch TIAHOBOE pa3-
putue B JIMT MHOrodyHKIMOHANIBHOTO MH(pOPMa-
LIMOHHO-BBIUMCIUTEIbHOrO KoMmiuiekca (MIUBK)
MHPOBOTO YPOBHS, BKJIIOUAolee B ceOs: pa3BUTHE
1 COBEPIICHCTBOBAHUE TEJICKOMMYHUKAIIMOHHONW 1
cereBoit nHMpacTpyktypsl OUAN, MonepHusamio
nHxXeHepHoi uHppactpykTypsl MUBK, MonepHu-
3alIMI0, Pa3BUTHE W CO3MAHUE HOBBIX KOMIIOHEHTOB
MMBK w15 xpaHeHus, 00padOTKM M aHaIM3a JaH-
HBIX, pa3BuTne IT-undpacTpykTypsl mpoekta NICA,
HapallMBaHUE MPOU3BOAUTEILHOCTU U 00beMa CHU-
CTEM XpaHEHUS TaHHBIX TPUA-KOMIIOHeHTOB — Tierl
u Tier2, HapalBaHKe pecypcoB 00JaYHON MH(pa-
CTPYKTYPhl M CO3[aHNME MHTETPUPOBAHHON 00J1a4-
Ho# cpennl mst ctpaH-yyactHul, OUSAN, pacimpe-
HME TETEPOTreHHOIO BBIYMCIUTEILHOIO KOMILIEKCa
HybriLLIT. Bce 3apauu Obiin BoimonHeHb! [153, 154].

MICC

DATA STORAGE 75 PB

NETWORK
POWER@COOLING 800 kVA@1400 kW

MHOTOGYHKIMOHANBHBI  MH(MOPMAIIMOHHO-BBIYNCIIN -
TesbHBI KoMIuieke OUAN

Cerepas umudpactpykrypa OUAMN. Ha HOBEIT
TEXHOJIOTUIECKMIT YPOBEHD BHIIILIA CeTeBast MH(Ppa-
ctpykrypa OUSIN. TIponyckHast crocoOHOCThL Te-
JIEKOMMYHMKALUMOHHOTO KaHajda MockBa—OUAN
yBesmueHa co 100 mo 3x 100 I'out/c, marucTpaib-
HOW BBIYMCIUTENbHON cetn MHcTTyTa — ¢ 10 110
2x100 I'dutr/c, a Takke co3maHa pacrpenesieHHas
BBIYMCIUTEIbHAS KJIACTEpHAs CETh MEX/Y TUIOLIA-
kamu JISIIT u JI®BD npomnyckHO# cOCOOHOCTBIO
1o 400 I'out/c, yTo OTBEYaeT TpeOOBAHUSIM Mera-
npoekta NICA.

Nuxenepuas undpactpykrypa MUBK. Cornac-
Ho mipoekty MUBK BhIMoOTHATNCH pabOTHI 1O MO-
JepHU3auuyd UHXeHepHo# uHdpacTpykTypsl JINT.

Co31aH KOMIUIEKC MHXEHEPHBIX CHCTEM, COCTOS-
LI U3 UCTOYHMKOB OecIriepe0OMHOTO MUTAHUS U
JBYX I13€Ib-TeHePAaTOPHbIX YCTAHOBOK, IPEICTaB-
JISTIOLIMIA COOOM CHCTeMY 2JICKTPONMTaHUSI, KOTOpast
00€ecreYrBaeT MOJTHYI0 9HEPTETUIECKYI0 HE3aBUCH-
MOCTb MH(POPMALMOHHO-BBIYMCIUTEIBHON CHCTE-
MBI ¥ CETeBOI MH(MPACTPYKTYPHl OT BHELIHEH CETU
3JIeKTponuTaHus. MoaepHU3MpoBaHHASI CHUCTeMa
knuMmaruyeckoro kKontpoass MUBK mpencrapisiet
co00ii KOMIUIEKC B3aMMOCBS3aHHOTO 000pyIOBa-
HMSI Pa3NIMYHBIX CXEM BO3IYIIHOIO M XHUAKOCTHOTO
OXJIaXXIEHUSI, ¢ TMOMOIIbI0 KOTOPHIX CO3laeTCsl He-
00XOAMMBIA TeMIepaTypHbIN peXuM, obecrevyrBa-
foumii pabory MUBK B pexume 24 x 365 [155].

I'pun-cpena OUAMN (caiitoi Tierl u Tier2). ['pua-
undpactpykrtypa OUAN mpencraneHa 1LeHTpoM
ypoBHs1 Tierl mnma skcmepumenta CMS na LHC
un ueHtpoM ypoBHs Tier2 niast o6pabOTKM JaHHBIX
akcnepumentoB NICA, LHC, BES, BIOMED,
NOvA, ILC u gp. O6a rpun-caiitta OUAN obGe-
cneurBanu 100 %-10 MOCTYIIHOCTbL M HAAEXKHOCTD
CEePBUCOB.

Cucrema o6pabotku gaHHbix Tierl mas CMS
ObL1a yBeMUeHa corstacHo miaHam ¢ 3600 mo 20096
saep, odecreunBasi B HACTOSIIEE BPeMsl MPOU3BO-

E Geant 3

10 Gbps

/ClnternetZ

10 Gbps

RN

T
LHCOPN

LHCONE
2 x 100 Gbps 10 Gbps

100 Gbp
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Ams erdam
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(]
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Bxnan mupoBbix 1eHTtpoB Tierl B 00paboTKy asKcrepuMeHTanbHbIX AaHHBIX CMS
3a 2017—2023 rr.: pacmpeneneHue mo HopmupoBaHHoMmy Bpemenn CPU B HS23 yacax

qutebHOCTh 32 382,54 HS06. Pacumpena cucrema
xpaHeHus. OOwiasl Mojie3Hasi eMKOCTh IMCKOBBIX
cepBepoB yBeauueHa ¢ 4 go 15 TIb, neHTOYHBIX
ouonunorex IBM TS3500 u IBM TS4500 ¢ 5,4 no
51 TIb. ITo cBoeit mpousBoauteabHocTu Tierl 3a-
HUMaeT OOHO U3 JUAUPYIOLIUX MECT CpeaUu ApYyrux
ueHtpoB Tierl mns sxkcnepumenta CMS. C 2021 r.
pecypebl LeHTpa Tierl MCmonb3yroTcsl Takxe ISt
MOJIETUPOBAHUS U 00pabOTKM MAHHBIX 3KCIIEPU-
MeHTOB NICA.

BuruncnurensHblie pecypebl neHTpa Tier2 Obiu
mo ruiaHy yseaudeHsl ¢ 2470 mo 10364 anep, yro
obecreunBaeT MPOM3BOAUTEILHOCTD 66 788,4 HS06.
OOmrast mone3Has €MKOCTh IMCKOBBIX CEpBEPOB
cocrasisier 5,6 I1b. Cailtt OUAN Tier2 gsnser-
ca ayuymuMm B PoccuiickoM koHcopuuyme RDIG
(Russian Data Intensive Grid — poccuiickuii rpua
U MHTEHCUBHBIX orepauuii ¢ ganHeiMu). C 2017
o 2023 r. Bkian Tier2 OUAM B npousBonuTe/b-
Hocth RDIG yBemmumics ¢ 42 10 90 %.

Pacnpenenennas cucrema xpaHenust EOS (tak
Ha3bIBAEMOE «03ePO JaHHBIX») YCIICIIHO WHTETPU-
poBaHa B cTpyktypy MUBK u ucnosab3yercs mist
XpaHEeHMsI M JOCTyHa K OOJbLUIMM MacCUBaM MH-
(popmanuu. JIna nonw3oBaTeneit EOS goctymHo
23,3 T1Ib nuCKOBOrO MpPOCTPAaHCTBA. YYacCTHUKU
skcnepuMmeHToB Ha NICA, HelitpuHHOII mporpam-
MBIl W JApYrue IOJb30BaTeNM XpaHAT NaHHBIE Ha
EOS cornacHo xBotam [156].

Oonaynas undpacrpykrypa. Pecypchl 001auHoii
MHMPacTpyKTyphl ObLIM yBeaWdeHbl ¢ 330 mo 5152
saep LIITY u ¢ 840 I'b mo 61,5 Th ob6uero o6be-
Ma O3Y. O6umit 00beM AMCKOBOTO TMPOCTPAHCTBA
B IIPOrPaMMHO-OIIPEAEIIEMOM XpaHUIUIIE Ha 0ase

ceph yBemmueH no 4,3 I1b. Pacimmpenue pecypcos
00auHOl MHMPACTPYKTYyphEl OBLIO TIPODUHAHCH-
poBaHO B pamkax akcrnepuMeHToB NOVA/DUNE,
JUNO, Baikal-GVD (JIAII), HayuHbIe TPYIITEI KO-
TOPBIX SABJISIOTCS OCHOBHBIMU TOJIb30BATEISIMU 00-
JIAYHON MH(MPPaCTPYKTYPHIL.

3a OTYETHBII MEPUOI aKTUBHO BEJUCH PaOOTHI
[0 MHTErpaluuu 00JaYHBIX CTPYKTYp CTpaH-yvacT-
Hun OUAN B pactipeneneHHy0 m1atdopMy Ha oc-
HoBe DIRAC.

BouimonHena wuHTerpauusa o0JayHBIX MHGQpa-
cTpykTyp MHCTUTYTA siaepHoit pusuku KazaxcraHa,
HayuHo-uccnenoBarebckoro MHCTUTYTA SIAEPHBIX
npobsieM benopycckoro rocymapcTBEHHOrO YHU-
BepcuteTa, Poccuiickoro 3KoHOMUYECKOro YHUBEP-
cuteta uM. I'. B.Ilnexanosa, CeBepo-OceTUHCKOro
rocynapctBeHHoro yHuepcuteta uMm. K.JI. Xera-
rypoBa, WMHCTUTYTA SIEpHBIX UCCIENOBAHUN U
SIIEPHOM SHEpreTMKU boarapckoil akaneMuu Hayk,
HNuctutyra spepHoil ¢usuku Y3oekucrtaHa, MH-
ctutyTa ¢u3uku HanuoHaabHON akameMuu Hayk
AszepOaiimkaHa, Erumerckoil akageMWyd HayYHBIX
uccnenoBanmii U texHonoruii, Copuiickoro yHu-
Bepcuteta uM. cBatoro Kmumenrta Oxpuackoro.
ITpopabatbiBaeTCsl TEXHMUECKOE PEIIeHHE [UIST CO3-
JMaHus 00JauyHOM MHQPACTPyKTyphl ['py3sMHCKOTO
TeXHUYECKOro yHuBepcuTeTa. Bo BpeMsi nmaHaemuun
kopoHasupyca B 2020—2022 rr. cBOOOIHBEIE OT OC-
HOBHO# aesaTenbHOCTH pecypchl PUBC Obun 3a-
JICHICTBOBAHBI JUIS TPOBEACHUSI MCCACIOBAHUIA IO
uzyuenuto Bupyca SARS-CoV-2 B pamkax miat-
dopmer Folding@Home [157, 158].

leteporennas unppactpykrypa. CynepKoMIibio-
Tep «I'oBopyH» ObIT co3maH B 2018 r. Ha ocHOBe
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O6aka opraHu3aluii, ”HTErPUPOBAHHBIC B pacIpeieeHHYI0 MH(HOPMallMOHHO-BEYUCIUTeNbHYI0 cpeny (PHBC)

OIbITa, HAaKOIJIECHHOTO MPH 3KCILIyaTallMKi IeTepo- 3aJay TMOTpeOOBaIM HE MPOCTO CYLIECTBEHHO Ha-
reHHoro kjacrepa HybriLIT, Bxoasuiero B coctaB PACTUTb BBIYMCIIMTEbHBIE BO3MOXHOCTH KJIAcTepa,
MUBK OUAN. HybriLIT moka3zan cBoio BoCTpe- a pa3paboTaTh M BHEAPUTb HOBbIC TEXHOJOTUH, YTO
0oBaHHOCTB TIpu peleHnn 3amady KXJI Ha pemrer- MIPUBEJIO K CO3JaHMI0 HOBOM BBIYMCIIUTEIBHON CH-

KaX, pagualMOHHON OWOJOrMM, B TMPUKIATHBIX cteMbl — cynepkommnbiotepa (CK) «I'oBopyn». CK
ucciaenoBaHusax u jap. IlocTosHHBI pocT uyucia  «['oBOpyH» co3maBajics Kak BbICOKOITPOM3BOAM-
MOJIb30BaTeNel M paclIMpeHde Kpyra pelllaeMbIX  TeJbHAs MacHITaOMpyeMasl CUCTeMa C KMIKOCTHBIM

GPU accelerator Hyperconverged CPU and distributed storage nodes

Cynepkommbiotep «[0BOpyH»

55
ConepxaHue




CETWU, KOMIMBbIOTUHT, BBIMUCJTUTEJIbHAA ®DU3UNKA

oXJIaXIeHueM, obamaroNias TUIepKOHBEPIEHTHOM
1 TIPOTPaMMHO-OIIPEAEISIeMON apXUTEKTYPOIA.

CK «I'oBopyH» o0namaeT YHUKaJbHBIMU CBONi-
CTBaMU 110 TMOKOCTM HACTPOMKM ITOJ 3a7a4y IOJIb-
30BaTeisd, obecreurnBas MaKCMMalbHO 3(h(MEeKTUB-
HOE WCITOJb30BaHME BBIUMCIUTEIBHBIX PECYpPCOB
cynepkommbiorepa. B coctap CK «['oBopyH» Bxo-
19T GPU- u CPU-KOMIOHEHTHI, a TakXe uepap-
Xryeckasi cucteMa 00padOTKM M XpaHEHUST JTaHHBIX
co ckopocTbto ureHusi/3amcu 300 I'out/c, uTO
SIBIISIETCS.  KpaiiHe yIOOHBIM MHCTPYMEHTOM ISt
00pabOTKM OONBIINX MACCUBOB MAHHBIX, B TOM
yucne aig Mmeranpoekta NICA. ITo ckopoctu no-
CTylla K JaHHBIM CHCTEMa XpaHEHHWs pa3iesieHa
Ha YpPOBHU. OUCHb TOpsTYMe JaHHBIE — Haubojee
BOCTpeOOBaHHbIE JaHHBIC, K KOTOPHIM B HACTOS-
M MOMEHT TpeOyeTcsl 00ecreuyuTh camblii Obl-
CTPBIiA AOCTYII, TOPSIYME JAaHHBIE U TETLIblE TaHHBIE.
Kaxnprit ypoBeHb pa3pabOTaHHON CHUCTEMBI MOXKET
UCTIOJIb30BaThCsl KaK CaMOCTOSITESIbHO, TaK U B CO-
cTaBe pabouMX MPOIECCOB 00PAOOTKM AaHHBIX. 3a
BBICOKOCKOPOCTHYIO CUCTEMY 00paOOTKM M XpaHe-
Hust gaHHbIx CK «['0BOpyH» MOJYyYMI MPECTUKHYIO
npemuio Russian DC Awards 2020 B HOMUHaIu
«Jlyamee IT-pemenue misg LIEHTPOB 00pabOTKU
JTAHHBIX».

O6mrasgs npousBoautenbHOCTE CK - «I'oBOpYH»
C MOMEHTa ero mpeseHTauuu Bbipocaa ¢ 0,5 10
1,7 Ipnormc aus onepauuii ¢ ABOMHOI TOUHOCTEIO,

a o0mras eMKOCTb MEPapXMUECKOro XpaHWInIa —
¢ 288 Th nmo 8,6 IIb.

B 2020 r. ObLIM 3aBepileHBl pa3paOdoTKa ¥ BHE-
apenue B maargopmy HybriLIT skocucreMbl njst
MAIIMHHOT0/TIy00KOTO 00y4Y€HNST U BHICOKOTIPOU3-
BOJAMTEbHBIX BbluMcaeHui (Dxocucrema ML/DL/
HPC), xoTopast akTUBHO MCIOJIB3YETCS IS CO3aa-
HHUS aJTOPUTMOB Ha 0a3e HelpoCeTeBhIX MOIXOI0B
JUISL pelIeHMs] IPUKIIaAHbIX 3a1a4.

C 2021 r. na mnaropme HybriLIT nHTeHCUBHO
pasBuBaeTCsl  MH(POPMAIMOHHO-BBIUMCIUTENbHAS
cucrema (MBC) nmns peieHust 3amay, CBSI3aHHBIX
C pacueTaMM 3JIEKTPOHHBIX 000JI0UYEK CBEPXTSIKE-
Jex aneMeHToB. MUBC BKitovaeT B ce0sl BHIUMCIIN-
tenpHBIe pecypchl CK «I'oBopyH» m Habop IT-pe-
mennit 1 I10, HeoOXOAUMBIX [JIST MOAEIMPOBAHUS
3JIEKTPOHHBIX 0000ueK. Ha 0cHOBE 3T0i1 CMCTEMBbI
MPOBOIMIIMCH UHTEHCUBHBIE PACUYEThl C MCIOJIb30-
BanueM [10 AMS u DIRAC misg mu3ydyeHus 3iek-
TPOHHBIX CBOWCTB CBEPXTSIKEJbIX 2JIeMEHTOB. Tak-
Ke C 1LeJblo pa3pabOTKM KBAHTOBBIX aJrOPUTMOB
B MBC Obl1 pa3BepHYT MOJMIOH AJSI KBAHTOBBIX
BBIYMCJICHUI € YCTAHOBJIEHHBIMU CHUMYJISITOpAMU
kBaHTOBBIX BhumcneHuit Cirq, Qiskit, PennyLane,
CITOCOOHBIMM PA0OTaTh HAa PA3MTUYHBIX BBIYMCIIH-
TEeJIbHBIX apXUTEKTypax.

B xoHue 2021 r. Ha ocHOBe OOBEAMHEHHUS CY-
nepkommnbiotepoB OUAM, MCIL PAH u CII6ITY
Obula co3gaHa Maclutabupyemasli UCCIeI0BaTelIb-

| 7

—
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cKasg MH(pPaCTPYKTypa HOBOro ypoBHs. OHa MO3BO-
JISIET YYaCTHUKAM PacIlPSITh CBOM JIOKAJIbHBIEC BbI-
YUCIUTEIbHBIE MOIIHOCTH, O0€CHeurMBaTh HOCTYII
K CpelICTBaM XpaHEHUS 1 00paObOTKK OOJBIINX 00b-
€MOB JaHHBIX, K paclpenaeJeHHBIM XpaHWIUILAM
JAHHBIX (IaTaxabaM), a TAKKE MCIOJb30BATh MOIII-
HOCTU APYT Apyra B CJIy4asX IMKOBBIX Harpy3ox.
Takas nH(pPacTPyKTypa BOCTpeOOBAHA B TOM YHCIIE
Juis 3agau MeracaiieHc-mipoekta NICA.

Pecypcer CK «I'oBOpyH» MCIOJIB3YIOTCS Hayy-
HBIMM TPYIIIIaMu 13 Bcex Jaboparopuii MHcTHTYTA.
Oo6muiee uncio noab3oBareneit CK «[oBopyH» K Ha-
CTOSILIIEMY BpeMeHU cocTaBisgeT 312 yenoBek, U3
HUX 255 aBnsiorcs corpyaHukamu OUAN, 57 — u3
crpaH-yvyactHull. [octyn K pecypcam CK «['oBo-
PYH» IIPEIOCTABIISIETCST TOJILKO TEM I10JIb30BaTEISIM,
KOTOpbIe TNPUHMMAIOT HEMOCPEICTBEHHOE YdyacThe
B peanuszauuu IITIT OUSN. Pesynbrathl, mony-
YeHHBIE C MCIOJb30BAaHUEM PECYpCOB TIATHOPMbI
HybriLIT, Bkmouas CK «['oBopyH», yueOHO-TeCTO-
Bblii mosmuron 1 ML/DL/HPC skocucremy [159—
162], orpaxennl Gosee 4yeM B 300 myGauKalusax
MoJIb30BaTeeH, TPU 3TOM JBE U3 HUX — B XypHaJie
Nature Physics.

Murerpamusi BoIMMCIUTENbHBIX pecypcoB. B pam-
Kax BBIITOJHEHMS CEMUJICTHETO ILIaHA C IIOMO-
HIbIO MTPOMEXKYTOUYHOTO IMPOrpaMMHOro obecreye-
Huga Interware DIRAC (Distributed Infrastructure
with Remote Agent Control) ObliM 00BEAMHEHBI

Raw — DIGI: Bblcokasi Harpy3ka Ha AUCKU K
CeTeBylo cucTemy

1580 3apau
4,1 Mb/c Ha 3apauy

300 3apgay
4 MB/c Ha 3apady

NICA knactep

MakcumanbHas CKOpPOCTb nepeaayvn AaHHbIX
(Read+Write) B EOS (TAT) — 7,5 [B/c

BbinonHeHo 3agay Bpems BbINonHeHWst

62612 ~48 y
RAW DIGI DST
43676 | | 23TB | | 537TB

MHTeHCHBHOCTh 00pabOTKM AaHHBIX §-TO ceaHca KCIie-
pumenta BM@N ¢ momompio DIRAC

BBIUMCIUTENbHBIE pecypchl  Tierl/Tier2, cymep-
KommnbloTepa «['oBopyH», obmauHbix cpen OUAU
U OpraHu3alMii €ro CTpaH-y4acTHHUI, KiIacTepa
NICA, knacrepa HaumoHanbHOro aBTOHOMHOIO
yuuBepcutera Mekcuku (UNAM), knacrepa WH-
CTUTYTa MaTeMaTMKW W LHU(PPOBOH TEXHOIOTUU
Mownronbckoit akanemun Hayk (IMDT MAS), Ha-
LIMOHAJIBHON MCCIEI0BATEIbCKOM KOMIIbIOTEPHOM
cetu Poccuu u pecypenl xpanenus: dCache, EOS
1 cBepXObICTpas cucTeMa XpaHeHUsl AaHHbIX Lustre.

OCHOBHBIMM TOJIb30BATENISIMU PaCTpeeIeHHOM
IaThOPMbl  SIBJISIIOTCS. HayyHbIe TPYIIIIBI 3KCIIe-
pumentoB MPD, SPD, BM@N, Baikal-GVD. 8-i1
(uznyeckuii ceanc BM@N cran nepBbIM CIydaeM B
OWAMN, xorma Bcsl BIYMCINTENbHAS MHGPACTPYK-
Typa, oobenuHeHHass DIRAC, ncnonb3oBanach st
MOJIHOM PEKOHCTPYKUMU HEOOpaOOTAHHBIX 3KCIIE-
PUMEHTANBHBIX JaHHBIX [163, 164].

CucTemMa MOHMTOPHHTA W aKKayHTHHTa. /{7151 00e-
CrieyeHMusl HajexHoil paborocnocodbHocti MMUBK
Co3IaHa M pacIlIMpPsSIeTCsS] MHOTOYPOBHEBAsI CHCTeMa
MOHMTOPMHIA U aKKayHTUHIA, KOTopas paboTaer
B pexuMe 24 x 365.

Cucrema ocyuwectiasier 6oee 16 000 mpose-
pok mist 6onee yeM 1800 31eMEHTOB, BKITIOUSHHBIX
B MOHUTOPUHI. Pa3zpaboTaHHasl KOMILJIEKCHAsl CH-
cteMa MoHutopuHra MMBK mo3BossieT mojyuaTth
MH(OPMaLMIO OT pa3IMYHBIX KOMIIOHEHTOB BHI-
YMCIUTEIBHOTO KOMITIEKCa: MHKEHEpPHOU MHPpa-
CTPYKTYPHBI, CE€TH, BHIYMCIUTEIBHBIX Y3JI0B, CUCTEM
3allycKa 3ajay, 3JeMEHTOB XpaHEHMs HaHHbIX,
TPUI-CEPBUCOB, YTO TapaHTUPYET BBICOKUI YpO-
BeHb HagexHoctu MUBK [165].

Cucrema monutopuara MUBK
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Digital EcoSystem

This is a complex digital environment that combines a large number of Information services and

business processes based on the principles of mutually beneficial relationships (“win-win")

Hurepdeiic enunoit Touku goctyna Digital EcoSystem

ITudposas sxocucrema OUAN. C 2022 r. Be-
IyTcs paboThl Mo co3jaHuio TuaTdopMbl Digital
EcoSystem JINR — «lludpoBas sxocucteMa
OUSAN», 0oCHOBHOI LIETBIO KOTOPOI SIBJISIETCS TIpe-
JOCTaBJICHUE €IUHOM Cpeibl UL CO3IaHMs U pas-
BUTUS LU(GPOBBIX CEPBUCOB, MX MHTErPAllMM APYT
C Jpyrom, aHaimM3a MH(OpPMALMK O BCEX acHeKTax
nesteabHocty OUSAM. B umdpoByio akocuctemy
BXOIUT IIMPOKUI CIEKTP CEPBUCOB — OT PECYpPCOB
JUISI TIOJIb30BaTes el 0a30BbIX YCTAHOBOK 0 0pOpM-
JICHMsT KOMaHIMPOBOK, IMYTEBOK, 3aKa3a CIPaBOK
1 T.1. OCHOBHBIE TPYIIIbI CEPBUCOB — aaMWHMU-
CTpaTUBHBIC (30HA OTBETCTBEHHOCTH [lemaprameHTa
pa3Butus uudpossix cepprcoB OUAN) n HayyHbIe.
HocTyn K cucTeMe peau3oBaH Ha 0ase CayxKObl ay-
teatudukamym JINR Single Sign-On (SSO) uepes
ennHylo Touky nocryna Digital EcoSystem [166].

MerTompl, aJIropUTMbI W MPOrPAMMHOE OOecmeve-
HHe I MojaenupoBaHus (H3MYECKHX CHCTeM, Ma-
TeMaTHYeCcKoii 00padoTKH M aHAIM3a JKCIepUMeH-
TAJbHBIX JAHHbIX. OJHUM M3 BaXHbIX HaMpaBIeHUI
nesrenpHocT JIUT B pamkax BeimonHeHuss CeMu-
JIETHETO IJIaHa TakKXe SIBSUIOCh oOeclieueHHe Ma-
TEMATUYECKOU, aJIrOPUTMUYECKON U IIPOrpaMMHON
MOJEPXKKU SKCIIEPUMEHTATBHBIX U TEOPETUUECKUX
uccaenoBanuii, mposoauMbix B OUAN, Bo MHOTHX
M3 KOTOPBIX BaXHBIM CPEACTBOM [UIS MOJYYEHHUS
3HAYMMBIX HAyYHBIX PE3yJIbTATOB BBHICTYIAIOT BbI-
YUCIUTENbHBIE pecypchl. Hike mpuBeneHbl HEKO-
TOpbIE U3 BaXKHBIX PE3yJbTaTOB.

BnepBbie ynanoch aaropuTMU3MPOBATh KIacCH-
YecKylo Ipo0seMy, MOCTaBJIECHHYIO BbIIAIOIIUMCS
HopBexXcKUM MateMatukoM Codycom Jlu B 1883 T.
W COCTOSILIYI0 B TPOBEPKE JMHEAPU3YEMOCTH TO-
YeYHBIMHM MPe0Opa30BaHUSIMU HEJMHEHHBIX OOBIK-
HOBEHHbBIX IUd@epeHIIMaIbHbIX YpaBHEHUM, pa3-
PeIIeHHBIX OTHOCUTEIbHO CTaplleii TPOM3BOTHON.
PazpaboTaHHbIif aIrOPUTM TIO3BOJISIET HE TOJBKO
YCTaHOBUTb, JMHEAPU3yeMO JIM 3aJaHHOE YpaBHE-
HUE, HO U TMOJYYUTh cucTeMy auddepeHIraaIbHbIX
YpaBHEHMII U1 JMHEApU3YIOIEro Ipeobdpa3oBa-
HUS, pelleHue KOTOpOi HaeT sBHyl ¢GopMmy Ta-
KOro mpeooOpa3oBaHusi. Ha mMupoBoM cummo3uyme
[0 CHMBOJBHBIM M anredpanueckum IMpeodpaso-
Banusam (ISSAC-2017, KaiizepcnayrepH, I'epma-
Hus, 25—28 wmonsg 2017 r.) pabora ObLia TpHU3Ha-
Ha JIyulllell U3 MpeiCTaBIeHHbIX Ha CUMITO3UyME U
YIOCTOGHA Tpu3a AMEPUKAHCKON KOMITbIOTEPHOI
accolualuu.

B ampene 2020 r. B Nature Physics Obl1a ory-
OiMKoBaHa paboTa MEXAYHApOAHOM uccienoBa-
TEJbCKOM TPYMIIbI, B KOTOPOM, B paMKaX MEXIy-
HapogHoro cotpyaHuyectBa OMAM, yuacTBOBa-
mu cotpynHuku JIUT (O.Yynyynoaarap) u JITO
(}O.B.IlomoB). beuto mpoBeneHO KMHEMAaTUIECKU
MIOJIHOE 3KCIIEPUMMEHTAbHOEe M3MEpEeHME XapaKTe-
PUCTHK KOMIITOHOBCKOT'O PacCesIHUSI Ha CBOOOTHBIX
aTOMax C ITOMOILBIO BHICOKOA(D(MEKTUBHOIO METOIA
MOHHOKN MMITYJIbCHON CMEKTPOCKOIUU C XOJOAHOI
muteHbio (COLd Target Recoil lon Momentum
Spectroscopy, COLTRIMS). Teopetuueckoe omu-
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[Tpumepsl untepdeiicor miardopmbl DoctorP

CaHMe JAaHHOTO SIBJIEHMSI Oa3upyeTcsl Ha pacuerax,
npoBeneHHBIX Ha CK «['oBOpyH».

Paspaborana u omnybnukoBaHa B bubnnotexe
nporpamm xypHana CPC nmporpamma KANTBP 3.1
JUIS pacueTa 3HAUEHUI SHEepPTUU, MaTpUIl OTpaxe-
HUS U TIPOXOXIEHUS U COOTBETCTBYIOLIMX BOJHO-
BBIX (DYHKIMIA B MOAX0Ae aarabaTUUeCKUX CBSI3aH-
HBIX KaHajoB. [IperMyllecTBOM 3TON MpOrpaMMbI
M0 CPaBHEHWIO € UIMPOKO HCIOJb3yeMOI Ipo-
rpammoii CCFULL nmng pacyera cedyeHMs peak-
LM CIUSHMS U JAEJEHUS TSDKENbIX MOHOB SIBJISI-
eTcs TIIaTeabHass 00pabOTKa IpaHUYHBIX YCIOBUI
JUIT  peIlleHUsT CHCTeMBI CBSI3aHHBIX YpaBHEHMIA
Ll penuHrepa, 4TO MO3BOMSET COXPAHUThH BBICOKYIO
TOYHOCTh PACUETOB, YYUTHIBAIOIIMX OOJIbIIOE KO-
JIMYECTBO CBSI3AHHBIX KaHaJoB. TeopeTuyecku Io-
JydeHHbIe ¢ momonibio mporpaMMbl KANTBP 3.1
CCUCHUS XOPOILO OMUCKHIBAIOT SKCIIEPUMEHTATbHBIC
JaHHBIE IJIS1 Pa3MYHBIX PeaKLWil CIUSHUS U Aeje-
HUS TSDKEJIBIX MOHOB.

B xome uccienoBaHuii, MPOBOAMMBIX COBMECT-
Ho ¢ JIH® B paMKax MeXIyHApOIHOI IPOrpaMMbl
UNECE International Cooperative Program (ICP)
Vegetation 1Mo MOHUTOPUHTY W NPOTHO3MPOBAHUIO
MPOLIECCOB 3arpsi3HEHMS Bo3ayxa B cTpaHax EBpo-
nbl ¥ Azun, B OUAUN 6bina pazpaboraHa obgauyHast
miatopMa IS yIpaBIeHUS TaHHBIMU MOHUTO-
puHra. g obecrieyeHMs HAOEXHOTO XpaHEHUs,

aHau3a, o0pabOTKM M KOJUIEKTMBHOTO MCIOJIb30-
BaHMS JaHHBIX MOHHUTOPUHIA ObUIM IIPUMEHEHBI
COBPEMEHHbIE METO/IbI TPOrPAMMHOIO YIIPaBJICHMS,
CTaTUCTUKM M MAIIMHHOIO OOYYEHHs, YTO IMO3BO-
JIMJIO TAaKKe MCIOJb30BaTh JAHHBIE CITYyTHUKOBBIX
M300pakeHU I IIPOTHO3UPOBAHUSI atMocdep-
HOTO 3arpsiI3HEHUS] HEKOTOPHIMU TSKEJIBIMU MeTasl-
JIaMM B psifie €BPOIEHCKHUX PETUOHOB.

Pa3Butel mutaTpopma 1 MOOUIBHOE MPUITOKEHUE
(DoctorP) mist pacno3HaBaHus 00e3HEl pacTeHMI
n BpeauTeneil. JloctymHa Kak o01as MoJelb, CIo-
coOHas pacrosHaBaTh 68 KiaccoB 0o0Je3HEN, Tak
U crneuuanu3upoBaHHble Moaeaun anast 30 gekopa-
TUBHBIX M CEIbCKOXO3SIIICTBEHHBIX KyJIbTYp. B 0a3e
cobpano csbiie 6000 mzobpaxkenuit. YToObI mO-
JIY4UTb MPOTHO3 M PEKOMEHIALMM 10 JIEYEHUIO OT
OMBITHBIX arPOHOMOB, HYXXHO IPOCTO OTIPABUTh
(doTorpaduio, Ha KOTOpoil OyaeT BUAHA ITPOOJIeMa.
Hoctym K mmatgopmMe MOTYT TIOJYYNUTH CTOPOHHUE
MPUIIOKEHUS Y CEPBUCHI. DTOI BOZMOKHOCTBIO yXKe
BoCTIONb30BaNMCch Kommnanuu «l'apaen pureitn Cep-
Buc» (paHee «Dacko») M AHIKAHCKUANM WHCTUTYT
CeJbCKOTrO X03siicTBA M arpoTexHuku (Y30eku-
CTaH).

Pa3zpaboraHa mporpaMMHo-amnmapaTHas IuIaT-
(opMa Ha OCHOBE BCTpaMBaeMBIX B KOHTYp YIIpaB-
JICHUSI KBAaHTOBBIX HEUYETKMX PETYISTOPOB IS
pelLleHus] 3a0auu yIIpaBIeHUs JaBICHUEM U Pacxo-
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Apxutektypa nH()OPMAIIMOHHON CUCTEMBI JUIS 33/1a4 PafMAllMOHHON OMOIOTUI

JIOM KMIKOTO a30Ta CBEPXIIPOBOASIIUX MAarHUTOB
KPUOTEHHOW CHCTEMbI YCKOPUTEIbHOIO KOMILIEK-
ca NICA. MHoroypoBHeBasi CUCTEMa YIIpaBICHUS
BKJTIOUAET CYIIECTBYIOUIMI HUKHUI MCTIOTHUTE b=
HBI ypOBEeHb, OCHOBAHHBLIM Ha cuctemMe Tango
Controls, 1 HOBBII YpOBEeHb, Ha KOTOPOM YIIpaB-
JITIONIE BO3MEHCTBUS (DOPMUPYIOTCS C MOMOIIBIO
KBaHTOBOTO HeuyeTKoro peryiasitopa. [lpu sTom
00€CIeYrBaOTCsl ONTUMANIbHBIE MapaMeTphbl Kaue-
CTBa YIIpaBJeHUS, TakKue KaK TeMmIepaTypa, pac-
XOI a30Ta, OBICTPOAEHCTBME, TPeOYeMbIii YPOBEHb
JaBJ€HNST M MUHUMAJbHAS CJIOXHOCTh peain3a-
UMW yIpaBieHusl. DKCIEePUMEHTAIbHO MPOJIEMOH-
CTPUPOBAHBI PAOOTOCITOCOOHOCTE U 3(PEKTUB-
HOCTb pa3pabOTaHHOU MHTEIEKTYaIbHON CUCTEMBI
JIMCTAHIIMOHHOTO YMpaBJeHUsI TEXHOJOTMYECKUM
MPOIIECCOM OXJIAaXAEHUST CBEPXMPOBO/ISIIETO Mar-
HUTA C TFapaHTUPOBAHHBIM OOCTIKEHUEM YCTOMi-
YUBOI 30HBI CBEPXMpoBOaUMOCTH. IlpoekTupona-
HHE KBAHTOBBIX HEUETKUX DPETYJISITOPOB OCHOBAHO
Ha KBAHTOBBIX MH(POPMALMOHHBIX TEXHONOTHUSIX U
OCYILIECTBIISAIETCS C TOMOILIBI Pa3pabOTaHHOIO CO-
tpyaaukamu JIUT OUAN nporpaMMHOro MHCTpY-
MeHTapust QSCIT (Quantum Soft Computational
Intelligence Toolkit).

C 2020 r. Ha 6a3ze skocuctemsl ML/DL/HPC
pasBuBaetcsl coBMecTHBIN mpoekT JIUT u JIPb mo
co3naHuio uHgopmauroHHoi cuctembl (MC) mist
aHaaM3a TMOBEeACHYECKUX U TaTOMOP(OIOTUUeCKUX
W3MEHECHUI B LIECHTPAJIbHON HEPBHOW CUCTEME TIPU
HCCIIeNOBAaHUM BO3MCICTBUS MOHM3UPYIOIIEIO U3-
JIydeHHsI U Jpyrux (PakTopoB Ha OMOIOrMYECKHe

00BeKTEl. B pa3paboTaHHYIO CHCTEMY BHEIPEHBI
AJITOPUTMBI 00PaOOTKM 3KCIEPUMEHTAIbHBIX JaH-
HBIX Ha OCHOBE METOI0B MAllIMHHOTO W IJyOOKOro
o0yueHusT 1 KommboTepHoro 3peHust. B UC Bxomar
HaJIeXHbIe COBPEMEHHbIe CpeACcTBa ayTeHTU(HUKa-
UMM M UepapXMiyeCcKOro pasrpaHMYeHMs] AOCTyIa
K JaHHBIM, CUCT€Ma XpaHEHHWs NaHHBIX, a TaKXKe
KOMTIOHEHThI YI0O0HOH paboThl M BU3yalU3allUK
pe3yJIbTaTOB aHajIM3a JaHHBIX.

B pamkax skocucrembl ML/DL/HPC Ha npu-
Mepe pelleHUsT KOHKPETHOM 3aiauu M0 M3YYEHUIO
JMHAMUKKM HAMarHM4eHHOCTH B K03e(DCOHOBCKOM
#0-mepexone mpeacTaBieHa METOAMKA Pa3spabOTKM
MporpaMMHBIX Momyneir Ha 6ase JupyterHub, mo-
3BOJIJIOIIMX HE TOJbKO IPOBOAUTH pPAcCyUeThl, HO
W BU3YyaJM3UpPOBaTh DPE3YJIbTaThl MCCICIOBAHUS U
COIPOBOXAATh UX HEOOXOAMMBbIMU (HopMydaMu U
nosicHeHUsIMU. Pa3zpaboTaHbl IapauieibHas peaju-
3allMs aJropuT™Ma ISl MPOBENEHUSI PacyeToB IpU
Pa3IMYHBIX 3HAYEHUSIX MapaMeTPOB MOJEIN Ha OC-
HoBe Python-6ubnuoreku Joblib, a Takke Momyau
¢ mHrerpanueii Matlab-xoma B Jupyter Notebook,
no3Bosisitonive 3¢ @PeKTUBHO MPOBOAUTL MPUKJIIALI-
HbIE pacyeThl JJIS aHAIN3a U300paKeHMIA.

B 2017—2023 rr. B paMKax McCAeA0BaHMIA, TIPO-
BomMMbIX cotpyaHukamu JIUAT, ony6aukoBaHO
cBoie 1300 HayuyHbix pabot, 6onee 700 myOaum-
KallMii B paMKax MeXIyHapOAHbIX Kojtabopaliuii,
npenacraBieHo okosio 800 MoKIagoB Ha MeXayHa-
POJIHBIX M poccuiickux KoHbepeHusx. Bee mposo-
JIUMbIE UCCIIEN0BAHUS COOTBETCTBYIOT 3asIBIEHHBIM
B IJ1aHe pe3yabTataM [167—174].
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OBPA30OBATEJIbHAH

MPOIMrPAMMA OUAN

VuebHo-HayuHbiii neHTp (YHL) OUAUN opra-
HM3YeT YYeOHBIN Tpoliecc IS CTYIEHTOB 0a30BBIX
kadenp MI'Y, MUOU, MDOTU, rocynapcTBeHHO-
ro ynusepcuteta «JyoHa», CIIOI'Y u KazaHcko-
ro (ITpuBo/KCKOro) (henepajsbHOT0 YHUBEPCUTETA.
Craxuposku u npaktuku B OMAN exeromHo mpo-
XomT 0K0j10 500 CTyIeHTOB M acCMMPAHTOB U3 YHU-
BepcuTeToB rocynapct-uieHo OUAN.

bazoBas kagempa OUAMN B K(I)DY o06pa-
3oBajack B 2017 r. YeTBepo BHIMYCKHUKOB Maru-
CTEPCKOI mporpaMmbl Kadeapsl padboTaloT ceifuac
B JOJIKHOCTM cTaxepoB-uccienonareneil B JIHD,
JIOBD u JISP. [IBa BBIMycKHWKA Kadenpbl, 3a-
KOHYMBIIME acrupaHTypy B 2023 T., MPUHSITHI Ha
paboty B JIH® B mo/KHOCTM MIIAAIIMX HAyYHBIX
COTPYIHMKOB.

VHII opraHusyeT mpouecc caayd KaHIWAAaT-
CKMX 9K3aMEHOB IO CIEIMAIbHOCTU Ui COTPY/-
HukoB OUSAWN, npukpenneHHBIX K 0a30Boi Kade-
ape MOTU «DyHpameHTaIbHbIC M MPUKJIATHBIC
npobnemsl ¢u3nku Mukpomupas. C 2018 r. kaH-
JIUIaTCKe 9K3aMeHBl Ha Kadenpe caanmni 44 geno-
Beka. [1J1s1 MOArOTOBKY AMCCEPTalMii Ha COUCKAHUE
YUEHOI CTeNeHM KaHaupaTa Hayk 0e3 OCBOCHMS
MporpaMM IMOATOTOBKM B acnupaHType kK OMAN
3a 2017—2023 rr. ObutM TpUKperieHsl 52 yeno-
BEKa.

IIporpamma INTEREST. KpyrnoroguuHasi oH-
naita-niporpamma  INTEREST  (INTErnational
REmote Student Training), 3amyuieHHasi B CeH-
Tsi0pe 2020 T., TIO3BOJISET CTyAEHTAM ITO3HAKO-

benopyccus — 9

Hpyrue — 40
IOAP — 11 \

Yexust — 6
V36ekucran — 6
Cepbusg —13

PymbiHug — 17—

B
| 1\’

Poccusa — 45

TTonbma — 6
Mekcuka — 11

Benrpus —

7

BoretHam — 5

I'pertua — 10

Eruner — 71
/

Nunnsa — 63

Ky6a — 11

Yucno yuactHrkoB nporpaMMbl INTEREST

WHXeHepHBIN MPaKTUKYM MO BAKYYMHOM TeXHUKE ¥ aBTOMATH3alMu [ist cTyaeHToB YHII
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MUTBCS C OCHOBHBIMU HaIpaBJICHUSIMM HCCIEN0-
Banuit OUSMU, crocoOcTByeT MOMCKY HaydyHOTO
PYKOBOAMTENST OISl KBaIM(PUKALMOHHONW pPabOTHI,
a TakXKe y4JacTUIO B OYHBIX CTaxXupoBKax. Ymucio
YYaCTHUKOB TporpaMmbl 3 37 CTpaH MUpa ITOCTHU-
o 331.

Kaxnasg BoiaHa mporpaMmbl IIUTCS 4—6 He-
JeJIb UIl AMCTAaHIIMOHHOIO BBIITOJHEHUS IIPOEKTOB,
MpeAIOKEeHHbIX coTpynHuKaMu MHctutyta. K oc-
HOBHOMY BpEMEHM, KOTOPOE OTBOIUTCS Ha BBITIOJ-
HEHUE BBIOPAHHBIX IIPOEKTOB, TOOABICHBI JIEKIINH,
a TakxkKe OILMOHAIbHbIE OHJIAMH-3KCKYPCUHU, UYTO
MO3BOJISIET CTYAEHTaM OJIMXe MO3HAKOMUTHCS ¢ Jia-
bopartopusimu THCTUTYTA.

ITporpamma START. B 2022 r. JleTHsis cTyneHYe-
ckag nporpamma OUSIN Havana paboty moa HOBbIM

HazaHueM START — STudent Advanced Research
Training at JINR. ITporpamMa O4HO# CTaXpOBKU
MIPOXOOUT KPyrjaorognyHo. K yyactuio B Hell gomy-
CKAIOTCSl CTYAEHTHI CO BCEro Mupa, CIeluaaIu3upy-
IOIIMECS B €CTECTBEHHBIX HayKax, WHXEHEPUH W
IT, 3akanumBaroure 3-if Kypc OakamaBpuara, 00y-
YaloIIMecsl B MAarucTparype, a TakKe acIMpaHThI
1-ro roga. YuacTHUKAMM CTYIEHYECKOM MPOrpaMMbl
START c¢ 2017 mo 2023 r. craimm 296 denoBeK U3
25 crpan. IIporpaMMa mpemaocTaBiIsIieT COTPYIHUKAM
OUAN BO3MOXHOCTH ITOMCKA MOJOIBIX CIELUANIH-
CTOB, KOTOPbIE ITPUIJIALIAIOTCS IS TIPOXOXKACHUS 04-
HOM cTaxXupoBKK B MIHCTHTYTE Ha CpOK 6—8 Helelb.

MexayHapoaHasi cTyaeHYecKas MpakTHka. Mex-
JYHapOJHBIE CTYAEHYECKME MPAKTUKM IO HaIpaB-
neHusiMm uccnegopanmii OUMAM — TtpexHenens-

AzepbaiimkaH — 6

Ykpauna — 6 Jlpyrue — 16
V36ekucran — 10
Cepbust — 8
PymbiHus — 5

Poccug — 148

ApmeHust — 5

__— benopyccus — 16
—=—— bonrapus — 5
Erumner — 26
Wramust — 5

Kaszaxcran — 7

’\Kyﬁa )

Mekcuka — 13

IMoapma — 8

VyacTHrKM crymeHueckoil mporpaMmbl START Ha axrckypcun B IOBD OUAN
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Azepbaiimxkan — 9 Benopyccus — 35

IOAP — 93
~

Yumm — 2—

Yexusa — 54

CrnoBakust — 19

Pymbiaus — 58

Bonrapust — 6

_ Erumrer — 129

Ky6a — 10

Mownronaust — 2

IMospmra — 79

Yucno yuacTHUKOB MexayHapoaHoii cTyaeH4YecKoil mpakTuku ¢ 2017 mo 2023 r.

OuepenHoii aTan MexayHapoaHoii ctyaeHuyeckoit mpaktuku YHI st monoawix crienmanuctoB u3 FOAP

HbIe OYHBIE IPOrpaMMbl, opraHuzyemblie ¢ 2004 .
C 2007 r. mpaKTUKK TPOBOAITCS B HECKOJBKO 2Ta-
nmoB. C 2017 mo 2023 r. yyactHukamu ctaau 508
yesnoBeK. CTyaeHTaM TMpejaraeTcss HacblIeHHAast
oOpaszoBatesibHasl U KyJIbTypHasi porpaMma, OCHOB-
HOE K€ BpeMsI OTBOJUTCS HA BBIIOJHCHKME HAYYHBIX
MIPOEKTOB MOJ, PYKOBOACTBOM coTpyaHukoB OUAN.

IIpodopuenranuonnbie Meponpuarus. i1 3Ha-
KOMCTBA a0MTYPUEHTOB M CTYACHTOB, KakK MOTEH-
LIMaNBHBIX comcKateseir padotel B OUAU, ¢ oc-

HOBHBIMM HarmpapjeHusIMU AestenbHoctu OUAN,
corpynHuku YHII coBMecTHO ¢ mpeacTaBUTENsIMU
naboparopuit MHCTUTYTA €XEromHO Y4YacTBYIOT
OYHO M B OHJIaiiH-(OopMaTe B KPYIMHBIX POCCUICKUX
(becTuBaNISIX HAyKW, OpPraHM3alMU BBICTABOK, JIEK-
LM, 3KCKYPCUM, MacTep-KJIaccoB M (DU3MUECKUX
JeMOHCTpalMil Ha pasidyHbIX MEPOIPUSITHUSIX,
a Takke B IeITEIbHOCTH MHMOPMALMOHHBIX IIEH-
tpoB OUAN. Cpenu Hux:
+ Beepoccuiickuit pectuBans Hayku «Hayka 0+»
B Mockse Ha miomankax LIBK «BkcnoueHTp»
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-

OBbED.MHEHHbH;l MHCTUTYT QEEPHbIX MCCNEODOBAHUN

9 OUAK MEXAYHAPOAQHAS

MEXNPABMK
OPraHM3AU

F TBEHHAS

Crenn OUAN u rpynmna corpynnukoB YHII Ha dectusane «Hayka 0+» B Mockse

n MTI'Y. B nporpammy OUSN Bxomuau neKiuu,
MacTep-KJIacchl, IEMOHCTpAllMs MakKeToB 0a30-
BBbIX YCTaHOBOK MHCTUTYTa M CTEHAOB ¢ MHDOP-
Maluei 00 ucciaenoBaTeIbcKUX MPOEKTaXx;

- MecTUBaIb HAyKM, TEXHOJOTMI M MCKYCCTBa
«Geek Picnic» B mapke uckycctB «My3eoH»;

- ¢pectuBanb  «TexHocpema», 25—26 ceHTAOps

2021 r.;

XIX BcemupHbIii (becTUBaNb MOJIOAEKU U CTY-

neHtoB B Couu, 2017 1.;

- 2-11 Konrpecc monoapix yueHbix B Coun, 2022 r.;

* BcemupHblii neHb TeMHON MaTepuu, 2019 T.;

- ¢opym «Hanorpang», nporpammbl «llkonbHas
nura» B Cankt-IlerepOypre, 2022 r.;

+ Macrepckasg ¢usukn «105-if ameMeHT», JeTHIS

1IKOJIA;

JneHb 0azoBbix Kadenp OUAM B yHuBepcurete

«[lyoHar;

* IHM Kapbepsl B MT'Y, MOTHU, MUDU, CIIoT'Y,
yHUBepcuTeTe «JlyoHa».

BricraBka «ba3zosbie ycraHoku OUAN». WH-
TepakTWBHAs BbIcTaBKa «ba3oBble  yCTAaHOBKHM
OUAN» B IK «Mup», moaroTopjaeHHast COTPYIHU-
kamu YHII, Obuta mpuypoyeHa K Tpa3aHOBAHUIO
65-netust OUSUN.

[IpencraBieHHbIe HA BBICTABKE CTEHIbl U MaKe-
Tbl ycTaHoBoK OUSIU, cpean KOTOPBIX LUKIOTPOH,
KOJUTaimep C JETEKTOPOM YacTHUll, WMITYJIbCHBIA
peaktop WMBP-2, 0alikanbckuit 11y00KOBOIHBIN
HEWTPUHHBIN TejecKom U Ap., — JYYIIUHA CIOco0
MMO3HAKOMUTHCSI C pabOTOl OCHOBHBIX YCTaHOBOK
MHcTuTyTa HA MHTEPAKTUBHBIX MOJAEISX.

Mutencusbl aas crymentoB. YHIL u Gazosast
Kkaenapa OUAN «DyHmameHTaNbHbIE U TIPUKIIA-
Hble TIpoOJaeMbl (U3UKU MuKpomupar MOTU
BBICTYIIMJIM COOpPraHM3aTOpaMM IHKOJN MO (hU3K-
K€ KBapK-TJIOOHHOW MaTepuyu BECHOW M OCEHBIO
2023 r. B mikosax npuHuUManu yyactie 65 cTymeH-
TOB 1—4-X KypcoB, M3yyarolmx (U3UKy 3JIeMeH-
TapHBIX YaCTHII.

JleTHss1 HayyHas 1KojJa-uHTEHCUB «Dusuka u
TeXHUKA YCKOPUTEJICH», OpTaHM30BaHHASI COBMECT-
Ho OUAUN 1 ToMcKUM MOJUTEXHUYECKUM YHUBEP-
cutetoM, mpoxonmina ¢ 4 mo 7 wwoasg 2023 r. OHa
Obl1a OpMEHTHPOBAHA Ha CTYAEHTOB 3—4-X KypcoB
MHXEHEePHO-(PU3NUECKUX CIEIUaTbHOCTEe TeXHM-
YeCcKMX YHUBEPCUTETOB cTpaH-yyacTHul OUAN.

IMkoabr ansa yunreneis 8 OUAN. C 2017 no
2023 r. B MEXAyHapOIHBIX LIKOJAX ISl y4uTeseit
¢usuxn B OUSAN n HEPH npunanu yyactue 200
nperrogaBareneii u3 37 peruoHoB P u cemu rocy-
napcTtB-uwieHoB OMAN.

C 2017 r. YHI nposen 3 MeXayHapOIHbIX
IKOJIbl s yuutenei gusuku B LIEPH u 7 mikon
B OUAMN (B ToM umcie 2 niasg pernoHop PO,
a uMeHHo [Ipumopesa u Kamuarku). [Kojsl, mpo-
Bogumble ¢ 2009 ., cTaHOBSITCS Bce 0ojiee BOCTpe-
0OBaHHBIM (HOPMATOM.

B mporpammbr mkon B OUAM BxomsT o3HaKo-
MUTEJIbHbIE JIEKIIMA U 3KCKYPCUM B JabopaTopuu
MHcTtutyTa, Mactep-Kiaacchl, BUBUThl B YHUBEPCHU-
TeT «yoHa», oubauorexy um. 1. . baoxuHiesa,
quueit um. B.T.KazgpleBcKoro, a Takxe KpyTJble
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OBPA3OBATEJIbHAA NMPOIrPAMMA OUNUAN

[l xona-nHTeHCcHB 1o usuke misg cryneHroB MOTU, oprannzosannas YHI OUAU

CTOJIBI TI0 TIPOOJeMaM IIKOJIbHOTO 00pa30BaHUS U
00MEHY OIBITOM TpernogaBaHusl.

Pabora co mkoabHukamu. YHII nposomut me-
POTIPUATHAS IJIST IIKOJbHUKOB, YYUTEJIEH W LIUPO-
KOif OOILECTBEHHOCTH, HaIpaBJICHHBIE Ha IIOMY-
JISIPU3aLUI0O HayYHBIX 3HAHUI, pa3BUTHE MHTEepeca
K €CTECTBCHHBIM M TOYHBIM HayKaM, K (U3MKe U
Matematuke. ExeromHo mpoBoasTcs (decTuBaib
«J[lam  GuU3MKW», TYpHUP TI0 POOOTOTEXHUKE
«CyberDubna», copeBHOBaHUSI 110 KOHCTPYUPOBa-
HUIO U MPOrPpaMMUPOBAHUIO POOOTOB — TEXHHUYE-
CKMi XakaToH, MexXayHaponHas KOMIIbIOTEpHast
LIKOJIA.

C 2021 r. mpoBomSTCS HAyYHBIC ILIKOJbBI TSI
ctyneHToB llIkonbHOrO yHMBepcuTeTa Npu Akane-
MUU HayYHBIX MCCIeN0BaHUI U TexHonoruit Erumn-
ta. IlocmenHsiss, 3-4 1IKoja Mpouuia B CEHTIOpe
2023 1., B Heil mpuHAAM yyactue 13 CTymeHTOB,
oToOpaHHBIX mpuMepHOo u3 500 TpeTeHIEHTOB.
Bcero B 2021—2023 rr. B 11K0Je TPUHSIN ydacThUe
39 yenoBek.

B 2022 1. B coBmecTtHOM mpoekTe OOpa3opa-
tenbHOTO 1ieHTpa «Cupnyc» 1 OUAN «Ypoxkn Ha-
CTOSILEH SAepHON (PUBMKMU» SHBAPCKOTO LIMKJIA
MPOEKTa «YPOKM HACTOSIIEro» MPUHUMAIM Yyda-
ctue 6onee 600 mkonbHMKOB 7—11-X KIaccos,
00bemMHEHHBIX B 90 HAyYHO-TEXHOJOTMYECKUX
CTyauii, U3 00pa3oBaTeNbHBIX opraHu3auuii 41 pe-
rimoHa Poccun.

Nuxenepubie npakTukymbl. C 2016 1. B cocTaBe
VHII paboTaeT HaydyHO-MHXEHEpHasl Tpymmna Juis

MOJATOTOBKHU CTYICHTOB U MHXEHEPHO-TEXHUYECKUX
CrieuManucToB M3 rocygapcts-uieHoB OUSAN Ha
JECTBYIOIINX U CO3IaBacMbIX COBPEMEHHBIX (hH-
3MUYECKMX YCTaHOBKax MHcTUTyTA.

KiroueBoii 0cOGEHHOCTBIO TIPAKTUKYMa SBIISICT-
cs1 paboTa ¢ peajbHbIM 000pynoBaHueM. [Toaroros-
JICHBI TIPAKTUKYMBI TI0 aBTOMATH3alli1, BaKyyMHOI
TexHuke, s1ekTponnke, CBY, B 2019 r. mobaBneH

CTymeHTbl — YYacCTHUKM WHXKEHEPHOTro MpakTUKyMa
VHII Ha skckypcuu B JIAP OUAN
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MexnyHaponHoe pabodee coBemranue «OTKpbITasd MHGOPMALIMOHHAS U 00pa3oBaTeIbHAS cpeaa Ui
TTOAICPXKY (hYHIAMEHTATBHBIX W TMIPUKIATHBIX MEKINCIUTUIMHAPHEIX nccienoBanuit B OUAN»

HOBBI MpakTUKYM To Medipix. B pa3paboTke Ha-
XOJUTCS MPAKTUKYM MO TO3UMETPUH.

PaspaboTka u co3gaHue 00pa3oBaTeNbHBIX MpPO-
rpamm. B 2023 r. 8 OUSIU 3aBepiiieH IepBblii 3Tam
MPOeKTa 1O CO3JaHUI0 OTKPHITOM MH(MOPMALMOH-
HOI1 1 00pa30BaTeIbHOM Cpelbl, B paMKaX KOTOPO-
ro COTPYAHMKAMM OTAeja Pa3pabOTKu M CO3MaHMUs
obpazoBatenbHBIX TTporpaMM YHII 6bimm pa3pabo-

TaHbl YU4EOHBIE KYPCHI JJIST CTYAEHTOB IO TeMaTH-
ke OUAM, cozmanbl mHOOPMALMOHHBIE CHCTEMbI
JUISL TIOAAEPKKU (DYHIAMEHTAIbHBIX UCCIIeI0BAHUIA
B J1abOpaTopusiX, IMPOBOAATCS MYJIBTUMEIUIHBIC
BHICTAaBKM, B TOM 4MHCJIe TepeIBMKHBIE, YTO OaeT
BO3MOKHOCTh MOJETUTHCS HApaOOTKaMM C By3aMu
CTpaH-y4YaCTHMII M CTpaH-NapTHepoB WHcTuTyTA.
YcenewHo pa3BuBaeTcsl MaclUTaOHbIN MpoekT MH-
ctutyta «BupTtyanbHas nabopaTopusi», KoTopas

@

b ,’.
L |

v , k.
SRt
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Ernnerckue mkombHUKHA B OU3NKO-MaTeMaTIHIECKOM Jquuee uM. akagemuka B.T. Kanpiesckoro
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3HAKOMHT CTYIIEHTOB M MOJIOABIX YYEHBIX C peajib-
HBIM 3KCIIepMMEHTaJIbHBIM 000pyIOBaHUEM U C 00-
pabOTKOI 3KCIEePUMEHTAIbHBIX JaHHBIX.

Busutei. YHII opranusyeT 03HaKOMMTEJIbHBIC
MIPOrpaMMbl JUlsl IHKOJBbHMKOB, CTYAEHTOB U y4M-
teneil. IlpM maaHMpoOBaHMM MPOrpaMM BU3UTOB B
naboparopuu MHCTUTYTA YYUTHIBAIOTCS YPOBEHb
MOJATOTOBKY M TIPOGUIb OOYUEHHS TOCTEH.

B3aumogeiicTBie ¢ 00pa3oBaTebHBIMH YupexKne-
nusavu JIyonsl. B [Iyone npu nognepxke OUSAUN pa-
00TalOT MEXIIKOJbHBIA (PU3NKO-MaTeMaTUYECKUI
(dakynpraTB Ha 0ase KoLl N9, (m3mueckumit
npaktukyM YHII u fAnnexc-muueit Ha 6aze nuues
Ne6. B MEXIIKOIbHBIM (PU3UKO-MAaTEeMATUICCKOM
(bakynbTaTHBE €XErolHO OPTraHU3YITCS 3aHSITHUS
no (Gu3MKe WM MareMaTuke I ydammxcs 6—8-x
KnaccoB, a s yyauuxcs 10-ro kimacca — 3aHs-
TS 10 IKCrepuMeHTaibHO dusuke. [TpoBoasTcs
OTKPBITBIE OJIMMITMANBI IO (DU3MKE U MaTeMaTUKe.

YueOHble moco0uda 119 MKOJIbHUKOB. COTpyn-
Huku YHII moaroToBMIM KOMILIEKT ILKOJbHBIX
YYeOHUKOB Il YIIYOJEHHOro M3y4eHMsT (hU3UKU
B 7—9-X Kjaccax, B KOTOPBII BXOIAT yIeOHUK, 3a-
JAYHUK, TeTpalb-IIPaKTUKYM, a TAKXKE BUPTyaJlbHbIE
MpPaKTUKYMbl MU METOAMYECKas IMomaepxkKa. Yueo-
Hble TI0COOMSI OBLIM BBIMYLIEHBI M3IATEIbCTBOM

«IIpocsewenue» B 2023 r. 1 0A00peHbI KOMUCCHEH
MunuctepctBa nipocetienusi P®. B cragum pas-
paboTKM — Y4eOHUKM JJIS1 CTApIIEKIACCHUKOB.

IloaroToBka cnenuaaMCTOB M IOBBINIEHHE KBA-
Jupukanugd. IS COBEPIIEHCTBOBAHUS IPOLEIYP
aTTecTallii paOOTHMKOB IMOMHAA30PHBIX PocTex-
Hanzopy opranuzanuit GenepaabHOil CIyX00# MO
9KOJIOTUYECKOMY, TEXHOJIOTUYECKOMY U aTOMHOMY
Han3opy cosfaH EmuMHBIA mopTan TecTUpOBaHUS
B 00JaCTM TPOMBIIIJIEHHON O€30macHOCTH, 0e30-
MacHOCTU THAPOTEXHUYECKUX COOPYXEeHMii, 0e30-
rmacHocTu B cepe anmekrposHepretuku. C 2021 .
B YHII nmeiicTByeT KOMIbIOTEPHBIH KJacc, B KOTO-
POM IO HOBBIM TPeOOBaHMUSIM OPraHU30BaHO TECTHU-
POBaHUE JIMIL, OTBETCTBEHHBIX 3a UCIIPABHOE COCTO-
sHMEe 1 0e30MacHYI0 IKCIITyaTalluI0 TEXHUKH.

B YHII ycnemHo paboTaloT Kypchl 10 00yue-
HMIO aHIJIMICKOMY SI3BIKY, a TakXe KypChl 10 pyc-
CKOMY S$3bIKY JJIS MHOCTPAHHBIX CIELHAJINCTOB.
C 2017 mo 2020 r. ocyluecTBasaach MOATOTOBKA IO
(bpaniy3ckomy 1 HeMenkoMy sg3bikaM. B 2020 . o
3anpocy JIAIT Obl1 pa3paboTaH Kypc aHTJIMICKOTO
sI3pIKa AJIS1 COTPYAHUKOB KOHCTPYKTOPCKOIO OTHE-
Jia, paboTaloNIMX B MEXIYHAPOAHBIX KOJIabopaliu-
sax OMAN u LLEPH. B 2021 r. 6bU10 OpraHu30BaHO
00yueHUe aHIJIUNCKOMY SI3bIKY COTPYIHUKOB pa3-
JnyHbIX noapaszaeneHuiit OUAN.
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