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2.1. AuHoranus

OxcnepumenT BEKKEPEJIb narenen Ha pemnieHrne akTyalbHBIX MPpo0eM GU3UKU SIECPHBIX
KyactepoB. Mcronb3yeMblii MeTOA sSAepHOU 3Myibcuu (S1D) mo3Bossier Onaromapsi YHUKATbHOU
YYBCTBUTEJIBHOCTH M MPOCTPAHCTBEHHOMY pa3peUIeHUI0 H3y4yaThb B €AMHOM IOAXOJE
MHO>KECTBEHHBIE KOHEUYHBIE COCTOSIHUS, BO3HMKAIOIIME B AMCCOLMUAIMM PEISTUBUCTCKUX SAEP.
[Iporpecc Ha 3TOM HanpaBIEHUU ONMUPACTCS KOMITBIOTEPU30BAHHYIO MUKPOCKOIIHUIO.

B Hacrosimee Bpemst B (OKyce HCCIEJOBaHHS HAXOIUTCS KOHIEMIHS O-4aCTUYHOIO
koHneHcata boze-DinmTeitna (aBEC) — mnpemenbHO XOJOMHOTO COCTOSIHUSI HECKOJBKHX —S-
BOJTHOBBIX O-4aCTHI[ BOJIM3U MOPOTOB CBsi3M. HecTabumpHOE S1po 8Be onmcrBaercs kaxk 20BEC, a
B030ysk1eHne °C(0"2) nmu coctosuue Xoitna (HS) xak 3aBEC. Pacnaast *Be — 20 u 2C(0%) —
8Beo. MOTYT CIly’KUTh cUTHATYpaMH Gojiee cloxkHbIX pactanoB noBEC. Tak cocrosuue 076 sapa '°0
npu 660 k3B Han 4o-moporoM, paccmarpuBaemoe kak 4oBEC, Moxker mnocienoBaTelbHO
pacnagatecs °0(0%) — a'?C(0%2) umm '°0(0%) — 28Be(0"). Ero moucku BexyTcs B HECKOMBKHX
OKCIIEPUMEHTAaX 1O (parMeHTanuu JerKuX sfep Mpu HHU3KUX OJHeprusx. [loarBepikneHue



CyliecTBoBaHUs 3To U Ooisiee cinokHbiX Gopm oBEC morio Obl 1aTh OCHOBY ISl pacIIUPEHUS
CIICHapHEB CUHTE3a CPETHUX U TSKEIBIX sJIep B SACPHOM acTpopu3uKe.

Paccmotpenne aBEC kak MHBapHMaHTHOTO SIBJIEHUS YKa3bIBA€T HA BO3MOYKHOCTb €r0 IOMCKa
B PEISTUBUCTKOM (parmeHTanuu. [IpakThdeckyr anbTepHATUBY oOecrneunBaroT cjou S0,
IPOJOJIBHO  OOJIydeHHbIE pPEISTUBUCTCKUMHU  snpamu. lHBapmanTHas Macca aHcamOiuei
¢parmenToB He n H MosxeT ObITh onpesiesieHa 1o yriiaM UCIyCKaHUsl B IPUOJIMKEHUN COXPaHEHMS
MMITyJIbCA Ha HYKJIOH POAMTEIBCKOTO sAapa. biaromaps mpenenbHO MajabIM 3HAYEHUSM DSHEPTUU U
umpun, pacnansl Be u HS, a Takke °B — *Bep naentuduuupyiorcs Bo GparMeHTalun Jerkux
siIep OTPaHUYEHUEM CBEPXY HAa MHBAPUAHTHYIO MAcCCy.

Bynyun anpoOGupoBaH, 3TOT TMOAXOA CTaJ MPUMEHSATHCS I UACHTH(PUKAIINI 8Be u HS u
noucka 6osee cnoxHbIX cocTostHu naBEC Bo dparMeHTaum cpeTHuX U TSOKENbIX saep. HemaBHo
Ha CTaTHUCTHKE JIECATKOB PACNafoB Be 00HApYXeHO BO3pacTaHUE BEPOSTHOCTH OOHApyXeHHs ‘Be
B COOBITHH C POCTOM YHMCIIA PEISATUBUCTCKUX O-dacTull. CaenaH MpeaBapUTEIbHBIA BEIBOJI O TOM,
4TO BKIAzBI pactanoB °B u HS Takke pacTyT. DK30THUYECKH OONBIINE pa3Mephl U BPEMEHA KU3HU
SBe m HS mO3BONSIOT MNPEANIONOKHTH BO3MOKHOCTE cHuHTe3a oBEC mocienoBaTenbHBIM
COCIMHCHUEM BO3HUKAIOIIUX 0-4aCTHIL 20L.

['maBHas 3amavya  mOpeACTOSIIEr0 JSTama MpPOEKTa — MPOSICHEHHWE CBA3UM  MEXIY
BO3HHUKHOBeHHeM *Be n HS U MHOYKECTBEHHOCTBIO O-aHCAMOJIEi M TOMCK Ha 3TOM OCHOBE pacnaaoB
cocrosuus  '°0(0%). B oroit cBasu okcnepument BEKKEPEJIb Hanenen Ha u3MepeHHe
MHOKECTBEHHBIX KaHanoB (parmentamuu sjaep S*Kr 1o 1 I'>B Ha HykioH. Vmeercs mocTaTouHoe
KOJIMYECTBO CJIOEB S, MmomepeyHoe CKaHWPOBAHHWE KOTOPHIX Ha MOTOPHU30BAHHOM MHUKPOCKOIIE
Olympus BX63 mo3BonsieT A0oCTHYb TpedyeMoil cratucTuku. Bmecte ¢ TeM, HeoOxoauma
MoaepHu3anus umeromuxcss MukpockonoB MBHU-9, KSM u MIID-11 anga npomoibkeHus
MPELM3UOHHBIX U3MEPEHH COrNIacCHO arpoOMPOBAHHBIM MTPOLIETYpaM.

B mnponomxenue uccrnemoBaHus (parMeHTAlMM JIETKUX sIep HayaT TOWCK pacrajoB
1306ap-aHanorossix coctosiuuii (MAC), B ToM uncie B Bo3Oyxaenusx “Be” u °B”. Ipospissacs npu
BBICOKOW JHEpruM BO30YXKIEHHUS, HO Takke HMes BecbMa Manble mupunbel, MAC ciyxat
“MaskamMM’ TIEPEeCTPOMKH CTPYKTYphl B HAalpaBIEHUH CXOJCTBa C MX MEHEe CTaOMIbLHBIMHU
n3o6apamu. B xontexcre naBEC n MAC npomomxkuTes aHanus obmyuenns 519 sapamu °Be, '°C,
14N, 22Ne, 24Mg, ZSSi.

IToucku naBEC um HMAC Benyr K HM3ydeHHUIO SACPHOM MaTepuu C TEMIEpaTypoll u
IUIOTHOCTBIO OT KPacHBIX TMTAHTOB /IO CBEPXHOBBIX. B 3TOM oTHOmeHuu ciou 513, obiyueHHBIE
TSDKEJIBIMHU IpaMH IIPU HEPIMM HECKOJIBKO BB Ha HykinoH yckopurenbHoro xkomiuiekca NICA
HO3BOJIAT MCCIENI0BaTh B ONTUMANIBHBIX YCIOBHSX peNATUBUCTCKHE aHcamOiu m3oronoB H m He
OecnperieIeHTHOW MHOXKECTBEHHOCTH. Oco0bIe IPenMyIecTBa MeTo1a SO mposBATCS IS sep Ha
IpaHUIle TMPOTOHHOW CTAOMIBHOCTH, 4YTO MOTpedyeT (OPMUPOBAHMS BTOPUYHBIX IyYKOB
(mampumep, ' Ar).



2.2. HayuyHoe o00cHOBaHHe

BBEJIEHUE

OnHUM U3 KIIIOYEBBIX AaCIHEKTOB SJEPHOW CTPYKTYpBl SBISIETCS HAJIMYME CTEleHeH
cBOOO/IbI, B KOTOPBIX KBapTEThI CIIAPEHHBIX 10 CIIUHY IPOTOHOB U HEHTPOHOB BENyT ceOsl Kak
COCTABJISAIOLINE KIIACTEPhl, MPOSBISIOIIMECS B O0pAa30BaHUU 0-4ACTHUI] B SIIEPHBIX PEAKIUAX U
pacnagax [1]. U3yuyenue ancambieil o-uyacTuil cpasy HaJ MOPOTaMU CBSI3M MO3BOJISET BBIIBUTH
pob HecTabUIBHEIX Azep *Be u °B u 3a-cocrosuus Xoiina (HS) 1 MCKaTh MX aHATIOTH.

Dueprus pacnana ‘Be — 20 cocrapuser Beero Em(*Be) = 91.8 k3B, a mmpuna I'(Be) =
5.57 £ 0.25 »B. Sapo %Be sBasercs HempeMeHHBIM NPOAyKTOM pacmanga °B u HS. OcHosHOe
cocrosiaue °B Beime nopora *Bep Ha En(°B) = 185.1 k3B npu I'CB) = 0.54 = 0.21 k3B [1].
Cocrosuue HS sBiseTcs BTOpbIM (1 TIEPBBIM 0-HECBA3aHHBIM) B30y aeHueM sapa >C (0630p
[2]) mpu Em(HS) = 378 k3B nan 3a-noporom. 3nauenue I'(HS) = 9.3 + 0.9 3B coorBeTcTBYET 10O
NOPAAKY BETMUMHEI IUPUHE pachana n° — 2y.

O60ocobnernocts HS oT Gosee BBICOKHX BO30yxkaeHui '2C, yka3pIBalOT HA HErO Kak 30i-
ananor *Be. Cuntes '°C Bo3MmoxeHn uepes ciusaue 30 — a’Be — ?C(0%) — 2C(+2y umu e’e ¢
BEPOSATHOCTBIO MOPSAJIKA 10'4). JlanpHEUIIUM CHUHTE3 a?’C — 16Oy yepe3 MNOAXOMALIUN 10
sHepruu ypoBeHb °0, zampemen mno dyerHoctd. OpHAKO, CHHTE3 BO3MOXKEH B
nociaenoBarensHoctn  2C'2C  —  2C2C(0%) — '%0°Be. Kak ormewanocs [2], otH
00CTOSTENLCTBA ONPEENAIOT OTHOIIEHHe pactpocTpanennocteil °C u '°O Bo Beenennoit. Bee
9TH (PaKThl TMO3BOJISIOT MPEATOIOKUTH BAKHOCTH 00JIee TSHKEIBIX HECTAOMIBHBIX COCTOSIHUMA B
npoleccax sepHoil acTpopU3UKH.

3uaunmocth HS He orpanuumBaercss ponbio Bo3OyxkaeHus sapa '2C, XOTS M BechbMa
HeoObIYHOTO. HS MOXeT BO3HHMKAaTh B pEakIUsIX C JAPYTUMH SIpaMu. ITO OOCTOSTEIBCTBO
oowemuuser HS, xak u *Be u °B, ¢ apyrumu ¢dparmentamu. °Be, B u HS moryT ciyxuTh
poIOHaYaTIbHUKAMH BETBEH BO30YKICHHBIX COCTOSIHUIM KaK C TEM e COCTaBOM, TaK U Bce Ooee
TSXKETBIX. DK30THUeCKH Oomnbinue pasmepbl ‘Be, B u HS, mpejckasbiBaeMble TEOPETHUECKH
(puc. 1), KpUTHYHBI ISl TOHUMAHUS KAPTUHBI ()parMEHTAllMU B IIEJIOM U MEXaHU3Ma IeHepalun
9THX 0OBEKTOB B YACTHOCTH.
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Puc. 1. Pacuemuvie pacnpedenenus S0epHOll NIOMHOCHU 6 OCHOBHOM cocmosaHuu *Be u
cocmosanuu Xouna [2,3].



CoBpeMEHHBI HMHTEpEC K SACPHOM KiIacTepu3allid B 3HAYUTEIBHOW CTENECHHU
MOTHUBUPOBAH KOHIICTIIIMEH 0-4acTUYHOTO KoHjeHcata boze-Oiinmrelina (aBEC), BeiABUHYTOM
BCJIENl 32 OTKPBITUEM YJIBTPAXOJIOJHBIX KBAaHTOBBIX razoB (0030p [3]). Ha puc. 2 mpeacraBneHo
nonoxenne oBEC Ha Teoperndeckom “neifzaxxke” B 001aCTH HaMMEHBLICH SIEPHOHN TUIOTHOCTH
u temnepatypsl. [IposBiaennem oaBEC MoryTt city’kuTh HEKOTOpBIE BO30YXIECHUS NO-KPATHBIX
a1ep cpa3y Haja moporamu cBsizu o-yacTull. CocyuiecTBysi ¢ GepMUOHHBIMU BO30YKICHHUIMH,
TaKHe COCTOSIHUS PaCCMaTPUBAIOTCS HA OCHOBE CPEIHEro MoJisi 6030HHOTO THMA, (POpMHUPYEMOTo
ra3oM IMOYTH HJEATbHBIX 0030HOB B S-cocTosHUU. OHHM MOINIM Obl BO3HUKATh NMpPU CpEeAHEH
MI0THOCTH Be, koTopas B 4 pa3a Huke 00buHOM. *Be 1 HS onmchIBaroTcs Kak COCTOSHUA 2- U
30BEC, a ux pacmaasl MOTYT CIYXHTb CHTHarypamu Oojee CioXHBIX pacnanoB noBEC.
CymectBoBanue pa3BuThix ¢opm oBEC moxer pacmmputh Obl CLiEHApUU HYKJIEOCHHTE3a I
TSDKETIBIV siIpam.
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Puc. 2. Teopemuueckuii “netizasic” ¢hpazoevix cocmosnuil A0epHol Mamepuu.

[Ipennoxxensl 3kcnepuMeHTalbHbIE Toaxoasl kK oBEC, cpeam  KoTophlx WU
npencTaBisieMbiit 31ech (0030p [8]). [louck cocTostHuiA, ananoruunubix HS, HO Oosee TsKeNnbIX,
BEIETCS B SKCIEPUMEHTaX MO (parMeHTalMM JIETKUX SAep Npu HU3KHX »Heprusx [5-10]. B
doxyce — 4o-amanor HS, B kadecTBe KoTOporo paccMarpupaercs coctosuue 0 sapa °O mpu
660 k3B Hax 4a-moporom, Morymiero pacnagaTscs Ha oHS umu 28Be. Paccmorpenne naBEC kak
C1a0O0CBsI3aHHBIX HECTAOMIIBHBIX COCTOSHUN YKa3blBa€T Ha HOBbIE BO3MOXKHOCTH HMX TOHCKA C
POCTOM SHEPTUU U MACCOBBIX YHCEJ MOPOXKIAIOLINX siaep. BecbMa 1IeHHO TPOAEMOHCTPUPOBATD
CXO0’ECTh BBHIBOJIOB HA OCHOBE PEISTUBUCTCKON HHBAPUAHTHOCTH.

IIpumeHeHHEe TEXHMYECKH HECIOXHOrO M Hemoporo weroaa SO B mydkax
PENATUBUCTCKUX SAEP aeT TMOKOCTh M eMHO00pa3ie Ha MOUCKOBOM JTarie, a B TEOPETHIECKOM
acreKkTe — MPO3payHOCTh MHTepHperauuu. llpyu aucconumanuu pensiTUBUCTCKUX SIAEP B y3KOM
TEJIECHOM yTIJie (pparMeHTalMK WHTCHCHUBHO TeHepupyroTcss ancamOmu siaep He m H. Ilpu ux
JNETEeKTUPOBAHWU TIOPOTH OTCYTCTBYIOT, a IIOTEpU OHHEPrud MHHHMMaJbHBL. Bcnencreue
MUHUMANbHOH »Heprum pacnazsl *Be, B u HS, 10MKHEI IPOABIATHECS KAK TAphl U TPOMKH C
pensituBuctckux ¢pparmenToB He u H ¢ maumensmmmmu yrimamu pasnera. CorjiacHO MmHUpUHAM
pacnansl *Be, °B u HS npoucxonsr mpu mpoGerax oT Heckombkux Thicsy (*Be m HS) 1o
HECKONBKHX J1ecATKOB (°B) aTOMHBIX pa3MepoB U JOKHEI HACHTHOHIMPOBATECS MUHUMAILHOMH
WHBAPUAHTHON MacCOM.



OtBeT Ha 3TOT BBI30B Aail metona A9, npumensiemblid B s3kcniepuMenTte bBEKKEPEJIb. B
cnosx SO, mTpomoNbHO OONYYEHHBIX PENSTHUBUCTCKUMH SApaMu, cleAbl (QparMeHToB
HAOMIOIAIOTCS TOJIHOCTBIO, & WX HAMpPaBICHUS H3MEPSIOTCS C HAWIYUYIINM pa3pelICHUEM.
OmnpeneneHre HMHBAPHMAHTHBIX Macc aHcaMmOuiell pensTuBUCTCKUX (parmentoB He u H B
npUOIKEHUN COXPAaHEHUs HAYadbHOW CKOPOCTH TIO3BOJSIET CIPOCHUPOBATH WX YIJIOBBIC
KOpPENAIUN HA YHEPreTHUeCKHil MaciuTab, HauMHAas ¢ pacmnanoB ‘Be. Bo3MOXHOCTH M cTaTyc
ATUX HCCIEAOBaHUHN TpeAcTaBieH B 0030pHBIX myOnukamusax [11-13]. Cpeau mocTikeHHE —
UIEeHTU(DUKAITAS 8Be, °B, a Tarke cocTosHUS XOiIa BO (dbparMeHTauu JETKUX sjaep, B TOM
4yycIie paguoakTUBHBIX [12].

Puc. 3. Cyenapuii mHodcecmseennozo obpazosanus gpazmenmos: conudxicernue sioep (1),
nepeoaua 8030yiHcoeHus Ucciedyemomy a0py (2), nepexoo 6 cucmemy, COOEpHCAWYIo peanibHble
Jnecuatiwue a0pa u HyKiousl (3), ee pacnao (4), ciunaumue u nooxeam yacmu pacmeHmos
HecmaobuibHvle cocmosiHus ().

Orot noaxoxa Hayan npumeHsThes B akcniepuMmente BEKKEPEJID nis noucka cocTosiHuiA
oBEC Bo (parmMeHTalnuu cpeiHUX U TsKebIX aaep. OOHapy)eH ObICTphI pocT Bkaaaa ‘Be, °B
u HS c¢ poctoM umciaa compoBoXZarOIMX o-49acTUL. Ero mHpUYMHOM MOMET CIIY>KHUThb
COCMHEHME 0-4acTUI] NMpu pocte uUx MioTHoctH [13]. Bo3zmoxkno, aBEC Bo3HuKaeT HE B
pe3ysbTaTe  COHPSHKCHHOro  BO30YXKIEHHMs  POAMTENbCKOrO  siapa, a  (opMupyrorcs
MOCJIeIOBATEIBLHBIM MOXBAaTOM (parmMeHToB. B Takom cuenapum (puc. 3) aBEC oTBs3siBaeTcs
OT POAMTEIBCKOIO siipa U CTAHOBUTCS CaMOCTOSITENIBHBIM COCTOSHHEM SIIEPHOM MaTEpUU NpU
OpelenbHO HU3KOW IUIOTHOCTH M Temmeparype. Torma otGop COOBITHHI € BBICOKOM



MHOXECTBEHHOCTBIO (-4aCTHUI] MOXKET OBbITh HMCHOJB30BAH Kak ycuiauBaromuil ¢axtop. Ilouck
aBEC Bo ¢parMeHTany cpeTHUX U TSHKEINBIX SAep CTAaHOBUTCS TJIAaBHOM 3a/1a4ell SKCIIEpUMEHTE
BEKKEPEJIb Ha 6nwmxkaiimue roasl. Jlagee 0CHOBHOE BHUMAaHUE TPEUIOKECHHSI yICISIETCS ITOU
TEME.

Bwmecre ¢ Tem uccienoBanure o0pa3oBaHHE HECTAOUIBLHBIX COCTOSHUI JIETKUMHU IpaMU
MOJIy4aeT pa3BUTHE B OTHOIIEHWU n300ap-aHanoroBwix coctossauii (MAC). bnaromapst ropazmo
Oosiee BBICOKOW »HEpPrUu M BechbMa MaibiM mupuHaMm MAC ciyxar “maskamu’ TepecTpOUKH
CTPYKTYpPbI U3y4YaeMbIX sIep B HAMPABICHUH CXOJICTBA C MX MEHEE CTaOWIHLHBIMU M300apaMHu.
[Moatomy npu pexkoHcTpykiuu pacnanoB MAC Bo3MOXHO 0OHApYKEHUE SIEPHO-MOJICKYISIPHOM
cTpykTyphl. B Hacrosmee Bpems Benerca mouck MAC *N*(15.065) Bo ¢parmentamuu “N —
30p, UAC ®Be(16.6 + 16.9) B °Be — 20 u UAC °B(14.7) B '°C — 202p. B 310M acmexre
3aCIy’KMBAIOT aHATN3a MMerolrecs ooyueHns 51D pensTuBucTckumu sapamu 22Ne, 2*Mg, 28Si.
Ero ypoBeHb CI0KHOCTU JOCTYTEH sl OCBOCHHSI HAUMHAIOIIMMHU HCCIIEI0BATENIMHU.

JUis TnOHMMaHUSA MEXaHM3Ma MHOXXECTBEHHOM JUCCOLMALUU sIep Ipeaiaracrcs
IPOBECTU aHAIM3 (PparMeHTaluu saep U3 cocraBa 1D BIUIOTH J0 UX MOJHOTO Pa3pyLICHHUS MO
NeMCTBUEM PENSTHBUCTCKUX MIOOHOB. [lomepeunsle oOmydeHuss cimoeB SO MrooHamu
npeyaraercs BoinoaHuTs B [IEPH.

1. CTATYC HCCJIEAOBAHUA
N3ydenne HecTaOMIIBHBIX AJ€p BO3MOYKHO Ha ITyyKax CTAOMJIBHBIX M PaJMOAKTHBHBIX

siep B JWalia3oHe HHEPruil OT HECKOJbKHX A0 AecaTKoB M»B nHa nyknon. C 3To# 1enbio
CO3/AI0TCSI KOMIIAKTHBIE CIIEKTPOMETPBI CO 3HAUYUTEIbHBIM OXBAaTOM TejecHoro yriaa [5-10]. B
HUX HCIOJIB3YIOTCSA KPEMHUEBBIE JETEKTOPbl C HAWIYYIIMM 3HEPreTUYECKUM Pa3pelieHUEM,
pa3MeniaeMple B BaKyyMHBIX OOBeMax BOJIU3M CBEPXTOHKHX MUIleHed. HWaeHtudukammm
pacnagoB MPOUCXOAUT IO SHEPIETHUUECKUM KOPpPEISALMIM MPOAYKTOB peakuuil. B kKoHTekcTe
HACTOSIIEr0 MPOEKTA BaXKHO YUYECTh X HEJABHUE pe3yibTarhl 1o moucky aBEC.

DKCIEpUMEHT C TIOJHOM PEeTUCTpaluell o-4aCTHYHBIX ()ParMEHTOB CHapsiia B PEaKIHH
#0Ca(25 MsB/nykion) + '?C ykasan Ha pactymuii Bknana Be 10 a-MHOkecTBeHHOCTH 6 [14].
OTOT (PaKT MPOTHBOPEUYUT MOJEIH, MpeacKa3bpiBaromieil cHuxkenune (tabn. 2 B [9]). [IpoBenen
nouck pacnangos cocrosaus °0(0715.1 MaB) 2*Ne(12 MaB/mykion) + “He [5] u '°0O(160, 280,
400 M»B) + '2C [7]. HemaBHo nannsle o '°O(45 M»aB) + 'C — 4a B nonHoit kunematnke [9]
OBUIM MPOaHAIM3UPOBAHBI JJII BCEX BO3MOXKHBIX KOH(PUIYpaUUd M BOCCTaHOBJIEHA (YHKIUS
B030YysK1eHns, a pacnagsl 2C(0%2)a, 2C(371)a u 28Be. OnHako mouck coctosHus 15.1 MaB Bo
BCEX CIIydasx ocTaeTcsi 0e3pe3ynbTaTHbIM [8]. [IpoBoauIncy n3MepeHus COBMAICHUN O-4aCTHIT
(386 M»1B), paccesunpix Ha 0° B peakmmu °Ne(a,o’)5o [10]. YTBepskgaercs, 4TO BHOBb
Habmoaembie coctostaust ipu 23.6, 21.8 u 21.2 MaB B 20Ne cHIIBHO CBSI3aHBI C KAHIUIATOM
4aBEC '°0 u camu sBastorcs kauaugatamu B oBEC.

Xots craryc HaOmoaeHuit aBEC, ocraercs HeonpenenennsM [8], Bo Beex ciydasx HS
obpasyercs npu (parMeHTaluK He Tonbko 2C. DTo (akT yka3blBaeT HezaBHCHMMOCTh HS, kKak n
8Be, ot nopoxkaaroniero sapa. I1o106Hy0 yHHBEPCATLHOCTh JOKHBI IPOSBIATH M KAHIUIATHI
aBEC. B nenom ckiazapIBaeTcsl BIEYATIEHHE, YTO B OTHOLIEHMM CTATUCTUKU SKCIIEPUMEHTHI
oBEC mnpunumm k mpakTuyeckoMy Impeneny. B HHX HEBO3MOXHBI HccileloBaHusA C Ooiee
TSDKETIBIMU sIIpaMu U TpeOyeTcst HHbIE MTOIXObI.



Takyto nepcneKkTUBY OTKPBIBACT MPUMEHEHHUE 51D B MyuyKax pessITABUCTCKUX saep. B 70-
X TT. cTapTroBaiu OOIy4YeHHUS CTOMOK SO pPENSATUBUCTCKUMHU JIETKUMH SApaMU C DHEPrHEH
Heckonbko 9B Ha HykinoH Ha Cunxpogazorpone OUSUN u beamake LBL, a B 90-x rT.
cpenaumu U TsokenbiMu Ha AGS (BNL) u SPS (CERN) npu cymecTBeHHO 0ojiee BBICOKHX
3HaueHusAX dHepruu. [lomydeHHbIe pe3yabTaThl, Kak (ailiibl TaHHBIX, COXPAHSIIOT YHUKAILHOCTD
B OTHOILIEHUU PENATUBUCTCKON (parmeHTanud. K HUM MOXHO OTHECTH O-Tapbhl YacTHUI[ C

YIaMu paslieTa COOTBETCTBYIOIIMMH pacrnagaM ‘Be. OHM CBHIETEILCTBYIOT O HAOIIOIEHHU
KOHEYHBIX COCTOSIHUM BIUIOTH /10 MUHUMAJIbHOM SHEPTUH.

ONEKTPOHHBIE S3KCIEPUMEHTBI HE CMOIJIM J0 CHUX MOp IHPEOJ0JIETh CIOKHOCTH,
00yCJIOBJICHHbIE KBAJIpaTUYHOW CHI)KEHHEM HMOHU3AIlMM OT 3aps]oB, KpailHe Majol
pPacXoJUMOCTbI0 M COBIAJEHUEM IO MArHUTHOM >KECTKOCTU PENATUBUCTCKUX (DparMEeHTOB U
nyuka. TpeOyercs mpuBIeYEHUE aJeKBaTHOW METOAUKH, TaK M CMEHa IPEeACTaBJICHUSA
HECTaOMJIbHBIX COCTOSHMM Ha pPEIATHUBUCTCKU-UHBAPHMAHTHYIO (opMe. DTOT BaXKHbIM (akxt
MOTHBHUPOBAJ UCCIEAOBAHHE KIIACTEpU3ALIUA METOIOM S103.
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Puc. 4. Pacnpedenenus no uneéapuanmmuoii macce [12]: a) Qz 6 *Be(1.2 A I'>B) — 2a
(nyuxmup, cniownas — “6envie” 36e3061; b) 02 6 1°C(3.65 A I'B) — 3a (cnnowmnas) u 1°0(3.65
A IB) — 4a (nynkmup); c) Qzqp (< 1 MaB) 6 '°C(1.2 A I'>B) — 2a2p (cnnowmnas) u ''C(1.2 A
I5B) — 2a2p (mouxu) u °B(1 A I'>B) — 2ap (nynxmup); Q. 6 °C(3.65 A I'5B) — 3a
(cnnownas) u 1°0(3.65 A I'>B) — 4a (nynxmup).



C mnavana 2000-x rr. merox D mnpumenserca B skcnepumente BEKKEPEJIb nHa
Hyksorpone OVAUN nnst usyuenus pparmentanuu jerkux saep (063opst [11,12]). Ocobennoctu
H30TOIOB 7’gBe, 8’IO’HB, 10’“C, 124N BIssBHITHCH B BEPOSITHOCTAX KAHAJIOB IHUCCOLUALUU.
Pacnanel °B — ®Bep ObUIn uaeHTHUIMPOBAHbI MO MHBAPUAHTHON Macce, BBIYMCIEHHOH B
NPEIINIOJIOKEHUN ~ COXPAHEHWs  HadajlbHOro  umnyiasca. IIpogemoHcTpupoBaHO,  4TO
HeoOXOMMMBIM M JOCTaTOUHBIM sBisieTcs paspemieHne S13. Ot6op °Be ompenmensercs
orpanndenueM 10 0.2 MaB, a °B — 10 0.5 M»3B (puc. 4a u b).

OnpenenennocTs B uaeHTudukanuu *Be u B cTana ocHOBaHHEM IS MOUCKA PACHAoB
HS B nucconuanuu °C — 3a (puc. 4d), rae 6bUIO YCTAHOBIEHO OrpaHMYEHHE HHBAPUAHTHOM
macchbl 30-Tpoek 10 0.7 MaB. Bribop 3Tux Tpex ycinoBHH Kak “OTceuek cBepXy’ IOCTAaTOYEH,
IIOCKOJIbKY 3HAUEHHsI SHEPTUHU paclafa 3THX TPEX COCTOSHUI 3aMETHO MEHBIIE OKaNIINX
BO30YK/IEHHH C TE€M JXK€ HYKJIOHHBIM COCTaBOM, a OTpakKeHHE OoJiee CIOXKHBIX BO30YKICHUIH
HEBEJIMKO JUIS ATUX SAEP.

Aunanus “Genbix” 3Besn *C — 3a u %0 — 4, He compoBoXkmaeMbIX (parMeHTaMu
MUIIICHHU, TIO3BOJIWJI YCTaHOBUTH, YTO JIOJII COOBITUH, COAEPIKAIIUX PACIIAJbI ’Be (HS)
cocrasnser 45 + 4% (11 + 3%) ana 2C u 62 + 3% (22 + 2%) ansa '°O (puc. 4d). Moxuo
YCMOTpETh, 4TO POCT 20- M 30-KOMOMHAIMil ycunusaeT BKaana ‘Be m HS. Drto HabmioneHus
3acIy’KUBaeT MPOBEPKU JUIsl Oosiee TKENbIX siiep, Korja o-KOMOMHATOpPHKA CTPEMUTEIHHO
HapacTaeT C MACCOBBIM YHCIIOM.
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Puc. 5. Pacnpedenenus no uneapuanmuoii macce Qo [12] 6 641 "6enoii” 36e30e 1°0 —
4o npu 3.65 A I'>B ecex 4a-keapmemos (a, mouku). cobvimuii aHS (a, cniownasn) u '°0O — 2°Be
(b); nrasnas nunus - pacnpeodenenue Panes; na ecmaske ygenuuennas yacmo Q3 < 2 MeV.

CymiecTByeT BO3MOKHOCTh Bo3HHKHOBeHHs HS uepes a-pacnaz '°0O(0%). Pacnipenenennue
“GenbIx” 3Be311 '°O — 40, Mo MHBapUaHTHOH Macce 40-kBapTeToB Ou, (PHC. 5) B OCHOBHOII YacTH
OMKCHIBaeTCs pacnpezeneHueM Panes ¢ mapameTpom Gose = (6.1 £ 0.2) MsB. Yenosue Qsq(HS)
< 700 k3B cmemaer pacnpenenenue no QJiq B HU3KOIHEPTETUUECKYIO CTOPOHY. Y BEIMYEHHBIN
BUJ pacnpeneneHust mo (i, NMPEACTABICHHBIH HAa BCTaBKE PUC. 5a yKa3blBaeT Ha 9 COOBITHIA,
ynosnetBopsitomnx Qsq < 1 MaB  u umeromux cpennee 3nauenue (Qse) (RMS) = 624 + 84
(252) x3B. Torzma onenka Bkmaga pacnanos °0O(0'¢) — o + HS cocrasnser 1.4 + 0.5% mnpu
HopmupoBke Ha Nws(1°0) u 7 £ 2% npu Hopmuposke Ha Nus('°0).

Unentuduruposans! 33 codbitus O — 28Be, uto cocrapiser 5 + 1% “Genbix” 38e31
10 — 4q. Torga cratucrtuka %0 — 2°Be u 'O — aHS wumeer orHomenme 0.22 + 0.02.
Pacnipesnenenne o MHBapHaHTHOH Macce Qi coObITHI °O — 28Be, mpencrasnenHoe Ha puc.



5b, ykasbiBaeT Ha fBa kaHauaata °0(0%) — 28Be B o6mactu Qsq < 1.0 MaB. Takum o6pazom,
OLIeHKa OTHOIIEHHUs BeposAaTHOCTH KaHanos °0(0%) — 28Be u 1°0(0%¢) — oHS cocrasnser 0.22
+0.17.

MO3KHO 3aKJTIOYUTh, YTO XOTs NpH oOpazoBaHuu HS nomMuHUpYyeET mpsiMasi TUCCOIUAIs,
“mpeaumiecTBeHHUKA BO3MOXeH S1D. Bmecre ¢ TeM HapallMBaHWE CTAaTHUCTUKH
cobprTnii 0 — 4a TPAIUIIMOHHBIM CIIOCOOOM MOJKHO CYHMTAaTh HcYepraHHbM. OcTtaeTcs

IIOUCK ero 4o

BO3MOXHOCTh M3y4eHus (3-4)a-ancam6iieit Bo pparMeHTaiu 0ojee TSHKEIbIX sep.

2. OIIMCAHHUME ITPEJJIATAEMOI'O UCCJUIEJOBAHMUS
2.1.1 Bo3MO:KHOCTH MeTOAa

OGyJaeMble CTONKM COOMPAIOTCA U3 cioeB pasmepoM 10 10x20 cm? TommuHoi 51D 200
MKM Ha CTEKJITHHOW mojiokke u 550 MxMm Oe3 Hee. Eciu mydok HampamisieTcsl mapauieIbHO
IJIOCKOCTH CJIOEB, TO CJEIbI BCEX PENSATUBUCTCKUX ()ParMEHTOB OCTAIOTCS TOCTATOYHO JIOJITO B
OJTHOM cJioe 7151 3-MepHO# peKoHCTpyKIMH yriioB [lomnoxkka 00ecreunBaeT «KeCTKOCThY, a e
OTCYTCTBHUE IO3BOJISICT OOJIee I0JIroe MPOCIeKUBAHHUE, BKIIOUYAs MEPEXOJbl B COCETHHUE CIIOH.
dakTopamy IOIYUYEHUS 3HAYUTEIIBHON CTATUCTUKU CIIy’KaT TOJIIMHA U IOJHBIM TEJIECHBIA yroJl
nerektupoBanus. B 513D cogepikarcs B O1mu3kux KoHIEHTpauusax atoMbl Ag u Br u CNO, a takxe
B TpoekpatHo OonbineM uucie H. Ilouck mnpocnexxuBaHueM CleIOB HCCIEAYEMBIX sAEp
obecrieunBaeT OOHApYKEHHE TOPSJIKA THICSYM B3aUMOJEHCTBHI Oe3 BbIOOpKH. CTaTHCTHKa B
HECKOJIbKO COTeH nepuepruueckux B3aUMOJEHCTBUN C ONpeAeeHHBIMH KOH(PUTypaluusIMu
PENSITUBUCTCKUX (DPArMEHTOB JOCTHKUMA MPH MOMEPEYHOM CKaHUPOBAHUU.

PenstuBucTckue gparMeHTsl cocpenoTodYeHbl a0 sinfx = pw/Po, Tae pr = 0.2 ITHB/c —
BEJIMYHMHA, XapakTepusyromas OepMu-uMITyJIbC HyKJIIOHOB B siJIpe-CHapsije, a Po — ero uMIyJjbc
Ha HykinoH. Ilpu Gase 1 mm paspemenue He Xyxe 107 pax. ITomepeunslii ummynsc Pr
(¢parMeHTa C MaccOBBIM YHUCIOM Af ompenensercss kKak Pr = AgPosin® B mpubnmxeHun
coxpanenus Po. Cienpl penstuBuctckux ¢pparmeHToB He u H naentudumupyrorcst Bu3yanbHO.
[Tpubnu3uTenbHOE COXpaHEHHE B COOBITUN (pparMeHTaMu 3apsja sfep Mmydka UCIOIb3yeTCs AJis
0TOOpa HECKOIBKUX| MPOIEHTOB NEPUPEPUISCKUX B3aUMOICHCTBHA.

Bo ¢parmentanmm sigep A9 MoryT HaOmOgaThCA b-4acTHIBI (O-9aCTHI[BI M TPOTOHBI C
sHeprue Hmwxke 26 MaB), g-actuisl (mpoToHBI ¢ 3Heprued cBeime 26 M»dB), a Takke s-
yacTulpl (poxkIeHHbIe Me30HbI). Hambonee mnepudepuueckrue B3aMMOACUCTBUS, MMEHYEMbIE
KOTE€PEHTHOW AHMcCOolMane nian “OenbIiMu” 3BE3JIaMH, HE CONMPOBOXKAAIOTCS (hparMeHTaIuen
siIep MUIICHU W POXKJIEHUEM ME30HOB (s-uacTtuil). Ha caiite http://becquerel.jinr.ru/ moCTyIHBI

dororpaduu u BUACO3aMNCH XapaKTEPHBIX B3aUMOJICHCTBUH.

[IpucBoenne MaccoBbix umcen Tpekam (parmentoB H m He mo cpemnemy yrioy
KYJIOHOBCKOTO paccesiHus. Vcrnonb3oBaHUE 3TOTO TPYIOEMKOTO METOAA ONPAaBIaHO B OCOOBIX
Cly4asix JAJii OTpaHMYEHHOrO 4Yucia cienoB. B cimydae aumcconuanuu CTaOMIBHBIX sAep
JI0CTAaTOYHO MPeAnoI0kuTh cooTBercTBue He - “He n H - 'H. D10 ynporenye ocOGEHHO BEPHO
B Cllydae upe3BbIYaiiHo y3kux pacnanos *Be u °B [12].

WuBapuaHTHas Macca CUCTEMBI PEISTHBUCTCKUX (PparMEeHTOB OINpeneNsieTcss Kak CyMMa
BCeX mpousBefeHuil 4-ummynbcoB Pix (parmentop M2 = Y(Pi-Px). Bbluntanume Macchl
HAYaIbHOTO Spa WIM CyMMbI Macc (parmentoB Q = M~ - M sBIsercs BOIPOCOM yH06CTBA
npencraBieHus. KoMnoHeHThl Pix OmpeAenstoTcs B MPUONMKEHUN coXpaHeHHs (pparMeHTaMu


http://becquerel.jinr.ru/

Po. PekoHCTpyKIIMs 1O MHBAPUAHTHOM Macce pacnaiioB PEeNISTUBUCTCKMX HECTAOMIBHBIX SAEP
8Be u °B, ocsoennas B skcrepumente BEKKEPEJIb, moarsepauna cCHpaBeIMBOCTh 3TOTO
npubmmkenus [12].

Haubonee Tounbie n3mepeHus yrioB obecneunBaroTcss Ha Mukpockonax KSM-1 (Kapn
Leticc, Mena) npu npuMeHEHUH KOOPJIUHATHOTO MeToaa. MI3MepeHus mpoBOAsTCS B IEKapTOBOM
cucreMe koopauHat. Crmoit 1D pa3BopaumBaeTcsi TakuM 0Opa3oM, 4YTOOBI HaIpaBJIEHUE
aHAJIM3UPYEMOr0 TEPBUYHOIO cliena coBmajaio ¢ ockio OX cTojlMKa MHMKpoOcKoma ¢
orkiaonenuemM 10 0.1 - 0.2 mxm Ha 1 MM jqmsbl. Torma ocb OX cUCTEMBI COBIAJAET C
HaIpaBJ€HUEM TPOEKIMU TEPBUYHOIO CJela Ha IUIOCKOCTh cios, a ocb OY Ha HeH
NEePIEeHIUKYIIsSIpHA epBuuHOMY cieny. Ocy OZ nepnenaukysipHa K miockoctu ciod. [To OX u
OY wusMmepeHusi Npou3BOAATCS MHUKPOBHHTAMHU TOPU3OHTAIIBHOTO TepeMelieHus, a no OZ —
MUKPOBUHTOM TNIyOMHBI pe3kocTH. KoopaumHaThl M3MEpSIOTCS Ha MEPBUYHBIX U BTOPHYHBIX
ciaegax Ha juHax ot 1 7o 4 mm ¢ marom 100 MKM, MO JUHEWHOW aNMPOKCUMALMU KOTOPBIX
BBIUHCIISIIOTCS YTIIbI.

2.1.2 HecTaOujbHbIE COCTOSTHUS B IMCCONMALIMH TSKEJIbIX siIep

Bo3MoxHO, 4YTO HecTaOWJIBbHBIE COCTOSHHSI — 3TO 4YacTh SJIEPHOM CTPYKTYpHI,
IIPOSIBIIAIOLIEHCS  BO (parmentanuu. AJbTepHATHBA COCTOMT B 00pa3soBaHMHM °Be BO
BBaHMOI[eﬁCTBHH o-rmap ¢ IMMOAXBATOM HMH COIPOBOXIAAOMIUX O-9aCTULl U HYKJIOHOB. Ee
CJIICACTBHUEM CTallo 6]:1 BO3pPAaCTaHUC BbIXOOa 8B€ C MHOXCCTBCHHOCTBIO (O-HaCTHUILl 7y, a
B0o3MOxHO °B 1 HS. B mepBoM cyuae MOXKHO 0KHIaTh 00OpaTHOH KOPPEISIHH.

HenaBHO B TakoM KOHTEKCTE OBLIM MpPOAHAIU3UPOBAHBI M3MEPEHHS B3aWMOJICHCTBUIA
anep %0, ?Ne, 2Si u 7 Au sMyIbCHOHHOrO COTpyAHMYECTBA Ha cuHXpodazoTpone OUSAU u
corpyanudyectBa EMU na AGS (BNL) u SPS (CERN) (ccbuiku B [13]). OTu 1aHHbBIE TO3BOJISIOT
IPOCIEANTh BKJIQJ HECTAOMJIBHBIX COCTOSHHM M CIy>KaT OMOpPOW TNpPH YCKOPEHHOM IIOHMCKE
COOBITUH C OOJIbIIIEH MHOYKECTBEHHOCTBIO METOIOM TMOTIEPEYHOTO CKaHUpoBaHUs (puc. 6). XoTs
M C 3aMeTHO Xy/llei cratucThkoil pacmansl HS u °B n1eMOHCTpHpYeT HpOMOpPIHMOHATEHOCTS
8Be. lecarku pacnanos *Be u °B nnentuduuposassl. B To ke Bpems pacnans HS cocTaBnsioT
eJIMHUIIBI, 9TO TpeOyeT HapallMBaHMS CTATUCTUKU IO COBPEMEHHOro SKBuBajieHTa "Be. Torma
cranet ocymiecTsuM nouck °0(0%). Ha 5ToM mMyTH HeT NPUHIMIHATLHBIX TIPOGJIEM, TTOCKOIBbKY
UMEIOTCA OOJIydYeHHBIE cJoeB 1D, Npu MONepeuHOM CKAaHHUPOBAHMM KOTOPBIX TpeOyemas
CTaTUCTHKA O-aHCaMOJIeH TOCTHKUMA.
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Puc. 6. 3a6ucumocmv omnocumenvbHo2o 6x1ada pacnados Ny.(°Be) 6 cmamucmuxy N
cobbIMmull ¢ MHOJMCECMBEHHOCMbIO 0-4aACmMUY Nq 8 persmugucmckotl ppazmenmayuu s0ep C, O,
Ne, Si u Au [13]; ommeuenvt “6envie” 36e3061 °C — 30 u 1°0 — 4a (WS); ona yoobcmea mouxu
HeCKOIbKO CMeujetbl OM 3HAYEeHULL Ny U COEOUHEHbL NYHKMUPOM.

Ceituac craTHcTUKa COOBITUH 71, HApPAIIMBAETCS IMyTEM IONEPEUYHOrO0 CKAaHMPOBAHUS
cnoeB D obmyuennsix sapamu S*Kr mpu 950 MaB/myknon (ICH, nmauano 90-x). CormacHo
nporpaMmme SRIM TopmokeHue Ha anMHAX 10 6 CM IMPUMEPHO PAaBHOMEPHBI M COCTABISAIOT
okoj0 9 M»sB/mMM (momsblii mpober okosno 8 cM). DToT 3PQPeKT MOXKeT OBITh YUYTeH IO
MOJIO)KEHUSAM BEpIIMH TNpPU BBIYUCIEHWH HWHBapuaHTHOW Macchl. Kpome Toro, TopMoskeHue
YBEJIMYUBAET YIJIbl UCIYCKaHUs (parMeHToB, Aenas yaoOHee uzmMepenus. mmynbc pparmMeHToB
B3AT ¢ MHoxuTeneMm 0.8, yToObl HMPUONIM3UTENHFHO Yy4YecTh COpOC HauyalbHOTO 3HAUYEHUS BO
B3auMoeiicTeun. He Oymyun nmpuHIMIHMAIBEHOM U1 ot6opa Or(*Be) < 0.4 M»B, sTa nomnpaska
TI03BOJISAET COXPAHHUTH MOJI0XKEHHE coObITHI B uke Os3«(HS — *Bea).
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Puc. 7. Pacnpedenenue no uneapuanmuou macce nap o-dacmuy Oz, 60 ¢ppacmenmayuu
a0ep YKr no Hoevim usmepeHusm (CniowHas IuUHUA) U PAHHUM OGHHBIM  (006a6NeHO
NYHKMUPOM,).

Ha puc. 7 mpencraBneHo pacmpeneneHue 85 coObITHH nq > 3 1m0 (. M3MepeHus
IUTAHAPHBIX YTJIOB B ATOW BHIOOPKE MPOU3BOIMIMCH HA MHKPOCKOIE HEMOCPEACTBEHHO MTyTEM
pa3BopoTa cI0si OTHOCHTEIHHO TEPBHYHOTO ciena. byaydn Oonee MpOW3BOIUTENBHBIM, 3TOT
METOJI MEHEE TOUEH MO CPABHEHMIO C KOOPJMHATHBIM METOAOM. TeM He MeHee, OH JOCTaTOueH
ans ot6opa O2(*Be) < 0.4 MaB u kaHaumatoB B Gonee CIOXKHBIE pacmaibl. Kpome Toro, B
pacrpesiesieHne 100aBlIeHbl paHHUE n3MepeHns 184 BzanmoneiicTsuii ny > 3 aaep S*Kr npu 950 -
800 M»oB/nykmon [4], mist KOTOphIX HHGOPMAIKSA O TOJOXCHHUH BEPIIMHBI OTCYTCTBYET, B
NpeanonoxkeHuu oHHepruu 875 M»B  Ha HyKIOH. DTOT MOMEHT HE KpUTHYEH MJIst
unentudukaruu Qr,(*Be) < 0.4 M»B. Otnomenus Nuo(*Be) 1 Nuw (%) 1Mo 06euM BEIGOpKaM
COCTaBISIOT 1o =4 (24 £ 6), 5 (27 £ 6), 6 (53 = 15) u cymme ny > 6 (64 = 14). B HOBOI1 BEIOOpKE
TpucyTCTBYeT cobbitue 28Be 1pu ny = 6, H30IUPOBaHHOE B HAYATBHOM yacTu criekTpa Qaq TIPH
0.6 M»B. Takum oOpa3oM, yHHBepcanbHbIH 3()()eKT Bo3pacTaHus BEPOSITHOCTH OOHAPYKEHUS
8Be B COOBITUM C POCTOM B HEM MHOKECTBEHHOCTH 0-YACTHUIL, HPOSABISETCS IS €lle OJHOrO
anpa. IlpencraBieHHble JaHHBIE — TMEPBBIM BKJIaA B IejeHanpaBieHHbId mnouck 4aBEC.
[Tpob6nema 40BEC tpebyer He meHee 10-kpaTHOro HapamyBaHWsS CTATUCTHUKH, YTO PEajbHO C
MpUMEHEHHEM MOTOpHU30BaHHOTO MUKpockomna Olympus BX63.

Ha Ommxaitmmee Bpemst skcriepuMeHT BEKKEPEJIb cocpenoraumBaercs Ha aHaiuze
obnyuenus sapamu S*Kr mpu sHeprum 950 MdB Ha HYKIOH 1718 MCCIENOBAHMS YCHIICHHS U
IIOMCKA HEU3BECTHBIX HECTAOUIIBHBIX COCTOSIHUNA. Y CKOPEHHE HAKOIUIEHUS] CTATUCTUKHM COOBITHH
MHOXECTBEHHON 0-4aCTHYHOW (pparMeHTalMd O00eCleurnBaeTCsl MONEPEYHbIM CKaHUPOBAaHHEM
cioeB S9D. Koppekuuss Ha TOPMOKEHHUE TPU BHIUUCICHUU UHBAPUAHTHOM MACChl TPOUCXOIUT
COIJIACHO TMIOJIOKEHHUIO BEPIIMH, YTOOBI HCHOJB30BaTh OOJbIIyI0 YacTh oObema 3. Kak
pa3BuTee KpailHe KenmaTeabHO oOmydeHue D Haumbonee TSHKEIBIMH sIpaMU  DHEPrueit
HECKOJbKO ['39B Ha HyKJIOH.



2.1.3 U300ap-aHaioroBbie COCTOSIHUS B IUCCOIMAIIMU JIETKHUX sIIep

Pe3ynbTaThl MCCIIENOBAHMI PENATHBUCTCKOM (DparMeHTAlMM JIETKUX CTaOMIbHBIX U
PaJMOAKTUBHAIX H30TONOB YKA3bIBAIOT HA NEPCIEKTUBHOCTD €ro pa3BuTus. Jucconuanus *Be —
20 posBHIachk kak d¢hdexTuBHbI nctounuk *Be, a 1°C — 202p — °B. O6HapykeHne pacnaios
HS B auccommanmn °C — 30 u 'O — 40 mocraBuno Bompoc o uX ponu B ciydae “N. B
HacTosIee BpeMs uccienyercs Bkaan “Be, °B u HS B penstusuctckyro ¢pparmenranuio N —
3oa. Cnemyromuii miaroMm craHeT TOWCK pacmazoB u3o0ap-aHanoroBbix coctosauii (MAC).
HecMmotpst Ha BbIcOKyr0 sHepruto Bo3OyxaeHus (13-18 M»sB), UAC ornuuaror mmpuns [,
CYIIECTBEHHO MEHBIIME, YeM Yy MPOYMX BO30YKIEHHBIX COCTOSHHH. DTO O0OCTOATENHCTBO
CB3aHO C M3MEHEHMEM M30CIHHA HauyanbHOro cocrosHus AT = 1. OHO yka3blBaeT Ha
TepecTpoiiky CTPYKTYphl JIETKUX sjiep B HAaNpaBIEHHU CXOJACTBA C MX MEHee CTaOUIbLHBIMU
n300apaMu. MOKHO IIPEeANON0KUTh, YTO B JIETKMX SApPaX OHH BO3HUKAIOT B PE3YNbTATE
BO3MYILIEHHS CIMHOBOM CTPYKTYPHI B 0-OJOOHBIX KBApTeTax HyKIOHOB nnpp (puc. 8).

B mHacTosmiee BpeMss BHUMAHUE COCPEIOTOYCHO Ha ciosix D, oOmyueHHBIE Ha
nyknorpone OMSU sapamu N ¢ sueprueii 2.0 5B na mykion. Panee npu mpocnexuBaHuH
cnenoB  '“N  ycTaHOBNEHO pachpesiefieHHe 10 KaHamaM ¢ (parMeHTaMH HPUMEPHBIM
COXpaHEHUEM 3apsa U BBIABICHO JuaupoBanue cpenu Hux kaHana 3HeH. Crarucrtuka
COOBITHIA, yBeIMYeHHAs MyTeM MONEPEYHOro CKaHUpoBaHus, aana 25-30% pacnanos *Be — 2a
[4]. Umetomascs ctaTuctuka codbituii '’B — 2He npu 1 I'5B Ha HYKJIOH TO3BONSET BBIOTHUTE
CpaBHEHME COCEHUX HedeTHO-HeueTHBIX syep *N u '°B, Bkmouas sxnans! *Be u °B.

I/4Heé’ a)

8B"(16.6 + 16.9, 108 + 74 keV. J*=2*T=0+1)

¢) d)

'B"(14.655, 0.395 keV. J*=3/2, T=3/2)

5 N
p+ IZNI (024) 2%, 0.15) 07, (0.05)

8. o e

B =1/2,T=172) ool
BN*(15.065, 0.86 keV. J= = 3/2-, T = 3/2)

BNJ*=1/2,T=1/2) &

i 2.

‘B+a

Puc. 8. Cyenapuii 6o3nuxnosenuss UAC 6 neekux s0pax Ha OCHO8e 603MYWEHUs O-
wacmuunoii konugueypayuu (a) é *Be (b),’B (c) u °N (d).

Hanusie mo MAC B nerkux sapax Mo3BOJISIIOT MPOCIEIUTE MPOSBICHUE KOH(PUTYpaAIluu
(hn-tp), naunnas ¢ *Be (puc. 8b). B cmekTpe Bo30yXIeHHIi STOr0 sAApa NPUCYTCTBYET HyOIeT
cocrosuuii *Be(16.6) I' = 108 k3B u *Be(16.9) I' = 74 k3B, cMemanubIx 1o uzocruay T =0 + 1.



PacnionoskeHHble Hmke mopora 'Li + p (17.255) u pacmagaromeecs Ha 0-Tapy, OHH MOTYT
CITY’KUTh KaHIMIATaMU B KoH(urypauuio o + (hn/tp). Kpome Toro, umeerca UAC Be (17.640)
¢c T=1uT =107 x3B Han noporom pacnaga 'Li + p, pa3pelICHHOTO IO HM3OCHHHY.
DHepreTuueckue ypoBHH ayonera °Be(16.6 + 16.9) mocraTouyHo nalekd OT ONMKaifmiero
Bo30yxaenus *Besi(11.4) ¢ T = 3.5 MaB, uTo HO3BOIAET UX COBMECTHYIO MACHTH(HKAIHIO,
OTMCAHHBIM BHIIIE 06PA30M, B PEIATUBUCTCKOM (parMenTamuyu *Be — 20.

[Ipucoenunenne nmpoToHa BeneT K KoHurypamuu o + (hn/tp) + p (T = 3/2(puc. 8c)),
KoTopass morna 0wl coorBerctBoBath MAC °B(14.655), umetomee I' = 0.395 x3B. Ilpu
HCCIeIOBAHMM KorepeHTHOH aucconuamuy saep '°C mpu sHepruu 2 I'SB Ha HYKIOH ObLIO
ycraHoBlieHO juaupoBanue kanamna 2He2H (82%), oOycrioBiieHHOE B 3HAYMTENBHOH CTENEHH
pacnagamu °B (30%) (0630p [11]). IposiBuIOCH TOJNHOE COBMAJEHUE PACIAIOB OCHOBHBIX
cocrosamii °B — ®Be. meromuecs yriosble m3MepeHus B “Genbix” 3Besgax °C — 202p
TIO3BONISIOT MPOBEPUTH MPHCYTCTBHE B HUX pacmanoB “B(14.655). X HOMONHSAIOT M3MepeHHs
3Be3N 202p, couepkamie ¢parMeHThl MUIIEHW WM POXKIEHHBbIE Me30Hbl. CTaTHUCTHKA
HapaIMBAETCs B 3TOM CIIy4ae.

®parmenTanus “N — Hanbonee MPocToi HCTOYHUK COCTOSHMIA 3ap. OOBEKTOM M3ydeHHs
moxer ciyxnth MAC ¢ mocrmmaom T = 3/2 PN*(15.065, T = 0.86 x3B) Ha 5.6 M»B BbIImE
nopora *Ba (puc. 8d). Ero pacnan na 3ap (T = ') nojgasieH no M30CHUHY, YTO onpesenser I .
[Iporonnsle pacmamsl PN(15.065) 3acensior Bo36YkKIeHHBIX cocTosHHS '2C. YCTaHOBIEHBI
BEPOATHOCTH €ro pacmanoB B ocHoBHoe 071 (0.24), B 1-e BO30YXKIEHHOE M E€IUHCTBEHHOE
csazannoe 21 (0.15) u 2-e Bo3OyxkaeHHoe. XOTs paspenieHue Meroa 1D He MO3BOJSET
HAEHTH(UIMPOBATE CPEIM PENSTUBHCTCKMX (DparMeHTOB Gojiee BhICOKHE BO3Oyxaenus °C,
pacnagsl HS u °B, peKOHCTPYHpOBAHHBIE CPEM YETBEPOK 30, MOTYT CIYKUTh yAOOHBIMU
curnarypamu *N7(15.065). Kak curman BetBu MAC o6mapyxennme “N — N*(15.065)
MOTHUBUPOBAIO OBl TMOWCKH KOPOTKOXHBYIIMX SIIEPHO-MOJICKYJISIPHBIX ~ COCTOSIHUH — BO
dbparmeHTanu coceHUX sAaep. Eme oaHa BO3MOXKHOCTD — 3TO MOUCK COCTOSIHUS 14N*(> 20.4
M>5B) T = 1 o pacniagam '“N* — 30d, Takke TI0aBICHHBIM 110 H30CIUHY.

Paccmotpum PN7(15.065) B a-knacteproit kaptune (puc. 8d). Torna 3nauenns T = 3/2 u
J = 3/2 Bo3MoOxHBI B KOHPUTYpanusx 2a+(hn)+p u 20+(p)+p ¢ ydacTueM BUPTYaIbHBIX Map hn
uiH p co cuaoM J = 1, te knactep *He o603Hauen 4 (reanon). Takoit mepexo/ BO3MOXKEH TIPH
MEepEeBOPOTE CIIMHA S-BOJHOBOTO HYKJIOHA B aHcaMOJe 3ap, O€3 Mpeo 0aeHus ITopora CBI3U An U
tp (oxo1no 20 M»B). Pacmax *°N*(15.065) mHUIMUpyeTCs BO3BpAIIEHHEM HYKIOHA B 0-KJIAcTep, a
BBICBOOOXKIIAIOIIASICS DHEPTHSI PEANM3yeTCs Yepe3 OSMHUCCHIO TPOTOHA WM O-YaCTHUIBI H
BO30Y’K/IEHHBIE U COCTOSHMS ocHOBHBIE 2C 11 °B, COOTBETCTBEHHO.
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Puc. 9. Pacnpedenenus no unsapuanmmoii macce Qzqp 6 60 cobvimusx '*N — 3ap npu 2
I5B na nyknou

Puc. 9 mpencraBisieT COBpEMEHHOE COCTOSIHME HMAYLIErO aHajiu3a, yKa3bIBalOLIUN Ha
HUAC B nuanazone ot 5-9 M»aB, 4to ya0BiIeTBOPUTENBHO B JaHHOM Hoaxonae. TakuM oOpazom,
CBSI3aHHAS (-YACTHIIA MPOSBISETCS KaK ynpyro nedopMHupyeMbiii 00BEKT, JIexkKaluii B OCHOBE
LEJIOT0 CEMEMCTBA JOCTATOYHO JIOJTOKUBYIIMX COCTOsSIHMM. Ero penakcauusi B S-cocTosiHME
onpeaenseT KoHeuHble cocTosiHus pacnanoB MAC. B HanmpaBieHHM MPOBEPKU 3TOM THUIIOTE3bI
NPOJOKUTCA aHamu3 obmyueHns siapamu *Be, N, 2?Ne, 2*Mg, 28Si.

2.1.4 IlepcneKTUBHBbIE 324U

[TonmyyeHHble pe3ysbTaThl MO3BOJSAIOT OIECHUTH OoJiee nanekyro mepcrektuBy. Cpenn
BOKHEUIINX U3 HUX — IIPOBEPKA TEOPETUYECKUX IPEACTABICHUN O MAaTEpPUM, BOZHUKAIOIICH B
pe3yabTaTe COCAMHEHUS HYKJIOHOB B KJIAacTEpbl, HE MMEIONIUEe BO30YKICHHBIX COCTOSHUHU 10
nopora CBsi3u — a, t, h, d [15]. Ilpenckasana 3BOMIONHMS COCTaBa JIETYAWIIUX H30TOMOB TPU
SIEPHON TIUJIOTHOCTH MEHee HOpPMaJbHOM | TeMIlepaType Heckoiabko M»aB  (puc. 10).
[Tpoxoxaenue yepe3 Takyro ¢a3zy MOXKET OKa3zaThCsl HEOOXOAMMBIM Ha MYTH CHUHTE3a TSAKEIbIX
anep. Barasa Ha auccouManuio pensTUBUCTCKUX sep ¢ oOpallleHHeM BPEMEHH KOCBEHHO
YKa3bIBaeT Ha peaju3yeMOCTh TaKoro rnepexona (puc. 11).
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Puc. 10. Coomnowenue Ooneil HyKI0HO8 U Je2uauuux soep om O6APUOHHOU NIOMHOCMU
cummempuyHro sdepHou mamepuu (u3 ooxknada G. Ropke).

B cucreme orcuera poAaMTENbCKOTO siApa pacmpeleNeHHs Jerdyanmmx (parMeHToB IO
SHEPrUM OXBATHIBAET TeMmepaTypHsiii amamaszon 108-10'° K, oreuas ¢azam oT KpacHOTo
THTAaHTOB IO CBEPXHOBOW. B muccomumanmu TsSOKENBIX sIep JOCTYIMHO OecHpereieHTHOE
pa3HoOOpa3ne KOTePEeHTHBIX aHcaMmOJiel Jerdalmmx sjuep W HykKJIoHOB. OOcCykmaemble 37eCh
HaOJIIOICHUST HECTAOMIIBHBIX COCTOSIHUH OOOCHOBBIBAIOT BO3MOXHOCTh M3YUYCHHsS KJIACTEPHOU
MaTepuH BIUIOTH J0 HaMMEHBIIEH SACpHOW Temrmeparypbl MU IUIOTHOCTH. VaeHTudukarum
uzotonos “**H u **He MeToI0M MHOrOKpAaTHOrO paccesHus MO3BOISET PACHIMPUTH AHAIH3 B
HaIlpaBJICHUU H30TOIMUYCCKUX ceoiictB. Ilo yriaMm SMHUCCHHU ONPCACIIAIOTCA MOICPCUYHBIC
UMITYJIbCHI (PparMeHTOB, YTO MO3BOJISET BBIICIUTH TEMIIEPATYPHBIE KOMITOHEHTHI.
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Puc. 11. Iocreoosamenvno cghomocpaguposannoe codvimue nepughepuieckoeo
ezaumodeticmeus a0pa "**Au c snepeueii 10 A I'>B 6 a0eproii 2mynbcuu.; cied nepeutHozo 10pa
u sepuuna 83aumooeticmsaus (kaop 1); cmeon 1uBHs ¢ NOAGIAIOUWUMUC CTedaMU OOHO3APAOHbIX
U 08yX3apsa0HbIX uacmuy (kadp 2); cepoyesuHa AuUBHs CO BMOPUUHOU 38e300U (Kadp 3);
NOJHOCMbIO pa3peuleHHAs cepoyesuna (kaop 4 6 3 cm om eepuiutbl).

B pensTuBHCTCKOW IHCCOIMAIMHN TSDKEBIX SIep MPOUCXOAMT OOpa3oBaHUE JIETKUX
(parMeHTOB ¢ OOJBIIMM OTHOIICHHEM 3apsijia K MaCCOBOMY YHCIy, YEM Y TEPBUYHOTO SIIpa,
oOycriaBnuBasi BO3HUKHOBEHHE aCCOLIMMPOBAHHBIX HEHTPOHOB, KOTOpBIE MPOSBISAIOT cels Mo
BTOPUYHBIM 3Be37aM. YacToTa TakuX «HEUTPOHHBIX» 3BE3]l JOJDKHA PAacTH C POCTOM 4YHCIa
Jerdyadmux sijiep B KoHyce ¢parmentranuu. Cpemnauid nmpoder HeHTpoHOB B I3 okosio 32 cwm.
Jlocturasi 1ecATKOB, MHO>XECTBEHHOCTb HEHTPOHOB B COOBITUM MOXKET OBITH OIlEHEHa IO
MIPOMOPLMOHAIBHOMY YMEHBIIEHUIO CPEAHEro mpobdera 10 00pa3oBaHUS «HEHTPOHHBIX» 3BE3]1
Ha JUIMHAX TMOPsAKAa HECKOJbKUX CAHTUMETPOB. TOYHOCTb ONpEAeNeHUsT KOOPAMHATHI HMX
BEpIIMHBI T0O3BOJIIET BOCCTAHOBUTH YTIJIbl 3MUCCUU HEUTPOHOB, &, 3HAYUT, U IMOINEPEUHbIC
HMMITYJIbCH B TPUOIKEHUU COXPAaHEHHUs HadalbHOW ckopocTH. TakuM o0Opa3oM, BO3MOXKHO
uccienoBanus d¢¢dekToB HeWTpoHHOW “mryObr”. OIlleHKa BBIXOJA HEHTPOHOB, a TaKXKe
JNEHUTPOHOB U TPUTOHOB, CBSA3BIBAIOIINX HEUTPOHBI, MOKET UMETh MPUKIIAAHOE 3HAUCHHE.



Puc. 12. @®omoepaghus muxpocxona Onumnac BX63.
2.1.5 O0HoOB/ICHHEe MUKPOCKOIIOB U TexHoJoruu 19

[IpoekT HampaBiieH HA UHTCHCU(PHUKAUIO B PUMEHEHUH allpoOMPOBAHHOrO MOAX0/1a Ha
OCHOBE aBTOMAaTH3allUU HM3MepeHUull, o0ecreurBaeMoil MUKPOCKOIIaMU COBPEMEHHOI'O YPOBHSI.
OpHako, Takue€ MHUKPOCKOIBI SIBISIIOTCS BEChbMa JIOPOTOCTOSAIIMMHU M JIOJDKHBI  OBITH
WHCTPYMEHTAMU HMHTEHCUBHOI'O  KOJUIEKTUBHOIO  HcCIoib30oBaHus. CormacHo — 3ampocy,
noanepxkanHomy [IKK mo A®, B xonue 2021 roma cocrosiach MOCTaBKa ISl SKCIIEPUMEHTA
BEKKEPEJIb wmortopuzoBanHoro wmukpockorna Olympus BX63 (puc. 12). Tem cambim
BO3HUKAIOT NPEINOCBUIKM [UIsl YCKOPEHMsI IPOBEPEHHBIX NPOLEAYp INOMCKAa U H3MEpPEHUs
B3auMoieiicTBuii B S19. OcBoeHue paboThl HA MHUKPOCKOIIE MOJIOJBIMUA YYaCTHHKAMM IPOEKTa
BEKKEPEJIb cranoButcst B psifi KIIOUYEBBIX 3a1a4. KpoMe yBelIMYeHUs TPOU3BOAUTEIBHOCTH,
Ha 3TOM MMKPOCKONE OCYIIECTBUMO YJAJI€HHOE YMPABJICHHE W aHAJIU3, 4YTO IO3BOJISIET
MIPUBJIEKATH K MPOEKTY CHEIMAIMCTOB M0 SACPHON (PU3HKE U POrpaMMHUPOBAHUIO.

MoTOpHU30BaHHBI MHKPOCKON JAeT BO3MOXXHOCTh OKCIIOPTHPOBATh JaHHBIE W
I/I306pa)KeHI/ISI B COpr[[HI/I‘-IaIOH_II/Ie I/IHCTI/ITyTBI nu YHI/IBepCI/ITeTBI. OH MOXET HpI/IMeHSITbCSI JUIA
JOUArHOCTUKHAU Hy‘-IKOB METOJaMU }13 148 TBepI[OTeJIBHBIX TpeKOBbIX [[GTGKTOpOB, a TakKXKeE IJid
perieHust MpUKIaaHbIX 3a1a4d. OCBOCHUE BO3MOXKHOCTEH 3TOr0 MUKPOCKOIIA TTO3BOJIUT MEPEUTH
K pelICHUI0 3a7a4 aBTOMAaTUYECKOIO MOWCKAa C PACIO3HABAaHHUEM XapaKTEPHBIX HU300paKCHHM.
Bwmecte ¢ Tem, HeoOXoauMa MoaepHHU3AIUs UMeromuxcs MukpockornoB MBH-9, KSM u MIID-
11 (http://becquerel.jinr.ru/photos/mic/index.html)  ans  nmpomomkeHUss  MPEIU3UOHHBIX
U3MEPEHUI COTJIACHO arpOOUPOBAHHBIM MIPOLIETypaM.

['maBHOE mpakTHuYecKOoe 3aTpyAHEHHE, YK€ B 3HAUUTEIbHOW CTENEHU MPEOJ0JICHHOE,
COCTOMT B TOM, YTO MPOU3BOJCTBO clioeB 13D, B TeueHue yeThlpeX NeCATUIETUN Beilieecs B
Mockse, npepBasiocb B cepeauHe 2000 rr. Tem cambiM ucropuss Merona D kazamach
3aBepuieHHOW. OxgHako, oTBevass Ha 3anpoc 3kcnepumenta BEKKEPEJIb, komnanus "CnaBuy"
(r. Ilepecnarnp 3amecckuit) Bo3oOHOBIIA ¢ 2012 T. mpou3BoacTBO ciaoeB D TommuHoM oT 50
no 200 MKM Ha CTEKISIHHOM ocHoBe. OOpasmpl 1D MCHONb30BaJMCh B HKCHEPUMEHTAX, B
KOTOPBIX UMEJIOCHh BCE Pa3HOOOpA3He CIEJ0B MOHM3ALMU — OT MEUICHHBIX TSKEIBIX HOHOB JI0



PEISTHBUCTCKUX 4YacTUIl. B HacTosimee BpeMs BOCCTaHABIMBAETCSA MPOU3BOJICTBO CIIOeB 1O
TonwuHOoi 500 MKM 0€3 ITOMI0XKKH.

Takum oOpazom, mpumeHenue SO He octaHOBUIOCh. HampoTus, ObUT mNpoBencH
HCCIIEIOBATENIbCKUM LMK MO CTPYKTYype LEJIOro ceMecTBa Jjerkux saep. OcoBpemMeHeHa
TEXHOJIOT S, METObl U3MEPEHUHN U MOATOTOBIEHBI MOJIObIE HCcieioBaTeNu. Pa3BuThIil moaxon
K HCCIEIOBAHUIO MHOKECTBEHHBIX SAJIEPHBIX aHcaMmOJell UMeeT UCCIIe0BAaTEIbCKYIO
NEpCHEeKTHUBY B OTHOIICHWH JIETKUX U cpenHux sgep. OcoOble mpeumymiectBa mertoma 10
MPOSIBITCS IS siIep HA TPaHUIe MPOTOHHOW CTaOMIBHOCTH, YTO MOTpedyeT (GopMUpOBaHUs
BTOPUYHBIX My4KOB (Hampumep, > Ar).

Becws aTor xommiekc mpoOiem Haxomutes B (okyce skcnepumeHTa BEKKEPEJIb B
Hacrosiee BpeMs. CTOUT HaJeAThCsI, YTO OBICTPBIN MPOrpecc aHaau3a N300paKEHHUH MO3BOJIUT
MPUJATh COBEPIICHHO HOBBIM pa3Max MCIOJIb30BaHUIO MeToAa D mpu UCCIeqOBaHUM SACPHOM
CTPYKTYpHI B PEIISITUBHCTCKOM MoAxoae. Bmecte ¢ TeM, Takoe pa3Butue OyaeT 0a3upoBaThCs Ha
KJIACCHYECKOM MeTojie 513, OCHOBBI KOTOPOTO OBLIH 3aJI0)KEHBI CEMb JACCITHICTUI TOMY Ha3aj B
$u3nKe KOCMUYECKHX JTy4Yei.

3akao4YeHue

HenaBuue noctmxenus yyactHukoB skcnepumenta BEKKEPEJIb B uccienoBanHusax c
JIETKMMM PEISITUBUCTCKUMM SIIPaMHU M COXpaHEHHAsi MUKPOCKOITHAS M XMMHUKO-TEXHOJIOTHYECKas
OCHOBa JAalOT OCHOBAHMS OXHJIaTh B S-JE€THEH MNEpCHEKTHBE CIEAYIOIUX (U3HUYECKUX H
pe3ynbTaroB [16]: B umerontuxcs cnosx 513, o6myuennsix sapamu Kr, Au u Pb Oynyt orobpanbl
U JOKYMEHTHUPOBAHBl HECKOJBKO JIECATKOB COOBITMI MHOMXECTBEHHOM nuccorpanuu. B
0TOOpaHHBIX B3aMMOJACUCTBHIX OyJIET YCTAaHOBJICHO pacHpesesieHHe MO 3apsAA0BOM TOMOJIOTHH
Jer4afmmx  (parMeHTOB,  CONPOBOXKIAEMOE  HMX  HACHTH(HKAIMEH, BOCCTAHOBJICHO
pacmnpeneseHre Mo NONEePEeYHOMY MMITYJIbCY HEHTPOHOB M OLICHEHO MX 4ucio. byzaer nomyden
OTBET Ha BOMNPOC 00 YHUBEPCAIBHOM XapakTepe OOpa30BaHUS TPOEK O-YaCTUI[ B COCTOSHUU
Xoiina B JUCCONMALUU JIETKUX siep. byner ucciaenoBana BO3MOXKHOCTh CyIIECTBOBAaHUS Ooiee
CJIOKHBIX 0-4aCTUYHBIX COCTOSIHUM AIEPHO-MOJIEKYJIIPHOTO TUIIA.

Pe3ynpTarsl HauanbHOrO ATara MO3BOJAT MPEACTABUTH CTPYKTYPY AHMCCOLMALMU SAEP C
YHUKaJIbHON JE€TAJIbHOCTBIO, & TAK)KE YTOUHMUTH MPEIIOKEHUS MO0 NPUMEHEHUHM MeToha SO Ha
nyukax HUKA. Ha stoii ocHOoBe OyaeT moaBeprHyTa MPOBEPKE THUIOTE3a O BO3MOXKHOCTH
UCCIJIEIOBAHMS Pa3peKEHHOM SAepHON MaTepuu B JUCCOLMALUU TKENbIX siaep. PesynpraTsl
9KCIIEPUMEHTA MO3BOJIAT ClIeJaTh BBIBOJ 00 M30TOMHOM COCTAaBE M TEMIIEpaType pa3pexeHHOU
AIEPHON MaTepHuH, BOSHHUKAIOUIEH B MOMEHT JUCCOLMAIMU TSKENIOro snpa. M3amepeHus yrios
HMHCCUU HEUTPOHOB IMO3BOJIAT OLEHUTh MX MPOCTPAHCTBEHHBIEC pacIipelesieHusl Ha nepudepun
TSDKETIBIX siiep (HEHTpOHHAs «KOka»). B Oonee mMMpOKOM IuiaHe, 3TH Pe3yJIbTaThl BaXKHBI IS
IMPOBCPKH B BA)KHOM CCKTOPC MOACIIbHBIX Hp@I[CTaBJIeHI/Iﬁ 0 B3aHMO,Z[€I>'ICTBH$IX PCIATHUBUCTCKUX
szep.

BaxxupiM aprymMeHTOM B Moib3y MeToja D sBIsSeTCS BO3MOXKHOCTH «(PHU3UKH Ha
paccTosiHUNY», T.€. aHalu3a OOJNyYEHHBIX M MPOSBICHHBIX CJIOEB B MHCTUTYTaX, 00Ja/laroliux
NONXOMAIIMMH ~ MHUKPOCKOIIAMH M TIOJATOTOBIEHHBIM  TepcoHanmoM. [Ipoekt  Oyner
CIocOOCTBOBAaTh COXpaHEHUIO MeTona S1D W MOATOTOBKE MOJOJBIX YYEHBIX JUIS IIHPOKOTO



NPUMEHEHHS B NPAKTUKE SACPHOTO SKCHEPHUMEHTA, TO3MMETPHUH, PAJAWAIMOHHOW MEIUIUHE U
skosorur. OcoOEHHO Ba)KHO aKTHBHOE MPUMEHEHHE TOr0 METOJa B CBS3M C MEPCIEKTHBHBIM
pa3BUTHEM aBTOMAaTHUYECKHUX MHKPOCKOIIOB W TIPOTPECCOM IPOTPaMM  paclo3HaBaHHS
n300pakeHNi (MCKYCCTBEHHOTO HHTEJUICKTa). B OTHOIIEHWH SOEpHOTO SKCIEPHUMEHTa TaKoe
pa3BuTHe OyaeT 6a3upoBaThCs Ha KJIACCHYECKOM MeToze 0.

Meron 13, coueTtaromuii yHUKaIbHYI0 HHOOPMATUBHOCTD C 3aMeYaTesIbHOW THOKOCTHIO
NpUMEHEeHHs, He TpeOyeT CyIIECTBEHHBIX 3aTpaT YCKOPUTEIBHOTO BpeMeHH. TunuyHas
JUINTEIBHOCTh HACTPOMKM Iy4Ka, BBIBOJAMMOIO Ha CTONKY SO, cocraBiser yachl, a BpeMms
oOiydyeHuss — MUHYTBL. Bbpibop  sagep OyneT cpaenaH CHEHUANIUCTAMH YCKOPUTENS H
IPUOPUTETHOTO SKcniepuMenTa BM@N.

PazpaboTtka ¢usmdeckoil mporpaMMbl, BBITTOJIHEHHE OOJYYCHHN M aHAIW3 JaHHBIX I10
SKCIIEPUMEHTY B pEIIAIONICH CTENEHW BBIMOJHSIETCS coTpyaHukamu JIOBD. DkcnepumeHT
Bekkepenb ommpaercs Ha COOCTBEHHBIE BO3MOXKHOCTH MPOSIBKA ClloeB 10 M HMX aHanm3a
SNIEPHBIX ~ B3aUMOACWUCTBUI Ha Mukpockomax. CormacHo OIO/DKeTy TpoekTa  OyayT
npuobperatscsi  cion 1D, OOHOBIATBCA MHUKPOCKONBI U OOOPYJOBaHHE XUMHUYECKOU
naboparopuu. Tem cambiM OyeT oOecrieyeHa OCHOBA ISl TPUBJICUCHUS BHEITHUX YYaCTHUKOB.

IIpumensieTcs npoBepeHHas: METOAMKA, IPUMEHEHHE KOTOPOW SBISETCA JIOTMYECKHM
pa3BuTueM npumepHo 15-netHero nukia uccaeaosanuii no npoexkty BEKKEPEJIb B OUAU, u
cyuiecTBeHHO Ooisiee panHux padot. [To Temaruke npoexTa noa pykoBojactsoM 1. 1. 3apyOuna
3alMIIEHO IIECTh KaHAUIATCKUX JAUCCEPTALUN, a caM OH 3alUTHII JOKTOPCKYIO JHCCEPTALUIO.
[Inanupyercs, uyto Omkailiime pe3yabTaThl MO MPOEKTY BOWIYT B JBE KaHAMIATCKHE
quccepranuu. Mmeercs nepenekTUBa 3alUThl JOKTOPCKUX JUCCEPTAlMNA. AHaINW3 JaHHBIX
HEIOCPEACTBEHHO KOOPAMHUPYETCS TpeMs KaHIUJaTaMu HayK. B HaKOIUIEHMM CTaTHCTUKA
YYacTBYIOT TPHM OIIBITHBIX J1a0OpaHTa-MUKPOCKOMUCTA. MHUKPOCKONBI MOIJEPKUBAIOTCA B
paboTOCIOCOOHOM COCTOSIHUM KBAaJTU(HUIMPOBAHHBIM TEXHUKOM. ['pynna XMMHKOB COXpaHSET
OIIBIT MPOSIBKHA OMYJIbCUU, IPU3HAHHBIN Ha MEXIyHapOJAHOM YPOBHE.

Cneznyloume ACIICKTBI COCTABJIAKOT CUJIBHBIC CTOPOHELI ITPOCKTA!

- cHO c(hOPMYJIUPOBAHHBIC 3a/1a4l MCCIIEIOBaHUs, 10 (PyHIaMEHTAIBHBIM MpoOIeMam
COBPEMEHHOM si/IepHON (PU3UKY;

- omopa Ha COOCTBEHHYIO HAyYHO-METOIUYECKYIO KYJIbTYypy MpuMeHeHus S109;

- COYETaHWE YHHUKAJIBHOrO paspemeHuss 59 U BO3MOXKHOCTEHM Ha COBPEMEHHBIX
YCKOPUTEIAX;

- HaJIn4yue HCCHGHOB&TGHBCKOﬁ OCHOBBI B BHAC MHUKPOCKOIIOB U XUMHYECKOUI
nabopaTopuu;

- NoJIHOE BiajeHue corpyaHukamu JI®BD xopomo npoBepeHHON METOIUKOM, BKIHOYAs
00JIy4eHue U MPOSBKY CIJIOEB, IIOUCK COOBITHI U UX U3MEpPEHHUS,

- ICHO TIOHUMAEMBIC IIEPCIICKTUBLI aBTOMATHU3 Al I/IBMCPCHI/Iﬁ Ha MUKPOCKOIIaXx;

- BOBMO>XHOCTH AJI1 MOJIOABIX HCCHGI[OBaTeHeﬁ B OCBOCHHU JUHAMUKH PCIATHBUCTCKUX
AACPHBIX CTOIKHOBEHHH U CAMOCTOSITSIHLHOM PCIICHUHU MMOCTABJICHHBIX 3a1a4;



- HAJIMYUEC HAYAJIBbHOTI'O Hay‘IHOFO «KaltuTaljia» B BUJEC CJIIOCB, HpeBOCXOI[HO 06nyquHbe
8 OMSIN, BNL, CERN;

- HaJJa)KEHHOE COTPYAHUYECTBO C IIPOU3BOJUTEIIEM;
- HEBBICOKAsi CTOMMOCTb U THOKOCTB B CIIeIOBaHUM pa3BUTHIO KomIuiekca HUKA;
- BO3MOYKHOCTh «()U3HUKH Ha PACCTOSIHUNY,

[IpakTrueckoit mpoONIEMON TMPOEKTa  SIBISETCS  HaJaXKUBAHUE IMPOU3BOJUTEIIEM
IIPOM3BOJICTBA TOJICTOCIOMHBIX OECIIOAIONKEUHBIX ClI0eB. Jpyroit mpobieMoi SBIsSETCS YXOI OT
IMIMPOKOTO MNpPUMEHEHHs d3Toi Meronuku. OcyliecTBiIeHHE Leled Mpoekra Oyner
CIOCOOCTBOBATh MOJHOMY BOCCTAHOBJICHHMIO KJIACCUYECKON METOAMKH SEPHOTO SKCIIEPUMEHTA,
KOTOpasi y’K€ CUNTaIach yTPAaueHHOM.

OpueHTanus MpoeKTa Ha HArJIAJHYI0 U JIOCTYMHYIO METOJMKY IO3BOJHT MpPUBIEYb K
npoekty NICA Gosiee IMPOKHI KPYT CTYACHTOB €CTECTBEHHOHAYYHBIX CICIIUATBHOCTEH, B TOM
yuciae nexarorudeckoro mnpoduis. He Bo3HHMKaeT 0COOBIX BOINPOCOB TEXHUYECKOH H
panuanoHHON 6€30IacHOCTH.

2.1.5 Cnucok Juteparypbl

1. F. Ajzenberg-Selove, Nucl. Phys. A 490, 1(1988); TUNL Nuclear Data Evaluation
Project: http:// www.tunl.duke.edu/NuclData/.

2. Freer M., Fynbo H.O.U. Prog. Part. Nucl. Phys., 78, 1(2014);
https://www.sciencedirect.com/science/article/pii/S0146641014000453?via%3Dihub.

3. Tohsaki A., Horiuchi H., Schuck P. and Ropke G.: Rev. Mod. Phys., 89, 011002 (2017);
https://arxiv.org/abs/1702.04591.

4. W. von Oertzen, Lect. Notes in Phys., 818, Clusters in Nuclei, Volume 1. Springer Int.

Publ., 109 (2010); DOI: 10.1007%2F978-3-642-13899-7 3.

M. Barbui et al. Phys. Rev. C 98, 044601 (2018); DOI: 10.1103/PhysRevC.100.034320.

R. Charity et al., Phys. Rev. C 99, 044304 (2019); DOI: 10.1103/PhysRevC.99.044304.

J. Bishop et al. Phys. Rev. C 100, 034320 (2019); DOI: 10.1103/PhysRevC.100.034320.

R. Smith, J. Bishop, J. Hirst, Tz. Kokalova, C. Wheldon, Few Body Syst., 61 2 (2020);

DOI: 10.1007/s00601-020-1545-5.

9. S. Manna et al. Eur. Phys. J. A, 57, 286 (2021) https://doi.org/10.1140/epja/s10050-021-
00592-8.

10. S. Adachi ef al. Phys. Lett. B 819, 136411
(2021) https://doi.org/10.1016/j.physletb.2021.136411

11. P.I. Zarubin, Lect. Notes in Phys 875, Clusters in Nuclei, Volume 3. Springer Int. Publ.,
51 (2013); DOI: 10.1007/978-3-319-01077-9_3.

12. D.A. Artemenkov et al., Eur. Phys. J. A 56,250 (2020); DOI: 10.1140/epja/s10050-020-
00252-3.

13. ALA.  Zaitsev et al, Phys. Lett. B 820136460 (2021). DOI
https://doi.org/10.1016/j.physletb.2021.136460

14. B. Borderie et al., Phys. Lett. B 755, 475 (2016) ; DOI: 10.1016/j.physletb.2016.02.061.

15. S. Typel, G. Ropke, T. Kldhn, D. Blaschke, and H. H. Wolter, Phys. Rev. C 81, 015803
(2010); DOI: 10.1103/PhysRevC.81.015803.

16. 1.A. ApremeHKOB U Jip., SID, 85, 397 (2022); arXiv: 2206.09690
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2.3. [IpeamnoJiaraemMblii CPOK BbITOJTHEHUSI

2024 - 2028

2.4. YuacrBywuue jJadoparopuun OUAN
JlabopaTopus ¢puznku Bbicokux 3Hepruii um. B.!. Bekciaepa u A.M. banauna (JI®BJ)

2.4.1. IlorpedoHocTu B pecypcax MUBK

Pacnpenesenne mo rogam

BblunciuTtenbHbIe pecypcbl
1 ron 2 T0ox 3roxn 4 ron 5ron
Xpanenne nanubix (Th)
1. EOS 0 0 0 0 0
2. JleHntsl
Tier 1 (axpo-4ac) 0 0 0 0 0
Tier 2 (aapo-4ac) 0 0 0 0 0
CK «I"oBopyn» (s11p0-4ac)
2CPU 0 0 0 0 0
3GPU
Ob6mnaka (CPU snep) 0 0 0 0 0
2.5. YyacTBywuue CTPpaHbl, HAy4YHbIe 1 HAYYHO-00pa30BaTe/JbHbIe OPraHUu3aluu:
Tun
Oprauuzauus Crtpana T'opon Y4YacTHUKH
coryialieHust
DusuKo- Y30ekucran TamkeHT X. OnumoB [Iporokoi o
TEXHUYECKUU COTPYAHUYECTBE
UHCTUTYT
CMoneHCKUH Poccusa CMoOJIEHCK A.B. Jlronaun [IpoTokomn o
rocy/1apCTBEHHBIN COTpPYIHUYECTBE
YHUBEPCUTET

2.6. OpraHu3auMu-cOMCIOJHUTEIH (Mme compyoHudarowue opeanusayuu/napmuepvl 6e3
@unancogozo, uHdpacmpyKmypHo20 yuacmus KOMopvlx 6bINOJIHEHUE NPOSPAMMbL UCCIEO08AHUU

Hego3modicHo. [Ipumep — yuacmue OUAU 6 sxcnepumenmax LHC ¢ CERN).

3. KagpoBoe o0ecnieuenne




3.1. KaapoBble NOTPeOHOCTH B TeUeHHE MEPBOI0 rofa peaju3anuu

NeNe

n/n

Kareropus
pabdoTHHKA

OcHoBHOI
nepcoHas,

Cymma FTE

AcconuMpoBaHHbII
Ilepconan

Cymma FTE

HayYHbIC
paboTHUKH

WHKEHEPBI

CIICIUAJINCTHBI

Sl ol

CIIyKarue

paboune

Hroro:

3.2. locTtynHble KaApOBbIe pecypChl

3.2.1. OcHoBHoii nepconan OUAN

Karteropus
pPadOTHUKOB

PHUO

Hoapa3nenenue

J®BI, HOOPTH,
cexkTop Ned

JoaxkHocTh

Cymma

FTE

Hay4HbIC
pabOTHUKHU

3apy6un I1.11.
Pycakosa B.B.
Aptemenkos [I.A.
3aiines A. A.
bpanHosa B.

Harapmxan M.

Ha4YaJIbHUK CCKTOpa
Ha4YaJIbHUK T'PYHIIbI
CHC

HC

Ha4YaJIbHUK T'PYHIIbI

HC

HWHKCHCPBI

3apy6una N.T.
Kopuerpyna H.K.

Homo3zoBa K.b.

Konaparsesa H.B.

WHXEHEP-TNPOTrPaMMUCT
HH)XEHEp
HH)XEHEP-TEXHOJIOT

WHXXEHEp

CIICINAJTUCTHI

Kamanckas O.H.

Crapmmii mabopaHT

paboune

Mapsun N.1.
CrenpMmax I'.H.

[lep6axoBa H.C.

HTroro:

14




3.2.2. AccouuupoBaHHblii nepconaa OUSAN

Karteropus Opranusanusi-napTHep Cymma FTE
padoOTHUKOB

Hayunsle
pabOTHHKHU

WHXEHEPBI

CIICHUAJINCTHI

paboune

Hroro:

4. DuHAHCOBOE o0ecmeYeHue

4.1. ITotHas cMeTHAsi CTOMMOCTD NpoekTa 660 ThIC. K0J11.

[IporHo3 mMOMHONW CMETHOW CTOMMOCTH (yKa3aTh CyMMapHO 3a BECh CPOK, 3a HCKJIIOUYECHHUEM
O3I).

JleTanu3anus MpuBOIUTCS B OTAEIBLHON (hopme.

4.2. BHeOw1)KeTHbIEe HCTOYHUKN PUHAHCUPOBAHMS
[Ipeanonaraemoe puHAHCHPOBAHUE CO CTOPOHBI COMCTIONHUTENICH/3aKa3uNKOB - OOIINIA 00BEM.

‘@)
/7 ] ] E \
/. Vs As /7 /2 Y & D)
PykoBoauTE b MPOEKTA //f7iff/‘/‘ 1) 704 *"f/’// Gled

Hara npencrasnenus npoekra B JTHO/I:
Hata pemenus HTC na6oparopun: 28.03.2023 HOMEp TOKyMEHTA!
I'on navana npoekra: 2024

(1S POATIEBAEMBIX MPOEKTOB) — TOJ] Hauana paboT mo mpoekty: 2023



CroumocTh CronmocTs,
ThIC. JOJLL.
HanmeHoBanmus 3aTpar, pecypcos, ( A ) pacnpeeJieHne Mo rogam
HCTOYHHKOB (pHAHCHPOBAHHUS NOTPeOHOCTH 1 2 ) 4 5
B pecypcax rof | rox | rog | rox | rox
Mesxnynaponsoe cotpyaaudecteo (MHTC) 40 40 40 40 40
Marepuaibl 20 | 20 20 | 20 20
060py}1013aHvHe ¥ YCIIyTU CTOPOHHHUX 55 10 | 120 | 10 55
opranusanuii (IycKo-Hala04YHbIe pPabOTHI)
ITycko-HananouHsie paboThI
Yceayru HaythO-I/ICCJIe,ZIOBaTeJILCKI/IX 20 | 20 | 20 | 20 20
OpraHu3aImif
ITproGpeTenne mporpaMMHOro 30
obecnieueHus
ITpoexTupoBaHne/CTPOUTENIHCTBO
CepBucHble pacxonsl (nianupytomes 6
cuydae npAMoLl NPUHAOIEHCHOCU K
npoexmy)
" Pecypcrr
v 9
= o]
E Ei Z — cymMma FTE,
S »| =
3.; 2 -y — YCKOpHTEN/yCTaHOBKH, 100 | 100 | 100 | 100 | 100
o =
= — peakTopa,.......
ab o E |
z E Z g Bromxer OUAU (cmamwvu 610021cema) 165 | 70 | 200 | 90 | 135
=
-
= 8 @
-9
g =
(I -
5 = 5 E Bxnane! coucnonauteneit
S ¥ 3
_5_ E 2 | CpencTsa o 10roBopam ¢ 3aKa3uuKaMu
'S E
5 S | Jpyrue ncrouHukn huHAHCHPOBAHUS

PykoBouTens npoekra

)
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JINCT COT'JIACOBAHUM ITPOEKTA

«Ikcnepument BEKKEPEJIb2023 nayckopureasnom kommiekce HYKJIOTPOH/NICA»
YCJIOBHOE OBO3HAYEHUE ITPOEKTA: BEKKEPEJIB2023

NP ITPOEKTA: 02-1-1087-2009
HINOP TEMBI: 02-1-1087-2009
®H1O PYKOBOJIUTEJIA ITPOEKTA: 3apyonn IL.H.

COI'JTACOBAHO

BUIE-TUPEKTOP MHCTUTYTA

IMOAITMCH [)5(0) JIATA
I'JIABHBIY YUEHBIA CEKPETAPH
I/IHCTI/ITYT A TMOJITNCH [0)5(0] JATA
T JIABHBIA UH)XXEHEP
[NOJAITUCH DOUO JIATA
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BBIIINCKA U3 TIPOTOKOJIA
3aceqanusa HTC JI®BD
ot 28 mapta 2023 roga

[TpucyrctBoBanu Ha 3aceganuu 20 uneHoB HTC u3 obmiero uncna 40 unesos HTC.

HTC JI®BD 3acmyman OTY4ET M paccMOTpel NPEAJIOKEHHE O MPOAJICHUH IPOCKTa
«BEKKEPEJIbB2023» Temb! “HccnenoBanus o GpU3NKe PEIITUBUCTCKUX TSDKEIBIX M JIETKUX
WOHOB Ha ycKopuTenbHBIX KoMiuiekcax Hykmorpon-M/NICA OUSAU u SPS LIEPH” (02-1-
1087-2009/2023). HTC pemun ogo6puts otyet u pekomengopats [IKK no smeproit dpusuke
MPOJATIUTH MPOEKT A0 KoHUa 2028 roja ¢ NEpBbIM IPUOPUTETOM.

Penenzent: A.I'.JIuTBUHEHKO

[Ipencenarens HTC JI®OB3 E.A.CTtpokoBckmii

VYyenslii cexperapps HTC JIGBD C.I1.Mepn

ABSTRACT OF THE MINUTES
OF THE MARCH 28, 2023
VBLHEP STC MEETING

20 STC members were present at the meeting out of a total of 40 STC members.

VBLHEP STC heard the report and considered the proposal on continuation of the
BECQUEREL2023 project within the framework of theme (02-1-1087-2009/2023)
“Research on Relativistic Heavy and Light ion Physics. Experiments at the Accelerator
Complex Nuclotron-M/NICA at JINR and CERN SPS”. STC decided to endorse the report
and to recommend that PAC for Nuclear Physics support continuation of the project until the
end of 2028 with first priority.

Referee: A.G.Litvinenko

VBLHEP STC Chairman E.A.Strokovsky

VBLHEP STC Scientific Secretary S.P.Merts




Penensus Ha MPOEKT
«IxcnepumedT BEKKEPEJIb Ha yckoputeasHom kommitekce HYK/JIOTPOH/NICA»

SIBnmeHne MICCOIMAIME PeIATHBICTCKHX sdep, HaOomaeMoe ¢ BEICOKOI 3()(eKTHBHOCTRIO B
AanepHoi sMyneenn (513), mo3pongeT m2yJaTe aHcaMOII HyKIOHOB I JIerJaiilix fmep, peacTaBIAIoIIe
uHTEpec MIA saepHoil (m3mkn 1w acTpodm3ukn. OcoGeHHOCTH W3YUaeMBIX AIep TpOSBIAIOTCA B
BEPOATHOCTAX KAHAIOB MICCONMAINHA. JIOCTOMHCTBA METOMNKN 1D BKIIOYAIOT PEKOPAHOE pa3pelieHIe B
OTIpENICNICHNT YTTIOB BELIETA PETATHBUCTCKIX (PPArMEHTOB W BOZMOKHOCTh MACHTH(QUKAIINN CPean HUX
motonoB He m H myTeM m3MepeHHs MHOTOKpaTHOro paccesHnd. Ha 2Toil ocHOBe B SKCIepIIMeHTE
BEKKEPEJIb Ha Hykmotpore OMAM m3ydaeTca KinacTepHas CcIpyKTypa NEIKHX CTaOHIBHBIX 1
PAIHOAKTHBHEIX H30TONOB. B wacTHOCTH, MO HHBapHaHTHOH Macce Iap U TPOEK PELITHUBICTCKIIX
(bpan}ieHTo;s He n H B muccommarmm msotonos Be, B, 'C 1 'C NIeHTI(HIIPOBAHE] HecTaOIIbHEIS
anpa Beu B.

MoTugarueii IpoeKTa SBIAeTCH MONCK MeTacTaOIIBHBIX COCTOSHIIT aHcaMOmeit TETKIX Amep
1 HYKJIOHOB. Takme COCTOSHIA MOTYT CIYKUTh MPOMEKYTOYHOI cyOCcTaHINel B acTpoH3mIecKIx
MpoIeccax HYKIEOCHHTe3a. BO3MOXKHOCTR Takoil ¢asel OapHOHHON Marepui, KakK OpeensHO
pa3peXeHHOIl U XONONHOH B sAJepHOM MaclTade, NPeIcKazbIBaeTcsA TEOPeTHKAMH U HMeeT
HecOMHeHHOoe (PYVHIaMeHTaTbHOe 3HadeHNe. ODKCIHepHMeHTaIbHOe NCCleoBaHHe Takoil (a3l
3aTPYOHHTETEHO H  TpedyeT CHeNUAaTI3HpPOBAHHOI METOAMKM. B IpoeKTe IOKa3hIBacTCA
BO3MOJKHOCTE ©¢ BOCIIPOM3BEICHIS I HAOMIOZCHNSA B Y3KOM KOHYCE NUCCOLMALNH PeIITHBICTCKIX
anep. [IpoAyKTEI TUCCOHMAIINN PETUCTPUPYIOTCA B S0,

IIpoekT HampaBieH Ha NpHMEHEHHE MeTOANKH SO 11 HccnemoBaHnsA (parMeHTAIHH
CpeHIX U TORENBIX sAfnep. Eé mpuMeHeHNe W pa3BUTHE SBISASTCS JTOTHYECKHM IPOIOJIKEHHEM
npuMepHo l5-metHero nukmna ncciaemoBaHuil mo 3kxcnepuMenTy BEKKEPEJIB na mykmoTpone
OHAH, u eme 607ee paHHUX padoT 10 PeIATHBHCTCKOIL saepHoli ¢usnke. B ocHOBY mpoekTa Jeria
000CHOBaHHAA SKCIIEPUMEHTATBHO BO3MOKHOCTE HAOTIONEHI MHOKECTBEHHOI (parMeHTaIlnn saep
¢ momomplo SO, DTa  TexXHHKAa OCTaeTCs eOMHCTBEHHLIM CPEICTBOM  HCCIEIOBAHUA,
oOecreynBalOIMIM BBICOKOE paspelleHne perucTparii YacTHII B y3KOM KOHYCe IHCCOIHAIINN.
ObecmeunpaeTcs MOCTATOYHAS CTATHCTHYECKAS TOUHOCTE 1 HAMEKHAS MISHTH(PUKAITIA TETKUX ATep.
Biajenue apTopaMu MeTOIOM He BEI3BIBAaeT COMHEHHI. B OTHomleHHH aHamu3a pa3BUT METO[J
MHBAPUAHTHOI MacChl Ha OCHOBE DEKOPIHOrO pa3spelleHns B TPUMeHEeHHH K pPelIATHBHCTCKOMN
(parMeHTAIIN, TO3BOMMBIIIT HASHTH(HIMPOBATE HEeCTAGMIRHEIE AApa B 1 *B, a Takke TPYIIIE ol
JacTUIl ¢ OIM3KIMH HMITYJIECaMI, HAa3EIBAeMEIMI COCTOAHIAMHE Xoiina. J[eMOHCTPHPYA pa3penieHne
METOAa, OSTH pe3yAbTaThl CTAHOBATCA BeXaMH K ONpelelNcHUI0 YHHBEPCATBHON pPOTH 3THX
MeTacTaOIUIPHEIX OOBCKTOBR B JHCCOLMAIIN OONee TSDKETBRIX SAAep U HOUCKY Oolee CIOMKHBIX
COCTOSIHHI, COOTBETCTBYIOIINX IPECKa3aHHOMY anb(a-4acTHYHOMY KOHjeHcary. [lomck Takmx
COCTOAHUII BO3MOYKEH B Hambollee V3KHX KOMIOHeHTaXx cTpyit ¢parmentoB. CdopMmymupoBaHa
nporpaMma HcclefqoBaHmii. MMeeTcs wmarepman s HeMeINeHHOTO Hadalda HCCIeTOBaHUH U
TpeToKeHHd Ha OepcleKTHBY. Ha 3ToM TyTH ecTh BO3MOKHOCTh HEOKHJIAHHBIX OTKPHITHII B
AaepHoIl hu3nKe.

PesynpTaTel mpoekTa MO3BONAT OOOCHOBAaTH HOBEIE IIPEAIOMKEHHS SACPHO-(H3HICCKIX
HCCIeIOBAHNIT HAa YCKOPHUTENBHOM KoMmmekce JI®B3D m B apyrmx meHTpax. I[lpoekt Oyaer
CIOCOOCTBOBATH COXPAHEHHIO H pa3BHTHIO MeToga SID. BakHoe 3HaueHHE HMeeT INOATOTOBKA
MOTOJBIX YUYEHBIX, BIAJSHOIMUX METOAHKOil I3 U TOTOBRIX K €€ NOpHMEHEHHI0 B SIepHBIX
SKCTIepUMEHTaX, JO3UMETPHH, pagualioHHoil MenunmHe u  dSKomornn. OcobeHHO BaKHO
[IPUMEHEHUE 3TOTO MeTOAa B CBA3U C [EPCIEKTUBHBIM Pa3BUTHEM aBTOMATUYECKHUX MUKPOCKOIIOB U
MPOrpeccoM MHporpaMM pacloO3HaBaHHA H300paxeHHI (IICKYCCTBCHHOTO IHTEIeKTa). Takoe
pa3BuTHE OYICT aKTYaTBHEIM IIPOJODKEHIEM Klaccmdeckoil TexHukn 19, TakmM oOpa3oM, mpoekT
BEKKEPEJIb zacoyxnBaeT moaAepA K.

- O B. A. Hukntun.

I'maBue1il HAayuHEli coTpyaHuk JIGB3 OMAI.
JIoKTOp (PHM3HKO-MATEMATHYECKHX HAYK.
IIpodeccop



OT3BIB HAa IPOEKT
«IxcnepamMenT BEKKEPEJID Ha yeckoputeasHoM KoMillekce HYKJTOTPOH/NICA»

Ormedast pasHOOOpasHe U LIEHHOCTb IIPEIUIOMKEHHBIX 3alad, XO4Yy COCPeIOTOYHTBCS Ha 3HAYeHIN
IpelIaraeMoro IpoeKTa i IIPOBePKH TeopeTHdecKoll KOHISMIMH KoHOeHcaTa bosze-DilHmTeiiHa Kak
KOHZIeHcaTa anb(a-JacTHI] — IPeacKa3aHHOTO aHAIOTa YIbTPaXoloAHEIX KBAaHTOBHEIX ra3os. CTaTyc pa3BHTIHA
KOHLINIINH albga-KoHIeHcaTa JeTanbHO IpencrasieH B o03ope Tohsaki, H. Horuchi, P. Schuck and G.
Roepke “Status of a-particle condensate structure of the Hoyle state” Review of Modern Physics 89 (2017)
01100. B ob30pe oTMed4eHO IpelNOKeHHe O IIONCKe KOHOCHCATHEIX COCTOSHHII B AMCCOIHAIIIM
PeLITHBHCTCKHX sitep. Taxoke IpeliokeHne 0TMeIeHo B TeKnnoHHoM 0030pe W. Von Oertzen “Alpha-cluster
condensations in nuclei and experimental approaches for their studies” Clusters in Nuclei, Lecture Notes in
Physics 818, 109 (2010). B sToif xoHIenmun mnpeickazaHbl CTeNeHH cBOOOIEI anb(a-KpaTHBIX fAmep BOMHI3M
IOPOTOB pasBala, OCHOBaHHBIE Ha cpelHEM IIode O030HHOTO THHA, (OPMHpPYEeMOM Ia3oM adb(a-gacTHIL
CocymecTByq ¢ OOBIMHEIMI (hepMIOHHEIMHI BO30Y:KIEHHSAMIL TaKHe COCTOSHHS OKA3BIBAIOTCSA BO3MOMKHBIMH
6marogaps ToMy IOTOMY YTO anbk(a-JacTHIIA MMeeT CBOHCTBa IOYTH HAeambHOro 0030Ha. OHI BO3HHKAIOT
IpH cpenHeil MIOTHOCTH cXokelt ¢ ampoM 'Be, xoTopas B 4 pasa MeHbIle OGHEMHOIN AmepHOi. SIRIATCE
6o30HaMn, amb()a-IacTHIEI MOTYT KOHAeHcHpoBathes Ha 0S opbnre mx coOCTBEHHOrO KIACTEPHOTO IIOIS.
Cocrosane Xofina ¢ ero TpeMs anb(a-IacTHIIAMH pacCMAaTPHBaeTcA KaK Jerdaimimii aTbda-KOHIeHcaT H KaK
anpo “Be ¢ ofHoit TomoTHUTenb O anbda-uacTneit Ha 0S op6uTe.

CTONT OTMETHTB, 4TO AP0 "C MOKET IEepPEeXOIHTh I3 OCHOBHOTO COCTOSIHIS B HECBA3AHHOE, HO OUCHD
MONMTOKHBYIIee Tpu 7.65 MbdB, Ha3BaHHoe B wecTh acTpodmsuka P. Xoitma, KOTOpBIH mpejacKasan
CYINecTBOBaHHe 3TOTO pe3oHaHca Oomee 60 meT Hasaml IS TOTO YTOOBI OOBACHHTE PacIpOCTPAHEHHOCTH
msotoma C. Tlepexon B cocTostame Xofima B PeakIIsIX CIIHILT MOKET CTYKITh «BXOTHBIMII BOPOTAMID) [T
cHHTe3a Oonee TOKeTBIX sAaep. TeopeTHueckoe ONMCAHHE SKCIEPIMEHTANBHBIX JTAHHEIX, H3BITeUeHHBIX M3
HEYTIPYTOTO BO36YKTeHIS SMeKTpoHaMn syipa ~C, yKa3sIBaeT Ha To, UTo cocTosHTe Xoitna maeeT o6HeM B 3-
4 pasa GonpImii, yeM OcHOBHOe cocTofgHNe. OIHAKO, YKa3bIBad Ha SK30THIECKYIO CTPYKTYPY COCTOSHIIL, 5TH
I3MepeHHs He OTBEYAIOT Ha BOIPOCE! OTHOCHTENIBHO €ro BHYTpeHHeil CTpYKTYpHl. Bo3MoxkHO, 3T0 okakeTcs
BO3MOKHBIM B IIpelTaraeMoM SKCIepHMeHTe, I/le YKa3aHHe Ha BO3HIIKHOBEHNA cOcTOAHHA Xoiina yike ObLIO
Halimeno. IIpemmonoikeHme o TOM, 9YTO pacmaj KOHMEHCAaTa MoOXKeT OBITh oOHapykeH B pacmame anbda-
YacTIrHOTO rasa mo kackamHoii memouxe O (0's) — “C(07,) — *Be (0',) — 2a sBuseTcs odeHs
HHTEPECHEIM.

Pesymerater m  mpemnoxkenmst mo HoBoMmy mnpoekty BEKKEPEJIbL Orum  mpencraBmeHBr  ero
PYKOBOOUTENEM B INPHIIIANICHHOM Ha pabodeM coBemaHHN «JIerkie KIacTepsl B AApax H AIepPHOIN MaTepHH:
SIepHasl CTPYKTypa U paclaibl, coyIapeHHs TOKeIEIX HOHOB H acTpodirukay (2-6, ceHTsOps 2019, Tpenro,
HWranums). 3aMedaTelbHO, 4TO HOUCKH HEIPepPEIBHO BO3PACTAOIIEN CII0AKHOCTH MOIYT OBITh OCYLISCTBIICHEI B
OIHOM H TOM e 3KCIepPIMeHTaIbHOM IOIX0Ie.

B LOEIIOM, HICIIOIB30BaHHE ABJICHHA NHCCOLHANMII PEIIITHBHCTCKHUX ANCP B ﬂl[epHOf:I SMYJIbCHH I
I'eHepalul COCTOSHIIT KBAHTOBOTO KOHICHCaTa JacT allbTEPpHATHBY IIOHNCKAaM B 3TOM HaIIpaBJICHHI METOOaMII
(1)I‘I'3I'IKI‘I HH3KHX BHBPF}IiJI. DT naen MOryT NPUMEHAThC A1 00bACHeHN SBIICHUII B }IL[GPHOI‘:I ﬂCTpO(l)IISHKe u
qJI‘I'SHI\'.e KOCMHYCCKHX H}"Ieﬁ. ITo Bcem sTHM IpIYINHaM IIPOCKT 3aCIyKHBACT IIOJOCPIKKIL. Hﬂy‘IHﬂ}I
3HaAYHNMOCTD [IPOCKTAa BBICOKA. 3aHpHH_IIIBaeMBIe PECYPCEI COOTBETCTBYIOT 3aJJa4aM IIPOCKTA.

C. H. Epmos
HavaapHNK cexTopa JIT® OMAN.
JOKTOpP (DI3HKO-MaTeMaTHIeCKIX HayK



[{UKITOTPOHHBIN HHCTUTYT
Komnemx Cretimn, Texac 77843-3366
(979) 845-1415 ®AKC (979) 845-1899
3JIEKTPOHHAs 1ouTa: natowitz@comp.tamu.edu
30 cents6ps 2019 r.
Hoxkrop IlaBen 3apyoun
zarubin@lhe.jinr.ru
VYBaxaemblii [IaBen
Cnacu6o0, 4TO TONETWINCh CBOMM TMPEIIOKEHHEM CO MHOW. S maymaro, 4TO 3TO HArIsSAHO
JEMOHCTPUPYET, YTO BaIllld METOABl H3y4YeHHs (ParMEeHTALMH PEISTHUBUCTCKUX sJep C
MCIIOJIb30BaHUEM SICPHBIX OMYJIbCUH IIPEIIaraloT HEKOTOPhIE 3HAYUTEIbHBIE BOZMOKHOCTH JJIS
U3Y4YEHMsI psAa sBJICHUM, NPEACTABIAIOIIMX TeKylui uHTepec. KoHE4YHO, OTcieXnBaHUE
BO3MO)KHOTO CYIIECTBOBAHMsI KOHJIEHCHUPOBAaHHBIX COCTOSIHMM, AaHAJIOTMYHBIX COCTOSTHUIO
Xoiina, B 0oJiee TSDKENBIX SIpax SBISAETCS MHTEPECHOM aKTyalbHOM TEMOM, U BaIlll METO MOXKET
IOKa3aTbCsd MJICANbHBIM JJIsI NEPBOHAYAJIBHOIO 0030pa TakUX alb(a-KIacTepu30BaHHBIX
coctosHui. To, 4TO BBl MOXKETE KOHKYpHUPOBaTh C OYCHb CIOXHBIMH (M OYEHB JIOPOTHUMH)
CHEKTPOMETPAMHU M / MM KaMepaMu NPOEKIIMOHHOIO BPEMEHH, BECbMa BIEUATIsAEeT. Y YUThIBas
BaIllly CIIOCOOHOCTh M3y4yaTh IHIMPOKUU CIIEKTP TaKUX JIETKUX SAEp, MHE KaXeTcs, YTO 3TOT
IPOEKT OCOOEHHO XOPOILIO MOTUBUPOBAH.
[Ipobnema MHOXECTBEHHOH (parMeHTanMu HMMEeT JOJTYI0 HCTOpUIO0. 37eCh CHOBa
CUCTEMATHYECKUE HMCCIEIOBAHUS MOTYT BBIIBUTH HOBBIE KOPPEJALIMM, PaHEe HE NMPU3HAHHBIC.
Jns MeHs HauOosiee MHTEPECHbIE BO3MOXKHOCTH CBS3aHbI C HM3yYeHHEM IepudepruecKux
CTOJIKHOBEHUII M BO3MOXKHOCTBIO HAONIOaTh MYJbTH(QPArMEHTALMIO IPU OTCYTCTBHUM OYEHb
CJIOKHOW TMHAMUKHU CTOJIKHOBEHMH. [0 TeM ke nmpuurHaM MIOOHHAs UHAYKLUS, 10-BUANMOMY,
JlaeT HEKOTOpbIE pealibHble INPEHMYIIECTBA, U CPABHEHUE pPE3YyJbTATOB IepU(eprUUecKoro
B3aMMOJEHCTBUS C pe3yJbTaTaMH, HHAYLUPOBAHHBIMH MIOOHOM, MOKET 1aTh HEKOTOPOE HOBOE
IIOHMMAHHE YTUX IIPOLECCOB.
W3 Bameil TUCKycCHUU COBEPILIEHHO OUYEBUAHO, UYTO 3Ta paboTa SIBIAETCS TPYIOEMKOH U 4YTO
3alpolI€HHbIe OOHOBJICHMSI BallUX TEXHUYECKUX BO3MOXHOCTEH MOTHBHpOBaHBL S,
0€3yCIIOBHO, HAJCIOCh, YTO BBl TOJYYHUTE MOJOXKHUTEIbHBIM OTBET Ha 3TO NIpEAJIOKEHHE 00
UCCIICJOBAHMAX, W 4YTO MBI YBHUJIUM HEKOTOPBIE CTHUMYJIUPYIOIIUME HOBBIE pE3yJbTaTbl B
OnmxaiiieM Oyayiem.

C HaWJTy4YIIHUMHU ITOXKCIIaHUAMU, gz , \5} 9/2 4 . %

Jx. b. HaroBurg
3aciry’KeHHBI TOYETHBIN podeccop yHUBEPCUTETA



OT3RIE HA NPOEKT
«Ikcnepument BEKKEPEJTIB-2022 Ha yCKOPHTEIEHOM KOMILTEKCe
HYKITOTPOH/NICA»

Akcrnepument BEKKEPEJIb MocBsllleH MCNO/L30BAHKIO PEATHBHCTCKHX — [IYHKOB
ATOMHBIX SfiEp /18 U3YUeHHA SBIeHHA KlacTepH3alul B Aapax. Ansha-KinacTepr3arisa MHOTHX
sij|ep BJIASET Ha CTIeKTPs! 5/1ePHBIX YPOBHEH, AMHAMUKY H XaDAKTEPHCTHKH AAEPHBIX peaKIHiA 1
B MOCABMHWE TOJAbl aKTHBHO WCCIELVETCA TeopeTHueckH B MHKPOCKOMHYECKMX ab initio
NOAX0AaX,  OCHOBAHHLIX Ha TMEPBBIX MPHHIHNIEX (D. Lee, Front. Phys. 2020; doi:
10.3389/fphy.2020.00174). WHdopMauma o KnacTepu3aliH SAEp BaKHA KaK (1A [IOHHMAHHA
MHOTHX SBAEHWI B A1epHOI acTpou3xKe, TaK H 1A NPaKTHUECKOr0 NPHMEHEHHS B s/IePHOM
MeqMLMHe | APYTHX 06acTsx, CBA3AHHBIX C HCNO/B30BAHHEM AEPHBIX TEXHOMOMMH.

TpajMUMOHHBIE METO/bI IKCIEPHMEHTATBHOTO HCC/Ie)0BaHUA K/1aCTepHOH CTPYKTYPLI
Alep — peakLuH nepejaul Kmactepos, (oTo-paciienieHude saep, BLIOMBAHHE KMACTEPOB
NPOTOHAMH, YIEKTPOHAMM W [PYTHMH TIPOOHHKaMH, - HECMOTPSA Ha HX JIETANbHYH pa3paboTKy H
IHPOKOE MPUMEeHEHHEe, He OXBaThIBAIOT BCE BOIMOMKHbIe ACTEKTEl MyIbTHKIACTEPHBIX ABJIeHHH.
MeTog  H3VYEeHHs (parMeHTAIMM  PENATHBHCTCKHX JSIAEP B AAEPHBIX  OMY/bCHAX,
MCIIO/TE3YEMBIH s akcnepumente BEKKEPE/ID B COUPTAHMH C TIPHMEHEHWEM
KOMITLIOTEPH3HPOBAHHOIO MHKDPOCKONA, 0fnajaer BKHBIMH JIOCTOMHCTBAMM M MOXMET BHECTH
3HauMMBbIi BKIAZ B 3TH WeoneqoRaHua. Ha mpeplwecTsylOmMX 3Tanax 3TOr0 3KCHEpHMEHTA
METOZOM HHBADHAHTHOH MacChl MAeHTH(HIUPOBAaH BKIaj HecTaBWILHLIX sgep "Be, B W
cocrosHus Xoima sapa “C B MpPOLECCHl JMCCOUMALMH PAAa NETKMX #iep, B TOM HHCae
paaoaxTHEHBEX. [103Hee mogxoy ObL1 pacHpoCTPaHeH Ha (hparMeHTaLMIO CPEAHMX M TAMKE/LIX
Anep -

CoBpeMEHHBIH 3Tan MpPoOeKTa OPHeHTHPOEaH Ha H3Y4EHHE npejickasaHiii M3BECTHOH B
nurepatype (H. Tohsaki et al. Rev. Mod. Phys. 89 (2017) 01100) xoHenumu anbha-
YACTMMHOTO KoHAeHcara Bose-DiHwmeiida, MDOCTEHIIMMM — NPOHBACHHAMH  KOTOpOro
mpeanojaraiorcs Ajpo “Be u COCTOsHHe Xoina. JKCNEPHMEHT HalleneH Ha HCoIejoBaHWe
0BHapy/KeHHOTo BO (parMeHTalAH THKENLIX Aflep YCWAeHHA BLIXOAA ALEp “Be W COCTOAHHA
Xoiina, a Takke Ha nomck 4-ambda awanora cocrosuus Xoina. [ins peluedus ITOH 3a/jaum
HMEITCH HeoOX0JHMBIE TIPEANOCHLUIKH —A/IePHbIE IMYNLCHY, oBIyueHHbIE AAPAMM KPUITTOHA, W
BLICOKOMPOHIBOANTEILHLIH MHKPOCKOIL.

B paMKax mpoekTa [UIAHHPYETCA TpOBECTH ODIyHeHWe AARPHBIX aMyIbCHIA Gonee
TKENBIMK AAPAME H JIETabHO HCCTIEOBATh H30TONMUECKHH COCTaB (dparmMeHTaLMK THKETBIX
aaep. Wconeporavue PparMeHTaliE Nerkux #ep Taoke By/IeT NPOLO/UKEHO C LIE/THI0 TOKCKA
BHICOKOBO30YKIEHHBIX 5/ePHO-MOIEKYIAPHBIX obpasosauuii B pacnajjax W300ap-aHanoroBhix
cocTogumit.  [LnaHupyeTcss BeNOIHMTL 00MyYeHWe sfep — PeATHBHCTCKHMH  MIOOHAMH.
(bKMAAeMBIe TIPW 3TOM Pe3yabTaThl MOTYT WMMETh MpPHMEHeHWe B AAEPHOH TeonoTHH M
paaHobHON0r I

B 1nenom, ucciaefoBaHMe fBfeHus — 00pa30BaHMA MHOMECTBEHHBIX COCTOAHWH B
AMCCOLMALMH PEeNATMBMCTCKHX A7EP B SEPHBIX 3MYILCHAX B HacTosulee BPEM:A ABTIETCA
aNMbTEPHATHBOH  TPAJMLMOHHLIM ~ MCCIIEOBAHHAM METO/AaMH KnacTepHoil  (M3MKKM HH3KHX
sHepruid. HayyHas 3HaYHMOCTL IPOEKTA BbICOKA. [lepBble pe3yabTaThl NPOEKTA ONMyOIHKOBaHBI
B PeLEH3UPYEMBIX W3JaHMAX. 3anpalivBaembie PECyPCbl COOTBETCTBYHOT 33AaUaM FPOEKTA.
BHMMauue ABTOPOB 00paljeHo Ha IPOrpecc B MHMKPOCKONMYECKOM  OMHCaHWM COCTOAHHA
Xoii1a W BaKHOCTh TECHOTO COTPY/AHMYECTBA C TeopeTHKamu. OTMeHeHbl CTHTMCTHUECKHE
HE/JOCTAaTKH TekcTa. B uenom, NpoexT 3aciyKHBaeT NoAJepHKH. _f/:_f_ / 7
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Be/[y Wi HayuHLil COTPYAHHK, [.0.-M.H.



PeneH3usi Ha IpoexkT
"Okcnepument BEKKEPEJID Ha yckoputensHoM kommiekce HYKJIOTPOH/HUKA"

[IpoekT HampaBieH Ha MPOsICHEHHE B3aUMOACUCTBUS JIETKUX SACp MPU HU3KUX SHEPTHUsX U
BO3MOXXHOT'O TIPOSIBJIEHUS KOHJeHcaTa bo3e-ODHHIITENiHA W3 o4acTULl IpPH PENITUBUCTKON
¢bparmenTanuu TKENbIX sAep. Ocoboe BHUMaHHME YIENsSeTcs MPOSCHEHUIO POJU  SACPHBIX
KJIaCTepOB (0-YaCTHYHBIX) B TaKUX peakmusx. SAnpo, Kak MHOro4yacTUYHAasi CHUCTEM, HMEET
UIMPOKUN CHEKTp BO30YKIEHUH, BKIIOYAIOUIUI HE TOJBKO OJHOYACTUYHBIE BO30YKIEHUS
(HYyKJIOHHBIE), HO M KOJUIGKTUBHbIC. JIJIsi TIOHMMaHUs TPOTEKAHUs SACPHBIX peaKlui
CYUIECTBEHHYIO pOJIb HUIPAlOT OCOOCHHOCTH B HENPEPHIBHOM CIHEKTpE, BKIOYAs sJIEpHbIE
PE30HAHCHl U sepHbIE KiacTepbl. [IpencraBieHus O CTPYKType M CBOMCTBAX TaKUX COCTOSHMM
(PHEpruM, IUPUHBI VIS SIIEPHBIX PE30HAHCOB) M BEPOSATHOCTH HMX 00Opa3oBaHUs (MHOTIA Kak
IIPOMEXKYTOUYHOTO COCTOSIHMSI) BaYKHO JUIsl IOHUMaHUs CUHTE3a s1ep BO BeeneHHol.

OcTaHOBHMCS Ha COOTBETCTBMU METOJa HCCIEAOBaHUS pellaeMbIM 3ajadaMm. B mpoekre
UCCIIEAYIOTCSI IPOAYKTHI (PparMEeHTALMU PENIITUBUCTCKUX s7Iep B 00JIACTH CIIEKTaTOPOB, IPYTHMMHU
CIIOBaMU B 00JIaCTM MaJjbIX YIJIOB, i€ MPOAYKTHI JUCCOLMALUU HMEIOT UMIYJIbC Ha HYKIIOH
ONMM3KMi K MMIIYJIbCy Ha HYKJIOH B HajeraiouieMm sjape. B kadectBe 0a30Boro jaerekropa
HCIIONB3YETCS METOJ suepHoil (oroamynbcuu.B obmactu ¢parMeHTanuu HaJeTaromero sjapa
XapakTepHBIC YTIIbI O ompenensatoTcs OTHOIIEHHEM uMITyiibca @epmu 11t HykioHa (pr~0.2 ['3B)k
UMITYJIbCY Ha HYKJIOH B HajeraromeMm sape (p,~4.5 Ha HyK/IOH).DTo maér aIs MPOTOHOB
crekTaTopoB yrisl pasiéra 8, < 0.04 pag. Cormacno pabore A. S. Goldhaber, Phys. Lett. B 53,
306 (1974)mn1s simepHBIX (parMeHTOB YIJIOBbIE pacrpeaeaeHus yKe, YeM ISl IPOTOHOB. Tak juis
0. 9acTHUIl, pOKIEHHBIX MpH (pparmentanuu yriaepoga 6, < 0.01 pag . He BnaBasicy B netanu
ClIeyeT OTMETHUTh, YTO MPENAINOJIOKEHUE COXPaHEHUSI UMITyJIbca Ha HYKIIOH, HCHOJIb3yeMoe MpHU
BBIYUCIICHUH 3(()EKTUBHON MACCHI, BHIIOTHACTCS AJIS 0L YaCTHIl TOYHEE, YeM Ui IPOTOHOB. DTO
TaKKe OJTHO M3 CJICACTBUI [IUTUPYEMO BBIIIEC PAOOTHI.

Emé onHOlt OCOOEHHOCTBIO HCCIENOBAaHUN ¢ SAEpHOH (OTOIMYIbCHEH SBISETCS
BO3MO>XHOCThH HaOJIOJIEHHS CIIEZIOB HECKOJIBKUX si/iep B KOHYyce (hparMeHTanuu. T.e. OTKpbIBAIOTCS
BO3MOXXHOCTH Ul KOPPEJSLIMOHHBIX HCCIEIOBAHUNA. B Takux yClIOBHSIX OTHOCHUTENBHBIE YIJIbI
y)Ke Mexay (¢parMeHTaMu Ha MOPSAOK MEHbILIE YKa3aHHBIX BbIIE. TpPyaHO MpEeACTaBUTH
NEKTPOHHBIA JKCHEPUMEHT, C TaKUM BBICOKMM Kak B OMYJIbCHUM IPOCTPAHCTBEHHBIM
paspelleHueM M, 4TO CBS3aHO, C YIJIOBBIM pazpemeHueM. [1oMcKk BO3MOMKHBIX MpPOSBICHUI o
KOHJIEHCAaTa JEJUIaeT TaKWUE€ HCCIECJOBAHMs SIBJSIIOTCS MHTEPECHBIMM M TOJE3HBIMHU. TpyAaHO
HAJESIThCS, YTO B MPOEKTEe OYyAYT MOJY4YeHbl HCUEPIBIBAIOIIUME OTBETHl O CBOMCTBAX TaKOIO
KOHJIEHCATa, HO TaKOT0 Pojia UCCIIEOBAHNS HE TOJIbKO MHTEPECHBI KaK IIOUCKOBBII AKCIIEPUMEHT,
HO MHEOOXO0MMBI JTsi O0JIee TITyOOKOTO TOHUMAaHHUS CBOWCTB aIpOHHOM MaTEepHHU.

Cunraro, 4TO MPOEKT JOJUKEH OBITh MOjJepkaH. B moib3y 3TOro roBOpST HE TOJBKO
MpUBEAEHHBIC BbIIIE APIYMEHTHI, HO U OO0JIBLIIOE YKCIIO OMyOIMKOBAaHHBIX CTaTeH MO pe3ynbTataM
NPEBIAYIINX UCCIEI0BaHUi B pedepupyemMbIX skypHanax. ToIbKO 3a Mpeaslaynme S5 et ObUIio
onyonmkoBano 19 pabor. C 2008 roma m 10 HACTOSIIETO BPEMEHH IO TEMAaTHUKE MPOEKTa OBLIO
3aluIIeHo 6 KaHAWAATCKUX M OJHA JOKTOpcKas aucceprauus. [IpoekT BakeH Al OCBOEHUS
HAYMHAIOIIUMU UCCIIEIOBATEISIMU MPEJCTABICHUN U METOJIOB PENIATUBUCTKOMN SAEpHON (PU3UKH.

3HAUMMOCTb ~ MCCJIENOBAaHUS  OTBEUAeT  3ampalliuBaeMblM  pecypcam.  Mmeercs
UCCIIEIOBATENbCKUI MaTepuai Ha MpeajiaraéMblil eproJ, 1 MEepCreKTUBa MOMy4YeHUsI HOBOTO Ha
OoJiee MyuyKax TSOHKENBIX sifiep MpH Oosiee BHICOKON sHepruu. HemaBHO mosyueH MOTOPHU30BaHHBIN
MHUKPOCKOII, TIO3BOJISIIOLIMN pacCUMThIBATh HA PE3KOe YBEIMYEHHE U TMOJIHOTY aHalu3a.
WNudopmanus 00 3TOM 3KCIIEPUMEHTE MOJTHO MPEACTaBISIETCS Ha caifTe.

; A.T. JIutBuHEHKO
//f’/’\ (/‘2 2407 Z/ HavanbHUK cexTopa JI®BD OUSIU, n.¢.M.H.
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