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JOKTOPJIMK TUCCEPTAIIUACHU AHHOTAIUACHU

Jlnccepranmuss MAB3yCHHUHT A0J13ap0JIMIHA Ba 3apypUsiTH. X03UPry BaKTIa
6He, Ui, 1Be, “Be, 19C, $1Ne kabu OPTUKYA HEHUTPOHJIM TaJIO SIAPOJAPHUHT
CTPYKTYpPAaCMHU TYUIYHHUII Y4YyH KaTTa HMIUIAp KWJIMHMOKIA. By snponap Kuumk
OOFJIaHMIII PHEPTUACU Xamja OMp Ba UKKUM HEUTPOHJIM KUYMK Oypyak MOMEHTHra
(1=0,1) »ora opbuTanmapHUHT KaTTa Macodagapradya JaBoM ITHIIN KaOW HOOITUMN
xoccanapra 3ra. Ogatna, Oy siaponap Kop IUIIOC OMp HeYa HEUTPOH Mojennja
yprauwnaau. byHnaH Tamkapu, yd 3appaiu ®He, "'Li, Ba “Be ramo ANPOJAPHUHT
Oupopra XaM HKKHM 3appald KUCMHU  OofinaHmaraH, sibHU ynap boppowmeit
cUCTEMaJapura Xoc Xycycusitra ara. by siIpolapHUHT 3HEprus Ba 3apsj pajanycu
KaOM CTaTUK XapaKTepUCTUKAIApUJAH TallKapy, YJAPHUHT HMKKU KUCM Ba y4
KUCM KOHTHHyYM-KaHaJUlapura OeTa-TapyajaHUIIM Ba DJICKTPOMArHETHK YTHIII
XKapa€Huapu aloxuJa KU3WKHII YyWFoTaau. by »kapa€Hnap sSOpOJIApHUHT WYKU
CTPYKTypacu Ba Tajio XoccajlapH XaKuja KHMMATIM MabIyMoTiaap Oepaau, YyHKU
Oy VyTunuiap kypwiaérraH CUCTEMaJapHUHI aliHaH Trajo KUCMUIa pyh Oepaju.
Byngan tamkapu, *He Ba 'Li rago spoapHHHT HKKH KHUCM ACHTPOH KOHTHHYYM
KaHaJTapura Oeta YTuil >kapaéHu Oyinya TaxkpuOa HaTKalapu MaBXy.l, yJiap
YyKyp Hazapuil TaxJIMJIHU Tanad Kuiaau. bup HeHTpoHIn Be, °C Ba *Ne rano
SAJIPOJIADHUHT MPOTOH IUIIOC KOP KOHTMHYYM KaHaulapura OeTa-yTull
xKapaCHJIapuHU ypraHum Oy CUCTEMaJapHUHI CTAaTUK XapaKTepUCTHKajJapura
KYyIIUMYa SIHT'H Tajo Xoccalapy XaKuaa MabiIyMOT Oepajiu.

Tano simporap opacuma Li sapocH amoxua axpanud Typaad. Maskyp
SAPOHUHT OOIIKAa €HTW1 Tajo sApojapAaH (apku MyHIAKH, y KylIuMua
*Li+IpOTOH+HHEHTPOH y4 JKMCM KOHTHHYYM-KAHAINra OcTa apyaJaHUIIN
MyMKUH. By VTum mypakka0® xapa€HHU TallKWI KWIaad Xamja KYyJUlaHaJuraH
Ha3apud MoJeN Kypuia€rraH »kapa€H Ba "Li ramo SIAPOCUHUHT Y4 JKUCM
CTPYKTYypacH Xakuja KUMMAaTIU MabJIyMOTIIap Oepasu.

°Li stapocHHUHT GUPHHYH YHFOHIaH X0MaTH 'He rajo supocu yayH u306ap-
aHajor xonatr xucoOnanaau. IlllyHuHr ydyHn Oy XonaTmaH ACHUTPOH KOHTHHYYM
ka"anra M1-yumi sxapa€Hu yHUHT He siapocura yxiai rajo Xoccajlapy Xakuaa
MabJIYMOT OJIUIITa UMKOH Oepaau. M1-YTUIll KeHIJINTY y4yH OJIMHAIUTaH 0axosap
MaBXy/1 TaXpuOa HaTWKajJapu OWIaH COMUIITHPUO KYpUIUIIN MyMKHUH. byHmaH
Tamkapu, Oy jkapa€HIaH, Kywid ¥3apo Tabcupla Xy(DTIUK CaKJIaHUIIAHUHT
Oy3wiuil 3¢ pexTuHu ypranumiaa GpoiganaHuil MyMKHH.

Anpo-a1po y3apo TAbCUPHUHT KyHU TYJIKWHJIApAA TAaKUKJIAHTAaH XO0JIaTra 3ra
Moaemtapu ytraHn acpHuHr 70-hWwmapuaa [laynm NpuHIMOWHE —TYJaKOHIA
xycoOra oJiMIl Yy4yH, SKMH Macodaiapia WTapuIIyBUM KOpra sra HOTEHIMAI
MojieJiIapura alibTepHaTuB cudaruaa Takaud KUIMHTaH 314. YJap MUKPOCKOIHK
KUXATIaH acocliaHTaH, OoIllKadya aiTraHjga HYKJIOH SPKUHIWK Japa’kacura
tasHagu. JlekuH, Oy TaKWKJIaHTaH XOJATIAPHUHT SAPO CTPYKTYpacuiard poJiv
X03Upraya eTapiiu gapaxaja ypraHuiamaran. AiHuKca, Oy Macana Oup Heua anbda
KJIACTEPHU {3 WUUTa OJTaH sSapojap y4yH goizapd Oynub typubmu. McTtucHo
cubartuga Kyiu TYJIKWHIApa TaKWKJIaHTaH XoJjaTiapra sra MockBa HYKJIOH-
HYKJIOH TOTEHIWAaJ MOJEId XU3MaT KWIMIIM MYMKHH, YHUHT Y4 HYKJIOHJIU

5



aapojapaard xoccanapu Oaradeun ypranwirad. bomka TomMoHIaH Kaparasna,
MockBa MoJenuaa TaKUKJIAHTaH XOJATJIAPHUHT poju OyTyHlaid y3raya, y
HYKJIOHHUHI KBapK CTpYKTypacu Owian Oofnuk. bup Heua sigpo kiactepuiad
TallKWJI TONIaH €HTWI SApoJjiapAa 3ca, TaKUKJIAHTaH XojaTinu mozemiap Ilaymu
OPUHIUINHU TYJIAKOHJIM XMCOOTa OJIMII YYyH KUPUTWITAH. Ynap O0ab3u €HTHII
SAJIPOJIADHUHT TaJI0 CTPYKTypacu Kamid KWIMHHUIIA MyHOcabaTu OuiaH, allHUKCA,
nom3apd OYnmO kKomau. EHrum saposlapHUHT 3JEKTPOMarHuT Ba OeTa YTHII
xKapaCHiiapuaa HaMO€H OYIIaIuraH rajjo XOCCalapuHU UKKWTA albTEPHATHB, KOPIU
Ba TAaKWKJAHTaH XOJATIAM NOTEHIHal MojJemiap €paamuaa ypraHum, Oy
MOJEJJITAPHUHT MAaxCyC XOCCAIIAPUHU aHUKJIAIITa UMKOH OepaH.

bup neura anb(a kiacTepiaH TAIKWI TONTaH sIpojap acTpodusnkaga xxyaa
MyXHM poiib yiHaWau. Mkkuta anpda 3appada OorjanMaraH Oyica Xam, JEKWH
yara (“°C) Ba T1yprra (‘°0) ampa Kmacrepiam sponap Karra OOFIAHHLI
SHEpruscHura sra, UIyHUHT yuyH ynap boppomeii siapomap cunHdura kupaiu.
A¥iHuKca, OyHJal sJpojiap y4yH pEaIMCTHK OOFJIaHTaH XOJjaT Ba KOHTHUHYYM
TYJIKUH GYHKUUSIIADUHU OJUII YTa joi3ap0 OYiaubd Typubmau, ynap actpodusuk
CUHTE3 PpEaAKIUJIAPUHUHT KEeCUMJIADUHU XucoOJamra KYJUIAaHWIIA MYMKHH.
bomika ToMOHIaH, CYHITH BakTiIapaa Oy sApOJapHUHT CTPYKTYpPacHUHU YpraHUIIl
«anbda-KoHACHCAIMS MABXKYUIMTUHUHT OaropaT KWIMHUIIYN MyHOoca0aTu OuiiaH
sHaJla 10J13ap0 TyC OJIJIH.

Jucceprauusiia pUBOXKIAHTUPUIAJANIAH EHTWI SApO MOJEIIapu Ba yiap
acocuja OJIMHAJNTaH HaTHKajap d+°Li mmasmacuma TYpIIH H, *He, “He, 'Li, 'Be
EHTUJ  SIAPOJIAPHUHT  XOCWUJ  Oynumum  OwiaH KEeUaJuraH TepMOSIPO
peakIusiapuHd  onTUMan OONIKApUIll Y4yH YTa Myxumaup. PeakuussiapHUHT
KECUMU/JIaTd HOAQHUKJIMKJIAP TEPMOSIPO PEAKTOPUHUHT KMHETHKACHUTa Ky/da KaTTa
canOuii Tabcup KypcaTaiu, Iry cababnu Oy >kapa€HIapHHU ONTUMAN OOIIKApHIL
YUYH IOKOpPM aHUKJIMKIArd Hazapuil MOJAEIUIADHU PUBOXIAHTUPHUII 3apyp.
Huccepranusina puBoxiantupuiarad ['aycc Ba Jlarpamx-menn 0a3uciiapu acocuaa
KypWITaH BapHallMOH METOJJIap KYpCaTWIraH peakUuusuiap TE3JUKIApUHU HOKOpHU
AHUKJIMKAA OaxoJiall yYyH WIUIATUIAJAWTraH TYJIKWH (QyHKIUSUIApHU XucoOmar
YUYYH MYXUM/IUDP.

TagKUKOTHHHT V36eKncToH PecnyOsimkacu ¢aH Ba TeXHOJOTHSJIAP
TAPAKKHETHHUHI  YCTYBOPp HMyHaJuuuiapura wmocaurud. Jlucceprauus
V36exncron Pecny6nmkacuza (aH Ba TEXHOJOTHSUIAD TapakKKMETHHUHT B2
«®Dusuka, acTpOHOMMS, SHEPreTHKa Ba MAIIMHACO3JIMK» YCTYBOP WYHAIMIINIra
MyBO(UK amaira OmupuIIH.

JAucceprauuss MaB3ycu OyMH4Ya XaJKAPO WIMHI TAAKHUKOTJApP IIAPXH.
Exrun saposap cTpykTypacu y4yH Haszapuil MoJeiiap AyHEHUHI TYpPJIM WIMHAMN
MapKasjiapua pUBOKIAHTUPUIMOKAA. EHrUI siApoiapHUHT OOFIaHTaH XoiaTiapu
CTPYKTypacu y4yH OSHI XM Hazapuili monetap [aycc 6asucu (Humrara Ba
Kuoto, fnonus Ba Mocksa [laBnatr ynuBepcutetu, Poccust Ha3apuii rpynnanapu)
Ba Jlarpamxk-mem Oazucu (bproccens spkuH yHHBepcUTETH, benprusi rpymnmnacn)
yCTHIAa KypWITaH BapUAllMOH METOJjiapra acociaHaau. YJiap 3H, 3He, 6He, 6Li,
"Li, °Be kabu y4 *KHCMIM SAPONAPHUHT OOFNAHTAH XOJNATIAP CTPYKTYPACHHH
TaJKUK KWIWIIra KYJUIaHIA. ODHEpPrus CHEKTpH, YypTadya KBaJpaTUK paaNyCH,
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ANEKTpUK Ba MarHUT GopmpakTopnapu Oaxomanau. Jlekuw, “C  sampo
CTPYKTypacu y4yH 30 MOJENU Joupacuia OakapuiraH Hazapui TaJIKUKOTIAp
X03Upyua KOHUKAPJIM HaTkaimap Oepmaau. Jlokan uTapyBuYM KOPJIH O0-TTOTEHIIHAI
OWJIaH OJIMHTaH OOFJIAHTaH XOJIaTiap PHEPrus CIIeKTPU TakpuOa CIIeKTpUaH aH4ya
IoKopuaa €raau. AKCHHYa, MMKPOCKOIHMK MOJEIIap CHEKTpHU Oup Heua M»oB
NacTpoKaaH Oaxonaiau. S- Ba D-TynkuHmapaa TakMKJIaHTaH XOJaTJIM MOTEHIHAI
OwiaH yd4 S>KHCM MOJeNIuAard xucoOjamuiap 53ca EYUMHUHT TaKUKJIaHTaH
XoJIaTjiapra OpTOTOHAJIAIITUPUII IIApTH OUJlaH OOFJIMK KaTTa KUUMHYMIUKIapra
ny4 xenand. By xuiinrunnkiapau Gaprapad dTHi yayH °C SIPOCH SHEPreTHK
CIEKTPUHUHT O0i-TAKUKJIAHTaH X0JaTIApHU TaCBHpJIAIra Ce3TUpIUTruan 6aradcu
TEKIIUPUII 3apyp.

Exrun saponapHUHT y4 KUCMIIM KOHTHHYYM CTPYKTypacw MapyajlaHuIll
peaknusicu Ounan keuyBurm TaxkpuOanapaa (RIKEN, Anonus) Ba dDannees
TeHIJIamManapu ycynu (Apxyc YyHuUBepcuteTd, JlaHus Hazapuil rpymnmnacu),
KOMIUJIEKC MacmTabiam ycyidud Ba aHAIMTHK JaBoM JTtupuin ycynu (MY,
Poccus Hazapumii rpynmnacu) &Epaamuaa ypranuiMokaa. Jlekun Oy ycyimapHUHT
UMKOHUSTIApU 4erapanaHraH. Xycycad, ®anneeB tenrinamanapu ycyiu Kynon
KyWwIapu XHcOOra OJIMHTaHJa KaTTa KUMMHYMIUKIApra ayd Kelaau. AHaIUTHK
JTaBOM OSTTUPHII YCYJIM Ba KOMIUIEKC MacmiTabiaiml ycyiu (akaTruHa pe30HaHC
XoJIaTjiapra KyJUIaHUIIN MyMKHH.

[y mnaiftraua R-maTpuna sKuUHIAIyBU (akaT HMKKA KUCM KOHTHHYYM
Macananapura myBaddakusTin Kymanau. SAkuHaa agabuérnapaa Oy yCYJTHHUHT
runepcdepuk METo/ JIoMpacuja yd *KucM KoHTuHyymura Kyutanumu (Kypuaros
aToM DJHeprusich HMHCTUTYTH, Poccua Ba Konenraren ynusepcureTH, JlaHus
rpynnaigapu) OOFJaHUII NOTCHUUAIMHUHT JABOMMUIUIATH Tyailnu Kuaaun
MyamMMoJIapra 1y KeJjJiu.

IOkopuna TabKkuJIaHTaHUICK, CYHITH WHILIapaa UBe, °C, *Ne kabu uxkn
xucmma Ba He, M'Li, Be  kalu yd KHCMIH Trajo SAPOJAPHHHI XOCCATAPH
HUXO0ATAA KaTTa KU3UKUIN YHFOTMOKaa. CaHab® YTuiraH Hazapuil TypyxJjap ymoy
CUCTEMaJApHUHT OOFJIAaHTaH Ba KOHTUHYYM CTPYKTYpacHHH Xamja OOfjaHTaH Ba
KOHTHHYYM KaHajulapra 3JeKTPOMarHeTuK Ba 0era YTUIl xapaCHIapruHu YpraHull
OyinJa TaIKUKOT MIIJIapu 0JIMO OOPMOKa.

MyaMMOHMHI YPraHWITaHJIMK JAapakacu. TakuKJIaHraH XOJaTJIapHUHT
AJIpO Y3apo TabCUPUAATU POiH 30 Macajacuia aBBAIPOK XOPKIUK Myasmudaap
S. Marsh Ba H. Walliser, S. Nakaichi-Maeda TomMonugan ypranunras. Jlekun
Xanauradya Oy cucTeMa Y4yH yd >KMCM (pyHKIHOHaN (a30CHIaH pyxcaT 3THITaH
KrcM (hasOCHHHM TYIanmMrida XpaTnd OJNHII UMKOHM OyiMamn. ~-C SIpOcH ydyH
30 Mozenma TakukiaHrad xosarra sra BFW morennumanu OwiaH OJIMHTAH
[lIpenuHrep TEHrIaMAaCUHMHT €UMMJIAPU TAKUKJIAHTaH XOJaTJIapHUHT aHYarmHa
XUCCAaCHUHM V3 wuura osiaad. OpTOoroHauIaliTUPYBYM  MICEBAONOTEHIUAIIAp
METOMMHH Kymumam ~C SIpOCH CTPYKTYPACHHHHT anaOuéTiapaa ypraHuIMaraH
XYCYCUSTIAPUHHA aHUKJIAIlra UMKOH Oepajiu.

M.B. XKyxoB rpynnacu (Poccusi) TOMOHUAAH Trajo SAPOJIAPHUHT Y4 KUCM
KOHTUHYYMHHH TaBcumanmaara 3p(OEeKTuB MOTSHITMATHHUHT TABOMUUIUTH OWiaH
OOFIMK KUIJAWK MyaMMoJiap MaBXyJ TMporaraTop MeToAu OwiaH yHFYHIHKIA
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KynaHaaurad R-maTpuna skunnamyBuga Oaprapad >TUIUIIA MyMKUH. By #yn
TYJIKUH (QYHKIUSHU KaTTa macodanapia acUMITOTHMKA OWIAH yJall UMKOHUHU
6epamn. by yeyr °He Ba “Be ramo sapomapHuHT, anaGuéTnapia  SIXIOH
YpraHwjiMarad yd4 >KUCM KOHTUHYYM CTPYKTYPAaCHHHM YpPraHUII Y4yH KYJJIAHUIIN
MYMKHH.

°He Ba “'Li rano spoqapHHHT IEHTPOH YHKUINM OMIAH KEUAJWUIaH HKKH
KUCM KOHTMHYYM KaHauiapra Oera mapyajaHulM OYViinya Taxkpuba HaTHKaiap
xo3upua Gatabemn TymyHTHpHO GepriMami. XycycaH, "He supOCHHHHT Gerta-
napyananumy O6yitmda M.B. )KykoB rpynnacu TomMmoHHaH Oa)kapuiraH Hazapui
UIUIap HOTYFPH XyJlocara KeJJad. YHra Kypa,  HUTapUIIyBYHd Kopiau od-
MOTEHITHAIUIAD Takpuba HaTHXKATAPWHU, MUKPOCKOIWK >KMXATJaH aCOCJIaHTaH
TaKUKJAHTaH XOJATIM MOTCHIMAJIapra Kaparanaa sSXImuapokK TYIIyHTHpUO Oepap
smunr. byrman tamkapu, M.B. XykoB Ba 6. Ba Y. Ohbayasi, Y. Suzuki
TOMOHMJIaH OJIMHTaH Hazapuil 0axoyiap Takpuba HaTuxkanapura OMpO3 SIKWHPOK
Oynca xawm, Ui SAJIPOCUHHUHT JEUTPOH KaHayira Oera YTUII SXTUMOJUTUTMHUHT
MOTeHIMAIra GOFIUKINTH ypranmwivany. [lyruaraek, *Li+d na S- pe3oHaHCHHHT
Taxpurba HaTHKATAPUHU TYIIYHTUPHIIJIATH POJIM YMyMaH YpraHWIMa/Iu.

Anabuériapaa xo3uprada "Li(0+) n306ap aHAnOr XONaTHHHT a0 X0CCanapu
yd JKHCM Mojenuaa xuaauil ypranuwimarad. ®akarruna JI.B. I'puropenko Ba 0.
(Poccus) ToMoHUAaH coafanalITUpIIral Mojenga Oaxonap onuuau. by epaa
TYIUK y4 OKHUCM (OpPMAIM3MUHU PUBOXKJIAHTHpUIL, MI1-yTHm wmaTpuna
AJIEMEHTIIapUHU 0axoJiall Tajgad THIAIN.

bup HeliTponn "Be, °C Ba *'Ne ramo SIAPOJIAPHUHT UKKHU KUCM KOP ILIHOC
MIPOTOH KOHTUHYYM KaHaJIra 0eTa napyajiaHuIIg XaM Hazapuil YpraHuaMaras.

IOkopuna TabKuIIaHTaHUACK, U4 rano ANPOCUHUHT Y4 >KHCM 9Li+p+n
KOHTUHYYM KaHajira 0eTa rnapyajaHUIIU dHT Mypakkad xkapa€H xucoOnaHnaau. by
)apa€H XanM Taxpubanga Xam, Hazapuh KuxaTaaH Xam ypranuiamarad. IIyHuHr
y4yH >KapaéHHUHT Moaudukanus KwinHran Kynon QyHkmusuiapuau Kymiad
amajira OIMMPWIAJUTaH Ha3apuil TaxJIMIu Oy SIPOHHHT KYypuiiaéTraH skapaéHjia
HaMOEH OVaauran sSHTH rajo XoccajlapuHU YpraHuill UMKOHHUHH Oepaji.

Juccepranuss TAAKUKOTHHUHI WJIMHMUA-TAIKHMKOT HILIAPH PpPeKaJapu
OmjaH OOFJIMKJAMIM (QyHIaMeHTan Taakukoriaap JlaBmar WIMHMA-TEXHHKA
JacTypiapu Joupacuja Oakapuiran KyWnaard JJonuxaiapa ¥3 akCHHU TOTITaH:

@-2.1.33 — pakammnu «TebpanyBun AapOTaApPHUHT MYJIbTU()OHOH XOJIATIAPUHH
taakuk Ky (2003 —2007);

DOA-D2-O076+D074 — pakamau «CUMMETPUK Ba OpPTHUKYA HEUTPOHIU
sApoiap CTPYKTYpPaCMHU HYKJIOH y3aTWIl Ba OVIMHUII peakuusuiapujia TaJaKuK
Kk (2007 — 2011);

®2-DA-0-10117 — pakamnau «EHrun sneMeHTIApHUHT XOCHJI OYNIUIMA Ba
KyHU DHEprusiiap/ia KedaauraH siIpo peakiusuiapuia XOCHI OYJaguraH dK30THK
SAPOJIAPHUHT Xoccanapunau yprauuimny (2012 — 2016).

TagKMKOTHHUHT MaKcaaM EHTWI sapojiap OOFIaHraH Ba KOHTHHYYM
CTPYKTYpacMHU XamjJia yJiap UINTHPOKHAAa KyWd OSHeprusuiapaa OymanuraH
kKapa€HJIapHU TYIIYHTUPUII YYyH KJacTepiiapapo y3apo TabCUp MMOTEHIHNAT
MOJICIIMHUHT XYCYCHUSITIApUHHA aHUKJIAIIIaH HOoparT.
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Makcaara ospummm  yd4yH MIAA KyWHOard TAAKUKOT Basudaapu
KYWWJITaH:

2C SIpOCHHMHT SHEPreTHK CICKTPUHHU 30 KIACTep MOIEIHAA XHCOOIalT Ba
TaKUKJIaHTaH XOJaTJIM TOTEHIMal MOJEIMHUHT Y3Ura XO0C XYCYCHUSTJIapUHU
aHUKJIAII;

SHTWI SAPOJAPHUHT Y4 >KHUCM KOHTHHYYM CTPYKTYpPAacHMHHU YpraHWIl y4yH
nporaraTop MeToAu OwiiaH yHUFyHIuKIa R-maTpuiia METOAMHU PUBOXKIAHTHPUIL,
WKKA HEUTPOHJI Tajio SapoJiap °He Ba “Be yU4yH Y4 >KucM (pazanapuHu
XucoOu1al,

®He Ba ''Li rano smponapunnnr o+d Ba °Li+d koHTHHYYM KaHamiapra Gera
MapyAJIAHUIIMHU Y4 KUCM KJIacTEep MOJAENN JAOWpacuaa TaxJIM KWJIWII Ba YTHII
AXTUMOJUIMKJIAPU YYyH OJIMHFAH HATHXKAJIAPHUHI MOTEHUUANTra OOFIMKIUTUHU
AHUKJIAI THPHIIL;

°Li(0") u3o6ap-anaor xomaTHHHT Tano xoccanapuan °Li(1") acocuit xomarra
Ba o+d KOHTMHYYM KaHainra MI-YTum »xapa€Hu OpKadu yd4 >KHCM MOJENHJIa
YypraHuil Ba YTHUII SXTUMOJUIMKJIAPY YYYH OJIMHTAaH HATH)KAJIApHUHT MOTEHIMaTa
OOFIMKIUTUHYA aHUKJTAIITHPHUIIL;

“Li ramo smpocmmmHr °Li+p+n y4 JKHCM KOHTHHYYM KaHaura Oera
napyajaHuIIM  AXTUMOJUIMKIIAPUHU KJACTEp TMOTEHLHAl MOJENb JOoMpacuja
OaxoJarr;

6up ueiitpormn 'Be, °C Ba *'Ne rano saponapHUHT HKKH KHCM KOHTHHYYM
KaHaJyiapra 0era nmapyajaHull SXTHUMOJUIMKIAPUHHM KJIACTEp MOTEHLHAT MOJAENU
noupacuga 6axosan;

Tagkukor o0bekTH cudaruaa 2c SIPOCUHUHT OOFJIaHTaH XoJaTiiap
ciextpy, °He, "'Li, *'Be, °C Ba *'Ne rano sapomapHHHT HKKH KHCM Ba yd JKHCM
KOHTHHYYM KaHAIIapra OeTa YTHII jKapaSHIApHHHHT SXTUMOILTHKIapH, °Li(0")
n306ap ananor xomaraan "Li(1%) acocuit xonarra Ba o+d KoHTHHYYM Kanamra M1-
YTHUII 3XTUMOJUIMKIIAPH, °He Ba ““Be ramo AAPOJIAPDUHUHT Y4 KUCM KOHTHHYYM
CTPYKTypacH TaHJIaHTaH.

TaagkukoT mnpeaMeTH - CHIWI SAPOJAPHUHT, 11y SKyMJaJaH, Trajio
SAJIPOJIAPHUHT HMKKU Ba Y4 )KHCM CTPYKTYpacH, siapoJiapa dJIEKTPOMArHuT Ba 6era
VTUII >Kapa€HiapH, sApO y3apo TabCHP NOTECHLMAUIAPU, KY4Id Y3apO TabCHUP
MeXaHU3MJIapUaaH uoopar.

Tagkukor ycyanapu. Mkku Ba yd4 XKuUCM OOFJaHTaH XoJaTjiapu TYJIKUH
(YyHKUMSJIApUHU Ba 3HEPIUsl CIEKTPUHU Xucobsam yuyH ['aycc Ba runepcdepux
Jlarpanx-mem Oaszuciapyaa KypuiraH BapualMOH METoJAjapra acocjiaHraH
KJIaCTep MOTEHIMAJl MOJEIN; HMKKUA MKUCM COYWIMII TYJIKUH (QYHKUUSIIApUHU
xucobnam yuyyH HyMepoB anropuTMu; y4 OKUCM KOHTHHYYM TYJIKWUH
dyHkuusgcuHn xucobnam ydyyH HymepoB anropuTMura acociaHraH mponaraTtop
ycynu €pnamuna runepcdepux Jlarpamxk-mem 6asucaa Kypwiran R-matpuiia
Meroau; [laynu TakuKTaHraH XoJaTiapAaH To3alail Y9yH OPTOTOHAUIAITHPYBYH
IICEBIONOTEHIIMAIITIAD METOIU.



Juccepraumss TAAKMKOTHHUHI WJIMHA SHTWIMIH  KyWduJaruiapJaH
noopar:

oupuHun Mapta “°C SAPOCHHHHT KOMIAKT acocuii 0° Ba GUPHHYM yHFOHTAH
2" xomatnap sHeprusylapuHUHT oo-Ilaynm TaKMKIaHTaH X0JaTJIapHH TaCBUPIIAILTra
yTa ce3rupiauru KypcaTuwirad, 0y 3ca y4 KucM (QyHKIMOHaN (a3ocuaa «JIespiu
TabKUKJIAHTaH XOJaTJapHUHDY Naiao Oynummra onud Kejaap KaH,

oupurun Mapta “He Ba ““Be eHIHI raio supoNapHHHT Yo KHUCM KOHTHHYYM
CTPYKTYpacUHH Ypranuii yuyH runepcdepuk Jlarpanx-mem 6azucuaa R-matpuna
yCyJIM IIPOIIaraTop MEeTOAM OWjlaH YUFYHJIMKAA PUBOKIAHTUPUIITaH; SKHHIJIAITyBYH
HaTWXKanap OJMII YYyH TYJIKMH (YHKUUSHU >XKyJAa Y30K, TaxmuHad, 1000 ¢m
Macodaa acHMIITOTHKAra yiaml 3apypJIMrd KYpcaTWiraH; Y4 >KHCM TYKHAIIHIII
MATPHIATAPHHIHT JHATOHAT Ba XyCychil (ha3a CHDKMILIAPH XHUcoOnaHTaH, - Be
anpocuna Ey=3.4 MbsB sueprusna suru 2" pe3’oHaHC MaBXKYUIMTH MPOTHO3
KWJIMHTaH;

®He rano sapocuuuHr o+d KOHTHHYYM KaHaira GeTa mapyaiaHWIl BakT Ba
SHEeprusi OUpIMKIApUIard SXTUMOJUIMKIApU Y4YyH Hazapuil 06axonap OJIMHIaH;
OMpUHYM MapTa, TaXpuOa HATWXKAJAPUHU TYUIYHTUPHUIL YYYH MUKPOCKOIHK
KUXATIAaH acoCJlaHraH, S-TYJIKWHIA TaKWKJIAHTAH XOJaTra 3ra Xamaa acocui
XOJIaT JHEPTrUsCMHU Ba (a3a CWDKUIUIADUHA TUKIAd omajguradn  od-
HoTeHUMaUIapuIaH (poiganaHu yTa MyXUM SKAHIUTH KYpcaTWiIraH; MaTpuLa
ANIEMEHTJIAPUHUHT SKUHJIAIIUIIA YYyH TYIKWH (yHkuusuiapau 30 ¢Mm rada Ba
TUIEPMOMEHT KOoMIoHeHTIapHu K=24 raya Owimum Tanad KWIMHUILA
KYpCaTWITaH; YTUII MATPHULA AJIEMEHTIAPUHUHT HUKHU Ba TAIIKUA KUCMJIAPU Y3apo
Oup OUPHHM eI TYIUK NACAUTUPHUILN KYpCATUITaH;

oupuHun Mapta "Li(0") m306ap amamor xomariaH o+d KOHTHHYyM KaHAmra
M 1-yTum BakT Ba SHEpPrusi OUPIUTHAATA SXTUMOJUTUKIIAPU YUyH Ha3apuil 6axoJiap
OJIMHTAH; KYpCaTWIAMUKHM, (akaT TaKWMKJIAHraH XoJjaTra »3ra I[OTeHIHAal
UIUTATUITaHIa WHTETpajl KEeHrJauK ydyH ojuHran 6axo (0.9 m»B), ommunnan
MabJIyM OYITaH COANANAIITHPUIITAH XUCOOAIIap HaTIWXKalapy OuiIaH SXIIH MOC
KeJlap 9KaH; HaTWKaJapHUHT SKUHJIAUIIN YUYH 3(pQEeKTUB UHTErpai yerapacuHu
25-30 ¢m raya, TUnepMOMEeHT KoMmoHeHTIapuHu K=20 raya onuin Kepakiuru
KYpCaTHITaH;

oupnHYE Mapra, Li ramo supocuHuHr Li+d KOHTHHYyM KaHaiara Gera
MapyajlaHuIIM BaKT Ba HHEPrus OWUPIUTHIArd SXTUMOJUIMKIAPU Y4YyH SHIHU
Taxpuba HaTwKajlapu OWJiaH TYJIMK MOC KEJyBUM Hazapuil 0axoJyiap OJMHTaH; Oy
kapaéuma "Li+d cumcrema S-ryikuamma 0.7 MdB sHeprusi GuiIaH aHHKIAHTAaH
PE30HAHCHUHI, KaHAall mnoTeHIMan (Kopjau €KW TabKUKIAHTaH XOJIATIIM)
UIUIATUJIUIINAAH KaThU Ha3ap, TaXpuOa HATWKAJAPUHU TYIIYHTUPHII YYyH yTa
MYXVMJIUTA aHWKJIAHTaH; Oy pPE30HAaHCHUW THKIJIOBUM Li+d-moTeHumman YT
HXTUMOJUTUKJIAPUHUHT IIAKJIMHU Ba aOCONIOT KUHMAaTJIapUHM OYHMK KaHajulapra
napyajaHuil cabalbnM KYmwiraH IOTyBYM MaBXyM Xal é&pramuza  sXIIu
TYIIYHTUPHUO Oepa oMM KYpcaTUIITaH;

OUpPHHYM MapTa, ~Li ramo sSIpOCHHHMHT  Litp+n KOHTHHYyM KaHaira Oera
napyajaHUIINd BakKT Ba JHEPrusi OMpIMIUAard SXTUMOJUIMKIApU YYyH Hazapui
OaxoJiap OJIMHTaH;
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oupunun mapra, "'Be, 1°C Ba *Ne 6up HelTpoHIM Tano SIPOTAPHUHT HKKH
KUCM KOHTMHYYM KaHaijlapra 0eta mapyalaHHIIMd BaKT Ba SHEPrusi OUPIUTHAAru
HXTUMOJUTMKJIAPU YUYH KJIACTEp MOJIETH JoUpacuaa Hazapuil 6axoyap ojMHraH; 0y
*KapaCHJIIApDHUHT  YTUILl OSXTUMOJUTMKIAPU  BaJCHT HEUTPOHHUHT  a)KPaJIUII
SHEPTUsCHUra yTa Ce3rUPIIUTrU KYpCcaTUITaH.

O/MHTaH HATHKAJTAPHUHI WIIOHWIWINIHM 3aMOHABUN KBAaHT MEXAHHMKACHU
Ba Hazapuil sSApo (PU3MKACH METOJUIapy Xamja IOKOpHU caMapaid COHJIM METO/JIap
Ba aNTOPUTMJIAD HILIATHITAHJIWTH, OJMHTaH Ha3apuil OaxOJapHUHT TaxkpuOa
HaTIDKaJapu Ba OomKa Myau(IapHUHT 6axoiapu OuiiaH MOC KeMHInu OaTadcu
TEKIIUPUIITAaHH, XYJIOCAJIAPHUHT EHTHWI SApodap CTPYKTYpacH Ha3apHsICUHUHT
acocui XoJiaTiiapura MocC KeJMIY OUjIaH TaCAUKJIaHTaH.

TagkKuKoT HATHXKAJAPVMHUHI Ha3apuili Ba aMaJuil  axaMUATH.
Jluccepranusiaa OJMMHIaH HATHKAUTAPHUHT HA3apUi Ba aMAJIMM axaMUSTH, yJIapaaH
EHTWI SJIpoJiap CTPYKTypacH Ha3apUsICMHU Ba EHTWI SIPOJApPHHUHT KJacTep
MOJIJIMHUA ~ PUBOXJIAHTHpUIIAA (oWganaHuin MYMKUHIUTHIAH HOOpaTaup.
Jucceprauusiia pHUBOXKIAHTUPWITAH METOAJIAP MOJEKYJISIp, aToM Ba SIpO
dusukacuga Oup HeEYa JKUCM KBAHT MEXaHUKACH MyaMMOJIApUHHM CYMIIJIA
KyJUlaHuiM MyMKHH. LIIyHUHTOEK, MKKU HEUTPOHIIU “Li ramo SAAPOCUHUHT
*Li+p+n yd jKHCM KOHTHHYYM KaHaira Xxamuaa omp meiitpormu —Be, °C Ba *'Ne
rajio SAPOJApPHUHT WKKH JKHCM KOHTHHYYM KaHajlapra Oera mMapJallaHullu
SXTUMOJUIMKJIAPU YYyH OJMHTaH Ha3zapuil OaxonapnaaH Oy >kapa€nmap Oyitnua
VTKa3WIaurad TaXpuOalapHU JoMuXanamTvpuinga (QolganaHuml MYyMKHH.
°Li(0") wu306ap amamor xomatmaH o+d KOHTHHyyM KaHamra MI1-yrum
AXTUMOJUIMKJIAPU YUYH OJIMHTaH 0axoJiap 3ca, Oy »kapaéH Oyilmya YTKazwiaJIurad
TaxpuOanapHU JOMMXaJalITUPUIIAA Xamaa KyWwId y3apo Tabcupiapia Ky(QTiauk
CaKJAHUIIMHUHT Oy3wiuil >3(QQpekTuHr ypranum nautuaa (oigaTaHUIUIIN
MyMKuH. [luccepranusanga OamopaT KuwiuHrad sHru Ey;=3.4 MbB sHeprusanaru
“Be(2") pesomanc sKuHma TaxpHOana Eyir(exp)=3.54(16) M»>B natmxka Ounan
racaukmanm: Aksyutina Yu., Aumann T., Boretzky K., et al. “Study of the “Be
continuum: ldentication and structure of its second 2* state”, Phys. Rev. Lett. -
New York, 2013. - vol. 111, N. 24. - 242501. [Iuccepranusga OJIMHIaH Ha3apui
HaTikamapaan °He Ba ''Li sIpoapHUHT ACHTPOH KaHAIWra Oera mMapyagaHMII
xapaHimapu Oyiinmua cyurru TaxkpubOamap: R. Raabe, J. Buescher, et al.
Physical Review C, 2009. - vol. 80, N 5.- id.054307 Ba R. Raabe, A. Andreyev,
M. J. G. Borge, et al. Physical Review Letters, 2008. - vol. 101, N 21.- id.
212501 ©m noMuxanamwtupumaa ¢GoipanaHunarad. SKuHAA YON  ATWITaH
makosanap M. Grieser et al. European Physical Journal, Special Topics, 2012.-vol.
207, N1.- id.01599 Ba M.J.G. Borge et al. Journal of Physics G: Nuclear and
Particle Physics, 2013. —vo0l.40.- id.035109 na ymOy auccepranusia UBe, 1°C,
*Ne Ba "Li stapomapuHHHr GeTa MapyanaHUII GyiMda OTMHIAH HATIDKAIApIAH
CERN pnaru ISOLDE Ttaxpuba KypriMacuHu Jovuxanamniia ¢hoigaiaHuiraHinuria
XaKHU1a MabJIyMOTJIap KeJITUPUIITaH.

TaagKUKOT HATHXKAJIAPUHUHI KOPUM KWJIMHMIIM. [[uccepranusia
PUBOXIIAHTUpWITAH rurepchepuk Jlarpamk-mem 0as3ucuua mponaratop METOau
OwnaH yWFyHIMKAa KypwiraH R-martpuia ycyimn  «EHruan sApoiap
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CIIEKTPOCKOMUSACH Ba  MHUKPOCKONMUK  MYJIBTHUKJIACTEpP MOJeuiapia  sSapo
peakmmsuapuy (2010 — 2012) mactypu gompacuza 2C SUIPOCHHHHT yd KHCM
KOHTUHYYM CTPYKTYpPacUHHU Ba L1 SAPOCHHUHT y4 KUCMTa MapyaiaHUIl kapacHu
MEXaHU3MUHM aHuKjIamaa Kywianwiran (Bemerust ¢aH, TexHMKa Ba MaJaHHST
Ba3UPJIUTHA TOMOHHU/IAH TAIlIKKWJI 3Tirad P6/23 pakamiu gactyp).

NumauHr anpodanusicu. TaAKUKOTHUHT aCOCHI HaTWKaJIapH V3P ®A SAnpo
du3MKACH ~ MHCTHTYTHHHHT Smpo ¢u3mkacu 6yiaumu, Y3GEKHCTOH MHILIHH
yHuBepcuteTH, bproccen spkun yHuBepcutetH (benbrus), HMHxa yHHBEpCUTETH
(Kanyowmit Kopest Pecrybnmkacu), Croppeit yauBepcutetn (Bytok Bpurtanwms)
WIMHMIA ceMuHapiiapuaa, 6 ta Xankapo koHpepenmmsutapaa: «50 Years of the
Nuclear Shell Model» (T'eiinens0epr, I'epmanus, 1999), «<SOTANCP — 2010»
(Bproccen, bensrus, 2010), «Modern Problems of Nuclear Physics» (Camapkann,
2003; Tomkent, 2009), «Nuclear Sciences and its application» (Camapkann,
2012), «Nuclear and Radiation Physics»  (Onmaora, Koszoructon, 2011)
anpoOanusgan YTKa3uiam.

HarumkanapHUHT 3bJI0H KIUIMHTAHJMTH. J[1ccepranusa maB3ycu Oyitnua 20
Ta WIMHA WM, MIyHJaH 9 Ta WIMUH Makojiia  Xajakapo KypHamuiapaa (ury
KymianaH, 1 Ta Makosia Xaakapo WIMHA KOH(PEpEHIIUS MaTepraiapu cudaTuia),
1 Ta w™akona PecnyOnuka skypHanuaa (Xaiakapo WIMHE —KOH(EpeHIIHs
MaTepuaiapu cudartuaa), 1 Ta makona Xankapo KoHbepeHIus TyIuiamiapuia, 1
ta Makona Jloc-Anmamoc MHILTUA naboparopusicu  (AKII) »snexTpon
MpenpuHTIapyaa Ba 8§ Ta Te3uc Xalkapo KOH(pEpeHUMsuIap TyIuiamiiapuia 4or
ATUIITaH.

JluccepTauMsIHUHT TY3WJIMIIM Ba Xa)kMH. JluccepTaius KUpHII, CAKKU3Ta
000, xynoca, horgananmirad afabuérnap pyixaru, 2 Ta uiona, 181 caxuda martH,
33 Ta pacm Ba 14 ta xanBangan ubopar.

JTACCEPTAIIUSIHUHT ACOCUM MASMYHHA

Kupnm kKucMuaa TagKMKOT MaB3yCHMHUHT J0J3apOjurd Ba 3apypHsTH
acocllaHraH, TaJKUKOT Makcaad Ba Baszudanapu TabpudiaHrad, TaIKUKOT
00BEKTH, TIPEAMETH Ba YCYIIApH AHMKIAHTAH, TAJKUKOTHHHT Y30EKHCTOH
PecniyOnukacuga gaH Ba TEXHOJIOTHSUIAP PUBOKUHUHI YCTYBOP WYHAIMIILIApUra
MOCJHIY O€NTWiIaHraH, WIMHM SHIWJIMTK KYpCaTWIITaH, OJIMHTaH HaTWKaJTapHUHT
WIMHUI Ba aMajuil axaMusITH ounO Oepuirad, yinapiaH amanaa (GoiganaHuIralu,
YOIl ATWITAaHW Ba ampodanuscd Xakuja XamJa JIUCCEePTAUUSHUHT TY3WIHILIU
XaKuJa MabIyMOTIap KUCKaya 0aéH 3TUIIraH.

HuccepranustHuHT  OMpuHYM  Oo0uaa amgabuérnapma eHruia  saposap
CTPYKTypacu y4yH KYJUIAaHTaH NOTEHLMAJ MOJEJUIAPHUHI acCOCHUW XOJIaTiapHu Ba
XYCyCUSITIApH XaKHJard MaBxKyJ MabIyMOTJIADHUHI KHCKa4a MyXOKaMacu
Oepwirad. by #yHanumigarun acocuii MyamMMmonap caHa0 YTuiraH Ba YJapHU
Oaprapad HTUm #Wynmmapuw Myxokama KWIMHTaH. Ajgabuériapaa MaBxy[
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MabIyMOTJIAPHUHT TaXJWIA acoCHAa YOy AUCCEPTAMSIHUHT Makcaa Ba
Bazu(daapu 6aéH KUIMHTaH.

JliCCepTALUSHAAT HKKHHYH 60611a °C sIpoc SHEpreTHK CIeKTPH FOKOPH
anukiukaaru [aycc Oasucuaa Kypwirad 3o KiacTep Mojaenuaa Kopiu AJd-
bonmep Ba takukmanrad xonatiu (S- Ba D-tynkunnapna) bak-Opunpux-Yutim
(BFW) gnokan oo-noTeHnpamiap Owian Oatadcui Taxymia KWIMHAH. by
NOTEHIMAIIAP, MablIyMKH, KyWH DHEprusuiapja  oo-COUYMIUII  Taxpuoa
HATIDKANAPUHY SIXIIA THKIaimm. °C  SPOCH acoCHil XONATHHHHT OOFIAHMII
sHeprusicu yuyH | ra 0ormuk 0ynmaran Anmu-boamep MOTeHIMAIM OWJIaH OJIMHTAaH
HaTwkaigap (0.584266 Ba 5.1220936 M»B, moc paBuiiga Kymon tabcupuHU
XxycoOra oJraHjia Ba oJIMaraHja) ysra aBTopiapHUHT JlarpaHk-meml MeToAunaa
OJIMHTaH HAaTWXalapu OWiiaH ACsIpiad yCTMa-yCcT TyIIaau. YHFOHTaH XoJaTiap
YUyH OJIMHTaH HaTwxkanap Xam JlarpaHx-meml MeTojaura SIKWH, JIEKUH yiap
runepcepuk MeToAra Kaparama aHdva sxmm. FOkopugarm OWpPUHYH COH
TaxxpubaBuil 0ornanuin sHeprusicu (7.27 M»aB) nan y30k, Ba xarro Anu-boamep
MOTCHIMAIMHUHAT | ra OOFJIMK BepCHICH XaM Kyaa Kam Oorianumn oepamu (1.523
M5B). 30 cucrema sHeprusicuin BFW notennmanu OunaH xucoOjam ydyH
OpPTOTOHAJUIAIUTUPYBYM TICEBAOMOTEHIIMAIIAD METOAN Kyiutanau, y lpeaunrep
TEHTJIAaMAacH €YMMHUHU TYJIHUK GYyHKIHOHAT Pa3oa TOMUIIT UMKOHUATUHU OEpaiu.

Jluccepranusaia KypcaTHIAMKM, 30, CUCTEMaHMHI KOMIAkT acocuii 0 Ba
OupuHuM yifroHran 2° XonaThmap oHeprusnapu oo-Ilaymu  TakKUKIaHTaH
XOJIATJIapHU TYFPU TaCBUpJIAITa HUXOAT Japa)kala Ce3rup SKaH. by HaTmxka
TaKUKJIaHraH XojaTiapHUHT IllpenuHrep TeHrinaMacu €4MMUIArd XUCCACUHHHT
HOOJIMI y3rapuiimra oiu0 Kejap sKaH. by Xucca mpoekTopraml JOUMHICH A
HUHT YCHWIMA OWjlaH KaMaluIM Kepak 37, Oupok, Kypunaétran xonma y A=1450
M5B arpopuaa muHMMymra sra Oyamokaa. A HUHr Oy KuiMartuga 3o
CUCTEMaHUHI acocuil XxomaaT 3Heprusicu -19.763 M»aBra tenr, 0y 3ca MUKPOCKOTHK
xucoOjanuiap HaTW)Kacura sKAH. A TMapaMeTpHUHI KeWuHru yeumu 3o
SHEPrUsICMHUHT Te3 Vycumura oiaud kenaau. @DyxkuBapa OUpUHUM MapTa
KYpCaTIUKU, DSHEPTrUSHUHT Ba TaKUKJIAHTaH XOJaT XHMCCACUHUHT OyHIau
y3rapumm  lpegunrep  TeHrnaMacu €YUMHIA — «OCSAPJIM  TabKUKJIAHTaH
XOJIATJIApPHUHTY Maiao Oynumura onaud Kemap »dkaH. byHpmaih  «aespiu
TabKUKJAHTAaH XOJlaT» JHCCEPTalUsl UIIUAa TYIUK Y4 JKACM TPOEKTOpHU
onepatopunuHr 1.1847E-4 M»bB xycycuil KuilMatra MOC XYCYCHM XOJaTu
cudaruga Tonmuwiau. Arap Oy XoJlaTHU pyxcaT 3TWiraH aed xucoOnaHca, y XoJiaa
3a aHEeprusicu yuayH -20 M»aB 6axo ommHagu, akc xoiga sca -0.645 M»aB ra tenr
0axo osmHamu. byHpalt Ku3uKapiau Xxojar OupuHYM MapTa OOFJIaHraH XOJjaT
Macanacuna yudpamokaa. lllyHnmait kuimO, o-KiaacTepiau SAPOJApPHUHT KOMIIAKT
xonarinapu yuyH llaynum npuHiunu yra MyxuMm posib yiuHap 3kaH. byHra xypa
MaKpOCKOTHUK 00-TIOTCHIIMAUIAPHU KYPUIITHUHT SIHTU WYJIWHU Takidd KUJIAILI
MYMKUH. YHMHT  acoCMd  Ma3MyHM IIyHAaH  UOOpaTKh, MOTEHIHAJ
napameTpiapuHl MHUKPOCKONMUK MeTojjap EpaaMuia OJJIMHIAH (DUKCUpIaHTaH
0L0-TaKUKJIAHTaH X0JIaTiapra MOCIAMLITHPHUIIT MyMKHH.

JluccepTalUsIHUHT YYMHYH 000MIa €HTWI SApoJiap y4 KUCM KOHTUHYYM
CTPYKTypacuHU ypraHuin yuayH Jlarpamk-memn 0a3ucuaa KypwiraH runepcepux
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TrapMOHHKJIAp METOAM acocuia R-maTpuia SKUHIAIIWIIN PUBOXKIAHTUPUITAH.
3.1.1 6ynumna Jlarpamwk-mem Oa3ucuja KypuiraH rurnepcepux rapMoHUKIAP
METOJIMHHMHT acoCuil GopMallu3MU KENTUPWIraH, (QakaTruHa THUIeppaguycra
OoFnuK OYynraH OOFJaHTaH TEHIJIaMajap CHUCTeMacd Ba yd KUCM J(DQPEeKTHB
NOTeHIIMAIM YuyH aHuK udopaanap onunrat. Ly epna s dpextuB noTeHmaiHuHT
ACHMIITOTHK KYPUHMUIIN KeITHPHITaH, YHHHT acocuii xamu 1/p° TapTuOra ora.
bynnan Tamkapu MapkaszgaH Kouma Kydjapra MOC XaJHU XaM XucoOra OJIMII
Kepak, YHUHT TapTuou 1/p°. Typiu yd4 »KuCM MapIiai TYIKHHIAP YayH 3bheKTHB
NOTCHUUATHUHT 1/p HUHT mapaxanapu OVitmua éEhnnmacu kod3(uIHeHTIapu
xucobnanau. 3.1.2 6ynumaa sca biox-IlIpenunrep TeHrIaMacu acocuja yd KUcM
yuyH R-matpuima dopmanusmu puoxiantupuiau. Nuaku coxana (25-30 ¢m raya)
XOMaku TYnakuH (yHknus Jlarpamk-mem Oasucura Ehmnaau. Vukm coXaHWHT
yerapacujga Tomwiran R-matpuna HymepoB anroputvmu Epmamuaa Karrta
macodanapraya (taxmuHan 1000 ¢wm) maBom STTHUpWIAAH, Y epAa 3ca TYJIKUH
(YHKIMS acUMNTOTHKAara yinaHaaud. ACHUMITOTHKA HEHTpan cucreManap y4dyH
OMpuHYM Ba UKKMHYM Typjarun beccen ¢yHKIUMsIapu OpKaiu, 3apslaHra
3appanap ydyH 5ca perynsip Ba Hoperymsip Kynon ¢yHkuusnapu opkaiu
udponanananu. KelinH, Tomunran R-maTtpuna acocujga TYKHAIIMII MaTpULIACH
tonmunaau. JucceprauussHuHr — 3.2-OyiIMMHUIa  PUBOXIIAHTUPWITaH  METOJ
*He=a+n+n Ba “‘Be="Betn+n ramo SIAPOJIADHUHI Y4 JKUCM KOHTHHYYM
CTPYKTYPACUHU TaxXJIWJI Kuimmra Kyyumanan. NN-y3apo tabcup yauyH MwuHHecoTa
Mapka3uil noreHuuanuaad goinananwirad, oN-y3apo TabCcup 3ca CIHUH-OPOUTANT
KHCMHUTa 3ra Ba Xy(Tiukka Oornuk Oynran Kananma Ba 0. moTeHuuanu OwuiiaH
udonananran. bynma Vy-moTeHnman, °He rano SAPOCUHUHT ACOCUM  XOJaT
suepruscu E(°He)=-0.97 M5B uu T¥rpu THKIal ommmm yuayr A=1.051 dakropra
Kymafitupunan. Be+n ¥3apo Tascup yuyH oca Byn-CakcoH MOTEHIHMANA
UIIIATUTIIN

V(r)=-[Vo + Vs I's ] [1+ exp ((r-ro)/a)]. 1)

by epna mapamerpnap V,=43 MaB, V.=6 M»aB, r,=2.908 dm, a=0.67 pm.

“Be sympocuumHr acocuii xomat sneprusicn E=-1.34+0.11 M5B uu Trpu THKIALT
YUyH UKKUTA TypJId MeToA Kyuianau. bupuaun meron (1) morenmmanau A=1.08
dakTopra KymaTuUpHIIaH, UKKUHYM MeToa d3ca Bya-CakcoH mnoTeHIMamura
KYIIIMYa y4 >KUCM TTOTCHIIUAIH

VK y, Ky’ (p) = 51(,[(’ 5;},)}’ V3/ [l+ (p/ p3)2] (2)

HU KUPUTHILJIAH HOOparT,
o0y epna K Ba K' — runepmomentiap,
v=(lxly,L,S), v'= (I'ul'y,L",S") — yu sxxucm kanammapu.

1-pacmaa o+n+n-cuctemanuur J'=0" Xomatu yuyH, kaHan pagmycu ag=20
¢M Ba a;=30 ¢Mm Oynranaa TypiM yd KMCM KaHajulapura Moc XucoOsianraH ¢asa
CIUDKUIUIAPH  KENTUPWITaH, yiap SKUHJIANIMIIHU TEKIIMPUII  MaKCcaauja
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npomnararop meroau Ouiad 250 ¢m raga maBom sttupuiran R-marpuna ycynu
Oownan conumtupwirad. Kypunub typubauku, nponaratop runepmMoMedT K HUHT
KMIIMaTH KaTrTa OYJIraH KaHalap YYyH MyXuMadp. TYKHAIIMII MaTpUIlacCUHU
JMaroHaJUTAIITUPTaH/IaH CYHT Xycycul (ha3alapHu TOMMIII MyMKHH.

2-pacMpa a+n+n-cuctemanunr J'=0" xomatm yuyH Ky HHHT Typiu
KuiiMaTiapuaa xycycut Qazamap kenarupuiran. Pacmpan kypuHuO TypuOAMKH,
(hazaHUHT SKUHJIAIKIIN IOKOPUPOK dHEPrusiiapa TE3poK Oakapuiaam.

180

120

3 (deg.)

60

25
20

15

3 (deg.)

10

300
240
180
120

E (MeV)

1-pacm. a+n+n-cucremanunr J'=0" xojaTu yuyH ¢aza CHGKHILIAPH,
KaHaJ paauyciaapu a,=20 ¢m Ba a;=30 ¢pm (IUTPpUX YN3UKJIAP) Ba
nponararop épaamuaa 250 ¢pm raya J1aBoM ITTUPWITAH X0JLIAP YUYH
(Y3JIyKCH3 YM3HK)
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2-pacM. o+n+n-cucremanunr J'=0" xosaTu yuyH xycycuii gaszanap,
Kmax HHHT TypJu KHiMaT/japuaa
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3-pacm. °He Ba °Be smposrapununr J'=0" , 17, 2" xoaariapn
YUYH Xycycuii ¢pasaaap
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3-pacmaa °He Ba °Be sapomap J*=0", 1, 2" xomarTmapuHHHT Xycycuii
dazanapu KypcaTuiITraH. °He snpocuaa 0.7 MaB atpoduna 2° Top pe3oHaHCHH
KYpHII MyMKHH, Taxpu6a Hatwxkacu 0.8 MbdB man cam mactpok. 07 Ba I
xoJyiatnapaa aca 1.5 MaB arpoduna keHr peszonancnap kypunsantu. lllyHra skux
Hatwkanap M.B. XKykoB Ba 6. xamma M.JK. Tomricon Ba 6. TOMOHHM/IaH OJIMHTaH.
°Be SAIPOCUHUHT aCOCUM XoJat sHeprusick yuyH E=1.26 M»B Ba keHrnuru ydyH
['=65 x»B kuitmMatnap onuHau, yiaap Taxpuba Hatwkamapu E=1.37 M»B Ba
I'=92+6 k3B ra siximm Moc kKenaau.

4-pacmpma ““Be+n+n Ba “O+p+p cucremamapunur J'=0°, 1), 2* xomatnapu
yayH Xycycmii (azamap KeaTupmira. Pacmman xypunnG Typubmuxu, ‘Be (2°)
xonaraa 2 MaB artpoduna (yitronum sneprusicu Ey:=3.4 MeV) top pe3onaHc
MaBXKyJl, TaXpuba Y4YyH OJNAUHAAH aWTtuO Oepwiran Hazapuii 0axo. by
PE30HAHCHUHT MaB)XyJUIUTU sKUHAA onuHrad Ey;(exp)=3.54(16) M»bB taxpuba
HATWKACU OWJIaH TaCAUKJIAHIH.
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=
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[(}]
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= 60
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0 2 4 6 8 10 12
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240
= 180
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=
=
i 120
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&
g 0
)
) 2 4 6 8 10 12
E (MeV)

4-pacm. “Be +n+n Ba O+p+p yu :kuem cucremanapuaunr J'=0°, 17, 2°
X0JIATJIAPH YIyH XycycHii (hazanap

17



JliccepTalUsHUAT TYpTHHYM 606Maa wnkkn Heitpormn He(0") ramo
ANPOCUHUHT o+d KOHTHMHYYM KaHajira OeTa mapyalaHuil >KapaHu y4 >KHUCM
mojenuaa Oaradcun Hazapuil TaxJawi KuidHrad. by kabu peakuusiap gaxatriuHa
UKKA HEUTPOH aXpaiauil sHepruscu 3 M»sB pan kuuuk Oyirad sjaponiap ydyH
DHEPreTUK KuXatnaH MyMKuH. Kypunaérran xonga Oy wmapT OpTUFM OuiiaH
oaxapmwiaan: E;;=0.95 M»aB. Makcuman MyMkuH Oynran sHeprus o+d wmacca
Mapkaszu cucrtemacuga 2.03 MsB ra tenr. Uukuim kaHaiuaa TYJIUK MOMEHT 1 ra
TeHr Oynranu yuyH, ¢akarruHa ['amo-Temnep Oeta yTumn xapaéHu MYMKHH
Oynmamau, OyHIa SJCKTPOH Ba aHTUHECUTPUHOHWHT CHUHJIapu mapaien. Kapaéu
TYJIUK SXTUMOJUIMTH KyJda nacaiind kerran Ba y 2.2+1.1 E-6 cek ra TeHT.
HMucceprauussaunar 4.1 OYnumuaa Qoigananwiran mojaelb O0aéH KWIMHTaH.
Onguurn 6oOmarn kaoOw, ®He SIPOCUHUHT Y4 JKUCM TYJIKUH (QYHKIUACH
runepcPepux rapMoHMKIap Metonuaa xucobnanau. ["amo-Temnep wmatpuia
AJIEMEHTJIApU YUYYH aHUK HQojaanap KEeATUPWIraH, yiap OOIUIaHFUY Ba OXUPTHU
XoJlaTinap  TYAKUH  (YHKUMSUIADUHUHT  KOIUIAHUII — WMHTErpalidi  OpKalu
udonanananu. JuccepranusauHr 4.2 OynuMuaa COHJM XMCOOJAIl HaTHXKalapu
kentupuirad. NN-y3apo Tabcup yuyH MunHecoTa noteHiuam, oN-y3apo Tabcup
yuyH 3ca KykynuH Ba 0. moTeHuuanu TaHiaHAH. DPPEKTUB MHTErpaIapHUHT
SKAHJIAIIUAIIAHA TaXJIAJ KWW OpKadu KYpCaTWIIUKH, TaXpuOa HaTHKaJTlapUHU
TYLIYHTHPHII Y49yH TUIIEPMOMEHTHUHT KarTa K,,x=24 raya KumMariapura Moc y4
KUCM KaHAJJTApUHM KYIIMII Kepak, OyHaa uHTerpan yerapacuuu 30 ¢ naH kam
OJIMACIUK Kepak dkaH. TaxkpuOa HaTWKaJapuHU TYFPHU TAJIKUH KHJIHIIAA aCOCHM
y4 )KACM KOMIOHEHTH K=0 y4yH OJMHraH Marpuia 3JeMEHTIADUHUHI WYKU Ba
TalKy (rajxo) Kucmiiapu Oup OupJapuHH ¥3apo MacalTHUPHUINU KepaK dKAHIUTH, Ba
HaTWkana Oy KOMIIOHEHT jKapa€Hra amaija Xed KaHJad Xucca KYIIMacIuTH
6aradcmn kypcatunau. JJomuHaHT xucca aca K=8 komnonenTaaH, xamaa K=2 Ba
K=10 komnoHeHTnapaaH kenap »5KaH. by KOMIOHEHTIap Yy4YyH Marpula
AIIEMEHTJIAPUHUHT TaJI0 KUCMJIApU Xajl KWJIYBYM axaMusATra sra skaH. a+d y3apo
TabCHP YUyH OMp Heya MOTCHIMAI Mojeiiap cuHab kypuiau (5-pacmra k.): o+d
COUMJIMIIHUHT S-TYJIKUHAA (a3a CUDKUILIAPUHU TYFPU TUKIAWIUTaH, JIEKUH
OOFJIaHTaH X0J1aT SHEPTUSICUHM TUKJIaMaluraH Ba KHIUK Macodanapja kopra sra
noternmman (5-pacmma V,); °Li(1") sapocuuuur Gormanmm sueprusicn E=1.474
MsB Ba ¢a3a cwopkuaIUIapuHU O€pyBUM, JIEKMH S-TYJIKHHAA SHA KYyIIMMYa
TaKUKJIaHTaH Xxojartra sra oaauil [aycc maknuparn J{yOOBHYEHKO YYKYyp
noternnana Vy. V()= Veexp (-o r’), mapamerpaapu Vo=-76.12 M>dB Ba 0=0.20
dm?; domamHr moteHmmammap Vi, Vi CyIEpCHMMETPUK aIMAIITHPHILIIAP
OpKaJiM V, JaH XOCWJI KWIMHIAaH MOTCHIAaIap V;f’l Ba Vasz_ Vi TOTEeHIHMAI
6Li(l+) SIPOCUHUHT OOFJIAHUII DHEPTUACHHU Oepaju Ba KyIIUMYa TaKUKJIAHTaH
X0JIaTra 3ra, JIeKuH (aza CHDKUIIUTAPUHM SXITH THKJIAH oaMmaian. AKchHYA, Vi
noTeHIMan ¢aszanapHu SXIIM THKJIaca Xam, JIEKMH OOFJIaHWIIN DSHEPTHUSICUHU
IOKOPUPOK Oaxoaiu.

CymepcuMMeTprK V- MOTeHIHAT Xy1ai V, kabu hasa Ba Gpu3nK GOFIaHraH
XOJNAaTHH Gepajy, JeKHH TAKMKIAHTAaH XONMaTra sra smac. CymepcuMMerpuk Vo
MOTEHIMaN 3ca (pakaTruHa COYMIUIN (pazacuHu Oepanu, JiekuH o+d cucTemMaHu
Oornamaiinu. PacMaan KypuHUO TypuOIMKY, Ha3apuid 3TPU YM3HK MAacTPOKIa €rca
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XaM, JKapaCHHUHT YTHIN JXTUMOJUIMKJIAPYW YYyH SIHTH TaXpuba HaTWxKazapu
(TYnaupuiarad goupadanap) makian 4ykyp JyOoBuuenko V, moTeHnuanu OuiiaH
SXIIM THKJIAHAp 9KaH. V, MOTCHIMAJIMHUHT Oy IOTYFU KUYMK Macodamapaa o+d
COUMIUII  S-TYNKMH  (QYHKUUSACHIA TaKUKJIAHTaH XoJiaTra OpPTOTOHAJUIUK
HaTWKacuJa TYTYHHUHT MaBXKYJUIMTH Xamja acoCHil XoJlaT JHEpPrusiCMHUA Ba
counnuil (azamapuHu THUKJIAIl XucoOura HpuIIuiaMokia. [loTeHnuamHuHr
KEHIJIMTH Ba YYKYPJIWUTHHU O3pOK Yy3rapTupud, Vo=-79.4 Mb»3B Ba 0=0.21 (I)M'2
(5-pacmma Vi, moreHmman), ®He ramno SIPOCUHUHT 0+d KOHTHHYYM KaHaira Oera
napyajaHull TaXpuOa HATHKATAPUHU Kyda SXIIH TYITYHTHPHUII MYMKHH JKaH.
Mysmgait kumO, TaKWKIaHTaH XojaTiud o+d moTeHnuamuap ymoy jkapaéHHU
épurrina Ba *He SUIPOCHHMHT rao-X0CCaTapHHE HAMOSH KHIIMIIAA JKyHd MyXUM
axaMuATra sra dKaH.
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5-pacm. Typau ad-norennunanaap yayn °He(0") ramo sapocununr o+d
KOHTHHYYM KaHAJII'a BAKT Ba YHePrus OMPJIMKIapuaa 6era-napyajaHu
IXTHMOJUTHKJIAPH

JucceprauyssHUHr OemMH4YM 000mMaa yiironui >Heprusicu Ey;=3.563 MbB
6ymran °Li(0") wusobap-amamor xomartman CLi(1") acocmii xomarra Ba o+d
KOHTUHYYM KaHaira MI1-yTtum xapa€Hu Hazapud Taxjiwil  KWJIWHTaH.
HuccepranustHuar 5.1 Oynumuaa QoiganaHuwirad yd >KUCM Mojenu OaTtadcui
0acn kunuHraH. by epna °Li SIIPOCUHUHT aCOCHM BAa YWFOHIaH XOJlaTiapu o+p+n
y4 KHCM MOJENUAA TacaBBYp KWJIMHAIW, YJIAPHUHT TYJIKUH (YyHKIUSJIApU 3ca
Jlarpanx-memn Oazucuaaru runepchepruk rapMOHUKIAP METOAUAA XUCOOIaHaIu.
My 6ynumaa MI-ytum oneparopuHuHr $koOu koopauHaTanapujga udomacu
Oepuiirad, MaTpulla SJEMEHTIAPUHUHT OXHUPrd KYPUHUIIM 3ca 2-WIO0Baja
kentupwirad. JuccepranusHunr 5.2 6ynuMuaa ymoy xapa€H ydyH YTKa3WiIraH
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COHIIM XMCOOIANLIap HaTKaTapy kexruprran. "Li(0") ns3o6ap-aHanor xomatman
®Li(1") acocuii xomarra M1-yTumr kenraurd yays 7.49 5B ra Tenr Hazapuii 6axo
oJIMHaM, Oy 3ca Taxpubama onuHran kuiimat 8.19+0.19 »B ra xyna skuH. SLj
SAIPOCUHUHI MAarHUT MOMEHTH Yy4dyH Hazapuil 06axo (u=0.86 sigpo MarHeToHH
oupnukinapuaa) Taxpuda 6axocu 0.82 man canruna karra. by 6axomap K=20 raua
OynraH yd4 >KHMCM KaHaJUIApUHU Y3 WYUTa OJYBUM TYJIKUH (yHKIUsUIap OwmiaH
XxucoOjaHrad, Oy 9ca XM SIKUHJIAIIMIIHA TabMuHJanau. NN-y3apo Tabcup
V4yH, OJITUHTHICK, MuHHecoTa moTeHImanmm, aN-y3apo Tabcup yuyH 3ca Kykynua
Ba 0. MOTCHIMAIY WIUIATWIIA. SIKyHUH KOHTHHYYM XOJIATHH TAacBUpJIANI YIyH
onmuuru 6o6maru V,, Vi, Vi Ba V, o Typiau od-moTeHIHaUIap CUHAO KYPHIIIH.
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6-pacm. °Li(0") m306ap-anasor xosaTaan o+d KOHTHHYYM KaHAJIra BaKT Ba
Heprus oupiaukaapuaa M1-yrum auddepeHnuan KeHrJIUru

6-pacmma °Li(0") wm306ap amamor xomataan o+d KOHTHHYYM Kamamra M-
yrum  auddepeHian KEeHIVIMTM YYyH Hazapuil XupcoOnammap HaTHXKalapu
kentupwirad. Couwmmm  pazacuHM XA TUKIAW — onMaigurad  (OJIIUHT
noteHnuan Vg ydyH onuHrad Hatwkanap 0.6 M»aB sneprust atpodunma xyna
nacain® kerraH, OOIIKa MOTeHIMauIap OyHmai xoccara sra 3mac. OddekTus
UHTErpajiap  SKUHJAIMIMIIMHUHT  TaxXJIWIA IIYHU KYpPCaTAWKH, HWHTErpal
yerapajgapuu kamuaa 25-30 ¢ onMin Kepak 3KaH, Ba YTUIIHUHT MaTpula
anemeHTUra acocuit xuccanu K=0 Ba K= 2 ra moc yu ucMm kaHaymuiapu Oepap 3kaH
(50% atpoduna), 6ynna karra K ra Moc KOMIOHEHTJAPHUHT XHUCCaJapu Xam
MyXUM 3KaH. MI1-yTumra acocuil XHCCaHM CHOMH KOMIIOHEHTH OepuiIu
KypcaTiiigu. V, TOTeHIMan OwlaH oJuHraH wuHTerpain keHrmuk 0.9 moB
JI. I'puropenko Ba 0. TOMOHMJAH COAJANAIITHPWITAaH  MOJENJA OJUHIaH
HaTWXkanap OwiaH sxmu Moc kenaaw. byHman tamkapu, M1-yTum matpuia
AJIEMEHTJIapd WYKA Ba Tajll0 KOMIOHEHTJIAPUHUHT  ¥y3apo  Oup-OupuHU
nacaiitupume °He SIpOCHHUHT GeTa MapYaNaHUIINIArd Kagap Ky<@IH 9Mac SKaH.
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JlCCepTALMSHUHT OITHHYM GOOMAA MKKH HOHTPOHIM " Li Talio sApPOCHHHIHT
MKKH kicM Litd KOHTHHYYM KaHagura Oera MapyaiaHHIIN Ha3apHil TaXJHI
KIJTMHTAH. BOIUIaHFMY sIpo, OMmuMHrd GoGnapmard kabu, ‘Litn+n yd4 skuem
mozaenuaa Jlarpamwxk-Mem Oaszucuga KypwiraH runepchepuk TapMOHUKIIAP
METO/Ma TACBHpIAHANH. MHHHECOTa HyKJIOH-HYKJIOH NOTCHIHAnH Ba Li
SAIPOCUHUHT UKKW HEUTPOH a)KpaJIUIll SHEPTUsICU Sp,=376 k3B Hu THKIaiiauran Ba
S-TYIKHHAA TAKMKIAHTAH XONATra Sra Mapkasuii 'Li+n TommcoH Ba JKykos
NOTEHIMAIM HMIUIATWIIUM. Makcuman KHHeTHK sHeprus Eq=2.63 Mb»B. Li+d
MOTEeHIMAILIAP dca ~ Be sapocuHUHT Gu3uK Gormanran 1/2° xomartuam E=-17.60
MbB sHeprua OunaH TUkIamM Kepak, Oy xomar E: =320 xoB  yiiroHum
SHepruscura osra. MEKPOCKONHK Kiactep Mozjemmapaa  Litd cucremacn
S-tynkuHAa QUMK XoNaTnaH MacTpoKaa ETyBUM TaKWKJIAHTaH XoJjaTra ora.
Kypunaérran wmogenma OyHmaii xonaTtHu o+d cucremacumaru kKaOu dyKyp
NoTeHIMaNl €pJaMuja oMl MyMKUH. JIekuH, Oy epaa MKKUTa MyXum ¢apk 0op.
Bupununcy, “Li+d cucremana S-TYIKUHIA PE30HAHC MABXKYJ, JICKHH YHHHT YPHH
TaxpubanaH xanu sxuu aHukiaanmarad Ba 0.2 — 1 MaB opanukna éraau. Mkunun
dapku 1myHmaH wuboparkn, ‘Li sapocummmr °Li+d KkaHammaH macTpokia
JKoMmamran Oup Heya OYMK peaklus KaHa/ulapH, MacallaH, YBe+n pa BLi+t Gera
napuyajgaHuin kaHauiapu Mapxkynd. Iy cab®abmm, Oy epnma Oyrymmait Oorika
¢uszukann kypuimr MymkuH. Iy Hapca aHukmaHguky, OeTa mNapyajlaHUIl
AXTUMOJITUKIAPY PE30HAHCHHUHT JKOWNAINTAaH YpHUTA HHUXOST Aapaxkana Kydid
6oFIMK 9KaH Ba "Li+d cucremamarn S-TynKkuHIa Oy PE3OHAHCHH THKIAMAMIAraH
NOTeHLMAUIap,  JCUTPOH  KOHTHHYyM  KaHaira  OeTa  MapyYajaHHIl
AXTUMOJUIMKJIAPUHUHT XaTTO TYFpU TapTHOMHU XxaMm OepMac skaH. byHna, yTui
ODXTUMOJUTUKIApYW  KOpiM €KW  TaKUKJIaHTaH  XojaTra dra  MOTEHIHal
WIUTATWIMIINTA yMyMaH OOfIHMK 3Mac 3kaH. O4uK NapyajaHull KaHajulapu
MAaBXKYJUINIH YayH, "Li+0d moTeHIManra I0TyBYH MAaBXyM XaJl KUPUTHJIAIH

V ()= -(Vo+iW) exp(-a r°). (3)

[y napca mabiiym OVIIMKH, FOTYBUM XaJl XUCOOMra OeTra YTHIIl 3XTUMOJUIUTH
aHYarvuHa KaMaluIm MyMKHH JKaH.

7-pacmaa  'Li ramo smpocummur ‘'Li+d KOHTHHYYM Kamamra 6era
MapyajlaHuIIM  BaKT Ba DHEPrusi OUPIMIUIArd SXTHUMOJUIMKIAPU YUYYH KIIacTep
MOJIEIM Joupacujia Hazapuil Oaxonap anaOu€TnaH OJMHTaH SHTU Taxpuba
HaTwkKajlapu OWJIaH COJMINTHUPWITAH XOJJa KEITHUPUIITaH. SLit+d MMOTECHIIAAIT
napamerpaapun Vo=100.1 MsB Ba 0=0.17 ¢pm>, W osca 6up Heda M»dB raua
y3rapuiin MyMkuH. By motenmuman S-tynkunaa 0.7 MaB sneprus arpodunaru
pe3oHaHcHu Oepanu. Pacmpan kypuHuO TypuOauku, noreHuuaira W=5 M»B
OWwIaH IOTYBYM XaTHU KYIIUII OpPKAJIW TaXpuba HATIKaJApUHHU KyJa SXIIH
TUKJIAIT MyMKHH JKaH.
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7- pacm. "'Li rano sapocununr °Li + d KOHTHHYYM KaHa/ira BakT Ba YHeprus
OMpINKJIapuaAa 0eTa-napYaJaHHII SXTHMOJUINKJIAPH CHPT IOTYBYH XaJHHUHT
Ky4 napamerpu W HuHr TypJju Kuiimatiaapuaa (M>B napna)

By pacMiaH sHA IIyHH KYpHII MyMKHHKH, °He ramo syIpOCHHHHT OeTa
MapyajlaHuIIUra 3uJ  YJIapoK, *Li+d mnoreHmmangaru KyIIMMYa TaKUKJIaHTaH
xonatHu cynepcummeTpuk (SUSY) anMamtupunmiap épaaMmuia HyKOTUII amaniia
Oeta YTUII SXTHUMOJUIMKJIApUra yMyMaH TabCHp KWiMac 3KaH. flHa 11y Hapca
tonunaukd, l'amoB-Temmep  yTumm  Marpuma  AIEMEHTIAPUHUHT  Tajio
KOMITOHEHT/IAPH MYKHM KOMIIOHEHTIAPaH TYJIa YCTYHIHK KHIap SKaH. Y THITHUHT
MHTETpai sXxTumosuru yuyn E>0.2 MaB sHeprus opanufuaa OJMHIaH Ha3apuu
6axo 7.3E-3 cex™ taxpuba HaTmwkacu 8.8+1.9 E-3 cex! OGmmaH AXImMM MOC
KeJaau.

JIMCCepTALMSHUAT eTTHHYM 0606maa Ho86 ~Li—’Li+p+n+e+d Gera yrum
)apa€Hu Tax)IMJI KWIMHTaH. by jkapaéHHUHT HOEOIMTH IIyHIAAKH, XaMMa HKKU
HEUTPOHJIM TaJIo sapojap uuunaa (axar Ui SIAPOCHU YUYH Taj0 HEUTPOHJIAPHUHT
Oera YTHIN IApTH, SIEHA Sgn<(mn-mp-me)C2 ~ 782 x3B TeHTCH3JIHK, OJITHHYU 00012
TabKUJTAHTAaHUICK, OMPO3 OPTUFU OuiiaH Oaxkapuiaau: S;=376+5 k3B. Onauaru
6o0nary KaOu, ailHaH yIIa epiard mwapTiap OwiaH ~Li SAPOCHHHHT Y4 SKHCM
TYIKMH (yHKOEscH Litn+n GoFmaHraH xomatH cugarnaa Jlarpamk-Mer
Oasucuaa Kypuiarad runepcdepuk rapMOHUKIap MeToAuaa Xucooianaau. SAKyHui
9Li+p+n cucreMa — Be SIpOCMHMHI y4 )XUCM KOHTHMHYYM XoJlaTuaup. by xonar
TYIKAH GyHKIMACHEE Xucobnam °He SIPOCHHHMHT Yo KHCM — KOHTHHYYMHTa
HucOaTaH Oup Hewa cababiapra kypa aHua KuiiuH. Acocuii cabad Kop Ba MPOTOH
opacua KyloH  WTapuilyBUM KyYMHUHT MaBXYy/UIMTH OWiaH OOFIMK, Oy
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SAKUHJIALIUII paJMyCUHU Ba Y4 )KMCM KaHAJJIap COHMHU KECKUH owmupanu. bynnan
TallIKapy, KOHTUHYYM TYJKHH (QyHKUUsCH Oup Hewya OOFfJaHraH XoJsariap TYIKUH
(yHKIMsUIapura OpTOroHan OyiauImM Kepak, Oy 5ca KOHTHMHYYM XoJjat
CTPYKTypacMHM Ba  Kepak OymaauraH  xucoOjallJapHU  JKyJa  Xam
MypakkaOnamrupanad. by Oera yTum skapaéHUHMHI 3XTUMOJUIMTHMHM OaxoJiaml
KeJIaKaK Taxpudamap y4yH yTa MyxuM OVyiaranu cababid, MoOJeaHH Oupo3
coqfalalITUpuIl MyMKHH. boikaya aiftranzaa, siipo Ba KynoH y3apo Tabcupnap
NOTCHUMAUIApH  KYIIWITaH  XOJJard  XaKUuKud  TYJIKMH — QYHKUUSHU
MojeutamTupuil yuyH Kynon TYnkuH QyHKIMSACHHU 03pOK MOAUDUKAIIIS KUTHIII
MyMmkuH. by monudukamus Kynon ¢ysnkmuscunm yan tomonra 10-15 ¢mra

10° -
107 1
)
% i
=
> 1077

10-12

0 0.1 0.2 0.3 04
E (MeV)

FOxopunaru mrpyux YU3UK TEKUC TYJIKUH SIKUHIIAIINIINTA, TACTAaru MTPUX YU3HK 3ca
s dexrtus 3apsia 4.83 6mnan codp Kynon morennmanura moc kenaau. [lactoaru y3mykcus 4u3uK
yar ToMoHra a=10 ¢m ra cuwpkutiirad KynoH TyiakuH QyHKIuscura, FOKOpUIaru y3iayKcus3
yu3uK 3ca a=15 ¢m Omnan Mmoaudukanus KuwinHrad KynoH ¢yHkuuscura Moc kemnaau.

8-pacm. "'Li rano sapocunuur °Li +p+n KOHTHHYYM KaHA/ITra BaKT
Ba JHePTHUsi OMPJIUKJIApU/IA OeTa-napYaJaHUII 3XTHMOJUITUKJIAPH

CHIDKUTHILAH ubopar. 8-pacMaa ''Li ramno SAPOCHHHHI yd9 SKHCM KOHTHHYYM
KaHayira OeTa MapyajaHWIIM BaKT Ba DHEPTUS OWPIUTHIATH 3XTUMOJUIUKIAPU
yUyH OJIMHTaH Ha3apui 0axosap KeATupuirad. berta YyTUIIHUHT TYa 3XTUMOJUIUTH
yuyH Tekuc TYIkuH 6mman W=3.8E-8 cex™ 6axo, cod Kynon TyIKuHY GUIaH Sca
W=5.1E-10 cex™ 0axo onmuHAM. Monudukarnus KwinHrad Kynon ¢yHkuusicu sca
TY1a HXTuMoIUTHK yayH 0.6E-8 cex'< W <1.8E-8 cex™ opanuknaru 6axonu Gepap
skaH. by 6axo xarTo ®*He rano SIIPOCUHUHT O€Ta MapyajaHuIl dXTUMOJUTUTHIAH
XaM UKKHU TapTrOa KHIUKpoK. KapaéHHUHT KaHYaTUK HOE0 SKaHUHH KYpCaTyBYU
TaPMOKJIAHUIT KOADPUIIMEHTH KyWumaarn MyHocabaT OwiaH aHUWKJIaHAU:
R=Wt,,,/In2, 6y epna t;,=8.75 mMcex — OONUIaHFUY SAPOHUHT SPUM E€MHPUIIHUII
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naBpu. by xarramukHuHr 'Li SIPOCHHHHT yd JKHCM KOHTHHYYM KaHaira Oera
napyananui xapa€uu yuyH O6axocu 0.8E-10 man 2.2E-10 raua opanukna €rap
sKaH, Oy 3ca "He sApOCHHUHT JeHTpOH KaHajira Oera mapyalaHUIIM y4yH 0axo
(2.6+1.3)E-6 ra xaparanga xyna kamaup. bupunuu xapaéH ydyH TapMOKJIAHUII
KOO(PPUIIMEHTUHUHT KUYMK KUMMaTra JSrajurura acocuid cabald KUYHMK
Q-kuiiMataup (Eq =0.404 M»3B), y (aza (azocuHN KeCKUH Yerapajiaiiu.

JluccepTallUsTHUHT CAKKM3UHYM 000Maa OUp HEUTPOHIU 1Be, 19C, Ba >*Ne
rajio SAPOJAPHUHT WUKKHU KHCM KOp IUTIOC MPOTOH KOHTMHYYM KaHajuiapra Oera
MapYAJIAHUIIMHUHT Ha3apuid TaxJuiau Oepwirad. by snposap ydyH HEHTPOH
axpanuil sSHeprustiapu  Moc pasumiga Sp=501 3B, S;=580+90 k5B, Ba
S,=0.33+1.07 M»B ra tenr. Onaunnan, 6eTa YTHII SIIPOHUHT Tajo KHUCMHUIA
comup Oymaam ned dapas KwimHaAM. Ydama xonga xam [amoB-Temtep yrumm
6mnan Oup Kartopaa PepMH YTHUIIM XaM aMaira ONIMIIM MyMKHH. Y THIITHHHT
SHEPreTUK MapTu Sy < (mn-mp—me)cz ~782 k3B Oynuium kepak, MakCuMaa MyMKUH
OynraH >Heprust 3ca KOp Ba HPOTOH CHCTeMa Macca Mapkasupa Eq= (Mp-mp-
Me)C? - S, ra tenr. *'Ne sIpocuaa BaleHT HEHTPOH apaIHIl SHEPTHSCH KaTTa
XaTOJUK OWJIaH OepuiiraHu y4yH, OeTa YTHIIl SXTUMOJUIUTH XaM KaTTa HOAHUKJIHK
6utan Gaxomanamy Ba 0 man 10° cex raua xuiiMar KaGysl KWIMIIM MYMKHH.
Bupunun ukkuta Be Ba °C siaponap yayH GouuasFHd KOp + HEHTPOH XOIar
S-TynkuH 6wiaH, *'Ne supocH ydyH dca P-Tyikue GuiaH udogamaHamm. Ys3apo
Tabcup noreHuuauiapu Byn-CakcoH maknuaa oJMHAW. YJIAPHUHT apaMeTpiiapu
xap Oup BapuaHTIa OUTTaJaH KyIIMMYa TaKUKJIAHTaH Xo0JIaT OWJIaH BaJICHT
HEUTPOHHHMHT aXXPAJTUII SHEPTUSACUHU Oepasu.

—~ 1.E-08 A *Ne
1.E-09

1 MeV

‘» 1.E-10 - '°C
1.E-11 -

dW/dE

1.E-12 A

1.E_13 T T T T 1
0 0.1 0.2 0.3 04 0.5
E (MeV)

9-pacm. 'Be, C Ba *'Ne rajio sapoJapHuHr Kop ILIIOC IPOTOH KOHTHHYYM
KAHAJJIAPra BaKT Ba JHepPrus OupaukiIapuaa dera-napyajaHuIn
3XTHMOJLUINKJIAPH

9-pacmaa "Be, °C Ba *'Ne rano saponapHHHT KOp ILTIOC IPOTOH KOHTUHYYM
KaHayylapra OeTa YTUIN OHDXTUMOJUIMKIAPU DHEPTHUs Ba BaKT OWPIHMKIapUia
6epuiran. by xmcobmammiapma S 'Ne sgpocHia HEHTPOH aKPaHII SHEPrHsCH
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E=0.6 M5B 1e6 xabyn kunuuras. By maprmapaa 'Be, C Ba **Ne szponapn tima
YTHII SXTUMOJUTHKIApH yayH Moc pasumrna 1.5E-9 cex™, 2.7E-12 cex™” Ba 3.3E-
10 cex" Gaxomap oMMHAM. YiIapra MOC TapMOKIAHHII KodD(HIHEHTIApH >ca
3.0E-8, 1.8E-13, Ba 1.6E-12 ra Tenr skaH.

HNnoBanapaa yuy >xucM Mojenuaa KOHTUHyyMra MI1-YTuim sXTUMOJUIUTH
yUyH aHaIUTHK (opmynanap xamja OOflaHTaH Ba KOHTHHYYM XojaTiapra MI-
YTHUIII MaTPUIIA DJIIEMEHTIIAPU KEATUPUIITaH.

XVJIOCA

1. “C AMpocH  KOMMakT acocuit 07 Ba yitfromran 2% xomarmap
SHEPIrUsUIapUHUHT  oo-Ilaynm  TakuKiaHraH XoJiaTJapHU TacBHpJjamira yra
CE3TUPJIUTHU KyPCATUIIIN.

2. bupuHun MapTa eHruj SAPOJIAPHUHT Y4 )KHUCM KOHTHHYYM CTPYKTYpPacHHH
Vpranum yuyH runepchepuk Jlarpamwxk-mem Oasucuaa R-matpuna meroau
puBOxnanTupuiau. WMukm coxa derapacuma tomwiran R-matpuna Hywmepos
AMropuT™MH EpAamMuaa TYJIKUH (QYHKIUS aCUMOTOTHKA OWJIaH YJIAHUIIN KEpak
oynran y30k macodanaprava (taxmusan 1000 ¢bM) 7aBOM STTUPUIUIIN KEPAKIUTH
anmkmanan. Merox °He Ba “Be rano saponapHHMHI y4 JKHCM KOHTHHYYM
CTPYKTYpPJIApUHU TaxJIMJI KWIMII YY9YH KYJUIaHAW, Y4 KUCM TYKHAIIUII
MAaTpUIATAPHHIHT UArOHAl Ba XYCYCHH (hasa CHDKMILIAPH Xpcobmanan. 'Be
snpocuna Ey=3.4 MbB sHepruspa suru 2 pe3oHaHC MaBKyUIUTH Gaimopar
KWJIAH/IH.

3. °He rano sapocurmar o+d KOHTHHYYM KaHaira 6eTa mapyanaHuil BakT Ba
SHEPrus OUpPIMKIAPUIATH SXTUMOJUIMKIapu Oyiinua TaxpuOa HaTHKaIapUHU
TYLIYHTHUPHUII ~ y4yH MHUKPOCKONMK JKMXATHAaH AaCOCJIAHTaH, S-TYJIKWHIA
TaKMKJIaHTaH XoJlaTra dra XamJla acoCHil XoyiaT »JHepruscuHu Ba (a3za
CWDKHIIUIADHHA THKJIAH osamurad od-nmoteHnuamiapuaan (Goigananumnn yra
MyXUM OJKaHJIUTWM Kypcatuinau. bynpan xomma, ['amos-Temwtep wmartpuna
AJIIEMEHTJIAPUHUHT MYKH Ba TajJ0 KOMIIOHEHTJIapu ¥y3apo Oup OHpUHHU Jespiiu
TYNUK TacalTUpajd, Ba HATWXKada, WHFUHAA VTUII 3XTUMOJUIMKIIAPH, TaXKproa
HaTWXKaJlapura Tyja MOC paBUIIa, Xa/IaH TalllKapyu KaMainb KeTap HKaH.

4. Tunepcoepux rapmonnkimap meromu Li(0") m3o06ap amamor xomarman
°Li(1") acocmit xomarra Ba a+d KOHTHHYYM KaHamra MI-YTHII skapaHUHH yd
xucM hopMmanmsmuna yprapum yays kymtasgd. CLi(1Y) acocuit xomarra Ml-
VTUII KEHTJUIH y4yH TaxpuoOa Hatwkacu (8.19+0.19 3B ) Ounan axmm moc
KeTyBuM Hazapuii 6axo omuHan (7.49 5B), °Li stapocu maraut Momentn (u=0.86
SIIPO MarHeTOHU OupiuKiIapuaa) Taxpuda Hatuxkacu 0.82 man 6upo3 dapk Kusap
skaH. °Li(0") m306ap anamor xonataaH o+d KOHTHHYYM KaHamra MI1-yTuur BakT
Ba DJHEpPrusi OUpIMrUAard >XTUMOJUIMKIAPW YYYH Hazapuil 0axojap OJIMHIW.
WNurterpan keHrnuk yuyH ojquHrad 0.9 maB 0axo unrapuru coaganamiTupUIral
XMCOOJIAIILTAp HATIDKAIAPH OHMIIAH SXIIK MOC Kemap dkaH. °Li(0") u3o6ap amamor
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xonat °He sgpocy KaGM aHUK KYpPHHAIWTAH Trano CTPYKTypara 5ra SKaHINIH
KYpCaTWIJIH.

5. YLi ramo smpocunmar "Li+d KoHTHHYYM KaHamra 6eTa MapdalaHHIIN
BaKT Ba SHEPIUsl OUPIUTHAATY SXTUMOJUTUKIIAPU YUYH SIHTU TaxprOa HaTHKalapH
OwlaH TYJIMK MOC KeJTyBYM Hazapui Oaxojiap oiuHau. by >kapaénna Li+d
cuctremMa S-tynkunHuga (0.7 M»B sHeprus OwiaH aHUKJIAHTaH PE30HAHCHUHT,
KaHJlail OTeHIMAN (KOpJW €KUM TaKUKJAHTaH XOJIaTiIW) HIUIATHINIINIAH KaThu
Hazap, TaXpruOa HATIKAJAPUHU TYIIYHTUPHUII YIyH yTa MyXUMIIMTHA KYPCATHIIIH.
ByHIa rajmo KOMIOHCHTIAp NYKK KOMIIOHCHTIAPAAH TYd YCTYHIIMK KHJIap SKaH,
uruamy SXTuMoiK yays E>0.2 MaB aHeprI/m opanuruia onuaras 7.3E-3 cex™”
6axo TaxpuOa HaTIKacH 8.8 +1.9 E-3 cex' GuiIaH SXIIM MOC KelTaju.

6. "Li ramo sapocuHmHT ‘Litp+n KOHTHHYyM KaHaira HOE0 Oera
napyajaHdIly TapMOKJIaHUII KOd()(PUIIMEHTH ydyH KjacTep MOJAENH JOoupacuja
Hazapui Oaxosiap onuHAM. TapMmokiaHuil KOIPEGUUIMEHTH Ba KAPAEHHUHT
HHEPTreTUK TAKCUMOTH YYYH WIIOHWIM Oaxoyiap moauduxanus KuivHrad Kyion
byakuusiapu Epaamuna onuHau. by dyHkuusnap sapo Ba Kynon y3apo Tabcup
Kywiapura MOC KeIyBUM peall TYJIKUH GYHKUUSHUHT YpHUHUA  Oocaju.
Tapmoxytanuim kodddunrentu yuyH xyna kuuuk, 0.8E-10 man 2.2E-10 raua
OpanuKIary 6ax0 ONHHAM, Oy 0ax0 OMAMH KypwiraH °He ramo SUIpOCHHHHT
JEUTPOH KaHajgura OeTa MapyajaHUIl TapMOKJIAHUIT KOIDPUIIMEHTH YUYyH
onuHran 0axo (2.6+1.3)E-6 ra HucOataHn Kyna kam xucoOnaHaau. bupuHum
xKapa€H y4yH TapMOKJIAHUII  KOA(DPUIMEHTUHUHTI  KUYMKIUTUra cabad
Q- KuMaTHUHT KaMJIMTUIUD, V Pa3a (a30CHHUHAT KECKUH YeTapalaHUuIIITa 010
Kenaau. bera yTUIIHUHT TyJa SXTUMOJUIATH 10°® cex™ TapTHOra 3ra SKaH.

7. "Be, ®C Ba *Ne 6up HEHTPOHIH rago SAPOTAPHHHT HKKH SKHCM
KOHTUHYYM KaHajulapra OeTa mapyajaHWIld BakKT Ba JHEpPrusi Oupiuruaaru
HXTUMOJUTMKJIAPU yUyH KJIacTep MOJEIN JToWpacuja Hazapuil 0axojap OJIMHIIM.
"Be SAIPOCUHUHT — Be+p KOHTHUHYyM KaHaira OeTa mapyajaHuIl WHFUHIA
aXTUMOJIIUTY yuyH 1.5E-9 ceK'l, e siapocu yuyH aca 2.7E-12 cex 0axo OJMH/IH.
TapMoKIaHuII K03OOHUIHEHTH 3ca MOC paBHiIia, — Be smpocu yuyH 3.0E-8 ra,
e saapocu yuyH 1.8E-13 ra TeHr skaH. 3INe SIAPOCUHUHT ONe+p KaHanra Oera
napyaJaHuIl WAFUHINA 3XTUMOJUINTH, BAJIEHT HEUTPOH a)KpaJIUILl YHEPTUSICUHUHT
KuitmMatura Oofiuk paBumiia, 0 maH 10° cex? raua opaiukaa 0axoyiaHap dKaH.
Apanuill 3HEpPrusick Xo3upya TaxkpuOanapja sXIIM aHUKIaHTaH sMmac. by
katTanukHuHr 0.25 MbhBaan 0.35 MbBrawa Oynran opanukaaru KuidMatiiapu
yuyH, Oera YTl >Kapa€HUHUHT HuruHau sxtumoiumru 3.3E-10 cex OmmaH
OaxoJiaHap skaH, Oy 3ca TapMokJaHuil ko3 duimenty yuyH 1.6E-12 6axora oimb
KeJap SKaH.

VTKa3unran TagKMKOTIAPHUHT ACOCHI SIKYHH KyiHIaruaH noopaT: MasKyp
JYccepTalysl UIKa PUBOKIAHTUPUIITAH MOTEHI[MA MOJIeUIap, arap/ia yJIapHUHT
napamMeTpiiapd €HTWI SAPOJAPHUHT MUKPOCKOIMK XOccaliapu OWjiaH KETUIIIHII
mapTiapuaaH Tomwiran OVyica, HadakaT KyWd SHeprusuiap sapo (u3NKacu
coxacugard MapxKyJ OyiraH Taxxpuba HaTHKaJIApUHU TYJIAKOHIIN TYITYHTUPHIIIH,
OanKy eHruj SAPOJAPHUHT SIHTM XOCCaJlapuHU XaM OJIIMHIAH alTHO Oepa oJIMIIN
MYMKUH 3KaH.
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HAYYHBINA COBET no IPUCYXKJIEHUIO YYEHOM CTEIIEHA _
JOKTOPA HAYK 16.07.2013.FM.11.01 npu THCTUTYTE AJEPHOU
OU3UKHU u HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKHCTAHA

VUHCTUTYT AJAEPHOU ®U3UKU

TYPCYHOB JPI'AIl MAXKAMOBHNY

CTPYKTYPA JIEI'KUX AIEP
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01.04.08 — ®du3uka aTOMHOIO /IPa U 3JIEMEHTAPHBIX YACTHUIl, YCKOPUTEJIbHAS TEXHUKA
(pu3uko-MaTeMaTHYECKHE HAYKH)
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Tema AOKTOPCKOM AUcCcepTALNHU 3aperncTpUMpoBaHa noj HOMEpPOM
30.09.2014/B2014.5.FM158 B Bbicmeii arrecranuonHoii komuccum npu KaOGunere
MunucrpoB Pecniy0iuku Y30ekucraH.

JlokTopckas quccepTalivsi BEIOJIHeHa B THCTHTYTE SepHOM (PU3HKH.

[lomHprid TEKCT MJOKTOPCKOW AWMCCEepTallikd pa3MemieH Ha BeO-cTpanmmne Haydnoro cosera
16.07.2013.FM.11.01 npu Hucrutyte simeproit puzuku u HarmoHansHOM yHUBepcuTeTe Y30eKucTaHa
o azpecy Www.inp.uz.

ABTopedepar muccepTaim Ha Tpex s3bikax (y30€KCKOM, PyCCKOM, aHTJIMHCKOM) pa3MelleH Ha BeO-
CTpaHHIle TO ampecy WWW.iNP.Uz u Ha wuHbOpMaIMOoHHO-00pa3oBarenpHoM moptane ZIYONET mo
azpecy WwWw.ziyonet.uz.

HayuHbIii KOHCYJIBTAHT: Kanames bex3zon CaaukoBuy
TOKTOP (pr3HKO-MaTeMaTHYECKUX HAYK, mpodeccop,
akageMuk Akanemun Hayk PecryOnuku Y30ekucTan

OdunuanbHbie ONMOHEHTHI: MycaxanoB Mup3arwcyd Mupzamaxmya0Bu4
JIOKTOP (pH3MKO-MaTeMaTHYECKUX HaYK, podeccop,
akajgeMuk AkajaeMuu Hayk PecriyOnuku ¥Y30ekucran
Baoxunues Jleonua ImurpueBuy
JIOKTOP (pH3MKO-MaTeMaTHYECKUX HaYK, Ipodeccop
Ycemanos Iaznuraun HyputanHosuy
TOKTOP (pH3HKO-MaTeMAaTHIECKUX HAYK

Benymas opranmsanus: O0bequHEeHHbIN HHCTUTYT SiAEPHBIX HCCIE0BAHUI
Jy6Ha, MockoBckast 06macth, Poccuiickas
depnepauus

3amura auccepTalud COCTOUTCS «  » 2015 r. B 4acoB Ha 3aceJaHuu

Hayunoro cosera 16.07.2013.FM.11.01 mnpm HWacTuTyTe saepHoit ¢usukn wu HanumonaabHOM
yHHUBepcuTeTe Y30ekucrana mo agapecy: 100214, r. Tamxkent, mnocemok Yayroex, UWUAD; ren.:
(+99871)150-30-70; dakc: (+99871)150-30-80; e-mail: info@inp.uz.
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AHHOTALIUSI JOKTOPCKOM JUCCEPTALIUUA

AKTYaJIbHOCTh U BOCTPe0OOBAHHOCTH TeMbl JuccepTauuu. B Hacrosiiee
BpeMsi MpuiaraloTcss OONbIIME yCWIMS JJIsi  [OHHUMAaHUS CTPYKTYpBI
HEUTPOHOM3OBITOUHBIX  Tajlo-sAep 6He, Ui, YBe, 19C, INe u ap. OTH sapa
o0nagaroT HEOOBIYHBIMU CBOMCTBAMM, TaKMMHU KaK MaJlas SHEpPIrus CBSI3U U
OoJpIIas MPOTSHXKEHHOCTh OJIHO- M JIByXHEUTPOHHBIX OpOUTAlled € MallbIMU
yriaoBeiMu MoMeHTaMHu (1=0,1). OOBIYHO 3TH AApa MOACITUPYIOTCS KaK KOpP ILTIOC
HECKOJIbKO HEUTpoHOB. Kpome TOro, HM ojHa M3 JBYXYACTHYHBIX MOJICUCTEM
TpexuyacTHuHbIX ramo-saep "He, 'Li, “Be me cBssama — cBoiicTBO, mpucylee
boppomerickum cucremam. Hapsiny ¢ TakMMM CTaTUYECKMMU XapAKTEPUCTUKAMU
rajio-sifep, Kak SHEprus U 3apsAIOBbI paanyc, OOJIBIION MHTEPEC MPEACTABISIOT
mpoleccsl  OeTa-pacmaja Y OJCKTPOMAarHUTHBIX —MEPEXOJ0B B  JIBYX- U
TpeXYacTUUYHbIE KOHTHUHYyM-KaHalbl. JlaHHBIE MPOIECCH JAlOT  LIEHHYIO
MHPOPMAILIMI0O O BHYTPEHHEH CTPYKType M Tajlo-CBOMCTBax »3TUX Sep,
OPOSABILIIONIMXCST B M3Y4YaeMbIX IIPOLECCaX, IIOCKOJIBKY paccMaTpyUBacMbIe
EPEXOABI MPOUCXOAAT UMEHHO B TAJIO-4ACTSX 3TUX CUCTEM. bosee Toro, UMErTCs
SKCIIEPHMEHTALHBIE JAHHbIE 10 IpolleccaM GeTa-iepexoos raxo-saep *He i Li
B JBYXYacCTHYHBbIE JIEUTPOHHBIE KOHTUHYYM-KaHajbl, KOTOpbIE TpEOYIOT
TLIATEIIBHOIO TEOPETHUUYECKOr0 aHanu3a. bera-nepexopl OAHOHEUTPOHHBIX Tajlo-
saep " Be, °C, *'Ne B mByxuacTHuHBIE KOp IUIIOC TIPOTOH KOHTHHYYM-KaHAIbI
TAaK)K€ MOTYT JaBaTh HMH(GOPMALMIO O HOBBIX Traj0-CBOMCTBAX ATHUX CHUCTEM B
JOTIOJTHEHUE K UX CTATHYECKUM XapaKTEPUCTUKAM.

Cpenu rano-saep oco00 BBIIENAETCS PO llLi, OTJIMYAIOIIEeCS OT APYrUX
anep TEM, YTO JIONOJHUTEIBHO MOXET pacnajgaTbCsi Ha TPEXYaCTUYHBINA
9Li+np0T0H+HeI71Tp0HHBH71 KOHTHHyyM-KaHajl. Tak Kak 3TOT  NEpeXox
IOpeaCTaBisieT coOOM JOBOJBHO CIIOKHBIM — MPOIECC, TEOpeTUYecKas MOJEIb
MO3BOJIUT TIOJIYYHTh I[IEHHYI0 HWHGOpMaIMio o0 H3ydaeMoM  Mpolecce u
TPEXYACTUYHOH CTPYKType Tramo-sapa Li.

IlepBoe BO3GYKICHHOE COCTOSHHE sapa  Li sBIsieTcs H306ap-aHaToroBbiM
cocTosHMeM Tanmo-sapa °He.  Bmaromaps mpomeccy MIl-mepexoaa JIaHHOTO
COCTOSIHUSI B JIEUTPOHHBIM KOHTMHYYM-KaHajl MOXHO MOJIyYUTh MH(OPMALUIO O
€ro rajo-CBOMCTBAaX, aHAJIOTUYHBIX CBOMCTBAM sJpa °He. VcranoBinennbie IpU
ATOM OUEHKHM JUisi WWupuHbl ~ Ml-mepexoga MOryT ObITh CONOCTaBJIEHBI C
MMEIOIINMUCS AKCIIEPUMEHTAIIbHBIMU JTAHHBIMHU. Jlanubiii npotecc
JOTOJTHUTENBHO MOXKET OBITh UCIIOJBb30BaH NpPHU M3y4eHUU 3(H(PEKTOB HApYILIECHUS
COXpaHEHUs1 YETHOCTU B CUJIbHOM B3aUMOJICHCTBHH.

Moaenu aapo-sepHOTO B3aUMOJEHCTBUS, COAEp KAlIUE 3arpeuieHHbIC
COCTOSIHMSI B HU3IIMX BOJIHAX, MIPEJIJIOKEHBI enle B 70-e roJibl IPOLIIOro CTOJIETHS
JUIsL  aJeKBaTHOro ywera npuHinuna [laynum B kadecTBe albTEpHATHBBI K
MOTEHIUAIBHBIM MOJEJSIM C OTTAJIKHBAKOLIMM KOPOM Ha MalbIX PACCTOSHUSAX.
OHM HMMEIOT MUKPOCKOIHUYECKOE OOOCHOBAHME, T.€. ONUPAIOTCS Ha HYKJIOHHBIE
cTeneHu cBoOobl. OHAKO POJIb 3TUX 3AMPEIIEHHBIX COCTOSIHUM B CTPYKTYpE s1ipa
70 CUX IOp HEe M3yuyeHa HaJjexamuMm oopa3zoM. OcoOEHHO Ba)KE€H ATOT BOIPOC
Ui sifiep, COAep KallluX HECKOJIbKO alib(ha-kiacTepoB. VIckioueHne cocTaBiisieT
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MockoBckasi MoOJielib  HYKJIOH-HYKJIIOHHOTO TOTEHIMala C 3alpeuieHHbIMU
COCTOSIHUSIMM B HU3IIMX BOJIHaX. Ee CBOMCTBA B TPEXHYKIIOHHBIX SIAPAX U3YyYEHBI
J0CTaToYHO MoApoOHO. C Apyrod CTOPOHBI, POJIb 3aNpPEIICHHBIX COCTOSIHUI B
MOCKOBCKOW MOJENN COBCEM Jpyras: OHa CBsS3aHAa C KBapKOBOW CTPYKTypoOu
HYKJIOHA. A B JIETKUX fAJIpax, COCTOSILIMX M3 HECKOJIBKUX SIACPHBIX KJIACTEPOB,
MOJENU C 3alpPEIICHHBIMH COCTOSHUSIMA BBEJICHBl HCKJIIOYUTEIBHO IS
aJIeKBaTHOTO yd4eTa npuHuumna Ilaymnu, koTopeie cTaau 0COOCHHO aKTyaJlbHbIMU B
CBSI3U C OTKPBITUEM Tajo-CTPYKTYpPbl HEKOTOPBIX JErkux simep. M3yuenue rano
CBOMCTB JIETKUX fAJIEP B AJICKTPOMArHUTHBIX M OeTa-mpoleccax ¢ UCMOJIb30BaHUEM
JIBYX aJlbTE€PHATUBHBIX MOTEHIUAIBHBIX MOJEINICH, C KOpaMu U C 3alpeleHHBIMU
COCTOSTHUSIMH, TIOMO>KET BBISICHUTH OCOOBIE CBOMCTBA STUX MOJIETICH.

Snpa, cocTosiine U3 HECKOIbKUX allb(a-KI1acTepoB, UTPAIOT UCKIIIOUNTEITHHO
BAXHYIO pPOJb B acTpodusuke. XOTs ABe ajb(a-uyacTUIbl HE CBSI3aHBI, sApa U3
tpex (*C) u gersipex (°0) anbda-KIacTepoB 061aHAIOT GOIBIIMMH SHEPIUAMH
CBSI3U, MO3TOMY MpHUHAMIEKAT K Kiaccy boppomerickux sanep. Hns Takux saep
OCOOEHHO OCTpPO CTOMT MpoOjemMa TMOJYYeHHUS PEATTMCTHUYECKUX BOJHOBBIX
GYHKIMA Kak CBSI3aHHBIX, TaK U KOHTUHYYM-COCTOSIHUM,  KOTOPBIE MOKHO
NPUMEHSTH JIJIsl pacyeTa ceueHus acTpodu3nueckux peakiui cunresa. C apyrou
CTOPOHBI, B MOCJIETHEE BpEMsI U3YUYEHUE CTPYKTYpHI 3TUX SJEp CTallo eue Oosee
aKTyaJIbHBIM B CBSI3U C MPEACKA3AHUEM CYIIECTBOBAHUSA «aJib(a-KOHICHCAIIUNY.

Pa3BuBaemble B AMccepTalid MOJENW JIETKUX SIIEp U IOJIy4YaeMble Ha HUX
OCHOBE  pe3yJbTaTbl KpailHE BaXHbl JJI  ONTUMAJIBHOTO  YIPaBJICHUS
TEPMOSIEPHBIMU PeakiusaMy B miasme d+°Li, mpoucxoasmuMe ¢ oGpasoBaHHeM
nerkux szep H, *He, *He, 'Li u 'Be. Heonpenenennoctn B auddepeHnansHoM
CEUCHUM pEAKUUMH CHJIbHO BIUSAIOT HAa KHHETHKY TEPMOSAJIEPHOIO pPEaKTopa,
MO3TOMY I ONTUMAJBHOTO YNPAaBIECHUS O3TUMHU MPOLECCAaMU HEOOXOAMMO
pa3BUBaTh TEOPETUUYECKHE MOJEIU C BBICOKOW TOYHOCTBHIO. BapuaimoHHbie
METO/Ibl Ha OCHOBE TayccoBoro u Jlarpamwxk-mem 0a3ucoB HEOOXOIUMBI IS
pacyeTa BOJIHOBBIX (PYHKIIMH, KOTOpPBIE HCIIOJIB3YIOTCS JUIsl OLIEHKH CKOPOCTEH
YKAa3aHHBIX PEAKIUN C BBICOKOM TOYHOCTHIO.

CooTBeTcTBHE HCCIEA0BAHUS NPUOPUTETHBIM HANPABJEHUAM Pa3BUTHA
HAYKH U TexHoJiormid PecnmyOamkm Y30ekucran. J[uiccepraiusi BBIIIOJHEHA B
COOTBETCTBMM €  ['OCyaapCTBEHHOM  HAay4YHO-TEXHHYECKOW  IMPOrpaMMOu
dynnamenTanbubix uccienopanuii [IOU-2 — «Dusnka, acTpOHOMHS, SHEPTETHKA
MAaIIHHOCTPOEHUE.

0O030p MexKAYHAPOAHBIX HAYYHBIX HCCJICIOBAHUI 10 TeMe IUCCePTALUM.
Teopernyeckue MOAENH NIl CTPYKTYPHI JIETKUX A€ Pa3BUBAIOTCS B PA3JIMYHBIX
Hay4YHbIX LIeHTpax Mupa. Haumbonee ycnemHble TEOPETHUYECKHE MOJEHH IS
CTPYKTYpbl CBSI3aHHBIX COCTOSTHUM OCHOBBIBAIOTCS Ha BapHaIlMOHHBIX METO/aX,
MIOCTPOCHHBIX HA rayccoBoM (Teopernueckue rpynnsl B Huumrate u Kuoto,
SInonust 1 MockoBckoM ['ocynapcTBeHHOM yHHBepcuTere, Poccus) u Jlarpamxk-
Memn (Teoperuyeckass rpynma B bproccerckoM CcBOOOJHOM YHHUBEpPCHUTETE,
benbrust) 6asucax. OHU OBUTM TPUMEHEHBI [JII HUCCICNOBAHUS CTPYKTYPHI
TPEXYACTUYHBIX SJEP 3H, *He, °He, °Li, ''Li, °Be. Boumn oreHeHsI SHEPTETUYECKUI
CHEKTP, CPEIHEKBAJAPATUYHBIN paguyc, SJICKTPUYECKHEC W MarHuUTHbIE (DopM-
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daxTopsl. OHAKO TEOPETHYECKOE HCCIIENOBAHNE CTPYKTYPHI SApa ~~C B MOJICIH
300 TOKa HE JaeT YAOBIETBOPUTENBbHBIX pPe3ynbTaToB. CHEKTp CBSI3aHHBIX
COCTOSIHUI 3TOTO SIApA, MOJYUYECHHBIM C MOMOIIBIO JIOKATBHOTO OO-TIOTEHIIMANA C
OTTAJIKMBAIOIIUM KOPOM, JIEXKUT HAMHOIO BBILIE SKCIIEPUMEHTAIBHOTO ClieKTpa. B
TO € BPEMSI MUKPOCKOIIMYECKUE MOJEIN HEIOOLEHUBAIOT CHEKTP HA HECKOJBKO
M5B, a mnpu TpexyacTUUYHBIX pacyeTax, OCHOBAHHBIX Ha WCIIOJIb30BaHUU
NOTECHUUAIBHOW MOJEIH C 00-3alpEIICHHBIMA COCTOSIHUSMH, BCTPEUYAIOTCS
00JIbIIIME TPYJHOCTH, CBSI3aHHBIE C OPTOTOHATM3AIIMEHN PEIICHUsI Ha 3alpeleHHbIC
cocrosiHUs. JIJia TpeomoneHus 3TUX TPYAHOCTEH  HEOOXOAMMO TIIATEIHHO
TIPOBEPUTH UYBCTBUTEIBHOCTh YHEPIETHYECKOTO CIEeKTpa siapa —-C K OMHUCAHHIO
0.0-3aMPELIEHHBIX COCTOSHUM.

TpexuacTUuHasi KOHTUHYYM-CTPYKTypa JIETKMX SJI€p H3Yy4aeTcs Kak
JKCIIepUMEHTaIbHO depe3 peaknuu pasBata (RIKEN, Smonus), Tak w
TEOPETUYECKH Ha OCHOBE MeToja ypaBHeHuil danneeBa (TeopeTuyeckas rpyia
yHUBepcuTeTa Apxyc, JlaHus), Meroja KOMIUIEKCHOTO MAacCIITaOUpPOBaHUS U
METO/Ia aHAJIMTHUYECKOTO MPOJODKEeHUs (Teoperudeckas rpymmna MI'Y, Poccus).
OnHako BO3MOXHOCTH 3THUX METOJIOB OrpaHWYEeHbl. B 4YacTHOCTH, MpUMEHEHUE
MeTona ypaBHeHuil dajieeBa CONpsKeHO ¢ OOJIBIIMMU TPYAHOCTAMH TP y4yeTe
KYJIOHOBCKMX CHJI, @ METOJ aHAJIUTHYECKOrO0 TMPOJOJDKEHHS, KaK H METO]
KOMIUJIEKCHOTO ~ MaclITaOMpOBaHUS, MOXET OBITh NPUMEHEH TOIBKO K
PE30HAHCHBIM COCTOSTHUSIM.

[Ipexxne R-mMarpuuHblii MOAXOA MPUMEHSUJICS K JABYXYAaCTHUUHBIM 3a/iauyamM
KOHTUHYyMa. OJIHaKO HeJlaBHEE IPUMEHEHHE STOr0 OMHCAHHOTO B JIUTEPATYpE
MOAXO0/a JJIs TPEXUYACTUYHOTO KOHTUHYYMAa B paMKax runepcpeprudeckoro MeToaa
(rpynnbel - KypyaTOBCKOro  MHCTUTYyTa aTOMHOM »Hepruu, Poccus, u
Konenrarenckoro ynuBepcurera, [lanus) CTAJIKMBAETCI C  CEPhE3HBIMU
npobieMamMu  BCJEACTBHE  MPOTSDKEHHOCTH — TPEXYACTUYHOTO  CBA3AHHOTO
NOTEHIHAIA.

Kak oTmeuanoch, B mocieqHHE TOJbl OCOOBI HHTEpPEC NPEICTaBISIOT
CBOMCTBA JIBYXYaCTUYHBIX 1Be, °C, *!Ne u TPEXYaCTUYHBIX ®He, Li, **Be raso-
sanep. BrllIeynoMsIHyTbIE TEOPETUUYECKUE TPYIIIbl MPOBOASAT HCCIIEI0BATEIbCKUE
paboTHI 110 U3YUYEHUIO CBSI3aHHON M KOHTUHYYM-CTPYKTYPBI 9TUX CHCTEM, a TaKXKe
IIPOLIECCOB AIEKTPOMATHUTHBIX U O€Ta-Nepex0/10B B KOHTHHYYM-KaHAJIbI.

CreneHb H3YyYEHHOCTH MNpPoOJieMbl. Poib 3anpenieHHbIX COCTOSIHWM B
AIEPHBIX B3aUMOJCUCTBUSAX MPEXKIE U3ydyalach B 3agade 30 B paborax
3apyOexHbIX yaeHbIX S. Marsh u H. Walliser, S. Nakaichi-Maeda. Ognako 1o cux
Mop HE YAAIOCh TMOJHOCTBIO  BBIIAETUTh TPEXUYACTHUYHOE pa3pelieHHOe
IIPOCTPAHCTBO i1 JOTOM cucrtembl. [loslydyeHHble pelleHuss ypaBHEHUSA
[[Ipenuurepa aJisi CBA3AHHBIX COCTOSIHUU siapa 2C g MOJEIN 30 C MOTECHIINATIOM
BFW ¢ 3anpemieHHbIMEM  COCTOSIHUSIMH — COAEpKaT HEKOTOPYIH MOPHUMECH
3alpelleHHbIX  cocTosiHUM.  [IpuMeHeHne  MeTroga  OpTOTOHAIM3HUPYIOIIMX
TICEBIONOTEHIIMANOB TTO3BOJIACT BBHISICHHTh OCOOCHHOCTH CTPYKTYphI sapa —C,
KOTOpbIE HE OBLIN MPECTABIEHBI B IUTEpATYpE.

CepbesHbie TIpOOJIEMBl TPU OMHMCAHUHM TPEXYACTUYHOTO KOHTHHYYMa Talio-
anep B pabote Poccuiickux yuensix noja pykoojctsoM M.B. XKykoBa, cBsizanHbIe
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C TPOTSHKEHHOCTBIO TPEXYACTUYHOTO 3(PPEKTUBHOTO MOTEHIMANIa, MOTYT OBIThH
PeoJI0JIeHbl B R-MaTpuyHOM 1M0jAX0/€ B KOMOMHAIMU C IPOIaraTop-METOAOM.
OTOT MNyTh TMO3BOJIAET CIHIMBAaTh BOJHOBYIO (PYHKIMIO C AaCUMNOTOTUKOW Ha
OOJNBIINX PACCTOSHUSAX. MeToJ MOXKET OBbITh  HCIOJb30BaH IMPU H3YYCHHUU
TPEX4ACTUYHOM KOHTHHYYM-CTPYKTYphI Tano-saep “He u ““Be, kotopble He Gbum
NPEACTABIICHBI B HAYYHOU JINTEPATYPE.

Jlo cux mop MMEIoLMeEcs SKCIepUMEHTANIbHBIE JaHHbIE M0 MpolieccaMm Oerta-
nepexonoB ramo-saep °He m 'Li B ABYX4acTHUHBIC KOHTHHYYM-KAaHANBI C
BBIXOJIOM JICUTpOHA HE OBUTN JeTabHO 00BsICHEHHI. [IpoBeieHHbIE TeOpeTUUECKHE
pabotsl o Oera-pacmamy sapa °He rpymmoit M.B. JKykoBa mpuBem:m K
HETNPAaBWIBHOMY BBIBOJY, 4YTO 0O-TIOTEHIHAIBl C OTTAJIKUBAIOIUM KOPOM
ONKCHIBAIOT AKCIIEPUMEHTAJbHbIE JAHHbIE Jy4ylle, YEeM MHUKPOCKOIMUYECKU
000CHOBaHHbIE MOTEHLUUAIBI C 3alpelieHHbIMU cocTosiHUsAMU. He Obuta Taxke
M3yueHa MOTEHIMAIbHAS 3aBUCHMOCTh BEPOSITHOCTH Oera-mepexona supa —Li B
JIEUTPOHHBIN KaHaJl, XOTs MOJyYEHHbIE TEOPETUUYECKUE OIICHKU B padoTax rpymibl
M.B. XKyxkoga, Y. Ohbayasi, Y. Suzuki HeckobK0 OJIM3KH K 3KCIIEPUMEHTATbHBIM
JaHHBIM; IIPU 3TOM HE ObLIa UCCIIEI0BaHa POJIb S-BOJIHOBOI'O PE30HAHCA B CUCTEME
*Li+d U151 OMHCAHMS TAHHBIX SKCIIEPUMEHTA.

JIuteparypa Takke He pacrosaraeT JaHHBIMUA 110 U3YYEHUIO B JETANAX rajo-
CBOHCTBA M306ap-aHATOroBoro coctosHus "Li(0+) B TpeX4acTHUHOM MOJICIH, XOTS
MOJIy4Y€eHbI YNPOIIEHHbIE OLIEHKH B padote Poccuiickux yuensix JI.B. I'puropenko
U Jp. 31ech CIeJoBaJ0 pPa3BUBATh IMOJHBIA TPEXYACTUYHBIN (opMau3M C
BBIBOJIOM AHAJIUTHYECKUX BBIPAXKECHUM MATPUYHBIX 3JIeMeHTOB MI-mepexoma ¢
JalbHENIIEH YACIICHHON peann3alnei.

He Obum Takke TEOpETUYECKH HM3Yy4YEHBI OeTa-pacrajbl OJHOHEHTPOHHBIX
ramo-saep "'Be, °C u *Ne B gByxuacTHUHBIE KOHTHHYYM-KaHANbI KOP ILTIOC
IPOTOH.

Kak otmeuanock, HauboJiee CIOKHBIM IPOLIECCOM sBIIsIeTCS OeTa-pacraj
ramo-sapa -Li B TpexgacTHunbiii Li+p+N KOHTHHYyM-KaHATI. DTOT MPOIEcC MoKa
HE U3Yy4YE€H HU B TEOPETHUYECKHUX padOTax, HU B IKCIEpUMEHTax. B cuiy atoro
IIPOBOJAVMBIN TEOPETUYECKUM aHaJIN3 rporecca c [IPUMEHEHUEM
MOJM(ULIMPOBAHHBIX KYJIOHOBCKMX (YHKIUH IMO3BOJIMT H3YYUTh HOBBIE Tajo-
CBOMCTBA 3TOTO S/1pa, NPOSBIIIEMBIE B JAHHOM MPOLIECCE.

CBsi3b IMCCEPTALMOHHOIO HCCJIEJI0BAHHMA € IUIAHAMH  HAYYHO-
HCCJIeI0BATEIbCKUX PadOT OTpakeHa B CIEAYIOLUIUX MPOEKTaX, BHIMOJIHEHHBIX B
pamkax ['ocyaapcTBEHHON HayYHO-TEXHMUYECKOW MporpamMMbl (PyHIaMEHTaIbHBIX
HCCIIETOBAHMI!

®-2.1.33 «UccnegoBanue MyabTU(OOHOHHBIX COCTOSHUW BHOPAIMOHHBIX
saep» (2003 — 2007);

OA-O2-O076+D074 «MccnenoBaHue CTPYKTYpbl CUMMETPUYHBIX U
HEUTPOHOM3OBITOUHBIX SJIEP B PEaKIUAX MEepeaaun HyKJIOHOB u neneHus» (2007 —
2011);

O2-OA-D114 «Mccnenoanne GOpMHUPOBAHUS JIETKUX 3JIEMEHTOB U CBONCTB

9K30THUYECKUX sCP, 00Pa3yIOIIUXCS B PEAKIUsIX NPU HU3KUX dHeprusx» (2012 —
2016).
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Ileabio uccaeT0BaHUS SBIISICTCS BBIICHEHHE OCOOCHHOCTEH MOTCHIHAILHOM
MOJENN MEXKKIACTEPHOIO B3aMMOJEWCTBUA I CBSI3aHHOM M KOHTHHYYM-
CTPYKTYPBI JIETKUX AJI€p U JJIs1 ONUCAHMS IPOLIECCOB C UX YYAaCTHEM IPU HU3KUX
SHEPIUsX.

Jist  jpocTikeHuss  uenaud  copMyIHpOBaHBI  CIEAYIOIIME — 3adadH
HCCJICAOBAHMS!

PAacCUMTaTh HEPreTHUeCKHil CIeKTp smpa °C B KIACTEPHOH MOIETH 30 H
BBISICHUTH OCOOCHHOCTH TIOTCHIIMAIIBHON MOJIEINN C 3aIllPEIICHHBIMHA COCTOSTHUSIMU;

pa3BuUTh R-MaTpuuHblii NOAXOM B KOMOMHAUMKA C MPONAraTopoMm JUis
M3YUYCHHSI TPEXHYACTUYHOM KOHTUHYYM-CTPYKTYPBI JIETKHUX SJIep, pPacCUMTaTh
TpexdacTHYHbIe (asbl [T ABYXHEHTPOHHBIX rato-saep 'He u **Be;

POaHATH3UPOBaTh Gera-pacmansl rano-saep He u 'Li B aByxdacTuumnbie
o+d u °Li+d KoHTHHYyM-KaHaZsl B paMKax KIACTEPHOH MOJCTH TpeX Tel H
BBISICHUTH TOTEHIMAIIbHYIO 3aBHCUMOCTb BEPOATHOCTEMN NIEPEXO/IOB;

M3y4HTh Ta0-CBOHCTBA H306ap-anamoroporo cocrosiamst Li(0%) B mpouecce
Ml-nepexona B ocHoBHoe cocrosiHme °Li(1Y) m B o+d KoHTHHYYM B
TPEXUYACTUYHOU  MOJEIIH U BBUICHUTHh TOTEHIMAIbHYIO  3aBHCUMOCTH
BEPOSITHOCTEN TIEPEXOJIOB,;

OLCHATH BEPOSTHOCTH OecTa-pacmajga ramo-sgpa —Li B °Litp+n
TPEXYACTUYHBIM KOHTMHYYM-KaHall B paMKax KJIACTEPHONM NOTECHUHUAIBHOU
MOJEIIN;

OLICHHUTH BEPOSITHOCTH 0OeTa-PaciaioB OJHOHEHTPOHHBIX rano-suep Be, °C
1 “Ne B /[BYXUaCTHYHBIC KOHTHHYYM-KaHAIBI B paMKaXx KIACTEPHOI
MOTCHIIMAJIBHON MOJCIH.

O0beKTBI  HCCJIEAOBAHMA. CIEKTp CBS3aHHBIX COCTOSHHMHM sIpa °c,
BEPOSITHOCTU O€Ta-MepexoJ0B Tano-sjep °He, Li, "Be, °C u *Ne s NIBYX- U
TPEXUaCTUUHbIC KOHTHHYYM-KaHalIbl, BeposITHOCTH MI-mepexoga wm3o0ap-
ananoroBoro cocrosuust CLi(0*) B ocHoBHoe cocrosHme °Li(1T) m B o-+d
KOHTHHYYM, TPEX4aCTHUYHAs KOHTHHYYM-CTpYKTypa sizep *He u “*Be.

IIpeamersl Hcc/IeOBAHUS - JIBYX- M TPEXYacCTUYHAs CTPYKTypa JErKHX
a5ep, B TOM YHUCJE Tallo-si/Iep, AIEKTPOMArHUTHBIE U cabble Mepexosl B sAIpax,
sIEpHbIE TTOTEHIIUAJIBI B3aUMOJEHCTBUS, MEXAHU3MbI CUJIBHOTO B3aUMOJEHCTBUSI.

MeToabl HCCJIeJOBAHMS. Knacrepnsie MOTECHIIMAIbHBIC MOJIEJIH,
OCHOBaHHbIC Ha BapHaIllMOHHBIX MeToAaxX Ha ['ayccoBoM U rumnepchepudeckoMm
Jlarpamx-mem 0a3ucax JUisl pacdyeTa BOJHOBOM (YHKIIMHM U DHEPreTHUYECKOIO
CIIEKTpa JBYX- U TPEXYACTUYHBIX CBS3AaHHBIX COCTOSIHMM; anroputM Hymeposa
JUISL pacueTa BOJHOBBIX (DYHKIMNA paccesHHs ABYXYaCTUUYHOM CHUCTEeMbl; R-
MaTpUYHBIN MOJX0] Ha rumnepchepuueckom Jlarpamx-menn 0azuce s pacuera
BOJTHOBOHM (DYHKIIMM TPEXUYACTUYHOTO KOHTHHYyMa C MOMOIIBIO Mporararopa Ha
ocHOBe aniroputMa HyMepoBa; MeTo1 OpTOrOHAIM3UPYIOMIUX MCEBIONOTEHIINAIOB
JU1s1 UCKITIoueHus [laynum 3anpeneHHbIX COCTOSIHUM.

Hay4nasi HOBU3HA JMCCEPTANMOHHOIO UCCJIEI0BAHUA:

BIIEPBbIE  [OKAa3aHa CBEPXUYBCTBUTEIBHOCTh SHEPrUM  KOMMAKTHBIX
ocroBroro 0° u mepBoro Bo3GyxkaeHHOro 2° cocrosHuit sapa °C K OMHCAHHIO
3ampelieHHbIX npuHOunoMm llaynu  oo-cocTosHMI, KOTOpass NPUBOAUT K
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MOSIBJICHUIO TaK  HA3bIBAGMBIX  «IOYTH  3ANpPEIICHHBIX  COCTOSHUW» B
TPEX4acTUIHOM (DYHKIIMOHATLHOM MPOCTPAHCTBE;

BIIEpBbIe R-MaTpu4HBI TOAXOJ pPa3BUT B KOMOHWHAIMHM C MpOMaraTop-
METOIOM JUISl M3yUCHHS TPEXYACTHUHOIN KOHTHHYYM-CTPYKTYPBI JIETKHX siep “He
n “Be B Merome rumepcdepuuecknx rapMoHMK Ha Jlarpamk-Mem 0Oasuce;
MOKa3aHO, YTO IS TOCTIKEHUSI CXOAMMOCTH PE3yIbTaTOB HEOOXOIUMO CIIUBATH
BOJTHOBYIO (DYHKIIMIO C aCUMITOTHKOM Ha o4eHb Ooibimx (mpumepHo 1000 dbwm)
PACCTOSIHUSIX; PACCUMTAHBl JUArOHAIBHBIE W COOCTBEHHBIC (Da30BBIE CIIBUTH
TPEXYACTUYHOW MATPHUIIBI CTOJKHOBEHHS, MPEICKA3aHO CYIIECTBOBAHHE HOBOTO
pesonanca “'Be(2") oxono E,,=3.4 MaB;

MOJTYYCHBI TEOPETUUECKUE OIICHKH JIJISI BEPOSTHOCTH OeTa-paciaja rajxo-sapa
°He B o+d KOHTHHYyM-KaHAT 3a CIUHHUIBI BPEMCHH M ODHEPIHH, BIICPBBIC
MOKa3aHo, YTO JIJI1 BOCIIPOU3BEICHUS JaHHBIX KpailHE HEOOXOAMMO UCIIOJIB30BATh
MHUKPOCKOIIMYECKH 000CHOBaHHBIC 0l0-TIOTCHIIMANBI C 3alIPEIICHHBIM COCTOSHUEM B
S-BosiHE, BOCIIPOU3BOSIINE (Da30BbI€ CABUTH U DHEPTUHM OCHOBHOTO COCTOSIHHS,
MOKa3aHO TakKXKe, YTO CXOJAMMOCTh MATPUYHBIX DJIEMEHTOB Mepexojia TpeOyeT
3HaHUS BOJBHOBBIX (DYHKIMHM BIUIOTH 10 30 ()M M KOMIIOHEHTHI THMIIEPMOMEHTA
BIUIOTh 10 K=24; mokazaHo, 4To rajo-3pQeKTbl UTpaloT BaXXHYIO pOJb MpHU
OMHCAHUM TMpoIlecca K3-32 CHJIBHOTO B3aWUMHOIO TOJABJICHUS BHYTPEHHUX U
BHEIITHUX YacTe MaTPUYHBIX DJIEMEHTOB,;

BIIEPBBIC TTOJIYYCHBI TEOPETHUECKHUE OICHKHU ISl BEposTHOCTH M 1-miepexoma
n306ap-ananorosoro coctosamst °Li(0") B o+ d KOHTHHYyM-KaHAI 32 €IMHHAIEI
BPEMEHH W JHEPTHH; TOKA3aHO, YTO TOJBKO MPHU HCIOJIH30BAHUU MOTCHIIHAIA C
3aIpEIICHHBIM COCTOSSHUEM HHTEerpanbHas mupuHa nepexoga 0.9 m»B xopomio
COTJIaCyeTCsl ¢ Pe3yJIbTaTaMM MPEABIIYIIUX YITPOIICHHBIX BBIYUCIICHHH; TTOKA3aHO
TaKKe, YTO CXOJWMOCTh pE3yJIbTaTOB OOYyCIOBIMBAaeT OpaTh TpaHUILY
s dextuBHOTO MHTErpana 25-30 M, a KOMIOHEHTHI TMIIEPMOMEHTA BIUIOTH 0
K=20;

BIIEPBBIC MTOJYYCHBI TEOPETUUECKUE OIIEHKU JIJIsi BEPOSTHOCTH OeTa-mepexoia
rajo-sapa Ui B °Li+d KOHTUHYYM-KaHaJI 3a €IUHHUIIbI BPEMEHH W JHEPIHH,
MOJIHOCTHIO BOCTIPOM3BOJIAIIME HOBBIE JaHHBIC; MOKA3aHO, YTO B JTOM CIy4yae
OCHOBHYIO POJIb HTPACT PE30HAHC B S-BoIHE B cucTeMe “Li+d mpu sHEprum okoo
0.7 M»>B He3aBHCUMO OT TOro, HCHOJIB3YETCS IOTEHIMAT C KOPOM WM C
3alPEIICHHBIME COCTOSHUSIMH, ~Li+0-IOTeHIMAT, KOTOPBI BOCIPOM3BOJUT TOT
PE30HAHC, XOPOIO OMUCHIBaeT (GopMy U aOCONIOTHBIC 3HAYCHHUS BEPOSITHOCTH
mepexoja ¢ MOMOIIBIO MOTIOMIAONIET0 MHUMOTO WICHA M3-32 OTKPBITHIX KaHAJIOB
pacnana;

BIICPBBIC IMOJYyYEHBl TEOPETHUECKHE OIEHKH JUIi BEPOSATHOCTEH Oera-
mepexoga ramo-sapa 'Li B °Li+p+n TpexdyacTHYHBI KOHTHHYYM-KaHAl 3a
€IVHUITBI BPEMEHU U YHEPTUH;

BIIEPBBIC TMOJYYEHbl TEOPETHUECKHE OIEHKH ISl BEPOSTHOCTEH Oera-
pacIaoB OJHOHEHTPOHHBIX ramo-smep ~Be, “C u °'Ne B IBYX4aCTHUHEIC
KOHTUHYYM-KaHaJbl B paMKaxX KJIACTEPHOW MOJIENH; MOKa3aHO, YTO BEPOSITHOCTU
OeTa-mepexo/I0B CHJILHO YYBCTBUTEIBHBI K DJHEPTUU OTACIICHUS BaJECHTHOTO
HEUTpPOHA.
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JlocTOBEpPHOCTH MOJIy4€eHHBIX pe3yabTaToB 00OCHOBBIBACTCS
UCIOJIb30BAaHUEM COBPEMEHHBIX METO/IOB KBAHTOBOW MEXaHHUKH M TEOPETUUYECKOU
anepHo (pu3MKH, a TakKe BBICOKOI(P(HEKTUBHBIX YMCICHHBIX METOAOB U
QITOPUTMOB,  TIIATEJIBHOW  MPOBEPKOM  COTJIACOBAHHOCTH  IMOJYYEHHBIX
TEOPETUYECKHUX PE3YyJbTATOB C HKCIIEPUMEHTAIBLHBIMU JAHHBIMU U pe3yJbTaTaMu
JIPYTUX aBTOPOB, COOTBETCTBHEM BBIBOJOB OCHOBHBIM IIOJOKEHUSM TEOPUU
CTPYKTYPBI JIETKHUX SI/IEP.

Teoperuyeckass W  NpakTHYecKassi  3HAYUMOCTHL  Pe3yJIbTATOB
uccjaegoBanus. TeopeTnueckas M MpakTHYeCKas 3HAYUMOCTb PE3yJIbTaToB,
MPE/ICTaBJICHHBIX B JUCCEPTAIMOHHON paboTe, 3aKI0YaeTcs B BOZMOXXHOCTH HX
WCIIONIb30BAaHUsl I Pa3BUTUSL TEOPUH CTPYKTYPHI SAEp, KIACTEPHOM MOIENU
JETKUX saep. Pa3BuThie B JUCCEPTAMM TMOAXOABI MOTYT OBITh NMPUMEHEHBI K
PEIICHNI0 KBAaHTOBO-MEXaHUYECKUX MPOOJIEM HECKOJIBKHX Tell B MOJEKYJISAPHOM,
aTOMHOW U sepHOl (usuke. [lonydeHHBIE TEOPETUYECKUE OLCHKU IS
BEPOSTHOCTEIl OeTa-lIepexXoN0B IBYXHEHTPOHHOro ramo-sapa —Li B °Li+p+n
TPEXYACTUYHBIN KOHTHHYYM-KaHAT M OJHOHEHTPOHHBIX ramo-saep -Be, °C u
Ne B mByX4acTHUHBIC KOHTHHYYM-KAaHAJIBI MOTYT OBITh HCIIONB30BAHBI IIPH
TUTAHUPOBAHUU IKCIIEPUMEHTOB 110 3TUM IpolieccaM. TeopeTUyecKue OIECHKU IS
BeposTHOCTH M1-miepexoma n3o6ap-anamoroporo cocrosams  Li(0%) B o+d
KOHTUHYYM-KaHaJl ~ MOTYT  OBbITh  HMCIOJIb30BaHbl ~ NPH  IJITAHUPOBAHUU
HKCIIEPUMEHTOB MO0 JAaHHOMY TIpOIlecCy, a Takxke mpu mpoBepke 3¢ (HeKToB
HapyImIeHUs  COXpPaHEHWS  YCTHOCTH B CWIBHBIX  B3aMMOJICHCTBHSIX.
I[IpOrHO3HpPYeMBIii B AMCCEPTALIMA HOBBIH pesoHanc ~Be(2") okomno E,.,=3.4 M>B
HeAaBHO moATBepauics ¢ E,q,(exp)=3.54(16) M»sB B padore Yu. Aksyutina et al.
“Study of the **Be Continuum: Identication and Structure of its Second 2* State”,
Phys. Rev. Lett. - New York, 2013. - Vol. 111, N. 24. - 242501. [Toysy4eHHbIC B
JUCCEPTAIMK PE3YJIbTaThl ObUIM HWCIOJIb30BAHbI MPHU IUIAHUPOBAHUU TOCIIEIHUX
SKCIIEPHMEHTOB M0 OeTa-pacmany raso-saep He um “Li B meiiTpOHHBIH KaHam
(R.Raabe, J.Buescher, et al. Physical Review C, 2009. - Vol. 80,N 5.- id.054307 u
R.Raabe, A.Andreyev, et al. Physical Review Letters, 2008. - Vol. 101, N 21.- id.
212501). B nemaBuux paborax (M. Grieser et al. European Physical Journal,
Special Topics, 2012.-Vol. 207, N1.- id. 01599 u M.J.G. Borge et al. Journal of
Physics G: Nuclear and Particle Physics, 2013. —VV0l.40.- id.035109) npuBeacHbI
CBeZICHHsI 00 MCIOJb30BAaHUU PE3YIbTAaTOB, MOJYYEHHBIX aBTOPOM AMCCEPTAIIHH,
mo Gera-pacmagam ramo-saep Be, °C, *INe m 'Li mpu miarmpoBaHHH
skcnepumeHTanbHor yctaHoBkM ISOLDE B [IEPHe.

BHenpenne pe3yabTaToB  Hccje0BaHMA. R-MaTpuuHbId  MOAXOJ,
pa3BUTHII B IUCCEpTAllMU Ha OCHOBE rumnepchepudeckoro Metona Ha Jlarpamk-
Meln 0a3uce B KOMOMHAIIMM C TPOMAraTop-MeTo0M ObLT HMCIOJIB30BaH st
M3Y4CHMS TPEXYaCTUUHON KOHTHHYYM-CTPYKTYphI simpa ~~C U BBISBICHHS
MEXaHH3Ma IPOLECcca TPEXYaCTUIHOrO pasBana siapa ~'Li B paMKax pOrpaMMbl
«CrneKkTpocKkonusl JIETKUX SIep € SIEPHBIE PEaKIMu B MHUKPOCKOTHUYECKUX
MyJIbTHKIACTepHBIX Mozensax» (2010-2012) (ununmupoBaHHOW benbpruiickum
MuHHCTEPCTBOM IO HayKe, TEXHUKE W KYyJIbType W PETUCTPUPOBAHHOWU TIOJ
HoMepom P6/23).
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AnpobGanus padoTbl. OCHOBHBIE pE3yJIbTaThl AUCCEPTALNN TOKIAAbIBAINCH
Ha cemuHapax Ortnena sigepHodt ¢usukun UAD AH PVY3, HanuonanbHoro
yHUBEpcUTeTa  Y30ekucTtaHa, bprocceiabCkoro cBOOOAHOIO  YHHBEPCHUTETA
(benbrus), Yuusepcurera Muxa (Kopes), Yauepcurera Croppeit (AHrnus), Ha
mectd Mexaynapoaasix konpepennusax: «50 Years of the Nuclear Shell Modely,
(I"eitnenboepr, 'epmanus, 1999), «SOTANCP-2010» (bproccens, benbrus, 2010),
«Modern Problems of Nucl. Phys» (Camapkana, 2003; Tamkent, 2009), «Nuclear
and Radiation Physics» (Ammater, Kazaxcran, 2011), «Nuclear Sciences and
Application» (Camapkang, 2012).

Ony0auKoBaAaHHOCTHL pe3yabTaToB. [lo Teme auccepranuu OmMyOIMKOBAHBI
20 Hay4yHBIX paboT, U3 HUX 9 HayuHBIX cTaTei B 3apyOexHBIX KypHanax (M3 HUX
OJIHA CTaThs BXOAUT B MaTepHalbl MeXIyHapoaHOW KOH(MEPEHINH), CTaThs B
pecryOJIMKaHCKOM KypHayie (CTaThsi BXOJWUT B MaTepHaibl MeXIyHapOTHOU
KoH(epeHInn), cTaThsl B MaTepuanax MexayHaponHoi kondepenuun (Huwmrara,
SAnonus, 2003), crates B mnpenpuHTax Jloc-AmaMOCCKON — HalMOHAIBHON
nabopatopud W 8 TE3UCOB JIOKJIAJOB B COOpPHUKAX MEXIYHAPOJHBIX
KOH(pEpEeHITUH.

CtpykTypa n 00beM AuccepTalMOHHOM padoThl. [{uccepranns COCTOUT U3
BBEJICHUSI, BOCHMHU TJIaB, 3aKJIFOUCHHUS, CIIUCKA UCIIOJIb30BAHHOM JINTEPATYpHhI, ABYX
npuwiokeHul u conepxkut 181 crtpanuiy Tekcra, Bkiodaer 33 pucyHka u 14
Ta0IuII.

OCHOBHOE COAEP XAHHUE JUCCEPTALIMHU

Bo BBemeHuM O0OOCHOBaHbI aKTyaJbHOCTb W BOCTPEOOBAHHOCTH TEMBI
auccepTanuu, copMyIUpOBaHbI 11€71b U 3a/1a4d, BBISBICHBI O0BEKT, MPEAMET U
METO/[bl UCCIIEOBAHMS, ONPEIAEICHO COOTBETCTBUE UCCIENOBAHUS IPUOPUTETHBIM
HAMpaBJICHUSAM pPa3BUTHS HAyKW M TexHoyioruii B PecnyOnmke VY30ekucraH,
U3JI0’)KeHAa Hay4yHasi HOBM3Ha MCCIEAOBaHUsA, OOOCHOBaHAa JOCTOBEPHOCTb
MOJIYYEHHBIX pE3yJIbTaTOB, PACKpbITa UX TEOpEeTUYECKass M MpaKTUUYecKas
3HAYMMOCTb, TPUBEIACHBl KPAaTKUE CBEACHUSA O BHEAPEHUM peE3yJbTaTOB U
ampoOaruu paboThI, a TAKXKE O CTPYKTYpPE IUCCEpTaIIH.

B mnepBoil riaBe mpuBEIEH KpaTKUil 0030p JIMTEpaTypHBIX JaHHBIX 00
OCHOBHBIX MOJIO)KEHHUSIX U OCOOEHHOCTSIX MOTEHUUAIBHON MOJIEIHU, TPUMEHIEMOM
JUTSL UICCIIETIOBAHUS CTPYKTYPHI JIETKUX anep. [lepeunciensl oCHOBHBIE MPOOJIEMbI
B JITaHHOM HaIlpaBJieHUH, 00CYX IEHbl BO3MOXKHbIE MyTH UX perieHus. Ha ocHoBe
aHaiu3a JIMTEpPaTYpPHBIX JaHHBIX CGHOPMYIMPOBAHBI 1€Jb M 3aJa4d JaHHOU
JUCCEPTALIMOHHON paOOTHI.

Bo BTOpo#l ruaBe guccepranMyM  OPOBEACH  JCTAJIbHBIM  AHAJINA3
SHEPreTHYECKOro CreKTpa sapa ~C B KIACTEPHOH MOTEHIMANLHON MOJETH 30, Ha
["ayccoBoM 0azuce ¢ BHICOKOW TOYHOCTBIO C JIOKAIBHBIMU 0l0-TIOTEHIIHATIaMU AJTH-
bonmepa ¢ orrankuBarommm kopoM U baka-Opunpuxa-Yutau (BFW) ¢
3aMpelIeHHbIMU COCTOSIHUAMH B S- 1 D-BonHax. DT MOTEHIMAIbI, KaK U3BECTHO,
JOCTATOYHO XOPOILIO ONMCHIBAIOT JAHHBIE OO-PACCEAHUSA NPU HU3KUX IHEPTUSX.
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Pe3y/IbTaThl JUIS SHEPIHH CBS3M OCHOBHOTO COCTOSHHMS siipa °C, pacCYHTAHHBIC C
|-ne3aBucuMbIM  ToTeHIManoM Amu-bommepa (0.584266 u 5.1220936 Mb»sB
COOTBETCTBEHHO C Yy4YeToM U 0e3 ydeTra KYJOHOBCKOTO B3aUMOJCHCTBUS),
NPaKTHYECKN COBNAAAIOT C pe3yibTaTaMmu Jlarpank-mem Merona Jpyrux aBTOPOB.
Jlist  BO3OYXKIIEHHBIX ypOBHEW TakXe TMOJIY4YEHbl pE3yJbTarhl, OJU3KHE K
pesyapraram JlarpaHx-Mem MeToAa, HO HAMHOIO JIy4lllUe, YEM pPE3YJIbTaThl
runepcepuueckoro Merona. llepBoe ymucino pajleko OT SKCHEPUMEHTAIbHOU
sHepruu cBsa3u (7.27 MaB) u naxe |-3aBucumas Bepcus noreHimana Anu-boamepa
JaeT CWJIbHO 3aHMKEHHYIHO OLeHKy 1.523 M»B. [Insd BbhUMCICHHS SHEpPruu
cucteMbl 3o ¢ mnoreHuuaioM BFW mnpruMeHeH MeTon OpTOrOHaIM3UPYOIIMX
MICEBJIONOTCHIIMAJIOB, KOTOPBIA  MO3BOJIIET HAWTU  pEUICHUE  ypaBHEHUS
[IpeauHrepa B MOJHOM (PYHKIIMOHAJIBHOM MPOCTPAHCTBE.

B jauccepranuy IOKa3aHO, YTO HSHEPIUM KOMIAKTHBIX OCHOBHOro 07 u
TepBOro BO30YkKIEHHOTO 2 COCTOSHUM 300 CHCTEMBI CBEPXUYBCTBHTENBHBI K
ONMCAHUIO 3aMNpEIICHHBIX NpuHUOUNOM [laynu oo-cocTossHMI. DTOT pe3yibTar
TaK)Ke MPUBOAUT K HEOOBIYHOMY MOBEJICHUIO MPUMECH 3aMPEIIEHHBIX COCTOSIHUI B
pemienun  ypaBHenus Illpemunrepa. Ilpumech nomkHa OblIa TOCTETIEHHO
YMEHBIIATHCS C YBEJIMYCHHUEM KOHCTAHTHI MPOEKTOPA A, OJIHAKO B JJAHHOM CIly4yae
OHa UMeeT MUHUMYM OKkoJio 1450 M»aB. [Ipu 3TOM 3HaYeHUH A SHEPTHS OCHOBHOTO
cocTosiHus paBHA -19.763 M»1B, uTo 61M3KO K pe3ylibTaTaM MUKPOCKOIMUYECKHUX
pacueToB. JlanbHeilllee yBEIMYEHHE A PE3KO IMOBBIIIAET SHEPIHI0 OCHOBHOIO
cocrosanus 3a. Kak BnepBble mokazan PyxkuBapa, TaKO€ MOBEJACHHE DHEPTUU U
MPUMECH  CBUJIETEIILCTBYET O MPUCYTCTBUU TaK HA3bIBAEMbBIX  «IIOUTH
3aIpEIICHHBIX COCTOSIHUM» B pemeHun ypaBHeHus llpemunrepa. D10 «modtn
3aMpeleHHOE COCTOSIHME» B JHCCEPTAllMM HAalIEHO Kak COOCTBEHHOE COCTOSIHUE
MOJIHOTO ~ TPEXYACTUYHOIO  IMPOEKTOpa, COOTBETCTBYIOLIEE COOCTBEHHOMY
3HaueHuto 1.1847E-4 M»sB. Eciau npuHMMAaTh 3TO COCTOSIHHME KakK pa3pelieHHoE,
TOT/IA JJIsI SHEPTUH OCHOBHOTO COCTOSIHUSI MOKHO TMOJIY4HUTh OLEHKY -20 M5B, a
€ClIM TPUHATH €ro Kak 3ampenieHHoe, torga oneHky -0.645 MbsB. Takoe
UHTEPECHOE SIBJICHHE BIEPBbIE BO3HHMKAET B 3a/lauaX HA CBSI3aHHOE COCTOSIHUE.
Takum oOpa3om, AJii KOMIAKTHBIX COCTOSIHMM O-KJIACTEPHBIX SII€p MPUHIUT
[Taynu urpaet UCKIOUUTEIBHO BaKHYIO POJIb U MOYXKHO MPEIJI0KUTh APYTrOM IMyTh
OCTPOEHUSI MaKpPOCKOIMMYECKOro oo-noTeHnuana. CyTb €ro COCTOUT B TOM, YTO
napameTpbl MOTEHIMaNIa MOKHO MOATOHATh K 3aIIPEIICHHBIM COCTOSIHUSM, 3apaHee
(UKCUPOBAHHBIM U3 MUKPOCKOTMYECKUX 00-PACUYETOB.

B Tperneii riaBe nuccepraiuy pa3BUT R-MaTpUYHBIN NOAXOM Il U3yUYEHUS
TPEX4aCTUIHOM KOHTUHYYM-CTPYKTYPBI JIETKUX sanep B METOo/Ie
runepcpepuueckux rapMoHuk Ha Jlarpawxk-mem O6aszuce. B pazgene 3.1.1
OpUBEAEH OCHOBHOM (opMaliu3M MeToAa runepchepruuyeckux TapMOHHK Ha
Jlarpanx-mem 0a3uce, MOJMYYEHBI SIBHBIC BBIPAKECHHS I CHCTEMbI CBS3aHHBIX
YpaBHEHUN W TPEeXyacTUYHOTO I(PGEKTUBHOTO MOTEHIIMANA, KOTOPHIC 3aBUCAT
TOJIBKO OT TuUIleppaauyca. 37ech K€ NPUBEAECH aCUMITOTHUYECKUNA BH]I
3¢(eKTHBHOTO MOTEHIHANA, TIABHBIH YWICH KOTOPOrO HMeeT mopsigok 1/p°. BakHo
TaKKe yY4eCTh LEHTPOOCKHBI WICH, KOTOPHIH HMeeT mopsimok 1/p°  Jlms
Pa3TUYHBIX TPEXYACTHUHBIX MAPIUATBHBIX BOJH BBIYUCICHBI KOA(DHUIHEHTH B
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pasznoxkennn 3(PGEKTHBHOTO TOTEHIHMaNa 1o creneHsMm 1/p. B pasmene 3.1.2
pa3BUBAETCA TpPEeX4YacTUUHbIM R-mMaTpuuHblii popmann3M Ha OCHOBE ypaBHEHUS
brnoxa — lIpenunrepa. [IpoOHast BomHOBast GyHKIIUS BO BHYTpEHHEH obOsactu (10
25-30 ¢M) pasmaraercsa mo Jlarpamx-mem Oasucy. Haiinennas R-matpuma Ha
rpaHulle BHYTPEHHEH 00JacTH MPOJIOJDKUTCA C TIOMOUIbI0 ainroputma Hymeposa
BIUIOTh A0 Oousbimx paccrossHuii (okono 1000 ¢dhwm), rae BosHOBas (GyHKIHS
CIIMBAETCS C ACUMIITOTUKOM, KOTOpasi B Clly4ae HEUTPaJIbHBIX CUCTEM BbIpaKaeTCs
yepe3 (ynkuuu beccenst mepBoro u BTOPOTO POJAOB, a B CiOy4yae 3apsuKEHHBIX
YacTUIl — 4Yepe3 PEryJsipHble M HEpEryJspHble KyJIOHOBCKHE (yHKIuH. [lanee
MaTpHlla CTOJIKHOBEHHUSI HAXOAUTCS Ha OCHOBE HaileHHo# R-matpuiibl. B pasznene
3.2 nucceprauuy METOJ ObLI MPUMEHEH K aHaJU3y TPEXHYaCTUYHON KOHTHHYYM-
cTpyKTypsI ramo-saep "He=a+n+n u “Be="’Be+n+n. Jlns NN-p3aumomeiicTus
WCIIOJIb30BaH W3BECTHBIM LEHTpPalbHBIA MOTeHUMan MuHHecoTh, a oN-
B3aMMOJICCTBHE BBHIOpAaHO B KauecTBe MoreHiuana KaHanel U JAp., KOTOPHIM
COJIEPKUT CIMH-OPOUTANIbHBIN YJI€H U 3aBUCUT OT YeTHOCTHU. IIpu 3TOM nmoTeHuman
VN ObT miepemMHOXKeH Ha (akTtop A=1.051, yTOOBI TPAaBMUIBHO BOCIPOU3BECTU
DHEPTUI0 OCHOBHOI'O COCTOSIHUSA TraJIo-sapa ®He E=-0.97 M>B, a B kauectse ““Be+n
B3anMOJIeicTBUs ObUT BBIOpaH nmoteHiman popmoel Byaa — Cakcona

V(r)=-[V, +V, [s] / [1+exp ((r-rp)/a)] (1)

¢ mapametrpamu V,=43 M»aB, V.=6 M»aB, 1,=2.908 dm u a = 0.67 ¢m.

JIJIsi IpaBUIILHOTO BOCIIPOM3BEICHUS DHEPTUHM OCHOBHOTO COCTOSIHHS SApa
14Be, E=-1.34 + 0.11 M5B ucnons3oBano aa Merona. [lepBbiii METO OCHOBaH Ha
nepeMHoxkeHun mnoteHimanta (1) Ha d¢akrop A=1.08, a BTOpOl COCTOMT BO
BKJIFOUEHHUH TPEXYaCTUYHOTO MOTEHIIHAIIA

VK y, Ky’ (p) == 5K,K’ 5)},;/’ V3/ [1+ (p/ p3)2] (2)

B JIONOJIHEHUE K noTteHuany Byna — Cakcona,
rae K, K'— runepMoMeHTHI,
v=(lly,L,S), v'= (I'vI',L',S") — TpexqacTnunbIc KaHANIBI.

Ha puc. 1 nmpuBenensl paccuuTaHHble (Da30BBIE CABUTH 0-+N+N-CUCTEMBI C
J*=0" nnsa pamuyca kanana a;=20 oM u ag=30 (M B CpaBHEHUH C UCIIONL30BAHUEM
rpomnaratopa BIIOTh A0 250 ¢M A pa3iIuyHbIX TPEXYACTUYHBIX KAHAJIOB B LEJSIX
MIPOBEPKU CXOJUMOCTH. Y CTAaHOBIJIEHO, YTO MPOIMAraTop Ba)KeH JIsl KAHAJIOB C
O0onpmmM 3HaueHueMm rumnepmomenta K. Ilocne mguaronHanusamuu MaTpHIIBI
CTOJIKHOBEHHSI MOKHO TOJIYYUTh COOCTBEHHBIE (pa3bl.

Ha puc. 2 npusesieHsl cobcTBeHHbIe (asbl o+N+N cucremsl ¢ J'=0" s
paznuuHbIX 3HaueHUN K. Kak BumHO M3 puc.2, cxomuMocTh ¢assl A 0olee
BBICOKHMX DHEPI'Uil JJOCTUTaeTCs ObIcTpee.
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Puc. 1. ®a3oBble casuru a+n+n-cucremsl ¢ J*=0" 1s paguyca kanaia
=20 ¢pm u a,=30 ¢p™m (IITPUXOBHIE JIMHUM) U C UCIOJIb30BAHUEM
nponararopa BIUIoTh 10 250 ¢pM (crutomHasi JTUHMSA)
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Puc. 2. CobcTBennble $pasbl a+N+N-cucreMsl C J*=0" 111 pasanyHbIX
3HaveHud K«
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Ha puc. 3 nokasansl cobcTBeHHbIe a3kl cocTostauil ¢ J'=0", 1", 2" anep
®He u °Be. Ilns supa °He moxHO yBHmeTs y3kuii pesonanc 2°  okoio
0.7 M»aB, Huxe, yem aKkcriepuMeHTaibHoe 3HadeHue 0.8 M»aB, a B cocTostHusX
0" u 1" mpencTaBieHbl IIMPOKHE pe3oHaHCH Okoio 1.5 M»dB. Bamskue
pe3ynbTathl onydeHsl M.B. JKykoBbiM u 1p. u M.JK. Tomnconom u np. B
sape °Be JUJIE OCHOBHOrO cocTtosinusi HahjgeHo E=1.26 M»B ¢ mmpuHO#
['=65 3B, 4TO XOpOWIO cOryIacyercss C 3KCIEPUMEHTAIbHBIMU JaHHBIMU
E=1.37 MaB u I'=92+6 x3B.
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180 |
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E (MeV)

Puc. 3. Co6crBennbie aspl cocrostnmii ¢ J'=0", 17, 2* sinep °He u °Be

Ha puc. 4 mpuBemeHBI TPeXYacTHUHBbIE COOCTBeHHBbIE (a3l ~Be+n+n u
Y0+p+p mst cocrosumit ¢ J*=0", 1°, 2*. Kak ycranosieHo, B coctostHun — Be (21
UMEETCA Y3KMH PE30HAHC C dHEpruerd okoso 2 M»aB, KOTOpBIi COOTBETCTBYET
sHepruu Bo30ykIeHUs Eeos = 3.4 MeV. DToT pe3oHaHC COBCEM HENaBHO
MOJITBEPKIICH B DKCIIEPUMEHTE C OlleHKOH Esos= 3.54(16) MD»aB.
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Puc. 4. CoGerBennbie (ha3bl TPEXYACTHYHBIX cHCTeM “Be+n+n u
12 . -
O+p+p aas cocTosinmii ¢ J'=0", 17, 2°

B uyerBeproii riaBe auccepranuvu IMPOBEIECH ACTAJbHBIM TEOPETUUYECKUU
aHanu3 Oera-pacmaza JBYXHEUTPOHHOTO rajo-sjpa °He(0%) B a+d KOHTUHYYM-
KaHaJl B TPEXYACTUYHOM MOoJAeNH. Peakiusa Takoro Bu1a SJHEPreTUYEeCKA BO3MOXKHA
TOJIBKO JJIS SIIEP C PHEPrUei OTAENICHHS IBYX HEUTPOHOB MeHblie, ueM 3 MsB. B
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JAHHOM CJIy4Yae »JTO YCIOBUE BbINONHSAETCS ¢ 3amacom: Ep=0.95 M»B.
MaxkcumanbHO BO3MOXKHAsSI SHEPTHs B cCUCTeMe IieHTpa Mace a+d pasHa 2.03 MaB.
[TockonbKy B BBIXOJIHOM KaHaJle MOJHBIA MOMEHT paBeH 1, TO BO3MOXKEH TOJIbKO
["amoB-TennepoBckuil mepexo, AJis KOTOPOTO CIUHBI AIEKTPOHA U aHTUHEHUTPUHO
napaysienbHbl. [1ojHas BEpOSTHOCTH MpoIlecca CHIIBHO MOJABICHA U COCTAaBISET
2.2+1.1 E-6 ¢*. B paznene 4.1 nucceprauuy U3J0K€HA MCHOJIb3yeMas MOJIEIb.
Kak ¥ B TIpeBLIyIIeH I7aBe, TPEX4aCTHYHAs BOJTHOBas (YHKIHs sapa CHe
paccuMTaHa MeETOJOM runepcepudeckux rapMoHUK. [IpuBeneHbl sBHBIC
BbIpakeHuss s ['amoB-TeniepoBCKUX  MaTPUUHBIX — DJIEMEHTOB, KOTOPbIE
OTIPENENSAIOTCA UHTETPAIOM TEPEKPhIBAaHUS BOJHOBBIX (YHKIUNA HayalabHOTO H
KOHEYHOTo cocTosiHuid. B pazgene 4.2 npuccepranuy MNPUBEIEHBI PE3yJbTaTh
yuCJIeHHbIX BbluMcieHuil. B kauectBe NN-B3auMopeicTBusi BbIOpaH MOTEHIIHAI
MunHnecoTsl, a aN-B3anMoielicTBHE OMUCKHIBAETCS oTeHnanoM Kykynuna u nip.

[Tytem ananmuza cxoauMOCTH 3()(PEKTUBHBIX MHTErPATOB MOKA3aHO, YTO IS
BOCIIPOU3BEACHUS  JKCIIEPUMEHTAIbHBIX  JAHHBIX  CIEAYET  BKIIOUYUTH
TPEX4acTUYHBIC KaHAJbI BIJIOTH J0 OONBINNX 3HAYeHHU runepmomenta K.,=24,
IpU 3TOM TpPAHMIy HHTErpaja HyxHO Opath He Menbumie 30 ¢m. Harmsano
MOKa3aHO, YTOOBI MPAaBHJIBHO BOCIPOM3BECTH SKCIEPUMEHTAIbHBIE JAHHBIE,
BHYTPEHHSII M BHEHIHSsA (Tajio) 4acTH MAaTPUYHBIX AJIEMEHTOB [JIsi OCHOBHOM
TPEXYACTHYHON KOMMNOHEHThI K=0 JOJKHBI B3aWUMHO TMOJABIISITH JIPYr Apyra.
[loaToMy JaHHas KOMIIOHEHTa MPAKTHYECKHM HE BHOCUT HHUKAaKOIrO BKJaJa B
npouecc. JJOMMHaHTHBIN BKIJIAJ 1al0T KOMIIOHEHTa ¢ K=8, a Takke KOMITOHEHTHI C
K=2 u K=10. 511 3TUX KOMIIOHEHT rajo-4acTd MAaTPUYHBIX AJIEMEHTOB UIPAIOT
pelmarnyr0 pojbs. beUIO MPOTECTUPOBAHO HECKOJBKO MOTEHUMAIBHBIX MOJEIIEH
st o+d B3ammoneiicTBus (puc. 5): moTeHuMan V, ¢ OTTaJKUBAOIMM KOPOM Ha
MaJIbIX PACCTOSIHUSIX, TPABUIIBHO OMKCHIBAIONIHIA (pa3oBbie cABUTH 0+d-paccesHusl
B S-BOJIHE, HO HE HUMEIOIIMH CBS3aHHOE COCTOSIHUE, TJyOOKHMH MOTEHIIHAT
Jly6oBmuenko V, B Bue mpocroii I'ayccosoit dopmsr V(f) = Vo exp(-o r?) ¢
napamerpamu Vy=-76.12 M5B 1 0=0.20 dpM™>, BOCIPOM3BOIAIINIA SHEPTHIO CBS3H
sapa °Li(1%), paBmyio E=1.474 MbdB, u ¢asoBble CIBHH, HO HMEIONIHA
JIOTIOJTHUTEIBHOE 3aMpENIEHHOE COCTOSIHUE B S-BOJIHE, (hOJIIUHT-TIOTEHIIUATBI Vi,
Vi, u moremmmamsl V.o, V.2, [ONyd4eHHBIE CyNepCHMMETPHYHBIMHA
npeobpasoBanusmu u3 V,. [loteHmuan Vi, BOCIPOM3BOANT dHeprio casizu CLi(1")
U HUMEET [OMNOJHUTEIBHOE 3alpelIeHHOE COCTOSIHME, HO IJIOXO OMHCHIBAET
¢dazoBbie CABUTH, a MOTEHIHAN Vi, XOTA MPAaBUIBHO M BOCIPOU3BOIUT (asbl,
IEePeOLCHHBACT dHEPTHI0 CBs3y. [loTeHnman V,> maet Te ske (asbl i GpH3HIeCcKoe
CBA3aHHOE COCTOSHHE, HO HE COJACPXKHT 3ampelieHHOe COCTosHMe, a Vo>
BOCTIPOM3BOUT TOJBKO (ha3y paccesiHus, HO HE JIaeT CBSI3H.

W3 puc. 5 BUAHO, 4TO Jiydlee onucanue (OpMbI HOBBIX IKCIIEPUMEHTATbHBIX
JAHHBIX (3al0JHEHHBIE KPYXKOUYKHM) Il BEPOSATHOCTH INEpexoaa Mpouecca
JoCTUraeTcs A TiyOokoro noreHuuana JJyooBudeHko Vi, XOTs TeopeTudeckas
KpHUBas JISKUT HEMHOTO HIke. Takoi ycnex moteHnuana V, J0CTUraercs 3a cuer
HAJIMYHS y3Jla Ha MaJIbIX PAaCCTOSIHUSX B BOJIHOBOM (pyHKIMU o+d-paccesHus B S-
BOJIHE U3-32 OPTOTOHAJBHOCTH K 3alpelIEeHHOMY COCTOSIHHIO, a TaKxke
BOCIIPOU3BEJECHUEM DSHEPrUUM OCHOBHOTO COCTOSIHUS U (a3bl  paccesHusl.
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He6onpimas moaudukanus rayOuHbl U MIMPUHBI noTeHMana ¢ Vo=-79.4 M»sB u
0=021 ¢m? (moreHmman V., Ha pHC. 5) OOCCICYHBACT HAMIyYIIEE
BOCIIPOM3BE/ICHNUE YKCIICPUMEHTAIBHBIX JAHHBIX 110 GeTa-paciamy rano-supa *He B
o+d KOHTHHYyM-KaHaJ.
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Puc. 5. BepositHocTn Geta-pacnaaa raio-spa °He(0") B a+d
KOHTHHYYM-KaHAJI 32 ¢[IMHULBI BpeMeHH H YHEPTHH JIJIsI
Pa3JIMYHBIX ¢-d-MOTEHINAJIOB

Takum o6pa3oM, od-MOTEHIMANBI C 3aMPEHICHHBIMU COCTOSIHUSIMH —HTPAIOT
MCKITIOYUTENIFHO BAXKHYIO POJIb MPH OMHUCAHWU JAHHOTO IMPOIEeCcCa W MPOSBICHUU
rajo-CBOMCTB siJipa *He.

B mnsaroi riaBe auccepranMu NPOBEACH TEOPETHUECKMA aHanu3 M-
nepexona m3obap-anamoroporo cocrosums °Li(0Y) ¢ osmeprueil Bo3GyxIEHMS
E...=3.563 M5B B 0CHOBHOE COCTOSHUE 6Li(1+) u B o+td-kKOHTMHYyM KaHaia. B
pasnene 5.1 muccepranuu MOAPOOHO H3IIOKEHA HCIOJb3yeMas TpeXdacTUUHAs
MOJIETTb. 3716Ch OCHOBHOE M BO30YXKICHHOE COCTOSHMS spa "Li OIMHCHIBAIOTCS B
TPEXYaCTUYHOU MOZENU o+P+N, a WX BOJHOBBIC (PYHKIIMH HAXOAATCS METOIOM
runepchepruueckux rapMoHuK Ha Jlarpamx-mem Oaszuce. B 3ToM ke pasnene
ONHCaHbl SIBHbIE BBIpAXXEHUS Uil omepaTopoB MIl-mepexona B KoopJauHaTax
SIkoOu, a OKOHUYATENIbHBIE BHIPAKEHUSI MATPUYHBIX JIEMEHTOB NMPUBEACHBI BO 2-M
NPWIOKEHUHU AuccepTaiuu. B pasmene 5.2 aucceprauuu NpuBEACHBI Pe3yIbTaThl
YHUCJIEHHBIX PacyeToB sl JaHHOro mporecca. [lomyuena Teopernyeckas oleHKa
7.49 5B mns mmpuabl M1-mepexona m306ap-aHamoroBoro cocrosums sapa °Li(0")
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B ocHoBHOe cocrosume CLi(1%), KkoTopas xopomo  cormacyercs ¢
AKCIIEpUMEHTANIBHBIM  3HaueHueM &.19+0.19 »B. Teopetuyeckoe 3HayYeHUE
MArHATHOTO MOMeHTa sipa °Li (u=0.86 B eIMHHIAX SIEPHOTO MArHETOHA)
HEMHOTO 0OJIbIIE HKCIIEPUMEHTANBbHOM o1leHKH 0.82. DTH OlleHKH ObUTH MOTyYEHBI
C BOJHOBBIMH (YHKUUSIMH, BKIIOUAIOMIMMH TPEXYaCTUUHbIC KaHAIbl BIUIOTH [0
K=20, wu4ro ob0ecneunBaer xopouryro cxoaumoctb. B kadectBe NN-
B3aMMOJICUCTBUS BBIOpaH, Kak W MNpexae, noreHuuan MwunHHecoThl, a oN-
B3aMMO/JICHCTBUE OINMCHIBACTCA NOTeHIHaIoM Kykymnaa u ap. nsa onmcanus
KOHEYHOTO KOHTHHYYM-COCTOSIHUSI OBUIM TECTUPOBaHBI 0-+d-MOTEHIMANBI U3
npeasiayuei rnasel V, , Vi, Vi, u V, ST

Ha puc.6 mnokasanel pe3yiabTaTbl TEOPETHUYECKUX BBIYUCICHUN IS
nudepennnanbHoN mupruHbl M 1-niepexoa n300ap-aHaJIOroBOro COCTOSHUS Sapa
°Li(0") B a+d xomrmmHyyM-Kkamanm. Pesymsratel mus dommmpr-morenmuana Vi,
KOTOpBIN TUIOXO OMNMCHIBaeT (a3dy paccesHusl, CUJIbHO IOJIaBJIEHbI B O0JacTH
sHeprun 0.6 M»3B, a ocranpHbple NOTEHLIHANIBI HE MPOSBISAIOT TAKOTO CBOMCTBA.
Ananu3 cxoauMocTd 3(Q(QEKTUBHBIX HWHTETPAJIOB IOKa3aJ, YTO TIpaHULA
MHTETPAJIOB JI0JKHA ObITh B Iipenenax 25-30 ¢pM, a TpexyaCTUUHbIE KOMIIOHEHTHI C
K=0 u 2 nmatot ocHoBHOU (0K0J0 50%) BKJIAJ B MaTPUUHBIN 3JIEMEHT MEpPEXo/a,
IPU 3TOM BKJIaJ(bl KOMIIOHEHT ¢ 00J1bIINMU 3HaYeHUsIMU K Taxoke BayKHBI.
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Puc. 6. Ilnddepenunanbnas mupuda M1-nepexoaa nzodap-aHajaoroBoro

6y i/t
cocrostHust Li(0") B a+d KOHTHHYyM-KaHAaJ 3a eIUHHUIIbI BpeMeH!
M JHEPTUH

[Toka3zaHo, 4To OCHOBHOM BKiaa B M1-miepexon JaeT CIMHOBAsE KOMIIOHEHTA.
Nurerpanphas mmpuna nepexomga 0.9 M3B, momyyeHHas ¢ moTeHUUAIOM Vo,
XOpOUIO COTJIaCYeTCs C pe3yJbTaTaMu MNPEIbIAYIINX YINPOUIEHHBIX BBIYUCICHUN
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JI. I'puropenko u np. IlokazaHo Takke, 4TO B3aUMHOE IOJIaBJIEHUE BHYTPEHHEN U
rajio-KOMIOHEHT MAaTPUUYHBIX 3JIeMEHTOB MI-nepexona NposBISETCS HE Tak
CHIIBHO, KaK B cIydae Oerta-paciaa *He.

B mectoii riaBe aucceprali NpPOBEECH TEOPETHUECKHI aHanu3 OeTa-
pacrana IBYXHEHTPOHHOTO rano-sapa —Li B aByxdactmusii "Li+d koHTHHYYM-
kaHan. McxonHoe s/ipo, Kak U MpExkJe, OMUCHIBAETCS B TPEXYACTUYHOU MOJIEIH
Li+n+n MerTomoM rumepcd)epHYEcKHX TapMOHHK Ha Jlarpark-Memr Oasmce.
Hcnonb30BaHbl HYKJIOH-HYKJIIOHHBIM TOTEHIMAT MHUHHECOTBI W LEHTPaJbHbBIN
notenmman “Li+n Tomncona i JKykoBa ¢ 3alpelieHHbIM COCTOSHHEM B S-BOJIHE,
KOTODBIil BOCIPOM3BOJUT SHEPIUIO OTACICHHS ABYX HEHTPOHOB siapa Li, T.e.
S2n=376 x3B. MakcumanbHO fomyctumast s3Heprust — Eq=2.63 M»B, a noreHuunasl
*Li+d gomKHBI BOCIIpOM3BecTH (U3HUeCcKoe CBA3aHHOE cocTosHue 1/2” sapa "'Be ¢
sHeprueit E=-17.60 M»sB, kotopoe sBisieTcsi BO30YXKIEHHBIM COCTOSHHEM C
E,0,=320 k9B. B MHKPOCKOIMYECKHX KIACTEPHBIX MOACISX crcteMa  Li+d nmeer
3aMpeneHHoe COCTOSIHUE B S-BOJHE HUXKE (PU3MUYECKOro COCTOsiHUA. B maHHOM
MOJIENIA TaKO€ COCTOSIHHE MOKHO TOJYYUTh C MOMOIIBIO TJIYOOKOTO MOTEHIIHUANA,
Kak U B cucrteMe o+d. OgHaKo B JaHHOM Cllydae MMEIOTCS JBa CYIICCTBCHHBIX
pasimiamst. [lepBoe COCTOHMT B TOM, 4TO B cucTeMe Li+d nmeercst pe3oHaHC B S-
BOJIHE, TIOJIOKEHHE KOTOPOTO IJIOXO OMPEEICHO U3 SKCIEPUMEHTA U HAXOJIUTCS B
npenenax 0.2-1 MsB. Bropoe paznuuune kacaeTcsi HAIMUUs HECKOJIBKUX OTKPBITHIX
KAHAJIOB PEAKIHH B CIIydae GeTa-pacmaza supa —Li Hibke kaHana pacmaga “Lit+d,
HampuMep KaHambl Be+n u °Li+t. [ToSTOMY B JaHHOM ClIy4ae MOYHO YBUICTb
coBceM Apyryio ¢usuky. Oxazajaoch, 4TO BEpPOSITHOCTH OeTa-pacmaga CHUIBHO
3aBUCAT OT TIIOJOKEHUS PE30HAHCA, W TIOTCHIMAJBI, KOTOPHIC HE OMHCHIBAIOT
VKa3aHHBI PE3OHAHC B S-BOMHE cHCTeMsl 'Li+d, He BOCIIPOM3BOMST Jaxe
MPaBUJILHOTO TIOPSIKA BEPOSTHOCTH OeTa-mepexoja B JECHTPOHHBIM KOHTHHYYM-
kaHai. [Ipu 3TOM BEpOATHOCTH Mepexo/ia HE 3aBUCUT OT TOTO, MUCIOJB3YETCs JIH
MOTEHIIMAJI C KOPOM WJIM C 3allpelieHHbIMU COCTOSHHUSIMU. BceneacTBue Hanmuuus
OTKPBITBIX KaHAIOB pacrmaga B ~Li+d MOTEHIMAn BBOAMTCSA IOTVIOLIAIOMIHG
MHUMBIN YJIEH

V(r)= -(Vo+iWo) exp(-oc r°). ©)

VY CTaHOBJIEHO, YTO MOTJIONICEHUE MOXKET CYIIECTBEHHO YMEHBIIUTH BEPOSTHOCTH
OeTa-miepexo/a.

Ha pwuc. 7 npuBeneHbl pe3ylbTaTbl TEOPETUYECKOTO aHamu3a s
BEPOSATHOCTEH OcTa-pacmana rajo-sjapa —Li B IBYX4aCTHYHBIA KOHTHHYYM-KaHaJI
Li+d 3a exuHMIBI BPEMEHM W DHEPruM B CPaBHEHUHM C HOBBIMHU
AKCIIEPUMEHTAIbHBIMU JaHHBIMU. [lapameTpsl B Li+d norenumane BBIOpaHbI Kak
V=100.1 MsB u 0=0.17 (1)M-2, a Wy MOXXeT MEHSThCS B MIpeaeiaax HEeCKOJIbKHUX
MbB. DToT moTeHnuan BOCIPOU3BOAUT PE30HAHC B S-BOJIHE MPHU YHEPTUU OKOJIO
0.7 M»B. Kak BusHO U3 puc. 7, BBEJICHUE TOIJIONIAIONIETO YjeHa B MOTECHIIMAI C
Wy=5 M5B npuBOoauT K HawiIydlleMy ONHCAHMIO JaHHbIX. Ha puc. 7 Takxke
MOXHO YBHUJETbh, YTO yAAJICHUE AOMOJHUTEIBHOIO 3aMPEHIEHHOIO COCTOSIHUS U3
°Li+d moTeHmMana ¢ MOMOIIBIO CYIEPCHMMETPHUHBIX mpeobpasosanmii (SUSY)
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MPaKTUYECKH HE MEHSIET BEPOATHOCTEH OeTa-mepexona B MPOTHBOBEC Oerta-
pacrany ramo-sapa “He.

Haiineno Takke, YTO TaJO-KOMIIOHEHTBI MATPUYHBIX 3JIEMEHTOB | aMoOB-
TennepoBckoro  mepexoma  CTPOTO  JOMHHHPYIOT  HajJ  BHYTPEHHUMHU
KOMIOHEHTaMHu. JIJis MHTErpaJbHOW BEPOATHOCTH TIEpexojia TeopeTHIecKas
omenka 7.3E-3 ¢’ xopomio cormacyercst ¢ SKCIEPUMEHTATbHBIM 3HAYCHHEM
8.841.9E-3 ¢ B o6mactu sueprun E > 0.2 MaB.

Mj we> L +d +e+7

1,E+00

& dW/dE(1)
o dW/idE(2)
—_— =W=0
5

e =

- W=5_SUSY

1,E-02 A

dWIdE, MeVA(-1) s(-1)

1,E-04 A

1.E-06 T T T T T T T T T
0 0,2 0.4 0,6 0,8 1 1,2 1.4 1,6 1.8 2

E, MeV

Puc. 7. BeposiTHOCTH nepexoa 3a eAMHULbLI BPEMEHHU U JHEPrUuMn
Gera-pacnaga rago-sapa Li B °Li + d kontunyym-kanaa dW/dE,
BbIYNCJIEHHbIE C PA3JIMYHBIMU 3HAYEHUSIMU CUJIBI IOBEPXHOCTHOTO

norJjomenus W, MhB

B ceabMoii riaBe pedb HueT 00 yHHKaIbHOM Oera-mepexome —Li —
9Li+p+n+e+f>. YHUKAJIBHOCTh 3TOTO IIPOLECCA COCTOUT B TOM, YTO CPEAU BCEX
IBYXHEHTPOHHBIX Tal0-sep TOIBKO TS sapa -Li BEIMOHSETCS yciIoBHe Gera-
nepexojia Tajlo-HeHTPOHOB B yKa3aHHBIM KaHAJI, a UMEHHO S;, < (mn-mp-me)c2
~782 x3B. B ciyuae siapa Li, kKak oTMedanoch B IIECTOH IIIaBe, 5TO YCIOBHE
BBITIOJTHSACTCS ¢ HEOOJIBIINM 3amacoM — S;=376 +5 k9B. Tpexdactuunas BogHOBas
byHKIIHS 1 i onmcana kak cgzanHOe cocTogHue "Li+n+n u paccuMTaHa METOJIOM
runepcepuueckux rapMoHUK Ha Jlarpamx-memn Oa3uce, Kak W B MpeabLaylien
rIaBe B TeX ke yciaoBusAX. KoHedHoe cocTosiHuE 9Li+p+n SIBJISICTCS
TPEXYaCTUUYHBIM KOHTHHYYM-COCTOSIHAEM —Be. BbramcieHne BOIHOBON (ByHKIHH
B 3TOM COCTOSIHIM HAMHOTO CIIOXKHEE, YeM B TPEXUaCTHIHOM KOHTHHYyMe °He 1o
HECKOJIbKUM TpUYMHAM. ['JlaBHasi mpUyYMHA CBsi3aHA C HAJIMYHMEM KYJIOHOBCKOIO
OTTAJIKUBAHUSI MEXKYy KOPOM U MPOTOHOM, KOTOPOE CHUIILHO YBEIUYUBAET PAJIAYC
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CXOIUMOCTH M YHCIIO TPEXYACTHYHBIX KaHaioB. Kpome TOro, KOHTHHYyM-
BOJTHOBass (PyHKUMS JOHKHA OBITh OPTOTOHAJbHA BOJIHOBBIM  (DYHKIIHUSIM
HECKOJBKUX CBSI3aHHBIX COCTOSIHMM, YTO HAaMHOTO YCJIOXHSIET CTPYKTYpY
KOHTUHYYM-COCTOSIHUSI M TpeOyembIX BbluucleHHd. IloCKoJIbKy — OIleHKa
BEPOSITHOCTU JAHHOTO OeTa-mepexoaa OyaeT KpaiiHe TmoJie3Ha il OyayIiux
AKCIIEPUMEHTOB, JIOMYCKAETCs HEKOTOpOE YHOPOIICHUE MOJEId, a HWMEHHO
UCIIOIB3YIOTCS  KYJOHOBCKHE BOJIHOBBIE (DYHKIIMH C HEKOTOPOW MoauduKaIuen.
Ota MoaudUKaIKsI COCTOUT B CIBUTE KYJIOHOBCKOW BOJTHOBOHM (hYHKIIMH HAJIEBO Ha
10-15 &M, 9TOOBI CMOIETUPOBATH BOJHOBYIO (DYHKITUIO, COOTBETCTBYIOIIYIO
MOTECHIMAITy C BKJIIOYEHUEM SJECPHOrO M KYJOHOBCKOrO B3ammojeuctsuil. Ha
puc.8 mpuBeICHBI Pe3yIbTaThl MPOBEICHHBIX BRIUMCICHUN ISl BEPOSTHOCTH OeTa-
pacmaja rajo-sjapa LI B TpeX4aCTUYHBIN KOHTHHYYM-KaHaJl 33 €AMHHIIBI SHSPTHH
Y BPEMEHU.

dW/E (s

0 0.1 0.2 0.3 04
E (MeV)

Bepxusist 1mTpuxoBas JHMHHMS ~ COOTBETCTBYET IUIOCKOBOJIHOBOMY
OpUOIMIKEHUIO, @ HIDKHAS IITPUXOBAasi — YHCTO KYJIOHOBCKOMY
ortankuBaHuio ¢ dhdexTuBHbIM 3apsaoM 4.83. Huxusis cruioniHas
JIMHUST COOTBETCTBYET CIBUHYTOW HaieBo Ha a=10 ¢M KyJTOHOBCKOU
BOJIHOBOW (DYHKITMH, a BEPXHSS CIUIOMHAS — MOAU(DUIIMPOBAHHON
KYJIOHOBCKOM (pyHKIMU ¢ a=15 dpm

11y & "
Puc. 8. BeposiTHocTH OeTa-pacnajaa rajo-sapa LI B TpexyacTHYHBIM
KOHTHHYYM-KaHaJl 9Li+p+h 34 €IMHUIbLI JHEPIUM U BPEMEHHU
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Jlis monHOM BeposSITHOCTU OeTa-mepexoia ¢ IJIOCKOM BOJIHOM TMOJdy4yeHa
omenka W=3.8E-8 ¢, a ¢ umcro KynoHOBCKOil BomHOH — W=5.1E-10 c™.
MoauduiupoBaHHbie KyJIOHOBCKHE (QYHKIUU JJIsl IOJTHOW BEPOATHOCTH MEpexo/ia
JaloT o1leHKYy B uHTepBasie 0.6E-8 cl< W < 1.8E-8 c'l, YTO JaKE Ha JIBa MOPsIKa
HIDKE, YeM BEpOSTHOCTB OeTa-pacraia rano-supa "He. KooddumuenT BerneHmus,
MOKAa3bIBAIOIHNM, HACKOJIBKO PEIOK JAHHBIN IMpoIiecC, ONMPEAeIIeTCs] ¢ MOMOIIbIO
cootHomenuss R= Wty /In2, rae t,=8.75 m.c — mepuoj nosypacmaaa UCX0HOTO
snpa. OneHka 3TOW BEIWYUHBI I OeTa-miepexoaa sapa Uis TPEXYaCTUUHBIN
KOHTHUHYyM-KaHan Haxoautcsa B untepBaie 0.8E-10 — 2.2E-10, kotopass HaMHOTO
MEHbIIIe, 4eM JUIsi OeTa-pacana sapa “He B meiTpoHmsii kanam (2.6+1.3)E-6.
[Tpuunnoit ManocTu ko3¢ uIMeHTa BETBICHHS AJIs MEPBOTO Mpolecca SIBIIETCS
manoe Q-zHauenue Ep=0.404 M»5B, cunbHO orpanunumBaroniee  (pazoBoe
MIPOCTPAHCTBO.

B BocbMoO#i ri1aBe guccepTali MPOBEICH TEOPETHUYECKUU aHalu3 OeTa-
pacranoB OJHOHEHTpOHHBIX ramo-saep - Be, °C u *Ne ¢ sHeprusmu otnenenus
HeritpoHa S,=501 k3B, S,=580+90 k3B u S,=0.33+1.07 M>B CcOOTBETCTBEHHO B
JBYX4YaCTUYHbIE KOHTHHYYM-KaHaJlbl KOp IUTIOC TpoToH. IIpeamoinaraercs, 4To
OeTa-nepexo]l MPOMCXOAUT B Tajo-4acTu siaep. Bo Bcex Tpex ciaydasXx BO3MOXKHBI
depmueBckue nepexoapl Hapsany c¢ lamoB-TemnepoBckuMu —mepexojaMu.
DHEpreTUUeCcKoe yCIOBHE Mepexo/ia JOIHKHO OBITh Sp< (mn-mp-me)c2 ~782 k3B, a
MaKCUMaJbHO JOIYCTUMAas 3HEPrusi B CUCTEME LIEHTpa Macc Kopa W MPOTOHA —
Eq = (mn'mp'me)C2 - S;. Ilockonbky sHEprusi OTAEICHHS BAJICHTHOTO HEHTpPOHA B
anpe ~Ne omnpeneseHa ¢ 00JIbIION MOTPEeIIHOCThIO, BEPOATHOCTh OeTa- mepexoaa
TaKKE MMEeT GOJBIIYI0 HEONpEAeIeHHOCTs W Bapsupyer or 0 mo 10° c™.
HauvanbHble coCcTOSIHUA B cllydae MEPBBIX ABYX SJIEP "Be u °C MPENOIararoTCs
S-BOJNHOBBIMH COCTOSHHSIMH KOP-+HEHTPOH, a B IOCIHCIHEM ciydae siapo - Ne
ONMCHIBACTCS KAaK CBsA3aHHOEe P-BosHOBOE cocrosiHMe. B3aunmopencrBus
BbIOMparoTCs B BUae mnoteHnuana Bynma — CakcoHa ¢ mapaMmeTrpaMu, KOTOpbIE
BOCIIPOU3BOJST SHEPTUU OTHAEJICHHS BAJIECHTHOTO HEWTPOHA C JOMOJIHUTEIbHBIMHU
3aMpElIEHHBIMU  COCTOSIHMSIMU, MO0 OJHOMY B Kaxiaom ciaydae. Ha puc. 9
NPUBEICHBI BEPOSITHOCTH OeTa-TiepexonoB rano-saep Be, °C u *'Ne B kop mmoc
IPOTOHHBIE KOHTUHYyM-KaHajdbl B €JAUHUIAX SHEPruM M BpeMeHu. B a1ux
pacuerax 3HEPTUSl OTAEJIEHUS HEUTPOHA B sAPE *Ne ¢dbukcupoBana kak E=0.6
M»>B. Ilpu 3THX yCHOBHAX TIOJNHBIE BEPOSTHOCTH IIEPEXOJOB  COCTABIISIOT
1.5E-9 ¢* JUISL siApa ﬂBe, 2.7E-12 ¢t TUISL siapa ¥e u, Haxkonerr, 3.3E-10 ¢t~ nna
*'Ne. CoorserctByromme kodhdurmentsl BetBienns pasubl 3.0E-8, 1.8E-13 u
1.6E-12 cooTBETCTBEHHO AJIA SAIEP 1Be, 9C u *'Ne.
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Puc. 9. BepositHocTi GeTa-nepexoaos rauo-sxep 'Be, 1°C u *'Ne B kop
ILUIIOC MPOTOHHBIE KOHTHHYYM-KAHAJIbI 32 ¢IMHULIbI JHEPTrUM U BPEeMEHH

B npuiio:keHMAX NPUBEIEHBI aHATUTHYECKUE (POPMYIIbI IJIi BEPOSITHOCTU
MIl-nepexoia B KOHTHHYYM B TPEXYaCTUYHOW MOJEJIH, a TakKe MaTpPUYHbIE
aneMeHThl M 1-iepexosia B CBSI3aHHBIE U KOHTUHYYM-COCTOSIHUS.

3AKJIIOYEHUE

1. Ioka3aHa cBEpXUyBCTBUTENLHOCTh SHEPIUH KOMIAKTHBIX OCHOBHOTO 0' 1
nepBoro Bo30yxmeHHOro 2° cocrosmmii siapa °C K OINMCAHMIO 3arpeICHHBIX
npuHOunoM [laynm ao-cocTosHui.

2. BnepBeie R-maTpuyHbI MOAXOJ] Pa3BUT I WU3YYEHUS TPEXUACTUYHOU
KOHTUHYYM-CTPYKTYPHI JIETKUX fJIep B METO/E THUNepCcPepuuecKuX TapMOHUK Ha
Jlarpanx-menn 6a3zuce ¢ MPUMEHEHUEM MPONaraTop-TEXHUKH. Y CTAHOBJIEHO, YTO
R-maTpuily, paccuMTaHHyl0O Ha TpaHWIE BHYTPEHHEH OOJacTH, HYKHO
MPOJOJIXKATh BIUIOTH 10 OoJbiux paccrosinuii (okosio 1000 ¢m), rae BoiaHOBas
(GYHKIMST CHIMBAE€TCS C AaCUMIITOTUKOW. MeToj OblT NPUMEHEH K aHalu3y
TPEXYaCTHIHONH KOHTHHYYM-CTPYKTYpHI Tamo-saep 'He wu  **Be. PaccumraHsr
JMaroHajibHble W COOCTBEHHbIE (Pa30Bble CABUTU TPEXYACTUYHON MATpPHUIIbI
CTOJIKHOBEHHS, MPEICKA3aHO CYIIECTBOBAHHE HOBOTO pesoHanca — Be(2") mpu
E.»,=3.4 M»1B.

3. IlokazaHo, 4TO JJis BOCTIPOM3BEICHUSI JTAHHBIX 10 OeTa-pacmaay rajio-sapa
°He B o+d KOHTHHYyM-KaHan KpailHE HEOOXOJMMO  HCIIONB30BATH
MHUKPOCKOIIMYECKH 000CHOBaHHbIC 0/d-TTOTEHIMAIIBI C 3aMPEIICHHBIM COCTOSTHHEM
B S-BOJIHE, BOCTIPOU3BOIAIINE (DAa30BbIE CABUTH U DHEPTUU OCHOBHOTO COCTOSIHHUSI.
B »sTtoM ciyyae BKIIaibl BHYTPEHHHX M TaJIO-KOMIIOHEHT ['amoB-TemnepoBckux
MAaTPUYHBIX AJIEMEHTOB MOYTH MOJHOCTHIO MOAABISAIOT APYT JpYyra, B pe3yjabTare
CyMMapHasi BEpOSATHOCTh II€PEX0Jla CTPOr0 3aHUKEHA B COOTBETCTBUU C
AKCIIEPUMEHTOM.
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4. Merton rumnepcheprudeckux rapMOHHMK Ha Jlarpamk-mernie TpUMEHEH K
M3ydeHHo mporecca MIl-mepexoma m3oGap-aHamoroporo cocrosaust Li(0%) B
ocHoBHoe cocrosiHre CLi(1Y) u a+d KOHTHHyyM-KaHal B TpPEX4aCTHIHOM
dbopmanuzme. Teopernueckas oneHka 7.49 »B nmna mmpunsl M1-nepexoma B
OCHOBHOE€ COCTOSTHUE XOpPOIIO COTJIACYETCS € SKCHEPUMEHTAIbHBIM 3HAY€HHEM
8.19+0.19 5B, a oleHka MarHUTHOIO MOMEHTa sjpa oL u=0.86 B enuHMIIAX
SJIEPHOTO MAarHeTOHa CJerka IMPeBBIIIACT dKCIepuMeHTanbHoe 3HadeHue (.82.
[TomydeHsl TEOpeTHYECKHE OICHKH MJisi BeposTHOCTH MI-mepexoma wu3o0ap-
ananoroporo cocrosans 'Li(0*) B a+d KOHTHHYyM 3a €IMHHIBI BPEMEHH H
sHepruu. MHrerpanpHas mmpuHa nepexona 0.9 MdB xopomo cormacyercs ¢
pe3ynbTaTaMu NPeIbIIyIINX YIPOLIEHHBIX BbruKcieHnid. Ilokazano, uro uzobap-
ananorosoe cocrosirre °Li(0%), kak u sapo °He, nMeeT SpKo BBIpaKEHHYIO Taio-
CTPYKTYDY.

5. IlomyyeHsl TeopeTHUECKHE OIEHKU I BEpOsITHOCTH OeTa-mepexoja
ramo-sapa "Li B °Li+d KOHTMHYyyM-KaHAT 3a €IMHHII BPEMEHH M SHEPIHH,
MOJIHOCTBIO  COTJIACYIOIIMECS] C HOBBIMHU JKCHEPUMEHTAIBHBIMU  JIaHHBIMHU.
Haiineno, 4To B 3TOM cilydae OCHOBHYIO POJIb HUIpPaeT PE30HAHC B S-BOJIHE B
CUCTEME Li+d mpu sHeprum oxomo 0.7 M»3B, He3aBHCHMO OT TOTO,
UCIIOJb3YETCS JIM MOTEHIMANl ¢ KOPOM WM C 3alpelIeHHbIMU COCTOSTHUAMU. [Ipu
ATOM Tajio-KOMIIOHEHTHI CTPOr0 JTOMUHUPYIOT HaJl BHYTPEHHUMHU KOMITOHEHTaAMHU.
JIisi MHTErpambHOW BEPOATHOCTH TpOIecca MomydeHHas orenka 7.3E-3 ¢’
HaXOJUTCS  BHYTPU  KOpPUAOpa  OMIMOOK  AKCIEPUMEHTAIBHBIX  JIAHHBIX
8.8+1.9 E-3 ¢* B o6mactu sueprim E > 0.2 M»sB.

6. IlosydyeHsbl TEOpEeTUYECKHE OLEHKA Mg KO3(DPUIMEeHTa BETBICHUS
(BEepOSITHOCTH) ~ YHHKAIBHOTO OeTa-epexoga  ramo-sapa —Li B °Li+p+n
TPEXYACTUYHBIM  KOHTHHYyM-KaHajl B paMKax KJIACTEpHOM NOTEHUUAIBbHOU
mozenu. PazymHbie omeHKH 1711 KOd(ppUIMeHTa BETBICHHUS W DHEPTETHYECKOTO
pacmpenesieHdss  pacmaja  MOJy4YeHbl C  MOMOIIbI0  MOAM(PUIIUPOBAHHOU
KYJIOHOBCKOM BOJTHOBOW  (PYHKIIMH, KOTOpas WMHUTHUPYET pPeajbHYI) BOJHOBYIO
dynakuuo. [lomydeHnnsie oneHku g Kodd@UIIMEeHTa BETBICHHUS HAXOMSTCS B
untepBaie 0.8E-10 — 2.2E-10, koTopble HAMHOTO MEHbIIIE, YeM JjIsl OeTa-pacmaja
sapa °He B meHTPOHHBIH KaHam (2.6 +£1.3)E-6. Ilpuuunoii majocTu
kod(pdunmeHTa BETBICHHUS JJIS MEPBOrO IMpoliecca sBisiercs mManoe Q-3HaueHue,
KOTOpO€ CHJIBHO OrpaHu4MBaeT (¢azoBoe MNpocTpaHcTBO. [lonHas BEpOATHOCTH
6era-niepexona nmeet mopsiaok 107 ¢,

7. llomydeHbl TEOPETHUECKUE OLEHKHU Jii BEpOATHOCTEH Oera-pacnanaa
OJHOHEHTPOHHBIX ramo-saep 'Be, °C u *Ne B ByXuacTHUHBIC KOHTHHYYM-
KaHAJIbl B PaMKaxX KIACTEPHOU MOTCHUHUAIBHOW Mojaeiu. JIsi uMHTErpajgbHOU
BEpOSTHOCTH OeTa-mepexoma rago-sapa —Be B °Be+p KOHTHHYyM-KaHAI
noxyyeHa ounenka 1.5E-9 c‘l, a I sapa Be - 27B-12 ¢ CooTBeTcTBYyIOIIKE
ko3¢ bunreHTs BeTBIeHus paBabl  3.0E-8 mis siapa UBe u 1.8E-13 — ms sapa
9C. Tlonnas BeposiTHOCTB Gera-miepexoma siapa - 'Ne B P°Ne+p  KOHTHHYYM-
KaHAJ MOJKeT BapbupoBath oT 0 10 10° ¢ B 3aBHCHMOCTH OT 3HAYCHHS SHEPTHH
OT/CJICHUS] BAJECHTHOIO HEWTPOHA, KOTOPOE B HACTOSIIEE BpEMS IJIOXO
ompeneneHo u3 skcnepumenTa. s saeprun  otaeneHus B uatepsaie 0.25 — 0.35
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M5B monmHas BepoOSTHOCTH mepexona omenumBaercss B 3.3E-10 c¢*, koropas
npuBOUT K otileHke 1.6E-12 nis koadduiirnerTa BeTBICHHUS.

I'1aBHBIA MTOr  TIPOBEJCHHBIX HCCICIOBAHMN CBOJIUTCS K TOMY, YTO
pa3BUTHIE B JJAaHHOM pabOTe MOTEHIMAIbHBIE MOJICIM MOTYT HE TOJIBKO aJIeKBaTHO
OMMCaTh  CYIIECTBYIOIIME  OKCIEPUMEHTAJIbHbICE  JaHHbIE B 00JacTu
HU3KOAHEPIeTUYECKON sAepHOM (DU3WMKH, HO M TpeACKa3aTh HOBBIE CBOWCTBA
JIETKHX SIJIep, €CIIU TTapaMeTphbl MOJICIICH BBIOMPAIOTCS M3 YCIOBHUS COTJIACOBAHUS C
MUKPOCKOTTUYECKMMHU CBOMCTBAMHU JIETKUX STIEP.
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ANNOTATION OF THE DOCTORAL DISSERTATION

Topicality and demand of the subject of dissertation. Currently, a lot of
efforts are made to understand the structure of neutron-rich halo nuclei like °He,
i, "Be, “Be, C, *'Ne. These nuclei have special properties such as small
binding energies and the extended one- and two-neutron low-momentum
orbitals (I=0,1). Usually, these nuclei are studied in the core plus few neutrons
model. Additionally, no any two-body subsystem of the three-body halo nuclei
®He, 'Li, and “Be is bound, a property of the Borromean system. In addition to
the static properties, like energies and charge radii, the beta decay and
electromagnetic transition processes of these nuclei to two-body and three-body
continuum channels are of special interest. These processes yield useful
information on the internal structure and halo properties of the nuclei, since the
transitions occur namely in the halo parts. In addition, there are experimental data
on the beta-decay processes of the °He and ™Li halo nuclei into the two-body
deuteron continuum channels, which need a deep theoretical analysis. The study of
the beta-decay processes of the halo nuclei *'Be, *C and *'Ne to the two-body
proton plus core continuum channels can yield new properties of these systems in
addition to the static characteristics.

Among the halo nuclei a special place belongs to the *Li nucleus. Unlike
other nuclei, it can decay additionally into the °Li+proton+neutron three-body
continuum channel. This is the most complicated process and the theoretical model
should give useful information on the process, as well as on the three-body
structure of the *'Li halo nucleus.

The first excited state of the °Li nucleus is the isobar analog state of the
®He halo nucleus. Therefore the M1-transition process of this state to the deuteron
continuum channel allows one to obtain information on its halo properties, similar
to the properties of the °He nucleus. The obtained estimations for the width of the
M1-transition can be compared with the existing experimental data. The process
additionally can be used when studying the parity violation effects in the strong
interaction.

The nuclear-nuclear interaction models, containing forbidden states in lowest
waves, have been proposed long time ago, in the seventies of the XX-th century for
an adequate account of the Pauli principle as an alternative to the potential models
with a repulsive core at short distances. They have a microscopic background and,
in other words, are based on the nucleonic degrees of freedom. However, the role
of these forbidden states in the nuclear structure has not been properly studied
until now. This question is of special interest for nuclei containing several alpha-
clusters. The exclusion is the Moscow nucleon-nucleon potential model with
forbidden states in lowest waves: its properties in the three-body nuclei have been
studied in details. On the other hand, a role of forbidden states in the Moscow
model is different and it is connected with the quark structure of the nucleon. But
in light nuclei containing several nuclear clusters, the models with forbidden states
are introduced exclusively for the adequate account of the Pauli principle. They
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have got a special actuality in view of the discovery of the halo structure of some
light nuclei.

The nuclei which consist of several alpha-clusters play an important role in
astrophysics. Although the two alpha-particles are unbound, but the nuclei,
containing three (**C) and four (*°0) alpha-clusters, have large binding energies
and belong to the group of the Borromean nuclei. For these nuclei, the obtaining
realistic wave functions for the bound, as well as continuum states, which can be
applied to the estimation of the cross-section of the astrophysical synthesis
reactions, is the most difficult problem. On the other hand, study of the structure of
these nuclei becomes even more actual in view of predictions of the existence of
the “alpha-condensation”.

Models of light nuclei developed in the dissertation and results received on
their basis are extremely important for the optimal control of the thermonuclear
reactions in the d+°Li plasma, yielding the formation of light nuclei °H, *He, *He,
"Li and "Be. Uncertainty of the differential cross sections of the reactions strongly
influence on the Kinetics of the thermonuclear reactor, hence for the optimal
control of these processes it is necessary to develop theoretical models with a high
accuracy. Variational methods on the Gaussian and Lagrange-mesh bases are
needed for the calculation of wave functions which are used for the estimation of
speeds of the specified reactions with a high accuracy.

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. This work has been carried out
in accordance with development priorities of science and technology of the
Republic of Uzbekistan F2 “Physics, Astronomy, Power engineering and
engineering industry”.

International review of scientific researches on theme of dissertation.
Theoretical models for the structure of light nuclei are being developed in different
scientific centers of the world. The most successful models for the structure of
bound states of light nuclei are based on variational methods on Gaussian
(theoretical groups in Niigata and Kyoto, Japan and Moscow State University,
Russia) and Lagrange mesh (theoretical groups at the University Libre de Brussels,
Belgium) bases. They have been applied to the study of the structure of the three-
body nuclei H, ®He, ®He, °Li, *'Li, °Be. The energy spectra, root-mean square
radii, electric and magnetic form factors have been estimated. However, a
theoretical study of the C nucleus in the 3a model does not give satisfactory
results. The bound spectrum of this nucleus obtained with the help of the local ao-
potential with a repulsive core lays much higher than the experimental data. At the
same time the microscopical models underestimate the spectrum by several MeV.
And the three-body calculations using potential models with aoa-forbidden states,
meet big problems connected with the orthogonalization of the solution on
forbidden states. In order to overcome these difficulties it is necessary to examine
carefully the sensitivity of the energy spectrum of the '?C nucleus to the
description of the ao-forbidden states.

The three-body continuum structure of light nuclei is being studied through
the break-up reaction in the experiments (RIKEN, Japan), as well as by theoretical
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way on the basis of the Faddeev equation approach (theoretical group at the
Aarhus University, Denmark), the complex scaling and analytical continuation
methods (theoretical group at the MSU, Russia). However, these methods have
limited capabilities. In particular, the Faddeev equation approach meets difficulties
when dealing with the Coulomb forces. And the complex scaling method, as well
as the analytical continuation method can be applied only to the resonance states.

In the past the R-matrix approach has been applied to the two-body
continuum problems. However, a recent application of this method in the literature
to the three-body continuum in the frame of the hyperspherical method (groups of
the Kurchatov Atomic Energy Institute, Russia and of the Copenhagen University,
Denmark) meets serious problems due-to the extended three-body binding
potential.

As was noted above, during the last years the properties of the two-body *'Be,
9C, *'Ne and three-body °He, *Li, *Be halo nuclei present a special interest.
Currently, all the above mentioned theoretical groups are interested in studying the
bound and continuum structure of these systems and the electromagnetic and beta-
transition processes to the continuum channels.

Degree of study of the problem. The role of forbidden states in nuclear
interactions has been studied in the 3o problem by S. Marsh, H. Walliser,
S.Nakaichi-Maeda. But, up to now it was impossible to separate completely the
three-body allowed subspace for this system. The obtained solutions of the
Schrodinger equation for the bound states of the **C nucleus in the 3a model with
the BFW potential with forbidden states contain some piece of forbidden states.
The application of the orthogonalising pseudopotential method allows one to find
out special features of the C nucleus that have not been studied in the literature.

Serious problems in the work of the Russian group M.V. Zhukov et al.
connected with the extended three-body effective potential when describing the
three-body continuum of halo nuclei, can be overcome in the R-matrix approach in
a combination with the propagator method. This way allows matching of the wave
function with its asymptotics at large distances. The method can be applied to the
three-body continuum structure of the halo nuclei °He and **Be that has not been
studied in the literature.

The existing experimental data on the beta-decay processes of the halo nuclei
®He and 'Li into the two-body continuum channels with the deuteron emission
have not been explained in details. The theoretical researches of M.V. Zhukov et
al. on the °He beta-decay have concluded that the ad-potentials with forbidden
states describe the experimental data better than the models with forbidden states
which have a microscopical background. Additionally, a potential dependence of
the beta-transition probability of the *Li nucleus into the deuteron continuum
channel has not been studied, although obtained results of M.V. Zhukov et al. and
Y. Ohbayasi, Y. Suzuki are somehow close to the experimental data. Also, a role
of the S-wave resonance in the °Li+d system has not been studied for the correct
description of the experimental data.

The halo properties of the isobar-analog state °Li(0+) have not been studied
in details in the three-body model in the literature. Only some simplified
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estimations have been obtained by the Russian group of L.V. Grigorenko. Here
one has to develop complete three-body formalism with the extraction of analytical
expressions for the matrix elements of the M1-transition with the further numerical
realization.

Also, there are no studies of the beta-decay processes of the one-neutron halo
nuclei "'Be, °C and *'Ne to the two-body continuum channels with emission of a
proton.

As was noted above, the most complicated process is the beta-decay of the
halo nucleus *Li into the three-body continuum channel °Li+p+n. This process
was studied neither in theoretical works, nor in the experiment. Therefore the
theoretical analysis of the process with application of the modified Coulomb
functions allows finding out new halo properties of this nucleus.

Connection of dissertational research with the plans of scientific-research
works is reflected in following projects performed in the frame of the State
Scientific-Technical Programs on fundamental research:

F-2.1.33 "Study of the multiphonon states of the vibrational nuclei” (2003-
2007);

FA-F2-FO76+F074 "Study of the structure of the symmetrical and neutron-
rich nuclei in the transfer and breakup reactions" (2007-2011);

F2-FA-0-10117 "Study of the formation of light elements and properties of
exotic nuclei formed in the low-energy reactions" (2011-2016).

Purpose of research is to establish special features of the potential model of
the interaction between nuclear clusters for the bound and continuum structure of
light nuclei and for the description of processes with these nuclei at low energies.

To achieve this goal the following tasks of research are formulated:

to estimate the energy spectrum of the *2C nucleus in the 3o cluster model and
to clarify special features of the potential model with forbidden states;

to develop the R-matrix approach in the combination with the propagator

method for the study of the three-body continuum structure of light nuclei, to
estimate three-body phases for the two-neutron halo nuclei °He and **Be;

to analyze the beta-decay processes of the halo nuclei °He and ''Li into the

o+d and °Li+d two-body continuum channels in the three-body cluster potential
model and to clarify potential dependence of the transition probabilities;

to study halo properties of the the isobar-analog state °Li(0+) in the magnetic

M1- transition processes to the °Li(1+) ground state and to the o-+d continuum in
the three-body model and to study potential dependence of the transition
probabilities;
to estimate the transition probabilities of the ™Li nucleus beta-decay to the
*Li+p+n three-body continuum channel in the cluster potential model;

to estimate the transition probabilities of the beta-decay of the one-neutron
halo nuclei *'Be, **C and *'Ne to the two-body continuum channels in the frame
of cluster potential model.

Objects of research are the bound spectrum of the **C nucleus, transition
probabilities of the beta-decay of the halo nuclei °He, *'Li, *'Be, *C and *'N to the
two-body and three-body continuum channels, the probability of the M1-transition
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of the isobar-analog state °Li(0+) to the °Li(1+) ground state and to the o-+d
continuum, three-body continuum structure of the ®He and **Be halo nuclei.

Subjects of research are two-body and three-body structures of light nuclei,
including halo nuclei, electromagnetic and weak transitions in nuclei, nuclear
interaction potentials, mechanisms of the strong interaction.

Methods of research. Cluster potential model based on variational methods
on Gaussian and hyperspherical Lagrange-mesh bases for the calculations of the
two-body and three-body bound state wave functions and corresponding energy
spectrum; Numerov algorithm for the calculation of the two-body scattering wave
functions; R-matrix approach in the hyperspherical Lagrange-mesh basis for the
calculation of the three-body continuum wave functions with the help of the
propagation method on the basis of the Numerov algorithm; method of
orthogonalizing pseudopotentials for the elimination of Pauli forbidden states.

Scientific novelty of the dissertation research presented in the dissertation
consists in the following:

for the first time an extremely high sensitivity of the energies of the compact
0%, and 2%, states of the *C nucleus to the description of the two-body Pauli
forbidden states is established, which leads to the occurrence of the so-called
"almost forbidden states™ in the three-body functional space;

for the first time the R-matrix approach is developed in combination with the
propagator method for the study of the three-body continuum structure of light
nuclei °He and *Be in the frame of the hyperspherical harmonics method on a
Lagrange-mesh basis; it is shown that for the convergence of the results the wave
function has to be matched with its asymptotics at large distances (about 1000 fm);
the diagonal- and eigen-phases of the three-body collision matrix have been
calculated and a new **Be(2") resonance is predicted near E,=3.4 MeV;

theoretical estimations for the transition probabilities per time and energy
units of the beta-decay of the two-neutron halo nucleus °He to the a-+d continuum
channel have been obtained; for the first time it is shown that for the reproduction
of the experimental data on the beta-decay, it is necessary to use microscopically
found ad-potentials containing a forbidden state in the S-wave, reproducing phase
shifts and the ground state energy; it is also shown that for the convergence of
matrix elements one needs to know wave functions up to 30 fm and
hypermomentum components up to K=24; it is demonstrated that the halo effects
play an important role in the description of the process because of mutual
suppression of the internal and external parts of the matrix elements;

for the first time the theoretical estimations for the probabilities of the M1-
transition per time and energy units of the isobar-analog state °Li(0+) to the o-+d
continuum have been obtained; it is shown that only in the case of using the
potentials with forbidden states the integral width of the transition 0.9 meV is well
consistent with the previous simplified calculations; it is also shown that for
convergence of the results one needs to take the upper limit of the effective integral
around 25-30 fmand the hypermomentum components up to K=20;

for the first time the theoretical estimations for the transition probabilities per
time and energy units of the 'Li halo nucleus beta-decay to the two-body °Li+d
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continuum channel have been obtained, very consistent with new experimental
data; it is shown that in this case, a resonance in the S-wave of the °Li+d system at
the energy position of about 0.7 MeV plays the main role, not depending on what
potential model is used: with a repulsive core or with a forbidden state; the °Li+d-
potential which reproduces this resonance, describes well the shape and absolute
values of the transition probabilities with the help of absorbing imaginary term
due-to open decay channels;

for the first time theoretical estimations for the beta-decay probabilities per
time and energy units of the ™Li halo nucleus to the °Li+p+n three-body
continuum channel have been obtained;

for the first time theoretical estimations for the beta-decay probabilities per
time and energy units of the one-neutron halo nuclei *Be, **C and *'Ne to the two-
body continuum channels have been obtained in the potential cluster model; it is
demonstrated that the transition probabilities are strongly sensitive to the
separation energy of the valence neutron.

Reliability of the obtained results is provided by the followings: modern
methods of quantum mechanics and the theoretical nuclear physics and highly
effective numerical methods and algorithms are used; careful check of a
consistence of the received theoretical results with experimental data and results of
other authors is performed; conclusions are well consistent with the main
provisions of the theory of structure of light nuclei.

Theoretical and practical values of research results. The theoretical and
practical values of the results, presented in the dissertation, consist in the
possibility to use them for the development of the theory of nuclear structure, of
the cluster model of light nuclei. The methods developed in the thesis can be
applied for the solution of few-body quantum mechanical problems in molecular,
atomic and nuclear physics. The obtained theoretical estimations for the transition
probabilities of the two-neutron halo nucleus *Li into the °Li+p+n three-body
continuum channel and one-neutron halo nuclei *'Be, **C and *Ne to the two-body
continuum channels can be used when planning experiments on these processes.
The theoretical estimations for the M1-transition probabilities of the isobar-analog
state °Li(0") to the a+d-continuum can be used when planning experiments on this
process and also when examining the parity violation effects in the strong
interaction. The new resonance “Be(2*) around E,=3.4 MeV predicted in the
dissertation has Dbeen confirmed recently in the experiment with
Ex(exp)=3.54(16) MeV: Aksyutina Yu., Aumann T., Boretzky K., et al. “Study
of the **Be continuum: Identification and structure of its second 2* state”, Phys.
Rev. Lett. - New York, 2013. - vol. 111, N. 24. - 242501. The theoretical results
presented in the thesis have been used when planning the last experiments on the
beta-decay of halo nuclei ®He and *Li into the deuteron channel by R. Raabe, J.
Buescher, et al. in Physical Review, 2009. — vol. C80, N 5. —id.054307 and by R.
Raabe, A. Andreyev et al. in Physical Review Letters, 2008. — vol. 101, N 21. —
1d.212501. In recent papers of M. Grieser et al., European Physics Journal, Special
Topics, 2012. - vol. 207, N 1, - id.01599, and M.J.G. Borge et al. Journal of
Physics G: Nuclear and Particle Physics, 2013. - vol. 40. — id.035109 the results
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on the beta-decay of one-neutron halo nuclei *'Be, *°C and *Ne into two-body and
of two-neutron halo nucleus "Li into the three-body continuum channels,
presented in the thesis have been used to help devising a storage ring for the
ISOLDE facility at CERN.

Realization of the research results. The R-matrix approach in the
hyperspherical Lagrange-mesh basis in combination with the propagator method
developed in the dissertation work has been used when the three-body continuum
structure of the *2C nucleus is studied and when the mechanism of the three-body
breakup of the ''Li nucleus is studied in the frame of the program “Spectroscopy of
light nuclei and nuclear reactions in microscopical models” (2010-2012) (initiated
by the Belgian-State Federal Services for Scientific, Technical and Cultural Affairs
and registrated by number P6/23).

Approbation of the work. Main results of the dissertation have been
reported at the seminars of the Nuclear physics department of the INP of the
UzAS, of the National University of Uzbekistan, of the Brussels Free University
(ULB), of the Surrey University (England), of the Inha University (Korea), at 6
International Conferences "50 Years of the Nuclear Shell Model” (Heidelberg,
Germany, 1999), "SOTANCP-2010" (Brussels, Belgium, 2010), "Modern
Problems of Nuclear Physics" (Samarkand, 2003; Tashkent, 2009), "Nuclear and
Radiation Physics" (Almaty, Kazakhstan, 2011), "Nuclear science and its
application™ , (Samarkand, 2012).

Publication of results. The main results of the dissertation have been
published in 20 scientific works, 9 of them are in international leading journals (1
of them is as Proceedings of the International Conference), 1 paper is published in
Uzbek Journal of Physics (as Proceedings of the International Conference), 1 paper
Is in the Proceedings of the International Conference (Niigata, Japan, 2003), 1
preprint is in the Los-Alamos e-arXiv and 8 Abstracts are of International Nuclear
Physics Conferences.

Structure and volume of the dissertation. The dissertation consists of an
introduction, eight chapters, conclusion, a reference list and two appendices. The
dissertation is printed on 181 pages, and includes 33 figures and 14 tables.

MAIN CONTENTS OF THE DISSERTATION

In the introduction a topicality and a validity of the dissertational subject
have been justified, a purpose and problems, objects and subjects of the
investigations have been formulated, a conformity of the research to priority
directions of the scientific and technological development of the Republic of
Uzbekistan is defined, a scientific novelty of the obtained results is given, a
reliability of the results is proved, theoretical and practical values of the performed
work are listed, an information about the approbation of the work and about the
structure of the Dissertation is given.
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In the first chapter a short review of the literature on the main positions and
features of the potential models applied for the study of the structure of light nuclei
Is presented. Main problems in this field are listed and possible ways of the
solution are discussed. In view of the analysis of the literature, the aim and tasks of
the Dissertation have been formulated.

In the second chapter of the dissertation a theoretical analysis of the energy
spectrum of the *2C nucleus in the 3o cluster potential model on the Gaussian basis
of a high accuracy is performed with the local aa-potentials of Ali and Bodmer
with a repulsive core (AB) and with the deep potential of Buck, Friedrich and
Wheatley (BFW) with forbidden states in the S- and D-waves. As is known, these
potentials describe well the experimental data of the aa-scattering at low energies.
Theoretical results for the binding energy of the ground state of the *C nucleus,
obtained with the I-independent AB potential (0.584266 and 5.1220936 MeV
with and without the Coulomb interaction, respectively) actually are identical
with the results of other authors in the Lagrange-mesh method. For the excited
levels the results again are close to the results of the Lagrange-mesh method,
but they are better than for the hyperspherical method. The first number is far
from the experimental binding energy (7.27 MeV) even |-dependent version of the
AB-potential yields a strong underestimation 1.523 MeV. For the calculations of
the 3o energies with the BFW potential a method of orthogonalizing
pseudopotentials is used, which allows to solve the Schrodinger equation in the
complete functional space. In the dissertation it is shown that the energies of the
compact ground 0" and first excited 2" states of the 3a system are strongly
sensitive to the description of the aa-Pauli forbidden states. This result also leads
to the unusual behavior of the mixture of forbidden states in the solution of the
three- body Schrodinger equation.

The mixture must decrease, with increasing projecting constant A, which,
however, in the given case has a minimum at around 1450 MeV. At this value of 2,
the ground state energy is -19.763 MeV, which is very close to the results of
microscopic studies. Further increasing of A yields a strong increase of the 3a
ground state energy. As was shown by Fujiwara for the first time, this behavior of
the energy and mixture, results in the occurrence of so-called “almost forbidden
states” in the solution of the Schrédinger equation. This “almost forbidden state” in
present study was found as an eigenstate of the complete three-body projector
corresponding to the eigenvalue 1.1847E-4 MeV. If one accepts this state as an
allowed one, then for the 3o ground state energy the estimation occurs to be -20
MeV, but if it is accepted as a forbidden state, then the estimation -0.645 MeV is
obtained. Such interesting phenomenon arises for the first time in the bound state
problems. Thus, for the compact states of the a—cluster nuclei the Pauli principle
plays the exclusively important role, hence one can suggest a new way to build the
ao-potential. Namely, the parameters of the potential can be fitted to forbidden
states, preliminary fixed from the microscopic aa-calculations.

In the third chapter of the dissertation the R-matrix approach is developed
for the study of the three-body continuum structure of light nuclei in the
hyperspherical harmonics method on a Lagrange mesh basis. In section 3.1.1 the
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main formalism of the hyperspherical harmonics method on a Lagrange mesh basis
Is given and explicit expressions for the system of coupling equations and three-
body effective potentials depending on hyperradius are obtained. Here the
asymptotic form of the effective potential is presented whose main term is of order
1/p°. Also the important part is the centrifugal term, which is of order 1/p?. For
different three-body partial waves, the expansion coefficients of the effective
potential of the powers of 1/p are calculated. In section 3.1.2 the three-body R-
matrix approach is developed on the basis of the Bloch- Schrodinger equation. A
trial wave function is expanded on the Lagrange-mesh basis in the internal region
(up to 25-30 fm). The R-matrix calculated at the boundary of the internal region is
then propagated with the help of the Numerov algorithm up to large distances
(about 1000 fm) where the wave function is matched with its asymptotics. The
latter is expressed through the Bessel functions of the first and second kinds in the
case of neutral systems, and through regular and irregular Coulomb functions in
the case of charged particles. The collision matrix is calculated on the basis of the
propagated R-matrix. In section 3.2 of the dissertation the developed method is
applied to the analysis of the three-body continuum structure of halo nuclei
®He=o+n+n and **Be='?Be+n+n. For the NN-interaction the central Minnesota
potential is used and for the aN-interaction the potential of Kanada et al. is used
which contains a spin-orbit term and parity dependence. The potential Vy is
multiplied by factor A=1.051 in order to reproduce the ground state energy E(°He)
=-0.97 MeV. For the *?Be+n interaction the Woods-Saxon potential

V() =-[Vo+ Vs Is]/[1+exp ((r-ro)/a)] 1)

is chosen with the parameters V, = 43 MeV, V.= 6 MeV, r,=2.908 fm, a = 0.67
fm. In order to reproduce the correct energy position of the **Be ground state,
E=-1.34 +0.11 MeV, two methods have been used. The first method is to
multiply the potential (6) by the factor A=1.08, the second method is to add a three-
body potential

Vicy,xy (p) = - Ok Oy V! [1+ (p/ 93)2] (2)
to the above two-body potential of the Woods-Saxon form,
where K and K'are hypermomenta,
v=(lxly,L,S) and y'=(I'I',,L',S) are three-body channels.

In fig. 1 the calculated phase shifts of the a+n+n system with J*=0" are
presented for the channel radius a,=20 fm and a,=30 fm in comparison with the
propagation up to 250 fm for different three-body channels for the check of the
convergence. It can be seen that the propagator is important for the channels with
large values of the hypermomentum K. After the diagonalization of the collision
matrix one can have the eigenphases.
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Fig. 1. Phase shifts of the a+n+n system with J*=0" for the channel radius
a,=20 fm and a,=30 fm (dashed lines) and with the propagation up to 250 fm
solid lines)

In fig. 2 the eigenphases of the a+n+n system with J*=0" are presented for
different values of K.x. As can be seen from the figure, the convergence is faster
for larger energy values.

In fig. 3 the eigenphases with J"=0", 1", 2* of the ®°He and °Be nuclei are
shown. For the ®He halo nucleus one can see a narrow resonance 2* around 0.7
MeV, which is slightly below the experimental position 0.8 MeV. In the states 0*
and 1" there are broad resonances around 1.5 MeV. Close results have been
obtained by M.V. Zhukov et al. and 1.J. Thompson et al. In the °Be nucleus the
ground state energy E=1.26 MeV with a width T'=65 keV, that is well consistent
with the experimental data E=1.37 MeV and I'= 9246 keV.
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Fig. 3. Eigenphases of the °He and °Be nuclei with J"=0", 1", 2*

In fig. 4 the three-body eigenphases of *?Be+n+n and “O+p+p are given for
the states with J"=0", 1" and 2*. From the figure one can see that in the 2" state of
“Be there is a narrow resonance with the energy about 2 MeV which corresponds
to the excitation energy E,=3.4 MeV, a prediction for the experiment. This
resonance has been recently confirmed in the experiment with the energy position
E,= 3.54(16) MeV.
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Fig. 4. Eigenphases of the three-body systems *“Be +n+n and
20+p+p for the states with  J™=0%, 17, 2*

In the fourth chapter of the dissertation a theoretical analysis of the beta-
decay of the two-neutron halo nucleus °He(0") into the a+d continuum channel is
performed in the three-body model. This kind of reactions is energetically possible
only for the nuclei with the two-neutron separation energy less than 3 MeV. In our
case this condition is fulfilled with E,,=0.95 MeV. Maximal possible energy (Q-
value) in the a+d centre of mass system is 2.03 MeV. Since in the exit channel the
total momentum is 1, then the only possibility is the Gamow-Teller transition for
which the spins of the electron and antineutrino are parallel. The total transition
probability of the process is strongly suppressed 2.2+1.1 E-6 s™. In the section 4.1
of the dissertation a description of the theoretical model is given. As in previous
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section, the three-body wave function of the °He nucleus is calculated in the
hyperspherical harmonics method. In the section the analytical expressions are
given for the Gamow-Teller matrix elements which are defined by the overlap
integral of the initial and final states wave functions. In section 4.2 of the
dissertation the obtained numerical results are presented. For the NN-interaction
the Minnesota potential is used, while the aN-interaction is described by the
potential of Kukulin et al. By analyzing the convergence of the effective integrals
it is found that for the reproduction of the experimental data one has to include
three-body channels with large values of the hypermomentum up to K,.,=24, and
the integral limit up to 30 fm. It is explicitly shown that for the reproduction of the
experimental data correctly, the internal and external (halo) parts of the matrix
elements for the main three-body component K=0 must cancel each other, and at
the end this component actually does not give any contribution to the process.
Dominant contributions come from the component with K=8, as well as from the
components with K=2 and K=10. For these channels the halo parts of the matrix
elements play the main role.
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Fig. 5. Transition probabilities per time and energy units of the beta-decay of
the ®He(0") halo nucleus into the e+d continuum channel for
different ad-potential models

For the ad-interaction a number of potential models (see fig. 5) are tested: a
potential with a repulsive core at short distances, which describes correctly the a+d
phase shifts in the S-wave, but does not describe the bound state (V. in fig. 5), a
deep potential of Dubovichenko V, of a simple Gaussian form V(r) = V, exp(-a r°)
with parameters Vo=-76.12 MeV and o = 0.20 fm™, which reproduces the binding
energy of the °Li(1*) nucleus E=1.474 MeV and the phase shifts, but has an
additional Pauli forbidden state in the S-wave, folding potentials Vs, Vg , and
potentials V,>', V%, obtained by using the supersymmetric transformations from

67



the potential V.. The potential Vy, describes the binding energy of the °Li (1%)
nucleus, and has a Pauli forbidden state, but does not describe well the phase
shifts. And the potential Vs, though describes well the phase shifts, but
overestimates the binding energy. The potential V,>" gives the same phase shifts
and physical bound state however does not contain a Pauli forbidden state, the
potential V,>? reproduces the phase shifts only, but does not give any binding.
From the figure one can see that the best description of the form of new
experimental data for the transition probabilities of the process (filled circles) is
obtained when using the deep potential of Dubovichenko V,, though the theoretical
curve is slightly below the experimental data. The success of the potential V, is
connected with the node in the S-wave of the o+d scattering at short distances due-
to the orthogonality to the Pauli forbidden state, and also with the reproducing the
binding energy and the phase shifts. A small modification of the depth and width
of the potential with V,=-79.4 MeV and 0=0.21 fm™ (potential V,, in fig. 5) yields
the best description of the experimental data on the °He halo nucleus beta-decay
into the a+d continuum channel. Thus, the a+d potentials with Pauli forbidden
states play a key role when describing the beta-decay process of the °He nucleus
and its halo properties.

In the fifth chapter of the dissertation a theoretical analysis of the M1-
transition of the isobar-analog state °Li(0") with the excitation energy E,=3.563
MeV to the ground state °Li(1*) and to the a+d continuum channel has been
performed. In section 5.1 of the thesis a three-body model is given in details. The
ground and excited states of the °Li nucleus are described in the three-body model
a+p+n and their wave functions are calculated in the hyperspherical harmonics
method on a Lagrange mesh basis. The explicit expression of the M1-transition
operator in the Jacobi coordinates is also presented in this section, and the final
analytical formulae of the matrix elements are given in the Appendix 2. In section
5.2 of the dissertation the obtained numerical results are presented for the process.
For the width of the M1-transition of the isobar analog state °Li(0") to the ground
state °Li(1*) one has the estimation 7.49 eV which is well consistent with the
experimental data 8.19 £0.19 eV. The theoretical value of the magnetic momentum
of the °Li nucleus is p=0.86 in the nuclear magnetons, which slightly overestimates
the experimental value 0.82. These estimations have been obtained with the wave
functions which include three-body channels with a hypermomentum up to K=20,
that provide a good convergence. For the NN-interaction the Minnesota potential is
used, and the aN-interaction is described by the potential of Kukulin et al. For the
description of the final continuum state the different a+d potentials V,, Vs, Vg and
V., *! from the previous chapter have been tested.

In fig. 6 the results of the theoretical calculations are presented for the
differential width of the M1-transition of the isobaric analog state °Li(0%) to the
a+d continuum channel . The results for the folding potential Vs, which describes
the phase shifts not so well, are strongly suppressed in the energy region around
0.6 MeV. The other potentials do not show this property. The analysis of the
convergence of effective integrals shows that the limit of the integrals must be at
least 25-30 fm, and three-body components with K=0 and 2 yield the main
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contribution (about 50%) to the matrix element of the transition, while the
contributions of the components with large values of K are also important. It is
shown that the main contribution to the M1-transition comes from the spin
component. The integrated width of the transition is estimated to be 0.9 meV for
the potential V,, which is well consistent with the results of the simplified
calculations of L. Grigorenko et al. It is also shown that the cancellation effects of
the internal and halo components of the matrix elements for the M1-transition are
not so important, as for the beta-decay of the halo nucleus °He.
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Fig. 6. Differential width of the M1-transition of the isobaric analog state
°Li(0") to the a+d continuum channel per time and energy units

In the sixth chapter of the dissertation one deals with the theoretical analysis
of the beta-decay of the two neutron halo nucleus Li into the two-body °Li+d
continuum channel. As before, the initial nucleus is described in the three-body
model °Li+n+n in the hyperspherical harmonics method on a Lagrange mesh basis.
The Minnesota nucleon-nucleon potential and a central °Li+n-potential of
Thompson and Zhukov with a forbidden state in the S-wave are used, the latter
reproduces the two neutron separation energy of the *'Li nucleus, S,,=376 keV.
Maximal possible energy value is Eq=2.63 MeV. The °Li+d interaction potentials
should reproduce the physical bound state 1/2 of the *'Be nucleus with the energy
E=-17.60 MeV, which is the excited state with the excitation energy E,=320 keV.
In the microscopic cluster models the system °Li+d has a Pauli forbidden state in
the S-wave below the physical state. In the model such a state can be obtained with
the help of a deep potential, as in the system a+d. However, there are two
differences. The first is that there is a resonance in the S-wave of the °Li+d two-
body system, but its position is not known well from the experiment and lies in the
region 0.2 - 1 MeV. The second difference concerns the existence of several open
reaction channels below the °Li+d channel, for example the channels °Be+n and
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8Li+t. Hence, here one has a different physics. It is found that the beta-decay
probabilities show a strong dependence on the position of the resonance, and
potentials which do not describe the resonance in the S-wave of the °Li+d system,
do not reproduce even the correct order of the beta- decay transition probabilities
into the deuteron continuum channel.

MLj --->9Lij +d +e+V

1,E+00

& dW/dE(1)

o dw/dE(2)
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Fig. 7. Transition probabilities per time and energy units of the beta-decay
of the Li halo nucleus into the °Li+d continuum channel dW/dE, calculated
with various values of the surface absorption strength W, (in MeV)

In the meantime, the transition probabilities do not depend on the used potential
model: with a repulsive core or with a forbidden state. Due to the existence of open
decay channels the absorption term is added into the °Li+d potential:

V (r) = - (Vo+iWo) exp(-a r°). (3)

It is found that the absorption is able to decrease essentially the beta transition
probabilities. In fig. 7 the results of the theoretical analysis are shown for the beta-
decay probabilities of the *Li halo nucleus into the °Li + d two-body continuum
channel per time and energy units in comparison with the experimental data. The
parameters of the °Li+d potential are chosen as V=100.1 MeV and 0=0.17 fm?,
and W, can vary within few MeV. This potential reproduces the resonance in the
S-wave around 0.7 MeV. As can be seen from the figure, the inclusion of the
absorbing term into the potential with Wy=5 MeV leads to the best description of
the experimental data. In the figure one can see also that the removing of the
additional Pauli forbidden state from the °Li+d potential with the help of the
supersymmetric transformations (SUSY) of the potential, actually does not affect
the transition probabilities in contradiction to the case of the ®°He halo nucleus beta
decay. It is also found that the halo components of the Gamow-Teller matrix
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elements strongly dominate over the internal components. For the integrated
transition probability the obtained theoretical estimation 7.3E-3 st is well
consistent with the experimental data  (8.8+1.9)E-3 s™ for the energy cutoff
E > 0.2 MeV.

In the seventh chapter of the dissertation the unique beta-decay process
i — °Li+p+n+e+d is studied. The uniqueness of the process is that the only
nucleus among the two-neutron halo nuclei is *'Li, for which the energy condition
of the beta-decay is fulfilled: Sy, < (M,-m,-m)c®~782 keV. In the case of the ''Li
nucleus, as was noted in the seventh chapter, this condition is satisfied with a small
additional piece, S;=376+5 keV. The three-body wave function of 'Li is
described as a bound state °Li+n+n and calculated in the hyperspherical harmonics
methods on a Lagrange mesh basis, as was done in the previous chapter with the
same conditions. The final system °Li+p+n is the three-body continuum state of
Be. Calculations of its wave function are much more complicated comparing to
the three-body continuum of the ®He nucleus in several reasons. The main of them
is due to the Coulomb repulsion between the core and the proton which increases
the convergence radius and the number of three-body channels. Additionally, the
continuum wave function must be orthogonal to several bound states wave
functions, which complicates the continuum structure and the calculations. Since
the estimation of the transition probability of the process is very useful for future
experiments, some simplification of the model is allowed, namely the Coulomb
functions are used with some modification. This modification consists of the shift
of the Coulomb function to the left about 10-15 fm in order to model the wave
function, corresponding to the real potential with nuclear plus Coulomb interaction
terms. In fig. 8 the results of the calculations are presented for the transition
probabilities of the ''Li nucleus beta-decay into the three-body continuum channel
per time and energy units. For the total transition probability of the beta decay the
estimations W=3.8E-8 s* and W=5.1E-10 s™ are obtained for the plane wave and
for the pure Coulomb wave, respectively.

The modified Coulomb functions for the total transition probabilities give the
estimation in the interval 0.6E-8 s* < W < 1.8E-8 s™*. This estimation even is less
by the two order of magnitude than the probability of the °He halo nucleus beta-
decay. The branching ratio, which shows, how rare is the process, is defined as R=
W ty, /In2, where ty,= 8.75 ms is the half-life of 'Li. It is estimated between
0.8E-10 and 2.2E-10, which is much smaller than for the hindered deuteron decay
of ®He, (2.6 +1.3) E-6. The reason of this smallness is the small Q value of the
process Eq =0.404 MeV, which leads to a limited phase space.
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The upper dashed line corresponds to the plane wave approximation and
the lower dashed line is for the pure Coulomb repulsion with the
effective charge 4.83. The lower solid line corresponds to the shifted
Coulomb function to the left by a=10 fm, and the upper solid line is
for the shifted Coulomb function to the left by a=15 fm.

Fig. 8. Probabilities of the beta decay of the ''Li halo nucleus into
Li+p+n three-body continuum channel per time and energy units

In the eighth chapter of the dissertation a theoretical analysis is given for the
beta-decay processes of the one neutron halo nuclei ** Be, °C, and *!Ne with the
neutron separation energies S,=501 keV, S,=580+90 keV, and S,=0.33+1.07 MeV,
respectively, into the two-body continuum channels core plus proton. It is assumed
that the transition occurs in the halo parts of the nuclei. In all above cases the
Fermi and Gamow-Teller transitions are possible. The energy condition is S, <
(My-my-mg)c? =782 keV, and the maximal allowed energy value in the centre of
mass system of the core and proton is Eq= (mn-mp-me)cz-Sn. Due to a large error
bar for the neutron separation energy of the **Ne nucleus, the transition probability
is not well defined and varies from 0 up to 10° s™. The initial *'Be and *°C nuclei
are assumed as the S-wave states of the core plus neutron, and the **Ne nucleus is a
bound P-wave state. The interactions are chosen in the form of the Woods-Saxon
potentials with parameters fitted to the neutron separation energies with an
additional Pauli forbidden state in every case. In fig. 9 the beta- transition
probabilities per time and energy units are presented for the halo nuclei *'Be, *C,
and *Ne into the core plus proton continuum channels. In the calculations the
neutron separation energy in the *!Ne nucleus was fixed as E=0.6 MeV. In these
conditions, the total transition probabilities are 1.5E-9 s™ for "'Be, 2.7E-12 s™ for
°C, and finally 3.3E-10 s™ for *!Ne. The corresponding branching ratios are
3.0E-8, 1.8E-13, and 1.6E-12 for 'Be, *°C, and *'Ne, respectively.
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Fig. 9. Transition probabilities per time and energy units of the beta-
decay processes of the halo nuclei ' Be, '°C,and *Ne into the core plus
proton continuum channels

In appendices the analytical formulae for the M1-transition probabilities to
the continuum in the three-body model and matrix elements of the M1-transition
operators into the bound and continuum states have been given.

CONCLUSION

1. An extremely high sensitivity of the energies of the compact 0*; and 2%,
states of the **C nucleus to the description of the two-body co. Pauli forbidden
states is established.

2. For the first time the R-matrix approach has been developed for the study
of the three-body continuum structure of light nuclei in the frame of the
hyperspherical harmonics method on a Lagrange-mesh basis in combination with
the propagation technique. It is found that the R-matrix, calculated at the boundary
of the internal region, must be propagated up to large distances (about 1000 fm),
where the wave function is matched with its asymptotics. The method has been
applied to the analysis of the three-body continuum structure of the two-neutron
halo nuclei °He and **Be, diagonal and eigenphases of the three-body collision
matrix have been calculated and a new ““Be(2") resonance is predicted at E,=3.4
MeV.

3. It is shown that for the reproduction of the experimental data on the
delayed beta-decay of the °He halo nucleus into the a+d continuum channel, it is
necessary to use microscopically found ad- potentials with a forbidden state in the
S-wave, reproducing phase shifts and the ground state energy. In that case, the
internal and halo components of the Gamow-Teller matrix elements almost
completely cancel each other, and as a result, the transition probability is strongly
reduced consistently with the experimental data.

4. The method of hyperspherical harmonics on a Lagrange mesh has been
applied to the analysis of the magnetic M1-transition of the isobar-analog state
°Li(0+) to the °Li(1+) ground state and to the a« + d continuum channel in the
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three-body formalism. The theoretical estimation for the width of the transition to
the ground state 7.49 eV is well consistent with the experimental data 8.19+0.19
eV. And the calculated magnetic moment of the °Li nucleus (u = 0.86 py)
reproduced the experimental data 0.82 py fairly well. Theoretical estimations for
the probabilities of the M1-transition per time and energy units of the isobar-
analog state °Li(0+) to the o+d continuum have been obtained. The integral width
of the transition 0.9 meV is well consistent with the previous simplified
calculations. It is shown that the isobar-analog state °Li(0+) has a well developed
halo structure, like the nucleus °He(0+).

5. The theoretical estimations for the transition probabilities per time and
energy units of the beta-decay of the halo nucleus ''Li to the two-body °Li+d
continuum channel have been obtained, very consistent with new experimental
data. In this case, a resonance in the S-wave of the °Li+d system at the energy
position of about 0.7 MeV plays the main role, not depending on the used potential
model: with a repulsive core or with a forbidden state. In this case, the halo
components strongly dominate over the internal components. For the integral
probability of the process the theoretical estimation 7.3E-3 s™ is within the error
bar of the experimental data (8.8+1.9)E-3 s for the energy cut-off E > 0.2 MeV.

6. The branching ratio for the beta delayed n-p emission by *'Li, a very exotic
decay process, unigue among nuclei with known two-neutron separation energies,
has been estimated in the frame of the cluster potential model. Reasonable
estimates of the branching ratio and of the energy distribution of the decays are
obtained with shifted three-body Coulomb functions. The obtained branching ratio
Is estimated between 0.8E-10 and 2.2E-10, which is much smaller than for the
hindered deuteron decay of °He, (2.6 +1.3)E-6. The reason of this smallness is the
small Q-value of the process which leads to a limited phase space. The observation
of this beta delayed decay mode, as expected, requires a valuable experimental
effort. The total transition probabilities are estimated to be of order 10° s™.

7. At the end, the beta-decay probabilities per time and energy units of the
one-neutron halo nuclei 'Be, °C and *'Ne to the two-body core+p continuum
channels have been evaluated in the cluster potential model. For the total
transition probability of the *'Be nucleus to the °Be+p continuum channel the
estimation is 1.5E-9 s*, of the *°C nucleus to the **C+p continuum it is 2.7E-12 s™.
The corresponding branching ratios are 3.0E-8 for the *'Be and 1.8E-13 for the °C
halo nuclei. The total transition probability of the **Ne nucleus to the *Ne+p
continuum channel varies from 0 up to 1.E-6 s* due to uncertainty of the
separation energy. For the separation energy between 0.25 and 0.35 MeV, the total
decay probability is 3.3E-10 s™*, which leads to a branching ratio 1.6E-12.

The main conclusion of the dissertation is that the potential models
developed in this work can not only describe adequately the existing experimental
data in the field of low-energy nuclear physics, but also are able to predict new
properties of light nuclei, if the parameters of the model are chosen from the
condition to be consistent with the underlying microscopic features.
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