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JOKTOPJIMK IUCCEPTAIIUACHU AHHOTAIUACH

Juccepranyus MaB3yCHHUHT 10/13ap0JIMIH Ba 3apypUsiTH. X03UPry BaKkTIa
He, '"'Li, '"Be, ""Be, "C, *'Ne xabu OpPTUKYA HEUTPOHJIM TaJIO SIAPOJIAPHUHT
CTPYKTYpacHUHU TYIIYHHUII Y4yH KaTTa WIUIAp KUJIMHMOKAA. By snponiap kuumk
OOFJIAHMIII PHEPTHICH Xamaa OUp Ba MKKM HEHTPOHJIM KHMYMUK Oypyak MOMEHTHUTa
(1=0,1) »ora opbutamapHuHT KaTTa Macodagapraya J1aBoM ITHIIN KaOW HOOITUN
xoccanapra sra. Onatna, Oy siaponap KOp IUTIOC OMp Heya HEUTPOH Mojenuia
ypranwiaayd. byHIaH Tamkapu, y4 3appajiu °He, ''Li, Ba '“Be rano AAPOJIAPHUHT
OupopTa XaM WKKH 3appald KHCMH  OOFjlaHMaraH, sSbHU yiap boppomeit
CUCTEMAJIapura Xoc XyCycusitra sra. by sigponapHUHT 3HEprusi Ba 3apsij paauycu
KaOW CTAaTHK XapakTEePUCTHKAJIApUIaH TallKapW, YJAPHUHT HKKH KHUCM Ba y4
XKUCM KOHTHMHYYyM-KaHaJUlapura OeTa-mapyaJlaHuIlf Ba 3JIECKTPOMArHETUK YTHII
KapaéHuapu aloxuja KU3UKHMII yurotaau. by kapa€Hmap sSIpOJIADHUHT WYKH
CTPYKTYpacu Ba Tajlo Xoccajlapy XaKuaa KUMMATIU MabIyMoTiap Oepaau, YyHKU
Oy yrunuiap kypuiaéTraH CUCTEMAIADHUHT ailHaH rajgo KucMmujaa pyi Oepasu.
bynnan tamkapu, He Ba ''Li rano ANPOJIAPHUHT UKKH KUCM JEUTPOH KOHTUHYYM
KaHajulapura Oeta YTUIN kapaéHu Oyiinua TakpuOa HaTWKalapu MaBxXyll, yiap
qyKyp Hazapuil TaxJWJIHUA Taiad Kuiaau. bup HeUTpoHIn "Be, °C Ba *'Ne rano
AIPOJIAPDHUHT  MPOTOH IUIIOC KOP KOHTMHYYM KaHaapura Oera-yTHIll
Kapa€HIapuHU YpraHuil Oy CHUCTEMAaJApHUHT CTaTHK XapakTepHCTHKalapura
KYIIUMYa sTHTU TaJI0 XOccajapy XaKuaa MabiIyMOT Oepaiu.

l'ano sxopomap opacupa ML SAIPOCU aJoXuja axpanud Typaau. Maskyp
SIPOHMHT OOINKA EHTWJI Tajo sapojapiaH (apkud IIyHIaKd, y KyIIEM4a
Li+mpoTOH+HEHTPOH y4 IKHCM KOHTHHYYM-KAHAINra 0eTa MapyaJaHdIIn
MyMKHUH. By yTum mypakka® xapaHHU TallKWi KWJIaaud Xamjaa KyJJlaHaJIuraH
Ha3apMii Mojen KypUIaéTraH okapaéH Ba |'Li rano SIPOCHHHHI Y4 HKHCM
CTPYKTYypacH XaKujaa KUMMATIN MabJIyMOTJIap Oepasu.

SLi stapocHHuHT GupHHYH yitFoHTraH XomaTi °He raiio sapocd ydyH n3obap-
aHainor xosat xucoOnanaau. llyHuHr yuyyn Oy XonaTaaH AEHTPOH KOHTHHYYM
Kkananra M1-yTum sxapaéuu yHunr *He spocura yXImalm rajgo Xoccaaapi Xakuaa
MabJIYMOT OJIMIITa UMKOH Oepafu. M 1-yTHill KeHIJTUTH y4yH OJIMHaAUraH 6axomnap
MaBxXyJ TaxpuOa HaTKajlapu OWiIaH CONMIITUPUO KYpWIMIIKM MyMKUH. ByHnan
Tamkapu, Oy skapa€HIaH, KywIid ¥y3apo Tabcupla >XY(QTIUK CakIaHUIIMHUHT
Oy3wmi 3¢ dekTHHU Ypranuiaa GonaTaHuIl MyMKHH.

Snpo-aapo y3apo TaAbCUPHUHT KyWHM TYJKHWHJIApAa TAKUKJIAHTAH X0JiaTra 3ra
Mozaeiapu ytraH acpHuHr 70-iumnapuaa Ilaynum OpUHUMOWMHU TYJIAKOHIIU
XucoOra OJMII Y4YyH, SKUH Macodaiapia WTapUIIyBUM KOpra 3ra MOTEHIIHA
MoJIeJIapura abTepHaTUB cudarnaa Takaud KUIUHTaH 04, YJap MHUKPOCKOITHK
KUXATIaH acocllaHraH, OollKaya aWTraHaa HYKJIOH JSpKUHIMK Jlapakacura
TasHaau. JIekuH, Oy TakKMKJIaHTaH XOJATJIAPHUHT SIAPO CTPYKTypacujard poJiu
X03Uprayva eTapJid Jgapaxaja ypranwiMmarad. AiiHukca, Oy macasna oup Heda anbda
KJIACTEpHU {3 MUWra OJITaH SApoyiap Y4yH noia3ap0 O0ynubd typubmu. HcetuchHo
cupatuga Kyin TYIKWMHIapJa TaKWKJIAHTaH Xojariapra sra MockBa HYKJIOH-
HYKJIOH MOTEHIMAaJl MOJEIM XU3MAT KWIMIIM MYMKHH, YHUHT Y4 HYKJIOHJIU
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saaponapaaru xoccainapu Oaradceun ypranwiarad. bomika TOMOHAaH Kaparasja,
MockBa Mojenuia TaKUKJIAHTaH XOJaTJIApHUHT poiu OyTyHlail y3rada, y
HYKJIOHHMHI' KBapK CTpyKTypacu OwnaH OofluK. bup Heua siimpo kiactepujiaH
TalIKWJ TONIaH €HruJj sapojapla dca, TaKUKIaHraH xonariu mozemnap llaynu
NPUHIUMIUHU TYJIaKOHJIM XHcOOra OJIMII YYYH KUPUTWITaH. Yiap 0ab3u €HIHII
AIPOJIAPHUHT TaJI0 CTPYKTYpacu Kamig KWIMHHUIIM MyHOca0aTu OwiaH, alHUKCa,
nomapd OYnmO xomau. EHrunm saposiapHUHT 3JEKTPOMarHuT Ba Oera YTHIN
xapa€Hiapuaa HaMO€H OYIIaiuraH rajio XOccalapuHU UKKUTA albTePHATUB, KOPJIU
Ba TaKUKJIAHTaH XOJAaTJIM TOTEHIHal Mojemiap Epaamuaa YypraHumi, Oy
MOJICJJITAPHUHT MaxCyC XOCCAIApUHU aHUKJIAIITa UMKOH Oepai.

bup Heuta anpda KIacTepaH TAIKWI TONTaH sSApojap acTpodu3nKaga Kyaa
MyXUM poJib ViHahau. Mkkuta anbda 3appada Oorimanmaran Oyica Xam, JEKWH
yara (°C) Ba 1yprra ('°O) anpa kimacTepnu saponap Karta OOFIAHMII
SHeprusicura sra, UIYHHHT Y4yH ynap boppomeii simponmap cundura kxupanau.
AliHMKCca, OyHIail spoyiap y4yH pEalUCTHK OOFJIaHraH XOJaT Ba KOHTUHYYM
TYIKUH (QYyHKUMSUJIADUHU OJIMII YTa Joj3ap0 Oynub Typubau, ynap actpodus3uk
CUHTE3 pEeaKUUSJIApUHUHT KECUMJIApUHM XucoOjamra KYJUIaHWIIM MYMKHUH.
bomika TOMOHIaH, CYHITH BakTiapAa Oy sSApOJapHUHI CTPYKTYPAaCHUHU YPraHMIL
«anb(a-KoHIEHCALIMS MaBXKYUIMTMHUHT OamopaT KMJIMHUIIN MyHoca0aTu OuiaH
siHaJla J0713ap0 TyC OJIJIH.

Hucceprauusia pUBOXKIAHTHUPUIIAUTAH €HIWJ SIAPO MOJEUIapu Ba ylap
acocu/ia OJIMHAJUTraH HaTHXKaJlap d+°Li mmasmacuma Typau *H, *He, *He, 'Li, 'Be
SHI'WJI  SAPOJAPHUHT  XOCWJI  Oynumu  OuiaH KEYaJUuraH TepMOsIpO
peakuUsIIapUHU  ONITUMAJ OOIIKapuIll Y4yH YyTa Myxumaup. PeaxiussapHUHT
KECUMUJIard HOAHUKJIMKJIAP TEPMOSIPO PEAKTOPUHUHI KUHETHUKACHUIa XKyda KaTTa
canbuii Tabcup Kypcaranu, my cababmu Oy skapa€HIapHH ONTUMAaN OOIIKApUII
YUyH IOKOpY AQHUKJUKIAard Ha3apuid MOJEJUIAPHU PHUBOKIAHTUPHIL 3apyp.
Huccepranusiaa puBoxiiantupuiran ['aycc Ba Jlarpanx-mem 6a3uciiapu acocuia
KypWIraH BapHallMOH METOJJap KypcaTWIraH peakiusuiap TEe3IUKIApUHHU OKOpU
aHUKJIWKAa OaxoJjlall yYyH WIUIATUIAAUIraH TYIKUH (QYHKOUSIIApHU XHUCOOJaIn
Y4yH MYXUMJIHDP.

TankKMKOTHHHT Y36exncToH Pecny6amkacn (aH Ba TexXHOJOTHsIAD
TAPAKKUETHHUHI  YCTYBOPp HMyHaJguuuiapura Mocauru. Jlucceprauus
V36exncron PecnyGnukacupa (aH Ba TEXHOJOTHSUIAD TapaKKMETHHUHT B2
«®u3mukKa, acTpOHOMMS, DHEPreTHKa BAa MAIIMHACO3JIMK» YCTYBOp HYHAJUIINWIa
MyBOGUK amalira OIupUIIIH.

JAuccepranus MaB3ycu OyHHYAa XaJKApPO WIMHI TAAKHKOTJIAD IIAPXH.
Exrun saponap crpykTypacu yuyH Hazapuil Mojesuiap AyHEHUHI TypJId WIMHUU
MapKaszjapuja pUBOXKIAHTUPHIMOKIA. EHruI siaponapHUHT OOFIaHraH Xonatiapu
CTPYKTypacH y4yH SHI AXIIM Hazapuid monemnap l'aycc 6asucu (Hwuwmrara Ba
Kuoro, fnonus Ba Mocksa /[laBnar yauBepcutetu, Poccust Ha3apuii rpynmnanap)
Ba Jlarpamx-mem 0asucu (bproccenb 3pKUH YHUBEPCUTETH, Benbrusi rpymnmnacu)
yCTHJA KypWIraH BapualMOH METOJJapra acocjaHaau. Yiap °H, *He, °He, °Li,
'Li, Be xabu yu >KHCMJIH SAPOIAPHUHI OOFIAHIAH XONATIAP CTPYKTYPACHHH
TaJKUK KWIHIIra KYJUIaHIW. ODHEPrus CIEKTPH, ypTadya KBaApaTUK paauycH,
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ANIEKTpUK Ba MarHUT ¢GopmpakTopmapn Oaxomanau. Jlekuw, C agpo
CTPYKTypacH ydyH 30 MOJAENH Joupacuaa OakapwiiraH Hazapuil TaIKUKOTIIAp
X03Upya KOHUKAPIN HaTmxkanap Oepmaau. Jlokan urtapyBuM KOpJIM 00-MOTEHIIMAI
OWJIaH OJMHIaH OOFJIAHTaH XOJIaTiap SHEPrus CIEKTPH TaXpuOa CIIEKTpUIaH aH4ya
I0Kopuaa €raau. AKCHMHYa, MHKPOCKOIHMK MOJEIIap CHeKTpHU Oup Heua M»>B
nacTpoKaaH Oaxonaiau. S- Ba D-TynkuHmapaa TakUKJIaHTaH XOJATIM MOTEHIIHAI
OWjaH yd4 >KACM MOJENHAAard xucoOjaluiap 3ca EYUMMHHUHT TaKUKJIaHTaH
XoJiaTjiapra OpTOrOHAUIAIITUPHUII apTU OminaH OOFJIMK KaTTa KMAMHYMIMKIIapra
ny4 Kenanu. By kuitnruninkiapau Gaprapad sTHi yuyH “C SIPOCH SHEPreTHk
CIEKTPUHUHT 0l0-TaKUKJIAHTaH XOJaTIapHU TaCBUPJIAIITa CE3TUPIIUTUHU OaTadcui
TEKIIWPHUII 3apyP.

EHrun saponapHUHT y4 KACMJIM KOHTHHYYM CTPYKTypacu MapyajaHuIll
peakuuscu OunaH keuyBum Taxpubamapaa (RIKEN, Snonws) Ba dannees
TEHIUIamMaslapu  ycyid (Apxyc yHuBepcuTeTH, JlaHWs Has3apuil TIpynmnacu),
KOMIUIEKC MaclTabnam ycyjldd Ba aHaJuTUK JaBoM Attupuinl ycyau (MY,
Poccust Hazapuii rpynmnacu) €paamunaa ypraHuwimokaa. JlekuH Oy ycysutapHUHT
MMKOHUSATIAPU 4erapanaHraH. Xycycad, ®anneeB tenrnamanapu ycynu Kyion
KywIapyu XucoOra OJMHIaHJa KaTTa KUMMHYWIMKIApra Iy4 Kejlaaud. AHaJIUTHK
JaBOM STTUPHIN YCYJIM Ba KOMIUIEKC MaciuTabsamn ycyiu ¢akaTThiHa pe30HaHC
XoJiaTiiapra KyJUIaHUIIH MYMKHH.

ly mnaiitraua R-marpuna sKuHIamyBu (akaT HKKH JKUCM KOHTHHYYM
Macananapura myBaddakuarau Kymnanau. SkuHaa agabuérnapaa Oy yCyJIHHMHT
runepcPepruk MEeTo | Joupacuia yd KUCM KOHTHHyymura Kyiutanumm (Kypuaton
atoM sHeprusich uHCTUTYTH, Poccus Ba Komnenraren ynusepcuteru, Jlanus
rpynnaisapu) OOFJaHUIN TMOTCHIHUATUHUHT JaBOMUIUIMTY Tyhaiau KuaIun
MyaMMOoJiapra 1y4 KeJlau.

IOkopuna TabkuIaHTAHUJEK, CYHITH WHIUIapa 11Be, 19C, 3'Ne kabu uxkn
xucmimn Ba °He, ''Li, “Be  kabu Y4 KUCMJIM Tajo SAAPOJIAPHUHI XOccajlapu
HUXO0STJA KaTTa KM3UKUII yiroTMokaa. Cana® yTuiraH Hazapuil rypyxJjap yuioy
CUCTEMAJIAPHUHT OOFJIaHTaH Ba KOHTUHYYM CTPYKTYpPacHUHHM Xamja OOfJaHraH Ba
KOHTMHYYM KaHaJilapra 3JeKTpOMarHeTuk Ba O0eTa YTHIll KapaCHIapUHU YPraHUIL
OyitnJa TaIKUKOT HUILJIapu 0O OOpMOKa.

MyaMMOHMHI VPraHWIraHJIMK Japaskacu. TakuMKIaHTaH XOJIATJIAPHUHT
AJIpO Y3apo TabCUpUAATrd poiH 3o Macaidacuaa aBBAJIPOK XOPWKIUK Myasutudiap
S. Marsh Ba H. Walliser, S. Nakaichi-Maeda tomonuaan ypranwiras. Jlekun
xanuraya Oy cucteMa y4yH yd KUCM (yHKIMoHan (a3zocupaH pyxcaT ITHITaH
KHCM (pa30CHHH TYJIATHTHYa QKPATHO OJNHII UMKOHH OyiMamd. '-C sapocH ydyH
3o monenga TakWKJIaHTaH Xojatra sra BFW motenmumanu Owian oJvHTaH
[llpenvHrep TEHIIIaMAaCHHUHI €4MMIIAPU TAaKMKJIAHTaH XOJIATJIIADHUHI aH4YaruHa
XUCCACHHM Y3 uuura osiaad. OpTOroHayulaliTUPYBYM  IICEBAONOTEHLMAILIAD
MeTomEK Kyimam °C sApoCH CTPYKTYPACHHMHT aja0uéTiapia ypraHuiIMaraH
XYCYCHUSITIApUHH aHUKJIAITa UMKOH Oepaju.

M.B. KyxkoB rpynnacu (Poccust) TOMOHUZaH Tajgo SAPOJAPHUHT YU KUCM
KOHTMHYYMHHHM TaBcu(namary 3(p(GpexTuB NoTeHUUATUHUHT TaBOMUMINTH OUJIaH
OOFJIMK KUAAUM MyaMMoOJap MaBXKyJ Mponaratop MeToau OujaH yHFyHIUKIA
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KynnaHaaurad R-maTpuna skuHiamyBuaa Oaprapad STUIMIIA MyMKUH. By wyn
TYIKUH (QYHKIUSHA KaTTa Macodanapia acCUMNTOTHKA OWIaH yiam WMKOHWHU
oepamu. by ycyn ‘He Ba '"Be ramo SIPOJIAPHUHT, anabuériapaa SxIu
VpranwiMarad yd4 »HUCM KOHTUHYYM CTPYKTYPaCHHH YpraHUII Y4yH KYJJIAHUIIA
MYMKHH.

He Ba ''Li ramo sapoNapHUHr EHTPOH UMKHMIIM OHIAH KEYaIUIaH HKKH
’KUCM KOHTMHYYM KaHauiapra Oera mapyajaHuIIM Oyinya TaxpuOa HaTHxKanap
xo3upua Gatadema TymyHTHpHO Oeprimann. Xycyca, *He supocuHHHT Gera-
napyananuimm o6ynya M.B. JKykoB rpyrmmacu ToMOHHAAH OakapwiiraH Ha3zapui
UIUIap HOTYFPU XyJiocara KejaaW. YHra Kypa,  UTapuIiIyB4ud Kopiau od-
NOTEHIIMAIIAD TaXpuba HATHXKAIAPWHU, MUKPOCKOIUK >KUXATIAH acOCJIaHTaH
TaKUKJIaHTaH XOJaTJIM MOTEHIMAJIapra Kaparanjia sSXmupok TYIIYHTHUpUO Oepap
smuil. bynnan tamkapu, M.B. XKykoB Ba 6. Ba Y. Ohbayasi, Y. Suzuki
TOMOHHUJAH OJHMHTaH Ha3zapuil 0axojap Taxpuba HaTwKamapura OUpo3 SIKHHPOK
6ynca xaM, ' Li SIPOCHHMHI ACHTPOH KaHaira 6eTa YTUII SXTHMOJUIMMHHHT
noTeHuManra GOFTMKIMry ypranwivany. Llyrunraek, *Li+d 1a S- pe3oHaHCHUHT
TaXpuOa HATWKAJAPUHU TYITYHTUPUIILIATA POJIM YMyMaH YpraHuIMau.

Anabuérnapia xosupraga °Li(0+) n306ap aHaIOr XONaTHUHT Talo XOCCANapH
y4 )KHUCM Mojienuaa kuaaui ypranwiMmarad. @akarruna JI.B. I'puropenko Ba 0.
(Poccust) TomoHMAaH coppanamTupuirad  monenga Oaxonap onuHau. by epna
TYIUK y4 OKUCM  (opmManu3MuHU puUBOXJIaHTUpuI, MI1-yTum wmarpuna
AJIEMEHTIIApUHU Oaxoai Tanad dTUIaIu.

bup Heltponn "Be, "°C Ba *'Ne ramo AAPOJIAPHUHT UKKHU KUCM KOpP IUIIOC
MPOTOH KOHTUHYYM KaHaJira 6eTa nmapyaiaHuIli XaM Ha3apuil ypraHuiMaras.

IOkopuna TabKuIIaHTaHUCK, Ui ramo SAPOCUHUHT Y4 >KHCM 9Li-l-p-l-n
KOHTHHYYM KaHaJira 0eTa mapyajaHUIIM HT Mypakka0 »apaéH xucoOnaHaau. by
xKapa€H Xanu TaxpuOaja xam, Hazapuil >kuxarjaH xam ypranunmarad. Llynunr
yayH jkapaéHHUHT Momudukanus KwimaraH Kynon QyHkmusapuan Kymiad
amajra OlMpUIaUTraH Hazapui TaxJIWiIu Oy SAPOHUHT KYpuiaéTrad >kapaéHia
HaMOEH OynasuraH SHTH rajo XoccajlapuHu YpraHull UMKOHUHHU Oepau.

Juccepranus TAAKUKOTMHHUHI WJIMHH-TAAKUKOT WILIAPH PpPeKajapu
Oujaan OoFaMKIUrM  (QyHgameHTan Tagkukoriaap JlaBimar uIMuUN-TEXHHMKA
JacTypJiapu Joupacuja Oakapuiral Kylujaaru Jionuxaiapaa ¥3 akCUHU TOTTaH:

®-2.1.33 — pakamuin « TeOpaHyBUHN SAPOSTAPHUHT MYJIbTH(OHOH XOJaTIapUHU
TaakukK Kuomuim (2003 — 2007);

OA-O2-O076+D074 — pakamnu «CHMMETPUK Ba OPTUKYA HEUTPOHIU
AIpoJiap CTPYKTYPACHHM HYKJIOH Y3aTHII Ba OYIWMHUII peakiusuiapuia TaaKuK
Kk (2007 —2011);

O2-OA-0-10117 — pakamnu «EHrunm sneMeHTIapHUHT XOCHJ OYIHMINN Ba
KyHU 3Heprusjapia Ke4aguraH s/Ipo peakuusuiapyuaa XOCHI OYIaguraH 3K30THK
SIIPONIAPHUHT XOoccanapuHu yprauuin (2012 —2016).

TaagKMKOTHUHI MakKcaaM €HIWJ sapojap OOFJlaHraH Ba KOHTHHYYM
CTPYKTYpacHMHM XamJla yJiap UIITHPOKUJIA KyHW »SHeprusiapaa Oynaauran
*apaCHJIapHU TYUIYHTUPUII YYyH KjacTepiapapo ¥3apo TabCUp MNOTEHIHAI
MOJICTMHUHT XyCYCHUSTIIApUHU aHUKJIAlAaH noopar.
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Makcaara »SpumMIl  y4YyH MIAA KyWHJard TAAKMKOT Basudajapu
KYWWITaH:

">C 1pOCHHHHT SHEPreTHK CIEKTPHHH 30 KIacTep MOJCINAA XHCobam Ba
TaKUKJIaHTaH XOJaTJIM MOTEHIMal MOJACIMHUHT Y3UTra XOC XYCYyCHSTJIApUHU
aHUKJIaI;

CHIUJI SJIPOJAPHUHI y4 KUCM KOHTHHYYM CTPYKTYpPacHUHHM YpraHulll y4yH
ponaratop MeToau OwinaH yHFyHJIMKAA R-maTpuiia METOIMHU PUBOKIAHTUPHIL,
MKKM HeHTpoHIM ramo saponap ‘He Ba '‘Be yuyH yu 3KkucM  (hasaiapuHH
XHACO0IaIII;

°He Ba ''Li rano sapomapunmnr o+d Ba 'Li+d KoHTHHYyM KaHammapra 6era
NapyaJaHUIIMHU Y4 KUCM KJIACTEp MOJENHN JOWpacuia TaxJIWJI KWJIUII Ba YTHII
HXTUMOJUIUKJIAPU YUYyH OJIMHTaH HATWXKAJIAPHUHI NOTEHUHUaNra OOFIUKIUTMHU
AHUKJIAIITUPHILL;

°Li(0") m306ap-ananor xonarHuHr rano xoccamapunn °Li(17) acocuii xomnatra
Ba o+d KOHTMHYyM KaHanra MI1-yTum xapaéHu OpKald Y4 KHCM MOJENHJA
Yypranuul Ba YTHUII SXTUMOJUIMKIAPY YUYYH OJMHIaH HATHKAJIAPHUHT MMOTEHIMAITa
OOFJIMKJIMTMHU aHUKJIAIITUPHILL

"Li ramo smpocummmHr ‘Litptn yu IKHCM KOHTMHYyM KaHamra oOera
napyaJlaHulIM  3XTUMOJUIMKIIAPUHM KJIACTEp MOTEHLMal MOJENb Joupacuia
OaxoJiani;

6up neiitporn ''Be, '°C Ba *'Ne rajno spolapHHHT MKKH KHCM KOHTHHYYM
KaHajulapra 0eTa mapyajaHUII 3XTUMOJUIMKIAPUHHM KjacTep MOTEHLUal MOJENH
Joupacuaa 6axoJarn;

TagkukoT o00bekTH cudarTuga 2c SIPOCUHUHT OOFJIaHTaH XoJIaTiiap
CIIEKTPH, °He, ''Li, ''Be, "°C Ba *'Ne ramo SAPOJIAPHUHT UKKU KHUCM Ba Y4 KUCM
KOHTHHYYM KaHalapra Oera yTHII jKapaSHIapMHUHT SXTuMommmknapu, °Li(0")
n306ap ananor xonaraan "Li(1") acocuit xonarra Ba a+d KoHTHHYYM Kananra M1-
yTHm sxTUMOIIMKIapy, ‘He Ba '‘Be Tano sapoiapHHHHT yd4 SKHCM KOHTHHYYM
CTPYKTYypacH TaHJIaHTaH.

TaakukoT mNpeaMeTH - E€HMUWI SAPOJAPHUHT, M1y SKyMJIaJaH, Trajio
AIPOJIAPHUHT MKKHU Ba Y4 )KHCM CTPYKTYpacH, AJIpoJiap/a dJEKTPOMarHuT Ba Oera
yrum sxkapaéniapu, sApo ¥3apo TabCUpP MOTEHLUAUIAPH, KYWIM Y3apo TabCUP
MeXaHU3MIIapUiaH nbopar.

Tankukor ycyaiaapu. Vkkn Ba yu KUCM OOFJIaHTaH XoJaTjapu TYJIKUH
GyHKUUSIIApUHU Ba YHEPTUsl CIEKTPUHU XHucoOmam yuyH ['aycc Ba runepcdepux
Jlarpamwx-mem 0Oa3uciapuga KypwiraH BapUalMOH MeEToJylapra acoCjaHTraH
KJIacTep MOTEHLMAl MOJENH; HMKKHA YXUCM COUYWIMII TYJIKUH (yHKUMSTIApUHU
xucobmam yuyyH HyMepoB airopuTMu; yd4 OKUCM KOHTHHYYM  TYJIKHUH
¢GyHKuMscMHM XucoOnaml yuyH HymepoB anropurmura acociaHral mporaraTop
ycynn Epmamuaa runepcdepuk Jlarpamxk-mem Oasucaa Kypwiran R-marpuima
Meroau; [laynu TakMKJIaHraH XoJIaTiaapAaH To3alall Y4yH OpTOrOHAUIAIITUPYBYU
NCEBIONOTEHLIUAIIIAP METOAM.



Jucceprauus TAAKUKOTHHMHI WJIMMHA SIHTMJIMIH  KylujarwiapjaaH
ndopar:

ouprHun Mapta ~C SAPOCHHHHI KOMIAKT acocuit 0° Ba GMPHMHUM YHFOHraH
2" xomarnap sHeprusaapuHuHT oo-Ilayu TaKMKIaHraH XOIaTIapHK TaCBUPIIAILra
yTa ce3rupiauru Kypcatwirad, Oy 3ca y4 kucM (DyHKIMOHAN (azocuaa «Iespiv
TabKUKJIAHTAH XOJATIAPHUHTY Tai10 OYIuImra oud Kenap dKaH;

oupumun Mapta *He Ba '*Be eHIMI rajio sApONApHUHT Yo KHCM KOHTHHYYM
CTPYKTYypacuHM ypraHuii yuyH runepcepux Jlarpanx-mem 6asucuga R-marpuna
yCyJIM IIpoIaraTop MEeTOAu OWjiaH YUFYHJIMKAA PUBOXKIIAHTUPUIITAH; SIKWUHIIAITYBYU
HATWKAJIap OJIMIN YYyH TYJIKUH (QYHKIUSHU XKyJa y30K, TaxmuHaH, 1000 ¢wm
Macodaza acCMMIITOTHKAra yijail 3apypJiurd KYpcaTWiTaH; yd4 JKUCM TYKHAIIHIII
MaTpHLATAPHHIHT JUATOHAI Ba XycycHil (asa CHIDKMILIapU XucoOmaHraH, ' Be
snpocuna Ey;=3.4 MdB osueprusga suru 2° pe30HAHC MaBKyIUIMTH IIPOTHO3
KWINHTaH;

He rano sapocuHuHr o+d KOHTHHYYM KaHaira GeTa HapyajaHdII BakT Ba
SHEPrus OUpJMKIApUAArd SXTUMOJUIMKIApPU YYyH Hazapuil 0Oaxoniap OJIMHIaH;
OMpUHYM MapTa, TaXpuba HATWXKAJAPUHM TYUIYHTUPUII YYYH MHKPOCKONHK
KUXATIAH aCOCJIaHraH, S-TYJIKUHAAQ TAaKWKJIAHraH XoJjaTra sra Xamjaa acocui
XOJIaT JHEpruscuHu Ba (a3a CWDKMIUIAPUHM THUKJIal onagurad  od-
NoTeHIMAJIapuiad (oNJalaHuIll YTa MyXUM SKAHIUTH KYpcaTWiTaH,; MaTpuia
AIIEMEHTJIAPUHUHT SKUHJIAIMUIIY YYyH TYIKUH (yHkuusuiapau 30 ¢m raua Ba
TUMIEPMOMEHT  KOoMIoHeHTNIapHu K=24 rava Owium Tanad KWIMHHIIA
KypCaTWiIraH; YTHUII MaTpHUIa 3JEMEHTIAPUHUHT UUKU Ba TAIKU KACMIIAPHU y3apo
Oup OUPHUHM IEAPIH TYIUK MMaCaiTUPHUIIH KYpCaTUITaH;

6upumun Mapra °Li(07) m306ap amamor xomarman o+d KOHTHHYYM KaHaira
MI1-yTui BakT Ba SHEpPrusi OMpIUTUAaru 3XTUMOJUIMKIIApU YUYH Ha3zapui 0axonap
OJIMHTaH; KYpCaTWJIIUKH, (akaT TaKWKJIAHTaH XoJjaTra oJra [OTEHUHal
WIUIATWITaH/Ia WHTErpajl KeHVIMK Y4uyH onuHran 6axo (0.9 m»B), onnuupan
MabJIyM OYJraH coAJajaliTUPUIITaH XucoOaluiap HaTwxajaapy OuiIaH XM MOC
KeJlap HKaH; HaTH)KAJIAPHUHT SIKUHJIAIIUMIIY Y4yH 3(pPEeKTUB MHTErpan yerapacuHu
25-30 ¢M rauya, runepMoMeHT KoMrnoHeHTIapuHu K=20 raya oiui Kepakiuru
KYpCaTWJITaH;

6upurun Mapra, ''Li ramo smpocuHuHr ' Li+d KOHTHHYyM KaHaiura 6era
napyajaHUIIM BaKT Ba OHHEPrus OWUPIUTHIATH SXTUMOJUIMKIAPH Y4UyH SIHTU
Taxprba HaTWKaIapu OWJIaH TYJIMK MOC KEeIyBYM Hazapui Oaxojap OJWHTaH; Oy
JKapaéHaa ’Li+d cucrema S-tynkunanga 0.7 M»B sHeprus OwiaH aHHUKJIaHTaH
PE30HAHCHUHI, KaHJal NOTeHUHAI (KOpiau €KUM TabKUKJIAHTAH — XOJIATIIM)
UIUIATUJIUIINAAH KaThU Ha3ap, Taxpuba HaTWKaJIapUHU TYUIYHTUPHUII YUyH YTa
MYXUMJIMTH aHHKJIAHTAH; Oy PE30HAHCHM THKIOBYM ~Lit+d-moTeHuman yrum
HXTUMOJITUKIAPUHUHT IAKJIMHU Ba a0CONIOT KUMMAaTIapyuHU OYMK KaHajiapra
napyajaHdml cababnM KYmwiraH IOTyBYM MaBXyM Xaa &EpaaMuja  SXIIH
TYLIYHTUPHUO Oepa OJUIIM KYpCaTuiraH;

OupHHYM MapTa, ''Li rano sSApoCHHMHT Li+p+n KOHTHHYyM KaHamra Gera
napyajaHUIIM BakKT Ba JHEPrus OUPIMIMAard 3>XTUMOJUIMKIIAPU Y4YyH Hazapui
0axoJiap OJIMHTaH;
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6upunun Mapta, ' 'Be, ’C Ba °'Ne Gup HEHTPOHJIH rajo sApONapHUHT UKKH
KUCM KOHTHHYYM KaHajuiapra 6era mapyalaHdlIN BakT Ba SHEPTus OUpIUTruaaru
HXTUMOJUIMKJIAPU YUYH KJIACTEp MOJIEIH JIoMpacuaa Ha3apuil 0axoiap ojuHraH; Oy
JKapaCHJIIApHUHT  YTUII  OXTUMOJUIMKIAPU BAJIEHT HEUTPOHHUHI  AKPAIUILLI
JHEPIrUsCUra yTa Ce3rupiuru KypcaTuiras.

OJIMHraH HATHKAJTAPHUHI MITOHWIWINIM 3aMOHABUN KBAHT MEXAaHHKACH
Ba Hazapui AApo GU3MKACU METOJJIApU Xamja IOKOPH caMapaid COHJIM METOJUIap
Ba QJITOPUTMIIAP HWUUIATWITAHJIWTK, OJIMHTaH Ha3zapui OaxoJapHUHT Taxpuoda
HaTWXKajJapu Ba Oollka MyauTudIapHUHT 0axoyiapyu OWJIaH MOC KeJuIu oaTadcui
TEKIIUPWITaHU, XYJOCAJaPHUHT EHTWI SAPOJiap CTPYKTYpacu Ha3apUsICUHHUHT
acoCHii XoJIaTJapura MOC KeJIUIIH OujlaH TacAUKJIaHTaH.

TagKUKOT HATHXKAJAPUHMHI Ha3apuii Ba aMajJuMl  axXaMHUATH.
Jluccepranpsana OJIMHIaH HATHKAJTAPHUHT HAa3apHui Ba aMalui axaMHUsITH, yJIapaaH
EHI'WJI AIpoJjlap CTPYKTypacH Ha3apUsCMHU Ba EHIWJI SAPOJAPHHUHI KJIACTEp
MOJICIMHA  PUBOXJIAHTUpHINAA (poWgamaHuin MyMKAHIUTHIAH HOOpaTaup.
Huccepranusiia pUBOXKIAHTUPUIITAH METOJIap MOJEKYJslp, aToM Ba SIpo
¢u3ukacuga Oup HeEYa JKUCM KBAaHT MEXaHUMKACH MYaMMOJApUHHM Ee4MINIa
KyJUIaHUIIM MYMKHUH. [IIyHUHrIex, HMKKUM HEUTPOHIIU "Li ramo SIAPOCUHUHT
9LierJrn y4 J)KMCM KOHTHHYYM KaHajira Xamja Oup HEeHTPOHJIH "Be, "°C Ba *'Ne
rajio SAPOJAPHUHT MKKU JKHUCM KOHTHMHYYM KaHajlapra OeTa MapyalaHuIld
HXTUMOJUIMKJIAPU Y4YyH OJMHTaH Haszapuil OaxonapjaH Oy »xapaéunap Oyiinua
VTKa3WIaguran TaxpuOamapHu JovuxanamTupuiiga (podgamanuim  MyMKHH.
°Li(0") wm3oGap amamor xomatmaH o+d KoHTHHYyM KaHaira MI1-yrum
HXTUMOJUIMKIIAPU YUyH OJIMHTaH 6axoiap 3ca, Oy >kapa€H OViinya yTka3zuiaJauran
TaxXpubanapHu JTOMMXaTAIITHPUIIIA XaMa Ky4Jdu ¥3apo Tabcupiapia Ky(Tiauk
CaKTaHUIIUHUHT Oy3winil 3pdexTnHn ypranum mnaituna QoiganaHuINIIN
MyMKuH. [luccepranusanga OamopaT KuiuHrad siHru Ey;=3.4 Mb>B sueprusgaru
“Be(2") pesonamc sikuHza Taxpubana Eyir(exp)=3.54(16) Mb»1B Hatuxka OGunan
tacquktanan: Aksyutina Yu., Aumann T., Boretzky K., 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. lucceprauusaia OJIMHIaH Ha3apHii
HaTikanapaan ‘He Ba ''Li sIpomapHUHI IeHTPOH KaHamura 6eTa MapyasaHmIi
xapa€unapu Oyitmya cyurru TaxpubOanap: R. Raabe, J. Buescher, et al.
Physical Review C, 2009. - vol. 80, N 5.-1d.054307 Ba R. Raabe, A. Andreyev,
M. J. G. Borge, et al. Physical Review Letters, 2008. - vol. 101, N 21.- id.
212501 wm noMmxamamrtupuniga ¢oigamaHuwiarad. SKMHIA YOI  ATHIITaH
makonanap M. Grieser et al. European Physical Journal, Special Topics, 2012.-vol.
207, N1.- 1d.01599 Ba M.J.G. Borge et al. Journal of Physics G: Nuclear and
Particle Physics, 2013. —vol.40.- id.035109 nga yui6y amcceprammsza ' Be, '°C,
*'Ne Ba ''Li saponapusunr 6era mapuanaHuimn GyiiMdya OJIMHIaH HATIDKANAp/IaH
CERN paru ISOLDE Taxpuba KypuiMacuuu Jiodnxananiga GoiijaiaHuiraninuru
XaKuJa MabJIyMOTJIap KEATUPUIITaH.

TaakuKOT HATHKAJAPUMHHUHI KOpPUl KwimHumM. Jlucceprauusiga
PUBOXKJIAHTUpWITaH runepchepuk Jlarpamwxk-mem 0Oa3ucuja mnpomnaratop METOIU
OwnaH yUFyHIMKIA Kypwiran R-marpuna ycynmu  «Exrun A1IpoJiap
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CHEKTPOCKOMMICH Ba MHUKPOCKOIMK  MYJIBTHKJIACTED  MOJeIapaa  SApo
peakmmsmapu»y (2010 — 2012) mactypu nowpacupa | -C SIPOCHHHHI YU KHCM
KOHTHHYYM CTPYKTYPACHHH Ba ' Li SPOCHHHHT Y4 KHCMIa [apyaTaHHII KapaSHH
MEXaHU3MHUHH aHuKiamaa kKymutanwiran (benerus daH, TexHuWka Ba MaJaHUAT
Ba3UPJIUTU TOMOHUJIAH TAIIKWI 3Twiran P6/23 pakamiu nactyp).

NmauHr anpodanusicd. TaIKMKOTHUHT aCOCUI HaTW KAJIapH V3P ®A Snpo
du3uKacH  MHCTHTYTMHHHT Snpo dusukach Gyiaumu, Y30SKHCTOH MHJIIHIA
yHUuBepcuTeTH, bptoccen spkun ynuBepcutretu (benbrus), HWuxa yHHuBepcuTETH
(Kanyouit Kopes Pecnybnuxacu), Croppeirt ynuepcutetu (byrok bputanus)
WIMHUI cemuHapiapuaa, 6 ta Xamkapo koHdpepeHmusuiapaa: «50 Years of the
Nuclear Shell Model» (I'eitnens6epr, ['epmanus, 1999), «SSOTANCP — 2010»
(bproccen, bensrus, 2010), «Modern Problems of Nuclear Physics» (Camapkann,
2003; Tomxkent, 2009), «Nuclear Sciences and its application» (Camapkann,
2012), «Nuclear and Radiation Physics»  (Ommaora, Kozorucron, 2011)
anpoOanusaaH YTKa3uIn.

HatuwkaJlapHUHT 9bJ0H KWIMHTAHJMIU. [{uccepranus MaB3ycu O0yiinya 20
Ta WIMHA W0, IIyHJaH 9 Ta WIMUH Makola  Xajakapo XKypHamuiapia (ury
Kymiaaad, 1 Ta Makosa Xainkapo UiMui KoH(epeHIus MaTepuaiiapu cudaruia),
1 Ta wmakona Pecnybnuka okypHanupa (Xankapo WIMUN  KOHGEpeHIUs
MaTepuaiiapu cudartuaa), 1 Ta makona Xankapo KoHdepeHIus Tyruiamiaapuaa, 1
Ta Makona Jloc-Amamoc —wmumuin nabopatopusicu  (AKII) snexrpon
NpenpUHTIaprIa Ba § Ta Te3UC Xajakapo KoH(depeHIusap TYiaMiaapuaa dor
STHIITaH.

JluccepTauMsIHUHT TY3WJIHMINM Ba Xa:KMH. Jluccepranusi KUpHI, CaKKU3Ta
000, xynoca, dhoigananunrad agabuérnap pyiixaru, 2 Ta wiosa, 181 caxuda maTH,
33 Ta pacm Ba 14 ta )xanBanaan udopar.

JIUCCEPTALIUSIHUHT ACOCUM MA3ZMYHHU

Kupum kucMuaa TagkuKOT MaB3YyCHUHMHT JIOJI3apOJjUId Ba 3apypusiTH
acocliaHraH, TaJKUKOT Makcaau Ba Basudanapu TabpudiaaHrad, TaJIKUKOT
00BbEKTH, NpPEAMETH Ba YCYIUIApH AHMKIAHTAH, TAJKHKOTHHHT Y36EKHCTOH
Pecniybnukacuma gan Ba TEXHOJOTHSIIAP PUBOKWHUHT YCTYBOp HYHAJIMIIapUra
MOCJIUTH OeNTUIaHTaH, WIMHUMA SHTWIWTH KYpCaTWITaH, OJIMHTaH HaTHKaJTapHUHT
WMWK Ba aMajui axaMHsITH o4urbO OepuiraH, yiapjaH aMmainaa (oimanaHuIraiu,
4yon STWITaHW Ba anpoOanusacH Xakuja Xamjaa IUCCEPTALUSHUHT TY3WIUIIN
XaKuaa MabJIyMOTIap KUCcKaya 0OaéH 3TUIITaH.

JuccepranussHUHAT OUPUHYM  000MAa amabuériapaa eHruwiI  SApoIap
CTPYKTYpacH Yy4UyH KYJIJIaHTaH MOTEHIMaJ MOJCJJIAPHUHT acOCHUW XOoJaTjiapu Ba
XyCyCHUSTIapU XaKUJard MaBXyJd MabIyMOTJIAPHUHT KHUCKauya MyXoKamacu
Oepwirad. by HyHanmumgaru acocuii MyammoJiap caHa0 YTWiIraH Ba yJapHU
Oaprapad oTHIl HymIapu Myxokama KWIMHraH. Apabuérnapna MaBxy[
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MabIyMOTJIAPHUHT TaxXJIWJIA acocujaa ymoly JUCCEpTALMSHUHI MakcaJl Ba
Bazudanapu 6aéH KWINHTaH.

JlccepTalUAHUAT HKKHHYA 606m1a ' “C sIpocH SHEPIeTHK CIIEKTPU I0KOPH
anukiauknard ['aycc Oasucupa Kypuiarad 30 KiacTep MOJENUAa KOpiau AJju-
boamep Ba TakukiaHrad xonatiu (S- Ba D-tynkunnapnaa) bak-Opuapux-Yuriu
(BFW) nokan oo-moreHnpaiap Owian Oaradcun  TaxJauia KWIWHIWA. by
NOTEHIMAIIAp, MablIyMKHU, KyWH OJHeprusiaplia oo-COUMIUII  TaxpuoOa
HaTWXKAJIApUHU XK Tukiaau. “C  gapocu acocuil XOJaTUHUHT OOFJIaHMIL
AHEpruscH yuyH / ra 60rnuk Oynmaran Anu-boamep mnoteHiuanu OuiiaH OJMHTaH
Hatwkanap (0.584266 Ba 5.1220936 M»B, moc paBumga Kynon Tabcupunu
XxucoOra ojraHjia Ba OJIMaraHja) y3ra aBTOpJIApHUHT Jlarpawk-Mem MeToaua
OJIMHTaH HaTWXanapu OWNlaH JesApiM YCTMA-yCT TyIIaJud. YWFOHTaH XoJjatiap
YUyH OJIMHTaH HaTwxkanap xaMm Jlarpawxk-Mem Merogura SKWH, JEKHH yiap
runepcepuk MeToAra Kaparama aHva sxmm. FOxkopugarm OMPHHYMA COH
Taxxpubasuii 6ornanu sueprusicu (7.27 M»aB) nan y30k, Ba xarro Anu-boamep
MOTSHIIMAIMHUHAT [ Ta OOFJIUK BEPCHUSCH XaM XKynaa kam Oormanum Oepamu (1.523
Mb5B). 3o cucrema sHeprusicuin BFW norteHmumanu OwiaH XucoOnaml y4yH
OpPTOTrOHAJUIAIITUPYBYM IICEBIONOTEHIMAIIAD METOAM Kysutanau, y lpeaunrep
TEHTJIaMacl €YUMUHU TYIHUK (YHKIIMOHAT (Pa3o/ia TOMUIT UMKOHUATUHU Oepa.

Jluccepranusaaa KypcaTHIAMKH, 30, CUCTEMaHHHT KOMIAKT acocuii 0 Ba
OupuHYM yifFoHran 2° Xonamiap OSHeprusimapu oo-Ilaynum — TakuKIaHran
XOJATJIApHU TYFPU TacBUpJALITa HUXOAT Japaxana ce3rup 3kaH. by Harmxka
TaKuKJIaHraH XoJjaTiaapHUHT IlpenuHrep TeHrnamMacu €4MMUIArd XUCCACHHHMHT
HOOJAMM Y3rapuiiura ojau0 kenap sKaH. by Xucca mpoekTopiaml JOUMHHCH A
HUHT YCUIKM OWJIaH KaMaWMIIM Kepak 37u, OUpoK, Kypuiaérran xonaa y A=1450
MsB arpoduma muHMMymra sra OYynaMmoknga. A HUHT Oy KukMaruaa 3o
CUCTEMaHUHT acoCHil Xonat 3Heprusick -19.763 M»Bra tenr, 0y 3ca MUKPOCKOTIHK
XucoOnamiap HaTiKacura SKdH. A [apaMeTPHUHT KeWWHru Yycumu 30
DPHEPTUACUHMHT Te3 Yycumura onud kenaau. DyxuBapa OWpUHYM MapTa
KYpCaTAMKH, OSHEPrUSHUHI Ba TaKUKJIAHTAH XOJaT XUCCACMHUHI OyHJail
yarapumn ~ IpenuHrep  TeHINIaMacH  €YUMHUAA  «JA€SIpiAd  TabKHUKJIAHTaH
XOJAaTIapHUHI» Taiao Oynummra onaud kemap »dSkaH. bywpmail  «uespnu
TabKUKJIAHTAH XOJaT» JAMCCepTalus UIIMAAa TYIUK Y4 JKHUCM IPOEKTOpHU
onepatopunuHr 1.1847E-4 MbB xycycuil KuiimMartra MOC XYyCYCHM XOJaTu
cudaruga Tonwiau. Arap Oy XoJlaTHU pyxcaT 3THiIraH Ae0 xucoOiaHca, y XoJiaa
3a sHeprusacu yuyH -20 M»aB 6axo onmuHaau, ake xomnaa 3ca -0.645 MaB ra tenr
06axo onuHamu. bynpalt ku3ukapiau XxojaT OWpUHYM MapTa OOFJIaHTaH XoJiaT
Macanacuaa ydpamokna. lllynmait kunmO, o-KjiacTtepid SAPOJTAPHUHT KOMIAKT
xonatiapu yuyH llaynmu nmpuHOunmM yra MyxuMm poJib YiHap SkaH. byHra kypa
MaKpOCKOIUK O0-IOTEHIIMAIUIAPHU KYPHUIITHUHT SIHTU WYJIMHU Takiau@ KUJIHII
MyMKHH. YHHHT  acOCMH  Ma3MyHM IWIyHJaH  MOOpaTKH, MOTEHIHAI
napamMeTpiapiHi MUKPOCKOIUK MeTojjap EpaaMujia OJNJIUHIAH (PUKCHUpIIaHTaH
0L0-TaKUKJIAHTaH XO0J1aTiapra MOCIallTUPUIT MyMKHH.

JluccepTallUsIHUHT YYMHYH 000MIa EHTWI SApoJiap Y4 KUCM KOHTUHYYM
CTPYKTYpacuHHM ypraHuil yuyH Jlarpawx-Mem Oa3zucuaa KypwiraH runepcepux
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rapMOHUKJIAp METOAM acocuja R-marpuna SKUHIAIIAIIN PUBOXKIAHTUPUIITAH.
3.1.1 6ynumpa Jlarpamxk-mem Oa3zucuja Kypwiran runepchepuk TapMOHHKIAP
METOJAMHMHI acoCuil (opMalu3MH KENTUPWIraH, (akaTruHa TUIeppaguycra
OofnMK OYynraH OOFJIaHraH TEHIrJamanap CUCTeMacd Ba y4 KUCM 3(PQeKTuB
NOTeHIMAIU YuyH aHuK udopanap onunrad. lly epna sapdexrus noreHuraiHuur
ACHMIITOTHK KYPHHMUIIM KENTHPHIraH, YHHHT acocuii xagu 1/p° Taprubra sra.
bynnan Tamkapu MapkazgaH Kouma Kydjapra MOC XaJHH XaM XHcoOra OJIMII
Kepak, YHUHT TapTou 1/p”. Typiu yd sKHCM Napiuai TYIKHHIAP yayH d(hheKTHB
MOTEHIUAIHUHT 1/p HUHT Japaxkanapu Oyinda &hunmacu KoddQuiMeHTiapu
xucoOmanau. 3.1.2 6ynumaa sca brox-1llpenunrep TeHrmamacu acocuaa yd )KUCM
yuyH R-matpuma dopmanmusmu puBoxinantupuinan. Nuku coxana (25-30 ¢m raga)
XoMaku TYIKMH (yHKOMs Jlarpamxk-mem Oasucura Eimnanu. Muku COXaHMHT
yerapacuga Ttonuiarad R-matpuma HymepoB anroputmu €paamuja Karrta
Macoganapraya (traxmuHad 1000 ¢m) maBom 3TTUpWIanW, y epla 3ca TYJIKUH
(GyHKUMS acUMNOTOTHUKAara yjaaHaau. ACUMOTOTHKAa HEUTpall CHCTEMaJlap Y4YyH
OMpUHYM Ba HKKUHYM Typjaru beccen (QyHKuMsuiapu opkKanu, 3apsiajiaHraH
3appajlap ydyH 3ca peryisip Ba Hoperyjsip Kynon ¢yHkuusnapu opkaiu
uponanananu. Keitmn, tomwiran R-maTpuia acocuja TYKHAIIMII MAaTpULACH
tonwnanud. JucceprauustHuHr  3.2-0VnuMuAa  PUBOXIAHTHPUITAH — METOJ
*He=a+n+n Ba ''Be="Betn+n rago SAPONAPHHHT Y4 IKHCM KOHTHHYYM
CTPYKTYpPACHUHU TaxXJuJj Kuiaumra Kyimanau. NN-y3apo Tabcup yuyH MuHHecoTa
MapKas3uil nmoreHuamuaad Gorgananmirad, oN-y3apo TabCcup 3ca CIUH-OpOUTAI
KHCMHUTa 3ra Ba XyQpTiaukka Oornuk OYynran Kanama Ba 0. moTeHmuanw OuiiaH
ndonananran. bynma Vn-moTeHiman, °He raio SAPOCUHUHT AaCOCHUM XO0JaT
sueprusict E(°He)=-0.97 MbB uu TyFpu Tukmaii onuum yays A=1.051 paxropra
Kymaiitupunad.  Bet+n y3apo Tabcup yuyH sca Byn-CakcoH MOTEHIMANH
WIUTATUIIN:

Vir)=-[Vy + Vs I-s]/[1+ exp ((r-ry)/a)]. (1)

by epna mapamerpiap V,=43 M»aB, V,=6 MsB, r,=2.908 ¢m, a=10.67 dpm.
“Be sppocunnnr acocuii xonar sHeprusicd E=-1.34+0.11 M>B uu T¥pn Tuknans
Y4YYH MKKUTA TYpJIH MeToA Kyiutanau. bupunuu meton (1) morenumanau A=1.08
dakTopra KymalTupuiigad, UKKUHYM MeTon dca Bya-CakcoH mnoTeHIManura
KYILIMMYa Y4 )KHUCM MOTEHIIUAIN

VK%K’Y’ (P) = - 5K,K’ 5%1}’ Vs / [1+ (/)/p3)2] (2)

HU KUPUTHIIJIAH UOOparT,
o0y epna K Ba K' — runepmomenTiap,
v=(.1,L,S), v'= (1'x1,L',S") — y4 xxucm kananapu.

l-pacMzaa o+n+n-cuctemManuar J*=0' XonaTu ydyH, KaHan paguycH a,=20
¢™ Ba ap=30 ¢Mm OynaraHza Typiu yd KHCM KaHaJIapura Moc XucoOiaHrad ¢asza
CWDKHUIIUIAPA  KENTUPWITAH, yiap SKUHIAIIMIIHA TEeKIIUPUII  MakKcaauia
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nponararop meroau Ouian 250 ¢m raga maBoM sTTHpwiran R-marpuma ycynu
ownan comumrupwirad. KypunuO Typubavku, nponaratop rurepMomMeHT K HUHT
KMMMaTh Karra OyiaraHn KaHaulap ydyyH Myxumaup. TYKHaIMm MaTpuUacuHU
JMaroHaJUTAIITUPTaHlad CYHT Xycycui (ha3anapHu TOMUII MyMKHH.

2-pacMaa  ontn-cucteMaHuHr  J" =0" xonatu yuyH K.« HHHT Typau
KuiMaTiapuaa xycycuil Qaszanap keiarupwirad. Pacmupan kypuHuO TypuOIuKy,
(a3aHUHT SKUHJIAIIUIIN IOKOPUPOK SHEPTHUsIIapAa TE3pOK Oaxkapuiaiu.
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1-pacm. a+n+n-cucremanunr J'=0" xoaaTu yuyH ¢aza cHILKHILIADH,
KaHaJ paauyciaapu a,=20 ¢pm Ba a,=30 ¢pm (IUTPpUX YM3HUKJIAP) Ba
nponararop épaamuaa 250 ¢pm raya 1aBoM 3 TTHPHJITAH X0J/IAP YYYH
(Y3JIyKCH3 YHM3HK)
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2-pacM. o+n+n-cucteManunr J'=0" xoaaTu yuyn xycycwuii pasanap,
Kax HMHT TYpJM KUiiMaT/Iapuaa
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3-pacm. *He Ba *Be simponapunnnr J'=0", 17, 2" xoaariapu
YUYH Xycycuii (pasanap
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3-pacmaa °He Ba °Be sjpomap J™=0', 17, 2 XonaTiapuHHHT XycCycuii
dasanapu kypcarmwiran. *He supocuga 0.7 MsB arpoduna 2° Top pesoHaHCHH
KYpUII MyMKHH, Taxpuba HaTmkacu 0.8 MbdB nam can mactpox. 07 Ba I
xonatnapaa sca 1.5 MaB arpoduna kenr pesonancnap kypussnTta. lyHra skux
Hatmxanap M.B. XKykos Ba 6. xamaa M.)K. Tomrcon Ba 0. TOMOHHMIaH OJIMHTaH.
°Be SAAPOCUHUHT acocuil XoJart 3Heprusick yuyH E=1.26 M»>B Ba keHIIMru yuyH
=65 k3B kwuitmatnap onuHau, yiaap Taxpuba Hatwkamapu E=1.37 M»B Ba
['=92+6 k5B ra gxmm mMoc KeJaau.

4-pacmpa “Betn+n Ba “O+ptp cucremamapuunr J=0", 1, 2* xomarmapu
yayH Xycycuil dasamap kemrmpuirad. Pacmman kypunn6 Typubmuku, Be (2°)
xonataa 2 M»aB arpoduna (yironum sHeprusicu E.x=3.4 MeV) Top pezoHaHc
MaBXyJ, Taxpuba ydyH OJAUHIAH aWtu® Oepwiran Hazapuii 06axo. by
PE30HAHCHUHT MaBXyUIMru sKuHAa oauHrad Ey;(exp)=3.54(16) Mb»B taxpuba
HATHXKacu OWJIaH TaCAUKIAHIM.
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4-pacm. ”Be +n+n Ba 12O+p+p y4 JKHCM cucTemanapuunr J'=0°, 17, 27
X0JIaTJIAPpH YYYH Xycycuid pazanap
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JlUCCepTaLMAHMAT TYPTHHUM 06o6mma wuxku Heitrpormmn  °He(0') ramo
SIPOCUHUHT O+d KOHTHMHYyM KaHaira OeTa MapyaJaHwil >KapaHU yd >KHACM
Mozenuaa Oaradcusl Haz3apuil TaxJui KWIMHraH. by kabu peakuusuiap akatruHa
UKKUM HEUTpOH axkpanuil sHeprusick 3 M»sB naH kuuuk Oynran saapojiap y4yH
HHEPreTUK >KUXatgaH MyMKuH. K¥ypunmaérran xonga Oy WapT OpTUFU OuiiaH
oaxxapwianu: E,,=0.95 M»aB. Makcuman MyMmkuH Oynran sHeprus o+d wmacca
Mapkaszu cucrtemacuna 2.03 MsB ra tenr. Uukuim kaHaiuaa TYJIUK MOMEHT | ra
TeHr Oynranu y4dyH, (akarruna ['amoB-Temnep Oera yTuin >xapaéHM MYMKHUH
Oynaau, OyHIa HJIEKTPOH Ba AHTUHEHTPUHOHMHI CHUHJIAapu mnapaien. JKapacn
TYIUK 3XTHUMOJIIMTH JXKyJa macaiim6 kerran Ba y 2.2+1.1 E-6 cex’! ra Temr.
Hucceprauustauar 4.1 OynuMuna Qoigananwiran monaeib O0aéH KWJIMHTaH.
Onmuuru 6o6narn kabu, °He  SAPOCHHHHT Y4 IKHCM TYIKMH (YHKLHSACH
runepcepuk rapMOHUKIAp MeToauaa XxucoOmanau. ['amoB-Temnep Marpuna
AJIEMEHTIIapU YUYYH aHMK HQojaniap KEeNTUPWIraH, yiap OOIUIAHFUY Ba OXUPTU
XoJaTinap  TYJAKUH  (YHKUMSUIADUHUHT  KOIUIAHUII ~ WMHTErpalii  OpKaJu
udonanananu. JuccepramusHunar 4.2 OYnuMuIa COHJIM XUcOOJaIl HaTHXalapu
kentupuiarad. NN-y3apo tabcup yuyH MuHHEcOTa noTeHunanu, oN-y3apo TabCcup
yuayH 3ca KykynuH Ba 6. moTeHImanu TaHiaaHau. DPQPEeKTUB HMHTErpaJIIApHUHT
SKUHJIAMIAITUHA TaXJ I KWINIT OPKaIu KYpCaTHIINKH, TaKpruOa HaTHKATApUHA
TYUIYHTUPHII Y9yH TUIEPMOMEHTHHUHT KarTa K,,,=24 rauya kuiiMatiapura Moc y4
KUCM KaHAJJTApUHM KYIIMII Kepak, OyHaa uHTerpan yerapacunu 30 ¢gm gaH xam
OJIMACIIUK Kepak 3KaH. TaxpuOa HaTHKaJapyUHU TYFPU TaJKUH KWJIMIIJIA aCOCUM
y4 KUCM KOMIOHeHTH K=(0 y4yH OJuMHraH Marpuiia 3J€MEHTIIADUHUHT WYKU Ba
TalKy (rajuso) Kucmiiapu Oup OupiapyHu y3apo macalTHUPUILU KEPAK SKAHIIUTH, Ba
HaTWXKajga Oy KOMIIOHEHT jKapa€Hra amaija Xed KaHaall Xucca KYIIMAaclUru
6atadcun kypcatunau. Jlomunant xucca sca K=8 xomnonentnan, xamaa K=2 Ba
K=10 komnoHeHTnapmaHn Kenap »5KaH. by KOMIOHEHT/Iap Yy4YyH Marpuula
AIIEMEHTJIAPUHUHT TaJI0 KUCMJIApU XaJl KWJIYBYM axaMusATra sra skaH. a+d y3apo
TabCUp YUYyH OMp Heua MOTEHIHA MOJeUIap cuHa0 kypuinau (5-pacmra K.): o+d
COUMJIMITHUHAT S-TYIKuHAa (a3a CHIDKUNUIAPUHU TYFPU TUKIAWIUTAH, JICKUH
OOFJIaHTaH XO0JIaT PHEPTUSICHHU THKJIaMainrad Ba KHYMK Macodanapaa kopra sra
noteruman (5-pacmma V,); °Li(17) smpocununr Gormanum sueprusicu E=1.474
M»sB Ba ¢a3za cwpKuMUUIapuHU O€pyBuYM, JIEKUH S-TYJIKWHJA $HAa KylIMYa
TaKuKJaHraH xoJjarra s3ra oamauil laycc maxknugaru JyOOBHYEHKO UYYKYyp
notertmamu V,: V(r)= Voexp (-a 1°), mapamerpnapu Vo=-76.12 M>B Ba 0=0.20
dM7; pommuHr noteHumamiap Vi, Vp; CYNEpPCHMMETPHK alIMAaIITHPHIIIAP
OpPKUIM V, JaH XOCWJI KWJIMHIaH MOTECHUHAIUIAP VaSl Ba Vasz. Vi moTeHnuan
°Li(1") stapocHHMHT GOFIAHMII SHEPrUACHHM Oepajy Ba KyLIMMYa TAKHKIAHTAH
XoJlaTra 9ra, JIeKMH (a3za CUDKUIUIAPUHM SXITU TUKJIal oamaiau. AxkcuH4a, Vg
noTeHIMal (a3ajapHU SXIIM THKJIaca Xam, JIEKMH OOFJIaHUII DHEPrUsICUHU
IOKOPUPOK Oaxoaiiu.

Cynepcummerpuk V,°' motenruman xyaau V, kabu dasa Ba Gpu3HK GOFIaHraH
XOJIaTHN Gepajy, JeKHH TAKMKIAHIaH XO0IaTra sra sMac. CymepcuMMeTpuK V>
NMoTeHIMaNI 3ca ¢dakarruHa couwmuil ¢azacuHu Oepanau, JekuH o+d cucTtemaHu
Oormamaiinu. Pacmaan kypuHuO TypuOIuKY, HA3apuil 3rpy YM3UK MacTpokaa Erca
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XaM, JKapaCHHUHT YTHIN JXTUMOJUIMKJIAPW YUYyH SIHTH TaXpuOa HaTWXanapu
(TYynoupuiaran poupavanap) makid yykyp [lyOoBudenko V, moTreHuuanu OuiaH
XM TUKJIAHAp 9KaH. V, MOTEHIHAJIUHUHT Oy IOTYyFU KMYMK Macodanapaa o+d
COUMIMUII  S-TYAKMH  (QYHKIUSACHIA TaKWKJIAHTaH XOoJlaTra OpPTOTOHAJUIHK
HaTHKacuAa TYTYHHUHT MaBXYUIUTH XamJa acOCHM XOJIaT JHEPrUsCHHU Ba
coumnuin QazajapuHu THKJIAIl Xucobwura HpuiuiaMokna. IlloreHuuanHunr
KEHTJIMTH Ba YYKyPIUTHHH O3pOK y3raptupu6, Vi=-79.4 M»1B Ba a=0.21 ¢m™
(5-pacmaa V., noteniman), "He rano siagpocuHunr o+d KOHTMHYYM KaHaira Oera
napyajaHull TaXpuOa HATHKAIAPUHU KyAA SXIIUM TYIIYHTUPHUII MYMKHH DKaH.
[llynnait kumO, TakKMKIaHTaH XonaTim o+d moTeHmmaymiap ymoy kapaéHHU
éputrmna Ba “He SIPOCHHUHT rago-XxoccanapiHi HAMOSH KHIMIIAA JKy[d MyXUM
axaMmHsTra sra dKaH.
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5-pacm. Typsm ad-norenunaniap yuyn *He(0") rano sapocununr o+d
KOHTHHYYM KAHAJII'a BAKT Ba JHePrusi OMpJIuKJIapuaa dera-napyajaHui
IXTUMOJJIMKJIAPH

JuccepranusHuHr OemMH4YM 000mMaa yliroHum sHeprusicu Ey;=3.563 MbB
oymran °Li(0") wu3obap-amamor xomartman °Li(17) acocmii xomatra Ba o-+d
KOHTHHYYM KaHamra MI-ytum >kapa€Hu  Hazapuil TaxJIWl  KWJWHTaH.
HucceprauustHuar 5.1 Oynumuna doiganaHuiarad y4d >KMCM Mojenu Oaradceui
06a¢n kununran. by epna °Li SIAPOCUHUHI aCOCUM Ba YUFOHTaH XoJaTiapu otp+n
y4 KUCM MOJENUJa TAcaBBYp KWJIMHAIW, YJAPHUHT TYJIKUH (YHKUUSJIAPH 3ca
Jlarpanx-menn Oazucuaaru runepcepuk rapMOHUKIAP METOIUIA XMCOOIaHAIH.
[y 6yaumaa MI1-yTum onepaTopuHuHr SkoOu koopauHaTaidapuaa udogacu
Oepuiran, wmaTpuila dJEMEHTIAPUHUHT OXUPTrd KYpUHHUIIU 3ca 2-WIOBaja
kentupwirad. JluccepranusHunar 5.2 OYnumuaa ymoly skapa€H yuyyH YTKa3wiran

19



COHJIM XHcOOnaIIap HaTmkamapy kexrupuiran. ‘Li(0") u306ap-aHamor xoiatgan
°Li(1") acocuii xomatra M1-yTum keHraura yayH 7.49 5B ra Tenr Hasapuii 6axo
onuHM, Oy Sca Taxpubaga onmHraH kuitmMar 8.19+0.19 5B ra xyma sikuH. CLi
AIJPOCUHUHI MarHUT MOMEHTH Yy4uyH Hazapuil 6axo (pu=0.86 sapo MarHeToHu
oupnuknapuaa) Taxpuba 6axocu 0.82 nan canruna karra. by 6axonap K=20 raua
OynraH y4 >KMCM KaHAJUIAPUHU Y3 MUUTa OJYBYM TYJIKUMH (QYyHKOUsuIap Ouial
XucoOsaHran, Oy aca AXIIM SKUHJIAMIIHK TabMuHNaiau. NN-y3apo Tabcup
y4yH, OJIIMHIHJIeK, MuHHEecoTa noreHuuany, aN-y3apo tTabcup yuyH 3ca Kykynux
Ba 0. NOTEHUMANM UILIATWIAU. SIKYHUH KOHTMHYYM XOJaTHM TacBUpJall Y4yH
onmuurE 6061arn V,, Vi, Vi Ba V,° Typin ad-noTeHnmamiap cunab kypHiim.

108
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E (MeV)
6-pacm. °Li(0") u306ap-anasor xounataan o+d KOHTHHYYM KAHAJITa BaKT Ba
3Heprus oupaukiaapuga M1-yrum nuddepeHuuan KeHrJIuru

6-pacmaa 6Li(0+) n3o0ap aHayor xojarjgaH o+d KOHTUHYyM KaHaiara M1-
yum  auddepeHian KEeHIVIMIM  Y4YyH Ha3zapud xucoOjanuiap HaTuWxkalapu
kentupwirad. Couwnuin  ¢pa3acMHM —SXIIM  THKJIAM onMaidaurad  (odauHr
noteHuuan Vg ydyyH oiuHran Hatwkanap 0.6 M»B sueprust atpoduna xyna
nacaiin®6 kerraH, OOIKa MOTeHIMaUIap OyHmai Xoccara sra sMac. DddekTun
UMHTETpaJUIap SKUHJIAIIMIIMHUHT  TaxJIWIM  [IyHU KYpCATAWKW, HWHTErpal
yerapanmapuau kamuaa 25-30 ¢bM onumn Kepak 3KaH, Ba YTUITHUHT MaTpulia
anemeHTura acocuit xuccanu K=0 Ba K= 2 ra moc yu xucm ka"aimapu O6epap dKaH
(50% arpoduma), 6ynna karra K ra Moc KOMIOHEHTJIAPHUHT XHCCATapH Xam
MyXUM O9KaH. MI1-yTumra acocuii XHCCaHH CHOUH KOMIIOHEHTH Oepuiu
Kypcatwinu. V, mnoreHnuan OwiaH onuHran wuHTterpain keHrmmk 0.9 mdB
JI. T'puroperko Ba ©O. TOMOHMJAH CONJANAIITUPWITAH  MOJENAA OJIMHIaH
HaTwkanap OwiaH sAXmM MocC Kenaau. bynaan tamkapu, MI1-yTum matpuna
AJIEMEHTJIapd  HMYKM Ba Trajo KOMIIOHEHTJIAPUHUHT  y3apo  Oup-OupuHU
[acanTUPHUILLIN ‘He SAIPOCUHUHT OeTa MapyalaHUIIUIArd Kajap KywJid 5Mac JKaH.

20



JICCepTALMAHNAT OITHHYM 606MAa MKKH HEHTPOHIN ' 'Li rajo sIpoCHHUHT
MKKH kucM  Lit+d KOHTHHYyM KaHamura Oera INapyaiaHdIIE Ha3apHil TaxXJII
KWIMHraH. Bommanrud smpo, onmuHrd GoGmapmarm kaGu,  Litn+n yd xucM
Mozaenuaa Jlarpamwxk-mem Oaszucuia KypwiraH rumnepcepuk TrapMOHHUKIAP
METOAMAA TacBUpiaHaad. MUHHECOTa HYKIOH-HYKJIIOH [OTECHLUHMAJIU Ba "Li
AIPOCUHUHT UKKA HEUTPOH a)Kpajull S3HEPTUICH S,,=376 K3B HM THKIalauraH Ba
S-TYNKHHAA TAKHKIAHTAH Xojarra sra Mapkasuii “Litn Tommcon Ba JKykos
NOTCHUMANM MIUIATHIAM. MakcuMan kuHeTuk dHeprus Eq=2.63 MbsB. Li+d
MOTEHIMasIap 3ca B¢ sanpocuHuHr (u3uk Oormanrad 1/2° xomatunu E=-17.60
MbB oHeprus Owian THUKIamM Kepak, Oy xonar E.=320 3B ylironum
SHeprusicura ora. MHEKPOCKOIHK Kiactep Moxemtapaa ~Litd  crcremacn
S-tynkuHna (UMK XoNaTAaH TACTPOKAa ETyBYM TaKMUKJIAHTAH XoJjlaTra ora.
Kypunaérran wmonenna Oynmali xonatHu o+d cucremacuaaru kKaOu 4YyKyp
noTteHuuan épaamuaa onuil MyMmkuH. Jlekun, Oy epaa ukkuta Myxum Qapk 0op.
Bupununcy, ~Li+d cucTemana S-TYIKMHAA PE30HAHC MaBXXKyJ, JIGKAH YHUHT YPHH
TaXpuOazaH Xanu sximu aHukjianmaratd Ba 0.2 — 1 M»aB opanukna éranu. Mkunuu
dapku wryHman wmbopatku, | 'Li sapocuHuHr CLitd KaHangaH nacTpokia
KofaIran GMp Heya OYMK peakius KaHaaiapH, MacaiaH, ' Be+n Ba ‘Li+t Gera
napyajaHuin kKaHaiapu Mapxyna. Iy cababmm, Oy epaa OyryHnaii Oorika
¢busukanun kypumn wmymkuH. llly Hapca anukinanguku, Oera mnapyajaHUII
HXTUMOJUIMKJIAPU PE30HAHCHUHI JKOWNAIraH YpHHUIa HUXOAT Japaxaja Kydu
GoFHK dKaH Ba 'Litd cucTeMamaru S-TyiKuHAa Oy PE30HAHCHH THKIAMANIUraH
NOTeHIMAJIIAp,  JEWTPOH  KOHTHHYYyM  KaHaiura  Oera  MapyaJaHMIll
HXTUMOJUIMKIAPUHUHT XAaTTO TYFpPU TapTUOWHU Xam Oepmac skaH. bynna, yrum
SXTUMOJUIMKIAPU  KOpAM EKM  TaKUKJIAHraH  XoJlaTra 3ra  MOTEHUHAI
UIUIATWJIUIINTa yMyMaH OOfIHMK 3Mac 3KkaH. OuuK NapyajaHull KaHajulapu
MAaBKyUIHTH y4yH, ~Li+d IOTeHIMaNra I0TyBYH MaBXyM XaJ KHPUTHIAIN:

V()= -(Vo+iW) exp(-a r’). (3)

[y napca mabiiyM OVIAMKHM, FOTYBUM XaJl XHcoOMra Oera YTUII 3XTUMOJUIMIU
aHYarvHa KamMauim MyMKHH 2KaH.

7-pacmpa 'Li ramo siapocummmHr ' 'Lit+d KOHTHHYyM KaHaira 6era
napyajaHuIIM BaKT Ba DHEpPrusi OUPIUTHUIATH SXTUMOJUITMKIAPH Y4yH KiacTep
MOJIENIM JioMpacuia Hazapuil Oaxonap anabu€rnaH OJIMHTaH SHTU Taxpuoa
HaTWKajapu OWJIaH COJMINTHPWITAH XOJJa KEITHPHIITaH. ’Li+d mnoTenmman
napamerpiapu Vo=100.1 MsB Ba 0a=0.17 ¢m~>, W osca Gup Heua MbdB raua
y3rapumu MyMmMkuH. By motenmman S-tynkunma 0.7 M»B sueprus arpodumaru
pe3oHancHu Oepanu. Pacmpan xypunu® TypuOauku, norenuuaira W=5 M»sB
OWwiaH FOTYBYM XaTHU KYIIUII OpPKAIM TaXpuOa HATIDKATIAPUHU Kyna SXIITU
TUKJIAIl MyMKWH JKaH.
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7- pacm. ''Li rasio sapocununr “Li + d KOHTHHYYM KaHAJIra BakKT Ba SHepPrusi
OupiuKJIapuaa 6eTa-napyajiaHuil IXTUHMOJLIHMKJIAPHA CUPT OTYBYHU XaHUHT
ky4 napamerpu W HuHT TypJu Kuiimatiaapuaa (M>B napaa)

By pacMiaH sHA IIyHH KYpHII MyMKHHKH, 'He rano supoCHHHHI Oera
napyagaHUIIAra 3UA YMapok, ~Litd MOTeHIMAamgard KymkMYa TaKHKIAHTaH
xojlaTHu cynepcumMeTpuk (SUSY) anmamtupunuiap EpaamMuaa HYKOTHII aMmaliia
O0era YTUI SXTUMOJUIMKJIApUTa yMyMaH TabCHUp KWiMac dKaH. SlHa mry Hapca
tonwiaukd, [amoB-Temtep  yTumm  marpuma  3JIEMEHTIAPUHHUHI  Trajlo
KOMITOHEHTJIADH MUK KOMIIOHEHTIAP/IAH TYJIa YCTYHIHK KHJIap SKaH. Y THIITHHHT
MHTErpan 3xrumoiunry yuyn E>0.2 MaB sHeprus opanuruia OJMHIaH Ha3apun
6axo 7.3E-3 cex' Taxpuba Harmkacun 8.8+1.9 E-3 cex GmnaH SXIIH MOC
KEJIa I!.

JlMCCepTaLUAHUAT eTTHHYM 606Maa Hoé6 ''Li— Li+ptntet(] Gera yrum
xKapaCHU TaxJIMJ KWIMHTaH. by apaCHHUHT HOEOIUTHM IIYHJAKH, XaMMma HKKU
HEUTPOHJIM Tayo ApoJiap nuuaa ¢akar "Li ANPOCH YUYyH Taj0 HEUTPOHJIAPHUHT
OeTa YyTUIN IapTH, THHU SZH<(mn-mp-me)c2 ~ 782 k9B TeHrcusnuk, onTuHYM 60012
TabKUJIAHTAaHUICK, OMPO3 OPTUFU OwmilaH Oakapuianu: S,,=376+5 k3B. Onauaru
6o0naru kabu, aifHaH YIa epiard mapriap OwmiaH ''Li SIPOCHHHHT y4 SKHCM
TynkuH  QyHKOpsAcH Litn+n Gormamran xomath cubatmma Jlarpamk-mern
0asucuaa Kypwiran runepchepuk rapMOHUKIAp METOAU1a Xucobnanaau. SAKyHuit
9Li+p+n cucremMa Be SOpOCMHHHT y4 )KHUCM KOHTHMHYYM XoJiatuaup. by xonar
TynkuH QyHKIMACHEE xucoOnam °He SAPOCHHMHI yd KHCM — KOHTHHYYMHTa
HucOatan Oup Heua cababnapra Kypa aHua KuiuH. Acocuil caba® Kop Ba MPOTOH
opacuga KylloH  WTapullyBUM KyYMHUHI MaBXy[UIMTH OwiaH OOFIMK, Oy
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SKUHJIAIINII PaANYCHHH Ba Y4 KHCM KaHaJlJIap COHMHHU KECKHH olupanu. bynnan
TalIKapy, KOHTUHYYM TYJIKUH (QyHKUUsACH Oup Heua OOFNaHTaH Xojariap TYJIKUH
byHKUMsIIapura OpTOrOHANl OYIMIIM Kepak, Oy 3ca KOHTUHYYM XoJiaT
CTPYKTypacMHM  Ba  Kepak OymaauraH  XucoOnammapHd  KyJa  Xam
MypakkaOnamrupagu. by Oera yTum xapaHUHUHT SXTUMOJUIMTMHU Oaxosail
KeJIaKaK Taxpuoamap y4dyH YyTa MyxXuM OViaranu cababim, MoJenHu Oupo3
coTaNalTupuIl MyMKuH. boikaua aiftranga, siapo Ba KynoH y3apo Tabcupiap
NOTEHIMAJIApH  KYIIWITaH  XOJIJard  XaKuKuil — TYJIKUH — (QYHKIUSHU
MojaesamTupul yuyH KynoH TYIKuH QyHKIMSICUHE 03pOK MOIU(DUKALIMS KUJIHIILI
MyMmkuH. by momudukanus Kynon ¢yskmusicuaun yan tomonra 10-15 ¢wmra

10° -
< 107 A
U
U\g |
> 1077

10-12

0 0.1 0.2 03 04
E (MeV)

IOkopuiary mTpux YN3MK TEKNUC TYIKUH SKUHIAIINIINTA, TACTIard MTPUX YU3HK dca
s dexTus 3apsaa 4.83 6unan cop Kynon norenuumanura moc kenanu. [lactnaru y3myKcu3 4u3uK
gan ToMoHra a=10 ¢m ra cuokutuinrad KynoH TYnkuH GyHKIMSICHUTA, FOKOPUIATH Y3ITyKCH3
yM3MK 3ca a=15 M Ounan momudukanms kuauHrad Kynon ¢yHkiusicura Moc Kenaau.

8-pacm. ''Li rano sapocunmnr *Li +p+n KOHTHHYYM KaHA/ITa BaKT
Ba JHeprusi OMpJMKIapuAa 0OeTa-napyajJaHHuIl IXTUMOJIUKIAPH

CHUDKHTHUIIIAH nbopar. 8-pacMaa ''Li rano SAPOCHHHHI Y4 JKHCM KOHTHHYYM
KaHaira OeTa MapyajaHUIIM BaKT Ba DHEPrUsl OMPIUTHIATU IXTUMOJUIUKIAPU
y4yH OJIMHTaH Ha3zapui 6axoiap KeNTUpwirad. bera YTUIIHUHAT TYa S9XTUMOJUIUTH
yuyH Tekuc TYIkuH omnan W=3.8E-8 cex” 6axo, cod KyaoH Tynkunu 6uian sca
W=5.1E-10 cex’’ 06axo omuHau. Momudukanus kuivarad Kynon ¢yHkmuscu sca
TYna >XTUMOIUTHK yuyH 0.6E-8 cex'< W <1.8E-8 cex™ opanmkmaru 6axonu 6epap
skaH. By 6axo xarto °He ramo sapocHHHHT GeTa MapyagaHHII SXTHMOJLIATHAAH
XaM UKKHU TapTHOa KHIUKPOK. KapaéHHUHT KaHYATUK HOEO0 SKAaHWHH KYpCaTyBYH
TapMOKJIaHUII KO3(DPUIMEHTH Kyiuaarn MyHocabaT OwiaH aHUKJIAHAIu:
R=Wt,,/In2, 6y epna t;,=8.75 Mcex — OOIIJIaHFUY SAPOHUHT SIPUM EMHUPUIIUIILI
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naBpu. By karramukHuHr |'Li SIPOCHHUHI yd XKHCM KOHTHHYYM KaHaira 6era
napyananum kapaéuu yuayH Oaxocu 0.8E-10 man 2.2E-10 raua opanmkma Erap
sKkaH, 6y sca *He SAPOCHHMHI JIGHTPOH KaHaira 0eTa MapyaiaHMIIN y4yH 0axo
(2.6£1.3)E-6 ra kaparanja kyjaa kamaup. bupuHum xapa€H y4yH TapMOKJIAHUII
KOO(PPUIMEHTUHUHT KHYMK KUHAMaTra »rajurura acocuid cabad KUYHK
Q-xuiimataup (Eq =0.404 M»3B), y aza (pazocuHu KeCKUH yerapajiaiiu.

JluccepTaLUsHUHT CAKKM3HHYH 606maa 6up Heiitpormn ''Be, '°C, Ba >'Ne
rajio SAPOJAPHUHT UKKH >KMCM KOp IUIIOC MPOTOH KOHTMHYYM KaHaiapra Oera
napyajaHUIIMHUHT Hazapuid TaxJuwiu OepwiraH. by snponap ydyH HEHTpoH
aXpaluil BSHeprusyiapy  Moc paBumga S,=501 k3B, S,=580+90 k3B, Ba
S,=0.33+1.07 M»aB ra tenr. OnaunaaH, O6era YTUII SAPOHHHT Tal0 KHCMHUIA
comup OVmaam ned ¢apas KuimHagd. Yyama Xoimga xam [amos-Temrep yrumm
6unan Oup karopiaa depMH YTHIIM XaM aMaira ONIMIIM MyMKHH. YTHIITHHHT
DHEPTeTUK IAPTH S, < (mn—mp—me)c2 ~782 k3B Oynumm kepak, MakCcuMaja MyMKUH
Oyiran sHeprus 5ca KOp Ba IPOTOH CUCTeMa Macca Mapkasuaa Eq= (m,-m,-
me)c” - S, ra tenr. °'Ne SAPOCHAA BAICHT HEHTPOH aXKPAIMII SHEPIUSCH KATTa
XaTOJIUK OWJIaH OepuiraHu y4yH, O0era YTUII SXTUMOJUIMIHA XaM KaTTa HOAHUKJIUK
6waan GaxomaHamd Ba 0 mam 10° cex' raua kwmiimar KaOyJl KWJIUIIA MYMKHH.
Bupunun ukkuta ' 'Be Ba 'C sgponap ydyH OONLIAHFMY KOp + HEHTPOH XOIaT
S-TynkuH OunaH, 'Ne AIpocu yuyH 3ca P-tynkuH Owian udopanaHau. S"sapo
Tabcup noteHmawapu Byn-CakcoH makiuaa oauHAN. YIapHUHT MapaMeTpiapu
Xap OWp BapuaHTIa OWTTagaH KYIIMMYa TaKWUKJIAHTaH Xo0JlaT OWjIaH BaJleHT
HEUTPOHHUHT QXKPATUII SHEPTUSICUHU OepaJiu.

—~ 1.E-08 - *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)

i, 19 1
9-pacm. ''Be, "’C Ba *'Ne rasio sapojapHuHr Kop ILIIOC IPOTOH KOHTHHYYM
KaHA/UIapra BakT Ba JHeprus OMpJmnKjIapuaa 6eTa-napyajaaHuin
IXTHUMOJLINKJIAPH

11 19 31
9-pacmma Be, "C Ba ° Ne rano siIpoJIapHUHT KOP IUTIOC IPOTOH KOHTUHYYM
KaHajulapra OeTa YTHUII 5SXTUMOJUIMKIAPY DSHEPrUs Ba BakT OupiuKiIapuaa
31 .
Ooepwirad. by xucobmanuiapna ~ Ne sapocuia HEHTPOH aKpajull SHEPrUsicu
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E=0.6 M5B n1e6 kabyn kunnaran. by mapriapaa ''Be, °C Ba °'Ne saponapu Tyna
YTHII SXTHMOJUIAKIAPH yuyH Moc pasumiaa 1.5E-9 cex’', 2.7E-12 cex™' Ba 3.3E-
10 cex' Gaxomap ommmmu. Yiapra MOC TapMOKIAHMII KOA(GUIMEHTIApH ca
3.0E-8, 1.8E-13, Ba 1.6E-12 ra Tenr skaH.

HNnoBanapaa yu xucM Mojenuja KOHTUHyymra MI1-YTUIl SXTUMOJUIMIU
yU4yH aHaJUTHK (opMynanap xamjaa OOfJaHraH Ba KOHTHMHYYyM XoJjaTiapra MI-
YTHIL MaTpULiA DJIEMEHTJIAPU KEJITUPUIITaH.

XYJIOCA

1. "C sgpocm xommakt acocuit 0" Ba yitromran 27 xomariap
SHeprusiapuHuHr  oo-IlaynM Takuk/IaHraH XoJiaTJlapHUW —TacBHpJamra yra
CE3TUPJIUTU KYPCATUIIIU.

2. bupuHYM MapTa €HIWJI SIAPOJAPHUHT Y4 KUCM KOHTHHYYM CTPYKTYpPacHUHU
ypranum yuyH runepcpepuk Jlarpamwxk-mem Oaszucuna R-matpuma meronu
puBOoxnanTupunau. WMukm coxa derapacmpa tomwiraH R-marpuna Hymepos
ANTOPUTMH EpAaMuia TYIKUH (YHKIUS aCUMITOTHKA OWIaH yJIAHUIIM Kepak
oynran y30k Macodanaprava (taxmusan 1000 ¢M) 1aBOM STTUPUIUIIN KEPAKIIUTH
anuktanan. Merox °He Ba '“Be ramo ANPOJIADHUHT yY JKUCM KOHTHUHYYM
CTPYKTypaJIapUHU TaxJIWJI KWIMII YYyH KYJJIAHAW, Y4 OSKACM TYKHAIIWII
MATPHIATAPHHIHT IHATOHAT Ba XyCycHil (asa CHDKMIIIAPH XHCOOmammu. ' 'Be
sapocuna By =3.4 MdB oHeprusga suru 2' pe3oHaHC MaBKyUIMTH 0Gamopar
KWJIAH/IY.

3. *He ramo siapocuHuHTr o+d KOHTHHYYM KaHaiara 0era mapyagaHMIl BaKT Ba
DHEPrus OUPIUKIAPUAATH SXTHUMOJUTHKIapu Oyinda Taxpuba HaTHXKaIAPUHU
TYLIYHTUPHUII YYyH MHKPOCKOIIMK JKMXATJAaH AacOCJaHraH, S-TYJKHHIA
TaKMKJAHTaH XoJjaTra »sra XamJa acocuil XoJjaT »JHeprusiciHu Ba (¢aza
CWDKHIUIAPUHM THKJIAM ojagurad od-noreHuMayiapuaad (QonganaHum yra
MyXUM OJKAaHJIMIH Kypcatuinav. byHpman xonma, ['amoB-Temnep wmarpuna
AIIEMEHTJIAPUHUHT MYKH Ba Taj0 KOMIIOHEHTIApH Yy3apo Oup OHpUHU Iespiu
TYJIUK MacalTUpaau, Ba HATHXKAAA, WUFUHIMA YTHII 3XTUMOJUIMKIAPH, TaxpuOa
HaTWXXaJlapura Tyja MOC paBUlIAa, XaJdaH TallKapyu KaMainO KeTap HKaH.

4. Tunepcdepux rapmonnknap meromu ‘Li(07) msobap amamor xomariaH
°Li(1") acocmit xomarra Ba o+d KOHTHHYyM KaHamra MI1-YTHur xapaHUHE Y4
kM opManusMuaa yprauum yays kyrapmd. CLi(10) acocumit xomatra M-
VTUII KEHTJUTru y4yH TaxpubOa Hatmwkacu (8.19+0.19 »B ) Ounan sxmmum moc
KellyBuM Haszapuii 6axo omuuan (7.49 oB), °Li smpocu marauT momentn (p=0.86
AP0 MarHeToOHW OupiukiIapuaa) Taxpuda Hatmwkacu 0.82 man O6upo3 dhapk KuiIap
skan. °Li(0") m306ap anamor xonaraax o+d KOHTHHYYM KaHamra MI1-yTum BakT
Ba JSHEprus OUpPIUTHIArd >XTUMOJUIMKIAPU Y4YyH Ha3zapuil 0axosap OJUHM.
Wuterpan kenrnuk yuyH onuurad 0.9 maB 6axo wirapuru coamanamiTHpUITaH
XMCOOJIAIIAp HATIDKANAPH OMIAH SXIIH Moc Kenmap skaH. °Li(0") n3o6ap anamor
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xonar °He sapocu kabu aHMK KYpUHAIWTaH Talo CTPYKTYpara 5ra SKaHJIMIH
KYpCaTHJIIN.

5. "Li ramo spgpocumnnr ''Li+d KOHTMHYyM KaHanra 6era mnapyaiaHHIIN
BaKT Ba 3HEPrusl OUPIUTUAaru 3XTUMOJUIMKIIAPU YUYH SIHTH TaKpuOa HaTHXKanapu
OWIaH TYIHK MOC KelyBYM Hasapuil Oaxomap OnuHIH. By »xapaémma ~Litd
cucteMa S-tynkuHuga 0.7 M»sB sHeprus OwiaH aHUKJIAHTaH PE30HAHCHUHT,
KaHJail TOoTeHIHAN (KOpJU €KW TaKUKJIAHTaH XOJIATiW) HILUIATWIMIIUIAH KaThu
Ha3ap, TAKpuOa HATIKATAPUHU TYUIYHTUPUII YUYH YTa MyXUMJIUTH KYPCATHIJIU.
ByHza rano KOMIOHEHT/Iap WYKU KOMIIOHCHTNIAP/AH TYIa YCTYHJINK KHiIap SKaH,
MuFuHan 5XTHMOIUTHK yayH E>0.2 MaB 3Hepr1/m opanuruia omuurad 7.3E-3 cex”!
0axo Taxxpuba Hatkacu 8.8 £1.9 E-3 cex’ ! 6uman sxmm Moc kemanm.

6. '"Li ramo sapocmHMHr ~Litptn KOHTHHyyM KaHaara HOS6 Oera
napyajaHuIIM TapMOKJIAHMUII KO3(P(PULUMEHTH YUyH KJIAcTep MOJEIU JoHpacuia
Hazapuil Oaxosiap oOJauHAM. TapMOKIaHMII KO3(P(UIMEHTH Ba >KApa&HHUHT
DHEPTreTUK TAaKCUMOTH YYYH WIOHWIN Oaxonap momudukanus kuirarad Kymox
bynkuusnapu €paamuna oausau. by dynkumsiap sapo Ba Kynon y3apo tabcup
Kywiapura MOC KeIyBUM peall TYIKMH (QYHKUUSHUHT YpHUHH Oocalu.
Tapmoxianui ko3pduumrentu yuyH xyna kuuuk, 0.8E-10 nan 2.2E-10 raua
OpaNHKIard 0axo ONMHAHM, Oy 6axo onauH Kypuiran °He ramo sapoCHHHUHT
JNEUTPOH KaHajaura OeTa mNapyajaHWIl TapMOKJIAHUII KOA(DPUIMEHTH Y4yH
onmuHran 6axo (2.6+1.3)E-6 ra nHucOGataH >xyJga KaMm xucoOnaHagu. bupuHuun
xKapa€H y4YyH TapMOKJIAHHUII  KOI(DPUIMEHTUHUHT  KUYUKIUTHra cabad
Q- KUUMaTHUHT KaMJIUTUIUD, ¥ daza (pa3oCMHUHT KECKWH YeTrapaJaHHIIUra ojuo
Kenaau. bera yTUIIHUHT TyJia 3XTUMOJUIUTH 10 cex™! TapTHOTa 3ra SKaH.

7. "Be, “C Ba ’'Ne 6up HeiiTpoHIM Tamo SOPOTAPHUHI HKKH SKHCM
KOHTMHYYM KaHajuiapra OeTa MapyalaHWIId BakKT Ba 3HEPrusl OUpIUruaaru
XTUMOJUIMKJIAPU YUYyH KJIacTep MOJEIM JOoMpacujia Hazapuil 0axojap OJIMHIH.
"Be sapocunuur '"Betp KOHTMHYyM KaHaira Oera NapyalaHMII HUFHHIN
sxrumomurd yays 1.5E-9 cex”', °C smpocu yuys sca 2.7E-12 cex' 6axo ONHMHIH.
Tapmoxnanum kodpdunreHT 3ca Moc paBuiiga, Be sapocu yuyH 3.0E-8 ra,
“C smpocn yuyn 1.8E-13 ra Tenr skan. °'Ne sapocuuusr ~'Ne+p Kanaiara 6era
napyajaHul WAFUHAM SXTUMOJUIMTH, BAJICHT HEHTPOH aXKpaiull YHEPTUSICUHUHT
KuitMatrra 6oemuk pasumina, 0 gan 10° cex” raua opammkaa GaxogaHap SKa.
ASKpaJIMIll DHEPrusick XO03upda TakpuOajapja sXIIM aHUKIaHTaH sMmac. by
karTaymkHUAT 0.25 MbBman 0.35 MbsBrawa 6ynaran opanukmarun KuidMatiapu
yayH, OeTa YTHII >KapadHUHUHT HuFuHAM dxTEMoOmtHrH 3.3E-10 cex’ Gmman
Oaxosanap skas, Oy sca TapMokjianuil kodddurmentu yuys 1.6E-12 6axora onub
KeJlap JKaH.

VTKa3unran TagKMKOTIAPHUHT ACOCHH SIKYHH KyiHIarngaH u6opar: MasKyp
JCCepTalusl UIKJIa PUBOKIIAHTUPUIITAH TOTEHI[MA MOJIeiap, arap/ia yJIapHUHT
napameTpiapy CHTUJ SAPOJAPHUHT MUKPOCKOIMK XOccanapyu OWiIaH KEeTUIIIHII
mapTiapujian Tomwiral OVysca, Hadakar KydWu sHeprusyiap sapo (usukacu
coxXacuJaru MapxKyJ OyiraH TaxxpuOa HaTHOKaJIapUHU TYJIAKOHJIM TYITYHTHUPHILH,
OaNKK €HruJ SIIPOJIAPHUHT SIHTU XOCCaJapuHKM XaM OJIIUHAAH alTuO Oepa oauuim
MYMKHH JKaH.
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Tema JAOKTOPCKOM AMCCEPTALUU 3aperucTpupoBaHa nojg HOMepOM
30.09.2014/B2014.5.FM158 B Bbicmeii arrectanmuonHoii komuccunm npu Kabunere
Munucrpos Pecniy0iukn Y30exkucras.

JloxTopckas muccepTanus BeIoIHeHa B IHCTHTYTE siepHOM (PU3HKHL.

[TomHBIH TEKCT MOKTOPCKOW AWCCEpTalliu pa3MelieH Ha BeO-cTpammme HaydHoro cosera
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CTpaHUIlE 1O aapecy Www.inp.uz U Ha uHpopMaIoHHO-00pa3oBareiabHoM moptaiie ZIYONET mo
azpecy www.ziyonet.uz.
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AHHOTAILIASI JOKTOPCKOM TUCCEPTALIUU

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbl aAuccepranuu. B Hacrosmee
BpeMsi NpuiaraloTcs OONbLIME yCWIMS s T[OHUMaHUS CTPYKTYPBI
HeiiTpoHon3ObITOuHbIX  rano-saep ‘He, ''Li, ''Be, °C, *'Ne u mp. Dtu smpa
00Ja1at0T HEOOBIYHBIMU CBOMCTBAMM, TAaKMMHM KaK Majas JHEprus CBSI3U U
OoJbIIas TPOTSHKEHHOCTh OJHO- M JABYXHEUTPOHHBIX OpOMTANIe € MallbIMU
yrioBeiMUM MoMeHTamu (1=0,1). OObIYHO 3TH AlIpa MOACIUPYIOTCS KaK KOp ILTIOC
HECKOJIBKO HEUTpoHOB. KpoMe TOro, HM oaHa M3 JBYXYaCTUYHBIX IOACUCTEM
TPEXYACTUYHBIX TaJIO-AIEP °He, ''Li, '"“Be He cBsizana — cBOIicTBO, IpUcyuiee
boppomeiickum cucrtemam. Hapsiny ¢ TakMmMu CTaTUYECKUMH XapaKTEPUCTUKAMU
rajo-sjep, Kak 3Heprus M 3apsAoBbIil pannyc, OOJNbIION MHTEpEC MpenCTaBisIOT
npouecchl  Oera-pacrnaja M 3JIEKTPOMAarHUTHBIX —IEPEXOJ0B B JBYX- U
TPEXYaCTUUHbIE KOHTUHYYM-KaHaibl. JlaHHBIE MPOLECCH JAIOT  LEHHYIO
uHGOpMAIIMI0O O BHYTPEHHEH CTPYKType U Tallo-CBOMCTBaxX »JTHUX SJEp,
NPOSBISIIONIMXCST B M3Yy4Yae€MbIX IPOLECCaX, IMOCKOJbKY pacCMaTpUBaEMble
nepexobl MPOUCXOAAT UMEHHO B rajlo-4acTsX 3TUX cUcTeM. bosee Toro, uMeroTcs
SKCTIEPUMEHTaIbHBIE JAHHEIE MO TpolieccaM GeTa-mepexoios rano-saep “He u ''Li
B JIByXYaCTHYHbBIE JEHTPOHHbIE KOHTUHYyM-KaHajibl, KOTOpbIE TpeOyIOT
TIIATEJIBHOIO0 TEOPETUYECKOr0 aHanu3a. beTa-nmepexobl OJHOHEUTPOHHBIX Trajo-
saep |'Be, "°C, *'Ne B aByxuacTHdHbIe KOp ILTIOC MPOTOH KOHTHHYYM-KAHAJbI
TaK)K€ MOTYT JaBaTb HH(OPMAILMIO O HOBBIX TaJlO-CBOMCTBaX 3THUX CUCTEM B
JIOTIOJTHEHUE K UX CTATHYECKUM XapaKTEPUCTUKAM.

Cpemn rano-saep oco0o BBIIEISETCS sApo ' Li, OTIHMYAOmeecs OT APYTHX
Alep TEM, YTO JONOJHUTEIBHO MOXET pacnajarbCsi HAa TPEeXYaCTUUHBIN
Li+npoTOH+HEHTPOHHEIH  KOHTMHyyM-KaHal. Tak Kak 3TOT  Hepexoj
IIPEACTaBIIACT COOON JOBOJBHO CJOKHBIA MPOLIECC, TEOPETHYECKass MOJEIb
MO3BOJIUT TONYYUTh IIEHHYIO uWH(MopMaruioo o0 u3y4aeMoM  MpoIlecce u
TPEXYaCTHYHONH CTPYKTYpe rano-sapa  Li.

TlepBoe BO3GYXKICHHOE COCTOSHHE sapa  Li sSBsercs H306ap-aHalIoroBbIM
cocTosHueM rano-sapa ‘He.  Bmaromaps mporeccy MI-miepexosa JaHHOTO
COCTOSIHUS B JICUTPOHHBIM KOHTHHYYM-KaHajl MOXXHO MOJYYUTh WH(MOPMAIIUIO O
ero rajgo-CBOHCTBAX, aHAJOTMYHBIX CBOMCTBaM sapa °He. YcTaHOBIEHHBIC NpH
TOM OIIEHKU i WWupuHbl  Ml-mepexoga MOryT OBITh COINOCTaBIEHBI C
UMEIOIIMHUCS HKCIIEPUMEHTAIbHBIMU JAHHBIMH. JlaHHbIi nporecc
JIOTIOJTHUTEIIBHO MOXET OBITh UCTOJIB30BaH TPH U3y4eHUH ((HEKTOB HAPYIIECHUS
COXpaHEHUs YETHOCTU B CUIIbHOM B3aWMOJEHCTBHUH.

Mopnenu  sapo-sAepHOr0 B3aUMOJECHCTBUA, COAEpIKALIUE 3alpeliCHHbIC
COCTOSIHUS B HU3IIMX BOJIHAX, IPEIJIOKEHBI ene B 70-€ roJpl IpOUUIOro CTOJIETHS
JUIsL  aIeKBaTHOro ydera npuHuuna I[laynu B KkayecTBe ainpTEpHATUBBI K
NOTEHIIMAIIBHBIM MOJEJISIM C OTTAJKHBAIOIIMM KOPOM Ha MalbIX PACCTOSHHUSX.
OHU MMEIOT MUKPOCKONUYECKOE OOOCHOBAHME, T.€. ONMUPAIOTCS HA HYKJIOHHBIE
creneHu cBo00bl. OJIHAKO POJIb ATUX 3aAIPEIICHHBIX COCTOSHUI B CTPYKTYpE siipa
JI0 CHX TOp HE M3yyeHa Haajiexamum obOpazoM. OCoOEHHO Ba)K€H 3TOT BOIPOC
JUTSL SI7Iep, COAEp KalluX HECKOJIbKO alb(da-kiactepoB. VckiaroueHne cocraBiser
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MockoBckasi MOJENIb HYKJIOH-HYKJIIOHHOTO IOTEHUMalda C 3alpelleHHbIMU
COCTOSIHUSIMM B HU3IIMX BOJIHAX. E€ CBOKCTBA B TPEXHYKJIOHHBIX SIpaX M3y4YEHbI
J0CTaToyHO MoapoOHO. C Apyroi CTOPOHBI, POJIb 3aNPEIIEHHBIX COCTOSHUN B
MOCKOBCKOM MOJENM COBCEM Jpyras: OHa CBA3aHAa C KBAapKOBOM CTPYKTypOH
HYKJIOHA. A B JIETKUX SIJIpaX, COCTOAILIMX M3 HECKOJBbKUX SJEPHBIX KJIACTEpOB,
MOJENN C 3alpPElICHHBIMH COCTOSIHUSIMM BBEJCHBI HMCKJIIOUHUTEIBHO IS
aJIekBaTHOTrO yderta npuHiuna [laynu, KoTopbie cTalii 0COOEHHO aKTyalbHBIMH B
CBSI3U C OTKPBITUEM Tajo-CTPYKTYpPbl HEKOTOPBIX JErkux sijaep. M3yueHue rano
CBOICTB JIETKUX SIJIep B AJEKTPOMATHUTHBIX U OeTa-mpoleccax ¢ UCHOJIb30BaHUEM
JIBYX aJIbTEPHATUBHBIX MOTEHIHAIBHBIX MOJEIIEH, C KOpaMU U C 3alpelCeHHbIMU
COCTOSIHUSIMH, IIOMOYKET BBIICHUTH 0COOBIE CBOMCTBA ATUX MOJIETICH.

Snpa, cocTosiiue U3 HECKOJIbKUX allb(a-KIacTEePOB, UTPAIOT UCKIIOYUTEIIBHO
BAXHYIO poib B acTpodusuke. XoTs ABe anb(}a-yacTUIbl HE CBS3aHBI, SApa U3
tpex (?C) u uersipex ('°0) anbha-KIacTepoB 0ONANAIOT GONBIINMH SHEPIUIMH
CBSA3M, MOJTOMY IPHUHAIIEKAT K Kiaccy boppomenckux suep. [dns takux sanep
OCOOEHHO OCTPO CTOMT MpoOJieMa TMOMYYEHUS PEATUCTUYECKUX BOJIHOBBIX
(GyHKUMIA Kak CBSI3aHHBIX, TaK M KOHTHHYYM-COCTOSIHUW, KOTOpPbBIE MOKHO
MPUMEHSTH Il pacyeTa cedeHus acTpodu3nueckux peakuui cunresa. C apyrou
CTOpPOHBI, B TIOCJIETHEE BPEMSI M3YUEHUE CTPYKTYpPBI ATUX SJIep CTajo elle Oosee
aKTyaJbHBIM B CBSI3U C MPEACKA3AHUEM CYLIECTBOBAHUSA «alb(a-KOHIACHCAIIUN.

Pa3BuBaeMble B AuccepTaldd MOJENM JIETKUX SJIep M MOJy4YaeMble Ha HX
OCHOBE  pe3ylibTaThl KpailHE BaXHbl Ui ONTHUMAJbHOTO  YNPABJICHUS
TepMOSICPHBIME peakimsiMu B iazme d+°Li, mporcxomsummu ¢ o6pa3oBaHHEM
nerkux sgep “H, “He, *He, 'Li u 'Be. Heomnpenenensoctd B aubdepeHIranbHOM
CEUCHMHM pEAaKUUH CHUJIBHO BIMSIOT HAa KHHETHKY TEPMOSIEPHOrO PpPEaKkTopa,
MO3TOMY Ui ONTUMAJbHOIO YINPABIEHUS OSTUMHU IpoleccaMu HEoOXOIUMO
pa3BUBaTh TEOPETUYECKHE MOJEIM C BBICOKOM TOYHOCTHIO. BapuanuoHHbie
METO/JBl Ha OCHOBE rayccoBoro u Jlarpamxk-mem 0a3MCOB HEOOXOAUMBI IS
pacyeTra BOJIHOBBIX (PYHKIHMH, KOTOpPBIE HCHOJIb3YIOTCS IUIsl OLEHKH CKOpOCTEU
YKa3aHHBIX PEAKLUN C BBICOKOM TOYHOCTBIO.

CooTBeTCcTBHE UCCIET0BAHUS NMPUOPUTETHBIM HANMPABJEHUAM Pa3BUTHUA
HAYKH M TexHoJioruii PecnyOumku Y30ekucran. J/[uccepraiusi BbINOJHEHA B
COOTBETCTBUM ¢  l'OCyHapCTBEHHONW  HAyYHO-TEXHUYECKOW  IPOrpaMMoun
byHaaMmeHTanbHbIX uccnenoBannii [IOU-2 — «Dusuka, acCTpOHOMUS, SHEPreTUKA U
MalIMHOCTPOECHUE.

00630p MexKAYHAPOAHBIX HAYYHBIX HCCJIACAOBAHUI MO TeMe QHCCePTALUM.
Teoperndeckne MoOAeNIN ISl CTPYKTYPBI JIETKUX SAEP Pa3BUBAIOTCS B Pa3IUYHBIX
Hay4yHBIX IeHTpax Mupa. Haubonee ycreuiHsle TeOpeTHUYECKHUE MOJCIU MJis
CTPYKTYpPBl CBSI3aHHBIX COCTOSIHMIM OCHOBBIBAIOTCS Ha BapUALMOHHBIX METOaX,
MIOCTPOEHHBIX Ha rayccoBoM (Teopernuyeckue rpymnmbl B Hwuwmrare m Kwuoto,
SAnonusa u MockoBckom ['ocynapctBeHHOM yHuBepcutete, Poccus) u Jlarpanx-
Menl (TeopeTuyeckas rpynmna B bprocceickoM cBOOOJHOM YHUBEPCHUTETE,
benbrusi) 6asucax. OHM ObBUIM TOPUMEHEHBI JUJISI HUCCIENOBAHUS CTPYKTYpPHI
TPEXYaCTUYHBIX SAIEP 3 H, 3He, 6He, 6Li, “Li, ’Be. BbuM OL[CHEHBI DHEPreTUUYECKUI
CHEKTP, CPEIHEKBAJAPATUYHBIA paguyc, SJICKTPUUYECKHE W MarHuTHbIe (Qopm-
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dakTopsl. OJHAKO TEOPETUUYECKOE MCCIICIOBAHNE CTPYKTYPHI siapa “C B MOjeIH
300 mMOKa HE JaeT YIOBIETBOPUTEIBHBIX pe3yJbTaroB. CHEKTp CBSI3aHHBIX
COCTOSIHUM 3TOTO SIAPA, MOJYYEHHBIA C IMOMOIIBIO JIOKAIBHOTO 00-ITOTEHLIHAAJIA C
OTTAJIKUBAKOLIMM KOPOM, JIEKUT HAMHOTI'O BBIIIE SKCIIEPUMEHTAIIBHOTO CIIeKTpa. B
TO € BpPEMSI MUKPOCKOIIMYECKUE MOJEIN HEIOOLIEHUBAOT CIIEKTP HAa HECKOJIBKO
M5B, a mnpu TpexdyaCTHUYHBIX pacyeTax, OCHOBAHHBIX Ha HCIOJIb30BAHUU
IIOTCHIIMAJIbHOW MOJENIA C O0-3alPEIICHHBIMU  COCTOSIHUSAMU, BCTPEUYAIOTCS
OO0JIbIINE TPYIHOCTH, CBS3aHHBIE C OPTOrOHAIM3AIMEN PEIIeHHs Ha 3alpellleHHbIE
coctosinud. Jlyis TpeojosieHus ASTUX TPYJIHOCTEHM  HEO0OXOAMMO TIIATEIHHO
TPOBEPUTH UyBCTBUTEIBHOCTh YHEPIETHUECKOTO CIeKTpa simpa ~C K OMHCAHHMIO
0l0L-3aIPEIIEHHBIX COCTOSIHUM.

TpexdyacTUuHasT KOHTHHYYM-CTPYKTypa JIETKHUX SII€p H3y4aercs Kak
sKcepuMeHTanbHO dYepe3 peakiuu paszBana (RIKEN, Snonust), Tak wu
TEOPETUYECKH Ha OCHOBE MeToja ypaBHeHMU DajjieeBa (TeopeTHUecKas rpyrina
yHuBepcuteta Apxyc, [laHus), Merona KOMIUIEKCHOIO MacIITaOMpOBaHUS U
METO/Ia aHAJIIMTUYECKOT0 MpoAouKeHus: (Teopernueckas rpynna MI'Y, Poccus).
OnHako BO3MOXHOCTH 3THMX METOJIOB OIpaHMYEHBl. B 4acTHOCTH, NMpUMEHEHUE
MeTosna ypaBHeHuil danjieeBa CONPSKEHO ¢ OOJIBIIMMU TPYAHOCTAMH MPHU ydeTe
KYJIOHOBCKMX CHWJI, 4 METOJ aHAIUTHYECKOTO IMPOJAOJLKEHUS, KaK U METOJ
KOMIUJIEKCHOTO ~ MaclITaOMpOBaHUsA, MOXET OBbITb MPUMEHEH TOJBKO K
PE30HAHCHBIM COCTOSIHUSIM.

IIpexxne R-MatpuuHblii MOAXOA MPUMEHSJICS K JIByXYaCTHYHBIM 3aJladam
KOHTUHYyMa. OJIHaKo HEJJaBHEE IPUMEHEHHE 3TOr0 ONKMCAHHOTO B JIUTEPAType
NOJIX0/Ja JAJI TPEXYaCTUYHOr0 KOHTUHYYMa B paMKax runepchepruieckoro Meroaa
(rpynmer - KypuaToBCKOro HMHCTHTYTa aTOMHOW »Heprud, Poccus, 51
Konenrarenckoro yHuBepcurera, J[lanus) CTAJIKUBAETCA C CEPBbE3HBIMU
npoOjemMamMu  BCJHEACTBUE  MPOTSHKEHHOCTH — TPEXYACTUYHOTO  CBSI3aHHOIO
ITOTEHLIAAJIA.

Kak ormeuanoch, B mocleIHHE TOAbl OCOOBIM HHTEpPEC MPECTABISIOT
CBOMCTBA JBYXYaCTUYHBIX ""Be, °C, *'Ne n TPEXYaCTUYHBIX °He, ''Li, "*Be rao-
anep. BrlIeynmoMsAHyTbIE TEOPETUYECKUE TPYIIIBI POBOJAT HCCIIEIOBATEIBCKUE
paboThI 1O U3YUYEHUIO CBSI3aHHOW M KOHTUHYYM-CTPYKTYPBI 3TUX CHCTEM, a TAKXKe
MIPOLIECCOB AJIEKTPOMArHUTHBIX U O€Ta-NePEeX00B B KOHTUHYYM-KaHAJIbI.

CreneHb u3y4eHHOCTH MNPoOaeMbl. Poib 3ampelieHHBIX COCTOSIHUM B
AIEPHBIX B3aUMOJEWUCTBUAX MpEXKIAE u3ydajach B 3agade 30 B paborax
3apyoOexxnbix yueHbsix S. Marsh u H. Walliser, S. Nakaichi-Maeda. Ognako 10 cux
IOp HE YyAAIOCHh IIOJHOCTBIO  BBIJEIUTH TPEXYACTUYHOE pPa3pelICHHOE
IIPOCTPAHCTBO Uil OTOM  cuCTeMbl. IlodydeHHble peElIeHUS  YypaBHEHUSA
IlIpeauHrepa JUls CBA3aHHBIX COCTOSHMH sgpa ~C B MOJENH 30 C IOTCHIHATIOM
BFW ¢ 3amnpemeHHBIMH  COCTOSHMSMH — COAEPKAT HEKOTOPYHD  IIPUMECH
3alpelleHHbIX  cocTosAHuM. [IpuMmeHeHme meTroma  OPTOTrOHAIU3HMPYIOIIMX
TICEBJIONIOTEHINANIOB O3BOJIAET BBIACHHTH OCOOEHHOCTH CTPYKTYphl sgpa -C,
KOTOpbI€ HE ObUIH MPECTaBIEHBI B IUTEpATYpE.

Cepbesnble TpoOsieMbl MPU OMHCAHUM TPEXYACTUYHOTO KOHTHHYyMa rajo-
anep B pabore Poccuiickux ydensix moja pykooactsom M.B. JKykoBa, cBs3aHHbIE
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C TPOTSHDKEHHOCTHIO TPEXYACTUYHOTO 3(PPEKTUBHOTO MOTEHIMANIa, MOTYT OBITh
npeoaosieHsl B R-MaTpuyHOM TOAX0J€ B KOMOWHAIIMU C MPOMAraTop-METOIOM.
OTOT MNyTh MO3BOJIAET CIIMBaTh BOJHOBYIO (QYHKUHIO € ACUMOTOTHKOM Ha
OOJBIIMX PACCTOSIHUSAX. MeToJ MOXKeT ObITh  HCIOJIb30BaH IMpPU HU3YYEHUU
TPEXYaCTUYHON KOHTUHYYM-CTPYKTYPBI TaJIO-A1€p He n '“Be, KOTOpble HE ObLIU
MPEACTABIICHBI B HAYYHOH JIUTEPATYPE.

Jlo cux mop MMEroUIMecs: IKCIepUMEHTaIbHbIE JaHHbIE MO IMpoleccaMm Oera-
nepexonoB rano-saep ‘He u ''Li B JAByX4acTHUHbIE KOHTHHYYM-KaHAIBI C
BBIXOJIOM JICUTpOHA HE OBLIU JeTaNIbHO 00bsICHEHBI. [IpoBeIeHHBIE TEOPETHUECKUE
pabotel mo Oera-pacmamy siapa °He rpymmoit M.B. JKykoBa mpuBemn K
HENPaBUJIBHOMY BBIBOAY, 4YTO Od-MOTEHIMANbl C OTTAJIKUBAIOIIUM KOPOM
ONMUCBHIBAIOT JKCIEPUMEHTAJbHBIC JaHHBIC JIy4ylle, 4Y€M MHUKPOCKOIIMYECKHU
00OCHOBaHHBIC TMOTEHIMANBI C 3alpelIeHHBIMU COCTOSHUSAMH. He Obuia Takke
M3ydeHa MOTEHIMANbHAS 3aBUCHMOCTb BEPOSTHOCTH OeTa-mepexona sapa ' 'Li B
JCUTPOHHBIN KaHaJ, XOTS MMOJIyYeHHbIE TEOPETHUECKHUE OLEHKU B pabOTax IpyIIIbl
M.B. KyxkoBa, Y. Ohbayasi, Y. Suzuki HECKOJIBKO OJIU3KH K IKCIIEPUMEHTATBLHBIM
JTAHHBIM; TIPU TOM He ObLIa KCClIeI0BaHa POJib S-BOJIHOBOT'O PE30HAHCA B CUCTEME
’Li+d s omucaHus aHHBIX SKCIIEPUMEHTA.

Jlutepatypa Takke HE pacrnojaraeT JAHHBIMU IO W3YYEHHIO B JETaJSAX rajo-
CBOICTBA M300ap-aHAIOroBOro CoCTOsIHMA "Li(0+) B TPEX4aCTHUHON MOJCIH, XOTS
MOJTyYeHBI YIPOIIIEHHBIE OLIEHKU B pabore Poccuiickux yuensix JI.B. I'puropenko
U JAp. 3lech CJeN0BaJO pa3BUBATh IIOJIHBIN TpPeX4yacTUUHbIN (opMaInu3M ¢
BBIBOJIOM AHAJIMTHUYECKHX BBIPAXKEHUN MATPUYHBIX 3J€MEHTOB MIl-nepexoma c¢
JTAJIHEUIIIEH YUCIICHHON pealin3alueil.

He Obuin Taxke TeOpeTHUYeCKH H3ydeHbl Oera-pacrajbl OJHOHEHTPOHHBIX
rano-sgep 'Be, "C u *'Ne B JByX4acTHUHbIE KOHTHHYYM-KaHAJIbI KOpP ILIIOC
IIPOTOH.

Kak ormeuanocs, Hanbomee CIOKHBIM IMPOLIECCOM SsIBIsieTCs OeTa-pacnaj
rajgo-sjapa "Lis TPEX4YaCTUYHBIN 9Li+p+n KOHTHUHYYM-KaHaj. JTOT MPOLECC MOKa
HE M3y4Y€H HHM B TEOPETHUECKHX padoTax, HM B SKCHEpUMEHTax. B cuiy 3toro
IIPOBOAUMBIM  TEOPETUYECKUI aHanu3  @porecca € IIPUMEHEHUEM
MOJAU(PUIIUPOBAHHBIX KYJIOHOBCKMX (YHKIMHA MMO3BOJUT HM3YyYUTh HOBBIE Tajo-
CBOMCTBA 3TOTO SApa, MPOSBIISIEMBIE B JAHHOM IIPOIIECCE.

CBs3b  IMCCEPTALMOHHOIO MCCJICI0BAHUS ¢ IUIAHAMHM  HAY4HO-
HCCJIEI0BATEIBCKUX Pa0dOT OTpakeHa B CIEAYIOUIUX MMPOEKTaX, BHITOJIHEHHBIX B
pamkax ['ocymapcTBEHHOW HAyYHO-TEXHMUYECKOW MporpamMMbl (PyHIaMEHTaIbHBIX
MCCIICIOBAHMM:

®-2.1.33 «UccnegoBanne MyIbTU(DOHOHHBIX COCTOSHUM BHOPAIMOHHBIX
anep» (2003 —2007);

DOA-DP2-O076+D074 «HMccnenoBanme  CTPyKTypbl CUMMETPHYHBIX U
HEHUTPOHOM3OBITOUHBIX S/IEp B PEAKUHMSX Mepeaadyn HyKJIOHOB U AeseHus» (2007 —
2011);

O2-OA-D114 «MccnenoBanue GopMHUPOBAHUSA JIETKUX 3JIEMEHTOB U CBOMCTB
AK30TUYECKUX SI/Iep, 00pa3yIOIMIUXCA B PEAKIUAX MPU HUZKUX SHeprusx» (2012 —

2016).
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eabio ucciaeq0BaHus SIBISETCS BBISICHEHHE OCOOCHHOCTEH MOTEHIMATbHON
MOJEM MEXKIIACTEPHOIO B3aUMOJCHCTBUSI JIsI CBSA3aHHOM W KOHTHUHYYM-
CTPYKTYPBI JIETKUX SJI€p U JUIsl OMUCAHUS MPOLIECCOB C UX YYaCTUEM IPHU HUZKUX
SHEPTUsX.

Jus  goctwkeHus — uend  copMysMpoBaHbBl  CIEAYIOLIME  3aJa4uM
HCCJICAOBAHMSA:

PAacCUHTATh PHEPreTHdecKuil crektp supa “C B KIACTEPHOH MOACNH 30, U
BBISICHUTH OCOO€HHOCTH MOTEHIIMALHON MOJIETU C 3aIlPEIleHHBIMU COCTOSHUSIMU;

pa3BUTh R-MaTpuuHblii TOAX0A B KOMOMHAIMKM C TPONAraTopoMm Juis
M3YUYCHHS] TPEXUYACTUYHOM KOHTHUHYYM-CTPYKTYpbl JIETKUX SIJI€pP, PaccyuTaTh
TpexyacTU4HbIC (Da3bl 7151 ABYXHEUTPOHHBIX rajo-saep He u “Be;

IPOAHAIN3UPOBaTh GeTa-pactansl ramo-saep ‘He u ''Li B AByX4acTHYHBIC
o+d u °Li+d KOHTHHYyM-KaHAIbl B paMKax KIACTEPHOH MOIEIM TPeX Tel H
BBISICHUTB MTOTEHIUAIBHYIO 3aBUCUMOCTb BEPOSITHOCTEN MEPEX0/I0B;

M3y4HTh Tall0-CBOMCTBA M300ap-anHanorosoro cocrosaus °Li(0") B mpouecce
Ml-nepexoma B ocHoBHOe coctostne °Li(1") u B o+d KoHTHHYyM B

TPEXHYACTUYHOU  MOJEIIH U BBUICHUTH TOTEHIMAIbHYIO  3aBUCUMOCTH
BEPOATHOCTEH IEPEXOJIOB;
ly - 9y -
OLICHUTh  BEPOSITHOCTH  OeTa-pacmaza rauo-sapa Li B "Litptn

TPEXYACTUYHBIM KOHTMHYYM-KaHAJl B paMKax KJIAaCTEPHOM MOTEHUUAIBHOU
MOJEIH;

OIICHHTH BEPOSITHOCTH OETa-paciafoB OQHOHSHTPOHHBIX Tano-sxep ' Be, ''C
1 °'Ne B [BYX4yaCTHUHbIC KOHTHHYYM-KaHAIbl B paMKaX KIACTEPHOM
MMOTEHIMAJIbHOW MOJIEIIH.

O0BeKThI HUCCJICAOBAHMUS: CIIEKTPp CBSI3aHHBIX COCTOSIHMH siapa lzC,
BeposiTHOCTH GeTa-nepexonoB rano-saep “He, ''Li, ''Be, °C u *'Ne B nByx- u
TPEXYaCTUYHBIC KOHTHHYYM-KaHAJbI, BEpOSTHOCTH MI-mepexoma wm3o0ap-
ananoroporo cocrosuusi Li(0") B ocmoBHoe cocrosrme °Li(1Y) u B o+d
KOHTHHYYM, TPEX4aCTHYHAS KOHTHHYYM-CTpyKTypa siaep “He u '“Be.

IIpeameTsl Mccie0BaHUSI - JIBYX- M TpeX4yacTUYHAsT CTPYKTypa JErKHUX
sJiep, B TOM YHUCJIE Tajo-sjaep, dIEKTPOMArHUTHBIE U clla0ble Mepexoibl B sapax,
AJIEpHBIE TOTEHLUAJIBI B3aUMOJECHCTBHS, MEXAHNU3Mbl CUJIIBHOTO B3aUMOJICHCTBUSI.

Metoabl  uccaegoBanms.  KiiactepHble  NMOTEHLHMAIbHBIE  MOJEIH,
OCHOBAaHHbIC Ha BapHAIMOHHBIX MeTo/ax Ha ['ayccoBoMm u rumnepchepuieckom
Jlarpanx-mem 0asucax Juisi pacyeTa BOJHOBOM (GYHKIMM U DHEPTeTUYECKOTO
CHEKTpA JIBYX- U TPEXYACTUUYHBIX CBSI3aHHBIX COCTOSIHMH; anroputM Hymeposa
JUIsL pacdeTra BOJHOBBIX (DYHKIIMI paccesHus ABYXYAaCTUYHOW CHUCTEMBI, R-
MaTPUYHBIN MOAX0J] Ha runepchepudeckom Jlarpamxk-mem Oaszuce Ajis pacuera
BOJJHOBOM (DYHKIIMM TPEXHYACTUYHOIrO KOHTHMHYYMa C MOMOIIBIO Mpornararopa Ha
OCHOBe anroputma HymMepoBa; MeTOA OPTOTOHAUIM3UPYIOIIUX IICEBIONOTEHINAIOB
JU1s1 uCKoueHud [laynum 3anpeneHHbIX COCTOSIHUM.

HayuyHasi HOBU3HA TUCCEPTALUOHHOIO UCCICIOBAHUSA:

BIIEPBBIE  MOKAa3aHa  CBEPXUYYBCTBUTEJIBHOCTh  DHEPIrUid  KOMIAKTHBIX
ocroBHoro 0 ¥ mepBoro Bo36yxmeHHOro 2 cocrosHuil sapa “C K OINHCAHHIO
3ampelleHHbIX npuHOunoMm llaynu  ad-cocTosHMM, KOTOpass NPUBOAUT K
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NOSIBJIEHUIO  TaK  Ha3bIBAEMbIX  «IIOYTH  3AIPEIICHHBIX  COCTOSHUN» B
TpPEeX4acTUYHOM (DYHKIIMOHAIBHOM MPOCTPAHCTBE;

BIepBble R-MaTpuuHbIl MOAXOA pa3BUT B KOMOMHAIIMM C IPOIMAraTop-
METOJIOM ISl M3yUeHHs TPEXYACTHUHON KOHTHHYYM-CTPYKTYpbI Jerkux saep ‘He
u “Be B Meroze rumepcdepuueckMX TrapMOHHK Ha Jlarpamk-mem 6asuce;
MOKAa3aHO, YTO ISl JOCTHXKEHUS CXOAMMOCTH PE3YJIbTaTOB HEOOXOIMMO CIIMBATh
BOJTHOBYIO (DYHKITHIO C aCUMIITOTUKOM Ha ouyeHb Ooibmux (mpumepHo 1000 dm)
pPAcCTOSIHUSIX; PACCUUTAHbl JMArOHAJIbHBIE M COOCTBEHHBbIC (Da30BbIE CIBUTH
TPEXYACTUYHOW MaTPHULbl CTOJKHOBEHHMS, MPEACKA3aHO CYIIECTBOBAHUE HOBOIO
pesonanca ' ‘Be(2") okoio E,,=3.4 MaB;

MOJIyY€Hbl TEOPETUUYECKUE OIICHKH I BEPOSITHOCTU OeTa-pacmajia rajio-sjapa
°He B otd KOHTMHYyM-KaHAl 3a CIMHHIGI BPEMEHH M OSHEPIHH; BIICPBBIC
MOKAa3aHo, YTO JUJIsl BOCIIPOU3BEICHUS JAHHBIX KpailHE HEOOXOAMMO HCIIOIb30BaTh
MUKPOCKOIIMYECKA 00OOCHOBaHHbIE a.d-ITOTEHIIMABI C 3alIPELIEHHBIM COCTOSIHUEM B
S-BoJIHE, BOCTIPOM3BOASIINE (PA30BbI€ CABUTU M SHEPTHM OCHOBHOTO COCTOSIHHS,
MOKa3aHO TaKXe, YTO CXOAMMOCTb MAaTpPUYHBIX 3JIEMEHTOB Iepexoia Tpedyer
3HaHMS BOJIbHOBBIX (DYHKIMM BIIoTh 10 30 M M KOMIIOHEHTHI TMIIEPMOMEHTA
BIJIOTh 10 K=24; mnokazaHo, 4To rango-3p@eKTbl UrparoT BaXXHYIO pOJib IMpHU
OMMCAaHWUU TMPOLECCAa MU3-32 CWJIBHOTO B3aMMHOIO MOAABJIEHUS BHYTPEHHUX U
BHEIIIHUX YaCTE€ MaTPUYHBIX FJIEMEHTOB;

BIIEPBBIC MOJYYEHBl TEOPETUUECKUE OLEHKHU Il BepoaTHOCTH MI-nepexona
n306ap-anHanoroporo cocrosaust ‘Li(07) B o+ d KOHTHHYYM-KaHAT 33 €IMHMUIIBI
BPEMEHU U JHEPIUH; MOKA3aHO, YTO TOJBKO IPH MCIOJb30BaHUMU NOTEHIHANIA C
3alpelIeHHbIM COCTOSIHUEM HHTErpajibHasi mupuHa nepexoga 0.9 m3B xopomro
coriacyercs ¢ pe3yJibTaTaMy MPEABIAYIINUX YIIPOIIECHHBIX BBIYUCIICHHI; IOKa3aHO
TaKkXKe, YTO CXOJUMOCTh pE3yJNbTaTOB OOYCIOBIMBAeT OpaThb TpaHUILY
sa¢exrrBHOrO MHTErpana 25-30 ¢dM, a KOMIOHEHTHI THIIEPMOMEHTA BILIOTH O
K=20;

BIIEPBbIE MOJYYEHBI TEOPETUUECKUE OLEHKH JJI1 BEPOATHOCTH OeTa-nepexoa
ramo-sgpa ''Li B °Li+d KOHTHHYyM-KaHal 3a €JIMHHIGI BPEMEHH W SHEPIHH,
MOJIHOCTBIO BOCHPOU3BOJIAIIME HOBBIE JaHHbIEC;, MOKa3aHO, YTO B 3TOM Clydae
OCHOBHYIO POJIb HTPACT PE30HAHC B S-BOJHE B cucTeMe 'Li+d mpu SHEprum 0Koio
0.7 M»>B He3aBUCHMMO OT TOro, HMCHOJIB3YETCA MOTEHIMAI C KOPOM WU C
3aNpEICHHBIMA COCTOSIHUAMH; ~Li+d-IIOTeHIHA, KOTOPbIH BOCIPOM3BOMMUT STOT
PE30HAHC, XOpOILO OMHUCHIBAET (HOpMy U aOCOJIOTHBIE 3HAYEHMSI BEPOSTHOCTU
nepexoa ¢ NOMOIIBIO MOIJIOMIAIOIIEr0 MHUMOTO YJI€HA M3-32 OTKPBITHIX KAHAJIOB
pacnaza;

BIIEPBBIE TIOJYyYEHBbl TEOPETHUECKHE OLEHKH JMJisi BeposiTHOcTeH Oera-
nepexona ramo-sapa 'Li B Litp+n TpexuacTHUHBI KOHTHHYYM-KaHAl 3a
€IMHUIIBI BDEMEHU U DHEPTUU;

BIIEPBBIC TIOJYyYEHBl TEOPETHUECKHE OLEHKH I BEposSTHOCTEH Oera-
pacnazgoB OJHOHEUTPOHHBIX TaJO-SAEP "Be, "C u *'Ne B JIBYX4aCTUYHBIE
KOHTUHYYM-KaHalbl B paMKaxX KJIACTEPHON MOJENH; MOKAa3aHO, YTO BEPOSITHOCTU
OeTa-1epexo0B CHJIbHO YYBCTBUTEIbHBI K JHEPTrUU OTACJICHHS BaJEHTHOTO
HEUTPOHA.
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JlocToBepHOCTH MOJIy4YeHHBIX pe3yJIbTaTOB 00OCHOBBIBAETCS
WCIIOJIb30BAHUEM COBPEMEHHBIX METOJ0B KBAHTOBON MEXAHHKU U TEOPETUYECKON
anepHo (U3MKH, a Takke BBICOKOI(PPEKTUBHBIX UHUCIEHHBIX METOAOB U
aJrOPUTMOB,  TIIATEIBHOM  IIPOBEPKOM  COIVIACOBAHHOCTHM  IOJIYYEHHBIX
TEOPETUYECKHUX PE3YyJbTATOB C HKCIIEPUMEHTATbHBIMU JAHHBIMU U pe3yJbTaTaMu
JPYTUX aBTOPOB, COOTBETCTBHEM BBIBOJOB OCHOBHBIM IOJOXKEHUAM TEOPUU
CTPYKTYDBI JIETKHUX sIZIEP.

Teopernyeckass W  NpaKkTHYecKass  3HAYUMOCTbL  Pe3yJIbTATOB
uccjenoBanusa. Teopernyeckass M MpakTUYECKas 3HAUYUMOCTb PpPe3yJIbTaTOB,
MPEICTABIICHHBIX B JUCCEPTAIMOHHON padoTe, 3aKII0YaeTCs B BO3MOMXHOCTH HX
WCIIOJb30BaHUsl Il Pa3BUTUSL TEOPUM CTPYKTYpbl fliep, KIACTEPHOW MOJIENU
Jerkux sijep. Pa3Butele B AMCCEpTallMM TOIXOJBI MOTYT OBITh MPUMEHEHBI K
PELICHUI0 KBAaHTOBO-MEXAHUYECKUX MPOOJIEM HECKOJBKUX TEJ B MOJIEKYJISIPHOM,
aTOMHOM U sAfgepHoit ¢Qusuke. I[lomydeHHble TeoOpeTHUECKHE OLEHKHA s
BEpOSTHOCTEH OeTa-Iepexoj0oB JBYXHEHTPOHHOTO rano-sapa 'Li B ~Litp+n
TPEXYaCTUYHBI KOHTHUHYYM-KaHal U OJHOHEHUTPOHHBIX TAJIO-AIEp "Be, °C un
*'Ne B AByX4acTHUUHBIC KOHTHHYYM-KaHATbI MOTYT ObITh MCIIONB30BaHbI MPH
IUIAHUPOBAHUM SKCIIEPUMEHTOB IO 3TUM IpolieccaM. TeopeTuuecKue OLEHKHU s
BeposiTHOCTU MI1-nepexona u300ap-aHATIOTOBOIO COCTOSIHUS 6Li(0+) B o+d
KOHTUHYYM-KaHal  MOTYT  OBITb  HCIIOJIb30BaHbl ~ MPU  TUIAHUPOBAHUU
HKCIIEPUMEHTOB IO JaHHOMY IIpoIleccy, a Takxke Mpu MnpoBepke 3HPexToB
HapylIeHUsI  COXPAHEHUsT  YETHOCTHU B  CWIbHBIX  B3aMMOJICHCTBUSX.
[IporHO3MUpyeMBIii B UCCEPTALUU HOBBIA pesonanc ' 'Be(2") okono E,.=3.4 MaB
HeZlaBHO moATBepauics ¢ Eyo(exp)=3.54(16) M»sB B pabore 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. Ilony4yeHHble B
JUCCEepTallMKM PE3yJbTaThl ObLIM MCIOJIB30BAHBI MPHU TUIAHUPOBAHUU MOCIEIHUX
AKCIEPUMEHTOB MO OeTa-pacnaay Talo-saep He u "Li B JEUTPOHHBIN KaHaJ
(R.Raabe, J.Buescher, et al. Physical Review C, 2009. - Vol. 80,N 5.- 1d.054307 u
R.Raabe, A.Andreyev, et al. Physical Review Letters, 2008. - Vol. 101, N 21.- id.
212501). B menaBaux 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. —Vo0l.40.- 1d.035109) npuBeneHsl
cBeZieHUs 00 MCIOJIb30BAaHUU PE3YJIbTATOB, MOJYUYEHHBIX aBTOPOM JIHUCCEPTAIUH,
mo Gera-pacmagam ramo-sgep 'Be, C, °INe m ''Li mpu IUIaHHpOBaHHH
skcniepuMeHTalbHOM yctanoBku ISOLDE B IIEPHe.

BHenpenue pe3yabTaToB  HCCAeA0BaHUA. R-MaTpuyHbBIA  [TOAXOZ,
pa3BUTHIA B JUCCEpTAIIMM Ha OCHOBE rumepcdepuueckoro merona Ha Jlarpamxk-
Meml Oa3nce B KOMOMHAUMHU C MpPONararop-MeTogoM ObUI HCIIOJIB30BaH s
M3YYCHHSI TPEXYACTUYHON KOHTHHYYM-CTPYKTYpbl simpa “C ¥ BBISBICHHS
MEeXaHu3Ma Ipolecca TPEXUYaCTUYHOTO pas3Bajia siapa L1 B pamKkax IporpaMMbl
«CrnekTpockonusi JIETKUX SAJep M SAEpHbIE pPEaKIUd B MHUKPOCKONUYECKUX
MYJIBTUKIIACTEPHBIX MoJesax» (2010-2012) (unuuupoBaHHOW benbrutickum
MUHHCTEPCTBOM 1O HayKe, TEXHUKE M KYJbTYpe U PETHUCTPUPOBAHHON MOJ
Homepom P6/23).
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Anpobauus padorel. OCHOBHBIE PE3YyJIBTATHI NUCCEPTALMHU JTOKJIAIbIBATINCH
Ha cemuHapax Otnema sgepHou ¢msuku UAD AH PVY3, HammonamsHOTO
yHUBepcuTeTa  Y30ekucraHa, bproccenbckoro cBOOOAHOTO  YHMBEPCHUTETA
(benbrust), Yuuepcutera Muxa (Kopes), YuuBepcurera Croppeit (AHrius), Ha
mect MexayHapoanbix koHpepenuusax: «50 Years of the Nuclear Shell Model»,
(Ieiimensoepr, 'epmanus, 1999), «K SOTANCP-2010» (bproccens, benwrus, 2010),
«Modern Problems of Nucl. Phys» (Camapkann, 2003; Tamkent, 2009), «Nuclear
and Radiation Physics» (Anmarel, Kazaxcran, 2011), «Nuclear Sciences and
Application» (Camapxkann, 2012).

Ony06anKoBaHHOCTHL pe3yabTaToB. [lo Teme auccepranuu omyOIUKOBAaHbI
20 Hay4HBIX paboT, U3 HUX 9 HAy4YHBIX CTaTeil B 3apyOeKHBIX KypHajax (U3 HHUX
OJIHA CTaThs BXOAWT B MaTepualibl MexIyHapoaHOW KOHGEpEeHIMH), CTaThi B
pecnyOJIMKaHCKOM JKypHalle (CTaThsi BXOJMUT B Marepuaibl MexXIyHapoaHOU
KOH(EpeHLIUN), CTaThsd B MaTepuanax MexayHapoaHoi koHpepenuuu (Huurara,
Anonusa, 2003), cratess B mpenpuHTax Jloc-AnaMOCCKOM — HalMOHAIBHOU
nabopaTopud W 8 TE3MCOB JIOKJIAJAOB B COOpPHHMKaX MEXIyHapOIHBIX
KOH(epeHUUH.

CrpykTypa n 00beM AUCCEPTALMOHHOI padoThl. /luccepranus COCTOUT U3
BBEJICHUSI, BOCHMHU TJIaB, 3aKJIFOUEHHUS, CTIMCKA UCIIOJIb30BAHHOM JIUTEPATYPhI, ABYX
NpUIIOKEHU U cojepxut 181 cTpanuiyy Tekcrta, BkIodaeT 33 pucyHka u 14
TaOJIHNIL.

OCHOBHOE COJIEP)KAHME JIUCCEPTAILIAA

Bo BBemeHuM OOOCHOBaHBI AaKTyaJbHOCTb M BOCTPEOOBAaHHOCTH TEMBI
JUccepTaniy, chopMyIHpoOBaHbl LENb U 3aJla4M, BBIIBICHBI OOBEKT, MPEAMET U
METOJBI UCCIIETOBAHMS, ONPEIEIEHO COOTBETCTBUE UCCIECAOBAHNS IPUOPUTETHBIM
HalpaBJICHUSIM pa3BUTHS HayKh U TexHosoruii B PecnyOnuke VY30ekucraH,
U3JI0)KEHa Hay4yHas HOBHM3HA HCCIEAOBaHUS, OOOCHOBaHAa JOCTOBEPHOCTh
IIOJIyYEHHBIX pE3yJIbTATOB, PACKpbITA HX TEOpETHYECKas W MpaKTH4YeCKas
3HAYMMOCTb, IIPUBEJIEHBI KpPATKUE CBEICHHMS O BHEIPEHUU pE3yJbTaTOB H
anpo6anuu paboThl, a TAKKE O CTPYKTYpE TUCCEPTALIUU.

B mepBoii rinaBe mnpuBeieH KpaTKuil 0030p JUTEPaTypHBIX AaHHBIX 00
OCHOBHBIX TOJIO)KEHUSX U OCOOEHHOCTSAX MOTEHIUAIBHON MOJENH, TPUMEHIEMOMN
JUIS UCCIIEIOBAaHUSl CTPYKTYphI Jierkux suep. [lepednciensl OCHOBHbIE MPOOIeMbl
B JJaHHOM HaIlpaBJIeHUH, 0OCYKJI€Hbl BO3MOXKHbIE MyTH WX pemeHus. Ha ocHoBe
aHallM3a JIMTEPATypHbIX JaHHBIX CHOPMYIHpOBaHBl LI€Tb W 3aJaydl JaHHON
JUCCEPTAIMOHHON Pa0OTHI.

Bo BTOpoi riaBe guccepranuMy  NPOBEACH  JIETAIBHBIA  AHAJIN3
SHEPTeTHYECKOro CHeKTpa aapa “C B KJIACTEPHON NOTEHIMATLHON MOJENH 30, Ha
["ayccoBom Gasuce ¢ BRICOKON TOYHOCTBIO C JTOKAJIbHBIMU OLO-TIOTEHIIMATaMU AJH-
bonmepa ¢ otrankuBaomuMm kKopoM u  baka-Opunpuxa-Yutiu (BFW) ¢
3alpPELICHHBIMU COCTOSHUSIMU B S- 1 D-BosiHaxX. OTH NOTEHUMAJbI, KAK U3BECTHO,
JOCTaTOYHO XOPOLIO ONMCBHIBAIOT JTAHHBIE CO0L-PACCESHUS NPHU HU3KUX JHEPTHUsX.
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Pe3ynbTaThl 11 SHEPIUU CBSA3H OCHOBHOTO COCTOSIHHSA siipa -C, paCCUMTAHHBIC C
[-ne3aBucumbiM TIoTeHIIMaoM Anu-boamepa (0.584266 u 5.1220936 M»sB
COOTBETCTBEHHO C Yy4YeToM U 0€3 ydeTra KyJOHOBCKOTO B3aUMOJECHCTBUSA),
IIPAaKTUYECKU COBMNAJAIOT C pe3yipTatamu Jlarpank-mem merona Jpyrux aBTOPOB.
Jist BO30Y)XIEHHBIX YpOBHEW TakXe IMOJY4YeHbl pe3yJbTaTbl, OJM3KHE K
pesyapraram JlarpaHx-mem METOJda, HO HAMHOIO Jy4lllhe, YEM pe3yJbTaThl
runepcepuyeckoro merona. llepBoe dYHMCIO AalleKO OT 3KCHEPUMEHTAIBHOU
sHepruu cBs3u (7.27 MaB) u naxe 1-3aBucumas Bepcus noteHiuana Anu-boamepa
JAeT CUJIbHO 3aHMXKEHHYIO oOueHKy 1.523 M»sB. [lns BBIYMCICHHUS SHEPTrUH
cuctrembl 30 ¢ moreHuuaiom BFW mnpuMeHeH MeToJ OpTOroHaJu3UupyIOIMIMX
[ICEBJAOINOTEHIIMATIOB, KOTOPBIA  IO3BOJISIET HAWTH  PELICHUWE yPaBHEHUS
[Mpeaunarepa B moiHOM (GYHKIIMOHATEHOM MPOCTPAHCTRBE.

B juccepraluM I0Ka3aHO, YTO DHEPIUM KOMIAKTHBIX OCHOBHOro 0 u
nepBoro Bo30OykAeHHOro 2 COCTOSHHIM 30, CHCTEMBI CBEPXUYBCTBHTEIbHBI K
ONMCAHUIO 3alpPEIIeHHBIX NpuHOMNOM llaymm ao-cocTosHMi. DTOT pe3ynbTar
TaK)Ke MPUBOAUT K HEOOBIYHOMY MOBEJICHUIO MPUMECH 3aIPEILIEHHBIX COCTOSTHUM B
pemienun ypaBHeHus Ilpenunrepa. Ilpumech npomkHa OblUla MOCTENEHHO
YMEHBIIATHCS C YBEIUUEHUEM KOHCTAHTBI MPOEKTOpa A, OJHAKO B JJAHHOM Cllydae
OHa UMeeT MUHUMYM OKoJio 1450 M»sB. [Ipu 3TOM 3HaUeHUH A SHEPTUS OCHOBHOTO
coctosiHus paBHa -19.763 MbdB, yto 6:M3K0 K pe3ysibTaTaM MUKPOCKOIMUYECKHUX
pacueroB. JlanbHeilliee yBeIMYEHHE A PE3KO TMOBBIIIAET SHEPIHI0 OCHOBHOTO
coctosiHus 3a. Kak BrnepBbie mokaszan DykuBapa, Takoe MOBEICHHE SHEPTUHU U
IIPUMECU  CBUJECTEJIBCTBYET O IPUCYTCTBUM TaK  Ha3bIBAEMBIX  «IIOYTH
3alpelleHHbIX COCTOSIHUN» B pemieHun ypaBHeHusi penunrepa. 910 «moutu
3alpelIeHHOe COCTOSHUE» B TUCCEPTAallMU HaWJEHO KaK COOCTBEHHOE COCTOSIHUE
MOJIHOTO ~ TPEXYACTUYHOI'O  IPOEKTOpPa, COOTBETCTBYIOIIEE COOCTBEHHOMY
3HaueHnto 1.1847E-4 M»B. Ecnu nmpuHMMaTh 3TO COCTOSIHME KaK pa3pelICHHOE,
TOTJA JJI1 SHEPTUHA OCHOBHOT'O COCTOSIHMS MOXHO MOJIY4dTh OLEHKY -20 M»3B, a
€CIM TMpUHATH €ro Kak 3ampelieHHoe, toraa omeHky -0.645 MbsB. Takoe
MHTEPECHOE SIBJICHUE BIIEPBBIC BO3HMKAET B 3aJa4axX Ha CBSI3aHHOE COCTOSHHE.
Takum o00pa3om, AJie KOMIAKTHBIX COCTOSIHUM O-KJIACTEPHBIX sI€p MPUHLUIT
[Taynu urpaet UCKIFOUUTEIBHO BaXKHYIO POJIb U MOXHO MPEIJI0KUTh APYTOM IyTh
MIOCTPOECHUSI MAKPOCKOIMYECKOTO Oo-noTeHuuana. CyTh €ro COCTOMT B TOM, YTO
napaMeTpbl NOTEHIMAIa MOYKHO MOJATOHSTh K 3alPEIICHHBIM COCTOSIHUSIM, 3apaHee
(UKCHUPOBAHHBIM U3 MUKPOCKOITUYECKHUX Ol0i-PACUETOB.

B Tpetbeii riaBe quccepranuy pa3BUT R-MaTpUUHbBIN NOAXO0MA JJI U3yUYEHUS
TPEXYaCTUYHOMN KOHTUHYYM-CTPYKTYPBI JIETKUX anep B METO/E
runepcepuuecknx rapmMoHuk Ha Jlarpamwk-mem Oasuce. B pazgene 3.1.1
IpuUBEIEeH OCHOBHOW (opmanu3M Merona runepchepuyecKux TapMOHUK Ha
Jlarpamx-mem 0a3uce, MOJYYEHBI SIBHBIE BBIPAXKEHUS JJISI CUCTEMBI CBSI3aHHBIX
YpaBHEHUH W TPEX4acTUYHOro 3()(PEKTUBHOrO MOTEHIMANA, KOTOPHIE 3aBHUCST
TOJNBKO OT THUIIeppaguyca. 31eCh K€ NPUBEIECH aCHUMOTOTUYECKUA BUJ
3¢(peKTHBHOTO MOTEHIMANA, TIIABHBIN WIEH KOTOPOTrO UMeeT Hopsiaok 1/p’. BaxHo
TAaK)K€ YYECThb ULEHTPOOEKHBIM YJIeH, KOTOpPbIA HMEET MOPIA0K l/pz. s
Pa3TUYHBIX TPEXYACTHUHBIX MapIUATbHBIX BOJH BBIYUCIECHBI KOA((UIIMEHTH B
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pasnoxxkennn 3(PGEeKTUBHOTO TOTEHIHMANa 1o creneHsMm 1/p. B pasmene 3.1.2
pa3BUBAETC TPEXYaCTHUYHbIA R-MaTpuuHblli (popMann3M Ha OCHOBE ypaBHEHUS
bnoxa — Illpenunrepa. [IpoOHas BoiaHOBas (pyHKIMS BO BHYTPEHHEH 00sacTu (10
25-30 ¢wm) pazmaraercs no Jlarpawxk-mem Oasucy. Halinennas R-matpuna Ha
rpaHMlle BHYTPEHHEH 001acTH MPOJOJKUTCS ¢ NoMollblo anroputma Hymeposa
BIUIOTh A0 Oosbiimx paccrossuuii (okojmo 1000 ¢wm), rae BosHOBas (GyHKIUS
CUIMBAETCS C aCUMITOTUKOM, KOTOpas B CIIy4yae HEUTPAIIbHBIX CUCTEM BbIPAXKaeTCs
yepe3 QyHkuuu beccens mepBoro m BTOPOro poOJIOB, a B Cilydae 3apsHKEHHBIX
YacTHUI[ — 4Yepe3 PEeryJispHble U HEperyJspHble KyJloHOBckUe (QyHkuuu. lanee
MaTpulla CTOJKHOBEHHSI HAXOAUTCS Ha OCHOBE HauJieHHOW R-matpuiel. B pazgene
3.2 nuccepranuu MeToJ ObUT MPUMEHEH K aHalu3y TPeXYaCTUYHON KOHTHUHYYM-
CTPYKTYPHBI Tano-saep *He=a+n+n u "“Be=""Be+n+n. Jist NN—B3aumMoaencTBus
WCIIOJb30BaH W3BECTHBIM LEHTPAJIbHBIM nOTeHUMan MuHHecoTs, a oN-
B3aUMOJIEICTBUE BBIOpAaHO B KadecTBe NoTeHuHana KaHaabsl W ap., KOTOPBIA
COJIEP>KUT CIIMH-OPOUTAIIBHBIN YIEH U 3aBUCUT OT YeTHOCTH. [Ipu 3TOM nmoreHunan
VN Obl1 mepeMHOXkeH Ha ¢aktop A=1.051, 4TOOBI mpaBUILHO BOCHPOU3BECTU
SHEPTHI0 OCHOBHOTO cocTosHMUS rano-sapa He E=-0.97 M»B, a B kauectse '“Be+n
B3aUMOJIeHCTBUS ObLI BhIOpaH noTeHuuan Gpopmel Byna — Cakcona

V) =- [V, + V. Is]/[1+exp ((r-ro)/a)] (D

¢ mapamerpamu V,=43 MaB, V,=6 MaB, r,=2.908 dm u a = 0.67 pm.

JIJis IpaBUILHOTO BOCHPOW3BEACHUS IHEPTUU OCHOBHOTO COCTOSIHHS Spa
14Be, E=-1.34 £ 0.11 M»B ucnonp3oBano nBa metoaa. [lepBbIit MeTo OCHOBAH Ha
nepeMHoxkeHun mnorteHuuana (1) Ha d¢akrop A=1.08, a BTOpoOi COCTOUT BO
BKITFOUCHUH TPEXYACTHYHOTO MMOTEHITHAIIA

Vicy k0 (p) = = Ok 0y Vsl [1+ (p/ p3)’] (2)

B JIONOJIHEHUE K noTeHnunany Byna — CakcoHa,
rae K, K'— runepmMomeHTshl,
v=(1,L.,S), v'= (I'x1y,L',S") — TpexuacTn4HbIe KaHAIBI.

Ha puc. 1 npuBenensl paccuuTaHHble (Pa3oBble CABUTH O+N+N-CUCTEMBI C
J’=0" nna pamnyca kaHana a;=20 oM 1 2)=30 M B CpaBHEHHH C HCIIOTB30BAHHEM
mporaratopa BIIOTh 70 250 ¢M 11 pa3IuyHbIX TPEXUYACTUYHBIX KAaHAJIOB B IIEJISIX
MPOBEPKH CXOJMMOCTH. Y CTAaHOBJIEHO, YTO MPOIAraTop Ba)K€H IJis KaHaJOB C
OonpmM  3HaueHueM runepmomenta K. Tlocnme amaronanmzanum MaTpuUIlbl
CTOJIKHOBEHHMSI MOKHO MOJYyYUTh COOCTBEHHBIE (Da3bl.

Ha puc. 2 mpuBeneHsl cobcTBeHHBIE (asbl a+n+n cuctemsl ¢ J'=0" s
pa3nuunbix 3HadeHu K. Kak Buano u3 puc.2, cxomumocts ¢asbl ans 6onee
BBICOKHMX DHEPIUi JOCTUTAETCSl OBICTpEE.
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Puc. 1. ®a3oBble ¢cABUIH o+n+n-cuctembl ¢ J™=0" 115 paauyca Kanajia
2=20 ¢™m u 29=30 ¢pm (IITPUXOBHIE JUHNH) U C UCIOJIH30BAHNEM
nponararopa BIUI0Th 10 250 ¢pM (crutomrHasi TUHMS)
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Puc. 2. Co6cTBennbie (a3l o-+n+n-cucremsl ¢ J'=0" 1151 pasiH4HbIX
3HaveHui K,
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Ha puc. 3 nokaszansl cobcTBeHHbIe (a3bl cocTosHuit ¢ J'=0", 17, 2" anep
°He u °Be. lns sapa °He MoxHO yBMmeTh y3kuii pesoHanc 2  0koio
0.7 MaB, Huxe, yeM 3kcriepumeHTalbHoe 3HaueHue 0.8 MaB, a B cocTosiHHSIX
0" m 1" mpejcTaBieHbl LIMPOKUE pPE30HAHCHI okono 1.5 MpdB. Bnumskue
pesyabprarsl nosydeHsl M.B. JKykoBemm u np. u M.2K. Tomrniconom u np. B
aape Be JUII OCHOBHOTO cocTosinusi HaijneHo E=1.26 MbpB ¢ mmpunHoit

=65 k»B, uyTO XOpOIIO corjlacyeTcs ¢ SKCIEePUMEHTAIBHBIMHU JTaHHBIMU
E=1.37 MpB u I'=92+6 x3B.
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Puc. 3. CoGerBennbie pa3pl coctostnmii ¢ J'=0", 17, 2* saep *He u °Be

Ha puc. 4 npuBeieHbl TpexyacTHUHbIe cOOCTBeHHbIe (a3l ~Betn+n u
2O+p+p s cocrosumii ¢ J'=0", 17, 2*. Kak ycraHoBieno, B cocrosuuu ' Be (2)
MMEETCA Y3KUW PE30HAHC C JHEprue okono 2 MbnsB, KOTOpbI COOTBETCTBYET
sHeprun Bo30yxkaeHus Esoz = 3.4 MeV. DTOoT pe3oHaHC COBCEM HEIaBHO
MOJITBEPIKJICH B IKCIICPUMEHTE C OIIeHKOU Esos= 3.54(16) M»1B.
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Puc. 4. Co6cTBenHbIe pa3bl TPEXYACTHYHBIX cHcTeM “Be+tn+n
12 . + 4-
O+p+p aas cocrosinmii ¢ J™=0", 17, 2"

B d4erBeproii riase auccepranuy IPOBEACH ACTAIBHBIM TEOPETHUYECKUU
aHanu3 GeTa-pacmana AByXHelTponuoro ramo-sapa ‘He(0") B a+d KOHTHHYyM-
KaHaJI B TPEXYaCTUYHOM MOJeNU. Peakius Takoro Bu1a SJHEPreTUIEeCKHU BO3MOXKHA
TOJIBKO I SIAEP C DHEPTUEUN OTAEIECHUS IBYX HEMTPOHOB MeHbLIE, yeM 3 MaB. B
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JJAaHHOM CJIydya€ »3TO YCJIOBHE BBINOJHIETCH ¢ 3amacoMm: FE,,=0.95 M»B.
MakcuManbHO BO3MOKHasi SHEPIUs B cucTeMme LieHTpa Mace a+d paBna 2.03 M»aB.
ITockonbKYy B BBIXOJIHOM KaHajle MOJIHBII MOMEHT pPaBeH 1, TO BO3MOKEH TOJBKO
I'amoB-TemiepoBckuil nepexon, Ajisi KOTOPOro CIUHBI DJIEKTPOHA U AaHTUHEUTPUHO
napaienbHbl. [loiHast BEPOSITHOCTh MPOLIECCA CHIIBHO TOJABJICHA U COCTABIISIET
22411 E6c¢c'. B paszzaene 4.1 nuccepranu M3JI0KEHA UCIIOIb3yeMasl MOJICIb.
Kak w B mpenpiaymieit riaBe, Tpex4yacTHYHAs BOJIHOBas (GyHKIUS sApa He
paccuuTaHa MeToAoM runepchepuueckux rapmMoHuK. I[lpuBeneHnl sIBHbIE
BbIpaX€HUSA sl ['aMOB-TennepoOBCKMX MATPUYHBIX JJIEMEHTOB, KOTOPBIE
OTIPEJICISIFOTCS. WHTETPAJIOM TEPEKPBIBAaHUS BOJHOBBIX (YHKIIMA HAYaIbHOTO U
KOHEYHOro cocTosiHuM. B pasnmene 4.2 nguccepralnd NPUBEIEHBI PE3YJIbTATHI
YUCJICHHBIX BbluucieHud. B kadectBe NN-B3auMoJelCTBUSI BBIOpAH MOTEHIIUAI
MunnecoTsl, a 0N-B3aUMOJICHCTBUE OMUCHIBAETCA NOTEHIMaNoM KyKynuHa u zip.

[Tytem ananuza cxoguMOCTH 3()(PEKTUBHBIX MHTErPAJIOB MOKA3aHO, YTO IS
BOCIIPOM3BEAECHUSA  DKCIIEPUMEHTAIBHBIX  JAaHHBIX  CIEQYET  BKIKOYUTH
TPEeX4YaCTUYHbIE KaHAJbl BIUIOTH /10 OOJIBIIMX 3HaueHUM runepmomenta K,,,=24,
Ipy 3TOM TPAaHMIy HWHTErpaja HyXHO Oparb He MmeHbine 30 ¢m. Harmsmno
MOKAa3aHO, YTOOBl MPABWJIBHO BOCIPOU3BECTU HKCIEPUMEHTAIbHBIE JaHHBIE,
BHYTPEHHSII M BHEWIHSS (Tajl0) 4acTM MaTPUYHBIX BJEMEHTOB [Jii OCHOBHOM
TPEX4aCTUYHON KOMIOHEHThl K=0 10/KHBI B3aMMHO MOAABIATH JAPYr JApyra.
[TosToMy pnaHHasT KOMIOHEHTA MPAKTHUYECKHM HE BHOCHUT HHMKAKOIO BKJIAJIa B
npouecc. [JoMUHaHTHBIN BKJIAJ JAOT KOMIIOHEHTa ¢ K=8, a Takke KOMIIOHEHTHI C
K=2 u K=10. [l 5THX KOMIOHEHT rajlo-4aCTH MATPUYHBIX AJIEMEHTOB HUIPAIOT
pELIAONIYI0 POJib. BBUIO MPOTECTUPOBAHO HECKOJBKO MOTEHIMAIBHBIX MOJEIIEH
st a+d B3aumonencTBus (puc. 5): moteHman V, ¢ OTTaJIKUBAIOIIMM KOPOM Ha
MaJIbIX PacCTOSHUAX, MPABUIBLHO OMUCHIBAIONINNA (Da30Bbie CABUTH o+d-paccestHus
B S-BOJIHE, HO HE UMEIOIIUNA CBSA3aHHOE COCTOSIHUE, TJIYyOOKHUH MOTEHIHAI
JlyGoBuuernko V, B Bume mpoctoii ['ayccosoit dopmsr V(r) = V, exp(-a r°) ¢
napamerpaMu Vo=-76.12 MdB u ¢=0.20 ¢pM~, BOCIPOU3BOISALIIIL SHEPIUIO CBSI3H
sapa °Li(17), paBmyio E=1.474 MbdB, u (a30Bble CIBHTH, HO HMEIOMIHi
JOTIOJTHUTENHHOE 3aMpenieHHOEe COCTOsIHUE B S-BoJiHE, (OJIIUHT-TIOTEHIUAIBI Vi,
Vp ® moremmmamel V., V>, [IOJIyYEHHbIE  CYNEPCUMMETPUYHBIMU
npeo6pasoBanmsimu u3 V,. [lotenrman Vi Bocmponssoaut sHepruio casi3u 'Li(1")
M HMEET JONOJHUTEIBHOE 3alpelieHHOE COCTOSIHUE, HO IUIOXO OIMCBHIBAET
(dazoBbie CABUTH, a MOTCHIMAT Vi, XOTS MPaBUIBLHO W BOCIPOU3BOIUT (asbl,
TepeOLIeHNBACT SHEPruio cBsi3u. [loTenmuman V,>' naer Te xe (Bassl # U3HIECKOE
CBA3aHHOE COCTOSHHME, HO HE COJCPXKHT 3alpelieHHOe COCTOSIHHE, a V>
BOCIIPOU3BOJUT TOJBKO (pa3zy paccesiHusi, HO HE 1aeT CBSI3H.

N3 puc. 5 BuaHO, 4TO Jyudiiee onrucaHue GopMbl HOBBIX IKCIIEPUMEHTAITBHBIX
JMAHHBIX (3alOJHEHHBIE KPYXKOUKHM) Ui BEPOATHOCTH Iepexoja Impoliecca
JIOCTUTAeTCsl JJi Tiyookoro moteHiuana JlyooBudeHko V,, XOTd TeopeTudecKkas
KpHBas JIS)KUT HEMHOTO HMKE. Takoil ycrex noreHnuana V, AOCTUraercs 3a CUeT
HAJIMYUS y3J71a Ha MaJIbIX PacCTOSIHHUSX B BOJHOBOW (pyHKIMU o+d-paccesHus B S-
BOJIHE H3-3a OPTOTOHAJIBHOCTM K 3alpElICHHOMY COCTOSHHUIO, a TaKkKe
BOCIIPOU3BEJICHUEM DJHEPTrUU OCHOBHOTO COCTOSIHHSI #  (Da3el  paccesHus.
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Hebonpmas moaudukanus rioyOuHbl U MIMPUHBI MOoTeHIMana ¢ Vo=-79.4 MaB u
0=0.21 ¢m° (moremmman V, Ha puc. 5) obecreuMBacT HaMIIydlee
BOCIIPOM3BEICHHIE dKCIIEPMMEHTATBHBIX JAHHBIX 1O GeTa-paciasy rago-sapa *He B
o+d KOHTUHYyM-KaHaJ.
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Puc. 5. BepositHocTn Gera-pacnana rajo-sapa ‘He(0") B a+d
KOHTHHYYM-KAaHaJI 32 ¢AUHHUILI BpEMEHH U JHEPIuH IS
Pa3JIUYHbIX 0-d-MOTEHIMAJIOB

Takum 00pa3om, od-moTeHIKAIBl C 3aMpPEIIEHHBIMU COCTOSIHUSMH UTParoT
WCKIIIOYUTEIBHO BaXXHYIO POJIb MPU OMKUCAHUU JAHHOTO MpOIEcca U MPOSBICHUU
rajio-CBOMCTB sJIpa He.

B nsATO# riaBe auccepraluyd MNPOBEJAEH TEOpeTHYeCKuid aHamu3 M-
nepexoma mM300ap-aHanoroporo coctosuus Li(07) ¢ smeprueit Bo3OyKICHHS
E,.:=3.563 M5B B ocnoroe cocrostaue ‘Li(1") u B a+d-koHTHHYyM Kanam. B
paznene 5.1 nauccepTranuu MOAPOOHO H3JIOKEHA HUCIOJb3yeMasi TpeXyacTUyHas
MOJIEIIb. 3716Ch OCHOBHOE M BO30YXKICHHOE COCTOSHHS sipa ‘Li OIHCHIBAIOTCS B
TPEXHYACTUYHON MOJENH o+p+n, a MX BOJTHOBBIE (PYHKIIUM HAXOMISITCS METOJOM
runepchepruueckux rapmMoHuk Ha Jlarpamwxk-mem Oasuce. B sToM ke pasnene
ONMCAaHbl SIBHBIE BBIpaXEHUs Ui orneparopoB Ml-nepexoga B KOOpAMHATAX
Sxo0u, a OKOHYATETbHbIE BHIPAXKEHUSI MAaTPUUYHBIX AJIEMEHTOB MPUBEJIEHBI BO 2-M
NPUJIOKEHUHN qucceprauun. B pasaene 5.2 nuccepraliivl IPUBEICHBI PE3yJIbTAThI
YUCJIEHHBIX PacyeTOB JJIA JAHHOro mnpouecca. IlomyueHa TeopeTudeckasl OLEHKA
7.49 5B st mupunsl M1-mepexona H306ap-aHaIoroBoro coctosaus sapa Li(0")
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B ocHoBHOe cocrosHme °Li(1"), koropas Xopomio  cormacyercs ¢
DKCHEpUMEHTaNbHbBIM 3HadeHueM 8.19+0.19 »B. Teoperuueckoe 3HaueHune
MArHUTHOrO MoMeHTa sapa Li (u=0.86 B eJMHMIAX SIEPHOrO MArHETOHA)
HEMHOTO 00JIbIIIE SKCIIEPUMEHTAIbHOM O1leHKU 0.82. DTH OLEHKH ObLIN MOJIYYEeHbBI
C BOJHOBBIMHU (YHKUHMSMH, BKIIOUAIOIIMUMH TPEXYaCTHUYHbIE KaHAJbl BIUIOTH [0
K=20, 4ro o0ecneunBaeT XOpoulyl0 cxoauMmocTb. B kauectBe NN-
B3aMMOJICUCTBHS BBIOpaH, Kak W TNpexae, noreHuuan MuHHecoTsl, a oN-
B3aMMOJICMCTBUE OMNHCHIBAETCA NoTeHuuasmoM Kykymnna u ap. [ns onucanus
KOHEYHOTO KOHTHHYYM-COCTOSIHUSI OBUIM TECTUPOBaHBI o+d-MOTEHIMATIBl U3
NpeablayIes riasel V, , Vi, Vp 1 VaSI.

Ha puc.6 mnokasanel pe3yiabTaTbl TEOPETHYECKUX BBIYUCICHUM s
muddepennnansHoi mupuHbl M 1-niepexoa n306ap-aHamIoroBOro COCTOSIHUS Spa
6Li(0+) B o+d KOoHTHMHyyM-KaHai. PesynbTaTsl i (GONIUHT-TIOTCHIHANA Vi,
KOTOPBI TUIOXO OMMCHIBACT (pa3y paccesiHHs, CHIBHO MOJABJICHBI B 00JacTH
sHeprun 0.6 M»B, a ocranbHble MOTEHIMANIBI HE MPOSABISIOT TAKOIO CBOMCTBA.
AHanmu3  cxoauMocTh A(Q(EKTUBHBIX HMHTETPAJIOB IMOKa3aJl, YTO TIpaHUIA
MHTErpajoB A0HKHA ObITh B npeenax 25-30 ¢m, a TpexdyacTUyHbIe KOMIOHEHTHI €
K=0 u 2 natot ocHoBHOU (0ko0yi0 50%) BKJIaJg B MaTpUUHBIN 3JIEMEHT Mepexoa,
P 3TOM BKJIaJ[bl KOMIIOHEHT ¢ OOJIbIIUMU 3HaUeHUAMH K Takke Ba)KHBI.
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Puc. 6. Iluddepenuuanbnas mupuda M1-nepexona u3zo0ap-aHajorosoro

coctosiamst °Li(0") B a+d KOHTHMHYYM-KaHaJ 32 eIMHHIBI BPeMeHH
U JHeprum

IToka3aHo, 4TO OCHOBHOM BKJIaa B M1-nepexon naer CiMHOBAsE KOMITIOHEHTA.
WNHurerpanpHas mmpuHa nepexoxa 0.9 m»3B, nomydeHHas ¢ noTeHUIuamoM V,,
XOpOLIO COIVIACYETCsl ¢ pe3yJibTaTaMy NPEABIAYIIMX YHPOIIEHHBIX BBIYMCICHHUN
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JI. I'puropenko u np. IlokazaHo Takxke, YTO B3aUMHOE I10JIaBJIEHUE BHYTPEHHEN U
rajlo-KOMIIOHEHT MAaTpPUYHBIX 3JIEMEHTOB MI-nepexoga nNposBISETCS HE Tak
CHIIBHO, KaK B ciTydae Gera-pacnana “He.

B mecroii riaBe auccepralMd MNPOBEAEH TEOPETUUYECKUN aHalu3 Oera-
pacrnaja JByXHEHTPOHHOrO Tano-sapa ' Li B JByXyacTHuHbIH ~Li+d KOHTHHYyM-
kaHai. McxonHoe AIpo, KaK M IMPEXkIe, OMUCHIBAETCA B TPEXYACTUYHOM MOJENU
’Li+n+n MerogoMm rumepcdepuyeckux TrapMOHHK Ha Jlarpamk-mem Oasmce.
Hcnonp30BaHbl HYKJIOH-HYKJIOHHBIM NOTeHIManl MUHHECOTBI W LEHTPaJbHbBIN
notenuman ~Li+n Tomncona n JKykoBa ¢ 3aIpeIieHHBIM COCTOSHHEM B S-BOJIHE,
KOTOPBIA BOCHPOU3BOAUT DHEPIUI0 OTACIICHUS JIByX HEUTPOHOB spa "Li, Te.
S2,=376 kaB. MakcumanbHO foryctumas 3Heprus — Eq=2.63 M»B, a noreHnuansl
’Li+d mo/mKHBI BOCIIPOM3BECTH (H3HUECKOE CBSI3aHHOE cocTostHue 1/2 siapa ''Be ¢
sHeprueid E=-17.60 M»sB, koropoe sBiseTrcss BO30YXIEHHBIM COCTOSSHUEM C
E,0,=320 k3B. B MUKPOCKOIIMYECKHX KJIACTEPHBIX MOJCIAX cucTema ~Li+d mmeer
3allpellieHHOe COCTOSHUE B S-BOJHE HUXKE (DPU3MUECKOTO COCTOAHUA. B maHHOMU
MOJIENIM TAaKO€ COCTOSIHUE MOKHO MOJIYYHTh C MOMOIIBIO ITyOOKOTr0 MOTEHIMAA,
Kak u B cucrteMe o+d. OgHako B JaHHOM clly4ae MMEIOTCS JBa CYIIECTBEHHBIX
pasmmunst. [lepBoe COCTOMT B TOM, 9TO B cucTeMe ~Li+d mMeercs pesoHaHc B S-
BOJIHE, MOJ0KEHUE KOTOPOTO IMIOXO OMPEAEIICHO U3 SKCIIEPUMEHTA U HAXOJUTCS B
npeaenax 0.2-1 MaB. Bropoe paznnuune kacaercs HalU4Ksi HECKOJIBKUX OTKPBITHIX
KAHAJIOB PEaKIMy B Ciydae Gera-pacmana sapa | Li Hibke kaHana pacmaga  Litd,
HanpuMep KaHaJIbl "Be+n u *Li+t. [ToaTOMYy B JaHHOM cCilydyae MOKHO YBHUJIECTH
coBceM Apyryio ¢usuky. Oxazaiaoch, YTO BEpOSITHOCTH OeTa-pacmaza CHIIBHO
3aBUCAT OT IIOJIOKEHUS PE30HAHCA, M TMOTEHLHAIbl, KOTOPBIE HE OIMCHIBAIOT
YKa3aHHEIA pE3OHaHC B S-BodHe cucTeMbl ~Litd, He BOCIPOM3BOMIT JaXe
NPaBUJIBHOIO TOPSJAKA BEPOSTHOCTH OeTa-mepexoja B JEHTPOHHBIA KOHTUHYYM-
kaHall. [Ipu 3TOM BEpOSITHOCTh NEpexoAa HE 3aBHCHUT OT TOT'O, UCIOJIb3YETCs JIU
HNOTEHIMAJI C KOPOM WM C 3allpelIeHHbIMH COCTOSIHUSIMU. BceneacrBue Hanmnuus
OTKPBITBIX KaHAJIOB pacmaga B ~Litd NOTEHIHMAn BBOAMTCSA MOIJIOMIAOIIMIA
MHUMBIN YJIEH

Vir)=-(Vo+iWy) exp(-a r). (3)

VY CTaHOBIIEHO, YTO MOTJIOLIEHUE MOXET CYLIECTBEHHO YMEHBIIWTh BEPOATHOCTH
OeTa-miepexo/a.

Ha pwuc. 7 npuBeaeHbl pe3yJbTaTbl TEOPETUYECKOIO aHaiuu3a s
BEpOSITHOCTEN OeTa-pacrmaza rajio-sapa "LiB JIBYXYaCTUYHBI KOHTHMHYYM-KaHAJI
’Li+d 3a eIMHHIBl BPEMEHH U OHEPrHH B CPABHCHHH C  HOBBIMH
SKCIIEPHMEHTAIBHBIMY JaHHbIMH. [1apaMerpsl B °Li+d moTeHmuane BbIOPAaHBI KAk
Vo=100.1 MsB u 0=0.17 an'z, a Wy MOXET MEHATBHCS B NPEAEIax HECKOIbKUX
M>5B. DTOT noTeHuuan BOCIPOU3BOAUT PE30HAHC B S-BOJHE MPHU IHEPTUU OKOJIO
0.7 M»B. Kak BugHO U3 pucC. 7, BBEJCHHUE IMOMIONIAIONIETO YJIE€HA B MOTEHIMAI C
Woy=5 M»3B npusomur x HawiydlieMmy omnucaHuio naHHbiX. Ha puc. 7 takxke
MOKHO YBHUJETbH, YTO yAQJICHUE JIOMOJHUTEIBHOTIO 3aMpPEIICHHOIO0 COCTOSHUS U3
’Li+d moTeHmmana ¢ MOMOLIBIO CYIEPCHMMETPUYHBIX HpeoOpasoBannii (SUSY)
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MPAaKTUYECKA HE MEHSAET BEpOSITHOCTEM OeTa-mepexona B MNPOTHUBOBeC Oerta-
pacrazy ramo-sapa “He.

Havimeno Ttakxke, 4TO Trano-KOMIIOHEHTBI MAaTPUYHBIX 3JIEMEHTOB ['amoB-
TemmepoBCKOTO  mepexojga  CTpOro  JAOMHUHUPYIOT  HAJd  BHYTPEHHUMU
KOMIIOHEHTaMHU. [l MHTErpajJibHOM BEPOATHOCTH IMEPEXOAA TEOPETUUECKAS

orenka 7.3E-3 ¢! xopomio cormacyercst ¢ SKCIEPUMEHTATbHBIM 3HAYCHHEM
8.8+1.9E-3 ¢ B o6macru suepruu E > 0.2 MaB.

MLj =->Li +d +e+V

1.E+00

a dWidE(1)
o dW/dE(2)
— =W=0
— N =F

------- W=5_SUSY

1,E-02

dWIdE, MeVA(-1) s7(-1)

1,E-04

1.E-06 T T T T T T T T T
0 0,2 04 0,6 0,8 1 1,2 1.4 16 1.8 2

E, MeV

Puc. 7. BeposiTHOCTH nepexoaa 3a eAMHULILI BPEMEHHU U JHEPrUHU
dera-pacmaza rago-siapa ''Li B °Li + d kontunyym-kanaa dW/dE,
BbIYMCJICHHBIE C PA3JIHYHBIMH 3HAYCHUSAMH CHJIbI IOBEPXHOCTHOIO

norsaomenuss W, M>B

B ceanMoii riaBe peub AT 00 yHHKaIbHOM Oera-mepexome Li —
9Li+p+n+e+D. YHUKAJIBHOCTh 3TOr0 IIPOLIECCA COCTOUT B TOM, YTO Cpeau BCEX
IBYXHEHTPOHHBIX TANO-SAeP TONBKO IS sApa ' 'Li BBIIOIHSETCS yCIOBHE Oera-
Mepexo/ia rajlo-HEUTPOHOB B YKAa3aHHBIM KaHal, a UMEHHO Sy, < (mn-mp-me)c2
~782 x3B. B cnyuae sanpa "Li, kak O0TMe4aI0Ch B MIECTOH TiIaBe, 3TO yCIIOBUE
BBITIOJTHSIETCS ¢ HEOOJIBIIIUM 3armacoM — S,,=376 £5 kaB. TpexuacTuuHasi BOJTHOBas
dyHkius 'Li onpcaHa Kak CBA3aHHOE COCTOSHME ~Li+N+n M pacCuMTaHa METOIOM
runepcepruuecknx rapmMoHuK Ha Jlarpamxk-memn 0a3uce, Kak W B TMpeAbayIIeH
raBe B Tex ke ycinoBusax. KoHeuHoe cocrosiHME 9Li+p-|-n SBIIAETCS
TPEeXYaCTHYHBIM KOHTHHYYM-COCTOSIHIEM ''Be. BbIUmCIeHIE BOIHOBOH (yHKIHH
B 9TOM COCTOSIHHM HAMHOTO CIIOXHEE, 4eM B TPEXYaCTHYHOM KOHTHHYYMe "He mo
HECKOJIBKUM IpUYMHAM. |JlaBHas NMpHUYMHA CBS3aHA C HAJIIMYHEM KYJIOHOBCKOIO
OTTAJKUBAHUS MEXAY KOPOM U MPOTOHOM, KOTOPOE CHUIIBHO YBEIMYMBAET PANAYC
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CXOJIUMOCTH M YHCIO TPEXUaCTUUHbIX KaHaioB. Kpome TOro, KOHTUHYyM-
BOJTHOBas (PYHKIUS JOJKHAa OBITh OPTOTOHAJIbHA BOJHOBBIM  (DYHKITHSIM
HECKOJIbKMX CBSI3aHHBIX COCTOSIHUM, YTO HAMHOTO YCIOXHSIET CTPYKTYpPY
KOHTUHYYM-COCTOSIHMSI M TpeOyembix BbluucieHuil. [lockosibKy — oOlleHKa
BEPOSITHOCTU JAHHOIro OeTa-mepexona OyaeT KpailHe moJie3Ha i Oyaymiux
HKCIIEPUMEHTOB, JOMYCKAeTCs HEKOTOPOE YIPOIIEHHWE MOJEIH, a HWMEHHO
UCIOJIB3YIOTCS KYJIOHOBCKHE BOJHOBBIE (DYHKIIMH C HEKOTOPOW MOAU(UKALIKEH.
Ota Moau(UKALKS COCTOUT B CIBUTe KYJIOHOBCKOM BOJIHOBOM ()yHKIIMM HAJIEBO Ha
10-15 ¢m, uyToOBI CMOAENMPOBATH BOJHOBYIO (YHKIMIO, COOTBETCTBYIOILIYIO
IIOTEHIMAJy C BKJIIOUYEHUEM SJIEPHOIO M KYJIOHOBCKOrO B3aummonaeuctsuu. Ha
pUC.8 MpUBENCHBI PE3yIbTaThl IPOBEICHHBIX BHIYUCICHUHN N1 BEPOSTHOCTH OeTa-
pacraza rano-sapa | Li B TpeX4acTHYHBIH KOHTHHYYM-KaHAN 33 ¢IMHHIBI SHEPTHH
Y BPEMEHH.

dW/dE (s)

10-12
0 0.1 0.2 0.3 0.4
E (MeV)

BepxHss mTpuxoBas JIMHUS ~ COOTBETCTBYET IUIOCKOBOJIHOBOMY
NpUOJMKEHUIO, a HIKHAS IITPUXOBAsT — YUCTO KYJOHOBCKOMY
OTTaNKuBaHUIO C 3pdexTuBHbIM 3apsaoM 4.83. HuxHss cruioniHas
JMHMSI COOTBETCTBYET CIBUHYTOW HayeBO Ha a=10 (M KyJOHOBCKOMN
BOJIHOBOM (YHKIIMM, a BEpXHss CIUIOIHAs — MOJIU(ULUPOBAHHOM
KYJOHOBCKOM PyHKIIMH ¢ a=15 Pm

Puc. 8. BepositHocTH GeTa-pacnana rago-sapa ' Li B TpexuacTHYHbII
KOHTHHYYM-KaHAJI 9Li+p+n 32 eAMHHUIbI YJHEPIUM U BPEMEHH
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JUis noaHOM BeposSTHOCTH OeTa-nepexoAa C IUIOCKOM BOJHOM IOJydeHa
orenka W=3.8E-8 ¢, a ¢ umcro KynoHOBCKO# BomHOH — W=5.1E-10 ¢
MoaudunpoBaHHble KYyJOHOBCKUE (PYHKIIMH JJISl TOJTHON BEPOSATHOCTH MEpPexo/ia
IatoT oueHKy B uHTepBane 0.6E-8 ¢'< W < 1.8E-8 ¢!, uTo maxe Ha [Ba mOpsaKa
HIDKE, 4eM BEPOSTHOCTD Oera-pacmana rano-sapa ‘He. Koosdduiment BetneHus,
MOKA3bIBAIOIINI, HACKOJIBKO PEIOK JAHHBIM MPOLECC, ONPEAEIAETCS C MOMOIIbIO
cootHomenust R= Wt;, /In2, rae t,=8.75 Mm.c — nepuoj moaypacnajaa UCXOTHOTO
anpa. OueHka 3TOM BEeNWYUHBI Al OeTa-mepexoaa siapa  Li B TpeXyaCTUUYHBIN
KOHTHHYyM-KaHall Haxoautcs B uHtepBaie 0.8E-10 — 2.2E-10, kotopas HaMHOTO
MeHbIIe, deM i OeTa-pacmaga supa ‘He B meifrpomHbii kaman (2.6+1.3)E-6.
[TpuunHOW Manoctu K03 UIIMEeHTa BETBICHUS JJIsl TIEPBOrO IMpoliecca sSBISETCS
masioe Q-3HaueHne Ey=0.404 M>»3B, cunbHO orpaHnumBaromee  (pazoBoe
MPOCTPAHCTBO.

B BocbMoOI#l riaBe auccepTanMyd NpPOBEACH TEOPETUUYECKHI aHanu3 Oera-
paciagoB OJHOHEHTPOHHBIX rano-saep ' 'Be, 'C u °'Ne ¢ 3HEPTrHsIMH OT/CICHUS
HeitpoHa S,=501 k3B, S;=580+90 k3B u S,=0.33+£1.07 M»B CcOoOTBETCTBEHHO B
JIBYX4aCTUYHbIE KOHTHHYYM-KaHallbl KOp IUTtOC TpoToH. IIpeamosnaraercs, 4To
OeTa-niepexo]; MPOUCXOUT B rajo-4acTu sajuep. Bo Bcex Tpex ciiydasix BO3MOKHBI
dbepmueBckre mepexoisl Hapsay ¢ ['amoB-TemiepoBCKUMH — MEepexojamu.
DHEpreTuyecKoe ycloBUE Mepexoa JOMKHO ObITh S;< (mn-mp-me)c2 ~782 k3B, a
MaKCUMAJIbHO JOIyCTHMasi SHEPTUsl B CUCTEME LIEHTpPa MAacC KOpa U MPOTOHA —
Eq = gnn-mp-me)c2 - S HOCKOJ‘II)Ify SHEPrusi OTAEIEHUSI BAJIEHTHOIO HEUTPOHA B
anpe - Ne ompeneneHa ¢ OOJIBIION MOTPENIHOCTHI0, BEPOATHOCTh OeTa- mepexoa
TaKKe HMMEET OOJBIIYyI0 HEONMpeACICHHOCT, M Bapbupyer oT 0 10 10° ¢
HaualbHbIe COCTOSHHS B CIIydae TMEepBBIX ABYX siaep 'Be u ' C IpeamonararTes
S-BOJIHOBBIMU COCTOSHHSIMH KOD+HEHTPOH, a B MOCIEIHEM ciiydae sapo ~ Ne
ONUCBHIBAETCA KaK CBsi3aHHOE€ P-BomHOBOe cocrtosiHne. B3anmmopencrBus
BbIOMpatoTcsi B Bujie moteHimana Byma — Cakcona ¢ mapamerpaMu, KOTOpbIE
BOCIIPOU3BOJISIT PHEPTUU OTACIICHUS] BAJEHTHOIO HEUTPOHA C JOMOJIHUTEIbLHBIMU
3aMpEeIICHHBIMU COCTOSIHUSIMU, IO OJIHOMY B KaxaoM ciydae. Ha puc. 9
TIPHUBE/ICHBI BEPOSTHOCTH OeTa-mepexonos raxo-saep - Be, "C u °'Ne B Kop mwmroc
MPOTOHHBIE KOHTUHYyM-KaHajbl B €JIMHULAX DSHEPruM M BpeMeHu. B s1nx
pacdeTax SHeprusl OTHCNCHHS HelTpoHa B sape ° Ne dukcupoBana kak E=0.6
M5B, Ilpu 3TUX YCIOBHAX TIONHBIE BEPOATHOCTH MEPEXOJOB COCTABIISIIOT
1.5E-9 ¢! IUIA siapa 11Be, 2.7E-12 ¢! IUTA sipa Pc u, HakoHerl, 3.3E-10 ¢!l - I
'Ne. CootsercrByromme ko3(hduimentsl Bersienns pasusl 3.0E-8, 1.8E-13 u
1.6E-12 cooTBETCTBEHHO IS AJI€p ”Be, ¥C u *'Ne.
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1.E-07 »
Be

1.E-08 - *TNe

1.E-09 -

1.E-10 4 °c

1.E-11

dW/dE (s” MeV")

1.E-12 -

1.E_13 T T T T 1
0 0.1 0.2 0.3 0.4 0.5

E (MeV)

i, 19~ 31
Puc. 9. BepositHocTH OeTa-nepexonos rano-agep Be, C u " Ne B kop
ILUTIOC MPOTOHHBbIE KOHTHHYYM-KAHAJbI 32 €IMHULbI JHEPTUM U BpeMeH!

B npuioxeHusix npuBeeHBl aHATUTHYECKHE (OPMYIBI ISl BEPOSTHOCTH
MI-nepexoia B KOHTUHYYM B TPEXYaCTUYHOM MOJENM, a TAKKE€ MaTpUYHbIC
aneMeHTsl M 1-niepexo/ia B CBA3aHHBIE U KOHTUHYYM-COCTOSIHHUSI.

3AK/IIOYEHUE

1. ITokaszaHa cBEpX4yBCTBUTENBHOCTH IHEPIHil KOMIAKTHBIX OCHOBHOTO 0 1
nepBoro Bo30yxmeHHoro 2° cocrosmuil sapa °C K ONHCAHHIO 3aNPEIICHHBIX
npuHIuUIoM [laynu ao-cocTosHui.

2. Brnepble R-maTpuuHblil MOAXOA pa3BUT Il M3YUYEHHS] TPEXYACTUYHOU
KOHTUHYYM-CTPYKTYPBI JIETKUX SJIep B METOJAE TunepcPpepuueckux rapMOHUK Ha
Jlarpanx-memn 6a3uce ¢ IPUMEHEHUEM MpPOMNaraTop-TEXHUKHU. Y CTAHOBIEHO, YTO
R-Matpuily, paccuuTaHHyl0 Ha TpaHUIE BHYTPEHHEW 00JIacTH, HYXKHO
MPOJIOJDKATh BIUIOTH J0 OonbiuxX paccrosHuit (oxosno 1000 ¢wm), rae BomHOBas
(YHKIMS CHIMBaeTCsl € AaCUMITOTHKOW. Meroa ObUI NPUMEHEH K aHalu3y
TPEXYACTUYHON KOHTUHYYM-CTPYKTYpPbI Tajio-saep He u '“Be. Paccumramsi
JMaroHajbHblE W COOCTBEHHBbIE (DAa30BbIE CIBHUIM TPEXUACTUYHOM MAaTpPHILIbI
CTOJIKHOBEHHSI, MPEICKAa3aHO CYIIECTBOBAHHE HOBOrO pesoHaHca ' Be(2') mpu
E;0s=3.4 MnaB.

3. Iloka3aHo, 4TO AJisi BOCIPOM3BEICHUS JaHHBIX M0 OeTa-pacnaay rajio-sapa
He B ot+d KOHTHHYyM-KaHal KpaiiHE  HEOOXOAMMO  HCIIONb30BATH
MUKPOCKOIMYECKH 0OOCHOBAaHHbIE 0d-MOTEHIMAIIBI C 3aMPEIIEHHBIM COCTOSTHUEM
B S-BOJIHE, BOCIIPOU3BOIAIINE (PAa30BbIE CIBUTY M YHEPTUU OCHOBHOI'O COCTOSTHUS.
B sTOoM ciyyae BKiIanbpl BHYTPEHHHMX M Trajo-KOMIOHEHT ['amoB-TemnepoBckux
MAaTpPUYHBIX 3JIEMEHTOB MOYTH MOJHOCTHIO MOAABISIOT APYT IPYyra, B PE3yJbTare
CyMMapHasi BEpOSITHOCTb II€PEXO0Jla CTPOr0 3aHMKEHA B COOTBETCTBUHM C
DKCIIEPUMEHTOM.
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4. Merox rumnepcpepuyecKkux TapMOHMK Ha Jlarpamxk-merie HpUMEHEH K
u3ydeHuio mpouecca MI-mepexoma m3obap-anazorosoro cocrostaums CLi(0) B
ocHoBHoe coctostane °Li(17) u o+d KOHTMHYyM-KaHad B TPEXYaCTHUYHOM
dbopmanuzme. Teoperuueckas oneHka 7.49 3B nmna mmpunsl M1-nepexona B
OCHOBHOE COCTOSIHHE XOpOUIO COTJIACyeTCs C SKCHEPUMEHTAIBHBIM 3HAYEHUEM
8.19+0.19 5B, a oneHka MarHUTHOrO MOMEHTA sjipa SLi u=0.86 B enuHUIIAX
AJICPHOTO0 MAarHeTOHa CJErkKa MPEBBIIIAET AKCHEpUMEHTalbHOe 3HaueHue 0.82.
[TonydyeHsl TeopeTHUECKHE OIEHKU s BeposiTHocTu MI-nepexona uzobap-
ananoroporo cocrosuusi 'Li(07) B o+d KOHTHHYYM 3a €IMHHIBI BPEMCHH H
sHeprun. MurerpanbHas mupuHa nepexoga 0.9 m»B xopomo cormacyercs ¢
pe3ynbTaTaMy MPEIbIAYIINX YIPOUIEHHBIX BhiuucieHnid. [lokazano, 9To m3o0ap-
ananorosoe cocrosiame °Li(0"), kax u siapo “He, MMeeT SpKO BBIPAKEHHYO Tajo-
CTPYKTYDY.

5. IomydeHbl TEOPETUYECKHE OLICHKH IJsi BEPOSATHOCTH OeTa-mepexonaa
rano-sapa |'Li B °Litd KOHTHHyyM-KaHal 3a CIMHHIBI BPEMEHH H SHEPIHH,
IIOJIHOCTBIO  COTJIACYIOIIMECS C HOBBIMH DKCIEPUMEHTAJIBHBIMUA  JAaHHBIMU.
HaiiieHOo, 4TO B 3TOM Ciydae OCHOBHYIO POJIb MIPAET PE30HAHC B S-BOJHE B
CUCTEME ’Li+d mpu omeprum oxomo 0.7 MbdB, HE3aBHCHMO OT TOTO,
WCIIOJIB3YETCS JIM MOTEHUHANI C KOPOM WJIM C 3alpelleHHbIMU cocTosiHusMU. [Ipu
ATOM TaJIO-KOMIIOHEHTBI CTPOr0 JOMHHHUPYIOT HaJl BHYTPEHHHMMHU KOMIIOHEHTaMHU.
Jns uHTErpaJibHOM BEpPOATHOCTH Iipolecca mosydyeHHas oueHka 7.3E-3 ¢’
HAaXOJUTCS BHYTPH  KOpPHAOpa  OIIMOOK  DIKCIEPUMEHTAIBHBIX  JAHHBIX
8.841.9 E-3 ¢! B o6mactu sneprun E > 0.2 M»B.

6. IlomydyeHsl TeopeTHYECKUE OICHKUA g Kod(DPHUIMeHTa BETBICHUS
(BepOSITHOCTH) ~ YHHKAIBHOTO OeTa-mepexoga  ramo-sapa ' Li B °Litp+n
TPEX4YACTUYHBIM  KOHTMHYYM-KaHaJl B pPaMKax KIACTEPHOW ITOTEHIHAIBHOU
Monenu. PazymHbIle ONEHKH UIsi KOA(pUIIMEHTa BETBICHHUS U HHEPrEeTHUECKOTO
pacnpeneneHuss  pacmaja  I[OJAY4YeHbl C  [OMOINBI0  MOAM(PUIMPOBAHHOU
KYJIOHOBCKOM BOJIHOBOM (YHKUHH, KOTOPask UMHUTHPYET PEATbHYIO BOJHOBYIO
¢bynkuuto. [lomyyeHHbsle oneHKH i KOA(DUIMEHTa BETBJICHHUS HAXOASTCS B
untepBasie 0.8E-10 — 2.2E-10, koTopble HAMHOTO MEHbIIIE, YeM JIJIsi OeTa-paciajia
sagpa °He B [CHTpOHHBIA KaHAi (2.6 =*1.3)E-6. IlpuumHoii MayoCTH
Kod(dduirieHTa BETBICHUS JJIsi TIEPBOrO IMpoliecca sBiseTcss manoe (Q-3HaueHue,
KOTOpOE€ CHJIBHO oOrpaHu4uBaeT ¢azoBoe mnpocTpaHcTBo. [lonHas BeposATHOCTH
OeTa-Tiepexojia UMEeT MOPSI0K 10%¢?,

7. TlomydeHbl TeOpeTHUYECKHE OIICHKM HJisi BEPOATHOCTEH OeTa-pacmajna
OJIHOHEUTPOHHBIX TAIO-AJIEP "Be, ’C u’'Ne B JBYXYaCTUYHBIE KOHTUHYYM-
KaHajbl B pPaMKax KIACTEPHOM MOTCHUMAIBbHOU Mozaenu. JUIsi MHTerpasbHOU
BEpOSTHOCTH Oera-mepexoja rano-sapa 'Be B 'Betp KOHTHHYyM-KaHAi
nonydena onexka 1.5E-9 ¢!, a mmst smpa °C — 2.7E-12 ¢”'. CooTBeTCTBYIOIIHE
K03 puimenTs BeTBeHns pasubl  3.0E-8 s sapa 'Be u 1.8E-13 — s spa
“C. Tonnas BEPOSITHOCTh OeTa-mepexoja sapa 'Ne B 3ONeer KOHTUHYYM-
KaHaJl MOKET BapbupoBath oT 0 10 10° ¢! B 3aBuCHMOCTH OT 3HAYCHMUS DHEPTUU
OTZEJICHUSI BAJEHTHOIO HEWTPOHA, KOTOpPOE B HACTOSLIEE BPEMS ILJIOXO
ONpeneNieHO U3 dKcrepuMenTa. [[ns sneprun otaenenus B unatepsaie 0.25 — 0.35
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M5B nosnHas BeposTHOCTh mnepexona ouenmBaercs B 3.3E-10 ¢, xoropas
npuBOIUT K otieHke 1.6E-12 mia koadduiimenTta BETBICHHUS.

I'1aBHBIA MTOr  TMPOBEJEHHBIX HCCIEAOBAaHUI CBOAUTCS K TOMY, YTO
pa3BUTHIE B JAHHOW padOTe MOTEHIMAIbHbIE MOAEIA MOTYT HE TOJIBKO aJI€KBAaTHO
ONMHCaTh  CYIIECTBYIOIIME  JKCIEPUMEHTAIbHbIE  JaHHble B 00JacTu
HU3KOOHEPreTUUECKON sAIepHON (M3MKM, HO U MpeAcKa3aTh HOBBIE CBOWCTBA
JETKUX SAEp, €CIIM apaMeTpbl MOJIETICH BBIOMPAIOTCS U3 YCIOBHS COTJIACOBAHMUS C
MHUKPOCKOIIMYECKUMHU CBOMCTBAMHM JIETKUX SJIEP.
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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,
"1i, "Be, “Be, "C, *'Ne. These nuclei have special properties such as small
binding energies and the extended one- and two-neutron low-momentum
orbitals (1=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 °Linucleus 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
MI-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 (‘°O) 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 30 model does not give satisfactory
results. The bound spectrum of this nucleus obtained with the help of the local ac-
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 ao-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 aa-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,
PC, *'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 3a 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 3o 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-FO076+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 '>C nucleus in the 3a 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

M 1- 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 fm and 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 o+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 been confirmed recently in the experiment with
E.(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. —1d.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, - 1d.01599, and M.J.G. Borge et al. Journal of
Physics G: Nuclear and Particle Physics, 2013. - vol. 40. — 1d.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 '*C 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
i1s 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 '*C nucleus in the 3a 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 l-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 1-dependent version of the
AB-potential yields a strong underestimation 1.523 MeV. For the calculations of
the 3a 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 Schrédinger 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 A,
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 Schrodinger 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 3a 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 o—cluster nuclei the Pauli principle
plays the exclusively important role, hence one can suggest a new way to build the
aa-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=a-+n+n and '“Be='"’Be+tn+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 V. 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-ry)/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

Vk v, Ky’ (p) = 8K,K’ 67,7’ Vs / [1+ (p/ p3)2] (2)
to the above two-body potential of the Woods-Saxon form,
where K and K'are hypermomenta,
v=(.1y,L,S) and vy'=(I's1,L',S") are three-body channels.

In fig. 1 the calculated phase shifts of the o+n+n system with J*=0" are
presented for the channel radius a;2=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 ['= 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 6He(0+) halo nucleus into the a+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(17) nucleus E=1.474 MeV and the phase shifts, but has an
additional Pauli forbidden state in the S-wave, folding potentials V¢, Vp , and
potentials V,°>', V,>, obtained by using the supersymmetric transformations from
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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 Vy, 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 a+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(17) and to the o+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(17) 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 u=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,, V¢, Vp, 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 MI-transition of the isobaric analog state °Li(0") to the
a+d continuum channel . The results for the folding potential V¢, 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 MIl-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
SLi(0") to the o+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 °Lit+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 i 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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®Li+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 -=->ILij +d +e+V

1,E+00

a  dW/dE(T)
o dW/dE(2)
—_ =W=0
— =5
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dW/dE, MeVA(-1) sA(-1)
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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 (1) = - (VgtiW,) exp(-o 1). (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 a=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 s 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
"Li — °Li+ptn+e+(] 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: S,, < (mn-mp-me)c2 ~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 Ui s
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-10s™ 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 t;, /In2, where t;p= 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, <
(m,-m,-m.)c ~782 keV, and the maximal allowed energy value in the centre of
mass system of the core and proton is Eq= (m,-m,-m.)c’-S,. 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 o+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 a+d continuum have been obtained. The integral width
of the transition 0.9 meV 1is 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, unique 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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