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V llopiuauky momaerses iHGopMaris npo GhyH-
JTAMCHTAJIbHI, HAYKOBO-TEXHIUHI Ta MPUKJIAIHI pO-
00TH, 110 BUKOHYBAIUCH B [HCTUTYTI simepHUX Md0-
caimkerb HAH Yxpaiau B 2007 p. o Illopiuanka
yBIfIUIM aHOTalii poOIT 3a HampsIMKaMmHu: siIepHa
¢izuka, aTOMHa eHepreTuka, pafianiliHa ¢isuka Ta
panmiamiiiHe Marepiaio3HaBCTBO, (i3MKka IIIa3MH,
pamioeKoIIoTis Ta paaio0ionoris; HABOAUTHCS Tepe-
JK CTPYKTYpHHX IiJIPO3AUIIB 1HCTUTYTY, CIIMCOK
myOmikamii y pedepoBaHUX XKypHaiax, IOMOBimen
CIIBPOOITHHUKIB iHCTUTYTY Ha MIKHAPOJIHUX KOH(eE-
PEHIISX, HANAEThCs 1HPOpMaIis mpo KoHQepeHilii,
Hapaau, npoBeaeHi inctutyToM y 2007 p., 1aHi mpo
MDKHApOJIHE CITIBPOOITHUIITBO IHCTUTYTY.
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TTepeamosa

Y 2007 p. B IHCTHUTYTI sAepHUX IOCITIIKEHb
HAH Vxkpainu npomoBkyBajloch BHKOHAHHS (YH-
JaMEHTaJbHUX, HAYKOBO-TEXHIYHHUX Ta MPHUKJIATHUX
poOiT 32 OCHOBHUMH HampsSMKaM{ JisSUTBHOCTI iH-
CTUTYTY, IO BKIIIOYAIOTh: SACPHY (Pi3UKy, aTOMHY
SHepreTHKy, pamgiamiiHy ¢i3uky Ta pagiauiiiHe Ma-
TEpiao3HABCTBO, (i3NKY TUIa3MH, PaliOEKOJIOTI0 Ta
paxmiobiosorito. AHOTaIii OCHOBHHX pe3yJbTaTiB,
onepxkanux y 2007 p., HoJ1aHO B IIbOMY IIOPIYHHKY.

VY nocnimkeHHAX 3 sAepHOi (Di3MKK 3HaYHA yBara
MOPUIIIATAck PO3BUTKY MAKPOCKOMIYHOI Teopii Ko-
JIEKTUBHUX MPOIECIB 1 €PEeKTIB y SACPHUX CUCTEMAX,
BUBYCHHIO peaKlliii 3 sapamMu pi3Hoi KoHDiryparii Ta
iX 0COOJMMBOCTSIM NPHU MPHUIIOPOTOBUX EHEPTisiX, Ti-
TaHTCHKHM DPE30HAHCOM B sifpax Ta iH. IIpoBemeHo
cepifo eKCIIEpHUMEHTANbHUX POOIT, KyAW BBIAIUIN
JOCITI/DKEHHST  MAaJIOHYKJIOHHMX — CHCTEM, MOy
sanep, 30y/UKeHHS 130MEpHUX CTaHiB, S/IEPHO-ATOM-
HuX e(heKTiB, MOBIHHOTO OeTa-po3maiy.

3HavHI 3yCHJUIA BUYCHUX IHCTUTYTY CIPSIMOBaHi
Ha PO3BUTOK aTOMHOI eHepreTuku kpainu. ¥ 2007
poui Oysio po3poOICHO HOBHIM MigXil 1O JOCHi-
JOUKCHHS aBTO-XBHIJILOBHX PEAKTOPIB IMOALUTY, JOCIHIi-
JDKYIOTBCS TIIIKPUTHYIHI CUCTEMH, ITPOBEIACHO MOHI-
TOPUHT HEUTPOHHUX TMOTOKIB IIIOYMX CHEPreTUYHUX
peaktopax VYkpaiHu. 3a mporpamor “3pasKiB-
CBIZIKIB” JOCIIHKEHO CTaH KOPITYCIiB JCSIKHUX pPEak-
TOPIB 1 31IHCHEHO IIPOTHO3 TEPMiHY pecypcy.

VY OpIYHUKY HABOASATHCS aHOTAIll JOCIIIKEHb
B o0nacTi TpaguuidHOi (i3MKH IJIa3MH Ta TEPMO-
SEpPHOTO CHHTE3y, a TaKOX 3 paiioeKosorii ta pa-
J110010JI0TIi, 110 TICHO MOB’s3aHi 3 MiCIIYOPHOOUIb-
CBKUMH TIpoOIeMaMH.

Cepen 3HaUYHUX BIOCKOHAJECHb SAEpHO-(PI3UIHUX
YCTaHOBOK HEOOXITHO BiJ3HAYWTH 3aBEPIICHHS
CTBOPEHHSI HOBOI Cy4acCHOi CHCTEMH YIIPaBIiHHSA i
3aXHCTY SAEPHOTO PEAKTOPa IHCTUTYTY.

JocnigHuibKi poOOTH B iHCTUTYTI BUKOHYBAJIUCh
y pamkax [Iporpamu ¢pyHIaMEeHTaNbHUX 1 IPUKITA]-

Hupexrop lHcTuTyTy simepaux nocnimkens HAH Ykpainu

akameMik HAH Ykpaiau

HUX JochijpkeHb HarioHanbHOi AkajneMii Hayk
VYkpainu, uiap0Boi MporpaMu HayKOBUX JOCIiIKEHb
“@dynmamMeHTaNbHI MpobiieMu B (Gi3WIl eleMeHTap-
HUX YaCTWUHOK, AJepHii ¢i3umi Ta siiepHidl eHepre-
tani”, ,,JlepxaBHoi mporpamMu (yHIaMEHTATBHUX 1
MPUKJIATHAX TOCHIHKEHD 3 MPOOIeMH BHKOPHUCTAH-
HS SJIEPHUX MarepianiB Ta SASPHHUX 1 pamialiiftHuX
TEXHOJIOTiH y cepi pO3BUTKY Taiy3eill eKOHOMIKH
Ha 2004 — 2010 pp”.

B iHCTHTYTI BHKOHYBajlach HHW3Ka pOOIT Ha roc-
MOJIapYO-IOTOBIPHUX YMOBaX, y THepIly dYepry, 3
ATOMHUMH CJCKTPOCTAHIIIMUA YKpaiHH, I1HIIUMU
MIiHICTEPCTBAMHU 1 BIJIOMCTBaMH, a TaKOX I[LIBOBI
MpOrpaMu 3a KOHTPaKTaMu 3 MiKHaApOAHUM areHT-
CTBOM 3 aTOMHOi eHeprii, YKpailHCbKUM HayKOBO-
TEXHIYHUM IIEHTPOM, E€BPOIMEHCHKUM IIEHTPOM
SITEpHUX JOCHIDKEHb Ta B KOOIEparii 3 IHITUMH
HayKOBHUMH IteHTpamMu €Bporw, A3zii Ta CIIA.

Binbm neranpaa iHGOpMAIis Mpo HaHBaKIMBIMI
HayKOBi 3J00YTKM CHIBpPOOITHUKIB 1HCTUTYTY HaBoO-
IUThCS B JaHoOMy mopiyHuKy. CHojiBarock, IO
YUTa4i 3MOXKYTh 3HAWTH B HHOMY IIKaBy Ta KOPUCHY
Ui ceOe iHpopMaIliio.

1. M. BumneBcrkui

IToBHuif Tekct Llopiuamka po3mimeno Ha BeO-cropini http://www.kinr.kiev.ua/Annual report/report07.pdf
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SlpepHO - Pi3uYHI ycTaHOBKU

HMuxnorpon Y-120

[uknorpon Y-120 6ys0 BBEJAECHO B if0 2 KBIiTHS — 1

1956 p. B Incturyti ¢izuku AH YPCP. Buenenwuii -
ITy90K MPUCKOPEHUX MPOTOHIB BIiepie OyJIo OTpH-
mano 21 mumaa 1956 p., a 3 5 TpaBus 1957 p. po3-
moyanucs mepiur HaykoBi focimimpkeHHs. B 1970 p.
OUKIOTPOH Y-120 mepedmoB y MmignopsaKyBaHHS
Tacturyty ssnepaux mociimkens AH YPCP.

LuK10TpoH 103BOJISIE OTPUMYBATH ITyYKH MTPOTO-
HIB, ICUTPOHIB Ta O,-4aCTUHOK 3 eHeprismu 6,8, 13,6
ta 27,2 MeB Binnosigno. MakcuManbHUi CTpyM BU-
BelleHOTo myuka jocsrae 50 MKA, MOHOXpOMAaTHY-
HicTh ~ 107, Ha Y-120 MOXHa OTpPUMYBATH TaKOX
MYYKHU [IPUCKOPEHHX 10HIB a30Ty 1 BYIJICIIO 3 €HEp-
riero 1o 1 MeB/nyxkioH.

Hocainnunbkuii peaktop BBP-M

[lepmmnit B YkpaiHi JOCTITHUIBKAN SAEPHUNA pe-
aktop BBP-M 0Oyno crnopymkeno B IacturyTti i-
3uku AH YPCP. ®i3nunuii myck peaktopa BigOyBcs
12 mrororo 1960 p.

Y 1970 p. peakrop Oyi0 mepenaHo 10 HOBOCTBO-
peHoro IHctutyty sinepaux nociimkens AH YPCP.

BBP-M - peaktop OaceifHOTO THITY TOTYKHICTIO
10 MBT 3 MakcHMaJTbHUM TIOTOKOM HEHUTPOHIB B aK-
TuBHil 30Hi 10 1,2-10' w/cM*c. KoHCTpYKTHBHO
peaktop Mae 27 BepTUKambHUX Ta 10 TOpHU30H-
TILHUX TEXHOJIOTIYHUX KaHAJIB ISl MPOBEICHHS
HAYKOBHX Ta MPUKIIAJHUAX JTOCIiKEHb.

Ba:kki 3axucHni 60kcu 17151 podoTH
3 BUCOKOPATi0aKTUBHHMHU MaTepiajamMu

€auni B YKpaini Baxki 3axucHi Ookcu ("rapsui
Kamepu"), sIKi TO3BOJISIIOTH ITPOBOUTH JOCIKCHHS
3 pajgiOaKTUBHHMH 3pa3KaMH aKTHBHICTIO [0
25000 Ki Oymu BBeneHi B eKcruTyarailito 23 BepecHs
1963 p. B xamepax po3TamioBaHe JAWCTAHIIHHO Ke-
poBaHe OOJIaAHAHHS IS TOCTIKEeHb (hi3nKo-Mexa-
HIYHUX BJACTUBOCTEH MaTepialliB, ONPOMiIHEHUX
BEJIMKUMH JI03aMH 10HI3yFOUOTO BHIIPOMiHIOBAaHHS,
30KpeMa 3pa3KiB-CBIAKIB METally KOPITYCIB peaKTo-
piB AEC Vxkpainu. Hapasi TyT nmpoBoAsTbCS poOOTH
3 MaTepiao3HABYOTO CYIIPOBOAY OE3MEeUHOI eKCILTY-
atauii AEC.

HIOPIYHUK - 2007 5



OCHOBHI I APO3AIJIN IHCTUTYTY

I3oxponHuii nukIOTPOH Y-240

Mepmmii B CPCP i30xpoHHM nuKI0TpoH ¥Y-240,
MpU3HAYCHUH Ui NpoBedeHHs (QyHIaMEHTaIbHUX 1
NPUKIaTHUX AOCHIIKEHb Yy ramy3i simepHoi ¢i3ukw,
Oyno BBeaeHo B nito 19 Oepesns 1976 p. Ilepmi
¢Gi3u4HI  eKCIEpUMEHTH TMPOBEACHO B JIIOTOMY
1978 p. Ha npuckopeHoMy 10 50 MeB mydky nporo-
HiB.

[IpuckoproBau 103BOJIIE OTPHUMYBATH ITYUKH
MPOTOHIB 3 IJIABHUM PETYNIOBAaHHAM iX €Heprii B
Mexax 10 - 75 MeB, nydkiB IEHTPOHIB 3 €HEPTIEIO
10 - 70 MeB, a TakoX IPUCKOPIOBATH BaXKKi 10HH 3
3apsigoM Z i macoro A 1o emeprii 140 Z*/A MeB.
MOHOXpPOMATHYHICTB Iy4Ka cTaHOBHTH 107 - 107, a
TP BUKOPHCTAHHI MOHOXpoMaTopa - 107,

EnexTpocTaTuuHMii nepe3apsiiHuii
npuckopioBay (tanaem) EI'TI-10K

EnextpocraTnuHnil nepesapsaaHUA MPUCKOPIOBAY
EI'TI-10K (Tamamem-reHepatop), NMpPHU3HAYCHUN IS
(GyHIaMEHTaJIbHUX 1 TPHUKIAJAHUX JOCTIDKEHb 3
saepHOi (QI3UKM Ta 1HIIUX rairy3ei HayKH i TeXHIKH,
OyJi0 BBEIEHO B eKCIUIyartamiro 26 rpymuas 1996 p.
miclsl PeKOHCTPYKLii fitodoro 3 1965 p. enekrpo-
CcTaTMYHOTO ImpuckoproBada EI'-5.

Ha mpuckoproBaui EI'TI-10K mokHa oTpumaTu
MyYKH OPOTOHIB, JEUTPOHIB Ta O- YACTUHOK 3 €HEP-
riero B mexxax 3 — 10 MeB 1a 3 — 15 MeB Biamno-
BimHO. TaHJeM Jae MOXIIMBICTh TNPUCKOPIOBATU
Ba)KKi 10HH y IIMPOKOMY Aiana3oHi Mac. CTpym myd-
Ka focsArae 5 MKA, MOHOXPOMAaTHYHICTh — 107,

CoJloTBMHCHKA Mi3eMHAa JadopaTopist

ConorBuHcbKa minzemHa snadoparopis [ HAH
VYkpaian (posramoBaHa B cMT. COJOTBHHO 3akap-
naTchbkoi 00J1.) BBeneHa B ait0 B 1984 p. Bona 30y-
JIOBaHa B JiIOYii CONsAHIN ImaxTi Ha rmuoduHi 430 M.
3aBISKH MMII36MHOMY pPO3TaNTyBaHHIO MOTIK KOCMi-
4HEX MIOOHIB momasineHo B 10* pasis mopiBHsAHO 3
MOBEPXHEI0 3eMJIi, MOTIK HEUTPOHIB € MEHIINM 3a
2.7-10° cm ¢!, KOHIEHTpalis pamoHy B HOBITPi
MeHa 3a 30 bx-m . JIaGopaTopis npu3HaucHa I
MOLTYKY 1 JOCHiPKEHHsI PIAKICHUX HpOoLEciB y ¢i3u-
i aTOMHOTO sIIpa Ta eJeMEHTapHUX YaCTHHOK: IO-
nBiliHOTO OeTa-po3maay aTOMHHX SIep, PIIKICHHX
anb(da- Ta OeTa-po3majiB, EK30TUYHUX MPOIECIB Ha
3pa30K po3Many €JIEKTPOHa Ta HYKJIOHIB, MEpeBipii
npuHIuny [laymi, monryky 4acTHHOK TeMHOi Mare-
pii, Toro.

6 IHCTUTYT SAJIEPHUX JOCJIDKEHb HAH VKPATHU



Biaainu

Cekuia anepHOl Qi3uku
Bignin Teopii sigpa
KepiBauk — noktop (i3.-MaT. Hayk,
wneH-kop. HAH Ykpainu B.M. Konomiens
OCHOBHI HaNpsSIMU HAYKOBOI JisTBHOCTI:

e JIoCHi)KEHHS MaKpOCKOIIYHOTO KOJIEKTHBHOTO
PyXy Ta piBHSHHS CTaHy B AIpax MPHU CKIHIEHHUX
TeMIepaTypax 3 METOI0 BHSBIIEHHS HOBHX BIIACTH-
BOCTEH sI7IepHOT (pepMi-piauHH.

e JlocmiKeHHA BIUTUBY €(eKTiB mam’ATi Ta mpo-
eCiB periakcarii Ha KOJCKTHBHI 30Y/PKEHHS B Sapax
Ta SIIEPHUI KOJEKTUBHUI PyX 3 BEIMKOIO aMIl-
JITYI010.

e Po3paxyHOK  TpaHCHOPTHUX  XapaKTEPHCTHUK
SJIEPHOTO KOJIGKTUBHOTO PYXY, TakhxX SK Koedi-
II€HTH JKOPCTKOCTI, 1HEPIIil, TEpPTs, Ta OMKUC 3 iX JO-
[IOMOT'OF0 BUMYIIIEHOTO MOJITY SACP.

e JlocmiKeHHA BIUTMBY OOOJIOHKOBOi CTPYKTYpH
Ha CTaTUYHI Ta JUHAMIYHI XapaKTEPUCTUKU Cepejl-
HIX Ta BOXXKHUX SEp.

e BuBucHHsS nuHaMiku (a3oBUX NEPEXOIIB 1 po3-
BHUTKY 00’€MHOI HeCcTaOUTLHOCTI 30y/KEHUX siep 3
MOJKJIMBHM 3aCTOCYBaHHSIM Teopii 0 po3paxyHKiB
MyJabTH(parMeHTamii saep Npu 3ITKHEHHI Ba)KKHX
10HIB.
e Po3paxyHKH (yHAaMEHTANTBHUX XapaKTEPUCTUK
(moBepxHeBa €HEPrisl, CHEPris 130TOMIYHOI CUMETPil,
MOJIyJb CTUCHEHHS, IPOCTOPOBUM PO3MOALT HYKIO-
HiB, MTapaMeTp CTATHCTUYHOI TYCTUHH PIBHIB) fA1€ep,
BiAJaaeHuX BIJI JOJIUHHA CTAOLILHOCTI.

Binain sinepuoi ¢izuku

KepiBauK — 1OKTOp (i3.-MaT. HayK,
c. H. ¢. [.O. Kopx

OcCHOBHI HanPAMH HAYKOBOI MiSIIBHOCTI:

e EkcmepuMeHTambHI AOCTIIKEHHS TIepepi3iB B3a-
eMozii HEHTPOHIB cepenHiX eHeprid i3 aTOMHUMH
SpaMH METOJIaMH MPENU3iiHOT HEHTPOHHOI Ta raM-
Ma-CIEeKTPOMETPIii.

e JlocmigKeHHS MEXaHI3MIiB B3a€MOIl IIBUIKHX
HEUTPOHIB 3 aTOMHUMH SIIpaMHU Pi3HOI CTPYKTYpH
30yI)KEHHUX CTaHiB.

e MeToau BU3HAYEHHS CEPElHIX PE30HAHCHUX IIa-
pameTpiB i3 mepepi3iB NPY>KHOTO PO3CISHHS HeEW-
TPOHIB MapHO-TIAPHUMH SApaMH B 00JIaCTi HU3BKUX
EHeprii.

e Teopis nudpakiiiiHoro 06araTopa3oBoro posci-
SIHHS IS TIPOLIECIB MPY>KHOTO Ta HEMPY>KHOTO PO3-
CISTHHS aJIpOHIB SIIPaMH.

L[OPIYHUK - 2007

Ta na6oparopii

e Po3poOka Ta BHUTOTOBJICHHS PI3HOMAaHITHUX BH-
po0iB, 0 CKJIAAY SIKMX BXOJIUTH TPUTIMH.

Binain snepHux peakumiii

KepiBauk — kagauaar i3.-Mat. HayK,
c. H. c. FO.M. IlaBnenko

OCHOBHI HaIPsIMHU HAYKOBO{ MIsITHHOCTI:

e EkcnepuMeHTaNnbHI JOCHI/DKEHHS SICPHUX pe-
aKmii Ha MydYKax JIETKUX 3aps/UKEHHX YaCTHHOK,
BaXKMX 10HIB Ta BTOPMHHUX PaJi0aKTHBHUX SAEP
IIPY HU3BKHX Ta CEPE/IHIX SHEepTisX.

e BusHaueHHs MeXaHi3MiB mepeOiry OiHapHUX Ta
0araTo4aCTHHKOBUX PEaKIiil 3a yd4acTi0 MaJOHYK-
JIOHHHUX SIIIED.

e JloCHmiKeHHSI CTPYKTYPH CIIA0KO3B’sI3aHUX sIIEp
Ta SA€p 3 HEUTPOHHUM HaJJIMUIKOM, BJIACTUBOCTEH
po3many He3B’s3aHUX CTaHIB JICTKUX sJiep B Oararo-
YaCTHHKOBUX PEAKILisX.
e JloCmiKeHHST PO3MOALTY TYCTHHH SICPHOI Ma-
Tepil B peakiisix pO3MICIUICHHS JIETKUX saep. Bu-
3HAYEHHsI 130TOMHHUX 3aJIeKHOCTEH IOBHUX TIIepe-
pi3iB peaxitiii.

Binain ¢izuxu Bucokux eneprii

KepiBauk — mokTop (i3.-mar. HayK,
mpocecop B.M. Ilyrau

OCHOBHI HaNPSAMH HAYKOBOI MisITBHOCTI:

e BumipioBaHHs MONEPEYHUX MEPEPi3iB MPOLECIB,
10 TPOTIKAIOTh Yepe3 YTBOPEHHS Ta po3maja pi3HUX
KBapKOBHX CTaHIB MPH B3a€MOJIii IPOTOHIB 3 €HEPTi-
€10 920 I'eB 3 ssgpamu.

e JlocmKeHHS MOpYyIIeHHS KOMOIHOBaHOI map-
HOCTI TIpu po3naji B-me30HIB, yTBOpHOBaHHX NpHU
B3a€EMOJIIi TMPOTOHIB 3 TPOTOHAMH TIPH CHEpPTil
14 TeB.

e Po3poOka HOBHMX METOMIB Ta TEXHIKH IS €KCIIe-
PUMEHTIB 3 (Pi3MKH BUCOKHUX €HEPTii.
e PO3BUTOK Teopii MOXITHUX KaTETOpi 3 METOIO
00UYnCIICHHS CIIEKTPIB BIJOMUX aJIPOHIB Ta Mepemda-
YCHHS HOBHX.

Binain Teopii snepHux peakmii

KepiBauK — OKTOp (i3.-MaT. HAYK,
npodecop K.O. Tepenenpkuit

OCHOBHI HanpsiMK HAYKOBOI AisITBHOCTI:
o ODyHaaMeHTaANbHI TUTaHHS TEOpii SAACPHHUX pe-
aKIid Tpy HU3BKUX eHeprisfx. TeopeTudyHe MOCia-
JKEHHS TUHAMIKA B3aeEMOMII cJ1a0K03B’ A3aHUX 10HIB 3
ATOMHHUMH siipaMu. J{OCITiIKEHHS TPOIECiB KIIacTe-
pu3amii, moysipu3anii Ta ¢parMeHTanii y saepHUX
peaKwisx.



OCHOBHI I APO3AIJIN IHCTUTYTY

e TeopeTn4He MOCITIPKCHHS KIACTEPHOI CTPYKTY-
pH JIETKUX smep Ta ii MPOSBIB y SAASPHUX PEaKITisX.
Po3pobka MIKpOCKOMIYHOT TeOopii B3aEMOIl TaKMX
sep 3 BpaXyBaHHSM JIBO- Ta TPUTUIFHUX KaHAMIB.

e SnepHi peakuii mpu nMpoMiKHUX eHeprisx. Teo-
pEeTHYHE NOCHTIKEHHsI MPOLECiB B3aeMoAii rimep-
SIep Ta eK30THYHHX S/ep 13 3BHYAHHHMU SAPAMHU.
BuBYeHHs 3apsi00OMIHHHUX TPOLIECIB 3 YTBOPEHHIM

A" pesonanciB. JI0CITi/DKEHHS KIACTEPHOT CTPYKTYpH
anep.
e [IpoGnemu i3uKH peakuiil 3TUTTS BaKKUX 10HIB.
Po3poOka HOBHMX METOMIB CHUIBHOTO aHAI3y IMepH-
(hepifHUX peakIliii Ta peakilii 3IUTTS BaKKHUX 10HIB.
Bingis ctpykrypu siapa
KepiBauK — mOoKTOp (hi3.-MaT. HAYK,
akagemik HAH Ykpainu [.M. BumrneBchkuit
OCHOBHI HaNPSIMH HAYKOBOI JisITHHOCTI:

e EKchepuMeHTanbHe JOCTIIKECHHS! CTPYKTYypH Ta
BJIACTUBOCTEH 30yDKEHUX CTaHIB aTOMHHX SIIEp, 1110
3aCeISIOTHCS K Yy pallioaKTHBHOMY PO3Maji, TaK i Ha
My4YKax 3apsKCHUX YACTHHOK.

e JlocmimKkeHHS MEXaHI3MIB SIEPHHUX pPEeaKIliii me-
TOJIOM 130MEPHHX BiJHOIICHb Ta HA Iy4YKax 3aps-
KEHUX YaCTHHOK.

e JloCHiUKEHHS aTOMHO-SICPHUX IPOIECIB, M0
MPOTIKAIOTh 33 yYacTI 3B’S3aHUX AaTOMHHX eJIeK-
TPOHIB.

o BuBueHHs edexTiB BUIIUX MOPSAAKIB Y TpoIiecax
PamioaKTUBHOTO PO3MAaAy Ta BHYTPIIIHBOI KOHBEpCii
raMMa-IpoMEHiB.

e JlocmimkeHHs BIUNIMBY HachiakiB aBapii Ha HAEC
Ha JIOBKULIS Ta JIIOJIUHY.

e Po3pobka Ta CTBOPEHHS CY4acHHX HaIiBIPO-
BIJTHHKOBUX CIIEKTPOMETPIB, IPOrpaMHOTo 3abe3re-
YeHHS U1 00pOOKH CIIEKTPIB.

Binain nonspuzaniiinux npouecis

KepiBaUK — OKTOp (i3.-MaT.HAYK,
c.H.c. }O0.B. Kibkano

OCHOBHI HanpsIMH HAYKOBOI AisTBHOCTI:

e EKcnepuMeHTanbHI JOCTIIKCHHS TOJSIpHU3aIliii-
HUX e(EeKTiB B sIEPHUX peakLisxX Ta CIHOBOI 1 i30-
CITIHOBOI 3aJIKHOCTI SACPHOT B3aEMOI.

e ExKcrnepuMeHTaNbHi JOCHTiPKEHHS BIUIUBY €HEprii
30yIUKEHHSI ¥ MOBHOTO KyTOBOI'O MOMEHTY Ha Ma-
COBI, 3apAJOBiI Ta €HEPreTUYHI PO3MOIITH YIaMKiB
MOJTy aTOMHHX sI7Iep, YTBOPEHHX y peakwisix i3 3a-
PAIKCHUMH 10HaMHU.

e Po3poOka i CTBOpPEHHS KEpem IMOJIIPHU30BAHNX
10HIB Ta JOCHIJKCHHS NTUHAMIKU CITiHIB B €JIEKTPO-
MarHiTHUX TOJIIX TPH TPAHCIIOPTYBAaHHI TOJISIPU30-
BaHUX YaCTHHOK.

e Po3poOka HOBHX TEXHOJIOTIH I BUTOTOBJICHHS
MillIeHeH 13 30aradeHuX i30TONaMu MaTepiajiB s
saepHoi (i3UKM Ta IHIIMX 3aCTOCYBaHb B Hayli i
TeXHIL.

Bingin sanepHoi cnekTpockomii

KepiBHUK - mOKTOp (i3.- MAT.HAYK,
c.H. ¢. B.T. Kynpsmkin

OCHOBHI HaNpsAMU HAYKOBOI AisTBHOCTI:
o JIOCHII)KCHHS BJIACTUBOCTEH EJICKTPOHIB OJIM3b-
koHynpoBOi eHeprii (E ~ 1 eB) B pamioaktuBHOMY
po3maji Ta Ha My4Ky 3apsSAKeHUX YaCTUHOK.
e ExcrnepuMeHTanbHi JOCTIHKEHHS pafioaKTHBHO-
IO pO3May 3a JI0INOMOI'0I0 raMMa - CIIEKTPOMETPIB.
o JlocmiKeHHS MEXaHi3My 1 BIAaCTUBOCTEH IMpolie-
cy “crpycy” mpu P-po3mani Ta BHYTPIIIHIA KOH-
Bepcii raMMa-IpoMeHiB.
e Po3poOka METOOWKH MPEUU3iiHUX BHMIpIOBaHb
eHeprii 30yPKeHUX CTaHIB aTOMHUX SAEp.

Bignia ¢izuxu genrtonis (http://lpd.kinr.kiev.ua)

KepiBauK — OKTOp (i3.-MaT. HAYK,
c. H. ¢. ®.A. [laneBuy

OCHOBHI HamnpsIMH HAYKOBOI JisTbHOCTI:
o JlocmimKkeHHs IOBIMHOTO OeTa-po3maiy.
e Busuenns pinxicanx (3 Ty > ~10" p.) anbda- i
OeTa-po3maaiB aTOMHHEX S7Ep.
o [lomnryku 4aCTHHOK TEMHOI MaTepii.
o [lomryku eK30THYHHX MPOIIECIB, IO BUXOIATH 32
pamku CrapgapTHOi Mojmeni (po3maj eleKTpoHa 3
MOpPYIIEHHSIM 3aKOHY 30€peXeHHS eJIeKTPUYHOTO
3apsmy, po3maa HYKJIOHIB Ta Map HYKIIOHIB, Oera-
po3naz i3 He30epeKEHHSM EeNEKTPUYHOTO 3apsiay,
nopywenHss npunuuny I[laymi, mepexomu simep y
HAAIIUTPHUNA CTaH, SAEpPHI pO3Magdl 3 BHIIPOMi-
HIOBAaHHSM KJIaCTEPIB TOIIIO).
e Po3poOka HU3PKOPOHOBUX CHUHTUJIAIINHHUX JIe-
TEKTOPIB.

Binain ¢izuku BaxKkux ioHiB

KepiBauK — moKTOp (Pi3.-MaT. HAyK,
mpodecop A.T. Pyaank

OCHOBHI HaNPSAMH HAYKOBOI MisITBHOCTI:
e ExcrnepuMeHTanbHE TOCTIHKEHHS SICPHHX pe-
aKIii Ha MydYKax JIETKUX 1 BaXKHX I1OHIB IIpHU
B3a€EMOJIIT iX 3 JIESTKUMHU SIIPAMH.
e MexaHi3MH SAEPHUX PEAKIIIH 1 CTPYKTypa siep.
e Snpo-samepHa B3aeMomis Ta I ONTHUYHUEN MO-
TEHIa.
e Ex30THuHI siapa Ta peakilii 3 eK30TUYHUMHU PO-
TyKTaMH.
e JloporoBi Ta aHOMaibHi e(eKTH B PO3CISIHHI
anep.
e SlnepHa ¢i3uka MaJOHYKIOHHHUX CHCTEM.

IHCTUTYT AJIEPHUX JOCJIIPKEHb HAH YKPATHU



BIJIUI TA JIABOPATOPII

Binais sinepHo-aTOMHUX npoueciB

KepiBauk —nokTop i3.-mMaT. HayK,
npocecop O.1. JIeBoH.

OCHOBHI HaNPSIMH HAYKOBOI JisITHHOCTI:
e EKclepuMeHTanbHE JOCTIMKCHHS CTaTHYHHUX
MAarHiTHUX JUIOJBHUX Ta EJEKTPHYHUX KBaJApy-
NOJBHUX MOMEHTIB 30y/KCHUX sIep Ta WMo-
BipHOCTEH €JIEKTPOMArHITHUX MEPEXO/iB.
e On-line y -cnekTpocKomist Ha My4yKax 3apsixe-
HUX YaCTHHOK Ta BAKKUX 10HIB.
e CHeKTpoCKOIIisg B peakiisx nepenad.
e Po3poOka Ta BHpPOBAaIKEHHS METOIIB SOEPHOIO
MiKpoaHaii3y Ha 10HHHX ITy4YKax JAJsl AOCIiIKEHHS
MaTepiaiiB: pe3epdopaAiBCHKOTO 3BOPOTHOIO PO3Ci-
SIHHS1, IPY>KHOT'O PE30HAHCHOT'O PO3CIsIHHSA, SACPHUX
peakiii, XapaKTepUCTUIHOTO PEHTTEHIBCHKOTO BH-
NPOMiHIOBaHHs. Po3IMpeHHs iX aHANTITHIHUX MOXK-
JMBOCTEH 3aBISKU TOEJHAHHIO 3 BHUKOPUCTAHHIM
Opi€HTaIHHNX e(eKTIiB y KPUCTATIYHUX MaTepia-
nax.
e PagiocnekTpockomiuHi OCTiPKEHHS paialliii-
HHX TOIIKO/KECHb Y KPHCTallaX OPraHiuHUX CIIONYK.

JlaGopaTtopist 4acoBOro aHaJjisy sijiepHMX Ipo-
necis

KepiBHHK — JOKTOp (i3.-MaT. HAYK
npogecop B.C. OnbxoBchkuii

OCHOBHI HaNpsIMU HAYKOBOI AisUTBHOCTI:
e TeopernuHi MOCIHIHKEHHS MPOIIECIB TYHEIIOBaH-
HSl YACTHHOK 1 iIep KPi3b Pi3HI TUIH NOTEHIIaTbHUX
Oap’epiB.
e JloCHiJUKEHHS TajbMIBHOIO BHUIIPOMIHIOBAHHS
(doToHiB y mporecax anbha-posnaay.
o TeopeTnuHi JOCHIJXKEHHS TMPOLECIB EBOJIOIIT
po3nany pafioakKTUBHUX SAEP.
e Po3poOka MeTomy IOCHIIKEHHS TYHEIIOBaHHS
YaCTUHOK TPH HASBHOCTI KBAHTOBOTO TEPTSI.
e BrockoHaneHHs METOJIB SAEPHOT XPOHOMETPIT i3
BpaxyBaHH;IM 30yIKEHHS PpalioOakTHBHUX sIep Y
IPUPOAHUX IpoLEcax.
e JlocmimKeHHS KIHCTUKM Ta JWHAMIKH JICITOH-
SITEPHUX 1 aIPOH-SIIEPHUX 3ITKHEHb.

Binnin sinepHoi enekTpoHiky Ta 3aco0iB aBTO-
MaTu3auii

KepiBHUK — KaHAMJAT TEXH. HAYK,
c. H. c. A.Il. Boiitep

OCHOBHI HampsMA HAYKOBO-TEXHIYHOI JIisUTb-
HOCTI:

e JlocmimkeHHs Ta po3poOka METOIIB i 3aco0iB
300py, HAKONMYEHHs Ta aHaji3y AaHUX sAepHO-di-
3WYHHUX €KCIIEPUMEHTIB.

L[OPIYHUK - 2007

e Po3poOka TpHUCTPOIB SIIEPHOI EIEKTPOHIKK Ta
CTBOPEHHSI Ha 1X OCHOBI CHUCTEM JUIsl aBTOMaTH3aIlil
EKIIePUMEHTAIBHUX JOCTIKeHb Ha sIepHO-(i3ud-
HUX YCTAHOBKAaX IHCTUTYTY.

e Po3po0ka cremianizoBaHOTO MPOTPAMHOTO 3a0€3-
MEYCHHA Ui aBTOMAaTHU30BaHUX CHCTEM SIEpHO-
(hi3MYHUX EKCIIEPUMEHTIB.

e Po3pobOka mporpamMHoro 3ade3medeHHS I 00-
pOOKM JaHWX Ta TEOPETHYHUX PO3PAXyHKIB y siep-
Hil ¢i3uii.

e Po3pobOka Ta aHaMi3 METOMIB 1 3aCO0IB TIiBUIICH-
HS €(DEKTUBHOCTI POOOTH KOMIT IOTEPHUX MEPEXK.

e HaykoBo-TexHi4HE 3a0e3NECUCHHSI EKCIIEpUMEH-
TaJIbHUX POOIT Ha AAepHO-(pI3NIHUX YCTaHOBKAX iH-
CTUTYTY.

® PO3BHTOK Ta eKCIUTyaTalis JOKaJIbHOI KOMI I0-
TEPHOI MepexXi iHCTUTYTY.
JlabopaTopis ¢iznKko-TeXHiYHUX MPOOJIeM
JKepeJt si/IePHUX BUNMPOMiHIOBaHb
KepiBHHUK — KaHIUIAT TEXH. HAYK
M.®D. Konomienb
OCHOBHI HanpsSMU HAYKOBO-TEXHIYHOI JiSUTBHOCTI:

e Po3poOka Ta eKCIIEpUMEHTANbHE JOCIiIKEHHS
(I3UKO-TEXHIYHUX XapaKTEPUCTUK METaJIO-TPHUTIE-
BUX (IeHTepieBUX) CTPYKTYP.

e Po3poOka Ta eKCIIEpUMEHTAIbHE AOCIiIKEHHS
(hi3UKO-TEXHIYHUX XapPaKTEPUCTHK siepHO-(i3ny-
HUX TPWIAAIB HA OCHOBI METAJIO-TPUTIEBUX (JIeiTe-
piEBUX) CTPYKTYD.

e Po3poOka Ta eKCIIEepUMEHTANbHE JOCIiIKEHHS
(hi3UKO-TEeXHIYHUX XapaKTePUCTUK SIEPHUX BHUIIPO-
MIHIOBaHb HAa OCHOBI METalO-TPUTIEBHX CTPYKTYP,
MillleHeW JAJs TPUCKOPIOBadiB 3apsPKEHUX YacTH-
HOK, TOIIO.

e Po3po0Oka Ta gociimKeHHs (i3UKO-TeXHIYHUX Xa-
PaKTEPUCTUK MaJIOra0apuTHHUX BIIIASHUX HPUCKO-
PIOBaNBHUX TPYOOK JJIs TeHepallii HEMTPOHIB.

e Po3poOka Ta mochijpKeHHS TeHEepaToOpiB TEepMO-
SICPHUX HEHUTPOHIB Ha OCHOBI MPHUCKOPIOBAIBHHMX
TpyOOK.

e Po3poOKa TEXHOJIOTIYHUX METOIB BUTOTOBIICHHS
BHUII€3a3HAYCHUX MPHUCTPOIB Ta 3MIHCHEHHS TEXHO-
JIOTIYHUX TPOLIECIB iX BUTOTOBJICHHS.



OCHOBHI I APO3AIJIN IHCTUTYTY

CeKLia aTOMHOT eHepreTUku
Bignin Teopii ssnepHux peakTopis
KepiBauk — noktop (i3.-MaT. HayK,
npogecop B.M. I[1aBnoBuu
OCHOBHI HaNpPsSIMU HAYKOBOI JisTBHOCTI:

e TeopernuHe AOCTiKECHHS MTUTaHb OE3MEKH sIIep-
HUX PEaKTOPiB y CTAIIOHAPHUX i MEePEeXiTHIX PEXKH-
Max.

e PO3BHUTOK METOJIB JiarHOCTHKH CKYM4YeHb SACp-
HOHEOE3MEeYHNX MaTepiajiB, IO IUIATHCSI, 00’ €KTY
«YKpHUTTS» Ha OCHOBI JIUCKPETHHX CTATHCTUYHHX
MoJeneil HEWTPOHHUX IIyMiB. PO3BUTOK MeTOAMK
BHMIpIOBaHHS KOe(]iliEHTy PO3MHOKEHHS Ta BHIO-
PSIHHA HanuBa y INIMO0KO MIAKPUTHYHHUX CUCTEMAX.

e JlocmiKeHHS CTaliOHapHUX 1 TMepexiTHuX pe-
KUMIB O€3MeYHrX SAEPHUX PEaKTOpPiB HOBOTO IIO-
KOJNIIHHS. AHaITHYHE Ta YHCEJIbHE JOCIIIKEHHS
IMIBUIKUX PEAaKTOPiB HA TOBUIBHIN XBHIJI SACPHUX
moniniB (peaktop PeoxricroBa). CTBOpeHHS (i3nd-
HOT KOHIICIIi BHCOKOIMOTOYHOI'O MiJKPUTHYHOIO
JOCIIIJHULBKOTO PeakTopa.

e AHami3 pPi3HOMaHITHHX HENiHIMHUX Ta cToxac-
TUYHUX HEHUTPOHHHX MPOIECIiB y LIMPOKOMY [iama-
30H1 30ypeHb BiJ] 0OEpHEHNX 3B’SI3KiB Ta KEPyBaHHA,
CTaIllOHAPHUX Ta HECTAI[IOHAPHHUX PEXHMIB y KpH-
TUYHOMY CTaHi, Mex cTiiikocti. [ToOynoBa camoy3-
TOKEHOI HENIHIMHOT MoIenl KIHETHYHUX SBHUIIL
HEHTPOHHOI CHUCTEMH Y KPUTHYHOMY Ta IIiJKpH-
TUYHOMY CTaHaXx.

Bingin mpo6Gaem no3uMmerpii siiepHUX peak-
TOpiB

KepiBauk — kanaugar ¢i3.-mMaT. HayK
B.M. bykaHoB

OCHOBHI HaNpsIMU HAYKOBOI JisTBHOCTI:

e JlocmimkeHHa mporecy (HopMyBaHHS W MOIIHU-
PEHHSI HEUTPOHHOT'O MOTOKY B CEPENOBHII SACPHO-
IO €HePreTHYHOr0 PEaKkTopa.

e Po3po0OKa Ta BIOCKOHAJICHHS Cy4YacHUX HAYKOBO-
OOTPYHTOBAaHHUX METOAWK IO3MMETpii 3pa3KiB-CBil-
KiB, Kopirycy peakropa tunry BBEP ta BHyTpimHbO-
KOpPILyCHHMX IIPUCTPOIB.

e BusHaueHHs YMOB ONPOMIHIOBaHHS, MOTOYHOTO
Ta HAKOMMYEHOTO pajiamiiHOro HaBaHTaXEHHS KOp-
MyCcy peakTopa Ta BHYTPILIHBOKOPITYCHUX HPUCTPO-
1B mirounx eHepreTnyHuX peakropie AEC Ykpainu.

e BusHaueHHs (yHKI[IOHATIB HEHTPOHHOTO IOTO-
Ky, IIIO Jli€ Ha 3pa3KHu-CBIIKM METaIy KOPIyCy peak-
TOpa, sIKi onpoMiHioBaiucsa y peaktopi BBEP-1000.
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Binmisn HefiTpornoi Qizukn
KepiBHrK — Kanauaar ¢i3.-MaT. HayK,
c. H. ¢. 0.0. I'pumait
OCHOBHI HaIlpsIMU HAYKOBOI MIsTEHOCTI:

e JlocmimkeHHS SAEpHO-(I3MIHIX XapaKTEPUCTHK
aTOMHHMX sfep Ha KuiBcbkoMy NOCHITHMIBKOMY pe-
aktopi BBP-M.

e BusHaueHHS HEUTPOHHHUX IEPEPi3iB MPU B3aEMO-
Ii1 KBa3IMOHOCHEPTETUYHNX HEUTPOHIB 3 CepelHIMU
eHeprismMu Bix teruioBux 1o ~ 150 keB 3 Bucokoro
TOYHICTIO 3 METOI0 OTPUMAaHHS OJTHO3HAYHUX sJep-
HO-(I3UYHUX XapPaKTEPUCTHK, HEOOXiTHUX JJISI pO3-
BUTKY MOJCILHHUX YSBJICHb IIPO MEXaHI3MHU B3aEMO-
Il HEUTPOHIB 3 AApaMHu.

e BusHaueHHs nepepiziB peakuiidl 3 BHIBOTOM 3a-
PSKEHNX YaCTHHOK 3 METOI0 BHBUEHHS NPOLECIB
emicii 3apaKeHNX YaCTHHOK.

o JlocmimKkeHHS] TaMMa-CIIEKTPIB 3 peakilii ycepen-
HEHOTO 110 pEe30HAHCaX paiallifHOTO 3aXOIICHHS
HEHTPOHIB 3 METOI0 OTpHMaHHs iH(popMauii mpo
CITIiHU Ta MapHOCTI 30y KEHUX CTaHIB sIep.

e BrockoHaneHHs ICHYIOUMX Ta BIIPOBAKCHHS
HOBHX EKCIIEPUMEHTAJIBHUX METOIUK, po3poOKa Ta
BIIPOBA)KEHHSI HOBUX HEUTPOHHUX (IIBTPIB (B TO-
My YHCHi Ui 3a7a4 OOp-HEWTPOH 3axBaTHOI Te-
parii).

e 3ale3nevyeHHs AISUIbHOCTI YKpaiHCBKOTO LIEHTPY
snepanx nanux (http://ukrndc.kinr.kiev.ua): xommi-
TSI eKCIICPUMEHTAIBHUX SIICPHUX JaHUX YK-
palHChKUX BUEHUX Yy MixkHaponHy cuctemy CSISRS;
HAKOINMUYEHHS Ta OHOBJICHHs iH(popMaIiiiHoi 0a3u
U TPOBENEHHA AAepHO-(I3MYHUX PO3PaxyHKIB;
PO3MOBCIOJUKEHHSI KOMIT FOTEPHUX IPOrpaMm  JUIs
(dhyHIaAMEHTATFHUX 1 IPUKIIATHAX PO3PAXYHKIB.

Binaisn gociiHMIBKOTO A1EPHOTO peaKkTopa
KepiBauK — moKTOp (Pi3.-MaT.HAYK,

c. H. c. B.I. Cnicenxko
OCHOBHI HanpsIMU HAYKOBOI JIiISITBHOCTI :

e HaykoBo-TexHiYHa MiATpUMKa eKcIuTyaTamii o-
CIIITHUIBKOTO SIIEPHOTO PEaKTopa.

e JlochmiKeHHS HHU3bKOSHEPTeTHYHHUX 30YyIKECHb
KOH/ICHCOBAHOTO CTaHY PEYOBHUHU (KOIWBaHHS aTO-
MiB 1 MOJIEKYJI, Tu(y3is aTOMIB i MOJIEKYJI, epeKTH
KPHCTIIYHOTO €JIEKTPUYHOIO MOl B CIIOJIyKax Pif-
KO3EeMEJIbHHUX EJEMEHTIB) 3a JOMOMOTOI0 CIIEKTPO-
CKOTIi1 MOBIJIbHUX HEUTPOHIB.

e JlocmimxeHHs sAep, IO AUIATHCS, 33 JOIOMOIO0
CIIEKTPOMETPii MHOKHHHOCTI.

e Po3po0Oka pamialiiHUX TEXHOJOTiH, 30KpemMa OT-
pPUMaHHS paliOaKTUBHUX 130TOIIIB.

e Po3poOka MeTOAiB BU3HAUYEHHS BMICTY palioak-
TUBHHUX PEYOBHH, IO JIJISITHCS.

IHCTUTYT AJIEPHUX JOCJIIPKEHb HAH YKPATHU
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BIJIUI TA JIABOPATOPII

HapyanbHuii neHTp 3 Pi3MIHOrO 3aXHCTY,

00JIiKy Ta KOHTPOJIIO SI/IEPHOT0 MaTepiary

KepiBHuK — kaHIuAaT (i3.-MaT. HAYK
B.1. I'aBpumtok

OCHOBHI HampsiMH HayKOBOi Ta OCBITHBOI MisTb-
HOCTI:

e Po3poOKka HOPMATHBHO-NIPABOBHX aKTiB 3 (i3uy-
HOTO 3aXHCTY, OOJIIKY Ta KOHTPOJIO SACpHUX Mare-
piamis.

e HayKoBO-TeXHIYHHI CYNpPOBiX Ta y4acTh y Mpo-
BEJICHHI JIepKaBHOI €KCIEPTH3H B rairy3i oOJIiKy Ta
KOHTPOJIIO SACPHUX MaTepialiB, (i3MYHOTO 3aXHCTY
SIIEPHUX YCTaHOBOK, SIIEPHUX MaTepiaiiB.

o [limBumenHs kBamidikamii (haxiBmiB 3 Gi3uIHOrO
3aXUCTY, 00Ky Ta KOHTPOJIIO SACPHAX MaTepialliB.
e Po3poOka Ta BIpOBaKEHHS HA SACPHHUX YCTaHO-
BKax YKpaiHH aBTOMAaTH30BaHUX CHCTEM OOJIKy Ta
KOHTPOJTIO SJIEPHUX MaTepiaiiB.

e Po3pobOka MeTonmiB HEPYyWHIBHOTO KOHTPOJIO
snepraoro mannBa AEC Ykpainu.

e Qpranizamis Ta IPOBEICHHSI HAYKOBO-TEXHIYHUX
KoH(]epeHLil, podounx 3ycTpidueld, ceMiHapiB 3 ak-
TyaJbHUX NHTaHb (I3UYHOTO 3aXUCTy, OOJIKY Ta
KOHTPOITIO SIZIEPHUX MaTepiaiB.

HaBuanbHuil LeHTp CHIBIIPALIOE 3 HALliOHANBHU-
MU JaboparopisiMu  MiHicTepCTBa  EHEPreTHKH
CUIA, 3 O6’emHaHUM JOCTITHAIIBKAM IICHTPOM €B-
pomeiicbkoi komicii, MAI'ATE, HaBuanpHUME TI€H-
TpaMH 3 (I3UYHOTO 3aXUCTY, OOJIKY Ta KOHTPOJIO
Pociticekoi ®exepartii, 3 migpo3aiiaMu MiHnanuBe-
Hepro, MHC, JlepxxatomperymoBannsi, MBC Ta
CBY VYkpainu, npu4eTHUMHU 10 Qi3UYHOTO 3aXUCTY,
00Ky Ta KOHTPOJIIO SIAEPHUX MaTepialis.

Y HapuanpHOMY IEHTpi TiABHINYIOTHh KBamidika-
uito Qaxisuis Ykpainn, CHJ] ta bantii. MAT'ATE
cninpHO 3 HaBuanbHUM LEHTPOM NMPOBOIUTH PETio-
HaJbHI HaBYAIBHI KypcH i ¢daxisii L{enTpamsHOl
ta CxigHoi €Bporm.

Cekuis @i3uku Teepaoro Tina
Binain Teoperuunoi ¢izuku
KepiBHuK — 1OKTOp (i3.-MaT. HayK,
uten-kop. HAH Vkpaiuu B.M. Cyrakos
OCHOBHI HaPSAMH HAYKOBOI JisIIBHOCTI:

e da3oBi mepeTBOpeHHs Ta €()EeKTH CaMOOpTaHi3a-
uii B KpHCTallaX NpH SACPHOMY Ta €IEKTPOMATHIT-
HOMY OITPOMiHEHHI.

e FEnepretnyni cnexTpd, ONTHYHI BIACTHBOCTI Ta
CIiHOBI e()eKTH HU3BKOPO3MIPHUX HAIMIBIPOBITHH-
KOBHUX CTPYKTYP.

e TeopeTnuHi AOCTiAKEHHSI TPAHCHIOPTY HOCIIB 3a-
pSAIy B HAMMBIPOBITHUKOBHX ITOJIIMEpax.

L[OPIYHUK - 2007

e Teopist HAIIBIIPOBIAHUKOBUX KPEMHIEBUX ICTEK-
TOPIB.
e Po3scitoBaHHS HEUTPOHIB Ta MecOayepiBCHKOTO
BUIPOMIHIOBaHHS KOHJICHCOBAHOIO PEUOBHHOIO.
e Teopis crieKTpiB aTOMHUX sep, 10 00epTarOTh-
csl.

Bingin pagiauiiinoi ¢pizuku

KepiBauK — mokTop (i3.-mar. HayK,
npodecop IL.I". JIuroBueHko

OCHOBHI HaIIPsMHU HAYKOBO{ MisTTEHOCTI:
e JlocmimKkeHHs BIUIMBY SACPHUX BUIPOMIHIOBAHb
Ha (Pi3W9IHI BIACTHUBOCTI aTOMapHUX i OiHApHUX Ha-
MiBIOPOBITHUKIB Ta TPUIIA/IB HA TX OCHOBI.
e JlocmimkeHHs pamialifHUX 1 POCTOBUX JE(EKTIB
y HaAmBIOPOBITHHKAX Ta KIHETUKH MepeOyJ0BU Je-
(hEKTHO-TOMIIIKOBUX KOMIIJIEKCIB.
e HeliTpoHHO-TpaHCMYTallifHEe JIETyBaHHSI HaIliB-
MPOBIIHUKIB 1 BUBYEHHS IX BIaCTHBOCTEH.
e Po3poOka Ta BUTOTOBIICHHSI Pi3HUX THIIIB HaIliB-
MPOBITHUKOBHUX JCTEKTOPIB JUIsI IO3UMETPIi Ta CIIeK-
TPOMETPIi SISPHUX BHIIPOMIHIOBAHD.

Binnin pagianifinoro marepiajio3HaBcTBa

KepiBuuk — qoxTop (i3.-MaT. HayK,
unen-kop. HAH Ykpainu E.VY. I'punixk

OCHOBHI HaNPsSIMU HayKOBOI JisUTBHOCTI:
e BusHaueHHs 3aKOHOMIPHOCTEH paialiiHoro mo-
IITKOJDKCHHS TBEPIUX TiJl, BUOIp HAWOIIBIIT TIEpCIIeK-
THBHMX KOHCTPYKIIIHHUX MartepiajiB peakTopoOy-
JTyBaHHS.

e PapmiamiifHO-MaTepiaio3HaBUl aCHEKTH Oe3IMeKH
JUIOYMX PEaKTOpiB, 30KpeMa JIOCIIJKSHHs paiia-
[[IHHOTO OKPUXYYBaHHS KOPITYCHOI CTali Ta BHU3HA-
YeHHsI pecypcy Oe3medHoi poOOTH KOpITyCiB peak-
topiB Ty BBEP-1000.

e JlocmimkeHHS KIHETUKH TOYKOBHX AC(HEKTIiB MpH
OTIPOMIHEHHI Ta POJi pajiaiifHuX Ta TePMIYHHUX Ba-
KaHCIH y 3epHOMEXEeBIi perakcarii.
e JlociKeHHST BOJIHEBOTO OKPUXUYYBaHHS IIHPKO-
HI€BOTO CIUIaBYy MAIMBHUX KaHANIB.

Cekuia @isuku nnasmu
Binain Teopii simzepHoOro cunTe3y
KepiBHuK — 1oKTOp (pi3.-MaT. HAYK,
npodecop f1.1. KosecuuueHnko
OCHOBHI HaIIPSMHU HAYKOBO{ MisITEHOCTI:

Teopetnuni gocnmimkeHHS (i3UYHUX MPOLECIB Y
TUTa3Mi TOPOINANBHUX TEPMOSJIEPHUX CHUCTEM, Tiepe-
JyCiM, TIPOIECIiB, TMOB’SI3aHUX 3 IOHAMU BHUCOKHX
eHepriii (HaaTerioBuMu ioHamMu). Po3poOnstoThes
MUTAaHHS (PYHAAMEHTAIBHOTO XapakTepy, a TaKoX
Taki, 0 CHPSIMOBaHI Ha TOSICHEHHS KOHKPETHHX
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OCHOBHI I APO3AIJIN IHCTUTYTY

€KCIEPHMEHTAIbHUX JJaHUX Ta Iepe0aueHHs] HOBUX
e(eKTiB, 30KpeMa.:
e Anb(]BeHIBCHKI CIIEKTPU Ta HECTIHKOCTI B cTena-
paropax.
e ®imbOoH-HECTIKOCTI B TOKaMaKax Ta CepuaIHUX
TOpax.
e KrnacwuHuil TpaHCIOPT €HEPTiHUX 10HIB Y TOKa-
Makax.
e CroxactnuHa nuy3is eHepriiHUX 10HIB y cTema-
paropax.
e Tpancnopt enepriiinux ioniB y MIJl-akTuBHil
1a3Mi CepuIHUX TOPIB.
e MopemoBanHsa (Pi3UYHUX MPOLIECIB y TOKaMaKax
Ta cTelapaTopaxX, 30KpeMa, y crejlaparopax JiHil
Bennenpmrraiin, Tokamari JET ta y peakropi ITER.
Binain Teopii miazmu
KepiBauk — kanauaar ¢i3.-mMaT. HaykK, €. H. C.
K.II. Hlampaii
OCHOBHI HanpsAMH HAYKOBOI AisTBHOCTI:

o TeopeTnuHe MOCIHIPKEHHS HENIHIHHUX SIBHII]
B3a€MOJi] XBUJIb 1 YACTHMHOK Y HEPIBHOBaXKHIN Mia3-
Mi Ta iX BIUTUBY Ha MPOIECH HAarpiBaHHS Ta MEepEeHO-
cy.
e JlocmimkeHHS HENiHIHHUX XBUJIBOBUX CTPYKTYP
(comiToHIB, BUXOpIB) y TIa3Mi Ta iHIIUX HETIHIHHUX
cepeIoBHILAX.
¢ BuBueHHS XBHJIHOBHX IPOIIECIB Y TYCTiH HU3BKO-
TEeMIIepaTypHii Ia3Mi BHCOKOYACTOTHHMX 1HAYK-
MIHHUX JKEped.
e 3acToCyBaHHS pe3yJbTaTiB (YHIAMEHTAIbHHUX
JIOCTIDKEHB ISl BUPIMIEHHS TpoOIeMHu KepOBaHOTO
TEPMOSZEPHOTO CHHTE3y Ta PO3POOKH TIIa3MOBHX
TEXHOJIOTIH.

Binain ¢izuku niazmun

KepiBaUK — moKTOp (Pi3.-MaT. HAyK,
mpocgecop I'.C. Kuprngenko

OCHOBHI HaNPSIMA HAYKOBOT MisTTBHOCTI:

ExcriepuMenTanpHe AOCTIIKEHHS] BIACTHBOCTCH
HU3bKOTEMIEPATYPHOI [JIa3MHU:

e JlocmimxeHHS (I3UKH BHCOKOYACTOTHUX PO3-
psniB, 30y/UKyBaHUX TOTCHUIAILHUMH Ta BUXPOBU-
MU €JIEeKTPOMarHiTHUMH TOJISIMH.

e JlocmiKeHHST TPOLECiB MPOHUKHEHHS €NEeKTPO-
MAarHiTHUX TIOJIB KPi3b IJ1a3MOBi 0ap’€pu B HEOTHO-
piaHiH Ta3mi.

e Po3poOka Mozeni MOBENiHKM T'PAHUYHOTO LIapy
HaJAryCcTOl IUIa3MU 1 KOHJEHCOBAHOTO CEPEIOBHUINA
(piAvHM) TIPH IMITYJIECHOMY €JIEKTPUYIHOMY PO3PSIi.
o JlocmimkenHs (i3MKH BaKyyMHHX IYTOBHX PO3-
psaaiB Ta po3poOka (Pi3UKO-TEXHIYHMX OCHOB ILIA3-
MOBOI TEXHOIIOTii 00pOOKHM MaTepialis.
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e JlocmiKeHHsST XIMIYHO aKTHBHOI IITa3MU BHCO-
KOYaCTOTHHUX PO3PAJIB y PEryJIbOBAaHMX MarHiTHUX
MOJISAX 1 CTBOPEHHsI Ha 0a3i IUX JIOCII/HKCHb IUIa3-
MOXIMIYHHMX PEaKTOPIB i YCTAaHOBOK JUIS TPaBJICHHS
MaTepiaiiB MIKpO- i HAaHOEJNEKTPOHIKH, MiKpoMexa-
Hiku, HBY-TeXHikH, COHIYHOT CHEPIeTUKHU, TOIIIO.

Cexuia paaioekonorii Ta paaiobionorii
LenTp exos0riynux npodaeM aTOMHOI
eHepreTuKu

KepiBHuk - kaHz. ¢i3.-mMar. HayK,
c. H. ¢. B.B. Tpuuun

OCHOBHI HanpsAIMH HAYKOBOI AisTBHOCTI:
o JlocmikeHHST OCOOJNMBOCTEH Mirparii mpupoj-
HUX 1 TEXHOTEHHHUX PaliOHYKIiJiB Yy KOMIIOHEHTaX

Ha3¢MHUX Ta BOJHHMX €KOCHUCTEM pPIi3HUX I'PYyHTOBO-
KIIIMaTHYHUX 30H YKpaiHU.

e Bupuenns BBy aBapii Ha YAEC Ha HazeMHi
Ta BOAHI EKOCUCTEMH Y KpaiHu.

e Po3pobka pamioaHaTITHIHHX METOAIB (pamioxi-
MiuHi, anb(a- Ta TraMMa-CIeKTPOMETPUYHi, HEH-
TPOHHO-aKTHBAIliliHI) BH3HAYEHHS BMICTY paJio-
HYKJIJIIB 1 BAXXKAX METalliB y 3pa3kax JOBKULISA Ta
BU3HAYEHHSI XapaKTEPUCTHUK SIEPHUX MaTepiaiiB.

e MaremaTiyHe MOJENIOBAHHS pajiallifHOTO CTa-
Hy cucremu “AEC — noBkims”.

e CTBOpEHHs KapT pajialiitHoro 3a0pyJHEeHHS Te-
puTopii, mo noctpaxgany Bix aBapii Ha YAEC, abo
3HAaXOAATHCS B 30H1 BIUMBY Aitounx AEC Ykpainu.

e [IporHo3yBaHHs JIO30BUX HaBaHTa)XCHb Ha Hace-
JICHHSI, SIKE MPOKMBAE B 30HAX BIUIMBY MiANPHEMCTB
ATOMHO1 €HEePreTUKU.

e Ekonoro-ekcnepTHi poOOTH 3 MUTaHb OXOPOHH
JOBKULIS 1 3aXHCTy HAaceNeHHS Ha Pi3HUX CTamisx
MIPOEKTYBAHHA Ta €KCIUIyaTallil MigIpUEMCTB sSaep-
HOT'O TIAJIMBHOTO LIUKITY.

e [IpoBeicHHS PErIaMEHTHOTO PajioeKOJIOTYHOTO
MOHITOPHHTY BIUIUBY Ha KOMIIOHEHTH JOBKIJUISA
JOCHIJHULBKOTO saepHoro peakropa BBP-M i tpu-
TiEBUX J1a0OpaTopiil, po3TalIOBaHUX HA TEPUTOPIi
I HAH Ykpainn.

e BupueHHS edeKTiB 1 3aKOHOMIPHOCTEH BIUIHBY
JOBIOTPUBAJIOTO HHU3BKOIIOTYKHOTO OHPOMiHEHHS
Ha FeHeTUYHHUM MaTepiana Ha piBHI XpOMOCOM i I'eHiB,
MeMOpaHHUX CTPYKTYpP COMAaTHYHHUX KIITHUH JIFOAU-
HU.

e lluToreHeTHUHNIT MOHITOPHHT ITEPCOHATY 00’ €K-

Ta “YKpHUTTA” Ta CAMOIIOCEJNIECHI[IB 30HU BiTUy KEHHS
YAEC.

IHCTUTYT AJEPHUX JOCJIIKEHb HAH VYKPATHU



AHOTaUil pobiT 3 anepHOT i3uKK

SYMMETRY ENERGY FOR NUCLEI BEYOND THE STABILITY VALLEY

V.M. Kolomietz, A.I. Sanzhur

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The symmetry energy £, is one of the most

important terms of Weizsdcker mass formula. The
properties of nuclei far from the valley of stability
are essentially determined by the equation of state
for E, , namely, its dependence on the asymmetry

parameter, the nucleon density, etc. The symmetry
energy is given by
Esym ZXZ(Abvol _Az/absurf)’ (1)

where b, and b,

sur’

. are the volume and surface sym-
metry coefficients, respectively, X is the asymme-
try parameter, A is the mass number. To obtain the
symmetry energy one should calculate the total en-
ergy of nucleus £ and separate terms proportional
to X°. To evaluate the total energy we apply the
extended Thomas - Fermi approximation [1] using
the trial functions for the total nucleon density
p.(r) and the neutron excess density p_(r), given

by
p(r)=p. o f(r),

p+ Od !
p () =p o/ (r)=—— (). )

Here f(r)= [1 + exp[(r - R)/a]]f1 , pP.oand p_,
are related to the centre of nucleus, R is the nuclear
radius, a is the diffuseness parameter, d is the
parameter of neutron skin. These parameters are
determined by minimizing the total energy of nu-
cleus. In contrast to [1], we calculate both b, and

b

surf

Coulomb energy E. for the energy density func-

taking into account the gradient terms and the

tional. Since E. oc 4”7 and main contribution of
gradient terms to the total energy has the order of
A*”, the dependence of b, on p,, will not be
affected in the improved calculation. We have recal-
culated the dependence b,

S

arf ( Pio ) . Calculations

were performed for two sets of Skyrme force pa-
rameters — SkM and SLy230b [2]. Results for the
nucleus **Pb are summarized in the Table and de-
pendence of b, on p, , is shown in the Figure.

L[OPIYHUK - 2007

Symmetry coefficients b, b, .
for Skyrme forces SkM and SLy230b

Force 1% ia(; > by s by » by » Doy »
fm?? | MeV® | MeV® | MeV? | MeV”

SkM | 0.148 | 33 29 66 54

Sly230b | 0.148 | 34 31 59 51

Superscripts a) and b) correspond to results from [1]
and present work, respectively.

sat
+0)

I
[=]

bsurf (p+,0) / bsurf (,0

0.0

0 1 2
/ sat

p+,0 p+,0

Surface symmetry coefficient normalized to its value at

Solid line gives

sat

p +,0 = 10 +,0
present calculation, dashed line corresponds to result from
[1]. The value of saturation density p} corresponds to the

sat

as a function of p _,/ pl.

minimum of the total energy for ***Pb

One can see from Figure that the difference in

b, . due to gradient terms in energy density be-

surf
comes noticeable for the values of p, , which ex-

sat

ceed the saturation density o, .

1. V.M. Kolomietz and A. I. Sanzhur, Nuclear Physics
and Atomic Energy 2(20), 7 (2007).

2. E.Chabanat, P.Bonche, P.Haensel et al., Nucl.
Phys. A 627, 710 (1997).
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NUCLEAR LARGE AMPLITUDE MOTION IN A QUANTUM DIFFUSIVE ENVIRONMENT

V. M. Kolomietz', S. Aberg®, S.V. Radionov'?

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Division of Mathematical Physics, Lund, Sweden

The appearance of dissipation for large amplitude
collective motion in nuclei is still an unsolved prob-
lem. The transport models of the nuclear collective
motion like the linear response theory [1] or the
wall-formula [2] assume that the collective dynam-
ics is adiabatically slow, such that the fast intrinsic
nucleonic subsystem has always sufficient time to
adjust to the large changes of deformation parame-
ters. In the general case the adiabaticity of the col-
lective motion must not be implied a priori, and one
should consider selfconsistently dynamics of the
collective and intrinsic nucleonic degrees of free-
dom. Moreover here one would rather expect a non-
Markovian collective dynamics caused by the com-
plex energy flow between the macroscopic collec-
tive and intrinsic nucleonic modes [3, 4].

We start the discussion from general non-
Markovian dynamics for occupancy p(E,t) of in-

trinsic quantum state £ and then study how the
different dynamical regimes of the intrinsic nucle-
onic excitations define dissipative properties of the
macroscopic collective motion. For two different
statistics (Gaussian Orthogonal Ensemble (GOE)
and Gaussian Unitary Ensemble (GUE)) we have
established the following non-Markovian master
equation

PED 040 [y, ( I —s|)x
o0 TQE), h/T
(1)
N op(E, 1)
Xq(S)a {Q( ) ——— pr= }

where (E) is the nuclear level density, o, is the
variance of the slopes, OE, /0q , of the nuclear en-

ergy levels £ and I' is the spreading width of the
squared off-diagonal matrix elements |(8H /0q)

nm |

of the nuclear many-body Hamiltonian # .

The relative size of memory effects in the intrin-
sic energy diffusion represented in Eq. (1) is defined
by the relation between the characteristic time scale
of the nucleonic motion %/ and the typical time of
the collective motion 7_,. We have investigated

how the level spacing statistics influence the intrin-
sic energy diffusion. Only in the case of quite small
widths of the matrix elements' energy distribution,
QI <1, the significant difference of the intrinsic

coll

dynamics for the GOE and GUE ensembles of levels
is expected.
The energy dissipation rate is obtained as

dEdiss — Ggq(t)j.dsexp _|t_S| x
r n/T

dt
(2)
dQ(E)

x (s)j dE =" p(EL ).

This result manifests the fact that the time-
irreversible flow of the energy is possible for the
growing level density (2(E) only.

We have applied our approach to describe de-
scent of the nucleus **°U from the top of fission bar-
rier to the scission point. We have calculated the

25

20 ¢

151

t,(1021s)

0

0 10 20 30 4.0 50
M(MeV)

The saddle-to-scission time ¢, of the symmetric fis-

sion of the °U vs the width T in presence of the

memory effects declared in Eq. (1).

time of the nuclear descent, ¢, (see Figure), as a

function of the width I'. We have found that the
nuclear descent is hindered with the decrease of I
due to the ordinary friction force contribution and
the additional conservative dynamic force caused by
the presence of memory effects in Eq. (1).

1. H. Hofmann, Phys. Rep. 284, 137 (1997).
H. Blocki, Y.Boneh, J. R.Nix et al.,, Ann. Phys.
(N.Y.) 113,330 (1978).

3. V.M. Kolomietz and S. Shlomo, Phys. Rep. 390, 133
(2004).

4. V.M. Kolomietz, S. V. Radionov, and S. Shlomo,
Phys. Rev. C 64, 054302 (2001).
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SAJEPHA ®I3MKA

ISOVECTOR ENERGY-WEIGHTED SUMS IN HOT NUCLEI

V. M. Kolomietz, S.V.Lukyanov, O.I. Davidovskaya

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Many features of nuclei are sensitive to nuclear
heating. The nuclear heating affects strongly the
particle distribution near the Fermi surface leading
to the disappearance of shell effects and reducing
the Fermi-surface distortion effects on the nuclear
collective dynamics [1]. A good first orientation
in a description of the collective dynamics in hot
nuclei is given by a study of the response function
and the energy-weighted sums (EWS) in a nuclear
matter within the kinetic theory.

To derive the relevant energy-weighted sums
m,, we consider the density-density response

y(®,q) of two-component nuclear matter to the
isovector external field oc exp(ig - 7 —iwt) with

m (@)= [dho) (1) Im yo.q). (1)

Performing the numerical calculations of the
response function y(w,q), we have evaluated the

strength function S(w,q)=(1/7)Im y(w,q), the
EWS m_,m ~ and m,, the adiabatic,

E, =+m/m_ and scaled E_=.m,/m,, aver-

age energies (centroid energies) for temperature
T #0 in presence of relaxation. We show that the
scaled energy E_ exceeds essentially the adibatic
one E , due to the Fermi-surface distortion ef-
fects. The difference of both centroids £, and
E . disappears for short relaxation time regime
ot <<1 (7 is the relaxation time) and at high
temperatures.

For nuclei with F/>0 (F/' is the isovector
Landau’ scattering amplitude), the isovector
strength function contains both the sound mode
contribution at s=w/v.g>1 and the Landau

damping region at s<1, here v, is the Fermi

energy. This is illustrated in Figure. The presence
of the Landau damping in S(w,q) is well seen in

Fig. 1 for the zero-sound regime wr >>1 (dashed
line) as a wide bump on the left side of the narrow
sound peak. For high temperature (solid line in
Fig. 1), the sound peak becomes wider due to the
decrease of the relaxation time (collisional relaxa-
tion) and due to the collisionless thermal Landau
damping, which increases with 7' [3].

L[OPIYHUK - 2007

0,006

0,004

S(q,@) (MeV™ fin”)

0,000

Isovector strength function S(w,q) for A=208. Solid

line for T=5 MeV, wr<<1 (first sound regime) and
dashed line for 7 =0.5 MeV, w7z >>1 (zero sound re-
gime). The wave number g =~ 7/2R was taken from the

boundary condition [2].

The strength function S(®,q) is sensitive to the
Landau’ amplitude F". The inclusion of the nonlocal
interaction F'#0 increases the isovector stiffness
coefficient and shifts the corresponding eigenergies to
the higher values. Moreover, since the interaction pa-
rameter F' enters the EWS enhancement factor
Ky =+ F'/3)/(1+ F /3) (for nuclear matter), the
photoabsorption cross section o, (@) grows with
F'>0.

We have studied the temperature behavior of the
"model independent" EWS m,(g) and the nuclear
EWS enhancement factor x, =m,(q)/m, 1, where
m, i is the EWS of Thomas - Reiche - Kuhn sum
rule. The obtained A-dependence of the EWS en-
hancement factor x, and the value of x,~1.4 for
the Pb-region are in a good agreement with experi-
mental data. We have shown that «, is not sensitive to
the variation of nuclear temperature.

1. S. Shlomo and V. M. Kolomietz, Rep. Progr. Phys. 68,
1 (2005).

2. V.M. Kolomietz, S.V. Lukyanov, and O. O. Khuden-
ko, Ukr. J. Phys. 52, 546 (2007).

3. V.M. Kolomietz, A. B. Larionov,
Nucl. Phys. A 613, 1 (1997).

and M. Di Toro,
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KINETIC EQUATION FOR NUCLEAR RESPONSE WITH PAIRING

V. L. Abrosimov', D. M. Brink’, A. Dellafiore’, F. Matera®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Oxford University, Oxford, United Kingdom
3 Istituto Nazionale di Fisica Nucleare and Universita di Firenze, Firenze, Italy

The problem of extending the Vlasov kinetic
equation to systems in which pairing correlations
play an important role has been tackled some time
ago by Di Toro and Kolomietz [1] in a nuclear phys-
ics context and, more recently, by Urban and Schuck
[2] for trapped fermion droplets. These last authors
derived the the time-dependent Hartree-Fock-
Bugoliubov (TDHFB) equations for theWigner
transform of the normal density matrix p and of the

pair correlation function x . Here we try to find a
solution of the equations of motion derived by Ur-
ban and Schuck in the approximation in which the
pairing field A(7, p,t) is treated as a constant. Such

an approximation violates both particle-conservation
and gauge invariance, nonetheless we study it be-
cause of its simplicity, with the aim of correcting the
final results for its shortcomings.

In constant- A approximation, the semiclassical
TDHFB equations are reduced to the simplified set
of equations. It gives an equation that is similar to
the Vlasov equation of normal systems (i.e. without
pairing), only with the extra term —2iAImx . This
extra term couples the equation of motion of the
normal density matrix p with that of the pair corre-

lation function x . Thus, instead of a single equation
(Vlasov equation), now we have a system of two
coupled equations (for p and Im«k).

A good starting point for the solution of the nor-
mal Vlasov equation is to assume that the average
mean field keeps its static value [3]. This approxi-
mation corresponds to the quantum single-particle
approximation and is a preliminary step that allows
us to include collective effects in a second stage. In
this case our equations can be solved in linear ap-
proximation, giving an explicit expression for the
new eigenfrequencies of the system and for the nor-
mal-density fluctuations. However there is a prob-
lem because this solution is seen to violate both the
continuity equation and the energy-weighted sum
rule (EWSR). This is a consequence of the constant-
A approximation.

We have shown that both problems with the con-
tinuity equation and with EWSR can be avoided by
re-defining the density fluctuations through the con-
tinuity equation.

16

In order to illustrate the effects of pairing correla-
tions on the density response of a many-body system
given by our semiclassical approach, we show the
result of calculations for the response function of a
finite one-dimensional system, see Figure. The size
of the system is chosen so that the fundamental fre-
quency associated with the motion of the particles in
the uncorrelated system @, has the same value as

A/l (@, =A/h). In small systems, for which
w, >> A/ h, the effect of pairing is rather small.

ho, MeV

Uncorrelated (dashed) and correlated (solid) strength
functions, as a function of excitation energy %, the units
for the vertical axes are MeV™'. The main peak of the
uncorrelated strength function at Zw=1MeV is pushed

to higher energy by the pairing correlations and a gap of
about 24 is created at low energy.

In three dimensions we expect to find the pairing
effects typical both for small and large one-
dimensional systems. Work for extending the pre-
sent approach to spherical systems is in progress.

1. M. Di Toro, V. M. Kolomietz, Zeit. Phys. A-Atomic
Nuclei 328, 285 (1987).

2. M. Urban, P.Schuck, Phys. Rev. A 73, 013621
(2006).

3. D. M. Brink, A. Dellafiore, M. Di Toro, Nucl. Phys.
A 456, 205 (1986).
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SAJEPHA ®I3MKA

BUXPOBUI PYX HYKJIOHIB ITPHU I3OBEKTOPHUX JUMOJIbHUX 3BY/)KEHHSX SIIEP

B. 1. Aopocimos, O. I. laBuaoBcbka

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuisg

[30BekTOpHI AMIIONBHI 30YIKEHHS Ba)KKUX sIIEp
BUBYAIOTHCSI B PaMKax HaMiBKJIACMYHOIO IMiIXOAYy,
IO CIHPAEThCsl HAa KiHETHYHE piBHAHHSA Jlanmay -
BrnacoBa 11t CKiHYEHUX JBOKOMIIOHEHTHHX CHCTEM
3 pyxoMoro nosepxHero [1]. 3HalineHo, o oTpumMa-
HAW y JMaHOMY WiAXOAl 130BEKTOPHHM JTHUITONHHHHI
PO3IONIT CHIIM Ma€ Ba MakKCUMyMH IPH €HEPTisiX
11.8 ta 13.9 MeB (puc. 1). Husbkoenepretuanuii
MaKCUMYM OIHMCY€ 130BEKTOPHUH TIraHTCHKHHA ITH-
IIOJIBHUM PE30HAHC y BaXKKUX spax. BucokoeHep-
TeTUYHUN MaKCHUMYM T€HEPYETbCS B HEHUTPOHHO-
30araueHnx sapax i OOYMOBJICHWH ypaxyBaHHSIM
MUHAMIYHUX TOBEPXHEBUX €(PEKTiB.
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S(E) (oM’ /MeB)
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Puc. 1. Po3noxin cumm i30BEKTOPHHMX IMIIOIBHUX 30Y-
JUKeHb AaCHUMETPHYHOI CHCTEMH 3 YHCIIOM HEUTPOHIB
N =126 i npotoHis Z = 82.

Hns Toro, mo6 orpumaru Oinbiie iHpopmanii
PO NPHUPOLY AMIIOIBHUX KOJEKTUBHHUX 30YIKEHb,
OyJI0 PO3TISHYTO MOJS IBUAKOCTEH i (7,®), K B
paMKax KiHeTHuHOro miaxonay [l] Bu3HawarOTHCS
TaKUM YHHOM:

i(F,w)= Y 7,i,(F,0),

q=n,p
I 1 .
u, (r,m) = j.dppé'nq(r,p,a)),
mp,
Je ¢g=n — HEUTPOHH, ¢ =p — TPOTOHH;
7,=1, 7,=-1 — y Bumaaky i30BeKTOpHUX 30y-

JDKEHb; 7, p — palliyc-BEeKTOP Ta IMITyJIbC YaCTUHKH,
Py~
on,(r, p,®) — 3viHu QyHKUIH PO3MOJINTY YaCTHHOK

piBHOBakHAa TyCTHHA fAEpHOi MaTepii,

y (ha3zoBOMy MpoCTOpi, SAKi € PO3B’A3KOM KiHETHYHO-
ro piBasHHS [1].
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[Mone mBUAKOCTEH PO3TALAANOCh B XZ-TUIONMIUHI
(7=(x,y=0,z)ab0 y cdepuuHux KOOpIUHATAX
¥ =(r,0,p =0)), OCKUTbKH TaKe MPEICTaBICHHS BH-

KOPHCTOBYEThCS Y KBAHTOBUX IIiJXOJaX THITY Ha-
OmmkeHHs BunaakoBux Qa3 [2]. Toxi mose mBUIKO-
CTel MOXKHA 3aliCaTH y BUTIISI

u,(r,0,9 =0,0)=ul(r,0,w)e. +ul(r,0,w)e,_,

ne ul(r,0,w) i u!(r,0,w) —npoexuii BekTOpa Mo
MIBHAKOCTEH, BIAIIOBIAHO, HA Bichk X 1 Z.

BukopuCcTOBYOUM KIHETHYHHUE TIAXIM A OMKUCY
KOJICKTHBHHX 30Y/PKEHb CKIHUEHHUX (epMi-CHCTEM
[1], Oyi0 oTpuMaHO aHAITHYHI BUPA3W IS TMPOCK-
uif mons mBuakocredt u!(r,0,w) 1 u!(r,0,w) y
BUIAJKY TUIOIBHUX 30y KeHb. [IpoBeicHO Yncenb-
Hi pO3paxyHKH TOJS MIBUIKOCTEH Al TIraHTCHKOTO
130BEKTOPHOTO JUIOJBLHOTO PE30HAHCY, KUK y Ha-
IIOMY TIJXO0Ji Ma€ J1Ba MaKCUMyMH. 3HAMJICHO, 110
MoJIe MIBUIKOCTEH MPOSIBIISE MPUOJIM3HO MOTCHINIA-
JBHUN XapakTep MPU SHEpril HU3bKOCHEPTETHYHOTO
pe30HaHCy. AJie TIPU eHepril BUCOKOCHEPTETHYHOIO
PE30HAHCY TIOJIE INBHUIKOCTEH IS 130BEKTOPHUX
JUIMOJIEHUX 30yKeHb MPOSBIISE BUXPOBHU Xapak-
tep (puc. 2).
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Puc. 2. Ilone mBuaxkoctel B XZ-IUIOMAHI I 130BEK-
TOPHOTO TiraHTCHKOTO IHIIOJIEHOTO PE30HAHCY B HaOIH-
YKEHHI PyXOMOi IMOBEPXHi IS CHCTEMH 3 YHCIOM HEUTpO-
HiB N =126 1 mpoToHiB Z = 82 mpu eneprii: a — E, e =
= 11,8 MeB, sxa nopiBHIOE eHeprii HU3bKOCHEPTeTUIHO-
0 MakKCHMyMy CHJIH pe30HaHcy; 6 - E,.. = 13,9 MeB,
sIKa JTOPIBHIOE €HEPril BUCOKOSHEPTETUYHOI'0 MAaKCUMYMY
CHJIM PE30HAHCY, UB. puc. 1.

1. V.1 Abrosimov, A. Dellafiore, and F. Matera,
Physics of Particles and Nuclei 36, 699 (2005).

2. 1. Hamamoto, H. Sagawa, and X.Z. Zhang, Nucl.
Phys. A 648, 203 (1999).
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THE STRENGTH FUNCTION FOR DIPOLE VIBRATIONS:
FINITE SIZE EFFECTS AND THE MACROSCOPIC LIMIT

F. A. Ivanyuk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The collective vibrations in atomic nuclei and
mesoscopic systems are commonly described in
terms of the strength S(w) or response y(w) func-
tions, y(w)=S(®w)—So(-w). For large systems
(heavy nuclei, atomic clusters) very often the quasi-
classical methods are applied. The dipole strength
function for large systems was considered in [1]
within the so called continuous limit — the sums over
quantum states were replaced by the integrals in
energy and angular momentum. In the results one
came to the strength function of the type

S, (w)= j dil j deeg,”" (e)(e+hw)g,™ (e+hw) .

0 ep—ho

The densities ngF (e) here are the Thomas-Fermi
approximation for the density of states at fixed or-
bital momentum. That is why the S,.(®) can be

called the Thomas-Fermi approximation for the
strength function. It turns out however, see [2], that
for atomic nuclei S, (@) overestimates substantially

the average value S, (@) of quantum strength func-

tion, see Figure.

06 [

04|

S(w)

02|

oM h
00 0.2 0.4 0.6 0.8 10

The Thomas - Fermi approximation (heavy solid) and the
averaged (dash) quantum strength function. The extended
Thomas - Fermi approximation for the dipole strength
function is shown by solid line. All quantities are given in

units &, (k,R)* /167°.

It is seen that (i) S, (@) is definitely larger than
S, (@) in the whole range of frequencies and (ii) that
S+ (@) approaches S, (o) for larger systems. It may

thus be conjectured that the difference between
Sy(w) and S (@)is due to the finite size correc-

tions to the TF-approximation.

The extension of S,.(@) can be reached by a

better approximation for the density of states at fixed
orbital momentum. In [1] the expression was derived

glETF (e)= g/TF(e)@(e —&y) +15(e —&y)+
2 (1)

n=0 "

Here ¢, is the lowest energy of the state with

given /. The (1) was obtained applying to the exact
density of quantum states (sum of & -functions) the
Euler - McLaurin summation formula:

WY F(a+nh)~[F(x)dx+
" @)
+%[F(a)+F(b)]+il—2[F'(b)—F’(a)]+... ,

where & =(b—a)/N . The use of (1) for the strength

function allows defining the extended Thomas-Fermi
approximation S,,.(®) for the strength function in

which the finite size corrections are taken into ac-
count similar to the extended Thomas - Fermi ap-
proximation for the density of single-particle states.
It turns out also that for high frequencies S, (@)

coincides with a good accuracy with the averaged
quantum strength function, see Figure.

Besides, the approximation of sums over exact
quantum states by integrals on the base of summa-
tion formula (2) allows to take into account the fact
that in any finite system the density of particle-hole
excitations which contribute to the strength function
is zero below certain minimal excitation energy. In
case of dipole strength function this circumstance
leads to the appearance of “gap” for the frequencies
hw/e, smaller than2/(k.R). In case of metallic

clusters, the disappearance of the strength function
leads to disappearance of conductivity, and thus to
metal-insulator transition.

Note that the strength function was expressed in
terms of average quantities like average density of
single-particle states at fixed orbital momentum or
minimal energy spacing between the pairs of states
which contribute to S(®). Nevertheless, we man-

aged to take into account important quantum effects.

1. M. Barma and V. Subrahmanyam, J. Phys.: Condens.
Matter 1, 7681 (1989).
2. F. A. Ivanyuk, submitted to Phys. Rev. B.
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ETF APPROACH TO THE LOW-LYING COLLECTIVE EXCITATIONS IN NUCLEI

A. M. Gzhebinsky, A. G. Magner, S.N. Fedotkin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

One of the most powerful tools for the de-
scription of nuclear collective dynamics is based on
the response function theory. For the low-lying
multipole collective excitations in nuclei, the trans-
port coefficients of the response function theory,
such as the stiffness, the inertia and the friction, are
derived within the periodic orbit theory in the lowest
orders of semiclassical expansion corresponding to
the extended Thomas-Fermi approach (ETF) [1]. In
this contribution, the main focus is aimed to the ETF
description of the reduced transition probabilities
and sum rules for the low- lying collective states.

We derived the smooth ETF inertia for the vib-
rations near a spherical shape of the mean edge-like
field, R(9,9)=R[1+q(®)Y,,(D], q(t)xe, with
the frequency @ and multipolarity L by using the
statistical averaging. It is shown that the consistent
collective ETF inertia is significantly larger than that
of the hydrodynamical (HD) irrotational flow. For
the smooth low-lying collective energies of such
vibrations in the almost spherical heavy enough
nuclei, one finds

hao, =D, (1-DV A" + DOA?)/4, (1)

where D, =D,(1+C& /C* )2, € and C3*
are the Coulomb and surface HD stiffnesses,

Dy =75b.e,[3e,b (L-1)L+2)/ f,1 /4zb K, e,
is the Fermi energy, b, and b are the volume and

surface constants of the liquid-drop energy; K is the
incompressibility of the nuclear matter;

fi=g.lg’ -T1/4L+2)(L+3)(2L+3)(2L+5),

g, =4L+9,D, =100 MeV,D, ~180 MeV.  The
constants of the leading surface and curvature
corrections D = (97/8)**and D' =3(8/97)*"”
are related to the ETF relation of the nucleon
number A4 to the semiclassical parameter k.R;
k.= @Bx’p/2)", where p is the particle density
of the nuclear matter, p=34/47R*, R=rA".
The A-dependence in (1) differs much from the

mainly A4™"> behavior predicted by the HD model.
For the contribution S, of the low-lying collective

state into the standard energy-weighted sum rule
(EWSR) S, independent of the model, one obtains

S, /8, = Su(1-2D" A+ 89474, (2)
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where S, =2(225e,b.k, 1, /87b,K) | Lf,
S =[DW+2D", S, =7, S; ~6.

The semiclassical reduced transition proba-
bilities B(EL) < S, /hew, in Weisskopf units are
really large for the low-lying vibration excitations,
and therefore, can be refered to the collective states.
The vibration energies (1) contributions into the
EWSR (2) and reduced transition probabilities are
basically in reasonable agreement with their ex-
perimental data, much better than those found in the

4 - A_ A XYITN _ . _ 1 OV 1 (YN

10E

0.1

000LE | o ! ! ! \
E L ] L L L L L L L L
20 4 60 8 100 120 5140 160 180 200 220

The lifetime with respect to the quadrupole transition;
solid points are the experimental data; 7, =1.14 fm,

b, =16 MeV, b =18 MeV, K =220 MeV,
b, =60 MeV.
Figure shows the quadrupole lifetime

t, c 1/B(EL)o’*"". The effect of the surface

corrections through the vibration energies (1) and
EWSR (2) within the ETF approach and its simple
analytical asymptotics ETFA accounting for these
corrections only through the ETF relation A(k.R),

are significant as compared to the TF model. The
EWSR contribution of the low-lying nuclear states
becomes small enough, owing to enhancement of the
ETF inertia with respect to that of the HD model.
We point out the importance of the shell effects for
calculations of the low-lying collective states in
magic nuclei.

1. A.G.Magner, A.M.Gzhebinsky, and S.N. Fe-
dotkin, Phys. Atom. Nucl. 70, 1859, 647 (2007).
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ANALYTIC APPROACH TO THE BIFURCATION CASCADES IN
HENON-HEILES POTENTIAL

S. N. Fedotkin'?, A. G. Magner"?, M. Brack'

!Institute for Theoretic Physics, University Regensburg, Germany,
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The semiclassical trace formulae for the single-
particle level density is a nice tool to study quantum
shell structures in terms of the periodic orbits (PO)
of classical mechanics for applications in the nu-
clear, metallic-cluster and quantum-dot physics. In
Hamiltonian systems which are classically neither
regular nor purely chaotic, this theory is enriched but
also complicated by the bifuractions of PO's when
these undergo changes of their stability matrix M in
non-linear dynamics [1]. Its trace #M appearing in
the Gutzwiller's trace formula is determined by the
linearized equations of motion around PO.

We investigate the bifurcation cascades of linear
librational orbits A in Henon-Heiles potential,

1. . ) 1 1
Hza(xz+y2)+5(x2+y2)—§y3+x2y , (D

in units m =@ =10f the usual oscillator part for
particle mass m and frequency @. In the limit close
to the barrier energy e =1, where the dynamics is
nearly chaotic, we derive an analytical expression
for the stability trace #7M , of the librational orbit A

in good agreement with the full numerical calcula-
tions. The stability traces of the infinite series of
orbits R (odd n) and L, (even n) born at its pitch-
fork bifurcation energies e =e, intersect linearly at
the barrier e=1 with the symmetric values
+d , with respect to the bifurcation line M (e)=2.

Using the symmetry relations for the monodromy
matrix elements in frozen approximation (FA) [1],
one obtains at the leading order of the perturbation

8(e—e,)
w2 3(1-e,)

+DQQ1)V# (SK )Pv”’(_SK ) - DQP [Q‘fl (SK )Pvﬂ (_SK )]’}a

trM, =2+

(D, 0! (5)0! (=5, ) +

DRI% = IRk(SK)_IRk(_SK)a
where upper indices primes mean the derivatives,

the signs + are related to R and L orbits,

I,.(s)=aR“R" — BIR*R" 1-yR* R*

DA U
v+l + Rv R v+l v+l

v+l

a=gly’ ~(v+Dv+s"),B=gv+D(u-v-1s,
y=g(u-v-17, g=1/2v(v+1),
R} R!' are the Legendre’s functions P“(s) or
0Oy’ (s) with indices,
v=(-1+iv44-1)/2,

Here, A=12«", Kz\/(yz—yl)/(yS—yl),
B=6(1+2y)/(y;~y,), »(e) are the turning

points in the potential well of (1) with the barrier at
a given energy e, s, = tanh(K), K(x) is the com-

H=INA+B .

plete elliptic integral of  first  kind,
W=I(l+v+ wu)/ T (1+v—u). The Table shows
the analytical slope parameter

d(e=1)=trM,, —2 (an), FA numerical (FA num)
and full numerical (num) calculations with good
rapid asymptotic convergence in modulus to

d.. = 43 cosh(z~/47 /2)/sinh(27+/3) = 6.181997...

expansions in  small parameter (1—e,)"”  obtained from the trace #M ,(e) of A orbit and slope
(e, <e<l), theorem trM,,'(e,)=—-2trM /(e,).
Slope parameter d for R and L-orbits

n d (an) d (FA num) d (num) d (an) d (FA num) d (num)

7 -5.19631 -6.16885 -6.1801 5.75865 6.26608 6.18033

9 -5.99144 -6.18002 -6.1819 10 6.17247 6.19510 6.18201

11 | -6.14725 -6.18167 -6.1820 12 6.17699 6.18414 6.18973

13 | -6.17578 -6.18195 -6.1837 14 6.18062 6.18235

15 | -6.18089 -6.18199 16 6.18180 6.18205

1. M. Brack, M. Mehta, K. Tanaka, J. Phys. A 34, 8199
(2001).
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TOWARDS CONSISTENT THEORY OF COLLECTIVE MOTION IN HOT NUCLEI
V. P. Aleshin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

All previous models of collective motion in hot
nuclei describe its separate stages in terms of Gibbs
statistical operators p, constrained to the corres-

ponding values of the deformation parameter g, . As

has been noticed recently [1], such description im-
plies that there are no mass flows in the time evolv-
ing system, which is in drastic conflict with the fact
that the collective motion is in essence the mass
flow. In this report we construct the statistical opera-
tor p, which does account for this inherent property

of the collective motion.
Let us focus on a separate stage, lasting from T
to T+7,. The operator p, describing this stage

does not depend on time ¢, counted from 7', while
all observables depend on ¢ as X, =" Xe™ . The

p, and X are functionals of the field operators v,

v, , satisfying the anticommutation relations.

The number density and the momentum density
are given by

=YW D=2 ViV, —(Vvi ), .
The deformation operator Q, is taken as

0, = [dx¥,n,,,

where Y, is a certain function of X, whose integral
with spherically symmetric distribution equals O.
The expectation values of n, ,, p,,, O, over p, are

Px: = tr(nx,tpq) ’ jx,t = tr( px,zpq ) > 4, = tr(Qtpq) .

Deformed nucleus with mass number 4, tempe-
rature ' and no mass flow is described by

-1 _—-B(H+A,0-u,N -p(H+A,0-u,N
pgzzgleﬂ( +A,0- 1y )’ 7 B(H+A,0-p,N) (1)

< = tre

with 0=0,|_,. The A, and g, are functions of
A, B, q,determined by the equations
tr(Qp,)=q, t(Np,)=4,

in which g =g, |_, is taken from the preceding ad-

Joining stage. The number density in p, is
p(X,q)=tr(n,p,).

The expectation value of p, in p, equals 0.

In order to construct statistical operator p, with

J, #0, we use analogy with classical fluids, where
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distribution function over particle coordinates and
momenta in a system with j, #0 is obtained from

that with j, =0 by the substitutions

! ’
X, > X =X, p; = p; =p, —mu,, ()

in which U, is the fluid velocity. Since (2) is a cano-

nical transformation, we seek for such y., !,
which satisfy the anticommutation relations and give
rise to n,, p,,obeying the conditions

'_
nx_nx’

p>’< = Py —mn,u,. (3)
Taking v , v in the form

imey r*

vy=e"y,, oy ="y, 4)

one finds the relations

I’l;( =Ny, p;( = px_nxv¢x7
which coincide with (3) if
u =Ve,. &)

The substitution w, -, , w, >y, in (1)
leads to the desired expression for the statistical
operator with j, #0:

(H+AgQ—ygN)+ﬂ_[dxux Py 7ﬂ(m/2)J.dxnxuf
b

(6)

is not defined completely

po=ze"

in which, however, U,

because ¢, in (5) is yet unknown. To determine u,
completely, we prove the relations

Py =tr(np) = p(X.q) ,
jX = tr( pqu) = mp(xﬂq)ux b
atpx,t |t:0: _milvjx b asz,z |t=0: qaqu,ﬂ(Xa Q) s

where ¢=[0,q,],_,. Combining them with Eq. (5),

one can represent U, in the form

U, =4V, (7)

where @, is a solution of the equation

P(X.Q)ABHVp(X,9) IV, =-0,p(X,q). (8)

Since Eqgs. (7), (8) define u, uniquely, the defi-
nition of p, by Eq. (6) becomes complete.

1. V.P. Aleshin, Nucl. Phys. A 781, 363 (2007).

21



AHOTALII POBIT

E1 RADIATIVE STRENGTH FUNCTION FOR GAMMA-DECAY AND PHOTOABSORPTION

V. A. Plujkol’z, 0.1 Davidovskayaz, I. M. Kadenko', E. V. Kulich', O. M. Gorbachenko', S. Goriely3

"Taras Shevchenko National University, Kyiv
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Institut d'Astrophysique Universite Libre de Bruxelles, Brussels, Belgium

Photoabsorption cross sections and isovector E1
gamma-decay strength functions are calculated and
compared with experimental data to test the existing
models of dipole radiative strength functions (RSF)
for the middle-weight and heavy atomic nuclei [1].
More specifically, experimental data were compared
with theoretical calculations performed within the
framework of the microscopic Hartree - Fock - Bo-
goliubov plus quasi-particle random phase approxi-
mation model [2] (HFB-QRPA), the semi-classical
approach with moving surface [3] (MSA) and the
more traditional Lorentzian-type models using
closed-form expressions [1]. Simplified version
(SMLO) of the modified Lorentzian model (MLO1)
was also proposed and tested in which the width is
linearly dependent on the excitation and gamma-ray
energies [4].

The shape parameters of the SMLO model were
obtained by fitting the theoretical calculations for
photoabsorption cross sections to the experimental
data from the EXFOR library (http:/www-
nds.iaea.org/exfor/). The ready-to-use table of these
parameters is given. These SMLO parameters are
not too different (deviations of about ~ 10 - 15 %)
from the standard GDR parameters which are ex-
tracted within standard Lorentzian model (SLO).
The SMLO shape parameters can be also interpreted
as the parameters of the isovector GDR, since the
dipole RSF can be well approximated by the Lor-
entzian-like curve with parameters corresponding to
the characteristics of the GDR in a range in the vi-
cinity of the peak energy which was used in fitting
procedure. Differences in GDR parameters for the
SLO and SMLO models demonstrate the impact of
the energy dependence of the width. Since this en-
ergy-dependence is not quite known, these devia-
tions can be considered as the current physical un-
certainty remaining when extracting the GDR pa-
rameters from a fit to experimental data.

The overall comparison of the calculations within
different simple models and experimental data
shows that the EGLO and MLO (SMLO) approaches
with asymmetric shape of the RSF provide a unified
and rather reliable simple method to estimate the

dipole RSF both for gamma-decay and for pho-
toabsorption over a relatively wide energy interval
ranging from zero to slightly above the GDR peak,
at least when GDR parameters are known or GDR
systematics can be safely applied to. Otherwise, the
HFB-QRPA and semi-classical MSA seem to be
more adequate to describe the dipole photoabsorp-
tion RSF, at least in spherical nuclei of light and me-
dium mass.

The MLO (SMLO) approach is based on general
relations between the RSF and the nuclear response
function. Therefore they can potentially lead to more
reliable predictions among simple models. However,
the energy dependence of the width is governed by
complex mechanisms of nuclear dissipation and is
still an open problem. Reliable experimental infor-
mation is needed to better determine the temperature
and energy dependence of the RSF, so that the con-
tributions of the different mechanisms responsible
for the damping of the collective states can be fur-
ther investigated. This should help to discriminate
between the various closed-form models describing
the dipole RSF.

This work is supported in part by the IAEA
(Vienna) under IAEA Research Contract No. 12492,

1. T.Belgya, O.Bersillon, R.Capote, T. Fukahori,
G. Zhigang, S. Goriely, M. Herman, A. V. Ignatyuk,
S. Kailas. A.Koning, P.Oblozinsky, V. Plujko,
P. Young. IAEA-TECDOC-1506: Handbook for cal-
culations of nuclear reaction data: Reference Input
Parameter Library-2, 1AEA, Vienna, 2006, Ch.7;
http://www-nds.iaea.org/RIPL-2/.

2. S. Goriely, E. Khan, M. Samyn, Nucl. Phys. A 739
331 (2004).

3. V.IL Abrosimov, O. I Davidovskaya,
Phys. Jour. 51, 234 (2006).

4. V. A.Plujko, I. M. Kadenko, E. V. Kulich, S. Go-
riely, O. 1. Davidovskaya, O. M. Gorbachenko,
Book of Abs. workshop on photon strength functions
and related topics, Prague, Czech Republic, June 17-
20, 2007 (to be published in “PoS - Proceedings of
Science”).
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SHELL CORRECTION, MAGIC NUMBERS AND MEAN FIELD

V. Yu. Denisov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The problem of proton and neutron magic num-
bers in the region of super-heavy nuclei is of crucial
importance. Magic numbers are associated with the
filling of nuclear shells. Therefore, nuclei with ma-
gic numbers of nucleons are more stable than their
neighbors. A doubly magic super-heavy nucleus
may have a long lifetime. A stability island can be
formed around such a nucleus. However, experimen-
tal data available at the present time cannot provide
an answer to the question which numbers are magic
for spherical nuclei in the region of superheavy nu-
clei.

Different nuclear models predict different values
of magic numbers for spherical nuclei in the region
of super-heavy nuclei. For example, parameteriza-
tions of the nucleon mean field in the form of the
Woods—Saxon potential led to the values of Z =
114,120 and N = 184 in and to the values of Z= 114
and N = 184. Microscopic self-consistent calcula-
tions in the Hartree - Fock - Bogolyubov approxima-
tion with Gogny forces yielded Z = 114, 120, and
126 and N = = 184, 164, and 228. For protons, the
magic numbers found on the basis of self-consistent
microscopic calculations in the Hartree - Fock - Bo-
golyubov approximation with Skyrme forces depend
on their parameterization and appear to be Z = 120
and 124 for the SkM™ parameterization; Z = 120 for
the Skll, Ski3, and Skil4 parameterizations; Z = 124
and 126 for the SLy4 and SkP parameterizations; and
Z =126 for the SkO parameterization. In the case of
neutrons, all these parameterizations lead to the
value of N = =184. Calculations on the basis of
relativistic mean-field models yield the magic-
number values Z= 106, 114, 120, 126, 132, and 138
and N =138, 164, 172, 184, 198, 216, 228, 238, 252,
258, and 274. The semiempirical shell model for
nuclear masses by Liran et al. leads to the magic-
number values of Z = 126 and N = 184.

Distinctions between theoretical predictions for
the proton and neutron magic numbers are quite
significant in the region of super-heavy nuclei.
Therefore it is necessary to understand the reason of
such distinctions between magic numbers evaluated
in various model.

For this goal we compare the proton and neutron
mean fields [1]. As the result we find that the depths,
diffuseness and radii of the well obtained in various
approach are quite different.

The magic numbers are related to the deep local
minima of the shell-corrections [2]. Therefore we
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will investigate the dependence of shell corrections
on the variations in the parameters (depth, radius,
and diffuseness) of the central and spin-orbit com-
ponents of the Woods - Saxon potential. For the
input parameters of the mean-field potential, we will
employ values from the universal set [3].

The main conclusions of the present study can be
briefly formulated as follows:

in the region around Z = 82 and N = 126, varia-
tions in the parameters of the mean-field potential
affect only slightly the values of shell corrections.
The position of the deep local minimum in the shell
corrections at Z = 82 and N = 126 is stable against
variations in the parameters of the mean-field poten-
tial;

in the region of super-heavy nuclei, variations in
the parameters of the mean-field potential change
substantially the shell corrections and the positions
of their local minima, this leading to a change in
magic numbers. The effect of variations in the mean
field on the shell corrections and magic numbers
becomes stronger with increasing Z and N;

variations in shell corrections in response to em-
ploying different nucleon mean-field potentials lead
to different values of the magic numbers and to the
dependence of nuclear masses and fission barriers on
the number of nucleons in super-heavy nuclei;

shell corrections are the most sensitive to varia-
tions depth, radius, and diffuseness of central part
and radius of spin-orbit part, since these variations
have the strongest effect on the mean-field potential
in the vicinity of the Fermi level;

for heavy and super-heavy nuclei, shell cor-
rections for protons are usually more sensitive to va-
riations in the parameters of the mean-field potential
than shell corrections for neutrons;

in the region of super-heavy nuclei, magic num-
bers obtained within various self-consistent micro-
scopic models can be reproduced by using the
Woods - Saxon potential whose parameters are cho-
sen appropriately.

1. V. Yu. Denisov, Phys. At. Nucl. 70, 244 (2007).

2. V.M. Strutinskii, Yad. Fiz. 3, 614 (1966) [Sov. J.
Nucl. Phys. 3, 449 (1966)]; V.M. Strutinsky, Nucl.
Phys. A 95, 420 (1967); 122, 1 (1968).

3. S.Cwiok et al., Comput. Phys. Commun. 46, 379
(1987).
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INTERACTION OF TWO DEFORMED ARBITRARY-ORIENTED NUCLEI

V. Yu. Denisov, N. A. Pilipenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The ground state of nuclei is characterized by
shape, which can be spherical or deformed. Nuclei
of various shapes have been used in collision ex-
periments. The shapes of colliding nuclei are very
important for the barrier height and other properties
of nuclear reaction. It was shown both experimen-
tally and theoretically that the sub-barrier fusion of
spherical and well-deformed nuclei in the ground-
state is strongly enhanced by deformation. The
height of barrier is especially important for the pro-
duction of heavy and super-heavy elements (SHE).

Nuclear reactions involving two deformed nuclei
have been used in various laboratories for SHE pro-
duction. The radiochemistry of SHE is done often in
reactions between deformed actinide targets and
well-deformed light projectiles. The sub-barrier fu-
sion reactions between well-deformed isotopes of F,
Ne and Mg are very important for the star burning,
because these reactions determine the evolution of
the stars and parameters of the equilibrium state of
the hot stellar matter. Therefore it is interesting to
study properties of the interaction potential between
two deformed arbitrary-oriented nuclei.

The interaction potential between nuclei consists
of nuclear, Coulomb and centrifugal parts. The Cou-
lomb part is related to a six-dimensional integral.
This integral can easily be solved only for two
spherically symmetric charge distributions. How-
ever, the numerical evaluation of the Coulomb inter-
action between two deformed nuclei requires
lengthy calculations. The calculation of nuclear part
of nucleus-nucleus interaction in the framework of
extended Thomas-Fermi approximations with the
Skyrme force [1 - 4] relates to the numerical evalua-
tion of three-dimensional integral. The nuclear part
of a nucleus-nucleus potential is given by a six- or
three-dimensional integrals in the framework of
various models. Evaluation of these integrals is in-
tricate numerical problem especially in the case
when the ground-states of interacting nuclei are
well-deformed. Due to this, it is very desirable to
have simple and accurate approach for evaluation of
the nucleus-nucleus potential between deformed
arbitrary-oriented nuclei.

We obtained simple expression for the Coulomb
interaction of two deformed arbitrary-oriented axial-
symmetric nuclei [4]. Accurate approximation for
nuclear part of interaction between these nuclei was
also proposed [4]. Properties of total potentials be-
tween nuclei with prolate-prolate, prolate-oblate and

oblate-oblate deformations at various orientations
are discussed. Particularities of the total potentials
for the systems leading to super-heavy elements are
considered in detail. The influence of quadrupole
and hexadecapole deformations of both nuclei at
various orientations on the barrier height and poten-
tial pocket properties is studied. The obtained ex-
pression for nucleus-nucleus potential approximates
rather well the exact numerical calculations for vari-
ous colliding systems.

We show that the nucleus-nucleus potential de-
pends strongly on both the values of deformation
parameters and mutual orientation of nuclei. The
more compact nucleus-nucleus shapes lead to higher
barrier height and deeper capture well. We point out
here that properties of capture well determine shape
evolution of nuclear system from touching configu-
ration of two nuclei to compound-nucleus. The large
depth and width of capture well are favourable for
the successful capture of colliding nuclei and further
formation of the compound-nucleus.

The deformation of both nuclei and mutual orien-
tation of them strongly influence the barrier height
and position. The range of barrier height variation
induced by mutual orientation of heavy well-
deformed nuclei is approximately 15 - 20 MeV. The
range of barrier distance changing is around 2.5 fm.
Due to this deformation of nuclei and their mutual
orientation during approaching are extremely impor-
tant for sub-barrier and near barrier heavy-ion fusion
studies. We show that the experimental energies
chosen for SHE formation in very asymmetric reac-
tions are close to the side-side barrier height.

The leading deformation effect on the potential is
related to the quadrupole deformation. However, the
hexadecapole deformation of heavy nucleus is also
very important for accurate evaluation of the barrier
and especially capture well. Due to considerable
quadrupole deformations in both nuclei and notice-
able hexadecapole deformations, reactions Zn + Th,
U are very promising for the synthesis of super-
heavies.

1. V. Yu. Denisov, Phys. Lett. B 526, 315 (2002).

2. V.Yu. Denisov, W. Norenberg, Eur. Phys. J. A 15,
375 (2002).

3. V.Yu. Denisov, V. A. Nesterov, Ukr. Phys. J. 51, 440
(2006); Phys. At. Nucl. 69, 1472 (2006).

4. V.Yu. Denisov, N. A. Pilipenko, Phys. Rev. C 76,
014602 (2007).
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BREMSSTRAHLUNG DURING o-DECAY OF HEAVY NUCLEI

S. P. Maydanyuk, V. S. Olkhovsky

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In recent years many attempts have been made to
study the nature of bremsstrahlung emission (Br) in
a-decay of heavy nuclei. After the first experiments
[1, 2] in measurement of Br spectra during a-decay
of nuclei 210P0, 214Po, 22Ra and 244Crn, different
models and approaches have been developed. One of
the key ideas of such research lays in search of a
new method of obtaining from the Br spectra a new
information about dynamics of a-decay and dynam-
ics of tunneling.

Difference between experimental spectra for
1% obtained in [1, 2] at different angles between
directions of a-particle motion and photon emission,
forms the three-dimensional picture of the o-decay
with the accompanying Br in the spatial region of
nuclear boundary. If the Br intensity is varied
enough visibly with change of the angle, then the
photon emission is able to influence essentially on
the a-decay dynamics and, therefore, to change its
entire characteristic. Therefore, the angular analysis
of Br in a~decay opens a way to obtain new informa-
tion about a-decay.

We have developed the model of Br during a-
decay of heavy nuclei, main positions of which are
presented in [3 - 5]. These recently published papers
have already obtained international acceptation and
are cited, for example, in such papers [6 - 9]. Let’s
note the main points of the model:

Br probability during a-decay is defined on the
basis of matrix element of transition of compound
quantum system (oa-particle and daughter nucleus)
from its state before the photon emission into its
state after the photon emission;

the matrix element is calculated on the basis of
quantum electrodynamics, without dipole and WKB
approximations, application of Fermi rule;

dependence on orientation of directions of a-
particle motion before and after photon emission and
direction of photon emission is included;

a-nucleus potential is used from the newest data
of a-decay [10].

Recently formed Russian-Italian group has ob-
tained new accurate experimental Br spectrum for
21%po. These data and results of calculations by our
model are shown in Figure.
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Bremsstrahlung probability in a-decay of ?'*Po [11]: dash
line — spectrum by our model, full points — experiment
data.

One can see that our Br spectrum is in a good
agreement with the experimental data that points out
efficiency of our model [11]. At present day, this is
the first nucleus, for which such good agreement has
been obtained inside the photon energy region up to
750 keV (early it was obtained up to 400 keV).

1. N. V. Eremin, G. Giardina et al., Phys. Lett. B332, 25
(1994); Phys. Rev. Lett. 85 (14), 3061 (2000).

2. J.Kasagi et al., Phys. Rev. Lett. 79 (3), 371 (1997);
Journ. Phys. G 23, 1451 (1997); Phys. Rev. Lett. 85
(14), 3062 (2000).

3. S.P. Maydanyuk, V.S. Olkhovsky, Prog. Theor.
Phys. 109 (2), 203 (2003); nucl-th/0404090.

4. S.P.Maydanyuk, S.V.Belchikov, Probl. At Sci.
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6. H. Boie et al., Phys. Rev. Lett. 105 (2), 343 (2007);
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ABUIIE YACOBHUX PE3OHAHCIB (BUBYXIB) IIPU PO3IIAAI CKIAJEHUX SAIEP
Y BUCOKOEHEPI'ETUYHUX AJEPHUX PEAKHIAX

B. C. OabxoBcbkuii, M. E. Joadincbka, C. O. OMeb4eHKO

Incmumym si0epnux docnioocens HAH Yrpainu, Kuig

ExcrioHeHIliliHE  3MEHIIEHHS EHEePTreTUYHOTO
CIICKTPA, AKE CYIPOBOKYETHCS HEBEIUKUMHU OCIIH-
JSIUISIMU 3 €HEprie€lo KiHIeBUX (parMeHTiB y BUCO-
KOSHEPreTUYHHX SICPHUX PEaKIlisx, He3aJIeKHO BiJl
(hparMeHTiB, MileHeH, BUIIB YaCTHHOK, iXHIX €Hep-
riif, OyJn0 TMOSICHEHO B aBTOPCBHKHX poboTax [1, 2]
MIPH MIEBHUX YMOBAaX CHILHOTO MIEPEKPUTTS PE30HAH-
CiB CKJIaJIeHUX Sep HOBWUM, BBEIEHHUM aBTOPaMH,
SIBUII[EM YaCOBHMX PE30HAHCIB (BUOYXIB).

Hamu Oyi0 peTensHO TeOpeTUIHO 00IPYHTOBAHO
SIBHIIE YaCOBOTO PE30HAHCY, 110 €KCIIEPUMEHTAIFHO
CIIOCTEPIra€ThCA JOCUTH YaCTO y BHCOKOCHEPTeTHY-
HUX SICPHUX DPeaKIlisx. 3armpornoHOBaHA HAMH Me-
TOJIOJIOTIA € OLTBII CaMOY3TO/KEHHM ITiXO0A0M Y
JTOCITIKEHHSIX 9acOBOi €BOJIOMII PO3TITHYTHX pe-
aKIil MOPIBHAHO 3 IIHPOKOBIJOMOIO TPAIMIIIHHOIO
MOJIEJUTIO CKJIa/ieHoro siapa [zumo - Araseki [3].

L'

T 7

Puc. 1. 1 — L(7), 2 — I(0).

1. V.Olkhovsky, M. Dolinska and S. Omelchenko,
Centr. Europ. Journ. Phys. 4 (2), 223 (2006).

2. V.S.Olkhovsky, M.E. Dolinska, and S. A.Omel-
chenko, Proc. of the International Conference
“Current Problems in Nuclear Physics and Atomic

Jus ommcy eBomoomii TPUBANOCTI iCHYBaHHS
CKJIQJICHOTO sijipa L°() (y MOMEHT ¢ I/l 9ac KHUTTS Ta
posnaxny micyst popMyBaHHS) 3aCTOCOBYEThCS (PYHK-

t
misgs L () =1 - j. dt I (¢), ne I(t) — iMOBiIpHICTB
(0)
emicii. 3 mpOTO CHIBBIAHOIIEHHS MOXKHA OTPUMATH
CTpOTO HEEKCIIOHEHTIIMHY (hopMy st L(2) Ta I(1), sk
MoKa3zaHo Ha puc. 1.

Ha puc. 2 pe3ynbTati po3paxyHKiB €HEprii Crek-
TPiB O i(Er) (B HOBUIBHUX OOMHUIIX Y Jorapud-
MiYHOMY MaciTabi) MOPiBHIOIOTHCS 3 €KCIIEPUMEH-
TaTLHUMU JaHUMH [3].

Byno Takox BUKOHaHO PO3paxyHKHU Ta 3pOOJIEHO
Y3rOKeHE TMOPIBHAHHS 3 CKCIIEPUMEHTOM ISl Py
iHmMX peakmii [1, 2].
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Energy”, Kyiv, Ukraine, May 29 - Iune 03, 2006
(Kyiv, 2007), part I, p. 346.

3. Ko Izumo, H. Araseki, Progr. Theor. Phys. 69, 158
(1983).
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OrJisAJl JOCJIJKEHD 13 MPOBJIEMHU YACY K KBAHTOBOI
CIIOCTEPEXXYBAJIbHOI BEJIMYUHU

B. C. OabpxoBchKHI

ITncmumym aoeprux docniosxcens HAH Yrpainu, Kuig

HemogaBHo omyOmiKOBaHO aBTOPCHKY IPAIli0
[1], sixa € ormsmom mpank 3 20-x pokis 20 cT. 10 110-
CIiKeHb moYaTKy 21 cT. pa3oM 3 OCTaHHIMH aBTOP-
CBKHMMH pe3yJibTaTaMH 3 MPOOJIeMH Yacy K KBaHTO-
BO1 CIIOCTEPEKYBAIBHOI BETUYMHU. Y IIiH mpai oc-
TaTOYHO 3aBEPIIEHO PO3POOKY TEOPETUIHOTO arapa-
Ty YacOBOTO aHalli3y KBAaHTOBHUX 3iTKHEHb Ta, 30Kpe-
Ma, SJIEPHUX MPOIECIiB, 10 0a3yeThCs Ha aBTOPChH-
KOMY BBEJICHHI OIlepaTopa 4Yacy Ta BCTaHOBIJICHHI
BJIACTHBOCTIM Yacy K KBaHTOBO CIIOCTEPEKYBalb-
HOi BEIMYHMHHU, KaHOHIYHO CHPSDKEHOI 0 eHeprii.
Lei#t anmapar y3arabHEHO Ui KBAHTOBOI €JIEKTPO-
JTUHAMIKH.

Byno po3pobieno enuHUNA CaMOY3TOIKCHHMA
KBaHTOBO-TECOPETHYHUI IMiJIX1J1 JO BU3HAYCHHS YaciB
KBaHTOBHX 3iTKHEHbD 1, 30KpeMa, 9aciB TYHEIIOBAHHS
(Olkhovsky - Recami approach), sikuii JO3BOJIUB:

1) matu 3aranbHE CaMOy3TOKEHE TEOPETHYHE
BH3HAYEHHSI TPUBAJIOCTI KBAHTOBUX IPOIECIB 1 30K-
peMa SIepHHX peakilii Ta Horo 3aCTOCYBAHHS IS
JESIKMX EKCIEPUMEHTAILHIUX BHMIPIB TPUBAIOCTEH
SNIEPHUX PEaKITii;

2) BU3HAYUTH TPAHUII 3aCTOCYBAHHS BiTOMHUX
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NpUOMU3HUX BUPA3iB YaciB TYHETIOBaHHS IS PSLY
KOHKPETHHX IPUKJIIaiB;

3) y3araJbHHUTH i pO3MHPUTH eheKT XapTMaHa, a

TaKOX 3HAWTHU yMOBU MOT0 MOPYIICHHS;

4) mepenOavynTH HOBI 4acoBi epeKTH B TyHEIO-
BaHHI Kpi3b JBa Ta JEKiIbKa Oap’epiB, AKi BXKE Mif-
TBEP/HKCHI HOBUMH ONTUYHUMH T2 MiKpOXBHIBOBHU-
MU €KCIIEpUMEHTaMH.

Pesynpratn pocmimpkeHb KIHETHKH Ta 4acOBOTO
aHami3y SISpPHUX peakIliii Ha OCHOBI pO3p00JIECHOTO
aBTOPOM TEOPETUYHOTO amapary HaJald MOXKJIH-
BiCTh aBTOPY i3 CHIBPOOITHHKAMH BIJKPHUTU MPOTA-
TOM OCTaHHIX pPOKIB HOBi edektu delay-advance
effect (sBuIIE 3aTPUMKH-BUTIEpEKCHHS) [2] Ta time
resonance (explosion) phenomenon (sBUIlEe 4acOBO-
To pe3oHaHcy, abo BHOyXy) [3].

1. V.S. Olkhovsky, E. Recami, Int. J. Mod. Phys. A 15,
5063 (2007).

2. A.D’Arrigo, N. L. Doroshko, N. V. Eremin,
V.S. Olkhovsky et al., Nucl. Phys. A 564, 217
(1993).

V. S. Olkhovsky, M. E. Dolinska, S. A. Omelchenko,
Central European Journal of Physics 4 (2), 1 (2006).
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HOBASI ®U3UKA 3A NMPEJEJAMU CTAHJIAPTHOH MO/JIEJIHA

10. M. Mamora, T. B. Oouxon

Hnemumym sdeprnvix uccnedosanuti HAH Yxpaunol, Kueg

CoBpeMeHHasi (U3MKa BBICOKMX DSHEpPruil 0a3u-
pYETCsl Ha UIECONOTUH AOMOJIHUTEIbHBIX U3MEPEHUN.
B koHTekcTe 3TOH HUIIE0JIOTMH BeChbMa MEPCHEKTHUB-
HOM SBJISETCS MOJENb, OINUCHIBAIONIAS CIEKTPHI
KK-mapTHEepoB rpaBUTOHa M BEKTOPHOTO 0030HA B
MATAMEPHOM TIPOCTPAHCTBE-BPEMEHH C He(aKTOpH-
3yeMoit reometpueii [1, 2]. Dta Moaens mo3BoIMIA
peImuTh IpodIeMy HepapXuu, T.e. CBA3ATh JBE pa3-
HbIe DJHepreTHdeckue ImKanel (mkamy Ilranka
M, = 10° 3B wu wkany M = 10* I'"B) ¢ momo-

b0 POPMYITBI
Mp =AM’/ k™

roe k=10 I>B, a R =10" cm omnpenensieT pas-
MEp NOMOJHUTENBHOrO M3MepeHus. CorjsacHo 3Toil
(hopmyiie Tporecchl, HIyIue NpPU TIAHKOBCKHX
SHEPrusX, JOJDKHBI HAOMIoAaThed M Ha KoJulaiaepe
LHC.

Lens HacTosmed pabOTBI — CPAaBHHUTH CIEKTPHI
KK-mapTHepoB TrpaBUTOHAa U BEKTOPHOro 0O0O30HA C
JNAaHHBIMH KOMIBIOTEPHOTO CHUMYJUPOBAHUS, BBI-
MOJTHEHHOTO B padore [3].

[IpencraBuM METpUKY MSATUMEPHOW TpaBUTAIUU

B Buge  ds®=e M (nﬂv +h,, (x,y))dx”dxv +

+(1+¢(x))dy2, rae 77, - METPUYECKHil TEeH30p
Munkosckoro, a /i, (x,y) - BomHOBas (yHKIHs

TpaBUTOHA, 3aBUCAINAA OT KOOpAWMHAT X YCTBIPECX-
MEPHOI'0 MPOCTPaHCTBA-BPEMCHU U OT KOOPAWHATHI
Yy JOIIOJIHUTCIBHOTI'O HU3MCPCHUA. Pazmaras BosHO-

BYIO (yHKIHIO A, (X,y) TO CHCTEME OPTOHOPMH-
poBaHHbIX (yHKuH ) (») ¥ npuMeHsis rpaHuu-

HBIE YCJIOBHSA d;(é") (y) /dy=0 mpu y=0,Rx,

HaxXoJuM

Heckonbko TiepBbIX 3HaueHuit maccel MC = Bk

KK-naptaepoB rpaButoHa passsl 3,83; 7,02; 10,17;
13,32;... ToB.

[IpuMeHss TOT ke MaTeMaTH4EeCKUI anmapar ajs
BEKTOPHOTo 6030Ha A, (X,y), rie x - KOOpIMHATEI
YETBHIPEXMEPHOTO TPOCTPAHCTBA-BPEMEHH, & ) - KO-
OpIMHATA JOTOJHHUTEILHOTO H3MEPEHUs, HAXOIUM

maccel M = Bk KK-napTHepoB BeKTOpHOTO 6030-
Ha 2,40; 5,52; 8,65; 11,79; ... T>B. B pabore [3] ObI-
JIO BBINOJHEHO KOMIIBIOTEPHOE CUMYJIMPOBAHHUE TIPO-
crpancTB KK-napTHepoB IpaBHUTOHAa M BEKTOPHOTO
0030Ha, uTO npezcTasiaeHo Ha puc. 1 u 2 (u3 [3]).
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W3 puc. 1 u 2 BUIHO, YTO MacChl MIG =3,83T>B

A
u M/ =2,40T>B yzna4Ho cOIIaCylOTCs C TEOPETH-
YECKUMHU MPEICKa3aHUAMHU.

1. L. Randall and R. Sundrum, hep-ph/9905221.

2. A. Pomarol, hep-ph/9911294.

3. CMS Technical Design Report, vol.
LHCC-2006-021.
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AdS/CFT-COOTBETCTBUE U MUKPOCKOIIMYECKHMUE YEPHBIE J1bIPbI

10. M. Mamiora, T. B. Oouxon

Hnemumym sdeprnvix uccnedosanui HAH Yxpaunol, Kueg

®u3nka BBICOKHX PHEPIUil CBs3aHA C MOUCKAMU
HOBOH (PHM3UKM 3a mpepenamMul CTAaHJAPTHOW MOIEITH.
OTH TOUCKH aCCOLUUPYIOTCS C OTKPBITHEM HOBBIX
yactur tuna Kanyua-KneliH-napTHepoB u cymep-
MapTHEPOB.

PaccMoTpuM MUKPOCKONMMYECKYIO YEPHYIO TBIPY,
omnpenensieMyo reomerpuei [1]

AdS, xS, (1)

rae  AdSs- naTuMepHOe IMPOCTPAHCTBO AHTH 1€

Currepa, S°- natumepnas cdepa. I'pynmoii uso-
MeTpHH mpocTpaHcTsa (1) sBiseTcs rpymnmna

SU(2,2)xSU(4) = SU(2,214).

Paccmotpum cnepyromme mnpeacraBieHus [2] cy-
neprpynnsl SU (2,2|4).

D(1,o,06)O+D(3,1,0|4j +D(§,o,l|1) +
272 ) 27720, (@
+D(2,1,0[1),+D(2,0,1]1),,

D(4,1,1|1)0+D(1, 71

1,1|Z +D| =, =114 +
272 ), 272 ,

+D(3,1,1|15 +D(3,1,016),+D(3,0,1]6) +
2’27, 2 2
+D 1,1,0|4 +D Z,O,lﬁ +
2’2 , 27720 ),
51 1 —
+D|=,=,0(20 | +D|=,0,—[20 | +D(2,0,0|20)
272 , 27 ),

+D(3,0,0]10), +D(3,0,0/10) +D(4,0,0]1), +

(
+D(4,0,0 |T)0 . (3)

Cpeny MyJibTUILIIETOB D(A,Jl, J, |N)q (4 - xon-
¢opmHas pasmepHOCTH, J,,J, - cuHbl, N - pas-
MepHOCTh N - miera rpynmnsl SU (4), q - KBaHTO-

Boe umcio, knaccudummpyromee KK-Bo30yxaeHms)

€cTb 15-TIeT BEKTOPHBIX ME30HOB D(3,%,% | 15) u
1

L[OPIYHUK - 2007

T D 3,l,l|15 u 20-ttera 6apuoHoB D 2,1,0|2O .
22 ) 22

20-rutler  GapuUOHOB D(%,%,ODOJ. Becosrie
2

IarpaMMBbl 3THX MYJBTHILIETOB H300pakeHbl Ha
PHUCYHKE.

BecoBble nuarpamMMbl 15-mieta  BEKTOPHBIX ME30HOB

2

OcranpHBIC MYJIBTHILICTHI D(A,J I | N ) ;7B

nsitoTes dk3oTHueckumu Kanyna - Kielin - naprtHe-
paMH U C UX MOMCKAMU CBSI3aHbI SKCIICPUMEHTBI Ha
Large Hadron Collider (LHC) B Gimkatitiee Bpems.

1. P.K. Townsend, hep-th/9901102.
Beeoenue 6 cynepepasumayuro: C6. cmameii, 1ox
pea. C. ®eppapsr, k. Tetimopa (Mup, Mocksa,
1985), 304 ¢
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CHHEKTPBI CYHEPCTPYH

T. B. Oouxoxn

Hucmumym adepruix uccreoosanuii HAH Yxpaunol, Kueg

Jyisi OTKpBITHS HOBBIX YaCTHI[ 3a NpeAenaMu
CTaHIAPTHOM MOAENH NpUMEHseTcs (OpMaIu3M
cynepcTpyH. CeKTpbl 3aMKHYTHIX CYNEpCTPYH pac-

CUUTHIBAIOTCS. HamMu B TepMuHax SU (4) xU (1) -
CUMMETPHH.

B pabore [1] Obpma momydeHa KiacCHUpUKAIMSL
Dp-6pan Tuna IIB. Ota xnmaccudukaius mpuBeacHa

B Tabm. 1, rae pynxrop K (S") OIIHCHIBAET TOMOJIO-
rudeckue 3apsasl Dp-OpaH.

i HaxokOeHWs crekTpa O0e3MacCcoBBIX MOJ
3aMKHYTOU CcynepcTpyHsl Tuna IIB Hano BeMUCIUTD

TeHsopHoe mnpoussencHue (8, +8. )®(8 +8.), a
JUIE HAXOXKICHUS CIIEKTpa 0€3MacCOBBIX MOJ 3aMK-
HyTOM cynepcTpyHbl Tuna IIA — TeHzopHOE mpous-
BEJICHUE (8v +8, ) ® (8v +8. ) Pe3ynpTarel BbIUHC-
JIEHUH TIPUBEICHBI B Ta0J. 3 U 4 COOTBETCTBEHHO.
®dyHKTOp K (S k ) sBisieTcsas monyinem Kmuddopna

Han anreopoit Kmuddopna [2]. Chucok anrebp
Kmudpdopna n monyneit Kmuddopna mpusenen B
Tabm. 2.

Tabnuya 1. Knacendukamus Dp-6pan ¢ nomompio K-pynkropa K (Sk )

Dp D9 D8 D7 D6 D5 D4 D3 D2 Dl DO D(-1)
S9fp SO Sl SZ S3 S4 SS S6 S SS S9 SIO
K(s") z 0 z 0 z 0 z 0 z 0 z

Tabnuya 2. Cnucox monyaeii C; u

anreop K(S") Kauddopna

Tabnuya 4. Cnektp cynepcrpyHsi tuna A

Tabnuya 3. Cnektp cynepcrpyHsi Tuna 1B

1z

gz +dg;a

104 + By + 6y + 6,

2000 + 2040 4+ A+ + Ao+

200+ 150+ 150 + 15 + Lo+ 1o+ 1o + 1o+ 1o
ﬁ—i;‘ﬂ +20 440 + A g+ d gt dgpmtd g
104461 4+61+64

4 3 +1-:;,.-3

1 a

1

k C; K(Sk) E:,.E e
; CC€(32§' g 15y + 6y + 6 + 1y
3 c(2)@c(2) 0 212+ 20+ Hhip+hp +

200 + 150+ 100 + 100 + Ga + 60 + 1o + 1o + 1o
4 C(4) zZ B0 g+ 20 g+ d qatd gt E gt Aoy

172 142 12 i/2 1/2 1/2

5 c(4)®c(4) 0 566
° C(8) z 4 g+ d_a2
7 C(8)® C(8) 0 1
8 c(16) z

Paccmorpum D1-Opany, KoTOpas mpeacTaBisieT
co0oif 3aMKHYTYI0 cynepctpyHy tuma [IB, ¢ koTo-
poli accommupoBana anredpa Kimddopna C(16)
nocneaHeld crpoku Tabm. 2 m moayns Kmmuddopaa

K (SS) . I'eneparopamu anredpsr C (16) SIBJISIFOTCS

ramMmMa-mMaTpulilbl KOM6I/IHaL[I/II/I

i
J 2[71-7,,}/ 4 onpenenstor reneparopst SO (8)

[3].

1. K. Olsen, R. J. Szabo, hep-th/9907140.

2. . Xew3momnep, Paccroennvie  npocmpancmea
(Mup, Mockga, 1985), 443 c.

3. M. TI'pun, Hx. llBapu, 3. Burren Teopus cynep-
cmpyn (Mup, Mocksa, 1990) T.1. 520 c.

KOTOPBIX
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E®EKT 3BUIBIIEHHA NEPEPI3Y 3PUBY HA HAIIIBIIPO3OPUX SJIPAX

B. K. TaprakoBcbkuii

Inemumym s0eprux docnioncens HAH Yrpainu, Kuis

[Tepepi3u 3puBy KiactepiB 1 Ta 2, 6, Ta G, ABO-
KJIACTEPHOTO sifipa 3 paAiycoM R, Ha BaXXKOMY siIIpi
MiIIIeHi 3 pagiycoM R 1 mapameTpamMu Hpo30pocTi ff
Ta PO3MHTTS Kparo Aapa A MOXKHA 3alMcaTH y Aes-
KUX TPAaHUYHUX BUIIAIKAX y BUTIISII:

0,=0,= ”R2ﬂ(2_ﬂ)(1_ﬂ)2 +

+§RRO B2(2— ) + 2 RAB(1 - B) x
R>>R, >> A,

x[1_i_ﬂj
N2 2n )
=0, =7{R— %Aj BC-p)1-p) +
T 7 2 2
+E(R—\/%A]Roﬁ 2-p)+
) ﬂ 28 B
A

R>>A>>R,.

Posrnsnemo Bumanku, komu A=0. Y peakiii
3pUBY KJlacTepa CIa0KO3B’S3aHOTO JIBOKIIACTEPHOTO
sapa OOWH 13 KJIACTEPiB IOTJIMHAETHCSA SIPOM-
MIIIICHHIO, a Jpyruid Kiacrep Bigmitae. Ha dopHomy
sIIpi-MillleHl Takul Mpolec Moke BigOyBaTHCS, KO-
U OJMH 13 KJIACcTEpiB IMomazac B 00JIacTh smapa, a
JPYTU JIETUTH MOB3 HBOTO. AJle KOJIU SAPO-MillleHb
€ HaIliBOPO30PHM, TO IPOLIEC 3PUBY MOXKE CTaTUCS W
TONi, KOJMM OOWIBa KJacTepH OIMUHATHCS B sapi U
TITBKH OJUH 3 HHUX TOTJIMHAETHCA. Take sSBUIIE MO-
JKe TIOMITHO 30UTBIINTH 3HAYCHHS TEpepi3y 3pUBY
Ha HamiBmpo3opux sapax. I[Ipo3opicte sapa MoxkHa
OTIHICAaTH OJHUM TapaMeTpoM [, SKUH 3aJeKHUTh Bif
eHeprii majaryoi ckiIaaHol YacTUHKU. st 4opHOTO
saapa =1, a ;uig yacTKoBO mpo3oporo — f<1 [1].
30inbLIeHHs nepepizy 3puBy mpu f <1 (ane f > 0,4)
B MOPIBHSHHI 3 mepepizoM mpHu =1 modpe BUIHO

L[OPIYHUK - 2007

JUIS. HAWUIPOCTIIIOTO BHITAJKY B3AEMOJII Magar0uux
JNEUTPOHIB 3 BXKUMH SIAPAMHU 3 PI3KOIO TPAHULCIO.
VY 1upoMy BHINAAKYy IHTETpaJIbHHNA Iepepi3 3pHBY G
OyJe MaTH JOJIaHOK, TpomnopiiiiHuii R°, ne R —
pamiyc sapa MimieHi, SKWW BiACyTHIH y dopmyi
CepOepa 11t 9OpHOTO SApa:

o=p2-p1-p) xR+ 2~ oy, (1)

Je og — cepOepoBchKuil nepepis 3puBy Ha YOPHOMY
aapi (ko f = 1). Po3noainu 3BiIbHEHNX KJIACTEPiB
(HYKJIOHIB) 3a KyTaMH BHIILOTY @ Ta eHeprismu E'
IpU bOMY OyAyTh OMHCYBaTHCSA (OpMyJIaMH, sKi
Takoxk GyIyTh MATH JOJAHKH 3 R:

do(&)
dg

4

=p2-p(A~-p) 7R W*

Hp -y 2, 4=eﬁ )
dg £
do(E") _ p2-p)1-p) R2
dw 1+ o°
+p - pr L)

E'—%E
== 3
“TTTE ®
e & — eHepris 3B’A3Ky JeWTpoHa, a E — Horo

KiHeTHYHa eHepris. 3a3HaueHuil eeKkT MOXKHa BUS-
BUTH EKCIIEPUMEHTAJILHO, SIKIIO BUMIPIOBATH Iepe-
pizu (1) - (3) mna pizaux enepriv E. Lleit edexrt mo-
MITHOTO 301JbIICHHS Nepepidy 3pHUBY BHACHIJOK
IIPO30POCTi siAep [MO3BOJISAE 3aZOBLIBHO OIMCATH
BIATIOBITHI ©KCIEPUMEHTH JUIsI 3pHUBY Iaal0unX
JeHTpoHiB [2].

1. B. K. TaprakoBcekmii, YOXK 8, 142 (1963).
2. L. Schecter et al., Phys. Rev. 90, 633 (1953)
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ONTUYHUI MOTEHIIAJ IS HNIABAP’€PHOT'O MPY?KHOI'O PO3CISAHHS JIEI'KHX
CJABKO3B’A3AHUX JEUTPOHOIIOAIBHUX SAIEP

K. O. Tepeneubknii, O. B. babak, B. Il. Bepouubkuii, O. JI. I'puropenko

Incmumym s0epnux docniodceny HAH Yipainu, Kuis

VY poboti oxepkaHO HAOMMKEHUH aHATITHYHUN
BUpa3 JUI KOMIUICKCHOTO €JIIEKTPUYHOTO ONITUYHOTO
norenuiany (EOII), axuii ornucye B3aemofito cinab-
KO3B’SI3aHUX YACTUHOK 3 CJNEKTPUYHHUM IOJIEM sIIIpa
MillleHi, ypaxoBye iX MOJSPU30BHICTH Ta PO3BaJ 1 HE
MICTHUTh PO3KJIQY MO MYJIETHIIOJSX.

VY poboti [1] Ha OCHOBI HAOIMKEHOTO TPH-

m,

VY 1poMy pIBHSHHI m, - Maca HaJiTalw4oi dac-

TUHKA; m, =m,+m,, m,, m, - MacH BIAIOBIHAX

KJIACTEPiB; ,uz(mpmn )/md; o =2ue, |1 ;
k, =(m, [m,)\2uV, —&)/n*; p=k,R; Z,, Z,

- 3apsAM p-KJIacTepa Ta MilleHi; &, - €Heprist

3B’SI3Ky HANITAIOY0i YAaCTHHKH, 7] - IapameTrp 30-
mepbensna, V,=Z,Z,&* IR, V,=V,-AV, AV -

IIyKaHa KOMIUIEKCHa j00aBka 10 noreHuiany Kyio-
Ha, 10 BPaXxOBY€ MOJIMBICTH TOJSPH3AIli Ta Po3-
BaJIy HAIIITAI0U0i YaCTHHKUA B MPOILECi PO3CISTHHS Y
30BHINIHBOMY €INeKTpuYHOMy mnomi; H, =G, +iF,
ta G,, F, - kynoHiBcbki Qynkunii. Ll nobaBka i €
EOII abo norenIiaioM AUHAMIYHOT MOJISIPU30BHOC-
Ti.

UwucensHo pospaxoBani EOII 6ymno ycmimmHo 3a-
CTOCOBaHO /IO ONKCY TMPYKHOTO PO3CISSHHSA 10HIB

He snpamu *”Bi [2].

Jns amamizy (1) Ta omepkaHHS 3aMKHYTOTO BH-
pasy s AV Oylo BHKOPHCTaHO DPiBHOMIpHE Ha-
omoxenns [3] wia Gyskuiit G, F Ta iX MOXiAHUX
npu 77 >>1Ta po3knan (1) B psig mo Maiomy BigHO-
weHHI0 AV /g, , a Takoxk 36epeKeHO WICHH HepIIo-
T0 MOPSAKY MaJIOCTi. SIK pe3ysbTaT 3HalIeHO:

AV =26, Red,+ilmd, ’
1+2iS;e, Imd,

2)

ne d =1—D(277/p—1)’%, dy=d|

AV =0"

S(;:z[ﬂj :iz_{50+2p 2_77_1}‘
dAV )yo V, P P

YaCTHHKOBOTO ITJIXO/AY A0 ONHKCY NPYXKHOTO PO3Ci-
SIHHS CJIA0KO3B’si3aHuX JeiTpoHononionux (d) uac-
THHOK (IO CKJIAaNAlOThCS 13 3apsypkeHoro (p) Tta
HEUTpanbHOTO (N) KJIACTepiB) B agiabaTHYHOMY Ha-
OmkeHHi OyJI0 OJlepXKaHO PIBHSHHS, IO JIa€ 3MOTY
po3paxyBatu EOII uncensHo,

a="rk, K%n_ jHo (.0)Fy (m.0)~ Hy (n.p) F (1. 0) | = —k,D. M

m,;

2n

1a S, =S(AV=0),aS= [ \[(2n/p-1)dp.

p<2n

Pozpaxynku niiicHoi Ta ysBHOI wactuH EOII 3
BHKOPUCTAaHHSAM piBHAHHS (1) Ta 3a HaOIMXKEHOIO
¢dopmyoro (2) s BUNAIKy PO3CISIHHS JCHTPOHIB
ta ioniB ‘He sapamu “**Pb noGpe y3romKyrOThCs
MiXk c000I0 MPakTUYHO B Yyciii obOmacti 3MiHM R.
Kpim Toro, BusiBmiiocs mo ReAV, mounmHarouu 3
NesKUX  BlacTaHed, JUIIOJIBHUM
(~1/R4 ), a moBeminka ImAV cyTTeBO Bimpi3Hi-

crac YUCTO

€TbCS BiJ AWMMNOJNBbHOI. Po3paxyHKHM BKa3ylOThb Ha
naneHOMitouni xapaktep EOIL

Taka crerudidHa 0COOIMBICTS B3a€EMOIIT JETKHX
CTa0KO03B’s13aHUX JICHTPOHOIOIOHUX YAaCTHHOK 13
BaXKHMHU sIpaMU  MillleHel npu Olisbap’epHUX
EHEePrifX, sIK BUIHO, € IPUINHOI0 Hedi3nIHOI MmoBe-
JNIHKM TIapaMeTpiB ysBHOI YacTUHH OINTHYHHUX IIO-
TEHLiaJdiB (aHOMAaJbHO BeJIMKI pazaiycu abo au-
(hy3HOCTI), 0 OAEPKYIOTHCS NPHU MIATOHII Tepepi-
3iB TIPY>KHOTO PO3CISIHHSI 3a TPATUIIIHHOIO OITHY-
HOIO Mozeutro [4]. Sk moka3anu OO4YMCICHHS Bpa-
xyBaHHs EOII n03BoJIsi€ TaKOK YHUKHYTH aHOMaJlb-
HOI EHepreTHYHOi 3aJIeKHOCTI TMapaMmeTpiB ONTHY-
HUX MOTEHIIIATIB, [0 BUKOPUCTOBYIOTHCS ISl OITUCY
MepepiziB 3JIUTTS CIIa0KO3B’SI3aHUX HEHTPOHHOHAJI-
JIMIIKOBUX siaep [5].

1. B. Il BepOuukwuii, K. O. Tepeneuxwmii, AP 55, 362
(1992).

2. L.Borowska, K. Terenetsky, V. Verbitsky, S. Frit-
zsche, Phys. Rev. C 76, 034606 (2007).

3. M. V. Berry, K. E. Mount, Rep. Prog. Phys. 35, 315
(1972).

4. E.F. Aguilera, J. J. Kolata, F. M. Nunes et al., Phys.

Rev. Lett. 81, 5058 (1998)

10. A Tlo3ansaxos, K. O. Tepeneukut,

Cep. dus. 67, 1546 (2003).

(9]

Uszs. PAH.

32 IHCTUTYT AJAEPHUX JOCJIIPKEHb HAH YKPATHU



SAJEPHA ®I3MKA

CORRELATIONS IN THE PHOTON-PHOTON DECAY OF ALIGNED
HIGHLY-CHARGED IONS

L. Ya. Borowska

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Correlations in the photon-photon decay have
been studied intensively both by theory and experi-
ment. However, while most investigations in the past
have dealt with neutral hydrogen or low-Z ions,
recent interest was focused also on the region of
high-Z ions. Details about the two-photon decay can
be obtained by studying the angle-angle correlations
between the two emitted photons. Such angle-
resolved case studies often appear to be more sensi-
tive to relativistic and nondipole effects [1]. In all
theoretical investigations on the angular correlation
of the emitted photons, the initially excited state of
the ions was assumed to be not aligned, an assump-
tion which is not well justified in most experiments.
In fact, since the excited states are produced in ra-
dioactive recombination, collisional excitation, or
inner-shell ionization, they are more often then not
aligned if not even polarized along the direction of
the incoming ion beam.

In the recent work the density matrix theory has
been applied to investigate the photon-photon angu-
lar correlations in the (two-photon) decay of aligned
hydrogenlike ion. Within this theory, the population
of the excited ionic states and their subsequent decay
are closely related to the so-called alignment pa-
rameters Ay. The relation between these alignment
parameters and the angle-angle correlations of the
subsequently emitted photons is obtained [2]

3 E E
d—W(x,Ql,QZ) = 27 (E; - E,)—="5x
dxd €2,d (2, 2r)yc

1 2 o
X Z |Mﬁ(/1f, A, ﬁz)| (-1)% 4 x
2.]j +1 s pe A, Ak

><<j,-/li,ji _:ui|k0> Ako (1)

in the framework of second-order perturbation the-
ory, making use of the Coulomb Green function.

To explore how the alignment of the excited
ionic state affects the angular correlation of the pho-
tons in the case of the two-photon decay, detailed
computations have been carried for the 3ds, — 1s1
decay of hydrogen-like uranium, U’'". Figure dis-
plays the photon-photon correlation function (1) for
the 3ds, — 1s;, (two-photon) decay, following the
REC into (initially) bare uranium at the projectile
energy T, = 200 MeV/u. Beside of the correlation
functions for the initially ‘aligned’ ions (dashed

L[OPIYHUK - 2007

T T

a2x10"F >é=_06§: g
3 1 B
2 8x10™ \_/___.
< 14x10™F .
t + t +
4,2x10" x=0.3;
0, =45° |

2,8)(1011 ._//\/

1,4x10"F e

N
=

Photon-photon correlations (s )
Iy
R
1S
T
x
|
o
w
1

ot

1,4x10"F .

1

0 60
Angle 6,(deg)

1
120 180

Photon-photon angular correlation (1) of the 3ds, —
—> 15y, decay following REC into the 3ds,, state of ini-
tially bare uranium ions at the projectile energy T, =
=200 MeV/u. The correlation functions are shown for the
relative photon energy x = 0.3 and for the three (fixed)
polar angles 6; = 0°, 45°, 90°. Beside of the correlation
function for an initial alignment (- -), results are shown
for the two-photon decay of unaligned ions (-).

line), results are shown also for the decay of un-
aligned ions (solid line). From the comparison of
these two functions of the excited states a remark-
able effect is found owing to the alignment by the
electron capture. In fact, these computations differ
only in the values of the alignment parameters, A,
and A4, while the size (normalization) of the correla-
tion functions is determined by the geometry of the
photon detectors. As seen from this figure, both
photons are likely emitted in the parallel (or back-to-
back) direction, similar as for the unaligned case, but
now predominantly in perpendicular to the initial
quantization axis (the axis of alignment). Therefore,
these computations clearly indicate that the know-
ledge about the population mechanism and, hence,
the initial alignment of the ions is essential for the
analysis of any measurement of the photon-photon
emission pattern.

1. A. Surzhykov et al., Phys. Rev. A 71, 022509 (2005).
2. L. Borowska et al., Phys. Rev. A 74, 062516-1 (2006).
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DINEUTRON CONFIGURATION IN ‘HE NUCLEI

L. Ya. Borowska, K. O. Terenetsky, V. P. Verbitsky

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

One of the most interesting discoveries in the last
decade is the neutron halo. Nuclear halo states have
been found in a number of light nuclei close to the
nucleon drip lines (‘He, ''Li, ''Be, '“Be and etc.). In
nuclei near the drip line, the separation energy of the
last nucleons becomes extremely small. Compared
with the usual 6 - 8 MeV in stable nuclei, many drip
line nuclei have either a nucleon or a two-nucleon
separation energy that is less than 1 MeV. The neu-
tron density distribution in such loosely bound nu-
clei shows an extremely long tail, called the neutron
halo.

SHe is the lightest nucleus showing a halo struc-
ture. To a good approximation, it can be seen as a
bound o + *n. In this cause *He ion with mass my has
a ‘deuteron-like’ cluster structure: the charged core
of the projectile ("proton') with mass m, and charge
Z, and the neutral halo of the projectile (‘neutron’)
with mass m,,. The effective nuclear two-body poten-
tial between the charged and neutral parts of the
projectile is Vp,(r), the binding energy is &=
~-0.975 MeV. Let us consider the scattering of “He
nucleus in a strong Coulomb field of **Bi with
Zr>>1. The radius-vector for the center-of-mass of
the projectile is R, the relative position vector is r,
the radius-vectors of the core is ry, the reduced mass
which is associated with relative motion of the halo
in the field of the charged core is p.

In the framework of the adiabatic approximation
[1] we can find the equation for the wave function
for the relative motion of the charged and neutral
parts of the projectile at a given center-of-mass co-
ordinate R (depends parametrically on R)

2

n’ Z Z.e
{ 4+50+5V(R)+L—
2u R

Z,Z,¢

P

—Vnp("):lcf(r,R) =0. (M

The complex amount 6V (R) can describe the

polarization as well as breakup. Using the potential
OV (R) found from solution of the Eq. (1), we cal-

culate the differential cross-section of ‘He + *Bi
elastic scattering at sub-barrier energies in the
framework of the optical model.

Comparison of our theoretical predictions with
experimental data [2] is shown on the Figure. The
solid curve shows the contribution of the breakup

and polarization processes in forming the cross-
sections. These cross-section differ substantially
from Rutherford cross-sections even deep in the sub-
barrier energy region. As seen from this figures, the
satisfactorily agreement is found for the calculated
elastic scattering cross-sections when compared with
the measurements by E. F. Aguilera ef al [2].
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Elastic differential cross sections for the collision of low-
energy “He ions by **’Bi nuclei as function of the scatter-
ing angle 0 in the centre-of-mass frame. The cross sec-
tions are taken relative to the cross sections of a pure
Rutherford scattering and are shown for the four collision
energies as observed experimentally [2].

In conclusion, this result is obtained without pa-
rameter variation and with assuming only that the
structure of the projectile is purely “He = ‘He + “n
configuration. So, the adiabatic model proposed here
for the interaction of the light neutron halo nuclei
with the Coulomb field of heavy nuclei makes it
possible to take into account the possibility of po-
larization and breakup of the projectile nucleus.
Analysis of the experimental data on the *He elastic
scattering by *”Bi cross-sections at the near-barrier
energies has revealed the existence of relatively
great probability of dineutron configuration in the
ground state of this nucleus. Thus, sufficiently accu-
rate measurements of elastic scattering of the halo
nuclei would constitute a reliable method for study-
ing the dynamic and structural properties of these
particles.

1. L. Borowska et al., PRC 76, 034606 (2007).
2. E.F. Aguilera et al., PRL 84, 5058 (2000).
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TPEXTEJIbHBIE KAHAJIbI PEAKIIAU IPH CTOJIKHOBEHUSAX ‘He C °Li

I0. E. Ko3bips

Hnucmumym soeproix uccreoosanuii HAH Yrpaunot, Kueg

Ha ocHOBaHMM MHKPOCKOIIMYECKOTO paccMOTpe-
Hust cronkHosenuit ‘He ¢ °Li MOCTPOEHAa CUCTEMa
uHTerpoauddepeHInanbHbBIX YpaBHEHUH, OIUCHI-
BAIOIAsl OTHOCHUTEJIFHOE IBIDKEHHE (parMeHTOB B
JIByX- U TPEX4YaCTUYHBIX KaHanmax peakuuu. CTpyk-
TYpHBII 0a3uc 3amadu 00pa30BaH COBOKYITHOCTBIO
000JI0€4HBIX BOJIHOBBIX (D)YHKLUI HYKJIIOHOB B KaX-
IoM mu3 ¢parMeHToOB KaHama. B pacder BKITIOUEHBI
M0 OIHOY 3aBeJOMO HanboJiee MHTEHCHBHOMY KaHa-
Jy KaXIOro THUIA: YNPYTUHd KaHai ‘He + “He u
TPEXTENbHBIN KaHal o + d + o. J|Jisi OCHOBHOTO CO-
crosuus °Li Gpanmch BOTHOBBIE (DYHKIHH IOMHHH-
PYIOLIETO COCTOSHUSI MOJETH 000JI0UEK € POMEXY-
TOYHOH CBSI3bI0, AJIS1 OCHMIUIATOPHOTO pajuyca 000-
JOYEYHOTO  TIOTCHLMAla  BBIOPAHO  3HAYCHUE

b=~n/mo =1.5dm. dna ‘He u *H 3uauenus b co-
crapmsumn 1.367u 1.414 dm coorBercTBenHo. Hy-
KJIOH-HYKJIOHHBIN MOTeHIuan opaics B Gpopme Boii-
KOBa TOJIBKO AJISl YETHBIX COCTOSIHUH OTHOCHUTEIIb-
HOT'O JIBIDKEHHSI B IIape B3aMMOJICHCTBYIOIUX HY-
KJI0HOB (cM. [1]). C y4eToM BBIYUCIUTENBHBIX BO3-
MO>KHOCTEW pacueT OrpaHHYMBANICS MPSMBIM MeXa-

MOJTyYUTh MAaTPHUIy CTOJKHOBEHM, 3aBHCAIIYIO OT
HEIPEPBIBHOM IMEPEMEHHOM, 3aJarolleil pacmpene-
JICHWE SHEPTUHM OTHOCUTENIBHOIO JBHKEHUS B TPEX-
TENILHOW cUCTeMe MEXIy (parmMeHTaMu paciierie-
uus °Li. Tlociie HHTErpupOBaHHs COOTBETCTBYOIINX
KOMIIOHEHT S-MaTpUIIbl 110 3TOM MEepeMEeHHOMN CTaH-
JapTHBIM 00pa3oM HaxoawlIuch uddepeHuuans-
HBIE CEUYEHUS YIIPYIOro paccessHusl.

1000

(M8 - cp™)

38 100

10

0 20 40 60 80 100 120
0 (rpaa.)
CCYCHUA

HU3MOM YIPYroro PACCESTHUS U TAKXKe MPSIMBIM Me-
XaHH3MOM PACIICILICHHS SApa-MHuIeHn 'Li (0CHOB-

Juddepennmansapie YOPYTOTO  PacCesHUs
SLi(ey @)°Li mpu Eo(71a6.) =29.4 MaB. 1 — pe3ysbTaThl pac-
yeTa; 2 — XapaKTepHBIA pe3ysibTaT MPEIIeCTBYIOMIMX MHK-

HOE COCTOSIHME) HaleTaromuM sapoM "He ¢ maGopa-
TopHOU »Heprueit 29.4 MsB, mist KoTopoii UMeTUCh
AKCIIEpUMEHTANbHbIE JaHHbBIE [2]. B sTom ciyyae
OTHOCHUTEJILHOE JIBIDKEHHE (parMeHToB B 000MX
KaHajax OITMChIBACTCS JBYMS (YHKIMSIMH BCETrO
JIBYX HE3aBHCHMBIX PaJUaIbHBIX MEPEMEHHBIX. JTU
(YHKIIMM PacKIaAbIBAINCH 1O COOCTBEHHBIM CO-
CTOSIHUSIM J — TIOJTHOTO yYTIIOBOTO MOMEHTA CHCTEMBI
HYKJIOHOB, PEIICHMs] HaXOOWIHCh JJIs NEpBbIX 15
coctossHuM. Ilpu kaxaom 3HadeHun J CTpomiach
MMHAMAYECKas CHUCTEMa, KOTOpas AUCKPETU3UPOBa-
nach ¢ marom =~ 0.1 M 1Mo Kakoi U3 He3aBUCUMBIX
MEPEeMEHHBIX 10 PACCTOSHUM, TIEe MOXHO OBLIO
OXHMJIaTh JOCTATOYHOTO CIaja SACPHON COCTaB-
JSIONIEH B3anMOCHCTBUS (hparMeHTOB IO CpaBHe-
HUIO C HX KYyJOHOBCKMM B3aumozeiictBuem. Ha
BHEIITHEM Kparo AUCKPETH30BAHHOTO IPOCTPAHCTBA
3aJja4d BOJHOBAs (YHKIMS YIPYTroro KaHaja CIIH-
Bajach C OOBIYHBIM BHEIIHUM KYJIOHOBCKHM pellie-
HUEM, BOJIHOBasS (DYHKIMS TPEXTEIBHOTO KaHaja
CIIMBAJIaCh ¢ MUHUMAJIBHBIM MTPHOIMKEHIEM BHEIII-
HEro0 TPEXTEJIbHOI'0 KYJOHOBCKOIO PELIEHUs, IMO-
CTPOCHHBIM U3 BOJTHOBBIX (hyHKIMN KynmoHa mis map
¢parmeHToB. OJHOBPEMEHHAs CIIMBKA BHYTPCHHUX
Y BHEIIHUX PEIIEHUH BO BCEX KaHajaxX IMO3BOJisLIA

L[OPIYHUK - 2007

pockonmueckux pacuetoB [4]. Touku — skcriepuMeHt [2].

Kak BUOHO M3 pUCYHKA, ITOJyYEHHbIH pe3ybTaT
OTBEpraeT OJHY M3 IJIaBHBIX IPEANIOCHUIOK IIpe-
JBITYINX BapUaHTOB pacueTa Takoro tuma [3, 4], B
KOTOPBIX YYHUTBHIBAJIUCH TOJIBKO JBYTEIbHBIE KaHAIBI
peaxnuu. IIpu 3TOM BKIIIOYEHHE AK€ 3HAYUTEIILHO-
IO YWClia OCHOBHBIX HEYNPYTrMX KaHajoB clabo
yJIy4dIlalo PAacyeTHbIE CEYEHUs YIPYroro pacces-
HUSl, Ha MOPSAIOK NPEBOCXOIUBIINE dCIepUMeHT. B
TO e BpeMs IMPEANpPUHATOE B HACTOAIIEM pacdere
BKJIIOUEHHE TOJIBKO OJHOTO M3 BO3MOJKHBIX TpeX-
YaCTUYHBIX KAaHAJIOB IIO3BOJMIIO Cpa3y OOECHEeUnTh
HauIydlllee 3a IIOCJIE[HEE JECSATUIETUE OIMCaHUe
9KCIIEPUMEHTA, yKa3blBas Ha BO3MOYKHOCTb 3aMET-
HOTO BIHUSIHHMA TPEXTEIbHBIX IPOLECCOB AaXe Ha
YIPYroe paccesHue, TPaIUuLMOHHO CUYHUTAIOIIEEeCs
HanOoJiee MHTCHCUBHBIM KaHAJIOM PEaKIIH.

1. IO. E. Kossips, 13B. PAH. Cep. ¢us. 70, 294 (2006).

2. S. Matsuki, J.Phys. Soc. Japan. 24, 1203 (1968).

3. Y. Fuyjiwara, Y. C. Tang, Progr. Theor. Phys. 93, 357
(1995).

4. 10. E. Kossips, 13B. PAH. Cep. dus. 69, 737 (2005).
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AHOTALII POBIT

SAJIEXKHICTb CHHOCTEPEXYBAHUX BEJTAYHUH VY IIPYKHOMY PO3CISAHHI
MPOTOHIB IMTPOMIKHUX EHEPITI HA SJPI ‘*HE BIJ HOI'O CTPYKTYPH

B. I1. Muxaiiaok, 0. O. [To3auakosB

Inemumym s0eprux docniosceny HAH Yrpainu, Kuis

VY BapiamiffHUX po3paxyHKax y paMKax METOIy
PE30HYIOUMX TPYM i3 TOYHHUM BPaxyBaHHSM IPHH-
rumy [laymi oTpuMaHo HAHOIIBIT IMOBIpHY T€OMET-
pHuHY KOH(Irypamito OCHOBHOrO cTaHy supa ‘He

10

p-’ He E =721 MeB

o(t)

P ()

Q)

1.0

0.5

0.0 0.2 20.4
-t(TeB/c)

Jnbepenuiansunii nepepis o(r) (M6u/(I'eB/c)’), moms-

pusauis P(f) i ¢pyHKLis moBopoty criHa Q(f) s Ipyx-
Horo p-’He po3scissHus npu eHeprii 721 MeB. Ekcriepu-
MEHTaJIbHI JaHi 3 pooir [2, 3].

(IMHEHTPOHHY o — 1 Ta TMiHilfiHY TPUKIACTEPHY 71 —
— o —n).

Hnst mux koH(pirypanii BUKOHAHO PO3paxyHOK
(IMB. PUCYHOK) XapaKTEPUCTHK NPY>KHOTO PO3CisH-
Hs IPOTOHIB 3 eHeprieto £, = 721 MeB Ha sanpi He
[1].

[okazano, 1m0 po3paxoBaHUil TU(epeHLIANbHUHI
nepepis npyxHoro p-"He po3CiAHHS Y3romKyeThes 3
CKCIIEPUMEHTAIILHO BUMIPSIHUM.

[okazano, M0 HasBHI €KCTIEPUMEHTANbHI JaHi 3
MPY>KHOTO PO3CISIHHS MPOTOHIB (TIepepi3 MpyKHOTO
pO3CisiHHSI B 00JacTi TMepenaHux IMIyIbCiB — <
<0,1 (TeB/c)’) He m03BONMSE 3pOGHTH OOIPYH-
TOBaHMI BUCHOBOK IIONO MepeBard Tiei 4W iHMIOl
reOMETPUYHOI KOH(QIrypaiii OCHOBHOTO CTaHy siapa
He, otpumanoi y BapiamiiffHux po3paxyHkax. Ycra-
HOBJICHO, 10 JIaHi 3 moJjsipu3anii Ta GyHkuii moso-
poTy cmiHa B OONACTi MEpeaaHoro iMIyinbcy —f >
>0,1 (FeB/c)* maroTh 3MOry 3pOOHTH OiTbII HAIH-
HUN BUCHOBOK IIIOZI0 HAHOLIBII IMOBIPHOI T€OMET-
puuHOi KoHGirypanii szpa *He B 0OCHOBHOMY CTaHi.

1. B.II. Muxaiimiok, 1O. A. [To3nuskoB, SAnepHa ¢dizuka
ta eaepreTtuka 2(20), 38 (2007).

2. Y. Suzuki, M. Takahashi, R. G. Lovas, and K. Varga,
Nucl. Phys. A 706, 123 (2002).

3. S.R.Neumaier., G.D. Alkhazov, M. N.Andronenko
et al., Nucl. Phys. A 712, 247 (2002).
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SAJEPHA ®I3MKA

BILIUB 3MIIIYBAHHSI CTAHIB MYJIbTUILIETIB ¥V SIIPI YAl HA IEPEPI3A
HEIIPYKHOI'O PO3CIIHHSI HEHUTPOHIB

I. O. Kop:x, M. T. Ckasip, A. [I. ®ypca

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

BrnacTuBOCTI alIOMiHIIO, SK OCHOBH 0ararbox
KOHCTPYKIIIHUX MaTepialiB, Ha JaHUH 4ac BUBYCHO
JOCTaTHBO MOBHO. Manuii mepepi3 3axBaTy HEHTpO-
HIiB SIPOM aIFOMiHIIO 3pOOUB HOTO OJHHUM i3 HaliBa-
JKHIIIMX MeTalB aToMHOI TexHiku. OjHak, AesKl
SJepHI XapaKTEPUCTHKU ATIOMIHIIO JI0 I[BOTO Yacy
BUBYEHO HEIOCTaTHBO.

Ha croromni mis simpa aqroMiHifO, 3TiTHO 3 JiTe-
patrypHuMH JaHuMu, B obOmacti enepriii (0,3 -
25) MeB € Tinbku ¢parMeHTapHi AOCIiIKEHHS Ma-
paMeTpiB ONTHYHOTO TIOTEHINaNy 1 3aCTOCOBHOCTI
Moeri 30ymkenoro ocroa (M30) [1] mo onmcy me-
pepiziB HEMpyXHOTo po3CisiHHA. ToMy MOXKHa 3po-
OWUTH BHCHOBOK, 110 MPOBEICHHS LMX AOCIHIIKEHb Yy
IIMPOKOMY [Tiala30Hi eHepriil € akTyaJIbHUMH 3a/1a-
yaMHU, Ha PillICHHS SKUX 1 Oya HallijieHa qaHa po0o-
Ta.

TeopeTnuHmii aHami3 eKCIIEPUMEHTATBHAX JAHUX
NPOBEJICHO B paMKax ONTHUKO-CTATUCTUYHOTO ITiJIXO0-
Iy [2], OCHOBOIO SIKOTO € cheprHuHa ONTUYHA MOJAECID
(COM), meton 3B’s3anux kananiB (M3K), M30 Ta
cydacHi BapianTu ctaTucTHaHoi moaem (CM). s
PO3paxyHKiB Iepepi3iB 13 3aTy4eHHIM IUX MOJeINeH
Hamu OyJI0 OTpUMAaHO IHAWBiAyanbHUN Habip mapa-
METPiB ONTHYHOTO TMOTCHIIAIy 3a MPOTrpamMor0
ABAREX [3] i mapamerpu dopmynu [inpOepra -
Kamepona [4] mist miinbHOCTI piBHIB O€3MEpEPBHOTO
CIIEKTpA.

[IpsMy KOMIOHEHTY HENpPYKHOI'O PO3CISHHS
HEUTPOHIB 31 30y/PKEHHSIM HAHHIKYUX PIBHIB siIpa
aIOMiHIIO po3paxoBaHo 3a M30, B sKifi OCHOBHHIt
cran 2'Al PO3TIIAIAETLCS K MPOTOHHA Aipka B 1ds),
060II0HI, cabko 3B’s13aHa 3 KOpoM ~Si. Haitrrkui
30y/KeH1 cTaHu sapa YAl 3i cmimamu Big 1/27 1o
9/2" opMyIOThCS 3B’SI3KOM ITi€i TPOTOHHOT JipKH 3i
cranamu 2" i 47 B **Si. ITepepi3 npamoro 36y mKeHHs
KONEKTHBHOro piBHs 2 *°Si, sxuii posmozinseTscs
MK KkBiHTeTOM piBHIB 2’Al, o6umcieno 3a M3K
(mporpama ECIS94 [5]) y pamkax poTamiiHoi Moe-
7i. O6uKcieHi nepepizu NpsSMOro HEMmpy>KHOTO 30Y-
JOKEHHS PIBHIB KBIHTETY OYJIO TOTIPABICHO HA eeKT
3MIIITyBaHHsS OCHOBHOTO i 30YIXKEHOTO CTaHiB 3 J* =
= 5/2". TlonpaBka NPHBOIMUTH A0 3HAYHOTO 3MEH-
HICHHS Tepepi3iB MpSIMOro HENpPY>KHOTO PO3CiSTHHA
na dakrop (1 - A?) ws J*# 5271 (1 - 2A%) g J* =
=5/2", ne A — ammuiTyJa 3MillyBaHHS CTaHiB
(A =0,436 [6]). Bukopuctane HaMu 3HAYCHHS aMII-
JITYOU 3MIITyBaHHS CTaHIB Y3TODKYEThCS 3 TEOpe-
THaHO o0unciaeHuM Hamu (0,417).

HIOPIYHUK - 2007

OO6uucneHi mepepizn 100pe Y3TOKYIOTHCS 3
eKCIIEpUMEHTAILHUMHU B IIUPOKi 00JacTi eHeprii.
Ha pucynky, s npuknaj, HaBeACHO pe3ybTaTH I0-
PIBHSIHHSI €KCIIEPHMEHTANBHUAX Tepepi3iB HEempyx-
HOTO PO3CISTHHS HEUTPOHIB 31 30YUKCHHSIM TEPITAX
piBuiB smpa *'Al (miTepaTypHi nami) 3 Teopermu-
HUMH PO3PaxyHKaMH.

400 T T T T T T T T
2 300[ | ]
X i & E . =2,73+2,98+3,0 McB
= piB + +
s= 200 Ji=5/2",3/2",9/2' 1

100 F
0 : - —_— : ";”’"“’*’; = fu;;::;:;'l;;,
200 Epis= 2:212 MeB .
J=7/2"

100 |

0 F——T . 'I' — ”17'7“4;7 '”:7;7::77::7” r——
300 + EpiB=0’842 +1,013 MeB 1
200 F J=1/2",3/2"

100 - E

0 Ll gyt £ et r

0 2 4 6 8 10 12 14 16 18 20
E , MeB

EneprernuHa 3aleXHICTh Hepepi3iB HENpYXKHOI'O PO3Ci-
SIHHSI HEWTPOHIB 31 30yIUKEHHSM IEpIIMX PIBHIB sjpa
YAl Toukm — eKcrepuMeHT (JIiTepaTypHi NaHi), KpHBi:
CyLIbHa - pe3yiabTaTH po3paxyHkiB 3a CM i M30,
mrpuxosa - 3a CM, myHkTHpHA - 32 M30.

Ha 3aBepmmenns copmymtoeMo OCHOBHI BUCHOB-
KH III0JI0 MEXaHi3MiB po3cisiHHs. 1. [3 TeopeTnyHOro
aHaJi3y BUIUIMBAE, 10 KOMIAYHIHUH MEXaHi3M Jae
MTOMITHUH BHECOK y TIEPEPi3u MPY>KHOTO PO3CISTHHS
HaBiTh Mpu eHeprii 61m3bpko 12 MeB, a B 30yxeHHI
MYJBTHUIUIETY PiBHIB TpH eHeprisx no 11 MeB Bin
nmominye. 2. [Ipsamuii MmexaHi3M IpyKHOTO PO3CISTHHS
JIOMIHY€ HaJl KOMIIAyHJJHUM B yCbOMY JIOCII/IXKYyBa-
HOMYy niama3oHi eHepriid. KomnoneHTu mpsmoi B3a-
€MOJIii IS OCTI/DKYBAaHUX PIiBHIB MYJIBTHILUIETY
siapa 2’Al TOMiHYIOT TiIBKM TIPH EHEPTisX, BHILHX
3a 12 MeB.

—

P. Hodgson, Nuclear Reactions and Nuclear Struc-
ture (Clarendon Press, Oxford, 1971), 661 p.

L. O. Kopx, M. T. Cxisip, YOXK 47, 525 (2002).

R. Lawson, A. Smith, ABAREX. ANL/NDM (1999).
A. Cameron Gilbert, Can. J. Phys. 43, 1446 (1965).

J. Raynal, Notes on ECIS-94. ISSN 0429 — 3460.
G.M. Crawley and G.T. Garvey, Phys. Rev. 167,
1070 (1968).
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AHOTALII POBIT

JOCJII)KEHHSI MEXAHI3MIB PO3CISSHHSA IIBUJKUX HEHTPOHIB
AAPAMUA KOBAJIBTY

I. O. Kop:xk, M. T. Cxasp, T.I. SIkoBenko

Incmumym adepuux docnioocens HAH Yrpainu, Kuig

OHOI30TOIHICTh KOOAIBTY 1 HANEKHICTh HOTO
0 KOHCTPYKIIMHUX MaTepiaiiB SASpPHUX PEaKTOPiB
CTIpUSIIM HAKONMYECHHIO 3HAYHOI EKCTIePHUMEHTAIIb-
HOi iH(popMaLii Ipo mepepi3u B3aeMOIil HEHTPOHIB 3
sapaMu KoOanbTy B 0OOJIACTI €HEPriii peakTOPHOTO
cnektpa. OcobnuBy yBary OyJio MPUAUICHO MOCHTiI-
JKEHHIO TIOBHUX IEpepi3iB 1 mepepi3iB mpyKHOTO Ta
HETNPY>KHOTO PO3CISTHHS IIBUAKUX HEHUTPOHIB SIK Oa-
3W HEHTPOHHHMX HAHWX, AKa CIPHSE K CTBOPEHHIO
010mi0TeKH OLIHEHUX JaHUX, TaK 1 yTOUHEHHIO Iapa-
MeTpiB MoJieNiell HelTpoH-saepHoi B3aemoii. [Iporte
JI0 TENEPINIHBOTO Yacy He Oyio 3po0JeHO KPUTHY-
HOTO aHami3y eKCIepUMEHTANbHOI iH(opMarlii,
oJiepkaHoi B Pi3HHUX JabopaToOpisxX, i HE MPOBEAECHO
TEOPETHYHOTO aHANI3y Ii€i CyKyIMHOCTI eKCIieprumMe-
HTaJbHUX JaHUX.

3poliieHnii HaMM MOPIBHAJILHUN aHaji3 OTpuMa-
HUX HaMHM 1 THX, IO € B JIiITEPaTypi, MepepiziB B3ae-
Mofii HeHTpoHiB 3 supom ’Co B ob6nacTi eHepriit
(0,5 - 22) MeB moka3aB, 1o JaHi €KCICPUMEHTIB
pi3HUX Jlabopartopiii 3arajgoM M00pe Y3ToIKYHThCS
MDK 0000, HE3BAKAIOUM HA ICHYBaHHS ITOMITHHX
po30iKHOCTEH y HaHWUX 3 MPYKHOTO Ta 0COOJIHBO
HETPYKHOTO PO3CistHHS HeWTpoHiB. Lux maHux mo-
CTaTHBO ISl BH3HAUeHHS Ha 0a3i X TEOpPEeTHYHOTO
aHaJli3y MapaMeTpiB HEUTPOH-AACPHOI B3aEMOIT 1
JUTSL TOCTII/PKEHHST MEXaHI3MiB PO3CIsTHHS HEUTPOHIB
y MIUPOKOMY Jiara3oHi eHepTii.

TeopernyHmMil aHATI3 EKCIEPUMEHTATEHUAX JaHUX
3 mepepi3iB B3aEMOJIT MIBUAKUX HEHTPOHIB 3 SIPOM
*Co MpoBENEHO B paMKax ONTHKO-CTATHCTUYHOTO
nigxoxy [1], mArpyHTSIM SKOTO € cpepudHa ONTHY-
Ha w™oxaenb (COM), wmeTon 3B’sS3aHHUX KaHAJIB
(M3K), moumens 30ymxeHoro ocroBa (M30) ta cy-
yacHi BapiaHTu cratuctuyHoi mozeni (CM). s
PO3paxyHKIB MEePepi3iB i3 3aayUeHHAM ITUX MOJEIeH
HaMH OTPHMaHO iHAMBiAyalbHUI HaOlp mapamerpiB
ONTUYHOTO TMOTEHIIANy I siipa KoOanbTy Ha 0asi
aHami3y eKCIePUMEHTAILHUX AUQEPEHITIATEHAX TIe-
PEpi3iB IPYKHOTO PO3CISTHHS HEHTPOHIB:

V.=(49,53-0,31E) MeB; V4 =7,5 MeB;
W, = (12,58 — 0,51E + 0,0174E?) MeB; (D)
a,= ay= 0,65 Om; b = 0,47 Owm;
Iy=TIy=Te= 1,25 Om.

KommayHHi KOMIOHEHTH Tepepi3iB  pO3CiIHHS
HeliTpoHiB Oyno po3paxoBano 32 CM 3 BUKOpHCTaH-
usm nporpam ECIS-94 [2] ta ABAREX [3], a Bkiag
OpsIMOT KOMITIOHEHTH HETPY>KHOTO PO3CISIHHSL HEWT-
POHIB 31 30yKSHHSIM HAaHIDKYMX PiBHIB sIpa KoOa-
ety — 32 M30 [4]. OOrpyHTYBaHHSI BUKOPHCTAHHS

M30 3pobieHo HamMH, BUXOJSYM 3 PO3PaXyHKIB e€He-
PreTU4HOI CTPYKTYPH HaMHIDKYMX CTAaHIB IBOTO A1pa
B paMKax MOJIEJi B3aEMOJIIFOUYUX HYKJIOHIB 1 (POHOHIB.

[NopiBHsIHHS OOYMCICHUX TEepepi3iB 3 eKCHepH-
MEHTaJIbHUMH TI0Ka3ajo, IO OOYHCIICHI Iepepizu
no0pe y3TOKYIOThCcS 3 eKIepUMeHTalbHUMU. Ha
PHUCYHKY, SIK TPHKIAA, HAaBEACHO pe3yJbTaTH IO-
PIBHSIHHSI CYMH €KCIIEPHMEHTAIBHUX TIepepi3iB He-
MIPY>KHOTO PO3CISHHS 31 30yHKEHHSIM CEMHU TEPIINX
piBHIB sapa koOaneTy (JiTepaTypHi naHi) 3 Teope-
TUYHUMH PO3PAXYHKAMH.

0,0
0

E_, MeB
[lepepi3u HEMPYKHOTO PO3CISTHHSA HEHUTPOHIB 31 30yIKEH-
HSIM CeMH TIepIInX piBHIB sapa > Co. Touky — JmiTeparyp-
Hi eKCIIEpUMEHTAaJIbHI AaHi, KPUBI — pe3yJIbTaTH po3paxy-
HkiB 32 CM i M30 (cyuinbna), 33 CM (iutpuxosa) Ta 3a
M3O0 (nyHKTHpHA).

AJIeKBaTHWI OIKC TIepepi3iB PO3CITHHSA HEH-
TPOHIB 3 sapaMH KoOambTy B IMHPOKiA 00JacTi
EHepriit 103BOJIsE HAMIMHO 3pOOUTH BUCHOBKH 111010
MeXaHi3MiB po3cisHHS. [3 aHamizy BHIUIMBae€, IO
KOMITAyHIHUA MEXaHi3M Ja€ CYTTE€BHUI BHECOK Y
Tepepi3u MPYy>KHOTO PO3CISTHHS IS CHEpTi HeH-
TpoHiB 10 8 MeB, a B 30ymKeHHI MyIbTHIUIETY
piBHIB Tipu eHeprisx mo 6 MeB Binm mominye. Ilps-
MHHA MEXaHI3M MPYKHOTO PO3CISTHHS ITOMIHYE HaT
KOMITayHJJHUM B YCBOMY JIOCII/PKYBaHOMY Jiama-
30Hi1 eHepriii. KoMIIOHEHTH NpPSMOrO HENPYKHOTO
pO3CITHHS HEHTpOHIB 31 30yIKEHHSIM JOCHTiJ-
’KyBAHUX PIiBHIB MyJIbTHILIETY s1pa  CO JOMiHYIOTb
TIJIBKY TPU CHEPrisiX, BULINX 3a 7 MeB.

1. I O. Kopx, M. T. Cxisip, A. 1. @ypca, YOXK 52, 10
(2007).

2. J. Raynal, Notes on ECIS-94. ISSN 0429 - 3460.
CEA - N -2772 (1994).

3. R.D.Lawson and
ANL/NDM (1999).

4. P. E. Hodgson, Nucl. Reactions and Nucl. Structure
(Clarendon Press, Oxford, 1971), 661 p.
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SAJEPHA ®I3MKA

CEPEJHI PE3OHAHCHI NAPAMETPU SAJEP CEJIEHY I IIUPKOHIIO

M. M. lIpaBausuii, 1. O. Kop:xk, M. T. Cxasp

Inemumym s0eprux docnionceny HAH Yrpainu, Kuig

Cepenni pe30HaHCHI MapaMeTpu (HEHTPOHHI CH-
noBi yHKIIT S; 1 pagiycn MOTEHIIAIEHOTO PO3CisMH-

HA R|) mpoTsroM 6araTboX POKiB € NPEIMETOM iH-

TEHCHBHHUX EKCIEPHUMEHTAIBHUX 1 TEOPETUYHUX J0-
CITiJ)KEHb, METOIO SIKMX € BIOCKOHAICHHS TEOpETHY-
HUX PO3paxyHKiB 3a ONTUYHOIO MOJAEIUIIO NMPU HU3b-
KHX CHEprisfx HEHTPOHIB Ta MPOBEICHHS PO3paxyH-
KiB pI3HMX HEUTPOHHHUX IEpepi3iB y NPHUKIATHUX
LUISAX.

Panime Hamu Oyiio BH3HaY€HO MOBHI HAOOpH ce-
penHix pesoHaHcHUX napamerpis So, Si, R,, R,
S1.12 S132 MAPHUX 130TOIMIB KaMIIO Ta 0JOBa 3 aHa-
T3y CepeAHiX EeKCIEePUMEHTANbHUX AuQepeHLialb-
HUX TIepepi3iB MPYKHOTO PO3CISTHHS HEUTPOHIB 3
enepriero 10 450 keB 3a momomoror po3po0IeHOTro
Hamu MeToay [1]. MeTon 103BoJIsiE TaKOXK MepeBipsi-
TH HasBHI B JITepaTypHI MapaMeTpy Ha IX BiAMIOBiA-
HICTh E€KCHEpHUMEHTY. YCTaHOBJIEHO, IO YacTUHA
PEKOMEHIOBaHUX JUIA PSAY 130TOMIB mapameTpis [2]
HE Y3TOMKYEThCS 3 EKCIIEPUMEHTAIbHUMU JaHUMHU.

Y npamiit pobOTi HaBeAeHO pe3yJNbTaTH BHU3HA-
YEeHHSI Pe30HAHCHHX TapaMeTpiB Ui siAep CeJieHy i
LUUPKOHIIO 3 MPUPOIHUM CKIIQJOM 130TOMIB. Y JiTe-
paTypi IS HHX € JOCHTh 0araTo pO3pi3HEHUX Ja-
HHX, B OCHOBHOMY ia Sy i S). SIK mpaBuito, BOHH
BU3HAuUEHI 3 aHamizy mapamerpiB ycporo 10 - 20
130JIbOBAaHUX PE30HAHCIB, L0 AY>KE Majo AJS OTPH-
MaHHs HaIiiHAX pe3yibTaTiB. ToMy BOHH MarOTh
3Ha4HI MOXuOkW (B i3oromiB ceneHy mo 100 %) i
CYTTEBI PO301KHOCTI MK JaHUMH Pi3HUX aBTOPIB.
[IpoBenenuii HamMM aHalli3 [OKa3aB, L0 YACTHHA 3
HUX HE BIJIIOBIIA€ CKCICPUMEHTAIBLHUM JIaHUM 3
JuQepeHLialbHUX Iepepi3iB NpyKHOTO PO3CISTHHS.

Pe3ynpTaTi HaMX AOCTIAXKEHD VIS SAEP CEICHY
HaBEJICHO Ha PHUCYHKY. 1yT CHMBOJAMU HAaBEAEHO
eKCIIEPUMEHTAJIbHI JIaHi 3 KOe(Illi€HTIB pO3KIaLy

o.(6) 3a moninomamu Jlexxanmpa - o, w1, Wy, y34Ti 3
JiTepaTypH, i KpUBHUMH Pe3yJIbTaTH PO3paxyHKiB: / -
13 mapaMeTpaMu aHoi poOOTH, BU3HAYSHUMH 3 TTijI-
TOHKHM 10 JaHMX, [IO3HAYCHUX TEMHHUMH KBajapara-
Mu; 2 - 3 HabopoM mapameTpiB podoru [3]; 3 - 3 pe-
KOMEHJIOBaHUMU napamerpamu [2] Sy, S, R(; (pemr-

Ty MapaMeTpiB BH3HAUE€HO HamH 3 miaronkw). [lapa-
MeTpH JaHoi poOOTH HAWOULIBII ONTHMAIBLHO OITH-
CYIOTh EKCIIEPHMEHT SIK 33 BEIMUYHHOIO y°, TaK i Bi-
3yanpHO Ha Tpadikax. BoHu Takox moOpe ys3ro-
JUKYIOTBCS 3 ICHYIOUNMH 3JICKHOCTSIME Bim A [2]. YV
XOJll aHaji3y BCTAaHOBJIEHO, IO PEKOMEHIOBaHUN
napametp S;= 0,88 1 sapa cesneHy € 3aHUKEHUM
(MiHIMYM y IBa pasu).

03
€02 _ e T

0 100 200 300 400 500
En, keB
EneprerudHa 3aneXHICTh €KCIEPUMEHTAIBHUX 1 po3pa-
XOBAaHHUX BEIIMYHH Oy, (01, (0 IS A7APa 34S€.

AHAJOT1YHI JOCHIHKCHHS MTPOBEIACHO 1 IS siiep
IUPKOHIIO.

Otpumani B nmaHiii poOOTI cepelmHi pe3oHAHCHI
TapaMeTpH SIEP 345€ 1 40Z1 HaBEEHO B TAOJIHIII.

Cepenni pe3oHaHCHI mapaMeTpH siaep 3sSe i 4Zr

Sapo So - 10* S, - 10* R, O™ R, Om Stz - 10* Sizn - 10°
14Se 1,10(25) 1,95(26) 7,44(26) 0,88(45) 0,67(1,0) 2,59(32)
40Zr 0,55(15) 6,10(30) 6,90(22) 0,90(57) 4,74(1,1) 6,78(30)

1. M. M. Pravdivy, 1. O. Korzh, M. T. Sklyar, Ukr. J.
Phys. 49, 627 (2004).
2. S. F. Mughabghab, M. Divadeenam, N. E. Holden,
Neutron Cross Section. BNL (Academic Press, N. Y.

L[OPIYHUK - 2007

- London, 1981), 1, Part. A, 823 p.

A. b. Tlomos, I'. C. Camocsar, Kpamxkue coobwenus

OHAN (Ay6Ha, 1986) 18, c. 30.
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AHOTALII POBIT

PO3MAJ PE3OHAHCIB SIJIPA 'Li B TPUYACTUHKOBHX
KAHAJIAX PEAKIIi "Li(a, o)’Li*

, 10. M. MaBaenko', B.JI. Illa6aos?, ®. 1. KapMaﬂosz, B. O. Kupa',

B. M. Jlo6pikos’, O. K. Fopnuuny’, I. M. Kostomieus', B. A. Pyzenko', ¥O. 5. Kapsnuies',
A.IL. BoﬁTepl, I. O. Ma3unii', C. €. OMe.]]b‘lyKl, 0. C. Pozuiok’

1 . . .

Incmumym s0eprux docnionceny HAH Yrpainu, Kuig
2 . . .
Incmumym amomnoi enepeemuxu, O6Hincok, Pocis

YV TpUYaCTHMHKOBHX pEaKIlisiX, Ha BiIMIiHY Bix Oi-
HApHHUX, YTBOPEHHS Ta po3Maj siaep Biamadi BinoOy-
Ba€ThCSI B MPHUCYTHOCTI CYMyTHBOI (TPEThOi) YacTh-
HKH, SIEPHE Ta KYJOHIBCbKE IOJIE SIKOI MOXE BILIH-
BaTH Ha MPOIECH pO3Maay HECTaOlIbHUX CTaHIB
siiep Bifgnadi. Y BUMAIKy KOPOTKOXHUBYUYHX PE30HAH-
ciB (1 ~107) crocrepexxyBaHi B TPHYACTHHKOBHX
PEaKITisIX IMOJIOKEHHST PEe30HAHCHHUX IIKIB Ta X IIH-
PHH MOXYTB CyTTEBO BiIPI3HATHCSA BiJ JaHUX, OTPHU-
MaHHX y OIHAPHUX PeaKIlisX, Mo OyJI0 MOsSCHEHO PO3-
BHHYTOIO B [1, 2] MoaudikoBaHOIO TEOPi€rO B3aEMOIIT
B KiHIIEBOMY cTaHi. J{71s1 OLIAImoporoBux pe3oHaHCiB
po3pobuieHa B [1 - 3] Teopist mepeabdadae Takox 3Mi-
HYy CHIBBiIHOIICHHS WMOBIPHOCTEH po3maay I0 pi3-
HHUX KaHaJax.

[Iponec 30ymKeHHs Ta po3nany pe30HaHCIB sapa
Li B peaxitii 7Li(a, a)7Li* JOCTIKyBaBCsl B KiHe-
MaTUYHO MOBHHMX Ta HETMOBHHUX EKCIIEPHMEHTaxX Ha
muksotpoHi Y-120 [AJ] HAH Vkpainu npu eHeprii
mydka o-4yacTUHOK E,= 27,2 MeB [4].

B iHKITIO3MBHUX CIIEKTpax anb(a-dyacTHHOK, a
TaKOX CIEKTpax oo- Ta ot-30iriB BHSBICHO 3CYyB
TIOJIOKEHHS TPETHOTO 30YKEHOro cTaHy 'Li*(5/2°)
Ha BenmmuuHy AE* =— (0,150 £ 0,03) MeB mnopiBHs-
HO 3 JaHWMH, OTPUMAHUMH MPH JOCIIHKCHHI OiHAp-
Horo mporecy ot-poscisuus (E* = 6,68 MeB [5]).
TeopeTnyHi po3paxyHKU IMOKa3ylOTh, IO CaMe TaKy
3MiHy PE30HAHCHOI CHeprii MO)XKHa OYiKyBaTH NpH
BpaxyBaHHI BIUTHBY KyJIOHIBCBKOTO TIOJSI CYITyTHBOT
0-4AaCTMHKH Ha PO3IaJ KOPOTKOXKHUBYUOTO PE30HAHCY
'Li* 3 mmpumoro I'~0,9 MeB. Jlnst pesoHaHCIB
"Li*(7,45 MeB) i 'Li*(4,63 MeB), uac %uTTs SKHX Ha
MOPSAOK OUTBIIMIA, BIIMOBIOHUA 3CYB CTaHOBHTb
AE* ~ 0,02 MeB, T00TO 3HaXOOUTHECA B MEXKaxX ITOXH-
0OK JaHOTO EKCIICPUMEHTY.

BuMiproamich Takox KyTosi o°Li-kopemsii, mo
BIIMTOBITAtOTh 30Y/PKEHHIO Ta PO3May OLIAIIOpOroBo-
ro pesonancy 'Li*(7,45 MeB) B peaxuii 'Li(a, a’Li)n.
Anb(a-4aCTUHKH peECTpyBaUCh Mix (PiKCOBaHUM
KyToM @, = 34° (¢, = 180°), a sinpa °Li mix pisHumu
KyTamMu ®g1; HABKOJIO 337]aHOTO KyTOM @i+ = 46,5°
(p7+=0°) HampsMKy pyxy ILeHTpa iHepIil
"Li*(7,45 MeB). ¥V mexax A@g; = 12° KyTOBi KOpe-
JUii  BUMIPIOBAJIUCS AN TPhOX 3HAYEHb KYTiB
QgLi = -6° (muB. pucyHok); 0°; 3,3°. Orpumani gaHi 3
KYTOBUX KOpETAIiA Ta Tepepi3iB  30yKCHHS

"Li*(7,45 MeB) BHKOPHCTAHO IS BU3HAYCHHS HMO-
BIPHOCTI PO3Majy IbOrO Pe3OHAHCY B KaHal °Li + n.
Judepentiansauii mepepis, Mo BiAMOBITAE PO3MNaLY
B YCbOMY [Tialla30HI MOXIIMBHX KYyTiB (¢ ;, BH3HA-
YaBcs 3 ypaxyBaHHSM CyMapHOTO 3HaueHHs e(heKTH-
BHOTO TUJIECHOTO KyTa peecTpaitii [6].

0,14
012 ®  eKcrepuMeHT Q. = -6°
1“7 224 MonTe-Kapno poapaxyHok 6Li

6Li)

o

d’s/dQ dQ

(

KytoBa 3anexHicTh audepeHIialbHIX mepepi3iB peaxii
"Li(a, 0°Li)n Ta po3paxoBanux 3a MetogoM MonTe-Kapiio
3Ha4eHb ¢(PEKTUBHOTO TUICCHOTO KyTa peecTpaii [6] mis
OJTHOTO 3 KYTIB QL -

Bisnauena  iivoipHicts  posmany  P(°Li+n)=
=0,49+ 0,06 CyTTEBO BiAPI3HAETHCS Bil JaHHUX, OTPUMA-
HAX y Oimapumx peakuisix ~H(a,n)’Li, *H(o, a)’H,
SLi(n,n)°Li Ta °Li(n, a)’H, me pesonanc 'Li*(7,45 MeB)
30yIDKYEThCS M pO3MANAEThCS SIK 130JIbOBAHA CHCTEMaA. Y
paMkax Teopii OaraToyacTHHKOBUX peakmiit [1 - 3]
BUSIBIICHY BiJIMIHHICTh MOHA TIOSCHUTH K TpUYac-
TUHKOBUH eeKT MpH po3mnai OiIamoporoBoro pe3o-
HaHCY.

1. B.B. Komapos, A.M.Ilonosa, @.U. Kapmano u
op., DUAA 23, 1035 (1992).

2. B. B. Komapos, A. M.Ilomoga, B. JI. I11abi0B,
Junamuxa cucmem HECKONbKUX KEAHMOBUX YACMUY
(MocxkoBckwii yHUBepcuTeT, Mocksa, 1996).

3. G. Fazio, G. Giardina, F. I. Karmanov, V. L. Shablov
et al., Int. Journ. Mod. Phys. E 5, 175 (1996).

4. 0O. ®. Himenp, 0. M. Ilasaenxo, B. JI. I1IadnoB ma
in., SlnepHa ¢izuka ta enepreruka 1 (19), 36 (2007).

5. D.R. Tilley, C. M. Cheves, J. L. Godwin et al., Nucl.
Phys. A 708, 3 (2002).

6. Yu. N. Pavlenko, Problems of atomic science and
technology. Ser. Nucl. Phys. Inv. 6 (45), 11 (2005).
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SAJEPHA ®I3MKA

KYTOBI KOPEJALUI NPOAYKTIB PEAKIIN "Li(o, o’Li)n TA "Li(a, ta)o,

10. M. MaBaenko', H.JI. Jopomko', O. C. Bounapenko'”

1 . . .
Tncmumym adeprux docnioxceny HAH Yrpainu, Kuig

2 . o . o . . . .

Kuiscoruii nayionanvhuil ynisepcumem imeni Tapaca Llleguenxa, Kuig

Y poboti [1] xopemswLii HENpPYKHO PO3CISTHUX
0-9aCTHHOK 3  sigpamu  °Li 3 posmamy
'Li*(7,45 MeB)—°Li + n BUMipIOBaIiCh Y MekKax
HETIOBHOTO TiJIECHOTO KyTa po3many Qe . KyToBmii
niamason peectpauii saep °Li 0XOMTIOBaB yci MOX-
nuBi KyTH posnany e (AO@gLi~ 12°) Ta 3HauHy
YaCTHHY MOXIIMBUX KYTIB QgLi (AQer; ~ 9°). Ha mig-
CTaBi TOTO, MO0 CyMapHHH e(EeKTHBHHH TiIeCHHH
KyT peectpaii saep °Li 3 posmaxy 'Li* 6yB moctart-
HBO BEIHKUM (AQg /41~ 0,5 mius kokHOTrO 31 3Ha-
YeHb (QgLi), Y [1] 3 ypaxyBaHHSIM e(eKTUBHOCTI pe-
ectpalii (e(eKTUBHOTO TiIECHOTO KyTa), pO3-
paxoBaHOi B HaOJNMXEHHI 130TPOITHOTO pPO3MaLy,
BH3HAYCHO MTOBHY HWMOBIpHICTh po3mnany
"Li*(7,45 MeB)—°Li + n.

OckinbkH ~ BIIOMO, IO  po3Maj  CTaHy
"Li*(7,45 MeB) 3i crinom J*=5/2" ([2]) He MoKe
OyTH 130TPOIHUM, BHUHUKJIA HEOOXIMHICTH OLIBII
JETalbHO JOCTIAUTH MPOCTOPOBI PO3MONLIH pO3Ma-
Iy 1BOro cTaHy B KaHan °Li + n. 3 uieio Metoio au-
depentianpHi mepepisn peakmii 'Li(a, o’Li)n, otpu-
mani B [1] mpu E,=27,2 MeB, npoaHnainizoBaHo 3
PO3MiNICHHSIM BHECKIB BEPXHBOI Ta HHKHBOI KiHEMa-
THYHUX TUIOK (puc. 1), M0 BiAMOBINAIOTH pO3Maay B
HEepefHI0 Ta 3aJHI0 MiBchepy KyTIB y CHCTEMI
ueHTpa Mac 30ymkeHoro crady  Li*(7,45 MeB).
Jlnst mepexoqy B CHCTEMY LIEHTpa iHepLil sipa, 1o
PO3MaaEThCs, ypaxoBaHO AKOOiIaH Mepexo/Iy.

100

7 ik T B HWKHS Tinka
1 Li*(7.45)—~'Li+n ® BepxHs rinka
80 O cymapHuii nepepia
"
o
. I
o 60
%d 40_ % @ %
g
T 1 * $
sale § 0 ¢
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40 42 44 46 48 50 52 54
o
®6L\‘
Puc. 1. Ilepepisn, 1m0  BiANOBiAlOTE  po3mamy

'Li*(7,45MeB) y peakuii 'Li(a, o°Li)n (O, = 34°,
o= 180°, @gr; = 0°).

L[OPIYHUK - 2007

3 METOI0 TeCTYBaHHS KOPEKTHOCTI 3aCTOCYBaHHS
B [1] MeTromy BHMiprOBaHbL iMOBIpHOCTEH po3mamy
OUISANOPOTOBUX CTaHIB sJep, 3alpPONOHOBAHOTO B
[3], aHamizyBaBcs TakOX KyTOBHI PO3MOIiN o-vac-
THHOK i3 pO3Iagy OCHOBHOTO CTaHy siapa 'Be B cy-
myTHii peakmii 'Li(o, to)a (prc. 2). 3aBIsIKy HYIbO-
BOMY crtiHy "Be,, KyTOBHIl PO3IOLT MPOIYKTIB PO3-
Majy B CHCTEMi IIEHTpa Mac IbOr0 HecTadiIbHOTO
SIIEPHOTO CTaHy TMTOBHHEH OYTH 130TPOITHUM.
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1) o

Puc. 2. Ilepepi3u, 1O  BIiANOBIZAIOTH  PO3MAILY
8Beoc—>ot+ o B peakiii 7Li(cx, ta)a (®, =34°, ¢.=180°,
¢, =0°). JliHii BiANOBIZAIOTh YCEpEAHEHHUM 3HAUYCHHIM
JUTSL KOXKHOTO 3 PO3IOILTIB.

Bru3bkicTh 10 130TpONHOrO (IuB. puc. 1) KyTO-
BOTO pO3IOZiNy mpomecy posmamy 'Li*(7,45 MeB)
MiATBEPUKYE pe3ybTaTH, OTpuMaHi B [1], 30kpema
BUSIBJIGHUH e(eKT 3MiHM CHiBBIIHOUICHHS TiJIOK
posmany B °Li+n Ta o+t KaHATH MOpPIBHSHO 3 Ja-
HAMH U1 OiHapHUX peakmiid. SIk BHIHO 3 pHC. 2,
KyTOBHUI pO3MOALI (-4YaCTHHOK 13 pO3May OCHOBHO-
ro craHy szpa ‘Be Mae i30TpONHMI XapakTep, IO
BKa3y€ Ha aJICKBAaTHICTh 3aCTOCOBAHMX Y NaHIH PoO-
00T METO/IB Ta PO3PaxyHKIB.

1. , FO. M. IlaBnenko, B. JI IllabnoB ma
in., Slnepua ¢izuka ta enepreruka 1 (19), 36 (2007).

2. D.R. Tilley, C. M. Cheves, J. L. Godwin et al., Nucl.

Phys. A 708, 3 (2002).

Yu. N. Pavlenko, Problems of atomic science and

technology. Ser. Nucl. Phys. Inv. 6 (45), 11 (2005).
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AHOTALII POBIT

MPOCTOPOBI PO3MOJALIA TA MMOBIPHICTb PO3MIAIY
3BYI)KEHOI'O CTAHY 'Li*(7,45 MeB) ¥ PEAKIIII "Li(a, a’Li)n

10. M. Masaenxo', B.JL laéaos’, O.C. Bonnapem«om, 0. K. Fopm/mnql, B. M. I[oﬁpilcosl,
H. JL I[opouncol, 1O. 1. Kapnnmenl, D. 1. KapMaHOBz, B. O. Kusa', I. M. Kostomiens',
C. €. Omenbuyk', B. B. Ocramko', IO. C. Pozuiok', B. A. Pynenxo', L. A. Tupac’

1 . . .
ITncmumym adeprux docnioxceny HAH Yipainu, Kuig
2 . . .
Tuemumym amomnoi enepeemuxu, ObHincok, Pocis
3 . . . . . . . .
Kuiscokuii nayionanvnuu ynieepcumem imeni Tapaca Illeguenxa, Kuig

VMoBipHicTh posmany pesonancy 'Li* B [1] Bu-
3Ha4ajgach Ha OCHOBI €KCIIEPUMEHTAIbHUX JaHUX 13
KyTOBUX KOPEJALIH, 10 BUMIPIOBAIUCH Y MeEXax
HETIOBHOT'O TiIECHOTO KyTa po3many ep;. 3 METOI0
TeCTyBaHHA pe3ynbTaTiB [1] y mariit poOoTi amaimi-
3YIOTbCS HOBI JaHi [2], oTpuMaHi 3a JOMOMOTOIO
no3utiiHo-uyTimuBoro aerexropa ([TY) ans mos-
HOTO TiJIECHOrO KyTa po3many supa 'Li*(7,45 MeB)
y peakuii 'Li(a, o’Li)n mpu E, = 27,2 MeB.

Ax 1 B [l], peecTpauisi HEMpyXHO PO3CITHUX
0-YaCTUHOK 371MCHIOBANAch 3a IOMOMOTOIO Tee-
ckomna AE- ta E-nerexropiB. HoBum enemenToMm OyB
HaniBnpoBigHukoBuii [1Y/], mo BUKOpHCTOBYBaBCS
s peectpanii sgep °Li 3 posmagy pesoHaHCY
"Li*(7,45 MeB) y kanan °Li+n. Teomerpis BuMi-
PIOBaHb LMIOCTPY€ETHCS Ha pucC. 1.

+20 F

®%Ly°

Puc. 1. Posnoxin moxiit peectpanii smep °Li 3 posmamy
"Li*(7,45 MeB) y peaxuii 'Li(a, o’Li)n, 3Moe1b0BaHuit
3a MetosioM Monte-Kapino mis mnommuu [T4/I, yctaHoB-
JeHoTo Mix KyToM O =42° mo BiANOBiZae HANPAMKY
pyxy ueHTpa inepuii 'Li*(7,45 MeB) mnpu peectparii
HETIPY>KHO PO3CISHUX O-9aCTHHOK MiJg KyToM O, =44°.
Po3paxyHKu BUKOHAHO ISl iZleaIbHUX YMOB BUMIPIOBaHb
Ta mmpuHU cta"y I' = 0 (@), a Takox A peanbHUX YMOB
BumiptoBasb Ta I' = 89 keB [3] (6). Bina ninist — aneprypa
Y.

[IpocTopoBwuii po3nofin iMOBIpHOCTEH po3many
HaBEJICHO Ha PHC. 2, 3 SIKOTO BHIHO, IO PO3IOJIT
Mae cHMeTpuuHy (TomiOHy a0 Kimbms) dopmy 3
LEHTPOM, SIKHH BIAMOBiJa€ HANMPIMKY pyXy LEHTpa
inepuii pesonancy 'Li*(7,45 MeB). IToBHa iiMoBip-
HiCTH pO3Magy IbOro pe3oHaHCY B KaHan ‘Li+n
cranoButh 0,56 £ 0,03. Ile 3HadeHHS B MeEXax IIO-

XHOOK Yy3TOMKYEThCA 3 pe3ynbraToM podotu [1]
(0,49 £ 0,06) # Biapi3HAETHCA BiA AaHWX, OTpPHUMa-
HUX y OimapEmx mpomecax CLi(n,n)°Li Ta
SLi(n, 0)’H, ne pesomanc 'Li*(7,45 MeB) 36ymxky-
€ThCS U pO3MamacThes SIK i30JbOBaHa cuctema [3].
3rigHO 3 po3paxyHKaMH B paMmkKax Moau(]ikoBaHOT
Teopii B3aeMozii B KiHIEeBOMY cTaHi [4 - 6] BusiBie-
HY BIJIMIHHICTh MOXHA TOSICHUTH BIUIHBOM KYJIO-
HIBCBKOTO IIOJISI CYIYTHBOI O-YaCTUHKH Ha PO3Maj
OUISIMOPOrOBUX PE30HAHCIB Yy TPUYACTUHKOBUX pe-
AKITIAX.

P(&,h)
0,04

003
0.02
0.01

Puc. 2. Posnoxin

IMOBIpHOCTI
"Li*(7,45 MeB) y xanan °Li+n y peakuii 'Li(o, a’Li)n
(E, =27,2 MeB, ©, = 44°). Hanpsimok pyXy LEHTpa iHep-
uii "Li*(7,45 MeB) BinnoBimae 3HaueHHIM Og; = 42°,
h =0 (e = 0°).

po3maay  pe3oHaHCY

1. , 10. M. INaBnenko, B. JI. [IlabnoB ma
in., Sinepua (isuka ta enepreruka 1 (19), 36 (2007).

2. 10. M. ITaBnenko, B. JI. [llabnos, O. C. bormapenko
ma in., Slnepua ¢isuka Ta enepretuka 2 (20), 65
(2007).

3. D.R.Tilley, C. M. Cheves, J. L. Godwin et al., Nucl.
Phys. A 708, 3 (2002).

4. B.B.Komapos, A.M.Ilonosa, ®.U. Kapmano u
op., dusmka DA 23, 1035 (1992).

5. B. B. Komapos, A. M.IlomoBa, B. JI. I11a6:o0B,
Jlunamuka cucmem HeCKOAbKUX K8AHMOBUX HACMUY
(MockoBckuii yHUBepcuTeT, Mocksa, 1996).

6. G. Fazio, G. Giardina, F. I. Karmanov, V. L. Shablov
et al., Int. Journ. Mod. Phys. E 5, 175 (1996).

42 IHCTUTYT SAJIEPHUX JOCJIJPKEHb HAH YKPATHU



SAJJEPHA ®I3MKA

COOTHOIIEHUE BETBEN PACIHAJA OKOJIONOPOIOBOI'O PE3OHAHCA
"Li*(7,45 MbB) B PEAKLIMU 'Li(a, a)'Li*

B. JI. lllaéios', ¥O. H. Magaenxo’, U. A. Teipac', H. JI. Topomuiko’

1 o«
Hucmumym amomnoii snepeemuxu, Obnunck, Poccust
2 .
Uncmumym adepuvix ucciedosanuiit HAH Yxpaunvl, Kues

Kax m3BectHO, ipu 00pazoBanuu pe3oHaHca R B
KOHEYHOM COCTOSHHUHM TPEXYaCTUYHOH peakluu
p+ T—k+R—k+1i+j ero pacnaguele xapakrepu-
CTUKH (MECTOIOJIOKEHHE PE30HAHCHOTO MHKA, €ro
mvpuHa B (opMa Pe30HAHCHOW KPHBOI) OKa3bIBa-
I0TCS 3aBUCSIIUMH OT KHHEMAaTHKH KOHEYHOI'O CO-
CTOSIHHMS, 4YTO SBJSIETCS CIECACTBHEM BIMSHUS Ha
mporecc o0pa3oBaHUs U paclajga pe3oHaHca KyJo-
HOBCKOTO M SJI€PHOTO TOJS COMYTCTBYIOIIMX SAEP
[1-3]

Kak cnenyer u3 pa3BuToil TEOpUH U psijia dKCIIe-
pumMenToB (cM. [1, 2]), B cirydae pe3oHaHca, yIalIeH-
HOTO OT TMOpora pacmaga, MOXeT HaOIIoAaThCs
CMELICHUE U YIINPEHUE PE30HAHCHON KPUBOH, 3aBH-
csilllue OT KYJIOHOBCKOro mapaMerpa. B ciyuae oko-
JIOTIOPOTOBBIX PE30HAHCOB KYJIOHOBCKMH MapaMeTp v
SBJSIETCS] KOMIUICKCHBIM, YTO B HEKOTOPBIX CIIy4dasx
IOPUBOIUT K CYXXEGHHIO DPE30HAHCA M W3MEHCHHIO
COOTHOIIICHMSI BETBEH pacmana [3].

B nanHnoii paborte passutas B [1 - 3] Teopus npu-
MEHEHa K OIMCAHUIO CBOICTB pacmaa OKOJIOIOpPOro-
BOr0o pesoHanca  Li*(7,45MaB), Bo36yxaaemMoro
IIpU HEYNpPYTOM pACCESIHUU 0-9acTHIl C 3HEepruen
27,2 MB sipamu 'Li. Kak crenyer u3 puc. 1, skcre-
PUMEHTaJIbHOE HAOIIOJCHNUE CMEILCHUS 1 U3MEHEHUS
dopmbI pesonanca 'Li*(7,45 MaB), 06ycloBICHHBIX
BIMSHUEM KYJIOHOBCKOTO TOJSL  COIyTCTBYIOILEH
0-9aCTHIIBL, SIBJISETCS 3aTPyIHUTCIBHbIM.

|T|2 , OTH. e

04 ] 47 48 40 5 51 52
Eqot- MsB

Puc. 1. Pacuer Qopmbl pesoHanca 'Li*(7,45 MeB),
pacmajalomierocs B KaHan o+t B peakumu 'Li(a, o)t
(E,=27,2 M3B). lltpuxoBas kpuBas — pacdeTr B IpH-
OommkeHnn Murnmana - BarcoHa, crutomHas — ¢ y4eToM
BIIMSIHUSL KYJIOHOBCKOTO IOJISL COITYTCTBYIOIIECH O-4acTH-
16l Ha pacraj OKOJIOMOPOTrOBOI0 PE30HAHCA.

HIOPIYHUK - 2007

bonee BEIpazuTenbHO A(GGEKT TPOSBIIETCS B
W3MEHEHWH COOTHONICHUS BETBEH pacmaza 3TOro
pe3oHaHca 110 kaHanaM o + t 1 °Li + n, 4To BHIHO U3
NPUBEICHHBIX HA PUC. 2 OTHOLIEHUN CEYEHUH, COOT-
BETCTBYIOIIMX pacrany B KaHam °Li + n, K moigHOMY
CEUCHHUIO pacmnana. Pe3ynbraThl pacdera OTIUYAIOT-
csi OT JaHHBIX, TOJYYEHHBIX MpPH BO30YKIACHUU
pesonanca 'Li*(7,45 MaB) B GUHAPHBIX PEAKIMIX
SLi(n, n)°Li u °Li(n, o)t (o4/cw = 0,71 [4], rae o, u
Gt — CEUEHHE YIIPYTOro PaccesHus U MOJIHOE ceve-
HHE B3aMMOJICHCTBHS HEHTPOHOB ¢ siapamu Li B
o0nacTy pe3oHaHCa COOTBETCTBEHHO), M XOPOLIO
COTJIACYIOTCS C OJKCIICPUMCHTAIbHBIMU JIAHHBIMH,
MOMyYeHHBIMH  JUISI ~ BEPOSATHOCTH  pacmaja
"Li*(7,45 M»B) B kanan °Li + n npu uccienoBaHuu
TPeXYaCTMUHBIX KaHANOB peakmum  Li(o, o) Li*
(0,49 £0,06 B [5] m 0,56 £ 0,03 B [6]).

06

P(°Litn)

4 a 2 ju) 12 14 16 18 20

Puc. 2. 3aBUCUMOCTH OTHOIIEHHS CEYEHHUS, COOTBETCT-
Byromero pacnany 'Li*(7,45 MaB)—°Li + n, x nonHomy
CEYEHUIO pachaa OT BEJIMYMHBI SJHEPreTUYECKOTO UHTEp-
BaJla MHTETPUPOBAHMS PE30HAHCHBIX KpUBBIX (AE* = NI,
rie ' — mmprHa pe3onanca).
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AHOTALII POBIT

IPYKXHE PO3CISIHHSI JEMTPOHIB SIAPAMH *Ni TA '*Sn
IPU NIJABAP’EPHUX EHEPIISIX

IO. M. ITaBaenko, K. O. Tepeneubkmuii, B. Il. Bepouubkuii, I. Il. Ipsinayenxo,
E. M. Moxxyxin, B. M. loopikos, 0. 5. Kapiumes, O. K. 'opnunany,
O. L. Pyuaeasn, B. O. KuBa, T. O. Kop3una, O. B. O603H0Ba

Tncmumym adeprux docnioxcens HAH Yrpainu, Kuig

Ha 1ieit yac moCsATHYTO 3HAYHHX YCIIXiB y MIKpO-
CKOIIIYHOMY OIIMCaHHI TMPYXXHOTO Ta HEMPYKHOTO
PO3CIiSHHS CHIBHO3B’13aHHX YacTHHOK (p, t, “He, a,
2c TOIIO), TOJI SK iHTEpIpeTalliss PO3CIsIHHS Clal-
KO3B’SI3aHUX, OCOOJMBO HEHTPOHOHAIIUIITKOBUX
anep (“He, *''Li), maGarato cxiammima y 38’s13Ky 3
HEOOXIZHICTIO BpaxyBaHHA JHUHAMIYHUX e(eKTiB,
3YMOBJIEHHX iX IMPOCTOPOBOIO CTPYKTyporw. Y Ie-
SKUX TEOpeTHYHHX miaxomax [1] po3rmsmaeTscs
,»JJCHTPOHOMNONI0HA” KiIacTepHa CTPYKTypa HEWUTpo-
HOHAJUIAIIIKOBUX siiep, Hampukian “He, 3 CHIb-
HO3B’sI3aHUM 0-KJIACTEPOM B SKOCTI ,,ipoTOoHA”. Y
pamkax wiei Teopii 3 ypaxyBaHHSIM HPOLECIB po3Iie-
IUIGHHS Ta TMOJsIpHU3allii HEeWTPOHOHAIUIIKOBUX
SIep YAAE€ThCS 3aJ0BUIHHO OIKCATH TEPEPi3v M-
Oap’epHOro TPYKHOTO PO3CISTHHS ,,JCHTPOHOIOII0-
Hux” spaep [1, 2], 32 BUHATKOM OCOOJIMBOCTEH KyTO-
BUX PO3MOJILTIB, BUSBIEHUX Y [2].

3 METOI0 TECTYBaHHS BKa3aHOI Ta IHIIMX Teope-
TUYHUX MOJENeH, AKi aKTUBHO PO3POOIISIOTHCS IS
MOSICHEHHS! BJIACTUBOCTEW €K30TUYHUX S/Iep, V AaHil
poOOTI MOCIHIIKY€ETHCS TPOIIeC Mmiadap’epHOTO TIPY-
JKHOTO PO3CISIHHSI ACUTPOHIB SIK siApa 3 HAWIPOCTi-
IO JIBOKJIACTEPHOIO CTPYyKTyporo. Crix 3a3Haum-
TH, IO iICHYIOYi Ha IIel Jac JaHi 3 Mpy>KHOTO PO3Ci-
SIHHSI JICUTPOHIB BKKUMH SiIpaMd B 00JacTi eHep-
rifl HAaBKOJIO KYJIOHIBCHKOTO 0ap’epa 0OMEXYHOThCS
oTpuMaHuMu B [3, 4] 3HaYEHHAMHU TIepepi3iB s
KUTBKOX TOYOK KYTOBOTO PO3IIOILTY.

Hudepenmiansai nepepizu  NPY>KHOTO  PO3CISTHHS
JICUTPOHIB SIpaMu ¥Ni ta '%*Sn BUMIpIOBaITCS Ha
enekTpocratnaHoMy TnpuckoproBadi EITI-10K IS/
HAH Vxkpaian npu eneprisix Eq=3,5 - 5,5MeB y
MUPOKOMY Jiamna3oHi KyTiB ® =20 - 160°. Peecrpartist
Ta ieHTU}iKalis MpoayKTiB B3a€MOIII 3AiHCHIOBaIACS
3a pomomoroto AE-E-TerneckolliB HamiBIIPOBITHHKO-
BUX JETCKTOPIB, TOBIIWHM SKUX CTaHOBWIM ~ 20 Ta
~500 mxm. 3actocyBaHHS TOHKMX AE-nmerexTopis
JIO3BOJTIIIO 320€3MeYnTH HU3BKHHA €HEepreTHYHHN I10-
pir peecTpallii po3CisTHUX TCHTPOHIB.

VY pesynbrari aHamily OTPUMAaHUX EKCIEpUMEH-
TaJILHUX JaHWUX (IUB. PUCYHOK) BHSBIIEHO HEMOHO-
TOHHHW XapaKTep KyTOBOI 3alie)kHOCTI audepen-
HianbHEX TepepisiB mpyxkHoro poscisamas d + '2*Sn
npu eHeprisix Eq=5,0—5,5 MeB, a Takoxx 3Ha4HO
OLMbII BIAXWIICHHS WX TMepepi3iB BiA ImepepisziB

pe3epPopaiBCHKOTO PO3CISHHS, HIX IependadyeHo
TEOPETUUYHUMHU pPO3paxyHKamu [5, 6], 1m0 BpaxoBy-
IOTh PO3LICIUICHHS Ta MOJPU3ALiI0 JEHTPOHIB Y
KYJIOHIBCbKOMY TOJi Baxkux siep. [loniOamii xapa-
KTep Ma€ i KyTOBHU PO3MOMLUI MPYKHOTO PO3CISTHHS
d + **Ni npu eneprisix 3,5 ta 4,5 MeB.

11

el |4y

(do/dR)/(do/dR)y,,

08 -

0,7 1 | 1 1 | 1 | | | | 1 I 1 | I 1

o
®HM’

Bingsomenns mepepi3iB npyxsoro poscismas d + '**Sn
mpu Eq=5,5MeB 10 pe3ephopaiBCBKOrO pO3CiSHHSL.
Hani, orpumani B [4] mpu E4=50MeB (O0) Ta
pu 6,0 MeB (0). JIiHig — po3paxyHOK y paMKax TBOKJIAC-
TepHO1 Mozeni [6].

OTtpuMaHi JaHi BKa3ylTh Ha HEOOXIIHICTH Jie-
TaJbHIMUX TEOPETHYHUX Ta CKCHEPUMEHTAIBLHUX
JOCTIDKEHb TPOLECIB  mimdap’€pHOTO PO3CISTHHS
JIEHTPOHIB Ta ,, ACUTPOHOIIOAIOHHUX " SACD.
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SANEPHA OI3MKA

3BYUKEHHSI PE3OHAHCIB SIIPA ‘He B OBJIACTI E* ~15 MeB

10. M. I1aBJjeHko

ITncmumym adeprux docaioncens HAH Yrpainu, Kuig

Snpo ®He € oIHNAM 3 EK30TUYHUX HEHTPOHOHA.I-
JIMIIKOBHX SIJIEP, BJIACTHUBOCTI SIKUX AKTUBHO JOCIi-
JUKYIOTBCSL 3aBASKH CYYacCHHUM MOXIJIMBOCTSIM T'€He-
parii Ta MPUCKOPEHHS BTOPUHHUX MYYKiB pajioak-
TUBHHX saep. OmHaK i Ha Iel Yac 3ajuIIacThCs
JUCKYCIfHUM NHUTaHHS HE TUIBKU MPO KBAaHTOBI Xa-
PaKTepPUCTHKH pe3oHaHciB supa ‘He (okpim mepimo-
ro 30ymkeHoro crany 3 E* = 1,8 MeB), a # npo Ha-
SIBHICTH Ta KUIBKICTh pe3oHaHciB 3 E* > 2 MeB.

Ha nouryk 36ymkenux cranis *He 6yio crpamo-
BaHO YWUMAajo JOCTiKeHb (muB. [1]), pe3ynabTaT
SKHX CBiJYaTh PO HAsBHICTH PE30HAHCIB B 00JIACTI
E*~3 - 6 MeB T1a ~ 14 - 17 MeB. Ane Hey3roa-
KEHICTh ICHYIOUHX JaHUX LI0A0 PE30HAHCHHUX EHep-
il Ta IMPHUH € XapaKTEPHOIO O3HAKOIO SIK TEOPETHU-
YHHUX PO3PAaxyHKiB, BHKOHAHUX Yy pPaMKaxX Ppi3HHX
MoJleNield, Tak 1 pe3yNbTaTiB JOCHTIKEHb Pi3HUX
peakuiii tuny T(p, x)°He* B KiHEMATHYHO HEMOBHIX
excniepuMenTax. Clify 3a3HAYUTH, MIO KOPEIsIiiHI
JaHi Ui BKa3aHUX peaklii Ha Iel 4ac MPaKTUYHO
BiJICYTHIi, 2 HETIOBHE BU3HAYCHHS KIHEMaTHUKHU KiHIIe-
BOTO CTaHy peaKiiil € OJIHIEI0 3 MPUYUH PO30iIKHOC-
Tel JaHWX 13 PE30HAHCHUX XapaKTePUCTHK sapa
SHe. V nawiit po6oTi Iie 1TFOCTPY€EThCS HA MPUKIALT
peakii 'Li(t, o))°He, sika pa3oM 3 iHIINMH peaKIisMu
aBTopamMH [2] IeTaqbHO JOCIHIHKYyBajlach 3 METOHO
nomyky 36ymwkennx cranis ‘He.

B iHKITIO3UBHUX CHEKTpax 0-4aCTHHOK 3 PEaKIii
"Li(t, a)°He mpu E, =22 MeB B [2] 6y10 BHSBIEHO
HiKK (IWB. PUCYHOK), IKi, Ha TIEPLINHA TMOTISII, MOXK-
Ha Oyno O MOSCHUTH YTBOPEHHSM IBOX PE30HAHCIB
sapa °He 3 emeprisimu 30ymkenns E* =14.8 Ta
16,7 MeB, OCKiTbKM TOJOXKEHHS WX MIKIB Y IIKaJi
eHepriit 36ymwkenHs *He € iHBapiaHTHHME TIPH 3MiHi
KyTa peecTparlii o-4aCTHHOK. AJle TIpH IHIMUX €Hep-
risIX My4YKa TPUTOHIB MOJIOKEHHS IMX MIKiB HE BiJl-
MOBIJAIOTh YKa3aHUM E€HEprisiM 30yMIKEeHHS, Ha Mif-
cTaBi 4oro B [2] 3po0JIeHO BHCHOBOK IIPO BiJICYT-
HicTh  pesomancie  sapa ‘He B oGmacti
E* ~ 14 - 17 MeB i BkazaHo Ha MOXJIHBICTH (OpMY-
BaHHSA MIKIB Yy CIEKTpax O-YaCTUHOK 3a PaxyHOK
posmany IIEpLIOTro 30yDKEHOTO CTaHy
He*(1,8 MeB) B kanan o+ 2n ta "Be*(2,9 MeB) y
KaHaJI o + o B CyMyTHiM peaxitii 'Li(t, *Be)2n.

Jns mepeBipku MOMUIMBOCTI 30yKEHHS PE30-
HaHCIB sapa ®He 3 E*~14-17 MeB y peaxitii
"Li(t, o) He HaBeneHi B [2] cieKTpy MpoaHani3oBaHO
3 BUKOPUCTAHHSIM NPOLEAYp, BUKIaAeHUX y [3]. Sk
MOXIIMBUI Tpoliec (OpMYyBaHHS PE30HAHCOIMOI0-

L[OPIYHUK - 2007

HUX CIEKTPIB 0-YACTHHOK Y [2] HEe po3risimaBcs Ka-
HaJl HEMPY>KHOTO PO3CIAHHSA 31 30yKCHHAM He-
3B’M3aHUX CTaHiB 'Li*, mo po3majaroThcs Ha
0-9aCTHHKY Ta TpUTOH. OCKITBbKHU Tepepi3n HeMpy K-
HOTO PO3CISIHHA y 0araThOX BHITaJKaX IEPEBHIILY-
I0Th MEePepi3H peakilii, MOXKHA OYiKyBaTH, IO JIOMi-
HYIOUHIA BHECOK Y CIEKTPH 0-YaCTHHOK 3YMOBJICHO
came 1M KaHaJIOM.
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E, MeB
Criextp o-gacTHHOK i3 peakuii 'Li(t, a)°He (E, =22 MeB,
® =10° [3]. R — BHECOK pe30HAaHCY sIpa Bimmadi *He*.
Kpugi / - 5 — criekTpH 0-4aCTHHOK i3 po3Maay pe3oHaH-
ciB: I- 4 — "Li* 3 eHeprisimu 30y/pxeHHs 4,63; 6,68; 7,45
ta 9,85 MeB Bianosiguo; 5 — *He*(1,8 MeB). IllTpuxosa
— BHecok "Be*(3 MeB).

IHKTFO3MBHI CIEKTpH, HaBeneHi B [2], MOXKHa 3a-
JOBUTHHO OTHCATH (IUB. PUCYHOK) CyMapHUM BHEC-
KOM OJIHOTO Pe30HaHCy sapa Bimnaui ‘He* 3 emepri-
ero 30ymkenHs E*=155+0,1 MeB i mupuHOto
I'=4,4 +£0,5 MeB T1a mporieciB o-po3mamy pi3HUX
PE30HAHCIB Y BKa3aHUX CYIYyTHIX peakiisx. Sk Bul-
HO 3 PpHCYHKa, pi3ka 3MiHa Tiepepily mpu
E,~ 15 MeB 3ymoBlieHa HE BHECKOM 1€ OJHOIO
pesonancy sapa Bimmaui ‘He*, a eHepreTHUHOIO
3alIeXKHICTIO BHeCKy posmany 'Li*(4,63 MeB). Ilo-
JIOKEHHS XapaKTEepHOTO Iepenany mepepidy 30ira-
IOTBCSI 3 €KCIEPHUMEHTAIBHO CIIOCTEPEKYBAHUMH B
yCIX CIEKTpax, U0 BUMIPIOBAIUCH ITiJ] Pi3HUMH KY-
TaMU Ta MPH Pi3HUX €HEePrisX TPUTOHIB.

—

D. R. Tilley et al., Nucl. Phys. A 708, 3 (2002).

2. R.H. Stokes and P. G. Young, Phys. Rev. C 3, 984
(1978).

3. IO. M. [1aBnenko ma in., SlnepHa ¢i3uka ta eHepre-

tuka 2 (18), 16 (2006).
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AHOTALII POBIT

BUBYEHHA OBJACTI BUCOKO3BY/’)KEHUX CTAHIB
CEPEJIHIX AJEP IIPU HENIPYKHOMY PO3CISSHHI JEUTPOHIB

B. I. I'panues, B. B. lapunoscbkuii, K. K. Kicypin, C. €. Omenabuyk, I. II. Ilaakin,
IO. C. Po3nwok, b. A. Pyaenxo, JI. C. CaatukoB, B. C. Cemenos, JI. I. Caiocapenko,
B.I'. Ctpy:xkko, B. K. TaprakoBchkuii, B. A. lIuTtiok

ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig

OTpuMaHO Tepepi3u HEMpY>KHOTO PO3CITHHS
nefitpoHiB 3 eneprieto Eq = 37 MeB Ha sapax °C,
®Ti, ***Ni i3 36ymKkeHHAM iXHIX BHCOKOEHEp-
TeTUYHHUX CTaHIB y KyTOBOMY Hiama3oHi 16°<0<61°.
XKopcTko 3akoiaiMOBaHMH MOHOEHEPTeTHYHHN ITy-
YOK NIEHTPOHIB OJepaHO Ha MHKIOTPOHI ¥Y-240
11 HAH Yxpainu. ErepreTruHi CIeKTpH po3cis-
HUX JIGUTPOHIB, IO CIIOCTEpirajaucs B 00JIACTI KOH-
THHYYMa TpH KyTax po3cisHasa 0 < 21°, manu mmmpo-
Ki MakcUMyMH 30ykeHHs (3 miBmupuHOIo ~1/2E,),
[EHTPOBaHI TIPH €HEprii KIHIEBUX JEUTPOHIB
E’y= 1/2 E4~ 18 MeB. OO0sacTi mUPOKUX MaKCH-
MYMIB €HEPreTHYHOTO 30YyIKEHHS MICTATh y c00il
riraHTChKi MYJIBTUTIONBHI PE30HAHCH SJIep, IO PO3-
rsgawTecs. OTpuMaHi €HepreTHYHi CIeKTpU AeH-
TPOHIB XapaKTePU3YIOThCS PI3KUM 3MEHIICHHSIM
rmepepi3iB B 00J1acTi KOHTHHYyMa 31 30UTBIIICHHSIM
KyTa pOo3CisHHS 0 1 € THMOBMMH JUTS BCIiX saep, IO
JOCHIKYIOThCS. [10I0KEHHST Ta MIMPUHU MaKCUMY-
MIB, III0 CITOCTEPITalOThCA, a TAKOXK JIESKI iHII 0CO-
OJIMBOCTI E€HEPreTUYHHMX CIIEKTPIB MPaKTHYHO HE
3MIHIOIOTBCS B Jiama30Hi aTOMHUX Mac, 0 PO3TJisi-
JaroTbes. e cBimYMTH TpO KOJNEKTUBHY HPUPOLY
BINOBITHUX PYXiB B snapax. OOmacTh KOHTHHYyMa
BIJUTIICHA «IIPOBAJIOM» BiJl 00JIaCTi 30YIKEHHS JTHC-
KPETHUX CTaHIB MpPU HU3BKUX €Heprisx suep. [lpu
HENPY>KHOMY PO3CISIHHS JICUTPOHIB Ha SApaxX TUTAHY
CTPYKTYPHiI OCOOJHMBOCTI B CHEPTETUYHOMY CIICKTPI

d’c/dQdU (mb/sr.MeV)

0 T T T T T
10 15 20 25 30 35

U (MeV)

BHSIBIISIIOTBCS  CNTA0KO (BigMidaeTbes Jinie 301Tb-
menHs nepepizy npu E’y~ 16 - 20 MeB i E’y ~ 26
MeB). Ilpu po3cisHHI Ha i30TONax HIKEIO 0COOIH-
BOCTI B IICHTPaJIbHIH YacTUHI CIIEKTPa BUSBIISIOTHCS
Oinmbn sickpaBo ipu E’4~ 16 - 18 MeB i E’y~22 - 26
MeB. [l siep HIKEIO IUPOKHA MAaKCUMYM PO3-
JBOIOETHCSA, LIO TOB’SA3aHO 3 PO3ILEIUICHHAM JTUIIO-
JFHOTO TIraHTCHKOTO pe30HaHCy Iux saep. Crocre-
pITalOTHCA TAaKOX 130TOIMHI BiAMIHHOCTI TIPH PO3Ci-
AHHA JeATPOHIB Ha sapax *°Ni i “Ni.

Jig TeopeTHYHOTO aHalli3y HalluX eKCIIepUMEH-
TiB 3 PO3CISIHHA NEHTPOHIB sAapaMu OyJI0 BHKOPHC-
TAaHO y3arajbHEHY HaMH (Ha BUMAJOK MNaJal0vnX
JEUTPOHIB) PO3BHHEHY PaHIII TEOPit0 KOrepEeHTHOTO
Ta HEKOTEPEHTHOTO PO3CISHHS HYKJIOHIB sSIpaMu B
007acTi KOHTHHYyMa Ta TUGPAKIiHHY SACPHY MO-
nenb. Ha pucyHKy moka3aHO MOPIBHSHHS PO3pPaxo-
BaHUX HAMHM 3ajexHocTeil nepepizip d’s/dQdU Bix
ypaHy 1mpu 0 = 16° 3 excrepuMeHTATHPHIUMH BiATIO-
BIJTHO JIIS si7Iep Ti Ta “Ni. Buano, 1o € Hemorane
Y3TO/UKEHHS 32 ()OPMOIO Ta BEIWYMHOIO TEOPETHY-
HUX TIepepi3iB 3 eKCIepUMEHTaIbHUMHU KpiM IICH-
TPaJbHOT YACTHHH ITUPOKOTO MaKCUMyMY, CTPYKTY-
pa sAkoi moB’s3aHa, MabyTh (Xoua O YacTKOBO), 3
nedopmarriero saep i, MOXKIUBO, 3 IHITUMHU (KOJEK-
TUBHHMH) OCOOJIMBOCTSIMH SIZIED, SIKI MOBTOPIOIOTHCS
BiJI siipa JI0 sizpa.

d*s/dQdU (mb/sr.MeV)

0 T T T T T
10 15 20 25 30 35

U (MeV)

Banexuicts nepepizi d’c/dQdU Bix ypany. Touku — ekcriepruMeHT, CyIIbHA KPHUBa — TEOPis.
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B TPEXYACTHUYHOM PEAKIIUM 'Li(d, ao)n

B. JL. IIIaGJIOBl, 10. H. HaB.nemcoz, H. A. Tblpacl, T. A. Kopmna2

1 o«
Hucmumym amomnoii snepeemuxu, Obnunck, Poccust
2 .
Uncmumym adepuvix ucciedosanuiit HAH Yxpaunvl, Kues

YIIUPEHUE TEPMOSIZIEPHOI'O PE3OHAHCA °He*(16,75 MaB)

TepmosiepHbiii pesonanc “He*(16,75 MaB) ne-
TaJILHO UCCIIEIOBAJICSI B OMHAPHBIX PeakLusIX, B 4ac-
THOCTH B peakuuud d +t—o+n ¥ Opu ynpyrom
paccesHUM HelTpoHoB sapamu ‘He [1]. B atux pe-
aKIMsIX C JOCTaTOYHO BBICOKOW TOYHOCTBIO OTIpe-
JIEHBI SHEPTHUs BO30YKACHUSI pEe30HaHCa H €T0 MOJI-
Has mumpunHa: E¥ = 16,75 £ 0,05 MaB, I' = 0,076 +
+ 0,012 MaB [1]. MeHee corimacoBaHHBIC JaHHEIC
MOJTyYeHBl Pa3HBIMHU aBTOpaMH JIsl MapliHaIbHBIX
mupuH, Hanpumep [g= 33,07 k3B, 'y, = 38,83 kB
B [2] u ['4=25,77 x3B, I'yu=48,39 k3B B [3], uTO
00yCII0BIIEHO, KaK MOKa3aHo B [4], pa3smuIHBIMUA Me-
TOJAMH aHaJIH3a TPEIHM3HOHHBIX SKCIEPUMEHTAIb-
HBIX JIaHHBIX.

Pacriaz pesonanca “He*(16,75 MaB) B a + n ka-
HaJI UcclenoBajca aBTOpaMH [5] B TpeX4aCTUYHOM
peakuuu 'Li(d, ao)n mpu sHeprum Eq = 6,8 MaB. B
KHHEMATHYECKH TTOJTHOM JKCIEPUMEHTe IS IIUPH-
HBl TEPMOSJIEPHOTO pPEe30HaHCa OBLIO TONYyYeHO He-
0XXHIaHHO OoJibiioe 3Hayenue — I = 0,5 M»aB.

B [6, 7] ObutO TOKa3aHO, YTO XapaKTEPUCTUKH
SJEpHBIX PE30HAHCOB, HaONIOIaeMble B MHOTrO4Yac-
TUYHBIX PEaKLMAX, BCICACTBUE BIMSHUS KyJIOHOBC-
KOTO U SIIEPHOTO TOJISI COMYTCTBYOIIUX YaCTHI] MO-
TYT CyIIECTBEHHO OTJINYATHCS OT JaHHBIX, OTyUYeH-
HBIX [IPU MCCIEJOBaHNH OMHAPHBIX PEaKIUH.

Bo3MoxHOCTD HaOIIOIEHNST H3MEHEHHUS U PHHEI
pesonanca *He*(16,75 MaB) B peaxtmu 'Li(d, aa)n
aHalM3upyercs B HacTosmeil pabore. CoriacHo
[6, 7] yueT BIHMAHUSA KyJIOHOBCKOI'O MOJISI CONYyTCTBY-
IOlIe 4acTUIBl k£ Ha pacmaj pe3oHanca R—i +j B
peaxkuun

p+T > k+R—>k+i+j (1)

IMPUBOAUT K CICAYIOLIEMY BBIPAXXCHUIO JIsI KBaJpa-
Ta MOAYJId aMIUTUTYAbl B OKPECTHOCTU PE30HAHCA R:

272,‘;:; eZ;:Arcctgc

- 2 = |2
Tl./.(k,./.pk)‘ T 1 1+ 8 '|F|2‘Zi/(ki/) > (2)

e=2E,~E)/I", &E=n-v,

n=m,+0; =2, Zp, k +Z,Z 1, 1 k

kj >

rae E; — OTHOCHUTEIbHAs SHEPrHs paclajHbIX 4ac-
tui; Ej, I~ nonoxeHue v MUPUHA U30JUPOBAH-
HOTO pe30oHaHca R, oOpa3sylomierocsi Ipu B3aHMO-

L[OPIYHUK - 2007

NeHCTBUM YacTHI] {j B BaKyyMme; v, 7 — MapameTpsl
KYJOHOBCKOTO B3aUMOJIEHCTBHS COMYTCTBYIOIIEH
JacTHIIBI k ¢ pe30HaHCOM R Kak IeJIOW CHCTEMOH U
IPOMYKTaMHU paclaja COOTBETCTBEHHO; Zy, Z;, Z; —
3aps/ibl YACTHLL; Ly, Mij, Kii , Kij — IpHBEIEHHBIE Mac-
CBbl U UMITYJIbChl OTHOCUTENBHOTO JIBM)KEHUS YaCTHIL
kwn i(j); FF — QyHKIHS, 3aBUCSINAs OT YIJIOBBIX ITepe-
MEHHBIX; y;; — BEpIIMHHAsA QyHKIMS pacnaja.

KynoHoBckuii napamerp vV sBISE€TCS KOMIUIEKC-
HOW TepeMeHHOM: v = v; — iV, (A7 AOepHBIX peak-
uit v; > 0). Ans yaaneHHBIX OT IOpora pe30oHaHCOB
BEITMIMHON v, MOYKHO TIpeHeOpedb. AHanm3 GhopMmy-
7161 (2) TOKa3bIBAET, YTO:

1. Ipu # - v; > 0 nonoxeHue pe3oHaHca CIIBU-
raercsi B CTOPOHY MEHbBIINX OTHOCHUTEJIBHBIX JHEp-
ruil B nape i +j. Ecnu pe3oHaHC He SIBISETCS OKO-
JIOTIOPOTOBBIM, TO OH ymupsercsa [6, 7], Torma xak
UL OKOJIOIIOPOTOBOI'O PE30HAHCa MOXKET HaOIo-
IaThCs U CykeHue [8].

2. Ecmu 5 - v; <0, moOIOXXEHHE pe30HaHCa
CIIBUTAETCSI B CTOPOHY OOJBILIMX YHEPruil, U OH BCe-
I71a yIIUPSETCsL.

3. Bo Bcex ciaywasx pe3oHaHCHast KpUBas ABIIS-
€TCsl aCHMMETPUYHOM.

4. Ecnu mapaMeTp v; HE MaJl, TO PE30HAHCHAS
KpHUBasi OMOJHUTEIHHO YIIUPSETCS.

VYcnosue 7 - v; <0 BBINOTHSETCS IJIS YCIOBHIA
HaGmroieHus pesonanca “He*(16,75 MaB) B peax-
upn 'Li(d, ao)n [5]. PacueTsl, BHIMOTHEHHbIE C HC-
MOJIb30BaHUEM (OPMYJIBI (2), MOKA3bIBAIOT, YTO MPH
Eq= 6,8 MaB B peakuuu 'Li(d, ao)n HaGmromaemas
LIMpUHA pe30HaHca JOoJKHa cocTaBisaTs [~ 1,5 - T°.
D¢ ekt ymupeHus 3HAaUUTEIBHO yCUINBACTCS NPH
Eq ~4MsB-T ~4,5T".
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ELASTIC NUCLEAR RESONANCE BACKSCATTERING SPECTROMETRY
(BROAD RESONANCES)

V. 1. Soroka

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The possibilities of using the elastic nuclear reso-
nance backscattering of ions for the investigation of
materials are analyzed. We focus on the broad iso-
lated or overlapping resonances whose scattering
cross sections vary smoothly over the wide energetic
range. Under this condition the simplicity of infor-
mation extraction inherent in the Rutherford back-
scattering technique [1] is retained. Concurrently,
the detection sensitivity for low-mass impurities is
improved. Actually this technique has been initiated
in the Institute for Nuclear Research [2 - 4]. Such
resonances are not very numerous. Selected data on
the low-energy ions elastic scattering [5] may be a
good reference in the resonance choice in each spe-
cific case. It should be noted that the more accurate
data on the reaction cross-sections and the resonance
parameters were found to be necessary for practical
purposes than for nuclear physics itself. That is why
repeated measurements were carried out (for protons
[6] and alpha-particles [7], for instance).

Coulomb and potential scatterings always accom-
pany the elastic nuclear resonance scattering reac-
tion. The above components of the elastic scattering
are coherent and therefore interfere. This distinction
of the reaction of this type is also revealed in apply-
ing resonant scattering for materials analysis. De-
pending on level parameters of the compound nu-
cleus the interference may be constructive (the
cross-section is boosted) or destructive (the cross-
section is attenuated). To improve the sensitivity the
resonant scattering by impurity nuclei is used in the
first case while in the second case the resonant scat-

tering by substrate nuclei is applied (to decrease the
background). The physical principles are confirmed
by the examples of the impurities investigation of
nitrogen in beryllium and oxygen in silicon.

We considered the broad resonances in the elastic
scattering. Some characteristic properties of the nar-
row resonances use caused by the same interference
effects will be considered additionally. Obviously,
the possibilities of the elastic resonant scattering for
the material analysis are limited. But in special cases
it may be successfully applied either independently
or as an addition to the other analytical methods.

1. W. K. Chu, J. M. Mayer, M. A. Nicolet, Backscat-
tering spectrometry (Academic Press, New York,
1978).

2. V. 1. Soroka, Materials of the second All-Union con-
ference “lon beam microanalysis”, Kharkiv, 1988, p.
169 (in Russian).

3. V. L Soroka, M. V. Artsimovich, I. F. Mogilnik,
Materials of the XXIII international conference on
physics of the charged particles interaction with crys-
tals, Moskow, 1993, p. 158 (in Russian).

4. V. L Soroka, M. V. Artsimovich, 1. F. Mogilnik, V.
V. Tokarevski, The method of detection of light sur-
face impurities, Inventor’s certificate USSR
Ne 1521034, 1989 (in Russian)

. V.1 Soroka, Preprint KINR-94-2 (Kiev, 1994).
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7. 1. B. Radovic, M. Jaksic, O. Benca, A. F. Gurbich,

Nucl. Instr. and Meth. B 190, 100 (2002).
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RELATIVE g-FACTOR MEASUREMENTS IN THE STABLE Te ISOTOPES

A.L Levon', A.N. Wilson™, A.E. Stuchbery4, A. Nakamura®, P. M. Davidson®, H. Watanabe®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Department of Nuclear Physics, Australian National University, Canberra, Australia
Department of Physics, Australian National University, Canberra, Australia
*Department of Nuclear Physics, Australian National University, Canberra, Australia

Transient-field measurements have been per-
formed for the 2*, states in the even isotopes
122.124.126.128. 30T ¢ and also for the 3/2%, (444 keV) and
5/2") (464 keV) states in '*Te. The primary purpose
was to determine the relative g(2+) values in *°Te
and '"Te, to calibrate the radioactive beam meas-
urement on **Te by the RIV (recoil into vacuum)

technique [1]. To eliminate potential sources of
error, the g- factors were measured simultaneously,
relative to each other. The precision has been im-
proved compared with previous measurements by
increasing the precession angles by a factor of ~3.
The application of the present results to the calibra-
tion of the RIV interaction for Te ions and the impli-
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cations for g-factor measurements on radioactive
beams, including "**Te, is discussed in Ref. [2].

1. N. J. Stone, A. E. Stuchbery, M. Danchev, J. Pavan,

C. L. Timlin, C. Baktash, C. Barton, J. Beene, N. Ben-
czer-Koller, C. R. Bingham et al., Phys. Rev. Lett. 94,
192501 (2005).

2. E. Stuchbery (20006), (to be published).

AITAPATHO-IIPOT'PAMHE 3ABE3IIEYHEHHS EKCIIEPUMEHTY
JAUPEPEHIHIMHOI'O 3BYPEHOI'O KYTOBOI'O PO3IIOALITY HA VY-120

I. b. KoBrap, B. A. Onuumyk, O. L. JleBon

ITncmumym adeprux docaioxcens HAH Yrpainu, Kuig

Bukonano poGoTy 3 poBeAEHHS BUMipIOBaHb Ma-
THITHUX MOMEHTIB siJlep METOJOM Iu(epeHIIIHHOTO
30ypeHoro kytoBoro posmoniry ([I3KP) Ha myuky
UKJIOTpoHa Y-120 BIAMOBIAHO J0 CYy4acHOTO HasiB-
HOTO CTaHy €JISKTPOHHOI Ta KOMIT FOTEPHOI TEXHIKH.
VY cenci nporo Bukopuctano cuctemy CAMAC, mifi-
OpaHO, BIAPEMOHTOBAHO Ta aJaNTOBAHO HEOOXimHI
CJICKTPOHHI Ta KOMII‘IOTEpHi OJOKH, po3pobIIeHO
KOMII ‘IOTEpHY TMporpamy Bizyalri3allii mporecy BuMi-
pIOBaHb Ta CUCTEMHUU JipaiiBep JJisi MaKCUMaJIbHOTO
BUKOPHUCTAHHS PEabHOTO Yacy il KePYBaHHSIM CHC-
temu Windows 98. DyHKUIOHAIFHO IPOrpaMHUN
OJT0K, 110 3a0e3redye MPOBEIACHHS BUMIPIOBaHb Jac,
30KpeMa, EKCIIEPUMEHTATOPY TaKi MOKJIUBOCTI:

1) crexxeHHs 32 PO3BHTKOM MOJIH y pealbHOMY
Yaci — MeperJisii CIeKTPiB, KOHTPOIb Ta KePyBaHHS
CTaHOM pPOOOTH JpailiBepa eNeKTPOHHOI CHUCTEMH
eKCIIEPUMEHTY;

2) BUOIp €KCHO3MIIii 32 4acOM HaKOIUYCHHS, 1H-
Terpaia ToIo;

3) 3ammc pe3yNbTaTiB HAKOMUYCHHS YCIX KaHaJIiB
(IBOX €HEPreTUYHUX Ta JBOX YACOBHX) Y pealbHOMY
yaci B OTpiOHMH (aiim Ha KOPCTKOMY TUCKY — TaK
3BaHUI HaBal;

4) 3amMc 1 YMTaHHA OKPEMHX CHEKTpiB y Oi-
HapHOMY, TEKCTOBOMY BUTJISIZI Ta iHIIUX Qopmarax;

5) xamiOpoBKa 3a €HEPTiAMH KOXXHOTO 3 €Hep-
TeTUYHUX KaHaTiB HAKONHMYCHHS, 5IKa, 30Kpema, 30e-
pirae npaiiBep i3 30epexeHHAM ii Ha JKOPCTKUH IAUCK
Ta YUTAHHS 30€PEKEHOTO;

6) meperisia 0araThOX CIEKTPIB OJHOYACHO IS
TIOPIBHSIHHS, TOIIIO;

7) xepyBanHs cuctemoro CAMAC — koMaHIu
KOHKpETHUM OJIoKaM, 3amuc 1 YuTands inopmariii 3
mman CAMAC;

8) MOXXITMBICTh 3aCTOCYBaHHSI CHCTEMH TPHBOXK-
HOT'O ONOBILICHHSI MPO HErapas[u y eJEKTPOHHUX
O70Kax;

9) kepyBaHHs BiZOOpa)XCHHSM CIEKTPiB Ta BH-
TJI0M BiKHA MPOTpaMu B IitoMy. PeamsHO 3MicTo-
BHOIO YaCTHHOIO €KCIIEPUMEHTY 3aiMa€ThCs CHCTe-
MHHIA apaiiBep. [Iporpama Bi3yamizauii — mocepen-
HUK MDK €KCIIEPUMEHTATOPOM Ta iHIIMMH YacTHHA-
MU CHCTEMH Oprasizaiii BuUMiproBaHb. [ 0J0BHUM
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pe3yabTaToM poOOTH MPOrpamMu € CIEKTPU B HaBall,
10 3amucaHi Ha JUCK 1 MICTATh yCio iH(pOpMAIIiio,
OTpUMaHy i 9ac ekcriepuMmeHTy. [Iporpama Hamm-
cana moBamu AcembOuep ta C.

& Cnexmp - CLW2. SPS, CLW1.5PS

$ain Bwa Adanwsatop Cepeuc  [omows _T
Mapkep|734 3neprual0.  Cuer[357 " Nueunal -

] 3arpyska;

0 % MepTeoe Bpems;
[2:0:0 PeancHoe Bpema;
2:0:0 MiBoe BpeMA:

[0  BKcnoauumua;

o WuTerpan;

Mue| 0 Kanan;
1023 Tpanvybl;

Hactynnuii etan - 06poOka eKcriepuMeHTaIbHUX
aHUX Ta BU3HAYCHHS (Di3MIHHUX BIIACTUBOCTEH 130-
MepiB, II0 BUMIpPIOBAIHNCh, 30KpEeMa 4acy >KUTTS Ta
MarHiTHOro MOMeHTy. lle 3aBiaHHs BUPIIIYETHCS 3a
JIOTIOMOTOI0 ITPOTpaM, Hanucanux Ha PopTpaHi.

I3 ciekTpiB y HaBaJl BUALISIOTHCS TMOJIT, 1110 BiJl-
MOBIJAIOTh 33JaHUM EHEPreTHYHHM BOpOTaM, Ta
(GOpPMYIOTbCS YOTHUPH YacOBUX CIEKTpU. A came:
IUISL KOKHOTO 3 JTBOX JETEKTOPiB (POPMYIOTHCS ABa
CHEKTPH, NMEPUINHA HAICKHUTH i30MEPHOMY IMIEPEXO/Y,
apyruii — dony. Y mporneci GpopMyBaHHS CIIEKTpiB
MIPOBOJUTRCS 1X KOPEKITis I BpaxyBaHHS apeidy
mapaMmeTpiB amapaTypy IiJ 9ac eKCIePUMEHTY Ta iX
YyacoBa KalmiOpoBKa.

I3 yoTHPHOX YACOBHUX CHEKTPIB (POPMYETHCS EKC-
NepUMEHTallbHa ~ (DYHKIISE  PO3MOAUTYy  Y-BHIIPO-
MIHIOBaHHS BiJ 9acy Ta KyTa peectpamii. MeTomom
HaliMEHIIMX KBaJpaTiB MapaMeTpud TEOPETHYHOI Ta
eKCIIEPUMEHTaNbHOT (PYHKIIM MiAraHAOTECS IS
BHU3HAYCHHS (PI3UYHUX XapaKTEPHCTUK 130Mepy.
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SIIEPHBIE g-®AKTOPBI U CTPYKTYPA BbICOKOCHHHOBBIX
10, 12" 1 7 COCTOSIHUM B U30TONAX ““"*Hg

IO. B. Hocenko, A. U. Jleson, U. b. Korap, B. A. Onumyk, A. A. llleBuyk

Hucmumym sdeproix uccreoosanuii HAH Yxpaunol, Kueg

MeTo0M HHTErpajbHOTO BO3MYIIEHHOTO YT-
noBoro pacnpeneneaus (MBYP) Bo BaemHem
MarHUTHOM TIONe ObUIM HW3MEpEeHbl g-(haKTOphI
M30MEpHBIX cocTOsIHMIT B ampax o' **Hg. Bosby-
JIEHHBIE COCTOSIHHA B siapax ' '"*Hg 3acens-
JUCH U BBICTPaMBAJIIMCh B PEAKIMIX
19419py(g, 2n)"**'**Hg ¢ ucnonp3oBanneM myuka
o-gacTtul sHeprueit 27 M»aB muknorpona Y-120
AN HAH Yxpaunsl. Beutr omydeHBl ClIeayto-
mue pesynbTaThl: CHg, g(12” u 107) = -0.19(6),
g(7) =-0.030(17); "*Hg, g(12" u 10") = -0.18(8),
g(7) = -0.033(14). Bricokass 4yBCTBUTEIHHOCTH
SIIEpHBIX  g-(akTOpOB K BHYTPEHHEH CTPYKType
SJIEPHBIX COCTOSHUN W (opme sipa TO3BOJISET
MPOBEPUTH TMPEACKa3aHUs MOJENU “aKCUalbHO-
CHUMMETPUYHBIA CIUIIOUIEHHBIA poTaTop + JBE
KBa3U4acCTHUIB! AT sAEp PTYTH.

B cratee [1] mpuBeAcHBI pe3ynbTaTHl H3Me-
peHuii  g-QakTopoB cocTosHUE 70 B sAOpax
190192194pt i1 KOTOPBIX MX GONBIIME MONOXKH-
TENbHBIE BEIMYHHBI COTJACYIOTCS C TEOpPETH-
YECKUMH TIPEACKa3aHUSAMH MOJENN  “HEaKCH-
aJIBHBIA pOTATOp + JABE KBa3u4yacTuilsl” [2, 3], 4To
CBUJETEIHCTBYET O TOM, UTO SApa ITUIATHHBI UMe-
10T y-HecTabMIIbHYI0 (TIepexonHyio) dhopMy. Ane-
KBAaTHOE OMHMCAaHNE PHEPTHH ITHX A7ep BO3MOXKHO,
TaKuM 00pa3oM, TOJNBKO NpU BBIOOpE TPUAKCH-
anpHON (OPMBI sIpa B MOJAENH ‘‘HeaKCHAIbHBIN
poTaTop + aBe KBa3udacTUlel [2 - 4].

B To ke BpeMs sHEpruM Mmojoc OTpuIaTeIbHON
YETHOCTH SJep PTYTH OIMCBHIBAIOTCA B paMKax
MOJIENN “‘aKCHAIbHO-CUMMETPUYHBIM  CILTIOIICH-
HBIH poratop + 2 kBazmuactuusl” [5]. D¢-
(heKTUBHOW TPOBEPKOW 3THUX MOJOKEHUH MOTIIO
OBI cTaTh U3MepeHue g-(haKTOPOB COCTOSHUN 7 B
siapax 196’198Hg, YTO M SIBUJIOCHh MOTHBAIMEN Mpo-
BEJICHHbIX H3MepeHui. Takxke u3Mepsuch g-
(aKkTOpbl BHICOKOCIIMHOBBIX cocTostHuil 127 u 10°
JUTS. TIPOBEPKH CTPYKTYPHI JBYXKBa3HMIaCTHIHBIX
BO30YKICHUH B Cllyyae BpalaTeIbHOTO BBHICTpan-
Banns. THIMYHEIA Y-CIIEKTp M3 peakuun ' Pt(a,
2n)"*°Hg npescrasieH Ha pUCYHKE.

OcCHOBHbIE BBIBOJBI M3 aHAIM3a 3KCIIEPUMEH-
TaJILHBIX JJAHHBIX MOKHO COPMYIJIUPOBATH TAK:

1. g-daxTopsl cocrosHmit 12° u 10" moareep-

KIAIOT HEUTPOHHYIO (Vi s, ) CTPYKTYpY 3THX CO-

CTOSIHUI.
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Yneno LIS B B B B S S | T T
OTCHETOB [ .

5 Pt(a, 2n)'*"Hg

10°

UL ELLLL

LELRRLLLL |
ol

400 500 600

DHepria raMma-myueit, kB

l'amma-criekTp 00mydeHus saep %Pt g-uactTumamm c
sHepruei 26.8 MaB.

2. g-hakTophl COCTOSHUN 7  TOATBEPXKIAIOT MPH-
MEHHMOCTb ~ MOJEIH  «aKCHAJbHO-CHMMETPHUYHBIN
CIUTIOIICHHBIN poTatop + JBE KBa3HYACTHIBDY JUIS
OINMCaHMS SHEPTUH AAep PTYyTH.

3. CpaBHeHHE TMOJy4EHHBIX g-(PakTOpPOB C COOT-
BETCTBEHHBIMH g-(hakTopamMu COCTOSHUM 7 B COCEIHUX
Apax IUTaTHHBI IOATBEPKAAIOT MPEICKA3aHUsI MOIEIN
«HEAKCHaIIbHBII poTaTop + JBE KBa3HMYACTHIIBD) O Iie-
pexoaHOH GopMe ITUX sAep.

4. CpaBHeHue g-(pakTOpoOB COCTOSHUHI 7 B sapax
0198y 1909219pt pospomsior caenmath BBIBOX 00
W3MEHEHUH CTPYKTYpBI 3THX COCTOSHUH OT Mpeumy-

IECTBEHHO (Vi|.,,) B Spax PTyTH 10 IPEUMYIIECT-

BeHHO (mh];,,) B AApax MIaTHHBL.

A. 1 Levon et al., Nucl. Phys. A764, 24 (20006).

H. L. Yadav, A. Faessler, H. Toki, B. Castel, Phys. Let.

89B, 307 (1980).

3. H. Toki, K. Neergird, P. Vogel, A. Faessler, Nucl.
Phys. A279, 1 (1977).

4. L. Yadav, H. Toki, and A. Faessler, Phys. Rev. Let. 39,
1128 (1977).

5. K. Neergéard, P. Vogel, M. Radomski, Nucl. Phys.

A238, 199H (1975).
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SAJEPHA ®I3MKA

TENSOR ANALYZING POWERS AND ENERGY DEPENDENCE
OF THE LI + 'O INTERACTION

A. T. Rudchik', K. W. Kemper’, A. A. Rudchik', A. M. Crisp?,
V. D. Chesnokova', V. M. Kyryanchuk', F. Maréchal’, O. A. Momotyuk'?
0. A. Ponkratenkol, B.T. Roederz, K. Rusek’®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Physics Department, Florida State University, Tallahassee, Florida USA
3 Institute for Nuclear Studies, Warsaw, Poland

The differential cross section angular distribu-
tion and the analyzing powers T, T %0, for
'Li+'°O elastic scattering were measured at
E('Li) =42 MeV (Fig. 1). These and previously
published Li+ "0 scattering data measured at
E.m. =626 - 3478 MeV were analyzed with the
optical model (OM) and coupled-reaction channels
(CRC) methods to determine the energy dependence
of the parameters of the scattering potential (Fig. 2).
It was found that the optical model potentials are
energy independent for 'Li laboratory bombarding
energies above 28 MeV, except for a slight decrease
in the real potential strength as the bombarding en-
ergy increases (Fig.3). The calculations presented
show that the tensor analyzing power ' T, arises
from a coherent combination of contributions from
the ground-state reorientation and central scattering
potential. The results were published in Ref. [1].
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Fig. 1. Analyzing powers of ” Ty and ” Ty, for the "Li + '°O
elastic scattering at Elab(7Li) =42 MeV. The curves show
the CRC calculations for the reorientation of 'Li (curves
<reor>) and coherent sum of this process together with the
potential scattering (solid curves).

1. T.Rudchik, K. W.Kemper, A.A.Rudchik et al,
Phys. Rev. C 75, 024612 (2007
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Fig. 2. Angular distributions of the '®O(’Li, Li)'°0O
elastic scattering at different energies. The curves show
the OM- and CRC-calculations.
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Fig. 3. Energy dependence of OM parameters for the
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ELASTIC AND INELASTIC SCATTERING OF Li+®0 VERSUS ’Li+ 0

A. A. Rudchik', A.T.Rudchik', S. Kliczewski’, E. I. Koshchy’, O. A. Ponkratenko’,
K. W, Kemper", K. Rusek’, A.Budzanowski’, J. Choi'nski®, B. Czech?, T. Czosnyka6,
V. D. Chesnokova', L. Glowacka’, E. Kozik?, V. M. Kyryanchukl, S. Yu. Mezhevychl,

A. V. Mokhnach', O. A. Momotyuk“, L Skwirczy'nskaz, R. Siudakz, A. Szczurek?

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’H. Niewodnicza nski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
SKharkiv National University, Kharkiv
4Physics Department, Florida State University, Tallahassee, USA
’A. Soltan Institute for Nuclear Studies, Warsaw, Poland
Heavy Ion Laboratory of Warsaw University, Warsaw, Poland
"Institute of Applied Physics, MUT, Warsaw, Poland

Angular distributions of the "Li + 'O elastic and
inelastic scattering were measured at the energy
Ep("*0) = 114 MeV (32 MeV c.m.) (Figs. 1 - 3) [1].
This technique allowed both small and large angle
data to be collected simultaneously.
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Fig. 1. The angular distributions of 'Li+ '®O elastic
scattering at energy Ejp('"O) = 114 MeV. The curves
show the OM- and CRC-calculations.

0 30 120

The data were analyzed within the optical model
(OM) and coupled-reaction-channels (CRC) method
to determine the potential parameters of 'Li + '*O
scattering and reaction channels dominating the scat-
tering. The '®O inelastic scattering deformation pa-
rameters were obtained. The present data show that
the "Li + '®O system has a much stronger absorption
when compared to previously measured 'Li + '°O
data. The derived optical model parameters clearly
show the scattering difference between two systems.
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Fig. 2. The angular distributions of "Li + '*O inelastic
scattering at 114 MeV The curves show the CRC-
calculations.
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Fig. 3. The same as in Fig. 2 but for the excited states
of 0.

A. A. Rudchik, A.T.Rudchik, S.Kliczewski et al.
Nucl. Phys. A 785, 293 (2007).
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SAJEPHA ®I3MKA

ISOTOPIC EFFECTS IN THE 'LI+'""B ELASTIC AND INELASTIC SCATTERING

A. T. Rudchik', V. O. Romanyshyn', E.I. Koshchy’, A.Budzanowski’, K. W. Kemper’, K. Rusek’,
V. D. Chesnokova', J. Choiéski®, B. Czech’, L Glowacka’, S. Kliczewski’, V. M. Kyryanchukl,
S. Yu. Mezhevych', A. V. Mokhnach', O. A. Momotyuk', O. A. Ponkratenko', R. Siudak’,

I. Skwirczyiska®, A. Szczurek®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Kharkiv National University, Kharkiv
’H. Niewodnicza nski Institute of Nuclear Physics, Cracow, Poland
*Physics Department, Florida State University, Tallahassee, USA
’A. Soltan Institute for Nuclear Studies, Warsaw, Poland
SHeavy Ion Laboratory of Warsaw University, Warsaw, Poland
'Institute of Applied Physics, MUT, Warsaw, Poland

Angular distributions of the 'Li + '°B elastic and
inelastic scattering were measured at the energy
Ew('’B) = 51 MeV (Figs. 1 - 3) [1]. These and
previously measured "Li + '°B elastic-scattering data
known at the 'Li-beam energies 24 MeV and
39 MeV were analyzed within the optical model
(OM) and coupled-reaction channels (CRC) method
to determine the energy dependence of the parame-
ters of the scattering potential and find the difference
of these parameters from that of 'Li + ''B scattering.
It was found that the 'Li + ''B potential parameters
fail to describe the 'Li + '°B scattering data. The
biggest difference is observed between the depths of
the imaginary potentials that describe these
scatterings.
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Fig. 1. Angular distributions of the 'Li('’B,'’B)’Li
elastic scattering at the energy Ei('°B) = 51 MeV.
The curves show the OM-cross-section (curves
<OM>) and CRC-calculations for the reorientations of
Li (<r.’Li>), "B (<r.'"’B>), *He-transfer (<3He>) and
transfers of protons (<pp>), neutrons (<nn>), p+d
(<pd>), o+ n (<on>) and n + 2p (<n’He>).
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Fig. 2. Angular distributions of the 'Li+'°B inelastic
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Li. The curves show the CRC-calculations with 4,- and
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Fig. 3. The same as in Fig. 2 but for the excited states
of '’B.

1. A.T.Rudchik, V. O. Romanyshyn et al., Eur. Phys.
J. A 33,317 (2007).
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OBECIIEYEHUE OIITUMAJIBHbIX YCJIOBI/‘IJI‘/'I JJIsA U3I'OTOBJIEHUSA
TOHKHUX CBOBOJHBIX MUINEHEHN M3 U30TOIIOB
XPOMA, CKAH/IUs, HUPKOHMS, KEJIE3A, MEIN

IO. B. Ku6okaJjo, B. IL. Tokapen

Hucmumym adepruvix uccreoosanuii HAH Yxpaunul, Kueg

Llenpr0 HACTOALINX 3KCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHMH OblIa pa3pabdOTKa OTHOCHTEIBHO MPOCTHIX
9KOHOMMYHBIX METOJIOB NPHUIOTOBJICHUS 3a KOPOT-
Koe BpeMs < | 4 YUCTBIX CBOOOJIHBIX IMJIEHOK (MH-
mieHeil) miomanelo < 2 cM® M TONMIMHOM
<0.5Mr/cM’ M3 TYroIUIaBKMX M30TONOB XpOMa,
CKaHIMs, IUPKOHUS, JKeJe3a, MU ¢ mapaMeTpaMH,
KOTOpble 00eCHeunBaOT M3YUYCHUE SAEPHBIX peak-
WA ¢ BBICOKOM TOYHOCTBIO M3MEPEHHUN HAa YCKOPH-
TENAX 3apsDKEHHBIX 4YacTull MHCTUTyTa: ¥Y-120,
Y-240, OCI'-10K u peaxrope [1].

s u30TOMOB XpoMma, TeMIeparypa IUIaBICHHs
kotoporo > 1900 °C, Obu10 HalIEHO, YTO OH UMEET
BBICOKHE CKOPOCTH CYONMMAalM YK€ TP TEM-
nepatype 1400 °C. Ilpu 3TOM HOCTUTaeTCs MaKCH-
MalbHOE MapIHaNbHOE JaBIeHHe mapos p* = 107 mm
pT. cr. IlosTOMY pacmbuisieMoe BeIecTBO HE mepe-
rpeBasiock. I10cKOJIBKY XpOM XMMHUYECKH MaJIOAKTHU-
BEH, TO JJI1 TEPMHUYECKOTO paCIbUICHUS HCIIOJNb-
30BaH THUreJIb U3 TaHTaja, UMEIOIIEro JOCTaTOUHYIO
IUIL 3TOTO TEPMOAMHAMUYECKOTO IIpolecca TeMIle-
patypy mnasienus 3000 °C. [Tomy4eHbl MJICHKU BbI-
COKOM YMCTOTHI ¢ OTHOPOAHOCTHIO < 1 % U Tommu-
Hoit < 350 MKT/cM’.

N3oTomel ckaHAMA HMEIOT TeMmIlepaTypy IJiaB-
nerus 1539 °C. [lpu >TOM H3-3a XMMHYECKOU aK-
TUBHOCTHU TPY HarpeBaHWH U BCIEACTBUU 3aMETHOMN
B3aUMHOH PacTBOPUMOCTH MaTepHaia UCIapseMoro
BEIECTBAa U TUITL, 00Pa3yIOIIUX IBTEKTUKY, B Ka-
YEeCTBE TUIJIA HCIIOJIb30BAJICS BHICOKOIIABKUNA BOJIb-
¢pam ¢ Temmepartypoit mnasneHust 3650 K. Tepmu-
YEeCKOE paclblICHUE MIPOU3BOIMIOCH HA aJIFOMUHKE-
BYIO IOJAJIOXKKY. MHUIIEHH OTAENSINCh B PAacTBOpE
IIETI0YH. Tommuna MHUIIEHEN cocTaBmiIa
<450 mKr/cm’.

Temmnepatypa mnasiaenus nupkonus 1900 °C. On
cnabo cMaumBaeT M pearupyer ¢ BoibppamoM. [1os-
TOMY JJIsl UCTIApEHUSI HICTIONIb30BAJICSI METO/I HarpeBa
TOKOM MPOBOJMUMOCTH JIOAOYKH U3 Bojdb(pama. Ilo-

CKOJIbKY IHMPKOHWUN HMMEET Majioe NaBlieHWE HAaCHI-
IICHHBIX TapoB TPU TeMIepaType IUIaBICHUS, TO
IUISL CO3JAHMS ONITUMAJTBHBIX YCIIOBHM, TTPH KOTOPBIX
nocturaercst p° = 107 MM pT. CT., HCITApeHHe IPOBO-
Iuoch ¢ neperpeBoM pacruiaBa go 2400 °C. Ilomy-
YeHBI MUIIIEHU TOMIUHON < 370 MKT/CM?.

M3oTomsr kene3a UMEIOT TeMIIepaTypy IIaBie-
Hua 1536 °C. OOpa3yroT CIUTaBBI CO BCEMH TYTO-
IUTABKUMH METajllaMu ¥ pa3pymaroT ux. [losromy
METaJlJl HE PACIUIABIISUICSA, a HarpeBalics IJIUIIb 0
1400 °C, ucnosn3yst ero CBOHCTBO CyOIUMHPOBATb.
B kadectBe Mmarepmana ucCHapuTeNls MPUMEHSIICS
BoJb(paM, Kak HauboJaee yCTOWIMBBIN K B3aUMHOMN
pactBopuMocTH. [lomydeHHas TONIMHA MHUIICHEH
coctaBmia < 240 MKr/cm’.

W3oTombr Menn UMEIOT TeMIepaTypy IUIaBIeHHUS
1084 °C. Ilpu meperpeBe HX OO0 TeMIEpaTyphl
1260 °C nmocTturaercs MakCUMalabHOE MHapLUaIbHOE
napiieHre napoB. IIOoCKONbKYy Meab HE B3auMoOjei-
CTBYET C TYTOIUIaBKUMH METaJNIAMU, TO MPEIATIOUTH-
TEJIbHBIM MaTEPHAJIOM THUTJIS SBJISICTCS MOJHUOJICH,
TaK Kak OH JeTKo 00pabaThIBaeTCs MEXaHWYECKH U
o0aiaeT XOpoIleH TeIIONPOBOIHOCTRIO. B HHTEp-
BajJie TEMIEpPaTyp pacHbUICHUS MOJUOJEH HMEeT
OUYeHb HU3KOE MaplHaIbHOe JABJICHUE MMapoB, MEHb-
me 10° MM pr. cr. [2], 94TO HE BHOCHT 3arpss-
HSIONIUE TIPUMECH B OCaXJIaeMbIe TUICHKH. TakuM
00pa3oM METOJOM TEPMHUYECKOTO HCIIAPEHHS W3r0-
TOBJICHBI YHCTHIE CBOOO/IHBIE IIEHKH W3 MEIH TOJ-
ol < 300 MKT/cM?.

1. Hampasnena B )xypH. “SnepHa ¢iznuka Ta eHepreTu-
Ka’.

2. W. H. Kohl, Handbook of Materials and Techniques
for Vacuum Devices (Reinhold Publishing Corpora-

tion, New York, 1967).
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HCCJEJOBAHUE ®OPMHUPOBAHUS U DMUCCHUU AJIb®PA-YACTHI]
B SAJEPHO-SIIEPHBIX CTOJIKHOBEHHUSX B PAMKAX
HYKJIOHHOW KOAJIECHEHIIUA

IO. B. Ku6kano, JI. B. MuxaiijoB

Hucmumym soeproix uccreoosanuii HAH Yxpaunot, Kueg

B nHacrosiiee BpeMst, HECMOTpPsI Ha HaAKOTIJIEHHBII
OOIIMPHBIA AKCIEPUMEHTAIBHBIA U TEOPETHYECKUN
MaTepual, rnpobieMa obpazoBaHUs U IMHUCCHUU JIET-
KHMX 3apsDKEHHBIX YacTHUIl M Y-KBaHTOB B Ipoliecce
00pa30BaHUA M paclaja CUIBHO HarpeThIX SIEPHBIX
CHCTEM IIPE/ICTaBISIeT HAaUOONBIINI HHTEpPEC B H3Y-
YEHHUHU SJEPHBIX PEeaKLUil C TSKETbIMA HOHAMHU.

[TpuHATO CUMTATh, YTO CIOKHBIE YaCTHLBI (Op-
MHUPYIOTCSl TIepe] WCITyCKaHHEM B HarpeToM sjpe
(unu ropsiueit 30HE) W3 KBA3UCBOOOAHBIX HYKJIOHOB
WIN MPOCTBHIX KiacTepoB (koanecuenuus) [1]. ps-
MBbI€ DKCIIEpUMEHTaJbHBIE JOKa3aTelLCTBA KOajec-
HEHINH TIPH Pacliaie CHIFHO HarpeThIX Sfep B Ha-
cTosiliee BpeMs OTCYTCTBYIOT. HMccrmemoanus [2]
(oTopacHieryieHns JISTKUX sjiep MoKa3aid, 4To pe-
akmwst (y, d) compoBoXKmaeTcs WCIMycKanueMm (oro-
HOB ¢ dHepruei 2,22 MsB, cooTBeTCTBYIOIIEH YHEP-
TUM CBs3U AeWTpoHa. Ha ocHoBaHMM aHanm3a miu-
PUHBI 3TOW Y-JMHHUU CJIENaHO MPEIIOJIOKEHHE, YTO
UCIyCKaHue (OTOHA MPOUCXOJUT B Mpolecce oopa-
30BaHHs ACHTPOHA, ¢ MTHTeabHOCTEI0 ~1072 ¢. DTOT
MPOIECC aHAJIOTHYEH CIUSHUIO MPOTOHA M TETLIOBO-
T0 HEUTpPOHA ¢ 00pa30BaHUEM CBOOOIHOTO ACHTpOHA
[3]. B paGote [4] B peakuun doropaciemnnenus 'Li
HaOMIOaNCs Y-IMK ¢ dHeprueit 8,5 M»sB, cootBet-
CTBYIOIIEH SHeprum cBsizu Tputua. Ha ocHoBaHWuM
HaAOJIOZIeHNs TTHKA Y-KBAHTOB U M3MEPEHUS €ro IIH-
pussl (150 k3B) nenaercst 3akiO4YeHUe, YTO BHYTPU
sapa 'Li mepej MCIyCKaHHeM TPHTOHA MPOMCXOIUT
dopmuposanme kiacrtepa “H 3 KBa3HCBOGOIHBIX
HYKJIOHOB U JJTUTENIEHOCTH 3TOTO MpOIlecca COCTaB-
nsier 107! ¢. 3zech TakKe OTMEHAeTCs, YTO aHANO-
TUYHBIE MaKCUMYMBI B CIIEKTpe ()OTOHOB JOJKHBI
COTIPOBOX/IATh BCAKYIO PEAKIUIO, B KOTOPOH Mpowuc-
XOAUT (HOPMHUPOBAHUE YACTHUIIBI MIEPE] €€ HCIyCKa-
HUEM H3 sIpa.

Ecnu mpennonoxuTh, HalpuMep, 4TO 0-4acTUIa
(dopmupyeTcs B ropsueM sApe mepel BbUIETOM U3
KBa3HUCBOOOHBIX HYKJIIOHOB WM JIPYTHX KJIaCTEPOB,
TO 3TOT MPOIECC IOJDKEH COMPOBOXKIAATHCA IMHUC-
CHEeHl Y-KBaHTOB B COOTBETCTBUU C KaHAJIOM Koajec-
LEHIINH:

1)p+p+n-+n="He+1v (28,3 MaB);
2) d +d ="He + (23,85 MaB);

3) n+’He = *He + (20,6 M>B);

4)p + T ="He +7(19,8 MaB).
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Takum oOpa3om, npu HOPMUPOBAHUY (L-YACTHUIIBI
13 MIPOTOHOB M HEUTPOHOB (1) BMecTe ¢ amMmccueit a-
Y4acTHI[ BO3MOXXHO HCIIyCKaHHME Y-KBaHTOB C JHEp-
rueit E = 28,3 M»sB. [Ing xoanecueHUuu OBYX Ne-
tponoB (2) E = 23,85 M»B, neiitpona u “He (3) E =
=20,6 MaB, iporona u tpurona E = 19,8 M»B (4).
[Ipemmaraemast mocTaHOBKAa SKCHEPHMEHTa IO HC-
CJICJIOBaHUI0 (DOPMHUPOBAHUS (-YACTHI[ B PEAKIIUU
N+ Au'® npu sueprun Ex'* =140 MoB npexcras-
JIeHa Ha PUCYHKE.

Cxema SKCIICPpHUMCHTA.

Herexroper JI1 u JI2 ucnoms3yroTcs Isi U3Me-
PEHHS O-4acCTHLl M UX HACHTUHUKauuu. JleTeKTop
J13 m3MepsieT SHEPruIo y-CIeKTpa Ha COBIAICHUH C
0-4aCTUIIAMH, PETHUCTpUPYEeMbIMH HeTekropoM /J[1
wm 2. UO-uumuanp dapanes. M3mepenne aByx
CIIEKTPOB C MOMOIIBIO AeTekTopa I3 Ha coBnazeHuH
¢ a-merekropamu J{1 u JI2 mo3BoygeT TOIABHUTH
v-bOH, BBI3BaHHBIN COBIa/IECHHEM OOBIYHBIX TOPMO3-
HBIX Y-KBaHTOB C o-dacTHLaMH. Ecim 3TOT addexr
Oyner oOHapyKeH M 3aperuCTpUpOBaH Ha (QoOHe,
00yCJIOBIEHHOM H3JIy4€HHUEM TOPMO3HBIX Y-KBaHTOB
Ha ypoBHe 107, TO MOSBHTCS HOBBIH METOJ DKCITE-
PUMEHTAIbHOTO M3Y4YCHUS MEXaHH3Ma pPa3psaKH
CHJIBHO HAarPETHIX SIACPHBIX CUCTEM.

1. W.J. Llope, S. E. Pratt, N. Frazier et al. Phys. Rev.
C52,2004 (1995).

2. b. C. Nmxanos, B. 1. Mokees, }0. A. HoBukoB u dp.
A0, 32, 11 (1980).

3. DOkcnepumenmanvnas s0epHas @usuxa, TOH Ppell.
3. Cerpe (MU3m-Bo wmHocTp. mwmt-pe, JI., 1955), 1,
c. 437.
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AHOTALII POBIT

BEPOSITHOCTH 3ACEJIEHHUSI YPOBHEM 9 1364 M1 1697 k3B '*Hf IIPU PACIIAJE '®Ta

A. Il. Jlamxko, T. H. Jlamko

Hnemumym adepnvix uccnedosanuii HAH Yxpaunul, Kueg

Pacmag 'Ta (I"=7, Ti»= 2,36 ac) MPOUCXO-
JUT IIyTeM 3JIEKTPOHHOTO 3axBaTa Ha BO30Y’KAEH-
Hble cocTosHus | Hf ¢ sueprueii 1147 u 1479 3B u
KBaHTOBBIMH  XapakrtepucTukamu ['=8, K=38
(cM. pucyHoK). ITockonbKy passocTh macc ' “Hf u
8Ta cocrasmster A =1910+ 100 k3B [1], Bo3MOX-
HBIM sBIeTCS pacman ' °Ta Ha ypoBHH 1364 u
1697 x3B, I"=9  pOTalMOHHBIX TOJIOC, MOCTPOECH-
HBIX Ha COCTOSHMSIX 8 M 8, COOTBETCTBEHHO. B
3TOM Cllydae IOJDKHBI HaOIIomaTbcs IEPEXonsl ¢
sueprusmu 217 1 218 x3B.

Uctounnku '"*Ta GbUlM HONydeHBI B pEAKIHH
(o, n) Tpu  OOMyYEHWH JIIOTCIIMEBBIX MHUIIICHEH
o-gactumamu ¢ dHepruedr E,=18 MhB ma nwmkio-
TpoHe Y-120.

I'aMMa-criekTpel H3MEpeHbl Ha JETEKTOpe W3
CBEPXUHMCTOrO IepMaHHs o0beMOM 5 cM’ u paspe-
menneM 490 5B Ha mummm y122 *’Co. B crmektpe
KpPOME H3BECTHBIX Y-TUHUN OBLIIM OOHAPYKEHBI TaK-
e muHuM Y115 1 y217 k3B, KoTopBIe MBI OTHOCUM K
pacnany '*Ta.

Ha ocHoBaHMM aHanM3a SKCHEPUMEHTAJIBHBIX
JAHHBIX BIEpPBbIE MOJIY4YEHBI IPaHUYHbIE 3HAUCHUS
IS 3aceneHus ypoHed 9, 1364 m 9, 1697 xoB

"SHf npu pacnane '"*Ta [2, 3]:
I (9, 1364 x3B) < 0,26 % Ha pacnag,
I (9, 1697 x3B) < 0,07 % Ha pacnan.
OTH pe3ynbTaThl OBUTM HMCIOJIB30BaHBI JJISI pac-

4yetoB log-ft mepexonos. [lockonbky log-f# nist BeTBeH
3JIEKTPOHHOrO 3axBata ' 'Ta (OCOGEHHO HAa yPOBEHB

9, 1697 k3B) cylecTBEHHO 3aBUCST OT 3HEPrUU Iie-

(7Y 2.36u

178Ta

<0.07 %

- -------- -

9 1697

218 EC

35,7 %

o}
la— — — —

1479
1364

o 115

217 332
8 1147 64,3 %

1058

426

6 632

326

4" 306

. 213
Y 93

0" 33 0

178Hf

Cxema pacnaga ' *Ta.

Log-ft 3anpemennpix B-nepexoaos npu pacnage Ta

YposeHb E., k3B Log-ft Yposenb E., xoB Log-ft
9, 1364 x>B 446 >6,9 9, 1697 x3B 112 >59
546 >7,1 212 >6,7

646 >73 312 >72

C. M. Lederer, V. S.Shirley, Table of isotopes
(J. Wiley, N.Y., 1978).

2. A.IL Jlamko, T. M. Jlamko, Ykp. ¢i3. xxypH. 52, 826

(2007).

3. A.P. Lashko, T. N. Lashko, Book of Abstracts, LVII
International Conference on Nuclear Physics “Nu-
cleus 20077, Voronezh, Russia, June 25 - 29, 2007
(Saint Petersburg, 2007), p. 109.

pexonoB E., pacueTsl BBINOJHEHBI IS TpEX 3Haue- 1.
HUIl SHEpruM B Ipenenax 3KCIEepUMEHTAIBHOU IO-
IrPEIHOCTY B 3HaueHUM E.. Pe3ynbpTaTel pacueToB
NpUBEACHBI B TA0IUIIE.

[Toyuennsle 3HadeHus log-ft qByKpaTHO 3ampe-
IICHHBIX [-TIEPEX0JI0B COTJIACYIOTCSI C COOTBETCT-
BYIOIIEH CUCTEMATHKOM JJIs 3TOI 00IacTH siep.
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SAJEPHA ®I3MKA

HCCJEJOBAHUE PACHAJZIA “'Pt

T. H. Jlamxko, A. II. Jlamko

Hnemumym adepnvix uccnedosanuii HAH Yxpaunul, Kueg

Ceromnast Bce Oojiee BOCTPEOOBAHHBIMH CTa-
HOBSITCSL JTAHHBIC 00 DHEPTUAX BO30YXKICHHBIX CO-
CTOSIHUH aTOMHBIX SIEp C TOYHOCTBIO MOPSIKA HE-
CKOJIBKHIX JIGKTPOHBOJIBT U BhINIe. Pazputne meTo-
UKW TIPEIU3UOHHBIX M3MEPEHU SHEPTUH y-Iydel
Ha TOJYIPOBOJHUKOBBIX CIIEKTPOMETpPax, a TaKKe
CYILLIECTBEHHOE PACIIMPEHHE CETKU SJIEPHO-CIIEKTPO-
CKONMYECKUX HOpMaliell co3iainu OnaromnpusTHbIC
YCIIOBUSL Ui KOMIUIEKCHBIX W3MEPEHHH JHEPTUu
BO30YKICHHBIX YPOBHEH sijiep, 3acersioIuXxcs B
pacmajie UCTOYHHKOB C OoJiee-MEHEe 3HAYUTEIbHBI-
MU TIIEpUOIaMH TTOJTypacIaia.

KonuuectBo ypoBHEM aouepHEro sifjpa, KOTOpbIe
BO30YXKAal0TCd B paJAMOaKTUBHOM paclaje Marte-
PUHCKOTO siipa, 0OBIYHO 3HAYUTEIHHO MEHBIIE, YeM
KOJIMYECTBO Pa3psDKAIONIUX MX Y-KBaHTOB. UTOOBI
MonyunTh uWH(pOpManuio 00 DHEPrHH BCEX OTHX
y-ITy4deli, He 0053aTeIbHO HU3MEPATh UX Bce. MOKHO
BOCTIOJIB30BATECS METOJIOM OIOPHBIX TIEPEXOO0B,
MpUMEHEHHE KOTOPOTrO I03BOJIAET CYIIECTBEHHO
YMEHBIIUTH TPYJOEMKOCTh HccaenoBanui [1].

DTta MeToauKa ObLIa HCIONB30BaHA MPU HCCIIe-
noBaunu pacmaga Pt (Ty,=2,9 cyr). Ha ramma-
CIEKTPOMETPE, BKIIOYAIONIEM B ceOs Ba FOPHU30H-
TaNbHBIX JIETEKTOpAa W3 CBEPXYHUCTOTO TEePMaHHA,
U3MEpEHbl Pa3HOCTU SHepruid mexay 20 mnapamu

y-mydeid. OauH y-niepexon U3 KakAod mapsl Bo30y-
JaeTcs MpH pacmazge ' Pt, a BTOPO, SHEprust KO-
TOPOr0 M3BECTHA C BBICOKOW TOYHOCTBIO, COIPOBO-
JKIIaeT pacraj 82Ta wmu *Ir.

Jnsi mpuUroToBiI€HUS CMEIIAHHOTO PaJuOaKTHUB-
HOTO MCTOYHHKA HYXKHOTO cocTaBa ' 'Pt GbLia Tmomy-
YeHa B peakuuu (n,y) mpu oOIydeHHH OOOoTaIleH-
HOM MIaTHHBI (cofepkanue u3otoma ' Pt 0,8 %) Ha
HCCIENOBAaTENbCKOM  peakTope BBP-M. '82Tq
(Ty,=114cyT)n 1921y (Ty,= 74 cyT) Taxxe Hapabo-
TaHbl B peakuuu (n,y) mpu OOJyYEeHHHM TaHTANa U
oGorateHHoro npuaus (comepskanue mzoroma ' 'Ir
94 %) TennoBbEIMH HEHTPOHAMHU.

Ha ocHoBaHMM 3THX NaHHBIX C BBICOKOH TOYHO-
CTBIO OTIpeseeHbl HepTruil 17 y-mydei, compoBOX-
naromux pacrag '*'Pt. OHM GbUIM HCIIOIB30BAHBI B
Ka4yecTBE OMOPHBIX JJISi PACYETOB DHEPIUil ypOBHEM
Pt 1 sHepruii paspsKAIONINX HX Y-IEPEX0I0B.

Beumn omnpenerens: sueprin 11 yposmeit 'Ir u
sHepruu 39 Y-KBaHTOB, COMNPOBOXKIAIOIIUX pacmay
PIPt, ¢ TOYHOCTBIO, KOTOpas HA MOPAJOK TPEBBIIIA-
€T M3BECTHBIC O CHUX MOp 3HaueHHs (CM. TabIHILy)
[2, 3]. BOIBIIMHCTBO M3 HUX MOJHOCTHIO COOTBETCT-
BYIOT TpeOOBaHMIM, MPEIBSIBIIEMBIM K JHEPreTH-
YeCcKUM HOpMasIiM 4-TO TOpsAaKa, U MOTYT OBITh
KCIIOJIb30BaHbl B KAUE€CTBE PENEPOB ISl HYXK] sIep-
HOM CIIEKTPOCKOTIHUH.

Suepruu ypoueii "'Ir u y-1yueii, Bo36y:xaarommuxcs B pacnazge ' Pt

Oueprum, 5B

YpOBHEH y-nydei YPOBHEH y-nyden YPOBHEH y-TTydei
82427.0(9) 82427.0(9) 538904.2(9) 359926.5(13) 658920.5(32) 658919.3(32)
129431.9(10) 47004.9(14) 409471.8(14) 747833(6) 208929(6)
129431.9(10) 456476.6(13) 396645(6)
171296(6) 41864(6) 538903.4(9) 568855(6)
178977.3(9) 49545.4(14) 624098(5) 85194(5) 618400(6)
96550.3(13) 445120(5) 747833(6)
178977.2(9) 494666(5) 762580.3(29) 138482(6)
351187.5(14) 172210.1(17) 541671(5) 223676.0(30)
221755.5(17) 624097(5) 411392.3(32)
268760.3(17) 658920.5(32) 267952.8(18) 583602.0(30)
351187.1(14) 307732.7(35) 633147.3(31)
390968(4) 219672(5) 479942.5(33) 680152.0(30)
538904.2(9) 187716.6(17) 576492.6(33) 762578.7(29)

1. A.Il Jlamko, T.H.Jlamko, Snmepna ¢isuka Ta
eHepreruka, 2(18), 151 (2006).
2. A.II Jlamko, T. H. Jlamko, U3e. PAH. Cep. dus.

71, 765 (2007).

L[OPIYHUK - 2007

3. A.P.Lashko, T. N. Lashko, LVII International
Conference on Nuclear Physics “Nucleus 2007 .
June 25 - 29, 2007. Voronezh, Russia. Book of Ab-
stracts (Saint Petersburg, 2007), p. 108
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AHOTALII POBIT

JOCIIKEHHS BUXOAY €, -EJIEKTPOHIB 3 INOBEPXHI MIIIEHI
NP1 BOMBAPAYBAHHI o-YACTHUHKAMM HA HUKJIOTPOHI Y-120

A. O. Baapuyk, B. T. Kynpsimkin, JI. II. Cugopenxo, O. 1. ®eokTicToB,
A. €. bop3akoBcbkuii, B. 1. Kyn

Incmumym s0epnux docniooceny HAH Yipainu, Kuig

[Ipu pamioakTuBHOMY posmnazi abo mpu GomOap-
JyBaHHI MIITICH] 3apsHDKEHIMA YaCTHHKAMH 3aBKITH
3 MOBEPXHI BUIPOMIHIOIOTHCS €JICKTPOHH OJIM3bKO-

HyJIbOBOI eHeprii (e,-enexTponn). IlpuynHoro Bu-
NPOMIHIOBAHHS €,-EJeKTPOHIB SABISETHCA PANTOBE
BUHHUKHEHHS 3apsaay AZe moOIM3y MOBEPXHI Millle-
HI B MOMEHT MpOJILOTY 4epe3 Hel « -4aCTHHKH

(edexr cTpycy).
B po6orTi [1] HamMu OyJi0 BCTAHOBJICHO, IO BUXIJ

€,-CJICKTPOHIB UI1 ACKUIbKOX TIPYIl & -4aCTHHOK

-1

npu posnazni “*°Ra mporopuiitauii Ea/z. IIpote mi
rpynu OJM3BKi 3a eHepriero, i mod mepeBipuTu 3a-
JEXHICTh BUXOJly €,-€IeKTPOHIB BiJ e€Heprii B
OLTBIII IMUPOKOMY JiaIta30Hi €Heprii Oyiu mpoBee-
Hi Il JociimkeHHs Ha Y-120.

BumiproBanHs npoBoauiucs B kKamepi /| Ha myy-
Ky « -4aCTHHOK, PO3CISHHX MilleHHIO Ha KyT 40°
(E, =
27,2 MeB). Jlami o -9aCTHHKH pPO3CISHOTO ITydYKa
nomnajand B BUMIPIOBaJIbHY KaMmepy, e, MPOHIIOB-
mu  kpizk  Al-pomery, peecrpyBammcs o -
JIeTeKTOpoM. BWHHKaroui MpH HbOMY Ha MOBEPXHi

Bil HampsMKy TEPBHHHOTO IIyYKa

Al-Qoneru e, -eNeKTpOHU PEECTPYBAIUCA JIETEKTO-

pom MKII (meBpoH i3 1BOX MiKpO-KaHATBHUX TIJIAC-

N

1
2000 ﬂ

f\ ;

1000

J
- f 1
e

T T T 1
200 400 600 800

Puc.l. Cmektp « -4aCTWHOK, PO3CISIHHX BYTJICHIEBOIO
MitrenHto. ToBmwHa Al mornmuHaya 26 MkM. 1 — ik Tpo-
toHiB i3 C (a, p)-peakii; 2, 3 — iK1 HENPY>KHOTO PO3-
cissuast @ Ha C; 4 — mik npy>kHoro poscisinas « Ha C.

58

TiH). Ha puc.l mpuBeneHo onuH i3 CHEKTpIB « -
YaCTHHOK, OTPUMAHUX B POOOTI.

Jinst oTpuMaHHS PI3HUX €HEPrill « -4acTHHOK
Ha TPSAMHUIl My4OK B SKOCTI MillIeHEH CTaBWIKCH
TUTaHoOBa abo ByrieneBi ¢ombru. Kpim Toro, enep-
ril0 @ -4aCTUHOK MOXKHa OyJI0 TaKoX IOJaTKOBO
3MIHIOBAaTH, BBOASYH NOTNMHaYi i3 Al-honbru pizHoi
TOBILMHU.

BuwmiproBamnuch

 -CIICKTpU Ta  CIICKTPHU

(e, )-30iriB, 3 sKHX BHM3HAYaJIMChb BUXOAU €,-
CJICKTPOHIB JUIS ¢ -4aCTUHOK Pi3HUX eHepriit [1].
Pesynpraru ycix BUMipiB HaBe[eH1 y BUIIsIAL rpadi-
Ka Ha puc.2.

e

Yeo
6 .

2 T T T T T

5 10 15 20 25
E ,MeB
o

Puc.2. 3anexHicT BUXOIYy e, -€IEeKTPOHIB Y, Bij eHeprii

2

min

a-yactuHOK E . CylinbkHa KpHBa IPOBEJEHA II0

-1
Y ~v .
€

CyIiTpHOI0 KPHBOIO TIPEICTaBlieHA 3aJICKHICThH
1
1
Yeo ~ Eaé ~V ", Ie V - IIBUAKICTh « -4aCTHHKH.

3 pucyHKa BHUIHO, II0 KpHUBa J0OpE OIMHUCYE EKCIIe-
pUMeHTanbHI ToOUYkH. TOOTO MOXHa 3pOOUTH BHCHO-
BOK, L0 BHXiJl €,-€JEeKTPOHIB 00EpHEHO INpOomnop-
LIAHUHN MBUIKOCTI (& -4aCTHUHOK, sIKi OOMOapAyOTh
MIILIEHD.

1. B. T. Kynpsiuukin, JI. IT. Cunopenko, O. 1. deokric-
ToB, [. I1. IllanoBanosa, YOK, 51, 5 (2006).
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ANEPHA ®I3UKA

EHEPTETUYHUI PO3MHOALT EJEKTPOHIB “CTPYCY” IPH B-PO3MAJI “’Eu

M. ®. MutpoxoBu4

Inemumym si0eprux docnionceny HAH Yrpainu, Kuis

JocnimkeHHs 4acoBHX, CEHEPreTHUYHUX Ta Kope-
TAMIMHAX ~ XapaKTePUCTUK EJNEeKTPOHIB  “‘cTpycy”
ATOMHHX €JIEKTPOHIB NpH [-po3naji Ta BHYTPIIHIHA
KOHBepCii BaXKJIMBE SK TPH BUPIIICHHI KOHKPETHUX
SIEPHO-CIIEKTPOCKOIIIYHUX 3ajau (HalpuKial, MpH
BumiptoBanHsx KBK [1]), Tak 1 mpu BupimeHHi 3a-
ranbHO-(pi3MYHUX 3amav (KOpemsliiHuid pyX dac-
THHOK y iMITyJIbcHOMY TipocTopi [2]). EHepreTnunnii
pO3IIOAiT enekTpoHiB “cTpycy” mpu B-posmami “Eu,
HEBIZIOMUH J0CI, BUMIPIOBABCS Ha CIICIiabHIA Ba-
KyyMHI# YCTaHOBIII 30iTiB Y-KBaHTIB i J-4aCTHHOK 3
€JIEKTPOHAMH, BKIIOYAIOUH €,-CJIEKTPOHU BTOPUHHOI
enektponnoi emicii (yP(ete,) - 30iru). Bumipro-
BaHHA CIIEKTpPY EJEKTPOHIB “CTpycy”’ MpoOBeAeHi Mo
CTBOPIOBAaHUMH BiI HUX €,-eJeKkTpoHaM. lllmsxom
NPOBEJICHHS IMOPOTOBHX BUMIPIB 3 YaCOBUMH CIICK-
TpamMu OyB AOCIHiIKEHWH 1 BUMIpSIHUH B Jiamna3oHi
200 — 1700 eB inTerpanpHuii (i Ha 1ili OCHOBI i3
BpaxyBaHHsIM camonoriuHanHs P) mudepenttiain-
HUH CIIEKTP €JEKTPOHIB “‘CTPYCy” aTOMHHUX €JIEKTPO-
HiB npu B-pos3nazi ’Eu.

j( E )1.4dE

1700 ) E?2

—— (D
e

pP=

dN/dE
25004

2000+

1500+

1000+

5001

N
E, 5B 1200

Puc.1. IudepeHmianeHi CHEKTPU €IEKTPOHIB ‘CTpyCy” B
B-posmani *’Eu i3 pisHux BumiproBasb (1, 2) i crexTp
enektpoHiB Oxe (3). 1 — (Npsspieo) - Nygaa). 2 -
N,34400/Ny3aayp- 3 - Ny14oseo/Ny1408c CIIEKTP eneKTpoHiB Oxe.

BcTraHnoBneHo, 1110 HEMPEPBHUM CIEKTP €JIEKTPO-
HiB “cTpycy” B P-posmazi *Eu — HH3bKOEHepreTHY-
HUW 1 IPaKTUYIHO 3aKiHuyeThbes Bxke mpu 400 eB. B
paiioni 300 eB cnocTepiraerbcsi MakcUMyM eHepre-
THYHOT'O PO3MOALITY.

ExcnepuMeHTa/ibHi | cKoperoBaHi Ha caMONOTJTHHAHHS Yy JKepeJii iHTerpajabHi CIEKTPH eJIEKTPOHIB “cTpycy”
npu B-posznagi 'Eu i3 pisaux sumiposans (1, 1°, 2, 2°) i cnextp enexrponis Oxe (3, 3°)

U,, ¢B 1 2 3 P I° 2° 3¢
200 679(7) 400(42) 1762(39) 0.21 3233(33) | 1905(200) | 8388(186)
250 824(24) | 452(23) 1526(38) 0.253 | 3257(36) | 1787(91) | 6032(150)
300 706(20) | 410(23) 1330(36) 0.295 | 2393(68) | 1390(78) | 4508(124)
350 496(20) | 281(42) 1076(35) 0.334 | 1485(60) | 841(126) | 3223(105)
400 389(20) | 270(23) 894(34) 0372 | 1046(54) | 726(62) | 2404(91)
500 322(19) 819(33) 0445 | 724(43) 1841(73)
600 303(27) 685(33) 0514 | 589(53) 1333(64)
700 267(21) 542(31) 0.58 460(36) 935(53)
800 185(20) 472(31) 0.642 | 288(31) 735(48)
1000 | 172(21) 387(30) 0.76 226(28) 510(64)
1200 | 11421 322(30) 0.87 131(24) 371(34)
1400 61(22) 226(29) 0.97 63(23) 233(30)
1700 21(23) 113(29) 1.0 21(23) 113(29)

1. H. ®. Murpoxosuu, 30ipHUK HAYKOBHX Ipaib [H-
CTHUTYTY SIIEPHUX OCITIDKEHb, 2(8), 70 (2002).

HIOPIYHUK - 2007

2. B. U. Marsees, 2. C. Ilapunuc, YOH, 138, 573

(1982).
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AHOTALII POBIT

®OTOSIJIEPHBIE PEAKILIUU HA SIJIPAX '"®Sn M '*'Sb
C BBLJIIETOM 3APSIZKEHHBIX YACTHI]

W. H. BumneBcbkumii, B. A. Kearonoxckuii, A. H. CaBpacos, H. B. Ctpuibuyk

Hucmumym adepruix uccreoosanuii HAH Yxpaunol, Kueg

HccnenoBanue M30MEPHBIX OTHOLIEHUH B (hOTO-
ANEPHBIX PEaKUusAX HauOoJiee TOJHO MPOBEACHO B
(y, n) u (y, y')-peakuusix. Peakuuu (y, p) U3y4YeHHI
HaMHOTro MeHblIe. /laHHbIe 00 H30MEPHBIX OTHOIIE-
HUSIX B (Y, O)-peakuuu OTCyTCTBYIOT. OCHOBHBIMH
IIPUYMHAMH 3TOTO SBJISIFOTCS 3HAYUTEIBHO MEHBILUE
ceuenus (Y, p)- u (Y, O.)-KaHAJIOB 10 CPAaBHEHHIO C
(v, n)-peakuueii. Hanpumep, npu oOxydeHun sgep
TOPMO3HBIM CIHEKTPOM C T'paHUYHOM BHeprued B
paiioHe THraHTCKOro aumnoisHoro pesonanca (I'IP)
BBIXOJBl PEeakUWU B MoaOapbepHOH oOiacTu sHep-
I'Mi OKa3bIBAIOTCA Ha TPU-UETHIPE MOPSIKA MEHbIIE.

Lenpto nmanHOW pabOTHI SBIAETCS H3MEpEHHUE
M30MEPHBIX OTHOIICHUH B (Y, p)- U (Y, O)-pEaKIuiIx
st e,

W3zyuenne GoTOAAEPHBIX peakUUii MPOBOAUIOCH
Ha TOPMO3HOM H3JIyY€HMH C TPAaHUYHOW IHEprueut
15 u 22 M»3B. Obnyuanack cOOpka, COCTOSIIAs U3
Tpex o6pasioB (''*Sn-oGoromenns 98 %, ecrect-
BEHHBIX MHIICHEH U3 CYypbMBbI U 3070Ta). JJaHHbIE O
YHcyie Y-KBAaHTOB B TOPMO3HOM CIIEKTPE OTIPEIeISIIH
3 BBIXOa peakmun | Au(y,n) ™A u.

CrexTpsl y-mydeld o0IydeHHBIX 00pa3IioB HU3Me-
pSUIMCH Ha TIOMYNPOBOJHHUKOBBIX CIIEKTPOMETPAX C
JIETeKTOpaMH U3 CBEPXUYMCTOrO TepMaHMs. Xapak-
TEpHbIE CIEKTPHl MpHBEAEHBl Ha puc. 1 U 2 g
(v, p)- u (y, ®)-peaknuii COOTBETCTBEHHO.

1200 4
Y

1000

1158 Mimg,
B00 l

600

400 4

17m ¥553 "

200 - l L 1

T = - T T T 'l 1

100 200 300 400 500 600
OHeprus, KaB

Puc. 1. Criextp ''"™¢In u3 (y, p)-peaxuuu, E 7 =22 MaB.

BeIxoq ~ 3aceneHHsi  OCHOBHOTO  COCTOSIHUS
Y, (I"=2) wu wm3omepHoro cocrosiausi Y, (I"=12)
%°Au B peaxumu ’Au (y,n) *°™Au onpenensu mo
nukaMm ¢ 3HeprusiMu 356 u 188 k3B, mpuHajiexa-
M pacriany | tAu i " Au COOTBETCTBEHHO.

Ny ] - /552 "In

1000 °

T T T T T T v 1
100 200 300 400 500 600
JHepruA, k3B
117m,g o
Puc. 2. Criextp In u3 (y, o)-peakmwmid,

E;" =122 MbB.

W3 Hammx AaHHBIX O MHTCHCHBHOCTSIX TraMMa-
MepeXoJ0B OBLTM TONy4YeHBl I (Y, p)-peaKiuu
Yu/Yy=1.18(9) nns 22 MaB u Y/Y, = 6.7(9) s
15 MsB. B (y, a)-peakuun Y./Y, = 0.23(9) msa
22 M»aB.

N3 jpaHHBIX O  BO3OYKIECHHH Wmep, g
(v, o)-peakuuu Ha '21Sb Hamu BIIEPBBIE OINPEIAEIEHO
M30MEPHOE OTHOIIECHUE TSI TOPMO3HOTO H3IYyIEeHHUS
¢ TpaHuuHON 3Hepruen 22 M»aB. Kak BuaHo u3 mo-
Jy4CHHOW BEJIMYMHBI, MPU UCIYCKAHUU (-YaCTHIL
MPOUCXOANT JIOMUHHPYIOIEE 3aceleHHE BBICOKO-
CIIMHOBBIX COCTOAHMM. [lonyueHHbIE NaHHBIE YKa-
3BIBAIOT, YTO HWCHAPUTENILHBIC IMPOIECCHI JIOMHHH-
PYIOT TIpH BBUIETE 3apsDKEHHBIX 4YacTHIl B 001acTu
BBITIIE KYJIOHOBCKOTO Oapnepa.

Hamu npoBeneHo MoaenupoBaHHE H30MEPHBIX
OTHOLIEHUN C TIOMONIBI0 MNPOrPaMMHOIO IaKeTa
TALYS [1]. TeopeTtuueckue 3HaU€HUS] U30MEPHBIX
OTHOLIEHWH s Beex peakuuit npu E, = 22 MbsB
3aBBINICHBI TIPUMEPHO B JBa pa3a. M3 cpaBHeHuUs
HaIlUX JaHHBIX C PacYETHBIMH CJEIyeT, YTO MO-
JleNbHAs TIOTHOCTh HHU3KOCIIMHOBBIX COCTOSTHUN
3aBBIIIEHA NMPUMEPHO B JABa pa3a Kak i siaep ¢
A ~ 120, tak u st A = 196 B obnactu Bo30OYx)/e-
Hus octarouHoro sjpa E ~ 10 MaB.

1. IO.II. Tanrpckui, I1. 3y3an, H. H. Konecuukos u dp.,
Snepnast ¢pusuka 2, 1733 (1999).

2. A.J. Koning, S.Hilaire, M. C. Duijvestijn, Proc. of
the International Conference on Nuclear Data for Sci-
ence and Technology, 2005, p. 1154.
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SAJEPHA ®I3MKA

PAJUOAKTUBHOCTDb B TEXHOJIOI'MYECKHUX OTXOJAX AJC

M. I. BOH}IapLKOBl, A. M. MaKchemcol, H. H. BI/IHJHeBCKPlﬁZ, B. A. )Ke.monomc;mﬁz,
M. B. Kearonoxckas’, JI. B. CaHOBHI/IKOBZ, C.B. I/Inbnqu3, B. B. Eoslpmuela3

1
Mesicoynapoonas paduoskonozuueckas rabopamopus Yeproduvinvckozo Llenmpa, Cnagymuy
2 o
Hnemumym soepuvix uccrnedosanuti HAH Yxpaunvl, Kueg
3 F0ocnoykpauncras ADC, FOxcnoykpaunck

B Hacrosimiee BpeMs Bce peakTOpPHI dHEProOIo-
KoB JneicTBytommx ADC SBISIOTCS HCTOYHHUKOM
3HAYUTENFHOTO KOJIMYECTBA PAJMOAKTUBHBIX OTXO-
noB (PAO). IlosTomy 3amada TOTy9IeHHS TOCTOBEP-
HBIX JTaHHBIX 00 M30TOIHOM COCTaBE M aKTUBHOCTH
PAO upesBbruaiino akryansHa. C 1enbl0 onpeaere-
HUSl 00IIero conxepkaHusi paanoakTuBHOcTH PAO,
obpasyromuxcs mpu dkcruryataruu  FOxHO-YKpa-
unckoit ADC (FOYASC), Hamu mpou3BeAeHBI U3Me-
peHus copep)kaHus ramMma-, O0eta- U anbda-paano-
HykiuaoB B xkuakux (JKPO) u tBepasix (TPO) PAO.

CriexkTpbl TaMMa-Tydeld W3MEpsUTUCh Ha AaHTH-
KOMIITOHOBCKOM CIIEKTPOMETPE, MMEIOIIEM BXOJHOE
GeprunieBoe OKHO. MI3MepeHst *Sr BBIMOIHSUTHCE 110
pa3paboTaHHOW HAMM METOMKE Ha P-CIIEKTPOMETPE C
Nal (Tl)-nerekropom Tonmumuoi 1 mMm. Ha sTom ke
CIIEKTPOMETPE  BBIMONHINCE W3MEpEeHUust  [(-u3iy-

yaTelell  mocie  PaJldoXUMHUHU.  TpaHCypaHOBBIE
HYKJINbI BBIACI/UIUCH PaaOXUMHNYCCKU C
MOCNIEAYIONMM ~ M3MEPEHHEM  CHEeKTpOB Ha  O-
CIIEKTPOMETpE.

Ha puc. 1 u 2 npencraBieHsl CBOAHBIE JaHHBIE O
pe3ylibTaTtax W3MEpPEeHUM YJEIbHONW aKTHUBHOCTHU
HyknuaoB B oopasuax TPO u JKPO, m3mepeHHsle
HenocpenctBenHo Ha JOYADC.

CpaBHHTENBHBIN aHanu3 aktuBHOCTeH TPO m
JKPO memoHCTpupyeT UX 3aMeTHBIE OTIHYUA. B TO
Bpems kak B JKPO Hambosiee CyIIECTBEHHYIO JOJIO
cocraisiior m3oronsl 'Cs u *'Cs, B TPO — °'Cr u
90Sr; MIpU 3TOM A0JIA Co Taxxke BenMMKa M npuoIn-
3UTEIHHO OJJUHAaKOBa B 000uX Buaax PAO.

whefr
(Bl

::; AR = £
wlso o~/ / ||z
N/ -~ =

—

M PN A et A =

TR .
TSNS AT

-1
—12

10"

Cr-51 Mo-34 Fe-59 Co-57 Co-58 Cofi) Nb95 7195 Sbe124 Cw-[37 Sr-90

Puc. 1. CBomgmas gmarpamma pe3yibTaTOB HW3MEPEHUI
KOHLIEHTPAILMHA aKTUBHOCTEH paJlMOaKTHBHBIX H30TOIOB B
obpasmax TPO, kbk/kr.
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110°

110'

J A

—o—TW10B01
—=—TW10B02
——TW10B03
—e— TWI10B04
—a— TW16B01
—o— TWI7B01
—%—TW20801

IAWA M
&Y W

O51 M54 FeS9 Co57 CoS8 Cof0 124 G134 G137 S0 H3

Puc. 2. CBognas aumarpamMma pe3ylbTaTOB H3MEpPEHHH
KOHLIEHTPALMK aKTUBHOCTEH paJinOaKTHBHBIX H30TOIIOB B
oOpasimax XKPO, kbk/kr.

Haxxe 0e3 KOppEeNSIIUOHHOTO aHajIu3a XOpPOIIOo
3aMETHO COIJIACOBAHHOE HM3MEHEHHE KOHILICHTpAIuu
MHOTHX H30ToIoB, kKak B TPO, Tak n XKPO.

JlanmpHEHIn aHaau3 TMOKAa3bIBACT, YTO “Co u
B7Cs  ABIAIOTCS XOPOIIO HAGTIONAEMBIMH KOMIIO-
nentamu. “°Co u *’Cs umeroT pasnmuHoe mponcxo-
xaenne: ectn “’Co — 3T0 HaBeJeHHas B Pe3ylbTaTe
06JydeHns HEHTPOHAMH aKTUBHOCTh, TO ' Cs Mo-
JKET TMOSABUTHCS TOJIBKO KaK MPOAYKT JeneHus. Ta-
KHM 06pasom, m3mepsist aktuBHOCTh 'Co 1 *'Cs, MbI
HE TOJBKO KOHTPOJUPYEM TIO KOPPEISIIHOHHBIM
COOTHOIICHHUSIM OCHOBHYIO YacTh PaJHUOJIOTHYECKH
3HaYMMBIX U30TOMOB, HO U 00a KaHaja 00pa30BaHUs
PAO.

B nenmom mns XKPO cymecTByeT HE TOIBKO XO-
pollias Koppemnsiuus AJi1 OTAEIbHBIX U30TONOB, HO U
JTIOBOJIPHO OJIM3KOE COBITAJICHHE YAENbHBIX aKTHBHO-
CTeU JIJ1s1 pa3HbIX EMKOCTE.

B 1o e Bpema muia TPO, rae koppensiuus Mexay
OTAEIBHBIMU AKTUBHOCTSIMH HAMHOILO BBIIIE, YEM
mis XKPO, pasHuiia Mexay YICIbHBIMH aKTHBHO-
CTSIMH OTJAEIBHBIX 00pa3lOB HAMHOTO OOIbIIE U
JIOCTUTAET TISTH MOPSIKOB (CM. pHC. 2).

W3 Hamumx JaHHBIX CIELYET, YTO €CJIK OTHOIIE-
aue aktuHoctH ©Co u “'Cs pasuo 0,277 + 0,33,
TO, u3MepuB Nal cmeKTpoMeTpoM HHTEHCHUBHOCTHU
Y662 3B u y 1330 x3B, yerko OIECHHUTH OOIIYIO
aAKTUBHOCTBH 00PA3IIOB.
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MN30OMEPHBIE BbBIXO/IbI B (7, n)-PEAKHUAX JJIA AJEP C AI=S

B. A. Kearonoxckuii, I1. H My3anes, A. H. Caspacos, H. B. Ctpuiabuyk

Hnemumym aoepuvix uccnedosanuit HAH Yxpaunu, Kues, Yxkpauna

HccnenoBanne M30MEpPHBIX OTHOLIEHUH HJIsl CO-
CTOSIHUH, KOTOpPBIC 3HAYUTEIHHO OTJIMYAIOTCA II0
CIIMHAM, OTKPBIBAET HOBBIE BO3MOXKHOCTH IPH H3Y-
YEHUU MEXaHU3MOB SIACPHBIX PEaKIUil U CTaTUCTU-
YEeCKHX CBOWCTB BO30YXIEHHBIX COCTOSIHUH B 00-
JACTH HEMPEpPBIBHOTO CIEKTpa. DKCIEPUMEHTAIb-
HbI€ JAHHBIE ISl TAKUX SEP MO3BOJSIOT C CYLIECT-
BEHHO OOJbIIIEH TOYHOCTHIO OLIEHUTHh KaK IapameTp
IUIOTHOCTH OJHOYACTHYHBIX YPOBHEH, Tak W Mapa-
MeTp orpaHudeHus 1o cnuHy. OCOOCHHO YYBCTBH-
TENBbHBI TaKue JaHHbIE B MPHUIIOPOTOBOH 00NacTH U
JUTSI K3OMEPHEBIX Map ¢ OOJIBIION pa3HUIIEH CIIMHOB.

Hamu mpoBeaeHO u3yueHHE HU30MEPHBIX BBIXO-
n0B B (Y, n)-peakmmsax Ha sapax '°Cd (I"=0"),
PISh (1" = 52" u "MPEu (I = 5/27). Hccne-
JIOBAJIUCh M30MEPHBIE BBIXOABI AJIA 5ed (Al =5),
1208b (AL = 7) u P*'¥*Eu (AL = 5.8).

N3mepennst n30MepHBIX OTHOIICHUU B (Y, n)-pe-
aKIMSIX TMPOBOJUIIUCH METOJAOM HABEJICHHOW aKTHB-
HOCTH Ha TOPMO3HOM ITyYKE Y-KBAHTOB MUKPOTpPOHA
M-30 UD® HAH VYkpauHbl pU TPaHUYHBIX 3HEP-

THAX TOPMO3HBIX Y-KBaHTOB £ =121 12.5 MaB.

CII0)XKHOCTh TaKUX U3MEpPEHUN 00yCIIOBJICHA 3HA-
YUTENbHOU pasHUulEl B napuuaibHbiX Tj,. i nan-
HBIX PaJUOHYKIHIOB UX cooTHouieHue 6omaee 1000.
[105TOMyY M3MEpEeHHsI MPOBOIMINCH B albHEH 1
"GmIDKHel TeoMeTpHH NPH OYeHb GOJIBIIOH mays3e
MEXAY W3MEPEHUSIMU. JTO MOTPEOOBAIO N3MEPEHHS
a0COJIFOTHBIX KPUBBIX 3(P(EKTUBHOCTEH Y-CIIEKTPO-
MeTpoB. s 3TOrO0 WMCMONB30BANKCH KaTHOPOBOU-
Hble ucrounmnkn - *Eu n ’Cs. B “GmmkHeil reo-
METPUU W3MEPEHUs] TMPOBOJMINCH C OOJIBIIUM
"MepTBBIM BPEMEHEM H B Y-CIIEKTPax HAGIIOIATHCH
WHTCHCUBHBIC IMKH CyMMHpPOBaHUA. J[J1s1 yueTa aTux
mpomeccoB  Opuia  paspaboTaHa  CHEIHANTbHAS
MporpaMMa, HCIOJIb30BaHUE KOTOPOH TO3BOJIMIIO
MOJyYUTh MOTPEIHOCTE 3 - 5 %.

Ha puc. 1 u 2 npuBeneHbl (pparMeHTHI Y-CIICKT-
pop 0me 12me By 15MECd coorBercTBeHHO. M30-
MepHBIC OTHOIICHHs BhIXo#0B masi ' Cd, '’Sb u
13012Ey nomyuens! BriepBsie.

[Mony4eHHbIE TaHHBIE O H30MEPHBIX OTHOIICHHUSX
BBIX0JI0B [Y,,/Y,] npuBeieHb! B TabIHILE.

Hamu ObITM BBIIOJTHEHBI pacdeThl HM30MEPHBIX
OTHOLICHUH MO KaCKaJAHO-UCIAPUTEIbHON MOAEIN U
MOJIyYeHO B Tpeneiax IMOTPEeIIHOCTEeN COBIaIeHIE

Orcyetsl
1.5x10°7 1334 3B "“"Ey
—— CnekTp nocne obnyyeHus
B e Cnexktp yepes 30 aHeit
1344 3B "“'Eu
1.0x10" |
1334 kaB ““Eu
5.0x10° 1
0-0 Ol .r ..... I,.‘....‘ .I- . I. ‘. .[ - '|
300 320 340 360 380 400
OHeprua,kaB

Puc. 1. Criextp "*™€Eu, **™¢Eu npu E} =12 MaB.

OTcyeTsl
4336 k3B ''*Cd

4934 k3B ""*"Cd

10° 4 l

10° 4

10‘ b T o T x T . T b ff)l! ¥ T o T 4 T ¥ T Ly 1
300 320 340 360 380 900 920 940 960 980 1000
OHeprua, kaB
Puc. 2. Criextp '°™ECd npn E =12 MsB.

Eep.
Peaxus v [Y/Y,]
M»>B
"8Cd(y, n)'"™eCd 12 (5.0£0.3)-107
'2ISb(y, n)'*"™£Sb 12.5 (1.8+0.2)- 107
BEu(y, n)*"™¢Ey 12 (1.5+0.1)- 10"
SEu(y, n)'**™€Eu 12 (1.2+0.1)- 107

SKCIIEPUMEHTAIBHBIX U TEOPETHUECKUX 3HAYCHUH.
DTO0 yKa3bIBaeT, YTO Ja)Ke MPU DHEPTUAX BO30YXKJe-
HUS OCTaTOYHBIX sifep 3 - 4 MaB gomunupyer cra-
TUCTUYCCKUHN XapakTep (Y, n)-peakuuii.
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SAJEPHA ®I3MKA

TUNEPCATEJIMTBI MIPM ABTOMOHU3ALIMM ATOMOB '“Ag, '#*Te U ''Pm
B MMPOLIECCE BHYTPEHHEW KOHBEPCHUM y-JIYUEN

N. H. BumnneBcbkuii, C. C. Ipaneii, B. A. KeaToHo:kcKuii,
M. B. Kearonoxckasi, H. B. Ctpuiabuyk

Hucmumym soepuvix uccnedosanuii HAH Yipaunvl, Kues

B npomecce BHyTpeHHEH KOHBEpCHH Y-Ty4eit 00-
pasyercst Bakancusi Ha K-oGomouke. OTcyTcTBHE
3JIEKTPOHA BBI3BIBAET MTHOBEHHOE M3MEHEHHUE 3apsi-
Jla, 9TO NPHUBOAUT K CTPSXUBAHMIO DIIEKTPOHOB C
ATOMHBIX 000JI0YeK. TeopeTHIecKrn Tako# IMmporecc
uzydasics Oonee 60 met Hazan [1], omgHako m0 cuX
IIOp HE CyLIECTBYET €IUHON TEOPHUHU, ONUCHIBAOLIEH
BO30YKJICHHE aToMa IIPH U3MECHEHHH 3apsiaa BOJIHM3U
saapa (mpouecc BHYTPEHHEH KOHBEPCHU Y-Tydei)
wn B azpe (B, a-pacnan).

Ilpy  OOHOBPEMEHHOM  CTPSAXHMBAaHMM  JABYX
K-371eKTpoHOB B XapaKTepUCTUYECKOM CIIEKTpE TO-
SIBJIAIOTCS TOTIOJTHUTENBHBIE IEPEXObl, CMEIIECHHBIE
B 001acTH OOJNBIINX YHEPTHIA (TUTIEPCATEIITUTHI).

Hamu ObliM BBINOJHEHBI WM3MEPEHUS] BEPOAT-
HOCTH 00pa3oBaHMs TUIEPCATEIUIUTOB B Mpolecce
oGpasoBanus 1ByX BakaHchii B K-o6omouxe 'Ag,
2Te u "'Pm 3a cuer mporecca BHyTpeHHEH KOH-
BEPCUU Y-ITy4EH.

Jins 'Ag wusMepeHus GbUIM BBIIONHEHB HA
yCTaHOBKE MHOTOMEPHBIX coBHalaeHuii ¢ apyms Ge-
Jnerexkropamu. B cniektpe coBnaaenuil ¢ Ky uzmyue-
HHUEM, MpeICTaBIeHHOM HO puc. 1, HabmromaeTcs
runepcatenmt (K!), ceszanubii ¢ 06pasoBaHuem

IBYX BakaHcuii Ha K oOomouke.
25+ | K Ag

20 + .

OTcyeThbl

21,0 21,5 22,0 22,5 23I,0 23I,5 24,0
OHeprus, kaB

Puc. 1. Yuactok cnektpa coBnagenuii ¢ K, Ag.

Cxema pacnana 123MTe TakoBa UTO JUIS BBLIEEHHS

THIIEPCATEIUIMTOB HEOOXOOUMO MPOBOIUTH H3MEpe-
HHUA TPOMHBIX coBnajeHu. HamMu maMepeHus: mpoBo-
JunHchk Ha ycraHoBke ¢ netektopom Nal(Tl) u aBymst
Ge-criekTpoMeTpaMu ¢ OEpUIUTHEBBIMA OKHAMHU.

Ha puc. 2. npeacrapieH 0TCOPTUPOBAHHBIN CHIEKTP
TPOMHBIX coBmaaeHu ¢ okHamu Y159 k3B u K, Te, B
KOTOpPOM BBIZIETICHBI THIIEPCATEIUTUTHI TEXHEITHS.

L[OPIYHUK - 2007

x10

400

OTcuyeThl

200+

29

OHeprus, kaB

Puc. 2. Cnextp coBnanenuit ¢ Kxy159 k»B 123mpe

M3Mepenre THIepCaTe/UTHTOB B |+ Pm H3y4azoch
4yepe3 M3MEPEHUsl OJMHOYHBIX Y-CHEKTPOB YJIBTpa-
TOHKUM (Ge-CIIeKTPOMETPOM, TaK KaK CXeMa pacrajaa
'"Nd ma ypoun 'YPm cnmmkoM cioxkHa, uToObI
MOXHO OBLJIO OJIHO3HAYHO OMPEJCIIUThH TUIEPCATEN-
JUTHI Yepe3 N3MEPEHUS COBIAICHUN.

IToce 00pabOTKK M3MEPEHHBIX CHEKTPOB OBLIH
MOJyYeHBbl  BEPOSTHOCTH  JBOWHOM  WOHU3ALUU
K-o6omoukn Pxg u cMenienust runepcaTesinToB AE"
JUTS UICCIIEYEMBIX sifiep. Pe3ynbTaTel pecTaBieHb
B Ta0IHUIE.

P . AE", 5B
ﬂ KK
apo | E,, koB 10° KCIepUMEHT Te[ozfim
"PAg 88 25(3) 547(40) 535
"PTe | 884 41 (3) 645(50) 610
"Pm | 91.1 | 230(40) 653(34) 750

Kax BumHO, 9KCTIEpUMEHTAIBHBIC 3HAUCHIUS CME-
LICHUSI TOBOJIBHO HEIIOXO COBIANAIOT C TEOPETH-
4eCKMMH pacdeTaMu, Kpome ' Pm. PacxoxmeHue
s “TPm Mo keT OBITH CBA3aHO C OYEHb MAJION KH-
HETUYECKON HEpPrueil 3JeKTPOHOB, KOTOPHIE H3IIY-
qaroTcst pu ABoriHoM noHm3amu (E. = 740 3B), uto
MOXKET MPUBECTU K 3HAUYUTEIHLHOMY BIUSHHIO KOp-
pensuuoHHbIX 3¢ dekros [3].

—

E. L. Feinberg, J. Phys (USSR) 4, 423 (1941).

2. M. H. Chen and B. Crasemann, Phys. Rev. A 25, 391
(1982).

3. M. JI. bonnapskos, B. A. Xentonoxckuii, A.T". 3e-

JUHCKHHA u Op., XKOTD 110, 1 (1996).
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AHOTALII POBIT

HCCJEJOBAHUE BO3BYKIEHUSI BBICOKOCHHMHOBBIX U30MEPOB “Ir, **Au
B OKOJIOIIOPOI'OBOM OBJIACTH

N. H. BumuneBcbkuii, B. A. Kenronoxckuii, H. B. Ctpuabuyk, II. H. Tpudonosn

Hnemumym adepnovix uccrneoosanuti HAH Yxpaunu, Kueg

W3 naHHBIX 00 M30MEPHBIX OTHOLICHUSX MOKHO
CZIeNaTh 3aKJII0YEHUE O MEXaHU3Max SAEPHBIX PeaK-
LU, M3Y4YUTh CTaTUCTUYECKHE CBOWCTBa BO30YX-
JEHHBIX COCTOSIHUIM aTOMHBIX sizep U T.4. Ilomyden-
Hass wHOpMaIusa Oymer Ooyiee OTHO3ZHAYHON IS
MIPOCTHIX SAEPHBIX PEaKIU, TakuX Kak (y, n), (n, y),
(d, p), (p, v)- Bo Bcex 3Tux peakuusx BHOCUTCS He-
OompImioN yriioBoit MmomeHt (1/2 + 1)k, a mucnepcust
MOMEHTOB IOCJIE BbLJIETa YACTUIBI MEHSETCS B JIHa-
nazoHe (2 + 3)A. Ilpu n3ydeHun peakumii B OKOJIO-
MOPOTOBOK 0OJIACTM MOKHO BBIOpaTb HE OYEHb
OOJBITION ITHATla30H dHEPTUil BO30YKICHUS OCTa-
TOYHOro siapa. Bce 3TO TO3BONISIET 3HAYUTEIHHO
YOPOCTUTH aHAJIHU3 W30MEPHBIX OTHOIICHHH.

Lenpio maHHOW pabOTHI SBISETCS HW3MEpPCHUE
u30MepHbIX oTHOmeHHi B eI m 1M EAY B pe-
aKIUSIX C Y-KBAaHTAMH.

W3mepeHuss W30MEpHBIX OTHOIIEHHH B (Y, n)-
peakuusx MPOBOAMIMCH METOJOM HaBEIECHHOHM ak-
TUBHOCTH Ha TOPMO3HOM Y-IIy4K€ MHKpPOTPOHA
M-30 UDD HAH VYxpaunsl u GetatpoHa YKropoz-
CKOTO YHHUBEPCUTETa IPU TPAHUYHBIX JHEPIUAX

y-kBauToB £ : 12, 12.5, 16 n 22 MbB.

B "It ectb msomepHoe cocrosue ¢ I" =11 u
ocHoBHoe ¢ ["=4". [ns nomydyeHus BBIXOJOB Y
3aCeNIeHUs] H30MEPHOTO cocTosinus ¢ I" = 11 ompe-
Iesu - mromanyd  GoTomuKoB  Y-uHUKA 502 U
616 k3B, a ocHOBHOTO - Y371 K3B (puc. 1).

190m
14371 ¢ Ir

| S

1502 1616

OTcueTbl

1 T T T T T T T T T T T 1
350 400 450 500 550 600 650
OHeprus, kaB

Puc. 1. Crextp "**™Ir npu E” =12,5 MaB.

BbIXo1 3aceneHHss W30MEPHOIO COCTOSHUS Y,
(I" = 12) ¥°Au u ocroBHOro cocrosuust Y, (I" = 2) B
peakun " Au (y, n) '**™#Au onpemesim mo muKam ¢

sHeprusimu 356 u 188 kaB, mpunHagnexamuM pacmna-
ny Y% Au u "*"Au coorsercTBeHHO (pHC. 2).

356 "*¥Au
105__ 196mAU
= ]
2 /\
5 {1 148 y188
el b
104?N
3
10 E T T T T T T T T T
150 200 250 300 350

OHeprus, kaB

Puc. 2. Criextp **™¢Au npu E 7 =22 MdB.

[TonydeHHbIEe JaHHBIE O H30MEPHBIX OTHOIICHUSIX
BBIX0JI0B [Y,/Y,] C pa3sHbIMH Y-KBaHTaMM IIpUBEJIC-
HBI B Ta0IUIIE.

Peaxmus E;p‘ , MaB [Y,/Y,] - 10°
12 (53+1.0)
Plr(y, n)" eI 12.5 (5.2 +0.4)
16 (61 £5)
12 (1.1=0.4)
197 196m,g
Au(y, n)'*mEAY 125 (22+0.6)
2 (59 £2)

W3omepHbie oTHOMmEHUs A (Y, n)-peaknuii Ha
190ME[r 119 TAHHBIX HEPIHIA TIOJTYYEHE! BIEPBHIC.

Jlauusie ams P™Au B o6mactu 12 MaB panee
M3yYaJnch TOJNBKO B padore [1], rme mis 12 MaB
6blIa MONydyeHa BeMUMHA 6,/c = 1 -+ 10™. D10 GbL10
OJIHOM W3 TPHUYMH TIPOBEACHUS WU3MEPEHUH TNpHU
22 M5B, rne HamexHO HaAOIIOAIOTCS Y-TIEPEXOIbl
mAY (eM. puc. 2). TTonydeHHas BeIMdHHA Y./Y,
st 22 MsB xoporo coriacyercss ¢ TaHHBIMU U3
[2], rne Y,/Y,=6.1" 10% u MIPUMEPHO Ha Ty K€ Be-
JTUYYHY Hallle 3Ha4YeHWe 3aHIKEHO 110 CPaBHEHHIO C
[1], e Y,/Y, = 3.0 - 10 nna E,;"* = 23.5 MB.

1. L.Z.Dzhilavian et al., Sov. J. Nucl. Phys. 3, 519
(1981).

2. Yu.P. Gangrski et al., Izv. Acad. Nauk. Ser. Fiz.
68(2), 167 (2004).
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Two neutrino (2v) double beta (2p) decay is a
transformation of a (4, Z) nucleus to (4, Z + 2) with
simultaneous emission of two electrons and two
antineutrinos. Being the second order process in the
weak interactions, it is the rarest decay ever ob-
served to-date, with half lives in the range of 10" -
10" yr. It was registered for 10 nuclei (see, f.e. [1]),
and for two nuclei (‘Mo and '’Nd) 2B2v decay
was observed not only for transitions to the ground
states, but also to the first excited 0, levels of
daughter nuclei (see Fig. 1).

Values of half life for '“Mo — '"“Ru” measured
in few experiments [2] are in the range of (5.7 -
-9.3) - 10 yr. However, they are in contradiction
with result of the experiment [3], where only the
limit >1.2 - 10*! yr was obtained for this process.

The experiment [3] was performed with 1 kg of
Mo (enriched in '*Mo to 99.5 %) which belongs to
the INR, Kyiv. In present measurements we use the
same '"’Mo sample to recheck result [3], confirming
observations [2] or setting more severe T}, limit.

In the experiment, we use molybdenum oxide
"MoO; obtained from '“Mo in result of chemical
purification. Its mass is 1199 g. Measurements are
performed in the low background set-up with four
HP Ge detectors of 225 c¢m® volume each in under-
ground conditions of the Gran Sasso National Labo-
ratories of the INFN (3600 m w.e.). Current statistics
is 10572 h. Spectrum of coincidence between two
HP Ge detectors is presented in Fig. 2, when energy
window of one of detectors is set to the expected
energy of gamma quanta emitted in 2p2v decay to
1%Ru" (540 or 591 keV; width of window +2 keV is
in accordance with the energy resolution of HP Ge at
these energies). Bottom part shows background
events, when energy window is shifted to neighbour-
ing 545 £+ 2 keV value.

Five events, which are present now in the coinci-
dence spectrum (Fig. 2 top and middle), correspond
to the half life value of Tj, = ~6 - 10* yr for
Mo — '“Ru” 2B2v decay, in agreement with pre-
vious results [2].

Further data collection is in progress.
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Fig. 1. Scheme of 2 decay of '“Mo to the ground state

and to the first 0", excited level of '"Ru. Energies of lev-
els and de-excitation y quanta are given in keV.
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Fig. 2. Spectra in coincidence when energy of one of y
quanta is equal 540 £ 2 keV (top) or 591 + 2 keV (middle),
expected for 2p2v decay to '“Ru’, and background spec-
trum (bottom) when window is shifted to 545 + 2 keV.

1. V.1 Tretyak, Yu. G. Zdesenko, At. Data Nucl. Data
Tables 80, 83 (2002).

2. A.S. Barabash et al., Phys. Lett. B 345, 408 (1995);
A. S. Barabash et al., Phys. At. Nucl. 62, 2039 (1999);
M. J. Hornish et al., Phys. Rev. C 74, 044314 (2006);
R. Arnold et al., Nucl. Phys. A 781, 209 (2006).

3. D. Blum et al., Phys. Lett. B 275, 506 (1992).
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"3Cd is present in the Cd natural composition
(with abundance of 12.22 %), however, in fact, it is
B unstable with Qg = 320 keV. It is one of only three
nuclei which enable the investigation of fourth-fold
forbidden B decays in a practical way, when rare
transitions of this kind are not masked by much
more rapid lower orders forbidden or allowed B de-
cays (two other nuclides are *°V and '"°In). The high
order of forbiddeness is related with a large value of
the half life, near 10'® yr, and radioactivity of '*Cd
was observed only in 1970 [1]. Earlier this decay
was investigated in works [2].

The aim of the present study was to use a low
background CdWO, crystal scintillator to investigate
the B decay of '*Cd (T}, and spectrum shape) with
precision better than those of the previous studies.

The CdWO, crystal with mass of 434 g was
stored during last 10 years in the Solotvina Labora-
tory on a depth of 1000 m w.e. that allowed avoiding
its cosmogenic activation. The crystal was trans-
ported in a lead container by surface and immedi-
ately placed underground in the Gran Sasso National
Laboratories of the INFN (3600 m w.e.). It was in-
stalled in a low background R&D DAMA set-up
surrounded by low radioactive shield of high purity
Cu, Pb, Cd and polyethylene/paraffin to reduce the
external background. The whole shield has been
closed inside a Plexiglas box, continuously flushed
by high purity N, gas. An event-by-event data acqui-
sition system records amplitude, arrival time of
event, and shape of scintillation signal with a
20 MSa/s Trafnsient Digitizer. Data were accumu-
lated during 2758 h. The abundance of '“Cd in
CdWO, crystal was determined with precise mass
spectrometric measurements. Mass spectrometry
was also used to estimate presence of some potential
pollution. Trace radioactive contaminants in the
crystal were determined by the time-amplitude and
pulse-shape analyzes of the collected data, and with
the help of GEANT4 simulations. Pulse-shape
analysis allowed to reject a events and PMT noise,
and to reach quite low energy threshold of 28 keV.

The signal to background ratio was equal 56/1,
what is the best value among all to-date experiments.
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Experimental spectrum (with background subtracted) and
its fit by the convolution of the ideal  shape with the
detector response function (a); the Kurie plot for '*Cd p
decay, not accounting for correction factor C(w) (b); the
Kurie plot, accounting for C(w), and its fit by the linear
function (c).

More than 2.4 - 10° events were collected, and half
life of '"*Cd was precisely determined as:

Tip=(8.04 +0.05) - 10" yr.

Accumulated during 2758 h spectrum with its fit
by a model function is shown in Figure, a. Correc-
tion factor, which describes deviation of the spec-
trum from the allowed shape, was also determined.
Its accounting allowed to linearize the Kurie plot as
presented in Figure, c.

This work was published in Phys. Rev. C 76,
064603 (2007).
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Nucl. 59, 1 (1996); G. Goessling et al., Phys. Rev. C
72, 064328 (2005).
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While o decay is an old nuclear phenomenon
with a history more than 100 years old, interest to its
investigation (both from experimental and theoreti-
cal sides) even increased during last years. Recently
two extremely rare o decays were experimentally
observed: **Bi with T1,= 1.9 - 10" yr [1] (the long-
est measured 77,) and 80w with 7,,= 1.1 - 10" yr
[2] (the lowest measured a activity of 2.3 decays per
year per gram of "W).

Continuing these studies, we used crystal scintil-
lator CaF,(Eu) with mass of 370 g to search for o
decay of "'Eu (Q, = 1.964 MeV). While Eu is pre-
sent in the crystal as a dopant with mass fraction of
only ~0.4 %, our calculations (on the base of work
[3]) of the expected half life gave the value of
T,,=3.6 - 10" yr, which is reachable with current
experimental techniques.

Measurements were performed at the Gran Sasso
National Laboratories of the INFN (Italy) during
7426 h. In addition to deep underground conditions
(3600 m w.e.), the CaF,(Eu) scintillator was sur-
rounded by low radioactive shield of high purity Cu,
Pb, Cd and polyethylene/paraffin to reduce the ex-
ternal background. The whole shield has been closed
inside a Plexiglas box, continuously flushed by high
purity N, gas. An event-by-event data acquisition
system records amplitude, arrival time of event, and
shape of scintillation signal with a 160 MSa/s Tran-
sient Digitizer over a window of 3125 ns.

Response of the detector to y quanta and o par-
ticles, and dependence of the so called o/p ratio on
energy was measured with a set of external radioac-
tive sources and with trace internal pollution of the
crystal by o decaying nuclides. In accordance with
measured o/p ratio, the expected energy of "*'Eu peak
in y scale of the CaF,(Eu) scintillator is 245(36) keV.
The concentration of Eu in the crystal was determined
with the help of the Inductively Coupled Plasma—
Mass Spectrometry analysis as 0.4 %.

Internal radioactive contamination of the crystal
by U/Th chains and “’K, ®’Co and other nuclides was
determined — on the level of mBqg/kg — by the time-
amplitude analysis and simulation of radioactive
decays with GEANT4 [4]. Modest in this scintillator
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difference in scintillation flashes caused by y(j3) and
o particles, respectively, nevertheless gave also pos-
sibility to discriminate signals from o decays.

Counts / 5 keV

500

200 250 300 350 400 450 500
Energy (keV)

Top: low energy part of the spectrum measured during
7426 h in the low background set-up with the CaF,(Eu)
scintillator. The peculiarity on the left of the 'YSm peak
can be attributed to the o decay of SRy with Ty,=5 -
10'® yr. Bottom: the spectra obtained by applying the
pulse-shape discrimination technique shown by dashed
(y(B) component) and solid (o component) lines.

Measured spectrum of the CaF,(Eu) scintillator is
shown in Figure. Peculiarity on the left of the '¥’Sm
peak has energy of 255(7) keV — in agreement with
the expected energy of 'Eu o decay. Shapes of
bigger part of events in this peculiarity correspond to
shapes caused by o particles. Determined experi-
mentally half life T, = 5710 yr is in accor-
dance with theoretical value of Tj, = 3.6 - 10" yr.
All these allow concluding that we observed, at the
first time, o decay of "*'Eu.

This work was published in Nucl. Phys. A 789,
15 (2007).
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Neutrinoless (0v) double beta (23) decay is one
of the low-energy effects which are forbidden in the
Standard Model (SM) because of violation of the
lepton number on 2 units, but it is naturally expected
in many SM extensions. While experimental investi-
gations in this fields are concentrated mostly on 23~
decays, studies of 2B"/ep"/2e decays are important
too because they could help to distinguish the
mechanism of 2B0v decay.

An intriguing situation in decay of **Zn exists
since 1995, when a possible experimental indication
of the gB” decay with T,(0v + 2v) = (1.1 £ 0.9) x
x 10" yr was observed in [1]. A NaI(Tl) scintillator
and a HP Ge detector, operating in coincidence,
were used in that experiment. The excess of 85
events in the 511 keV peak was observed with Zn
sample (mass of 350 g, 392 h of exposure on the sea
level), while no effect was detected without sample
or with Cu or Fe blanks.

Aim of the present work is to search for double
beta decays in **Zn with higher sensitivity — in par-
ticular, to check the result of [1] — with the help of
large ZnWO, scintillators. Experiment has been
carried out in the underground Gran Sasso National
Laboratories of the INFN at a depth of 3600 m.w.e.;
data were collected during 1902 h.

The ZnWOj crystal with mass of 117 g was fixed
inside a cavity in central part of a polystyrene light-
guide. The cavity was filled up with high-pure sili-
con oil. The detector has been installed deep under-
ground in the low background DAMA/R&D set-up.
An event-by-event data acquisition system records
amplitude, arrival time of event, and shape of scintil-
lation signal with a 20 MSa/s Transient Digitizer.
The last allowed to reject a PMT noise, and to reach
low energy threshold of 15 keV.

Comparing the simulated response functions with
the experimental energy distribution accumulated
with the ZnWO, crystal, we did not find in the latter
one the peculiarities which can be unambiguously
attributed to 2P processes in **Zn (see Figure).
Therefore only lower half-life limits were set; sum-
mary is given in Table. In particular, the positive

indication on *Zn ep” decay [1] is discarded by the
present experiment. Limits on other 23 processes in
%Zn also are higher (up to 4 orders of magnitude)
than bounds set in other works [2].
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The measured energy spectrum of ZnWO, scintillation
crystal (mass 117 g, 1902 h of measurements) together with
the excluded at 90 % C.L. distributions for " processes
in ®*Zn. Energy spectrum of 2vef" decay with 7}, = 1.1 x
x 10" yr [1] is also shown by dotted line. (Inset) Low
energy part of the spectrum together with the 2v2K peak of
#7n with T7,=6.2 - 10" yr excluded at 90 % C.L.

200 400

Ty limits on *Zn—>*Ni 23 decays (90 % C.L.)

Decay channel Experimental T, yr
Ovep” >2.2-10%
2vep” >2.1-10%
0v2K >4.0-10"
2v2K >6.2-10"
0v2e >3.4.10"

This work was published in Phys. Lett. B 658,
193 (2008).
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Neutrinoless double beta decay (0v2p) is the
most sensitive process for the search of lepton num-
ber violation, and its discovery would prove that the
neutrino is a massive Majorana particle. This proc-
ess may occur through several mechanisms. In par-
ticular, the existence of the 0Ov2[3 decay by light neu-
trino exchange would allow to determine the mass
scale of the neutrinos [1 - 3].

NEMO 3 is a double beta decay experiment run-
ning in the Frejus Underground Laboratory in Mo-
dane, France (4800 m w.e.). Its goal is to look for
neutrinoless double beta decay of '“’Mo and **Se, as
well as to measure two neutrino decay, 2v2[, of
these and five other isotopes: **Ca, *°Zr, ''°Cd, **Te
and ""°Nd.

The SuperNEMO collaboration has been formed
in 2005 and started to study the feasibility of an
extrapolation of the NEMO technique to a detector
with a mass of at least 100 kg of enriched 2 iso-
topes. The detector will have a modular structure.
Each module (length 1 x 5 m, height 4 m, see Fig. 1)
will contain 5 - 7 kg of a 2f3 foil with thickness near
40 mg/cm?; 20 modules are planned. Tracking of
particles will be ensured by a drift chamber with
3000 Geiger cells; calorimetry will be provided by
1000 scintillator blocks (with PMT) per each mod-
ule. The goal is to reach a sensitivity of 50 meV on
the effective Majorana neutrino mass. Collaboration
focuses on two possible 2 sources: **Se and '*’Nd.

SuperNEMO would use the NEMO 3 technical
choices: a thin source between two tracking volumes
surrounded by a calorimeter. The performance char-
acteristics to improve, relative to the NEMO 3, are:

the energy resolution (FWHM of 7 - 10 %/ JVE de-
pending on final design is needed), geometrical ac-
ceptance and Ov2p detection efficiency, the source
radiopurity (factor >10 compared to NEMO 3) and
the background rejection techniques. The energy
resolution of 7.3 % was achieved with liquid scintil-
lation detector with area of 75 x 75 mm (Fig. 2)
under irradiation by conversion electrons of **'Bi.
Further R&D have to be performed to obtain such an
energy resolution with larger detector with area of
~4 dm’.

In addition to R&D efforts in development of a
scintillator for SuperNEMO, the INR Kyiv group is
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also working on improvements in the DE-
CAYO0/GENBB event generator for simulation of 23
decays and background processes, as well as on
simulation of the light transmission and collection
with the GEANT4 package.

A three years R&D program was approved in the
UK, France and Spain to achieve the goals and make
a detailed technical design proposal by the end of
2008. If funded, the first module can start taking
data as soon as 2010, with the whole detector
finished by 2012 - 2013.

Fig. 2. Detector with liquid scintillator (INR Kyiv).

1. A.Faessler, F. Simkovic, J. Phys. G 24, 2139 (1998).

2. J. Suhonen, O. Civitarese, Phys. Rep. 300, 123
(1998).
3. F.T. Avignone et al., New J. Phys. 7, 1 (2005).
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In accordance with the last tables of atomic
masses [1], mass difference between '"In and '°Sn
is equal to 499 + 4 keV. It is enough to populate in
decay of '"’In not only the ground state but also the
first excited level of '°Sn with E.. = 497.4 keV.
However, because of extremely low energy release
of 1.6 = 4 keV and related with this low probability,
decay to ''°Sn" was observed only very recently [2].

In the experiment, sample of high purity metal In
with natural composition (95.71 % of '“In) and
mass of 928 g was measured in the low background
set-up with four HP Ge detectors of 225 cm’® volume
each. Measurements were performed in underground
conditions of the Gran Sasso National Laboratories
of the INFN (3600 m w.e.) during 2762 h. Experi-
mental spectrum of the In sample in comparison
with background is shown in Fig. 1. All lines (except
of line at 497.4 keV) were related with natural, cos-
mogenic or man-made nuclides; their rates in back-
ground and In sample were equal inside the statisti-
cal uncertainties. The line at 497.48+0.21 keV was
present only in the In spectrum, with area of 90 + 22
counts inconsistent with 0 at 4. This energy is in
agreement with the expected energy of y quantum
(497.358 + 0.024 keV) emitted in deexcitation of the
first excited level of ''°Sn. Counting rate in the peak
corresponds to probability of 1.2 - 107 (relatively to
decay to the ground state), and to half life of 3.7 -
- 10% yr (Fig. 2).

The value of Op= 1.6 £ 4.0 keV is possibly the
lowest energy release in f decays (to be compared
with 2.555 keV for '“Ho, and 2.469 keV for '*'Re).
Comparing the product of measured 7, and calcu-
lated / value with systematics of log f# values for 2™
forbidden unique decays [3], one can decrease un-
certainty in the Qg value, determining it as:
46077 54 eV. Anyway, the Qg value is very close to
0. This fact could be used to set a limit on neutrino
mass, because surely the following inequality should
fulfill: m(v.)<Qp. To clarify the situation, more pre-
cise measurements are needed for: (1) atomic mass
difference between '’In and '“Sn (current tech-
niques allow ~10eV precision for atomic masses
A ~ 100 [4]); (2) energy of the first excited level of
"3Sn (current uncertainty of E, is 24 eV). In lucky
scenario when AMa(”5In - 115Sn) ~ Eexc(mSn), we
could obtain limit on m(v.) possibly concurrent with

that from experiments with *H (2 eV) or '"Re
(15¢eV).
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Fig. 1. Experimental spectrum of the In sample (accumu-
lated for 2762.3 h) and background spectrum (1601.0 h)
measured with four HP Ge detectors at LNGS in the en-
ergy interval 70 - 600 keV. The region of 600 - 2800 keV,
where the spectra are practically indistinguishable, is not
shown. Background is normalized to the same counting
time. In the inset, the region of the 497.4 keV peak is
shown in more detail; here, the In spectrum is shifted
upward by 150 counts.
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Fig. 2. New scheme of '"’In — '"°Sn B decay.

This work is published in Phys. At. Nucl. 70, 127
(2007).
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Scintillation detectors are a promising tool to
search for the double beta (2p) decay [1 - 10]. '’Mo
is one of the most promising candidates for 23 ex-
periments because of its high transition energy
(O23= 3035 keV). The most promising detector con-
taining Molybdenum is calcium molybdate
(CaMo0Q,) proposed in [11] to search for the neutri-
noless (0v) double beta decay of '’Mo.

The scintillation properties and the radioactive
contamination of CaMoQO, crystals produced by the
Institute for Materials (IM, Lviv, Ukraine), and by
the Innovation Centre of Moscow Steel and Alloy
Institute (ICMSAI, Moscow, Russia) have been
studied. The energy resolutions 10.3 % and 4.7 %
for the 662 and 2615 keV y lines were obtained with
the CaMoQ, sample of 38 x 20 mm produced by
the IM. Three components of the scintillation decay
(1:=0.3-1, =4 and = 17 us) and their intensities for
o particles and y quanta were measured, which
allows to discriminate a particles and y quanta. The
temperature dependences of the light output and
pulse shape were measured in temperature range
—175 + +40 °C. The radiopurity of CaMoO, crystals
was estimated in low background measurements in
the Solotvina Underground Laboratory. CaMoO,
scintillators produced in the IM show contamination
by uranium and thorium (particularly by *'°Po at the
level of = 0.4 - 0.5 Bg/kg). The contamination of the
CaMoQ, crystal produced by the ICMSAI is one -
two orders of magnitude better.

Perspectives for a high sensitivity experiment to
search for the 0v2B decay of '“Mo are discussed
(see Figure). The energy resolution of 4-5% is
enough to reach sensitivity at the level of 10 yr.
The contamination of crystals by “*Ra and **Th
should not exceed the level of 0.1 mBg/kg. The
2v2P decay of **Ca restricts the sensitivity of an
experiment to search for the Ov2p decay of 'Mo
using CaMoQ, crystal scintillators.
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Calculated backgrounds from the 2v2B decay of **Ca
(T, =4 - 10" yr), internal pollutions by **TI and *'*Bi
(both with 0.1 mBg/kg), and **Y isotope from cosmogenic
activity. The amplitude of the **Y distribution cor-
responds to 1000 decays in CaMoQ,, while the expected
%Y cosmogenic activity is 4 events/kg/year during the
first 5years. Distributions for '“’Mo are shown for
T1/22v =7-- 1018 yr and T1/20V =1 1024 yr.

The INR Kyiv group (F. A. Danevich et al.) was
supported in part by the Project "Kosmomik-
rofizyka” (Astroparticle physics) of the National
Academy of Sciences of Ukraine.
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Recent experimental observations of neutrino os-
cillations in studies of solar, reactor, atmospheric and
accelerator neutrinos revealed that neutrino has non-
zero mass. This gives additional and very strong mo-
tivation for experimental searches for the neutrinoless
(Ov) double beta (23) decay, rare nuclear transforma-
tion (4, Z) — (4,Z + 2) + 2e” with simultaneous emis-
sion of two electrons without emission of two anti-
neutrinos. Observation of such a process, forbidden in
the Standard Model (SM) of particles (because of
violation of the lepton number by two units) but pre-
dicted in many SM extensions (SUSY, GUT) would
clarify is neutrino a Majorana particle (identical to its
own antiparticle), and what is the absolute scale of the
neutrino mass (the latter is unachievable in the v os-
cillation experiments because they are sensitive only
to the difference in v masses) [1].

After near 70 years of searches for 2B0v decay,
this process is still not observed, however, with re-
cent claim on discovery of 2B0v decay of °Ge with
Tip=223"0% 4 - 10% yr [2]. While earlier versions
of this claim were widely discussed as hesitative
(see [1] and further references), it is evident that it
can (and should) be (dis)proved only experimentally.
Two large scale experiments with "°Ge — GERDA
[3] and Majorana [4] — are in R&D stage now. Po-
tentially they will use from 100 to 1000 kg HP Ge
detectors (enriched in "°Ge to ~87 %) installed deep
underground and surrounded by a massive shield
made of high purity materials.

The rate of the 2B0v decay is related with the v
mass as Ty, | = GOV-|NME\2-mV2, where Gy, is phase
space factor calculated with high precision, and
NME is corresponding nuclear matrix element. The
NME values are predicted in framework of different
theories (shell model, QRPA and others), and their
uncertainties could reach 1 order of magnitude (or
even more) [5]. Experimental measurements of the
allowed in the SM two neutrino (2v) double beta
decay would allow decreasing these uncertainties
checking different theories and fixing some theoreti-
cal parameters.

Two neutrino 2B decay of °Ge to the ground
state of "®Se is already measured with 7y, = 1.7 x
x 10*" yr (see [2, 5]). The aim of the present study is
to investigate possibility to detect 232v decay of
"®Ge to the first 07, excited level of °Se (Eexe = 1122

keV) of "Se with segmented HP Ge detectors which
will be used in the both GERDA and Majorana ex-
periments. Prototype of such a 18-fold segmented
detector with 3 segmentations in Z axis and 6 in
angle (see Figure) was already investigated in [6].
Segmentation allows to discriminate single site
events (caused by electrons from 23 decay) and mul-
tiple site y events, decreasing in this way (by few
times) background at the expected energy of "°Ge
2B0v peak (2039 keV).
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Scheme of the 18-fold segmented HP Ge detector.

Simulations with the DECAYO0 events generator
and GEANT4 package show that the decay of "°Ge
to the 1122 keV 07, level of "°Se can be observed in
GERDA provided that the half life of the process is
in the range favored by the present calculations
which is 7.5 - 10*' yrto 3.1 - 10% yr.

This work is published in Ukr. J. Phys. 52, 1036
(2007).
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Lead tungstate (PbWOQ,) crystals are discussed in
[1] as promising material for a high sensitivity ex-
periment to search for double beta decay of ''°Cd
with cadmium tungstate (CdWO,) crystal scintilla-
tors. PbWQ, crystals can be used as light-guides and
high efficiency active shield for low-background
CdWO, detectors. Using of radiopure PbWO, scin-
tillators could allow to build an experiment to search
for Ov2p decay of ''°Cd at the level of sensitivity
7,,"*" ~ 10% yr, which corresponds to the Majorana
neutrino mass ~ 0.1 - 0.05 eV. As it has been dem-
onstrated (see, f.e. [2, 3]), a pulse-shape discrimina-
tion ability of the scintillation detector is important
to interpret and to reject background caused by in-
ternal contamination by **Th and ***U daughters.

The light output, o/ ratio, and pulse shape have
been investigated at -25 °C with PbWOj, scintillators
undoped, and doped by F, Eu, Mo, Gd and S. Dop-
ing of PbWQ, crystals by Mo improves light output
by a factor of ~1.5 - 3, in agreement with earlier data
[4, 5]. The relative light output of Eu doped PbWO,
crystals is on the level of 0.7 - 0.9 relatively to un-
doped sample. We do not observe an increase of
light output by F doping as reported in [6] and [7].
This fact can be explained by different methods used
to grow PbWO,(F) crystals: Bridgman in [6, 7], and
Czochralski in the present study and in the work [8]
where the effect was not observed too.

Values of the o/ ratio measured with different
PbWO, samples vary in the range of 0.20-0.32.
However, such a difference can be explained by
unequal quality of the samples that have been used
in the measurements. To study the possible effect of
doping on the o/f ratio one should prepare the sam-
ples with the same sizes, surface quality, and with-
out visible defects.

Fast 0.01 - 0.06 us and middle 0.1 - 0.5 pus com-
ponents of scintillation signal were observed for all
the samples. Slow components with the decay times
1 -3 us, and 13 - 28 us with the total intensity at the
level of =45 —50 % have been measured for sam-
ples doped by Mo. The undoped crystal and crystals
without Mo show a lower intensity of the slow com-
ponents at the level of <0.5 - 10 %.
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Distributions of the shape indicator (S7, see [10]) for pulses
produced by y quanta and o particles in PbWO4(F,Gd,Mo)
scintillation crystal. The small tail in the shape indicator
distribution for y at ST~ 50 can be explained by background
a events from *'°Po inside the crystal.

We found some indications of a pulse-shape dis-
crimination between o particles and y quanta by
applying the mean time and optimal filter [9, 10]
methods. The best discrimination was achieved with
PbWO, crystals doped by Mo as one can see in
Figure where the shape indicator distributions meas-
ured by a PbWO, scintillation crystal (activated by
F, Gd, and Mo) with a particles (=5 MeV) and y
quanta (= 1.3 MeV) are shown.
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Recently, rare o decay of "'Eu with extremely
long half life of Ty, = 5t 10 yr was experimen-
tally observed at the first time [1]. In that studies,
CaF,(Eu) crystal scintillator with mass of 370 g was
measured during long time (7426 h) in a low back-
ground set-up installed deep underground to reduce
the external background. Europium was present in
the crystal only as dopant with mass fraction of
0.4 %. To confirm the evidence of "'Eu a decay,
materials with greater content of Eu are preferable in
future experiments. We report here on an investiga-
tion of the intrinsic radioactive purity of a small
(2.72 g) LicEu(BOs); crystal which is important for
low background measurements. Scintillation proper-
ties of these crystals are quite poor but potentially
they might be used as bolometers.

The measurements were performed deep under-
ground (3600 m w.e.) in the Laboratori Nazionali
del Gran Sasso (Italy) with HP Ge detector of
408 cm® volume in the low background set-up. The
LigEu(BOs3); sample was measured over 1500 h; the
background of the HP Ge detector was measured
over 689 h. As an example, part of the experimental
spectrum in the energy region up to 450 keV to-
gether with the background for comparison is pre-
sented in Figure.

Comparing the rates of the peaks of ‘‘usual”’
contaminants (U/Th chains, *’K, ®Co, "*’Cs) in the
LigEu(BOs); spectrum with those in the background,
no evidence was found for an additional pollution of
the LigEu(BOs); crystal by these nuclides; only lim-
its on their activities were determined on the level of
0.01 - 1 Bg/kg. At the same time, the radioactive
isotopes '“*Eu and "**Eu were found with activities
of 949 + 48 mBq/kg and 212 + 35 mBq/kg, respec-
tively. The ratio of '*Eu/"**Eu activities is equal to
4.5 and is far from the expected value of 17.3 calcu-
lated for thermal neutrons. This can be explained by
the presence of Th and some amount of U in the
monazite ores (which is a commercial source for
both Eu and Th elements), and a consequent flux of
nonthermal neutrons from spontaneous fission and
(a, n) reactions.
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Spectra measured underground in the LNGS with a low-
background HP Ge detector of 408 cm’: a — LigEu(BO3);3
sample during 1500 h; b — background of the HP Ge de-
tector during 689 h (normalized to 1500 h). Peaks of 122
and 344 keV of "*’Eu radioactive decay are evident in the
LigEu(BO;); spectrum.

Half life limit on o decay of ">'Eu to the first ex-

cited level of "“’Pm (Eexc=91.1 keV) was derived as
Tip>24-10% yr (one order of magnitude lower
than that reached in [1]). For o decay of '*Eu, half
life limit was determined for the first time; its value
is Typ> 1.1 - 10" yr at 90 % C.L. Higher sensitivi-
ties are expected in future measurements. One of the
possibilities could be the use of a LisgEu(BO;); crys-
tal as a cryogenic bolometer with energy resolution
for o particles at the level of a few keV.

This work is published in Nucl. Instrum. Meth.
Phys. Res. A 572, 734 (2007).

1. P.Belli et al, Nucl. Phys. A 789, 15 (2007).

74 IHCTUTYT AJAEPHUX JOCJIIPKEHb HAH YKPATHU



SAJEPHA ®I3MKA

SCINTILLATION PROPERTIES OF PURE AND Ca-DOPED ZnWO, CRYSTALS

F. A. Danevich', R. McGovan’, S. Henry’, H. Kraus’, V. B. Mikhailik’, O. G. Shkulkova', J. Telfer’

" Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Department of Physics, University of Oxford, Oxford, United Kingdom
Hilger Crystals, Margate, Kent, United Kingdom

Recently ZnWO, has been identified as a promis-
ing cryogenic scintillation detector in the experimen-
tal search for the double beta decay and weakly in-
teracting massive particle (WIMP) dark matter [1 -
3]. This became a strong motivation for pursuing the
research aiming to improve the performance of the
material. The results of previous studies [4] indi-
cated that the scintillation light yield of the powder
samples changes little with Ca-doping. Given the
results of examination of powder samples we sup-
pose that observed increase of the scintillation effi-
ciency is mostly the result of the reduction of the
self-absorption (bleaching) of ZnWO, crystal caused
by Ca-doping. Finally it has to be noted that the use
of Ca for the bleaching of ZnWOQO, scintillator is
preferable in view of the planned use of this material
in the search for rare events. Severe requirements
imposed on the material purity mean that the use of
many elements (including antimony) should be ex-
cluded because of the deterioration of the intrinsic
radioactivity of the target caused by them.

The crystals used in the present study where
grown by Hilger Crystals, Margate, UK using
Czochralski technique from the raw materials of 4N
purity. A 10 x 10 x 5 mm samples with large faces
parallel to the cleavage plane (010) were cut from
the ingots. The measurements of scintillation charac-
teristics were carried out in the University of Oxford
using multiphoton counting (MPC, test /) technique
[5, 6] and Institute for Nuclear Research, Kyiv (test
2) using conventional technique of pulse height
analysis as described elsewhere [1]. The main dif-
ference between the tests / and 2 arises at the stage
of recording and processing the PMT signal. The
conventional technique deals with the integrated
signal from PMT, and the light yield is derived as an
amplitude distribution of the scintillation peaks
height. The MPC technique records the stream of
PMT pulses following each scintillation event. The
number of the pulses recorded per event is propor-
tional to the light yield while the distribution of the
arrival times of pulses gives the decay characteristic
of scintillation process. The scintillation pulse shape
in the test 2 was studied using transient digitiser as
explained elsewhere [1]. All measurements were
done at room temperature.

The amplitude spectra of 662 keV y quanta from
¥Cs source measured with the crystals under inves-
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tigation using pulse height technique (test 2) are
shown in Figure. The light output of Ca-doped
ZnWO, obtained in this experiment is 39 % higher
that correlates very well with the result obtained in
the test /. When the side surfaces of the samples
were diffused, the light output increased by ~ 20 %
while the ratio changed insignificantly. The rough-
ening has a major effect on the energy resolution;
the best value is obtained for the diffused ZnWO,.Ca
being 9.6 % for y 662 keV (**’Cs).
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Amplitude spectra of 662 keV y quanta from ¥Cs source
measured for ZnWO, (empty circles) and ZnWO,-Ca
(solid circles).

We found also some difference between pulse
shapes of Ca-doped and pure crystals either under a
and y irradiation in both tests / and 2.

F. A. Danevich and O. G. Shkulkova were sup-
ported in part by the Project "Kosmomikrofizyka”
(Astroparticle physics) of the National Academy of
Sciences of Ukraine.
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As it has been already demonstrated by several
experiments, the scintillation method is promising in
investigation of the double beta decay processes,
searches for dark matter, and studies of rare o and 3
decays. Scintillation detectors possess a range of
important characteristics for a high sensitivity low
background experiments: high registration effi-
ciency, reasonable energy resolution, pulse-shape
discrimination ability to reduce radioactive back-
ground, operation stability, low cost. A small
ZnWO; crystal scintillator with mass of 4.5 g has
been already used to search for double beta decay of
%7n, Zn, "W, and "W [1]. ZnWO, was also
considered as target crystal in cryogenic experiments
to search for weakly interacting massive particles
[1-3].

ZnWOy crystal scintillators of large volume (up
to @50 x 100 mm) with advanced scintillation prop-
erties and reasonable mechanical characteristics
were developed. It was achieved thanks to optimiza-
tion of growth conditions and initial composition by
doping ZnWO, charge with metals of the first and
second groups, as well as by elements with high
electric negativity.

Optical and scintillation properties of ZnWQO,
crystals were studied. The best 1 cm® samples show
energy resolution at the level of 8 - 10% for
662 keV 7y line of *'Cs. A value of 15.7 % has been
measured with a large sample of 44 x 55 mm.

Low level of afterglow (0.002 %, 20 ms after ex-
citation) was obtained with one of ZnWQ, scintilla-
tors, while typical value does not exceed 0.1 %.

The radioactive contamination of a ZnWOQO,
26 x 24 x 24 mm detector was tested in a low back-
ground set-up in the Solotvina Underground Labora-
tory. Energy spectrum measured with the ZnWO,
detector in the set-up is shown in Figure in compari-
son with data accumulated with CaWO, and CdWO,
crystals. Alpha activity at the level of 2.4 mBqg/kg
(daughters of U/Th) was detected in the scintillator,
*Th contamination is less than 0.1 mBq/kg, activity
of ***Ra does not exceed 0.16 mBg/kg. The sum-
mary of the measured radioactive contamination of
the ZnWO, scintillator (or limits on their activities)
is given in Table in comparison with the results pre-
sented in [1].

Requirements to the level of radioactivity of
ZnWO, detectors, as well as ways to improve their
radiopurity have to be an object of further studies.
Some experimental researches and simulations are
already in progress.

The obtained results demonstrate possibility to
apply ZnWO, crystal scintillators to search for 23
processes in Zinc and Tungsten.
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Energy spectra of ZnWO, (119 g, 44.7 h), CaWO, (189 g,
1734 h), and CdWO, (448 g, 37 h) scintillation crystals
measured in the low background set-up. The CaWO, crys-
tal is considerably polluted by radionuclides from U/Th
chains. Beta decay of '"*Cd dominates in the low energy
part of the CdWO, spectrum. The background of the
ZnWO, detector is caused mainly by external y rays.

Radioactive contamination
of ZnWQO, crystals, mBq/kg

. ZnWO ZnWO
Chain Source present Stfl dy 1] 4
“’Th Th <0.1 <33
238U 226Ra < 016 < 04
Total o activity 2.4(3) <20

K <14 <12
Sr-Y <15 <12
Y7Cs <25 <20
*Sm <5 <18
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To search for rare processes in nuclear and particle
physics — such as double B decay, interactions of dark
matter particles with a detector, rare alpha and beta
decays, exotic disappearance of matter — an extra low
background is needed. This is achieved, in particular,
by: deep underground location of an experimental set-
up (to suppress cosmic muons flux), massive shield
(to decrease flux of external y quanta and neutrons
from environmental radioactivity), selection of high
purity materials for construction of a detector and the
closest layers of shielding. Because of the high Z
value, low activation cross section for environmental
neutrons, mechanical properties and reasonable cost,
lead continues to be an excellent shielding material.
However, unfortunately, modern lead contains a con-
siderable amount (up to 10°- 10* Bq/kg) of radioac-
tive isotope *'’Pb which has a quite long half life
(T12=22.3 yr). Chain *'’Pb (Q = 64 keV) — *"Bi
(Op = 1163 keV) — *"°Po (0,=5407 keV) — **Pb
(stable) can constitute sometimes the biggest part of a
background in experiments searching for rare decays.
On the other hand, *'°Pb is almost totally absent in
ancient lead due to its half life of 22.3 yr [1]. It is
evident that lead free from *'°Pb would be of extraor-
dinary interest in experiments aiming to see rare
events. Such lead also could be used to grow clean
crystal scintillators (such as PbMoQO,4, PbWO,) to be
not only passive but as well active shielding [2].
These crystals have also potential in searches for 23
decays of '"’Mo and W isotopes.

In June-August 2006 an expedition with the aim
to look for low radioactive archaeological lead at the
bottom of the Black Sea, near the Crimean peninsula
(Ukraine) was organised by a Korean - Ukrainian
collaboration. The first samples with ~0.2 tons of
total mass were found at a depth of 28 m among the
relics of an ancient Greek ship (see Figure). Their
age has been dated to the first century B.C. This lead
was used as ballast in the keel of the ship.

The element composition of the samples was
measured by means of X ray fluorescence and
ICP-MS analyses. The first preliminary limits on the
*1%b contamination of the samples are less than a
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few hundreds mBq/kg. The measurements were
performed using y spectroscopy with HP Ge detec-
tors and o spectroscopy with commercial o detec-
tors. Measurements of “°K, Th/U chains in the lead
samples were undertaken in Kyiv and in the under-
ground laboratories of the Laboratori Nazionali del
Gran Sasso (Italy); see summary in Table.

A real possibility exists to enlarge the present
quantity up to 1 - 2 tons. An improvement of meas-
urement's sensitivity is in progress.

e——

Samples of ancient lead found in Ukraine.

Limits (in mBq/kg) on the radioactive
contamination of ancient Greek lead from
spectroscopic measurements at LNGS

Nuclide | A | B | C
Y spectroscopy
ZITh <34 <27 <34
28 <28 <22 <25
K <0.25 <0.20 <0.22
cs <8 <7 <9
oL spectroscopy
210py | <460 | <370 | <330

* Starting from *°Ra.

This work is published in AIP Conf. Proc. 897,
125 (2007).

1. A. Alessandrello ef al., Nucl. Instr. Meth. B 61, 106
(1991); M. L'Hour, Rev. Archeol. Ouest 4, 113
(1987); E. Fiorini et al., Nucl. Instr. Meth. B 83, 539
(1993); A. Alessandrello et al., Nucl. Instr. Meth. B
142, 163 (1998).

2. F. A.Danevich et al., Nucl. Instr. Meth. A 556, 259
(2006).
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PET'YJIMPYEMbIA MHOTI'OKAHAJIbHBIV TEHEPATOP WUMITYJIbCOB,
UMUTHUPYIOIIUX CIHUMHTUW/IJIAIIMOHHBIE BCIIBIIIKH BOJIb®PAMATOB

B. B. KoOob1ueB

Hucmumym adepuvix uccnedosanuii HAH YVipaunvl, Kues

Bo MHOrHX CyIIecTBYIOIIMX M IUTAHUPYEMBIX
3KCIIEPUMEHTaX IO HCCJIEJOBAHMIO PEIKHUX pacma-
JIOB aTOMHBIX SIIEP U MOMCKY HU3KO3HEPIeTHYECKUX
3¢ dexToB, MpeAcKa3bIBaeMBIX TEOPHUSIMH 32 pamMKa-
Mu CTaHIapTHON MOJAENH, UCIONB3YIOTCS CUUHTHII-
JSIMMOHHBIE IETEKTOPHl HA OCHOBE MOHOKPHUCTAJIIOB
Bonb(ppamaToB [l - 10]. Ilupokoe mpuUMEHEHHUE
9THX CUUHTWUISTOPOB OOYCIIOBICHO WX XHMHYeEC-
KOH cTabMIBHOCTBIO M HETHTPOCKOMMYHOCTBHIO, CY-
IIECTBOBAHMEM XOPOIIO OTPaOOTAaHHON METOIUKH
oTAeneHus anbga-dacTull oT OeTa-yacTUI U raMma-
KBaHTOB Mo Qopme ummyisbca [11], oTHOCHTENbEHO
BBICOKHM CBETOBBIXOJIOM, BBICOKOW IIJIOTHOCTBIO H
Majol paauanMoOHHOW IMHON. Bece 310 obnerdaer
NPOBEJICHHE  JIOJITOBPEMEHHOTO  HHU3KO(OHOBOTO
9KCHEPUMEHTa U AAaeT BO3MOXKHOCTH 3((EKTUBHOTO
nonasneHus ¢Gora. OIHAKO OTHOCUTENIHHO OO0JNBIIOe
BpeMsi BbIcBeurBaHUs BoibppamaroB (10 - 15 mxc)
YCIIOXKHSET CHCTEMbl HaKOIUICHHUS JaHHBIX, OCOOEH-
HO B MHOT'OJICTEKTOPHBIX yCTaHOBKax. s ormnaaku
TAaKOTO POJia CHCTEM W HCCIIEOBAHHUS HX BpPEMEH-
HBIX CBOMCTB B Pa3lIMYHBIX PEKHMAX PAabOTHI B OT-
nene ¢uzuku nentoHoB AW HAH VYkpaunsl, y4a-
CTBYIOIIEM B OOJBIIMHCTBE BBIIICYNOMSHYTHIX JKC-
MEPUMEHTOB, OBLT pa3padoTaH MPOCTOM YeThIpeXKa-
HaJIBHBIA TEHEpaTop HMITYJILCOB, HWMHUTUPYIOIINX
CLMHTHUIALIMOHHBIC CUI'HAJIBI BOJIb(pPaMaToB, ¢ pe-
TYJIUPYEMBIMH 3a/IepKKaMH U aMILTUTYJaMH.

B koHKpeTHOH peanu3anuu reHepaTop ObUT cOO-
paH B Bume Onoka craHmapra «Bekrop» ABOWHON
NIMPHHBI, OHAKO OH MOXET OBITh BBHINOJIHEH Kak
6nok moboro moxxoxasmero crannapra (CAMAC,
NIM u T.1.), o0ecCreUnBaIOmEero CTadMIN3UPOBaH-
HBIE HaIpsDKeHUs nuTtanusg +6 um +£12 B, mmubo kax
HE3aBHCUMOE YCTPOMCTBO.

lenepatop 3amyckaeTcs MO HapacTaloLIEMy
(POHTY BHEIIHETr0 CHHXPOHMMIIYJIbCA, KOTOPBIN IO-
CTyHaeT Ha BXOJbI YETHIPEX HJCHTHUYHBIX TPAKTOB.
Kaxnpiii U3 HUX reHepupyeT 3aJepKaHHBIA OTHO-
CHUTEJIBHO BXOAHOIO CHHXPOMMITYJIbCA ITOJIOKUTEIIb-
HBIH aHAJOTOBBIM CUTHAJ, UMUTHPYIONIHU 110 (hopme
CIUHTWUIALMOHHYIO BCHBIIIKY C OTHOCHUTEIBHO KO-
POTKHM TiepeHIM (GPOHTOM (0KOJIO | MKC) | JITUH-
HBIM DKCIIOHEHIMAJIBHBIM 3aHUM (ppoHTOM (Bpems
3aTtyxaHus okoio 10 Mkc). 3agep:kka peryiaupyercs
HE3aBUCHUMO JUI Ka)KI0TO TPakTa B MHTEpBaJiE OT
0,05 mkc g0 20 mc. Peryaupyercs Takxe aMIUIMTyaa
BBIXO/IHOTO CHTHAaJIa KaKAOTO TPaKTa B TUAria3oHe
or 0 mo +10 B. Bce opransl ynpaBieHus Kaxa0To
TpakTa (IUIaBHAsI PEryINPOBKA 3aJCPKKH, IEPEKIIIO-

YaTesy JUara3oHoB 3aCPKKH, PEryIMPOBKa aMILIH-
TyJIbl) BEIBE/ICHBI HA TIEPETHIONO ITAHEb.

Kpome ananoroBoro cursana, Kaxablii TPakT re-
HepupyeT KopoTkuit (1 MKC) CHHXPOUMITYJIBC, OJTHO-
BpPEMEHHBIM ¢ HaYaJoM IepeIHero PpoHTa aHaJIoro-
BOTO BBIXOJHOTO CHTHaja. BBIXOIHBIE CHHXPOWM-
IIyJIBCBI TEHEPUPYIOTCs B cTangapre NIM.

AHaIOroBbIe CUTHABI IOCTYNAOT Ha CyMMarop,
KOTOPBIA CO3/IaeT CyMMAapHBIH aHaJOTOBBIN CHUTHAI
OT BCEX YETBIPEX TPaKTOB (BBIXOI «) A»). DTOT
CHUTHAJl MOXET OBITh HCIOJBb30BaH Ui OTJAJKH
CUCTEMBI HAKOTUICHVsI TaHHBIX C HENbI0 U3MEPEHUs
MEpPTBOTO BPEMEHH M WCCIIEOBAaHUS UyBCTBHUTEIb-
HOCTHM K IIeTIOYKaM OBICTPBIX MOCIEA0BaTENIbHBIX
pacmanoB, Hampumep  IHemodek - 'Rn - >'°Po
(T1,=0,145 ¢, paguOaKTUBHBIN PN 232Th) U T. I
JIt000#t W3 TPaKTOB MOXKET OBITh HE3aBUCHMO OT-
KJIIOYeH OT BXOJla CyMMaTopa C MOMOIIBIO MHUKPO-
nepektoyaTeneil, BHIBEACHHBIX Ha MEpeJHIOI Ia-
Henb. B pesynbrate Ha BBIXOJE «) A» MOXET OBITh
ot 0 10 4 aHAJTOTOBBIX MMITYJILCOB, KaXIbIH W3 KO-
TOPBIX UMEET CBOIO aMIUIUTYLy U BPEeMsl 3a/I€PKKH.
Ha nepenneit maneny 610ka HAXOIUTCS TepEKITIOYa-
TeIb «Y A+/—», TO3BOJIAIOMNNA WHBEPTUPOBATH BHI-
XOJHOW CHTHAJI CyMMAaTOpa aHaJOTOBBIX CUTHAJIOB.

CUHXpOUMITYJIBCHl BCEX TPAaKTOB JIOTMYECKU
CYMMHUDPYIOTCS M TIOJAlOTCS Ha OTAEIBHBIA BBIXOJ]
«3.T». OHH TaKkke MOTYT OBITh HE3ABHCUMO OTKIIFO-
YeHBI OT BXO/1a JJOTHYECKOr0 CyMMaTopa.

Brox OblT MCTIONB30BaH AJIs HallAXKUBAHHUSA JKC-
MePUMEHTAIBHON CHUCTeMBl Habopa JaHHBIX, KOTO-
past pa3pabaTbiBaeTcst sl HU3KO(POHOBOM CIMHTHII-
JISIUOHHOW MHOTO/IETEKTOPHOM YCTaHOBKH, MTpeTHA-
3HAYeHHOH [IJIs1 HCCIIEIOBAHMS PEIKHUX ITPOIIECCOB.

1. Yu. G. Zdesenko et al, Underground Physics-87:
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PRELIMINARY RESULTS ON THE AXION MASS LIMIT
FROM MEASUREMENTS WITH LiF SAMPLE

P. Belli', R. Bernabei', F. A. Danevich?, V. I. Goriletsky’, B. V. Grinyov’,
A. Incicchitti!, V. V. Kobychevz, M. Laubenstein®, V. M. Mokina?, S.S. Nagornyz,
S. Nisi®, O. G. Shkulkova®, V.. Tretyak2

'Dip. di Fisica, Universita di Roma “Tor Vergata” and INFN, Rome, Italy
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine
*Institute for Scintillation Materials, Kharkiv, Ukraine
4Dip. di Fisica, Universita di Roma “La Sapienza” and INFN, Rome, Italy
’INFN, Laboratori Nazionali del Gran Sasso, Assergi (AQ), Italy

Axion is a hypothetical particle which was pro-
posed to solve the so-called problem of CP violation
in strong interactions (see [1] and references
therein). If it exists, Sun could be intensive source of
axions. In particular, they could be born in M1 tran-
sitions from the first excited level (Eex.= 477.6 keV)
of "Li (populated in decay of 'Be inside the Sun) to
the 'Li ground state, when axions could be emitted
instead of y quanta with some probability which is
related with the axion mass. Coming to Earth, such
axions could be further captured by "Li nuclei on
Earth, leading to their excitation. In deexcitation
process usually y quanta will be emitted, and these y
quanta (with energy of 477.6 keV) can be observed
with some proper detector.

With aim to search for 'Li solar axions, few LiF
samples (containing 'Li with abundance of 92.41 %)
were measured in underground conditions (3600 m
w.e.) of the Gran Sasso National Laboratories of the
INFN (Italy). Low background HP Ge detectors with
volume of 408 cm’ and 244 cm® were used.

Spectra collected with two LiF samples are given
in Figure around expected 478 keV line. Top part
shows data for LiF powder with mass of 243 g
measured during 722 h. This sample is heavily pol-
luted, as it is evident from comparison with the de-
tector background (lower line in Figure (top)). Peaks
corresponds to y lines at 463, 511 and 583 keV
(**®*Ac and *®*T1 from **Th chain). Peak with energy
478 keV is absent, and only limit on its area can be
given as $<39 at 90 % C.L. Limit on the axion
mass can be calculated with the help of relation (see
[2] and further references):

my=1.55-10" - [S/(eN1)]"* eV,

where S is area of the expected peak (or its limit at
certain C.L.), € is efficiency of the peak detection
(calculated as 4.4 - 107%), N is number of "Li nuclei
in the sample (5.23 - 10%), ¢ is time of measurements
(in seconds). With above given values we get limit
(at 90 % C.L.): m,<13.9 keV which is better than
16 keV — the best bound measured with 'Li samples
previously [2].
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Spectra measured with two LiF samples: fop - LiF powder
(mass of 243 g, 722 h of data collection with HP Ge
408 cm’); bottom - LiF crystal (224 g, 303 h, 244 cm®).
Backgrounds of the detectors are normalized to time of
the samples measurement.

We expect to increase sensitivity of measure-
ments further with LiF samples of higher purity. In
Figure (bottom) spectrum of LiF crystal with mass
of 224 g is shown in comparison with background:
they practically coincide. It is evident that pollutions
usually present in LiF powder (see top part) were
eliminated in the process of the crystal growth. Big-
ger sample of the LiF crystal and longer measure-
ments are in preparation now.

F. A. Danevich, V. V. Kobychev, V.M. Mokina,
S. S. Nagorny, O. G. Shkulkova, V. I. Tretyak were
supported in part by the Project "Kosmomikrofizy-
ka” (Astroparticle physics) of the National Academy
of Sciences of Ukraine.

Raffelt, J. Phys. A 40, 6607 (2007).
Derbin et al., JETP Letters 81, 365 (2005).
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DEVELOPMENT OF SILICON MICROSTRIP TRACKING DETECTORS
FOR THE CBM EXPERIMENT AT FAIR

V. 0. Kyva', O.S. Kovalchuk', A. O. Lymanets'?, O.V. Mykhailenko', V. M. Militsiya’,
V. M. Pugatch', J. M. Heuser’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2now at FIAS, J.W. Goethe University, Frankfurt, Germany
3GSI, Darmstadt, Germany

KINR participated in the beginning develop-
ment of the Silicon Tracking System (STS) for
the FAIR experiment CBM at GSI (Darmstadt,
Germany). The STS is the main component of
the CBM experiment and will perform charged
particle tracking and high-resolution momentum
measurement with detector stations composed of
microstrip detectors. A low mass STS is one of
the key requirements of the experiment to mini-
mize multiple Coulomb-scattering of charged
particles in the detector and support materials.
This may be achieved with a low-mass mechani-
cal support and by avoiding active readout elec-
tronics and its infrastructure in the aperture of
the STS.

We have been working on the design of a
first mechanical support prototype for the STS
with focus on studying low-Z material and ther-
mal stability. First prototypes of a support frame
with 60 x 200 mm’ size have been produced at
the Aeroplast private company in Kiev, utilizing
composite materials such as carbon fiber and
light foams with densities of 0.1 - 0.2 g/cm’. A
first sample demonstrated mechanical rigidity
and a thickness of 1.6 mm. A special design has
been developed for investigating cooling by
circulating a liquid agent in hollow plates.

The readout of the microstrip sensor shall be
performed through low-mass long readout cables
with the same pitch as the sensor strips. We
designed a micro cable with 25 pm wide, 20 pm
thick Al strips of 50.7 pm pitch on 40 um thick
kapton film. The pitch of the strips was chosen
to match that of the readout chip n-XYTER that
will serve for detector prototyping in the CBM
experiment. Two main problems have been
taken into account when creating the design of
micro cable. First, it must have high radiation
tolerance. Second, it must feed signals at dis-
tances up to 0.5 m, which creates high input
capacitance for read-out micro chip. This prob-

80

lem has been simulated using micro cables of similar
structure, but with less capacitance. In this approxima-
tion pick-up signal was of the order of 1% of the main
signal. At the moment first samples of micro cable have
been produced at IMD (Kiev) and pick-up problem is to
be investigated.

In 2007, first double-sided silicon microstrip detector
prototypes have been produced in cooperation of GSI
with CIS (Erfurt, Germany). Most of the wafers showed
acceptable leakage current under depletion of up to a
few hundred Volts. Since many more wafers will be
produced in the future we started to develop a database
to store the quality acceptance measurements that can be
accessed with a graphical user interface based on a
ROQOT shown in Figure.
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Graphical user interface tool for access
to the Si sensor database.

Forthcoming activities of the detector prototyping in-
clude the assembly of first STS microstrip modules in-
cluding front-end electronics and read-out chain for in-
beam tests.
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CUCTEMA PAJIAIIIAHOIO MOHITOPUHI'Y KPEMHIEBOI'O TPEKEPA
EKCHEPUMEHTY LHCb

0. 10. Oxpimenko, B. M. IIyrau, B. M. fIkoBenko, O. B. [Inannyenxo, M. C. bopucosa,
B. O. Kura, O. B. Muxaiinenko, O. C. KoBaabuyk

Tncmumym aoeprux docaioxceny HAH Yrpainu, Kuig

[ToToKM YacCTHHOK, IO OYIKYIOTBCS B €KCIle-
pumenti LHCb, HaBiTh Ipu HOMiHAaJIBHOMY CBITiHHI,
JIOCUTH BUCOKI (iHTerpanpHa mo3a Oinst 60 k['p) ams
CyTTEBOTO BIUIMBY Ha po0OTy  KpPEMHIEBUX
MIKpPOCTPINOBUX CEHCOPIB BHYTPIIIHEOTO TpeKepa
(BT) LHCb Ta 3untyBansHOi enexTpoHiku. Yepes e
HEOOXiTHO MOHITOPYBaTH paiialliiiHe HaBaHTaXCH-
Hs, 100 BHUKIIOUNTH PYyHHYBaHHS KOIITOBHOTO 00-
JagHaHHS ekcrepuMeHTy. [loTpiOHO BuMipiOBaTH
MOTJIMHEHY 103y «on-line» Ta 30epiratu BUMIipsHi
JaHl IS aaeKBaTHOI KOPEKIii CHCTEeM IMiATPUMKH
pOOOTH KpPEMHi€BUX MIKPOCTPINOBUX JI€TEKTOPIB.
Came 1e i € roJoBHUM NPU3HAYEHHSIM CHUCTEMH pa-
miariitaoro monitopuary (CPM). [lani, BUMIipsHi
CPM, noBuHHI nepegaBaTucs 10 MyJbTiB KEPyBaHHS
npuckoproBaibHIM Komiuiekcom LHC Ta excnepu-
menty LHCD [1].

CPM crBopena Ha 0a3i MeTaneBUX (OIBrOBUX
netektopis (M®/]). [Ipuanun pobotn M®/[ — BTO-
punHa enexTpoHHa emicia (BEE) 3 moBepxni metamy
npu OomOapayBaHHI HOTO 3aps/DKEHHMH dYac-
tuHKamMu. Ha ¢onb3i yTBOprOeThCS MO3UTHBHUH 3a-
psin, SIKUH 34UTY€TbCA UYTJIMBUM 3apsIOBUM iHTe-
rparopom (31), cerianbpro po3podiiennm y A1, 'o-
TOBHH TpHJal TPEACTaBIsIE COOOI0 M SITUIIAPOBY
CTPYKTYpY 3 aJIOMiHi€BUX (OJIBI: cepeans (obra —
ceHcop (mix’equyerbes no 31), ABi cycimHi 3 ceHco-
poM (onbru — MPHUCKOPIOKYI (HA HUX MOJAETHCS
no3utuBHa Hanpyra ~20 B (mpu Bigcrani Mix (oib-
ramMu 3 MM) Ui TIOBHOTO 300py BTOPWHHHX €IIeK-
TPOHIB) Ta /B KpaiiHi (onpru — expanyiodi (BOHH
3a3eMiIol0ThCs). M®DJI mae psanm mepeBar mepen
IHIITUMU AETEKTOpaMHU, TOMY OyB BHOPaHHH y SKOCTI
CPM mnsa BT. HaiiBaknmuBimuMu HOTO TIepeBaraMu
€: BHCOKa pajialliifiHa CTiHKIiCTh, MaJla Maca JIEeTeK-
TYI0UOi PEYOBHMHH, MPOCTa KOHCTPYKIIsA, Majia po-
0oua Hanpyra (20 B) Ta HU3bKa miHA [2].

Burorosneno gwotupu moayns CPM, mo O6yayTs
po3tamosani Ha [T-2 cranmii. CPM cknanaerbes 3 7
ceHcopiB (75 x 110 mm) Ta Mae 3aranbHi TabapuTH
535 x 147 x 10 mm. Moayni CPM Gynm mpotec-
toBaHi B S]] mis Toro, mo0 BU3HAYMTH XapakTe-
PUCTHKH BIATYKY CHUCTEMH Ha 1OHI3ylOuYe BHIIPO-
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MiHIOBaHHS Ta 3MiHY BIATYKY 3 4acoM. TecTyBaHHS
TPOBOJIMIIOCS 33 JOMOMOTOI0 JDKEpena 'S aKTHB-
HicTio 5 MBK, ToOTO mpu Hamiiii reoMeTpii Ha CeH-
cop mpumagano ~10° B-gactuHok. BukopucToByBa-
mcs 31 3 kouBepciitauM ¢akropom 100 I'p va 1 mA.
31 ocHaleHO MEPEeTBOPIOBAYEM ‘‘Halpyra-4acrora’,
ToMy Ha Buxomi Maemo TTL-curmam 3 dactoToro
MPOMOPLIiHHOI0 cTpyMOBi Ha Bxoi 3.
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3miHa Biaryky CPM 3 wacom.

BumiproBanHi mpoBoauincsa 3 6epe3Hs MO KOB-
teHp 2007 p. Pesynpratu mocmifiB mokasanu, IO
CPM mpamroe i Mae XapaKTepHCTHKH, IO 3a-
JIOBOJILHSIOTH YMOBH EKCIIEPUMEHTY. Biaryk cuc-
TEMH KOJIMBAE€THCA B Mexax Bifg 540 mo 720 I'm 3
BiTHOCHOIO TIOXHMOKOI0 1 - 8 % 3anexHo Bix ceHcopa
(muB. pucyHok). Takox i3 WX BUMIpIOBaHb OYJI0
ouiHeHO KoHBepciiiHuii ¢pakTop MD/] naHOi KOHCT-
pykuii, mo craHoBuTh 50+ 5 BTOPUHHHUX e€JEK-
TPOHIB Ha OJHY [-9aCTHUHKY.

1. The LHCb Collaboration, LHCb Technical Design
Report, CERN/LHCC 2003-030, LHCb TDR 9, Sep.
9,2003.

2. V. Pugatch et al., Radiation Monitoring System for
the LHCb Inner Tracker, LHCb Note 2002-067.
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MANY-PARTICLE NUCLEAR REACTIONS WITH RADIOACTIVE IONS -
A SOURCE OF NEW DATA

V. M. Pugatch

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Many particle final states of nuclear reactions
represent the most general class of nuclear proc-
esses already at energies above few hundred
MeV. There are some peculiarities in the data
obtained at the kinematical complete studies of
the many particle nuclear reactions [1, 2]. Their
theoretical treatment is very complicated in
terms of exact many-body problem even for
simple final states with few nucleons. Nonethe-
less, proper choice of kinematical conditions
allowed a selection of a phase space with pre-
vailing contribution from two-body interaction,
either at the initial stage of interaction (quasi-
free scattering) or at the final stage of nuclear
reaction (final state interaction or sequential
decay). Using radioactive ion beams (RIB) one
can consider more exotic pairs of interacting
nuclei thus reaching earlier non-available region
of data for studies with a possibility to observe
an impact on well-known data due to such pecu-
liarities of RI like neutron halo etc. Scattering
exotic projectiles (like extremely neutron-rich
radioactive nuclei) on different nucleus one
could further study the phenomena of the break-
up cross-section dependence upon the nuclear
surface properties (Nemets effect in a deuteron
break-up).

In general, the scientific problems for studies
of many-particle nuclear reactions with RI could
be summarized as follows: the nuclear structure
and reaction for nuclei far from -stability line;
the synthesis of new nuclides near drip lines and
new super heavy nuclides; the properties of
asymmetric nuclear matter with extra large iso-
spin; nuclear astro-reactions.

The existence of the neutron tail in a neutron-
rich projectile may initiate a different surface
response (giant resonance excitation). For in-
stance, the branching ratio for GQR- decay
products might be affected. Neutron halo of the
RI-probe could affect the branching ration in a
way that due to the polarization by the Coulomb
field excitation of the GR will be initiated by a
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neutron tail while its decay occurs in a Coulomb and
nuclear field of a core of the scattered RI. New modes
are possible which involve oscillations of the skin
against the core. Such excitations will only be found
with intense sources of neutron-rich radioactive beams.

Exclusive chance to get new data on interaction of
unstable nuclei is introduced by kinematical complete
studies of 3- and 4-particle final states of nuclear reac-
tions. Namely, in this way the data on such important
interaction like the one between neutrons were obtained.
Collision experiments with beams of very neutron-rich
and very neutron-poor isotopes will explore the asym-
metry energy term in the equation of state of nuclear
matter. This term is important in understanding the
properties of neutron stars. Till now a pure neutron mat-
ter is only found in neutron stars. Many-particle nuclear
reactions with RI may lead to a discovery of the neutron
matter in the earth conditions. The proposal for search-
ing neutron nuclei created in three-particle nuclear reac-
tions was presented in ref. [3].

Interference phenomena established in studies of
three-particle nuclear reactions will certainly contribute
into definite regions of phase space of many-particle
nuclear reactions with radioactive ion beams. Interfer-
ence phenomena can shed light on different aspects of
nuclei-RI interactions which hard to establish in tradi-
tional scattering experiment due to some peculiarities
like 2" - factor of resonance enhancement (constructive
phase shift), deformation of the resonance (destructive
phase shift), both might be a signature of contribution
into the same region of the phase space by competing
states with different quantum numbers.

We start to consider intention to join studies with
RIB at the European Facilities.

1. V. Pugatch, Proc. of the Second International School on
Nuclear Physics, Kiev, June 25 - July 2, 1991 (Kiev,
1992), p. 28.

2. V. Pugatch et al., Particle and Nuclei 23, 1035 (1992).

3. V. Pugatch, Proc. of the International Conference, Foros,
1-50Oct., 1991 (World Scientific, 1991), p. 149.
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SAJEPHA ®I3MKA

TEHEPALIA V' YACTUHOK Y MPOTOH-AJIEPHUX 3ITKHEHHSIX IPHU Js =41.56 T'eB

B. €. Aymes, C. B. IIpuctyna, B. M. IIyrau

ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig

BuB4eHHs reHepallii IUBHUX YaCTUHOK Ma€ J10B-
Iy icTOpito, aje i ChbOTO/HI JeTanbHe PO3yMiHHS iX
MEXaHI3MIB HApOKEHHS € BAaXKUM 3aBJAaHHSIM B
koHTekcTi KXJI. OTxe, Kpamie po3yMiHHS MIPOIIECIB
reHepanii i OUIbII TOYHA CUMYJISIIiSl YTBOPSHHS Yac-
THHOK, 0COOJIMBO B MPOTOH-IJEPHHUX 3ITKHEHHSX, €
HEOOXITHUM [UIsl BHUBUEHHS aTMOC(EpHUX KOCMid-
HUX 3JMB, & TaKOX JUIA PO3YMIHHS POJIi JMBHUX
YaCTHHOK Yy TpoLeci IiarHOCTHMKH BHHUKHEHHS
KBapK-TJIFOOHHO] IIa3MHU.

ExcriepuMenTanbHi 1aHi HaOMpamucs B MiKHA-
ponHoMy nmociigHuibkoMy nieHTpi DESY Ha criekt-
pometpi, moOynoBaHomy konoOopamiero HERA-B
[1]. IIporsarom 2007 p. Oys0 TOBHICTIO 3aBEPIIEHO
aHaJli3 JIaHUX 1 MIATOTOBJICHO MyOJIIKAIiI 3a pe-
3yJlbTaTaMd aHanizy. BumipsiHo # AociimkeHo mo-
BEJIHKY 1HKIIFO3MBHUX TOJBIHHO-AM(epeHITiiTHIX
riepepi3iB HapokeHHsT Ko, A 1 A SK QYHKIIIO TIe-
peminHoi ®eiliHMaHa X, Ta KBajpaTa IONEPEYHOL
KOMIIOHEHTH IMIYJILCY p; Yy 3ITKHEHHSX POTOHIB 3

BYIJICLIEBOIO, THTAHOBOIO 1 BOJIB(PAMOBOIO MillICHSI-
MH. BuUMipIOBaHHS NOKpHUBAIOTb HETaTUBHUH X,

perion -0.12<x, <0 i perioH nonepeyHoro imIyJb-
cy ax g0 0 < p% <25 (FeB/c)z. TakoX IOCHIIKEHO

3alIeKHICTh BUMIPSHHX TEepepi3iB BiJ aTOMHOI Macu
Marepiaiy MillleHi (JUB. pUCYHOK), TOOYJOBaHO JTU-

(epeHuiiHI po3noinu napamerpa O (cepenHi 3Ha-
yeHHs O craHoBiarhk 0.957 + 0.009, 1.004 + 0.10
10.975 + 0.014 s K2, 4i A BIZIMOBI/THO) SIK (YH-
KI[if0 TIEPEMIHHOT X, 1 p; , BUMIPSHO TIOBHUIA Tie-
pepis renepanii V° wactuHOK Ha HyknoH, 10.33 =+
+0.90, 6.13 = 0.611 1.68 = 021 ans Ko, 4i 4

BimmoBigHO. Byno mobynoBano mudepeHIliiiai pos-
MOJIIM BiIHOIIEHbL AHTHYACTHHKA/JaCTHHKA, a Ta-
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3anexHICTh BUMIPSIHUX Tepepi3iB BiJl aTOMHOI MacH
MaTepiamy MimieHi. JliHiAMH 300pakeHO OmHC pe-
3yJNBTATiB BINMOBITHO IO Mapamerpu3amii o= A4”.
IToxuOKM HaBENEHO CTATUCTHYHI Ta CUCTEMATHYHI.

KOX Me30H/0apioH 3aexHO Bif X, 1 p; . OTpuma-

Hi pe3yNbTaTH MOPIBHIOIOTHCS 3 JAHUMHU BiJl 1HIIIHX
EKCIIEPUMEHTIB [2], a TaKOX 3 TCOPETUIHHMH PO3-
paxynkamu EPOS 1.67 [3]1 PYTHIA 6.3 [4].

3HauHa poOOTa MpoBeeHa HaJl BU3HAYCHHSIM CH-
CTEMAaTHYHHX MOXHOOK, iX 3HAUCHHS 3HAXOAATHCS B
Mexax 5 - 9 % (4 - 5 %) 3anexxHO Bi YaCTUHKHU
(MaTepiary MillIeHi).

1. E. Hartouni et al., HERA-B Design Report, DESY-
PRC 95/01 (1995).

2. 1. Abt et al., Eur. Phys. J. C 29, 181 (2003) and their

references [1 - 24].

K. Werner et al., Phys. Rev. C 74, 044902 (2006).

T. Sjostrand et al., Comp. Phys. Commun. 135, 238

(2001).
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CTBOPEHHSI MAJIOTABAPUTHOI IMPUCKOPIOBAJILHOI TPYBKHU J1JIs1 TEHEPAIIII
HEUTPOHIB TUIY HTI-2M

M. ®@. Koaomieus, O. B. Kopanenko, H. A. Ky6aii, B. M. Porozin, O. K. Cepena, A. ®. lllapos

Tncmumym aoeprux docnioxcens HAH Yxpainu, Kuis, Ykpaina

OcTtaHHIM 4acoM 3pOCiH BUMOTH 110 (Qi3UKO-TEX-
HIYHUX XapaKTePHCTHK 3alasHUuX HPUCKOPIOBAIIb-
HUX TpPyOOK &S TeHepalii HEHWTPOHIB, 0COOIHMBO
THUX, II0 BUKOPHCTOBYIOTHCS B CBEP/JIOBHHHIN aria-
paTtypi Ans TOIIYKY Ta KOHTPOJIO 32 pPO3POOKOI0
POZOBUIL KOPHCHUX KOMaJIMH. 30KpeMa, MOTPiOHO
3a0e3neunTH CTabiIbHYy pPOOOTY CBEPIIOBUHHOTO
reHeparopa IpU TeMIIepaTypi OTOYYIOUOTO cepeio-
Buia~150 °C, 30L1bIIMTH HA TOPSAIOK pecypc pobo-
TH TeHeparopa 0e3 3aMiHU MPUCKOPIOBAIBHOI TPYyO-
KU, PO3UIMPHTH YaCTOTHHH Jiana3oH reHepalii Heil-
TPOHHHUX IMITYJIBCIB, 301TBIINTH MEXaHIYHY Ta eleK-
TPUYHY MIIHICTh TPYyOKH, 3MEHITUTH rabapuTHI po3-
Mipu TpyOKkH 1 Take inme [1].

Tomy B nabGoparopii (Qi3UKO-TeXHIYHUX MpobIeM
JoKepen simepHux BurpomiHioBaHb B 2007 p. mpose-

719

s

JicHI poOOTH 332 HAYKOBO-TEXHIYHMM IHHOBAIIHHUM
MPOEKTOM, B Pe3yJIbTaTi SIKOTO CTBOPEHO Masorada-
PUTHY TpHCKOpIOBaNbHY TpyOky tumy HTI-2M, a
came: po3po0JIEHO KOMILIEKT pobou0i KOHCTPYKTOP-
CBKOi JOKyMeHTalii Ha TPYOKY; KOMIIJIEKT TeKCTOBOI
KOHCTpyKTOpchkoi mokymenrtamii (TY, TO, IIC,
[IM); po3poOieHO TEXHOJOTIYHE OCHAIIEeHHS s
BUTOTOBJICHHSI TPYOKH Ta iHIIIE.

Heiirponna tpyoka HTI-2M sBnse coboro Mme-
Tano-KepaMivyHui Kopmyc (puc.l), B sikoMy po3mi-
IICHO JDKepesno ioHiB Tumy [leHHIHTa, CXOBHILE
TpUTii-aelTepieBoi cyMmilri, eneKTpoau 10HHOI reo-
MeTpii IS IPUCKOPEeHHs Ta (JOKyCyBaHHS 10HIB, TH-
TaHOBA MIIIEHEL, BUCOKOBOJIBTHHH 130JITOP, aHTHIN-
HaTPOHHHH €JIEKTPOJI, KOJIEKTOP.

e o

1535
*

Puc.1. IIpuckoproBansHa HeWTpoHa TpyOka HTI-2M. 1 — TutaHoBa MimeHb; 2 —BHCOKOBONBTHHH i307TOpP; 3 —

aHOJ JuKepena 10HiB; 4 — KaTo[ JUKepena 10HIB ; 5 — Kopmyc.

3a HammMu po3paxyHkamu TpyOka HTI-2M mo-
BUHHA MAaTH iJIeHTHYHI (PI3UKO-TEXHIUHI Xapakrte-
puctuku 3 Tpyokoro HTI-2 [2], ale B 3HAYHO MEH-
muX TrabapuTax, IO JacTb MOXIUBICTH 3acTO-
COBYBaTH 11 B CBEP/UIOBUHHIH amapaTypi KOTPOJIIO 3a
pO3p0o0KOI0 Ta30HAGTOBUX POIOBHIII.

1. B. M. T'yasko, A. A. Kimrounukos, H. @. Kono-
muetl, JI. B. Muxaiinos, A. E. [llukanos. MoxHo-
BaKyyMHbIE TIPHOOpPBI U TeHepauu HEHTPOHOB
B 2J1eKTpoHHOU TexHUKe. Kues «Texnuka» 1988.

2. TV 95 2262-91. TpyOku yCKOpHUTENBHBIE Ta30-
HanosnHeHHble Thna HTT-2.

84 IHCTUTYT SAJIEPHUX JOCJIJPKEHb HAH YKPATHU



SAJEPHA ®I3MKA

NCTOYHUKHU MOHOB TBEPJAbIX BEIIECTB JJISA MACC-CEITAPATOPA “KINRIS”

A. E. BaabkoB, A. B. lembsinoB, A. U. Koaocos, T. II. Pynenko

Hnucmumym soeproix uccreoosanuii HAH Yrpaunot, Kueg

Pa3zpaboTanpl, W3rOTOBIEHBI W WCIBITaHBl Ha
CTEHJ€ JBa UCTOYHUKA MOHOB ISl Macc-cenaparopa
“KINRIS” (w30TOmHEIN cemapaTop KueBckoro Mu-
CTUTYTa SJIEPHBIX HCCIEAOBaHUil): IyroBOH HCTOY-
HUK U MCTOYHUK TuUna @pumaHa, KOTOpbIE YCTaHaB-
TUBAIOTCS Ha YyHH(PHUIMPOBAHHOW 0a30BOH KOH-
CTpyKuuu. s AyroBOro MCTOYHHKA TBEPIBIX Be-
LIECTB pa3paboTaH METOJ IMOJIyYeHHs IapoB 3THUX
BEILIECTB C MOMOIIBIO CHELUAIBHOIO TUIJIS - II€YH,
pacIioIOKEHHOW IOJ AHTUKATOAOM C OTBEPCTHEM.
OTOT METO]] O3BOJIAET PEryJINpPOBaTh CKOPOCTD IIO-
Jlaud TBEPAOIO BELECTBAa HE3aBUCHUMO OT peXHMa
paspsima w 0e3 TepeMemleHHs PacHbUISIOMIErocs
3JIEKTPOJia 3a CUET IKCTPAKIMHU M3 IUIa3Mbl MOHOB
WM 3JIEKTPOHOB, IIOTOKM KOTOPBIX HAIpaBiEHBI Ha
pabouee BemiecTBO. [lJiT MOHHBIX MCTOYHUKOB pPa3-
paboTana OpWTHHAIbHAS KOHCTPYKIHS pPa3psIHON
KaMepbl, 00beIMHSIONAs KaMepy C TUTJIEM M Harpe-
BATEJIbHBIM 3JIEMEHTOM.

HcTOYHUKN MOHOB JIJIs Macc-CENnapaTopoB JOJIK-
HBl Y/OBIETBOPATH PSIy BaKHBIX TPEeOOBAHMIA:
obecrieunBaTh 0OJIBIINE HHTEHCUBHOCTH, UMETH JI0-
CTaTOYHO MaJjble 3MUTTAHCHl NPU MUHUMAIBHOM
pa3bpoce dHepruH, JITUTEIbHbIH CPOK HENPEPhIBHOM
paboTHI U 1.

B mocraTouHol Mepe 3TUM TpeOOBaHUSIM YIOB-
JIETBOPSIET TyroBoil wcTo4HWK uoHOoB PIS100

(puc. 1).

Puc. 1. Uctounuk nonos PIS100 ¢ u3ommpoBaHHEIM
AHOJIOM, TIOJIBIM aHTUKATOJIOM U THUTJIEM.

JIlyToBO# HCTOYHHK MOXET paboTaTh B MTHPOKOM
JMara3oHe TeMIeparyp napooOpazoBaHus pabodnx
BEIIECTB, HO TEHEPUPYEMbIE UM ITyYKH HOHOB HFIMeE-
IOT JIOCTaTOYHO OOJbINVE 3HAYEHUS SMHUTTAHCA U
HeMaJbld pa3dopoc mo sHepruu. C Ienbio ycTpaHe-
HUS ATHX HEJOCTAaTKOB HaMU OBLI pa3paboTaH HC-
TouHuK noHOB THa ®pumana FIS100 (puc. 2) [1].

L[OPIYHUK - 2007

Puc. 3. ba3oBast KOHCTPYKIIMS HCTOYHIUKOB HOHOB.

Ucrounuku nonos PIS100 u FIS100 BeimomHeHBI
Ha yHH(QHUIUPOBAHHOW 0a30BOM  KOHCTPYKIHU
(puc. 3) [2], TepMETHYHOCTH KOTOPOH OOecCIieunBacT
CHI)KCHHE pacxoja IUIa3Moo0pa3yroliero rasa u
OTPaHMYUBAET BBHIOPOCH paboyero BellecTBa  3a
TIpeneNbl NCTOYHMKA, a TakXke oOecreunBaeT pabdo-
yre HanpsbkeHus ao 50 kB. O6a mcroynmka pac-
CUMTaHbl HA T[OJYYCHHE HWOHHBIX TOKOB JIO
25 +35MA. llpoBeneHsl HCCIIEMOBAaHUSA pPabOUNX
XapaKTCPUCTHUK 3TUX UCTOUYHHUKOB Ha CTCHAC.

1. A.E.BamekoB u Op. Ilpenpunm KHAU-05-3 (IH-T
snepanx nocin. HAH Ykpainu, Kuis, 2005), 4 c.

2. A.E.Banbskos, A. B. lonuuckuii, Snepua ¢isuka ta
enepreruka 2(18), 124 2006.
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JKEPEJIO HETATUBHO 3APAKEHUX IOHIB BOJHIO JIUIA HUKJIOTPOHA VY-240

0. €. Baabkos, O. B. Jlem’sinos, O. M. Kosocos, T. II. Pynenko

Tncmumym aoeprux docaiosxcens HAH Yrpainu, Kuig

Jlnst omepkyBaHHS IHTGHCUBHUX ITyUKiB ITPOTOHIB
Ha IUKJIOTPOHI Y-240 HE0OXiTHO 3MIMCHUTH BHUBE-
JCHHS Ty4YKa 3 MPHUCKOPIOBaYa METOAOM OOAMpaHHS
EJIEKTPOHIB. 3 Ii€F0 METOX OyII0 po3pOOIIEHO HKepe-
JI0 HETaTHBHO 3aps/DKEHHX 10HIB BOMHIO (puc. 1).
[lepenbavaerbcst, mo mkepeno Oyle TeHepyBaTH
ITy4YKH 3 IHTEHCHBHICTIO JEKibKa Mimiammep. Y Ke-
peii BHKOPHCTOBYETHCS €PEKTUBHUN METOM Onep-
*aHHA 10HIB H', a came moBepxHEBO-IUIa3MOBHN Me-
ToJ Oe3 BUKOPUCTaHHS MapiB 1e3it0. [oHHe Kepeno
Mae Bl KaMepu: mepiia — Ul MOTYXHOCTPYMOBOTO
PO3psiay; Apyra — Jjist C1a0KOCTPYMOBOTO Ta HU3BKO-
BOJILTHOTO pO3psiay. Y ApYyTidl Kamepi BUKOPUCTOBY-
BAJIUCA €JIEKTPOIH 3 MAIOI0 pOOOTOI0 BUXOIY €JIEKT-
poHiB. [ToTyKHOCTPYMOBHI pO3psa y MepIIiid Kamepi
BUKOPHCTOBYBABCA ISl IMCOLialii Ta ioHi3awii Moe-
KyJI BOAHIO. [3 mepiuoi kamepu MO3UTHBHO 3apsiKEH]
IOHH EeKCTparyloTbCsl B JAPYTYy KaMepy B HAIPAMKY
HIUTMHA JDKepesia, W MOTIM Ha MOJIEKYJIaX 3aJIHIIKO-
BOT'O ra3y JApyroi kamepu BiOyBaeTbcsl mepe3apsiaka
moH'.

Karoa 1

AuTHKaTOA 2 g — a3

AnTHkaTon |1

KaTon 2

Pospaauna
Kamepsa 2

Pospsaua

lonisaTop xamenpa 1

Po3psa S

Pospsua L

Puc. 1. Cxema koHCTpYKLIT Jukepena ioHiB H .

VY npyriit kamepi [1, 2] B sIKOCTi KaToga Ta aHTH-
KaToJja BUKOPUCTOBYIOTHCS KPUCTAIN TE€KCOOOPHIY
nantany LaBg, sikuil € 4yJoBUM eMiTepoM eJIeKTpo-
HiB. Y Hamomy BUIAIKy rekcaOopHI JIaHTaHy BU-
KOPUCTOBY€TbcS y (OpMi TOHKHX IUIACTHHOK, IO
MOOIYHO HArpiBalOTh KaTOM Ta aHOJ.

36inbirenHs necop6buii H ioHIB 3 moBepxHi i0Hi-
3aTopa MOXJIMBO 3a JIOTIOMOTOI0 METOoxy Oombap-
IyBaHHS Ii€] MOBEPXHi IIO3UTHBHO 3apsIKCHUMH 10-
HaMU BOJIHIO, SIKi €KCTPAryIoTh i3 ra30BOT0 PO3PSIY.
3 1i€r0 METOIO BapitOEThCA HETAaTUBHHUM MOTEHITIAT Y
niamazoni 0 + 250 B, sikuil mpukiagaeTbes 10 10HI-
3atopa (puc. 2).

Sxmo cTpyM ionis H', ski ekcTparyiothes 3 raso-
BOTO pO3psIy B JAPYTiii ra3oBiii kaMmepi Ha 10HI3YIO-
4yni enekTpon (ioHizatop) nopsaaky 1 A, a koedimieHT
posnopomenHs nopsaaky 0,1, To crpym ionie H™ 3
10HI3yr0UOi TIOBEepXHI 10HI3aTOpa Oyae TMOpSIKy
10 MA. [lonatkoBo H' ioHM, ojepkaHi B HH3BKO-
BOJITOBOMY Ta30BOMY pPO3psiAi B APYrid Kamepi, a
TakoXk npu oonupanni H' ioHiB B 3anMIIKoBOMYy rasi
IanyTh oBHUM cTpyM H, sxmit Oinbie 12 MA. Take
IpKepeno Moxke OyTH BHKOPUCTaHE IS OJep KaHHS
HETaTUBHO 3apsUKEHUX 1HIINX EIEMEHTIB, SIKi MalOTh
BHCOKY CITOPITHEHICTB 3 €JICKTPOHOM.

= Pospan L
. HCTOMHHK MHTAHHA
— 0-200V
Poapan S
+ | HCTOYHMK NUTaHHA
— 0-250V
L]
Honnsarop
_ HCTOMHHK NHTAHHA
m— 0-250V

Puc. 2. EnektpruHa cxema >KUBJICHHS PO3PALy B HepIIii
kamepi (L), po3psny B apyriii kamepi (S) Ta ioHI3aTOpA.

1. K. Leung, Rev. Sci. Instrum. 55(7), 1064 (1984).
2. D. Zangberg, N. Ionov, Surface Ionization, Science,
Mocksa, Poccus, 1969.
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SAJEPHA ®I3MKA

DESIGN STUDY OF THE “KINRIS” WITH 2700 WIDE APERTURE MAGNET

A. T. Valkov', A.V. Demyanovl, M. E. Dolinska', A. I Kolosov', T.P. Rudenko', A. V. Dolinskii’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
Gesellschaft fiir Schwerionenforschung, Darmstadt, Germany

The new isotope separator “KINRIS” (Kiev Insti-
tute for Nuclear Research Isotope Separator) is being
constructed. The goals: high current capability up to
10 mA; transmission not less than 90 %; usable with
any ion source having either circular or slit geome-
try; no more than 1 % disruption of original isotopic
ratios; double - directional focusing; variable disper-
sion; focal plane mass spread of 10 % total magnet
contribution to aberrations less than 1 mm.

The general appearance of the “KINRIS” separa-
tor system is shown in Figs. 1 and 2, which also
show schematically the various beam optical ele-
ments. The main component of the separator is the
large aperture analyzing magnet CP17 (see Fig. 1).

Separator
Total length ... 12.5m
Source to magnet distance, Lsm .....1.0 m
First field index, n...................... 0.7
Magnet to focus distance, Lim....... 1.0 m
Hor. acceptance............... 30 mm mrad
Ver. acceptance ............. 200 mm mrad
Q}mdtupole magnet

Inzel lens region

ITon source — { ::
L

—
ollector region

e ——

Sextupole magnet

Dipole magnet CP17

Fig. 1. The main component of the separator is the
Large aperture analyzing magnet CP17.

270° Dipole magnet (CP17)
The magnet has an inhomogeneous magnetic field
that provides double focusing of the ion beam.

Deflection angle ........................... 270°
Mean radius, p......coovveveiiiinniinnnnnn. 2m
Max. magnetic field, B .................. 07T
Max. field index, n.............ooviiiiinn. 1.0

L[OPIYHUK - 2007

Horizontal aperture, ay ................ 400 mm
Vertical aperture, ay ................... 100 mm
Ion source
Freeman type of ion source. Total ion current -
50 mA, extraction energy 30 - 50 kV.

Nonlinear ion — optical simulations

i Path length I {m) 12

Fig. 2. Calculated particle trajectories through the
separator from the ion source to the collector [1].

a. . b

10
10

first order

X (mrad)

X (mrad)

second order

10
10

& X (em ) 3 & X (cm) &

Fig. 3. Beam spots at the focal plane & =10mm-mrad;
a- Ap/p=0; b- Ap/p=0.2%.

Summary

“KINRIS” will be used for research on the sepa-
ration of stable isotopes, the development of techno-
logical equipment and the production of highly en-
riched stable isotopes. The 270° dipole magnet in
combination with additional focusing magnets can
provide the variation of the dispersion function on
the focal plane up to 12 m. A resolving power of 150
could be ensured for emittance up to 40 mm-mrad

and the energy spread, which not exceed 0.2 %
(Fig. 3).
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BUKOPUCTAHHA CYHYT§LOT YACTUHKHU JJ CHEKTPOMETPII
MBUIAKNX HEUTPOHIB HA IIYYKY EI'TI-10K

L. I1. Apsinayenko, E. M. Mosx:KyXin

Inemumym s0eprux docnionceny HAH Yrpainu, Kuig

HeiiTpoH y BUXigHOMY KaHami po3mnany siapa ado
TOI 4M 1HIIOI SAEPHOI peakilii 3aBXKIU € BaXKIIMBUM
Ta AyXKe IIIKaBUM CyO0’€KTOM JOCIHiKeHb. B ekc-
NEPUMEHTAX 3 HEWTPOHAMM HaWIIUpIIE BUKOPHUC-
TOBYETHCSl IX CIIEKTPOMETPisl 3a 4YacoM MpPOJbOTY,
KOJIM €HEpris HEUTPOHIB BHU3HAYAETHCS 3 BUMIPIO-
BaHHA 4acy MPOJbOTY BiJICTaHI MiXK B3a€EMOJIII0UYOIO
3 MYYKOM MIIIEHHIO Ta JAETEeKTOPOM HEUTPOHIB.
Haii0inpm nommpeHo [is LbOr0 BUKOPHCTOBY-
FOTBCS IMITYJIBCHI TTYYKH, 3 SIKUMH BiTHOCHO IPOCTO
peaiizyBaTd 4YacoBy IpPHB’SI3KY («HYJNb dYacy») y
TaKWX BUMIiprOBaHHSX. He MeHI MOKITMBOCTI Haja-
FOTh CYNYTHI YaCTHHKH, KOJX Pa30M 13 HEUTPOHOM 3
aKTy SIEPHOT B3a€EMO/Ii1 BIJIITAIOTh 1HIII POJYKTH —
y-KBaHTHU a0 3apsIKeHi YaCTHHKH (Bi HYKJIOHIB 10
ynaMKiB Tofiny). AOCONIOTHI TiepeBars IbOTro
MiAXOY BUSBIISIOTBCS B KOPEILIHHHUX eKCIepH-
MEHTaxX Ha IMy4YKax [IPUCKOPIOBayiB Oe3mepepBHOI Aii
MpU  BIJICYTHOCTI IMIYJIBCHOTO PEXKUMY poOOTH
MIPUCKOPIOBaYa ¥ BiATIOBIHOTO TIOKpamaHHA edek-
TUBHOCTI BUKOPUCTaHHs My4yKa Ta MiHiMi3alii oy
BHUIIaJIKOBHX 30IT1B.

VY miif poboTi OysI0 HAJATOKEHO Ta MEePEBIPEHO
KOPEJAIIHHY METOAUKY IJIsl JOCHiKEHHsS OaraTo-
YaCTUHKOBUX SIICPHUX PEaKLid 13 IIBUAKUMHU HEH-
TPOHaMHU y BUXiZHOMY KaHaui. {7l IbOrO BHKOpH-
croByBamach peaxiisi D(d,n)’He mpm Gombap-
IyBaHHI MillleHi 3 aeirepoBanoro nomieruineny CD,
MyYKOM TPHCKOpeHHuX JeiTponiB Tanmema EITI-
10K. He#iTpoHH peecTpyBamvCs CITHHTHIIAIIHHIM
JETEKTOPOM 13 KPUCTAJIOM CTHIBOCHY, a CYMyTHI M
aapa “He (AE x E)-TeleckonoM Mij KyTaMH OO
My4Ka JEUTPOHIB BIATOBIMHO JO KiHEMAaTHYHUX
PO3paxyHKiB. Y BUMIPIOBaHHSIX BUKOPHCTOBYBAIUCS
«CTaHIAPTHO» BXKHMBaHI amaparypa Ta KOMII I0TepH-
30BaHa CHCTEMa HaKOIMYEHHS W COPTYBaHHS JaHUX
[1]. Ha pucynky mnpencraBieHO IBOBHMIipHHN
CIEKTp CTAaTHCTHUYHOI iH(opMmalii, sika BiAMOBigae
30iraM HeHTpoHy (Bich «X» - YacCOMPOJITHHU
criekTp HeifTporiB) Ta *He (Bich «Y» - eHeprernd-
HUI CHEKTp 3apsAIKeHUX YacTHHOK). HasBHa omgHO-
3HAaYHa iJeHTH]IKaIis Takux 30iriB JBOMa «OCT-
piBISIMU» HA 1[Il TUTOIIWHI, SIKi BiMOBINAIOTH 3MiHi
4acoBOi 3aTPUMKHU Y HEWTPOHHOMY KaHaui Ha 20 Hc.
lopuzoHTanbHi CMYy)XKH Ha IUIOMMHI iH(OpMamii
BiJIMOBiIalOTh BUMAJAKOBHM 30iraMm, HacamIiepen
MIPY’KHO PO3CITHUX NEUTPOHIB BYTJICHIEM, HEHTEpieM
Ta BOJIHEM, sIKi BXOJATH JI0 CKiany Mimieni CDj.
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JIBonapameTpuuHUi CHEKTp 30iriB MIBHIKUX HEHTPOHIB
i3 3apspkernMu yactuaKkamu 3 peaknii D(d, n)’He. Eg=
=7 MeB; 0,=90° E,= 4,4 MeB; 035.= 5,9 MeB.

JIOTIBHO M AKPECTUTH, M0 HaBEICHI METOINIHI
MOXJIMBOCTI € HEOOXiTHUMH TPU MPOBEACHHI EKC-
MIEPUMEHTIB Ta BUMIPIOBaHb i3 HIBUAKUMH HEHTpO-
Hamu. Came 3a Takux BUMIPIOBaHb BHU3HAYAETHCS
3aJIeKHICTh e()EKTUBHOCTI peecTpalii HEUTPOHIB Bif
ix eHeprii, MO € HEOOXiJHOI YMOBOK KiTbKiCHHUX
BHMIpPIOBaHb. 32 MOXKJIMBOCTEH 3MiHH (peTyJIOBaH-
Hs1) eHeprii 60MOapIyr0Uoro my4ka 3 MpUCKoproBava
JIOCATAETHCS OJIHO3HAYHA BU3HAYCHICTh TaKHUX Ta-
pameTpiB BUMIPIOBAJIBHOT CHCTEMHU:

3 Eq,

©CHe) | o 2 3 4 5 6
E(He) | 4,86 | 5,74 | 6,6 | 7,43 | 826

30° Om) | 855] 73] 65| 60| 356
Em) | 041] 053] 0,67] 084] 1,0
ECHe) | 1,79 | 1,78 | 1,8 | 1,84 | 1,88

150° | O(n) 12]105] 95| 89| 84
E(n) 35| 45] 547 643 74

TakuM YUHOM, OTpUMAaHi pe3yJbTaTH JAOBOJASATH
aJICKBAaTHICTh JJAHOT YCTAHOBKH [T MPOBEACHHS KO-
PEAIIHHNX EKCIIEPUMEHTIB 13 MBUIAKAMHA HEUTPO-
HaMH, a TaKOK METPOJIOTTYHUX Ta MPHUKIATHUX BH-
MIpIOBaHb i3 BHCOKOIO PO3IIIHHOI0 3/JaTHICTIO B
0oOpaHOMY IHTEpBaIi €HEPTil MBUAKUX HEUTPOHIB.

1. L II. Apsmavyenko, E. M. MoxokyxiH, SnepHi ta pa-
niamiiiHi TexHozorii 4, 76 (2004).
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SAJEPHA ®I3MKA

MNOIIYK TA JOCJILKEHHS I'A30BUX CYMIIIENR
A J/KEPEJIA HE'ATUBHHMX IOHIB TAHAEMA EI'TI-10K

L. I1. Apsinayenxo, JI. I1. Kany6o, I'. M. Ko3zepsinka, E. M. Moxaxyxin

ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig

Ha cporonni HU3BKOGHEPreTHUYHI IYyYKH Pi3HO-
MaHITHHX s1ep (aTOMiB, €IIEMEHTIB) € MiATPYHTIM
[UTAX TaTy3eld BUCOKOTEXHOJIOTIYHOTO IIOIIYKY HO-
BUX MarepiaiiB, iXx Momudikaimii Ta pi3HOMaHITHHUX
3acTOCYBaHb. Y poOOOTI HAaBEAEHO PE3yNbTaTH IO-
LIyKy MOKJIMBOCTEH PpO3IIUPEHHS «IIaCIOPTHUX»
XapaKTePUCTUK EIEKTPOCTATUYHOTO Tepe3apsIHOTO
npuckoproBaua (tannema) EI'TI-10K 3 meToro otpu-
MaHHS Ta IPUCKOPEHHS BaKKUX 10HIB.

[Ipu HasSBHOCTI BiAMOBIAHMX Kepen ioHIB (T10-
3UTUBHHUX JAJISl OJHOKIHIIEBUX Ta HETATHBHUX JUIS
TaHIEMIB) Ha EJEKTPOCTATUYHUX HPUCKOPIOBaYax
MOXHA OAEP)KYyBATH BHUCOKOCHEPIeTHYHI IIy4KH
10HIB TIPAKTHUYHO YCi€l MepioAnvHoi cucTeMu (Bix
BOJIHIO A0 ypaHy) sK CTa0lIpHHMX, Tak 1 pasio-
aKTHBHHX 130TOINIB. 32 Pi3HUX BEJIMYMUH SHEPTil CIIo-
PIAHEHOCT] IO ENEKTPOHIB JUIS OTPUMAaHHS Pi3HHX
HEraTHBHUX 10HIB 3 OTHOTO JyKepena (0COONUBO IS
€JIEMEHTIB 13 «KPUTUYHO» HU3BKOIO E€HEPri€lo CIIo-
PITHEHOCTI) AOIIIHFHO MMPUMYCOBO 3MIHIOBAaTH €HEP-
TEeTHYHUI PO3MOLI €JICKTPOHIB B 00JacTi BiIOOpy
JUTSL YTBOPEHHS B PO3Ps/l MiABUINEHOI KOHIIEHTpAITii
JAHOTO BUAY HEraTUBHUX 10HIB, HAaNPUKJaJA, BUKO-
puctoBytoun cymimi razie [1]. Tak, y po6oTi [2] 3a
LI€I0 METOTUKOI0 OYyJIO 3alPOMOHOBAHO OTPUMAHHS
LIMPOKOTO CHEKTPa Ba’KKUX 10HIB JOCTATHHOI TEXHO-
JIOTIYHOT IHTEHCUBHOCTI (JIMB. TaOJIHIIFO).

Tum ioHa I"azoBa cymin Crpywm myuxa,
MKA
H H, 80
(CHY 10 %CH, + H, 0.26 - *C
(NH)Y 20 %N, + H, 20-"N
[} 5.0
F 2 % Freon + H, 2.0
S 2 % SFq + H, 2.8
>Cr 2 % Freon + H, 35
I H, + lodine Crystals 5.0

Buxopucranus y 1iif poOoTi B IKOCTi 0aixacTHO-
ro ra3y BOJTHIO OOYMOBJICHO TEXHOJIOTIYHOIO HE00-
xignicTio BBeneHHs TaHgema EITI-10K B poOounii
peXHuM Ta HOro miaTpuMaHHS. ATpiopi MaeTbcs Ha
yBasi, mo tpaexropii myuxis H* ta N® B enexrpo-

L[OPIYHUK - 2007

CTaTUYHUX IMPHUCTPOSIX iNeHTUYHI. BumipioBaHHs 3
MydKaMHd 10HIB a30Ty TPOBOAMIUCS KPEMHiIEBUM
CITCKTPOMETPOM 3aPSHKECHUX YaCTUHOK Y BiIITOBII-
HOCTI 3 KiHEMaTUYHUMH OOpaxyHKaMu eHeprii odi-
KyBaHHX TPOAYKTIB MPY>KHOTO PO3CISHHS HMPOTOHIB
Ta ioHiB asoty ('*N) Ha pi3HEX MillIeHsX Ta /I Bif-
MOBITHMX €HEPTiil MPUCKOPEHHS.

do/dOY, BimH. 01

E, MeB

Crnektp «3 azoTtom» (MpU HAMYCKy a30Ty B JKepeso
BakyyM 3mimmBes i3 1.5 1o 2.7 - 10° mm pr.cr.) (1);
cnektp «0e3 azoty» (2).

B orpumanux crnekrpax (AuWB. pHCYHOK) Oyia
MiATBEp)KEHA MOKIJIMBICT TNPHCKOPEHHS 10HIB
a30Ty 3 BUKOPHCTaHHSM T'a30BOi CyMilll «BOJEHb +
a30T» y JDKepelli HeraTMBHUX 10HIB IHXKEKTOpa
tangeMHoro npuckoproBaua EI'TI-10K. Omnak mo-
CATHYTI «CTIOBI» IHTEHCUBHOCTI NPUCKOPEHUX
10HIB a30Ty HE OBOIATH MOKJIMBOCTI BUKOPHCTaH-
HSl ICHYIOUOTO JpKepena HEeraTMBHUX iOHIB ISt OT-
pUMaHHS My4KiB BaXKUX (Ta30BHX) 1OHIB AJS TeX-
HOJIOTIYHMX Ta EKCIEepUMEHTaJIbHUX wijeid. Tomy
HaJali TUTAHYETHCS BUKOPHUCTATH B IHXKEKTOPI MPH-
ckoproBaua EI'TI-10K mkepeno HeraTMBHHX i10HIB i3
«XOJIOAHMM» KaTOIOM 3 BiAMOBITHOIO CHCTEMOIO
KUBJICHHS, OXOJIOJUKEHHS Ta 1IarHOCTHKHY.

1. J. P. Martin, R. J. Leveague, Nucl. Instr. & Meth. 80,
229 (1970).

2. Proposal for 14 MV Tandem Facility / High Voltage
Engineering Corporation Technical Report, 1975.
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AOCIIUKEHHS MOKJINMBOCTI BUKOPUCTAHHSI KOMIIO3UTHHUX CIIOJIYK
BYTJIEIIIO HA OCHOBI ®YJIEPEHIB B SAKOCTI HHEPE3APAJHUX MIIIEHEU
JJIs1 TAHAEMA EI'TI-10K

I'. M. Kozepsiubka, L II. Ipsnayenxo, E. M. Moxxyxid, A. @. [llapos

Inemumym s0eprux docnioncens HAH Yrpainu, Kuis

[IpuckopeHHs pi3HUX 32 MacOO 10HIB HA TaHIEM-

HUX TPUCKOPIOBaYaX BUMAraroTh HOBOI SKOCTI Tiepe-
3apsIHUX MillleHeH, a caMe X MiHIMalbHOI TOBIIIH-
HU, OHOPITHOCTI, pajiamiifHol CTIHKOCTI Ta poOoU0-
ro gacy. Cy4JacHi HaWOIIBII OYIKyBaHHS I TAaKUX
[iIeH TOB’SI3YIOTBCSI 3 HOBITHIMH TEXHOJIOTiSIMH
OTPHMAaHHsI BYTJICIIEBUX HAaHOIUTIBOK HA OCHOBi (]y-
nepeHiB — ancamb61iB aromiB Byraerto Cq un Cy Ta
HaHOTPYOOK [1, 2].
TOTOBJICHHS K BaKyyM-TEpPMiuHE HAIMUICHHS MPU
KOHTaKTHOMY po3irpiBi rpadity [3], nyroBe, Marae-
TPOHHE, a TaKOX BUTOTOBICHHS BYTJELEBO-(yJe-
PEHOBHX «CaHIBIUiB». [IJI JOCTiAKEHHS TAKUX TOH-
KOILTIBKOBHX MillleHEH BUKOPHUCTOBYBAIUCS METOJ
KOMOIHAIIHOTO PO3CIsHHS CBITJIAa T4 aTOMHA CIICK-
Tpockorisi. Ha pucyHKy HaBeIeHO CHEKTPH KOM-
GiHAIiHOrO PO3CisAHHA Ha mepe3apsHii '“C-Mime-
Hi TOBIIMHOKO 15 MKT/cM’.

[HTEHCHBHICTD, BIH. OJL,

1 1L
1400 1600
XBHJIBOBE UHCIIO, cM-1

1
1200

CriekTpu KOMOIHAIITHOTO PO3CISIHHS CBIiTJIA BYTJICIICBH-
MU IUTiBKaMU: g — MillleHb Ofipa3y MiCJisi HAWJICHHS; O —
MIIIIEHb OTpYMaHa Ha MiBPOKY paHillle, 8 — ONPOMIHEHHS
no3o10 10" mpoton/cm™.

Ha ycix crekrpax HasBHa minis 1450 cm™ (crrektp
@), sika BiINOBiae (yJIePEHORBIH CKIIAIOBIH y MillICHI.
Crnexktp 6 OTpUMaHO Ha MillleHi, fka Oyja BHTO-
TOBJIEHA Ha ITBPOKY paHillle, HiX @, i mpu poOoTi Ha
MIPUCKOPIOBadi OyJia ONpoMiHEHa IPOTOHAMH 10 JTO3U

10'® npotonis/cm™, a crektp ¢ — 10 m03u 10" mpo-
ToHiB/cM™. 3i CIIEKTpIiB BHIHO, IIO i3 30LIBIICHHIM
JI034 OIIPOMIHEHHSI ITyYKOM TIpHCKOpIoBaya «dyepe-
HOBa» JIiHis TIPOSIBISETHCS OLTBII YITKO.

[Tepesapsimai  BymrenieBi  ¢oimii  3aBTOBIIKH
10 MxI'/cM®, BUIOTOBIIEHI HAMH METOJIOM BaKyyM-
TEpMIYHOTO OCaJKEHHs, OyJIM BUKOPHUCTaHI Ha Myd-
Kax BRXKUX 10HIB IUKIOTpoHA Y-240 (muB. Tabmu-
10). Y TaOJuUIli HaBEIEHO TaKOX JTO3M OIMPOMIHEHHS,
TepMiH pOoOOTH MillleHi MiA IyYKOM Ta KOro po3pa-
XYHKOBUH MPOTHO3 32 METOJIUKOIO, OMUCAHOIO B [3].

Enepris, Crpym Jlo3a, Excm., | Po3sp.,
Ton MeB/A fysKa, yact./MM® | rox rof,
T : . .
et 9.4 0,15 | 1,01-107 | 274 38
UNTT 8,8 0,04 | 1,08-10°] 722 | 272

SIk BUIHO 3 TaOJIMIl, Takl MillIE€H1 MAalOTh IiABH-
IICHUH CTPOK CIYKOM U, KpiM I[bOTO, IPUIATHI JJIs
MMOBTOPHOTO BUKOPUCTAHHS IIifl ITyYKOM, OCKIIbKH
He Oynmu momkokeHi. Takuili pe3yabTaT 4acTKOBO
MOXXHA TTOSICHUTH HAsBHICTIO (yJIEpEeHOBOI CKJIaI0-
BOI, sIka i BUSIBJICHA MPH JOCHIIPKEHHI Nepe3apsi-
HUX (HOJil, BUTOTOBJICHUX METOJIOM BaKyyM-TEp-
MIYHOTO OCa)KEHHSI.

Hamu po3pobiieHa MeToMKa BUTOTOBJICHHS Iie-
pe3apsAHuX MillleHed Ha OCHOBI (yJepeHOBHX aH-
caMOJIiB y BUTTISAL «CaHABITY» 2C + 12C60 + 12C,
abu 3amobirTi BUMapoByBaHHIO ~Cgo y pasi, KOIH B
MICIIl TIOTpaIISTHHA ITy4Ka 10HIB JIOKaJIbHA TeMIepa-
Typa nocsrue ~ 500 °C [3].

Jlst BUMiprOBaHHS TOBITMHU TIepE3apsSIHUX Mi-
IICHEH y Jiana3oHi ~2 MKI/cM® 1 BHIIE BIIPOBAHKCHA
Ta PO3BUBAETHCA Jall METOAMKA, SKa Ja€ MOXK-
JUBICTh CHIBCTAaBIATH IDIIBKA 32 TOBIIMHOIO 1 3a
HasBHOCTI  KaJiOpoBaHMX  3pa3KiB  BU3HAYATH
KUTbKiCHI BETHYUHY TOBIIUH [4].

3. A.B. Enenxuii, b. M. CmipHoB, Ycnexu puzndeckux
Hayk 165, (9), (1995).

4. K.vonReden, Mei Zhang, M. Meigs et al., Nucl.
Instr. and Meth. B261, 44 (2007).

5. T.M. Kozepsiibka, JI. O. MatBeeBa, B.TI'. 3opHik,
[Matent Ykpainu, Ne 9841 Bin 4 BepecHs 1996 p.

6. b.II. Anbsicesuu, BAHT, Cep.: OOmas u saepHas
¢usmka 2(12), 35 (1980).
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SAJEPHA ®I3MKA

BE3IIJIKJIAJIKOBI I30TOITHI MIIHEHI JJIs MPELA3IAHUX
AAEPHO-OIBUYHUX JOCJILIKEHD

I'. M. Kozepsiubka, L II. Ipsnayenko, E. M. Moxxkyxin, A. @. [llapos

Incmumym si0epnux docnioocens HAH Yrpainu, Kuig

CyuacHuii cTaH QpyHIaMEHTATBHUX JTOCITIKCHD 3
SepHOi (i3UKH, TBEPIOTO TiNa, HaHO(]I3UKH, BUCO-
KOTEXHOJIOT1YHOTO TIOIIYKY 3 BHKOPHUCTAHHSM My4-
KiB 10HIB PI3HOMaHITHOTO E€JIEMEHTHOTO CKIaay Ta
«TOMITYYHAMH» 1HTEHCUBHOCTSIMH BUCYBA€ BHCOKI
BHUMOTH JI0 SIKICHOTO Ta KUJIbKICHOTO aHaJli3y CKIIaay
MPUCKOPEHHX ITy4YKiB i0HIB Ta OomMOaproBaHMX HH-
MU MimeHeH Ta 3paskiB. OKpeMui iHTepeC TEXHO-
JIOTIYHI XapaKTepPUCTHKH MaroTh IOJO Iepe3apsi-
HHUX MiIIIeHeH, SKI € HEOOXIOHUM €JIEMEHTOM IS
TAHAEMHHUX  EICKTPOCTATUYHUX  MPHUCKOPIOBAYIB.
BiamoBimHuii TEXHOJOTIYHUH TOITYK HAa OCHOBI Me-
TOMy IMIYJIBCHOTO BaKyyM-TEPMi4HOTO OCaKEHHS
JUIS. OTPUMaHHS TOHKOIUTIBKOBUX MillIEHEH BHKOHY-
BaBCS B JIaHiIK poOOTI Ha MOJEPHI30BaHIN HAITHITIO-
BaJbHIN BakyyMHiH ycTanoBmi Tairy BYTI-5M.

Ha puc. 1 HaBeneHO KOe(IIliEHTH OCaKSHHS TLTi-
BOK B IMITYJILCHOMY PEXKHUMI TS Pi3HUX CIIEMEHTIB.
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Puc. 1. 3anexxHicTh KOe]ili€HTIB OCaJHKEHHS
JUTSL PI3HUX €JICMEHTIB.

KoHkpeTHi pe3yibTaTH BpaxyBaHHS HaBEICHUX
BUILIE YMOB OyJHU IEpeBipeHi MpH JOCTiHKEHH] BU-
TOTOBJICHOI B JIaHiil poOOTI MimeHi 2108 ToBmMHOIO
~ 4 mr/cM® (33 BEMIpIOBAaHHSMH TIPaBiMETPHUHAM
METOJ/IOM) 33 HaBEICHOIO B Il poOOTI METOIUKOIO
HATMTOBAHHAM i3 IIBHAKICTIO 22.5 MKr/cM’c B
IMITyITbCHOMY  pekuMi 3 mmmapysatictio 0.4 mpu
TeMIeparypi TantanoBoro Bunaposysada 930 K. Ha
ILOMY MPHKJIAJI OKa3aHO, IO MillleHI BUTOTOBIIEH]
METOJIOM IMITyJIbCHOTO BaKyyMTEPMIYHOTO OCaJ[KY-
BaHHS Ha MIAKIAJKH, SKi HE HArpiBarOTHCS, MalOTh
MiIBUIIEHY YUCTOTY, MEXaHIYHy MIJIbHICTh Ta pa-

L[OPIYHUK - 2007

TUaIiiiHy CTIMKICTh MOPIBHSIHO 3 MIIIEHSMHU, SKi BH-
TOTOBJICHI TPAJIUIIIMHUM HAIWIIOBaHHAM y Oe3re-
PEPBHOMY PEXHMMi Ha MiAIrpiTi MiIKIaIKH.
Burorosieni mimeHi 6oMOapayBaIics ITyYKOM
10HIB €IEKTPOCTATUIHOTO TEePe3apsAHOMY IPHUCKO-
proBaga EI'TI-10K. PeectpyBamucs mpomyktu
PO3CisTHHSI TIPOTOHIB Ta NEHTPOHIB 3 eHeprico 4 Ta
4.35 MeB Ha MimeHsaX pi3HOTO eIEMEHTHOTO CKJIaIy
(CD,, *C, ®Ni, *°Bi) ans kyri peecrpauii 45° (2),
70° (1) (puc. 2, a), 110° (4) ta 150° (3) (puc. 2, 6).
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Puc. 2. CriekTpH Ipy>KHOTO PO3CIsIHHS POTOHIB
BICMYTOM IIiJi PI3HUMH KyTaMH.

HasBHa cyTtreBa pi3HHIS TpoOITy TPOTOHIB y
BICMYTi JUIA ABOX KYyTiB HPOSIBISETHCS Y BiIMOBIA-
HUX IIMpUHAX MiKiB MPYXHOTO PO3CisHHSA. 3 ypaxy-
BaHHIM IIi€l TeOMeTpii, BIAMOBIMHOI KiHEMAaTHKH
B33a€EMOJI] Ta SHEPreTHYHHUX BTPAT 3apsKCHUX Yac-
TUHOK y MaTepiajii MillleHi OyJI0 OTPUMaHO TOBLIMHY
mimeni 3 *'°Bi y 4,222 mr/cM’ 3 BHKOPHUCTAaHHSM
JIAHUX BUMiproBaHb mix KyTom 110° Ta 4,137 mr/cm’®
aist kyta 150°. HasiBHa pi3HHI HUX JBOX 3HAYCHb
CTaHOBUTH 2 %.
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AJAIITUBHE YIPABJIIHHA KOHKYPEHTHUM JOCTYIIOM
B KOMII'IOTEPHUX MEPEXKAX

A. II. BoiiTep

ITnemumym adeprux docnioscenvs HAH Yrpainu, Kuig

HeBin’eMHOIO 4aCTHHOK aBTOMATHU3AIIIT SIEPHUX
JOCHIDKEHb € KOMIT'IOTepPHI MepexKi, 30Kpema iX
0e3apOTOBUI BapiaHT, SK 3pYYHHUH Ta BiTHOCHO He-
JOporuii 3acib 1ocTyIy 10 TOYOK HaJaHHs iHpopmMa-
uiitaux mocuyr [1].

OnHAM 13 HAMBAKJIMBIIINX €IEMEHTIB apXiTeKTy-
PH TaKUX MEpPEX € PIBEHb KEPyBaHHS AOCTYIIOM IO
paliokaHamy, [0 pPErjJaMeHTY€ WOTOo KOJEKTUBHE
BUKOPUCTaHHS W peawi3yeTbcs y BUIJISIAI BiAmo-
BIZJTHOTO NIPOTOKOJIy MHOXXHHHOTO JOCTYILY.

Bimomi mpoTOKOJIU BHKOPUCTOBYIOTH (PIKCOBaHY
JOBXHHY TMAKETIB JaHUX, 10 00MEXYy€e MOXKIMBOCTI
MOIANTBIIIOTO ITiIBUIICHHS €(peKTUBHOCTI MEPEK.

Bukonano po6oTH i3 CTBOPEHHS Ta JTOCHTIKSHHS
HOBHX MPOTOKOJIIB MHOXXHHHOTO JIOCTYITy IO pajio-
KaHay, sKi 32 paXyHOK 3MIHHOI JIOBXHHH TaKETiB
3QJIEKHO BiJl IHTEHCHBHOCTI Tpadiky 3a0e3rmedyioTh
MiIBUIICHHS MIBHIKOCTI Iepeaadi W MpomycKHOi
3/1aTHOCTI 0€3I[POTOBUX MEPEK.

HoBi mpotokonn maroTh ¢ikcyBaTH TpH CTaHU
pajiokaHany:

3aMHATUM, KOJIU BUSBIECHO CUTHAJ HECYYOi,

CTaH JIO3BOJY Tepenadi (CHrHaJI Hecy4oi BiICyT-
HI TIPOTATOM dYacy, He OibIe, HiXK MaKCUMaTbHII
Yac NOUIMPEHHS palioCUTHATY B MEPEXi);

BUTBHUI CTaH (CHTHAJN HeCcydol BiJCYTHiil Oilb-
e, HiK MaKCUMAaJIBbHHA Yac TOIMUPEHHS PadioCHT-
Haly B MEPEXKi).

3amponoHOBaHO Ta JOCHTIIHKEHO TPU HOBUX IPO-
TOKOJIM, SKI BIIPI3HSAIOTBECS CBOIMH CTpaTeTisMU
Bapiarlii JOBXWHH TaKeTiB:

1) nmepenaua 30inbLIeHO JOBXHUHU L y BiITEHOMY
CTaHi pajioKaHally ¥ CTaHIAPTHOI y CTaHi JO3BOIY
repeaadi;

2) mepenaya CTaHJAPTHOI JIOBXHHU Y BUILHOMY
CTaHI pajioKaHaldy ¥ MEHIIOi JOBXWHH / B CTaHi
JTO3BOITY TIepenadi;

3) mepemava 30UTBIIEHOT JTOBKHHHU Y BUIBHOMY
CTaHI pajioKaHally W MeHINOi NOBXMHM B CTaHi
J03BOJTy IIepeaadi.

[ToOymoBano MaTeMaTH4YHI MOJENI IUX MPOTO-
KOJIiB Ta OTPUMAHO PIBHSHHS CepeIHbOI IIBUAKOCTI
nepenavi Npyu THYYKOMY
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3pobieH0 TOPIBHUTGHUMA aHaii3 e()eKTUBHOCTI
MTPOTOKOJIIB, PE3YJIbTATH SKOTO [TOKAa3aHO Ha PUCYHKY.
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EdexTuBHICTb CTpaTeriii npu »OpCTKOMY METOJIi JOCTYITY.

JdoBezneHo, Mo Uil )KOPCTKOTO METOLY IOCTYITY
HaOIbII eEKTUBHOIO € TPETS CTpaTeris aganTamnii
JIOBJKMHU TIAKETIB, 110 3a0e3redye miABHUILEHHS PO-
myckHOi 3maTtHOCTI Ha 77 % 1 30UIBIIEHHS MEXI
CTIMKOCTI B IT’SITh pa3iB BiIHOCHO 0a30BOTO JKOPCT-
KOTO TPOTOKOJY MHOXHHHOTO JTOCTYMY 3 KOHTPO-
JIEM HECYYOi.

Jiist THyYKOro MeTOJy Jpyra CTparteris Heedek-
THBHA, a TepIia W TPeTs — PIBHO3HAYHI H MOCTyma-
IOTBCSI CTPATETISIM MPH KOPCTKOMY METO1 JOCTYIIY.

1. M. E. Unbuenko, C.T. bynun, A.Il. Boiirep, Como-
evle paduocemu c¢ kommymayuetl naxemoe (Hayk.
nymka, K., 2003), 266 c.
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SAJEPHA ®I3MKA

METOJA OHEHKHU KOOPJAMHAT I'AMMA-KBAHTOB,
PEI'’MCTPUPYEMBIX JETEKTOPOM TOMOI'PA®UYECKOU I'AMMA-KAMEPbBI

A. M. CoxkoJ10B

Hucmumym adepnuix uccneoosanuii HAH Yxkpaunul, Kueg

B ramma-kaMmepe u3iIydeHHE OT OOBEKTa MPHUHU-
maeTr Onok pgerexktupoBanus (BJ[), miockyro mo-
BEPXHOCTh KOTOPOTrO, pPa3MepoM IMpHMEpPHO 59 x
x 47 cM, coCTaBisieT KpucTaiul U cOopka (GoToINNeK-
TpoHHBIX yMHOXuTened (DPIY). Kommumarop BbI-
JIeNsieT W3 TIOTOKAa W3Iy4aeMbIX TaMMa-KBaHTOB
TOJIBKO T€, KOTOPHIE JIETAT B HANPaBICHUH JIETEKTO-
pa MeprIeHAnKyISIPHO €ro MOBepXHOCTH. TakuM 00-
pa3zoM, JETEKTOp PErHCTPHPYET MPOEKIHIO pacipe-
JIEJIEHUS PaJFioN30TOMa B 00BEKTE.

Kaxmoe coObiTHE (CHMHTHUIUIAIMIO B KPUCTAJUIE
MIPY TIOTNA/IaHUU TaMMa-KBaHTa) PETHCTPUPYET IPyT-
ma ommKkaimmx kK Hemy OV,

[lpu mocTpoeHHH NPOEKUUH OO0BEKTa IOJKHBI
OBITH PELICHBI JBE TJaBHbIC 33Ja4d: HAIO OIMpene-
muTh BKIanel DY VK mns peructpupyemMoro coObl-
THS ¥ HAJO TONYYUTH OIEHKH KOOPIUHAT COOBITHS.
B nepBoii 3a1aue TpyJHOCTH CBSI3aHBI C BO3MOXHBIM
HAJIO)KEHHEM UMITYJIECOB, BO BTOPOH — C MOTPEITHO-
CTBIO OIICHOK, OCOOCHHO IJIs COOBITHI BOJIM3H Kpas
KpUCTaJuIa (T.€. OKOJIO TpaHuIl mois BuaeHus bJI).
HauGonee mupoko npuMeHsIeMbIii B raMMa-KaMepax
tuna AHrepa — MeTtoa AHrepa (MM «IIEHTpa TsKe-
ctuy) [1]:

30

20

Puc. 1. Ouenka koopauHar 1o Meroay AHrepa.

1. C. [. KanamnukoB, Qu3zuueckue 0cHO8bl NPOEKMupo-
BaHUSL CYUHMULIAYUOHHBIX 2amma-kamep (DHepro-
arommszaar, M., 1985).

2. K. O. KamanTapos, C. 1. Kamamankos, B. A. KocTsi-
neB u Op. Annapamypa u MemoouKu paouoHyKIUOHOU

L[OPIYHUK - 2007

X=82V X, Y=SYV Y,

S=1/Z V., (1)

rae (Xi, Y;) — KoopauHATH IeHTpa i-ro DIY, V; —
BKJaz i-ro ®IY.

Ero mocromHCTBO — TpOCTOTa, HENOCTATOK —
CIJIBHOE CMEIIIEHHE OIIEHKH KOOPAMHAT COOBITHS Ha
Kpaio 2KpaHa K LeHTpy. [pyrue cyiiecTBylomme
MeToabl [2, 3] TpeOyIoT MHOTO BBIYMCIICHHH U MOTYT
OBITH HeyCcTOMUYMBRIMA. Ha OCHOBE aHanm3a CBOWCTB
AIIX (aMIIMTyTHO-TIPOCTPAHCTBEHHBIX XapaKTepH-
ctuk) @DV mpennokeH HOBBIH, AOCTaTOYHO IPO-
cToii (B cMbIcie 00BbeMa BBIYHCICHUH) METON
«cnBuray (wmn S-meron). OH HCIONB3YET CHIIBHYIO
KOPpENHPOBAHHOCTh BKJIAA0B 1 Tpynmbel DIV,
PETUCTPUPYIOIMUX COOBITHE. METOJ] MOXKET MpuMe-
HATBCS B (pOpME HTEPAMOHHOTO TpoIecca, HO yKe
nepBast UTEPaLUs JaeT XOPOIINE Pe3yIbTaThl.

Ha puc. 1 u 2 npencraBneHo cpaBHEHHE METOJa
AmHrepa u merona cipura. CeTka COOBITHI (TOYKH)
3anumMaet nonue [54 x 41 cMm]. “YKupHbie” Kpyx KU —
3TO OIIEHKH TOJIOKEHUS COOBITHIA.

Puc. 2. Ouenka KOOpIIHAT 10 METOY CIBHTA.

ouazcrnocmuku ¢ meduyune (3AO BHUUMII-BUTA,
M., 2002).

3. D. Mattern, Method of localizing scintillation events
detected by scintillation camera systems / US Patent,
No. 5519224, 1996.
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AHOTaUiT po6iT 3 aTOMHOT eHepreTUku

YHUCEJBbHUM PO3PAXYHOK MOJIEJI TOMOTEHHOI'O PEAKTOPA HA XBHWJII SAJEP-
HUX ITOAIJIIB ¥ KBA3ICTAHIOHAPHOMY HABJIMKEHHI

B. M. I1aBaoBuu, O. C. FOpuenko

Tncmumym aoeprux docaioxcens HAH Yrpainu, Kuig

PeakTop Ha XBWII SACpHUX TOXUIIB (peakTop
®eokTHCTOBA) SIBISIE COOOIO KOHIICIIIO HOBOTO
MEPCIEKTUBHOTO peakTopa MaioyTHporo [1]. [Tpun-
U poOOTH PeakTopa IMOJsirae B yTBOPEHHI Ta IO-
HIMPEeHHI XBWII SACPHHUX IMOJILTIB B aKTUBHIA 30HI.

23 SU

N\

beron

<
<:| Hetitponn
<

U-Pu

Puc. 1. 'eomeTpist 9uCETFHOTO EKCIIEPHUMEHTY.

st ommcy TOMMpPEHHS XBWJI SAEPHUX TOAUTB Y
AaKTUBHOMY CEpEJOBHINI Ha JaHWH MOMEHT iCHY€
HHU3Ka TEOpeTHYHHUX Mozenei[1 - 3], ki IpyHTYIOTh-
Csi Ha pO3B’S3KYy cHUCTeMH Au(epeHIiaTbHUX piB-
HSIHB, 10 BKIIFOYAIOTh y ceOe piBHAHHS I OaslaHCy
HEUTPOHIB Ta KIHETUYHUX PIBHAHB IJISi KOHLIEHTpa-
il HyKTiIIB 1 po3paxyHKOBUX Mopeneit [4, 5], sxi
BUKOPHCTOBYIOTH Pi3HI YHCENbHI METOIU IS 00pa-
XYHKY TOJIOBHHUX XapakTepHCTHUK peakropa (IOTiK
HEUTPOHIB, BUTOPSAHHS HYKIIZIB, MOTYXHICTb TO-
mo). Y manii po6oti Oyi0 BUKOPHCTAHO MPOTpaMHu:
MCNP-4c - xox 1 po3paxyHKy HepeHOocy HEHTpo-
HiB MetogoM Mownre-Kapno; ORIGEN2.2 — kox ans
po3paxyHky Buropsinaa nanusa; MONTEBURNS —
mporpamMa JUIsl HaJaro/KCHHSI B3a€EMO3B’SI3KY MIiXK
MONEPEHIMU KOJaMU. Po3paxyHOK MpOBOJMBCA Y
KBazicTamioHapHOMY HaOmkeHHI. YacoBWil Kpox
20 ni6. Yac pobdotm peaktopa - 1000 quiB. ['eomer-
pisi peakTopa mpejicTaBieHa Ha puc.l. XapakTepHi
poO3MipH Mozemi: paliyc AaxkTHBHOI 30HH (238U)
50 cM, pamiyc GetonHoro 3axucty 80 cM, JOBKHHA
30ipku 20 cMm. 30aradyenns IwiiHApa ,,U-Pu” mo
9Py cknanae 10.1 %. PeakTop po3paxoByBaBcs npu
roty>kHOCTi 3000 MBT. Po3paxoBanwmii eheKTHBHIH
KOoe(ili€HT PO3ZMHOMXEHHSI Ma€ IMIKOMOAIOHY 3aIex-
HICTH BiJl Yacy i JIenio nepeBuinye onuHuio. [lepe-
BUIIICHHA KOEQIIiEHTOM PpO3MHOXEHHS OJWHUII
3YMOBJICHE BHKOPHUCTAHHSM KBa3iCTaI[iOHAPHOTO

METOy PO3PAaXyHKY 3 BEJIHMKHM YacCOBUM KPOKOM.
Tpeba Bi3HAYHTH, IO BEJIUKHN YacOBUIT KPOK (TI0-
PIBHSIHO 3 YacOM JKUTTS HEHTPOHA) BUKOPHCTOBY-
€TBbCS NMPAKTHYHO B YCIX UYMCEIBHHUX PO3paxyHKax
,»XBIJIBOBOI'O” peakropa. OTpuMaHo mpodili momu-
PEHHS XBWJII UI1 KOHLEHTpauili OCHOBHUX HYKIIiZiB
(puc. 2), 1 TakoXK A MOTOKY HEHTPOHIB Ta MOTYXK-
HOCTI, 1[0 BUIUISIETHCS B CHCTEMI.

[Noka3zaHo, 10 XBWJIS YTBOPIOETHCS W IMOIIMPIO-
€TBCS B IPOCTOPI Ta 3 YaCOM y JaHill CHCTEMI.

J 10t Pu-239 X 10° U-238
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Puc. 2. IlpocTopoBi 3aie)KHOCTI KOHIIGHTpaLiii *’Pu,
28,2 Np, 2 pu 3a 1000 guiB poboTu peaxropa.

HIBunkicte xBumi 14.5 em/pik. Cepennst rmubuHa
BUTOpAHHS nanuBa 14 %. SIk BUCHOBOK, MOKHa BKa-
3aTH Ha Te, IO BIIEpIIe YCINIOTHO OyJI0 3aCTOCOBAHO
METOIU MpsIMOro MonentoBaHH Monte-Kapno 3
BuKopuctanHsaM koxy MCNP mist 3amadi po3paxyHKy
peakTopa Ha XBHJIi TIOBUTLHOTO SIACPHOTO TOPIHHS.

1. JL II. ®eokTucToB,
(1989).

2. Hugo van Dam, Annals of Nuclear Energy 27, 1505
(2000).

3. B. H.IlaBnosuu, B./.Pycos, B.H. Xorsunies,
E. H. Xorsaunuesa, A. C. IOpuenko, ATOMHas 3Hep-
rust 101, Beim. 3 (2007).

4. S.Fomin, Yu. Mel’nik, V. Pilipenko, N. Shul’ga. An-
nals of Nuclear Energy 32, 1435 (2005).

5. H. Secimoto ef al., Nuclear Science and engineering
139, 306 (2001).

Hoxnanget AH CCCP 309, 4
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ATOMHA EHEPI'ETHUKA

MOJEJTUPOBAHUE MACCOBBIX U TEOMETPHYECKHUX NAPAMETPOB CKOILIEHUA
TOILVIMBOCOAEP/KAIIUX MATEPHAJIOB B IOI'O-BOCTOYHOU YACTHU
IHHOMEMEHUSA 305/2 4-ro BJIOKA YADC

B. A BaGenxo', E. . Boicoukmii’, A. A Kmounukos’?, A. C JIaryﬂemcoz, B. H IMaBiaoBuy’

"Hnemumym meopemuueckoii pusuxu HAH YVipaunet, Kues
Unemumym npo6nem 6esonacnocmu AIC HAH Yipaunw, Yeprobuins
3 Unemumym adepnvix uccredosanuti HAH Ykpaunvl, Kues

[IpencraBiiena Bepcus MaTepUATHLHON MOJIETH U
pe3yabTaThl PacyeTOB IJIOTHOCTU MOTOKOB HEUTPO-
HOB /ISl «CYXOTr'0» CKOIUIEHHUS TOITUBOCOJEPKALIUX
marepuanoB (TCM) B moapeakTOPHON IUTUTE B FOTO-
BocTOuHOM uactu mnomemenus 305/2. Ha ocHoBe
CpaBHCHUS DKCIEPUMEHTAIBHBIX U PAaCYETHBIX 3HA-
YEHUH IUIOTHOCTH NOTOKOB HEUTPOHOB HAMEYEHBI
MyTH KOPPEKTUPOBKH BEPCHH MAacCOBOTO COCTaBa
MatepuanbHod Mmojenu ckomenus TCM, pacno-
JIO’)KEHHOTO B 30HE MPOIUIABICHUS MOAPEAKTOPHOMH
IUIUTBl B FOrO-BOCTOYHOM KBaJpaHTE IMOMELICHUS
305/2.

IlonyueHsl pe3ynbTaThl pacyeTa YPOBHS MOJ-
KPUTUYHOCTH U PACIPEAEIICHNS INIOTHOCTU IOTOKOB
HEUTPOHOB IUISl «CYXOH» PA3MHOXKAIOIIEH Cpelbl
MaTepUaNbHOU MoJenu. Pe3yiapTaTel pacdyera Cormo-
CTaBJICHbl C U3MEPEHHBIMHU 3HAYECHUSAMH IUIOTHOCTH
IIOTOKAa HEMTPOHOB.

[Tokazano nmpucyrcrBue ckorieHuss TCM B mon-
peaKTOpHOW TUIMTE C KOHIIEHTpamued ToruimBa 0o-
nee 30 % u maccoit 6onee 10 T 1o ypany.

B roro-soctouHoM kBajpaHTe nomerienus 305/2
HaxOJIUTCS ABa «CKPBIThIX» ckomieHus:t TCM, koto-
pble MOTYT OBITh HIACHTH(OUIUPOBAHBI KaK 30HBI

kputMaccoBoro pucka (KM3). Ckoruienus Jokanu-
30BaHbl B MOJIOCTSX, HPOIJIABICHHBIX TOIUIMBOM B
OeToHe MopeaKkTOpHOU MIUTH B rXkHOH (KM3-1) 1
BocTouHO# (KM3-2) gactsx kBajpaHTa.

Pe3ynbTaTel 0 pacCUMTaHHOMY paclpeieIeHHUIO
MOTOKAa HEHTPOHOB B paccMaTpUBacMON MOJENN
MTOKAa3bIBAIOT, YTO MAKCUMAJbHBIA IOTOK HEUTPOHOB
HaOmroaeTcsl B siueiike ¢ KoopAauHaTamu 7-4-2) u
COCTaBIISIET BENUYHHY

®Dpace(7,4,2) = 1380,9 1/(cM” - ).

CpenHue NOTOKM HEHMTPOHOB B CIIOSIX MOApEAK-
TOPHOH IUIUTHI M BO BCEM €€ 00beMe HUMEIOT NpH
3TOM 3HA4YEHHUS

®,=176,8 u/(cm’ - ¢,
D, =586,5 w/(cm’ - ©),
®;3=563,8 w/(cm’ - ¢),
@ =4423 u/(eM® - ¢).

[pu pacuere a3¢pdexruBHOrO KO3 DUIEHTA pa3-
MHOXKeHHMs K.q U1 paccmarpuBaemoit Mojenn KM3
OBLIO MOIy4eHO 3HaYeHHe K,q = 0,237.

Takum oOpazoM, cucTeMa B JaHHOW MOZCIH
SIBIISIETCS TIYOOKO MOJKPUTHIHOM.

AJEPHASA SHEPI'ETUKA. TEHAEHIMU B MUPE U OCOBEHHOCTHU YKPAHUHBbI

B. A. BaGenko', JI. JI. EnkoBckuii', B. H. ITaBioBuy’

1 .
Hnemumym meopemuueckoii pusuxu HAH Vkpaunoi, Kues
2 N

Hnemumym soepnuix uccreoosanuti HAH Yxpaunwl, Kues

Jan 0030p HOBBIM HamlpaBiCHUSIM B (U3UKE
SIIEPHBIX PEAaKTOpoB. Ero oOTKphIBaeT AOCTYyNHOE
BBeJieHHE B (DM3WKY SIIEPHOH DHEPIHH JeNEHUs,
Ha4MHas C ee UCTOPHHM, BKIIOYAIOUIEH JOCTIKEHUS
XapbKOBCKOM IIKOJNBI saepHol ¢u3uku. Ilpu stom
YIEICHO BHHUMAaHHE PA3BUTUIO TEOPUU [EJICHUS,
teopurl CTPYTHHCKOTO ¥ BO3MOKHOMY HCIIOJIB30Ba-
HUIO "HECTAaHAAPTHBIX" ACIAIUXCS JIEMEHTOB.

ITonpoOHO w3MOKEHA SBOMIONHA KOHCTPYKIHUU
AIEPHBIX PEAKTOPOB, JOCTOMHCTBA U HEIOCTATKHU
Pa3IMYHBIX KOHCTPYKLMH, MUCHOJB3YyEMbIX B MHpE.
Jana neranpHash XapaKTEPUCTHUKA ATOMHBIX DJIEK-
TPOCTaHIMK, paboTalommx B YKpawmHe, UX (BBICO-
KO#!) oS B BEIPAOOTKE DIECKTPOIHEPTHH B CpaBHE-

HIOPIYHUK - 2007

HUM C JpyruMu cTpaHamu. l[lpuBeneHsl cpaBHU-
TEJIbHBIE OLIEHKU BIIMSHUSA Ha OKPYXKAIOUIYIO Cpemy
Pa3IUYHBIX UCTOYHUKOB SHEPIHM, JaHa OLCHKa 3a-
TPSI3HEHUSI OKpYyXKarolllel cpeasl BciaeAacTBUe Yep-
HOOBUTLCKOM aBapuu. [logpiToxkeHsl ypoku YepHo-
OBUTBCKOW aBapWd, JaHa XapaKTePHCTHUKA YKPBITHS
HaJ| ocTaTKkaMu 4-ro OJIOKa 3JECKTPOCTAHIINH, TIPH-
BE/ICHBI IPUMEPHI PAaCUETOB PaJUALMOHHON 3BOJIIO-
MU TOTUIMBOCOIEpIKAIEH MacChl Ha 00BEKTe.
PeakTopam OymIyIiero TIOCBSINEH OTIEILHBIHA
paszen, rJie U3J0KEHbl TyTH SBOJIOLUN TPAJULIUOH-
HBIX KOHCTPYKUHUH PEakTOpOB, HOBbIC (MHHOBAIU-
OHHBIE) TIPOEKTHI, TAKUE KaK MOJKPUTHYECKHE COOp-
KU (DJIEKTPOS), YIPABIIEMbIE BHEITHUM ITYIKOM
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AHOTALII POBIT

qacTuIl (HEUTPOHBI WIH TPOTOHBI). Cpeau HOBBIX
u/iel W3JI0KEH MPUHIUN PaboThl peakTopa DeokTH-
CTOBa U 00CYKAAaeTCsi BO3MOXKHOCTh €r0 peaim3a-
U H.

B kauecTBe 0HOTO M3 OCHOBHBIX BBIBOJIOB Clie-
JaH BBIBOJA O TOM, YTO siepHas dHEPreTHKa Heco-
MHEHHO OCTAaeTCs OJHUM K3 OCHOBHBIX MCTOYHHKOB
sueprun. Ee »ddexTuBHOCTH OyIeT 3aBHCETH OT
Pa3UYHBIX OOCTOSTEIBCTB M, TMPEXKAE BCEro, OT
pentabenpHOCTH. [loBBEIIEHNE TpeOoBaHMi K Oe30-
macHOCTH ADC TPHBOIUT K YIOPOXKAHHUIO MX IIPO-
OYKIOUU. JTO yIOpOKaHUe B OyaylleM MOXKET OBITh
CKOMIICHCHPOBAHO TOSIBIEHUEM HOBBIX Oosee 6e30-
MACHBIX PeKTOPOB. K TAKMM MBI OTHOCHM B HIEPBYIO
ouepesb MOJKPUTUYCCKUE PEaKTOPHI, YIIpaBIsieMble

YCKOpUTENISIMA  3apsKeHHbIX wacthil (Accelerator
Driven Systems). JIpyrum mnepcrieKTHBHBIM Harpas-
JICHHEM B CO3/IaHUU PEAKTOPOB OyayIIEro SBISEeTCS
peaktop DeokTtucroBa. Jlo ero mnpakTUUECKOTO
MIPUMEHEHUS, OJHAKO, MPEACTOUT PEIIUTh EIle Psif
MPUHIUTHAIBHBIX TPOOIEM.

[dpyroii BaXHBIA BBIBOJ COCTOUT B TOM, 4YTO
yaensHbI Bec ADC B sHepreTuke YKpawWHBI OJWH
W3 CaMBIX BBICOKHUX B MHPE, H PYKOBOJICTBO CTPaHBI
HaMEpPEHO COXPaHUTh U Jake YBETUUUTH 10110 ADC
Y B JanbpHeiieMm. bosee Toro, B YkpanHe UMEOTCS
BCE€ MPEINOCHUIKH JUIsl CO3IaHUSI 3aMKHYTOTO sJep-
HOTO ITUKJIA.

®U3NYECKUE OCHOBBI PEAKTOPA HA MEJJIEHHOM BOJIHE SAJEPHOI'O I'OPEHHUA

B. H. HaB.]'lOBI/l‘ll, B. . Pyconz, B. H. XOTsmnueB3, E. H. XorsiuHuesa'

I .
Huemumym soepnuix uccreoosanuti HAH Yxpaunwl, Kues
2 . o .
Ooecckuii HAYUOHATBHYBIL nOAUMexHUYecKkull yHugepcumem, Odecca
3 N .
Kueesckuti nayuonanvnwiii ynueepcumem umenu Tapaca [lleeuenxo, Kues

Peaktop ®eoxtucrora (P®), ocHoBaHHBIIN Ha
BO3HUKHOBEHUM BOJIHBI MENJIEHHOTO SJIEPHOTO IO-
pennst (BMST) B chipbeBbIX Matepuanax ~>-Th wumn
#%U, He MMeeT psa IPUHIUITHANBHBIX HEIOCTATKOB
CYLIECTBYIOIUX SAOEPHBIX peakTopoB. llens sToM
paboThI — MPOSICHUTH (PU3UKY MPOLIECCOB B CTAIHO-
HapHoit MBAIT'.

Baszosasg moznens MBJAID BkirouaeTr B ce0s MUHU-
MaJIbHBI Ha0Op HEOOXOAWMBIX 3JE€MEHTOB, 1OCTa-
TOYHBIN Ana cymectBoBanus BMISID B onpeneneH-
HOM JMama3’oHe cKopocreii: 1) «rommso» U,
IIPOMEKYTOUHBIM HYKIIU] 239Np U JeIsAuics HyK-
JINI 239Pu; 2) muddysus, normomeHue (3axBar) u
IPOU3BOJCTBO HEHTPOHOB, YUUTHIBAEMBIE B OIHO-
IPYNIIOBOM NPUOMIDKEHUH; 3) HE3aBUCUMBIH  OT
TOIUIMBHOW LIENM NPEBPALICHUN MOTJIOTUTENh HEU-
TPOHOB, O0ECHEUNBAIOIINI BO3MOXHOCTb PEryJu-
poBaTh CKOpPOCTh BOJHBI. PacmmpeHHas Moaenb
YUHUTBHIBAE€T IOIMJIOIEHHE HEUTPOHOB MpPOAYKTaMU
JeJICHUS ¥ YEThIPE U30TONA IUTyTOHUS.

[Nonyyeno ypaBuenue nuddy3un s GIrrosHca ¢
¢ynkiuedt ucrounnka G («pyHKIMEH TeHepauuu
(hrosHCay), SBISONICHCS TMHEWHOU (DYHKITUEH KOH-
LIEHTpalui sijiep TOIUIMBHOM LENU U MOTJIOTUTENS.

OueHky CKOpPOCTH BOJHBI IPH  IpHUEMIIEMOI
IUIOTHOCTH SHEPrOBBIACICHUS JAl0T 3HAUYCHHE OKO-
1o 3 cm/ron. Ecnm pnuHa muddys3un HeHTpoHOB L
okojio 10 cM, TO XapakTepHOe BpeMs MPOXOXKAECHUS
BOJHBI L/V mopanka 3 ner. J{ns Takod BOJHBI MOX-
HO mpeHeOpeub p-pacmagamMy BceX HYKIUAOB, 3a
uckmouenueM - Np (Bpems S -pacmazia
=~ 3,5 cyTok). MoHO TakXe HCKaTh BCE KOHIIEHTpa-

3B~

UM SiIep B BHUJIE PA3JIOKEHHUN 110 CTETIEHSIM MaJIoTo
napamerpa w = 7gl/L. UneHsl HyneBoro nopsjaka
IUIl KOHLEHTpauMui HaxoIsATCs aHAJUTUYECKH Kak
¢byHKIMH Oe3pa3MepHOro (JIro3HCa ¥, YTO MPHBO-
OUT K HENWHEHHOMY YpaBHEHHIO CTallHOHAPHOM
muddy3un 1 w(z) Buaa

V'/. = _G(l//) s

x+V-t

rae z = , a G sBysteTcs s-00pa3HoON (yHKLU-

eit . Takum oOpa3zoM, (a3oBbie TPACKTOPUU JIETKO
HaxOoJATCS AaHAJIMTUYECKH, U MOJIHBII KaueCTBEHHBII
aHanu3 MBS MoxeT ObITh BBIITOJIHEH.

[TokazaHo, 4TO CTalMOHApHBIE MPOLIECCHI CYyIIe-
CTBEHHO oTiIn4aroTca B PD u peakTope Ha OBICTPBIX
HeritpoHax (PBH), xoTs xak ¢uznueckne CHCTEMBI
OHH UMEIOT MHOTO OOIIIETO.

1. Crarmonapuayro MBSID ompenensiror aBa 00-
mux OaJaHCHBIX YCJIOBHS B TPOTHBOIOJIOKHOCTH
OJHOMY YycCloBUIO KpuTuuHocTd miisi PBH. Bo-
MIEPBBIX, MOJHBIN OallaHC HEHTPOHOB IMOCIE MPOXO-
JKICHUS BOJHBI JJOJDKEH OBITH HYJIEBBIM:

Gly,)=0,

rle Yy KOHeYHoe 3HadeHHue (urodHca. Bo-BTOphIX,
IoMaas mox KpuBoil G(y) nommkHa OBITh paBHA
HYJIIO.

2. B P® nocrturaemble 3HAUEHUS Y CYIIECTBEHHO
Oonbiie, ueM B PBH, npeoOpa3zoBanue TorvBa 3a-
XOIUT TIyOXe, M 3HAYSHHE Psiia MPOIECCOB HM3Me-
HAETCA.
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PEAKTOP HA MEJJEHHOM BOJIHE SIJIEPHOI'O JIEJIEHUS

B. H. laB;10Bu4', B. . Pyc0132, B. H. Xorsinnues®, E. H. Xorsiuunesa', A. C. IOpqulco1

1 o
Hucmumym soepruix uccreoosanuit HAH Yrpaunol, Kues
2 o o o
Ooeccruil HayuoHATbLHLLI noAumexnudeckuil ynusepcumem, Odecca
3 N .
Kuesckuii nayuonansnutii ynueepcumem umenu Tapaca Illesuenxo, Kues

Ha ocHOBe ympoIIeHHOH CHUCTEMBI ypaBHEHHM
WCCIIEZIOBaHbl CBOWCTBAa aBTOBOJIHBI MEIJICHHOTO
SIEPHOTO TOPEHUs], KOTOpasi B ONpPEAETICHHBIX yCIIo-
BUSIX MOXET PacIpOCTPaHATHCSA B Cpele, CoAepika-
meit *U (umm *?Th). TlokasaHo, 49To Ha BO3-
HUKHOBEHHE BOJHBI BIHSET CIIEKTP PEaKTOpa W Ha-
JWYMe B COCTaBE CPEebl APYTHX BEIIECTB, KOTOPHIE
OTIPEIENSIOT KPUTHYECKYI0 KOHIIEHTPAIHIO IUIYTO-
st (i 2 U).

OCHOBHBIM MapaMeTpOM, OMPEACISIOIIUM CYIIle-
CTBOBAaHME M CBOWCTBAa pELICHUS B BUAE BOJHBL,
ABJIAETCSA  7,,-OTHOLIEHUE KPUTHYECKOW KOHLEH-
Tpauuu ~>’Pu K HauanbHO KOHIEHTparmu ~ U. Bes-
pa3MepHasi CKOpPOCTb BOJIHEI

W= 75V

L

(5 — XapakTepHOe BpeMsi 00pa30BaHUs %Pu) u

pacrmpesieneHrsi KOHIIEHTPAluii B BOJHE 3aBHUCST OT

Typ, @ TAKIKE OT TPEX OTHOILEHUH CEYEHUIN PEAKIMMI:
8 9 Pu

c b _ a _
) - ) }/ -
ot o o

a a a

a =

B omHOTpymmoBoM mMpHOIMKEHHH CEYSHHS YC-
PEAHSIOTCS 110 SHEPTUU U (PAKTUYCSCKHU ONPEICIISIFOT-
Cs JIUIIb N0 TOPSAKY BEeTUYMHBL. [103TOMYy Ba)KHO
3HATh, HACKOJBKO CHIIFHO 3aBHUCSIT CBOHCTBA BOJHBI
OT BEIOOpA CEeUeHUl B ONPEIEIIEHHOM JHara3oHe.

Pacyer nokaselBacT, 4TO NpPU M3MEHEHUM 71,
CKOpPOCTh BOJIHBI U3MEHSETCS OT HyJIs 10 OeCKOHed-
Hoctu. [IpenensHbie cnyyan megieHHon (W <<1) u

ovicTpoi (W >>1) BOJHBI YaCTHYHO HCCIICIOBAHBI
AHAJTUTUYECKU, TIPOMEKYTOUHBIC — YUCICHHO.

Kak st Me[uieHHOM, Tak U i OBICTPOI BOJHBI
C YBEIIMYCHUEM OTHONICHHUS CEYCHUHN y KPUTUYECKAs
KOHIIEHTpAIMs IUTyTOHUS n,, NPU 3aJaHHOH CKO-
pocTu BOJHBI W yMeHbINIAETCs, B TIEPBOM MPHUOIH-
XKeHnH OoOpaTHO mporopuroHansHO y. Ilpm 3TOM
YMEHBIIACTCS KOHLECHTPAIMsS HEHTPOHOB, - Np H
2385

CyI1ecTBEHHO, YTO MPH 33/IaHHOM CKOPOCTHU BOJI-
HBl W ¥ 3ajaHHBIX TTapaMeTpax Cpelbl KPUTHYECKas
KOHIIEHTPAIUs TUTyTOHHS My, ABISAETCS TaKkKe CTpPO-
rO 3aJaHHOM, T. €. BOJTHOBOW PEXUM HCUE3aeT, CIIU
KpUTHYECKasl KOHIIEHTpaIus nu3Mensercs. Ecimu pac-
CMaTpUBaTh KPUTHYECKYIO KOHIICHTPAIHIO ILIYTO-
HUS 7, KaK (YHKIUIO CKOPOCTH BOJIHBI, TO 3Haye-
HUE, KOTOPOE OTBEYAET IPENEIbHOMY CIy4aro Mej-
JICHHOW BOJIHBI, SBJISIETCA MakcUMaiabHbIM. [lpu
n, >n,,. BOIHA HEUTPOHHOTO JAEJECHUs HE 00pasy-

axe
eTcs BooOuIe.

HyXHO OTMETHUTB, 4TO KpUTHYECKas] KOHLIEHTpa-
LU IIYyTOHMS SIBISIETCS MapamMeTpoM CpEeAbl U He
MOXET OBbITh MEHbBIIEH HEKOTOPOro MpPEeAETHHOTO
3HaueHus. Jns ¢pu3muecku peanbHON KPUTHYECKOM
KOHIECHTpAIMK ILTyTOHHSA BOJIHA HEWTPOHHOIO Je-
JICHUSI MOXET HMMEThb CKOpPOCTB B IPOMEXYTKE OT
MOYTH HyJNA A0 TpubnmsutensHo 3 cm/cyt. [lpu
3TOM OTHOCHTEJIbHAS TIIyOMHA BbIropaHus - U u3-
mensiercst oT 50 no 80 %.

THE RESEARCH SUBCRITICAL REACTOR

V. 0. Babenko', V. L Gulik?, V. M. Pavlovych’

!Institute of Theoretic Physics, National Academy of Sciences of Ukraine, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Presently, the conception of design and construc-
tion of the new research reactor and scientific nu-
clear centre is developed [1]. In this conception the
construction of the pool type reactor with heat power
20 - 30 MW and with neutron flux in the core about
4-10" n/(cm’ - s) is provided for. The conception de-
velopment does not assume an analysis of alternative
types of reactors and, moreover, the design of a phy-
sical project of this alternative reactor. At the same
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time, the innovation projects of the reactors of forth
generation are intensively discussed in the world
scientific literature, particularly, the subcritical as-
semblies driven by accelerators (Accelerated Driven
Systems). Even the superficial analysis of such sys-
tems shows their perspective using as research reac-
tors. One of an optimal decision for this goal is a re-
actor consisted with a subcritical assembly and pow-
erful neutron generator. In this paper, the results of
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first phase of calculations of such multiplying sys-
tems are presented. In particular, the homogeneous
spherical subcritical systems consisting with one and
two zones are modeled and analyzed. Obtained re-
sults show that in subcritical system driven by neu-
tron generator the possible neutron fluxes are about
10" n/(cm” - s) with comparable low reactor power.

Such a flux exceeds a neutron fluxes in traditional re-
actors by several orders.

I. M. Bumnescekuii, B. B. JlaBumoBcekuii, E. V. I'punik
ma in., SlnepHas W paguaiMoHHas Oe3omacHocTh 4, 5
(2006).

JOCJIJI)KEHHSI CTATUCTUYHUX BJACTUBOCTEN 3APEECTPOBAHUX JAHHUX
INOTOKY KOCMIYHUX ITPOMEHIB

. AHTeJIOB . Baues . M. Bamien . M. JIutBrHeHn . JIAaMOB . M. I1aBjioBu4
LA eol,BBael,BMBa EKOZ,OM.]I eK03,EMaaoa1,BMHao 3,
B. JI. Pycos®, M. Ctamenos'

"emumym sdeprux docrioocens i adeproi enepeemuxu BAH, Cogis, Boneapis
Hayionansnuii anmapkmuunuii naykosuii yenmp MOH Yipainu, Kuis
3 Inemumym soepuux docnioxcens HAH Vipainu, Kuie
‘00ecvruii nayionanvnuii nonimexuiunuii ynisepcumem, Odeca

Y po0oTi mojaHO pe3ysIbTaTH CTATUCTUYHOI 00-
POOKH JEAKUX Pe3yJbTATIB EKCIICPUMEHTY 3 JCTeK-
TYBaHHS YepPEHKOBCHKOT'O BUIPOMIHIOBAHHS BiJl 1K~
pokoi atMocepHoi 31mBH, Mo npoBoauBes y 2002 -
2006 pp. y 'onoBHili ekonoriuHili oOcepBaTopii Ha
mini Myccana, bonrapis (2925 M Hax piBHEM MOps)
[1]. JeTexTop HYEepeHKOBCHKOTO BHIIPOMIHIOBAHHS
PO3MIILIIEHO Ha TiPCHKOMY BHCTYII BHCOTOIO 212 M
Bix JIbomoBoro o3epa (2700 M Haj piBHEM MOpS).

AHaJi3 CHEKTpPaNbHOI TYCTHHH IIOTOKY 3apee-
CTPOBaHUX IMOJIA TOKa3aB BIIMIHHICTb BiJIOBIJ-
HOI'O CTOXAaCTHYHOTO TPOLECYy SK Bifl IyacCOHIB-
ChbKOT0, TaK i Big mpomecy FOmna - Depi, 30ir 3 KM
MoOXKHa Oyino O ouiKyBaTH, 3BaKarouW Ha JOCIHIJ-
skeHHs Tetixa 1 Canexa [2]. Llg BigMiHHICTE 00YMOB-
JIeHa aHOMAJBHOI HH3BKOYACTOTHOIO CKJIAJIOBOIO.
Jlst mmogansInoro AOCIIIKEHHS 3aCTOCOBAHO BEUB-
neT-aHamiz [3], 3BaKarud Ha Te, MO0 I METO.
JIO3BOJISIE JIOKAII3yBaTH BHECOK OKPEMHUX 4YacTOT Ha
JacoBilf oci, a caMe PO3KJIaJ BHXITHOTO TOTOKY
nofiil mo BeiBneT-QyHKLIAX 13 06a30BOI0 (QYHKIIIO
«coMOpepo», 10 € JPYror MOXiAHOI Bia (yHKINT
l"aycca i BiImoBiIHO Mae aHATITHYHUI BHpa3

1 A
w (1) (@&J(l O'ZJ ,
e t —4gac; 6 — rapamerp.

I'padiyno 3a3HaveHui po3Kiaj MOAAHO HA PH-
CYHKY. BusiBieHO, 110 HU3bKOYAaCTOTHA CKJIAZOBA Y
CIIEKTpaIbHIN T'yCTHHI 00yYMOBJICHA TBOMa CIUIECKa-
MU IHTEHCHBHOCTI BiytikiB. [licis ycyBaHHS Iijis-
HOK TIOTOKY 31 CILIECKaMH OJICpKaHO TOTIK IO,
CIIEKTp SIKOTO MaihKe He BIAPI3HAETHCS Bif Myacco-
HIBCBKOTO. bBJIH3bKICTh I[BOIO  «CKOPErOBaHOTOY»
MpOIIeCy JI0 IyaCOHIBCHKOTO MiJTBEPIXKECHO TaKOX
1) mocmimkeHHSM HOTO CIEKTPabHOI TYCTHHH, SKa

BTpaTH/ia CBii aHOMaJIbHHH XapakTep Ha HU3bKUX
4acToTax, i 2) kpurepiem Ilipcona. [ducmepcis mpo-
LeCy Maiike JOPIBHIOE MaTEeMaTHYHOMY OYiKyBaH-
HIO, II0 TaKOX CBIAYUTH MPO TE, IO «CKOpEroBa-
HUI» mpolec € Maiike IMyacCOHIBCHKHM.

Fil LI
500 600

100 200 300 400

T00 3{‘30 QEIO 10‘00 b
BeiiBner-cnekTp eKCriepuMEHTAIbHUX 1aHUX:
a — mapameTp MacmTaly, b — mapameTp 3CyBy.

[Monanbie gociiKeHHs MOTpedye OLIbIT 00’ eM-
Hoi BHOIpKH, NpOTe MONepenHill aHami3 CBIAYUTH
PO Te, IO MOTIK KOCMIYHUX MPOMEHIB € TTyacCOHiB-
CHKHUM TTOTOKOM, MOJIyJTbOBAaHHM IHIIIHM ITPOIIECOM,
IIBUJIIIE 32 BCE, PO3BUHEHHSIM KacKaay BiJ KOCMid-
HOi YacTHHKU B aTMocdepi abo B3aeMOI€I0 3 KOHK-
PETHUMH TIPUIIAJIAMU PEECTPAILTiT.

1. E.Malamova, 1. Angelov, K. Davidkov, J. Stamenov,
1. Kirov, 28-th International Cosmic Ray Conference,
2003 (Universal Academy Press, Inc), p. 225.

2. M. C. Teich, R.A.Campos, B.E.A.Saleh, Phys.
Rev. D 36, 2649 - 2665 (1987).

3. Y. Meyer, Wavelets and operators (Cambridge Univ.
Press, Cambidge, 1992)
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APPROACH OF THE CALOGERO-MOSER GAS OF INTERACTING
PSEUDOPARTICLES TO THE SPECTRA OF THE JAHN-TELLER MODEL

E. Majernikova'?

, S.G. Shpyrko™®

!Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovak Republic
’Department of Theoretical Physics, Palacky University, Olomouc, Czech Republic
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The mapping of a nonintegrable quantum system
which exhibits chaos in a quasiclassical limit on an
integrable classical many-body system with repul-
sive long-range interactions enables a useful insight
into the mechanism of developing chaotic features at
the quantum level of the non-integrable system. The
method is very useful especially for systems with
absence of a reasonable quasiclassical limit. There
the phenomena as quantum tunneling and multi-
mode nonadiabatic fluctuations lead to complicated
wave packet dynamics which breaks down the Born-
Oppenheimer adiabatic approximation.

A typical representative of such a nonadiabatic
system is the two-level molecular system coupled
with two vibron modes with different symmetry
against the transformation of reflection- the E xe
Jahn - Teller model. The model is intensively stud-
ied because it implies rich physical properties and
consequences of heuristic and application interest.

We have mapped the energy spectra E (o) of

the Exe Jahn - Teller Hamiltonian with one pa-
rameter of non-integrability (a) on a classical inte-
grable Calogero-Moser model of interacting pseudo-
particles moving in a pseudo-time « .The nonlinear
dynamics of coupled levels implies a regime of a
nucleation of kinks, the kink mechanism of flips
between the levels (tunneling) and a mechanism of
generating a chaotic behavior at the quantum level.
The mapping of the quantum system on the classical
Calogero - Moser gas with repulsive interactions
enables one to use the classical formalism for de-
scribing the level system via its quantum numbers.
Remarkable feature of this approach is its ability to
represent chaotic behavior at the quantum level by
classical equations.

QUANTUM CHAOS IN JAHN-TELLER SYSTEMS
E. Majernikova'?, S. G. Shpyrko*”

!Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovak Republic
’Department of Theoretical Physics, Palacky University, Olomouc, Czech Republic
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

We study the statistics of the excited energy lev-
els in a class of systems of electron-phonon interac-
tion represented by the generalized two-level Jahn -
Teller JT) E x(b, +b,) model with quantum Hamil-

tonian

H=QB'b+b'b +DI +aob’ +h)o. —
—-p(b," +b,)o, [1] (bi are phonon (boson) opera-
tors, and 2x2 Pauli matrices o, account for two

electron levels). Difference of coupling strengths
o # [ presents the generalization of the model

compared to conventional JT systems with a =

and is caused in real systems, e.g., by a spatial ani-
sotropy of a crystal.

Nonequivalence of the phonon-electron coupling
constants results in the symmetry lowering (viola-
tion of the rotation symmetry of the JT model)
which is shown to have a dramatic impact on the
statistics of energy levels and eigenfunctions with

HIOPIYHUK - 2007

emerging non-conventional quantum chaotic pat-
terns. In particular, the wavefunctions acquire multi-
fractal properties and individual energy levels be-
come extremely irregular. In spite of this the system
acquires novel universalities on the level of statisti-
cal description, and these universalities appear to be
irrelevant to the actual values of coupling strengths
provided they differ enough one from another. The
distribution of nearest-neighbour level spacing in the
domain of model parameters with mostly developed
quantum chaos is shown to be close to the novel
class of semi-Poisson distribution
P(S)=4Sexp(-2S) typical, e.g. for the M-I transi-
tion in the Anderson model [2]. The vicinity to this
model is also supported by the long-range statistical
measure A3 whose slope (spectral compressibility)
appears to tend to the value (0.5/15) predicted for
the said intermediate statistics [3]. Similar results
emerge from the study of the fractal dimensions of
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the wavefunctions. The exposed results allow us to
suggest that the class of investigated electron-
phonon models pertains to a class of systems sharing
a novel universal statistics one of whose representa-
tive is the Anderson model at the point of M-I transi-
tion.

1. E. Majernikova, S. Shpyrko, Phys. Rev. E 73,
066215 (2006); cond-mat/0509687.

2. E.Majernikova, S. Shpyrko, Phys.Rev. E 73,
057202 (2006); cond-mat/0510710.

3. E. Majernikova, S. Shpyrko, to appear in J. Phys.
A; cond-mat/061173.

STOCHASTIC STORAGE MODELS AND NOISE-INDUCED PHASE TRANSITIONS

S. G. Shpyrko, V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The most frequently used in physical application
diffusive (based on the Fokker - Planck equation)
model leans upon the assumption of small jumps of
a macroscopic variable for each given realization of
the stochastic process. This imposes restrictions on
the description of the phase transition problem
where the system is to overcome some finite poten-
tial barrier or systems with finite size where the fluc-
tuations are comparable with the size of a system.
We suggest a complementary stochastic description
of physical systems based on the mathematical sto-
chastic storage model with basic notions of random
input and output into a system. It reproduces statisti-
cal distributions typical for noise-induced phase
transitions (e.g. Verhulst model) for the simplest (up
to linear) forms of the escape function. We consider
a generalization of the stochastic model based on the
series development of the kinetic potential. On the
contrast to Gaussian processes in which the devel-
opment in series over a small parameter characteriz-
ing the jump value is assumed [R. L. Stratonovich,
Nonlinear Nonequilibrium Thermodynamics, Sprin-
ger Series in Synergetics, vol. 59, Springer Verlag,
1994], we propose a series expansion directly suit-
able for storage models and introduce the kinetic
potential generalizing them.

One of the aspects of modeling the behavior of a
complex physical system consists in introducing a

random process capable of describing its essential
properties. The most common (and in practice al-
most unique) class of stochastic processes where
reliable results can be obtained is the class of
Markov processes. Said processes in their turn can
be subdivided into different families. The most
widespread is the model of diffusion process with
Gaussian noise superimposing on the macroscopic
dynamics. The Poisson random processes (or "shot
noise") present a second bench point together with
the former subclass covering the most common
physical situations. In the present paper we bring
into consideration the stochastic storage models
based on essentially non-Gaussian noise and treat
them as a complementary alternative to the diffusion
approximation (that is to the Gaussian white noise).
We consider the phase transitions in such models
which resemble the noise-induced phase transitions.

The class of stochastic storage models presents a
rather developed area of the stochastic theory. As
opposed to the common diffusion model it contains
as essential part such physical prerequisites: (i) limi-
tation of the positive semispace of states, (ii) the
jumps of a random physical process which need not
be considered small; (iii) essentially non-zero ther-
modynamic flux explicitly specified by the process
of random input.

CTOXACTUYECKOE MOJEJUPOBAHUE HEWTPOHHBIX IMPOLIECCOB B SIZIEPHOM
PEAKTOPE U BJIMSIHUE TEMIIEPATYPHBIX OBPATHBIX CBi{3EI\/’I HA
BO3MOXHOCTHU PA3BUTHUSA ABAPUUHBIX CUTYALIUU

B. B. Pszanos, C.TI. lllnbipko

Hucmumym soepuvix uccnedosanuii HAH YVipaunvl, Kues

B paborax [1, 2] 6put0 TIpoBeneHO 0000IICHHE
KJIACCHMUYECKOM CTOXaCTUYSCKOW MOJICNIM XPaHEHHUS,
MO3BOJIAIONIECE YUUTHIBATH 3aBUCHMOCTH MTPOU3BOITh-

100

HBIX KHHETHYECKHX KO3 (UIIMESHTOB OT BEIOPAHHOM
claydailHOW mnepeMeHHou. YacTHBIM ciiydail Takoro
0000MIeHnsT ¢ AOMOJHUTENbHON (YHKIMEH BXO[a,
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CBSI3aHHOM C MUCTOYHHWKOM HEUTPOHOB IMPHU JICICHUU
A7ep, JaeT BO3MOXXHOCTh ONHMCHIBATH IOBEACHUE
HEHTPOHHBIX MPOILIECCOB B sAAepHOM peakTtope. Da-
30BBI MEPEX0J B3PBIBHOTO BHJA MPOUCXOAUT INPHU
eJMHUYHOM 3HaueHuH Kod((duiMeHTa pa3MHOXKE-
Hus. [lomydeHsl COOTHOIIEHUS JUId CHCTEMBI MTHO-
BEHHBIX HEUTPOHOB, a TaKXe JJisi HEUTPOHOB M
Aep-TIPEIIeCTBEHHIKOB 3aIa3(bIBAOIINX HEHTPO-
HOB NpH y4yeTe oOpaTHOW CBS3M IO TEMIIEpaType.
[IpeumyiiectBa mpenjgaraeMoro MNoaxoja Mo cpas-
HEHHWIO C TPAJAWLIMOHHBIMH OIMUCAHUSAMH COCTOSIT B
BO3MOYKHOCTH JIETaJbHOTO W TIOJHOTO ONMCaHUs
0oOpaTHBIX CBs3el (HaNpuMep, TEMIIEPaTypHBIX) U
a¢ddekroB ympasnenus. Tak, s ciydas TemIe-
patypHoii 00paTHOI CBS3M MOIYYEHBI BpeMs 10 JOC-
THOKEHHs (PUKCUPOBAHHOTO YPOBHsI, 3HAUYCHHUE TPO-
Hecca B MOMEHT [JOCTHXKEeHHsI ypoBHs. Ompene-
JSIOTCS. M JIPYTHE BEPOATHOCTHBIE (DYHKIIMOHAJIBI
(BEpOSATHOCTH JOCTHXKEHHUS TPOLIECCOM HEKOTOPBIX
3a/laHHBIX YPOBHEH (HampuMep, BEPOATHOCTH He-
MIPEBBIIICHNS] PEAaKTUBHOCTHIO JIONH 3ama3iblBaio-
IIMX HEUTPOHOB M pa3roHa peakTopa Ha MTHOBEH-
HBIX HEHTpPOHAX), BpeMsl peObIBaHUS TpoIlecca Hal
YPOBHEM, IKCTPEMAJIbHBIE 3HAUYECHMSI IIpoliecca, MO-

MEHT JOCTIDKCHUS JKCTPEMAabHOTO 3HAYCHHUS, MO-
MEHT MIEPBOTO JTOCTHXKCHHS YPOBHS U T.1.).

Jnst cToXxacTHYEeCKOro ONMUCAaHUSI HEHUTPOHHBIX
MIPOIIECCOB B SIIEPHOM PEAKTOPE FKCIOIH30BaJINCH,
Kak MpaBHIIO, BETBSIIMECS CIydaiHbIe Mpolecchl. B
HACTOsAIIeH paboTe paccMaTpuBaeTcs HEMpEephIBHOE
MIPUOIDKEHUE TSI YHCIIa HEUTPOHOB (IUCKPETHOM
BEIIUYUHBI), TAK KaK pPacCMaTPUBAIOTCS PEaKTOPHI,
paboTaromye Ha MOIIHOCTH C OOJBIIAM YHCIOM
HelTpoHOB. CTOoXacTWdeckass MOJENb XPaHEeHUs
AMEET MPOCTON (PU3UUECKHI CMBICT CUCTEMBI, B KO-
TOPYIO MOCTYIAIOT AJIEMEHTHI C HEKOTOPHIM BEPOSIT-
HOCTHBIM 3aKOHOM, & TAKX€ BBIXOJST U3 HEE.

Hpyrue ocoOEHHOCTH TIOBEICHUS HEHTPOHOB B
peakTope, Takue Kak y4er 0oiee CIOXHBIX 00pat-
HBIX CBs3ed, 9(p(PeKkToB ympaBiueHHs U T.I., TaKxKe
OTIMICBHIBAIOTCS TPY TIOMOIIH YCIOXHEHUS PacCMOT-
PEHHOI MOJIENU XpaHEHUSL.

1. B. B. Pszanos, C. I'. lllmeipko, 36. Hayk. mpans [H-Ty
saepHUX Aoci., 149 (1999).

2. S. G. Shpyrko, V. V. Ryazanov,
mat/0510781 (2005).

Preprint, Cond-

QUANTUM CHAOS, LOCALIZED STATES AND CLUSTERING IN EXCITED SPECTRA
OF JAHN - TELLER MODELS

E. Majernikova'?,

S. G. Shpyrko™?

nstitute of Physics, Slovak Academy of Sciences, Bratislava, Slovak Republic
’Department of Theoretical Physics, Palacky University, Olomouc, Czech Republic
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

We numerically studied complex excited spectra
and their statistical characteristics of spin- two boson
systems represented by the Exe and Ex(b, +b,)

Jahn - Teller models. For the £ xe system at par-
ticular rotation quantum numbers we found a coexis-
tence of up to three regions of the spectra, (i) the
dimerized region of long-range ordered (extended)
pairs of oscillating levels, (ii) the short-range or-
dered (localized) "kink lattice" of avoiding levels,
and (iii) the intermediate region of kink nucleation
with variable range of ordering. This structure ap-
pears above a certain critical line as a function of
interaction strength. The level clustering (dimeriza-
tion and trimerization) and level avoiding generic
patterns reflect themselves in several intermittent
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regions between up-to three branches of spectral
entropies corresponding to up-to three nonequivalent
effective potential wells.

We found that apart from two limiting cases of
E x(b, +b,) system ( £ x e and Holstein model) the

distribution of nearest neighbor spacings of this
model is rather stable as to the change of parameters
and different from Wigner one. This limiting distri-
bution assumably shows scaling ~+/S at small S
and resembles the semi-Poisson law
P(S)=4Sexp(-2S) at S >1. The latter is believed

to be characteristic, e.g., at the transition between
metal and insulator phases of the Anderson model of
disorder.
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THE WEIGHED AVERAGE GEODETIC OF DISTRIBUTIONS OF PROBABILITIES
IN THE STATISTICAL PHYSICS

V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The results received in works [1, 2], for statistical
distributions at studying algebra of decision rules
and natural geometry generated by her, are applied
to estimations of the nonequilibrium statistical ope-
rator and superstatistics. Expressions for the non-
equilibrium statistical operator and superstatistics
are received as special cases of the weighed average
geodetic of distributions of probabilities.

In works [1, 2] the differential geometry of varie-
ties of probabilistic measures which gives a natural
language as the description of statistical model - to
the a priori information on statistical experiment,
and constructions of optimum methods of processing
of such experiment is investigated. It is possible to
interpret many results of works [1, 2] in terms of
statistical physics. It concerns to exponent families
of distributions, to "spread" of singular measures on
all convex bearer, to problems of projecting, ine-
qualities of the information, and other features of
behaviour of the probabilistic distributions studied in
[1, 2]. In the present work communication of the
weighed average geodetic of continuous family of
probabilistic laws [1, 2] with the nonequilibrium
statistical operator (NSO) [3 - 5] and with supersta-
tistics [6 - 7] is traced.

In works [1, 2] a number of results important for
statistical physics contains. So, results of sections
3 - 5 are formulated also by means of developed in
[1, 2] projective methods which importance is em-
phasized in theory of NSO [3 - 5]. The problem A of
projecting [1, 2] corresponds to a finding of a mini-

mum of Kullback’s entropy in nonequilibrium sys-
tem. Expressions for divergence of Amari, Kagan,
Csiszar [2] also are compared with entropy function-
als, used in Tsallis statistics [8] (for example, to
information quantities of Renyi). In [1, 2] the meth-
ods allowing strictly to approach to important for
NSO the problem of selection of basic variables of
quasi-equilibrium distribution [3 - 5] are developed.
Interesting the problem of a finding of interpretation
in the statistical physics of such concepts as statisti-
cal decision rules, risk, asymmetrical pythagorean
geometry [1] is represented.

1. N.N. Centsov [Chentsov], Statistical decision rules
and optimal inference, (Amer. Math. Soc., 1982,
Translated from Russian).

2. E. A. Morozova, N. N. Chentsov, Probability theory,
8, 133 (1991) (in Russian).

3. D. N. Zubarev, Nonequilibrium statistical thermo-
dynamics, (Plenum-Consultants Bureau, New York,
1974).

4. D.N. Zubarev, ltogi nauki i tehniki. Sovremennye
problemy matematiki, (VINITI, Moskow, 1980), 15,
p. 131.

5. D.N. Zubarev, V. Morozov, G. Ropke, 1996 Statisti-
cal mechanics of nonequilibrium  processes,
(Akademie Verlag, Berlin, 1999).

6. C.Beck and E.G.D. Cohen., Physica 322A, 267
(2003) [cond-mat/0205097].

7. E.G.D. Cohen, Physica 193D, 35 (2004).

C. Tsallis, J. Stat. Phys. 52, 479

http://tsallis.cat.cbpf.br/biblio.htm

*

(1988);

THE NONEQUILIBRIUM STATISTICAL OPERATOR ACCOUNTING
FOR THE FINITE DURATION OF THE PRESENT TIME MOMENT

V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In a method of the nonequilibrium statistical
operator the history of system, influence of its past
on the present moment is considered. It is offered to
consider also influence of existence of the present
which duration according to I. Prigogine's results is
equal Lyapunov's to average time.

In work [1] logarithm of the nonequilibrium sta-
tistical operator (NSO) it is interpreted as averaging
of the logarithm quasi-equilibrium the statistical
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operator on distribution of lifetime of a system.

Operation of averaging on lifetime corresponds
to introduction of the operator of internal time in the
approach [2]. Averaging with another (not indica-
tive) distribution gives other kind of a source and
dissipative to a part of Liouville’s operator [3].

In NSO (1) time #—¢,, time lived by system up to
a present moment t, the past of system is considered.
In a state of the system at the moment time t bring
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the contribution states of system from its last history,
from an interval of reception of the information.

In work [2] the contributions coming from the
past and the future and interpreted in sense of inter-
nal time are considered. In the present bring the con-
tribution the past and only the "nearest" future. In
work [2] the transitive layer from the past to the
future in width 7, , where 7,”' is Lyapunov's aver-

age indice, existence of the present moment entered.
That in NSO to consider influence of persistence
(i.e., existence) the present, it is necessary to lead
averaging on time of existence the present and to use
superposition of late and advancing decisions.
"Suppression" of the future states and the account
of the contribution only the "nearest" future is
reached by a corresponding choice of average value

<[y >= J‘yfpmq (y;)dy, =7, , distinct from
0

<t-f{,> and <f,—t>. We consider different

"lives": time of reception of the information from the
past with an average <¢—, >, corresponding really

last history of system both average time </7;, > -

time of reception of the information from the future
or existence the present.

The received expressions (9) can be treated and so,
that into the description of system enters as its his-

tory ¢—t, with an average ¢, =<t—t,>' and its

prehistory ¢, —¢, time till a birth of system with an

-1
average 8/» =7, .

1. V. V. Ryazanov, Fortschritte der Phusik / Progress of
Physics, 49, 885 (2001).

2. Prigogine, From Being to Becoming, (Freeman, San
Francisco, 1980).

3. V. V. Ryazanov, Low Temperature Physics, 33 1049
(2007).

NONEQUILIBRIUM STATISTICAL OPERATORS FOR SYSTEMS WITH FINITE LIFETIME

V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A family of nonequilibrium statistical operators
(NSO) is introduced which differ by the system life-
time distribution over which the quasiequilibrium
(relevant) distribution is averaged. This changes the
form of the source in the Liouville equation, as well
as the expressions for the kinetic coefficients, aver-
age fluxes, and kinetic equations obtained with use
of NSO. The difference from the Zubarev form of
NSO is of the order of the reciprocal lifetime of a
system.

In work [1] the new interpretation of a method of
the Nonequilibrium Statistical Operator [2] is given,
in which NSO is treated as averaging of the quasi-
equilibrium (or relevant [3, 4]) statistical operator on
the system past lifetime distribution.

In [1] the function p, (u)=¢exp{-¢cu} from [2]

was interpreted as the probability distribution den-
sity of the lifetime of a system from the random mo-
ment ¢, of its birth till the current moment ¢,
u =t —t, This time period can be called the time pe-
riod of getting information about system from its
past. Instead of the exponential distribution p, () in

(1) any other sample distribution could be taken. The
arbitrary kind of lifetime density distribution p, (u)

enables to write down a general view of a source in
the dynamic Liouville equation, which thus accepts
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Boltzmann - Prigogine form and contains dissipative
effects [3, 4].

The choice of distribution of the lifetime in NSO
is connected in view of influence of the past of sys-
tem, his physical features, on the present moment,
for example, to the account only of age of system, as
in Zubarev NSO, or with more detailed characteristic
of past evolution of the system. The additives to
Zubarev results are of the order of the reciprocal past
lifetime of a system and are essential at early stages
of evolution of system and to systems with small
lifetime, where one should not neglect the value
<I'>"', where < I > is average past lifetime.
Chosen of Zubarev the form of distribution for the
lifetime represents limiting distribution.

1. V. V.Ryazanov, Fortschritte der Phusik / Progress
of Physics, 49, 885 (2001).

2. D.N. Zubarev, Nonequilibrium statistical thermody-
namics, (Plenum-Consultants Bureau, New York,
1974).

3. R. Vasconcellos, R. Luzzi, L. S. Garcia-Colin, Phys.
Rev. A 43, 6622 (1991); Phys. Rev. A 43, 6663
(1991).

4. J. G. Ramos, A. R. Vasconcellos, and R. Luzzi, Fort-
schritte der Phusik / Progress of Physics, 43, 265
(1995).
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STATISTICAL SUBSTANTIATION OF INTRODUCTION OF THE DISTRIBUTIONS
CONTAINING LIFETIME AS THERMODYNAMIC PARAMETER

V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine

By means of an inequality of the information and
parametrization of family of distributions of the pro-
babilities, supposing an effective estimation, intro-
duction of the distributions containing time of the
first achievement of a level as internal thermodyna-
mic parameter ground. Results of works [1, 2] are
applied to a substantiation of introduction of the dis-
tributions containing time of the first achievement of
a level [3 - 8], lifetime in terminology [9]. The open
system is considered, dynamic values under influ-
ence of interaction with an environment become ran-
dom, the macroscopical description is possible only.
When considering the finite size systems the finite-
ness of lifetime seems to be essential. Influences to
which the system is exposed at interaction with an
environment, cause deviations from a normal steady
state and dissipative effects, change a degree of re-
moval from a stationary state, entropy of system and
its lifetime. Normally functioning system appears to
be in a steady nonequilibrium state characterized by
a given deviation from equilibrium and the entropy
production. Each state of a system has its own life-
time related to fluxes magnitudes and sources
strengths and therefore its deviation from equilib-
rium.

In [10] it is marked, that the nonequilibrium state
is characterized by additional macroscopical pa-
rameter in the description of system. In works [11] it
was marked, that the state of system in a present
situation of time depends on all previous evolution
of the nonequilibrium processes developing it and,
accordingly, from time of the last life of system, its
age. In work [12] dynamics of behaviour of system
and the contribution of correlations during all past of

system is considered. Therefore we choose random
lifetime of system as thermodynamic parameter.
Introduction of lifetime as thermodynamic parameter
speaks that real systems possess finite lifetime that
essentially influences their properties and properties
of their environment. Lifetime of system is repre-
sented in the fundamental value having the dual
nature, connected both with current of external time,
and with properties of system.

1. N.N. Centsov [N. N. Chentsov], Statistical decision
rules and optimal inference, (Amer. Math. Soc.,
1982; Translated from Russian).

2. E. A. Morozova, N. N. Chentsov, Probability theory,
8, 133 (1991) (in Russian).

3. V. V.Ryazanov, Superstatistics and Lifetime, Pre-
print cond-mat/0404357 (2004).

4. V. V. Ryazanov, Preprint physics/0509098 (2005).

5. V. V. Ryazanov, Preprint. physics/0509099 (2005).

6. V.V.Ryazanov, S.G. Shpyrko, Condensed Matter
Physics 9, 71 (2006).

7. W. Feller, An Introduction to Probability Theory and
Its Applications, (John Wiley, New York, 1968).

8. S.Redner, 4 guide to first-passage processes, (Cam-
bridge University Press, Cambridge (UK), 2001).

9. R. L. Stratonovich, The elected questions of the fluc-
tuations theory in radio engineering, (Gordon and
Breach, New York, 1967).

10. M. A. Leontovich, Introduction in Thermodynamics.
Statistical Physics, (Nauka, Moskow, 1985).

11. J. G. Kirkwood, J. Chem. Phys. 14, 180 (1946); J.
Chem. Phys. 15, 72 (1947).

12. D. N. Zubarev, V.Morozov, G.Ropke, Statistical
mechanics of nonequilibrium processes, (Akademie
Verlag, Berlin, 1996).

LIFETIME IN STOCHASTIC MODELING AND STATISTICAL PHYSICS.
STATISTICAL DISTRIBUTIONS WITH LIFETIME

V. V. Ryazanov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Lifetime as achievement of the given level of
random process has been introduced in work [1]
where the equations for density of probability of a
lifetime distribution have been received. In work [2]
the review of results for Kramers problem, a special
case of a lifetime of system in case of its transition
through a potential barrier [3] is presented. Research
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of a lifetime is conducted in many stochastic models
of the theory of random processes, for example, in
stochastic storage processes [4]. Their application to
physical problems is considered in work [5]. In work
[6] it is shown, that the nonequilibrium statistical
operator introduced in works of Zubarev [7], it is
possible to present as averaging of the quasi-
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equilibrium statistical operator on distribution of a
lifetime of the system. In work [8] the statistical
distributions containing a lifetime as thermodynamic
parameter of system are introduced and it is shown
how from these distributions it is possible to receive
of superstatistics distributions [9]. We give a ground
to the entered distribution which contains a lifetime
of the system as thermodynamic parameter.

1.

L. A. Pontryagin, A. A. Andronov, and A. A. Vitt, Zh.
Eksp. Teor. Fiz. 3, 165 (1933) [translated by J. B.
Barbour and reproduced in "Noise in Nonlinear Dy-
namics"”, 1989, edited by F.Moss and P.V.E.
McClintock (Cambridge University Press,
Cambridge), Vol. 1, p. 329].
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(1991).

. H. A. Kramers, Physica 7, 284 (1940).
. N. U. Prabhu, Stochastic Storage Processes, (Springer

- Verlag, New York, 1980).

. S. G. Shpyrko, V. V. Ryazanov, Eur. Phys J. B 54,

345 (2006).

. V. V. Ryazanov, Fortschritte der Phusik / Progress of

Physics, 49, 885 (2001).

. D.N. Zubarev, Nonequilibrium statistical thermody-

namics, (Plenum-Consultants Bureau, New York,
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. V. V.Ryazanov, S.G. Shpyrko, Condensed Matter
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CIIEIIAJIIBOBAHUM CTEH] JJIsI ®YHKIIOHAJIBHUX BUIIPOBYBAHb
OBJIAJHAHHSI TA MATEPIAJIIB JJIsA AEC

I. M. BumneBcbkuii, B. I. Caxno, O. B. Caxno, A.T. 3enincskuii, C. II. Tomuaii, T. B. Xpin

Incmumym s0epnux docniodceny HAH Yipainu, Kuis

V naHiif po60OTi 00TOBOPIOIOTECS MPOOIIEMH, IO
BUDILIYIOTBCS TPHU CTBOPEHHI CIIEIialli30BaHOTO
CTeHIy U pagiallifHuX BUMPOOYBaHb KOMILICKT-
HOTO OOJIaJHaHHS, PU3HAYCHOTO JJISI BUKOPHCTaH-
HS Ha 00’ €KTaX aTOMHOT €HEPTreTUKU. AHAII3YIOThCS
H CHUCTEMaTHU3YIOThCS BHMOTH 1O CIIELiali30BaHOTO
CTeHIy IJIi BHMIPIOBaHHS ITOKa3HWKIB JAerpajarii
¢yHkUii kabeniB mix BrumBoM papiamii. OOroeo-
PIOIOTBCS METOAM Ta CTPYKTYpa TEXHIYHHX 3aco0iB,
3arporoHOBaH1 AJis (yHKI[IOHATBHAX BUIPOOYBaHb.

Peakuniiina
Kamepa
>20 )

CtpyKkTypa TEXHIYHHX 3ac00iB (IUB PHCYHOK)
MOBHHHA 3a0€31eYyBaTH BUKOHAHHS TAKUX BUMOT

OJTHOYACHE HATypHE BIATBOPEHHS pajliallifHIX Ta
BCIX IHIIMX 30BHIMIHIX (EKCIUTyaTaliiHWUX) YUHHH-
KiB — BiOpallisi, MarHiTHi i eJIEKTPUYHI MO, TeMIIe-
parypa ToIo;

KOHTPOJIb YCiX TEXHIYHHX XapaKTEePHCTUK 00Jia-
JTHAHHS B PErjaMEHTOBAaHUX POOOYMX pekUMax MpH
BCiX EKCIUTyaTallifHuX yMOBaXx.

CTpyKTypa yCTaHOBKH Jisi (YHKIIO-

HAJIBHUX pajJialifHuX BUIPOOYBaHb

00’extiB AEC:

1 — mpucKoproBay;

2 — cucrema (hOpMyBaHHS BEIUKUX
pamialiiiHuX IOJiB;

3 — cucremMa TeXHOJIOT19HOT
TO3UMETDif]

4 — 00’exT BUIIPOOYBaHHS;

5 — KOMIUIEKC TOTTIOMIXKHOTO
€KCTIIEPUMEHTAILHOTO 00T THaHHS

6 — IMyJIbT KEpyBaHHS YCTaHOBKHY;

7 — yHIBEpcalbHE [HKEPENo CTPYyMY;

8 — BUMIpIOBaHHS TEXHIYHUX
XapaKTepUCTHK 00’ €KTa;

9 — ACY excrepuMeHTOM.

Po3pobneno opuriHanpHy cuctemy (QopMyBaHHS
pamiamifHuX TOJIIB BEJIMKUX O00’€MIB, CTBOPEHO Ta
cepTu(]iKOBaHO cCremiani30BaHy CHUCTEMY TEXHO-
JOTiYHOI O3MMeTpii, a TakoX 3abe3meueHo Mpo-
BEJICHHS JOBTOTPHBAINX O€3MEepepBHUX BHIIPOOY-
BaHb. CTpyKTypa Ta mapaMeTpu yCTaHOBKHU TOBHIC-
TIO BiJIIOBiJIAalOTH BUMOTaM HAaTypHOTO MOJIEITFOBaH-
HS pamiallifHAX 30BHINIHIX YMOB IS OOJIaTHAHHS
AEC. Benuki 00’eMu peakiiifHOT KaMepH JTO3BOJIS-
IOTh BiTBOPIOBATH Ha YCTaHOBII KOMIUICKCHY [IiO
BCIX HECHPHATINBHX YMOB €KCIUTyaTallii o0JiagHaH-
Hs1. OOrOBOPIOIOTHCSI METOIM OIIPOMIHIOBAHHSA Ta X

106

BIAMOBITHICTE JO MIFOYMX CTAHIAPTIB, 0COOIUBOCTI
JO3UMETPIl i METOJM KOHTPOJIO 1HIIMX TEXHIYHUX
XapaKTEepPUCTHK KaOeiB.

HaBeneno ocHoBHI pe3ynbTatu (YyHKI[IOHATHHHX
pamianiiHuX BUNPOOYBaHb, MPOBEACHHUX I HOBUX
TUMIB CUTHAJIBHUX Ka0eJiB BHYTPILIHBOTO PEaKTOp-
Horo koHTpomo AEC.

1. W. H. Bumnesckwii, B. 1. Caxno, A. B. CaxHo u op.,
AromHas 3Heprust 94, 163 (2003).

2. 1. M. Bumnescekuii, B. I. Caxno, O. B. Caxno ma in.,
Snepna ¢dizuka ta enepreruka 1(19), 140 (2007).

IHCTUTYT AJAEPHUX JOCJIIPKEHb HAH YKPATHU



ATOMHA EHEPTETUKA

THE TOTAL NEUTRON CROSS SECTION FOR NATURAL CARBON
IN THE ENERGY RANGE 2 TO 148 keV

0. O. Gritzay, V. V. Kolotyi, N. A. Klimova, O. L. Kalchenko, M. L. Gnidak

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The natural carbon is well known as reactor
structure material and at the same time as one of the
most important scattering standards, especially at
energies of less than 2 MeV, where the neutron total
and elastic scattering cross sections are essentially
identical. The best experimental data in the area 1 to
500 keV have the uncertainty 1 to 4 % [1, 2]. How-
ever, the difference between these data and those
obtained from the R-matrix analysis and used to
obtain the ENDF evaluations is essential, especially
in the energy range 1 to 60 keV. The use of the tech-
nique of neutron filtered beams developed at the
Kyiv Research Reactor (KRR) makes possible to
reduce the uncertainty of the experimental data to
1 % and less [3, 4]. These high precision data on
natural carbon could stimulate a new run of the
R-matrix analysis for carbon.

[/
s R }v

/\

N

Fig. 1. Scheme of experimental installation on the 8-th
HC. I — biological shielding; 2 — radiation shielding; 3 —
outside collimator; 4 — device for sample removing; 5 —
neutron detector; 6 — tube for beam conducting up to
neutron catching; 7 — neutron beam catching; 8§ — beryl-
lium reflector; 9 — HC; 10 — preliminary collimators; /7 —
filter-collimator assembles; /2 — beam shutter disks; /3 —
filter components.

Experimental investigation of the total neutron
cross section for natural carbon was made on the
eighth and ninth horizontal channels (HC) at the
KRR. Experimental installations on HC include the
systems for forming of filtered neutron beams, neu-
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tron detector and counting systems, sample man-
agement systems and systems of radiation shielding.

Scheme of experimental installation on the 8"
horizontal reactor channel is shown in Fig. 1.

Fig. 2 represents our results for C-nat. total neu-
tron cross sections at energies in the intervals
1.051 to 2.710 keV, 0.438 to 4.409 keV, 12.537 to
13.448 keV, 132.206 to 135.325keV, 19.3 to
25.8keV, 51.9 to 60.2 keV, and 118.7 to 157.0 keV,
together with some experimental data from database
EXFOR/CSISRS and ENDF evaluations.
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Fig. 2. Our results for C-nat. total neutron cross sections,
experimental data from database EXFOR/CSISRS and
ENDEF libraries.

It 1s worth attention, that at the 148 keV filter we
observed the dependence of total neutron cross sec-
tion on sample thickness and proposed to explain it
with that in the energy range 118.71 to 157.01 keV
the very strong resonance of the isotope *C takes
place. Its neutron width may be much more than
3.7 keV, cited in scientific literature.

1. H.T.Heaton, J. L. Menke, R. A. Schrack, and R. B.
Schwartz, Nuclear Science and Engineering, 56, 27
(1975).

2. Yu. A. Alexandrov, I. S. Guseva, A. B. Laptev, N. G.
Nikolenko, G. A. Petrov, O. A. Shcherbakov, Reprint
JINR-E3-213 (Dubna, 1997).

3. 0. Gritzay, V.Kolotyi, O.Kalchenko, P. Vorona,
M. Gnidak, J. Nucl. Sc. and Tech., Supp. 2, 1, 389
(2002).

4. 0. O. Gritzay, V. A. Libman, A. V. Murzin,
V. G. Nikolenko, = A.B.Popov, G.S. Samosvat,
W. Waschkowski, Proc. of the 8-th ISINN, Dubna,
2000, p. 165.
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NEUTRON FILTER TECHNIQUE AND ITS USE FOR FUNDAMENTAL INVESTIGATIONS

0. O. Gritzay, V. V. Kolotyi, M. L. Gnidak, O. I. Kalchenko, N. A. Klimova, V. A. Libman

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Up-to-date level of scientific and technology de-
velopment demands the high accuracy data on neu-
tron interaction with nuclei and elements. High ac-
curacy of experimental data should be allow to make
progress in development of nuclear simulation codes
and in generation of evaluated nuclear data libraries,
that are information basis for any transport calcula-
tions both for operating and future reactors and for
nuclear technologies in medicine, industry, etc. Now
the most difficult situation with the accuracy of neu-
tron cross sections is in the energy range from sev-
eral keV to several hundred keV. The reason is in
the lack of high flux installations, which can provide
the measurements of neutron cross sections with
necessary accuracy in the mentioned energy range.
Today a few of such installations are designed and
may be used (e.g. in LANL, ORNL), but they need
very large costs.

There is in existence the alternative way to get
the high accuracy neutron cross sections: to use the
neutron filtered beam technique at the existing re-
search reactors. Surely, this technique has its own
positive and negative sides and needs the financial
costs, too, if you have to purchase the high enriched
isotopes for filer components. However, with good
optimization of all filter components and careful
evolution of neutron cross section measurement
methods, this neutron filtered beam technique may
be widely used at the many of the existing research
reactors to provide the measurements of neutron
cross sections with the accuracy, needed for today.

The main idea of neutron filter technique is the
use of large quantities of matter which nuclei have
the deep interference minima in their total neutron
cross sections. By transmitting reactor neutrons
through thick layer of such material, one can obtain
the quasi-mono-energetic neutron lines instead of
white reactor spectrum. To get only one quasi-
mono-energetic neutron line the composition filter
is usually used. This composition filter consists of
the “main filter material” and additional materials,
for which resonance maxima in their total neutron
cross sections coincide with interference minima for
filter material, with the exception of the most deep
interference minimum energy.

The basic demands to neutron filter beam are the
following:

1. The purity of the main energy line in neutron
spectrum has to be as much close to 100 % as
possible.
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Neutron filters used in the NPD
for fundamental investigations.

2. Neutron intensity has to be the most possible
value, sufficient to obtain the necessary accuracy in
experiment.

3. Construction and composition have to provide
the minimal possible gamma-background.

4. In necessary cases the construction and com-
position have to allow the increase or reducing of
the base line width without essential worsening of
filter quality.

5.The amount of enriched isotopes in filter
components has to be minimum necessary.

The wide set of natural elements and enriched
isotopes are used as components for neutron filters
in the Neutron Physics Department at the Kyiv Re-
search Reactor (KRR):

natural elements: Si, Al, V, Sc, S, Mn, Fe, Ti,
Mg, Co, Ce, Cr, Rh, Cu, B, Cd, LiF;

enriched isotopes: “*Cr (99.3 %), **Fe (99.92 %),
Fe (99.5 %), *"Fe (99.1 %), **Ni (99.3 %), *Ni
(92.8 % - 99.8 %), “*Ni (98.04 %), **Se (99.2 %), '°B
(85 %), 'Li (90 %).

At the KRR the neutron filtered beam technique
is used for more than 30 years and its development
continues. Energies and comparative intensities of
the neutron filter beams used for fundamental inves-
tigations, carried out in the NPD, are shown in
Figure. The new and updated facilities for neutron
cross section measurements provide the receipt of
neutron cross sections with rather high accuracy:
total neutron cross sections with accuracy 1 % and
better, neutron scattering cross sections with 3 - 4 %
accuracy.

IHCTUTYT SJIEPHUX JOCJIDKEHb HAH YKPATHU



ATOMHA EHEPTETUKA

UCCJIETOBATEJbCKUA PEAKTOP BBP-M KAK UCTOYHUK HEﬁTPOHQB
JJIA HOJIYYEHUSA PAJUOMN30TOIIOB U HAYYHbBIX UCCJIEJOBAHUU

II. H. Bopona, B. ®. Pa30yneit

Hucmumym adepuvix uccnedosanuii HAH Yipaunvl, Kues

UccnenoBarensckuit  peakrop BBP-M  UAU
HAH VYxpauns! sBisiercss 6a30Boi sifiepHO-(hu3nyec-
KOM YCTaHOBKOH /U1 MOJYy4YeHHS PaguOaKTUBHBIX
W30TONIOB M IPOU3BOACTBA HAa WX OCHOBE DPATUO-
M30TOIHOM MPOAYKIMM I Pa3iIuyHbIX cep uc-
MOJIb30BaHM (HayKa, MEIUIIIHA, TPOMBIIUIEHHOCTH,
pas3yinuHbIe IPUKJIaIHbIC IPUMEHEHHS), a TAKKE JUIS
poBeNeHUs (PyHIaMEHTaIbHBIX HAay4YHBIX HUCCIIENO-
BaHuil [1]. B ocHOBe mosydeHus paguMoOaKTHBHBIX
M30TOIIOB JIeXKAaT sIEpPHbIE pPEeaKLUU MOoJ JAefcTBHEM
HEUTPOHOB B 00dydaeMblx MuuieHsiX. Komnuecrt-
BEHHbIE XapaKTEPUCTUKU AWHAMUKU SAEPHBIX IIpe-
BpalllEHUI ONpPENENAoT CIEeAYIONNe BEINIUHBL: Ce-
YCHMsI B3aMMOACHCTBUS HEHUTPOHOB Pa3IUYHBIX
SHEpPTHi C ATOMHBIMH SJIPAMH, a TaKXXe CIEKTPHI
HEHUTPOHOB B MecTax oOmydeHus muineHeil. Hew-
TPOHHBIE CTIEKTPBI PEAKTOPHOTO M3IyUYEHUs OIpere-
JISIOTCS. KOHCTPYKIMOHHBIMH OCOOCHHOCTSMH KOH-
KpeTHOro peakropa. Kpome Ttoro, oOiydaTenbHBIC
00BEMBI, CO3/1aBacMble B Pa3JIMUHBIX YacTAX peak-
TOpa, UMEIOT CBOW CIICIM(PUICCKUI CIEKTPaTbHBIN
COCTaB HEHTPOHHOTO IOJIS. DTO CYIIECTBEHHO BIIHA-
€T HE TOJBKO Ha BBIXOJ LIEJIEBOTO PaAMOU30TONa, HO
U Ha PaJUOHYKIMIHYIO YUCTOTY OOJIy4eHHOrO Ipo-
IyKTa, T.e. Ha KOJMYECTBO MPUMECHBIX H30TOIOB. B
HacTosiel paboTe B LEIIX ONTUMH3ALUH IpoLecca
HaKOIUICHUS] PaJMOAaKTUBHBIX W30TONOB OBIIM BbI-
MOJTHEHBI pacdeThl HEUTPOHHBIX CIIEKTPOB HEMO-
CPEACTBEHHO B MPEAINOJaraeMbIX MecTax 00IydeHHs
MHUIIIEHEH.

PacdeTsl BBITIONEHBI METOAOM CTATHCTHYECKHX
ucnbiTanuii (Meron Monrte-Kapino) mpu momomun
KomnbloTepHOM mnporpammel MCNP-4c [2] ¢ uc-
MOJIb30BaHUEM HEHUTPOHHBIX JAHHBIX, B3ATBIX W3
Oosee mMonHON OMOIMOTEKHM HEHTPOHHBIX CEUEHMH,
3anoxkeHHOM B mporpamme MCNP-5c. B kauecte
BXOAHOTrO (paiiia cocTaBieHa TeOMeTpUuiecKas Mmpo-
CTpaHCTBeHHass Mojenb peakropa B MCNP-dop-
MaTe. B cocTaB MoAenu BKIIOUEH HM30TOIHBIN coc-
TaB HE TOJIBKO CTal[MOHApHBIX KOHCTPYKIHMOHHBIX
MaTepHANIOB, HO W PacYeTHBIE JaHHBIE IO COCTaBY
TOIUTMBA B JMHAMUKE (OCKOJIKU JeNEHUS, MPOTyKTHI
3axBaTa HEHUTPOHOB), a TakXe IPOAYKTOB OTpaB-
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JICHWsI, HAKAIUTMBAIOUINXCS B OEpPHUIMEBOM OT-
paxarene. PacueTsl cocTaBa TOIIMBA BBITOJIHSINCH
C HCIIOJIb30BaHNEM YpPaBHEHHH KWHETUKH SIEPHBIX
MIPEeBpAIIeHN N U30TOIIOB B PEAKTOPE.

[TosrydeHHbIe pe3ynbpTaThl BKIIOYAIOT pacueTHHIE
CIEKTPBI, YCpPEeIHEHHbIE IO 00beMaM TeX Cpel, Tae
CO37ar0TCsl O0JIydaTenbHble 00BEeMBI: 1) aKTHBHAS
30Ha peakTopa (roproyee, OXJaKAarollas BoJa B
MIPOCTPAHCTBE MEXAY TEIUIOBBIACIAIONUMH dJIe-
MEHTaMH, BOJia B MOJIOCTAX 00beMoM Ha 7 U 19 Ten-
JIOBBIIETISTIONUX COOpPOK); 2) OepmILTHEBHIN OTpaka-
Tenb. PaccunmTaHHBIE CHEKTPHI OTpPaXkaloT oOIIHe
3aKOHOMEPHOCTH (POPMHPOBAHUS CIIEKTPOB B peak-
Tope: 0oJiee KECTKHH CIEeKTP B TOPIOYEM M CYIIECT-
BEHHOE CMATYEHHUE CIIEKTpa B 3aMeaiuTene (Boaa u
Oepuiuuii). Paccuntanbl Takke CHEKTPHI B JIOKAJIb-
HBIX pabo4Mx ydacTkax oOJIydaTreldbHBIX O00BEMOB,
PacToI0KEeHHbIX Ha YPOBHE IIEHTpa aKTUBHOM 30HBI
BHYTPH BEPTHKAJIBHBIX JKCIIEPUMEHTAIBHBIX KaHa-
JIOB, CMOHTHPOBaHHBIX B Pa3lIMYHBIX Cpelax peak-
topa. Cpeny HUX: JiBa KaHaNa B BOJHBIX ITOJIOCTAX B
aKTHBHOM 30HE, TpU KaHala B OCpHIUIMEBOM
OoTpakaTelie — 3alloJTHEHHBIE BOAOW W 0e3 BOJPI,
YeThlpe KaHala B rpadure TEIUIOBOM KOJIOHHBI
peaxTopa.

Hns mpoBenenus ¢GyHIaMEHTAJIbHBIX Hay4HBIX
WCCIIEIOBAHNN W pelIeHHs NPUKIAJAHBIX 3a]ad Ha
BBIBEJICHHBIX ITy9YKaX BBIMIOJHEHBl pacyeThl IUIOT-
HOCTH HEWTPOHHBIX MOTOKOB U HUX CHEKTPAIBHOIO
cocraBa Ha BeIxonle W3 10 TOPH30HTANBHBIX JKCIIE-
PUMEHTAJIBHBIX KAaHAJIOB PEaKTopa.

PaGora moanmepkana TpaHTOM YKpPaHHCKOTO
Hay4yHO-TexHoJorndeckoro neHrpa (YHTLL), npoekr
Ne Uz-25.

1. XA H. Buwmneeckuil, B. U. Cnucenxo, B. H. Maxapog-
ckuii, M. B. Jlvicenxo, Matepuansl MexayHap. Ha-
yuHO-TexH. KoH(}., Mocksa, Poccust, 20 - 23 wurons
2006 r., (H30-60 @I'YII HUKUIT, M., 2006), c. 34.

2. I.F. Briesmeister, ed., MCNP - A General Monte
Carlo N-Particle Transpot Code, Version 4C, Report
No. LA-13709-M (Los Alamos National Laboratory,
2000), 788 p.
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O CIIOCOBE NIIPSIMOI'O U3MEPEHUA CEYEHUA
PAJMALIMOHHOI'O 3AXBATA HEUTPOHOB PAJJMOAKTUBHBIMU SIIPAMU

I0.I'. llenkun, B. . Caucenko, B. H. IllleBeas, T. A. KocTiOK

Hucmumym adepuvix uccnedosanuii HAH Yipaunvl, Kues

ITpakTiueckd Bce 3KCIIEPUMEHTANbHBIC TaHHBIC
10 CEYEHHIO G, PAJNAllMOHHOIO 3aXBaTa HEHTPOHOB
pannOaKTUBHBIMH SIAPAMHU TIOJyYEHBI KOCBEHHBIMHU
METOAaMH, T.6. HE IYTEeM pEerucTpaluyd MIHO-
BEHHOTO 3aXBAaTHOTO Y-M3Iy4yeHHs. Mexay TeMm u3-
MEpeHHE G, NPSAMBIM METOJOM IIO3BOJIUT DPEIIHUTh
MHOTHE 33/1a4d HCCIENOBATENbCKOr0 W MPHUKIAL-
HOTO XapakTepa, B YacTHOCTH IOJy4yaTb HauOojee
MOJHYI0 WHPOPMAIMI0 MO HEHTPOHOCKOIHYECKHM
JaHHBIM U MPOBOJUTH MX UCCIIEIOBaHUE (TapLualib-
HbIE INUPUHBI, X paclpelesieHUss U KOPPEeJsLuy,
paccTosHUS MEXIY YPOBHSIMM KOMIIAYHI-SAEp U UX
pacrpeneneHus, CHOHMHBI saep, HEHTPOHHBIE M pa-
JIUalMOHHBIE CHIOBbIE (GYHKIUM U Tak paiee). [Ips-
MO€ U3MEpEHHE G, PaJHOAKTUBHBIX SIEP JACT BO3-
MOJKHOCTb MCCJIEZIOBATh OCOOBII KiTacc TaKuX s1ep —
HaXOJSIINXCs B BO30YKICHHBIX (M30MEPHBIX) CO-
CTOSIHUSX, IPOBOJUTH COIIOCTAaBIICHUE IIapaMETPOB U
mporecca Bo30yXIeHUs 00pa3yeMbIX KOMIIAayH/-
COCTOSIHMM TpHU 3axBaTe€ OBICTPBHIX HEUTPOHOB C
snepruerr E, = E;, (E; — sHeprus m3zomepa) siapom-
MHILICHBIO B OCHOBHOM COCTOSHMM M 3aXBaTe Me[-
JICHHBIX HEUTPOHOB U3 N30MEPHOT'O COCTOSHHS.

HHTepec K Pa3BUTUIO METOIOB INPSIMOTO H3Me-
peHHs G, pPaJMOAaKTHBHBIX s/ep OOYyCIIOBIEH TaKXke
NOTPEOHOCTSMHU B PEUICHUM TMPHUKIAJHBIX 33/ad, B
TOM 4YHCIIE TPH TPOCKTUPOBAHWU PEAKTOPOB Ha
OBICTPBIX HeWTpoHaxX. TpeOGoBaHUS K HEUTPOHHBIM
CEYEHHUSAM JJIS 3TOM IeNr BBITEKAIOT U3 PAacCMOT-
PEHHUST KaXIOT0 M3 3TANOB TEXHOJOTHYECKOTO LUK-
Jla — pabOThl PEaKTopa, NOAAEPKAHUSI KPUTUIHOCTH,
obecrieueHusT PacIIMPEHHOTO BOCIIPOU3BOJICTBA, Oe-
30MaCHOCTH paboTHI, MPOTHO3UPOBAHUS CTOHKOCTU
KOHCTPYKIHOHHBIX MaTEpUaJIOB, BHELIHETO TOIINB-
HOTrO TWKIa (HeiTpoHHas u y-aktuBHOCTH OST m
BBIOOP METOJIOB €T0 YTHIIM3AIMU — BRITOPAHUE, pac-
naj Wik 3aX0OpPOHEHUE).

Jpyras noTpe6HOCTh B 3HAHUU G, BOSHUKAET IIPH
pacdere BEpOSTHOCTH BO3HUKHOBEHHs LEHOH pe-
aKIMM B CpeAax, COACpKaIlUX PpacIIeTUISIOIINecs
Mmatepuaibl. B Tex ciydasx, Koraa cpena comepKuT
PalOaKTUBHbBIE IPOIYKTHl U HEU3BECTEH WU CJO-
JKEH €€ COCTaB, IPUMEHEHNE CYIIECTBYIOIINX METO-
JI0B U3MEPEHUS G, OKa3bIBACTCS 3aTPyTHUTECIbHBIM.
C1o’KHOCTB NPSMOT0 M3MEPEHHs Gy CBSI3aHa C TPY-
HOCTSIMHU 3KCIIEPHMEHTAIBHOTO XapaKTepa BCIAEACT-
BUE HAJMYMUS PAlIUOAKTUBHOTO U3TY4YEHHS, B OCHOB-

HOM Y-U3JIy4eHHUs, IPUBOAALIETO K BO3HUKHOBEHHUIO
(hoHA paIMOAKTUBHOIO U3JTyUYEHHUS MO OTHOIICHUIO K
aKTaM 3axBaTa HEUTPOHOB B 00pa3le M M3MEHEHUIO
XapaKkTEepUCTUK AECTEKTHPYIOIIUX U PETUCTPHPYIO-
IIUX YCTPOMCTB BCIEACTBUE MEPETPY3KH JETEKTOPA,
€ro pajnodJIEKTPOHHOIO TpPaKkTa M MOCIeXyIOMIHNX
CXeM perucrpauuu. YKasaHHble 3)(eKTsl TPUBOISAT
K HEOOXOIMMOCTH yMEHBILIEHHUs KOJIMYECTBA HCCIIe-
nyeMoro BemiecTBa. [Ipu aToM cHmkaetcs uzMepsie-
Masi UHTEHCUBHOCTh HMCCIIELyEMOI0 3aXBaTHOTO H3-
Jy4eHUs], YTO NPUBOIUT K YBEIMUYEHHUIO BPEMEHHU
W3MEPEHHUS, OTPAHNYCHHIO BEIIMYUHBI CEUEHUS, BO3-
MOYKHOTO JJIi W3MEPEHHs, YBEIWYEHWIO BIIHSHUSA
¢ona. IlosToMy HEOOXOAMMBI CllELMATIbHBIE MEPHI
[0 YMEHBIICHUIO BIMSHUS PaIHOAKTUBHOTO H3ITY-
YeHus1 o0pas3na — TUCKPUMHUHAINMH PaJHOaKTHBHOTO
M3ITy4YeHUs] TI0 BBLACIAEMONH B JIETEKTOPE SHEPIUH,
WCIIONIb30BaHUE 3allUTHl JETEKTOpa W3 TSKEIBIX
3JIEMEHTOB, pacrojaraéMoil MexIy HCCIeayeMbIM
00pa3lloM ¥ JETEKTOPOM, YBEJIHYEHUE OBICTpPO-
JEHCTBHA NETEKTOpa U IEKTPOHUKU. Bee ot Mepsl
MOJKHO HCIIONIb30BaTh, TaK KaK CYIIECTBYIOT IPH3-
HaK{, 10 KOTOPHIM OTJIMYAIOTCS 3aXBaTHBIE M pa-
JUOAKTUBHBIE M3IY4YECHUSI — SHEPTHsSI 1 MHOKECTBEH-
HOCTh V,. OIHAKO MCIOJIB30BaHHE PA3IUUUMA ITHX
MapaMeTpoB BO3ZMOKHO JI0 OIPEIeIeHHBIX 3HaYeHUN
AKTUBHOCTH.

B nmanHoii pabore paccMaTpuBaeTcsi BO3MOXK-
HOCTh TPHUMEHEHHsS CIIEKTPOMETPUH MHOXKECTBEH-
HOCTH JUIs IPAMOTO U3MEPEHHS Gy PaJMOAKTUBHBIMU
saapamMd. Ha perumcTpanuio kackaga y-KBaHTOB Ha-
KJIQABIBAETCSI YCIOBHE WX OIPENENICHHOrO Ipo-
CTPAaHCTBEHHOI'O pacHlpeiiefieHHs] B MHOTOCEKIIMOH-
HOM 4m-meTekrope. JTO yCIOBHE B COYETaHUU C
YCJIOBUSIMHU COBIAJICHUS Y-KBAaHTOB Kackaja B OIpe-
JIEJIECHHOM BPEMEHHOM UWHTEpBale M 3aJaHHBIM
SHEPIrOBBIICTICHUEM B CEKIMSX JETEKTOpa MO3BOJIUT
B ~ n’ pa3 CHU3MTH YPOBEHb (DOHA PaTMOAKTHBHOIO
W3Iy4YEHUs] MCCIEIyeMOoro obpasla W €ro BIHsSHHUE
Ha CHUCTEMY perucTpanuu (n — KOJIMYECTBO CEKLHH
nerekropa). Oxkuznaemas 4yBCTBUTEIBHOCTh METOJA
10 MUHMMAJIBHOMY KOJHMYECTBY oOpasua Uil u3Me-
penus ceuenus Ha ypoBHe 50 6 cocraBmser 0.2 mr
npu yaenbHON akTBHOCTH obpasua 2:10' Brer'.
JUI1 OLEHOK HCIOJB30BaHbl MapaMETpbl MHOIO-
CEKIIMOHHOTO 4 T-CIIEKTPOMETPa MHOKECTBEHHOCTH
Ha 0a3e peaktopa BBP-M SN HAH Ykpaunsi.
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HEUTPOHHA CIIEKTPOCKOIIISI COJIbOBUX PO3YHHIB IIUKJIOJAEKCTPUHY
B JMMETHJI®OPMAMIAI

B. B. Kienko', C. B. Paos', 1O. YO. Kepua', B. I. Cuicenxo®, O. A. BacwibkeBuy’,
B. T. Kporenko®

ITnemumym ximii eucoxomonexyaapuux cnoayk HAH Yrpainu, Kuis
2 . . .
Tucmumym adeprux docaioxceny HAH Yipainu, Kuig

OIHUM 13 OCHOBHHUX METOIB OYHILEHHS BOIHU Bif
LIKIATUBHUX 1 TOKCHUYHUX PEUYOBHH € BUKOPUCTAHHS
pi3HOTO TUMY (IIOKYJISHTIB Ta KOoMITIeKcaHTiB. Oc-
TaHHIM Y9acoM IIepeBary cepell pedoBWH, SKi 3/1aTHi
BUKOHYBaTH (YHKILIi CENEeKTHBHOI Iii Ha 10HM Ta
MOJIEKYJIA PI3HOTO THUITy, TIOYAJI BiJlJJaBaTH CHUCTE-
MaM TIPHUPOJTHOTO MOXOHKeHHS. OaHUM 13 HalHOUTBIIT
NOMYJISIPHUX KJIACiB TaKUX PEYOBHH € IMPHPOIHI
omirocaxapunu ta nukinonexcrpunn (LJ1). [ukno-
JIEKCTpUHU — 11 0-1,4 3B’s3aHi oyiromepu D-rimro-
KOIipaHO3H.

Meroro maHoi poOOTH OYyJI0 JOCTIIKEHHS KOM-
IUICKCOYTBOPIOIOYOT  3JaTHOCTI  MOJU(IKOBaAaHUX
[UKJIOJEKCTPUHIB 10 10HIB PI3HUX METaNiB, Y TOMY
YUCITI BaXKHX, TAaKUX SK 10HU PTYTi, KaaMmilo Ta
CBUHIIO. J[7s1 BHBYECHHS KOMIUIEKCOYTBOPIOIOUHX
BIacTUBOCTeH MomudikoBanoro [-11J] Bukopucro-
ByBaJM PO3YMHU COJEH BaXKUX METaliB 3
omHakoBuM  aHioHoM  Hg(NO;),,  Cd(NOj),,
Pb(NO;),, a Takox mia mopiBHAHHSA cinb CuSOy4 B
nuMetrnpopmamini (AMD).

JocnimkeHHs TMHAMIKE PO3YHHIB MPOBOJIWIN 32
JIOTIOMOTOI0 METO/Y KBAa3iMpYXXHOTO PO3CiSTHHA MO-
BUTRHUX HeWTpoHiB. OCHOBHa iHdopMaIlis mpo Iu-
Gy3ifiHl pyXH MOJIEKYJ MICTUTBCA B 3aJICHKHOCTI
SHEePreTHYHOT0 PO3IMIMPEHHS KBa3lyNpy>KHHX IMiKiB
AE Bin kBampara MepeiaHoro iMImyJbCy Qz. Jnst
intepnperauii 3anexnocti AE(Q?) 6yi1o BuKOpHCTa-
HO MiJXi, IO I'PYHTYEThCS Ha MPUHLUIMI iepapxii
4acoBUX MacmTabiB AuQy3IHHUX PyXiB MOJEKYI
[1], skuii mO3BOJISIE TPENCTABUTH 3arajbHUN KO-
edinienT camoaudysii y Burmsini cymu D = Dg + Dy,
ne Dr 1 Dp xapakTepu3yiTb OIHOYACTHHKOBY
(«ppeHKemBChKY») 1 KOJIEKTUBHY («IarpaHkoBY»)
madysito BianmosinHo. Koedinient D mpu npomy
BH3HAYaeThcs mpu Q° — 0, a TpPH  BEIHKHX
3HAueHHAX Q° BM3HAYAETHCS KOJNEKTUBHMI BHECOK
D, y 3aranpamii koedimienT camoaudysii. OTpumani
3HadeHHA KoedimienTiB camonudy3ii monexyn MO
B COJILOBHX PO3YMHAX (yHKIioHami30BaHOTO [3- L1J]
HaBeJICHO B TAOJIHII.

IMapamerpu mudy3ii cob0BHX PO3UHHIB PYHKIIOHATI30BAHOIO B-IHKJI0IEKCTPHHY

PeuoBuna D-10° v’ D - 10°, m%c! Dy - 10°, M%c”! Dy/ Dg, % To- 10", ¢
MO 2,42 0,37 2,05 15,3 1,42
JIMO-11]] 2,72 0,49 2,24 18,0 1,5
JIMO-LIJI-CuSO, 1,98 0,41 1,57 20,7 1,86
JIMO-LIJI-Cd(NO3), 2,25 0,86 1,38 38,2 1,6
IMO®-11]1-Hg(NO3), 2,14 0,69 1,45 32,2 1,6
JIMO-LIJI-Pb(NO3), 1,97 0,05 1,92 2,5 1,2

Sx BumHO 3 TaOmwmii, koedirmieHT camomudysii
JAM® B Ge3conpoBoMy pozunHi LI gemo Ginpui,
HDK B 00’€Mi, IO € CBIAYEHHAM HETaTUBHOI
COJIbBATAIl MOJIEKYJI PO3YHHHHUKA B TIPHCYTHOCTI
¢dynkuionanizoBaHoro LIJI. YBeneHHs x cojield Bax-
KHX METalliB MPHU3BOAMUTH AO PI3KOr0 3MEHIICHHS
koeodinienta camomudysii IM® y pozunnax (Imo-
3UTUBHA coJbBaTalis Mosiekys JJM®), npudomy aist
coJiell 3 OJHAKOBHM aHIOHOM CIIOCTEpIraeTbcs THM
OiIbIle 3MEHIICHHS, YUM Ba)KUuil KaTioH. /{1 i0HIB
Cd*" i Hg”" mae wmicue piske 36imburenns (Gimbire
HIXK y 2 pa3u) KOJIEKTUBHOTO BHecKy B D, 1o € mps-
MHUM CBiYEHHSM 3HAYHOI KOMILIEKCOYTBOPIOKOYOT
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3MaTHOCTI M0 maHuWxX ioHIB. Y posuuHi 3 Pb(NOs),
KOMIUIGKCOYTBOPCHHSI HACTIIbKM I1HTEHCUBHE, IO
BXX€ MOXKHAa TOBOPUTH TIPO YTBOPEHHS «KBa3i-
KPUCTAIIYHOD» CTPYKTYPH.

TakuM 4MHOM, TIPOBEAEHI JOCIHIKEHHS TTOKa3a-
mu, mo IJ € epekTMBHMMHU KOMILIEKCAaHTaAMH 0
i0HIB MeTatiB. YCTaHOBIEHO, MmO (QyHKITIOHATI3AIis
Buxigaux L{JI 103BoIIsi€ peryIroBaTu iX CeJIeKTUBHY
3ATHICTh JI0O KOMIUIGKCOYTBOPEHHS 3 10OHaMu
BaKKUX METAIIB.

1. JL A. Bynagin, O. A. Bacunbskesuu, A. K. [oporr ma
in., YOXK 31, 1703 (1986).
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AHOTALII POBIT

BILJIMB MAJIMX KOHIEHTPAIIIHA HOJIHETHJIEHI JIKOJIEN 1500 I 4000
HA JUHAMIKY BOJU 3A JAHUMHU HEUTPOHCKOIIII

T. B. KapMa?.iHal, B.1. Cnicemcoz, 0. A. BaCI/I.]ILKEBH‘lz,
T. M. Baan.mo]cl, A. A. HeTpa‘lKOBl, B. M. Omeabuenko’

Tuemumym xonoionoi ximii' i ximii 6oou HAH Vkpainu, Kuis
2 . . .
Tucmumym adeprux docaioxceny HAH Yipainu, Kuig

Sx Bimomo, mijx BIUTHBOM (Di3MYHMX YHMHHHKIB i
XIMIYHAX KOMIIOHCHTIB 3MIHIOEThCS CTPYKTYpPa BOAU
1, TAKUM YHMHOM, ii AMHaMika. MeToro naHoi podoTu
OyJ10 BU3HAYEHHS BIUIMBY BiJHOCHO MaJluX KOHIICH-
Tpauiii momierunenrnikoneit [TET-1500 i TTET-4000
Ha IUHAMIYHI BJIACTUBOCTI BOAU Ta IX MEXaHI3M Ha
OCHOBI KUTBKICHOI OIIHKH 32 JaHUMHU KBa3ilpyk-
HOTO PO3CISTHHS MOBITFHUX HEUTPOHIB. Y pe3yiIbTaTi
MPOBEJICHUX CKCICPUMEHTIB OyJI0 BH3HAUEHO TaKi
XapaKTePUCTUKU caMomudy3ii Monekyn Bogu: D —
3aranpHul Koedimient nudysii; Dy - BHecok B D Bix
KOJIGKTMBHUX pyXiB; Dr - BHECOK BiJl OJHO-
YaCTHHKOBHUX PYXIB; Tg - 4aC KUTTS MOJIEKYJI BOIU B
KOJIMBHOMY CTaHi Oijisl meHTpa piBHOBary; ly - D0OB-

JKWHA CTPUOKA MOJICKYJIM 3 OJTHOTO IIEHTpa piBHOBA-
T'¥l B IHIIHH.

PesynpTaté mOCHIIKEHb XapaKTEPUCTHK CaMmo-
mudy3ii Bogu y po3umHax IIEI-1500 i ITET-4000
MpeCTaBIeHo B Tadu. 11 2.

AmHani3 naHux, HaBeJeHuX y Tabm. 1, mae 3mory
3pOOWTH BHCHOBOK TIPO HAsSBHICTh MIHIMyMy B
KoHIIeHTpariiHii 3amexuocti D(C) mobmuzy 0,05 -
0,1 mac. %. Ilpu upoMy B wilf ke 00MaCTi KOHLEH-
Tpamiil CIOCTEepIraroThCsl MaKCHMAalbHI 3HAYEHHS
KOJEKTHBHOI CKJamoBoi D; 1 MiHIMaabHI 3HAYEHHS
OJHOYACTHHKOBOI CKIafoBoi Dr. [l BCiX KOHICH-
tpauiit [1EI'-1500 moxuHa cTpuOka MOIEKyNI BOIH
lp mepeBuIy€ 3HAUEHHS |y BITacHE BOIH.

Tabnuya 1. XapaKkTepUCTHKHU AMHAMIKH MoJieKya Boau y po3unHax ITEI'-1500

Konmentparis, D Dy Dr i
mac. % | < 10° v Dy/Dp To- 102 ¢ ly, HM
0 2,23 0,46 1,77 3.8 2,8 0,07
0,05 1,64 0,55 1,09 1,9 2,69 0,13
0,10 1,65 0,69 0,96 1.4 2,88 0,13
1,00 2,03 0,36 1,67 4,6 2,00 0,14
2,00 2,02 0,27 1,75 6,5 1,91 0,14
Tabnuya 2. XapaKkTepUCTHKH JMHAMIKH MoJieKy Boau y po3unHax ITEI'-4000
Konnenrparis, D D. Dr i
Mac. % < 10°. 2" D¢/Dy. T0-10"% ¢ ly, HM
0 2,23 0,46 1,77 3,8 2,8 0,07
0,1 1,41 0,28 1,13 4,0 1,58 0,10
1,0 1,65 0,24 1,41 59 1,80 0,12

Hns pozunni ITEI-4000 (mamB. Tabm. 2) Takox
CITOCTEPITAETHC MIHIMYM Yy 3Ha4YeHHSX D mpu KoH-
nentpanii 0,1 mac. %. IIpote BigHomenns Dy/Dy He
BiJIPi3HAETHCS BiJ] TAKOTO /ISl BIACHE BOJIH.

[TopiBHSHHS XapaKTepUCTUK camomudy3ii Mose-
kyn Bomu B mpucytHocti [TE[-1500 i ITET-4000
JI03BOJIsIE 3poOuTH BUCHOBOK, 1o [1EI" 3 OimbIoro
MOJICKYJISIPHOIO Baror MpH PiBHUX KOHICHTPAIIAX
OUTBIIOI0 MIpOI0 BIUIMBAE HAa TpaHCIAHIHHY Audy-
31F0 MOJIEKYJI BOJIH.

TakuM YHHOM, MPOBEACH] JOCITIPKEHHS BUSBUIH
psAI ocoOIMBOCTEH y KOHIIGHTpAITiHHIN 3a7eKHOCTI
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xapakrepuctuk audysii Bogaux po3umHiB [1EI". 30-
Kpema, Tpu 3MiHi kKoHIeHTpamii Big 0 1o 2 mac. % y
3anexHocTi D(C) cmocrepiraeTsCsi MiHIMyM IpH
0,05 - 0,1 mac. %. HeoOxigHO BiI3HAYUTH, IO, SK
MMOKa3aJld MPOBEACHI paHille TOCIIHKEHHS, aHaJIo-
rivamii edext mMae micte i B D(C) BogHO-CTUPTOBUX
po3unHax mpu KoHUeHtpauii 4 - 6 monbH. %. e
MOSACHIOETHCS. IHTEHCUBHMM KOMILIEKCOYBOPEHHIM
MpH JaHUX KOHLEHTpalisx. L{ikoM MOXKIHMBO, 1O 1
B pocmimxyBanux cuctemax I[1ET" minimym B D(C)
00yMOBIIEHUI YTBOPEHHSIM KOMILIEKCIB, SIKi MiCTATh
1o 10 monexyn Boau ta [TEL.

IHCTUTYT SJIEPHUX JOCJIDKEHb HAH YKPATHU



ATOMHA EHEPTETUKA

BOTHECTIMKICTh BYJIBEJIbHUX KOHCTPYKIII
HEHTPAJIBHOI'O 3AJ1Y JOCIIIHULBKOI'O AAEPHOI'O PEAKTOPA BBP-M

B. JI. Cunopenxo', C.I. Azapos’

Inemumym deporcasnozo ynpasninus y cgpepi yusinornozo saxucmy VI3 Ypainu, Kuig
?Incmumym soepnux docniovcens HAH Yipainu, Kuis

JInst oliHKK MeXXi BOTHECTIMKOCTI OETOHHHX Oa-
JIOK 13 30BHIIIHIM JIMCTOBHM apMyBaHHSIM pajiamiii-
HO HeOe3neyHuX 00’€KTiB MOBHHHI OyTH BUKOHaHI
pPO3paxyHKH 3a TphOMa O3HaKaMH T'PaHUYHHX CTa-
HIB: BTpaTH Hecydoi 31aTHOCTI, IUTICHOCTI KOH-
CTpyKUii 1 Teroizomoouoi 3gatHocTi. s 1poro
BUKOPHUCTOBYIOTH METOIW TPaHUYHOI piBHOBArH,
MPOTpiBy 1 MexaHiku TpimuH [1, 2]. 3Har04H TEII0-
¢iznuni, gedhopmaniiiHi 1 rabaputHi napamerpu Oa-
JKU Ta BEMUYMHH TEMIEPaTypHOTO IMITyJbCY, MO-
’KEMO BU3HAYHUTH TPOTUH, 3THHAIGHUNA MOMEHT Ta
MIITHOCHI XapaKTepUCTUKUA Oallki UEHTPaJbHOTO
3aJ]y JOCTIIHUIBKOTO SIIEPHOTO peakTopa Mpu Io-
KEXKI.

lo ‘|"‘"

4 B

\\

—h—A——A
Posnonin Temneparyp, Hanpyr i fedopmaniil y nepeTuHi crane0eToHHOT OanKu
B pi3Hi MoMeHTH dacy: [/ — (t=10c¢); 2—(t =100 c); 3 — (t=1000 c).

OTpuMaHe 3 pO3paxyHKYy 3HAUYCHHS 4Yacy BOTHE-
CTIMKOCTI Oayiky 30UTBIIYIOTH JJI CTAaTUIHO HEBU-
3HAYEHUX KOHCTPYKIiH (MOHOJITHUX TEPEKPHUTTIB) B
1,5 pasu, SIKIIO Ha Oomopax HeMae MiICHUICHHS Hecy-
YUX KOHCTPYKIIH, ado B 2,5 pa3u mpu 30iLIbIICHH]
TUIOLIMHY apMaTypH Ha onopax ynBidi. OIiHKH OKa-
3YI0Tb, 1[0 BOTHECTIHKICTD MEPEKPUTTIB PEAKTOPHOTO
3a]y MOXE JOCATATH 3 TOJM, MO MEePEeBHUIy€E TPHBA-
JCTh MOXJIMBUX IOYKEXK BCEPEIHMHI IBOTO TPHMi-
mernns (t < 2,5 rox). Hiski 30BHINTHI TTOXKEX1 HE MO-
KYTh BUKIMKATH BIUIMBY, IO PYHHY€E TEPEKPHUTTS
a0 CTIHU PEeaKTOPHOTO 3aily, aje BOHH MOXYThb OyTH
NPUYUHOK BUHHUKHEHHS OCEPEKIB MOKEKi B IIbOMY
3aJ1i 32 PaxyHOK NMPOHUKHEHHSI BOTHIO 1O KaOeJIbHUX

L[OPIYHUK - 2007

PosrnsHeMo cTane0eTOHHY CTAaTUYHO BH3HAYEHY
OaJiky, sika mepeOyBa€ MiJl Ai€0 PIBHOMIPHO PO3IIO-
JIIEHOTO HaBaHTA)KEHHs 1 TeMIepaTypH, IO 3MiHIO-
€TBHCSI B3JIOBXK OCI ) 32 3aKOHOM CTaH/IapTHOT MOXKEeXi
(3, 4].

Jns po3B’si3Ky 3ajadi, 0 CTOCYEThCS MPHKJIa-
JICHHSI TeMIIepaTypHO-iHePIIHHOT CHIIN, CKIIaTa€ThCs
cucreMa nudepeHIliaTbHuX PiBHAHD pyXy Oalkd, Y
NpaBy YacTUHY SKOI BBOAWUTHCS (DYHKIS MOLIIHPEH-
HSl TEMIIEpaTypH, IO 3aJEKUTh BiJ KOOpAMHAT 1 4ya-
cy. Po3B’s130k mudepeHIIiHHNX piBHSIHD IS 3aXHUIIIe-
HOT 110 00M1Ba OOKHM HAaBaHTAXKEHOI OAJIKH Jal0Th pe-
3yJIBTaTU PO3PaxyHKiB, SIKi HABEeJICHI HAa PUCYHKY.

KaHalaxX, depe3 BiAKpUTI a0 TOHKI MeTaieBi JIBepi,
IHIII TIPOPI3H B O10JIOTTYHOMY 3aXHCTi.

1. 3. JI. Yexnamze u Op., Ocnecmouxocms 6emoHHbIX U
arcenezobemonnvix koncmpykyuti (XapI' AXKT, Xaps-
koB, 2000), Brm. 40, 97 c.

2. CHull 2.0304-84 bemounvie u oscene3obemonHvle
KOHCMPYKYUu, npeoHazHaiennsie 0isl pabomul 8 yCio-
BUAX 6030€LICMBUs NOBLIULEHHBIX U BbICOKUX Memne-
pamyp (M., 1985), 53 c.

3. C.1. Azapos, B.JI. Cumopenko, I'. A.CopokiH,
C. A. €pemenko, [IpobneMbl noxkapHoii Oe30macHoC-
™ 21, 21 (2007).

4. B.JI. Cunmopenko, C.I. Azapos, IloxexHa Oe3meka
10, 150 (2007).
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AHOTALII POBIT

MOJEJIUPOBAHUE NEPEPACHPEJAEJEHUA PAIJUAIMOHHbBIX TOYEUYHBIX
JE®EKTOB CKOJIB3AIMMHU JUCTOKALNUAMU

IL A. Cenmmmes', B. K. Cincenxo', 10. H. Ilapxomenko®

i .
Huemumym soepuuix uccreoosanuti HAH Yxpaunwl, Kues

2 - . .

Kuesckuiti nayuonanvhuiii ynugepcumem umenu Tapaca Illeguenxo, pusuueckuil gpaxynomem, Kueg

V3MeHeHne MEXaHWYECKHX CBOMCTB B TIpollecce
00JTy4eHUsI, KOTOpPOE CYIIECTBEHHO OTPaHUYHUBAET pe-
CypC KOHCTPYKIIOHHBIX MaTE€PHaIOB SAEPHBIX peak-
TOPOB, TECHO CBSI3aHO C pacHpelelieHHeM pajua-
IIUOHHBIX ToYeuHBIX AedekToB [1]. OcobeHHO onacHa
pamuanyoHHasl Jerpajialys MaTephalioB, KOTOpBIC
HaXOJAITCsI B HAIIPSHKEHHOM cocTostHuH [1, 2].

[IpunoxxeHHoe kK 00pa3ily HaNpsHKEHUE BBHI3BIBAET
CKOJIbXKeHHe nuciokanuii. Kak mokazaHo ducieH-
HBIM MOJICTTUPOBAHHUEM B [3], SIAPO CKOJB3SIICH THC-
JIOKal[MM CMOCOOHO 3aXBaThIBATh BCTPEUAIOIINECS
Ha ee MyTH TOouYeuHble Ne(EeKTHl M yBIIEKaTb UX 3a
coboii. 3axBadyeHHBIE NEe(PEKTHI TOPMO3AT AWCIIO-
Kallio, ¥, €CJIM UX YUCIO (HA SAMHUILY JUTMHBI TUC-
JIOKallMM) MpPEBbIIIAcT KPUTHYECKOE 3HAUYEHHUE, TO
JIUCITOKAITNS TIPEeKpaliaeT CKOJIbKEeHHEe, HO MPOIoJ-
KaeT JIBUKEHHUE, TIOCPEJICTBOM TIEPEIOII3aHus OCBO-
0o Jasich OT 3axBaueHHbIX AedekToB. YacTh nedek-
TOB TPM STOM OHA TIOTJIOIIAET, YacTh OCTaBJISIET.
3aTeM BHOBb MPOJOJDKAET CKOJIbKEHHUE, YBIEKas
HOBBIC JIe()EKTHI, IO CICAYIOIIeH OCTAaHOBKU. TakuM
00pa3oMm, ABMKEHUE TUCIOKALUH epepacipeaenser
TOUYEYHBIE JIeEeKTHI 10 00pasIry.

[TockonbKy CKOPOCTh CKOJIBXKEHHUS! TUCIOKALUH
3HAYUTENIFHO TMPEBBIMAECT CPETHIOI CKOPOCTH AU-
(y3un Kak BaKaHCHH, TaK M MEXKAOY3ENbHBIX aTO-
MOB [2], B KHHETHKE HAKOIIJICHHUS TOYEUHBIX Iedek-
TOB BBIZICTICHO JBe (a3bl: OBICTPYIO U MEIJICHHYIO.
[lepBas — «3ameTanue» OeEKTOB CKONB3SIIEH ANC-
JIOKaIMen: 3a BpeMs CKOJIBKEHHUsI TUCIOKAIMN Yepes3
oOpa3zell KOHIeHTpalus Ac(PEKTOB BCICACTBHE 00-
JTy4eHus], yXoJa Ha CTOKH, peKoMOuHauuu u quddy-
3WH MPAKTHYECKN HE MEHSETCSI.

HaoGopoT, B mHTEpBae MeXIy MpoOeraMu auc-
JIOKAIHMA KOHIEHTPAIHs 1e(EeKTOB MEHSIETCS TOJIBKO
BCIICACTBUE OOJydeHHUs, yXoJa Ha CTOKH, peKOMOU-
Hatmy ¥ ;uddysuu. [Ipu 3ToM renepanus nedex-
TOB, uX Aupdy3us, pekoMOUHAIMSA W TIOTJIOLICHUE
CTOKaMH OIHMCHIBAIUCH CITy9alHBIM IPOIECCOM, KO-
TOPBIN MOJIEITUPOBAJICS C TIOMOIIBI0 MeToa MoHTe-
Kaprno. JnurensHocTh (pa3pl penakcanuu paBHa Ie-
pHOTy MEXIY ABYMS IOCIEIOBATEIBHBIMU MTPOXO0XK-
JNEHUSIMHA JTUCIIOKAINA | sBIsieTcsl (QYHKIMEH MpH-

JIOKEHHOTO HaIPsKCHUS.

Jns ommcanus pacnpeneneHuss ne(eKTOB HC-
MOJIB30BAIUCH YCPEAHCHHBIE XapaKTEPUCTUKH, IIO-
JyYeHHBIE MOJICIMPOBAHMEM HECKOJBKUX peaiu3a-
LU,

JBrkeHue NUCIOKauuil CyHIECTBEHHO M3MEHSET
pacnpenencHue NeEKTOB: MOSBIISIOTCS CKOIUICHUS
BakaHcuil pazmepoM okono 20 - 30 uM. OHU UMEIOT
pasHyto ¢GopMy U 00pa3yrOT IPOCTPAHCTBEHHO-IIC-
puoaryuecKyto permeTky. CpenHee KOJTUIeCTBO CKOTI-
JICHU! CO BPEMEHEM MEHSAETCS HEMOHOTOHHO, HO B
I[EJIOM pacTeT.

O6nacT KpucTaiia BOJIM3H TPAHUIl, C KOTOPBIX
CTapTYIOT JWCIIOKAIMY, UMEIOT MOHMKECHHOE YHCIIO
BakaHcHi. Pa3mep o0eTHEHHO! BakaHCHSME 00JIaCTH
OTIpeJIeNIsieTC PACcCTOSIHHEM [0 IIEPBOTO Tepexona
JIUCIIOKAITNN C PEKUMa CKOJBKCHHUS Ha PEKHUM IIe-
penoi3aHusi, T.€. PACCTOSHUEM Ha KOTOPOM JHUCIIO-
KaIlys 3aXBaThIBAET KPUTHIECKOE YHCIIO Te(PEKTOB.

[TomHOE KOMWMYECTBO BAaKAHCHA B KpPUCTAJLIC
YMEHBIIACTCSI B CPABHEHUH CO CIy4yaeM, KOTrja JHcC-
JIOKAIUY He CKOJB3WIA. JTO MPOUCXOAMT Onarogaps
TOMY, 9TO JHCJIOKAITUs, OCTABUB IOCIIC CeOsI CKOII-
JICHHUS BAKaHCUH, TIPOIOJDKACT JABUTAThCS K TPAHHMIIC
KpUCTAIlIa, U €CJIM KOJIMYECTBO TMEepeMelIaeMbIX €l0
neeKTOB Ha TPAaHUIIC HE TIPEBBINIACT KPUTHICCKOTO
3HAUYCHUS, TO BCE 3aXBAaYCHHBIC €HO e(DEKTHI BHIHO-
CSITCSI Ha TIOBEPXHOCTh U TIOKHJIAIOT KPUCTAILI.

Paccuntan moTOoK AeeKTOB Ha MOBEPXHOCTH
MUKPOKPHUCTAIA. Y CTaHOBJICHO, YTO €r0 BEIIMYUHA
CBs3aHA C pACHpPEICIICHUEM TOUYEYHBIX e(heKTOB
BHYTpPH MHUKPOKPHUCTAJLIA.

1.  A.Jl. Amaes, A. M. Kprokos, 1. M. Hekmronos u op.,
Paouayuonnas noepescoaemocmo u pabomocno-
cobHocmb KOHCMPYKYUOHHBIX Mamepuanos
(ITonurexuuka, C.-ITetepoypr, 1997), 312 c.

2. I. 1. U6parumos, B. B. Kupcanos, tO. C. [Tarune-
TOB, Palduayuonnvlie nospescoeHus Memaiios u
cnnagos (Jueproatomusaar, M., 1985), 240 c.

3. A.C. bakenos, B. B. Kupcanos, BAHT. Cep.: ©®PII
u PM 1(38), 41 (1986).
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ATOMHA EHEPTETUKA

KOMIUVIEKCOOBPA3OBAHUE U YIIPOUHEHHUE METAJLJIOB IIOJ OBJYYEHUEM

II. A. CesinmieB, B. . Ciincenko

Hucmumym adepruix uccreoosanuii HAH Yipaunol, Kueg

OmHOM W3 BaXHEHIINX MPUYHH YIIPOYHEHUS 00-
Jy4aeMbIX METaJUIOB SIBISETCS TOPMOXKEHHE CKOJb-
3SIMUX AUCIOKAIMKA KOMIUIEKCAMH PaJalduOHHBIX
TOoYeYHBIX AedexTos [1, 2].

DddekT TopMOXKEeHUS AUCIOKALUHU JJIsl BCEX BU-
JIOB MpEnsATCTBUI coriacHo ¢ ¢opmynoii OpoBaHa
[1] mpomopuuoHaneH KOPHIO KBaAPATHOMY U3 CyM-
MBI TIPOWM3BENEHUH WX KOHIIEHTPAUW U CPETHETO
pasmepa.

[Tycts Gaphepamu Ha MYTH CKOJBKEHHS AHCIO-
Kalui SBISIIOTCS MEKIO0Y3elNbHbIE KOMILJIEKCHI, CO-
CTOAIINE U3 aToMa MPUMECH U HECKOJIBKHX MEX0-
y3€lbHBIX aTOMOB. KOHIIEHTpaIus KOMIIJIEKCOB, CO-
JepKaIIUX j MEXKIOY3eNbHBIX aTOMOB (j-KOMILIEK-
COB), - 11 j, @ KOHLIEHTPALMs aTOMOB [IPUMECH - 71;.

Kommieke pacrer myTeM mocienoBaTeIbHBIX
MPUCOEINHEHNH OHOTO MEXKIOY3eIbHOTO aToMa,
HampuMep j-i 3a CUeT NPHUCOEIWHEHHS MEXI0-
y3€IbHOTO aToMa K j-1-My (B ypaBHEHHUSX 3TO OIH-
CBIBACTCs cllaraeMbiM @, 1, n,). Ecnu xommieke

HMCITyCKAeT MEeKI0Y3€NbHbIA aTtoM (—n; / 7,) W ¢
HUM PEKOMOMHHpYeT BakaHcus (—y,n;n,), TO pas-

Mep KoMIjiekca yMmeHbliaerca. Ilpenmomnaranocs,
YTO KOMIUIEKCHI, COJepKalue Ooiee m MeXIIO-
y3€JIbHBIX ATOMOB, HE YCTOMYUBEI U HE 00pa3yIoTCs.

Bakancuu v MexIOy3elbHBIE aTOMbI (MX KOH-
HUEHTpAK 7, U 7;) TEHEPUPYIOTCA OOIydeHUEM C
MOCTOSIHHOM CKOPOCThIO K, MUTPUPYIOT, PEKOM-
OMHUPYIOT MEXIY COOOM, 3aXBaTHIBAIOTCS CTOKAMMU
(mucnokanusMu, TpaHUIIAMH 3epeH). MexXIoy3enb-
HBIE aTOMBI 00pa3ylOT C MPUCYTCTBYIOIIMMH B Ma-
Tepuaje aToMaMH NMPHUMECH MAaJOMOJBUKHBIE KOM-
TUTEKCHI, a BAKAHCUW Ha 3TUX KOMILJICKCaX PEKOMOHU-
HUPYIOT. VI3MeHeH!s KOHIIeHTpanuii 1e(eKTOB U hX
KOMIUIEKCOB OITMCBHIBAIOTCA CTaHJAPTHHIMH ypaBHe-
HUSMU KUHETHKH.

Haubonee >¢d¢hekTHBHO TOPMO3AT IVCIOKAIHIO
KpyMHBIE KOMIUIEKCH. Kak IMMoKka3aHo YHCIIEHHBIM
MOJETUpOBaHueM [3] Mabie CKOIJICHUS TOYSHHBIX
Ie(EeKTOB HEe OCTAaHABIMBAIOT CKOJB3SIIYIO THCIIO-
Kaluio, a, Ha00OpOT, 3aXBaTHIBAIOTCA M IIepeMera-
forcs ero. [loaToMy npu u3yueHuH ynpouHEeHHs Hau-
OoNpIIMK MHTEpEC NPEACTaBISET, IPEXKAE BCETO,
QUHAMHKA W3MEHEHHUs KOHIICHTpalluu Hauboee
KPYITHBIX KOMITJICKCOB.

L[OPIYHUK - 2007

B Hacrosmieit paboTe, HCXOI U3 CUCTEMBI ypaB-
HEHUI 1JIs1 U3BMEHEHUS KOHUEHTpPALUUd KOMILJIEKCOB,
coAEpKaIIMX OT OJHOTO [0 71 MEXKIO0Y3EIbHBIX aTo-
MOB, TMOJYYEHO YMPOILIECHHOE YpaBHEHHE I KOH-
LEHTpauy m-KoMIuiekcoB. OmnpeneneHbl TPaHUIlbI
HCIOJb3yEeMOT0 PUOIINKCHUS.

C y4eTroM cHenaHHBIX MPUOIMKEHUH, ToTydaeM
CHUCTEMY TpE€X 3aMKHYTbIX YPaBHEHUU MJIA 1, 1; U 1,

%:K_}’li/ri —ymn, —o,n,n, +n”’/rm >
dn
v =K_ —_ . - B
e Ky,
ol .
Yot (= [ T2
dt Jj=l1 (yjnv +1/Tj)

OO6patuM BHUMAaHHE, YTO KOHIICHTPAIUS 7-KOM-
IJIEKCOB MOHOTOHHO BO3pACTaeT 10 CBOETO CTAIHO-
HapHOTO W MaKCHMaJbHO BO3MOXHOTO 3HAYCHHS,
KOTOpPOE PaBHO 7;.

B stoM ciyuae ang mpupocta mpeaena TeKydec-
TH, XapaKTepPHU3YIIIEro YIPOYHEHHWE Marepuara,
moJrygaeM

Ao = aubyn, (mAv, )1/3 ,

rae Av; — IUIaTalHoOHHBIN 00beM MEXI0y3eTHLHOTO
aToMa; o — TOCTOSIHHAsS IS NaHHOTO MaTrepuaia
BEIMYWHA; 4 — MOJYJb cBUTa; b — BeKTOp broprep-
ca.

1. A. M. Napumn, U. M. Hexmonos, H. B. Kambiiia-
YEHKO, Pu3uka paouayuonuvlx AeleHull u paouad-
yuonnoe mamepuanogedernue (Mocksa - C.-Iletep-
oypr — benropox, 1998), c. 90.

2. C.E. danunos, B.JI. Apby3os, B.B. Carapanzse,
Tp. XVI Meswcoynap. koug. no gusuxe paouayuo-
HbIX  AGNeHUU U PAOUAYUOHHOMY MAmepuanoge-
oenuro Anywma, 2004, (MOTTMT HHII XOTH,
XapbkoB, 2004), c. 45.

3. A.C. bakenoB, B.B.Kupcanos,
OPIT u PM 1(38), 41 (1986).

BAHT. Cep.:
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JEAKI MEXAHI3MHA PYHHYBAHHS IMAJIMBOBMICHUX MATEPIAJIIB

I. 1O. Tounineii, B. M. Cyrakos

Inemumym soepnux docnioncenvs HAH Yxpainu, Kuis

V pesynbrarti aBapii Ha 4-my Orori HAEC yTBoO-
pUIIHCST pagioaKTUBHI JlaBOMoAiOHI marepianu, siKi
PYHHYIOTBCS i PO3KPUIIYIOTHCS 3 4ACOM.

VY poboti [1] mocmimKkyBanwcs aBa MeEXaHI3MH
YTBOPEHHSI HANpy>KeHb Yy JIABOMOAIOHNX MaTepiaiax
1 MOKa3aHO, L0 HANpPYXXEHHS, 3yMOBJICHI LIMMU Me-
XaHI3MaMH¥, JOCHTh 3Ha4YHi, MO0 MPU3BECTH O 3a-
POIKCHHS ¥ PO3MOBCIOJKCHHS TpimuH. OmuH 13
MeXaHi3MiB TOB’S3aHUK i3 3aJUIIKOBUMH Harpy-
KEHHSIMH HAaBKOJIO MIKPOCKOIIIYHUX BKIJIIOYEHb 3a
PaxyHOK pIi3HHII KOEQIIli€HTIB TEIIOBOTO PO3IIIH-
pEeHHs, IHIIMH MeXaHi3M — i3 TOCTYIOBHUM OKHC-
JICHHSIM JIaBU W 3MiHOIO TYCTHHM Marepiainy, 1o Io-
YUHAETHCS 3 MOBEPXHI H IPOCYBAETHCS B TIIHOWHY
JIaBH 3 KO)KHUM POKOM. PosrisigaeTbest Mosenb mpo-
HUKHEHHSI OKHCIIOBaua (KUCHIO YU BOIM) B JIaBY H
PyX GpOHTY OKHCIIEHHS, OI[IHIOIOTHCS HANPYKEHHS,
SKI TIpU 1IbOMY BHHHUKAIOTh, H MOKa3aHO, IO BOHH

MOXYTh T[IEPCBUINYBAaTH KPUTUYHI HANPYKCHHS
PO3TpiCKyBaHHS JIaBH.
N 2 T T T T
1
e
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lJBB‘-’ EIBB SIBB 4'55 S‘BB &68
+
Puc. 1. 3anmexxHicTs  HOpPMAJi30BaHOTO  HANPY>KEHHS

S =0/ A Ha noBepxHi MopH Bijx yacy B AHsAX. Pi3HI KpuBi
BIATIOBIIAIOTh PI3HUM LIBHJKOCTSIM OXOJOMXKEHHS ¢, : [ —
10°¢;2-2-10°¢;3-5-10°¢; 4—10°¢; 5—-2 - 10°¢;
6-5-10°¢;7-10" ¢

Ha puc. 1 300pakeHO pe3yibTaTH PO3pPaXxyHKY
4acoBO1 JUHAMIKHM YTBOPEHHS HampyXeHb 3aJIeKHO
BiJl IIBHIKOCTI OXOJIOJDKEHHS JIaBH. Y paxyBaHHSI
NpOIIEeCiB pernakcalii 3MeHIIyE OI[iHKY BeJTHMYHHA
HaNpy>XeHHS, SKe, MPOTe, 3alUIIAEThCS 3HAYHUM
(mopsaky 100 MITa).
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B3aemozis nmajMBOBMICHOI JlaBU 3 aTMOC(eporo
NPUBOIUTH 10 Pi3HUX (Di3MKO-XIMIYHMX NPOLECIB,
SKi MOXKYTh BiZlirpaBaTH BEIUKY POJb y PyHHYBaHHI
pamioakTuBHOI JaBu. Bimomo, Hanpuxian, mo UO,
MOCTYIIOBO TIEPETBOPIOETHCS B HAWCTIHMKINTy MOJU-
¢ikaniro ypany U;Og. B poboti [1] moOynoBana
(heHOMEHOJIOTIYHA MOJIENb, IO ONHICY€ BUHUKHCHHS
HEOJHOPITHOCTI ¥ 3B’A3aHUX i3 HEIO HANpPYKEHb Y
MIPUNIOBEPXHEBIH 00J1acTi BHACTIJOK XIMIYHUX peak-
uid. [lpm ximiuHiA peakxiiii, 3yMOBJEHI NPOHUK-
HEHHSM peareHTy (KHUCHIO YW BOJIH), TPOXOIUTH
3MiHa XiMIYHOTO CKJIaJy JIaBH, BUHUKAE HOBa Peyo-
BHHA 3 TYCTHHOIO, BIIMIiHHOIO BiJl TOYaTKOBOi. B
IEOMY BUTIAAKY B 00J1aCTi, /Ie BiIOYBAETHCS peaKIlis,
BUHHUKAIOTh MEXaHi4Hi HampyxeHHs. (OcoOInBo
3HAYHUMH BOHHM MOXYTh OYTH B MEpeXigHOMY IIapi
MDK OKHCIIEHOIO ¥ HEOKHCIICHOIO YaCTHHOO JIaBU.
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Puc. 2. 3mina npo¢ino KOHUEHTpalil OKHCIIOBa4Ya 3
4acoM (0e3po3MipHi 3MiHHI).

Pe3ynmbraTti po3paxyHKIB ITWHAMIKH 3MiHH TIPO-
(1110 HaBeIeHO Ha puc. 2.

O1iHKY BeNMYMHH HANPYKEHHS B 00J1acTi OKUCTIe-
HOTO 1Iapy AAI0Th 3HAYECHHS O ~(1.6+3.4) I'lla.

x(y)z
s BemrumHa OiIbINa 32 KPUTHIHY HAIPY>KEHICTD JUTS
ckia. TakuM YUMHOM, ABTOXBHIISL OKHCIIEHHS CYIpO-
BOJDKYETbCS pyHHYyBaHHSAM Matepiany. LIBuaxicTs
OKHCJIEHHS € TI0 CyTi MIBHUJIKICTIO PO3TPiCKyBaHHS.

1. L 1O.Tonineii, B. . Cyrakos, ITpo6uemu Ge3mexu
aTOMHUX eJleKTpocTaHiliii i Yopuobwis, 8, 86 (2007).

IHCTUTYT SAJIEPHUX IOCJIPKEHb HAH VKPATHU
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OBPA3OBAHME OCTPOBKOB KOHAEHCHUPOBAHHBIX ®A3 DKCUTOHOB B
HOJYIMTPOBOAHUKOBBIX KBAHTOBBIX AMAX B HEOJHOPOJAHBIX ITOJIAX

B. U. CyrakoB, A. A. YepHIOK

Hnucmumym sioeproix uccreoosanuii HAH Yxpaunot, Kueg

HenaBHo ObITM TpOBenEeHBI MHTEPECHBIE JKCIIE-
puMeHTHI [1, 2], B KOTOPBIX BO30YXKICHUE U U3IIyde-
HUE HENpPSAMBIX 3KCUTOHOB B JBOWHBIX KBaHTOBBIX
sMax B HOJXyNpoBOAHMKaX Ha ocHOBe GaAs/AlGaAs
MIPOBOJMJIOCH HYepe3 OTBEPCTHE B METATUYECKOMH
Mmacke (,,0kHO0”). Ilpu yBenn4eHWH MHTEHCUBHOCTH
HaKaykd B W3TyYeHHH HaOIIOAanach CTPYKTypa B
BHJIe KOJIbIIA, HA KOTOPOM Pa3MEIAINCh SIPKHE TIAT-
Ha BIIOJIb MepuMeTpa ,,0kHa”. [Ipu GoJiee BBICOKHX
HaKayKaxX WM TeMIepaTypax CTPYKTypa ucuesaia u
IpeBpamiagach B u3nydeHne u3 kKonbia. C yBennde-
HUEM pa3Mepa ,,0KkHa” CTPYKTypa YCIOKHSIACH.

B pabotax [3 - 6], oOHapyxennbie B [1, 2] 3¢-
(heKThI OOBSCHSIOTCS C MCIIOB30BaHUEM TOXO0/IOB,
pa3paboTaHHBIX W MIPUMEHEHHBIX aBTOpamu B [4, 5]
JUIS OTMCAaHUS KOHAEHCAIUM HETIPSIMBIX 3KCUTOHOB,
B YAaCTHOCTH SBJICHUS pa3OMBKH W3IYYCHHS U3
KOJIBIIA, PACMOJIOKEHHOTO BTN OT JIA3EPHOTO TIST-

L 10 en™

X, MEM

Ha, HA OTAEJbHbIC NEPUOIUYECKH PACIIOJIOKEHHbIE
(parmenTsl. s onmcaHus SKCIEPUMEHTAIBHO 00-
HAapy>KEHHBIX SIBICHUH OBUIM MPUMEHEHBI: TEOPHS
CIIUHOJANILHOTO pacmaga B pabore [3] u Teopus
3apoXaAeHUs-pocTa B padote [6]. [Ipu 3ToM mpemrmo-
Jarajioch, 9To Ha ONM3KHX PACCTOSIHUSX MEXKIY JK-
CHUTOHAMH CYLIECTBYET NPHUTATHBAIOLIEEC B3aHMO-
JeiicTBUe, MPUBOAAIIEE K BOZHUKHOBEHHIO KOHIEH-
CcUpOBaHHOW (ha3bl. B oTiMuue OT TPaaUIMOHHBIX
Teopuid (ha30BBIX MEPEXOAOB B JaHHOW 3ajgade ciie-
IyeT y4uThIBaTb KOHEYHOCTb BPEMEHHU JKU3HM 4ac-
THUI, HATMYME HAKa4YKU U BHEIIHETO HEOJHOPOTHOTO
anekTpudeckoro mnois. [IpoMonenupoBaHHble 3aBH-
CHUMOCTH CTPYKTYPHI OT MapaMeTpoOB CHCTEMBI (pa3-
MEpOB ,,0KHa”, TEeMIepaTypbl U HHTEHCHUBHOCTHU
Hakauku (puc. 1)) cornacyrorcsi ¢ dKCIEepUMEHTaIb-
HBIMU JaHHbIMU [ 1, 2].
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Puc. 1. Pacnpeznenenne miIoTHOCTH 3KCUTOHOB B INIOCKOCTH KBAaHTOBOM SIMBI C YBEJTMUEHHEM HaKauKH.
Paguyc otBepcTus B anextpoze 2.5 MM, Temneparypa 6.11 K [3].

OO0pazoBanHas crpykrypa (popmupoBanue u
pa3MelieHrne OCTPOBKOB, JTUHAMHUKA C M3MEHEHHEM
mapaMeTpoB)  SBISETCS  CIEACTBUEM  HEpaBHO-
BECHOCTH CHCTEMbI, O0YCJIOBJICHHONH HAaTHUYHMEM Ha-
KauKd W KOHEUYHBIM 3HAUYEHUEM BPEMEHH >KU3HU
9KCUTOHOB [3, 6].

Puc. 2. II10THOCTH DKCUTOHOB IIPH paguyce ,,0KHa”, paB-
2 2

HOM 3.6 MKM, W OCTaJbHBIX [apaMeTpax, 4TO H Ha
puc. 1, 6. [3].

L[OPIYHUK - 2007

B pabote mosy4eHbl pe3ynbTaThl: a) MPU HaKad-
Kax, OOJBIIMX MOPOrOBOIO 3HAYCHUS, BO3HUKACT
KOHJICHCUpOBaHHAs (a3a DKCUTOHOB B (opMme Tie-
PUOUYECKHA PACIIONIOKEHHBIX OCTPOBKOB, JIOKAJIH-
30BaHHBIX BJIOJIb Kpas ,,0KHAa”, WK CILIOIIHOTO
KOJIbIa; 0) KOJMYECTBO OCTPOBKOB BO3PACTACT C
YBEITUYCHUEM OTBEPCTHS B AJIEKTpoie (puc. 2); B)
YBEIMYCHHEM HAKa4KH WIH TEMIICPATypbl OTHCIb-
HBIE OCTPOBKH CJIMBAIOTCS B CILIONIHOE KOJBIIO.

1. A.B.Topbynos, B. b. Tumodees, ITucema B JKOTD
83, 178 (2006); YOH 176, 652 (2006).

2. A.B.Topbynos, B. b. Tumodees, ITucema B JKOTD
84, 390 (2006).

3. B.W. Cyrakos, A. A. Uepiok, ITucema B JKOT® 85,
699 (2007).

4. V.I Sugakov, ®TT 48, 1868 (2006); ®HT 32, 1449
(20006).

5. A. A.Chernyuk and V. I. Sugakov, Phys. Rev. B 74,
085303 (2006).

6. V.I. Sugakov, Phys. Rev. B 76, 115303 (2007).
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ANALYTIC MODEL OF HOPPING MOBILITY AT LARGE CHARGE CARRIER
CONCENTRATIONS IN DISORDERED ORGANIC SEMICONDUCTORS:
POLARON VERSUS BARE CHARGE CARRIERS

I. L. Fishchuk', V. I. Arkhipov?, A. Kadashchuk*’, P. Heremans’, H. Bissler®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’IMEC, Heverlee-Leuven, Belgium
3 Institute of Physics, National Academy of Sciences of Ukraine, Kyiv
*Institute of Physical, Nuclear and Macromolecular Chemistry and Material Science Centre,
Philipps-Universitit Marburg, Marburg, Germany

Charge carrier hopping within an energetically
disordered system is a commonly accepted model
describing charge carrier transport in disordered
organic semiconductors [1, 2]. There were already
several attempts to describe charge transport at high
carried densities [3, 4].

In our work, an analytical theory based on the
effective medium approach is formulated to describe
the charge carrier mobility as the function of the
carrier concentration in a disordered organic
material with a Gaussian density-of-state distribution
with the width o using jump rate expressions based
on two models:

1. The Miller-Abrahams (MA) model assuming
the jump rate between sites in the form

VVIZ :Voexp|:_|‘92_gl|+(‘92_gl):|’ (1)

2k,T

where ¢, is the energy of site i (i=1,2), ¥, is the
coefficient.

2. The polaron model where W,, is described by
the symmetrical Marcus jump rate

E &, —&
W, =V exp| ——% |exp| ————L |, 2
12 1 p[ kBTj p[ ZkBTJ ()

where E, is the polaron activation energy, V, is the

coefficient. The general expression for calculation of
the effective jump rate W, is [2].

le_W
e =0. (3)
VV12+VV21 +2W
2 e

Here angular brackets denote the configuration
averaging over distribution of site energies. Then for

the effective mobility, 4, , we have y, = ea®W, [k, T ,
where a is the average site distance.

Figure shows the charge carrier concentration
dependence of g, /u, for both models, where
Hy =ea2VO/O', or 4, =ea2Vl/O'.

A key result of the present study is (see Figure)
that a considerably weaker dependence of the mobi-
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lity on the carrier concentration is found for the po-
laron jump rate model than for the MA model. The
obtained results are in good agreement with data of
computer simulation for the MA model [5] and must

stimulate one simulation for the Marcus model.
-9 —

(a) Ll - - - . g_w—"!

log, (u/n)

log,,(n/N)

-20 1

-25

In(u, /uy)
w
o
1

-35

-40 . . . . . . . . . .

log, ,(n/N)

Carrier concentration dependence of the charge mobility
calculated within the Miller-Abrahams model and Marcus
model (figures (a) and (), respectively). Curves I, 2, 3
correspond to o/k,T =2,4,6 . Symbols are the results of

computer simulation [5].

1. H. Béssler, Physica Status Solidi B 175, 15 (1993).

2. I Fishchuk, Philos. Mag. B 81, 561 (2001).

3. C. Tanase, E. J. Meijer, P. W. M. Blom, and D. M.
deLeeuw, Phys. Rev. Lett. 91, 216601 (2003).

4. Y. Roichman, Y. Preezant, and N. Tessler, Phys.
Status Solidi A 201, 1246 (2004).

5. W.F. Pasveer, J. Cottaar, C. Tanase ef al., Phys. Rev.
Lett. 94, 206601 (2005).
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PAJUALINMHA ®I3UKA TA PAJIALIMHE MATEPIAJIO3HABCTBO

MAGNETIC FIELD DEPENDENCE OF EXCITON LINEWIDTH IN QUANTUM WELLS
MADE OF SEMIMAGNETIC SEMICONDUCTORS:
COMPARISON OF THEORY AND EXPERIMENT

A.V.Komarov', V. Sugakov“, G. V. Vertsimakha’?, W. Zaleszczyk3,
G. Karczewski’, T. Wojtowicz’

!Institute of Physics, National Academy of Sciences of Ukraine, Kyiv
’Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
*Institute of Physics, PAS, Warsaw, Poland

The compositional and spin orientation fluctu-
ations are always present in diluted magnetic semi-
conductor alloys and determine a homogeneous line
broadening. It was shown that in diluted magnetic
semiconductor quantum wells the exciton linewidth
has to depend substantially on the external magnetic
field. There is an interesting peculiarity of this de-
pendence, namely a narrowing of some lines caused
by the external magnetic field [1, 2].

The aim of our paper is the investigation of the
influence of the exciton scattering by magnetic ions
on the widths of exciton line in QW structures.
Magneto-optical measurements have been per-
formed on quantum structures  containing
Cd; xMn,Te diluted magnetic semiconductor QWs
with nonmagnetic CdyosMgy,Te  barriers. Four
Cd;yMg,Te/Cd,Mn,Te/Cd,,Mg,Te QW structures
with different concentration of magnetic ions in the
quantum well region were grown in the Institute of
Physics, PAS (Warsaw). Optical reflection spectra
for the samples were measured at temperature T =
=2 K in the Faraday geometry.

Excitonic reflectance spectra have been studied
for the quantum wells with various concentrations of
magnetic ions X. The experimental results have been
compared with theoretical calculations of the exciton
reflectance line shape that takes into account
broadening caused by the exciton scattering on the
fluctuations of both the magnetic ion content and
their spin projections. To describe this fluctuation
effect the perturbation Hamiltonian was introduced:

AH _ H _Hmeanﬁeld
- int i

mt >

where H, is the exact Hamiltonian of the system

and H
approximation. For the wells under consideration
this scattering in the region of only one spin subband
gives a main contribution to the width of excitonic
lines. The theory describes correctly the experi-

meanfield

is the Hamiltonian in the mean field
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mentally observed broadening of o~ exciton line

and narrowing of ¢* exciton line with the increas-
ing magnetic field (see Figure).

12hT ., meV __
eff = T ===
16 -

i1x =0.051 - -~ ~ c
14-XM" ,/]’

Magnetic field dependence of the experimental and
theoretical effective bandwidths for the 18 ML wide
Cd;-,Mn,Te quantum well for the samples B and D.
Theoretical and experimental results are shown by the
thick solid curves and black circles, respectively, in the
case of 6'- components, and by the dashed curves and
open circles in the case of the 6~ component.

The line narrowing is explained by the coherent
summation of spin-dependent and spin-independent
parts of the interaction between the exciton and the
magnetic ions which is a consequence of exciton
scattering within the limits of one spin subband of
le-1hh exciton band only.

1. A.V.Komarov, S.M. Ryabchenko, V.I. Sugakov,
G. V. Vertsimakha, W. Zaleszczyk, G.Karczewski,
T. Wojtowicz, J. Phys.: Condens. Matter 18, 7401
(20006).

2. A.V.Komarov, S.M. Ryabchenko, V.I. Sugakov,
G. V. Vertsimakha, W. Zaleszczyk, G.Karczewski,
T. Wojtowicz, Tesu oonosioeu Il Ykpaincokoi kong.
3 ¢hizuxu Hanienposionuxis, Ykpaina, Odeca, 17 - 22
uepensa 2007 p., c. 80.
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IJIAHAPHI CEHCOPH JIJIA JTO3UMETPIi B 3MIIIAHUX HEMTPOHHUX
TA TAMMA-IIOJIAX

I. €. Anoxin', O. C. 3inens', A.B. P03eﬂ(l)e.]]bll2, M. KOnenes’, B.JL HepeBepTaﬁ.no3

! Inemumym soepnux oocnioocens HAH Yipainu, Kuis
leeHmp Mmeduunoi padiayiiunoi gizuku, Yuisepcumem Bononzoney, Aecmpanis
I Inemumym mikponpunadie HAH Yipainu, Kuis

BaxnuBoio mpobiaeMoro € po3aiabHe BU3HAUYCHHS
HEUTPOHHOT Ta raMMa-KOMIIOHEHTH B 3MiIlIaHUX T10-
JSX. p-i-n TI0J Ta€ MOKJIMBICTh BU3HAYAaTH OOMIIBI
KOMITOHEHTH 3a JIOTIOMOI'OI0 OJIHOTO CEHCOopa 3aB-
JSIKM BUCOKIH YyTJIMBOCTI BOJBT-aMIIEPHUX Xapak-
tepucTuk (BAX) 10 i0HI3yI090ro Ta HEI0OHI3YI0UOTO
ornpomiHeHHs. Jlo3a HEHUTPOHHOTO ONPOMiHEHHS
BHU3HAYAETHCS 3a 3CyBOM mpsMmoi rinku BAX, nosa
raMMa-oTpOMIHEHHS — 13 BUMIpIB CTpyMy iOHi3arii,
3yMOBJIEHOT TaMMa-KBaHTaMH.

Jlns  BU3HAYeHHS 03U  HEWTPOHIB  OyIio
BUKOPUCTAHO KpPYToBi (UMWIIHAPUYHI) CTPYKTYpH
JIBOX THITIB (IMB. PUCYHOK).

NI
0,1 Mmm

N+

- ,
0,5mMm P

cA1 C-2

KpemHieBi 1utaHapHi UMITIHAPUYHI p-i-n T10IH.

Crpykrypu OynM BHTOTOBJIEHI 3a TUIAHAPHOIO
TEXHOJIOTI€I0 Ha BUCOKOOMHUX KPEMHIE€BHX IIACTHHAX
ToBOIMHOIO 350 MKM Ta OIPOMIHEHI IIBUIKAMH
HEHUTpOHAMH Ha iMITyJICHOMY peaktopi SPR-III B
HarioHaNbHINM yaboparopii Canmia CHIA (SNL) mo
7103 opsiky 10 T'p (2 - 10" w/em®) — crpyxrypa C1, Ta
710 103 ropsiaky 20 I'p (4 - 10" w/em®) — crpyxrypa C2.

BAX crpykryp C1 Ta C2 MOKHa anpOKCUMYBaTH
(opMynamu, SKi  BIAMOBITAIOTH MOCIITOBHOMY
3’€THAHHIO p-n TIepeXoAy Ta o0nacTi 0a3u mioay:

v :ak—Tln[ij+C2\/7, (1)
e 1,
\% =a£ln(i]+lR, ()
e 0
Ie o — TapaMerp SKOCTi Jmiomy; k - crama

Bonbumana; T — Temiiepatypa; € — 3apsiji eJIeKTPOHa;
Iy — ctpym HacudeHHs;, R — omip 6a3m (o, /o Ta R €
(YHKIISIMU 103U OTIPOMiHECHHS).
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Hns ctpykrypu Cl MaeMO BHMAaZOK BEIHUKOTO
piBHs imkekmii (1), Koau TOMiHY€E 3aeXKHICTh 4acy
KHUTTS Bil JO3M HEHTPOHHOTO ONPOMiHEHHS
(ananoriuno posrisiHyTomy B [1]). dast cTpykTypH
C2 Maemo BUMANOK, IO BIiATOBIa€ MEHIIOMY pPiB-
HIO 1HXeKHil (2), KoM MOMIHY€ 3aJIeXKHICTh MUTO-
MOTO OTIOPY BiJl 103U ONpoMiHeHHS [2].

Hnst wytmuBocti S=A4V /D, crpykrypu Cl

maemo 3 MB/I'p, a st ctpykrypu C2 - 6 MB/I'p npu
BuMiproBatbHOMY — ctpymi [ 0,03 MA. Le
Y3TOKYETBCSL 3 PaHIIl OTPUMAHUMHE Pe3ylIbTaTaMH
JUISL IPSIMOKYTHOT reoMeTpii [2].

IIpu ramma-onpoMiHEHHI IIpH IIOBHOMY 30MpaHHi
3 obacTi 30igHeHHs Ta nudy3iiiHoT 00aacTi rycTuHa
CTpyMy i0Hi3amii

1

(w+L,),

I =eD, (3)

pair

ne D, =@ ,aE, —NOTYXHICTb [03H ONPOMIHEHHS;

@, - rycTMHa MOTOKYy raMMa-KBAaHTIB; & - KO-

eilieHT NOIIMHAHHA TaMMa-KBaHTIB; E, — eHepris
raMMa-KBaHTa; E,,, — CepefHs eHepris reHeparii
Tapu eJIeKTPOH-IipKa; W — po3Mip 00JacTi MpoCTo-

posoro 3apsany; L, :‘/Dpr — IOBXHMHA JUQy3il
HEOCHOBHUX HOCIiB (mipok); D, — koediuient u-

¢y3il 1ipoK; T — 9ac KUTTS HOCIiB 3apsiay.

BpaxoByroun 3aneHICTh T Bif CTyIeHs pai-
allifHOTO TOIIKO/KEHHSI Marepiany, OTPUMaHO BH-
pasu I CTpyMy 10Hi3aril, Sk QyHKIII TOTYKHOCTI
raMma-fio3u 1 1034 HeitponiB [3]. BumiproBaHHs
3cyBy BAX moza monem ompomiHEHHS i CTpyMy
10HI3aLil y 3MIIIAHOMY TOJIi JO3BOJIAIOTH PO3IIIEHO
BHU3HAYaTH JO03M HEHUTPOHHOI 1 ramMma-KOMIIOHEHT
TMOJISL.

1. J. M. Swartz, M. O. Thurston, J. Appl. Phys. 37, 745
(1966).

2. A.B.Rosenfeld, I.E. Anokhin, O. S. Zinets et al,
IEEE Trans. on Nucl. Sci. NS-50, 2367 (2003).

3. 1 €. Anoxin, O. C. 3ineup, A. b. Posendensa ma in.
SnepHa ¢izuka ta enepreruka 1(19), 103 (2007).
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SHAKE-OFF FOR ELECTRONS IN METALS, CAUSED BY NUCLEAR DECAY

A. Ya. Dzyublik, V. Yu. Spivak

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Alteration of the nuclear charge after any nuclear
transformation is apprehended by surrounding elec-
trons as a sudden perturbation of the Coulomb field,
in which they move. As a consequence, the electrons,
which suffered the shake-off, can fly away from the
target, containing such radioactive nuclei. Kovalik et
al. [1] have shown that the energy distribution of the
shake-off electrons contains a peak at the energy E ~
1 eV, followed by long tail in the direction of increas-
ing energies. Up to now all the theoretical papers (see,
e.g., [2]) dealt with only shake-off effect for inner
electrons of isolated atoms and completely ignored
the role of the environment. Besides, nobody of them
tried to reproduce the shape of the peak, observed in
the energy distribution.

We investigated the influence of the crystal struc-
ture on the shake-off process for electrons in metals.
Special attention is paid to valent electrons, which
are weakly bound (their work function A amounts
several eV). According to the time-dependent per-
turbation theory, the transition probability from the
initial state |i> to the final state |f> is inversely pro-
portional to squared difference of their unperturbed
energies. Therefore, the predominant contribution in
the yield of the electrons, emitted from the metal, is
provided by valent electrons. We treated the elec-
trons of the conductivity band like a gas of free par-
ticles bound in a square potential well. Then the
initial states of electrons inside the crystal are de-
scribed by plane waves. The perturbation, abruptly
appearing at the initial moment t = 0, has been taken
in the form of screened Coulomb interaction of the
electron with an additional point charge, which ap-
pears in the nucleus after its decay. The final elec-
tron states in the continuous spectrum are also de-
scribed by plane waves. But these waves have dif-
ferent wave vectors inside and outside crystal. We
take into account the refraction of such electron
waves at the surface of the crystal and their attenua-
tion inside the crystal due to scattering by phonons
and defects. Angular dependence of the electron
output from the crystal is determined by both these
effects. We have shown that it has maximum at
0 =0 (0 is the angle between the normal to the crys-
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tal surface and emission direction of the electrons)
while at 6 = 90° it vanishes.

The reason is that with increasing 6 the shake-off
electrons pass larger way from the radioactive ion to
the surface and respectively their intensity attenuates
more. In addition, the coefficient of transmission from
the crystal to the vacuum decreases with growing 6.

For illustration of our results we calculated en-
ergy distributions W(E, 0), integrated over the angle
0 for the shake-off electrons, ejected from a copper
crystal, when the screening radius ro = 1 A and Io=
=2 A. In both cases the energy distribution exhibits
a peak at E ~ 1 eV. It is interesting that the integral
yield of electrons rapidly grows when r, increases.
Namely, at 1o = 1 A the average yield of electrons
per one nucleus equals 1.6, whereas at ry= 2 Aitis
already 14.8. The number 1.6 is consistent with the
experimental data of Kupryashkin et al. [3]. More-
over, we calculated the energy distribution of ejected
electrons from the cobalt crystal. It beautifully coin-
cides with that of Kovalik [1].

We analyzed also dependence of the integral
electron yield on the thickness of the radioactive
crystal. It is shown that it saturates when the thick-
ness exceeds the free path of electrons inside the
crystal. Numerical calculations well agree with re-
cent experiments of Kupryashkin et al.

For the first time we investigated temperature de-
pendence of the electron yield. It is shown that it
falls down if the temperature increases, since at the
same time scattering cross section of electrons by
phonons in the crystal grows due to increasing num-
ber of phonons. As a result, attenuation of the elec-
tron wave grows and the number of electrons, reach-
ing the surface, falls down.

1. A.Kovalik, V. M. Gorozhankin, Ts. Vylov ef al., J.
Electron Spectr. and Related Phenom. 95, 1 (1998).

2. J. S. Levinger, Phys. Rev. 90, 11 (1953).

3. V. T. Kupryashkin, L. P. Sidorenko, A. I. Feoktistov,
I. P. Shapovalova, Izv. Rus. Acad. Nauk (ser. phy-
sics) 67, 1467 (2003).
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INVESTIGATION OF THE DIRECT/INDIRECT EXCITON TRANSITION IN THE DOUBLE
QUANTUM WELL SYSTEM BASED ON CdyMg,Te/Cd Mn,Te
IN APPLIED MAGNETIC FIELD

S. B. Lev, V.1 Sugakov, G. V. Vertsimakha

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A possibility of a binding electron and hole lo-
calized in different wells was studied in [1]. The
excitons with spatially separated electrons and holes
in two-dimensional semiconductor structures are
called indirect excitons and they recently attracted a
great deal of interest [2 - 6]. A specific feature of the
indirect excitons is the large lifetime caused by the
spatial separation of the electron and the hole, and,
as the result, a weak overlap of their wave functions.
The typical method of creation of indirect excitons is
based on excitation of double quantum well by the
light in a presence of electric field directed along the
normal to the plane of the well [3]. In the paper [6]
was proposed another method of the charge separa-
tion which may be applied to semimagnetic semi-
conductors with a strong exchange interaction be-
tween the carriers and the localized spins of mag-
netic ions [5, 6]. The present article continues the
paper [6]. We studied more complicated system, in
which the CdTe-based system contains the Mn and
Mg ions (Fig. 1). A presence of Mg impurities al-
lows a tuning the height of the barriers and therefore
the energy and to change a location of the single
particle levels in the wells. Calculations show that
specially chosen system parameters allow us to get a

Cdy75 Mg, osTe

Cd, ;5 Mg, sTe Cdy ;5 Mgg.sTe

Cdgs Mg, Te Cdygs Mng, Te

own oW

Fig. 1. Schematic diagram of the heterostructures and the
band diagram of the double well structure in zero mag-
netic field (dashed line) and in an external magnetic field
(solid line). The quantum wells are denoted as QW1 and
QW2. Arrows show direct (dashed line) and indirect
(solid line) exciton transition.

structure in which in applied magnetic field the
long-living indirect exciton can become the lowest
state (Fig. 2).
EeV
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0.05
0.04
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Hcross BT
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Fig. 2. Magnetic field dependence of the exciton energy.

The type of the lowest exciton state (direct or
indirect) was determined by the values of coeffici-
ents a, ={a,,a,,a,.a,} in corresponding wave

ij

function. The range of the well widths L and L, for

which the indirect exciton in the applied external

magnetic field is the lowest state are shown in Fig. 3.
Ly

45
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25

40 50 60 70

Fig. 3. The range of the well width values at which we
can expect transition of the lowest energy level from the
direct exciton to the indirect one. Maximal magnetic
field which was taken into account is 5T.

1. O.C. 3unen, B. U. Cyrakos, A. [I. Cynpyn, ®TII 10,
712 (1976).

2. Y.J. Chen, E.S.Koteles, B. S. Elman, C. A. Armi-
ento, Phys. Rev. B 36, 4562 (1987)

3. L.V.Butov and A.I Filin, Phys. Rev. B 58, 1980
(1998).

4. L.V.Butov, A.C.Gossard, D.S.Chemla, Nature
418, 751 (2002).

5. D.Keller, D.R. Yakovlev, B.Konig et al., Phys.
Rev. B 65, 035313 (2002).

6. S.B.Lev, V.1 Sugakov, and G. V. Vertsimakha, J.
Phys.: Condens. Matter 16, 4033 (2004).
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MOJIUPIKAIISA BJIACTUBOCTEN BIHAPHUX HAINIBITPOBIJIHUKIB
Y PE3VYJIBTATI OIIPOMIHEHHS.
IHAYKOBAHA OIIPOMIHEHHAM HAIITPOBIAHICTD

B. B. MuxaiiioBcbkuii, B. Y. Cyrakos, O. M. llleBuosa, II. I'. JIutoBuenko, A. 5SI. Kapnenko

Tncmumym aoeprux docaioxceny HAH Yrpainu, Kuig

V OurpmiocTi GiHAPHUX HAMIBIPOBIAHUKIB OIHI-
€10 3 KOMITIOHCHTIB € aTOMH MeTany. ToMy Ipu aKy-
MYJISIii aHTUCTPYKTYPHUX Ae(EeKTiB B MEBHUX 00-
JACTSAX KpPHUCTalla CTBOPIOETHCS BHCOKA KOHIICH-
Tpaliss aToMiB MeTally, 10 POOWUTH MPHHIUIIOBO
MOYJIMBUM BHHUKHEHHSI OCTPIBKIB HaAMPOBIJHOCTI
B JaHUX 001acTsaX. Takox BIZIOMO, IO BiAXUIECHHS
BiJI cTeXioMeTpii y TBEpIUX pO3dMHaX 0araTOKOMIIO-
HEHTHUX CHCTEM, OOYMOBIICHHWX pI3HOMaHITHUMH
TEXHOJIOTIYHUMH TPOIIECAMHU, MOXKE MPUBOJUTH JIO
CTBOpPEHHSI HaAMpoBigHUX obmacteid. OcoOiamBOCTI
€JICKTPOIIPOBIAHOCTI Ta MAarHITHHX BJIACTHBOCTCH
cnocrepiranuck B InAs, PbTe, Pbl,, GaAs, ne Mox-
nuBe BUmanaHHsa ¢a3 (Hampukian, Pb B PbTe Tta
Pbl,, Ga B GaAs) [1 - 5]. AnayoriuHi 0cOOIUBOCTI
(crpubkomnonioHe 30inbmIeHHs omopy Ha 10 - 20 %
MIpH TIEBHOMY 3HAY€HHI MarHiTHOTO TOJIs, TeMIlepa-
TYpPH, a TAKOXK CTPYyMY, IKUI TPOTIKa€e depe3 3pa3oK)
CTIOCTEpIranuch TakoXk B InAs mpu onpoMiHeHHi
o-dqactriHKamu 3 eHepriero 80 MeB npu 7 < 5K [6].

Jlis  mosicHeHHS  JaHMX ~ OcOOJMBOcTed  Oyia
BUKOpHCTaHa Teopis MarHiToomnopy [7, 8].
0.12:
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Omip omnpomiHeHOro 3paska InAs 3ajnexHO  Bij

Mar”iTHOro IIOJsI NpH pI3HUX Temrmeparypax: [ —
T=422K;2-T=349K;3-T=323K;4-T=2.02
K. TeopernuHi pe3ynbTaTH MPEACTABICHO CYLIIBHUMHU
JHISAMH, IITPUXOBI JiHIi BiZOOpaXalOTh pe3yNbTaTH CK-
cnepuMenty. [lapamerpu migronku: 7, =0.52; s=0.2;

P=0.07; o,/0,=5.

Bussneni ocobmuBocTi MOKHA TOSICHATH (hazo-
BUM IMEPEXOJIOM i3 HAJIMPOBITHOIO CTaHy B HOP-
MaJbHUHN IpHU YMOBI, 10 onpoMiHeHHsS InAs a-gac-
THHKaMu OOYMOBJIIOE TIOSIBY HAANPOBIAHOI ¢a3u B
OnpoMiHeHOMY 3pa3Ky. [lOpiBHAHHS TEOpPETHYHHX
Ta EKCIEPUMEHTAILHUX 3aJIe)KHOCTEH OIMopy Bij
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MAarHiTHOTO II0JIS1 HaBEICHO Ha PUCYHKY. BumaHo, mo
3allpONIOHOBaHa TEOPETHYHA MOJENb SKICHO Mpa-
BUJIBHO OIMCY€E 3aJI€KHICTh €1eKTPO(i3NIHUX BIIAC-
THUBOCTEH KpuHCTama BiJ MarHiTHOrO TIIONS Ta
Temmeparypu [9].

Ha 3aBepmiennst c(opMynt0eMo OCHOBHI BUCHOB-
KH:

1. IIpu ompomiHeHHI 6araTOKOMITIOHEHTHHX CHC-
TEM YTBOPIOETHCS BUCOKA KOHILIEHTPAILlisl aHTHCTPYK-
TypHHUX Je(EeKTOB, 1[0 MOXKe OyTH MPUYHHOIO PO3-
MapyBaHHS CHUCTEMH Ha 00JIacTi 3 Pi3HUM CKIIAIOM
aTOMIB.

2. Ha ocHOBI OTpUMaHHX pe3ynbTaTiB OyiaH MO-
SICHEHI 0COOJIMBOCTI eNeKTPO(]i3MIHUX BIACTUBOCTEH
Kpuctaia InAs, onpoMiHEHOTO O-4aCTUHKaMu, 00Yy-
MOBJICHI TTOSBOIO HAIMPOBIIHUX BKIIOUEHD y MICIISIX,
JIC € HAJJTUIIIOK aTOMIB METaly.

3. IIpoBexeHi po3paxyHKH MarHiToonopy Impa-
BIJIHO OINUCYIOTHh €KCIIEpHMEHT. I3 criBcTaBiIeHHS
Teopii Ta eKCIIEPUMEHTY OTPUMAHO JIESKi apaMeTpH
HAJAMPOBIAHUX OONacTeil: cepeiHe 3HAYEHHs paiiy-
CiB BKJIIOYEHb, YACTHHY 00’ €My, SIKY 3aiMalOTh HaI-
MIPOBIAHI BKITIOYCHHS.

4. M.T. Munssugckuii, B. b. OcBenckuit. Cmpyxmyp-
Hble OeeKkmbl 6 MOHOKPUCMATIUYECKUX TNOLYNPO-
so0Huxax, (Metammyprus, M., 1984).

5. K. C. Russel, Progress in Material Science, 28, 229
(1984).

6. T.T.]lenekaes, B. A. Momuukos, /. b. YUecHokoBa,
JI. A. ScbkoB, [Tucema B XKOTD 6, 1030 (1980).

7. S. Takaoka, T. Sugita, K. Murase, JJAP, Supplement
26, 1345 (1987).

8. J. M. Baranowski, Z. Liliental-Weber, W.-F. Yau,
E. R. Weber, Phys. Rev. Lett. 66, 3079 (1991).

9. G. A. Vikhliy, A.Ya.Karpenko, P.G. Litovchenko,
Ukrainian Physical Journal 43, 103 (1998).

10. V.I. Sugakov, O. N. Shevtsova, Superconductor Sci-
ence and Technology 13, 1409 (2000).

11. V.1 Sugakov, O.N. Shevtsova, Low Temperature
Physics 27, 88 (2001).

12. B. B. Muxaiinosckuit, B. 1. Cyrakos, O. H. IlleBmo-
Ba, I I.JIuroBuenko, A. 5. Kapnenko, I'. A. Bu-
xnuii, Borpocsl aromHO# Hayku U TexHuku. Cep.:
du3nka pagualMOHHBIX TMOBPEXKACHUN W paauaiiu-
oHHOe MaTtepuasosenenue 90, 55 (2007).
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DECAY OF ISOMERS STIMULATED BY LASER RADIATION

A. Ya. Dzyublik', V. Méot’, G. Gosselin®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2CEA/DAM Ile de France, Service de Physique Nucléaire, Bruyéres-le-Chdtel, France

A theory is presented for the induced decay of nu-
clear isomer levels via intermediate (virtual) higher-
lying levels under the influence of the optical laser
radiation. The laser radiation is represented by a clas-
sical electromagnetic wave packet. We considered a
bare nucleus and ignored a role of surrounding elec-
trons. Since the wavelength of the optical laser is
much larger than the nuclear size, only the electric
dipole transitions in the nucleus are essential. The
task is solved both in the framework of the modified
perturbation theory and adiabatic approximation. In
the first approach we suppose the interaction of the
nucleus with laser to be a small perturbation. All the
calculations are performed on the basis of the formal-
ism of the composite Hilbert space [1]. In the second
we remove this restriction and use the fact that the
frequency of the optical radiation is much smaller
than the transition frequency in the nucleus, so that

the external laser field can be treated as an adia-
batically slow compared to nuclear transition rates.A
simple expression is derived for the broadening of the
isomer level caused by the laser [2].

Numerical estimations are done for the isomer
level 970.17 keV with the spin [ = 23/2" of the iso-
tope '”” Lu. This level is coupled by El transitions,
generated by the laser wave, to the virtual level
1352.33 keV with I™= 21/2". It is shown that for a
laser with power density 10'” W/cm® the decay rate
of this isomer level is accelerated by 40 % during
the laser shot.

1. A.Ya. Dzyublik, Teor. Mat. Phys. 102, 120 (1992).
2. A.Ya.Dzyublik, V.Méot, and G. Gosselin, Laser
Phys. 17, 760 (2007).

E®EKTHU PAIALII B IHOPAYEPBOHOMY NOIJIMHAHHI TA CTPYKTYPI KPEMHIIO

A. A.I'po3a, IL I'. JIutoBuenko, M. I. Ctapuux

Tncmumym aoeprux docnioxceny HAH Yrpainu, Kuig

YV moHorpadii [1] crucreMaTn30BaHO pe3yiIbTaTH
0araTopidHUX JTOCTIJKEHb ONTHYHUMH Ta CTPYKTY-
PHUMH METOJaM{ ONMPOMIHEHOT'O BHCOKOEHEpPIeTHY-
HAMH YaCTHHKaAMHU KPEMHIIO, SKi IPOBOIWINCH Yy
Bigmim papmianiiiHoi Qisukm IHCTHTYTY simepHHX
nocnipkens HAH Ykpainu.

BukopuctanHs Ui ONpPOMIHEHHS EJIEKTPOHIB,
MPOTOHIB, HEHUTPOHIB peakToOpa Ta IIUPOKOTO ia-
Na30Hy BETUYMH (IIIOCHCIB ONMPOMIHEHHS Aaj0 3MO-
Iy aBTOpaM OJEepXKaTh BIZOMOCTI NPO Xapakrep
YTBOPIOBAaHUX MOPYIIEHb y TPaTIi KPEMHIiIO, TIO-
PIBHSTH e(EeKTHBHOCTI BBEICHHS Pi3HHUX MOPYIICHb
3aJIe’KHO BiA BuAy ompomineHHs. OTpumana indop-

MaIlisi Ipo MepedyI0By pamialifHuX MOPYIICHb, iX
BIUTMB Ha TMOBEIIHKY JOMIIIKH KHUCHIO, sIKA CYTTEBO
[MO3HAYAETHCS K HAa BIACTHBOCTIX KPEMHIIO, TaK 1
Ha XapakTEPHUCTHKAX TNPHJIaAiB, CTBOPIOBAHUX Ha
HOr0 OCHOBI.

Monorpadist po3paxoBaHa Ha IUPOKE KOJIO HAY-
KOBHUX TIPAIliBHUKIB 1 (paxiBIiB 3 pamianiitHoi Gizuku
TBEPJIOTO TiJla Ta HAIIBIPOBIAHUKOBOTO Martepiao-
3HABCTBA.

1. IIpoekt ,,HayxoBa kaura®, (Hayk. nymka, Kuis, 20006),
123 c.
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CKOPOCTb BBEJIEHUS JE®EKTOB B 3ABUCUMOCTH OT
J03bl OBJYYEHMUA p-Si BBICTPBIMU HEUTPOHAMMU PEAKTOPA

A.Il. Joaronenko, M. . Bapenuos, I'. II. I'aiinap, IL. I'. JIuToBueHko

Hucmumym adepuvix uccnedosanuii HAH Yipaunvl, Kues

HccnenoBanbl  BBICOKOOMHBIE  00pasmbl  p-Si
Po=03,3£0,5)- 10" em™), BBIPAIICHHBIC METOJIOM
OecTUTeNbHOW 30HHOHW IUIaBKH, IOCIE OOIydeHUs
OBICTpBIME HEHTpoHaMU peakTopa BBP-M mpu Tem-
neparype 287°K Ha ropusoHTtaibHOM KaHane. M3-
MEpPEeHHUs MPOBOAMMOCTH M TOCTOSHHOH XoJiua ObI-
1 BbINOJIHEHbI MeTtogoMm Ban nep Ilay. Ha puc. 1
MPEJCTABJICHBl TEMIICPATYPHBIC 3aBUCUMOCTH 3(-
(eKTHUBHON KOHIEHTpAlMU ABIPOK p,i(1) B p-Si,
00JIy4eHHOTO Pa3INYHBIMA JO3aMHU.

Pacuer p,;(7) BBIIOJHEH B paMKaX yTOYHEHHOM
Mozenu kiactepoB Aedektos [1, 2]. [TokazaHo, 4To
CpPEeIHECTaTUCTHUECKUH pa3Mep KIACTepOB paBeH
R =36 A. OmnpeneneHsl CKOPOCTH BBEJCHHSA B
MPOBOMALICH Marpuile p-Si CICAYIOIIUX YPOBHEH:
E,+042; E,+0,45; E,+0,51 3B. Beiaepxka 00-
pasmoB mpu 292 K (1=28 - 10° ¢) mocie 10361 06uy-
uenns ® =5 10" n®cM™ npuBena K OTKHTY ITHX

1013
1012
10 E

1010 L

Dsg v

109 -
108 L

107 L

16
03

1037, K!

Puc. 1. 3aBucumoct p,4(T) B p-Si nocie obmydenus
dmoeHcoM GICTpBIX HelTpoHos: [ —5 - 10 2 -7,
55-10'%3-1,0-10"% 4-1,89-10" n°- em™.

IePEeKTOB M TaKKe K YaCTUYHOMY OTXKHTY Kia-
crepoB nedexroB (R, =20 A) (cM. pucyHOK, Kpu-
Bag 5). Takum oOpa3oM, 3KCIEPHUMEHTAIbHO IOA-
TBEpKAEHO, uTo E, + 0,42 5B — akuentopHslid ypo-
BeHb  MeKysempHOro aroma kpemums  (I7°),
E,+ 0,45 5B — n1oHOpHBIN  ypOBEHb JTUMEXY3IHS
(L"), aro corjacyercs ¢ MNPeAnooXKeHUusMH [3].
Ha pwc. 2 mpexacraBieHa 3aBHCHMOCTD CKOPOCTH
BBEJIEHUS PaJMAlMOHHBIX AePEeKTOB V(f) OT Bpe-
MEHH OOJTy9eHHs OBICTPHIMH HEHUTPOHAMH TIPU TEM-
neparype 287 K.

[lapameTppl paguanMOHHOTO OTXKUTA DTHX Jie-
(heKTOB TIpeACTaBiIeHB B TaOJHIle. YMEHBIICHHE
SHEpPruM aKTHBAaIMU OTkura B 1,5 + 2 pa3a mox 00-
JMydeHHEeM CBS3aHO C M3MEHEHHEM 3apsoBOTO CO-
CTOSIHUSI MEXKY3EJIBHOTO THIIA 1e(DEeKTOB [4].

v, om’!

10—1 -

110

3104 410 s5.10%

t,c

2.10%

Puc. 2. 3aBucumocts v(t) 1e(eKTOB ¢ IHEPreTHIECKUMHU
ypoBHsimu Ev + 0,42 3B (), Ev + 0,45 3B (2), Ev +
+0,51 3B (3).

PaguanmoHHbIA OTKUT Ile(l)eKTOB MEKY3€JIbHOTI0 TUIIA

OHeprus akTUBaIUH YacToTHbIN DHeprus ypoBHs,
Hedext T oeuras K oTsKura, 5B dbaxrop, o Peakius omxura 5B
" 287 0,4 2,0-10° I E, +0,42
L 287 0,42 4,0 -10° L' 51 E,+045
LO"" 287 0,42 2,5-10° L0, - L,O; E,+0,51
1. A.P.Dolgolenko, I. I. Fishchuk, Phys. Stat. Sol. (a) 4. A.II. Hosronenko, M. [I. Bapennos, I.II. Iaiinap,

67,407 (1981).
2. A.P. Dolgolenko, Phys. Stat. Sol. (a) 179, 179 (2000).
3. A.P.Dolgolenko, P.G. Litovchenko, M. D. Varen-
tsov, G. P. Gaidar, A. P. Litovchenko, Phys. Stat. Sol.
(b) 243, 1842 (2006).
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I1. . JlutoBuenko, SnmepHa ¢i3uka Ta eHepreTuka
2 (20), 89 (2007).
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PAJIMAIIMOHHAS U TEPMUYECKASI CTOMKOCTh KPEMHUS,
JEITHPOBAHHOI'O 'EPMAHHUEM

M. J. Bapenuos, I IL TI'aiinap, A.Il. Joarouaenxo, II. I'. JInToBYeHKko

Hnucmumym sioeproix uccreoosanuii HAH Yxpaunot, Kueg

UccnenoBana paaualiioHHas #  TepMUYECKas
CTOWKOCTH 00pa3IoB KPEMHUS N-THIIA, BBIPAIIEHHO-
ro MeronoM YoxpaJbCKOro, ¢ MPUMECHI0 TEPMaHUs
(Nge =2 - 10 em™) 1 Ge3 Hee nocie 06yueH s ObI-
CTpbIMU HelTpoHaMu peaktopa BBP-M npu Temne-
patype 287 K Ha ropuszonTampHOM KaHaine. KoH-
nentpanuu Ge, O;, C; B o0pa3nax ¢ yAeIbHBIM CO-
npotuBieHueM o~ 10 OM-CM HU3MEpEHbI METOJO0M
Dypbe-CrEeKTPOCKOIHH.

1015

1014 L

o

Mop > M

1013 L

1012 ! 1
1012 1013 1014 1015 1016

®©, n°cm?

Puc. 1. 3aBucumocts 3pheKTHBHON KOHLIEHTpALUX HOCH-
Tener (n,y) OT GioeHca ObICTPBIX HEHTPOHOB peakToOpa
(®) mpu KOMHATHOW TemIlepaType B 00pas3max KpeMHUs,
BBIpamieHHoro MeronoM Yoxpanbckoro: [ - n-Si 6e3 mpu-
Mecu repmanus; 2 — n-Si<Ge>; [, A - SKCIepruMeHTATbHBIC
JIaHHbIE; CIUIOIIHBIE KPUBBIE - PE3YJIBTATHI pacyera.
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Ha puc. 1 cpaBHHBaroTCS 3aBUCHMOCTH 3(-
(eKTUBHBIX KOHLEHTpALUUi 3JEKTPOHOB B 00pasLax
kpemums ¢ Ge u 6e3.

Pacuer 7n,4(®) BBINONHEH B paMKax yTOYHEHHOM
Monenu kiacrepoB nedexroB [1]. IlokazaHo, yTO
repMaHuil B KpEMHHUH BBICTYIIA€T B POJIN PEKOMOU-
HAI[MOHHBIX IIEHTPOB Nap PpeHKeys, YTO NPUBOIUT
K YMEHBIICHHIO CPEIHECTaTHUCTUYECKHX pa3MepoB
knactepos gedektos ¢ R; =70 A 10 40 A u B 10 pa3s
MEHBIIEH  CKOPOCTH  BBEACHHA  JHWBAKAHCHU
(E.-0425B) u TtpuBakancuit (E;-0,493B) c
v=13cm' 10 v=0,1 cM" B IpoBOAILIEH MAaTPHLIE
00pa3uoB. DKCIepUMEHTaIbHbIC 3HAUYEHHUS KOHIICH-
TpaLUUHN 3JIEKTPOHOB, YHAIEHHBIX KiIacTepamu Je-
(hekToB, OBLIM OMHUCAHBI YPAaBHCHHEM XHUMHYECKOM
KMHETUKU B MPEINOJIOKEHUH O JIBYX KOMIIOHEHTaxX
omxkura. M3orepmuueckuit orxur Si<Ge> 00pa3ios
nocie ¢moenca ® = 1,4 - 10" n®-cm™ usyuancs npu
20, 80 u 106 °C. Ha puc. 2 cpaBHHBAIOTCS KPHBbIE
H30TepMUYECKOr0 oTkura n-Si<Ge>. OmnpenencHbl
SHEPTrUU aKTUBALMM OTXKHTa M YaCTOTHBIE (PAKTOPHI
mamexysmast (B, =0,745B; 11=35-10°¢c") mu
Mexy3eapHoro atoma (E> =0,913B; 1n=7-10°c™)
[2]. OTKUT MENKHX KJIAacTEpOB M POCT KPYMHBIX
CBA3aH C I'eHepalueld BaKaHCUN ¢ dHEpPrueu mMurpa-
mn E, =0,8 3B u gacToTHBIM (pakTOpOM OTKHTA
= 10" ¢,

7.0x10'3

7, 5.0x10"3

o

K’

=

3.0x1013

1.0)(1013 | ! ! ! ! !
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Puc. 2. 3aBrcuMOCTH KOHIIEHTpAUY HOCUTENEH, yIalleHHBIX KacTepaMu JIeeKToB (NKi1), OT BpeMEeHHU oTxKHra (t):
a - ipu KoMHaTHOH Temrepatype; 6 — ipu 80 °C (1) u 106 °C (2) nocne obmydenus Si<Ge> (roeHCOM OBICTPBIX
HelTpoHos 1,4 - 1014 no-cm>; [, X — SKCIEPUMEHTAIbHBIC IaHHBIE; CIJIOLIHbIE KPUBbIE — PE3YyJIbTATHl pacueTa.

1. O.P. Dolgolenko, Phys. Stat. Sol. (a) 179, 179 (2000).

2. 0. P. Dolgolenko, G.P. Gaidar, M. D. Varentsov,
P. G. Litovchenko, Semicond. Phys. Quantum. Electr.
& Optoel. 10, 5 (2007).
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PAJIIALIIHA ®I3UKA TA PAJIIALIIMHE MATEPIAJIO3HABCTBO

CPABHEHUE PE3YJIbTATOB MCHBITAHUN OBPA3I[OB-CBUJAETEJIEN HITATHOI'O
N MOJAEPHU3UPOBAHHOI'O KOMILJIEKTA BJIOKA Ne2 HOKHO-YKPAMHCKOM A3C

3.Y. 'punuk', B. H. Pepka', JI. U. Unpko',
0. B. Yaiikoscknuii', B. I'. KoBbipumn®

' Hnemumym soepuuix uccneoosanuti HAH Yxkpaunvi, Kuee
’Focyoapcmeennviii nayuno-mexuuueckuii yenmp APE APB, Kuee

JlocToBepHasi OIlCHKA OXPYITYMBAHUS KOPITYCHBIX
MaTepruaioB MOXXET OBITh MOJy4YeHa NpPHU HATHYUU
MPEICTABUTENBHBIX PE3yJbTaTOB MCIBITAHUN 00pas3-
LIOB-CBUJETENEH. YUWUTHIBAsl HENOCTATKM IITAaTHOMU
MpOrpaMMBbl  00pa3IOB-CBUACTENEH ISl PEaKTOPOB
turra BBOP-1000, cymecTByI0oT COMHEHHSI OTHOCH-
TEJNBHO JIOCTOBEPHOCTH JAHHBIX 10 MEXaHHUYECKUM
ucnbITaHusIM. J{J1sl perieHns 3Toil mpoOiieMbl B He-
KOTOPBIX CIyYasiX MCIIONB3YIOTCS MOJEPHU3UPOBAH-
HBbIC KOMIUIEKTBI 00Pa3Il0B-CBUICTENCH, a TAKXKE Me-
TOJIMKA PEKOHCTPYHPOBAaHUS HOBBIX O0pa3loB U3
(hparMeHTOB HCIBITAaHHBIX oOpas3ioB Tuma Illapmm
0€e3 U ¢ yCTalOCTHON TPEIIUHOM.

B paGore mnpejacraBieHBl JaHHBIC IO pajua-
[IUOHHOMY OXPYITYMBAHUIO KOPITYCHBIX MaTepUAIIOB
peaktopa tuna BBOP-1000 sueprobdmoka KOYADC-

2, TIOJy4eHHbIE PU MCIBITAHUU IITATHBIX U PEKOH-
CTPYUPOBAaHHBIX 0O0pa3LOB-CBUAETENCH, a TaKxKe
00pa3IioB M3 MOACPHU3UPOBAHHBIX KOHTEHHEPHBIX
coopok. Ha ocHOBaHMM mNPOBEAEHHOIO aHAIM3a
MOKHO cZeJiaTh Ciedyouiue BbIBOAbI. McmbITaHus
00pa3LoB U3 MOJCPHU3HPOBAHHBIX KOHTEHHEPHBIX
cOOpOK, a TaKkKe MPUMEHEHHE METOJIUKU PEKOHCT-
PYKUMHU NOATBEPXKIAIOT JAHHBIE 110 OXPYITYUBAHUIO,
[IOJydEeHHbIE B PaMKax IITaTHONH IpOrpaMmbl 00-
pasuos-ceuaereneid st 6moka KOYADC-2. Pesyisb-
TaTbl YAApPHBIX HCHBITAHUM IITaTHBIX 00pa3IoB-
CBHJIETENIEH KOPPEKTHO XapaKTEepU3yOT CIBUI KpH-
THUYECKOW TEeMIIEpaTypbl XPYMKOCTH M MOTYT OBITH
HCTIONB30BaHbI U OLIEHKH CTENICHU OXPYIMTYHBaHUS
KOPITYyCHBIX MaTrepuajoB sHeprodimoka FOYADC-2.

K OLEHKE OXPYIUMBAHHMS KP BBOP-1000
O CTAHJIAPTHOM CXEME OBPA3IIOB-CBUJETEJIEN

B. H. Bacuibuenko', B. . Kopipmmu®" . Y. T'punux’, B. H. PeBka’

'T'II THTI] APB, Kues
’Hnemumym sdepnvix uccnedosanuii HAH Vipaunwt, Kues

IIpoBenena nomonHWTENbHAS OIEHKA M aHAIHU3
YPOBHS MaTepHaJIOB psifia YKPAaUHCKUX KOPITyCOB pe-
akropoB tuna BBOP-1000 mo cranmaptHO (mTat-
HOH) mporpamMme OOJydYeHHS W HCCIEAOBAHHS 00-
pasuoB-cBuaeteneil. [IpencraBnensl HOBbIE TaHHBIE
[0 aHAJIU3y IOJIyYEHHBIX PE3YJIbTAaTOB HCIBITAHUH
00pa3LoB Ha yAAapHYIO BA3KOCTb U CPAaBHEHME UX C
JIaHHBIMM, TIpeJCTaBIeHHbIMU B otuerax PHIJ
"KypuaToBCckMii MHCTUTYT" C HCIIONB30BAHUEM Me-
TOJUKH PEKOHCTPYKIHHU 00pa30B-CBUACTEICH.

B pabote moka3zaHo, 4TO pe3yIbTaThl UCTIBITAHUIA
00pa3LoB-cBUAETENEH MO cTaHIAPTHOH (C OTKIIOHE-

L[OPIYHUK - 2007

HUSMH B Tpymie u3 12 o6pa3nos 1o (III0eHCyY BhIIIe
HOpMAaTUBHOTO +15 %) MOryT OBITH HCIIOIB30BAHBI
IUIL OLEHKH COCTOSIHHSI MaTe€puaoB M IpeaBapu-
TEJBHOTO 00OCHOBaHUS PabOTOCIIOCOOHOCTH KOPITY-
ca peakTopa J0 MOJIy4YeHUs] YTOUYHEHHBIX JaHHBIX 110
OXPYIMUYUBAHUIO C MOMOILBI0 PEKOHCTPYHPOBAHHBIX
00pasIos.

PazpaboTraHbl BBIBOABI M PEKOMEHJAINH, KOTO-
pBle TpeaHa3HAYEHBbl AT MPAKTHYECKOTO UCIOIb30-
BaHMs SKCIUTyaTHPYIOLIMMHU OpraHU3alMsIMU U Op-
FaHOM TOCYJIapCTBEHHOro perynuposanus APb Vk-
pauHBL
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AHOTaUil pobiT 3 Pi3uKKM NNasmu

HPELHECIA HNPOJITHUX YACTHUHOK Y TOKAMAKAX

0. C. bypno, . 1. Koaecauuenko, FO. B. SfIkoBenko

ITncmumym adeprux docniosxcens HAH Yrpainu, Kuig

TopoinanbHa mperecis B OCECUMETPUUHIN TOPO-
imanpHIA T1a3Mi € 0ayHC-yCepeIHSHUM NpeihoBUM
PyXoM y TOpOilalbHOMY HampsMKy. BoHa Moxe
CHJIBHO BIUIMBATH SIK HA YyTPUMAHHS YaCTHHOK, TaK i
Ha CTiliKicTh 1a3mMu. OCKiIBKH Tpelecis MoB’ 13aHa
3 TOpOiganbHUM JpeiidoM, BoHa 0COOIHMBO SICKPaBO
BUSIBJISIETHCSI B €HEPriiiHMX yacTUHKax. TopoinansHa
nperecis 3aX0MICHUX YaCTUHOK BHUBYCHA JTOCTATHBO
mobpe [1]. Ilpemecist sk MPOJIITHAX YACTHHOK JTOCII I~
’KeHa Habarato MeEHIIE, 0COOIMBO B IIJIa3Mi 3 BHCO-
KUM 0eTa-BiTHOIIEHHSIM JIOKaJIbHOTO THUCKY IUIa3MH
0 THICKYy MAar"iTHOTO mojsA Ha oci. HaiOimpmr me-
TaJILHO Tpelecis MPOJITHUX YAaCTHHOK BHBUYEHA Y
po0orTi [2], ae oTpuMaHi Ta MpoaHaNi30BaHi BHpa3u
s 11 yactotd. Byno 3HaliieHo, MO KIHOYOBUMU
napamMeTpaMy, [0 BH3HAYAIOTh BEIHYUHY Ta Ha-
MOPSMOK IIBUIKOCTI Mpewecii, € eTinTHYHICTD (BUTS-
THYTICTh) IIJIa3MH, BEIWYMHH Ta Tpodini 3amacy
CTIHKOCTI 1 OeTa. AJe Teopis MO0y IoBaHa JIHIIS TS
YaCTUHOK 3 TOHKMMH OpOiTaMH y TOKaMakax 3 KpyT-
JUM TIepepi3oM; y TOKaMakax 3 HEKpyIJIUM Iepepi-
30M Teopis iCHy€ Jnmie sl Oe3MUPOBUX KOHPITY-
pauiii. 3a3HavueHi OOCTaBHHU CIOHYKaIH IO BHKO-
HaHHS 1i€i poOOTH, METOIO SIKOI € MepeBipka Teope-
TUYHUAX Tepen0davyeHb Ta JOCIIPKeHHS Mperecii B
TOKaMaKaxX 3 HEKpYTJUM TepepizoM IpH HasSBHOCTI
IMPY MAarHiTHOTO moJisi. BuB4yeHHs mpemecii mpose-
JICHO YHMCENBHUM METOJOM 3 BUKOPHCTAHHIM KOJIY
GYROXY [3].

VYcraHOBIIEHO, MO pPE3yibTaTh MOJEIIOBAHHS
MOBEIIHKH MPOJIITHUX YaCTUHOK ITLIKOM 33/I0BLIBHO
Y3TO/UKYIOTRCS 3 Tiepe0adeHHsIMHU Teopii K (a) A
KOH(]Iirypamiii 3 KpyrJiuM MepepizoM Ta IIHPOM, TaK
1 (0) st 6e3mMPOBUX BUTATHYTUX KOH(DIrypawiil.

s xoH(pirypariit 3 BUTATHYTHM TIEpEPi30OM MPU
HAsBHOCTI IHPY 3HAWICHO, IO 3POCTaHHS LIUPY
30iIbIIy€E Tperecito (1€ MPUTaMaHHO BUNAMAKY (a)),
a 301IBLICHHS BUTSATHYTOCTI MPELECito 3MEHIYe (5K
1y Bumanky (0)). Leit dakr mpoimocTpoBaHmii 3a
JIOTIOMOTOr0 pHUC. 1 1 2, Jie HaBEICHO 3aJICKHOCTI
3Hepo3Mipenoi yacTotn & = @, R w,, /v’ mperecii
BiJl WPy AJs KOH(QIrypamiid pi3HOi BHUTSATHYTOCTI
(@, -uactoTa mpernecii, R, - BeIUKHUH pajiyc Topa,

V - IIBUJKICTb YACTUHKH, (@, - TIPOYACTOTA).

E=350keV R,=35m a=08m B=8%

Puc. 1. 3anexnicte mpernecii YaCTHHOK, 1HKEKTOBaHUX y
HATPSMKY MarHiTHOTO TOJS, BiJ IIHAPY I KOHQIryparii
3 PI3HOIO BUTATHYTICTIO k.

4_
E=350keV R =35m a=08m B =8%

rs=13 q@y=1

Puc. 2. Tex came, 110 i Ha puc. 1, ane s YaCTHHOK,
1H)KEKTOBAHMX y HAMPSIMKY MPOTH MArHITHOTO TMOJISL.

1. A. A.Tanees, P. 3. CarneeB, Bonpocvl meopuu nia-
smut, (ATommzaar, M., 1973), 7, c. 205 - 273.

2. Ya. I Kolesnichenko, R. B. White, and Yu. V. Yako-
venko, Phys. Plasmas 10, 1449 (2003).

3. M. H. Redi et al., Proc. 29-th EPS Conf. Montreusx,
2002, Plasma Physics and Controlled Fusion,
Europhys. Conf. Abstr. 26B, (2002).

128 IHCTUTYT AJAEPHUX HOOCJIIPKEHb HAH VKPATHU



OI3UKA ITIAZMU

BIIVIMB PAIAJIBHOI'O EJIEKTPUYHOTI'O IIOJIsSI HA YTPUMAHHSA HIBUJIKHUX IOHIB
B OIITUMI3OBAHUMX CTEJIAPATOPAX

B. B. .JIyuemcol, R Ko.necrmqemcol, A. Beﬂ.ﬂepz, A. BepHepz, X. Boﬁirz, A. B. Tuxuii'

1 . . .
Inemumym s0eprux docnionceny HAH Yrpainu, Kuig
2 . o .
Incmumym ¢hizuxu Maxca ITnanxa, I paiicsanyo, Himeuuuna

PamianpHe enmekTpuuHe mone E, i3 CKASIPHUM
noreHiianom @ ~ T/e (T — TemnepaTypa 1mia3mu, e —
3apsj eNeKTPOHA) UM HaBiTh Oinble 3a3BUYail MpH-
CyTHE B TOPOINNIbHIN TU1a3Mi. MeToro 11i€i poOoTH €
BUBYCHHS BIUTUBY LILOTO ITOJISl HA YTPUMAaHHS IIBU]I-
KAX 10OHIB B ONTUMI30BaHMX CTelapaTopax JiHii
Bennenbmiraiin, nepmr 3a Bce y crenapatopi W7-X.
PosrnsayTo ABi MoxkiuBi KoHGirypamii W7-X. Tlo-
nepiie, po3risHYTO 3aralbHONPHHHATY KOHQirypa-
1ito, 110 3a0e3neuye yTpUMaHHs JIOKAJIbHO 3aXOIlie-
HUX YaCTHHOK [1], ame B sKifi MOXYTh MaTH MicIle
3HAYHI BTpaTH TMeEpeXiJHUX YACTHHOK YHACHiJOK
croxactuuHoi audy3ii [2]. [To-gpyre, po3risiHYTO K-
ONITUMI30BaHy KOH(irypauiro, B sKiii cemapaTpucu
MDK JIOKaJbHO 3axXOIUICHUMHM YacTHHKaMH Ta JIO-
KaJbHO HPOJITHAMH YaCTUHKAMU € 3aMKHEHUMH
BCcepenuHi 00’ €My IIa3Mu JUIs OUIBIIOCTI Mepexia-
HUX 4actuHOK [3]. 3rigHo 3 [3], y Takiil koHQIry-
partii BTpaTy MepexigHuX YacTHHOK MArOTh OyTH Mi-
HimizoBaHi. [Ipote me TBepmxkeHHs B [3] TpyHTY-
BaJMCSl JMIIE HAa TMPOCTHX SKICHUX MIpKyBaHHSX.
Tomy moTpiOHO OyJIO TPOBENEHHS YHCETHLHOTO MO-
JEeNIOBAaHHA PyXy MepexigHuX YacThHok. [lepmi
KPOKH B LILOMY HampsiIMKy OyJio 3po0ieHo B Wil po-
6oti. [lng BUBYCHHS YTPUMAaHHS YAaCTHHOK BHKO-
pucToByBaBcs kox Bemydoro meHTpy ORBIS (OR-
Blts in Stellarators) [4]. fkicHuii aHayi3 BUKOHAHO
Ha OCHOBI OayHC-ycepelIHEHHMX DIiBHSHB PyXy dac-
THUHKH.

Otpumano taki pesynsratu. (a) Ilokazano, mo
BiJ’€MHE €JIEeKTpUYHE I0JI€ MOKpAIlye, a JOAaTHE —
TIOTIpIITy€ yTPUMAHHS AK JIOKAJIi30BaHUX, TaK 1 Tiepe-
XIIHUX YacTWHOK, IWB. PHUCYHOK. Bin’emHe moie
MOXe€ BiJirpaBaTH pojb TPaHCIOPTHOTO Oap’epa.

(6) Ilokazano, mo mpu E,> () icHye pe30HAHCHA
gacToTa OOEPTAaHHS TOMYJAIil JIOKATHHO 3aXOll-
JICHUX IIBUAKUX 10HIB, MPH SKIA i 10HW HIBUAKO
BTpavaloThCs. Pe30HaHCHAa dYacToTa 3aJeXKHUTh Bij
eHeprii YaCTHHOK, a PEe30HAHC € JOBOJI IHPOKUM.
ToMy 3HalilecHMiI pEe30HaHC MOXKE MNPUBOJIUTU O
3HAQUHUX BTPaT YacTHHOK Yy TEBHOMY Jiama3oHi
eHepriil. (B) 3’sicoBaHo (pi3UUHMI MeXaHi3M BIUIMBY
€JIEKTPUYIHOrO TIOJIA HA yTPUMaHHs YacCTHHOK: IIpe-
necis, mop’sizaHa 3 F,, 3MIHIOE€ SK KOHTYpH II03-
JIOB)KHBOTO 1HBapiaHTy PYyXy JIOKaTi30BaHUX YaCTH-
HOK, TaK 1 cemapaTpuCH TMEpeXiTHuX YacTHHOK.
(r) lInsxoM 9HCENBHOTO MOJETIOBAHHS MPOJIEMOH-
CTPOBAHO MOKpAIIaHHs YTPUMAaHHS NEePeXiJHUX Yac-
THHOK B K-OINTUMI30BaHii KOH(]Iryparii cremaparo-

I[OPIYHUK - 2007

pa W7-X sK TIpu HASIBHOCTI Bill’€MHOTO CJIEKTPHY-
HOTO TI0JIsA, TaK 1 y HOro BiZICYyTHOCTI.

o T e A p e
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Bnaus CJICKTPHUYHOI'O0 II0JII Ha pPyX «nepexim{oro»
mpoToHa 3 eHepriero 20 keB y monoinansHOMY TIepepisi
K-ONTHUMI30BaHOT craHmapTHol KoHpirypamii W7-X
(Bo=0.094 Ta n3epkanbHa TapMOHIKA €y= 0.03x%): a —
JI0JIaTHE EJISKTPUYHE I10Jie; 6 — BiJI'€MHE eJIEKTPUYHE
nose. Yactunka mBuako (¢ =~ 0.0015 ¢) ine 3 mnazmu
l'[i}:[ BIUIMBOM JOJATHOTO CJICKTPUYHOI'O0 IIOJA Ta
YTPUMYEThCS TPH Bill’EMHOMY CJICKTPUIHOMY TIOJi
(po3paxyHku mpoBOAMIUCH J0 ¢ = 0.02 c).

1. W. Lotz, P. Merkel, J. Nithrenberg, E. Strumberger,
Plasma Phys. Contr. Fus. 34, 1037 (1992).

2. C. D. Beidler, Ya. I. Kolesnichenko, V. S. Marchen-
ko et al., Phys. Plasmas 8, 2731 (2001).

3. A. V.Tykhyy, Ya. I. Kolesnichenko, Yu. V. Yako-
venko, A. Weller, A. Werner, Plasma Phys. Contr.
Fusion, 49, 703 (2007).

4. Ya. I Kolesnichenko, V. V. Lutsenko, A. V. Tykhyy,
A. Weller et al., Phys. Plasmas 13, 072504 (2006).
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AHOTALII POBIT

MOJIEJIJIOBAHHSI TAMMA- TA HEMTPOHHOI JIATHOCTHK HIBUIAKHWX IOHIB HA
JET TA MPOTHO3M AJIS1 ITER

B. O. sIBopcbkuii?, B. 1. Fomodopoasko'?, JI. I'. Epikcon’, B. Kinrimuii', C. M. Pe3unx’,
K. Illong?’, C. llapanos® Ta cniBpoGitnukn JET-EFDA®

! Inemumym sdepnux oocnioocens HAH Yipainu, Kuis
?Inemumym meopemuunoi izuxu Incopyrcokozo ynisepcumemy, Incpyk, Aécmpis
Acoyiayis EURATOM-CEA, CEA/DSM/DRFC, CEA-Kadapaw, ®panyis
‘Kanemcoruii Hayxoeuii Llenmp, A6inzoon, Benuxobpumanis
’Tusuce: Appendix of M.L. Watkins et al., Fusion Energy 2006
(Proc. 21st Int. Conf. Chengdu, 2006) IAEA, Vienna (2006)

I'amma- Ta HEMTpOHHE BHIIPOMIHIOBAaHHS i3 TJ1a3-
mu JET e Baromum mkepenom iHopMarii mpo
NOBEIHKY IIBUJIKUX 1OHIB SIK B IUIa3Mi CydYacHHX
TokamakiB [l - 3], Tak i B MaiOyTHIX TOKamMakKax-
peaktopax Tumy ITER. 3okpema, ramMmma-BUmpomi-
HIOBaHHS BiJ SACPHHUX peakiiil anb(ha-dyacTHHOK Ta
iOHIB JIOMIIIKOBOTO OEpUIIiI0 B TpEHC-TPUTIEBUX
excriepumenTtax (TTE) nva JET naroTh MOXIIMBICTH
JIOCITITATH €BOJIIOIII0 aJTb(a-dacTHHOK y Aiama3oHi
enepriii ~1 MeB, Toni sik OaraTokaHajdbHI BHMipIO-
BaHHs emicii DT HeHTpOHIB XapaKTepu3yOTh QyHK-
Lil0 PO3IOMALTY TPUTOHIB imkekii [4]. Cmin 3a3Ha-
YUTH, 10 IHTEPIPETaIis EKCIIePUMEHTAIBHUX Ja-
HUX TaMMa- Ta HEWTPOHHOI eMicii BUMarae neTaib-
HOTO0 KIHETUYHOTO MOJICIIOBAHHS 10HIB 1HXKEKINI Ta
anbda-gactuaok DT cunaTe3y.

Y gpanii poOOTI TpEACTaBIEHO pe3yJbTaTH
(hoKep-TIIaHKIBCBKUX PO3PaxyHKIB CTaliOHAPHUX
dyukmi po3noniniB ambda-gactuHok DT cuaTe3y
ta ioniB imkekuii B TTE exciepumentax Ha JET Ta
quist 6azoBux cueHapiiB B ITER [5]. OcobnuBa yBara

12
1
0.8

Scenario 2

—o—Ry
== NoE>0.4MeV)
- Ney(E=3.5MeV)

0.6
0.4
0.2
0
1

Ry/Rym & Na/Nam Ry/Rym & Na/Nam

Scenario 4 ——Ry
0.8 | N~ No(E>0.4MeV)
0.6 %\ o Na(E=3.5MeV)
0.4 ' i
0.2 4
0
4 5 6 7 8 9
R, m
Po3paxoBani HopmainizoBaHi Tpo(ini  IHTEHCHMBHOCTI

raMMa-BUIPOMIHIOBaHHS ~ BiJ  peakuii Be(a., ny)'*C
IMOP1IBHAHO 3 TYCTUHaAMHU YAaCTKOBO TEPMaAJI130BAHUX
anbda-gactuHOK Ny (E > 0.4 MeV) ta N, (E =3.5 MeV) B
ITER npu rycruni 6epuiito ng, = 2.5 % n, [6].

MPUJIIICHA BHBUCHHIO TMOJOINAIBHUX PO3MOILIIB
MIBUAKUX 10HIB y pi3HuxX cueHapisix ITER (auB. pu-
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CYHOK), IO J]a€ 3MOTYy OoTpuMaTh 0a3zy AaHUX, HEOO-
XITHUX Ui pO3pOOKH JIarHOCTUK aib(a-4acTHHOK
DT cunTe3y Ta 10HIB 1HXEKIIii, OCHOBAaHUX Ha aHaJi-
31 BUPOMiHIOBaHHSI raMMa-TIIpOMEHIB, HEUTPOHIB Ta
HEUTpaJbHUX aTOMIB AEHUTEPilO 3 IJIa3MH TOKaMaKa-
peakxropa.

Ha 3aBepuieHHs1 c(opMyITIOEMO OCHOBHI BUCHOB-
KU:

1. MopemoBaHHST 10HIB 1HJKEKIii Ta amb(da-
yactuHoK DT cunre3y B JET ta ITER npoaemoHnct-
pyBaio 4yTAHMBICTh (YHKUii PO3MONINIB IIBUAKHUX
10HIB 10 CIleHapiiB TOKaMaka-peakTopa Ta IiJTBep-
JIAJIO TIEPCIIEKTHBHICTh raMMa-IiarHOCTHK, 10 0a3y-
IOTBCSI Ha SIICPHUX PeaKkUisiX TakuxX 1OHIB 3 ioHaAMH
JOMIIIIOK OepuITifo Ta BYTJIEI0. 30KpeMa, BUMIipIO-
BaHHS ITPOCTOPOBHX PO3IMOALIIB Ta YaCOBOI €BOIIO-
1ii TamMmMa-emicii fae 3Mory 3poOUTH BUCHOBKH TIPO
(GYHKLIIO pO3MOAiNY, MIBHIKICTh TajJbMyBaHHA Ta
BTpATH 10HIB 3 BACOKHMH €HEPTisIMH.

2. [IporeMOHCTPOBAaHO MOTEHIII A PSIMOT raMMa-
nmiargoctuky 1oHIB 1mxkekwuii B ITER 3a momomororo
OaraTokaHaJbHUX BHMIPIOBaHb IIOJIOINANBHUX PO3-
TIOAUTIB Ta BHUMIPIOBaHb YacOBOi €BOJIONII rama-
BUIIPOMIHIOBAaHHS, TOPO/PKEHOTO 1HKEKTOBaHUMHU
10OHaMH.

3. bararokananpHa HEHTPOHHA iarHOCTHKA MO-
e OyTH BHKOPHCTaHa JUIsl BUMIPIOBaHHS MPOCTO-
POBOrO PO3MOIiTY JDKepeda CHHTE3Yy, a TAKOXK IS
indopmanii mpo ¢ynkuito posnoniny NBI ioHiB y
BUMAJIKY JOMIHYIOUOTO BKJIaAy B HEHTPOHHY eMICito
peakuiii CHHTe3y 1H)KEeKTOBAaHHMX 1OHIB 3 10HaMH OcC-
HOBHOI IUIa3MHU.

1. V.G.Kiptily et al, Phys. Rev. Lett. 93, 115001
(2004).

2. D. Stork et al., Nucl. Fusion, 45, S181 (2005).

3. V. Yavorskij et al., 21-st IAEA FEC, Chengdu, 2006,
paper TH/P6-7.

4. V.Yavorskij et al, 31-st EPS Plasma Physics
Conference, 2004, paper P1-157.

5. A.R. Polevoi et al., J. Plasma Fusion Res. SERIES, 5,
82 (2002).

6. V. Yavorskij et al., 9-th IAEA TM on Energetic Parti-
cles, Closter Seeon, 2007, paper OT11.
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CONVENTIONAL AND NON-CONVENTIONAL GLOBAL ALFVEN EIGENMODES
IN STELLARATORS

Ya. L. Kolesnichenko', V. V. Lutsenkol, A. Wellerz, A. Wernerz, Yu. V. Yakovenkol,
J. Geiger?, O. P. Fesenyuk'

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Max-Planck-Institut fiir Plasmaphysik, Greifswald, Germany

Conditions of the existence of the Global Alfvén

Eigenmodes (GAE) and the Non-conventional
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Sketch of the Alfvén continuum branch with the pol-
oidal and toroidal mode numbers m and n, respec-
tively, for a realistic Fourier spectrum of B, and
monotonically decreasing plasma temperature: (a)
S >>1 (W7-X case); (b) S <<1 (W7-AS case). Nota-
tions: gray, continuum (Alfvén and sound) region;
white, Alfvén-sound gaps; r,, is the radius where the

rotational transform is n/m ; AS(u, v) are the Alfvén-
sound gaps caused by the Fourier harmonics of the
magnetic field with the numbers ¢ and v; a is the
minor radius of the plasma. Details of the Alfvén
branch in the vicinities of sound branches are not
shown.
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Global Alfvén Eigenmodes (NGAE) predicted for
stellarators in [1] have been obtained. It is found that
they depend on the nature of the rotational transform
and that thre conditions for the NGAE can be most
easily satisfied in currentless stellarators. It is shown
that the plasma compressibility may play an
important role for the modes with the frequency
about or less than that of the Toroidicity-induced
Alfvén Eigenmodes (TAE). It is found that features
of the Alfvén continuum in the vicinity of the &, =0

radius (&, is the longitudinal wave number) can be

very different, depending on the parameter S , which
we refer to as “the sound parameter” (see Figure). In
particular, it turns out that two stellarators of the
Wendelstein line, Wendelstein 7-AS (W7-AS) and
Wendelstein 7-X (W7-X) [2], are characterized by
S>1 and S<1, respectively; therefore, the low-
frequency parts of the Alfvén continua in these de-
vices are quite different. Specific calculations mo-
deling low-frequency Alfvén instabilities in the
stellarator Wendelstein 7-AS [3] are carried out,
which are in reasonable agreement with the
observations. It is emphasized that experimental data
on low-frequency Alfvénic activity can be used for
the reconstruction of the profile of the rotational
transform. The mentioned results are obtained with
the use of the equations derived in this paper for the
GAE/NGAE modes and of the codes COBRAS and
BOA-fe.

This work was carried out in 2007; it has already
been published in Phys. Plasmas 14, 102504 (2007).

1. Ya. I Kolesnichenko et al.,, Phys. Rev. Lett. 94,
165004 (2005).

2. G. Grieger et al., Phys. Fluids B 4, 2081 (1992).

3. A. Weller et al.,, Phys. Plasmas 8, 931 (2001).
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EFFECT OF THE THREE-DIMENSIONALITY OF THE MAGNETIC GEOMETRY
ON ALFVEN INSTABILITIES IN STELLARATORS

Yu. V. Yakovenko', A. Wellerz, A. Wernerz, S. Zegenhagenz,
O. P. Fesenyuk', Ya. I. Kolesnichenko'

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Max-Planck-Institut fiir Plasmaphysik, Greifswald, Germany

The Alfvén eigenmodes (AE) in tokamaks and
stellarators are of interest because of their ability to
be destabilized by fast ions. The resulting insta-
bilities may be harmful, causing fast ion losses. On
the other hand, they can be utilized for plasma diag-
nostics. The AEs in stellarators are more diverse
than those in tokamaks. Due to the lack of axial
symmetry, new gaps appear in the Alfvén contin-
uum, with new types of eigenmodes (the so-called
Mirror-induced and Helicity-induced Alfvén Eigen-
modes, MAE and HAE) residing in these gaps [1-3].
The aim of this work is to demonstrate that the effect
of the three-dimensionality of the magnetic con-
figuration on AEs is more profound, being not re-
stricted to the multiplication of the continuum gaps.
For our consideration we employ the ballooning
formalism [4], taking advantage of its ability to cope
with the complicated structure of both magnetic
configuration and the perturbation.

It turns out [5] that the interference of different
harmonics of the magnetic configuration with suffi-
ciently close periods along the magnetic field lines
results in trapping of AEs in the corresponding fre-
quency range in certain parts of the plasma cross
section. The trapping is a typical phenomenon in the
frequency range of the MAE and HAE modes,
where the oscillations are typically localized at the
inner circumference of the plasma torus. Expe-
rimental observations of Alfvénic activity in the W7-
AS stellarator were presented in [5], which showed
that Mirnov signals corresponding to some instabili-
ties in the mentioned frequency range exhibit signs
of such localization.

In this work, in order to study the spatial struc-
ture of the gap eigenmodes in stellarators, the so-
called quantization [4, 6] of solutions obtained for
such modes with the use of the ballooning formalism
is generalized and applied to ideal Toroidicity-
induced Alfvén Eigenmodes (TAE). The spectral
properties of the TAE-modes turn out to be surpris-
ingly similar to that of the ballooning modes [4, 7].
Namely, there is some essential spectrum (infinitely
degenerate points and/or accumulation points) in the

TAE-mode spectrum of an axisymmetric plasma.
These accumulation points are the TAE-mode fre-
quencies calculated in the local approximation. A
break of axial symmetry mixes up, at least, high-n
eigenmodes sufficiently close in frequency to an
accumulation point, producing a narrow continuum
band.

There is no reason to believe that the quantization
properties of the other gap AEs differ from those of
the TAE-modes. Hence, all high-n gap Alfvén ei-
genmodes are continua in the framework of the
adopted ideal-MHD plasma model. As singular
wave functions are unphysical, this implies that the
structure of high-n gap Alfvén eigenmodes is deter-
mined by some factors beyond the adopted model,
such as finite Larmor radius effects, dissipation, fast-
ion drive, and plasma rotation. It is worth checking
if unusual modes tending to localization on separate
field lines can appear when the mentioned factors
are weak.

This work was presented as an invited oral talk at
the 10™ IAEA Technical Meeting on Energetic Par-
ticles in Magnetic Confinement Systems, Kloster
Seeon, Germany, October 2007; it has been sub-
mitted to Nuclear Fusion for publication in the spe-
cial issue devoted to the mentioned technical meet-
ing.
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EFFECTS OF TANGENTIAL NEUTRAL BEAM INJECTION ON THE INTERNAL KINK
AND QUASI-INTERCHANGE MODES
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It is known since the experiments on JET in 1988
that the trapped energetic ions can stabilize sawtooth
oscillations [1]. More than 10 years later experi-
ments on JT-60U have shown that the circulating
particles can stabilize sawteeth, too [2].

The purpose of this work is to consider physical
mechanisms responsible for the stabilization of saw-
tooth oscillations by the circulating energetic ions.
Two cases are considered. First, when the magnetic
shear in the plasma core is sufficiently large, so that
1-g,>> ¢, (go the on-axis safety factor, ¢ the in-

verse aspect ratio at the ¢ = / surface), in which case
sawtooth crashes are associated with the internal
kink mode. Second, a plasma with shear-less core
surrounded with the region with large shear. Such a
plasma is prone to the quasi-interchange mode. The
second case is typical for spherical tori and will take
place in the “hybrid” ITER operation scenario.

The work includes an overview of relevant pub-
lications on this topic [3 - 7] and new results.

In particular, an important role of the fast ion
precession in determining the stability of both ideal
and reconnecting kinks is emphasized. Because the
precession of well-circulating ions is very sensitive
to various factors, it is calculated numerically for a
realistic geometry. In addition, a new kinetic term is
found, which was missing in previous theories. This
term is stabilizing (destabilizing) for the counter-
(co-) injection.

For the shear-less core plasmas, margins of sta-
bility of the quasi-interchange mode in the absence
of the energetic ions have been found in Refs. [8, 9].
In the present work, the stability of the quasi-
interchange mode in the presence of the circulating
energetic ions is investigated self-consistently, with-
out a priori assumption that the eigenfunction of the
m=1 radial displacement has the “top hat” structure.
In this regime kinetic contribution from energetic
ions is much smaller than fluid one. The latter in-
cludes stabilizing contribution to toroidal coupling
between m=1 and m=2 poloidal harmonics and the
finite-orbit-width term, which depends on the direc-
tion of injection. Efficient stabilization of the quasi-
interchange mode is found for the balanced and co-
injection (see Figure), while the counter-injection is
slightly destabilizing. It is also demonstrated that the

L[OPIYHUK - 2007

0.04 Beo = 0%
0.03
| balanced injection
T
£ 0.024
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Growth rate of the quasi-interchange mode instability ver-
sus Aq =q,—1 without tangential neutral beam injection

(upper curve), during balanced neutral beam injection
(middle curve), and during injection in the direction of the
plasma current (lowest curve). By is the fast ion pressure
on the magnetic axis normalized to the magnetic field
pressure.

energetic ions may considerablychange the radial
structure of the mode.
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BILIUB I'O®PUPOBKH MATI'HITHOI'O IOJISI HA
YTPUMAHHSA NBI JEMTPOHIB HA JET

B. O. ﬂBopcmmﬁl’z, M. Yekonemto™*, B. 5. FO.HOﬁOpO,ZleOl’z, M. Canrana’, B. Kinriamii’,
A. Kopotkos®, M. Bpikc®, K. Yaaaic’, C. Fepacumos’, H. Xoykc®’, B. [Tapain’, C. M. Pe3nuk’,
K. Illong?, C. Illapanos®, E. Cyppeii’, IL-1e-Bpi3’ Ta cniBpo6irnukn JET-EFDA °

! Tnecmumym soeprux oocnioncens HAH Yipainu, Kuis, Ypaina
2 Inemumym meopemuunoi izuxu Incopyrcokozo ynieepcumemy, Incpyk, Aécmpis
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4Kop0ﬂi60bkuﬁ mexHonoziunuil incmumym, Cmokeonvm, Lllseyis
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%S ueucw: Appendix of M.L. Watkins et al., Fusion Energy 2006
(Proc. 21st Int. Conf. Chengdu, 2006) IAEA, Vienna (2006)

VY naniii poOOTI mpencTaBiIeHO pe3ylbTaTH aO-
CIIDKEHHS BIUTUBY TO(MPHUPOBKH TOPOIMATHLHOT KOM-
noHneHTu MaraitHoro nodst (TF) Ha yrpumanns neii-
TPOHIB iHXEKILii B HELIOJaBHIX E€KCIIEPUMEHTaX Ha
JET, B sKuX mOCHiIKyBaBcs €PeKT JOAaTKOBOI ro-
¢bpupoBouyHOi TapMoHiku 3 N = 16 Ha xapakTepuc-
tuky Tasmu 3 ELM aktuBnicTio B H-moni [1]. dis
mifcuiIeHOi TOQPUPOBKU TOCIIHKYyBaIach 3a JIOMO-
MOTOI0 aHaJi3aTopa HEUTPaJbHUX YaCTHHOK B €Hep-
reTHYHOMY Jiama3oni 5 - 40 keB anamizyioun noto-
KW HelTpaibpHOro aeiirepito (D°), mo dopmyeThes
BHACJIIJIOK Tepe3apsJIKu Ta peKoMOiHaIlil 10HIB Jei-
TEpif0 3 HAATEIJIOBUMHU eHeprisMu [2]. YHacHimzok
XapaKTEPHOi OpieHTAaIlii JIiHIi CIoCTepeXeHHS aHa-
Ji3aTopa MOTIK, MIO CIOCTepiraBcs, QOpPMYeThCS B
OCHOBHOMY 3a DPaxyHOK IIepe3apsIKd 10HIB aei-
Tepiro 3 V)~ 0 B OKOJIi €KBATOPiaJIbHOT TUIOIIMHU Ta
XapaKTepu3y€e 10HHW, IO 3a3HalOTh HaWOLIBIIOTO
BILTUBY TOMPUPOBKH (IUB. pUCYHOK). C1ij 3a3HaYH

PS, #69707,#69710, 1/B=1.14MA/2T,
PNBI=7.4MW, PICRH=0, Zax ~ 0.05m

T
0-6=0,exp
M- 5=1%, exp
o —O—§5=0, FP model
7 —®— 5= 1%, FP model
"-'> 10 L \ &= §=1% FP model
2 (enhanced ripple transport)
—
r;m
1S
m
=
10" L
0

Energy, keV
Bruive ropupoBKH TOPOiaIbHOTO MOJISE HA EHEPreTHYHI
CIEKTPH TIOTOKIB HEHTPaJbHOrO JAEHTEpil0 3 IasMH B
JET 3 mo3uTHBHHM IIMPOM MArHITHOTO TOJIS: IyHKTHPHI
JMHII — eKCHepUMEHTaNbHI MaHi, CYHUIbHI JiHII —
pe3yIbTaTH MOAETIOBAHHA [5, 6].

TH, IO OCJIa0JICHHS! TIOTOKIB HEUTpaNBHOTO HeiTe-
pito 13 MIa3Mu 3 J0JATKOBOIO TapMoHikKoo N = 16
CIIOCTEpIraioch B TMOMEpPEeAHIX roGpPUPOBOYHHX €K-
cnepumenTax Ha JET [2, 3]. ['onoBHOIO MeToOIO na-

HOI poOOTH € eKCIIepUMEHTAIIbHE JTOCIIKEHHS rod-
PHUPOBOYHOTO OCIIA0JICHHSI TOTOKIB HEHUTPaILHOTO
JEHTEPIto 3aJICKHO Bifl aMILUTITY M TapMOHIKH 3 N =
16 Ta muMpy MarHiTHOro mOJIsi B LEHTPaNbHill 00-
JacTi IUIa3MH, a TaKOX TecTyBaHHA (hokep-
IUIAaHKIBCHKOI MOJ€eIl 10HIB 1HKEKMIIT B IIa3Mi TOKa-
Maka 3 TOQpPUPOBKOIO MarHiTHoro moss. Crix 3a-
YB@XKHUTH, IO PO3PAXYHKH MOTOKIB HEHUTPaIbHOTO
IerTepito, TMPOBEIeH] 3a JOMOMOTo0 Momeiai MoH-
te-Kapno nnsi po3moniny HEHTpalbHOTO JIEeHTEpiro
Ta (OKep-TUIAaHKIBCHKOI MOJIENi JUIA 10HIB 1HXKEKIi
n00pe y3rOJUKYIOTBCS 3 EKCIIEPUMEHTAIbHUMH pe-
3ynapTaTami [4, 5].

OcCHOBHI BUCHOBKH poOOTH:

1. OcabieHHsl TOTOKIB HEUTPAIFHOTO ACUTEPir0
3 MJIa3MH BHACHIJIOK TO(QPUPOBKH MAarHiTHOTO TOJS
CIOCTEPIraJioch y HEUIOAaBHIX EKCIepUMEHTax Ha
JET [4].

2. MakcumaiibHe 0ci1abJieHHsI IOTOKIB Ma€ MICIe
It HelTpaniB 3 eHeprieto monan 30 keB i1 gocsrae
~ 50 % mpu aMIITITYAl TOPUPOBOYHOT FAPMOHIKH 3
N =16 6ins1 1 % Ha 30BHIIIHEOMY 00BOJII TOpA.

3.V mnasMi 3 NMO3UTHBHUM HIMPOM 32 BIJICYT-
Hocti [CRH nHarpiBanHs ropprpoBovHE 0CITa0JICHHS
notokiB D° BincyTHe nipu eneprii Hmkue 10 keB.

4. [Ipore B 11a3mi 3 HU3bKMM Ta HETaTUBHUM
mmpoMm npu HasBHocTi ICRH HarpiBanHs rodpu-
POBKa MPUBOIWIIA 10 3pOcTaHHs MoTokiB D° B miama-
30Hi erepriii 10 - 20 keB.

5. Po3paxyHKH TIOTOKIB HEWTpadiB meuTepito
J00pe y3rOKYIOTBCS 3 €KCIIEPUMEHTaIbHUMH pe-
3yJbTaTaMH.
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4. V.Yavorskij et al, 34-st EPS Plasma Physics
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5. V. Goloborod’ko et al., 9-th IAEA TM on Energetic
Particles, Closter Seeon, 2007, paper P11.
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Bimomo, 110 BiZICYyTHICTh OCBOBOI CUMETpIi B Kila-
CHYHHUX CTelapaTropax MOXKe YTBOPIOBATH Cyrepoa-
HAHOBiI OpOITH YaCTUHOK, 3aBASKH YOMY JIOKAIBHO
3axOIUIEH] €HEePriiiHi 10HW IBUAKO BTpadaroThes [1].
B onrumizoBaHuX creiapaTopax 3a JOMOMOTOIO
Pi3HUX METOMIB [2 - 5] 3aMHUKalOTh JIiHIT PiBHSA IO-
3J0BXKHBOIO aJiabaTUUHOro iHBapiaHTa J| 3a JAO0IO-
MOTOFO JliaMarHiTHOTO Apeidy, 3amodiratouu mBHiI-
KAM BTpaTaM JIOKAJIBHO 3aXOIUICHUX YacTHHOK. Jlyist
I[LOTO MO’KHA, 30KpeMa, IiIHIMAaTH THCK IU1a3Mu abo
BHUKOPUCTOBYBAaTH pajiajibHi €JIEKTPUYHI MOJIs, IO
YTBOPIOIOTHCS B IUIa3Mi BHACHIIOK TPAHCIIOPTHUX
npoueciB. [IpoTe 0e33iTKHEHHI NEPETBOPEHHS MiX
JIOKAJIEHO 3aXOIUICHHMHU Ta JIOKAIBHO MPOJITHHUMU
opbiTamMu, O BimOYBAarOTHCA BHACHIZAOK HOperdy,
HOPYIIYIOTh a11a0aTUYHICTh J|| 1 BUKJIHMKAIOTh CTO-
XaCTHYHY AUQY3ir0, SKa MOXKE MPUBOIUTH 10 3HAY-
HUX BTpaT €HEPriiHWX YacTHHOK i3 CTelaparopa,
HE3BaXKalo4yH Ha Te, IO TMpereciitHi opOiTH OKpeMux
YaCTHHOK OJIM3bKI 10 r = const [6].

VY miit poOoTi BHUBYAETHCA BILIMB IPOCTOPOBOI
HEOJTHOPITHOCTI Ta HEJOMIHAHTHOCTI 3€PKAIBHOT
TFapMOHIKM MarHiTHOTO IIOJis, THUCKY IUIa3MH Ta
CJICKTPUYHUX IIOJIIB Ha CTOXacTW4Hy nudysito. 3
Ii€I0 METOIO0 BUBEACHO HOBI BUPa3H I KOeillieH-
TiB croxactuaHoi audysii. [li Bupazm mommiryoTs
MOTIEpEe/IHI  OLIIHKW, HaBeleHI B [6], BpaxoBylOUH
BUKITUKaHy OOEpTaJbHUM IEPETBOPEHHSM aCHUMET-
pito MK amiabaTHYHUMHU IHBapiaHTaMH IOAATHHO-
Ta BiJ’€MHO-TIPONITHUX YaCTHHOK. J[st mporo teo-
pito mepetuny cenaparpucu Hefmranra [7] 3acto-
COBAaHO JI0 BKOPOYEHOTO JIarpamxkiaHa, mo (opma-
JHHO ONHUCYE ONHOBHUMIPHY 3aJIe)KHY BiJl 4acy CHC-
TeMy. BKkopoueHHS BUKOHAHO 3a aHAJIOTIEI0 3 BiJO-
MHUM YKOPOUYEHHSM ITOBHOTO JIarpaHXiaHa YaCTHHKU
MIPH TIEPEXO0/Ii 10 HAOJIMIKEHHS BEIydOoro IIEHTpa Ta
BiJIKMJIaHHI IIUKJIIYHOI 3MIHHOI — Tipodasy, 1mo ¢dak-
TUYHO TEPETBOPIOE MAarHITHUH MOMEHT YaCTHHKH i3
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He3aJe)KHOI 3MIHHOT Ha KOHCTaHTY, 3MEHIIYIOUYH
PO3MIpHICTh PO3MUPEHOTO (Ha30BOrO MPOCTOPY 3 7
1o 5. HoBuM KpOKOM € BiIKMJAHHS IIE OJHIET IUK-
Ji4HOi 3MIHHOI — Yacy, YHACliJJOK 4YOro CIpsDKEHa
710 Yacy 3MiHHA — ITIOBHA €HEPrisl — MePEeTBOPIOETHCS
Ha KOHCTaHTY, & PO3MIpHICTh PO3IIUPEHOTo (a3zoBo-
ro MPOCTOPY CKOPOUYEThCA 10 3, M0 U Ja€ 3MOry
CKOpHUCTATHCA pe3yibTaraMu [7].

Otpumanuit cymapauii koediieHT mudysii mMae
BUIJIA:
DDy %f <in0, ((an+1nP)2+2.3 N (1nQ-0.75)2+7.5)

a 0, 0,

ne P — iMOBipHICTh 3aXOIUICHHS YaCTUHKHU B JIOKAJIb-
HY Mar”itHy simy; Q — mapamerp, 110 BpaxoBYe€ BiJl-
XWICHHS CENapaTpucH Bix r = const; Dy — xoedirti-
€HT, 110 3aJICKUTh B FEOMETpIi cTenaparopa; pg —
JIAPMOPIBCBKUH pajiyc; a — Majuil paaiyc Topa; 0, —
MOJIOIaNbHUN KYT, IPH SIKOMY BiIOyBa€eThCs mepe-
TBOPEHHS YaCTUHKH 3 JIOKAJILHO MPOJIITHOI HA JIOKa-
JILHO 3aXOIUIeHy 1 HaBmaku. OTpuMaHa WMOBIPHICTH
nepexony P 30iraetbcst 3 pesynpraramm [6], ame
norapumivHa 3anexHicte D, Big P € HOBOMW, Tak
caMo K 1 getam 3anexHocTi D, Big Q.

1. S. L. Painter, J.F. Lyon, Fusion Technol. 16, 157
(1989).

2. C.D.Beidler et al., Fusion Energy, 16th Conf. Proc.,
Montreal, 1996 (IAEA, 1997) 3, 407.

3. P.R. Garabedian, Phys. Plasmas 3, 2483 (1996).

4. J. Nurenberg, W. Lotz, S. Gori, Phys. Theory of
Fusion Plasmas, 3 (1994).

5. J.R. Cary, S. G. Shasharina, Phys. Rev. Lett. 78, 674
(1997).

6. C.D. Beidler et al., Phys. Plasmas 8, 2731 (2001).

7. A. I Neishtadt, Sov. J. Plasma Phys. 12, 568 (1986).
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BILIUB B3AEMO/Ii TO®PUPOBKH MATHITHOI'O MOJISI TA MI'Jl HECTIMKOCTEM
HA IIOBEAIHKY HIBHUJKUX IOHIB B IIJIA3MI TOKAMAKIB

K. lllond®, B. 5. Fosto6opoasko’, C. M. Pe3uuxk’, B. O. SIBopchknii’

' Tnemumym soepnux docnioocens HAH Yipainu, Kuis, Ykpaina
21Hcmumym meopemuunoi gizuxu Inncopykcokozo Yuieepcumemy, Inncopyx, Aecmpis

3 BHUKODUCTAHHSIM CHUMIUIEKTHYHOI'O METOHy iH-
TerpyBaHHs I'aMiJbTOHOBUX CHCTEM, IO y3arajbHe-
HO Ha BUTAJIOK YacOBOI 3aJIE)KHOCTI 30ypeHb y CHUC-
TeMi, Oylo TOpaxoBaHO KOe(]ii€eHTH pamiaabHOI
nrdy3ii MBUIKAX 10HIB Y TOKaMarli 3 To(GpprupoBKOIO
MaritHoro nosis tTa MI'J] 30ypeHsb.

Ha mingcraBi po3paxoBaHoro koedimieHta papii-
anpHO1 nuy3ii po3B’s3aHo piBHSHHA (DOKKepa —
[Tnanka mus GyHKIIT po3NOaiTy TEPMOSICPHUX allh-
(ha-4yacTUHOK Ta 3HAMIEHO 3pOCTaHHS iX BTpaT, LIO0
1oB’s13aH0 3 HasBHICTIO MI'/] 30ypeHsb.

Jlns y3arajJpHEHHS CUMILIEKTUYHOIO METOMY iH-
TerpyBaHHsI Jpei(OBUX PIBHAHB PyXy MIBUAKHX i0-
HIiB y TOKamakax [1, 2] Ha BUIIAJIOK SIBHOT 3aJI€:KHOC-
Ti ['aMiIbTOHIaHY CHCTEMH BiJl 4acy BBEICHO HOBY
napy KaHOHIYHMX 3MiHHHUX: BiJi’€MHY €HEpril0 dac-
TUHKH (p3) Ta 4ac (g;). Toal HOBuIl raminpTOHiaH
Ma€e BUTIIL

H=H(p,q:Ps-4204:)+ s> (1)

ne H - 3Buuaiinmii apeiidosuii ['aMineToHian; p; Ta
¢ — TOPOITAIGHAN TIOTIK Ta CTIPSHKEHUHN HOMY IT0JI0-
ilanbHUM KYT; p» Ta ¢, — TOPOiJalbHUI MOMEHT Ta
CHIBIPSDKEHUH TOPOiNaIbHUH KyT. 3aCTOCOBAHO, Ta-
Kok, miaxig Monre-Kapmo [3] mns MopemoBaHHS
KYJIOHIBCbKUX 31TKHEHb.

Otpumanuit koediuieHT qudy3ii Ipu HAIBHOCTI
ropupOBKH MarHiTHOTO TOJIS Ta JIOKAJi30BaHOI Oi-
ns mMarHiTHOI oci TAE momu momano Ha puc. 1. 3
[IUX PO3PaxyHKIB BUJHO, 110 BUKIMKAHUNA TOGPH-
POBKOIO MEPEHOC Ha Kpalo IUIa3MU MOKE MiJICHIIIO-
Bathcsa iHimiioBannM TAE Momoro mepeHocoM y
LEHTpaNIbHIN 00acTi. Take MmiJCUICHHS PU3BOJAUTH
JI0 3pOCTaHHS BTpaT LIBHJKUX 10HIB IIPH HAsBHOCTI
B TUTa3Mi TOKaMaKa JIBOX THIIIB 30ypEHb.

st TiepeBipkM  IIHOTO  pO3paxOBaHUU  Koe-
¢iuient 6yno Bukopucrano B 3D FP COM koni [4,
5], mo po3p’s3ye piBHAHA Dokkepa - I[lmanka Ha
(GYHKINIO pO3MOALTY IIBHUAKWAX 10HIB. Pesymbratm
o0YHCIIeHb Jalny 3MOTY OTPUMATH BEIWYHMHY 3MiHH
BTpaT #oHiB npu HasgBHOcTI MI'J] 30ypeHs (Limmmp
— Lyosin)/Luomtns D€ Lyith, nomup - a0COIIOTHI BEIH-
yiHU BTpar 3 MI'Jl 30ypeHHsM Ta 6e3 HbOro Biro-
BigHO. Pe3ynpTaT Takux po3paxyHKIB y MarHiTHO-

My Toiti 3 TO(pPHUPOBKOIO Ta Oe3 Hei Ipu HABHOCTI
nmokaiizoBanoi Oins oci TAE momu 3 aMIniiTymoro
10™, gactororo 100 kI'1[ Ta XBUJILOBUMH YHCIAMH M
=2, n =5 OpeacTaBieHO Ha puc. 2.

Hana poOoTa mpoJeMOHCTpyBajga MPHUAATHICTH
PO3pO0JICHOT0 METOAY Ui MOJICIIIOBaHHS TOBEIH-
KH IBHJIKUX 10HIB Y TOKaMakax 3 KiJJbKOMa THITAMHU
€JIEKTPOMAarHiTHUX 30ypeHb.
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Puc. 1. 3anexnicts koedimienrta pagiansHoi qudys3ii (D)
BiJl paziyca 1m1a3mu (p) Ta MarHITHOTO MOMEHTY 10HIB (LL).
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Puc. 2. EneprernuHa 3ajeXXHICTh 3pOCTaHHS BTpaT INpH
HasiBHOCTI TAE MOiM 3 XBHJIHOBUMH YUCIIAMH M Ta N,

K. Schoepfet al., 21 FEC, Changdu, 2006, TH/P6-6.
P. J Channell et al., Nonlinearity 3, 231 (1990).

M. Tessarotto, Phys. Plasmas 1(4), 951 (1994).

V. A. Yavorskij, Phys. Plasmas, 6(10), 3853 (1999).
V. Ya. Goloborod’ko, Nucl. Fus., 35, 1523 (1995).

Nk =

136 IHCTUTYT AJEPHUX JOCJIIPKEHb HAH YKPATHU



OI3UKA ITIAZMU

EXTERNAL KINK INSTABILITY IN A PARAMAGNETIC PINCH
UNDER ARBITRARY HALL PARAMETER

A. A. Guryn

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In the last years the conception of quasi single
helicity (QSH) regime in the reversed-field pinch
(RFP) laboratory plasma became firmly established
[1]. The classical MHD theory of pinch kinks must
be renovated to explain what peculiar features of the
RFP configuration cause the observed QSH kink
spectrum.

In this report, the stability of a FRP configuration
is studied in terms of MHD theory taking into ac-
count the Hall effect under arbitrary parameter
I = 4ne’a’N/IMc*. The 11 is introduced by ratios
opoa:0z = 1:T172: T where N, a, M are plasma
density, pinch radius, ion mass correspondently, ®,
is helicon frequency, o, = cBl4mea®N. wa and wp;
are Alfven and ion cyclotron conventional frequen-
cies in the magnetic field B. When a, ®, are assumed
as an units for 7, ®, and dimensionless field and den-
sity equal 1 at the pinch axes, Bo(0) = N(0) ==1 at
r=0 in cylindrical plasma, the kink oscillations
3B(r)e'® ", { = kz - m, are governed by equations:

3B =rot(§ x By - in&/Il), -o’NE=II3F. (1)

Here & is plasma displacement, F = rotB x B.
Eg-s (1) neglect plasma resistivity, pressure and
convection but take into account the Hall effects on
magnetic sound dispersion. It is more important we
take into consideration the arbitrary contribution of
rotBy. Really IrotByl >> By in the PRP plasma core
therefore the equilibrium is very close to the force-
free one, rotBy x By = 0. We use the cylindrical force
free condition rotBy = ABy in which A(7) is compatible
uniquely with real radial distribution of the safety
factor ¢(r) inside RFP plasma. At the pinch axes we
suppose M0)=4 thereby the significant para-
magnetic field strengthening is taken into account in
our calculations. Other force-free equilibriums were
under consideration too.

When force-free equilibrium is assumed, the dif-
ferential problem (1) reduces to the most convenient
form for helical flux ¥ defined through expression B
= grad¥ x s + B¢s in which sls==r grad( X e,

1 d , . d A
—— 18 A—0¥Y ———0¥ =00V,
rs? drrs dr ris? Q

)

where 4 and Q are the rational functions of ® with
coefficients depending on r through the r-derivations
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of magnetic field components and plasma density.
Our consideration does not go beyond condition
(By,grad0) # 0 within the interval 0 <r<1 that is
only external modes can be described by Eq. (2).

Eq. (2) was solved numerically by shooting
method. It is shown the external kink mode m =1
instability of RFP configuration takes place under
condition 1 <ak <2 at that the limit ak = 2 restricts
the region of external kinks for which (By,grad() < 0.
Under high values of Il within interval 10 <II < 50
for real experimental data, the increment grows to-
gether with & up to the value ak =2 when the effects
of resonant surface inside plasma must be included.
Figure shows the dispersion of couple ® =+ iy for the
limit IT = 50. The unstable mode frequency turns out
to be of order 0.01 in units of the frequency wy. Its
small but finite under I1>>1 value is determined
wholly by Hall term in (1).
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Bifurcation of the conjugated frequencies
® = 1y for the non-local kink m = 1.

The obtained results explain why the observed
dominant kink modes in quasi-single-helicity states
of RFP have the frequencies to be lower than even
the helicon frequency ®, whereas the MHD fre-
quency scaling defines frequency order of "o, if
I[1>>1. The strong instability found numerically
needs plasma rotation to saturate amplitudes as well
as taking into account the resistive internal modes
for the cases when the toroidal number n = kR (R is
the senior torus radius) that found from (1), (2) does
not amount the experimental numbers n =7 - 10.

1. P. Martin et al. Nucl. Fusion 43, 1855 (2003).
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TWO-DIMENSIONAL RING-LIKE VORTEX AND MULTISOLITON NONLINEAR
STRUCTURES AT THE UPPER-HYBRID RESONANCE

V. M. Lashkin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Upper-hybrid (UH) waves are frequently ob-
served in space and laboratory plasmas. UH waves
can be excited by beam instabilities, mode conver-
sion of extraordinary electromagnetic waves at the
upper-hybrid resonance layer etc. [1]. The aim of
this paper is to present a two-dimensional (2D) the-
ory of nonlinearly coupled dispersive magnetosonic
and high-frequency UH waves.

We have derived a set of corresponding nonlinear
equations [2] and found numerically different types
of 2D nonlinear localized structures such as funda-
mental solitons, radially symmetric vortices, nonro-
tating multisolitons (dipoles, quadrupoles and two-
hump solitons) (Fig. 1), and rotating multisolitons
(azimuthons) [3].

Dispersion of the magnetosonic wave effectively
introduces a nonlocal nonlinear interaction that is the
nonlinear response depends on the wave packet in-
tensity at some extensive spatial domain. Nonlocal
nonlinearity naturally arises in many areas of non-
linear physics and plays a crucial role in the dynam-
ics of nonlinear coherent structures. While collapse
is the usual phenomenon in the multidimensional
Zakharov-type models with local low-frequency res-
ponse, nonlocal nonlinearity can arrest collapse and
lead to stable multidimensional localized structures.
In the present paper we give a  rigorous proof of
absence of collapse for the 2D model describing the
nonlinear interaction between upper-hybrid and dis-
persive magnetosonic waves.

We have undertaken extensive numerical mode-
ling of the obtained dynamical equations initialized
with our computed solutions with (and without)
added Gaussian noise. In addition, azimuthal per-
turbation was taken for the vortices and azimuthons.
Numerical simulations clearly show that the funda-
mental solitons are stable and do not collapse even
for the negative initial Hamiltonian. We have ob-
served neither stable evolution nor collapse for mul-
tisolitons. If the nonlinear frequency shift is not too
large, the multisolitons decay into several monopole
solitons but can survive over quite considerable
times. Splitting of the dipole soliton in two mono-
poles which move in the opposite directions without
changing their shape is shown in Fig. 2, b. Vortices
decay into three fundamental solitons. Since the total
angular momentum is conserved, the monopole soli-
tons fly off the ring along tangential trajectories. A
similar behavior was observed for the rotating multi-
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solitons (azimuthons with two and four intensity
peaks).

(@) ®)

Fig. 1. Numerically found nonrotating localized nonlinear
structures: a - monopole; b - dipole; ¢ - two-hump soliton;
d - quadrupole.
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Fig. 2. a - stable evolution of the monopole; b - splitting
of the dipole into two monopoles.

If the nonlinear frequency shift exceeds some
critical value depending on the multisoliton type
(i.e.., dipole, azimuthon with two intensity peaks,
etc.), the unstable multisoliton turns into the one
stable monopole with larger amplitude.

1. P. K. Shukla, R. Fedele, and U. De Angelis, Phys.
Rev. A 31, 517 (1985).

2. V.M. Lashkin, Phys. Plasmas 14, 102311 (2007).

3. V.M. Lashkin, Phys. Rev. A 75, 043607 (2007).
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N-SOLITON SOLUTIONS AND PERTURBATION THEORY FOR THE
DERIVATIVE NONLINEAR SCHRODINGER EQUATION
WITH NONVANISHING BOUNDARY CONDITIONS

V. M. Lashkin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The derivative nonlinear Schrodinger equation
(DNLSE) (oo =+1)

ou 0ou 0 )
—+—+ia— =0 1
ot e e e y) M)

has many physical applications, and, probably, the
most important are in plasma physics and in
nonlinear optic. First, equation DNLSE describes
modulated small-amplitude nonlinear Alfven waves
in a low-§ (the ratio of kinetic to magnetic pressure)
plasma, propagating parallel or at a small angle to
the ambient magnetic field. The DNLS equation also
describes large-amplitude magnetohydrodynamic
waves in a high-f plasma, propagating at an
arbitrary angle to the ambient magnetic field. In
these cases, u denotes the transverse magnetic field
perturbation normalized by the ambient magnetic
field, where ¢ and x are normalized time and space
coordinates, respectively. Second, the DNLSE is
related to the modified nonlinear Schrodinger
equation (MNLSE) by a simple gauge-like transfor-
mation. In turn, the MNLSE describes the
propagation of ultrashort femtosecond nonlinear
pulses in optical fibres, when the spectral width of
the pulses becomes comparable with the carrier
frequency, and, in addition to the usual Kerr
nonlinearity, the effect of self-steepening of the
pulse should be taken into account.

Eq. (1) is completed by the boundary conditions:
vanishing (|u|—>0as |x|> o) or nonvanishing

(Jul—> p as |x|—> ) at infinity. In both cases, the

DNLSE is integrable by the inverse scattering trans-
form (IST).

The nonvanishing boundary conditions (NVBC)
are important in physical applications. For example,
in space plasma physics the vanishing boundary
conditions (VBC) are relevantonly for the case of
propagation of Alfven waves strictly parallel to the
ambient magnetic field. In nonlinear optics, the
NVBC can support propagation of dark solitons in
both normal and abnormal GVD regions. Unlike the
nonlinear Schrodinger equation or the DNLSE with
VBC, the DNLSE with NVBC admits simultaneous
generation of breathers (solitons with internal oscil-
lations) and one-parametric (nonoscillating) bright
and/or dark solitons [1]. The IST formalism for the
DNLSE with NVBC is much more complicated
from the one for VBC. Analytical properties of the
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Jost solutions in this case are formulated on the
Riemann sheets of the spectral parameter, and the
corresponding direct and inverse scattering problems
are rather involved. Recently, Chen and Lam [2]
developed the IST for the DNLSE with NVBC by
introducing an affine parameter to avoid construc-
ting the Riemann sheets. Both approaches, however,
encounter a difficulty when finding exact explicit V-
soliton solutions. The reason is that the resulting
solution u contains the phase factor exp(in+), where
n+ is some definite integral from |u|. Thus, the solu-
tion is written in an implicit form and only modulus
of the solution can be obtained in that way. Though
for simple one-parametric soliton solutions the phase
n+ can be calculated by direct integration, this pro-
cedure is obviously impracticablefor N-soliton solu-
tions. Instead, tricks leading to the explicit expressi-
on for #+ were used in some particular cases: for the
two-parametric one-soliton breather solution [2], and
for the N-soliton with purely imaginary discrete
spectral parameters (i.e. for pure bright and/or dark
solitons). Another approach based on Dar-
boux/Baclund transformations was developed by
Steudel [3].

In this paper [4], we have presented a simple ap-
proach for finding N-soliton solutions and the corre-
sponding Jost solutions of the DNLSE with NVBC.
It is important that the exact solutions can be ob-
tained without explicit determining of the phase fac-
tor. Unlike [2, 3], our method allows us to get solu-
tions describing collisions between breathers, as well
as collisions between pure bright/dark solitons and
breathers.

We have also developed a perturbation theory ba-
sed on the IST for perturbed DNLSE solitons. This
approach fully uses the natural separation of the
discrete and continuous degrees of freedom of the
unperturbed DNLSE with NVBC. We have derived
evolution equations for the scattering data (both
solitonic and continuous) in the presence of per-
turbations. As an application of the developed the-
ory, we considered (in the adiabatic approximation)
the action of the diffusive-type perturbation on a
single bright/dark soliton.

1. V.M. Lashkin, Phys. Rev. E 71, 066613 (2005).

2. X.J.Chen and W. K. Lam, Phys. Rev. E 69, 066604
(2004).

3. H. Steudel, J. Phys. A 36, 1931 (2003).

4. V.M. Lashkin, J. Phys. A 40, 6119 (2007).
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NONLOCAL VORTICES, MULTIPOLE SOLITONS AND AZIMUTHONS
IN DIPOLAR BOSE EINSTEIN CONDENSATES

V. M. Lashkin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The recent experimental realization [1] of a
degenerate dipolar atom gas , where a Bose-Einstein
condensate (BEC) of Cr-52 atoms has been
observed, and optimistic perspectives in creating a
degenerate gas of polar molecules have stimulated a
growing interest in the study of BEC with nonlocal
dipole-dipole interactions. Dipole-dipole forces are
anisotropic and long range, so that the interparticle
interaction becomes essentially nonlocal. A very
attractive feature of BEC with dipole-dipole inter-
actions is that the interplay between the nonlocal
interaction, which is only partially attractive and
may be tuned by means of rotating orienting fields,
and the usual local short-range contact forces, leads
to the possibility of experimental realization of high-
ly controllable and stable solitary structures in BEC.

In this paper [2], we have demonstrated the exis-
tence of two-dimensional (so-called “pan-cake con-
figuration”) localized nonlinear structures in BECs
with nonlocal dipole-dipole and attractive short-
range contact interactions and studied their stability.
In the mean-field approximation 2D dipolar BEC is
described by the nonlocal nonlinear equation

Oy 2
—=— + +
2 \y+glyl v

+ﬂ(//.|‘R(r—r') | y/(r') Fd*r,

where appropriate dimensionless units are used, and
the Fourier transform of the kernel R(§ ) is

R(k)=2-3Jmkexp(k*)erfc(k),

where is the complimentary error function.

We have found numerically three kinds of soliton
families: nonrotating multipole solitons, (fundamen-
tal one-hump soliton, dipole, and quadrupole), radi-
ally symmetric vortices, and rotating multihump
(with two and four intensity peaks) solitons with the
spatially modulated phase (azimuthons). We have
shown that stable solitons may exist only within a
finite range of the ratio between dipole-dipole and
short-range interactions (both of which are tunable).
The anisotropy of the dipole-dipole interaction is

crucial, since this leads to partially attractive nature
of the interaction. Sufficiently large dipolar inter-
actions destabilize the structures. By direct nume-
rical simulations (see Figs. 1 and 2), we have found
that dipole nonrotating solitons, vortices, and two
intensity peak azimuthons can be stable for some
values of the chemical potential (or, equivalently,
normalized number of atoms).

t=20

=150 t=600

Fig. 1. a - litting of the vortex; b - able evolution of the
vortex with smallest chemical potential.

=25

=10 t=500

Fig. 2. a - plitting of the azimuthon with two intensity
peaks; b -stable dynamics of the rotating azimuthon.

1. A. Griesmaier et. al., Phys. Rev. Lett. 94, 160401
(2005).
2. V.M. Lashkin, Phys. Rev. A 75, 043607 (2007).
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EFFECTS OF ION TEMPERATURE ANISOTROPY ON DIFFUSION PROCESS IN PLASMA

V. N. Pavlenko, V. G. Panchenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Turbulent transport driven by low frequency
electrostatic fluctuations is recognized to be sig-
nificant importance and may account for the major
of cross-field transport occuring in the plasma.

In this paper we use the fluctuation theory for
magnetized plasma in the presence of pump wave [1
- 2] to calculate the diffusion coefficient of turbulent
plasma. We have considered the parametric exci-
tation of short wavelength ion-cyclotron waves in
plasma with ion temperature anisotropy by the lower
hybrid and upper hybrid waves. The parametric in-
teraction of lower hybrid waves with such low-
frequency modes can lead to the three-wave decay
instability [3, 4].

We shall consider an uniform electron-ion plas-
ma in a constant external magnetic field B,=B,7.

The ion velocity distribution function is supposed to
be anisotropic, i.e. it is characterized by different
temperatures parallel and perpendicular to EO. We
limit our analysis to electrostatic, weakly damped
oscillations close to harmonics of the ion cyclotron
frequency. The expression for the frequency and
damping rate of such oscillations is following:

Rea):a)“)z(lJrA](ﬁg)a (1)

- T .
Imw~y? =(xr/2)"* L5 Lexp(—
v, =(7/2) v T p(

" "

4
2k Ve,

). (@)

In Egs. (1) and (2) 4,(B,,)=I,(B,)e ", where I,
is the modified Bessel function, 3, = (kp,,)’> 1.

Consider the parametric decay of the pump wave
into a daughter lower hybrid wave and ion-cyclotron
oscillations

o, =0, +o". 3)

In the region above the instability threshold we
find the turbulent diffusion coefficient

LB poy g, @
11 k(i_ E;(ko) i LH 0 >

where k, is the wave number to be determined from
the decay condition (3). Note that the fluctuations
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due to the pump field give the dominant contribution
to the diffusion coefficient governed by (4).

It can be seen from (4) that the diffusion coeffi-
cient is sensitive to ion temperature anisotropy.

As our second example, we consider the decay of
the pump wave into the daughter upper hybrid wave
and ion-cyclotron oscillations in plasma with ion
temperature anisotropy:

o, =0, +o". ®))

For the diffusion coefficient dependence on ion
temperature anisotropy we find

T, C
D, = BT} (=1)"? ex
12 L,(T ) p(T,T

Li i Li

) (6)

Here Band C are the constants which do not depend
on electron and ion temperatures.

Note that the diffusion coefficient in a turbulent
plasma for the case of stable plasma is found to be

[5]:

o_ 1 v Pi 172
=———In(—)"", 7
* 27 (nL) (rDe) @)

where L. is a finite size of the plasma system along

the magnetic field.

Comparing the diffusion coefficients (4) and (6)
with the corresponding expression (7) we can see [6]
that for typical parameters of a hot plasma the co-
efficients D ,and D ,are much greater than D

(more than two order of magnitude).
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INFLUENCE OF UPPER-HYBRID PUMP ON TEMPERATURE RELAXATION PROCESSES
IN MAGNETIZED PLASMA

V. N. Pavlenko, V. G. Panchenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Investigations of the temperature relaxation proc-
ess between electrons and ions in plasmas are impor-
tant for studying such problems as plasma dia-
gnostics, measurements of the efficiency of high-fre-
quency pump power dissipation, and the definition
of the plasma heating velocity. The theory of the
temperature relaxation was developed in [1] for the
case of isotropic and magnetized plasma and also for
the plasma subjected the influence of external elec-
tromagnetic radiation. The theory of fluctuations in
plasma with high-frequency pump was developed in
[2 - 4]. On the basis of this theory the relaxation
processes in plasma was studied in [5].

In the present paper the inverse relaxation time in
the regime when the turbulent fluctuations are deve-
loped is calculated for two cases and its dependence
on the pump wave and the plasma parameters is
obtained.

1. We consider the decay of the pump wave

E(t) = E,ycosaoytinto an upper-hybrid wave and
modified convective cells:

Wy = Oy, + @O, (D

c

where the upper-hybrid frequency is defined by the
formula @, (@, +£27)"* ( the case of a weakly

magnetized plasma), @, =(m,/m,)"” cos0, is the
real part of the frequency of the modified convective

cell, and Im w =y, z%vel. (where v, is the elec-

tron-ion collision frequency), and € is the angle
between & and B, .It should be noted that convective

modes arise in magnetized plasma with a small ratio
of the plasma pressure to the magnetic pressure and
can occur in the ionospheric plasma. For the inverse
relaxation time one can obtain [6]:

1 &mQ’w, (k¢)’E,
~ c 0 . (2)

1
T ~12 m’T a'v.o
eil e’e

2
0" ei UHIBO

2. As our second example, we consider the decay
of the pump wave into an upper-hybrid and ion-
acoustic wave:

Wy = Oy, + O, 3)

where @,= kv, v,= (T,/m,)"*is the ion sound

velocity and the expression for the upper-hybrid fre-
quency for the case of a strongly magnetized plasma
is following:

2 .2
w,, sin” 0
202

e

Dyprs =~Qe a1+

4)

For this case we may obtain the following expres-
sion for the inverse relaxation time [6]:

L

Te[ 2

2 2 2
ek, E,

2 2
m,T,0y E,,

1
~3 A 6))

It can be seen from (2) and (5) that the inverse re-
laxation time has the sharp dependence on the pump
frequency and also is proportional to the pump wave
intensity. These results can be of interest in the study
of plasma diagnostics and the definition of plasma
heating efficiency.
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COMPACT HELICON SOURCE WITH A FLAT ANTENNA AND PERMANENT MAGNETS

V. M. Slobodyan, V. F. Virko, K. P. Shamrai, G. S. Kirichenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Inductive sources are productive for various
technologies owing to their ability to generate dense
plasmas [1]. The efficiency of these sources can be
enhanced considerably with application of an exter-
nal magnetic field [2]. We report here on results
from the inductive source excited by a planar an-
tenna and equipped with a permanent magnet sys-
tem, which is, to our knowledge, the first study of
such the device.

The discharge was initiated in a chamber of 8 cm
in length and diameter by a 6-cm-diam four-turn
antenna powered from a 13.56 MHz, up to 1 kW
generator. The basic magnetic field in the discharge
chamber was created by a radially magnetized cylin-
drical ferrite assembly (CFA). A subsidiary mag-
netic field in the drift chamber was produced by a
similar, but larger system of permanent magnets, or
by an electromagnet.

The CFA magnetic field is pretty nonuniform and
includes the cusp in the midplane. The discharge
initiation and maintenance was strongly dependent
both on the field intensity and, to a greater extent, on
the CFA position relative to the driving antenna. The
most auspicious conditions for the discharge initia-
tion and stability and for dense plasma production
were found with the cusp position around the an-
tenna location.

Helicon nature of the discharge was ascertained
from measurements of the rf magnetic fields in ef-
fluent plasma. Both polarization and radial profiles
of these fields evidenced excitation of the helicon
wave.

Profiles of plasma parameters were measured in
Ar, Kr, and Xe discharges by the probes located 2.5
and 25 cm downstream. At a pressure of 4 mTorr,
on-axis electron temperature was 6 - 7 eV, whereas
2 - 5 cm from the axis it was about 2 eV, for all the
gases. Floating potential had a sharp on-axis mini-
mum of negative sign that became more profound
with subsidiary magnetic field increase, gas pressure
reduction, and atomic mass decrease. These data
evidence presence of nonequilibrium electrons in the
central discharge area.

Electron energy distribution functions (EEDFs)
were determined by measuring the second derivative
of the probe current. It was found that far from the
axis, in the shadow of the outlet diaphragm, the
EEDF was maxwellian. Closer to the axis, the elec-
trons had a non-maxwellian, high-energy population
(Fig. 1). Theoretical analysis has shown that a prob-
able origin for this population is stochastic electron

L[OPIYHUK - 2007

acceleration in an enhanced rf electric field that
arises in the edge plasma regions near metal surfaces
normal to the magnetic field lines (Fig. 2).
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Fig. 1. Measured electron energy distribution function.
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Fig. 2. Electron velocity distribution functions calculated
at various amplitudes of the edge rf electric field.

Ion energy spectra were measured in the Ar dis-
charge, 30 cm downstream. It was found that ions
have a broad energy distribution, the upper boundary
of which (up to 50 ¢eV) grows with pressure de-
crease. The total ion current onto a large, 15 cm in
diameter, metal substrate table positioned 30 cm
downstream was measured to amount to 1.5 A, at the
rf power of 750 W.

In conclusion, characteristics obtained, such as
ion current densities and ion energies onto the sub-
strate table, as well as a possibility to control these
characteristics by magnetic configuration evidence
that the source developed is promising for various
technological applications.

1. V. Godyak, Plasma Phys. Control. Fusion 45, A399
(2003).

2. B. M. Cnobomsr, B.®.Bupko, I'.C.Kupuuenko,
K. II. [Hampait, BAHT 4, 235 (2003).
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CONDITIONAL AND EXTENDED SYMMETRIES IN PLASMA THEORY

V. B. Taranov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

To solve plasma theory problems, we always use
their symmetries. They help us to find particular
exact solutions, conservation laws etc. [1 - 7].

1. Continuous symmetries of the electron magne-
tohydrodynamic (EMHD) equations

oY

a_=V><(V><‘P), ¥Y=B-4B,
t

v=-VxB, V-B=0

are generated by the infinitesimal operators:

x=2 x,-2 x-2 x-2,
ot ox oy oz

erxi-l—vxiJeri-l—‘Pxi.
or ov oB oY
This result has been obtained by the standard Maple
11 program. The program was previously tested on
the well known nonlinear plasma theory models —
Korteweg-de Vries, nonlinear Schroedinger, Hase-
gawa - Mima - and reproduced the right symmetry
properties. So we can expect that the generators X,

to X form a full basis of the EMHD continuous
symmetry group.

2. In fact, EMHD model is much more symmetric
if we take into account its so called conditional sym-
metries.

The notion of conditional symmetry is discussed
and large bibliography concerning its applications
can be found in a recent paper [3].

As for the EMHD model, we must note that un-
der the condition

(vxW¥)=VF(t,r1)

F being an arbitrary function of time and spatial
coordinates, nonlinear term in EMHD equations
vanishes. As a consequence, the symmetry is exten-
ded which is important for the theory of helicon
waves.

We can also try to find self similar solutions to
EMHD equations in close analogy with Hasegawa-
Mima model:

oo

o ew1-22, v-o-a0,
ot oy

oy 200V 000w
ox oy Oy Ox
In general, this model does not allow the exis-
tence of the self similar solutions due to the simulta-

neous presence of @ and A® terms in the second
equation [4]. Nevertheless, under the additional con-
dition
oo
ox’

self similar solution exists [5]:

0

@ = ax(1+ fcos((w+ Sw)t +qv),

where « 1is arbitrary constant amplitude, constant
factor £ determines the relative weight of the zonal
flow and the monochromatic wave, the frequency
and its shift are w=¢/(1+¢*) and dw/w=-aq’.

3. Let us proceed now with the results concerning
kinetic Vlasov - Maxwell collision less plasma
model based on integro-differential equations. In this
case so called extended symmetries are possible. For
example, if some plasma components f; and f; have
the same charge to mass ratio of particles, the model
is invariant under the transformation (F is an arbi-
trary function) [5]:

f=fi—eF(fufo) fo = f+eF(fi f))

if we perform the summation first and the integra-
tion later in the expression of charge and current
densities. Choosing F(f}, f;) = fi/e, , we obtain the
specific transformation

fi =0, ef, =¢f +e,f,

and reduce the problem from N to the N-1 compo-
nent plasma evolution.

In the case of an electron-positron plasma the
function F(f, f;) is reduced to an arbitrary constant
[7]. On the other hand, exact nonlinear solutions are
possible if we combine continuous symmetries with
discrete ones (e.g. charge conjugation transform).
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7. V.B. Taranov, Proc. of the 3 Int. Conf. “Electro-
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Nat. Univ. of Kyiv, 2007), p. 166.
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GENERATION OF FAST IONS IN A HELICON SOURCE WITH MAGNETIC NOZZLE

V. F. Virko', Yu. V. Virke', K. P. Shamrai', K. Toki’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
“Tokyo University of Agriculture and Technology, Tokyo, Japan

Helicon sources can produce high density plas-
mas at low gas pressures and moderate input powers
and, for this reason, are being examined as low- and
high-power thrusters for electric propulsion (e.g.,
[1]). It was found that the use of the outlet magnetic
nozzle in the compact helicon source gives rise to
generation of the emergent ion beam with energies
above 100 eV [2]. Here, we study this effect as de-
pendent on various factors, and evaluate the ability
of accelerated ions to produce thrust.

[ p,,= 0.2 mTorr

IEDF (au)

100
lon Energy (eV)

150

Ion energy distributions measured with the RFEA facing
to the source outlet (solid) and perpendicularly.

The source with a 4.5-cm-diam, 19-cm-long
quartz discharge chamber was described elsewhere
[2]. It is equipped with a multi-component, variable
permanent magnet system that includes the radially
magnetized cylindrical ferrite array and the axially
magnetized annular ferrite (magnetic nozzle) in-
stalled at the source outlet. lon energy distribution in
effluent plasma stream was measured by the retard-
ing field energy analyzer (RFEA) installed 10 cm
downstream. The effect of ion beam generation that
arises at low working gas pressures is shown in
Figure, for driving frequency of 13.56 MHz. As

seen, mean beam energy is about 120 eV and net ion
acceleration is about 60 eV. lon current density in
the emergent flux was measured with the planar
probe and found to be about 1 mA-cm ™.

Operation at higher frequencies, 27.12 and
40.68 MHz, shows that the discharge is sustainable
at considerably lower rf powers and Ar pressures.
With increase of bias potential of the Mo back end-
plate, up to 120 V, the ion beam energy raises up to
170 eV. With installation of a thin outlet iron shield,
the beam energy raises up to 150 eV, but the beam
intensity becomes somewhat less.

Ion acceleration was examined under operation
with various noble gases. A comparison was made at
minimum gas pressures that enable stable discharge
maintenance and provide maximum ion acceleration.
Characteristics of the discharge and the emergent ion
beam are summarized in Table below. As seen,
minimum pressure is higher for lighter gases than
for heavier ones, with lower ionization potentials.
Mean ion beam energy varies within a factor of two
and, in general, grows with atomic mass.

The source ability to serve for electric propulsion
applications was evaluated by two parameters. First,
the specific impulse related to the emergent ion
beam was estimated from beam energy and found to
be in a reasonable range for all the gases (see Table).
Second, the total thrust produced by the emergent
ion flux was estimated with use of a torsion balance
positioned 10 cm downstream and found to be for Ar
about a few tenths of mN.

In conclusion, ion acceleration from the source is
enough to provide acceptable value of the specific
impulse but further increase of the output ion current
is needed to attain to reasonable values of the thrust
and ion energy cost.

Minimum gas Antenna Ion current den- Plasma Mear} energy of Specific impulse
Gas . ) . the ion beam, .
pressure, mTorr | current, A sity, mA - cm potential, V oV of the ion beam, s
He 8.5 30 1.05 25 ~70 5900
Ne 23 28 0.9 30 100 3200
Ar 0.25 29 0.74 35 120 2500
Kr 0.13 26 0.29 50 140 1800
Xe 0.09 26 0.36 40 110 1300

1. F.R.Chang Diaz, Trans. Fusion Technol. 35, 87
(1999).
2. K. P. Shamrai, S. Shinohara, V. F. Virko, V. M. Slo-
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bodyan, Yu. V. Virko, and G. S. Kirichenko, Plasma
Phys. Control. Fusion 47, A307 (2005).
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EXCITATION OF ZONAL FLOW BY THE MODULTIONAL INSTBILITY IN ELECTRON
TEMPERATURE GRADIENT DRIVEN TURBULENCE

Yu. A. Zaliznyak, A.I. Yakimenko, V. M. Lashkin

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

It is now an established fact that zonal flows
(ZFs) (i.e., azimuthally symmetric modes that de-
pend only on the radial coordinate) play a crucial
role in regulating the nonlinear evolution of drift-
wave instabilities in tokamaks, and, consequently,
the level of turbulent transport [1]. In the present
paper we consider the excitation of ZFs by a finite
amplitude monochromatic drift wave in the frame-
work of ETG turbulence model. The corresponding
ETG mode is assumed to be stable, i.e., we consider
the region below the marginal stability boundary.

Assuming a slab two-dimensional geometry,
charge quasineutrality and the adiabatic ion respon-
ce, we consider the following simplified model des-
cribing curvature driven ETG turbulence in the in-
viscid limit (for details and normalizations see, e.g.,

[2]):

o o
5(1—4)%5(%1’)—{@4(0}=0,
0 op
TP+l _tpy=o0,
o oy P}

where @ and P are the normalized electrostatic po-
tential and plasma pressure, respectively, and
{..., ...} denotes the Jakobian.

Assuming that the zonal flow varies on much lar-
ger timescale than ETG drift waves do, the standard
decomposition into fast and slow motions can be
performed. Then, following the averaging procedure
one arrives at the set of coupled equations for up-
shifted and down-shifted satellites, which then gives
the nonlinear dispersion relation. Generally, ZF dis-
persion is a fourth-order one in (2, which, in prin-
ciple, permits to treat it analytically, however, the
maximum growth of ZF occurs for the case when the
ETG drift mode does not have the k-component in
the direction of inhomogeneity, i.e. for £,=0. In this
case the nonlinear dispersion relation is reduced to
the biquadratic form and can be easily resolved. One
obtains that the modulational instability can be ex-
cited only above some threshold in the input

power ¢; . This threshold is a function of the scales k

and g of ETG drift wave and zonal flow. The mini-
mum threshold corresponds to the case ¢ — 0 and is

given by
i

2(1—2(1+2k2)vph+(1+k2)(1+4k2)vf,,,),

v

2 _
¢th_

where v, = @, /k is the phase velocity of ETG drift

wave. As the zonal flow wavenumber g approaches
k, the instability threshold goes to infinity. In Figure,
modulational instability growth rate is plotted as a
function of k and ¢ scales of ETG drift wave and
zonal flow, respectively.

Modulational instability growth rate.

To summarize, the ETG drift fluctuations can be
destabilized by the four-wave interaction mechanism
with simultaneous generation of ZFs. We have
found the threshold of the modulational instability
and the dependence of the instability growth rate on
spatial scales of ETG drift waves and excited ZFs.
For the fixed wavenumber of the ETG mode %, the
growth rate always has a maximum which is achie-
ved for some intermediate value of ZF wavenumber
q. When the amplitude of the ETG pump wave in-
creases (as well as when the parameter » decreases),
the region of modulational instability widens to-
wards small k-scales. The present results thus de-
monstrate that ZFs in subcritical ETG turbulence can
be excited by the modulational instability.

1. P. H. Diamond, S. I. Itoh, K. Itoh, and T. S. Hahm,
Plasma Phys. Control. Fusion 47, 35 (2005).

2. 0. Giircan and P.H. Diamond, Phys. Plasmas 11, 572
(2004).
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TPUBUMIPHI COJIITOHU TA BUXOPU B BO3E-KOHAEHCATAX
I3 JUIIOJIb-AUIIOJIBHOIO B3A€EMOJICIO

I0. A. 3axaiznsak, O. L. SIkumenko

Tuemumym s0epnux oocrioxcenvs HAH Yxpainu, Kuis

[Iporpec y mocmimkeHHSIX 003e-KOHIIECATIB PO3-
PIIKEHUX aTOMapHHX Ta3iB BIIKPHB HOBI MepCIieK-
TUBU B JIOCHI/DKEHHI PI3HOMAaHITHHX HENiHIHHUX
mporeciB 1 sgBUMI. 30Kpema, B 003e-KOHIEHCATax
eKCIepUMEHTANIBHO ~ criocTepiranocss (HopMyBaHHS
COJITOHIB Ta BUXOpiB. CBITII COJIITOHU — JIOKaJi30-
BaHI CaMOY3TO/DKEHI CTalliOHapHI CTPYKTYpH, IO
MAarOTh NOCTIHHY (a3y. i1 BUXpOBUX COJIITOHIB Xa-
PaKTEepHOIO PHCOIO € AUCIOKALsl (a3u Ta HasBHICTb
HEHYIFOBOTO KyTOBOTO MOMeHTy. JloOpe Bimomo,
10 y BHIAJKY NPUTATar0Y0i TPUYACTUHKOBOI B3a€-
MOJi1 COJITOHHI CTPYKTYPH € HECTIHKMMH LIOAO KO-
marcy. YpaxyBaHHA HeENiHIHHUX eQeKTiB OiibI
BHCOKOTO TOPSIIKY MOXE IPU3BECTH 10 CTabimi3ariil
COJIITOHIB, MPOTE i B LIbOMY BHUIAJKy BHXPOBi CO-
JITOHW B JIOKAIEHOMY HEINHIHHOMY CEpeloBUILI €,
SIK TIPaBUJIO0, HECTIKUMH IIMOAO PO3Bally Ha OKpeMi
¢inaMeHTH, MO PO3NMITAIOTHCS, 30epiraloyn MOBHHUM
KyTOBHH MOMEHT cucTeMH. Binomo, 110 B KoHCEepBa-
TUBHOMY CEpENIOBHUINI 3 NPHUTATYIOYOI0 JBOYACTHH-
KOBOIO Ta BIIIITOBXYIOUOIO TPHUYACTHHKOBOIO B3a€-
MOJII€I0 BHLIE AESKOTO MOPOTY MO KiJIBKOCTI YacTu-
HOK y KOHJICHCATi iICHYIOThH CTiliKi OJHO3aps/IHI BH-
xopu. B Toif ke dYac TpUBUMIpHI MyJIBTHU3APSAIHI
BHXOpPU 3aBxau HecTiiiki (puc. 1). Ilporpec B
NOCIIKEHHAX KOHJICHCATIB aTOMIB 13 3HAYHUMH
JUIMOJIFHAMYA MOMEHTaMH BIJIKpUBAE€ MOXKIIMBOCTI
CTBOPEHHSI CTIMKHX TNPOCTOPOBHX CTPYKTYp COJi-
TOHHOT'O Ta BHXOPOBOrO THUMIB. WNoib-gumonsHa
MDKYaCTHHKOBA B3aEMOJIIS € CYTTEBO HEIIOKATHLHOIO
Ta aHiI30TPOITHOO.

VY pamkax Mofeni CepeiHbOro MOJsl XBHIIbOBA
¢dyHKUis KoHIeHcaTy npu Temneparypi 7 — 0 omnu-
cyeTbes piBHAHHIM ['poca - IlitaeBcbkoro:

2

ino,w = -
oM

AV +g |V ¥ —g P[P+

+g, [V, F=F)|P(F)P &7,

JIe BpaXOBaHO IBOYACTHHKOBY MPHUTATYIOUY (g < 0),
TPUYACTUHKOBY BIAMITOBXyr0Uy (gx >0) Ta IUIOIB-
JTUTIOJIbHY MDKYaCTHHKOBY B3a€EMOJII0 3 TOTEHIia-
JIOM
1-3cos” @

.

Vd(?):

VY pobori [1] mochimkeHo cTalioHapHi PO3B’I3KU
Buny (7,t)=y(r,z)e , Ae U

img =it /h — XimiuHHUi
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noreHuian, (7,¢,z) — LUIIHAPAYHI KOOPAUHATH, Li-
Jie 4ucio m — TonoJjiorivHud 3apsa. CoJliTOHHUM
PO3B’sI3KaM BiAMOBINAIOTH 3HAYCHHS m = (), BUXOpam
m =1, 2, ... . CranioHnapai po3B’s3ku OyJ0 3HaMIe-
HO YHCENIFHO, a TaKOXX HaOJMKEHO 3a JOMOMOTO0
BapialiifHoro MeToay.

Bymo mocmimkeHo CTIMKICTh OTpUMaHUX CTaIlio-
HapHUX PO3B’SI3KIB MIOJI0 MaJUX 30ypeHb Ha OCHOBI
niHiiiHOTO aHami3y (puc. 2). Byno obuucneno makcu-
MaJbHI 1HKPEMEHTH HECTIMKOCTI Ta 3HaieHO rpa-
HUII CTIAKOCTI JJII BHXPOBHX COJIITOHIB. 3a JOTO-
MOTOI0 IPSIMOTO YHCIIOBOTO MOAETIOBAHHS €BOIOLI]
30ypeHuX CTaIliOHapHHUX PO3B’S3KiB OYyJO MiJITBEP-
JKCHO BUCHOBKH JIIHIHOTO aHaJIi3y CTIHKOCTI.

© O

t=0.0 t=42.5 t=45.0

S - e

t=65.0 t=67.5 t=72.5

"]

1

Puc. 1. IIpuknaa HECTIHKOT €BOJIOLIT TPUBUMIPHOTO
BHUXPOBOT'O CONIITOHY (m = 2).

045 OF-QO'O‘Q\ i
ool €% \\,\ -

o_m=2
.

SN N

Puc. 2. [HKpeMeHTH HECTIHKOCTEH 3aJIeHKHO
Bij mapametpa A =—u|g, |/g’.

Y nawiii poboTi Bhepiie OyJlo HpPOAEMOHCTPO-
BaHO ICHYBaHHs CTIHKMX [BO3apsIHUX BHUXOPIB B
KOHCEpBAaTUBHOMY HEJIIHIHHOMY CepeIOBHIILL.

1. Yu. A. Zaliznyak and A. I. Yakimenko Phys. Lett. A.
(HamiciaHo 10 IPYKY).
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OINITUYECKOE U3JYYEHUE UMIIYJbCHBIX 2JIEKTPUYECKUX PA3PA/10B B BOJAE

JI. M. BoiiTtenko, A. B. Kononos, II. B. llopuukuii, I1. /I. Ctapunk

Hnucmumym soeproix uccreoosanuii HAH Yrpaunot, Kueg

Onrruyeckoe N3IydeHue — OJUH U3 OCHOBHBIX HC-
TOYHUKOB HWH(OpPMAanu o TMpoleccax, MPOTEKaro-
IIMX B HEHUJICATbHON IUIa3Me UMITYJIbCHBIX Pa3psioB
B KOHJICHCHPOBAHHOU cpene. B pabote paccmoTpeHo
BIIMSIHUE HA CBOMCTBA ONTHUYECKOTO H3IY4YCHUS Ta-
KHX pa3psoB IPOLECCOB B MOIPAHUYHOM CIIOE Me-
KTy TUTa3MOM U OKPYKAIOIIEH ee cpesion.

[Toka3aHo, 4TO HEOAHOPOJHOE pACIpEICICHUE
WHTEHCUBHOCTH H3JIy4YEHUsS] 1O MOBEPXHOCTU pa3-
PSATHBIX KaHAJIOB, €T0 BPEMEHHAs 3BOJIONUS U CIICK-
TpaJibHbIC XapPaKTEPUCTUKH OOYCIIOBJICHBI  pa3-
BUTHEM MAarHUTOTUIPOJUHAMUYECKUX HEYCTOMUU-
BOCTEH, COTMPOBOKIAIOIINX YCKOPEHHOE pacIIupe-
HUE pa3panHbIX KaHaioB [1, 2]. Bri3BanHoe pa3Bu-
THEM TIOCJIETHUX TYpPOYJIIEHTHOE TMepeMelInBaHue
IJIa3MBbl  ONPEAENSIET HEOAHOPOJHOE NOIJIOLICHUE
MOKHU/IAIONIETO KaHall u3aydyeHus. B Mectax mporuba
MOBEPXHOCTH KUIKOCTU B CTOPOHY IJIa3Mbl MOIJIO-
meHne MUHIMaITbHO. CIIeKTpalibHOE pacIpeieieHre
CBCUCHUS TAKUX y9aCTKOB B MOMEHTHI MAaKCHUMallh-
HOTO HArpeBa IUIa3Mbl MPHOIMIKACTCS K PaBHOBEC-
HOMY, YTO IO3BOJISIET ONPEAEISITh 10 HEMY CTEIEHb
Harpesa IeHTPAIbHOTO KepHa IIa3MEHHOTO CTOJ0A.

TpakToBKY NpPUPOABI HAOIIONAEMBIX SIBICHUH
MOATBEPXKAAET JUHAMUKA H3MEHEHHUSl CIEKTPOB
PETHCTPUPYEMOTO H3IIyYEHUS TPU JT00aBKE B BOIY
M30MpaTEeIIbHO MOTJIOIIAIONINX CBET BemiecTs [3]. Ha
pUCYHKE IPUBEACHBI CIEKTPAJIbHBIC pacipencacHus
U3ITYYCHHS TIIa3Mbl MUMITYJIBCHOTO 3JIEKTPHUIESCKOTO
paspsijia, MHUIMUPOBAHHOTO TOHKHUM BOJIb(PpaMo-
BBIM MPOBOJHUKOM. W3mydeHune perucTpupoBalioch
B SIPKOM TOUYKE MOBEPXHOCTU TAKOI'O Pa3psiia, COOT-
BETCTBOBABILIE MUHHUMAJIbHOW TOJIIIMHE TMEPEXOH-
HOT'O CIJIOS TUIa3Mbl MEXAY >KMJIKOCTBIO U LEHTPAIb-
HBIM TPOTPETHIM CTOIOOM TuTa3Mbl. OTCYTCTBHE 3a-
METHOTO TOTJIONICHUS H3IyYEHUSI XOJOJHOW IpH-
CTCHOYHOH TUIa3MOi Ha KpuBOH / B o0nacT pe3o-
HAHCHOT'O TOTJIOLICHUSI HATPHUsSl CBUACTEIBCTBYET O
HECYIIECTBEHHOM HCKa)KEHHH 3TOH IUIa3MOM CIIek-
TPAJIBHOTO paCIpeIeNCHUs U3IYUCHUS EHTPAIbHON
o0yacTu kKaHaia, KOTOpOe B JAHHOM CITydae OKa3bl-
BaeTcsl OJM3KMM K PAaBHOBECHOMY U ITO3BOJIAET JIOC-
TOBEPHO CYIHUTHh O CTETICHU HarpeBa IUIa3MbI B pas-
psane. IlposiBneHue MOTNOMICHUS Ha KPUBOM 2 co-
MIPOBOXKJIAETCSI 3AMETHBIM OTKIIOHEHHEM HabITo1ae-

MOTI'O paclpeAcsieHUs OT PaBHOBECHOr0, OIpeaesse-
MOTO TIOTJIOIICHHEM B XOJIOJHOW MIPUCTEHOYHOU 00-
JacTH Ia3Mbl. Takas KapTHHA HaOIIOJIaeMBIX TPO-
1IeccCoB 00ycIoBJIeHa (POPMUPOBAHNEM MIEPEXOTHOTO
CIOSt MEXAY IMIa3MON U KUJKOCTHIO IO MEPE OCTHI-
BaHUs KaHajia pa3psaa.

Ha ocHOBe omnpenencHHbIX CTENEHEW Harpesa
IJIa3MBI TIPOBEJICH CPABHUTENBHBIN aHATN3 YKCIICPH-
MEHTAJIbHO OMPEJCICHHBIX CIEKTPATbHBIX Xapak-
TEPUCTUK HEUACAIBbHOH IIa3Mbl UMITYJIbCHBIX JJICK-
TPUYECKUX pa3psagoB B Boje ¢ pacueramu. [locnen-
HHE OCHOBBIBAJIMCH HA MPUMEHEHUHU OOIIEH MUKPO-
MOJIEBOM TEOPUH HEWJICANbHOM TUTa3Mbl K ciIaboHe-
WJIealbHOM TIJIa3Me UMITYJILCHBIX pa3psoB B BOJIE.
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DBONIOLHMS CHEKTPAILHOTO PACIIPEACIICHUS] M3y YCHHUS
APKOTO y4yacTKa IIOBEPXHOCTH KaHajla HMITyJIbCHOTO
ANEKTPHUYECKOTO paspsiga B Boae ¢ mobaBkoit NaCl (Ha-
npsokerne Uy = 12 kB, anmuaa paspsagHOro mpoMexyTKa
1=40 mm). [ —2 mkc, 2-27 Mkc ; 3 -72 mkc. IlyHkTHp-
Hasl JIMHHUS COOTBETCTBYET PAaBHOBECHOMY paclpejiesie-
HHUIO U3JTYUCHHUS YCPHOI'O TEJIA.
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OI3UKA ITIAZMU

BIIJINB JOJATKOBOI'O AHOJA HA 3HAYEHHSA IHOTEHIUAJY IIVIAZMU
B IIVIABMOBHUX IHOTOKAX, CTBOPIOBAHUX 3A JOIIOMOI'OIO AYI'OBOI'O PO3PAAY
Y ITAPAX MATEPIAJNIY AHOJA

A.T. Bopucenko

Tncmumym aoeprux docaioxceny HAH Yrpainu, Kuig

OcraHHIM 9acoM 301IBITYEThCS iHTEPEC A0 TIIa3-
MOBHX IMOTOKIB 3 MiJIBUIICHUMH 3HAYCHHSIMHU Koe(i-
mieHta iowizanii. Hacamnepen 1ie moB’s3aHo 3 TUM,
10 10HHE OMPOMIHEHHS Ha MOYAaTKOBIH cTaii HaHe-
CEeHHS IUTIBOK JIO3BOJISIE BIUIMBATH Ha iX CTPYKTYpY i
BJIACTUBOCTI 3a PaXyHOK CTBOPCHHS JIOKAJIBHUX JIe-
(hekTiB, TIOJABIIIOTO BIUIMBY Ha CTBOPEHHS 3apoji-
KiB Ta (QOpMyBaHHS METaJeBHX KJIacTepiB 1 picT
IUTIBOK. 3HAa4YHI MOXJIMBOCTI B IOMY IUIaHI Mae
reHepaTop IUIa3MOBUX IMOTOKIB TBEpAOo(a3HUX Ma-
TepiajiB, PO3pO0JICHNH HAa OCHOBI HECAMOCTIHHOIO
JlyTOBOT'O PO3psily B Iapax Marepiary aHoJa.

VY poboti [1] Oyno ommcaHo MmexaHizm ¢opmy-
BaHHS BOJIbT-AMIIEPHOI XapaKTEPUCTUKU PO3PSIAY
JaHOTO TUIy. 30KpeMa, OyJIo JTOBEIEHO, 10 301j1b-
IICHHS CTPYMY PO3PSAAY CYNPOBOIKYETHCS IiIBH-
MIEHHSAM TIPUKATOTHOTO CTPUOKA IIOTEHITIATy Ta
OJTHOYACHMM 3HWKCHHSM 3HAYCHHS MPHAHOIHOIO
naaiHHsg noteHuiany. Came TakuM 4YHHOM (opMy-
€ThCS 3HAYEHHS HAIMPYTH Ha PO3psili B yMOBax Hy-
JBOBOTO, BiTHOCHO 3a3€MJICHOTO KaTroAa po3psmy,
3HAYCHHSI MOTEHIiATy JIOJIATKOBOrO aHoia. B mmx
YMOBax 3Ha4eHHS IMOTEHINially PO3MIIIEHOT0 B ITIa-
3MOBOMY IIOTOIIi i30JIbOBAHOTO €IEKTPHIHOTO 30HA
€ BiJ’€MHUM i cTaHOBUTH -(15 - 12) B. PizHuns mix
3HAYCHHSMH TMOTCHIIaTy IUTa3MH Ta MOTEHIiaIy
130JIbOBAHOTO EJICKTPUYHOIO 30HJAa B MOTOLI IpH
YMOBax BUHHKHCHHS 10HIB B 00’eMi po3psay i 00y-
MOBITIOE BEJIMUYMHY €Heprii 10HiB, 3 KO0 BOHU B3ae-
MOJIOTH i3 TTOBEPXHEIO TIENEKTPUIHOTO MaTepiamy.
Y 1mux ymMoBax YacTKa i0HIB y CTBOPIOBAHOMY IjIa3-
MOBOMY IOTOII MOXe cTaHOBHTH 110 20 % mmst mini
a6o o 60 % mns turany. Pazom 3 tum Oyio mose-
JIEHO, IO TIABUINCHHS IOTEHITIATY JOJAaTKOBOTO
aHOJla CYNPOBOJUKYETHCS IMIJBUIICHHAM KOe]illieH-
Ta ioHi3alii Ta3MoBoro notoky [2]. Tak, mpu mif-
BHINCHUX 3HAYCHHSIX HOTO MOTEHITiaTy YacTKa 10HIiB
y TIOTOIII IJ1a3MU MOXe 301ubinyBarucs 10 49 % s
Migi ta g0 85 % mns turany. Ha manuit MmomeHT
BBa)XKAETHCS, IO MPH 301IBIICHH] MTOTEHITIATY 101aT-
KOBOT'O aHOJ[a CYTTEBO 3MIHIOEThCS ¥ 3HAYCHHS I10-
TEHIliaJly TIJJa3MU CTBOPIOBAHOI'O TMOTOKY. ToOTO
MOXKJIMBO TakKWM YHHOM Oe3mocepeHh0 KepyBaTh
CHEpTi€l0 10HIB, OCAUKyBaHMX Ha JICJIEKTPUUHY

I[OPIYHUK - 2007

noBepxHi0. CaMe TOMY BIUIMB TOTEHIAy JOJATKO-
BOr0 aHO/a Ta CTBOPIOBAHOT'O HHUM IOTIEPEYHOTO JI0
MarHiTHOTO €JICKTPHUYHOTO TOJIS Ha TMOTEHIial Tia-
3MH y TIOTOIl i CTaB 00’€KTOM HAIIMX JIOCIIKCHb.
Y pe3ynmbTaTi BUKOHaHHX EKCIIEPUMEHTIB OyIi0
BCTaHOBJICHO, 10 B CTBOPIOBaHUX IJIA3MOBUX IOTO-
Kax TOTEHITIaJT I1a3MH CJIa00 3MIHIOETHCS TIPH 3POC-
TaHHI MOTEHIIAy TOJIaTKOBOTO aHoja. Ha pucyHky
HaBeJICHa 3aJIEKHICTh MOTEHIaly IUIa3MH y CTBO-
PIOBAaHOMY IOTOII Biji BEJIMYMHU MOTEHIIIATY J0/a-
TKOBOT'O aHOJIA.
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3aneXHICTh BEMMYMHH MOTEHI[ialy IUTa3MH y IOTOI
Umn Bim moteHmiamy pnoxatkoBoro aHoma Uma: Cu,
B=80-10"T,Ip=2A.

OtpumaHi AaHi CBim4aTh MPO T€, MO IPHKIA-
JICHUH TIOTEHILIA 3HAYHOIO MIpOI0 30CEPEIKYy€EThCS
y BUTJISIII IPUEIEKTPOAHOTO MpoIIapKy Oisl goaaTt-
KOBOTO aHona. Jlanmii akt pamianbHOTO pO3MOIiITY
MOTEHIIIATy € BaXJIMBHUM Y 3B S3KYy 3 THM, IIIO CaMe
BiH CyTT€BO OOYMOBIIIOE 3HAUEHHs €HEprii iOHIB, 3
SIKOI0 BOHHU IIOCTYIAIOTh Ha MOBEPXHIO 00po0IIIOBa-
HUX MaTepiaiB.
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