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V Illopiuanky momaeTses iHpoOpMaIis mpo GhyH-
JAMEHTaJIbHI, HAYKOBO-TEXHIUHI Ta MPHUKJIAIHI pO-
00TH, 110 BUKOHYBINCH B [HCTUTYTI saepHUX Hd0-
crimkenb HAH VYxpainu B 2008 p. Jlo lopiuauka
YBIMIUIM aHOTalii poOIT 3a HampsMKaMHu: siAepHa
¢izuka, aTOMHa eHepreTHka, pafiauiliHa ¢izuka Ta
pamiamiiiHe MaTepiaJo3HaBCTBO, (i3MKa IUIa3MH,
PazIioeKOIIOTIsI Ta pamio0ioNoTiss; HABOIUTHCS Tepe-
JK CTPYKTYpHHX WiIPO3MIiIiB iHCTUTYTY, CIHCOK
myOmikamniii y pedepoBaHUX XKypHalax, JAOMOBimen
CIiBpOOITHHUKIB iHCTUTYTY Ha MIDKHAPOJIHUX KOH(eE-
PEHIIISX, HANAEThCS 1HQOpMAaNis mpo KoHQepeHiii,
Hapajau, npoBejeHi inctutyToM y 2008 p., mani mpo
MDKHapOJIHE CITIBPOOITHUIITBO IHCTUTYTY.
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TTepeamora

Y 2008 p. B IHCTUTYTI sAmEpHUX MOCTiIKEHB
HAH VYxkpainn npomoBxyBajgoch BUKOHaHHA (yH-
JaMEHTaJbHUX, HAYKOBO-TEXHIYHHUX Ta MPHUKIAJTHUX
poOiT 32 OCHOBHMMH HaNpsSMKaMH JisUTBHOCTI iH-
CTUTYTY, IO BKIIOYAIOTh: sACPHY (Pi3uKy, aTOMHY
CHEepreTHKy, pafiauiiHy ¢i3uKky Ta pagiauiiiHe ma-
Tepialo3HABCTBO, (Mi3HUKY IIa3MH, PaJTiOEKOJIOTIIO Ta
pazmiobionorito. Jlesiki poOOTH BHKOHaHI B 00IacTIX
CYMDKHHUX 3 OCHOBHUMH HANpPSMKAMH IHCTHUTYTY.
AHoTauii OCHOBHHX pe3yJbTaTiB, OTPHUMAaHUX Y
2008 p., IoJaHo B IIbOMY HIOPIYHUKY.

Y 2008 pori HAYKOBUMH CITiBPOOITHHUKAMH 1H-
CTUTYTY BUKOHAHO PSiJI JOCII/HKCHb 3 MaKPOCKOIIiY-
HOi Teopii KOJIEKTUBHUX IPOLECIB y SACPHHUX CHUC-
TeMax, (I3MKH TOAUTY, IOCITIJDKEHHS SAIepHOI Ta
aTOMHOI B3a€MOJII B TIPUIIOPOTOBiH 00JacTi eHep-
rii. TIpogoBxyBanucss MPOAYKTUBHI JOCHIKEHHS
CTPYKTYPHHX OCOOJIMBOCTEH JIETKUX SIEP, B TOMY
YUCII 1 BIAJUIEHUX BiJl JOJMHU CTaOIILHOCTI, JOCI-
JDKyBajlacs PoJib KIIACTEPHHUX CTYINEHIB cBOOOIM 1
HEHUTPOHHOTO Tajio JETKUX Aep B MpoLecax siIepHoi
B3aemoii. CiBpoOITHUKH 1HCTUTYTY Opayii aKTHB-
HY Y4acTh B MiATOTOBII i MPOBEACHHI BEIMKUX MiXK-
HapOJHHUX TMPOCKTIB MO JOCTIKESHHIO PIiAKICHUX
SIBUII, IO IIOB’sI3aHi 3 NEPETBOPEHHIM eleMEHTap-
HUX YaCTHHOK Ta IMpolecamu caadKoi B3aeMo/Iii.

[HCTUTYT MPHUIISAE BENUKY YBary HAayKOBOMY CY-
[IPOBOJY aTOMHOI eHepreTuku Ykpainu. B mpomy
poIli 3aMiHEHO Ha SKICHO HOBE E€KCIICPHMEHTAIbHE
oONafHaHHs [Jsi TPOBEACHHS pErJaMeHTHHX BH-
npoOyBaHb Ta PEKOHCTPYKIII 3pa3KiB-CBiAKIB MeTa-
ny kopmyciB peaktopie BBEP. Ha oqHoMy 3 eHepre-
TUYHAX pEeakTopiB YKpaiHM BIPOBaKYETHCS aTec-
TOBaHAa METOJAMKA AO03UMETPil KOPIYyCiB PeakTopis,
10 po3pobiieHa CIIBPOOITHHKAMHU IHCTUTYTY. 3aBe-
pIIyETbCS TIiATOTOBKA Jaboparopii MOKITIHIYHOTO
TECTyBaHHS pagiopapMIpenaparis.

Hupextop [HcturyTy simepaux pocnimkens HAH Vkpainu

akagemik HAH VYkpainu

VY HaykoBOMY HampsMKy pafianiiiHa ¢i3uka Ta pajii-
ariiiHe MaTepianio3HaBcTBa B iHCTUTYTI y 2008 poui
MPOAOBKYBAJIUCS TEOPETHYHI JOCITIKEHHS KOJIEK-
TUBHHX TPOLECIB B HEPIBHOBAKHUX HEOAHOPIAHUX
CHUCTEeMax TP Jii 30BHIIIHIX ONPOMiIHEHb, BUBUABCS
BIUTUB HEUTPOHHOTO OIPOMIHCHHS Ha TCHEPAIlifo
pamianiiHux AeeKTiB B HAMIBIPOBITHUKAX 3 Pi3-
HUMH 130BaJICHTHUMH JOMIIIKaAMH Ta BIUIMB KOH-
IEHTpAIil HIKEII0 Ha MPOIeC paaiallifHOTO OKpHX-
YyBaHHS CTaJll KOPIYCiB AAEPHUX PEaKTOPiB.

VY HanpsMKy “¢izuka mia3Mu” IpoBOAATHCS TEO-
pPETHYHI JOCII/DKEHHS y Tady3l KepOBaHOTO TEPMO-
AJEPHOTO CHUHTE3y, TEOPETHYHE Ta EKCIIEPUMEHTa-
JbHE BUBUCHHS XBUJIBOBHX IPOLECIB Y MIa3Mi, po3-
POOJISFOTHCA TIA3MOBI TEXHOJIOTII. Y TEepMOsAepHIX
JOCITIKEHHSAX IICHTPaIbHE MICIIe TTOCiac BUBYCHHS
(bi3MYHUX SIBHILI, MEPEAyCiM TaKHX, IO IOB’s3aHi 3
SHEepriiHIUMHU 10HaMH, Yy IIa3Mi TOPOiJaIbHUX CHC-
TEM THUITY ,,TOKaMaK” i ,,cremapaTop”.

Y mOpiYHUKY TaKoX MICTATHCS aHOTAIll Aoc-
JJHKEeHb 3 paiioeKoIIoTii Ta paaiodionorii, o TicHO
NOB’513aHi 3 MiCITYIOPHOOMIECEKUMHE TTPOOIeMaMH.

Hocnigauipki pob0oTH B iIHCTUTYTI BUKOHYBAJIUCh
y pamkax [Iporpamu ¢pyHIaMEeHTaIBHUX 1 IPUKIA]-
HUX JociijpkeHb HarioHanpHOT akagemii Hayk
Ykpainn, DiTb0BOT IPOTPpaMH HAYKOBHX TOCIIKEHB
“@dynmamMeHTanbHI pobiieMu B Gi3WIll eleMeHTap-
HUX YaCTWUHOK, AJepHil ¢i3umi Ta siepHid eHepre-
tai”, ,,JlepxaBHoi mporpamMu (yHIaMEHTAIbHUX 1
MPUKJIAAHAX TOCHIKEHB 3 MPOOIeMH BUKOPHUCTAH-
HS SIIEPHUX MaTtepiaiiB Ta sIIepHUX 1 pamialiiftHuX
TEXHOJIOTiH y cepi pO3BUTKY Taly3eill eKOHOMIKH
Ha 2004 — 2010 pp”.

binem meranpHa iHGOpPMAITS PO HAWBAYKITUBIIII
HAYKOBI1 3700yTKH CIIBpOOITHUKIB 1HCTUTYTY HaBO-
JUThCSI B JaHOMYy MopiyHuKy. CrHojiBarock, IO
YUTa4i 3MOKYTh 3HANTH B HHOMY IiIKaBy Ta KOPUCHY
st cebe iHdopmartiro.

1. M. Bunnescbkuit

IToBHuit Texct Lllopiuanka po3mimeHno Ha BeO-cTopini http://www.kinr.kiev.ua/Annual report/report08.pdf
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Kopotka icTopia Ta OCHOBHi AOCArHeHHs
IHcTuTyTy spepHux pocnigxeHbs HAH YkpaiHu.

Burtoku siaepHUX IT0CIiIKEeHb B YKpaiHi ciIrawTh
e y JOBOEHHI POKH, KOoJMU B Di3UKO-TEXHIYHOMY
iHCTHTYTI B XapkoBi y 1932 p. Oyna 3xilicHeHa 1e-
pma B CPCP peakuist po3mierieHHs saep JITII0 Ta
rpynoro BueHux mix kepiBHunTBoM O.l.JleimyHch-
KOro OyJny JOCSATHYTI BU3HAYHI yCHIXH Yy BHUPIIICHHI
YMOB 3IHCHEHHS JIAHIFOTOBOI peakilii Moty siaep
ypaHy Ta OLlIHEHa €Hepris, sika IpW [bOMY BHILIS-
€TBCSI.

Ileit HampsM MOCTiMKEHh OYJIO TMPOIOBXKEHO B
TacturyTi dizukun AH Vkpainu, ne me y 1944 pori
OyB CTBOPECHMH BIIUIUT IJI BHPIMICHHSAM Py ITH-
TaHp sAepHOI (I3UKH Ta BUKOPHCTAHHS aTOMHOI
eHeprii. /imsi BUKOHAHHS HaKpecIeHUX poOIT moci-
JIOBHO OyJI0O BBEACHO B Hif0: y 1956 p. MUKIOTpOH
VY-120, B 1960 p. nocmigaumskuii peaktop BBP-M i
B 1964 p. enexrpocraruunuii reneparop EI'TI-5. Ha
X YCTAaHOBKAax OyJIM oJep:KaHi BaXKIIUBI pe3yIbTa-
TH, IO MiATBEPIIIIN aKTyallbHICTh BUBUCHHS SIEp-
HUX TPOIIECIB.

[loTpebu B pO3BHUTKY sAepHO-(PI3UIHUX HOCII-
JOKEHb HEBITMHHO 3pOCTAIH, 10 i 00yMOBHIIO HEOO-
X1THICTP KOMIUIEKCHOTO BHPIIICHHS DAy OB’ A3a-
HUX 3 UM npobnemM. Jns mporo 26 Gepesns 1970
poky Ilpesunis AH YPCP na BuKOHaHHS BiAIOBiA-
Hoi mocraHoBu Pamm Minictpie YPCP mpwuitnsina
noctanoBy NelO5 mpo ctBopeHHs [HCTHTYTY simep-
Hux nocmimkens (IS1)]) Axamemii Hayk YPCP Ha
0azi paay snepHux BigainiB [HctutyTy ¢isumkun AH
YPCP. OcHoBauMu Hanpsimkamu poOit ISl Oymnu
BHU3HAYCHI (PYHIaMEHTaNbHI Ta NPUKIAJHI JOCIHi-
JOKEHHSI 3 siAepHO1 (i3UKH HU3BKHX 1 CEepeiHiX eHep-
riif, (i3UKH peakTopiB, MEPCIEKTHBHUX MPOOIeM
aTOMHOI EHEpPreTHKH Ta IOCITIHKEHHS 3 BHKOpHUC-
TaHHA 130TOMIB 1 AJEpPHUX BUIPOMIHIOBaHb Y Hapo.I-
HOMY T'OCHOAAPCTBI.

Inimiatopom ctBopenns IS/l ta mepmum ioro
mupektopoM  craB  akagemik HAH  Vkpainu
M.B.[laciunuk. Y mnojanpmioMy iHCTUTYT OYOJIIO-
Bamu akagemMik HAHY O.®.Hemenn (1974-1983
poku) Ta akagemik HAHY [.M.BunineBcbkuii (3
1983 poky no maHuit yac).

B nepuri poku cBoro icHyBanHs [S1]] cknanaBes 3
BIZIUTIB A7epHOi (Bi3WKH, SAEpHUX peaxiii, Teopii
SIpa, SJEPHOT CIEKTPOCKOIII, SIIEPHOT EICKTPOHIKH,
panmianiiinoi Qizuku Ta Qimianry YKropoacbKoro
BIUIUICHHS Y CKJIal BiAainy (OTOSACPHHUX MPOIIE-
ciB. EkcrnepuMeHTanbHI poOOTH 3a0e3redyBaucs
CYYaCHUMH SIJIEpHO-(I3UYHUME YCTaHOBKaMH, T'OJIO-
BHUMHU 3 SIKUX OyNIW JOCHIIHUIBKUI peakTop BBP-
M Ta 3axucHI O0KCH “Tapsyi kamepu” mjis poOoTH 3

HIOPTYHUK - 2008

BHCOKOAKTHBHUMH MaTepiaiaMu, MUKJIOTPOH ¥Y-120,
tanaem-reneparop EI'TI-10K Ta meliTpoHHi renepa-
topu. B 1975 pori 6yi0 BBEACHO Y Mif0 130XpOHHUH
IUKIOTPOH Y-240, sSiIkuii y TOM 4ac He MaB aHAJIOTIB
y €Bpori.

IIpotsirom 70 - 80-X pOKiB BUKPECIHMIUCS TOJIO-
BHI HampsIMKH (YHZaMEHTalIbHUX Ta HPUKIATHUX
poOIT IHCTUTYTY: saepHa (i3uKa CEepemHiX Ta HU3b-
KUX CHEpTii, aTOMHa €HEepreTHKa, pamiamiiaa ¢i3u-
Ka TBEPJOTO TiJla Ta pamiarmiiiHe MaTepial03HABCTBO,
¢izuka mwra3mu. [ocTymoBo 301TbITyBaIaCh YHCEITh-
HICTh HAYKOBHX MiAPO3AUIIB IHCTUTYTY Ta PO3IIH-
proBaJINCh 00CST 1 TeMaTHka ix poootu. 3 1985 p.
nie lleHTp eKoMoTiyHUX MpoOiieM aTOMHOI eHepre-
Tk HAHY.

ExcniepumenTanesii podotu B [S]] BritouaroTs B
ce0e KOMIUIEKCHE BHWBYEHHS B3a€EMOJil HEWUTPOHIB,
MPOTOHIB, JEHTPOHIB, alb(a-4acTUHOK Ta BaKYHX
sep 3 SApaMH MaiKe BCiX €JIeMEHTIB MepiogmdHOl
CHCTEMH.

OcHoBHIi pe3yJabTaTn QyHIAMEHTAJIBHUX 10-
CIIi’KeHb

Cepen HaiiBaroMmilux pe3yibTaTiB [HCTUTYTY
CJIJl Bi3HAYUTHU JOCIHIPKEHHS 3 HEUTpOHHOI (hizu-
KH, 3 SKUX 1 moyanucs nepiri podotu 3 saepHoi di-
3uku B I® AH YPCP y 1944 p. B cTBOpeHiil akane-
mikom HAHY M.B. IlaciunukoM HaykoBil MIKOIi
eKCIIEPUMEHTAJIbHO BU3HAUEHO MEpepi3u B3a€MOAIi
HEHTPOHIB 3 BEJIMKOIO KUIBKICTIO PI3HUX €JIEMEHTIB,
IO a0 3MOTY CTBOPUTH OaHK JaHMX HEUTPOHHHUX
KOHCTAaHT JJIsI KOHCTPYKIIMHUX MaTepianiB sAEpPHUX
peakTopiB. Byno BusiBiIeHO 000JIOHKOBI epekTr npu
po3cisiHHI HelTpoHiB sapamu (akag. HAHY M.B.
[NaciyHMK) i BU3HAYECHO BiJIHOCHI BKJIAJM MPSMOTO 1
KOMITayHTHOTO MEXaHi3MiB B IEPEpi3u MPYKHOTO
Ta HEMPYXKHOTO PO3CISHHS HEUTPOHIB AOpaMH B
mmpokiit oomacti enepriit (I1.O. Kopxk). Beranosie-
HO OOOJIOHKOBI Ta 130TOIHI e(eKkTH MpHu BUCOKUX
e”eprisix 30ymkenns (B.I1. BepreOuwmii). Jocmimke-
HO HU3bKOCHEPreTHYHi 30y/DKEHHsSI B PI3HUX CTaHax
KOHJICHCOBAHOTO CEPE/IOBUINA Ta OTPUMAHO iH(DOP-
MaIiro npo ¢i3u4Hi BIACTUBOCTI PEYOBHHH, IO BH-
3HAYAIOThCS JIMHAMIKOIO €JIEKTPOHIB, aTOMIB Ta MO-
nekyn (B.I. Cnicenko). 3amponoHoBaHO W 0OrpyH-
TOBaHO BapiaHT y3aralbHEHOI ONTHYHOI MOJem 3
MEepeBaXHUM TOTJIMHAHHSAM B OJHO(GOHOHHHMX KaHa-
nax (M.b. ®emopoB) Ta po3poOICHO MOJETH PO3Ci-
SHHS HYKJIOHIB Ha JeQOpPMOBAHUX M'SIKUX SIpax
(I.€. Kamry6a). 3apnsku HassBHOCTI B [HCTUTYTI yHI-
KaJIbHOTO 310paHHS HEUTPOHHUX iHTEpQepeHIiITHIX
¢GiapTpiB  37iCHIOETHCS MacmTabHA MDKHApOIHA



KOPOTKA ICTOPIA IHCTUTYTY

mporpaMa JOCHTiKEHHsSI B3a€EMOJii KBa3iMOHOEHeEp-
TeTUYHUX HEUTPOHIB (B Aiama3oHi eHeprid Bij Ter-
JIOBUX 70 coTeHb keB) 3 aromHumu sapamu. Otpu-
MaHO 3HAUEHHS TMEepepi3iB PE3OHAHCHHUX pEeaKUii,
BOXJIMBHUX JUIS PO3PAaxXyHKIB B SACPHIM e€HepreTHil
(A. B. Mypain, O.0. I'punaii).

IMin xepiBuuuTBOM akamemika HAH VYkpainu
O.®.Himis cTBOpeHO HAyKOBI BiJIINIH, B SIKMX PO3-
BHUBAIOTHCS TOCHIKEHHS SISPHUX peakiiil. Ogaum
3 SICKpaBUX JIOCATHEHb HAYKOBOI IIIKOJIH, SIKY 3aCHY-
BaB O.D. Himenp, € eKCIepUMEHTaIbHE BCTAHOB-
nerast (M.B. Cokonos, b.I'. Ctpyxko) Ta TeopeTu-
yHe oOrpynartyBanHs (K.O. Tepeneupkuii, M.B. EB-
JIAaHOB) HEMOHOTOHHOI 3aJIEKHOCTI Tepepi3iB po3-
LIeTICHHS IeHTpoHa Bix Macu szep. Lleit pesymnprar
onepxkaB Ha3By edekra Himis. [Ipunmumnose 3Ha-
YEeHHSI Ma€ TaKOXX BCTAHOBJICHHH B 0araTo4acTHHKO-
BHX PEaKIisIX BIUIMB CYITyTHIX YaCTWHOK Ha Iapame-
TPpH JBOYACTUHKOBHX pe3oHaHciB (B.M. Ilyrau,
I0.M. IlaBneHKO), MOCHIHKCHHS IOAUTY aTOMHHX
sIep, YTBOPEHUX B PEAKIisIX 3 3aps/HKEHIMH YacTH-
skamu (M.I. 3aika, O.M. ScHoroponcekuii, 10.B.
Kibkano), ocaimKkeHHS CTPYKTYPH JIETKHX sIep Ta
MEXaHI3MIB SIICPHUX IPOIIECIB MPH B3aEMOJII BaXK-
Kux i0HIB 3 jerkumu sapamu (A.T. Pymuwmk), pe-
3yJbTaTH BUMIPIOBaHb Ha MydYKax IMPHUCKOPIOBAUIB
moBHUX TepepidiB peakmiit (JI.I. Cmrocapenko) Ta
MarHiTHUX MOMEHTIB sjiep, M0 Jal0 MOXJINBICTh
MiATBEPUTH SBULIC CYHEPCHMETpii B sapax Ta
BUSIBUTH aHOMAIIil0 OpOITaIbHOTO MarHeTU3My HYK-
nowiB (O.1. JIeBon).

CBiTOBE BU3HAHHS OJIEpKAIIM TEOPETUYHI pOOOTH
3 ¢izukum aromHOrO sAApa wi.-kop. HAHY
B.M.CtpyTHHCBKOr0 Ta HOCHIiJOBHHUKIB HOro ILKO-
. Mloro MeTos1 060I0HKOBHX MOMPABOK IS PO3pa-
XYHKIB eHeprii 3B's3Ky Ta nedopMarii siiep Mas
3HAYHUI BIUIMB Ha PO3BHUTOK TeOpii sfapa i 1aB 3Mo-
Ty IPOBECTH KUIBKICHI PO3paxyHKH Mac Ta CTaOiib-
HOCTI siziep, 0araThboX BIaCTUBOCTEW MPOLIECY NOALTY
aaep, nependauuTH  ICHYBaHHS HaJBaXKKUX sIep.
[uxn pobir B.M.Ctpytuncekoro “Ssume dopmy-
BaHHS CWJIBHO Je(OpPMOBAaHMX BaXKKHX aTOMHHUX
a1ep y KBasicTallioHapHOMY cTaHi” OyB 3apeecTpo-
Banuii y 1978 poui Jepxasuum komiterom CPCP sik
BinkpuTTs. Hapasi mpoBomsTcst T€OpeTWdHi AOCi-
JOKEHHSI CKJIaJHUX SJEPHUX IMPOLECiB, TAKUX 5K IO-
I aTOMHUX S/Iep, 3ITKHCHHS BaXXKHX 10HIB, 30Yy-
JOUKCHHSI TITaHTCBKHX pPE30HAHCIB; PO3pPOOJICHO Me-
TOJl ypaxyBaHHSI B3a€EMOJii HYKJIOHIB sIpa HUISIXOM
o0unciIeHb 00MEKEHOT KUTBKOCTI KOJEKTUBHHX Ma-
KPOCKOIYHHUX 3MIiHHUX (mapameTrpu (QopMmu siapa,
sepHa TYCTHHA, SiIEPHE TepTs, B'S3KICTH SAEPHOI
ryctuan) (wri.-kop. HAH VYxkpainu B.M. Komowmi-
€11b); TIOKa3aHo, 10 000JOHKOBA 200 30HHA CTPYK-
Typa CIIEKTPY Sep € 3arajbHOI0 BIACTHBICTIO CKiH-

gyeaux @epwmi-cuctrem (O.I.Maruep); mpoaHa-
JII30BaHO KJIACHYHI Ta KBAHTOBO-MEXaHIUHI acCTEKTH
peakiiii 3 BaXXKMMH 10HaMH, 3pOOJICHO 3HAYHUH
BHECOK B PO3BHTOK TEOPii KOJIEKTUBHOTO PYXY 3 Be-
JIUKOI0 aMIUTITYyI0I0 Ta CKIHYCHOI0 IBUAKICTIO B
atomuux snapax (B.I.AGpocimos, @.0O.Iantok). [lo-
CITi/DKEHA €BOJIIONIS TYHETIOBAHHS YaCTHHOK Kpi3b
TToABiHHI Oap’epy i MOSACHEHI €KCIIEPUMEHTH 3 TYHE-
JIIOBAaHHA HEHUTPOHIB Kpi3h HEHUTPOHHI (iNbTpH Ta 3
raJIbMiBHOTO BHIIPOMiHIOBaHHS ()OTOHIB B TIpoIlecax
anpda-posnany chepuunux smep (B.C. Onpxosc-
KHif).

3HauHI YCIIXU AOCATHYTO B TaNIy3i sIIEPHOI CIie-
KTPOCKOTIii. 3armouaTkyBaB Iieii HampsM @r.-kop. AH
YPCP I'.Jl. JlaTumreB, 30y xyBaBITd MarHiTHHHA OeTa-
CIIEKTPOMETP 3 XapaKTePHUCTUKAMH KpAaITuX B CBITi
cnexTpomeTpiB. Ha HbOMYy omep:kaHO BETUKHN Ma-
CUB TIPEIM3iHHUX JaHUX MIOA0 KOe]iIlieHTiB BHYT-
pIlIHBOT KOHBEpCii, MYJIBTUIIONBHOCTEH ramma-
MIEPEXO/IiB, BHUSIBIIEHO PI3HOTO POAY aHOMAIi B siie-
pHHUX Tpolecax. |HTEHCHBHHMH pPO3BUTOK ramma-
CHEKTPOCKOMii B JOCTIDKEHHAX Pai0aKTHBHOTO
po3many Ta Ha IMyYKaxX 3apsKeHUX YaCTHHOK IPH-
BiB JI0 BHSBIICHHS B CTPYKTYpl aTOMHHX sijiep Oara-
THOX HOBHUX 30y/DKEHHX CTaHIB, OJIep>KaHO HOBI JaHi
PO CTPYKTYPY SAAep, BIIKPUTO HOBE SBUILE — 30Y-
JOKEHHS siiep NPHU aHITUIAi{ TO3UTPOHIB 3 €JIEKTPO-
Hamu aroma (akan. HAH Ykpainu .M. BumaeBcs-
kui). Jocmimkena auHamika nepeOynoBH 0O0JIOHKH
aToMa B TPOIIECi PalioaKTUBHOT'O PO3Maiy, BUSBIIC-
HO 3MillleHHA KOHBepciiHuX Ta Oke — JiHIA mpH
ionizanii atoma. [loscHeHa npupoaa emicii HU3bKO-
€HepreTHYHUX eNeKTpoHiB (< 1 eB) 3 moBepxHi pa-
mioaktuBHuX mkepen (O.1. deoxrtucro, B.T. Kyn-
PALIKIH).

3 METOK JOCHIJKCHHS BIACTUBOCTEH HEUTPHUHO
Ta CcnaOKoi B3a€MOJii eJIeMEHTapHUX YaCTHHOK Y
npolecax MoJABIHHOrO Oera-posnaay aTOMHHX SEp
ctBopeHo COJOTBHHCBKY MiJ3eMHY J1abOpaTopiro,
pO3TallioBaHy B COJIsHIN 1maxTi (3akapnaTchka 00JL.),
Ta YHIKaJIbHI HaAYyTIMBI HU3BKO(OHOBI eKcrepu-
MEHTalIbHI ycTaHOBKU. OTPUMAHO [Ty HU3KY Mpio-
PUTETHUX PE3YJBTATIB 10 MONyKy 2/ -posmnany i3o-
TOTIB KaJMito, BOJb(paMy Ta IHIMHX PiAKICHUX PO3-
maniB (wi.-kop. HAH Yxpainu FO.I'. 3gecenxo).

PoGotu IHCTHTYTY B ramysi siiepHOi eHepreTHKH
CHPSIMOBAaHO Ha PO3pOOKY HAyKOBO-TEXHIYHUX IPO-
Onem Oe3mevHOi eKcIuTyaTalii aTOMHHUX eNeKTpO-
CTaHLil Ta Qi3MYHUX TPOOIIEM TEPMOSACPHOTO CHH-
Te3y, 30KpeMa, pO3pOOJICHO YHIKalbHY METOIIUKY
BUMIpIOBaHHSI TapaMeTpiB sAepHOT Oe3mekn 00'eKTiB
SJIEPHOT €HEPreTHKH, SIKa peayli3oBaHa Ha 00'€KTi
"Vxpurra" (B.M. IlaBnoBuu); B "rapsunx kamepax"
CHUCTEMAaTUYHO BUKOHYIOTBCS IOCTIKEHHS (Di3HKO-
MEXaHIYHUX BIACTUBOCTEH MeTany '"3pa3KiB-CBil-
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KiB", BUTOTOBJIEHHUX 3 TOTO X MaTepiany, o i Kop-
myc peaktopa (wi.-kop. HAH VYkpainu E.VY. I'pu-
HIK); PO3pOO0JICHI TaKOX Cy4YacHI METOIUKHA MOHITO-
pPYBaHHS pajiallifHOTO HABaHTAKEHHS KOPIYCIB pe-
akropiB Tty BBEP-1000 ta mo3umertpii onmpomine-
HUX 3paskiB-cBinkiB (B.M. BykaHoB), siki 103BOS-
IOTh OTPUMYBATH iH(OpMaIlito, HEOOXIAHY A BH-
3HA4YEHHS eKCIUTyaTaliliHOTO pecypcy Koplyca pea-
KTOpa, a TaKOX Ui NPUHHSTTA HAayKOBO OOIPYH-
TOBaHUX PIIICHH MO0 MOKJIUBOCTI TPOIOBKEHHS
TEepPMiHy HOTO eKCIUTyaTarlii.

B ramysi pagiariitHoi ¢i3uKu pO3BHHYTO TEOPIFO
BIUTMBY SACPHOTO OIPOMIHEHHS HA BIACTHUBOCTI Me-
TajiB, CIUIaBiB, HAMIBIIPOBIIHHUKIB, PIIKUX KpPHUCTa-
niB. JlocmimkeHo 0coOIMBOCTI YTBOPEHHSI KOH[CH-
coBaHO! (ha3W EKCHTOHIB B JBOBHMIpHIN CHCTEMI.
Po3BuHYTO Teopito SABHUIN camooprasizaiii, a came,
YTBOPEHHSI MEPIOINIHUX CTPYKTYpP, aBTOKOJIMBAHb
Ta BUHUKHECHHSI HAIIIPOBIMHUX 00JIacTell B KpHCTa-
Jax mpu sAaepHoMy ompomiHeHHi (wi.-xkop. HAH
Vkpainn B.JM. Cyrako). BHKOHAHO IOCITiIKEHHS
JIETOBaHOT'O HEHUTPOHAMHM KPEMHIiIO0 1 Ha iX OCHOBI
BUTOTOBJICHO PI3HOTO THITy HAMIBIPOBIJTHHKOBI Jie-
TEKTOPH SIIEPHOTO BHIIPOMIHIOBAHHS Ta TPOBEJCHO
KOMIIIEKC pOOIT IO MOJIENIIOBAHHIO HEUTPOHHHUX T10-
IIKO/DKCHb B HAMIBIPOBIAHUKOBUX Marepiajax,
ONIPOMIHEHUX 3apsKCHHUMH YaCTHHKAMHU CEepEeIHIX
SHeprii, BUSBICHO PsiJl MiKaBUX (PI3UYHUX €(EKTiB:
¢ykTyanii npoBiAHOCTI 3 pOCTOM JIO3H OMPOMiHCH-
Hs, HaANPOBiMHICTE INAs, iHIyKOBaHa OMpPOMIHECH-
HsM, TicTepe3uc Marsiroomopy B InS<Mn>
(ILT".JIutoBueHKO).

PobGotu B ramysi ¢izuku mia3Mu Ta KEpOBAHOTO
TepMosiZiepHOTO cuHTe3y movanucs B IAJ[ mig kepi-
BHUIITBOM B.M. OpaeBcbkoro (teopis) — aBTOpa
odimiitao 3apeectpoBaHoro B CPCP BigkputTs po3-
MajHOI HEeCTIMKOCTI XBWJIb Yy TUIa3Mi (CHOUTBHO 3
P.3. Carneesum) — ta JILJI. Ilaciuamka (excmepu-
MEHT).

Byno mocmimkeHo MHpOKE KOIO KOJEKTHBHHX
MIPOIIECIB B3aEMOJIIi €ICKTPOMArHiTHUX XBUJIb 1 TIO-
TOKIB 3apsAKEHNX YaCTHHOK 3 Iia3Moro. TeopeTtnd-
HO 3HAWJIEHO HOBiI THUIU COJITOHIB Ta iHIINX HEMi-
HIHHUX CTPYKTYp Ta BHUBYCHO 3aKOHOMIPHOCTI ix
esomortii (T.O. [laBunoBa); po3BHHYTO TEOPiIO IIO-
mmHaHHES BY mOTY)XHOCTI B TENMIKOHHIA TUTa3Mi
(K.II. lampait); BUSBIEHO HOBI MEXaHI3MH TpaHC-
dopmariii  Ta  pO3CISIHHSA — IIA3MOBUX  XBWIJIb
(B.M. IlaBnenko). EkciepuMeHTaIBLHO YCTAaHOBIICHO
BJIACTUBOCTI JPEH(POBO-TUCUTIATHBHOI HECTIHKOCTI
(JLJL Tlaciunauk); pocmimpkeHo ¢i3WdHI SBUIIA B
IUTa3Mi 3 eJIeKTPOHHHMHU U 10HHHMH ITyYKaMH Ta y
BUY mxepenax mmasmu (I'.C. KupuueHko); BHBUEHO
¢i3nyHl TpomecH y BaKyyMHO-IYTOBOMY pO3psi
(B.A. Caenko). Bigkputo TeOpeTHYHO Ta MiATBEp-

HIOPTYHUK - 2008

JUKEHO EKCIIEPUMEHTANBHO TMPOCBITIICHHS ILIa3MO-
BUX XBWIbOBUX Oap’epie  (B.M. OpaeBchbkuid,
JL.I. PomaHiok Ta iH. — JepkaBHa mpemist YkpaiHu,
1979 p.). Ha ocHOBI (hyHIaMeHTaNBbHUX TOCIiIKEHb
CTBOpPEHO (hi3UKO-TEXHIYHI OCHOBH Ta PO3POOIEHO
MPUCTPOI TIA3MOBUX TEXHOJIOT1H.

TeopeTnyHO BiIKPUTO KJac HECTiHKOCTEH Tep-
MOSIEPHOI IJIa3MH, sIKi 30yIUKYIOTbCS NPOLYKTaMH
tepmosimepnoi  peakmii  (SI.I.  KomecHwmuenko,
B.M. Opaegcpkuii). Ilepenbadeno icHYBaHHSA KpH-
TUYHOI €Heprii i0HIB y MarHiTOTiApOJUHAMIYHO aK-
TUBHIN TJIa3Mi TOKaMakiB, Mo OyJI0 3ro/IOM MiATBe-
pmkeno ekcrnepuMeHTanbHo B CIHA ta €C. Hukn
poOiT 3 mi€el Tematuku ymoctoeHwid mpemii HAHY
iMm. K.JI. CurensaukoBa (SI.I.  KomecHnuenko,
B.B. Jlynenxo, FO.B. SIkoBenko, 2003 p.)

PosBuHeHO TeOpif0 amb()BEHIBCHKHX HECTIHKOC-
Tel IIa3MH B TOPOINANIBHHMX CHCTeMaX. Bimkpurto
HOBI THIM KOJMBaHb Ta PE30HAHCIB YaCTHHKA-XBH-
751, 0OYMOBJICHHX BiJICYTHICTIO aKCiaJIbHOI CHMeTpil
y crenmaparopax. 3HalIeHO HOBHH KIIACHIHUN Me-
XaHi3M croxacTUdHOoi nudy3ii eHepriiHUX 10HIB y
cTemaparopax Ta MEXaHi3M aHOMAaJIbHOI TeIUIONpo-
BIIHOCTI IIJIa3MH, SIKMA MOKE€ MaTH MICIIE TaKOX y
KOCMIYHIN IIJ1a3Mi, 110 JAO3BOJIMJIO JATH IOSCHEHHS
eKCIIEPUMEHTAIEHUM CITOCTEPE)KEHHIM Ha CTelapa-
topax  (A.I.  Komecmmuenko, B.B. JIymenko,
B.C. Mapuenxko, F0.B. SIxoenko). Po3pobieno ¢o-
KKEP-TUIAaHKIBCHKY MOJICTh TPAHCIIOPTY €HEPTiHHUX
10HIB y TOKaMmakax, Sika BUKOPHCTOBYETHCS Y MpO-
THO3HUX OOYHCICHHSIX MIKHApPOIHOTO peakTopa
ITER (B.O. ABopcekuii, B.S. I'omobopoapko,
C.M. Pe3HiK).

Po3pobiieno mertoam 300py, HAKONMYCHHS Ta
aHamizy JAaHuX sAepHO-(PI3MYHUX EKCIEPHUMEHTIB,
NPUCTPOi  SAEPHOT  €JICKTPOHIKHM, CIeliani30oBaHe
nporpaMHe 3a0e3IedeHHs Ta CTBOPEHI aBTOMAaTH30-
BaHI BUMIPIOBANBHI CUCTEMH HOBOTO TOKOJIIHHSA Ha
OCHOBI Cy4YacHOi MIKPOEIEKTPOHIKH, YHIBEpCATbHUX
KOMIT'IOTepiB  Ta  iH(QOpMAIIfHUX  TEXHOJOTiH
(A.IL. Boiirep).

Asapig na YAEC Ta ii Hacnigku rocTpo mocra-
BWJIM TIpo0iieMy panioekosnorii. Lle mutanus Habyio
MEepUIOYEProBOr0 3HAYEHHST y KOHTEKCTiI CTaJloro
PO3BHUTKY JAEpKaBH, SiKa BUKOPHCTOBYE sSIepHI Ma-
Tepiany i pagianiifHi TeXHOIOTII.

OCHOBHI JOCIHI/PKEHHS 1HCTUTYTY B I Tamy3i
MOB’s13aHi 13 BUBYCHHSIM BIUIMBY TiIPUEMCTB sIICP-
HOro manuBHOro 1Ky (3okpema AEC Ykpainu) Ha
€KOJIOTIYHI CUCTeMH Ta JitoauHy. J[ist 1poro 3iiiic-
HIOETBCSI KOHTPOJIb aKTUBHOCTI anbga-, Oera-, i ra-
Ma-BUIIPOMIHIOIOUHMX PaJiOHYKIIIIB Y KOMIOHEHTaX
HaBKOJIMIIHBOTO CEPEIOBHUINA, PO3PAXOBYIOTHCS J0-
30Bi HABaHTa)KEHHA HA JIIOJUHY, 10 (OPMYIOTBCS 3a
PaxyHOK IHTaJSMIHHOTO Ta MEPOPAILHOTO HAIXO-
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JOKCHHSL JI0 OpraHi3My, BHBYAETHCS Pa/iiOCKOJIOTIY-
HUI CTaH TEPUTOPiH, 0 3a3HaIH 3a0pyAHEHHS BHa-
ciigok aBapii Ha YopHoOunbebkiii AEC, Ta HaBKOJIO
npamorounx AEC Ykpainu (B.B. Tpummn).

KpiM 1poro, mpupminseThcsi 3HAYHA yBara BH-
BYECHHIO [ii 10Hi3yI0UOro BHIIPOMIHIOBaHHS Ha Op-
raHi3Mm TBapHH i moged. Lle 3aiicCHIOETECS K B MO-
JENIbHUX eKCIIEpUMEHTaxX Ha Jab0opaTOpHHUX IIypax,
TaKk 1 Opu OOCTEKEHHI KOHTWUHICHTIB IIOACH, IO
MalOTh KOHTAKTH 3 pajialliiHUMU YUHHUKAMHU, JI0-
CIIIJDKY€ETBCST TaKOX BIUIUB JOBIOTPUBAJIOTO OIPO-
MiHEHHS B MaJMX JI03aX Ha TeHETUYHUH MaTepian Ta
cTpykTypy MemOpan xmituH KpoBi (JL.K. Be3znpo6-
HAa).

IIpuxnagni po3podku

Iopsan 3 dbynanamenTansHUME  poboTamu B S]]
3aBXK/IM BEJHMKA yBara MPUIUISIETHCS BIIPOBAHKEHHIO
pe3yNbTaTiB AOCTIKEHb Y BUPOOHNYIY cdepy. Poz-
pOOJIEHO i BUKOPUCTOBYIOTHCSI TEXHOJIOTI1, METOIH-
KA Ta eKCIIEPUMEHTANbHI YCTaHOBKH JUIS pOOIT 3
pamiamifHOTrO MaTepialo3HABCTBA, Pali0EIEMEHTHO-
ro aHajizy, fAepHOi MEAWIIWHU, TUIA3MOBUX TEXHO-
JIOTif, KOHTPOJIIO PaJiioaKTUBHOTO 3a0pyIHEHHS Ha-
BKOJIMIITHLOTO CEPEIOBUINA Ta 1HIIII.

[HCTHTYTOM BHKOHYIOTHCSA MOTOYHI peTIaMeHTHI
po0OTH TO BH3HAYEHHIO pPecypcy KOHCTPYKIIHHUX
MaTrepiamiB TII0OYUX SHEPreTHIHHX PEaKTOpPiB 3a 3a-
moBieHHIMA AEC VYkpaiawm, TpoBOISTHCS TOCII-
JUKCHHS 110 BU3HAUCHHIO BIUIMBY padiarlifHuX HaBa-
HTaXEeHb Ha (DI3WYHI BIACTHBOCTI KOHCTPYKIIIHHHX
MaTrepianiB SACPHUX PEAKTOPIB, BEIyTHCS POOOTH I10
BiIOOpPY HOBHUX TMEPCHEKTUBHUX KOHCTPYKIIHHHUX
MaTepiaiiB I SASPHOTO PEaKTOpOOyTyBaHHS, PO3-
pOOJISTIOTECS. Ta BUTOTOBJISTIOTHCS HAITIBIIPOBIHUKOBI
JIETEKTOPH, BIPOBAKYIOTECS Y BUPOOHHUIITBO METOIH
MMIBUINEHHS pafiariifHoi CTIAKOCTI MarepiaiiB Ta
paziariifHi TeXHOJIOTI{ s 301IBIIIEHHST CTPOKIB 30€-
piraHHs JesSKUX BUIIB XapuoBOi, MEAMYHOI Ta CilTb-
CHKOTOCIIOAAPCHKOT MTPOIYKITii.

BukopucToByroun HampaioBanasa 3 (i3uku 1ia-
3MH, pO3POOJIEHO METOAWKY [UIs JeCTpyKuii 0e3
YTBOPEHHS NMWIy Ta 3HE3apaKEHHS MarepiayiB Ta
peYOBWH, 3a0pyTHEHUX pPaTiOaKTHBHAMHU Ta 0i0J0-
TYHO aKTHBHUMH JIOMIIIKAMH, PSJI ITa3MOBUX TeX-
HOJIOTiIH OCa/pKEHHs 1 TpaBJeHHS MaTepiajiB, CTBO-
peHO yHIBepCalbHUH 10HI3aTOp MapiB marepialiB
JUISl HAHECEHHS IUIIBOK Ta 3aXHUCHUX IOKPUTTIB Y
MIKpOEIEKTPOHIII.

3amoyaTtkoBaHi B IHCTHUTYTI MeIWUKO-010JIOTiUHI
JOCII/KEHHS 3 Teparlii OHKO3aXBOPIOBaHb HEHTPOH-
HUM OMPOMIHEHHSIM JIOBEJICHI J0 MPAaKTHYHOIO 3a-
CTOCYBaHHS NpH JIikyBaHHI xBopux. CIiIBHO 3 Me-
JUYHUMU YCTaHOBaMHU YKpaiHH MPOBOAMTHCS POOO-
Ta MO OTPUMAHHIO pagiodapMmmpenapariB Ha saep-
HO-(pi3muHux ycranoskax [S/1.

Jnst migBUIEHHS O€3MeKH SIEPHUX YCTAaHOBOK
CHiBpOOITHUKAMH IHCTUTYTY PO3pO0JIeHa aBTOMaTH-
30BaHa CHUCTEMa KOHTPOJIO CHEPrOBUIUICHHS aTOM-
HUX EHEPreTUYHUX Ta JOCIITHUIBKAX PEaKTOpiB,
sKa JI03BOJISIE HA/IIHHO KOHTPOJIIOBATH Ili TIPOLIECH.

[Micns  YopHOOMIBCHKOT aBapii CHiBPOOITHUKH
[HCcTUTYTY OynM B YHCHI TEPIIUX, XTO B3SB aKTUBHY
y4acTh y JikBigaiii ii Hacmigkie. Humu Oyno Bumi-
PSHO pallioaKTUBHICTh COTEHBb TUCSY 3pPa3KiB TPYH-
Ty, BOJAM, POCIMHHOCTI Ta iHIIUX 00 ’€KTIB HaBKO-
JIMIIIHBOTO CEPEJIOBMIIA 3 METOI0 OIIHKH PIBHS pa-
JII0AKTHBHOTO 3a0pyIHEHHS TOBKULLISA B PI3HUX pe-
rioHax YkpaiHu, po3poOJIeHO i BHUTOTOBJIEHO YHC-
JICHHI TMPWJIAAM JUISE KOHTPOJIIO 32 MITPaIli€o pajio-
HYKIIiIB y HaBKOJIMIIHBOMY CEPEOBHIII Ta 3a CTa-
HOM IIaJMBOBMIIYIOUMX Mac 00 e€kTy “YKpurrs’,
110 B 3HAYHIN Mipi CIIPUSIIO MOM” SKIICHHIO HACHTI[-
kiB YOpHOOMITLCHKOT KaTacTpodu.

HaykoBo-opranizauniiina pooora

Koopnunauis HaykoBoi pisuibHOCTI B 151/] 37itic-
HIOETBCS yepe3 Bueny paay, cekuii Buenoi pagu Ta
Pany Monoanx BYCHHUX.

B IncrutyTi QyHKIiOHYE crenianizoBaHa BUeHa
pama J1 26.167.01 nns po3rasay Ta MpPOBEIEHHS 3a-
XHUCTYy JUcCepTaliil Ha 37100yTTS HAyKOBOTO CTYIICHS
nokTopa (kaHauaarta) Gpi3uko-MaTeMaTHYHUX Ta JI0-
KTopa (KaHaWmaTa) TEXHIYHUX HAyK 3a CIle-
mianeHicTiO 01.04.16 — di3uKa sapa, eTeMeHTapHUX
YaCTUHOK 1 BUCOKMX €HEpTili Ta 3a CHeUialbHICTIO
05.14.14 - TenoBi Ta SAEPHI EHEPTOYCTAHOBKH.

opiuno B /] HaByaeThca O6au3bKO 25 acmipa-
HTIB 31 CHemianbHOCTeH: (i3HuKa sapa Ta eleMeHTa-
PHUX YaCTUHOK, (hi3WKa TBEPAOTO TiNa, (i3uKa Ia-
3MH, SIIEPH]I €HEPreTUYHI YCTAaHOBKH.

Bueni iHCTUTYTY BHECITM Baromuii BHECOK Y CBi-
TOBY CKapOHHIIIO 3HaHb. Psii HAyKOBHX NOCHIIKEHb
A1 BimzHadeno MixkHapogHUMHU TpeMismu, [ep-
JKaBHUMH npeMisimu Ykpainu Tta Ilpemisimu Ipesu-
nii HAH Vxpaian imeni BugatHux BYeHux. B IS1]]
IIOPIYHO MPOBOAATHECSA HAYKOBI KOH(epeHIIii, opra-
HI3yIOTbCS HAYKOBI IIKONM 3 aKTyaJbHUX HHUTaHb
snepHoi ¢izuku Ta (Ii3UKK TUIa3MHU, HAJATrOHKEHO
pETYIApHUIA BUIYyCK XypHary “SnmepHa ¢izuka ta
aTOMHA €HEPreTHKa’, Ta BUXOAATH 3 APYKY IIOPOKY
moray 300 crareit Ta Kinbka MOHOTpadiii HAyKOBIIIB.
Ha 6a3i iHCTHTYTY IPOBOISATHCS CEMIHAPH Ta IIKOIN
JUT YYaCHHKIB MDDKHAPOJHUX MPOEKTIB, y akux [S]]
6epe yuacte: HERA-B (DESY, Himeuunna); LHCb
(CERN, llIBeitmapis) Ta iH.

Ha 0a3i iHCTHTYTY CTBOpeHi YKpaiHCHKHMA LEHTP
iH(opMarii 3 sepHoi HayKH 1 TexHikn, CexTop sije-
pHUX naHuX Ta HaBdambHHMN TIEHTP 3 (I3UIHOTO
3aXHCTY, 00Ky Ta KOHTPOJIIO SAESPHOTO MaTepiay.

Ingpopmauiiunuii yenmp INIS - nposignHa iHpO-
pMalliifHa cucTemMa B rajfy3i MUPHOTO BUKOPUCTAHHS
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aTOMHOI eHeprii - ctBopeHa B 1973 p. i BuUKopucTo-
Byetbcst MAT'ATE B cmiBpoOitHuITBI 3 103 nepxa-
BaMH i 19 MDKHaApOTHUMH OPTaHi3aIliiMH 3 METOIO
TOYHOTO 1 TIOBHOTO 1H(OPMYBaHHS KOPHUCTyBadiB
PO HOBITHI CBITOBI HAYKOBI JOCSTHEHHSI.

Ykpaiucokuii UeHmp  A0epHUx OaHux
(YKPLAO) crBopeno sk migpo3ain A1y 1996 p., 3
TpaBHs 1998 p. BiH BXOAWTH OO MEpeki LEHTPIB
SOCpHUX JaHUX, 10 TPalioloTh Iif Eeriforo
MAT'ATE. OcHOBHI HampsiMd HayKOBOi AisUTEHOCTI
YKPIIA/] BKIIFOYAIOTh KOMITUISIIO €KCIIEpUMEHTa-
JBHUX SIAEPHUX AAaHUX, IO OTpUMaHi B YKpaiHi, B
mixkHaponHy cuctemy CSISRS (EXFOR) ta 3a6e3-
MIEYCHHS SIIEPHO-PI3NYHIMH KOHCTaHTaMH YKpaiH-
CHKUX KOPHCTYBauiB Ul BHUpIIIEHHS HAayKOBUX Ta
TEXHOJIOTTYHHX 3a/ad.

Haesuanvhuii yenmp 3 hizuunozo 3axucmy, oo-
JIKYy ma KOHmMPOJI A0epHO20 mamepiany imeHi
Jtcopornca Kyzmuua OyB ctBopenuit 17 OepesHs
1997 p. y BiamoBigHOCTI 10 "YTOMU MiX YKpaiHOIO
ta CIIA mpo HamaHHA JOMMOMOTH YKpaiHi B 3HU-
MIEHHI CTPATETIYHOTO SASPHOTO 030POEHHS, a TAKOK
3amo0iraHHs PO3MOBCIODKEHHS sSIepHOi 30poi Ma-
coBOTO 3HUTIICHH" Bix 25 xoBTHI 1993 p.

LenTpoM po3poOIIeHO AECSITKH KypCiB Ta MPOBO-
IIThCSI HAaBUAHHSA 3 MHTaHb (HiI3UYHOTO 3aXUCTY
AEC, 00iKy Ta KOHTPOJIO SA€pHOTO MaTepiany. B
HBOMY TPOHMILIA TMEPEeNiaroTOBKY COTHI YKpaiHCh-
KHX CITCIIaTICTIB ANEPHO-CHEPTETHIHOTO KOMITIEK-
cy Ykpainm, cmiBpoOitHuku AEC, JlepxaBHOTO
Kowmirery smepuoro perymoBanas, MBC, CBY,
Jep’KaBHI CIIyKOOBIII Ta CIiBpOOITHUKA MHUTHOT
CITYKOMH.

Misxcnapoone cniepodimnuymeo. B ISl npu-
JUISEThCS BEJMKA yBara PO3BUTKY MIKHAPOIHHUX
HayKOBHX 3B’s3KiB. CIiBpoOiTHUKY [HCTUTYTY Tpo-
BOJSITH CIUIBHI JTOCTIPKEHHS 3 HAYKOBUMHU yCTaHO-
Bamu Pocii, CIIIA, ®pannii, Himeuunnu, Iramii,
Agcrpii, [omemi, IBernii, Hinepnannais, fAmonii ta
iHIMX KpaiH. [HCTUTYT KOOpAMHYE y4acTh yKpaiH-
CbKUX (i3UKiB-sAEpHUKIB y poboTi OO0 eqHaHorO
IHCTHTYTY saepHHX nochimkeHs (JlyOHa) Ta minm-
TpuMye poboui 3B s13ku 3 MAI'ATE. Yueni inctuty-
Ty OepyTh y4acTh y 3HIMCHEHHI psIy MiXHApOIHUX
HAYKOBUX TPOTpaM, HANAIOTh CYTTEBY JOMOMOIY B
MiIrOTOBIII BUCOKOKBaITi(DiKOBaHWUX KaJpiB 1 crieria-
JICTIB 7S 1HITUX KpaiH.

HlopiuHo Oinble cTa HAYKOBUX CIIBPOOITHUKIB
[HCTHTYTY BUDKIDKAIOTH 32 KOPJOH 3 METOI BHUKO-
HaHHS HAyKOBOi pOOOTH, HAa CTaXYBaHHA Ta s
y4acTi y MDKHapOAHUX HAyKOBHX 3axonax. KoxxHo-
ro poky npu6bmauzno 70 — 80 iHO3eMHHMX y4YeHUX Ta
¢daxiemiB i3 CHIA, Himewuwnu, Asctpii, Anowii,

HIOPTYHUK - 2008

Opannii, Pecryoniku Kopest Ta iHmmx kpaiH BinBi-
TIyIOTh IHCTUTYT.

Oco0nMBO IUTIAHUM € CITIBPOOITHHIITBO BYCHHX
iHCTHTYTY 3 Takumu neHtpamu: DESY (I'amOypr,
Himeuunna); CERN (OKenesa, IlIBeitmapis); IncTu-
TyToM sigepHol ¢ismkum Makca [lnanka (I'paiide-
Banp], Himeuunna); TexHIYHNM yHIBEPCUTETOM
Mronxena (Himewuuuna); [HcTHTYyTOM simepHOi ¢i3u-
ku iM. I'. Heomguiuancekoro (Kpakie, Ilombiia);
IHcTuTyTOM simepHMX nociimkeHsb (Bapiiasa, [Tomb-
ma); HamionaneHuM [HCTHTYTOM simepHOl (i3UKH
Vuisepcuretry Karanii (Itanis); [acturytom Qizuku
miasmu Maxkca Ilnanka (Tapxiur, Hiveuuuna); Jla-
Oopatopieto (izuku Tia3Mu [IpUHCTOHCHKOTO YHi-
Bepcurety (CLUA); [HcTHTYTOM TeopeTnaHoi (hizu-
ku YHiBepcutery IHcOpyka (Ascrtpis); GSI (Hapm-
mranr, Himeduwna); Aproncekoro, Jloc-Amamocs-
koro Ta CaHmINCHPKUMHY HaIliOHATLHUMH JTabopaTopi-
simu CLIA.



SlnepHO - Pi3nYHI ycTaHOBKU

Huxaorpon Y-120

Luknorpon Y-120 Gyiio BBEIEHO B Ait0 2 KBITHS ——t
1956 p. B IncturyTi ¢izuku AH YPCP. Busenennii -
ITy40K MPUCKOPEHUX MPOTOHIB BIiepiie OyJO0 OTpH-
mano 21 mumas 1956 p., a 3 5 TpaBus 1957 p. po3-
noyanucs mepir HaykoBi gociimkeHHs. B 1970 p.
LIUKIOTPOH Y-120 mepeHInoB y MiANOpsSAKYBaHHS
Iactutyty ssmepunx nocmimkens AH YPCP.

LuKITOTpOH A03BOJISIE OTPUMYBATH ITyYKH MTPOTO-
HIB, JICUTPOHIB Ta ({-4aCTUHOK 3 eHeprismu 6,8, 13,6
ta 27,2 MeB Binnosigno. MakcuMansHU# CTpyM BU-
BeJleHOTO myuka jocsirae 50 MKA, MOHOXpOMAaTHY-
HicTs ~ 107, Ha V-120 MOKHA OTPHMYBATH TaKOX
MyYKH MPUCKOPEHHX 10HIB a30Ty i BYTJICIIO 3 €HEp-
riero 1o 1 MeB/nykioH.

Hocaignuubkuii peaktop BBP-M

[lepmuit B Ykpaini JOCTITHUIBKAN SIIEPHAN pe-
aktop BBP-M 0Oyno cnopymkeHo B InctutyTti ¢i-
3ukn AH YPCP. ®i3nunuii myck peaktopa BinOyBcs
12 mrotoro 1960 p.

Y 1970 p. peakrop Oyio mepeaaHo 10 HOBOCTBO-
peHoro Iactutyty snepuux nociimkens AH YPCP.

BBP-M - peaktop 6aceifHOTO THITY TOTY>KHICTIO
10 MBT 3 MakcHMaJTbHUM TIOTOKOM HEUTPOHIB B aK-
TuBHil 30Hi 10 1,2-10" m/em*c. KoHcTpykTHBHO
peaktop Mae 27 BepTukKadbHHX Ta 10 TOpH30H-
TAJILHUX TEXHOJIOTIYHUX KaHANB JJIsI MPOBEACHHS
HAyKOBHX Ta MPUKIAIHUX JTOCIiKEHb.

Ba:kki 3axucHi 00kcu 1151 podoTu
3 BUCOKOPAAi0OaKTUBHUMU MaTepiaaamMu

€auHi B YkpaiHi Baxki 3axucHi Ookcu ("rapsui
Kamepu'"), sIKi TO3BOJISIOTH MPOBOUTH JOCIIIKEHHS
3 paaioOaKTUBHHMHU 3pa3KaMH aKTHBHICTIO IO
25000 Ki Oynu BBeneHi B eKcIuTyarailito 23 BepecHs
1963 p. B xamepax po3TamoBaHe IUCTaHITIHHO Ke-
poBaHe OOJaJHAHHA IS JTOCTIKEeHb (i3nKO-Mexa-
HIYHUX BIACTUBOCTEH MaTepiaiiB, ONPOMiHEHHX
BEITMKUMH J[03aMH 10HI3yIOUOTO BHIIPOMiHIOBAHHS,
30KpeMa 3pa3KiB-CBiAKIB METally KOPITYCiB peaKTo-
piB AEC VYkpainu. Hapasi Tyt npoBoasTbcs poOOTH
3 MaTepialo3HABYOTO CYIIPOBOAY OE3MeUHOI eKCILTY-
atauii AEC.

10 IHCTUTYT SJIEPHUX JIOCJIJDKEHb HAH YKPATHU



SAAEPHO-®I3NMYHI YCTAHOBKH

TOPIYHUK - 2008

I3oxponHmii nukI0TPOH Y-240

[eprmmit B CPCP i30xpoHHMI HUKIOTPoH Y-240,
NpU3HAYEHUH Ui NpoBeaeHHs (QyHIaMEHTAJIbHUX 1
NPUKIaTHUX AOCHIIKEHb Yy raimys3i simepHoi ¢i3uxw,
Oyno Beeneno B mito 19 Gepesns 1976 p. Ilepmrn
(i3WYHI  eKCIepHUMEHTH IIPOBEICHO B JIIOTOMY
1978 p. Ha npuckopernomy 1o 50 MeB mydky mpoTo-
HiB.

[MpuckoproBad J03BOJIIE OTPUMYBATH ITYUKH
MPOTOHIB 3 IJIABHUM PETYJIOBAHHAM iX €Heprii B
Mexax 10 - 75 MeB, nyukiB IeHTPOHIB 3 SHEPTIEIO
10 - 70 MeB, a Takox TPUCKOPIOBATH BaXKi 10HH 3
3apsioM Z i macoro A 1o eneprii 140 Z*/A MeB.
MOHOXpPOMATHYHICTb Iy4Ka cTaHoBHTh 107 - 107, a
TIpH BUKOPHCTAHHI MOHOXpoMaTtopa - 107,

EnexTpocTaTuuHmMii nepe3apsiaiHuii
npuckopioBay (tangem) EI'TI-10K

EnextpocraTnuHuil nepe3apsAaaHUN NPUCKOPIOBAY
EI'TI-10K (Tammem-reHepaTrop), NPHU3HAYECHUH IS
(GyHIaMEHTaNbHUX 1 TPHUKIAJAHUX JOCTIHKEHb 3
sanepHoi (pi3uKu Ta IHIUX Tady3eil HaAyKH 1 TeXHIKH,
Oyso BBeZCHO B eKcInTyaTtarito 26 rpyaas 1996 p.
micnst peKOHCTPYKLii gitodoro 3 1965 p. enekrpo-
CTaTMYHOI0 mpuckoproBada EI'-5.

Ha mpuckoproBaui EI'TI-10K moxkHa oTpumaTu
MYYKH OPOTOHIB, JEUTPOHIB Ta O- YACTUHOK 3 CHEp-
riero B mexxax 3 — 10 MeB 1a 3 — 15 MeB Biamno-
BigHO. TaHieM gae MOXIIMBICTh TNPUCKOPIOBATH
BaXKKi 10HM y IIUPOKOMY Aiana3zoni Mac. CTpyM myd-
Ka JocsArae 5 MKA, MOHOXPOMAaTHYHICTb — 107,

ConoTrBuHCHbKA Mi3eMHA JadopaTopis

ConorBuHcbKa migzemHa nadoparopis [ HAH
VYkpaiau (posramoBaHa B cMT. COJOTBHHO 3akap-
naTchkoi 00J1.) BBeneHa B ji0 B 1984 p. Bona 30y-
JI0BaHa B [Jitodill comsaHid maxTi Ha raubuHi 430 M.
3aBASKH MII36MHOMY pPO3TallyBaHHIO TOTIK KOCMi-
YHEX MIOOHIB momasieHo B 10° pasiB mopiBHSAHO 3
MOBEpXHEI0 3eMJi, MOTIK HEUTPOHIB € MEHIINM 32
2.7-10° cm ¢!, KoHIeHTpalis pamoHy B MOBITPi
mena 3a 30 bx-m—. JIaGopaTopist npH3HaucHa I
MIOLIYKY 1 JOCHIPKEHHSI PIAKICHUX MpoLeciB y ¢i3u-
Il aTOMHOTO s7pa Ta €JIEMEHTapHHX YaCTHHOK: I0-
IBIfHOTO OeTa-po3magy aTOMHHX SIIep, PIAKICHHX
anbda- Ta OeTa-po3majiB, EK30TUYHHUX MPOIECIB Ha
3pa3oK po3Malgy €JIeKTPOHa Ta HYKJIOHIB, MEpeBipii
npuHIMIry [layri, TOImyKy 9acTHHOK TEMHOI Mare-
pii, Tomo.
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Binninu Ta na6opatopii / Departments and laboratories

CekUia anepHOi i3nku
Binain Teopii sgpa
KepiBHuk — mokrop ¢i3.-MaT. HayK, WIEH-KOP.
HAH VYkpainn, mpodecop B.M. Komomiernn
OCHOBHI HaIPsMHU HAYKOBO{ MTIsITEHOCTI:

e JlochmimKeHHs MaKpOCKOIIYHOIO KOJEKTHBHOTO
PYXy Ta pIBHSHHS CTaHy B sIpax IpHU CKIHUCHHUX
TeMIieparypax 3 METOI0 BHUSBIICHHS HOBHX BIIACTH-
BOCTeH A1epHOi (epMi-pianHU.

e JlocmimkeHHsl BIUIMBY e(eKTiB mam’siTi Ta mpo-
LeciB penakcamnii Ha KOJEeKTHBHI 30Y/PKEHHS B Apax
Ta SIEPHUI KOJEKTUBHUH PyX 3 BEIMKOIO aMIl-
JITYI010.

e Po3paxyHOK  TpaHCIIOPTHHX  XapaKTEPUCTHUK
SAIEPHOTO KOJIEKTUBHOTO pPYyXy, Takux SK Koedi-
LIEHTH XKOPCTKOCTI, iHEpLii, TePTs, Ta onuc 3 ix Jo-
[IOMOT'0I0 BUMYIIIEHOT'O MOy Aaep.

e JlocmipkeHHsI BIUIMBY OOOJIOHKOBOi CTPYKTYpH
Ha CTaTHUYHI Ta JUHAMIYHI XapaKTEPUCTHKH Cepe/l-
HIX Ta BOXKKUX siIep.

e BuBueHHs OuHaMiku (a30BUX MEpeXoliB i po3-
BHUTKY 00’€MHOI HECTaOUIBHOCTI 30YDKCHHX sIep 3
MOJKJIMBUM 3aCTOCYBaHHSIM TeOpii O pO3paxyHKiB
MyJbTH(parMeHTanii saep Npu 3ITKHEHHI Ba)KKUX
10HIB.
e Po3paxyHkH (QyHAaMEHTAIbHUX XapaKTepUCTUK
(TIOBepxHEBA €HEPTis, CHEPTis 130TOMYHOT CUMETPIl,
MOJyJIb CTUCHEHHS, IPOCTOPOBHI PO3MOMLT HYKIIO-
HiB, MapaMeTp CTATHCTUYHOI T'YCTUHH PIiBHIB) sep,
BIIIAJIEHUX BiJI JOJIWHU CTAOUILHOCTI.

Binain sinepuoi ¢izuku

KepiBHuk — mokTop (i3.-MaT. HayK,
c. H. ¢c. .O. Kopx

OCHOBHI HanpsIMK HAYKOBOI AisTIBHOCTI:

e EKcrnepuMeHTanbHi TOCTIKeHHS Mepepi3iB B3a-
€MOJIii HEUTPOHIB CEpelHIX EHeprid i3 aTOMHHUMH
sIpaMu METOAaMM TIPEeNH3iiHOT HEUTPOHHOI Ta TaM-
Ma-CIIeKTPOMETPii.

e JlochmimKeHHS MEXaHI3MiB B3a€MOIl IIBUIKHX
HEUTPOHIB 3 aTOMHUMH SJpaMU Pi3HOI CTPYKTypH
30yPKEHUX CTaHIB.

e Meroau BU3HAYCHHS CEepelHIX Pe30HAHCHUX Ta-
paMeTpiB i3 mepepi3iB HPY>KHOTO PO3CISHHA HEH-
TPOHIB TAPHO-TIAPHUMH SApaMH B 00JIaCTI HU3BKHUX
eHeprii.

e Teopis mudpakimiiiHoro 6araTopa3oBoro posci-
SIHHS JUTSL TIPOIIECIB MPY>KHOTO Ta HEMPY>KHOT'O PO3-
CISTHHS aIpOHIB SLIpaMHU.
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/ Nuclear physics section

Nuclear theory department

Head — Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.M. Kolomietz

Main fields of scientific activity:

e The investigation of the macroscopic collec-
tive motion and equation of state in atomic nuclei at
finite excitations aimed at the revealing of new
properties of nuclear Fermi-liquid.

e The investigation of the memory effects and
relaxation processes on the collective excitations in
nuclei and the large scale nuclear collective motion.

e The calculations of the transport coefficients
of nuclear collective motion, such as the stiffness of
potential energy, friction and mass parameters, and
their use for the description of induced nuclear fis-
sion.

e The investigation of the shell effects in static
and dynamic properties of medium and heavy nu-
clei.

e The studies of the phase transitions dynamics
and the development of the volume instabilities of
excited nuclei and possible application of the theory
to the calculations of nuclear multifragmentation in
heavy ion collisions.

e The calculation of the fundamental quantities
(surface energy, isotopic symmetry energy, com-
pressibility modulus, space distribution of nucleons,
level density parameter) of nuclei far from the stabil-
ity line.

Department of nuclear physics

Head — Doctor of Phys.-math. Sciences

I. O. Korzh

Main fields of scientific activity:

e Experimental investigations of cross sections for
interaction of medium energy neutrons with atomic
nuclei by the methods of precision neutron- and
gamma-spectrometry.

e [nvestigation of mechanisms of interaction of fast
neutrons with atomic nuclei of different structure of
exited states.

e The methods of determination of average reso-
nance parameters from elastic neutron scattering
cross sections by even-even nuclei for the low en-
ergy region.

e The theory of diffraction multiple scattering for
processes of elastic and inelastic scattering of had-
rons by nuclei.

LIOPIYHUK - 2008



BIJIUIN TA JIABOPATOPIT

e Po3poOka Ta BHUTOTOBIIEHHS PI3HOMAaHITHUX BH-
po06iB, 10 CKIamy SKUX BXOIUTH TPUTIH.

Binain snepHux peakuii
KepiBHuk — kaHmuAat ¢i3.-Mar. HayK,
c. H. c. FO.M. IlaBnenko
OCHOBHI HANIPSIMH HAYKOBOI MisITHHOCTI:

e ExcriepuMeHTallbHI JTOCTI/PKEHHS SJIEPHUX pe-
aKIifl Ha Ty4YKax JErKuX 3aps/OKEHUX YaCTHUHOK,
BOXKKHX 10HIB Ta BTOPHHHUX PaIiOaKTUBHUX SIEp
IIPY HU3BKKUX Ta CEPEIIHIX CHEPTisX.

e BmsHaueHHs MexaHi3MiB mepeliry OiHapHHX Ta
0araToyaCTUHKOBHMX PEaKLill 3a ydyacTI0O MaJlOHYK-
JIOHHHMX A1ep.

e JloCHiKeHHSI CTPYKTYpH CJIA0KO3B’SI3aHUX sIIEp
Ta smep 3 HEUTPOHHWUM HAJUIAIIKOM, BIaCTHBOCTEH
po3many He3B sI3aHUX CTaHIB JETKHUX sifep B O6araTo-
YaCTUHKOBUX PEaKIisiX.

Bigain ¢iznkn BUCOKMX eHeprii

KepiBauk — mokrTop (i3.-mar. HayK,
npodecop B.M. Ilyraua

OCHOBHI HaIPSMH HAYKOBOI AisITBHOCTI:

e BuMipioBaHHs TONEPEYHUX IEPEPi3iB MPOIECIB,
10 TPOTIKAIOTh Yepe3 YTBOPEHHS Ta po3maj pi3HUX
KBapKOBHX CTaHIB IPH B3a€MOJIii MPOTOHIB 3 €HEPTi-
€10 920 T'eB 3 sgpamu.

e JlochmiKeHHSI TMOPYIIEHHS KOMOIHOBaHOI map-
HOCTI TpH po3nami B-me30HIB, yTBOpIOBaHWX IPH
B3a€MOJIi TMPOTOHIB 3 MPOTOHAMH NPU EHeprii
14 TeB.

e Po3poOka HOBMX METOMIB Ta TEXHIKH IS CKCIIe-
PUMEHTIB 3 (Pi3HKH BUCOKHUX €HEPTii.

e PO3BUTOK Teopii MOXITHUX KATETOpi 3 METOIO
0o0YHCIIeHHS CIIEKTPIB BiIOMHX aJpoHiB Ta mependa-
YCHHS HOBHX.

Binain Teopii snepHux peaxmii

KepiBauk — 1oKTOp (i3.-MaT. HayK,
npogecop K.O. Tepenenpkuii

OCHOBHI HampsiIMH HAYKOBOI AisTTBHOCTI:

e OynmamMeHTaNbHI THTaHHA TEOPii SIEPHUX pe-
aKUiil mpu HU3BKHUX eHeprisx. TeopeTHuHe AOCIif-
JKEeHHS TUHAMIKA B3a€EMOIII CJ1a0K03B’ A3aHUX 10HIB 3
aTOMHHUMH siipaMu. J{OCITiIKEHHS TIPOIECiB KIlacTe-
pusauii, momspusauii Ta ¢parMeHTanii y sAepHHUX
peaxiIisx.

e TeopeTnyHe NOCHIIHKEHHS KJIACTEPHOI CTPYKTY-
PH JIETKUX sep Ta ii MpOsBIB Yy SAEPHUX PEaKIlisiX.
Po3pobka MikpockomigyHoi Teopil B3aEMOii TaKux
SJIEp 3 BpaXyBaHHSIM JIBO- Ta TPUTLILHUX KaHATIIB.

e SnepHi peakuii mpu mpoMibKHUX eHeprisx. Teo-
pEeTHYHE JOCHIDKEHHsI TPOIECIB B3a€MOJIl Timep-
siIep Ta eK30THYHUX SiACp 13 3BUYAHHUMU SApaMH.
BuBueHHs 3apsa1000MiHHHAX TIPOIIECIB 3 YTBOPSHHIM

IIOPIYHUK - 2008

e Design and fabrication of various products con-
taining tritium.
Department of Nuclear Reactions
Head — Candidate of Phys.-math. Sciences
Yu.M. Pavlenko
Main fields of scientific activity:

e Experimental studies of nuclear reactions induced
by the beams of light particles, heavy ions and sec-
ondary radioactive nuclei at low and intermediate
energies.

e Determination of mechanisms of the binary and
many-particle reactions with light nuclei.

e Investigation of the structure of weakly-bound
nuclei with neutron and proton excess and of the
decay properties of nuclear unbound states produced
in many-particle reactions.

High Energy Physics Department

Head — Doctor of Phys.-math. Sciences,

Prof. V.M. Pugatch

Main fields of scientific activity:
e Measurement of cross-sections for processes
evolving via creation and decay of various quark
states at the proton-nucleus interaction at the
920 GeV center-of-mass-energy (HERA-B experi-
ment, DESY, Hamburg).
e (CP-violation study of B-mesons decays at the
proton-proton interaction at the 14 TeV energy
(LHCb experiment, CERN, Geneva).

¢ Development of new methods and techniques for
the high energy physics experiments.

¢ Development of the theory of the derivative cate-
gories for the hadron spectra calculations and predic-
tions.

Nuclear Reaction Theory Department
Head — Doctor of Phys.-math. Sciences,
Prof. K.O. Terenetsky

Main fields of scientific activity:

e Fundamental problems of the nuclear reaction
theory at low energies. Theoretical investigation of
the dynamics of weakly bound particles interaction
with atomic nuclei. Investigation of clusterization,
polarization and fragmentation processes in nuclear
reactions.

e Theoretical investigation of light nuclei cluster
structure and its manifestation in nuclear reactions.
Development of the microscopic theory of interac-
tion of such nuclei in two- and three channel cases.

e Nuclear reactions at the intermediate energies.
Theoretical investigation of hyper- and exotic nuclei
interaction with usual atomic nuclei. Study of the
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OCHOBHI IIAPO3JUIN IHCTUTYTY

A pe3onaHciB. JlocimiKeHHS KIACTEPHOT CTPYKTYpH
saep.
e [Ipobnemu (hi3uKH peakiiiid 3TUTTS BaXKKUX 10HIB.
Po3poOka HOBHX METOIB CHIIBHOTO aHANi3y Iepu-
(depiifHUX peakiiid Ta peakLiil 3MUTTS BaXKKHUX 10HIB.

Bingin cTpykrypu siapa

KepiBauk — mokTop hi3.-MaT. HaAyK, akKajeMik
HAH VYxpainu, npodecop [.M. BurineBcbkuit

OCHOBHI HanpsAMH HAYKOBOI AiSTBHOCTI:
o JlocmimkeHHS IIepHO-A/IepHOI Ta anbda-saepHoi
B32€MOIIi.
e JlocmimkeHHs PYKHOTO PO3CISTHHSA 3 BpaxyBaH-
HSIM BIJIIITOBXYBAaHHS Ha MaJUX BIICTaHIX MIXK SiI-
pamu.
o KonekTuBHi 30y/PKEHHS Ta CTaTUCTHYHI BIAaCTH-
BOCTI CEepellHIX Ta BaXKKHX sApax.
e ExcnepuMeHTabHEe JOCHIIKEHHS CTPYKTypU Ta
BJIACTHBOCTEH 30y/PKEHUX CTaHIB aTOMHUX siiep, 110
3aCeNSAI0ThCS y PaliOAKTUBHOMY PO3MAaJli Ta Ha Iy4-
Kax 3apsKEHUX YaCTHHOK.
e JlocmimkeHHS MeXaHI3MIB SJEPHUX peakiliii Me-
TOJAOM i30MEpPHHUX BiAHOIICHL Ha Iy4YKax 3apsKe-
HUX YaCTHUHOK.
o JloCHiKEHHS aTOMHO-SJICPHUX TIPOIIECIB, IO
MPOTIKAIOTh 3 YYaCTHO 3B’sI3aHUX aTOMHHUX EJIEKTPO-
HiB.
e BupueHHS edeKTiB BUIIUX MOPSAIKIB Yy TpoIecax
palioakKTUBHOTO PO3Maay Ta BHYTPIIIHBOT KOHBEPCii
rama-IpoMeHiB.
e JlocmikeHHS BILTUBY HachiakiB aBapii Ha HAEC
Ha JIOBKUJUIA Ta JIIOUHY.
e Po3poOka HOBMX METOIIB Ta TEXHIYHHUX 3acO0iB
pamiaifHuX TEXHOJIOTIH, BKIIOYAIOYN TOCITIHKEHHS
MpolieciB Aerpanaiii ocHoBHoro obnamaHanHs AEC
Ta po3poOka MeToniB (YHKI[IOHATBHHUX BHIIPOOY-
BaHb.

Binain monsipuzaniiiHux npouecis

KepiBauk — 10KTOp (Pi3.-MaT.HAYK,
c.H.c. FO.B. Ki6kamo

OCHOBHI HanpsiMH HAYKOBOI AisTTbHOCTI:
e ExcniepuMeHTalIbHI JTOCII/PKEHHS TOJISIpU3alliii-
HUX e(eKTiB B sIEPHUX peaklisx Ta CIiHOBOI 1 i30-
CITIIHOBOI 3aJIEKHOCTI SAEPHOT B3a€EMOI.
e ExcniepuMeHTaNbHI JOCITIKEHHS BIUIUBY €HEprii
30yKEHHS 1 MIOBHOTO KyTOBOI'O MOMEHTY Ha Maco-
Bi, 3apsIIOBi Ta €HEPreTUYHI PO3MOAUIH YIaMKiB T0-
IITy aTOMHUX sI7ep, YTBOPEHUX Y PeaKIisix i3 3apsia-
JKEHUMH 10HAMH.
e Po3poOka i CTBOpPEHHS MKepea MOJSPU30BaHUX
1OHIB Ta JOCIIJKCHHS IMHAMIKHU CITIHIB B €JIEKTPO-
MarHiTHUX TOJSX MPHU TPAHCHOPTYBaHHI IMOJIIPU30-
BaHUX YaCTHUHOK.
e Po3poOka HOBUX TEXHOJOTIN I BATOTOBJICHHS

charge exchange reactions with A" - resonances for-
mation. Research of the cluster structure of nuclei.

e Problems of physics of heavy ions fusion. Devel-
opment of the new methods of joint analyses of the
peripheral reactions and heavy ions fusion reactions.

Nuclear structure department

Head — Member of National Academy of Sci-
ences of Ukraine, Prof. .M. Vishnevsky

Main fields of scientific activity:

e Study of nucleus-nucleus and alpha-nucleus in-
teraction.

e Study of elastic scattering with account of repul-
sion at small distances between nuclei.

e Collective excitations and statistical properties of
middle and heavy nuclei.

e The experimental investigation of the structure
and properties of excited nuclear states populated by
radioactive decay and charged particle beams

e Study of the nuclear reaction mechanisms by
isomeric ratio method on the charged particle beams

e Study of the nuclear-atomic processes in which
the bound atomic electrons are involved.

e The study of the higher order effects in processes
of radioactive decay and internal conversion of
gamma-rays.

e Study of the influence of Chernobyl accident on
the environment and the population.

e Development of new methods and technical fa-
cilities for radiation technologies, including of study
of degradation processes of NPP’s main equipment
and developing of functional test methods.

Department of polarization phenomena

Head — Doctor of Phys.-math. Sciences

Yu.V. Kibkalo

Main fields of scientific activity:

e Experimental investigations of polarization phe-
nomena in nuclear reactions and spin and isospin
dependence of nuclear interaction.

e Experimental investigations of influence of exci-
tation energy and total angular momentum of nuclei
on mass, charge and energy distributions of fission
products of atomic nuclei formed in reactions with
charged particles.

e Design and construction of polarized ion sources
and study of spin dynamics in electromagnetic fields
during the transportation of polarized particles.

e Design of new technologies for production of
targets for materials enriched by isotopes for nuclear
physics and other applications in science and tech-
nology.
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BIJIUIN TA JIABOPATOPIT

MilmeHed 13 30aradeHux i30TOIMaMH MaTepialiB st
sIepHOi (i3UKU Ta IHIIMX 3aCTOCYBaHb B Haylli i
TEXHILI.

Binain sanepHoi cnekTpockomii

KepiBHuK - TOKTOp i3.- MaT.HaYK,
c.H. c. B.T. Kynpsamikin

OCHOBHI HanpsIMU HAYKOBOT JisUTBHOCTI:
e JlocmimKeHHST BJIACTUBOCTEH EJIEKTPOHIB OJIM3b-
koHynboBoi eHeprii (E ~ 1 eB) B panmioakTuBHOMY
po3mazi Ta Ha My4Ky 3apsAAKeHUX YaCTHHOK.
o ExcnepuMeHTaNIbHI JOCTIIKEHHS Pali0aKTHBHO-
r0 po3Majy 3a JI0MOMOI0I0 raMMa - CIIEKTPOMETPIB.
e JlocmiKeHHSI MEXaHI3My 1 BIIaCTHBOCTEH IpoIie-
cy “crpycy” mpu B-posmami Ta BHYTPIIIHIM KOH-
Bepcii raMMa-poOMEHiB.
e Po3poOKka METOIOWKH MPEHU3idiHUX BHMIPIOBaHb
eHeprii 30y/PKeHUX CTaHIB aTOMHUX S7Ep.

Bingin ¢izukn nenronis(http://Ipd.kinr.kiev.ua)

KepiBHuK — nOKTOp (i3.-MaT. HAYK,
c. H. c. ®.A. JlaneBuu
OCHOBHI HanpsIMK HAYKOBOI AisTIbHOCTI:
e JlocmimKeHHS TOIBIHOTO OeTa-po3Mamy.
¢ [lomryku 9acTHHOK TEMHOI MaTepii.
e Bupuenns piakicaux (3 Tin > 10" p.) ansda- i
OeTa-po3majiB aTOMHUX SIEP.
e [lomryku rimoTeTUYHUX MPOLECIB, IO BUXOJAThH
3a paMKH CTaHIApTHOI Moneni (po3maj eIeKTpoHa 3
MOPYIIEHHSIM 3aKOHY 30€peKEHHS SJICKTPUYHOTO 3a-
psay, po3naza HyKJIOHIB Ta map HYKJIOHIB, OeTa-po3-
maj i3 He30epEeKECHHSIM EJEKTPUYHOTO 3apsay, TO-
pyumeHHs npunnuny Ilaymi, nepexoau siaep y Haji-
UIUTBHUR CTaH, sfepHi po3Maad 3 BHUIIPOMIiHIOBAH-
HSIM KJIACTEPIB TOIIO).
e Po3poOka HU3BKOPOHOBHUX CITUHTIIIAIMIMHUX Ie-
TEKTOPIB.

Binain ¢izuxu Baxkkux ionin

KepiBuuk — moxTop (i3.-MaT. HayK,
mpoecop A.T. Pymuanx

OCHOBHI HaNPSAMH HAYKOBOI MisITBHOCTI:
e ExcnepuMeHTabHE AOCHIKCHHS SIIEPHHUX pea-
KIIiif Ha ITy9YKaX BaXKUX 10HIB.
e MexaHi3MH SICPHUX PEaKIliil 3 BAXKKMMH 10HAMU
Ta CTPYKTypa JIETKHX S/Iep.
e JlocmigKeHHS BIIACTHBOCTEH Ta MOTEHIANIB Sf-
po-smepHOi B3a€MOIIi.
e BuBUeHHS CTPYKTYpH Ta B3a€MO/Iii HECTAOLTBHUX

(EK30THYHMX) AP 3a MTOMOMOTOI0 peaKIliii 3 Bax-
KUMH 10HAMH.

e JlocmimKkeHHsT TTOPOTOBUX, 130TOINIYHUX Ta i300a-
pUYHUX €(EeKTIB y PO3CISIHHI f1ep Ta SAPO-AaepHil
B33a€EMOJIII.

IIOPIYHUK - 2008

Nuclear spectroscopy department

Head - Doctor of Phys.-math. Sciences

V.T.Kupryashkin

Main fields of scientific activity:
e Investigation of the properties of near-zero en-
ergy electrons (E~1eV) in radioactive decay and on
the beam of charged particles.
e Experimental investigation of radioactive decay
by means of magnetic- and gamma- spectrometers.
e Investigation of the mechanism and properties of
shaking processes in - decay and in internal con-
version of y- rays.
e Development of methods for high precision
measurements of the nuclear exited state energies.

Lepton Physics Department

(http://Ipd.kinr.ki ev.ua)

Head — Doctor of Phys.-math. Sciences

F.A. Danevich

Main fields of scientific activity:

e Investigation of double beta decay.

e Search for the dark matter particles.

e Studies of rare (with T;, > 10" yr) alpha and
beta decays of atomic nuclei.

e Searches for hypothetical processes beyond the
Standard Model (decay of electron with violation of
electric charge conservation, decay of nucleons and
pairs of nucleons, charge non-conserving beta decay,
violation of the Pauli principle, transition of nuclei
to superdense state, nuclear decays with emission of
clusters, etc.).

e Development of low-background scintillation
detectors.

Department of heavy-ion physics
Head — Doctor of Phys.-math. Sciences,
Prof. A.T. Rudchik

Main fields of scientific activity:

e Experimental investigation of nuclear reactions
on heavy ion beams.

e Mechanisms of the heavy ion induced nuclear
reactions and the structure of light nuclei.

e Studies of the properties and potentials of nu-
cleus-nucleus interaction.

e Study of structure and interaction of unstable
(exotic) nuclei by means of heavy ion reactions.

e Investigation of threshold, isotopic and isobaric
effects in nuclear scattering and nucleus-nucleus
interaction.
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OCHOBHI IIAPO3JUIN IHCTUTYTY

Binais sinepHo-aTOMHUX npoueciB

KepiBaUK —10KTOp (i3.-MaT. HayK,
mpodecop O.1. JleBoH.

OCHOBHI HaNPSIMH HAYKOBOI MisITBHOCTI:
e FExcrnepuMeHTalbHE JOCHIIKEHHS CTaTUYHUX
MAarHiTHUX JUIIOJIBHUX Ta €IEKTPUYHMX KBaIpymo-
JIbHUX MOMEHTIB 30y/DKEHHUX siIep Ta UMOBIPHOCTEH
€JIEKTPOMArHITHUX HEPEXOIiB.
e On-line y-crexTpocKomis Ha MydYkax 3apsaKe-
HUX YaCTUHOK Ta BYKKUX 10HIB.
e  CHexTpOCKOMis B peakilisix nepeaad.
e Po3poOka Ta BHOPOBAaKEHHS METOHIB SIEPHOTO
MiKpoaHaji3y Ha 1OHHUX IydYKax JJIsl JOCHiKEHHS
MatepiaiiB: pe3ep(opIaiBCHKOro 3BOPOTHOIO PO3Ci-
SIHHS1, IPY>KHOTO PE30HAHCHOTO PO3CISIHHSA, SACPHUX
peaxIiii, XapakKTepUCTUIHOTO PEHTTEHIBCHKOTO BH-
npoMiHioBaHHS. Po3mupeHHs iX aHaTiTHYHUX MOXK-
JUBOCTEH 3aBASKU TMOETHAHHIO 3 BHUKOPUCTAHHIM
Opi€eHTAIMHNX e(eKTiB y KpHUCTAIIYHUX Marepia-
Jax.
e PagmiocriekTpockomivHI JTOCHIPKEHHST paiaiini-
HUX TIOIIKO/KEHb y KpHCTaJIaX OPTaHIYHUX CIIONYK.

JlaGoparopist 4acoBOro aHaJjisy siiepHuX mpo-
necis

KepiBaEK — JOKTOp (i3.-MaT. HAYK
npogecop B.C. OnbxoBchkuit

OCHOBHI HanpsIMH HAYKOBOI AisTbHOCTI:
e TeopeTnyHi AOCHIKEHHS MPOLECIB TyHEIIOBaH-
HSl YACTHHOK 1 si7Iep Kpi3h Pi3HI TUIH MOTEHIiaIbHUX
Oap’epiB.
o JloCHiKCHHST TadbMIBHOTO BUIPOMIHIOBAaHHS
(doToHIB y mporiecax anbha-po3namy.
o TeopeTnuHi JOCHI/DKEHHS TMPOLECIB EBOJIOIIT
po3naay pasioaKTUBHUX sEP.
e Po3poOka MeToay OOCHIIKEHHS TyHEIIOBaHHS
YaCTUHOK P HAasBHOCTI KBAHTOBOTO TEPTS.
e BockoHaNEHHS METOJIIB SIIEPHOT XPOHOMETPI 13
BpaxyBaHHsIM 30yIUKEHHS PalioOakTHBHUX f1Ep Y
HIPUPOAHUX IPOLIEcax.
e JlocmimKeHHS KIHCTUKM Ta OWHAMIKH JICHITOH-
SIIEPHUX 1 aTPOH-SAICPHUX 3ITKHEHb.

Bignin simepHoi elekTpoHIKN Ta 3aco0iB aBTO-
MaTu3auil

KepiBHUK — JOKTOp TEXH. HayK,

c. H. c. A.Il. Boiitep

OCHOBHI HanIPSIMA HAYKOBO-TEXHIYHOT MisUTBHOCTI:

e JlocmkeHHS Ta po3poOKa MeToHdiB i 3aco0iB
300py, HAKONMMYEHHS Ta aHANi3y AaHuX snepHo-(i-
3UYHUX EKCIIEPUMEHTIB.

e Po3pobka TPHUCTPOIB SAAEPHOI EIEKTPOHIKA Ta
CTBOPEHHS Ha iX OCHOBI CUCTEM J|Isi aBTOMATH3aIlii
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Department of Nuclear-Atomic Processes
Head — Doctor of Phys.-math. Sciences,
Prof. A.L. Levon

Main fields of scientific activity:

e Experimental study of the static magnetic dipole
and electric quadrupole moments of excited states of
atomic nuclei and the probabilities of the electro-
magnetic transitions.

¢ On-line gamma-ray spectroscopy using beams of
the light and heavy ions from accelerators.

e Nuclear spectroscopy in the transfer reactions.

e Development and implementation of the methods
of nuclear microanalysis of materials with the ion
beams: Reserford back scattering, elastic resonance
scattering, nuclear reactions, characteristic X-rays.
Extension of their analytical potentials using the ori-
entation effects in the crystal materials.

e Radio-spectroscopic studies of the radiation dam-
ages in the crystals of organic compositions.

Laboratory for time analysis of nuclear processes
Head - Doctor of Phys.-math. Sciences,
Prof. V.S. Olkhovsky
Main fields of scientific activity:

Theoretical investigation of particle and nucleus
tunneling through the different types of potential
barriers.

e Research of bremsstrahlung in the alpha-decay
processes.

e Theoretical investigation of the decay evolution
of the radioactive nuclei.

e The investigation of the particle tunneling in the
presence of quantum dissipation.

e The -elaboration of the nuclear-chronometry
methods by the account of excitations during the
formation of the radioactive nuclei in natural proc-
esses.

e Research of the kinetics and dynamics of the lep-
ton-nuclear and hadron-nuclear collisions.

Nuclear Electronics and Automatic Means
Department

Head - Doctor of Techn. Sciences

A.P. Voiter

Main fields of scientific activity:

e Analysis and working out of means for collect-
ing, acquisition and analysis of data obtained in nu-
clear physics experiments.

e The development of nuclear-electronic equip-
ment and creating on its basis the systems for auto-
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BIJIUIN TA JIABOPATOPIT

JOCITIKEHb Ha SACpHO-(PI3MYHUX yCTaHOBKaX iH-
CTUTYTY.

e Po3poOka crremniaaizoBaHOTO MPOTPaMHOTO 3a0e3-
MEYCHHA [JII aBTOMATU30BaHUX CHUCTEM SAOCPHO-
(i3UYHUX EKCTIEPUMEHTIB.

e Pozpobka mporpamHoro 3aGe3nedeHHs s 00-
POOKM TaHMX Ta TEOPETUYHHUX PO3PaxXyHKIB y snep-
Hil ¢izuii.

e Po3po0Oka Ta aHaNi3 METOMIB 1 3aCO0IB ITiABHUILCH-
Hs €()EKTUBHOCTI POOOTH KOMIT IOTEPHUX MEPEXK.

e HaykoBo-TexHiuHE 3a0€3MEUCHHSI EKCIIEpUMEH-
TaNBHUX POOIT HA AAepHO-(DI3UYIHUX yCTAaHOBKAX.
e Po03BHUTOK Ta eKCILTyaTallis JIOKAJIbHOI KOMII f0-
TEepPHOI MepeXi IHCTUTYTY.

JladopaTopist ¢pizuko-TexHiYHUX MpodaeM
JKepeJt siIepHUX BUNPOMiHIOBaHb

KepiBuuk — kanj1. Tex. Hayk M.®. Konowmierp

OCHOBHI HaNpsSIMU HAYKOBO-TEXHIYHOI AiSITBHOCTI:

e Po3poOka Ta eKCIIepUMEHTAIBHE JOCIiIKCHHS
(i3UKO-TEXHIYHUX XapaKTEPUCTUK METANO-TPUTIE-
BUX (JEUTEPIEBUX) CTPYKTYP.

e Po3poOka Ta eKCIiepUMEHTANbHE JOCIIIKEHHS
(i3UKO-TEXHIYHUX XapPaKTEPUCTHK sEpHO-(i3NY-
HUX TPHWIaAiB Ha OCHOBI METaJIO-TPUTIEBUX (IeiTe-
PIEBUX) CTPYKTYD.

e Po3pobka Ta ekcriepuMeHTaNbHE TOCIiIKEHHS
(hI3UKO-TEXHIYHUX XapaKTEPUCTHK JDKEPET SIIEPHUX
BUITPOMIHIOBaHb Ha OCHOBI METaJO-TPUTIEBUX CTPY-
KTyp, MIIIeHeH UId TPUCKOPIOBAYIB 3apsHKEHIX
YaCTHHOK, TOIIIO.

e Po3po0Oka Ta gocnimkeHHs (Hi3MKO-TeXHIYHUX Xa-
PaKTEpUCTUK MajJoTrabapUTHHUX BiIMasHUX MPUCKO-
PIOBAJILHUX TPYOOK JJIsl TeHepallii HeWTPOHiB.

e Po3pobka Ta HOCHiIHKEHHS TEHEPaTOpiB TepMO-
AJEpHUX HEHUTPOHIB HA OCHOBI NMPHCKOPIOBAIBHUX
TpyOOK.

e Po3po0OKa TEXHOJOTIYHUX METOiB BUTOTOBIICHHS

BHUINE3a3HAYCHUX TPUCTPOIB Ta 3JIHCHEHHS TEXHO-
JIOTIYHUX MPOIIECIB IX BUTOTOBIICHHS.

matization of experiments on the institute installa-
tions.

e Designing of specific software for the automatic
systems used in nuclear-physic experiments.

e Designing the specific software for the data proc-
essing and theoretical calculations of the nuclear
physics.

e Development and analysis of the methods and
means to increase the efficiency of mono-channel
networks functionality.

e Scientific and technical support of experiments
on the institutes nuclear-physic devices.

e Development and exploiting the local institute
network.

The laboratory of the physicotechnical prob-
lems of the nuclear radiation sources

Head — Candidate of Techn. Sciences
M.F. Kolomiets
Main fields of scientific and technical activity:

e Development and the experimental analysis of
the technical characteristics of metal-tritium (metal-
deuterium) structures.

e Development and the experimental study of the
technical characteristics of nuclear physics instru-
ments based on the metal-tritium (metal-deuterium)
structures.

e Development and the experimental investigation
of the technical characteristics of the nuclear radia-
tion sources based on the metal-tritium structures, in
particular, the targets for the charged particles accel-
erators.

e Development and study of the technical charac-
teristics of small sealed-off accelerator tubes for the
neutrons generation.

e Development and study of the generators of
thermonuclear neutrons on the accelerator tubes ba-
Sis.

e Development of the technological processes for
the mentioned above instruments manufacture and
their production.

Cekuia aTomHOi eHepreTuku / Atomic energy section

Binnin Teopii snepHux peakropis

KepiBHuk — nokTOp i3.-Mat. HAYK,
npodecop B.M. IlasnoBuu

OCHOBHI HaNPsIMHU HAYKOBO{ MTIsTTEHOCTI:

o Teopernune mOCHTiKEHHS MUTAHb OC3IEKH sIe-
PHHUX PEaKTOpiB Ta AAEpHO HEOE3MEYHHUX CHCTEM Y
CTalliOHApHUX 1 MepexigHux pexumax. PozpaxyHku
KPUTHYIHOCTI 1 HEHTPOHHUX TMapaMeTpiB, CTBOPCHHS
MOJIeJICH TIEPeXiIHUX MPOLIECIB, B TOMY YHCIIi aBa

IIOPIYHUK - 2008

Department of the Nuclear Reactor Theory
Head - Doctor of Phys.-math. Sciences,

Prof. V.M. Pavlovych

Main fields of scientific activity:

e The theoretical investigation of the nuclear reac-
tor and nuclear system safety problems in steady
state and transient regimes. The calculations of the
criticality and neutron parameters, the development
of the models of transient processes including hazar-
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OCHOBHI IIAPO3JUIN IHCTUTYTY

pifiHUX.

e PO3BHUTOK METOIIB IOiarHOCTHKH CKYI4Y€Hb SIAEP-
HOHEOE3MEYHNX MaTepiajiB, MO TiIAThCA, (00’ €KTY
«YKpHTTS», CXOBHII BiANPAalLOBAHOTO IalKBa) Ha
OCHOBI  JUCKPETHHX  CTaTUCTHUYHHUX  MOAeJeH
HEHUTpOHHMX 1mIymiB. Po3BUTOK MeTOOMK BH-
MipIOBaHHS KOe(illiEHTY PO3ZMHOXCHHS Ta BUTOpaH-
HSl TajIMBa y TIMOOKO MiIKPUTUYHUX CHCTEMAX.

e JlocmimkeHHST CTaIiOHApHUX 1 TEPEXITHUX pe-
XKHUMIB O€3MEUHHX SAEPHUX PEaKTOPiB HOBOT'O MOKO-
JIIHHA. AHAJTITAYHE Ta YUCEJIbHE HOCIIHKEHHS IIBU-
KX PeakTopiB Ha MOBUIBbHINA XBHIII SAEPHUX TTOMI-
niB (peakrop ®eokrictoBa). CTBOpeHHS (Hi3U4HOL
KOHIIETiT BUCOKOTIOTOYHOT'O MiAKPUTUYHOTO JOCHi-
JHHIBKOTO PEaKTopa.

e AHaii3 pi3HOMaHITHUX HENiHIMHUX Ta CTOXAaCTH-
YHUX HEUTPOHHHUX TPOIECIB y MIMPOKOMY Jiarma3oHi
30ypeHb BiJi 00EPHEHUX 3B’SA3KIB Ta KEPYBaHHs, CTa-
LIOHAPHUX Ta HECTAL[IOHAPHUX PEKUMIB y KPUTHU-
HOMY cTaHi, MeX criiikocTi. [loOymoBa camoysro-
JUKEHOI HEJNHIMHOI MOIell KIHETUYHUX SIBUII HEWT-
POHHOI CUCTEMH Yy KPUTHYHOMY Ta MiIKPHUTUIHOMY
CTaHax.

e JlochmimKeHHs] XaOTUYHUX PEKUMIB B CHEPreTHY-
HUX SIIEPHUX PEaKTOpax.
o SnepHo-i3uuHI OCTIKSHHS B AHTaApKTU/II.
Binain npobaem no3umerpii sigepHUX peakTo-
piB
KepiBark — kanauaat ¢i3.-MaT. HayK
B.M. bykaHos
OCHOBHI HamnpsIMH HAYKOBOI AisTBHOCTI:
e Jlocmimkenuss mporecy (HoOpMyBaHHS ¥ TOMIHU-
PEHHSI HEUTPOHHOT'O MOTOKY B CEPENOBHILII SAAEpHO-
IO €HEPreTUYHOr0 PeaKkTopa.

e Po3poOka Ta BIOCKOHAJICHHSI CyYaCHUX HayKOBO-
OOTPYHTOBAaHUX METOAWK JO3MMETpii 3pa3KiB-CBiI-
KiB, KopIitycy peaktopa tuny BBEP ta BHyTpimHBO-
KOPIIyCHHX IIPUCTPOIB.
e BusHaueHHS YMOB ONPOMIHIOBaHHSI, TOTOYHOTO
Ta HAKOMHMYEHOI0 pajiallifHOTO HaBaHTAXKCHHS
KOP.IIyCY PeaKkTopa Ta BHYTPIIIHBOKOPITYCHUX NpU-
CTPOiB MiI0YMX eHepreTHYHUX peakrtopiB AEC
Ykpainu.
e BusHaueHHs (YHKIIOHATIB HEUTPOHHOTO IIOTO-
Ky, IIIO JIi€ Ha 3pa3KU-CBIIKM METalTy KOPITYCy peakx-
TOpa, sKi orpoMiHtoBanucs y peakropi BBEP-1000.

Binain HeliTponHoi ¢izuku

KepiBauk — kang ¢i3.-mar. HayK,
c. H. c. 0.0. I'punait

OCHOBHI HanpsAMH HAYKOBOI AisTbHOCTI:

e JlocmimkeHHs saepHO-PI3MIHNX XapaKTEPUCTHK
aToMHUX siiep Ha KuiBChbkOMY JOCITITHUIIBKOMY pe-
akropi BBP-M.
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dous.

e The developments of the methods of nuclear fis-
sion materials accumulation diagnostics (Object
»Shelter”, spent fuel storages) on the base of discrete
statistical models of neutron noises. The develop-
ment of the methods of multiplication factor and fuel
burnup measurements in deep subcritical systems.

e The investigation of the steady state and transient
regimes of the safe nuclear reactors of the next gen-
eration. The analytical and numerical calculations of
the slow autowave fission reactors (Feoktistov reac-
tor). The development of the physical concept of the
high flux subcritical research reactor.

e The analysis of the nonlinear and stochastic neu-
tron processes with different perturbations due to
feedbacks and reactor control, the stability analysis.
The development of the self-consistent nonlinear
models of the neutron kinetic processes in critical
and subcritical states.

e The investigation of the chaotic regimes in power
nuclear reactors.

e Nuclear investigations in Antarctica, the detec-
tion of the cosmic rays of ultrahigh energy using
Antarctic ice.

Department of the Nuclear Reactor Dosimetry
Problems

Head — Candidate of Phys.-math. Sciences

V.M.Bukanov

Main fields of scientific activity:

e Researches of formation and propagation of neu-
tron flux in the power nuclear reactor environment;

e Developing and advancing of modern scientific
methodologies for the dosimetry of surveillance
specimens, WWER reactor pressure vessels and in-
travessel arrangements;

e Determination of irradiation conditions, current
and accumulated radiation exposure of reactor pres-
sure vessel and intravessel arrangements for Ukrain-
ian operating power units;

e Determination of the neutron flux functionals
influencing on surveillance specimens irradiated at
WWER-1000 reactor.

Neutron Physics Department

Head — Candidate of Phys.-math. Sciences
0.0. Gritzay

Main fields of scientific activity:

e Investigation of nuclear and physical characteris-
tics of nuclides at Kyiv Research Reactor WWR-M

IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPATHU



BIJIUIN TA JIABOPATOPIT

e BuzHaueHHS HEHTPOHHHX TEPEPi3iB MPH B3aEMO-
Ilii KBa3IMOHOCHEPTETHIHUX HEHTPOHIB 3 cepeaHIMHU
SHepTisMH BiJl TEIUIOBHX 110 ~ 150 keB 3 Bucokoio
TOYHICTIO 3 METOIO OTPUMAaHHS OAHO3HAYHHX sIIIEp-
HO-(Qi3MYHUX XapaKTEPUCTHK, HEOOX1MHUX IS PO3-
BUTKY MOJICJIbHHUX YSIBJIEHB IIPO MEXaHI3MHU B32EMO-
I HEUTPOHIB 3 SAPAMH.

e BusHaueHHs mepepi3iB peakiiidl 3 BUIBOTOM 3a-
PAIKEHUX YacTHHOK 3 METOI0 BHBUEHHS IPOLECIB
eMicii 3apsIHKEHNX YaCTHHOK.

e JlocmiKeHHS] raMMa-CIIeKTPiB 3 peakwii ycepea-
HEHOTO II0 PEe30HaHCaX paiallifHOTO 3aXOIUICHHS
HEHUTPOHIB 3 METOK OTpuMaHHs iH(opmamii mpo
CHiHM Ta apHOCTI 30y KEHUX CTaHiB siep.

e BocKoHaNeHHS ICHYIOUHX Ta BIPOBAKCHHS
HOBHX EKCIICPUMEHTAIILHUX METOIUK, PO3poOKa Ta
BITPOBA/DKEHHSI HOBUX HEUTPOHHUX (PIIBTpIB (B TO-
My YHCIi I 3a1a4d OOp-HEUTPOH 3aXBaTHOI Tepa-
mif).

e 3ales3nedyeHHs MiSTIBHOCTI YKPaiHCHKOTO LEHTPY
snepaux nanux (http://ukrndc.kinr.kiev.ua): xomrmi-
TSI eKCIIEPUMEHTAIBHUX SACPHUX JTAHUX YKpaiH-
CHKHX BYCHHX Yy MixkHapoaHy cuctemy CSISRS; Ha-
KOIUYCHHS Ta OHOBJICHHs 1H(OpMAaIliiHOl 0a3u s
MPOBEJICHHS AACPHO-(DI3UYHUX PO3PaxXyHKIB; pPO3IIO-
BCIO/DKEHHST KOMIT' FOTEPHUX Mporpam s (yHnaa-
MEHTAJIBHUX 1 MPUKIATHIX PO3PAXYHKIB.

Binaisn gocaifHUIBKOTO AIEPHOTO peaKkTopa
KepiBHuK — moKTOp (Pi3.-MaT.HAYK,
wreH-kop. HAH Ykpaiau B.1. Cricenko
OCHOBHI HanpsIMK HAYKOBOI JIiISTBHOCTI :
e HaykoBo-TexHiYHa MiATpUMKa eKcIuTyaTamii o-
CJIIJHULIBKOTO SJIEPHOTO PEaKTopa.
e JlochmifKeHHS HHM3bKOCHEPTeTHYHHUX 30yIKECHb
KOHJICHCOBAaHOTO CTaHY PEYOBHMHH (KOJIMBaHHS aTo-
MiB 1 MOJIEKYJ, JU]y3isd aTOMIB i MOJEKYHI, eeKTH
KPUCTAIIYHOTO €JIEKTPUYHOIO MOJIsI B CIIOJIyKax Pif-
KO3EMEJIbHUX EJIEMEHTIB) 3a JONOMOIOI0 CIIEKTPO-
CKOTI] MOBIJTbHUX HEUTPOHIB.
e JlocmimKeHHs saep, IO AUIATHCS, 332 JOIIOMOIO0
CIEKTPOMETPii MHOKUHHOCTI.
e Po3poOka pamamifHUX TEXHOJIOTIH,
OTPUMAaHHS PalioaKTUBHUX 130TOIIIB.

30KpEMa

e Po3poOka MeToniB BU3HAYEHHSI BMICTy pajlioax-
TUBHHUX PEUOBHH, 10 AUIATHCS.

HapuyanbHuii neHTp 3 Qi3 HYHOrO 3aXHCTY,
00JIiKy Ta KOHTPOJIIO SI/ICPHOT0 MaTepiaxy
KepiBauk — kana. ¢i3.-mat. Hayk B.1. 'aBprrok

OCHOBHI HalpsIMH HayKOBOi Ta OCBITHBOI AisTb-
HOCTI:

e Po3poOKka HOPMATHBHO-TIPABOBHX aKTIB 3 (i3uy-
HOTO 3aXHCTY, OOJIIKY Ta KOHTPOJIO SACpHUX Mare-
piais.

IIOPIYHUK - 2008

e Determination of high precision neutron cross
sections by the interaction of quasimonoenergy neu-
trons with energies from thermal up to ~ 150 keV
for unambiguous determination of information nec-
essary for modeling of mechanism of neutron inter-
action with nuclei

e Determination of cross sections of the reactions
accompanied by the charge particle.

e Investigation of gamma spectra from the aver-
aged over resonances neutrons capture for obtaining
the data on spin and parity of exited nuclear states

e Improvement of existing and implementation of
new experimental technique, such as new neutron
filters (in particular, for the tasks of Boron Neutron
Capture Therapy)

e Ensuring the Ukrainian Nuclear Data Center
(http://ukrndc kinr.kiev.ua) activity: compilation to
EXFOR/CSISRS international database of the ex-
perimental nuclear data obtained by Ukrainian scien-
tists; development and updating of databases for nu-
clear and physics calculations; distribution of com-
puter codes for fundamental and applied calcula-
tions.

Department for Nuclear Research Reactor
Head — Corresponding Member of National

Academy of Sciences of Ukraine V.I. Slisenko
Main fields of scientific activity:

e Scientific and technical support of operation of
Nuclear Research Reactor.

e Investigation of low-energy excitation of con-
densed state of material (atoms and molecules vibra-
tions, atoms and molecules diffusion, effects of crys-
tal electric field in materials of rare-earth ele-
ments)by means of slow-neutrons spectroscopy.

e Research of fissionable nucleus with multiplicity
spectroscopy.

e Development of radiation technology methods,
especially for the generation of radioactive isotopes.

e Development of methods for testing of fissile
radioactive substances.

George Kuzmycz Training Center for Physical
Protection, Control and Accounting of Nuclear
Material (GKTC)

Head — Candidate of Phys.-math. Sciences
V.L.Gavryliuk
Main fields of scientific and educational activity:

e Development of regulatory documents on physi-
cal protection, control and accounting of nuclear
materials.
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OCHOBHI IIAPO3JUIN IHCTUTYTY

e HaykoBo-TeXHIYHUI CYNpPOBiA Ta y4yacTb y Hpo-
BEIICHHI Jep KaBHOI €KCIIEPTU3N B Tally3i OOJIIKy Ta
KOHTPOJIIO SIIGPHUX MarepialiB, Gi3UIHOTO 3aXHCTY
SICPHUX YCTaHOBOK, SIIEPHUX MaTepiaiiB.

o [linBumenns kBamidikarmii gaxisiiB 3 Gpi3uIHOTO
3aXHCTY, OOJIIKY Ta KOHTPOJIIO SACPHUX MaTepialliB.
e Po3poOka Ta BIPOBaKEHHA HA SACPHUX YCTaHO-
BKax YKpaiHH aBTOMAaTH30BaHUX CHCTEM OOJIKy Ta
KOHTPOJIIO SJEPHUX MaTepialib.

e Po3poOka MeETOAIB HEPYHHIBHOTO KOHTPOIIIO
sinepHoro nanuea AEC Ykpainu.

e Opranizalis Ta IPOBEACHHS HAyKOBO-TEXHIYHUX
KoH(pepeHItid, poboumx 3ycTpidei, cemiHapiB 3
aKTyalbHUX MUTaHb (PI3UYHOTO 3aXHCTy, OOJIKYy Ta
KOHTPOITIO STIEPHUX MaTepiaiB.

HaBuanpHuil 1IeHTp CIIBIpAMIOE 3 HAIllOHATHHH-
MU JaboparopismMu  MiHiCTepCTBa  EHEPreTHKH
CIIIA, 3 O0’eqHaHUM TOCIITHUIIBKUM IIEHTPOM €B-
pomneiicekoi komicii, MAI'ATE, HaBuaaIsHUMH IICH-
Tpamu 3 (DI3UYHOTO 3aXUCTy, OOJIKY Ta KOHTPOJIIO
Pociiicekoi @eneparii, 3 migposainamun Minnanuse-
Hepro, MHC, HepxatomperymoBanusi, MBC Ta
CBY VYkpaiau, npudeTHUMHA 10 (Gi3HIHOTO 3aXHCTY,
00JIIKy Ta KOHTPOJIIO SIEPHUX MaTepialiBb.

Y HaBuanbHOMY IEHTpi MiABHIYIOTh KBamidika-
miro daxismiB Ykpainu, CHJI ta bantii. MAT'ATE
CriibHO 3 HaBYaJlbHUM IIEHTPOM MPOBOJUTH PErio-
HaJIbHI HaBYaJIbHI KypcH uid daxisui LlenTpanbHoi
ta CximHoi €Bpomnu.

e Scientific and technical support and participation
in the state expertise in the field of control and ac-
counting of nuclear materials, physical protection of
nuclear facilities, nuclear materials.

e Qualification upgrading of specialists involved to
physical protection, control and accounting of nu-
clear materials.

e Design and implementation of computer aided
systems for control and accounting of NM at
Ukrainian nuclear facilities.

e Development of NDA methods for nuclear fuel
of Ukrainian NPPs.

e Organization and carrying out of scientific and
technical conferences, technical meetings, work-
shops on actual topics of physical protection, control
and accounting of nuclear materials.

e GKTC cooperates with national laboratories of
US DOE, with Joint Research Center of European
Commission, IAEA, training centers for physical
protection, control and accounting of nuclear materi-
als of Russian Federation, with departments of the
Ministry of Fuel and Energy of Ukraine, Ministry
for Emergencies, State Nuclear Regulatory Commit-
tee, Ministry of Interior and Security Service of
Ukraine that related to physical protection, control
and accounting of nuclear material.

e GKTC activity aims at raising the level of quali-
fication of Ukrainian specialists, CIS and Baltic
countries specialists. Mutually with GKTC the
IAEA arrange regional training courses for special-
ists from Central and Eastern Europe.

Cexuia isuku Teepaoro Ttina / Solid state physics section

Bingin Treoperuunoi ¢izukn

KepiBHUK — TOKTOpP (Pi3.-MaT. HAYK, YWICH-KOP.
HAH Vkpaiuu, npodecop B.1. Cyraxos

OCHOBHI HaIIPsMHU HAYKOBO{ MTIsTTHHOCTI:
e ®da30Bi nepeTBopeHHs Ta eeKTH caMmoopraHiza-
mii B KpUCTajax IpH SASPHOMY Ta €JIEKTPOMAarHiT-
HOMY ONPOMiHEHHi.

e FEHepreTwuHi CHEKTPH, ONTHYHI BIACTUBOCTI Ta
CIiHOBI e()eKTH HHU3BKOPO3MIPHUX HAIiBIIPOBIIHHU-
KOBHX CTPYKTYD.

e TeopeTHyHi AOCTiKEHHSI TPAHCHIOPTY HOCIIB 3a-
psny B HaMiBIPOBIJHUKOBUX HOMIMEpaXx.

e Teopis HamiBIIPOBIAHUKOBUX KPEMHIEBHX JIETEK-
TOpIB.

e Po3sciloBaHHS HEWTPOHIB Ta MecOayepiBCHKOrO
BUIPOMiHIOBaHHSI KOH/IEHCOBAHOIO PEYOBHHOIO.

e Teopist crieKTpiB aTOMHHX siliep, 10 00epTaroTh-
csl.
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Department of Theoretical Physics
Head - Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.I. Sugakov
Main fields of scientific activity:
e Phase transitions and self-organization effects in
crystal under nuclear and electromagnetic irradia-
tion.
e Energy spectra, optical properties and spin effects
in low dimensional semiconductor structures.
e Theoretical research of the charge carrier trans-
port in semiconductor polymers.
e Theory of the silicon-based semiconductor detec-
tors.
e Neutron and Mdssbauer radiation scattering by
the condensed matter.
e Theory of the spectra of rotating atomic nuclei.

IHCTUTYT AJEPHUX JOCJIIPKEHb HAH YKPATHU



BIJIUIN TA JIABOPATOPIT

Binain pagianiiinoi ¢pisukn

KepiBHUK — TOKTOp (pi3.-MaT. HayK,
mpodecop IL.T". JluroBueHko

OCHOBHI HANIPSIMH HAYKOBO1 MisITBHOCTI:

e JlocnmipKeHHs! BIUIMBY SIIEPHUX BHUIIPOMIHIOBAHb
Ha (i3WYHI BJIACTUBOCTI aTOMapHUX i OiHAPHUX Ha-
MIBIPOBITHUKIB Ta MPUIIAIIB HA iX OCHOBI.

e JlocmimkeHHs pafialiiHuX 1 pocToBUX AedeKTiB
Yy HaIBIPOBITHUKAX Ta KIHCTHKH NepeOymaoBH Je-
(PEKTHO-TOMIIIKOBUX KOMIIJICKCIB.

e HeiliTporHO-TpaHCcMyTalliifHEe JIeTyBaHHS HaIIiB-
MIPOBIIHUKIB 1 BUBYCHHS 1X BIaCTHBOCTEH.

e Po3poOka Ta BUTOTOBJICHHS Pi3HUX THUIIIB HAIliB-
MPOBIIHUKOBHX JIETEKTOPIB AJIS TO3UMETPIi Ta CIeK-
TPOMETPIi AAepHUX BUIIPOMIHIOBAHb.

Binain pagianiiinoro marepiaiio3HaBcTBa

KepiBHuk — nOKTOp (i3.-MaT. HayK, YJIEH-KOP.
HAH Yxkpainn, mpodecop E.VY. I'punik

OCHOBHI HanpsIMK HAYKOBOI AisTIbHOCTI:

e BusHaueHHs 3aKOHOMIPHOCTEH pajialiiHOro mo-
IITKODKCHHS TBEPIUX Tijl, BUOIp HAMOIIBIIT TIEPCIIeK-
THBHMX KOHCTPYKIIIHHHUX MartepiajiB peakTopoOy-
JTyBaHHSL.

e PamiamiifHO-MaTepialo3HaBUl aCHEKTH Oe3IMeKH
JUI0YMX PEaKTOpPiB, 30KpeMa JOCIIKSHHS pajiialliii-
HOTO OKPUXYYBAaHHS KOPIYCHOI CTaji Ta BU3HAYCH-
HS pecypcy 0e3medHoi poOOTH KOPITYCiB PeakTOpiB
tuiry BBEP-1000.

e JlocmimkeHHS KIHETHKH TOYKOBHX JC(HEKTIiB IpH
ONPOMIHEHHI Ta POJi pamiallifHUX Ta TEPMIYHHUX
BaKaHCIH y 3epHOMEXEBIH perakcarii.

Cekuia @i3vku nnasmu

Binmisn Teopii snepHoro cuHTe3y

KepiBauK — noKTOp (i3.-MaT. HAYK,
npodecop f1.1. KonecuuueHnko

OCHOBHI HaIIPsIMU HAYKOBOI AisITBHOCTI:

TeoperndHi mocmiKeHHsT (I3UYIHUX MPOIIECIB Y
IUI1a3Mi TOPOINAILHUX TEPMOSIIEPHUX CHCTEM, TIepe-
JyCiM, TPOIECiB, TMOB’S3aHUX 3 10HAMHU BUCOKHX
eHepriii (HaaTeroBuMu ioHaMu). Po3poOnstoThes
MUTaHHS (QYHAaMEHTAIBHOTO XapakTepy, a TaKoX
Taki, IO COPSMOBaHI Ha MOSCHEHHS KOHKPETHHX
EKCIIEPHUMEHTAIIbHUX TaHUX Ta Ieper0adeHHs] HOBUX
e(hekTiB, 30Kpema:
e Anb(]BEHIBCHKI CIEKTPH Ta HECTIHKOCTI B cTeMa-
paropax.
e @DimbOoH-HEeCTIHKOCTI B TOKaMaKax Ta cEepUIHUX
TOpax.
e KiacuuHuil TpaHCIIOPT CHEPTiHUX 10HIB y TOKa-
Makax.
e CroxactuuHa audysis
cTenaparopax.

EHeprifHux 1OHIB Yy

IIOPIYHUK - 2008

Department of radiation physics
Head - Doctor of Phys.-math. Sciences,
Prof. P.G. Litovchenko

Main fields of scientific activity:

e [nvestigations of the nuclear radiation influence
on physical properties of monoatomic and binary
semiconductors and devices on their basis.

e [nvestigations of radiation and growing defects in
semiconductors and kinetics of reconstruction of
defect-impurity complexes.

e Neutron transmutation doping of semiconductors
and study of their properties.

e Development and producing of different types of
semiconductor detectors for dosimetry and spectro-
metry of nuclear radiation.

Department for radiation material science

Head - Corresponding Member of National
Academy of Sciences of Ukraine, Prof. E.U.Grynik
Main fields of scientific activity:
e Determination of regularities of the radiation
damage of solids, selection of the most perspective
structural materials for the nuclear reactor industry.
e Radiation and material study aspects of the oper-
ating reactors safety, investigation of the irradiation
embrittlement of RPV steel and determination of the
safe operation life time of WWER-1000 type reactor
vessels, in particular.
e Research of kinetics of point defect under irradia-
tion and role of the radiation and thermal vacancies
in the grain-boundary relaxation.

/ Plasma physics section

Fusion Theory Division

Head — Doctor of Phys.-math. Sciences,

Prof. Ya.l. Kolesnichenko

Main fields of scientific activity:

Theoretical research of physical processes in
plasmas of toroidal fusion devices: stellarators, to-
kamaks, and spherical tori. The emphasis is done on
the investigations of processes associated with ener-
getic ions (superthermal ions), which are produced
by fusion reactions, neutral beam injection, and the
high-frequency heating of the plasma. Both funda-
mental theory and theory aimed at explaining par-
ticular experimental data and predicting new effects
are developed. The main scientific topics are as fol-
lows:

e Alfven spectra and instabilities in stellarators

e Fishbone instabilities in tokamaks and spherical
tori

e C(lassical transport of energetic ions in tokamaks
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OCHOBHI IIAPO3JUIN IHCTUTYTY

e TpaucnopT eHepriiiaux ioHiB y MI'/l-akTHBHI
m1a3Mi chepuIHNX TOPIB.

e MognemroBanHs (Di3UIHUX MPOIECIB Y TOKaMaKaX
Ta crejapaTopax, 30Kpema, y cTelaparopax JiHii
Benpensmraiin, Tokamani JET ta y peaktopi ITER.

Binain reopii nuiazmun

KepiBauK — mokTop (i3.-mMaT. HayK,

c. H. ¢. K.II. Hampait

OCHOBHI HaNPSAMH HAYKOBOI MisITBHOCTI:

e TeopeTnuHe IOCIHIPKEHHS HENIHIHHUX SIBHII
B32€MO/Iii XBHJIb 1 YACTHHOK Y HEPIBHOBAXHIN TI1a3-
Mi Ta iX BIUIMBY Ha MPOIECH HArpiBaHHS Ta MEPEHO-
cy.
e JlocmiKeHHS HENiHIHHUX XBUJIBOBUX CTPYKTYP
(comiTOHIB, BUXOPIB) y IJIa3Mi Ta 1HIIMX HETIHIHHUX
CepeoBHILAX.
e BuBueHHs XBHJIBOBUX MPOLECIB y IYCTiH HU3BKO-
TEMIEepaTypHil Ia3Mi BUCOKOYACTOTHHUX 1HIYK-
MIHHAX JHKEPEIL.
e 3acTOCYBaHHsS pe3yJbTaTiB (yHAaMEHTAIbHUX
JTOCITIJKEHD IS BUPIMICHHS TPOOIEMHU KEPOBAHOTO
TEPMOSICPHOTO CHHTE3y Ta PO3POOKH IIa3MOBHX
TEXHOJIOT1H.

Binain ¢gizuxu nnazmmn

KepiBauK — nOKTOp (Pi3.-MaT. HAYK,
npodecop I'.C. Kupuuenko

OCHOBHI HaNpsSIMU HAYKOBOT JisUTBHOCTI:

ExcniepuMeHnTalibHE JOCHIIKCHHS BJIACTUBOCTEH
HHU3BKOTEMIIEPATypHOI IUIA3MHU:

e JlochiKeHHST TPOLECiB MPOHUKHEHHS ENEeKTPO-
MarHiTHHX TIOJIiB KpPi3b IJIa3MOBi 0ap’epH B HEOIHO-
piaHiH ruTa3mi.

e Po3poOka Mozeni MOBENiHKM TPAHUYHOTO LIApy
HAJATyCcTOl TUIa3MH 1 KOHJICHCOBAHOTO CEpeOBHUIIA
(piAMHM) TP IMITYJIECHOMY €JIEKTPUYIHOMY PO3PSIII.
e JlocmimkeHnHs (i3MKA BaKyyMHHX IYTOBHX PO3-
psmiB Ta po3poOKa (i3UKO-TEXHIYHHX OCHOB ILIa3-
MOBOI TEXHOIIOTii 00pOOKHM MaTepiais.

e JlocmimKkeHHsT XIMIYHO aKTHBHOI IUTa3MHU BHCO-
KOYAaCTOTHUX PO3PAIIB y PErylbOBaHUX MarHiTHUX
MOJIAX 1 CTBOpEHHS Ha 0asi MHUX MOCHTiKEHb IuIa3-
MOXIMIYHHX PEaKTOPiB 1 YCTAHOBOK IS TPaBJICHHS
MarepiajiB MiKpoO- i HaHOEJIEKTPOHIKH, MiKpoMmexa-
Hiku, HBYU-TexHiKH, COHAIHOT CHEPTETHKH, TOIIO.

e JlochimkeHHsT (i3MKM BHUCOKOYACTOTHUX PO3PS-
IliB, 30y/PKyBaHMX MOTEHIIAIbHUMH Ta BUXPOBUMH
€JICKTPOMArHITHUMU TIOJISIMHU.
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e Stochastic diffusion of energetic ions in stellara-
tors.
e Transport of energetic ions in MHD active plas-
mas
e Modeling of physical processes in tokamaks and
stellarators, in particular, in Wendelstein-line stel-
larators, tokamaks JET and ITER.

Plasma Theory Department

Head — Doctor of Phys.-math. Sciences

K. P. Shamrai

Main fields of scientific activity:

e Theoretical investigation of nonlinear wave and
particle interactions in non-equilibrium plasmas and
of their effect on heating and transport processes.

e Study of nonlinear wave structures (solitons, vor-
tices) in plasmas and other nonlinear media.

e Examination of wave processes in dense, low-
temperature plasmas of radio-frequency inductive
sources.

e Applications of basic research results to solving
the problem of controlled fusion and to development
of plasma technologies.

Plasma Physics Department
Head — Doctor of Phys.-math. Sciences,
Prof. G.S. Kirichenko

The basic scientific activity is experimental in-
vestigations of low-temperature plasma properties:

e Examination of the processes of electromagnetic
field penetration through plasma barriers in nonuni-
form plasmas.

¢ Development of the model of the boundary layer
between an overdense plasma and a condensed me-
dium (a liquid) at a pulsed electric discharge.

e Study on physics of vacuum arc discharges, and
development of physical and technical basis for
plasma materials processing technologies.

e Study of chemically active plasmas of radio-
frequency discharges in controllable magnetic fields,
and development on this basis of plasmachemical
reactors and facilities for etching of materials in mi-
cro- and nano-electronics, micromechanics, micro-
wave engineering, solar power engineering etc.

e [nvestigation of high-frequency discharges driven
by potential and vortex electromagnetic fields.

IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPATHU
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Cexuia papioexkonorii Ta paaiobionorii / Radioecology and radiobiology section

IleHTp eKoJIOTiYHUX NPOOIeM
ATOMHOI EHePreTUKH
KepiBHuk - kang. ¢i3.-mMaT. HayK,
c. H. ¢. B.B. Tpumun
OCHOBHI HaNpsIMU HAYKOBOT JisUTBHOCTI:
PalioeKOJIOTIYHI:
e JlocmimkeHHsT ocoOMMBOCTEH Mirparii Mpupos-
HUX 1 TEXHOTEHHHUX PaJiOHYKIIJIB Yy KOMIOHEHTaX
Ha3eMHHX Ta BOJHHMX €KOCHUCTEM Pi3HUX T'PYyHTOBO-
KJIIMAaTU4HUX 30H YKpaiHu.

e Bupuenns BBy aBapii Ha YAEC Ha HazemHi
Ta BOJHI €KOCHCTEMH Y KpaiHH.

e Po3poOka pamioaHadiTHYHUX METOAIB (pamioxi-
MiuHi, anb(da-, TaMMa- CIEKTPOMETPHYIHI, HEHTPOH-
HO-aKTHBALliHI) BU3HAYCHHS BMICTY PaJiOHYKIiIiB
1 BAXXKMX METaJiB y 3pa3kax JOBKULISI Ta BU3HAUCH-
HS XapaKTepUCTHK SAECPHUX MaTepialib.

e MaremMaTuyHe MOJCIIOBAHHS pajialliifHOTO CTa-
Hy cuctemu “AEC — noBKimis”.

e CTBOpEHHS KapT pafiamiiHOro 3a0pyIHEHHS Te-
pUTOPIi, sSKiI TocTpaxmaany Bix aBapii Ha YAEC abo
3HAaXOJAThCS B 30HI BIuMBY Airounx AEC Ykpainm.
e JIporHo3yBaHHS HO30BUX HAaBAaHTAXXCHb Ha Hace-
JICHHS, SIKE TPOKUBAE B 30HAX BILUIMBY IiJANPHEMCTB
aTOMHOI €HEpPreTHKU.

e EKOJIOro-eKCrepTHi poOOTH 3 NMHUTAaHb OXOPOHH
JOBKULIA 1 3aXMCTy HaceleHHS Ha PI3HUX CTalisixX
MPOEKTYBaHHS Ta eKCIUTyaTalil MigNpHEMCTB SAEp-
HOT'O AJIMBHOTO LIUKITY.

e [IpoBeneHHS PErJIAMEHTHOTO PagioeKOIOri4HOrO
MOHITOPHHIY BIUIMBY Ha KOMIIOHEHTH INOBKULIS JO-
CITITHUIBKOTO sAaepHOro peakTopa BBP-M i Tpurie-
BUX JTaboparopii, po3ramoBanux Ha Tepuropii [A/1.
panio6ioorivHi;
e BupueHHS e]ekTiB i 3aKOHOMIPHOCTEH BIUIUBY
JOBIOTPUBAJIOTO HHU3BKOIIOTY)KHOTO ONPOMiHEHHS
Ha TCHETHYHWH MaTepiall Ha piBHI XpOMOCOM i TCHIB,
MeMOpaHHUX CTPYKTYp COMATHYHUX KIITHUH JIFOJIU-
HHU.

e JluToreHeTnyHUM MOHITOPUHT repcoHany
00'ekTa “YKpHUTTA” Ta CaMOIIOCEJCHIIB 30HU BiJI-
yykeHHa YAEC.

IIOPIYHUK - 2008

Center for ecological problems
of atomic energy
Head — Candidate of Phys.-math. Sciences
V.V. Trishin
Main fields of scientific activity:
Radioecological:
e Research of natural and technogenical radionu-
clides peculiarities in ground and water ecosystems
components of different Ukrainian ground-climatic
zones.

e Research of Chernobyl accident influence on
ground and water ecosystems.

e Elaboration of the radioanalytical methods (ra-
diochemical, o, 7y-spectrometrical, neutron-activa-
ted), determination of radionuclides and heavy met-
als content in environmental samples, determination
of nuclear materials characteristics.

e Mathematical simulation of radiation in “NPP-
environment” system.

e Creation of the maps of the radioactive contami-
nation for ChNPP and other operating Ukrainian
NPP influenced zone, suffered during the accident.

e Forecast of doses for population who live in of
atomic energy enterprises influenced zone.

e Ecological examinations in the field of the envi-
ronment and population protection on different
stages of design and operation of atomic energy en-
terprises.
e Regulational radioecological monitoring of the
nuclear research reactor WWR-M environment and
tritium laboratories, located in KINR.
Radiobiological:
e Study of the effects and patterns of long term low
dose rate irradiation influence to the genetic sub-
stances on chromosome and genes level and mem-
brane structures of human somatic cells.
e “Shelter” object personnel and self-settlers NPP
Exclusion Zone cytogenetic monitoring.
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AHOTaUiT pobiT 3 anepHOT (isuKK

EQUATION OF STATE FOR FINITE NUCLEI

V. M. Kolomietz, A.I. Sanzhur

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

In the present work, following the ideology of the
extended Thomas - Fermi approximation (ETFA)
with effective Skyrme-like forces we study the
asymmetric nuclei on the beta-stability line and be-
yond. We combine the ETFA and the direct varia-
tional method assuming that the neutron and proton
density distributions are sharp, i.e., that correspond-
ing particle densities fall from their bulk values to
zero within a narrow region around the surface. One
of the advantages of used direct variational method
is the possibility to obtain the transparent relations
for outcome quantities analytically. The key element
of this method is a choice of the profile functions for
the total particle density p, and the neutron excess

density o_, which were taken in the form of gener-
alized Fermi distributions as following

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

aro ,
dr

PN =p.o (D= P., (1)

Here f(r)=[l+exp[(r—R)/a]]’, the values p,,
and p_, are related to the bulk of nucleus, R is the

nuclear radius, a is the diffuseness parameter, A is
the parameter of the neutron skin and parameter O
determines the behavior of the trial functions (1)
within the nuclear surface region. The unknown
variational parameters p,,, R, a, A and 0 must
be derived from the requirement of the minimum of
the total energy £ of the nucleus provided the total
number of nucleons A, and the neutron excess
N —Z are kept constant. In general, the total energy
of nucleus can be evaluated beyond the equilibrium
point p, , = p'. In particular, one can evaluate the

equation of state, namely, the dependence of the
internal pressure P on the bulk density p, ,,

Jd(E/A
P=pi0 (a ) >
0

+,0 AX

@

where X =(N —-Z2)/ A is the asymmetry parameter.
Note that the energy per particle £/ A4 in (2) should
be minimized at fixed p, , with respect to the rest of

the trial function parameters. In Figure we have plot-

ted the equation of state P = P(p,,) for two nuclei
%7r and **Pb. In agreement with (2), the equilib-
rium condition for the ground state of the nucleus at
P.o=p0 means that P(p{’)=0. In Figure, the

+,0
minimum of the pressure is located at
P.o=p%" #0. The nucleus is unstable within the

spinodal instability region p, , < pi", where the

incompressibility coefficient is negative
K,=90P(p,,)/9p,,<0. In Table we show the

(crit) /

ratio .’ pfg) for the nuclear matter and the finite

nuclei for different Skyrme forces.
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P+,0
The equation of state for nuclei *°Zr, ***Pb and the
nuclear matter. The calculation was performed for SkM
forces. The area on the left-hand side of the dashed
straight lines is the spinodal instability region for the
nuclear matter and the nucleus “**Pb.

The result of calculation of p{"/p!W

for the three different forces

Force NM 208py, 120gn N7y

SkM 0.635 0.610 0.602 0.598
Sly230b | 0.639 0.614 0.605 0.601
SIII 0.674 0.657 0.657 0.648

The interesting point is that the critical density
for nuclear matter exceeds the one for finite nuclei.

This work is published in Eur. Phys. J. A 38, 345
(2008).
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NON-MARKOVIAN LANGEVIN APPROACH TO NUCLEAR FISSION DYNAMICS

V.M. Kolomietz, S.V. Radionov

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

Nuclear large scale dynamics (nuclear fission,
heavy ion collisions and etc.) can be studied by us-
ing the concept of macroscopic motion for a few
collective degrees of freedom, which are chosen to
describe the gross properties of the nuclear dynam-
ics. Such approaches are acceptable for the slow
collective motion where the fast intrinsic degrees of
freedom exert forces on the collective variables. The
crucial point there is the separation of the total en-
ergy of the system into potential energy, collective
kinetic energy and dissipation energy. Moreover, the
dissipation of collective motion implies fluctuations
in the corresponding collective variables, as follows
from the fluctuation-dissipation theorem.

We start by discussing the complex dynamics of
the intrinsic degrees of freedom of the nuclear
many-body system. We use the random matrix ap-
proach which is generalized to several collective
(deformation) parameters g(¢) = {q,(?),...,q, (?)} .

The resulting equation of motion for nucleonic
modes are given in terms of the time evolution of
ensemble averaged occupancies p(FE,t) of nuclear

many-body states
a_ Ea t t , t _tv :
Q(E)%) = Z .[0 dt exp[—Ll/—rq 5;(1)s; (") x
i,j i

)

%G, (1)d () aa [mE) PE, ")},

oE

where S;(q) and I, are, correspondingly, the

strengths and spreading widths of the energy distri-
butions of matrix elements, describing the coupling
between the intrinsic and collective subsystems, and
Q(E) is the average nuclear level-density at excita-

tion energy E .
Equations of motion for the nuclear deformation
parameters ¢(¢) were obtained from the condition of

conservation of the total energy of the many-body
system:
. Qo |e—1
=— — dt'ex X
’qu Zaqk J k aq QI p[ h/ryJ

X8 (1), (1), (1) + &, (D), 2
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where B, are the collective mass coefficients, E,,

is the collective energy of deformation and & is the

random force. By using some simplifications, we
have applied the model description of collective
large-amplitude dynamics (2) to symmetric fission
of the nucleus *°U at finite temperature. The nu-
clear shape was treated in terms of a 2-parametric
family of the Lorentz shapes. We have calculated the
distribution of times of motion from the top of fis-
sion barrier to a scission point. In Figure we show
the probability distributions p of descent times ¢,
to the scission point for two values of relaxation
time 7=h/T: 7,=2-10"s (memory effects in the
system (2) are quite weak) and 7, =8-10s (the
memory effects are fairly strong). Vertical arrows
show the descent times of motion in the absence of
the random force. We can see from Figure that the
inclusion of the random force into non-Markovian

collective dynamics accelerates significantly the
nuclear descent from the fission barrier.

0,75

0,50+

0,254

0,00

0 f . f 10
T1q T2
tsc(1021s)

Probability density distribution p of descant time ¢
for symmetric fission of nucleus **U at the relaxation
times 7,=2-10""s (dashed line) and

7, =8-107"s (solid line).
This work is published in Phys. Rev. C 77,

014305(10) (2008) and Preprint arXiv[nucl-th]:
0812.1428.

25



AHOTAIIII POBIT

A-DEPENDENCE OF IVGDR ENERGY AND ENHANCEMENT FACTOR
IN FINITE NUCLEI

V. M. Kolomietz, S.V. Lukyanov

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

We consider the energy weighted sums (EWS)
for isovector giant dipole resonances (IVGDR) in
finite nuclei within the Landau's kinetic theory. The
dependence of both IVGDR energy, Eygpr, and
EWS enhancement factor, x(4), on the mass number
A occurs due to the boundary condition on moving
nuclear surface. An inclusion of the effective isovec-
tor surface stiffness Q into the boundary condition
leads to the A-dependence of value ¢R (g is the wave
number and R is the nuclear radius) which becomes
significantly smaller than the Steinwedel - Jensen’s
estimate gR = 2.08. Using the obtained value of ¢R,
we have described the IVGDR energies quite satis-
factorily, see Figure. Fitting the slope of the energy
dependence on the mass number 4 to the experimen-
tal data, we have estimated the value of the effective

isovector surface stiffness as O =11 MeV.
90 T T T T

0 50 100 150 200 250
A

Dependence of the IVGDR energy on the mass
number A: the dashed line / is the first-sound
regime without Fermi surface deformation; the
dashed line 2 is the calculation which includes the
Fermi surface deformations up to the quadrupole
only; the solid line was obtained from the
dispersion equation and the secular equation. The
dots are the experimental data.

The dependence of the effective nucleon-nucleon
interaction on the nucleon velocity causes the ex-
ceeding of 100 % of the TRK sum rule for the
IVGDR. The corresponding enhancement factor xnm
of the EWS in an infinite nuclear matter depends on
the interaction amplitudes F; and F’;. In finite nu-
clei, the A-dependence of the EWS enhancement
factor x(A) occurs due to the boundary condition.
We have shown that the value of x(A) increases with
A. A fit of the enhancement factor to the proper ex-
perimental data allowed us to estimate the value of
the isovector Landau’s amplitude as F'; = 1.1. The
obtained value of F'; exceeds the estimate F'; =
=0.5 + 0.7 which was earlier derived from Skyrme
forces for the infinite nuclear matter. This exceeding
appears because our derivation of F”; is related to the
interior of finite nucleus. For finite nuclei, the Lan-
dau's amplitudes F and F’; are r-dependent ones by
heaving a bump within the nuclear surface. That
increases effectively the bulk values of £} and F’; in
the limit of sharp nuclear surface which is assumed
in present work.

We show that the value of the enhancement
factor x(A4) is about 10 % for light nuclei and reaches
about 20 % for heavy nuclei. For the nuclei with
A>100, our results are close to the experimental
data obtained by the Livermore group. We note also
that A-behaviour of the enhancement factor obtained
in our Fermi-liquid approach is similar to the one
derived from the microscopic RPA calculations, but
the RPA results are significantly shifted up with
respect to the experimental data.

This work has been submitted to Phys. Rev. C,
and published as Preprint arXiv[nucl-th]: 0807.0089.
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SELF-CONSISTENCY IN SEMICLASSICAL PAIRING THEORY

V. 1. Abrosimov', D. M. Brink?, A. Dellafiore’, F. Matera®

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

Recently, we tried to develop a semiclassical ap-
proach to the time-dependent Hartree - Fock - Bo-
goliubov theory [1]. This was done by studying ap-
propriate kinetic equations [2] and by introducing a
constant- A approximation which should be reason-
able for small systems like nuclei. It is well known
that such an approximation violates the continuity
equation and consequently introduces spurious con-
tributions into the density strength function and its
energy-weighted sum rule (EWSR). This problem
was solved in [1] by means of an appropriate pre-
scription which enforces upon the density fluctua-
tions the constraint coming from the continuity
equation, however a prescription is not very satisfac-
tory from a theoretical point of view and here we
want to improve on that approach by introducing
better kinetic equations that do not need any pre-
scription in order to satisfy the continuity equation
and the EWSR.

While in [1] the (complex) time-dependent
Wigner-transformed pairing field A(7,p,t) was
approximated with a real, constant, phenomenolo-
gical parameter A, here we study the improved ap-
proximation in which, for small density fluctuations

A(F, ,t) = A+ SA(F, 1) = A+ SN (7, 1) +iSA (7, 1).

Thus, in the present approximation, the pairing
field is allowed to oscillate and to become complex,
the possible momentum dependence of the complex
fluctuations is neglected though, in order to simplify
the theory. The static pairing field is approximated
with the same phenomenological constant used in
[1]. We study the new set of equations of motion
that arise in this improved approximation and deter-
mine the effects of the additional terms on the den-
sity response function of nuclei.

Compared to [1], the present approach contains

the two extra unknown functions OJA"(¥,f) and

OA'(7,t), hence we need two additional equations

in order to determine these quantities. Two appro-
priate equations can be obtained from the self-
consistency relation (gap equation), see [2]. By dif-
ferentiating the gap equation, we get the first-order
relation
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b

- _ . OA(F,
| dﬁ(&(hp,t)—'fo(hp)i(—é)t))

where x,(7,p) and A (7) are real equilibrium pair
correlation function and pairing field, respectively,
while ox and OA are their complex fluctuations.
These conditions take into account the residual pair-
ing interaction in a self-consistent way.

Here we neglect the fluctuations of the mean
field due to that part of the interaction which is not
related to pairing, hence the only collective effects
taken into account here are those due to the pairing
interaction.

We get that, compared to the constant-A ap-
proximation of [1], the density response function
contains two extra contributions:

R(w) = R“(w)+ R (w)+ R (w),

the first term is just the same as in the constant- A
approximation, while the two extra terms are due to
the fluctuations of the real and imaginary parts of the
pairing field, respectively. By using the expansion of
the response function valid for large values of @, it
can be checked that, contrary to the constant-A
approximation, the present self-consistent theory
gives the correct value of EWSR (the same as for
uncorrelated systems). The correct result is due to
the fluctuations of the imaginary part of pairing
field, while the fluctuations of the real pairing field
give no contribution to EWSR.

We have found that the terms associated with the
pairing-field oscillations may introduce new collec-
tive eigenfrequencies. It is interesting to note that
our equation for new collective eigenfrequencies is
the semiclassical version of the dispersion relation
for pairing vibrations (see for example [3]).

1. V.I. Abrosimov, D.M. Brink, A. Dellafiore, and
F. Matera, Nucl. Phys. A 800, 1 (2008).

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

3. D. M. Brink and R. A. Broglia, Nuclear Superfluidity
(Cambridge University Press, Cambridge, UK, 2005).
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SEMICLASSICAL SHELL-STRUCTURE ENERGIES IN FINITE HEATED FERMI SYSTEMS

A. G. Magner', A.S. Sitdikov?, A. M. Gzhebinsky'

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Kazan State Power-Engineering University, Russia

Semiclassical shell-structure internal nuclear en-
ergy OF of the grand canonical ensemble with help
of the periodic orbit theory (POT) was re-derived
analytically for any mean-field potential wells
within nanostructure models based on the Strutinsky
shell correction method with smoothing over the
chemical potential. For zero temperature one has [1]

SE=Y 06Uy, 68U, =2h/1,)’8g,(A), (1)
B

where sum is taken over periodic orbits £ (or fami-

lies in the case of Hamiltonian symmetries) in poten-
tial well, dg;(4) is the component of the POT surr

for the level density og(¢e)= 25 g,;(&) at the sin
B

gle-particle energye =14, A is the chemical poten:
tial related to the particle number N in nucleus, 7,

is the time of particle motion along the orbit S . Foi

the shell-structure internal energy JE at finite tem:
perature 7 of nucleus, with the thermodynamic
relations OE=0F+TdS and OF(T,N)=
=0Q(T,A) for the free energy shell correction anc

the semiclassical expressions for the thermodynamic
potential 6 Q(T,A)[1] and entropy O, one obtains

OF = ;(wﬁ ch(mZ)0*(Z) )

with Q(Z) = 7Z Ish(nZ), Z;=1,T/h.

Figure shows perfect agreement of the semi-
classical and quantum calculations of the shell-
structure thermodynamic potentials 0F and OF
versus particle number N'° for critical bifurcation
deformations of the axially-symmetric deformed
harmonic oscillator Hamiltonian with frequencies
o, =0, =0, and @ and deformations 7=, /@,
(w0, =a@). As seen from the bottom panel of

Figure in the superdeformed region at 7=2, we

note a nice interference effect of contributions of the
periodic 3-dimensional (3D) orbits of maximal clas-
sical degeneracy K =4 with the equatorial (EQ)
orbits in the plane z=0 of smaller degeneracy
K=2. The main period of oscillations

(e<1/t;) 1is determined by the time of motion

along the leading 3D orbits ¢, =27(n’n.)"’ /a,,
(n, and n_ are mutually integer numbers in the
periodic-orbit relation @, /@ =n,/n ). The
modulation is explained by the period of EQ or-
bits t, =27/, smaller in factor two than ¢,. A
large effect of the thermal (entropy) component
T6S of the shell-structure internal energy 0F with
respect to the free energy shell correction JF was
found analytically even for temperatures 7 much
smaller than a distance between the nucleon gross-
shells (~ 7i@,) near the Fermi surface.

SE, oF

I
2 3 4 5

Semiclassical shell-structure internal JF (2) and free
OF [1] energies as functions of particle number N for
the harmonic oscillator at deformations 7= 1, 6/5, 2 and

temperature 7 =0.1 in the oscillator units 7% @, versus the
quantum shell correction results.

From (2) one finds the exponential decrease of
OFE and JOF as functions of the temperature 7' with

a critical temperature ~7n/t; =ha, /27, where

w, = 2r/t,, t, is the period of particle motion

along the shortest dominating periodic orbits, 3D
K =4 for n=1 (upper panel) and EQ K =2 for both
n = 6/5 (middle) and 2 in the bottom of Figure.

1. M. Brack and R. K. Bhaduri, Semiclassical Physics
(Western Press, Boulder, 2003).
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TRANSPORT COEFFICIENTS FOR COLLECTIVE MOTION IN HOT NUCLEI

V. P. Aleshin

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

In Ref. [1] we have written down the operator QO

of collective coordinate, characterizing the shape of
the nucleus, in terms of nucleon’s field operators,
and constructed the many-body density matrix p,

for a hot deformed nucleus with not vanishing mass
flow. In this contribution we summarize that part of
Ref. [2], in which these results are used to derive, for
the first time, microscopic or particle expressions for
transport coefficients of collective motion in hot
nuclei, starting from first principles.

First of all we note that, according to [2], the op-
erator of momentum canonically conjugated to Q

and the operator of collective inertia, are given by
szdxﬂxpx, Mzmjanxﬂi ,

respectively, where 0, = U, /g. In this contribution

we use the notation of Ref. [1].
The analysis of the time evolution of expectations

w(0p,), tr(Pp,), tr(Mp,),

O,, P, M, being Heisenberg representations of
0, P,M, respectively, performed in the adiabatic

approximation, results in the well-known semi phe-
nomenological dynamic equation for the collective

coordinate g = tr (Q, P, ) :

Bi+(q’/2)0,B=[~74,

whose coefficients (inertia B, deformation force f,
and friction coefficient ) are expressed via the

intrinsic state of the nucleus.
The coefficient B coincides with the inertia

~ \2
M =m|[dxp(x.9)(V4,)
of an abstract fluid with the velocity
ux = qv&x = m71VZx *

The role of the velocity potential of this abstract
fluid is played by the function ¢, =g@, =m™y,,
where y, is the phase function of a canonical

transformation of the field operators, converting the
state of a hot deformed nucleus without mass flow
into the state with mass flows (see [1] for details).
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For the deformation force f we derived in [2}
the expression [ =A,, where the Lagrange multi-
to be obtained from
that

plier A, =A,(q) 1is

tr(Qp,)=q  [1].
A,=-0F/dq, where F is the free energy, we

Having proven

establish another expression for the deformation
force: f =-0F/dq, which, though used in some

analyses of collective motion, has never been de-
rived from first principles.
The coefficient yis expressed in terms of the

time correlation function
ngt s —ngt rt
Cu(D=tr(e “de "“dp,),
H,=H+A,0, ¢=[dxjn,

as follows

d*Cy(1)
dt'

y=im’ [ dte™'t

with 7' = 7, being the duration time of the quasi

equilibrium stage in question.
The total energy E, =tr(Hp,) in p, is

E =(M/2)q" +U(4,8.9),

where U(4, B,q) = tr(Hp,) is the internal energy.
The p, in C;; (1) is to be calculated at the in-

verted  temperature  f=/_, taken from

U(A9ﬁx’q) = Ex *
The general expressions above for B, f, and ¥

are illustrated within the temperature-dependent
Hartree - Fock model with the effective force of the
Skyrme type that is worked out in Ref. [2] from the
extremal property of the Gibbs grand potential. A
simple relationship is derived between the reduced
friction /B and the nucleon mean free path.

1. V. P. Aleshin, Annual Report 2007, Institute for
Nuclear Research, Kyiv, Ukraine, 21 (2008).

2. V. P. Aleshin, arXiv: 0811.3883v1 [nucl-th] 24 Nov
2008, 40 pages.
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THE TWO STEP MODEL FOR FUSION-FISSION REACTIONS

G. 1. Kosenko', F. A. Ivanyuk®, V. V. Pashkevich®, D. V. Dinner', V. L. Litnevsky'

'Omsk State University, Omsk, Russia
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
*Bogolubov Laboratory for Theoretical Physics, JINR, Dubna, Russia

The two step model for fusion-fission reactions,
proposed by authors [1], is extended by the account
of light particles and gamma quanta evaporation
from the fission fragments.

In this model the fusion-fission reactions are di-
vided in two steps: the approaching stage and the
evolution of the bound system. Both stages are des-
cribed by three dimensional Langevin equations for
the collective variables (deformation parameters)
which specify the shape of the system. For the ap-
proaching stage we solve the equations:

dr_p,
da m’

WV(r,a,o , T
@z_M_K;&_zK/_q_;ﬂ
dt or m 5 D,
do, _dr,

d D’

: owv(r,a,,o T
ﬂz_u_[([&_z[q_urg
dt ¢, m 5 D.

J

Here r is the distance between centers of mass of
colliding ions, p, — conjugated momentum, m — re-
duced mass, §; - the random force. The a, ay, —are

the parameters of quadrupole deformation of ions. It
is assumed that on the colliding stage the symmetry
axis of ions coincide. The potential energy of two
interacting ions V(r, az, a,) includes the Coulomb,
rotation, nuclear interaction and the deformation en-
ergies of both ions. For the nuclear interaction energy
the Gross and Kalinowski model is used here.

From the calculations in the entrance channel we
obtain the touching probability 7(L), the partial tou-

ching cross sectiono(L)=7x(p,/h)*(2L+1)T(L)
and total touching cross section = ZLO'(L) .

touch ~—
Besides we calculate the deformation distribution of
the ions and the dissipated energy £, (kinetic en-

ergy loss) during the approaching phase. All these
quantities are used as the input data for the second
stage of calculation.

The second stage in our model is the evolution of
composite system formed by the projectile and tar-
get. The shape of composite system is fixed by the
parameterization based on the Cassini ovaloids with
three deformation parameters: o for the elongation,
a, or o3 for the mass asymmetry and a4 — for the neck

variable. The collective potential energy is cal-
culated by Strutinsky shell correction method

V(L’ %a T)ZVLDM(La CI,-)+5E(%a T)

and the transport coefficients are defined within the
linear response theory.

On this stage of calculation we also took into ac-
count the possibility of light particles and gamma-
quanta evaporation. The partial decay widths were
calculated as proposed in [2]. Knowing the decay
widths, on each integration step we find out by hit-
and-miss method whether the particle was evapo-
rated, and if so, again by hit-and-miss method which
kind of particle was evaporated. The kinetic and bin-
ding energies of this particle were then subtracted
from the excitation energy of composite system.

The model allows the calculations of fusion and
fission cross sections, energy and mass distributions
of fission fragments, probability of the evaporation
residue formation, the neutron- and gamma-multi-
plicities. We have found out [4] that the available
experimental data on some fusion-fission reactions
are at least qualitatively reproduced in this model,
see Figure.
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fragment mass

Neutron (starts) and gamma (circles) total multiplicities
vs fragment mass for the reaction ***Pu + **Ca.
Black symbols — data from [3], open — calculation.

1. G.I. Kosenko, F. A. Ivanyuk, and V. V. Pashkevich,
Yad. Fiz. 65, 1629 (2002).

2. S.1ljinov et al., Nucl. Phys. A 543, 517 (1992).

3. M.G.Itkis et al., in Proc. of the Int. Workshop on
Fusion Dynamics at the Extremes (Dubna, Russia,
May 25 - 27, 2000), p. 93.

4. G.I. Kosenko, F. A. Ivanyuk, V. V. Pashkevich, and
D. V. Dinner, Yad. Fiz. 71, 2086 (2008).
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THE SHAPES OF CONDITIONAL EQUILIBRIUM IN THE LIQUID-DROP MODEL

F. A. Ivanyuk

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

The dynamics of fission process is commonly de-
scribed in terms of collective variables - the set of
parameters fixing the shape of nuclear surface. In
case of axial symmetry the shape can be specified
with the help of a profile function y(z) . One gets the
nuclear shape by rotation of y(z) around z -axes.
Usually, the function y(z) is parameterized in terms

of few deformation parameters. A large variety of
shape parameterizations of y(z) was introduced and
used in the past. In all cases the choice of the defor-
mation parameters was done relying on the physical
intuition and computational convenience. In all cases
the question of the completeness of the set of profile
functions arises.

An alternative way to specify the shape of nu-
clear surface was suggested in [1]. It was suggested
to define the profile function looking for the mini-
mum of liquid-drop energy, E,, =E . + E

surf Coul *

Since the both surface E . and Coulomb E_,

surf
energies are functionals of the profile function, the
minimization of E,, with respect to y(z) (under
constraint that the nuclear volume ' and the defor-
mation R,, are fixed)

1)

J_(ELD _&V_ﬂlez ) =0,
Y (1)

:Z;Z Z 2 Z 2

Ry =] @ldz, v =x[ "y u

leads to the integro-differential equation for y(z)

yy”: l+(y,)2 _y[/ll +ﬂz _10xLD(DS][1+(y’)2]3/2 > (2)

where @, (z) is the Coulomb potential at nuclear
surface and x,,, is the fissility parameter of the lig-
uid drop.

The deformation parameter R, was chosen in

[1] as the distance between the centers of mass of
the left and right parts of nucleus. The deformation

energy E,, " derived with the solutions of Eq. (2)
is shown in the Figure.

An interesting feature of these calculations is the
existence of a critical deformation R, =2.35 above

which the solution y(z) minimizing the LD energy

does not exist. This deformation was interpreted in
[1] as the scission point. One can see that the scis-
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sion point deformation is almost independent of the
fissility parameter.

0,15

0,10

(0)

surf
o
o
(9]
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E ©O/E

0,00

-0,05

-0,10 —

The liquid-drop energy as function of deformation
parameter R,, for few values of fissility parameter x,,, .

Another peculiarity — the upper branch of the de-
formation energy at large deformation. Along this
branch the neck of nucleus becomes smaller and
smaller until the shape turns into the two touching
spheres. It turns out, however, that the upper branch
of the deformation energy corresponds not to the
minimum of E,, — AV — A R,, but to its maximum.

The approach of [1] was generalized in [2] in few
directions. Firstly, one more constraint fixing the
left-right asymmetry was taken into account. Sec-
ondly, a very efficient numerical method for solving
the Eq. (2) based on the relaxation method for the
two point boundary value problem [3] was devel-
oped. This method allow for various generalizations
of Eq. (2): The surface-curvature energy can be
taken into account. The energy functional of the
sharp edged liquid-drop can be replaced by that of
diffuse surface, the finite-range liquid-drop model,
for example. In the last case one could also define
the folded-Yukawa mean-field potential, what would
allow to incorporate the shell corrections. The exten-
sion of this method to separated shapes and account
of the surface diffuseness, attractive interaction,
(eventually) shell corrections would result in a very
accurate method for the calculation of potential en-
ergy surface.

1. V.M. Strutinsky, N. Ya. Lyashchenko, and N. A. Po-
pov, Nucl. Phys. 46, 659 (1963).

2. F. A.Ivanyuk, Int. Jour. Mod. Phys. E, to be pub-
lished.

3. W. H. Press, S. A. Teukolsky, W. T Vetterling, and
B. P Flannery, Numerical Recipes in Fortran 77, Vol.
1, Cambridge University Press, 1986.
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COLLECTIVE ENHANCEMENT OF NUCLEAR LEVEL DENSITY
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The comparison of different phenomenological
methods [1 - 6] for calculation of the vibrational
(K, ), rotational (K, , ) and total (K=K , -K,,)
enhancement factors of nuclear level density in
spherical and deformed nuclei was performed. The
following approaches were compared for K , : the

parameterization with damped occupation numbers
of boson states [1], response function method [2, 3],
method based on boson state partition function with
averaged occupation numbers (BAN) [4, 5] and
prescription of the code EMPIRE II [6]. The
quadrupole and octupole collective states were taken
into account. The rotational enhancement K _, in

rot

deformed nuclei was used in accordance with [1].
The ready-to-use table of the asymptotic value of
level density parameter a and addition shift of
excitation energy J,,, was prepared from the fitting

the theoretical values of K to their experimental
values extracted with the use of the generalized
superfluid model [1, 7] for intrinsic nuclear level
density.

K=K

60 BAN Krot

- fit for each nucleus
4 - systematics

T T T T
50 100 150 200 250
A

7 K=K K o - fit for each nucleus
4 - systematics

T . . .
50 100 150 200 250
A

The following systematics for the asymptotic
value of level density parameter and addition shift to
excitation energy were obtained (/ =(N—-Z2)/A4):

a(A4,1)= 0.05744(1— 41.61%) +
+0.01359 42 (1+13381%) +
+0.00766Z% / A'° (MeV™),

O (A,1)= 1.82874(1 +5.18°) +
+0.00220434%%(1-50.41*) -
- 0.6302E,, (MeV)

with E2l+ being the lowest quadrupole state energy.

In the Figures the comparison of these
systematics with that corresponding to parameters
extracted for each nucleus are shown.

It was shown that 1) BAN is the best approach
for account of the vibrational enhancement factor; 2)
it is necessary to take into account the dependence of
the asymptotic level density parameter on the
neutron excess [8, 9] for good description of the
experimental data.

This work is supported in part by the TAEA
(Vienna) under IAEA Research Contract No. 12492.
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AHHUTWISAOUA TMTO3UTPOHA C K-2JIEKTPOHOM IIPU S*-PACITAJE

C. H. ®enoTknn

Hnemumym aoepuvix uccnedosanuti HAH Yrpaunvl, Kues

Ilpu B -pacnaze suep BO3MOKHBI IIPOLECCH, B
KOTOPBIX TIO3UTPOH AaHHUTHIHPYET C SJIEKTPOHOM
ATOMHOU 00OJIOYKH TOYEPHETO sIpa, a POXKICHHBIHN
¥ -KBaHT J1HOO TMOTJIOMAeTCS JOYEPHUM  SIIPOM,

mbo yneraer npoub. [lepBrrit mponecc ObLT Hccie-
70BaH SKcrepuMenTanbHo npu B -pacnage LTi u
BO30YXKJIEHUU sjpa 3,9¢ B pabote [1], B kKoTopoit
ObLIO MOJTyYeHO, 4TO MpUOIM3UTENLHO Ha 10° akToB
B -pacnama NpUXOAUTCSA ONWH CIydail BO30YyKiie-
HUS safpa. TeopeTudyecKuil pacuer ajig 3TOW BEJU-
YUHBI JaeT 3HAa4eHHE MPUONM3UTEIHHO Ha JIBa IO-
psanka mesble [2]. B cBs3U ¢ 3TUM pacxoXIecHUEM
MIPENICTaBISIET MHTEPEC MCCIIEZ0OBaHNE BTOPOTO TPO-
1ecca, B KOTOPOM HUCITYCKaeMBbI NPH aHHUTHIISLIUU
¥ -KBaHT He moryiomaercs sapoM. OTMeTHM, dTO
POIICTBEHHBIE TPOLECCHl PATUAIMOHHOTO 3axBaTa
anekTpoHoB ¢ K- u L-o6onodek paccMaTpuBaIiCh B
pabote [3].

Jns  paspemieHHOTO (pepMHEBCKOTO Tepexoja
aMIUTATYTly BEPOATHOCTH 3TOTO TIPOIeccCa MOYKHO

3ammMcaTh B CICAYIOUIEM BHjAE (B CHCTEME CIAMHUIL
h=c=1):

M, = e\ 2/ 7, NY; [dF G(r)E,y, e My (r),

rae k- ummynsc (oTOHa, J, -CHHMHOpHAas 4acTb
BOJTHOBOW (yHKIIUW HEHTpUHO, N F'B, - SIEpHBINA MaT-
Wi (r)-
K-anektpona. B kauectBe ¢yHkmmu ['puHa mo3u-
TpoHa G(7) WCHONIb3yeM MPHUOIMKEHIE, B KOTOPOM

PUYHBIA  3JIEMEHT, BOJIHOBas  (DyHKITHS

aJICKBATHO OITMCBIBACTCs MI1- H3JIYyUCHHC!

b=+y(m—-k)y —m*,

rne m- Macca dnektpoHa. [locne ycpemHeHus mo
HaIrpaBJICHUAM BBIJICTA HeﬁTpPIHO U CYMMHPOBAHUA
MO0 BCEM MPOEKIUAM CIIMHOB TMOJIydaeM Ui BEpo-
SITHOCTH MCKOMOTO Ipoliecca

ibr
(S
5

4rr

G(r) =

dp, dk — .
W, =2 L M, [[o(w—p, —k),

roew= (Q + m )-MakCHUMaibHasi AJsl TAaHHOTO TPO-
ecca sHeprusi ¢porona, Q — monHas sHeprus [ -
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pacmaja, a p, - UMIyJIbC HEUTpHHO. B pesyibrare

nojy4yacM

a4

7=2

Wy = (Zm)'|Nf, [ 1, (1)

rae

I =

4

w 3 _ 2
[ak 2k(w k) _
|k* +(Zma—ib)” |

0

3neck Z - 3apsii sapa, o - NOCTOSHHAS TOHKOM
CTPYKTYpbl. VICIONb3ys BBIPaKEHUE I BEPOATHO-
ctu [ -pacmana W, ans 3TOro ke mepexoja U3

paboTsl [2], momydaeM il OTHOIICHUS BEPOATHO-
CTEH 3TUX ABYX IIPOLIECCOB CIEAYIOIIEE BHIPAKEHUE:

W _ 0!4(Zm)3i _ 27 mQ+m)*
W, I, ~ 48 I,

» ()

0
e I =J.a’EE\/E2 -m> (Q—E)*. Tlocnennee

MPUOIMKEHHOE PABEHCTBO B (2) MOIYYEHO IS Ma-
nbix Z. B cnywae S*-pacmama {Ti, mis koToporo

O = 155 MdB, Z = 22 nonyyaeM CIEOYIOIIYIO
OIIEHKY IS YHCJIa CIy4yaeB aHHUTHIIALUU TIO3UTPO-

Ha ¢ K-a5ieKTpoHOM Ha ojuH akT [ -pacnaja:

W
5 26107,
Wﬂ

Takum oOpa3om, NaHHBINA pe3yJbTaT HE MPOTHU-
BOPEUUT IKCIIEPUMEHTAIbHBIM JaHHBIM [1] mo Oec-
(oToHHOMY BO30Y>KACHHIO SApa, BEPOATHOCTH KO-
TOpPOT0 JOJDKHA OBITh Ha HECKOJIBKO TOPSIKOB
MEHBIIIE.

1. T.II Boposenen, U. H. Bummnesckuii u B. A. Kento-
HOXCKuUH, SAnep. ¢pus. 43, 14 (1983).

2. B. M. Komomuen, O. I'. ITynuncknit u C. H. ®enor-
kuH, 13B. AH CCCP. Cep. ¢pus. 52, 12 (1988).

3. R. J. Glauber and P. C. Martin, Phys.Rev. 104, 158
(1956).
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HAIIBKJIACUYHA MOJEJIb JUNOJBHOT'O NIIMI-PE3OHAHCY
B SAJPAX I3 HAJJIMIIKOM HEHUTPOHIB

B. 1. AopocimoB, O. 1. JlaBuioBcbka

Tnemumym adeprux docniosxcens HAH Yrpainu, Kuig

J1st BUBYEHHS TUIIONBEHOTO ITIrMi-PE30HAHCY B
sIpax i3 HAJJIUIIKOM HEHTPOHIB 3allpONOHOBAHO
HaIiBKIACHYHY MOJIENb, 110 CITUPAETHCS HA TUHAMI-
Ky y (hazoBoMy mpocTopi. BractuBocTi HEHTpOHHOT
IIKIPY S/ipa TPEJCTAaBICHO MOBEPXHEBUM IIIAPOM, B
SIKOMY PYyXaroThCs HEHTpoHH. {7151 yuciia HeWTpOHiB
y TIOBEpXHEBOMY Iapi Ny OTpUMaHO BUPa3

N, == 0 T 4 ¢, 1
o 2[ ’ 3) )

e ¢ — TOBIIMHA HEUTPOHHOI LIKipH.

YpaxoByroUn 3aJUIIKOBY B3aEMOIII0 MK HEHT-
poHamu B cemapalellbHOMY HaOJIM)KEeHHI, 3HAWJCHO
IUMONIBHY (PYHKIIIO BiATYKY CQEpUYHOro IIapy
HEHUTPOHIB Y BUTIIAIL

R, ()

Ry ()= :
! 1- kR’ (w)

(2)
Ie K — mapameTp B3a€MOJIIl; Rg (w) — HamiBKIacH-

YHa OJHOYACTHHKOBA NUMONBHA (YHKIS BiATYKY
chepudHOTO Mapy HEHTPOHIB

2
R (@)= F?F(JDFRSJ2 X

. 1 )
x> > d/Ma)nN(/l)T(sF,ﬂ)M

N=%ln=—co R./Ry w— a)nN (2)

Tyr A=

— 0e3po3MipHHUH KyTOBUH MOMEHT
pF sl

4acTHHKH (/-KyTOBHI MOMEHT 4acTHHKH); O, (4) —
JOUIOJNIBHI pafiaiipHi MaTpU4YHI €JeMEHTH B HAaIliB-
KJIaCHYHOMY HaOIkeHHi; @), (A) — nunoisHi ox-

HOYACTHHKOBI 9acTOoTH. 3 BUpa3y (3) BHAHO, IO B
OJTHOYACTHHKOBY (YHKIiIO BiATYKY JAalOTh BKIIAJ
OpOiTH YaCTHHOK i3 KYTOBUM MOMEHTOM B 00JacTi
3HayeHb BiA [, = p.R 10l =p.R,.
BukopuctoByroun ¢yHKIiI0 Biaryky (2), Oyno
3HAN/ICHO JUIOJIbHE CHEPTETUYHO 3BaXKEHE MPABUIIO
cym (E3IIC) mns cdepuyHoro mmIapy HEHTpPOHIB 3

TOYHICTIO JI0 YJIEHIB (t/ R)2 y BUIJISI

3/2
ml, =2 (é) ., @)

ae mlel — nunonsHe E3IIC ana sapa, mo cknana-
€ThbCS 3 A HYKIIOHIB

3w
mi;l Zg;A- (5)

Jus cucremu 3 uucinoMm HeiltponiB N = 126 i un-
CJIOM TPOTOHIB Z = 82, 110 BiANOBiAAE SAPY %Py,
OyJI0 TpOBENECHO YHWCENbHI PO3PaXyHKH CHIIOBOI
¢GyHKIil

S, (E)==—tmR, (E), ©)

ne E =ho. PospaxyHku cunoBoi ¢yHKLIT mpoBese-
HO IS Pi3HOI KUTBKOCTI HEWTpoHiB y mapi. Crouar-
Ky BBa)KQJIOCh, IIIO BC1 HAJIMINTKOBI HEHTPOHW 3HA-
XONATHCS B TIOBEPXHEBOMY MIapi W KOJIHMBAIOTHCS
BIJTHOCHO HEWUTPOH-IPOTOH CHMETPUYHOTO KOpa,
T00T0 N = N - Z = 44 (IITpNXOBa KpUBA HA PH-
CyHKY). BumHO, 110 pO3MOin CHiIM Ma€e pe30HaHCHY
CTPYKTYpYy. MakCHUMyM pO3IOALTY 3HaXOAUTHCS MPH
eneprii 7,8 MeB i Buuepnye 7,5 % E3IIC (5).
ExcriepuMeHTanbHe 3HAYEHHS TOBIIMHU HEH-
TPOHHOI IKipH ¢ 1u1s sapa “°Pb nopisrioe ~ 0,2 (M.
3 Bupasy (1) BUIUIMBaE, IO KiNBKICTh HEHUTPOHIB Yy
MMOBEPXHEBOMY Iapi, IO BiJMOBiJa€ TakOMy 3Ha-
YeHHIO f, JopiBHIOE N, = 9 (cyuinpHa KpuBa Ha

PUCYHKY). Y IbOMY BUMNAJKY 3HAMICHUNA MaKCUMyM
po3moniny 3HaxoOuThes mpH eHeprii 8,6 MeB 1 Bu-
gyepnye ~1 % E3IIC (5).

3ayBakuMoO, 110 B MOJEIi HE OyJl0 BpaxoBaHO
JUHAMIYHUX e(QEeKTiB MOBEpXHI Ta Kopa. MokHa
OUiKyBaTH, IO BPaxXyBaHHA IUX €(EKTiB JO3BOJIHUTH
OTpUMATH OLIBIT PEaiCTUYIHI BIACTHBOCTI AHUIIOIE-
HOTO TITMi-pe30HaHCy i, KpiM IIbOTO, OIHCATH O/
HOYACHO U TIraHTCHKHIA JUMOJBHUN PE30HAHC.

30 T T T T T T

AR

boo-oo- N=44

@ 20t -
= ;.
s \

= 15t N 1
S ¥

Q107 t -
& !

/5] 5L ,'" |
\
N \

0 2 4 6 8 10 12 14
E(MeB)

Posmonin cunmu qunonbHUX 30YIKEHb Y CHEpHIHOMY
mapi 3 pi3HOI KUIBKICTIO HEHTPOHIB: CyIUJIbHA KpHBa —
KiIBKICT HEHTPOHIB B mapi N, = 9, mTpuxoBa KpHBa —

N, =44.
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SANEPHA O®I3UKA

COULOMB EXCITATION OF NUCLEI IN HOT PLASMA

A. Dzyublik', G. Gosselin®, N. Pillet’, V. M¢ot’, P. Morel’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’CEA/DAM Ile de France, Service de Physique Nucléaire, Bruyéres-le-Chdtel, France

In recent years a lot of attempts have been done
for accelerating of the decay of nuclear isomers. In
particular, [1] tried to trigger the 16+ isomer of '"*Hf,
having a half-life 31 years and energy 2.446 MeV, by
irradiating it with x-rays. Very intensive studies have
been devoted to Nuclear Excitation by Electronic
Transition (NEET) and Nuclear Excitation by Elec-
tronic Capture (NEEC) (see, e.g., [2]). The possibility
of the isomer triggering by optical lasers has been
studied in [3] and by x-ray lasers in [4]. And now we
studied the process of Coulomb excitation of nuclei to
any intermediate level due to inelastic electron scat-
tering in hot plasma. Free electrons in plasma, having
the initial kinetic energy ¢;, higher than the transition
energy of the nucleus E,, can transfer the energy ~ Eq
to the nucleus during their collision. The final elec-
tron energy will then be & =~ g-E,. As usually (see,
e.g., [5]), we represent the Coulomb interaction of a
projectile with protons of the nucleus as a sum of
strong central Coulomb field V.(r) and a residual
interaction V. (r, r;), depending on the radius-vector
of electron r and radius-vectors of protons r;. Weak
interaction V. (r, ;) is responsible for excitation of the
nucleus. The screening factor of the nuclear charge by
surrounding electrons g(r) is shown to enter only into
V(r). Namely, V.(r)=(-Ze*/r)g(r). In particular,
g(r) = exp(-1/15), where 1, is the screening length. This
screening appears to be significant at low energies of
the projectile.

At first stage of the work we calculated the Cou-
lomb excitation cross section of the nucleus by elec-
trons in hot plasma c.(¢;), neglecting any screening
[6], i.e., we put there g(r) = 1. The calculations are
done in the framework of DWBA, where strong
interaction V(r) is taken into consideration in all
orders of the perturbation theory, while V. in the
first one. As usually, we expand a distorted electron
waves in spherical harmonics. For the radial wave
functions F(kr), where k and 1 denote the wave vec-
tor and orbital angular momentum of the electron
partial wave in the entrance or exit channel, we used
both a standard solution with the confluent hyper-
geometric functions and a modified WKB solution
with 1(1 + 1) in the centrifugal barrier, replaced by
(1+ 1/2)*. Numerical estimations of 6e(g) in both
cases gave us practically the same results.

It is shown that such cross section Ge.(g;) is of
the same order of magnitude as those of NEET and
NEEC. This cross section was averaged over the
energies of incident electrons g with the weight
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n(k;)(n(kg)-1). Here n(k;) means the average number
of incident electrons with the wave vector k;, deter-
mined by the Fermi distribution, n(ke)-1 determines
the number of holes on the level k¢ for scattered
electrons. Numerical calculations of averaged cross
sections <G>, as a function of the temperature up
to tens MK, were performed for a number of nuclei.

In addition, the radial functions Fy(kr) ~ r''f(kr)
were calculated for the screened Coulomb field. The
factor f(kr) was expanded in power series in kr, and
the expansion coefficients were found with the aid
of iteration procedure. At low energies the Coulomb
parameter 1 is large (n = 30 at € ~ 100 eV). This
leads to divergences of the iteration series. Therefore
we used a modified iterations method, which works
at small r, approaching origin r = 0. Afterwards,
employing this iterative solution, and replacing the
Schrodinger equation for Fi(kr) by difference equa-
tions, we found the solution in the region
0 <r <rmx These functions then have been applied
for estimations of Gey.(&;).

More general approach than DWBA has been de-
veloped for the whole process of the Coulomb exci-
tation of the nucleus and subsequent emission of y
quantum. In this case we calculate the complete T
matrix on distorted waves, but not the matrix for V.,
as in the DWBA. We found that the cross section o,
for such process, averaged over energies of emitted
photons, is 6, = (I',/(I'+A I') <G>, where I, is the
partial radiative width of the excited nuclear level, I'
is its complete width and A I represents the broad-
ening of the excited level due to the Coulomb de-
excitation of the nucleus by electrons.
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ELASTIC SCATTERING OF HEAVY NUCLEI
AND NUCLEUS-NUCLEUS POTENTIAL WITH REPULSIVE CORE

V. Yu. Denisov, O. I. Davidovskaya

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

The elastic scattering data of '°0 + '2C at various
collision energies [1] is discussed in the framework
of the optical model with repulsive core nucleus-
nucleus potential. The repulsion of two colliding
nuclei at small distances, when densities of two nu-
clei are well overlapped and doubled in some vol-
ume, is originated from the high value of nuclear
matter compressibility modulus, the kinetic energy
contribution due to the Pauli rearrangement and/or
the antisymmetrization. The cross-sections at back-
ward angles are strongly raised due to repulsive
core. It is shown by using the near-side/far-side de-
composition method that the near-side component of
the scattering amplitude contributes mainly to the

elastic scattering cross-sections on forward and
backward angles, see Fig. 1.
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Fig. 1. Elastic-scattering data and optical model calcula-
tions for core-repulsion and coreless potentials. The
cross-sections for total and near-side/far-side decompo-
sition of the elastic '°0 + '2C scattering amplitude evalu-
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ated with and without repulsive core in the potential.

The repulsive core of '°O + '2C potential is taken
place at distances R~2.5 fm. Note that core of the
nucleus-nucleus potential at similar distances is also
observed in both macroscopic proximity potential
[2] and semi-microscopic potential [3], see Fig. 2.
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Fig. 2. The core-repulsion potential evaluated for the
clastic '°O + '*C scattering for '°O beam energies 132
and 169 MeV. For reference the proximity [2] and semi-
microscopic [3] potentials are presented also.
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THE ANTISYMMETRIZATION AND PAULI EFFECTS
ON THE NUCLEUS-NUCLEUS INTERACTION POTENTIAL

V. Yu. Denisov, V. A. Nesterov

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

Knowledge of nuclear interaction potential is very im-
portant for calculation of various nuclear reaction charac-
teristics. Nuclear interaction potential consists of Cou-
lomb repulsion and less-known nuclear interaction part.
We study influence of nucleon density distribution and
Pauli principle on the shape of nucleus-nucleus potential.
The essential problem in the nuclear part of interaction
potential is related to the correct account of Pauli principle
for nucleons in interacting nuclei.

The nucleus-nucleus potential is related to both the nu-
cleon-nucleon effective force and nucleon density distri-
bution [1]. In our calculations we use the experimental
nucleon density evaluated from electron scattering on
nuclei and/or densities obtained in the frameworks of ex-
tended Thomas-Fermi approach [1], Hartree - Fock -
Bogoliubov method and shell model. The nucleus-
nucleus potentials are evaluated in the energy density
approach [1, 2] with density-dependent Skyrme force, in
double-folding model with DDM3Y and M3Y-Raid nu-
cleon-nucleon forces [3] and in the frameworks of two-
center shell model [4].

The evaluation of the Pauli principle for nucleus-
nucleus potential is carried out for system '°O + '°O using
density-dependent Skyrme forces in framework of two-
centre shell model. The potential of interaction is deter-
mined by a difference of the system energies at finite and
infinity distances between colliding nuclei:

V(R)=E(R)-E, —E,.

The nucleon density is obtained by two various ways —
with and without account of the antisymmetrization be-
tween nucleons belonging to interacting nuclei. Further-
more, kinetic energy is evaluated exactly or in the frame-
work of Thomas-Fermi approach.

The Pauli principle and approach to evaluation of ki-
netic energy contribution have essential impact on interac-
tion potentials, see Figure.

The nucleus-nucleus potential around the touching
point calculated in the frameworks of both the energy
density approach with Skyrme force and the double-
folding model with DDM3Y or DDMM3Y forces depends
essentially on the diffuseness of nucleon densities in in-
teracting nuclei.
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The nuclear part of '°0 + '°O interaction potential
evaluated within the two-center shell model without
taking into account the antisymmetrization with
exact expression for kinetic energy density (V,ogx),
without taking into account antisymmetrization
with Thomas-Fermi expression for kinetic energy
density (Vrenorex), With exact expression for kinetic
energy density and full antisymmetrization (Vgx)
and with full antisymmetrization and Thomas-
Fermi expression for kinetic energy density
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ALPHA-NUCLEUS INTERACTION POTENTIAL

V. Yu. Denisov, A. A. Khudenko

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

The alpha-nucleus interaction is a very important
and interesting topic of nuclear physics. It is a prin-
ciple factor in description of both alpha-decay and
alpha-capture reactions. These processes proceed in
the opposite directions. That is why it’s natural to
describe them by the same interaction potential.

We use a combination of updated data sets for
ground-state-to-ground-state alpha-decay half-lives
and alpha-capture cross-sections of YCa, *Ca, ¥Co,
2%pp and *”Bi around barrier (see Ref. [1]). We
select nuclei with exact values of both the half-lives
and the alpha-decay branch ratios only. Their total
quantity is 344.

The interaction potential we present as

v(r,0,1,0,)=V.(r,0)+v,(r,0,0,)+Vv,(r),

where v.(r,0), v\ (r,0,0,), v,(r) are the Cou-
lomb, nuclear and centrifugal potential respectively,
r,0,1,0,are the radius, horizontal angle, alpha-

particle’s orbital moment and the reaction energy.
We take into account the electron screening effect in
evaluation of the alpha-decay energy:

0,=AM ,—(AM ,+AM )+10°k(Z,* -Z,°) .

where M,,, AM,y, AM, are the mass-excess of parent,
daughter nuclei and alpha particle correspondingly.
The last term in equation describes the effect of
atomic electrons: k = 8.7 eV and &£ = 2.517 for
nuclei with Z > 60 and £ = 13.6 eV and ¢ = 2.408
for nuclei with Z < 60 [1].

The alpha-particle emission from nuclei obeys
the spin-parity selection rule (see Ref. [1] for de-
tails). We also take into account S, and f, defor-

mation parameters, which are taken mostly from the
RIPL-2 database [2].

In the framework of our model the nuclear part of
the v(r,0,/,0,) contains the set of parameters,

which we find by fitting selected experimental data
for alpha-decay and alpha-capture. The obtained
parameters allow to describe the known experimen-
tal data for alpha-decay half-lives in 344 nuclei,
alpha-capture cross-sections of YCa, “Ca, ¥Co,
2%pp and *”Bi around barrier and to predict the half-
live values of 902 alpha-emitters, which yet are not
observed experimentally.

By taking into account the spins and parities of
parent and daughter nuclei we obtain a spectacular
improvement in description of the alpha-decay half-
lives for even-odd, odd-even and odd-odd nuclei.

In the Figs.1 and 2 we presented results of our
calculations.

14

224

LOg]”(Tl :(EXIJ}-""TI :{ theor))

3

100 120 140 160 180 200 220 240 260 280
A

Fig. 1. Differences between the decimal logarithms of the
experimental and theoretical alpha-decay half-lives. The
atomic mass is plotted on the horizontal axis and the dif-
ferences between the decimal logarithms of the experi-
mental and theoretical alpha-decay half-lives are plotted
on the vertical axis.
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Fig. 2. Excitation functions of the alpha-capture reactions
in the logarithmic scale. The curve / belongs to the
0.+ Co reaction and the curve 2 — to the o+ ***Pb one.
Dots on the figure present the experimental values of the
corresponding processes and stars show result of the cou-
pled-channel calculation for reaction o+ **Pb. The en-
ergy (in MeV) is plotted on the horizontal axis and alpha-
capture cross section (mb) on the vertical axis.

1. V. Yu. Denisov and A. A. Khudenko, At. Data Nucl.
Data Tabl., to be published.
2. http://www-nds.iaea.org /RIPL-2/.
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SANEPHA O®I3UKA

THE FUSION OF TWO DEFORMED 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 the
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 [1] and other proper-
ties of a nuclear reaction. It has been shown both
experimentally and theoretically that the subbarrier
fusion of spherical and well-deformed nuclei in the
ground state is strongly enhanced by deformation.
The height of the barrier is especially important for
the production of heavy and superheavy elements.

The deformation and orientation dependences of
the entrance-channel potential between two de-
formed nuclei around the touching point are studied
in detail in Ref. [1]. Now we apply this potential for
evaluation the fusion cross-section between two
deformed nuclei.

Various orientations of deformed nuclei occurs
during collisions; therefore the fusion reaction cross-
section induced by two deformed nuclei is given as

2
dl 3 QU+1)<T,(E,0,,0,,0)>.

o(E)=
(E)=T 52

Here 4 is the reduced mass and < 7,(£,0,,0,,0) >

is the transmission coefficient averaged over all
possible  orientations of  colliding nuclei,
0,,0,,0 are the orientation angles, see [1] for de-

tails. We use the WKB approximation for evaluation
of the transmission coefficient for sub-barrier ener-
gies and Hill - Whiler expression for the high colli-
sion energies.

We evaluate cross-sections in Figs. 1 and 2 in the
framework of various approaches for the sake of
clarifying the role of various orientation and defor-
mation effects. The results evaluated in the most
accurate our approximation are shown by solid lines
in Figs. 1 and 2. In this case we take into account
both linear and quadratic terms on the quadrupole
deformation parameters in the potential and averag-
ing on all possible orientation angles ®,,0,and ®.

Dot lines are a cross-section obtained in the ap-
proach, when spherical shapes of both nuclei are
proposed. Lines with squares are a result, that has
been calculated without taking into account of quad-
ratic terms on the quadrupole deformation parame-
ters in the potential and taking into account averag-
ing on orientation angles ©,,0,and®. So we can

IIIOPIYHUK - 2008

see the influence of the second-order terms on the
quadrupole deformation parameter by comparing the
results presented by solid lines and lines with
squares. Lines with triangles show values obtained
in the model, that takes into account linear and quad-
ratic terms on the quadrupole deformation parame-
ters in the potential and averaging on orientation
angles ®,and ©,. As a result, we can see the effect

of averaging on orientation angle @ in this case.
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o
10 — Theor.
- - - Theor. sph.
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I’ —a—Theor. without ®
; \
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E (MeV)
Fig. 1. The **Mg + **Mg fusion cross section.
See text for notations.
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1
0,1 -+ A
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Fig. 2. The **Si + '**Sm fusion cross section.
The notations are the same as in Fig. 1.

1. V. Yu. Denisov and N. A. Pilipenko, Phys. Rev. C 76,
014602 (2007).
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YUET KOJUIEKTUBHBLIX CTENEHEN CBOBO/bI
IIPU BETA-PACHHAJAE HEYETHBIX SAIEP

A. A. Kypresa', B. E. Mutpommnn®

1 o

Hucemumym sdepruix uccreoosanuii HAH Ykpaunol, Kues
2 o o
Xapvkosckuil HayuoHanbHulil yHueepcumem, Xapokoe

[Ipupona ncnone3yer OeTa-pacnan A ONTHMU-
3allid COOTHOIIIEHUS HEHTPOHOB M MPOTOHOB B Sif-
pax. Bpems xn3HH pacmajuuKka 3aBUCHT OT CTPYK-
TYpHI siipa: yeM OoJbIlle pa3HUIa MEXIy HEHTpPOH-
HOH M MNPOTOHHOM mMoBepxHOCTIMU DepMmu, TeM
MEHBIIIE eT0 BpeMs Ku3HU. M3yduenne Oera-pacnana
sJiep TO3BOJISIET MOHATH, KaK MPOXOAHIO (HOPMHPO-
BaHUE JIOJIMHBI CTaOWIBHOCTH, KakK MPOUCXOIUT
CHUHTE3 TSDKENBIX JIIEMEHTOB B 3BE3/laX, MOMOTaeT
npyu  UIeHTU(UKAIMA HEONPEACICHHBIX DKCIEepH-
MEHTAJIBHBIX CIEKTPOCKOIMUYECKUX XaPAKTEPUCTHK
sep.

B pamMkax quHaMHYeCKON KOJIJIEKTUBHOW MOJIENN
[1], mo3BosstoNIel €AMHOOOPA3HO OIMHUCHIBATH Ce-
puveckne, epexoaHble U AeOpMUPOBAHHEIE S/Ipa,
paccunTaHbl SHEPTHH, CHEKTPOCKOTMHYECKHE (haKTo-
PBl, MATHUTHBIC TUTIOJIEHBIE U DJIEKTPHYECKHUE KBa/l-
PYIIOJIbHBIE MOMEHTBI OCHOBHOTO M BO30Y>KIEHHBIX
COCTOSTHUH 121Te, 123Te, 125Te, 1231, 123Xe, 123Cs, a
TaK)Ke MPHUBEACHHBIE BEPOSTHOCTH SIEKTPOMArHUT-
HBIX MEpexoJoB Mexay HuMu. Omucan (6e3 moxaro-
HOUHBIX TIapaMeTpoB) Oera-pacmay 1— '*'Te,
123 _y 137 125 _y 1257, 123%6 5 123,
'PCs— "PXe, '”Ba—>'"Cs. Ilpu onucanun Gera-
pacmaa UCIOIb30BaHbI BBIPAKEHUS /ISl TIPUBEICH-
HBIX BEPOSITHOCTEH OeTa-nepexoioB, MOTy4YCHHBIE B
[2]. Kaxxnoe BbIpaxkeHHEe COCTOUT U3 12 ciaraeMsix,
KOTOpBIE YCIOBHO MOXXHO H300Pa3UTh C ITIOMOIIBIO
12 xmaccoB muarpamMM. YUTeHBI BCe MHOTO(OHOH-
HBIE COCTOSIHUSI MPACT-TIOJIOCHI, KOTOPBIE MOTYT Jia-
BaTh BKJIAJ B OPMHPOBAHHUE CTPYKTYPbI COCTOSIHUN
HEYETHHIX saep. B paborax Apyrux aBTOpPOB YUHTHI-
BaeTCs TOJIBKO MPsAMOi OeTa-paciaj, a B padoTax [3,
4] — HOMOJHUTENBHO BKJIAJ OJHO(MOHOHHBIX CO-
CTOSIHUH B BEPOSTHOCTH OeTa-mepexoioB. TOIbKO B
HaIIUX pacyeTax yYWTHIBAETCS BIUSHIE BAaKyyMHBIX
(braykTyanuii Ha TEPEHOPMHUPOBKY OJHOYACTHYHBIX
MaTPUYHBIX AJIEMEHTOB OeTa-IepPexo0/I0B.

Pe3ynpraTel pacyeToB XOpOIIO COTIACYIOTCS C
UMEIOIIUMHCS  DKCIIEPUMEHTAJIbHBIMUA  JaHHBIMH.
[Ipu pacuere lg ft (t - mepuon momypacnana sapa)
pasHUIA MEXIYy SKCIEPUMEHTAILHBIMA W PACCUH-
TaHHBIMU 3HAYCHUSMH He TnpeBbimaet 0,2 s nepe-
XOJIOB C UHTEHCUBHOCTBIO OoJbiie 1 %.

Jia mimiocTpanuy BIUSHUS KOJJIEKTUBHBIX CTe-
reHelr cBoOOABI Ha TIPUBEIACHHBIC BEPOSATHOCTH Oe-
Ta-TepPexoJ0B Ha PUCYHKE MPUBEACHBI 3aBUCUMOCTH
lg ft oT KonMUYECTBa YYMTHIBAEMBIX KJIACCOB JHWa-
rpamm ist Geta-pacnana 2T — ' Te.

3aBucumocti 1g ft OT KONMMUecTBa yUNTHIBaEMBIX KIaCCOB
quarpaMm s Geta-pacmana 18] — 1BTe (JtuHMu npoBe-
JIEHBI YCJIOBHO, CIIpaBa YKa3aHbl CIIMHBI COCTOSIHMH, Ha
KOTOpbIE IPOUCXOUT OeTa-IIepexon).

Buano, uTo mpu nepexone ¢ OCHOBHOT'O COCTOSI-
Hust 21, TIaBHBIE BKIAn B KOTOpPOE€ TaeT OJHOYacC-
TUYHOE cocTOsiHHE dsp, HAa OJHOKBa3MYaCTUYHOE
3/2] -coctosiHre ¢ GOJBIIMM BKIAOM d3/ KOJIEK-
TUBHBIC CTCTIEHU CBOOOJBI HE3HAUUTEIHHO BIIUSIOT
Ha BEpOSITHOCTh OeTa-mepexona. [lepexon va 7/2; -

COCTOAHUC TIPOUCXOIUT C Majou BCPOATHOCTLIO,
IMOTOMY 4YTO OH ABJIACTCA [- 3alpCUICHHBIM. Co-

crostaust 5/27 m 3/2; - unensl ngy6unera [si,® 211,
a 5/23-wu 3/2; - cOCTOSHUSI — WICHbI MyJIbTHILIETA

[di3p ® 21+], MO3TOMY BKJIaJ KOJUICKTHUBHBIX CTeTIe-

Hell CBOOOJBI B BEpPOSTHOCTH OeTa-TepexoioB Ha
3T COCTOSTHUS BEJIUK (00Jiee OJTHOTO MOPSIKA).

1. T. b. Kpeirun u B. E. Murpomun, YA 16, 927
(1985).

2. W. H. Bumnesckuii, I'. b. Kpsirun, A. A. Kypresa u
op., 1D 57, 17 (1994).

3. J. Toivanen and J Suhonen, Phys. Rev. C 57, 1237
(1998).

4. V. A.Kuzmin and V. G. Soloviev, Nucl. Phys. A 486,
118 (1988).
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MPYXHE PO3CISIHHSI IOHIB °He SIIPAMU CBUHIIIO IIPU EHEPIISX,
BJIM3bKUX A0 KYJIOHIBCBKOI'O BAP’€EPA

K. O. Tepenennkuii, O. B. ba6ak, B. Il. Bepounbkuii, O. Jl. 'puropenko

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuisg

Y pamkax po3po0bieHoi paHimie amgiadaTnaHoi Te-
opii [1] mpyXHOTO PO3CISIHHSI JIETKUX HEHTPOHHO-
Ha/JIMIIKOBUX 10HIB KYJIOHIBCBKUM TOJIEM Ba’KKUX
siep-MillleHe ofep KaHO ENEeKTPUYHI ONTHYHI T0-
teHuiamu (EOIT) Ta 3 BUKOpHCTaHHSAM iX aHANITHY-
HOrO MpeAcTaBieHHS [2] po3paxoBaHO meEpepi3u
npyxHOro poscisaus ionis °He smpamu “**Pb mpu
EHEePrifax B OKOJIi KyJIOHIBChKOTO Oap’epa. PesymnbTa-
TH PO3PaxyHKIB MOPIBHIOBAINCS 3 HOBHUMH EKCIIe-
pUMeHTanbHUMU AanumMH [3]. g BpaxyBaHHS sifie-

1,04 M
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pHOT B3aeMOJII IIeCTH HYKJIOHIB HAJIITAI0OUOl 9acTH-
HKH 3 SIIPOM-MIIIEHHIO MPH BCiX €HEpTifx y po3pa-
XYHKaX BHKOPHUCTAHO TJIOOANbHUIA KOMIUIEKCHUN
SJIEPHUN TTOTEHITIaN, O OMUCYE PO3CISTHHS 10HIB °Li
CBUHIIEM [4] mpu Takux CHEPrisx, mo0 KiacuyHi
KYJIOHIBCBbKI TOYKH MOBOPOTY OyIM TaKHMH X, 5K 1
JUTSL HAIIO1 CUCTeMH. €IMHUM MapamMeTpoM, IO Mij-
OupaBcsi B po3paxyHKax, OyB KoedilieHT A mepen
EOIL.

1o ] 16 MeB
S _2

1
0 20 40 60 80 100 120 140 160 180
)

0 20 40 60 80 100 120 140 160 180
)

BinHocHi mudepeHiianbHi nepepisu npyxHoro poscisuas ionis “He sapamu 208pp: 7 — pe3yIbTaTH pO3paxyH-
kiB 3 EOII Ta KoMIIeKCHUM siiepHUM ToTeHianoM [4]; 2 — pospaxynok ymiie 3 EOIL. Eneprii Hamitatounx
10HIB IIPECTABICHO B TaOOPAaTOPHIN CHCTEMI.

3 HaBeICHWX Ha PHCYHKaX Pe3yJbTaTiB PO3paxy-
HKIB BHJIHO, 110 3 A = 0,5 BIaeThCs 3a10BUIHHO OIIH-
caTu eKCIIepUMEHTANIbHI AaHi U BCiX eHeprisx 0e3
HeoOXiTHOCTi BBeleHHS He(i3WYHHX 3HAYEHD Tapa-
METpiB ONTHYHOTO TOTeHIiany. Onep)kaHe 3HaYCH-
HS A BKa3ye Ha Te, [0 HMOBIpHICTh IIOCTYJIbOBAHOTO
B Teopii THmy kmactepmsamii sgpa ‘He(a + “n) B
OCHOBHOMY CTaHi He piBHA 1.

IIIOPIYHUK - 2008

1. V. P. Verbitsky and K. O. Terenetsky, Yad. Fiz. 55,
362 (1992).

2. K. O. Tepenenxwuii, A. B. babak, B. [1. Bepounukuii u
O. 1. I'puropenko, Snepna ¢izuka Ta eHepreTHka,
Ne 3(21), 47 (2007).

3. A. M. Sanchez-Benitez et al., Nucl. Phys. A 803, 30
(2008).

4. J. Cook, Nucl. Phys. A 388, 153 (1982).
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JUHAMUYECKHE YPABHEHUS METOJA PE3OHUPYIOIUX T'PYIII
JIs PEAKIIMA C TPEXTEJIbHBIMU KAHAJIAMUA

1O. E. Ko3bIps

Hnemumym sdeproix uccredosanui HAH Yxpaunol, Kueg

[Ipu CTONKHOBEHHUSAX JOCTATOYHO JIETKUX SACP
OOBIYHO C 3aMETHOH BEPOSTHOCTHIO 3aCEISIOTCS
BBIXO/IHBIE KaHAIBI ¢ 0oJiee YeM JABYMS YaCTHIIAMU B
KOHEYHOM COCTOSIHHH, OCOOCHHO €CJIH B CTOJKHOBE-
HUU YYacTBYET CJIA0OCBS3aHHOE SAAPO. MHKpPOCKO-
MMMYECKHE PacUeThl TAKUX MPOIECCOB, BHIMIOJIHEHHBIC
s cronkuosenuit ‘He ¢ °Li npu E(1a6.) ~ 30 MaB
[1], moka3zanm, 9TO Aa)Ke MPHU yUeTe TOJIBKO MPSMOTO
MEXaHM3Ma PACCesSHUS W TPSIMOTO PaCIICIUICHUS
Li > d+a pesympraThl B kaHamax a +°Li wu
o + d + o OKa3BIBAIOTCS CHIIBHOCBSI3aHHBIMU. Bims-
HUE TPEXTEIHHOI'0 KaHajia B 3TOM CJIy4ae MMO3BOJISCT
XOTs1 OBl OTYACTH YMEHBIIUTH HAOIIOJABIIAECS O
9TOTO 3HAYHUTEIbHBIE PACXOXKIEHHUS pacuera cC
UMEIOIIMMHUCS  AKCIIEPUMEHTAIBHBIMA  JTAHHBIMHU.
DTO0 yKa3bIBaeT Ha aKTYAIBHOCTh Y4YeTa BCEX IOTCH-
[TUATBHO BO3MOXKHBIX MEXAaHM3MOB 3aCElIEHUs pac-

LG+ d”
2u\ A

+U (o) | g2 )+ [dr =N ()

23) 3 23
+3 [dr V) Gror) gl (in)+ Y [drtdn { =N G )

L'’ L'L'

(23) ' v 3) ' n —
+US ()} gl (n ') =0.

K mpsmeiM cnaraembIM, NepeaaronIiM HE3aBH-
CUMOE JBIDKEHHE B JABYTEIBHOM KaHaie (mepBoe
BEIp@XEHHE B KBaJpaTHBIX CKOOKAaX M CyMMa 3a
HUM) M CBSI3b DTOTO KaHala C TPEXTENbHBIM (ABa
UHTErpasa no dr, ) A00aBISIOTCS OOMEHHBIE YJICHBI
TAKOro K€ CMBICTIA: WHTErpan Mo dr;' W WHTerpai
no dr'dr,' cOOTBETCTBEHHO. 31€Ch 7; U F, — cde-
pudeckne paanychl KOOpAWHAT SIKOOHM, COeIMHSIO-
X meHTp Macc Hameraromeii gactuus (‘He) c
LIEHTPOM Macc s1pa-MUILICHU Lin LIEHTp Macc JIeu-
TPOHA C IIEHTPOM MAacc BTOPOH O-4acTUIBI B TpeX-
TEJIBHOM KaHaje COOTBETCTBEHHO; [/, [, — opOu-
TaJIbHbIE MOMEHTBI OTHOCHTEIBHOTO ABHIKEHHUS CO-
OTBETCTBYIOIMX Map 4yacTul;, A4,, i, — UX IpHUBe-

nenHsie Macchl; E®) — SHeprus OTHOCHTENBLHOTO
JIBIKEHUs B JByTelbHOM Kanaie; N(r) — ma-
TPUYHBIHA 3JIEMEHT MEPEKPBITHS BOJHOBBIX (YHKIUHA
CTPYKTypHOTO 0a3uca KaHajoB Ui MPSIMOTO Mexa-
HHU3Ma. M3 Takux kK€ MaTpUYHBIX DIJIEMEHTOB IIPH

MOJTHOM aHTHCUMMETPU3AIlUH BOJTHOBOW (QYHKIUH H

2 2 22
+E | g2 )+ 2V
L'

1 0 1 9

4, or

CMaTpPUBAEMBIX KaHAJIOB, YTO IKBUBAJIEHTHO TOJIHOMN
AQHTUCHUMMETPHU3AIlM1 BOJTHOBOM (DYHKIIMU CHCTEMBI.
Peanmzanms Takoit 3amadm TpeOyeT MpEkIe BCEro
MMOCTPOEHUSI ~ COOTBETCTBYIOIINX  JHHAMHUYECKHX
ypaBHeHuil. C 3TO# 1enbio pa3BuThiil B [1] Mukpo-
CKOTIMYECKUH TOAXO0 OBUT JIOMOIHEH HEOOXOIUMBI-
MU TIpOIlelypaMy aHTHCUMMETPHU3AIINH, YTO MPHUBE-
JIO K TOSIBJIEHUIO HOBBIX, OOMEHHBIX, CllaraéMbIX B
YPaBHEHUSX, CBA3BIBAIOIIMX JBY- M TpPEXTEIbHBIC
KaHaibl. [ meMoHCTpanuu MpUpPOAbI MTPOUCKOMIS-
X U3MEHEHHWN HIDKE TPUBOIUTCS B 00mmIeit popme
OJIHO U3 ypaBHEHUH AMHAMHUYECKOHW CHCTEMBI, CBS-
3BIBAIOIECE DPaTUANbHBIE PEIICHUS B JIBYTEIHHOM

3)

) (
) () u TpexTerbHOM &, (n,r,) kaHamax mnpu

KaXKaA0OM ONpCACIICHHOM 3HAUCHHUU IMOJIHOTO YIJIOBO-
T'O MOMCHTA U YCTHOCTH.

C{Z
() g+ [dr' D[N (i) ot

5 1

(23) (3)
o K (.1} gl (r.m)+
2 2

17
H ar'f H, arvg

COOJIOICHUY TPABUIT CI0KEHUS YTJIOBBIX MOMEHTOB

IIOCTPOEHBbl HMHTErpajbHbIE SApA Nl(liz,)(rl,rl') u
(23) [ (23)

Ny (sn i) . B K7 (r,7,) 00BbeIMHEHBI Clia-

raemble, 0Opa30BaHHBIC YMHOXKEHHEM ILIEHTPOOEK-

HBIX JHEPTUN U YHEPTUN OTHOCUTEIHHOTO JIBM)KEHUS
23 o
Ha N )(rz). [Ipamoe B3aumojielicTBUE AAETCS TO-

22 2
renmmanamn V¢V (n) m V&) .(r,r), obMenHoe

B3aMMOJICUCTBUE OOBEAMHEHO B siapax U ,(]f’z,)(rl,r1 "
(23) [ '
u U (7,15 ") € JHEPreTHYCCKUMH ClIaracMbl-

MU, 00pa30BaHHBIMU M3 COOTBETCTBYIOLIHX sifiep N .

Bo3spocmiast rpoMO31KOCTh JUHAMUYECKUX ypPaB-
HEHUIl HE YCIOXHSET YUCICHHOE PEIIEHUE UX CHC-
TEMBI, MTOCKOJBKY Pa3Mephbl dKBHUBAJICHTHOW CHCTE-
MBI JINHEHHBIX YPABHEHUM OT 3TOr'0 HE 3aBUCSIT.

1. Yu. E. Kozyr, in Book of Abstr. of the 2-nd Int. Conf.
“Current Problems in Nuclear Physics and Atomic
Energy” (Kyiv, Ukraine, 2008), Kyiv, 2008, p. 183.
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KJIACTEPHA CTPYKTYPA SIJIPA *Mg

B. I1. Muxaijawok

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Po3monisnn HYKJIOHIB B SiApax 4acTO BUBYAETHCS 3a
JOTIOMOTO0 PO3CISIHHSI BHCOKOGHEPTEeTHYHHUX eJIeK-
TpoHiB. [IpUBaONMUBICTE PO3CISIHHS  EJIEKTPOHIB
MOB’si3aHa 3 TUM BiIOMHM ()aKTOM, IO EIEeKTPO-
MarHiTHa B3a€MOJis €IEKTPOHIB 3 SAPaMHU € J0CTaT-
HBO CJIA0KOI0 ¥ JI0Ope BUBYCHOIO, a Tepepi3 mpyx-
HOTO PO3CiSTHHSI €JICKTPOHIB siApaMHu € GYHKIIEIO Bij
3aps0BOTO PO3MOILTY OCHOBHOTO CTaHY spa.

VY nmaHiif poOOTi MPYyKHE PO3CISTHHS EICKTPOHIB
sapamu ~*Mg po3isaanoch Ha OCHOBI O-KJIACTEPHOT
Mozeni 3 mucrepciero [1]. Jns sapa **Mg Gyio 3a-
MIPOTIOHOBAHO JIB1 HAWOIIBI iIMOBipHI KOH(pIryparii:

nepopmoBanuit kop (sapo '°0) Ta aBa a-Kmac-
Tepa, IO YTBOPIOIOTH TAHTENIO, KA 3 HaWOUIBIIOO
WMOBIPHICTIO OCIHIIIOE TIOONH3Y IIEHTpa Mac KOpy
(I'BO monenp);

nedopmosanuit xop (sapo '°0) Ta nBa 0-Kiac-
Tepa, M0 YTBOPIOIOTH T'AHTENI0, KA 3 HAWOUIBIIO
WMOBIipHICTIO po3TamoBana mo3a kopoM (I'TIO mo-
JIEJTh)

3a3HauMMoO, MI0 TIPH PO3paxyHKax BHYTPILIHA
CTPYKTypa KOpY TaKOX ypaxoByBaJlaCh Ha OCHOBI O-
KJIACTEPHOI MOJIEII 3 TUCTIEPCIETO.

Ha ocHoOBi Takoro migxomy Oyio po3paxoBaHO
3apsaoBuid popMdakTop Ta cepeHbOKBAAPATHYHUI
pamiyc sapa “*Mg [2]. Pesynbratn po3paxyHKiB
¢dopMmdarTopa pa3oM 3 eKCIEpUMEHTAILHUMH [a-
HUMU 3 poOoTH [3] HaBeAeHO Ha pUCYHKY. CyIinbHI
KpHWBI Ha PHICYHKY po3paxoBaHOo Ha ocHOBI I'BO
MOJIelTi, a MyHKTHPHI — Ha ocHOBi [ TIO Moneri.

3 pucyHKa BUAHO, IO po3paxoBaHi (popMdakxTo-
PH Y3TODKYIOTBCS 3 HAIBHUMH €KCIIEPUMEHTAIbHU-
Mu maaumu gk s ['BO, tak 1 gos IT'TIO mopeni.
[Ipu npomMy B 005aCTi TPETHOTO MAaKCHUMyMY Y3rO-
JOKEHHSI MK PO3PaxOBaHUMHU ¥ BHUMIpSHUMH (POpM-
(axTopaMu IO Kpamie y BHIIAJKy BHKOPHCTaHHS
I'TIO monemi.

HIOPTYHUK - 2007

10’

2 107
|F|

10

10°

107

q(dm’)

Bapsaosuit hopmdaxTop spa > Mg
AK (pyHKIIiSI TepeJaHOTO IMITYIIBCY

3anponoHOBaHUH MiIXiJ 1a€ 3MOTY TaKOXK OTpPHU-
MaTH BEJIMYMHU JJIs CEPEIHHOKBAIPATHYHUX PAJIiy-
ciB smpa *Mg: <r*>"2= 3,072 ¢m ws TBO i <r*>'"?
= 3,061 ¢o™m mns I'TIO mopmeni. Bimznauumo, 1o y
BUNagKy BuKopucTanHs ['BO wmogeni cepennbo-
KBaJIpAaTHYHHUHA pasiiyc JIEII0 Kpalle y3roKyeTbes 3
EKCTIEPUMEHTAIILHO BHMIPSHOIO BEIMUMHOK: <>~
= 3,075 dwm. [4].

1. Yu. A. Berezhnoy, V. V. Pilipenko, and G. A. Kho-
menko, J. Phys. G 10, 63 (1984).

2. Yu. A. Berezhnoy, V. P. Mikhailyuk, and V. V. Pi-
lipenko, Eur. Phys. J., to be published.

3. G. C. Li, M.R. Yearian, and I. Sick, Phys. Rev. C 4,
1861 (1974).

4. H. De Vries, C.W. Jager, and C. de Vries, Atom. Data
& Nucl. Data Tabl. 36, 495 (1987).
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AHOTAIIII POBIT

PACCESSHUE BEKTOPHBIX YACTHI B IIOJIE SAJEP U TOPMO3HOE HU3JITYYEHUE

B. K. TaprakoBckuii

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

B pamkax xBaHTOBO# 3nekTpomuHamuku (KO/I)
MOJIy4YeHa B SIBHOM BHJe oOmmas Gpopmyna st 1ud-
(epeHIManbHOrO0 CeYeHHs] MATKOTO TOPMO3HOTO
M3ITyYeHUs] PESITUBUCTCKAX BEKTOPHBIX 3apshKEH-
HBIX YaCTHI] B KyJIOHOBCKOM TIOJIE aTOMHBIX sIIep U
paccMOTpeHBl YacTHbIE ciydau. [lokazaHo, 4TO yr-
JIOBBIE W DHEPreTHYECKUE pacHpeielieHus MPOIyK-
TOB TIpOIlecca HEYIPYTOTO PacCesTHUS CIIabOpeIsTH-
BUCTCKUX MACCHUBHBIX BEKTOPHBIX 3apsDKEHHBIX
YacTUll SApaMH C H3IYYCHHEM MATKHX (OTOHOB
CHJIBHO OTJIMYAIOTCS MPH CPaBHEHHH OT COOTBETCT-
BYIOIIUX PACHpE/ICICHUIl MPH PACCESIHUU CKAIsp-
HBIX ¥ CIIMHAPHBIX YACTHUI] C TAKUMH K€ TIO BEITHYH-
HE MaccaMH U 3apsiiaMu, KaK Yy BEKTOPHBIX YaCTHII.
YcTaHOBJIEHBI TpeNenbl MPUMEHUMOCTH (OpMYTT
K3/, onuchIBaronux TOPMO3HOE M3IIYICHHE, KOTO-
pBle CIIpaBeAIMBEI, HAPUMED, AJsI NaJarolnX AeH-
TPOHOB, €CJIM UX KMHETHYECKas YHEPTHs MO MOPSI-
Ky BEJIMYMHBI HE TIPEBBINIACT TNPHOIU3UTEIHLHO
1 5B wi Ha HemHoro mpesbimaer 1 I3B. Oto
CBSI3aHO C T€M, YTO NPH TAKUX SHEPTUSAX B3aUMO-

JiefiCTBHE MaJalONINX YacTHIL C AAPaMU MOXHO €Ile
ONHMCHIBaTh AmarpamMmor @DeitHMaHa ¢ 0OOMEHOM
OITHUM (POTOHOM, T.€. MOKHO HaXOIHMTHCS B paMKax
NepeHoOpMupyeMol Teopuu, kakoi ssisercs KO/I.
[lonmyuyennsie (opMysbl MOXKHO HCHOJIB30BaTh, Ta-
KUM 00pa3zoMm, Ui OMUCAHUA MSTKOTO TOPMO3HOTO
U3IY4YeHUs] NPH paccesHWU Ha Aapax, HaIpHUMep
JEUTPOHOB, MMyYKH KOTOPBIX MOIYYarOT C SHEPrus-
MH B JECATKH W COTHH METadJIEKTPOH-BOJIBT, Ha-
IIpUMEP B M30XPOHHBIX LUKIOTpoHax kak B MU
HAH Vxpauns! (KueB), Tak 1 JpyTrux yCKOpPHUTENSIX.
OTH 3HEpPruu IEHTPOHOB KaK pPa3 COOTBETCTBYIOT
00JIaCTH TIPUMEHUMOCTH TOJYYEHHBIX 37IeCh (op-
MyJ JUIS CEYEHHs] TOPMO3HOTO M3IY4YEeHMs, TaK Kak
npu copMyIHPOBAHHBIX YCIOBHUSX elle He OyIayT
MOJKJIIOYaThCs CUJIbHBIE B3aUMOIEHCTBUS U OyIyT
CTpaBeIMBEl COOTBeTCTBYIOMmME (opmynsl KOJ]

[1].

1. B. K. TaprakoBcbkwii, SlnepHa ¢i3rka Ta eHepreTuka
Ne 1 (23), 7 (2008).

PACCESIHUE CJIABOPEJIATUBUCTCKHUX SIEP
CO CIIMHOM EJIUHUIA HA MAJIBIE YI'JIbI

B. K. TaprakoBckmuii

Hnemumym saoepuvix uccnedosanuti HAH Yrpaunvl, Kues

IIpu wucnomp3oBanuu (opmanar3amMa KBAHTOBOM
anekrponuHamuku (K3/I) momydeHo B sBHOM Buje
ob1mee BeIpakeHne I TP PEpEeHITHATEHOTO ceve-
HUS YOPYTOTr'0 PacCesHUs Ha MaJible YIJIbl HETOXKIC-
CTBCHHBIX SJIEp CO CIIMHOM CIWHUIA TPU HU3KHUX,
CPEIHUX M CJIA0OPEIATUBUCTCKUX dHEprusx. OOHa-
PYKEHBI OTKJIOHEHHs OT pPe3ep(OpIOBCKOr0 pac-
CeSHUS M CJIOKHAs 3aBUCUMOCTh CCYCHHUS OT CITU-
HOB, SHEPTUU U Macc sJiep B 3TOH 00JIaCTH SHEPTUH.
Hcrnonp3oBancs gopmanmsm Hadduna - Kemmepa,
YTO JaJl0 BO3MOXKHOCTh BBIYMCIIUTH PEISITHBUCT-
CKHE TIONMPAaBKU K CEUCHHUIO pPAcCesHHsl Ha Mallble
YTIIBL SIAEP CO CTUHOM €IMHUIIA TIPU CPEIHHUX DHEp-
TUsIX, KOrjJa JOMHUHHPYET 3JIEKTPOMArHUTHOE B3au-
mozeiicteue u copasemnuBa KOJI. Orpanuuenwue
CpPeIHUMH | CIA0OPEIATHBUCTCKUMU SHEPTHAMHU
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HEO00XOJMMO, 4TOOBI HE YYHTHIBATh BEChbMa CIIOXK-
HYI0 KapTUHY B3aWMOJCHCTBUS siep, KOTJa IMpHu
PENATUBUCTCKUX U OCOOEHHO TIPH YIBTPApPEISITUBH-
CTCKHUX DHEPTUAX MPUHUMAIOT YYaCTHE YK€ U CHJIb-
Hble B3auMonehcTBus. [TomyueHHble GOpMyIIbl IS
cedeHul npu chopMyIHPOBAHHBIX YCIOBUSAX MOTYT
UMETh CMBICT TMPEACKA3aTeIbHBIX TEOPETHICCKIX
PE3YJIbTaTOB M MOTYT CPaBHHMBATBCS C YXKE BBIMOJI-
HEHHBIMU COOTBETCTBYIOIIMMHU 3KCIIEpUMEHTaMu. B
YacTHOCTH, (OPMYIIBI COJIEpKAT B cede PesiTUBU-
CTCKHE TIOTIpaBKH K M3BecTHOU dopmyire Pesepdop-
Jla JUIs paccesiHus 3apsHKCHHBIX YacTHUI[ CO CITMHOM
enuHuna [1].

1. B. K. Taprakosckuii, AD 71, 748 (2008).

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



SANEPHA O®I3UKA

BJIACTUBOCTI KYJIOHIBCBKUX PE3OHAHCIB

A. II. ITaciunnii

Inemumym s0eprux docniodcens HAH Yrpainu, Kuis

TeopeTnuHe Ta EKCIEPUMEHTAJIbHE BHBUCHHS
MIPOIIECIB €JIEKTPOJIE3IHTErpallil sSAep eICKTPOHAMHU
BHCOKUX €HEprid, 30Kkpema peakuiii A(e,e p)A-1,
A(e,e’ ®)A—4 Ta A(e,e'n)A-1, € oguum 3 Haii-
JOCTOBIpHIIMX Jkepen iHdopmamii [1 - 3] mpo
CTPYKTYpY aTOMHHUX SI€p B PI3HOMaHITHUX MOZEIISX
sapa. 3aBISYyIOUN  CIAOKOCTI  €JIEKTPOMAarHiTHOT
B3a€MO/Ii{ €TIEKTPOHIB 3 HYKIOHAMH aTOMHOTO fpa
MpoIeC HEMPYXHOTO PO3CISHHS EJNEeKTPOHIB, IO
CYIIPOBOKY€ETBCS  €JIEKTPOPO3ILEIUICHHAM  SIIED,
BJIA€ETHCA JIOCHUTH YCITIIIHO MPOIHTEPIIPETYBaTH B
pamkax Teopii 30ypeHb. Came 1iei GpakTop Big4yTHO
3MEHIIy€ HEBU3HAYEHOCTI Y BHCHOBKAX ILIOJO CTPY-
KTypHHUX IapaMeTpiB y TUX YM IHIIUX SOEPHUX MO-
JIeIIX IPU BUBUEHHI BJIACTUBOCTEH aTOMHHUX J€EP.

OpHUM 3 HAUMOLIMPEHILINX eKCTIEPUMEHTAIbHUX
METOIB BHBYCHHSI IPOIIECIB CIIEKTPOPO3MICIIICHHS
SZIep CIEKTPOHAMHU BHCOKHX CHEPTill € JOCIiHKCHHS
CIEKTPIB HENPY>KHOTO DPO3CISIHHS YJIbTpapesiTHBI-
CTCBKHX €JIEKTPOHIB NpH (DiKCOBAaHOMY KYTi PO3Ci-
aHHA. TeopeTnyHa iHTEpHIpeTalis TAKMX CHEKTPiB [3
- 6] y pamkax 00OJIOHKOBOI MOJeNli aTOMHUX sIliep
MOB’si3aHa 3 PSAIOM BAKIMBUX BHCHOBKIB, cepex
SKHX BHUCHOBOK IIPO BAaXJIUBICTh ypaxyBaHHS B3ae-
MOMii BUOWTOI YACTUHKH 3 3aIUIIKOBUM SIPOM
(A-1) mae, 6e3yMOBHO, TEpIIOPSIHE 3HAUYCHHS. Y
MaKpOCKOIIIYHOMY IUIaHiI BKa3aHa B3a€EMOJIisl TIOPO-
JUKY€ 3MIMIEHHS TaK 3BAHOTO KBa3iyIPYXKHOTO ITiKa
B 00NacTh MEHIIMX IepelaHux eHeprii. Ta Haii-
OLTBII LiKaBUM 1 HEOPIUHAPHUM MOMEHTOM € TI0PO-
JDKEHHSI TaKOIO B3a€MOJIEI0 PE30HAHCHOI CTPYKTYPH
CIICKTPa PO3CISIHUX €JIEKTPOHIB, TIOB’A3aHOT 3 BUOU-
BaHHAM HYKJIOHIB a00 OinbIl BaXKKHX KIAcTEepiB,
30KpeMa anb(a-4aCTHHOK, B 00JIACTh CHEPTill Here-
pepeHoro crektpy (E > 0).

3ayBaXMMO, IO HAWOITBII TOYHOIO HA JTaHWUN
MOMEHT (HOpMYJIOI0 Uil HIBIIMPUHH TaK 3BaHOTO
KYJIOHIBCBKOTO pe3oHaHcy € (hopmymna [5 - 8]:

}{‘Z(E) r
= = E , 1
Vi dW', (E)/dE N 1)

dz

la
ne: Wh(E)y=F,—L-2Z, ddL — BPOHCKiaH (yHK-
r r

uit Fi(Kr) 1 Zg. (1), Z = Zk1(r) — po3B’s30K pamialib-
Horo piBHsHHA Llpeniarepa st pamianbHOT KOMITO-
HeHTH OGyHKIIT BHOMTOro HykioHa, G = Gr(Kr),
F = F(Kr) — kynoHiBcbKi (yHKIIi.

HIOPTYHUK - 2007

o(m), HOH/MeB/cp

100 A

50

CrieKTpasibHUH PO3MO/LT HENPYXKHO PO3CISIHUX EJEKTPO-
HiB 3 eneprieto E = 500 MeB nig kyrom 0 = 60°. TIyHk-
THUpPHA KPHBa BiJITBOPIOE PO3PAXyHOK Iepepi3y B IUIOCKO-
XBHJILOBOMY HAOJIMDKEHHI, CYIIJIbHA KPHBA PO3paxOBaHa 3
ypaxyBaHHSIM B3a€MOJii BUOMTHX HYKJIOHIB 13 3QJIMILIKO-
BUM SIZIPOM B KiHIIEBOMY CTaHi.

Ha pucyHKy HaBeIeHO MPHKIAA PO3pPaxyHKY Iie-
pepizy HEMPYKHOTO PO3CISIHHS €JICKTPOHIB 3 SHEpri-
ex0 E = 500 MeB na Baxkomy sapi U (Z = 92)
3aJISKHO Bij mepenanoi eneprii (. Bemuka kibkicTh
3aIOBHEHNX O00OTOHOK B siapi U Ta Garatwii
CHEKTp KBa3iJUCKPETHUX pIBHIB (3aBISKH TOTYX-
HOMY (Z = 92) xynoHiBcbKoMy Oap’epa) oOyMOB-
JIOIOTh MPAKTHYHO CYLITBHUI CHEKTP PE30HAHCHUX
MIKIB y Iepepi3i HEMPY>KHOTO PO3CISTHHS.

MoXeMO KOHCTAaTyBaTH, IO CHEKTP KBa3iIUCK-
PETHHX DPiBHIB BIACTUBUI NMPAKTUYHO BCIM aTOMHUM
spaMm, K1 OICyeMO 000JIOHKOBOIO MoJieiuTio. KBa-
31IUCKPETHI PiBHI € (AKTUYHO MPOJOBKEHHIM CIie-
KTpa 3B’s3aHUX OOOJOHKOBHUX CTaHiB B 00JIACTb
HeTepepBHOro ciieKkTpa. PeHOMEH KBa3iJUCKPETHUX
CTaHIB Pa30oM 3 iHIIUM SBHIEM — (PEHOMEHOM KBa3i-
peanbHUX (OTOHIB — PI3HOIUIAHOBO Ta OaraTtorpaH-
HO BIUIMBAIOTH Ha Nepedir mpoueciB eneKTpoae3iH-
Terpamii saep. BukoHaHi HOCTIIKEHHS BJIaCTHBOC-
Teil KyJOHIBCHKMX PE30HAHCIB JAar0Th 3MOTY TPOiH-
TEpIpeTyBaTH WiMHHA psii 0coOnMMBOCTEl mpolecis
€JIEKTPOAE3IHTErpalii siiep eIeKTpOHAaMHU BUCOKHX
€Heprii.

1. A. A. [Nacuunsii, AD 46, 722 (1987).

2. A. A. Macuunerid, D 48, 694 (1988).

3. A. A. ITacuunsrii, D 54, 1543 (1991).
4. A.TL MNaciunuii, YOXK 37, 487 (1992).
5. A.TI Iaciynnit, VOXK 38, 1619 (1993).
6. A. A.Ilacuunsii, D 68, 2051 (2005).
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AHOTAIIII POBIT

YIOCKOHAJIEHHSI AHAJITUYHOIO METOJ1Y BPAXYBAHHSI
KYJOHIBCHKOI'O PO3BAJIY B PEAKIII *Zr(*He, dp)’'Zr

A. II. Lpin

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

V 3B’s13Ky 3 MpoOIEMOI0 YTOTHEHHS acTpodi3md-
HUX S-(akTopiB peaxiiii pagiamiiHOro 3aXBaTy Mpo-
TSATOM OCTAHHBOTO JECATHIIITTSI 3HAYHOTO PO3BUTKY
HaOyJIM METOM BUBYCHHS 3BOPOTHHUX PEAKIIN KyJO-
HIBCBKOTO PO3BAITY JIETKUX SIZIEP.

[Ipu 3acTocyBaHHi MeTONy 3B’A3aHUX KaHAIIB i3
nuckputuzaniero koutuayyma (M3K/K) Haii6inbmi
TPYZAHOLIl B TEOPETUYHUX PO3PaxyHKax BHHHUKAIOThH
IIpH BpaxyBaHHI KyJOHIBCHKOI B3a€MOIii B KaHajax
posBaiy. Illo6 iX yHukHYTH, OyJO 3ampONOHOBAHO
riopumauit Meton [1] po3paxyHKy MaTpHIli ITepexo-
ny (y mpiop-dopmi), B sikomy B obnacti smepHOi
B3a€MOJIiil BHUKOPHCTOBYETHCS TPUYACTHHKOBA MO-
JIeNib peakiliid, a B 30BHIIIHIN (KyJIOHIBChKiii) obmac-

Ti — TIOKpaIeHe eHKOHAIbHE HAOMMKCHHS.

ABTOp TIPOTIOHY€ 3aMiCTh €HKOHAJHHOTO Ha-
OMIKEHHS 3aCTOCOBYBaTH MOCTGOPMY  METOIY
nedopmoBanux xBuib (M/IX). Anamituune mpen-
CTaBJIEHHS aMIUNITyAW peakmii B pamkax MJX y
HaOJIMKCHHI HYJILOBOT'O pajiiyca B3aeMomii OyJio
OJIepKaHO Ta MEpEeBipeHO aBTOPOM Yy mpaisix [2, 3].
Y pobGori [4] ueilt anHamiTHUHUI MeTonm OYyJO
YAOCKOHAJIEHO LUIAXOM YpaxyBaHHS IIOIPaBOK
MEpUIOTO MOPSAKY Ha CKIHYEHHICTh pajiyca B3ae-
Momii MK JBOMa MPOAYKTaMH PO3Baly 3TiHO 3
TaKWMH CITiBBiTHOIICHHSIMH JIJISI MATPUIII TIEPEXOAY:

T, - A(m,m,m)NHab(gg% {(—f(k)%—i(if(k)) kY, )=Ep, -V, )]}Xo,w} 1)

kok

1 (G R
Xoo = J.EeinH(qR)q)(_ma

SAxmo y ¢yp’e-o6pasi f(k) popm-pakTopa Ky-
JIOHIBCBKOTO pO3BaJly BBaXkKaTH, IO MepeaaHa
eHeprisa g, = 0, Ta BpaxyBaTu y ¢opmyi (1) Tinb-
KM TEpIIMHA TOJAaHOK y AYXKKax, TO OIEPNKHMO
HaOIMKEHHS HYIILOBOTO paniyca B3aemopmii. Pos-
paxyHKH TpU4igudepeHITiaTbHAX MTepepi3iB KyJIo-
HIBCBKOTO pO3Bajy OyJi0 MpOBEIEHO AJIs BCIX eKC-
MIepUMEHTAIBHUX JaHuX 3 podotu [5]. Ha pucysn-
Ky ITOKa3aHO HaHOUTBII XapakTepHi 3 HUX. Tomy
mo ¢yHKis f(k) WBUAKO cnamae, mepmvi 1o/aa-
HOK y Qopmyri (1) nae 3HaYHO MEHIIMH BHECOK,
HDK Ipyrui JOAAHOK y IyKKaxX. TOMy alropuTm
pO3paxyHKIB 3HA4YHO BIAPIZHAETHCS Bijg HAOIH-
JKCHHS HyJIbOBOT'O pajiiyca B3a€EMOIii.

3 pHCyHKa BHIOHO, IO TEOPETHYHI KPHBi, IO
MIPE3eHTYIOTh BKIIAJ KYJOHIBCHKOTO PO3Bally, HiJle
HE BUXOJSTH 32 MEXi 00J1acTi 3HAYCHDb EKCIIEPUMEH-
TaJIbHUX JaHUX, & MTOJIOKEHHS 1X MaKCUMyMiB Mai-
YK€ HE 3aJIe)KHThH BiJl KyTiB PO3JHOTY MPOIYKTIB poO-
Bay. 3TiHO 3 KBa3iKIACHYHUMH BJIACTHBOCTIMHU
PYXY YaCTHHOK Y KYJOHIBCBKOMY TOJIi MOJOXKEHHS
OUX MaKCUMYyMiB BH3HAYa€ThCS CITiBBIOHOLICHHIM
Mac TPOJIYKTiB po3Bany. Ha Manux KyTax BHIBOTY
YaCTUHOK Y BUCOKOCHEPreTUYHIl 00JIacTi CIEKTPiB,
Jie TOMiHY€ KYJIOHIBCBKHI PO3Ball, OOM/IBI TEOPETH-
YHI KpUBi J0Ope Y3TO/HKYIOTHCS 3 €KCIIEPUMEHTAb-
HAMU ITaHUMH. AJle KpuBi, 009nCiIeH] 32 (HOPMYIIOI0
(1), nexatp OIMKYE 0 EKCIEPUMEHTAIBLHUX TOUYOK 1
iX MakKCUMyMHU 3CYHYTi B Oik MAKCHMYMiB €KCIIePH-
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_5 0.01
=

1382, (R)) ®(=in,; 132, (R)) ©(=in; 13z, (R)) d *R. )

150, , 4%/

Ea.MeB

B,=15"

Criextpu 36iriB 3 peakwii * Zr(‘He, dp)’°Zr npu ECHe) =
=90 MeB. Cy1inbHi KpHBi — pO3paxyHKH 3 YpaxyBaHHIM
MOTIPABOK MEPIIOT0 MOPSIKY, MyHKTUPHI — Y HAOIMKEeHH]
HYJBOBOTO pajiyca B3a€MOJii, TOYKH 3 BycaMH — EKCIIe-
pUMEHTaNbHI AaHi [5].

MEHTaJIBHUX KOPEIAMIHHNX CIIEKTPIB IS BCIX KYTiB
BUJIBOTY TPOTOHIB.

1. K. Ogata, M. Yahiro ef al., Phys. Rev. C 68, 064609
(2003).

2. A.TIL WUneun, TM® 146(2), 311 (2006).

3. A. P. llyin, in Book of abstracts of the LV National
conf. on Nucl. Physics "Frontiers in the physics of nu-
cleus" (St.-Petersburg, Russia, 2005), p. 244.

4. A. P. llyin, in Book of Abstr. of the 2-nd Int. Conf-
“Current Problems in Nuclear Physics and Atomic
Energy” (Kyiv, Ukraine, 2008), Kyiv, 2008, p. 143.

5. N. Matsuoka et al., Nucl. Phys. A 337(2), 269 (1980).
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SANEPHA O®I3UKA

K BOIIPOCY OB YHEPTETHYECKOH 3ABUCUMOCTH BEJIMYHUHBI OIITUYECKOI'O
INOTEHIIMAJIA HA PAJIMYCE CUWJIBHOI'O IOIVIOINEHUA
JJIs1 CJJABOCBA3AHHBIX YACTHUL

10. A. ITo3ausaikoB

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

B paMkax Momenu ympyroro paccesHHUsl C Trpa-
HUYHBIMH YCJIIOBUSMU THITA CXOJSIIUXCS BOJH IPO-
BEJIeH aHalli3 YIJIOBBIX pacHpeleNieHuil ympyroro
paccesnns “Be Ha **Si B mHTepBase 1a60paTOPHBIX
sHepruii nmpumepHo ot 10 g0 200 MaB. B pesynbra-
Te ObUIa TIOMydYeHa SHEPreTHYecKash 3aBUCUMOCTH
BETMIUHBI onTrdeckoro norennuaia (OI1) Ha cpen-
HEM TI0 BCEM JHEPTUSAM paJnuyce CHIBHOTO IOTJIO-
mennsa. Kak okasanock, MmoiydeHHas JHEpreThde-
ckas 3aBucumocts OIl Ha paamyce CHIBHOTO TIO-
TJIOIIEHUSI TMPOTHBOPEYUT TUCTIEPCHOHHOMY COOT-

HOUIIEHHUIO, CBS3bIBAIOIIEMY JHEPreTUYECKYIO 3aBU-
CHUMOCTBH JEWCTBUTENIHLHOM M MHHMOI uacter OII.
UToObI yCTpaHUTh yKa3aHHOE MPOTHUBOpEYHE HEOO-
xonuMo yuuThiBath B OIl B SBHOM BHIE KYJIOHOB-
CKMM MOJIIPU3ALMOHHBIN IMOTEHIUAN HaJeTaroulei
c1a00CBA3aHHON YaCTHUIIBI, KaK 3TO OBLIO CACIAHO B
pabore [1].

1. 1O. A. Tlo3mnsixoB u K. O. Tepeneuxwuii, 138 PAH,
cep. ¢us. 66, 1546 (2003).

®U3UKA BBICOKHUX SHEPTUI WU TOMOJIOTMYECKASI AJITEBPA

10. M. Masmora', T. B. O6uxon’', B. H. Cemenos®

1 .
Hnemumym adeprvix uccnedosanuii HAH Yxpaunul, Kueg

2 N

Hucmumym xocmuueckux uccaedosanuti HAH Ykpaunsi, Kues

MareMaTH4ecKUM —ammapaToM TeOPETHUYECKOU
(bM3UKH BBICOKHMX DHEPTHHA SBISETCS TEOPUS MPOU3-
BOJHBIX Kareropuit. OObeKTaMH MPOM3BOJIHBIX Ka-
TETOpUHN SABISIOTCS KOMILUICKCHI KOTE€PEHTHBIX ITyu-
KOB, ONHCHIBAIONINE OpaHbl, a MOPPU3MAMH — OTO-
OpaXeHHs KOMIUIEKCOB, OMHCHIBAIOIINE OTKPHITHIE
cynepcTpyHbl. [IpocTpancTBa MOAyJell OTKPBITHIX
CYyHEepCTPYH OMNMCHIBAIOT CIEKTPHI 3JIEMEHTAPHBIX
YacTHL.

Ipoussoanas kareropus D(Coh(X)) nax abe-
neBoit kateropueii Coh(X) KOTEPEHTHBIX IMyYKOB

Ha anredpanvyeckoM MHOrooOpasuu X KOHCTPYHpY-
ercst B Tpu dtamna [1]:

OIpEACTIACTCA KaTeropus KOMIIJICKCOB
C(Coh(X));

OIpeaAcCIACTCA TOMOTOIINYECCKAast KaTeropus
H(Coh(X));

OMPEACIACTCA Ipou3BOJHAA KaTeropus
D(Coh(X)).

T'enepaTtopamMu TPOU3BOJHBIX KaTETOPUM SIBIIS-
foTcs Tenukcel [2]. PaccMoTpuM  MyTHpPOBaHHBIN
TeJTNKC

[ 2°(2), 2'(1), 2}

Ha TPOEKTHBHOM MHOroobpasuu P, ¢ KOTOpbIM
accolMUpoBaHbl koMmiiekc beitnnHcoHa [2]

0-5CQ*'2)>C'®Q' (1)> C‘®Q* >0
(2)
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n ksuBep MxkKes, u300pakeHHBIH Ha pPHCYHKE
(xBaHTOBBIE UKCNHa @, b, ¢ 0603Haua0T RR-3apsnel,

XapaKkTepU3yIolIe KBUBED).

Ch

Ce =Y Yol

Ksusep MkKest ¢ RR-3apsnamu a, b, ¢ .

Otobpa3um kBuBep (, M300pPaKEHHBI Ha PH-
cyHke, B kBuep O , ¢ RR-3apsnamu a,b,c. D10
0TOOpaXCHUE OIMHUCHIBAECT OTKPBITYIO CYIIEPCTPYHY,

MIPOCTPAHCTBO MOJYJIEH KOTOpON XapaKTepu3yercs
Ext-rpynnamu [3]:

Ext’ (Q, Q') _ (C b e
Ext' (Q, Q) -C 3ab'+3bc +3cd (1)
Ext® (Q, Q') _ (C ha'+aeh +ac
Ext’(Q, Q')=C e,
Eciu RR-3apsiapl npuHUMAIOT 3HaUCHUS
a=da =b=c =4, b=c=0,

To pe3ynapTar (1) cormacyercs co CHEKTpOM
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MYJBTHUIUIETOB OTKPBITOM CYyNEepCTPYHBI, MOTy4YeH-
HBIM B [4]. DTOT CIEKTP UMEET BU]

1
471/2 +Z}/z ’
15,+6,+6_, +1,, (2)

0°

20y, 2002 +4,, + 4, +4, +4,,,

20,+6,+6, +1, +1,+1,

Mynbramerst 15,1 20,, KIacCHPUUUPYIOT Me-

30HBI M OApUOHBI IO NPEACTABICHHUSM TPYIIIbI
SU(4)-U(1). OcranbHble MyJIBTHILUIETBI B (2) sB-

JIAOTCA 3K30THYCCKHUMMU.

B. Keller, math.RA/9910179.

S. Govindarajan and T. Jayaraman, hep-th/0010196.

S. Katz, T. Pantev, and E. Sharpe, hep-th/0212218.

M. I'pun, Ix. llBapn u 3. Burren, Teopusa cynep-
cmpyn (Mup, Mocksa, 1990), T. 1, c. 520.

1.
2.
3.
4.

ON NON-RELATIVISTIC PARTICLE TUNNELLING AND SCATTERING IN A SPHERICAL
THREE-DIMENSIONAL POTENTIAL WITH A BARRIER

V. S. Olkhovsky', V. Petrillo’, J. Jakiel’, W. Kantor®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Dipartamento di Fisica, Universita di Milano, Italy
3 H. Niewodniczarski Institute of Nuclear Physics, Cracow, Poland

The non-relativistic particle tunneling and scat-
tering through three-dimensional rectangular and
Coulomb barriers, containing a rectangular potential
well inside, in the quasi-monochromatic approxima-
tion had been studied. Besides the external reflection
for outside collision, the multiple internal reflections
inside the well had also been taken into account. The
explicit analytical expressions between the S-matrix
of elastic scattering and all probability amplitudes
(external and internal reflections, tunneling inside
and tunneling outside) had been obtained.

In the case of a rectangular potential well and a
Coulomb barrier (with / = 0) (see Figure)

V=272 /r (H

(Z, e and Z, e are the charges of a daughter nucleus
and an emitted particle, respectively) instead of a
rectangular potential barrier. And instead of the
functions A2 (kr) we have to use the Coulomb
functions G, (k, 7, r) £i F;(k, i, r) in the field of the
Coulomb barrier with

L

e S

0 R r

Schematic stationary description of a scattering for
a Coulomb barrier with K = [2m(V,- E)]"%/ ..

Folk 1, 7r) — sin(kr—nln2kr + 0), r—e (2)

Go(k, ;,r) —  cos (kr—nln 2kr + 0) r—e, (3)

where k = QmE)"*/h, n = Z\Z»¢* m/h’k is the
Sommerfeld parameter, o =arg I'(1 + i7).

In this case, we obtained the expression for the
S-matrix S, and all the probability amplitudes:

T -G, (k,n,R ) —iF (k,n,R)iK -G, (k,11,R ) —iF, (k,71,R )]k

(G, (k. R )+ iF, (k.. R WK +[G, (k..R ) +iF (k.. R )k

4)
i = 2k S 1Gy (k1,1 = iFy Uk, 17,1)] = STGy (ks 1,7 +iFy (k1.1
[Go (k.10 R ) +iFy (.0, R UK +[Gy (k.. R,) +iFy (k. R

)

for the impact from outside and

2iKR, [G, (k,n,R) +iFy(k,n,R)IK =[G, (k,n,R)+iF; (k,n,R,)]k

Ay =e 7 7
[Gy(k,17, Ry) +iF, (k,77, R)VK +[G, (K77, Ry) + iy (ku1p, Rk
(6)
ex k in
A; :EAT , (7

for the emission from the well under the barrier.
Finally we connected the S-matrix and all the

probability amplitudes, taking into account the mul-

tiple reflections inside the potential well, by relation

A(E'V)A(fﬂ)
L. (8
1+ 4"

So — _ALeX) +AA;ex) — _Al(zex) +
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BREMSSTRAHLUNG DURING o-DECAY OF 2"Po AND ?*Ra 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 a nature of bremsstrahlung emission (Br) in
o-decay of heavy nuclei. After the first experiments
[1, 2] in measurement of Br during a-decay of nu-
clei *'°Po, **Po, ***Ra and ***Cm, new models are
developed and new experiments are performed. The
key idea of such research lays in search for the new
method of obtaining from the Br spectra new infor-
mation about dynamics of o-decay and dynamics of
tunneling. In 2008, we have further improved our
model suggested earlier [3, 4] and have calculated
the spectra of the Br - emission accompanying the
a-decay of the *'*Po and ***Ra nuclei, which are
found in the best agreement with the newest experi-
mental data [5, 6]. Our results obtained for the first
time [5, 6] are the following:

we have explained the differences between the
spectra in o-decay of **°Ra and *'*Po nuclei (Fig. 1);

. 0 200 400 600 800 8
10% < - ) . L 10
B
S 10°1 1
°
=
X , 10
3 10 \Q\\é 10
: 10_11 1. ZMPOY exp. [5] \\.ét-\ 10-11
N #po, calc. [5] ‘%-\_
% 107] © #%po, exp. [7] \‘\Q‘-\_ 31107
E ---- #°pg, calc. [7,8] N
o o 7210|::0'Y calc. [4,5] ' . ' 107
0 200 400 600 800
EY, keV

Fig. 1. The calculations (full line) of the photon emission
probability accompanying the o-decay of *'*Po (E, =
=7.7MeV) and new experimental data (full circles) for
21%po reported in [5]. For the comparison the experimental
data [7], the calculation [8] and calculation by our ap-
proach [4] obtained for the o-decay of *°Po (E, =
= 5.3 MeV) are included.

for **Ra, *"Po we have estimated brems-
strahlung emission contributions from tunneling and
external regions into total spectrum and opened a
destructive interference between them (Fig. 2);

we have found the oscillations in the experimen-
tal data, which we explained by a dynamical descrip-
tion of the o-decay and by deformation of the
a-nucleus potential (see Fig. 1);

we have established the presence of the emission
of the bremsstrahlung photons during tunneling of
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the o-particle (such a phenomenon has been con-
firmed for the first time experimentally for the
o-decay and theoretically with taking into account
the realistic a-nucleus potential in the model).

These results show that up to now our model is
the most motivated physically and gives the most
accurate description of all existing experimental
data. In particular, the last experiment [7] has con-
firmed the best description of the spectrum for *'°Po
by our model predicted two years before in [4] (see
Fig. 1).

226
10°5 tot. spec. “"'Ra
226
EEE N tunnel. “"Ra
8 9 226
g 107y . -----ext. reg. “"Ra
. 226
> N | interf. “"Ra
.10< . 226
= 10 = exp. data “"Ra
|_|Jh> 104 \\"\\“
2 226 N
% Ra \_\‘\' -
10724 NG

100 200 300 400 500 600 700 800

E, keV
b

Fig. 2. The spectra of photons for **Ra emitted from the
tunneling region (dashed line), from external region
(dash-dotted line) and the absolute value of contribution
of the interference (dotted line) reported in [6].
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WAVE FUNCTION OF THE UNIVERSE IN THE EARLY STAGE
OF ITS EVOLUTION

S. P. Maydanyuk

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

In quantum cosmological models, constructed in
framework of Friedmann - Robertson - Walker met-
rics, a nucleation of Universe with its further expan-
sion is described as a tunneling transition through an
effective barrier between regions with small and
large values of the scale factor a at non-zero (or
zero) energy. An approach for describing this tun-
neling consists of constructing a wave function satis-
fying an appropriate boundary condition. There are
various ways for defining the boundary condition
that lead to different estimates of the barrier pene-
trability and tunneling time [1 - 3].

8,0x10%*+ Wave function in

direct quantum method

a

6,0x10°%°
Wave function in semiclassical

approximation, correction 2
4,0x10%*°

Wave function in semiclassical

2,0x10% approximation, correction 1

0,0 T T T T )
0,0 0,4 0,8 1,2 1,6 2,0

Parameter a

Modules of WFs (¢_ ,(a), 9,,5(@))

Wave function in semiclassical b

™ approximation, correction 1
1,64 Wave function in semiclassical

approximation, correction 2

-
N
!

Wave function in direct quantum method

o
~
1

0,0 . . . . . :
17,0 17,5 18,0 18,5 19,0 19,5 20,0
Parameter a

Modules of WFs (¢_ (@), ¢,,,5(@)
[oe]

The modulus of the wave function calculated by the direct
quantum approach and the wave functions calculated in the
first and second semiclassical approximations reported in
[4]: (a) close to zero the wave function in the first WKB
approximation describes more accurately the modulus of
the wave function in the direct approach in comparison
with the wave function in the second WKB approximation
(at a = 0, the wave function in the second WKB approxi-
mation has a singularity, while we obtain finite values for
the wave function in the direct approach and the wave
function in the first WKB approximation); (b) near the
escape point a, the modulus of the wave function in the
second semiclassical approximation coincides with the
maxima of the wave function in the direct approach.

In 2008, I have for the first time constructed a
fully quantum (non-semiclassical) method for de-
termination of stationary wave function of the Uni-
verse at zero energy of radiation. In order to describe
the escape from the tunneling region as accurately as
possible and to construct the total wave function on
the basis of its two partial solutions unambiguously,
I have used the tunneling boundary condition that
the wave function must represent only the outgoing
wave at the point of escape from the barrier, where
the following definition for the wave is introduced:
the wave is represented by the wave function whose
modulus changes minimally under a variation of the
scale factor a. I have analyzed a behavior of this
wave function in the tunneling region, near the es-
cape point and in the asymptotic region, and esti-
mated the barrier penetrability [4].

For the first time, I have established oscillations
of modulus of the wave function in the external re-
gion starting from the turning point which decrease
with increasing a and which are not shown in semi-
classical calculations (see Figure). The period of
such oscillation decreases uniformly with increasing
a and it can be used as a fully quantum dynamical
characteristic of the expansion of the Universe [4].
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2. J. B.Hartle and S. W. Hawking, Phys. Rev. D 28,
2960 (1983).
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D 66, 083516 (2002).

4. S. P. Maydanyuk, Europ. Phys. Journ. C 57, 769
(2008), arXiv: 0707.0585.
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SOME PHENOMENA THEORETICALLY PREDICTED AND EXPLAINED BY THE TIME
ANALYSIS OF THE EXPERIMENTAL DATA ON NUCLEAR PROCESSES

V. S. Olkhovsky, V. V. Davydovsky, M. E. Dolinska, N. L. Doroshko

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

The self-consistent methods in time analysis of
nuclear collisions and decays are based on the prop-
erties of time as a quantum observable, canonically
conjugate to energy. Even a simplified application of
these methods for the elementary study of the -
decay in the exponential-law-decay approximation
resulted in the simple phenomenological method of
the determination of the a-particle one-step virtual
and real sojourn time inside the parent alpha-
radioactive nucleus between the alpha-particle suc-
cessive incoherent multiple internal reflections dur-
ing the o-decay [1]. And also the direct temporal
study of the quasi-monochromatic proton scattering
by nuclei '*C and "N at the range of isolated reso-
nances distorted by the non-resonant background,
accompanied by the bremsstrahlung, brings to the
simple revealing of the possible existence of the
delay-advance phenomenon in the proton emission
during scattering [2]. The utilization of the self-
consistent methods of time analysis to the study of
high-energy nuclear reactions (near and above 0.1-
GeV per nucleon in the final compound-fragment
formations) resulted in the discovery of the phe-
nomenon of time resonances (or explosions) for such
formations [3].

For instance, in the case of the a-decay the effec-
tive value of the arparticle virtual and real sojourn
time inside the parent orradioactive nucleus be-
tween the successive incoherent multiple internal
reflections during the long o-decay had been evalu-
ated, basing on the simple base of the experimental
exponential law of the oi-decay with the mean time 7

T = (K/K)| Ar|> =P T (D)

Formula (1), rewritten in the form of the well-
known formula (by Gamow, Henri and Condon)

A=VP (1a)

represents a new phenomenological approach to the
meaning of the pre-exponential factor as now v =
1/, = 4.108 - 10" s7' and 1.742 - 10" s, respec-
tively.

The quantity v =1/7,, is different from the Ga-
mow  pre-exponential  factor v /2R =[2(E +
+ Vo)/m)"*/2R,, evaluated as a simple classical num-
ber of purely kinetic impacts on the nuclear surface
per time unit, and also from the Landau evaluation

of the pre-exponential factor as D2ah (D is the
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mean level distance for the parent nucleus in the
considered energy interval).

Numerically our value is strongly different from
the Gamow value: for chosen in [1] £ = 5.407 Mev,
Vo = 16.7 Mev, Ry = 8.76 Fm and R; = 8.975 Fm,
vo2R, = 1.881 - 10*'s™" and 1.836 - 10* s’l, respec-
tively. Such difference can be explained physically
by the very small moving time inside the potential
well in comparison with the duration of the vanish-
ing and formation processes. Also it is easy to see
that the value of R, does not essentially influence on
the values of A, A7 and 7.

For D = 100 keV, the value D2zh = 2.418 X

x 10" s7'. So, our results are not very distant from
the Landau value (may be, because both quantities
are connected with the fundamental intrinsic proper-
ties of the internal motions inside the parent nu-
cleus).

We compare them with the values 1.021 - 107
and 2.409 - 10 (with R, = 8.76 and 8.975 Fm) for
P obtained within the WKB approximation. Such
somewhat smaller values of P are typical for the
WKB approximation. It can be easily explained by
the fact that the quasi-classic approximation is not
valid near the turn points (where the particle mo-
mentum is equal to 0).

The calculated quantities of 7 hT, 7" and the
kinematical a-particle flight inside the parent nu-
cleus (vy/2R;)"' are much lesser than the general
mean duration7,, of the orparticle virtual and real
existence inside the parent nucleus. So, namely the
durations of the o-particle vanishing and formation
processes inside the parent nucleus give the domi-
nant contribution to the value of7,,;. Moreover, there
is no noticeable dependence of the quantities 7, P
and A from R,.

1. B. B. JaBeigoBckuii, A. K. 3aiiuenko u B. C. OnpxoB-
ckuit, 30. Hayk. mpaus [H-Ty sinepHux goca. Ne 1 (14),
28 (2005).

2. N. L. Doroshko, V. S. Olkhovsky et al., Nucl. Phys. A
549, 375 (1992); A 564, 217 (1993).

3. V. S. Olkhovsky, M. E. Dolinska, and S. A. Omel-
chenko, Central Europ. J. of Phys. 4(2), 1 (2006).
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TIME AS A QUANTUM OBSERVABLE, CANONICALLY CONJUGATED TO ENERGY,
AND FOUNDATIONS OF SELF-CONSISTENT TIME ANALYSIS
OF QUANTUM PROCESSES

V. S. Olkhovsky

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

During almost ninety years (starting from [1]) it
is known that time cannot be represented by a self-
adjoint operator, with the possible exception of spe-
cial abstract systems (such as an electrically charged
particle in an infinite uniform electric field and a
system with the limited from both below and above
energy spectrum). This fact results to be in contrast
with the known circumstance that time, as well as
space, in some cases plays the role just of a parame-
ter, while in some other cases is a physical obser-
vable which ought to be represented by an operator.
The list of papers devoted to the problem of time in
quantum mechanics is extremely large (see, for in-
stance, references in [2]). The same situation had to
be faced also in quantum electrodynamics and, more
general, in relativistic quantum field theory.

As to quantum mechanics, the first set of known
articles appeared at 60-ties (see, for instance, [3 - 5]
and references therein). The second set of papers on
time as an observable in quantum physics appeared
at the end of the eighties and mainly in the nineties
and even more recently (see, for instance, [6 - 8] and
references therein). It is noticeable that many of this
second set of papers appeared, however, to ignore
the Naimark theorem [9], which had previously con-
stituted an important basis for the results in [2 - 5].
This Naimark theorem states that the non-orthogonal
spectral decomposition E(A) of a hermitian operator
H is of the Carleman type (E(A) is unique for the
maximal hermitian operator, as in the case of the
time operator for the systems with the continuous
energy spectra), i.e. it can be approximated by a
succession of the self-adjoint operators, the spectral
functions of which do weakly converge to the spec-
tral function E(A) of the operator H.

Namely, by exploiting that Naimark theorem, it
has been shown by V. S. Olkhovsky and E. Recami
[2, 7, 8] (and, independently, by A. S. Holevo [10])
that, for systems with continuous energy spectra,
time can be introduced as a quantum-mechanical
observable, canonically conjugate to energy. More
precisely, the time operator resulted to be maximal
hermitian, even if not self-adjoint. Then, in [2 - 5,
10] it was clarified that time can be introduced also
for these systems as a quantum-mechanical observ-
able, canonically conjugate to energy, and the time

operator resulted to be quasi-self-adjoint (more pre-
cisely, it can be chosen as an almost self-adjoint
operator with practically almost any degree of the
accuracy) for the systems with the discrete energy
spectra.

We intend to justify the association of time with a
quantum-physical observable, by exploiting the
properties of the maximal hermitian operators in the
case of the continuous energy spectra, and the prop-
erties of quasi-self-adjoint operators in the case of
the discrete energy spectra. Then, we analyze the
positive-operator-value-measure approach which is
used in many references from the second set of pa-
pers and sometimes used till now (see, in particular,
[6 - 8]). In this approach the artificial exit from the
physical Hilbert space is used with inclusion of the
non-physical continuum negative energy values with
the further projection to the initial physical Hilbert
space, and it is practically applied only for the sim-
ple systems like the systems with free particles.

Finally, we review our methods of time analysis
and joint time-energy analysis which had already
proved to be fruitful in a lot of tunnelling and nu-
clear processes.

The short review on this topic was published in
2008 in [2]. The large review on the same subject is
accepted for publication in Advances in Mathemati-
cal Physics.
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KBAHTOBOE TYHHEJIMPOBAHUE B CUCTEME BOJIOPOJHBIX CBS3EM
BUOJIOTHYECKUX CTPYKTYP U PHK-UHTEP®EPEHLIUS

JI. C. MapueHiok

Hucmumym adepuvix uccaredosanuiit HAH Yxpaunvl, Kues

Ha ocHoBanuu aHanm3a pe3yJabTaToB HCCIIEI0Ba-
HUH, OTHOCSIIUXCS K IPOsBICHUIO 3¢ deKra pe3o-
HAHCHOTO  B3aMMOJEHCTBUS  HU3KOMHTCHCUBHBIX
AJIEKTPOMAarHUTHRIX BOMH MM-muanazona (KBY-
u3nydenusi) ¢ okuBbiMH  opranuzmamu  (CIIE-
a¢dekra) [1], mpoBeneH CpaBHUTENBHBINA aHAIU3
SIBJIEHUHM, IPOUCXOJSAIIUX B OpraHU3Me IpU BO3JEH-
ctBuM Ha Hero KBU-n3myuenusi, roMeonaTu4eckux
mpenapaToB U BHEUIHHX (PAKTOPOB, BBI3BIBAIOIINX
3aboneBanue opraHu3ma (BupycoB). [lockonpky Bce
JKU3HEHHBIE TPOLIECCHl MPOUCXOAAT B BOJTHBIX Cpe-
Jax, TO COOTBETCTBYIOLIME UM TpaHC(HOpPMALUHN B
COCTOSIHMM OPraHM3Ma MPUBOIAT K M3MEHEHHIO CO-
cTosiHuA Bozbl. IlokaszaHo, 4TO Takue W3MEHEHMS
MOTYT YJIOBJIETBOPUTENIHO ONMCHIBATHCS B paMKax
MeXaHH3Ma KBAaHTOBBIX MHTEP(EPECHLIUOHHBIX Iepe-
XOZIOB U TYHHEJIUPOBaHUS Yepe3 IHEPreTHUECKUii
O0apbep MEXIy BOIHBIMH KOMIUIEKCAMH, YACPKH-
BaeMbIMU BOJOPOIHBIMU CBSI3SIMU [2].

B pabote Takxke MpenCTaBICH TEOPETHUYECKUIl
aHaJIM3 MPOIECCOB, MPUBOAANINX K MOCTTPAHCIISIIN-
OHHOMY CAaWJICHCHHTY NpPU BHEJPEHUU B KIETOUYHYIO
cucreMy uyxeponHoi wmoiaekynsl PHK (addext
PHK-unTepdepenmun) [3].

OcTtpass HampaBJIEHHOCTh MO TOMOJIOTUYHOM IO-
CJIEI0BATEIBbHOCTH BBOAMMOM B KJIETKY MOJIEKYJIBI
PHK k coOTBETCTBYIOIIEMY I'€HY, & TaK)KE€ BBICOKAs
YYBCTBUTEJILHOCTh KJIETOYHOW CHUCTEMBI Ha IOSIBIIE-
HUE B LUTOMIa3MaTHYECKOH cpeae AyIuiekca —
neyxuenodednoit monekynsl PHK (acPHK) yxazbr-
BalOT Ha PE30HAHCHBIA XapaKTep MPOUCXOIAINX
npu PHK-unTepdepenuun mnponeccos. /[leiicTBu-
TEJIBHO, JOCTaTOYHO IMOSIBJICHUS B LIUTOIIa3MaTHye-
CKOIl cpele BCEro JIMIIb HECKOJBKHX MOJIEKYIT
ncPHK, uto6sr 3amyctmiicst mexanusm PHK-unTep-
(depeHun.

[ToaToMy ocHOBHOE BHMMaHWE B AaHHOH padoTe
YAENSAeTCS TEOPETHUECKOMY PAacCMOTPEHHIO KBaH-
TOBBIX PE30OHAHCHBIX MPOLECCOB B KIETKE KHBOIO
opranmsma. IlokazaHo, 4TO Bemymiass pojb B BO3-

IIIOPIYHUK - 2008

HUKHOBEHUM DPE30HAHCHBIX SBJICHUN MPUHAAIEKUT
crcTeMe BOJIOPOIHBIX CBs3eH, Kak Hanboee ciadbIx
U, B CUIIy 3TOro, HanOoyee YyBCTBUTEIbHBIX K CHI-
HaJIaM BHEIIHET0 3JIEKTPUYECKOTO OIS

IIpn nomamanum B LUTOIIA3sMy YyXEPOIHBIX
monekyn PHK snekrtpuueckue curhaibl OT 3TOH
MOJIEKYJIbl peructpupytorcss yuactkom JIHK, nHa
KOTOPOM HaXOJUTCSI TOMOJIOTUYHBIN 3TOH MOJIeKyJie
I'€H, ¥ MEePENAIOTCA B CUCTEMY BOJOPOIHBIX CBA3EH.
[Iporon mepexomuT Ha Ooyiee BBICOKHH YPOBEHB, C
KOTOpPOTO0 OH MOXET TYHHEIHpPOBAaThb B COCEIHIO
KBaHTOBYIO siMy. B pesynbrate 3TOro Bo30yKaeHuUe
IepeacTcs napauielbHON [ENoYKe y49acTKa MoJe-
kynael JJHK. Ilpu ompeneneHHbIX yCIOBHAX, OIU-
CaHHBIX B MPEICTAaBICHHOW paboTe, BOZMOXKHO BO3-
HUKHOBEHHE KBAaHTOBBIX PE30HAHCHBIX IEPEXOOB.

BrickazaHo mpearnonoxeHue, 9T0 MIMEHHO Takue
PEe30HaHCHBIE MPOLECCH], BOZHUKAIOIINE MPU TOSB-
JIEHUU B KIETOYHOU cpene uyxepoanod PHK, u
MOTYT OBITH OTBETCTBEHHHI 3a oOpa3oBanue ncPHK,
SBIISAIOLIEICS KIIIOYEBBIM 3BEHOM B 3aIlyCKe MeXa-
nuzma PHK-unTepdepenimm.

VKka3bIBaeTCsl Takke Ha B3aHMOCBSI3b BCEX KIIE-
TOYHBIX CHCTEM, YYAaCTBYIOIIMX B pealn3aluu
MOCTTPAHCKPUIIIIOHHOTO CANJIEHCHHTa U KJETO4-
HOW BOJBI, YTO OOYCIIOBJICHO NPUCYTCTBUEM B BOJ-
HBIX CHUCTEMax BOJIOPOJHBIX CBA3EH, COENMHSIONINX
MOJIEKYJIBI BOJBI B BOJHBIX KOMIUIEKcax. Takas
B3aMMOCBSI3b OOHapykuBaeTcs B criekrpax KBY-pe-
30HAHCHOTO B3aNMOJCHUCTBHS, CHATBIX C TKaHEH
skuBoro opranusma (CITE-addexr).

1. H. U. Cununun, B. U. Ilerpocsn, B. A. Enxun u op.,
BuomenuriuacKas paguolnexktponuka 1, 3 (1999).

2. A.C. JlaBbiioB, buonocus u keanmosgas mexamuxa
(Hayk. nymka, Kues, 1979), 296 c.

3. B. U.IlaBmuuenko u A. B. A6pamoB, OcHogbl mose-

Kyaspuot 6uonoeuu u cenemuxu (UMA-mpecc, H.,
20006), 468 c.
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DETERMINATION OF MIXING AMPLITUDE FOR STATES 5/2° IN NUCLEUS ”Al

I. O. Korzh, M. T. Sklyar, A. D. Foursat

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

While computing cross sections of direct inelastic
scattering for excitation of the quintet of states for
the nucleus >’ A/ in the frames of the excited core
model (ECM) one has to account for the effect of
mixing of the ground and the excited states with J* =
= 5/2". The main physical idea put in the basis of the
model is that the majority of attributes of an odd nu-
cleus which consists of an even-even core plus an
extra nucleon is essentially the attributes of the core.
The extra nucleon is coupled with the core and splits
its energy levels into multiplet of states in accord
with the rules of adding of angular moments. Odd
nuclei can also be presented as a core minus an extra
nucleon, i.e. plus a hole in the shell. That very con-
figuration was chosen for®’ A/. Thus, in ECM the
nucleus >’ A/ consists of a core being an even-even
nucleus *Si coupled with a 1d;,, proton hole. So, it

is naturally to expect that the main scattering of par-
ticles bombarding the aluminum nucleus will take
place on the core**Si. The proton hole being cou-
pled with the ground state of **Si gives 5/2" ground
state of "4/, and its coupling with the first 2* ex-
cited state of **Si produces a quintet of excited
states with the values of angular momentum: 1/2°,
3/2%,5/2%,7/2%, 9/2". In the energy spectrum of >’ 4]
states with equal quantum numbers (the ground state
5/2" and the excited state 5/2°, 2.73 MeV) are ob-
served which are mixed by the residual interaction
that in the language of wave functions of these states
leads to:

(5/29,: EV, 9V =N1-Ay, + 4y,,
(5/2%),: E®, ¥P=NI-Ly, — 4y, (1)

(\11(2) ,\P(I)) =0,

where 4 is the amplitude characterizing the value of
mixing of basic states in the model with interaction
particle-core trough a phonon:

55 55
v, 5‘005;5>, v, 5‘125;—>’ ()

where ¥, is a single particle state with no phonons,
and the state y, consists of a noninteracting particle

(a proton hole) in the state 1d,,, and a quadruple

phonon (index 12) which are coupled in the state
with the total spin 5/2".

The method was elaborated in the general form
for computation of the mixing amplitude 4 of states
of nuclei in which among multiplet components of
excited states the states with the same quantum
numbers as for the ground state of odd nucleus were
observed. The consequences of such a mixing were

analyzed. For the *" 4/ nucleus we got first the ex-
pression for amplitude of state mixing [1]:

1 w,
A= E(I_Xj’ 3)

where A is a distance between levels with J* = 5/2"
(2.73 MeV), @, = energy of a quadruple phonon
(1.779 MeV). It is shown that account of state mix-
ing in wave functions of multiplet components leads
to essential reduction of cross sections of inelastic

neutron scattering by the >’ 4/ nucleus (the cross
section of direct excitation of quintet states with
J #5/2" is reduced by the factor 0.826, while the
cross section of excitation of a state with J* = 5/2" is
reduced by the factor 0.42), that enables better
agreement between computed and experimental
cross sections [2]. Our value of state mixing ampli-
tude 4 =0.417 is in a good agreement with the value
A=0.435 got from the analysis of experimental
cross sections of inelastic scattering of protons with
the energy 17.5 MeV [3].

1. 1. O.Korzh, M. T. Sklyar, and A. D.Foursat, in Book of
Abstr. of the 2-nd Int. Conf. “Current Problems in
Nuclear Physics and Atomic Energy” (Kyiv, Ukraine,
2008), Kyiv, 2008, p. 69.

2. 1. O. Korzh, M. T. Sklyar, and A. D. Foursat, Ukr. J.
Phys. 53, 744 (2008).

3. G. M. Grawley and G. T.Garvey, Phys. Rev. 167,
1070 (1968).
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SAJJEPHA ®I3UKA

AVERAGE RESONANCE PARAMETERS OF NICKEL AND ZINC NUCLEI

M. M. Pravdivy, I. O. Korzh, M. T. Sklyar

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

Average resonance parameters of nuclei are
determined by various methods and often have
significant discrepancies that prevent their practical
use and improvement of theoretical calculations. We
have elaborated the method of their determination
from the analysis of cross sections of -elastic
scattering of low energy neutrons which has a
number of preferences in comparison with other
methods, especially it allows to check the suitability
of available parameters to the experiment.

Earlier we have determined the full sets of reso-

nance parameters Sy, S, R,, R,, Si3, for even iso-

topes of cadmium, tin [1] and other nuclei. In the
work the results of parameter determination are
given for nickel and zinc. There are published rec-

ommended parameters Sy, S, R(') [2] and the data of

systematical studies of parameters for these nuclei
[3]. Discrepancies in 2 - 5 times exist for parameters
So, S7 1n these works that initiated the fulfillment of
our study.

As an example, in the Figure for the zinc nucleus
the energy dependences of experimental coefficients
of expansion of ¢,,(6) in Legendre polynomials - o,
), w, are shown by symbols, and by curves the
computation results with different sets of resonance
parameters: / — with parameters of this work ob-
tained from the fit of theoretical coefficients of ex-
pansion of differential cross sections to experimental
values, 2 — with parameters of the work [3]; 3 — with
recommended parameters [2].

It is seen from the figure that our resonance pa-
rameters describe experimental data on o,;, @, w, by
the most optimal way. The results of the work
showed as well that the recommended for both nu-
clei values of the parameter S; were overestimated
in ~ 2 times.

0 100 200 300 400 500
E, keV

Energy dependence of experimental and computed values
0., W1, W for the 3pZn nucleus.

Obtained in the work average resonance parame-
ters of the nuclei »sNi and 30Zn are given in the table.

Average resonance parameters of ,sNi and 3pZn nuclei

Nucleus S+ 10* S, - 10* R,,Fm R,,Fm Siin10° Sy 10*
2sNi 3.80(35) 0.95(26) 6.25(26) 3.36(75) 0.05(1.0) 1.40(32)
30Zn 2.80(40) 0.95(20) 6.50(25) 1.27(90) 0.05(0.9) 1.40(35)

1. 1. O. Korzh, M. M. Pravdivy, and M. T. Sklyar, in
Proc. of the Int. Conf. “Current Problems in Nuclear
Physics and Atomic Energy” (Kyiv, Ukraine, 2006),
Kyiv, 2007, Part 11, p. 599.

2. S. F. Mughabghab, Atlas of Neutron Resonances

HIOPTYHHUK - 2008

(Resonance Parameters and Thermal Cross Sections).
BNL. (Elsevier, 5" Edition), 1 (2006).

3. A. B. Popov and G. C. Samosvat, Short reports JINR
(Dubna, 1986), 18 — 86, p. 30.
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AHAJII3 IIPYXKHOI'O dt-Ta d*He-PO3CISIHHSI

0. O. beimockina, B. I. I'panues, B. B. lapunosebkuii, K. K. Kicypin, C. €. OMenbuyk,
I'. I. Hankin, 1O. C. Po3niok, b. A. Pyaenko, JI. C. CantuxoB, B. C. CemeHoB,
JI. 1. Cirocapenko, b. I'. Ctpy:xkko, B. K. TaprakoBchkuii, B. A Illutiok

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

[IpyxHE pPO3CisIHHS IEHTPOHIB SAPAMU TPHUTIIO
npu eHepriix Eq = 37,0 MeB pocnigxysainocs Ha
KuiBcbkoMy 130XpOHHOMY HUKIOTpPOHI Y-240 [S]]
HAH Vxpainn. {as oTpuMaHHS KyTOBUX PO3IMOi-
JB MPYKHOTO dt-pO3CiSHHS B IIUPOKOMY Jiama3oHi
KyTiB CIUTBHO 3 JUQEpeHIliaIbHUMHU IepepizaMu
MIPY’KHOTO PO3CISIHHS JCHTPOHIB BHKOPHUCTOBY-
BaJIMCS TaKOXX AUQepeHIliabHI Mepepi3u TPUTOHIB
Bigmaui. KyToBi po3nozinu xapakTepu3ylOThCs pi3-
KAM 3MEHIICHHSM Tepepi3dy 3i 30iIbIIeHHSIM KyTa

poscisiHHS 10 6,,, S60°. XapakTep KyTOBOI 3ajex-
HOCTi mepepisie mpyxuoro dt- i d’He-poscisams
CYTTEBO 3MIHIOETBCS B 00J1acTi KyTiB po3cisHHs 60°

S Ocna S1.30° 31 301IbIIEHHSM TOYaTKOBOI €HEPTiT
neiitponis. Iupokuii MakcuMym, IO CHOCTepira-
€Tbes i KyToM 6, = 100° nipu eneprii 14,4 MeB,
3amkae npu eneprii 37,0 MeB. ExcnepumeHTansHO
MIPY>KHE PO3CISHHS JIEHTPOHIB Ha TPUTOHAX paHilIe
JOCITIIKYBAJIOCH TUTBKU TIPH HU3BKUX €Heprisax (6,6
- 14,4 MeB) [1], ToMy MU TIPOBOUMO TOPIBHSIHHA 3
niteparypuumu ganumu 3 *He(dd)-poscisans [2, 3].
Ilpu eHeprisx HEUTPOHIB, IO PO3TIIAMAIOTHCS,
JOBKHHA XBUTI A BimHOcHOro pyxy simep “H i °H B
JEKUTbKa pa3iB MEHIIE 3a paaiyc iX smepHoi B3aEMO-
i Ry (~4 - 6 ¢M), TOMy € MOXKIHMBICTH BHKO-
puctoByBaTH audpakuiine HabmmkeHHs. [IpoBene-
HO aHaji3 KyTOBHX PO3MOIUIIB MPYKHOTO PO3CISTHHS
JCUTPOHIB HAa TPUTOHAX (reylioHax) Npu eHeprisx 14
- 40 MeB 3a MikpocKomiuHOI0 IUGPaKLiAHOI MO-
nemno 3 ypaxyBaHHsM NN-B3aemonii. Po3paxynku
3a GOpMyYIIOr0 MIKpOCKOMIYHOT Au(pakiiiHOi Moie-
7 B IMIIYJIbCHOMY HaONMKEHHI pU eHeprii aerTpo-
HiB 37 MeB nokaszano Ha pUCYHKY CyLJIbHOIO KpH-
Boto. Sk i odikyBajocs, qudpakiiitHa MOJeNb mopi-
BHSIHO HETIOTaHO OIHMCYE Iepepi3u, Mo CIocTepira-

IOTBCS, B 00JacTi OCHOBHOTO MakcHUMyMy (O, <
60°) mipu eneprisx 14,4, 37 Ta 39,9 MeB, ockinbku
BOHU OTPHIMaHi MPH MIiKPOCKOIIIYHOMY PO3TJIAII 3i-
TKHEHHS JCUTPOHIB 3 TPUTOHAMHU 3 YpPaxyBaHHSIM
NN-B3aemomii [4]. st anHamizy KyTOBHX PO3IOALITIB
Ha KyTax 0, > 60° HeoOXiTHO BUITH 3a Mexi aud-
pakuiiinoro HabmmwkeHHs. lle MoxkHa 3poOuTH Ha-
ONMKEHO, SIKIIO CKOPHUCTATHCA KBa3iKIIACUIHUMH
BUpa3aMu Ui aMIUTITYAM Ta Tepepisy pO3CisHHA
JIBOX HEMPOHUKIIMBHX KYJIbOK.

I e e e e AL B s
37 MeB

1000 T(dd)T |

:

26 k

* %
2a “Phegeet wn ad

dafdiy, mBicp
.
[~ ]

=}
1

IIpu kRy >> 1 kBazikmacu4Ha aMInTITYyZa pO3Ci-
SIHHSI TAaKUX HEMIPOHMKIMBHUX KYJIBOK OyJe Ui BCiX
KyTiB O,, < 180° ckmamgartucs 3 audpakiiiHoi (KBa-
HTOBOXBWJILOBOT) aMIUTITYJX Ta AaMIUNITYJId Kiia-
CHYHOTO 130TPOMHOrO po3cisHHA. [HTEepdepeHtisa
MDK JUQPAKIIHHOI Ta KIACHYHOIO aMILTITYIaMH,
SKOI0 3BHYAHO HEXTYIOTh, y HAIIOMYy BHUIAJIKy
BIUIMBA€E Ha MOBEAIHKY mepepidy. Kpim Toro, meuTt-
POH 1 TPUTOH HE € 30BCIM HEMPOHUKIMBUMH, ILO
MOYKe TIPUBOJIUTH JI0 JISSIKOTO 3MEHIICHHS TIepepizy.
Le sixicHO MO>KHA BpaxyBaTH, SIKIIO BBECTH B 3ara-
JbHI TpodifbHI YHKLIT mapamMeTp HamliBIPO30POCTi
a, <1, mo 3anexuts Bix eHeprii [4]. Kpusoro 2 Ha

PUCYHKY TI03HAYCHO 3HAYCHHs Iepepisy, 10 po3pa-
XOBaHO B KBa3iKIIaCHYHOMY HAONMKEHHI, a Mo3a-
gkamu 2a Ta 20 - BKIagu qudpakiiifHOTo Ta KJIach-
YHOTO TepepiziB BiamosinHo. KpuBoto 3 mo3HaveHo

. do 1, . )
nepepis — =—R,, npu Uy—>00 1 KyTaX pO3CisIHHS
dQ 4
JIeUTpoHiB Oy, > 70°, Ry=2 dpm.

1. J. E. Brolley, Jr., T. M. Putnam, L. Rosen, and
L. Stewart, Phys. Rev. 117, 1307 (1960); T. R. King
and S. Rotman, Nucl. Phys. A 183, 657 (1972).

2. R. Roy, F. Seiler, H. E. Conzett, and F. N. Rad, Phys.
Rev. C 24,2421 (1981).

3. B. K. Taprakosckuii, 13B. By30B CCCP. ®u3uka Ne 9,
3 (1980).
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MOXKXJUBOCTI METPOJIOTTYHUX POBIT 13 IIBUJAKAMU HEMTPOHAMM
HA IYYKY EI'l-10K

L I1. Apsinayenxo, E. M. Moxkyxin, O. B. XBacTtyHnon

Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

B A1 HAH Vkpainu Ha BHUBEJAECHOMY IYy4KY
npuckopennx ioHiB EITI-10K Bnmamocs BimHOBUTH
CIEKTPOMETPUYHI BUMIPIOBaHHS 31 MIBHIKUMH HEii-
TPOHAMH IO Yacy MPOJBOTY 3 MPHUB’A3KOIO JI0 CYILy-
THHOT'O HEUTPOHY SJEPHOTO BUIPOMiHIOBaHHS |1,
2]. IligroroBieHa OararomapaMeTpu4Ha KOpes-
LifiHa METOAWKa JAa€3MOTy IPOBOAUTH KUIBKICHI
BHUMIpPIOBaHHS 3 MOHOXPOMAaTHYHUMH HEHTPOHAMH 3
peaxuii D(d, n)’He B eHepreTHuHOMYy JianasoHi 10
10 MeB 3anexno Bix eHeprii 6oMOapyr0doro myd-
Ka Ta 00paHOi reoMeTpii BUMIpIOBaHb, a caMe KyTiB
JIETeKTOPIB KIHIEBUX MPOIYKTIB peakiii — HelTpoHa
Ta sgpa “He. Ha puc. | HaBeeHO IiNSHKH CTAaTHC-
THaHOi iH(popMamii mpo n’He-36irk B mapamerpax
eHeprii 3aps/PKEHUX YacTHHOK (TOPH30HTabHA
BiCh) Ta YaCOBOTO CIEKTpa IUX 30iriB (110 BepTHKa-
7i) TBOBUMIPHUX CIEKTPiB, HAKOMHYEHOI B JBOX
MTOCTIIOBHUX €KCMO3UIIIAX — (@) 3 MIIEHHIO 13 eH-
TepoBaHoro noinietuiaeny CD, Ta (6) 13 3BU4aliHUM
nonietwiienom CH,. HasiBHa onHO3HAuHa ineHTH()I-
Karis edekTy 30iry CUTHAIIB METEKTOPIB BijJ KiHITE-
BUX NPOAYKTIiB — HeiiTpoHa Ta sipa “He — siepHOi
peakmii D(d, n)*He. HeobXiaHO 3ayBakuTH, 110 «I1a-
CIIOPTHA» MOHOXPOMAaTHYHICTh €HEeprii BUBEAEHOTO
MMy9Ka eJIEKTPOCTATHYHOTO MPUCKOPIOBada Ha PiBHI
0,1 %, 3abe3neyye BHCOKY MpeUU3iHHICTE OTpUMa-
HUX JaHUX IOJO KPOKY IO €Heprii MBHIKUX HEWT-
pOHIB, sika OyIe BU3HAYATHCS OOPAHOI0 TEOMETPIEI0
BHMIpIOBaHb (TIIECHUMH KyTaMH JETEKTOPIB, PO3-
MipaMu I1’siITHA TyYKa Ha MilleHi i T. iH.).
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E, kaHamm

Puc. 1. Cratuctuuna iHpOpMAILIis II0I0 n°He-36iris:
a —wimens CD,; 6 — mimens CH,.

Hani Ha puc. 1 oTpuMaHO s eHeprii myuka
nerTpoHiB 5,5 MeB i kyTiB peecTpariii HEUTPOHIB
82° ta smep “He 38°, mo 3a po3paxyHKaMH KiHema-
THKHU JIBOYACTHHKOBHX 3ITKHEHb T4 «TOYKOBOI» I'cO-
MeTpii mae emeprito ECHe) =3.94 MeB Ta E(n) =
=4.82 MeB.

IIIOPIYHUK - 2008

CopTyBaHHs HaKOTMYCHUX JAHWX Ta iX 00poOKa
JIa€ 3MOTY OTPHMATH MPEIU3INAHI KiIbKICHI PE3Yiib-
TaTH II0J0 B3a€EMOJIii HEUTPOHIB 3 PEYOBU-HOIO.
beszanepeynrM JIOTiYHMM 3aCTOCYBaHHSM TakKoi
METOJMKH HacaMmIepeal MOXyTh OyTtu QyHzaa-
MEHTaJIbHI JIOCHIJKCHHS Ta NPUKIAJHI BHIIPOOO-
BYBaHHS MaTepialmiB B EKCIIEPUMEHTaxX 3 IPOITy-
CKaHHS MIBUIKUX HEUTPOHIB IJIS OTPUMAHHS W OHO-
BJICHHS HEUTpOHHUX JaHuXx. [Ipuknagom meTpoiio-
TIYHOTO 3aCTOCYBaHHS JTaHOI METOIVKU MOXKYTh OY-
TH OTPUMaHI HAMH PE3yJIbTAaTH MOPIBHIHHS CBITIIO-
BHUXOJIIB PI3HUX CIUHTWIATOPIB 3 aHAJI3Y 1€ OJTHO-
r'0 3apEECTPOBAHOTO MapaMeTpa — aMILIITYIH aHO/-
HOro iMIynbcy poTomomuoxkyBava. Ha puc. 2 HaBe-
JICHO OTPWUMAaHi BiATIOBIMHI JaHi IS ABOX OpTaHid-
HUX CHUHTHIIATOPIB — cTUibOeH (/) Ta miacTuk (2),
SKi TIOBHICTIO BiATOBIJAIOTh BiZIOMOMY CIIiBBiJHO-
IIIEHHIO CBITJIOBUXOIB WX CITUHTIIIATOPIB — Bix 1,0
10 0,3 +0.4.

N, BIUTIKH

En, kananu

Puc. 2. AMmiTy1a aHOHOTO CUTHAIY ()OTO MOMHOXKYBa-
4a BiJl HEUTpOHIB 3 eHeprieio 4,8 MeB 1 1BOX CIIUHTH-
nsiTopiB — ctuibOeH (/) ¥ mactuk (2).

[TepenOadaeTbCst BUKOPUCTATH JAHY METOIUKY
JUISL TIOLTYKY Ta BHUIPOOOBYBaHb HOBUX CI[MHTHIISI-
TOpiB A7 poOOTH y MIIIAHUX padiallifHUX TMOJIAX
IIBUJIKMX HEUTPOHIB Ta Y-KBAHTIB.

1. L. II. Adpsimauenko ta E. M. Moxokyxin, SnepHi ta
pamiartiiiai Texuouorii 4, 76 (2004).

2. L. II. Jpsnauenko ta E. M. MoxokyxiH, [[Jopiunux-
2007 (194 AH Ykpainu, Kuis, 2008), c. 88.
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MEPEPI3U PEAKIII *H(d, *He)nn IIPA EHEPTIi ITYYKA JEWTPOHIB 37 MeB

0. O. bemockina, B. 1. I'panues, B. M. JI€6€I[€B1, A. JI. JIntBuncskuii, K. K. Kicypin,
I'. I1. Maakin, C. €. Omeabuyk, 0. C. Po3Hiok, b. A. Pynenko, B. C. CemeHnos,
JI. I. Cirocapenko, b.TI'. Ctpy:xkko, B. A. Illutiok

ITnemumym sdeprux docniosicene HAH Vipainu, Kuis
'Haykoso-docnionuii incmumym sdepnoi ¢izuxu im. J{. B. Ckobensyuna, MT'Y, Pocis

Ha muxnorponi V-240 [5]] HAH VYkpainu otpu-
MaHO iHKJIIO3WBHI CHEKTpHU i AudepeHIianpHi mepe-
pisu peaxuiit “H(d, *He)nn i *H(d, *“He)n. Enepris
ny4yka TPUCKOPEHUX JEeWTpOHIB craHOBWia 36,9
MeB, a iHTepBaJ JOCIIIHPKEHUX KyTIB eMicii 10HIB
SHe i *“He — B Mexkax Bin 7,6 no 31,6° y mabopa-
TopHi  cuctemi. KyrtoBuit posmomin  aude-
penmiansHux nepepizis peaxuii “H(d, n)'He 6ymo
HOPMOBaHO J10 mepepisi peakwii “He(d, p)*He 3 po-
ootu [1]. 3uatinenuii koediieHT BUKOPUCTAHO TSI
BU3HAUCHHS IIKaJIH aOCONIOTHUX Mepepi3iB peakiii
*H(d, *He)nn (puc. 1).

LS
6—9 = 7,6 rp:a,q

ds1dQdE, M6/(cp-MeB)

0O 5 10 15 20 25 30 35
eHeprisa ioHiB 3He, MeB

Puc. 1. [Hk103UBHMI CIEKTD A1EP *He: I - Joek3i (i ihit
Barcona - Mirgana mis BKC HeliTpoHiB; 2 - BHECOK
IOCITiIOBHOrO po3mazy uepe3 pesonanc ‘He* (Ey =
= 21,2 MeB), 36unbmeno s Hao4HOCTI; 3 - iHTEp-
(epeHLiHHNI 10JJaHOK; 4 - CyMapHHUH CIIEKTP.

ExcniepuMenTanbHi po3moaiaun puc. 1 Momenbo-
BaHO 3 YypaxyBaHHSM TPOCTHX KBa3iOiHapHHUX
MexaHi3MiB TpudacTHHKOBOI peakiii d+ H-> He +
tntn
2

» (1)

\T

2
= o HenFy ) + (ki) + 6 Fy (ki)

ne Fs(k) — ammniTyma, 0 OMHCYy€ B3aEMOJII0 B
kinueBomy crani (BKC) nelitponis, Fr(k) — ammi-
TyJa MOCIIiIOBHOTO po3najy yepes pe3oHaHc ‘He*, a
Co, C23, C1p, C13 — BUTBHI mMapameTpu. BpaxoBaHo Ta-
KOXX YMOBH EKCIIEPHUMEHTY: HEMOHOXPOMATHYHICTh
My4yka ACUTPOHIB, TOBLIMHY MiIIEHi, HETOYKOBY
reoMeTpiro (po3MipH Mydka Ha MIIIeHi, pO3MIipH Je-
TEKTOpa, BiJCTaHb BiJ MilIEHI JO JeTeKTopa) I
PO3IINBHY 3JaTHOCTI CIIEKTPOMETPA.

Mopnenroroun iHTephEpEHITil0 aMIUTITY ], BAae-
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THCS BIITBOPUTH TaKOX 1 MOIYJISIIIO HENEPEPBHOTO
PO3MONITY B CHEKTpax, OTPUMAaHUX IIiJl MaIUMH Ky-
TaMH.

Buokpemiioroun BHecok ckmanoBoi BKC no me-
pepizy peakuii y cymi (1) i iHTerpyroum ioro mo
BIJHOCHUX CHEPTisfiX HEUTPOHIB y MeXkax, J03BOJie-
HUX KIHEMATHKOIO, OTPUMaHO Iu(epeHIiabHI Tie-
pepisn do(6)/dQ yTBOpEHHS CHHITIETHUX 171 TIap y

peaxuii *H(d, *He)’n (puc. 2). CyuinsHoro niHieio Ha
PUCYHKY TTOKa3aHO Tepepi3u, po3paxoBaHi B HAOIN-
KEHHI CyMepMyJIbTHIDIETHOI MOTECHIIAIbHOI MO/
(CIIM) po3ciroBaHHS KJacTepiB AJsl MpoLecy mepe-
sapsmkn B peakii “H(d, *He)nn [2, 3]. Xapaxtep-
HOIO PHCOI0 PO3MOAUTY, IO paHilie HE CIo-
cTepiranacsi B eKCIIiepUMEHTax AJs Liel peakuii, aje
nependaueHa CIIM, € HasgBHICTP MAaKCUMyMYy B Ky-
TOBOMY po3moaii mig kytoM 45 rpaz. LlikaBo Oyio
0 BukoOHaTW TOAIOHE TOpPIBHSHHA B  He-
JTOCTTIPKEHOMY TIOKH 11O iHTepBajii eHeprii mix 14
u 22 MeB y c.a.m.

0 20 40 60 80

100 120 140 160 180

®,, (rpaa)
Puc. 2. KyroBuii posmnoain qudepeHiiaabHoro mepe-
pisy peaxuii ‘H(d, *He)nn, inTerpoBaHoro mo
BIZIHOCHI} eHeprii HEUTPOHIB y Mexax &; = 19,1MeB
y TOpIBHAHHI 3 JaHUMH  CYNEPMYJIbTUILIETHO]
MOTEHLIAILHOT MOJIEITI.

Astopu Basguni mpod. B. I'. Heymaumny 3a
iHTepec A0 poOOTH Ta y4yacTh B OOrOBOpEHHI pe-
3yJIBTATIB.

1. R. Roy, F. Seciler, H. E Conzett, and F. N. Rad, Phys.
Rev. C 24,2421 (1981).

2. V.G. Neudatchin, V.I. Kukulin, V. N. Pomerantcev,
and A. A. Sakharuk, Phys. Rev. C 45, 1512 (1992).

3. B. M. JlebeneB, B.T.Heymauna u b.T. Ctpyxxo,
Anep. duzuka. 65, 489 (2002).

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



SANEPHA O®I3UKA

The data of the 'Li + *Be and 'Be + ’Be elastic
scattering at the energies En('Li) = 15.75, 24,
34 MeV [3]
19, 21 MeV [1] were analyzed

30 MeV

Euw('Be) = 17,

10

THE 'Li, 'Be + °Be ELASTIC SCATTERING
IN THE COUPLED-REACTION-CHANNELS APPROACH

A. T. Rudchik', K. W. Kemper’, V. O. Romanyshyn', O. A. Ponkratenko', V. M. Kyryanchuk'

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Physics Department, Florida State University, Tallahassee, Florida, USA
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Fig. 1. Angular distributions of the 'Li+ ’Be elastic
scattering at the energies Elab(7Li)= 15.75, 24,
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Fig.2. Angular distributions of the 'Be+’Be elastic
scattering at the energies Ey,,('Be) =17 and 19 MeV [1].
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within the optical model and coupled-reaction-
channels method [4]. The elastic and inelastic scat-
tering, reorientation of Li, "Be and °Be as well as
most important transfer reaction were included in the
coupling-channels scheme.

The parameters of ’'Li+’Be-and 'Be+ ’Be-
potentials and their energy dependence were de-
duced. The folding-potentials of the 'Li, " *Be + ’Be-
interaction were calculated and compared with the
deduced ones. It was found a satisfactory agreement
between them (Figs. 1 - 3).

Roles of different mechanisms in the elastic scat-
tering are discussed.
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Fig. 3. Energy dependence of the "Li, 'Be + *Be potential
parameters (points and solid curves) versus that for the
*Be + ’Be potential parameters (dashed curves <*Be>).
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MECHANISM OF ’Li(*’B, ’Be)*Be, ""B('Li, ’Be)’Be REACTIONS
AND ®Be + °Be-POTENTIAL

V. O. Romanyshyn‘, A.T. Rudchik', E. L Koshchyz, 0. A. Ponkratenko', S. Kliczewski3,
A. Budzanowski’, K. Rusek?, L. Glowacka®, V. M. Kyryanchuk', S. Yu. Mezhevych',
Val. M. Pirnak’, A. A. Rudchik', I. Skwirczynska®, R. Siudak’, J. Choinski®, B. Czech’, A. Szczurek®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Kharkiv National University, Kharkiv
3H. Niewodniczanski Institute of Nuclear Physics, Cracow, Poland
4. Soltan Institute for Nuclear Studies, Warsaw, Poland
*Institute of Applied Physics, MUT, Warsaw, Poland
Heavy lon Laboratory of Warsaw University, Warsaw, Poland

Angular distributions Ofthe 7Li(10B’9Be)8Be re_ 10 = IIHH\H\HIIII|I\II!IIII\I\II\II!I“HHHH[IIIIIIIIE
. E 777105 9 8 10 _ 3
action were measured at the energy Epn(''B) = 1 b Li(*"B,’Be)’Be  Ein('’B) = 51 MeV E
=51 MeV for the ground and excited states of ’Be 101 E °Be’ — 3.03 MeV 7
[1] (Figs. 1 and 2). The data were analyzed within 3 E
the coupled-reaction-channels method (CRC) for the e T &
[ 4_ =
one- and two-step transfers of protons (curves <p>), Lot At *"NQ, °Be' - 1195 MeV 1
deuterons (curves <d>), n +p (curves <np>), n+d, % 3 “‘”z:;*‘t, . E
N E AL 24k N 7
o+t and so on. 2 o2l ‘N“”’*r"’ SOOI
L ;\II\I|I|III|II!\\|II\II|III\I|\\\II§ g L i E
F "Li(*B,’Be)’Be 3 S 10-1F °Be’ — 16.626 MeV -
r 10. _ - o E =
wo-1L Ew('®B) = 51 MeV ] 10-2 E
E ’: 10*3;‘—‘\ - _ <d_>_‘ ’____,::-:::'_‘:}<:_§:
r ] 1B T 3
~102E = E E
a E 3 10—t 3
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510_4 E _.»:E ®c.mA (deg)
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L0-5 ‘<a>x """ e 1 Fig. 2. The same as in Fig. 1
E. (}i@f«‘) - . e but for excited states of *Be.
jomef T {dlHe) ] 10 ¢
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Fig. 1. Angular distribution of the 'Li('’B, *Be)*Be = o
. . 1
reaction at the energy E»('’B) =51 MeV for transi- g
tions to the ground states of “Be and ’Be. The
curves show the CRC-calculations for different
transfers. Curve X presents coherent sum of all !
transfers.
The °Be + *Be-potential parameters for ground 1o’! R a—— 2 P
and excited states of “Be were deduced by fitting 7 (tm)

"Li("B, ’Be)*Be and '’B("Li, *Be)*Be reactions data.
The *Be + °Be folding-potential was calculated  Fig. 3. The deduced and folding *Be + *Be-potentials
and compared with the deduced one (Fig. 3). Both (solid and point curves, respectively).

potentials are in good accordance. .
It was found that in the 7Li(10B, 9Be)gBe reaction !+ V- O.Romanyshyn, A.T.Rudchik et al. Nucl. Phys.

the proton-transfer dominates at forward angles and and Atomic Encrgy No. 2 (24), 24 (2008).

d- and n + p-transfers are most important at back-
ward ones.
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AJIb®A-PAIMOAKTUBHOCTD B TEXHOJIOI'HYECKHX OTXOAAX A3C

. H. Bnmnencxnﬁl, B. A. )Kenmnomcmaﬁl, M. B. }Ke.nTorlomcxaﬂl,
JI. B. CanoBuukos', M. . Bonnapbxonz, A. M. MakcuMeHKo>

1 .
Hucmumym adepnuix uccreoosanuii HAH Vrpaunol, Kues

2

Meowcoynapoonas paouosxonozuueckas rabopamopus Yeprnobwinvckozo Llenmpa, Cragymuy

B nHacrosiee Bpems Bce peakToOpbl SHEPTOOIOKOB
neiictByromux ADC ABISIOTCS UCTOYHUKOM 3HAYM-
TEIIFHOTO KOJWYECTBA PAJUOAKTHBHBIX OTXOJIOB
(PAO), mosToMy 3amaua IMONYYCHUS JOCTOBEPHBIX
JAHHBIX 00 W30TOIHOM COCTaBe W akTUBHOCTH PAQO
ype3BbIYAHO akTyanbHa. [Ipenmocbuikol s mepe-
adu Ha 3aXOpPOHEHHE SIBISIFOTCS COOTBETCTBYIOIIEE
onMcaHue, Kiaccuukanus 1 aeknapupoanue PAO.
Crona BXOIWUT TakKe yKa3aHue oOIei, 00ycloBiIeH-
HOW cenuUKoN PaguoHyKINIOB, akTHBHOCTH PAO,
OTIpENeNIIEMON /TSl BCEX PaJMOJIOTHYECKH BayKHBIX
PaIMOHYKIINAOB B COOTBETCTBUU C YCIOBHAMH 3aXO-
porenust. C €TI0 ONPEICICHUS COIEPIKAHUS alb(a-
pamnoaktuBHOCTH PAQO, oOpasyrommxcs MpH 3KC-
wryaraiun FOYADC, HamMu mpoBeeHbl M3MEPEeHUs
colepkaHus  anb(a-paAMOHYKIHIOB B  KUIAKHX
(CKPO) u tBepapix (TPO) PAO FOYADC.

Wzydenne TpaHCYpaHOBBIX HYKJIHIOB IPOBOIH-
JIOCh MyTEM PaJlOXUMHUYECKOTO BBIIEICHHS C IO-
CIIEAYIOIIMM HW3MEpEHHEM CIEKTpPOB Ha aibda-
cnekTpomerpe. B psame o0pa3moB HaMH YBEpEeHHO
BBIJIETICHBI U30TOIBI YpaHa, IUTyTOHUS ¥ aMepULIUS.

Unentudukanus painoHyKINI0B TPOBOIUIACE C
ITOMOIIE0 Tabmw [1].

[IpucyrcTBre B 06pa3max OOJBIIOrO KOJTNIECTBA
H30TOTOB MPHUBEJO K HEOOXOAUMOCTH HMPUMEHEHHSI
0O0JIBIIOTO KOJIIMYECTBA METOJUK, B TOM YHCIE pa-
TUOXMMHYECKHUX. B CBOIO odepens 3TO MPHBENO K
TOMY, YTO TOYHOCTH ONpEAENCHHs psila H30TOIOB
OCTaBJISICT KelaTh Jydliero. Alb(ha-u3inydaroime
H30TOIbI > 8U, 234U, 239 +240Pu, B8py ONPENEIISIIUCH C
norpemHocTeio ~30 %, kpome > U, s KOTOPOro
MOTPEIIHOCTE M3MepeHus Obi1a nopsiaka 100 %.

OtcueTsl

s |
| ] L ou-232 |

.

%’//’/)f//f;/-;/, s

4

(=]
~ i
i i
[T TSN A —

3 s 4 4.5 55

L] 1]
Oneprus, M>B
Aubda-CreKTp U30TOMOB ypaHa.
Ha pucyHke npeacraBiieH CrieKTp anbha-4acTHil.
Kaxk BUIHO, HAMH HaACKHO BbIACIAIOTCA H30TOIIbI

ypaHa. B tabnuue npuBeneHa 4acTh JaHHBIX, MOTY-
YEHHBIX JUIS TBEPABIX U XKUIKUX OTXOJOB.

LIOPIYHUK - 2008

TpaHcypaHoBbIe 3J1eMeHThI, BK/Kr

Bun 234 235 238 237 238
PAO Oo6pazen U U U Np [7"Pu
TPO Temmon3omnsims <05 < < < <
(creknoBara)
CU3 npu pe-
TPO |monTe Ha Bepx- | 0.071 | 0.016 | 0.077 | <1 | 3.8
HeM OJI0Ke
TPO 533 (mepuat- | oo | o | <« | <1 | 8

TPO |» 1.3 1.3 0.5 0.5 [ 23

OO6tupounas

TPO 04 |0.04 | 035 | <1l |28
BETOIIh

po | M3 (e 6 554 1 0.005 [0.039| <1 | 05
0JIek/1a)

Tpo | Kaberwras 20 | 27 | 1.7 | <3 |210
H30JISIHS

TpO |Pe3HHOBaA 15| <3| <3| <3 |<3
IPOKJIaJIKa

Tpo |Ma30K Ha 0.41 [0.035| 047 |<LLM]| 18
BEpXHEM 0JIoKe
Emkocts

KPO TW10B02 <LLM|<LLM|<LLM| <3 |0.15

Bun 239+240 24lp, | 242 - |241

PAO Oo6paserg Pu Pu|“*Pu ["Am

TPO Tennonszonanus <1 <60 | <1 <1
(creknoBara)
CU3 npu pemMon-

TPO | Te Ha BepxHEM 3 220 | <3 <3
OJI0Ke

TPO | CU3 (nepuatka) 22 400 | <2 <2

TPO | » 31 680 1 <1

TpO | OOTMPpOHAT Be- 41 310 ] <1 | <1
TOIIIb

Tpo | CHB3 (enenonex- | 95 | <1 | <1
Aa)

TPO KabenpHas u3o- 460 14 43 <13
JISILIAST 000

TPO PesunoBas npo- 3 <60 | <3 3
KJIajIKa

TpQ | Masox Ha sepx- 18 (9000 KLLMKLLM
HeM OJIoKe
Emkocts

DKPO TW10B02 0.20 <60 | <0.1 | <0.2

AKTyasjbHO TaK)Ke M3Y4YCHUE KOPPEISIIUN aKTHB-
HOCTEN MEXIy TPaHCYPAHOBBIMU M30TOIIAMH M IIPO-
NyKTaMH JieneHus. PaHee HaMu HCCIIEIOBAUCH CO-
Jep kaHHe TaMMa-HYKIIUIOB B 3THX Mpobax. B aroii
paboTe MONydeHBI MOKa aKTHBHOCTH alb(ha-HyKJIH-
JIOB JIJIsl OTPAHUYEHHOTO YUciia 00pa3IiioB, MOITOMY
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YCTaHOBUTHh HAMISKANIYI0 KOPPEISIUI0 JTOCTaTOYHO
CIIOXKHO. MBI MOKEM TOJIBKO KOHCTAaTHPOBaTh (DaKT OT-
CYTCTBHS COTJIACOBAHHOTO HW3MEHEHHUsS aKTUBHOCTH
239240py y ¥7Cs. Ins Gomee MOCTOBEPHBIX BEIBOIOB HAMH
3aIUTAHUPOBAHO HM3yUYCHHE KOHIICHTPAIMHM TPaHCYpaHO-
BBIX HYKJIMJOB C 00Jiee BBICOKOH YyBCTBUTEIBHOCTEIO.

1. Table of radioactive isotopes, edited by V. S.
Shirley
(J. Wiley, N.Y., 1986).

2. M. JI. bonnapskoB, A. M. Makcumenko, 1. H.
BumineBckuii u dp., Snepna ¢izuka ta eHepre-
Tuka, Ne 2 (18), 88 (2006).

PECULIARITIES OF 2*U NUCLEI FISSION BY PROTONS
AT ENERGIES UP TO 70 MeV

Yu. V. Kibkalo, K. K. Kisurin, L. V. Mikhailov, V. S. Semenov,
V. P. Tokarev, V. A.Shituk

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

Mass distributions of fission fragments in 2*U +
+ p interaction at proton energies 35, 50 and 72 MeV
[1] measured by the y-spectrometry method on the
isochronous cyclotron U-240 of the INR of the NAS
of Ukraine are presented. Mass distributions of
fragments shown in the Figure have an asymmetrical
form with increased fission yield in the symmetric
nucleus fission region for proton energies 35 and
50 MeV. For ***U fission by 70 MeV protons narrow
resonances corresponding to the yield of fission
fragments with masses 99 and 137 a.m.u. are ob-
served in fragment mass distributions. The yield of
symmetric fission fragments is decreasing with the
energy increase and for 70 MeV proton energy it
equals practically zero.

The experimental data analysis shows that the
form of fission fragment mass distributions can be
explained by the influence of both static and dy-
namic effects in the nucleus fission, i.e. by a spec-
trum of initial states exited in the compound nucleus,
shell effects in the fissioning nucleus and in the
formed fragments [2].

T T
I Ep=70 MeV

Yield

80 100 120 140 160

Mass

Mass fragment distributions of ***U fission by

A superfine structure in the fragment mass distri-  protons, proton energies are shown in the Figure.
bution can be explained in the assumption that levels  Circuses are experimental data. Solid lines are
in the first and the second well of the two-peak bar-  descriptions with five Gaussians. Dotted lines are
rier are overlapped. In this case the probability that a  calculations for **U fission by neutrons for ener-
nucleus passes a fission barrier is increased and, if gies indicated in the Figure.

one takes into consideration the fact that states in the
second well of a two-picked fission barrier are form 1.
isomers [3], the yield of fragments with mass deter-
mined by nucleus deformation in the second well
will be increased.

Yu. V. Kibkalo, K. K. Kisurin, V. S. Semenov et al.,
Nuclear Physics and Atomic Energy, No. 1(17), 30
(2006).

H. Goutte, J. F. Berger, P. Casoli, and D. Goghy,
Phys. Rev. 71, 024316 (2005).

S. M. Polikanov, Form isomery of atomic nuclei
(“Atomizdat”, M., 1977) (in Russian).
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HCCIEJOBAHUE COIAEPKAHUA PAJUOAKTUBHOCTU I'PADUTA
YEPHOBBLJIbCKOM ADC

B. A. Kearonoxckuii', M. B. Keiaronoxekas', M. . Bonnapbkosz,
JI. M. Bonaapbkos’, A. M. MakcuMeHnKo®

1 o
Hnemumym adeprvix uccrnedosanuii HAH Yxpaunul, Kueg
2
Mesicoyrnapoonas paouoskonocuieckas nabopamopus Yeproodwvinvckozo Llenmpa, Cragymuy

B nacrosimee Bpemsi peaktopsl 1 - 3-ro
sHeprobiokoB YepHoObuibekoit ADC ocra-
HOBJICHBI M HAXOJAATCS HA CTAIUM TPEKpa-
IIeHUA JKCIUTyaTalud. B COOTBETCTBHU C
TpeOOBaHUSIMH HOPMATHBHBIX JTOKyMEHTOB
JUIl BBIBOJIa HHEProOJIOKOB W3 3JKCILTyaTa-
MU HEOOXOJUMO MMETh OIEHKH COCTaBa M
BEIIMYMHBI aKTUBHOCTH  PaJHOHYKIIHJIOB,
HAKOIUICHHBIX 32 BpeMs dKCIUTyaTanuu OJo-
Ka B KOHCTPYKI[MOHHBIX Marepuaiax |
CTPOUTEIHHBIX KOHCTPYKITHSX.

IIrpokuil COEKTP UCCIELYEMBIX H30TOIIOB
U JIOBOJILHO JKECTKHE TPeOOBaHHSA K TOYHOCTH
OTIPEICIICHUS CONIEPIKAaHMS KaXKJIOTO HYKIIHIA
ITOCTABUIIN TIETBIH PsiIl IPOOIIeM, CBSI3aHHBIX C
BBIOOPOM H OTPaOOTKOM OTIENBHBIX METOIUK
JUTSL Pa3ITUYHBIX H30TOIIOB.

CHexTpbl raMMa-iyded H3MEpsUIUCh Ha
AHTUKOMIITOHOBCKOM CIIEKTPOMETpE, HMe-
0IIeM BXxoaHOe OepuiuineBoe okHo u Ge-
JIETEKTOP ¢ 3P(PEKTUBHOCTHIO PETUCTPAIIUU
40 % mo cpasuenuto ¢ Nal (Tl)-gerexTopom
pasmepamu 3" X 3'. Pacnag psaa saep mpo-
MCXOIUT dNEKTPOHHBIM 3axBaToM (* Fe,
"% Ag) mmm mporeccoM BHYTpeHHEH KOHBEP-
cuu ramma-nydeit (C°"Nb), mosTomy Hamu
OBUTM TIPOBE/ICHBI HM3MEPEHHsI XapaKTepu-
CTHYECKOTO HM3IyUYEeHHUS, COIPOBOXKIAIOIIETO
K-3axBaT nnm nporiecc BHyTpeHHEH KOHBEP-
cun Ha K-o0omouke. M3MepeHUsT BBITOTHS-
mUch Ha crekTpomerpe ¢ (Ge-IEeTeKTOpoM,
MMEIONINMM TOHKOE BXOJHOE OepHiuIHeBoe
okHO U 00beM | cm’. Msmepenns °Sr BBI-
MOJHSUTHCH M0 pa3paboTaHHONH HaMU METO-
nuke Ha Oerta-criektpomerpe ¢ Nal (TI)-
nerekropoM TommuuHod 1 mm. Ha stom xe
CIEKTPOMETPE  BBHIMOJIHSUIUCH  WU3MEPEHHUS
Oera-usnmyvarened mocie paguoxumun. Pe-
3yJbTATHl H3MEPEHHSI COAEPIKAHUS N30TOIIOB
B KOJIbITaX rpaduTa IpUBEICHEI B TAOTHIIE.

AHamm3 3TUX pe3ylbTaTOB MO3BOIMI IMO-
JIYYUTh CIEAYIOIINE BHIBOJIBI:

aKTUBHOCTH 00y4eHHoro rpadura I'PI1-2-
125 ompenemnseTcst MPEXIe BCEro CoepKaHu-
em "C, a Tawke comepKaHMEM paIHOHYKIH-
JIOB TIPUMECHOTO M TEXHOJIOTUIECKOTO TIPOHC-
XOXKICHHS (3H, %C1, *Fe, ¥Ni, “Co, *Ni,
STNb, '%"Ag, *Ba) u npomyxtos menenus
TOILIMBA (%Sr, Bicg, Bcg, By, 1 Eu);

IIIOPIYHUK - 2008

Copep:xkanne U30TONOB B Kobuax rpadpura I'PII-2-125

VY nenpHas KoHUeHTpanus, bx/r
o0 T b
B 427 1062 189 8 10 2 20 14 5 14377
B 427 603 160 17 2 8 40 5 2 8594
B 427 962 180 35 96 36 116 123 27 42483
B 427 1145 160 27 79 7 66 116 38 36500
I 75962 314 6 17 5 231 1 0.4 9078
I 751062 156 14 7 5 96 2 0,4 18508
I' 751145 134 17 0,7 2 55 3 1 9378
I' 75 603 186 8 9 2 54 16 5 16428
I 209 1062 161 15 37 1 23 6 3 20544
I 209 962 189 7 6 3 121 12 5 14408
' 209 603 120 9 16 12 10 13 4 23183
I 209 1145 139 14 2 6 36 6 2 15681
B 299 1145 271 8 6 7 74 1,8 0,7 13204
B 299 1062 138 6 2 4 37 5 1 13060
B 299 962 135 8 9 15 15 4 2 17002
B 299 603 94 0 2 3 32 3 1 12705
B 358 1145 145 11 2 5 30 4 2 15496
B 358 962 164 0 6 7 13 5 1 12683
B 358 1062 70 31 104 50 273 35 12 36480
B 358 603 194 21 52 52 22 37 10 28693
Cpennsis
aKTHBHOCTb 165 13 23 12 68 21 6 18924
110 U30TOITY
IIpounentHoe
cojiepKaHue 0,87 0,07 0,12 0,06 0,36 0,11 0,03
u30TOIA
VY nenbHas KoHIeHTpanus, bk/r

Mpoba | = | o | S| 2|2|2]| S| Z
B 427 1062 490 8520 699 440 0,5 266 3712 2
B 427 603 690 4080 990 32 1,7 123 2402 41
B 427 962 1230 12100 938 2001 1,5 | 1162 | 24329 107
B 427 1145 1050 28000 1126 460 0,2 81 5277 13
I' 75962 610 4000 1102 53 4,9 224 2483 26
I' 751062 1740 13280 943 23 1,3 378 1806 57
751145 605 5600 1243 20 0,9 23 1667 7
I' 75 603 620 10840 1084 221 0,3 246 3130 6
I 209 1062 820 14600 995 132 0,0 388 3349 14
I 209 962 520 7240 1093 161 2,8 120 4923 6
I' 209 603 680 14400 1159 345 4,5 324 6077 11
209 1145 750 10720 1384 76 2.4 329 2207 6
B 299 1145 980 9080 1478 50 4,7 71 1151 21
B 299 1062 650 5360 1417 93 1,7 409 4922 14
B 299 962 450 10600 1004 138 2.4 99 4518 2
B 299 603 710 8520 990 96 6,2 484 1737 29
B 358 1145 420 8960 1084 145 2,2 243 4441 3
B 358 962 780 6320 929 207 0,1 136 4094 20
B 358 1062 890 10400 1131 1464 | 53 | 1116 | 20744 154
B 358 603 1290 18000 821 375 6,7 459 7291 63
Cpennsis
AKTHBHOCTH 799 10531 1080 327 3 334 5513 30
TI0 H30TOITY
IpornenTHOE 0.0
coJepiKaHue 4,22 55,65 5,71 1,73 i 1,77 29,13 0,16
n3oTomna

B TpejiesiaX MOTPEUTHOCTH W3MEPEHHIH MOYXHO CUUTATh,
YTO HYKJIUABI 14C, *H u *C1 pacmpeneneHsl OAHOPOIHO IO
obpasmam. OcTambHBIE PaTHOHYKIHMABI pPacpeeIeHb He-
omuopozaso. s “Co, *Sr u *'Cs obuapyxena HeomHo-
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POIOHOCTD pacIipeneseHus B IpeaesiaXx OfHO-
ro oopasa;

3arpsisHeHue Tpadura ['PII-2-125 mpo-
OYKTaMH JAEJCHUS] TOIUIMBA €CTh CJICACTBHUE

pasrepMeTH3aIiH KaHaJIoB B IIPOIlecce IKCILTyaTallnu;

B IIpejesiax MOTPEITHOCTH W3MEPECHHUA He 0OHApYKEHBI
HU3MCHCHUA yIleJILHOI‘/'I AKTUBHOCTHU HCCJICAOBAHHBIX HYKJIM-
JIoB B nporiecce orxkura g0 S00°C.

HUCCJIEJOBAHUE ®OTOIEJEHUS ***Th U **U

W. H. BumneBckuii, O. U. laBbinoBckas, B. A. Kearonoxckuii, A. H. CaBpacos

Hnemumym sdeproix uccnedosanui HAH Yxpaunol, Kueg

JlaHHbIe 00 M30MEPHBIX OTHOLICHUSAX (0,/0,) B
Spax MPOAYKTax NeNIeHHsT HeOOXOUMBI ISl pellie-
HUS psla TPUKIAIHBIX 33a7ad SACPHONW M paaualiv-
OHHON (PHM3MKH, a TaKXe IMPEACTABISIOT OONBIION
TEOPETUYECKUI HHTEPEC, TaK KaK MO3BOJISIOT H3BIIC-
KaTh MH(OPMALIUIO O PACTIPEACICHUH YIIOBOIO MO-
MeHTa B ()parMeHTax JAeNeHHs, a CJIeI0BaTelbHO,
CYIIUTh O U3MEHEHNH CBOWCTB AETAIINXCS SAep MpU
Mepexo/ie OT CEJIOBOI TOYKH JI0 TOYKH Pa3phiBa.

Panee nenenwe m3ydvanoch NMpH TakoOH 3HEPTUH,
KOTIa OTKPHITO ABa KaHaia (y, f) + (y, nf)

Iensto mamHOW pabOTHl OBUIO HCCIEAOBAHHE
M30MEPHBIX OTHOIICHHWH Ui TPOJYKTOB JIEICHUS
ToNBKO B (Y, f)-KaHane, T.e. IpU YHEPTUU HUXKE I10-
pora (y, n)-peakium.

O6nyuenne mumeneii >Th u 2**U nposoaunocs
Y-KBaHTaMHU TOPMO3HOTO CIEKTPa 3JIEKTPOHOB MHK-
potpona M-30 ¢ MmakcuManbHOM 3Hepruei 8,5 MaB.
Mumenn “*Th u 2*U cocrosuu u3 HaGopa amomu-
HUEBBIX IJIACTUH C HAHECEHUEM C JIBYX CTOPOH TOH-
xoro ciost ~°Th u *U. PaccrosiHne MexIy ImiacTu-
HaM# (PUKCHUPOBAIOCH C TIOMOIIBIO0 BCTaBOK. B mmenu
MEXy IIaCTUHAMH Iepell OOJyuYeHUEM BCTaBIIsI-
JUCh TOHKHE AaFOMUHHUEBBIC TEPEHOCHBIE (OIBIH
(10 mr.). Ilpu obmydeHHH B pe3ynbTaTe ICICHHS
CO3JaBaJMCh OCKOJKHM C BBICOKONH KHHETHYECKOU
SHEPTrHUei, 9acTh U3 KOTOPHIX BOMBAJIACh B MIEPEHOC-
Hele (oaeru. I[locie obmydeHns (onbrH BHIHUMA-
JIMCh ¥ TIEPEHOCUITUCH K Y-CIIEKTPOMETPY UIsi Habo-
pa y-cnekTpoB. Mcnoibp30Banuch CIEKTPOMETPHI Ha
6ase Ge-meTeKTOpoB ¢ 06beMoM 160 cM’ m paspe-
mrenneM 1,8 k3B s y-mannm 1330 1B “Co.

[TonydeHHbIe 3HAYCHUS U30MEPHBIX OTHOIICHUMN
st SRy, 132meg 133mee y 3Smey e NPHUBEIECHBI B
TabIuIle.

W3 nomyyeHHbIX Benn4uH Y/Y, ObLIN BBIYHCIIE-
HBbI CPEJHHE YTIJIOBbIE MOMEHTHI ()ParMEHTOB JEiie-

Hus J (h) (cM. Tabnrmy). B Tabmuie mpuBeneHbI
TaKKE JAHHBIC 00 H30MEPHBIX OTHONICHHAX st - U
npu 16 MaB, 1. e. ma (y, f) + (y, nf)-xananos [1].
Kak BuaHo, HabmomaeTcss pe3koe W3MEHEHUE BeIH-
9uH Y,/Y, U, COOTBETCTBEHHO, CPEIHUX YTIOBBIX
MOMEHTOB OCKOJIKOB JieiieHus. [Ipuuem ecnu cpas-
HUTBJIAHHBIC JJIsI HEUETHO-HEUETHBIX SAICp, TO BHUJI-
HO KOPPEJIMPOBAHHOE H3MEHEHHE JUIS JIETKOTO |
TSDKEJIOr0 OCKOJIKOB JiesieHust. [IpiuMepHo B iBa pas3a
YBEIUYUIICS YTIIOBOH MOMEHT JJIsl JIETKOTO OCKOJIKA
JICJICHUS. U BO CTOJIBKO JK€ MEHBIIIHICS ISl TSXKEIO-

ro, T. €. cymma BenmauH J (h) mis mensmeics cuc-
TeMBI CJ1ab0 MEHSAeTCS JUIS PA3JIMYHBIX JHEPTUi
TOPMO3HBIX Y-KBaHTOB. BeposiTHO, 3T0 00yCIOBICHO
TEM, 4TO MpHU 3Heprusx Beie 12 MaB nomunupyet
neneHue mo kaHamy (y, nf), T. €. HEUYETHO-HEUCTHBIC
OCKOJIKM JeJieHusi 0o0pa3yroTcs, B OCHOBHOM, IpHU
JIeJIeHHMH HEe4eTHOro ypaHa, a npu E, = 8,5 MaB ne-
JICHHE Ha 4EeTHO-4EeTHOM M30Tome ypaHa. JlaHHBIX O
JICJICHUH HEYETHBIX M30TOIOB ypaHa HET, HO HaMHu
HCCIIEN0BAJIOCh JEJIEHUE HEUETHOrO 237Np [1] u Ha-
OMI0Aanoch 3HAUYMTENbHOE YBEIMYCHHE CPEOHUX
YTJIOBBIX MOMEHTOB TSDKEJIBIX OCKOJIKOB JEJICHHS IO
CpPaBHEHHUIO C B0, Jma B w P°Xe Benmumna
yBEJIMYMIACh B cpeiHeM B 1,5 pasa, T. €., IpUMEpHO,
TO K€ HaOJIIOgaeTCs M y Hac.

[ToaTomy mpencraBnger OOJBIION HHTEpEC U3Me-
pEeHME CpeHHUX YTIOBBIX MOMEHTOB OCKOJIKOB JIEJie-
HUSI TIPH SHEPTHUSX TOPMO3HBIX Y-KBAaHTOB B 00J1aCTH
sHepruii 7 - 11 MaB st 280U 1 Pu. Dro mo3sosuT
HCCIIEZIOBATh BIMSIHUE CHJI CLIapUBaHUS HEUTPOHOB.

I/I3OMepHLle OTHOLICHUSA U CPpeIHHE YITI0BbI€e MOMEHTBHI OCKOJIKOB JICJICHUS

OCKOJIKH PoroeneHue TOpHS Qotozenenue ypana _

NeNeHust Y/ Yy J Y'Y, J J [8]
Samepy 0,28(4) 4,0(6) 0,8(2) 7,0(15) 4,4(2)
132mgg} 0,8(2) 7,5(15) 0,34(6) 3,94) 7,4(4)
133meTe 0,46(5) 3,4(2) 1,05(8) 5.8(4) 6,8(3)
BSmey e 1,5(10) ~8 1,3(6) =8 2,8(2)
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BO3BYKJIEHUE IO3UTPOHAMU "*'"Ta

N. H. BumnneBckuii, B. A. ZKearonoxcknii, A. H. CaBpacos

Hucmumym adepnuix uccreoosanuii HAH Yxpaunel, Kueg

[Ipy aHHUTHISAIMH TIO3UTPOHOB CO CBSI3aHHBIMHU
ATOMHBIMH DJIEKTPOHAMH TIPUCYTCTBYET OIMpPE/IeIICH-
Hasi BEPOSTHOCTh IMepeladyr BCEH SHEPTUU aHHUTH-
nsun sApy. To ecTh mpoucxomuT mpoiiece decdo-
TOHHOW aHHUTHIAIMH. V3ydeHWro STOro SBICHUS
MOCBSIIEHO MHOTO PaboT, 0030p TEOPETHUECKUX H
AKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUI MOXHO HAWTH B
[1]. B nociaeanue ronpl NpoOBOAUIUCH, B OCHOBHOM,
TeOpeTHUECKHE HcclieoBanus [2, 3], Tak Kak 10 CuX
[OP COXPAHSICTCS 3HAUUTEIILHOE PACX0KICHUE MEK-
Iy SKCIIEPUMEHTAJIbHBIMH W TEOPETHYECKUMHU 3HA-
YEHHUSIMU CEYEHUH TpoIiecca.

Hamu B manHO# paboTte mpeanaraercsi HOBasi Me-
TOJWKA M PE3YJbTAaThl UCCIICAOBAHUIN BO30YKICHUS
180

Hnst u3mepennst 6ecOTOHHON aHHUTWIIALIUHU HC-
TI0JIB30BATHCH MO3UTPOHBI U3 pacmaga P (Ty, =
=4,1c, Elf = 3,9 MsB). AKTUBHOCTb »p HapabaThI-
Bamach B peakuun > Si(p, y)* P. BbiGop Takoii peax-
uuyd 00YCIIOBIIEH KaK CEUCHHEM peakuuu (p, y), TaK
Y MUHUMAJIHBIM BBIXOJIOM BBICOKOOHEPIeTUYECKHIX
Y-KBAaHTOB, KOTOPBIC MOTIIH ObI BO3OYKIATH B (7, Y )-
peakuun """Ta. B pesynbrate Bo30yxaeHus ' "Ta
TIPOMCXO/IUT 3aCENCHHIE OCHOBHOTO COCTOSHUS = ¢ Ta
¢ Tip = 8,2 u. Pacnan 1802y MPOUCXOJIUT, B OCHOB-
HOM, €-3aXBaTOM, COMpoBOXmatommmcs Ky-u3myde-
Huem Hf.

Jns obnydyeHus wucmonb3oBasiack cOOpKa, Co-
cToAIIasl W3 TUTACTWH: KPEMHUS, TaHTalla, CBHHIIA,
TaHTaJla, CBUHIIA, TaHTaja. BRIOOP TONIIUH KPeMHUS
Y CBHHIIA OBLIT TaKOMW, YTO IMPOTOHBI HE MO Ha
TaHTaJl, a B CBUHIIC IMOJHOCTHIO TACHIIACH MO3UTPO-
Hbl. [Ipy 3TOM BBICOKOIHEPIEeTHUYCCKUE Y-KBAaHTBI,
oOpazyromuecs B peakuu (p, Y) U aHHUTHIISIIHOH-
HBIE Y-KBaHTHI OYAyT OJTHUMH M TEMH K€ JUIS BCEX
MHINIEHEH TaHTama. ODHeprus MPOTOHOB ObLIa
4 M»sB, Hmxe mopora (p, n)-peakiuy Ha KPEeMHHH,
HO BCE K€ Ha KOHCTPYKIIMOHHBIX MaTepuanax oOpa-
30BBIBAIOCH HE3HAYUTENHFHOE KOJHMYECTBO HEUTpO-
HOB C HeprusMu Mebine 1| MaB. B peakuuu (n, n)
TaKKE BOBMOXKHO BO3OyxaeHne '~ "Ta, OHAKO Be-
POSITHOCTHh BO30Y’KIEHHs JOJDKHA OBITh OJHA M Ta
K€ NIl BCeX MHUIIEHed TaHTama. Takum oOpazom,
JaHHAsT KOHCTPYKIUs oOecreunBana BO30YKICHHE
no3uTpoHaMu ' "Ta TONBKO BO BTOPOH MHMIIEHH.
OO0ryueHHBIC 00pa3Isl TaHTANA U3MEPSUIHCH Ha aH-
TUKOMIITOHOBCKOM cHeKTpoMeTpe ¢ Ge-IeTeKTOPOM
¢ 3¢ deKTUBHOCTEIO perucrpanuu y-imyuend 15 % mo
cpasuennio ¢ Nal(Tl)-zerexropom pazmepom 3 x 3",

IIIOPIYHUK - 2008

XapakTepHbIe CIIEKTPhI PUBEICHBI HA pUCYHKE. Bo
BCEX DJKCIIEpUMEHTaX HaOJ0Iaaoch BO30YKICHHE
1-¥f MUILIEHN TaHTaja IMMO3UTPOHAMHU U B TO KE€ BPEML
OTCYTCTBOBANO BO3OYKIeHHS '~ ""Ta B APYrHX MH-

HICHAX.
Ko, Hf+Ko, Ta

Kon. oTtcuyeTos

M09 ke, Hf /

1004 +54.6
90 v67.75
80 - “'Ta(n.y)*Ta
70
60
50
40 4
30

@parMeHT cniekTpa 1-if MuIIeHu TaHTana.

AxtusnocTh *%Ta onpenemsutack n3 Ky Hf (K
Hf u K,; Hf, cM. pucynok).

W3 naHHBIX O MTHOBEHHOM CIIEKTpE Y-Tydyel Ha
My4YKe TIPOTOHOB HaMH OBLT OTPEeNIeH MOTOK TO3H-
tporoB d = 5.4 - 10"/cm* -c.

Cxema BO30YXKJICHHBIX COCTOSHHI TaHTaja, 3a-
CENAIOIUX HU3KOCITMHOBOE COCTOSHHE TaKOBa, YTO
npu Bo3Oyxkaernn **"Ta 1o 1 M»B u Bbie Haun-
HaeTcs 3aceieHue ' ¢Ta KAacKaaoM Y-KBAaHTOB, T. €.
MIpH aHHUTHWISIUN TIO3UTPOHOB C SHEpPrHed, HadH-
Hast OT sHepruw cBsi3u K-anmektponos u 10 Eg™(cm.
[1]). [TosTOMY MOXHO CUHMTATh, 4TO 6° " =o', U3
nanHbIx 0 Beixoje Ky Hf 6buto mosnyueno, yro 6™ =
= (4+1)-10% cm’

[MonyueHHasT BEeMMYMHA G KaK W ISl JAPYTHX
MmuieHel (cM. [1]) 3aBelllieHa Ha TPU-YETBIPE MOPSII-
Ka TI0 CPAaBHEHUIO C OIIEHKAMH 10 Pa3HBIM MOJICIISIM.

DTO yKa3plBaeT Ha HEOOXOIMMOCTH PacCMOTpE-
HUS WHBIX MEXaHU3MOB, TaKUX, HAIpUMeEp, Kak
MIPEeANIOKECHHBIN B [4].

T

1. W. H. Bumnesckuii, B. O. Xenronoxckuii u B. M.

Konomuen, DUAS 19, 237 (1988).

A. Ljubi¢i¢ and D. Kerez, Phys. Let. B 272, 1 (1991).

A. Ljubi¢i¢ and B. A. Logan, Phys. Let. B 325, 297

(1994).

4. C. H. ®enotkun u B. A. XXenronoxckui, SAnepna ¢i-
3mka ta eHepretuka Ne 1(16), 491 (2007).

w
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EHEPT E’I".I/I‘IHI/II\/'I PO3NOALT EJEKTPOHIB “CTPYCY”
ATOMHOI OBOJIOHKHU IIPU BHYTPIIIHIM KOHBEPCII

M. ®. MuTpoxoBuY

Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

IIponmosxxeno mocimimxeHHs [1] gacoBux, eHepre-
TUYHUX Ta KOPEJSMIHHUX XapaKTEePUCTHUK eJeK-
TPOHIB “CTpyCy”” aTOMHHX €JEeKTPOHIB mpu B-po3ma-
Ii Ta BHYTpIlIHIM KOHBepCii, BaKIMBi U Ui MOBHO-
TH KapTHHU 3HAYHOTO aTOMHO-SIEPHOTO Mpolecy i
UL OUTBII  3arajmbHOI 3amadi  BHUBUCHHS KOpe-
JSIMIHHOTO PYyXy YaCTHHOK B IMITYyJBCHOMY Ta
crniHoBomy mpoctopi [2]. Enepretnunuit posmomin
€JEKTPOHIB “‘CTpyCy”’ TpH BHYTPIIIHIA KOHBEpPCIii
BUMipIOBaBca B €-posmami “Eu mo 36iram Y1408
keB 3 enextpoHamm KoHBepcii mepexony 122 keB
E2 i e,-enekTpoHaMH BTOPUHHOI €IEKTPOHHOI eMicii
BiJl €JIEKTPOHIB “‘cTpyCy”. 3a YaCOBHMHU CIICKTPaMH
Yee,- 1 Ye,-30iriB Oyio BuMipsiHO B miamaszoni 200 -
1700 eB iHTerpanbHUil CrieKTp i Ha IIiii OCHOBI, i3
ypaxyBaHHSM caMmoIiorinHaHHs P, y miamazoni 200 -
1000 eB Oys0 ob6uncieHo qudepeHLialbHUI CIIEKTP
EIEKTPOHIB ‘‘CTpyCy”’ aTOMHHUX €JEKTPOHIB IIpH
BHYTpilIHiil KOHBepCii B e-posmazi ' Eu.

p= 1700 ) E )

PesysbTraTu BUMIpIOBaHb HABEJCHO B TAOJIHIII.

dN/dE |

400+

3004

2004

100

200 400 600 800 E, 5B 1000
JudepenuianbHi criekTpy enekTpoHiB Oxe (Ye,-BUMIipro-
BaHHs) MiC/I BHYTPINIHBOI KOHBEPCIi Ta EJEKTPOHIB
“cTpycy” (Yee,-Ye,-BUMIpIOBaHHS) MPU BHYTPILIHIA KOH-
Bepcii mepexoy 122 keB E2 B e-posmazi *’Eu.

CriekTp eJIeKTpOHIB “cTpycy” (PUCYHOK) B €-pO3-
nani **Eu skicuo Takwmii xe, sIK 1 B B-posmani [1], mo
BKa3y€ Ha CXOXICTh MeXaHI3MiB iXx yTBopeHHs. Ko-
PEIAIIis IMITYJIBCIB €IIEKTPOH KOHBEPCIl — SIEKTPOH
“cTpycy” 3 CHEpri€lo EIeKTPOHIB 3POCTaE.

InTeHcuBHOCTI €1y €5 €0~ KOMIIOHEHT 4aC0BOI'0 CIICKTPY B iHTeraJ’lLHl/lX Bl/lMiplOBaHHﬂX

U, eic e € Y(ete,) P

B Yo e YeCo-YCo Yo YeCo YeCo-YCo Yo YeCo-YCo

200 | 157.8(11) | 408.2(16) | 446(8) | 37.8(82) | 36.4(9) | 85(8) | 48.6(81) | 445(2) | 87(10) | 0.21
250 | 155.5(9) | 396.0(14) | 399(4) | 14.0(42) | 37.5(7) | 101(4) | 64.8(41) | 436(2) | 64(6) 0.25
300 | 161.4(16) | 378.6(20) | 404(6) | 25.4(63) | 38.99) | 90(6) | 51.1(61) | 418(2) | 85(8) 0.30
350 | 158.7(16) | 318.5(11) | 344(6) | 25.5(61) | 29.2(11) | 54(6) | 25(6) | 348(2) | 50(8) 0.33
400 | 162.8(20) | 321.4(23) | 325(6) | 3.6(64) | 12.7(9) | 46(5) | 33.3(51) | 334(2) | 37(7) 0.37
500 | 175.9(16) | 310.1(16) | 311(6) | 0.9(62) | 7.0(5) 34(4) | 27(4) | 317(2) | 28(7) 0.45
700 | 161.2(23) | 256.3(23) | 280(4) | 23.7(46) | 16.7(5) | 29(4) | 27.3(43) | 258(2) | 51(7) 0.58
1000 | 166.1(23) | 215.0(23) | 232(4) | 17.0(46) | 18.7(7) | 22(4) | 20.1(40) | 217(2) | 37(7) 0.76
1700 | 172.029) | 171.6(29) | 213(4) | 41.4(49) | 7(7) 243) | 233) | 172(3) | 65(6) 1.0
2000 | 161.8(34) | 184(4) | 184(4) 0 7(7) 32(4) | 31(4) | 185(4) | 30(60) | 1.0

IIpuMiTK a. ejc — KOMIIOHEHT Bijl €JIEKTPOHIB KOHBepCii; e — Bix enekrpoHiB Oxe; €, — Bix enekTpoHiB Oxe B Ye,-BUMIpIO-
BaHHSX 1 BiJ eNeKTpoHiB “cTpycy” Ta Oxe B Yeic(e + €,)-BUMIPIOBAHHSX. HACHIIOK KOPEJSLIT pyXy eleKTPOHIB “CTpycy” 3 eNeKTpo-
HaM¥ KOHBepCii Yejce, — BiA0Ip eJIEKTPOHIB “CTpyCy” € NepeBaKarOYMM i JJIsI HUX Ye,-BUMIpIOBaHHS € (JOHOBUMHU.

1. H.®. Murpoxosuy, SnepHa ¢i3uka Ta eHepreTHka,

Ne 1(23), 24 (2008).
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IOHIBALIA ATOMA 3IK JI3EPKAJIO PAIITOBOI'O 3bYPEHHS EJEKTPOHA
3APAIOM YACTHUHKU B MOMEHT II ITPOJIBOTY IIOB3 HbBOI'O

O. 1. ®eokTHuCTOB
Incmumym adepuux docnioscens HAH Ykpainu, Kuig

IoHizarist aToMa po3risiHyTa B HaOMMKEHHI par-
TOBOTO 30ypeHHsI eNeKTPOHA aToMa B MOMEHT IpO-
XOPKCHHS 3apsAIPKEHOI YaCTUHKYU NOB3 HbOTo (y Ha-
OnmmkeHHi “cTpycy”). BoHa mnpencTtaBiuseThCs SIK
KBaHTOBO-MEXaHIYHMI  Tepexifi eNeKTpoHa i3
3B’A3aHOTO CTaHy B aToMi B CTaH HEMEPEPBHOTO
CIIeKTpa Tin Ai€ro 30ypeHHs, iI0Y0TOo IPOTATOM
Iy)e KOPOTKOTO MPOMIKKY 4acy, 1 Ui oro onucy
BUKOPHUCTOBYIOTHCS BiJIOBiIHI (hOPMYIIH KBAaHTOBOT
MexaHikn. OTpuMano ¢GOpMyIH Ui BH3HAYCHHS
pa3noIiTy €JEKTPOHIB 32 €HEPTisIMU B HETIEPEpPBHO-
MY CIHEKTpi KIiHIEBOTO CTaHy, a TaKoXX OOYHCICHO
IHTETpalNbHUI CHIEKTp eNEKTPOHIB 3aJIE)KHO Bix
eHeprii 3apsypkeHoi yacTuHkH. PopMmyna s BH-
3HAYCHHS WMOBIpHOCTI mepexoay W Bim Hepyxomo-
ro 3apsay Mae OyTH JIOTIOBHEHA 3aJIC)KHICTIO BiJ
LIBUKOCTI 3apsIPKEHOT YACTUHKHU 1 MaTUME BUTIIAL
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TpoHa 10 306ypenns; Z e’/r, — 30ypeHHs, miloue
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Iepexoay i3 craHy i B OAWH i3 CTaHiB f B I[bOMY
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%0 MEPeXo/1y i3 CTaHy i B CTaH f), Tak M0 XBHJIb-
'fi

oBa (pyHKIIis l//l.(o) “He BCcTHrae” 3MIHUTHCA U 3aiu-

IIAE€THCA B MPOLECI MEPEXOAy TaKOK XK, IO 1 J0

30ypenns. 1ls oOcraBuHa BimMiueHna ingekcoM (0) y
k .

Vi (q). ¥,(g) - xBuiboBa (QyHKLIA €NEKTPOHA B

HETMEPEePBHOMY CHCKTpi IiCIs TMOKHJAaHHS aToMa.
OO6uaBi XBIMIIHOBI (YHKITIT 3aI€KaTh TITLKHA Bif KO-
OpIUHAT ¢, ¥, - BiACTaHb BiJ MICIsl BUHUKHEHHS
3apsAAy 1O EJIeKTpOHAa aToMa B MOMEHT iX Haii-
OinmpIero 30mmKeHHS; £ — €Hepris elIeKTpOoHa B He-
MEPePBHOMY CIEKTpi, a E,, — aOCOIIOTHE 3HAYCHHS
EHeprii 3B’ A3Ky.
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INTERNAL-CONVERSION COEFFICIENTS
OF THE K-FORBIDDEN GAMMA-TRANSITIONS FROM THE """Lu DECAY

A. P. Lashko, T. N. Lashko

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

Decay of "™Lu (I"=23/2", Ty, = 160 days) oc-
curs both to the 17/2" level of rotational band of the
""Lu ground state via K-forbidden E3-transition
with energy 116 keV and to the 23/2" isomeric state
in '""Hf via B-decay. The latter state deexcites, in
particular, by means of the K-forbidden E2-tran-
sition with energy 228 keV to the 19/2" level of rota-
tional band of the 9/2" [624] onequasiparticle state in
"THf. These transitions are hindered as compared to
oneparticle estimates by the factor of 9.1 - 10* and
8.7 - 10, accordingly. Some anomalies in y-ray in-
ternal-conversion coefficients (ICC) caused by pene-
tration effect are possible for such transitions.

In Ref. [1] we have revealed some discrepancies
between the predicted and experimental value of
ICC for y228 keV transition, which can not be ex-
plained by admixtures of different multipolarities of
the same parity. Such discrepancies can be elimi-
nated on the assumption of the presence of intranu-
clear conversion.

In the same article we have also measured rela-
tive and absolute ICC on L,- and L;-subshells of
"Ly for v116 keV transition. However, these ex-
perimental data appeared to be not precise enough to
answer the question about the presence of anomaly
in ICC of this transition. In the present paper we per-
formed precision measurements of relative intensi-
ties of the internal-conversion electrons y116 keV on
L-subshells of '""Lu, absolute ICC have also been
refined.

"™y was obtained with reactor in (n, y) reaction
under irradiation of the targets made from enriched
'7°Lu. Measurements of the internal-conversion elec-
tron spectra were performed using a magnetic

B-spectrometer of the 2 type with an iron yoke

and an equilibrium orbit radius of 50 cm. The depen-
dence of the pulse (electron) count rate on the ap-

plied voltage between the source and the spectrome-
ter chamber was checked. The magnetic field re-
mained constant and stabilized with respect to three
points along the radius by the nuclear magnetic
resonance. The stabilization system provides stabil-
ity of the spectrometer field of about 10” during a
day. The high voltage applied to the source is also
stabilized with a relative error of 5 - 107,

The y-ray spectrum of '”""Lu was measured by
using a 5cm’ HPGe-detector with resolution of
0,9 keV at y344 '*Eu.

In order to find anomalies in ICC, precise data on
both relative and absolute ICC on different atomic
subshells are needed. For this purpose, in addition to
relative ICC y116 keV on L-subshells of '"’Lu the
ratios of L-lines of internal conversion electrons
v116 keV to L-lines of ICE y113 keV along with
relative intensities of corresponding y-rays have also
been measured. ICC of y113 keV transition has been
used as the reference values.

Relative intensities of internal-conversion elec-
tron lines and absolute values of ICC y116 keV on
L-subshells of '""Lu are tabulated. Theoretical values
of ICC and ratios of ICC from Ref. [2], as well as
deviation of the experimental values from the pre-
dicted ones, are also given in the table.

As evident from the table, for L,-subshells the
deviations from the theoretical values are observed
both for relative and absolute ICC, which can not be
explained by admixtures of M4-multipolarity.
Probably, they are caused by penetration effect, as in
the case with y228 keV transition.

This work was published in Nuclear Physics and
Atomic Energy No. 2(24), 18 (2008).

Internal conversion coefficients of y-transition with energy 116 keV on L-subshells of '"'Lu

ICC (experiment) ICC (theory) (ICCy, - ICCxp)/ICCy, %0
L,/L;=0,053 £0,023 0,0430 -(23 +54)
L,/L;=1,243 £0,031 1,30 44+24

a(L;))=0,48 £0,21 0,398 -(21 £ 53)
a(L,) = 11,29 £ 0,32 12,0 59+2,7
a(L;)=9,09 + 0,25 9,25 1,7+2,7
o(L) =20,86 + 0,46 21,7 39+2,1

1. B. B. bynrakos u dp., U3s. AH CCCP. Cep. ¢us. 54,
1011 (1990).

2. R. S. Hager and E. C. Seltzer, Nucl. Data Tables A 4,
1 (1968).
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RESPONSE OF THE ALANINE AND BARIUM DITHIONATE EPR-DOSIMETERS
TO THE LOW ENERGY PROTON IRRADIATION

V. A. Onischuk’, A.I Levon', V. M. Maksimenko®, M. Wiirkner’, O. Bugay’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
*Institute of Semiconductor Physics, National Academy of Sciences of Ukraine, Kyiv
3 Liidwig-Maximilians Universitat, Munich, Germany

Response of alanine electron paramagnetic
resonanse (EPR) dosimeters on proton with energy
above 20 MeV does not depend on proton energies
and at the same time it is supposed, that low energy
proton component at the spread-out Bragg peak does
not influence on the alanine response [1].

The response of the alanine and barium
dithionate EPR dosimeters was investigated for:
(1) different proton energies from 6.63 to 25.0 MeV
with the same dose about 40 Gy and (2) proton
energy 25.0 MeV with different doses from 1.907 to
80.69 Gy.

The samples were irradiated at the Maier Leibnitz
Laboratory of the Liidwig-Maximilians University
and Technical University in Munich using the
25 Mev Tandem accelerator of protons. To decrease

the proton energy the calibrated plexiglass plates
have been used.

EPR dosimeters have cylindrical shape and di-
mensions 4.9 mm diameter and 3 mm height with a
density of 1.1 g sm™ for alanine, and 4.9 mm diame-
ter and 3.6 mm height with a density of 2.565 g-sm™
for barium dithionate (BaS,0s X 2H,0). The EPR
dosimetry system of the Institute of Semiconductor
Physics has been used. The EPR dosimetry system
was calibratet using the “’Co primary standard.

The alanine and barium dithionate pellets placed
alongside. A Markus parallel plate ionization cham-
ber was used as the dose reference system. The ex-
perimental results are given in Tables 1 and 2.

Table 1. Dependence of the dosimeter readings from the proton energy

E, Mev Markus chamber dose, Gy Barium dithionate dose, Gy Alanine dose, Gy
6.63 40.57 0.83 3.6
9.72 42.33 3.69 16.6
12.16 40.28 5.96 27.5
15.24 40.38 10.20 47.5
25.0% 40.33 312 1 526 1
2.02 80.6

* For the irradiation at the energy 25 MeV tablets were arranged in a column one by one: 2 barium dithionate and 2

alanine. The arrows indicate direction of proton beam.

Table 2. The dose dependence of the dosimeter
readings for the proton energy of 25 Mev

Markus chamber | Barium dithionate Alanine
dose, Gy dose, Gy dose, Gy
1.907 1.48 2.3
5.022 3.83 6.5
15.085 11.34 19.7
40.33 31.21 52.6
80.69 67.71 107.4

Calculation of the proton range and ionization
loss energy along the proton tracks in alanine and
barium dithionate are carried out with SRIM 2008
code (Www.srim.org).

Free electron can be trapped by the undamaged
molecule only when its energy E.< E.j= kT+ E.gq,
E.fr — electron affinity. With reduction of proton en-
ergy and growth LET the concentration of primary
cation radicals in bore-hole grows. Before the en-
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ergy free electron will be lowered up to E.; it gets in
a Coulomb field of a cation radical and combined
with it. Thus, the protons with low energy do not
bring the essential contribution to stable radicals
formation.

This effect is more strongly shown in barium di-
thionate, but at higher energies of protons these do-
simeters have prospect as amplitude of them EPR
signal more, than from alanine.

The response both alanine and barium dithionate
dosimeters to dose irradiation with 25 MeV energy
protons is linear.

1. S. Onori, F. D’Errico, C. De Angelis et al., Appl. Ra-
diat. Isot. 47, 1201 (1996).
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MASS DISCREPANCY FOR THE THORIUM AND URANIUM NUCLEI AND
THE TUNGSTEN NUCLEI AS FOLLOWS FROM THE (p,t) REACTIONS

A. I Levon

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

In [1] the 0" excitations in the actinide nuclei
#9Th, **Th and **U have been studied in the (p, t)
reactions. For calibration of the energy scale the tri-
ton spectra from the "**W(p, t) and "**W(p, t) reac-
tions have been measured at the same magnetic set-
tings. In the course of analysis of the experimental
data it was found that the Q values for the (p, t) reac-
tions on the ?**Th, Z°Th and **U targets are in dis-
agreement with that for the "W and "W targets.
They are given in the Table in comparison with the
values calculated from the Atomic Mass Tables [2].
If the Q-value for the **Th(p, t) reaction as derived

from [2] is taken as the reference value then the Q-
values for Z°Th(p, t) and **U(p, t) reactions also
agree with those calculated from the Mass Table [2].
At the same time the Q-values for the "**W(p, t) and
"W(p, t) reactions differ considerably from the cal-
culated ones. And vice versa if the Q-value for the
"W(p, ) reactions is taken as the reference value
then the Q-value for the "**W(p, t) reactions agrees
and for the **Th(p, t), *°Th(p, t) and Z*U(p, t) reac-
tions disagree with those calculated from the Mass
Table [2]. Differences in the masses following from
these Q-values exceed the experimental errors.

Q-values for the (p, t) reactions as determined from comparison of the experimental triton spectra
and as determined from the Mass Table [2]

Reaction Ref. “’Th(p,t) Ref. "™W(p.t) Mass Table [2]
2Th(p, 1) 3076.5(27) 3064.2(20) 3076.5(27)
ZOTh(p, 1) 3568.5(30) 3556.6(20) 3569.0(28)
4 Th(p, 1) 4125.2(30) 4113.0(20) 4124.2(29)
oW (p, 1) 4478.1(30) 4460.5(20) 4463.0(19)
W (p, 1) 5133.0(30) 5120.6(12) 5120.6(12)

1. H. F. Wirth, G. Graw, S. Christe et al., Phys. Rev. C
69 044310-1 (2004).

2. G. Audi, A. H.-Wapstra and C. Thibault, Nucl. Phys. A
729, 337 (2003).

SPECTROSCOPY OF *'Th IN THE (p,t) REACTION

A.L Levon'?, G. Graw?, Y. Eisermann®, R. Hertenbergerz,
N. Yu. Shirikova®, A.V. Sushkov’, P. Thirolf’, H.-F. Wirth?, N. V. Zamfir*

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2Sektion Physik, LMU Munchen, Garching, Germany
3 Joint Institute for Nuclear Research, Dubna, Russia
4Wright Nuclear Structure Laboratory, Yale University, New Haven, Connecticut, USA

The excitations in "*Gd, **Th, *°Th and **U
have been studied by means of the (p, t) reaction
using the Q3D magnetic spectrometer facility at the
Munich tandem accelerator. Only the results for 0"
excitations reliably assigned were published earlier
[1]. Here the full analysis of the experimental data
for the *°Th is presented. The angular distributions
leading to the ground state of the final nuclei are
described in the coupled channel approximation at
assumption of the the (2go,,)” neutrons transfer. Only
such situation was considered in [1]. At more de-
tailed analysis also the transfers of (ljls/z)2 and
(1iy /2)2 neutrons were included and additional 0" ex-
citations are assigned, some of them tentatively. The
assignments for other excited levels were also made

using fitting of the calculated angular distributions to
the experimental ones. Besides one-step transfer the
two-step processes were considered in these calcula-
tions. The collective bands based on the 0" and other
levels can be identified using these assignments,
gradual lowering of the cross section and fitting the
energies by the expression £ = E, + AI(I + I) with
small change of the parameter 4.

The calculations within the conventional spdf
boson IBA with parameters chosen to reproduce the
low lying spectrum predict in 2*°Th 19 0" states be-
low 2.8 MeV: 7 of pure sd (quadrupole) boson struc-
ture and 12 of two boson structure in the pf boson
space (octupole). It can be compared with 23 as-
signed 0" excitation in the energy range considered.
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The IBM predicts the 2°, 4", ... levels as well as 1,
3%, ... ones too. But good correlation between ex-
periment and calculations is seen only in the begin-
ning of the bands. The IBM calculations also fail to
reproduce the absolute cross section. The calcula-
tions were carried out also within the quasiparticle-
phonon model (QPM). These calculations give rea-
sonable agreement with experiment for the energies
of the 0" excitations and for the (p, t) spectroscopic
factors. The content of octupole phonons in these
calculations is much less important in contradiction
with the IBM. The 2" and 4 excitations are calcu-

lated in the QPM too. The number of this excitation
in the model calculations is less of the observed
ones: the increment of spectroscopic factors given
by the QPM reproduces the experimental ones for 0
and 2" in the trend and absolute values. The trend is
reproduced for the 4 states but the absolute values
are overestimated by the model.

1. H. F. Wirth, G. Graw, S. Christe et al., Phys. Rev. C
69 044310-1 (2004).

g-FACTORS IN "6118120g,. SENSITIVITY TO CONFIGURATIONS
NEAR THE FERMI SURFACE*

M. C. East', A. E. Stuchbery', A.N. Wilson'?, P. M. Davidson', T. Kibedi', A.I. Levon®

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

Available data on the Sn isotopes indicate that
the 2, states have a complicated structure: 2p-2h

and 4p-4h proton configurations and/or neutron ex-
citations across the N = 50 shell gap must be consid-
ered to explain recent B(E2) data [1]. Measurements
of g factors could test this interpretation. The aims
of this experiment were to (i) examine the sugges-
tion that g(2") in ''®Sn is more positive than in the

neighbouring isotopes [2], and (i) remeasure the
absolute g factors as the previous data [2] disagree
with recent calculations in a relativistic QRPA
model [3].

Experiments were performed using 190 MeV
*Ni beams from the ANU 14UD Pelletron and a
target with natural Pd and Sn layers. All isotopes
were studied simultaneously by the transient field
technique, using known g(2; ) values in the Pd iso-

topes for calibration. We confirm the results of Ref.
[2]. Adopted values, combining the present and pre-
vious work, are shown in the Figure.

A positive g factor for ''®Sn and negative g fac-
tors for ''®'?°Sn can be explained if the dominant
configurations in the 2/ states are (s12dsn)a+ in

"Sn, (d’35)2+ in ''*Sn and (4%)1,),+ in '*°Sn. More
quantitatively, the g factors of ''*'**Sn were com-
pared with shell model calculations, performed with

LTOPIYHUK - 2008
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OXBASH [4]. The basis space assumed a ''*Sn core
and valence neutron orbitals, 2s,, 1ds, and 0.
Residual interactions were given by a SDI of
strength, 4,, = 0.21 MeV. Effective g factors were
g,=-2.0 and g, = 0.2. As shown in the Figure, these
calculations reproduce the qualitative trend and

near-zero magnitude of the g( 2, ) values.

1. C. Vaman ef al., Phys. Rev. Lett. 99, 162501 (2007);
and references therein.

2. M. Hass, C. Broude, Y. Niv, and A. Zemel. Phys. Rev.
C 22,97 (1980).

3. A. Ansari and P. Ring, Phys. Lett. B 649, 128 (2007).

4. B. A. Brown et al., Michigan State University, report
no. MSU-NSCL 1289 (2004).
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UPDATED RESULTS OF THE ARMONIA EXPERIMENT:
2B DECAY OF '"Mo TO EXCITED LEVELS OF "Ru

P. Belli', R. Bernabei', R. S. Boiko’, F. Cappella3 , R. Cerulli*, F. A. Danevich?, S. d’Angelo’,
A. Incicchitti’, V. V. Kobychev?, B. N. Kropivyansky’, M. Laubenstein’, P. G. Nagornyi’,
S. S. Nagornyz, S. Nisi, F. Nozzoli', D. V. Poda’, D. Prosperi3, 0. G. Polischuk’, V. L Tretyakz,
I. M. Vyshnevskyi’, S. S. Yurchenko’

'Dip. di Fisica, Universita di Roma “ Tor Vergata” and INFN, Sezione di Roma Tor Vergata, Rome, Italy
?Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
®Dip. di Fisica, Universita di Roma“ La Sapienza” and INFN, Sezione di Roma, Rome, Italy
*INFN, Laboratori Nazionali del Gran Sasso, Assergi (AQ), Italy
®Chemical Department, Taras Shevchenko National University, Kyiv

Two neutrino (2v) double beta (2p3) decay is a
transformation of a (A, Z) nucleus to (A, 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 nuclides (see, f.e.
[1]), and for two nuclides ("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 Ty, limit.

Molybdenum oxide '“MoO; is used; it is ob-
tained from '“Mo after chemical purification. Its
mass is 1199 g. Measurements are performed in the
low background set-up with four HP Ge detectors of
225 cm’ volume each in underground conditions of
the Gran Sasso National Laboratories of the INFN
(3600 m w.e.). Current statistics is 17249 h. Spec-
trum 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 2B2v decay to '“Ru’ (540 or
591 keV; width of window +2 keV 1is in accordance
with the energy resolution of HP Ge at these ener-
gies). Bottom part shows background events, when
energy window is shifted to neighbouring 545 +
+ 2 keV value.

Eight events, which are present now in the coin-
cidence spectrum (Fig. 2 top and middle), corre-
spond to Typ = (6 £ 2) - 10% yr for Mo — '“Ru’
2B2v decay, in agreement with previous results [2].
Measurements were finished in November 2008, and
final data processing is in progress.

o0
oMo e

. 1130.5

Q,;=3035 keV N, Ao 5396

109 0

wRu
Fig. 1. Scheme of 2B decay of '"Mo to the ground state
and to the first 07, excited level of '“Ru. Energies of

levels and de-excitation y quanta are given in keV.
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Fig. 2. Experimental spectra (time of measurements is
17249 h) in coincidence when energy of one of y quanta is
equal 540 = 2 keV (top) or 591 + 2 keV (middle), ex-
pected for 2B2v decay to '“Ru’, and background spec-
trum (bottom) when window is shifted to 545 + 2 keV.

1. V. L Tretyak and 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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SEARCH FOR 28 DECAY OF ZINC AND TUNGSTEN WITH THE HELP
OF THE LOW BACKGROUND ZnWO,; CRYSTAL SCINTILLATORS

P. Belli', R. Bernabei', F. Cappellaz, R. Cerulli3, F. A. Danevich", B. V. Grinyovs, A. Incicchittiz,
V. V. Kobychev', V. M. Mokina*, S.S. Nagorny, L. L. Nagornaya®, S. Nisi’, F. Nozzoli',
D. V. Poda’, D. Prosperiz, V.L Tretyak4, S. S. Yurchenko*

Dip. di Fisica, Universita di Roma “ Tor Vergata” and INFN, Sezione di Roma Tor Vergata, Rome, Italy
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“Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
*Institute for Scintillation Materials, Kharkiv, Ukraine

Search for double B processes in 847n, °Zn, W
and "**W have been performed by using data of the
low background measurements with large volume
(117 g, 168 g, and 699 g) ZnWO, crystal scintilla-
tors at the Gran Sasso National Laboratories of the
LN.F.N. The experiment was carried out in four
runs, total time of data taking exceed 10 thousands
hours. The detector with ZnWO, samples, experi-
mental set-up, measurements and data analysis are
described in [1]. Components of the background and
distributions of 2B processes searched for were
simulated with the help of GEANT4 code [2] and
event generator DECAYO [3]. Fits in different en-
ergy regions of the background spectra obtained by
combining the measured spectra for various runs
give the limits on 23 processes in Zn and W isotopes
listed in Table. For instance, the energy spectrum of
background obtained by sum of data accumulated
with the ZnWO, samples 117 g and 699 g over
2906 h and 2130 h, respectively, in the low back-
ground set-up is shown in Figure.
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Energy (keV)
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The measured energy spectrum of ZnWO, crystal scintil-
lators (117 g, 2906 h + 699 g, 2130 h) in the low back-
ground set-up together with the most important compo-
nents of the background (40K, 95y — Py, #Zn, and contri-
bution from the external y quanta from PMTs). Expected

energy distributions for " processes in *Zn excluded at
90 % C.L. are also shown.
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Half-life limits on 23 processes in Zn and W

. Experimental limT;,,
Nuclide Decay channel at 90 % (68 %) C.L.
%Zn 0v2e >1.12.8) - 10 yr
ovep’ >4.3(5.7)- 10" yr
2veB’ >0.7(2.1) - 10*' yr
"Zn 2V2B° >2.3(4.0) - 10" yr
0v2B” >1.8(3.0)- 10" yr
0v2B M1 >1.0(1.4)-10"% yr
oW 2v2K >6.6(9.4) - 10" yr
0v2e >0.86(1.2) - 10" yr
1oy 2v2B° >23(2.8)- 10" yr
2v2B7(2,) >1.8(3.6) - 10° yr
0Ov2B~ >2.1(4.2)- 10 yr
0v2B7(2,) >2.1(4.2)-10* yr
0v2B M1 >5.8(8.6) - 10" yr

All the half-life limits (except for Ov2B~ decays
of '"**W) obtained in the present experiment are near
one order of magnitude higher than those established
in previous experiments. The positive indication on
the (2v + 0v)eB" decay of **Zn with T;,= (1.1 £0.9)
x 10" yr suggested in [4] is fully discarded by the
present experiment.

This study was supported in part by the Project
“Kosmomikrofizyka” (Astroparticle Physics) of the
National Academy of Sciences of Ukraine.

The results of this work are published in [5, 6].
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HEAT FLOW OF THE EARTH AND RESONANT CAPTURE OF SOLAR “Fe AXIONS
F. A. Danevich', A.V.Ivanov?, V.V. Kobychev', V. I Tretyak '

Y nstitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
?|nstitute of the Earth's Crust, Sberian Branch, Russian Academy of Sciences, Irkutsk, Russia

One of the most simple and elegant solutions of
the so-called strong CP problem of QCD consists in
introducing a new global symmetry; this leads to
existence of axion — a new pseudo-scalar neutral
particle [1]. The mass of axion is related with the
scale of the symmetry violation fy: my(eV) = 6 X
x 10%/f4(GeV). Values of f, up to the Planck mass of
10" GeV are allowed. The axion mass and the cou-
pling constants Qay, Oae, Jan (Which describe interac-
tion of axion with usual matter — photons, electrons
and nucleons, respectively — and which are also in-
versely proportional to fy) can have very small val-
ues (M, down to 10™% eV). Such axions are some-
times named as “invisible”; they are one of the best
candidates on the role of dark matter particles.

The Sun can be an intensive source of axions.
They can be born in interaction of thermal y’s with
electromagnetic fields within the Sun due to the
Primakoff effect, and they can be emitted instead of
Y’s in nuclear magnetic transitions in excited nu-
clides present in the Sun ('Li, *Na, *’Fe, etc.). Pro-
bability of the axion emission, in particular, depends
on its mass. If resonant conditions are fulfilled, the
solar axion in the following can be captured by a
respective nucleus (f.e., >’Fe) on the Earth.

De-excitation of *’Fe nuclei after resonant cap-
ture of solar *’Fe axions was searched for with iron
targets and Si or Ge detectors. The effect was not
observed, and only upper limits on the axion mass
were set as: My<216 - 745 eV [2]. Measurements
with target of ¥Kr gave a limit m<5.5 keV [3]. Ex-
periments with 'Li nuclei also resulted only in limits
my<13.9 - 32 keV [4].

The nuclei of 'Li, *’Fe, *Kr, etc. can be excited
by solar axions not only in selected targets but eve-
rywhere. In particular, de-excitation of the reso-
nantly excited levels of these nuclei can contribute
to the total heat flow from our planet’s depths. Here
we estimate the axion mass in a very conservative
assumption that the total Earth’s thermal flux (46 X
x 10" W =2.9 - 10 eV/s [5]) is caused by resonant
absorption of the *’Fe solar axions within the Earth.

According to the contemporary conceptions [6],
iron constitutes near 30 % of the Earth: in the mantle
(~68 % of the whole Earth’s mass) content of Fe is
6.26 %, and the core (~32 % of the Earth’s mass)
includes mainly Fe (78.0 - 87.5 %). Thus, iron con-
stitutes 29.6 - 32.7 % of the Earth’s mass. The natu-
ral abundance of *'Fe is & = 2.119 %. Taking the
Earth’s mass of 5.97 - 10?7 g, the mass of *’Fe in the

Earth can be estimated as (3.7 - 4.1) - 10% g that
corresponds to the number of nuclei Ns; = (4.0 -
-4.4) - 10", The number of resonant captures of
solar axions in a target with Ns; nuclei of STFe perls
is equal [2]: R=4.5 - 107 Ns; (my /1 eV)*. The en-
ergy of 14.4 keV (energy of the first excited level of
*"Fe) is released after every capture, and it is totally
absorbed in the Earth’s body. Taking conservatively
the lower possible value of the number of *’Fe nuclei
Ns; = 4.0 - 10" and equalizing the heat flux 2.9 x
x 10 eV/s to the power generated by axion captures
2.6-10" (my/1 eV)* eV/s , we obtain the upper limit
on the axion mass:
m,= 1.8 keV.

The obtained limit can be improved by taking
into account heat generated by radioactive decays of
K, #2Th, 2*U within the Earth. Subtracting con-
servatively the lowest estimate of radioactive energy
generation (20-10'* W [7]) and attributing the differ-
ence to the heat generation from axion captures, we
obtain the following upper limit on the axion mass:

m, = 1.6 keV.

Both the restrictions are few times worse than the
limits obtained in direct experiments searched for
solar *'Fe axions: 216 - 745 eV. However, they are
much better than the limits obtained in the experi-
ments with *Kr (m.<5.5 keV) and 'Li (m<13.9 —
32 keV). Since the rates of both emission and cap-
ture of axion are governed by the axion-nucleon
coupling constant gy, the obtained limits do not
depend on uncertainties in values of the axion-
photon (ga,) and axion-electron (gae) coupling con-
stants.

This work was published as eprint
arXiv:0811.3836 [nucl-ex] (accepted to Kinematics
and Physics of Celestial Bodies).
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SEARCH FOR SOLAR AXIONS EMITTED IN THE M1-TRANSITION
OF 'LI* WITH BOREXINO CTF

V. V. Kobychev"

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

A natural solution of the strong CP problem was
found by Peccei and Quinn by introducing a new
global chiral symmetry U(1)pg. Weinberg and
Wilczek noted that spontaneous symmetry breaking
of U(1)pq at energy ~fa leads to existence of a new
neutral pseudoscalar particle — axion. The original
PQWW model (also known as standard axion
model) assumed that fa is equal to electroweak scale:
fa=250 GeV. The axion mass predicted by this
model my > 150 keV. This model was excluded after
extensive experimental searches, but two new types
of axion models have been developed: the Kim -
Shifman - Vainstein - Zakharov model (KSVZ or
hadronic axion) and the Dine - Fischler - Srednicki -
Zhitnitski model (DFSZ or GUT axion models).
Besides solving the strong CP problem, the axion
provides also a well motivated candidate for a part
of the non-baryonic dark matter, so experimental
efforts to detect axions are intensively continued.

If axions exist, the Sun would be an intense
source of these particles. One of the sources of solar
axions can be reactions of the solar pp-chain that
produce solar energy. Figure shows the scheme of
electron capture 'Be + € — 'Li* + v, [1] that is the
part of this chain. Since axion is a pseudoscalar par-
ticle it can be emitted instead of photon in
MI-transition from the first excited state to the
ground state. The amplitude of this emission is de-
fined by the axion-nucleon coupling constant ga.

P
& 5329d
S 32:T=12 0
,\é’ TBe =
& Qgo=861.815
&
g 2Tt X 477612 105%% 3.6
stable J2LT=1/2 0 89.48% 3.3
aLi
3

Electron capture decay scheme of 'Be.

The search for solar axions emitted in the
478 keV MI-transition of 'Li has been performed
with the CTF liquid scintillator detector [2] placed in
the Hall C of the LNGS underground laboratory
(Italy). CTF is a simplified scaled version of the
Borexino detector [3]. Its active volume, ~4 tons of
liquid scintillator, is contained in a transparent

* On behalf of Borexino Collaboration
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spherical nylon vessel, 2 m diameter and 0.5 mm
thick. The active detector is surrounded by
100 PMTs mounted on an open support structure.
The PMTs are fitted with light concentrators which
provide a 21 % optical coverage. The construction is
immersed in 1000 m® of high purity shielding water,
contained in an external cylindrical tank 10 m di-
ameter and 11 m high. The detector possesses the
extremely low background level of natural radioac-
tivity. We use data of the third campaign of the de-
tector (3.75 t of pseudo-cumene were used as a tar-
get) collected during 623 days of data taking (corre-
sponding to 548 days of live-time) since 2002.

Among possible reactions of a 478 keV axion,
the Compton conversion of axion to a photon
(A+e— e+y), axio-electric effect (A + e+ Z —
— e+ Z), decay of axion in two photons (A — 2y)
and Primakoff conversion on carbon nuclei
(A+'2C — y+"2C) were searched for. The ampli-
tudes of the first two processes are defined by the
axion-electron coupling constant gae, the last two
processes depends on the axion-photon coupling
constant ga,. The signature of all above reactions is
the appearance of 478 keV peak in the energy spec-
tra of CTF. The Monte-Carlo simulation of response
functions of the detector for the above reactions was
performed. No statistical significant indications on
axion interactions were found. This leads to the new,
model independent, upper limits on constants of
interaction of axion with electrons, photons and
nucleons — QaeQan < (1.0 - 2.4) - 107" at my <
<450 keV and gagan < 5 - 107 GeV'' at my <
<10 keV were obtained (CL 90 %). For heavy ax-
ions the limits gae < (0.7 - 2.0) - 10~ and ga, < 107~ -
-107% at 100 keV <ma < 400 keV are obtained in
assumption that gay depends on my as for KSVZ
axion model. These limits are (2 - 100) times
stronger than obtained by laboratory-based experi-
ments using nuclear reactors and artificial radioac-
tive sources.

V. V. K. was supported in part by the Project
“Kosmomikrofizyka” (Astroparticle physics) of the
National Academy of Sciences of Ukraine.

This work was published in Eur. Phys. J. C 54,
61 - 72 (2008).
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DIRECT MEASUREMENT OF THE 'Be SOLAR NEUTRINO FLUX
WITH 192 DAYS OF BOREXINO DATA

V. V. Kobychev"

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

Neutrino oscillations are the established mecha-
nism to explain the solar neutrino problem, which
originated from observations in radiochemical ex-
periments with a sub-MeV threshold and from real-
time observation of high energy neutrinos. Neutrino
oscillations were also observed in atmospheric neu-
trinos and have been confirmed with reactor antineu-
trinos and accelerator neutrinos. Borexino is the first
experiment to observe in real-time the low energy
(0.862 MeV) 'Be solar neutrinos, which were not
accessible so far. Solar neutrinos are detected in
Borexino through their elastic scattering on electrons
in the scintillator. Electron neutrinos (ve) interact
through charged and neutral currents and in the en-
ergy range of interest have a cross section ~5 times
larger than v, and v., which interact only via the
neutral currents. The electrons scattered by neutrinos
are detected by means of the scintillation light re-
taining the information on the energy (but not on the
direction). The basic signature for the monoenergetic
0.862 MeV "Be neutrinos is the Compton-like edge
of the recoil electrons at 665 keV.

The key features of the Borexino detector are de-
scribed in [1, 2]. Borexino is a scintillator detector
with an active mass of 278 tons of pseudo-cumene
(PC, 1, 2, 4-trimethylbenzene), doped  with
1.5 g/liter of PPO (2,5-diphenyloxazole, a fluores-
cent dye). The scintillator is contained in a thin
(125 ym) nylon vessel and is surrounded by two
concentric PC buffers (323 and 567 tons) doped with
5.0 g/l of dimethylphthalate, a component quenching
the PC scintillation light. The two PC buffers are
separated by a second thin nylon membrane to pre-
vent diffusion of radon towards the scintillator. The
scintillator and buffers are contained in a stainless
steel sphere (SSS) with diameter 13.7 m. The SSS is
enclosed in a 18.0-m diameter, 16.9-m high domed
water tank (WT), containing 2100 tons of ultrapure
water as an additional shield. The scintillation light
is detected via 2212 8’ PMTs uniformly distributed
on the inner surface of the SSS. Additional 208 8’
PMTs instrument the WT and detect the Cherenkov
light radiated by muons in the water shield, serving
as a muon veto. The direct measurement of the low
energy (0.862 MeV) 'Be solar neutrinos has been
performed with the Borexino detector from an
analysis of 192 live days in the period from 16 May,
2007 to 12 April, 2008, totaling a 41.3 ton - yr fidu-
cial exposure to solar neutrinos.

On behalf of Borexino Collaboration

10°

— Fit: ¥*/NDF = 185/174

— "Be: 49 £3 cpd100 tons

— MBi+CNO: 23+ 2 cpd/ 00 tons
— =Kr: 25 3 cpd/100 tons

— "C: 25 1 cpd/100 tons

JR— |4C |0C

104

-
(=)
W

10

i

-1
10 m

219B[+CNO °C

Counts/ (10 keV x day x 100 tons)

-
=
W

AL BRI L

.I...I...I..'\Illl::...l...I...I...I...I..'a\
200 400 600 800 1000 1200 1400 1600 1800 2000
Energy [keV]

10°

Fit of the energy spectrum of the Borexino detector in the
region 160-2000 keV after basic and fiducial cuts and
statistical o’s subtraction. Contributions from *'*Pb, pp,
and pep neutrinos, not shown, are almost negligible.

The spectrum (obtained after applying basic and
fiducial cuts and statistical a’s subtraction) is shown
in the Figure together with fits of the main back-
ground components and the signal ('Be). Taking into
account systematic errors (estimated as 8.5 %), our
best value for the rate of the 0.862 MeV "Be solar
neutrinos is 49 £ 3, = 44 counts/(day - 100 ton).
The high metallicity SSM predicts a flux ®('Be) =
(5.08 £ 0.25) - 10° cm* - s' for non-oscillated solar
Ve, Which would correspond to the expected signal of
74 £ 4 counts/(day - 100 ton). Thus, we obtain the
survival probability for electron neutrinos Pee=
=0.56(10) (1o) at 0.862 MeV. This is consistent
with Pge= 0.541(17), as determined from the global
fit to all solar (except Borexino) and reactor data [3].
The no oscillation hypothesis, Pee= 1, is rejected at
40 confidence level (CL).

We obtain also an upper limit on neutrino mag-
netic moment of 5.4 - 10" g (90 % CL), which is
currently the best experimental limit.

V. V. K. was supported in part by the Project
“Kosmomikrofizyka” (Astroparticle physics) of the
National Academy of Sciences of Ukraine.
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Search for double B processes in '*®*Cd and '"*Cd
was realized by using data of the low background
experiment with CdWO, crystal scintillator at the
Gran Sasso National Laboratories of the I.N.F.N.
The CdWO, detector, experimental set-up, meas-
urements and data analysis are described in detail in
[1]. Energy spectrum of the CdWO, scintillator
measured over 2758 h in the low background set-up
is shown in Fig. 1. Components of the background
and distributions of 23 processes searched for were
simulated with the help of GEANT4 code [2] and
event generator DECAYO [3]. Fits of the measured
spectra in different energy regions give the limits on
2B processes in 'Cd and '"*Cd presented in Table.
Excluded at 90 % C.L. effect of 2v2p decay of ''*Cd
is shown in Fig. 1. Peak of Ov2B decay of ''*Cd with
the half-life corresponding to the best previous limit
[4] is shown in Fig. 2.
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Fig. 1. Energy spectrum of the CdWOj, scintillator meas-
ured over 2758 h in the low background set-up together
with the model of the background (shown by solid line at
E > 380 keV) and its main components: B spectra of *K,
P8r - Py, '"™Cd, and contribution from the external y
quanta from PMTs. Energy distribution of 2v23 decay of

4cd with T, =1.3 - 10" yr (excluded at 90 % of
C.L.) is also shown.
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Half-life limits on 2B processes in '"*Cd and "*Cd

. Decay Experimental limT,,
Nuclide | =\ nnel at 90 % (68 %) C.L.
1%cq 2v2K >1.1(1.9)- 10" yr
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Fig. 2. Energy spectrum of CdWOj, scintillator measured
over 2758 h. Solid line represents fit of the data by the
model of background. The expected 0v2p peak of '*Cd
with the half-life 2.5 - 10%° yr (corresponds to previous
limit reported in [4]) is shown.
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Interest to neutrinoless double beta decay (0v2[)
has been increased after discovery of phenomena of
neutrino oscillation in several experiments. While
oscillation experiments measure the neutrino mass
differences, OV2P decay is the only practical way to
understand the nature of neutrino mass, and one of
the most sensitive probes of its absolute value.

The SuperNEMO collaboration was formed in
2005 with the goal of carrying out a three-year de-
sign study program (2006 - 2009) and producing a
Technical Design Report (TDR) as outcome. Su-
perNEMO is =100 kg source isotope (**Se or "'Nd),
tracker plus calorimeter detector with a projected
neutrinoless double beta decay half-life sensitivity of
Tin~ 10% years (~50 meV effective Majorana neu-
trino mass). The SuperNEMO baseline design calls
for 20 modules (4 X 2 X 1 m), each holding 5 kg of
source isotope (see Figure). Both sides of the source
foil have tracking volume (Geiger mode drift cells)
enclosed by the calorimeter walls. Each module will
hold = 600 8" PMTs.

The R&D program focuses on four main areas of
study: isotope enrichment, tracking detector, calo-
rimeter, and ultra-low background materials produc-
tion and measurements. Achievement of requested
energy resolution of calorimeter (=4 % at 3 MeV
which corresponds to = 7 % at 1 MeV), and radiopu-
rity of enriched source foil (a few uBq/kg for **°Ra
and ***Th) are the real challenge of the R&D.

Exceptional resolutions of 6.5 % at 1 MeV were
measured for small PVT scintillators coupled to high
QE PMTs. The SuperNEMO baseline design calls
for large scintillator blocks (20 x 20 c¢cm). Scintilla-
tors of this size read out through a light-guide
showed an energy resolution of 9 — 10 % at 1 MeV.
Better results have been achieved by using a large
plastic hexagonal shaped scintillator directly on a
hemispherical 8” PMT. With this configuration we
have been able to reach the important milestone of
7 - 8 % energy resolution at 1 MeV for the baseline
detector design. Consequently the R&D on solid
scintillators will be focused on large scintillator so-
lutions rather than light-guides to increase the light
collection efficiency. The development program will
also move away from the previous square block
designs and focus on more realistic hexagonal scin-
tillator geometries. We note that there is room for
further improvements by using a higher QE PMTs

and more efficient scintillators [1]. Liquid scintilla-
tor provides an alternative while maintaining good
resolution (7 - 8% at 1 MeV) and improving gamma
tagging efficiency, but achieving the required resolu-
tion with large blocks as well as the engineering of
the mechanical design and safety remain a chal-
lenge. The hybrid solution creates a more robust
containment set-up for the liquid, but achieving
=7 % should be demonstrated.

SuperNEMO requires source foil contamination
to be less than 2 pBq/kg for “**Th and less than 10
uBg/kg for **°Ra. In order to measure these activi-
ties, a dedicated BiPo detector was developed which
can measure the signature of an electron followed by
a delayed alpha particle. The first BiPo prototype
was installed in the Modane Underground Labora-
tory in February 2008 and is currently running with
20 modules. The objective for this prototype is to
measure the backgrounds and surface contamination
of the prototype’s plastic scintillators. After three
months, an upper limit on the sensitivity for a stan-
dard 12 m® BiPo detector was calculated to be less
than 7.5 uBg/kg for ***Th (90 % C. L.).
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Preliminary design of the SuperNEMO detector module
(view from above).
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Dark matter remains one of the biggest unsolved
mysteries in modern science. For many years it has
been well established that visible matter accounts for
only a few percent of the total mass of the Universe.
Recent measurements of the cosmic microwave
background support earlier evidence that a substan-
tial fraction of the Universe is made of non-baryonic
dark matter. Despite this progress, the nature of this
matter remains unknown. Particle physics provides a
possible explanation for non-baryonic dark matter in
the form of weakly interacting massive particles
(WIMPs). The most likely WIMP candidate is the
neutralino, predicted by supersymmetry theory.

At present there are several experiments (scintil-
lation, cryogenic, noble gases) aiming to search for
WIMPs by detection of the elastic scattering of these
particles by atomic nuclei. In particular the CRESST
experiment employs simultaneous measurements of
scintillation and phonons in a scintillation material
(CaWOy) to determine energy and interaction type.
The EDELWEISS experiment uses germanium crys-
tals with simultaneous registration of ionisation and
phonon signals. Nuclear recoil events produce much
less scintillation light or ionization than electron
recoils, which allows discrimination between nu-
clear recoil events (caused by WIMPs) and electron
recoil events (caused by B and y particles).

The EURECA collaboration” [1, 2, 3] was formed
in March 2005 at a meeting of the two experiments.
Additional groups have since joined the project. The
aim of the EURECA is to search for WIMPs using
cryogenic detectors, with a total absorber mass of up
to 1 tonne, with sensitivity two-three orders of magni-
tude better than that of the best presently running
experiments. In realizing the project, a need for vari-
ety of scintillation targets has been identified. Devel-

* United Kingdom, France, Germany, Spain, Ukraine, JINR
Dubna, CERN (http://www.eureca.ox.ac.uk/)
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opment of scintillation materials and measurements of
their scintillation characteristics at low temperatures
is therefore an important objective for assessing the
suitability of specific materials for their use in the
EURECA experiment [4].

Relative intensity and scintillation decay kinetics
were studied in CaWQ,; CaMoO,;, ZnWO,,
ZnMoQ,, PbWO,4, PbMo0O,;, MgWO,, ZnSe, and
LiF(W) crystal scintillators over the temperature
range 7 — 310 K. Samples of the crystals 5x5x1 mm®
of size were placed into an optical cryostat and ex-
cited with an **' Am alpha-source. The measurements
where carried out using the multiple photon counting
technique and a green sensitive photomultiplier as a
detector. The following values of relative intensity
were obtained at the temperature T=7 K (prior spec-
tral correction): CaWO, (100 %), ZnWO, (77 %),
ZnSe (61 %), CaMoOs (46 %), PbWO, (24 %),
PbMoOy (21 %), MgWO, (15 %), LiF(W) (<5 %),
and ZnMoOy (<5 %).

1. H. Kraus et al., Nuclear Physics B - Proceedings Sup-
plements 173, 168 (2007).

2. H. Kraus et al., Journal of Physics: Conference Series
39, 139 (2006).

3. H.Kraus et al., “EURECA — The Future of Cryogenic
Dark Matter Detection in Europe”, Submit. to Proc.
Identification of dark matter 2008, Stockholm, Swe-
den, August 18 - 22, 2008.

4. V. B. Mikhailik and H. Kraus, J. Phys. D 39, 1181
(20006).
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YUniversity of Oxford, Department of Physics, Oxford, UK
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During the past decade there has been a continu-
ous increase of research activity into new scintilla-
tion materials for use in crystalline cryogenic pho-
non-scintillation detectors (see e.g. [1] and refer-
ences therein). These detectors combine excellent
energy resolution and low threshold with the ability
to discriminate between different types of interac-
tions (electron, alpha or neutron interactions). This
renders them very attractive tools in experimental
searches for dark matter and neutrinoless double
beta decay [2 - 4]. Different scintillation targets are
needed to address different experimental objectives,
and therefore the characterization and optimization
of potential scintillation materials suitable for low-
temperature applications is important, especially for
EURECA", where a multi-element target is planned
for confirming a true dark matter signal. Zinc tung-
state (ZnWOQy,) is in this regard a very promising
scintillator material to search for double beta decay
and dark matter.
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Fig. 1. Energy spectra of '*’Cs, *'Am (inset), “’Co, and

27Bj  rays measured for a ZnWO, scintillation crystal of
hexagonal shape (H =40 mm, D = 40 mm).

The scintillation properties of a zinc tungstate
crystal, shaped as a hexagonal prism (height 40 mm,
diagonal 40 mm) were determined. An energy reso-

* .
European Underground Rare Event Calorimeter Array;
WWWw.eureca.ox.ac.uk

lution of 10.7 % for the 662 keV y line of "’Cs was
measured with the scintillator placed in a light col-
lection set-up similar to that used by the CRESST
dark matter search. Fig. 1 shows the pulse amplitude
spectra measured with the ZnWOj, scintillator.
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Fig. 2. Temperature dependence of the light output of the
ZnWOjy crystal scintillator.

The light output and decay kinetics of ZnWO,
were examined over the temperature range 7 -
300 K (see Fig. 2 where the temperature depend-
ence is presented) and confirmed to be competitive
with those of CaWOQ,. The radioactive contamina-
tions of the ZnWO, scintillator measured in the So-
lotvina Underground Laboratory do not exceed 0.1 -
10 mBqg/kg (depending on radionuclide). Monte
Carlo simulations show that a hexagonal shape of
the scintillation detector provides ~20 % better light
output than a cylinder. Our study highlights the ex-
cellent feasibility of this ZnWO, scintillator for a
cryogenic dark matter experiment.

The support of the group from the Institute for
Nuclear Research (Kyiv, Ukraine) by the project
“Kosmomikrofizyka” (Astroparticle Physics) of the
National Academy of Sciences of Ukraine is grate-
fully acknowledged.

This work is accepted for publication in Nucl. In-
strum. Methods A.

1. V.B. Mikhailik and H. Kraus, J. Phys. D, 39, 1181
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2. A. Alessandrello et al., Phys. Lett. B 420, 109 (1998).

3. P. Meunier et al., Appl. Phys. Lett. 75, 1335 (1999).

4. S. Cebrian et al., Astropart. Phys. 21, 23 (2004).
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One of the most sensitive 23 decay experiments
has been performed in the Solotvina Underground
Laboratory with the help of enriched cadmium tung-
state (''°CdWO,) crystal scintillators [1]. The half-
life limit on Ov2f decay of 16Cd was set as Ty >
>1.7-10% yr at 90 % C.L., which corresponds to an
upper bound on the effective Majorana neutrino
mass (my) < 1.7 eV. This result is among the strong-
est world-wide restrictions on the neutrino mass.
The experiment demonstrates important properties
of CdAWO, crystals required for high sensitivity 23
decay experiments: low level of intrinsic radioactiv-
ity, good scintillation characteristics, pulse-shape
discrimination ability, low cost, and stability of op-
eration. Another application of CdWOQ, scintillating
crystals is search for double P processes in '*°Cd.
One of the highest for 28" nuclides value of Qup =
=2770 keV allows three modes of decay: 2" (decay
with emission of two positrons), 3" (electron cap-
ture with emission of positron) and 2¢ (double elec-
tron capture).

R&D of cadmium tungstate crystal scintillators
enriched in '"°Cd is in progress with aim to realize
an experiment to search for double beta processes in
1%Cd. Samples of cadmium (with natural isotopic
composition and enriched in '*Cd) were purified by
vacuum distillation to the level of purity 99.999 %.
Cadmium tungstate compounds (natural and en-
riched) to grow CdWO, crystals were synthesized
from solutions. Contamination of the cadmium sam-
ples and synthesized compounds were checked by
mass spectrometry as satisfactory for crystal grow-
ing. CAWOy crystal boule was grown by Czochral-
sky method from the natural cadmium tungstate
compound. The total losses of cadmium on the
stages of purification, raw material synthesis, crystal
growth and scintillator production do not exceed
4 %. An excellent energy resolution FWHM = 8.1 %
was measured by &22 X 29 mm CdWO, scintillator
for 662 keV y quanta of '*’Cs source (see Figure).
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As a next step we intend to grow enriched in
%Cd CdWO, crystal scintillator in the Nikolaev
Institute of Inorganic Chemistry SB RAS (Novosi-
birsk, Russia).

The support of the group from the Institute for
Nuclear Research (Kyiv, Ukraine) by the project
“Kosmomikrofizyka” (Astroparticle Physics) of the
National Academy of Sciences of Ukraine is grate-
fully acknowledged.

Preliminary results of this work are published in

[2].
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ROM2F/2008/17 (2008).
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POSSIBLE SEARCH FOR SOLAR *’Fe AXIONS WITH THE TGV SET-UP

F. A. Danevich, V. L. Tretyak
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Axion is a hypothetical particle suggested to
solve the so-called strong CP problem in QCD [1]. If
it exists, the Sun can be intensive source of axions.
Their energy spectrum consists of a continuous part
from transformation of y quanta to axions in elec-
tromagnetic fields inside the Sun due to the Prima-
koff effect, and of quasimonoenergetic lines related
with de-excitation of excited levels of nuclei present
in the Sun. These levels can be populated in nuclear
reactions or in thermal excitations of nuclei. Axions
can be emitted instead of Y quanta in nuclear mag-
netic transitions with probability which depends on
the axion mass. Expected flux of axions from de-
excitation of the first excited level of *’Fe (BEexe =
= 14.4 keV) was calculated in [2].

A new method to search for quasimonoenergetic
axions was proposed in [3]: if resonant conditions
are fulfilled, such an axion can be absorbed by cor-
responding level of identical isotope on the Earth.
Particles emitted in the subsequent de-excitation
process (y quanta, X rays, conversion electrons) can
be observed with a proper detector located near the
sample (or containing nuclei under investigation).

To-date, the process of de-excitation of *’Fe nu-
clei on Earth after possible capture of the solar >'Fe
axions was not observed, and only limits on axion
mass were derived as m,<216 - 745 eV. Si detectors
and thin samples of Fe, enriched in *'Fe to 80 -
95.8 %, were used in experiments [4]; total mass of
Fe was in the range of 16.5 - 322 mg. All the ex-
periments were performed on the Earth level.

Below we propose to use the TGV set-up [5] in-
stalled deep underground in the Modane Under-
ground Laboratory (France; equivalent depth
4800 m w.e.) to search for *’Fe solar axions; we
estimate sensitivity of such an experiment to the
axion mass.

The TGV detector consists of 32 HP Ge detectors
(16 pairs; sensitivity area 51 X 6 mm); 16 targets
of *'Fe can be installed between them. Sensitivity of
experiment is related with maximally achieved value
of the product €Ns;, where € is the efficiency of de-
tection of the 14.4 keV peak, and Ns; is number of
*’Fe nuclei in the sample. Calculation of efficiencies
€ and values of €Ns; [6] showed that the €Ns; values
grow slowly after thickness of *’Fe sample ~50 pm
is reached. Diameter of the sample was supposed as
5.1 cm; with thickness of 50 um it contains 8.49 x
x 10*' nuclei of *"Fe (supposing 100 % enrichment)
giving eNs;= 7.0 - 10*” for 1 HP Ge detector.

Number of y quanta registered by HP Ge detector
is related with the axion mass as [4]:

S=eNs; t-45-107 - m*/(1+w), (1)

where t is time of measurements (s), axion mass is in
eV, and a is a conversion coefficient (for 14.4 keV
line o0 = 8.56). Thus axion mass is equal:

m,=2.15-10% [S/ (eNs; - t)]"* )

(if the 14.4 keV peak is not observed, we should use
instead of Slimit on the peak area S;,, which is de-
termined by background rate of the detector).
Realistic value of sensitivity to the axion mass
could be obtained supposing 8 samples of >'Fe with
80 % enrichment (other 8 samples could be used for
simultaneous measurement of background with natu-
ral Fe which contains *’Fe with abundance of 2.2 %)
and thickness of 70 pum; this gives 9.0 g of total °’Fe
mass. The background rate of the TGV detector in
experiment to search for 2 processes in '*°Cd [5]
was equal ~10% counts/0.1 keV during 903 h. Sup-
posing the 14.4 peak width of 1 keV, number of
counts in a proper energy window will be 10* during
1 yr, and §;,= 160. Using for efficiency value of 2¢
(because of 2 HP Ge detectors in pair), it gives:

m, <33 eV. 3)

In conclusion, it was shown that in measurements
with the TGV detector of ~10 g Fe enriched in *'Fe
to 80 % during 1 yr, limit on axion mass m, <33 eV
could be achieved. This value is near one order of
magnitude better than the published to-date limits
m,<216 - 745 eV [4].

1. G. G. Raffelt, J. Phys. A 40, 6607 (2007); G. G. Raf-
felt, Stars as Laboratories for Fundamental Physics
(University Chicago Press, 1996); A. Ljubicic, Rad.
Phys. Chem. 74, 443 (2005).

2. W. C. Haxton and K. Y. Lee, Phys. Rev. Lett. 66,

2557 (1991).
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4. M. Krcmar et al., Phys. Lett. B 442, 38 (1998);
A.V.Derbin et al., JETP Lett. 85, 12 (2007);
T. Namba, Phys. Lett. B 645, 398 (2007).

5. V. B. Brudanin et al., Izv. Russian AS, ser. fiz. 70,
275 (2006).
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HERA-B has performed the first determination of
the nuclear dependence of J/w production for nega-
tive xr in proton-nucleus collisions [1]. The data
were obtained in collisions of protons from 920 GeV
HERA proton beam with carbon, titanium and tung-
sten targets. The J/ mesons are observed in both di-
lepton decay channels. The comparison of di-muon
and di-electron channels affords some additional
control over systematic uncertainties arising from
triggering and selection procedures.

The dependence of the J/w production cross-
section on atomic mass number (4) can be approxi-
mated by a power law:

o

— 0 (24
pA _o-pN*A ’

where o, is the proton-nucleon cross-section and

a, the “suppression” parameter, characterizes the
nuclear dependence. Pure hard scattering in the ab-
sence of any nuclear effects would correspond to a
equal unity. A suppression of J/i production would
lead to o < 1 while an enhancement would be sig-
naled by a > 1. Usually « is described as a function
of Feinman variable x; and momentum transverse
pr-

Previous measurements at E866 (Fermilab) [2]
and NA50 (CERN) [3] indicate that a is ~0.95 at
xr~0 and decreases to ~0.65 as xy approaches unity
[3]. The results presented here provide a first meas-
urement extending into the negative part of Feyn-
man-x spectrum. The dependences of the nuclear
suppression parameter a on pr and xr were deter-
mined. The measurement covers the kinematic range
-0.34 < xz<0.14 and pr < 5.4 GeV/c. The measured
dN/dpr distribution is seen to become broader with
increasing atomic mass number of the target as has
already been observed by experiments

IIIOPIYHUK - 2008

at lower center-of-mass energies. [2, 3]. The data
indicates that dN/dxy distribution also tends to be-
come broader and that its center moves towards
negative x values with increasing mass number A.

Figure presents HERA-B data alongside with
data from experiments at FERMILAB (E866, 2000)
and CERN (NA50, 2004) in comparison with differ-
ent theoretical models (EKS, EPS and HKN).
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Parameter a as a function of xz measured by HERA-B
(filled triangles), E866 (empty squares) and NA50 (empty
triangles. Curves - theories (see text).

HERA-B data (filled triangles) show that a in-
creases with decreasing xr and suggests enhanced
J/w production for xz < -0.1. The measurements of
HERA-B are qualitatively compatible with the
reggeon-inspired model [4].

1. HERA-B Collaboration,
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3. B. Alessandro et al., (NA 50 Collaboration), Eur.
Phys. J. C 33, 31 (2004).

4. K. G. Boreskov and A. B. Kaidalov, JETP Lett. D 77
(2003).
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TECTYBAHHSI KPEMHIEBUX CEHCOPIB JIUISI EKCIIEPUMEHTY IO JOCJLIKEHHIO
CTUCHYTOI BAPIOHHOI MATEPII
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1 . . .
Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig
2 . . .
Lenmp no docnioocennsix 3 eaxckumu ionamvu (GSI), Japmwmaom, Himeuuuna

ExcriepuMeHT 110 DOCTIKEHHIO CTHCHYTOI Oapi-
onnoi wmarepii (CBM - Compressed Baryonic
Matter) Ha MailOyTHPOMY KOMIDIEKCI MPHUCKOPIOBaA-
giB FAIR mocmimkyBatume (pa3oBy miarpamy siaep-
HOI PEYOBUHH B 00JIaCTi BUCOKUX OapiOHHUX T'YCTHH
Ta moMipHuX Temmepatyp [1]. Jas mocnmimkeHHS
pIOKUX cHUTHaNiB HEOOXiJHa BHCOKA iHTEHCHBHICTBH
B3aemonii (o 10 MI'm), mo BUCyBae cyBopi BUMOTH
10 KOHCTPYKUIl AETEeKTOpa Ta CHUCTEMU HAKOIIMYEH-
HS JJAaHUX Yy 3B’SI3Ky 3 BUCOKOI MHOXHHHICTIO Tpe-
KiB 3apsmkeHnx dacTuHOK (mo 1000 TpekiB Ha 1mo-
JiI0 Yy LUEHTpalbHUX 3ITKHEHHSX 10HIB 30JI0Ta MpH
eHeprii 3iTKHEHb y CHCTeMi IIeHTpa Mac
25 T'eB/HyKIT0H).

Po3pobmsieTbcst  KpeMHi€Ba TpeKoBa cHUCTEMa
(KTC) nnst pekoHCTPYKLIi TPEKiB 3apsaKeHUX dYac-
THHOK 13 BUCOKOKO PO3JIIJIBHOIO 3[aTHICTIO TI0 KOOP-
muHaTi Ta immyascy [2]. Huzaiin KTC Brirodae Bi-
CiM TPEKOBHX CTaHIId 3arajibHOI0 IUIOIICIO JIO
3,2 Mz, PO3MIIIEHNX y IUTIONFHOMY MarHiTi. CTaHmii
po3rarmioBani B ooiacti mixk 30 Ta 100 cM 3a MinTeH-
HIO Ta TMOKPHBAIOTh NOJSPHUN KyT Big 25 10
250 mpan. BoHu cknagaroThes i3 MOAYIIIB HA OCHOBI
JTBOCTOPOHHIX MIKPOCTPIMOBUX JETEKTOPiB, CUTHAIN
3 SKMX BIIBOISTHCS depe3 MIKpPOKaOeli J0 34uTyBa-
JILHOT €JIEKTPOHIKHM, PO3TAIIOBaHOI 1032 anepTyporo
JIETeKTOopa.

IIpoTtoTumnu merekTopiB Oyim po3pobiIeHi y CITiB-
npaui 3 [acturyrom mikpocencopiB (Epdypr, Hi-
MeuunHa). CeHcopu Oyl BUTOTOBIIEHI Ha KpeMHie-
BHX IUTACTHHAX TOBIIWHOIO 285 MKM Ta JiaMeTpOM
4” i3 BUKOPUCTAHHSIM KPEMHIIO N-THUIY 3 MUTOMHUM
ommopoM 5 KOM - cM. [leTeKkTopH, IO TECTYBAIHCS
MaJid 10 256 cTpimiB i3 KOKHOTO OOKY, PO3MILLIEHUX
i3 kpokoM 50,7 MKM.

J1st BUMIpIOBaHHS EJIEKTPHYHUX BIACTHBOCTEH
OKpEeMHUX KaHaJIiB JEeTeKTopa Oyja po3polieHa Ta
BUTOTOBJICHA TecToBa Iuara. [lnata mo3Bonse mpu-
KJIaJIaTH HaNpyry 3MIIIEHHS J0 JETeKTopa Ta 34u-
TyBatu mo 32 crpima 3 KoxxkHOro Ooky. CurHamm 3i
crpinis BuBoaATsCs Ha ERNI xonekTop, cymicHui i3
3UNTYBaJIbHOIO E€JEKTPOHIKOIO Ha OCHOBI dimna
n-XYTER. B otBip y nenrpi minatu O6yi1o BMOHTO-
BaHO KpeMmHieBUH ceHcop posMmipom (15,6 X
15,6) MM° 3a gornomoror kiero STAYSTIK Tta mo-
TIM i’ €THAHO JIO TUIATH 13 BUKOPUCTAHHSM YJIbT-
Pa3BYKOBOTO MTPUBAPIOBAHHSI.

[Teprri mocimiKeHHS TETEKTOPiB OYJI0 BUKOHAHO
3a JIONIOMOTOI0 CHCTEMH IIEPEBIipKH SKOCTiI HaIiB-
npoBigaukosux mnpwianis KEITHLEY 4200-SCS.
JleTekTopu y CBITJIOHENPOHUKHOMY SIIUKY OyIn
3MIIl[EH] Yy 3BOPOTHOMY HampsMky 10 50 B ans Bu-
MipIOBaHHS BOJBT-aMIIEPHOI XapaKTepUCTUKU (pH-
cyHOK). IIpu 30inmbIIeHHI HANpPyTH CTPYyM 3pPOCTaE

NPOTOPLIHHO 0 o< Ju (U — nampyra 3MilleHHs)
no Mipi Toro, sK 30igHEHA 30Ha MPOHUKAE BIIINO
JIEeTeKTopa Ta AOCSITa€ HAaCHYEHHS WICHs TOTo, SIK
Oyna IOCATHYTa Hampyra IIOBHOTO 30igHCHHS.
CTpyM HacHUEHHS BEJIMYMHOIO =~ 26 HA Ta Hampyra
noBHoro 30imHeHHs ~ 50 B cBiguaTe mpo Te, mIO
3arajbHi XapaKT€PUCTUKH AETEKTOPa 3HAXOASTHCS B
OUiKyBaHOMY Jlialta3oHi.
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BoubT-amriepHa xapakTepucTiKa KpeMHIEBOTO
MIKpOCTPIIIOBOTO AETEKTOPA ITPH 3BOPOTHOMY 3MIIlICHHI.

Oxpemi KaHaaM JCTEKTOpa OyJIO MepeBipeHO
IUISIXOM CIIOCTEPEIKEHHS CUTHANIB BiJ o-IpKepena
*Ra Ta B-mxepena *°Sr 3 BUKOPUCTAHHAM JUCKPET-
HOTO TONEPEeIHBOr0 IiACHIoBada. TakoX KOXKeH
KaHall OyB BUIIPOOYBaHWI Ha MPeIMET SIKOCTI 13071s1-
Iii MK CTpIMIOM, YTBOPEHUM IMILIAaHTOBAaHUMH J0-
MIIIKaMH, Ta METAJIEBOIO0 KOHTAKTHOIO IIIOIIAIKOIO.

Cencopu, BiniOpaHi y XoJli OMUcaHoi BUIIE MPO-
LeNypH, IPOAEMOHCTPYBAJIHM OUiKyBaHy MMOBEIIHKY Yy
X0l TepeBipKM Ha MY4YKy INPOTOHIB 3 EHEpri€lo
2.3TeB y GSI (Japmmrant, Himeuunna) Ta IOBE
(ITpotBino, Pocis).

1. P. Senger, CBM Collaboration, Phys. Part. Nucl. Lett.
(2007).

2. J. M. Heuser et al., Nucl. Instrum. Methods A 568,
258 (2006).
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3ACTOCYBAHHA MEDIPIX2 JJIA JOCIIAKEHHSA IOHHUX ITYYKIB

A. B. Yayc', B. M. Ilyrau', O. C. Kopaabuyk', O. B. Oxpivenko', B. M. Epromenko’,
C. M. Xomenko>, M. Kemnéex’, JI. T.]]yCTOC3, . ManeBeskuii’, B. O’

! nemumym soepnux docnioocens HAH Yipainu, Kuis
2 Inemumym npuxnaonoi ¢izuxu HAH Yipainu, Cymu
SIJEPH, XKenesa, Ilsetiyapis
*Vuisepcumem Iaszeo, BenukoGpumanis

baraTteoM Tany3sM HayKu Ta TEXHIKH (MiKpoOio-
JIOTisl, MEIUIUHA, JOCTIKESHHS KOCMOCY, CIOCTe-
PeKEHHS 3a HAaBKOJMIIHIM CEpElOBHILIEM TOLIO)
HEOOXI1/IHI MPUCTPOT, 110 JAI0Th 3MOTY CIIOCTEpIraTu
BEJIMKY KIJIBKICTH MapaMeTpiB y peXHuMi peaJbHOro
gacy. OIHUM i3 JETeKTOpiB, KUK BIAMOBIJAE UM
BuUMoraMm, € aeTektop Medipix2. ¥V maniii poOoTi
pO3TIIANAEThCSI BUKOPUCTAHHS JIETEKTOpa B Mac-
CHEKTPOMETPIi.

Bynu mpoBeneHi meranbHI MOCTIHKCHHS BIACTH-
BocTel cucremu Medipix2/Timepix [1] Ha na3epHO-
My mac-criektpometpi [IId HAHY (M. Cymn). [e-
TEKTOP YCTaHOBWIM Yy (OKaJbHY IUIOLIMHY Mac-
CIIEKTPOMETPA 3 MATHITHAM aHaIi3aTOpoM Ta JKe-
peJIoM 10HIB Ha OCHOBI JIa3epHOT 10Hi3alli].

Byno ognepxano 3amexHicTh (QYHKIII BiIryKy
Medipix2 Bin eHeprii i0HiB, IHTEHCHBHOCTI 10HHOTO
My4yKa, TOJOKEHHS I10HHOTO My4yKa Ha TOBEpXHi
JETEKTOopa.

BumipsiHo 3a momomororo Medipix2 MacoBi cre-
KTpH [2] TaHTaly, aTFOMIiHIIO, Mifli, OJIOBA, BaHAIO,
OUHKY Ta cBUHOIO. OpepikaHi pe3ysibTaTd y3ro-
JOKYIOTBCS 3 TAOJIMYHUMY JAHUMH.

Ha BigmiHy Bif yciX iCHYIOYHX CHCTEM pEecTpa-
uii 10HIB, IO BHUKOPHCTOBYIOTBCS B Mac-CIIEKTPO-
Metpii, nerekrop Medipix2 A03BOJIIE OTpPUMATH
JIBOBUMIpHY KapTHHKY pPO3MOALTYy IYy4KiB iOHIB Yy
(oxanpHiii momuHi (“enexTpoHHa (oTormariBka’).
Jns mpukiagy Ha pPUCYHKY IIOKa3aHO CIEKTp Mac-
130TOITIB Mifli Ta CBUHIIIO.

IIIOPIYHUK - 2008
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CnexTpu Mac ioHiB, 3apeectpoBannx MEDIPIX2.

[MomepenHi pe3ynbTaTH AOCTIIKEHb MIKPOYIIIiB-
interparopie MEDIPIX2, 3actocoBanux ymepiie y
CBITOBIM TPAKTHUINl IJIS IUIEH Mac-CIIEKTPOMETPil,
CBIJYaTh MPO 3HAYHUHN MOTEHIlIAN MPHUIAJIB TaKOIro
TUNY («eJIeKTpOHHa (OTOIUIATIBKA»), IO HANAIOTh
MOJKJIMBICTh BiITBOPUTH 300paXK€HHSI 10HHOTO PO3-
noJily y OKaIbHIM MIOMMHI Mac-CIIEKTpOMETpa B
pea’JbHOMY 4Yaci BUMIpY.

1. M. Campbell et al., IEEE Trans. Nucl. Sci. 45, 751
(1998).

2. M. Campbell, L. Tlustos, D.Maneuski et al.,
MEDIPIX-2 Imaging Isotopes at the focal plane of the
laser mass-spectrometer in MEDIPIX Collaboration
Meeting, CERN, Geneva, 26 - 27 Nov., 2008.
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MIKPOCTPIIIOBUII METAJIEBUA JETEKTOP

0. C. Koaapuyk, B. M. Ilyrau, O. B. Muxaiinenko, B. O. Kupa

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

MikpoctpinoBuii Meranesmii aerekrop (MMJ])
po3pobiiero B IHCTHTYTI ssmepHUX mociimkens HAH
VYkpainu Ta mpu3HaueHO AJISl BU3HAUYEHHS MPOQLIIO
Ta TMOJIOXKEHHS IMYyYKiB 3apAKEHHX YacTHHOK abo
PEHTTEHIBCHKOTO BUIIPOMIHIOBAHHS 1 Mae Taki Tie-
peBaru: Malla TOBIIMHA JIETEKTYIOUOTO Marepiamy
(1 - 2 MxMm); HU3BKA poboya Hampyra (10 20 B); Bu-
CoOKa pajialiifHa CTilKicTh (KiJIbKa Tirapasn); BUCOKa
MIPOCTOPOBA PO3ALTHHA 3MaTHICTH (20 MKM Temep Ta
10 1 MKM y MaiilOyTHEOMY).

B ocnoBi npuanumny nii MM/] € sBume BTopuH-
Hoi enekTponHoi emicii (BEE). 3apsmxeni 4acTuHKH
gy (OTOHM CHHXPOTPOHHOTO BHITPOMIHIOBAaHHS,
MPOXOIMYM Kpi3b CTPIill (TOHKAa MeTaleBa CMY>KKa
TOBIIMHOIO | MK, mmpuHO0 20 MK), BUKIHKAIOTh Y
ueoMy BEE. EmiTtoBani BropunHi enekrponu (EBE)
MIPUCKOPIOIOTHCA €JIEKTPUYHUM MOJIEM, YTBOPIOBa-
HUM HaBKOJIO CcTpimiB. Bimomo, 1o BTOpUHHI eeKT-
pOHH MaroTh eHeprito 6mm3pko 50 eB, Tomy Hemae
noTpeOr CTBOPIOBATH TOTY)KHE EJCKTPUYHE IOJIE.
Po6oua nanpyra MM/ Bceoro 20 B. Takox Bigomo,
mo B sBumli BEE romoBHy posb Bimirpae mpumo-
BEPXHEBHH IIap METATy 3aBTOBIIKH KiIbKa ECATKIB
HaHoMetpiB (10 - 50 uMm) [1], e A03BOISIE CTBOPIO-
BaTH HAJATOHKI JE€TEKTOPH 0e3 BTpAT MO IyTIUBOCTI.
Yr1Bopenuit y crpimi BHachigmok BEE mo3utuBHUMI
3apsii PeECTPYEThCS Ta IMicCIs BiMOBIIHOT 00pOOKH
NepefacTbesl 10 KOMIT'I0Tepa Ul CIOCTEPEKEHb B
pearbHOMY 4aci.

MM/ 6yB ycmimHO BUIpPOOYBaHUM Ha IydKax
anb(a-yactuHok 32 MeB B [nctutyTti Makca [lnan-
ka (XaimensOepr, HiMmeuunHa) Ta Ha ImydYkax CHH-
XpOTpoHHOro BuUnpoMiHioBanHa 20 keB y nocmin-
Hunbkomy ueHtpi DESY (I'amOypr, Himeuunna) [2,
3]. i mocmimkeHHS TOKa3aad MOXKIIUBICTH BECTH
HEpPYWHIBHE CIIOCTEPEKCHHSI 3a 3MiHAMH 1HTCHCHB-
HOCTI 4M MpOQiII0 My4KiB 3 TOYHICTIO 10 20 MKM (Y
BaKyyMi).

Bymu mpoBeneni pocuimkxenass MM/l Ha masep-
HOMY MAarHiTHOMY Mac-CIIeKTpoMeTpi [HCTHUTyTy
npukiagHoi ¢izuxku HAH Ykpainu (M. Cymu).

[Monepenui mocmimkenas podorm MMJI sk pe-
€CTPYIOUOTO MPUCTPOIO MacC-CIEKTPOMETpa MoKa3a-
JIM TIEPCIIEKTUBHICTH 3acTocyBanHs MMJI mis miineit
Mac-CIeKTPOMETPIi.
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VYpaxoByroul BUMOTH J0 PEECTPYIOUOi CHCTEMH
Mac-CIIeKTPOMETpPa, BEIEThCSI pO3poOKa HOBOTO JH-
3aiiHy MM/] Ta BiAMOBiTHO CHUCTEMH 3YMTYBaHHS,
10 JaCTh 3MOTY B TIOBHIH Mipi KOHKYPYBaTH 3 JleTe-
KTOpaMH, SIKi Ha LIel 9ac BUKOPUCTOBYIOTHCS B Mac-
CHEKTPOMETpax.

Ha Ttenepimmniit vac Burorosneno MM/I-1024 i3
1024 crpimamu (HIKeIb).

MM/ anst mac-criekTpoMeTpii.

ToBumHa cTpiniB 2 MK, mupuHa — 40 MK, KPOK —
60 MK (BiIMOBIAHO MO KPOKY 3YUTYBaJIbHOI EIEKT-
poHikH). BUTOTOBIIEHO BCi €IEMEHTH CHUCTEMH 34H-
TyBaHH gaHux 3 MMJI-1024 Ha OCHOBI MiKpOYiIIo-
Bo1 enekTpoHiky, 128-kananeHux (0,8 Mxkm CMOS)
3apsAIOBO-UYTIWBUX  TOMEPETHIX  IiJICHITIOBAadiB
(VA-SCM3, GAMMA-MEDIA, Oslo) i3 napanensb-
HO-TIOCIIZIOBHUM 3YUTYBaHHSAM JaHUX 0 TEPCOHA-
JTpHOTO KoMmm 'rotepa. [liqroToBiaeHo 1o mociigkeHb
MM]I-1024 (256 ctpimiB y #oro 1eHTpadbHiH dac-
TUHI) CHOJy4YeHUH 13 aBoMa Mikpodinamu VA-
SCM3. Hapa3si BeneTscsi TECTyBaHHS CUCTEMH 34H-
TyBaHHSA JaHWX Ta IMATOTOBKAa 10 BHUMIPIOBaHb Ha
Mac-CIIeKTPOMETPI.

1. E.J. Sternglass, Phys. Rev. 108, 1 (1957).

2. N. van Bakel et al.,, The Beetle reference manual,
Version 1.0, LHCb Note 2001-046 (2001).

3. V. Pugatch et al., in Proc. DIPAC (Lyon, France,
2005), p. 18.
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CUCTEMA PAJIAIIMHOIO MOHITOPHUHI'Y
KPEMHIE€BOI'O TPEKEPA EKCIIEPUMEHTY LHCb

0. 10. OxpiMemcol, B. M. Hyraql, B. M. SIkoBenko'”,
M. C. Bopucosa', B. O. Kupa', O. C. Koanpuyk'

"emumym adepuux docnioocens HAH Yipainu, Kuis
’LAL, Opce, ®panyisn

Cucrema papnianiitnoro Monitopunary (CPM) BHyT-
pimmaboro Tpekepa (BT) ekcriepumenty LHCb HeobOxin-
Ha JUId KOHTPOJIO 3a J030BUMH HAaBAaHTAKECHHSAMHU Ha
kpemHuieBi cencopu BT. CPM BuUroTOBICHA HAa OCHOBI
MetaneBux (onbropux nerektopiB (M®D]]), pospobie-
nux B Al HAH Vkpainu. [1, 2].

3a 2008 p. Oysno Bcranomieno 4 momyins CPM BT
(535 x 147 x 10 Mm), 1110 MarOTh IO CIM CEHCOPIB KOX-
Hut (75 x 110 mm), Ha IT-2 craHmii excnepuMmeHTY
LHCb. Takox ma IT-2 cranmii Oy7n0 BCTaHOBICHO MBI
naty-naneni 3 RC-pinerpamu (R = 1 MOwMm, C = 1 Mx®).
Y Oynkepi ta “Counting Room” Oyno BCTaHOBJIEHO
NIM-KpedT 31 34ATYBAJbHOIO EIEKTPOHIKOIO (IIiCTh
3apsimoBux interpatopiB (31)) ta VME-kpeiir i3 32-
kaHabHUM LVDS-niumnpaukoM BianosigHo. s CPM
BHKOPHUCTOBYIOThc 31 3 KoHBepciitHUM (akTopom
100 I'm ma 1 mA. 31 ocHamieHi mepeTBOpPIOBaYEM ‘‘HAIIPY-
ra - yactora”, TOMy Ha Buxoai mu Maemo LVDS-curaan
3 4acTOTOl0, MpomopIiitHoto crpymoBi Ha Bxoxai 3. Ha
Bxig 31 momaeTncs 6a3oBmit ctpym 250 mA (~25 xI'm) sx
0a3oBa JIiHis.

Takox BUKOHaHa poOOTa MO peanizamii CHCTEMH 34H-
tyBaHas CPM (puc. 1).

Moxayai CPM-IT2

“ounaiiH”  “OHNalH"  3ammc
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Puc. 1. Cucrema 3untyBanass CPM BT
exciepumenty LHCD.

Byno manmcane nmporpamHe 3a0e3Me4eHHsT Ha OCHOBI
PVSS 1l ansa mucrtaHmiiHOTO KepyBaHHS Ta BigoOpa-
kerHs gaanx CPM ma mynwti kepyBanas LHCb 1 mis
BrpoBapkeHHa maHuX 3 CPM mo manux LHCb excre-
pUMEHTY.

ITicns peanizamii CHCTEMH 3UNTYyBaHHS Ta HAITMCAHHS
nporpaMHoOro 3abe3nedeHHs Oyllo 3IIMCHEHO 3aIryck
CPM 3 nynbra kepyBanast LHCb 1 npoBeneno MoHiTo-

IIIOPIYHUK - 2008

pHUHT 6a30Boi JiHIi 3 yciX ceHcopiB. SIk BUIHO 3
puc. 2 (y ueHTpanbHIA Woro wactuHi) 25 3 28
CEHCOpiB MaroTh BiAryk ~25 xl'm (mmdpu min
CTOBITYMKAMHU), 10 Bi/MOBifae 6a30Biii miHii. e
BKazye Ha ofHopigHicte poboru CPM. Tinbkn
TPU CEHCOPH MallMl IHIIMH BIATYK — HE Ipallfo-
BaJIN.
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Puc. 2. ®orto MoHITOpa 3 IyJIbTa KEPYBaHHS
excriepumenty LHCb.

OTxe MOKeMO 3pOOUTH BHCHOBOK, IIIO OJIH-
3pKk0 90 % CPM mpaiitoe BiJOBITHO 10 TEXHIY-
HHUX BUMOT.

[InanyeTbest TpoBeNeHHS POOIT O HANAIITY-
BaHHIO TPHOX HEIPAIIOIOYHX CEHCOPIB Ta KaJio-
pyBannro CPM Bin mkepena ioHI3yr04oro BH-
MIPOMIHIOBAHHS, a TaKOX BHKOHATH TEpPeXif 0
3YUTYBAJIBHOI €NEKTPOHIKH Ha 0a3i Mikpouina
TERAS.

[epmmit excniepument Ha LHCb y pexunmi
3ITKHEHHS MPOTOHIB 3aIUTaHOBaHO Ha jiTo 2009
p. CPM Oyze BHKOpHCTOBYBATHCS 3 TMEpIINX
JTHIB €KCIIEpPUMEHTY Ui MOHITOPUHTY pajiiariii-
HOT'O HaBaHTAXXEHHS Ha AETEKTOPHI CHCTEMH.

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 LHCD Inner Tracker, LHCb Note 2007-
062.
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KPEMHIEBUI TPEKEP JJIAA EKCHEPUMEHTY )
o JOCIIAKEHHIO CTUCHYTOI BAPIOHHOI MATEPII

M. C. Bopncosal, B. O. KuBa', A. O. Jlumaneun'?,
B. M. Miaiuis', O. }O. Oxpivenxo', B. M. ITyrau', i. M. X0ﬁ3ep2

b . . .
ITnemumym adeprux docnioscens HAH Vipainu, Kuis

2 . . .

Lenmp no docnioxcennsx 3 eaxckumu ionamu (GSI), Japmwmaom, Himeuuuna)

ExcniepiMeHT 1Mo AOCTiIKEHHIO CTHCHYTOI Oapi-
onHoi wmarepii (CBM - Compressed Baryonic
Matter) — me JociigHHUIIBKA MporpaMa Ha 0a3i mpu-
ckoproBada 3 QikcoBaHoro wmimenHto SIS-300, 3a-
IUJAHOBAHOTO Ha MaWOyTHROMY OOJaJHaHHI s
AHTUTIPOTOHHUX Ta 10HHUX mociimkers B GSI [1].
BiH po3pobmnsieThest A TOCTiIKEHb 3iTKHEHb BaK-
KHX 10HIB 3 (PIKCOBaHOIO MIIIEHHIO TIPU EHEPTisix
mydka Big 10 mo 45 I'eB Ha HyKITOH.

Kpemniesnii Tpexep (KT) [2, 3] — ocHOBa jeTek-
TopHOi cucreMu CBM, 1o npusHadeHa i BU3Ha-
YEeHHS TPEKiB 3apAKEHHX YacTUHOK, BEPIUUH PO3-
NaJiB Ta BUMIPIOBAHHS iMITyJIbCIB YACTHHOK 3 BHCO-
KO0 po3minbHOI0 3aatHicTIo Ap/p=~1% mpu
1 I'eB/c. Taka TO4HICTH € HEOOXiTHOK YMOBOIO JIJIs
BH3HAYCHHS Mac MPOIYKTIB 3 BUCOKOIO PO3ILTHHOIO
3MATHICTIO Ta BUMara€ CTBOPEHHsI Jy>K€ TOHKOI Jie-
TEKTOPHOI CHCTEMH 3 MOXIIMBICTIO 3UMTYBaHHS Ja-
HUX 13 gactoToro g0 10 MI'. ¥V pamkax mpoekTy
CBM B 11 HAH VYkpainu aj1st TpeKOBUX CTaHIiH
BEACTHCS PO3POOKA MPOTOTHUILY HETEKTOPHOI'O MO-
IyJisi HA OCHOBI JBOCTOPOHHIX KPEMHIEBHX MIKpO-
CTPINOBHUX CEHCOPiB. MOAYIh PO3IIJICHO HA JCKiJb-
Ka CEKTOPIB Pi3HOI JOBXUHH, SIKi CKIaJaroThes abo 3
OJTHOTO ceHcopa 3 KOpoTkuMH ctpinamu (1 - 5 cm),
a00 3 TPyNH MOCTIOBHO CITONyYE€HUX CEHCOPIB IS
JOCSITHEHHSI 3HAYHOI JOBXWHH cTpimiB (10 50 cm).
AHaNoroBi CUTHaJIM 31 CTpila KOXHOTO CEHCopa
3YUTYIOTBCS OKPEMO Ha KOXKHIH CTOPOHI MOZYJS 3a
JOTIOMOTOI0 TOHKMX JIOBTMX IUIACKMX KaOelniB Ta
MEpeAaloThCsl O 3YHUTYBAIBHOI EJIEKTPOHIKH Ha
nepudepito IeTeKTOPHUX CTaHIii, ne Oyne po3ra-
IIOBaHe JOMTOMIDKHE 00JIaHAHHS Ta OXOJIOKYBaIb-
Ha TEXHiKa, 1 JaJli - y CUCTeMy HaKOMUYEHHS Ta 00-
poOku maHnx ekcriepumenTy CBM.

Jns mocmigpKeHHS SIKOCTI BHTOTOBJICHHS ICTCK-
topiB Ta moaynie KT B IS1J]] HAH VYkpainu Oyina
CTBOpEHa §-KaHaJIbHA TECTOBA yCTAaHOBKA HAa OCHOBI
IUCKPETHOI enekTpoHiku. Tectu Oyno mpoBeneHo 3
npototunamu ceHcopis CBMO01-B1, CBM01-B2 Ta
CBMO1. [ns TectyBaHb Oys10 BUKOPUCTAHO JIa3epHE
ta pamioaktuBae (*°Ra) BumpominioBauus. IIpu-
1az 1 “>°Ra HaBeJIeHO HA PHCYHKY, [ IPeICTaB-
JIeHO JBOBHMIpHHMII crieKTp anmba-uacTHHOK ~~°Ra,

BUMIpSIHUI Ha 30irax B mapi CycigHiX CTpIIliB KpeM-
HieBoro ceHcopa CBMO1-B2 (mixcrpimoBuii mpo-
MDKOK). MIXCTPIIOBHI TPOMIXKOK JTO3BOJISE BCTa-
HOBUTH (PYHKIIOHYBaHHS 000X CTpiMiB, JOCHIIKY-
BaTH SBHIIE PO3MOILTY 3apsAay MiX CYCITHIMH CTpi-
nmaMu [4], BUBHAYUTH HANpPyTy MOBHOTO 3MIIICHHS,
MOHITOPYBaTH T€OMETPUYHY OJHOPIAHICTH CTPIMIB i
T. iH.
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JIBoBuMipHHii criexTp anbda-uacturok (*°Ra),
BUMIpSIHHH Ha 30irax naporo CyciJHix cTpimiB
KpeMHieBoro cencopa CBMO01-B2.

OCHOBHI BUCHOBKH:

1. IlpeacraBneHo Au3alilH NPOTOTUIY MOZIYJIS
KPEMHI€BOT'O MIiKPOCTPIIIOBOTO ACTEKTOPA, IO MOXKE
CIIyTyBaTH sIK KOHCTpyKuiKHMA 610k KT merextopa
CBM.

2. lochimKeHo XapaKTepUCTUKA TPHOX THIIIB
CBMO1 cencopa BHKOPHCTaHHIM pagiOaKTUBHUX
JOKepeJl Ta JIa3epHOTO BUIPOMIHIOBAHHS. Y CTaHOB-
JICHO JIesIKi BIAXWIIEHHS B ()YHKIIIOHYBaHHI CEHCOPIB
TIPH Pi3HUX HAIIPyTax 3MIIMCHHS.

1. 1. Augustin, T. W. Beier, K. Berghofer et al.,, GSI
Report 2006-1, 1 (2006)

2. J. M. Heuser, W. F. J. Muller, P. Senger et al., Czech.
J. Phys. 55, 1649 (2005).

3. J. M. Heuser, M. Deveaux, C. Miintz, and J. Stroth,
Nucl. Instrum. Methods Phys. Res. A 568, 258 (2006).

4. A. B. Rosenfeld, Yu. N. Pavlenko, Yu. O. Vasiliev et
al., Nucl. Instrum. Methods. A 326, 234 (1993).
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KEPYBAHHS MAHIIIYJATOPOM MIHIEHI
B EKCIIEPUMEHTAX HA IIPUCKOPIOBAUI

M. B. ApuumoBu4, I. O. Ma3uuii, B. I. Copoka

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Po3pobieHo HOBY cHCTEMy AWCTAHIIIHOTO Ke-
pYBaHHs MaHIMyJISATOPOM MillleHI B €KCIIEPUMEHTAaX
Ha mpuckoproBaui [l1]. Maninynarop BKIrouae
TPHOXOCHUH TOHIOMETp i TpUMay MillleHi. AmapaTHe

meuryHoM (MKK/) y cranmapti KAMAK. Moaudi-
KOBaHHUI MOJYyJIb PO3paxoBaHO Ha POOOTY 3 YOTHp-
Ma kpokoBumu nBurynamu (KJI), 3amicTe omHOro
[2]. Ha pucyHKy moka3aHoO 3MiHH, SKi BHECEHO B

3a0e3MeyYeHHs] KepyBaHHs 3I1MCHIOETBCS 3a IOMIOMO-  CTPYKTypHY cxemy MKK/I.
ror0 MOAU(]IKOBAHOTO MOJYJISl KEPYBaHHS KPOKOBUM
,  Tpumau mimeni ' T'oniomeTp '
i KH “T” i KH “Z” KH ch” Kﬂ “X” i
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A i
I1I1T IIIT —» III1
P
. /\
r R3
1
Wi...Wie Y R4
—_—>» T I
p

I

Buxinni ¢popmysaui

CrpykTypHa cxeMa MOyl KepyBaHHS KPOKOBUMH JABUTYHAMH.

YkaxkeMo Ha I1i 3MiHHA. 3 BHKOPHUCTAaHHSM HOBOL
€JIEMEHTHOI 0a3u 0yJi0 PO3pO0JIEHO, BUTOTOBIICHO i
po3MmimeHo Ha riati crangaptHoro Omoka MKKJ]
gorupu mifacuitoBadi motykuocti (I1I1), xoxeH 3
SKUX HaBaHTaxxeHO oOMoTkamu KJI. ¥ Hamomy Bu-
naaky 1e yortupudasni KJI 3 4OTHPUTAKTHOIO CHC-
TeMoro Komyrtamii. IligcwmioBadi MigKIIOYEHO 10
BUXITHHX (popMyBadiB iMITyJIbCIB MOJYJISI B CTaHa-
pti KAMAK. 3 meroro opranizauii poOoTH Kpoko-
BUX JIBUTYHIB BUKOPHCTaHO YacTUHY PO3PSAIIB peri-
cTpa mepioxy (mBuakocti obepranus K/I). Perictp
nepiony po3miieHo Ha nBi miarpynu. Jlo mepmioi
MiATPYNH BiTHECEHO YOTUPH HUKYI PO3PSIH PETicT-
pa (W,...W,). Buxogu (R;...Ry) 3 miei miarpymu
perictpa BMHKaiOTh a00 BHUMHKAIOTh ITiICHITIOBAYI
notyxHocTi npusogis KJI 7T, KII “Z”, KII “Y” Ta
K “X”. 1li >k CUrHalIM MOJAThCS Ha BiAMOBiIHI
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ingukaropu (I). Bummi pospsmu perictpa mepiomy
(Ws...W|s) BUKOHYIOTH CBOE IIOYAaTKOBE IIpHU3HA-
YEeHHS.

Po3pobneno mporpamue 3a0e3rnedeHHsT KepyBaH-
Hs UM MoaysieM. CucteMy BUNPOOYBaHO B pealib-
HUX YMOBaX CKCHEPUMEHTY Ha IPUCKOPIOBadi
EIIT-10 A4 HAH VYxpaiau. BunpoOyBanHs moka-
3anu ii mpane3gaTHicTh. 3alulaHOBaHO HOBI eKcIle-
PUMEHTH MO JTOCIIPKEHHIO Ta BUKOPUCTAHHIO Opi-
€HTANIHHUX e(eKTiB TpH B3a€MOJIi 3apsHKEHUX
YaCTHUHOK 3 KpucTanmamu [3].

1. M. B. ApuumoBuy, I. O. Mazuuit ta B. I. Copoka,
SnepHa ¢izuka ta enepreruka Ne 2 (24), 100 (2008).

2. M. V. Artsimovich, I. F Mogilnik, and V. 1. Soroka,
Preprint KINR No. 97-8 (1997).

3. V.I Soroka, Ukr. J. Phys. 49 (9), 911 (2004).
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AHOTAIIII POBIT

ABTOMATHU30BAHA CUCTEMA BUMIPIOBAHb HEMTPOHHUX ITAPAMETPIB
HIAKPUTUNYHUX AAEPHUX MATEPIAJIIB

@. H. Bepesinl, A. IL Boiitep, B. M. IlaBioBuy, B. O. Kicypin, 1. O. Ma3snuii,

O. M. Koaabos, M. I. /lopoHin

Inemumym s0eprux docniosceny HAH Yrpainu, Kuis

Slnepna Oesneka CKyITYeHBb SACPHUX MaTepialliB
(3ynmuHEeH1 peakTOpH, CXOBHIIA BiANpalbOBAHOTO Ta
CBIXKOTO TMajvBa, TOINO) BU3HAYAETHCS KoedillieH-
TOM pO3MHOXCHHS HEWUTpoHIB. BumiproBaHHA Ha
KOHKpeTHHX 00’ekTax (“Yxpurrsa”, CBAII peakropa
BBP-M) moka3zamd HeOOXiOHICTh BIOCKOHAJICHHS
ctBopenoi panime B [S1J]] HAH Vkpainu amaparyp-
HO-METOJNYHOI CHCTEMH BHMIPIOBaHHS KoedilieHTa
PO3MHOKEHHS HEHTPOHIB 3 METOI0 IiJIBUILEHHS
PO3AUTBEHOI 3MaTHOCTI Ta iHPOPMATHBHOCTI BUMIpIO-
BaHb, a TAKOX 30UIBIICHHS CTIMKOCTI 1O mii Imepe-
mKkoA. s mporo po3po0iieHO HOBY aBTOMAaTH30Ba-
Hy CHUCTEMYy BHMIipIOBaHb HEUTPOHHHUX ITapaMeTpiB
MIIKPUTHYHAX SOEPHUX MartepialiB, apXiTeKTypa
SIKO1 TIpeIcTaBlIeHa Ha puc. 1.

N Bumipropay gacy 1 | [[IHHa ISA
P
(Mo BBU FIFO
L Ethernet
I Bumiprosad 4yacy 2 s
&
CIL, = EBU FIFOQ P e

.
.
.
.
.
.
0
0
0
MHHE KOMIT

LN | Bumipiopad qacy n

CHcrel

P,
RQ

EBY FIFO

=
o
H

h#a B

Puc. 1. ApxiTekTypa BUMIpIOBAJIbHOT CUCTEMH.

CucreMa CKOMIIOHOBaHa Ha OCHOBI NI HOBUX IIpe-
nHU3iiiHNX OJIOKIB BHUMiproBaHHS dacy (puc. 2), 3
SIKMX OAMH (n-i) € TOJIOBHHUM, 10 3pO0JICHO 3 METOIO
MiHiMi3awii KiMBKOCTI JIiHIH mepepuBaHHA, AKi TO-
JMAIOThCS HAa CUCTEeMHHMH Komil torep. BumiproBaui
gacy 00’eqHaHi mBOMa MMHAMH — muHOW BY mis
nepeaadi A0 TOJIOBHOTO OJIOKAa CUTHATY MOJIOBUHHO-
ro 3anoBHeHHs nam’saTi L Ta koxy Homepa Omoka N,
1 muHo0 ISA nmns B3aemonii OJOKIB 3 CHCTEMHHUM
KOMIT FOTEPOM.

CurHanu Bi AETEKTOPiB HEUTPOHHOTO BHUIIPOMi-
mroBanHs [, d,, ..., M, micas TMiOCHIICHHS CIIEKT-
pomerpuunumu migcumoBadamu CIT;, CIIy, ..., CII,
(iKCYIOTBCS BIANOBIIHUMH BHMipIOBayaMu dacy.
Koxen iMmynsc MapkyeTbes 3 TOUHICTIO g0 10 HC
9acoM MOT0 ITOSIBH Ha BXO1 BUMIpIOBada 4acy, i KOJ
LBOT0 Yacy 3anucyeTbes B am’ sith Ty FIFO. Iic-
JISl TIOJIOBUHHOTO 3alTOBHEHHS 00’ €My ITaM’sITi BUMi-
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proBaueM uacy reHepyerbcsi curHain L. TomoBHuU
050K BUMipIOBa4ya 4acy, OTPMMAaBIIM CUTHaI L Bix
Oy[Ib SIKOTO 3 IMiIOPSAKOBAHUX BIUMIpPIOBaYiB vacy,

[
. -

<

s
. - L

Puc. 2. [Ipeuwnsiiinuii BUMipoBa4 9acy.

a0o0 Tpu 3amoBHEHHI BJIACHOI MaM’sTi, 3UUTYE 3 IIH-
Hu BUY kopx (HoMep) BUMipioBaua 4acy, SKWid Hasi-
ciaB L, rerepye curHan mepepuBaHHs IRQ, sxwmit
CYIIPOBOJKYETHCSI BUIIEHA3BaHUM KonoM. Cucrem-
anit kom’'rorep IOWA-GX 3a orpuManuM HoOMe-
pOM iHiliFO€ 3unTyBaHHs AaHuX PJI; 3 mam’sTi BUMI-
proBaua yacy.

KoHCTpyKLisi cucTeMH TpeacTaBiieHa Ha puc. 3,
ne I — OJIOK >KMBJICHHS, 2 — CIIEKTPOMETPHYHI ITiJI-
CUIIIOBayi, 3 — OJIOKH BUMIpIOBaHHs 4acy, 4 — CH-
creMHuil komn’rotep IOWA-GX, 5 — po3umuproBay
mman BP-14S-RS-R30.

Puc. 3. KoHCTpyKIIis BUMIpIOBATBHOT CHCTEMHU.

Cuctema fae 3MOTY 3JICHIOBATH BHMipIOBAHHS
Koe(imienTa po3MHOKECHHS HEHTPOHIB y CKYITUCH-
HSIX SICPHUX MAaTepiaiiB 3 MiHIMAILHOIO MOXHOKOIO,
0 CTaHe OCHOBOIO OUTBII TOYHOI OI[IHKK Ta IPO-
THO3YBaHHS iX siIepHOI OC3MeKH.

IHCTUTYT SJIEPHUX JIOCJIIJDKEHb HAH YKPATHU



SANEPHA O®I3UKA

JAHAMIYHANA METO/JI JOKAJIBALIL KOH®JIKTIB ¥ KOMIPIOTEPHUX MEPEXKAX

A. I1. BoiiTep

ITnemumym adeprux docniosxcens HAH Yrpainu, Kuig

OpHnM i3 MeTomiB 3a0e3neueHHs poOOTH MOHO-
KaHaJbHUX KOMII'IOTEPHUX MEPEX B YCTAJICHOMY
pekuMI 1 MiHIMI3aIll, TAKUM YUHOM, 3aTPUMKH Iie-
penaui, 3yMOBIICHOT KOH(QIIKTaMH, € JIOKai3awis
30HU TOTEHI[IMHUX KOH(IKTIB y TIEBHUX YaCTHHAX
Mepeki abo B TIEBHUX YaCOBHX iHTepBasax il poOOTH.

3anpornoHoBaHO HOBUH JMHAMIYHHUN METO/I, SIKUI
Ha BiIMiHY BiJl CTPYKTYpHOTO ¥ 9acOBOTO 3aCHOBa-
HHAW Ha MEMEHTPAi30BaHUX MPOIEAypax ITiCIIKOH-
(ikTHOT (parMeHTamii KibKOCTI KOH(IIKTYIOYHX
a0OHEHTIB Ha OKpeMi IpyNH, IXHBOI 130JA1lii Ha Jac
po3B’s3aHHSA KOHGIIKTY Bif iHIMX aOOHEHTIB i Ha
PO3HECEHHI B Yaci MOYaTKy MOBTOPHOTO KOHKYPEHT-
HOT'O JIOCTYIy O paAiokaHally KOKHOTo i3 ¢parme-
HTiB. Lleli MeTox aBTOMAaTHYHO BKJIIOYAETHCS JIMIIE
miclisi BUHUKHEHHSI KOHQUIIKTY. SIKIIO KOHQIIIKTH B
Mepexi He BUHUKAIOTh, TO JOCTYII 10 KaHaJy 3iic-
HIOETHCS IITaTHUM IPOTOKOJIOM. MeToJ pealizoBa-
HO y BIAMOBIIHOMY NPOTOKONI, KUK 3000B’s3y€
a0OHEHTIB 3IIHCHIOBATH JOCTYI JO KaHATY LUISIXOM
BUKOHAHHSI IBOX CKOOPIMHOBAHMX KJIACiB MPOLEIYP
— KepyBaHHA (azoro (parmeHTamii KOH(DIIKTIB 1
nepeayi MakeTiB.

[ToGynoBaHO MaTeMaTHYHY MOJENb MPOTOKOIY
JUTSL OIIHKY e(DeKTHBHOCTI METO/Y Ta JJIsl PO3paxyH-
Ky ONTHUMAaJbHUX TapaMeTpiB KepyBaHHsS. 30Kpema,
OTPHMAHO PiBHIHHS CEPEAHbOI IBUAKOCTI epenayi
B MepexXi I NaHOTO MPOTOKOIY 3aJIe)KHO BiX iHTe-
HCUBHOCTI Tpadiky G IpH 3aJaHOMYy IHTEpBai Bpa-
3MUBOCTI @ Ta KUIBKOCTI 4YeproBOCTEH mepenadi y
(asi po3B’si3aHHS KOHQIIKTY k:

g +(1—exp(—=(1+a)G))n,
B+1 ’

ne B ta I cepeaHs TpHBadicTh 3alHATOrO W BUIBHO-
ro CTaHy KaHaIly MepexXi BiJlIOBIIHO,

(I+a)Gexp (_(l-i-ka)Gj

1—exp(—(1+a)G)

0= aGexp(—aG)
! 1—exp(-aG)

Ha puc. 1 mnokazaHo 3alexHICTb cepeaHbol
MIBUIKOCTI TIepenadi Bif iHTEHCUBHOCTI Tpadiky mys
KiJIBKOX 3Ha4YeHb k. Tam jxe A MOpiBHSHHS IyHK-
TUPOM TIOKa3aHO KPUBY JUISI KINACHYHOTO KOPCTKOTO
MIPOTOKOJTY 0e3 MpoIeayp JIOKami3arii.

Ha puc. 2 mokazaHo BIUIMB KITBKOCTI 4€proBo-
CTeil rmepenayi Ha cepelHIO MIBUAKICTh mepenadi s
TPHhOX 3HAYEHb IHTEHCWBHOCTI Tpadiky. BumHo, mo
JUTsI KOo)KHOTO G iCHY€ ONTHMalibHE 3HAYCHHS k, SKe
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MOXe OyTH TIONEepEeHBO PO3PaXOBAHO Ta BUKOPHUC-
TaHO IJIsA aIallTUBHOTO KEPYBAHHS.

S

0.8
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0.1
Puc. 1. Cepennst mBUAKICTH Nepeaadyi.
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2 10
Puc. 2. OntumaneHi 3Ha4€HHS K.

JuaaMivHUE crnoci0 Jokamizamii KOHQIIKTIB y
Mepekax 3a paxyHOK MPOIenyp MiCIIKOHGIIKTHOT
¢parmMeHTalii J03BOJNISIE BTPUMYBATH MEPEXKY B
CTIiKOMY peXuMi Tpu piBHI Tpadiky, IO MEpeBH-
IIy€ MEXY CTIMKOCTI IITAaTHOTO TMPOTOKOJTY MPHOITH-
310 B 10 pasiB. [Ipu 1ipomy 3abe3nedyeThbest 3011b-
LIEHHS MPOMYCKHOI 3aTHOCTI paiokaHally He Me-
HIe HiX B 1,6 pa3u npu ONTUMAIBHOMY 3HA4€HHI
napamerpa .
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AHOTAIII POBIT

PABPABOTKA TEXHHUYECKHUX CPEIACTB
MU3MEPEHUA DHEPI'MHM YCKOPEHHBIX 3JIEKTPOHOB

A.T. 3eauHcKui

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

KoHTponb 3a BEeNMWYMHOW W CTAOMIBHOCTHIO KH-
HETHUYECKOI SHEPTUH AJIEKTPOHOB SBIISIETCS BaXKHBIM
JJIEMEHTOM  DJIEKTPOPU3NYECKUX  PaJUALUOHHBIX
TexHoJoruid. C 3TOH LEeNbl0 B COCTaBE TEXHOJIOIHU-
YECKHX YCTaHOBOK JOJDKHBI OBITH MPENTyCMOTPEHBI
COOTBETCTBYIOIINE TEXHUUYECKHE CPENICTBA, KOTOPBIE
MOTJIH OBl OTBEYATh METPOJOTHUECKUM TpeOOBaHH-
M OCYIIECTBIsIEMBIX TporieccoB. Hanbomnee mpocTo
KOHTPOJINPOBATh HHEPTHIO 3JIEKTPOHOB HA YCKOPH-
TEJSIX C BBIBOJIOM ITydYKa 4epe3 dJeKTPOMarHUTHBIN
ckanep. i1 yCTaHOBOK C yCTPOWCTBAMH BBIITyCKa
WHTEHCUBHBIX MYYKOB BONpPOC 00 ONTHMAalbHOM
MOCTPOEHUHN CHUCTEM KOHTPOJS JHEPTrHU IOKa YTO
OCTaeTCs! OTKPBITHIM.

Hna paguanmonHoit ycranoBku AW HAH V-
paunsl [1], rne ucnonb3yercss SM»B-HbII yckopu-
TEJIh C OKHOM WHTEHCHBHOTO BBITyCKa OBLTO cO37a-
HO CIIeNMalIbHOE yCTPOUCTBO M3MEPEHUS IHEPreTH-
YECKUX XapaKTEPUCTHK Iy4Ka, Jajnee — U3MEPUTEIb
sHeprun (M1D). Ero KOHCTPYKIHS TTO3BOJSET U3MeE-
PATH MaKCUMAJIbHYIO PHEPIHI0 M Ka4e€CTBEHHO OIle-
HUBaTh CIIEKTp My4yka 3JIEKTPOHOB. Pasmep mome-
PEYHOTO CeYeHus MydKa He MMeeT 3HaueHUs, a He-
OorpIIve pa3Mepsl AaTYMKa MO3BOJSIOT MPH OONb-
IIIOM CEYeHHUH IydKa IMPOU3BOIAUTH HU3MEPEHHS BO
BpeMsi 00TydeHns 00pasnoB. JlaTyuK mpu 3TOM pac-
1oJjiaraeTcsi psyioM ¢ o0pa3loM M He MeEIIaeT Mpo-
neccy o0Iy4eHus..

[Mpunmun pabotsr MO ocHOBaH Ha W3MEpEHUH
TOKA TIOTJIOMIEHHBIX 3JIEKTPOHOB, MPOIIEANINX Yepes
HA0Op AJIOMHMHHUEBBIX moriotutened [2]. WM3mepu-
TEJNh COCTOUT U3 JIBYX COCTaBHBIX YacTeH: JaTduka
mmepurens sueprun (JMD) u 610Kka m3Mepurens
suepruu (BMD), coequHseMble COOTBETCTBYIONTUMHU
KabesiMu.

JlaTauk m3MepuTens COCTOUT M3 aFOMHHHEBBIX
TUTACTUH-TIOTJIOTUTENEH, Harpy30YHBIX PE3UCTOPOB,
3alIUTHBIX IUTACTHH, KPBILIKH, pa3beMa, TUAIECKTPH-
YEeCKUX a0 M mmuwiek (cM. puc.). B matamke BbI-
pabaThIBaeTCsSl DIEKTPUUSCKUM CUTHAI, 3aBHCHMBIH
OT 3HEPTUU U3MEPSAEMOro Iy4Ka AJIeKTpoHOB. [lma-
CTHHBI TIOTJIOTUTENS] MMEIOT pa3Hylo TONIUHY U
coOpaHsbI B maket u3 10 miacTuH.

HaT‘II/IK HU3MEPUTECIIA DOHEPIUU.

Cnenytoriue BbIOpaHbl TAKUM 00pa3oM, YTO MPH
MIPOXOXKICHUH TydKa 4yepe3 JBE IMepBble IUIaCTHUHBI
HOJHOCTBIO ITOTJIOIIAIOTCS AJIEKTPOHBI C SHEpPruei 2
M>5B, gepe3 Tpu nepBbIX IIacTUHBL — 3 MaB. [lanee
B MOCIEAYIOIMX IUIaCTMHAaX @akeTa C ImaroM 1
M5B, noriomaroTcs Bce 3JIEKTPOHBI ITydKa BIUIOTh
1o suepruii 10 MaB.

[TakeT U3MEPUTENBHBIX IIACTHH - MOTJIOTUTENEH
OKPY>KE€H 3aLIUTHBIMY IIacTUHaMHU. OHU 3aLIUIIAI0T
IUDIIEKTPUUYECKUE AETaIN JaTYhKa U PE3UCTOPHI OT
MpsIMOTO TOMaJaHusl IMydka. Pa3mepbl 3amUTHBIX
IUIACTHH O NEPUMETPY M TOJIIMHE BHIOpAaHBI U3
YCJIOBHUS TIOJIHOTO MOTJIOMICHHS JJIEKTPOHOB MaK-
CHUMAaJIbHO BO3MOXKHOM 3HEpTUu.

1. MW. H. Bummnesckuii, A. I' 3enunckuii, B. 1 Caxno u
Ip., AtomHas sHeprus 94, 63 - 166 (2003).

2. E .A. AGpawmsH, [lpomvluinennsie yckopumenu 31eK-
mponos (ueproaromuszaar, M., 1986).
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AHOTaUiT po6iT 3 aTOMHOI eHepreTUKU

OU3NYECKHUE OCHOBBI PEAKTOPA HA BOJIHE SAJEPHOI'O I'OPEHUS (PBAI).
II. KOHKPETHBIE MO/IEJIN

B. H. HaBJ'IOBI/I‘ll, B. H. XOTﬂHHIIeBZ, E. H. XOTHI/IHHeBal

1 .
Hnucmumym saoepuvix uccnedosanuti HAH Yrpaunel, Kueg

2 . .

Kuesckuti HayuonanwvHuiti yHusepcumem umenu Tapaca llleguenxo

B nanHOll cTaThe MOKa3aHO, KaK NPUMEHUTH
YCIIOBUSl CYIIECTBOBAHUSA CTAI[MIOHAPHOH BOJIHBI,
[oJIy4eHHbIe B pabore [1], a Takke pacCMOTpPEHBI
KOHKPETHbIE MOJETH CHCTEM, B KOTOPBIX MOXKET
pacnpocTpaHsIThCA BOJHA SJEPHOTO TOPEHUs, ¢ yde-
TOM pa3IMYHBIX HYKJIWJOB, BIMAIOIIMX Ha pac-
MIpOCTpaHeHUe BOJIHBL. [l 3TOro pasBuTa TEopus
BO3MYILIEHHH IO CKOPOCTH, IO3BOJISAIONIAsT BBIYHC-
JSATh CKOPOCTh M JIPYTHE XapaKTEPUCTHKH BOJHBI
JIEJIEHU B 3aBUCUMOCTH OT MapaMeTpOB 3ajauu.

JloGaBneHne K cocTaBy TOIUIMBA IOCTOPOHHETO
MIOTJIOTUTENS. JaeT BO3MOXKHOCTh YIPAaBIATh CKO-
POCTBIO BOJIHBI SIIEPHOTO TOPEHUS M YMEHBIIUTH €€
JI0 3HAUYEHUH, KOTOphIE 00ECIeYNBAIOT MPUEMIIEMBIN
C TPAaKTUYECKOW TOYKH 3PEHUSI YPOBEHb IJIOTHOCTH
SHEPrOBBIICTICHUS B €IWHHUIYy BpeMmeHU. llpu stom
Oe3pasMepHasi CKOpOCTh BOJHBI B PBSIT oka3zbiBa-
€TCsl MaJIOH.

JIefiCTBUTENBHO, MOJIYYUB CBA3b MEXKIY CKOpO-
CTBIO BOJHBI U TEIUI0BOM MOoIHOCTh0 PBAT

. P-M,
AE-S-F,-p,-N,n

rae P — TemnoBas MOIIHOCTL pPEaKTOopa, M() -
MOJICKYJISIpHAsA Macca (GCJ'II/I MOJICKYJIa COACPIKHUT
OJHO TAXKCIIOC H,HpO), AE — OHEprus, BbIACIIACMAs B
OJHOM aKTC JOCJICHUA, S - miomanab MnornepeyHoro

[IIOPIYHUK - 2008

ceueHHs WM (QpoHTa BOJNHEL, Fy — 00beMHas JOis
TOIUIMBA, Py — IUIOTHOCTb TOIUINBA, Nj — YHCIO
ABorazipo, # — OISl TOAETHMBIIMXCS NPH MPOXO-
JKACHUU BOJIHBI A4€p, MOXHO OLCHUTHL CKOPOCTH
MPOXOXKACHUA BOJIHBI JIA 3aJaHHBIX IIapaMETpOB
peakropa deokrtucrosa (P®). Eciu napamerpsr PO
TakMe JKe, KaK Yy CYLIECTBYIOUIMX OBICTPBIX
pPEaKTOpPOB, TO CKOPOCTh BOJIHBI COCTABUT IIPUMEPHO
6 - 9 cm/roa. Ilpu sTOoM Oe3pa3MepHasi CKOpPOCTh
BOJHBI W coctaBiaser coorBeTrcTBeHHO 0,002 1
0,003. Oro 3HA4UMT, YTO TEOpPHUS BO3MYILIEHHH II0
CKOPOCTH BOJIHBI paboTaer.

B obnacti manmpix CKOpocTel BOJHBI C POCTOM
KOHOCHTpAalIuKU IIOIJIOTUTEIIA CKOPOCTH YMCHbBIIA-
C€TCA HHHeﬁHO, IIpUYCM 3a CYHECT MaJIoro M3MCHCHUA
KOHOCHTpaluu IIOTJIOTUTECIIA CKOpOCThb MOXKHO
MEHSITh B Jecartkd pa3. CranuoHapHas BOJHA
JIeTICHWsT HE CYIIECTBYET, €CJH KOHIICHTpPAIHsI
IIOTJIOTUTECIIA (C Y4€TOM KOHCTPYKIIMOHHBIX
MaTeprajoB ¥ Jp.) TIPEBBINIACT MpeAeIbHOE
3HaueHue, (opMaIbHO COOTBETCTBYIOIIEE HYIJIEBOM
CKOPOCTH BOJIHBI.

1. B. H. IlaBnoBuu, B. H. Xorsunues u E. H. XoTaun-
ueBa, Slnepna ¢isuka ta enepreruxa Ne 2 (24), 39
(2008).
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AHOTALUI POBIT

CHAOTIC REGIMES OF A NUCLEAR REACTOR:
APPLICATION TO THE DIAGNOSTICS

V. M. Pavlovich, V. V. Ryazanov, S. Shpyrko

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

Various time-dependent physical quantities in a
nuclear reactor can behave in a chaotic way in the
vicinity of the critical regime under the influence of
feedbacks and control elements.

The description in terms of the fractal
dimensionalities can be in principle applied for the
purposes of reactor diagnostics.

We consider the numerical analysis of the series
of data from a nuclear power plant in view for
searching for possible traces of low-dimensional
deterministic chaotic regimes as solutions to
underlying set of deterministic equations. A
multidimensional vector of state is constructed from
the single time series X(¢f) of an experimentally
observed value by means of producing a set of time-
shifted replicas of the sequence X(¢) (Grassberger-
Procaccia algorithm [1]). The fractal structure of
such manifold can evidence the said deterministic
chaotic behaviour of the underlying system.

Algorhithm of Grassberger&Procaccia is applied
for the investigation of such characteristics as the
attractor dimensionality and Kolmogorov entropy.
This method allows exploring the fractal
characteristics of the phase space manifold using the
time series of the values of one single variable. For
an integer number n (embedding dimension) the
n-dimensional vectors out of the values of the
variable X(f) are constructed in the form

X(n,t)={X(t), X(t+T), X (t+27),...,
X(t+(n—-DT)}

with some reasonably chosed delay T .

Then it is possible to build the correlation
function C(n, ») which equals to the number of pairs
of «points» X(n, ¢) in the n-dimensional space with
distances between them less than some » divided by
NXN, N being the length of experimental
sequence of the points X . At small » with n chosen
big enough the correlation function logarithm
InC(n,r) behaves like vInr—n7K (K is the

Kolmogorov entropy). So the fractal dimension can
be determined as the slope of the graph InC(n,7) as

function of In» (for the true low-dimensional chaos
it should however saturate with growing » ), and the

dynamic entropy is found by exploring the values
In(C(n)/C(n+1)) at different n.

Low-dimensional chaotic behaviour should be
present first of all at the steady, stationary nuclear
reactor regimes. Vice versa, violating the stationarity
due to changes in controlling parameters should
involve into dynamics a great number of new
degrees of freedom.

The low-dimensional dynamical systems can
present a variety of properties of their solutions
depending on the values of control parameters —
from trivial stable solutions and limit cycles to the
chaotic regimes in particular characterizing by the
«strange attractors» in the phase space manifolds.
The study of such manifolds in many such systems
(the most celebrity being Lorenz system), supports
the relation between the chaoticity of the system and
fractal nature of the corresponding manifold.
Namely, the dimensionality of the strange attractor
(defined in a standard fashion as the scaling of the
number of points in a manifold with changing the
sampling resolution) appears to be less than the
corresponding dimension («embedding dimensiony)
of the dynamical system.

The equations which aim at modelling various
aspects of the dynamics of a nuclear power plant,
often present a set which has the properties of a
dynamical system with possibility of low-
dimensional chaotic regimes. Of chaotic nature is the
turbulent flow of the heat transfer medium, such a
behavior seems to be characteristics for the
vibrations of reactor walls, oscillations of fuel
elements and possibly to a number of other
characteristics.

Summing up, the method illustrated here can be
in principle applied for analyzing the safety and
diagnosis issues for a nuclear power plant; the
various properties of the dynamical manifolds can be
calculated in real time using the data from measuring
devices; then the essential deviations of such
characteristics from those typical for normal
functioning can indicate at the possibility of
abnormal operation of the corresponding unit.

1. P. Grassberger and 1. Procaccia, Phys. Rev. Lett. 50,
346 (1983).
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ATOMHA EHEPI'ETHUKA

THE DESCRIPTION OF KINETICS OF NUCLEAR REACTORS IN VIEW OF FEEDBACK
AND EFFECTS OF CONTROL BY MEANS OF GENERALIZATION
OF STOCHASTIC MODELS OF STORAGE

V. V. Ryazanov

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

In works [1] connection of stochastic models of
storage processes with a problem of the noise-
induced phase transitions is considered. The critical
state of a nuclear reactor can be considered as such
phase transition. In a role of external noise in
correlations to system of neutrons are a reactor
feedback and control rods. This circumstance it is
specified in paper [1]. In paper [1] stochastic storage
processes are applied to the description of kinetics of
nuclear reactor. Generalization of classic stochastic
model of storage with the user facility of entrance,
related to the source of neutrons at the division of
kernels, enables to describe the conduct of neutrons
processes in a nuclear reactor. Correlations are got
for the system of prompt-neutron, and also for
neutrons and kernels-predecessors of late neutrons at
the account of feed-back on a temperature.
Advantages of offered approach as compared to
traditional descriptions consist of possibility of the
detailed and complete description of feed-backs (for
example, temperature) and management effects. So,
for the case of temperature feed-back got time to
achievement of the fixed level, value of process in
the moment of achievement of level. Expressions for
time of achievement by random variables of the
certain values also are received, for example, for
time of achievement of dangerous values of
reactivity. In the present work the results
supplemented simple model of control with a reactor
by means of operating rods are received. The other
probabilistic functional concern: probabilities of
achievement by the process of some set levels (for
example, probabilities of that reactivity will not
exceed the stake of late neutrons and the
acceleration of reactor will not happen on prompt-
neutron), time of stay of process above a level,
extreme values of process, moment of achievement
of extreme value, moment of the first achievement
of level, and etc.

In paper [1] generalization of stochastic model of
storage is used to description of dynamics of nuclear
reactors taking into account late neutrons and
temperature feed-backs. Expressions are got for
stationary descriptions of nuclear reactors allowing

[IIOPIYHUK - 2008

to determine not only the mean values, for example,
numbers of neutrons and kernels-predecessors of
late neutrons in a reactor, but also any moments of
these values. Expressions also for nonstationary
description of these values are received. Besides
correlations for such probabilistic functional, as
times of achievement of different dangerous levels,
for example, for reactivity are received. In this work
the used in [1] a model is complemented by the
simple account of the effects brought in by the
process control through control rods.

We will consider, apparently, simplest possibility
of account of control effects within the framework
of point model, without taking into account
geometrical position of managing rods and
heterogeneity brought in by them. The simplest case
frame by a reactor is entered through managing bars.
The mechanism of moving of bars works in
accordance with an algorithm — AW/W;AW =

=W —-W,e N—-N,, N,is stationary value of N.

This effect can be taken into account by replacement
of the used function of output of type of »(N)=5bN

on the function of output of type of
r(N)=bN[l+o,(N—-N,)/N,].

Timing achievement of dangerous levels taking
into account the effects of management gives the
considerable increase (on a few orders) of mean
values of times of achievement of dangerous levels
as compared to the calculations conducted in work
[1] taking into account only feed-backs and without
taking into account management effects. This result
we will explain easily: the management through
managing bars considerably slows the possible
output of the system in the region of the dangerous
modes.

1. V. V. Ryazanov and S. G. Shpyrko, in Proc. of the
Int. Conf. “Current Problems in Nuclear Physics and
Atomic Energy” (Kyiv, Ukraine, 2006), Kyiv, 2007,
p- 666.
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AHOTALUI POBIT

YKPATHCBKHUHM IIEHTP INIS SIK JUKEPEJIO OTPUMAHHSA
CYYACHOI HAYKOBOI IH®OPMAIIII
B I'AJIY31I ATOMHOI EHEPTETHKU TA SJIEPHOI ®I3UKH

K. I. IIucanko, O. M. Kynpasa

ITnemumym sideprux docnioxceno HAH Vrpainu, Kuis

3pocratoui moTpedn y MIBUAKOMY OJEpKaHHI Ha-
YKOBO-TEXHIYHOI iH(OpMarii y cBilf 4ac 00yMOBMIH
HEOOXiTHICTh CTBOPEHHS CIIeIliaili3oBaHuX iH(OP-
MAaliifHUX CUCTEM, 3AaTHUX OIEPaTHBHO 30MpaTH,
00poOIIATH Ta PO3MOBCIOKYBAaTH iH(OpMAIli0 B
MeBHIN HayKoBil ramy3i. OnHi€0 3 HaHOUTBII CBOE-
YacHOIO Ta €(PEeKTHBHO AIF0Y0I0 MIKHAPOIHOK Hay-
koBoto cuctemoro € INIS (Mixnaapomna cuctema
smepHoi iHQopmarii). PerionansHuM 1IEeHTpOM yBe-
JEHHS B 1[I0 MKHApOAHY 0a3y JAaHuX Bif YKpaiHu €
Ykpaincekuit  mentp  INIS, miamopsakoBaHmit
MAT'ATE i pgitounit B IHCTUTYTI SOEpHUX IOCTI-
mxens (I51/1) HAH Ykpaian. ['onoBra MeTa po6oTH
IIEHTPY — I1e 30ip iHdopmarii B Tary3i sAepHOi HAY-
KM ¥ TeXHIKH, IO MyOJIIKY€EThCS Ha TEPUTOPii YKpa-
M, 00poOKa ii 3rimuHo 3 iHCTpyKmismMu MAI'ATE,
PO3MOBCIOKEHHS ii cepen Kkpaim ydacHWKIB [1].
BaxxnmuBo migkpecnuTH, Mo B i 0a3i maHux, Oilb-
me 30 % indopmarii cCTAaHOBUTH 1€ TaK 3BaHa NON-
conventional literature (indopmaris 3 myxe odme-
KEHHM oOcCsATOoM mMyOuiKamiid: MaTepiand pi3HHX
KOH(EpeHIil, IMOopiyHi 3BITH HAYKOBHX IEHTPIB
Tomo). Ykpaincekuii mentp INIS turinHO mpamroe B
[[LOMY HAIPSIMKY.

[Ticns npoBeaeHHS aHaIi3y 3MiCTy 0Ju3bKo 38 pe-
TYJAPHUX TEPIOANYHUX BUIaHb (Hanpukian “Snepna
¢izuka Ta eHepreTuka”, “SnepHas W paaualiMOHHAS
Oe3onacHocTh”, “ITuTaHHs aTOMHOT HAYKH 1 TEXHIKH”,
“Snepni Ta pamianiiini TexHonorii”, “TIpobnemu 6e3-
MEKH AaTOMHHUX eJieKTpocTaHlii 1 YopHoOums”,
“Ykpaincekuii ¢izuunnii xkypHan”, “Diznka HU3BKHUX
TeMIieparyp”’, JOMOBIAI 3 BIAMOBITHUX TEMAaTHUYHUX
KOH(epeHIIiil), TaHi Mpo HUX HaACWIAIOTh N0 basu
maanx INIS BimmosimHo no Tematnku MAI'ATE.
[potsirom 2008 p. mo 6a3u manmx INIS Oymo Hami-
cnano AaHi mpo 2017 po0Oir.

BaxmBuM HampsMKoM poOOTH IEHTPY OYB IO-
myK iHpopMamii 3rifHO 3 3amuTaMu HaykoBIiB S]]
Ta iHmMX HaykoBuX ycTaHOoB HAH Vkpainm: Inctu-
TYTY 3arajpHOi Ta Heoprauiynoi ximii, [HcTuTyTY KO-
noignoi ximii Ta ximii Bomy, IHCTUTYTY mpobieM Ma-

TepiajJo3HaBCTBa, XapKiBCHKOTO (Hi3UKO-TEXHIYHOTO
iHctutyTy [2]. Kpim Toro, mo llenTpy 3BepTanuch
Taki CTOpOHHI opranizauii sk JlepaBHHI HayKOBO-
TeXHIYHUH LeHTp siaepHoi Oe3nekn, MHTLL “Ykpur-
1" HAH VYkpainu, YkpaiHceke siiepHe TOBapHUCTBO,
KuiBcbkuil HalioHansHUA yHiBepcuTeT iMeHi Tapaca
IlleBuenka. ¥ 2008 p. BukoHaHo nomryk 3a 60 3amu-
TaMu 3TiIHO 13 3aMOBJICHUMH TEMaMHU.

Jo ueHTpy HEOAHOPa30BO 3BEPTANMCS HAYKOBII
3 Pocii, bpasunii, ABctpii, CloBauuuHM Ta IiHIIMX
KkpaiH. Ha iX 3amut nieHTp HaJCcuiiaB BiJIIOBiHI TIO-
BHi TeKCTH MyOmiKaliil yKpaiHCbKUX yUCHHUX.

ITpoBoamBest mouryk iHpopmanii 3 TaKUX HayKoO-
BHUX HAaNpPAMKIB: paliOCKOJIOris, PagiOMOHITOPHUHT
HaBKOJIMIITHBOTO CEPEIOBUINA, MIrpallis pamioHyK-
TigiB, pamiariiiHe MaTepiaJo3HaBCTBO TOIIO.

Po3pobreni meronm anamizy iHdopmanii INIS
JTAIOTh 3MOTY OIIHUTH OOCST AOCIHI/[KEHb B OKPEMHX
rajmy3sx, KOHKPETHI NMpoOjieMH, L0 BUBYAIMCS, Ta
JAI0Th YSABJICHHS PO AOCSITHYTI B HUX YCIIiXH.

Ha mincraBi iHopMamiiiHOTO aHamizy myOIika-
it y 6a3i manux INIS 3 meBHHX mpoGieM MokHA
c(OpMyITIOBaTH ONTHUMANBHI [UIAXH KOOPIWHAIT
HaykoBuX jgociimkens B )] HAH Ykpainu.

IIpo BHCOKY sKiCTh HagaHO1 iH(pOpMAIlil CBiAIaTH
mopiuni monsaku Bixg Cekperapiaty INIS MAT'ATE.
VY pamkax cmiBpobitaunTBa 3 MAI'ATE 3 murtann
ydacTi YKpaiHu B Iporpamax areHTcTBa, IIPEICTaB-
HUKH EHTpY Opaiu y4acTs y 34-if KOOpaIuHAIiiHHINA
koH(pepentii cniBpobiTHHKIB INIS (3 - 5 mucromana
2008 p., Bigens, ABcTpis), 1e TOTOBIIN PO poOOTY
VYkpaiacekoro 1eHTpy INIS. Cekperapiatr INIS
MAT'ATE Bim3HauuB yCHIIHY Ta IDIAHY 35-pidHy
TiSTTBHICTE YKpaiHchkoro meHtpy INIS.

1. INIS WinFibre 3.0.3, (2005).
2. Iouck & baze dannvix HHUC na CD-ROM: pykoso-
ocmeo noavzosamens (MAI'ATE, Bena, 1994).
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ATOMHA EHEPI'ETHUKA

THE PROBLEMS OF RADIATION METHODS USAGE
OF TESTING THE NPP’S EQUIPMENT

I. M. Vishnevsky, V. 1. Sakhno, S.P.Tomchay, A. G. Zelinsky, O. V. Sakhno, T. V. Khrin

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

The organization of qualifying tests of NPP
equipment is provided by National programs of
reliability increase and prolongation of exploitation
terms of Ukrainian NPP. First of all it is necessary to
obtain the objective data about source indicators in
conditions of joint action of technological and
external factors. On their basis specific measures
will be developed which will provide an increase of
reliability level rising of nuclear energetic of
Ukraine according to world standards and give
significant economical effect. The problem is the
lack of radiation techniques in atomic energetics of
Ukraine which would provide such tests. That’s why
a necessary condition of equipment qualification is

the creation of corresponding technical base — new
generation of radiation installations, which will give
possibility to implement new methods of radiation
tests. This report examines the materials of complex
decision problem solution of the creation
(modernization) of electrophysical radiation instal-
lations for testing equipment of nuclear energetics
objects. The upgraded structures of electrophysical
radiation techniques, aimed at testing the NPP
equipment are demonstrated. In this report the
methods of qualifying tests of NPP cable products
will be described.

JOCJIA)KEHHSA 1 PO3POBKA METOJAIB TA TEXHIYHUX 3ACOBIB
PATIAIIMHUX BUNPOBYBAHb OBJIAJTHAHHS AEC
HA EJIEKTPO®I3BUYHHUX YCTAHOBKAX

O. B. Caxno

Tuemumym adepuux oocnioscens HAH Vrpainu, Kuis

JlucepTarlisi mpHCBsiUE€HA OCTIIKEHHIO 1 KOM-
IUIEKCHOMY BUPILICHHIO MTPOOJeM CTBOPEHHS CydJac-
HOi TexHI4HOi 0a3u Al BHIIPOOYBaHb OOJaIHAHHS
SIIEPHUX SHEPreTHYHUX 00’ €KTIB, periiaMeHTOBAaHUX
HarmioHansHOI0 MpOTrpaMor0 TOAOBXKEHHS CTPOKIB
excrutyataii ykpaincekux AEC. BimoOpaxkeHo pe-
3yJNbTaTd PO3POOKH CTPYKTYp eNeKTpodi3udHOi
paniamiifHol TexHikH Uil (QyHKIIOHAJHHUX BHIIPO-
OyBaHb (kBasti(ikairii), a TaKOXX METOJAUK 1 TEXHid-
HUX CHUCTEM METpPOJOrii Takux BUNpoOyBaHb. [lo-
CITIZPKEHO, PO3pOOJICHO 1 peani3oBaHO OpUTiHATBHHN
METO/ BHMIPIOBaHHS Ta (OPMYBaHHS palialliifHuX
MOJIB BENMKKX 00’ €MIB IUIAXOM TpaHCc(HOpMyBaHHS
BY3bKMX ITyYKiB €JEKTPOHIB Yy IIMPOKI PiBHOMIpHi
MOTOKH BUIPOMIHIOBaHHS Ta BHPIBHIOBaHHS iX

[IIOPIYHUK - 2008

CHEKTpPY M0 mapaMmeTpiB, xapakTepHux ansi AEC.
OOrpyHTOBaHO METOJUKY MiJBUIICHHS HAIIHHOCTI
eNIeKTPO(I3NUHNX padiallifHUX YCTAaHOBOK IIJISIXOM
KOHTPOJIIO 3a CTaHOM iX KOMIIOHEHTIB. 3ampo-
IMOHOBAHO 1 pealli3oBaHO BIiAMOBIIHI TEXHIYHI 3aCO-
O6u. Po3po0iieHO TEXHOJOTiYHI perjaaMeHTH KBai-
¢ikamii xabemniB, sIKi HAaJAIOTh MOXJIHMBICTh BH3HA-
guTH iX peanbHuil pecypc. OTpuMaHO pe3ybTaTH
eKCTIIEPUMEHTAJIbHUX KOMIUIEKCHUX BHIIPOOYBaHb
HOBO1 KabeJIbHOI MPOAYKIUii, MPU3HAYEHOI OO BHUKO-
puctanHs y curHaipHuX Mepexax AEC. CtBopeHO
YCTaHOBKY, Ha SIKili pealli3oBaHO BCi BUMOT'H, HEOO-
XimHi Juia kBami(ikamiiiHUX BUNPOOYBaHb 00IA-
HauHa AEC sk B poOouux, Tak i B aBapiifiHUX pexu-
Max X eKCIuTyarartii.
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BILJIMB JOMIIIOK T'EPMAHIIO TA KHCHIO HA PAJIAIIMHY CTIMKICTH MOHO-
KPUCTAJIIYHOI'O KPEMHIIO

A. A.T'po3a, B. 1. Bapuina, IL I'. JIutoBuenko, JI. C. Mapuenko, M. I. CTapuuk,
JI. I. Bapabam, C. B. bepaniuenko

Tnemumym adeprux docnioscens HAH Vipainu, Kuis

HocnimkeHHs pafiamifHOi CTIHKOCTI KpeMHio
BXJIMBE 3 TOYKH 30py JOBTOTEPMIHOBOI poOOTH
MPUIaiB Ha HOTO OCHOBI Ha aTOMHHX peaKkTopax,
MIPUCKOPIOBAYaxX SIAEPHUX YAaCTHHOK, B KOCMOCI TO-
mo. Jlana po0oTa € YaCTHHOI KOMIUIEKCHUX JOCIHTi-
JUKSHB TIONTYKY TiABUINCHHS pamiamiiftHol CTIHKOCTI
MOHOKPHUCTaIIYHOTO KpeMHito [1, 2].

Cepen psay IHIIMX MOXIIMBOCTEH IiJIBHIICHHS
pamiamiiHoi CTIMKOCTI KpEMHIIO Ha JaHUW Yac BHUKO-
PHUCTOBYIOTH JIETYBAaHHS KPEMHIIO SIEKTPUIHO HEaK-
TUBHUMHU JIOMIIIKaMH, SIKi BCTYNAlOTh y pPeakuii 3
TOYKOBUMU JleeKTaMH, aje He 3MIHIOIOTh BIIACTH-
BOCTEH KPEMHIIO B IIEBHUX YMOBax (KHCEHb y KpeM-
Hil) Ta JeryBaHHS 130BaJICHTHUMH JOMiMIKaMu. [30-
BaJICHTHI JIOMIIIKH CTBOPIOIOTH Y TPaTIli KPEMHiIO
HNEHTPH HAaNpyXeHb, N0 BHHUKAIOTH 3aBJSKU BiJ-
MIHHOCTI KOBQJICHTHUX PajiyCiB IMX JOMIIIOK Ta
Mmatpuui. Lli neHTpn Hanpy>keHb MOXYTh OyTH CTO-
KaM{ 4d TEHTpaMH aHirumsmii pagiamiitanx nedek-
TiB. HasiBHI B miTeparypi aHi CTOCYIOTHCS, B OCHOB-
HOMY, BIUIMBY €JICKTPOHHOTO ONPOMiHEHHS Ha paji-
arfiiine nedeKTOyTBOPEHHS B KpEeMHii 3 JOMIIIKOIO
repMaHio, 0J0Ba TOIO.

Hana poboTa CTOCYEThCSI BUBUCHHS BILTUBY HEH-
TPOHHOTO ONPOMIHEHHS Ha pajialiiiHy CTIHKICTH
KPEeMHII0 3 JOMIIKo repmanito (Si<Ge>). YBara
OyJa 30cepelkeHa Ha JTOCIIKEHH] 3aIeKHOCTI BiJl
Pi3HUX OOMIIIOK (repMaHilo, KHCHIO, BYTJIEIIO) pa-
JUaIiifHOi TOIIKOKYBAHOCTI CTPYKTYpH KpPEMHIIO
3a paXyHOK CTBOPEHHsI 00JjacTeil po3ynopsaKyBaH-
Hs. 3a Mipy NOIIKO>KYBaHOCTI MU ITpUHAMAIH 1HTEH-
CUBHICTh cMyT [Y-mIoTSIMHAHHSA, TTOB’ I3aHUX 13 JUBa-
KaHCISIMU B KPEMHIi, 3 SIKHX, B OCHOBHOMY, CKJIaJa-
IOTBCSI 00JIaCTi pO3YNOPSIIKYBaHHS B OPOMiIHEHOMY
kpemHii. [locmimkeno crpykrypy Cz-Si i FZ-Si 3
BMicToM gomimku <Ge> Big 0,7 go 13,3 aT. % Me-
TOJIOM BHOIPKOBOTO TPABJICHHSI.

PesynbTaTtu moCiIKeHb:

BUSIBIICHO 3QJIE)KHICTh iIHTEHCHBHOCTI MOTJIMHAH-
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HS B cMy3i 3,9 MKM Bijl KOHIIEHTpAIii TOMIIIIKA KHC-
HIO B Kkpemuii. [lpum dmroercax ompoMiHeHHS
~10"n/cM® inTeHcuBHicTh mormuHaHHs B Cz-Si
BJBiui Oinbiia, mopiBHsHO 3 FZ-Si. Ipu 36inbienHi
dmoency onpominens (~ 10" u/cM®) 3amexHicTs
KOHIICHTpAIIil TUBaKAHCIH BiJl TOMIIIIKA KACHIO CTa€
HEICTOTHOIO;

MOKa3aHO, 10 BBEACHHS NOMIIIKH TE€pPMaHilo B
Cz-Si B xonuentparii 0,7 at. %, cyas4u 1o iHTeH-
CUBHOCTI TOTJIMHAHHS TpU 3,9 MKM, BIBiYl IiJBH-
mrye Horo pamianiifHy CTiMKiCTh OO YTBOPEHHS IH-
BaKaHCId NPU HEHUTPOHHOMY ONPOMIHEHHI (IIOCH-
com 5 - 10" m/cM’. BusiBieHO, MO TaKui KpeMHii
MICTHB KOHIIeHTpamio mucmokamiii < 10% cm? B
MICIISIX CKYITY€Hb;

JociikeHHs ctpyktypu FZ-Si BusiBuno, mo pi-
BHOMIPHICTh PO3MOJLTY TEPMAaHII0 MO JOBXKHWHI 31H-
BKYy KPEMHII0 CYHpPOBOKYETHCS PIBHOMIPHICTIO
PO3MOATYy CTPYKTYpHUX ne(dheKTiB. 31 30UIbIICHHAM
BMICTy repmasiro a0 12 + 14 at. % MOXIHMBE HaKoO-
IMYEHHA HOro B IIapax, MOB’A3aHUX 3 yMOBaMH
POCTY 3JIMBKIiB KPEMHIIO;

NPUAATHUMHU JUIS pOOOTH BUSBWIIUCS JETEKTOPH
SJIEPHUX BHUIPOMIHIOBaHb, SKi BUTOTOBJICHI Ha Ma-
Tepiani 3 piBHOMIPHUM MO JAOBXKHUHI 3TUBKY KPEMHIO
PO3IOJIIOM TepMaHilo 1 MpHU HEBEIHKii HOro KoH-
neHtpanii (Ge < 1 at. %)

PobGora omy6mikoBana B xypHam “SnepHa ¢izu-
ka Ta enepreruka”’, 2008, Ne 2(24), C. 68.

1. JI. 1. bapa6am, I. M. BumueBcekuii, A. A. I'po3a ma
in., Bompocsl atomHO# Hayku u TexHuku. Cep.: ,,Ou-
3MKa paJUalliOHHBIX MOBPEXKICHUI M paJnalOHHOE
Matepuanosenerue” (90), 2007, Ne 2, 182.

2. A. A. T'poza, II. T'. JIutoBuenko Tta M. 1. Crapuux,
Edpexmu paodiayii ¢ ingpauepsonomy nocnunanui ma
cmpykmypi kpemuito (HaykoBa mymka, Kuis, 2000),
124 c.
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PAJIIALIIMHA ®I3UKA TA PAJIIALIIMHE MATEPIAJIO3BHABCTBO

TEPMIUHUM BIAIAJ KJACTEPIB 1 TOYKOBHUX JE®EKTIB V n-Si (Cz),
OINPOMIHEHOMY HMBUIAKNMMHN HEUMTPOHAMM PEAKTOPA

M. I. Bapenuos, I'. Il. T'aiinap, O. II. Joarogenko, II. I'. JIuToBYeHKO

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Jlocmimkeno 3pasku n-Si (mo=4,0 - 10" cm™),
BupomieHi MerogoM Yoxpanbcekoro (Cz), micns
ONIPOMIHEHHS Ha TOPU30HTAILHOMY KaHalli peakTopa
BBP-M dmoencom 2 - 10" n®cm™ mBuakux Heifr-
POHIB mpH KiMHATHIN Temmeparypi. BumiproBaHHs
MPOBiTHOCTI Ta cTanoi Xojuia BUKOHAHO METOJOM
Ban nmep [lay. [3orepmiunuii Bignmam mHpOBOIUBCS
mpu 292, 353, 403 i 428 K 3 BUTpUMKOIO 10
~ 10 ron.

Ha puc. 1 mpencraBieHo 3aleXHICTh KOHIICHT-
partii TUMiKBY3JIOBUHHUX atoMmiB (I,) y mpoBimHil
MaTpHIll KpeMHil0 Bix dacy Biamamy mpu 353 K.
OTpuMaHoO, WO BiAmMan IUMIKBY3JIIOBUHHOTO aToMa
kpemnio I, 3 piBuem (E, - 0,315 eB) [1] BinOysa-
€ThCS 3 eHepriero akrtuauii Bianmany £,= 0,74 eB i
gactotHuM Gaxtopom v=1,1-10°c" mpu 292 i
353 K.

1.810"3r
1.510"3f
@31.241013-
=910 1
6102

310"12

103 104 103
t,c

Puc. 1. 3anexHicTe KOHLEHTpalil IUMIXBY3JIOBHHHUX

atomis (N, )y nposinuiit Marpuui n-Si (Cz) (1= 3,9 X

x 10" cm™), ompominenoro ¢moencom 2 - 10" n®cm™
LIBUJKUX HEHUTPOHIB, BiJ Yacy i30TepMiYyHOro Bixmaiy
mpu 353 K.

3 Takom K EHEPTi€l0 BIIMAIOIOTHCS U KIIacTepH
nedekTiB, aje 3 OUIBIIMM YacCTOTHUM (aKTOPOM
y=3,5-10°c”. 36inpmenns wactoTHOro (Qakropa
CBITYUTH MPO JOBIIWH HUISX, SKUH MPOXOIUTH M-
MDKBY3JIOBUHHHUHN aTOM [0 SiApa KiacTepa IS aHiri-
JIALIT 3 JUBAKAHCISIMU.
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Ha pwuc. 2 mpencraBneno Bumipsay mnpu 292 K
3aJISKHICTh KOHIIEHTPAIlii E€JIeKTPOHIB, BUAAJICHUX
KJactepaMu JIeQeKTiB (n,,), BiA 4acy Biamamy mpu
temnepatypax 403 i 428 K.

OpnepkaHo TapamMeTpH 130TEpMIYHOrO Biamamy
knacrepiB  nmegextie npu 403 K (E=0,81¢B,
v=14-10c") i npu 428K (E;=0,81¢B,
n=8-100c"; E,=13¢eB, 1h=1,5-10"¢c™.

1.1013

o 12
S 810

o
2

= 61012

4.10'2

2.1012

4104 610 810

t,c
Puc. 2. 3anexHicts n,, BiA 4acy Binmany (f) mpu Temre-
parypax 403 (/) 1 428 K (2) micnst onpominenns n-Si (Cz)
(no=4,2-10" cm™) pmoercom 2 - 10" n®cm™.

0 2.10*

[lepma cranmist Bigmadxy KiacTepiB IOB’s3aHa 3
aHITUIALIEI0 BAKAHCIHHOTO THITY Ne(eKTiB KacTepiB
3 MDKBY3JIOBUHHHMH aToMaMu KpeMmHiw. J[pyroi
cTaii, MoB’s3aHOi 3 MITpaIli€l0 TUBaKaHCIH 13 Kiac-
Tepa Ha cTokH, npH Bianami npu 403 K He crocrepi-
Tae€ThCsl BHACIIIOK MaJIol TPUBAJIOCTI BiiaTy Ha il
ctanii. 3MeHIIeHHsT 4YacToTHOro (akropa Biamamy
KJIaCTepiB MpHU 301IBIICHH] TEMIIEPATYPH 130TepMid-
HOTO BiJnasry MOB’si3aHE 31 301IBIICHHSM Yacy HT-
TS MKBY3ITOBUHHHX J1e(DEKTiB.

1. A.P. Dolgolenko, P.G. Litovchenko, M. D. Varent-
sov et al., phys. stat. sol. (b) 243, 1842 (2006).
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AHAJIN3 UCIBITAHUI MATEPHAJIOB KOPIIYCOB BB9P-1000 HA YIAPHYIO
BA3KOCTb 110 CTAHAAPTHOU IIPOI'PAMME OBPA3IOB-CBUJAETEJIEN

B. H. Bacnaneﬂxol, B.T. KOBprHll/lHI, 3.%Y. Fpmmlcz, B. H. PeBka’

1 . .
Tocyoapcmeennvlii nayuno-mexuuueckuii yenmp APB, Kueg
2 o

Hucemumym sdepruix uccreoosanuii HAH Ykpaunol, Kues

Jljisl OLIeHKH CTENEeHM pajualliOHHOTO OXPYI4H-
BaHHS MAaTEpPUAIOB KOPITyCOB peakTopoB Ha ADC
peanusyeTcss KOMIUIEKC MEpPONPHITHH B paMKax
MIpoTrpamMMBbI 00pa3IoB-CBUACTENCH. B crimy pa3HBIX
OOCTOSITENIbCTB  IITAaTHAasE MporpaMma 00pa3oB-
CBHUJIETENIe MMeeT HeJOCTaTKH, OJHUM M3 KOTOPBIX
SBIISIETCS. HEeyAauyHas KOHCTPYKLUS KOHTEHHEPHBIX
cOOpOK M CBSI3aHHBIH C ATUM OTHOCHTEIBHO OOJb-
ol pazopoc (iroeHca HEUTPOHOB IS TPy 0Opa-
3u0B tuna lllapmu, KoTopble HpeaHa3HaueHbl UL
OIIpENENICHUs CIBUIAa KPUTHUYECKOH TeMIIepaTypsl
xpynkoctu AT, Bonbioii pazdopoc ¢uiroeHca, KoTo-
pBII HE COOTBETCTBYeT TpeOoBaHuAM [1] ans mrart-
HBIX 00pa3loB-CBUIETENEH, BBI3BIBAET OIACEHUS,
YTO TOJy4YeHHbIE KO3()PUIUEHTH paJuallMOHHOTO
OXpyMuHUBaHUs Ap MOTYT OBITh HE IOCTOBEPHBIMH.

Jns  momydeHWs TNPEeNCTaBUTENBHBIX JaHHBIX
CTEIICHH OXPYMYMBAHUSA MaTepHaJOB KOPIIyca peax-
topa cnennanuctel PHI “KypuaroBckuilt uHCTUTYT”
MNPEIVIOKUIN METOOUKY PEKOHCTPYKLMM HCIIbITaH-
HBIX 00pa3loB-CBUAETENEH, KOTOpas I[O3BOJISET
HaOWpaTh TPyl 00Pa3IoB Ui OLIEHKA Af B COOT-
BETCTBUU C HOPMATUBHBIMH TPEOOBAaHHUSIMHU.

B Hacrosmiei paboTe BEIIOTHEH CPAaBHUTEITLHBIHA
aHaJM3 Pe3yJIbTATOB UCIBITAHUH ITATHBIX U PEKOH-
CTPYHPOBAHHBIX 00pPa3LOB-CBUAETENEH OCHOBHOTO
MeTajula U MeTajjla CBapHBIX LIBOB KOPILYCOB peak-
TOPOB IIATH YHEPT00TI0KOB ADC YKpauHbl.

Pe3ynbrarel onpeneneHus CTENEHH paauallioH-
HOT'O OXPYITYMBAHMS METaJlIa CBAPHOT'O IIBA KOPILY-
ca 3-ro sHeproOmoka Posenckoit ADC cormacHO
pa3IMYHBIM MOJXOJaM IMOKa3aHbl Ha pucyHke. Kpo-
Me JKCIIEPUMEHTAIbHBIX TOYEK, HAa PUCYHKE HaHe-
CEeHbl CpEeJHHE JIMHUHM PETPECCHU C COOTBETCTBYIO-
IIMMHU KO3 PHUIMEHTaMU Af.

Crnenyer oTMeTHTh, 4TO pasdpoc ¢mroenca B
rpynnax IITaTHBIX o0pasuoB B 2,5 pasa Oomblue,
YeM B CJIy4ae COBMECTHOI'O WCIIOJIb30BAaHMS ILTAT-
HBIX M PEKOHCTPYHPOBAaHHBIX 00pa3moB (pazdpoc
12 %). Tem He MeHee KO3(DOUIMEHTH paaHAIOH-
HOTO OXpYNYMBaHUS Ap, XapaKTepHU3YIOILINE 3aBU-
cumocth casura ATy oT ¢aroeHca HEHTPOHOB, XO-
POLLIO COTIacyIOTCs.
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Kpome ymenpmeHHOTO pazbpoca (iroeHca, K
IIPEUMYIECTBAM METOJUKU PEKOHCTPYKIUU CIENy-
€T OTHECTH BO3MOXKHOCTH (Kak BaXXHBIN (pakTop Ass
MIPOTHO3MPOBAHUS pecypca KOopIyca peakTopa Mpu
MIPOJIEHUH CPOKa CIY>KOBI) OLIEHUTH CABUT KPHUTH-
YeCKOM TeMIepaTypbl XPYNKOCTH, COOTBETCTBYIO-
muid OOJIbIIIEeMY HAaKOIUIEHHOMY (DJIFOEHCY IO CpaB-
HEHHUIO CO MITAaTHBIMH 00pa3aMu U3 OJHOTO U TOTO
JKe KOMILJIEKTa 00pa31oB-CBUAETEINCH.

80

0...I...I...I...I...I...I...I...
0 10 20 30 40 50 60 70 80

F, 10% m*

3aBUCHMOCTh CIBHTa KPUTHYECKOW TeMIeparypbl XpyI-
koctu oT (pmroerca OvicTprix (E > 0,5 MaB) HeiiTpoHOB
MeTajia CBapHOTO IIBa KOpITyca peakropa 3-ro Oioka
PoBenckoit ADC: O - pe3yibTaThl UCIBITAHUNA IMTATHBIX
00pasIoB; ® - pe3ynbTaTbl HCIBITAHUNH PEKOHCTPYHPO-
BaHHBIX 00pa3noB (mapaMeTpsl CpeJHEW JMHUU perpec-
cuu Ar paBHBI cooTBeTcTBeHHO 12,6 1 11,8°C).

Ha ocHoBaHMM aHANM3a MOXKHO CJIeNaTh BBIBOJ O
TOM, YTO PE3YJbTaThl yJIAPHBIX HCIBITAHWHA INTAT-
HBIX 00pa3LOB-CBUAETENCH MO3BONAIOT IOIYYUThH
JIOCTOBEPHYIO OICHKY CTENEHH OXPYMYHUBaHHS Ma-
TepuanoB kopmycoB BBOP-1000 mHecMoTpst Ha TO,
4T0 pazOpoc ¢uIroeHca B Mpeenax rpymn o0pasios
[apnu gy onpenencHUs CABUra KPUTUYESCKOU
TEeMIIepaTypbl XPyIKOCTH HE yJIOBIETBOPSET HOpMa-
TUBHBIM TPEOOBAHUSAM.

1. [IHAD I-7-002-89. Hopmwl pacuéma na npounocms
000pyoosanus u mpyobonpo8oo08 AmMoOMHbIX IHepee-
muyeckux ycmanosok (DHeproaroMusuatr, MocCKBa,
1989).

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH VYKPAIHU
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THE USE OF MASTER CURVE METHOD FOR STATISTICAL RE-EVALUATION
OF SURVEILLANCE TEST DATA FOR WWER-1000 REACTOR PRESSURE VESSEL

V. N. Revka, E. U. Grynik, L. I. Chyrko

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

An estimation of reactor pressure vessel steel
fracture toughness is based on the Charpy impact
test data according to a normative method adopted in
Ukraine [1]. The normative approach estimates frac-
ture toughness in the indirect way. An application of
the Master curve methodology allows determining
directly the RPV materials fracture toughness. Ac-
cording to K. Wallin investigations [2] the norma-
tive approach results in the highly conservative frac-
ture toughness estimation for Western RPV steels.
Furthermore, an analysis of the ASME database has
shown an application of Master Curve method im-
proves essentially the materials fracture toughness
estimation [3].

Purpose of present work was to re-evaluate the
surveillance fracture toughness test data for reactor
pressure vessels of Ukrainian NPPs using Master
curve method and compare the normative (PNAE
G-7-002-86) with new statistical approaches in
viewpoint of material fracture toughness characteri-
zation.

The experimental data used for the analysis were
obtained from surveillance tests for six reactor pres-
sure vessels: Khmelnitsky unit 1, three units of
South-Ukrainian and two units of Zaporizhzhya
nuclear power plants. The fracture toughness data
from pre-cracked Charpy specimen tests were used
for the statistical re-evaluation. The Charpy impact
test data were used to determine temperature indexes
correspond to the absorbed energy level of 28
Joules.

The results of re-evaluation are shown in Fig. 1.
The Master curves and 5 % and 95 % tolerance
bounds for materials are drawn in the Figure next to
experimental K;c values. The analysis has shown the
experimental temperature dependence of fracture
toughness parameters and a scatter of K;c values are
in a good agreement with a Master curve shape and
5 % and 95 % tolerance bounds for weld metal in
unirradiated condition and after thermal ageing and
neutron irradiation up to fluence (E > 0,5 MeV)
41,2 - 10” n/m’.

For the Khmelnitsky NPP unit 1 reactor pressure
vessel an analysis has shown the normative approach
PNAE G-7-002-86 underestimates essentially the
measured fracture toughness of unirradiated weld
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metal. The reference temperature T, calculated ac-
cording to Master curve method was compared with
a critical brittleness temperature Ty, for reactor pres-
sure vessel materials in unirradiated condition. It has
been found the temperature T, is much lower then
Txo. Furthermore a difference between T, and Tyg
values is changed essentially from one material to
other. It means that a conservatism level is also var-
ied (in some cases to high extent) that is not ac-
cepted from the regulatory application point of view.

500
8 400f
= I K,.(0.95)
o ] /" Master
o 300} curve
E [ // 7/
—~ / ’
E 1 K /K, (0.05)
E 200 f © Ae )
@ .
X 100 - 0.7
| - PR PR I R 1 PR I S Rt
-100 -50 0 50 100
0
(T - TO), C

Master curves for weld metal (South-Ukrainian NPP
unit 1): e — unirradiated; © — irradiated F = (4,2 - 41,2) X
x 10* n/m%; A — thermally aged ~ 3813 eff. days.

A correlation between temperatures Togy defined
from Charpy energy curve and T, values calculated
from pre-cracked Charpy specimens test was ob-
tained. The analysis has shown that T, values based
on pre-cracked Charpy specimens test data tend to
be non-conservative in a comparison with T, values
obtained from large standard fracture mechanics
specimens. Additional research is needed to estimate
a bias in T, value calculated on the basis of pre-
cracked Charpy specimens test data.

1. PNAE G-7-002-86. Strength Calculation Norm for
Nu-clear Power Plant Equipment and Piping (Ener-
goatomizdat, Moscow, 1989), 525 p. (in Russian).

2. K. Wallin, Nucl. Eng. and Design 193, 317 (1999).

3. M. Kirk and M. Mitchell, Int. J. Pres. Ves. & Piping
78, 111 (2001).
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SEMIMAGNETIC SEMICONDUCTOR SPIN FILTERS
S. B. Lev, V.. Sugakov, G. V. Vetsimakha

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

The spin-dependent tunneling of electrons
through the CdMgTe-based resonant tunneling het-
erostructures with a semimagnetic CdMnTe well
was studied (Fig. 1). There are possibilities to create
the spin filter based on the effect of the spin depend-
ent electron tunneling through the semimagnetic
semiconductor heterostructures with two barriers
[1-5] In such system the strong exchange interac-
tion between the carriers and localized magnetic ions
spines leads to the large splitting of the electron
levels in the well.

Cd, ,Mg,Te

Cd, Mg, Te

Cd, ,Mg,Te Cd,..Mn,Te Cd, ,Mg,Te
S=1/2
=
I Si=-1/2

Fig. 1. A schematic diagram of the heterostructure and the
band alignment for the spin-up and the spin-down elec-
trons in a magnetic field. Thin lines indicate the resonance
levels for the spin-up (solid) and the spin-down (dashed)
electrons.

S

0.05  0.06

Bias (V)

Fig. 2. The total current of the electrons against the ap-
plied voltage for the different values of the external mag-
netic field B=0T, B=1T and B=5T , the donor con-

centration N, =5-10"m~ and the temperature 7 = 2K .

Dotted curves correspond to the current components with
a different spin polarization of carriers in a case
of B=1T .

Each peak of the total current in Fig. 2 corre-
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sponds to the peak of the current with a certain elec-
tron spin polarization. Also was shown that peaks
become wider when temperature increases, and for a
certain value of temperature, correspondent maxi-
mums can overlap. The current polarization also was
analyzed as a function of a number of parameters of
the system such as widths of the barriers and the
well, the concentration of the nonmagnetic Mg ions
in barriers and magnetic ions in the well layer (more
Mn magnetic ions in the well corresponds to the
larger splitting of the resonant tunneling levels and,
consequently, to the better localization of peaks and
current polarization). For example, was shown that
the current polarization is very sensitive to the donor
concentration. Such analysis allows performing the
system parameters optimization and obtaining the
highest current and electron spin polarization.

In experiment, it is important to know not only
the degree of polarization just after the tunneling
through the spin filter but it is critical to know how
the carrier polarization decreases at a distance from
barriers.

—— Current density
- - - - Electron density
N,=2*10" m’
T=10K

1=10"s

3 d. A

0,0 L L A
0 200 400 600 BOO 1000 1200 1400 1600 1800 2000

Fig. 3. Spin density and current density polarization de-
grees as a function of the distance from the border of the
barrier.

It is clearly seen that for given parameters the
electron spin polarization can exceed the value of
90 percent and would decrease when the distance
from the spin filter grows (Fig. 3).

1. V.1 Sugakov and S. A. Yatskevich, Sov. Tech. Phys.
Lett. 18, 134 (1992).

2. Y. Guo, J.-Q. Lu, B.-L. Gu ef al., Phys. Rev. B 64,
155312 (2001).

3. S. Nonoyama and J. Inoue, Physica E 10, 283 (2001).

4. X. Zhang, B. Z. Li, G. Sun, F. C. Pu, Phys. Lett. A
245, 133 (1998).

5. S. B. Lev, V. L. Sugakov, G. V. Vertsimakha, phys.
stat. sol. (c) 3, 4, 1091, (2006).

IHCTUTYT SJIEPHUX JIOCJIIJDKEHb HAH YKPATHU
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TRIPLET ENERGY TRANSFERS IN CONJUGATED POLYMERS.
II. A POLARON THEORY DESCRIPTION ADDRESSING THE INFLUENCE OF DISORDER

I. I. Fishchuk,! A. Kadashchuk,” L.S. Devi,' P. Heremans,” H. Bissler,” A. Kohler*

!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
*Department of Physics, University of Bayreuth, Bayreuth, Germany
’Institute of Physical, Nuclear and Macromolecular Chemistry and Material Science Centre,
Philipps-Universitit Marburg, Marburg, Germany

At present, there is particular need to develop our
knowledge about the triplet excited states, which is
used extensively in organic light-emitted diodes and
solar cells. Triplet migration occurs as a succession
of triplet energy-transfer processes, which are based
on an exchange mechanism (Dexter transfer). In
previous paper [1] the temperature dependence of
triplet motion in a perspective conjugated polymer
with low disorder of the triplet density of states was
experimentally studied. It was found a thermally
activated motion to occur from room temperature
down to a transition temperature at 80 K . Below the

transition temperature, triplet motion becomes
nearly temperature independent.

In this work we present a full theoretical
treatment that explicitly takes into account both
polaronic contributions and effects due to the
energetic disorder commonly present in disordered
molecular or polymeric semiconductors.

1. Firstly, we consider the high-temperature
regime. We used an effective medium approach
(EMA) method to derive an expression for the
effective triplet energy-transfer rate ¥, . Drawing on

the expressions developed in [2] in the presence of
polaron effects (in the Marcus model), we obtain

J2
I/Ve :_O Lexp _22 X
n\4E kT L

2
E

Xexp _E [ o , (D)
k, T 8\ k,T

where J, is the coefficient, E, is the polaron

activation energy, a is an average distance between
neighboring localized states, L is the effective
triplet localization radius, ¢ is the width of the
Gaussian distribution of localized states.

2. Furthermore we consider the low-temperature
regime. In this case the rate W, using the EMA

method in the absence of polaron effects (in the
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Miller - Abrahams model) can be described [2] by
the following expression

2
a 1 o
W,=vyexp| 22— lexp| ——| — | [, (2
e =V p( Lj p 2(1«;) )

where v, is the coefficient.

0,0

Marcus model

(Ea. 1) ]
input parameters from experiment

E,=60 meV, J,=0.0174 meV, v =3x10" s

fitting parameters
0=3 meV, a/lL=9.6

Miller-Abrahams model
(Ea.2)

log,(W,) , (W, in ps™)
o

o transition temperature 80 K

0 10 20 30 40 50
1000/T (K™)

The triplet transfer rate as a function of temperature on
Arrhenius coordinates. The closed circles represent the
experimental data [1]. The lines indicate fits according to
Egs. (1) and (2) using the parameters presented in Figure.

The intersection of the curves in Figure implies a
crossover from the activated polaron motion (mul-
tiphonon hopping) to the low-temperature free pola-
ron motion (one-phonon hopping).

Our model allows us distinguishing between po-
laron and disorder effects that control the transport
in different temperature regimes.

1. L.S. Devi, M. K. Al-Suti, C. Dosche ef al., Phys. Rev.
B 78, 045210 (2008).

2. 1. Fishchuk, A.Kadashchuk, H. Bissler,
S. Nesptrek, Phys. Rev. B 67, 224303 (2003).

and
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HEPEPACIIPEAEJEHHUE YIVIEPOJA ABUWXYIMUMUCA AUCTOKALNUAMUAU
B HAHOKOMIIO3UTHbBIX COEJMHEHUAX TI-C-B
P TEPMOMEXAHHUYECKOM BO3JIEHCTBUA

B. A. Makapa', B. B. Muxaiinoscknii’, II. A. Ceammen’

1 o o

Kuescxuti nayuonanvnwiti ynueepcumem umenu Tapaca Lllesuenxo, Kues
2 o
Hnemumym sdeprvix uccnedosanuii HAH Yxpaunul, Kueg

HoBriif mepcriekTuBHBIN MaTepuan — Oopuj TH-
TaHa — MHTEPECEH HE TOJIBKO CBOMMH YHHUKAILHBIMA
cBoiictBamMu. CBf3aHHBIE C €r0 TOJMYYEHHEM IIPO-
IIECCHI TPEJCTABISAIOT MHTEPEC KakK I MaTepuaso-
BeCHUs, TaKk M U1 (usuku TBepporo tena. Ilpo-
[IECC MEXaHWYEeCKOTO W3MENbUeHHs, CIIeKaHUi U
MpeccoBaHus KapOUAOB THTaHA U OOpa TPUBOJHT K
o0pa3zoBaHuI0 OOpUAa THUTaHA W BBIJCICHHIO CBO-
00IHOTO yTIepoaa B Pa3IMYHBIX CTPYKTYPHBIX MO-
mudukamsix. TepmoMexanndeckoe BO3EHCTBHE Ha
KapOu/ TUTaHa U BBHITECHEHUE yriepoaa OOpoM CBs-
3aHBI C OCBOOOXKIEHHEM YTIIepo/Ia U Mepepacipese-
JIEHWEM ero B MHUKPO- W HAHOYACTHIAX KapOwja
TUTaHa, YeMY CIIOCOOCTBYET BBICOKAsl HECTEXHOMET-
PUYHOCTP TTOCIIETHETO.

[loBpImerne TemmepaTypsl CTUMYJIHPYET Tepe-
X0l aTOMOB YIJIEpOZia B MEXIOY3€IbHbIE IOJI0XKe-
Hus. [Ipenmonaranock, 9To Mepexo]; UMEET TePMHU-
YecKH aKTUBUPOBAaHHBIA XapakTep, a CKOPOCTh Te-
HEpaluu MeXJI0Y3eJIbHOr0 YIJepoAa IMpONOopLUO-
HaJlbHa KOHLIEHTPALlMU aTOMOB YIJIEpPOAa B PEIIETKE
KapOwu/a, T.e. CKOPOCTh TeHEPAIHU MEXI0Y3eTHHOTO
yIIIepoAa SKCIIOHEHIINALHO YOBIBAET CO BpEMEHEM.

Hanpsbkenusi, KoTopble BO3HUKAIOT MPH TEPMO-
MEXaHUYECKOM BO3JICHCTBUH, BBI3BIBAIOT CKOJIBKE-
Hue guciokanuii [1]. Ckonp3simue IUCTOKAIH
YBIIEKAIOT c1a0O0CBsA3aHHBIC aTOMBI YTJEpoa, 4acTh
WX 3aXBaThIBAETCS SIPOM, YaCTh YBJIEKAeTCS W Tie-
pemernaercs [2]. IIpeamomaraeTcsi, 4TO 3aXBadeH-
HBIE Ie(EeKTH TOPMO3AT OUCIOKAILUIO U, KOTJa YHC-
JIO TIepeMelaeMbIX JUCIOKANel aTOMOB yTiepoa
MIPEBBICUT KPUTHYECKOE 3HAYEHWE, CKOJBKECHHE
npekpartaercs. [lucmokamys nepenoyi3aeT U ocTaB-
nsiet e eKThl, KOTOphIe OBUIH «3aMEeTeHBD paHee, U
BHOBB TIPOJIOJDKAET CKOJBKEHWE, YBJIEKas HOBBIE
nedeKThl Ha CBOEM IyTH, A0 CIEAYIOIIeH OCTaHOB-
ku. Takum 0Opa3oM, CKOIB3SILAs AUCIOKAIHMS Iepe-
pacrmpesienseT aToMbl yriiepoja 1Mo KpUcTajury, pac-
TIpeaesieHue yriiepofa CTaHOBUTCS MPOCTPAHCTBEH-
HO-HEOTHOPOJHBIM (PUCYHOK). [Ipyrue ckonb3siue
JUCIIOKAITMH YCHJIMBAIOT BO3HHKIIYIO HEOIHOPOJ-
HOCTh. AHaJIOTHYHBIE MPOIECCHI MPOXOAT B YaCTH-
ax xkapouga 6opa.

[lepepacnpenenenne yriiepoja B KpucTalie Kap-
Ouza THUTaHA OMNHUCHIBAJIOCH IIOCIEIOBATEIHHBIM
YHUCIIEHHBIM MOJEJMPOBAaHUEM YepEeayIOIUXCsl Obl-
CTPBIX M MEJUICHHBIX peXHMOB. Pacrpenenenne,
chopMHUpPOBAHHOE CKOJNB3SIMICH JIUCIOKAIMEH, WC-
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MOJb30BAJIOCh B KA4ECTBE HAYAIBHOTO pacrpeselie-
HUS A pacyera MOCIEAYIOIIero MEAJICHHOTO pe-
xumMa. 1 HaoOopoT, pacmpeneneHue yriepoaa, yc-
TAHOBUBIIEECS N0 OKOHYAHUIO MEJICHHOTO PEXU-
Ma, ObUI0 HaYaNbHBIM JJIsi pacyeTa MOCIeIyrOIEero
ObicTporo pexuma. V3MmeHeHuWe pachpeeIcHus
yriepoJa B TCUCHHWE MEIJICHHOTO pPEeKUMa Paccyu-
THIBAJIOCH ITyTEM UYUCICHHOTO PELICHUS YpPaBHEHUS
I'enpMronpua ¢ HCTOYHUKOM, SKCIOHEHIHAIBHO
3aBUCSINUM OT BpPEMEHU. 3HAUCHHs IapaMeTpOB
MO/JIENT! BapHUPOBAIHCH B IIMPOKHX Mpe/esiax.

n, 102 m*
3,5

2,5

Pacnpenenenue yriepona B MEKA0Y3€IbHOM MOJIOKEHUH
npu T = 1100 K, t = 100 mc.

[Tomyuennsie pe3ynbTaThl MPOBEACHHOIO MOJE-
JUPOBAHUSI TIO3BOJISIOT YTBEPKIATh, YTO 00CTHEHUE
YIIIEpoIoM KapOua TUTaHA U pacIpe/ieieHnue yre-
poma TO KPUCTALIUTY CYMIECTBEHHO 3aBUCAT OT
BPEMEHU TEPMOMEXaHUYECKOTO BO3JCHCTBUS U €TO
MapamMeTpoB. YCTaHOBJICHHBICE 3aKOHOMEPHOCTH
JTAat0T BO3MOJKHOCTH YTIPABISATH BETUIMHOW ITOTOKA
yIliepoia Ha TPaHUIly KPUCTAJLIUTA, YTO BAXKHO HJIS
MOJTy4eHUs] TpeOyeMOro ero cocraBa M HEOOXOMIH-
MBIX CBOMCTB.

Pabota omybnukoBana B xxypHaie “Meramiodpu-
3uKa 1 HoBelmue TexHonorun”, 2008, 1. 30, Ne 9.

1. Jx. Xupt u WU. Jlore, Teopua oucnoxayuti (Atom-
n3nat, Mocksa, 1972), 643 c.

2. A.C. bakenoB u B.B. Kupcanos, Bonpocsr arom.
Hayku U TexHUkH. Cep. Dusnka pagual. MOBpexie-
HUH W pajguan. MatepuanoBenenue Bbi. 1(38), 41
(1986).
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YCKOPEHHUE ATOMOB IIPH ®A30BBIX INEPEXOJAX
HA INIOBEPXHOCTH KPUCTAJIJIA

HN. 10. I'otuneii, B. B. Muxaiinosckuii, B. U. Cyrakos

Hucmumym adepuvix uccaredosanuiit HAH Yxpaunvl, Kues

B cepuu pabor [l - 3] Obl1 mpeaniokeH Mexa-
HU3M YCKOPEHHUS aTOMOB 0e3 BHEIIHETO YCKOPSIO-
LIEero MoJid. Y CKOPEHHE MPOUCXOAUT B HEpPaBHOBEC-
HOM cHCTEeME Kak pe3yJbTaT Mepexojla aTOMOB B
paBHOBECHOE cocTosiHHE. B paborax paccMOTpeHO
HECKOJIBKO (PM3UYECKHX CHUCTEM, B KOTOPBIX BO3-
MO>XHO BO3HHKHOBEHHE TaKHX MPOLIECCOB: IMPHU He-
KOTOPBIX CTPYKTYpHBIX (Da30BBIX Iepexonax, Hpu
CWIBHOM nedopMaliiy KpucTajlia, IPU JBHXKEHUH
BHHTOBOW Jauciokanuu. B HacTosmieir pabore mpo-
BEJIEHO MaTeMaTH4eCKoe MOJETHPOBAHHE YyCKOpe-
HUS aTOMOB Tpu (pa30BOM MPEBPALICHUH Ha II0-
BEPXHOCTHU KpHUCTaJIA.

Jis moHWMaHUsT KayeCTBEHHON KapTHHBI IIPO-
mecca y100HO pacCMOTPETh JIBUKEHHE OJTHOTO Psilia
aATOMOB B MOJIEJIH TBEPABIX chep. ATOMBI MOJTOKKH
W ajaToMbl JIPYTHX DPSIOB CO3/MAIOT ISl aJ1aTOMOB
BBIOPAHHOTO Psiia ABYSMHBIA MTOTCHITHA, TI¢ M3HAa-
YaJlbHO aTOMBI 3aHMUMAlOT SHEPreTHYECKH MEHee
BBITO/IHBIE MUHUMYMBI (CM. pUCYHOK). [lomycTum,
YTO OJWH M3 aJaTOMOB ITOJIy4aeT HEKYI0 KHHETHYe-
CKYIO DHEPrHI0 M HAUMHACT JBW)KCHHE BIOJb Ps/A.
OH aBmxercs B Oojiee HU3KUN MUHUMYM ITOTCHIIH-
aNBbHON DHEPrWH BIUIOTH JO COYJApEHHUs cO Cle-
IYIOIINM aJaTOMOM, TIPH 3TOM OH YBEJIUYUT CBOIO
KHHETHUYECKYI0 SHEPryui0 Ha HEKOTOPYIO BEIHMUYUHY
AE. Ilpu neHTpanbHOM yaape agaToOMbl 0OMEHSFOTCS
KMHETUYECKOW DSHEpruei: HajleTalolluid aaaToM
OCTAHOBUTCA, a CIACAYIOIIUNA aJaTOM IMOJETUT Najlb-
11e: ¢ TOH )K€ MO3UIUH, YTO U MPEIbITYIIUI anaToM,
HO C yBenmueHHOH »Heprueit. IlomobHOE coymape-
HUE TMPOU30MIET MEXKIYy CIEIyIolled Mapol coce-
neit. Takum oOpazom, mocie OOJNBIIOrO YHCla CO-
YAApeHU y O4YepelHOro aJaToMa OKa)XXeTcs JHep-
r'Hsl, BEICBOOOKAGHHASI MPH pellakcanuu OOJBIIOTo
YHUCIa aAaTOMOB. Takoe COCTOSHUE € YCKOPSIOLIUM-
Cs1 OTHAM aTOMOM OBITIO Ha3BaHO aKCeIEPOHOM [2].

-0 0 O 0O
\/

Cxema HepeMemeHMﬁ ATOMOB B IIPOLECCE pEIIaKCaAlUU.

Hnst MogenupoBaHus CUCTEMBI YHCIIEHHO pelia-
nuchk ypaBHenusi Heprorona. IloreHuuman mexarom-
HOTO B3aMMOJICHCTBUS ObUI BBIOPAH B BHUJIE MMOTCH-
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nuana JlenHapaa - Jl>koHca, ObIT BBelleH MEPHOAH-
YECKUH MOTEHIMaJ B3aUMOJACUCTBUS aTOMOB C IOJ-
JI0)KKOU. B HavallbHBI MOMEHT BPEMEHM BCEM Hac-
TUI[AM 33JlaBaiach HeEOOJbIIass CKOPOCTh, IOCIIe
Yero JWHaMHUKa CHUCTEMbl HEKOTOPOE BpeMs MoJie-
JUPOBAJIACH JIJIST YCTAHOBIICHUS TETIOBOTO PAaBHOBE-
cus. B HEKOTOphIiI MOMEHT BpeMEHU OJHOU U3 yac-
TULl TPUJABaJach HEKas 3HAUYMUTENbHAs CKOPOCTh
BIIOJIb OCH X W pacCMaTpUBAIACh IOCIEIYIOIIast
MUHAMUKA CUCTeMBbl. MoJenupoBaHUE ITPOU3BOJIU-
noch ans cucteM 10 500 X 8 aToMOB, IIpU 3TOM CHC-
TeMa OTCJIEXHUBAJIa MPOXOXKICHHUE aKcelIepoHa U
CIBUTAJIa CUCTEMY, YTO IO3BOJSIO paccMaTpHUBATh
KacKabl JECATKOB THICSY aTOMOB.

PesynbraTel MoAenupoBaHMs IMOKA3bIBAIOT, YTO
JIMHAMUKAa CHCTEMbI OTBEYAET KAYECTBEHHOU KapTu-
HE IUHAMUKH akceiepoHa. C pacmpocTpaHeHHEM
aKcellepOHa MO KPUCTAJUTY 3HAUCHHE MaKCUMAaJIbHOM
CKOpPOCTH aTOMOB yBenuuuBaetcs. IlomydeHsl 3Ha-
YEHUS JJIsI MaKCUMaJIbHOW JOCTHXKUMOW SHEPTUMU:
HECKOJBKO COTEH 3JIEKTPOH-BOJIBT ISl HU3KUX TEM-
nepaTyp M IOpsAJKa NECATKA 3JIEKTPOH-BOJBT IS
KOMHATHBIX. [Ioka3aHo, 94TO CYIIECTBEHHOE BIFSTHIE
OKa3bIBAIOT PACCESIHUE Ha TETUIOBBIX KOJICOAHHSX.

[IpeanoxeHHbI MEXaHU3M YCKOPEHHUsSI OTIMYa-
eTCSl OT JPYTHX M3BECTHBIX MeXaHW3MoOB. OH TOsB-
JIIETCSL TIPU OMPEJCICHHBIX YCIOBHUSX B HEPaBHO-
BECHOM cucTeMe npu penakcanuu. ITockonbky 3Hep-
THSl YCKOPEHHOM JacTHITI HaMHOTO TpeBsimaeT kT,
MOSIBJICHUE aKCEJICPOHOB MOXET OBITh OJHOH U3
NPUYMH TIOSIBJICHUS Psia aHOMAaJbHBIX SIBJICHUIL:
V3ITYYCHHSI DJICKTPOMArHUTHBIX BOJIH B yiIbTpadmo-
JISTOBOM M PEHTTCHOBCKOHN 00J1aCTSAX, CBA3aHHOIO C
yAapHBIM MEXaHU3MOM BO30YXICHUS aTOMOB, yBe-
JINYEHUs] BEPOATHOCTH HU3KOIIOPOTOBBIX SIIEPHBIX
peaxiuii u np. YCKOpPEHHBIE aTOMBI OyAyT BO30YXK-
JaTh AJIEKTPOHHYIO CUCTEMY, YTO MOXKET MPOSIBUTh-
Csl B MOSABJICHUH IPOBOJUMOCTH, & TAKXKE AIEKTPO-
MAarHUTHOTO H3JIy4YCHUS BIUIOTH N0 PEHTTCHOBCKOM
o0nactu. B miockoCcTH MOBEPXHOCTH KPUCTAILIA BHE
KpUCTAJUTa JIOJDKEH HaONFOAaThCS IMOTOK aTOMOB,
YCKOPHBIIMXCS B KPUCTAJIC U TTOKUHYBIIIHX €TO.

PabGora pmoknanmeiBaach Ha MEXKIyHapOIHOU
koH(pepeHnnn "CoBpeMeHHbIE MPOOIEeMbl (UINKA
MeTauioB", KoTOpas mpoxomwna 7 - 9 okTsaops B
Kuese.

1. B. U. Cyraxkos, Ykp. ¢i3. xypH. 37, 1212 (1992).

2. B. U. Cyrakos, ®TT 35, 2714 (1993).

3. V.1 Sugakov, phys. stat. sol. (b) 200, 19 (1997).

4. V. V. Mykhaylovskyy, V. I. Sugakov, K. Koshino,
and T. Ogawa, Solid State Commun. 113, 321 (2000).
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I''TAHCBKI BUXPOBI CTPYKTYPU
B HAHOPO3MIPUX COEPUYHUX HAHNIBIIPOBIJIHUKAX II POAY

O. M. llleBnoBa

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuig

BypxmuBuii mporpec y HaHOTEXHOJIOTii 3MIiHIOE
Hall 3HaHHS npo (i3mky BuXpoBoro crany[l, 2].
BusiBuiioch, 1m0 100pe BijiomMi aOpUKOCOBCHKI BHXO-
pH, SIKi HECYTb OJMH KBAaHT MOTOKY Ta XapaKTepH-
3YIOTBbCSl TOTIOJIOTIYHOK) CHHTYJISIPHICTIO Mapamerpa
MOPSIZIKY, € CHEePreTHYHO HEBUTiAHUMH B HaHOPO3-
MIpHHUX HAANPOBiTHWKAX. binbie Toro, y HaHOPO3-
MIpHI HaJOpPOBIAHWKH MOXX€ NPUHUKATH TUIBKA
MeBHA KiJBKICTh BUXOPIB, Y TOM Yac sIK y 00’ €MHHUX
HAAMPOBIMHUKAX KINBKICTh BHXOpIiB MOXe OyTH
Iy’Ke BEMUKOI0. TakuM 4MHOM, TEOMETPUYHI PO3Mi-
pH 3pa3ka € AyKe BaXIUBHM IapaMeTpOM, KU
BU3HAYAE THUMH BHUXPOBHUX CTPYKTYD, SKi MOXYTb
OyTH peainizoBaHI B HAHOPO3MIPHUX HAAMPOBITHU-
Kax. EKcrmepuMeHTH MmigTBEpAWIH, L0 IiCHYE mBa
THTIA BUXPOBUX CTPYKTYP, SKi MOXKYTh OyTH peai-
30BaHI B HAHOPO3MIpHUX HAANPOBITHUKAX: a) Oara-
TO BHUXPOBi CTPYKTYpH 3 MPOCTOPOBO PO3MIlICHUM
OJTHO KBaHTOBMMH BHXPOBHMH CTaHaMH Ta 0) akcia-
JHHO CHMETPHYHI TiraHTChKI BUXPOBI cTaHu. [lepmri
CTPYKTYpHU € aHaJIoTOM aOpHKOCOBCHKHUX BUXOpIB B
00’€MHHMX HAJIPOBIJHUKAX, a IHII — MYJIBTUKBAH-
TOB1 BUXOPHU 3 OAMHUYHUM LIEHTPAIbHUM KOPOM.

BuBueHHs HaAMpoBiZHOCTI y CPEPUIHHX HAHO-
PO3MIpHHX 3pa3Kax € OUTbII CKJIaJIHUM, Yepe3 SIBHO
BHpaXCHUH 3-MipHHHA XapakTtep 3amavi. BUXpoBi
CTaHW HAHOPO3MIpPHUX CQEPUYHHUX HAANPOBIIHUKIB
JOCHIDKYBAJIUCh y PaMKax HeNliHidHOTO (yHKIio-
Hana ['in30ypra - Jlannay nns BinmbHOI eHeprii. byio
IIOKa3aHO, 110 TraHTChKUI BUXOP MOXKE BUHUKATH B
HaHOPO3MIpPHOMY HA/IIPOBIAHUKY JPYTOrO POLY.

EBomtontist riranTchkoro Buxopa Oyiia mpoaHalti-
30BaHa JUIsl PI3HUX THUIIB TPAaHUYHUX YMOB, K1 Bin-
MOBIJAIOTh PI3HUM TUIAM MAaTpHUIb, B SKHX MicC-
TUTHCS HAANPOBIIHE BKIIOYECHHS.

1. I'panuys po30iny HaonposioOHUK/6axyym.

OCHOBHI 0COOJIMBOCTI BUTFHOI €HEPrii € TaKUMHU.
3 pocToM pamiyca cheprHIHOTO 3pa3ka 3pOCTaE JHC-
JI0 MOXKJIMBHX BUXPOBUX cTaHiB. [IpupogHuM € Ta-
KOX pe3ysbTaT, 110 KPUTHYHE KOJIE€ 3MEHIIYETHCS 3
pOCTOM pajiyca HaANPOBIIHOTO BKIIOYEHHS [3, 4].
Bennunnay iHTEpBaliB, MO OMUCYIOTH OCHOBHUIA
CTaH, TaKOX 3MEHIIYIOThCSA 3 POCTOM paiiyca cde-
puuHOro BKIIOUeHHs. [Ipy DNEBHMX 3HAYCHHAX
Mar"HiTHUX TOJIB (TaKk 3BaHi MONSA MEPEexXO[iB
H,,_,,y+1) BUHHKAE 3aXOIUICHHS] HOBOTO KBaHTa MOTO-
Ky. BennmuumHM 0uX TOJMIB CYTTEBO Bigpi3HSAIOTHCS
TIPU MaJIUX pajiiycax, ajie 3 POCTOM paiiyca pi3HHUILT
JaHUX BEJIWYMHU 3MEHIIYETHCS 1 TPU JIOCTATHBO

BHCOKHX TIOJISIX BOHHM IPAKTHYHO 30iratothes. Iira-
HTCHKUH BHXOp 3 m > (0 MOXXE€ BUHHMKATH TUIbKH B
chepuuHuX 3pa3Kax, paaiyc sSKUX OUTbIIMI BiJ MeB-
HOI'0 KPUTHYHOTO 3HaueHHs. Hanpukian, riraHtch-
KU BUXPOBUM cTaH 3 m = 1 He MOXKe OyTH peai3o-
BaHWH, AKIIO pajailyC BKIOYCHHS MEHINNH, HiX 2¢,

1.0 —— ¥ F———1———
0.0 02 04 06 08 1.0 12
H/H

c2

BinmpHa eHepris B 3aJIe)KHOCTI BiJi MarHiTHOTO IOJIS IS
TIraHTCHKOTO BUXOpa, JOKaji3oBaHOro Ha cdepi. R = 5E.
l'opuzoHTaNbHA IITPUXOBA JIiHIS BIANOBIAE HYJIHOBOMY
3HAYCHHIO eHeprii. Unciao m mij KpUBUMHE OIHCY€E YUCIIO
CTaHiB TIraHTCHKOT'O BUXOpA.

2. Haonposione exniouenns, pomiwene 6 diene-
KMPUYHITL MaAmMpuyi.

VY naHoMy BHIIQJKy TpaHn4Hi ymMoBH Je JKeHa €
ONbII CKJIATHUMH 1 POSIb JOBXHHHU €KCTPANOJISLii,
SKa BU3HAYAETHCS BIACTHBOCTSIMH MATpHIII, B SKil
po3MimeHe GepudHe BKIIOUCHHS, CTA€ AYXKE CyTTE-
BOIO, OCKIJIBKH TIPH 3MEHIIIEHHI JIOBXKWHH EKCTpAro-
TSIl BiIOYBAa€EThCS CUIIbHE MMOAABICHHS HAIPOBI-
HOCTi. EBOITIOMIS BUXPOBOTO CTaHY € aHAJOTIYHOIO,
SK 1 y MONEepPeIHbOMY BHIIAJKY, aje XapaKTepHi Be-
JUYMHYU, SKi OMNHCYIOTh TOBEIIHKY TiraHTCHKOTO
BHUXOpa, OyIAyTh CYTTE€BO pi3HMMHU. Harpuxman, Be-
JIMYMHA TIOPOrOBOI'0 3HAYEHHS € BHILOI0, HIXK Y I10-
MePeTHHOMY BUITAJIKY .

1. A.K. Geim, I.V. Grigorieva, S.V. Dubonos ef al., Phys.
Rev. B 390, 259 (1997).

2. A.Kanda, B. J. Baelus, F. M. Peeters ef al., Phys. Rev. Lett.

93, 257002 (2004).

V. L. Ginzburg. JETP 34, 113 (1958).

O. N. Shevtsova, Supercond. Sci. Technol. 18, 726

(2005).
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SILICON DETECTOR WITH A POLYETHYLENE CONVERTER
AS A POSITION SENSITIVE DETECTOR FOR FAST NEUTRONS

I. E. Anokhin, O. S. Zinets

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

The objective of the present work is the consid-
eration of the possibility of the coordinate determi-
nation of fast neutrons using a polyethylene film as a
converter and a strip detector for the registration of
the recoil protons. Thus there are two parts of the
problem. The first part is the determination of char-
acteristics of recoil protons penetrated into the strip
detector. It is well known problem and considered in
a number of papers [1, 2]. The second part is the
extracting of the information about incident neutron
coordinates from the data of responses of the strip-
detector on recoil proton tracks. The problem of
registration of short range charge particles was stud-
ied in papers [3 - 5].

Figure shows the principle of the neutron coordi-
nate determination. In the polyethylene film in (n-p)
collisions recoil protons are generated which enter
into the strip detector. They create electron-hole
pairs. Analysis of the charge collected on strips al-
lows obtaining information about the coordinate of
the incident neutron.

Geometry of the coordinate determination
of the recoil proton.

The energy deposited into the strip detector from
a single event (recoil proton generated at the point /4
with the angle 6 from a netron with the energy E,)

5
Edz((En cos’ 8) —[$D (MeV). (1)

For a proton range in polyethylene the following
empirical expression was used [1]

E B
R =R, | —2 1|, 2
? 0[M6VJ @

with parameters R, =20n, #=1.75.
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Points of entering recoil protons in strip detector
create “spot” on the strip detector surface with the
radius

radius of

The  maximum spot is
R, =x,"=03037R_ ath  =0.5681R

spot max *

The charge collected on i-th strip from a single

track / , 18

0 Ciorl) = (sl ) (L), 4)

where f;(x,,/,) is the response (charge collection)

function of the strip-detector.

The total average charge collected from all tracks
on i-th strip is the sum of collected charges from all
individual tracks

0,()=Y a5l = [ Pl r, (5)

x>0

where p,, is the sum of the charge densities of indi-

vidual tracks.

Measurements of average collected charges on
the detector strips allow obtaining information about
the incidence point x, of neutrons between strips.

The accuracy of the coordinate determination de-
pends on the distribution of the proton tracks in the
volume of the silicon strip detector and relation be-
tween ranges of recoil protons and interstrip dis-
tance. When interstrip distance is order of the spot
radius estimations give the accuracy of order of
~0.3R . , where R is the maximum recoil pro-

ton range in polyethylene. For example, for 1 MeV
neutron R__ =20p and the accuracy is 6 p, for

max

2 MeV neutrons R

max

max 2

=67u the accuracy is 20 L.

1. S. Agosteo, C. Birattari, G. D’Angelo et al., Nucl.
Instrum. Methods A 515, 589 (2003).

2. D. S. McGregor, M. D. Hammig, Y.-H. Yang et al.,
Nucl. Instrum. Methods A 500, 272 (2003).

3. J. Kemmer and G. Lutz, Nucl. Instrum. Methods A
253, 365 (1987).

4. A. B. Rosenfeld, V. M. Pugatch, O. S. Zinets et al.,
Nucl. Instrum. Methods A 326, 234 (1993).

5. I.E. Anokhin and O.S. Zinets, Nucl.
Methods A 477, 110 (2002).
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MATHITHA 3AJIEXKHICTh EKCUTOHHUX CIIEKTPIB Y KBAHTOBHUX SAMAX
OIMPOMIHEHUX HANIBMATHITHHUX HAINIBITPOBIJHUKIB

I'. B. Bepuimaxa, B. B. MuxaiioBchkuii, B. . Cyrakos

Incmumym si0eprux docnioxceny HAH Yrpainu, Kuig

VY 3B’A3Ky 3 IIMPOKUM BUKOPHCTaHHAM HH3bKO-
BUMIPHHUX CTPYKTYp aKTyalbHUMH CTAIOTh MHUTAHHS
pamiamiiHoi CTIHKOCTI TakuX CTPYKTyp. MeToro
JaHOi POOOTH € MOCITiHKEeHHS eeKTy, Yy TIUBOTO J0
MIEPEPO3NOALTY JTOMIIIOK Y KBAHTOBIH sMi, CIPHUYH-
HEHOT'O ONMPOMiHEHHsM. Y TomnepeaHiid poOoTi aBTo-
piB [1] mocmimKyBanmcy 3MiHU B €KCHTOHHHUX CIIEK-
Tpax, CIPUYMHEHI OINPOMIHEHHSM HaIiBMarHiTHOL
KBaHTOBOI siMM, 1 OyJIO TMOKa3aHO, IO AUQYy3iiiHe
PO3MHUTTA TaKOi KBAHTOBOI SIMH CYTTE€BO 3MiHIOE€
MIOJIO’KEHHSI €KCUTOHHHUX CMYT. Y HaHid poOoTi Mu
MoKa3alii, 10 PO3UICIUICHHS EKCUTOHHUX CMYT Y
MAarHiTHOMY HOJi € Yy TJIUBUM A0 03U ONPOMiHEHHS
1 MOXe 1CTOTHO 301JIbIITyBaTHCS.

Sk BigoMoO, y HamiBMarHiTHUX HaIliBOPOBIIHUKAX
iCHye cuibHa OOMiHHA B3a€EMOJis HOCIiB 3apsmy 3
Mar"HiTHUMH ioHamu [2]. OcKiabkH 111 0OMiHHA B3a-
emogis (0,1 - 1 eB) 3nauHO mepeBuUIIye MPsIMY B3a€e-
MoJit0 HociiB 3 MaraiTHuM noneM (10 - 10” eB y
MarHiTHOMY nomi nopsiaky 1 T), To opienrtanis crmi-
HIB MarHiTHUX JOMIIIOK Y 30BHIIIHBOMY MartiTHO-
MY TIOJi TIPUBOJHUTH JO CHIILHOI 3aJIE)KHOCTI TOJIO-
YKCHHSI eKCUTOHHUX PiBHIB BiJl MarHiTHOTO IOJISI.

100'_ PoswennenHs, weB
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0 2000 4000 6000 8000 10000 12000
Po3mierieHHss eKCHTOHHOTO PiBHS B MAarHITHOMY IO

B =5 T 3anexHo Bix 9acy OIpOMiHEHHS.

Skuio kBaHTOBa siMa (DOPMYETHCS IIAPOM HEMAr-
HITHOTO HamiBnpoBimHuKa (Hanpuxman, CdTe) 3
HaniBMarHitHumMu Oap’epuumu 1mapamu (CdMnTe),
TO B3a€MOJIS JIOKII30BaHUX B M1 HOCIIB 3 Mardit-
HAMH 10HAMH 3YMOBITIOETHCS JIUIIE MPOHUKHEHHSM
XBUJIbOBUX (DYHKIIIH €eKTpoHa Ta IipKu B Oap'epw,
JIe MICTATHCS MAarHiTHI 10HH, a OT:KE, € HEBEIHKOIO.
OnpomiHeHHS TPUBOIUTH 10 MPOHUKHEHHS MarHiT-
HUX 10HIB y KBaHTOBY fIMy, CYTTEBO 301IbIIYIOUN X

B3a€EMOJIIF0 3 HOCisIMA. TakuM YWMHOM, BEITHMYUHA
PO3LICTJICHHS! €KCUTOHHUX CMYT Yy 30BHIIIHBOMY
MarHiTHOMY 1oJIi Ma€ OyTH YyTIMBOIO O ONPOMi-
HEHHJ, SIKE TIEPEepO3IOAIIII€ MarHiTHI 10HU B TETEPO-
CTPYKTYPI.

Jns 3°sicyBaHHS MPOCTOPOBOTO PO3MOILTY Map-
ragiro  Oynmo  chopmMynpoBaHO 1 YHCEIIBHO
PO3B’SI3aHO KIHETHYHI PIBHSHHS I KOHIICHTpAIIii
KaJMil0, MapraHiio, BaKaHCiid 1 MIKBY3EIIbHUX aTo-
MiB[1].

Jlnst po3paxyHKiB eHeprii 3B’s13Ky BUKOPHCTOBY-
BaBCsl Bapiamiiinuii Meron. PospaxyHku mpoBonu-
JUCHh I CTPYKTYP i3 BIAHOCHOIO KOHIIEHTPAIi€I0
10HIB MapraHilfo B IJTMOMHI 0ap’epHuUX mapiB x0 =
=0.15, mmpuna MoHomapy a,= 3,24 A. Jina npsmo-
KyTHOI ~KBaHTOBOi SIMH 3  HaliBMarHiTHUMH
Oap’epaMu pO3MICIUICHHS O+- Ta G -KOMIIOHEHT
€KCHUTOHHOTO TIEPEXO0ly B MAarHITHOMY IIOJIi 3POCTaE
i3 3MEHIICHHSAM IIUPUHHU SIMH, OCKUIBKH B IBOMY
BUNIAJIKy XBHJIbOBA (DYHKIisS €KCUTOHY TJIMOIIE Mpo-
HUKa€ B HamiBMar"iTHi 6ap’epHi mapu. [Ipu ompo-
MiHEHHI MarHiTHi 10HM MPOHHMKAIOTH Y IIap KBAHTO-
BOI SIMM, 1 3 YaCOM EHEprisi EKCUTOHY 3POCTa€ BHa-
CIiIOK 3BYkeHHS aMu. [Ipu 1pomy 3pocTae i pos-
HICTIJICHHSI €KCUTOHHUX CMYT, OCKIJIBKH BCEpearHi
KBAaHTOBOI SIMU TOMILIKH €()EKTUBHIIIE B3a€EMOIIIOTH
3 Hocisamu 3apsamy. Ilpm noctatHeO TpHBaIOMYy
OTPOMIHEHHI KOHIIEHTpAIllisi MarHiTHAX 10HIB CTa€e
BIIMIHOIO Bil HYJISl Y BChOMY ILIapi KBaHTOBOI SIMH,
IIPY IOMY PO3LIETIIICHHS CMYT B SIMaX HaOIMKaeTh-
Cs 3a BEITWYMHOIO JIO PO3MICIUICHHS B Oap’e€pHOMY
MarHiTHOMY Iapi (pUCYHOK).

Takum unHOM, y poOOTi MOKa3aHO, IO HEepepo3-
MTOIUT 10HIB MapraHITio IiJ] Ji€0 ONMPOMIHEHHS IIPH-
3BOJIUTH A0 CYTTEBOTO 30UIBIICHHS PO3IICIUICHHS
PIBHIB €KCHUTOHIB y MarHiTHOMY MOJi y KBaHTOBIi
sMi. SIBuie moB’si3aHe 3 MPOHUKHEHHSM 10HIB Map-
TaHLIO Y KBAHTOBY sIMY, III0 3yMOBJICHO JBOMa YHH-
HUKaMHM: PO3IrpiBOM 3pa3Ka ONPOMIHEHHSIM Ta yTBO-
pPEHHSAM TOYKOBHX Je(EeKTiB, IO MNPHU3BOAWTH IO
NpUMIBHIIIECHHS AUQy3il Mapranipo. YHaCIiJoK
BOTO €()EeKT TiraHTCHKOTI'O CHiHOBOTO PO3IICIUICHHS
CTa€ OLIbII ICTOTHUM.

Pobota ony6OnikoBaHa B xypHam “SnepHa ¢izu-
ka Ta enepreruka”, 2008, Ne 1(23), C. 69.

1. T. B.Bepuimaxa, B. B.Muxaiinosckuii Ta B. 1. Cyra-
KoB, 30. Hayk. mpaup [H-Ty spepHHX mocm. Ne 2(15),
97 (2005).

2. A. B. Komapos, C. M. Ps6uenko, O. B. Tepnenxuii u
op., KOTD 73, 608 (1979).
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PAJIIALIIMHA ®I3UKA TA PAJIIALIIMHE MATEPIAJIO3HABCTBO

MOJIEJTIOBAHHSI B CUCTEMAX PAIAIIMHAX BUMIPIOBAHD

B. B. KoBajenko

Hnemumym adeprovix uccnedosanuti HAH Yxpaunvl, Kueg

AHaM3YyIOThCA TOMUPEHI METOAW BHMIipPIOBAaHHS
pPO3MOTy IHTEHCUBHOCTI B IOTOKax I1OHI3YHOUUX
BHIIPOMiHIOBaHb. BCTaHOBIEHO, IO B CBOI Oijib-
IIOCTi 3aCTOCOBYIOTHCSI «HEMPO30Pi» METOTU BHMi-
pIOBaHb, MO0 OOMEXYIOTh MOMIJIMBOCTI pamialliifHIX
JOCITi/KEHb.

[IponoHyeThCs MUIAX peanizalii «Ipo30pUx» Me-
TOJIB pajiarlifHuX BUMIPIOBaHb.

OOroBOpIOETHCS METO]T BUMIPIOBAHHS JIOKAJILHO-

rO PO3MOATYy IHTEHCHBHOCTI BHUIPOMIHIOBAaHHS B
pexxumi peanbHoro uacy. [lepembaueHo BHKOpHC-
TaHHA MaTeMaTUYHUX METoAiB 00poOku iHpopmaii
Ha EOM 3 3acTtocyBaHHSIM IepeTBOpeHb pojioHa. Lle
JTO3BOJISIE BUMIPIOBATH PO3MOJUINA IHTCHCHUBHOCTI B
MOTOKAax pajialii He MmepepuBaldy eKCIEPUMEHT.

PosrisinatoTbess  €KCIIEpUMEHTAIBHUM Tporpam-
HO-anapaTHU KOMIUIEKC JIJIS 3MIHCHEHHS 3aIpoIio-
HOBaHOI METOJIUKH.

PAITMAITMOHHASI YCTAHOBKA JIJISI TEXHOJOTHMYECKHX HUCCJEJOBAHUI
U MPOU3BOJCTBA JOPOXHBIX IMOKPBITUM

B. K. Caxno

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

O6cyxnatorcss mpoOiieMbl  cozmanus B MAU
HAH VYxpawnbl cnenmuanm3upoOBaHHON paauaiioH-
HOM YCTaHOBKHM HJISi TEXHOJIOTHYECKHX HCCIEIOBA-
HUUA ¥ MPOU3BOJACTBA OMNBITHBIX MAPTUH YyIIydIlICH-
HBIX JOPOKHBIX MOKPBITUH. ¥YCTaHOBKA CO3/1aHA Ha
0a3e TPOMBIIUICHHOTO 3JIEKTPOHHOTO YCKOPHTEINS
cepun «NEeKTpoHUKa». [IpuBOAUTCA KOMILIEKC CIie-
OUANBHBIX MOMAIYYKOBBIX YCTPOWCTB, NpeaHa3Ha-
YEHHBIX JJIA UCCIIEAOBATEIBCKUX U IPOU3BOJICTBEH-
HBIX IIeJied U CO3MaHHBIX MJIS yKOMIUIEKTOBAHUS
YCTaHOBKY TIPH €€ aanTalyy Mol HOBbIE 3a1a4u. B
WX YHCIIC - YCTPOMCTBA TEPEMEIICHUS 00ITyIaeMbIX
MaTepHaioB B pPaJUallMOHHOM I0JI€, YCTPOUCTBA JIsI

paualMOHHBIX M3MEPEeHUH, YCTPOWCTBAa aBTOMATH-
ku u ap. Ilokazansl Takxe mpobIeMbl MOJIEPHU3A-
OUHU IITAaTHOI'O O60p}/I[OBaHI/I}I YCKOpUTEIA A T10-
BBILLICHUS €r0 SKCIUTyaTallMOHHON HaJeKHOCTH TPH
IUTUTEIIEHON HENpPephIBHOM padoTe.

Omnucanbl 0a30BbIE METO/BI BBIMIOJIHEHUS HA HEl
TEXHOJIOTHYECKHX HCCIIEIOBaHUH, a TaKke 0CoOeH-
HOCTH JKCIUTyaTallid YCTAaHOBKH B PEKUME IPO-
MBIIIUIEHHBIX 00TydaTeNbHBIX paboT MpH MPON3BOI-
CTBE MOJU(PHUIIUPOBAHHOTO ac(aabTOOETOHA.

Pabora BhIMONHEHA TpH TOAJEPXKKE MPOEKTa
YHTLI Ne 1369.

HUCCIIEJOBAHUSA U PABPABOTKHU PAAUALIMOHHBIX METOJAOB INTPOU3BOJICTBA
VJAYUYIIEHHBIX JOPOXHBIX IMOKPHITHIA
C IOMOIIBIO YCKOPHUTEJIA SJIEKTPOHOB

HU. H. BumneBckuii, A.I'. 3eaunckuii, A. B. Caxno, B. . Caxmno,
C.II. Tomuaii, T. B. Xpun, H. B. XanoBa

Hnemumym aoepuvix uccnedosanuti HAH Yrpaunvl, Kues

OO6cyxmaeTcst pa3paboTaHHBIM B YKpawHe pa-
JUALUOHHBIA METOJ TMOJYYECHHUS BBICOKOIPOYHOTO
acdanpToOeTOHAa C HCHONB30BAaHUEM YCKOPHTENS
3JEKTPOHOB € sHepruer 5 MsB. Meton peanuzyer
W3HOCOCTOWKHE MaTepHaibl JUIsl TOPOXKHBIX TTOKPHI-
THH C HCHONB30BaHHEM IOJUAMUIHBIX BOJIOKOH,
MOJy4aeMbIX IPHU MEepepadOTKe M3HOLIEHHBIX aBTO-
muH. Ero nprMeHeHne OHOBPEMEHHO pellaeT JBe
Ba)KHbIE MPOOJIEMBI — MOBBIIIEHHE KCIUTyaTallHoH-
HOW JIOJITOBEYHOCTH MOKPBITUS OPOT U YTHIIM3a-
LU0 OMOJIOTMYECKH ONACHBIX KOMIIOHEHTOB Iiepe-
pabotku aBromuH. [IpuBOAATCS OCHOBHBIE (PH3HKO-
MEXaHMYECKHE XapaKTEPUCTHKH HOBOTO MaTepHala.

B ocHOBe METOIUKH JIEKUT MHUKPOApPMHUPOBAHHUE
achalbTHO-OUTYMHBIX CMeCEH MOJUaAMHIHBIM BO-
JIOKHOM U3 pa3/elaHHBIX M3HOLICHHBIX aBTOMO-

IIIOPIYHUK - 2008

OMIBHBIX MIMH. B 3TMX MeTomax ¢ MOMOIIbIO YCKO-
pUTeNs pemaroTcs npodieMbl TOBEPXHOCTHOHN aKTHU-
BallM MOJIMAMHUIHOTO BOJIOKHA C LENIbI0 00pa3oBa-
HUsl (U3UKO-XMMHUUYECKUX CBA3EH U ¢ OUTYMHBIMU
cBs3yromuMu achanpbroderona. [lomydeHHbld B pe-
3yJNbTaTe KOMIIO3UTHBIA Marepuayn 00JIagaeT BBICO-
KOW M3HOCOYCTOMYMBOCTBIO, MUHUMAJbHBIM IOIJIO-
LICHUWEM BJIard W pacllMpEeHHBIM AHANa30HOM pado-
yux Temneparyp. llpu peanuzanuy METOIUKH pe-
IIeHBl TEXHWYECKHE MPOOIeMBbl OONyYeHHUS MOMIH-
(uIUpyemMBIX MaTepHasioB, ONPENEIeHbl ONTUMAIIb-
HBIE TIapaMeTpbl CTaJui TEXHOJIIOTHYECKOrO periia-
MEHTa paguaIlMOHHONH 00pabOTKH KOMIIOHCHTOB MO-
T(QUITUPOBAHHBIX CMECEH.

PaboTta BbImonHeHa TpU TOAJEPKKE MPOEKTa
YHTLL Ne 1369.
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AHoTauii pobiT 3 Pi3nku nnasmu

THEORY OF THE GENERATION OF KINETIC ALFVEN WAVES
BY NON-CONVENTIONALGLOBAL ALFVEN EIGENMODES

O. P. Fesenyuk, Yu. V. Yakovenko, Ya. I. Kolesnichenko, A. P. Pasichny

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

Alfvén instabilities driven by energetic ions can
deteriorate the confinement of these ions and, in
some cases, even that of the bulk plasma [1]. In pa-
per [2] the deterioration of the plasma energy con-
finement in experiments on the stellarator
W7-AS [1] was shown to be caused by the oscillat-
ing electric field of a kinetic Alfvén wave (KAW)
emitted by an ideal Non-conventional Global Alfvén
Eigenmode (NGAE) via tunnelling [3]. In the pre-
sent work, a general theory of the generation of
KAWs by NGAE/RSAE-modes is developed (here
RSAE is Reversed-Shear Alfvén Eigenmode). An
Alfvén wave equation taking into account finite
Larmor radius effects [4] is analyzed. A
Schrodinger-type equation in the radial wave num-
ber space for localized NGAE modes is obtained.
NGAE modes are represented by quasi-steady states
in this equation when the potential has one or two
central minima enclosed by two maxima. A neces-
sary condition of their existence is obtained. The
energy of NGAE leaks out of the central region and
transforms into the energy of a KAW, which leads to
the radiative damping of the NGAE mode. An ana-
lytical expression for the radiative damping rate is
obtained with the WKB method. A numerical code
solving the eigenvalue problem for the obtained
Schrodinger equation complemented with a condi-
tion of the absence of incident waves is developed.

This code is checked by comparison with a code
for quantum mechanics scattering problems, which
has been previously developed by A. P. Pasichny.
The maxima of the transmission coefficient D calcu-
lated with the latter code correspond to quasi-steady
energy levels.

110
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0 1
D

Numerical calculations of the eigenfrequencies and the
KAW transmission coefficient D for the parameters of the
W7-AS discharge #40173 [1, 2]. Left: thick horizontal
lines represent the effective energy levels € (normalized
frequencies) calculated with the first code, thick curves
sketch the corresponding wave functions; thin curve
shows the dependence of the potential V on the normal-
ized radial wave number p. Right: & versus the KAW
transmission coefficient D calculated with the second
code (the scales of € are the same on both graphs).

The developed theory is applied to the W7-AS
discharge #40173. The results of calculations with
both mentioned codes are as follows. It is found that
there exist two eigenfunctions, one of them having a
knot at p = 0 (see Figure), which agrees with the
experiment. The calculated KAW transmission coef-
ficient has sharp maxima at the eigenvalues, reach-
ing unity. The NGAE damping rates are y/o = 5 X
x 107 and y/® = 107 for the lower frequency and
higher frequency, respectively. They are in good
agreement with analytical expressions obtained with
the WKB method.

1. A. Weller et al., Phys. Plasmas 8, 931 (2001).

2. Ya. L. Kolesnichenko et al., Phys. Rev. Lett. 94,
165004 (2005).

3. R. R. Mett and S. M. Mahajan, Phys. Fluids B 4, 2885
(1992).

4. O. P. Fesenyuk et al., Plasma Phys. Control. Fusion
45,1 (2003).
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OI3UKA ITJIA3MU

EFFECT OF THE TOROIDAL ASYMMETRY ON THE STRUCTURE
OF TAE MODES IN STELLARATORS

Yu. V. Yakovenko,1 Ya. l. Kolesnichenko,1 V. V. Lutsenko,1 A. Weller 2, A. Werner >

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Max-Planck-Institut fiir Plasmaphysik, Greifswald, Germany

Instabilities of Alfvén eigenmodes (AE) are often
observed in tokamaks and stellarators. In spite of
considerable similarities between AEs in tokamaks
and AEs in stellarators, the lack of axial symmetry
in the stellarators results in important differences
between them. In particular, it was found recently
[1] with the use of the ballooning formalism that
weak toroidal asymmetry can result in strong tor-
oidal anharmonicity of the Torodicity-induced AEs
(TAE), which are often observed in tokamaks and
stellarators. The reason for this lies in the degenera-
tion of the TAEs: For each TAE mode, there is an
infinite set of modes with approximately the same
frequency and location. Therefore, even weak
asymmetry can couple TAEs with different tor-
oidal mode numbers (7), producing anharmonic
modes. The aim of this work is to study numerically
this effect for modes with low #», for which the bal-
looning formalism is not applicable.

To achieve this aim, we study a set of TAEs with
the same location with the new code BOA-en. A
low-shear configuration similar to that of Wendel-
stein-line stellarators with the number of the field
periods N =4 is taken. The chosen modes are cou-
pled by the (4,1)-harmonic of the plasma shape (i.e.,
the harmonic o< cos(46 — N¢) , helical quadrangular-

ity; here € and ¢ are the poloidal and toroidal an-

gles, respectively). When this harmonic is switched
off (the configuration is axisymmetric), the code
finds a set of modes harmonic in ¢ . When the cou-

pling is switched on, strongly anharmonic modes
appear (see example in Figure). These modes cannot
be characterized by a specific n, having comparable
contributions of different toroidal harmonics. The
period of the anharmonic modes in the toroidal di-
rection is determined by the periodicity of the har-
monic producing the coupling. The amplitude of an
anharmonic mode strongly varies with ¢, which

may be important for diagnostics (probes at different
toroidal positions may measure very different mode
amplitudes). The appearance of strongly anharmonic
states was observed for rather global modes (with n
as low as 6 and sometimes 2 and with the width
reaching 1/3 of the plasma radius).

A relationship between the poloidal and toroidal
numbers of the TAEs (m and ), the numbers u

IIIOPIYHUK - 2008
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¢
The calculated toroidal structure of the potential of an
eigenmode at different radial coordinates » and 6=0.
The eigenmode consists of harmonics with n =6, 10, and
14; a is the plasma radius.

and v of the coupling harmonic (o< cos(¢8—VN@)),

and the rotational transform (z) at the point of the
mode localization (the “selection rule”) can be ob-
tained. It follows from this relationship that even N
and low aspect ratio of the device are favourable for
the appearance of strongly anharmonic TAE:s.

This work was carried out within the Partner Pro-
ject Agreement P-034g between the Science and
Technology Center in Ukraine (STCU), KINR, and
Max-Planck-Institut fiir Plasmaphysik, the Project
Agreement 4588 between STCU and KINR, the
Project M/52-2008 of the Ministry of Education and
Science of Ukraine, and the Co-Operation Project
WTZ-UKR 06/005 of the International Bureau of the
Federal Ministry of Education and Research
(BMBF) of Germany.

This work was reported at the 22" IAEA Fusion
Energy Conference (Geneva, 13-18 October 2008)
and published in the Conference Proceedings (http://
www-pub.iaea.org/MTCD/Meetings/FEC2008, Re-
port TH/P3-12).

1. Yu. V. Yakovenko et al., in Proc. of the 10" IAEA TM
on Energetic Particles in Magnetic Confinement Sys-
tems, Kloster Seeon, 2007 (IAEA, Vienna, 2008),
Rep. 1v.03.
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AHOTALI POBIT

JPEM®OBO-3BYKOBI TA JPEH®OBO-AJIb®BEHIBCHKI BJIACHI MOIH
B CTEJIAPATOPAX I TOKAMAKAX

1. Ko.necrmqem(ol, B. B. JIxuemcol, A. Beﬂ.ﬂepz, X. T0MceH2,
10. B. SIxosenxo', M. Iaiirep’, A. Bepuep’

1 . . .
Tuemumym a0eprux docnioscens HAH Yrpainu, Kuig
2 . o .
Tuemumym ¢hizuxu naazmu Maxca I[Tnanka, I paiighceanvo, Himeuuuna

[MoOynoBaHO TEOPif0 HU3BKOYACTOTHUX XBHJIIbHO-
BHUX SIBHI y TOPOIiNalbHHUX IDIA3MOBHX CHCTEMax
TAmy  “‘crenmapartop”’ Ta ‘“‘Tokamak’, siIKa BpPaXOBYE
e(eKTH CKIHYCHOI JIiaMarHiTHOI YacCTOTH 1 CTHUCIIH-
BOCTI Mja3MH. BHKOPHUCTOBYIOUM WIO TEOpiI0 Ta
CTBOpPEHHMI Ha ii OCHOBI UYHCIIOBHI KOX, a TaKOXK
pe3yIbTaTH EKCIIEPUMEHTIB Ha HIMEI[bKOMY CTeJia-

paropi Bengensmraiin 7-AC (30kpema, Ti 110 mpen-
cTaBlieHI Ha pHc. 1), BiZKpuTo Apei(oBO-3ByKOBi
BJIACHI KOJMBAHHS Ta HOBUHU TUI ApeiidoBo-anbdpe-
HIBCHKUX BJIACHUX KOJIMBaHb Y TOPOiJallbHIN M1a3mi
(puc. 2). Li pesynbraTu nomnosinanucs Ha 22-i KOH-
¢depenuii MAI'ATE “Fusion Energy Conference”
(*Kenena, sxoBTeHb 2008 p.).

Puc. 1. TomorpadiuHa pPEKOHCTPYKLIsI €KCHEPUMEHTAIBHUX AaHUX M’SIKOIO PEHTTeHIBCHKOTO BHUIPOMIHFOBAHHS ITiJT
yac HecTifkocTi B po3psiai #39029 crenaparopa Benaensmraita 7-AC. Brucoko4acToTHI MO 00CpTAIOTECS B iI0OHHOMY
JliaMarHiTHOMY HalpsIMKY, Y TOW Yac Ik HU3bKodacToTHa Moja (9 kI'I1) — B €JIeKTpOHHOMY.

#39029 #40173
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1) (6) ‘r’[‘l_g@xeﬂhs MOAN
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Puc. 2. Yucnose mozentoBaHHs HecTiiikocTel y crenaparopi Benpensiuraitn 7-AC: a — npeiidoBo-3ByKOBI KOJIMBaHHS;
6 — npeiidoBo-anbhBeHiBchbKi KonuBaHHs. CyliibHI KPHUBI PENpe3eHTYIOTh KOHTHHYYM, (g - I'€0Je3MYHa 4acToTa,
(+ . — 10HHA/€JIEKTPOHHA [iaMarHiTHa 4acToTa. 3HaiilleHi BIacHI MOAM JIOKAJIi30BaHi NOOIN3Y eKCTPEMyMiB KOHTHHY-
YMHHX KPUBHX.
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OI3UKA ITJIA3MU

PE3VJbTATH ®OKEP-IUIAHKIBCLKOI'O MOJEJIOBAHHSI AJIb®A-YACTUHOK
CHUHTE3Y B MIDKHAPOJHOMY EKCHEPUMEHTAJIbHOMY TOKAMALI-PEAKTOPI
(ITER)

B. O. sIBopenkuii?, B. 1. Fono6opoasko'?, JI. I'. Epikcon’, B. Kinrtinmii', K. lllong’, C. Illapanos*

! Inemumym soeprux docnioocens HAH Yipainu, Kuig
’Incmumym meopemuunoi gizuxu Incopyyvrozo yuicepcumemy, Incopyx, Aécmpis
3Acouiaui;z EURATOM-CEA, CEA/DSM/DRFC, CEA-Kaoapaw, @panyis
‘Kanemcvkuii nayxosuii yenmp, A6inzoon, Benuxobpumanis

Anbpa-vactunkn B ITER matumyTs Baromwuii
BIUTMB Ha ITUIa3My Ta HAa CTIHKH KaMmepH 3aBISKU
3HAYHIH TOTYXKHOCTI simepHoro cunrtesy [1]. Tomy
po3pobka cuenapiie ITER Bumarae neranbHOI iH-
¢dopMmarii sk mpo anbda YaCTUHKA CHUHTE3Y, IO
YTPUMYIOTBCS B IUTa3Mi, Tak 1 TIPO BTPATH TaKHX
YaCTHHOK 13 1ia3Mu. HeoOxinHa iHdopMallis Moxe
OyTH OTpUMaHa 3a JONOMOIOI0 TPHUBHUMIPHOTO B
MpoCTOpi iHBApiaHTIB pPyXy (OKep-TIaHKiBCHKOTO
MOJIENIIOBaHHsI (PYHKIIT po3noniny anbda yacTHHOK
[2]. [IpoBeaeni B poboTi [2] po3paxyHKH JIEMOH-
CTPYIOTh BHCOKY YYyTIUBICTH pO3MOIiTY anbgda-
YaCTHHOK T10 IIBHUAKOCTSX Ta MPOCTOPOBHUX KOOPIH-
HaTax JI0 clieHapiiB ruiasmu. PajianbHa HEoHOPIA-
HicTh Jpkepena mpoaykrie DT curesy mpusBoauthb
JI0 CYTT€EBOI aHI30TPOMIl PO3MOILTY alb(a-dacTHHOK
10 TO3[0BXKHIM IIBUIKOCTI Ta BIAIIOBIAHO IO 3HAY-
HOTO CTPyMy ITMX YaCTHHOK, jo(R, Z). Ha 30BHim-
HBOMY OOBOJII TOpA j, MPOTIKAaE B HAIPSIMKY OCHOB-
HOTO CTPYMY B ILIa3Mi, jio, @ HA BHYTPIIIHBOMY — Y
HaTpSIMKY, TPOTHWIICKHOMY 0 jio. CHiIl 3ayBaXkHTH,
10 aHI30TPOMis PO3MOAUTY alb(a-4aCTHHOK CIIPH-
quHSIE CTPYM eNeKTPOHIB [3] jo=<jo> - (1 - ZoF o/ Zesr),

2 T T T
/B=15MA/5.3T
N 151 a '.'.--.--l--n-'.' ' |
= ’ \
g 1+ o B-Jou ASTRATL Y .
05 a0 Jde, 3DFPR] oy
g%rA A
%’
0l
1 ' : % :
s, /B=OMA/5.3T p |
o [ ] H
~ 051 ‘BAR 4 -
= 4
<
=
~ 0}
x
i - Jior, ASTRA [1]
05 | —0—JoJe, 3DFP[2]
4 5 "6 7 8

R, m

Crpyw, iniuifioBanuit mBuakumu (E > 330 xeB) ansda-
YaCTUHKAMH, o - je, B IUIOIIKHI ekBaropa iasmu ITER B
IHAyKOiiHOMY (CyLijbHA KpUBA, PUCYHOK g) Ta CTallloHa-
pHOMY (CyLiJIbHA KPHBA, PUCYHOK 0) pexumax. [IyHKTH-
poM 300paxkeHO cTpyM 0e3 ypaxyBaHHsS BKJIany anbga-
YaCTHHOK.
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ne F, — nons mpoJiTHUX €NeKTPOHiB, a <...> 03Hauae
YCepeOHEHHs 0 MarHiTHii moBepxHi. OCKIIBKH J.
YaCTKOBO KOMIICHCYE CTPYM jo, TO MOBHHUI CTpyM,
IO iHIIIIOETHCS anb(a-yacTUHKAMH PiBEH jo-j.. Ha
PHUCYHKY TpezcTaBiieHo Tpodini jq - j. B eKBaTOpia-
TBHIN TuTommHI 1718 cueHapito 2 (I/B = 15MA/5.3T)
ta crenapito 4 (I/B = 9MA/5.3T) [1]. Hmst mopis-
HSIHHS HABEICHO MpOoQisli MOBHOTO CTPYyMY jior [1],
10 HE BpaxoBY€ BKIAAy BiA aib(a-4acTHHOK. 3a-
YBa)XUMO, 110 B cLeHapii 4 cTpyM anb(da-4acTHHOK
3pIBHIOETHCS TI0 BEJNWYHHI 13 OCHOBHHM CTPYMOM Y
ia3Mi. BaJImBuM € Tako BKJIaJA alb(a-4acTUHOK
y HarpiBaHHS Ta o0epTaHHA mia3Mu. OYEeBUIHO, 110
po3pobka crmenapiiB ITER Bumarae camoysromxke-
HOT'O BpaxyBaHHs BIUIMBY aib(}a-dyaCTHHOK SK Ha
piBHOBary, Tak i Ha OCHOBHI TapaMeTpPH TUIa3MH.

Y po6oTi [2] mpoBeneHO PO3PaXyHKH ITOJIO0IATh-
HUX Tpo(diTiB TYCTHHM Ta TOTYXHOCTI anbQa-
YaCTHHOK CHHTE3Y IMepeAaHoi KOMIIOHEHTaM OCHOB-
HOi mna3mu. Takox y HiIi JOCHIIKYIOTBCS BTPaTH
anb(}a-yaCTUHOK 32 PaxXyHOK KYJIOHIBCHKHX 3iTK-
HEHb 3 YACTHHKAMHU OCHOBHOI IIJIa3MH.

BurcHOBKY IPOBEIEHOT0 MOJICIIIOBAHHS:

1. KynoHiBCcbKi 3iTKHEHHS TPUBOIATEH JO 3HA-
yHUX BTpar (6mu3beko 25 - 30 %) 4acTKOBO Tepmali-
30BaHuX anbda-yactuHok (£ > 0.33 MeB). Enepre-
TU4YHI CIIEKTPU TaKUX BTPAT HAJ3BUYANHHO YyTJIHBI
1o cuenapiiB ITER.

2. AmizoTpomis po3nofiny anb}a-4aCTHHOK
CHHTE3y IO IIO3IOBXKHIM IIBHUAKOCTI CHpPUYUHIE
3HauHMA cTpyM y 1wiasmi ITERa. ¥V cramionapaoMy
cueHapii cTpyM iHiliHoBaHUH anbda-yaCTUHKAMH
3pIBHIOETHCS 10 BEIUYMHI i3 CTPYMOM y TUIa3Mi 3a
BIJICYTHOCTI 3a3Ha4eHOi aHI30TPOITii.

3. Pos3poOka cueHapiiB TOKamaka-peakTopa
ITER BuMarae caMOy3roJUKECHOIO BpaxyBaHHs
BIUIUBY ajb(a-4acTHHOK CHHTE3Yy Ha piBHOBAary Tta
napamMeTpH TUIa3MHU.

1. A. R. Polevoi et al., J. Plasma Fusion Res. SERIES 5,
82 (2002).

2. V.Yavorskij et al, 35" EPS Plasma Physics
Conference, Crete, P1.087 (2008).

3. S. P. Hirshman, Phys. Fluids 31, 3150 (1988).
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EXCITATION OF THE BETA-INDUCED ALFVEN EIGENMODES BY MAGNETIC ISLAND

V. S. Marchenko, S. N. Reznik

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

Recently, a very interesting observation at FTU
tokamaks was reported [1]: in purely ohmically
heated discharges (without energetic particles), os-
cillations with frequencies close to the compres-
sional gap of the Alfven continuum have been ob-
served that accompany the development of magnetic
islands. These modes represented a pair of the
counter-propagating waves with the same helicity as
magnetic island, and formed standing wave structure
in the island frame. The excited modes had frequen-
cies an order of magnitude higher than the island
frequency. It is important to note that quasi-coherent
oscillations in the same frequency range have been
observed in the ohmic plasmas with magnetic is-
lands in T-10 [2] and TEXTOR [3] tokamaks.

Although later these oscillations have been relia-
bly identified as tearing parity beta-induced Alfven
eigenmodes (BAE) [4], the excitation mechanism
remains a mystery, which motivated present work.
The puzzle here is that such low-mode-number BAE
cannot be excited by the radial gradients of the
plasma pressure, in contrast with their high-mode
number counterparts [5]. In the present work it is
shown that BAE can be excited due to poloidal gradi-
ent of the equilibrium distribution of the thermal ions,
which is induced by the island and leads to ion Lan-
dau damping reversal due to magnetic drift effect.

The final expression for the growth rate in a par-
ticular FTU shot #26644 analyzed in Ref.[4] is given

by
1 w
¥ =-200s {2+G(XH. )

The first term in the square brackets on the right-
hand side of Eq. (1) is the ion Landau damping due
to gradient of the equilibrium distribution in velocity
space, which was calculated numerically in Ref. [4].
The second term, with w(A) the island (BAE) half-
width, is the driving term induced by the island,
which is calculated in the present work (Figure).
One can see from Figure that the threshold for BAE
excitation is rather low, (w/A), =~ 0.6, consistent
with experiment. The reason is that BAE in these
experiments are very “thin” modes, with radial elec-
tric fields exceeding by more than order of magni-
tude the poloidal ones. Therefore, even small pol-
oidal gradient induced by the island provides an
efficient free energy source.

G 2

Driving term versus magnetic island half-width norma-
lized to the BAE half-width. Horizontal line denotes
threshold for BAE excitation in the FTU shot #26644.

In summary, it is shown that poloidal gradient of
the equilibrium distribution function of thermal ions,
induced by combined effect of the geodesic curva-
ture and magnetic island, can provide the source for
excitation of the beta-induced Alfven eigenmode.
This mechanism is similar to excitation of the geo-
desic acoustic mode due to horizontal polarization of
the plasma during ion cyclotron resonance heating
[6]. Estimates show that this mechanism can be re-
sponsible for BAE excitation during tearing mode
activity in FTU ohmic plasmas [1].

This work was carried out in the framework of
the Project No. 4588 of the Science and Technology
Center in Ukraine.

1. P. Buratti et al., Nucl. Fusion 45, 1446 (2005).

2. P. V. Savrukhin and V. V. Volkov, Phys. Rev. Lett.
92, 095002 (2004).

3. O. Zimmermann ef al., Proc. 32™ EPS Conf. on
Plasma Physics and Controlled Fusion, Paper P5-055.

4. S. V. Annibaldi ef al., Plasma Phys. Control. Fusion
49, 475 (2007).

5. A. B. Mikhailovskij and S. E. Sharapov, Plasma Phys.
Rep. 25, 803 (1999).

6. V.S. Marchenko, Phys. Plasmas 13, 060701 (2006).
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EXCITATION OF THE ALFVEN EIGENMODES BY LOCALIZED ENERGETIC IONS
IN OPTIMIZED STELLARATORS

V. S. Marchenko

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

Destabilization of various Alfven eigenmodes
(AE) by energetic ions has been observed in many
experiments on tokamaks [1] and stellarators [2]. As
far as stellarators are concerned, most of the theo-
retical work has been devoted to AE excitation by
circulating energetic ions [3]. The reason is that
tangential neutral beam injection (NBI) is the domi-
nant tool for plasma heating with energetic ions in
modern stellarators. However, with development of
the quasi-symmetric [4] and quasi-omnigeneous
stellarator designs, which are characterized by good
confinement of trapped energetic ions, the minority
ion cyclotron resonance heating (ICRH) becomes an
attractive possibility. Therefore, it is of interest to
investigate the AE excitation by helically trapped
(localized) energetic ions in these optimized sys-
tems, which motivated the present work.

There are several features of the helically trapped
particle motion in optimized stellarators, which dis-
tinguish it from the motion of the toroidally trapped
particles in tokamaks. First, quasi-omnigeneous
stellarators are the “maximum J;” systems, where J,
is the longitudinal adiabatic invariant. This means
that poloidal precession of localized particles is op-
posite to the direction of their diamagnetic drift and,
as a consequence, precessional drift instabilities are
prohibited. The second feature is the presence of the
transitioning (locally passing) particles, which occa-
sionally become trapped in the helical ripples
(Figure). The complications associated with such
hybrid, temporally non-periodic trajectories can be
overcome in the limit of the large number of the
stellarator field periods, N >> ]. In this limit, there
is a strong separation of the characteristic time
scales of the particle motion in the helical and tor-
oidal mirrors (the latter time scale is increased in
comparison with tokamaks due to the presence of
the helical ripples inside toroidal mirror). This
means that transitioning particles, resonantly inter-
acting with AE in the locally trapped state, do not
resonate in the locally passing state (and vice versa).
Finally, the third feature is the large “super-banana”
width, which can exceed the mode width, at least for
“core-localized” (low-shear) AE. In this case, the
power transfer becomes strongly non-local radially.

IIIOPIYHUK - 2008
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.4
The level contours of J; for the locally trapped particles
(thin lines) and the separatrix between locally trapped and
locally passing states (bold line inside the plasma). The
empty region inside the bold line corresponds to the lo-
cally passing states of the motion.

In summary, growth rates of the core-localized
TAE with low mode numbers, driven by localized
energetic ions in an optimized stellarator, have been
calculated in the limit of the large “super-banana”
orbit width. In contrast with tokamaks, both “even”
and “odd” modes typically have comparable growth
rates, except for the case of transitioning particles,
which in the locally trapped state preferentially ex-
cite the odd mode. Comparing the calculated growth
rates with the collisional damping rates on the local-
ized electrons [5], and taking into account weak
interaction of the core-localized TAE with an Alfven
continuum, we conclude that such modes can be
excited during minority ion cyclotron resonance
heating in the low-shear, quasi-omnigeneous stel-
larator Wendelstein-7X, which is now under con-
struction.

1. K.-L. Wong, Plasma Phys. Controlled Fusion 41, R1
(1999).

2. A. Weller et al., Phys. Plasmas 8, 931 (2001).

3. Ya. L. Kolesnichenko et al., Phys. Plasmas 11, 158
(2004).

4. J. Nuhrenberg and R. Zille, Phys. Lett. A 129, 113
(1988).

5. V. S. Marchenko et al, Phys. Plasmas 11, 4616
(2004).
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PE3YJBTATH INPOI'HO3HOI'O ®OKEP-IIVIAHKIBCBKOI'O MOJEJIIOBAHHSI
IOHIB IH?)KEKIII B MIZKHAPOJHOMY EKCIIEPUMEHTAJIBHOMY
TOKAMALI-PEAKTOPI (ITER)

B. O. SIopcukuii?, K. Ilond?, B. 5I. Fono6opoasko'?, M. Uekonemto™, JI. . Epikcon’,
M. XaHZ, B. KinTinm”I", A. KOpOTKOBS, A. Hoaesoii®, C. M. Pe3nnx’, C. ]JlaparmB3

' Inemumym sdepuux docrioocens HAH Yipainu, Kuis
ZIHcmumym meopemuunoi Qisuxu Incopyyvrozo yHieepcumemy, Incopyx, Aecmpis
Kanemcwruii naykosuii yenmp, A6inzoon, Benukoopumarnis
4K0p0ﬂi60bi<ml mexHonoziunull incmumym, Cmoxkeonvm, Lllseyis
’Acoyiayin EURATOM-CEA, CEA/DSM/DRFC, CEA-Kaoapaw, ®panyis
SOpeanisayin ITER, Kadapaw, ®panyin

Bucoxoenepriitai AeHTpOHM, YTBOPEHI BHACIIIOK
TaHreHnilHoi imkekii | MeB HeliTpanbHUX mMydKiB
(IHIT), BimirpaBaTUMyTh BaXXJIUBY POJIb y peamizawii
Ta KOHTPOJI ONTHMAJIBLHUX PEKUMIB TEPMOSIECPHOT
wiasmu B ITER [1]. Hocmimxkenns BBy IHIT Ha
mpolecy B IJa3Mi TOKaMmaka MOTpedye aeTanbHOi
iHdopMarii mpo (yHKIIIO PO3MOALTY 10HIB IyYKa,

=250keB, V”(r:r )>0,

max

I/B=9MA/5.3T

SKa € aHi30TPOIHOI0 B IMPOCTOPI MIBUIAKOCTEH Ta
HEOJHOPIHOIO B TPOCTOPOBHUX KOOpAWHATaX [2].

VY npaniii poOoTi mpenctaBieHo pe3yiabraTtd 3D
(OKep-IUIaHKIBChKUX PO3paxyHKIB (YHKIH po3rmo-
JUTIB MyYKOBUX JICHTPOHIB B CHEPreTUYHOMY Jiara-
30H1 100 keB < E < 1 MeB i po3paxoBani nonoina-
TBHI TpodisTi TYCTHHA AEUTPOHIB 1HXKEKIIi1, CTpyMYy,

E =250keB, V (r=r__ )<0,

03 0.3
I/B=9MA/5.3T
0.2
0.1
% [F) 04 [ 08 1 u
ra

1

Puc. 1.
1 MeB ne#iTpoHiB my4ka B IUIOIIN-
i (A, r) y Bumagky 16,5 MBT

3D ¢ymxuia posmominy Puc. 2. 3D dyukuis posnopiny 250 keB meiitponis myuka B mwiomuni (4, 1) y

Bunaaky 16,5 MBT on-axis + 16.5 MBT off-axis imxekImii B cTamioHapHOMY pe-
xumi B ITER (cuenapiit 4 [3]). JliBuit pucyHok Biamosinae iomam 3 Vy > 0y
off-axis  vaxcumymi pagianbHOT KOOpAMHATH 7* Ha OPOITi, IpaBwMii - ioHam 3 V) < 0,

on-axis + + 16,5 MBT

IHIL.

inimioBanoro IHII, Ta mepenady eHeprii mMy4YKOBH-
MU i0HaMH €JIEKTPOHAaM Ta 10HaM OCHOBHO{ IJIa3MHU.
Takox mpoaHasi3oBaHa CIPOMOXKHICTh A1arHOCTHK
10HIB IHXKEKIIii, o 0a3yI0ThCSA Ha aHATi31 BHIIPOMI-
HIOBaHHS Trama-IPOMEHIB Ta HEWUTpalbHUX AaTOMIB
JEeHTepito i3 Ia3Mu TOKaMaKa-peakTopa.

[Tyukosi mefitponu 3 eHepriero 1 MeB mokasizo-
BaHi B Maiii 00macTi (a3oBOro MpocTopy 3 BEIHYH-
HaMH HOPMOBAHOTO MarHiTHOr0 MOMeHTY, A = uB/E
~ 0,4 (V/V ~ 0,7 - 0,8), Ta MAKCUMaJILHOTO PAJIyCy
Ha opOiTi, #/a < 0.1, ne a - paniyc miazmu (puc. 1).
[liTu-KyTOBE PO3CISIHHS CHPUYMHSE CYTTEBY 130TpO-
Mi3aIlif0 PO3MOALTY YaCTKOBO TEPMAaIli30BaHUX JICUT-
poHiB (£ = 250 keB) mo moB310BXKHIi eHeprii, OgHaK
NepeBaXKHa OUIBIIICTh TAKUX 10HIB 3aIHUIMIAETHCS JIO-
KaJi30BaHOIO B IIEHTPaNBHINA 00NacTi miasmu #/a <
0,3 -0,4 (puc. 2).

OCHOBHi BUCHOBKH IIPOBEICHOT'O MOJICITIOBAHHS:

1. OyHKIiT po3MOALTIB NEHTPOHIB 1HXKEKIIi1, a Ta-

KOX cTpyM, iHimioBanui IHII ta eneprii, mepegani
BiJ] TyYKOBHX 10HIB €JIEKTPOHAM Ta 10HAM OCHOBHOL
1a3Mu, 4y TiuBi 1o cueHapiiB ITER.

2. Amnizotporisi QyHKIIT po3nojiny JeHTPOHIB
My4Ka B MPOCTOPI IBUAKOCTEH MPHU3BOJAMUTH JI0 3HA-
yHoro ctpymy B mia3mi ITER. ¥V nenrpanshiii o6na-
CTi TJIa3MHU B CTAIliOHAPHOMY CIIeHapii CTPyM iHiIli-
vioBanuit IHII, ctanoButh 01m3bk0 50 % Big mOBHO-
ro TOPOIAAIBHOIO CTPYMY.

3. IlpomeMOHCTPOBaHO CIPOMOXKHICTH JiarHO-
CTHK 10HIB IHXKEKIIii, 0 0a3yrOThCsl Ha aHaTi31 BU-
MPOMIHIOBaHHS TaMMa-MPOMEHIB Ta HEUTpaIbHUX
aToMiB geirtepito i3 uiasmu [TER.

1. A. Fasoli et al., Nucl. Fusion 47 (2007) S264.

2. V. Yavorskij et al., 22" TAEA FEC 2008, Geneva,
Switzerland, TH/P3-2.

3. A. R. Polevoi et al., J. Plasma Fusion Res. SERIES 5,
82 (2002).
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TEJIKOHHHUM PO3PAJl IIPU BUCOKHUX TUCKAX APIOHY

B. M. Cno6onsin, B. ®@. Bipko, K. II. llampaii, I'. C. Kupuuenko

Incmumym adepnux docnioxcens HAH Yrpainu, Kuig

Pexxumut poOOTH remiKOHHUX JKEepe IUa3MH J0-
CUTh J00pe BUBYCHI B Jiala3oHi HU3BKUX THCKIB
pobouoro razy, <(10-20) mTop, siki TPUSHATHI AJIs
TEXHOJIOT1H TJIa3MOBO-XIMIYHOT'O BUCOKOACIICKTHOT'O
TpaBJIeHHSI CyOMIKpOHHHMX CTPYKTyp. IIpu BHCOKHX
tuckax, 70 100 mTop i Bumie, ki MOTPiOHI A ae-
SKUX TEXHOJOTIN (30KpeMa, JUIsi BUTOTOBIJICHHS Ha-
HOCTPYKTYP), QYHKI[IOHYBaHHS IHUX JHKEpeN BUBUE-
HO 3Ha4yHO ripme. Y poOOoTi AOCHTIKEHO PEKUMU
TEIIKOHHOTO PO3PSIY Ta COCOOM KepyBaHHS HUM Y
Jliana30Hi BUCOKUX THUCKIB MOJICIIBHOTO ra3y-aproHy.

BuKOpHCTOBYBAJIOCH IPKEPENO 3 METAIEBOIO PO3-
psagHOIO Kamepor miameTpa 20 cM Ta JOBXKHHH
30 cM, 3 ONHOTO TOpIS OOMEKEHOI KBapIOBHM
BIKHOM, 3a SIKUM pO3TallOBaHa IJIOCKa 30yIKyloua
aHTEHa, a 3 IHIIOI0 — METAJEBHM TEXHOJIOTIYHHM
cronukoMm [1]. AHTeHa x)uBmiack Big BU reneparo-
pa wacroru 13,56 MI'1 i moTtyxHocTi 1o 2 kBT. Ma-
THITHA CHCTEMa CKJIajajiach 3 YOTHPHOX COJICHOIMIB
3 HE3aJIe)KHO PeryJibOBaHUMH CTPyMamH, L0 JO3BO-
JSUTO CTBOPIOBATH MarHiTHE MMOJie Pi3HOT BETUYHHU
Ta KOHQIrypartii.

3aie)KHOCTI TYCTHHU IIJIa3MH BiJl MarHiTHOTO I10-
JIs1, BUMIPSIHI HA OCI CUCTEMH MOOJHM3Y TEXHOJOIid-
HOT'O CTOJIMKa, IMOKa3aHo Ha puc. 1 Ta 2 BiJMOBIIHO,
qnsg Hwkdoro (3 - 20 mTop) Ta Bumoro (20 -
100 mTop) niamazoHiB THUCKY aprony. Ik BUAHO, Y
HIKYOMY Jiama3oHi mpu 301IbIIEHHI MarHiTHOTO
noJsi BigOYBaIOTHCS CTPUOKH PEXHUMIB poO3psiay i3
3MEHIIIEHHSIM TYCTHHH Ta3Mu. KpuTudHi mons, mo
BIZIITOBITAIOTH CTPHUOKAM, 3pOCTAIOTh 3 THCKOM. Bu-
me 20 MTop pocT TYCTHHHM IUIa3MH 3 MArHiTHUM
MoJeM Ma€ MOHOTOHHMH XapakTep, OUYeBHIHO, BHa-
CIIJIOK TOTO, IO KPUTHYHI MArHiTHI IMOJIA TIEpEeBU-
IOIyIOTh MAaKCHMaJbHO [OCSIKHE B EKCIIEPHUMEHTI
nose (250 I'c). 3a Bcix yMOB mpu HassBHOCTi MarHiT-
HOTO TIOJNS IHTEHCHBHHU PO3PSI CIIOCTEpiraBcs B
yChOMY 00’ €Mi KaMepH.

[TigBUIEHHS. TUCKY BiJi OJMHHUIL JO JECATKIB
MTop mpHU3BOAWUTH A0 3POCTaHHS MAaKCHMAaJIbHOI
TYCTHHH IIJIa3MH B JIEKUJIbKa pasiB. Y Jiama3oHi Ma-
raitTHEX noiiB 200 - 250 ['c rycTuHa Maiixe TiHIHHO
3pocTa€ 3 MiJBUILEHHAM TUCKY N0 PiBHS MOPAIKY
20 mTop. IIpu noganeoMy MiABHINEHHI THCKY, IO
Benmu4uH TOpsAnky S50 mTop, piCT TYCTHHHU IUIa3MH
YHOBUTGHIOETHCSI, & TIPU BHIIMX THUCKaX — 3aMiHIO-
€THCS CTIAZIOM.

BrnuB koHirypanii MaraiTHOro HoJjst Ha po3psg
BMBYABCS IIIIXOM BapifOBaHHS CITiBBiHOIICHHS
CTpyMIB y coJieHOifax. Y HMKYOMY Jiama3oHi THC-
KiB HalOUIBII CIIPUATIMBOIO BUSBWIIACH TIEBHA KOH-

IIIOPIYHUK - 2008

(biryparis 3 HEOTHOPITHUM MArHITHUM IIOJIEM, Be-
JUYUHA SKOTO 3pOCTajia B HAmpsIMKY BiJ aHTEHH
BrMO kKamepu. Y miid KoHQirypauii Oyna oaepkaHa
MpuOIM3HO BBIYI OIMBII TycTa IUia3Ma, HiX B iH-
mux. Y TOHW e 4Yac B [iama3oHl BHCOKHX THCKIB
BIUTMB KOH(Iryparii momns BUSBUBCS HE3HAYHHUM.

PanianbHi po3nominu mapamerpiB miasMu Oynu
BuMipsiHi mpu Trcky 80 MTop 1 MarHiTHOMY TOIMi
200 - 250 I'c, mo BiAmoBigae pesKUMy HaMTyCTIiIoi
wia3Mu. TeMmepaTypa enekTpoHiB Oyjia B Jiana3zoHi
1,5 - 2,5 eB 1 3anexxwuna Big pamiyca, 3 MAKCHMYyMOM
Ha Bifcrtani 2 - 3 ¢M Bifg oci. IlimaBarounii moTeHIiag
MOHOTOHHO clajaB Bin mepudepii A0 LEHTpY Ha
BEJIMYUHY NopsiaKy 6 B. I'ycTuHa miasmu 3pocrana 3
MAarHiTHEM TIoJieM 1 OyJia icTOTHO HEOJHOPIAHOIO, 3
MaKCHMMyMOM Ha oci mopsiaky (2,5 - 3,5) - 102 em™
(10 BiIOBIZAE€ CTYIICHIO 10HI3aIlli aproHy OJU3BKO
0,1 %) i cnagom 1o niepudepii y 5 - 7 pasis.

T T T T
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o
(=]

50 100 150 200 250
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Puc. 1. I'yctuHa muta3Mu 3aiie)XKHO BiJf MarHiTHOTO TIOJIS
mpu THCKax aprouy 3 (1), 5 (2), 10 (3) ta 20 (4) mTop.
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Puc. 2. Te came, mo it Ha puc. 1, ane npu trckax 20 (7),
50 (2), 80 (3) Ta 100 (4) mTop.

1. B. M. Cnobonsa, B. ®. Bupko, I'. C. Kupuuerko wu
K. I1. Ulampaii, BAHT Ne 4, 235 (2003).
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TEJIKOHHUM PO3PSIJ] Y METAHI

B. ®@. Bipko, B. M. Caoboasin, 1O. B. Bipko, K. II. llampaii, I'. C. Kupnuenko

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

l'enmikoHHI mKepena MiIa3Mu BUKOPHUCTOBYIOTHCS
Yy PI3HOMAaHITHHX TEXHOJIOTISX IIIa3MOBO-XIMIdHOT
00poOKH MarepiaiiB i MalOTh BUCOKY €(EKTHBHICTD
3aBISKH 30BHIIIHBOMY MAarHiTHOMY MOJIO, SIKE €
MIOTYXHHUM 3aCO00M KepyBaHHS peXUMaMH iX po0o-
TU. [lepciekTHBa BHKOPUCTAHHS LUX JDKEpEN IS
HOBITHIX IUIa3MOBHX TEXHOJIOTIH BHUTOTOBJICHHS
HaHOCTPYKTYp [l] 3amexuTth Bim iX CIIPOMOMKHOCTI
e(EeKTHBHO TMpAIIOBATH TPH MiJBUIICHUX THCKaX
poOouux ra3iB-BYrJieBOAHIB. Y pOOOTI JOCIIIKEHO
PEXXUMU O3PSy B METaHI IPH TaKWX TUCKaX 1 JMesiKi
CIoco0u KepyBaHHS BUX1THUM ITOTOKOM IIJIA3MH.

ExcriepuMeHTH TPOBOAMIIMCH HA JPKEpeni 3 Me-
TaJIEBOIO PO3PSIHOI0 KAMEPOIO JiaMeTpa i JOBKUHH
14 cm, sixka Oyna mpuegHAHA IO KBapIOBOi Apeiido-
BOT KaMEpH TaKOTo K JiaMeTpa i JOBKUHU 22 cM, a 3
MPOTUJICKHOTO OOKY Oyjia 3aKpuTa KBapLOBUM BiK-
HOoM. [lnmocka iHAyKmiifHa aHTeHa 3HAXOIWIIACh 3a
BIKHOM 1 JKMBWJIACh BiJ TeHEparopa YacTOTH
13,56 MI'y i moty>kHocTi 10 1 kBT. YoTHpH OCHOB-
HUX Ta OJUH JOMOMDKHHUH COJICHOITH, PO3MIIIICHI,
BIJIMIOBITHO, HABKOJIO PO3PSAHOI KaMepH 1 B KIHII
IpeiidoBoi KamepH, TO3BOJISUIN BapilOBaTH BEUYH-
Hy Ta KOH(}Irypariro MarHiTHOTO MOJIsI.

[Ipodine TycTHHHA 10HHOTO CTPyMy Ha 30HJ, BH-
MIpSIHUIM y370BXK OCi po3psimHOi kamepu mnpu BY
noty>kHocTi 800 BT, mokazano Ha puc. 1 amist THCKiB
metaHy 18 ta 40 mTop. CTpyM B OCHOBHHX COJIEHO-
inax migOUpaBcs ONTUMATBHUM JJISi KOKHOTO THCKY
3 METOI0 OTPUMAaHHS IUIa3MU MaKCHUMaJbHOI TyCTH-
HU, a BUXiJHUI TOTIiK ONTHUMIi3yBaBCs IOJEM JOIO-
MDKHOTO cojieHoimy. 3 puc. | BHIHO, IO 30UTBITICH-
HSl TUCKY MPHU3BOJMTH JI0 IIBUAKIIIOTO CMaay KOH-
HEHTpalii IIa3Mu 3 BiJICTAaHHIO, a BUKOPHCTaHHS
JIOTIOMIPKHOTO MarHiTHOTO TIOJIS JTO3BOJISE€ TIPHOITH3-
HO BJIBIYi YITOBUIBHUTH 1LIeH CHal.

Pagianpai mpodini TyCTHHHM 10HHOTO CTpyMY,
oJlepKaHi B cepeHiil YacTHHI npeiidoBoi kamepu 3a
THUX CaMHX YMOB, IO i pHc. 1, TOKa3aHO Ha puc. 2.
XapakTepHOIO Ul UMX KPUBUX € HASBHICTH pali-
anpHO1 cTpyKTYpH, sika nipu 18 mTop (xpusi / Ta 2)
MIPOSIBIISIETHCS IK HEMOHOTOHHICTh Ha CXWJIAaX IIPO-
(imro, a ipu 40 mTop (xpusi 3 Ta 4) — K PopMmy-
BaHHS JIBOropOOro po3MoALTy 3 OJHOPITHOW JiJISH-
KO0 B TPUOCHOBIA 001acTi. BUHHKHEHHS Takux
poiniB, IMOBIpHO, TIOB’3aHO 31 3MIHOIO pajiaib-
HOT MOJTH TEJIIKOHHUX XBWJIb y PO3PSIi.

BumiptoBaHHS €NEKTPOHHOI TiIKH 30HIOBUX Xa-
PaKTEepUCTUK BHABHIIO, IO TPH HWKYUX THCKAX
SHEPreTUIHUI PO3MOJIIN EJIEKTPOHIB MIl' iCTOTHO
BIZIPI3HATHCH BiJl piIBHOBaYKHOTO (MaKCBEIBCHKOTO).
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VY neskux pekrMax BHHHKala Tpyna eJeKTPOHIB 3
eneprismu 10 40 eB. Y Tol ke Yac mpu BUIIUX THC-
kax (40 mTop) 30HIOBa XapakTepUCTHUKA Maike
TiHiHA B MeXax 1,5 IOpsAKiB eNeKTPOHHOTO CTPY-
My 1 [TIOKa3ye eIeKTPOHHY TeMIieparypy 2,2 eB.
OriHKa KOHIEHTpALil I1a3MHU TIPH PO3pAAl B Me-
TaHl YTPYIOHIOETBCS THM, II0 HEBIIOMHUH CKIaj io-
HIB, SKi CTBOPIOIOTH CTPYM Ha 30HA. MOXHA rpy0o
MPUIMYCTHUTH, 110 LEeH CTPYM, B OCHOBHOMY, 0OyMOB-
JIeHUH MoeKyisipHuMH ioHamu BoxHio H . Toni,

MpUIMal0Yl TEMIIEpaTypy eIeKTPOHIB piBHOWO 2 eB,
st po3psany npu Tecky 40 MTop i MOTY»KHOCTI
800 BT oxep:xuMo OLIHKY Uil TYCTHHHU IUIa3MU Ha
BUXOJi po3psaHOi Kamepu mopsaky 5 - 10 em™. ¥
cepenuHi K JpelihoBOi KaMepu TYCTHHA CIajae
OLTBIII, HIXK Ha TIOPSJIOK.

10 T T . .

[ycTHa cTpymy (MA/CMQ)

40 mTop

5 10 15 20
BiacTaHb Big Buxoay Axepena (cm)

©
-
o

Puc. 1. Tlpodini rycTHHH 10HHOTO CTpPyMy B3IOBX OCi
nIpetihoBOi KaMepH I ABOX THCKIB, MPH BHKOPUCTAHHI
JIoroMi>kHOTO cosieHoina (/, 3) ta 6e3 mporo (2, 4).

20— . . T T T .

-
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o
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[yctuHa ctpymy (MA/CMQ)
o

40mTop

6 4 -2 0 2 4 6
PaaianbHe nonoxeHHs (cm)
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o

Puc. 2. PapmianpHi po3moaimd TYCTHHH 10HHOTO CTPYMY B
npetioBiit kaMepi 3a THX caMUX YMOB, 10 i Ha puc. 1.

1. K. Ostrikov and A. B. Murphy, J. Phys. D 40, 2223
(2007).
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LOW-FREQUENCY ELECTROMAGNETIC FIELDS AND PARAMETRIC ICR HEATING
OF HEAVY IONS IN A LOW-TEMPERATURE PLASMA

K. P. Shamrai', E. N. Kudriavchenko®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
Taras Shevchenko National University, Kyiv

Plasma methods for separation of multi-
component substances by atomic mass, which are
based on various schemes of ion cyclotron resonance
(ICR) heating, are being developed since the 1970th
in application to the isotope separation, nuclear
waste processing [1], etc. One of these schemes con-
siders parametric ion acceleration under action of
both the electric force and the Lorentz force that
arise from the low-frequency (LF) electromagnetic
fields excited in plasma. Here, this scheme is ana-
lysed for realistic low-temperature plasma condi-
tions. We computed the LF field excitation in a col-
lisional plasma with a small fraction of heavy ions,
examined the heavy-ion orbits in these fields, and
estimated the effect of collisions on ion orbiting.

The plasma mass separator is modelled as a cy-
lindrical metal chamber of radius 100 cm and length
200 cm, with a uniform plasma column of radius
40 cm located coaxially. The majority of ions have
masses A =30 and density n=10"" - 10"* cm™, and
heavy ions have masses Ay=90 and density
ny << n. The uniform static magnetic field By = 100 -
400 G is imposed axially, and the antenna has two
loops, with radii and spacing 45 cm, that contain
equal collinear currents of strength /5, and frequency
o~ @ (@ heavy-ion gyrofrequency).

The LF fields (Fig. 1) were computed using the
modified full electromagnetic code developed origi-
nally for the helicon plasmas [2]. The field ampli-
tudes are considerable within the axial antenna loca-
tion only, and coincide well with vacuum fields. The
LF power absorption is very small: the plasma load-
ing resistance is a few UQ only. Thus, the antenna
fields are only slightly affected by plasma, on ac-
count of that the Alfvénic waves are too long in this
parameter range to fit into the plasma column.

The heavy-ion orbiting was first examined with
collisions neglected (Fig. 2). Ion acceleration occurs
monotonically in time within a finite band near the
ICR frequency. Along with the gyroradius growth,
the guiding center moves to the wall until the ion
escape. This is peculiar for parametric acceleration:
with the Lorentz force neglected the ions turn out to
be confined at any frequency. Also, the resonance,
though weaker, and the ion escape, though slower,
occur near the ICR sub-harmonic (w0 = @.u/2).

The ion escape rate (the inverse time of ion es-
cape to the wall) obviously depends on external pa-
rameters and on initial ion conditions. The escape
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rate as function of the pump frequency is shown in
Fig. 3, a, for the same conditions as in Fig. 2. One
can see the intense and broad-band resonance near
the ICR frequency, and the weaker and narrow-band
resonance near the ICR sub-harmonic. With the an-
tenna current increase both the resonance intensity
and bandwidth grow, almost linearly. With the mag-
netic field increase the intensity changes only
slightly whereas the bandwidth decreases, almost
inversely (Fig. 3, b). Note the bandwidth to relate to
the mass separation selectivity as A@w /@ = AM /M.

The effect of heavy-ion collisions with lighter ions
and atoms was estimated by considering the friction
force. It was found that friction delays but does not
stop the ion escape, provided the plasma density,
neutral pressure and magnetic field are such that the
total collision frequency is well below @.y.

IE;| (mVicm/kA) ¢

|B| (GIKA)
\ )

A

100
"~5p Zlcm)

Fig. 1. LF field amplitudes. n = 10" cm™
and By =100 G.

Fig. 2. Ion orbits at various frequencies.
Parameters are the same as in Fig. 1, and /5 = 1 kA.
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Fig. 3. The escape rates under various conditions.

1. T.Ohkawa and R. L. Miller, Phys. Plasmas 9, 5116
(2002).

2. V.F.Virko, G.S.Kirichenko, and K. P. Shamrai,
Plasma Sources Sci. Technol. 11, 10 (2002).
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KINK MACROINSTABILITIES AND RESISTIVE LAYER STRUCTURE
OF INTERNAL KINKS IN CYLINDRICAL PLASMA

A. A. Gurin

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

At present, within the framework of quasi-single
helicity (QSH) modern conception for the reversed-
field pinch (RFP) laboratory plasma [1], the task is
set to explain the nature of the frequency spectrum
and to describe the space structure of dominant
modes in QSH states. The dominant modes turn out
to be internal ones and answer to the condition of
F=kB.-mBy/r=0 on a resonant surface r,
0 <ry<a (a is the plasma column radius).

In this report, the radial profiles and frequencies
of MHD modes, both external and internal ones, are
presented on basis of general MHD theory taking
into calculations Hall effect and the high plasma
conductivity.

We study the stability of a RFP configuration
relative to perturbations SB(r)e™" ({ = kz-m0 is the
helical phase) governed by equations:

OB = rot(§xBy + i0&/I1 — inroB/w),
®°No &= TI{(3B x rotBy) + (B % rotdB)}. (1)

Here I1 = 4ne’a®N/IMc2, o is expressed in units of
“helicon frequency” w, = cBoy/4mea’N,, € is a plasma
displacement, 1 = ¢*/4now,a’ (o is a plasma conduc-
tivity). We neglect the plasma pressure but take into
account effects of sharpened gradients of magnetic
pressure in RFP. We use only cylindrical force-free
configuration, rotBy = ABo, where A(r) is compatible
uniquely with the real radial distribution of the
safety factor q(r) = rB,/RBy under any choice of the
aspect ratio R/a (R is major toroidal radius). In our
model of magnetic configuration A(0) = 4 thus the
considerable paramagnetic pinch effect is taken into
consideration, which is close to reality. The factor F
is proportional to the difference g - m/n where n is
toroidal number: n = kR. So, for our choice of pa-
rameters, the value ak = 2 determines the boundary
between external kinks m=1: ak<2, F(r)<0
(0<r<1),n=9, 8, 7,..., or internal ones: ak > 2,
Fry)=00<r<1),n=10,11, 12, ...

Owing to the smallness of n, the ideal considera-
tion can be assumed for external modes, as well as
for internal ones outsides resonant layers. By setting
n=0and B=VY xs+ Bgs, s=rs2V§ X e,, one can
trans-form the set (1) to the ordinary two-order dif-
ferential equation. But general case, >0, need
more analysis in order to be reduced to the standard
form, y'(x) = Ay, X =r-r, suitable for numerical
solution by shooting method. By introducing the
new  variable,  8Z =By (&, - io[&, Bo]/I1B,°) -
- (i/)3By,’, we obtain the 4 x 4 matrix A to calcu-
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late r-distributions of component vector-function y =
= (0¥, 8Y', 8B;, 0EF) inside a resistive layer of inter-
nal modes, —Ax < x < Ax, sewing together the ideal
shooting trajectories 6'W(r) outside the layer at x =
=_—Ax and x = Ax. In our calculations n = 10, Fi-
gure shows two examples of the external and inter-
nal mode shapes.

abs(B (1))

T T T T T T
0,0 02 04 06 08 10

rla

abs(B (1)

The shape |6B,(r)| of kinks m = 1, [T = 40:
a —external, n = 7; b — internal, n = 10.

In the frame of the MHD model (1) under
ak>1.65 and I1 = 40, in spite of quite different
shapes, the external and internal modes turn out
unstable with increments to be order of equal values
1 in the adopted scale while the real frequencies are
hardly more than 0.01 and resulted by the Hall term
in the first equation (1). The internal mode m = 1,
n= 11 has the maximal increment and ought to be
recognized as a “dominant kink”. Instability is intro-
duced by the magnetic gradient including second
radial derivatives of magnetic components B(r), i.e.
by high current gradients in paramagnetic RFP
plasmas, independently from presence of resistive
layers.

To describe the really observed saturated spectra,
plasma convection (rotation and radial transport)
must be involved into consideration within MHD
description (1).

1. P. Martin et al., Nucl. Fusion 43, 1855 (2003).
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STABLE THREE-DIMENSIONAL SPATIALLY MODULATED VORTEX SOLITONS
IN NONLINEAR SCHRODINGER EQUATION WITH TRAPPING POTENTIAL

V. M. Lashkin

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

Recently, a novel class of two-dimensional spa-
tially localized vortices with a spatially modulated
phase, the so-called azimuthons were introduced in
[1]. Azimuthon represent intermediate states be-
tween the radially symmetric vortices and nonrotat-
ing multipole solitons. Note that azimuthon solutions
were predicted in [1] by using an approximate varia-
tional approach. The first example of exact numeri-
cally found azimuthon solutions were presented in
[2]. Here we present [3] numerical solutions in the
form of spatially localized nonrotating and rotating
(azimuthon) multipole solitons (Fig. 1) in the three-
dimensional (3D) nonlinear Schrddinger equation
with trapping potential (1). We show that the azi-
muthon solutions exist as a continuous family pa-
rametrized by the angular velocity, or, equivalently,

0
za—l/tlz—Al//+(x 42 )-lyfy (D)

by the parameter which determines the phase
modulational depth.

’ e (b) e

) 0 ) 0
Fig. 1. Numerically found localized (a), (¢) nonrotating
and (b), (d) rotating multisoliton 3D solutions of Eq. (1).
(a) Dipole. (b) Azimuthon with two intensity peaks. (c)

Quadrupole soliton. (d) Azimuthon with four intensity
peaks. Shown are isosurfaces of the soliton amplitude.
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By means of a linear stability analysis, we inves-
tigate the stability of these structures and show that
rotating 3D dipole solitons (azimuthons with two
intensity peaks) are stable provided that the phase
modulational depth is large enough (Fig. 2).

&~ @
-8 &P
@~ @

Fig. 2. Top row: unstable evolution of the 3D nonrotating
dipole. Initial state of the dipole is unperturbed. Middle
row: unstable evolution of the 3D azimuthon with two
intensity peaks in the instability region. The initial state is
perturbed by the slight white noise. Bottom row: stable
dynamics of the 3D azimuthon with two intensity peaks.
The initial state is perturbed by the strong noise.

t=65

t=600

1. A. S. Desyatnikov, A. A. Sukhorukov, and Yu.S.
Kivshar, Phys. Rev. Lett. 95, 203904 (2005).

2. V.M. Lashkin, Phys. Rev. A 77, 022602 (2008).

3. V.M. Lashkin, Phys. Rev. A 78, 033603 (2008).
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INFLUENCE OF THE MEAN FLOW ON ZONAL FLOW GENERATION

V. M. Lashkin

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

It is now widely recognized that zonal flows, i.e.,
azimuthally symmetric bandlike shear flows that
depend only on the radial coordinate play a crucial
role in regulating drift-wave turbulence and
transport in tokamaks [1, 2]. It is now quite clear
that zonal flows are generated by modulational
instability of drift waves. It is important to
distinguish the zonal flow from the mean shear flow
associated with the mean radial electric field. The
latter can be driven and sustained in the absence of
turbulence (by heating, fueling, momentum input,
etc.), whereas zonal flows are driven exclusively by
nonlinear wave interaction processes (via the
modulational instability). In contrast to smooth static
mean flows, the zonal flow patterns have complex,
possibly random, spatial structure. It is well known
that the presence of mean flow gives rise not only to
instability of the sheared layer (the Kelvin -
Helmholtz instability), but also to stabilization of
other instabilities (ion temperature gradient driven
modes, resistive interchange modes, etc.). In this
work [3] the influence of the mean shear flow on
excitation of zonal flow by the modulational
instability is reported.

We use a simple slab two-dimensional model
similar to the Hasegawa - Mima model, but take into
account that the plasma density does not follow the
Boltzmann distribution for large scale motions.

0.03 0.4
—\/=0.04 (a) —\=0.4 (b) 4
’
0.025 -==V=0 ,
0.3 .
0.02 ’
’
’
7 0.015 702 ’
’
0.01 A
0.1 ¢
0.005 P
- = .
0
0.5 0.5 1 1.5 2

Fig. 1. The growth rate versus poloidal wave number and
(a) mean flow amplitude V = 0 and V = 0.04, drift wave
amplitude F = 0.02; (b) mean flow amplitude V = 0 and
V = 0.4, drift wave amplitude F = 0.2.

Figs. 1, @ and b show the maximum growth rate
of the modulational instability modified by the mean
shear flow as a function of the poloidal wave
number. Dashed lines correspond to the case of the
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absence of mean flow. It is seen that the small
amplitude mean flow (Fig. 1, a) favors the
modulational instability and zonal flow generation,
increasing the growth rate, whereas sufficiently
strong mean shear (Fig. 1, b) significantly reduces
the instability growth rate.

0.03

0.025¢

0.1 0.15 0.2
\

Fig. 2. The growth rate of the instability versus the mean

flow amplitude for three different values of the drift wave

amplitude.

0 0.05

In Fig. 2 we plot the growth rate for fixed &, and
several values of the drift wave amplitude as a
function of the mean flow amplitude V. The growth
rate initially increases with increasing ¥, and thus
the presence of mean flow has a destabilizing effect.
Then, the growth rate attains its maximum at some V’
(V' =0.08 for k=1 and all drift wave amplitudes).
This corresponds to the most unstable case. Then,
the growth rate decreases as V increases, and when
the mean flow amplitude exceeds some critical
value, the growth rate becomes smaller than in the
case of the absence of mean flow. Further increasing
V' can significantly reduce the growth rate. Thus the
presence of mean flow with sufficiently strong
amplitude has a stabilizing effect on generation of
zonal flows by the modulational instability.

1. P. H. Diamond, S. 1. Itoh, K. Itoh, and T. S. Hahm,
Plasma Phys. Control. Fusion 47, R35 (2005).

2. A. L. Smolyakov, P. H. Diamond, and M. Malkov,
Phys. Rev. Lett. 84, 491 (2001).

3. V.M. Lashkin, Phys. Plasmas 15, 124502 (2008).
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INFLUENCE OF ZONAL FLOWS ON UNSTABLE DRIFT MODES IN ETG TURBULENCE

V. M. Lashkin, Yu. A. Zaliznyak, A.l. Yakimenko

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

The electron temperature gradient (ETG) driven
mode is often considered as a possible candidate for
the explanation of electron thermal transport through
internal transport barriers when ion temperature
gradient (ITG) turbulent fluctuations are suppressed
by E x B shear flow. At the same time, small scale
ETG fluctuations have the typical spatial scale of the
order of electron gyroradius p and are less susceptible
to quenching by shearing. It is widely thought that
drift-wave-type turbulence can excite zonal flows
which are associated with azimuthally symmetric
band-like shear flows that depend only on the radial
coordinate. Zonal flows play a crucial role in
regulating drift-wave turbulence and transport in
tokamaks. It is now quite clear that zonal flows are
generated by modulational instability of drift waves.
For ETG driven turbulence, the excitation of zonal
flow was considered in [1] (the case of broad
turbulent spectrum) and [2] (the four-wave coupling
scheme). Effects of ExB velocity shear on
turbulence and transport in magnetic confinement
devices have been extensively studied. It is well
known that the presence of shear flowgives rise not
only to instability of the sheared layer (Kelvin -
Helmholtz instability) but also to stabilization of other
instabilities (ITG driven modes, resistive interchange
modes etc). Up to now, the stabilizing effect on the
linear instabilities has been considered mostly for the
case of mean smooth flows. Effects of zonal flow
suppression on drift waves in ITG turbulence based
on a quasilinear theory have been studied in a recent
paper. Note that zonal flow shearing differs from that
for mean flow shearing on account of the complexity
of the flow pattern. In contrast to smooth, static mean
flows, the zonal flow patterns can be expected to have
finite correlation time and complex, possibly random,
spatial structure.

In this work [3] we have investigated the
influence of zonal flows on the linear instability of
ETG driven modes. Random and deterministic cos-
like profiles of the zonal flow have been considered.
For the random profile of zonal flow, we have
obtained in the Bourrett approximation the
dispersion relation for ETG modes in the presence of
shearing. We have shown that the presence of
random shearing caused by zonal flow has a strong
stabilizing effect on the ETG driven mode
destabilized by the temperature and pressure
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gradients. The shear of the flow reduces the linear
instability growth rates. If the mean square
amplitude of zonal flow exceeds some critical value,
the linear instability of ETG modes is suppressed for
all poloidal wave numbers 4. Figs. 1 and 2 show the
maximum growth rate of the linear instability of the
ETG modes for random and deterministic profiles of
zonal flow, respectively.
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Fig. 1. The growth rate versus (@) intensity of the zonal
flow and (b) poloidal wave number for the random profile
of the zonal flow.

no flow
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Fig.2. The growth rate of the instability versus the
poloidal wave number different values of the zonal flow
amplitude (deterministic profile of the zonal flow).

In Fig. 2 we plot the growth rate for fixed &, and
several values of the drift wave amplitude as a
function of the mean flow amplitude V. The growth
rate initially increases with increasing V, and thus
the presence of mean flow has a destabilizing effect.

1. P. H. Diamond and C. Holland, Phys. Plasmas 9, 3857
(2002).

2. Yu. A. Zaliznyak, A. 1. Yakimenko, and V. M. Lash-
kin, J. Plasma Phys. 84, 491 (2008).

3. V. M. Lashkin, Yu. A. Zaliznyak, and A. 1. Yaki-
menko, Plasma Phys. Control. Fusion (in press).
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SOME CONTINUOUS SYMMETRY APPLICATIONS TO PLASMA THEORY
V. B. Taranov

Institute for Nuclear Research, National Academy of Sciences, Kyiv

Continuous symmetries are very useful in nonlin-
ear plasma theory, as they help us to find particular
exact solutions, conservation laws etc. [1, 2]. Recent
results for modified electron magneto hydrodynamic
(EMHD) models and for the electron plasma oscilla-
tions are presented below.

1. Traditional EMHD model

o) 4

—=Vx(vx¥),

¥=B-AB,
ot

v=-VxB, V-B=0

has the following symmetries:

Xl:ia Xzzi, X}:i’ X4:i’
ot ox dy 0z
X5 :ti-vi_Bi_\Pi’
ot ov oB I5h 4
X:rxi+vxi+Bxi+‘I’xi.
or ov 0B ok 4

This model was generalized by many authors
(see, e.g. [3, 4]). Namely, electron fluid equilibrium
density gradient, density perturbations, viscosity
effects were taken into account.

Maple 12, the newest version of the Maple pack-
age, contains quick standard programs which allow
us to find and compare symmetries of these modi-
fied models in a reasonable time. In this way, it was
shown that generalized models preserve symmetry
properties of the traditional model.

2. Let us consider now integro-differential
Vlasov - Maxwell system for the electron plasma
oscillations:

¥
a—f Va—f—EizO, a—Ezl—If(t,x,V)dV,
ot ox ov 0x 3

¥
9 _ j vi(t,x,v)dv=0 .
a o

We can introduce moments of distribution func-
tion

¥
M, (t,x)ZI vH(tx,v)dv
¥

and restore the distribution function if all the mo-
ments are known:

LT ey (Ci)f
fitx,v)=— | Y ———M (t,x)dq.
(tX,V) an Z M. (tx)dg

The moments satisfy an infinite nonlinear system
of partial differential equations:

a&+%+kEMk_, =0,
ot 0x
0x ot

Introducing space averaged quantities, <M, >,
< E >, we obtain linear equations

<E> JI<M, >
J =M, >, —1=

>, +<E>=0
ot ot

with a general solution
< E >=C,cos(t)+C,sin(t),
<M, >=-Csin(t)+C,cos(t) .

Constants C, and C, are determined by the initial

conditions.
Well-known symmetries [2]

0 0 . 0
X, =cos(t) (a_x + B_Ej - sm(t)g

. 0 0 0
X=sin(t)| — +— |+cos(t)—
: ( )(ax aE) ( )av
of the electron plasma oscillations allow us [5] to
reduce any periodic or localized solution to the par-
ticular one with C,=0, C,=0, so that to satisfy the

conditions

<E>=0, <M,>=0.

In addition, asymptotic exact solutions are also
possible which are invariant under the different sub-
groups of the complete symmetry group.

1. G. Cicogna, F. Ceccherini, and F. Pegoraro, SIGMA
2,017, (2006).

2. V. B. Taranov, SIGMA 4, 006, (2008);
http://www.emis.de/journals/SIGMA/2008/006/

3. B. N. Kuvshinov, J. Rem, T. J. Schep, and E. Wester-
hof, Phys. Plasmas 8, 3232, (2001).

4. H. Cai and D. Li, Phys. Plasmas 15, 042101, (2008).

5. V.B. Taranov, in Proc. of the 4 Int. Conf. “Electron-
ics and Applied Physics”, Kyiv, 2008, edited by O. Y.
Nechyporuk, A. V. Netreba (Taras Shevchenko Nat.
Univ. of Kyiv, 2008), p. 150.
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TWO-DIMENSIONAL NONLINEAR VECTOR STATES IN BOSE-EINSTEIN CONDENSATES
A. I Yakimenko'?, Yu. A. Zaliznyak', V. M. Lashkin'

!Institute for Nuclear Research, National Academy of Sciences, Kyiv
’Taras Shevchenko National University, Kyiv

Multicomponent  Bose-Einstein ~ condensates
(BECs) have been subject of growing interest in
recent years as they open intriguing possibilities for
a number of important physical applications, includ-
ing coherent storage and processing of optical fields
[1], quantum simulation [2], quantum interferome-
try, etc. Experimentally, multicomponent BECs are
realized by simultaneous trapping of different spe-
cies of atoms or atoms of the same isotope in differ-
ent hyperfine states [3]. Theoretical models of mul-
ticomponent BECs in the mean-field approximation
are formulated in the framework of coupled Gross-
Pitaevskii (GP) equations:
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with W, being the normalized condensate wave-
function and external spherical trapping potential is
assumed.

Stationary solutions to the above system have the
form

W, (r,0) = Y, (r) exp(=ig,t+ im0

¢ is the polar angle, y; is the chemical potential and
m; is the topological charge (solution with m = 0 is
usually refered as soliton, solution with m # 0 — as m-
charged vortex). The stationary vector states form
two-parameter family with parameters p; and L.
The existence domains for the vector pair (m; = 0,
mp= 1) are plotted in Figs. 1 and 2 for attractive and
repulsive  intercomponent interactions respectively.
Chemical potentials of the components are bounded
from above: at the point (W, W) = (2m; + 2, 2my + 2)
both components vanish.

The stability of the vector pairs against symme-
try-breaking azimuthal perturbations was investi-
gated numerically by the analysis of small perturba-
tions of the stationary states. The perturbation is
represented as the superposition of the modes with
different azimuthal symmetry. Since the perturba-
tions are assumed to be small, stability of each linear
mode can be studied independently by solving the
correspondent eigenvalue problem. Stability thresh-
olds are marked in the Figs. 1 and 2 by filled trian-
gles. To verify the results of the linear analysis, we
solved numerically the dynamical equations initial-
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ized with our computed vector solutions. Numerical
integration was performed on the rectangular Carte-
sian grid with a resolution 512" by means of stan-
dard split-step Fourier technique. Direct numerical
integration confirmed linear predictions for the sta-
bility boundaries as well as for the topology of the
most unstable mode (L = 2 for attractive intercom-
ponent interaction and L = 1 for the repulsive one).
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Fig 1. Existence domain for vector state (m; = 0, m, = 1)
in the (W, W) plane for attractive intercomponent
interaction By, = 0.5. Dashed lines stand for analytical
predictions obtained from the variational analysis, open
circles mark numerically found points. Filled triangles
indicate stability boundary (numerical result).
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Fig 2. Same as in Fig. 1,
but for repulsive intercomponent interaction By, = -0.5.
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THE SCATTERING AND TRANSFORMATION OF ELECTROMAGNETIC WAVES
BY DENSITY FLUCTUATIONS IN TURBULENT MAGNETIZED PLASMA

V. N. Pavlenko, V. G. Panchenko

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

It is known that in a medium with certain fluctua-
tion level the propagation of electromagnetic waves
can lead to radiation of waves with new frequencies
and wave numbers, i.e. scattering waves, or new
types of waves — transformed waves [1 - 5].

Combined wave scattering and transformation in
plasma were predicted in [1]. Collecting some of the
scattered or transformed radiation, a lot of informa-
tion about the properties of the plasma may be ob-
tained from the spectral properties of this radiation.
This method of plasma diagnostics has proved to be
very powerful in laboratory and space plasmas.

In paper [6] we investigate the scattering elec-
tromagnetic wave in magnetoactive plasma with the
lower hybrid and upper hybrid pump.

We consider also the transformation of transverse
electromagnetic wave into longitudinal plasma
waves. At first we calculate the coefficient of the
scattering and transformation in the presence of
lower hybrid parametric instability. Also the trans-
formation and scattering processes for the magne-

tized plasma when the upper hybrid pump decays
into daughter wave and ion-sound oscillation or
convective cell modes are considered [6].

It can be seen from the expression for the scatter-
ing and transformation coefficient that for typical
parameters of hot plasma terms depending on pump
wave amplitude dominate over the terms due to the
thermal noise.
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NONSTATIONARY PARAMETRIC PROCESSES
IN RELATIVISTIC SEMI-BOUNDED PLASMA

V. N. Pavlenko, S. V. Davidov

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

The parametric instabilities in plasmas of relativ-
istic electron beam (REB) are intensively investi-
gated. These investigations are very important for
plasma electronic and free-electron lasers because
the nonlinear wave interaction process may lead to
up-conservation of the frequency of scattered wave
as compared to the frequency of the incident elec-
tromagnetic wave [1 - 3].

We have investigated the space-time evolution of
the electromagnetic signal wave in semi-bounded
REB plasma due to nonlinear three wave interaction
and solved this problem in the parametric approxi-
mation when the pump wave amplitude is constant.
We considered the case where the surface charge
wave has negative energy. The transformation coef-
ficient can then be much larger than unity.

The signal and surface charge waves are also am-
plified in space. We found that the wave packets are
diffusion broaded in space due to the parametric inter-
action process. We have calculated the diffusion coef-
ficient which is increased due to relativistic effects.

Finally we analyzed the propagation of an elec-
tromagnetic wave packet with Gaussian amplitude
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profile in the presence of a REB with initial modula-
tion. Taking the frequency and wave mismatch into
account we found that the electromagnetic wave
frequency is transformated in space. After a distance
that is much larger than the characteristic diffusion
broadening length, a phase locking will take place,
however, and the growth rate has been reached its
maximum value.

We think that these results can be useful for some
free-electron laser work, as three-wave interaction
processes are important in the generation of ultra-
high frequency radiation.
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COMPUTER SIMULATION FOR ION SOURCES OPTIMIZATION
I. Litovko', V. Gushenets’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2High Current Electronic Institute, Tomsk, Russia

The highly stripped ion source has been designed
[1] to provide high current beams of multiply
charged Phosphorous and Boron ions for high en-
ergy ion implantation. However, the total current
transport efficiency was about 30 %. Therefore de-
termine main reason for ion beam losses and optimi-
zation construction of ion-optical system was main
tasks for improving effective of ion source. The
using of computer modeling for these purposes looks
very attractive and easy way in order to optimize
beam parameters as well as geometry of ion source.

Mathematically problem investigation of inten-
sive charge beams come to solution of nonlinear
self-consistent system equations that have analytical
solution in simplest cases only. Thus the main
mathematical method of solving such tasks is nu-
merical modeling. As a rule, the applied numerical
method based on solving the Poisson equation with
the unknown space charge term and then the result is
used for the solving of motion equations for charge
particles. A repeated iteration allows achieve self-
consistent solution.
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Fig. 1. Calculated ions trajectories along (up) and across
(down) emission slit for optimized ion-optical geometry.

The computer code Kobra [2] has been used to
simulate  processes of ion extraction by
dc-acceleration systems as well as beam transport
and thus to determine main reasons for ion beam
losses. Algorithms of code are modified for optimi-
zation and calculation of the beam characteristics
with the best precision [3, 4]. The calculations indi-
cated that the losses of extracted ion beam mainly
occur in the transport channel and magnetic separa-
tor. The computer modeling allows find optimal
geometry for ion-optical system. Several ion-optical
systems were designed and also changed the design
of the initial section of the beam transport channel.
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Furthermore, the simulation for original way of
compensating the parasitic beam deflection has been
executed. The calculated ions trajectories for opti-
mized construction of ion source are shown in
Fig. 1. Calculations showed that the total beam di-
mensions were decreased down to 42 x 60 mm’.
Results of experiments with the modified geometry
are supported simulation results. Fig. 2 shows a
photo of the beam imprint.

160 mm

20 mm

60 mm

Fig. 2. Beam imprint on the Mo plate against the back-
ground of the beam line contour for the modified geome-
try of the experimental setup.

It can be seen in the figure that the cross-
sectional dimensions of the beam, particularly its
vertical dimension, were no more than 20 x 60 mm?>.
The Fig. 3 shows oscillograms of the separated ion
beam.

3. Spectral distribution of the ion beam
for the modified geometry.

Fig.

The total ion beam current after separation was
6.6 mA, and the emission current was 12 mA. With
the optimization of geometries of the ion-optical
system and experimental setup, the maximum cur-
rent transport for Boron ions has been attained. It
should be noted that the maximum attainable per-
centage of singly charged B ions was 65 % and the
total current transport was about 60 %.
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MOJAEJIb I'A30BOI'O PA3PAJJIA MATHETPOHHOI'O THUIIA
H. B. JIutoBko', A. A. Tonuapos’

"Hnemumym aoepuvix uccneoosanuii HAH Yrpaunvi, Kuee
’Uuemumym ¢usuxu HAH Yipaunvi, Kuee

B nocnennee BpeMst BO3pOC MHTEPEC K LIMIUHII-
pUYECKMM CHCTEMaM MarHeTpOHHOTo Tuma (Kak
oOpalleHHbIX, TaK U MPSIMOTO JACHCTBHUS) B CBS3U C
UX HECOMHEHHBIMU TEXHOJIOTHYECKUMU JOCTOUHCT-
BaMH TpH 00pabOTKe MWIMHAPUYECKHX OO0pasioB
CIIO)KHOW KOH(UTYypaliy, BBICOKOH CTENEHBIO HC-
MOJIb30BaHMsl MaTepHalla MUIIEHH W MapoBOTo IO-
TOKa, a TaKkke Oyiarofapsi BO3MOKHOCTH ITOCTPOEHUS
aJIEKBaTHBIX TEOpeTUUYeCKUx mMoaenei. B Uncturyre
¢usuku HAH VYkpaunsl Obuta mpenjokeHa W 9KC-
MEPUMEHTAIBHO ~ PEalW30BaHa  LWIMHIPHYECKAs
pacnbUIMTENbHAS CHCTEMa MarHeTPOHHOIO THMA C
MarHuTO-JIEKTPOHHBIM BHPTYalbHbIM aHOZOM [1],
OCHOBaHHas Ha MPUHIMIIAX IUIA3MOONTHUKH, chop-
MynupoBaHHBIX A. 1. Mopo3oBbiM [2].

Ha 0a3e skcrnepyMeHTaNbHBIX JaHHBIX [3] ObuIa
MIPEIIOKEHA HOBAsk MOJEINb IUIa3MOIUHAMHKH Ta3o-
BBIX pa3psI0B MarHETPOHHOTO TUMa. bl mpoaenan
THAPOJMHAMMYECKUN aHalu3 IUIa3MOJUMHAMUYE-
CKHX IPOIIECCOB LUIMHIPUYECKOTO Ta30BOTO pa3ps-
Ja B TONEPEYHOM MAarHUTHOM TIOJ€ C 3aMKHYTBIM
IpeiidoM 3JEKTPOHOB W CO3/aHa MOJIENb CTaIHo-
HapHBIX XapaKTEpPUCTUK pa3psia B 3aBUCUMOCTH OT
apaMeTpoB CUCTEMBI.

B ocHoBe Mozenu JNeXUT MPeArnoyiokeHue O Ha-
JIMYHU B TUOJTHOM NPOMEXKYTKE pa3psiia TpexX cylie-
CTBEHHO OTJIMYAIOIIMUXCS IO XapaKTepy TOKOIepe-
HOCAa KBa3MaBTOHOMHBIX 0ONacTel, CXEeMaTH4HO
MIpEJICTaBICHHBIX Ha pHC. 1.
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Puc. 1. OcHoBHBIE 00JIACTH B JHOJAHOM IIPOMEXKYTKE.

1 — 310 00MacTh MPUKATOAHOTO TMAJICHUS TIOTEH-
nuana, rae QopMHpyercs YCKOpsieMblii Ha KaTo[
HOHHBIM TOTOK M COCPECAOTAUYUBACTCA B OIITUMAJIb-
HOM PEXKUME NPAKTUYECKU BCE pa3psAIHOE Hampsi-
JKeHHE. 371eCh TOKONEPEHOC OCYIIECTBISETCS B OC-
HOBHOM HMOHAMH W3 IUTa3MbI. 2 — 00JacTh TOJI0XKH-
TEJNBHOTO TUIA3MEHHOTO CTOJI0a ¢ 3aMarHUYCHHBIMU
JNIEKTPOHAMH W CBOOOJHBIMH HOHAMHU, TJE TPOHC-
XOJIUT TEeHepalH 3apsDKEHHBIX YacTHIl, HOHOB U
3IEKTPOHOB. TOKOIEPEHOC B 3TOM 00IacTH OCyIIle-
CTBJISICTCSl KaK MOHAaMHU B CTOPOHY KaToAa, Tak U
DJIEKTpOHAMH Ha aHoi. Y, HakoHel, MpWaHOIHAsS
obnacTh 3, TOe B y3KOW 30HE, MOPSAKA JapMOPOB-

CKOI0 pajaumyca 3JIEKTPOHOB, IIPOMCXOAUT CPBIB
3IIEKTPOHHOTO Jpeli(a U BhINaJACHUE SJICKTPOHOB Ha
anox. B 3Toif ob6nacTu paspsAAHBIA TOK MEPEHOCUTCS
3JIEKTPOHaMHU. B oNTHManbHOM peXHuMe MPHAHOM-
HBIA CKAuOK MOTEHIMaNa JOJHKeH OBITh MUHHUMAIb-
HbIM. B 3TOH Mozenu He y4WTBIBaeTCs BIMSIHHE
pacIblJICHHBIX aTOMOB MaTepHaja KaToa.

UrncneHHO permasi MOTy4YeHHYIO CUCTEMY YpaBHe-
HUU [4] B UWIMHIPUYECKOH CHUCTEME KOOpPIWHAT
METOJIOM HTEpalyii MOIyYHUM CaMOCOTIacCOBAaHHOE
pewerne. Jls TUIMYHBIX AapaMeTpOB pas3psaa Ia-
JICHHE MOTEHIMala B IUIa3MEHHOM CJIO€ JOCTUTaeT
30 - 50 B, a ocHOBHOE maJieHUE MPOUCXOAUT B Y3-
KOM MPUKATOJHOM CJIO€, UTO BUJIHO Ha puc. 2. Tak-
K€ Ha PUCYHKE BHJIHO, YTO pa3BEJECHHbIE aHOTHBIC
3IIEKTPOABl (POPMUPYIOT BUPTYaJbHYIO LMIMHIPH-
YEeCKyl0 IIOBEPXHOCTb, KOTOpAasi INPUHHUMAET IIOTEH-
[[MaJI paBHBIH aHOAHOMY, YTO COOTBETCTBYET OCHOB-
HOMY IPUHIMITY 3KBUIIOTEHIIMATN3alUH [2].
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Puc. 2 Pacnipenenenue mia3MeHHOTO MOTEHITHAIA B M-
OJTHOM TIpoMeXyTKe. I10Ka3aHbl SKBUTIOTEHITHAEI.

Ha Puc. 3 mokazaHo moiydeHHEIE pacmpesese-
HUS TOTCHIIMAJIOB, a TaKXE IUIOTHOCTEH HOHOB M
3JIEKTPOHOB B IUIA3MEHHOM CJIO€.
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Puc. 3. Pacnipenenenne moteHuana (puc. ciieBa) v MmioT-
Hoctedd noHoB (I) m snexrponoB (II) (puc. cmpasa), B
3aBUCUMOCTH OT paspsiaHoro mnorennumana: / — 300 B,
2-450B, 3-600 B.
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NOCJALIKEHHSI KOE®ILIEHTIB PO3HALY I'YCTOI ILIAZMUA
IPM KOHLEHTPALI EJEKTPOHIB N, >10" cm ™

0. A. ®enopoBuy, JI. M. BoiiTenko

Tucmumym adeprux docnioxcenv HAH Yrpainu, m. Kuis

[Ipouecu pexomOiHaLil TycTOi HeigeanbHOI Iias3-
MU €KCIIEpUMEHTAIBHO He BUBYEHO. J[s po3paxyH-
KiB MapameTpiB T'ycToi Mmia3Mu i moOymoBu ii mMoje-
neit HeoOXiTHO 3HATH Koe(illieHTH 10HI3allil Ta peKo-
MOiHaIli1, YacH >KATTS 10HIB Ta JIEKTPOHIB 1 ix 3aie-
YKHOCTI Bifl TEMIIEpAaTypH Ta T'YCTHHH €JIEKTPOHIB.

3HaueHHsI KOedillieHTIB 10HI3aIll Ta pekoMOiHa-
1ii B TUTa3Mi €KCIIEPUMEHTAIbHO BU3HAYEHI 70 KOH-
nepHTpauiit enexrponis N, He Bumux 2 - 10" cm™
[1, 2]. B poborti [3] Oyno mokaszaHo, 0 MPH KOHIIe-
uTpamii enextponis 2 - 10% em™® = N, > 10" em™
eKCIIEpUMEHTAIBHO OJIepKaHi KOeQIIIEHTH PO3IaTy
Ha 5 - 7 MOpAAKIB MEHII, Hi)K TEOPETHYHO PO3Paxo-
BaHi. 30BCIM HENOCIIIKEHUM 3aJIUIIUBCSA Oiama3oH
KOHIIGHTpaLii enekTponis 10" cm™ >N, >2 x x 10"
o™, HocnimkeHHr0 KoedilieHTiB po3namy Heinea-
JbHOI TMJIa3MH TpW KoOHOeHTpamisix N, = 2 X
x 10" cm” i npucsstuena nana po6ota. TeopeTHaHO
TIIBKU B OfHIN poOoti [4] mepenbadaeTbcsi 3MeH-
IIEeHHS B KiJbKa pasiB kKoedimieHTa pekoMOiHarrii 31
301IbIIEHHAM N,.

Jlii eKcrepuMEHTaIBbHOTO BU3HAYCHHS Koedili-
€HTiB po3many (ioHizamii Ta pexomOiHallii) HeoOXia-
HO 3HaTW KOHIIEHTparii enekTpoHiB (N.), aToOMiB
(N,), Temmepatypu Ta ix xoay B yaci. Taki  JaHi
HEOoOXiTHi ¥ I TEOPETHYHUX PO3PaXyHKIB [5].

Temmeparypa IMITyJIbCHEX PO3PSAIB y BOAL Ta ii
X1/l y 4aci BU3HA4YaIKCh MO iHTEHCUBHOCTI BUIIPOMi-
HIOBaHHS CYLIBHOTO CHEKTpa LUIIXOM MOPiBHSHHS
il 3 IHTEHCHBHICTIO €TaJIOHHOTO Kepena EB-45.
BumMiproBaHHsl TemIiepaTypH MPOBOIWIKCS B Jiara-
30Hi criektpa 360 - 700 HM METOTOM MOHOXPOMHOTO
(hoTomeTpyBaHHS (POTOPO3TOPTOK CIIEKTPIB y HaCi.

Xig y 4aci THCKY 10 MOJIeTi KBa3iHECTHCKYBaHOT
pPiAMHK PO3paxoBYBaBCS 3 MPOCTOPOBO-YACOBHX
XapaKTEPHUCTHUK pajiyca KaHaIy Ta paiaiyca (GpoHTY
yaapHoi XBWJIi. 3 PIBHSHHS CTaHy i/lealibHOTO Tasy i
TEeMIIepaTypy BH3HaYajach 3arajbHa KOHIIEHTpAIlis
YaCTHHOK Yy KaHaii, a 3a ¢popmynoro Caxa BU3HAYa-
Jach KOHIICHTpAIliA eNnekTpoHiB. Ilpu oOumcieHHi
CTaTCyM BpPaxOBYBaIHMCh TUIBKH PiBHI BOAHIO, IO
CIIOCTEPITaINCh EKCIIEPUMEHTANIFHO, ajlieé HE BPaxo-
BYBaJIOCh 3HMKCHHS TIOTEHITIATY 10HI3amii.

KoedinienT po3many mnasMu OOYUCITIOBABCS 3
4acoOBOTO XO/AY EKCIEPHUMEHTAJIbHUX 3HAYeHb KOH-
LeHTpalii enekTpoHiB. TeopeTwdHi 3HAYEHHSA Koe-
¢inieHTiB ioHI3alil Ta pexoMOiHAIl 00UNCITIOBATH
31 3HAUYeHb TEMIIEpPAaTypH IUIa3MH, KOHLEHTpALiil
€JeKTPOHIB Ta aTroMiB. TeopeTHyHe OOYHCICHHS
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MPOBOAWINCH 32 pobotamu [2, 5]. OOGumciawBIIN
KoeimieHTH i0HI3alil Ta peKoMOiHAaIll 1 BUKOpHC-
TOBYIOUM 3HAU€HHA KOHLEHTpALil eJNEKTPOHIB Ta
atomiB (N, 1 N,), BU3Ha4aIu po3paxyHKOBUH Koedi-
IIEHT PO3MaJy IUIa3MH.

TeopeTUYHUIA po3paxyHOK no [2]
[ L] P

gy 2 o
8] -y b
10 . . - a8
B jonisauin .
1550 ®  pekomGiHauis °
[+
i "
G 10
5; 12
E 10 1 7
rF'y
A3 - w
:. 10 13 v
F v
=1 10 4o 4 EkcnepumenTancHi gaHi v
g "v'v vy A jonisauis
% 10773 f L v pexombinauin
E v
e ] ¥ H“:54 MKC
10 Haon H =50 MKe H =63 mkc
-17 L . | 1

10 T T T T T
0 20 40 60 80 100

t,MKC

3anexHICTh Big Yacy Koe(biﬁieHTa posmany (W, Q=
=20 mxm, U =30 kB, I =100 mm, L = 0,43 mx['H).

BusiBICHO BENMKI PO3XOHKEHHS MiXK TEOPETHY-
HAMH Ta €KCIIEPUMEHTATBHIUMHE 3HAYCHHIMH Koedi-
LIEHTIB po3mnany (PUCYHOK), IO JOCsrae 5 - 6 1o-
PAAKIB TIPH KOHIEHTpALiax enexTponis >10" cm™.
[Ipu 3HMKEHHI KOHIICHTpPAITli €JIeKTPOHIB TEOPEeTHY-
HI Ta eKCIIEPUMEHTANbHI 3HAa4YeHHS KoeillieHTy
posmazy 36mmKyroTses it mpu Ne= 2 - 10" em™ pis-
HUIIS 3MCHIIYETHCS JI0 JBOX MOPS/IKIB 1 CriocTepira-
€TBCSI pi3Ke 30JIKEHHS eKCIIEPUMEHTAIBHUX 1 TeO-
PETUYHUX 3HAYCHB.

VYpaxyBaHHSI TiINBKH THX DiBHIB BOAHIO, Ha SIKi
MOJIMBA PEKOMOIHAIlA [5], HE MOSICHIOIOTh PO3XO-
JUKEHb Y TEOPETUYHUX Ta CKCIEePUMEHTAIbHUX JIO-
cmipkeHHsX. HaBoquThest cripo0a MOSICHUTH PO3XO0-
JOKCHHS IHIIMMU MeXaHi3MaMH.
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c. 224.
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OCAXKJEHME IIUVIEHOK TiN U TiO, B ObBPAIIEHHOM HUWJINHAPUYECKOM
MAT'HETPOHE IIOCTOSHHOI'O TOKA METOJAOM PEAKTHUBHOI'O PACIHBIJIEHUSA

E.T. Kocrun', A.A. T 0anp01a2

"Hnemumym adepuvix uccnedosanuii HAH Yipaunv, Kues
Unemumym ¢usuxu HAH Yipaune, Kues

B pabote paccMoTpeHa BO3MOKHOCTH KOHTPOJIS
ycnoBuid noiydenus 1wieHok TiN u TiO, mo onTu-
YEeCKOMY CHEKTpY IUIa3Mbl MarHeTPOHHOTO pa3psana
Y TI0 U3MEHEHUIO Pa3psAHOTO HANPSHKCHUS.

Hunuaapryecknii MarHeTpOH C BPAIIalOIAMCS
MarHuTHBIM mojieM omwmcad B [1]. bmaromapst Bpa-
IICHHUIO TIOJS KAaTOJ pachbuisiercs 0e3 3pO3MOHHBIX
yrayOneHnii. OTo naeT cTaObWIIBbHOCTh Pa3pAIHBIX
XapaKTepUCTUK BO BPEMEHH, HEOOXOIUMYIO MpH
OCRXKJCHUU IUICHOK coenuHeHuid. [lnazmooOpa-
3YIOIIUM Ta30M CIIYXXHJI aproH, PEaKTHBHBIMU Tra3a-
mu (PI") — a30T u kuciopo.

Koutpons PI' BakyymmeTpamu 3aTpynHeH, Tak
kak ux naeneane P~10 % nanenus P(Ar). [Toatomy
AHAJIM3UPOBATN ONTHYECKOE W3ITyYeHUE TUTA3MBI
paspsina. Ha puc. 1 moka3aHsl 3aBUCUMOCTH UHTEH-
CUBHOCTEH CHEKTPAJbHBIX JHMHHUN THUTAaHA, aproHa W
a30Ta OT MIOTOKA a30Ta.

140
1204
100
80
604
40
20
0

OTH, €A

MHTEHCHBHPOCTD

MoTok azoTa,oTH ef,

Puc. 1. UaTeHcHMBHOCTD IuHUIA: TUTaHa [ - 468,2 HM,
2-501,4uam, 3-521,04um, 4-37529HM, §-
455,24 um; aprona 5 - 603,2 aMm, 6-687,13 ™, 7 -
641,6 uM; azora 9 -357,7 HM OT BEMYHUHBI MMOTOKA
asorTa.

JluHum THTaHa BeAyT ce0s MOEHTUYHO, YMEHb-
Iasich 10 MUHUMyMa. DTO CBSI3aHO C YMEHBIIEHHEM
pacmbpUieHHsT TUTaHa TPU XeMOCOpOLWHU a30Ta Ha
karoje. VIHTEHCUBHOCTb JIMHUM a30Ta MaJjla BIUIOTh
0 30HBI ocaxkaeHuss TiN (3amTpuxoBana). 30Ha
HaxOAWUTCA MOCHIEe TOYKH Hadaja pocTa JIMHUHU a30Ta
(xpuBas 9) n Ha ydacTke HauOosee ObICTPOro craja
WHTEHCUBHOCTH JINHUH TUTAHA.

Hamu noxazaHo, 4yTO KOHTPOJb MOIYy4YEeHUS CTe-
XMOMETPUYECKHUX IUIEHOK MOYKHO BECTH IO Hampsi-
s)keHuto paspana Up npu HEM3MEHHOM TOke Ip u
nasieHnn P(Ar). OTo cienyeT U3 TOrO, 4TO PEeXHM
paspszia 3aaeTcsl HE3aBUCHMBIMM BelMUMHaMH: Ip,
P(Ar) u morokom PI'. Torma Up u MHTEHCHBHOCTH
muani PIT u TuTaHa sBistiores ux QyHKuusiMu. Ha
puC. 2 TOKa3aHa CBSA3b MEXIy HHTEHCHBHOCTBIO
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nuHud tuTaHa u Up. B obnactu 30HBI ocakaeHus
(YKa3aHa CTpesIKaMH) pacIoyiokKeHa TOUKa rmepernda
kpuoii Up. Tam xe HauMHAeTCsl POCT NapLUAIbHO-
IO JaBJIE€HHMA M MHTEHCUBHOCTH JHMHHMU a30Ta, 4YTO
TOBOPHT O HACHIIIEHUH TUICHKH TUTaHA a30TOM.

335 1 ' v ' ' . 335
@ 3301 F330 _
T 3251 325 5
= (1]
& 3201 320 §
g 315] l315 ¢
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= 310/ F310 §
‘% 305 / 305 &
5 300] - 2 L300 &
= —" o

295 : : ; ! . ! 295
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MoTok asoTa, oTH.ea,.

Puc. 2. VIaTencuBHOCTH nrHNM THTaHa - 468,2 aM (/) 1 Up (2) oT Bemm-

YWHBI IIOTOKA a3oTa.

Ha puc. 3 nokazansl 3aBucumocty Up U MHTEH-
CHUBHOCTEW JIMHUM THUTaHa M aTOMapHOro KHCJIOpoaa
ot nnoroka Os.
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= o
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MoTok kmenopoaa, oTH.eq.

Puc. 3. MaTeHcuBHOCTD MTUHUI THUTaHA - 468,2 HM (/), aToMap-
Horo kucnopozaa - 777,19 um (2) u Up (3) oT BeIMYMHBI TOTOKA

KHCJIOPOJIA.

B otnmume ot kpuBkIx juig azora, Up uMeer pes-
KA MaKCHMYyM TIepe]l 30HOW IOJy4YeHHUsS IIJICHOK
TiO,, a UHTEHCUBHOCTH JIMHUHM aTOMapHOTO KHCIIO-
polla CKayKoOOpa3HO pAacTeT, YTO YKa3bIBacT Ha
OYCHb OBICTPOE HACHIINICHUE TUICHKUA KHUCIOPOIOM.
KonTtpons mporecca ocaxxkaenus mieHok TiO, mpo-
Boauics o Up mociie IpoX0oKISHHUsSI TOUKH MaKCH-
MyMa WK MO0 WHTCHCUBHOCTU JIMHHH aTOMapHOTO
KHCJIOPO/a MOCIIe ee CKavKa.

CrexuomeTpuuecknii coctaB ieHOK Ti0, u TiN
MOJITBEPIKIACH PEHTICHO(a3HBIM aHATM30M.

1. exnapar. mat. Ne 1994, [{uniHapuvyHUi MarHeTpoH 3
BHYTPIIIHBOIO OIYHOIO PO3MOPOLIYBAJILHOIO TTOBEPX-
Hero. 15.09.2003. brox. Ne 9.

[HCTUTYT SJIEPHUX JIOCJIJDKEHb HAH YKPATHU



OI3UKA ITJIA3MU

IINIABSMEHHBIE TEXHOJIOI'MA U3I'OTOBJIEHUA MUKPOCTPUIIOBBIX JETEKTOPOB
PEI'’MCTPAIIMUA MOHOB JJIA MAT'HUTHBIX MACC-CIIEKTPOMETPOB

B. M. Ilyrau', O. A. ®exoposuu’, B. I IlepeBepraiino’,
E.T. Kocrun', B.IL Ioao3oB', A.B. Muxaiiienko'

"Hnemumym soepuoix uccnedosanuii HAH Yipaune, Kues
’HUH muxponpubopos HAH Yipaunvi, Kues

Pazpaborka mamorabapuTHBIX Macc-CIIeKTPO-
METPOB C OBICTPOIl OJHOBPEMEHHOH permcrpanueit
MOHOB W BBICOKOW pa3pemiaronieil crocoOHOCTHIO
TpeOyeT paaualMoOHHO-CTOMKHUX JAaTYUKOB HE IIO-
JIBEPTraroIINXCsl OTPABICHUIO W CTPABIMBAHUIO NPHU
paboTe ¢ XMMHYECKH aKTHBHBIMU ra3zamMu. MOKHO
M3TOTOBUTH JATUMKU PErucTpaliid MOHOB W3 MeTa-
JUTMYECKUX TOHKMX IUIOCKHX TOJIOCOK (CTPHUIIOB),
[IEpeceKaoUX NPO3PayHOe OKHO B KPEMHHEBOIl
IJTACTHHE W Pa3HECEHHBIX Ha OIMHAKOBOE PAaCCTOS-
HUe IpyT oT apyra. Hacrosmas pabora mocesiieHa
pa3paboTKe MIa3MEHHBIX TEXHOJIOTHH U3rOTOBICHUS
MUKPOCTPHITOBBIX METAJUTHYECKUX JETEKTOPOB IS
OJIHOBPEMEHHOM IPOCTPAaHCTBEHHOM pPETUCTpaLui
MOHOB B MarHUTHOM MaccC-CIIEKTPOMETPE.

B xaudecTBe MOAJIOKKH HCIIOJIB30BAJIaCh KPEMHH-
eBass muacTuHa auameTpoMm 102 MM, W3 KOTOpOH
MOJTy4aJioch Ba AAaTYMKa PErHCTpalid HOHOB pa3-
Mepamu 58 x 20 mm’. JI1s IONyHeHHsS M3OJISIHH
MEXy METaNIMYeCKMMU CTPUIaMH U TOJIOKKON
MIPOBOJMIIOCH TEPMUYECKOE OKUCIICHHE KPEMHHUEBOI
IUIACTUHBI 1O TIOJIy4EeHUS TOJIIMHBI  OKHCIa
~0,2 MxM. Ha oxucen KpeMHHS HAHOCWICS CIION
HUTpHIA KpeMHUs (SizN4) IpUMEpHO TakoW ke To-
JIUUHBL J{s1 ymydineHns aare3suy HUKEIeBOM IJIeH-
KH C IIOJUIO’KKOH TEPMOMOHHBIM METOJIOM Ha ycCTa-
HOBKE C 3JIEKTPOHHO-JIYY€BOM IIYIIKOWH IPOBOJU-
JIOCh HambIJIEHHE CBEPXY TOHKOIO IMOACIOA TUTaHa
(=500 A”), KOTOpBIi O0OPA3OBBIBAI XMMHUYECKYIO
CBSI3b C MOBEepXHOCTHIO SizN4 3areM Mmpou3BOIU-
JIOCh HAIBUICHWE HUKEIEBOW IIEHKH TONIIWHON
1,5-2 mxm. Ilpu 3TOM Ha TOJUIOKKY ITOAABAJICS
oTpuuarensHeid morenuuan -100 — 200 B, uyto
YCKOPSJIO MOHBI HUKEJISI M CO3JaBajio BBICOKYIO aj-
re3ui0 ¢ THUTAaHOM. lIneHKW, TOJMy4YeHHBIE TaKUM
METOJIOM, HAMHOT'O YHIIE U MPOYHEE, YEM HAHECEH-
Hble Ha MarHeTpoHe. llocie crammaptHO# oTomH-
Torpaduy MPOBOAMIOCH BHITPABIMBAHUE B KHCIIOTE
nuiHero Hukens. OcTaBajauch MOJOCKH HIMPUHOU
20 - 30 MKM ¥ TONIIMHOM 1,5 - 2 MKM.

[lanee uconp3yroTCA MIa3MOXUMHYECKAE METO-
Il 00pabOTKH MJIACTHH B IJIa3MOXUMHUYECKOM pea-
krope (IIXP) ¢ 3aMKHYTBIM ApeiioM 3IEKTPOHOB U
ynpasisiemMol sHepruet uoHoB [1]. CHumarorcs
(hoTOpe3uCT ¢ HUKENS W CIOH TUTaHa Ui yCTpaHe-
HUS TIPOBOJUMOCTH MEXKIY MOJIOCKaMHU. 3aTeM uepe3
CHEIMATBHYI0O MAacKy IpPOM3BOJIUTCS TpaBlICHUE
KPEMHUS C JIMLEBOHW CTOPOHBI MOAJOXKKH Ha Iiryou-

IIIOPIYHUK - 2008

Hy 30 - 100 mxm. PaGounm ra3om siBisieTcss cMeCh
anerasza (SFe) u 10 % xucnopoma mpu OaBieHUU B
[IXP or 1 - 107 mm pr. cT. 10 5 - 8 - 10” MM pT. CT.
[InazmMoxumMu4ecKoe TpaBICHUE KPEMHUSI NIPOBOJIU-
JIOCh TpH dHEpTusx uoHoB 60 - 80 3B, 4ro He mpu-
BOJIWJIO K pAacHbUICHHIO HHKeIs. B nmanpHeimem
NPOU3BOAMUTCS TpPaBJICHUE KPEMHHUS C OOpaTHOU
ctoponsbl tractuabl (400 - 500) MxM yepe3 cnernma-
JBHYI0 MAacKy JUIS TIOJyYeHHs TpPO3PavyHOrO OKHA.
bnaronmapsi BBICOKOH CENEKTHMBHOCTH TpaBIICHHS
KPEMHHUS TI0 OTHOIICHUIO K HUKENIO YAaBaioch I0-
JHOCTBIO BBITPABIMBATh KPEMHHUH, HE MOBpEXIas
HUKEJICBBIE CTPUIIBI B TIOyYEHHOM OKHE.

mar 50 Mkm

0 |

®parMeHT MUKPOCTPHUIIOBOTO METAJUINIECKOTO
JIETEKTOPA JUI MacC-CIEKTPOMETPHUH.

Takum crtocoOoM OBITM TTOMYYEHBI AATUYUKH HO-
HOB c 1024 crpunamu. U3 HHMX HOBpEXIEHHBIMU
okazanock MeHee 5 %. Pa3peiBeI momywamuch, B
OCHOBHOM, 3a CcYtT Je(eKTOB, MOIYYEHHBIX NpHU
¢doronmurorpaduu. Ilar crpunos 50 mxm. Hcmoss-
3ysl TIPUBEIEHHBIC BBIIIE TUIA3MEHHBIE TEXHOJIOTHH
HAHECEHHUs W TPaBJICHHUS MaTEpPUAIIOB, BIIEPBBIE ya-
JIOCh TIOJIYYUTh JTATYUKU HETOCPEICTBEHHON peruc-
TpalUK HOHOB, KOTOpBIE SIBISIOTCS DPagHalldiOHHO-
CTOHMKHMH, MOTYT HCIIOJIB30BAThCS ISl PETHCTPALIIH
MAacC-CIIEKTPOB MCCIIEAYEMBbIX MaTepPHaliOB U TI03BO-
JSIOT — pa3pabaThiBaTh  Majiora0apUTHBIE  Macc-
CIIEKTPOMETPHI.

1. B. M. Konogain, B. B.Ycranos u O. A.®enoposuy,
Mamepuanwr 6-11 Meacoynap. xoug. “CBY — mexnu-
Ka U MeNeKOMMYHUKAYUOHHble — MeXHOI02UU
(KpviMuKo 96)” (CeBactonons, Kpsim, YkpawuHa,
1996), c. 285.
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AHOTAIIII POBIT

Ob UCHOJIb30OBAHUH ITPUBJIWKEHUSI JOPEHIIEBOM ILJIA3MBI JIJIA ONIUCAHUS
CBOUCTB IIOABOJAHBIX PA3PAIOB

I1. B. Ilopuuxwuii, I1. /1. Ctapuuk

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

Mopnens raza JlopeHma yxe OoJbIlie Beka IUIOIO-
TBOPHO HCIIONB3YETCS Ul OMUCAHUS KMHETHUYECKHX
CBOMWCTB Ta30BBIX M IIa3MeHHBIX cpex [1]. B mpu-
OMMKEHUH JIOPEHLIEBOM IIIa3Mbl HCIIOJIB3YETCSl Ma-
JIOCTH OTHOIIIEHUS] Macchl 3JIEKTPOHA K MaccaM TsKe-
JIBIX YaCTHIl ¥ YUUTHIBAIOTCS TOJIBKO Hanboliee cylie-
CTBEHHBIE JUIS PELICHNST KOHKPETHOH 3a1a4y Mpolec-
Chbl CTOJIKHOBEHUH. I[pHIMEHUTENBHO K IIJIOTHOM ra3o-
pa3paaHOH 1a3Me TaKOBBIMHU BBICTYTIAIOT 3JIEKTPOH-
ATOMHbBIEC U MOH-aTOMHBIE CTOJIKHOBEHUS [2].

B Hacrosimedt pabote, NpuOIIKEHHE JIOPEHIIE-
BOHM IUIa3MBbl HCIOJB30BAJIOCH AJI pacuera TepMo-
JUHAMHYECKUX U TPAHCIOPTHBIX CBOMCTB IUIOTHOM
IJ1a3MBbl OABOJHBIX Pa3psiioB B JHANa30HE TEMIIE-
patyp 300 - 20000 K u naBnenuii 1 - 20 6ap. Pacue-
Tl MIPOBEIEHBI A PAaBHBIX M CYIIECTBEHHO OTJIH-

YAOIIUXCA TEMIIEpaTyp dIEKTPOHOB I, W TeMIiepa-

TYP TSAXKEIBIX YACTHIL.

PesynbpTaThl pacyeToB TEIUIOEMKOCTH W TEIUIO-
MPOBOJHOCTH IIJIOTHOM BOJSHOM IUIa3Mbl B OJIHO-
TEMIIEPaTypHOM TNPHUOIMKEHUN TPUBEACHBI Ha
puc. 1 u 2.
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Puc. 1. YaenpHasi TEIUIOEMKOCTH MPH IMOCTOSTHHOM 00be-

me C, IUIOTHOM BOJSHOM IUIa3Mbl [PU  JaBJICHUH

p =20 06ap: I — pacuer (Hacrosmas padoTa), 2 — NaHHbIE
pabotsr [3].

PesynbTaThl, MOdyYeHHbIE B paMKax TakOW MoO-
JIEJIN TIJIa3MBbI, XOPOIIO COTJIACYIOTCA C UMEIOIUMHU-
Csl pacueTHBIMU U CIIPAaBOYHBIMHM AAHHBIMH [3, 4].
Taxxke W3 PUCYHKOB BHMIHO, YTO MaKCHUMYMBI Ha
rpaduKax CBOMCTB MMEIOT BHJ OJMHOYHBIX IHKOB,
YTO XapaKTEepHO VI IByXaTOMHOT'O MOJIEKYJIIPHOTO
rasa, XOTs MOJIEKyJa BOJbl MOXET AUCCOLMUPOBATH
Pa3TMYHBIMA Ty TAMHU.
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Puc. 2. TemnompoBOTHOCTh IUIOTHON BOASHOW IIIA3MBI
npu gasiaeHun p = 20 6ap: / — moyHas TEIIOBOJHOCTD;
2 —ra3oBasi TEIUIONPOBOJHOCTD; 3 - DJIEKTPOHHAS TEIIO-
HpOBO[lHOCTl); 4 — AUuccolaTuBHAs TeHJ’lOHpOBO}IHOCTL;

5 — MOHU3ANMOHHAS TEIJIONPOBOIHOCTD; 6 — JaHHbBIE pa-
00TsI [4].

Pacuersl B paMkax AByXTeMIEpaTypHOW MOJIENIU
MOKa3alld, YTO AK€ B CIy4yae CPaBHUTEIBHO Clia-
OBIX JUIA pPa3psAOHBIX YCIOBHH TMOJIEH B IIa3Mme
OTJINYUE TEMIIEpPaTyp KOMIIOHEHT BOJISHOTO Iapa
MOXET OBITh 3HAYUTEIBHBIM, UYTO B CBOIO O4YEpE]ib
CYLIECTBEHHO CKa3bIBAa€TCSl HA BEJIMYMHE IMapameT-
POB, XapaKTepU3YIOUINX CBOWCTBA, 00YCIIOBIEHHBIE
AJICKTPOHHBIM TepeHocoM. HaOmronaembiii OTpHIB
TEeMIIepaTyphl 3JIEKTPOHOB OT TSKEJBIX YaCTHUIL SIB-
JISETCSI BAKHBIM (DAKTOPOM, ONPEIEIISIONINM XapaK-
Tep 3aBUCUMOCTEH TEPMOAMHAMHYECKUX U TpPaHC-
MOPTHBIX CBOMCTB OT TEMIIEPATYPHI IJIa3MBbl.

Taxum 00pa3oM, HCIIONB30BAHUE MPUOIMIKEHUS
JIOPEHIICBON TIa3MBI K OIMMCAHUIO TTOJBOJTHBIX pas-
PSAIOB TO3BOJIAECT YIOBJICTBOPUTEIBHO PACCUUTHI-
BaTh TEPMOJUHAMUYECKUE U TPAHCIIOPTHHIE CBOUCT-
Ba IUIa3M TaKUX Pa3psIoB B IHAIA30HE TEMIEPATYP
300 - 20000 K. Ilpu Gonee BBICOKMX CTEICHSX Ha-
rpeBa mapoB BOJBI JAaHHOE MPUOIIKEHNE HETPUMe-
HHUMO H3-3a YCWICHHSI BIUSHUS 3JIEKTPOH-3JIEKTPOH-
HOTO B3aMMOJICHCTBUS HAa KWHETUKY IPOIIECCOB B
j1a3me.

1. E. M. JluBmmn m JI. I1. TIutaeBckuii, Qusuueckas xu-
nemuxa (Hayxa, M., 1979).

2. I1. B. Iopuuku#i, Terutodusnka BEICOKHX TEMIEpaTyp
44,335 (20006).

3. O. Coufal, J. Phys. D: Appl. Phys. 40, 3371 (2007).

4. H. b. BapradTuk, Cnpasounux no menioguzuueckum
ceoticmeam 2azos u xcuoxocmeti (Hayka, M., 1972).
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AHortauil pobiT 3 paaioexkonorii Ta paaiobionorii

OTPUMAHHSA PAJIO®APMIIPEIIAPATY (P®IT) HATPIIO MOIUAY (V') B KAIICYJIAX

B. A. Arees, B. I. JlinkoBcbknii, JI. O. Toaouko, H. I. JleBueHko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

P®II narpito #omnx ('T) mmpoxo 3acrocosy-
€ThCS B MEUYHIN MPAKTHUIl JUIS TiarHOCTHUKU Ta Te-
pameBTUYHOrO JIKYBaHHS 3aXBOPIOBAaHb ILIUTOBHI-
HO{ 3aJ103H, y NIEpLLy Yepry — OHKOJIOTiYHUX.

Buxopucranns Harpito #omuny (°'l) B kancymax,
TOIiBHSHO 3 po3unHOM Hatpito Hommumy ('T) mepopa-
JIBHOTO, Ja€ MOXJIMBICTh 3MEHIINUTH J030BE HAaBaHTa-
JKEHHsSI POTOBOI TOPOXKHWHHU TIAITIEHTIB BiJ OIMpPOMI-
HenHs "'l TMOKpaiIye SKiCTh CLMHTHrpadiuHMX J10-
ClipKeHb (pyHKIIT IMTOBUAHOI 3ay03u. Takox mpu
BUKOPHUCTaHHI KaIlCyJl 3MEHIIy€eThCs 1030BE€ HABaHTA-
YKEHHsI 00CITyTOBYFOUOTO MEIMYHOTO TIEPCOHAIY.

PagiodapmaneBTnuHuil mpenapaT € PO3YUHOM
Hatpio Hoxumy (') 6e3 Hocis, AMCIIeproBaHNM Ha
MOBEPXHI TBEPAOTrO iHEPTHOI'O HOCIS, 10 MICTHTHCS
BCEpeMHI >KeTaTUHOBUX Kamcyn. llepeBara BHKO-
PUCTaHHS iHEPTHOTO HOCisI — 3amoOiraHHs BUIApo-
ByBauHiO "'l i3 Kancymm Ta nedopMyBaHHIO Keia-
TUHOBUX KarlCyJl IS BHECEHHSI BOJHOTO PO3YHHY
HaTpito Homunmy. Sk iHEpPTHHUI HOCI BUKOPHCTOBY-
Banmu Oe3BomHW muHATpito rigpodochar Na,HPO,,
3MATHUH yTPUMYyBAaTH 3HAYHY KUIBKICTH BOIHOTO
PO3UHHY.

Jlnst mpurotyBanus Hatpio Hoauny (°'I) B kan-
CyJax BHKOPHCTOBYETHCS PO3YMH HaTpito Hoauny
(®'T) 3 BHCOKOIO TUTOMOIO AKTHBHICTIO — HE MEHIIE
0,3 Ki/mn. Panime Hamu Oyna po3pobieHa TeXHOJIO-
ris oTpuMaHHS po3unHy Hatpito iomumy ('), mo
3a0e3redye Taky MUTOMY aKTUBHICTS [1].

Po3pobriena HaMu MeTOIUKA OTPUMAaHHS HATPiro
fiomumy (') y xamcymax 3abesmedye pajiOaKTHB-
HUH BMICT HaTpit0 Hoaumy (1311) 0,37; 0,74; 1,85; 3,7
Mbk Ha Kkamncyny Iuia giarHocTyBaHHs Ta 74; 185;
370; 740; 1850; 3700 Mbk Ha kamncyny npu Teparne-
BTUYHOMY 3acTOCyBaHHI. J{JIs1 HAIOBHEHHS BUKOPU-
CTOBYBAJIMCS KEJATHHOBI Karcynu ¢ipmu «Kancy-
xenby» (benbris). Po3po0ieHo Ta BUTOTOBIIEHO I¥C-
TaHLIHHOKEPOBaHY YCTAHOBKY AO3YBAaHHS PO3YHHY
Harpio Homuny (°'I) B Kancynu Ta makyBaHHS iX y
¢makonu. Po3uun HaTpito oaumy (') repesaBaB-
Csl TPAHCIIOPTEPOM 10 “Tapauux’ Kamep i, Micis
PO3BEACHHS 0 MOTPiIOHOI KOHIICHTpAIlil, 3alIOBHIO-
BaBCSl B aBTOMaTH4YHY OIOpeTKy (4) IUis BHECEHHS B
Karcynu (pUCyHOK).

HocmimkeHo (Qi3uKO-XiMIUHI  XapaKTepUCTUKH
narpito omuny (°'I) B kancynax: pagioximiuna [2]
Ta pagioHykiaHa [3, 4] 4uCTOTA, BMICT HEAKTUBHHX

IIOPIYHUK - 2008

JIOMITIIOK [5], 10 3a10BOJIBHSIOTE BUMOTH €BpOIICH-
cpKoi (hapmakorei [2].

VCTaHOBKA JUIs I03yBaHHs PO3unHy HaTpiro Hommmy (*'1)
B KaIlCyJIM Ta TMaKyBaHHS y (akoHH: /| — MEXaHi3M Bep-
TUKaJbHOTO TIEPEMIIIEHHS TOJOBKH, 2 — Te(IOHOBUH
JCK 3 KamcyJaMu; 3 — TOJOBKa YTPHUMaHHS Karcyw; 4 —
aBTOMaTHYHA OIOpeTKa.

BucHoBku:

1. Po3pobiteHa MeToauka OTpUMaHHS IMperapary
natpiro iomuay (') B Kancynax 103BONMTH HaxAl
PO3pOOUTH IPOMHCIOBY TEXHOJIOTIIO IIpenapary, 1o
BIZIIOBIIA€ 3a IKICHUMHM IMOKa3HUKAaMU BUMoOram €B-
poreiicbkoi papmaxomnei.
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TAMMA-CIIEKTPOMETPISI PAJIIOI3OTOIMHOI MPOAYKIIII HA PEAKTOPI BBP-M

A. M. Bepaizos, II. M. Bopona, 1. A. Mamok, O. ®@. Pynuk, B. B. Tpumun

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Peasizarist mpoekTy mo CTBOPEHHIO HA peakTopi
CyYacHHX TEXHOJIOTi BHPOOHHUIITBA Ta METOIUK
ceprudikanii pagioHyKIiAHOT MPOAYKIii A TOTPed
HayKH, MEHLMHHK Ta MPOMHCIOBOTO 3aCTOCYBaHHS
BKIIIOYAE Pi3HOIUTAHOBI po3podku [1 - 3]. Baxmm-
BOIO JIAHKOIO TaKUX PO3POOOK € CTBOPEHHS 0a30BOTO
TEXHIYHOTO Ta HAayKOBO-METOJMYHOTO KOMILIEKCY
Ul TaMMa-CIIEKTPOMETPUYHOIO aHallizy [DKepen
BHUITPOMIHIOBaHHS B MTUPOKOMY iHTEpBaJli IHTCHCHB-
HOCTEH Ta Jiama3oHi €Heprii ramMMa-KBaHTIB BiJ
50 xeB no 3 MeB.

KirrouoBuM enemenToM cepTudikaiii pasmioizo-
TOIHOT MPOYKIIT € BU3HAUEHHS 3 HEOOXIHOIO TOY-
HICTIO aKTMBHOCTI PaJiOHYKIIJIB y IIUPOKOMY Jia-
Ma30HI BEJIMYWH: LIIBOBUX HYKIIIMIB (K TPaBHIIO,
BEJIMKOI aKTHBHOCTi) Ta JOMIIIKOBUX i3 BIJIHOCHO
MaJIOI0 JIOIyCTHMOIO aKTHUBHICTIO, fIKa MOXKE OyTH
HaBiTh MEHILOIO 32 TPAHULIIO ICTEKTYBaHHS.

Ha 06a3i cywacHmx ramMma-CreKTpOMETPUIHHUX
KOMIIJICKCIB 3 IETEKTOpPaMH BHCOKOI PO3ILIBLHOI 3/1a-
THOCTi pO3pO0JIEHO METOJIMKY BUMIpIOBaHHS aKTHB-
HOCTI pajioHyknifis B miamasoni 1 Bk + 10" Bk i3
CYMapHOI0 CTaHJApTHOI0 HEBHU3HAYEHICTIO, IIO HE
nepesuirye 15 %. Takoro mmpokoro miama3oHy ak-
TUBHOCTI JIOCATHYTO 3aBASKH BUKOPUCTAHHIO CY-
YacHOI EJeKTPOHIKH B KOMILIEKC] 3 KOJIMAIIIEIO TT0-
TOKY TaMMa-KBaHTIB Ta Horo mociabieHHsM (PiibT-
paMH TOTJIMHAHHS. [ aMMa-CIIeKTPOMETPHYHI KOM-
IUICKCH Ha OCHOBI IH(POBOI eNeKTpOoHIKU (Tpolie-
cop DSP 9660 ta Momynb paxyHKY IMITyIIbCiB 0€3
BTpaT LFC 599) 3a0e3nedytoTh OTprMaHHs HAAiHHOT
CIEKTPOMETPHUYHOI iH(popMaLii i MiABUILEHY IpPOILy-
CKHY CIIPOMOXKHICTB NP BX1IHUX IMTOTOKAX CUTHAJIB
10 10° imm./c.

Hapeneni B MeToauili BUpa3u JAJisl HEBU3HAUEHO-
CTi BUMIPSIHUX Ta PO3PaXOBaHUX BEIMYHMH BUTpUMA-
HO y BIJITOBITHOCTI 3 MIXKHAPOJHUMH CTaHIApTaMHU
ISO [4, 5].

OcobnuBa yBara nmpuzijieHa BU3HAYeHHIO Haiid-
HUX KpPUTEPIiB JIETEKTYBaHHS B sepHO-(i3MIHOMY
eKCIIEpUMEHTI, YCTAJICHUX TOTJAIB Ha sIKi cepen
(axiBLiB MOKH IO HE JOCSATHYTO. AKTYaJbHICTh iX
[IPAaKTUYHOTO BUKOPHUCTAHHS IIABHULIYETHCA B Mipy
3pOCTaHHS BHMOT J0 pajiaIlifHOl YHCTOTH MPOIyK-
Iii, OCOONMBO PAiOHYKIAHUX (hapMaleBTUYHUX
mpernaparis.

st yxBasneHHs! pillleHHs PO HasBHICTh YUCTOTO
edekTy Ta OOYMCIICHHS MIHIMaJIbHOI JIETEKTOBAHOT
AKTHUBHOCTI BUKOPHCTOBYIOTbCS TOPIT NPHAHATTA

pitneHHs R: (decision threshold) ta rpanuns ne-

* . . .
TeKTyBaHHSI P , (detection limit), BuU3HA4YeHHS

. *
SKUM JaHO B cTaHnapti [6]; mmst R BuxopucraHo
BUpa3, HaBeJeHUI y cTaHAapTi [7]

. kI, N 4Ryt 2N 2N
R: - p 1+ 1+ 0 4 c

— +
"2t 2N, ki, N N

l-a P P

ne Ry — excriepuMeHTallbHa OIliHKA IIBUAKOCTI JIid-
Ou IMITyJIbCIB KOHTHHYYMa B 30HI BHSBIEHOTO abo
OUiKyBaHOTO Tika (BKiam (QoHy); t — 9ac BUMIpIO-
BaHHsA; Nj, N. — 4MCIa KaHaliB BiJNOBIIHO B 30HI
mika Ta B CUMETPUYHUX 30HAX, BUOpaHUX IS PO3-
pPaxyHKy KOHTHHYYMa; K; o — KBAHTHJIb CTAHIAPTHO-
ro HOPMAQJIBHOTO PO3MOAUTY; Of — 3aJaHa WMOBIp-
HICTb TOXHOKH TEpUIOro poay (3apaxyBaTé XHUOHUIA
CUTHAI).

[IpH PO3PaXYHKaX P , 33 OLIHKY MATEMATHYHOTO
OviKyBaHHS (iCTHHHOTO 3HAYEHHS) MIBUAKOCTI JIIYOH
IMITyJIbCIB KOHTHHYYMA B 30Hi mmika 6epethbest Ry.

VY MeTtoaMii BU3HAYCHO MOPSAAOK BUKOHAHHS BU-
MIpIOBaHb B YMOBAaxX CIIEKTPOMETPUYHOI j1aboparo-
pii, a TakKOXK B TEXHOJOTIYHUX TPUMIMICHHSIX peak-
Topa BBP-M: peakropHOMy 3aii, “rapsuux” Kame-
pax Ta TPAaHCHOPTHOMY KaHali, IO CIOJYydYae ix.
CrtBOpeHU#t BUMIPIOBATLHUN KOMIUIEKC BHKOPHCTO-
BYETBCS SIK 0a30BUi: 1) JUIs BUMIpIOBaHHSI aKTHUBa-
MIHHUX JETEKTOPiB METPOJIOTIYHOTO CYNPOBOAY
MpoIleCy HAKOMHMYCHHS Palioi30TONIB B pPeaKTopi;
2) anst pamialifHOr0 MOHITOPHHTY TpOILecy mepe-
poOKHM ONpOMiHEHUX MilleHel; 3) s cepTudikartii
TOTOBO{ MPOYKIIii.

PoGora migrpumana rpantom YHTLI, mpoekt
Ne Uz-25.
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BUKOPUCTAHHS CYYACHHX TEOIH®OPMAIIMHUX TEXHOJOITH JJIA AHAJI3Y
INPUUHATHOCTI MAUJAHYUKIB JJISA BYJAIBHUITBA BAT'ATOHNLIIBOBOI'O
JOCIIAHULIBKOI'O AAEPHOI'O PEAKTOPA

O. B. I'aiinap, 0. A. Muxtoniok, B. B. Tpummn, JI. €. YepBoHHa

Incmumym adepuux docnioocens HAH Yrpainu, Kuig

[epmmM eTanoM >KUTTEBOTO IUKITY OYIb-IKOTO
00’€KTy € HOro MPOEKTYyBaHHS Ta BHOIp MiCI po3-
tanryBanHs. JlocminHuneki saepHi peaktopu (IAP),
SK 1 EHEepreTHuHi, € 00 €KTaMH MiJIBUIICHOI pajia-
uiitnoi HeOesneku. Tomy ertam BuOOpy MaigaHuMKa
posramryBanHs ISP mae GasyBaTucs Ha 4YiTKOMY
BUKOHAaHHI BUMOI' YMHHOI'O 3aKOHOJABCTBA Ta HAy-
KOBO-OOTPYHTOBAaHHUX KpPUTEPIsX Ui BUOOPY OINTH-
MaJIbHOTO BapiaHTy.

Crtiz 3a3HaYMTH, 10 K B YKpaiHi, TaK i B MIJIOMY
B MDKHAPOHIN MPaKTHUIl, BUMOTH J0 BUOOpY Maii-
nanuuka s JISIP 6a3yroTbes Ha HOpMax, po3poo-
JICHUX JAJIsl EHepreTHUHUX peakTopis. B Ykpaini oc-
HOBHI TOJIOKEHHS TaKOro BHOOpPY BHM3HA4YeHI B JO-
kymenti AKSAP Ykpainu “Bumoru 3 6e3nexu 10 Bu-
0opy MaiimaHurKa Al PO3MILICHHS aTOMHOI CTa-
Hiii’. Tak, npu BHOOpI MalgaHYMKA MarOTh OyTH
BpaxOBaHi: 30BHIIIHI BIUTUBH, 10 MaIOTh Y1 MOXKYTh
MaTH BIUIMB Ha 0e3MeKy 00’€KTa, PO3MOBCIOKEHHS
PamioaKTUBHUX PEYOBMH YW ONPOMIHEHHS HaceJeH-
HSl, yPaxOBYIOUH iX 3MiHHM Ha BCIX €Tanax >KUTTEBOTO
LUKy SICPHOI YCTAaHOBKH; ICHYIOUHMH Ta MEpCHeK-
TUBHUH €KOJOTIYHUH ¥ nemMorpadidyHuii cTaH; MOX-
JIMBOCTI peamizallii 3aXMCHUX 3aXOJiB y pa3i BHHUK-
HEHHS aBapil, yKJIIOYaouH BaXxKKi aBapii.

[1ig 30BHIMIHIMU BIUTMBAMH PO3YMIIOTh TPUPOTHI
Ta TEXHOTCHHI BIUIMBHU. [0 OCHOBHHUX TPYN BILIHBIB
MPUPOAHOTO XapakTepy BIAHOCATH CEUCMIUHI Ta
reoJIoriuHi, HeOe3MeuHi MeTeOpOJIOTIuHI SBHIIA, Ti-
JPOT'COJIOTIYHI BILIMBH, TIOBEHI, IMITOTUICHHS TOIIIO.
Jlo TeXHOTEHHUX BIUIMBIB BIIHOCATH MOTYXHI aBapii
Ha MiANPHUEMCTBAX Ta BIHCHKOBUX 00’€KTaxX, BUOYXH
Ta TOXEXI Ha TPAHCHOPTi, pyHHYBaHHS IUIAXiB
CIOJYYeHHS, MaiHHs JITaJbHUX arapariB, IPOPUBU
BOJIOCXOBHIII, XiMiUHY Ta 0i0JIOTiYHY 3a0pyTHEHICTb
TEPHUTOPIi TOIIIO.

IIpu ominmi mMpUAATHOCTI MaWgaHYHMKA JJIST PO3-
MIIICHHS TaKOX BUKOHYETHCS OIIHKA PajialiiiHOro
BIUIMBY 00’€KTa Ha HACEJIECHHs Ta HaBKOJIUIIHE NPH-
pomre cepenopumie (HIIC) mpm HOpManbHIN ekc-
IuTyaramii Ta aBapisix, y TOMY YHCI Baxkux. [Ipu
OIIHIII PaJialliifHOrO BIUIMBY MAalOTh TaKOX BpPaxo-
BYBaTHCS Pi3HOMaHITHI (DaKTOpH, 30KpeMa: METEO-
poJioriuHi, TomorpadidHi, TigpoiorivHi, dayHa Ta
¢opa, TiAPOreoNOTiyHi, BUKOPUCTAHHS TPYHTOBUX
BOJI, TPAHCIIOPTHI, PO3MOALT HaceleHHS (Cy4acHHM
Ta MPOTHO3HUI), 3eMJie- Ta BOJOKOPUCTYBaHHS, pe-
KpealiiiHi Ta TpUPOIOOXOPOHHI 30HH, MPUPOAHUI

IIOPIYHUK - 2008

pamianidHuii (OH cepenoBHUIIA 10 BBOAY 00’€KTa B
eKCIUTyaTarlito.

BpaxoByroun crenndiky 00’ekTa, SKUM € Oara-
rouitekoBuit JISIP, mel mepenik mMae BKJIIOUATH Ta-
KOX (haKToOpH, 10 BILTMBAIOTh HAa €(pEKTUBHICTH BH-
kopuctanas JISIP: HaOmmkeHiCTh 10 BHINIUX HaBYa-
TbHUX 3aKiIafgiB  (Qi3MYHOTO TPOQII0, PO3BUTOK
TPaHCIIOPTHOI MepeXi Ta BiAJaleHiCTh BiA MiXHa-
POIHUX aepOIOPTiB TOIIIO.

3rigHO 3 YMHHUM 3aKOHOJaBCTBOM Ta MIXKHapO/I-
HOIO MPaKTUKOI0 BUOIp MaiilaHUMKa IPOBOJUTHCS B
JeKinbKa eraiB: 1) BUOip perioHiB, Ha SIKUX MOKJIH-
Be OyMIBHHUIITBO; 2) BHUOIp HE MEHINE TPHOX HaM-
OUThII NPUIHATHUX MalIaHYMKIB, Ha SIKMX MPOBO-
JIITHCS YTOYHIOOYI 00CTEXEeHHS; 3) KiHIeBUI BUOIp
ONTUMAJIBHOI MIJITHKA 3 TIPOBEICHHSIM JepKaBHOI
€KOJIOTIYHOI EKCIIEPTU3W Ta HAJaHHSIM 3BITY IIpO
BruB Ha HIIC.

Buxonsuu 3 KiIbKOCTI Ta Pi3HOMaHITHOCTI (hak-
TOpiB AJs1 eEeKTUBHOTO BUPIIICHHS 3a/1a4i BUOODY,
mocTae HEOOXiJHICTh BUKOPUCTAHHS Cy4YacHUX 3a-
co0iB aHaii3y MPOCTOPOBO-PO3MOALIEHOI iH(pOopMa-
mii (I'IC). B HEITAE Ttaka cucrema po3poOiseThes
Ha ocHOBI ['IC ArcGIS-9.1 i Britouae: 6a3y reoma-
HUX (kaprorpadiuHi mapu), 0a3y BaroBux Koediri-
€HTIB, IPOTPaMHi 3aCO0M 0OPOOKH TeoTaHNX.

AHai3 MPOBOAMTHCA Y JEKUIbKA IMOCHITOBHHX
eTalliB:

po30uTTS 00paHOi TepHUTOpIi HA eleMeHTapHi Ili-
THKH (OYiKyBaHa 30Ha BIUTABY 5 - 10 kM);

BU3HA4YCHHS ()AKTOPIB, HASBHICTh SIKUX BUKIIIO-
Yyae IOUISHKY 3 IMOAANBLIOTO aHalizy (Hampukiam,
celicMiuHICTh TOHAN 8 GaliB);

BU3HAUeHHA ()aKTOPIB, MIO iCTOTHO BIUTUBAIOTH
Ha Oe3neky /ISP, Ta MOX/IMBUI HEraTUBHUI BIUIMB
y BHUITJIKy Ba)KKOi aBapii;

TicIisl BHOKPEMIICHHSI HalO1IbII PUAATHUX Peri-
OHIB MPOBOJUTHCS aHANI3 MaliJaHYMKIB 3 ypaxyBaH-
HAM (aKTOpiB, IO BIUIMBAIOTh Ha €()EKTUBHICTH BU-
kopuctanus JSIP Ta BapricTh CTBOpeHHS, Ha ¥OrO
OCHOBi,  IHQPACTPYKTypH  HayKOBO-TEXHI4HOTO
LEHTPY.

Po3pobnena cucrema Oyae BHKOpHCTaHa IIpU
migroroBi 3akoHy Ykpainu “lIpo po3mimeHHs,
MPOEKTYBaHHS, OYyIIBHUIITBO JOCIHITHHUIIBKOTO sjie-
PHOTO peaxkTopa 3 BiANOBIIHOIO iHPPACTPYKTypor0”.
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THOOPMAIIIHO-AHAJIITUYHA CUCTEMA NUCLEAR UTILITY KNOWLEDGE
MANAGEMENT AND SAFETY ANALYSIS (NUKMSSA) TA AHAJII3 HOIiA
HA SIIEPHO-PAJIALIIMHUX YCTAHOBKAX

O. B. I'aiinap

Tncmumym adeprux docnioxcens AH Yrpainu, Kuig

[potsirom 2008 p. B LlenTpi exonoriyanx npoOiem
atomuoi enepreruku (LIEITAE) Il HAH VYxpainu
MIPOJOBXKYBAIMCS POOOTH OO0 BIOCKOHAJIEHHS Ta Ha-
[IOBHEHHS iH(pOpMaLitHO-aHATI THYHOT CUCTEMU
NUKMSA. IlapanenpHO 3 po3poOKO0 METOIOJOTIYHOT
OCHOBM CHCTEMH IPOBOIWIIOCA 1i HATOBHEHHSI, 30KpEMa
iH(pOpMaIiTHO-aHATI TAYHIMH MaTepiajaMu 100 MOIiH
Ha JOCTIIHULIBKHUX saepHux peaktopax (ISP) Ta mabo-
paTopiii 3 BUpOOHUIITBA Pa/lioi30TOMIB.

18 tpaBus 2008 p. Koponiceka kopropanis AECL
(Kanana) mpuiiHsuia pimeHHS Ipo BiAMOBY Bif IMOAalb-
muX poOiT 1Mo BBEACHHIO B €KCILTyaTaIlilo BXe MO0y I0-
BaHNX JBOX peakTopiB MAPLE. Take pimenuas Oyio
npuiHITO Tichs 13 pokiB poOOTH HaJ MPOEKTOM CTBO-
PEHHSI MEPIINX CYTO KOMEPLIHHUX SAEPHUX PEaKTOpiB
JUIs BUpOGHMITBA pagioizoTomis * Mo, I, '*°I ta **Xe.
Peaktopu MAPLE (1,2) € peakropamm OaceifHOBOTO
THUITy 3 KOMIIAKTHOIO 30HOI0 Ha HU3bKO30araueHoMy Ia-
JUBI, SKa OToYeHa OakoM BimOwBaua (Baxkka Boma). 19
mororo 2000 p. BimOyBcs Gi3WMYHHNA ITyCK peakTopa
MAPLE 1. Ognak npoBefeHi BUMIpIOBaHHsI 3aCBiIUMIN
HasBHICTh TIO3UTHBHOTO TOTYXHICTHOTO KoedimieHTa
peaktuBHOCTI (IIKP), y TOM "ac sk po3paxyHKH CBIIIH-
JIY 10 1ed KoedillieHT MaB OyTH BiJ’€MHUM, IO € Ta-
KO OZHI€IO 13 HOPMAaTHUBHUX BUMOT 3 SIZEPHOT OC3MEKH.
VY noxansiiomy AECL Oyno ButpaueHo noHaa 200 miiH
nonapiB CIIA Ha 3’sicyBanHs ipuunH BUHUKHEHHS [IKP
Ta iX ycyHeHHs. OJHaK OCTaTOYHOI BiAMOBiAI Tak i He
orpumano. OCTaHHI TECTH, IO MPOBOAFIIUCS TPOTITOM
ciuas-kBiTHSI 2008 p., BUSBUIN TPU MOTEHITIHHI CKIIAI0-
Bi, 0 00ymoBir00Th [1KP: mporun (BiOpaiis) BUCOKO-
30araueHUX MilIeHeH, TporuH (BiOparis) MaTuBHUX
€JIEMEHTIB, 0c1a0JIeHui MOTIK 0X0JIoKyBaya. [Ipumnyc-
Ka€ThCs, 10 HAWOUIBII CYTTEBUM € KOHCTPYKIIiIHI He-
JTOJIIKK TIAIMBHUX elleMeHTiB. Tak, KOpeWChKHid JOCHiI-
HUIBKUH peakTop Hanaro 6a3yerbcss Ha TeXHOJIOTIT
MAPLE. Peaktop Mae teroBy moTyxHicTh 30 MBT 1
OyB ycmimHo 3anymeHuit y 1995 p. Hanaro mae Heraru-
BHy BenmmunHy [IKP (amanoriuny Ti#i, 1o gasamu pospa-
xyHku st MAPLE). ITamuBo ams Hanaro Takosk mocra-
Bisutocst AECL, omHak BoHO Oyj0 Moau(iKOBaHO ISt
ITiIBUIIEHHS dKOPCTKOCTI ¥ Mayo AEmo BiAMIHHUH PO3-
TO/TiJT TTAIMBHOT MacH, 110 3MEHIIMIIO TPOTHH MaTHBHUX
€JIEMEHTIB Ta HOTO BIUTUB Ha PEaKTHBHICTb.

HeoOxinHicTh MOJepHi3alii MaJIUBHUX EJICMCHTIB
BHHHUKJIA TaKOXX Ha aBCTpaiiiickkoMy peakropi OPAL,
SIKAH € 0araToIliIhOBIM PEaKTOPOM 0ACEHHOBOTO THUITY 3
TEIUIOBOIO TNOTyxkHicTI0O 20 MBT, KOHCTpYKLisl SIKOTO

noni6Ha 1o peaktopiB MAPLE. V munsai 2007 p.
IiJ] 9aC YaCTKOBOTO TEepe3aBaHTAKECHHS aKTHB-
HOI 30HH OyJI0 BHSBJICHO NAJIHMBHI IUIACTHHH,
MIOJIOKEHHST SKWX HE BIINOBIANO INTATHOMY.
ITicns mpoBeneHHS po3ciimyBaHHs Oyio BcTa-
HOBJICHO, IIIO MPOOJIEMH BHHUKIHU B PE3yJbTAaTI
HE/IOJIKIB KOHCTPYKIii Ta BUTOTOBIICHHS aJ-
BHUX 30ipOK, SIKi IPU3BEIH IO TOTO, LIO 3a pa-
XYHOK BiOpamii Ta cri, Mo BUHHKAIOTh yYHACHTI-
JIOK TOTOKY OXOJIO/PKyBaua, Bi0yJIOCs 3MilleH-
HS MJIMBHUX IJIacTHH y 30ipkax. [licis mo-
OTIpAIlfOBAaHHS TAJMBHUX €JEMEHTIB y TpaBHi
2008 p. perymoroumii opraH HamaB JO3BiT Ha
MPOIOBKEHHS eKcIutyaranii peakropa OPAL.

[Tig wac anamizy moziit Oyio MpoBeeHO y3a-
TATBHEHHSI Ta CHCTEMAaTH3AIlil0 MaTepiaiiB, IO
MalOTh KJIIOUOBE 3HAUEHHs SK NpH (HOpMYJIO-
BaHHI BUMOT Ta TEXHIYHOTO 3aBJaHHS IPU CTBO-
peHHi HOBoro OaraTominsoBoro JISIP B YkpaiHi,
TakK 1 7151 IPOBEACHHS €KCIIEPTHUX OLIHOK SKOC-
Ti IPOEKTIB.

25 cepmas 2008 p. [HCTHTYT pamioeiieMeHTIB
(IPE, bensrist) mpoiagopmyBaB mpo mozito, sKa
DenepabHOIO  areHIIEI0  SAEPHOTO  KOHTPOIIO
Benbrii Oyna oriHeHa K iHIMAEHT TPETHOTO PiBHS
3a 7-6anpHoto mkaioro INES. Excnieptu cxonsts-
Csl B TOMY, IIO TPHYMHOIO 1HIWAEHTY CTajld He-
CTO/liBaHa XIMiYHA PEaKIlisi Mi>K OJIHOYACHO Tepe-
MIIIIEHUMH  PaTiOaKTHBHUMH BIIXOJaMU Pi3HOTO
CKJIay 3 TPhOX €MHOCTEH Masoro 00’eMy 70 OfI-
HOTO BEJIMKOTO KOHTEHHepa, po3repMeTH3allis
KOHTEHHepa Ta BUKHII Pali0aKTUBHUX PEYOBUH (B
ocroHoMy 'I) uepes BeHTHIALIiHY TpYOY y Ha-
BKOJIMIIIHE CEpENIOBHINE. 3arajbHa AaKTUBHICTB,
BUKUy Oyna omineHa sik 45 ['bk B3Iy Byno BBene-
HO B JIil0 aBapiifHWil IU1aH pearyBaHHS, PEKOMEH-
JIOBAHO THMYAcoBEe OOMEKEHHS BKUBAHHS CHPHX
OBOYIB 1 (PPYKTIB Ta MPOBEICHO MEAUYHHUIA OTJISIT
YCBhOTO 0a)Kar04oro HACENICHHS, SKE MPOKUBAE Ha
TIPUJIETIIAX TEPUTOPISX.

3i0paHo Ta CHCTEeMaTH30BaHO iH(pOPMALi0
IIOZI0 PO3BUTKY TOiH, XapaKTePUCTHK JHKepera
BUKH]y, METEOPOJIOTIYHIUX YMOB Ta Pe3yJbTaTiB
BUMIpIB piBHIB 3a0pyJHEHHS MPOO POCIMHHOCTI
Ta MOJIOKa, Ha OCHOBI fKOI PO3M0OYaTo PoOOTY
momo0 Bepudikamii mporpaMHHX 3aco0iB, IO
BXOAATH JIO MOJICNBHOTO OJIOKY CHCTEMH
NUKMSSA.
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EKCIIPEC-METO/J, BUBHAYEHHA CTAHY OKHUCHOI'O METABOJIIBMY
3A TIPOMEHEBOI TEPAIIII ITYXJIMH

10. 11. FaneBnql, C. B. Teaeuska', JI. I. MakoBenpka’

1 . . .
Incmumym si0eprux docnioxceny HAH Yipainu, Kuig
Incmumym excnepumenmanvroi onkonoeii, namonoeii i padiobionocii im. P. €. Kaseyvkoco HAH Yxpainu, Kuis

IIpomeHeBa Tepamiss HHHI Bifirpae ITOMIHYIOUY
POJIb Y JTIKYBaHHI OHKOXBOpHUX. [IpoTe 3amuiiaroThes
HE JI0 KiHIIA 3’SICOBAaHHUMHY MUTAHHSA, 1[0 CTOCYIOTh-
Csi TIOIIYKiB TPOTHOCTHYHUX KPHUTEPIiB OIIHKH
BIUIMBY ONPOMIHEHHS Ha CTaH maifieHtiB. [Ipu BH-
0opi TecTiB, sKi 0 00’€KTUBHO BigoOpakanu 3MiHHU B
Oprasi3mi 3a paiialiiHOro BIUIMBY, HEOOXITHO Bpa-
XOBYBaTH TaKi 3aJIEKHOCTI Ta 3aKOHOMIPHOCTI, IO
BUSIBIISIIOTHCSL HA OCHOBI MMAaTOTEHETHYHO 3HAYUMOIO
JUI TIPOMEHEBOI TATOJIOTii KpHUTEpito, SKUMHU IS
10HI3YI0YOT0 BHUIIPOMIHIOBAHHS € BUTHHOPAIUKAIbHI
peaxiiii, o BiAIrparTh CYTTEBY POJIb Y MicisApaia-
MIHHUX BHUSIBaX ypa)X€HHS OpraHizMy. 3Ha4HUX ¢y-
HKIIOHAJIFHUX 3MiH 32 ()OpPMYyBaHHS Ta POCTY ITyX-
JIMH 3a3Ha€ aHTHOKCHJIAHTHA CUCTeMa 3axucTy. ba-
TaTOKOMIIOHEHTHICTh Ta CKJIaJHI BHYTPIIIHBOCH-
CTEMHI 3B’ SI3KH yTPYIHIOIOTh BUSHAYEHHS CTaHy i€l
CHCTEMH B I[JIOMY, IO Jaio O 3MOTy MaKCHMAJIBHO
KOPEKTHO Ta 00’€KTHBHO OILIIHUTH Tiepelir (diziomo-
TIYHHX TIPOIIECiB, 3yMOBJICHUX TUcOaIaHcoM, 1 TIpo-
THO3YBaTH €(PEeKTHBHICTD JIKYBaHHS Ta HOTO KOPEK-
mito. Ha Hamr mormsig TakuM Moxke OyTH METOJ| Xe-
MmimrominecueHnii (XJI), skuit € JOCUTh eKCITPECHUM
Ta Ma€ BHCOKY iH(OPMATHBHHCTH B OIIHII BiIbHO-
pauKaIbHUX TpoleciB y Oiocuctemax. He musis-
YICh Ha TPHUBAJMI Yac HOro 3aCTOCYBaHHS B MEMIH-
KO-010JIOTIYHMX TOCIIIKEHHAX, HEMA€E HUHI €IUHOI
MeromaoJorii y npoeaenni XJI anamzy. Tak, y mo-
CIIJPKEHHSIX BHKOPHCTOBYIOTH IUIBHY KPOB, i1 KIIi-
THUHH, Pi3HI CTHMYJIATOPY Ta MiACHIIIOBAYi, pi3HHUN
gac peecrtpaitii XJI Tomo. MeToro podoTu Oyio Bi-
MpaIOBaHHS CTaHAAPTHOI Metoauku XJl-aHamizy,
IO JO3BOJIWIO O in Vitro OLiHIOBaTH 3MiHM (YHKII-
OHAJBHOTO CTaHy OPTaHi3My 3a OKHCHHUM MeTa0oJIi-
3MOM 3a JIii Ha HbOT'O PI3HOMaHITHUX YMHHUKIB. Jlo-
CNIJDKeHHS Ta aHami3 kiHetmuHuX XJI Xapakrepuc-
THK KpOBi (CBITJIOCYMH CBITiHHSI, 1OTO MaKCHMaJIb-
HOI Ta IPUKIHIIEBOT IHTEHCTUBHOCTI), OTPUMAHUX 5K

IIIOPIYHUK - 2008

MIPH ONPOMIHEHHI €KCIIEPUMEHTAIBHUX TBAapHH Pi3-
HUMHA J03aMH Ta 3a PI3HUX pEXUMIB TaMMma-
kBantamu °Co Ta mBuaAkuMH HedTpoHamu (Eq,
6 MeB), Tak i mpu OMPOMiIHEHHI OHKOXBOPHX 13 ITy-
XJIMHAMU ~ OTIOPHO-PYXOBOTO ~ amapary, MOJOYHUX
3aJ103, JIETeHb, SIEYHHKIB, SIKi OTPUMYBAJIN IIPOMEHE-
By Tepamilo, CBig4aTh HpO Te, L0 JaHUH METOX
00’€KTUBHO BiZIoOpakae CTaH PiBHOBArd MiXK piBHEM
BUTbHOPAIMKAILHUX TPOIECiB (BU3HAYATBHUM JIaH-
IIIOTOM TPOMEHEBOI MaToiorii) i (yHKIIOHATBHOIO
AKTUBHICTIO €HIOT€HHUX AHTHOKHUCHHUX CHCTEM 1 €
Ha/liIHHAM KPHUTEPIiEM OIIHKH CTaHY MAIli€HTIB.

Hamu BCTaHOBNIEHO, IO ONTUMAJIBHUMHU i HEOO-
XITHUMH yMOBaMH TpoBeneHHs XJl-aHamizy €: ka-
TiOpyBaHHA TpWIALy 3a CTaHAApPTHUM ETAJIOHHUM
JDKepesioM; rpadiuHa peecTpauis CUrHalIy 3 HacTyII-
HUM BH3HAUEHHSIM IIOKa3HWKIB, WIO TIependadeHi
MPOTpaMor0 TIPIIIATy - CBITJIIOCYMH CBITIHHA (3Ha-
YEeHHS MMOKAa3HMKIB CBITIHHS 32 4ac MPOBEICHH aHa-
Ti3y), MaKCUMaJILHOI Ta MPHUKIHIIEBOi IHTEHCUBHOCTI
CBITIHHSI; BHKOPUCTaHHS IUTHHOI KpoBi (10 MK B
1 M 0,9 % NaCl a6o B 1 MJ JUCTHILOBAHOT BOJIM),
II0 J03BOJISIE YHUKATU BTpAT ii (JOPMEHUX eJeMeH-
TIB 1 BHUKPHBIIEHHS pe3yJbTaTiB YHACIiJOK HecIe-
U(IYHOTO BIUIMBY Ha HHUX CEPEIOBUIN BUIICHHS;
peecTpallisi CUTHaly 3a 5 XB; ONTHMalbHA KOHLCHT-
paris imimiaropa XJI B iHKyOariitHoMy cepenoBHILi
JUISL TeMOJIi3aty KpoBi 3 % mepekucy BOIHIO, a IS
XJI nmepoKCHIa3HOro OKHCIeHHS Kpoi 1 - 10° M
TIEPEeKHCy BONHIO; cTabimizamis temmneparypu (25°
abo 37 °C).

BigmparnsoBana Hamu cxema XJI-aHami3y 103BO-
Jsie OTPUMYBaTH JOCTOBIpHI W BiATBOpIOBaHI pe-
3yJIbTaTH 1 MOKe OYTH 3aCTOCOBaHA JUIS OI[IHKH B
IuHaMmimi (QYHKIIOHATBPHOTO CTaHy OpraizMy 3a
BINTUBY Ha HHOTO PI3HOMAHITHHUX KCEHOOIOTHKIB, Y
TOMY YHCIIi 1 10HI3YI0UOTr0 BULIPOMiHIOBAaHHS.
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ONIPEJAEJIEHUE COJIEPKAHUSA YPAHA U TPAHCYPAHOBBIX 3JIJEMEHTOB
B TOIIVIMBHBIX YACTHUIAX YEPHOBBIJIbCKHUX BBIIIAJEHUU METOJAMU
NPEIU3UOHHOMN AJTb®A- U TAMMA-CIIEKTPOCKOIINA

A. II. Jlamko

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

Oco0o0e BHUMaHNE IKOJIOTOB IPUBJIEKAIOT TPaHC-
YPaHOBBIE U TPAHCIUTYTOHUEBBIE 3JIeMEHTH. OHO
00yCIIOBIIEHO, BO-TIEPBBIX, UX JIUTEIHHBIM BIIUSHU-
€M Ha OKPYXAloIIyI0 Cpeay BCIEACTBHE OOJBIIMX
MEPHOIOB TMONypacnana H, BO-BTOPBIX, AKTHUBHON
MUTpaIueit B OMOJOTHYECKUX MEeTIsX.

Jua ompeneneHus conep)kaHUS AKTHHOWIOB B
TOpSYMX YacTHIAX TPAAULIMOHHO HCIIONB3YIOT pa-
TUOXVUMHYECKUN METOJ Ppa3[eNieHus] pPaIuOHyKIH-
noB. BrlpeneHwe MiyTOHHS, aMepHIUS W KIOpHUS
OCYIIECTBIISIFOT COOCAKACHUEM HX QTOPHIOB ¢ (PTO-
PUIOM CTAOHMIILHOTO JIAHTaHA C MOCIEAYIOUIUM XPO-
MaTorpapuuecKuM pazJielieHneM Ha HOHOOOMEHHOU
koJyionke [1].

OTOT METOJ M Ha CErOAHSIIHUI JE€Hb OCTaeTCs
Han0OoJIee YyBCTBUTEIHHBIM, HO BBICOKAs TPYI0EM-
KOCTh W CTOMMOCTH PadOT JTUMHUTHPYET MacIITaObI
panvoxumMuyeckux uccienoBanuil. I[Ipumenenue
Y-CTIIEKTPOMETPHYECKON METOAMKH, KOTOpas OCHO-
BBIBAETCSI Ha PETUCTPAIMH Y- M PEHTTEHOBCKHUX
KBaHTOB [2], K COXAJICHHIO, OrPaHMYCHO -~ Am —
€JIMHCTBEHHBIM JIONTOKUBYIIIUM aKTHHOUIOM, KO-
TOPBI MMeeT YIOoOHYIO IJII W3MEPEHHWH W J0CTa-
TOYHO WHTEHCHBHYIO Y-TTHHHUIO.

[Iporpecc B TeXHONOTHH H3TOTOBIEHHS KpEM-
HHUEBBIX 0-JIETEKTOPOB C BBICOKOM paspelaronieit
CIIOCOOHOCTBIO TIO3BOJIMII YCIEITHO MPUMEHSTh Me-
TOIBI TIONYTIPOBOAHUKOBOM 0O-CIIEKTPOMETPHH ISt
OTIpe/IeTICHUsT COCTaBa CMECH TPAHCYPaHOBBIX JJie-
MeHToB. Tak, B pabote [3] ObUIO MMOKa3aHO, YTO MPHU
WCTIONIb30BaHUH KPEMHHEBBIX JETEKTOPOB C BBICO-
KAM pa3pelieHneM MO 3HEePTHH TOYHOCTH aHan3a
MPHUOIIKACTCSI K TOYHOCTH MACC-CIIEKTPOMETPHHU.
DTO mocTUTAeTCs MyTEM MPHUBJICUSHHUS METOJIOB Ma-
TeMaTUIeCKON 00pabOTKH CIIEKTpa, OCHOBAHHBIX Ha
MOJIEIIUPOBAHUHU (POPMBI CIIEKTPATFHOM JTMHUH.

ABTOpBI paboTHl [4] mpemIoXuiIn MeToH 3KC-
MIPECCHOM OIEHKH PaAMOHYKIMIHOTO COCTaBa CMe-
ceil, OCHOBaHHBIH Ha COOTHOILIEHHUSX MEXTy HHTE-
rpajJbHBIMU HHTCHCUBHOCTSAMH OTACIBHBIX YYaCTKOB
SHEPreTHUYECKUX PacIpeIeTICHHN.

Hamm pa3paboTtan mMeToj, mo3BOISIONTNI 0e3 pa-
JUOXMMHMUYECKOTO pa3fesieHus] HYKIUAOB OINpese-
JISATH COJIepPKaHWE YpaHa W TPAHCYpPAHOBBIX dIIEMEH-
TOB B TOIUIMBHBIX YACTHIIAX. Y CJIOBHO €r0 MOXHO
pa30bUTh Ha HECKOJIBKO STATOB.

Ha mepBom 3Tare roToBST HCTOYHUK H3ITYYCHUS,
MIPUTOTHBIN TSI IPEU3UOHHOHN 0-CIIEKTPOMETPHH.

Ha BTOpOM »3Tame BBINOJHSAIOT NPELU3HOHHBIE
U3MEPEHHUS 0- U Y-CIIEKTPOB UCTOYHHKA U3ITy4CHUS.

B xadectBe mnpumepa Ha pUCYHKE IOKa3aH
O-CIIEKTP TOIUIMBHOW YaCTHLbI, OTOOpaHHOW B
1986 1. B 1. llpunars. M3mepenue a-crekTpa BBI-
MOJTHEHO HAa BOCBMHKAaHAJIBHOM (-CIIEKTPOMETpE
OCTETE PC ¢upmer ORTEC ¢ noaynpoBOAHHKO-
BBIMH KpeMHHEBBIMHU neTekTopamu cepuun ULTRA.
Xopomo BUIHBI O-JIMHUU 2y, Pu, *Pu, *'Pu,
240p, 29py 28py A My 240y 220,

KosmuectBo oTcueToB
10°

238 241
Pu+" Am
239

240
4 Pu+""Pu

244

Cm

242

Cm

4000 4250 4500 4750 5000 5250 5500 5750 6000 6250
Eo, k»B

AJbda-CreKTp TOIUTMBHOW YACTHIIBI,
otobpanHoii B 1986 r. B 1. [Ipunsts.

Ha tperbem sTamne mpoBOAST KOMIUIEKCHBIN aHa-
T3 SKCIEPUMEHTAIBHBIX JAaHHBIX C IIENBI0 TMONy-
YUTh HauOojee MOJHYI HHPOPMalHUI0 O coaep-
KAHUH OTHENbHBIX PAIHNOHYKIHIOB B TOILTMBHOU
YJacTulle.

[TomyueHHble pe3ynbTaThl CBUAETEILCTBYIOT, YTO
JTAHHBIM METOJIOM MOJKHO OIIPENEeNsTh COAepKaHNe
281y, B4y, 242py, Hpy, 2Py + py, Bpy, HAm,
*Am, ***Cm u **Cm ¢ ynensHoit aKTHBHOCTBIO O
KOKIOMY W3  pPaguOHYKIHIOB  OOJbIIE  YeM
0,001 Bx/gacr.

Ota paboTa omybiaukoBaHa B skypHaire [Ipudopsl
U TeXHHKa 3Kkcniepumenta 3, 115 (2008).

1. B. A. AreeB u dp., Atomuas sHeprust 84, Boin. 4, 340
(1998).

2. M. G. Strauss, 1. S. Sherman, and R .H. Pehl. Nucl.
Instrum. Methods 193, 203 (1982).

3. E.M. Bepbunkas u Op., Ilucema B XKITD 19,
BhIIL. 12,42 (1993).

4. E. M. Bepourxkas u op., IITO 3, 50 (1996).
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OIIEHKA BKJIAJA HU3KOAKTUBHbIX AJI])(I)A-I/BJIYIIATEJIIEﬁ OBJTYYEHHOI'O
TOIIVIMBA B ®OPMUPOBAHHUE JO30BbIX HAI'PY30K U HEUTPOHHBIX IIOJIEU

T. H. Jlamko, A. Il. Jlamko

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

UepHOOBITBCKAS KaTacTpoda H3MEHUIH OTHOIIIE-
HUE K SJIEPHOM SHEPruu BO BCEM Mupe. bbun cye-
CTBEHHO IEPECMOTPEHBl MEXIyHAPOJHBIE HOPMBI
paaualMOHHON 3alUThI, HAIMOHATbHBIE CTpPAaTeruu
pPa3BUTHUS SIIEPHON SHEPTreTHKH, MEPOIpPHUATHS IO
YCHJICHUIO sIIEpHON 0€30MacHOCTH, YKECTOUYCHBI
MpaBuiIa OOpAIIeHUs C PAAHOAKTUBHBIMU OTXOJaMH.

HccnenoBanust MOCHEAHUX JIET, IPOBOAWMBIE B
paMKax JIMKBUIAIIUH TOCIecTBUI aBapuu Ha YADC,
MO3BOJIWJIM TO-HOBOMY B3IVIIHYTh Ha HEKOTOpBIE
mpooOsreMsl. Ha cerogasmmHuii 1eHh CTAaHOBUTCS SICHO,
YTO Hapsiay C peUIeHHEM TPaAMLMOHHBIX 3ajad MO-
HUTOPUHTa OCHOBHBIX JIOJTOKUBYIIUX PaJdOIOruye-
CK{ 3HAYMMBIX HYKJIUJOB BBI3BIBAIOT UHTEPEC U JPY-
THE€ TPAHCYPAHOBBIE 3JIEMEHTHI C HU3KOH yIEIbHOU
AKTUBHOCTBIO, POJIb KOTOPBIX B HEKOTOPBIX acleKTax
MOJKET OBITh BeChMa CYyIIIeCTBEHHOIA.

Hamu paspaborana mMeToanka OmpenesieHusl co-
JIepKaHUgd aKTUHOUJIOB C HU3KOM KOHIIEHTpaluen B
tormse 4-ro sueprodsioka YADC u B 3arpsa3HeHUH
OKpyxaromeii cpenpl. OHa OCHOBaHAa Ha aHaJIN3e
U3MEPEHUN PAIMOHYKIIUJIHOTO COCTAaBa BBIMAICHUI
U Ha pacyeTax COAEpKaHHs PaJMOHYKIUAOB B TOI-
JIUBE MPEeNaBapUiHOIO peakTopa. ITa METOAUKA Aa-
Jla XOPOIIME Pe3yNbTaThl MPU OMpEeNIEeHHH COJEp-
JKaHUS 242mAm, 3 9Np, 243Am, *Cm u *Pu B 3a-
rpsi3HeHun 30-kuaomerpoBoit 3061 YADC u B TOI-
JIUBE aBapuHHOTO YHEProbIoKa.

beuto ycraHoBIEHO, YTO BKJIAA B 3arpsA3HEHHE
HU3KOAKTUBHBIX AKTUHOWJOB He mpeBbimaer 1 %
BKimaga > Pu. Kazamock GBI, 4TO MMM MOXHO Mpe-
HeOpeuyb. OHAKO COBCEM HE Tak OOCTOST Jefa MpH
OLIEHKE BKJIaJa 3TUX PaJAHOHYKIHUAOB B POPMUPOBa-
HUE JO030BBIX HArpy3o0kK, € MUX pOJb CTAHOBUTCS
3HaYMMOM.

H3BecTHO, 4TO NpU OAMHAKOBOW BETUYMHE IUIOT-
HOCTH 3arpsi3HEHHs] HaKOIUIEHHbIe 3a 50 jeT cyMm-
MapHbIe 3G GEKTHBHBIC O3B OOYUCHIS, WHHUITUHU-
pPOBaHHBIE DPA3MUYHBIMH PAJIUOHYKIHIAMH, MOTYT
otinuyatbes B 100 u 6onee pa3. Hecmotps Ha To, uTO
BKJIAJ B 3arpsasHenne > Np u ““Am He npessimaer
1 % Bknaga >’Pu, MHUIMMPOBAHHEIE STUMHU DPaJHO-
HYKJIMIaMH JI030BBIE HArpy3KH MPEBBIMIAIOT 3P deK-
THBHYIO 7103y 00TydeHH s, 00yCIOBICHHYIO = Pu.

K coxanenunto, OTCYTCTBYIOT JaHHBIE O (hopmm-
POBAaHHH JI030BEIX HATPy30K 0T > Np. Ecim mposo-
JIMTH aHANIOTHIO ¢ > Np, CyMMapHas 703a o0ilyue-
HHS OT KOTOPOrO COINIACHO pacueTaM IPEBBIIIAET
s¢hexTnuBHY0 103y 0T = Pu B 20000 pa3, MOXHO

IIOPIYHUK - 2008

0KHIaTh CYIIECTBEHHOTO BKJIaa ¥ OT = Np.

BrInosHEHB! pacyeThl yAEIbHOM MOIIHOCTH OC-
HOBHBIX HCTOYHUKOB HEHTPOHOB CIIOHTAHHOTO [ie-
nenust 4-ro sHeprobmoka YADC s pasHBIX Bpe-
MEHHBIX TIPOMEXYTKOB C MOMEHTA aBapuu. BBIXoIbl
HEliTPOHOB  CMOHTAHHOTO JeieHHs st - Cm,
MAm, 1 *?Pu paccunTaHbl, HCXOIA W3 IMONyYEH-
HBIX HAMH 3HAYeHWH WX yAEIbHBIX aKTHBHOCTEH B
TOIUIMBE peakTopa.

Bruto moka3aHo, 4TO IOTOK HEHTPOHOB CITOHTAH-
HOTO JIeJIeHHs Ha MOMEHT aBapuu (popmmpyercs B
ocHOBHOM “Cm. BKjaj HEHTPOHOB CIIOHTAHHOIO
nenenus ot “*Pu Ha 51O Bpems cocrtasisget 0,3 %.
Ho ¢ pacmanom 2Cm BKJIa OT MmAm u *?Pu
CTpEeMHUTENLHO Bo3pacTaeT u B 2086 T. MPEBBICUT
10 % ot obiiero moToka HEWTPOHOB, KOTOPHIN Oy-
ner hopMHUpoBaThCS B OCHOBHOM ° 'Pu. Ciemyer
OTMETHUTH, YTO TPH STOM BBIXOJ HEHTPOHOB CITOH-
TAHHOTO JICJICHHS OT > ""Am COMOCTABHM IO BEJIH-
YHHE C BBIXOJOM OT 238,

IIpoBeneHbl Takke pacyeThl YJEIbHON MOIIHO-
CTH OCHOBHBIX MCTOYHHKOB HEHTPOHOB CIIOHTAHHO-
ro peneHus: otpadoranHoro torumea PEMK-1000 ¢
BbIropanueM 29,3 MBT - cyT/Kr ypaHa Ijs pa3sHou
BPEMEHHO BBIIEPIKKH.

B otmume ot TormmmBa 4-ro 3ueprodioka HADC
BKJIaJ, HEUTPOHOB CIIOHTAHHOI'O JIEJIEHUS] OT *py n
*2py B orpaboranHoM toruuBe PBMK-1000 crano-
BUTCA OMNpeAeNstoneM Tojbko uepe3 200 JeT BbI-
nepxku. o “*Pu cocTaBuUT OKOIO TPEeTH OT 00-
IIer0 TMOTOKa HEWTPOHOB, KOTOPBIH Oyaer dopmu-
pOBATLCSA B OCHOBHOM ~*’Pu. D10 06YCIOBIEHO pa3-
HBIMH BEITMYMHAMH BBITOPAHUS TOILUIMBA aBapUHO-
ro Oioka u orpaboranHoro torumBa PEMK-1000
(10,9 1 29,3 MBT - cyT/KT ypaHa COOTBETCTBEHHO).

[IpoBenennple MccnenOBaHUS YOSAUTENBHO MO-
Ka3bIBalOT, YTO BIMSHHUE TPAHCYPAHOBBIX 3JIEMEHTOB
C HU3KOM yJeIbHON aKTUBHOCTHIO Ha OKPYKAIOIILYIO
cpemy BeChbMa M BeChMa CYIIECTBEHHO. AKTyallbHEI-
MU, C HaIlleil TOYKH 3pEHHs, SBISFOTCS JallbHEeHIIre
HCCIIeIoBaHMS 110 NP M JAPYTHM JOITOKHBYIIHM
M30TOTIaM KIOpHSL.

Ota paboTa onyOIMKOBaHA B KypHaie SnepHas
U paauanuoHHas OesomacHocth 11, B 2, 32
(2008).
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DEVELOPMENT OF DECOMMISSIONING STRATEGY
FOR THE MR REACTOR

B. K. Bylkinl, D. Craigz, L. Fecitt’, Yu. E. Gorlinskyl, N. F. Harman®,
R.J ackson3, V. L Kolyadinl, Yu. N. Lobach4, V. L.Pavlenko'

'RRC Kurchatov Institute, Moscow, Russian Federation
’NUKEM Limited, Dounreay, United Kingdom
3Serco Technical and Assurance Services, Warrington, United Kingdom
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The MR reactor was operated from 1963 until its
permanent shutdown in 1993. Reactor performed as a
pressure tube, pool-type, materials testing reactor; it is
currently in final shutdown mode following its initial
shutdown in 1993 and subsequent transformation to a
nuclear safe state in 1996. The problem of decommis-
sioning of shutdown research reactors has become ur-
gent in Moscow as far as in July 1998 the Moscow Gov-
ernment, at the initiative of RRC KI, adopted a resolu-
tion “On accelerating the decommissioning of radiation-
hazardous objects in the Russian Research Centre Kur-
chatov Institute”.

The UK Department of Business Enterprise & Regu-
latory Reform (formerly the Department of Trade and
Industry) has funded the nuclear safety programme to
address nuclear safety issues in the former Soviet Union.
Project NSP/05 R73R74R82U34 “Decommissioning
planning for MR and GAMMA research reactors and
equipment design for decommissioning MR research
reactor at the Kurchatov Institute, Moscow” to develop a
preliminary plan for the MR reactor decommissioning
has the following main elements:

Development of the decommissioning concept and
overall program.

Review of the current state of the reactor, survey of
the existing facilities, and determination of the levels of
direct radiation dose and radioactive contamination.

Preparation of preliminary decommissioning de-
sign/preparation for dismantling.

Development of methodology and design for fuel re-

moval activities and equipment.

Development of design for reactor disman-
tling and decontamination of process equipment.

Development of radiation protection docu-
mentation including facilities for protection of
decommissioning personnel and environmental
protection measures.

Preparation of Safety Assessment Reports
for Nuclear Regulator Approval.

The overall decommissioning strategy for the
Kurchatov Institute site has identified the MR
reactor as a pilot plant for the decommissioning
of the other shut-down reactors on the site. The
project objective is to decommission the MR
reactor, loop rooms and redundant services to
permit the refit and re-use of the building for a
different nuclear related purpose. On the base of
the site specific conditions and overall decom-
missioning goals it was founded that the most
favourable is the phased decommissioning
without periods of deferral.

The main feature of this strategy, which will
affect the MR reactor decommissioning, is that
the MR reactor hall is planned to be used as
temporary fuel storage for the other research
reactors on the site as they are decommissioned.
The current reactor status, expected final condi-
tions and sequence of decommissioning works
are presented.
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PRINCIPAL PROVISIONS OF THE DECOMMISSIONING
PROGRAM FOR THE WWR-M REACTOR

Yu. N. Lobach, T. G. Ludanova, M. V. Lysenko, V. N. Makarovsky, V. N. Shevel

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

The WWR-M reactor of the Institute for nuclear
research is one of the first research reactors built and
commissioned in the former USSR. The reactor was
commissioned in 1960. At present, the reactor is the
unique nuclear installation in Ukraine due to its
technical parameters and skilled staff. Present reac-
tor technical condition allows its safe operation no
less than 8 - 10 years in the case of an upgrade for
some systems and elements. Extension of the reactor
operation till 2015 is considered now as the strategic
goal. Upgrade is in progress now.

Reactor was designed and constructed in the late
fifties and decommissioning was not considered at
the design stage. At the same time in accordance
with the acting Ukrainian legislation and the IAEA
recommendations the decommissioning planning
must be performed at the operation stage of nuclear
installation as early as possible.

Initial decommissioning planning for WWR-M
has been performed within the framework of the De-
commissioning Concept issued in 2001. Currently
the Decommissioning Program (DP) has been elabo-
rated and submitted to the Regulatory Body for ap-
proval. DP developed in accordance with the re-
quirements of acting operational license for the
WWR-M reactor. Taking into account the reactor’s
peculiarities, the DP is directed on the solution of
following tasks:

comprehensive and timely planning for all kinds
of decommissioning activity;

use of the modern methods for the management
of all kinds of decommissioning activity;

use of the permanently acting system for the col-
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lection, treatment and storage of information having
a significant influence on the decommissioning
process;

use of the modern decommissioning technologies
and technical tools;

provision of the safety norms, rules and standards
for the personnel protection;

provision of the gradual decreasing on the per-
sonnel, population and environment from the
WWR-M reactor by means of phased implementa-
tion of works;

minimization of the radwaste generation, its treat-
ment and final disposal,;

consecutive release of the reactor’s site from the
ionizing irradiation sources, which are a subject of
regulatory control, to the free release levels;

provision of the social protection for the reactor’s
personnel;

public relations on the decommissioning prob-
lems with the aim of safety confirmation of meas-
ures, which are planned or carried out.

The strategy of immediate dismantling has been
selected, which foresees the removal of all spent fuel
and radwaste outside the town and release of the re-
actor site for unrestricted use. In accordance with the
preliminary estimations the total duration of de-
commissioning will not exceed 6 years. DP deter-
mines and substantiates the main technical and or-
ganizational measures for the preparation and im-
plementation of decommissioning of the WWR-M
reactor, the sequence of works and measures, neces-
sary conditions for their execution and provision.
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INPOBJEMA PAJIOAKTUBHOI'O OITPOMIHEHHA BIJ BYJAMATEPIAJIIB
IHOTPEBYE€ 3AI'AJIBHOJAEPKABHOI'O BUPIIIEHHSA

I. M. JIroTnii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

3 HE3pO3YMIUINX NPHUYWH e W CHOTOJHI JIMIIA-
IOThCS HEBIIOMMMHU MacITaOW W HACHIIKU XpOHId-
HOTO ONPOMIHCHHS MaJIUMU JI03aMU pajiaiii 3Had-
HOI YaCTHHU HaceJIeHHS B OyIWHKaX 3 ITiIBUIICHOIO
panioakTuBHicTIO OyniBensHuX MatepianiB (IIPBM).
HocnimxeHHs, BAKOHAHI aBTOPOM 3a MOMEpeHi po-
KH, TITBEPIMIH JOAaTKOBY OHKO3aXBOPIOBAHICTh Y
TakuxX OyIWHKAX MOPIBHAHO 3 HAWOIMKIAMHU ‘‘UHC-
TUMH” Oy IMHKAMH.

BinbHO Y MHMOBIIBHO, aje¢ BHACIiIOK MacOBO-
ro cnopykeHHs OyauakiB 3 [IPBM came B Ykpaini
i came HanepenonHi YopHOOMIBCHKOI KaTtacTpodu
CTBOPHWJIACh YHIKaJbHA MOJJIHMBICTH INUPOKOMACIII-
TaOHOTO €KCIEPUMEHTAILHOTO JIOCIIPKeHHS XPOHi-
YHOT'O BILIMBY MaJIMX 7103 O€3M0CEPEIHBO Ha JIIOJISX,
1 caMe B HamMX peallbHUX ymoBax. llomepemHiit
aHaJli3 0COOJMBOCTEH TaKHMX OCIIIKEHb IOKAa3aB,
III0 OCHOBHI €KCTIEpUMEHTAIBHI TaHi — JiarHO3H Tie-
PBUHHHX OHKO3aXBOPIOBaHb — (DAKTUYHO BiKe 310pa-
Hi 32 JIECSATKU POKIB Y 3araJibHUX PEECTpax OHKO3aX-
BOPIOBaHb 110 BCi TepuTopii YKpainw, a 1 ix He-
CKJIQJIHOTO ONPAIIOBAHHS Opakye JIUINE aJpec Bij-
MOBITHUX OYJMHKIB, BUSBISATH SIKi JIETKO MOXE KO-
JKHUH Oa)karouuii 3BUYaiHUM TIOPTATHBHUM raMMa-
nmo3umeTrpoM. [locunanHs neskux ¢axiBIliB Ha CKJIa-
IHICTh ypaxyBaHHS BIUIMBY Ha pPE3yJbTaT JOCIHi-
JUKCHBb HepamiallifHuX (GakTopiB, SKi KOPETIOITH 3
pamiamifHuM, HE MarOTh ITiJICTaB, OCKUIBKH, BPaxo-
BYIOYH BEJIUKUH 0OCST CTATUCTUYHMX JAHUX Ta 1HIII
CHPHUATIHNBI OCOOIMBOCTI ITUX JOCIIIKECHb, TaKa KO-
penALis MaloiMOBipHa, a B CYMHIBHUX BHIaJKax
MOXYTh OyTH 3aCTOCOBaHI MPOCTI JIiHIMHI PiBHSIHHS
[1], BUKOHAHHS SKUX B3aralli He 3aJIeXKUTh BiJl OyIIb-
SIKOT KOPEeJSIil uX akTopiB.

3 METOI0 IMPHUBEPHYTH IO MPOOIEMHU yBary 3ara-
JILHOJICPYKaBHUX OPraHiB, BiJIOBIIaJIbHHUX 3a pajia-
HiiHy Oe3MeKy HaceleHHs, BiAMOBITHA CTATTS IIiJ
3arooBkoM “OTNpoOMiHEHHS y BIACHHX KBapTHpax
TpHuBae” onyOJikoBaHa B raseti “YpsjoBuit kyp’ep”
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Bix 20 xxoBTHA 2007 p. pa3oM 3 MO3UTHBHOIO PEIICH-
3iero HKP3V.

Ha IlapnameHTchkux cinyxaHHsX y BepxoBHii
Pani 3 mpuBomy 22-i pivanni YopHOOMIBCEKOI KaTa-
cTpodu cTaTTs 1 pereHsis Oynu PO3MOBCIOKEHI
cepes yJacHUKIB ciryxaHb (kBiTeHb 2008 p.).

VY cTaTTi HaroJOUIy€eTHCS HA TOMY, IO MTPUHANM-
Hi micimst YopHOOMIBCHKOI KatacTpodu OymuHKH 3
I[TPBM manu OyTu HeraifHO BUSIBJICHI, a JaHi OHKO-
peeECTpiB — HETaWHO ompalkoBaHi. Lle mamo 6 3Mory
JIOCTOBIpHIIIE TMPOTHO3YBATH HACHTIIKH XPOHITHOTO
ONPOMIHEHHS MaJIIMH JI03aMU HE JIMIIE B TAKUX OY-
IUHKAaX, ajie 1 MacoBOr0 XpOHIYHOTO OMPOMiHEHHS
B HAIINX pEANbHHX yMOBaX YOPHOOMIBCHKUMHU Ma-
JUMH J03aMH, HACIIJKH SIKOTO II€ HEeIOCTaTHHO
MIPOTHO30BaHi i MOTPEeOYITh YTOYHEHHS. Y MacIi-
Tabax mep)kaBU HaloIepaTUBHIIIE 1 MPAKTHIHO Oe3
JIOTaTKOBHX BHUTPAT BUSBHUTH OLIBIIICTh OYIMHKIB 3
I[TPEM wmornu © opraHu caHemiJeMHAarsIy, 3aCTo-
COBYIOUM HAWMNPOCTINy METOAMKY OOCTEKEHHS, a
TaKO)XK MAaKCUMaJIbHO BUKOPHCTOBYIOUH IIOCBIT 1
cnpusiTianBi MoxknuBocti MicueBux CEC Ta wactko-
BO B)K€ HasBHY B HUX iH(OpMaIlito.

VY penensii HKP3Y HaromomryeTscst Ha “HE00-
XIHOCTI 3arajJbHOJECPKABHOTO PO3B’SI3aHHA TIPO-
OJleMU BU3HAYCHHS PIBHA pajliallitHOro 3a0pyaHEH-
HS B JKUTJIOBMX OyAWHKAax, IO CTajocd 4depe3 He-
KOHTPOJIbOBaHE BHKOPUCTAHHS B IOMEPEIHI POKH
OyJiBEJIbHUX MaTepialiB i3 MiJBUIICHUM BMICTOM
pamionykmigis”. “Ilomryk i BUSBIEHHA™ Takux Oy-
IuHKIB “miependadeni m.1 cr.12 3akony Yxkpainu
“IIpo 3aXWCT JIOAWHM BiJ BIUIMBY 1OHI3yIOUHX BH-
npoMiHIoBaHb”. B iHTepecax 3axucTy mroner wi mo-
CIIIJKEHHS TaK YM 1HAKIIIe MalOTh OXOIUTH IOHAN-
MEHIIIE BCIO TePUTOpito YKpainu”.

1. I. M. Jlrorwuii, [Ipo6aemu 6e3nekn AEC i HoproOwmis
Bum. 3, 4. 2, 158 (2005).
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JOBKIJJIA 1 3AXUCT 310OPOB’SA JIIOAUHU

B. 1. lanamapuyk

Tnecmumym soepuux docniooxcenv HAH Yrpainu, Kuis

YHacioK pagiamiifHol cuTyarlii, 1o CTBOPHIIACH
micist YopHOOMITBCHKOT aBapii, BUHUKIN 3a/1adi, BU-
PIIICHHS SIKHX HEMOJKJIMBE 0€3 MPOBEICHHS JCTalb-
HOTO JIOCII/PKEHHSI THUTaHb PaJli0CKOJIOTIYHOT 0e3-
neku. loxo nii pamiamiiiHoro hakTopa Ha 370pOB’s
JIIOZMHU W TOBKIJLISA, OCOOJIMBO MiC/s aBapii, BHHUK-
Ja TOCTpa MoTpeda MOCTIHHOTO IETATLHOTO BUBYCH-
HS pajiallifHO-TITi€HIYHOTO Ta €KOJIOTIYHOTO CTaHy
1 MOHITOPUHTY 370pOB’SI HACEIICHHS, SIKE TIPOKUBAE
Ha TEpUTOPISX, MNPWIETIUX JO  pajianiiHo-
Hebe3neuyHux 00’ €KTiB. 3a WX YMOB Ipobiema mpo-
THpaIiaIlifHOTO 3aXUCTy JIIOAWHHM Oyima ¥ 3aiumra-
€ThCS MPIOPUTETHOIO cepel 0araThbox MpodsieM Mi-
HiMizanii HachinkiB aBapii Ha YAEC. [lo yucna 3a-
XOJIiB MIPOTUPAIAIIITHOTO 3aXKCTy 3[[0OPOB’S IOIH-
HU HaleXXaThb 3aX0AW 3amno0iraHHs MPOHHKHEHHS
PanioOHYKIiAiB B OpraHi3M IUIAXOM BXKHBAaHHS YHC-
TUX TPOAYKTIB, 3HIKEHHS iX HAKOMMYEHHS MUITXOM
TIPU3HAYCHHS CTCIIAIBHNUX JI€T, YBEICHHS B PaIlioH
PI3HOMAHITHUX pa/i03aXUCHUX TPOAYKTIB Xapyy-
BaHHS Ta KOMIIO3UIIiHM, O10J0TiYHO-aKTUBHUX II€T,
10 CYTTEBO MiJBHINYIOTH PaTiOPE3UCTEHTHICTH Op-
ra”i3aMy, MOCWIIOKTH MPOIEC KPOBOTBOPEHHS Ta
IMYHITET, 3HWKYIOTb BHYTPIIIHE OIMPOMIHEHHS Op-
TaHi3My JFOINHHU.

[IpencraBnena pobora € pparMeHTOM KOMILIEKC-
HUX JTOCIiP)KEHb TI0 BUBUEHHIO BIIACTUBOCTEH HOBHX
PEYOBHH 1 TpenapariB B eKCIEPUMEHTATBHIX YMO-
Bax Ha TBApPWHAX Ta B KIIHIYHUX CIIOCTEPEIKECHHSX.

Y pesynbTaTi TPOBEACHUX JOCHIHKCHb OyIn
OTpHUMaHi HOBi BUCOKOE(EKTHBHI Xap4yoBi IPOLYKTH
3 MPOTHPATIAIiHHAMA BIACTUBOCTIMH JIIKYBaJIHHO-
npodinakTHYHOI 1ii. 32 CBOEIO MPUPOJIOIO 1Ie OiIKO-
BO-BiTaMiHHI Xap4yoBi NPOAYKTH, IO MICTATH OLJIKH,
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BYTJTICBOJIM, POCIHHHI €KCTPaKTH, PsA He3aMiHHI
aMiHOKHCIIOT, TIeKTHHH, IPHUPOTHI MiHEpalbHI ene-
MEHTH, 30araueHi KOMIUIEKCOM BITaMiHIB Ta IHITAMM
010JIOT1YHO-aKTHBHUMHU PEYOBUHAMH, IO CYTTEBO
CTUMYJIIOIOTh TiIBHINEHHS CTYIEHs pagiope3uCcTeH-
THOCTI, aKTUBHO BIUIMBAIOTh Ha IIOJIIMOTEHTHI CTOB-
OypHI KpPOBOTBOPHI KIIITHHH KiCTKOBOTO MO3KY, IIIO
JIeKaTh B OCHOBI IPOIECY KPOBOYTBOPEHHS Ta iMy-
HOJIOTIYHOTO 3aXUCTy OpraHi3My, MiATPUMYIOTH T'O-
MeocTa3 00MiHy pedoBUH Ta eHeprii [1, 2].

Y mpodiTakTHIli HETATHBHOTO BIUIMBY 10HI3YIO-
YOTr0 BUIPOMIHIOBAHHS BXKJIMBE 3HAYCHHS Ma€ JIii-
KyBaJIbHO-MIPO(IIaKTUYHE ~ XapuyBaHHS, BIIPOBa-
JOKCHHS 3aXO0J[iB Ta 3aC00iB 3HIKEHHS BCMOKTYBaH-
HS PagiOHYKIIMIB y IUTYHKOBO-KHIITKOBOMY TPaKTi
Ta TPUCKOPCHHS 1X BUBEJICHHS 3 OpraHi3My JIFOMHU.

ToMy sl HaceneHHs, K€ 3HAXOAWTHCS B 30HI
MIIBUIIECHOT PaiOaKTUBHOCTI, Ha 3a0pyJTHEHHX Te-
pUTOpisAX, MpaliBHUKIB nirounx OnokiB AEC, s
TUX, XTO 0€3MOCEPEIHBO OB’ SI3aHUM 3 JIIKBIIAII€0
Hacminkie aBapii Ha YAEC mae OyTtu anekBaTHe
30ayiaHCOBaHE JIKYBaJbHO-TIPOQIIAKTHYHE Xapdy-
BaHHS.

1. C. 1. Aszapos, B. I. [Tanamapuyk, C. C. I'ynseB-3aiines
ta H. I'. Makociit, Hogi 6irkogo-gimaminni npenapa-
mu 1iKy8anbHO-npoginakmuunoi Oii 01 HaceneHHs,
wo nomepnino @uacaiook asapii na YAEC. ABTOpChH-
Ka 3asBKa, mpiopuretHuii Homep JepkaBHoro Komi-
tety Yipainu Ne 96030859 Bix 05.03.1996 p.

2. B. U. INanamapuyxk, C. . Azapos, C. C. I'yises-3aii-
ueB u H. I'. Makocuii, B V Meoscoynap. nayu.-mexH.
KOHG). no umoeam 10-nemueti pabomol no TUKEUOAYUU
nocieocmeuii asapuu Ha HAIC «Yeproboinn-1996»
(3enenslit Mbic, Ykpauna, 11 - 15 mapra 1996 1.).
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MOJEJHPOBAHHUE NMPOLECCOB JU®®Y3UNU U TEIVIOIIEPEJAYN
YEPE3 MHOI'OCJIOMHYIO IIPEI'PALY

A. M. CoxkoJ10B

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

[Ipu ommcaHMK NMOJUUHSIOIUXCS AHAJIOTMYHBIM
3aKOHOMEPHOCTSIM IIPOIIECCOB MPOHUKHOBEHHUS Be-
miecTBa 4Yepe3 Oapbepbl M TEIUIONEpedaud depes
MHOTOCJIOHHYIO CTEHY NMPHUXOAAT K 3a/1a4€ PeIICHHS
ypaBHEHUs TeronpoBoaHocTH (nupdysuun) c me-
peMeHHBIMH KO3 duLuenTamu B popme

2
0

o ot O

u(t,x):

rae C(x) = c(x)-p(x), c(X) — ynenpHas TEIUIOEM-
KOCTh; P(X) — INIOTHOCTH Cpeabl; A(X) — Ko duirm-
€HT TeIUIONPOBOIHOCTH; f(X) — IIIOTHOCTH UCTOYHH-
koB Temia. (B ciayuae quddysun B (1) BMecTo A(X)
BxoauT ko3ddunuent aupdysun D(x), koadpduuu-
eHT mopuctoctd C(X) OOBIYHO TOJATAIOT PAaBHBIM
enuaune. Jlanee, A KpaTKOCTH, OyAE€M HUCIOJB30-
BaTh TEPMUHOJIOTHUIO AJIsI TEIUIONEpeaayn).

3ajgaya IOMOJHSIETCS HAdaJbHBIMH U KPaeBbIMU
YCIIOBHSIMHU.

BHyTpH OTHETRHOTO €0 BENMWYHHEI ¢(X), P(X) U
A(X) MOXKHO CUMTATh MOCTOSIHHBIMHU, HO Ha IPaHULE
CJI0EB OHM OOBIYHO TepHAT pa3psiB. Pemenne u(t,x)
Ha TpaHUIIe CIOEB JOJHKHO YAOBIETBOPSTH yCIOBHU-
SIM «CIIMBKM» (HETIPEPBIBHOCTH TEMIIEPaTyphl U He-
IIPEPHIBHOCTH [IOTOKA TEILJIA):

AHanuTHYecKoe pelIeHre MMOCTaBICHHON 3aauu
(1) mmeHHO M3-32 HEOOXOIUMOCTH YIOBJIETBOPHUTH
YCIIOBHIO «CLIMBKM» Ha TPAHULAX CJIOEB OKA3bIBAET-
CsI TPOMO3JKUM. B Hactosmeit pabote mpu MOoaeIu-
pOBaHUM paccMaTpUBaeMbIX mHporeccoB 3agada (1)
pelaeTcsi YUCJIEHHO METOJIOM HPOTOHKH C IpHMe-
HEHHEM KOHCEPBATHUBHBIX CXEM, MOCTPOCHHBIX Ha
OCHOBE ypaBHeHul Oananca [1].

Mogens peanu3oBaHa B BHAE NPOrPaMMBI
FREEZE. C ee moMmomisio MOKHO peIIaTh J0CTa-
TOYHO pa3zHOOOpa3HbIE 3a/la4d, TaKUe, KaK pacrpo-
CTpaHEeHHE PaJUOaKTHBHOTO BEIIECTBAa yepe3 orpa-
XKparomye 0apbepbl U ONpeesieHne TEMJIOBBIX Xa-
PaKTEPUCTUK CTPOUTEIBHBIX KOHCTPYKIUH.

B kayecTBe nmpumepa NMpUKIAAHOTO TPUMEHEHUS
[IPOTPaMMBbl, CO3JAaHHOM M3HAYaJIbHO AJsl pacueTa
KOHTEHHEPOB JUIsI XPaHEHHs PaAMOAKTUBHBIX OTXO-
JIOB, MOYKHO MIPUBECTH aHAIIU3 C €€ TIOMOIIBI0 Yhciia
MEPEeXo/I0B TEMIepaTypsl 4epe3 HOIb B TIIyOuHe

MHOTOCJIOWHOHN CTEHBI B XOJOJHOE BpeMs roxa [2].
TemrmiepaTypa BHEIIHETO BO3yXa MOJCIUPYETCS Ha
OCHOBE MeTeoJaHHbIX [3]. Pacnipenenenue temmnepa-
TypBl 10 TJIyOMHE AJISl HPOM3BOJIBHOIO (UKCHPO-
BaHHOTO MOMEHTa BpeMeHH t He 00s3aTenbHO OyaeT
MOHOTOHHBIM (KaK CTallMOHAPHOE pacIpelelieHuE).
ITosToMy ynoGHee aHaIM3HPOBATH pacIpeleeHue
TeMmnepaTypsl u(x, t) mpu (GUKCHPOBAHHOW TITyOWHE
x. B Hamem cirydae HaJo OMpeAEIUTh YUCIIO pellie-
HUH ypaBHeHHS U(X, t) = 0 KaKk (yHKIHIO TapameTpa
x (o0o3HaumM ee Z(x)). [Ipu aTomM HanpaBieHue 1e-
pexona yepe3 HONb (OT MOJOKUTEIBHBIX TeMIlepa-
Typ K OTpHLATENBHBIM WIH HA000pOT) HE YUHUTHIBA-
ercsa. M3oOpaxkenne Z(X) B BHIE TUarpaMMbl Ha-
IIIAHO TIOKA3bIBAaeT, HA KaKWX TIyOMHaX Habmrona-
IOTCSl TIEPEeXOAbl TEMIIEpaTyphl Yepe3 HOJb M Kak
9acTo (PUCYHOK).

60 T

20 W
. . 4

Yucno nepexo1oB Temieparypsl uepes 0
B Pa3HbBIX CJIOSX CTCHBI IS CPEIHUX YCIOBHM AeKa0Ops.

Z

MoOXHO cJellaTh BBIBOJ, YTO OOBIYHO HAUOOIb-
[iee YKCiIO TaKMX IMEPEeXoJI0B HaOIoAaeTcs HEe BO
BHEIIHEM CIIoe, a B TIIyOWHE CTEHBI B CJIO€ TEeIIo-
H30JISLIHH.

1. A. H. TuxonoB u A. A. Camapckuil, Ypasnenus ma-
memamuyecxou ¢usuxu (Hayka, M., 1972).

2. A. M. Coxkomnos u I'. I'. ®@apenrok, y byodigenvHi KoH-
cmpykyii. Enepeoszbepiearoui 6yodigenvHi KOHCMPYKYil
ma eupo6bu, Bu. 68, 102 (2008).

3. CHull 2.01.01-82. Cmpoumenvuas kiumamonocus u
eeoghuzuka (Ctpormsnat, M., 1983).
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PAJJMOHYKJIMIHOE 3ATPA3HEHME NMPECHOBOJHBIX JKOCUCTEM YKPAWHBI
(1978 - 2007 rr.)

0. JL. Sapyﬁnﬂl, B. A. Koctiok!, E. H. Boakosa®, B. B. Beasies?, A. A. 3anuccknii’

1 .
Hucmumym sdepruix uccreoosanuii HAH Yrpaunol, Kues
2
Hucemumym eudpobuonocuu HAH Ykpaunwi, Kues
3
Tocydapcmeennoe cneyuanuzuposanHoe Hay4HO-nPouU3800CcmeeHHoe npeonpusmue « dxoyenmpy, Yepnoowiie

C 1986 r. o Hacrosee Bpems (2008 r.) mpoBo-
ITCS PaZMOdKOJIOTHUECKUE HCCIEIOBaHUs Pas3Iny-
HBIX OOBEKTOB NPECHOBOJHBIX YKOCUCTEM Y KpPAaUHBI.
Wzyuaercs moBeneHrne paguoOHYKIUIOB B MHUILEBBIX
LEMsIX, TUMOTETUYECKH W HEMOCPEICTBEHHO BEay-
LIMX K YeJIOBEKY B 3THX SKOCHCTEMaX.

OreHka NPOBEICHHBIX HCCIENOBAHUI Jana BO3-
MOKHOCTh CJIeNIaTh BBIBOJBI OTHOCHUTEIBLHO PajHo-
9KOJIOTHYECKOTO COCTOSIHHSL IKOCHUCTEM M OIpele-
JUTH HauOojee 3arpsA3HEHHbIE pPaIUOHYKINIAMH
OOBEKTBHI.

Ho aBapun Ha YADC pannoHyKIUAHOE 3arpss-
HEHHE BOJIHBIX 3KOCHCTEM NPEUMYIIECTBEHHO (Hop-
MHUPOBAJIOCH IPUPOAHBIMU PAJAUOHYKINAAMH U NIPO-
OYKTaMH TJIO0ANBbHBIX BBINAJACHUA paJnOaKTUBHBIX
a’po3osieil B pe3yibTaTe MpPOBENEHHUS HCIBITAaHUN
STIEPHOTO OPY>KUSL.

B mepsrie Mecspl nocne aBapun Ha YADC 3a-
IpSA3HEHHE BOJHBIX IKOCHUCTEM, B OCHOBHOM, OBLIO
00YCIIOBJIEHO KOPOTKOXHUBYIIUMH PAaIHOHYKIHIAMH
_ 1927 29N, 1908, y B,

C 1987 r. B BOJHBIX DKOCHCTEMaX OCHOBHBIM J10-
3000pa3yOIUM PaAUOHYKIUAOM ISl PBIO OV KHEN
3061 YADC sBisiercst °'Cs, mist mansueii — °'Cs u
"Sr.

B 30-xunomerposoit 306 HADC mo Hacrosiee
Bpems cozepxkanne °'Cs i *°Sr B pbibaX 3HAUMTEI-
HO IPEBBILAECT ACUCTBYIOIIME B YKpPauHE HOPMBI
(150 u 35 BK/Kr COOTBETCTBEHHO) B BOJOEME-

oxyaaurene, o3. I'mybokom, A3OyumH, lambHeM u
Ip., Ilpunsarckom 3arone, CTapouienennyckoM cTa-
pUKE W MPAaKTUYECKH BO BCEX JIPYTHX CIA0OMPOTOYU-
HBIX ¥ 3aMKHYTBHIX BOJIO€MaX.

Copep:xaHre paguOHYKIHJIOB B BOJAE U pPbIOax
Bojoxpanuuiy J[HenpoBckoro kackaga B 2007 r. B
HECKOJIFKO pa3 HIKE JeHCTBYIOMINX HOPM.

O6Hapy>kKeHO, YTO KaKABIH BOJOEM XapaKTepu-
3yeTcss CBOUMH OCOOCHHOCTSIMH pPacHpeneeHUs] |
MUTpaI PaAHOHYKIIMJOB B KOMITOHEHTaX DKOCH-
creMbl. OTHUMH U3 BaXHEHIINX (HaKTOPOB, BO3ICH-
CTBYIOLIMX Ha COZAEp)KaHHE PalUOHYKIUIOB B BOJO-
eMe, SIBIITIOTCS THAPOJOTHYECKHE MapaMeTphl KOH-
KpETHOM BOJTHOU SKOCUCTEMBI.

B nocnenaue 3 - 4 roga (2005 - 2008 rr.) HE TIpO-
UCXOAWUT CYIIECTBEHHOTO CHIDKEHHUSI COJACPKaHUs
17Cs B MpImmax psI6, 9TO OCOGEHHO XAPAKTEPHO IS
HETPOTOYHBIX U CIIA0OMPOTOYHBIX BOJOEMOB.

B Bomoemax 30-xunomerpoBoii 30H6I HADC poI-
OBI, KaKk W JIpyrue TUAPOOUOHTHI, MONTYYHIN 3HAYH-
TEeTbHBIC (XOTSA M HE MPEBBIMIAIONTNE JICTATHHBIC)
J103b1 00Iy4eHusl, KoTopble 3a mepsble 10 jer mocne
aBapun nocturanu 10 u 6onee I'p., mpuuem mo 90 %
MOJIYYEHHBIX 703 npuiuiock Ha 1986 - 1987 rr. Ta-
KHe BBICOKHE JI03bl O0JTyueHHs PbIO BBI3BIBAIHN Y HUX
pasinuHble MOP(OIOTHUECKHE U TeHETHUECKHE HU3-
MEHEeHHsI, KOTOpble, OIHAKO, HE BCEraa MOITBEp-
KIAITHUCH CTATHCTHYECKH.

COJEPKAHHME "Ru B PBIBAX KAHEBCKOI'O BOJOXPAHWIHIIA
N BOJOEMA-OXJVIAAUTEJISA YEPHOBBIJIBCKOU AJQC INOCJIE ABAPUM 1986 r.

0. JI. 3apyoun

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

B pesynprare aBapum Ha YADC B OKpy’KaAIOIIYIO
cpey moctymuio 5,92 - 10'° I'bk '"Ru.

B 1986 - 1990 rr. u3yuamu coxepxanue ' 'Ru B
Pa3IMYHBIX OpraHax W TKaHaX pei0 KaHeBckoro Bo-
JoxpaHwnuiia u BogoeMa-oxjaautenss YADC. B
OCHOBHOM '“’Ru PerncTpupoBaicsi BO BHYTPEHHHX
opraHax pei0-0eHTodaros, peid-purodaros, pwd-
IUTaHKTO(AaroB U peI0 CO CMEIaHHBIM THUIIOM MHUTa-
uus. [lo-BuaumMoMy, 3TO OOBSCHSETCS MPHUCYTCTBH-
eM '“Ru B BHIE «rOpSYMX» YaCTHI[ B IHIIEBOM
KOMKE.

IIOPIYHUK - 2008

Maxcumym comepxanmst '"°Ru (2,8 MBK/KT ChbiI-
poii Macchl) ObUT 3apEerMCTPUPOBAH BO BHYTPEHHHUX
opranax Oeloro TOJICTOJ00a BOJOEMA-OXJIATUTEIS
YADC. B XHIIHBIX BHAaX pHIO comepxkanue ' °Ru
OBLIO 3HAYUTEITHFHO HIDKE.

B cBs3u ¢ Tem, uto '"°Ru Haxommics B TPY/IHO-
pactBopuMoi Qopme, He HaOIIOAATOCH €r0 WHTEH-
CHBHOE HaKoIUIeHue pidamu. [TpucyTcrBue '*Ru B
TUTABHUKAX, BEPOSTHO, OOYCJIOBICHO IOBEPXHOCT-
HOM (pUKcanyel YacTHIl, COIePKaIINX 106Ru, OJTHAKO
3TOT BBIBOJI HEOJHO3HA4YEH M TpeOyeT AaibHeiero
aHanmsa.
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BMICT *Zn B PUBAX BOJONMU-OXOJIOJKYBAUA YAEC

0. JI1. 3apy06in

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

VY 1978 - 1981 i 1986 - 1990 pp. BHUBYATH BMICT
$Zn y pi3HHX KOMIOHEHTAaX BOIOHMH-OXONOIKY-
Baua UAEC. Ha mouaTtky mocmimkenn, y 1978 p.,
el paioOHyKIIi Y BOAOHMI-0X0JI0/DKyBavl HAMU HE
BusiBsiBesa. Y 1979 - 1981 pp., y nepion BuBeneHHs
YAEC Ha ekcIuTyaTauiiiHy moTyxHicts, °Zn pery-
JIIPHO 3yCTpidaBcs B puOax, MPUIOMY BiH BITHOCHO
PIBHOMIpHO pO3MOALISIBCA MO IX OpraHax i TKaHHU-
Hax. Moro BmicT B pubax e mepesuinysas 50 bi/kr
CHpOI MacCH.

B 1986 - 1990 pp., micis aBapii na YAEC, ueit
pamioHyKIiJ y MepeBaXkHil OLIbIIOCTI TPoO KOMIO-
HEHTIB BOJOWMH-OXOJIO[KyBadya TaKOX IOCTIHHO
3ycTpiuaBcsi B puOax, B SKMX HOro BMICT CsraB
6000 bx/kr cupoi macu. Y i pOKM BHCOKHHA BMICT

Zn wacime peecTpyBaBcs B IUIABLSAX, JYCL, 356-
pax, rojoBi, IKipi Ta IHIIMX OpraHax i TKaHWHaXx,
mo 0e3nocepeHbO KOHTAKTYIOTh 3 BOIOIO, a TAKOXK
B ikpi. L{i opranu, oco0amBoO IUTaBLi Ta JycKa, € Ha-
NHAME iHIMKAaTOpaMu TPUCYTHOCTI Zn y moci-
JOKyBaHIH BOJTHIN €KOCHUCTEMI.

Ha Bigminy Bim moamapiitHoi curyartii (BiIHOCHO
PIBHOMIpHHUI pO3MOALT LBOrO pamioOHyKIiga MO Op-
ranismy pu6) Bmict “Zn B M’s13ax i KicTKax micis
aBapii OyB 3HAYHO HIDKYMM, HDK B IHIIUX OpraHax
Ta TKaHUHAX. IMOBIpPHO, 11e¢ 00YMOBIICHO Pi3HOIO JI0-
crynnicTio °Zn s rigpo6ionTiB 10 i micis aBapii,
OCKINBKH 1eW PamioOHyKIi y PI3HUN 9ac JOCHTIIKY-
BaHb MIT' 3HAXOJIUTHCS B PI3HUX CIIONYKaX, BiATMOBI-
JTHO Pi3HOIO MipOI0 3aCBOIOBAHHUX BOAHOIO Gi0TOIO.

BMICT *Mn B EKOCHUCTEMI BOJONMM-OXOJO0KYBAUI YAEC

0. JI. 3apy6in

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Jlo aBapii Ha YAEC **Mn, MOXKITHBO, HAIXOIUB Y
BOJIOWMY-0XOJIO/XKYBad 3 HOPMOBAaHMMH CKHIAMH
YAEC, a Takox y pe3ynbTari iHIUACHTIB i HE3HAY-
HUX aBapii.

o 1980 p., y nepiox HopmasibHO1 pobotn HAEC,
**Mn namu He GyB BUSBJICHMI; IMOBIpHO, BiH mpaK-
TUYHO HE MOCTYTAaB Y HABKOJIMIIHE CEPEIOBUIIIE.

Ilix gac mycko-HaNaroHKyBaIbHUX POOIT, TTOB'S-
3aHuX 3 yBeneHHsAM 2-i yepru YAEC Ha mpoekTHy
NOTYXHICTb, ~'MN B HE3HAYHHX KiJIbKOCTAX PEecT-
pyBaBCsl B KOMIIOHEHTaX BOJOWMH-0XOJIO/PKyBaya B
1980 - 1981 pp., a motim y 1985 p.
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Vracnigok asapii 1986 p. Bumict >*Mn B KomIIO-
HEeHTaxX BojaoiMu-oxonomkyBada YAEC 3HauHO
MiABUIMBCA. ~“Mn HagiiIIoB y HazeMHi Ta BOJIHI
€KOCHCTEMH, MPOTE HOTO BMICT Y BUBUEHUX KOMIIO-
HEHTaX BOJHHMX €KOCHUCTEM OYB 3HAUHO HIXKYHI I0-
PIBHSHO 3 IHIIMMH paliOHYKIiJaMH.

V BOJHHMX €KOCHCTEMaX MaKCHMyM BMicTy ~'Mn
BUSBIICHUH Y POCITUHHOCTI.

[icns aBapii na YAEC y pubax Bmict ~‘Mn Ba-
pitoBaB y mexax 10 - 600 bk/kr, mio 3Ha4HO, Ha jae-
KiJIbKa TIOPSIAKIB BEIMYWH, OyB HIDKYMM 32 BMICT
THIIUX pagioHyKJIiiB.

IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPAIHU



PAIIOEKOJIOTTA TA PAAIOBIOJIOITA

PO CE30HHY JUHAMIKY BMICTY “Cs
B PUBAX KAHIBCBKOI'O BOJOCXOBHIIIA B 2006 - 2007 pp.

0. JI. 3apy6in, 1. A. Mamok, B. A. Koctiok, O. IO. I'ypkoBa, C. B. Teaeunka,
JI. A. T'osroBau, A. I I'osoBau

Incmumym sdepuux docnioocens HAH Yrpainu, Kuig

VYnepuie BuBYanacs ce30HHAa JAWHAMIKa BMICTY
Cs B pubax KaniBchkoro Bomocxosuia JIHinpo.
JocnimkeHo BMiCT B7Cs B pubax, HaHOUTBI MOIIH-
peHuX sk Ha akBatopii KaHiBCBKOTO BOJOCXOBHIIIA,
TaKk 1 Ha akBaropii OUIBIIOCTI KPYHHHX BOAOHM
VYkpainu. Bunmosuii cknan OyB mpeAcTaBIeHHNA pH-
0amu, IO CYTTEBO PO3PI3HAIOTHCS THIIOM JKHBJICH-
Hi: OeHTOdarm — IJIOCKUpKA, HOpXK, HOpxK-HOCap,
Kapach CpiOHMM, JIAII, JIMH, TUTiTKa; QiTodaru — Kpa-
cHomipKa; ¢akyJIbTaTHBHI iXTioparn — TOJIOBEHB,
OKYHB, YeXOHs; oOuiratHi ixtiodarum — xepex, cy-
JIaK, IIyKa.

bazosa Touka Bimoopy npod 1] HAH Ykpainu
po3TamoBana B cepeaHiii yactuni KaHiBCchbkOro Bo-
nocxoBuia Mixk M. Pxkumii i ¢. Craiiku B paiioHi
Oys Ne 52. BinOip mpo0 mpoBOAMBCS CTaBHUMH CiT-
Kam# 3 po3mipoMm Biuka Bim 20 go 50 MM. Ycworo
Oyso BimiOpano Ounbmie 1200 ocobun pud, siKi MO-
Tpamwin B ckian 6insg 300 mpoaHamizoBaHUX HpoO.
[TinroroBka poO A0 BUMipIOBaHb MMOJIATaNA Y BiTi-
JIEHHI M’A31B 3 1X IIOJAJIBIIOK FOMOreHi3amicr. Bu-
MipIOBaHHS P00 MPOBOAMIIMCS CTAHAAPTHUMH TaM-
Ma-CIIeKTPOMETPUYHUMHU MeTonamu. Yac BuUMipro-
BaHb cTaHOBUB Bix 3600 mo 28800 c. Ilomuika Bu-
MIpIOBaHb, SIK MpaBwWjo, He nepeuulyBana 10 % i
3a3Buyail Oyna Bixm 3 mo 6 %. [luroma pamioakTuB-
HICTh TIPUBEJICHA Ha CHpPY, MpHUpoaHy Macy. [IpoBo-
JIUIacsl CTaTUCTUYHA 00pOOKa pe3ysIbTaTiB BUMIpIO-
BaHb.

IIOPIYHUK - 2008

Y 2006 - 2007 pp. y M’s13aX TOCTIPKEHUX BUIIB
pu6 Bmict *’Cs BapiroBas y Mexax 3 - 35 B/kr, 1m0
Oymo 3HauHO HIDKYe AomycTuMux piBHIB ([IP-2006),
AKl JII0Th Ha 1ei Jac B Ykpaini. JlaHi HOpMU BU-
3HAUAKTh JOmycTHMHE BMicT ©'Cs B puGi
150 Br/kr.

VY Bcix BUIiB pub He OyJI0 BUSBICHO JOCTOBIPHUX
3MiH y BMicTi °'Cs 3a/1€KHO BiJl TIOPH POKY (3aIeXKHO
Bif ce3ony). [Ipote, B Oaratbox pud-6eHTodaris Bif-
MIYeHO TEHJCHIIii O IMiIBUIICHHS BMICTY IIHOTO pa-
TIOHYKTiJ]a HaBecHi Ta BHIceHH. Y puO-ixtiodaris,
MOPIBHSHO 3 «MHUPHMMH» BHIAaMM pHO, criocTepira-
Jacs TEHJEHIs 10 KiacudHoi 3arpuMka (1 - 3 wmic)
JIOCATHEHHsI MaKCUMyMy BMicTy 'Cs y M’s3ax, ale
1Ii TaH1 TeX HEJIOCTOBIPHI.

Biporinmo, BecHsHuit migiiom Bmicty *’Cs B pu-
0ax KaHiBCEKOTO BOJIOCXOBHINA MOXKE OyTH 00yMO-
BJICHHUN 301IbIIECHHSIM HAJIXOKEHHS IIOTO pPasio-
HYKJi1a Y BOAY B pe3yJbTaTi BECHSHHX MOBEHEH i
MaBOJKIB, y pe3ybTaTi SKUX BiAOYyBaeThCS 3MHB
PCs 3 miBHiuHOI, 3a6pymHEHOI pamioHyKIinaMy,
TepuTopii Oaceiiny. Kpim Toro, sk Ha BeCHSHHH, TaK
i Ha ociumiit mimiiomu Bmicty ’Cs B pubax Moxe
BITUBATH 30UTBIICHHS IHTCHCHBHOCTI Xap4IyBaHHSI
Oinpimocti BuAIB pud y i mepioaw, a MOXJIHBO, i
ekl 1HII YAHHUKHA.

[IutanHs PO HASBHICTH CE30HHOI TMHAMIKU BMi-
cry V'Cs B pubax 0JHO3HAYHO HE BHPpIIIEHE, TOMY
BIIpoioBk 2008 - 2009 pp. nminaHyeThCS MPOAOBKEH-
HS TOCJIIKEHb.
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J103bl BHYTPEHHEI'O OBJYYEHUS “'Cs
IIPA YIIOTPEBJIEHUU B IIUITY I'PUBOB (KUEBCKAS OBJIACTD)

H. E. 3apyouna

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

Ho mactosmero Bpemernm (2008 T.) IIIOMOBBIC
TeNa TPUOOB SIBISIOTCS OJHUMH U3 CaMbIX 3arpss-
HennbIx 'Cs mocie aBapu Ha YADC mpomyKTOB
neca. OgHako Ha Tepputopuu Kuesckoit obmactu
(3a mpememamu  30-kmmometpoBoit 30HBI UADC)
cO0p rpubOB HACEIIEHUEM HE 3alpPeIIcH.

UccnenoBanus comepkanns ' Cs B CheT0OHBIX
rpubax pas3HBIX BHUAOB, IpoBosmmecs ¢ 1986 r.,
MOKa3alll €XKEroJHOC HE3HAYUTENbHOE CHUKEHUE
CoOJIepKaHMs B HUX 3TOTO PATUOHYKIH/IA, HAUWHAS C
cepenuHbl 90-X TOI0B MponwIoro croetus. OmxHaKo
u B 2008 r. Ha Tepputopun KueBckoii oOmactu
yAenbHAas aKTUBHOCTh °'CS B IUIOJOBBIX Telax
OOJIBPIIMHCTBA BHJIOB TPHOOB TMPEBBIIIACT JOIMYCTH-
mble ypoBHH (JIY-2006) - 500 Br/Kr cbIpoii Macchl.

[To mamaBIM wccmenoBanuii [1], mpu ymoTpedie-
HUM B Uiy | xr rpuboB ¢ aktuBHOCTHIO 600 Br/KT
CBIPOM  Maccel 1032 OOJIyueHHsS COCTaBISET
0,01 m3B. [Ipenen romoBoit 3¢ heKTUBHOM 03B s
kKareropun B (HacerneHue) yCTaHOBJIEH B pa3Mmepe
1 M3 (HPBY-97). IlpoBeneHHbIli HaMH pacyeT IMo-
Kazall, 9TO B 3aBHCHMOCTH OT MecTa 0TOOpa ¥ BHIA
BKJIaJ] B CYMMAapHYIO 03y TpH YIOTpeOJIeHHH B
MUIly TpUOOB MOXKET OBITh 3HAYUTENbHBIM. Ha
CPaBHHUTEIBHO «UUCTBIX» TEPPUTOPHUAX (TIOJUTOH
«Craitkn») c60p TPHOOB MOXKET OBITH NMPAKTHUECKH
HeorpanndeHHbIM. OJIHaKO yHOTpeOJeHHEe B MHILY
Bcero 3,5 kr rpu0oB (MacleHOK OOBIKHOBEHHBIM,
3elIeHyIKa), COOpaHHBIX B OKPECTHOCTSX T. CraBy-
TWY, TIPUBOJAMT K TPEBBIIMICHUIO Tpejeia roJ0BON
3¢ (deKTUBHOM 10351 (TA0IUIIA).

Jlo3a BHyTpeHHEro 00Jiy4eHus Npu ynorpedaeHun B nuiy 1 kr rpu6os

Ilonuron Buz rputos VY nenbHass akTUBHOCTD, Tlosa, M35
mpoboordopa BK/Kr chIpoii Macchl ’
MacneHok oObIKHOBeHHBIH (Suillus luteus 18000 0,3
(L.: Fr.) S.F.Gray)
r. CnaByTnd 3enenyuka (Tricholoma flavovirens (Pers.: 17000 0,3
Fr.) Lund.)
benbiii rpub (Boletus edulis Bull.: Fr.) 6000 0,1
MacieHOK 0OBIKHOBEHHBIIH 4700 0,08
c. Cyxoinyube 3elieHyIKa 3000 0,05
Benpiii rpud 1000 0,02
MacieHOK 0OBIKHOBEHHBIIH 1300 0,02
c. Craiiku 3eneHymika 800 0,01
Benbiii rpud 100 0,002

AHamM3 NUHAMHKHU COIEP KaHHS 7Cs moxkasbi-
BaeT, uTo B Oymkaiiiue 3 - 5 jeT ypoBHU yAeIbHOMN
AKTUBHOCTH ATOTO PAJMOHYKIMAA B TpuOax OyIayT
CHIKAThCS HE3HAUYHMTENHHO. B CBS3M ¢ ATUM mpo-
OJieMa JOTOTHUTEIHLHOTO OOJTydYeHUsI HACEICHUS 3a
CYeT yNOTpeOJICHUs B MUIIY MPOAYKTOB Jieca, U B
MIEPBYIO OYepelb TPHOOB, OCTACTCS aKTyalIbHOM.

1. N. A. Beresford, B. J. Howard, C. L. Barnett et al.,
Contaminated Forests. Recent Developments in Risk
Identification and Future Perspectives, edited by Igor
Linkov and William R. Schell (Kluwer Academic
Publishers, Nethherlands, 1999), p. 359.
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AHoTaUil pobiT 3 3aranbHUX npobnem @isnku

PIECEWICE CONTINUOUS FUNCTIONS IN STATISTICAL DISTRIBUTIONS
WITH A LIFETIME AND IN THEORY OF SUPERSTATISTICS

V. V. Ryazanov

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

To describe the nonequilibrium states of a system
we introduce a new thermodynamic parameter - the
lifetime of a system. Superstatistics, introduced in
works of Beck and Cohen as fluctuating quantities
of intensive thermodynamical parameters, are
obtained from statistical distribution with lifetime
(random time to system degeneracy) as
thermodynamical parameter. The mixing distribution
of the fluctuating parameter in the superstatistics
theory it is offered to set in the form of piecewise
continuous function. It allows describing a wide
class of spatially heterogeneous statistical systems.
Nonextensive statistical mechanics was originally
developed as equilibrium formalism, but most
physical applications of this formalism actually
occur for typical nonequilibrium situations.
Sometimes these nonequilibrium situations are
described by a fluctuating parameter £, which may,

for example, be the inverse temperature. The
fluctuations of £ induce a superposition of different

statistics on different time scales, in short a
superstatistics. The stationary probability distri-
butions of superstatistical systems typically exhibit
much broader tails than a Gaussian distribution.
Which type of tails are produced depends on the
probability distribution f(f) of the parameter [ .

Recent applications of the superstatistics concept
include a variety of physical systems. Examples are
Lagrangian and Eulerian turbulence, defect turbu-
lence, atmospheric turbulence, cosmic ray statistics,
solar flares, solar wind statistics, networks, random
matrix theory, and mathematical finance.

In the present work the superstatistics (together
with its generalization) is obtained starting from
nonequilibrium  thermodynamics which as a
thermodynamic variable contains a lifetime of
statistical system.

Let's consider now lifetime distributions of a
various form to various time scales as. It was marked
that during evolution the system passes various
stages (kinetic, hydrodynamic, etc.). It is assumed
that Beck and Cohen’s [1] superstatistics provide a
suitable description for systems with mixed regular-
chaotic dynamics. Such systems are described by
means of the offered approach. Examples of various
behaviour of systems at different temperatures are

[IIOPIYHUK - 2008

obvious: it superconductivity, and superfluidity,
other phase transitions. More the general approach,
than the superstatistics theory is a task piecewise
continuous distributions. Such distributions can
describe, for example, laminar and turbulent modes
in one stream. For example, a current a tobacco
smoke in an atmosphere. A situation here more the
general, than only transition at the certain
temperature, as in case of superstatistics. Except for
spatial heterogeneity the piecewise continuous
distribution can describe and time changes. The
offered approach enables at the decision of specific
problems to use methods of the theory of random
processes, for example, to the stochastic theory of
storage, setting rates of an input in a potential well
and an output from it, and also methods of a problem
of an escape rate out of a potential well and lifetime
of system in it.

If to pass to superstatistics we receive different
distributions  f(f) at fB<c and f>c. For

exponential distribution or gamma-
B<c and Pareto distribution

corresponding Tsallis distribution at £ >c. Enter

example,
distribution at

the name gamma-distribution with various parame-
ters at the different temperatures, the subordinated
distributions, and a plenty of various combinations
of different distributions. Parameters gamma-
distribution can change discretely, but can and it is
continuous — one more distributions on a parameter,
for example, gamma-distribution. Such distributions
can describe, for example, laminar and turbulent
modes in one stream. For example, a current a
tobacco smoke in an atmosphere. For this case an
index k (the parameter y - in a continuous case)
corresponds to spatial coordinate of a current. In any
point € there is a transition from a laminar mode to
turbulent. A situation here more the general, than
only transition at the certain temperature, as in case
of superstatistics.

1. C. Beck and E. G. D. Cohen, Physica A 344, 393
(2004).
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FAMILY OF NON-EQUILIBRIUN STATISTICAL OPERATORS, INFLUENCE OF THE PAST
ON THE PRESENT AND TRANSPORT PHENOMENA IN CONDENSED MATTER

V.V. Ryazanov

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

A family of non-equilibrium statistical operators
(NSO) is introduced which differ by the system
lifetime 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,
average fluxes, and kinetic equations obtained with
use of NSO. It is possible to choose a class of
lifetime distributions for which thermodynamic
limiting transition and to tend to infinity of average
lifetime of system is reduced to the result received at
exponential distribution for lifetime, used by
Zubarev. However there is also other extensive class
of realistic distributions of lifetime of system for
which and after to approach to infinity of average
lifetime of system non-equilibrium properties
essentially change. For some distributions the effect
of “finite memory” when only the limited interval of
the past influence on behaviour of system is
observed. It is shown, how it is possible to spend
specification the description of effects of memory
within the limits of NSO method, more detailed
account of influence on evolution of system of
quickly varying variables through the specified and
expanded form of density of function of distribution
of lifetime. The account of character of history of
the system, features of its behaviour in the past, can
have substantial influence on non-equilibrium
conduct of the system in a present moment time.

Besides exponential density of probability, used
by Zubarev, as density of lifetime distribution
Erlang distributions (special or the general), gamma
distributions etc., and also the modifications
considering subsequent composed asymptotic of the
decomposition can be wused. More detailed
description the density of probability distribution of
lifetime  p (u) in comparison with limiting

exponential allows describing more in detail real
stages of evolution of system (and also systems with
small lifetimes). Use of several forms of lifetime
distribution in quality of function of averaging leads
to a conclusion, that the deviation received by means
of these distributions values In p(¢) from Inp_, ()
is no more £=1/< 1 >, where </ > is average
lifetime. This result corresponds to mathematical
results of the theory asymptotical phase integration
of complex systems according to which distribution
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like
where

of lifetime looks
pq(u)=exp{—eu}+/1(pl(u)+/12(02(u)+...,
the parameter of smallness A4 in our case
corresponds to value £=1/< 7 >. Generally the
parameter A can be any.

For distributions, having a various form for
different times, additives to Zubarev’s NSO are
distinct from zero and for infinitely large systems
with infinitely large lifetimes. In the present work it
is shown, that it is possible, for example, for
distributions of lifetime of the system, having a
various appearance at different stages of evolution of
system. Such behaviour will be coordinated with
known division of process of evolution of system
into a number of stages. For some distributions the
effect of “finite memory” when only the limited
interval of the past influences on behaviour of
system is observed.

If type of source in Liouville equation for a non-
equilibrium statistical operator in the form of
Zubarev possible to confront with a linear relaxation
source in Boltzmann equation, more difficult types
of sources, got from other distributions for lifetime
of the system, it is possible to compare to more
realistic type of integral of collisions, that is
explained by the openness of the system, by its co-
operation with surroundings and finiteness of
lifetime of the system, and also coarsening for
physically infinitely small volumes. Introduction in
NSO function p,(u) corresponds to specification of

the description by means of the effective account of
communication with irrelevant degrees of freedom.
In the present work it is shown, how it is possible to
spend specification the description of effects of
memory within the limits of method NSO, more
detailed account of influence on evolution of system
of quickly varying variables through the specified
and expanded kind of density of function of
distribution of time the lived system of a life. On the
example of determination of conductivity we will
consider, in what consequences the change of type
of functions p, (u) and p(¢) results as compared to

an exponential law for p (u), used in works by

Zubarev. Comparison with the theory of transport
processes by McLennan is conducted.

IHCTUTYT SJAEPHUX JIOCIIJDKEHbL HAH YKPAIHU



3ATAJIBHI TTPOBJIEMU ®I3UKU

NON-EQUILIBRIUM AEROSOL CHARGE DISTRIBUTION
IN THE BIPOLAR ATMOSPHERE

V. V. Ryazanovl, V. Y.Smorodinz,

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Department of Chemical and Biological Engineering, University of Maine, Orono, USA

In an atmosphere always there are the free ions,
capable to charge atmospheric particles. Rather short
lifetime of a charge for an aerosol particle is caused
by its carry or neutralization. Lifetimes are the
essential factor in behaviour of the charged aerosols.

Electrical charge of aerosols plays an important
role in governing with their dynamics in nature and
technological processes. For theoretical describing
these effects one does usually employ a convenient
equilibrium state charge distribution originated from
the Boltzmann statistics. But very often equilibrium
state conditions are not realized. In this case one
should take into account non-equilibrium statistics.
Equilibrium distribution of charges can achieve an
establishment of high speed formation of ions or the
big concentration of ions. But in natural atmospheric
conditions, for example, above industrial regions
there is no equilibrium distribution of charges.
Distribution of the charged aerosols in an
atmosphere is ambiguous. It depends on a kind of
clouds, a season and day, a condition of an
atmosphere and many other things factors. As
advantage of the offered approach its ambiguity
serves also. Thus those factors which define
behaviour of distribution, it is possible to enter into
the theory, as operating parameters.

Accounting a finite life in the statistical systems
and employing the life-span as the thermodynamic
variable permit to construct non-extensive statistical
mechanics of Tsallis’ type. This approach can be
treated as more theoretically severe concept than
Tsallis’  statistics based on an empirical
“g-parameter”  breaking  additivity of  the
Boltzmann’s statistics. It is obviously necessary to
involve methods of the statistical physics describing
nonequilibrium processes, and using concepts of
lifetime in these problems. The proposed concept is
consistent with a known data of Potiguar and Costa
who established that the finite systems are described
with non-extensive statistical mechanics. The
generalized energy distribution derived by Ryazanov
contains both the Boltzmann - Gibbs statistics and
superstatistics

(-1
P(E) ~ exp(—ﬁE){1+6’E(q—1)(l % H .
~ 1

[IIOPIYHUK - 2008

Here parameters g and 7, are related with the

aerosol particle shape and the aerosol charging
mechanisms, respectively; €=1/kT, k 1is the
Boltzmann constant, 7' is the absolute temperature.
Depending on a value of the parameter r,, extensive

or non-extensive properties may dominate in the
system. Probably, real systems may have properties
of both Gibbs’ statistics and non-extensive ones.
That is why using of such the generalized
distribution seems to be perspective. There are some
verified applications of this distribution for a series
of phenomena. The energy distribution can be
regarded as a detailed elaboration of theory of super-
statistics. The distributions containing a lifetime as
thermodynamic parameter, besides a superstatistics
method, give a wide field of various opportunities
for research of aerosol systems. It is possible to
allocate the groups of methods connected with
stochastic theories, and with research of lifetimes.
Complex systems often exhibit a dynamics on two
time scales: a fast one as represented by a given
stochastic process and a slow one for the parameters
of that process. Each state of a system has its own
lifetime related to fluxes magnitudes and sources
strengths and therefore its deviation from
equilibrium. The lifetime is interpreted as a
fundamental quality having dual nature related to
both the flux of external time, and the properties of a
system. Real open systems seem to share the
properties of both Gibbs and nonextensive statistical
mechanics types. The lifetime thermodynamics
describes open systems far from equilibrium and can
be applied to the investigation of the dissipative
structures and other synergetic effects.

Let us derive a law for the nonequilibrium
aerosol charge distribution in the bipolar ion
atmosphere in frameworks of our thermodynamic
concept. As we will see further, this lead us to
generalizing a convenient steady-state charge
distribution based on the Boltzmann statistics. We
are going to employ these results to experimental
data. Our estimations showed a consistency of the
calculated kinetic energy of the particle, E,, with

data given in the experiment.
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We study the statistics of the excited energy
levels in a class of systems of electron-phonon
interaction represented by the generalized two-level
Jahn - Teller JT) E ® (b, +b,) model with quantum

Hamiltonian [1]
H= Q(b;+ b +b,+ b, +DI+
+a (b, +b))o,-f (b 2+ +b 2)o,

(b; are phonon (boson) operators, and 2 x 2 Pauli
matrices o; account for two electron levels, Q is
frequency of phonons 1 and 2).

Compared to the exciton models the system
includes the phonon-2 assistance in tunneling
between levels; the generalization of the
conventional JT system is achieved by assuming
different coupling strengths o # £ (due to spacial
anisotropy of a crystal in real systems).

Nonequivalence of the phonon-electron coupling
constants results in the symmetry lowering
(violation of the rotation symmetry of the JT model).
As a consequence, the individual energy levels
become extremely irregular and the corresponding
wavefunctions exhibit fractal properties [2]. At the
level of statistical description however the system
acquires novel universalities which stand close to the
known quantum  chaotic  patterns.  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) ~ 4S exp(-2S) typical, e.g. for the metal-
insulator (M-I) transition in the Anderson model [2].
The vicinity to this model is also supported by the
long-range statistical measure A; 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 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 representative is the Anderson model
at the point of M-I transition.

1. E. Majernikova and S. Shpyrko, Phys. Rev. E 73,
066215 (2006); cond-mat/0509687

2. E. Majernikova and S. Shpyrko, ibid, 057202 (2006);
cond-mat/0510710

3. E. Majernikova and S. Shpyrko, J. Phys. A 41,
155102 (2008); cond-mat/0611736

152 IHCTUTYT SJAEPHUX JIOCIIJDKEHbL HAH YKPAIHU



3ATAJIBHI TTPOBJIEMU ®I3UKU

BHATTACHARYYA STATISTICAL DIVERGENCE OF QUANTUM OBSERVABLES
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One of the important problems in the probability
theory is to find an appropriate measure of the
difference or the statistical divergence of two
probability distributions P and P'. This measure
quantifies the degree of the similarity between them.
In the mathematical statistics the so-called
f -divergence (Czisar divergence) is introduced in a

D(P,P')= xP'(x) =
= ZxP'(x) f(P(x)/P'(x)) with an arbitrary convex
function f(u).

Among the existing divergence measures of two
discrete probabilities, P and Q,, the Kullback-

Leibler D(P,0) =
= ZR log(P/Q,) is perhaps best known and most

general form as

statistical ~ divergence

widely used [1]. This is because this measure has
several desirable properties, such as nonnegativity
and additivity, which are crucial in its applications.
D(P;Q) is not symmetrical regarding the exchange
of P and Q0.

Apart of the Kullback - Leibler statistical
divergence, a number of other divergence measures,
depending on certain parameters, have been proposed
and intensively studied [2, 3]. Some of them satisfy the
convexity condition only for restricted values of the
corresponding parameters.

However, the Kullback - Leibler [1], Renyi [2],
Havrda - Charvat, Tsallis and the trigonometrical [3]
statistical ~divergences require generally p, =0

whenever ¢, =0. From point of view of their

application, this is not a desirable property because just
such situations we often encounter in the theoretical

[IIOPIYHUK - 2008

physics especially in statistical and quantum physics.
In this article we exploit the Bhattacharyya
statistical divergence [4] to determine the similarity
of probability distributions of quantum observables.
The Bhattacharyya statistical divergence of the
discrete probability distributions is defined as

D(P,0) = Z( p.q.)"* . After brief review of useful

characteristics of the Bhattacharyya divergence we
apply it to determine the similarity of probability
distributions of two noncommuting observables. An
explicit expression for the Bhattacharyya statistical
divergence is found for the case of two observables
which are the x - and z-components of the angular
momentum of a spin-1/2 system. Finally, a note is
given of application of the considered statistical
divergence to the specific physical measurement.

1. S. Kullback, Informational theory and statistics (John
Willey, New York, 1959); S. Kullback and
R. A. Leibler, Ann. Mat. Stat. 22, 79 (1951).

2. A. Renyi, On the measures of entropy and
information, in 4-th Berkley Symp. Math. Stat.
Probability, 1 (1961).

3. V. Majernik, FElementary theory of organization.
(Palacky University Press, Olomouc, 2001).

4. A. K. Bhattacharyya, On a measure of divergence
between two statistical populations defined by their
probability distributions, Bull. Calcutta Math. Soc.,
35, 99 (1943).
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The quantum mechanical eigenvalue problem of
the Hamiltonian in the form H =H +oV with a

single nonintegrability parameter a can be exactly
mapped onto a system of differential equations
describing classical particles on a line moving in the
pseudotime « [1,2] (equations for a generalized
Calogero - Moser gas (gCM)). The “positions” of
these particles x, correspond to the energy levels E,

of the quantum mechanical problem. This approach
named the level dynamics acquired recently a wide
popularity in particular since it allows for the
statistical description of the ensemble of quantum
levels in a supposedly quantum chaotic system [2, 3].
The full set of the generalized Calogero - Moser
equations consists of the differential equations for
positions  dx,,, = p,, , corresponding momenta

of the
perturbation 7) and the nondiagonal elements

V =< m|V|n >,

mn

p, =<n |V|n >=V elements

nn

(diagonal

The above approach was applied to the one-
parametic Jahn - Teller model of interaction between
the two-level electron system with two vibron
degrees of freedom (E x e Jahn - Teller model) [4].
The equations for the gCM of pseudoparticles were
numerically solved in the pseudotime « (the
strength of coupling between electron and boson
subsystems) for a limited number of levels with
artificially imposed boundary conditions confining
the system. Not very close to these boundaries the
energy spectrum of the system as function of «
reproduces well the exact solution obtained by
numerically  diagonalising the corresponding
quantum Hamiltonian matrix [4].

The dynamics of excited phonon spectra of the
Exe Jahn- Teller model mapped onto the
generalized gCM of pseudoparticles implies a
complex interplay between nonlinearity and fluctu-
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ations of quasiparticle trajectories. A broad
crossover appears in a pseudotime (interaction
strength) between the initial oscillator region and the
nonlinear region of the kink-train lattice as a
superlattice of the kink-antikink gCM trajectories.
The local nonlinear fluctuations, nuclei (droplets) of
the growing kink phase arise at the crossover,
forming a new intermediate droplet "glassy" phase
as a precursor of the kink phase. The "glassy" phase
is related to a broad maximum in the entropy of the
probability distributions of pseudoparticle accelera-
tions, or level curvatures. The kink-train lattice
phase with multiple kink-antikink collisions is
stabilised by long-range correlations when
approaching a semiclassical limit. A series of
bifurcations of nearest-level spacings were
recognised as signatures of pre-chaotic behaviour at
the quantum level in the kink phase. Statistical
characteristics can be seen to confirm the
coexistence within all of the spectra of both
regularity and chaoticity to a varying extent
(nonuniversality). Regions are observed within
which one of the phases is dominant. The
approximate analytical approach to the set of the
Calogero - Moser classical equations for the JT
system allowed to describe in a uniform fashion both
the “pure” oscillatory and kink train lattice phases
and to give an explanation to the intermediate glassy
phase bearing the patterns of the nucleation forming
(at increasing electron-phonon coupling strength)
the kink lattice.

1. P. Pechukas, Phys. Rev. Lett. 51, 943 (1983).

2. T. Yukawa, Phys. Rev. Lett. 54, 1883 (1985);
T. Yukawa, Phys. Lett. A 116, 227 (1986).

3. K. Nakamura et al., Phys.Rev. A 46, 6311 (1992);
P. Gaspard ef al., Phys. Rev. A 42,4015 (1990).

4. E. Majernikova and S. Shpyrko, Phys. Rev. E 73,
057202 (2006).
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In a recent paper [1] we investigated the
statistical properties of the energy spectra of the
two-level electron-phonon model of the Jahn - Teller
class characterized by two vibron (phonon) modes
coupled to electrons with two distinct constants o
and B. The short range statistics (distribution of the
level spacings P(S)) showed a remarkable

universality tending (far from cases of higher
symmetry o =[) to the semi-Poisson statistics. In

the present work we investigated the long-range
characteristics of the spectrum represented by the
spectral rigidities A,(n) and related spectral

compressibilities [2]. These measures for the E X
(b, +b,) Jahn - Teller model are found strongly

nonuniversal with respect to the Hamiltonian
parameters and inhomogeneous with respect to the
choice of a partial energy segment. However, the
partial spectral rigidities exhibit common features:
an anomalous linear part for small » and a saturation
for large n . The spectral compressibilities found for
the partial spectral segments and averaged over a
whole relevant part of the spectrum cumulate close
to a well-defined limit pertaining to the semi-
Poisson statistics (see Figure).

dfs/dn levels 100-1100
0.08 i
l. 1

0.07f \ -+ a=2

x| 3 *- 3
0.06 ' ‘\ ‘B 4
0.05} & -\ \ -5
0.04 * N
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Spectral “compressibilities” (slopes of the rigidity D,
measure of energy levels with respect to the average
number of levels in the interval as function of the
electron-phonon coupling constants o, B. The grid line at
0.33 corresponds to the semi-Poisson statistics, that at
0.66 — to Poisson distribution (without level repulsion).
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This is in accordance with similar tendencies
revealed in the short-range averaged statistical
characteristics of this model investigated in our
previous paper [1]. These features document an
inhomogeneous and nonuniversal weakening of
level repulsions and nonuniversality of level
fluctuations on both long and short energy scales.
The nonuniversality and inhomogeneity of the
statistical characteristics correspond to a similar
behaviour of the chaoticity parameter (a fraction of
the chaotic phase space of the trajectories) found for
the corresponding semiclassical Hamiltonian.

We ascribe the nonuniversal and inhomogeneous
nonintegrability behaviour to changing degree of the
brokening of the rotation symmetry when changing
parameters of our effectively two-dimensional
model. It results in a random distribution of the
respective localized wave functions at all scales up
to the size of an available state space. The
multifractal behaviour of the wave functions is
implied from the analysis of their (averaged) fractal
dimensions which range up to 1.5 = 0.1 (for D,).

This might imply the concept of the chaos-assisted
tunnelling between the regions of reduced degree of
stochasticity through regions of high degree of
stochasticity. It supports the analogy with the two-
dimensional Anderson model with marginal-
asymptotically far metal-insulator transition. The
features found allow us to classify the present model
as a member of the class with a multifractal
eigenfunction statistics characteristic for the spectra
with weakened level repulsion similar to the
Anderson model close to the metal-insulator
transition [3].

This work was published in: J. Phys. A: Math.
Theor. 41 No 15 (18 April 2008) 155102, DOI:
10.1088/1751-8113/41/15/155102)
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2. F.J. Dyson and M. L. Mehta, J. Math. Phys. 4, 701
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3. B. 1. Shklovskii ef al., Phys. Rev. B 47, 11487 (1993).
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B PAHOHE T'OP BPAHYA

A. M. JIamyx', B. H. asiosuy’, B. JI. Pycos®

1 o
Tnaenwiii yenmp cneyuanvrozo xonmpons HKA Yxpaunwvr, Maxapos
2 %
HUnemumym sioepuvix uccneoosanuii HAH Yrpaunol, Kueg
3 N . .
Ooecckuil HayUOHATLHBIL noaumexHudeckull yHusepcumem, Ooecca

PaccMoTpeHbl  BO3MOKHBIE MEXaHH3Mbl 00pa3o-
BaHUs PaJOHOBBIX AHOMAIIMH, MX CBSI3b C BYJIKaHU-
YECKOM M ceiicMuueckoi aestenbHocThio. [IpoBeneH
aHaTN3 W3MEPUTENLHBIX JAHHBIX, TIOJIYYEHHBIX C
moMoImipl0  paguomerpa pamona PPA-0IM-03 B
IIyHKTE HAOIIOAEHUS «Kamenen-ITononbckuiiy.
ITokxa3aHo, 4TO AJIUTENBHOE MOHWKEHHE KOHLEHTPA-
LUK pPajioHa MOXKET OBITh CBSI3aHO C TOATOTOBKOM
celicMUUecKoro coObITHs B paiioHe rop Bpanya.

B menoM MOXHO KOHCTaTUPOBaTh, 4TO (HU3U-
Yeckoe 0OOCHOBaHHE M KOHTPOJB MOJOKHUTEIBHBIX
KOppeIsUid MEXIY PaJOHOBBLIMH AHOMAJIUSMU U
CECMMYECKON aKTUBHOCTBIO BO3MOXHBI TOJIBKO Ha
OCHOBE TIOJTHOTO TOHMMAaHHA MeEXaHu3Ma o0pa-
30BaHMsI IPUITOBEPXHOCTHOI'O PaJIOHA.

AHanu3 MeTeopOJOTHYECKUX MapaMeTpoB He-
00XOJUM JUIsl TIPABHJIBHOW HWHTEPIIPETAIMH KOH-
LEHTPALMK PaJOHA U NPEJCKA3aHUs €r0 NOBEACHUS
Ha Ommxaiiiee Bpemsi. CoBmecTHass o0paboTka
METEOPOJIOTHYECKON WHGOpPMAIMM U JIAHHBIX [0
KOHLEHTpallMM  paJloHa  MOXET  IO3BOJIUTH
OOHAapyXHUTh B psAle ClIy4aeB TOTOBsIIEECs
ceilicMUUecKoe COObITHE.

JnurenbHOE MOHMKEHUE KOHLICHTPALUU PaJloHa,
HE CBSI3aHHOE C METCOPOJIOTHUECKHUMHU (aKTOpaMH,
MOXET TOBOPUTH O IOATOTOBKE CEHCMUYECKOTO
coObITHS. JIIMTENTBHOCTh TaKOW aHOMAJIMH CBSI3aHa C
MarHuTy10M TOTOBSAIIETOCS 3€MIIETPSICEHUSL.
HanHblii 3G GEKT XOpOoIOo MPOSBISAETCS JUIMIb MPH
M, Ommskum Kk 5.0 u Beimme. CoBMecTHOE
UCIIONIb30BAHUE JIByX TOAXO0J0B (OOHapy>keHHe
MOJIOKUTENBHBIX KOPPEISIIUM MEXIy KOHIICHTpa-
ueil pajgoHa ¥ aTMOC(EpPHBIM JABJIICHUEM ILIIOC
O0OHApYKCHHUE OTPHIIATEIIBHBIX AMIUTUTYIHBIX aHO-
Majuiil) MOXKET NOBBICUTH BEPOATHOCTH IMpEacKa-
3aHUS MOMEHTa 3emuieTpsiceHus. Hy>KHO OTMETHUTb,
YTO Takoe IIOBEJACHHE paJoHAa Ha JOCTATOYHO
0OJBIIOM yIAJICHUW OT THUIOLEHTPa, BO3MOXHO,
00YyCIIOBJIGHO CTPYKTYPOH 3e€MHOW KOPHI B JJAHHOM
pEervoHe, a MMEHHO CYIIECTBOBAHHEM TIJTyOWHHOIO
pasioma, KOTOPbIU TSHETCS OT rop BpaHua k pailoHy
Kamenen-Ilononbsckoro.

[IpennoxxeHHble TOAXOABI MOCITYXUJIH OCHOBOM
JUIL  CO3JaHUsl aBTOMATHU3UPOBAHHOM  CHCTEMBI
MNPUHATUS pPEIICHUS B pEAJbHOM BpPEMEHU IS

MPOTHO3a  CHUJIBHBIX
Bpanua.

Ha ocHOBaHUM NOTYYEHHBIX PE3YJIBTATOB MOKHO
OTBETUTh Ha TJIAaBHBIM BOIpOC CEHCMONOTHHA —
MOXXHO  JHM  HpEeACKa3blBaTh  3EMIIETPSICEHUA?
Hecmotpst Ha meccumusm Y. Puxtepa (KOTOpBIA B
30-x rogax MpPOLUIOTO CTOJNETUS, 3a70Jr0o 10
OypHoro pa3BHUTHUA HEJIMHENHON ¢bu3uKwy,
JOCTaTOYHO PE3KO 3afgBHI O HEBO3MOXXHOCTHU

NpeIcKa3aHuil 3eMIIETPSICCHUI), aBTOPHI YBEPEHHI B

3eMIIETPSICEHUM € palioHa

BO3MOXHOCTH M  HEOOXOOUMOCTH paboT  Io
MPEACKA3aHUIO 3eMJIETPSICEHHH.
HeBo3moxxHOCTH ~ mpeAcKasaHus — MOBEACHUS

CIIO)KHBIX HEIMHEWHBIX JIMHAMUYECKHX CHCTEM
CBSI3BIBAIOT B IIOCIIEAHEE BPEMS C CYIIECTBOBAHUEM
«TOPU30HTA MIPOTHO32, 00yCIIOBIEHHOTO
paszberaHueM TpPaeKTOpUH CHCTEMBI B (Ha30BOM
MPOCTPAHCTBE B PEXHUME JWHAMHYECKOTO Xaoca.
Tak, Hampumep, CcUHTaeTCs, YTO «TOPH30HT
MPOTHO3a» TIOTOMABI COCTaBISIET MPHOIH3UTEITHHO
TpH HeAenu (XOTS CYIIECTBYIOT pabOThI, pacIInAps-
IOII[Me STOT TOPH30HT JI0 HECKOIBKUX MecsIieB). B
CBSI3M C OTHM BO3HHKAET BOIIPOC: B KAKOM PEXUME
paboTaer «MamIHa 3eMJIETPSICEHHI» — B JETEPMHU-
HUCTHYECKOM WJIH XaoTHYeCcKOoM? AHalN3 HEKOTO-
PBIX NaHHBIX, KOTOPBIA OYZET W3JIOXKEH B CIEIYIO-
meil paboTe, MOKa3bIBAeT, YTO JTall IOATOTOBKU
3eMJIETPSCEHHS] TPOWCXOTUT B  JIETEPMHUHUCTH-
YEeCKOM pPEXHUMe, TaK YTO TMPH HAIHYUH CHCTEMBI
YpaBHEHUH, OMMHCHIBAIOIIEH STOT dTal, MOXHO OBLIO
OBl MpeIcKa3pIBaTh MOMEHT TIepexoia 3eMHOM KOPHI
B HEYCTOWYMBOE TIO OTHOIICHHIO  Pa3BHUTHUSA
MarucTpagbHOW TPEIIWHBI COCTOSHUE, T.€. TOYKY
oudypkamuu. boiee Toro, TOUKYy OHbYypKaIHIH
MOKHO OOHApyXHTb JKCHEPUMEHTAIHHO, H3MEpss
¢bykTyanmm JTTHAMHYECKUX MIePEeMEHHBIX,
YIPAaBISIONIMX MPOIECCOM (XOPOIIO M3BECTHO, YTO
B TOYKE oudypxarmm, OTIpeIEIISIONICH
KUHETUYECKUI (a3oBBIi  TIepexol  JOJDKEH
HaOJIFOMaThCS POCT (DITyKTyarTuif).

Takum 00pa3oM, OCHOBBIBasICh Ha METOAax
HEeTMHEHHOW (U3NKH W CHHEPTeTHKH, MOXHO C
OONBITION  JOJEHl  ONTUMH3MA  CMOTpPETh  Ha
BO3MO’KHOCTB TPECKa3aHMs 3eMIIETPICEHUI.
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HEPABHOBECHOE W3JIYYEHUE 3EMHOM KOPBI -
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B pabote obcyxmaercs mpobiieMa BO3HHKHOBE-
HUS ©CTECTBEHHOTO 3JIEKTPOMArHUTHOTO HMITYJIbC-
HOTO W3IyYCHHUS 3E€MJIM U HCIIOJIB30BAaHUS HTOTO
U3ITYYCeHUS IS U3YUYCHUS CTPYKTYPHI 3eMHBIX HEJP.
IIpennosxena Moiens TeHEPAIlUK TAKOTO H3ITYUCHUS,
OCHOBaHHAsl Ha BO3HUKHOBEHHUU ONTHYECKHUX KOJe-
0aHWil CHOXHBIX KPHUCTAJUIMUYECKHX PEIIeTOK, a
3HAYUT, W CBS3aHHBIX C HUMH DJICKTPOMATHUTHBIX
KOJIeOaHMi, TIPU POKIACHUHN U ABMKCHUH TOUCUHBIX,
JUHEWHBIX (JUCIOKAIMU) U O0BEMHBIX (MHUKPOTpE-
IIMHBI, TOpPBI) Jae(eKkToB KpuctauioB. B Qusuke
TBEpIOTO Tella DSICKTPOMATHUTHOE M3Iy4YeHUE,
CBSI3aHHOE C COOCTBEHHBIMH (ONTHUYCCKUMHU) KOJIE-
0aHUSIMU KPUCTAIMYECKON pEIIeTKH, MPUHATO
HA3bIBATh MOJSPUTOHHEIM H3iydeHueM. [1oCKonbKy
WHTCHCUBHOCTb DPOXKIEHHUS IEPEKTOB MNPSIMO IPO-
MOPIMOHATBHA JIe(hopMaIK KPUCTAILIOB, TO UHTCH-
CUBHOCTh T€HEPUPYEMBIX BOJH OYyJIeT MaKCHMallb-
HOW B 00JIACTSAX HaMOONbIIUX JehopMaIuil 3eMHON
kopel. Ha »TOM (pakTe OCHOBaHa BO3MOXKHOCTh
WCIIONB30BAHUS JAHHOTO M3IYUYCHHS IS U3YUCHUS
CTPYKTYPBI 36MHOU KOPBL.

ITo oTHOMUIEHHIO K TMOJSIPUTOHHOMY HU3IYUYEHHUIO
KpUCTAJUIBI  SIBIISIIOTCA ~ aKTUBHOM  cpenoil, T.e.
HaJU4he W3IY4YCHHUS CTUMYJIUPYET POXICHUE U
YHUUYTOXKEHHE Je(eKTOB, YTO B CBOK O4Yepenb

[IIOPIYHUK - 2008

NPUBOAUT K YCHIICHHUIO BOJHBL Takol MeEXaHW3M
HETTUHEHHOTO YCHUJICHUS AIIEKTPOMArHUTHBIX BOJIH,
Hapsily C CYyIIECTBOBAHHEM «OKOH IMPO3PayHOCTH,
MOXKET OOBSCHUTH HAOIOJArOIIeecs CBEpXciadoe
3aTyXaHUE JIEKTPOMArHUTHBIX BOJH B 3€MHOI KOpe.

Bompocel reHepanuu  Takux KojeOaHWA mpu
BHEIIHEM BO3JCHCTBUU HYXKHO paccMaTpuBaTh B
pamMKax KHHETHYECKOro mojxona. B pabore mpuse-
JieHa TpocTedinas MOJAETh TEeHEepaluu 3JIEKTPO-
MAarHUTHOTO TOJI HampsbkeHHoOM cpepoit. Ilapa-
METpPhl 3TOM MOJEIM HYXXHO OIpeAeNsiTh U3
MUKPOCKOITUYECKON TeOpHH, KOTopasi OyIeT pa3BuTa
B cienyromei padote. OgHAKO naxe Takas mpocras
MOJIeJIh TIO3BOJISIET TIOHSATh HEKOTOPhIE 0COOEHHOCTH
AJIEKTPOMATHUTHOTO HM3IIy4EHUs 3€MHOH  KOPBI,
Onmarogapsi OYEBWJHON aHAJIOTMH C Jla3epHOU
reHepanueii. Xopolo U3BECTHO, YTO C JaIbHEUITUM
POCTOM HaKauyK{ H3IyYeHHE JIa3ePOB MEPEXOIUT OT
HETPEPHIBHOTO PEXUMa B PEXUM H3ITyYeHHS I[yra
KOPOTKHX HMITyJIbCOB. VIMEHHO Takoro Tuma
W3IY4YeHHE pETUCTPUpPyeTcs BOIW3HM  pazIOMOB
36MHOH KOpBI, T.e. B HaumOoJiee HAIMpPSDKEHHBIX H
ne(OPMHUPOBAHHBIX MECTaX 3€MHOU KOPHI.

B pabore mpuBeneHbI Takke HMPUMEPHI HCIIONb-
30BaHUs TEOIMOJIIPUTOHHOTO HM3ITy4eHUs UI HCCe-
JIOBAaHUS CTPYKTYPBI 3eMHOU KOPBI.
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THE DETECTION OF ULTRAHIGH ENERGY COSMIC RAYS USING ANTARCTIC ICE
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'Odesa National Polytechnical Institute, Odesa
’East Ukraine University, Lugansk
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
‘Radiophysical Scientific Research Institute, Nizhniy Novgorod, Russia
’National Antarctic Scientific Centre, Kyiv

The effect of low frequency radio emission from
atmospheric particle showers generated by cosmic
rays was predicted by G. Askaryan in 1965 and
describes a phenomenon similar to Cerenkov effect,
whereby a particle traveling faster than the speed of
light in a dense radio transparent medium produces a
shower of secondary charged particles which contain
a charge anisotropy and thus emits a cone of
coherent radiation in the radio or microwave part of
electromagnetic spectrum. When the shower
traverses boundary between air and dense matter
such as salt, ice or the lunar regolith, there are other
mechanisms of radio emission such as
bremsstrahlung or transient radiation.

Since the frequency of extended atmospheric
showers (EAS) events falls dramatically with growth
of the primary particle's energy (approximately, one
particle of energy 10°° eV per 100 km® per year),
detection of ultra high energy events requires
enormous area coverage which is hardly achievable
by traditional detection methods. Radio emission
generated by EAS can provide an alternative way of
EAS detection.

For this purpose a detection and measurement
complex is being erected in the Ukrainian
‘Vernadsky’ Antarctic station. An extended atom-
spheric shower reaches the surface of Antarctic ice
and generates a radio pulse, which is further
reflected (may be, several times) from the
ionosphere and received by the antenna of the
detection and measurement complex. The delay
between the reflected pulses and their shape and
intensity are the source of information about the
energy of the primary cosmic particle.

The electromagnetic calculation of the received
radio pulse depending on the excessive charge
reaching the surface of ice is provided. Various
cases of radio emission have been studied, e.g.
transition
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radiation from water surface, radiation of excessive
charge in ice, radiation of an electric dipole, which
arises due to separation of EAS charged particles in
the geomagnetic field. It is proven that the signals
reflected by the ionosphere can be detected in the
‘Vernadsky’ station, if the primary’s energy will be
about 10* eV or higher.

In order to calibrate the detection and
measurement complex, computer simulation of the
EAS propagation using CORSIKA and Geant 4
computer codes is being conducted also. Simulation
is tailored to specific conditions of the ‘Vernadsky’
station. Atmosphere condition, elevation, intensity
and orientation are taken into account. At present,
the results obtained give the excessive charges from
primaries with energies > 10"’ eV on the ice surface
depending on EAS energy and inclination, as well as
the dipole momentum arising under the geomagnetic
field. Also, Geant4 simulation is conducted in order
to better allow for charge propagation in the ice
layer.

Currently the electronic equipment is under
adjustment, the preliminary results are shown in the
Figure.
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TepmoobpobneHux npu 900°C

[II MixxnapoaHa HayKOBO-IIPAKTUYHA KOH(EPEHIIis
«Marepiany eneKTpOHHOI TEXHIKH Ta Cy4acHi
indopwmartiitai Texaonorii» (METIT-3), Kpemenuyx,
21-23 TpaBus 2008 p.

ML Imutpyk, O.C. Konnparenko, JI.A. Bracyko-
Ba,, [1.B. Kyunncekuii, M. b. [liHkoBCbKa,
B.1.XiBpuu

EnincomeTpuuHi AocniaxeHHa BAAUBY aacopbuii
napie piAMH Ha ONTUYHI NapameTpu CTpyKTyp SiO,/Si
3-s1 Mi>kHapoIHa HayKOBO-TEXHITHA KOH(PEPEHITis
,»CEHCOpHA eNEKTPOHIKA Ta MIKPOCHCTEMHI TEXHO-
norii”’, Oxecca, 2-6 gepsas 2008 p.

A.A. Chernyuk, V.I. Sugakov
Exciton condensation in quantum wells

The 3-rd Ukraine-Korea seminar on nanophotonics
and nanophysics, Kyiv, July 14-16, 2008

ILI". JlutoBuenko, O.I1. JlutoBuenko, A.A. I'po3a,
B.1. Bapnina, JI.C. Mapuenko, M.1. Ctapuuk,

JL.I. Bapa6am, C.B. Bepaniuenko, B.K. /Iy0oBoi,
B.®. Jlacrosennkuii, JI.A. IToniBues.

Bnnue OMilWOK Ha pagialliHy CTiIUKICTb MOHOKpU-
CTAsiYHOrO KpeMHito.

XVIII mexaynapoaHas KoH(MepeHnus o Qru3nKe
pazuanMOHHBIX SIBICHUN M paJdalliOHHOMY MaTe-
puanoBenenuto, Anyimra, 8-13 centsops 2008 r.

V. Revka

Surveillance testing experience for RPV materials
embrittlement estimation in Ukraine

Joint Regional Workshop on the Improved RPV
Structural Integrity Assessment for NPP,
RER4027/9034/01, Kuznetsovsk, September 8 — 12,
2008

JI. ®. Maxkapenko, @.I1. Kopmryros, C.b. JIactos-
ckuit, B.U. XuBpuu

O6pasosaHue feqeKToB B 3anpobexHou obnactm
KpeMHUEeBLIX CTPYKTYp, 06J1yUYeHHbIX asnbgpa-
uacTULIaMU

I11-s1 MexxnyHapoaHas Hay4dHast KoHpepeHuus «Ma-
TepHalbl U CTPYKTYPHI COBPEMEHHON 3JICKTPOHUKIY,
Munck, benapycs, 25-26 certsops 2008 T.

N.IO. T'onuneit, B.B. Muxaitnosckuii, B.1. Cyrakos
YckopeHue aTOMOB MpU pa3oBbIX NpeobpasoBaHUSX
Ha NOBepXHOCTU KPUCTANNOB

Mexnynapoanas koHpeperuns «CoBpeMeHHbIE

po0JIeMBI (PU3UKHA METaLIOBY», KuiB, 7-9 >KOBTHS
2008 p.

LLE. Anokhin, O.S. Zinets

Silicon Strip Detector with a Polyethylene Con-
verter as a Position Sensitive Detector for Fast
Neutrons

16th Room Temperature Semiconductor Detector
Workshop (RTSD 16), Dresden, Germany, October

19 - 25,2008

V.I. Sugakov
Formation of ordered structures of exciton con-
densed phases in quantum wells.

3rd International Conference on Photo-inducsed
phase transitions and cooperative phenomena.
Osaka, Japan, November 11-15, 2008

$izuka nnasmu:

A.Y. Pankin, Z. Mikic, S. Titov et al.
Magnetohydrodynamic modeling of the accretion
disk corona

35th EPS Plasma Physics Conf., Hersonissos,
Greece, June 9-13, 2008

K.P. Shamrai, E.N. Kudriavchenko

Effect of magnetic pumping on the heavy ion motion
in a low-temperature plasma

X Int. Workshop “Plasma Electronics and New Ac-
celeration Methods”, Kharkov, August 25-29, 2008
Ya.l. Kolesnichenko, V.V. Lutsenko, Yu.V. Yako-
venko, A. Weller, H. Thomsen, A.Werner, J. Geiger
Theory of sub-GAM modes in toroidal plasmas and
modelling of their observations in Wendelstein 7-AS

Int. Conf. & School on Plasma Phys. and Control.
Fusion (Alushta), September 25-27, 2008

Yu.V. Yakovenko, Ya.l. Kolesnichenko, V.V. Lut-
senko, A. Weller, A. Werner, H. Thomsen

Effect of the toroidal asymmetry of stellarator
configurations on the structure of TAE modes

Int. Conf. & School on Plasma Phys. and Control.
Fusion (Alushta), September 25-27, 2008

Ya.l. Kolesnichenko, V.V. Lutsenko, Yu.V. Yako-
venko

Two-fluid description of Alfvén-drift and sound-
drift modes in toroidal plasmas

Int. Conf. & School on Plasma Phys. and Control.
Fusion (Alushta), September 25-27, 2008
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K.P. Shamrai and E.N. Kudriavchenko
Electromagnetic fields and heavy ion orbiting in a
low-temperature plasma with a magnetic pumping

Int. Conf. & School on Plasma Phys. and Control.
Fusion (Alushta), September 25-27, 2008

A.A. Guryn

Kink stability and resistive layer structure of inter-
nal kinks in the cylindrical plasma

Int. Conf. & School on Plasma Phys. and Control.
Fusion (Alushta), September 25-27, 2008

V.B. Taranov
Symmetry constraints on the kinetic electron
plasma waves

4th Int. Conf. “Electronics and Applied Physics”,
Kyiv, October 23-25, 2008

Panioexonoria Ta paaiobionoris:

A. Berlizov, J. Magill
Interactive Web Accessible Gamma-Spectrum
Simulator

Transactions, Nuclear Engineering Science and
Technology, Budapest, Hungary, May 4 - 8, 2008

O.B. l'aiinap, B.B. Tpumus, JI.E. YepBona

KoHuenuis KomnneKkcHOT cuctemu Ans OUiHKU BMAU-
BY HG HaBKOMNWILHE NpUpoAHe cepeAosulle
AOCNIAHNLbKUX SAEPHUX YCTAHOBOK Ha PisHUX eTa-
nax iX XUTTEBOrO LUMKNY

MexnayHnapoaHas koHpepeHIus «Moaenpona-
Hue-2008», Kues, 14 - 16 mas 2008 r.

R. Dreher, C. Grammes, C. Zang, A. Berlizov
Nucleonica Scripting

IIOPIYHUK - 2008

NEST® 2008 - Transactions, Nuclear Engineering
Science and Technology, Budapest, Hungary, May 4
- 8, 2008

H.E. 3apyOuna

BrnaHue paanaumoHHOro 3arpsasHeHUs Ha penpoayK-
TUBHYHO CUCTeMY BLICLWIMX rpubos

IV MixxnaponHa HayKOBO—IpaKTHYHA KOH(EPEeHLis
«Exozoriuna 6e3meka: mpoOieMu 1 mUisiXu
BHpIeHHN, AnmymTa, 8 — 12 BepecHs 2008 p.

W.H. Bumnesckuit, [1.H. Bopona, B.B. Tpumun
OnbIT U BO3MOXHOCTU AN KOMMEpPYECKOro UCMOSIb-
30BAHWA HAYYHO-UCCI1e0BATENbCKUX YCTAHOBOK
NI HAH YkpavHer

IV exeronnas xonpepenus CNCP (British Closed
Nuclear Centers Programme) “Kommepueckoe uc-
[I0J1b30BaHHUE IKCIIEPUMEHTAIBHBIX YCTAHOBOK B
WHCTHUTYTAaX SAEPHBIX HccnenoBanuii”, CesaH, Ap-
MeHnus, 10-12 centsops 2008 T

0O.J1. 3apyoun

ConepxaHue KOPOTKOKUBYLLUX paanoHYKNnaos B Ka-
HEeBCKOM BOAOXPAHUNULLE U NPUNETraroLLUX K HeMy
NPUBpPeXHbIX eKoCcUcTemax nocne agapuu Ha YHASC
MexayHapoaHast Hay4Has KoHpepeHIus «Paana-
LU U DKOCUCTEMBI», [ 'omens, benapycs, 16 - 17
oxTs10pst 2008 T.

H.E. 3apyOuna

3arpasHerme ¥ Cs rpubos-makpommLeTos nocne
aBapuum Ha YepHobbrnbckont A3C
MexnyHapoHas HaydHas kKoHpepennus «Paana-

WS ¥ DKOCUCTEMBI», [ omenb, benapycs, 16 - 17
okTs0ps 2008 T.
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KoHpepeHUii, Hapaau, nposeaeHi iHcTutyToM y 2008 p.

LLlopiuHa Haykosa koHpepeHuia IS0 HAH YkpaiHu, 21-24 ciuna 2008 p.

3 MeTOI0 MAOHUTTS MiACYMKIB HAYKOBOI MisITLHO-
cTi iHCTHTYTY 3a pik y S]] HAH VYkpainn nposo-
nateest Lllopiuri HaykoBi koHbepenmii. Ueprora
koH(pepenttis BigOymacs 21-24 cigas 2008 p. Ha
koH(pepeHIii Oyiu mpeacTaBiaeHi OCHOBHI HAIPSIMKH
po0oTH IHCTHUTYTY, a came:

1. SlnepHa ¢izuka.

2. ATOMHa eHepreTHka.

3. Pamianiiina ¢i3uka Ta paniamiiiHe MaTepiaio-
3HABCTBO.

4. ®di3uka mIa3sMu.

5. Pagioekouoris Ta pagiobiomoris.

VY koH(epeHmii B3sIM TaKoX ydacTh (axiBii 3
IHIIMX HAYKOBUX yCTaHOB Y KpaiHU.

Bynu mpoBeneHi muiieHapHi 3acimaHHS 3 OTIISAIO-
BuMH jgonoBinsaMu (30 XB.), Ta CeKIiiiHI mapalenbHi
3acilaHHs 3 OpHUTiHAILHUMH ToBimomieHHsAME (10—
15 xB.). KpiM Toro, 4acTuHy HayKoBHX POOIT Oyi0o

MIPEJICTaBIIEHO Ha CcTeHAOBiN cekiii. [loBHy iH(DODP-
Malil0 Mpo KOH(EpeHLil0 po3MilleHo Ha BeO-
CTOpIHII
http://www kinr.kiev.ua/Annual/KINR2008/index.ht
ml

JonoBini Ha MUIeHAPHUX 3acifaHHAX:

B.M. Konomiens. AKTyallbHi MpoOIeMu siiepHOl
¢bi3uku cepeqHix eHepriit

0.4, JI3ro6muk. CTpyc eneKTpOHiB MpU po3maii
aaep

B.O. fBopcekuii. ExcnepumeHntanbHi Ta Teope-
THUYHI TOCIiKEeHHS 3 (DI3UKU 10HIB BUCOKUX €HEPTil
Ha KpyHMHOMAaclITaOHOMY €BPONEHCHKOMY TOKamalli
JET Tta po3paxynku ans peakropy ITER

B.B. Kobuues. JlocmimkeHHs COHSYHUX HEHTpU-
HO 3a gonomoroto aerekropa BOREXINO

MixHapoaHa KOHpepeHLUia «AKTyanbHi Npobnemu anepHoi isuKu
Ta aTOMHOT eHepreTuku», 9 - 15 uepsHa 2008 p.

3 9 mo 15 gepBusa B M. Kuesi BimOymacs Jlpyra
MDKHapomHa KOH(MEpeHIlisT «AKTyalbHI MpoOIeMu
smepHOi (i3MKKA Ta aToMHOI eHepreTukm» (NPAE-
Kyiv2008). OpranizaTopu koH(pepentii — Hamiona-
JhHA aKameMis Hayk YKpainw, IHCTUTYT sSaepHHX
nociimkens HamioHamsHOi Akanemii Hayk YKpaiHu
ta ¢izmunnii pakynprer KuiBchkoro HamionambHo-
ro yHiBepcurery imeHi Tapaca IlleBuenka. Oprani-
3alifHUN Ta MPOTPaMHUN KOMITETH OYOJIOBaB IH-
pexrop [HCTUTYTY simeprux nocmimkens HAH Ykpa-
ian akameMik HarionanpHOT Akanmemii Hayk Ykpai-
Hu .M. BuiineBcbKkuil.

Kondepenuis Oyna npucBsideHa MIKPOKOMY KOy
MIUTaHb, MTOB’SI3aHMUX 3 MTPOOIIEMaMHU, TIEPCIIEKTUBAMU
Ta HOBITHIMH JOCATHEHHSAMH B JOCIIIKEHHI KOJIECK-
TUBHUX IPOLIECIB B aTOMHUX SJIpaxX, SACPHUX peak-
il MPU HU3BKUX Ta BHCOKUX EHEPTisiX, CTPYKTypH
siipa, PIIKICHUX SIIEPHUX TPOLECIB, HAYKOBUM JI0-
CSITHEHHSIM B Tajly3i HEHTPOHHOI Ta peakTOpHOi ¢i-
3WKH, OTPUMAaHHI SJIEPHUX JAAHUX JJIs HAYKU 1 TEX-
HIKH, aTOMHOi €HEPIeTHKH, PO3BUTKY CKCIICPUMECH-
TaJIBHUX YCTAaHOBOK Ta JIETCKTOPHOI TEXHIKH, a Ta-
KO 3aCTOCYBaHHIO SAepHO-(pi3NIHUX TEXHOJOTIH B
MIPOMHCIIOBOCTI, MEAUIMHI Ta PI3HUX Taly3siX Hay-
KW, TEXHIKH 1 TPOMUCIIOBOCTI. Po3risnanucst Hayko-
Bi 1 MPaKkTU4HI MUTaHHS BUKOPHCTAaHHS aTOMHOI
eHeprii, po3poOKH 1 3acTOCYBaHHS SIEPHUX JAETEK-

TOpiB Ta BUKOPHCTaHHS SACpHO-(PI3UUHUX yCTaHO-
BOK B HAyKOBHX JIOCTiKeHHsX. [IpuBepHyma 1o
ceOe yBary JOMOBiJb NPO MOJAEPHI3AI[I0 CHCTEMHU
KOHTPOJIIO 1 YOpAaBIiHHS SICPHUMH pEaKTOpamMH
npencraBHuka 3AT «Paniti» (M. KipoBorpan). [e-
MOHCTpaIlisl 00JIaJIHAHHSA, BCTAHOBJICHOTO IIUM IIij-
MPUEMCTBOM Ha JIOCTITHUIBKOMY SIEPHOMY peak-
topi ST HAH VYkpainu, Bukinkana 0e3yMOBHHN
1HTepec BCiX yYacCHHKIB KOH(epeHTIil.

Benuky 3amikaBieHICTh BUCHUX BUKIIUKAIA BH-
CTaBKM Ta iH(popMaIis mpo oOIagHaHHS UL Aaep-
HUX JOCHTIKEeHb, TIPENCTaBlieHl Pi3HUMHU (hipMaMH.
OcobnuBrii iHTEpeC MpHUBEpHYNa 10 ce0e BUCTAaBKa
¢bipmu «Kaen», sxa Mae HayKOBO-BHpOOHWYI imia-
mu B Itanii, Himeuunni i CIIIA, Ta BUCTaBKa KHiB-
ChKOi (DipMU « ATOMKOMIUTEKCTIPHIIA.

Konudepentiis orpumana MixkHapoaHe BU3HAHHS 1
TIpUBEpHYJIa yBary HaAyKOBIIB i (haxiBIliB 3 OaraThox
KpaiH cBiTy. B xoH(epenmii B3sum y4dacts 277 ne-
jerariB, B ToMmy uucii 43 ydacHuka 3 19 kpain ma-
nekoro 3apyoixoks (Ascrpii, Amkupy, bomrapii,
Bbpaswmnii, €runry, [3paimto, [Haii, Itami, Mekcukn,
Himewuwnnn, [liBriunoi Kopei, Ilompmi, PymyHii,
CHIA, Typuii, ®iansaaii, Opanmii, [Isenii, Amno-
Hii) Ta 54 y4yacHuka 3 binopycii, Bipmenii, Kazax-
cTany, Pocii, Y30ekicrany. Ykpainy Ha KOH(pepeHIIil
npenctaBsii 180 TPOBIAHUX BUSHUX 3 IHCTUTYTIB
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HAH VYxpainu, 3aknafaiB BUIIOi OCBITH Ta HAyKOBO-
TexHiuHuX ycranoB Kuesa, Kiposorpanma, Ogecy,
Cesacronous, Cym, Yxroponaa Ta XapKkosa.

Ha 4 nnenapHux 3acigaHHsx xoH¢epeHUii Oyo
BUTOJIONICHO 17 MOMOBineH, BOPOJOBXK S5 IHIB mpa-
LIOBAJIO 3 mapajelibHi ceKii, Ha sSKuX OyJio 3poliie-
HO 118 ycuux pomnosinmei. [IparoBano 2 creHmoBi
CeKIii, Ha sIKMX OyJIO MpeAcTaBiIeHO 86 HayKOBUX
[IOB1JIOMJIEHbD.

[oBHy iH(opMariro Mpo KOHpEPEHIIiI0 PO3Mi-
IeHO Ha BeO-cropinii www.kinr.kiev.ua/NPAE-
Kyiv2008/index.html

JonoBixi Ha MuIeHAPHUX 3acifaHHAX:
Sigurd Hofmann. Study of superheavy elements
at the GSI-ship
Livius Trache. Nuclear physics for astrophysics
using radioactive nuclear beams: indirect methods
Alan Nichols. Maintaining the quality and
credibility of large nuclear databases through ex-
tended multinational initiatives
Sven Aberg. Fluctuations of the nuclear pairing
gap
Frank T. Avignone. III recent promising devel-
opments in zero-neutrino nuclear double-beta decay
Filip G.Kondev. K-isomers near and away the
line of stability
Robin Forrest. Development of activation data
libraries for fusion
Yousry Gohar. Experimental neutron source fa-
cility
Ivan Karnaukhov. Characteristics of neutron
source based on subcritical assembly operated by
accelerator. Scientific program of its use
Shalom Shlomo. Mean field approximation for
finite nuclei and nuclear matter
Naftali Auerbach. Tests of time reversal symme-
try and the structure of radioactive nuclei
Krzysztof Pomorski. Masses and fission barriers
of atomic nuclei
Adam Sobiczewski. Fission barriers of heavy
and superheavy nuclei
Sergiy Reshetytskyi. Complex modernization of
the system of automatic regulation, control, opera-
tion and protection of research reactor WWR-M of
Institute for nuclear research of NAS of Ukraine
based on the equipment designed by RPC “Radiy”
Pierluigi Belli. First results from DAMA/LIBRA
at Gran Sasso
Jouni Suhonen. Nuclear-structure calculations
for the search of the neutrino mass and dark matter
Volodymyr Pavlovych. Slow nuclear fission
wave reactor

HIOPTYHUK 2008

Jonogizni cniBpo0iTHHKIB iHCTUTYTY
HA CeKUiHHUX 3aciTaHHAX
V.I. Abrosimov, O.I. Davidovskaya. Vortex di-
pole response in the GDR energy region

V.A. Ageev, A.V. Belozerov, S.L. Bogomolov,
LN. Izosimov, S.S. Kandybey, V.I Kirischuk,
V.N. Loginov, Yu.N. Ranyuk, O.S. Shevchenko,
L.P. Sidorenko, N.V. Strilchuk, I.N. Vishnevsky,
V.A. Zheltonozhsky and V.I. Zhemenik. New Ap-
proach to "*™Hf Isomer Triggering

V.A. Ageev, LLE. Alexeev, V1. Kirischuk,
Yu.Ya. Petrushenko, E.A. Popov, V.V. Samartsev,
N.V. Strilchuk and V.A. Zheltonozhsky. Study of
Nuclear Superfluorescence and Quantum Interfer-
ence in Gamma Optics

A.N. Annenkov, O.A. Buzanov, F.A. Danevich,
A.Sh. Georgadze, S.K. Kim, H.J. Kim, Y.D. Kim,
V.V. Kobychev, V.N. Kornoukhov, M. Korzhik,

J.I. Lee, O. Missevitch, V.M. Mokina, S.S. Nagorny,
A.S. Nikolaiko, D.V. Poda, R.B. Podviyanuk,

D.J. Sedlak, O.G. Shkulkova, J.H. So, I.M. Solsky,
V.IL Tretyak, S.S. Yurchenko, CaMoQ, scintillators
for a 2B-decay experiment with Mo

P. Belli, R. Bernabei, N. Bukilic, F. Cappella,
R. Cerulli, C.J. Dai, F.A. Danevich, J.R. de Laeter,
A. Incicchitti, V.V. Kobychev, S.S. Nagomy, S. Ni-
si, F. Nozzoli, D.V. Poda, D. Prosperi, V.I. Tretyak,
S.S. Yurchenko, Investigation of B decay of "*Cd

P. Belli, R. Bernabei, F. Cappella, R. Cerulli,
C.J. Dai, F.A. Danevich, A. d’Angelo, A. Incicchitti,
V.V. Kobychev, S.S. Nagorny, S. Nisi, F. Nozzoli,
D. Prosperi, V.I. Tretyak, S.S. Yurchenko, a decay
of natural europium

P. Belli, R. Bernabei, R.S. Boiko, R. Cerulli,
F.A. Danevich, S. d’Angelo, A. Incicchitti, V.V. Ko-
bychev, B.N. Kropivyansky, M. Laubenstein,

P.G. Nagornyi, S.S. Nagory, S. Nisi, D.V. Poda,
D. Prosperi, O.G. Shkulkova, V.I. Tretyak,

I.M. Vishnevskyi, S.S. Yurchenko, Preliminary re-
sults on the search for 1Mo 2B decay fo the first
excited 0" level of Ru (ARMONIA experiment)

P. Belli, R. Bernabei, F. Cappella, R. Cerulli,
F.A. Danevich, A. Incicchitti, B.V. Grinyov,
V.V. Kobychev, V.M. Mokina, L.L. Nagornaya,
S.S. Nagorny, S. Nisi, F. Nozzoli, D.V. Poda,
D. Prosperi, V.I. Tretyak, S.S. Yurchenko, Search
for 2 processes in zinc and tungsten with the help
of zinc tungstate crystal scintillators

P. Belli, R. Bernabei, R. Cerulli, F.A. Danevich,
A. d'Angelo, V.I. Goriletsky, B.V. Grinyov, A. In-
cicchitti, V.V. Kobychev, M. Laubenstein,
V.M. Mokina, S.S. Nagorny, S. Nisi, D. Prosperi,
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O.G. Shkulkova, V.I. Tretyak, Search for axions
emitted in the solar pp-cycle by Li"

M. S. Borysova, V. O. Kyva, A. O. Lymanets, V.
M. Militsyya, V. M. Pugatch, J. M. Heuser. Silicon
tracking system for the CBM experiment

V.V. Davydovsky, M.E. Dolinska, N.L. Dor-
oshko, V.S. Olkhovsky, E. Recami. Recent Devel-
opments of Time Analysis of Nuclear Processes and
Revealing of Some New Temporal Phenomena

V.Yu. Denisov, O.I. Davidovskaya. Elastic scat-
tering of heavy nuclei and nucleus-nucleus potential
with repulsive core

V.Yu. Denisov, A.A. Khudenko. Alpha-nucleus
interaction potential

V.Yu. Denisov, V.A. Nesterov. Antisymmetriza-
tion and Pauli effects on nucleus-nucleus interaction
potential

V.Yu. Denisov, N.A. Pilipenko. Fusion of two
deformed nuclei

A.Ya. Dzyublik, G. Gosselin, N. Pillet, V. Meot.
Coulomb excitation of nuclei in heated plasma

V.I. Grantsev, V.V. Davidovskyy, K.K. Kisurin,
S.E. Omelchuk, G.P. Palkin, Yu.S. Roznyuk,
B.A. Rudenko, L.S. Saltykov, V.S. Semenov,
L.I. Slusarenko, B.G. Struzhko, V.K. Tartakovskii,
V.A. Shytiuk. Investigation of region of highly ex-
cited states of medium nuclei for inelastic scatter-
ing of deuterons

0.0. Gritzay,V.M. Venedyktov, V.V. Kolotyi,
AL Kyslitskyi, V.A. Libman, V.P. Shachov,
0.0. Zavadskyi, M.V. Kapshutchenko. Automatized
Installation for Scanning Area Distributions of Neu-
tron Beam Intensity

0.0. Gritzay, V.M. Venedyktov, V.V. Kolotyi,
A L Kyslitskyi, V.A. Libman, V.P. Shachov,
0.0. Zavadskyi, M.V. Kapshutchenko. Automatized
Spectrometric Installation for Investigation of
Scattering Neutron Anisotropy

V.M. Kolomietz, S.V. Lukyanov, O.I. Davidovs-
kaya. Isovector energy-weighted sums for hot nuclei
in presence of relaxation processes

V.M. Kolomietz, A.l. Sanzhur. Symmetry energy
for nuclei beyond the stability valley

V.1 Kirischuk, N.V. Strilchuk, I.N. Vishnnevsky,
V.A. Zheltonozhsky. Precise Measurements of the
Energy for the First Excited State in '’ Au

Yu.E. Kozyr. Direct break-up ®Li — d + a in the
collisions with *He at E = 17.4 MeV

A. Kurteva, V. E. Mitroshin. Beta-decay 'T —
121Te, 123I — 123Te, 125I - 125Te

A.L. Levon. Mass discrepancies for the thorium
and uranium nuclei and the tungsten nuclei as follows
from the (p,t) reactions

A.l .Levon, G. Graw, C. Guenther, Y. Eisermann,
R. Hertenberger, N.Yu. Shirikova, A.V. Sushkov,
H.-F. Wirth, N.V. Zamfir. Spectroscopy of 2°Th in
the (p,t) reaction

A.G. Magner, A.M. Gzhebinsky, S.N. Fedotkin.
Semiclassical approach to the low-lying collective
excitations in nuclei

S.P. Maydanyuk, V.S. Olkhovsky, N.V. Eremin,
G. Fazio, G. Giardina et al. Bremsstrahlung Emission
Accompanying Alpha-Decay of Deformed Nuclei

S.Yu. Mezhevych, A.T. Rudchik, K. Rusek,
A. Budzanowski, V.M. Kyryanchuk, S. Kliczewski,
E.I. Koshchy, Val.M. Pirnak, O.A. Ponkratenko,
L. Gtlowacka, S.B. Sakuta, J. Choinski, B. Czech,
I. Skwirczynska, R. Siudak, A. Szczurek.
c("B, °Be)”®N reaction and °Be + °N-potential

0.V. Mykhailenko, O.S. Kovalchuk, V.M. Pu-
gatch. Mass-spectrometer electronic focal plane
based on microstrip metal detectors

V.A. Plujko, O.M. Gorbachenko, I.M. Kadenko,
E.V. Kulich. Vibrational and rotational enhancement
of nuclear level density

V.0. Romanyshyn, A.T. Rudchik, O.A. Ponkra-
tenko, E.I. Koshchy, A. Budzanowski, S. Kliczew-
ski, K. W. Kemper, K. Rusek, J. Choinski, B. Czech,
L. Glowacka, S.Yu. Mezhevych,Val.M. Pirnak,

I. Skwirczynska, R. Siudak, A. Szczurek. Mechanism
of "Li(*°B, 1°Be)’Be reaction and "Be + °Be-potential

K.O. Terenetsky, V.P. Verbitsky, A.V. Babak.
The model of light neutron rich nuclei elastic scat-
tering

S.P. Tomchay, V.I. Sakhno, [.M.Vishnevsky,
A.G. Zelinskyy, O.V. Sakhno, T.V. Khrin. The
problems of radiation methods usage of testing the
NPP'S equipment

A.O. Valchuk, V.T. Kupryashkin, L.P. Sidoren-
ko, O.I. Feoktistov, A.E. Borzakovsky, V.I. Kuts.
The investigation of e%- electron yields from the
surface of target bombarded by a-particles from
the U-120 cyclotron

LN. Vishnevsky, O.I. Davidovskaya, V.A. Zhel-
tonozhsky, A.N. Savrasov, N.V. Strilchuk. **'*®Ay
and **”Hg isomer excitation.

LN. Vishnevsky, O.1. Davidovskaya, V.A. Zhel-
tonozhsky, N.V. Strilchuk. Investigation of ?**Th
and ?*®U photofission
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P.M.Vorona, O.I.Kalchenko, V.G.Krivenko. Ex-
perimental investigations of neutron cross sections
of Tungsten isotope atomic nuclei: radioactive ®'W-
(T1/2=121.2 days) and stable 180\

V.A. Zheltonozhsky, V.M. Mazur, Z.M. Bigan,
D.M. Symochko. Excitation of Isomeric States of
Rubidium Isotopes in Photoneutron Reactions

TpaHc'eBponencbka WKONG 3 Pi3UKKU BUCOKUX eHepriid, 3 - 9 nunHa 2008 p.

TpaHC’€BpONENChKY HIKOMY 3 (I3UKH BHCOKUX
eHepriii 0yno mpoBereHo y M. byiimepiska Cymchb-
koi o0sacti 3 3 mo 9 junusa 2008 p. cOibHUMU 3y-
CIIISIMH CIIBPOOITHUKIB [HCTUTYTY simepHOi pizuku
(IN2P3, LAL, Orsay, rpyna excnepumenty LHCD),
A4 HAH VYkpainu, [HcTHTYTY npukianHoi ¢izuku
HAH VYxkpaian, KuiBchkoro HamioHaapHOTO YHIBEp-
cutety iMeHi Tapaca llleBueHka, 3 MeTOIO IiIBH-
meHHs  kBawmiikarii MOoJOIuX HAyKOBIB, HUB.
http://events.lal.in2p3.fr/TESchool/.

TemaTtuka mkonm 0yJia TaKoro:
CrangapTHa MOJETb Ta 11032 HEl0
[HcTpy™menTapiit 11t hi3MKKM BUCOKMX €HEPrii
Heiitpunna disuka
di3uKa KOCMIYHUX YaCTHHOK
Baxki apoMaTu Ta mOpyIIeHHS KOMOiHOBaHOT
MapHOCTI

e TexHika aHaJi3y AaHUX

Po6ota kot Oyna opraHi3oBaHa TAaKUM YHHOM:
BpaHIll YUTAIUCh JICKI[l, a micias 00iay NpPOBOIM-
JUCh TEMAaTW4HI CEeMiHapH, MPakTHYHI poOOTH Ta
KOPOTKI BUCTYIIM CTYIEHTIB (5 XB.).

Beboro B po6orti mkonu B3 ydacth 41 cTy-
JIeHT, y TOMY 4ncii 3 Ykpaiau — 15 (3 Hux — 2 yuac-
vuku 3 [S1J1 HAHY), 3 Honemi — 11, ®@paxmii — 7,

Pymynii — 2, Yropummnu — 2, Xopsarii — 2, Pocii —
1, llIBewinapii — 1.

Jlekuii Ta ceminapu:

Sébastien Descotes-Genon. Standard Model and
beyond

Laurent Serin. Detectors for HEP

Marco Zito. Neutrino physics

Marie-Héléne Schune. Heavy quark

Sylvie Lees-Rosier. Astroparticle physics

Viatcheslav Sharyy. Tools for data analysis

Valery Pugatch. Interaction of nuclear environ-
ment (HERA-B/CBM/Kiev)

Adam Czermak. Silicon detectors and related
VLSI electronics

Tadeusz Lesiak. B-factories

Ivica Puljak. Higgs search - legacy from LEP and
Tevatron searches to LHC discovery

Piotr Zalewski. Beyond SM searches at LHC

Alexander Isayev. Modern cosmology and the
problem of dark energy and dark matter

Sergey Barsuk. Calorimetry for future detectors

Stephane Monteil. News/highlights on particle
physics in the last year

Michael Schmelling. QCD highlights

TTepwa mixHapoaHa Hapaaa «Po3pobka HU3bKOGPOHOBUX
cuuHTUNaTopie Ana npoekty EURECA», 10 - 11 sepecHs 2008 p.

[Nepma mixkaapoana Hapaga «Po3poOka HH3BKO-
¢onoBux cuuHTHIATOPIB i mpoekty EURECA»
npoxoguna 10-11 Bepecus 2008 p. y M. Kuis. Ha-
paxa Oyia opraHi3oBaHa Ta IPOBEJCHA BiJIUIOM
¢i3uku nenToHIB [HCTHTYTY sIEpHUX OOCIHiIKEHb
HAH VYkpainu. [Hdopmariis npo Hapaay po3MilieHa
Ha BeO-caiiti http://lpd.kinr.kiev.ua/rps08/.

Hu3bko(oHOBI CIUHTHIIAIIIHI JETEKTOPH 3aCTO-
COBYIOTBCSI B €KCIIEPUMEHTaX, B SKUX JOCIHIIKY€ETh-
cs mozBiHMI OeTa—po3man, piAkicHi anbda— Ta
OeTa—po3majau, MOTOKW HEHTPUHO BiJl PI3HUX JDKE-
pel, BeayThcd TOLIYKH YacTHHOK TEMHOI MaTepii,
PIAKICHUX Ta TIMOTETUYHUX SICPHUX PO3MaJiB, BU-
MIpIOETbCS  paJioaKTHBHA 3a0pyAHEHICTh 3pa3KiB
MaTepianiB Ta 00’€KTIB MPUPOJHOTO CEPEIOBUIIA.
Benukomacmtabuuit €BPOIECHCHKUI MIPOEKT
EURECA (European Underground Rare Events

IITOPTYHUK 2008

Calorimeter  Array, http://www.eureca.ox.ac.uk/)
CIIPSIMOBaHUI Ha MOIIYK TEMHOI MaTepii 3 4y TiIuBic-
TIO Ha JIBa-TPU TIOPSJKH BHIIOK 32 JOCATHYTY B
CyYacCHHX CKCIIEPUMEHTaX. 3 I€I0 METOI0 IUIaHy-
€TbCsl MOOYIyBaTH JETEKTOP 3 YYTIUBOIO MAacOr0
OMM3bKO TOHHHM, B IKOMY IPU TEMIIEpaTypax B Killb-
ka MK OyzayTp mpaiiioBaTé pi3Hi KpHCTaNiuHI CI[HH-
TWISATOPH, a TaKOXK JAETEKTOPH 13 KpEeMHiIo 1 Tepma-
giro. OnHiCI0 3 HAWBAXIMBIIMINX 1 HaNCKIaIHIIIAX
3aa4 MPOEKTy € PO3pOoOKa CUMHTHIIALIHHUX KpHC-
TaJiB 3 HaI3BUYaWHHO HU3HKUM BMICTOM PaJli0aKTHB-
HuX i3oTomiB. Yueni X1/l HAHY Buctymwm 3 iHirmi-
aTUBOIO TIPOBEICHHS TIEpIIoi MIKHAPOIHOI Hapaaw
JUTsI OOTOBOPEHHS TPOOIeM PO3pOOKH HU3BKOPOHO-
BUX CHMHTWIANIHHUX MarepiamiB. OCHOBHUMH ITH-
TaHHSMH, SKI PO3TIATAINCH Ha Hapamdi, OyJIu: BUMO-
TH 10 PafiOaKTUBHOI YHUCTOTH Ta CHUHTHIISAIIIHIX
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BJIACTUBOCTEW JACTEKTOPIB AJIs1 HU3bKO(POHOBUX EKC-
MIEPUMEHTIB; Bi0ip Ta OUMILEHHS CUPOBUHU Ta CHH-
Te3 MIMXTH JUIA POCTY KPUCTAJIB; PicT, BiANamOBaH-
HSl Ta 00OpoOKa KpHCTalliB; BUMIPIOBaHHS JIIOMiHeEC-
LEHTHUX Ta CIUHTWIAIINHUX BIACTUBOCTEU, Pajlio-
aKTHBHOI YUCTOTH CUMHTHIITOPIB; PO3poOKa HOBUX
CHMHTWISIIMHUX MartepiaiiB. Y HapaJi NpUHHSIH
yudactb y4eHi 3 binopyci, Benukoi bpuranii, [Hnii,
ITanii, Pocii, ®pannii, a Takox npeacraBauku HHIJ
H~XOTI” HAH VYxkpainu, [HCTHTYTY CHMHTHISILIN-
Hux MmarepianiB HAH VYkpainu, IHcTuTyTy MOHO-
kpuctaniB HAH Ykpainn, HBO KAPAT (JIsBiB) Ta
cuiBpoOiTHuku [ HAH VYkpaium — ydacHHKH
komabopariii EURECA. byno npencrasieno 24 mo-
MOBIl.

Cnncok a10onoBineii:

H. Kraus. EURECA — an overview.

F.A. Danevich, R&D of crystal scintillators with
the level of radiopurity required by EURECA.

P. de Marcillac. Our -short- experience at IAS
and within ROSEBUD with radioactive contamina-
tions in scintillating bolometers: uses & needs.

M.A. Verdier. Cryogenic Scintillators for Dark
Matter, Status of the SciCryo project.

S. Pirro. Radiopure scintillators for Double Beta
Decay searches.

P.K. Raina. Tin as a candidate for low back-
ground experimentation: Some issues in Double
Beta Decay.

M. Korzhik. Tungstate and molybdate single-
crystal scintillators development.

L. Nagornaya. Research and development for al-
kali-earth tungstate and molybdate crystal scintilla-
tors to search for rare processes.

V.M. Mokina, Characterisation of scintillation
crystals for cryogenic experimental search for rare
events.

V. Mikhailik. Development of techniques for
characterisation of scintillation materials for cryo-
genic applications at Oxford.

D. Spassky. Luminescence study of molybdates
with cations of Li, Zn and Mg.

V. Degoda. Roentgen fluorescence of scintilla-
tion materials in wide temperature region.

F.A. Danevich, Radioactive contamination of
crystal scintillators.

D. Grigoriev. Incidental radioactive background
in BGO crystals.

A.S. Nikolaiko, Radioactive contamination of
CaWOq crystal scintillators.

G. Stryganyuk. Effect of impurity segregation on
the properties of single-crystal scintillators.

D.V. Poda, Investigation of radiopure ZnWOy, .

V.V. Kobychev, Geant4-based simulator for re-
sponse of scintillation detectors with typical geome-
tries.

A. Dossovitski. Raw materials for the production
of low-background scintillation materials.

V. Shlegel. Growth of scintillation oxide crystals
by the low thermal gradient Czochralski technique
(LTG Cz).

A. Shcherban. Production of high-purity metals.

D. Solopikhin. Purification of cadmium and lead
for low-background scintillators.

F.A. Danevich. Minutes of the workshop.

H. Kraus. Summary remarks.

VI YKkpaiHcbKa KOH(pepeHUia 3 06niky Ta KOHTpONo afepHOro martepiany,
15-19 sepecHsa 2008 p.

Ilocta mopiyaa ykpaiHChbKa KOH(EpEeHIis 3 00-
JKy Ta KOHTPOJIO SAEPHOr0 Marepialy MpoXoIuiia
3 15 mo 19 Bepecus 2008 p. Ha YopHOOMIBCHKIN
AEC y m. CnaBytnu. Kondepenuis Oyna opranizo-
BaHa Ta MPOBEACHA YUOOBUM IIEHTPOM 3 (hi3HYHOTO
3axXHCTy OONIKY Ta KOHTPOJIO SIIEPHUX Marepiajis
Incruryty smepuux nocmimkens HAHY cminbho 3
Minenepro CIIIA ta O0’eqHaHMM JOCTITHULLKUM
neHTpoMm €sporneiicbkoi Kowmicii. [Iporpama xoude-
peHLii oxomroBana BCi akTyambHi s YKpaiHu
HanpsIMKH B Traiy3i o0MiKy Ta KOHTPOJIIO SAEPHOTO
Martepiaiy. YuyacTh y KOHpepeHLii Jajaa MOKINBICTD
crenianicTaM 3 OOJIiKy Ta KOHTDOJIO SJEPHOTO Ma-
Tepiany ykpaincbkux AEC, mocnmigHWUIBKUX 1HCTH-
TYTiB, JIep>KaBHUX OpraHiB Ta iHIIMX OpraHi3amii,

OOMIHATHUCST JOCBIIOM, OOTOBOPUTH aKTyallbHI MH-
TaHHS, SIKI XBHJIIOIOTh YCiX ydyacHUKiB. [HopmMmariiro
npo KOH(EPEHIII0 PO3MIIEHO Ha BeO-CTOPIHIN
http://www.mpca.kiev.ua/confer.htm.

VYyacHukamu koH(epeHMii Oynu 38 ykpaiHCbKHX
¢daxiBuiB i 12 ¢axiBuiB 3 €spocorozy, CHIA Ta
CH/. Ha xougepenmii Oyno 3aciyxaHo 29 nomoBi-
Jieit, a caMme:

A. Lazarev. Nuclear Non-Proliferation Control
Regimes.

C. Jlonatun. Muccus ISSAS B Ykpaune: Peko-
MEHJIAIAY TI0 YCUIJICHHUIO TOCYJAPCTBEHHON CHCTEMBI
y4eTa U KOHTPOJIS SIIEPHBIX MaTepHaioB

I'. [Tmakma.  OOpa3oBarenbHbIE  BO3MOXKHOCTH
YMIYK
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A. HoBukoB. Snepnwiii marepuman YADC: co-
CTOSIHHE, NTPOOJIEMBI, TJIaHbl O0OpallleHus ¢ MaTepua-
JI0M

M. Davainis. Euratom Safeguards Application
and Transition from the Bilateral Safeguards Agree-
ment to the Trilateral One in Lithuania

A. JocumbaeB. OmnbIT mepeBoja TamrkeHTCKOTO
HCCIEN0BATENbCKOT0 peakTopa MHCTUTYTA i aepHOM
(U3KMKK Ha HU3KOOOOTAIlEHHOE SAACPHOE TOILIMBO U
craryc AIMAS npoexta

L. Duinslaeger. The Concept of Target Values for
Measurement Uncertainties

B. Kupumyx. M3mepenne oboramieHus CBEXKETro
SIIEPHOTO ToIuBa peaktropoB BBOP 1000

W. CakynoB. IlepeBom aBTOMAaTH3MPOBAHHOM
CUCTEMBI yUeTa U KOHTPOJIS SIEPHOTO MaTepraia Ha
ycranoBke AIMAS ¢ 16-tu 6utoBoii Ha 32-X OuTO-
BYIO OTICPAIIMOHHYIO CUCTEMY

O. MacnoB. IlpuMeHeHHE METOMOB ITACCUBHOU
Tomorpadun 1 Bepudukariu neaoctHoctd TBC

B. Heninpaivenko. [Hdopmariitai pusuku y cde-
pl BUKOPUCTaHHS SACPHOT €Heprii

C. MonaxoB. Y4éT MaJIbIX KOJUYECTB IEIISIINX-
¢4 sinepHbIX MaTepuaioB Ha Urnanuackoit ADC

JI. Emen. IIpoGiemMsr B 00acTH CpeiCTB coXpa-
HEHUs W HAONIOJCHUS MPUMEHHUTEIHHO K YCIOBUSIM
00BeKTa « YKPBITHE»

B. 3aiiueB. YueT u KOHTPOIIb SIAEPHOrO MaTepua-
Jla TIpYU TIPOBEACHWW TIOTOYHBIX PErJIAMEHTHBIX pa-
00T Ha 00BEKTe « YKPBITHE» U CTPOUTEIHLCTBE HOBO-
ro 6e3omacHoro KoHdaiimMeHnra

M. Masuda. Introduction of the INMM Japan
Chapter and the Present State of the Nuclear Fields
in Japan

O.T'ypko. BsaumopeilcTBue cHCTEM ydeTa H
KOHTPOJIA ¥ (PU3UYECKOH 3aIIUTHI Ha SAEPHBIX ycTa-
HOBKax

K. I'ymun. Oneir CHY AA2ull B nmoarotoske, me-
PENoAroTOBKE M IMOBBILICHUH KBaMH(UKALMK CIie-
UAJIKCTOB MO (U3MYECKOH 3alluTe, y4eTy M KOH-
TPOJIIO SIAEPHBIX MAaTEPUAITIOB

T. Ky3nenona. K Bompocy uHTErpupoBaHusl cuc-
TEeMbl ydeTa M KOHTPOJS SACPHBIX MaTepuajoB U
cucteMsl pusndeckoit 3amutsel B HHI[ XDTU

E. Yepnbim. JlonmonHUTENnbHBIM TpoTOKON. OT-
YETHOCTb TocynapcTBa. IIpakTruueckuii OnbIT peau-
3allii OCHOBHBIX TPeOOBaHMIA U yCIOBUH cTaTei 2 u
3 JIonmoJHUTENBHOTO MPOTOKOIA

A. Bamxa. Cucrtema yuéra u GU3MUECKON 3amiu-
Thl MUCTOYHHKOB MOHM3MPYIOIIETO M3Iy4YeHHS U pa-
JUOAKTUBHBIX 0TX070B B HHI[ XDOTN

B. Imutpam. Co3nanue cUCTEMBI yueTa M KOH-
TPOJISL SIAEPHBIX MAaTEpPHAJIOB MaJIbIX KOJMYECTB Ha
OIT IOY ABC

T. JlynanoBa. Cuctema y4era u KOHTPOJIS sIIEp-
HBIX MaTepuasioB B MIHCTUTYTE AIEPHBIX HCCIE0BA-
unit HAH YkpauHbl U MOJAEpHH3aNUs CUCTEMBI 00-
pameHuss ¢ OTpabOTaHHBIM SAJEPHBIM TOILTUBOM
HCCIIeI0BaTENbCKOro peakropa BBP-M

. YUepkamma. CpaBHUTENBHBIA aHAIN3 JOKY-
MEHTOB TOCYJapCTBEHHOM HOPMAaTHMBHO-IPaBOBOM
0a3b1 YKpawHbI B 007aCTH Y4€Ta 1 KOHTpoJst SIM

P. 3anmoposken. Y4€T ¥ KOHTPOJIH SIAEPHOTO Ma-
TepHaja B MECTaxX XpaHEHHUs «BHE YCTaHOBOK»

O. AtHIoKOBa. BO3MOXHOCTh KOHTPOJISI OTHOCH-
TEJILHOTO COJIepKaHus IITyTOHUS U ypaHa B MOX—
TOIUIMBE MO TaMMa-U3JIy4YeHUI0 IUTYTOHUSI-239 u
ypana-238 B quanazone suepruii 740-800 x»B

A. Mapteiatok. [IpoGneMsl mepeBo3KH SACPHBIX
MaTepUanoB

1O. Kanbko. Y4€Tr U KOHTpOJIb SIAEPHOIO Mate-
pHana B «MECTaX XPaHEHUsI BHE YCTaHOBOK»

K. KoncrantunoBa. OnbIT npumenenus Jlomosn-
HUTEIBHOTO MPOTOKONA KaK OJHOW M3 COCTAaBHBIX
yacTeil cucteMbl yuera U KoHTpodsi SIM B Ykpaune.
AHanu3 CyLEeCTBYIOIUX MPOOJIeM U MyTH UX peLie-
HUS

. Crykanos. IIpobnemHble BOIPOCH BEICHUS
yueta U KoHTpons SIM u olecredyeHne rapaHTHH
MAT'ATD Ha ypoBHE 3KCIUTyaTHPYIOIIEH OpraHu3a-
LMY U YCTAaHOBKU

Hapaaa 3a pesynbTatamMu BUKOHAHHA LiNboBOi komnnekcHoi nporpamu HAH Ykpai-
Hu «[locniaxeHHa paHHboro BcecBiTy, npuxoBaHOT macu i TeMHOT marepii»
«Kocmomikpogpisuka», 2007 - 2009 pp., 20 nuctonaaa 2008 p.

Hapaga 3a pesynbTaramMu BUKOHaHHS ILiJIbOBOT
kommiekcHoi nporpamu HAH Vkpainum «oci-
JDKEHHS paHHBOro BcecBiTy, mpuxoBaHoi MacH i
TemHol Matepii» «Kocmomikpodizuka», 2007 —
2009 pp. 6yna nposenena 20 muctonana 2008 p. y
M. Kuesi. Hapana Oyna opranizoBaHa Ta mpoBeaeHa
BiZIoM (i3MKU JIENTOHIB [HCTHTYTY siA€pHUX J0-
cmimpkenb HAHY cninero 3 HAH Ykpainu, Minic-

LIOPIYHUK 2008

TEPCTBOM OCBITH 1 Hayku Ykpainu, HamioHansHUM
KOCMIYHUM areHTCTBOM YKpaiHu. Y poOoTi Hapaau
B3sUIM y4acTh 27 YOJIOBIK, IO MPEACTABISLIN [HCTH-
TyT saepuux npociimkedr HAHY, IacturyT Teope-
tnuHoi (izukn HAHY, Incturyt matemarukun HA-
HY, InctutryT npukiamgHux mpoOiieM MeXaHIKH 1
matematuku iM. S.C. Ilincrpurasa HAHY, ['onosry
acTpoHoMiuHy obOcepBatopito HAHY, Kpumceky
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aCTpOHOMIYHY 0OcepBatopiro, PamioacTpoHOMiYHMI
iHctuTyT HAHY, KuiBchkuii HamioHanpHUR yHiBEp-
cutet iM. Tapaca llleBueHka Ta ACTpOHOMIYHY 00-
cepBaTopito KWiBCHKOrO HaIliOHAIBHOTO YHIBEpPCH-
tety imM. Tapaca IlleBuenka, AcTpoHOMIUHY 00OCep-
BaTopito JIbBIBCHKOTO HAI[IOHAILHOTO YHIBEPCUTETY
iM. IBana ®panka, AcCTpOHOMIUHY OOCEepBaTOPitO
OpecbKOro HalioHaJLHOTO YHiBepcUTeTy, JIHimpo-
NETPOBCHKUI HaI[lOHAILHUN YyHiBepcuTeT, MixHa-
POIHHI THCTUTYT COILIOHIKH.

Bynu npoBeseHi ruieHapHi 3aciaHHs 3 OpHTiHa-
apHUMH TIoBioMiIeHHIMU (15 xB.). [loBHy iHDOP-
MaIlifo Tpo KOH(EpeHIilo po3MilieHo Ha BeO-
cropinmi http://lpd.kinr kiev.ua/kmf08/.

Ha napani Oyno Bchoro mpexacrasieHo 20  Jo-
MOBifeH, a came:

A.O. Minakos, B.M. Ulynera. ITouck TemHol
MaTepuu MO pe3ysbTaTaM HaOIIOAEHUI I'paBUTAIlH-
OHHO JIMH3UPOBAaHHBIX KBa3apoOB

B.I'. Bakynuk. CoOBITHSI MUKPOJTUH3UPOBAHUS B
cucreme Q2237+0305: 3Be3nbl WIM KOMIIAKTHBIC
00BEKTH TEMHOI MaTepun?

H.I'. Yecnok, C.I'. Ceprees, .b. BaBunosa. On-
THYHA Ta PEHTTCHIBCbKAa 3MiHHICTh aKTHBHUX SIep
TaJlaKTUK Ta OI[IHKK Mac NEHTPAIbHUX YOPHUX Aip

I1.I. ®omin. Edextn ¢izudHoro Bakyymy Ta Jo-
JTATKOBHUX BUMIPIB MIPOCTOPY-4acy B KBAHTOBIH KOC-
MOJIOT1] Ta PeNsSTHBICTCHKIN acTpodizuIli

®.A. JlaneBnu. [lonsiiianii OeTa-po3maj, HEWT-
puno Bix CoHIIsI, TEeMHA MaTepisl, aKCIOHH

J.A. SIxy6oBcpkmii  CrioctepexxHi 0OMeXeHHS
Ha TTapaMeTpH CTEPIIILHOTO HEHTPUHO K KaHIUaTa
Ha POJIh TEMHOI MaTepii

b.C. HoBocsmymii, FO.A. Kyminia, B.O. Ilenux,
O.M. Ceprieako. dopMmyBaHHSI BETUKOMACIITaOHOT

CTPYKTypH BcecBiTy B KOCMOJIOTIi 3 peKOHCTpyHO-
BaHUM CKAJIIPHUM I10JIEM

O.1. ’Kyk. Undnsamms B MHOTOMEPHBIX KOCMO-
JIOTHYECKHUX MOJIEIISX

A.I'. Hikitin. KoBapianTHe ¢opMyItOBaHHS MO-
nem Kepoma-®inma-SAnkiBa 3 mopymeHoro JlopeH-
IIEBOIO0 CHMETPIEIO0 Ta 11 HEPEIATHBICTCHKA TPaHUIIT

O.II1. ITaBneuko. TecHass [BoiiHasE cucTeMa
SDSS J0804: ManeHbKUI KIIFOY K OOJIBIINM 3araj-
KaM

A.B. IlaBnenko. KopudHeBi Kapiauku — KaHIH-
JIaTH Ha POJIb 00’ €KTIB TEMHOI MaTepii

JI.C. TTumrorin, T.B. Hukutiok. “EBomoris kap-
JIMKOBOI ranaktuku Fornax”

I.b. Basunosa, O.B. Menpauk, A.A. EauiB. Ac-
Tpo(i3UYHUH acTIeKT TEMHOI eHeprii

ILb. BaBumoBa, O.B. Menpuuk, A.A. Enuis.
BwMmicT TemHOI Marepii B MaJlOHaceJIeHHUX TIpylax
raJakTHK

B.1O. KapauenneBa. [lorck BO3MOXXHBIX KaHIH-
JaTOB B «TEMHBbIC TalaKTUKW» B HOBOM KaTayore
M30JIMPOBAaHHBIX TanakTuk 2MIG

B.I. 'natuk, B.C. bepesincekuii, JI. 3agopoxkHa.
Kocmiuni mpomeHi HagBHUCOKMX E€HEprid-poTOHHA
MOJIeJIb MO03arajlakTUYHOIO0 KOMITOHEHTa; BKJaa KO-
CMIYHUX TIPOMEHIB Y TEMHY MaTepito

B.1O. XKunses. KopoTki raMma cnanaxu siK iH-
JIUKATOPHU CBOJIIOIIHHUX CIIEHApIiB 3a y4acTio Oapi-
OoHHO1 MaTepii

C.b. BunorpamoB. BiusiHue Macchl 0OBEKTOB
rajio Ha IUHAMUYECKUH Pa30rpeB AMCKa ralakKTUKU

B. . I'magym. O6 0coOEHHOCTSX B3aMMOJEHCT-
BHS 3apsHKEHHBIX YacTHIl B OOIIEH TEOPUH OTHOCH-
TEIBHOCTH

O.M. Konresa, B.C. Kazemip. HekoTopsie Tumnst
T-mozeneii 1 WX reoMeTpHyecKue W (QU3UIECKHE
CBOMCTBa
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MIXHAPOOHE HAYKOBE TA HAYKOBO-TEXHIYHE CTTIBPOBITHWLITBO

[potsirom 2008 poky IHCTUTYT simepHUX TOCTi-
JKEHb TPOJIOBXKYBaB MiXKHapOJHEe HAyKOBE Ta Hay-
KOBO-TEXHIYHE CIIBPOOITHHUIITBO B PAMKaX YIroJ Mik
IHCTUTyTaMH, CHIBpOOITHHIITBA  “BiAIII-Bimmin”,
y4acTi CHiBpPOOITHUKIB 1HCTUTYTYy B MIKHapOIHHX
MPOEKTAX Ta rPaHTaX, OCOOUCTHX HAYKOBHX KOHTaK-
TiB.

Y 2008 porri mpoBOAMIKCS CHIUIBHI TOCITKEHHS
3 HAyKOBVIMH yCTaHOBaMH TaKWX KpaiH:

ABcTpaJis:

- Pazowm 3 LlenTpom pamiarnitinoi meaumwam (Y Hi-
BEpCUTET M. BaoJOHTOHT) TPOBOAMUTHCS PO3POOKA
IUIaHApPHUX HEUTPOHHUX CEHCOPIB;

ABcTpisn:

- 3 MiXHapOJTHUM areHTCTBOM 3 aTOMHOI eHeprii
MATATE - BigOyBayucs poOoui 3ycTpiui 3 peria-
MEHTHHMX THTaHb SACPHOI Ta padiamiiHOI Oe3reKH,
TIPOBOIMIIHICS CIIEIiaThbHI HaBUaIbHI Ta TPEHYBAIbHI
KypcH, CeMiHapH 3 PI3HUX MUTaHb MOBOPKEHHS 3
panioakKTUBHIUMH MaTepialaMy Ta iX BAKOPHCTaHHS;

- POBOJVIIUCS CHIIIbHI HAYKOBI JOCIHIDKEHHS 3
HayKOBIIMH [HCTHTYTy TeopeTndHoi (i3ukm yHi-
BepcuteTy M. [HCOpyKy 3 muTaHb (i3MKH TEpMOsiIe-
PpHOTO CHHTE3Y.

Besmnka bpuranis:

- CniBpoOitauku [A1]] 6epyTh y4acTp y miaroro-
BIIl BeNUKOTO €Bporeiickkoro mpoekty EURECA —
EKCIEPUMEHTY 3 TOUIYKY TillOTeTHYHHX YacTUHOK
TEMHOI MaTepii B IIporecax ciabkoi B3aeMo/Iii;

- CniBnpanoTh 3 HayKoBIsIMU Kanemchkoro
HAYKOBOTO HEeHTpY (M. AGIHrIOH) 3 (i3uku TepMo-
SJEPHOTO CHHTE3Y.

ITanis:

- B eKCIIEPUMEHTAILHUX JTA00PaTOPiixX yHIBEPCH-
tetiB Pum 1 i Pum 11 Ta HamionanpHiit maboparopii
I'pan Cacco mpoaoBKyBaNUCS CIUIbHI €KCIICPUMEH-
TH TI0 TIOIIYKY TO/BiiHOTO B-po3many;

-y Hamionansniit nmadoparopii I'pan-Cacco Ha-
LiOHANBHOTO 1HCTUTYTY siiepHOi (i3UKU MPOJOBXKY-
€THCS €KCIIEPUMEHT 3 PEECTpallii COHTIYHUX HEUTpH-
HO IUISIXOM HEHTPUHO-EJICKTPOHHOTO PO3CIIOBaHHS
B CYINEPYUCTHX PIAKHX CHUHTHIATOpPaX (MPOEKT
BOREXINO);

- Ha TpuckoproBadax [liBneHHoi simepHOi 1Mabo-
paropii HamioHanbHOTO 1HCTUTYTY sSAEpHOT (i3UKH
(M. KaraHis) BUKOHAHO CIUIBHI €KCICPUMEHTAIBHI
JOCTIDKEHHS 0araToOYaCTHHKOBUX PEaKIlii B eKcIie-
pUMeHTaX Ha 30irax 3 METOIO MOCIHIKEHHS CTPYK-
TYpH JIETKHX siliep, 30KpeMa 1 HEHTpOHHO-HaIIHIL-
KOBHUX 130TOIIiB.

IIIOPIYHUK - 2008

Himeyunna:

- CninbHO 3 HAYKOBHSIMH PereHOyprchkoro yHi-
Bepcutery (M. PerencOypr) mpoBoguimucs mocii-
JOKEHHsI KOJIEKTUBHUX 30Yy/DKEHb B S/Ipax B paMKax
KBa31KJIACHYHOTO MiAXO0Y;

- B HayxoBomy nientp DESY (M. I'amOypr) cmis-
poOitHuku [S]] Opanm y4acTs B MI>KHApOJHHX IPO-
ekTax 3 (i3UKU eIEMEHTapHUX YaCTHHOK, (i3HKH
NPUCKOPIOBAYiB T4 BUKOPUCTAHHS CHHXPOTPOHHOT'O
BUTNIPOMIHIOBaHHSI, TPOJOBXKYIOTh aHaji3 OTpHUMa-
HUX EKCHEpUMEHTAIBPHUX JaHUX II0 MPOeKTam
HERA-B ta ZEUS;

- 3 HayKoBLsIMH [HCTUTYTY Makca [1nanka BuUko-
HYBAJIUCS CIUIbHI JIOCITIJKCHHS TIOBEIIHKA BUCOKO-
EHEPreTHYHHX 10HIB B TOPOIAAIbHUX TEPMOSACPHUX
IPUCTPOAX B PAMKAax MPOEKTIB, 110 MiATPUMYIOThCS
YkpaiHChKUM HayKOBO-TEXHOJIOTTYHHM IICHTPOM;

- 3 IPUPOTHUINMHU BIIIUICHHAMA YHIBEPCUTETIB
M. MapOypra ta M. Baiipora gocmimxyBanucs Teo-
peTHYHI TTUTaHHSA (PI3UKH OpraHIYHMX HAITIBIPOBIJI-
HUKIB.

Houbma:

- CrijibHO 3 TpynaMu HAyKOBLIB YHIBEpCHTETY
iMm. M. Kropi-Cxnanoscrkoi (M. JIroOmin), YHiBepcu-
tety iM. HeBogniuancekoro (M. KpakiB), [ncturyty
snepaux mnpobiem iM. A. Conrtana (M. Bapmaga) ta
JlaGoparopi€ro BaXkMX i0HiIB BapimaBcekoro yHi-
BepcuteTy (M. BapmraBa) mpomoBXKyIOTBCS HOCII-
JOKEHHS 3 (Qi3UKH BaXKKUX 10HIB, a 'y 2008 pomi ozHi-
€10 3 TeM OYJI0 IOCTiMKEHHS 3 Teopil sapa Ta B3ae-
MOJIi1 HeCTaOITbHUX JIETKHX S7AEP.

HiBnenna Kopes:

- Hamionanmeauii yHiBepcuteT Ceyma (M. Ceyin)
ta ISl npoBOmATH CHiNBHI pOOOTH MO MiATrOTOBII
eKCIIEPUMEHTIB TI0 MOIIYKY TO/BiiiHOTO B—po3mary.

Pecny6aika Biiopych:

-3 IncturyTom simepHux mpobiem (M. MiHCBK)
TOCIIDKYBAIIACS XapaKTEPUCTUKN CIUHTHISATOPIB
IUISL eKCIIEPUMEHTIB TOB’SI3aHUX 3 TMOIIYKOM TIO-
ABiliHOTO —po3many .

Pecny6aika Kazaxcran:

- [IpomoBxyBasucs CIiIbHI JOCIIIKEHHS peak-
il B3a€MOJIT JISTKUX sifiep 3 130TOMaMu 3 00JacTi
CepelHiX aTOMHUX Mac 3 [HcTUTyTOM simepHOi (i3u-
k1 HalioHanbpHOTO SAEPHOTO LIEHTPY.

Pecny0Jika Y30ekucran:

- B pamkax npoekry, o miaTpuMyeTbest YKpaiH-
CbKHM HayKOBO-TE€XHOJIOTIYHUM LIEHTPOM, CIIIBHO
3 IacturyTom simeproi ¢izukn (M. YiryrOex) BHKO-
HYIOTBCSI JIOCJIJDKEHHSI Ta TEXHOJOTIYHI PO3pOOKU
Uit GOpMYBaHHA Ha ICHYIOUMX SAEPHO-(I3MIHUX
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YCTAaHOBKAaX IHCTHTYTIB (PEaKTOPH Ta IHKJIOTPOHH)
HAYKOBO-TEXHIYHOT 0a3u 1Mo BUPOOHUIITBY Pajioi3o-
TOIMHOT MPOYKIII AJis MOTped pi3HUX cep BHKOPH-
CTaHHA: HAyK{, MEIWIMHH, TTPOMHCIOBOCTI Ta iH-
HIMX MPUKIIATHIX 3aCTOCYBaHb.

Pecny6aika Xopsarist:

- CrninbHo 3 HaykoBisiMH [HcTHTyTy P. Bokko-
Br4a (M. 3arpe0) MpOBOAATHCS TOCIIIKEHHS CTPYK-
TYpH JIETKUX HEUTPOHHO HAJTUIIKOBHX SIIIED.

Pocis:

- CninibHO 3 HaykoBisMu OO0’€HAHOTO IHCTHUTY-
Ty siiepHUX gochimkens (M. dyona) [/ npoBoanTs
TEOPETHYHI Ta EKCHEPUMEHTANbHI JTOCIIKEHHS
CTPYKTYpHHX OCOOJIMBOCTEH JIETKUX Sfep, saep,
BIJUIIIGHUX Bij JiHII CTaOiIBHOCTI, Ta peakmiid 3 ix
Y4acTIo.

- Pazom 3 [HCTHUTYTOM TeopeTmuHOi Ta ekcrepu-
MeHTaNbHOI (i3uKH, [HCTUTYTOM cTaji Ta CIUIaBiB
PAH ta OG’emHaHUM iHCTHTYTOM SIIEPHUX IOCIHi-
IDKEHb MIPOBOIMIIACS PO3POOKA CLUUHTUIATOPIB IS
JOCII/DKeHHST MPOLEeCiB MOABiIHHOrO P—po3many Ta
IHITUX PIAKICHUX SIBUII;

-3 PocilickkuM IOCTITHUIBKUN TIEHTPOM ,,IH-
ctutyT iM. KypuaroBa” (M. MOCKBa) BUKOHYBAJIUCS
CIiIBHI po0OTH 3 (pi3HKa BaXKKUX 10HIB;

- 3 HaykoBISMH PIi3MKO-CHEPTCTHYHOTO 1HCTH-
TyTy (M. OGHIHCBK) TPOBOAWIHCS CIUIBHI POOOTH 3
nuTaHb (PI3UYHOTO 3aXHCTy, OOJIKYy Ta KOHTPOIIO
SIIEPHUX MaTepiajib.

CIIA:

- 3a miarpumkm HarioHanpHOI amMiHicTpartii 3
aaepHoi ¢izudHoi Oe3nekn MiHicTepcTBa eHepreTu-
ku CIUIA BUKOHYBajWCS CIIJIBHI TPOEKTH 3 MOJEP-
Hi3arlil Ta BUKOPUCTAHHS JOCTITHUIILKOTO SIIEPHOTO
peaxkropa BBP-M;

- 3 HayKoBIsMH LlukmorpoHHoro incturyty Te-
XaCbKOTO YHIBEpCHUTETY YCIIIIHO MPOAOBXKYBAIUCS
JOCITIIDKEHHST B paMKaX MIKPOCKOMIYHHX Ta MaKpoO-
CKOIIYHHX MiJXOJiB B TEOPii aTOMHOTO 511pa;

- crminbHO 3 HarioHanbHOIO sIIEpHOIO J1abopaTto-
piero (M. AproH) MpoAOBXKYyBaJlacs MiATOTOBKA CIIe-
MIaTicTiB Iy 3 mMpoOieM (hi3UIHOTO 3aXWCTY suep-
HUX MaTepianiB AJs Pi3HUX BiJOMCTB, IIO MAaloTh
BIJHOIIEHHS JO aTOMHOI EHEPreTHKH B KpaiHax
CHJL;

- Ha TIpPHCKOpIOBavax yHiBepcureT mmraty dio-
puna (M. Temnaxacci) y 2008 p. mpoBogumucs 1o-
cimiKeHHS 3 (pi3rKa B3a€MO/IiT BAXKKHX 10HIB.

dpanuisn:

- CiBpoOITHUKH 1HCTHTYTY O€pyTh y4acThb B JO-
BroTpuBasiomy MikHapogHomy mpoekti NEMO
(Neutrino  Ettore Majorana  Observatory) Ta
SuperNEMO mno momyky mofiii Oe3HeUTPHHHOTO
HO/BIHHOTO B—po3many, Mo MOXYTh iIeHTH(DIKyBa-
TH HEWTPHHO SIK MaillOpaHiBCbKY YacTHHKY. B exc-

MEPUMEHTaX OYIKY€TbCSA OOCITTH YYTJIMBOCTI JI0
Macu HeWTpuHo Ha piBHi 0.05 eB.

- 3 agepuum neatpom CEA/DAM mnpoBoasThes

TEOPETHYHI JOCTIPKEHHS B 001acTi (Pi3UKH IIIa3MH.
Yecbka Pecnybaika:

-3a 3aMOBJIEHHSAM [HCTHTYTY SA€PHHX HOCi-
oKeHb (M. Pxxex) BOpoBamkyeTscs, po3pobieHa B
A1, meToamnka mo3UMeTpii KOPIYCiB €eHepreTUIHIX
peaxTtopiB BBEP.

HlIBeiinapis:

-B pamkax €Bpomneiicbkoi oprasizaiis 3 siIepHUX
nmocimimkeas (CERN) cmiBpoOitaHukn 51 GepyTh
yuacTh y MixkHapogHomy npoekti LHCb Ta B iHmmmx
MPOEKTaX, 30KpeMa JIOCIIKCHHS pajialliiHol CTiii-
KOCTI1 HaITIBIIPOBITHUKOBUX JETEKTOPIB.

HIBewnis:

- 3 HAYKOBIIIMH BiIJIUICHHSAM MaTEMaTHIHOI ¢i-
3uKH YHiBepcutery M. JlyHay cmiBpoOiTHHKaMu
BIJUIUTY TeOpii siipa IOCIiIKyBANHUCS MPOIECH sijie-
PHOTO KOJIEKTHBHOTO PyXy 3 BEIMKOIO aMILTITy I0¥0;

- 3 yHiBepcuTeTOM M. JIiHUEMIHT CITIIBHO BUKO-
HYBaJHCSl JOCTI[KEHHS 3a MpoekToM ,JllmazmoBi
e(eKTH B IMEpiOJUYHUX Ta arepiogudHUX CTPYKTY-
pax HAaHOYACTHHOK .

Anonisn:

- 3 HayKOBIsIMU YHiBepcutery Kromy (M. Oyky-
oka) Ta TOKiIHCHKOTO YHIBEPCHUTETY CIIBCHKOTO TOC-
MOJIAPCTBA 1 TEXHOJIOTIH MPOBOAMIKCH TOCIIIKEHHS
3 (Di3MKH TeNiKOHHUX JDKEpes IJIa3MH BHCOKOI Tyc-
TUHH.

Crig BiI3HAYHMTH CHiBpOOITHUITBO YKpaiHCHKO-
ro HeHTpy siAepHuX AaHux 3 CeKieo saepHHuX Ja-
Hux MAI'ATE. B pamkax 1mporo cmiBpoOiTHHITBa
BUKOHAHO KOMIIUISILIIO €KCIIEPUMEHTAIbHUX IaHUX
PO B3aEMOJIIIO SIIEp 3 HEHUTPOHAMH, 3apsHKEHUMHU
YacTUHKaMH Ta (POTOHAMH, OTPUMAHHX YKpaiHCh-
KAMH BUCHHMH Ta OMYyOJIIKOBaHUX B YKPAiHCHKUX Ta
3aKOPJIOHHMX HAyKOBUX KypHaIaXx 1 BHUJAHHSAX,
npezacrasieHo iX B popmati EXFOR s BriroueH-
HS 10 CBITOBOTO OaHKy €KCIIEPUMEHTAIbHUX AaHUX
CSISRS, 3aificHIOBAIOCH PO3MOBCIOHKCHHS B YKpa-
imi MmibkHapomaux 06a3 smepaux manmx CINDA,
EXFOR, Tomo.

Y moTo4HOMY POIli TaKOX HEOOXiTHO BiJ3HAUYH-
M poboty mentpy INIS. PobGora VYxkpaincekoro
ueHtpy INIS HanpaBieHa Ha 03HAHOMIJICHHS MiKHA-
POAHOT CIIIBHOTH 3 HAWHOBIIIMMHK POOOTaMHU yKpai-
HCBKMX BUEHHUX 3 sJIepHOi TeMAaTUKH. LleHTp akTuB-
HO TIpUIMaB y4acTb B PO3MOBCIOJKEHHI HAyKOBOi
inpopmauii INIS B Vkpaini (XDTI, incturyru HAH
YkpaiHnu, YHIBEpCUTETH) Ta 1032 MeXaMH YKpaiHu
(Pocis, bpasmuimisa, Asctpis, MAT'ATE).

Y 2008 poui HaByanbauM neHTpoM 3 (Di3HYHOTO
3aXHUCTy OONIKY Ta KOHTPOJIO SIOEPHOTO MaTepiary
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iM. JIxopka Ky3mmda Oyno BHKOHAHO poOOTH, 3a-
IJIaHOBaHi 1Mo OroJpKeTHIN TeMi «Po3poOka Ta BIpo-
BaJUKCHHS 3aXOJiB 3 IiJIBUIICHHS ¢()ESKTUBHOCTI CH-
cTeM (i3UIHOTO 3aXUCTY JOCITITHAIIBKOTO PEaKTopa,
SIEPHUX MaTepiamiB i 30epeKeHOCT] IHIINX JKepe
ioHizytouoro BumpomiHtoBanHsa [l HAH VYkpai-
Hu». Takox, npoBeaeHo « lllocty YkpaiHCbKy KOH-
(hepenttito 3 00Ky Ta KOHTPOJIIO SACPHUX MaTepia-
niBy, 21 HaBYANBHUX KYpCiB, 3 HUX 6 - MiXKHAPO/IH,
Ta 4 Hapaau.

3aranom y 2008 porli y HaBUaJIBLHUX Kypcax, ce-
MiHapax i1 Hapajax, Mo NpoxoAuian y HaBuansHOMY
HeHTpi B3 yuactb 520 ocib (3 Hux 125 iHozemui
(haxiBIli) - 1€ MEHEKEPH MPOEKTiB, BACOKOKBaTi(i-
KOBaHi €KCIIEPTH Ta JEKTOPU 3 KpaiH JalbHbOTO Ta
OMIKHBOTO 3apyODXOKA, L0 HABYAIM W AUTHIIHCA
JOCBiJIOM POOOTH 3 YKpaiHCHKUMHU (haXiBISIMH B Ta-
Jy3i aTOMHOI eHeprii, exoJorii, (i3HIHOTO 3aXUCTY
Ta pajiamiifHOrO MaTepiajJo3HaBCcTBa Ha 0a3i HaBua-
JBHOTO LEHTPY 3 (Di3UYHOTO 3aXHUCTy, KOHTPOJIO Ta
00miKky simepHoro mMarepiany iM. Jxopxa Kysmuya.

HaBuanbHuil 1ieHTp criBmpalioe 3 6araTbMa Ha-
unionansHUMH Jabopatopisimu CLHA (Canpilichku-

IIOPIYHUK - 2008

mu, Aproacrkoro, Jloc-AmaMocskoto, bpykxeBeHCh-
koto Ta [liBHiuHO-3axiqHO THXOOKEaHCHKOI), Ta 3
MATATE B cdepi migBumeHHs piBHA (Hi3UIHOTO
3aXUCTy, OOJIKY Ta KOHTPOJIO SIIEPHOTO MaTepiary
B YKpaiHi.

B 2008 pomi IHCTHUTYT simepHHMX IOCIIIKEHB
npuiinsaB 149 inozemuux BueHux 3 CLUA, Ascrpii,
Opanmii, Himeuunnu, Bemmkobputanii, Ilomsri,
I3paimo, Yexii, Kopei, benprii, ITanii, ®iansuunii. B
yepBHi 2008 p. [HCTHTYTOM OYyIJIO TIPOBENEHO NIPYTY
MixnaapomHy KoH(epeHIito “AKTyansHi mpoOneMu
aaepHoi ¢i3UKM Ta aTOMHOI €HEepPreTHKW , B SKid
B3sUTM y4dacTb Oinbie 100 inozemHux BueHux. [Ipo-
BeneHo [lepry Mi>kHapomHy Hapanay ,,Po3poOka HU-
3bKO(OHOBHX  CHUHTHISATOPIB Ui TIPOEKTY
EURECA RPSCINT”. IIpoBeneHo 5 perioHaabHUX
kypciB MAT'ATE, B axux Opanu ywacts Oing 100
IHO3EMHHUX TIPEJCTaBHUKIB. IHCTUTYT OpaB ydacTs y
MPOBENEHHI MIXXHAPOAHOT KOy JUII MOJIOJUX Hay-
KOBLIB 3 (pi3UKH BUCOKHUX €HEPTii.
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