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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 2009 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, npoBejaeHi inctutyToM y 2009 p., nani npo
MDKHapOJIHE CITIBPOOITHUIITBO IHCTUTYTY.
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TTepeamoea

[Iporsrom 2009 poky B iHCTHTYTiI IPOAOBXKYBa-
JUCA EKCIepUMEHTANIbHI Ta TEOpPeTHYHI HayKOBi
poOOTH 3a HampsAMKaMHu OOCTI[KEHb IHCTHTYTY, a
TaKOXX TPUALIAIOCA Oarato yBaru MoAepHi3arii
OCHOBHOT'O €KCIEpHUMEHTAIbHOro objanHaHHA. Tak,
y 2009 porii OyJio 3aBepIiieHO poOOTU 1O BBEACHHIO
B €KCILTyaTallifo HOBOTO 0aceifHy BUTPUMKH BinIpa-
IIEOBAHOTO SICPHOTO ITaJliBa Ta BHWKOHAHO iHIII
pobotu 3 MoziepHi3allii 00JaIHAHHS Ta CKCIICPUMEH-
TaJIBHUX YCTAHOBOK Ha JOCIIAHUIBKOMY SIIEPHOMY
peakTopi Ta B ,rapsumx kamepax’. OTpuMaHO Ji-
LEH31I0 Ha eKcIulyaralilo peaktopa no 2014 poky,
posmoyaTta MiArOTOBKA TEXHIYHOTO 3aBIaHHS Ha
OyIIBHUIITBO HOBOTO JOCTiJHHIIKOTO peakTopa.
OTpuMaHO caHITapHI MAacHOpPTH Ha HACTYIHI TPHU
POKH eKcIuTyaTalii i30XpOHHOTO UKIOTpoHa Y-240
ta TanmeM-reHeparopa EI'TI-10K. Otpumano cani-
TapHUH MacIopT Ha eKCIUIyartaiiro jgaboparopii mo-
KIIiHIYHOI mepeBipku (apmnpenapatiB. CTBOpeHO
HOBMH HayKOBMH Biamin pamioexonorii Ta pamiodio-
norii. IlepeaTecToBaHO psii METOAMK Ta OTPUMAHO
Jiten3ii Ha crernudivHi poOOTH 3 BUCOKOAKTUBHUMU
MaTrepiajlaMy Ha HaCTYIHUI TEPMiH.

Y 2009 porii iHCTATYT MIPOJOBKYBaB BUKOHYBaTH
peryiaMeHTHI poOOTH 3 CYIPOBOIY O€3IMeYHOi eKC-
TuTyaTtanii KOpIyciB peakTopiB Ta OOJaJHAHHS Iifo-
ynx eHepreTuuHux 610kiB AEC Ykpainu.

B cepeauni 2009 pomi Ilpesunis HAH Ykpainu
MpoBesia KOMIUIEKCHY HepeBipKy HayKOBOI Ta Hay-
KOBO-OpraHi3amiiiHoi po0oTu iHCTUTYTy 3a Tomepe-
IHI TT’ATh POKIB, Big3HA4YMIA POOOTY IHCTUTYTY SK
MO3UTHBHY Ta 3aTBEpAWJIa HAYKOBI HANpPSIMKH (yH-
JaMEHTAIPHUX HAYKOBHX Ta NPHUKIAAHUAX JIOCTiI-
JKeHb: saepHa (i3WKa, aTOMHA CHEpreTHKa, paiia-
nifina ¢Qisuka Ta pajiamiiHe Marepiao3HaBCTBO,
¢izuka muasMu, pagioeKosIorist Ta paxio0ioIoris.

[Ipotsrom 2009 poKy OCHOBHI eKCIIEpPUMEHTAIIb-
Hi JOCTIDKEHHS TPOBOAMIIACS B CKJIaai MiKHAPOI-
HUX HAayKOBHX KOJIEKTHBIB 1 CTOCYBAJIWCS JOCIHiJ-
JKeHb B 00JIaCTi BUCOKHX €Hepril, mojBiiiHOrO OeTa-
po3many, AOCTIKEHb KIACTEPHHUX CTaHIB MPOTOH-
HO- Ta HEHUTPOHHHOHA/UIMIIKOBUX snep, (i3uku
BaKKUX 10HIB.

B obnacti TeopeTHYHUX JOCHTIIKEHb BIACTHBOC-
Tell aTOMHOTO siipa Ta SAEPHUX MPOLECIB CIIBPO-
OITHUKAMH 1HCTUTYTY OTPHMaHO OpHUTiHANBHI pe-
3yJbTaTH, IO CTOCYIOTHCS JUHAMIKHU MOAITY BaXKKUX

Hupexrop [HctutyTy sinepuux gocnimkens HAH Ykpainuy,

akameMik HAH Ykpaiau

Ta HAJBAXKUX SACP, B3AEMOJIi1 BaXXKHUX 10HIB, 3aIIpO-
MIOHOBAHO JIOJIATKOBI MpaBwiia BiiOOpy VIS MYJIbTH-
MOJBHUX MEPEXOiB B SIIpax.

B obnacti ¢i3uku maasMu Ta TEPMOSIEPHOTO
CHHTE3y BHSBIICHO HOBE SBHIIEC — KaHAJIOBaHHS
eHeprii Ta iMmyJabcy HpH 30yIKEHHI HECTIMKOCTI
TUTa3MH €HEPTiHHUMH 10HAMH.

B oGmacri pamiamiitHoi (i3UKH TOCIITKYBAIHACS
BJIACTUBOCTI MarepiajliB IiJ i€ PI3HUX THUIIIB
ONPOMIHEHHS.

HaykoBi mociimkeHHS B 001acTi aTOMHOI eHep-
TETHKH BIHOCATHCS J0 JAOCITIIKEHb MEPCICKTUBHUX
AJEpHUX PEaKTOpiB, MiIArOTOBKM METOAMK Ta 0a3
JaHUX U PI3HUX NpoOJIeM SAEpHOI E€HEpreTHKH,
po0JIeM TIPOJOBKEHHS PECYPCY MII0UMX PEaKTOPiB
AEC VYkpainu.

IncruryT mposiB y 2009 poti psj MiXKHAPOIHUX
HAYKOBHX ILIKiJI, Hapal, ceMiHapiB, OyB criBoprasi-
3aTOPOM Ta OPraHi3aTOpOM MIKHAPOJHHX Ta yKpa-
THCBKMX HayKOBUX KOH(epeHLii, 30kpema KoH(e-
penuii MAT'ATE 3 npobiem TepMosiiepHOTO CUHTE-
3y.

binemr neranpHa iHGQOpMaIis Ipo HaWBaKIUBIIIL
HAyKOBi 3H00YTKH CITIBpPOOITHHKIB IHCTHUTYTY 3a
2009 pik HaBOJAWUTHLCS B JAaHOMY HIOpivHUKY. Criofi-
BAIOCh, 1[0 YNTa4i 3MOXXYTh 3HAUTH B HBOMY LiKaBy
Ta KOpUCHY 1uis1 ceOe iHpopmariito.

1. M. BumneBcrknit

IToBHuit Texct Lllopiuanka po3mimeHno Ha BeO-cTopini http://www.kinr.kiev.ua/Annual report/report09.pdf
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Kopotka icTopia Ta OCHOBHi AOCArHeHHs
IHcTuTyTy saepHux pocniaxeHbs HAH YkpaiHu

1 uepeHs 2010 p. BunoBHOEThCs 40 pokiB [HCTH-
TyTy simepHux pocmimpkednb HAH Ykpainu, a B mo-
tomy 2010 p. — 50-piyus excruryaTamii JOCHTITHUIIb-
KOT'0O SIZIEPHOTO PEaKTOPa IHCTUTYTY.

BuToku saepHUX TOCTiHKEHDb B YKpaiHi CATaloTh
e JOBOEHHUX POKiB, KOMU y Di3HKO-TEXHITHOMY
iHcTuTyTi B XapkoBi B 1932 p. Oyna 3xiiicHeHa niep-
ma B CPCP peakmis po3meIuIeHHsS saep JiTiio, a
rpynoro BueHux mig kepiBHANTBOM O. I. JleimyHch-
KOTO OyJHM JOCATHYTI BU3HA4YHI YCHIXH y BCTaHOB-
JIEHHI YMOB 3JIIHCHEHHS JIAHITIOTOBO1 PeaKIlii moiny
siIep ypaHy Ta OIliHEHa EHepris, SKa Mpu [bOMY BH-
IIAETHCS.

Le#i HanpsiMOK MOCTiKEHb OYyJIO MPOJOBKEHO B
IacruryTi disuku AH YPCP, ne me B 1944 p. Oyno
CTBOPEHO BIJLALI AJIsl BUPILIEHHS Py UTaHb SAEp-
HOi (i3MKH Ta BUKOPHCTaHHS aTOMHOI eHeprii. J{ns
BHKOHAHHS 3aIUIAHOBAHHMX POOIT MOCIIOBHO, MPO-
TSATOM KOpPOTKOTro mepiony B 10 pokiB OyJ0 BBeIEHO
B mir0: y 1956 p. uuknorpon ¥Y-120, B 1960 p. mo-
crigauupkuil peakrop BBP-M i B 1964 p. enekrpo-
cratuuHuid reneparop EI'TI-5. Ha nux ycraHoBKax
OyJI0 OJiep)KaHO BaXKJIMBI PE3yJIbTATH, IO IiJITBEP-
TN aKTyaJIbHICTh BUBYCHHS SIICPHUX TPOLIECIB.

IToTpebu B po3BUTKY sAaepHO-(DI3UUHUX TOCTIA-
JK€Hb HEBITUHHO 3POCTAJIH, 1[0 00YMOBWIIO HEOOX1I-
HICTh KOMIUIEKCHOTO BHPIIIIEHHS PSTY OB’ SI3aHUX 3
nuM Tipobaem. 26 oepesns 1970 p. Ilpesumis AH
YPCP na BuKOHaHHS BigmoBimHOi mocTaHoBH Pamn
Minictpis YPCP mpuiinsia nocranoBy NelOS5 mpo
CTBOpeHHS [HCTUTYTY simepHmMX pociimkenb (IS1]1)
AH VYPCP na 6a3i psaay BigainiB [HctutyTy dizukn
AH VYPCP. OcHoBuumMu Hampsmkamu poOit I[51/]
OyJ0 BU3HA4YeHO (YHIAMEHTANbHI Ta NPUKIAIHI
JOCTIDKEHHS 3 AepHOT Pi3UKN HU3BKUX 1 CepemHixX
eHepriii, Qi3ukn peaxTopis,
MIEPCIIEKTUBHUX  MPOOIIeM
ATOMHOI €HEPreTHKH Ta J0-
CJI[UKEHHSI 3 BUKOPHCTaHHSI
i30TOIIIB 1 SIIEPHUX BHIIPO-
MIiHIOBaHb Y HapOJIHOMY
TOCITOIapPCTBI.

[HimiaTOpOM  CTBOpEHHS
I ta nmepmwum Horo au-
PEKTOPOM CTaB aKaJIEeMiK
AH YPCP Mutpodan Ba-
cuwtpoBnd  [laciuamk. Y
1972 — 1973 pp. 00OB sI3KH
TUPEKTOpa 1HCTUTYTY BHUKOHYBaB A.(b.-M.-H. Onek-
caunp denoposny JIiHpoB. Y MOJATBIIOMY IHCTUTYT
ovomoBany akaaemik AH YPCP Omer ®emopoBud

M.B.Ilaciynux
(1912 - 1996)

ITOPIYHUK - 2009

Himers (1973 - 1983 pp.) ta akanemik HAH VYxpai-
HU [Barn MukonaiioBnd BumaeBcrkuii (3 1983 p. mo
TeTIepiITHii Jac).

B mepri poku cBoro icuyBanHs [/ cknagaBes 3
BiJIUIB siepHOT (Di3WKH, SAEPHUX PEaKIliid, suepHol
CIEKTPOCKOTii, panmianiiHol (i3uKu, sIEpHOI elek-
TPOHIKH, Teopii sapa, Teopil IUIa3MH, TEOPETHYHOI
¢hi3uKy, HAYKOBO-TEeXHIUHOI iH(oOpMmarii, abopaTo-
pii (i3uKM TIa3Mu Ta YKTOPOJCHKOTO BiAiNEHHS
A0

ExcniepuMenTanbpHi poOoTH iHCTUTYTY 3abesre-
YYIOTBCS SIACPHO-(DI3UYHUMH YCTAaHOBKAMH, Ha SKUX
MPOBOJUTHCS MOJIEPHI3AIlisl BIJMOBITHO 10 BUMOT
yacy. Ha pocmigaunekomy peakropi BBP-M 'y
2007 p. TpOBEACHO MOJIEPHI3AIID CUCTEMHU Kepy-
BaHHS PEAaKTOpOM Ha HOBY eJeMEHTHy Oazy, a y
2005 p. 3aBeplIEHO CTBOPEHHS Cy4acHOi CHUCTEMHU
¢iznunoro 3axucty. st poOOTH 3 BUCOKOAKTHBHU-
MU MaTrepialaMd B IHCTUTYTi MOOYJOBaHO YHiKalb-
Hi, eAMHI B YKpaiHi 3aXUCHI OOKCH “Tapsvi Kamepu”,
Jie TIPOBOAATHLCS, B TOMY YHMCIIi pErIaMeHTHI POOOTH
3 JIOCIiIPKEHHS 3pa3KiB-CBi/IKIB eHEPreTHYHHUX Peak-
TopiB Ykpainu; y 2009 p. BcTaHOBIIEHO cydyacHe 00-
nanHaHHs. Enextpocratnunmii reneparop ECI-5
nepebynosano B TanaeMm-reneparop EI'TI-10K 3 mo-
JIBIHHOIO €HEPTIENO.

Y 1976 p. B I8/ oyno
BBEJICHO B JIiI0 130XPOHHUI
UKJIOTpoH Y-240, sikuil y
TOW Yac HE MaB aHAJIOTIB y
€Bpormi. Pobotn mo #oro
3amycky ouonoBaB O.®D. Jli-
HBOB.

B imcturyTi mparioe
TpuTieBa mabopatopis, pa-
nioxXiMivHI jJabopartopii, BH-
KOPHCTOBYETHCS 0araro cre-
A(IIHOTO, Y TOMY YHCIIi PO3POOIEHOTO B IHCTUTYTI
€KCIEPUMEHTAJILHOTO O0JIaIHAHHA VIS [IPOBEICHHS
byHIAMEHTATBHAX MOCIIHKEHD 1 MPUKIATHUX POOIT
3 simepHOi (Pi3WKM Ta aTOMHOI CHEPTeTHKH, pajia-
miiHOT (Pi3uKK Ta (Qi3MKHU TUTa3MH, PaIiOSKONIOTil Ta
pamiobioorii.

Y 1979 p. B cknaai iHCTHTYTY OYyJIO CTBOPEHO
creliaJibHe KOHCTPYKTOPChKO-TEXHOJIOT1YHE OI0pO 3
JOCIIJHUM BHPOOHULTBOM, SIKE Pa30M 3 HAyKOBUMH
MiApO3iIaMy  IHCTUTYTy 3aiiManocss po3poOKOro
HECTAH/JAPTHOTO YCTATKyBaHHSA Ta MNPHIANiB JUIS
MIPOBEICHHS HAyKOBHX IOCHIPKEHb 332 HAYKOBUMH
HamnpsIMKaMH 1HCTUTYTY, HPOBOAMIIO PO3POOKH Ta
BUTOTOBJIGHHSl  JOCHIIHUX 3pa3KiB  pamiauiiHo-
BHUMIpPIOBAJIbHUX NMPHJIaAiB PI3HOMAHITHOTO HaNpas-

O.D. JlinboB
(1926 —2001)



KOPOTKA ICTOPIA IHCTUTYTY

JICHHSI, PO3POOJISIIO TEXHOJIOT1] peaKTOPHUX Ta pali-
aliifHuX BUNPOOYBaHb MarepialiB Ta KOHCTPYKIIH,
HEOOXIIHUX ISl CTBOPEHHS HOBOT TEXHIKH, TOIIO.

[potsirom 70 - 80-X POKiB KOHKPETHU3YBAIUCS
TOJIOBHI HampsIMKH (yHAaMEHTaIbHUX Ta MPUKIIa-
HUX poOOIT IHCTHTYTY: simepHa (i3WKa cepelHix Ta
HU3BKHUX CHEPTil, aTOMHa CHEepPreTHKa, pajialiiiHa
¢dizuka TBEpAOro Tina Ta pamialiifiHe Martepiano-
3HABCTBO, (pi3uKa IUIa3MH, paaiodiosoris Ta pajuio-
exonorist. [locTynoBo 30iiblIyBaBCs KaJpoBHi HAY-
KOBUI TOTEHLIAN iHCTUTYTY Ta PO3IIMPIOBAINCE
o0csIT 1 TeMaThka Horo poOOTH.

OcHoBHI pe3yJibTaTH yHAAMEHTATbHUX
1 IPUKIATHUX J0CTIIKEHD

[lepmi pobotu 3 saepHoi (izuKku movamucs 10-
CJi[UKeHHSIMU 3 HeWTpoHHOI (i3uku B [HeTUTYTI (hi-
3uku AH YPCP y 1944 p. ¥V crBOpeHiil mix kepis-
guarBoMm akagemika AH VYPCP M.B. ITaciunuka
HAYKOBIH MIKOJI 3 HEHTPOHHOI (i3UKH EKCTIEPUMEH-
TaJIbHO BU3HAYEHO MNeEpepi3u B3aeMOJil HEUTPOHIB 3
BEJIMKOI0 KUIBKICTIO PI3HHUX ENEMEHTIB, L0 a0
3MOTy CTBOPUTH OaHK JaHUX HEHTPOHHHX KOHCTAHT
JUIL KOHCTPYKLIHHUX MatepiajiiB SACPHUX pPeaKTo-
piB. Bysio BusiBieHo 000IOHKOBI eeKTH NPH PO3Ci-
SHHI HEUTPOHIB fApamMHM Ta BHU3HAYEHO BiTHOCHI
BKJIQIM MPSIMOTO W KOMIAyHIHOTO MEXaHi3MiB Y
Nepepi3u MPYKHOTO Ta HENPY>KHOT'O PO3CISTHHS HEl-
TPOHIB sSApaMHu B IIUPOKil o0nacTi enepriit (podoTH
i kepiBauiTBoM 1. O. Kopxa).

Hocnimkeno  mepepizu
B3aeMOJii HEHTPOHIB i3 cTa-
OUTbHUMHU Ta pPagiOaKTUB-
HUMH 130TOMaMH 3 BUCOKOIO
PO3AUIBLHOI 3[aTHICTIO TI0
eHeprii Ta JOCIHIHKEHO Iie-
pepizu Ta TramMMma-CIeKTpU
3axBaTy HEHUTPOHIB Mpo-
MDKHUX €HEprii 3a I01moMo-
rOl0 HEHTPOHHUX (UIBTPIB.
BussneHo BmacTuBOCTI Ma-
Ti9HOCTI neopMOBaHUX
sSep Ta BIAKPUTO SAEPHY
000moHKY 3  uucimoM  HedTpoHiB  N=100
(B. II. Bepre6nmii Ta iH.). JdocmiKeHO HU3bKOEHEP-
TeTHYHI 30yIDKEHHS B PI3HUX CTaHaX KOHICHCOBA-
HOTO CEepeloBHUIa Ta OTPUMAHO iH(POPMAIIII0 TPO
(i3MYHI BJIACTUBOCTI PEYOBHHH, 110 BU3HAYAIOTHCS
IUHAMIKOIO  €JIEKTPOHIB, AaTOMiB Ta MOJICKYJ
(ILT. Ipannmpkuit, wr.-kop. HAH  Ykpaiam
B.I. Crnicenko). 3ampomoHOBaHO ¥ OOTPYHTOBAaHO
BapiaHT y3araJlbHEHOI ONTHYHOI MOJEN 3 TepeBaXK-
HUM TOTJMHAaHHSAM B OJHO(GOHOHHMX KaHajax
(M. b. ®emopoB) Ta po3poOICHO MOICIH PO3CISTHHS
HYKJIOHIB Ha Je(opMOBaHMX M'IKMX  sA1pax
(I. €. Kamry6a). 3aBnsku HasiBHOCTI B iHCTUTYTi YHi-
KaJIbHOTO Ha0Opy HEWTPOHHUX iHTepQepeHIiitHmX

T

B.I1. BepreOHuuit
(1930 - 1987)

GUIBTPiB  3MIMCHIOETHCS MacmTabHa MiKHApOJHA
nporpaMa JOCHi/PKEHHS B3a€MOJIii KBa3iMOHOEHEp-
TeTUYHUX HEWTpOoHiB (y Hiama3oHi Bij eHeprii Ter-
JIOBUX HEUTPOHIB JI0 COTCHb KIJIOCIECKTPOH-BOJIBT) 3
aTOMHHMH sipamMu. OTpUMaHO 3HAYEHHS Nepepi3iB
peakiid, HeoOXiTHUX JUIS PO3PaxyHKIB B sIEpHiA
eneprerutli (A.B. Mypsin, O.0. I'purnaii).

Ilim KepiBHUIITBOM akaje-
mika AH YPCP O.®. Himus
CTBOPEHO HAYKOBI BIIIUIN, B
SKUX PO3BUBAIOTHCS JOCTiA-
JKEHHS STICPHAX PEaKIfiid.

OmHuM 3 SICKpaBHX JOCSAT-
HEHb HAyKOBOI IIKOJH 3 ¢i3u-
KM SIEPHUX PEakIliii 3 3apsi-
KEHIMH YacCTHHKAMH, 3aCHO-
BHUKOM sKkoi € O.D. Himenp,
cTaso eKCIIepUMEHTAIIbHE
BCTAHOBJICHHS (32  y4acTIO
M.B. Coxonosa, b.I'. Ctpyxka) Ta TeopeTrdHe 00-
rpyatyBanHsa (K.O. Tepeneupkuii, M.B. €BrnanoB)
HEMOHOTOHHOI 3aJIe)KHOCTI Tepepi3iB pO3IIeTUIeHHS
neditpona Bijg macu spaep. Lleit pesymerar omepkas
Ha3By ,.edext Himus”. Bynu npoBeneni ¢pyHmamen-
TaJbHI JOCTIIKEHHS B3a€MOJIii MPOTOHIB, NEHTpO-
HiB, i0HiB He-3 Ta anpda-4acTHHOK 3 aTOMHUMH Si1I-
pamu (B.B. TokapeBcbkuii), moisipu3aiiiHuX SBUII
Y PpO3CiiHHI TIPOTOHIB Ha AaTOMHHX  sIpax
(M.M. Ilyuepos). IIpuHnunoBe 3Hau€HHS IS PO3Y-
MiHHS IPUPOJN SAEPHOI B3a€MOJIIT MalOTh BCTAHOB-
JICHWH BIUIMB CYNyTHIX YacTHHOK Ha MapaMeTpH
JIBOYACTHHKOBUX pEe30HaHCIB (B. M. Ilyrau,
1O. M. [1aBneHko), IOCHIHKEHHS TOJIAPU3AMIMHIX
SIBHII] Ta MOJITY aTOMHHX AJEp Y PEeaKiisix i3 3apsi-
keHnMH dactuHKamu (M.1. 3aika, O.M. fcroropon-
ceknii, }O.B. KiOkano), AocmiKeHHS CTPYKTypH
JIETKHUX SAep Ta MEXaHI3MiB SIEPHHUX MPOIECIB TpH
B3a€EMOJIi BaXKWX 10HIB 3 JICTKHUMH sIpamMH
(A.T. Pymuuk), pe3ynbTaTH BHMIpIOBaHb Ha ITydKax
MPUCKOPIOBAYiB  TOBHUX  IIEpepi3iB  peakIlii
(JLI. CarocapeHko), BUMIpIOBaHHS MarHIiTHHX MO-
MEHTIB 30Y/DKCHHX CTaHIB sAep, IO cepell iHIIOTO
JTAJI0 3MOTY BHSIBUTH aHOMAIIil0 OpOiTaIbHOrO Mar-
HeTu3My HykjI0HiB B siapi (O.1. JIeBon).

CBiTOBE BU3HAHHS OJIEPKAJId TEOPETUYHI pOOOTH
3 ¢isukm atomHoro smapa wr-kop. AH YPCP
B.M. CTpyTHHCBKOTO Ta MOCHIJOBHHUKIB HOTO IIKO-
mu. Yloro Metos 060I0HKOBUX MOMPABOK IS pO3pa-
XYHKY eHeprii 3B'si3ky Ta pgedopmamii smep MaB
3HAYHWY BIUIMB HA PO3BUTOK TEOPii sijipa i aB 3Mo-
Ty TPOBECTH KUIBKICHI pO3paxyHKH Mac Ta PiBHO-
BOXHUX HedopMaliiii saep, 6araThoX BIIACTHBOCTEH
MIPOIIECY TIOAITY SIAEP, & TAaKOXK Mepea0adynuTH iCHY-
BaHHS HAJIBAXKKUX s1€ep.

Huxi pobit B.M. CtpyTurcekoro “Ssumie dhop-
MyBaHHS CHJIBHO Ne(OPMOBAHUX BaXKKUX aTOMHHX

-O.CD. HiMeII.I)
(1922 -2002)
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I'. 1. JlatuiieB
(1907 - 1973)

BaHO y 1978 p. [depxaBuum xomitetom CPCP sk
BimkputTa. Hapasi mpoBo-

JKEHHS CKIIQJHUX SICPHHUX

MPOIECIB, TaKUX SK TOMLT

BaXKHX 10HIB, 30yJKEHHS ]
riraHTCBKUX  PE30HAHCIB; N :
JUHAMIYHUX BJIACTHBOCTEH A

sapa 3a IOmoMororw BBe-  B.M. CtpytuHchKuit
MaKpPOCKOITIYHUX XapaKTePUCTUK, TaKUX SK Mapa-
MeTpH (HopMH siApa, siIepHa TYCTHHA, SIACPHE TEpTS,
B.M. Komnomienp); mokazaHo, mo 000JOHKOBa abo
30HHA CTPYKTypa CIIEKTpa SAep € 3arajbHOI0 BIac-
MPOaHANII30BaHO KJIACHYHI Ta KBAaHTOBO-MEXaHIYHI
ACTMEeKTH PeakIiii 3 BaXKUMH 10HaMH, 3pOOJICHO
PYXY 3 BEJIHMKOIO aMILTITY 100 Ta CKIHUCHHOIO IBHI-
kictio B aromHux suapax  (B.I. AGpocimoB,
MOBUTBHOTO KOJIEKTHBHOTO PyXy B MOJEN pigkoi
KpaIUTMHU B paMKaxX CTaTHCTUYHOI KBAaHTOBOI Teopii
(B.I1. Anpommmn).

Po3pobieno uwacoBi MeToAW aHami3y KBaHTOBHX
JFOLIIIO0 TYHETIOBaHHS YaCTHHOK KPi3b CKIIaIHI eHep-
reruuHi 6ap’epu (B.C. OnbxoBcbKHiA).

TO B Talny3l SACPHOI CIICK-
TPOCKOIIii. 3amo4aTKyBaB e
I'.J1. Jlatumes, 30yayBaBiy i3
CHiBpOOITHUKAMU MAarHITHHN
CBOIMH  XapaKTEPUCTUKaMHU
OyB OAHMM i3 HaMKpammx y
Oynmu TIpOBEICHI MpEIu3iiHi
BHUMIPIOBaHHS CIEKTPIB €JeK-
cii psaay pamioakTuBHEHX suep. Onep:KaHO BEIUKHI
MAacHB JaHHUX IIOAO0 KOeQilli€HTIiB BHYTPINTHLOI KOH-
HOBJICHO KBAaHTOBI XapaKTCPUCTUKH 30YIKCHHX
CTaHiB s/ep, BHUSBICHO PI3HOTO pPOAY aHOMAJii B
psamkin, B.I1. I'aBpumiok, O.1. @eoktuctoB). IHTEH-
CUBHHUI PO3BUTOK TaMMa-CHEKTPOCKOIi B JOCTia-

siIep y KBazicTallioHapHOMY CTaHi” OyJIo 3apeecTpo-

ISThCSI TEOPETUYHI JOCHTi-

aTOMHHX siiep, 3iTKHEHHS i

PO3pOOJIEHO METOIU OMHUCY

JIEHHS 00OMEKEHOT KIIbKOCTI (1929 - 1993)

saepHa  B'm3kicte  (wi-xkop. HAH  VYkpainu

TUBICTIO cKiHdeHHUX (epmi-cuctem (O.I. Marnep);

3HaYHUH BHECOK B PO3BHUTOK TEOpii KOJIEKTHBHOTO

®.0. IBanrok). BuBeneHo auHaMiyHe PiBHSIHHS IS

oJIs JUTSt CKIHYCHHUX hepmi-cucrem

Ta SAEPHUX MPOLECIB, TEOPETUIHO JOCIIIKEHO €BO-
3HaYHUX YCHIXiB JTOCSATHY-

HanpsaMok 4i.-kop. AH YPCP

OeTa-CrieKTpoOMETp, SKHA 3a

cBiTi. Ha mpomy ciexktpometpi

TPOHIB BHYTPIITHBOI KOHBEP-

Bepcii, MyJBTHIIONIEHOCTEH TaMMa-TIepexo/liB, ycTa-

smepaux mpomecax (I'.J. Jlatumes, B.T. Kym-

JKEHHSIX PaJliOaKTHBHOTO PO3Magy Ta Ha MydKax 3a-

ITOPIYHUK - 2009

PSLIKEHUX YaCTHHOK IPHUBIB 710 BUSBJICHHS B CTPYK-
Typi aTOMHHX siiep 0araThboX HOBUX 30yIKEHHX
CTaHiB, OJIEpKaHO HOBi JIaHI MPO CTPYKTYPY SIep,
BIJIKPUTO HOBE SBUINE - 30y UKSHHS sIep MPH aHiri-
TSiT TO3UTPOHIB 3 eneKkTpoHamu aroma (akajg. HAH
VYkpainu .M. BumneBcekuii, B.O. XKenrtoHox-
cekuid, B.B. Tpummn). JociimkeHo AUHAMIKY Tie-
pebynoBH OOOJIOHKHM aToMa B TPOIECi Paj[i0aKTHB-
HOT'O pO3Majy, BUSBJICHO 3MILICHHS KOHBEPCIMHMX
ta Oxe-niHil mpu ioHi3awii atoma. Po3pobneno me-
TOJIMKH NPEeUr3iiHUX BUMIPIOBAaHb €HEeprii ramma- i
KOHBEPCIMHMX MepexoliB Ta BU3HAYCHHS Ha Wil Oc-
HOBI1 Yacy >KUTTA BHCOKO30yJUKEHUX CTaHIB sAEp y
(ny)-peakuisix Ha TEMJIOBUX HEHUTPOHAX Ta MAarHiT-
HUX MOMEHTIB siiep. [IpoBeieHO MOCTIIKEHHS HU3b-
koeHepreTnuHuX (< 1 eB) eNnekTpoHiB Ta MOSICHEHO
MIPUPOIY iXHBOI eMicii 3 TOBEPXHI pajiOaKTHUBHHUX
mxepen (O.1. deokructos, B.T. Kynpsmkin Ta iH.).

Ilimr KepiBHUIITBOM  HII.-
kop. HAH Vxkpainu FO.I". 3ne-
CeHKa B IHCTHTYTi OyJo po3-
[0YaTo JOCTIIKEHHS BJIACTHU-
BOCTEH HEUTPHUHO Ta MPOIIECIB
cmabKkoi B3aeMozil eeMeHTap-
HUX YacTHHOK Yy Tpolecax
OABIHHOTO Oera-posnany
atoMHuX sanep. CriBpoOiTHH-
KaMH Binminy ¢i3WKd JenTo-
HIB OTPUMAaHO LIy HHU3KY TIpi-
OPUTETHHX PE3YJbTAaTiB IO
MOIIYKYy TMO/ABIMHOTO OeTa-po3maay i30TOHIB Kaj-
Mit0, BONb()paMy Ta iHIINX PiIKICHUX PO3MAaIiB.

Pobotu iHCTUTYTY B ramysi siiepHOi eHepreTHKH
COPSIMOBAaHO Ha PpO3pOOKYy HAayKOBO-TEXHIYHHX
npobieM Oe3nedHoi eKcIuTyaTamii aTOMHUX eleK-
TpoctaHLiii. Po3pobneHo yHikadbHy METOOUKY BHU-
MIpIOBaHHS MapaMeTpiB siAepHOI Oe3neku 00'eKTiB
SIIEPHOT CGHEPreTHKH, sKa pealli3oBaHa Ha 00'eKTi
"Vxpurra" (B.M. IlaBnoBuu); y ,,rapaunx kamepax”
CHCTEMAaTUYHO BUKOHYIOTHCS NOCHTIHKEHHS (i3UKO-
MEXaHIYHUX BIACTUBOCTEH MeTaly ,,3pa3KiB-CBill-
KiB”, BATOTOBJICHUX 13 TOTO K Marepiaiy, 1o i Kop-
myc peakropa (B.C. Kapacros, un.-kop. HAH Vkpa-
ian E.Y. I'punik, JL.I. Yupko); po3pobieHo cywacHi
METOAMKH MOHITOpYBaHHS pafiamiiHOrO HaBaHTa-
XKEeHHs KoprmyciB peaktopiB Turmy BBEP-1000 Ta
JO3UMETpii onpoMiHeHHX 3pa3kiB-cBinkie (B.M. By-
KaHOB), IO Ja€ 3MOTY OTpUMYBaTH iH(opMalliro,
HEOOXIIHY JJIs BU3HAYCHHS EKCIUIyaTallifHOTO pe-
CypCy KOPITyCY peakTopa, a TAKOXK Ul TPHHHATTS
OOTPYHTOBAHMX PIMICHB MO0 MOXJIMBOCTI MPOJIOB-
JKEHHSI TEPMIHY HOT0 eKCIuTyaTarii.

10.T". 3necenko
(1943 -2004)
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HocnimkeHas B ranysi pamiamiiHoi ¢Qi3uku pos-
moyaMcss 'y Biaia pajmia-
HiHOT (i3UKH, CTBOPEHOMY
mpod. L.JI. Konoszenkom y
1960 p. Ilix #ioro xepiBHUII-
TBOM AaKTHBHO BHUBYAaBCS
BIUIUB PIi3HUX BHIIB sAEp-
HOTO BHUIIPOMiHIOBaHHS Ha
KiHETHKY 3MiH eJeKTpodi-
3UYHHUX BJIACTHBOCTEH Ha-
MiBIPOBITHUKOBUX MaTepi-
aliB 3aJEKHO B THIy Ta LJ1. Konosernko
KOHIIEHTpAIlii JIETyIOUnX Ta (1907 - 1997)
CYIYTHIX JOMINIOK. METOI0 IUX IOCIIKEHL OYB
MONIYK METOJIB IMiIBHUINEHHS pamiariiiHol CTIHKOCTI
npwiaaiB. JocmipkeHHsT BHSBWIA 3HAYHUI BIUIHMB
JIOMIIIIOK Ha KIHETUKY BBEICHHS paliallifiHuX Je-
(heKTiB Ta BIUIMB OCTAaHHIX Ha MPEIUITITAIIIIO KHUCHIO.
IInigHIMU  BUSBIIIMCS JTOCIHIJDKCHHS pamialliiiHAX
neeKTiB y HaTIHCTOMY KPEMHilo. IXHi pesysbTaT
3HAMIIIN MpaKTUYHE 3aCTOCYBaHHS B pO3poOIll HO-
BOTO KJacy aBapiiiHUX HEHTPOHHUX ITO3UMETPIB
(I.[. Konosenxko, B.I. XiBpr4, M.I. Ctapuuk 12 iH.).

BukonaHo BenmukHii KOMITIEKC POOIT IO Moe-
JIFOBAHHIO HEWTPOHHMX IOLIKOJUKEHb Y HaIiBIIPO-
BIIHMKOBHX MaTepiajaxX IIJITXOM OIPOMIHCHHS 3a-
PSUDKEHMMH YacTHHKAMH CEpeIHIX eHeprii; ycra-
HOBJICHO pPsJ HOBUX (i3MUHUX €(EeKTiB, 30KpeMa,
IHAyKOBaHa OIPOMIHEHHSIM HaJIIIPOBIIHICTH apCeHi-
Iy iHAiI0; (QIayKTyamii IpoBiAHOCTI 3 POCTOM 03U
OTPOMIHEHHSI, TICTePE3UC MAarHiTOONOPY B JIETOBa-
HOMY MapraHileM aHTHMOHIJ 1HJiI0, BHUSBICHO
edexkrt rirantcpkoro (10 mopsAKiB) 3MEHIIIEHHS MPO-
BiTHOCTI AaHTUMOHIIy 1HIII0O TPU KOMIUIEKCHOMY
ONPOMIHEHHI HEHTPOHAMH pEeakTopa Ta PEHTIEHIB-
cekuM npominHaM (ILI. JlutoBuenko, A.S. Kap-
nenko, ['.0. Bixuiit).

Iix KEepiBHUIITBOM
npod. A.®. Jlybuenka Bu-
KOHAHO JOCIiKEHHS 3 KBa-
HTOBO{ Teopii ONTHYHHUX Ta
IUQy3iiHUX SBUI Yy TBEp-
mux Tinax. JlocmimkeHo ¢o-
pPMYy CMYT NOTJIMHAHHS CBiT-
Ja MOJEKYJSIPHUMH KpHC-
TalaMl TpH  MDK30HHHX
nepexonax, GopMy KpHUBUX
ONTUYHOI AaKTUBHOCTI Ta
KpyrOBOI'O JUXPOI3MY JIO-
kanpHuX HeHTpiB (I.I. Dimyk), BB mocTymnoBoi Ta
o0eproBoi audy3ii B piguHax emincoinaibHuX Opoy-
HIBCBKMX YaCTHHOK, IO MICTSITh I'aMMa — pajioak-
TUBHI siapa, Ha QopMy MecOayepiBCbKUX IiHIH
(A.A. [I31060muk). TeoperuuHno mnepemdaueHo eheKT
MPUCKOPEHHS NUQy3ii JTeTKUX ITOMINIOK y HaIiBIIPO-
BiTHMKAX MPU OMPOMIHEHHI PE30HAHCHUM JIa3€PHUM
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=8/

S

A.®. JIy6uenko
(1921 - 1977)

npomereM (A.D. JIybuenko, B.M. IlaBnosuu).

Po3BuHYTO Teopito BIUIMBY SIEPHOTO OIPOMi-
HEHHS Ha BJIACTHBOCTI METAlliB, CIUIABIB, HAITIBIIPO-
BIIHUKIB, piAKUX Kpucrams. JlocmimkeHo ocoliu-
BOCTI YTBOPEHHSI KOHICHCOBAHOI (pa3u €KCHUTOHIB Y
JIBOBHUMIpHiH cucteMi. PO3BUHYTO Teopiro sBHII ca-
MOOpraHizamii, a came YyTBOPEHHS MePioANIHNX
CTPYKTYp, aBTOKOJIMBaHb Ta BUHUKHEHHS HaJ IpO-
BIIHHUX oOJIacTell y KpucTajax MpH SISPHOMY OIPO-
minenHi (4r.-kop. HAH Ykpainu B.J. Cyrakos).

PoGotu B ramysi Qizuku miazMu Ta KEpOBAHOTO
TepMOSACPHOTO CHHTE3y modayncs B IS ]] i kepiB-
HUTBOM B.M. OpaeBcbkoro (Teopis) — aBTopa odi-
miiHo 3apeectpoBaHoro B CPCP BimkpuTTs posman-
HOI HECTIHKOCTI XBWIb y IuTa3Mi (CHiIBHO 3
P.3. Carmeesum) — Ta JLJI Ilaciuamka (ekcmepu-
MEHT).

Byno po3BuHyTO HEmiHIN-
HY TEOpiI0 B3a€EMOJii XBHIIb
B OOMEXEHHX IUIa3MOBUX
CHCTEMax, NOCHTIHKEHO ,,BH-
OyxoBi” HecTiiiKocTi 3a y4a-
CTIO XBWJIb 3 BiJ’€MHOIO
CHEPTi€l0, PO3MIIIHYTO SIK
JUHAMIYHI, TaK 1 CTOXaCTHY-
Hi mpouecu (B.M. OpaeBcs-
KUH, S1.1. KonecHu4ueHko,
T.O. HaBumoBa Ta iH. ).
Brnepme Tteopernuno Oyio
MOKAa3aHO MOKIJIMBICTh 30Yy/DKEHHsI HecTiHKocTei
IJIa3Md  TPOAYKTaMH  TEPMOSAEpPHOI  peakmii
(4. I. Konecanuenko, B. M. OpaeBcbkuil) — pe3yiib-
TaT, IO CTHMYJIOBaB €KCIEPUMEHTAIBHI Ta Teope-
TUYHI JOCHIJKCHHS HECTIMKOCTEH Ha EHepriiHuX
i0Hax y 0araTbox Ja00paTopisix CBITY.

[TizHime OynO BiIKPUTO iCHYBaHHS KPUTHYHOI
SHeprii 10HIB y TOKaMaKax, BHIIE SIKOi I0HU € HEUyT-
JIUBUMH IO MAarHITOTiAPOJUHAMIYHOT aKTHBHOCTI.
Bigkpuro HOBi THNHM anb()BEHIBCHKUX KOJWBaHb Ta
PE30HAHCIB ,,9aCTHHKA — XBHJISI” 'y CTeJapaTopax;
3HAWIEHO0 OCHOBHHI KJIACMYHMII MEXaHI3M CTOXac-
THYHOT MUQy3ii eHepriiHUX iOHIB y cTelapaTopax i
MeXaHi3M aHOMAJIBHOI TEIJIONPOBIIHOCTI IUIa3MHU B
nabopaTtopHii Ta kKocMmiuHiK miasmi (S.1. Konecan-
yenko, B.B. Jlynenko B.C. Mapuenko, O.B. fxo-
BEHKO Ta iH.). Po3po0neHo QoKkep-TUIaHKIBChKY
MOJIeJTh TPAHCIIOPTY €HEPriiHUX 10HIB Yy TOKaMakax
(B.O. sIBopchKwuii Ta iH.)

JlocIipKeHO IMUPOKe KOO KOJEKTUBHUX TpOIie-
CiB B3a€EMOJIIi €JIEKTPOMArHiTHUX XBUJIb 1 TOTOKIB
3apsSDKEHUX YacTHHOK 3 IUIa3MOI0. TeopeTH4HO
3HAWIEHO HOBI THUIHM COJIITOHIB Ta 1HIIAX HEIIHIH-
HUX CTPYKTYp Ta BHUBYEHO 3aKOHOMIPHOCTI iXHBOI
esomonii (T.O. dasunoBa, B.M. Jlamkin); po3BUHY-
TO TEOPiI0 KOJEKTUBHOTO IMOriWHAHHA BY moTyk-
HocTi B remikoHHIM mmasmi (K. I1. lampait), ska

B.M. OpaeBchkuit
(1935 - 2006)
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3HAWIIA eKCTIepUMEHTaIbHE MiATBepIkeHHs B [S1]]
(B.®. Bipko, B.M. Cno6ozsn) Ta iHmux gadoparo-
pisfiX CBIiTY; MOCTiIKEHO
HOBI MEXaHi3MH TpaHC-
(dopmarii Ta po3cisTHHI
J1a3MOBHX XBHJIb
(B.M. IlaBnenko,

B.I'. [Tanuenko).

Byno  pocnimxeno
IperhoBO-AUCHUTIATHB-
HY HECTIHKiCTb, aHO-
MalbHy AuQys3ito 1miaz-
MH Ta BJIaCTHBOCTI €M-
HICHOTO BHCOKOYacTOT-
Horo po3psaay (JI.JI. ITa-
ciunvk, B.B. flrona, Ta iH.); BUBYCHO MEXaHI3MHU
penakcanii myukis ioHiB y tuiasmi (I'.C. Kupuuenko,
A.T. Bopucenko B.I'. Xmapyk). 3aBasku IutigHIH
CHIBIpAIll TSOPETHKIB Ta €KCIIEPUMEHTATOPIB OyIJi0o
BiJJKPUTO SIBUIIIEC MPOCBITJICHHS IJIa3MOBUX XBHJIHO-
Bux Oap’epiB (B.M. OpaeBcbkuii, JI.I. Pomaniok Ta
iH.).

[Miznime excnepumentaibio (I'.C. Kupuuenko,
B.®. Bipko) Ta Teopermuno (T.O. daBuzosa,
K.II. llIampait) Oymo mOCIiIKEHO HETiHIHI SBUIIA B
HEPIBHOBAXHIH T1a3Mi 3 BHCOKOYACTOTHOIO HaKad-
KOIO Ta ITyYyKaMH 3apsjpKe-
HUX YacTHHOK, BHBYCHO
(hi3nuHi pouiecH y BaKyyM-

T.O. laBumoBa
(1941 - 2005)

HO-1yTOBOMY po3psi
(B.A. Caenko, A.I'. bopu-
cenko, O.I. Bmagumupos);
JOOCTI/DKEHO ONTHYHI  Ta
TPAHCIOPTHI  BIACTHUBOCTI
HeifieanpbHOi TUTa3MH M-

JI.JI. ITaciynuk
(1932 - 1984)

MMyJTbCHUX PO3PSTIB Yy BOJI
(JLJIL. ITaciunuk, I1.J1. Crap-
quk, O.A. ®emoposuy).

Po3pobmeno Metomu 300py, HAKOMHMYCHHS Ta
aHalizy MaHUX SOEepHO-PI3UYHUX EKCIIEPUMEHTIB,
TIPUCTPOI  SIIEPHOI EIEKTPOHIKH, CIIeliaTi3oBaHe
[IporpaMHe 3a0e3MeUeHHs Ta CTBOPEHO aBTOMAaTH30-
BaHI BUMIpPIOBaJIbHI CUCTEMH HOBOTO IIOKOJIIHHS Ha
OCHOBI CY4acHOT MiKpOENEKTPOHIKH, YHIBEpPCATbHIX
KOMIT'IOTEpiB  Ta  iHQOpPMAIiHUX  TEXHOIOTIiH
(P.I". Odenrennen, C.1. [Tunumuak, A.I1. Boiitep).

Agapisa Ha YopHoOunscekit AEC Tta 11 Hacmigku
rOCTPO MOCTABUIN TIpobieMy pasioekosnorii. Lle mu-
TaHHA HaOyJl0 IMEepLIOYEeproBOro 3HAYEHHS B KOH-
TEKCTI CTaOIIbHOTO PO3BUTKY OEPIKABH, sIKA BHKO-
PHUCTOBYE SIACPHI MaTepiaiy Ta pagiamiiHi TeXHOJIO-
rii.

OCHOBHI JOCHI/PKEHHA 1HCTUTYTY B LM Tamy3i
MOB’s13aHi 13 BUBUCHHSM BIUIMBY HiANPUEMCTB S1ep-
HOT0 MajJuBHOTO UKy (30kpeMa, AEC Ykpainn) Ha

ITOPIYHUK - 2009

€KOJIOTIYHI CUCTeMH Ta JioauHy. st 1poro 3aiiic-
HIOETBCSL KOHTPOJIb aKTUBHOCTI anbga-, 6eta- 1 ram-
Ma-BHITPOMIHIOIOUUX PaJiOHYKIiIiB Y KOMIOHEHTaX
HaBKOJMIIHBOTO CEpPEeOBHIIIA, PO3PAXOBYIOTHCS 0~
30Bi HABaHTa)KEHHS Ha JIIOJHUHY, 110 (OPMYIOTBCS 3a
PaxyHOK IHTaJSIIHOTO Ta MEPOPAIBHOTO HAJIXOJI-
JKEHHSI 10 OpPraHi3My, BUBUAETHCS PaliOCKOJIOTIYHUN
CTaH TEPHUTOpiH, 10 3a3Hanu 3a0pyAHEHHsI BHACIIi-
nok aBapii Ha YAEC, Ta moekimuis npairorounx AEC
Vkpainn (B.K.Uymak, I'".M. KoBanp, [.M. Bumrxes-
CBhKHH, B.O. XenToHOXCHKHH, B.B. TpuiuH,
JLK. be3npobna).

[opsin 13 byHnamentaabHuMu  podotamu B [51]]
BeJIMKa yBara 3aBXI1 NPUALIETHCS BIPOBAIKEHHIO
pe3yabTaTIB AOCIiKEHb y BUpOoOHHYY chepy. Pos-
pobsieHO ¥ BHKOPHCTOBYIOTHCS TEXHOJIOTII, METO-
UKW Ta €KCIePUMEHTANbHI YCTaHOBKH IJIsl POOIT 3
pamiarifHoro MaTepialo3HABCTBA, PaioeIeMEHTHO-
ro aHalizy, SIepHOT MEIWIMHH, TUIA3MOBHX TEXHO-
JOTif, KOHTPOJIO paJioaKTUBHOTO 3a0pyAHEHHS
HABKOJIMITHBOTO CEPEOBUINA, TOIIO.

[HCTUTYTOM BUKOHYIOTBCS IIOTOYHI perjaMeHTHI
POOOTH TO BHU3HAYEHHIO peCcypcy KOHCTPYKLIMHHX
MaTepiaiiB JIF0YAX €HEPreTUYHHX PEaKTOPIB 3a 3a-
moBiieHHsIME AEC VYkpaiHu; mpoBOAATHCS HOCIHi-
JDKEHHSI TI0 BM3HAYCHHIO BIUIMBY palialliiHUX Ha-
BaHTa)XXEHb Ha (I3WYHI BIACTHBOCTI KOHCTPYKIIii-
HUX MaTepialliB sJepHUX PEaKTOpPiB; BEIyThCsS POOO-
TH 0 BiZOOpy HOBUX MEPCHEKTHUBHUX KOHCTPYKILIiH-
HUX MatepiajiiB Ui SAECPHOTO PEaKTOpOOyyBaHHS;
PO3pOOIISIOTECST Ta BUTOTOBISIIOTHCS HAIiBIPOBIi-
HUKOB1 JIETEKTOPH; BIPOBAIKYIOTHCS Y BHUPOOHMLI-
TBO METOJY TiJIBUIICHHS paJlialliiHOi CTifiKoCTI Ma-
TepianiB Ta pajiamiifHi TeXHONOTil A 301MbIICHHS
CTPOKIB 30epiranHs AesKUX BUIIB Xap4OBOi, MEAHY-
HOI Ta CLIbCHKOTOCIIOAPCHKOT IPOIYKITii.

BukopucTtoByroun HampamoBaHHS 3 (i3UKH
IUIa3MH, PO3POOJICHO METOJIUKY JJIs IECTPYKIi Oe3
YTBOPEHHsI MMy Ta 3HE3apakeHHS MaTepialiB Ta
peUoBHH, 3a0pyAHEHHUX PaJiOaKTHBHUMH Ta 010J0-
TYHO aKTUBHUMH JOMIIIKaMH, PSJI TIA3MOBUX TEX-
HOJIOTIH OCa/PKeHHSI Ta TPaBIECHHS Marepialis,
CTBOPEHO YHIBEpCAJIbHUI 10HI3aTOp MapiB Marepia-
JB JUIA HaHECEHHS IUTIBOK 1 3aXMCHHUX MOKPHUTTIB Y
MIKPOEJIEKTPOHIIIi.

3amovaTkoBaHi B IHCTUTYTI MeIWKO-0i0JIOTiUHI
JOCIIDKEHHS 3 Teparlii OHKOJIOTYHUX 3aXBOPIOBaHb
HEHTPOHHUM OIPOMIHEHHSIM AOBEIEHO 10 INPAKTHY-
HOTO 3aCTOCYBaHHS TPH JiKyBaHHI XBopuX. CIijib-
HO 3 MEIWYHUMH YCTaHOBaMH YKpaiHU HPOBOAWUTH-
cs1 po0oTa 1Mo OTpUMaHHIO paaiodapMIIpenaparis Ha
simepHO-Pi3nYHUX ycTaHoBKax [/

[Micns YopHOOMIBCHKOT aBapii CHiBpOOITHUKH iH-
CTUTYTy OyJlM B YMCII HEpIINX, XTO OpaB aKTUBHY



KOPOTKA ICTOPIA IHCTUTYTY

PSAHO PalliOaKTHBHICTH COTEHb THUCSY 3pa3KiB IPyH-
Ty, BOJAW, POCIMHHOCTI Ta iHIIMX 00 ’€KTIB HaBKO-
JMIITHBOTO CEPEIOBHINA 3 METOI0 OLIHKM PIiBHS pa-
JTI0AKTUBHOTO 3a0pYyJHEHHS JOBKULIS B PI3HUX peri-
OoHax YKpaiHu, po3poO0JICHO i BUTOTOBJICHO YHCIICH-
Hi TIPUIaAX A7l KOHTPOJIO 33 MITpali€ro paaioHyK-
JiB y HABKOJHMIIHBOMY CEpPENOBHIII Ta 32 CTAHOM
NaTUBOBMICHHX Mac 00 ekta “YKpUTTS’, MO 3HAY-
HOKO MIPOIO CIIPHUSUIO MOM’SKIIEHHIO HaciakiB Yo-
PHOOMIIBCHKOT KaTaCTPOQH.

B incTUTYTI nie YKpalHCHKHN TIEHTpP iHpOpMAITii
3 simepHOi Haykw 1 TexHiku (INIS), mo rorye ta me-
penae B MAT'ATE indopwmariito npo myOmikarii 3
smepHoi Gi3uKH B YKpaiHi Ta iHpopMye CHiBpoOiT-
HUKIB 1HCTHUTYTY TIPO HOBITHI JOCSTHEHHS CBITOBOT
HayKH.

Ha 6a3i incTutyTy nie YkpaiHcbkuil IeHTp saep-
wux panux (YKPLAM), sxuit 3 1998 p. BXoauth 10
MEpEeXi MEeHTPIB AACPHUX NaHUX, IO MPAIIOIOTh ITi]|
erinoro MAI'ATE. OcHOBHUMH HampsiMKamMy Hay-
koBoi gisuibHOCTI YKPIIA/] € xomminswis ekcrepu-
MEHTAIILHUX SIICPHUX JaHUX, OTPUMAaHUX B YKpaiHi,
mis cuctemu EXFOR Ta 3a0e3nedeHHs saepHO-
(bi3MYHUMY KOHCTAHTaMH YKPaiHCBKUX KOPUCTYBa-
YiB JJIS BHPIIICHHS HAYKOBUX Ta TEXHOJIOTIYHHUX
3ajad.

HaBuanbHuM 1eHTpoM 3  (Ii3UYHOTO 3aXHUCTy
AEC po3po0ieHO AecATKH KypciB Ta MPOBOASTHCS
HaBYaHHS 3 MUTaHb QizuuHoro 3axucty AEC, o0ui-
Ky Ta KOHTpOJIO siAepHOro Matepiany. B HbOMY
MPOMIIUIK TEePemniAroTOBKY COTHI CHEUiaNicCTIB saep-
HO-CHEPTreTUYHOTO KOMIUIEKCY YKpaiHH, CHiBpoOiT-
Hukn AEC, [lep)kaBHOTO KOMITETy SIIEPHOTO pery-
JIIOBAHHS Ta 1H.

S]] mMae mmmpoki MKHAPOJHI HAYKOBI 3B’SI3KH.
CiBpoOITHUKHA 1HCTHTYTY MPOBOISTH CIIUIBHI IIO-
CITiDKEeHHS 3 HaykoBuMH ycTaHoBamu Pocii, CIIA,
Opanmii, Himeuuwnwm, Iramii, Asctpii, Ilomsmi,
IBemnii, Hinepnanxis, Smonii Ta iHmmx kpaid. [H-
CTUTYT MmiaTpuMmye poboui 3B's3ku 3 MAIATE.
VY4eHi iHCTUTYTy OepyTh Y4acTh y 3MIHCHEHHI PSAy
MDKHApOJHUX HayKOBHUX MPOTpaM, HaJAIOTh CYTTEBY
JIOTIOMOTY B TIATOTOBIII BUCOKOKBaJTi(hiKOBaHUX Ka-
JIPiB 1 CHIEIiaITiCTIB IS IHITUX KpaiH.

opiuno Ginpmie 100 HayKOBUX CHIBpOOITHHKIB
IHCTUTYTY BUDKIDKAIOTH 32 KOPAOH 3 METOI0 BHKO-
HaHHS HAyKOBOi pOOOTH, Ha CTaXyBaHHA Ta MJIs
y4acTi B MiXKHApOJHUX HAyKOBHX 3axojax. KoxxHo-
ro poky npu6auszHo 70 — 80 iHO3eMHHMX y4YEHUX Ta
¢daximiB 13 CHIA, Himewuunu, Asctpii, fAnowii,
Opanuii, Peciyoniku Kopes Ta iHmmx kpain Binsi-
IYIOTh IHCTUTYT.

Oco06nuBO TUTIAHUM € CIIBPOOITHHIITBO BYCHHX
iHCTHTYTY 3 TakumHu IeHTpamu: O0 €IHaHUM iHCTHU-
TyTOM simepHuX pocmimkensb (y6na, Pocig), DESY

(TamOypr, Himeuunna); CERN (JKenesa, IlIBeiina-
pis); IHctutyToM simeproi ¢ismkm Maxkca Ilnanka
(T'paiipcBanbn, Himeuunna); TexHIYHUM YHIBEpCH-
teToM MronxeHa (Himeuunna); [HcTuTyTOM simepHOT
¢izuku im. I'. HeBognaivancekoro (Kpaxis, [Tosbina);
[actutyToM — snmepHuXx — mochimkeHb  (Bapmaga,
[Tonpmia); HAYKOBUMH yCTaHOBaMH, IO BXOJATH JI0
HamionansHoro iHcTUTYTY simepHol dizuku (ITamis);
[ncturyToM (isuku masmu Makca Ilnanka (Tap-
xinr, Himeuunna); JlaGopatopiero ¢i3uku Ta3Mu
IIpurcroncekoro yuiBepcutery (CLIA); Incrury-
TOoM TeopeTndHOi (i3uKM yHiBepcuteTy IHCOpyKa
(Asctpisn); GSI (Hapmmraar, Himedunna); Apros-
cbko10, Jloc-Anamocekor Ta CaHIIHCEKUMH HaIlio-
HanbHUMU aboparopismu CLIA.

Ha 6a3i iHCTUTYTYy TIpOBOJSATHCS HAYKOBI CeMiHa-
PH Ta IIKOJM Ul YYaCHUKIB MDKHapOIHHUX INPOEK-
TiB, y sixkux S]] 6epe yuacts: HERA-B (DESY, Hi-
meuunHa); LHCb (CERN, llseiimapis) ta iH.

Ha cporonni B iHCTHUTYTI HaniuyeTbesi 764 cmiB-
pPOOITHUKH, cepel HUX OAWH aKaJeMiK Ta YOTHPH
yneHn-kopecnionaeHTd HAH VYkpainu, 43 mnoxropu
Ta 147 KaHAMOATIB HayK, SKi OpamiooTs y 30 Hay-
KOBUX minposnizax. KoopauHaliis HayKOBOI Jisiib-
HocTi B [S/] 3milicHIOETBCSI Yepe3 BUEHY pajy, CeKii
BYCHOI pagyl Ta paay MOJOAHMX BUCHHX.

[Mopiuno B IS/l HaB4aeThcs B cepeaHboMy 25
acIipaHTiB 3a CIeIiadbHOCTIME: (i3uKa sSapa Ta
eJIeMEHTapHUX YaCTHHOK, (hi3WKa TBEpIOro Tina,
¢izuKa 1mIa3mMu, saepHi eHepreTHYHI YCTAaHOBKH.

B inctuTyTi yHKIIOHYE cremiaiizoBaHa BYeHA
paza Al po3risiLy Ta NMPOBEACHHS 3aXUCTy AHCEp-
Tamii Ha 37000yTTd HAYKOBOI'O CTYHEHS IOKTOpa
(xannmuaara) Hayk 3a crerianbHicTio 01.04.16 — di-
3MKa 5/Ipa, eJIeMEHTaPHUX YaCTHHOK 1 BUCOKUX CHE-
priii Ta 05.14.14 - TemyoBi Ta sAAEpHI €HEproycra-
HOBKH.

VY4eHi iHCTUTYTY BHECJIM BaroMuii BHECOK Y CBi-
TOBY CKapOHUIIIO 3HaHb. Ps| HAYyKOBUX JOCIIKCHb
A Big3HaueHo MiKHAPOAHUMHU TpeMmisimu, [ep-
JKABHUMH MPEMisiMH YKpaiHH Ta MPeMisMu Mpe3numii
HAH VYkpainu imeHi BupatHux BueHux. B S]] mpo-
XOJATH IIOPIYHI HAayKOBI KOHQepeHii, Ha 0a3i iH-
CTHTYTy MPOBOJATBCS MDKHAPOAHI KOH(EpeHIii,
OpraHi30BYIOThCS HAYKOBI IKOJIM 3 aKTYaJIbHHUX -
TaHb sAEpPHOI (i3UKH, AaTOMHOI eHepreTUKu Ta (izu-
KU IUIa3MH, IHCTUTYT 3aCHYBaB Ta BUAA€ HAYKOBHIA
KypHan “SnepHa (i3mka Ta eHepreTMka’, MIOPOKY
BUXOJSTH 3 IPYKY KiJIbka MOHOTpadiii HayKOBIIiB Ta
nonay 300 crareil y MDKHApOJHUX Ta YKPaiHCHKHX
HAYKOBHX BHJIQHHSX.

Penaxmiiina pana {opiuanka-2009
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BIJIUIN TA JIABOPATOPIT

SlnepHO-@i3nYHi ycTaHOBKU

uxnorpon Y-120
3aBimyBad — KaHM. ¢i3.-MaT. HayK,
A.€. bop3akoBcbkuit
Hocainnnubkuii peakrtop BBP-M
I'onmoBnwMit imkerep B.M. MakapoBChKHiA
I3oxponHuii HMKIOTPOH Y-240
3aBigyBay — kaHg. (i3.-MaT. HayK,
0O.€. Banbkos
EnexkTpocTaTuyHMi nepe3apaaHuii
npuckoproBay (tangem) EI'TI-10K
3aBimyBad — KaH. ¢i3.-MaT. HAYK,
E.M. Moxokyxia

/ Experimental installations

Cyclotron U-120
Head - Candidate of Phys.-math. Sciences
A.E. Borsakovsky

Research Reactor WWR-M
Chief engineer - V.M. Makarovsky

Isochronous Cyclotron U-240
Head - Candidate of Phys.-math. Sciences
0O.E. Valkov

10 MV Electrostatic Tandem Accelerator
Head - Candidate of Phys.-math. Sciences
E.M. Mozzukhin

Bianinu ta na6opartopii / Departments and laboratories
Cexuia apepHol gisuku / Nuclear physics section

Binaia Teopii aapa
3aBimyBad — noKTOp (i3.-MaT. HayK, wieH-kop. HAH
Ykpainn, mpodecop B.M. Komomiern

Binain sanepHoi ¢izuku
3aBigyBad — NOKTOp ¢i3.-MaT. HAYK,

c. 1. ¢. 1.O. Kopx

Binain sanepHoi cnekTpockomii
3aBigyBad - TOKTOp (i3.- MaT.HAYK,
c.H. ¢. B.T. Kynpsmkin

Binain crpykrypu siapa
3aBigyBau — TOKTOp (pi3.-MaT. HayK, akageMmik HAH
VYxpainu, npodecop [.M. BumneBchkuit

Binain ssnepHux peakuii
3aBijgyBad — TOKTOp (i3.-MaT. HAYK,

c. H. ¢. lO.M. IlaBnenko

Binain Teopii smepHMX peakmii
3aBijgyBay — TOKTOp (i3.-MaT. HAYK,
npogecop K.O. Tepenenpkuii

Binain ¢izuku JenToHiB
3aBigyBad — TOKTOp (i3.-MaT. HAyK,

c. H. c. ®.A. [laneBuy

Bignin nonspu3aniiiHux nponecis
3aBigyBad — TOKTOp (i3.-MaT.HAYK,
c.H.c. FO.B. Kibkaino

Binain ¢izuku Baxkkux ioHiB
3aBigyBad — TOKTOp (i3.-MaT. HAYK,
npodecop A.T. Pymunk

Binain sinepHo-aTOMHHX npoieciB
3aBimyBau —10KTOp (hi3.-MaT. HayK,
npodecop O.1. JIeBoH.

Bignin ¢iznkmu BucokuX eHepriii
3aBigyBad — MOKTOp (Di3.-MaT. HaYK,
npodecop B.M. Ilyraua

Bignin sanepHoi enekTpoHiku Ta 3ac00iB aBTO-
MaTu3amii. 3aBigyBay — JIOKTOp TEXH. HayK,
c. H. c. A.II. Boiitep

JlaGopaTopisa 4acoBoro aHamii3y siiepHuX
npouecis. 3aBigyBad — JOKTOp (i3.-MaT. HayK,
npodecop B.C. OnbxoBChKHit

LIOPIYHUK - 2009

Nuclear theory department
Head — Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.M. Kolomietz
Department of nuclear physics
Head — Doctor of Phys.-math. Sciences
1.O. Korzh
Nuclear spectroscopy department
Head - Doctor of Phys.-math. Sciences
V.T Kupryashkin
Nuclear structure department
Head — Member of National Academy of Sciences
of Ukraine, Prof. .M. Vishnevsky
Department of Nuclear Reactions
Head — Doctor of Phys.-math. Sciences
Yu.M. Pavlenko
Nuclear Reaction Theory Department
Head — Doctor of Phys.-math. Sciences,
Prof. K.O. Terenetsky
Lepton Physics Department
Head — Doctor of Phys.-math. Sciences
F.A. Danevich
Department of polarization phenomena
Head — Doctor of Phys.-math. Sciences
Yu.V. Kibkalo
Department of heavy-ion physics
Head — Doctor of Phys.-math. Sciences,
Prof. A.T. Rudchik
Department of Nuclear-Atomic Processes
Head — Doctor of Phys.-math. Sciences,
Prof. A.L. Levon
High Energy Physics Department
Head — Doctor of Phys.-math. Sciences,
Prof. V.M. Pugatch
Nuclear Electronics and Automatic Means
Department. Head - Doctor of Techn. Sciences
A.P. Voiter
Laboratory for time analysis of nuclear
Processes. Head - Doctor of Phys.-math. Sciences,
Prof. V.S. Olkhovsky
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Cexuia aTomHOi eHepreTuku / Atomic energy section

Bingin Teopii sgepHux peakTopin
3aBigyBad — JOKTOp (i3.-MaT. HAyK,
npodecop B.M. I1aBnosuu

Binaisn qocainHUIbKOro AIEPHOTO peaKkTopa
3aBigyBay — 1OKTOp (i3.-MaT.HAYK,
unen-kop. HAH Ykpainu B.1. Cricenko

Binain veiiTponnoi ¢izuku
3aBimyBad — kaHx (i3.-MaT. HayK,

c. H. ¢. 0.0. I'pumaii

Binain mpo6sem go3umetpii saepHux

peakTopiB
3aBigyBad — KaHauAatT (i3.-mMaT. HayK
B.M. bykaHos

HapuyanbHuil HeHTP 3 (PI3NYHOIO 3aXHUCTY,
00JIiKy Ta KOHTPOJIIO SIIEPHOT0 MaTepiay
3aBigyBay — kaHA. (i3.-MaT. HAYK
B.1. I'aBputok

Department of the Nuclear Reactor Theory
Head - Doctor of Phys.-math. Sciences,
Prof. V.M. Pavlovych
Department for Nuclear Research Reactor
Head — Corresponding Member of National Acad-
emy of Sciences of Ukraine V.I. Slisenko
Neutron Physics Department
Head — Candidate of Phys.-math. Sciences
0.0. Gritzay
Department of the Nuclear Reactor Dosimetry
Problems
Head — Candidate of Phys.-math. Sciences
V.M.Bukanov
George Kuzmycz Training Center for Physical
Protection, Control and Accounting of
Nuclear Material
Head — Candidate of Phys.-math. Sciences
V.1.Gavryliuk

CexUia papiauiiHoi i3uku Ta paaiauiiHoro / Radiation physics and radiation material

MOTepiaﬂO3HOBCTBG

Bingin reoperuunoi ¢izukn
3aBigyBau — NOKTOp (i3.-Mat. HayK, wieH-kop. HAH
Vkpainu, npopecop B.M. Cyrakon

Binain pagianiiinoi ¢piznkn
3aBigyBad — TOKTOp (i3.-MaT. HAYK,
npogecop IL.I. JlutoBueHKO

Binain pagianilinoro marepiajio3HaBcTBa
3aBigyBad — KaHAUAAT (Pi3.-MaT. HAYK,
JL.I. Yupko

science section

Department of Theoretical Physics
Head - Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.I. Sugakov
Department of radiation physics
Head - Doctor of Phys.-math. Sciences,
Prof. P.G. Litovchenko
Department for radiation material science
Head - Candidate of Phys.-math. Sciences
L.I. Chyrko

Cekuia isuku nnasmm / Plasma physics section

Bingin Teopii sgepHoro cuHTE3y
3aBimyBad — TOKTOpP (i3.-MaT. HayK,
npodecop f.1. Konecauaenko

Binain Teopii miazmm
3aBigyBad — TOKTOp (i3.-MaT. HAyK,

c. H. ¢. K.II. Hampait

Binain ¢izuku niazmu
B.o. 3aBimyBaya — kaHm. ¢i3.-MaT. HayK,
A.T'. Bopucenko

Fusion Theory Division
Head — Doctor of Phys.-math. Sciences,
Prof. Ya.l. Kolesnichenko

Plasma Theory Department
Head — Doctor of Phys.-math. Sciences
K.P. Shamrai

Plasma Physics Department
Head - Candidate of Phys.-math. Sciences
A.G. Borisenko

Cexuia papioexkonorii Ta paaiobionorii / Radioecology and radiobiology section

IeHTp exoJIOriYHMX NMPosIeM
ATOMHOI €eHepreTuKu
3aBigyBay — kaHg. (i3.-MaT. HayK,
c.H.c. B.B.Tpumun
Binais pagio6iosorii i pagioexoJiorii
3aBigyBad — JOKT.010JI. HAyK,
c. H. ¢. A.L. JIunceka
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Center for ecological problems

of atomic energy
Head — Candidate of Phys.-math. Sciences,
V.V. Tryshyn

Radiobiology and radioecology department
Head — Doctor of Biol. Sciences,
Al Lypska
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A NEW DERIVATION OF SYMMETRY ENERGY FROM NUCLEI
BEYOND THE /[ -STABILITY LINE

V. M. Kolomietz and A.I. Sanzhur

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

The nuclear f -stability line is derived by the

balance of both the isotopic symmetry, £_ , and the

sym 3
Coulomb, E_., energies. However the extraction of

E_ and E. from the nuclear binding energy is not

sym

a simple problem because of its complicate depend-
ence on the mass number 4 in finite nuclei. More-
over the symmetry energy £, is usually derived on

the /4 -stability line and some special efforts have to

be applied to extend it beyond the ground state of
nuclei. On the other hand, a new modern informa-
tion about the nuclear masses in a wide region of the
stability valley can be used for a straightforward
derivation of the A-dependence of energies £,

and E..

For a given value of mass number A4, the nuclear
binding energy £ can be extended beyond the beta-
stability line as

*

E/A=E"/A+b

sym

(AX =X +AE.(X)/ 4,

where X =(N—-Z)/(N+Z) is the parameter of

isotopic asymmetry, the upper index "*" indicates
that the corresponding quantity is taken for fixed 4

and X=X on the beta-stability line and
AE . (X)=E.(X)—E.(X"). Using this expression
for £/ A, one can establish an important relation
for the chemical potential 4, (¢ =n for neutron and

g=p for proton) beyond the beta-stability line.
Namely, for a fixed 4, we obtain the following result

AA=2,-2,=4[b,

sym

(A)+ec()]|(X-X"),

where e.=0.154¢’/R. and R, is the Coulomb

radius of the nucleus. This result means that the shift
AA is the linear function of X and the slope of the
function AM(X) can be used to derive the symmetry

energy b, (A).

sym

HIOPTYHHUK - 2009

Using the experimental data for nuclear binding
energy, we have evaluated the values AA(X) and

thereby b (A) through whole periodic system of

sym

elements. The corresponding result for b (A) is

sym
shown in Figure. As seen from this figure, This
A-dependence of b (A) shows the strong shell

sym
oscillations with amplitude of about 15 %. For the
reason of comparison one could remind that the shell
effects in nuclear masses are about 1 %.

b’ ,MeV

sym?

30

20 ]
10 t 7 M ]
- SLy230b
— 265-256A
O 1 1
0 100 200

A
The symmetry energy coefficient bsym as a function of

mass number 4. Symbols correspond to experimental
data. Solid line shows b, (4) =26.5-25.6 A™'" ob-

tained from the fit to experimental values. Dashed and
dotted lines represent the calculations using the extended
Tomas - Fermi approximation with Skyrme forces SkM
and SLy230b.

We have estimated also the volume, b, and

sym,vol >

surface, b

sym,surf *

contributions to the symmetry
=26.5MeV b =

sym,surf
=-25.6 MeV using experimental data for the range
of nuclear masses 12 < 4 <238.

energy as b and

sym,vol

This work has been published as arXiv[nucl-th]:
0909.56
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NUCLEAR FISSION DYNAMICS WITHIN GENERALIZED LANGEVIN APPROACH

V.M. Kolomietz, S.V. Radionov

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

The experimental observation of the widths of the
nuclear giant multipole resonances and the finite
variance of the kinetic energy of the fission frag-
ments gives rise to the fact that the dissipation and
the fluctuations have to be associated with the nu-
clear collective variables. Both the dissipation and
the fluctuations can be described by introducing
friction and random forces, which are related to each
other through the fluctuation-dissipation theorem. In
this respect, the Fokker - Planck or Langevin ap-
proaches are suitable for the study of the nuclear
large scale dynamics.

We start from the phenomenological generalized
Langevin equations of motion for the collective de-
formation parameters in the following form

. L. 0B;' o,
G=2,8,'pp b ==32, oL

i

2K =1.0.0)B, (¢, (1)dl + &, (1),

Here q={q,(?),....q,(¢)} stand for the collective
deformation parameters and p = {p,(¢),..., p, (¢)} for

the corresponding conjugate momentum, E,, is the

collective potential energy of deformation and B is

the inertia tensor. Noise term & is a Gaussian ran-

dom process whose correlation properties are de-
fined by the memory kernel K, of the retarded fric-

tion force through the fluctuation-dissipation theo-
rem

(¢S ()= 6,K,(t—1'qle]. qlt DT,

where 7' is the nuclear temperature.

The model was applied for study of symmetric
fission of highly excited heavy nuclei. The nuclear
shape was treated in terms of a 2-parametric family
of the Lorentz shapes. We have calculated the distri-
bution of times of motion from the top of fission
barrier to the scission point and the variance o” of
the kinetic energy distribution of the fission frag-
ments.

The Langevin equations of motion were solved
numerically by use of the simplest Euler method

with the initial conditions corresponding to the sad-
dle-point deformation and the initial kinetic energy
E,,, =1MeV . The numerical calculations were per-

formed for the symmetric fission of nucleus *°U at
temperature 7 = 2 MeV. We define the scission line
from the condition of the instability of the nuclear
shape with respect to the variations of the neck ra-
dius p

neck :
82

=0.
E)/)ézck

pot

The result of numerical evaluation of the variance

o’ of the kinetic energy distribution of the fission
fragments is shown in Fig. 1.

180
exp. "
/F’
N> I.F o e e - 4
(0]
= 904
3 |
b
o
n : : . 5 10

1,10 s

The variance 62 of the translational kinetic energy distri-
bution of the fission fragments for at infinity for the fis-
sionable nucleus **°U . Experimental value of the energy
variance 62 is given by small arrow

The initial growth of the energy variance o~ at
small values of the memory time 7t is due to the fact
that the time retarded force in the equations of mo-
tion for the collective parameters is reduced to the
usual friction force with the friction coefficient ~ 7

at 7 — 0. The saturation of the variance o at large
values of memory times 7 manifests the existence
of the thermal fluctuations in the non-Markovian
system at any (enough large) strength of memory
effects.

This work has been published in Phys. Rev. C80,
024308(6) (2009).
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DAMPING EFFECTS ON CENTROID ENERGY OF ISOSCALAR COMPRESSION MODES

V. M. Kolomietz, S.V.Lukyanov

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

Experimental data for the isoscalar giant mono-
pole resonance (ISGMR) and the isoscalar giant
dipole resonance (ISGDR) indicate that the centroid
energy E1 of the ISGDR is significantly smaller than
those obtained by the quantum RPA-like descrip-
tions, which reproduce the experimental values of
centroid energy E£0 of ISGMR quite well.

Since the ISGDR appears as the overtone to the
spurious mode, one can expect that the energy of the
ISGDR should be shifted to higher energies because
the Fermi surface distortion effect (FDE). On the
other hand the FSDE depends significantly on the
interparticle collisions and disappears in the limit of
short relaxation time (hydrodynamic limit). Thus,
one can expect the ratio E1/EO will decrease and
approach the experimental value if the collisional
damping is taken into account.

We aim in this work to study the effect of colli-
sional damping on the isoscalar compression modes,
and find that one can achieve an agreement with the
experimental data for the ratio E1/EQ and for the
widths of ISGMR and ISGDR in the case of short
relaxation time.

We have applied both the quantum RPA and the
semiclassical fluid dynamics approximation (FDA)
to evaluate the ISGMR- and ISGDR- strength func-
tions and, thereby the ratio E1/E0. Using the colli-
sional kinetic equation, we have derived the basic
equation for the transition density p, in the follow-

ing classical form
2

0 0
?ptr_cgvzpzr_ygptr =0= (1)

where, ¢, is the zero sound velocity and y is the
friction coefficient

4n,

o @

1
Cé :%(K-Flzﬂf'/po)’ 4

Here K is the incompressibility and p, is the bulk
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nucleon density. The values g, and 77, are derived
by the Fermi surface distortions and depend on the
relaxation time 7. Taking into account the memory
effect, we have used the relaxation time in the fol-
lowing form 7=hpf/(hw/2x)’, where @ is the
eigenfrequency of the giant resonance and S is the

free parameter. The results of our calculations are
shown in Figure.

scaling

E |
D16l /} [FDA. B=0.75 MeVI
: |

LDM
1.4 L | L | . ! L | L
"80 100 120 140 160
A
Dependence of the energy ratio E1/E0Q on the nuclear
mass number A. The ratio (E1/EO0),,, is obtained
within the present model with the relaxation

parameter S—oo (solid line FDA, rare collisions) and
f=0.75MeV (solid line FDA). The ratio

(E1/EQ),p, (dashed line) is from our full
selfconsistent RPA calculations. The dotted line is
the ratio (E£1/EQ) for the scaling model. The

solid dots show the experimental ratio (E1/ E0)

L 1
180 200 2

scaling

exp *

As can be seen from Figure, the short relaxation
time regime with = 0.75 MeV allows one to repro-
duce the experimental ratio (E1/E0)_ quite well.

exp

This work has been sent to Phys. Rev. C.
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PAULI PRINCIPLE CONSTRAINTS 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, United Kingdom
IIstituto Nazionale di Fisica Nucleare and Universita di Firenze, Florence, Italy

In a recent paper [1] we proposed a semiclassical
approach to the time-dependent Hartree - Fock -
Bogoliubov (TDHFB) theory to study the linear
response of (heavy) nuclei, with the aim of develop-
ing a simplified tool for the study of pairing effects
in low-energy nuclear excitations. The semiclassical
equations of motion derived in [1] are solved in an
improved (linear) approximation in which the pair-
ing field is allowed to oscillate and to become com-
plex, while the static pairing field is approximated
with the same phenomenological constant used in
[1]. We study the effect of the Pauli principle on the
solutions  obtained  within our improved
semiclassical pairing theory.

It is known, see e.g. [2], that TDHFB equations
are constrained by the supplementary normalization
condition

R’=R

satisfied by the generalized density matrix R . This
relation expresses the constraints of the Pauli
principle for the solutions of the TDHFB equations.
In semiclassical approximation it provides the two
independent conditions on the normal phase-space
density p = p(r,p,t) and the pair one x = x(r,p,?)

pod K+i§{pgva’(} = O,

pev(pev _1)+p0‘12 +K:K= 0

Here p, =p, (r,p,t) and p,,=p,,(r,p,t) are the
even and odd components of p with respect to the

momentum p. We show that our semiclassical

dynamical equations of motion are consistent with
the conditions enforced by the Pauli principle.
Following [1], we use the Fourier expansions
based on the method of action-angle variables to
solve our improved dynamical equations in linear
approximation. Moreover, we neglect the fluctua-
tions of the mean field due to that part of the interac-
tion which is not related to pairing. But we should
take into account the collective effects due to the

pairing interaction to eliminate spurious contribu-
tions into the density strength function and its en-
ergy-weighted sum rule.

By solving the linearized equations of motion, we
find that the eigenfrequencies of the system have
two branches: @, (n,I) and @ (n,I). Only the solu-

tions corresponding to the branch @, (n,I) approxi-

mately satisfy supplementary conditions required by
the Pauli principle. We also find that the poles of the
response function corresponding to the ‘unphysical'
eigenfrequencies @ (n,I) are almost exactly can-

celed by matching zeros in the density fluctuations.
It is interesting to note that the eigenfrequencies
o, (n,I) correspond to quantum two-quasiparticle

excitations E, +E,, where E, =./(& —u)+ A

with the single-particle energy &, the chemical
potential # and the energy gap A.

On the other hand the eigenfrequencies @ (n,I)
correspond to the combination £, —E, that is 'un-

physical' and these solutions are eliminated by the
supplementary condition required by the Pauli prin-
ciple.

The present improved approximation allows also
for the study of possible collective phenomena asso-
ciated with the pairing interaction, a topic which is
of interest both in the physics of nuclei and of other
mesoscopic systems [3]. The self-consistent pairing-
field fluctuations introduce the possibility of new
collective modes of the system, generated by the
pairing interaction. In present study we give general
formulae for the possible collective modes, but do
not study them in detail.

1. V.I. Abrosimov, D.M. Brink, A. Dellafiore, and

F. Matera, Nucl. Phys. A800, 1 (2008).

2. P.Ring and P.Schuck, The Nuclear Many-Body

Problem (Springer, N.Y., 1980).

3. R. Combescot, M.Yu. Kagan, S. Stringari, Phys. Rev.

A74, 042717 (2006).
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SEMICLASSICAL SHELL CORRECTIONS TO THE MOMENTS OF INERTIA
IN HEATED FERMI SYSTEMS

A. G. Magnerl, A. S. Sitdikov?, A. A. Khamzin®, J. Bartel’, A.M. Gzhebinsky1

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Kazan State Power-Engineering University, Kazan, Russia
3 Institut Pluridisciplinaire Hubert Curen, CNRS/IN2P3, Université de Strasbourg, Strasbourg, France

Shell-structure effects in mesoscopic finite Fermi
systems at non zero temperature were successfully
studied within the periodic orbit theory (POT) based
on the Gutzwiller expansion of Green's functions
over classical trajectories in the mean field [1, 2].
The POT was used for the analysis of the shell cor-
rections 0@, to the moment of inertia (MI) in terms
of the periodic orbits for rotation of an axially-
symmetric nucleus around its symmetry axis z as
alignment of the individual-particle angular mo-
menta along the direction z within the cranking
model [3]. In this work, starting from the Inglis
cranking-model formula [4] we derive semiclassi-
cally, in terms of the Strutinsky free-energy (termo-
dynamical-potential) shell corrections, OF =0 £2

[1-3], the shell-structure components 6®  of the
MI O, for the collective rotation around the per-

pendicular axis x of a such heated Fermi system [5].
This relation was obtained approximately through
the shell correction of the rigid-body inertia of a
statistically equilibrium rotation [5, 6].

For the harmonic oscillator potential with fre-
quencies @, =@, =®, and @, a nice agreement is

obtained for the MI shell corrections,
60 =(1+n7")0F /3w, , (1)

at the critical deformations n=w /o= 1, 1.2, 2
and temperatures 7= 0.1 and 0.2 h@, between the
quantum results (QM) and our semiclassical (SCL)
approach [5, 7] as functions of particle number vari-
able N'?, see Figure (a)ia)z = a)g ). The QM curves
were calculated by the shell correction method. For
spherical shape (77 = 1), the only 3-dimensional (3D)
families of Lissajous figures give a contribution to
the POT sum for § © . The equatorial (EQ) families
of orbits with smaller classical degeneracy are

dominating at small deformations near the first
minimum around 77 =1.2. For superdeformed

shapes (7 =2) we find a bifurcation of 3D orbits

(small dots on the figure) from EQ ones (dashed
line) with a strong interference at small temperature
T'=0.1. With increasing temperature, one observes
an exponential decrease of the amplitude of 5O,
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and only short EQ orbits survive at temperature 7
larger than or of the order of 0.2.

The quantum (QM) and semiclassical (SCL) shell-
structure MI §®  in units of /@, as function of the

particle number N'” at temperatures 7= 0.1 and 0.2 (in
units of @, ) and critical deformations 77 =1, 1.2 and 2;

3D frequent dots show the contribution of the 3D orbits;
EQ thin and thick dashed curves present the EQ orbit
contribution at 7 = (.1 and 0.2, respectively.

It would be worth to apply the POT to the calcu-
lations of shell corrections of the MI for the spheroid
cavity, and the inertia parameter of the low-lying
collective excitations in nuclear dynamics involving
magic nuclei.

1. V.M. Strutinsky and A.G. Magner, Sov. J. Part. Nucl.
7, 138 (1976).

2. M. Brack and R.K.Bhaduri, Frontiers in Physics,
Semiclassical Physics (Westview Press, Boulder,
2003).

3. V.M. Kolomietz, A.G. Magner, and V.M. Strutinsky,
Sov. J. Nucl. Phys. 29, 758 (1979).

4. LN. Mikhailov et al., Sov. J. Part. Nucl. 8, 550 (1977).

5. A.G. Magner, A.S. Sitdikov, A.A.Khamzin et al.,
Nucl. Phys. and At. Energy, 10, 239 (2009).

6. A.M. Gzhebinsky, A.G.Magner, and A.S. Sitdikov,
Nucl. Phys. and At. Energy 1(19), 17 (2007).

7. A.G. Magner, Sov. J. Nucl.. Phys. 28, 764 (1978).
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THE FISSION BARRIERS OF HEAVY NUCLEI
F. A. Ivanyuk', K. Pomorski’

'Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Maria Curie-Sklodowska University, Theoretical Physics Division, Lublin, Poland

We have developed a simple approximation that
allows the calculations of the fission barriers of
practically any nucleus [1].

The fission barrier height V,is defined as the

macroscopic part B,,, see below, plus the differ-

ence of shell corrections taken at saddle and ground
state deformation.

V, =By, +IE) - GEE (1)
According to topographical theorem by
W.J. Swiatecki [2] the "barrier will be determined by
a pass that avoids positive shell effects and has no
use for negative shell effects. Hence the saddle point
energy will be close to what it would have been in
the absence of shell effects, i.e., close to the value
given by the macroscopic theory!" Thus, the shell
correction at the saddle can be neglected and the
expression for the fission barriers attains the form

Ve =B -E,..- ()

_ (saddle) (sph) : :
Here B, =E, - E, ;" is the fission

barrier within Lublin-Strasbourg-Drop model [3]
and E . is the microscopic energy containing con-

tributions from the shell, pairing and ground state
deformation effects, E . =0E_ +0E = +0E

micr shell pair def *

This quantity that is tabulated in [4]. For B, we

suggest an analytical approximation obtained as
explained below.

To define the saddle point shape we apply the
method proposed by V.M. Strutinsky [5]. In this
method the shape of nuclear surface is defined look-
ing for the minimum of liquid drop energy under the
constraint that the volume and the elongation of
nucleus are fixed. This method does not rely on any
shape parameterization and supply the shapes, which
correspond to the lowest possible liquid drop energy.

For the liquid drop energy functional we choose
here the LSD model [3] that provides the best fit of
nuclear ground state masses.

The minimization of E,o, - A4 V-4, R, leads

to an integro-differential equation for the profile
function y(z). The shape of nuclear surface is de-

fined by the rotation of profile function y(z) around
the z-axes. For given y(z) one can easily calculate

the deformation energy. The maximal value of the
deformation energy defines the macroscopic part of
the fission barrier, B,,. It turns out that for fixed

charge number Z the dependence of By, on the
I=(N-2)/4 is
surprisingly well approximated by a Gaussian

charge asymmetry parameter

B, (ZI) = B exp[—((l—lo(Z))/AI(Z))z] 3)

The dependence of B
proximated by the polynomials

I,,Al on Z can be ap-

max

B, =a,+aZ+a,Z’+a,2°,1,(Z) = a,+asZ, @
ANI(Z)=as+a,Z+a,Z* .
The rms deviation of the approximation (3) - (4)

from the calculated fission barriers B,, for nuclei

listed in tables of Moeller et al. [4] with 35<Z < 105
is about 150 keV, what is quite satisfactorily.

30—
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The experimental and calculated fission barrier heights.

The comparison of calculated fission barriers
(2) - (4) with the known experimental values is
shown in the Figure. The rms-deviation of the ex-
perimental and calculated values of the fission barri-
ers for nuclei with Z>70 is 1.113 MeV, what is
comparable with the experimental uncertainties.

The approximation (2) - (4) is a very simple and
rather accurate approximation for the fission barri-
ers. It allows to calculate the fission barriers of
heavy nuclei with minimal computational efforts.

1. F.A. Ivanyuk and K. Pomorski, Phys. Rev. C79,
054327 (2009).

2. W.D. Myers and W.J. Swiatecki, Nucl. Phys. A601,
141 (1996).

3. K. Pomorski and J. Dudek, Phys. Rev. C 67, 044316
(2003).

4. P.Moeller, J.R.Nix, W.D. Myers, and W.J. Swia-
tecki, At. Data. Nucl. Data Tables 59, 249 (1995).

5. V.M. Strutinsky, N.Ya. Lyashchenko, and N.A. Po-
pov, Nucl. Phys. 46, 659 (1963).
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SAHNEPHA OI3UKA

E0-9JIEKTPOHHAS KOHBEPCHUSA B HAI'PETBIX SAIPAX

C. H. ®exoTkun

Hucmumym adepruvix uccneoosanuii HAH Yxkpaunul, Kueg

Jlis omucaHusl ¥ -IIEPEXOA0B B BO30YXKIACHHBIX

AIpax MHAPOKO MUCTIOIB3YETCS CTATHCTUYECKOE IPH-
ommxenue. Ilporecchl BHYTpEHHEH KOHBEPCUH U
POKICHUS STIEKTPOH-TIO3UTPOHHBIX Map TaKKe MOXK-
HO ONHCHIBaTh B 3TOM IIOAXOJE, €CIH SiApa UMEIOT
JIOCTATOYHO OOJIBIIYIO JHEPTUI0  BO30YKICHHS.
BeposiTHOCTE TIEpexoAoB A ITHUX MPOLECCOB
yCpemHsieTcs 10 HadajdbHBIM U CYMMHpPYETCS TIO
BCEM KOHEYHBIM COCTOSIHUSM sifipa. PaHee 3TOT moj-
XOJI TIPUMEHSICS IS ONMUCAHHS MPOIECCOB BHYT-
peHHell KOHBEpCHH, OOYCIOBIICHHBIX KOJICOAaHUSIMU
KBaJPYIOJLHOTO MOMEHTA SiApa Mepea €ro JeIeHuU-
€M B paMKax TEPMOJMHAMHYECKOTO MPHOIMKEHUS
T>>@, [1], rne T - Temneparypa sizpa, a ® ,- Xa-
pakTepHas HEprusl KojieOaHUil MOBEPXHOCTH SApa.
[Mogxoxn, npemnoxeHHslid B [2, 3], pa3BuBaercs s
Cilydasi TIPOM3BOJILHBIX TeMIeparyp. Maible Koie-
OaHMs KBaJPYIOIHLHOTO MOMEHTA sipa BOJM3M paB-
HOBECHOU (hOpMBI ONMCHIBAIOTCS ypaBHeHUEeM JlaH-
’keBeHa. s cpenHed BEpPOATHOCTH BHYTpPEHHEH
KOHBEPCHHM B HArpeToM SApe MPH MOHOIOJBHBIX
repexojax MoJy4eHo BRIPaKeHUU

3

8 mQZU
W.(E0,T) =—a’ (Zo) —2 |doJ, (0,T).
( )n()m{ o(©,T)

3nech Z - 3apan Aapa; - NOCTOSHHAs TOHKOM
CTPYKTYpBI; m - Macca 3ektpoHa; U - sHeprus Bos-
Oyxnenus saapa; Q,=3ZR/4n; Q=\o;-E/4;Bu
& - MaccoBblil mapaMeTp M K03 (QHUIMEHT, IPOIOp-

LIMOHAJIbHBIN SIIEPHOMY TPEHUIO B ypaBHeHUU JlaH-
xeBeHa. CIIeKTpaibHOE paclpeliesieHHe dJIEKTPOHOB
Jy(®,T) mpu EO-BHyTpeHHell KOHBEpCHU B IIpHU-

OmkeHuH E<<®, UMEET BU]

o (12m/w)” ¢
-1 (0-2Q)°+E

Jo(0,T) =

Unterpan 1(&) B Beipaxennu (1) mis WC (E0,T) B
npubmmwkeHnn Q<<U, E<<U MOXHO NpeaCTaBUTh
KakK
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__ _ W
I(é;) (emO/T _1)2 |:a [m-arctg E_,z -2Q(U-2Q) j +

+§(U+b lwﬂ
E2+4Q

e a = (6,8mQ +4Q° -&7); b=(1,7m +2Q) .
ITonHast BEpOATHOCTb KOHBEPCHUM WC(EO,T) ,
KaK BHJIHO U3 PHCYHKa, CIIEKTpaJIbHBIE pacIipesiene-
HuA J (0,T) 2IEKTPOHOB KOHBEPCHU AJSI MOHO-
MOJIBHBIX MEPEXOO0B SIBISIOTCS BECbMa YyBCTBU-
TEJIBHBIMU 110 OTHOIIEHHWIO K BEJIMYUHE SACPHOTO

TPECHUA U, CJICAOBATCIIBHO, MOT'YT OBITH UCIIOJIL30BA-

HBI IJI1 €r0 OIPCACIICHUSA.
3-

N
1

Jy(®.T), MaB

0 T T
0 1 2 3 4

o, MaB

CrieKkTpanbHBIE paclpeneleHus] >JIEKTPOHOB

Puc. 1.
Jo(0,T) mus snpa 208py, npu pasnuuseix &= 0.2, 0.3,
0.4, 0.5 (M»B) (xpussle /, 2, 3, 4 COOTBETCTBEHHO).

1. J.IL I'peuyxun, D 4, 1134 (1966).

2. S.N. Fedotkin and V.M. Kolomietz, Proc. 4-th Int.
School Nucl. Phys. (Kiev, 1994), 364.

3. S.N. Fedotkin, Proc. 11-th Int. Symp. “Capture
gamma-ray spectroscopy” (Pruhonice, 2003), 654.
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PO3IIAJA AJEP Y IIOJI PEHTTEHIBCBKOI'O JIABEPA

0. 51. /I3ro6auk

ITnemumym adeprux docniosxcens HAH Yrpainu, Kuig

OcranHiMH pokaMu Oyio 6arato cpo0 TpHCKO-
PUTH pO3MAT SIAEPHUX 130MEPIB PIZHUMH METOJIAMHU.
JocraTHbo 3ragatu excnepuMenTr KomiHca i3 criB-
pobitauxamu [1], ski ompomiHioBanu 16"  izomep
saapa | ""Hf peHTreHiBCHKUMH MPOMEHSIMH i 3asBHIIA
Ipo MPHUCKOPEHHSI po3Majy IbOTro i30Mepy Ha JeKi-
JbKa mpoueHTiB. [Ipu mpoMy BBa)kaaoch, IO SO,
MOTJINHAIOYN PEHTIEHIBCHKUH (OTOH, NEPEXOAUTH Y
JESKU TPOMDKHUN BIpTyalbHUM CTaH, 3 SKOTO Iaji
pO3MagaeThes, BHIIPOMIHIOIOUM Y-KBaHTH. BuBua-
JUCh TaKOX Pi3HI BapiaHTH 30yKEHHS siiep y rapsi-
4iif T1a3Mi 32 paxXyHOK KYJIOHIBCBKOI B3aEMOJIIT spa
3 BUIBHMMU €JNEeKTpOHaMH (AWB., Hampukiazn, [2]), a
TaKOK MPH OMPOMIHEHHI X ONTHYHHUM JiazepoM [3].

Hezabapowm Ha 3axoxi cTaHyTh 10 JaAy JEKiIbKa
MIOTYXKHUX PEHTTeHIBCHKUX JIa3epiB Ha BIIBHHUX €Jie-
KTPOHaX, BUKOPUCTAHHS SIKMX BiJIKpHBa€ HOBi YHi-
KalbHi JuIst sigepHoi ¢i3uku MoxknuBocTi. Hemonas-
HO y [4] OyJ0 HaJaHO YMCIIOBUHA PO3B’ 30K KIHETHY-
HUX PIBHSHB, 1[0 OMKICYIOTH 3aCEJICHICTh JIBOX SAEp-
HUX PIBHIB y MOJIi PEHTreHIBCbKOTO Jasepa. [Ipu
upoMy posriaganucs jguue El-nepexonu, Bupo-
JOKEHHSI PIBHIB 10 MarHiTHOMY KBaHTOBOMY YHCITY
HE BPaxoBYBaJOCS Ta POJb 3aTyXaHHSA PiBHIB 3aJIH-
muaacsd He3 SCOBaHO. MaTpu4Hi €JIEeMEeHTH Ui
MIEPEeXO/IiB 1HINOI MYJIBTHIIOIBFHOCTI OI[iHIOBAIHCH Y
[5].

VY kBa3ikilaCHYHOMY HAOJIWKCHHI HAMU BUBYAIIU-
cs1 30yKeHHS Ta po3mal siuep, 30KpeMa i30MepiB, y
TI0JIi PEHTIeHIBCHKOTO JIa3epa, YacToTa SIKOTO Haja-
LITOBaHA B PE30HAHC 3 sSACPHUM IepexoaoM. Jlazep-
HE BUIPOMIHIOBAHHS PO3TJIAANOCH K €lIeKTpoMar-
HITHHHA XBWJIBOBUU ITaKeT MPSAMOKYTHOI, abo Trayc-
ciBcbKkOl (hopMu. SIapo Ta KBaHTOBAaHE EJICKTpOMar-
HiTHE moJsie (Mojie TaMMa-KBaHTIB) OMUCYBAIUCH SIK
KBaHTOBa cucreMa. BpaxoByBaioch, 110 piBHI sizpa
BHUPOJKCHI IT0 MAarHITHOMY KBaHTOBOMY UYHCITY.

VY3aragpHeHO (GOpPMaii3M KOMIIO3UTHOTO Tillb-
OepToBOrO MpoCTOpy [6] HA BUNIAJIOK pO3MadiB Oyn-
3bK0O PO3TANIOBAHUX KBa3ipiBHIB sapa, MO 3HAXO-
IUTBCS B TEPIOAMYHOMY KiacuuHoMy momi. Lleit
(dopmaiiam 1aB HaM 3MOTY TPAaKTyBaTH SIK CIIOHTaH-
Hi pamiamiifHi Mepexoau sapa 3 BHUIIPOMIHIOBAHHIM
Y-KBaHTIB, TaK 1 iHIyKOBaHi IIepexoy B MO Ja3epa
Ha piBHIH ocHOBi. [Ipu HBOMY MM OEPKYeEMO HOBI
30ypeHi KBa3ipiBHi Ta ixHi mupuHA. Pazom ix mMox-
Ha TPAKTYBaTH SK KOMIUICKCHI BIACHI 3HAYCHHS He-
€pMITOBOTO TaMUIbTOHIAHA sIpa B TEPIOJUUHOMY
HOJi.

Byno posrnsayTo ocumnsnii Pabi 3aceneHocTi
PIiBHIB siipa B MEPIOJMYHOMY ITOJI Ja3epHOI XBUII 3
BpaxyBaHHIM 3aTyXaHHS [, MOYaTKOBOro i 30y-
JokeHoro piBHIB agpa. [lokasaHo, mo Bupaszu s
yacToT Pabi micTate B cob6i ') Ta 3amexars Bif
MarHiTHUX KBaHTOBHX YHCEN MiAPIBHIB. YHACHIIOK
BOTO 3aCeNEHICTh Pi3HUX MiApIBHIB sapa BinOyBa-
€THCS B PI3HOMY TeMIi. 3HaIEHO YMOBH [UIsl TIOTY-
KHOCTEH Jazepa, IpU SKUX MOXKHA CIIOAIBAaTHUCH
cniocTepiraT ocuwsii Paoi.

Buseneno mpocti dopmynu ans WMOBIpHOCTI
30y/DKeHHS siipa OIHWAM IMITYJIbCOM PEHTTCHIB-
chkoro nasepa Pe. VIMoBipHicTh iforo posmamy B
OyIb-sIKUI KIHIICBHM CTaH MICTHTH Ie KOe(]ilieHT
posranyKyBaHHs. BpaxoByBanocs, IO TpUBAJIICTb
IMITyJIbCa PEeHTTeHIBChKOTO Jasepa T ~100 dce, mo
HabaraTto MeHIIe, HK 4Yac XHUTTS sapa. Y IbOMY
HaOIMKEHHI 7151 TayCCIBCHKOTO IMITyJIbca MaeMO

P.= 1 - exp{-g’(m /hk)*(P/o)[,exp(-A*T’)},
3

g:(216+ 1)/(2Il+ 1)5 A:(DO_(D,

ne I; ta I, — cmiam smpa B TOYaTKOBOMY Ta 30yKe-
HOMY cTaHax; P — MakcuMalbHa MOTYKHICTB JIazepa;
® = ck — gacrora na3epHOi XBUIIi; ) — YACTOTA Te-
pexony B szpi 31 cra”y |e> y [i>; I, — mapuianbpHa
paniaiiifHa MUpUHA AT MEPEXoay MiX UMM CTa-
HaMHM, eKCIIEpUMEHTaJIbHE 3HAYCHHS SKOI 3a3BHYAil
BIZIOME.

3a 1iero GhopMyor0 Oy0 3po0ICHO OIIHKH IS
IMOBIpHOCTI Tepexofy 3 i3oMepHOro piBHsa [} = 6
isororry Rb 3 eneprieto 463,59 xeB Ta mepiogom
HamiBposmany T, = 20,26 XxB y Onu3bkuid 30y mKe-
Hull cran I, = 57 3 eHepriero 466,64 keB min mieto
OJTHOT'O JIA3EPHOTO IMITYJIbCa 3 MKOBOO MOTYKHICTIO
P =10 Br/cM® Ta TpuBamictio 30 (¢ IIpH TOYHOMY
pesonanci (A = 0). 3HaiigeHo, 1m0 WMOBIpHICTH Ta-
koro mepexoay P.=7 - 10”, mo Bixnosizae mpucko-
perHIO po3nany i3omepy B 10" pasiB Ha KopoTKoMy
iHTepBat gacy ~30dc.

—_—

C.B. Collins et al., Phys. Rev. C61, 054305 (2000).

2. G. Gosselin, V. Méot, and A.Ya. Dzyublik, Phys. Rev.
C79, 014604 (2009).

3. A.Ya.Dzyublik, V.Méot, and G. Gosselin, Laser
Phys. 17, 760 (2007).

4. T.J. Biirvenich, J. Evers, and C.H. Keitel, Phys. Rev.
Lett. 96, 142501 (2006).

5. A. Palffy, J. Evers, and C.H. Keitel, Phys. Rev. C77,
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ELASTIC SCATTERING OF "C +"“C AND REPULSIVE CORE POTENTIAL

V. Yu. Denisov, O. L. Davidovskaya

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

Elastic scattering data of '>C + '2C at various col-
lision 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 repulsion nature of nu-
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cleon-nucleon interaction at small distances and the
kinetic energy contribution due to the Pauli rear-
rangement and the antisymmetrization [2].

The data [1] and the optical model fits obtained
by the potentials with repulsive core (solid line) for
139.5 and 158.8 MeV energies are shown in Fig. 1.

158.8MeV

M ST

Fig. 1. Elastic-scattering data and optical model calculations for core-repulsion and coreless potentials. The cross-
sections for total and near-side/far-side decomposition of the elastic '*C + '*C scattering amplitude evaluated with and

without repulsive core in the potential.
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Fig. 2. The core-repulsion potential evaluated for the
elastic '*C +'*C scattering for '*C beam energies 139.5
and 158.8 MeV. For reference the proximity [3] and semi-
microscopic [4] potentials are presented also.

For manifestation of repulsive core effect we also
present in Fig. 1 the results of coreless optical model
calculation (dash line). We see that the cross-section

[MOPIYHUK - 2009

increases on backward angles due to reflection from
inner core. It is shown by using the near-side/far-
side decomposition method that the near-side com-
ponent of the scattering amplitude mainly contrib-
utes to the elastic scattering cross-sections on for-
ward and backward angles and the far-side compo-
nent contributes to the elastic scattering cross-
sections on medium and backward angles.

The repulsive core of '>C + '>C potentials at vari-
ous collision energies are compared with the prox-
imity [3] and semi-microscopic [4] potentials in
Fig. 2. We see that the repulsive core is taken place
at distances R <2 fm. Note that core of the nucleus-
nucleus potential is also observed in both macro-
scopic proximity potential and semi-microscopic
potential at similar distances.

1. S. Kubono et al., Phys. Lett. B163, 75 (1985).

2. V.Yu. Denisov and W. Norenberg, Eur. Phys. J. A15,
375 (2002).

3. J. Blocki, J. Randrup, W.J. Swiatecki, and C.F. Tang,
Ann. Phys. (N.Y.) 105, 427 (1977).

4. V.Yu. Denisov, Phys. Lett. B526, 315 (2002).

21



AHOTAII POBIT

ANTISYMMETRIZATION EFFECTS IN NUCLEUS-NUCLEUS INTERACTION POTENTIAL

V. Yu. Denisov, V. A. Nesterov

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

The energy-density approximation, double—
folding method and two-center shell model are used
for evaluation of nuclear-nuclear interaction poten-
tial. We take into account the contribution of Pauli
principle and antisymmetrization and their influence
on the shape of nucleus-nucleus interaction poten-
tial. We also study the contribution of internal ki-
netic energy to interaction potential and its depend-
ence on nucleon density distributions and type of
nucleon-nucleon forces.
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’
50 — //
- /
’
-100 — /
i //
150 —| //
i , L
200 /" Vex
| / T VnoEX
- /// """ VTFEX
://? T VTFnoEX
-300 T T T T T [ T I
0 2 4 6 8
R, fm

°0+'°0 interaction potentials evaluated in the framework
of the two-center shell model. Solid line (Vgx) corre-
sponds to exact evaluation, calculation with the Thomas-
Fermi approximation for kinetic energy (Vrrgx) is pre-
sented by short dash line, calculation without antisym-
metrization (V,,0gx) is marked by dash line and evaluation
of the potential without antisymmetrization and with the
Thomas - Fermi approximation for kinetic energy
(Vrenoex) 18 given by dash-dot line.

The interaction potential was obtained by using
Skyrme forces [1], density dependent M3Y
(DDM3Y) [2] and realistic M3Y-Raid [3] nucleon-
nucleon forces, which are often used for description
of various properties of nuclei and nuclear reactions.
The extended Thomas - Fermi approach, shell model
and Hartri - Fock - BCS method are applied for nu-
cleon density evaluation. Furthermore, we use
experimental proton density distributions evaluated
from (e,e’) scattering [4] too.

The effect of antisymmetrization on nuclear-
nuclear interaction potential is considered in the
framework of two-center shell model.

The energy-density approach takes into account
nucleon kinetic energy contribution. If we neglect
that contribution, potentials becomes very deep, see
Figure. Therefore contribution of internal kinetic
energy of nucleon is very important for nucleus-
nucleus potential.

In the frameworks of two-center shell model we
find that the antisymmetrization essentially influ-
ences the form of nucleon density and therefore nu-
clear-nuclear potential (see in Figure). The interac-
tion potential also is dependent on the approximation
used for kinetic energy density. The exact kinetic
energy contribution into interaction potential is
present in the energy density approach only.

1. T.H.R. Skyrme, Nucl. Phys. 9, 615 (1959).

2. T.Khoa Dao, W. von Oertzen, and H.G. Bohlen, Phys.
Rev. C49, No. 3, 1652 (1994).

3. T.Khoa Dao, G.R. Satchler, and W. von Oertzen,
Phys. Rev. C56, No. 2, 954 (1997).

4. H.De Vries, C.W.De Jager, and C. De Vries, At.
Data Nucl. Data Tabl. 36, No. 3, 495 (1987).
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CAPTURE OF TWO HEAVY DEFORMED NUCLEI
V. Yu. Denisov, N. A. Pilipenko

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

Capture of nuclei and formation of two touching
nuclei system are the first stage of nucleus-nucleus
fusion reaction. Accurate evaluation of capture cross
section needs for estimation of the compound-
nucleus production cross-section in nucleus-nucleus
collision. The role of capture process is crucial for
the super heavy element formation.

The shape of nuclei in ground state can be sphe-
rical or deformed. The shapes of colliding nuclei are
very important for the entrance-barrier height and
other properties of a nucleus-nucleus potential [1].
Simple expression for the potential between two
axial-symmetric deformed arbitrary-oriented nuclei
has been proposed in Ref. [1], which takes into ac-
count linear and quadratic terms of quadrupole de-
formations, and linear terms of hexadecapole defo-
rmations of both nuclei. Therefore it is interesting to
discuss the role of quadratic terms on quadrupole de-
formations and linear terms on hexadecapole defor-
mations on the capture cross-section of two heavy
deformed nuclei.

Various orientations of deformed nuclei occurs
during collisions, therefore the capture cross-section
induced by two deformed nuclei is given as

7k’

o(E)= E

Y. QI+1)<T/(E,0,,0,0)>.

!

Here # is the reduced mass of colliding nuclei and
<T,(E,0,,0,®)> is the transmission coefficient
averaged over all possible orientations of colliding
nuclei. If the colliding energy E less than the barrier
height at orientation angles ©,,0,,® [1], we use the
WKB approximation for evaluation of the transmis-
sion coefficient

];(Ea(ala@z’q)) = {1+

rexpl> [ J2U(V(R 6,0, D)-E)R]} ",

where a and b are, respectively, the inner and outer
turning points. The transmission coefficient is ob-
tained using the Hill - Wheeler approach [2] for
over-barrier collision energies.

The experimental data and theoretical evaluations
of capture cross-section at various approximations
for reaction of **Ca + ***Pu are presented in Fig. 1. It
is necessary to take into account quadrupole and
hexadecapole deformations of **Pu for accurate
description of the capture cross section.

[MOPIYHUK - 2009

We examine the influence of averaging over an-
gle @ on capture cross-section '*°Nd + **Gd in Fig. 2.
Analyzing results presented in Fig. 2 the averaging
over angle ® and terms of potential proportional to
(B,)* are necessary to take into account for accurate
evaluation of capture cross-section of two heavy

well-deformed nuclei.
o, mb
10°¢

10°E
10'E

10°F

10

-1 i I T I I )
185 190 195 200 205 210 215

E, MeV
Fig. 1. Capture cross-section of reaction **Ca + ***Pu. Po-
ints — experimental data, solid line — theoretical calcula-
tion which take into account linear and quadratic terms of
quadrupole and hexadecapole deformations, dash line —
theoretical calculation which take into account only linear
and quadratic terms of quadrupole deformation, dot line —
spherical approximation.
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Fig. 2. The capture cross-section for system '*°Nd + **Gd.
The solid line is the most accurate our calculation. The li-
nes with up, down triangles and circles are results obtain-
ed without averaging on orientation angle @ at fixed valu-
es of @ =0°, @ =90° and ® = 180 ° respectively. The dash
line and dot line are results evaluated without with B, and
(B,)” terms, respectively.

1. V.Yu. Denisov and N.A. Pilipenko,
C76, 014602 (2007).

2. D.L.Hill and J.A. Wheeler, Phys. Rev. 89, 1102
(1953).
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THE EMPIRICAL RELATIONS FOR ALPHA-DECAY HALF-LIVES

V. Yu. Denisov, A. A. Khudenko

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

The alpha-decay process is still very hot topic of
nuclear physics. The empirical relations are impor-
tant during planning experiments due to its simplic-
ity and usability. Note that there are no simple ex-
pressions, which take into account the difference
between even-even (e-¢), even-odd (e-0), odd-even
(0-e) and odd-odd (0-0) nuclei, the orbital momen-
tum of the transition and its parities simultaneously.

In the present work we propose the empirical ex-
pressions for the ground-state to ground-state (g.s. to
g.s.) alpha-transitions. These expressions take into
account dependences on numbers of nucleons 4 and
protons Z, the reaction energy values (Q), the emit-
ted alpha-particle orbital momentum and parities
selection rules. For e-e, e-0, 0o-¢ and 0-0 nuclei we
apply the separate expressions [3]:

AWZ“+%Z+
N 7]
ik ok W) “ISH)(}/ZHQ ((—1)1 —1)

log,, (Tl/z ) =a,ta,

)

with one’s own parameters. The total quantity of the
fitting parameters is 18. In (1) the parameter u is

connected with the reduced mass

lL[:G A .
\ 4—4

The parameters a; are found by using the experi-
mental data for the alpha-decay half-lives, branch
ratios, spins and parities for 344 g.s. to g.s. transi-
tions [1 - 4]. The calculations were performed for
the total area of nuclei, for heavy (A > 208, Z > 82)
and light nuclei separately. The corresponding sets
of parameters were obtained [3]. In the fitting proce-
dure the reaction energy values are calculated using
mass excess experimental data [1]. The electron
screening effect [4, 5] on the reaction energy values
is taken into account also.

Using (1) the alpha-decay half-lives for e-e, e-o,
o-¢ and 0-o nuclei were calculated. The obtained
values of alpha-decay half-lives well agree with
experimental data (see Figure).

The root-mean square (rms) errors (2) of the
decimal logarithms of the alpha-decay half-lives
evaluated for the total data set as well as for e-€, e-o,
0-¢, and 0-0 subsets in the frame of the empirical
approach and in other approaches [3].

2

5= —l—fim (7r)~1o (rmj] )
"\ No1 Eio \ 112 o\ L12 .

k=1

Comparison of the rms errors allows concluding
that: empirical relations obtained for light and heavy
subsets describe better the dedicated region than
ones for the total set of nuclei; the values of errors
for the e-e subsets are the lowest; spin-parity correc-
tions lead to spectacular reduction of the rms errors
for e-o, 0-e, and 0-0 nuclei.

3

)

-theor:
12
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A
The decimal logarithm of the experimental to theoretical
alpha-decay half-life values ratio as a function of mass
number. The circles denote the e-e nuclei and the spots —

other types of nuclei.

In summary, to find the simple empirical rela-
tionships for a-decay half-lives the data set of ex-
perimental values for 344 nuclei were fitted. The
analysis was performed for the total set of nuclei and
separately for heavy/light nuclei. The rms errors for
our calculations with the rms errors of other ap-
proaches (in the framework of our data set) were
compared.

1. G. Audi, O. Bersillon, J. Blachot, and A.H. Wapstra,
Nucl. Phys. A729, 3 (2003).

2. NuDat2.4, http://www.nndc.bnl.gov (last update July
15, 2008).

3. V.Yu. Denisov and A.A. Khudenko, Phys. Rev. C79,
054614 (2009).

4. V.Yu. Denisov and A.A.Khudenko, At. Data Nucl.
Data Tables 95, 815 (2009).

5. K.-N. Huang, M. Aoyagi, M.H. Chen, B. Crasemann,
and H. Mark, At. Data Nucl. Data Tables 18, 243
(1976).
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THE ALPHA-TRANSITIONS INTO EXCITED STATES OF THE DAUGHTER NUCLEUS

V. Yu. Denisov, A. A. Khudenko

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

The o-transitions between the ground state of the
parent nucleus and the excited state of the daughter
nucleus have been widely discussed recently. It is
very important to study such transitions experimen-
tally to build the energy-level schema of the daugh-
ter nucleus. The a-decay rates for transitions be-
tween various states of parent and daughter nuclei
are very different due to energy and momentum
dependencies of a-decay and the structure of nuclear
states.

The o-decay half-lives for transitions between
ground states in 344 nuclei and the a-capture cross
sections of *’Ca, *Ca, *°Co, *®Pb, and *”’Bi have
recently been well described in the framework of the
united model for a-decay and a-capture (UMADAC)
[1]. Now this model is applied to the description of
the a-decay branching ratios in various states of
daughter nuclei [2], proposing that the shape of the
daughter nucleus, both nuclear and Coulomb parts of
the a-nucleus potential, are the same as the ones for
the ground state of the daughter nucleus. In this case,
the same parameters of nuclear surface deformation
as for the ground state can be used. Therefore the
branching ratios to excited states are determined by
the a-decay energy and the angular momentum of
the emitted o particle only. Using this proposal, the
branching ratios without introducing additional fit-
ting parameters into UMADAC model can be evalu-
ated. In the case of alpha-transition into the exited
state of the daughter nucleus the alpha-decay energy
is

QH/ =00 +Ep,i _Ed,f > (D

where O, ,,1s the decay-energy for the ground-state

to ground state alpha-transition.

The branching ratio of the a-decay from the
ground state of the parent nucleus into level i of the
daughter nucleus is determined as

ro.l,
B =) 000,

CoXr(es)

n

where the sum is going over the alpha-decay width
['(0,,1,) of all states, which can be populated dur-

ing the a-transition from the ground state of the par-
ent nucleus.
The hindrance factor is determined as

X] theor
HF =T [T

theor exp :
where 77" and T)5% are, correspondingly, evalu-

ated and experimental values of half-lives for a-
transition from the parent nucleus into level i of the
daughter nucleus.

Starting from the **’Ra, the a-transitions from the
ground into ground and excited states in 35 isotopes
up to *’No are considered. Several examples are
given in Table. Data of the a-decay branch ratios,
energy values of the daughter exited levels, and
spins and parities were extracted from the NuDat
database. The deformation parameter values, spins
and parities are taken as in [3].

The comparison table of the experimental and theoretical alpha-decay half-life, BR and HF values

Transition Transition 0 1. | B, % | B™™, % T, s Ty, s HF

239p 234 0" = 0" 5,632 0 70,90 62,00 3,90-10° 1,83-10° 2,13
wuPu— 55U N " 9 9

0" —>2 5,589 2 28,98 31,20 9,55-10 3,69-10 2,63

24y By 0" > 0" 4,895 0 71,38 71,00 1,09-10" 1,00-10" 1,08
92 90 N N 13 13

0t —>2 4,842 2 28,42 26,40 2,73-10 2,70-10 1,01

200 s 00 0" = 0" 6,170 0 84,70 60,10 4.88-10° 4.85-10° 1,01
98 96 + + 9 8

0" —>2 6,127 2 15,00 32,00 2,75:10 9,12-10 3,02

1. V.Yu. Denisov and A.A. Khudenko, At. Data Nucl.
Data Tables 95, 815 (2009).

2. V.Yu. Denisov and A.A. Khudenko, Phys. Rev. C80,
034603 (2009).
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3. NuDat2.4, http://www.nndc.bnl.gov (last update July
15, 2008).
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BUBYEHHS KJACTEPHOI CTPYKTYPHU SIJEP *Mg HA OCHOBI
MOJIEKYJIOIIOAIBHOI'O HABJIMKEHHSA

B. II. Muxaijawok

ITnemumym s0eprux docnionceny HAH Yrpainu, Kuig

B snmepHiit ¢izuii po3momia HYKIOHIB B sapax
BUBYAETHCS 32 JOMIOMOTOIO PO3CISIHHSI BUCOKOCHEP-
TeTUYHUX EJIEKTPOHIB a00 HAa OCHOBI BMBYCHHS Be-
JIAYIHUH, 10 CIOCTEPITAIOTHCA B PI3HOMAHITHUX sI/Ie-
PHHX peaKxIlisix.

BaxnuBy iHpOpMaLio moao po3noaiy HyKJIo-
HIB B Apax MOXXHa OTPUMATH 3 aHaJi3y MOBEIIHKA
BEJIMYMH, IO CIIOCTEPITraloThCsl B MPYKHOMY PO3Ci-
SIHH1 TIPOTOHIB 3 eHeprieto mopsaaky 1 I'eB numm
sinpamu. Ha manuit gac ams aHami3y Takux MPOIIECiB
HAWOUIBII MHUPOKO ¥ e(heKTHBHO BUKOPUCTOBYETHCS
Teopist 0araToOKpaTHOrO IUQPPAKLIHHOTO PO3CiSTHHA
(TBAP).

V nawiit po6oti sapo **Mg BHBYATOCH Ha OCHOBI
a-KiactepHoi Monenm 3 auctepcieto [1]. Ilpu po3pa-
XyHKax, K i y Bumaaky sapa “'Ne [2], 6y10 Bpaxo-
BaHO SK KIIACTEPHI CTYNEHi CBOOOIU IBOTO SIIpa B
JIOMY, TaK 1 O-KJIacTepHa CTPYKTypa ocrtoBa [3].
Snpo **Mg po3riIsianock TaKuM, IO CKIaJAEThCs 3
ne(OpMOBaHOTO OCTOBA (PO 16O) 1 IBOX O-KJIacTe-
piB, IO YTBOPIOIOTH TAHTENb, SKA 3 HANOUIBIIIONO
HWMOBIPHICTIO 3MIMCHIOE OCITWIIALT MOOJIU3Y IEHTpa
Mac OCTOBA.

Takuii miaXio BIiAMOBiTae MOJNEKYJIOMOMIOHOMY
HaOJMKEHHIO, B SIKOMY BBQXKAETHCS, IO CHIIBHO-
3B’s13aH] Aapa 3a BIAMOBIAHUX YMOB MOXYTh YTBO-
proBaTu claOKO3B’sA3aHI MOJIEKYJIOMOAiOHI KOH(pIry-
patrii, He BTpavalO4H MPH [bOMY CBOET 1HINBITyab-
HoCTi [4].

3a monomororo Takoi monem i TBJP Oyno pos-
paxoBaHO IUQepeHIiiHI nepepi3u, moyspu3alii Ta
(GYHKLIT MOBOPOTY CHiHY IS MPYXHOTO PO3CISHHS
nipotoHiB 3 eneprismu 800 i 250 MeB smpamn **Mg
[5]. PesynbraTi mpoBeneHUX pO3paxyHKiB IS €HEp-
rii 800 MeB HaBeneHo Ha puUCYHKY. sl MOpiBHSH-
HSl Ha PUCYHKY TaKO>K HaBEACHO Pe3yJbTaTH po3pa-
XYHKIB THX CaAMHX BEJIMYMH, IO CIIOCTEPIraroThCs y
TPYXKHOMY PO3CisiHHI poToHiB sapamu “*Ne [2] npu
eneprii 800 MeB. 3a3Haunmo, 10 B JaHOMY TiIX0/1
napaMeTpH TYCTHHH siapa - ‘Mg Gylio OTpHUMAaHO i3
CITIIBCTABJICHHSI TIOBEMIHKHA PO3PAaXOBAHWX Ta BHMi-
PSHEX 3apsaoBUX GpopMdakTopiB HBOTO Aapa [5].
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Judepenuiiini nepepizu, nonspusanii Ta GyHKIIT MOBO-
POTY CIIiHy JUIsl TIPY’KHOTO PO3CISIHHA IPOTOHIB sApamMu
**Ne ta **Mg npu eneprii 800 MeB

3 pucyHKa BHIHO, IO PO3PaxOBaHI BEIUIHHH,
AK1 CIIOCTEPIraroThCs B MPYKHOMY PO3CIsIHHI ITPOTO-
HiB sapamMu 2*Mg, y3roKyloThCs 3 HAsSBHAMHU €KC-
NepUMEHTATLHIMA JlaHuMu. [Ipu mpomy mepenba-
YeHa TMOBEAIHKA PO3PaxOBaHUX (YHKIIH TOBOPOTY
CIiHY aHaJIOTiYHA TOBEIHIII THUX CaMHX BEIUYHH,
IO CITOCTEPITraloThCSA y MPYKHOMY PO3CISIHHI TIPO-
ToHiB smpamu '°0 [3].
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Phys. Suppl. 68, 29 (1980).
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3O®PEKTUBHBIN BA3ZUC METOJA PE3OHHUPYIOLIUX I'PYIII (MPI)
JISI PACCESIHUS *H(d, d)*'H

10. E. Ko3bIpb

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

PaccesHue neHTpOHOB Ha JIETKUX S/Ipax K HACTO-
SIIEMY BPEMEHU He IMOJyYWIO YAOBIETBOPUTEIb-
HOT'O MUKpOCKomudeckoro onucanus. Pacuerst MPT'
C TPOCTPAHCTBEHHBIM 0a3MCOM, MOCTPOSHHBIM W3
BOJIHOBBIX (DYHKITUH OCHOBHBIX COCTOSTHUM CTaJIKH-
BAIOIIUXCA sIIep, [AIOT 3aBBIIICHHBIE 3HA4YEHUS
mudepeHInanbHbIX  cedeHnld, (opMa KOTOPBIX
0OBIYHO JajieKa OT JKCIEepHMeHTalbHOW. Pacmmpe-
HUe 0a3mca ¢ MOMOIIBIO BCSIKOTO pofa «IoJspu3a-
[IMOHHBIX 00ABOK», «IICEBJIOCOCTOSHAW» U T.II
(heHOMEHOB HESICHOW (PU3MUECKON MPUPOABI yIyd-
miaeT MOJIOKEHHE HeaocTaTouyHo. Jlns oxHoil u3
CaMbIX MPOCTHIX CHCTEM, d + f, JIy4IIMM IO ONuca-
HHIO OCTaeTcs pe3yibTat [1], e momobue ¢ IKcITe-
PUMEHTOM JOCTHTHYTO JT0OaBKOW MHUMOTO ONTHYE-
CKOTO TTOTEHIIHAala, YTO HE MO3BOJISIET CUUTATh ATOT
pacueT MmociIeJ0BaTeIbHO MUKPOCKOTMYECKUM.

B nacrosimeii pabote k cucreme d + ¢ mpuMeHsI-
eTcsi pa3paboTaHHBIH B [2] MOAXOJ K MOCTPOSHHUIO
0asmca, paccMaTpUBAIOIIMI U3MEHEHHE TTapaMeTPOB
000JI04€YHOTO MOTEHIMaNa (parMeHTOB KaHaja Mpu
ux cOmmkeHnu. B mpeanonoxeHuu mpocTeniuei,
CTYIIEHYaTOW, 3aBHCHMOCTH OCIHIUIITOPHOTO pa-
JMyca B3aUMOJICHCTBYIOUINX KJIACTEPOB OT PAcCTOSI-
HUSl MEXJY HUMH BBINIOJHEH OJHOKAaHAJIBHBIN pac-
YeT paccesHUs i HaOopa 3HAYCHWW SHEPTUU B
nuamnasone sHepruu ot 1,5 mo 8,31 M»B. BonHoBEIE
¢yHKUMU sigep Ha OONBLUIMX PACCTOSHUSAX CTPOH-
TUCh U3 [s-PYHKIMNA OCUMIUIATOPHBIX IMOTCHIINAIOB

¢ pamaycoM b, =\h/mw =156 M mnis d u
b, = 1,35 ¢m nuis ¢. OTr 3HAUEHUS] b MUHUMHU3UPYIOT
BHYTPEHHIOIO SHEPTHIO d U ¢ 1715l IPUMEHSBIIETOCS B
pacdeTax HyKIOH-HyKJIOHHoro motennmana (HHIT)
[1]. BomHoBas ¢yHKuuSI S-HYKJIOHHOH CHCTEMBI
MOJTHOCTHI0  aHTUCUMMETPHU30BANaCh. 7, — TOYKa
CKauka paguycoB b W WX 3HA4YCHHUS b; TIpH 7 < ry
OTBICKMBAINCh U3 YCJOBUS HAWIYYLIETO OMHCAHHSA
pacdeToM SKCIEpUMEHTANBHBIX ceueHnd. B pe3yin-
Tare A JCUTpoHA moiydeHo b;= 1,22 bMm, mus
TputoHa b; = 1 ¢m. PacueTsl ¢ HEeM3MEHHBIM 3Haue-
HUEM b Ui OHOTO W3 KJIACTEPOB XOPOIINUX Pe3yJib-
TaTOB He nanmd. Kak BUAHO W3 pHCYHKa, pacyder
Omke Bcero K skcrmepuMeHty npu E = 1,782 MaB,
rZle yCIOBHE OJHOKAHAIBHOCTH IIpoliecca MpaKTH-
YecKH BBIMONHAETCS; 3aech r, = 10,4 M. [lpu E =
=4.668 MaB yke OTKpHITBI KaHaIBl 71 +p + ¢,
n+n+ 3’He, HE NMPUHUMABIIHECS B pacyeT. 37ecCh,
OJTHAKO, JTOBOJLHO OJIM3KUM K JKCIEPHUMEHTY OKa-
3BIBAETCA PE3yJIbTaT, IOJy4YaeMbld C MPOEKIHEi

[MOPIYHUK - 2009

BOJIHOBOM ()YHKLMU CHUCTEMBI Ha TPYIIy W3 Tpex
COCTOSIHHI TOJIHOTO yrIIOBOrO MoMmeHTa J: %", %,

%", KOTOPBIA U MPUBOMUTCS Ha pucyHKe. [lomoOHast

kapTuHa Habmomaercs u npu E = 8,31 MaB, rue
JIOTIOTHUTENBHO OTKPHIT KaHal n + d + d. Buaumo,
MpH 3THX 3HEPTUAX OCHOBHOH BKJIal B YIPYroe
paccesiHue 1al0T UMEHHO OTMEYEHHBIC COCTOSIHUS J,
B TO BpeMs KaK OCTaJbHbIE OOIbIIe CBA3AHEI C JPY-
rumu kaHanamu. C yBeIMYEHHEM DHEPTUH HaOIro-
Jlaiach TEHICHIWS K YMEHBIIEHUIO ONTHMAaIbHOTO
3HaueHus 7, Ha 0,1 - 0,2 ¢m. [IpakTruecku Takue xe
pesyibrarsl nonydanuck ¢ HHIT BonkoBa, mpume-
HSBIIMMCS B yTOUYHEHHOM B [2] Bapuante V1. Bax-
HYI0 pOJIb Wrpaja HpOCTPAaHCTBEHHO-OOMEHHAas
yacte o0onx HHII, m — ee Bkiag B 0003HAYEHUAX,
npunsaTeix a1 HHIT Bonkosa, cocrasisn 0,6.
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*H(d, d)’H. DHeprus B cHCTeMe IIEHTPA Macc yKa3aHa B
HOJIe KaXI0i yacTH pucyHka. CIUIOmHAS JTUHUA — pacyeT
¢ JMCTaHIIMOHHO-3aBUCUMBIM 0azucoM (b; # b,); mTpuxo-
Basi — pacyeT ¢ MOCTOSHHBIM OazucoM (b; = b,); TOUKU —
9KCTIEPUMEHT.

1. F.S.Chwieroth, R.E.Brown, Y.C.Tang, and

D.R. Thompson, Phys. Rev. C8, 938 (1993).
2. YO.E. Ko3zsips, 13B. PAH. Cep. pus. 69, 737 (2005).
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AHOTAII POBIT

PACUET PACCESIHUS *He(d, d)’He ITPH SHEPT'HUU 1 -8 M>B
IO METOAY PE3OHM3YIOIIUX I'PYIIII (MPI')

10. E. Ko3bIpb

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

MUKpOCKOITMYECKHE PACUETHI PacCesTHUS B CHC-
Teme d + *He HpH yKa3aHHOI SHEPIUH, HECMOTPS Ha
TTOCTOSTHHBIN WHTEpEC K ATOM 3amade ¢ Hadama 70-x
TOJIOB, YJIOBJIETBOPUTENILHOTO OMMCAHUS SKCIIEPH-
MEHTaNIbHBIX U depeHnanbHbIX CeUeHU He na-
10T. [TpudurHOM 3TOMY SBJISIETCS OUEBUHAA HEANIECK-
BaTHOCTb CTaHIAPTHOH (pOPMBI MPOCTPAHCTBEHHOTO
0aszuca, 0Opa3oBaHHON M3 BOJHOBBIX (YHKUMH OC-
HOBHBIX cocrostanit “H u *He, un PO MHOTO4acTHUY-
HBIX KaHQJIOB pEaKLUH, OTKPHIBAIOILIUXCSA IpH
E> 222 MaB. Hacrosimas pabotra paccMarpuBact
MOJIOKEHUE C MO3UUUN mpeyioxeHHoro B [1] mon-
X0Jla K MOCTPOEHHI0 0a3nca, KOTJa BBOAUTCS 3aBH-
CHUMOCTh OCIMJUIITOPHBIX O0OJIOUEUHBIX MOTEHIINA-
JIOB B3aUMOJICHCTBYIOIMX KIJIACTEPOB OT PACCTOS-
Hus Mexy HuMH. [Ipennonarancs ckaukooOpa3HbIi
Mepexol OCUWUIATOPHBIX DPaguycoB b =./h/mw
3TUX MOTEHUHUAJIOB OT ()EHOMEHOJIOTMYECKOrO 3Ha-
YeHusi b, Ha JajbHEH ACHMIITOTHKE K HEKOTOPBIM
a/IeKBaTHBIM 3HAYEHUSIM b; UIsl KaXKAOTO KiacTepa B
obyactu B3auMmogercTBusl. ONTUMaNbHbIE 3HAUCHUS
b; M KOOpAMHATA CKAayKa #, HAXOISTCS M3 YCIOBHS
HaWIy4Ilero OMHMCAHUS 3KCIEPUMEHTAIBHBIX IaH-
HBIX. 3HaUCHUA b, ONPENEISINCh U3 YCIOBUS MUHU-
MU3AIU1 BHYTPEHHEH SHEPTUU OCHOBHOI'O COCTOS-
HUS KaXJ0ro siApa C HYKIOH-HYKJIOHHBIM IOTEH-
muanom (HHII) [2], npuMeHsBImMcs B pacueTax.
ITonyuennusie 3nauenus b, = 1,56 M mnsa geiitpona
u b, = 1,35 dm ans “He Gim3ku Kk heHOMEHONOrHue-
ckuM. JIunammueckue ypaBHeHuss MPI' pemanucs
IUIsl ABaflaTH HAYaJbHBIX COCTOSHMU IOJHOTO yT-
JIOBOTO MOMEHTA U 4eTHOCTH J'. ONTUMAaJIbHOE OITH-
CaHMe JKCIIEpUMEHTa JUId BCEX 3HAYEHHH 3HEpruu
momydeHo ¢ b;=1,1 bm pmna peditpoHa u b, =
=0,89 M st "He. 3HaueHue r, B NPAKTHYECKH
OJITHOKaHaJIbHOW obnacTtu sHepruu (£ < 2,2 MaB) u
no mpumepHo 5 MbB 6wuio 10,6 oM, nmanee oHO
yMmenbmanocs 10 10,2 dm npu E = 8,76 MaB. Tu-
MUYHBIE pe3yJbTaThl pacueTa Ipe/CTaBIeHbl Ha
pucynke. IIpu £ = 1,8 MaB npunstsiii 6a3uc cye-
CTBEHHO YJIy4IlIaeT Pe3yJIbTaThl pacyera 1o Gopme u
abcomotHoi BenmmuuHe. [Ipu E = 4,8 MaB yxe ot-
KpuIT KaHan n+ p+ °He (Q= -2,225 MaB), uro,
BUAMMO, OOBSCHSET 3aMETHOE yAaJIeHUE PACUETHBIX
OJHOKaHAJIbHBIX CEUYEHHH OT IKCIIEPUMEHTA. 37€ech
ocraeTcsi OJU3KUM K HKCHEPUMEHTY pe3ysbTaT, Io-
Jy4aeMbli C TPOEKUMeH BOJHOBOW (QYHKIUH
5-HYKJIOHHOW CHCTEMBI Ha IPYIIly U3 TPEX Hayajb-

HBIX YeTHBIX cocTosHuit J %°, %7, %7 om

IIPEACTABIIEH HA PUCYHKE CILIOIIHOM JiMHUEW. IIpu
E= 8,76 M3B HONONHUTENBHO OTKPHITHl €IlIe JBa
KaHanma: p+d+d (Q=-5494MoB)up +p +n +
+d (Q=-7,718 MaB), uto emie Ooyee CHUXKACT
CIIPaBEJIUBOCTh  PE3YJIbTATOB  OJHOKAHAIBHOTO
pacuera, HO 3/IeCh OJM30K K 9KCIIEPHMEHTY PacyieT ¢
MPOEKTUPOBAHUEM BOJIHOBOW ()YHKI[MM Ha TPYIIY
Tpex CMeXHBIX coctosHuii J* 3", %™, %", npu-
BOJUMBINA Ha pucyHke. OTMETUM, YTO MPHU MPOEKTHU-
poBaHWH 10 J* BOJHOBOW (DYHKIIMH CHCTEMBI, I0-
CTPOCHHON ¢ «OOBIIHBIMY» Oazucom (b; = b,), pe-
3yJIBTaThl TOCTATOYHO JAJICKH OT dKCcIepuMeHTa. Ha
BCEX JTarax pacdyera OTMEYEeHa BaKHAS POJb IPO-
crpadcTBeHHO-0OMeHHON gactT HHII. B o6o3Haue-
Husx, npuHaTeix s HHIT Bonkosa, ee Bkian m,
noaOMpaBLIMICS B XOJ€ pacueToB, Obu1 paBeH 0,7.
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*He(d, d)’He. DHeprus B CHCTEMeE LIEHTPA MACC yKA3aHa B
noJie Kaxaoi yactu pucyHka. CIutomHas JUHHS — pacyeT
¢ JMCTaHIMOHHO-3aBUCUMBIM 0azucoM (b; # b,); mITpUXO-
Bas — pacyeT ¢ MOCTOSHHBIM Oasucom (b; = b,); TOUKH —
9KCTIEPUMEHT.

1. 1O.E. Ko3sips, 13B. PAH. Cep. pus. 69, 737 (2005).
2. F.S. Chwieroth, R.E. Brown, Y.C. Tang,
D.R. Thompson, Phys. Rev. C8, 938 (1993).
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SAHNEPHA OI3UKA

MOINPULINUPOBAHHASA MHTEPHOJJALINUOHHANA AAEPHAA MOJIEJIb

B. K. TaprakoBckuii

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

Jl1 HepeMATUBUCTCKUX MaJOHYKJIOHHBIX CHCTEM
MPEIOKEH HOBBI MOIU(PHUIMPOBAHHBIA BapUaHT
MHTEPIOIALMOHHON A1epHOM Monaenw, B paMKax
KOTOpPOTO IOJyYeHbl YpPaBHEHMs JBUXKECHHA s
CUCTEMBI “TIPOTOH-ACHTPOH” M CHUCTEMBI U3 HECBS-
3aHHBIX HEHTpPOHA M ABYX MPOTOHOB. C UX HCIIONb-
30BaHUEM IIPOU3BENEHBI PACUYETHI COOTBETCTBY-
IOLIMX BOJHOBBIX (DYHKIIMH 3THX CHCTEM, KOTOPBIE B
CBOIO Ouepeab OBLIM HCIOJIB30BaHBI AJISI PacueToB
muddepeHINaNbHBIX CEYCHUH ABYXYaCTUYHOTO U
TPEXYACTUYHOTO  JIEKTPOPACILEIUIEHUS TPEXHY-
KIOHHBIX szep. MoauduuupoBaHHas HHTEpPIIONS-
LMUOHHAA MOJENb JUIsl MaJOHYKJIOHHBIX CHCTEM
MPUBOJUT K JIy4dlIEMYy, Y€M paHHUE BapUaHTHI HH-
TEPIIONAIIMOHHON MOJIENH, COTIIACHIO ¢ HaOIro1ae

MBIMH CEUEHHMsI MM M pe3yJibTaTaMu 0ojee TOYHBIX
pacyeToB Ha OCHOBE (PaJIEEBCKOTrO MOAXO0/A.

OcHoBHas uzes HOBOTO BapHaHTa MpeasaraeéMoiu
MOJIENH 3aKII0YaeTcd B TOM, YTO B OTIMYHE OT
MPEeXKHETO BapHaHTa MOJENH TENepbh He IpeHe-
Operaercsi TemMu TepBbIMH K-rapMOHHMKaMH BO
BHEIIHEW YaCcTH BOTHOBON (PYHKIIMH CUCTEMEI, KOTO-
peie OBLTM OCTaBIIEHBI BO BHYTPEHHEH YacTd BOJ-
HOBOH ¢yHKIMH. M 3TO MPUBOAUT K TOMY, YTO Te-
nepb BOJHOBbIE (YHKIMHM CHCTEMBl HYKJIOHOB B
KOHEYHOM M HA4albHOM COCTOSIHMAX OyAyT OpTO-
TOHAJIBHBIMH B OTJIMYHE OT BOJHOBBIX (YHKIHH
MIPEKHEN MOJENU, U 3TO SIBIAETCS OCHOBHOW IpH-
YUHON yJOBIETBOPUTEIBHOIO OIUCAHMS JKCIIE-
PUMEHTOB C HCIIOJB30BAaHMEM HOBBIX BOJHOBBIX
byHKUM.

HOBBIE ITPABUJIA OTBOPA B SJEPHBIX ITPOLHECCAX

B. K. TaprakoBckuii

Huemumym adepruvix uccneoosanuii HAH Yxpaunol, Kueg

Hcnonp3oBaHNe CUMMETPUU B CTPYKTYpE aTOM-
HOTO siipa Jalo BO3MOXXHOCTb YCTaHOBHUTH HOBBIE
JIOTIOJTHUTEIIBHBIE TIpaBUiIa 0TOOpa (ITOMIMO H3BECT-
HBIX TMpaBWJI OTOOpa MO MOMEHTY U YETHOCTH) JJIS
MYJIBTHIIONBHBIX HEPeXoaoB B sapax. C HMOMOLIbIO
TaKUX HOBBIX NIPABUJI 0TOOPa BO3MOXKHO CYILIECTBEH-
HO YIPOIIATh BBIUMCIEHUS MATPUYHBIX 3JIEMEHTOB
Iepexo/ia, a TaKKe HCCIeA0BaTh HEKOTOpBIE BaX-
HbIE CBOHCTBa SiAEpHON CTpyKTypbl. Ha npumepe
ANIEKTPOBO30YKACHUS sifiep JUTUS B PaMKax MHOTO-
YaCTUYHOW O0OJIOUEHHOW MOJENH yCTAaHOBJIEHBI HE
TOJIBKO OOIINE M HEKOTOPBIE YacTHBIE HOBBIE Ipa-
BuIa OTOOpa, MOJIyYCHHblE IPH HCHOJIb30BAHUU
CBOWCTB CHMMETPHH BBbIpaXeHHH ¢ Koadduuu-
€HTaMH BEKTOPHOTO CJIOXKEHHSI MOMEHTOB, HO U Tak
Ha3bIBaeMble CKPBITBIE JOMOIHUTENBHBIC IpPaBHIIa
0T0Opa, CBsA3aHHBIE C TIOKAa HEYCTAaHOBJICHHBIMH, T.€.

HIOPTYHUK - 2009

CKPBITBIMH, CBOMCTBAMH CHMMETPHH (PU3HHUUECKOM
CUCTEMBI. YKa3aHHbIM METOJOM BO3MOXXHO HaXo-
JUTH HOBBIE TpaBMia OTOOpa IJIsl aTOMOB M MOJe-
KyJ M BOOOIIE JUIsI OrpaHMYEHHBIX KBaHTOBOMEXa-
HUYECKUX CHUCTEM. 3aMETHM, YTO HOBBIE IpaBUJa
oTOOpa B TaKWX CHCTEMax CBSI3aHBI HE TOJBKO C
YIJIOBBIMH MOMEHTAaMH U UYETHOCTSAMH UX IOJCHC-
TEM, HO ¥ C U30TONMUYECKUMH CIIMHAMH (IUIS1 CHIIb-
HOB3aMMO/JIEHCTBYIONINX YacTHI[), cxeMamu FOHTa,
TCHEAIOTHUECKUMH KOd(PQHULIMEHTAMH W IPYyTUMH
KBaHTOBOMEXaHUUYECKUMHU XapaKTEPUCTUKAMHU, IS
HEKOTOPBIX M3 KOTOPHIX J0 KOHIIA HE CPOPMYIHPO-
BaHbl UX CBOMCTBA. B 4aCTHOCTH, CKPBIThIE MpaBUiIa
oTOOpa (Ha HEKOTOphIe M3 HUX YKa3bIBalOT MHOTAA
SKCHEPUMEHTHI) MOTYT TIOMOYb B H3YYECHHUH
MaJIOMCCIIEOBAHHBIX CBOMCTB CIIOKHBIX CHCTEM.
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AHOTALIIl POBIT

IHEPE®@OPMYJINPOBAHHBIE YPABHEHUA ®ANJJEEBA U METO/ K-TAPMOHHUK

B. . Kopanbuyk', H. B. Kozioscknii’, B. K. Taprakosckuii’

1 . .
Kuesckuii nayuonanvnuiii ynueepcumem umenu Tapaca Illesuenxo, Kues
2 .
Hucemumym meopemuueckoti pusuxu um. H. H. Boconobosa HAH Ykpaunwvi, Kues
3 o
Hucmumym sdepruix uccreoosanuii HAH Yrpaunol, Kues

Tpu cesa3anHble ypaBHeHuss DajneeBa OmHO-
3HaYHO OMPEeNSIOT TPH BOJHOBBIE (YHKIHH, a
CyMMa 3THUX YpPaBHEHUH C HUCIOJIb30BAaHUEM CBSI3U
JBYXYaCTUYHBIX OIIEPATOPOB Iepexoia ¢ MOTeHIHa-
JaMH, OJHO YpaBHEHHWE, MOJydYeHHOE HaMH, OJIHO-
3HaYHO OIpeleieT CYMMY YIIOMSHYTBIX Tpex
(GYHKIMHA, T.e. OJIHY UCKOMYIO TOJHYIO BOJHOBYO
(GYHKIMIO TpexdacTWyHOW cuctembl. Hawmbomee
CJIOXKHASI YaCTh ITOJTHOW BOJIHOBOH (DYHKIIMH, YIIOB-
JICTBOPSIONIAs epePOPMYITUPOBAHHOMY YKa3aHHBIM
obpa3zom ypaBHeHuto dajneeBa W ONUCHIBAIOIIAS
IBIKEHHE TpeX HYKIOHOB B 00JacTd HYKIIOH-
HYKJIOHHOTO B3aMMOJEWUCTBHUS, ObUIa pas3jiokeHa B
psa o runepcepruueckuM MOJTUHOMAM C COXpaHe-
HreM rapMoHuK K =0, 1 u 2. Pax oka3zancs ObIcTpo
cxoasmumcst. [t ko3¢ UIMEHTOB  yKa3aHHOT'O

pa3noxeHus (T.e. pagualbHBIX (QYHKIUH OT KOJUIEK-
THBHOH MTepEMEHHON C pa3MepHOCTHIO JUTMHEI) Oblia
COCTaBJ€HA CHCTEMa OJHOMEPHBIX HHTETPaIbHBIX
ypaBHEHUH, KOTOpas 3aTeM Obljla YUCISHHO pelIeHa
JUI 33J]aHHBIX HYKJIOH-HYKJIOHHBIX TOTEHIIMAIIOB.
Beutn  paccunTaHbl BOSHOBBIE (YHKIUU CHCTEMBI
“HEUTPOH-AEUTPOH”, a Takxke (a3bl U CEUCHUs HEH-
TPOH-IEUTPOHHOTO PAaCCESHUs Ui SHEPTruil HIDKe
rnopora pasBaja JieWTpoHa. Pe3ysibTaThl BEIUUCICHUS
HEHTPOH-IEHTPOHHBIX (a3 W CEYCHHH YIPYroro
paccestHHsS HEHTPOHOB Ha JEUTPOHAX YIOBIETBOPH-
TEJBHO COTJACYIOTCSI C COOTBETCTBYIOIIMMH JKCIIE-
PUMEHTABHBIME NaHHBIMH. [IpeiosKeHHbI MeTOo
JOCTaTOYHO OOIIUI U MOXKET OBITH HCIIOJIB30BAH IS
peleHHs IPYTHX 3a/1a4.

AHAJIM3UPYIOIIASI CIIOCOBHOCTD JIJIsI HEUTPOH-JIEMTPOHHOI'O PACCESIHUSA

B. H. KoBanbuyk', B. K. TaprakoBcknii’

1 N .
Kuesckuii nayuonanvnutii ynueepcumem umenu Tapaca Illesuenxo, Kues
2 N
Hucmumym adeprovix uccneoosanuii HAH Yxkpaunol, Kueg

C wucnonb3oBanueM ¢opmanuzma DaxneeBa c
runepchepudeckuM 0a3ucoM BBIYHCIEHB audde-
pPCHLMAIBHBIE CEUCHHA M AHAIM3UPYIOIIUE CIIO-
COOHOCTH JJIsl PEaKIMH paccesHHs HEHTPOHOB Ha
JNEUTPOHAX TPU DHEPTUsIX HEHUTPOHOB, HE TNPEBbI-
MIAIIINX TOPOT paciienieHus AeiTpoHa. BomHoBas
(YHKIUST CHCTEMBI TIPEJICTABISETCS B BHIE CYMMBI
TpeX cllaraeMbIX: IEPBOE U3 HUX MPENCTABISET MPO-
M3BEACHUE MaJarolell HEeUMTPOHHOU MIIOCKOM BOJIHBI
Ha BOJHOBYIO ()YHKILIMIO OCHOBHOTO COCTOSIHUS J€ii-
TpOHa; BTOpOE ciiaraeMoe Opajiock B BUAE MPOU3Be-
nennst JleiTpOHHOM BOJIHOBOW (DYHKIIMH U PACCEsH-
HOHM cdeprdecKkoi BOJTHBI (CyMMa yKa3aHHBIX IIep-
BBIX JIByX CIJIaraeéMbIX NpeACTaBIsieT coOOW acuM-
NTOTHYECKYIO YacTh IOJHOHW BOJHOBOW (DYHKLIUH
CUCTEMBI “‘HEUTPOH-IEHTPOH); TPEThE ClaraemMoe

€CThb pEIICHHE UHTErpalibHOTO ypaBHeHus1 Danneena
JUISL CHCTEMBl “‘HEUTPOH-IEUTPOH”, KOTOPOE MbI
HaxXOJWIM YHUCJIEHHO JJIsi OCHOBHOW K-rapMoHuKw.
Mpbl HalLIM YUCIICHHBIC 3HAYCHUS KBapTETHHIX (a3
JUISL TIEPBBIX TPEX 3HAYCHUH OpOMTAIHLHOIO MOMEHTA
MIPH TIOJATOHKE PACCUMTAHHBIX CEUEHUH K DKCIICPH-
MeHTaIbHBIM. [lpu pacyeTax HCHOJB30BAJICA HY-
KIIOH-HYKJIOHHBIA MOTEHIUaNd XIOJbTEHA. YTIIOBBIC
3aBUCUMOCTH PACCUYNTAHHBIX U epeHITnaTbHBIX
CCUCHMI, HaWJICHHBIC HAMU YHCJICHHBIC 3HAUYCHMS
YHOOMSIHYTBIX (a3 U TOJYYCHHBIC TPU UX HCHOIb-
30BaHWU aHAIHM3HPYIONIIAE CTIOCOOHOCTH, CBS3aHHBIC
C MoJsipu3aluei, yJA0BIETBOPUTEIHHO COTIaCyIOTCs
C COOTBETCTBYIOUIUMU 3KCICPUMEHTAIbHBIMH JaH-
HBIMH.
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BREMSSTRAHLUNG DURING o-DECAY OF THE DEFORMED *RA NUCLEUS

S. P. Maydanyuk, V. S. Olkhovsky

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

Recent years many attempts have been made to
study a nature of bremsstrahlung emission in
o-decay of heavy nuclei. After the first experiments
[1, 2] in measurement of bremsstrahlung during
a-decay of nuclei 210pg 24pg, 2°Ra and ***Cm, new
models have been developed and new experiments
[3 - 5] have been performed. Key idea of such re-
search lays in search of new methods of obtaining
from the bremsstrahlung spectra a new information
about dynamics of a-decay and dynamics of tunnel-
ing. In 2009, we have for the first time constructed a
fully quantum model describing the angular distribu-
tion of bremsstrahlung photon emission accompany-
ing the o-decay of deformed nuclei [6]. Such a
model allows us to calculate probability of emitted
photons for different values of the angle between the
direction of the «-particle motion and the axial
symmetry axis of the decaying nucleus.

A main question which could be asked to such a
model is how much the nuclear deformation influ-
ences on the bremsstrahlung spectrum. Another im-
portant question is directed on its practical realiza-
tion: whether is it possible to obtain stable spectra
after the inclusion of the nuclear deformation into
the model? In order to clarify this, we have calcu-
lated the bremsstrahlung spectrum for the ***Ra nu-
cleus which has non-zero quadrupole deformation
parameter [,. The calculated photon emission pro-
babilities of the bremsstrahlung accompanying the
a-decay of *Ra, at different values of the angle 0
between direction of the o-particle motion and its
tunneling in the barrier region and direction of the
symmetry axis of the decaying **’Ra nucleus, are
presented in Figure. As Figure shows, the result
obtained at 6 = 180° or 0° (dashed line 4) is higher
than the one at 6 = 90° (full line 3). The difference
between these two curves is evident and stable in-
side whole energy region of the emitted photons, it
increases by increasing the photon energy E,. This
fact confirms that shape of the bremsstrahlung spec-
trum is sensitive to the deformation of the nucleus in
the o-decay and such a result (obtained for the first
time) is stable. Since in the experiment [4, 5]
a-detector cannot select direction of the o-particle
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motion with respect to the direction of the symmetry
axis, the obtained probability has further been inte-
grated over the angle O from 0° to m. Such a new
spectrum is presented in the figure by next line 5 and
it better describes the experimental data [5] at higher
photon energies E, > 350 keV than our previous
calculations (dash-double dotted, green line) per-
formed for spherically symmetric a-decay [5].

100 200 300 400 500
1E-8 L L 1 1 1E-8
) 8
g X !/\2 angle deform=180 22§
® 1E-94 R R L 1E-9
o N a
3 4
X 1E-103angle deform=90 < F1E-10
c
o
S 1E-114 3 L 1E-11
<
= e  1-exp. datain[5] S~
- 1E12477 2 - probability calculated in [5] IO Lie12
'_-'; —— , 3 - probability calculated for angle of deform.= 90 in [6}-
x - 4 - probability calculated for angle of deform.= 180 in [6]
° 1E13 2 5 - pro?abllny |ntegralted over anglelz of deform. |nl[6] 1E-18
100 200 300 400 500
Ey , keVv

(Color on-line) The bremsstrahlung photon emission
probabilities in the o-decay of the ***Ra nucleus [6]: full
circles / are the experimental data given in [5]; dash-
double dotted line 2, green, for probability calculated for
the spherically symmetric decay given in [5]; full line 3,
red, is for probability calculated by new model at 6 = 90°;
dashed line 4, blue, for probability calculated by the new
model at 6 = 180°; dash-dotted line 5, violet, for probabil-
ity integrated over all 0 angles.

The results show by a clear way the role and the
influence of the nuclear deformation of the decaying
nucleus on the bremsstrahlung photon spectrum.

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

2. J.Kasagi et al., Phys. Rev. Lett. 79 (3), 371 (1997);
Journ. Phys. G23, 1451 (1997); Phys. Rev. Lett. 85
(14), 3062 (2000).

3. H. Boie et al., Phys. Rev. Lett. 105 (2), 343 (2007);
U. D. Jentschura et al, Phys.Rev. C77, 014611
(2008), nucl-th/0606005.

4. G. Giardina, G. Fazio, G.Mandaglio et al., Europ.
Phys. Journ. A36 (1), 31 (2008).

5. G. Giardina, G. Fazio, G. Mandaglio et al., Modern
Physics Letters A23 (31), 2651 (2008).

6. S.P. Maydanyuk, V. S. Olkhovsky G. Giardina et al.,
Nucl. Phys. A823 (1 - 4), 38 (2009).
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OBMEHHOE B3AUMOJIEMUCTBUE TOXJIECTBEHHBIX YACTHIL
JAACKPETHOI'O CHEKTPA IIPM OJHOBPEMEHHOM TYHHEJWPOBAHUU HUX
YEPE3 NOTEHUUAJIBHBIU BAPBEP, PA3JIEJIAIOIINU OTHU YACTHUILBI

JI. C. Mapuenwok, C. II. Maiinaniok, B. C. OnbxoBckuid

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

IIporiecchl CTOMKHOBEHHSI PAaCCMATPUBAIOTCS B
[1] B cucteme menTpa Macc. CxeMaTHdeCcKOe H30-
OpakeHHE B3aUMOJCHCTBHUS YACTHUI[ B MOJE MPSMO-
YTOJIBHOTO KBaHTOBOTO Oaphepa IOKa3aHO Ha PH-
CYHKE.

&

Cxema B3aI/IMO,I[GI\/'ICTBI/I$I 4JacTuIl B I10JIC
IpAMOYTOJIbHOT'O MOTCHLIUAJIBHOTO 6apLepa.

Paccmotpum 2 ciyyast:

1-i1 ciryqaif — 6apsep HEMpPO3paveH IS TYHHEH-
poBanud. [lpenmonoxxum, 4Tto Oappep CTaHOBHUTCA
HEINpPO3pauyHbIM ISl TYHHEJIHPOBAaHUS MPH HEKOTO-
pPOM IOTEHIIMAJe, COOTBETCTBYIOIEM Bennunne U '.

Nveem ¥, =W, (n)¥.(r,), tae ¥, (r,)— peuienne
HY, (1) =E,¥, (1),

3HaYeHuto F,, W, aHajorumyuo, min ¥ (r,), E, .

ypaBHEHUS OTBEYAIOIIETO

Omneprus cucrembl E| =E_+FE,. Tak Kak npu wus-

MEHEHMH MECTaMH YacTHI] HUYEero He MEHSETCs, TO
¥, =¥,()¥ () Oyayr cooTBeTCTBOBATH TOM

’Ke dSHepruu FE, T.€. Mbl UMEEM JIBYKPAaTHOE BBIPO-

YKJICHVE DPHEPTETHIECKOTO YPOBHS CUCTEMEI.

2-ii cmyuaii — Oapbep Mpo3padyeH A TYyH-
HEJMPOBaHUSA. DTOT CIIy4all pealm3yeTcs, KOraa K
obmactT Oapbepa TPUIOKEHO JJOMOJHHUTEIHHOE
MOCTOSIHHOE TI0JIE B TPOTHBOIIOJIOKHOM TIEpBOHA-
YaJlbHOMY HAalpaBJICHUHU, CO3JAIONIee JO0OaBOYHBIN
notentmain | AU |.

Torma nmeem

U=U-|AU|.

Bynem paccmarpuBarh 100aBOYHBIA MOTEHIHAT
|AU | xak manoe BO3MYIIEHHE B CHUCTEME YacTHIL,
MIepBOHAYATIBHO MEXIY COOOH HE B3aMMOACHCTBY-
FOIIHUX M3-3a HEMpo3padyHocTH Oaphepa (1-i caygaii).

I[Tpy OHOBPEMEHHOM TPHOIMKEHHH 9acTHI b 1
C K TpaHHniaM Oapbepa MOTYT BO3HUKATh 3((EKTHI,

CBA3aHHBIE C OOMEHHBIM B3aUMOIEWCTBUEM TOXK-
JIECTBEHHBIX YaCTHII.

Jlns |Wh-c [ - nobasnsercs cnaraeMoe
RAGENCIIR NCPR ACIE

U, CJIEIOBaTENIbHO, IOSABIAETCS 100aBOYHAS DHEP-
THsI, COOTBETCTBYIOLIAS JHEPTUH B3aMMOAEWCTBUS
TOXXKJECTBEHHBIX YACTHI. OTy D3HEPTHUI0 MOXHO
BBIYMCIIATH, B COOTBETCTBUHU C [2], O opmyIie

V=AU [ W, 009 (5), (5). (7).

N3 sToro ypaBHEHUs BUAHO, YTO BeJWuuHA V on-
penemnsieTcsl «IepeKpbITUEM» BOJIHOBBIX (DYHKIHIA
Y, u ¥, . Tako# noaxoxa NO3BOJHI IIPH COOTBETCT-

BYIOIIMX YIPOIICHUSAX IOJYYUTh B TEPBOM IMPH-
OMWKEHNH TEOPUM BO3MYILEHHH BBIPAXKCHUE JUIS
BEIMYMHBl JHEPrHM OOMEHHOTO B3aUMOICHUCTBUS
[1].

Bonee Tounble 3HaUEHUST [UISI COOTBETCTBYIOIIMX
napamMeTpoB TYHHENHMPOBAaHHUS MOXKHO IIONYYHUTb,
€CJIU TIPEICTABUTh BOJHOBYIO (DYHKIIUIO IBUXKYILEH-
¢S YaCTHIIBI B BUE BOJTHOBOTO TakeTa [3].

IIpu Taxom mpencrasneHuu B [3] Bpems TyHHe-
JIMPOBAHUS ONPENENIAETCS KaK

o =p UL

[Mockonbky OOMEHHOH 3HEPTHH V' COOTBETCTBYET
Hekoe 3HaueHne @ (¥ =ha') u, cooTBETCTBEHHO,

¥, nepexomur B V), =4, exp(éd?.m(EiV , TO,

CJICA0BATCIbHO, IIOJy4Ya€M W M3MCHCHHUC 3HAUYCHUA
BPECMCHU TYHHCIIUPOBAHUS.

1. L.S. Martseniuk, S.P.Maidaniuk, and V.S.Olhovsky,
Problems of atomic science and technology 3, 51
(2009).

2. . bom, Keanmosas meopusi (M.: Hayka, 1965),
727 c.

3. G. Privitera, G. Salesi, V.S. Olkhovsky, and E. Reca-
mi, Rivista del nuovo cimento 26, No. 4, 55 (2003).
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TO THE MODIFICATION OF METHODS OF NUCLEAR CHRONOMETRY
IN ASTROPHYSICS AND GEOPHYSICS

V. S. Olkhovsky, M. E. Dolinska

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

It is presented in [1, 2] a new quantum-
mechanical approach for the description of the
o~decay evolution with considering of such excited
states and multiple yradiations and Jabsorptions
inside the stars and under the influence of the cosmic
radiation on the earth surface. It is based on the gen-
eralized Krylov-Fock theorem. Some examples with
the simple estimations are presented. They bring to
the conclusion that the usual (non-corrected) “nu-
clear clocks” do really indicate not to realistic values
but to the upper limits of the durations of the
o~decay stellar and planet processes. It is necessary
also to take into account the possible modifications
of the stellar and cosmic nucleo-synthesis. And it
can strongly influence on our estimations of the
universe age.

The ordecays of nuclei-chronometers from the
only ground states are usually taken into account in
the practical applications of the standard methods of
nuclear chronometry for the stellar and terrestrial
processes. But really the cosmic nucleo-synthesis
includes also the analysis of formation of the initial
long-living isotopes during s- and r-processes. In
these processes, inside stars and supernova not only
the ground states but also all possible excited states
of synthesized nuclei are being formed as a result of
radiation captures (#, ) and (p, ).

And from the Geiger and Nutall o~decay law it
follows directly that the lifetime 7., of the
o~decaying nucleus does very strongly depend on
the o~particle kinetic energy. In many cases the life-
time 7. is diminished by several orders with the
increasing of the o~particle energy by 1 - 2 MeV!
But up to now no systematic experimental study of
the excited radioactive nuclei relative to the
o~decays on their excitation energy had been under-
taken in the analysis of lifetimes because of the
much more rapid (within 10" - 10? s) and so strong
#decays of the excited nuclei. Previously it had
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usually assumed that there is no practical reason to
take into account the much more slow and so very
weak processes of the a~decays from the excited
states. The Table represents the impressive calcula-
tion results for the o~decay real duration of the nu-
cleus-chronometer **U.

Comparison of the calculation results for t,.,
and t,,, on the base of presented method

gza;rs 2-10° 4-10° 6-10° 8-10°
;eaés 332002-10° | 3.32004-10° | 3.32006-10° | 3.32008- 10°
3::3;5 110t 1-10° 0.8-10° 1.8-10°
g | 33201100 | 3320000 | 34100 | 3510

The presented simplified estimations bring to the
conclusion that the usual (non-corrected) “nuclear
clocks” do really indicate not to the realistic values
but to the upper limits of the durations of the
o~decay stellar and planet processes and also that the
realistic durations of these processes have to be no-
ticeably smaller.

As a continuation and extension of the exposed
results, we propose a scientific program of the future
investigations for students, post-graduate students
and young researchers, taking into account

1) the chains of the successive decays of every
star or terrestrial chronometer,

2) several initial excited states of every star or
terrestrial chronometer,

3) both o+ and £ radioactive decays and also the
possible modifications of processes of the stellar and
cosmic nucleo-synthesis.

1. V.S. Olkhovsky, M.E. Dolinska, and N.L. Doroshko,
BAHT 3, 9 (2009).

2. V. Olkhovsky and M. Dolinska, Central Eur. J. Phys.,
2009; DOI:10.2478/s115340090074-0 (online).
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DELAY-ADVANCE PARADOX NEAR A DISTORTED RESONANCE IN THE
CENTER-OF-MASS SYSTEM AND ITS RESOLVING IN THE LABORATORY SYSTEM

V. S. Olkhovsky, M. E. Dolinska, S. A. Omelchenko

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

In 1981 - 2003 there had been revealed a paradox
of the phenomenon of the appearing of the time ad-
vance instead of the time delay near a compound-
nucleus resonance, distorted by the non-resonant
background, in the center-of-mass system. This phe-
nomenon was connected with the presence of a cer-
tain zero besides the resonance pole of the scattering
amplitude or the correspondent 7-matrix, besides the
resonance pole, in the lower unphysical half-plane of
the Riemann surface. And in some other papers there
had been also revealed the appearing of the quite
similar time advance in collisions near a minimum
of the correspondent cross section.

In 2009 (see [1]) such paradox is solved namely
in the laboratory system. It is found that in the labo-
ratory system the time advance is eliminated by the
real time delay, caused by the motion of the decay-
ing compound nucleus from the collision point till
the point of the final decay.

If we consider the interference phenomena be-
tween prompt direct and delayed compound-
resonance processes of the reaction

x+X —
(incident channel)

y+7r,
(exit channel)

we can see their qualitative difference in the center-
of-mass (C-) and laboratory (L-) systems. In Fig. 1,
a and b these two processes in the L-system are pic-
torially presented (they represent the prompt (direct)
and the delayed compound-resonance mechanisms
of the emitting y particle and Y nucleus, respec-
tively.). The both mechanisms are kinetically indis-
tinguishable in a macroscopic measurement but they
are microscopically different processes.

|
I
|
y : Y
|

Fig. 1

Fig. 1, a represents the direct process of the
prompt emission of the final products from the colli-
sion point Cy, while Fig. 1, b represents the motion
of the compound-resonance nucleus Z” from point C
to point C;, where it decays by the final products
y + Y after traveling a distance between C, and C;
which is equal to ~ V¢ 7. before its decay. Here V¢
is the center-of-mass velocity and z,.,= (4172)/[(Ez-
- m_z)z + 1"2/4] is the mean time of the nucleus Z*
motion before its decay [4] when the energy spread
of the incident particle X is very small (4E << TI).

Moreover, the revealed in 1994 the additional
change of the amplitude phase in the C— L trans-
formations is now concordant with the solving of the
paradox of the phenomenon of the delay — advance
and the elimination of the advance by the resonance
time delay, caused by the real motion of the decay-
ing compound nucleus. The obtained analytical re-
sults are illustrated by the calculations for the neu-
tron elastic scattering by nuclei **Si at the range of a
distorted resonance (Fig. 2).

2

— calculated data i
—— — experimental data

Cross-section (barn) - logarithm-scale

-3
20000 40000 60000 80000
Incident energy (eV)

100000

Fig. 2. Excitation function for **Si (n, n).

1. V.S. Olkhovsky, M.E. Dolinska, S.A. Omelchen-
ko, and M.V. Romanyuk, Abstr. of the Int. Conf.
Nuclear Reactions on Nucleons and Nuclei, 5 - 9
Oct., 2009, Messina (Italy), p. 63 (To be pub-
lished in Proc. of the Conf. Nuclear Reactions on
Nucleons and Nuclei, 5 - 9 Oct., 2009, Messina,
Italy).
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TIME AS A QUANTUM OBSERVABLE, CANONICALLY CONJUGATED TO ENERGY,
AND FOUNDATIONS OF TIME ANALYSIS OF QUANTUM PROCESSES

V. S. Olkhovsky

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

This year there were published a new extensive
review [1] and then a special report for the young
researchers [2], which were dedicated to the solution
of the problem for fime in quantum mechanics and
quantum electrodynamics as an observable, canoni-
cally conjugate to energy. These reviews deal with
the maximal hermitian (but non-self-adjoint) opera-
tor for time. Some applications and perspectives of
time analysis of quantum processes (tunnelling phe-
nomena and nuclear processes) are also reviewed,
for instance:

(I) There are already certain foundations to ac-
cept that strictly obtained energy-time uncertainty
relations can help to attenuate endless debates on
their interpretation, originated in Fock and Aharonov
discussion.

(IT) There are known two measures of averaging
on time in quantum theory: The first measure is re-
lated with the particle passing through space point or
interval. The second measure is related with the
particle accumulation or dwelling inside the limited
space interval during passing through it. And they
are partially connected with each other.

(IIT) Actually, the time operator has been rather
fruitfully used in the case of the tunnelling times. It
had established that practically all earlier known
particular tunnelling times appear to be the special
cases of the mean tunnelling time or of the square
root of the variance in the tunnelling-time distribu-
tion (or pass into them under some boundary condi-
tions), defined within the general approach.

(IV) There is an infinite series of the multiple in-
ternal reflections not only between the various barri-
ers but also for evanescent and anti-evanescent
waves inside any barrier.

(V) Although there is no direct classical limit for
tunneling under a barrier particles, nevertheless there
are present the non-zero probability density and the
non-zero flux probability density of the wave pack-
ets inside barriers and, moreover, there is a direct
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classic limit for the motion of a superposition of
evanescent and anti-evanescent waves inside a bar-
rier: let us recall a similar motion of the wave pack-
ets constituted from evanescent and anti-evanescent
waves in classical optics and classical acoustics (see
appropriate citations in [1]).

A scientific program of the possible investiga-
tions for post-graduate students and young research-
ers is presented in [2]:

(1) It is actually interesting to generalize the time
analysis of quantum processes for more complicated
particle and photon motions (such as along helixes,
then the motions through two- and three-
dimensional barriers etc).

(2) The time operator formalism can be also de-
veloped in relativistic quantum mechanics (the
Klein-Gordon case and the Dirac case). It is rather
perspective to develop the formalism of the four-
position operators for the analysis of the localization
problems.

(3) The time analysis of quantum processes can
be extended also for the study of the relativistic
cosmic quantum processes near black holes, using
the Klein paradox known for the relativistic tunnel-
ling.

(4) It is a rather interesting perspective to develop
the time analysis of the whole-universe tunnelling
through the barrier of the quantum gravitation curve
during the initial Big-Bang inflation period, starting
from the Hamiltonian approach to time operator,
defined by the operator equation [H, T| = ik (H and
T being Hamiltonian and Hamiltonian approach to
time operator for the same system, respectively).

1. V.S. Olkhovsky, Advances in Mathem. Phys. 2009
(2009), article 1D 859710, 83 pages,
doi:10.1155/2009/859710.

2. V.S. Olkhovsky, Int. Conf. of Humboldt-College Se-
ries “Humboldt Cosmos: Science and Society” HCS2-
Kyiv2009, Nov. 20.
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HIGH ENERGY PHYSICS AND ALGEBRAIC GEOMETRY

Yu. M. Malyuta, T. V. Obikhod

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

The purpose of the present work is to derive the
Minimal Supersymmetric Standard Model [1] from
superstring theory [2]. It is performed by choosing
superstring compactification in the form of ellipti-
cally fibred Calabi-Yau fourfold. Such approach
allows to determine the gauge group, matter content,
superpotential and mass spectrum of superpartners.

These predictions are important from experimen-
tal point of view as they are connected with searches
for new physics at the LHC.

We consider superstring compactification on the
Calabi - Yau fourfold F represented as the elliptic
fibration, where the base B is the Fano variety of
dimension three and the fiber £ is the elliptic curve

E—>F
l. (1)
B

The fibration (1) restricted to complex curves has
sections

1x5,, 1x5,,  3xl10,,  3x5,,

where 5,, 5,, 5,,, 10,, are multiplets of quark

and lepton superpartners. These sections deter-
mine the matter content of the MSSM.

The gauge invariant MSSM superpotential takes
the form

Wsps = A -5y x5 X105 + A1 -5, x10() 10 +
+A, -5, x50 xNW +u-5,%5,,

where A¢, A", A, are Yukawa coupling constants.

27T
By application of the computer program
SOFTSUSY [3] it is possible to calculate the mass

spectrum of superpartners. This MSSM spectrum is
displayed in Figure.
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The MSSM spectrum of superpartners.

Comparison of the predicted spectrum with ex-
perimental data obtained at the LEP and TEVA-
TRON [4] shows, that the calculated masses exceed
the lower limits on masses reached at colliders. New
searches for superpartners and measurements of
their masses should be realized at the LHC.

1. B.C. Allanach et al., arXiv: hep-ph/0609263.

2. C.Vafa et al., http://www.claymath.org/workshops
/lhc/.

3. B.C. Allanach, arXiv: hep-ph/0104145.

4. M. Schmitt, Phys. Lett. B592, 1014 (2004).
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IPOCTPAHCTBA MOJYJIEM CYNIEPCTPYH
10. M. Mamora, T. B. Oouxon

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

MaTtemMaTH4ecKUM — anmnaparoM TEOPEeTHYECKON
(U3UKN BBICOKMX DHEPTUH SBISAIOTCS MPOU3BOIHEIC
kareropuu [1, 2]. OObekTaMi MPOM3BOIHBIX Kare-
TOpHH ABJSIFOTCS KBUBEPHI, ONUCHIBAIOIINE OpaHbl, a
MopdusmMaMu — Ext-rpymniiel, onuceIBaoonye cynep-
cTpyHbel. Mupopmanusi, 3akoampoBaHHas B Ext-
rpynmnax, mo3BoJiI€T ONPEENIUTh CIIEKTPBI JJIEMEH-
TapHbIX 4YacTull. IIOMHMO W3BECTHBIX YacTHIL, JTH
CHEKTpPbI COJEpKAT 3K30THYECKHE YACTHIBI THUIIA
cynepnaptHepoB U KK-naptHepoB. Otu npenckaza-
HUS CBS3aHBI C IOMCKaMH HOBOH (pu3uku 3a mpene-
JIaMU CTaHJAApTHOU MOJIETH.

Ext-rpynmsl ans kBusepoB O, O ONUCHIBAIOT

MPOCTPAHCTBO MOJYJIEH OTKPBITOM CyIEpCTPYHBI

[3]:

Ext’ (Q,Q ) gt
Ext' (Q,Q) _ g 3ab+3bc +3cd ’

Ext’ (0,0')=£ st 3 30 )
Ext3 (Q’Q') =£ ad +bb +cc ,

rie umcna a, b, c,a, b, c 00603HAYAIOT OpOU-
(hona-3apsapl, XapaKTepU3yIOIINe KBUBEPHL. DieMe-
HTBI EXt-rpynm c 4YeTHBIMH CTENEHSMHU SBISIOTCS
0o30Hamu, a 3JeMeHThl EXt-rpynm ¢ HedeTHBIMHU
CTETCHSMU SBJISAIOTCS (PepMUOHAMMU.

MBI ycTaHaBIIMBaéM COOTBETCTBHE MEXKIY IPO-
cTpaHCTBOM Monyiei (1) m crmeKkTpamMu OTKPBITHIX
CYIEpCTPYH,  OIHKCBIBAEMBIMU  CyIEprpymniaMu
OSp(3|2N).

Jns cnmydass N = 1 nozncraBisieM B BBIpaKEHHUE
(1) opoudona-3apsasl

a=d =b=b=c=1, ¢ =0,
Y TIOJIy4YaeM pe3yJibTaT
dim Ext°(Q,0) +dim Ext*(Q,0') =8,
dim Ext'(Q,0) +dim Ext*(0,0') =8,
YTO COBMAJIAET C YUCIAMU OO30HHBIX U (HEPMUOH-
HBIX COCTOSIHUH.

Jns cirygast N = 2 TOICTaBIIsSieM B BBIPpAKCHHE
(1) opbudona-3apsiast

a=a =b=b=c=4, ¢ =0
U TIOJTy4aeM pe3yIbTaT
dim Ext’(Q,Q') +dim Ext* (0,0 ) =128,
dim Ext'(Q,0Q') +dim Ext’(0,Q') = 128.
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Hns N = 3 npu opbudong-3apsaax
a=a =b=b =c=16, ¢ =0
MOJTy4aeM pe3yJIbTaT
dim Ext°(Q,0) +dim Ext*(Q,0') = 2048,
dim Ext' (Q,Q) +dim Ext’(Q,Q) = 2048.
st N = 4 moncrasisieM B Beipakerue (1) opou-
dona-3apsasl
a=da =b=b=c=64, ¢ =0
U MeeM
dim Ext’(Q,Q') +dim Ext* (Q,Q) = 32768,
dim Ext'(Q,0) +dim Ext* (0,0') = 32768.

Bo Bcex ciydasix uuciia 0030HHBIX U (EPMHUOH-
HBIX COCTOSIHUHM COBIAAAIOT.

ITomy4eHHble pe3yabTaThl MOTYT OaTh IpEACTaB-
JIeHBI B BUJIE TpaekTopuid Pemxe, n300paxeHHbIX Ha
pucyHke, rie J - cnuH, a N - HOMEp YPOBHS, BXO-
Jsmuii B Gopmyty

idimExf‘ (0.0')=2".

J,
4t
) /
s /
17k / c/

1 2 3
Tpaexropuu Penxe,
onuceiBarolye cynepnaptHepsl 1 KK-naptaepst.

o

N

OTH pe3yNbTaThl BaKHBI C SKCIEPUMEHTAILHON
TOYKH 3PEHHA, TaK KaK OHHM CBS3aHBl C IOWCKaMHU
cynepnaptHepoB, KK-mapTHepoB U MUKpPOCKONHUU-
YECKUX YEPHBIX bIp Ha koutaiaepe LHC.

1. M.R. Douglas, arXiv: hep-th/0011017.
2. P.S. Aspinwall, arXiv: hep-th/0403166.
3. S.Katz, T. Pantev, E. Sharpe, arXiv: hep-th/0212218.
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FLUCTUATIONS IN INITIAL ENERGY DENSITY DISTRIBUTIONS
IN A+ A COLLISIONS

M. S. Borysova', Yu. Karpenko®, Yu. M. Sinyukov’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
Bogolubobov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kyiv

The analysis of particle correlations as a function
of relative pseudorapidity and azimuthal angle ex-
hibit novel ridge-like structure in A + A collisions.
First measurements of the ridge were reported by the
STAR Collaboration on the basis of inclusive
charged-particle correlations [1]. The discovery of
the ridge has proven to be stubbornly resistant to a
quantitative theoretical analysis [2, 3]. The ridge is a
structure that remains after removal of the known
correlation-inducing effects such as elliptic flow and
ordinary jet correlations and which is unusually wide
in the longitudinal direction. This is faced with the
problem of causality which, probably can be solved
only if one supposes that the ridge phenomenon in
relativistic A + A collisions is rooted in the initial
conditions of the thermal evolution of the system.
The aim of this study is to check this hypothesis by
an analysis of the developing energy density in the
system which at very initial stage of collisions has
high density tube-like fluctuations with boost-
invariant homogeneous structure within some space-
rapidity region. These tubes are rather thin, radii is
close to 1 fm.

The description of spectra and correlations could
be done in the frameworks of the hydrokinetic ap-
proach (HKM - Hydro - Kinetic Model) [4, 5]. In the
very first calculation we compare the transverse-
velocity profile and energy density profile which
develop by the time 1 fm/c and also at the chemical
freeze-out (T = 165 MeV) in the two scenarios. The
first one corresponds to the smooth Gaussian profile
with radius R and energy density as was considered
in [6] at 7, =0.2 fm/c (see Fig. 1). Hydrodynamic
evolution starts at the time 7,. The second scenario
based on tube-like initial conditions at 7, . It has the

following initial configurations:

background (main) distribution of energy density
— Gauss distribution with R = 5.4 fm/c and maxi-
mum energy density at r =0 is 90 GeV/fm’ (Fig. 1);

the configuration with one tube (fluctuation) —
energy density profile is the Gauss distribution with
R = 1.0 fm/c with maximum in the center -
270 Gev/fm®. The results of calculations are pre-
sented for initial time and t = 1, 2, 10 fm/c (Fig. 2).

["e(t), t{0] = 0.200000 fmic

e

x [fim]

Fig. 1. 2D plot of energy density profile
(without fluctuations) for initial time.

Fig. 2. 3D plot of energy density profile with tube-
like initial conditions for initial time and for t =1, 2,
10 fm/c.

As for outlook:

HKM allows describing all the stages of the sys-
tem evolution as well as a formation of the particle
momentum at the decoupling stage. The basic
hydrokinetic code, proposed in [4], is modified now
to include tube-like initial conditions with aim to
study the correlations, leading to ridge structures.

1. J. Adams et al., J. Phys. G: Nucl. Part. Phys. 34, S995
(2007); 34, S679 (2007).

2. A.Dumitru et al., Nucl. Phys. A810, 91 (2008).

3. B.Schenke et al,J. Phys. G: Nucl. Part. Phys. 35
104109 (2008).

4. S.V. Akkelin et al.,Phys. Rev. C78, 034906 (2008).

5. Yu.M. Sinyukov et al., Phys. Rev. Lett. 89, 052301
(2002).

6. Yu.M. Sinyukov et al., J. Phys. G: Nucl. Part. Phys.
35104071 (2008).
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HEKOTOPBIE ACIIEKTbI NPOSABJIEHUA KBAHTOBO-MEXAHUYECKHUX
®EHOMEHOB B MOJIEKYJIAPHbBIX CUCTEMAX KUBbBIX OPI'AHU3MOB

JI. C. MapueHiok

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

IIpoBeneH CpaBHUTENBHBIM TEOPETUYECKUI aHa-
M3 Xapakrepa OHOIOTHYECKUX MPOLECCOB B KUBBIX
OpraHu3Max IpPU HEKOTOPHIX METOJaX HU3KOMHTCH-
CUBHOTO BO3JekcTBHs. TakuMu MeTOAaMu MOTYT
OBITh: BBEJICHHE B OPraHU3M I'OMEONAaTUYECKUX Ipe-
[apaToB, BO3ACWCTBHE IIEKTPOMArHUTHBIM U3ITyde-
nuem KBU-nmamasona (MM-BOJIHBI) MIPU CBEPXHHU3-
kux ypoBHsaX (Menee 1 - 10 MBt/cm®), HampaBieH-
HOE HCIOJIb30BAaHWE B MEAMLMHCKHX 3ajadax 3¢-
thexra PHK-unTepdepennnmn.

OO0mmM u Hamboliee CyIIECTBEHHBIM Ui 3TUX
CIOCOOOB BO3JEHUCTBUS SBJISIETCSl TO, YTO OOHapy-
JKUBAIOTCSI KBaHTOBO-MEXaHHYECKHE 3aKOHOMEpPHO-
CTH UX MPOSBICHUSA, KOTOPbIE MPUBOJAT K IKCIEPHU-
MEHTaIbHO (puKcupyembM n3MeHenusM B KBYU-nu-
ama3oHe.

B onyGnukoBanunoii 3a 2009 r. pabore [1] oc-
HOBHOE BHUMAaHME YJIEIEHO HCCIEIOBAHHUIO PE30-
HaHCHOTO Xapakrepa mposBiaeHus 3¢dekra PHK-
HHTEpPEPECHIINH.

Cytb addexra PHK-unTepdepenunn 3axmoya-
ercs B caenytomeM [2]. I[Ipu BBenennn mimm odpazo-
BaHUU B KJIETOYHOW cpefie ABYXIETIOYEYHOU MoJe-
kyasl PHK (mc-PHK) 3amyckaercst BbIcOkocmenu-
(UYHBIA MEXaHU3M IO/IABJICHUS SKCIPECCHH T'€HOB,
HMEIOIIUX TOMOJIOTHYHBIE 3TOM MOJEKyJe HyKJIeo-
TUHBIE TTOCIIEA0BATENIbHOCTH. Pe30HaHCHBIN Xapak-
Tep a¢dexra 0OHApYKUBAETCSI B TOM, YTO JOCTa-
TOYHO BBEICHHMA B KIETKYy BCErO HECKOJBKUX
nc-PHK st Toro, 4toObl 3amycThics Bech Mexa-
HI3M 3¢ dexta PHK-unTepdhepenmn.

B [1] BuepBble BBLABHHYTa MOAEh, HA OCHOBa-
HUHM KOTOPOW MOXHO YKa3aTb BO3MOXHYIO IPUYHHY
00pa3zoBaHus B KJIIETOYHOM cpeae Mosekynsl ac-PHK
IpU NONaJaHuu B KIeTKy uyxkeponHoil PHK-morne-
KyJIBI TpaHCTEHA.

Mojens ocHOBaHa Ha MPUBJICYEHUU TEOPHUU pe-
30HAHCHBIX KBaHTOBBIX IIEPEXOAOB U TYHHEIHPOBa-
HUS B CHCTEME C IBYMsI COCTOSTHUSIMH.

Buenpenne B nuTomnasMy KIETKM BHPYCHOH
PHK, umeroreid coOCTBEHHBIE YaCTOTHI, OJIM3KHE K
JacTOTaM KaKOTo-JTHOO TeHa, NMPUBOJHUT K BO30YXK-
JICHUIO COOTBETCTBYIOIIETO EMY yUacTKa MOJIEKYJIbI
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JHK. 310 TOT y4acTok, B KOTOPOM pacIojiaracTcs
komruiemenTapHas k PHK nenouka rena. Ona Haxo-
JIUTCS B HEMOCPEICTBEHHOM CBSI3H Ue€pe3 CUCTEMY
BOJOPOAHBIX CBsi3ed [3] ¢ HPOTUBOIOJIOKHOU €H
LIETIOYKOA.

Bonoponusie cBsI3M, COETUHSIOMINE Mapaielb-
Hele nenouku JHK, umeror nBa mMuHumyma, pasue-
JIEHHBIX dHepreTudeckuM OapbepoMm [3]. IIpoToH,
YYacCTBYIOIIMKM B CO3/IaHUM TaKUX CBSI3€W, MOXKET, B
pesyJibTaTe TyHHEJIMPOBAaHMS 4depe3 Oaphep, 3aHU-
MaTh OJTHO U3 JIBYX BO3MOXHBIX KBAHTOBBIX COCTOSI-
HHUI.

B pabote npoananu3npoBaHbl BO3MOXHBIE Bapu-
aHTBl TIEPEXONOB MEXAY [BYMs KBAaHTOBBIMH CO-
CTOSIHUSIM, B TOM YHCJI€ U PE30HAHCHBIE KBAaHTOBBIE
nepexoqpl. Pe3oHaHCHBIE MpoLECcCH 3HAYUTEIBHO
YBEIMUYUBAIOT BEPOSATHOCTh ITHX Hepexonos. Ilpm
pe3oHance TeHHoro yuactka memouku JIHK ¢
BHEUIHMM IIOJIEM, CO3[aBacMbIM BHEJIPEHHOI B
kieTky uayxepomHorr PHK, mporon 3abpacwiBaercs
Ha 0oJiee BHICOKHE KBAaHTOBBIE YPOBHM M IIEPEXOIUT
B CyNEpPHO3UIIMOHHOE COCTOSHUE.

Bo30yxneHne TeHHOro ydacTKa 4yepe3 CHUCTEMY
BOJOPOJHBIX CBSI3€H MOXET, B PE3yJbTaTe TaKUX
MIPOIIECCOB, NEpelaBaThCs MapajIebHON IeH MO-
nexynasl JIHK. DTo nprBOANT K BKIIIOUEHHIO B MPO-
necc pyHKIIMOHUPOBAHUS M TIapaJUICIbHBIA YYaCcTOK
MOJIEKY/IbI, YTO MOXET MOCITYXHUTh NMPUYMHOMN A
o0pazoBaHHsl B KJIETOYHOM Cpele MOJEKYNbl [iC-
PHK, 3amyckaromeit mexannsm PHK-unTepdepen-
L1H.

Uepes wu3MeHeHHE 4YacTOTHl BHEIIHErO TOJ,
CO3/1aBAEMOT0 BHPYCOM, MOXET OCYIIECTBIIATBCA U
nepeKimoueHne  obnacted  QyHKIMOHMPOBAHUS
JHK. Takum obpa3om, No-BUAUMOMY, OCYIIECTBIIS-
eTcs Iepe3anyck COOCTBEHHBIX IPOrpaMM HEOIO-
3HAHHOW BUPYCHOH MOJIEKYJIOM.

1. JI.C. Mapuentok, buomeaummHckas paxno31eKTpOHH-
ka 6, 41 (2009).

2. B.WM. IlaBmmuenko u A.B. AbpamoB, Ocrossl monexy-
aapuotl  buonoeuu u eenemuxu (.. MMA-mpecc,
2006), 468 c.

3. A.C. JlaBb10B, huonoeus u keanmosas mexanuxa (K.:
Hayk. nymka, 1979), 296 c.
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BU3HAYEHHA AMILIITYAU 3MIITIYBAHHSA CTAHIB VY SAJPAX 1ds, I 1f;, OBOJIOHOK

I. O. Kop:x, M. T. Ckasip, A. . dypca

Tnemumym soepuux docnioxcenv HAH Yrpainu, Kuis

[lpu po3paxyHkax mepepi3iB TpsSMOro He-
MPY>KHOTO PO3CISIHHA 31 30yPKSHHSAM MYJbTHUILICTIB
CTaHIB HEMApHUX sIEp »Na, 25Mg, YK, ¥Mn, *Co,
#Cu, ®Cu B pamkax Mozemi 30yKEHOr0 OCTOBA
(M30) HeobOxinHO BpaxOBYBaTH €(EKT 3MilIyBaHHS
OCHOBHOTO i 30yMKEHOr0 CTaHiB sAep 3 OAHAKOBH-
mu 3Hauenasmu J*. Y M30 SAPO CKIAJAETHCA 3
0CTOBa y BUTIIAI TAPHO-TIAPHOTO SI/Ipa, 3B’ I3aHOTO 3
HYKJIOHHOIO YaCTHHKOIO a0o0 JIPKOI0 B CTaHi 3 IO-
BHUM KyTOBHM MOMEHTOM j. ToMy MpHUPOAHO OYiKY-
BaTH, III0 OCHOBHE PO3CISIHHA YaCTHHOK, 10 Oomba-
PAYIOTH s11po, Oye YMHUTHCS Ha ocToBi. ExcTpany-
KJIOH, 3B’SI3yIOUUCH 3 OCHOBHUM CTaHOM OCTOBA, JIa€
OCHOBHMH CTaH HEMapHOro SApa, a Moro 3B’s30K 3
nepmuM 2° 36y/KEHUM CTaHOM OCTOBA MOPOJIKYE
MYJIBTHIUICT 30YDKEHUX CTaHIB 31 3HAYCHHSIMH KY-
toBoro Momenty J* = |2 - j|, ..., 2 + j. [lapHicTs nux
SIEPHUX PIBHIB BU3HAYAETHCSA TAPHICTIO OIHOYAC-
TUHKOBOTO CTaHy €KCTPaHYKJIOHA. Y MyJbTHILIETaX
30y/DKEHUX CTaHIB SAep 4YacTO CIIOCTEPIratoThes
OKpeMi CTaHU 3 TaKMMH X KBAaHTOBHUMH UHCIIAMH,
IO 1 B OCHOBHOMY CTaHi, K1 i 3MIIIYIOTHCS 3aJIHII-
KOBOIO B3a€MOJII€I0, 10 MOBOIO XBHJIBOBUX (PYHKIIIH
LUX CTaHIB BUITIAJAE SIK

EV, v =N1-4y, + Ay, ,

(1
E®, ¥® =\1-ALy, - Ay, ,

ne A - amImiTyaa, sSKka XapakTepu3ye BEUYUHY
3MIITyBaHHs 0a30BUX CTAHIB y MOJIETI 3 B3aEMOJIEI0

YacTHHKA-OCTOB uepe3 (OHOH; Y/, - OJHOYACTUH-
KOBUI CTaH 3a BiACYTHICTIO Oynab-sKMX (POHOHIB,
W/, - CTaH, 10 CKJIAJIa€ThCs 3 HEB3a€EMOJIiIOUOI Yac-

THHKH 200 JipKH 3 KyTOBUM MOMEHTOM j 1 OJTHOTO

KBaJpynonsHoro goxona 2°, [ki 3B’s13aHi B CTaH 3
MOBHUM CITiHOM J".

V 3araibHOMY BUTJISIII HAMH PO3POOJICHO METOX
PO3paxyHKy aMILTITYd 3MiltyBaHHsT A CTaHiB siiep
[1], B SIKMX cepelq KOMIIOHEHT MYJIbTHILIETIB 30Yy-
JOKEHUX CTaHIB CIIOCTEPITraloThCsl CTAHU 3 TAKUMH K
CaMMMH KBaHTOBHMH YHCJIaMH, 10 1 B OCHOBHOMY
crani HemapHoro snpa. [lokazaHo, mio ammuiTyzaa
3MIIIyBaHHS TaKHX CTaHIB BHU3HAYAETHCSA TIIBKU
EHEPreTUYHIMH XapaKTePUCTUKaMU HEMapHOTo s[-
pa Ta sapa Kopa:

A=J0=w, /N2, )

Jie @, - EHepris KBaJpynoabHoro ¢GoHoHa; A - Bijc-
TaHb MiXK PIBHSMHU B HEMAPHOMY SIIpi 3 OAHAKOBUMH
3HaueHHsmu J".

[IpoananizoBaHO HACIHIKKA TaKOTO 3MillTyBaHHSI.
[ToxazaHo, 1m0 BpaxyBaHHS 3MIIIyBaHHS CTaHIB y
XBHJIbOBUX (PYHKIIISIX KOMIIOHEHT MYJIBTHILIETIB
MPU3BOAUTH 0 ICTOTHOTO 3MEHIICHHS MPSIMOI KOM-
TTOHEHTH TIePePi3iB HETPYKHOTO PO3CISTHHS HEUTPO-
HiB Ha daxrop (1 - 4%) mrs craiB Iys.er. # Jocner, | HA
(baKTOp (1 - 2A2)2 JJIA Jn36.c1'. = JnOCH.CT.'

st HemapHUX siAep 23Na, 25Mg, 41K, >Mn, ° 9Co,
$Cu, ®Cu 6yn0 06paHO MapHO-MAPHi OCTOBH I
KOJKHOTO 3 AJep 1 pO3paxoBaHO aMIUTITYOH 3Milly-
BaHHS A 3rigHO 3 BupazoM (2). [Ipu BuOOpPI sapa
KOpa HEoOXiJTHO BpaxOBYBaTH BHMOTY, MO0 IIEHTP
Barv MyJIbTHILIETY CTaHiB HEMAapHOTO siapa MpuOIH-
3HO 30iraBcsi 3i 3HAYEHHSAM eHeprii 30yuKenHs 2"
CTaHy B sAmpi Kopa. Pe3ynbprath BU3HAYCHHS aMILIi-
TyJl 3MIIITyBaHHsI CTaHIB HEMApHUX sJICp HABEICHO B
TabIuUI.

Homapte spo BNa ) 25Mg ) T ) SMn _ ¥Co _ Cu _ Sy _
(J7=3/2") | d"=5/2) | d"=3/2) | d"=5/2) | d"=7/2) | d"=3/2) | d"=3/2)
Snpo octoB “Ne “Mg *Ca *Cr **Fe Nj “Nj
A 0,535 0,389 0,106 0,558 0,517 0,348 0,331

OTpuMaHi 3Ha4eHHS aMIUTITY[ 3MillyBaHHS CTa-
HiB OyAyTb BUKOPUCTaHI MPU PO3paxyHKax MPIMHUX
KOMITOHEHT TIEpEepi3iB HEMPYKHOTO PO3CISHHS IIIBU-

JIKAX HEWTPOHIB IMMHU SApaMU B paMKax MOJeNi
30y PKEHOTO OCTOBA.

1. 1.O.Kopx, M.T.Crisip ta A.J[.®ypca, SAnepHa dizuka
Ta enepretuka 10, Ne 2, 134 (2009).
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CEPEJHI PE3OHAHCHI NAPAMETPHU SAJEP TUTAHY U 3AJII3A

M. M. IIpaBausuii, 1. O. Kop:k, M. T. Cxasp

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Jns i30TomiB THTaHy ¥ 3ami3a 3a pe3ysbTaTaMH
JeCATKIB poOiT OyJ0 BU3HAYEHO PEKOMEHIOBaHi ce-
penni pezonancHi napamerpu So, Sy, R, [1]. st pos-
PaxyHKIB CepelHiX Iepepi3iB pO3CiSHHS HEHTPOHIB
HU3BKHUX EHEpriil spaMu HEeoOXiTHO MaTH IOBHI Ha-
O0opu mapametpi S, S, R('), Rl', S13. Kpim Toro,
cuioBi (hyHKIII i pajiiycy MOTEHIIaIbHOTO PO3CIsTHHS
BH3HAYAIOTHCS PI3HUMHU METOJAMH 1 y Pi3HHUX eKCITe-
puMeHTax, To00To po3pizHeHo. Tomy Taki JaHi BUMa-
raloTh MEpPEeBIpKU Ha iX BiAMOBIOHICTH EKCIIEPUMEH-
TaJbHUM cepenHiM nepepizam. [loBHI HaGopu mapa-
METpIB VISl SiAep TUTAHY H 3aji3a 3 IPUPOAHUM CKIIa-
JIOM 130TOMiB BU3HAYEHO Nuie B pobori [2]. Ix mopi-
BHSHHS 3 PEKOMEHAOBAHUMHU CEpeIHbO3BAKCHUMHU
napaMeTpaMu Ul TaKuX fAep MoKasano, 10 B 000X
sep napameTpu Sy i S MaroTh 3Ha4H1 PO301KHOCTI.
BusHaueHHs HOBUX TMOBHHX HAOOpiB pe30HAHCHUX
rmapaMeTpiB sjaep THUTaHy W 3aiiza 3 MPUPOTHUM
CKJIaJIOM 130TOIIIB 3/IICHEHO HAMU 3 aHalli3y cepe/l-
HiX eKCIIEpUMEHTAIBHUX AudepeHialpHuX nepepi-
31B MPY>KHOTO PO3CISTHHS HEUTPOHIB 13 €HEPTi€l0 10
450 xeB, sxi Oynm mpencTaBieHi y BHTJISAI PO3KJIIa-
oy 3a nojiHoMmamu JlexaHapa o., @), @, B poOOTI
[3]. BusHaueHHs 3MiHCHEHO MUITXOM MiATOHKH PO3-
PaxOBaHUX BEIHUYMH O, (W], (2 10 1X EKCIEPHUMEH-
tanbHUX. [lapameTrpamu miAroHKH Oy PEe30HAHCHI

mapaMeTpu. MeToa YCIIIHO BUIPOOYBaHO HaMH
Ipy BHU3HAYEHHI MapameTpiB AJsl MapHUX i30TOIB
KaaMmito i onoa [4]. s mepeBipkd peKOMeH0Ba-
HUX TIapaMeTpiB Ha iX BiMMOBITHICTH EKCIIEPUMEH-
TaJbHUM TIepepi3aM cepelIHbO3BaKECHI BETHUUHH S,

S1, R, Oyno 3adikcoBaHO 1 3 MIATOHKH BU3HAYEHO

pemTy mapaMeTpiB i3 moBHOTO Habopy. [ mepesi-
PKH SIKOCTi OIHCY TEepepi3iB OTPUMaHUMU MTOBHUMU
HabopaMH pPe30HAHCHHX MapaMeTpiB 1 mapaMeTpaMu
pobotu [2] Oyii0 po3paxOBaHO BEIUYUHH G, M1, 2
1 TIOPIBHSAHO iX 3 EKCIIEPUMEHTAIHHIMH 3HAYCHHS-
MHU. SIKICTh ONMUCY EKCIIEPUMEHTANBHUX JaHUX Y
BCIX BMIAJKaX OIIHIOBANACH 33 BEIMUYHHOI )~ Ta
Bi3yapbHO Ha rpacdikax. [3 mpoBemeHoro anHamizy
3po0JIeHO HACTYMHI BUCHOBKH. OTpUMaHiI HAMH Tia-
paMeTpu HalOUIbII ONTUMAaNbHO OMUCYIOTH EKCIIe-
pUMEHTaJbHI NaHi. PekoMeHIoBaHM IS 3aitiza ma-

pamerp R, € 3aBumienumu Ha ~ 20 %, a napametp S,

3aHWKEHWH Yy JIBa pa3u, MO OOYMOBWJIO BiJ €MHE
3HaueHHs nmapamerpa Sy 1,. A 000X saep mapame-
TpH Sy poOoTH [2] € HEOOTPYHTOBAHO 3aHNKCHUMH B
KiJIbKa pa3iB MOPIBHIHO 3 peKOMEHIOBaHUMH [1].

Y Ttabnuii HaBeneHO IS 000X snep OTPHUMAaHi
HAMU CepelHI Pe30HaHCHI mapaMeTpu (IBa BEpXHi
PSAOKH) Ta PEKOMEHAOBAaHI MapameTph (IBa HUXKHI
PAAKH).

Cepenni pe3oHacHi mapamMeTpu siiep THTaHY # 3a7i3a
Spo S, 10* S, - 10* R,, DM R;, dm Sy 10° Sy 10*
»Ti 3,00(30) 1,10(25) 3,26(32) 5,65(50) 0,56(1,03) 1,37(35)
ke 2,00(40) 0,75(20) 4,95(20) 3,02(55) 0,15(85) 1,05(30)
»Ti 3,85 1,19 3,88 3,83 0,51 1,53
ke 2,48 0,36 5,91 2,61 —0,98 1,03

1. S.F. Mughabghab, Atlas of Neutron Resonances
(Resonance Parameters and Thermal Cross Sections.
Z = 1 - 100), 5™ Edition, (Elsevier, 2006).

2. AbB. Tlomos u I'.C.CamocBar, Kpamxue coobuw.
OUAHU, Ne 18-86 ([lyoHa, 1986), c. 30.
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3. 30 Un Ok, B.I'. Hukonenko, A.b. Ilonos u I'. C. Ca-
MmocBat, [Ipenpunm. OHWAH-P3-85-133 ([yOna,
1985).

4. 1.0O. Kopx, M.M. I[Ipasgusmii Ta M.T. Ckisip, Proc.
of the Int. Conf. “Current Problems in Nucl. Phys.
and At. Energy, Kyiv, 2006 (Kyiv, 2007), p. 599.
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CIIEKTPHU IMPOTOHIB I3 PEAKIII T(d, p)

0. O. bemockina, B. I. I'panues, B. B. /laBunoBcbkuii, K. K. Kicypin, C. €. OMenabuyk,
I'. II. Maakin, IO. C. Po3uwk, b. A. Pynenko, B. C. Cemenos, Jl. I. Caocapenko, b. I'. Ctpy:kko,
B. K. TaprakoBcbkuii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

ExcnepumenTansao pocmimkeno T(d, p)-peak-
miro Ha mmkiotponi I1-240 151J]1 HAH Yxkpainn
npu eneprii neiitponiB Eq = 36,9 MeB. Iukmro3u-
BHI CHEKTPH MPOTOHIB OJEpXKaHO Ha TPUTIH-
tutanoBiid (T-Ti) mimeHi B nmianma3oHi KyTiB BU-
NBOTY IPOTOHIB 15° < 6, < 52°. EHepreTnyHi pos-
TIOAUTH 3 ypaxyBaHHAM a0COJFOTH3AIlT BU3HAUCHO
3 moxuokoto ~15 %. Ha puc. 1 nokazano crextpu
nportoHiB i3 T(d, p)-peakmii mig kyramm 15° Ta
29°, 1m0 BU3HAYAJMCS IUIIXOM BigHIMAHHS 31
crekTpiB, orpuManux Ha T-Ti-MilleHi, CEKTPiB,
orpuMaHux Ha Ti-mimeHi.

L H(d,
| 18°  T(d,p) § P
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Yucno BiLTIKIB
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Howmep kanamy
0
Puc. 1. Cnekrpu npotoHis i3 T(d, p)-peaxkiii.

EnepreTnyni  po3mogiiM  TPOTOHIB i3
T(d, p) peaxuii HaBegeno Ha puc. 2. Ilin KyToMm
0,=15°, npaBopyH, y KiHIli €eHEPreTHYHOTO CIIeK-
Tpa CIIOCTEPIracThCs IHTCHCUBHUM aCUMETPHYHHI
MaKCHUMYM 13 Pi3KOI0 MEXEI0, 3000B’sI3aHUH, CKO-
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pile 3a Bce, CBOIM IMOXOKEHHSIM IMPOTOHAM 13
peakuii T(d, p)*H*.
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Puc. 2. EnepreTruHi po3moAiiy MpOTOHIB.

30ibIIeHHsT KyTa BHJIBOTY IMPOTOHIB IPUBO-
IATH IO 3HAYHOIO II0CJIa0JIEHHS IHTEHCHBHOCTI
MaKCUMyMy, TaK sIK IHTCHCHBHICTH TNPOIIECIB 3
yTBOpeHHAM ‘H* 3MeHIIyeThCs, 1 BKIa MPSIMOro
MpOIleCy PO3IIEIUICHHS TMaAaruoro JeHTpoHa
TPUTOHAMH TIepeBakae. TiNbKH TiJl KyTamH
0,> 15° MoxkHa crocTepiraTd MIUPOKI MaKCHMY-
MU, 10 BiAMOBiJAIOTH B OCHOBHOMY pO3ILEIUICH-
HIO ICUTPOHA.

Hudepenrianpai mepepi3u IPOTOHIB d% i3

dQ

P
peakuii T(d, p), o BU3HaYaKCS B CHEPTrETUYHO-
My iHTepBam ~4(5)+~35 MeB i B miana3oHi KyTiB
0,= 15°+52° mokazano Ha puc. 3.

220 ~ T(d
o] (@p)
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Puc. 3. KyToBi po3moiiu npoToHiB.

[Tepepisu pi3ko 3MEHINYIOTHCS 31 301IBIIICHHAM
KyTa BWIBOTY IPOTOHIB 10 6, = 40°, a npu noxa-
JBIIOMY 30UTBIICHHIO KyTa — IMEpepi3d 3MEHIY-
FOTBCS YK€ TTOBLIBHO.
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AHAJII3 PEAKIIN T(d, p) TP EHEPTIi JEATPOHIB 36,9 MeB

0. O. beimockina, B. 1. I'panues, B. B. lapunoscbkuii, K. K. Kicypin, C. €. OMmenbuyk,
I'. II. Mankin, 1O. C. Po3uiok, b. A. Pynenko, B. C. Cemenos, JI. I. Caiocapenxo, b. I'. CTpyxkko,
B. K. TaprakoBchKkuii

Inemumym sadeprux docniosicene HAH Vipainu, Kuis

VY mepepi3 iHkm03uBHOTO Tporecy T(d, p)nt
OCHOBHHH BHECOK TIpU €Heprii JeHTpoHiB
E4=36,9 MeB naroth mporiec KBa3iBiIBHOTO JH-
(pakIiiiHOro pPO3INEIUICHHS IMYyXKOro JeHTpOHA
TPUTOHOM Ta PE30HAHCHUH MpOLEC 3 YTBOPEHHAM
IPOMIKHHX KOPOTKOXKHMBYUHMX pesoHancis ‘H* i
“He*. Ha puc. 1 mokasaHo MOPIBHSHHS TEOPETHH-

dVo
, po3paxoBaHuX y Audpa-

HUX TIepepiziB
P p

KIiHOMY HaOnMmKeHHi, 3anexHo Bix eHeprii E,

npoToHiB y peakuii T(d, p) 3 ekciepuMeHTaIbHH-

MU Juist KyTiB 0,= 15° ta 29° (xpuBi /).
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Puc. 1. AHaii3 eHepreTHYHHUX CHEKTPIB.

B eneprernuniii  obmacti 10 MeB <E, <
<20 MeB cnekTpiB IpOTOHIB OCHOBHUI BHECOK €
mepepisu TarTh KBa3SBiIbHI MPOIECH PO3IIEH-
JIEHHS CJIA0KO3B’sI3aHOTO JIEHTpOHA 1 I YacTHHA
CIEKTPIB 3aJI0OBUTLHO OMKICYETHCS B JUPpaKIiitHo-
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My HaOMIKEHHI SK 3a GOpMOIO, TaK 1 3a BEIHYH-
Hoto. [lepepi3 audpakuiiHOro po3IIeIICHHS ICH-
TPOHIB Yy MOJIi TPUTOHIB MaJlo 3aJeXHUThb BiJl CTPY-
KTypHU TPUTOHA, alle CHIILHO — BiJ] CTPYKTYpH JIeii-
TpoHa. BucokoeHepreTnuHy o0JacTh NPOTOHIB
HaM BJAJIOCS OIMCATH 3a JOMOMOTOI0 MOCHiIOB-
HOTO po3maay ABOX pesonanci ‘H*, kpupi 2 i 3.
B o6nacri enepriii nporonis E,< 10 MeB Busna-
YabHUH BHECOK JIa€ MEXaHi3M 3 yTBOPEHHSM Ta
posmazom pesonancy ‘He* (xpupi 4). Cywinbmi
KpHuBi Ha puc. | BpaxoBYIOTb CyMapHHH BHECOK
yCIX MEXaHi3MiB, 0 PO3TIAIAIOTHCA.
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Puc. 2. TlopiBHAHHS TEOPETHYHUX
Ta eKCHEPUMEHTAIBHUX KYTOBUX PO3IOJILIIB.

Ha puc. 2 noka3aHo TOPIBHSAHHS TEOPETUYHUX
@

IUQepeHIliiHIX TMepepi3iB , PO3paxoBaHHX

P
JUTSL PI3HUX TIPOIECiB, 3 EKCIEPUMEHTATHLHUMHU.
Teopetnuni nepepizu Ui KyTiB BHJIBOTY MPOTO-
HiB 0, = 15, 20, 29, 35° pospaxoByBayucs 3 ypa-
XYBaHHAM BHECKY TNpolecy AU(pPakLiiHOrO po3-
HIeTUICHHS IEHTPOHIB TPUTOHAMU (CYILIbHA KpH-
Ba) Ta yTBOPEHHSM i po3mazoM pesonamcis ‘H* u
‘He* (ne3aroBHeHi Kinbls). XapakTepHOW 0co0-
JUBICTIO KyTOBOTO PO3MOAIITY MPOTOHIB € HasB-
HICTh BUCOKOTO MaKCHMYMY ITiJl MaJUMH KyTaMU
Ta IBUJAKUI cnaj #oro 3 poctoM KyTa 0, 1m0 Xa-
PaKTepHO JAJs MPSIMUX SASpHUX peakuiil. Baecok
MPOIIECiB 3 YTBOPEHHSAM Ta PO3MaZ0M PE30HAHCIB
*H* u *He* npn Manmx KyTax BHIBOTY MPOTOHIB
craHoBUTh ~50 %. 3 pocTOM KyTa BUpIIIadbHUN
BHECOK y KYTOBHH PO3MOIia Oyne BHOCHTH IPO-
1ec TupakIifiHOro PO3LICIUICHHS JCHTPOHIB Y
OJIi TPUTOHIB.
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INSTALLATION FOR RESONANCE SPECTROSCOPY OF EXOTIC LIGHT NUCLEI

A. G. Artukh', A. G. Foshan®, S. A. Klygin', G. A. Kononenko', E. I. Koschy’, V. E. Kovtun®,
V. V. Ostashkoz, Yu. N. Pavlenkoz, A.N. Ponomarenkol, Yu. M. Seredal’z, A. L Rundelz,
I. N. Vishnevsky?, A.N. Vorontsov'?, I. I. Zalubovsky’

! Joint Institute for Nuclear Research, Dubna, Moscow region, Russia
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3V. N. Karazin Kharkiv National University, Kharkiv

The experimental facility (see Figure) consisting
of such main elements as the time-of-flight frag-
ment-separator COMBAS (JINR, Dubna) [1] and
multi-channel registration system was created with
the aim of investigation of cluster structure and other
characteristics of resonances of exotic light nuclei.
The separator COMBAS is designed for production
and formation of secondary beams of radioactive
nuclei and their transportation to the second target,
which is located in output focal plane (F,).

Second selection
by B P

First selection
by Bp

Beam
stopper

Dispersion
focal plane

Production
target

Primary
beam

chamber

.
Correlation "o

The registration system consists of two tele-
scopes of Si(AE,)-Si(AE,)-Csl detectors and mul-
tichannel electronic module, which ensures ampli-
tude analysis and time coincidences of reaction
products. Silicon AE, and AE, detectors (each con-
taining 32 strips) are designed to determine X, Y-
coordinates of registered particles and identify their

type.

Radioactive
beam

2 AE, _ : '\____. 1 AE,
20E; 5 | T 1AE;

2E IIrl|,-|l, - : \\ "1 \\ \ 1E

Telescope2 ' Telescope 1

Experimental set-up for resonance spectroscopy with using of radioactive beams
produced by the fragment-separator COMBAS. M1-MS8 — cascade of multipole magnets.

The registration system consists of two tele-
scopes of Si(AE;)-Si(AE,)-Csl detectors and mul-
tichannel electronic module that ensures amplitude
analysis and time coincidences of reaction products.
Silicon AE; and AE, detectors (each containing 32
strips) are designed to determine X, Y-coordinates
of registered particles and identify their type.

The secondary beams of neutron-rich isotopes of
light nuclei (Be, B, C, N) will be produced via the
reactions of fragmentation of nuclei 80, *Ne,
whose primary beams will be accelerated on the cy-
clotron U-400M (JINR, Dubna). The identification
of resonance cluster decay processes will be per-
formed using the correlation method of invariant
mass, which will ensure high accuracy of measuring
of excitation spectra of nuclei under investigation.

Application of separator COMBAS, time-of-
flight methods, multi-channel system of registration
of reaction products and correlation methods of

resonance decay identification will allow to get new
precise data on the resonance parameters for exotic
light nuclei in wide energy range (from threshold
energies up to excitation energies of dozens MeV). It
is planned to commence the investigation with boron
neutron-rich isotopes, whose cluster structure can be
essentially changed with growth of neutron number
[2,3].

This work is supported by grant 7-02-a of Na-
tional Academy of Sciences of Ukraine and Russian
Foundation for Basic Research.

1. A.G. Artukh, G.F.Gridnev, M. Grushezki et al.,
Nucl. Instr. and Meth. A426, 605 (1999).

2. W.Von Oertzen, M. Freer, and Y. Kanada-En’yo,
Phys. Rep. 432, 43 (2006).

3. J.L.Lecouey, N.A. Orr, F.M. Marqués et al., Phys.
Lett. B672, 6 (2009).
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ELASTIC DEUTERONS’ SCATTERING BY *Ni AND *®Pb NUCLEI
AT SUB-BARRIER ENERGIES

Yu. N. Pavlenko, K. O. Terenetsky, V. P. Verbitsky, O. I. Rundel, 1. P. Dryapachenko,
E. M. Mozhzhukhin, V. M. Dobrikov, Yu. Ya. Karlyshev, O. K. Gorpinich, T. O. Korzyna

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

Experimental measurements of differential cross
sections of deuterons’ elastic scattering on **Ni and
*%pp nuclei were carried out. This is the starting
point of the research series of the deuterons Cou-
lomb breakup phenomena in full kinematics experi-
ments.

Differential cross sections of elastic scattering
were measured using the deuteron beams of Tandem
Van der Graaf Accelerator of the Institute for Nu-
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clear Research (Kyiv) at the energies Eq=3.5,
4.5MeV (d+**Ni) and 7.3 MeV (d +>*Pb) in the
angular range O.,=40-150°. Registration and
identification of interaction products were performed
by the two telescopes of semiconductor AE- and
E-detectors with the thickness ~ 20 and 500 um, re-
spectively.
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—
- 3.5MeV

o) o

cm’

The cross sections of elastic scattering d + **Ni and d + '**Sn.
Solid curves — the results of theoretical calculations in the framework of two-cluster model [1].

Considerable difference of measured elastic cross
sections (see Figure) from Rutherford ones and from
theoretical cross sections that take into account the
influence of processes of polarizability and breakup
in the Coulomb field of heavy nuclei was found. It
must be noted that at the interaction d + **Ni and
d + ***Pb the heights of Coulomb barrier are 6.2 and
11.9 MeV, respectively.

Angular dependences of the ratios of differential
cross sections of elastic scattering **Ni(d, d) and
2%pp(d, d) to the Rutherford’s cross sections are
nonmonotonic, as in the case of '**Sn(d, d) scatter-
ing, studied at sub-barrier deuteron energies
Eq=3.5-5.5MeV [2]. Similar behaviour of angular
distributions of differential cross sections was ob-
served also for sub-barrier elastic scattering of more

IIOPIYHUK - 2009

complicated nucleus *He with neutron halo structure
[3]. This feature of weakly bound nuclei scattering
had no theoretical explanation so far.

The obtained data show the necessity of more de-
tailed future theoretical and experimental investiga-
tions of the process of sub-barrier deuteron and deu-
teron-like nuclei elastic scattering.

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

2. Yu.N. Pavlenko, K.O. Terenetsky, V.P. Verbitsky et
al., Book of Abstracts. 2-nd Int. Conf. “Current Prob-
lems in Nuclear Physics and Atomic Energy”, June 09
- 15, 2008, Kyiv, Ukraine (Kyiv, 2009), 179.

3. V.P. Verbitsky, V.A.Kiva, A.A.Klipenstein et al.,
Ukr. Phys. Journ. 43, 268 (1998).
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NON-ISOLATED CLUSTER DECAY OF EXOTIC LIGHT
NUCLEI IN MANY-PARTICLE REACTIONS

A. G. Artukh', V. V. Ostashko®, Yu. N. Pavlenko®, I. A. Tyras’, V. L. Shablov’

! Joint Institute for Nuclear Research, Dubna, Moscow region, Russia
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3Obninsk State Technical University for Nuclear Power Engineering, Obninsk, Kaluga region, Russia

At the present time cluster structure and quantum
characteristics of exotic light nuclei resonances are
being widely studied owing to the development of
technique of production and acceleration of radioac-
tive secondary beams. Application of multichannel
detection systems and correlation methods of identi-
fication of resonance decay makes it possible to ob-
tain precision data on resonance characteristics of
nuclei with various neutron excess. However, the
experimental data obtained at the investigation of
various multi-particle reactions can significantly
vary due to the different conditions of non-isolated
decay.
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The effects of influence of accompanying parti-
cles” Coulomb field upon the characteristics of *He
and "’B resonances, which can be observed at the
cluster decay into different channels in multi-particle
reactions at different energies in input channel, were
assessed in this paper using the modified theory of
interaction in the final state [1].

In kinematically incomplete experiments the
change of resonance parameters can take place also
as the effect integrated over all angles of resonance
decay. For example, the position of resonance peak
corresponding to the °He resonance with
E,=15.5MeV and I' =4.4 MeV at the condition of

16,0

2%pp(*?B, oLi) b
15,54

3

14,5

E, MeV

14,01

13,5

13,0 T T T T T T T T T T T T T
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E(}?B), MeV

a — The resonance curves calculated for “He* excited state with E, = 15.5 MeV and I' = 4.4 MeV [2] which can be ob-
served in the reaction 'Li(d, *Heo))2n at deuteron energy 37 MeV and different decay angles in the resonance center of
mass. Solid line corresponds to the calculation for isolated “He resonance. b — The energy dependence of '*B* reso-
nance positions calculated for the decay angles ®.1p+= 0° (lower curve) and @,.1,5«= 180° (upper curve) in the reac-
tion 2**Pb(*’B, "Li). Dashed line corresponds to the calculation for isolated '’B* resonance observed in binary reac-

tions.

non-isolated decay in the reaction 'Li(d, *Hea)2n
can change within the range E,= 14.85 - 15.75 MeV
depending upon the decay angle (see Figure, a). This
calculations conforms with the experimental data
obtained at the study of the 'Li(d, *He)°He* reaction
from *He inclusive spectra [3] (Ex=15.1+0.4 MeV,
I'=74+09MeV).

Different position of resonance '*B* with
Ex=15.0 MeV and I' = 0.5 MeV can be observed in
the reaction *Pb('’B, o’Li) at the different energy
of '”B beam (see Figure, ). One can see that for the
determination of resonance parameters close to the

data for isolated resonances the higher beam ener-
gies are required.

This work is supported by grant 7-02-a of Na-
tional Academy of Sciences of Ukraine and Russian
Foundation for Basic Research.

1. V.V.Komarov, A.M. Popova, and V.L. Shablov, Dy-
namics of the systems of few quantum particles (Mos-
cow University, Moscow, 1996).

2. D.R. Tilley, C.M. Cheves, J.L. Godwin et al., Nucl.
Phys. A708, 3 (2002).

3. Yu.N. Pavlenko, O.K. Gorpinich, V.N. Dobrikov et
al., Nucl. Phys. & Atom. Eng., 2(18), 16 (2006).
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ENERGY DEPENDENCE OF DECAY BRANCHING RATIO FOR NEAR-THRESHOLD
NUCLEAR RESONANCES IN EXIT CHANNELS OF THREE-PARTICLE REACTIONS

V. L. Shablov', Yu. N. Pavlenko?, I. A. Tyras', N. L. Doroshko®, T. O. Korzyna®

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

The decay branching ratio for nuclear resonances
excited in three particle reactions

p+Tk+R>k+i+],

k+i'+ )

(1a)
(1b)

can be studied using the method proposed in [1].
The probability of resonance decay into one of the
possible channels (i +; or i+ j') is defined by the
relation

p-_% | ()

) =
0, +0;,

where .

;> Oy, denote the results of integration of

triple differential cross sections over the energy
range corresponding to the resonant peaks and over

all possible decay angles Q,, Q,. ., respectively:
d’c,. .
Gy = [0 0 [—LL0E, . (3)
'y ,[ ij ( ./),[ dEdek k

For calculating the resonance decay probability
the following expression for the reaction amplitude
that takes into account the Coulomb interaction in
the exit channel of reaction (1a) was used [2]:

Ty (ks py. po E +i0) = {ez”’” T(1+in—iv)x

o] | 2 kDY K=)B,(p,
(-l | 22
i

E,—E, +i

where k; and ;k are the Jacobi coordinates of the

system in the momentum space; E + i0 is the energy
of the system; E;; — relative energy of particles i and
J; Er ' — the position and width of isolated reso-
nance R formed in binary reactions; I'(1 + iy - iv) —
hypergeometric function; v, # — the parameters cor-
responding the Coulomb interaction of accompanied
particle & with resonance R as whole system and
with decay products, respectively; &= n - v; B.(px) 1s
the amplitude of the resonance formation in the state
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with magnetic number m; ;4.,(1}}-,-) — decay vertex

function.

The last term in (4) is Migdal - Watson amplitude
parameterization, while the first term takes into ac-
count the influence of the Coulomb field of accom-
panying particles. It should be pointed out that in
case of resonances far from the decay threshold the
relation (2) is equal to I';;/ I" as in the case when ac-
companying particle does not influence on the reso-
nance decay.

For near-threshold resonances the Coulomb pa-
rameter v is complex: v =V, - iV, Additional de-
pendence of reaction amplitude (4) on the Coulomb
parameters leads to the branching ratio change at the
resonance decay into different channels.

This effect depends on the energy in the input
channel of reactions like (1) (see Figure). At high
energies influence of the accompanying o -particle
on resonance decay becomes negligible so that the
probability P(n + °Li) is the same as in the isolated
decay case.
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P(®Li+n)
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. the experimental data
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The dependence of probability of decay of near-
threshold resonance "Li*(7.45 MeV) into the °Li+n
channel in the reaction "Li(a, a’Li)n on the energy of
the incident a-particles. The interval of the integration
in (3) over the energy of resonant peak is equal to 5-T
(solid line) and 10-T" (dashed line). The experimental
value was obtained at E, =27.2 MeV [3].

1. YuN. Pavlenko, Problems of atomic science and
technology 6, 11 (2005).

2. V.L. Shablov and I.A. Tyras, Izv. Vuzov. Ser. Nuclear
energetic 3, 2 (2007).

3. Yu.N. Pavlenko, V.L. Shablov, O. S. Bondarenko et
al., Nucl. Phys. and Atomic Energy 2 (20), 65 (2007).
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HOBAs BEPCUA METOIUKU JUOPEPEHIIUAJIBHOI'O BOSMYIWEHHOI'O
YI'JIOBOI'O PACIIPEIEJIEHUSA

N. b. Kosrap, A. H. Jleson, B. A. Ounmyk, A. A. llleBuyk

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

g-(haKTOpbl BBICOKOCHIMHOBBIX H30MEPOB H30TO-
OB TUTATHHBI OBLTH U3MEPEHBbI Hamu [1, 2] MeToa0M
HMHTETPaAIbHOTO BO3MYILIEHHOTO YIJIOBOTO pacIpe-
nenenust (MBYP). OnuH U3 pe3ynbTaToB U3MEpeHHH
— TpelcKa3zaHWe He HaOJIoJaBUIEro JO CHUX TOp
usomepa 12° B sape '**Pt. ITpu 3ToM GbLIH CaenaHb!
HEKOTOpBIE MPENNOJIOKEeHUs] 00 HMHTEHCUBHOCTH
HN30MEPHOTO IIepexona, 3HaHWE KOTOpOH Heoo-
xoaumo B meroae UBYP. [lns nonreepxiaeHus pe-
3yJbTaTa H3MepeHns g-(paktopa m3omepa 127 B 7Pt
U TIOCNIENYIOIEH MOCTAHOBKH 3KCIIEPUMEHTA IO IIO-
HCKY M30MEPHOTO Mepexo/ia PelIeHo MOBTOPUTH U3-
MepeHHsT MeToaoM JudQepeHIHanTsHOro BO3MY-
mieHHoro yrioBoro pacnpezaencHus ([IBYP). 3nHa-
HUE WHTEHCUBHOCTH HM30MEPHOTO MEPeXoja B 3TOM
ciydyae He HykHO. C 3Toi Ienbplo co3/laHa HOBas
Bepcust meronuku JIBYP (puc. 1).

L — L A
|arg || arpn| [BaK || arg|[argn| [KK|
CAMAC % I [ Y

|1'[p. YrpagneHHA |<:>| Adpaiigep |<:>| Iic |
2BM

Puc. 1. biok-cxema ycTaHOBKU
Ju1st usmepenuit JIBYP raMMa-KBaHTOB.

B npeapinymeii Bepcun Bce 3amayun (KOMIEHCA-
LSl «TYJSIHUSD HyJIA BPEMEHH, CTa0MIu3alus Bpe-
MEHHOT'O M aMIUIMTYJHOTO TPaKTOB, OKHA B aMILIH-
TYIHBIX CHEKTpax M T.J.) PEeLIaiCh anmnapaTypHbIM
crocoboMm. CoBpeMeHHasi KOMIBIOTEpHasi TEXHHKa

MMO3BOJISIET pemraTh 3T 3amadu of line, mpu 3TOM B
OJTHOH OKCIMO3HMLUHK BO3MOXHO IONYYUTh 3HAYH-
TeJIbHO OoJiee Ooratyro HHPOPMALIUIO IS aHATN3A.

Wsmepennst MpoBOAMIUCH NIBYMS JE€TEKTOpaMHU
JUISL. TIPOTHBOMOJIOKHBIX HAMpaBlieHHH MAarHUTHOTO
nojs. B HaBam 3ammchIBaMCh HOMEp JETEKTOpa,
SHEPrusi U BpeMs PErUCTpalui raMmMma-KBaHTa. Bpe-
MEHHasi TpHUBs3Ka ocylecTBisuiach Kk BY-cuny-
couie Ha JiyaHTaX [UKJIOTPOHA, nenieHHas Ha 3. [Ipu
aHanmu3e I BBIOPAHHOTO SHEPTEeTHYECKOTO OKHA
(hopMupOBaNHCh BPEMEHHBIE CHEKTPHI I OTPaHU-
YCHHBIX BPEMEHHBIX MMPOMEKYTKOB OKCIO3HIIUH.
Kaxnpiii u3 HUX TpaHchopMHpoBajics 10 BHIOpaH-
HOTO CTaHJapTa, IMPEeX/Ie BCEr0 KOMIIEHCUPOBAINCH
BpeMeHHble CIBUTU. [lonydeHHBIE CIIEKTPBI CyM-
MHUPOBAJIMCh U TaKUM 00pa3oM IMOTy4alllCh YEThIpe
cnektpa ekt + GoH u yeTsipe cnekTpa (oHa. M3
HUX BBIYUCISIACH HOPMAJM30BaHHAS pa3HUIA, KO-
Topas U OblIa MCTOYHHKOM JUIs ONpEeICHUs Jiap-
MOPOBCKOH YacTOTBHI MPEUEeCCHH MarHUTHOTO MO-
MEHTa SApa B MarHUTHOM 1oiie. Vi3aMepeHwust BIo-
HeHsl st Mo u *Pt. Ha pumc. 2 mpencraBieHa
HOPMaJIM30BaHHAs Pa3HUIA BPEMEHHBIX CIEKTPOB
s *Mo. Uzomep 8" ucronb3oBajics Kak TeCT Me-
tomuku: My = 182,98(58) MI', g = 1,350(12), pe-
3yJIbTaThl JUIA Pt aHATH3UPYIOTCSL.

—max = 5,816E+00

Y1 = 81(t_av)

N

M

-

-

n= f[alfr,t v |
Fmid =-1.691E+08

¥3 = D(Y1 +./{=

/.
f ™
-

<

-

n= 400 |
F = 1.676159E+01

20 40 60 't(nc)
Fmin =-9.199F+00

Puc. 2. ®yHKIMs CTIMHOBOM Mperieccuu u3oMepa 8' B
**Mo. Tlo mkase abermee — BpEMS B HAHOCEKYHAAX.

1. A.L Levon, I.B. Kovgar, Yu.V. Nosenko et al., Nucl.
Phys. A764, 24 (2006).

2. AM. Jleson, N.b. Kosrap, }O0.B. Hocenko u dp., 13B.
PAH. Cep. ¢us. 70, 1591 (2008).
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BBIXO/Ibl MPOJYKTOB JAEJEHUSI **U TEATPOHAMU
C DHEPI'MEM 37 MaB

IO. B. Kuokano, K. K. Kucypusn, JI. B. Muxaiiyios, I II. Ilaakus,
B. C. Cemenos, B. Il Tokapes, B. A. lllutiox

Hnemumym aoepuvix uccnedosanuti HAH Yrpaunvl, Kues

[Ipu onmcannyn mporecca AeTIeHUs] HEOOXOTUMO
YUUTHIBATh KaK CTaTUYECKHE, TaK U JUHAMHUYCCKUE
CBOMCTBa JNEJAIIEHCS CHUCTEMBI, T.€. JalieKue OT
paBHOBecHs KOHQUTYpallMK JEJSIIerocs sjapa,
BIMSHHE KOJUICKTHBHBIX W BHYTPEHHUX CTEIEHEH
CBOOOMBI, JUHAMHMKH KOJUICKTHBHOTO JBM)KCHUS
OOJIBIION aMTUTHTY JTBI.

B pabote [1] mpoBeneH aHaau3 MacCOBBIX pac-
Tpe/IeNieH it OCKOJIKOB eNeH s saep - U mpoToHa-
mu ¢ sHeprusimu g0 70 M»sB. Ilokazano, uTto, co-
TJTacHO ¢ paboToit [2], popMa MaccoOBBIX pacmpenie-
JICHUHA OCKOJIKOB JEJICHUs OIpPENENIeTCs, B OCHOB-
HOM, CTaTHYECKUMHU CBOWCTBAMHU TOBEPXHOCTH IIO-
TEHIMAILHOW YHEPTUHN B TOUKE Pa3phIBa, T.e. 000II0-
9eYHBIMU 3P HEeKTaMu B JesImeMcs sape U B chop-
MHUPOBaHHBIX OCKOJIKaX. Ha BBIXOJ CHMMETPUYHBIX
MPOAYKTOB JENEHHs CYIIECTBEHHOE BIUSHHE OKa-
3BIBAIOT MUHaMU4Yeckue 3G(GEKTHI, T.e. CIEKTP Ha-
YaJlbHBIX COCTOSIHHM, BO30Y>KIA€MbIX B COCTaBHOM
snpe. IIpu sHeprun mpotoHoB 70 M»>B B MaccoBbIx
pacnpeneneHusIX OCKOJIKOB JEIIeHUs HaOIoJaeTcs
CBEPXTOHKAasl CTPYKTYpa, MPOUCXOXKIECHUE KOTOPOH
MOKET OBITh CBSI3aHO C 0Opa3oBaHHEM CIIOHTaHHO
nensimerocst u3omepa B peakmuu > U(p, 2n)> "Np,
BpeMs KU3HH KoToporo T = 40 HC.

B nacrosmieir paboTe Ha M30XPOHHOM IIMKJIO-
Tpone Y-240 WANU HAH VYkpaunel MeTonom
Y-CHEKTPOCKOTIMA MU3MEPEHBI KYMYJIATHBHBIE BBIXO-
JIBI IPOAYKTOB JIEJICHUS B8y JIEUTPOHAMHU C DHEPTHU-
eit 37 MaB.

MaccoBble pacripeneieHuss OCKOJKOB, TIpea-
CTaBJIGHHBIE HAa PUCYHKE, UMEIOT aCUMMETPHUHYIO
¢dopmy. B MaccoBbIX pacmpeneneHus X OCKOJIKOB
HaOI0JaeTcs TOHKAsk CTPYKTYpa, COOTBETCTBYOIIAS
BBIXOZTy TPOAYKTOB jaeneHus ¢ maccamm 104, 111,
126 u 132 a.e.m., KOoTOpasi MOXKET OBITh CBSI3aHA C
3aceJIeHNEeM H30MEPHBIX COCTOSHUM BO BTOPOM MH-
HAMyME IBYyTopboro Gaphepa meneHus U oOpa3zoBa-
HUEM CIIOHTAHHO JEJNSAIINXCS U30MEPOB B PEaKIUU
3¥U(d, pxn).

B o6mactu cummerpudHOTO AeneHus Habmroma-
€TCA TOBBIIIEHHBIN BBIXOJI OCKOJIKOB, KOTOPBIH, CO-
[JIacHO [2], MOXKHO OOBSICHHTH BIUSHUEM BKJaja
HaYaJbHBIX COCTOSHUM pa3MYHONW YETHOCTH, BO3-
Oy>/TaeMBIX B COCTABHOM sIipe, Ha MpoIecc Jelne-
HUS, T.C. BIUSHUEM JMHAMUYeCKHX 3((EKTOB Ha
JICIIUTEIIbHBIA KaHaJ.
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Brixon

80 90 100 110 120 130 140 150
Macca
MaccoBble pacIpe/ieieHus OCKONKOB aenenus - U jieii-
TpoHamu ¢ 3Hepruedd 37 M»sB. TemHble TOUKM — 3KCIe-
pUMeHTanbHble AaHHble. CBETNbIE TOYKHM — 3€PKaJIbHOE
OTpaXXCHHE SKCHEPHUMEHTANBHBIX ToueK. CIiomHas Ju-
HUSl — ONKCaHWE JKCIEPUMEHTANBHBIX JaHHBIX C MOMO-
HIbIO YETBIPEX MOJ AeneHus. IlyHKTHp — MaccoBbIE pac-

TPEIENCHNs] OCKOJIKOB JeNeHns - U MpOTOHAMHU C JHEp-
rueit 35 MaB [1].

B 3axmroueHue HEOOXOANMO OTMETHTh, YTO HC-
MOJb30BaHHE METOJA Y-CIEKTPOCKONUU TPH H3Me-
PEHHU MAacCOBBIX paclpelelieHHi OCKOJIKOB JieJie-
HUSl aKTHHUAHBIX SIAEP 3apsDKEHHBIMH YacTHLAMHU
CpPEeIHUX DHEPrui, mo3BoyisgeT: 1) sKCIepUMeHTaIb-
HO pa3lenuTh BIUSHHE CTATUYECKUX U AHMHAMHYE-
ckux 3¢ (HEeKTOB Ha NeIUTEIbHBIN KaHal; 2) N3y4aTh
npouecc 00pa3oBaHMs CIOHTAHHO AEJISILIMXCS HU30-
MEpOB, T. €. 3aceleHUE H30MEpPHBIX COCTOSIHUH BO
BTOPOM MHHHMYME€ IBYropooro Oapbepa AeneHUs.
Taxue IKCIEPUMEHTH! OTKPHIBAIOT HOBBIE BO3MOXK-
HOCTH W3Y4YEHHUs JICICHUS TSDKENBIX siIep 3apsiKeH-
HBIMH YacTUIIAMU M TIONy4YeHHs LeHHOW MHpopMma-
MM O TIOBEICHUH SOCPHOH MaTepuul MpH CPEAHUX
SHEPTHUSX BO30YKICHU.

1. 1O.B. Ku6xkano, K.K. Kucypun, B.C. Cemenos u dp.,
SAnepna ¢izuka Ta enepreruka, 1(17), 30 (2006).

2. H. Goutte, J.F. Berger, P. Casoli, and D. Gogni, Phys.
Rev. C71, 024316 (2005).
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ADD-ON PACKAGE “SymbolicVectors” FOR THE PACKAGE “Wolfram Mathematica”

A.P. Ilyin

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

During the last few years one observes significant
progress in study few body systems in the frames of
the three dimensional approach. See, for example the
works [1 - 4] and the references therein. Using the
package Mathematica 5.2 for the next develop his
work [3] the author has been need to work out this
addendum to the standard package.

The package Calculus'SymbolicVectors® inclu-
des the following description elements:

:Title: Symbolic Vector Transformations (Cum-
BOJIMYECKUE BEKTOpHBIC TMpeobpa3oBanus) Sym-
bolicVectors:: "usage" = "{Prt, Novect1Q, Isvect1Q,
NovectEvQ, IsvectEvQ, Sclexpand, Dotexpand,
Scldistrib, Dotdistrib, Sclexpandl, Dotexpandl,

Dotproduct, Evsymbvec, Grsv, Grd, FGrd, Grad,

Grdfn, FindVectFun, Divlf, Divsa, Div, Divfn,
intgauss, gauss2, Readline, Readstr, Tabread,
wrtab}.

This package performs the simplest transforma-
tions of expressions that include the symbolic vec-
tors of the form OverVector[Symbol] and also the
vector functions OverVector[Subscript[Symbol, in-

dexes]][args], that is a[args], and their partial

derivatives. The function Prt[sv,Is] guives an ele-
ment of S-expression sv the place of which in this
expression is defined with the list Is of its nesting.
There is the identity Is = Position[sv, Prt[sv,/s]].
Logical operators NovectlQ, NovectEvQ, (Is-
vectlQ, IsvectEvQ) verify if their arguments are not
vector expressions (or on the contrary if they are
vector expressions). Distinctive feature of functions
NovectEvQ and IsvectEvQ is that the parts of
S-expressions in their arguments before calculation
of a logical value of these functions are estimated
(operator Evaluate). Whereas in the functions
Novect1Q and Isvect1Q special measures (by intro-
ducing of the Smb prefix to the names of the intrin-
sic functions Sum, Integrate and Product) are taken
to prevent the preliminary evaluation of these func-
tions. New function Scl[argl, arg2] uses as alterna-
tive to Dot[argl, arg?] symbol for scalar product of
two vector expressions argl and arg2. Operators
Scldistrib and Dotdistrib apply the distributive rule
of addition and associative rule of multiplication to
Scl and Dot scalar products. Operator function
Sclexpand and Dotexpand, Sclexpandl and
Dotexpand] apply the same rules to vector and sca-
lar expressions that contain Sum and Integrate in-
trinsic functions. They also find according to a spe-

cific rule (using function Product) the products of
the Scl (Dot) scalar products of subscripted vector
functions. These operator functions defer by the
form of their results. Operator functions Grsv, Grd,
FGrd, Grdfn, Grad compute gradients of different
scalar expressions with scalar products of vectors
that can contain (with the exception of arguments of
Grsv) the vector functions and their partial deriva-
tives and also the intrinsic function Sum and Inte-
grate with similar scalar expressions. The functions
Evsymbvec simplify expressions that include the
scalar products of two linear combinations with
symbolic vector functions of the common form

find [args] and also simplifies the symbolic integer
powers of such functions and also of the function
a[args] with several (< 3) arguments. The auxil-

iary function FindVectFun separates vector expres-
sion of the type Times on the List[atom-vector,
Times[sequence of other elements]]. The operator
functions Div1f, Divsa, Div, Divfn compute the
divergences of linear combinations of vector expres-
sions with scalar functions multiplied by a vector or
by a vector function. Their arguments can be explic-
itly dependent on scalar products of vector variables
or on scalar products of the linear combinations of
vector functions (or partial derivatives of vector
functions). But the function Divsa gives the result as
a HoldForm [result] function. In order to perform
the other vector differential operations you should
have to change symbolic vectors for their coordinate
representations and to use standard add-on package
Calculus'Vector-Analysis'. The package under con-
sideration contains also 2 functions for numeric in-
tegration with Gauss algorithm with 32 points and
three functions for reading data from files and one
function for writing to the files".

The add-on package 'SymbolicVectors' in trans-
lated Mathematica form is available from the author.
E-males for contacts:

1. I Fachruddin, Ch. Elster, and W. Glockle, Phys. Rev.
C63(5), 054003-1 (2001).

2. H.Liu, Ch. Elster, and W. Glockle,
C72(5), 054003-1 (2001).

3. A.P.Il'in, TMPH, 146, 259 (2006).

4. J. Golak, D.Rozpedzik, R. Skibinski et al,
arXiv:0911.4173v1 [nucl-th] 21 Nov 2009.

Phys. Rev.
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ENERGY DEPENDENCE OF THE POTENTIAL FOR INTERACTION
OF '*0 TONS WITH ’C NUCLEI

A. T. Rudchik, Yu. O. Shyrma, O. A. Ponkratenko

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

Angular distributions of the 'C+'°0 elastic
scattering at the energies Epy('°0)=20—315MeV
(Ecm. = 8.6 — 135 MeV) were analyzed within opti-
cal model (OM) and coupled-reaction-channels
(CRC) method [1]. In the OM and CRC calculations,
the '2C + '°O potential of Woods - Saxon type with
volume Wis(r, rys, aws) and surface Wp(r, rwp, awp)
absorptions was used. The '2C + '°0 elastic and ine-
lastic scattering as well as most important one- and
two-step transfers were included in the coupled-
channels scheme. The spectroscopic amplitudes of
nucleons and clusters needed for the CRC analysis
were calculated within the translation-invariant
shell-model by Smirnov - Tchuvil’ski method.

It was found that potential scattering dominate at
forward angles and transfers are important only at
large angles (Fig. 1).
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Fig. 1. Angular distribution of the >C+'°O elastic scatter-
ing at energy Ej.('°0) = 100 MeV [2]. Curves show the
CRC calculations for the potential scattering (curve
<pot>) and transfers of a-cluster, n+n, p+p, t+p &
pttn+ *He & *He +n, d +d (curves <a>, <pp>, <tp>,
<n*He>, <dd>, respectively).

The '>C+'°0O potential parameters were de-
duced at different energies. Their energy dependence
was obtained (Fig.2). The dispersion relation
V(E, r)=Vo(E, r)+AVw(E, r) between real and
imaginary parts of optical potential was used. It was
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found that the "*C + '°O absorption potential has
quasi-molecular form up to energy
E('°0) =230 MeV (Fig. 3).
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Fig. 2. Energy dependence of the °C + '°O
potential parameters.
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1. A.T.Rudchik, Yu.O.Shyrma, and O. A. Ponkra-
tenko, Nucl. Phys. Atomic Energy 10, 249 (2009).

2. M.P. Nicoli, F.Haas, R.M. Freeman et al., Phys.
Rev. C61, 034609 (2000).
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ELASTIC AND INELASTIC SCATTERING OF 0 IONS ON “C NUCLEI

A. T. Rudchik', Yu. O. Shyrma', E. I. Koshchy?, S. Kliczewski®, B. G. Novatsky*,
O. A. Ponkratenko', E. Piasecki®, G.P. Romanyshynal, K. Rusek™®, Yu. M. Stepanenkol,
I. Strojek®, S.B. Sakuta®, A.Budzanowski’, L. Glowacka’, I. Skwirczynska®, R. Siudak’,
J. Choinski®, A.Szczurek®

" Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Kharkiv National University, Kharkiv
H. Niewodnicza nski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
‘Russian Research Centre "Kurchatov Institute”, Moscow, Russia
’A. Soltan Institute for Nuclear Studies, Warsaw, Poland
SHeavy lon Laboratory of Warsaw University, Warsaw, Poland
"Institute of Applied Physics, MUT, Warsaw, Poland

Angular distributions of the '*C + '*O elastic and
inelastic scattering were measured at the energy
E("*0) =105 MeV (E.., =42 MeV) for transitions
to the ground states of “C, "™O and to the
1.982 MeV (27), 3.555MeV (4"), 3.921 MeV (2"),
4439 MeV (29, (PC)+4.456MeV (1) ("P0),
5.098 MeV (3), 526 MeV (2") and 6.198 MeV
(1) + 6.404 MeV (3) states of '®O [1]. These and
data taken from the literature at the energies
E.m.=12.9—-56 MeV were analysed within the op-
tical model (OM) and coupled-reaction-channels
(CRC) method. The "*C + "®O-potential of Woods -
Saxon type with volume W(r, rys, aws) and surface
Wp(r, rwp, awp) absorptions was used. The 2c+1%0
elastic and inelastic scattering as well as most im-
portant one- and two-step transfers were included in
the coupled-channels scheme. The spectroscopic
amplitudes of nucleons and clusters needed for the
CRC analysis were calculated within the translation-

invariant shell-model by Smirnov - Tchuvilsky
method.
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Fig. 1. Angular distributions of the 'C + '*0 elastic
scattering at the energy E('%0) =105 MeV [1].
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Fig. 1 shows the '>C + '®O elastic scattering data
at energy Ej,p(**0) = 105 MeV and CRC calculations
for potential scattering (curve <pot>) and transfers
n+n, p+p, He-cluster, 2n+0o & o+2n, t+t
(curves <nn>, <pp>, <SHe>, <2n'o>, <tt>, respec-
tively). Curve <B;> shows calculation with OM pa-
rameters of the '*C + '°O potential [2]. One can see
that potential scattering dominate at forward angles
and transfers are important at large angles. The
12C + 190 potential parameters fail in description of
the '*C + 'O elastic scattering (isotopic effect).
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Fig. 2. Energy dependence for the *C + '®0 potential
parameters versus for the same of '>C + '°O interaction.

The '"C+ '"®O-potential parameters were de-
duced and their energy dependence was obtained. In
Fig. 2, the'C + "®*O-potential energy dependence
compares with that of ?C + '®O-potential. One can
see the isotopic difference in these dependences.

1. A.T.Rudchik, Yu. O. Shyrma, E.I. Koshchy et al.,
Nucl. Phys. Atomic Energy 10, 345 (2009).

2. A.T.Rudchik, Yu.O. Shyrma, O. A. Ponkratenko,
Nucl. Phys. Atomic Energy 10, 249 (2009).
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5Li OPTICAL POTENTIAL FROM ’Li(**0, "0)’)Li REACTION ANALYSIS

A. T. Rudchik', Yu. M. Stepanenko', K. W. Kemper?, A. A. Rudchik’, O. A. Ponkratenko',
E. I Koshchy’, S. Kliczewski!, K. Rusek®, A.Budzanowski’, S. Yu. Mezhevych', Val. M. Pirnak’,
I. Skwirczynska®, R. Siudak*, B. Czech®, A. Szczurek®, V. V. Uleshchenko', J. Choinski®, L. Glowacka’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Physics Department, Florida State University, Tallahassee, USA
3Kharkiv National University, Kharkiv
*H. Niewodnicza nski Institute of Nuclear Physics, Polish Academy of Sciences, Cracow, Poland
3A. Soltan Institute for Nuclear Studies, Warsaw, Poland
Heavy lon Laboratory of Warsaw University, Warsaw, Poland
'Institute of Applied Physics, MUT, Warsaw, Poland

Angular distributions of the "Li(**0, "0)*Li re-
action were measured at the energy Ejp('"0)=
=114 MeV for the transitions to the ground and
0.871 MeV (12" ("0O) + 0.981 MeV (1) (°Li)
states of *Li and '"O as well as for the transitions to
the 2.255MeV (3"), 3.21 MeV (17), 5.4 MeV (1)
states of ®Li and 3.055MeV (1/27), 3.841 MeV
(5/27), 4.553 MeV (3/27), 5.38 MeV (3/2") states of
011, 2].
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Fig. 1. Angular distribution of the "Li("*0, "O)’Li reac-
tion at Elab(ISO) = 114 MeV for transitions to the ground
states of ®Li and '"O. The curves <nj> (i=A, C, CO
show the CRC calculations with i-parameters for n-
transfer and the other curves — for the rest of the assumed
transfer channels.

The "Li("*0, '"0O)®Li reaction data were analyzed
within the CRC method. The 'Li + *O elastic and
inelastic scattering and most important transfers
were included in the coupledchannels scheme. In the
CRC calculations, the nuclear optical potentials of
Woods—Saxon type with volume absorption and
Coulomb potentials of a uniform charged sphere
were used for both entrance and exit reaction chan-
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nels. The 'Li + 'O potential parameters were de-
duced previously by fitting elastic scattering data
measured simultaneously with the reaction [3]. The
shell-model spectroscopic amplitudes of transferred
nucleons and clusters were used in the CRC calcula-
tions. The use of the 'Li potential in the place of the
®Li one in the reaction analysis yielded a calculated
angular distribution (see curve <n,> in Fig. 1) that
decreases much more rapidly than the data thus re-
quiring that the ®*Li + 'O potential parameters be
obtained by fitting the reaction data (curves <nc>
and <nc¢c>).

It was found that neutron transfer dominates in
this reaction. The derived ®Li potential has the same
real potential as that for 'Li, but the imaginary “Li
potential is weaker then that of the 'Li + '*O interac-
tion (Fig. 2).
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Fig. 2. A comparison of the *Li + "O and "Li + '* *O
potentials at energy E... =25.91 MeV

1. A.T.Rudchik, Yu. M. Stepanenko ef al., Nucl. Phys.
A831, 139 (2009).

2. A.T.Rudchik, Yu.M. Stepanenko et al., Nucl. Phys.
At. Energy 10, 138 (2009).

3. A.A.Rudchik, A.T. Rudchik et al., Nucl. Phys. A785
(2007) 293.
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MECHANISM OF CHARGE-EXCHANGE IN THE 'Li(*’B, ""'Be)’Be REACTION
AND POTENTIAL OF INTERACTION OF THE 'Be +'’Be NUCLEI

V. O. Romanyshyn', A.T.Rudchik', O. A. Ponkratenko', E.I. Koshchy?, S.Kliczewski’, K. Rusek®,
V. M. Kyryanchuk', S. Yu. Mezhevych', Val. M. Pirnak', A. A. Rudchik', A.Budzanowski’,
I. Skwirczyniska®, R. Siudak’, B. Czech’, A. Szczurek®, J. Choinski’, L. Glowacka®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Kharkiv National University, Kharkiv
H. Niewodniczariski Institute of Nuclear Physics, Cracow, Poland
“A. Soltan Institute for Nuclear Studies, Warsaw, Poland
’Heavy Ion Laboratory of Warsaw University, Warsaw, Poland
®Institute of Applied Physics, MUT, Warsaw, Poland

Angular distributions of the "Li('°B, '’Be)’Be re-
action leading to the ground and 0.429 MeV (1/2°),
4.57MeV (7/2) and 6.7 MeV (5/2°) states of 'Be
and 3.368 MeV (2"), 5958MeV (2") and
6.263 MeV (2°) of '°Be were measured at an energy
of Ein('*B) =51 MeV [1].

The data were analyzed within DWBA method
for direct charge-exchange mechanism and with the
coupled-reaction-channels (CRC) method using op-
tical potentials of Woods-Saxon type for the en-
trance and exit channels. In CRC-calculations, one-
and two-step transfers were included in the coupling
scheme as well as the 'Li and '°B excitations. The
'Li+ "B potential parameters obtained by fitting
elastic scattering data [2] were employed in the cal-
culations. The "Be + '’Be potential parameters were
deduced by fitting the reaction data. The spectro-
scopic amplitudes of nucleons and clusters needed
for the reaction analysis were calculated within the
translationally invariant shell model.
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Fig. 1. Angular distribution of the "Li('°B, '’Be)'Be reac-
tion at Ej('°B) = 51 MeV for transitions to the ground
states of 'Be and '’Be. The curves show the CRC calcula-
tions for different transfers. Curve X presents coherent
sum of all transfers

The  calculations show  that, in the
"Li("B, ""Be)’Be reaction, direct charge-exchanges
"B — ""Be and 'Li — 'Be dominates at forward an-
gles for all transitions to the ground and excited
states of 'Be and '°Be. The transfers dominate or are
important at large angles (Fig. 1).

The "Be + '’Be potential parameters were com-
pared to the 'Li+ '°B and "Be, 'Li + *Be potential
ones [2, 3] (Fig. 2). Energy dependences for the pa-
rameters V, W of these potentials differ significantly
at threshold energies.
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Fig. 2. Energy dependence of the 'Be+ '’Be potential
parameters (curves <'’Be>) versus that for the
Li, 'Be + *Be and "Li + '°B potential parameters (curves
<’Be> and <'’B>, respectively).

1. V.O. Romanyshyn, A.T. Rudchik, O.A Ponkratenko et
al., Nucl. Phys. Atomic Energy 10, 26 (2009).

2. A.T. Rudchik, V.O. Romanyshyn, E.I. Koshchy et al.,
Eur. Phys. J. A 33,317 (2007).

3. A.T.Rudchik, K.W.Kemper, V.O.Romanyshyn et
al., Eur. Phys. J. A41, 31 (2009).
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®Be SCATTERING POTENTIALS FROM REACTION ANALYSES

V. O. Romanyshyn', A.T.Rudchik', K. W. Kemper?, S. Kliczewski’, E. I. Koshchy*,
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S. Yu. Mezhevych', Val. M. Pirnak', V. A. Plujko', A. A. Rudchik', I. Skwirczynska®, R. Siudak’,
A. Szczurek®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2Physics Department, Florida State University, Tallahassee, Florida, USA
3H. Niewodnicza nski Institute of Nuclear Physics, Cracow, Poland
‘Kharkiv National University, Kharkiv
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Angular distributions of the 'Li("’B, *Be)*Be re-
action leading to the ground and excited states of
*Be were measured at an energy of Epu('’°B) =
=51 MeV [1]. The data were analyzed within the
coupled-reaction-channels method using optical po-
tentials of Woods-Saxon type for the entrance and
exit channels. One- and two-step transfers were in-
cluded in the coupling scheme as well as the "Li and
"B excitations. The 'Li+ '’B potential parameters
obtained by fitting elastic scattering data [2] were
employed in the calculations. The *Be + *Be poten-
tial parameters were deduced by fitting the reaction
data (Table). The spectroscopic amplitudes of nucle-
ons and clusters needed for the reaction calculations
were obtained within the translationally invariant
shell model.

Parameters of nucleus-nucleus potentials

Ec m, Vo, Iy, ay, WS, rw, aw,
System MeV MeV fm fm MeV fm fm
Li+°B 21.0 190 0.79 | 0.66 | 145 | 1.25 | 0.66
°Bet+'Be | 13.4 151 0.79 | 0.64 20 | 1.61 | 0.64
14.8 178 0.79 | 0.66 7.0 | 1.60 | 0.66
15.0 178 0.79 | 0.66 7.0 | 1.60 | 0.66
20.3 188 0.79 | 0.66 8.5 | 1.55 | 0.66
21.9 193 0.79 | 0.68 50 | 1.60 | 0.68
24.8 192 0.79 | 0.72 40 | 1.60 | 0.72
28.7 176 0.79 | 076 | 11.0 | 1.60 | 0.76
31.7 171 0.79 | 076 | 11.0 | 1.60 | 0.76

The calculations show that, in  the
"Li('*B, °Be)*Be reaction, proton transfer dominates
at forward angles whereas a sum of proton, deu-
teron, and sequential n+ p transfers (curves <p>,
<d>, <np> in Fig. 1) are important at backward
angles.

The *Be + ’Be potential parameters were com-
pared to 'Be + ‘Be potential ones [3] (Fig. 2). The
real potentials are remarkably similar for the two
systems but the dependence in the imaginary ones
demonstrates their marked dependence on the inter-
nal structures of the two systems.
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Fig. 1. Angular distribution of the the "Li('°B, °Be)*Be
reaction at the energy Elab(mB) =51 MeV for the transi-
tion to the 16.626 MeV state of *Be [1].

V., W (MeV)

E ¥{*Be+'Be)

10 *L

1074

1072
0 2 4 8 8 10

12
+{fm)

Fig. 2. The 'Li +°Be and *Be +’Be potentials
at the energy E. ., = 31.6 MeV.

. V.O. Romanyshyn, A.T. Rudchik et al., Phys. Rev.
C79, 054609 (2009).

. A.T. Rudchik et al., Eur. Phys. J. A33, 317 (2007).

. A.T. Rudchik et al., Eur. Phys. J. A41, 31 (2009).
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IMPO HU3BKOEHEPI'ETUYHY YACTUHY CIIEKTPIB 3BY/IKEHHA AIEP 3 A=5

O. M. IloBopo3zuuk, O. K. 'opnnany

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Pe3ynbTaTi 4MCIEHHUX TEOPETUYHUX Ta CKCIIe-
PUMEHTAIBHUX JOCTIDKEHb TMepIuX 30YHKCHHIX
HE3B’A3aHUX CTaHiB saaep 3 A = 5 - “He Ta °Li, sxi
pO3MaIal0ThCs Yepe3 BUMIPOMIHEHHS ApH YaCTHHOK
- o0+ n abo o + p HEOHO3HAYHI H JIOCTATHBO CyTIe-
PEWINBI, SIK BUIHO 3 OCTaHHIX KOMITUIAIH (puc. 1).

Er=A(Y) E=5-10
/ 77, // /// B0 Eeld
/ = e T
74 //// & B o
#ﬁ‘flbrlzl _____ oz Ep}fl w
- W uo
a o

Puc. 1. Hu3pkoeHepreTHIHi YaCTHHHU CXEM
36ymKenns auep “He ta *Li: a - [1]; 6 - [2].

[HTEepec 10 HU3PKOCHEPTreTUIHOI YaCTHHU CIIEKT-
pa siapa “He ocTaHHIM 4acoM 3pic y 3B’SI3Ky 3 I0CITi-
TDKEHHSIM «OOPOMI€BCHKUX» S1EP, AKI 3HAXOAATHCS
y 3B’sI3aHOMY CTaHi, 1 SIKIIO IX pO30WTH HA TPH Mij-
cHCTEeMH, TO Oyab-sIKi JBI 3 HAX HE MOXYTh cop-
MYBaTH 3B'si3aHui cTaH. ToMy Ipu BUBYEHHI «0o-
pomieBcekoroy» smpa °He (o0 + n + n) icToTHEME €
KOPEKTHI EeKCIIepHMEHTaJbHI JaHi MPO B3a€MOII0
Imapu 4acTUHOK - O, + n.

[ mocnimKeHHs HU3bKOSHEPTeTHYHOT YaCTUHU
criekTpiB 36ymkenns sapa *He Ta °Li Gymo Bu6pano
BHUBUCHHS BIAMOBIIHUX KaHAJIIB pPeakiliii, BUKJIUKA-
mux o + “PH B3aemoziero mpu eHeprisix HamiTar4uo-
ro nyuka anb(a-gactuHok 27,2 ta 67.2 MeB sk y
KiHEMaTHYHO TIOBHUX, TaK i B HEMOBHUX EKCIIEPH-
MeHTaX. [IpoBenenuit aHaIi3 iHKIIO3UBHUX Ta 30iro-
Bux crektpis 3 "HCHe)(or, d)on(op) [3], 2H(o,poo)n,
[4, 5] Ta *H(o, doy)n peakuiii [6, 7] 103BOINB OTPH-
MaTH HOBI JIaHI TIPO TOJIOXKEHHS Ta ITHPHUHY TEPIITUX
36yKeHnX craHiB axep “He ta °Li B cynepeuwnusiit
HU3bKOCHEPreTUYHIA YacTHHI CIEKTpiB. Y CTaHOB-
JICHO, IO BEJIWYHHA CIiH-OpPOITATBHOTO PO3IIEH-
JIEHHST OCHOBHOTO Ta IEPIIOTro 30YHKEHOTO 2p piB-
HiB sapa “He ne nepesumye 1,8 MeB.

Jna mpukiany Ha puc. 2 Ta 3 HaBEACHO MPOEKITii
JBOBUMIPHHUX CHEKTPiB pOl-30iriB, OTpUMaHi 3 KiHe-
MaTHUYHO-TIOBHOTO JociipkeHHs peakuii H(o, pon
Ta iX aHaji3 3 METOI YTOYHEHHS HU3bKOCHEPIreTHY-
HOI YaCTHHH CIIeKTpa 30y mkeHHs sizep "Li Ta “He.
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Puc. 2. IIpoekiiist BepxXHBOI TJIKK MaTpHIli p-O 30iriB Ha
BiCh eHeprii nmpoToHiB. To4KOBI JiHil, Mo3Ha4YeHi 1ud-
pamu 0 Ta 1, — BHECKM OCHOBHOTO (Eqp, = 2,14(0,50),
I'y=1,3(0,5)MeB) Ta nepuoro 30ymkeHoro (Ei,,=
=4,8(0,5)1 T';=2,0(0,5MeB pisuis spa °Li, a cy-
niibHa — ixHsa cyma. lITpuxoBa Ta MTPUX-YHKTHPHA
niHii — BijHOCHI eHeprii Eyyp, Eqy BiAnOBiAHO.
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3
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Puc. 3. Ilpoexuist BepXHBOi TJIKH JBOBUMIPHOTO CIIEKTpa
p-0. 30iriB Ha Bich eHeprii nporoHiB. ToukoBi JiHii, mO0-
3HaueHi mudpamu 0 ta 1, — BHeckn ocHOBHOTO (Eguq =
=0,91(0,21), T',=0,7(0, 2)MeB) Ta MNEPLIOro 36yz1>1<eH0ro
(Eine=2,41(0,21), T'; = 2,02(0,44)) MeB piBnis sipa “He,
a cymieHa — ixHA cyma. LlITpuxoBi JiHiT — BiTHOCHI eHe-
prii Eqp(BepxHs), Eq, (HIKHS).

—_—

F. Ajzenberg-Selove, Nucl. Phys. A506, 1 (1990).

2. D.R. Tilley et al., Nucl.Phys A708, 3 (2002).

3. OK. T'opnuany, B.M. IlaBnenko u O.M. IloBopo3-
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THE EXCITED STATES OF ‘He STUDIED BY USING
*H(a, tt)p, *H(ct, tt)n AND *H(ct, td)d REACTIONS

O. Povoroznyk, O. Gorpinich, O. Ponkratenko, O. Jachmenjov

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

The *He is the lightest nucleus in which except
for the ground state all excited levels are unbound,
and decay mainly through the irradiation of parti-
cles and nucleons. And as far as an increase of en-
ergy of excitation the excited levels at first decay
through the channel of p+t, then the n+ °He
channel is added and if energy of excitation ex-
ceeds the energy threshold of decay of *He nucleus
into two deuterons the decay channel into d +d is
opened too.

For study of structure of excited levels of *He
kinematically complete investigation of three-body
*H(a, tt)p, “H(o, tt)n and *H(o, td)d reactions,
caused by bombardment of titranium-tritium target
by o-particles with energy 67.2 MeV were used.
Two-dimensional energy spectra of tt, tT and td
coincidences (angle detection of first particles —
tritons — 15°, angle detection of the corresponding
second particles — triton, T-particle and deuteron-
27.5°) and their projections (see Figures) into axis
of triton energy were obtained. Using non interfer-
ing Breit - Wigner terms the fitting procedure was
carried out for each projection. These projections
and results of this analysis are represented in
Figs. 1 - 3 for separate three-body reaction channel.
The values energy positions (E*) and widths (I)
for the seven excited states of *He were obtained
due to using this so-called model of subsequent
decay and were represented in the Table. The ob-
tained energy parameters for seven excited of ‘He
in one experimental exposition are in not bad
agreement with the data of other authors [1].
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Fig. 1. Projection of upper branch of of tt- coincidences
spectrum into axis of triton energy.
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Fig. 2. Projection of upper branch of of tT-coincidences
spectrum into axis of triton energy.
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Fig. 3. Projection of upper branch of of td-coincidences
spectrum into axis of triton energy.

No. of excited *H(a, tt)p *H(o, tt)n *H (o, td)d
level of *He E*, MeV I, MeV E*, MeV I, MeV E*, MeV I, MeV
1 20.04(0.07) 0.42(015) -
2 21.01(0.11) 0.66(0.39) 21.26(0.12) 0.38(0.10) -
3 21.75(0.15) 0.76(0.29) 22.30(0.19) 0.65(0.30) -
4 23.01(0.10) 0.33(0.33) 23.13(0.1) 0.55(0.25) -
5 23.92(0.12) 0.37(0.18) 23.75(0.14) 0.59(0.63) -
6 24.66(0.11) 0.29(0.11) 24.71(0.10) 0.83(0.44) 24.66(0.11) 0.50(0.20)
7 25.69(0.10) 0.40(0.12) 25.57(0.13) 0.63(0.17) 25.55(0.17) 1.04(0.61)

1. D.R. Tilley et al., Nucl. Phys. A541, 1 (1992).
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EXCITATION SPECTRA OF °Li, ‘He AND *H(c, tt)n, *H(ct, tt)p REACTIONS
O. Povoroznyk, O. Gorpinich, A. Mokhnach, O. Ponkratenko, O. Jachmenjov

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

Depending on the excitation energy, unbound
levels decay through emission of different particles
and nucleons, demonstrating different cluster struc-
ture. In case of light nuclei with A = 6, there is a
general opinion that they consist of o-particle core
and the pair of nucleons. Also, many years ago,
Thompson and Tang [1] expressed theoretical as-
sumption regarding existence of the excited level in
the nuclei of °He and °Li, located higher than the
threshold of decay of these nuclei on two three-
nucleon clusters.

We have investigated the formation and decay
throughout t + t, t + T channels from o + t interaction
by using the three-body reactions *H(o, tt)p and
H(o, Tt)n. Triturated titan targets and alpha-particle
beam (E, = 67.2 MeV) were used in the experiment.
AE-E technique was used for the identification and
determination of energy of outgoing charge particles
on coincidences.

For study excitation spectra of “He and °Li above
energy threshold of decay these nuclei on two three-
nucleon clusters we selected for subsequent analysis
two-dimensional spectra of of T -t (Fig. 1) and t - t
coincidences measured for same detection angles.
The first detector, placed at 21° detected only tritons
and second detector placed at 21° indented for detec-
tion as tritons as T-particles. We assume that to ob-
serve these excited states of “He and °Li at this de-
tecting angles are possible if in the first stage of pre-
sented three-body reactions are formed p + “He* and
correspondingly n + °Li*. On the second stage exited
states of ®He and °Li nuclei decay, correspondingly,
ont+tandt+ T and are detected by using afore-
mentioned detectors. And if to transform obtained
two-dimensional spectra of T - t and t - t coinci-
dences in two-dimensional (E; + E;) X E, and (E; +
+Ep) X E, spectra (Fig. 2) we can observe the
prominent peak in each spectra which corresponds
formation and decay unbound excited states of °He
and °Li nuclei with t+t and t+ T cluster structure,
correspondingly. The additional argument popula-
tion of unbound exited of °Li is the use for the data
analysis the procedure of drawing on two-
dimensional spectra developed in work [2]. The es-
sence of application of this procedure consists in the
fact that for every cell of the two-dimensional spec-
trum E; X E; is played evenly off the value of the E,
and E, energy within the limit of energy bin as many
times, as events it was contained in this cell, and for
every played off single event using the laws of con-
servation of energy and impulse all other kinematics

*H(o,wt)n E_=67.2 MeV
e=20"0=21"

E, MeV

T 1 20
E;, MeV

Fig. 1. White line — kinematic calculations in the assump-
tion of the punctual geometry for the three-body
*H(o, Tt)n reaction. Grey background — kinematic loca-
tion of the coincidences of this reaction, modelled by
Monte - Carlo method. Experimental spectrum of the
tt-coincidences — dark circles.

E. + E, MeV
1

1 2 3
E,, MeV

Fig. 2. (E;+ E,) X E, spectrum.

E*=21.85(0.3)McV
AT I =0.39(0. 20)McV
E*=2].34(0.2)MeV

I =0.30(0.20) MeV

E thr et gy MeV

Fig. 3. Spectrum of relative energy E from three-body
nuclear *H(ct, Tt)n reaction.

parameters of three-body reaction are determined. If
to take the array of such calculated single values of
relative energy Eq; for that part of locus of 1-t coin-
cidences, where after our supposition, population
and decay of the unbound excited states of °Li (see
marked part in picture Fig. 1) takes place and sum-
ming up number of single values of the relative en-
ergy Eu with certain discrete (for example,
0.1 MeV) one may obtaine spectrum of relative en-
ergy Ei which carries in itself information about
excitation spectrum of °Li(E";=21, 34(0,20) MeV,
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=0,30 (0,20)MeV and E*, = 21,85 (0,30) MeV,
I'=0,39 (0,20)MeV). The same procedure was made
for spectrum t - t coincidences and we observed the
resonance structure at Eq= 6 MeV that corresponds
to energy excitation of *He about 18 MeV.

1. D. Thompson and Y. Tang, Phys. Rev. Lett. 19, 87
(1967).

2. 0. Povoroznyk, Nucl. Phys and At. Energy 2(20), 131
(2007).

WCCJENOBAHME W30MEPHBIX OTHOWIEHHMI BBIXOJOB B (y, n)-PEAKLIUM HA '*'Sb

N. H. BumneBckuii, O. U. laBugoBckas, B. A. Kearono:xckuii, A. H. CaBpacos, II. H. Tpudonosn

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

DoTosIepHBIE PEAKLIUU CITY>KaT BaXKHBIM HCTOY-
HUKOM CBEJICHHI KaK O MeXaHH3MaX SIePHBIX peak-
[IAH, TaK ¥ O CBOMCTBaX BO3OYXICHHBIX COCTOSHUH
aToMHBIX simep. HMccnepoBaHuwe THUTAaHTCKOTO JH-
nonsHOTO pe3oHanca (I'JIP) siBisiercst mo HacTosIe-
0 BPEMEHH OJHHM W3 aKTyallbHBIX HalpaBICHUN
COBpPEMEHHOH simepHOi hu3uku. OIHUM U3 METOOB
TaKUX HUCCIEAOBAHUM SIBISETCS U3MEPEHUE U30Mep-
HBIX OTHOIIEHHWH BBIXOJOB, T.€. N3MEPEHHE OTHOIIIe-
HUS BBIXOJIOB OCTATOYHBIX PATUOAKTUBHBEIX sIEP B
HM30MEPHOM M OCHOBHOM COCTOSIHUSIX.

Lenpto nanHOW pabOTHI SBIAETCS H3MEpEHUE
M30MEPHBIX OTHOIICHWH BBIXOAOB B IIHPOKOM JHa-
Ma3oHe Hepruil B (Y, n)-peakuuu ¢ TOPMO3HBIMU Y-
kBaHTaMu Ha '*'Sb.

M3MepeHusi WM30MEPHBIX OTHOIIEHWNA BBIXOJIOB
MIPOBOIUINCH METOJIOM HABEACHHOW aKTUBHOCTH Ha
TOPMO3HOM Y-IIyuke MuUKpoTpoHa M-30 DD HAH
YKpauHbl [ 3HEPruid SIEKTPOHOB OT 9,6 1o
25,0 MaB (cm. Tabnuiry).

B (y, n)-peakuun o6pasyercs '>'Sb (y, n) 2*"¢Sb
(T2 = 5,8 cyr, " =8 u 15,9 mun, J* = 1" cooTser-
CTBEHHO).

Jlnst pacueta TEOPETHYECKUX H30MEPHBIX OTHO-
HICHUH BBIXOJOB HAMH HCIOJBL30BAJCS MPOTrpaMM-
ue1ii maker TALYS-1.0 [1]. B nmporpamMmMe mmeetcs
HECKOJIBKO BapUAHTOB MOJIETBHBIX MTOIXO/I0B K OITH-
CaHMIO TUIOTHOCTH ypoBHEH. CXeMbI JUCKPETHBIX
YpOBHEH YUYHTHIBATACH B ABTOMATHUECKOM PEKUME.

JIist OLIEHKH TTOJOKEHUS TAKHX COCTOSHHH MBI
MPOAHANIU3UPOBAIN IKCIIEPUMEHTANbHBIC JaHHBIC B
1228b u '2*Sb. Beuto MIOJTy9eHO, YTO B 1208h momKHBI
HaXOJUTHCS CIICYIOUINE BHICOKOCITIMHOBBIE COCTOS-
Hus: 270 x3B (67), 330 B (7,87), 500 k3B (6),
630 x3B (67), 900 k3B (67,7"), KOTOpBIE pa3pHKAIOT-
cq Ha U30MEpHBIN ypoBeHb & U ypoBeHb 600 k3B
(57) ¢ paspsakoit Ha ypoBeHb 270(67).

Hcronb3yst 3Ty OIEHOYHYI HWH(POPMAIMIO O
cxeme yposHeil '*’Sb, MBI paccuMTanM H30MEpHbIE
OTHOIICHHUS BBIXOIOB s 2""¢Sb (cM. Tabmuiry).

H30oMepHbIe OTHOLIEHUSI BHLIX0A0B B (Y, N)-peakuuu JJis siaep )

3 3 3 3
E™, MoB [V Y10 [Y/Y,]-10 E”, MsB [Y,/Y]-10 [Y,/Y]-10
OKCIICPUMEHT pacuer OKCIICPUMEHT pacuer
9.6 0.3(1) 0.42 17,0 80 65
9.8 0.12(2) 0.40 18,0 80 69
100 1.9 0.72 19.0 82 71
10.5 2.7 2.6 20.0 90 72
12,0 18 17 21,0 95 73
12,5 18 21 22,0 96 74
13,5 36 25 23,0 94 74
14,5 42 39 24,0 98 74
15,0 53 58 25.0 98 74
16.0 71 60

Kak BHIHO HaOIIOMAeTCs XOpOIee COryiacue
9KCIEPUMEHTAITBHBIX U PACUCTHBIX JAHHBIX.

PesymbpTaTy 3101 pabOTH Oy OIMKOBAHE B [2].
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1. A.J. Koning, S. Hilaire, and M.C. Duijvestijn, Proc.
of the Int. Conf. on Nuclear Data for Science and
Technology 769, 1154 (2005).

2. W.H. Bumnesckuii, O.W. aBunosckas, B.A. XKento-
HOXCKUH u Op., SlmepHa ¢isuka ta enepreruka 10,

Ne 4,352 2009.

59




AHOTAIIII POBIT

HCCJEJOBAHUE ®OTOJEJEHUS U U *’Pu

N. H. BumineBckuii, O. U. laBunosckas, B. A. Kearono:xckuii, A. H. CaBpacoB

Hnemumym adeprovix uccnedosanuii HAH Yxpaunot

W3mepenne cpemHUX yTIOBBIX MOMEHTOB OCKOII-
KOB JI€JICHUS TpeACTaBIsAeT OONbIIONW HAYYHBIA HH-
Tepec, Tak Kak JI0 CHUX IOP OTCYTCTBYET SICHOE TO-
HUMaHHE OJHOBPEMEHHOTO CYIIECTBOBAHUSA JIBYX
KaHAJIOB JICJICHUS: ACHMMETPUYHOTO M CHMMETPHY-
HOTO.

Ienmsto manHOW pabOTHl OBUIO HCCIIEAOBAHHE
W30MEPHBIX OTHOIIEHUH, /ISl OCKOJIKOB JICNEHUS U3
KOTOPBIX U3BJIEKAIOTCS BEMYUHBI CPEIHUX YTIIOBBIX
MOMEHTOB IIPH TaKHX JHEPTUsAX Y-KBaHTOB, KOTIa
OTCYTCTBYeT KaHai (y, nf) Ha HEYETHBIX sAApax ypa-
Ha U TUTyTOHUSI.

Juis w3MepeHuil MCHOJB30BAIIMCH MUIICHU W3
ypaHa M IIyTOHHs, o0orameHHbie n3otonamu > U -
90 % (***U - 10 %) u *°Pu - 95,5 % (**°Pu - 4,5%)
Maccoit 514 u 400 mr coorBercTBeHHO. OOIyUeHHUE
MumeHH ¢ U NpoBOAMIOCH Y-KBAHTAMH TOPMO3-
HOTO CIEKTpa 3JIEKTPOHOB MHKpOTpoHa M-30 ¢
sHepruer 9,6 MsB, a murienu c 39py - TOPMO3HBI-
MH Y-KBaHTaMH OT 3JIEKTPOHOB ¢ »Hepruei 9,8 M»aB.
Bri6op sHeprum OBUT OOYCIIOBICH ONTHMAIBEHBIM

COOTHOIIICHUEM CCUYCHMI JICIICHMS 235’mU, a TaKxke
UCKJIIOUYEeHUEM (Y, nf)-KaHalla, KOTOPBIA OTKPHIBACT-
csi ipu E'P > 11 MaB # (y, n)-peakuuu Ha Marepua-
J1aX KOHTEHHEPOB, B KOTOPBIX HAXOIWIMCH N30TOIIBI.
OO6yyeHue mpoBoaUiIOCh B TeueHue 5 - 10 MuH u
gyepe3 15 - 20 ¢ HaunHanmMch u3MepeHus Ha Ge-crie-
KTpoMeTpax. Uepes kaxkmablie 60 ¢ CIIEKTPHI 3aIHCHI-
BAJIKCh B TEUCHHUE BCETO BPEMEHU U3MEPEHHUS (KaK
MpaBWIO, BpEMs HM3MEPEHHUSI COCTaBIIO S -
6 4).

DKCIIepUMEHTAabHbIE 3HAYCHUS H30MEPHBIX OT-
HOIIIEHUH BBIXOJIOB BBIYUCIIINCH C yUETOM BKJIaja
oT PB-pacnama M300apHBIX siep B BBIXOABI HCCIIE-
QyEeMBIX M30MEpHBIX map. /[letanbpHoe omucaHue Ta-
KHX pacuyeToB MOKHO HaTH B [1].

[Mony4yeHnusle maHHBIE 00 HM30MEPHBIX OTHOIIE-
HUSX BBIXOJOB U CPEHHX YIJIOBBIX MOMEHTaX OC-
konmkoB genenns U u 2°Pu B (y, f)-peakuuu mpu
DHEPTUAX Y-KBAaHTOB HIDKE Topora (Y, nf)-peaximu
MPUBEICHBI B TAOJIHIIC.

I/I30MepHLIe OTHOLICHHUSA M CPEIHHUE YIJIOBBIC
MOMEHTBI OCKOJKOB JCJICHUA

dotonenenue dotogenenne
Wsomephas ypaHa Ty TOHHUS

fapa YulY, 7 YolY, 7
YImERDb 0,53(8) 2,5(5) 1,5(2) 3,5(5)
129m.gg 0,11(1) 12(1) 0,6(1) 14(1)
130megt, 0,33(3) 6,6(5) 0,73(6) 6,3(5)
13imeTe - - 0,44(5) 4,2(5)
132meg 0,58(6) 7,3(5) 4,5(15) ~9,6
133mere 2,3(3) 6,4(5) 2,6(3) 6,0(5)

134mg 0,49(5) 6,8(5) 0,96(10) 7,6(5)
13Smexe 0,142(14) 2,6(4) 0,42(4) 3,7(4)

136m.ep 3,0(15) 8(2) 3,9(23) 8(2)

HaGmonatorcst o6omouednbie 3h(HEKTh B OCKOJI-
Kax JICJICHUs, a TAK)Ke HEUYCTHBIC W YCTHO-YCTHBIC
3(PEKTH B IEIAMMXCS CUCTEMAX.

s oObsicHeHUsI Bcex 3TUX 3PQPEKTOB HEOOXO0-
JUMO YBEIMYUBATh BKJAJ CHMMETPHYHOTO KaHaJa
JeTICHUsT WM PACCMOTPETh BO3MOXKHOCTH 3HAYU-
TEJBHOTO YBEJIMYCHUS TOJIU MPEIICIUTSIIbHBIX HEH-
TPOHOB.

PesynpTatel 5TOH pabOTHl OyAyT OIMyOJINKOBAHEI
B [2].

1. W.H. Bummnesckuii, B.A. Xenronoxckuii, O. U. Jla-
BUIOBCKas u dp., 3B. PAH. Cep. ¢us. 73, Ne 6, 782
(2009).

2. W.H. Bumnesckuii, O.W. JaBunosckas, B.A. XKento-
Hoxckuit 1 A.H. Caspacos, 13B. PAH. Cep. ¢us. (B
TeJaTH).
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THE NEW DATA ON THE ENERGY OF 3/2—7/2" 268 keV TRANSITION
FROM THE "“'Pt DECAY

A. P. Lashko, T. N. Lashko

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

Our long-standing researches allowed high-
precision determination of the energies of 9 levels of
the "*'Ir and the energies of 36 y-quanta accompany-
ing the decay of ''Pt. Until recently, energies of 7/2
level (390 keV) and 11/2" level (171 keV) can not be
determined with such an accuracy. We failed to
measure energies of any transitions that might relate
these levels with others. To this end, either the en-
ergy of the very weak (6.4-10°%) 41keV
Y-transition or the energies of the 268.0 + 268.8 keV
doublet should be measured. This problem was fi-
nally resolved in the present paper.

The energy difference for Y267 and 295 lines
was measured with y-spectrometer, which comprises
two horizontal detectors made from high-purity
germanium (coaxial GEM-40195 with 1.73 keV
resolution for y1332-line of “Co and planar GLP-
36360/13 with 580 eV resolution for y122-line of
’’Co) and multichannel ORTEC buffer 919
SPECTRUM MASTER. The y267 keV transition is
excited in the "'Pt decay, while another transition,
the energy of which is known up to a high precision,
accompanies the '*Ir decay.

To prepare a mixed radioactive source of requi-
red composition, the '°'Pt was obtained in (n, y) re-
action under irradiation of enriched platinum (‘*°Pt
isotope content is 0.8 %) with research reactor
WWR-M. The "I (T,,,= 74 days) was also produ-
ced in (n, y) reaction under irradiation of enriched
iridium (*'Ir isotope content is 94 %) by slow neu-
trons.

The functional dependence of the energy calibre-
tion of the y-spectrometer was investigated in detail.
It was established that the deviation from linearity
does not exceed 3 - 10~ for the energy range from 84
to 604 keV. To minimize possible systematic errors,
we performed a series of measurements using
sources with different ratios of specific activities of
PIpt and '"*Ir, at different gains and channel widths
of an amplitude digital converter (4096 and 8192
quantization levels of the input signal). 18 series of
measurements were performed in all.

The experiment was a considerable challenge due
to the fact that the y267 line is not completely re-
solved in the spectrum with the y268 line (see
Figure). Special care must be used to control an ac-
curacy of component decomposition of the
Y267 +¥y268 doublet. Intensities of these two y-lines
are known to within 5 %. Control over the change in

LIOPIYHUK - 2009

component intensities still did not ensure correctness
of determination of y-line energies with an accuracy
of several electron-volts. We made use of the fact
that the y268 energy was previously determined with
a precision of 1.7 eV as the energy difference of the
5/27351 keV and 1/2" 82 keV levels, between which
this transition occurs [1]. Simultaneously with the
component decomposition of the doublet the energy
difference for Y267, y268 keV lines of "'Pt and
1295 keV line of "’Ir was determined. Requirement
for the deviation of the y268 energy from measured
value not to exceed 3 ¢ served as a criterion of accu-
racy of y-spectrum fitting procedure.

Counts
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Part of the y-spectrum in the energy region 260...300 keV
from the decay of '’'Pt, measured with the HPGe-detector
GLP-36360/13

First, the energy difference for y267 line of '*'Pt and
1295 line of "Ir were determined as a weighted
mean from the results of all measurements and then
the transition energies were found. The measurement
results are in good agreement with each other.
Taking into account that the energy of the recoil nu-
cleus for y267 of "'Pt is 0.20 eV, we obtained the
value (267952.8 = 1.8) eV for the transition energy.

A measured energy value of the 3/2°—7/2 transi-
tions, along with the data from our previous work,
allowed us to perform a high-precision calculation of
energy levels in "'Ir and energies of y-rays deexcit-
ing these levels.

This work was published in Problems of atomic
science and technology 3 (51), 33 (2009).

1. A.P. Lashko and T.N. Lashko. Izv. Rus. Akad. Nauk.
Ser. Fiz. 71, 765 (2007) (in Russian).

61



AHOTAIIII POBIT

THE GAMMA-RAYS FROM THE "“'Hf DECAY

A. P. Lashko, T. N. Lashko

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

Beta-decay of the By (T, = 42.4 days) into the
levels of "*'Ta is well understood. The decay scheme
(see Figure) has been established, the intensities of
v-rays have been determined to a high accuracy,
while the transition energies have been measured up
to several tens of electron-volts at best.

/27 424d
H(le

p 3/2° 619
1/2° 14 615

619 137( 615 (133
52 482

4821 476 | |346

9/2 136

9/2 136 6

72 6l 0
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The decay scheme of '*'Hf.

Our long-standing researches allowed the high-
precision determination of the energies of two 7-
quanta and the energy difference for three pairs of y-
transitions accompanying the decay of '®'Hf. In the
present paper, the energies of additional three y-rays
have been measured, which enables the energies of
y-rays and the energies of all the '®'Ta levels popu-
lated in the "*'Hf decay to be measured accurate to
several electron-volts.

The energy differences for three pairs of y-lines
(Y346-y316, v615-y612 and y619-y612) were meas-
ured with the gamma-spectrometer, which comprises
two horizontal detectors made from high-purity
germanium (coaxial GEM-40195 with 1.73 keV
resolution for y1332-line of “Co and planar
GLP-36360/13 with 580 eV resolution for y122-line
of “’Co) and multichannel ORTEC buffer 919
SPECTRUM MASTER. The first y-transition from
each pair is excited in the "*"Hf decay, while another
transition, the energy of which is known up to a high
precision, accompanies the '**Ir decay.

To prepare a mixed radioactive source of the re-
quired composition, the "'Hf was obtained in the
(n, ) reaction under irradiation of the enriched haf-
nium ("*°Hf isotope content is 96.2 %) with the re-
search reactor WWR-M. The "Ir (T,,= 74 days)
was also produced in the (n, y) reaction under irra-

diation of the enriched iridium ("*'Ir isotope content
is 94 %) by slow neutrons.

To minimize possible systematic errors, we per-
formed a series of measurements using sources with
different ratios of specific activities of '*'Hf and
"I, at different gains and channel widths of an am-
plitude digital converter (4096 and 8192 quantiza-
tion levels of the input signal). In all, we performed
27 series of measurements of the y346-y316 energy
difference, 17 series of measurements of the
¥615-y612 energy difference and 12 series of meas-
urements of the Y619-y612 energy difference.

First, the differences between the y-line energies
were determined as a weighted mean from the re-
sults of all measurements and then the transition en-
ergies were found. The measurement results are in a
good agreement with each other.

Using the data on the transition energies and the
Ritz rule for cascade transitions (E, + E,=F;, where
E; is the energy of the closing direct transition be-
tween the boundary levels), we formulated the set of
linear approximate equations of different weights to
calculate the level energies.

After determination of the energies of nuclear ex-
cited states, it was quite easy to calculate the -
transition energies between these states. The results
of the calculations are shown in Table.

Energies of the '*'Ta levels and y-ray photons
excited in "*'Hf decay

Level energies, eV Y-ray energies, eV
6222.0(15) 6222.0(15)
136248.7(14) 136248.6(14)
482188.0(11) 345938.9(18)

475965.3(19)
482187.3(11)
615244.5(13) 133056.4(17)
615243.4(13)
619038.3(11) 3793.8(17)
136850.1(16)
619037.2(11)

We determined the energies of 5 levels of '*'Ta
and the energies of 10 y-quanta accompanying decay
of "8'Hf with an accuracy exceeding the known val-
ues by an order of magnitude.

This work was published in Ukr. J. Phys. 54, 678
(2009).
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BU3HAYEHHS EHEPIIi JESIKHX FTAMMA-IIEPEXO/IB V *Tc
A. IL. Jlamko, T. M. Jlamko

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

[lepeBarkHa OLTBIIICTH Y-KBaHTIB, IO 30yIXKYy-
10ThCs TIpH posmazi * Mo (T, = 65,9 rox, I = 1/27),
MaroTh iHTEHCHUBHOCTI B miama3oHi (0,1 + 0,01)% Ha
po3naja. BusHauuTh 3 BUCOKOIO TOYHICTIO MOJOXKEH-
HS IUX JIHIA Yy Y-CHEKTPi MPaKTHYHO HEMOXKIIHBO,
OCKIJIbKM CTATHCTHYHA CKJIQJIoBa MMOXUOKH OyJie 3a-
HAJITO BUCOKOIO. C€IMHOI0 MOXIHUBICTIO OTPHUMATH
TIpEu3iiiHI JaHi TMpo iXHI eHeprii € 3acToCyBaHHS
METO/y ONOPHHUX MepexoiB. Sk onopHi MOXKHA BU-
KopuctaTi iHTeHcwBHI miHil Y40, v140, Y181 Y367,
Y739, ¥778, ¥822 ta y960 keB.

Eneprii nepmmx mrectr OyJd NOMIpsHI Ha KpH-
cTai-gudpaxuiiiHoMy crekTpoMeTpi [apaynbcki Ta
Binen6exom 3 moxubkoo (3 +9) - 10°. Iismiure
XenMepoM Ta iH. Ha HaIiBIPOBIAHUKOBOMY Y-CIIEK-
TpomeTpi Oyna yTOYHEHa €Hepris Iepexony
E,(140) = (140,511 £ 0,001) keB. 3 BuCOKOIO TO4Y-
HICTIO BiJIoMa TaKOXX €HEepris KOHBEPCIMHOro mepe-
X0Iy 3 i3oMepHOTO cTany 1/2°, 142 xeB ma mepmmit
36y mxenuit pisens 7/2°, 140 keB *Tc [1].

Metoro Hamux JOCHIIKEHb OYyJ0 YTOYHEHHS
eHeprii mepexoxiB Y739, Y778, ¥822 Tta Y960 keB,
KOPEKIIisl Ha OCHOBI HOBUX €KCIIEPUMEHTAILHUX Ja-
HUX eHeprii piBHIB ~TC Ta pO3PAKAIOYHX iX
Y-KBaHTIB.

Jlxepena BUmpoMiHOBaHHS * Mo GyiIH OTpuMaHi
B peakmii (n,Y) Ha JOCTHIAHWIBKOMY peakKTopi
A0 HAH Vkpainu. BukopucroByBanu MomnibaeHo-
Bi MillleH] 3 TpUPOIHUM BMicToM i3oTomiB. [Ipu Ha-
OMy peXKHMi OmpoMiHeHHs (n, Y)-peakiii Ha Mo
ta '"’Mo He NpU3BOATE 10 HANPAIOBAHHS CKiTbKH-
HeOy b 3HAYNMHX CTOPOHHIX aKTHBHOCTEH.

B sKocti pkepena BUIPOMIHIOBaHHS pPENEPHHX
Y-KBaHTIB HAWOUIBII 3pYUHUM JUIS [UAX IiJIeH BHS-
suBcst ' 2*Sb (T, =60,2 1i0), WO Mae 3HAYHY
KUTBKICTh Y-JIIHIH y BHUCOKOCHEPIeTHYHIH YacTHHI
criektpa. '**Sb GyB mHampanpoBaHuii y peakuii (n, )
IpU ONMPOMiHEHHI TEIJIOBUMH HEHTPOHAMH CYpPMH,
36aradeHoi i3oTomom 'Sb. Bymm mpurotosieHi
KUTbKa pI3HUX JPKEpeNT BHIPOMIHIOBAHHS 13 CYMIIITi
nBox i3otomiB (Mo + '**Sb) 3 pisHuMM cmiBBiz-
HOIIIEHHSIMH aKTHBHOCTEH LIUX PaliOHYKIiIiB.

BuMiproBaHHs TpOBOAMIM Ha 7Y-CIEKTPOMETPI,
SIKUM CKJagaBCs 3 JBOX TOPH3OHTAIBHUX KO-
aKCialbHUX JETCKTOPIB 3 HAIIUCTOTO TepMaHito
(GEM-40195 Tta GMX-30190 3 po3ainbHOIO
sparmictio 1,73 i 1,89 keB ma mimii Y1332 “Co
BIMOBIIHO) Ta OararokaHaibHOro Oydepa 919
SPECTRUM MASTER ¢ipmu ORTEC. Bynu mo-
MIpsIHI PI3HHIN €Heprii MiX 4YOTHpMa IapaMu
Y-pomeHiB: Y739 - ¥722, y790 - y778, ¥822 - Y790
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Ta Y968 - ¥960. OmuH Y-mepexim i3 KokHOI mapu
36y KY€ETBCS TIPH po3mai ~ Mo, a Ipyruii, eHepris
SKOTO BiJIOMa 3 BHCOKOIO TOYHICTIO, CYIPOBOIKYE
po3man 1248p.

[Ilo6 3BecTn MO MIHIMYMY MOJJIHMBI CHCTEMa-
TUYHI MMOXUOKH, BUMIPIOBaHHS MPOBOIMIHN CEPisMH
Ha JpKepeliaXx BHIIPOMIHIOBAHHS 3 Pi3HUMH CITiBBif-
HOIIEHHSMH TUTOMHX aKTHUBHOCTEH Mo i 124Sb,
MpH pi3HUX Koe(imieHTax MiACWICHHS Ta Pi3HUX
LIMPUHAX KaHAIly aMIUTiTyJHO-IH(POBOrO NEPETBO-
proBada (4096 i 8192 piBHSI KBaHTYBaHHSA BXiJHOTO
curHaiy). Ycporo Oyino BHKOHAaHO CIM  cepiit
BUMIpIOBaHb.

OtpuMaHi AaHi Mpo €Heprii OMOPHUX MEepexXoliB
Ta 3HaUYeHHA eHeprii piBHIB 1/2° 142 keB i
5/2" 181 xeB i3 [1] OymM BUKOpUCTaHi HaMH I
pPO3paxyHKy eHeprii 30y IKSHUX CTaHiB
1/27 920 keB, 3/2" 1004 keB Ta 3/2" 1141 keB *Tc.
Crmim 3a3HaYUTH, IO CHEPris sjapa Biamadi cTaHo-
BUTH Bif 5 10 3 eB mist mepexonis Y739 Ta Y960 xeB
BiJINIOBITHO, TOMY ii BpaxyBaHHS B JAHOMY BUIAJKY
€ 000B’A3KOBUM.

BusHauuBmm eHeprii piBHIB sizipa, OyJI0 HECKIaI-
HO pO3paxyBaTH i eHeprii Y-mepexoliB MiK HUMH.
PesynmpTaTi po3paxyHKiB IIPeICTaBICHO B TAOIHITI.

VTouHeni 3nauenns eneprii pisuis *Tc i
Y-IPOMeHiB, siKi 30y1KyI0ThCSl B po3naji *Mo

Ewneprii piBHiB, eB Eneprii y-nmpomeHis, eB
920586 £ 4 411479+ 12
739489 £ 4
777900 £ 8
1004050 £+ 10 822953 £ 10
1141875+ 8 1001339 £ 8
960776 + 8

OtpumaHi 3HaueHHs eHeprii piBHiB Tc Ta
Y-IIPOMEHIB, fKi 30YMKYIOThCS TPH posmami Mo,
no0pe y3roUKYIOTbCsS 3 JAaHUMHU IHIINX EKCIIepu-
MEHTAIFHUX POOIT 1 MepeBEPIIYIOTH IX IO TOYHOCTI.
Bigznaummo TakoX, IO €Hepril TPhOX IHTEHCHBHHUX
Y-TIepexo/liB BU3HAUEHO HAMH 3 TOXHOKOI HE Tip-
mwowo 3a 107, Taka TOYHICTH BiAMOBiZaE BUMOTram
II0/I0 JIiHIH, SKI MOXKYTh OYyTH BHUKOPUCTaHi SIK €He-
PreTUdHI CTaHAAPTH VIS SAEPHOT CHIEKTPOCKOITI.

s pobora omyGOmikoBaHa B KypHami “SnepHa
¢izmka Ta egepreruka’” 10, Ne 3, 269 (2009).

1. JK. Tuli, G. Reed, and B. Singh Nucl. Data Sheets
93, 1 (2001).
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JOCJILIKEHHSI PO3IALY '**™tRe

A. II. Jlamxko, T. M. Jlamko

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

V po6ori [1] Ha MarHiTHOMY B-CrieKTpOMETpi BH-
COKO1 pO3ALIBHOI 3JaTHOCTI HaMH OyJM MOMIpsiHI
OKpeMi NiJSHKU CIIEKTpa EJEKTPOHIB BHYTPINIHBOT
KoHBepcii 3 posmaxy '“Re Ta '**™fRe. IIpu mpomy
JUISHKY BUOMpalld TAaKUMU YHHOM, 1100 OJHA 3 Jii-
Hilf Hanmexama posmagy 'CRe, B SAKOMy eHeprii
Y-KBaHTIB BiJOMi 3 BHCOKOIO TOYHICTIO, a Apyra —
po3nany 184”“”5Re, JUTS SIKOTO TONIOHMX BUMIipIOBaHb
He mpoBoaAWIN. EHeprii mepexoiB, 10 HAJIEKATh 10
posmazny '**Re, 6y1i moMipsiHi 3 BUCOKOIO TOUHICTIO
Ha KpHCTal-TuPAKIifHOMY CIEKTPOMETPi B PO3-
magi '“Ta [2]. ®parmMent cxemu posmamy = ¢Re
HaBeJICHO Ha PUCYHKY.

188 169 1i6
y188 |y83 105
ys
38,0 ni6
MRe
e+ p"
0 1501
g 1° 1446
5 1284
R TV
2 111
yl11
0 0
luw

®parmenT cxemn posmany ™ ERe.

Jlxepena BumpomintoBamms o ™¥ERe Gymn
OTpMMaHI Ha IUKIOTPOHI TNUIIXOM OIPOMIHCHHS
neiitpoHamMu 3 eHeprieto 13,6 MeB BoibdpamoBoi
($onbpru 3 MPUPOTHUM BMICTOM 130TOMIB Y peakwisixX
(d, n) Ta (d, 2n). ITicnsa onmpomiHeHHS peHiEBY (pak-
IO BUIUTSUTA PATiOXIMIYHMM METOJIOM 1 HAHOCHIIN
€JIEKTPOJII30M Ha IUIATHHOBY OCHOBY pO3Mipamu
0,4 x 20 MM

OCKinbKHU eHeprii 3B’ 3Ky eIeKTPOHIB B aTOMI Bi-
nomi 3 HeBenmkumu noxubkamu (0,3 + 0,4) eB, To 3
PI3HUIII €Hepriii KOHBEPCIHHUX JiHIi MOKHA BH3HA-
YUTH TOYHE 3HAYCHHS Pi3HMIN SHEPTiil BiAIIOBIIHUX
Y-KBaHTIB, a MOTIM 1 IXHE aOCOMOTHE 3HAYCHHS.

VY 70-x pokax MHHYJIOTO CTOJNITTS TOUHICTb MOPi-
BHSHHS JIOBKHH XBHJIb 32 JIOTIOMOTOIO Y-CIIEKTpO-

METPIB 13 BUTHYTUMH KpHCTalaMH JOCATJIa PiBHS
10°. Ane s TOro, 100 BU3HAYATH 3 TAKOIO K TOY-
HICTIO a0COJIFOTHI 3HAYCHHS JIOBXHH XBHJIb, TTOTPIO-
HO OyJ]O MaTéu HOpMasb, AJs SIKOi JOBXKHMHA XBHWII
BiJOMa 3 KpaIor TOYHICTIO 1 sika Oyia O 3pydHa
JUTs TIOpiBHSHB. Takow HOpMasuio Oyyia BH3HaHA
v412 "®Hg. Tlpore us y-miHiA Mana aBa HEIOMIKH.
[Mo-nepie, TouHIiCTh, 3 KOO Oyna Bimoma ii JOB-
JKUHA XBWJII Ta €Hepris, OyJia HIKYOIO 32 MOTPiOHY.
ITo-ppyre, y mpaBUIBHOCTI PEKOMEHJOBAHOI'O 3Ha-
4yeHHs1 Oynu cymHiBH. Came TOMy psifi aBTOpiB BU-
pimmnn npuitasta s eneprii Y412 '*Hg ymosHe
3HaueHHs 0e3 moxubku. Y MalOyTHbOMY, KOJIH €He-
pris y412 ""Hg Gyne nmomipsiHa 3 BUCOKOIO TOUHic-
TIO, YCi pe3yJbTaTH MOXHa OyZie yTOUHHTH.

Came Taki «30J0Ti OUHUIL» 1 Oy BUKOPUCTaHI
Bopxeprom y cBoiii poboti [2], sAxuit npuiiMaB
E(y412 "*Hg) = (411794 + 0) eB. Ha choroani yro-
uHeHa eHepris wiei miuii cranosuts E(y412 "*Hg) =
= (411802,05+0,17) eB. IlonpaBka mis abCOMIOT-
HUX 3HA4YeHb €Hepriil Y-KBaHTiB cTaHOBUTH 20 ppm
(parts per million), Toai AK TOYHICTH BH3HAUCHHS
BIJTHOCHUX [JOBXHH XBHJIb Ha TOPSIIOK BHIIE
(1 +3) ppm. Omi mepepaxoBaHi 3HA4YEHHS EHEPriit
Y-KBaHTIB i3 po3nany '*°Ta ii Gyu BUKOpHCTaHi Ha-
MU K peTiepH JJIs BU3HAYSHHs €Heprii Y-TepexoiB
i3 posmany '**™Re.

PesynpraTu po3paxyHKiB HaBeleHO B TaOIHIII.

Eneprii y-npomenis i3 po3maay '*™Re

Enepris, eB Eunepris, eB
55278,8+0,8 83306,2+0,9
63688,9+ 1,4 1047390+ 1,4
111216,8 £ 0,5 1880452 + 1,7

Crix BiI3HAYNTH, IO HAIIl Pe3yNbTaTH B KiIbKa
pa3iB TOYHIIII BiIOMHX JIOTEIEP 3HAUCHb.

s pobora omyOiikoBaHa B KypHam ““SaepHa
¢izuka ta enepretuka” 10, Ne 2, 152 (2009).

1. B.B. BynrakoB u 0p., Bonpocvt mounocmu si0eprou
cnexmpockonuu (Bwibatoc: UH-T ¢usuku AH Jlur.
CCP), 15 (1988).

2. G.L. Borchert, W. Scheck, and Q.W.B. Schult. Nucl.
Instr. Meth. 124, 107 (1975).
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BU3HAYEHHA MATI'HITHOI'O MOMEHTY PIBHSI 9/2" 136 keB Y 81T )
3A HAATOHKHUM 3CYBOM JIIHIU EJIEKTPOHIB BHYTPIIIHbOI KOHBEPCII

A. II. Jlamko, T. M. Jlamko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Hesaxkaroun Ha Te, mo sapo '*'Ta € oguuM i3
HaWO1IBIT TIOBHO BUBUYCHUX HYKIITIB, EKCIIEPUMEH-
TaNbHI JaHi NP0 MATHITHUW JUIONBHUA MOMEHT
repuoro 30y/KEHOTO PiBHS pOTaIliiHOI CMYTH OC-
HOBHOTO CTaHy BIiAPIZHAIOTECA MiXK COOOI0 OUTBIIT
HIK y /Ba pa3u. YCi BOHH OTpUMaHi METOAOM 30Y-
penoi kyToBoi kopemsuii. Came ToMy Oyno LiKaBo
BHKOPHCTAaTH JUIS OIIHKA MAar"iTHOTO MOMEHTY
MPUHIMIIOBO 1HITY METOJHKY, siKa 0a3yeThCst Ha BU-
Mipax HaATOHKOTO 3CYBY JIiHIM €JeKTpOHIB BHYTpI-
ITHBOT KOHBEPCIi.

Pigenp 9/2" 136 keB 3acenserses npu B-posmazi
Blge E2-nepexomom 3 enepriero 346 keB. 3rigHo 3
PO3pOOIEHOI0 HAMU METOIUKOIO TTOTPiOHO:

mimiopatu OMU3BKUI 1O €Heprii y-Tiepexif, KU
i7Ic Ha PiBEHb 3 BIIOMUM MarHiTHUM MOMEHTOM;

roMipsaTu pisHumio eHeprii K-minitt (AEk) mux
JIBOX MIEPEXO/IB;

NOMIpaTH pi3HUIIO eHeprid mis L-miniid (AEp)
a0o y-npomeHiB (AE,);

3a Benu4uuHOW (AEg - AEr) a6o (AEg - AE,) Bu-
3HAYUTH CyMapHY BEIIMYMHY HAITOHKOTO 3CYBY LHX
JIBOX KOHBEPCIHHUX JIiHIN;

pO3paxyBaTH BEIWYMHY HAATOHKOTO 3CYBY KOH-
Bepciitnoi minii 0E(K346);

3a oTpuMaHuM 3HaueHHsM OE(K346) po3paxysa-
TH BEJIMYMHY MarHiTHOTO TUIIOJIEHOTO MOMEHTY pi-
BHS 9/27 136 keB.

Ycim BUMOram BiANOBiIa€ BHYTPIIIHBOCMYTOBUI
y-niepexin 3 enepriero 343 keB 3 mepmoro 30ymxe-
HOTO PiBHS POTAL[ifHOT CMyTH OCHOBHOTO CTaHY

"SLu. Bin inaykyerbcs npu posmami | Hf, maiixke
guctuit M1-mepexin, MarHiTHHH MOMEHT SLu Bi-
IIOMHH 3 BUCOKOIO TOYHICTIO.

Jlkepeno BUMpOMiHIOBaHHS i3 cymimi ' Hf
(Ty, =70 1i6) Ta S'Hf (T, = 42 n06u) 6y10 orpu-
MaHe B peakiii (n, y) Ipy ONMpOMiHEHHI Ha peakTopi
raHi€BHX MillleHeH 3 MPUPOTHUM BMICTOM i30TO-
miB.

BuMmipioBaHHS CHEKTpIB €JEKTPOHIB BHYTpI-
mHboi koHBepcii (EBK) BukoHaHo Ha MaraiTHOMy

B-criektpometpi TUIy n+2 i3 3ami3HEM spMoM i pa-
niycoM piBHOBaxkHOT opOith 50 cM. Bynu momipsHi
pizauni enepriii K- ta L-miHiil enexTpoHiB BHYTpi-
ITHBOT KOHBepcii s mepexoniB Y343 1 Y346 keB B
"SLu ta "' Ta. Ycboro 6y10 BHKOHAHO YOTHPH cepii
BuMiproBanb crekTpiB EBK Ha K-o60monui '"Lu Ta
'81Ta, a Takox 4OTHpHU cepii BUMIpIOBaHb CIICKTPIiB
EBK na L-migo0omoHKax.

Pi3HuIIo eHepriii y-mpoMeHiB MOMIpsuIH 3a JA0-
nomoroto HPGe-gerekropa 06’emom 5 oM’ i po3mi-
nbpHOIO 31aTHicTio 0,9 keB Ha y344 '"?Eu. JleranbHo
JOCTIKEHO (DYHKI[IOHATBHY 3aJICXKHICTh KaIiOpOB-
KH Y-CIIEKTPOMETpa IO EeHeprii. YCTaHOBJICHO, IO
BiZXWICHHS Bix miHiiiHOCTI He mepesuimye 5 - 107
s obomacti (122 + 344) keB. 11{06 3BecTH 10 MiHi-
MYMy MOXIIUBI CHUCTEMAaTH4Hi TOXHUOKH, BHMIipIO-
BaHHs MPOBOJMJIM CEPiIMHU MPH PI3HUX KoedilieH-
Tax MiACHJICHHS. YChOTO OyJi0 BUKOHAHO TpH cepii
BUMiproBaHb. OTprMaHi 3HAYCHHS PI3HUI CHEPTii
Y343 1 y346 xeB no6pe y3romKyroThCcs MiXK cOOOIO.

Pesynmpratn  BUMIipOBaHb KOHBEPCIMHHUX  Ta
Y-CTIEKTPiB HaBEeICHO B TaOIHII.

Piznuui enepriii K- i L- ainiiit EBK Ta y-ainiit nepexoais 343 i 346 xeB B SLu ta "*'Ta

Hyo6ner AE, eB Jy6ner AE, eB
K343 - K346 15733 £0.5 1,343 - L3346 3005.2+£3.2
1,343 - L3346 3520.1 1.1 Y346 - y343 2530.1£1.5
BukopucTaBmm  eKCHepUMEHTalbHI 3HA4YEHHs  TalbHOI MOXMOKH 3aiuiuae O6axatd Kpamoro. I Bce
€Hepriii 3B’SA3Ky eJNEeKTPOHIB Ha BIAMOBIAHMX K HAaBiTh TAaKOi TOYHOCTI 4acTo OyBae MOCTaTHHO,

IMiT000I0HKAX JIFOTEINI0 M TaHTaTy, a TaKOX BEIH-
YHHY MarHiTHOrO MOMEHTY OCHOBHOT'O CTaHy L,
MU  pO3paxyBaJd  HaaTOHKWH  3cyB  K-minii
v-niepexoay 346 keB OE(K346)=-(0,5+1,1)eB, a
MOTIM 1 MarHiTHU# MOMEHT NepIHIOTo 30YyIKEHOTO
piBHSL pOTamiifHOi cMyrH ocHOBHOTO crany ' 'Ta
9/2% 136 xeB: u(9/2" ®'Ta) = (1,9 £ 4,2) s1. m.
OTpumaHuil pe3yibTaT SIKICHO Y3TOMKYEThCS 3
JAHVMH 1HITUX aBTOPIB, aji¢ BEJIMYMHA CKCIICPUMCH-

LIOPIYHUK - 2009

mo0 3poOWTH BHCHOBOK TIPO THI KOHIryparii
SEPHOTO CTaHy — KBa3iHEUTPOHHWI YW KBa3impo-
ToHHUH. KpiM Toro, 111 METOIMKa ja€ 3MOTY BH3HA-
YaTH MAarHIiTHI MOMEHTH 30YIDKCHHX CTaHiB saep
HE3aJIeKHO Bijl TPUBAIOCTI IXHBOTO KHUTTA, L0 € Il
He3alepeyHolo IepeBarolo.

s pobora omybOmikoBaHa B YKpaiHCBKOMY
13M9HOMY KypHaui 54, :
i y xypHaii 54, 337 (2009
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CORRELATION PROPERTIES OF ELECTRONS OF “SHAKE-OFF” AT B-DECAY

N. F. Mitrokhovich

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

The effects of "shake-off' at [-decay on
probability are comparable to probability of a basic
process, and electrons of "shake-off" hardly corre-
lated with B-particles, being released together with
them in the same hemisphere [1]. This circumstance,
relevant in concrete measurements low-energy
electrons and with of B-particles (for example in
measurements ICC [2]) has also more common
aspect for analysis of correlation motion of particles
in general.

The relation of correlation emission of an
electron "shake-off" along a direction of emitting of
a B-particle from energy of an electron of "shake-
off" was measured. The measurements were accom-
plished on the installation of coincidences of
v-quanta and B-particles with electrons, including
e.-electrons of the secondary electron emission (ye,-
and yBe,-coincidences). The source '*Eu was used
and the B-spectrum was selected on Y344 keV.

The geometry of measurements is adduced in
Figure.

UL US UE UR
« €sh
o S | >
152Eu E B
MCP v MCP
L R

B NalJ(TI)

MCP — detectors (L and R) of “shake-off” electrons (esp)
and e,-electrons of secondary electron emission, S — ra-
dioactive source *Eu 25 pg - cm™, E — Al 10 u, NaJ(TI)
— scintillation detectors. Ug=0V, Ug> U, Uy =0V.

The experimentally registered Y-output of
e,-electrons on a decay event from radiation of
"shake-off" in narrow solid angle, without allocation
of the direction of B-particle (Q = 4m, Y**" =
= N(V544€0)/N(Y344), 7Y3a4€o-coincidences) and with
allocation of the direction of emitting of B-particle

(Q = 0, YWZO = N('Y344Beo)/N('Y344B), 'Y344BCO-COiI'ICi-
dences) was determined. Entered value correlation Y
of the directions of emitting of electron of "shake-
off" on the direction of emitting of B-particle was
determined as Y = YV "Y"™*". The measurements Y
are executed for an integral spectrum of electrons of
"shake-off" at a voltage variation Us on a source.

The results, quoted in the Table, demonstrate that
the motion of electron "shake-off" and B-particle in a
direction forward (€2 = 0) with ascending of energy
of an electron of "shake-off" increases. In range
200 - 2000 eV Y increases approximately in 3 times,
that qualitatively follows to relation Y ~ (eUs)"”
from energy of an electron of "shake-off", i.e. is
proportional to its momentum.

Us, v YQ=O YQ=4T[ Y

100 0.0120(9) | 0.00134(11) 8.9(9)
150 | 0.0098(11) | 0.00131(11) | 7.5(10)
200 | 0.0089(11) | 0.00112(10) | 7.9(12)
250 0.0079(9) | 0.00098(10) | 8.1(12)
300 0.0072(9) | 0.00091(10) | 7.9(13)
350 0.010009) | 0.00066(10) | 15.2(27)
400 0.0075(9) | 0.00065(10) | 11.5(22)
500 0.0069(8) | 0.00057(10) | 12.1(25)
700 0.0071(7) | 0.00056(10) | 12.7(26)
1000 | 0.0073(8) | 0.00063(10) | 11.6(22)
1700 | 0.0073(9) 0.00038(9) 19(5)
2000 | 0.0072(8) 0.00029(9) 25(8)

Such results on a correlation of directions emit-
ting of an "shake-off” electron and B-particle and the
obtained relation for it from energy of "shake-off”
electron gives the definite characteristic of interac-
tion, responsible for correlation motion of "shake-
off” electron and particle in the pulse space.

1. N.F. Mitrokhovich, Proc. of Int. Conf. “Current Prob-
lems in Nuclear Physics and Atomic Energy” (NPAE-
Kyiv2006) P. 1 (Kyiv, 2007), p. 412.

2. N.F. Mitrokhovich, Scientific Papers of the Institute
for Nuclear Research 2(8), 70(2002).

66 IHCTUTYT SJIEPHUX JIOCJIIJDKEHb HAH YKPATHU



SANEPHA O®I3UKA

SHEPTETUYECKHUI CHEKTP DJEKTPOHOB, BOSHUKAIOIINMA U3-3A MOHU3AIIUM
ATOMOB ITPU ITPOXOXJIEHUU O-YACTHUL YEPE3 BEIIECTBO

JIL 1L Cwmpemcol, B.T. Kynpimmm{l, A. W. ®eoxtucros’, E. I1. Poenckux’

1 .
Hucmumym adepuwix ucciedosanuiit HAH Yxpaunwoi, Kues

2 . . .

Kuesckuii nayuonanvrulil ynueepcumem umenu Tapaca Illesuenxo, kageopa sdeprot ¢usuku, Kuee

MetonoMm 3aaep)kaHHBIX (Cl€)-COBHNAIEHUN INpH
rojiade TOPMO3SILEro HaNpsKeHHUS B KaHAJle Peru-
CTpalluil JJIEKTPOHOB MPOBEACHO HCCIIEOBaHUE
JHEPTEeTHYECKOI0 CIEKTpa 3JEKTPOHOB, 00pasylo-
LIMXCS IPU MOHU3AIMK UX (-yacTuiamu. B pabote
VICTIOJTH30BAIICH HCTOUHUK O-4ACTHII > Pu M MHuIIe-
HU B BHUJAE IUICHOK C HaIbUJICHHBIM aIIOMHHHUEM
tommmuon 180 u 1760 MKT/CM. H3mepsanuch cnek-
TpBl BPEMEHHBIX (0.€)-COBMAJCHHUI Ha MPOIMyCKaHHUe
U Ha OTPaKEHHE TPHU PA3TUYHBIX 3HAUCHUSX MOTEH-
Iyana Ha 3aaepxuBamoouieil cerke. Cxema ombITa
nmoka3ana Ha puc. 1. [luku OBICTPBIX 3JIEKTPOHOB B
9KCIEPUMEHTaX Ha IMPOITyCKaHWE U OTPAKEHHE Cy-
LIECTBEHHO OTJIMYAIOTCS APYT OT Ipyra. B skcnepu-
MEHTE Ha IPOIyCKAaHUE IOSBJICHHE IHKa OBICTPBIX
DJIEKTPOHOB € CBA3aHO C JJIEKTPOHAMH, BO3HHUKAIO-
LIIMMHU TIPH MOHM3ALMK aToMa | dyekTpoHaMu Oxe,

T.C. ef. = e; +€(;- , @ B OKCIICPUMCHTaxX Ha OTPAXKCHUC

TOJNBKO ¢ dnekTpoHamu Oxe, T.e. e, = e(}. Pesynb-

TaThl W3MEPEHH IPEJICTaBICHb Ha PUCYHKE, TJIe
cpemHsisi KpuBas (pa3HOCTh NMHUKOB HA MPOIyCKaHWE
1 OTpa)kKE€HHE) MOKA3bIBAET paclipeielIeHne OBICTPBIX
3JIEKTPOHOB T10 SHEPTHH, BO3HUKAIOIIEE B Pe3yJIbTa-
T€ MOHU3AIUU aTOMOB IIPH MPOXOKACHUN (l-YACTHIL
yepes BEIIeCTRO.

Puc. 1. Cxema 3kciepuMeHTa B T€OMETPUHU
Ha nporyckanue (¢) u Ha oTpaxkenue (0).

ITOPIYHUK - 2009

[TonyueHHoe pacmpenelneHue CpaBHUBAIOCH C
TEOPETUUECKUM, CIEAYIOMIMM M3 PacyeToB ONHCa-
HHUSA HUX KaK IIEPeXOJI0B M3 CBSA3aHHOTO COCTOSHUS
aToMa B 00JIaCTh HENIPEPHIBHOTO CHEKTpa NpH BHe-
3allHOM  BO3MYIICHHH 3apsoM  IPOJICTArOLIeH
o-yactunsl (puc. 2). HabmomaeTcs xoporiee corna-
CHE C DKCIICPUMEHTOM.

[Tokazano, 4ro HabIIOMaeMoOe pacrperereHue
JIEKTPOHOB MOHM3AIMHU 110 SHEPTUH, oOpasyromeecs
IpU TPOXOXKIACHUH O-YaCTHIl Yepe3 BEIIECTBO, MO-
XKeT OBITb PAacCMOTPEHO KaK KBaHTOBO-MEXaHU-
YEeCKUH Mepexoa AIIEKTPOHOB M3 CBI3aHHOTO CO-
CTOSIHUSI B HENPEPBIBHBII CIIEKTP B NPHOIMKCHUN
BHE3AITHOTO BO3MYIIIEHHUS JIIEKTPOHA aToMa (3P QeKT
BCTPSCKH).

A F(Epna) = 0,170; Exg =70 5B

20000

10000

Puc. 2. CkopocTtb cuera (0l¢)-COBIAJCHUI B 3aBUCUMOCTH
OT 3aJIeP)KUBAIOIIETO MOTEHIHAIA [PU PA3HBIX T'€OMET-
pHsL SKCIIEPUMEHTA: d - B TEOMETPUH Ha MPOIYCKAHUE; O -
B T€OMETPHUH HA OTPAKECHHE; 6 - MHTETPAIbHBIN dHepre-
THYECKHM CIIEKTP 3JEKTPOHOB HMOHHW3AINM; 2 - WHTe-

TPaJbHBIA  CHEKTP, pPACCUHTAHHBIA 10  (opMyie
E,.
w AN
j =—dE=a|F(E,, )-F(E=elU)|.
E=eU dE
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FINAL RESULTS OF THE ARMONIA EXPERIMENT:
DOUBLE B DECAY OF ""Mo TO THE 0" EXCITED LEVEL OF ""Ru

P. Belli', R. Bernabei', R. S. Boiko’, F. Cappella3, R. Cerulli, F. A. Danevich?, S. d'Angelol,
A. Incicchitti’, V. V. Kobychev?, B. N. Kropivyansky’, M. Laubenstein®, P. G. Nagornyi’,
S. S. Nagorny?, S. Nisi!, F. Nozzoli', D. V. Poda’, D. Prosperi’, O. G. Polischuk?,

V. I Tretyak’, I. M. Vyshnevskyi’, S.S. Yurchenko®

'Dip. di Fisica, Universita di Roma “Tor Vergata” and INFN, Roma, Italy
’Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3Dip. di Fisica, Universita di Roma “La Sapienza’ and INFN, Roma, Italy
YINFN., Laboratori Nazionali del Gran Sasso, Assergi (Aq), Italy
’Chemical Department, Kyiv Taras Shevchenko National University, Kyiv

Experimental searches for neutrinoless (0v) dou-
ble beta (2) decay of atomic nuclei, a process pre-
dicted by many extensions of the Standard Model, is
one of priority tasks of modern physics. In absence
of experimental data on 2p0v, observation of two
neutrino (2v) double B decays is important tool for
tests of models used for calculations of nuclear
matrix elements for 23 processes [1].

For Mo, 2B2v transition was observed not only
to the ground state but also to excited 0", level of
10Ru (Eexe= 1130.5 ke V). Measured half lives are in
the range of (5.5 — 9.3)- 10 y [2]; these results,
however, are in some contradiction with experiment
[3] where only limit 7,> 12 - 10 y was obtained at
90 % C.L.

2 ¥591 keV
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Sl
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Fig. 1. Coincidence spectra accumulated with the '“°MoOs;
sample during 17249 h with the 4 HP Ge set-up, when
energy of one detector is fixed as 540 +2 keV (top),
591 £ 2 keV (middle) and 545 + 2 keV (bottom). Top and
middle parts give the expected signals, while bottom part
presents background.

To confirm results [2] or to obtain more severe
T, limit, we measured sample of "Mo0; with
mass of 1199 g and 99.5 % enrichment in 'Mo in
the Laboratori Nazionali del Gran Sasso of INFN
(Italy) in underground conditions on the depth of

3600 m w.e. If 07, level of '"Ru is populated, two y
quanta with energies £E;=590.8 keV and
E,=536.9 keV will be emitted in cascade in the
subsequent deexcitation process. These 7Y’s were
searched for with a low-background set-up with 4
HP Ge detectors (~225 ¢cm® each) mounted in one
cryostat. Sample of '’MoO; was measured during
17249 h. The expected cascade Yy quanta were ob-
served as in coincidence between any two HP Ge
detectors (Fig. 1), as well in the sum spectrum (Fig.
2).
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Fig. 2. Sum of spectra of 4 HP Ge detectors in the energy
range of 480 — 650 keV.

The obtained half life of the Mo — 'Ru" de-
cay is T1»(2v) = (7.0""45) x 10% yr, in agreement
with previous experiments [2] and not confirming
negative result [3].

A paper on the results of the experiment is in
preparation.

1. E.T. Avignone ef al., Rev. Mod. Phys. 80, 481 (2008).

2. A.S. Barabash ef al., Phys. Lett. B345, 408 (1995);
A.S. Barabash et al., Phys. At. Nucl. 62, 2039 (1999);
R. Arnold et al, Nucl. Phys. A781, 209 (2007);
M. Kidd et al., Nucl. Phys. A821, 251 (2009).

3. D.Blum et al., Phys. Lett. B275, 506 (1992).
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%Ru is one of only six potentially 2B" active nu-
clei with the energy of double beta decay Q.3 =
=2718 8 keV. Among 2B° candidates, it is the
only nuclide which has considerably high natural
abundance: 8= 5.54 %. For other 23" nuclides the
values of & are much lower: 1.25 % for '“Cd, and
parts of percent for "*Kr, '**Xe, "“’Ba, '*°Ce. It
should be also noted that in the Ov2e process with
capture of one electron from the K shell and a sec-
ond one from one of the L shells, the energy release
of 2695 + 8 keV is close to the energy of the excited
level of Mo with E..=2700 keV. In a case of
double electron capture from two L shells the energy
release is 2713 £ 8 keV which is equal, within er-
rors, to the energy of the other excited level at
2713 keV. Such a coincidence could give a resonant
enhancement of the neutrinoless KL and 2L capture
in result of energy degeneracy [1]. Notwithstanding
favorable features for experimental investigations,
only one search for 23" and eB” processes in “°Ru
was performed in 1985. The determined limits on
2B" and eB" decays to the ground state and excited
levels of Mo were in the range of Ty =10'-
-107yr [2].

A search for double B processes in *°Ru and '“Ru
was realized in the underground Gran Sasso Na-
tional Laboratories of the INFN (Italy) with the help
of ultra-low background HPGe 7y spectrometry. The
spectrum with the sample of 473 g was accumulated
over 158 h, while background data were taken over
1046 h. The spectra normalized on the time of
measurements are presented in Fig. 1. New im-
proved limits on double beta processes in *°Ru have
been established on the level of 10" — 10" yr. For
the first time the double beta decay of '**Ru to the 2*
excited level of '"Pd has been restricted as
T15>3.5-10" yr. The peak expected for the ep”
transition of **Ru to the excited 2* 778 keV level of
%Mo with the half-life 5.8 x 10" yr is shown in
Fig. 2. The experiment is in progress.

This study was supported in part by the Project
“Kosmomikrofizyka” (Astroparticle physics) of the
National Academy of Sciences of Ukraine.
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Fig. 1. Energy spectra accumulated with ruthenium sam-
ple over 158 h (Ru sample) and without sample over
1046 h (Background) by ultra-low background HPGe 7y
spectrometer. (Inset) Simulated spectrum of “°K. Energies
of v lines are in keV.
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Fig. 2. Part of energy spectra accumulated with the ruthe-
nium sample over 158 h in the energy region of peak
expected for eB” transition of *Ru to the excited 2"
778 keV level of **Mo. Area of the peak corresponds to
the half-life 5.8 - 10'® yr excluded at 90 % C.L.

This work was published in [3].
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Neutrinoless (0v) double beta (23) processes (23~
and 2B decays, electron capture with positron emis-
sion €B” and double electron capture 2¢) are forbid-
den in the Standard Model (SM) of particle interac-
tions. However, they are predicted by many SM
extensions, and searches for such processes are con-
sidered as one of priority tasks of modern physics
[1]. For a number of potentially 2¢ decaying nu-
clides, an experimental situation is realized when
energy release is very close to energy of one of the
excited levels of daughter nucleus. In this case prob-
ability of decay could be enhanced by few orders of
magnitude [2]. One of such nuclides is '*°Ce: the
energy release in the 2L capture of *°Ce is equal
2407+ 13 keV what is close to energies of
2392.1 keV and 2399.9 keV excited levels of *°Ba
daughter.

With aim to search for possible resonant 2e0v
decays of *°Ce, as well as for non-resonant transi-
tions to other levels of *°Ba, a small CeCls crystal
(mass of 6.9 g) was measured deep underground
(3600 m w.e.) at the Gran Sasso National
Laboratories of the INFN (Italy) with a low
background HP  Ge  detector (244 cm’)
during 1280 h. CeCl; is crystal scintillator, fast
(7<~100ns) and with quite high light output
(28000 photons/MeV). Internal radiopurity of per-
spective scintillating materials is their important
characteristics. Comparing the spectrum measured
with the CeCl; sample with the detector background
measured during 3048 h (see Figure where parts of
the spectra are shown), it was found that the crystal
is not polluted by B2Th, YK, “Co, *'Cs nuclides:
only limits were set on their activities at a level of
0.05-1 Bg/kg. However, the CeCl; crystal contains
radioactive "**La (0.68 Bq/kg) and, probably, is
polluted by **U and ***U (0.3 — 0.7 Bg/kg).

Peaks at specific energies related with deexcita-
tion of *°Ba excited levels are absent in the CeCl;
data. Only half life limits for different double [
processes in *°Ce (2B, eB" and 2€ to the ground
state and to excited levels of *°Ba up to Eexe =
= 2400 keV) were set in the range of (1 — 6) x 10"

yI.

In particular, the 2e captures to various excited
levels of **Ba were considered for the first time.
The limits for the resonant neutrinoless transitions to
the 2392.1 keV and 2399.9 keV levels of *°Ba are:
Tip>2.4%x10" yrand Ty, > 4.1 x 10" yr at 90 %
C.L., respectively.

Neutrinoless 2K, KL and 2L captures in another
potentially 2B decaying isotope, **Ce, also were
searched for. The obtained half life limits are in the
range of (2 - 5) - 10" yr.
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Spectra measured with the low-background HP Ge detec-
tor: a — CeCl; sample during 1279.9 h; b — background
of the HP Ge detector during 3047.7 h (normalized here
to 1279.9 h). Peaks of 789 keV ('**La B decay) and
1436 keV (**La electron capture) are evident in the CeCls
spectrum. The arrow corresponds to energy of the first
excited level of '**Ba (819 keV) which could be populated

in 2e and eB" decay of '*Ce.

The results of this work were published in [3].
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Magnesium tungstate (MgWO,) crystals of
~1 ecm’® volume were obtained for the first time using
a flux growth technique. The crystal was subjected
to comprehensive characterisation that included
room temperature measurements of the transmit-
tance, x-ray luminescence spectra, afterglow under
x-ray excitation, relative photoelectron output, en-
ergy resolution, non-proportionality of scintillation
response to y-quanta, response to oO-particles, and
pulse-shape for y-quanta and o-particles. The light
output and decay kinetics of MgWO, were studied
over the temperature range 7 — 305 K. The variation
with temperature of the light output of MgWO, in
the temperature interval 7 — 305 K is shown in
Fig. 1. Under x-ray excitation the crystal exhibits an
intense luminescence band peaking at a wavelength
of 470 nm; the intensity of afterglow after 20 ms is
0.035%. An energy resolution of 9.1% for 662 keV
y-quanta of '“Cs was measured with a small
(= 0.9 g) sample of the MgWO, crystal (Fig. 2). The
photoelectron output of the MgWOj, crystal scintilla-
tor is 35% that of CdWO, and 27% that of Nal(TI).
The detector showed pulse-shape discrimination
ability in measurements with o-particles and
Y-quanta; and that enabled us to assess the radioac-
tive contamination of the scintillator. The results of
these studies demonstrate the prospect of this mate-
rial for a variety of scintillation applications, inclu-
ding rare event searches. The material can be used
for instance in the EURECA' project [1], which
requires a variety of scintillation targets to verify the
nature of a detected signal.

The study was supported in part by a grant from
the Royal Society (London) “Development of ad-
vanced scintillation detectors for cryogenic dark
matter search”. 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 gratefully acknowledged.

The results of this work are published in [2].
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Fig. 1. Temperature dependence of the light output of the
MgWO, crystal scintillator for excitation with **'Am
o-particles.
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"“Mo € omHuM i3 Hai6iTBII MEPCIEKTUBHHX
saep sl TPOBENCHHS EKCIEPUMEHTIB 3 MOLIYKY
2p0v-po3nany 3aBISKM BEJIWKIA €HEprii mepexony
(O2p= 3035 keB), 110 30inbIIY€E HMOBIPHICTB TpOILIE-
Cy Ta MOJIeTIIye 3afady 3HWKeHHs (oHy. IcHyroui
CIUHTHIIATOPH, 10 MicTATh MomiomeH (CaMoQ,,
CdMoOQ,, PbMoQ,, Li;M00,), MatoTh KOXEH NEBHI
veponiku. Kpucramu LiyZny(MoQOy);, B SIKUX BMICT
MOJITIOIeHy CTaHOBUTH 46 %, € IepCIIEKTUBHUMH IS
nomryky 2p0v-posmany '*Mo.

HBa 3pasku LiZn,(MoO,); Oyno BHpOLIEHO
MeTooM YOXpalbChbKOrO 3 MaJHM TEMIIEpaTypHUM
TpaliEHTOM. BumiproBaHHS koedirienTa
3amomiieHHst cBiTina (1,9749 —2,0097 y niama3oHi
579 —436 HM) TOKa3aH, MO KPUCTAI € JBOXOCHUM.

ITogampmii  BUMIipIOBaHHS —TIPOJAEMOHCTPYBAIIH,
IO JOJAaTKOBa OYMCTKA CHPOBUHH 30UIBIIYE HOTO
npo3opictb. [Ipu 30ymKeHHI aproHOBHM JIa3epoOM
(A= 351 um) 6yJ10 BusiBieHO MHPOKY (350 HM) cMmy-
ry ¢oromominecteHii Li,Zn,(MoOy); 3 Makcumy-
MoM Tipu 560 uM (2,2 eB). CriekTpu BimOMBaHHS Ta
30y/DKEHHsI B €HEpreTHYHOMY iHTepBami 3,7 —
30,0 eB BumiproBanuch npu 30yIKEHHI JIOMiHECIIe-
HIIl 32 JOMOMOrOI CHHXPOTPOHHOTO BHUIIPOMIHIO-
BaHHS B TeMmIleparypHoMmy miamazoni 10 — 300 K.
[Tpu Temmepatypi 10 K cektp nromineceHuii Mas
BUIJISI LUMPOKOI CMYTH 3 MakcuMyMoM nipu 1,95 eB.
Yac 3aTyxaHHs JOMiHecHeHi] mepesurysas 107 c.
Crnextp mominecueHuii mpu Temmepatypi 300 K
omucyBaBcs (yHKuiero ['aycca 3 MakCUMyMOM TpH
2,0 eB ta FWHM = 0,8 eB. YcraHoBieHo, 110 NpU
3HW)KEHHI TeMIlepaTypH IHTEHCHUBHICTH JIFOMiHecIe-
HIi1 3011bIIyETHCS.

Jns BUMIpIOBaHHS CIIEKTPOMETPUYHHUX MOKIIU-
BocTelt kpuctamiB Li,Zny,(MoQ,); 3acTocoByBasiocs
KOJTiMOBaHe JpKeperto >'' Am 3 eHepriero O-4aCTHHOK

5,5 MeB. Marepianr Mae ayke HU3bKI CIIMHTHIIA-
IiAHI XapaKTePUCTUKH, 110 HE JAIOTh 3MOTH BHKO-
PUCTOBYBATH HOTO SIK CIIMHTWJIATOP HABITh MPU HU-
3pKHX Temmeparypax. [lopsa 3 THM mMokazaHO MOX-
JUBICTh BUKOPHUCTAHHS KpUCTaTiB Li,Zny(MoQy); K
HU3BKOTEMIICPATYPHHUX OOJIOMETPUYHUX JIETCKTOPIB.

Ha pucyHky 300pa)k€HO €HEepreTHYHHH CIIEeKTp,
oTpuMannii mpu Ttemmeparypi 10 MK. Y cmektpi
NPUCYTHIM O-MIK Bil BHYTPILIHBOI 3a0pyAHEHOCTI
3paszka >'°Po. OTPHMAHO BHCOKY CHEPIEeTHUHY PO3-
IUTBHY 30ATHICTB 2,3 % MUIsl O-4aCTHHOK 3 €HEPTi€l0
6mm3pko 5 MeB. Tum camuM moka3aHO MepCreKTH-
BHICTh KpuctamiB LiZny(MoOy); sk OGonomerpud-
HHX JIETEKTOPIB JUIS TONIYKY MO/BiiHOTO 3-po3mary
spa 1000 .
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Pesynpratn pobotn omyOmiKOBaHO B KypHali
Functional Materials 16, 266 (2009).
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Neutrinoless (0v) double beta (23) decay is for-
bidden in the Standard Model (SM) because it vio-
lates lepton number by 2 units; however it is pre-
dicted in many SM extensions [1]. It occurs if the
neutrino is a massive Majorana particle. Recent
experimental observations of the oscillation of solar,
atmospheric, reactor and accelerator neutrinos
provide evidence that the neutrino is indeed a
massive particle [2]. This fact further increases the
importance of the search for 2B0v decay.

Among the 35 nuclei candidates for 2~ decay,
Mo is one of the best choices because of its high
transition energy of (O»,3=3034keV and its rela-
tively high natural isotopic abundance of 9.824 %.
The best actual limit for the 2B0v decay of '’Mo has
been given by the NEMO-3 experiment, where 7 kg
of enriched '"’Mo were used: 7, 12(0v) >4.6 X 10% y
at 90% C.L.; also the allowed two neutrino (2v)
double P decay of '“Mo was measured with
T15(2v) =7.1 x 10" y [3]. One of shortcomings of
the NEMO-3 experiment is its low efficiency for
2B0v decay (near 14 %). Thus, a configuration
where the detector is also the source containing
Mo nuclei could ensure almost 100 % efficiency;
in this case 1kg of 'Mo would be equivalent to
7 kg in the NEMO-3 experiment.

One of promising materials for 23 decay investi-
gations of **Mo, *Mo and '“Mo is lithium molyb-
date (Li,Mo0Q,). Intrinsic radioactive contamination
is an extremely important characteristic of detectors
used in searches for rare nuclear decays because it is
directly related to the achievable sensitivity of
experiments. As a first step in characterizing the
Li,Mo0O, material, we present here the results of the
investigation of the radioactive contamination of a
Li,Mo00y crystal. Such results, to our knowledge, are
reported for the first time.

The Li,MoQO, was obtained by a solid-state
synthesis technique from MoOj; and Li,CO; powders
with subsequent recrystallization from water
solutions. Transparent single crystals of up to
25 x35mm in size were grown using the
Czochralski method. The Li,MoQO, crystal under
investigation had a mass of 33.95 g (22 x 33 mm).
It was measured in an ultra-low background setup
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with HP Ge detector 364 cm’ placed deep under-
ground in the Laboratori Nazionali del Gran Sasso
(LNGS) (3600 m w.e.). The experimental setup is
surrounded by a passive shield, which consists of
lead (25 cm) and, in the innermost part, oxygen-free
high conductivity copper (10 cm). The setup is
flushed continuously with almost radon-free
nitrogen and is isolated from the surrounding
atmosphere. The Li,MoO, sample was measured for
1240.3 h; the background of the HP Ge detector was
measured for 732.2 h; both spectra are presented in
Figure. Comparing rate of peaks in the spectra, a
small amount of “’K was found (170 + 80 mBq/kg).
Only upper limits could be set for the radioactivity
concentrations of the Z*U chain (< 20 mBg/kg), the
*Th chain (< 30 mBg/kg), *’Cs (< 4 mBq/kg) and
%Co (<8 mBq/kg). The results of this work were
published in [4].
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Spectra measured underground in the LNGS with the low-
background HP Ge detector 364 cm’: a — Li;MoO, sam-
ple during 1240.3 h; » — background of the detector
during 732.2 h.
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Cryogenic scintillation bolometers with energy
resolution of a few keV in wide energy region and
excellent particle discrimination ability are perspec-
tive technique for future Ov2[3 decay experiments to
explore inverted hierarchy of neutrino masses. '*’Mo
is one of the most promising 23 isotopes thanks to
high transition energy (Q.3=3035 keV) and rela-
tively high natural isotopic abundance (0= 9.67 %).
High O, value provides high probability of decay,
and simplifies a problem of background caused by
natural radioactivity. There exist a few crystals con-
taining Molybdenum. The most promising of them
are CaMoQO,, CdMo0O4, PbMo0O4, Li,Zn,(MoO,)s.
However, all the listed crystal scintillators have
some disadvantages: CaMoQ, contains 2v2[3 active
isotope **Ca which creates background at 0O»p energy
of 1OOMO; CdMoOy contains 3 active Bcd (T1p=8x%
x 10" yr); PbMoO, contains radioactive *'’Pb and
has high effective Z value; Li,Zny(MoQOy); has low
light yield. An important advantage of Li,MoQ; is
absence of heavy elements, and high concentration
of Mo (55 % in weight). Preliminary results of this
work were reported in [1].
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Scatter plot of the light signal versus heat signal for 37 h
background exposition with Li,MoO, crystal &25x 0.9
mm. (Inset) Distribution of heat signals. Fit of o peak by
Gaussian function with the energy resolution FWHM =
= 9.3 % is shown by solid line.

A sample of Li;MoQ, crystal (25 x 0.9 mm)
was measured over 37 h as bolometer at ~10 mK in
the CUORE R&D set-up [2] in the Gran Sasso Na-
tional Laboratories (LNGS). In addition to the heat
signal, the scintillation light was read by the light
detector. Light output of the sample was estimated
as 7% relatively to CdMoOy crystal 10 X 10 X 2 mm.
Taking into account relative light outputs of
CdMoO, and CaMoQ, at 9 K [3], this corresponds to
~20 % of CaMoOQ,. Light output for o particles is
=30 % relatively to y quanta. It allows to discrimi-
nate o and () events (see Figure).

The peak observed in the heat signal spectrum is
probably due to contamination of the crystal by *'°Pb
(or *'°Po if the equilibrium is broken). However, it
could be due to contamination of the set-up that was
not particularly clean. Therefore we can give only
limit on activity of *'°Po in the sample. Assuming all
the peak area (44 counts) is due to internal contami-
nation of the sample by *'°Po, taking into account
the time of measurement, and mass of the sample
(1.3 g), we estimate internal activity of *'°Po in
Li,MoO, as <0.3 Bg/kg. Radiopurity of a Li,MoO,
crystal with mass of 34 g was also measured at the
LNGS with an ultra-low background HP Ge ¥ spec-
trometer [4].

We estimate good perspectives of this crystal
scintillator as a possible detector to search for dou-
ble beta decay of Molybdenum, and resonant capture
of hypothetical solar axions on 'Li [5].

The results of this study are published in [6].

1. O.P. Barinova et al., Abstracts of Nat. Conf. on Crys-
tal Growing (NCCG 2006), Moscow, Oct. 23 - 27,
2006, p. 281.

2. S. Pirro et al., Nucl. Instr. Meth. A559, 361 (20006).

V.B. Mikhailik et al., J. Phys. D39, 118 (2006).

4. O.P.Barinova et al., Nucl. Instr. Meth. A607, 573

(2009).

P. Belli et al., Nucl. Phys. A806, 388 (2008).

6. O.P.Barinova et al., Nucl. Instr. Meth. A613, 54
(2010)."
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DEVELOPMENT OF TUNGSTATE AND MOLYBDATE SCINTILLATORS
TO SEARCH FOR DARK MATTER AND DOUBLE BETA DECAY

L. L. Nagornaya', F. A. Danevich?, A. M. Dubovik', B. V. Grinyov', S. Henry’, V. Kapustyanyk®,
H. Kraus®’, V. M. Kudovbenko’, V. B. Mikhailik’, M. Panasyuk®, D. Poda’, O. G. Polischuk’,
V. Rudyk®, V. Tsybulskyi’, I. A. Tupitsyna', Yu. Ya. Vostretsov'

!Institute for Scintillation Materials, National Academy of Sciences of Ukraine, Kharkiv
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
SUniversity of Oxford, Department of Physics, Oxford, United Kingdom
“Scientific-Technical and Educational Centre of Low Temperature Studies, 1. Franko National University of Lviv, Lviv

Double beta decay and dark matter remain the
hot topics of modern science. The success of ex-
periments to search for these phenomena depends
upon many factors, the most important of which is
the availability of a suitable detector that satisfies a
number of requirements: maximum content of the
nuclei of interest in the detector volume; high detec-
tion efficiency and selectivity; low background
level and the possibility of long measurements.

It is difficult with traditional scintillation tech-
niques to collect enough light to obtain a low energy
threshold (a few keV) needed for dark matter
searches, and energy resolution (as better as possi-
ble) required by future high sensitivity double beta
decay experiments. Therefore, the next generation of
experiments will use also cryogenic detectors, capa-
ble of measuring very low energy deposition with
very good energy resolution. One of the latest ad-
vances in cryogenic detectors is the development of
a technique for simultaneous measurement of the
light and phonon response induced by a particle
interaction in the scintillation target. This allows
efficient event type discrimination, offering a power-
ful tool for radioactive background identification.

Oxide scintillation crystals (ZnWO,, ZnMoO,,
PbWO,, PbMoO, and MgWO,) with high scintilla-
tion yield and low intrinsic radioactivity were devel-
oped for cryogenic dark matter and double beta de-
cay experiments. We report on the improvement of
these properties for conventional scintillators, as
well as on new promising crystals. We already suc-
ceeded in producing ZnWQ, scintillator with im-
proved characteristics. Good scintillation properties
at low temperatures and exceptionally low intrinsic
radioactivity make zinc tungstate an excellent mate-
rial for cryogenic double beta decay and dark matter
experiments.

Single crystal samples of ZnMoO, were produced
using the Czochralski technique. We investigated the
feasibility of this material for cryogenic rare event
search experiments and identified ways to improve
the scintillation properties of the crystal.
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We investigated methods of producing MgWO,
crystals and demonstrated the feasibility of the flux
growth technique. For the first time the single crys-
tals MgWO, were produced and their characteristics
were measured.

Given the good prospects for reducing the intrin-
sic radioactivity of lead-based crystals we studied
the temperature dependence of scintillation charac-
teristics of PbWO, and PbMoO, (see Figure). We
have shown that these crystals can also be used as
cryogenic scintillators.
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Temperature dependence of the scintillation light output
of PbWO, (/) and PbMoO, (2) measured at excitation
with o, particles of **' Am.

Research of the Oxford University and the Insti-
tute for Nuclear Research were supported by a grant
from the Royal Society (London) on the "Develop-
ment of advanced scintillation detectors for cryo-
genic dark matter search". The support of the group
from the Institute for Nuclear Research by the pro-
ject "Kosmomikrofizyka" (Astroparticle Physics) of
the National Academy of Sciences of Ukraine is
gratefully acknowledged.

The results of this work are published in ref. [1]

1. L.L. Nagornaya et al., IEEE Trans. Nucl. Sci. 56,
2513 (2009).
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THE SUPERNEMO PROJECT
V. L Tretyak' (for the SuperNEMO Collaboration®)

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2Czech Republic, Finland, France, Japan, Russia, Slovakia, Spain, Ukraine, United Kingdom, USA

Double beta (2p) decay is a transformation of nu-
cleus (A, Z) — (A, Z £2) with simultaneous emis-
sion of two electrons (or positrons). In an allowed in
the Standard Model (SM) mode this process is ac-
companied by emission of two (anti)neutrinos. SM
forbids neutrinoless (0v) 23 mode because it violates
lepton number by 2 units. However, many SM ex-
tensions predict 2B0v decay which is possible if
neutrino is a Majorana particle with small but non-
zero mass [1]. Observation of 2B0v decay would be
clear evidence of physics beyond the SM; also abso-
lute scale of neutrino masses will be determined
while in neutrino oscillation experiments only neu-
trino mass differences are measured [2].

NEMO-3 is big current experiment in 2 re-
searches where 7 different 23 nuclei-candidates are
installed in a tracking volume with energies meas-
ured by plastic scintillators during few years: '“’Mo
(6914 g), ¥Se (932 g), ''°Cd (405 g), "*'Te (454 g),
PONd (37 g), *°Zr (9 g), ®*Ca (7 g). Half lives for 2v
mode are measured with big statistics (f.e. 219000
2B2v events for '"Mo), also the best world T, li-
mits are derived for some nuclides (10 — 10% yr)
[3].

The SuperNEMO design follows and improves
technologies employed in the NEMO-3 detector.
SuperNEMO will build upon the NEMO-3 techno-
logy choice of combining calorimetry and tracking
but will have a planar geometry. The baseline Su-
perNEMO design envisages about twenty identical
super-modules, each housing around ~5 kg of iso-
tope. A conceptual design of a SuperNEMO detector
module is shown in Figure. The source is a thin
(~40 mg/cm®) foil inside the detector. It is sur-
rounded by a gas tracking chamber followed by
calorimeter walls. The tracking volume contains
around 2000 wire drift cells operated in Geiger
mode which are arranged in nine layers parallel to
the foil. The calorimeter is divided into 700 plastic
scintillator hexagonal blocks (~25 cm diameter)
which cover most of the detector outer area and are
coupled to low radioactive 8” PMTs. A super-
module will have a footprint of 6 X 2 m and a height
of 4m. The baseline candidate isotope for Su-
perNEMO is *’Se (but possibility of enriching large
amounts of "°Nd and **Ca also is investigated).

The sensitivity of SuperNEMO has been studied
extensively during the current design study phase. A
full chain of GEANT4 based simulation software
has been developed and commissioned and the sen-
sitivity was studied as a function of various detector
parameters such as the calorimeter energy resolu-
tion, source foil radio-purity, tracking detector con-
figuration, etc. With the target detector parameters
and 500 kg - y exposure (100 kg for 5 years of run-
ning), the calculated sensitivity is at the level of
T1~10% yr (or 50 — 110 meV in terms of the neu-
trino mass). Data taking will start with the first dem-
onstrator super-module in 2013 and will reach the
final target sensitivity in 2018/19. The time scales
and sensitivities are therefore at the level of the
competitor projects (CUORE, EXO, GERDA, Majo-
rana, SNO+ [1]).

Schematic of a proposed SuperNEMO module showing
the source foil (red) surrounded by a tracking volume and
scintillator blocks read out by PMTs.

The results of the work are presented in [4].

—_—

F.T. Avignone ef al., Rev. Mod. Phys. 80, 481 (2008).
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HOBE OBMEJXEHHSI HA MATHITHUH MOMEHT HEWTPUHO 3 JJAHHX BOREXINO

B. B. Koonues (Big kosadopauii Borexino)

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

MiHiManbHe PO3IMIMPEHHS CTAaHAAPTHOI MOJENI 3
MacHBHUM HEHTPHHO JO3BOJISE€ ICHYBaHHS HEHYJIbO-
BOTO MarHiTHOrO MOMEHTY, IO Ma€ OyTH TpoIop-
uiiiuM  maci HedtpuHo [l]. ExcnepumenTanbhi
JOCIIDKEHHSI COHSIYHUX, aTMOC(EPHUX, MPUCKOPIO-
BaJIbHUX Ta PEAKTOPHUX HEHTPUHO JAOBEIH, 110 HEl-
TPUHO MalTh Macy; TakKUM YHHOM, BOHH MOXYTb
HECTH HEHYJHOBUI MarHiTHHII MOMEHT. Y paMKax
YMOB, 1110 OyJTi IPUHHATI B podoTax [1], qunonsHui
MarHiTHUH# MOMEHT HEHTPUHO W, HE TIEPEBHUIIYE 4 X
x 10 marnetona Bopa (ui5) [2], ane geski posim-
pPEHHS CTaHIAPTHOI MOJENi MependadyroTh 3HAYHO
Oinbini 3HawenHs [3]. Skmo p, #0, cTaHmapTHUR
eJleKTpocnabKuil TomepedHuil mepepi3 po3CisHHA
HEHTPHHO Ha EJEKTPOHI

(d_aj _ 2Gym, o
dar ), V.4

. L. TY m,T
X| &, T8k 1_E_ _ngR?

14

MOIUGIKYETHCSA 32 PaXyHOK JOJIaBaHHS €IEKTPOMa-
THITHOTO YJICHA

do ot (11
(—j =g —=|=-— (D
daT )y, m; \T E, ),

ne E, — enepria HedTpuHo 1 7 — KiHETHIHA €HEPTis
eJIeKTpOHA. 3BiJick BHIUIMBaE, mo (opma crekrpa
COHSYHUX HEHTPHHO YyTIMBA IO MOJIUBOI MPHCY-
THOCTI HEHYJHOBOTO MarHiTHOTO MOMEHTY, MPHYO-
MY YyTJUBICTh MIJCHUIIOETHCS MIPH HU3BKUX CHEPTi-
SIX 3aBIKH 3anexHocTi (do/dT) ~ T .

Komnaboparmiss SuperKamiokande mocsirma obme-
xerns 11 - 107" ug (90 % C.L.), BUKOPHCTOBYIOUH
CIIEKTP COHSIYHUX HEUTpHHO BHIE mopora 5 MeB
[4, 5]. HaiiOinbm x0pcTKe OOMEKEHHS Ha MarHiT-
HUWA MOMEHT 3 BUBUEHHS PEAKTOPHUX aHTUHEHUTPUHO
Oyio orpumane B ekciepuMmenTi GEMMA [6]: 5,8 X
x 10" uz (90 % C.L.). Ha minoTHOMy neTeKTopi
CTF xonabopamist Borexino aocsiria 4yTiIMBOCTI
55107 g (90 % C.L.) [7]. 3 mepinx pe3yabTaTis
BHMIpIOBaHb CIIEKTPAa HU3bKOCHEPTETUYHUX COHSY-
HHAX HEUTpHHO Ha JeTekTopi Borexino [8] aBTopamu
pobdotu [9] Oymno oTpumaHe oOOMeXeHHs 8,4 X
x 107" ug (90 % C.L.).

OcHOBHI oco0nHBOCTI AeTekTopa Borexino omu-
caro B [10]. Llg ycTaHOBKa € CIMHTIIIAIIMHNM Je-
TEKTOPOM, HOro poOOYOI0 PEYOBHMHOIO € IICEBIO-
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kymon (PC, 1,2,4-tpumerninOeH3on), aKTHBOBaHUN
PPO (2,5-mudenimokcazon) y Kimpkocti 1,5 /i
AKTHBHa Maca CIMHTWIIATOpAa CTAaHOBHUTH 278 T.
Pigxuii COUHTUIATOP MICTUTBCS B TOHKIH (125 MKM)
HEHJIOHOBI 00OJIOHI Ta OTOYEHUH BOMAa KOHILIEH-
TpuyauMU Oydeprnmu mapamu (323 ta 567 T PC) i3
JoMimkoro 5,0 I/n muMmerundranary, sKAid TYIIUTbH
cuuaTnii. Lli nBa Oydepu posnineHi me oxHie0
TOHKOIO HEHJIOHOBOIO IUTIBKOIO ISl MONEPEKEHHS
nudy3ii pagony A0 cOUHTIIATOpA. CIIUHTIIIATOP Ta
Oydepu MmictaTbes y cdepi 3 HepxaBirouoi craii
nmiametpom 13,7 M, Ha sKiii po3mimeHo 2212 ¢oro-
nmoMHOXyBadiB. Cdepa OTOUYECHA IIapoOM HATUHUCTOT
Boau Macoro 2100 1, skuif CIyrye MIOOHHUM JETEK-
TOPOM Ta JOAATKOBHM 3aXMCTOM BiJ 30BHIIIHBOI
pamioakTuBHOCTI. JleTekTop po3mimenuit y 3am C
mig3emMHoi tabopatopii I'pan-Cacco (Itamis).

CHexTp COHSYHUX HEWTPHHO, HAKONMUYEHHH 3a
192 nobu kuBOro 4acy, alpOKCHUMYBAaBCS MOJEIIb-
HHUM CIIEKTPOM, OTPHUMAaHUM 3 YpaxyBaHHIM Iepepi-
3y PO3CiSIHHSI HEUTPHUHO Ha €NEKTPOHI 3 eIeKTpoMa-
rHiTHUM wieHoM (1). Byno otpumane HoBe oOMe-
KCHHSI Ha MarHiTHUH MOMEHT HEWTpWHO W, <54 -
10" g (90 % C.L.), sike Ha CHOTOIHI € HAMGITbII
JKOPCTKOIO MEXKEI0 Ha |l,, OTPUMAaHOI0 B J1aboparopii.
HaxomnuueHHst Ta 00poOKa JaHUX MPOAOBKYIOTHCS.

1. W.J. Marciano and A.l. Sanda, Phys. Lett. B67, 303
(1977); B.W. Lee and R.E. Shrock, Phys. Rev. D16,
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Rev. Lett. 45, 963 (1980).
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T'IEPUIHANA KPEMHIGBI/{IX MIKPOIIKCEJIbHUI AETEKTOP
MEDIPIX2 JJIsA PEECTPALII IOHHUX IIYYKIB HU3bKOI EHEPI'TI

B. M. Ilyrau', O. C. KoBaapuyk', O.FO. Oxpimenko',
B. M. €p1,0Mem<02, C. M. XomeHnko>, A. Illexexos’, A. B. IIaycl,
M. Kemnéer’, JI. TJ1yCT0c3 , C. Hocmimmr®

"emumym soepuux docnioocens HAH Yipainu, Kuis
ZIHcmumym npukaaonoi gizuxu HAH Ykpainu, Cymu
‘[IEPH, JKenesa, Illsetiyapis
Incmumym excnepumenmansnoi ma npuxniadunoi Qisuxu, lpaea, Yecoka Pecnybnixa

lNopunanii nikcenpanii netextop MEDIPIX2 [1]
CKJIaJia€Thcsl 3 KpeMHieBOro (TOBHIMHOKO 300 MKM)
HaMiBIPOBIJHUKOBOTO MiKPOMIKCENBFHOTO CEHCOopa 13
3arajJlbHUM €JIEKTPOJOM Ha N-CTOPOHI Ta MaTPUIEIO
(256 x 256) mikceniB (55 x 55) MKM® Ha P-CTOPOHI,
3’€IHAHHX 32 JOMTOMOTO YIIBTPa3ByKOBOTO 3BapIo-
BaHHs (‘bump-bonding’) i3 3UNTYBaTbHUM MIKpOYi-
IIOM 3 TaKOIO CaMO0 MIKCETHHOI0 CTPYKTYPOIO. 3UH-
TyBaHHS JaHUX 13 65536 NETEKTOPHUX KOMIPOK
3IilcHIOEThCA 3a gomomoroio Omoka PIXELMAN
yepe3 USB-mopr xomm’rorepa. HerpupianbHuM €
[UTaHHS TPO BIATYK I[OTO JETEKTOpa Ha HU3BKO-
enepretuyti (3 - 20 keB) ionu, B3arani, Ta ogHOPIA-
HicTh BiATYKyY 10 65 000 eemMeHTaM JeTeKTOpa.

Ha puc. 1 300pakeHo naHi, BUMIpSHI TiOpHIHIM
KPEMHIEBUM TIKCEIBHUM JIETEKTOpOM (Hampyra
smimeHHs 100 B) y dokanbHii 1UI0muyHI J1a3epHOro
Mmac-criekrpomerpa II11d HAHY (M. Cywmmu). Ilomo-
JKEHHSI JIETEKTOpa, NPUCKOpIOBAJIbHA HAmpyra Ta
MarHiTHE I0Jie BCTaHOBIIOBAIMCH TaK, 00 MOXHA
OyJI0 crocTepiraTé JABOKpPATHO 3apspKeHi 10HH 130-
TOMIB CBUHIIO 3 eHepriero 12 keB mnpubmmsno B
LEHTPaNbHINA YacTUHI ceHcopa. HoMep mikcemniB mo
TOPU30HTANI BiMOBIa€ Maci 3apeeCTPOBAHUX 10HIB,
y TOM 4ac sK iXHill HOMep 10 BepTHKaJI BimoOpaxkae
anepTypy WMHH, 10 GOpMY€ I0HHHUH Ty4OK.
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Puc. 1. Ciektp Mac i10HIB CBHHIIIO, BUMIPSHHIMA

TiIOpUIHUM MIKPOIIKCETbHUM KPEMHIEBUM JIETEKTOPOM
MEDIPIX2.

Otxe, Oyno BCTAHOBJIECHO, IO HU3BKO-EHEpIe-
TUYHI 10HM (HaBiTh TaKi BaXKKi, SIK 130TOMU CBWH-
II0) MOXXYTb OyTH 3apeecTpoBaHi TiOPUIHUM MiK-
POIMIKCENIFHUM JEeTeKTOpoM. HacTynmHMM KpokoMm
OyJI0 IMOCTiHKEHHS OJXHOPIAHOCTI BIATYKY PI3HHX
komipok nerekropa MEDIPIX2. Byno BcranoB-
JIeHO, 0 (IIyKTyauii BIATYKY CSraloTh 3HAYHOI Be-
mmawHn. Hampukian, ais ioHiB TanTamy - 1o 40 %
(puc. 2).

Puc. 2. HeogHOpimHICTE BiATyKY TiOpHIHOTO AETEKTOpA
MEDIPIX2 mist ioHiB TanTany 3 eneprieto 12,3 keB.

Mo>kIHBO, IIe CIPUYHHEHO HEOMHOPIMHICTIO TO-
BIIUHH [TOBEPXHEBOI0 HEUYTJIMBOTO APy KPEMHi€e-
BOTO CEeHCopa. TeXHOJIOTisl BUPOIILYBaHHS KPEMHI€E-
BHUX KPHUCTAJIB JIOMyCKae Taki Bapiallii Ha piBHI Ki-
JBKOX JIECATKIB HAHOMETPIB. Y HACTYMHOMY pOIIi
3aIlJIAHOBAHO TIPOBECTH JCTaIbHI JOCIIKSHHS 1[hO-
TO SIBUIIA 32 JOTIOMOTOX0 BUMIipPIOBaHHS CIIEKTPIB BiJl
nmobpe KoJiMOBaHOTO anb(a-mKepena B PI3HHX -
JITHKaX MIKPOIIKCEIbHUX JIETEKTOPIB,  CEHCOpPHU
SIKUX BUT'OTOBJICHI 3 KPEMHIEBUX IUIACTUH 3a Pi3HU-
MH TE€XHOJIOTisSIMH.

1. M. Campbell et al. IEEE Trans. Nucl. Sci. 45, 751
(1998).
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MIKPO-CTPIIIOBUM METAJIEBUM JTETEKTOP
VISl MAC-CIIEKTPOMETPA

0. C Koaibuyk', B. M. IIyrau', A.B. Yayc', JI. I. Ctropoxux’,
B. O. Kuga', O. A. ®enoposuu’', B. M. Epromenxo’, O. B. Mapiiiuyk’, B.JI. Ilepesepraiiio’

"emumym soepnux docnioocens HAH Yipainu, m. Kuis
2 Inemumym npuxnaonoi gisuxu HAH Yipainu, m. Cymu
3 Inemumym mikponpunadie HAH Yipainu, Kuis

Mikpo-cTpinoBuii metaneBuii gerekrop (MMJI)
OyB po3po0JieHuil B [HCTUTYTI SACPHUX MOCIIIKEHb
HAH VYkpainu i ycnimHo BunpoOyBaHUI Ha ITyyKax
anb(pa-gactuaok 32 MeB B [acTuTyTi Makca Ilnan-
ka (XaiimensOepr, HimeuunHa) Ta CHHXPOTPOHHOTO
BunpomiHtoBanHs 20 keB y mociimHUIEKOMY HEeHTpi
DESY (I'am0ypr, Himeuuunna) [1, 2].

MM/ mae Taki repeBaru: mMajia TOBIIMHA JACTEK-
TopHOro Marepiamy (1 - 2 MKM); HH3bKa poOoya
Hanpyra (mo 20 B); Bucoka pagiamiiiHa CTIHKICTb
(xinpKa rirapaniaH); BUCOKa MPOCTOPOBa PO3ALIEHA
3MaTHICTB (~ 20 MKM).

3 2007 p. BeayThcsi poOOTH 1O CTBOPEHHIO €JICK-
TPOHHOI (hoxanpHOT IJTOIIIHA s Mac-
cnexTpomeTpiB Ha ocHoBi MM/ [3].

Ha pucynky HaBeneHo (oTo mepioro 3paska Ta-
Koro ycratkyBanus 3 MM/I-1024 (xinbkicTh cTpimiB
1024).

[Ipororun MM/I-1024 st Mac-cieKTpoMeTpa.

Martepian CEHCOPHHMX CTpIMiB HiKelb, TOBIIUHA
2 MK, mupuHa 40 MK, Kpok cTpiniB 60 MK (BiImoBi-
JTHO JTO KPOKY 3UNTYBAIHHOI €IIEKTPOHIKH).
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3a OCHOBY CHCTEMH 3YUTYBaHHSA JaHUX
MM/I-1024 6yno BubOpano 128-kaHanbHuUil 3apso-
BOUYTJIMBHAN MiJCHIIOBAY 3 MYJBTUIUICKCYBaHHIM
curHainy VA _SCM3 (GAMMA_ MEDICA, Oslo).

VA _SCM3 BUKOHYE POJIb MOTIEPEAHBOTO TTiICH-
JIoBayYa Ta MyJbTUILUIEKcopa. s kepyBaHHsS poOo-
TOIO Hilly, a TaKOX JUIS TOJANbIIOi 0OpOOKH Ta
30epeKCHHS TaHUX PO3POOJICHO BiMMOBIAHY EICKT-
POHHY CHCTEMY, CIIOJly4YeHY 3 MepCOHAIBHUM
koM torepoM. VA SCM3  103BOJIsIE MPOBOJIUTH
BUMIPIOBaHHS B YOTHUPHOX Jiama3oHax (YOTHPH 3Ha-
YeHHS KOeQillieHTa MiJACUICHHS) Ta OJIHOYACHO iH-
TerpyBaTu curHanu 3 128 kananiB gerekropa. Cu-
cTeMa 3YUTYBaHHA OO0CIyroBye mgo 6 dimiB
VA SCM3 Ta 103BOJISIE TIPOTPAMHO KEepyBaTH PO-
oororo yimiB. [IporpamHe 3a0e3mneuyeHHs] Ha OCHOBI
LabVIEW nae 3mory o0upaTu 4ac iHTerpyBaHHS Bij
IMrc 1o 50 Mc, mepeMuKaTé peXUME poOOTH HiMiB
(Bubip xoedilieHTa MiACUICHHS, TECTOBHH PEXKHM,
pexxuM KaniOpyBanHs Tommo). Jani rpagiuno Bimo-
OpakaroTbCs Ha €KpaHi Ta 30epiraroThCs B ITaM ATi
KOMIT'IOTepa 3a BCTAHOBJICHHUMH TapameTpaMu po-
ooTH.

[IpoBeneno TectyBanHs poborm MMJI-1024 3
nBoma Mikpodinamu VA-SCM3. Buxonano kaii6-
pYBaHHs Ta HaJaroKCHHS CHUCTEMH HaKOIUYEHHS
Ta 00poOku manux g podoru 3 MM/I-1024. 3aBe-
PIIYIOTECS pOOOTH IO HAJATOPKEHHIO IMPOTOTHILY
CJICKTPOHHOT (POKAJBHOI IUIONIMHU, aJalTOBAHOTO
uis  pobOTH B JIa3epHOMY  Mac-CIIEKTPOMETPi
MC3103 II1® HAH Vxkpaiau. OdikyBaHa YyTIHU-
BicTh - 107"° Ku, muaamivnmii nianason - 10°,

1. N.van Bakel et al, The Beetle reference manual,
Version 1.0, LHCb Note 2001-046 (2001).

2. V.Pugatch et al., Proc. DIPAC 2005. Lyon (France),
18 (2005).

3. V.M. Pugatch, O.V.Mykhailenko, and O.M. Koval-
chuk, Proc. of the NPAE-2008, June 9 - 15, 2008
Kyiv, Ukraine, 796 (2009).
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JOCJIKEHHS XAPAKTEPUCTUK JETEKTOPHOI'O MOJAYJISA KPEMHIEBOI
TPEKOBOI CUCTEMH EKCIIEPUMEHTY CBM HA IIYYKY IIPOTOHIB

A. O. Jlumanens', B. M. Ilyrau’, 0. €. Copokin’, 1. M. Xoiizep®

'FI48, Opanxpypmcokui Yuisepcumem, Himeuuuna
2 Inemumym soepuux docnioscens HAH Vipainu, Kuis
YGSI, Japmuwmaom, Hivewuuna

CBM (Compressed Barionic Matter) — 11¢ ekc-
MIEPUMEHT 1O 3iIITOBXYBaHHIO Bakkux ioHIiB (10 -
40 I'eB/HyKJIOH), IO TUIAHYETHCS MPOBECTH Ha 0asi
npuckoproBansHoro kommiekcy FAIR B GSI
(Japmmranr, HimeudrnHa). MeTo0 €KCIIEpUMEHTY €
JOCITIKEHHST (ha30BOi JiarpaMu sSAepHOi MaTepil B
00JacTi Iy’ke BHCOKHX OapiOHHHMX TYCTHUH Ta TOCe-
pemHiX TeMmrepaTyp i, 30KpeMa, CIOCTEepPEKEHHS
(hazoBoro mepexoay nekoHbaHMeHTa.

TpekoBy cuctemy CBM [1], 110 € ogHUM 13 Hal-
BaXXJTUBIIINX EJIEMEHTIB E€KCIIEpHUMEHTaJIbHOI yCTa-
HOBKH, TUIaHY€THCS TOOYTyBaTH Ha 0a3i KpEMHIEBHUX
MIKpOMIKCETbHUX TaMIKPOCTPIIIOBUX CEHCOPIB.

Y GSI Ha nyuky nportoniB 2 ['eB mocmimxysa-
JIMCh 1B BUAM NMPOTOTUITHUX JETEKTOPHUX MOIYJIIB
(BABY DETECTORS t1a TRACKER BOARDS Ha
puc. 1). MoyJii BUTOTOBJICHO Ha 0a3i IBOCTOPOHHIX
(p'nn”) mikpoctpinosux cencopis CBMO1. Oco6-
JMBICTIO BHKOPHCTOBYBAaHHX CEHCOPIB € 3acTOCy-
BaHHSI B HHMX TexHOJOTii 3mimeHHs punchthrough
biasing [2]. [Ipu 11bOMy BHKOPHCTOBYBaNach crelia-
JBHO PO3p00JIeHa 3UNTYBalbHA EIeKTPOHiKa Ha 0as3i
mikpouima nXYTER [3] (FRONT-END BOARDS
Ha puc. 1).

Puc. 1. ExcriepuMeHTa bHa yCTAaHOBKA JUISL JTOCIIPKECHHS
BJIACTUBOCTEH TPOTOTHINIB JCTCKTOPHUX MOIYJIB Ha
TIPOTOHHOMY ITyUKYy.
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Puc. 2. Crextp amIuIiTyi CUTHAJIIB 3 OJHOTO 31 CTPIIiB
OJTHOTO i3 CEHCOpIB. AMILTITY/]a CUTHAJy 3MEHIIY€EThCS 3
HOMEpOM KaHaly. [/ - MiK CHUTHajJy BiJ MiHIMyM-
1OHI3yIOUMX YaCTHHOK; 2 - Kpail criekTpa (POHOBHX BijJIi-
KiB (OLIBIIa YacTHHA 00pi3aHa KOMITAPATOPOM).

Byno nocnigxeHo ocHOBHI ()yHKIIOHAJIbHI Biac-
TUBOCTI CTBOPEHOT0 OOJagHaHHS, 30KpeMa BH3HA-
YEHO OJHY 3 HaWBaKIMBIIINX XapaKTEPUCTHK CEH-
COpIB Ta 34HTYBaJIbHOI €NEKTPOHIKH — BiJHOIICHHS
curHan/mrym. [Ins pisHUX CEHCOpIB 1 CTPiMiB BOHO
3MiHIOBasack y Mexax Big 10 mo 20. Tumoswmit
OTPUMaHHH CIIEKTP aMIUTITY]] CUTHAJIB 3 OKPEMOTO
CTpina oJaHo Ha puc. 2.

Binbm omHOPiMHI BIACTHBOCTI CITOCTEPITAIHNCh Y
cercopiB CBMO02. OdikyeTbcs, MO0 CEHCOPH THITY
CBMO03, sxi muaHy€eTbCcsl BUTOTOBUTH HAWOMMKIMM
4acoM, MAO3BOJISITH MNEPEBUILUTH HOMiHAJbHE 3HA-
YeHHS CUTHAI/TTyM 15.

1. J.M. Heuser et al., Nucl. Instrum. Methods A568, 258
(2006).

2. L. Andricek et al., Nucl Instrum. Methods A409, 184
(1998).

3. A.S. Brogna ef al., Nucl. Instrum. Methods A568, 301
(2006).
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MIKPOCTPIIOBI KPEMHIE€BI CEHCOPHU JIAA EKCIIEPUMEHTY CBM

B. 0. Kuga', I'. M. Meabunk'?, B. M. Miaiuis', 51. B. Nanacenko'”,
B. M. Ilyrau', A. O. JIumanens’, M. M. Xoiizep®

b . . .
Tnemumym adeprux docnioswceno HAH YVipainu, Kuis
Drp e o . . . . . .
Kuiscokuii nayionanvnuii ynisepcumem imeni Tapaca [llesuenxa, Kuis
3 . . .
Llenmp no oocnioxcennam 3 eaxckumu ionamu, (GSI), lapmuwmaom, Himeuyuna

ExcniepuMeHT U1 JOCTIIKEHHS. CTUCHYTOI 0api-
onnoi Marepii CBM (Compressed Baryonic Matter)
— e MalOyTHIH eKCIIEPUMEHT 3 PeNATUBICTCHKUMHU
B2XKMMH 10HaMU Ta (DiIKCOBAHOIO MiIlIEHHIO Ha 0a3i
npuckoproBada SIS-300 B GSI (Jlapmmrant, Himeu-
upna) [1]. Moro MeTa — mocmizutu pa3oBy niarpamy
KBaHTOBOI XpOMOJMHAMIKM B 00J1aCTi BUCOKUX Oapi-
OHHUX TYCTHH Ta TIOMipHHX Temnepatyp. i mo-
MIyKy PiAKICHUX CHTHATIB MOXJIMBOTO YTBOPEHHS
HOBOTO CTaHy PEYOBHMHH (KBapK-TIIOOHHOI IUIA3MH)
HeoOXilHA BHCOKa IHTEHCHBHICTh SIPO-SACPHHUX
B3AEMOJIIN, IO BUCYBA€E CyBOPi BUMOTH JI0 KOHCTPY-
KIIii IETEKTOPHHUX CHCTEM.

BaxuBoI0 4acTHHOIO EKCIIEPUMEHTY € KpEeMHie€-
Ba TpekoBa cuctema (KTC) mis pekoHCTpyKIIii Tpe-
KiB Ta BEpIIMH PO3Maay YaCTHHOK, a TaKOXX BH3HA-
YeHHsl iXHIX IMIOyJbCiB 3 TouHicTIO A0 1 % mpwu
1 I'eB/c [2]. duzaitn KTC nependavae kinpka gere-
KTOPHHX CTaHIIiH, PO3MIMIEHUX Y CepeArHI AHUITONb-
Horo MarHity. CTaHIlii CKJIaJaTUMYThCS 3 MOJYJIiB
Ha OCHOBI KPEMHIE€BHUX IBOCTOPOHHIX MIKpOCTPIlO-
BHX JCTCKTOPIB.

[poToTrnu aerexkTopiB Oynu po3pobiieHi y CIiB-
npaui 3 [HcturyToM MikpocencopiB (Epopyt, Hime-
quprHa). CEHCOPH BUTOTOBJICHI HAa KPEMHIEBUX ILIAC-
THHAX TOBIIMHOIO 285 MKM 3 BUKOPHCTAHHSIM KpEeM-
HIIO N-THITY 3 MATOMUM onOpoM 5 KOM - cM. Pesynb-
TaTH TECTYBaHHS TMEPIINX MPOTOTHUIIB CEHCOPIB
(CBMO01) moxazanu HasgBHICTb NESKHX IPOOJIEM y
(YHKLIOHYBaHHI CEHCOPIB MPH MiJBHUILEHHI HATPYy-
ru 3MimeHHs [3]. TeXHOJOoTif0 BUTOTOBJICHHS CEH-
copiB Oyno MoauGiKOBaHO, i HAMU TOCIIHKEHO Xa-
PAKTEpUCTUKH HACTYMHOTO MPOTOTHITY CEHCOPIB.
Cencop, mo TectyBascsi (CBMO02-B1), mae 3 xox-
HOro 00Ky 1o 256 crpiniB mmpuHo0 40 MKM, pO3-
MimeHux i3 KkpokoMm 80 MkM. J{s1 mocimimkeHb CeH-
cop OyB CHONy4eHUH MiKpoKaOeleM i3 TUCKPETHOIO
3YATYBAJIHHOIO CHCTEMOIO 1 PO3MIIEHUH y CBITIIO-
i301p0BaHOMYy Ookci. Ilpm 30imbIIeHHI 3BOPOTHOL
Hapyrud Ha CEHCOpi CTPYM 3pOCTaB 10 HACHUCHHS
(0,5 MxA) npu Hampy3i moBHOTO 30imHeHHS 55 B.
Yxe mpu Hampy3si 6imeme 120 B ctpym 3poctae
CYTTEBO, IO CBIAYUTH PO HEMOXKJIHMBICTH BUKOPHUC-
TaHHS TaKOrO CEHCOpa MPH BHUCOKUX pajlialliiHuX
HaBaHTKEHHSX, SKi OyJayTh TUIOBHMH JJISI €KCIIe-

HIOPTYHUK - 2009

pumenty CBM (HeoOXimHI HAIpyrd IOBHOTO 3Mi-
meHHs ctanoBiath 300 - 500 B).

TecTyBaHHS OKpEeMHX CTpIMiB Ta MIKCTPIlIOBOTO
MPOMDKKY OyJ0 3HIHCHEHO 3 BHUKOPHCTAaHHSIM
o-mkeperna, “2°Ra. 31 3poCTaHHsIM 3BOPOTHOI HAIPYTH
aMILTITyJJa CHTHAIy 31 CTpIMiB, SK 1 OYIKyBaJIOCH,
3pocTania (PUCYHOK). Y TOM e Yac CyMapHa aMInli-
Tylla CUTHAIB i3 MIXKCTPIlTOBOTO MPOMIKKY 3HHKYB-
Jlach, MO CBIAYWTH TIPO HEOKaHWH TEepepo3Iomi
EJIEKTPUYHOTO MOJA i, SIK PEe3yJIbTaT, BHHUKHEHHS B
MIDKCTPIITOBUX TPOMDKKaXx 3 000X OOKiB ceHcopa
HEYYTJIMBHX IIaPiB TOBIIMHOIO OJM36K0 10 - 15 MKM.
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Puc. 1. Criextp a-mxepena *°Ra, BuMipsHuit 3 0HOTO i3
crpinie. CBMO02-B1 npu nBOX 3Ha4YeHHSX Hampyrd Ha
JIETEKTOPI.

Jnst cuMyIisii MiHIMyMy 10HI3YIOUHX YaCTUHOK
(MIY) Gyno BUKOPHCTAHO P-mikepeno °Sr. 3 Here-
PEPBHOTO CIIEKTpa EJIEKTPOHIB IS aHAIi3y BUOHpa-
JIUCh JIWINIE EJICKTPOHW B Jiama3oHi eHepriit 1,5 -
2,3 MeB. Ix enepretuunuii criekTp XapakTepusyeTh-
cs posnoxinoMm Jlangay. Busnauene 3 mux mocii-
JDKEHb BIJHOIIEHHS CHI'HAJ/IIYyM CTAaHOBUTH BEJIU-
yuHy jume 10 - 12, 10 € TakoX HEeJOCTaTHIM s
BUKOPUCTAHHs TaKUX CEHCOPIB B YMOBax BHUCOKHX
pamiallilHUX HaBaHTaXeHb (HEOOXiAHWU piBEHb
CHUTHAJI/IITyM ToHaT 15).

1. P. Senger, J. Phys. Conf. Ser. 50, 357 (2006).

2. J.M. Heuser et al., Nucl. Instrum. Methods A568, 258
(20006).

3. M.C. bopucosa ma in., llopiunux IXI/] HAH Yxpainu,
(Kwuis, 2008), 88.
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THE FIRST PROTON COLLISIONS IN THE LHCb EXPERIMENT

0. Y. Okhrimenko', V. M. Pugatch', V. M. Iakovenko"*

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
ZLAL, Orsay, France

The LHCD experiment is the forward spectrome-
ter and one of the four huge experiments located at
the LHC. The main aim of the LHCb is precise
measurement of the CP-violation and researching of
the B-meson rare decays.

The LHCb, as high energy physics detector, con-
sists of following parts: Vertex Locator (VELO),
Inner and Trigger Trackers (IT, TT) and Outer
Tracker to reconstruct tracks of charge particles and
they decay vertexes and to separate Primary (proton-
proton collisions) and Secondary (B-mesons decay)
Vertexes (PV, SV); Magnet to measure charge parti-
cle momentum; Cherenkov Detectors (RICHI,
RICH?2) to separate kaons and pions; Hadronic and
Electromagnet Calorimeters (HCAL, ECAL) to
measure the particles energy; Muon detector to de-
tect the muons (Fig. 1).

(45 -

The first proton-proton collisions
=900 GeV) at the LHCb have occurred on Nov. 23,
2009 at 18:00 o’clock. At Dec.14, 2009 protons with

Js =236 TeV were being collided. During 2009
year LHC operational period ~350 & proton collision
events are recorded. Detector’s hits and recon-
structed tracks from p-p collisions are shown in
Fig. 1.
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Fig. 1.The LHCb detector: hits and reconstructed tracks
from protons collision on Nov. 239, 2009.

It should be noted that silicon detectors (VELO,
IT and TT) are powered on only in case of the stable
beam to avoid burning of front-end electronics. The
IT Radiation Monitoring System built at KINR has
recorded some spikes of the radiation load on sensi-
tive sensors during the beam scan on Dec 03, 2009
(Fig. 2).
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Fig. 2. Spikes in the radiation load on LHCb Si-sensors
recorded by the IT RMS on Dec. 03™ 2009.
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Fig. 3. A reconstructed invariant mass.

The first particles, notably Ks and /4-hyperons
were reconstructed from obtained collision data. The
invariant masses of reconstructed particles are in a
good agreement with PDG values. As example, in
Fig. 3 reconstructed A-hyperons invariant mass from
A — p"" " decays is shown. So, the reconstruction
work with real data has started.

In summary, all LHCb subdetectors work with a
good performance and are ready for a data taking.
The next start of the LHC is foreseen on February
14™ 2010. It is planed to operate 2010 year with

Js =3.5Tev protons collision and to reach Js =
=7 TeV on the end of the next year.
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THE FIRST LHC BEAM IMPACT
MEASURED BY THE LHCb RADIATION MONITORING SYSTEM

0. Y. Okhrimenko', V. M. Pugatch', V. M. Iakovenko'”?

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’LAL, Orsay, France

The Radiation Monitoring System (RMS) [1] for
the LHCb Inner Tracker (IT) is based on Metal Foil
Detector (MFD) technology. The principle of opera-
tion of the RMS is the secondary electron emission
(SEE) from metal foil surface (10 - 50 nm) caused
by impinging charge particles. The positive charge
at the metal foil caused by SEE is read out by sensi-
tive Charge Integrator (Chl). The Chl is equipped by
voltage-to-frequency convertor to make dynamic
range 10°. The RMS output frequency is propor-
tional the foil charge (1 Hz corresponds to 10 fC).
To produce 10 fC from the RMS sensor (11 x
7.5 cm®) 30 MIPs per cm *s ' are required. The main
RMS goal is monitoring of the radiation load on the
IT silicon sensors. The RMS can monitor charge
particle fluxes, only, exceeding 10> cm s~

The RMS consists of 4 modules each containing
7 sensors; the size of an each sensor is 11 x 7.5 cm’.
These modules are located at the IT-2 station around
the Beam Pipe as shown in Fig. 1. The distance from
Interaction Point (IP-8) to IT-2 station is ~8 m.

RMS: Beam + BramPipe, 200012003 00:07:34

400 200 0 200 a0 80
x-coordinate, mm

Fig. 1. The RMS sensor’s response distribution
on radiation (colorbar (online) in Hz).
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During the year 2009 the work has been per-
formed to improve the read-out software based on
PVSS 1I framework. The radioactive source *°Sr
(~30 MBKk) was used to check the RMS perform-
ance. The expected response of ~8 kHz per sensor
has been measured.

The first LHC beam (protons, 450 GeV) impact
was detected by RMS on Dec. 03, 2009. It happened
during aperture scan, when beam touch the Beam-
Pipe and the charge particle fluxes were enough to
produce an observable signal. Rates and rate distri-
bution from RMS sensors are presented in Fig. 1.
According to the RMS data, particle fluxes have

MOPIYHUK - 2009

reached up to 1.7 - 10* cm s,

Charge Particles Intensity per Sensor, a.u,

-100 a 100 200
x-coordinate, mm

200

Fig. 2. The comparison of the distribution of experimental
RMS sensor’s response with the simulated one.

Using standard software Gauss v3810, 1k events
of 450 GeV energy protons were generated (LHCb
Magnet switched on). Charge particles, only, were
included in the simulation. The resulting particle
fluxes distribution over sensors in comparison with
data measured by the RMS is shown in Fig. 2. One
can see the good agreement between two data. Also,
two fits (~e™ and ~1/x) of particle flux distribution
were made for the Cryo module to describe the flux
dependence on a distance from the Beam Pipe. One
may conclude that the charged particle flux is de-
creasing as ~ 1/x.

In summary, 23 out of 28 RMS sensors are op-
erational, currently, providing the main RMS func-
tionality. Data measured by the RMS are in a good
agreement with the simulated ones.

As future plans, 5 non-operational sensors will be
fixed. Monte Carlo data with protons energy up to
7 TeV will be simulated. To improve statistic 100 k
events will be generated. Also read-out electronics
upgrade with TERAOS microchip is foreseen.

1. V. Pugatch et al., Radiation Monitoring System for the
LHCb Inner Tracker, LHCb Note 2007-062.
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MNPOTOTUI EJEKTPOHHOI ®OKAJIBHOI IUIOIIUHA MAC-CIHEKTPOMETPA
HA OCHOBI METAJIEBOI'O MIKPOIIKCEJIBHOI'O JETEKTOPA

B. M. Ilyrau', O. C. Kopanbuyk', O. 0. Oxpimenxo', B. M. Epbomenko’, B. FO. Cropizxkio’,
C.M. XOMeHKOZ, A. B. ]_HeJIeXOBZ, A. B. lIaycl, M. KeMH68J13, JL. T.]IyCTOC3,
K. Jlonapt®, C. Hocmimmi*
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?Incmumym npuxnaonoi isuxu HAH Ypainu, Cymu
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! Incmumym excnepumenmanvnoi ma npuxnaonoi gizuxu, Ipaza, Yecvra Pecny6nixa

Kona6opaniss MEDIPIX po3pobuna aekinbka Be-
pCiff TMKCETFHOTO 3YUTYIOUOTO Jily TS pi3HOMaHi-
THOTO 3actocyBaHHs. Uin TimePix [1] cknamaerbes
3 (256 x 256) inenTHuHMX mikcerneit (55 X 55 mrm?),
3YHTYBaHHS 3 SIKMX 3IIHCHIOETBCS 3a JIOMOMOTOIO
oioka PIXELMAN uepe3 USB-mopT koMir torepa.
Ha puc. 1 npencrapneno aaHi, ojepkani 3 mMerale-
BHM MIKPOMIKCEIbHUM JIeTEKTOPOM (Moan(ikoBaHa
koHCTpyKITist TimePix) y ¢okanbHii miomuHi 1a3e-
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Homep nikcena

Puc. 1. 300paxeHHs 130TOMHOTO PO3IIOALTY
JBO3APSAHMX 10HIB IUPKOHIIO/HIOOIIO.

Poanogin eiaryky aetekropa TimePix Bia nosuuii ioHie

IsoTonu yupkoHito (IMP Cymu,Nnc0s)

7™ (51 46%),
7' (11,23%),
2 (17.11%),
2™ (174%),
2" (L8%)

Puc. 3. Imroctpaiiis OJHOPIAHOCTI BIATYKY METaieBOro
MIKpPOIIKCEJILHOTO JIETEKTOpa B II'SITH JOBLIBHO BHOpa-
HUX JUITHKaX HOro MOBEpXHi.

OnHOpPIAHICTD BIATYKY Pi3HHX IiKceniB Oylo ao-
CJII[KCHO TICPEMIIICHHSM 300paXKCHHS 10HIB IHp-
koHito mo moBepxHi TimePix. Pesympratu (puc. 3)
cBimyath mpo nocsarHeHHs | %-Horo piBHs (QIyKTy-

84

pHoro Mac-cnektpomerpa II[1® HAH Vkpainn
(M. Cymmn). TlonoxkeHHST ETEKTOpPa, MPUCKOPIOBATIE-
Ha Hampyra Ta MarfHiTHE II0JIe BCTAHOBJIIOBAJIUCH
JUIL CTIIOCTEPEKEHHS IBOKPATHO3APS/KEHUX 10HIB
130TOITiB IUPKOHIO 3 eHepriero 12,3 xeB.

Homep mikceniB o TOpu30HTANI BiAMOBiMaE Maci
3apeecTpOBaHUX iOHIB, y TOH yac sIK IXHil HOMep Mo
BEepTHKAJ BioOpakae amepTypy MIUIHHH, O (op-
My€ 10HHHH ITy4oK (pHc. 2).
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Puc. 2. [30TonHu#t po3noin (mpoekuis JaHuX 3 puc. 1

Ha FOPU30HTAIIBHY BiCh) JBO3APSIHUX 10HIB IUPKOHIIO.

arid BiATYKy, IO € IOCTaTHIM i (GopMyBaHHS Ha
OCHOBi TaKoOro IeTeKTOpa EIEKTPOHHOI (HOKAITBHOT
IUIOIMHH.

OTxe, ymepiie y CBITOBiId IMPaKTHIlI CTBOPEHO
MPOTOTUI EIEKTPOHHOT (HOKaTbHOI IUIOMIMHM Ha
OCHOBI MIKPOITIKCEJIbHAX METANECBUX JETEKTOPIB —
«eJeKTpoHHa (oTomnariBka», fKa BimoOpaxye i30-
TOMHHUW PO3MOJIT MaiKe MUTTEBO B PEXKHUMI ‘On-
line’. OnepikaHi pe3ysibTaTd CBiAYATh MPO 3HAYHHMA
MoTeHILia] mpuiaaaiB Takoro tumy. OKpiM ouyeBHI-
HUX IIepeBar BUMIpiB y peaJbHOMY 4aci, e CTBOPIOE
HOBI MOJIMBOCTI JJIS TiABUIICHHS TEXHIYHAX Xapa-
KTEPUCTUK MAaC-CIIEKTPOMETPIB ((POKyCyBaHHS, OC-
TyBaHHS TOLLIO).

1. X. Llopart, R. Ballabriga, M. Campbell et al., Nucl.
Instr. and Meth. A581, 485 (2007).
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SAJJEPHA ®I3UKA

THE LIGHT YIELD CHARACTERISTICS COMPARING
OF THE SCINTILLATION MATERIALS WITH GAMMA QUANTA

I. P. Dryapachenko', E. M. Mozhzhukhin', V. 1. Salo?, O. I. Voronov*

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
ISTC Institute single crystals, Kharkiv

The neutron is one of two fundamental particles —
nucleons in atomic nucleus — plays a critical role in
the nuclear processes — from fission of heavy nuclei
to fusion of the lightest nuclei. Scintillators are most
used as the neutron detectors. The interaction of
neutrons with their material causes a flash of light of
the different wavelengh. There is discussed in this
paper the experimental method for identifing, meas-
urind and comparing the effectiveness of the regis-
tration of the fast neutrons and y-quanta in mixed
radiation fields which are generating by an accelera-
tor beams.

The correlation method was designed and veri-
fied for investigation of the manyparticles nuclear
reactions with fast neutrons in exit channel [1]. Such
multiparameter method allows a reliable identifica-
tion of the effect and obtaining of the reliable quanti-
tative results. Method “debugging” is possible and
conveniently to carry out with the “*Co-source of the
y-cascade radiation by using of a second scintilla-
tion detector, which replaces the «start» detector that
is needed when working on the beam accelerator. In
doing so, these will saved (identified) all recorded in
the experiment parameters.

(a)

()
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(b)
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Two-dimensional information spectrum about the coincidence of two detectors.
Axis “X” — an photomultiplier amplitude spectrum. Axis “Y”’ — the coincidences time spectrum.

First, it refers to the parameters of the investi-
gated scintillators. It is shown in Figure, b a two-
dimensional spectrum of statistical information on
yy-coins (Figure, ¢) for a source ®Co which was
measured by two scintillation detectors. The first
simulates the «start» signal (FEU-30 photomultiplier
in optical contact with the stilben crystal
@50mm x 50mm), and the second one («stop») pro-
vides by Hamamatsu R7056 photomultiplier in opti-
cal contact with one of the investigated
KDP-crystals. Figure, a shows a similar spectrum,
but stilben with close sizes (P30mm x 10mm) is
used instead of KDP-crystal to calibrate method.
Namely, it is “band” which represents the true
yy-coins from ®Co for the continuous brem-
sstrahlung electrons which were registered in scintil-
lator. When it is considered the long-known ratio of

HIOPTYHUK - 2009

the light flashes amplitudes of electrons (y-quanta),
and the impact of protons (neutrons) in the fast or-
ganic scintillator (stilben, plastic), we can consider
that the amplitude spectrum edge for ®’Co-“band”
(Figure, d) appropriates of 3 MeV neutron energy. It
is a “start” point for search and tests of new scintilla-
tors based on KDP-crystalls (KH,PO,s;, KD,PO,,
NH4H,PO,4) which would be used in mixed radiation
fields of neutrons and y-quanta.

1. LP. Dryapachenko and E.M. Mozhzhukhin, Yaderni ta
radiacijni technologii 4, Ne 2, 76 (2004).

2. 1. Dryapachenko, E.Mozhzhukhin, V. Salo, and
0. Voronov, Book of Abstracts “LUMDETR 2009”
(Krakow, Poland, 12 - 17 July 2009), 307.
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MHOI'O®YHKIIUOHAJBHBIA IIU®POBON MOYJIb

A. H. KoBajeB

Hnuemumym adeprovix uccneoosanuii HAH Yxkpaunol, Kueg

Pa3zpaboran MHOTOQYHKIMOHANBHBINA HH(POBOIH
MOMYJh (1ajee MOIYJb) JJIST WCIOJIb30BAaHUS B Ka-
YecTBE OTIaJOYHOTO WHCTPYMEHTa pa3paboTyuKa,
MO3BOJISIONIETO MPOTPAMMHBIM IIyTEM MAaKEeTHPO-
BaTh IM(POBBIE BCTPAUBAEMbIE CHCTEMBI U TaKUM
00pa3oM CyIIECTBEHHO YCKOPUTh U YJICIHICBUTH
mpolecc mpoekTupoBaHus. Kpome Toro, Ha ocHOBe
MOJYJISI MOTYT CO3/1aBaThCsl CHEIHAIN3NPOBAHHBIC
nu(poBEIE YCTPOMCTBA SACPHON DICKTPOHUKH C
THOKOM apXUTEKTypOil.

CtpyKTypHas cxema MOZIYJIs MoKazaHa Ha puc. 1.

FE unguzatop

ME ATMEL MEGA

Hupuxarop MHHEHR

BrewHmne nopel
1 RE232/R5485
2Py2-

KA CER ATy B 3
=l

4.12C

5. Boa AN

R

Puc. 1. CtpykrypHas cxema MOIyJIs.

OHa COCTOUT U3 MPOTrpaMMHUPYEMOH JIOTHUECKOU
naTerpansHoit cxembl (IIJIMC) Altera m mporpam-
Mupyemoro Mukpokontpomiepa MEGA. Jlonomaau-
TEJIbHBIMHU 3JICMCHTAMU SIBJISIOTCS OJIOKH BHEITHUX
MOPTOB, 3HAKOCHHTE3UPYIOIIUN IKUIAKOKPUCTAIIIH-
geckuid (JKK) mHIUKATOp W WHIUKATOP COCTOSIHHS
nuHud. OCHOBHBIE TEXHUYECKHE XapaKTEPUCTHKHU
MOJTYJISL:

roAepkKa MuHB! [SA;

opranmzanusa npepeiBannii IRQ3, IRQ4, IRQS,
IRQ7, TIRQ10, IRQI11 na muny ISA ¢ 3amaHHBIM
WHTEPBaJIOM BPEMEHU;

OTOOpaKCHUE JAHHBIX 3allUCH/UTEHUS IO yKa-
3aHHOMY aJIpecy Ha JBYXCTPOUHOM 24-pa3psIHOM
KK unnukatope;

OTOOpakeHHWE TEKYIIMX YCTAaHOBOK MOXIYJISI Ha
KK wmamukatope (ampec, NaHHBIE, KOIUYECTBO IIHK-
JIOB, NHKPEMEHT/IEKPEMEHT, HOMEpP TPEepPhIBAaHUS U
T.IL.);

oToOpaXeHHe TEKYIIMX MpephIBaHui MUHBI [SA
Ha CBETOJAMOIHOM ILIKaJE;

YOpaBJICHHE MOJIYJIEM MOXET OCYIIECTBISATHCS
KaK ¢ KJIaBHATypbl, Tak ¥ 4depe3 mopT RS-232 wmm
RS-485;

MaKcHMaJbHas CKOPOCTh OOMEHa JaHHBIMH II0
TIOCJIeTOBATEIBHBIM TTOpTaM, 921,6 kbut/c;

JUIMHAa JUHUH cBs3H 1o RS-232 - 30 M, mo
RS-485 - 300 m;

yIpaBJIeHHE YCTPOWCTBAMU C HHCTPYMEHTAJIb-
HBIMHU uHTEepdeiicamu SPI u 12C;

oundpoBKa cUrHajaoB 10-pa3psaHbIM aMIUTUTY-
HO-II(POBEIM IpeoOpa3zoBaTeeM ¢ BpeMEHEM IIpe-
oOpa3oBanus 10 15 THIC. BRLIOOPOK B CEKYHIY, abCO-
JMIOTHOHM morpemHocthio + 2 M3P u unrterpanbHoi
HenuHeHHocThIo £ 0,5 M3P.

Koncrpykiust Moaysis moka3aHa Ha puc. 2.

NporpaMMHMpoBaHnAR E
MK ATMEGA32

Puc. 2. Konctpykuus Momys.

Ha ocHoBe ™momynst pa3paboTaHO 4YeTHIpEXKa-
HaJbHOE YCTPOMCTBO CYETa HWMITYJIbCOB, CTPYKTYP-
Has cxema KOTOpOTO MpejicTaBiIeHa HU puc. 3.

MyneTunnexcop 16x8

MukpokoHTponnep Atmega32

Puc. 3. CtpyktypHas cxema 4yeThIpeXKaHAJIbHOTO
YCTPOMCTBA CYETA UMITYJIHCOB.

B ycTpoiicTBe peanuzoBaHO ueThipe 32-paspsi-
HBIC CUCTYHKH M COOTBETCTBYIOIIHE CXEMBI YIIpaB-
nenust. MukpokoHTposiep Atmega32 ocyIiecTBis-
er ofmiee ympaBlieHHEe M TOOANTHOE CUNUTHIBAHUE
KoJa co cueTuynkoB. Ilomydennpie 6alThl mpeobpa-
3yI0TCsl B 32-pa3psiiHbIC CIIOBA, MPEACTABICHHLIE B
16-i1 ¢popme. IloaroToBneHHbIE JaHHBIE BBIJAIOTCS B
mopt IIK B ASCII komax. Jyst cBSI3M yCTpPOWCTBA C
KOMITBIOTEPOM HCIIONIB3YETCsl IITATHOE TMPOTpaMM-
Hoe obecniedenune « TepMuHAIDY.
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SAJJEPHA ®I3UKA

HPIOPUTETHE OBCJIYI'OBYBAHHS B KOMII'IOTEPHUX
MEPEXKAX 3 KOHKYPEHTHUM JOCTYIIOM

A. I1. Boiitep', C.T. Bynuin®

1 . . .

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig
2 . o . o . . o . . [ .
Hayionanvuuii mexuiunuil ynieepcumem ‘“‘Kuigecokuul nonimexniynutl incmumym”, Kuis

Henmonmikom wMepex 3 KOHKYpEHTHUMH IIPO-
TOKOJIaMH € DPIBHONPABHHUN IOCTYI a0OHEHTIB J0
KaHally, 10 HE MTO3BOJISIE OpPTaHi3yBaTH IMpPH HEoO0-
XIJIHOCTI TICBHUI NPIOPUTET Mepenadi s OJHOTrO
abo rpynu aOoHEeHTIB. Y naHii poOOTi 3amporoHo-
BaHO MPOTOKOJI, IO 0a3y€eThCs Ha YaCOBIN JIOKaTi3a-
1ii KOH(JIIKTIB Ta 3a0e3nedye nepesary s BUiie-
HUX a0OHEHTIB MO 3aTPUMLI MOBTOPHOI mNepeaadi
pu 30epeKeHH] MPUHIIHITB KOHKYPEHTHOTO JIOCTY-
my [1].

Y mOpoToKON MPiOPUTETHOTO OOCIYroBYBaHHS
YacOBUH ITOJUT MOHOKAaHAIYy MiX rpynamu aboHEeH-
TiB 3IIHCHIOETHCS TaKMM YWHOM, IO 9Yac Iepemadi
KOXKHOI TpyNH HE MEPEeTHHAETHCS W KOH(IIKTH MO-
JKJIMBI TIJIBKU B MEKaxX OZHI€T rpymH, a He MiX BCiMa
aboHeHTaMn Mepexi. PaKkTHIHO B KOXXKHOMY IHKII
nepeaavi Mae MicIie oI MOHOKaHaly Ha # BIpTya-
JILHUX MOHOKAHAJIIB 1 BiATOBIHO O BCi€l Mepe-
XK1 Ha TaKy X KUTbKiCTh KiactepiB. Lle mocsraerscs
NUISIXOM JIOTIOBHEHHSI CTAaHJIAPTHHUX MOy THYY-
koro mportokony MJIKH nactymHoio mpoueayporo
moniny Tpadiky: KoxxeH abOHEHT, 10 BUSBUB MOHO-
KaHaJl BUTLHUM, MPU HEOOXIMHOCTI Iepemadi 31ikic-
HIO€ ii 3 iMoBipHicTIO p =(n"') (IpHu LBOMY Ge3KO-
HQIIKTHO 3 iMOBipHicTIO P, =exp(—aG/n), ne a —
iHTepBan BpasnuBoOCTi, G — IHTEHCUBHICTH TpadikKy)
abo 3 IMOBIPHICTIO | — p TpuiiMae pilleHHS, W10

MOHOKaHaN JUIsi HBOT'O 3aJHIIA€ThCS 3alHATHM 1
MOBTOPIOE CHpOOy mepenadi, sK i nependavyeHo Oa-
30BUMH Tporemypamu. OTke, Ma€e MicIle JIOKai3a-
[isl KOHQIIKTY B KOXXHOMY BipTyalbHOMY MOHOKa-
HaJl, Jie iIHTEHCUBHICTh Tpadiky popiBHioe G/ n .
[IponioHOBaHMIT MPOTOKON BHMAarae BiJIOKpEM-
nerns Tpadiky rG , (0 < r < 1), IKuif TCHEPUPYIOTH
npiopuTeTHI abOHEHTH, BiA 3arambHOTO TpadikKy
MEpEXkKi TaKMM YMHOM, 1[0 YaCOBIiH JIOKaIi3alii KOH-
¢umikriB mignsrae pemra tpadicy (1-7)G .
AOOHEHTH TIPIOPUTETHOI TPYIU Ha BIIMIHY Bif
iHIIMX aOOHEHTIB MEPEXi IMOYMHAIOThH Iepefady 3

iMoBipHicTIO P, > p, ab0 30BCIM HE  BHKOHYIOTH

JIOJIATKOBOI MPOTOKOJIEHOI MPOLEAYPH Y BUMAIKY
HaJaHHsA abCoJIOTHOrO Tpiopurety, Konu P =1.
3a3HaueHy WMOBIPHICTHL MOXKHA IHTEPIIPETYBATH SK
KOE(ILi€HT MPIOpUTETY.

[MobymoBaHO MaTeMaTU4YHy MOJENIb POOOTH MPO-
TOKOJIy IJISl OIliIHKH Horo e(eKTHBHOCTI. 30KpeMa,

HIOPTYHUK - 2009

OTpUMaHo 3aexHicTb Am, (G, P,) mist BU3Ha4YCHHs

nepeBary no 3aTpuMIi NOBTOPHOI Mepeaadi aboHeH-
TiB MIPIOPUTETHOI TPy B MOPIBHAHHI 3 poOOTOIO B
HEKJIACTEPU30BaHill Mepeki Ta B MOPiBHIHHI 3 abo-
HEHTAaMH HEMPIOPUTETHUX TPyN y KJIACTEPH30BaHIH
MeEpexi.

Am,
4
r/‘»»
5 .
Pp=1 |

2 P //
- >?\Pp=0'5/
—

_'__..--"/ /
T \P,=025
i
o 50 100 150 200
G

EdekruBHicTh mpoToKoIy
T10 3aTPUMIIi TIOBTOPHOT Iepeaayi.

Ha pucyHky moka3aHo NpHKIa] pe3yJbTaTiB
pospaxyHky Am,(G,P)) mist 4OTHPHOX 3Ha4eHb P,

npu a = 0,01 Ta n = 4. JlocnimkeHo TakoX XapakTep
BIUIMBY JIOKaNi3allii 3 MPiOPUTETHUM JOCTYIIOM Ha
CyMapHy 3aTpPHMKYy Iepeaadi MakeTiB K I Mpio-
PHUTETHHX, TaK 1 JJIsi HEPiOPUTETHUX aOOHEHTIB.

3anponoHOBaHUM TNPOTOKON 3abesnedye IS
MpiOpUTETHUX aOOHEHTIB CYTTEBY IEepeBary Io 3a-
TPUMI TOBTOPHOI Iepeaadyi, HANPHUKIAA, SK TMOKa-
3aHO Ha pUCYHKY, npu G = 150 1a P, = 0,7 Taka
nepeBara Maibke IMOJIBifiHa, a HpU aOCONIOTHOMY
MIPIOPUTETI 3 POCTOM IHTEHCHUBHOCTI Tpadiky mepe-
BUIIYE TIOTPIHHY.

1. AJIL Boiitep u C.I'. Bynun, Tpyowe.. 19-ii Medico.
Kpvivckoii xoug. “CBY mexnuxa u menexommynu-
xkayuonnsle mexuonozuu” (CeBacronons, 2009).
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THAUBIJIYAJBHA ABTOMATHU30BAHA TH®OPMAIIMHA CUCTEMA “IITATH”

J. O. TosroBau

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuig

InnuBinyansHa iHdopmariiiina cucrema “llltaTu”
Ipu3HaueHa Jii aBTOMAaTH30BaHOTO BeACHHS (i-
HaHCOBOTO 00Ky iHcTuTyTy. Cucrema “Ilratn”
po3pobiieHa Ha TepCOHATBFHOMY KOMIT IOTepi 3 orle-
pariitHoto cucremoro Windows XP Ta 3 Bukopucra-
HHSM CHCTEMH KepyBaHHS 0a3zamMu maHuX Microsoft
Access. BaxxnBe 3HaueHHS 17151 MAITMHHOT 0OPOOKH
Mae ¢opma momanHs iHpopMmarnii. Cuctema MS
Access HAJIGKUTh 10 TaK 3BaHUX 00 €KTHO-OPi€H-
ToBaHUX cHucreM. O0’€KTaMH B CHCTEMi € TaOIuIil,
3amuTH, (GOpPMH, 3BiTH, Makpocu i Moayni. Busna-
YeHHS IIMX 00’ €KTiB, 3aTIOBHEHHS 1X MEBHOIO iH(OP-
MaIIi€r0 Ja€ MOKIIMBICTh CTBOPEHHS 1HIMBITYaTbHOT
0a3u. Y JaHOMy BHIIAAKy BCi NMEPBUHHI JaHi, II0
MOB’sI3aHi 31 IITaTHUM pO3KJIAIOM, YBOISATHCS B
enekTpoHHi Tabmuri. KokHa Tabmuigs MICTUTH iH-
¢dopmatito neBHoro tumy. Tak, HAMPUKITAJ, TAOIHIIS
“HITatn” Mae Taky CTPYKTypy: Y KOXXHOMY 3amucy
(psimKy), 0 HAJIEKUTH A0 MTATHOI OAWHMII, € Taki
nojist (croBmumkH): [Ipizuie, Kon miaposmainy, Kox
nocanu, HaykoBa cryminb, Oknan, Yci HaaOaBKH,
VYci porumaru Tommo. Tabmuns “Iligpo3ainu’ mae Taxi
noyst: Kox mimposmimy, Ha3zpa moBHa mimpo3miny,
Haspa ckopouena. Tabmums “Ilocamu” wmae Taxi
mois: Kom mocamm, Hasa moBHa mocamu, Hasma
CKOpOYEeHa TOIIO.

JaHi B TaONUIIX JIETKO JOTOBHIOBATH, pelary-
BaTH. 3a iX JIOCTOBIPHICTH BIJINOBiJa€ KOPHUCTYBad
CUCTEMHU.

[Mopanema podora 3 6a3010 AaHUX BiAOyBa€ThCS
Yepe3 3auTH. 3a JOMOMOTOI0 3alUTIiB € MOMIIUBICTD
3MIHIOBaTH, BUAAIATH OyAb-AKy iHQOpMairo 3 6azu
JAaHWX, a TOJIOBHE, MPOBOJUTH PO3PAXyHKH 32 TIEB-
HUMH QJITOPUTMAMU. 3amuT — 00’ €KT, IKUH Ja€ 3MO-
Ty KOpPHCTyBady OTpPHUMATd MOTPiOHI NaHi 3 OMHI€l
abo AexinpbKoX Tabiuib. Y OULIBIIOCTI BUIAAKIB 3
Ha0OpOM 3amKCiB MOKHA MIPALIOBATH TaK CaMo, sIK i3
TabJIMLIeI0: MOXHA MPOTJISIHYTH U BimiOpaTtu iHdop-
Marlitfo, po3apyKyBaTH W TIOHOBHTH JaHi. Ane Ha
BIIMIHY BiJl peanpHOi TaOyuIi Iei Habip 3ammciB
¢iznuHO He icHye B 0a3i naHMX. 3alHUTH € HalKpa-
IIAM CIOCOOOM BHUIIJIEHHS HAaHMUX, HEOOXITHMUX IS
BUpIIIEHHS! BU3HAYEHOTO 3aBAAHHA. 3alIUTH MOXYTh
CIyTyBaTH JDKEpeaMH JaHUX TaKUX €JIEMEHTIB Ke-
PYBaHHsI, SIK CIHCOK i TOJI€ 31 CIIUCKOM, IO CIIPO-

nrye BBEACHHS NaHWX. Mo)KHAa BUKOHYBaTH OOYHC-
JIeHHsST 3 OyIb-SIKUMHU TOJAMH TaOiwimi # 3poouTH
004HMCITIOBaHUH BHpa3 HOBHM II0JIEM y Ha0Opi 3amu-
ciB. I7s 1pOro BUKOPUCTOBYIOThCS BOynoBaHi (yH-
kmii Access. OKpiM IbOTO, TOJIS 3aIUTy MOXYTh
MICTHTH JaHi, 10 OTPHUMaHi 3a JOMOMOTOI0 apud-
METHYHHUX omepariii Hajg noiasmu tadmuii. O0umc-
JIOBaHE TI0JIE MOXE TaKOoX MICTUTH pPe3yibTar
00’eHAaHHS 3HAYCHb TEKCTOBUX TOJIB ab0 psIKo-
BUX (TEKCTOBHX) KOHCTaHT. [Ipobiemu, mo TyT BU-
HUKAaIOTh, BUPIIIYIOTHCS B IMPOLECi PO3POOKH CHC-
TemMu. Tak, HampuKIaj, KON OIEPKYEThCS TMif-
CYMOK 32 psakoM (Micssaauit oHT 3apiuiaT), Tpeda
BpaxoByBaTH, IO I iHQOpMalis MOXKe HaleKaTH
SIK 10 OJHI€T CTaBKH, TakK 1 IO MIBCTABKH a00 JIEK1JIb-
KOX CTaBOK.

R1:

IIf(([CraBka]=0,5);[ CknanHamnpyx];
([CraBka]*[CxraanHamnpyx]))

R2:

IIf(([CraBka]=0,5);[Buc/locsr];
([CraBka]*[Buclocsr]))

R3:

IIf(([Oxnan]=0);0;[CtaBka])

OM (3apmara):
(([Oxnan]*[CraBka]+0,49)\1 )+NZ(([HayxCryminas | *
[CraBka]+0,49)\1)+NZ(([Knachuicts | *[CTaBka]+
+0,49)\1)+NZ(([ILxigmuBicts | *[CTaBka]+0,49)\1 )+
+NZ(([HCrax]*[CraBka]+0,49)\1)+NZ(([Bu3Banus
1*[CraBka]+0,49)\1)+NZ(([BucnPokis]|*[ CtaBka ]+
+0,49)\1)+NZ(([Cexper]|*[CraBka]+0,49)\1)+
+NZ([RI))+NZ([R2])

3anuTH 1 TaOIUIlI BUKOPHCTOBYIOTHCS TIpH (op-
MYBaHHI 3BiTiB. 3BIT — Ileé THYYKHH Ta eQEeKTHBHUIA
3acid g opradizaimii JAaHWX TIpU BUBEICHHI Ha
JIPYK. 3a TIOTIOMOTOIO 3BITY € MOXJIHMBICTH BUBECTH
HEOoOXi/IHI BIIOMOCTi B TOMY BHUTJISII, B SIKOMY IIO-
TpibHO. [ns nmanoi cuctemu “Llrtatn” BHXiAHOIO
iHhopMariiero € pi3Hi (GOPMHU IITATHOTO PO3KIATY
IHCTHTYTY Ta pi3HI (OpMH 3MiH IO ITATHOTO PO3-
KJany y 3B’A3Ky 3 IUIAaHOBUMH 3MIiHaMH JDKEpen Ta
obcsriB  (pinancyBannsa. llepeBaroro enexkTpoOHHHX
3BITHUX (DOpPM € Te, MO 3aBISAKU HUM 3HAYHO IIif-
BUIIYETHCSI TOYHICTH PO3PaxyHKIB 1 X HEMOXIUBO
3MIHUTH, HE 3MIHUBIUM NEpBUHHI naHi. Takum uu-
HOM, 3POCTa€ HAMIMHICTP 1 TOCTOBIPHICTh JaHUX.
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®YTHAJl - HOBOE YCTPOMCTBO JIJIsI YIIPABJIEHUS TTEPCOHAJIBHBIM
KOMIIBIOTEPOM C IIOMOWIIBIO HOI'

A. M. Coko.10B

Hnemumym sidepnvix uccnedosanuti HAH Yxpaunul, Kues

B nmo0aBnenwe K TpamWIMOHHBIM CPEICTBAM
yOpaBiIeHUS NEPCOHATBHBIM KOMIBIOTEPOM — KJa-
BUAType W MBIIIKE, MOYTH JOCTUTLIMM Ipenena B
CBOEM COBEPIICHCTBOBAHHH, IIPEIJIaracTcsi HOBOE
yctpoiictBo-Manunystop [1K. Paspaborannoe yct-
pPOWCTBO TMpeAHA3HAYEHO Ul YIPABICHHUSI KOMIIBIO-
TepoM HEOONBIIMMH ABMKEHUSIMH CTyIHEW HOT U
TIPEACTABIIIET CO00M aBe cBOcoOpasHbie memxanu. [1o
CYLIECTBY HOBOE YCTPOWCTBO, Ha3BaHHOE (yTHATIOM
(footpad), mpencraBiser coboOl crieUaIN3UPOBaH-
HYIO KJIaBHATYpPY, YIIPABISIEMYIO HOTaMH.

®dyTman naet BO3MOXKHOCTE moAath B 11K ympas-
JSIOIIME KOMaHIBl U3 OTHOCHTENBHO HEOOJBIIOTO
Habopa. HaGop 3TuX KOMaHJ COCTaBIISIOT CIEIH-
ILHO BBHIOpaHHBIC, YACTO MPHUMEHSIEMbIC KOMaHJIbI,
KOTOpbIE MOTYT OBITh MOAAHBI U C MOMOIIBIO KJIa-
BHATyphI Wi MBIIKH. VHade roBops, dyTman xyo-
JTUPYET HEKOTOPHIE BaKHbIE KOMaH/IbI KIIABHATYPhI U
MBIIIKH U TTO3BOJIIET BO MHOTHX CUTYaIlUsAX ClIENaTh
PYKH CBOOOJHBIMH, OCBOOOIMB Ty, UTO YIpaBIISET
MBITIKOW. B Habop koMaH[ dyTnama MOTYT, HAIIpH-
Mep, BXOAWUTh KOMaHJABI YIPABICHHUA KypCOPOM,
CKPOJUIHHT, JIEBasl M ABOMHAA JIeBasi KHOMKA MBIILIKH.

[Ipu moaxmrouennn gpyrnana k [IK Bo3moxHOCTH
ympapnaTs [IK ¢ moMompio Ki1aBuaTypbl ¥ MBIIIKA
MOJHOCTBI0 coxpaHstorcsi. Couetanue ¢Qyrmama c
TPaJUIIMOHHBIMH KIIABUATYPOW M MBIIIKON (KaK Ha
pucyHKe) co3maer Oojiee KOMGMOPTHBIE YCIOBHS
paboTHI 32 KOMIIBIOTEPOM. MOXKHO, HallpUMep, €ClIu
TpeOytoTcsi OonblIMe TEpeMeIleHHss  Kypcopa,
YOPaBJIATh UM C IMIOMOIIBIO MBIIIKH, & HAXATHE Jie-
BOI KHOIIKH, IBOMHOM JIEBOM WM NPOKPYTKY JE€NATh
¢ nomoulpio ¢yrnaga. Eciu tpedyroTcst B 0CHOBHOM
HeOOJIbIIINE TIepEMENICHUsT Kypcopa, TO U UX YI00HO
nenath, npuMeHsas ¢yTman. Takue yciIoBHS 4YacTo
ObIBAIOT IIpHU pabOTe B MHTEPHETE, B IIporpammax ¢
paszButeiMu MeHIO. C momombio (yTnana yao0HO
3alycKaTh MPOrpaMMBI, OTKPHIBaTh MANKH U OT-
JeJIbHBIE JIOKYMEHTBI, MPOCMAaTpUBaTh TEKCT WU
Habop m3oOpaxkeHuil. PyTnan mpemocTaBiseT IMO-
JIe3HBIE BO3MOXKHOCTH B CAMbIX Pa3HBIX CHTYyaIlHsX.

OCHOBHOH BapHaHT KOHCTPYKIUHU QyTrHajga ume-
€T BOCEMb YNPAaBJIAIONINX KHOMOK M 00ecreunBaeT

IIOPIYHUK - 2009

BOCEMb KOMAaHJ YIpAaBICHUS KOMIBIOTEpOM. J[Be
CTYITHH CTaBATCS Ha JBe meaand. OTHOCUTEIbHOE
MOJIOKEHUE Tefaliell JOCTaTOYHO IPOU3BOJIBHOE.
[lenanu MOXKHO HepeMemarh Mo MOJy, JBUras HX
HOoramMy (HOTaM B 3TOM IIOMOTAaIOT CIIEIHAaJIbHbIC
YIOPBI), U TOAOHPaTh y100HOE AJISl HOT MOJIOKEHUE.
HaxuMaHMe KHOMOK, a 3HAYUT, T0/a4a KOMaHJ,
IPOU3BOAUTCS HEOOJBIINM [BI)KEHHEM CTOIBI 0€3
OTpBIBa €€ OT MOBepXHOCTH menand. Ctoma mpocTo
CTOMT Ha IeJIJIM, COBEpIIasl eJie 3aMETHbIC JBIIKE-
HUA. KoHe4HO, mpH JKellaHWM MOXKHO HECKOJBKO
W3MEHSThH TMOJIOKECHUE CTYIHU Ha TIeJallv, BBIOHpast
Uil Hee Oojee ynoOHoe mosokeHwe. Ecnm vamie
TpeOyrOTCSl KOMaH/Ibl, KOTOPBIE MOXKHO ITIOJaTh OJ-
HOW HOTOM, TO APYTYIO, MPH >KEITaHUH, MOXKHO YyO-
paTh ¢ megany U AaTh el MOJHOCTHIO pacciaaduThes,
a IpU HEOOXOAUMOCTH TpeOyeMyIo OT Hee KOMaHIy
MOXKHO TI0JaTh, HAIPUMEpP, C ITOMOIIBIO MBIIIKH.
MoxHo yOparh 1 00e HOrH ¢ meganeil ¢yrnaga u
TaKUM O0O0pa3oM NEperTH Ha MPUBBIYHBIN CIOCOO
yIpaBJIeHUsS KOMIBIOTEPOM C TTOMOIIbIO KIIaBHATY-
PBI ¥ MBIIIKH.

[Tpu pa6ote na IIK B cpene Windows anst ¢yT-
naza He TpeOyercss CHEeNUaIbHOE IPOrpaMMHOE
obecnieuenue. J[paiiBepoM AJisi HETO MOXKET CIIYKUTh
IOpaiiBep kiaBuatypbl. KoHcTpykums —Qyrtmaga
MPOCTa M TEXHOJIOTUYHA.
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AHOTaUiT pobiT 3 aTOMHOI eHepreTUKU

50 POKIB EKCILIYATALII JOCIIJHUILKOTO SIAEPHOIO PEAKTOPA BBP-M

I. M. BumineBcbkuii, B. 1. Ciaicenko, B. M. MakapoBcbKuii

Tnemumym adeprux docniosceno HAH Vipainu, Kuis

12 grororo 2010 p. munae 50 pokiB 3 aHA (i3uy-
HOTO IIyCKy JMOCIITHHUIIBKOTO SIIEPHOTO peakTopa
A1 HAH Vkpainu, nepuioro siiepHOro peakropa B
VYkpaiHi.

Hocnigauupkuit saepauii peaktop BBP-M cro-
PYIKEHO B paMKax 3arajbHOZEpXKaBHOI IMPOTpaMu
CTBOpeHHsI Ha TepuTopii Konumaboro CPCP mepesxi
PETiOHAILHUX SJICPHUX ILICHTPIB 3 SIICPHUMHU PEaK-
TopaMu. PeakTop € ONHI€I0 3 OCTaHHIX BIAIHX MO-
mudikariii Bogo-BOASHUX peakTopiB. BiH Bim3Hada-
€TBCSL MPOCTOI0 KOHCTPYKILI€I0, 3pYYHOCTAMHU MpO-
BEJICHHsI €KCIIEPUMEHTIB, BIIIHOCHO HEBEJIHMKOI Bap-
TICTIO, HU3BKUMHU EKCIUIyaTalliiHAME BHTpaTaMH,
HaJIiiHICTIO Ta 0€3MeKOI0 B POOOTI.

Peaktop BBP-M cayxuth nociigHuupkoro Oa-
3010 JUIs 0araThO0X HAYKOBUX, HAYKOBO-TEXHIYHUX Ta
OCBITSHCBKUX 3aKJIaJIiB.

3a 50 pokiB pobOTH peakTOpa Ha HBOMY OYyIIO
BUKOHAHO 3HAYHHWHA 00CAT HAYKOBUX JIOCIiIKEHb 3
MUTaHb SACPHOI 1 HEHTPOHHOT (Di3MKHU, aTOMHOI eHe-
PreTUKH, paaialiiiHOTO MaTepiajJo3HaBCTBA, (i3UKU
KOHJICHCOBAHOTO CEPEIOBHUINA, PamialliifHOl (i3HKH
HAaITiBIPOBITHUKIB, paio0ionorii, MEIUIIMHH.

Jlyis mijBuIeHHsT Oe3MeKH peakTopa 3a POKH Ho-
ro eKcIuTyartanii OyJI0o MOBHICTIO UM YacTKOBO MOJie-
pPHI30BaHO BCi CHCTeMH peakTopa. 30Kpema Oyio
CTBOPEHO Ta BBEJICHO B JiI0: CHCTEMY KOHTPOIIIO i
(hi3UYHOrO 3aXMCTY PEAKTOPa; CXOBHIIE HEOMPOMi-
HEHOTO S/IEPHOTO TMajiBa; CHUCTEMY ITOKEKHOTO
CIIOBIMIICHHS; CyYacCHHHA TIPOMUCIOBO-TEXHITHUI
KOMITJIEKC aBTOMATUYHOTO PETYJIIOBaHHS, KOHTPO-
JI10, YTIPABITIHHS U 3aXUCTY PEaKTOpa; CUCTEMY paji-
aIlifHOTO KOHTPOJIIO; CHCTEMa IOBOJDKEHHS 3 Bil-
NpanbOBaHUM SJEPHUM IMAIWBOM; CUCTEMY IE€pepo-
OKM piTKUX paJioaKTUBHUX BiIXOiB; MOJEPHI30Ba-
Hi Tepmuii Ta IpyTiii KOHTYpH peakTopa, eIeKTpo-
KabebHEe TOCTIOIapCTBO, CUCTEMY aBapiifHOTO eJeK-
TPOIOCTaYaHHS, TOIIO.

OOnagHaHHS CHUCTEM, BAXXIMBUX ISl €KCILTyaTa-
1ii peakTopa NepioANIHO IPOXOAUTH OOCTEKEHHS 3a
CHELiaTbHOI0 MPOrPaMoI0, Y3TOKEHOIO PETYJIIOI0-

YUM OpPraHOM, HiCJsl YOro MPUHMAETHCS PilICHHS
eKCINTyaTyrouol OpraHi3allii Ipo MOXJIHBICTH IIPO-
JOBXHUTH CKCIDTyaTalilo Takoro oOnamHaHHs. Pi-
LICHHS Y3roJpKyeThest 3 KoMiTeToM simepHOro pery-
JIIOBaHHA YKpaiHU.

Y 2009 p. Oymo BUKOHAHO NEPEOIHKY Oe3neKu
JOCIIJHULBKOTO SIAEPHOTO peakTopa Ta OTPUMAHO
JIEeH3i0 Ha ioro ekcruryaraiito 10 2014 p.

HAH VYxpainu Bponosx octanHix 10 pokiB mae
IUTiAHY CIiBOpaIo 3 MIiHICTEPCTBOM EHEPTETHKH
(ME) CLUA Ta iioro nabopaTtopisiMu, HaiOiIb1I Ba-
romuMu pesynbTatamu sikoi st [SJ] HAH Ykpaiau
€ CTBOPCHHS (DI3UYHOTO 3aXHUCTY JOCIIIHUILKOTO
peakTopa Ta sOepHMX MarepianiB, HaBuambHOTO
HEHTpY 3 (PI3UYHOro 3aXHCTy, OOJIKY Ta KOHTPOIIO
SIIEPHUX MaTepialliB, a TaKOX MOJCPHI3aIlisl CHCTe-
MU TIOBOJKEHHS 3 BiANPaLbOBAHUM SICPHUM Malld-
BOM.

VY xsiTHi 2003 p. HAH Ykpainn mo3uTuBHO Bif-
rykaynack Ha nponosunito ME CHIA cTtocoBHO 10
MOJJINBOCTI TIepeBeleHHS JOCTITHUIBEKOTO PeaKTo-
pa ISI1 HAH Yxpainu Ha HU3bKO30aradueHe sjepHe
nanuso (H3411).

¥ 2004 p. 3a KOHTPAKTOM 3 aMEPUKAHCHKOIO CTO-
POHOIO BUKOHAHO aHaJli3 Ta PO3PaxyHOK MOXIIUBOC-
Ti BUKOPHCTAHHS ICHYIOYOi 30HM peakropa Oe3 ii
KOHCTPYKTHUBHHMX 3MiH 151 3aBaHTakeHHs H3AIL.
OpnepkaHo MO3UTHBHI BUCHOBKU MOJKJIMBOCTI 3aBa-
HTaXeHHs B peaktop H3SIl 6e3 KOHCTpYyKTHBHHX
3MiH 30HH PeaKkTopa i MPaKTHYHOI JOCSIKHOCTI ic-
HYIOUHX Yy peakTopi HEWTpOHHMUX MOTOKiB. S]]
HAH VYxkpaian orpumaB n03Bin Jlep:xaToMperyro-
BaHHs YKpainu Ha Bukopuctanas H3Il y mocmin-
HUIIBKOMY siiepHOMY peakTopi BBP-M.

VY 2008 p. 3a ¢inancosoi minrpumkun ME CHIA
nieprry maptito H3511 y kinbkocTi ceMu OTPidHUX 1
12 onuHnyHmX 36ipok Oyio mpuadaHo B Pociiicbkoi
Oenepartii. [Ipundana mapris H3AIl 3abe3neuntsb
poboty peakropa npotsirom 1500 rox. ToO6To peak-
TOp Y CBii I0BiNIeliHUI pik Oyne mpaimroBaTH Ha HO-
MiHaJIBHIA TOTY>KHOCTI.
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MOJEPHI3AIIIAA CUCTEMHA NOBOJAKEHHA 3 BIANIPAIIBOBAHUM SAJEPHUM
HHAJIMBOM JOCIIIHUIBKOI'O AAJEPHOI'O PEAKTOPA BBP-M

I. M. BumineBcbkmii, B. I. Caicenko, B. M. MakapoBcbkuii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Jo ckmagy cucremu NMOBOMKCHHS 3 BiIIparbo-
BaHUM snepHuM nanuBoMm (BJIII) Bxonmsarts: Gaceiin
TUMuacoBoro ButpumyBaHus BAII; 3acobu nucran-
LIHHOTO OOCIYTOBYBaHHS BiANPAIlbOBAHUX TEILIO-
BUAIBHUX 30ipok (BTB3); pyxomwuii dinbrpyrounii
OJIOK OUMILEHHS BOIU OaceliHy BUTPUMYBaHHSI.

CxoBuIlle BIANPAaLBOBAHOIO SOEPHOTO MajHBa
(CB4III-1) excmmyaTyeThes Bi MOYaTKy poOOTH pe-
aKkTopa Ha moTykHocTi. Ha kineup ceprmus 2009 p.
cxoBwIIe OyJIO 3a[I0OBHEHO JO MAaKCUMAaJIbHO MOXKIIH-
BOI BEJIMYWHH (3JTUIIIFIIOCS JIUIIIEC MiCIle I BUBAH-
taxkeHHs Bcix BTB3, mo 3HaxoaaThes B Aif04ii ak-
TUBHIH 30HI peakropa).

Y paMkax migBUIIEHHS O€3MMEeKH eKCILTyararlii
peaktopa B [/ HAH VYxkpainu 3 2001 p. npoBoau-
auck poOOTH 3 MOJEpHi3alii CHCTEMH MOBOKEHHS 3
BAIL: Oyno po3pobieHO TexHidHEe pilleHHS IIpo
KOHIICTIIIIF0 PO3IIUPEHHS] 00’€My CXOBHIA THMYa-
coBoro 30epirannss BSII; po3poGiieHO MpPOEeKT Mo-
JepHizanii cuctemMu noBokeHHs 3 BAIL; npuiinsaTo
TEXHIYHE PIICHHS PO TPOBEICHHSI MOHTaXy 00J1a-
JIHaHHs cucTeMu noBojkeHHs 3 BAII;, mposeneHo
3MiHM J0 TPOEKTY MOJepHi3alii cucTeMd MOBO-
mkeHHss 3 BSIl y 3B’S3Ky 3 MOSBOIO MOXKITMBOCTI
3aCTOCYBaHHS HOBUX TEXHOJIOTIH 1 TEXHIYHHX 3aCO-
0iB 3aBaHTa)XCHHS Ta TpaHcropTyBaHHs BTB3 3 pe-
aKTopa Ha 3aBOA I iX MepepoOJsieHHS, a came,
okpiM TpaHcnopTHuX KoHTeiHepiB TYK-19 (Pociii-
coka denepallis), MOXKHA TaKOXX 3aCTOCYBAaTH KOH-
teitnepu Ty VPVR/M (Illkoma, Yexis). Yci mi
JOKYMEHTH OyJiH y3romxeHi B JlepxaTtomperyito-
BaHHS YKpaiHH.

[icnsa mposeaenns y 2005 - 2006 pp. TeHnepa Ha
BHKOHAHHS pOOIT 3 MOJAEpHi3alii CHCTEMH IOBO-

HIOPTYHUK - 2009

mxeHHs 3 BSAIl moganmch poOOTH 3 BUKOHAHHS ITHX
3axofiB. Y 2007 - 2009 pp. O0ys0 no0y/10BaHO HOBUI
Oaceitn ButpumyBanus BSIl (CBAII-2), Buroros-
JIEHO Ta 3MOHTOBaHO 0Oak Ta BepXHiH OiojoriyHHN
3aXHCT CXOBHWIIA, JCMOHTOBAHO cTapy OyHiBIIO Ta
noOynoBaHo HoBy Hajy CBAII-2, BurortoBneHo Ta
BBEJICHO B CKCIUTyaTallil0 BiIMOBiIHI MpuiIagu, 00-
JaJTHAHHS Ta CUCTEMY B IIJIOMY.

Baceitn CBJSIII-2 3an0BHEHO 3HECOJICHOIO BOJIOIO,
mo 3abe3neyye OiOMOTIYHMI 3aXUCT 1 BiABIA Teruia
Bix TB3 mursaxoMm koHBekirii. HeoOXimHa AKICTH BOIU
y CXOBHIII HiATPUMYETbCS 10HOOOMIHHUMHU (QiNbT-
pamu. Ha nynbT ynpaBiiHHS peakTOpOM BHBEICHO
MOTIePeKYBaJIbHY 3BYKOBY 1 CBITJIOBY CHUTHAi3arlii
PO 3HIKEHHS PIBHS BOAM HIDKYE BCTAHOBJICHOI'O
3HAYCHHS, MPWIAJ KOHTPOJIIO TEMIEPaTypH IUCTH-
JATY, @ TaKOXK KaHAIW KOHTPOJIO TOSIBH CaMOIIiT-
PUMYBaHOT JIAHITFOTOBO{ peaxiiii.

ITicns BBeneHHS HOBOI CHUCTEMH ITOBOIKEHHS 3
BAIT BTB3 3 6aceitny CBSII-1 y Bepecni 2009 p.
Oyio BUBaHTakeHO i po3mimeno y CBAII-2. Le nae
3MOTY 3pOOMTH 32 CHELiaTbHOI MPOrPaMOI0 KOM-
miekcHe obcrexxeHHs Oaka CBAII-1. 3a pesynbra-
TaMH KOMIUIEKCHOTO OOCTEXEHHS B)KHBATUMYThHCS
3aX0U IS YCYHEHHSI MOXKIIMBUX BHSBJICHUX HEIO-
JIKIB.

HaiiBpa3nuBimmii eneMeHT CHCTEMH MOBOKEH-
Hs 3 BSIII — me Oak OaceiiHy BUTpUMYBaHHS Biampa-
BOBAHOT'O TaJIMBA, PO3TEPMETH3ALIII0 SKOTO yYCYHY-
TH HEMOXJIMBO TIPY HASBHOCTI B HHOMY BiJIIpaIlbo-
Baanx TB3. MonepHizoBaHa crcTeMa ITOBOKCHHS 3
BAII ycyBae neii HeoMiK, 1 IpU MOPYLIEHHSX Y PO-
60Ti onHoro 3 GaceiiHiB BTB3 po3miniyioTses B iH-
IIOMY Ha 9ac BUKOHAHHA PEMOHTHHX POOIT.
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BAATOHIVIBOBA ABTOMATH30BAHA YCTAHOBKA /I HEATPOHHUX
JOCJJII)KEHb HA ®IUIbTPOBAHHUX ITYYKAX HEUTPOHIB PEAKTOPA BBP-M

0. O. I'punaii, A. K. I'pumagno, B. M. Benequkron, B. B. Konoruii, A. I. Kuciunbkmnii,
0. O. Miromkin, B. II. IllaxoB, O. O. 3aBaacbkuii, M. B. Kanmryyenko

ITnemumym adeprux docniosceno HAH Vipainu, Kuis

Po3po6iieHo, BUTOTOBJICHO Ta MPOTECTOBAaHO Oa-
raToIiIbOBy aBTOMAaTH30BAaHY YCTAHOBKY IUISl TIPO-
BEJICHHS JOCTIIXEHb Ha E€KCIEPUMEHTAILHOMY TO-
puzontansHOMy kKaHani ['EK-8 KuiBcbkoro mocmin-
HUIbKOro peakTopa BBP-M. VYcraHoBka siBnse co-
0010 EKCIEpPUMEHTAIBLHUN aBTOMATH30BAaHUN KOM-
IUIEKC JUISl IPOBEIEHHS Pi3HOIUIAHOBUX HEUTPOHHUX
JOCITIKEHb Ha ITyYKaxX (iIbTPOBAaHUX KBa3iMOHOE-
HEPreTUYHUX HEWTPOHIB, a caMme:

1) mocnimkeHHS NOBHUX HEUTPOHHUX MepepisiB
B3a€MO/Iii HEUTPOHIB 3 A/paMU HA TPSIMOMY ITyUKY
(biTbTpOBaHMX HEHUTPOHIB B TPAAMINIHHIN reomeTpii
32 METOJIOM MPOITYCKaHHS;

2) nochimkeHHss — nudepeHLiHHuX  TepepisiB
MPYXHOTO Ta HEMPY>KHOTO PO3CITHHSA HEUTPOHIB
SAIpaMH;

3) nocHiKeHHs TPOIIECIB PO3CISHHS 33 Y4acTio
HEHTpoHiB 3 /> 0;

4) nocniKeHHS PE30HAHCHHX MapaMeTpiB saep-
HUX PiBHIB METOJIOM 3CYBY CepelHBOi eHeprii (pisb-
TPOBaHWX HEWTPOHIB 32 PaxyHOK 3aJIeKHOCTI €Hep-
ril po3CiTHUX HEMUTPOHIB BiJl KyTa PO3CISTHHS.

MexaHiYHOIO OCHOBOIO YCTAHOBKH € KpyroBa IiIaT-
(opMma, II0 MOYXKE MOBEPTATHUCHh Ha OYyIb-SIKWi KyT Ha-
BKOJIO BepTUKaIBHOI oci. Ha mardopmi 3MoHTOBaHO
CHCTEMY peecTpallii HSHTPOHIB Ta IPHUCTPOi (PiKkCyBaHHS
KyTiB MOBOPOTY IIAT(HOPMH BITHOCHO OCi 3 TOYHICTIO
6'. CructeMa peecTpallii HSHTPOHIB 3aJIGKHO BiJ €KCIIe-
PHMEHTY MOXKE CKJIAJIATHCh 3 OJIHOTO a0o0 JIBOX JIETEK-
TOpiB Ha 6a3i MPONOPLIMHUX JIIYHIBHHUKIB.

KyroBe mepemimeHHs miaThopMu peami3yeThes
B Mexax 0 - 345° 3 kpokom 15° Ta B Mmexax 0 - 60° i
180 - 240° 3 kpokoM 5°. ¥V 1UX pexuMax HEUTPOHU
PEECTPYIOTHCS JBOMA AETEKTOPaMH, YCTAaHOBICHUMHU
mig kytom 180° omuH 10 omHOTO. OKpEeMHM pPEXKH-
MOM € po0oTa ycTaHOBKHM B Mexax KyTiB 0 - 60°
(mepembavdeHO MOKIIMBICTh 3MEHIIMTH KPOK IIepe-
MiIeHHs 10 2,5°).

Jus nociipkeHHsT KYTOBHX DPO3IIONITIIB po3Cisi-
HUX HEHTPOHIB mependadeHO BCTAHOBICHHS YOTH-
PBOX 3pa3KiB-po3CitOBayiB.

s HaodHOCTI caMe 1ieit BapiaHT KOMITOHYBaHHS
0araroIiIh0BOi YCTAHOBKH IIPEICTABICHO Ha PUCY-
HKY.

IIpu mpoBeneHHI EKCIEPUMEHTATBLHUX ITOCIil-
JKEHb, IIEPETYCHNX Y MyHKTax 1) - 3), BUMipIOBaHHS
peami3yroThCsl Ha MpSIMOMY IYYKYy HEHTPOHIB; MpHU
MPOBENEHHI EKCIEPUMEHTAIbHUX JOCHIIKEHb, 3a-
3HAYEHUX Yy MyHKTI 4), BUMipIOBaHHSI ITOB-
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BapiaHT KOMIIOHYBaHHSI YCTAQHOBKH ISl JOCIIJDKEHHS
KYTOBHX PO3IOAUIIB PO3CISHUX HEWTpOHIB: [/ — mocimi-
JUKYyBaHI 3pa3Ku-po3citoBadi; 2 — HEHTPOHHI JAETEKTOPH;
3 — B4C 3axucT aeTekTopa; 4 — JIYMIbHUK HEWTPOHIB; 5 —
MOTePeTHIM miJIcHIioBaY; 6 — MeXaHi3M KyTOBOTO Tepe-
MillleHHsT; 7 — IyJIbT KepYBaHHS YCTaHOBKOIO; 8 — €NIeKT-
poMexaHiYHUi OJI0K; 9 — migcTaBKa

HUX HEHTPOHHUX TEpepi3iB peani3yloThes Ha HEHT-
pOHax, PO3CisTHUX 3pa3KoM-po3citoBadeM. [l oTpu-
MaHHS Ha0Opy yCepeqHEeHHX Iepepi3iB JOCITiIKyBa-
Hi 3pa3Kul Ta HEUTPOHHI ITETEKTOPH BCTAHOBIIOIOTH-
Csl MiJ Pi3HUMH KyTaMH BIiJIHOCHO HAmpsMKy Halli-
Talo4uX HEUTPOoHiB. Bubip KyTiB 00yMOBIIOETHCA K
MaTepiaioM 3paszKa-po3ciroBada, Tak i (opMoro Ta
EHEPri€r TOCIIKYBAaHOTO PE30HAHCY.

Jns ontuMizarii yacy BUMIpIOBaHb Iepes Mpo-
BE/ICHHSAM EKCIEPHMEHTAIbHUX JOCIIKEHb BUKO-
HYETBCSI PO3PAXyHKOBE MOJEIIOBAHHS €KCIEPHMEH-
Ty 3 BUKOPUCTaHHSM yCi€i HassBHOT siepHO-(pi3UIHOT
iHpopmarii.
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DEVELOPMENT OF NEUTRON FILTER BEAM TECHNIQUE

0. O. Gritzay, V. V. Kolotyi, M. L. Gnidak, O. I. Kalchenko, V. A. Libman

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

Up-to-date level of scientific and technology de-
velopment demands the high accuracy of neutron
data. This high accuracy of experimental data should
allow progress in development of nuclear simulation
codes and in generation of evaluated nuclear data
libraries, that are the basis for any transport calcula-
tions both for operating and future reactors and for
nuclear technologies in medicine, industry, etc.
Now, the most difficult situation with the accuracy
of neutron cross sections is in the energy range from
several keV to several hundreds keV. The reason is
in the lack of high flux installations in the mentioned
energy range. Today, a few of such installations are
designed and may be used (e.g. ORELA or
GELINA), but they are very expensive. There is an-
other way to get the high accuracy neutron cross sec-
tions: to use the neutron filtered beam technique
(NFBT) at the existing research reactors.

The main idea of neutron filter development is
the use of large quantities of matter which nuclei
have the deep interference minima in their total neu-
tron cross sections. By transmitting reactor neutrons
through thick layers of such materials, one can ob-
tain the quasi-mono-energetic neutron lines instead
of white reactor spectrum. Energy of such quasi-
mono-energetic neutron lines may be situated in the
range from thermal to several hundreds kilo-
electron-volts, and their intensity may reach 10’ -
10% n/(cm” - s). These are essential advantages of the
NFBT.

But the NFBT is possessed of demerits, namely:
1) presence of parasitic energy lines in filtered neu-
tron spectrum; 2) presence of gamma-background.
To get only one quasi-mono-energetic neutron line it
is possible to use the two ways: 1) to take so thick
layer of this material that only neutrons, correspond-
ing to the most deep interference minimum, would
be able to pass through it; 2) to use additional mate-
rials, for which resonance maxima in their total neu-
tron cross sections coincide with interference min-
ima for filter material, with the exception of the
most deep interference minimum energy. To have
high intensity of filtered neutron line, the second
way is preferable.

The wide set of natural elements and high-pure
isotopes are used as components for neutron filters
in neutron physics department (NPD) at Kyiv re-
search reactor.

HIOPTYHUK - 2009

Natural elements: Si, Al, V, Sc, S, Mn, Fe, Ti,
Mg, Co, Ce, Cr, Rh, Cu, B, Cd, LiF.

High-pure isotopes: “>Cr (99.3 %), **Fe (99.92 %),
*%Fe (99.5 %), "Fe (99.1 %), ¥Ni (99.3 %),
ONi (92.8 % - 99.8 %), “Ni (98.04 %), *’Se (99.2 %),
1B (85 %), "Li (90 %).
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Neutron filters used in the NPD
for fundamental investigations.

Availability of such wide set of materials, espe-
cially high-pure isotopes, allowed to create the
unique set of neutron filters. The wide set of filter
materials also allows us to modify filter parameters
(purity, intensity, width, etc.) subject to the given
research task. As a result of this activity, characteris-
tics of the whole series of neutron filters were im-
proved and today these filters are used for funda-
mental investigations, carried out in the NPD. Their
energies and comparative intensities are shown in
Figure. Energy region, which they cover, is from
thermal energy (this filter is not presented in Figure)
to 149 keV. Through expensiveness of high-pure
isotopes, the natural elements or high-pure isotopes
available in NPD are usually considered as compo-
nents of new or improved filters. New filter 7.5 keV
was developed; its main component is copper. An-
other filter is developing now in the NPD — the
275 keV filter. Main component of this filter is
manganese. Energies of these filters are shown in
Figure by vertical arrows. These neutron filtered
lines (the intensity each of them may reach 10°-
10® n/(cm® - s) provide for opportunity of the neutron
cross section measurements in the energy range from
thermal energy to several hundreds kilo-electron
volts with high accuracy: o,y < 1 %; 6o < 3 — 4 %;
do/dQ <5 - 6 %; 6,y <3 -5 %.
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GENERATION OF NUCLEAR DATA CONSTANTS FOR DIFFERENT CALCULATIONS

0. Gritzay, O. Kalchenko

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

Ukrainian Nuclear Data Center (UKRNDC) was
established in 1996 as a subdivision within the De-
partment of Neutron Physics at the Institute for Nu-
clear Research of NAS of Ukraine, Kyiv, Ukraine.
Beginning 1998, UKRNDC is the member of the
Nuclear Reaction Data Centers Network under aus-
pices of the IAEA.

All directions of the activities of the UKRNDC
are presented at the Center's web-site
http://ukrndc.kinr.kiev.ua.

There is illustrated only part of our activity, con-
nected with the first direction — Nuclear data ser-
vices for users in Ukraine — generation of nuclear
data constants for different calculations, modelling
and simulations.

The computational capabilities of the Center are
grounded on the use of the wide and modern infor-
mation base, of the verificated and licensed com-
puter codes, of the modern and high-speed com-
puters, and of the highly skilled staff. Some of these
abilities are detailed below.

Modern ENDF libraries, first of all the general
purpose libraries, such as ENDF/B-7.0, -6.8, JEFF-
3.1.1, JENDL-3.3, etc. These databases contain rec-
ommended, evaluated cross sections, spectra, angu-
lar distributions, fission product yields, photo-atomic
and thermal scattering law data, with emphasis on
neutron induced reactions.

Codes for processing these data, updated to the
last versions of ENDF and other libraries. First of all
these are PREPRO 2007 package (Updated March
17, 2007) and NJOY package updated to versions
NJOY-158 and NJOY-253 (in 2009). These codes
may give the possibilities to produce the multi-group
data for needed spectrum of interacting particles
(neutrons, protons, gammas) and temperatures.

Computer base of several specialized server sta-
tions, such as ESCALA-S120 (analogous to
IBM-240 with RISC 6000 processor) operating un-

der OS UNIX (version AIX 5.1) and IBM PC ope-
rating under OS Linux Red Hat 7.2.

The set of PC computers joined in UKRNDC net-
work, operating mainly in OS Windows XP and
connected with mentioned server stations. Some
works, namely with the use of PREPRO 2007 pack-
age, may be fulfilled only at these PCs, while more
complicated calculations to generate the point-wise
group data or the data for MCNP package in ACE
format need to use the work of our server stations.

Qualified staff of specialists with experience of
nuclear data work for many years and training in
RSICC, IAEA NDS and other centers.

For demonstration, there is given an example of the
last generation session, fulfilled under request of The-
ory of Nuclear Reactor Department of our Institute for
calculations of the Travelling-Wave Reactor (TWR).
The requested task consisted in the following.

It is necessary to calculate:

the averaged on fast reactor neutron spectrum;

one group cross sections

for (n, 1), (n, y) and (n, 2n) reactions;

for nuclides: 238,239U’ 239Np, 239’240’241’242Pu, 241Am;

at the temperature 500 K.

The energy boundaries have to be from thermal en-
ergy to 10 MeV. Information has to be prepared using
all the last updated general purpose data libraries.

For these calculations it was chosen the men-
tioned code package PREPRO 2007, using the codes
LINEAR, RECENT, SIGMA1l, GROUPIE, and
ENDF libraries ENDF/B-6.8, 7.0, JEFF-3.1,
JENDL-3.3. Calculations were done at the IBM PC
under OS Windows XP. For illustration, the results
for (n, y) reaction are presented in Table.

With this way all other results were received and
put into further calculation work with TWR model-
ling. Generation of more complicated data, namely
for MCNP code, or other codes using pointwise or
multigroup data, need much more complicated code

NJOY and computer with RISC 6000 processor.

The group cross sections for (n, y) reaction (in barn), averaged on fast reactor neutron spectrum

Library/Nuclide 28y 2y “Np %py opy #lpy 2py T Am
ENDF/B-6.8 | 1.79878 - 3.81483 | 1.42146 | 6.69106 | 1.24829 | 2.54260 | 3.90023
ENDF/B-7.0 | 1.78353 | 1.83843 | 3.81483 | 1.42146 | 6.69106 | 1.26101 | 2.54260 |4.039419
JEFF-3.1 1.78184 - 3.81483 | 1.43080 | 6.66667 | 1.29569 | 2.36861 | 4.159853
JENDL-3.3 1.79765 - 3.80022 | 1.44120 | 6.72859 | 1.28300 | 2.33918 | 4.08114
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CENTRALIZED EXTRACTION GENERATOR FOR RADIOPHARMACEUTICAL
#"TC - PERTECHNETATE PRODUCTION ON RESEARCH REACTOR WWR-M

P. M. Vorona, V. M. Shevel

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

#MTc-pertechnetate (solution of Na”™TcO,) is

one of the most required radiopharmaceuticals
(RPC) in the present-day nuclear medicine. Up to
90 % of all diagnostic procedures in the world clin-
ics are performed with its application.

The developed at INR NAS of Ukraine technol-
ogy cycle of RPC production is based on the chain
of transmutations: **Mo(n, y)”’Mo— *™Tc. On the
reactor WWR-M as an alternative to the conven-
tional mobile sorption-type generators the technique
of RPC production on the basis of the stationary
generator mounted in the reactor hot cells is being
introduced. For RPC production the most useable
circuit of the centralized extraction generator (CEG)
is chosen, methylethylketone (MEK) being applied
as an extragent. Extraction of *’Tc-pertechnetate
with methylethylketone is realized from the solution
“Mo — *™Tc with the following evaporation of
MEK and dissolution of the dry residual with 0,9%
solution of NaCl.

For the practical realization of the RPC produc-
tion the special processing line for the successive
performing all the stages of the cycle on WWR-M
reactor is created [1]. The procedures associated
with the preparation of targets and inactive reagents
are performed in special laboratories of the reactor.
Target irradiation (reactor section) is realized in the
vertical experimental channels of the reactor core.
Irradiated target reprocessing (radioisotope section)
is carried out on the technological equipment in-
stalled in the reactor “hot” cells (HC). In HC #1 the
setup for opening the irradiated block-containers and
other technological arrangements for remote han-
dling the radioactive substances are mounted. The
main equipment for extraction **Tc-pertechnetate
(extraction column, evaporator, cooler, electromag-
netic valve, etc.) and the detector of the radiometric
device for **T¢ activity measuring in the evaporator
are installed in the protective box of HC # 2 .The
complementary equipment providing the transport of
liquids and operation of all the system (micropump,
thermostat, power supply of electromagnetic valves,
control panel for the complementary equipment) is
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installed in the operator hall (outside the box) to
simplify the maintenance. RPC packing and sterili-
zation section is also mounted in the operator hall in
the separate glove box. Bactericidal lamp and pack-
aging unit are in the box.

Sterilization of the obtained solution is realized
by bacterial filtering in aseptic conditions using
membrane filters. The solution is packed into curled
sterile vacuum vials for medical applications with
special injector.

The test lot of *"Tc-pertechnetate is produced.
Preparation (Na’’mTcO, solution in 5 ml curled ster-
ile vacuum vials with the activity of 96.0 MBq) was
pre-clinically investigated on animals at the Institute
of Oncology of AMS of Ukraine. The results of in-
vestigations showed the consistency of the prepara-
tion characteristics with the requirements of the
normative document for medical preparations [2].

Such a CEG is planned to provide medical insti-
tutions (clinics) of Kyiv and adjacent areas with
RPC. It’s important that in this case all the associ-
ated highly active wastes remain on the reactor hav-
ing the special-purpose technical base for their con-
tainment and burial. This exempts the users of the
radionuclide products from the problems associated
with the storage of the residual activity after the us-
age of the sorption generator and additional costs for
the delivery of the worked out generator back to the
producer. It’s also essential that unutilized molybde-
num from the irradiated target is on the reactor. That
allows regenerating it from the used solutions for the
next irradiations. The procedure of regeneration
permits to decrease essentially the price of the end
product especially using enriched molybdenum (up
to 98.5 % by **Mo) for producing targets.

The work is supported by the grant of USTC,
project No. Uz-25.

1. P.M. Vorona, Proc. of Sci. Conf. “40 Years of Neu-
tron Research on WWR-M Reactor” (Kyiv, 2000),
48.

2. 0.l Solodyanikova, N.P. Atamanyuk, V.P. Levchen-
ko et al., Ukr. Radiological Mag., XV, issue 3, 315
(2007).
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NUCLEAR BURNING WAVE REACTOR:
A NEW APPROACH TO PHYSICS OF OPERATION

V. M. Pavlovych', V. M. Khotyayintsev’, O. M. Khotyayintseva'

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
Taras Shevchenko National University of Kyiv, Kyiv

The purpose is basic understanding of a station-
ary nuclear burning wave (NBW) as a macroscopic
physical process. Nuclear burning wave reactor
(NBWR) is a fast reactor in which nuclear burning
propagates as a wave. We study the key elements
and links in the system, their connection with the
properties of the stationary wave and the characteris-
tic features of the system behaviour. Altogether they
uncover a deep difference between NBWR and con-
ventional fast reactor at a macroscopic level.

At first we have developed a general analytical
theory and obtained the results of general character
and then applied it to a series of NBWR models thus
showing how general rules reveal themselves. Thus
we demonstrate the efficiency of the proposed theo-
retical approach and the effect of specific features of
each model. One-group neutron diffusion equation
and kinetic equations for nuclei densities we have
applied to a plane wave in an infinite reactor. We
have obtained the diffusion equation for fluence and
shown that dimensionless wave velocity W is always
small at realistic power densities thus enabling the
perturbation approach. In contrast to a single criti-
cality condition for conventional reactors, there are
two balance conditions of the integral type in
NBWR. They determine the velocity and final flu-
ence of a stationary wave. Wave velocity and reactor
power can be regulated within a wide range by the
variation of the density of the absorber specially in-
troduced into the reactor set-up.

Numerical solution complements and confirms
the analytical results. The calculational results pre-
sented in Figure show that the velocity characteristic
remains very close to a linear one up to the theoreti-
cally possible minimum value p = 0 of effective ab-
sorber concentration p. It means that the perturbation
approach works perfectly within the whole range of
concentrations p. In contrast to Feoktistov’s model
[1], no infinite growth of the velocity is possible.
The W value remains less than unity and maximum
value of the wave velocity exists which cannot be
exceeded. It’s achieved at the minimum value of p
which is non zero in practice and is determined by
the limits of reactor composition and dimensions.
The greatest impression, however, is made by the

result of including of the **’Np burn out into consid-
eration. Velocity characteristic angular coefficient
falls more than by a factor of five. Correspondingly,
velocity also decreases in the same proportion at a
given effective absorber density, since the value of
Do is not effected in accordance with the perturbation
theory. Therefore, not only for the models consid-
ered, but in general, the wave velocity in NBWR
can’t be calculated adequately if the intermediate
nuclide burn out is not taken into account.
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Velocity characteristics of NBWR:
for curve 1 ***Np burnout isn’t taken into account;
for curve 2 it is taken into account.

Analysis of different NBWR models shows that
the criticality concept alone fails to explain the
changes of the wave parameters. The intermediate
nuclide burn out, being negligible in conventional
fast reactors, is of key importance in the formation
of the wave velocity in NBWR, at least for the U —
Pu cycle. These results clearly indicate that macro-
scopic physics of operation for NBW- based reactors
substantially differs from the one for conventional
fast reactors. Thus, theoretical basis for this new
class of fast reactors should be reformulated and
thoroughly taken into account.

1. L.P. Feoktistov, Dokl. Acad. Nauk SSSR 309, 864
(1989) (in Russian).
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TRAVELING-WAVE REACTOR: VELOCITY FORMATION MECHANISMS

V. M. Khotyayintsev', V. M. Pavlovych?, O. M. Khotyayintseva’

"Taras Shevchenko National University of Kyiv, Kyiv
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Traveling-wave reactor (TWR), or nuclear burn-
ing wave reactor, is a fast reactor in which breeding
and fission propagate as a nuclear burning wave
(NBW). At present TWRs are considered as a
central element of engineering solutions aiming to
provide the energy needs of humanity for many
centuries with nuclear fission reactor-derived
electricity [1]. At the same time the mechanisms of
velocity formation largely remain unclear.

In practice the velocity of the wave is limited by
the level of heat power density. If, for example, we
take for TWR the parameters of «Super-Phoenix»
reactor (thermal power 3 GW, volume fraction of
fuel 0.366 and wave front diameter 370 cm) and the
fraction of the nuclei which have passed through
fission 0.6, then the wave velocity u will be
6,3 cm/year. At diffusion length L = 20 cm we
obtain full time of wave passing about 20 years ac-
cording to our calculations. It means that f-decay of
*'Pu with the characteristic time 7, =20.6 years
becomes essential. The corresponding dimensionless
wave velocity W =7,u/L will be 0.004 (the charac-
teristic time of -decay of *’Np 7, = 3.4 days).

Velocity characteristics presented in Figure were

calculated numerically without (curve /) and with
(curve 2) accounting for -decay of **'Pu.
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Velocity characteristics of NBWR: for curve / f-decay of
#1py is negligible; for curve 2 it is taken into account.

For the curve 2 a turning point with coordinates
(p*, W')=(0.744, 0.004) and a lover branch of
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stationary solutions appear. The slope of the lower
branch is positive, i. e. higher absorber concentration
leads to higher velocity.

This striking result can be explained qualitatively
within the framework of analytical perturbation the-
ory of a low velocity stationary NBW developed in
our previous works. It is related to the fact that at
super low velocities about W* and less fissile
nuclide **'Pu is substituted by the nuclide **' Am, in
fact. The lower branch is well described by the
dependence of the form

_ po_p(;
p pO 1+W/VV1,

where W, is the best fit parameter while p, and p,

are calculated theoretically. Thus, velocity formation
crossover occurs: fissile nuclide **'Pu becomes a
low-concentration intermediate nuclide between
Py and **'Am. This new intermediate nuclide
gives main contribution to velocity formation at su-
per low velocities instead of ***Np.

The most important question of stability of
stationary solutions corresponding to the lower
branch remains open. Admittedly, they are unstable.
In such a case W' is a lower margin of possible
wave velocities. Stationary NBW collapses at
W =W and exists only at W >W" . If the lower
branch is stable, it means bistability of NBW, i. e.
faster and slower waves may exist in the same reac-
tor depending on initial conditions. Since **°U is sta-
ble, for thorium cycle there is no lower branch and
velocity characteristic should look like the curve 7 in
Figure.

The phenomenon of velocity formation crossover
means significant difference in feasibility of
uranium and thorium cycles at TWR. It is of great
importance regardless of stability or instability of the
stationary solutions belonging to the lower branch of
velocity characteristic since the crossover occurs at
the region of velocities corresponding to nominal
density of energy release of the reactor.

1. R. Hyde, M. Ishikawa, N. Myhrvold et al., Prog. Nucl.
Energy 50, 82 (2008).
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KEPYBAHHS ITAPAMETPAMM XBUWJII AAEPHOI'O I'OPIHHA

0. M. XOTH'iHueBal, B. M. HaBJ'IOBI/I‘ll, B. M. XOTs['l'HueB2
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Tnemumym adeprux docnioncens HAH Yxpainu, Kuis
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Kuiscoxuii nayionanvruii ynieepcumem imeni Tapaca Lllesyenxa, Kuis

[opiBHsIHO 31 3BMYAWHUMH IIBHIKAMH peakx-
TOpaMH peakTop Ha XBWJI simepHOro ropinas (XAI)
Ma€ BaXKJIMBI IepeBaru, mpore i Horo peasizarii
HeoOXinHO 3a0e3MeYnT NPUUHATHI 3 MPAKTUYHOL
TOYKH 30py MapaMeTph XBWJI, 30KpeMa JO0CTaTHbhO
HU3bKY ii HMIBHJIKICTh, IO 3a0€3MeYyBaTUME JOIMYC-
TUMHH DiBEHb IOTYKHOCTI Ta TYCTHHH €HEpPro-
BUIieHHs B onwHMII0 dYacy. llle omne mmranHs
NOKH 1[0 He Mae BUpIilIeHHS: npoxomxeHHs XA
MIPU3BOIUTHh A0 IIMOOKOTO BHUTOPSHHS mNaynuBa (0
60 %), a xiHIEeBUH (IIIOCHC MOCITa€E 3HAYEHB, STKAX
ICHyIO4l KOHCTPYKLIHHI MaTepiaqd He MOXYTb
BUTPHUMATH. 3arajioM IOCTae NpodiemMa KepyBaHHS
napamerpamu XAI': SKUM YHUHOM, 332 PaxXyHOK SKHUX
YMHHUKIB 1 B IKUX MEXaX MOXKHa 3MIHIOBaTH mMapa-
Metpu XAI' 1 mocsart NMpUAHATHUX 9M ONTHMAIb-
HUX 1X 3HAYECHB.

VY po6oTi Ha3BaHO Psil TAKUX YUHHUKIB Ta MpPO-
aHaJi30BaHO IXHiH BIUIMB HA BIIACTHUBOCTI XBWJI Ha
OCHOBI OmHOBHUMIipHOI AudYy3iitHOI Mozjem HeoOMe-
JKEHOTO M0 JOBXKMHI peakropa B OTHOTPYNOBOMY
HaOMIDKEHHI 3 ypaxyBaHHSM pEallbHOTO JIAHIIIOTa
MepeTBOpPEeHb HYKMiAiB. Po3paxyHKH NpOBOIMIUCH
SK aHATITUYHO, TaK 1 YUCEIIbHUM IHTErPyBaHHSIM
KpalioBoi 3a/adi Ha cramioHapHy XBHIIO. OCHOBOIO
JUTSL TIPOBEICHOTO B POOOTI aHai3y CIYKUTh PO3-
BUHEHAa HaMH paHillle aHaTiTHYHa Teopis cTalio-
HapHOi1 XSI" Manoi mBUAKOCTI, sIKa 1a€e SKiCHE PO3y-
MIHHSI TIPOIIECIB, IO B CYKYIHOCTI 3a0e3Me4yoTh
(dopMyBaHHS CTaLiOHAPHOI XBUJIi, 8 TAKOXX KOHKPET-
HUX MEXaHi3MiB, M0 BH3HAYaIOTh NEBHY i
HIBUJKICTh. 3B’A30K MK KEPYIOUUMH NapaMeTpamu
CHUCTEMH Ta mapaMeTpamu cramioHapHoi XSI, a
caMe INBHIAKICTIO Ta KIHICBUM  (DIIIOCHCOM,
BU3HAYAETHCS 3 JIBOX HE3aJIEKHUX OaJaHCHUX YMOB
piBHOBaru B cTallioOHapHiN XBUIIL.

[TokazaHo, 110 KEPYIOUUM MapaMeTPOM, SIKUM Jjae
MOKJIMBICTh 3MiHIOBaTH IIBHAKICTE XSII, a oTxke, i
MOTYXKHICTh peakTopa, € e(eKTHBHA KOHIIEPHTPAITis
CTOPOHHBOTO TMOTMHMHAYa. Ha mpakTwili 3HaueHHS
LBOTO MapaMeTpa MOXHa 30UIbIIYBAaTH IUIIXOM
BKJIFOYEHHS JI0 CKJIaJy peakTopa MEeBHOI IO sep,
0 HEe Hajlexarb [0 JIaHIora IepeTBOPEHb
CHUPOBHMHHOTO HYKJIi/ia, aje MOMIMHAIOTh HEUTPOHH.
Y Mexax KOHIENIii MomepeyHoro OakiiHry (muis
peakTopa HUIIHAPUIHOI reoMeTpii) 301IbIeHHS 0i4-

HOTO BHUTOKY HEHTPOHIB € EKBIBaJICHTHUM 301JIb-
HICHHIO KOHIIEHTpAIil MOIMHaYa, 10 He BUTOpse. Y
PO3TIISIHYTIH MO 3HA4YeHHS IIBUIKOCTI XBHII
3MEHIIIYETHCS 31 3pOCTAaHHSIM KOHIICHTPAIII] TOTIIIHA-
Ya MpaKTHUYHO JIiHIHHO. Y pe3yasTari B o0nacti ma-
JUX IIBHIKOCTEH MOXKHA 3MIHIOBAaTH INBHIKICTH Y
JECSTKH pa3iB 3a PaxyHOK Majoi 3MIHM KOHIIEPH-
Tpamii noruHada. J[Js HEeBUTOPSAIOYOro MOTJIMHAYA
KiHIeBui (roeHc crmabko 3pocTae 3i MIBUAKICTIO
XBUJI.

JlochimkeHo TakoK BIUIMB Ha XapaKTEPUCTUKU
XBWI e(eKTy HaCWYeHHS CTOPOHHBOTO MOIJIMHAYA.
IToka3zaHo, 1110 OUIBIII MIBUAKE BUTOPSHHS MOITMHAYA
NPU3BOIUTD 10 30UIbIIEHHS KiHIeBoro ¢uitoeHca (y
Mexax 18 % st peakTopa 3 ypaHOBHM LIUKIIOM).

BusiBieno, mo KiHmeBud (roeHC MoOXe OyTH
3MEHIICHUH, TIPUUOMY CYTTEBO, 32 PaxyHOK 30ara-
YEHHSI I0YaTKOBOTO CKIIAAy MalliBa HYKIiJaMH, 0
IsThCst. PesynbraT po3paxyHKiB HaBeIeHO B Tal-
JIUILI.

3asexkHicTh KiHIEBOTO ()JII0eHca Bill MOYATKOBOI
KOHUEHTpauii HyKJiAiB, 0 AiNATbCA

Binnocna mo- | Kinnesuit ¢uiro- | Kinneswuit iro-
YaTKOBa KOH- €HC y BHIIAJIKY €HC y BHIIAJKY
uentpauis | U (x3,3-10** | #Pu(x3,3 - 10*
30U a6o *°Pu HelTpoH/cM?) HeHTpon/cM°)
0,01 1,046 1,074
0,02 1,019 0,966
0,03 0,962 0,883
0,04 0,901 0,800
0,05 0,836 0,712
0,06 0,765 0,625
0,07 0,684 0,527

[Tpu npoMy 00MacTb iCHyBaHHs XBHIII 32 KOHIIe-
HTPALI€I0 MOTJIMHAYA 3HAYHO PO3IIUPIOETHCS, a Hal-
MCHINTUH KIiHIEBUH (IIIOCHC CIIOCTEPIraeThCs IS
HEBUTOPSIOUOro morinHavya. HaeiTe momipHe BUTO-
PSIHHS TTOTJIMHAYa TPU3BOAUTE 10 Pi3KOTO 3pOCTaH-
Hsl KIHIIEBOTO (IIr0eHca Maiike 10 3HaYeHb, 110 CII0-
CTEpIraroThCs 3a BiICYyTHOCTI 30araueHHsI.

[Toka3zano, mo B cepeloBHIII, sSKE BIANOBiAAE 3a
CKJIaJIOM BiJIpallbOBAHOMY PEaKTOPHOMY IaJIHBY,
crarionapaa XSI' Takox MOXKe iCHYBaTH.
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ONTUMI3ZALIA 'ETEPOTEHHOI EJEKTPOSJAEPHOI CUCTEMHU

B. O. Ba6enko', B. L. I'yxnix’, B. M. IlaBiosuy’

11Hcmumym meopemuunoi gizuxu im. bocomobosa HAH Yrpainu, Kuis
2 Inemumym soepnux docnioscens HAH Vipainu, Kuis

B ocraHHI &1Ba NECATHIIITTS aKTHBHO pPO3BHBa-
IOTBCS TIEPCIICKTHBHI SIACPHI CUCTEMH, SIKi y CBOIH
pOOOTi BUKOPHCTOBYIOTh MiIKPUTHYHY aKTUBHY 30-
Hy Ta 30BHIITHE JHKEPEIO HEUTPOHIB (MMPHUCKOPIOBAY,
HelTpoHHM reHepaTop Tomio) [1]. Taki cucremu B
POCIHiCBKOMOBHIH JTiTEpaTypi HA3UBAIOTHCA EIEKTPO-
SIIEpHUMH, a B aHTIOMOBHiN — ADS (Accelerator
Driven Systems). OCHOBHI IepeBars TaKUX CHCTEM
y TOMY, L0 BOHHU NPaUOOTh Y HiAKPUTHUIHOMY pe-
KM, a 3HAYUTh, PEXKUM IXHBOI pOOOTH MPAKTHIHO
abcomoTHO Oe3meuynnii. Takok y Takux cucTeMax
MOJKJIMBO BHKOPHCTOBYBATH Pi3HI BHIM SAEPHOTO
MaJnBa, TPAHCMYTYBaTH PaJiOaKTUBHI Biaxomu (I1o0-
BrOKHBYYi MPOAYKTH TOAILTY Ta MiHOPHI aKTHHIIH)
Ta BHUKOPHUCTOBYBATH TaKi CHCTEMH AJISl HAKOMHYY-
BaHH SAEPHOTO MauBa IJIsi CHEPreTUYHUX PEaKTo-
piB (TUTYTOHIEBUH Ta TOPIEBUI MAIMBHI [UKIIH).

[parroroun Haj CTBOPEHHSIM TPOEKTY JOCIITHU-
UBKOTO MiJKPUTHYHOTO SIACPHOTO peakTopa, HeoO-
XIJTHO BHUPIIIUTH ABI OCHOBHI 3aJadi: ONTHUMI3AIiIO
MiAKPUTHYHOT aKTUBHOT 30HM Ta BUOIp 30BHILIHBOTO
JoKepesia HEUTPOHiB.

Bimomo, mo migKpUTHYHA aKTUBHA 30HA 3/1aTHA
MOCWIIIOBATH HEUTPOHHUI MOTIK BiJl 30BHILIIHBOTO
Jokepena. Y poOoti [2] moka3aHo, 1O JBOX30HHA
CHCTEMA, fKa CKIAJaeTbCA 3 IIBUAKOI Ta TEILIOBOI
30H, 1€ OiIbIlE MMOCUIIOE HEWTPOHHUH IOTIK, HIXK
OJTHO30HHA MiIKPUTUYHA CHCTEMA.

VY nomnepeanix podorax HaMu OyJI0 MPOMOAEITHO-
BAaHO P TOMOT€HHHMX MIAKPUTUYHHMX CHCTEM, ILO
MaJIi Pi3Hi TEOMETPUYHI Ta MaTepiajbHi XapaKTepu-
ctuku [3]. Y pe3ynbTari mporo Oyio mokaszaHo, 1o
HaWOIBIII ONTHMANBbHI XapaKTEPUCTUKH Ma€ JIBO-
30HHA CHUCTEMa, SIKa CKJIAJA€ThCA 3 IIBUAKOI 30HH
(36arauenns no U 1o 20 %) Ta TEmIOBOi 30HH
(36aragenns o ~>°U 4 %).

VY nmaniii poOOTi MPOBENEHO MOJETIOBAHHS TeTe-
POTEHHHUX WIAKPUTHYHUX cucTeM. CHCTEeMH Mald
IIBl BiJIOKpEMJICH] 30HHU - IIBUIAKY Ta TemwioBy. [lpu
MOJICJIIOBaHHI BUKOPHCTOBYBAJIUCH T€OMETPIsl CTaH-
nmaptHuX TBeniB peakropa BBEP-1000. ¥V mBumkin
30HI BHKOPHCTOBYBAaBCS T'a30BUIl TEIUIOHOCIH, a B
TEIUIOBI — BOJHUHA. Y pe3yibTaTi pO3paxyHKiB Oy-
TU 3HAWJIeH] ONTHMalbHI TeOMETpUYHI Ta Marepia-
JIbHI XapaKTEePUCTHKH ITiIKPUTUIHOI aKTHBHOI 30HHU.
Ha ocHoBi mux pe3ynbrariB OyJjio 3ampolOHOBAHO
CHPOIIEHY MOJIENb MiAKPUTHYHOI 30HHU, 300paxeHy
Ha PUCYHKY.
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Tereporenda niggpurnyana sdipka

DeHTpaviHg TPy Gea,
\

||Ten:mn:| ELTE]

Ofianonka 1 J{
HEpERRi 001
crani 7

T BepHiicRHi
:Pmm-(

IRk 30H

CrporieHa cxemMa JBOX30HHOT MIAKPUTHYHOT 301 pKH.

Ha npoMy pucyHKy MoKa3aHO MOZAEb ABO30OHHOT
MiAKpUTHYHOT 301pKH, Ha SKIH y LEHTPi 300pakeHo
HEHTPAIbHY TPYOKY, A€ TOTIK 3apsKeHHUX YacTH-
HOK pYXa€eThcs 3BEpPXy BHHU3, TIOKH HE TOINAJIae Ha
MIIICHb, Ji¢ BiAOYBAEThCS SJCPHA PEAKI[is 3 BUHUK-
HEHHSIM HEUTpOHiB. MillleHs 3HAXOAUTHCS HA MiTHIN
MiZICTaBII, 110 OXOJOUKYEThCs Bomoro. I1IBuaka 30-
Ha, 110 OTOYYE ICHTPAJIbHYy TPyOKY, pPO3MilllcHa B
Oaxy 3 HepkaBitouoi crami. [lIBuaka 30Ha HaOpaHa 3
TBeNiB peakropa BBEP-1000, mo oxomoKyroThCs
refieBUM TerjIoHocieM. TermoBa 30Ha OTOYY€ IIBU-
JIKy, BOHa Takox HaOpaHa 3 tBeniB BBEP-1000, ane
OXOJIOJKYEThCS TEIJIOHOCiEM 3 Jerkoi Bomu. llo
NEepUMETPY aKTUBHOI 30HW PO3TAIIOBAaHO Oepullie-
BHH BigOuBauy.

Y OUIBIIOCTI MOCIHIIKYBaHUX EJIEKTPOSIIEPHUX
CHCTEM 30BHIIIHIM JKEPEJIOM HEUTPOHIB € MPHUCKO-
pIoBau 3apsHKEHUX YaCTHHOK. AJie CTBOPEHHS Ta-
KOTO MPHUCKOPIOBaYa € JIOCHTh BAXKKOIO Ta HeJelle-
BOIO CIIPaBO0, TOMY SIK allbTEPHATUBY BUKOPUCTAH-
HSl TIPUCKOPIOBaYa MH BBa)KAEMO BHKOPHCTAHHS iH-
TEHCUBHHUX HEUTPOHHHX T'€HEPaTOPiB Ta YCTAaHOBOK
m1a3MoBoro dokyca [4].

1. Accelerator-driven Systems (ADS) and Fast Reactors
(FR) in Advanced Nuclear Fuel Cycles. OECD
Nuclear Energy Agency, Paris, France, 2002.

2. H.Daniel and Yu.V. Petrov, Nucl. Instr. & Meth.
A373, 131 (1996).

3. B.A. babenxo, B.1. I'yimuk u B.H. [1aBnoBu4, Anep-
Ha ¢i3zuka Ta eHepreruka 1(23), 56 (2008).

4. G. Voronin et al., Proc. of the EPAC94, June 27 -
July 1, 1994, London, 3, 2678.
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ABOI'PYIIOBE HABJIMKEHHA HPOLECIB PO3MHOXEHHS TA uPE€CTPAIIIi
HEUTPOHIB ¥ TEOPII HEUTPOHHHUX DJIYKTYAIIN

B. M. I1aBaoBu4, C. A. CTOpoKkeHKO

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Hdany poOoTy TPHUCBSIUEHO BJOCKOHAJICHHIO TEO-
PETUYHUX METOIiB 00pOOKH JUCKpETHOI iHpopmMarii
MIPU BUMIPIOBaHHI HEUTPOHHUX XapaKTEPUCTHUK TITH-
OOKOMIJKPUTHYHHUX SIIEPHUX CHCTEM, TOOTO BUMi-
proBaHHI (pIyKTyauili TYCTHHH TOTOKY HEHWTPOHIB
METOJlaMl HEWTpPOHHOI ImIyMoBOi miarHocTwkH. o
TaKMX CHCTEM HaJeKaTh PI3HI €MHOCTI Ha MiANPH-
€MCTBaxX SAEPHOTO LUKy, CXOBHIIA BiJNpaiboBa-
HOTO SIAEPHOTO MaJIMBA, HEKOHTPOJIbOBAHI CKYITYEH-
HS SiAepHOHE0E3NeYHNX MaTepiaiB.

MareMaTHYHUM amnapaTom, Mo Ja€ 3MOTy Hpolie-
CH PO3MHOXKEHHSI HEUTPOHIB B SIEPHUX MaTepianax,
€ Teopis BWIAIKOBHX TiTdacTmx mporeciB [1]. Ic-
HYIOUl BapiaHTH ILi€i Teopii He BPaxOBYIOTh AEKib-
Ka CYTTEBUX OCOOJHMBOCTEH MPOIECIB BHUIIPOMIiHIO-
BaHHsI HEUTPOHIB ITiJT 9aCc CIIOHTAHHOTO Ta BUMYIIIC-
HOT'O TIOJTy, MPOIECIB PO3MOBCIOKEHHS, TMOTIIHU-
HaHHS Ta peecTpalii HeWTPOHIB AETEKTOPOM. 3 UM
sIKpa3 TIOB’si3aHa HETOYHICTh BH3HAUCHHS TapaMeT-
piB TIIHOOKOMIIKPUTUYHUX CHCTEM 3 BHKOPUCTAH-
HSIM KjaacuuHux MmetoaiB Pocci, ®eiiumana ta Mo-
runpHepa [2], mo 3acHOBaHI Ha OJHOIIBHIIKICHIN
TOYKOBIH MOJIETIi peakTopa.

VY naHoMy AOCIHiZIKEHHI BpPaXxOBYETHCS HEIyaco-
HOBICTH JKepeTia HEHTPOHIB Ta CIIOBUTFHEHHS HEHT-
POHIB Ha OCHOBI ABOTPYNOBOi (MIBUIKI Ta MOBLIBHI
HEUTPOHM) MOJIeIII BUMAJIKOBUX T'UTYACTHX MPOLECIB
3 iMMirpariero [1], B IKiif BAKOPHCTOBYETHCS METO]T

TBipHUX (QYHKUIN Ui OTPUMaHHS PO3MOALUIIB IpO-
IeciB, 10 BHKJIMKAIOTh (Pi3WIHUI iHTEpec. 3 TOUKH
30py EKCIICPUMEHTY, LIKaBUMH € PO3IOALUIN HMOBI-
pHOCTEH BIJUTIKIB JETEKTOpa HEHUTPOHIB 3a JaHHHA
nmpoMikok dacy. [l orpumanHs TBipHOT (pyHKIIT
I[LOTO PO3MOJIIY HEOOXIIHO 3HATU TBIpHY (YHKIIiIO
JDKepera HEHTpOHIB Ta TBipHI (yHKUii po3monitiB
KUTBKOCTI HEUTPOHIB TEPIIOro Ta APYToro THITB Y
JaHu# MOMEHT 4acy. JInsi JBOX OCTaHHIX (QyHKILiH
Oyno OTpUMaHO Yy KBaJApPaTUYHOMY HaOJMKEHHI
[poIecy PO3MHOXKEHHS HEHTPOHIB CHUCTEMY ABOX
HEeNMHIMHNX AudepeHIiaIbHuX pPiBHSAHB, PO3B’SI30K
SIKOT JTO3BOJISIE 3HAWTH TBIpHY (DYHKIIO PO3MOALTY
KITBKOCTI BiIUTIKIB I€TEKTOpa, a 3HAYUTH, 1 IMOBIp-
HOCTI Ta IEHTPAIbHI MOMEHTH KiTBKOCTI BIMJIIKiB.
OTpumaHO BHpa3u AJs NEPIIMX TPHOX HEHTPAIbHUX
MOMEHTIB KUIBKOCTI Bi[UTIKIB Ta KOPENAIiMHUX Ta-
paMeTpiB IPyroro Ta TPeThoro mopsakis. Lli Bemm-
YMHU SBJSIOTH COOOIO TaHi PO HEWTPOHHI (QIIyKTY-
arii B ANEpHIA cucTeMi ¥ MOXYTh OyTH BH3HAYEHI
€KCIIEPUMEHTAIIBHO.

1. B.A. CeBactbstHOB, Bemsawuecs npoyeccol (M.: Hay-
Ka, 1971), 436 c.

2. P. Ypur, Cmamucmuueckue memooul 8 ¢usuxe s0ep-
Holx  peakmopos, mep. c¢ anra. A.U. Edanosa,
B.U. Ilymikapera, A.Il. CupoTkuHa, TOH  pex.
A.N. MormnsHepa (M.: Atomuznat, 1974), 400 c.
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JTAHAMHUKA BOJIbl MIOCJE KOHTAKTA C KPEMHUMCOJIEPKAILIAMHA
COEJUHEHUAMMN

T. B. KapMamnal, B. . CJIl/IceHKOZ, AL A. BacnaneBnqz, B. M. OmeibueHKo’

1 o«

Hnemumym xonnouonou xumuu u xumuu 600wt um. A.B. ymanckoeo HAH Ykpaunvi, Kues
2 o
Hucemumym sdepruix uccreoosanuii HAH Ykpaunol, Kues

ITo naHHBIM HEUTPOHHOCKONUU — CIEKTPOB KBa-
3UYIPYTrOr0 paccesHusl MEUICHHBIX HEUTPOHOB —
WCCIIEIOBAHO BIUSHUE HEKOTOPBIX KPEMHHUCOIEp-
JKaIIUX COCAMHEHUM Ha XapaKTEPUCTUKH NUHAMHUKHU
Boabl. PaccMoTpeno Bnusinue cunukarens KCK, as-
pocwia-175 u TPUPOAHOTO KPEMHHICOEPIKAIIETO
MHHEpaia Ha TUHAMUKY MOJIEKYJI BOJIBI.

ChexTpbl HEyHmpyroro M KBa3UyIpyroro pac-
CesTHVSI MEJICHHBIX HEHUTPOHOB OBUIM MOJy4YeHBI HA
MHOTOJICTEKTOPHOM HEHTPOHHOM CIIEKTPOMETpPE IO
BPEMEHH IIPOJIeTa, PACIOJIOKEHHOTO Ha SAEPHOM
peaxtope MM HAH Ykpaunbl. HauanbHas sHeprus
HeHTpoHOB coctaBuwia 13 MdB. Xapakrepuctuku
JUHAMUKHA MOJIEKYJ BOJBI PAaCCUMUTHIBAIUCH HA OC-
HOBE MOJICTTN ONMCAaHHOH B padoTax [1 - 3].

Kpemuuiiconepxaliee COeMHEHUE COCTOUT U3
oKcuaa KpemHus, 95 mac. %, OKCUIOB KabIus, Ha-
TpUSl, ATIOMUHUS, KOHIEHTPALUS KaXA0r0 U3 KOTO-
peix He npesbimaer 0,5 mac. %. Ilepen uccnenosa-

HUSIMH MHHepan o0pa0oTaH pPacTBOPOM COJISIHOM
KHCJIOTBI, OTMBIT, BBICYIIIEH, M3MenbueH. CIIeKTpHI
M3MEPSUTUCH CIYCTS 24 9 MOCIe OTACICHUS TBEPIOi
¢dasbl ot kunakoit. IlorpemHocTs onpeaeneHus xa-
pakTepuctuk He Oonee 8 %. B Tabmure mpuBeaeHsI:
001 KO3hGUIUEHT JUHAMUKKM D, BKJIaabl B HErO
OT OJIHOYACTUYHBIX Dy M KOJUIEKTUBHBIX JIBHKEHUI
Dy, Bpemsi )KM3HH MOJIEKYJ B KOJeOaTeIIbHOM CO-
CTOSTHUW BOKPYT LEHTPa paBHOBECHS Ty.

Panee [1] 6pUT0 yCTaHOBIEHO, UTO TUHAMHUKA BO-
JTbI TIOCJIE KOHTAKTa C CHIIMKAreJieM HE H3MCHSICTCS B
TaKHX JK€ YCIOBHAX IMPOBEICHUS IKCIIEPUMEHTOB.

AHanu3 pe3yNbTaTOB WCCIETOBAHUMA ITO3BOJIHI
YCTaHOBUTH, YTO a3pPOCHJI MOYTH HE BJIMSET Ha CO-
OTHOIIIGHHWE MEXIY CBSA3aHHBIMH W CBOOOIHBIMHU
MOJIEKyJIaMd BOIbI B €€ oObeMe, a KpEeMHHA-
coJiep Kaluii MUHEpaJl CYIIECTBEHHO BIUICT Ha JTU-
HAMUKY BOJIBIL.

XapaKTepHCTHKH JMHAMUKH BO/AbI M BOJBI NOCJIe ee KOHTAKTA
€ 2aIPOCHIIOM U KpeMHHIicogep:xkamuM munepaaom H,O(*)

Cucrema D-107, mc" | D;- 107, mc’! Dy 107, m%c”! D/D 7. 1012, ¢ 1, am
H,O 2,23 0,46 1,77 3,8 2,80 -
Bopa : aspocunlO : 1 1,64 0,39 1,25 32 0,20 0,039
Boga : aspocun 1 : 1 1,82 0,54 1,27 2.3 0,19 0,038
H,O(*) 1,91 1,91 0 - B _
1. JLA. bynasin, T.B.Kapmazina, B.B.Kmenko wu 3. T.B.Kapmasuna, B.1. Cnucenko, A.A. BacunpkeBud

B.I. Cnicenko Heiimponha cnekmpocKonisi KOHOEHCO-
sanux cepedosuwy (Axkanemmepiosanka, K., 2005).

2. B.U. Ciucenko, IL.I". UBannukuii, T.B. Kapmazuna u
np., Ipenpunm KHAH-93-13 (In-T snepHuX moci.
HAH VYxkpainu, 1993).

U ap., XuMmusg U TexHosnorus Bonbl 24, Ne 2. 109
(2002).

DYNAMICS OF WATER UNDER COAL SORBENTS

T. V. Karmazina', A. A. Vasilkevich?, V. L. Slisenko’, V. M. Omelchenko'

!Institute of Colloid and Water Chemistry, , National Academy of Sciences of Ukraine, Kyiv
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Effect of the carbon coal sorbents used to the
practice for the water purification from organic
compounds, on water dynamics has been considered.
Characteristics of water dynamics have been ob-
tained by neutron spectroscopy according to quasie-
lastic slow neutron scattering spectra (QSNS).
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This paper deals with the investigations of the ef-
fect of the porous carbon sorbents filtrosorbs
F-400 and AG-3 on the water dynamics.

It is known that filtrosorb F-400 has better deve-
loped porous structure than activated carbon coal sor-
bents AG-3. The water dynamics characteristics do not
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change during 24 hours after separating water from
nonporous coal sorbent (graphite carbon black) [1].

To obtain experimental data, sorbent was shacked
with water during 40 hours that particularly corre-
spond to adsorption experiments. Then the liquid
phase separated from solid phase and after 24 hours
the QSNS spectra have been obtained by multidetec-
tor spectrometer at times flight VVR-M nuclear re-
actor at Institute for Nuclear Research of NAS of
Ukraine.

The characteristics of water dynamics were cal-
culated according to models for the interpretation of
QSNS data [1]. Results of the investigations testify
that water characteristics changes after contact to
porous sorbents unlike a nonporous sorbent. The
characteristic of dynamics state of water are: total
coefficient of self diffusion D=2,23"10" m’™;
contribution of collective motions into total coeffi-
cient D;=0,46 10" m’s”; contribution of single-
particle motions into total coefficient D¢= 1,77 X

x 107 mzs'l; molecule lifetime of vibrational state at
the around the equilibrium center 7= 2,80 - 10™*s.

After the contact with activated carbon AG-3, to-
tal coefficient of diffusion and contribution to it of
collective motions changed a little: D = 2,20 X
x 10” m’s”and D;= 0,46 - 10” m’s™". Molecule life-
time of vibrational state at the around the equilib-
rium center o= 2,35 - 107'%s.

After contacting water with filtrosorb F-400 the
water dynamics characteristics changed rather:
D=2,66 10°m’s"; D= 0,45 10" m’s"; D=2,21X
x 10° m’s™; 15=2,01 - 10" s. Errors determination
of characteristics not exceed 8 %.

As a result of analysis of investigations, it has
been preliminary concluded that the porous carbon
coal sorbents unlike nonporous carbon sorbents, ef-
fects on water dynamics.

1. L.A.Bulavin, T.V.Karmazina, V.V.Klepko, and
V.1 Slisenko Neutron specroscopy of condenseded
medium (Academperiodica)

CONCENTRATION FEATURES OF DYNAMICS OF MOLECULES
OF A H,0-C;H,OH SOLUTIONS

L. A. Bulavin', V. L Slisenko®, A. A. Vasilkevich?, A.V. Kovalev'

'Department of Physics, Kyiv Taras Shevchenko National University, Kyiv
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

By optical researches of water-alcohol solutions
in addition to well known “normal” maximum, that
is observed in the middle value of concentration
(x~0.2 - 0.4), there was discovered anomalous ad-
dition peak of the integral intensity of light scatter-
ing in small concentration (x ~ 0.03 - 0.06). There
are different theoretical works that describe parent-
age of this anomaly. In particular most widespread
from them is supposition about penetration of mole-
cules of alcohol in net of hydrogen connections of
water, that doesn’t cause violation of its structure.
But this approach does not explain all details of this
phenomenon.
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Concentration dependence of the self-diffusion coefficient
of D solutions H,O-C;H,OH
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The purpose of this work was research of dynam-
ics of molecules in n-propanol-water solutions by
quasi-elastic neutron scattering. Solutions were ex-
plored in the area of concentrations x ~ 0 + 0.4 and x
= 1. An experiment was carried out on a multidetec-
tor time-of-flight spectrometer. Energy of falling
neutrons was equal 13.2 meV. Measuring of neutron
spectrums was conducted in the interval of angles 25
- 101° and temperature of sample was 281 K. The
parameters of diffusion settled accounts within the
framework of model of Oskotsky - Ivanov.

The conducted researches allowed to find out two
minimums (at x ~ 0.04 - 0.05 and x ~ 0.16 - 0.2) in
concentration dependence to the coefficient of self-
diffusion. As evidently from to picture, correlation
takes place between the optical and neutrons results
of researches. But concentration dependence of time
of relaxation Ty and lengths of jump of molecule |
specifies on the of principle difference of nature of
processes which take place at x ~ 0.04 - 0.05 and
x ~0.16 - 0.2. Sharp growth T, and considerable di-
minishing | is at x ~ 0.04 - 0.05 it is conditioned
substantial deceleration of diffusive motions in this
interval of concentrations, that it is caused intensive
formation of proof water-alcohol clusters.

IHCTUTYT SIJIEPHUX JIOCJIIJDKEHb HAH YKPATHU



PAJIALIMHA ®I3UKA TA PAJIIALIMHE MATEPIAJIO3HABCTBO

AHoOTaUiT pobiT 3 paaiauiMHOT Pi3uKkU Ta paaiauiiHOro maTepianosHaBCcTBa

TEMIIEPATYPHA 3AJIE)KHICTh E®EKTY CTPYCY
EJIEKTPOHIB ITPOBIZTHOCTI B METAJIAX

0. 5. /I3oauk, B. HO.CniBak

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

Edekr crpycy enekrpoHiB OyB ynepiue nepeada-
yeHuit Mirganom ta @aitnbeprom me B 1946 p. Bin
MOJIATaE B TOMY, IO TIPH SICPHUX MEPETBOPEHHSIX
(B- abo a-po3man, eIeKTPOHHUH 3aXBaT, eIEKTPOHHA
KOHBEPCisl) panTOBO 3MIiHIOETHCS KyJIOHIBCBKE IIOJIE,
B SIKOMY 3HAaXOJATBCS aTOMHI eleKTpoHu. Take par-
TOBe 30ypeHHs IXHBOI IMOTEHITIANBHOI €Heprii mpu-
3BOJIUTH JI0 TOTO, IO JIESKi eNEeKTPOHU MOXKYTh Iie-
peiitu Ha iHmI 30ymXKeHi piBHI, a00 B HemepepBHUI
CIICKTP.

EHepreTnuHuil CHEKTp HU3bKO-€HEPIeTUYHUX
€JIEKTPOHIB CTPYCY, IO BHIIITAIOTH 3 aTOMY, Ma€ IIiK
mpu eneprii ~ 1 eB. B ycix nomepenHix Teopernd-
HUAX PO0OTax pO3TIAaBcs €PEeKT CTPYCY JIHIIe IS
K Ta L enexktponiB. OLiHKKA CBigYaTh, 110 WMOBIp-
HicTh BIIKOTY K enexTpoHa mpu B-posmaji craHo-
BuTh Jmme 3/47°, ne 7 — 3apsin siapa. OIQHAK eKcIte-
PUMEHTAIIbHO TOKa3aHo, IO MPH OJHOMY P-po3mai
gy CepeIHE YHCIIO eNeKTpoHiB cTpycy =~ 0,5. Lo
PO301KHICTh MOXKHA MTOSICHATH THM, 110 BUTITAIOTh B
OCHOBHOMY cj1a00 3B’s13aHi BaJCHTHI €IEKTPOHH. Y
MeTajax [ eIeKTPOHHU MPOBIJHOCTI.

Mu BHOMpanu HaAMIIPOCTIIy MOIENb IS IHX
€JICKTPOHIB. A camMe BBa)KaJlli iX BUTbHUMH YaCTHH-
KaMHU, 1110 PyXaIOThCS B IPSIMOKYTHIN MOTEHI[IaJIbHIN
ami 3 rmubuHoo Ug=gr + A, ne &r - eHepris Dep-
Mi i A — poboTa BUXOIY.

[Ipu po3nani sapa, M0 3HAXOAUTHCS Ha JCSKIiH
BiACTaHI BiJ MOBEPXHI KpHCTala, YTBOPIOIOTHCA
€JIEKTPOHHI XBWII, AKi PO3IMOBCIOKYIOTECS B Cepe-
JIOBUIII 3 XBWJIHOBHM BekTopoM K 1 KiHeTHIHOIO
enepriero € = h* K*/2m.

Taka XBWIs Ha IUIAXY A0 TIOBEPXHI 3aTyXa€ BHa-
CITIOK po3CisHHA Ha (oHOHAX. Y OOpPHIBCHKOMY
HaOJMKeHHI HAMH PO3paxoBaHO Tepepi3 HenpyKHO-
ro 0oJHO(GOHOHHOTO PO3CISIHHS EIIEKTPOHIB I0HAMU
kpuctana. [Ipu 1poMy B3a€EMOZIS €NEKTPOHIB 3 i0-
HaM{ BUOWpalach y BUIVIAII KyJOHIBCBKOTO €Kpa-
HOBAHOTO MOTeHUiany. Po3rnsaanucs nume kpucra-
JM 3 OJHUM aTOMOM B €JIeMEHTapHii KoMipili, ¢o-
HOHHHH CHEKTp SKHX ONUCYBaBCsA B paMKax JedaiB-
cbKoi Mojeni. BpaxoByBanack iHTepdepeHis eiek-
TPOHHHX XBWJIb, PO3CISTHUX PI3HUMHU aTOMaMH KpHC-
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tana. [lokazaHo, MO NOBXHHA BUILHOI'O TPOOITY
CJIEKTPOHIB y KpHUCTaJl LIBHAKO 3MEHIIYETHCS 13
3pOCTaHHSIM TEeMIIepaTypl BHACTIAOK 30UTBIICHHS
aMIUTITy/Id KOJIMBaHb aTOMIB KpHCTaJa.

EnextpoHHa XBWJIS, NOCATAaOYM MOBEPXHI, 4acT-
KOBO BiZIOWBA€ThCS, @ YaCTKOBO 3AJIOMIIFOETHCS 1
MPOXOJUTh y BaKyyM, JI¢ BXKE PO3MOBCIOJKYETHCS 3
XBHJILOBUM BEKTOpoM K i eHeprieio

E=hK/2m= ¢ - U.

I'yctuna HMOBipHOCTI emicii HU3BKO-
E€HEPreTUYHOTO EJIEKTPOHA 3 N-1 TUIOIMHHU MeTay
Mae BUTTIA

wi(E, 0) = wo(E, 0) exp(-und/cos 0y),

ne wo (E, 0) — ryctrHa HMOBIPHOCTI BUJIBOTY €JEKT-
pPOHa 3 TIOBEPXHi; 6 — KyT MiXk HAPSIMKOM BHJIBOTY
eJIeKTpOHa 3 KpHcTany K Ta Biccio z, mo crpsMoBa-
Ha B3JIOBXX HOpPMaJi JI0 MOBEpxHi; 0y — KyT MiX Ha-
npssmMkoMm K BcepeneHi kpucrana i Biccio z; [ — Koe-
¢imieHT 3aTyXaHHS €JIeKTPOHHOI XBWJI B KPHUCTAi.
BpaxoBaHo, 1m0 Koe(illieHT 3aTyXaHHS | 3aJISKUTh
gk Big eHeprii E, Tak i Bin remneparypu T.

I'yctuna fimosipHocTi Wo(E, 0) € mobyTkom Koe-
¢bimieHTy MPOXOMKEHHS €IEKTPOHA KPi3h MOBEPXHIO
Ta UMOBIPHOCTI IIEPEXOy €JICKTPOHA i3 30HU MPOBi-
JTHOCTI B HETIEPEPBHUU CIIEKTP MpPH PAaINTOBiA 3MiHI
3apsay snapa Ha AZ.

EnepreTruHuii CrieKTp €JICKTPOHIB CTPYCy Oaep-
KyeTbesl ipu iHTerpyBanHi wy(E, 0) mo kyrax i cy-
MyBaHHI 1O BCiX mronmHax. [lokasaHo, mo e
CHEPTeTUYHUHN po3moxis mificHo Mae mik. dopma
KPHBOI CYTTEBO 3AJICXKUTH BiJl TEMIEpaTypH, a iHTe-
TpalnbHUN BUXIiJl €EKTPOHIB MIBHJKO IMAJac i3 3poc-
TaHHSAM TEMIIEpaTypH, IO € HACIIIKOM 3MEHIICHHS
JTIOBXKHHU BITBHOTO MPOOITY €JIEKTPOHIB.

[okazano, 1m0 BHUJ €NEKTPOHIB CTPYCY, BigHECE-
HHUH IO OJTHOTO Pa/lioaKTHBHOTO SApa, IPU 3pOCTaH-
Hi TOBIMHHU 3pa3ka CTPIMKO 3MeHIIyeThes. Lle mo-
SCHIOETBCSI TAKOXK THUM, IO €JIEKTPOHHI XBWJII IIBHU-
JIKO 3aTyXaroTh y KpucTtaii. Po3paxyHKH y3romky-
IOTBCS 3 CKCIICPUMEHTAIBHHMHU  pe3yJIbTaTaMu
B. T. Kynpsimkiza i3 criiBaBTOpamu.

103



AHOTALIIl POBIT

TEMPERATURE DEPENDENCE OF THE CHARGE CARRIER MOBILITY
IN DISORDERED ORGANIC SEMICONDUCTORS
AT LARGE CARRIER CONCENTRATIONS

I. I. Fishchuk', A. K. Kadashchuk®’, Mujeeb Ullah*, H. Sitter®,
Th. B. Singh*, N. S. Sariciftci®, H. Bissler’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
ZIMEC, Heverlee-Leuven, Belgium
3Institute of Physics, National Academy of Sciences of Ukraine, Kyiv
*Institute of Semiconductors and Solid State Physics, University of Linz, Linz, Austria
’Molecular and Health Technologies, CSIRO, Clayton, Australia
SLinz Institute for Organic Solar Cells (LIOS), University of Linz, Linz, Austria
"Chemistry Department, Philipps-Universitit Marburg, Marburg, Germany

In a thermally activated rate process R(7')an in-

crease of the activation energy E_ is partially com-
pensated by an increase of the prefactor so that

R(T)=e< exp(EE” ]exp(—kE‘}], (1)

where E,, is called the ‘Meyer - Neldel energy’

[1]. Empirical equation (1) is named as the Meyer-
Neldel rule (MNR). Up to the present time there is
no universal explanation of the MNR [2].

In our work we have considered the temperature
dependence of the hopping charge mobility in disor-
dered organic solids at large carrier densities espe-
cially relevant in organic field-effect transistors.

Temperature activated charge transport has been
studied using a recently developed analytical effec-
tive medium approach formalism [3] assuming a
Gaussian density-of-states of width ¢ and Miller -
Abrahams jump rates. The calculated results for
effective charge carrier mobility gz, including their

(hypothetical) extension towards infinite tempera-
ture can be parameterized as

1 1
= I ex exp| —F | —— , (2
/’le ll’lO p(q) p|: a (kBT kBTE) \J:| ( )
where
al 3 1 n
E =—|——-—1lo — o, 3
‘ bLO 15 glO(NH )
E
== -_C q=—23+1[3—7j. 4)
ky, kyy, b 2\b

Here y, =21/10+(1/25)(a/b), a=N", n  and
N are the densities of occupied and total transport
localized states, b is the localization radius of state.
Figure (bold curves) shows the calculated tem-
perature dependences of y, for different ratio n/N .

A remarkable result is that one extends (thin lines)

the calculations to higher temperatures the lines
intersect at finite temperature 7, =20/5k, . If one
assumes 0 =0.1eV and a/b=10, typical values
for organic disordered materials, a Meyer - Neldel
energy E,, =k,T, =0.04¢eV is obtained, a value

which indeed has been typically observed in many
relevant experiments.

-12
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o
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i

Intersection point, (o/k,T )
N
=)
T

o

a/b=10

Effective mobility, In(u /u,)
S

o .G/k.BT°=.5/2. o

0 1 3 4
ok, T

Temperature dependence of the effective charge carrier

mobility at different relative carrier concentrations. The

inset shows the intersection point ¢/k,T, vs. a/b ratio.

The suggested model provides compact analytical
relations (2 - 4) which can be readily used for the
evaluation of important material parameters from
experimentally data.

The MNR effect has been studied in organic
field-effect transistors based on Cgy films and suc-
cessfully described by the present model.

Thus we show that existence of the MNR in dis-
ordered organic semiconductors is a signature of
hopping transport with variable carrier density

1. W.Meyer and H. Neldel, Z. Tech. Phys. 18, 588
(1937).

2. A.Yelon, B.Movaghar, and R.S.Crandall, Rep.
Prog. Phys. 69, 1145 (2006).

3. LI Fishchuk, V.I. Arkhipov, A.Kadashchuk et al.,
Phys. Rev. B76, 045210 (2007).
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PIN DIODE FOR PROTON DOSIMETRY

I. E. Anokhin, O. S.Zinets

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

One of a rapidly upcoming field of radiation
medicine is proton therapy. Diagnostics of proton
beams, prediction and measuring of absorbed doses
is required [1].

High energy protons enter the body and deliver a
peak like dose at the end of their range. This peak
dose, the Bragg peak, allows for a highly conformal
dose to be delivered to the tumor volume while the
healthy tissue is exposed to minimal doses.

The objective of the present work is the consid-
eration of the possibility of determination of the
proton dose and its spatial distribution using a pin
diode. As convenient proton sensor can be used a
silicon pin diode, particularly, planar structures stud-
ied previously [2] for neutron-gamma radiation
fields. In the present work the stopping power dE/dx,
ranges R, the dose distribution D(x) for protons with
the energy Ep= 250 MeV in Si and water have been
calculated and choice of the pin diode characteristics
is discussed.

The ionization current of a reversed biased diode
placed at the position x along the proton beam is

I(x) = g(x)=r(x), 6]

where g(x) is the rate of the electron-hole pair gen-
eration, r(x) is the recombination term.

Neglecting small recombination in the depleted
region of a diode and operate in the E-detector mode
(the thickness w of the sensitive volume of the di-

ode is larger than the proton range R(E,(x)), S is

the diode area) for ionization current one can obtain

_elS
Eeh

el,S x]?w dEd

I(x)= !
(x) E, dx'

E,(x), (2

X

where [, is the proton beam intensity, £, is the mean
energy of the electron-hole pair generation
(~3.61 eV in Si), e is the electron charge, x is the
position of diode in the region of the Bragg peak.

In the case when the size of sensitive volume is
less than particle ranges (w << R(E,(x), the
dE-mode) the response of reverse biased diode can
be written as follows

el,S 3 el SdE
£, (E(x)~E(x+wF)) = £, 200

I(x)=

where V' is the applied reverse voltage.
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Fig. 1. The range distribution of 250 MeV protons
in silicon.
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Fig. 2. The energy loss distribution for 250 MeV protons
in silicon.

Figs. 1 and 2 show the ranges of proton and the
relative dose distribution (proportional to the energy
loss dE/dx(x)) in the region of the Bragg peak in Si
for E,= 250 MeV obtained by the SRIM-2008 pro-
gram package of simulation of energy losses [3].

Spatial resolution of a diode is determined by the
size or controlled sensitive volume w(}) of diode
and, for instance, can be as small as the thickness of
planar diode structure ( ~ 300 um).

Using calculated dose distributions it is possible
optimized characteristics of diode and estimate of
risks of irradiation in proton therapy.

Comparison of results with experimental data
presented in [4] shows possibility of using pin diode
for beam and dose monitoring.

1. A.Rosenfeld et al., Med. Phys. 34(9), 3449 (2007).

2. L€. Anoxin, O.C. 3inens, A.b. Posendensn ma in.,
Anepna ¢izuka Ta enepreruka, 1(19), 103 (2007).

3. http://www.srim.org/ .

4. LE. Anokhin, A.B. Rosenfeld et al., 2009 Nuclear
Science  Symposium and Medical Imaging
Conference, J02-7, (2009).
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PECULIARITIES OF DENSITY DISTRIBUTION
OF IMPLANTED ATOMS BEYOND ION RANGE

V. 1. Sugakov

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

The modelling of diffusion processes of im-
planted atoms in crystal and point defects, created by
irradiation, beyond ion range is fulfilled. The model
used in the work is based on the following assump-
tions: 1) the thermal vacancies play an important
role in a formation of the ion distribution beyond the
ion range; 2) the total number of interstitials (im-
planted and inherent) exceeds the number of the
vacancies; 3)implanted atoms are divided into im-
mobile, captured by vacancies, and the moving at-
oms in interstitial positions. The external source
creates a Gaussian profile of implanted ions in the
crystal. Part of the ions move inside the crystal by
diffusional way. The studied system consists of the
incident ionsn,, interstitials n,, vacancies n,, cre-

ated by irradiation and thermal vacanciesn” . In the
crystal there are sinks (dislocations with density o)

which capture and emit the point defects. For de-
termination of a spatial distribution of the densities
of the interstitials and vacancies the typical differen-
tial equations of radiation physics given in the
method of chemical reactions were used. The some
results of the density distribution calculations are
presented in Figs. 1 - 3, where z is the distance 7, is

the flux of the incident ions, which moves in the
crystal. The parameters of the system are shown in
the inset to the figures. The values ¢, ¢, determine

the numbers of interstitials and vacancies, which are
created per one implanted ions. It is seen from Fi-
gures that a region strong depleted by vacancies
arises beyond the ion range. In the end of this region
a spike of the probabilities of the recombination
processes and as the result the spike of density of
complexes of the vacancies with implanted atoms
appears. The sizes of the region rise with increasing
the density of the flux of implanted ions and the
density of defects in crystal. The sizes can signifi-
cantly exceed the ion range and reach several tens of
micrometers. The effect arises if the flux exceeds
some critical value.

The appearance of the peak of recombination
probabilities of interstitials and vacancies at some
position of the space may lead to an appearance of a
defect structure in the vicinity of the peak. The de-
cease of the vacancy density in the region beyond
ion range should change the physical processes and
the physical properties of the crystal in this region.
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Thus, the results of the work may be applied to
explanation of so-called “long-range interaction
effect” which has been observed in radiation physics
during long time.
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EFFECT OF THERMAL VIBRATIONS ON THE ACCELERATION
OF ATOMS DURING A SURFACE PHASE TRANSITION

L. Yu. Goliney, V. V. Mykhaylovskyy, V. L. Sugakov

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

A series of publications [1 - 3] suggested a
mechanism of the acceleration of neutral atoms in a
non-equilibrium system during its transition to the
equilibrium state. The neutrality of the accelerated
atoms makes the proposed mechanism distinctly dif-
ferent from the conventional ways of particle accele-
ration. Qualitatively, the considered acceleration
effect can be presented as follows. Let us imagine a
system in which in a certain direction there are two
potential minima for atoms and, initially, the atoms
are situated in the upper minima. The papers [1 - 3]
show, the relaxation can occur in a coherent way:
atoms along an atomic chain would undergo sub-
sequent transitions transferring their energy to the
next one in the row. Let one of the atoms acquires a
certain energy (from an external source or fluctua-
tionally), which is sufficient for overcoming the
potential barrier, and collides with the neighbor
atom. After a central collision of moving and sta-
tionary balls of equal mass the moving ball stops and
the stationary ball starts to move. If after the colli-
sion the first atom stops in the vicinity of the lower
minimum then it transfers the energy released at the
relaxation to the second atom (which is in the higher
minimum). As the result, the second atom obtained
the higher energy that the previous one. These accel-
erations are accumulated and, eventually, the energy
passed to the last atom in the collision chain can be
very large, provided the number of subsequent colli-
sions is sufficient. Such process has been called
"acceleron".

There is a great variety of structural phase transi-
tions in systems of adatoms on the crystal surface.
We have considered [4, 5] the appearance of the ac-
celerons in such transitions where the inversion of
the population of the crystal sites could arise at the
boundary between different phases. Now we inves-
tigate the effects limiting the acceleration: the ther-
mal vibrations that lead to the random non-central
collisions.

We consider a system of adatoms on a crystal
surface, assuming that they can form two different
lattices comprising two phases, one of which is sta-
ble and the other is metastable. Our purpose is to
study dynamics of the phase transition during which
an acceleron appears. In the proposed model, the
adatoms above the crystals surface interact with each
other and also are affected by a potential imposed by
the surface. Our simulation software numerically
solves the system of Newton equations.

In order to evaluate this effect we performed

IIOPIYHUK - 2009

simulations at different temperatures (see Figure). At
non-zero temperatures one can see the decrease of
the acceleration rate due to the energy dissipation on
thermal vibrations. Moreover occasional greater
energy losses are seen, believed to be due to the
dissipation on so big thermal fluctuations that the
focusing needs about a dozen of collisions to reset
one-dimensionality of the acceleron. Each tempera-
ture sets a limit for the highest energy the atom may
acquire. This is clearly seen from the curve 2 in Fi-
gure. If the initial energy exceeds this maximum the
atoms slow down (curve 4). As calculations show
the limit energy does not depend on the initial en-
ergy of the starting atom. If the initial energy is lar-
ger than the limit the atoms are decelerated, if the
initial energy is smaller than the limit energy the

acceleration occurs.
v

1n 20 30 40 i
The acceleration curves for simulations performed for
different temperatures of the system: / - T = 10";
2-T=0.001; 3-T=0.0066; 4-T=0.01.

So far the accelerons were not observed experi-
mentally. Yet no experiments that would intention-
nally look for them were performed. At the same
time the fast moving atoms in crystals may manifest
themselves in the appearance of the processes, trig-
gering of which requires energy significantly ex-
ceeding kT. Some anomalous phenomena in crystals
have not found a satisfactory explanation while ac-
celerons may play a role in them. A number of such
phenomena have been analyzed in [2]. They include
the visible optical emission arising at the ultrasonic
irradiation of semiconductors, cold nuclear synthe-
sis, anomalous mass transfer, etc.

V.1. Sugakov,Ukr. Phys. J. 37, 1212 (1992).

V.I. Sugakov, Ukr. Phys. J. 41, 834 (1996).

V.1. Sugakov, phys. stat. sol.(b) 200, 19 (1997).

L.Yu. Goliney, V.V. Mykhaylovskyy, and V.I. Suga-
kov, Ukr. Phys. J. 54, 494 (2009).

5. LYu. Goliney, V.V. Mykhaylovskyy, and V.I. Suga-
kov, Metallofiz. Noveishie Tekhnol. 31, 299 (2009).
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EXCITON CONDENSATION IN SEMICONDUCTOR QUANTUM WELLS
WITH A PERIODICAL MODULATION OF POTENTIAL

A. A. Chernyuk, V. 1. Sugakov

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

Last years various experimental methods of crea-
tion of traps for excitons are intensively devised to
study phase transitions in excited states of the sys-
tems, in particular to study Bose-Einstein condensa-
tion.

In the given paper, we investigate of the exciton
condensation in double quantum wells (QW’s) in the
presence of a periodic potential (Fig. 1), which is
periodical along x-axis and uniform along y-axis (XY
is the QW plane). A similar system was realized in
the experiment [1] (the trap with periodical poten-
tial).

) ————_0o—=0
Ei) pumping

S R W IR, A SR R W S

electrode

electrode

VRIA j/ V (x) = Vy cos (Z%X)

U:C' 0‘5! 1.0
Fig. 1. a) The scheme of the system (circles denote the
electrodes). b) The plot of the pumping G and modulating
potential V along x-axis in the QW plane.

We calculated [3] the exciton density with the
approach, applied at spinodal decomposition inves-
tigation, generating the method for unstable particles
and taking into account the pumping [2].

Modulation of the potential leads to accumulation
of excitons in potential minima ¥, where excitons
move after generation by the pumping G. The pump-
ing was supposed to be of a Gaussian profile.

At small irradiation intensity, the maximal exci-
ton density is concentrated in potential minima, and
the structure is monotonous (rows of high density,
which are parallel to y-axis), periodically situated
along x-axis. When the pumping exceeds a threshold
value, homogeneous density distribution along a row
becomes unstable with respect to the formation of
condensed phase islands (Fig. 2, a), e.g. the system
becomes non-uniform along rows. Appearance of
islands is the result of exciton condensed phase for-
mation and a nonequilibrium state of the system due
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to the finite exciton lifetime and the presence of the
pumping. At large irradiation intensity separate is-
lands merge into solid shafts of the condensed phase.

3
'E.
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Fig. 2. The exciton density distribution in the QW plane

at different potential depths V5, meV: a - 0.115; b - 0.265.

The structure in the form of separate islands also
transforms into rows with increasing the potential
depth ¥, (Fig. 2, b). This is due to the fact that with
increasing the modulation depth, the exciton density
in the minima of the potential rises, and it is equiva-
lent to increasing of the pumping and the efficiency
of traps for excitons.

Thus, the results are the following: 1) at pumping
larger than a threshold value, the condensed exciton
phase appears in the form of periodically situated
rows, which break down into separate islands.
2) with increasing the depth of the potential or with
pumping increasing islands conjugate into solid
shafts; 3) in case of exciton-exciton annihilation
larger values of the pumping are necessary for the
structure appearance.

The study of the considered system is promising
for the determination of parameters of the condensed
phase, what will be important for a construction of a
microscopic model of the condensed phase.

1. M. Remeika, J.C. Graves, A.T. Hammark et al., Phys.
Rev. Lett. 102, 186803 (2009).

2. V.1 Sugakov and A.A. Chernyuk, JETP Lett. 85, 570
(2007).

3. A.A. Chernyuk and V.I. Sugakov. Solid State Com-
mun. 149, 2185 (2009).
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CRITICAL FIELDS OF GIANT VORTEX STRUCTURES ARIZING
IN SPHERICAL TYPE-II SUPERCONDUCTORS

O. Shevtsova

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

Vast development of nanotechnology changes
our knowledge about physics of the vortex state of.
mesoscopic superconductors, i.e. superconductors
whose sizes are commensurable to the coherence
lengths or the penetration depths [1]. In this case
magnetic properties of the superconducting samples
will be quite different from the bulk superconductor
properties. It is the well known fact that the triangu-
lar Abrikosov vortex lattice has the lowest energy in
the bulk superconductor [2]. However classical
Abrikosov vortices carrying a single vortex quantum
and having topological singularities in the order
parameter are not favorable energetically in
mesoscopic superconductors. Moreover, just a few
vortices can penetrate inside a mesoscopic super-
conductor whereas in a bulk superconductor the
number of vortices can be numerous. So, geometri-
cal sizes and shape of a sample determine the types
of vortex structures which can be realized in the
mesoscopic superconductors: multivortex structures
with a spatial arrangement of singly quantized vor-
tex states and axially symmetric giant vortex states
[3 - 4]. First structures are the analog of Abrikosov
vortices in bulk superconductors, the second struc-
tures are multiquantized vortices with a single core
in the centre.

The subject of this consideration is studying
magnetic properties of the mesoscopic type-II super-
conducting spherical samples embedded in different
materials. In this case it is necessary to use the most
general type of the boundary condition - de Gennes
boundary which depends on the material property:

v + ll// =0. (1)
dp b

The fulfilled calculation has been based on the
presentation of the superconducting order parameter
in a form of the spherical functions expansion [5].
This method allows to substantiate in the framework
of the phenomenological Ginzburg - Landau theory
that the giant vortices can occur in spherical
mesoscopic superconductors, and investigate the
giant vortex evolution at different types of the three
dimensional boundary condition.

The upper critical field is determined as the value
below which the normal phase is unstable with re-
spect to initiation of the superconducting phase nu-
cleus. In this case the superconducting phase nucleus
is treated as the multiply quantized giant vortex
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states with the maximal value of the vorticity which
can be realized in the spherical sample. Resulting
dependence of the upper critical field versus the
inclusion radius is presented in Figure.

Hcl/HCZ
18—

m=

18

R/G

The critical field versus the inclusion radius at different
values of the de Gennes “extrapolation length” b5:
b =10 (the upper curve), b =5 (the middle curve), b=2
(the lowest curve). The values m below curves denote the
vorticity. H and R are presented in the units of the critical
field H , , and the coherence length &, respectively.

This dependence has non-monotonic character
caused by the transition of the giant vortex from one
state to another. The obtained dependencies depend
on the values Rand b. It is seen that "the extrapola-
tion length" » determines the number of possible
vortex states which can be realized for the same
inclusion radius. Besides, the calculated upper criti-
cal field versus radius curves can be interpreted as
the border of area where the giant vortex states can
appear. The amplitude of the oscillations is decrea-
sing with the increase of the inclusion radius and the
oscillations are practically indistinguishable.

1. AK. Geim, LV.Grigorieva, S.V.Dubonos et al.,
Nature (London) 390, 259 (1997),

2. P.G.de Gennes, Superconductivity of metals and
alloys (Mir, Moscow, 1968).

3. A.Schweigert, F.M. Peeters, and P.S. Deo, Phys.
Rev. Lett. 81, 2783 (1998)

4. A.Kanda, B.J. Baelus, F. M. Peeters ef al., Phys.
Rev. Lett. 93, 257002 (2004).

5. O.N. Shevtsova, Supercond. Sci. Technol. 18, 726
(2005).
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LOCALIZED EXCITON STATES WITH GIANT OSCILLATOR STRENGTH
IN QUANTUM WELL IN VICINITY OF METALLIC NANOPARTICLE

V. L. Sugakov, G. V. Vertsimakha

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

The properties of metal nanoparticles have been
studied intensively in different branches of science:
physics, chemistry, biology and medicine [1]. In the
present paper the effect of the exciton-plasmon cou-
pling on the spectra, character of the motion and the
lifetime of an exciton in a semiconductor quantum
well are investigated.

We consider a semiconductor crystal containing a
quantum well and a spherical metallic nanoparticle
on the center-to-center distance d along the direction
of the crystal growth. The Hamiltonian of the exci-
ton-plasmon interaction was written as

1
1( n ) C o .
=S 5| Blol ()40 () ),

lma)l i
where ll; is the coordinate of the i -th electron in the
quantum well, ¢/ (7) and ). (7) are the harmon-
ics of the solution of the of the Laplace equation for

the conductive sphere, 4, and 4, are the creation

and annihilation operators of the plasmon of the
frequency @,, B,,is the functional depending on

potentials ¢!"” (7) and eigen frequences @) .

The lowest energy levels of the excited states of
the system were calculated variationally taking into
account the exciton-plasmon interaction in the di-
pole-dipole approximation. To characterize the opti-
cal properties of the studied system the oscillator
strength of the transition between the ground state
and the lowest excited states of our system was cal-
culated.

It is shown that the presence of the metallic
nanoparticle in the vicinity of the quantum well can
alter qualitatively the exciton states and optical
properties of the structure. In particular:

1) if the exciton energy level is lower then the
energy of the plasmon, the interaction of the exciton
with the surface plasmon can cause localization of
the exciton near the nanoparticle (see Figure, a);

2) strong resonance interaction between the exciton
and the plasmon states changes the character of the
motion of the exciton as a whole from the Wannier-
like to the Frenkel-like type of exciton propagation;

3) the giant increase of the oscillator strength of
the localized exciton transition takes place near the
resonance between the exciton and the plasmon le-
vels (see Figure, b). Calculations show that in the
case of the exciton-plasmon resonance the oscillator
strength for the transition of the localized exciton
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can exceed by several orders of magnitude the oscil-
lator strength for the free exciton in the quantum
well. This effect is caused by: a) the "swapping" of
the dipole plasmon transition intensity into the inten-
sity of the exciton transition; b) the large radius of
the exciton state localized near the nanoparticle and,
consequently, the enhancement of the oscillator
strength due to the Rashba effect.
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a). The binding energy of the exciton for nanoparticles of
different radiuses as the function of distance of the
quantum well from nanoparticle with (solid line) and
without (dashed line) taking into account the interation
with the charge images. b). The exciton oscillator strength
as the function of the center-to center distance.

1. C.F.Bohren and D.R. Huffman, Absorption and Scat-
tering of Light by Small Particles (J. Wiley & Sons,
New York, 1983).
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KIHETUKA TPAHC®OPMAIIII TOYKOBUX JAE®EKTIB Y IMPOLECI BIJIAJIY
EJIEKTPOHHO-OIIPOMIHEHOI'O KPEMHIIO

I'. II. Taiinap, O. II. Joaroaenxko, II. I'. JIutoB4yeHnko

Incmumym adepuux docnioscens HAH Ykpainu, Kuig

AHaui3 OIIBIIOCTI HAYKOBHX TIpallh MOKa3aB, II0
BiAMan pamiamiifauX JedeKTiB Y KPeMHil OIACYETHCS
JMIIEe 4acTKoBO. [Ipy 1IbOMYy BHUKOPUCTOBYIOTH 3a-
3BUYAl JIUIIE JIBa MEXaHI3MHU BiAMaNy: TUCOIIAIi0
Ta Mirpariito nedexTiB Ha croku. Haiikpamie y kpeM-
Hii BUBYCHO TOYKOBI Ae(eKTH, y TOMY YHCII mep-
BUHHO-CTBOpeHi Bakaucii (V) 1 MDKBY3JIOBI aToMH
(D ta ix xommekcu 3 Aedexramu. ExcniepumenTa-
JIbHE JTOCIIPKEHHS TaKUX JC(PEKTIB JOCUTH CKIIAIHE,
i, y Tieplly 4epry, 1e CTOCY€TbCS BHUBUEHHS IXHBOI
PYXJIMBOCTI 3aJie’XHO Bia Temmeparyp. OKpiM 1bO-
ro, OJlep’kaHi Ha JaHWI Yac JOKa3W MO0 MPHPOIN
UX JAe(EKTIB 31eOUIBIIOT0 € HenpsIMUMHU. Tepmo-
JMUHAMIYHI BIIACTUBOCTI BaKaHCIH y KpeMHii i JoTe-
nep HeBimomi. ExTambmis mirpamii Bakancii B Hy-
THOBOMY 3apsijioBoMy cradi £, = 0,45 eB mpu tem-
neparypi, Bumiiid 3a 175 K [1], ane us BenuumHa
0e3/10ka30B0 BHUKOPHCTOBYBajacs 1 MPH BUCOKHX
Temneparypax. EkcrmepuMeHTH 1I0J0 BUBYEHHS
pamiauiitHo-npuckoperoi audysii *°Si noxaszamu, mo
BOHa OIHCYETHCA CHTAJbBIIEI0, SKa JIOPIBHIOE
(0,92 +0,26) eB. ABTopu [2] moBenu, IO MIPU TEM-
neparypax 780 i 872 °C audys3is onucyeTbes BakaH-
cifinnm mexanizmom 3 Hy™ = (1,8 £ 0,5) eB.

Y Hamiif pobOTi Ha OCHOBI €KCIIEpUMEHTATHLHUX
nannx R. E. Whan [3] ymepiue omnucaHo Bifman
A-LIEHTPIB y IIUPOKOMY TeMIIepaTypHOMY iHTEpBai
(Bix 200 mo 650 K) micnst onpomideHHS n-Si, BUPO-
meHoro MeroaoM Yoxpanscekoro (Cz), 2 MeB ene-
KTPOHAMH, Y TOMY YHMCJIi BUBUEHO TPH CTalii poCTy
KOHIEHTpallii A-mleHTpiB y mporeci Bigmamy. OO6-
TPYHTOBAHO HEOOXIMHICTh YpaxyBaHHS IIPH OIHCI
BifllTaly BakaHCIMHOTO TUMY JIeEKTiB aHITUIAIII0 X
3 pyXJIUBUMH jaedekramMu MikBYy310Boro THIy. [lo-
Ka3aHo, o pict koHMeHTpaii C;-1edexTiB moB’s3a-
HUH 13 MexaHi3MoM 3amiieHHs: Borkinca Cg-nedex-
TiB MIDKBY3JIOBUMH aTOMaMH KPEMHIIO 3 HYJIbOBUM
Oap’epom Ta enepriero mirpamii I (£ = 0,5 eB).

Onucano TpaHCOpMAIlIO TONEPEIHHUKIB YTBO-
penHs crabuibHoro nedexry CiO; mpu Bignam 3a
eKCTIIEpUMEHTAIbHUMU JAaHUMH poOoTH [4], y AKiii
PO3TISAANNCS KOJMUBAIBHI CMYTH TIOTJIMHAHHS, T10-
B's13aH1 3 MeTacTadimpbHIMH cTaHamu fnedekty CiO;.

3arpornoHOBaHO CXEMAaTUYHY MOJEINb (€HepreTH-
yHy giarpamy) meractadbinbHoi napu C;O; (nuB. pu-
CYHOK).

BuzHaueHO po3TanryBaHHS i BETMYUHH ITOTEHIII-
aIpHUX Oap'epiB Ha NUIAXY Mirpamii MiXKBY3JIOBOTO

IIOPIYHUK - 2009

atoma Byriemoo 1o kucHiO (O;) B 00’emi pamiyca
14,7 A 3axomnenns C; atomom O;.

E, eB
2_

| T 1 1 7~ 72
‘T | | I\ 31,
\ 2
- a 0
G ¢m ¢can Gam E,
EmCi
-2
(1)
R=14,7 A
Oi
-3

Cxematnuna mogenb MertactabimpHoi mapu CO;: E, —
eHepris aedopmariiinoro 6ap'epa HaBkono O;; E,, — eHep-
ris wmirpauii; E,=E, + E,—eHepria aktuBauii pyxy;
ro=2,35 A — miniManepHa  Bimmame ~ MDK  aromamu;
a= 5,43 A — crana rpaTku KpeMHilo.

Buxoasuu i3 eKCHepUMEHTAbHUX JaHUX, aBTO-
pamu [S5] nns Cz-Si, onpominenoro 2,5 MeB enekr-
pOHaMH MpH KiIMHATHIM TeMmImeparypi, OIUCAHO Bil-
nan VO ta C,O; nedexTiB i mokazaHo, O €HEpris
Mirpamii BakaHCii 1 MIKBY3JIOBOTO aroMa BYIJICIIIO
(C)), sixka 00OYMOBIIIOETLCS CTYIICHEM IX JIOKaJi3awii y
IpaTili KpPEeMHIil0, JIOPIBHIOE TIpU TeMIepaTrypi
~550K E) = 1,1eBi E. =1,16 B Bianosizauo.

HaBeneHno mokaswm, mo KoJauBajgbHa cMyTa iH(ppa-
865,9 cm™!

YEpBOHOTO  TOTJIMHAHHS HaJICKUTh
A-11eHTpy, MOAM(DIKOBAaHOMY BYyTIJEIleM, a CMyra
967,4 cM' — mo MmeracraGimpHOro craHy aehexTy

CiO,;, moB'sA3aHOTO 3 TUMEPOM KHCHIO. Bu3zHaueHo
MOJIO’KEHHS JIOHOPHOTO DiBHSI A-IIeHTpa y 3a0opo-
HEeHil 30H1 kpeMHi0 Ey + 0,33 eB.

1. P.Partyka, Y. Zhong, K. Nordlund et al., Phys. Rev.
B64, 235207 (2001).

2. H. Bracht, J. Fage Pedersen, N.Zangenberg et al.,
Phys. Rev. Lett. 91, 245502 (2003).

3. R.E. Whan, J. Appl. Phys. 37, 3378 (1966).

4. L.I. Khirunenko, M.G. Sosnin, Yu.V. Pomozov, et al.,
Phys. Rev. B78, 155203 (2008).

5. L.I. Murin, V.P.Markevich, J.L. Lindstrom et al.,
Solid State Phenomena 82-84, 57 (2002).
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OCOBJIMBOCTI E®EKTY JAJIEKO/III B KPEMHII
IIPU IMIUVIAHTALI SAJAEP BOJAHIO I I'EJIIIO

A. A.T'po3a, IL I'. JIutoBuenko, M. I. Crapuuk, I'.T. HImaTko

Incmumym adeprux docnioxcens HAH Yrpainu, Kuig

OpanM 3 eeKTiB, MO CyNpPOBOHKYE MPOIEC M-
IUIAaHTAMil Ba)XKUX 10HIB, € TosBa ne(]ekTiB y 3a-
npoOiXHINA [T 10HIB YacTUHI KpHcTana. MexaHizm
LBOTO SBUILA 3ATUIIAETHCS HE3 SICOBAHUM 0 IIHOTO
gacy. [leBHy SICHICTh MOXYTh BHECTH TOCIIKEHHS
ONIPOMIHEHHS MOHOKpHUCTaNiB KpemHito 6,8 MeB
npotoHamu 1 27,2 MeB anbda-yacTuHKaMu, Mpoek-
MiRHUK  TpoOir SKUX y KpPeMHii OJXHAKOBHU
(360 Mxm).

Y MOHOKpHUCTanax KPEMHII0 MpH iMIUIaHTarii
snep BOAHIO (MPOTOHIB) 3 eHeprieio E = 6,8 MeB
(®=1+310"cm?), E=43 MeB (®=1-10" cm?),
E =50 MeB (® = 5:10'"° cm ) i snep remnito (anbda-
YacTHHOK) 3 eHepricto E=272MeB, (®=1x
x 10" cM?) BusiBIeHO pajiauiiiHuii BIUIHB Ta PO3IO-
BCIO/DKEHHSI TIepioIuuHOoi JeeKTHOI CTPYKTYpH B
3ampoOiKHY Al 10HIB YacTUHY 3paskiB (,,epeKTH
JayeKomii’), ki He Tiepen0adeHi iCHYI0Y00 TEOPIEro
10HHOI IMIUTAHTAL].

Pamianiiiaunii BIUIMB TiCJS TPOTOHHOTO OIPO-
MiHEHHS TPOSBISIBCS y IPHUCKOPEHHI YTBOPEHHS
TepMoniePeKTIiB y mapax pPOCTy KpHCTaja, SKe B
3anmpoOiKHIA /sl MPOTOHIB YaCTHHI 3pa3Ka OyIio
OUITBII IHTEHCHMBHHM 1 CIOCTEpIrajocsi TpH TeM-
nepaTypi Ha 50° HIOKTIH, HK y TPOODKHIHN.

[Tpu onpomiHeHHI anb(a-4YacTHHKAMHU BHUSBICHO
YTBOPEHHS MEPiOANYHOI NePEKTHOI CTPYKTYPH Y BU-
TS/ CTIHOK Me(EKTiB MEePIeHIUKYIIPHIX HAIIPSIM-
Ky pyXy 10HHOTO CHOTIIA, SIKa MOIIUPIOBANacs B TIHU-
OMHY 3pa3KiB sIK JI0, TaK 1 3a 00JIACTh TaJbMyBaHHS
ioHiB. ,,CTIHKH® nedeKTiB crocTepiraaucs Bizyalb-
HO Ha METAI-MIiKPOCKOIIi, a Ha PacTPOBUX EJIEKTPO-

HHUX Mikpodororpadisx 3pa3kiB, OMPOMIHEHHX
anb(a-gacTHHKaMH, BUSABJICHO TEMHI 1 CBITJI JiHii,
sKi 3a iX BIZCTaHHIO BiJl MOBEPXHI 3pa3KiB MOXKHA
BiTHECTU 10 BIJNOBITHUX CTIHOK JedekTiB. Po3ra-
[TyBaHHS CTiHOK Ne(eKTiB MO BiAHOIICHHIO JIO IO-
BEpXHi 3pa3zka 3 OOKy ONPOMIHEHHS HAOYHO 1JTFOCT-
PY€ PHCYHOK, Ha SKOMY HaBEACHO KOMII IOTEPHY
(oToMeTpit0 pacTpoBOi ENEKTPOHHOI MiKpodOTO-
rpadii mMoBepxHI MOMEpPEeYHOro IMepepizy OMHOTO i3
3pa3sKiB.

DopMmyBaHHS NepioAUYHOT AeEKTHOI CTPYKTYpH
MH TIOB’S3Y€EMO 3 TIPOIECOM CaMOOpTaHi3allii pasia-
iMHUX 1e(DEeKTIB, a PO3MOBCIODKEHHS PajialiiHOro
BIUIUBY B 3alpoOiKHY ISl iOHIB 4aCTUHY KpHUCTana —
3 MOKJIMBOIO PeajIi3alli€io COMTOHHOTO MEXaHi3My.

AL %

L, mxm
doTomeTpisi pacTpoBOi eNeKTPOHHOI MikpodoTorpadii
MOBEPXHI MONEPEYHOTO Nepepily 3pa3ka KpeMHiro, OIpo-
MIHEHOTO aib(a-gyacTHHKaMH. HampsMok ompoMiHEeHHS
[111] — 1o oci abcruc.
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BIIPOBAJI)KEHHS TEXHOJIOI'II PEKOHCTPYKIIII 3PA3KIB-CBIIKIB
CBITOBOI'O PIBHA B “I'APAYUX” KAMEPAX IS/l HAH YKPAIHU

JI. I. Yupko, C. M. Kosbacenko, B. M. PeBka, 0. B. Yaiikoscbkuii, 0. C. I'yapuyk

Incmumym adeprux docnioxcens HAH Yrpainu, Kuig

Y moTodHOMY POIIi Y BT pamiariifHoro mare-
pianosnasctBa S]] HAH VYkpainu nHa 6a3i “raps-
yux’ Kamep BIPOBADKEHA TEXHOJIOTIS PEKOHCTPYK-
mii 3pa3kiB-cBiaKiB (3C) MeTady KOPITyCiB peaKTOpiB
(KP) BBEP-1000, ceprudikoBana xoMiciero €Bpo-
coto3y Ta Jlep>kaBHMM KOMITETOM SIEPHOTO pery-
moBaHHsa Ykpainn (JAKSAPY). HeoOXimHICTh peKOH-
crpykmii 3C o0ymoBiIieHa HeCTa4yero OJHOPITHO
ONIPOMIHEHHUX 3pa3KiB y TpyIi, M0 BHIIPOOOBYETHCS
JUISl OTPUMAHHSI KPUTHYHOI TeMIepaTypu KpPUXKOCTI
pu JaHoMy (ITfoeHCi MBHUAKUX HeHTpoHiB. s
MTOJI0JIAHHS IILOT'O HEIOMIKY HEOOX1THO 3 MOJIOBUHKU
3C, BUmpoOyBaHOrO Ha YJapHHH YM TPUTOUKOBHIL
BUTHMHH, BUTOTOBUTH TakK 3BaHy BCTaBKY 1 IpUBapu-
TH JI0 ii TOPIIB KIHIIEBI HAJCTaBKH (TaK 3BaHI XBOC-
TOBHKH), TPH LOMY HE 3MiHHBIIM BIACTUBOCTEH
MeTajy BCTaBKH, TOOTO HE MeperpiBIly ii BHIE Te-
Mneparypu ekciryatauii 300 °C.

TexHOMNOTIT PEKOHCTPYKII CKIagaeTbes 3 12
€TalliB, KOXKEH 3 SIKMX BHKOPHUCTOBYE CBOIO METOJH-
Ky, pO3po0JieHy y BiIUIisli pajiialliiHOTO Marepialio-
3HABCTBA. Bu3HaueHHs  (JIIOGHCIB  IMIBHUIAKHAX
(E > 0,5 MeB) HeiTpoHiB, HAKONMYEHUX POOOUUMH
yactuaamu 3C (Ha piBHI %, Y2 1 ¥4 BUCOTH 3pa3ka),
MIPOBOIUTHCS Y Biamiii mpobiiem mo3umerpii [A]] 3a
BJIACHOIO METOAMKOIO.

s BukoHaHHsS PoOiT 3 pekoHcTpykii 3C “ra-
psui” xamepu 3aBasku 3ycwnisim 1 HAEK “Enep-
roaroM” oOJaJHAaHI HEOOXiTHUM YyCTAaTKyBaHHSM,
sIKE BCTAHOBJICHE BCEPEAMHI “rapsumx’ Kamep 1 Ke-
PY€TbCA AUCTAHLIIAHO:

YCTAHOBKOIO JJIsl €JIEKTPOHHO-TIPOMEHEBOT'O 3Ba-
PIOBaHHS;

YCTaHOBKOIO JUISI BUPOILYBaHHS B 3pa3kax BTOM-
HUX TPIIIMH, IO IMITYIOTh TPIIIIMHA B METaNi CTIHKA
KOPIIyCy p€aKkTopa, 3 HaCTYIHUM iX BUIIPOOYBaHHIM
Ha TPIIIUHOCTIHKICTS;

€JIEKTPOEPO3IMHUM BEpPCTaTOM JJIsl MeXaHi4HOI
00pOOKH TTOJIOBIHOK 1 3BAPEHUX 3Pa3KiB.

Hapasi npuOyBaroTh 111e JIBi yCTAaHOBKU:

iHcTpyMeHToBanu# komep ¢pipmu INSTRON;

Mmikpockon ¢ipmu Aberlink, Benuka bpuranis
JUISI BUMIPIOBAaHHS TE€OMETPHYIHHX PO3MIpIB Haapi-
3iB, BTOMHHX TPIIIHH, BCTABOK 1 3BapEHUX 3Pa3KiB.

Jns nposenenns pooit 3 pexoncTpykuii 3C mmst
MDKHApOJHUX TIPOEKTIB, a TaKOX I BHUKOHAHHS
BITYM3HSHUX 3aMOBJICHb TEXHOJIOTIS PEKOHCTPYKIIii
Mae OyTH yxBajeHa CBpPOKOMICI€I0 Ta aTecToBaHa
JKSAPY. 3 miero meroro y Bepecui 2009 p. Oymm
MIPOBE/ICHI aTeCTalliliHI eKCIIEPUMEHTH 3 KOHTPOJIIO:

1) MiIIHOCTI 3BapHUX IIBIB IUIIXOM KBa3icTaTHY-

IIOPIYHUK - 2009

HOTO BHUTHHY 3BapeHHX 3aroTiBOK 0e3 Hajpizy Ipu
temneparypax 20, 0 Ta -70 °C;

2) BIACYTHOCTI TEPErpiBy CEpeJHbOT YaCTUHH
BCTaBKH IIil Yac 3BaprOBaHHs, L0 TapaHTYE BIICYT-
HICTh 3MIHH BIACTHBOCTEH MeTaly.

Pe3ynpraTy 3a10KyMEHTOBaHO B 23 IPOTOKOJNAX.

Pesynpratn MertanorpadiyHuX AOCTIIXEHb Me-
TaJly 1IBa 1 30HU TepMiuHoro BIumBy 3C, 3BapeHHX
IIpY ONTHMI30BaHUX IapaMeTpax, BUSBWIN CTPYyK-
TypH, XapakTepHi Uil eJIEKTPOHHO-TIPOMEHEBOTO
3BapIOBaHHSI.

Ha pucyHKy HaBeZE€HO EKCIEPHMEHTAJbHI 3Ha-
YeHHS yIapHOi B’SI3KOCTI 3aJI€KHO BiJ| TEMIIEPATypH
BUNPOOYBaHHS IITUX 3pa3KiB, BUTOTOBIEHHX 13 KO-
prycHOi cram peakTopa HenoOymoBaHoi KpuMcbkoi
AEC, 1 3pa3kiB, peKOHCTPyHOBaHUX 3 OTPUMAHHUX

IIOJIOBHMHOK.
250
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Temnepatypa BUNpobyBaHHs, °c

VY3aranpHEHaA TeMIIEpaTypHa 3aJeKHICTh yaapHO1
B’SI3KOCTI JUIS IIIJTUX Ta PEKOHCTPYHOBAHMUX 3pPa3KiB.

BusnaueHHss OXHOPIMHOCTI BHUOIPOK MaHHUX IS
[UIMX Ta PEeKOHCTPYHOBaHMX 3pa3KiB MPOBEIEHO 3a
tectoM Yoy. VY pesynpTari po3paxyHKiB BHOIpPKH
BUSIBWINCSL ONHOPIAHUMHM, OCKUIBKM  3HAYEHHS
F-cratuctuku s pisasa 3HaunMocTi 0,05 BUSBHITO-
cs MeHIIMM 3a kputuuny BenmmuuHy (0,57 i 3,05).
AHanoriuHuii BUCHOBOK OTPHMAaHO ¥ I 3pa3KiB Ha
CTaTUYHY B'S3KICTh PyWHYBaHHS.

TakuM YWHOM, pE3yJNbTaTH TIOKa3alld CTaTHC-
TUYHO OJTHAKOBI 3HAUYEHHS KPUTUYHOI Ta pedepenc-
HOI TeMIEPATyp.

VY xostHi 2009 p. I8 HAH VYkpainu otpumas
no3sin JJKSAPY Ha mpoBeneHHs poOiT 3 peKoHCTpY-
kuii onpominenunx 3C Meranmy KOPIYCiB peakToOpiB
AEC VYkpaian. llepmmmMu st peKOHCTPYKITiT BUKO-
PHCTOBYIOThCS 3pa3KH MeETaly KOpIycy peakropa
6noka Ne 1 I[liBzenHo-Ykpaincekoi AEC.

113



AHOTALIIl POBIT

AHoTauii pobiT 3 Pi3nku nnasmu

KAHAJIIOBAHHSI EHEPIII TA IMIYJbCY HECTIMKOCTSAMMU
HA EHEPTIMHHMX IOHAX YV TEPMOSJAEPHIN IIJIA3MI

A. 1. Koaecunvenko, B. B. Jlynenko, 0. B. SIkoBenko

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

BinkpuTo HOBE sIBUIIEC — KAHATIOBAHHS CHEPTii Ta
iMIynbcy mpu 30YyIKEHHI HECTIHKOCTeH I1a3mMu
eHepriianMu ioHamu (puc. 1). BoHo mMoxe npusso-
JUTH JI0 JOKOPIHHOI 3MIHU pajiajJbHOrO0 mpodisato
HarpiBaHHS IJIa3MH ¥ 3MiHHM B Yaci 4aCTOTH HeECTil-
kocTi. IMOBipHO, KaHaMOBaHHA eHeprii Oyllo BU3HA-
JaJIbHAM (aKTOPOM B EKCIIEpUMEHTaxX Ha cdepud-
HoMy Topi NSTX (CHIA), me mix wac 30yKeHHS
anb(BEHIBCHKUX  HECTIHKOCTEH  CcrocTepiraiocs

Puc. 1. Yacrora GAE Moau (ropu3oHTaNbHa JIiHisA), TUIKA
Ib(BEHIBCHKOI0 KOHTHHYYMY 3 MOJOBUMH YHCIIaMH 1,
ntam ~+ I, n (xpusi / Ta 2) Ta pagianbHui npodias i0HIB
myuka (kpmBa 3). Lleit ecki3 AeMOHCTpye KaHATIOBAHHS
eHeprii GAE Mo[or0: Mosa OTpUMY€ €HEpriio Bix iOHIB
IMyYKa TOJIOBHAM YHHOM BCEpemuHi obmacti r < r;, aje
BiZJa€ CHEpril0 eNeKTPOHAM 3aBISKH KOHTHHYYMHOMY
3racaHHIO B 00J1aCTi ¥ ~ 7.

YIIUpEHHs MPOdLII0 TeMIepaTypu IUIa3MHu 1 HaBITh
najaiHHs TeMIepaTypu NpH HapOIIyBaHHI HOTYXHO-
CTi ITy4YKa i0HIB, IHKEKTOBAHOTO B IUTa3zMy (puc. 2).
Lle HOBe sBHIE CBiTYUTH MPO TE, UIO POJIb HECTili-
KOCTEH Ha eHepriiHuX ioHaX y MIKHapoJHOMY pea-
ktopi ITEP Ta MaifOyTHIX TEpMOSAEPHUX PeaKTOpax
MOKe OyTH 3HAYHO OUTBIIIOI0, HIXK IPUIHATO BBaXKa-
TH.

PoGory BukonHaHo B pamkax IIpoexty YHTIL]
No 4588 Ta omyOmikoBaHo B kxypHam Phys. Rev.
Lett. 104, 075001 (2010).

1.2 14
i T, P=2 MBT L
----- T, P=4 MB1 ,j
L — — -T,P=6 MB1 =

0.8 -

I

W

g I~

z .
0.4

r/a

Puc. 2. YucenbHo oOpaxoBaHa TeMmIlepaTypa IUIa3MH Ta
TEIUIONPOBIHICTh A{7) y Tokamani NSTX. IIpodini Tem-
nepaTypu OTPUMAaHO s r/a = 0.6.
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OI3UKA ITIAZMU

AHOMAJIBHUM TPAHCHOPT TA OBEPTAHHS ILIA3MHU, CIIPUMUHEHI
HECTIMKOCTSAMH HA EHEPTTHHHUX IOHAX ¥ TOKAMAKAX TA CTEJAPATOPAX

sI. I. Kosecnnuenko', B. B. .JIyuemcol, P.b. BaﬁTz, A. BeJmep3, 10.B. SIxoBenko'

] . . .
Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis
2 L
Ipuncmoncoka rabopamopis gizuxu naazmu, Ipuncmon, CIIA
3 . o .
Incmumym ¢hizuxu naazmu Makca I[Tnanxa, I'paiiceanvo, Himeuuuna

3anpornoHOBaHO TEOPiI0 TPAHCHOPTY IUIa3MHU Mif
JIE0 HECTIMKOCTEH Ha eHepriiiHux ioHax. 3 Hel BU-
IUIMBAE, IO i HECTIMKOCTI MOXYTh BECTH JIO CHIIb-
HOTO TIOTIpIICHHS YTPUMAaHHS €Hepril TIa3MHu, y TOH
Yac SIK iX BIJIMBOM Ha TPAHCIIOPT YACTHHOK MOYKHA
3HEXTYBaTH. 3HaWAEHO aBa (PI3UYHHX MeXaHi3MHU
aHOMAaJIbHOT'O TPAHCIIOPTY €JNEKTPOHIB IOIEPEeK Ma-
TCHITHOTO TOJISA: aHOMaJibHA TEIUIOMPOBIIHICTh Ta
KOHBEKIIisl, CIPUYMHEHA XBWIIMH. BUKopucToByio-
YU pIBHSHHSA KBa3UIiHIHHOI Teopii, 00paxoBaHO KOe-
¢inieHTH aHOMaNBHOI TETIONPOBIAHOCTI MPOJITHUX
1 3aXOIJICHUX EJEeKTPOHIB mpH 30yIKEeHHI anb(Be-
HIBCBKHMX HECTIHKOCTeW Iuta3Mu. 3 Teopii BUILIMBAE,
IO PO3BHUTOK HECTIHKOCTEH MOXE CYNpOBOIXKYBa-
TUCS 3MEHILIEHHSM YacTOTU KOJHMBaHb 4depe3 JOII-
JIEPiBCHKUI 3CYB YacCTOTH, IO 3MIHIOETHCS B 4aci
(frequency chirping) (muB. pucyHok). Teopiro 3acTo-
COBaHO JO CeKCIIEPUMEHTIB Ha  CTelaparopi
Wendelstein 7-AS Ta cdepuunomy Ttopi NSTX.
3uaiineno (i3WdHI MEXaHi3MH, BIAMOBITAIBHI 3a
AHOMaJBHUH TPAHCIOPT y LIUX MPHUCTPOSIX. 3pobiie-
HO BHCHOBOK, IO TeHepalis KiHeTHYHOI anb()BeHiB-
CHKOI XBWJII MOXE BiJirpaBaTH BEIWKY POIIb, IIPH-

Qy, IOB. 01.

0 \ | |

0 ry Me a

OOepranHs 1a3MH, CIPUYMHEHE HECTIHKICTIO, 110 30y.1-
KyeTbca eHepriiHumu ioHamu. Ilo3HadueHHs: Q,—T10110i-
JTATbHA 9acToTa OOepTaHHA IDIa3MH; I' — pajiajbHa KOOp-
JIMHATA; a — palliyc IIa3MH; 7, — pajilyc BUIIPOMIHIOBaHHS
XBWJIb EHEpPriiHUMHU iOHaMu; 7, — pajiyc IOTJIMHAHHS

XBUWJIb CJICKTPOHAMMU.

3BOJISIYM JI0 AaHOMAJILHOTOTPAHCIIOPTY 110332 MEXaMu
JoKaizanii anb(PBEHIBCHKUX MOJI.

PoGotry Bukonano B pamkax Ilpoexty YHTII
Ne 4588.

TAMYBAHHS AJB®BEHIBCHKUX MO/l ¥V TOPOIJAJIBHUX
CUCTEMAX 3 PE3UCTUBHOIO CTIHKOIO

5. 1. Korecuuuenko, B. B. Jlynenko

Tuemumym aoeprux docnioxcenv HAH Yrpainu, Kuis, Ykpaina

BuBueHHs anb(BEHIBCHKUX HECTIHKOCTEH, IO
CIPUYMHEHI €HEepPriiHMMH 10HAMH y TOKamakax i
cTenapaTopax, BUMarae 3HaHHS pPagialnbHOI CTPYK-
TYpH MOJH, IO AecTadimizyersbes. st onucy Biac-
HHUX MOJ 3a3BHYail BUKOPHCTOBYIOTh I'PaHUYHI yMO-
BH, IO € CIIPABENINBUMHE IIPH HASBHOCTI iAcalbHO
npoBinHOI CcTiHKM Kamepu. Lli ) TpaHWYHI YMOBH
BHUKOPHUCTOBYIOTHCS TIPM BUBUEHHI MOJ Ha €HEpTiid-
HuX JacTuHKax (EPM). OnHak BimoMo, o CKiHYCH-
Ha MPOBIIHICTh CTIHKH MOXXE CHJIBHO BIUIMBATH Ha
CTIMKICTh TUIA3MH, MPHU3BOISYM O 30Y/KCHHS IIe-
pudepiiiHIX MOJl, CHPUYMHEHUX PE3UCTHUBHICTIO
ctinku (resistive wall modes), mo 0OMeEXyHOTh MO-
KJIMBICTh JOCSATHEHHS BACOKHX 3Ha4eHb [3. 3 iHIIOro
00Ky, BIUIMB IPOBIIHOCTI CTIHKH Ha aJib()BEHIBCHKI
BJIACHI MOJIM JIO0 LIOTO Yacy HE BUBYABCS, L0 W MO-
TUBYBAJIO HAIIl JTOCIiKEHHS.

AHaji3, mo BUKOHAHO, BPaXOBY€E CKIHUECHHY TIPO-
BiJJHICTh CTiHKHM Ta HasBHICTh BaKyyMHOTO Ipoliap-
Ky MIX IJIa3MOIO Ta cTiHKoto. [lokazaHo, 1o mposi-

IIOPIYHUK - 2009

JHICTH CTIHKM NPHU3BOJUTH N0 OJATKOBOTO Tramy-
BaHHS &Ib()BEHIBCHKUX BJIACHUX MOJ; BH3HAYEHO
CKIHOBHH Yacy CTIHKH, JJIS IKOTO TaMyBaHHS € Mak-
CHUMaJbHUM. SIK TpUKIan, pO3IIAHYTO TaMyBaHHS
HE3BUYAHHOI TIOOANBHOI anb()BEHIBCHKOI BIIACHOT
Mo (NGAE) y cremapartopax (Moau, MOIiOHOT 110
RSAE mon y Tokamakax). Kpim Toro, 3pobieHo Buc-
HOBOK, III0 PE3UCTUBHA CTiHKA MOXKE MPU3BOAUTH JI0
MOSIBU HOBUX MOJI, JIOKANI30BaHMX Ha Tmepudepii
wiasmMu. Hapasi mepudepiiitHo nokanizoBaHi Moau
(PLM) oTpumaHO B MpUIYLIEHHI OJHOPiAHOI mia3-
MU (pO3paxyHKH AJIsl HEOOHOPIAHOI IUIa3MU TPUBa-
I0Th), aJieé aHAJITHYHUI PO3IIIA] MOKa3ye, M0 caMe
HasBHICTh BaKyyMHOTO IPOIIAPKY MiX IIa3MOI0 Ta
CTIHKOIO TIPU3BOANTH IO IOSBH ITUX MO (IOIaTKO-
Ba TIOTCHIlIAJIbHA sIMa MOXKE 3 SIBUTHCH Y IMOTEHITIATI
y piBasiaHi Hlpexinrepa).

Poboty BukonaHo B pamkax IIpoexty YHTIL]
Ne 4588.
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®IIIIBOH-MOJA ¥V CTUCJIMBIN ILJIA3MI

R Koneclmqemcol, B. B. .JIyuemcol, P. B. Baiir’

' Inemumym sdepuux docnioocens HAH Yipainu, Kuis
’puncmoncvra nabopamopis (izuxu niasmu, Hpuncmon, CLIIA

OImIOOH-HECTIMKICTh — HECTIWKICT MOAM 3
m=n=1 (m 1 n — nonoigagbHe Ta TOPOiNaJIbHE
XBWJIBOBE YHUCIIO BIAMOBIAHO), IO 30YIKy€EThCS
EHeprifHMMH 10HaMH, criocTepiragacs B 0araThox
eKCTIeprMeHTax Ha TokamMakax. OJHaK JI0 IbOTO
4yacy TEOpeTU4Hi POOOTH 3 Ii€l HeCTIHKOCTI Oa3yBa-
JIMCS Ha MIPUMYIICHH] PO HECTHUCIUBICTD TIA3MH.

V 11i#i poOOTI PO3BHHEHO TEOPIIO 3 YpaxyBaHHIM
CTHCIMBOCTI IUIa3MH, a CaMe:

BIIKpUTO ABa TUNH (imOOH-HECTIMKOCTI 3 yac-
TOTOI0, IO 3HAYHO TIEPEBHIIYE YACTOTY BiOMOI
(inIOOH-HECTIMKOCTI (4acTOTa HOBHUX HECTIMKOCTEH
€ OIU3BKOIO 10 @, € (); — YacToTa IeoAe3UYHOl
aKycTU4HOI MOaM pH g =1, g — 3amac cTifikocTi),
a came: (i) pe3oHaHCHY KOHTUHYYMHY Moay (RCM),

2

1.6

Q;,=0.8 N

1.2 40Q,=10 L
o J=140.2(1-4(c/a))
o i B .
J Horei
0.8 — MOIH
04— . I
IMozudikoeasa: S (a)
JTpazHuIlxHa B e,
{Mozma e T,
U T | T ] T I T | T =
0 0.2 0.4 0.6 0.8 1
r/a
1.2 IOi¥icHa yacTHHA
o—e—e YgBHA UACTHHA
Q0.8
0.8 o Q2.=10
“r ()4 —

() po-ooo000O

i (8)
0Q=(0.800, -0.001)

Bo=5.6x10"

T [ T I T ] T | T I
0 0.2 0.4 0.6 0.8 1
ra

-0.4

(i1) mepeszonancHy winuaHy Moay (NGM) (mus.
PHUCYHOK);

II0Ka3aHo, 10 KOHTHHYyMHe TramyBaHHI RCM
MOJ MOXe OyTH Iy)Ke MaiuM, a paJiaIbHHH Mpo-
(G171 HOBUX MOJ MOXE€ ICTOTHO BiAPIZHATHCS Bif
’KOPCTKOTO 3CYBY, XapaKTEpHOTO VIS TpaaUIiiHOT
(imO0H-HECTIHKOCTI;

3po0JIeHO BHCHOBOK MpPO T€, IIO HECTIHKICTh 3
4acTOTOI0 @~ @), IO CHOCTepirajgacs Ha TOKaMarli

JET, moxe OyTH iHTepnpeToBaHa SIK 30y KEHHS
NGM moxu a6o RCM moau.

PoGory BukoHano B  pamkax Ilpoekty
VHTII Ne 4588.
1.2 —
’_/,/ IliricHa vacTuHa
. o—eo—o YgBHA UACTHHA
Q=08
0.8 - ©2,=10
wr 0,4 —
0 —9-9—9‘0‘&’0
1 (6)
Q=(0.231, -0.00059)
[i,u—llx ”J:\
_(},4 T | T | T l T | T |
0 0.2 0.4 0.6 0.8 I
r/a
1 i . .
— JIiMCHa YaCTHHAa
Tl o—e—o YaBHA UaCTHHAa
0.5 —
0—p°
ug -
-0.5

(r)

{0=(0.934,-0.011)
Bu=2.2x10%
T

0 0.2 0.4 0.6 0.8 1
r/a

Pe3zonancHa koHTHHYYMHA Moa (RCM): @ - KOHTHHYYM Ta 9acTOTH MOZ; 6 - CTPYKTypa TpaauliitHoro QimooHa;
6 - CTPYKTYpa MOAU 3 W = (@), ; 2 - CIPYKTypa MO 3 @ > @) .
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OI3UKA ITIAZMU

MPELECISA EHEPTTHHUX IOHIB Y TOKAMAKAX
3 HEKPYIVIUM HEPEPI3OM TA BUCOKUM pj

0. C. Bypno', SI. I. Koaecunuenxo', C. Cinias’, 10. B. SIkoBenko'

b . . .
Tncmumym soepuux docnioxcenv HAH Yrpainu, Kuis

2 . . . . . . .

Xenvcincokuil mexuiunuil ynieepcumem, Ecnoo, @innsndis

Hobpe Bimomo, 10 TopoinanbHa Tperecis eHep-
rifHUX 10HIB MOXKE CHJIBHO BIUIMBaTH SIK Ha JUQY-
3if0 YaCTHHOK, TaK i Ha cTilkicTh mna3mu. [Ipenecis
3aXOIUIEHNX YaCTUHOK BHBYEHA JIOCUTH JO0pe, 3a
BUHSATKOM BHIAJKY JyXe BUCOKUX /3 (BiJHOLICHHS

JIOKATBHOTO THCKY IUIa3MH JIO THCKY MAarHiTHOTO
IIOJIsL Ha OCi), KOJIM TIOBHE MarHiTHE IoJie Ma€ JioKa-
JHHUN MiHIMYM BcepenuHi masmu. llpenecis mpo-
JITHUX YaCTHMHOK JOCIIJ)KeHa 3HAa4yHO CcJaOKilie,
0COOJIMBO B IIIa3Mi 3 HEKPYIJIUM TiepepizoM. Bona
Oyna BuBueHa B poOoTi [1], me Oysio orpumaHo i
MPOAHaNII30BaHO BUPA3H JIJIs 4acTOTH mperecii. by-
JIO 3HAiJeHO, MO TOJOBHHMH TapaMmeTpamu, sKi
BU3HAYAIOTh BEJIIMYMHY Ta HANPSMOK Iperecii, €
BUJOBXKEHICTh TUIa3MHU Ta Npodii 3amacy CTIHKOCTI
i [ . Onnak teopis [1] noOymoBaHa JIUIIe st IBOX
IPaHUYHUX BHIIAJKIB: JJI1 YACTHHOK 3 MaJiOI0 TOB-
LIMHOIO OpOIT Yy TOKaMakax i3 KpyIJIUM Iepepi3oM i
JIOBIJIBHUM MArHiTHUM IIHPOM Ta U YaCTUHOK 3
JIOBUITHFHOIO TOBITUHOIO OPOIT Y TOKaMakax 3 HEXTO-
BHUM HIMPOM. MeTO0 11i€i poOOTH € mepeBipka Ie-
penbaveHp Teopil Ta AOCHIKEHHS Tpenecii y Toka-
Makax 3 HEKPYIIIUM Mepepi3oM Ta HEHYJIbOBUMH
mupoM 1 tuckom. [Iperiecis BUB4Yaiach 3a JOIOMO-
TOK0 YHUCJIIOBUX METOJIB i3 3aCTOCYBaHHSM KOJIiB
GYROXY [2] Ta ASCOT [3].

Byno pocmimkeHo 3ajeKHICTh YacTOTH Mperecii
BiJl BHIOBKEHOCTI, [ Ta MarHiTHOTO INUPY SIK IS

MPOJIITHUX YACTUHOK, TaK 1 JUId 3aXOIUICHHX. 30-
KpeMa, TTOKa3aHo, IO MPEIeCis MPOTITHUX YaCTHHOK
y BHIOBXEHHX KOHQIrypamisix 3 HEHYJIbOBUM ILH-
POM 3pOCTa€ i3 MIMPOM Ta 3MEHINYEThCS 3 BUAOBKE-
HicTio. OTpUMaHO IHTEpPHONAMiNHI QopMynH s
3aJIeKHOCTI YacTOTH Tperiecii BiJi MAarHiTHOTO IUPY,
TUCKY Ta BHUIOBKEHOCTi. Y TpPaHMYHUX BHIMAIKAaXx,
KOJH Teopis [1] € 3aCTOCOBHOIO, pe3yIbTaTH YHCIIO-
BOT'0 MOJICITFOBAHHS IS IPOJIITHUX YaCTUHOK J00pe
Y3rOIKYIOThCS 3 Hero. JlocmimKeHo mpeLecito 3axo-
IUICHUX YaCTHHOK Yy KOH(DIryparisx 3 BUCOKUM [ i
JIOKaJIbHUM MIiHIMyMOM MarHiTHOTO TOJIS BCEpeIuHi
mwia3Mu. 30KpemMa, MiATBEpHKEHO 3MiHYy 3HaKa pafi-
ANBHOT 3aJIeKHOCTI Tperecii A Takux KOoHQirypa-
i, mependadeny y po6ori [4]. PesymsraTu Bimmo-
BIZIHUX pO3paxyHKIB HaBeJeHO Ha puc. 1 Ta 2, 1e
R,=85cM, a =067 cM, BUIOBXKEHICTb k = 2.2, TpH-
kyTHicTb A= 0.5, enepris £ = 1 keB, marmitae
none Ha oci B, =3 kl'c, a pp HOpMOBaHe Ha B*/4r.

IIOPIYHUK - 2009

1.10 —

B(s)/ B(0)

p(s) = pO*(1-s**2)**2

0.60 —| p0=0.10
T q(s) = (1+25*s**4) * 13/16

0.50
\ \ \ \ \

0.00 0.20 0.40 0.60 0.80 1.00
s=rla

Puc. 1. PanmianpHi 3aJIXKHOCTI BEJIIMYMHHA HOPMOBAHOTO
MOBHOTO MAarHiTHOTO TOJIS JJIsl PI3HUX THUCKIB IUIa3MH
p(s) = po(1 - 5%, s = r/a. ITpu po= 0,25 Ta po= 0,50 mar-
HITHE II0JIe Ma€ YiTKUHA JIOKaNbHUHA MIHIMYM BCEpeIuHi
TUIa3MH.

2.00 —

. p0 = 0.50

1.00 —
p0 = 0.25
0.00 \ \ I
60

0.00 0.20 0.40 0.80 1.00
s=rla

B p0=0.15

Xi (s)

-1.00 —

-2.00 —
Puc. 2. PanianpHi 3aye)KHOCTI 3HEPO3MIpEHOT 4YacTOTH
nperiecii & s pisaux THCKiB masmu p(s) = po(l - 2%
Ipu py= 0,25 ta po= 0,50 mpernecist 3MiHIOE 3HAK.

1. Ya.l. Kolesnichenko, R.B. White, and Yu.V. Yako-
venko, Phys. Plasmas 10, 1449 (2003).

2. M.H.Redi et al., Plasma Physics and Controlled
Fusion (Proc. 29th EPS Conf. Montreux, 2002)
Europhys. Conf. Abstr., 26B (EPS, 2002).

3. S. Sipild, Monte Carlo simulation of charged particle
orbits in the presence of radiofrequency waves in
tokamak plasmas (Espoo, Finland, 1997).

4. Ya.l. Kolesnichenko, V.V. Lutsenko, and V.S. Mar-
chenko, Nucl. Fusion 40, 1731 (2000).
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TEHEPAIISA KIHETUUHUX AJb®BEHOBUX XBWJIb HE3BUYAMMHUMHU
I'/IOBAJIbHUMHU AJIb®@BEHIBCBKUMHU BJIACHUMHU MOJAMU

O. II. ®eceniok, 0. B. SIkoBenko, 1. 1. Koaecuuuenko, A. Il. Ilaciunmii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Ans(dBEHIBCBKI HECTIHKOCTI, 30ymKeHI eHepriii-
HUMU 10HAMH, MOXKYTh IOTIpIIYBAaTH YTPUMaHHS
WX 10HIB i, Y JCSIKUX BUIIAJKaX, HaBiTh OCHOBHOI
mia3miu [1]. Y poborti [2] Oymo BkazaHO, IO TMOTip-
IICHHS YTPUMAaHHS €HEprii IUIa3Mu B E€KCIICPUMEH-
Tax Ha crenaparopi W7-AS [3], imoBipHO, BinOyBa-
€THCS 32 PaXyHOK BHHECEHHs €HEeprii KOJMBaHHIMHU
EJICKTPUYHOTO TOJI KIHETHYHOI aTh()BEHOBOI XBHIII
(KAX), umpomineHoi ifealbHOI HE3BUYAHHOIO
ro0anbHO  anb(BEHIBCHKOIO BIACHOIO MOJOIO
(HCABM) u4epe3 TtyHemtoBanHs. lleit edekr mae
Ha3By «BUIIPOMiHHE ramyBaHHs» [4]. ¥V 1iit poGoTi
PO3BUHEHO 3aralibHy Teopiro reHepanii KAX mona-
mu HTABM/ABMOIII (ABMOIII — ans¢BeHiBebki
BJIACHI MO OOEPHEHOTO WINPY, CIIOCTEPEKyBaHi B
Tokamakax). [IpoanamizoBaHO pIiBHSHHS IS anbg-
BEHOBHUX XBWJIb 3 YpaxXyBaHHSIM KiHETHYHHX e(dek-
TiB, HaBeAeHE B poOOTi [5]. YV mpocTopi pamialbHOTO
XBHJILOBOTO 4MCjIa BUBeACHO piBHsAHHS Llpeninrepa
st tokanizoannx HCTABM. HCTABM mnpepcrage-
Hi K KBa3ipiBHOB&)XHI CTaHW IHOTO PIBHSHHA ¥
BUMIQJIKy, KOJIM TOTEHI[iall Mae oauH abo jBa
LEHTPaJbHUX MiHIMYMH, OTOYEHi JABOMa MaKCHUMY-
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Mamu. OTpuUMaHO HEOOXiIHY yMOBY IXHBOTO iCHY-
BaHHA. 3a momoMoror Mmeroxy Bentiens - Kpamep-
ca - bpimoena oTpumaHO aHANITHYHI BUpPA3d JUIS
JIEKPEMEHTIB BUITPOMIHHOTO TaMyBaHHS Ta YacTOT
MOJ JUIA Haj- i migdap’epHux piBHIB. Po3pobieHo
YHCENbHUI KOJ, SKHi PO3B’S3Yy€ 3ajady Ha BJACHI
3HaueHHs [Tt oTpuMaHoro piBHsHHS Llpeninrepa 3
JTIOaTKOBOIO YMOBOIO BiICYTHOCTI ITaIal0OuNX XBHITb.
Lleit kom mepeBipsIeTbCS IHIIAM KOJOM, SIKHIA
PO3B’s3y€ 3a/1a4y KBAHTOBO-MEXaHIYHOTO PO3CISTHHS
JUISL OTPUMAHOTO PiBHAHHSA. MakcuMyMH KoeQilieH-
Ta TPOXOJPKEHHSI, 3HaWeHI 3a JOMOMOTOK OCTaH-
HBOT'O KOJy, 30iratoThCs 13 33JJ0BUTLHOKO TOYHICTIO 3
KBa31piBHOB)KHUMH PiBHSAMH €(EeKTHBHOI €Heprii,
3HANIEHIMH 32 JIOTIOMOT OO MEPIIOTro KoY.

Ha pucyHky HaBemeHO pe3yibTaTH OOYUCIICHD
0e3pOo3MipHUX KBaApary 4YacTOTH H JIEKPEMEHTY
BHIIPOMIHHOTO TaMyBaHHs U PI3HHX IapaMmeTpiB
nmoTeHIiany. BumpomiHHe ramyBaHHS 3pocTae 31
CIaIaHHsAM TlapaMeTpa g 1 3pOCTaHHSIM IapameTpa

1, O BIJNOBIJa€ 3MEHIICHHIO IUPUHU MOTEHIlia-
JILHOTO Oap’epa.
1

0.1

0.01

log, ||

vonwd ool vl cod vl ol ol uunuu\/rmm

JliBopyd: 3aJIeXKHICTH 0€3pO3MIpHOTO KBaJ[paTa BIACHOI YAaCTOTH BiJ MapaMeTpy g NpH Pi3HUX 3HAUYEHHIX MapameTpax
n (norenuian V(p)=-n(p’ +1)—g/(p> +1)+1/(p* +1)*). TIpaBopyu: 3anexkHicTh 6€3pO3MIPHOTO TEKPEMEHTY BH-
IPOMIHHOTO ramyBaHHS E, Bij mapaMerpa g IpHU Pi3HUX 3HA4€HHAX IapameTpax 77. Kpyxeuxkamu Ta poMOHKamMu
MMO3HAYCHO BIAMOBIOHO TepImuil i Apyruil piBHi npu 77 =0,l; KBagpaTamMu Ta TPUKYTHUKAMH — BIIIIOBITHO HEPIIHHN 1
npyruit piBHi npu 77 = 0,3 ; 3aIOBHEHUMH Ta MOPOXXKHIMUA CHMBOJIAMH — OOYHCIIEHHS, BUKOHAHI BiIMOBITHO MEPIINM 1
JIPYTUM KOJaMH.

1. K.L. Wong, Plasma Phys. Control. Fusion 41, R1 4. R.R. Mett and S. M. Mahajan, Phys. Fluids B 4, 2885

(1999).

2. Ya. I. Kolesnichenko et al., Phys. Rev. Lett. 94,
165004 (2005).

3. A. Weller et al., Phys. Plasmas 8, 931 (2001).

(1992).
5. O. P. Fesenyuk et al., Plasma Phys. Control. Fusion
45,1 (2003).
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OI3UKA ITIAZMU

HNEPEPO3INOALT MIYYKOBUX IOHIB TPUTIIO IIPU HASABHOCTI
OIINIBOH-HECTIMKOCTEHU ¥ TOKAMAIII JET

T. Faccuep', C. Hinuec?, C. [Hapanonz, B. Fonoﬁopozu;xos, B. Hnopcmcm"f, K. Iond'

IIHcmumym meopemuunoi Qisuxu ynisepcumemy, Incopyx, Ascmpis
’Kanemcoruii naykosuti yeump, Acoyiayis EURATOM-UKAEA, A6ineoon, Benuxobpumaris
3 Inemumym soepuux docnioxcens HAH Vipainu, Kuis

VY poOoTi HaBeAEHO Pe3yIbTaTH YHCEIBHOTO MO-
JIEITIOBaHHS TIOBEJIHKM 1HXEKTOBAHUX TPUTOHIB B
tokamarli JET npu nassrocti MI'JI-30ypens. [Tose-
ninka ioHiB 6e3 MI'/I-30ypenp MonemoBanacs 3a
moriomororo 3D dokkep-IlnankiBchkoro  Komy
FIDIT [1], a mepepo3moil YaCTHHOK TPH TIOSBI
30ypens 3a gornomoroio kogxy HAGIS [2].

Ha puc. 1 300paxkeHo mopaxoBaHi iIHTEHCUBHICTb
Ta MOJIO0KEHHS PE30HAHCHOTO PIBHS B IUIOIIMHI €He-
PreTHYHHUX 3MIHHUX. 3aXOIUICHI Ta HEBeJUKa Killb-
KIiCTh 10HIB, 10 PyXalOThCs MPOTH MAarHiTHOTO MOJS
3 TIOB3/IOBXKHBOIO JIOJICI0 IIBHUIKOCTI B Mexkax
—0,2 < £<0,05, HAOYHO BiIUYBAIOTH BILUIUB PE30-
HAHCHOI B3aeMoii 3 (inOOH-MOMIOK0 3 TOJIOiNATb-
HUM XBHJILOBHM 4HcIIoM 1 Ta TopoigansHuM 0.

Enepris, keB

.

IMiTu-kyT

Puc. 1

<1

Ha puc. 2 300paxeHO 3aJ€KHICTh TOJOKEHHS
PE30HAHCHOTO PiBHSI B3a€MOJIi 3aXOIJICHUX TPUTO-
HiB 3 MI'/I-30ypeHHsIMH Bin eHeprii 4acTHHOK Y
BEePTHKAIIbHIN TUIOIIMHI TIepepi3y Topa, 1o mnepedy-
BalOTh y pe3oHaHci 3 MI'J[-Momoro mpu 3HaYeHHI
nomnepeyHoi eHeprii Tpurona, A =1. Pe3oHaHCHHMI
PIBEHb € JIOKQJII30BaHUM 110 BEPTUKAILHINA KOOPIH-
Hati Ha BigcTani < 0,5 m. Jns KigbKiCHOTO AOCIIi-
mokeHHs BrumBy MI'JI-30ypeHb Ha MOBEAIHKY iHXKe-
KTOBAaHUX TPUTOHIB MPOBEACHO PO3PaXyHKH PO3IO-
JIUTy TEpMOSIEPHUX HEHTPOHIB.

Ha puc. 3 mokazaHo MOpiBHSHHA MOPaxOBaHHX
HOpMAaJTi30BaHUX MPOdiniB TepMosiaepHux d-t HEHT-
poHiB y po3psiai 61431 na Tokamani JET. Cipa kpu-
Ba 300paxye eMmicito HeHTpoHiB 0e3 ypaxyBaHH:I
B3a€MOJIl MK XBUJISIMH Ta YaCTUHKAaMH, a YOpPHA —
TIPU HAsSBHOCTI TaKOi B3a€MOJIi IH)KEKTOBAaHUX TPH-
TOHIB 3 (PIIIOOH-MOJIO0 3 MOJIOINATBHUM HOMEPOM
n=1.

Ha puc. 4 maBeaeHO TTOPIBHIHHS €KCIIEPUMEHTA-
JTHHHUX (YOpHA KpUBA) Ta MOPaxOBaHUX (cipa KpHBa)
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npodisiB emicii HEUTPOHIB y PO3Psi, IO PO3TIIsLaa-
€TBCHL.
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IIpoBenene uucenbHE MOJEIIOBAHHS JIEMOH-
CTpy€E, 110 3a JOMOMOIOIK KOMOIHAIli ABOX KOIIB
HAGIS Ta FIDIT MoXHa aaeKkBaTHO OIMCYBaTH
MOBENIHKY 1H)KEKTOBAaHUX TPHUTOHIB MpPH HASBHOCTI
MI'/1-30ypeHb.

1. V. Yavorskij et al., Nucl. Fusion 43, 1077 (2003).
2. S.D. Pinches et al., Comput. Phys. Commun. 111, 131
(1998).
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HM3bKOYACTOTHI TJIOBAJIBHI AJIB®BEHIBCBKI MOJIHU B HU3bKOIINWPOBUX
TOKAMAKAX 3 HOIIEPEYHOIO IHKEKIIE€IO NIBUJAKUX IOHIB

B. C. Mapuenko, 1. 1. Kosechuuenko, C. H. Pe3nux

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Tax 3BaHWN «TIOpUAHMID pPEXKUM TPUBEPHYB
3HAYHY yBary B JOCIiKEHHsX TokamakiB [1]. Taki
piBHOBarn XapakTepU3yIOTHCS IUIACKUM Hpodinem
koedilieHTa 3amacy, (, B IIMPOKid IEHTpabHIN
obunacrti, ne qo~ 1. ['onoBHOIO MepeBaroro TiOpUAHNX
PO3PAIIB € BiJICYTHICTh MIJILYACTUX KOJIUBAHb, IO €
OCHOBHUMH TPHUTE€PaMH MIKiIJIUBUX HEOKIACUIHHUX
TipiHT-MOJ. 3 ITi€] TPUYUHU TIOPUIHUNA PEKUM OYyII0
BKJIFOUEHO SIK TPETiM omepaliiiHuii cueHapiit s
ITEP [2].

HemaBHo Ha smoHChKOMY ToKamaky JT-60
Upgrade, y ribpugHux po3psaax 3 peKOpAHUM THC-
KOM Ta MOTIEPEYHOI0 1HXKEKIIIEI0 HEUTPAILHOTO ITy4-
Ka, cIriocTepirajgach Moja 3 TOPOIMaTbHUM YHCIOM
n=1 Ta eKCTpEeMaJIbHO HU3bKOI YaCTOTOIO (KUIbKa
Kimorepy y cucremi mnasmu) [3]. [lpu HaliBummnx
MOTY>KHOCTSIX 1HXEKIIi1 I[i MOJIM He TLTBKH MOTipIIy-
BaJIM yTPUMAaHHS IIBHIKHUX 10HIB, aje ¥ pyHHYBaIH
TpaHCIOpTHHI 0ap’ep Ha nepudepii mnazmu. Tomy,
00 3an00irTH TaKUM PYHHIBHUM e(eKTaM, BaXKJIu-
BO 3pO3yMITH TPHPOAY IHUX MOJ 1 OIIHUTH THCK
IIBUJIKUX 10HIB, KM HEOOXITHUM 111 IXHBOTO 30Y-
JOKCHHSL.

HoOpe BimomMo, 1m0 B 3aragbHOMYy BHUMIAIKY
CIIEKTp anb()BEHIBCHKUX XBHWJIb Yy TOPi € Hemepe-
pBHUM [4]. OHAK iCHY€ KUTbKa TUITIB MOJ JUCKPET-
HOTO CIEKTpa, IO MOXYTh IJIErKO 30yKyBaTHCS
SHEPTiHHUMH 10HAMHU TP BUKOHAHHI BiAMOBITHUX
PE30HAaHCHUX yMOB. BOHM BKJIIOYAIOTH TIJI00ANbHI
anbdreniecbki Moau (CAE) [5], Topoinanbhi anbgd-
BEHIBCHKI MojH [6], iHAYKOBaHI THCKOM alb()BEHiB-
CbKi MOJU [7], a TakoX anb(pBEHIBCHKI Kackaau [8].
I'AE, ski moci po3riisanucs, € iCTOTHO IHJIIHAPUY-
HUMH MOJIaMH 3 YaCTOTOI0 TPOXH HWXKYE MIHIMyMY
aTb()BEHIBCHKOTO KOHTHHYYMY, 1 HEOTHOPIAHICTH

TYCTHHH IUTa3MH € HEOOXiTHOIO YMOBOIO IS iCHY-
BaHHSA MojH [5].

VY npaniii poboti [9] mokazaHo, IO BpaxyBaHHS
CKIHYEHHOTO THCKY IUIa3MHU 1 TOPOidabHOCTI MpH-
3BOJUTH JI0 MOSIBM HOBITHhOTO THIy I'AE B ribpua-
HUX po3psaax. Yactora HaOLIbII HECTINKUX MOJ €
ayxe Manor, 0y << (kVa)min (k| - moB370BXKHS
KOMITOHEHTa XBHJILOBOTO BEKTOpa, V, — anb(BEHIB-
ChKa IIBH/IKICTh), 1 MOZIa MOXKE iICHYBaTH B ILIa3Mi 3
OJTHOPITHOI0 TYCTHHOK. 3aBISKH HU3BKiH 4YacTOTI
I MoJla MOXe 30yKyBaTHCSA 3aXOIICHAMH EHEp-
TIMHUMH 10HAMH, TaKUMH SK anb(a-dacTUHKU B
ITEP, 4epe3 mpeueciiinuii pesoHanc. 3aBIsSKd TIO-
OanmpHOMY XapakTepy wiei mMomu [m = n = 1, ne
m(n) — nosoiganeHe (TOpoigaibHEe) MOJOBE YHUCIO],
Take 30y/PKEHHS MOXKE CWJIBHO TMOTIPIIUTH YTPH-
MaHHS PE30HAHCHUX IOHIB 1 BINIMHYTH Ha TepMO-
siIepHe TOPiHHS B TiOpuaHOMY crieHapii. OTpumaHi B
poborti [9] yacToTa MOAM Ta TIOPOTOBUI THUCK IIBUJI-
KHX 10HIB 3HAXOIATHCS B KUIBKICHIN BIAIIOBIIHOCTI 3
eKcIiepuMeHToOM [3].

Po6oty Bukonano B pamkax mnpoekty YHTIL]
Ne 4588.
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BILIUB TUCKY IIJIA3BMU HA HU3BKOUIMPOBI TOPOIJIAJILHI
AJIB®BEHIBCBKI MO/

B. C. Mapuenko

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

[Ticns BigKpUTTS TOPOiJaTbHUX alb(PBEHIBCHKUX
mon (TAE) [1] Oyno BukoHaHO 0arato TEOPETUYHHX
Ta €KCIEPUMEHTAIBHUX POOIT IUIsl BUSIBJICHHS BJac-
THUBOCTEW IIMX MOJl Ta IXHBOTO BIUIMBY Ha yTPHUMaH-
Hs MIBUIKUX 10HIB. [IpuyuHa mojsrae B TOMY, IIO
TAE Baxmusi s npoexty ITEP [2], ockinbku anb-
(ha-gyacTHHKN OYIyTh OCHOBHUM JKEPEIOM EHEepTii
IUISL ATPUMAaHHS TEPMOSJICPHOTO TOPiHHS, i J00pe
YTPUMaHHS TaKUX YACTHMHOK € KpUTHYHHUM IS yCITi-
XY LIbOTO MPOEKTY.

Jobpe BimoMo, 1o B IEHTpaNbHIN 001acTi Tias-
mu, 1e 5°< ¢ < s [s = (r/q) dq/dr — marniTauit wmp,
q — xoediieHT 3anacy, € = 7/R — 3BOPOTHE acleKTHE
BimHOMIECHHS, 7 (R ) — Manmuii (BeTUKWN) pagiyc To-
pa], icuye nBi yokamizoBani TAE: mapHa mMona, 1o
po3TalioBaHa BHH3Y TOPOiJabHOI adb(BEHiIBCHKOT
ITTHHY 1 POPMYEThCSI 32 paXyHOK 3a4EeTUICHHS JTBOX
MOJIOTIANIBHUX TApPMOHIK OJHOTO 3Haka [3], 1 Henmap-
Ha MOJa, fKa PO3TalllOBaHa BBEPXY IIUIMHU W Mae
MIPOTHJICKHI 3HAKH KOMNaHbHOHIB [4]. Komu € >> s,
icuye Oarato TAE, mo BiIpi3HSIOTBCSA KiUTHKICTIO
panmianbHUX BY3IiB [5]. Ane iXHe po3ramryBaHHS B
LIUTMHI TIPOTHIIeKHE: TMapHi (HemapHi) MOAW MalTh

OunbIIy (MEHIY) YacToTy, 1 iCHye 3a00pOHEHa Iili-
JIMHA MK MOAaMH MPOTHIIEKHOI HapHOCTI.

Pesynpratu pobotu [5] Oymo oTpuMaHO B Ha-
OMKeHHI HYJTLOBOTO THUCKY IUIa3MH. Y HaHiit pobo-
Ti [6] MOKa3aHo, IO iCHYE JyKe MaJHi KPUTHIHHUHA
THCK,

8 1 2 | v g
?(<p>—p):E,<...>=r—2!(...)r dr',

p

B, =

ae p(B,) — tuck muasMu (HONoifanbHe MarHiTHE
ToJie), BHIE SKOTO MapHi Ta HemapHi MOAU OOMi-
HIOIOTBCSl TIO3UITISIMA BCEPEAMHI TOPOiTaTbHOI IITi-
TuHY (OUB. pucyHOK). Lleit pe3ynbTar € ayke Bax-
JIUBUM JJIs JTIaTHOCTHKM I[MX MOJ, OCKIJIBKH B pea-
JBHAX €KCIEPUMEHTAaX MOIW 3 BHIIUMHU (HIDKUYAMU)
4acTOTaMHu OyJIyTh MaTH MAaKCUMyM aMIUTITYyJd Ha
BHYTpIIIHIA (30BHIIIHINi) CTOPOHI TOpa, HA MPOTH-
JISKHICTh BUMAJIKY HYJIBOBOTO THUCKY PO3TIISHYTOMY
B po0ori [5].

PoGoty BukoHano B pamkax mpoekty YHTI]
Ne 4588.

Crnextp HusbkommpoBux TAE ak GyHkuis e« = &/s mpu HynboBoMy THCKY (a) i ipu B,= 0,5 (6).
S >> A (A >> S) Bianosinae napHuM (HeNapHUM) MOJIAM.

[

C.Z. Cheng et al., Ann. Phys. 161, 21 (1985).

2. ITER Physics Basis Editors, Nucl. Fusion 39, 3695
(1999).

3. G.Y. Fu, Phys. Plasmas 2, 1029 (1995).
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6. V.S. Marchenko, Phys. Plasmas 16, 044504 (2009).
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MODE COUPLING IN ALFVEN INSTABILITIES

Yu. V. Yakovenkol, Ya. L. Kolesnichenko', V. V. Lutsenkol, R. B. Whitez, A. Werner®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Princeton Plasma Physics Laboratory, Princeton, USA
3Max—Planck—]nstitut_fﬁr Plasmaphysik, Greifswald, Germany

It is often believed that the properties of the
Torodicity-induced Alfvén Eigenmodes (TAE [1]),
which are often observed in tokamaks and stellara-
tors, are not qualitatively changed by the lack of the
axial symmetry: The asymmetry results only in the
appearance of satellites with different toroidal mode
numbers (7 ), and since the magnitude of the asym-
metric harmonics of the magnetic field is small, the
mentioned satellites should be small, too.

It is shown numerically in this work that even a
weak deviation from the axial symmetry of the mag-
netic configuration can drastically change the spatial
structure of TAESs, turning them into modes charac-
terized by strong dependence of the amplitude on the
toroidal coordinate. As was pointed out recently [2],
the reason for this lies in the fact that the TAEs are
close to degeneracy: TAEs with different n may
have almost the same frequency. Therefore, a per-
turbation breaking the symmetry can easily mix the
modes, changing completely their transversal struc-
ture. The eigenmodes become strongly anharmonic,
with the amplitude modulated strongly in the tor-
oidal direction. In our calculations strong mixing of
TAEs was observed for rather global modes with the
radial mode width as large as ~a/3, with a the
plasma minor radius.

A condition necessary for a certain steady-state
non-axisymmetric harmonic of the magnetic field (a
harmonic of the magnetic configuration or a quasi-
steady-state magnetic perturbation) to couple TAEs
and Ellipticity-induced Alfvén Eigenmodes (EAE
[3]) with different n (the “selection rule”) is ob-
tained. A sequence of TAE-modes is considered,
which includes the harmonic pairs
(m,n)y=(m,-L,n) and (m,n), (m,—1,n,) and
(m,,n,), etc., which are located in the vicinity of

the same rational-¢g flux surface with ¢ = g¢., i.e.,
m,—n,q.=m,—n,q, =K =d ~1. (1)

Here m is the poloidal mode number, ¢ = s
the rotational transform. Let the modes be consecu-
tively coupled via the configuration harmonic with
the numbers (4,v) (i.e., «< exp(iud—ivN¢@), where
N is the number of the magnetic field periods). For
the coupling to be possible, the mode numbers of the
TAEs and the coupling harmonic should satisfy the
following selection rule:

122

(U+5)(VN)=(m,~d)/n, =q. )

with s =0,%1. In the low-shear case (for localized
modes), one should take d =1/2 (hence, the prod-
uct YN must be even). In the high-shear case (global
modes) we can take integer d =0,1 as well, so that
the restriction on the parity of VN is absent. Simi-
larly, we obtain that the selection rule for EAEs in-
cluding the harmonics (m;,n;) and (m; —2,n;) has
the same form (2) but with s =0,£2, d =1 in the
low-shear case and arbitrary d ~1 in the high-shear
case.

The mixing of TAEs takes place provided that a
sufficiently large harmonic satisfy the selection rule
(2) is available. Analysing Eq. (2) and taking into
account the properties of the Fourier spectrum of the
stellarator magnetic field, one can show that small
N, large ¢ and large shear make the strong mixing in
stellarators more probable. In particular, the appear-
ance of anharmonic TAEs or EAEs seems possible in
the stellarators LHD and QPS but improbable in
W7-AS. In a tokamak, any magnetic island satisfies
the selection rule and can couple those TAEs and
EAS whose mode numbers satisfy this rule. This may
explain why multiple toroidal harmonics with differ-
ent n appear and disappear simultaneously in TAE
bursts [4]. This may also explain a recent observation
of a TAE with the amplitude modulated in phase with
a quasi-steady-state magnetic perturbation in the
spherical torus NSTX [5].

The work was supported by the STCU Project
No. 4588. It was presented at the 11" IAEA Techni-
cal Meeting on Energetic Particles in Magnetic Con-
finement Systems and submitted for publication in a
special issue of Nuclear Fusion.
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3D PIBHsSIHHSI ®OKKEPA —IVIAHKA IS HIBUJIKHX IOHIB
Y TOKAMAII 3 TO®PPOBAHUM TOPOIJAJIBHUM MATI'HITHUM IIOJIEM

B. O. ﬂBOpCbKI/lﬁl’z, 0. K. Mocksitina®, A. Q. Mocksitin’, B. 5. FO.HOGOPOILBKOI’Z, K. ]J.Ioml)2

! Inemumym soepnux docnioocens HAH Yipainu, Kuis
21Hcmumym meopemuunoi Qisuku ynieepcumemy, Incopyk, Aecmpis
* Xapriscokuii nayionanenuil ynisepcumem im. B.H. Kapasina, Xapris

FodppyBanHs TOpPOigATFHOrO MAarHITHOTO TMOJIS
(TMII) mae BakIMBHI BIUIUB Ha YTPUMAaHHS IJIa3MH
B Tokamakax [1, 2]. Ilpu mpomy ofHi€r0 3 HAMOLIBII
YYTJIIMBUX JI0 TOQPYBaHHS KOMIIOHEHTOIO TIa3MH €
mIBHJKI 10HU [2]. AHadi3 Ta iHTepmpeTalis BIUIUBY
roppyBaHHA Ha Taki iI0HM BUMAarae AETaIbHOTO MO-
JIeIOBaHHA 1XHBOI moBeminku [2, 3]. HeoOximHa
iHpopMaliss Moke OyTH OTpHMaHa 3a JOMOMOTOIO
TPUBUMIPHOTO Yy MPOCTOpi iHBapiaHTiB pyxy Dokke-
po-IlnankiBcrkoro MoaemoBanHs (PyHKIIIT po3mozi-
ny anbda-yactuHok [3]. Y poOoti [3] po3paxoBani
KoeilieHTH NePEeHOCY TAKOTO PiBHSIHHS Y BUIAIKY
ciabkoro rodpysanns 0 < 0, = &/(Ng)*?, ne & — To-
pOiNaNbHICTh MarHiTHOI TOBEpxXxHi, N — KUIBKICTh
karymok TMII ta ¢ — xoedinieHT 3amacy. Y poOoTi
[4] po3BHHEHO MiAXiJ, IO A€ 3MOTY y3arajabHHUTH
3D piBasaHs Dokkepa - IlmaHka mms TokaMmakiB 3
JIOBUTLHOK) BEIMYUHOIO aMILTITYU To(pyBaHHA O,
K 0 < J) Tak 1 0 > ¢;. Crif 3ayBa)uTH, 110 PEKUM
CWIIBHOTO To(pyBaHHA, J > J1, MOXKE peai3yBaTUCh
y 3HAYHIN YaCTHHI IIa3MH TOKaMaka (IIepeBaKHO B
00yacTi c1abkoro MarHiTHOro moiis). Tak, B eKcIe-
pumeHTax 3 mincwieHnM TodpyBaHHAM TMII nHa
JETi pexxum cwiibHUX TOQpiB Mae MiCIe Maike B
MIOJIOBHHI 00’ €My TUIa3MH (JIUB. PUCYHOK).

VY pe3ynbTari ycepeaHEHHS MOYaTKOBOTO I SATH-
BUMIPHOTO IPEeH(POBOro KiIHETUIHOTO PiBHIHHS B [4]
orpumaHo Take 3D piBHsHHSI Dokkepa - [Inanka:

a,f:Vc(d—ﬁVc)f+S(c,t). (1)

V piBusuHi (1) ¢ ={E,/1,p¢max}f smindi 3D mpoc-

TOpY iHBapiaHTiB pyxy; E — eHepris 4acTUHKH, A —
HOPMaJIi30BaHN! MAarHiTHMH MOMEHT; p,.. — Mak-

CHUMaJbHa BEIMYMHA TOPOIJabHOTO KaHOHIYHOTO
MOMEHTY pyXy Ha cynepbaHaHOBiii  opOiTi;

d=d“+d" - cuma Teprs Ta D=D +D - TEH30P
nudysii Mo OMUCYIOTh KOHBEKTHBHUE Ta Mudy3iid-
HUI TepeHoc 3a HasiBHOCTI rodpiB TOPOiZaIbHOTO
MAar”iTHOrO IOJA; 1HAeKcH “a” Ta “r’ mo3HayaroTh
BIAMOBIIHO BKJIAJ] y Koe(illieHTH MepeHOCy B akcia-

JTHHO-CUMETPUYHOMY HAOJIMKECHHI Ta BKJIAI BiJ ro-

¢pie TMIL. ABHmii Burisan xoediuientis d Ta D
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HaBeACHO B poOoTi [4].
3 T T T T 3 T T T T
JET, I/B=2MA/2T, MC JET, I/B=2MA/2T, MC

N=32 N=16, F=0.3
>0
1

8<d
1

>0
1

2F 2-6<E51

Z (m)
Z(m)

R (m) R (m)
a 6

PiBui mapamerpa M = &9, (=1, 2 ta 3) y monepedHomy
nepepizi JETa y Bunanky crarmaptHOro rodpyBaHHS (a)
Ta migcuwieHux rodpis (6). [IlyHKTHpHUME NiHIIMH TTO3HA-
YeHO PiBHi J, 10 BiAOBIAAIOTH MOPOTY CTOXACTHIHOCTI y
BUIIA/IKYy JEUTpoHIB 3 eHepriero 130 keB. O6macti mnazmu
3 CUIIbHUM ropyBanHsM (J > J;) 3aIUTPHUXOBAHO.

BucnHoBku pobotu:

1. TloBeniHka MIBUAKUX 1OHIB y TOKamakax 3
rop)poBaHOI0 KOMIIOHEHTOIO TOPOidaJbHOTO MAarHiT-
HOTO TIONS MOXKe OyTH OIMcaHa TPUBUMIPHEM ¥
npocTopi iHBapiaHTIB pyXy piBHSHHsSM Dokkepa -
[Inanka.

2. 3ampomoHOBAaHO MIiAXid, SKHH Jae 3MOTy
y3aranbHutH 3D piBHsHHS @okkepa - [lmanka y
MPOCTOpi 1HBApiaHTIB PyXy AJsl TOKAMAaKiB 3 JTOBUIb-
HOIO BEJIMYMHOIO aMILTITYId TOPpyBaHHS J.

3. Po3BuHeHMi miaxix Moxke OyTH TOMIMPEHO
i onucy BBy MIJI-30ypeHb Ha yTpHMaHHS
IIBUJIKHUX 10HIB y TOKaMaKax.
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VECTOR AZIMUTHONS IN TWO-COMPONENT BOSE-EINSTEIN CONDENSATES

V. M. Lashkin', E. A. Ostrovskaya®, A.S. Desyatnikov’, Yu. S. Kivshar’

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

Due to the similarities between the physics of co-
herent light waves propagating in a nonlinear me-
dium and coherent matter waves derived from
weakly interacting Bose-Einstein condensates
(BECs) of neutral atoms, many theoretical concepts
developed in the field of nonlinear photonics have
found their analogues and received verification in
experiments with matter waves. In this paper, we
deal with one of such cross-disciplinary concepts
which has important physical implications for the
behavior of trapped ultracold atomic gases in quasi-
two-dimensional (2D) confining geometry. Higher-
order solitons exhibit complicated power flow asso-
ciated with phase singularities and spatial twists
(spiraling). Two well-known examples are vortex
solitons and rotating soliton clusters. The link be-
tween vortices and clusters was established with the
introduction of a novel class of spiraling solitons
called optical azimuthons [1]. Azimuthons appear
via continuous azimuthal deformations of a vortex
soliton and are characterized by two integer indices:
the topological charge /, and the number of intensity
peaks along the vortex ring. It was demonstrated
numerically [2, 3] that the family of nonrotating and
rotating BEC azimuthons is continuously pa-
rametrized by the angular velocity or, equivalently,
by the depth of azimuthal modulation of the conden-
sate density.

In this paper, we introduce the concept of vector
azimuthons [4], where two interacting components
of the spatially localized structure coexist with non-
trivial phases and different modulation patterns.
Specifically, we demonstrate how to realize this
concept in the physical system of two-species BECs
in a quasi-2D parabolic trap. Until now, the main
focus of the studies of stationary states in two-
component rotating BECs was on stationary ground-
state configurations of the condensates with inter-
atomic repulsion in a rotating parabolic trap, as ob-
served in the pioneering experiments [S]. However,
current advanced techniques of angular momentum
transfer from an optical field directly to a two com-
ponent matter wave open up novel opportunities for
engineering more complex vector angular-momen-
tum states in the condensates with any type of the
interatomic interaction, including vector azimuthons

presented and analyzed in this paper. Some of the
solutions are presented in Figs. 1 and 2.

Fig. 1. Localized soliton-azimuthon solutions with topo-
logical indices 0 and 1. The differences between the two
cases (a) and (b) are defined by the angular velocity and
the modulational parameter [4].

I, ||

Fig. 2. Azimuthon-azimuthon vector states
with topological indices (1,1) in (@) and (1,2) in (b) [4].

1. A.S. Desyatnikov, A.A. Sukhorukov, and Yu.S. Kiv-
shar, Phys. Rev. Lett. 95, 203904 (2005).

2. V.M. Lashkin, Phys. Rev. A77, 025602 (2008).

3. V.M. Lashkin, Phys. Rev. A78, 033603 (2008).

4. V.M. Lashkin, E.A. Ostrovskaya, A.S.Desyatnikov
and Yu.S. Kivshar, Phys. Rev. A80, 013615 (2009).
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TRANSFORMATION OF ELECTROMAGNETIC WAVES
IN TURBULENT MAGNETIZED PLASMAS

V. N. Pavlenko, V. G. Panchenko

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

As well known in a medium with certain fluctua-
tion level the propagation of electromagnetic waves
can lead to radiation of waves with new frequencies
and wavenumbers, i.e. scattered waves and also the
new type of waves — transformed waves. Obviously
the scattering and transformation intensity will be
sufficiently large in non-equilibrium plasma when
the level of turbulent fluctuations is much higher
than that of thermal noise [1, 2].

In the present work on the base of kinetic theory
fluctuations the transformation of transverse elec-
tromagnetic waves into longitudinal Langmuir oscil-
lations in turbulent magnetized plasma subjected the
influence of lower hybrid pump wave is investi-
gated. We consider the case when the decay of the
lower hybrid pump into daughter and ion-acoustic
waves occurs. The transformation cross-section of
electromagnetic waves by turbulent density fluctua-
tions in the region above parametric instability
threshold is calculated. The comparative preference
of transformation and scattering processes is dis-
cussed.

We consider fluctuations in magnetized plasma
under the  influence of pump  wave

E o(t) = E,cosa,t with the frequency @, which lies
in the lower hybrid frequency region
Q, << @, << Q,. Assume that the pump wave can
decay into lower hybrid and ion-acoustic waves:

), =0, +a,, (1)

where the lower hybrid frequency
@, =@, (1+(m,/m,)cos’ )"*(y is the angle
between the direction of wave propagation and the
magnetic field), @, =~®, and @, is the ion-

acoustic wave frequency.
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In the region above threshold one can obtain the
expression for the differential transformation cross-
section. Note that this expression includes a usual
term which exists due to the thermal fluctuations and
also the “pump field” termas. The calculations show
that for typical parameters of hot plasma the “pump
field” part of cross section of the transformation
exceeds the one due to the transformation by thermal
noise by several orders of magnitude.

Let us estimate the competition of both nonlinear
processes which is determined by the ratio of trans-
formation and scattering coefficients

R, and R _.

tr

Thus we have [3]:

dd., _R, _c

d25c ) Rsc B V73"e

So in the frequency region which is under considera-
tion the processes of the transformation of electro-
magnetic waves into Langmuir oscillations are more
essential than the electromagnetic waves scattering.

The results of this paper are actual for the basic
plasma physics development and also for the plasma
diagnostic.

>>1. (2)

1. H. Wilhelmsson, V.N. Pavlenko, and V.G. Panchenko,
Phys. Scr. 44, 599 (1991).

2. V.N. Pavlenko, V.G. Panchenko, L. Stenflo,
H. Wilhelmsson, Phys.Scr. 45, 616 (1992).

3. V.N. Pavlenko and V.G. Panchenko, Phys. Scr. (2009)
(to be published).
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EJIEKTPOMATHITHI IIOJISI TA NOI'VIMHAHHSA BY INIOTYKHOCTI
Y BEJIMKOMY JIBOKAMEPHOMY TI'EJIKOHHOMY JI/KEPEJII

K. I1. Illampaii,' III. Ilinoxapa,” T. Motomypa,” T. Tanikasa’®

7 . . .
Tucmumym adeprux docaioxceny HAH Yrpainu, Kuig
2 . .
Yuieepcumem Kiowry, @ykyoxa, Anonis
3 o . . .
Toxkaticokuii ynisepcumem, Kanaeaga, Anonis

B oxHOMYy 3 THMIB TeJiKOHHHUX JKepell IUIa3MH
po3psia 30yIKYETHCS B3OBK MarHiTHOTO TTOJIS TTa-
HApHOIO aHTEHOIO, PO3TAlIOBAHOIO 3a AieJeKTpHY-
HUM BIKHOM Yy TopIli cuctemu. HaiOinpmie 3 Takmx
mxepen LHPD (Large Helicon Plasma Device) nipa-
I0€ B [HCTUTYTiI KOCMIYHHX 1 aCTPOHABTUYHUX HAYK
(KanaraBa, SAmownist) [1]. BoHo wMae xamepy
nmiametpoM 74 cM 1 goBxkuHOIO 486 cM 1 3maTHE Te-
HEpyBaTH TYCTy IUIa3My B yChbOMY 00’€Mi MOHaJ
2 M. YV HeIIOaBHIX EKCHePHMEHTAX Iie JKEePeIo
JOCIIKYBaJIOCh Y JBOKaMEpHOMY BapiaHTi — 3 Me-
TaJeBOM [2] 4K ieNeKTPUIHOIO [3] pyXOMOIO mepe-
TOPOJAKOIO — JJISl BUSIBJIGHHS! T€OMETPHYHOTO CKEi-
JHTY (acreKTHe BiJHOIIEHHS), BIUIMBY MEXKOBHUX
yMOB Ta iHMHUX (i3ngHuX (QakTopiB Ha €PEKTHUB-
HICTh TeHepallil Tia3mMu. Y I poOOTi TEOPeTUYHO
JOCHIPKEHO 30YIKEHHS EJIEKTPOMArHiTHUX IIOJiB
ta nornmuHaaHsa BY moryxHocti B LHPD 3 mienexr-
PUYHOIO TIEPETOPOJIKOI0 1 Pe3ysbTaTH MOPIBHSHO 3
EKCTIEPUMEHTOM.

TeopeTnuHa MOZAENH BiANOBiaNa €KCIIEPUMEHTY
[3]: 30ymKeHHS 4-BUTKOBOK aHTEHOIO HA YacCTOTI
7 MTI'u, tuck aprony 0,75 mTop, Temneparypa enex-
TpoHIiB 3 ¢B. IlomoXeHHS TEeperopoaKku, MarHiTHE
noJie Ta TYCTHHH IIa3MH B 000X Kamepax BapiroBa-
JIUCh, POGiIb TIa3MU BBAXKAaBCsI a00 OJHOPITHUM,
a0o, K B eKCIepuMeHTi, HeogHopimHuMm. bpammck
JI0 YBarw SIK 3ITKHEHHS €JICKTPOHIB, TaK 1 JaHIAYCh-
KW MEXaHi3M JIUCHIIAIlii eHepril.

[Ipu HexTyBaHHI JaHAAyCHKUM 3aracaHHsIM CHC-
TeMa Ma€ TOCTPl PEe30HAHCHI BIACTUBOCTI — Ha 3a-
JIS)KHOCTI OIOpY HaBaHTaKEHHS TUIa3MH Bif ii ryc-
TUHH TIPUCYTHI MiKH, 3000B’s13aHi 30y HKEHHIO Pi3-
HUX TO30BXHIX MOJ TENIKOHHHUX XBWJIb Y TEpPLIii
KaMmepi, 10 MeXye 3 aHTeHoro. JlaHmaycbke 3ara-
CaHHS JACII0 TPUTHIYYE PE30HAHCH y CTYIIEHI, II0
3pocTae 3 HAONMIKEHHAM MEPEeropoJIki 10 aHTEHH,
TOOTO 13 CKOpPOYEHHSIM [IOBKMHH 30y DKyBaHHX
XBHJIb. B pe3oHaHCi aMIUTITYM €JIeKTPOMarHiTHUX
MOJIIB 3HAYHO 3POCTAIOTh, a iX MPOCTOPOBA CTPYKTY-
pa B mepiuili kaMmepi BinnoBigae 00’€MHIN TeTiKOH-
Hiit Momi (puc. 1). Ilpu BimmaneHHi Bix pe3oHaHCY
TeJliIKOHHa KOMIIOHEHTa 3aHemajae, 1 MepeBakHOIO
CTa€ MOBEPXHEBa XBWJIA, 110 30YKYeThCS Ha MEXi
IJIa3MH1 3 KBapIIOBUM BIKHOM 1 Ma€ CIaJarody BIITHO
wiasmMu  amrutityay (muB. puc. 1). IlopiBHSHHS 3
BUMIpSHUMH TpodiIsiMuA 1ofist (puc. 2) MoKasalo,
110 JUKEPEJIO MPALIOE B TOPE30HAHCHOMY PEXKHMI.

ey n=5x10"cm>
31 " ——— 810" ou®
: 12 -3 -

R | T, 2x10 “cm i
o
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& 05t
(0]
=
o
o

0.0

Mo3poexHA koopanHaTa (cMm)

Puc. 1. O6uncneni npodini ammmityau BY nomns B peso-
HaHCi (IITPUXOBa KPHBa), a TAKOXXK HIKYIE (CyIiIbHA KPH-
Ba) Ta BUIIE (TyHKTHPHA KPHBA) PE30HAHCY.

1.0

BY marniTHe none (4.0.)

6 0
MoaposxHA KoopauHaTa (cm)

Puc. 2. IIpodini BY mostst, BUMIpsiHi B pi3HI MOMEHTH
yacy npotsarom BY mepiomy.

Le#t daxT Oyo MOSCHEHO OCOOIMBOCTIME y3TrO-
JOKEHHS IIa3MOBOr0 HaBaHTa)keHHs 3 BU reneparo-
poM.

Skmmo rycTrHa mia3Mu y ApYTid KaMmepi BUIla 3a
MIEBHE KPUTHUYHE 3HAYEHHS, TO B 110 00J1aCTh BimOy-
BA€ThCS BUIPOMIHIOBAHHS TENIKOHHHUX XBWIIb, SIKi
MOXyTb yHOocUTH A0 80 % 3aranmpHoi BKiagenoi BU
MOTY>KHOCTI W CHIPUYHMHSATH BTOPUHHHUN TeTIKOHHUIHA
po3psn. BusiBieHi BIaCTUBOCTI IBOKAMEPHOTO JIXKe-
pena MOXYTb OYTH BUKOPHUCTaHI Ul MPaKTHYHUX
3aCTOCYBaHb — PO3POOKH INIa3MOBOT1 aHTEHH, TEXHO-
JIOTIYHHUX JDKepel IUIa3MH IMiABHIIECHOI KOHTPOJIbO-
BAHOCTI TOLLIO.

1. S. Shinohara and T. Tanikawa, Rev. Sci. Instrum. 75,
1941 (2004).

2. S. Shinohara ef al., Phys. Plasmas 16, 057104 (2009).

3. T. Motomura, S. Shinohara, T. Tanikawa, and
K. P. Shamrai, 29th Int. Conf. Phenom. loniz. Gases
(Canctin, México, 12 - 17 July 2009) PB9-8.
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SYMMETRIES OF THE 3D HIGH FREQUENCY ELECTRON
AND ELECTRON-POSITRON PLASMA OSCILLATIONS

V. B. Taranov

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

Coherent nonlinear wave structures like the
Bernstein - Greene - Kruskal equilibria were studied
and successfully applied to understand high fre-
quency processes in plasmas. Recently, attempts are
made (see, e.g. [1]) to generalize these results to the
spatially three dimensional case. As usual, symmetry
properties are important which help us to find exact
solutions and conservation laws. Finding of the
symmetry groups for the 3D plasma theory models
is essentially simplified by the use of the recent Ma-
ple 12 package standard programs.

1. As a specific example, let us consider 3D high
frequency electron — positron plasma oscillations:

g—£+v~g—f—(E+B(vxez))~g—£:0,
aa—%+v-g—§+(E+|3(vxez))-%:0,

where f(t,r,v) and g(t,r,v) are electron and
positron  distribution  functions, respectively.
p=o./o, if an external constant homogeneous
magnetic field is impozed along the Oz axis, =0

otherwise. In addition, we have the Maxwell equa-
tions for the electric field E(t,r):

V-E= [(g(t,r,v)—f(t,r,v))dv, VXE=0
containing the important current balance condition

aa_? = Jv(f(t,r, v)—g(t,r, V))dV .

In the absence of an external magnetic field
(p=0), symmetries of the model considered include

time and space shifts

d d
P =—> P:77
Y or
rotations
Jorx L pyx L Ex
or ov JoE
the first
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This group is reconstructed from the symmetry
transformations obtained by the standard Maple 12
program in the cold plasma limit

fop =0, (EDI(V—u,, (t,1)).

As a rule, the cold plasma symmetries are the
most extensive ones for a given model equations. So
we can expect that the transformations presented
above exhaust the full symmetry group of the con-
sidered kinetic integro differential Vlasov - Maxwell
equations for the 3D electron — positron oscillations.

Pure Lorentz symmetries are lost, since we have
fixed the frame where no internal magnetic field is
present. It is interesting that in the spatially one di-
mensional case [2] this symmetry remains, because
the longitudinal velocity and electric field don’t
produce magnetic fields in the inertially moving
frames.

In the presence of an external constant homoge-

neous magnetic field (B#0) only the rotation J,

around the magnetic field direction remains among
the rotational symmetries. Moreover, the second
similarity S, is lost in this case.

So, 1D symmetries previously obtained in [2] are
now extended to the 3D case, possible presence of
an external magnetic field is taken into account.

2. Different 3D modifications of the above dis-
cussed model and more complicated models with the
internal magnetic field taken into account were con-
sidered. Symmetry transformations were found both
for electron and electron — positron plasmas in cold
plasma approximation, water — bag kinetic and iso-
thermal hydrodynamic models.

The results were presented at the conferences [4 -
6]. One can expect that conditional and extended [3]
symmetries are possible even in the 3D case.

1. L.-J. Chen and G.K. Parks, Nonlin. Proc. in Geophys.
9,111 (2002).

2. V.B. Taranov, Problems of Atomic Science and Tech-
nology 1, 63 (2007).

3. V.B. Taranov, SIGMA 4, 006 (2008);
http://www.emis.de/journals/SIGMA/2008/006/

4. V.B. Taranov, 8" Int. Conf. “Symmetry in Nonlinear
Mathematical Physics” (Kyiv, 2009).

5. V.B.Taranov, Proc. of the Bogolyubov Kyiv
Conference “Modern Problems of Theoretical and
Mathemetical Physics” (Kyiv, 2009), 52.

6. B.b. TapanoB, Vip. xong. 3 ¢izuxu niazmu ma xep.
mepmosio. cunmesy (Kuis, 2009), 59.
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MPAMI TA BIJIGUTI BICTJEPOBI XBWJII TUIY XOPIB ¥ NMPUEKBATOPIAJIBHIN
MAT'HITOC®EPI 3EMJII: CIIOCTEPEKEHHS CYIIYTHUKIB ITPOEKTY
THEMIS TA YUCEJIBHE MOJIEJIOBAHHS

IO. 3aJ1i3H$lK1’2, 0. AraniT032’3, B. KpaCHOCC.]I])C])KiXZ

i . . .
Inemumym sdeprux docniosicens HAH Vipainu, Kuis
2 . . e e .
Jlabopamopis gizuxu i ximii nagxkonrozemuozo npocmopy, Opnean, Ppanyia
3 . o . o . . . .
Kuiscoxuti nayionanvnuu ynieepcumem imeni Tapaca Llleguenxa, Kuig

[HTEeHCHBHI HM3BKOYACTOTHI eMicii JUCKpETHUX
€JIEKTPOMArHITHUX BICTJIEPOBHX XBWJIb THUILy XOPiB
JacTO PEECTPYIOTHCSA B paiallifHAX IMOscax MarHi-
Tocthepn 3emiti. XBUIBOBI eMicii TUIY XOpiB r'eHe-
PYIOTBCS B 1OOpE JIOKaTi30BaHUX 00JIaCTAX MOOIH3Y
TUTOI[UHA MArHIiTHOTO €KBaToOpa Ta PO3IOBCIOJIKY-
IOThCSI B HEOJHOPiIHIM MarHiTocepHid miuasmi ta
KPUBOJIHIHHOMY MarHiTHOMY IIOJIi IO TOJIIPHUX
obmacTeit MarHiTocdepw, € BOHH BiIOHBaIOTHCS
abo0 IXHS eHepris MOTJIIMHAEThCS YaCTWHKAMH ILIa3-
mu. Ilicnst BigOWTTS XBWIIBOBI TAaKETH BICTIIEPIB
MOXYTh TIOBEPTATUCS Ha3all, B 00JIACTh MAarHITHOTO
ekBaTopa. OcoOnMBOCTI TpaekTopii BiJOUTHX XBH-
JHOBUX MAaKeTiB MOXXYTh MPU3BECTH J0 OBTOPHOTO
MiJCUJICHHS BICTIIEPIB B €KBaTOpiasbHINA 0O0MacTi.
AMIITITYHI XapaKTePUCTUKU TPSIMHUX Ta BIAOHTHX
XOpiB KPUTHYHO BIUIMBAIOTH HA MOXIIUBICTH Pe3o0-
HAHCHOTO 0araTOKpaTHOTO TMiJCHJICHHA MOMIOHIX
BicTIIEpiB. Y CBOIO YEPry XapaKTEPUCTHKH BIIOUTHX
XBHJIBOBHX TIAKETiB BICTJIEPIB Ta TPAEKTOPIi IXHBOTO
MOLIMPEHHS AYy>K€ BAXJIMBI IUISI KOPEKTHOTO OMHCY
mudysii Ta MPUCKOPEHHS EHEePriiHUX YaCTHHOK Y
pamiamiiHuX mosicax 3emuti.

VY po6oTi mpencTaBieHO NeTaNbHUIN aHaTi3 Mol
26/07/2008 14:22UT, mig gac sikoi Ha OOPTY AOCII-
JTHHIBKUX cynmyTHHUKIB npoekty THEMIS, mo 3Ha-
XOAWIMCS NMOOJIN3Y MJIOMIMHU MarHiTHOTO €KBaTopa
OJTHOYACHO CITOCTEpIrajucs MPsIMHA Ta BIIOWTHIA
JUCKPETHI BICTJIEPHI XBHWJIBOBI MakeTd. Bimouruid
XOp MaB AMCKPETHY CTPYKTYpY, MOAIOHY OO MpsIMO-
ro XOpy, 3a BHHATKOM aMIUIITYIH, sKa Oyja MeH-
mow B 10 - 30 paziB. bysio npoBeieHO 4uCENbHE
MOJICJIIOBAHHS PO3MOBCIOKCHHS BICTJIEpiB y Ha-
O KeHHI reoMeTpudHOL onTHky [1, 2] 3 peamicTid-
HUMH MarfirocepHuMHU po3nojiiaMi TYCTUH 4Yac-
tuHOK (GCPM) [3] ta marnitHoro moist (IGRF Ta
mozens Oncona - Ildituepa), mo aago 3MOry pexo-
HCTPYIOBAaTH 00JaCTh TeHEpallil CIOCTEPEKyBAHOTO
BigOuTOro xopy. Pesynprat MoaenroBaHHs IIOCKO-
ro Ta TPUBHMIPHOrO MOLUIMPEHHS BICTJIEPiB HaBexe-
HO Ha puc. 1 ta 2. [TokazaHo, mo obuaBa X0pu OYyII0
3TE€HEePOBAHO 32 JIOIIOMOTOI0 OJTHOTO W TOT'O Camoro
MEXaHi3My B MPOCTOPOBO PO3HECEHHX O00IacTsIX
MarHiTocdepu. Llum MokHA TTOSICHUTH 3CYB IICHTpa-
JBHOT YacTOTH BiJOMTOrO XBHJIBOBOTO TIaKeTa Yy
BHCOKOYACTOTHY 00JIacTh.
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Puc. 2. [lnoumua MarHiTHOTO ekBaTtopa. [IpsSMOKYTHHKH
BiJIMIYalOTh TOYKHM 11 NEpETHHY BiCTIEpaMH, IIO MOBEp-
TAIOTHCS MICHsI CBOTO MEPIIOr0 HPUIIOJISIPHOTO BiJOUTTSL.
BinTiHOK KOJBOPY BKasye Ha MOYATKOBHH KyT MiXK XBH-
JHOBUM BEKTOPOM BICTJEepa Ta JIOKaJbHUM MAarHiTHUM
noJsieM (TpuBMMipHe momupeHns, ¢ # 0°). Yacrora Bimo-
Bifa€ 1eHTpy BigoduToro xopy (0,35vg.).

1. K. Suchy, Radio Science 16, 1179 (1981).

2. K. Ronnmark, KGI Report No. 179 (1982).

3. D.L. Gallagher, P.D. Craven, and R.H. Comfort, JGR
105, 18819 (2000).
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BO3MOXHOCTHU HECAMOCTOSTEJBHOI'O AYI'OBOI'O PA3PSAIA
B ITAPAX AHOJHOI'O 2JIEKTPOJA IIPU TOKAX 1O 35 A

A.T. bopucenko, lO. C. Ilox3upeii

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

[1na3MeHHBIE TEXHOJIOTUU K HACTOALIEMY BpeMe-
HH YCITEITHO T0Ka3aid CBOIO d(h(PEKTUBHOCTH U yBe-
PEHHO HAIUTM CBOE NMPHMEHEHHE B PAa3IUYHBIX 00-
JAcTSIX MPOMBIINUICHHOCTH, TEXHUKA W Hayku. B
YaCTHOCTH, AYTOBOH pa3psij B BAaKyyMe B HACTOSIIIEE
BpeMsi HE TOJIbKO MHTEHCHBHO HM3y4YaeTcs, HO U Ha-
XOAWT IIMPOKOE NPAKTHUYECKOE HCIIOIb30BAHUE.
Hamnbonee n3BecTHO# ero (opMoON SIBISETCS ITyTO-
BOH pa3psn B mapax Marepuaia katoga. OmHako
¢u3nUeCKre MPOLECChl, MPOTEKAIOIIUE B 3TOM Pa3-
psiZie TaKOBBHI, YTO JNIENAIOT HEW30EKHBIM MPUCYTCT-
BHE€ B CO3J]aBa€MbIX IUIA3MEHHBIX MOTOKaX Karellb-
HO-KJacTepHOH (ha3el MaTepuana karona. Kak moxa-
3a]li UCCIIEZIOBaHUs, Pa3Mephl Karellb MOTYT OBITh
OT €IWHUIT JO NECATKOB MHKpPOH [1]. DTa ocobeH-
HOCTh COCTaBa CO37aBAE€MbIX TIOTOKOB CYIIECTBEHHO
OTpaHMYUBAaET OO0JIACTH BO3MOXKHOTO HCIIOJIb30Ba-
HUS ATOTO BUZA paspsijia, HaIpuMep mpu GopMHpO-
BaHUHM TOHKUX IUICHOK. BO3MOMHBIM BBIXOJOM H3
JAaHHOW CUTYallMH CTaJI0 UCTIONb30BaHUE Pa3IHYHBIX
METOJIOB cemapanuu moTokoB. Iupokoe pacmpo-
CTpaHEHUE TOJYYMI METOJl MAarHUTHOM cermapaiuu.
OnHako cenapanys HE TOJBKO YAAISIET KalelbHYIO
(hazy, HO ¥ 3HAYUTENBHO OCNA0IISIET HHTEHCHUBHOCTh
OT(hUIBTPOBAHHBIX IJIA3MEHHBIX TOTOKOB. JTO Be-
JeT K CHI)KEHHIO CKOPOCTEH HaHECEHHUs IUICHOK
MOYTH Ha MOpSIoK. Takum 0oOpa3zoM, MPaKTHYECKU
pearm3zyemMble UCTOYHUKN OeCKameNbHBIX IIa3MeH-
HBIX TIOTOKOB TBEPAO(a3HBIX MAaTEPHAaJIOB Ha OCHOBE
BaKyyMHOT'O JIyTOBOTO pa3psja B Mapax Karojaa Ipu
Tokax 70 100 A UMEIOT CKOPOCTH OCAXKICHHS TLIE-
HOK U TOKPBITUH MOPsAKA HECKOJIBKIX HaHOMETPOB
B cekyHay [2]. Metox ¢opmupoBaHus M1a3MEHHBIX
MOTOKOB MPH MOMOIIM CHJIBHOTOYHON MMITYJIbCHOM
IOyTH ¢ GUIBTpAIMEH TO3BOJISET MTONYYaTh CKOPOCTH
ocaxaenus no 10 am/c. Bmecte ¢ TeM sKcriepuMeH-
TaNbHBIE WCCIENOBAHUS MOKAa3aJd, YTO WCTOYHHUK
IUTa3MEHHBIX NIOTOKOB HAa OCHOBE HECAMOCTOSTEIb-
HOTO TYroBOTO pa3psia B Mapax Marepuaia aHona
M3HAYaIlbHO TMO3BOJISIET CO37aBaTh OecKareIbHbIe U
BBHICOKOMIOHM3UPOBAHHBIC IIa3MEHHBIE TOTOKA [3].
Pa3psin Takoro tuma mpu Tokax 10 10 A mo3BomsieT
MMETh CKOPOCTU OCKICHHS IJICHOK TUTaHa 1o 0,4 -
0,8 um/c. Hamu Obliu MccaeaoBaHbl BO3MOKHOCTH
HMCTOYHUKA TaKOTO THUIA TPU OONBIIUX Pa3psTHBIX
TokaXx. Ha pucyHke mnpesicraBieHa 3aBHCUMOCTH
CKOPOCTH OCa)KJIeHUs TUICHKH THTaHa, J, B UaIa3o-
HE TOKOB pazpsaa S - 35 A.

IIOPIYHUK - 2009
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Tok paspaga, [A]

3aBUCHMOCTh CKOPOCTH OCAKICHUA
IUICHOK TUTAaHa OT BEJIMYUHBI TOKA paspsaa.

KpuBas / cooTBeTCTByeT paHee H3MEpPEHHBIM
CKOPOCTSIM OCaXKJI€HUs NpU TOKax paspsana no 10 A.
BuaHo, 4ro MO BEJMYMHE OHM HE MPEBBIIIAIOT
0,8 HM/c. YBenudyeHue TOKa pas3psiia MPHBOAUT K
3HaYUTEIBHOMY POCTY CKOPOCTH OCa)XJIEHUS , KpH-
Basg 2. OOpamaeT Ha cebsi BHUMaHUE TOT (PaKT, 9TO
MpU YBETWYEHUH paspsaHoro toka mo 20 - 25 A
pPOCT q HOCUT NPUMEPHO JUHEWHBIH XapakTep. Of-
HAaKo JajbHEWIIee yBEIMYCHHE TOKA paspsiia Ipu-
BOJWT K OoJiee MHTEHCHBHOMY POCTY . BuaHo, 4t0
npu Tokax paspsaa 30 - 35 A cKopocTb OCaXaAeHUA
IUIEHKH TuTaHa cocrasigeT 3,0 - 3,5 am/c umm 11 -
12 MKM/4. DTa CKOPOCTh OCAXJICHUS SBIISICTCS YIKE
COTOCTaBUMOM BEIMYUHON CO CKOPOCTSAMH OCaxJe-
HUSI TUIGHOK M MOKPBITUH M3 CeNapupOBaHHOTO Ilia-
3MEHHOT'O MOTOKa BaKyyMHOT'O TYT'OBOTO paspsia B
nmapax Mmarepuana katoga. Takum oOpasom, mpen-
CTaBJICHHBIC PE3YJbTAThl CYLIECTBEHHO PACIIMPSIOT
BO3MOXKHOCTH U 00JIaCTH NMPAKTUYECKOTO HCIIOJIB30-
BaHUS MCTOYHUKOB IIA3MEHHBIX NOTOKOB TBEPIO-
(ha3HBIX MaTepUaNoB HA OCHOBE HECAMOCTOSTEIBHO-
ro AYTOBOT'O pa3psAja B Hapax MaTepuana aHoma.

1. WM. AkceHoB, Baxyymuas oyea 6 3pO3UOHHLIX UC-
mounuxax naasmvr (HHL X®DTU, Xapsros, 2005),
32.

2. B.M. Xopomux, A.A. Komaps u M.A. bposuna, ®u-
3uueckas MHKeHepus nmosepxHoctu 7, Ne 1 - 2, 54
(2009).

3. A.G. Borisenko, V.A. Saenko, and V.A. Rudnitsky,
IEEE Trans Plasma Science, 27, No. 4, 877 (1999).
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TEXHOJOTHUA NOHHO-IIVIASMEHHOI'O TPABJIEHUSA
ME3A-CTPYKTYP 4HSiC P-I-N JUOJ0OB

H. C. Boarosen', A.T. Bopncemcoz, B. H. UBanos', O. A. (I)euoponnqz,
B. A Kpusyna', B. II. Io0308°

' HUM «Opuony, Kues
Hnemumym sdepnvix uccnedosanusi HAH Yrpaunst, Kues

CaoticTBa KapOH/ia KPEMHHUS U YPOBCHD Pa3BUTHS
TEXHOJIOTHH BEIpAIMBAHHS AMUTAKCHAIBHBIX
p+-n-n+ CTPYKTYp HAIOT BO3MOXHOCTH CO3MIaTh OBI-
CTpojelcTByOImMMUEe BbICOKOBONBTHRIE 4HSIC p-i-n
auonpl s kommyTtanuu CBY momHocT 10 2 kBT
co BpemeneM nepexirouerns 10 - 30 ve [1].

PazpaboTraHHbIif unn qr0Aa MpeNCcTaBseT coOoit
NPAMYIO Me3a-CTPYKTypy p+-N-n+ THIIA C )KECTKUMHU
30JI0TBIMHA  BBIBOJAMH, MpPEIHA3HAYEHHBIMHA JJIS
moHTaxka B CBY koprmyc auonma, Wid 3JIE€MEHTOB
CBY wuHTerpanpHbix cxeM. TommuHa i-o0mactu
Me3a-CTPYKTYPBI COCTaBIsIeT 6-8 MKM, 9TO oOecte-
ynBaeT npoduBHoe HampspkeHue 10 1000 B. B kave-
CTBE HCXOJHOT0O MaTepuaja HCIOJIb30BAJIUCH AIIH-
TakCHabHBIE p+-n-n+ cTpykTypsl 4HSiC. TexHomo-
rudeckas cxema QopmupoBanus 4HSIC wme3a-
CTPYKTYPBl COCTOUT W3 TPYNIBl TEXHOJIOTUYECKUX
orepanuii, 00ECHeUnBAIONINX CO3JaHHE MAaCKHU
(Cr-Ni) HWOHHO-TIa3MEHHOTO TpaBJICHHUS HE3aIu-
IIICHHBIX YYACTKOB IUIACTHHBI Ha TIIYOHHY 6 - 7 MKM,
(hopMupoBaHUE KOHTAaKTOB K p+ W n+ o0macTsaM u
MIOPE3KY TUTACTUHEI HAa YHUIIBI.

Macka pmnst cenektuBHoro Tpasienuss 4HSiC
co3/iaBajach BaKyyMHbBIM HambuieHHeM cioeB Cr-Ni
¢ romumao# 0,05 u 0,5 MxM ¢ mocnemytommmM Ghop-
MHUPOBaHUEM 3alMIIECHHBIX 00JIaCTeH METoa0M (o-
TONUTOTPA(GHUU U JKUIKOCTHOTO TPABIICHUSI.

Honno-nnazmennoe Tpasienue 4HSiC Bwimon-
HAJOCh Ha TutasMoxumuyeckoMm peakrtope (IIXP) c
3aMKHYTBIM fperiom anekTponoB [2]. Mccnenopa-
HUS POBOAWIUCH MIPH SHEPTUAX XUMHUYCCKU aKTHB-
HBIX HOHOB J10 220 3B, 4TOOBI HE MPOUCXOIUIIO Pac-
MblJIeHHE HUKesneBoil Macku. KomndecTBo kuciopo-
Jla BbIOMpasioch B cooTHomeHun SFg : O, = 4: 1.
OTO TMO3BOJNWIO TPOTPABUTH  ME3a-CTPYKTYPHI
4HSiC, s3amuineHHbple MacKaMyd HUKEIS TOJIMHOM
~0,5 mxMm, o 8 mim 3a 140 mun npu Ug= -(50 -
-70) B u Toke B paspsge ~7 A. g OYMCTKH TIO-
BEPXHOCTH OT YTJepojia MPOBOIMIACH 00paboTKa
00pas3IoB B KUCIOPOAHOH 1ia3Me B Tedenne 10 MuH
npu HampspbkeHud aBrocMmerienus -90 B u toke BU
paspsna 7,5 A. Ilociie BeITpaBiIMBaHUSL ME3a-CTPYK-
TypHl Ha TIyOuHY 4 - 9 MKM Ha IJIaCTHHE METOIOM
TEPMHUYECKOTO OKHCIICHHUS BO BIIAXXHOM azore (op-
mupyetcst wienka SiO, TommuHOW ~0,1 MKM mys
3alUThl TIOBEPXHOCTH MeE3a-CTPYKTYphl Ha Clle-
oyromux Texmporeccax. KoHTakTel k n+-obmactu
CTPYKTYPBI CO3/IaBaJlICh METOJOM MAarHETPOHHOTO
HambUIeHns TieHKH Hukens (0,1 MKM ) ¢ OT)KUTOM B
BakyyMme mipu Temreparype mo 950 °C (2 muH) u

MOCIEAYIOIIUM 3JIEKTPOXUMUYECKUM OCAKACHUEM
IJIEHKH 30JI0TAa TONIINHON 3 MKM.

KonrtakTel Kk p+-00yacTH cO34aBaNMCh Harblie-
HUEM Ha JIMLEBYIO CTOPOHY IUIACTHHBI MHOT'OCIION-
Hoit cucremsl Al-Ti-Ni-Ti-Au. @opMmupoBaHne KOH-
TakTa MpOU3BOAMIOCH B J1Ba 3Tana. Ha nepBom sta-
ne HambiieHHble ciion Al-Ti-Ni oTxuranuce B Ba-
kyyme npu temmnepatype 950 °C, 2 mun. 3aTem mpo-
BOAMJIOCH TIOCJENYyIOIlee BaKyyMHOE HalbUICHHE
cucrembl Ti-Au U okoHYatenbHOE (HOPMHUPOBAHUE
KOHTaKTa MeToAaMH QoToiuTorpaduu U 3JIEKTPO-
XUMHYECKOTO OCAKIECHMS 30J10Ta TOJILINHON 3 MKM.

[InactuHa ¢ Me3a-CTpyKTypamu paspesanach Ha
YUl aJMa3HBIMH JUCKaMH TolMIMHOH 30 MKM.
Penved TpaBneHus nt+-cnosi UMeeT HEOTHOPOTHOCTH,
KOTOpBIE OTPAXKAIOT CTENIEHb HEOJHOPOAHOCTH (PU3H-
KO-XMMHUYECKAX CBOMCTB n+ momioxku SiC. HMccre-
JOBAINCh TpsiMas MW oOpaTHass BETBH BOJBT-
ammnepHo# xapaktepuctuku (BAX) 4HSiC p-i-n nuo-
JIOB 10 TeMIepaTypbl okpyskaromei cpeasl 500 °C.
IIpssmoe mameHwe HampspkeHHs mpu Tokax 100 MA
npyu yBenumueHuHn Temmeparypel ¢ 20 mo 500°C
ymenbmiaerca ¢ 4,4 no 3,7 B. D10 00ycnoBneHo
YMEHBIIIEHUEM CONPOTHUBIICHUS AUOJA NPU yBEIHUYe-
HuK Temrneparypsl. OOpatHsie BeTBu BAX uccneno-
BaJIUCH 10 BeauuuH TokoB 107 A. IIpu xomHaTHOM
temneparype 4HSiC p-i-n auoxmsl umeroT obpaTHoe
Hanpspkeaue 630 B. [lpu yBenwmueHnn teMIiepatypbl
1o 500 °C, obpaTHOE HaNpPSDKEHUE YMEHBIIACTCS 10
250 B. Bpems BoccranoBneHust auoga mpu 25 °C
cocrasysiet 20 He, mpu 500 °C — 35 He.

PazpaboTannsiii Texmporecc oOecreuynBaeT BbI-
tpaBnuBanue 4HSIC me3a-cTpykTyp BbICOTOH 4 -
9 MxM nipu 3Hepruax uoHoB 50 - 70 3B, uro uckito-
YaeT paJralioOHHbIE TOBPEXACHUS B IPUIIOBEPXHO-
ctHbIX cnosix 4HSiC 1 He MPUBOAUT K pacTbUICHHIO
3alIUTHBIX TOKPHITUH W3 HUKens. MccnenoBaHus
BAX u nepeximroueHnst ¢ MpsSMOTO TOKa Ha 00paTHOe
HanpspKEHHE MOKa3alu, 4To Me3a-cTpykTypsl 4HSiC
p-i-n IMOJOB, W3TOTOBJECHHBIE IO Pa3pabOTaHHOU
TEXHOJIOTMH, MOTYT (DyHKIIMOHHPOBATh 10 TEMIIEpa-
Typst 500 °C.

1. A.A.Jlebenes u C. CopyeB, Onexkrponuka: Hayxka.
Texnomorus. busnec 5, 23 (2006).

2. BM. KonoBan, B.B. Ycranos u O.A. ®enoposuy,
Mamepuaner 6-oii Meswcoynap. koug. “CBY-mexnuka
u menekommynuxkayuonusie mexuonozuu” (CeBacrto-

ok, 1996), 285.
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OI3UKA ITIAZMU

O BJMAHUUA ITAPAMETPOB HEUJAEAJBHOM
BOJOPOJHO-KHUCJIOPOJHOMU IIJIA3GMbI HA KOOPUIMUEHTBI PACIIAJIA

0. A. ®enoposuu, JI. M. BoiiTenko

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

PexoMOMHAIMOHHEIE TPOIIECCHI B HEHICATLHOM
IIa3Me HM3Y4YeHBl HEJ0CTaTo4HO. B paborax [1, 2]
OBUIO TOKA3aHO, YTO OTIIMYHME SKCIEPUMEHTATBHBIX
KO3 PHUIMEHTOB pacnaja OT PacYeTHBIX MPH BHICO-
KX KOHIeHTparmsx snexrporos (10 - 10 em™
MOJKET AOCTUTATh IIeCTU NopsaakoB. C yMeHbLICHHU-
€M KOHIIEHTpalUi 3IICKTPOHOB HabtoaeTcsi cOMM-
KCHUE TEOPETUYECKUX M IKCIICPUMEHTAIBHBIX 3Ha-
4yeHu#l ko3¢ ¢uimenToB pacnazaa [2]. B manHoii pa-
00Te paccMaTpUBAIOTCS TONYYCHHBIC JKCIEPUMEH-
TaJILHO 3aBUCHMOCTH Ko3(dduimeHToB pacmaga ot
OCHOBHBIX IapaMeTpoB IUIa3MEHHOro kanama. Mc-
CJIeJIOBaHa 3aBHCHUMOCTh K03((HIIMEeHTOB pacmana
OT KOHIIEHTpaIuu 371eKTpoHoB (2:1017 cM-3 < Ne <
<10*" em™) npu Temmeparypax 7 - 10° = 50 - 10° K.
[Ipu KOHIEHTpammsix 1eKTpoHoB 5 - 10" em® <
<Ne < 10*' cm” ko3 uuueHT pacnana npaKTHUe-
CKM He MeHsieTcst u coctasisier ~10 - 15 em’/c (cM.
PHUCYHOK).
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3aBrcuMocTH KO3 GHUIMEeHTa paciaga
OT KOHIICHTPAIIUH TIa3MBI.

CormnacHo TEOpeTHYEeCKUM MpencraBieHusM [3],
KO3 PUITMEHTHI PEKOMOMHAIINY JTOJDKHBI TIPAMEPHO
Ha JIBa TOpsI/IKA YBEIWYMBATHCA MPU OJHON U TOM
e Temmepatype n coctapnate 1070 + 10 (npn
T=30 - 10°K). IIpy yMeHbIICHHH KOHIIEHTPALUHU
snektporos ot 5 - 10" 10 2 - 10" em™ xoaddurm-
€HT paclaja yBEJIMYMBACTCS, U €CIIM UCIIOJIb30BaTh
JBOMHOW JIorapu(MHUIECKHii MacimTad, TO TOoTyda-
eTCsl IMHEHHOe yBenuueHue koddduimenta pacnama
C yMEHBIIEHHEM KOHICHTPALMH 3JIEKTPOHOB. 3Ha-
yeHusT KOd((UITUEHTOB pacnafa yBEINIHBAIOTCS U
MpUOIMKAIOTCST K pacyeTHBIM 3HaueHusM. Ho pas-
JUYhe B aOCONIOTHOW BEITMYMHE 3KCIIEPUMEHTAb-
HBIX KOX(QUIMEHTOB paclafa ¢ TeOPEeTUIECKHMHU

IIOPIYHUK - 2009

BCE-TaKU HAOIOIAeTCSl U COCTABIISIET MPUMEPHO JIBa
NopsIIIKa.

3aBucuMOCTh Kod((uUIMeHTa pacmaga OT JaBlie-
HUsl cBoeoOpasHas. Ilpum W3MeHEHWH HaBIEHUS OT
150 no 5000 atm ko3(hduiMeHT pacnaga mpaKTHue-
ckM He Memsiercst u cocraBimsier ~10" cm’/c. Ilpn
YMEHBIIIEHUH JABJICHHUS MPOUCXOAMT JIMHEHHOe (B
JBOWHOM Jorapu(MuueckoM MaciuTtalbe) yBelude-
Hue kodddunuenta pacmaga. CiemryeT OTMETHTH,
YTO TeMIleparypa IUIa3MEHHOTO KaHaja MpU 3TOM
TaKKe CYLIECTBEHHO cHibkaercs (ot 20 - 10° mo
7-10° K).

PaccmatpuBaroTcs Takke 3aBUCUMOCTH K03 du-
[IUEHTOB pacrajia OT KOHICHTPAIlMK aTOMOB B ILIa3-
Me U CTEIIeHU HeUAeaTbHOCTH Tu1a3Mbl. [Ipu ymeHs-
HIEHUH cTeneHu HeupaeanbHocTd oT 0,5 g0 0,22 ko-
¢ dunmeHT pacraga MPAKTHYECKH HE MEHSICTCH.
IIpu nanpHelIeM yMEHBUICHUM CTEIIEHU HEUAEAIb-
Hoctu oT 0,22 mo 0,15 mpomcxomuT yBenudeHHe
koa(uIMeHTa pacnaaa Ha aBa nopsaka. [Ipu stom
B CIUIOIIHOM CIIEKTPE IUIa3Ma CTAHOBUTCS MPO3pad-
HOM, ¥ TIOCTIEIOBATENFHO TOSBIISIOTCS CHIBHO YIITH-
PEHHBIE JTUHUU BOAopona. Bo3moxkHO, cTerneHb He-
WJCaTbHOCTH HE SBIISETCS TJIABHBIM I1apaMETPOM,
OTIMCHIBAIOIINM BIIUSHHE Ha KOd((DHUIIMEHT pacnana.

[IpuBOASTCS TMPEAIONOKUTEIILHBIC MEXaHU3MbI
MOJTyYEHHBIX paznuuuii. MiMeromuecs B uTeparype
pacdeTsl 3aBucuMocTell KoddpuImenToB pacnama ot
napamMeTpoB IUIa3Mbl, B TOM YHCIIE U HEHUJCATbHOM,
HE OOBSICHSIOT TAKOTO OOJIBIIOTO Pa3iudus B KO-
(ummentax pacmama mpu  OONBIIMX TUIOTHOCTSIX
3JIEKTPOHOB B HeuzacanbHOH mia3me [3 - 7]. Tompko
B pabote [8] mpuBOIUTCS Teopus, OOBSICHSIOMIAST
MIpUBEICHHBIC IKCTIEPUMEHTAIIbHBIE PE3YIIhTATHI.

1. O.A. ®egoposuu u JIL.M. Boiirenko, YOX 53, 451
(2008).

2. O.A. ®engoposuu  u JI.M. Boiitenko, BAHT, cep.
«[Ina3MeHHasi ANEKTPOHUKA U HOBBIE METOJIbI YCKOpE-
Hus» 4, 288 (2008).

3. JLM. bubepman, B.C. Bopo6seB u WN.T. Axybos, Ku-
HemuKa HePasHOBECHOU HU3KOMEMNEPAMYPHOU NIA3Mbl
(Atommznar, M., 1982), 378 c.

4. J. beitrc u A. JlanrapHo, AmomHble u MonexyiapHvle
npoyeccor / Tlom pen. J. Beiirca (Mup, M., 1964),
c. 224.

5. N. D’Angelo, Phys. Rev. 121, 505 (1961).

6. 10.K. Kypunenxos, TBT 18, 1312 (1980).

7. JL.M. bubepman, B.C.BopobseB u U.T. SIkyOos,
JAH 296, 576 (1987).

8. A.Lankin and G. Norman, Contrib. Plasma Phys. 49,
723 (2009).
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O BJIMSIHUU SHEPI'MM J3JIEKTPOHOB 1 MOHOB HA CKOPOCTH 2JIEKTPOHHO-
N NMOHHOCTUMYJIMPOBAHOI'O IVIABMOXUMMYECKOI'O TPABJIEHUS KPEMHUA

O. A. ®enoposuy, M. II. Kpyraenko, b. II. IToso30B

Hnemumym adepnovix uccnedosanuti HAH Yxpaunvl, Kueg

Hecmotps Ha mmpokoe mprMEHEHHE IIa3MOXH-
MHUYECKOTO TPABJIEHUS B TEXHOJOTMYECKUX MPOLEC-
caX W3TOTOBJICHUS W3ICTUH MHKPOAIEKTPOHUKH,
BeruucnuTenbHOM U CBU-TeXHUKH, KOMIUIEKTYIO-
LIUX U3AEIUN A7 TEIEKOMMYHHUKAIIMOHHBIX CHCTEM
U 1p., PU3NKa mpoiiecca TpaBJICHUS U3ydeHa Helloc-
TatoyHo. OOHUM M3 BaXXHBIX ACIEKTOB B 3TOH 00-
JIACTH €CTh BJIMSHUE SHEPTHM 3JIEKTPOHOB U MOHOB
Ha CKOPOCTh TpaBIEHHs pa3HBIX MaTepHalioB B
IIa3MOXUMHYECKOM Tporecce. JlanHas pabota mo-
CBSAIIIEHAa HCCIEAOBAaHUIO TAKOIO BIMSHMS Ha CKO-
pPOCTB TpaBIeHHUS KPEMHUSL.

UccnenoBanns TpoOBOIWIMCH B THIA3MOXHMHUYE-
ckoM peakrope (ITXP) ¢ 3amkHyTHIM Apeiidom 371ek-
TpoHOB [1]. OHepruto noHoB B IIXP MOXHO MEHATH
HECKOJIbKIMH CIIOCOOaMHu.

OnuH U3 HUX — U3MEHEHUE BEIMYUHBI U KOH(UTY-
paumy MarHuTHOro mois. Ilpu »ToM BO3MOXKHO Me-
HATH HanpspkeHnue aBrocMertienns (Ug,) B IIXP ot -40
B 10 -200 B. CiieryeT OTMETHTSD, UTO CPEITHSISI SHEPTHS
HOHOB, KaK I0Ka3aHO B pabote [2], MpHOIM3UTENBEHO
OTBEYaeT >HEPruM, HAOpaHHOH YaCTULIEH B SJICKTPHU-
YECKOM IT0JIe, T.€. ONM3Ka K HANPSDKEHUIO aBTOCMETIIe-
Hus. C M3MEHEHHEM BEMMYMHBI MAarHUTHOTO TIOJIS
MEHSIOTCSI COOTBETCTBEHHO U MapaMeTpbl XHUMHUYECKU
AKTHBHOM TUTA3MBI TIPH JPYTHX HEU3MEHHBIX MapaMeT-
pax paspsiza, TaKuxX KaK BEJIMYMHA Pa3psiTHOTO TOKa,
NaBieHue paboyero rasa B peakTope W np. [3], uro
MOJKET MEHSTh U CKOPOCTh TPABJICHHUS.

Bropoii crmoco® u3MeHeHHs HaNpsHKEHHS aBTO-
CMEIIEHNs] BO3MOYKEH 3a CUeT BapuallMd COOTHOIIE-
HUS TUTOIIA/IeH aKTHBHOTO W ITACCHBHOTO 3JIEKTPOIOB
[IXP. Ho B 3TOM Cilyyae BO3HHMKAIOT JIB€ TPOOIJIEMBI:
TSOKEJI0 COXPAaHWTh HEM3MEHHOH IUIOTHOCTh TOKa Ha
paboueM 3JIeKTpoie U HallpsHKEHUE TOPEHHs pa3psiaa,
HE TOBOPS O TOM, YTO KaXIbId pa3 HAI0 MEHATh
IUTOIIAAbh TOBEPXHOCTH BHEIITHETO 3JIEKTPO/IA.

Tpernii crmoco® 3akiouaeTcs B Mojave uepes
(UIBTp MOCTOSHHOTO MOTEHIWAda Ha pa3psaHbBIA
npoMexxyTok npu ropeann BY paspspa. IIpu stom
yZlaeTcsl TMOMy4aTh KaK MOJIOKUTENbHBIN, TaK U OTpH-
LATEeNIbHBI NOTEHLMAT HA AKTUBHOM OAIIEKTPOJAE C
nepexoqoM depe3 «0», T.e. Mmoy4ars Kak HOHHO-, TaK
U DIEKTPOHHOCTUMYJHUPOBAHHOE TpPaBJIEHHE HAa TOM
camoM IIXP u, COOTBETCTBEHHO, IIPOBECTU HUCCIEN0-
BaHMA B IIMPOKOM JHaria3oHe HANPsDKEHWH aBTOCMe-
LIEHUs, a TaKKe BBIIETUTh YHCTO XHMMHUYECKOE TpPaB-
nieHus 0e3 HIEKTPOHHON 1 HOHHOHM CTUMYJISILIUHL.

UccnenoBanne BIUSHYS HANPSDKEHUS aBTOCMeE-
merust (Ug,) Ha CKOPOCTh TPABJICHUS MOHOKPEMHHUS
MIPOBOAMIINCH TPH HEW3MEHHBIX TOKax B paspsie,

HANPSHKEHHOCTH W KOH(UTYpaIliyi MarHUTHOTO TI0-
75, OTMHAKOBBIX JaBIEHUAX pabovero raza B peak-
TOpE, OAWHAKOBOM IUIOMIaaN 0Opa3loB MOHOKpEM-
HUS, KOTOpPHIE MOJBEPTalOTCsS TPaBICHUIO (YTOOBI
M30aBUTHCSI OT BIMSHUS d(dexTa 3arpy3ku [3]) u
HeusMmeHHod BY moiHOCTH, KOTOpasi BBOAUTCA B
peaktop. Jmamazon wu3menenus U, 0e3 mpoOoes
(-220 — 0 — +200)B. Ilpu nmomave MOIOKUTEIHLHOTO
MOTCHI[MAJIa Ha AaKTUBHBIM 3JICKTPOJ IPOUCXOIUT
AJNIEKTPOHHAS CTUMYJSIUs 00pabaThiBaeMoOil T0-
BEPXHOCTH W CTHUMYJISIIHS OTPUIATENFHBIMA HMOHA-
Mu ¢ropa. [lpu >TOoM HaOmOmAaeTCs yBEIUYEHHE
CKOPOCTH TpPABJICHUS C YBEIUYCHUEM NOTEHIMAA
CMEIIEHUs, HO MOSBIISIOTCS ITOJIMMEPHBIE TUNIEHKH Ha
MOBEPXHOCTH KpeMHus. [Ipu yBeIMYECHHM ITOTCH-
oUaga OTPULATEIBHOTO CMEUICHUS CHadala CKO-
POCTh TpaBICHHS YBEIHMYUBACTCS, a MPU HaTpsKe-
Husx Beiue (160 - 230 B), npoucxoaut ymeHsble-
HUE CKOPOCTH TPABIICHUS MOHOKPEMHUS HE3aBHCHU-
MO OT MeTOJa M3MEHEHHS HAIPSHKEHUS CMEIIeHUs
(cM. pHCYHOK).

1 L,=6A,1,=2A1  =2A
Q; =60 M. Q, =15 mm.
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Puc. 1. Biustane U, Ha CKOPOCTH TPABJICHMS.
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OOBSICHUT, 3TO BIMSIHWAEM YBEIMYCHWS BKIAIa
SHEPTHU B Pa3psill 32 CUET paspsia MOCTOSHHOTO TOKa
HE yJaeTcs, TaKk KaK 3TO COCTABISIET HECKOJBKO IIPO-
1eHToB ot Bkiaga BY moiHocTH. PaccmarpuBarorcs
JApyru€ BO3MOXKHBIC MCXAaHM3Mbl BIMAHUA SHEPIUU
WOHOB Ha CKOPOCTh TPaBJICHUS MOHOKPEMHHUSL.

1. B.M. Konosan, B.B. Vcranos u O.A. ®enoposuy,
Mamepuanor 6™ Meocoyn. xongh. «CBY-mexnura u
menekomMmyHukayuonnvle mexuonozuu» (CeBacro-
moJib, 1996), 285.

2. O.TI. lycrun, B.H. Ucaes, M.II. TemupsizeBa u dp.,
BAHT 4, Cepus «IInmazmeHHast 3JIeKTPOHUKA W HOBBIE
MeToBI yeKopeHIs» (6), 169 (2008).

3. O.A. ®enoposuy, M.II. Kpyrienko,
Mamepuanvt  Medcoynap.  HayuHo-npakm.
«CUDT-2008», 1, 64

B.I1. [Tono30B,
KOHQD.
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SPACE CHARGE LENS WITH MAGNETIC INSULATION
OF ELECTRONS FOR NEGATIVE CHARGED BEAMS FOCUSING

I. Litovko', A. Goncharov’

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Institute of Physics, National Academy of Sciences of Ukraine, Kyiv

The plasma lens configuration of crossed electric
and magnetic fields provides attractive method for
establishing a stable plasma discharge at low pres-
sure. Using plasma lens configuration in this way
some cost-effective plasma devices were developed
for ion treatment and deposition of exotic coatings
[1], and the effective lens was first proposed for ma-
nipulating high-current beams of negatively charged
particles [2]. Here the theoretical and computer simu-
lation results based on the application of an idea of
magnetic isolation of electrons for the stable cloud of
positive space charge generation are presented.

Fig. 1. The space charge cloud formation
onto system axe.

The circular plasma accelerator with anode layer
was used as a device with magnetic insulation of
electrons for creation of dynamic cloud of positive
space charge. The beam of positively charged ions
formed by the device converges onto the system
center. Electrons are magnetized in the anode layer
and do not influent on ion dynamics thus ions could
create the cloud of positive space charge. lons are
stored in the cylinder volume until their own space
charge creates critical electric field. The field forces
ions to leave the volume and the system comes to
dynamic equilibrium. The ion stream incoming
through the cylindrical surface will be equal to ions
streaming down from the axis and outgoing from the
cylindrical volume under their own space charge
action, as it is shown schematically in Fig. 1.

The set of equations describing this process in the cy-
lindrical coordinate system includes Poisson equation:

(1/r)8(r8U/8r)/8r+82U/822 =4rgn,, (1)

equation of motion:
M, dv,[dt =q,E )

and continuity law equation:

Vdn,/dt=S-j,. 3)
Here M, g¢; v; are ion mass, charge and velocity
respectively; E — electric field; U — potential; n; — ion
density; V — cylindrical volume bounded with a
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current collecting surface S; ji, — specific current
density. Knowing the space charge distribution we
can determine the expulsive force that acts on the
particle on the boundary of space charge volume:

$E;dS = [pdv (4)

and calculate ions trajectories.

Equations (1) - (4) were solved numerically by
PIC-method. Every time interval 4t N new particles
of charge ¢g; and mass M; come to the volume consi-
dered. The magnitudes of N, At, g; are satisfy the
relation: Ng, / At =jS. Equations (2) was solved
both for “new” particles and for those that still left in
volume (time step At << A¢). After time A¢ the dis-
tribution of the ion space charge was determined.
Poisson equation had been solved and potential field
U(r, z) was calculated. Results of numerical simula-
tion are presented in Figs. 2 and 3.

3
+10z[m]

] = 2 3
12410 ¢l 0 +10 rfm]

2

Fig. 2. lon trajectories for time step Az: [ —5; 2 — 15.

0 4 8

Fig. 3. Spatial distribution of the potential.

12=100 ¢[in]

The research described here has shown a princi-
pal possibility of creation of a positive space charge
in the cylindrical anode layer accelerator due to a
positive ion flow that converges onto its axis. This
makes possible to develop a plasma lens with essen-
tially under-compensated positive space charge. The
lens will be used for focusing and manipulating
beams of negatively charged particles.

1. A. Goncharov, A. Evsykov, Adv.
Appl. Plasma Sci. 6, 5 (2007).
2. A. Goncharov, A.Evsyukov, and I. Litovko, IEEE

Trans. Plasma Sci. 37, 1283 (2009).

and 1. Litovko,
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INPOEKT UCTOYHHUKA CO,
JJISA BBICTPOITPOTOYHOI'O JIASEPA C KOPOHHBIM PA3PAJO0OM

10. C. loa3upeii

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

Pab6ora momubx CO, J1a3epoB B HEMPEPHLIBHOM
pexuMe TpeOyeT MOANCPKaHUs TeMIepaTyphl aK-
TuBHOU cpenpl B amamazone 100 - 200° C ¢ menbio
COXPaHEHUS! ONTHYECKOW OJIHOPOIHOCTU AKTHBHON
Cpelbl, HEAOIyIIEHUS 3aceleHUs HIDKHUX KBaHTO-
BBIX YpOBHEH cHcTeMBl W 00OecmedeHus IMOJIHOTO
0CBOOOXIeHUs BepxHUX. OTBOJI TEIIa OT aKTHBHOMN
Cpelbl IPH MOITHOCTSX Oosiee 15 kBT mpencrasiser

A 1 1 5

HAUOOJBIIYIO TPYAHOCTh C HAYYHOW M TEXHUYECKOU
ToukH 3peHus. Ceifuac Juisi HENOMYIIEHUS TIeperpe-
Ba B Jlazepax C OTKPBITHIM T'a30JUHAMUYECKUM KOH-
TYpOM OCYIIECTBIISIeTCS TIpOoKadyka pabodero raza co
CBEPX3BYKOBOM CKOPOCTBIO, JUISl YETO HUCIOJIB3YHOT-
cs Tra3oTypOMHHBIC [BUTATEIH CO CTaHAAPTHOU
KOJIbLIEBOI KaMepon CropaHusi.

o

Ucrounuk CO, mi1st nazepa ¢ OTKPBITHIM I'a30AMHAMUYECKHM KOHTYpOM: / - KOpITyC KoMIIpeccopa; 2 - BO3yx03a0bop-
HUK; 3 - BO3yXOBOJI; 4 - pOTOPBI KOMIIPECCOpa; 5 - TOIUTUBHBIN 0aK; 6 - KaMepa Cropanusi; 7 - KapTep; 8 - KOpILyc ra3o-
BOW TypOuHbL; 9 - TypOuHa; /0 - Ban 3anycka; // - Tpancmuccusi; 12 - coruto JlaBans; /3 - 3aciioHka ynpasieHust; /4 -
CEKIIMOHUPOBAHHBIA aHOx; /5 - paspsaHas kamepa; /6 - xatox; /7 - 3epkano; /8 - UK-mydok; /9 - doxycupyromas

OIITHKA.

OxJakieHre aKTUBHOW CpeZbl 3HAUYUTEIHHO 00-
JerdaeTcs B ciiydae ee Oosee pa3BUTON MOBEPXHO-
cti. Ha pucyHke mpencraBieHa cXeMa HCTOYHHKA
CO, B BuJe Ta30TypOMHHOTO JBHUTaTENsl ¢ KOMIIpEC-
COpPOM Ha OCHOBE NOMNEPEYHO OTOYHOI0 HarHeTare-
ns1 [1]. OcoOeHHOCTBIO €ro SIBISETCS MOBOPOT BXO-
JSIILIET0 MOTOKa BO3Ayxa Ha yron Oonee 90°. Bpa-
MTAIOTTUECS PEIIETKH MPOQIIIeH pOTOPOB 4 CO3AI0T
IUIOCKYIO CTPYIO CkaToro Bosayxa. llepBeiii potop
HU3KOTO JaBJIEHHS OO0ECHeYMBAET MaKCHMAIbHYIO
MIPOM3BOJAUTENHHOCTD, a TPH TOCIEAYIOIUX MaKCH-
MaJbHYIO cTemneHb cxatus. [locrmemoBarenbHas pa-
00Ta BceX YeTHIPEX CTYMEHEH MO3BOJISET MOTYyYUTh
TUIIUYHYIO Ui Ta30TypOWHHBIX JBHTAaTeNel CTe-
meHb cxatus ~20.

134

OnHocTynieH4yaras ra3oBas TypOuHa 9 mOJIyoT-
KPBITOr0 THIIA 4Yepe3 TpaHcmuccuio /1, mepemaer
3HAYUTCIBHBIN KPYTAIIMA MOMEHT, HEOOXOIUMBIH
JUIS TTOJTAYU B KaMepy CrOpaHUsl 3HAYMTEIbHBIX 00be-
MOB Bo3ayxa. [lmockas kamepa cropanus 6 co3jaer
TUTOCKYIO CTPYIO pabodero rasa, COCTOSIIYIO U3 CMECH
CO, u armoceproro N, B HEOOXOAMMOM COOTHOIIIE-
HUK ~1/20 ¥ UMEIONIYI0 JOCTAaTOYHO BBICOKYIO CTe-
MIEHb TETUIONOTEPh, KOTOPhIE KOMIIEHCHPYIOT SHEPro-
BJIOXKEHHE OT KOPOHHOTO pa3psa B kamepe /5.

1. 10.C. [lonzupeii. ['a30TypOUHHBII MTOXBEMHO Map-
LIeBbI JBUTaTENb / 3asBKa Ha MaTEHT YKpauHbI

Ne a200908915.
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IHTEHCUBHA HU3bKOYACTOTHA HECTIMKICTD
Y IUIA3MI T'EJIKOHHOI'O J’KEPEJIA 3 IINIAHAPHOIO AHTEHOIO

B. M. Cno6oasin, JI. I. Pomanok, B. @. Bipko, K. II. lllampaii, B. M. Jlamkin

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

T'emikoHHI mKepena 3 IIaHAPHOIO aHTCHOIO 37a-
THIi e(pEeKTHBHO TeHEpYBaTH HHU3BKOTEMIIEPATYPHY
IUIa3My 1 € MEePCHeKTHBHUMHU ISl TEXHOJIOTiH 00po-
OKkM MarepialliB, po3poOKM KOCMIYHHX pYIIiiB Ta
IHIIMX TPAaKTUYHUX 3aCTOCYBaHb. Pi3HOMaHITTA
KOJIGKTUBHHMX SIBUII, SKi BWUHHUKAIOTH uepe3 30y-
JOKeHHSI XBWJIb PI3HWUX THITB, POOUTH TEIIKOHHY
IUIa3My IKaBOK 3 (QYHJIaMEHTAIBHOI TOYKU 30pYy.
3okpema, HuzbkouacToTHi (HY) HecrilikocTi apeii-
(oBOTO THIy CYTTEBUM YMHOM BIUIMBAIOTH HA Xapa-
KTEPUCTUKH TeNiKOHHOI miasmu [1] i ToMy BOHa €
3pYyYHUM 00’€KTOM JJISi MOJICIIOBaHHS JIESAKUX ITPO-
LeciB, AKi BiIOYyBalOTbCS y BHCOKOTEMIIEPATYpHIiH
IU1a3Mi CHCTEM 3 MarHiTHUM YTPUMAaHHSM, TaKHUX 5K
(dhopMyBaHHSs TJI00aTBHUX 30HAIBHHUX Tediil [2] TO-
wo. [{g poboTa Mae Ha MeTi BU3HAUYEHHSI XapaKTepH-
ctuk HY konmBaHB Ta MOMmIyK Tiao0anbHUX 30ypeHb
TUIY 30HABHHUX Teuill y Tia3mi Jpkepena 3 IaHap-
HOIO aHTEHOIO.

ExcniepuMenTansHuii mpucTpiii ABIIsSIE COO0I0 U~
JMHIPUYHY METaJeBy PO3PSAAHY KaMepy JiaMeTpoM
20 cm Ta gomxkuHOI0O 30 CM, 3 OAHOTO TOPIL OOMe-
KEHY METaJIeBOIO IJIACTUHOIO AiameTpoM 15 cm, a 3
IHITIOTO — KBAapIIOBUM BIKHOM. 30BHI BiKHa PO3Mi-
II[CHa TUIaHApHA aHTEHa, sKa >KMBHUThCsA Bijg BU re-
Heparopa yactoTor 13,56 Ml Ta moTy»KHICTIO 70
2 xBt. MaruiTHe 10JIe CTBOPIOETHCSI YOTHPMA COJIe-
HOIJaMH 3 He3aJIe)KHO KEPOBAaHMMHU CTPYMaMH, IO
Jla€ 3MOTY PeryJIloBaTH BEIWYHHY Ta KOHQIrypariro
Mar"iTHOro moisd. Pobounmmu rasamu Oyiu apros,
KpUIITOH Ta KCEHOH, MPH THCKaX B JCKUIbKA Mi-
JIITOPB.

[lokazano, 1m0 B MEBHHUX peXHUMax pO3psLy B
mia3mi 30ymkyroThess HY konmuBaHHS, 4acTOTHHI
CHEKTp SKUX CKJIAJAETHCS 3 MAJIOT KITbKOCTI BY3bKO-
nonocuHux (Af ~0,5 - 5 k') rapmMoHik y aianasoni

4acTOT Bijl OMHUIIB JIO JACCATKIB Kiorepiis. B ycix
BHITAJIKaX HECTIHKICTh BHHUKA€E MPH MArHiTHHUX I10-
JISTX BUIIE JIESKOT0 KPUTHIHOTO 3HadeHHs. HafiinTre-
HCHUBHIII KoiuBaHHA 3 yactoramu no 10 xI'1y crio-
CTEepIraroThCcs B Jiama3oHi MarHiTHUX TIONIB BHIIE
150 I'c. XapakTepHO0 OCOOIUBICTIO I[HOTO PO3PSI-
HOTO PEXUMY € palialbHUi mpodiiab TyCTUHH I1J1a3-
MU 3 TMPOBajOM Ha OCi CHUCTeMHU (JUB. PHCYHOK).
[Toka3aHo, 110 BETMYHMHA KPUTUYHOTO MArHITHOTO
MoJIs 3pocTae 13 30utbiieHHs piBasg BY moryxHocTi,
3 MiJBUIIEHHSM THCKY Ta aTOMHOI Mach poO0Yoro
ra3y. Yacrora HU xonmmBaHb 3MEHIIYETHCA 13 3pOC-
TaHHSIM MarHiTHOTO TIOJIsI, TUCKY Ta MacH ra3y; aMIi-
JiTyAa KOJMBaHB 3pOCTa€ i3 301LIBLICHHSM MarHiT-

IIOPIYHUK - 2009

HY nnasaro4nii
noTexuian

80+

[9)]
(=]
—

1-a rapmoHika

Awmnnityaa (4.0.)
B
2

o]
[=]

2-a rapmoHika

0 1 2 3 4 5 6 7
PapianbHa koopauHaTta (cm)

Puc. 1. PagianbHi po3noaiiiyd iOHHOTO CTPYMY
Ha 30HJ Ta Xapakrepuctuku HY konuBaHs.

HOT'O TOJIS 3 TMOCTYIOBMM HacHueHHAM. Pamianbhi
3aJIeKHOCTI 4aCTOTHOT'O CHEKTpa Ta aMIUITYAH KO-
JIMBaHb I'YCTHHU IUIa3MHU, aMIUIITYAU KOJIMBaHb IUIa-
BAIOYOTO MOTEHINIaTy MOKa3aHO Ha PUCYHKY. Moay-
msiig ryctuHd nasMu HY konmuBaHHAMHE gocsirae
30 - 40 % Big i cepeaHBOrO 3HAYCHHSA, a PiBCHB
KOJIMBaHb IJIABAIOYOTO IOTEHIiaTy — BEIUYMHH
enekTpoHHoi Temmepatypu (4 - 6 eB). KonuBanus
30epiraloTh 4acoBy KOPEJII0 BIIPOJIOBXK IIOHAM-
meHm 10 nepiozi. ®a3a KONMMBaHb I0HHOTO CTPYMY
3a3Hae cTpuOka ~180° y3mOBXK pamiyca CHCTEMH.
®daza KONMBaHb MJIABAIOYOTO MOTEHIIay 3MiHIOETh-
Csi B3IOBX paiiyca B HEBENMMKUX Mexax (L60°).
B3aemuuii 3cyB (a3 Mik KOJIMBAaHHSAMU TyCTUHH
I1a3Mu Ta TOTeHIiany 1iasmMu ~120° Ha 30BHIII-
HbOMYy OOIll TUTa3MOBOTO cToBma (r>2,5 cM) Ta
Maibke BiACyTHiNl y mpuockoBiii yactuni. Konnan-
HSl CIOCTEPIraloThes SIK PE3yNbTaT a3uMYTaJIbHOTO
pyXy B HampsMKy eJIeKTpOHHOTro Apeldy 30ypeHb
TYCTHHHU Ta MOTEHI[ialy TUIa3MH, sKi, HaiiMOBIpHi-
1€, BIAMOBIMAIOTh a3uMyTanbHil Mozl m = 3. Ctpy-
KTypa 30ypeHHS TYCTHHU Ta MOTEHLIaly IUIa3MH
Mae BUXOPOmNoJiOHYy OymoBy. BusBineHo cyTTeBHit
BIUTUB HECTIHKOCTI Ha XapaKTep MPOCTOPOBOTO PO3-
MOJIITY CTAI[lOHAPHHUX MapaMEeTpPiB IUIa3MU Ta HasB-
HICTb aHOMAaJBHOTO MNEPEHOCY YACTHHOK MOIEpeK
MAarHiTHOTO ToJIA B yMoBax iHTeHcuBHuUX HY komm-
BaHb.

1. M. Light, F.F.Chen, and P.L. Colestok, Plasma
Sources Sci. Technol. 11, 273 (2002).

2. G.R. Tynan et al., Plasma Phys. Control. Fusion 48,
S51 (2006).
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PO TEPMOIUHAMIYHI TA TPAHCHOPTHI BJIACTUBOCTI
HEIJEAJIBHOI IIVIABMUW IIIABOJAHUX PO3PS/IB

I1. B. Ilopuubkwuii, I1. . Ctapuuk

Incmumym sioeprux Oocnioxceno HAH Vkpainu, Kuis

Hapasi 3acrocyBaHHS MIIBOAHHX PO3PSAIB IIO-
HIMPIOETHCS Y 3B°SI3KY 3 PO3BUTKOM 1H(pacTpyKTypH
Ta KIJIbKOCTI MIABOAHUX 00’ €KTIB, 110 BUKIUKAETHCS
pO3IIMPEHHM Ha(TOra30B01 TPAHCIOPTHOI MEPEexi,
PO3pOOKOI0 HOBHX POJIOBHIIL HA MOPCHKOMY IENb®i,
a TaKOX PO3IIMPEHHSIM CyqaHOIUIaBcTBa. [limBomHi
PO3PSIIN 3aTUIIAIOTHCS MalXKe €MHUM 3aCO000M TS
PEMOHTY Ta JOPOOKH IMiIBOJAHUX 00’ €KTIB.

[IpoTe BIACTHBOCTI IJIa3MU PO3PSIB Y BOJHOMY
CEPEIOBUII MPH I ABUINCHUX TUCKAX 3aHIIAIOTHCS
cnaboBUBUECHUMH. [11a3Ma TakuX poO3psIiB € CKIa-
HUM 0araTOKOMIIOHCHTHHM CEPEIOBUIIEM, 110 KOH-
TaKTy€ 3 PIAMHOI0 32 BUCOKMX THCKiB. HaitBaxxiu-
BIIUMH YMHHUKAMU, 110 00YMOBITIOIOTH BIIACTHBOC-
Ti HEiJieadbHOI TUIa3MH MiABOJHUX PO3PSIIB, € Ha-
SIBHICTb 0aratboX pI3HOBUIB YaCTHHOK Y TUIa3Mi
(enmekTpoHHU, 10HW, ATOMH, MOJEKYJIH Ta CKJIaJHI
KOMILICKCH ), Ta30Ba Ta IJIa3MOBa HE11ealbHOCTI.

A.

Bm
a-K

0 2000 4000 6000 8000 10000 12000 14000 16000 I_ A
Puc. 1. EnekTponpoBiAHICTh TEPMIiYHOI IUIa3MU BOASHOI
napu (tuck p =2000ap): / — po3paxyHOK 3a JOPEHIIe-
BOIO MOJIEILTIO; 2 — 3a MeTooM I pezia (HylIb0Ba I'yCTHHA);
3 —3a Metonom I'pena (winbHa asma).

VY nmaHiii poOOTi PO3TISIIAETHCS METOMKA PO3pa-
XYHKY TEPMOAMHAMIYHUX Ta TPAHCIIOPTHHUX BIIACTH-
BOCTEH IMIJIBHOI HeileaibHOI IUIa3MU JIyTOBHX Ta
IMIYITECHUX PO3PSAMIB Yy BOJHOMY CEpEIOBHUINL Y
niamazoni tuckiB 0,1 - 1000 MIla ta Temmeparyp-
HOMY Jiama3oHi BiJ TeMIepaTypd IUIaBICHHS [0
100 kK. OcoGnuBicTIO € BUKOPUCTAHHS DPO3PaxyH-
KOBOI TPOIENypH, sIKa Y3TOIKY€ HasBHICTH Oara-

THOX KOMIIOHEHT y IUIa3Mi 3 e()eKTaMH Ta30BOi Ta
IIa3MOBOI HeiJealbHOCTI. Y Takuil crocid BUKOpH-
cranus merony Ipema [1] Ta Tteopii Jli-Mo [2]
MOB’SI3Y€ETHCS 3 YpaxyBaHHS BILTMBY ra3oBoi Ta Iia-
3MOBOI HEiJeaJIbHOCTI.

Po3paxyHKH mpoBeneHO B HAOIMKEHHSAX HYJIBO-
BOT r'ycTUHH (TOOTO «3BUYalHOI» KIHETUYHOI Teopii)
Ta mwinbHOi MiasMu (puc. 1 i 2). 3pobieHo Takox
TIOPIBHSHHS OZICP)KaHUX PEe3yJIbTaTiB 3 JaHUMH, IO
IPYHTYIOTBCSI Ha JIOPEHIIEBIi Teopii [3, 4].

G,

Culm

1000

0.001

0 2000 4000 6000 8000 10000 12000 14000 16000

T, K
Puc. 2. EnexTponpoBigHiCTh TEPMIYHOI MIa3MH BOASHOL
napu ( p =2000ap): / — po3paxyHOK 3a JIOPEHLEBOIO
MozeIo; 2 — 3a MeTofioM Ipena (HynboBa ryctuna); 3 —
3a MetonoM [pena (winbHa masma).

TakuM YMHOM, PO3TISTHYTa METOJMKA PO3PaxyH-
Ky J1a€ 3MOTY OTPUMYBAaTH TEPMOJMHAMIYHI Ta TPaH-
CIHOPTHI BIACTUBOCTI MJIa3MOBUX CEPEIOBHIIL MiIBO-
IHAX PO3PSIIB M1 IMHPOKOTO Jialma30Hy THCKIB Ta
TeMIeparyp.

1. V.M. Zhdanov, Transport Processes in Multicompo-
nent Plasma (Taylor&Francis, NY, 2002).

2. Y.T.Lee and R.M. More, Phys. Fluids. 27, 1273
(1984).

3. I1.B. Iopunxwuii, Termodusuka BHICOKUX TeMIeparyp
44, 335 (2006) .

4. P.Porytsky et. al, European Phys. Journ. D56,
d09438 (2009) (in press, available online at
http://www.epj.org)
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OI3UKA ITIAZMU

XAPAKTEPUCTHUKHU 3BYKEHHA TI'EJJIKOHHOI'O PO3PAAY IIJIAHAPHOIO AHTEHOIO

B. ®@. Bipko, B. M. Caoboasin, IO. B. Bipko, K. II. lampaii

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Tl'enmikoHHEMA po3psm, MO 30yIKYETHCS B3IOBXK
MAarHiTHOTO IOJISl IUIAHAPHOK AHTEHOO, PO3Tallo-
BaHOIO 32 JIeTEKTPUYHUM BIKHOM y TOPIIi PO3PSAHOI
kamepu [1], TeHepye miIa3My HaBiTh eEKTHBHIIIIE,
HIXK CTaHJIAPTHUM TEIIKOHHUN PO3psi, 1O 30YIKY-
€THCS TIONIEPEK MArHITHOTO IMOJISl aHTEHOIO, KA 0X0-
IUTIOE  TIeTIeKTpUYHy po3panHy kamepy [2]. Ilpum
3pOCTaHHI MarHiTHOTO TOJISI TYCTHHA TJIa3MH B 000X
po3psAIax 3MIHIOETCS i3 CTpUOKaMH (3MiHAMU MOJ
pO3pAmy), ane XapakTep TaKOTO 3MiHIOBaHHS iCTOT-
HO pi3Hui. SIKIIO y CTaHAapTHOMY PO3psAIil 3poc-
TaHHS MarHiTHOTO TOJISI TPU3BOUTH IO CTPUOKIB i3
30UTBIIICHHSAM TYCTHHHU TUTa3Mu [3], To B po3psmdi 3
TUTAHAPHOIO aHTEHOIO CIIOYATKY BiJIOYBA€ETHCS Pi3Ke,
ajle MOHOTOHHE 3POCTaHHSA T'YCTHHH, a TMOTIM CIIO-
CTepITaeThCsl PNl CTPUOKIB 31 3MEHIIEHHSIM TyCTH-
HHU, 10 3aKiHUY€THCS 3pUBOM PO3PSAY IPU JESIKOMY
KPUTUYHOMY 3HadeHHi mouist (puc. 1). ¥V miid poboTi
BHSABIIEHO (Di3WYHI MPUYMHU CTPUOKIB TYCTHHH IjIa-
3MHU B PO3psAil 3 INIAHAPHOIO aHTEHOIO, & TAKOX II0-
piBHSHO eeKTHBHOCTI BBOIYy B Iiazmy BU eneprii
TUIAHAPHOIO aHTEHOIO0 Ta CTAHAAPTHUMHU TeIIKOHHU-
MU aHTCHAMH.

ExcrniepriMeHTH TpOBEIEHO Ha JDKEpeii 3 KBap-
LIOBOI0 PO3PSIHOI0 KaMepor jaiaMeTpoM 14 cM i
JOBXUHOIO 36 cM. A3uUMyTalnbHO CHMETpPHYHA
(m =0) rulaHapHa aHTeHa PO3TALIOBaHA 3a KBapLO-
BHM BIKHOM y TOPIIl PO3PSTHOI KaMepH 1 >KHBUTHCS
BiJ reHepaTopa yactororo 13,56 MI'1 i moTyXHICTIO
o 1 kBT. Jlocniay mpoBefieHO B aproHi MpH THCKax
5 - 20 mTop. IlokazaHo, IO XapaKTEpPHI CTPUOKO-
noAiOHI 3MiHM KOHLIEHTpalii MIa3MH Ta 3pUB pO3psi-
Iy, SIKi CIIOCTEPIraroThCs MPH MOHOTOHHOMY 30111b-
[IEHHI MAar”HiTHOrO MO, MOB’sI3aHi 31 3MIHOIO IO-
3MIOBKHIX MOJ| CTOSYHMX TENIKOHHHUX XBHIIb (pHC. 2).
BusiBiieHo, 110 HampyKeHICTh KPUTHYHOTO MarHiT-
HOTO TIOJISI, SIK 1 B eKCIIEpUMEHTax Ha iHIIiH ycTaHo-
BUi [1], 3pocTae 31 30inpmieHHsiM BY nmoTtysxHOCTI Ta
TUCKY ra3y. Takox MmokasaHo, 10 B PO3psili 3 Iia-
HApHOIO aHTEHOIO OB eEeKTHBHO, HIK Yy CTaH[a-
PTHOMY pPO3psifi, 30yJKYHOThCA BHINI pajialibHI
MOJH TeNliIKOHHUX XBHJIb.

st mocmimkeHHs e(DeKTUBHOCTI BBOAY B IUIA3MY
BY eneprii npoBeneHO MOJENbHI €KCIEPUMEHTH 3
NOTJIMHAHHST MAJIOTIOTYKHOTO CHTHAJy Bij TUTaHap-
HOl aHTeHH B IUIa3Mi, YTBOPEHil HE3aJIEKHO
ELIP-po3psimom. BumipsiHO 3aieXHICTh aKTHBHOTO
OTIOPY aHTEHHW BiJ] TYCTHHH IUIa3MH Ta MarHiTHOTO
nons. IlpoBeneHo MOPIBHSHHS XapaKTEPUCTUK IIO-
IJIMHAHHS 1pU 30y/KEHHI MJIaHAPHOI0 aHTEHOIO Ta
CTaHAAPTHUMH TENIKOHHHMH aHTeHamu m =0 Ta

IIOPIYHUK - 2009

m =1, mo BBOAATh BY MOTYXHICTh TEPIICHINKY -
pHO MarHiTHOMY TOJIt0. BHSBIIEHO, IO HA BiIMIiHY
BiJl CTaHAAPTHUX, OMIp IUIAHAPHOI aHTEHH 3POCTAE 3
TYCTUHOK TUIa3MU Ta HOMEpPOM 30Y/KYBaHOI ITO-
3IIOBXKHBOT MOJIM. Pe30HAHCH TOTITUHAHHS, 00YMOB-
JIeHI PO3KAaYKOIO IMO3JO0BXKHIX MOJ, JJIs IIaHAPHOI
aHTEHH CIIOCTEPIraloThCsl MPH OUIBIIMX TYCTHHAX,
HIX JUIS CTAHAAPTHOI aHTeHH m = 1.

loHHMIA cTpyMm (4.0.)

] | | |
0 20 40 60
MarHitHe none (I'c)

Puc. 1. 3anexxHicTh 10HHOTO CTPYMY
Ha 30H/ BiJ MardiTHOTO IOJIA.

35Ic (1)

L

AHmeHa

BY marniTHe none (4.0.)

\,
\,

581c (3)

1 Il

72Tc (4)

———— ————

it

30 20 10 0
Mo3a0BxHs BifcTaHb (Cm)

Puc. 2. [ToznosxHi npodin BY mosiB reTikoHHAX MOJT Ta
MEPeXO1 MiXK MOJIaMH TIPH MAarHiTHUX MOJISX, IO BiAIMO-
BiZIalOTh CTPUOKaM I'yCTHHH Ha pHc. 1.

1. B.M. Cnobopnsn, B. ®@. Bupko, I'. C.Kupuuenko u
K. I1. [lTampaii, BAHT 4, 235 (2003).

2. V.F. Virko, G.S. Kirichenko, and K. P. Shamrai,
Plasma Sources Sci. Technol. 11, 10 (2002).

3. R.W. Boswell, Plasma Phys. Control. Fusion 26, 1147
(1984).
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PAIIAIIMHAN MOHITOPUHI' OB’€KTIB HABKOJIMIIIHBOI'O CEPEJOBHUILA B 30HI
BILUIUBY JOCJIIIHULBKOI'O SIIEPHOI'O PEAKTOPA BBP-M I51]I HAH YKPAIHH

0. B. Ceapuueschbka, I. O IMasaenko, H. M. I3aTkoBcbka, A. JI.Caxeniok, A. M.Ky3bmina

ITnemumym adeprux docnioscens HAH Vipainu, Kuis

OCHOBHHMM 3aBJaHHSIM, IOB’S3aHUM 3 EKCIUTya-
TaIli€r0 SJIEPHUX YCTAaHOBOK, € 3a0e3reueHHs Oe3re-
KM MePCOHANY Ta JTOBKI/UIA IIPH BCIX pexuMax pobo-
TH YCTaHOBOK.

[Iporsirom 50-pivHOi ekcruryararii JOCIiHALb-
Koro siaepHoro peakropa BBP-M npoBoauthces cuc-
TEMAaTUYHUH paliallifHuii KOHTPOJIb 32 HOro BIUIH-
BOM Ha HABKOJMILIHE MpPUPOAHE cepenosuiie. Bpa-
XOBYIOUH, 1[0 PEAKTOP 3HAXOAUTHCS B MEXaX MICTa,
1Ii JOCJIJKSHHS 0COOJIMBO aKTyaJIbHI.

Crioctepe)keHHsI BUKOHYIOTBCSL B LIECTH CTallio-
HapHHUX TOYKax caHiTapHO-3axucHOi 30HU (C33) pe-
aktopa BBP-M i B 12 cramioHapHMX TOYKaxX 30HH
CIIOCTEPEKEHHS, BUOpPAHUX 3 YpaxyBaHHSM pO3H
BIiTpiB. 3a periaMeHTOM KOHTPOJIOIOTHCS PiBHI 3a-
TaIBbHOI Y-, B- 1 0-aKTUBHOCTI Ta BMICT OCHOBHHUX
PaIiOHYKIIIJIIB PEAKTOPHOTO TTOXOJKCHHSI, HacamIie-
pen *H, *°Sr, **Cs, *'Cs — 8 armocdeprnx omamax
Ta OCIZar0YoOMy MWy, IPYHTI, POCIMHHOCTI, BOII 3
OCHOBHHX KoJIeKTOpiB ISI]1; Boai 3 BiZKPUTHX BOJO-
vy (y T.4. 3 p. JHinpo — BUIle Ta HUXKYE 3a Tedi-
€10 BIJIHOCHO PO3TalllyBaHHS peakTopa); Talliid BOIL
CHITOBOTO ITOKPUBY i O€pe30BOMY COKY.

VY naHiii poOOTI MpoaHaIi30BaHO PE3yJIbTAaTH pPa-
JiariifHoro MOHITOpWHTY 3a octaHHi 10 pokiB, sKi
CBiTYaTh MPO HACTYITHE.

CepenHi 3HaYCHHS 3arajibHOI MUTOMOI [-aKTHB-
HOCTI BHIa/IiHb, OCIJAI0UOro MUY Ta aTMOC(hEepHUX
OMajiB y KOHTpOJBbHUX Toukax (C33, Bu3HaueHi ce-
IAMEHTAIHHUM  METOJOM,  KOJHUBAJIHMCS  BIJ
0,06+ 0,02 g0 0,21£0,05 KBK/(M*-piK), a 3HAYEHHS
[IUTOMOI aKTHBHOCTI 'St cranoBwid Bix 1,0 + 0,03
110 20,0 + 5,0 Br/(M>-piK).

BMicT 0-aKTUBHHX KOPOTKOXXHBYUYMX PpaJiOHYK-
migiB B atMoc(epHOMY TOBITpi, BU3HAYEHUH acrii-
pauiiiHuM MeTozoM, KonuBagcs Bix (3,7 +0,1) - 107
m0 (1,3 £ 0,1) - 10 Bx/m, a B- aKTHBHHX KOPOTKO-

KUBYunx pamionykminis — six (1,9 £ 0,5) - 10™* mo
(9,6 £2.,5) - 107 B/

AmnaJti3 BMicTy Sr ta *H Yy CKHJIHUX BOJaxX, BOJI 3
BIIKpUTHX Bopoimui (a came 3 p. Auinpo (Buie ta
HIDKUYE 3a TEYi€I0 BiJIHOCHO PO3TalllyBaHHS PEaKTo-
pa), [omociiBcbkux o3ep, biakutHoro o3epa ta Kop-
qyBaTCbKOI CBEPIUIOBHHH), Tallill BOAI CHITOBOTO MO-
KpUBY Ta O€pe30BOMY COKY IMOKa3aB, IO BCi OTpHUMa-
Hi 3HaYeHHS OYyJM HIDKYUMH JOMyCTHUMHUX KOHIIEHT-
paiii st HaceneHHs (kareropis B).

PesynpTatn BuMIpIOBaHb 3arajibHOi MHTOMOI
B-aKTHBHOCTI Ta HTOMOI aKTHBHOCTI ST y 3pa3Kax
TPYHTY Ta POCIMHHOCTI IMOKa3aJiv, 0 BOHU HE BiJ-
PI3HAIOTBCS BiJ TUMOBHX 3HauyeHb i KueBa i Bu-
3HAYAIOTHCS PAIiOHYKIiIaMHd YOPHOOUIBCHKOTO II0-
XOJ[KCHHSI.

PesynbTati Bu3HaueHHs Bmicty ©'Cs i “Sry
3pa3Kax IPYHTY, BiliOpaHUX 3i CIIOCTEPEKHUX CBEp-
JUIOBUH Ha TEpPHUTOpii MaiIaH4YWKa peakTopa
BBP-M, cBiguaTh, 110 Ha CHOTOAHI ITHTOMAa aKTHB-
micts pamionykmigis *’Cs y rpyHTi KOnTMBaEeThCS Bix
<0,5 no 0,6 £ 0,2 br/kr, a MUTOMa aKTUBHICThH pa-
mionykmizgis *°Sr— Bix 0,4+ 0,1 g0 1,7 +0,5 Br/kr.
Lle cBiqUMTh MPO BiACYTHICTH TEXHOI'€HHOTO BILUIUBY
peaxtopa BBP-M Ha 3a0pyaHeHHS IPYHTIB Ta Iijic-
HICTh pe3epBYyapiB 3 PiIKUMH PaliOaKTHBHUMH Bil-
XOJaMHU.

3HaueHHS TOTYXXHOCTI eKCHO3WIIHHOT 103U
Y-BUIIpoMiHIOBaHHS Ha TepuTopii C33 i 30HHM cHo-
CTEpeXEeHHS KOJMMBAIWCS 33 BKa3aHUH Tepioa BiX
11 o 20 mxP/ron.

VY wminomy pesyibTaTH paAialliiHOrO KOHTPOJIO
CBiJUaTh, 110 32 BECh MEPi0JI CIIOCTEPEKEHD He OYII0
BUSIBJIICHO 301TBIIICHHS BMICTY PajliOaKTHUBHUX PEY0-
BHH B 00’€KTaX HABKOJMIIHHOTO MPHUPOIHOTO cepe-
JIOBUIIIA TIOPiBHSHO 3 PIBHAMH, XapaKTCPHUMH JUIS
Kuesa. Lle miaTBepmKye Oe3MeUHICTh IS TOBKIJIIS
eKCIuTyaTallii JOoCIiTHUIbKOTro peakTopa BBP-M.
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MONTE CARLO MODELLING FOR EXTENDED CAPABILITIES OF THE HYBRID
K-EDGE/K-XRF ANALYSIS OF URANIUM AND PLUTONIUM SOLUTIONS

A. Berlizov', D. Sharikov’, H. Ottmar *

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
*Tomsk Polytechnique University, Tomsk, Russia
SEC JRC, Institute for Transuranium Elements, Karlsruhe, Germany

The Hybrid K-Edge/K-XRF Densitometry
(HKED) [1] has become a highly accurate and reli-
able method for U and Pu analysis. It is routinely
used for nuclear material accountancy and process
control at the large-scale nuclear reprocessing facili-
ties worldwide. Through the combination of the
K-edge transmission and KX-ray fluorescence
(XRF) techniques, the method is capable of measur-
ing the concentration of U and Pu in solutions with a
combined relative standard uncertainty of < 1% at
concentration levels above 0.5 g/L.

The new development consists of a creation of
the MCNP [2] based Monte Carlo models for the
XRF branch of HKED instruments (Fig. 1) currently
in use at Institute for Transuranium Elements (ITU)
and in the European Commission’s On-site Safe-
guards Laboratories (OSL) at La Hague (France) and
Sellafield (United Kingdom).

Gamma
Detector
=

Fig. 1. Schematic drawing of an HKED instrument cur-
rently in use at ITU and in the OSL in Sellafield. Note:
the gamma detector shown in the diagram is optional and
does not belong to the standard HKED configuration.

External K-Edge
Position

Cd-109 Source Cd-108

K-Edge
Detector

The models were validated through a series of
benchmarking experiments performed using a repre-
sentative set of U and Pu reference solutions. For the
UKo, /PuKa, ratios an agreement within 0.4 % was
obtained between the calculation and experiment.
This result suggests that an accurate determination
of the U/Pu element ratio in concentrated U/Pu
mixed solutions (e.g. the reprocessing input solu-
tions) is now possible solely based on the mathe-
matical calibration.

The modelling also accurately reproduced the
shapes of the XRF calibration curves in the lower U
and Pu concentration range (<50 g/L), where the
XRF technique is used in a stand-along mode. Thus
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in practice a single calibration measurement can be
already sufficient to establish, together with the
modelling results, a full scale calibration for the ab-
solute XRF measurements.
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Fig. 2. Matrix effects in absolute XRF measurements of
U/Pu solutions (5 g/L U + 2 g/L Pu) as function of Bi
concentration. Circles show data points corrected for the
matrix effect, squares are uncorrected experimental data.

It was also experimentally demonstrated (Fig. 2)
that the created models are capable of providing ac-
curate matrix corrections for the yields of character-
istic KX-rays of actinides in non-standard matrices
(e.g. samples with unusual molarity or with other
heavy metals present). Such a situation, for instance,
exists for samples originating from pyro-processing
of spent nuclear fuel which can contain only a few
percents of actinides in a Bi or Cd matrix.

The developed models offer the following major
practical benefits: (i) a great reduction of the need
for lengthy calibrations, which are currently neces-
sary to ensure accurate XRF measurements, and (ii)
an extension of the applicability of the HKED
method to non-standard U/Pu mixtures and sample
matrices without investing a great deal of extra cali-
bration work.

1. H. Ottmar et al., Proc. of the 19th Annual ESARDA
Symposium, Montpellier, France, May 13-15, 1997,
ESARDA 28, EUR 17665 EN (1997) 211.

2. D.B. Pelowitz, ed., MCNPX User's Manual, Version
2.6.0, LA-CP-07-1473 (April 2008).
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TRANSURANIUM ELEMENTS AND FISSION PRODUCTS IN TECHNOLOGICAL
CHANNELS OF UNIT 2 OF CHERNOBYL NUCLEAR POWER PLANT

A.N. Berlizov', I. A. Malyuk', A.D. Sajeniouk’, V. V. Tryshyn', V. V. Petrov?, A. I. Savin?,
S. Abousahl’, G. Rasmussen’, I. I. Sadikov*, F. A. Tashimova*

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’Chernobyl Nuclear Power Plant, Slavutych
3Institutefor Transuranium Elements, Karlsruhe, Germany
“Institute of Nuclear Physics, Tashkent, Uzbekistan

The current concept of decommissioning of
Nuclear Power Plants (NPPs) considers a controlled
conservation of a reactor unit followed by its
dismantling and final disposal. Technology of
dismantling and disposal is determined to a great
extent by the composition and activity of
radionuclides accumulated in reactor constructions.
Theoretical estimations show that for RBMK type
reactors by the end of their operating period about
85 - 90 % of activity (excluding nuclear fuel) are
incorporated in technological channels (TCs) made
of Zr - 2.5 % Nb alloy. Our experimental study was
focused on determining the amounts and
establishing the origin of transuranium elements
(TUE) and fission products (FPs) in TC material of
Unit 2 of Chernobyl NPP, which is currently being
under the decommissioning.

A set of radioanalytical techniques, including
B-counting, -, o- and X-ray spectrometry combined
with radiochemical separation, was employed to
measure contents of °Sr, "'Cs, **®Pu, *°*py,
*'Am and **Cm in irradiated TC samples taken at
different heights and different positions over the re-
actor core. Some of the analytical results obtained
for the samples with maximum predicted thermal
neutron fluence (Fy, = 8.3 - 10*' cm™) are presented
in Table. The measurement uncertainties of the re-
sults are < 3 % for *’Cs, <25 % for *Sr and < 35 %
for actinides.

Measured specific activities (Bq/g) of TUE and FPs
in different technological channels of Unit 2 of ChNPP

TC No. | 'Cs | gy | Z8py [29240p T2 A 1 2%
B-299 | 6880 | 3290 | 430 43 255 | 762
B-358 | 12700 | 5500 | 159 25 347 | 951
B-427 | 6840 | 2920 | 154 25 83 617
G-75 | 6450 | 2000 | 132 48 96 | 307
G-209 | 7630 | 2810 | 156 54 89 12081
Mean | 8100 | 3304 | 206 39 174 | 944
CV,% 32 40 61 35 69 72

The activities of radionuclides revealed strong
correlations (e.g. r=0.79 for **Cm-""Cs, r=0.72
for ?Sr-"*"Cs, r=0.67 for °Sr-**'Am, r=0.64 for
%Sr->*Py), which pointed on a common origin of
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the TUE and FPs. The obtained isotopic ratios (e.g.
8r/P7Cs = 0.38 £0.08, ***Cm/"'Cs =0.12 £ 0.09)
were compared with theoretical predictions (see
Figure) and found to be characteristic to an ultra-
high burnup uranium (>95% on *°U). These
findings suggested that the presence of actinides and
FPs can be attributed to an impurity of natural U and
Th in the TC’s source material with the estimated
concentration levels of about several tenths of ppms.

90,

Sr

A/A(TCs)

T T T T
10" 10%

Thermal neutron fluence, cm’”
Calculated activity ratios of some FPs and TUE accumu-
lated during a long-term irradiation (ty; = teee = 13 y) of
natural U as function of thermal neutron fluence.

To check this hypothesis, trace analysis of a non-
irradiated Zr-Nb alloy was carried out using the in-
strumental and radiochemical neutron activation
analysis as well as the inductively coupled plasma
mass spectrometry. The analysis revealed the pres-
ence of above levels of natural U and Th in the TC
source material. In addition, the contents of a num-
ber of other chemical impurities (Ag, Co, Cr, Fe, Hf,
La, Mn, Na, Ni, Sb, Ta, Ti, W, Zn) were determined,
thus providing the experimental input for the follow-
up theoretical activation calculations.

As a result of the carried out study, the following
upper estimates for the total activity of FPs and TUE
in a technological channel 13 years after the reactor
shutdown were obtained: A(*’Sr + *’Cs) = 1.2 GBq,
As(actinides) = 670 MBq. The maximum total o-
activity in a TC on the same point of time was
evaluated to be 140 MBq.

IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU
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GAMMA-SPECTROMETRIC EXAMINATION OF SPENT FUEL ASSEMBLIES
AT THE WWR-10M NUCLEAR RESEARCH REACTOR

A. N. Berlizov, I.A. Maliuk, V. M. Makarovsky, O. F. Rudyk, V. L. Slisenko, V. V. Tryshyn

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

A non-destructive assay of a quantity of fissile
material in spent nuclear fuel is currently of a great
practical demand in nuclear safeguards and nuclear
safety areas. In this study we tested the capability of
high-resolution y-spectrometry for measuring loss of
U in spent nuclear fuel of the WWR-10M nuclear
research reactor operated at the INR. To this end,
9 irradiated assemblies of WWR-M2 type (initial
enrichment - 36 % on **°U) having different burnups
and cool down times were examined.

The measurements were performed in the reactor
hall. The y-ray spectra were acquired using a 60 %
coaxial HPGe detector coupled to a digital multi-
channel analyzer. A slit defined by a 100-mm long,
7-mm internal diameter steel pipe encased in lead
breaks was used for collimation and to shield the
detector. Each assembly was remotely raised out of
the wet storage facility and positioned at the = 12 m
distance from the detector. The whole assembly was
visible to the detector through the collimator hole.

In accumulated y-spectra the peaks of **''Cs,
44pr, By, 12°Sb, '%Rh and 'Ru were identified.
Since the fuel assemblies are fairly “transparent” to
y-rays with energies >200 keV (e.g. loss of the
662 keV 7y-rays due to the self-attenuation in a triple
assembly is about 31 %), an accurate determination
of absolute activities of the above fission/activation
products was possible.

The absolute efficiency of the detector was de-
termined for each type of the fuel assemblies (single
or triple) employing an internal calibration proce-
dure with the use of multiple y-rays of **Cs, "*Pr
and ""*Eu, appended by the absolute y-measurements
of standard "*’Cs sources and Monte Carlo calcula-
tions. The determined activities of the radionuclides
are shown in Table.
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Measured versus declared fuel burnup. Error bars repre-
sent 1G-uncertainties corresponding to the 3.5 % and 5 %
relative uncertainties of the experimental and declared
burnups, respectively.

The measured absolute "*’Cs activity is an accu-
rate indicator of the total number of fissions that oc-
curred in the fuel. Since more than 95 % of the fis-
sions in fuel of this enrichment class occur in 235U,
the "*'Cs activity is also a good indicator of **°U loss
by fission. Thus, the fuel burnup in terms of the rela-
tive °U loss as well as the absolute mass of remain-
ing *U can be easily evaluated from the measured
absolute activity of *’Cs and the initial U mass
recorded in the assembly's passport data. The ob-
tained in this way experimental fuel burnups agree
reasonably with declared values (see Figure).

The conclusion is that the direct measurement of
the absolute activity of '*’Cs in spent fuel assemblies
has a potential to serve as a rather simple, accurate
and cost effective tool for the burnup confirmation
and nuclear material accountancy verification meas-
urements at WWR-M type research reactors.

Measured radionuclide inventories (Ci) in WWR-M2 assemblies (decay-corrected back to unload date)

Assembl Triple / Unload Declared 137 134 154 125 144Ce / 106Ru / 103
No. ! Sirrl)gle date burnup, % Cs Cs Eu Sb 144pr 1%Rh Ru
593-77 t 12/06/89 52 128.7 6.5 1.8
595-77 t 29/10/90 61 148.8 96.0 3.6 5.8
605-77 t 29/10/90 60 154.1 105.4 3.9 59
117-84 t 23/03/87 53 130.5 79.6 2.7 53
611-88 t 02/01/92 66 156.5 92.5 39 52
612-88 t 01/11/93 65 161.0 108.3 43 52
667-88 s 28/11/01 59 41.6 8.8 0.85 0.45 40.8 6.2 16.4
016-89 t 28/11/01 59 151.0 31.8 3.37 1.5 131 20.0 60.2
018-89 t 04/12/00 60 154.4 35.1 3.51 1.7 145 223
IIOPIYHUK - 2009 141
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PO3POBKA PAJIIALIIAHO-TITIEHIYHOIO PETJIAMEHTY MEPLIOI I'PYIIM
"TOIMMYCTUMMI TA30-AEPO30JIbHUI BUKWJ SAJAEPHO-®I3UYHUX YCTAHOBOK
IS1]T HAH YKPATHI"

O. B. I'aiinap, 10. A. Muxtonwk, B. B. Tpumun, JI. €. YepBonHna

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

[poTtsirom octanHix pokiB y LleHTpi ekoT0TiYHHX
po0JeM aTOMHOI €HEpreTHKH MPOBOASTHCS POOOTH
II0JI0 CTBOPEHHS CydYacHOI reoiH(opMaIiifHoi cuc-
TEMH JUIs POBEJICHHS OLIHKU BIUIMBY JOCIiTHHIIb-
KHUX SAEepHO-(PI3SHUYHMX YCTAaHOBOK HA HABKOJIMILIHE
cepenoButie. Tak, y 2009 p. Oymo cTBOpeHo 0a3y
JAHUX METEOPOJIOTIYHUX CIIOCTEPEKEHb Y paioHi
po3ramryBanns Madganunka [S1JI HAH VYkpainu 3a
2000 - 2008 pp. Ha ocHoBi mpoBeneHOro aHamizy

1-0AP BEBP-M

4 - UUKnoTpoH ¥-240

Yce ne nmano 3Mory Ha MPUHIMIIOBO HOBUX 3aca-
Jax TIpOBeCTH POOOTY LIOA0 OOTPYHTYBaHHS 3HAUYCHD
niMiTiB Bukumy (JIB) okpeMux pamioHYKIIIiB Ta I0-
IyCTUMOTO Ta30-aepo3oipHOro Bukumy ([AB) mms
snepHO-(iznunnx ycranoBok [/ HAH Ykpainu.

Pobota mpoBenena y BigNOBiTHOCTI 3 HOPMATHB-
HAM JoKyMeHTOM "llopsimoK BCTaHOBIIGHHS IOITyC-
TUMHUX piBHIB ckuaiB i BukuniB AEC Ykpainu (pani-
aIifiHO-TIri€HIYHI periamMeHTH i rpymnu). MeroanyHi
BKa3iBKH'", I 4oro Oyia po3pobiieHa crieriaabHa
npoleaypa BU3HAUYEHHSI MICIETIONIOKECHHS! KPUTHY-
HOI TpylH HaceJIeHHA, L0 Jajio 3MOTY BpaxyBaTH
ICTOTHY PI3HHUIIO PaTiOHYKIIAHOTO CKIaay Tra3o0-
AepOo30JILHOTO BUKUAY 3 PI3HHUX SJEPHO-(PI3UIHUX
ycraHoBok [SIJI HAH VYkpainu Ta ix mpoctopoBe
nosio>keHHs. byB mpuitHATHII KOHCEPBATHUBHHMA ITijI-
X1 SIK JJIS1 OLIIHKM BEJIMYMHM Ta30-aepO30JIbHUX BU-
KHJIB, TaKk 1 A7 YMOB 3€MIICKOPHCTYBaHHS (BXKH-
BaHHs MICIIEBUX OBOYiB, (pyKTiB, M’sica NTHILI, MO-
JIOKa TOIO) Ta CKJIAaay HaceleHHS (HasSBHICTH Tpel-
CTaBHUKIB 11’ ITH BIKOBUX TPYII).

Oynau po3paxoBaHi 3HAUEHHS NapaMeTpiB, IO BH-
3HAYalOTh YMOBU aTMOC(EpHOro MepeHocy Ta Jiar-
paMH TIOBTOPIOBAHOCTI METEOPOJIOTIYHUX TapaMmeT-
piB (HampsIMKy Ta IIBUAKOCTI BITPY, KaTeropiit cTiid-
KOCTI arMocdepH, MOTOIHHUX SBUII, TOmO). Takox
Oyma CyTTEBO IooOlparlbOBaHa Ta OHOBJEHa 0a3a
JIAHUX IOJI0 COIiaJIbHO-AeMOorpadiyHiX YMOB Ha
NPUIETITUX TEPUTOPISX.

Pirma edesmimua qo1m

[ wisa 30 socdue g0 40 vocin
[ mix 20 w3 20 30 pxdn
[ ®in 10 Mx3x 20 20 MK3x
[0 i S me3e a0 10 Ml
[ min 2 sm3e a0 S vw3e

[MpocropoBuii po3moxin 3HaYeHb PIYHOT
e(eKTHBHOI 103H (32 YMOBH BHKHAY NPOTS-
TOM POKY Ha PiBHI JJOMYCTHMOI'O) sl Hace-
neHHs pedepentHoro Biky "1 pik".

2 - Tputicea naGopartopia (k.113)
3 - Tputicea naGopartopin (k. 26)

Ha ocHOBI mpoBeficHUX PO3paxyHKIB OyJo BCTa-
HOBJICHO TPEACTaBHHKAa KPUTHYHOI TPYIU - TiloTe-
THYHUHN TPECTaBHUK BiKOBOI rpymm "1 pik", skuit
npoxuBae Ha Bigcrani 300 M (Ha rpaHuUIll caHiTap-
Ho-3axucHoi 30Hu ISP BBP-M) y cximHomy Ha-
NpsIMKY (BiJ BEHTWIALIMHOT TpyOu peakropa). Cimifn
3a3HAYUTH, 0 Ha CHOTOJHI HA BKa3aHId TEpHUTOPIil
3HAXOAUTHCS IPOMKCIIOBA 30HA.

[IpoBeneni po3paxyHKH MAIOTh IiICTaBH CTBEP/I-
XKyBaTH TPO BiINOBIJHICTh YCTAaHOBJICHUX BEIHIHH
JIB ta /IB BMUMO3i HENEpEeBUILEHHS KBOTH JIMITY
1034, o cTaHoBUTH 40 MK3B/piK (IUB. PUCYHOK).

Crin 3a3HaunTH, M0 (PaKTUIHI BUKHIH, 10 KOHT-
POJIOIOTBCS  CHCTEMOIO  paliallifHOTO  KOHTPOJIIO
BBP-M A1l HAH VYkpainu, Sk mpaBuio Maixke y
100 pa3iB MeHII Bif IOIMyCTUMUX 3HA4YeHb. Pe3yib-
TaTh 0araTOpiYHOTO MOHITOPHHIY paiialliiHOro cra-
Hy B 30Hi cnoctepexxeHus ISP BBP-M Takox cBin-
YaTh MpO Te, IO 3a BECh NEPiOA CIOCTEPEKEHb HE
OyJI0 BUSIBIICHO 30UIBIICHHS BMICTY PaliOaKTUBHUX
PEUOBMH Yy 3pa3kax HaBKOJMIIHBOTO CEepellOBUINA
MOPIBHSHO 3 PIBHAMM, XapakrepHuMu i1 Kuesa.
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COCTOAHME I'EHETUYECKOI'O MATEPHUAJIA B KJIETKAX KOCTHOI'O MO3IrA
MOJIEBOK B 30-KWJIOMETPOBOM 30HE YADC
B OTIAJEHHBIA NMEPHUOJ IOCJIE ABAPUM

E. O. Bypno', /1. A. Bumnescknii’, T. B. Meabuuk'

1 o
Hnemumym sdeprnvix uccnedosanuti HAH Yxpaunol, Kueg
2 o o
Yeprobwiivckuil paduosxonoeudeckuti yeump MYC Vrpaunvt, Yeproboiis

OneHka yCTOMYMBOCTH OHOCHCTEM K HOHHU3H-
pYIOLIEMY H3IYUYEHUIO in Situ SBISIETCS aKTyalbHOMN
po0IeMoil Ha COBPEMEHHOM 3Tare Pa3BUTHS A1ep-
HBIX TexHonorui. [lms permeHus 3Toil mpoOiIeMBbl
UCCIIENYIOTCS OHOJIOTMYECKHEe OOBEKTHl B 30HAX
TEXHOTC€HHOTO PAJHALlMOHHOTO 3arpsI3HEHUSL.

OpHuM U3 HanboJiee MPUHATHIX HA CETOTHSIITHUN
JICHb TOAXOJOB JUIS OLUEHKH PaJHO3KOJIOIMYEeCKOil
CUTYyaluH SBJSIETCS U3YUYEHUE COCTOSHUS [CHETHYe-
CKOTO MaTepHaja B KIETKaX KOCTHOTO MO3ra MBbIIIe-
BUJIHBIX IpbI3yHOB[ 1, 2].

UccnenoBanust mpoBeaensl Ha 39 monéBkax
(Clethrionomys sp.), ornosienHsix B 2008 r. B 30-
KHJIoMeTpoBoil 30He oruyxacHus YADC. Otnos
MpOBeleH Ha MONUTroHax «SHoBy», «UucroramoBkay,
«UzympynHoe», «BeproierHas mmomanka» u «Cka-
304HOE», OTIMYAIOLIUXCS M0 YPOBHIO PaJHaLlMOH-
HOTO 3arps3HeHus [3], HO UMeIomHUX OJIU3KHE IpY-
e DJKOJOTMYEeCKHE XapaKkTepucTHKH. [lonuron
«Cka304HOe» paccMaTpUBaIM KakK YCIOBHO KOH-
TponbHbIN. [IpenapaTsl KIETOK KOCTHOIO MO3ra ro-
TOBHJIM OOLICTIPHHATBHIM CIIOCOO0M (0€3 HMCHOIb30-
BaHUs KonxuiuHa) [4]. OT KaXIOoro >XKMBOTHOTO
MIPOAHAIM3UPOBAHO MO 5 THIC. KIETOK, BCETO -
165 Teic. MccnemoBana dYacToTa BCTPEYAEMOCTH
KJIETOK ABYsinepHbIX ([[5), amonto3Heix (A), ¢ MUK-
posinpamu (M51). Pe3ynbraThl BelpakeHbI B IPOMUII-

je, o00pabOTaHbl CTaTUCTHYECKH 110 KPUTEPHIO
Mann-Whitney ¢ HCHOJB30BaHHEM IPOTPaMMBI
STATISTICA 7.0. Pe3ynpTaThl NpeAcTaBIEHB B
Tabunuile.

Kaxk BuIHO M3 MpencTaBIEHHOTO, CPaBHUTEIb-
HBIH aHaJN3 TPYNN XUBOTHBIX M3 Pa3HBIX IOJHIO-
HOB II0 4acTOTE€ BCTPEYAEMOCTH KIIETOK C MOBPEX-
JEHUSIMH BBISIBIJI JIOCTOBEPHBIE PAa3IMUUsi MEXKAY
JKUBOTHUMH M3 YCJIOBHO KOHTPOJBHOTO MOJUTOHA U
paZMalOHHO 3arpsi3HEHHBIX TEPPUTOPUHA  TOJIBKO
M0 MUKPOSIIEHOMY TECTY.

AHanu3 1o cpenHell yacToTe MUKPOSIEP B KIET-
Kax KOCTHOI'O MO3ra TakKe MokKasaj OTIWYHEe TPYII
JKUBOTHBIX M3 BCEX 3arpsA3HEHHBIX TEPPUTOPHI OT
Ipynmsl W3  YCIOBHO KOHTPOJIBHOTO IOJHTOHA.
Krnetkn ¢ HECKOIBKMMH MUKPOAIpaMU TNPHCYTCT-
BYIOT B KOCTHOM MO3I€ >KHBOTHBIX U3 IOJIMIOHOB
«SIHOBY» U «MI3yMpyIHOEY.

Habxnronaetcss HeKOTOpasi TEHACHUMS K yBeJIHUe-
HUIO YHcla KJIETOK C MHOXECTBEHHBIMH MHKPOSI-
paMy ¥ Yuciia MUKposiaep (10 7) B HUX C MOBBILIE-
HUEM TIJIOTHOCTU 3arpsA3HeHus Tteppuropuit. s
MOJTy4eHus Oosiee YETKUX pe3yIbTaTOB HEOOXOAUMO
YBEJIUYEHHE YHCIIA )KUBOTHBIX B BEIOOPKaX.

YacToTa KJIETOK € OBPEK/IeHHEM reHeTHYECKOI0 MaTepHaia B KOCTHOM MO3re I0JIeBOK,
odurtamux B 30-kuometpoBoii 30He YAIC, %o (1uanazon, M + m)

o B7Cs, N Hacrora ketok, ¢ Cpennsist Pacnpenenenune xietok no unciry M1
MO Ku/km? oco s A M yactota M1
Geit 1 2 >3
0-4,20 0,6 - 8,80 0-3,80 % "
STHoB >1000 9 | Ladods | 451eioer | 131e044 | 224E078% | 0876029 020£0,08 | 0270,10
0,40 - 6,80 0,6-11,2 0,2-2,40 « %
YucToranoBka 100 - 200 5 3124 1,09 5.08 +2.44 1,120.39* 1,52+ 0,61 0,84+0,28 0,12+0,10 0,12+0,12
0,20 - 5,40 1,0-17,6 0,2 -3,40 % %
UsympysHoe 50-100 | 10| TREST | 3esosser | 133i003c | 2088057 1,14£0,28 0,22£0,11 0,08+0,03
BepronerHas 0,6 - 4,40 0,8-24 0-14 %
S 10-20 7 1,82 £ 0,50 146+ 023 0,62+ 025 0,77+0,23 0,49 +0,23 0,14 + 0,09 0+0
0,2-15,0 1,2-6,0 0-1,2
Cka3ouHoe 1-2 8 405+1.89 2.9340,50%* 0.17+0.14 0,05+0,033 0,05+0,033 0,03 +0,02 0+0
*p < 0,05 o cpaBHeHUIO ¢ MOIUTOHOM CKa304HOE;
** p < 0,05 mo cpaBHEHHIO ¢ TIOIUTOHOM BeproseTHas miomanaka.
1. C.A.Kocrenko, E.I'. Bynroa u T.T. 'ma3ko, Lluro- 1998 200, coct. H. Haropckmii, B. Tonukun u ap.
norus v renetuka 2, 11 (2001). YeHIIMU, A30 u MHC VYxpauHsl.
2. P.M.Tonuaposa m H.W. Pabokons, Paduorocuueckaa 4. A.C.ITpadonmarckmii, C.M.Pamxabmm, Xpomocomsi
kamacmpoga 8 Yepnobwviie: 00Ki1ad meicoyHapooHO- CeNbCKOXO3AUCMBEHbIX U NAOOPAMOPHBIX MIAEeKONU-
2o uccneoosanus (Toxuo, 1998), 256. marowux (Hayka, HoBocubupck, 1988), 128.
3. Kapma 3acpsasnenuss meppumopuu Yepnobuvlibckou
30HbL omyydcoenuss yezuem-137. Ilo cocmoanuio na
HIOPIYHUK - 2009 143
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®OPMYBAHHS /103 ONPOMIHEHHSI 3A TPUBAJIOIO HAJIXOIXEHHSA ''Cs
A0 OPI'AHI3MY JIABOPATOPHHUX ILIYPIB

L IL. po3a, A. I Jlunceka,

Tncmumym soepuux docnioxcenv HAH Yrpainu, Kuis

I3 BuKOpHCcTaHHIM OaratokamepHOI MOeli Mmpo-
BEIICHO aHaJli3 OTPHMAHHMX paHIlle aBTOpaMHU pe-
3yJIBTATIB CEKCIEPUMEHTAIBHUX NAHWUX, 3MIHCHEHO
y3arajibHeHHsI Ta PO3paxyHKU. J[OCIiHKeHO KiHeTH-
Ky pamionykimigiB >'Cs B OCHOBHHX OpraHax i TKa-
HUHAX J1a0OpaTOPHHUX ILIypiB 3a TPUBAJIOrO iX HaJ-
XOJ/DKeHHSI 70 opraHismy. Ha oCHOBiI oTpumaHHX
EKCIIEPUMEHTAIbHUX JTaHUX BU3HAYCHO OiOKiHEeTHY-
Hi KOHCTAHTH TIepexoiB "~ Cs MiX OKPEMHMH Opra-
HaMU Ta TKaHMHAMU TBapWH. Bimx3HaueHo, 110
JOMiHAaHTHUM TIPOIIECOM, SIKUM BU3HAYAE PO3IOMILI
Ta HaKomudeHHs °'CS B OpraHi3Mi 3a TPHBAIOrO
HAJXOJKCHHSI, € IMKJIIYHI TpoIriecH peadbcopOirii Ta
MOBTOpHOI abcopOuii, mo BiAOYBalOTHCS B KHIIEU-
HUKy. lle mpH3BOOUTH O MEpPEeBa)kKHOTO BCMOKTY-
BaHHS paAiOHYKJIila B KUIICYHHKY 32 YMOB
XPOHIYHOTO HAAXOJ/DKEHHS [0 OpraHismy. AHa-
JIOTiYHI OaraTopa3oBi NUKIU BiIOYBAarOThCS TaKOX
MDK TpPaHCIIOPTHHMH pimuHaMu (KpoB, JiMda) Ta
yciMa opraHamM i TKaHMHaMH OpraHizmy. Ypaxy-
BaHHS IMX MPOIECIB Jae 3MOTy OTPHUMATH OiJbII
TOYHI 3Ha4YeHHS IMOTIMHEHUX 103, III0 Ma€ BaXIIMBE
3HAYEHHS MPH ONPOMIHEHHI B Jiana3oHi Maiux 103
pamiarii.

3a po3po0IIeHO0 HAaMU paHillle eKCIPeCc-MeTO U~
KOIO BH3HAYEHO aHANITHYHI (QYHKIII, 10 OMUCYIOThH
(hopMyBaHHSI HAKOMUYECHOI JIO3U 3aJISKHO BiJ Macu
Ta TepMiHy HaJXO/DKEHHS pamioHykKiIiga. OTpumMaHO
pO3paxyHKOBI TTapaMeTpy IJIsi OOYHMCIIEHHS 103 OII-
POMiIHEHHSI OKPEMHUX OpraHiB, a TaKOX e(EKTHBHOI
JI034 33 TPHUBANOro Haxxomkenns ' Cs. Lle mae 3mo-
Ty pO3paxoOBYBaTH JO3W OMPOMIHEHHS JJSI TBApPHUH
pi3HOi MacH Ta OyIb-SKOrO0 TEpMiHY I0JI0O00BOTO
HAJXOMKCHHSI OYAb-1KOi aKTHBHOCTI B37¢s. Hozy
BHYTPIITHHOTO ONPOMIiHEHHS pO3PaxOBYBaJH 3TiTHO

3 BUpa3aMu:

D=q(at’+bt+c) 3a TepMiHy HAIXOIKCHHS
i3otony 1 - 20 ni0;

D =q(kt + d) 3a TepMiHy HaIXOMKEHHS 130TOIY
moHax 20 mib, me q — aKTUBHICTS, AKa MOACHHO Ha-
XOJIUTh 110 opraxizmy, bk; a, b, c, k, d — po3paxyH-
KOBi MapaMeTpu; t — TepMiH HaJIXOMKECHHS i30ToIy,
nooa.

Sk mpukian, Ha PUCYHKY IPEACTaBICHO ITUHAMI-
Ky (opmyBaHHS e(pEeKTHBHOI JO3M Y ILypiB Macoro
250+20 r 3a HIOACHHOrO HAAXOMKEHHSA 10 Op-
rauismy 1 Bk "’Cs.

IN)
1

084

064

E¢ekruBHa n103a, X 10° 38

044

024

00 T T T T T T T T T T T T
0 10 20 30 40 50 60

Tepmin HagxomKeHHs, 1062

Junamika ¢popmyBaHHsI e(eKTUBHOI 103H 32 IOAEHHOTO
HAJIXOJDKEHHS 10 opraHismy 1 Bk 137¢s.

1. LIL [dpo3n ta A.L Jlunceka, HaykoBuii BicHUK Y3Kro-
poxncekoro yHiBepcutery. Cep. “Bionoris” (2009).
(ITomano no npyky).
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MEPEKUCHI MPOLIECH Y KPOBI 1IYPIB
3A PA3OBOI'O BHYTPIIIHBOI'O BBEJEHHS “'Cs

10. 11. Fpm{eBnql, A. L Jlunceka', C.B. Teaenpka', JI. I. MakoBenpka’, I. O. Moq)a1

1 . . .
Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig
Incmumym excnepumenmanvroi namonoeii, onkonoeii i padiobionozii im. P. €. Kaseyvkoco HAH Yxpainu, Kuis

IIpobnema BIUIMBY pafiallii Maixoi iHTCHCHBHOCTI
Halynna 0coONMBOi aKTyaabHOCTI MiCHs aBapii Ha
YAEC, xonu 3HaYHAa KUTBKICTh JIFOJICH 1 TBapHH 3a-
3HAJIa pajliallifHOTO HaBaHTaXeHHS. Jlis 10HI3yI090-
ro BHUIPOMIHCHHS Ha JKMBI OpraHi3MH TNOB’si3aHa
TaKoX 13 TPUBAIMM IMepediroM micaspanialifHux
peakuiii opraHizMy, IO CHpPSMOBaHI Ha YCyHEHHS
CTPYKTYpHO-(PYHKIIOHATEHUX YIIKOPKEHb y MOJie-
KyJax Ta KIITUHHHX CTPYKTypaX, IO BHKIIMKaHI
MIEPBUHHUMHU palialliitHIMH (Pi3UKO-XIMIYHUMH pe-
akmissMu [1], OCHOBOIO JTAHKH SKUX € TIiABUIICHHS
HIBUIKOCTI YTBOPEHHS paJWKaliB KHUCHIO, sIKi Bifi-
TpalTh CYTTEBY POJb Y PO3BUTKY IIPOMEHEBOTO ypa-
JKEHHS 1 € 1HIMIaTOpaMu BITbHOPATUKAITEHUX TIPOIIe-
ciB (IIepoKcHIHEe OKUCHEHHS JIMiJIiB), IO SKICHO HE
BiJIPI3HAIOTHCS BiJ THX, IO BiIOYBArOTHCS B KIIITUHI
cnoHTaHHO. HuHI HakommueHO 3HAYHUHN eKchepu-
MEHTAJIbHUI MaTepian 3 BUBYEHHS BIUIMBY pasiariii
B CcyOJeTanpHUX 1 JISTAIbHUX J103aX Ha OalaHC CHC-
TeMH TepokcuaHe okucHeHHs mimimie (I1OJI)-
aatnokcuganTHa cucrema (AOC). Ilpore HemocTaT-
HBO BHBYEHO 3MiHHM B LIl cHUCTeMi 3a Jii BHyTpill-
HBOTO ONPOMIHECHHS B JMHAMIII.

BryTpinHe onpomiHeHHS Bif HeCcTabiTPHUX i30-
TOMIB, IO MOTPAIUIAIOTh B OPraHi3M 3 ek, HaBiTh
MpH HU3BKUX aKTHUBHOCTSX (HE HabaraTo BHIE ¢o-
HOBHX ), MO’KE TIPU3BECTH JI0 3HAYHHUX (Di310JIOTIUHUIX
3MiH y TKaHMHAX 1 OpraHax i3 cnenu(igHuM CTUMY-
moBarHsM [1OJI [2]. Came 3 wi€i npuYuHU A0 MPO-
OJleMH BHYTPIIITHROTO OIPOMIHEHHS HUHI BHSIBIISA-
€THCS TIABUIICHUH 1HTEpEC HAYKOBIIIB.

Buxonsuu 3 TOro, mo cucTeMa KpoBi € KpUTHY-
HOFO 3a JIii pajiamii, yisi BUBHAYCHHS SIK PaHHIX, TaK
1 BiIJaJICHWX, 3aJIGKHUAX BiA J03M 1 CIen(igHAX
micnspagialiiHUX 3MiH Y KpOBi OyJI0 AOCTiIKEeHO ii
MEPOKCUIAa3Hy aKTHUBHICTh 3a Pa30BOTO BHYTPIII-
HBOTO OMpoMiHeHHs " Cs.

JlocmimKkeHHsT BUKOHAHO Ha CTaTEeBO3pIINX 0e3-
MOPOJHUX ITypax-camusx macoro 180 - 200 r. Po3-
unn ’Cs B AMCTWIBOBaHiH BOJAI AKTHBHICTIO
24,5 xbx BBOIWIM KOXKHIM TBapwWHI Yepe3 30HI IO
0,2 mu. [epexucHi nponecu y KpoBi BU3HAYAIH 32 ii
MEPOKCUA3HOK AKTUBHICTIO XEMLTIOMiHICIICHTHUM
metonom [3]. dns nocuimxennast Opamu 0,1 Mt pos-

IIOPIYHUK - 2009

BeJleHOT KpoBi. Bu3Hawanmu cBITIIOCYMy CBiUEHHS 3a
5 xB (Q300) Ta HOro MakCHUMaJIbHy 1HTCHCHBHICTH
(Inax)- BripomoBx ekcriepumenty (30 ni6 crocrepe-
JKEHHS) B TPYI KOHTPOJIbHUX TBapuH HE BUABJIICHO
CYTTEBUX 3MiH SIK I, TaK 1 Y 300. Tak, ix cepemui
3HAYE€HHS CTAHOBUIIM BIAMOBIAHO I, = = 1059 + 98
imm - ¢, Y300 =221+ 10’ imm - 5 xB. V rpymi TBapuH,
SKMM BBOIMIM ' CS, BUSIBICHO KCTpeMalbHHil Xa-
paxkTep 3MiH XEMITIOMiHECHEHTHUX MOKa3HHKIB Iie-
POKCHIa3HOT aKTHBHOCTI KpoBi. HaitOinpmwmx 3Ha-
YeHb K Y 300, TAK 1 Ipex AOCATAIM Ha 3-TIO Ta 7-My
00y criocTepe eHb 3 HACTYITHUM MOHOTOHHUM He-
3HAaYHUM 3MEHLICHHSAM BiJ MOKa3HUKIB KOHTPOJIO
Ha 14-1y 106y. Jlmst Y 300 1eit mokasuuk Gys 150 - 10°
iMr + 5 xB, a 715t Loy - 780 imm - cex”'. Ha 30-Ty m10-
Oy eKCIIepUMEHTY SIK ) 300, TaK 1 I,y HE3HAYHO BiApi-
3HAJIMCh BiA 3HaueHb KOHTpomoo. OxHoHampasiie-
HICTB 3MIH SIK iy, TaK 1 Y 300 BKa3y€e Ha 30epeKCHHS
(yHKIIOHATIBHOTO 3B’ 3Ky MIXK KUIBKICTIO )epPMEHTY
Ta HOr0 aKTUBHICTIO.

Bussneni ocoOauBOCTI TUHAMIKH TIEPOKCHIa3HOL
aKTHBHOCTI KpOBi LIYpiB 3a JaHUX YMOB €KCIEpH-
MEHTY BKa3yIOThb Ha BKIIIOYEHHS HA paHHIX eTamax
pamiaifHoTo BIUIUBY aJalTarliifHO-KOMITEHCATOP-
HUX MEXaHi3MiB aHTHOKCHUAAHTHOTO ((epMEHTaTHB-
HOTO) 3aXHCTy OpraHi3My i CBig4aTh HpO CYTTEBI
MOpyIIEHHS] HOPMAIBHOTO Iepediry ioro QyHKIio-
HYBaHHSA 3a Aii Manux mo3 pamiarii. Ile moxxe Oyt
00yMOBJICHO SIK 3MIHOIO OIOXIMIYHHMX TTOKa3HUKIB
KpOBI, II0 CTOCYIOThCA BMICTY Ta aKTHBHOCTI (hep-
MEHTIB, 1[0 PETYIIOIOTH BUTbHOPAANKAIBHI TIPOIIECH,
TaK i 3MIHOK MOP(OJIOTIYHOTO CKIIAy KPOBi, y (op-
MEHHHX eJIeMEHTaX sKoi " CS HAKOMHYYeThCA B 15
pasiB OiNbIIe, HIXK Y TIIA3Mi.

1. B.M. bakos u C.B. Crenano, Pamguan. buomnorwus.
Panuoskonorus 37, Boi. 4, 469 (1997).

2. A.L Jluniceka, /[o30ymeopenHs, npupooa paHHixX ma
PU3UKY I00ANeHUX eexkmie y meapuH 3a mpusanoi
0ii padionyknidie yopHOOUILCHK020 8UKUAY: ABTOpED.
muc. ... a-pa 6ion. Hayk (K., 2008). - 44 c.

3. Sonia de Toledo et al, Analytical Biochemistry 105,
162 (1890).
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BMICT “Co Y KOMIIOHEHTAX BOJONMM-OXOJIOIKYBAUA YAEC

0. JI1. 3apy06in

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Y 2009 p. Oymo mpoaHai30BaHO JaHi MOMEPEeIHIX
pokiB mpo HamxomkeHHs “°CO IO €KOCHCTEMH BOIO-
imu-oxonomkyBaua YAEC Ta 3a0pyaHeHHS 1IUM pa-
JUOHYKJIZIOM OIOTHYHMX Ta a0iOTHYHUX 1i KOMIIOHCH-
TiB.

VY pe3ynbraTi y3arajJbHEHHs AaHUX OYJIO0 BCTaHOB-
JICHO, 1[0 Y BOJOMMIi-0XO0JIOXKYyBaui j0 aBapii Ha YA-
EC *°Co naituacrime 3yCTpiuaBcs B JOHHUX BiJKJIanax,
B AKkux ¥oro BmicT iHOomi mocsras 300 — 500 Bx/xr.
Mente Besoro “’Co 6yi10 y Boi.

[Ticns aBapii Ha YAEC Ta 3axoziB, moB's3aHux 3 ii
niksinamiero, Bmict “°Co y Boji 3611bIIHBCS B AECATKH
TUCcsY pasiB. [licis 3akiHUeHHS POOIT M0 OyAIBHUITBY
00’ekTa « YKPUTTSI», 10 3aBepiumiucs B Kinmi 1986 p.,
el pamioHyKIIi[ MIir TOCTyNaTH Ha aKBaTOPiI0 BOJAO-
HMH-0XO0JI0/DKyBa4ya MOBITPSHUM IUISIXOM, IPO IO
CBIIYUTH HOTO HasBHICTH Y BEPXHHOMY ILApi CHITY B
Oe3nocepenHiii OMM3BKOCTI Bil BOJOWMH B JIFOTOMY
1987 p.

Cepen BogHOI 010TH HAHOUIBIIMM BMICTOM OCo
XapakTepu3yBajacs BOJAHA POCIUHHICTb. Y HUTYACTUX
BOJOpOCTIX Horo BwmicT csaraB 15600 = 2000 br/kxr y
1986 p. Y BUMMX BOJAHHUX 3aHYPEHHUX POCIHMHAX, B OC-
HOBHOMY IMPEJICTABJICHUX PI3HUMH BUIAMH DPIECTIB,
makcumyMm Bmicty “Co y TOMy X poli CTaHOBHB
17000 + = 1900 Br/kT.

V pubax y 1986 - 1987 pp. emict “°Co 6y 3HaunO
MeHIuH 1 He nepeBuinyBas 3100 + 400 bx/kr (3a Bu-
HATKOM OJTHi€1 TpoOX BHYTPIIIHIX OpPraHiB TOBCTOI00a
(1987 p.), B sixiit Bmict “*Co 6yB 44000 + 5000 Br/kr).
Haii6inbmmit Bmict “’Co peectpyBascs B pudax HU3b-
KHuX TpO(ivyHUX piBHIB — y OiJIOMYy i CTPOKaTOMy TOBC-
tonobax (Tankrogaru) ta caszani (OeHrodar). Haii-
mermre °Co Gyn0 BHSBIGHO B CyJaKy Ta IKepexy
(obumirarHi ixTiodarm).

Haituactime *’Co peectpyBaBcsi B TOBCTOIO-
6iB. Psix 3HmKeHHs wactotH peectpamii ’Co B
JOCHI/DKYBaHUX BUAAX PHO BUIIIAJAE TaKUM YH-
HOM: TOBCTOJIOOM (TUTaHKTO(arm) — KOpOI, ca-
3aH, IDIOCKHUpPKA, Jsiy (OeHTodarn) — CoM KaHa-
JTBHUN, COM 3BHYAHHWHN, OKYHb (3MIIIAHHH THII
KHUBIICHHsI) — CYJaK, jkepex (oOmiratHi ixtioda-
TH).

Poszmozin “°Co mo pisHnx opraHax i TKaHHHAX
pub OyB HeoqHAKOBHH. SIK MpaBHIIO, MAKCUMyM
Bmicty “Co peectpyBaBcs B HHpKax, NOTIM y
BHYTPIIIHIX opraHax (IIKOM), BMICTI KHITKOBHU-
Ka, ikpi Ta maBnax. Minimym Bmicty “Co Gys
BUSIBJICHUH Yy cepli, IUTYHKY COMa 3BHUYaliHOTO Ta
coMa KaHallbHOTO, pebpax, xwupi. Pemra opranis i
tkanuH y BMicti “’Co 3aiimana mpomixue morno-
KECHHSI.

3a wacrotoro croctepexenns “Co cepen J0-
CITI/DKEHUX 3pa3KiB OpPraHiB i TKaHWH pUO Ha Tie-
pIIi MiCISl BUXOJISITh BHYTPIIIHI OpraHu (LiJKOM),
rojioBa, TyIIKa, 3s10pa, IMJIaBHUWKH, IIKipa, iKpa,
TIeYiHKa, TJIaBaTbHUN MIXyp, )KUP, YSPBOHI M’ SI3H,
xpebet. Y pemTi opradiB i TKaHWH B Tepiof J0-
crimxens *’Co 3yctpiuases pimure.

HatypHi ekciepumenTaibHi poOOTH, ITpOBEIe-
Hi Ha akBaropii BOJOWMMINA-O0XOJIOIKYyBaya
YAEC, noka3zamnu, 1o Co HagxoaUTD B Oprasizm
JOCTIDKEHUX BHIIB pUO K MO TpohidyHOMY JIaH-
IIOTY, TaK 1 6e31mocepeIHhO 3 BOIH.

Baecok TpodiuHOro nuisixy B HAaKONHYECHHS
%Co pubamu HE3BKHX TPOQIUHEX PIBHIB, IMOBIp-
HO, OUTBII 3HAYYIIMHA Y TIOPIBHSAHHI 3 HAKOIHYEH-
HSIM I[bOT'0 PAIIOHYKJIIIa XMOKUMHU BHIaMHU puo0.
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

COJIEP’)KAHHUE “'Cs B MBIIIIIAX T'OJIABJISI (Leuciscus cephalusL.)
B 3ABUCUMOCTH OT MACCHI OCOBM

0. JI. 3apyoun

Hnemumym soepuvix uccnedosanuti HAH Yrpaunvl, Kues

B 2009 r. mpoaHanu3upoBaHkl u OMyOIMKOBaHHI |1 ]
JAHHBIE MHOTOJIETHUX WCCIEIOBAaHUI CONEpKaHUSL
'Cs B MpImmax romapis B 3aBHCHMOCTH OT MAacChl
oco6u. OTIOB rojaBis MPOBOAMIICS HAa aKBaTOPHH BO-
noema-oxnagutens YADC u KaneBckoro BogoxpaHu-
muma p. Jdaenp B 1986 - 2008 rr., Ha akBaTOpWHU
p. [Ipunsate B mpenenax 30HBI oTuyxaeHus YADC B
1998 - 2005 rr.

B romaene u3 Bcex MCCIIEOBaHHBIX BOJOEMOB 00-
HapyXeHa TOJOXHUTEIbHasI 3aBHCHUMOCTD COJEPKaH
7Cs ot Macchl ocobu («pa3mepHblit 3pdexT»). Eaun-
CTBEHHBIM HCKIIOYCHHUEM SBIISIETCS cepus Mpod roias-
151 Bomoema-oxmamutenss YADC, oroOpanHas 7 WIOHS
2004 r., B KoTOpoil HaOIrOmaeTcs HE3HAUUTEIbHOE
CHIDKEHHE COfiepKaHust - CS C yBeIHUCHHEM MAcChl
ocobu (puc. 1 - 3).

Br/kr
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Puc. 1. Yaenbroe conepxanne °’Cs B roaBie B 3aBH-
CHUMOCTH OT Macchl ocoOu: KaHeBckoe BOJOXpaHWIIHUIIE
10 - 16 centsiops 2003 1. (br/kr). [IpuBenens! uHEiHbBIC
TPEHIBI.
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Puc. 2. YaensHoe comepxkanne > Cs B TONaBie B 3aBH-
CHMOCTH OT Macchl ocoOu: KaHeBckoe BOJOXpaHIIIUILE
17 okts0pss 2003 1. (bx/kr). [IpuBeneHsl nMHEHHBIC
TPEHIBI.

IIOPIYHUK - 2009

Bk/kr
5000

4000 ;
3000
2000 s
1000

0\ T T T T
0 200 400 600 800

1000 1200 1400
macca, r
Puc. 3. YaenbHoe comepskatne ° Cs B TONaBie B 3aBH-
CHMOCTH OT Macchl ocobu: KaneBckoe BopoxpaHuinie
7 urons 2004 r. (bk/kr). [IprBeneHs! JIMHEHHBIE TPEHIBI.

B pasnuuHBIX HCCIENOBAaHHBIX OTPE3Kax Iua-
Ma30Ha Macchl OTAETBHBIX 0CO0ei 3aBHCHMOCTH
conepskanust *’Cs B MBIIIIAX TONABIS OT BO3PAC-
Ta 0COOM MOXET XapaKTEePU30BaThCS O-Pa3HOMY.

Kak mpaBuio, B €CTECTBEHHBIX YCIOBHUSX Cy-
LIECTBOBAHUS pa3Mep U Macca 0COOH MPOMOPLHO-
HaJIBHO YBEJIMUYUBAIOTCS C BO3PACTOM, YTO MO3BO-
JISET CBA3ATh POCT COfEpKaHus ~ CS B TONABIE C
yBEJIWYeHHEM Bo3pacTa. Takum oOpa3oM, BMECTO
TEpMHUHA «pa3MepHBId 3P ¢PeKT» B OONBIINHCTBE
CJIy4aeB KOPPEKTHEE MCIOJIB30BAaTh TEPMUH «BO3-
pactHoli 3pderT.

[onoxwurenbHelll Bo3pacTHON 3 (deKT B HAKO-
miennn 'Cs peIGaMH, T0-BHANMOMY, BBI3BaH
HW3MEHEHUEM CIIEKTPa MUTAHUS PhIO ¢ yBEITUUEHH-
eM Bo3pacra (MOJHBIA WM YaCTHUYHBIN IEepPexo]]
Ha XHUIIHUYECTBO) U CHIDKEHHEM YPOBHS MeTalo-
JIU3Ma C YBEIUYEHHWEM BO3pacTa, YTO CHIKAET
CKOpPOCTbH BBIBEJICHHSI M3 OpraHU3Ma paHee HaKoII-
nensoro um °'Cs.

1. O.JL 3apy6un, Snepra ¢disuka ta enepreruka 10,
201 (2009).
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AHOTALIIl POBIT

¥iCs Y PUBAX BOJOWMU-OXOJIOJKYBAYA YAEC
MICJISI NTPUTIMHEHHS EKCIUIYATAIII OCTAHHBOT'O JIIOYOTO BJIOKA

0. JL. 3apy6iﬂl, 0. 0. 3axicokuii’, I. A. Mamok', B. A. Kocriok'

1 . . .
Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig
2 L .
Jleparcasne cneyianizosane Hayko8o-6upobHuye nionpuemcmeo «Exoyenmpy, Yoprnobuns

ITicns BuBenenns B rpyani 2000 p. HUAEC 3 exc-
IuTyaTamii O4iKyBaJIoCh MOKpalIaHHs PaaioeKoJIoriy-
HOi OOCTAHOBKM B €KOCHCTEMi BOZOMMH-OXOJIOJ-
KyBada. OmHaK IILOTO HE BimOynocs. BmicT po3um-
Heroro °'Cs y Boai 3a mepiox 1999 - 2008 pp. 3Hu-
3WBCs Mavike BTpudi (puc. 1). Y Tol e 4ac BMICT
B7Cs y M’s13aX pub 3HIKYETHCS TIOBIBHIIIE. Y prdax
BHCOKHX TpoQiunux piBHiB BMicT "*’Cs 3a ocTanHi 10
POKiB IOCTOBIpHO He 3MiHMBCS (pHc. 2 Ta 3).

Bk/n
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Puc. 1. Bumicr ¥'Cs
y Bofi Bopoitmu-oxonomkyBada YAEC.
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Puc. 2. Cepenubopiunuii BMICT (31 CTaHIapTHUM BIJXH-
nennaM) 'Cs y M’S3aX OKyHs BOZOMME-OXOJIOIKyBada
YAEC y 1999 - 2008 pp. (bx/kr cupoi macu).
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Puc. 3. Cepemupopiunuii BMICT (31 CTaHOApTHUM BiIXH-
nennsM) 'Cs y M’f3aX coMa KaHANBHOTO BOIOMMH-
oxonomxyBaua YAEC y 1999 - 2008 pp. (bk/kr cupoi
Mach).

3a HamMMU TPUITYIIEHHSIMH, Ha 301IbIICHHS Ha-
kormmaeHHst " Cs prGaMu BOXOHMH-OXOIOIKYBaYa
YAEC BmumBawTh He3allekHi (PaKTOPH, OJHUM 3
SAKHX € PO3YMHEHHS “Tapsunx’ YaCcTHHOK, IO Mic-
TATH 137Cs, Ta 30UIBIICHHS WOTO JOCTYIHOCTI JIs
rigpo0ioHTiB. [HIIOIO NPUYMHOIO, IO TPHU3BOAUTH
10 cramoro Bmicty ' Cs B pubax, Moxe OyTH TOM
¢axT, Mo Hed pajioHyKIiJ MOTpaIUise B OpraHi3M
HE 3 BOJOI0, a 3 NMPOAYKTIB XapuyBaHHs, A€ HOTO
BMICT Maiike He 3MiHuUBCsI. CaMe TOMY 3HIKCHHS
BMICTY B7Cs B M’s13ax pub BiACTa€e BiJ MIBUAKOCTI
OUMIIICHHS BOJU - CEpPEIOBHUINA ICHYBaHHS JaHUX
puo.

VYV Toif ke Yyac 3HWKEHHA TeMIlepaTypu BOJIU Y
Bojoiimi-oxonomkyBadi YAEC nemo ymnoBiibHIOE
mpoliecH BUBEACHHS ' Cs 3 opraHismy puG uepes
3HIDKCHHS PiBHIB MeTabO0IiI3MYy .

Ille omHI€0 MOMXJIHBOIO MPUYUHOIO ITiIBUIIICHHS
koeilienTiB HaKomuueHHs ' Cs pubamu Moxe Oy-
TH Tiepei0avyBaHa 3MiHa T1APOXIMIYHUX TTapaMeTpiB
BOJIM BHACIIZOK 3MIHU TEMIIEPaTyPHOTO Ta TiApOJIo-
TiYHOTO PEXUMIB BOJOWMH-OXOJOMKYBada MiCis
BUBEJICHHSI 3 eKCIUTyarallii ocranHboro 0soxka YAEC
y rpyasi 2000 p.

IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU



PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

CE30HHBIE UBMEHEHUS YAEJbHON AKTUBHOCTHU ''Cs B IMOYBE

H. E. 3apyouna

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

[Ipo6s! MOYB OTOMpATHCH MTOCIOWHO: OMai, MOJI-
ctuika, ciaoil mouBsl 0 - 5 ¢cM W cJIOH TMOYBHI 5 -
10 cm. [TonUroHBI OTHOCATCA K OJIHOMY THUITY 3KOTO-
na (Al), xapakTepu3yrOTCs THUIaMH MOYB: «J{uTAT-
KU» - IEPHOBO-MIOI30JIUCTAs, Iecuanast; «Craiikm» —
JIEpHOBO-TIO/30NMCTas, TecuaHas; «llapeimesy -
JIEPHOBO-TIO/I30JIUCTAs, TJIeeBaTO-IIECHaHas; pasiiu-
4aIOTCS YPOBHEM 3arps3HEHHs ouB - Cs.

s uccrnenoBaHusl CE30HHOW AMHAMUKH COJEp-
kauust °'Cs B [O4Bax OTOOpP MPOG MPOBOIMICS
exemecsago B 2007 - 2009 rr. Uckimrodenue co-
craBisgeT moiauroH «Craiiku», Ha KOTOPOM OTOOp
po0 He IPOBOAUTCS C IeKadps 0 MapT.

AHanmu3 Ce30HHBIX M3MEHEHUU YpPOBHEH YIIEib-
HOI akTHBHOCTH ' CS B [I0YBE yKA3bIBAET HA TO, UTO
Ha MPOTSHKEHUHU T0J1a KOJIeOaHUs CONEpKaHUs dTOTO
PaAMOHYKINAA MOTYT OBITh 3HAYUTENFHBIMHA (10 4,5
pa3) (puc. 1 u 2).
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Puc. 1. Ce3oHHas nuHaMuKa ypOBHEH ynenbHOW aKTHB-
soctu *’Cs B mouBe (II0CIOHHO) Ha TEPPUTOPHH HOIHIO-
Ha «[TapbImeBy.

Ce30HHAsI TMHAMHKA COJIEPIKAHUS s B Ppa3HbBIX
CJIOSAX TMOYBBI CXOJHA ISl ABYX IOJHMIOHOB, HAaXO-
Jsuxces Ha pasHoM pacctosauu oT YADC - «Craii-
k» (150 xm) u «Ilapsrmes» (15 km).

Ha o0Ooux momuroHax 3aKOHOMEPHOCTH COJEp-
sanust °'Cs B mouBeHHBIX closix 0 - 5 ¢cM U 5 -
10 cM CXOIHBI - MAKCUMYMBI 1 MUHUMYMBI COBIIa-
JAI0T 10 BpeMeHU. [IpoTHBOMOIOKHBIE 3aKOHOMEP-
HOCTH XapaKTEpHBI IS CJOS JIECHOW MOJCTHIIKH.
T.e. MHHAMyM YPOBHEH yIeIbHOI aKTHBHOCTH ' Cs

IIOPIYHUK - 2009

B TMOJICTHJIKE COBIIAJAaeT 110 BPEMEHH C MaKCHMallb-
HBIM COJEpP>KaHHEM STOr0 PaJUOHYKJIHIA B MOYBE B
cnosix 0 - 5 u 5 - 10 cm. [To-Buaumomy, B KOHIIE Be-
réraqiuoOHHOro nepuoaa ¢ OTMUpaHUEM YaCTH OHOTHBI
B7Cs MokKeT 0CBOGOXKIATECS U3 CIOS MOACTHIKH H
MepeMeIIaThCcsl B MUHEPAJbHYI 4YacTh MOYBBL C
HayajoM BEreTaluy aKTUBHBIA pPOCT TOYBEHHOU
OHOTHI U ee MOTPEOHOCTh B KAJIUH, BEPOSITHO, MOKET
MPUBOJUTH K MEPEMEIICHUI0 XUMUYECKOr0 aHajiora
kamus - °'Cs u3 Gomee TTyOOKHX CIOEB IOYBHI B
CJIOH JIECHOM MOJCTHUIIKU - HauboJjee rycTo 3aceseH-
HOM 4acTH IOYB.

Jns monurona «JIUTATKW» XapaKTepHOW 4epTOM
BEPTHUKAJILHOTO pa3pe3a MOYB SBISETCS OYeHb TOH-
ku#t (1,5 cM) clloii IECHOM MOACTHIKY B OTJIUYUE OT
JIPYTUX TOJUTOHOB HMCCIEAOBAHMS, Ha KOTOPBIX OH
paBeH MPHUOIM3UTENBEHO 5 cM. JJIT 3TOTO MONHMroHa
KoJIeOaHMs coiepKaHMs Le3usl B CJIoe JIECHOW MoJ-
CTHIIKH COOTBETCTBYIOT KOJieOaHHsIM B cioe 1ouB () -
5 ¢M, a NIPOTUBOINOJIOKHbBIE U3MEHEHUSI XapaKTEPHBI
it OoJiee riryOGoKoro ciost mouB - 5 - 10 cm. (cm.
puc. 2).
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Puc. 2. Ce3oHHasg nuHamMuKa ypoOBHEW yJEIbHOW aKTHB-
HocTH °'Cs B m0uBe (IOCIIONHHO) HA TEPPUTOPHH TIOTHIO-
Ha «IuTaTKIY.

B pesynbTaTe mpoBeaeHHBIX UCCIICIOBAHUH OBIIO
YCTaHOBJIEHO, UTO cojepkanue ~ Cs B PasHBIX 10Y-
BEHHBIX CJIOAX Ha MPOTSKEHUHU rojla U3MEHSETCS U
3TOT MPOIIECC HOCUT BOTHOOOPa3HBIN XapakTep.
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AHOTALIIl POBIT

UCCJIETJOBAHUE W30TOIHBIX OTHOILIEHU B OBPA3IIAX,
OTOBPAHHBIX BHYTPU U BBJIN3U 4-ro BJIOKA YA3C

M. B. Kearonoxckasi, H. B. Kyauu, JI. B. CagoBHuKoB

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

OrneHka BBITOpPAaHUS TOIUIMBA B «TOPSYMX» Yac-
TUIaX («T. 49.»), HAXOMIAIINXCS BOJNM3H U BHYTpHU 4-
ro sueproooka YADC B 1aB0OOpa3HBIX TOILTHBO-
conepxkamux marepuanax (JITCM), apnsercs akTy-
IBHOW 3ajauell, Tak Kak J0 HACTOSILIET0 BPEMEHH
HE CYIIECTBYET TOYHBIX OLIEHOK MECTOPACIIOIOXKe-
HUS ¥ KOJMYECTBA TOIUIMBA. DTU JIAaHHBIE MO3BOJIS-
IOT OLEHHUTH, B YACTHOCTH, KOJINYECTBO TOILUIMBA Ha
u3yyaeMoil Teppuropuu. B abcomoTHOoM O0nBIINH-
CTBE CJIy4aeB BBIFOPAHUE PACCUUTHIBAIOCH II0 COOT-
HOIIEHUIO aKTHBHOCTeH "' Cs.

Jnst oleHKH 3THX IPOLECCOB M3Y4allUCh COOT-
Homrenns axtusaocteit ° " 'Cs u **'* Eu B npo6ax,
KOTOpble ObUIM OTOOpaHBI HAMH BHYTPH M BOJIH3H
4-ro 610ka HADC.

Jus uccnemoBanuii ObUIH OTOOpaHB MPOOBI B
paiione «Prpkero neca» u u3 JITCM B 4-m Gnoke
YADC. IIpobbl rpyHTa OTOMpaTUCh MO [BA CIIOS
TonmuHON 2 cM. M3MepeHus mpoBOAMINCH HA Tep-
MaHMEBBIX clieKTpoMeTpax ¢ Ge-AeTeKTOPOM.

boun u3MepeHB! HM30TONHBIE OTHOIIEHHA B 12
paspe3ax. Bo Bcex pa3pezax TOYHOCTb M3MEpEHHH
cootnomenns “*"’Cs B mepBRIX IBYX ClOSX, KaK
mpaBuiio, He mpesbimana 2 %. [lorpemHocts mpu
u3MepeHuy akTHBHOCTel "'Eu He mpeBblirana
5 %. ObHnapysxeHo pacxoxzaeHue Ha 20 - 25 % one-
HOK BBIT'OpPaHHUS TOIUIMBA JUIA PA3HBIX CJIOEB B OHOM
U TOM e pa3pese.

Jns cpaBHUTENBHOTO aHadM3a Mbl OTOOpaH
poOkI B 30He oOpaszoBanus JITCM HemocpencTBeH-
HO B 4-M sHeprobmoke YADC. M3mepenus ramma-
CIIEKTPOB 3TUX MPoO MOKa3aIu 3HAUCHUS BHITOPaHHS

BE7Cs, Gnu3KMMM K JaHHBIM JUIS MCCIETYEMBIX
MOYBEHHBIX pa3pe3oB. OHaKo, yIelnbHas aKTHB-
HOCTh Ki-m3myduenus ypana Owpmia B 20 - 30 pa3
MEHBIIIE TI0 CPAaBHEHUIO C MOYBaMH, rie Habmrona-
JIMCH AHOMAJIbHBIE H30TOMHBIE oTHOmEeHus >+ Cs.
N3 stux m3Mmepenuit mis npod u3 4-ro dHEpPro-
6s10ka HADC BriepBbIe OBUIO MONTYYEHO OTHOIIEHHE

ACY"Am)/ACCPAm) =P = (1,6 £0,1) - 10~

Teopernueckue OIEHKH HArfOT BEJIMYWHBI TPH-
MepHO B 1,5 pa3za 3aBBIIICHHBIC MO CPaBHEHUIO C
JKcriepuMeHTOM. Hamm u3MepeHus: TOoKa3bIBaIoT,
YTO BBITOpPAHHE TOILTMBA, ONPEAETIEHHOE M0 M30TOI-
HbIM oTHOmIeHHAM > +'3'Cs, CHCTEMaTHYeCKH 3aHM-
JKEHO Ha JBE-TPHU CJUHUIIBI IO CPaBHCHHIO C JIaH-
HBIMH M3 M30TONHBIX OTHOMeHHH "'’ Eu (cM. Tab-
TUILY ).

Hamu mnpepiaraercs, BBHIY NPOCTOTHI H3Me-
peHuil aKTUBHOCTEH B4137Cs, meenenoBars 31 u30-
TOTHBIE OTHOIIEHUS IS pacuera BBITOpaHUS MaTe-
puanoB u3 peaktopa 4-ro sHeprobmoxa YADC.
3neck HEOOXOAMMO OTMETHTh, YTO B HACTOsIIEe
BpeMst BKIax °'CS He MpPEBBIAET JECATHIX A0JIeit
TIPOLIEHTA 0 cpaBHEeHHIO ¢ > Cs. OJ[HAKO 3Ta TPy-
HOCTh JICTKO MPEOJ0JICBACTCS C HCIOIh30BAHUEM
MPOCTON YCTAaHOBKH TraMMa-raMMa-COBHaJeHUI Ha
6ase Nal(Tl)-geTexTopa GOIBIIOrO pasMepa U Tep-
MaHHUEBOIO JCTEKTOPA.

JIIs WITIOCTpaluy TaKo METOIMKY MBI TIPOBEITH
u3Mepenns aktupHocteil °*'*'Cs B Hacrosmiee Bpe-
MS ¥ C TOYHOCTBIO 2 - 4 % OBUIM BBLIEIEHBI aKTHB-
noctn +Cs.

TOIUIMBA,  OINPENEIEHHOI0 IO  COOTHOLIEHHUIO
Boiropanue Toniusa (MBT - cyT/Kr(ypaHa)), pacCUUTAHHOE U3 U30TOMHBIX OTHOIIEHM
Ne ipo0ObI EBponuii 1e3nit Ne ipo6bI EBponuii [e3wmit
«r.an 1’ 12,6(5) 10,3(2) 18-1 12,9(5) 10,2(3)
«r. 4.» 2 13,6(5) 9,7(3) 18-2 10,2(5) 7,7(3)
145-17 9,2 (5) 8,4(3) 24-1 12,1(5) 10,2(3)
145-2" 10,5(5) 8,6(3) 24-2 12,5(5) 10,4(3)

.
«T. 4.» — 00pa3ipl, oToOpaHHble BHYTpH 4-ro 3Heprodioka YADC
k% o o o
Ludpst «1» nnm «2» yka3piBaroT Ha 1-if 1 2-1 CJIOHM MOYBBI, I'lle OTOMPaKCh 00pas3IIbl.
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

JABOPATOPII JTOKJIIHIYMHOI'O BUIIPOBYBAHHA PANIO®APMALEBTUYHUX
IIPEITAPATIB B IHCTUTYTI AJEPHUX JOCJIII)KEHb HAH YKPAIHU

JI. K. Be3gpo0na, B. 1. ®egopuenko, B. A. Kypoukina, }O. O. Hocau

Incmumym adepuux docnioocens HAH Ykpainu, Kuig

B IA]] ctBOpeHo abopaTopito JOKIIHIYHOTO BHU-
npoOyBaHHS Ha OIOJIOTIYHUX TECT-CUCTEMaxX pamio-
(apmanetnuanx mpemnaparis (POII). B IucturyTti
po3moduara opranizaiiis BupoOHuirea POII Ha oc-
HOBI PEaKTOPHHUX PaAJIOHYKIIJIB 1 PO3POOIISIOTHCS
TexHonorii BupoOHuiTBa POIl Ha OCHOBI IUKIOT-
POHHHUX PadiOHYKIIiIiB.

JlaGopaTopito po3MIllIEHO B OKPEMOMY KOPITYCi,
SAKAA OyJI0O pEKOHCTPYHOBAHO 3a CIIEialbHO PO3po0-
JIEHUM TIPOGKTOM Ha TiACTaBl HAayKOBO-TEXHIYHOL
po3podkwu [1]. IltanyBaHHs Ta OCHAIIEHHS JTabopaTo-
pii BiINOBiAAIOTH MIKHAPOJHO-NPUIHATHM BUMOTaM
HaJie’)kHO1 J1aboparopHoi mpakTuku 1 Jlep>kaBHoro
(hapmaxkomorigaoro neatpy MO3 Ykpainu 1o opraxi-
3alii TOCHIKEHHS MOTCHIIHUX JTIKAPChbKHUX 3ac00iB
[2] 3 ypaxyBaHHsAM, 1m0 ocHOBY P®II craHOBIATH
panioakTUBHI PEUOBHHH Y BIIKPUTOMY BHTJISII.

Posmonin tepuropii nabopaTopii Ha 30HH “Opy-
Hy”, “caHiTapHO-po3moIiIBEYOro Oap’epa” i “uucry”
3a0e3redye HEeOOXiJHI CaHITapHO-TITi€HIYHI yMOBHU
IUISL TIPOBENICHHS JOCIIDKCHD, a PO3MOAUT Ha “‘paji-
aniiay” 1 “mo3apagialiiiny” 30HM Ja€ 3MOTY IPOBO-
IUTH BUNPOOYBaHHA AK Oe3mocepennpo POII, Tak i
XIMIYHUX CIIONYK, IO € HOCISAMHU PamioHyKIidiB, a
TaKOX IperaparTiB, M0 3IaTHI 3MEHIIYBaTH MoOIY-
Huil HeratuBHUK BIuMB P®II Ha opranism y xomi
MIPOMEHEBOI Tepartii.

Sk 010JNOTIYHI TECT-CUCTEMH BHUKOPHCTOBYIOThCS
nabopaTopHi JiHiNHI ApiOHI rpu3yHH (Iypu abo Mu-
m1i) 1 KpoJTi Ta >KUBWJIBHI cepenoBuia. HasBrae oOma-
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JHaHHA 1 piBeHb KBaJidikamii crmiBpoOITHHUKIB J1a0o-
paropii 3a0e3medyroTb BHKOHAHHS JOCHIIXEHb 3a
KaTteropisMu: (papMaKkOKIHETHYHI, TOKCHKOJOTIdHI
(pamiOTOKCHYHICTD, MIPOTEHHICTH), OloyoriuHi (BH-
poOyBaHHS Ha CTEPUIBHICT). OMKMCAaHO CTaHAAPTHI
oTIeparliifHi MPoIEeAypH, 10 HEOOXiTHO BUKOHYBATH B
MpoIleci TMPOBENEHHS BHUIPOOyBaHHA. Po3pobieHo
3pa3ku AoKyMeHTanii 3 BunpoOyBanus POIT: Gpopmu
KypHAIy peecTparlii HaIXOKeHHS 10 Jadoparopii i
BHKOPHUCTAHHS 3pa3KkiB BUIPoOyBaHux P®DII, kaptu
BHIIPOOYBaHHS, MTPOTOKOJIIB Ta 3BITIB 32 KOXKHOIO Ka-
TETOPIEI0 TOCII/KEHb, 3arajbHOTO 3BIiTY 3 BHIPOOY-
BaHHJ, IPOTOKOJIIB KOHTPOJIIO poOOTH OONaTHAHHS T
CTaHy TPHMIlIeHb, 00Ky NpodeciiiHOro HaBYaHHS
nepcoHaiy. 3abesneueHo 30epiraHHs MmarepiaiiB i3
BUTIPOOYBaHHS B apXiBi 1TabopaTopii.

Otpumano CaHiTapHUH MacmopT Ha TPaBO JIO-
crimkenns POIT ua ocuosi *'T ta ™T¢ (3a II xma-
COM pajialiiHo-HeOe3euHuX PooiT).

[IpoBoaaTbCs BUNPOOYBaHHS IIpemapariB HATPIkO
ftomun 'l Ta emroary meprexHeTaTy HATPIIO TEXHe-
uiro " Tc.

1. JLK. Be3npo6na, B.I. ®egopuenko, B.A. Kypoukina,
10.0. Hocau jopiunux-2007 Iu-my sdepuux ooci.
(Kuis, 2008), c. 161.

2. Jlokniniuni 0ocnioscenus nikapcokux 3acobis. Memo-
Ouuni  pexomenoayii, 3a pen. O.B.Credanosa
(Asinena, K., 2001), 528 c.
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MAXIMUM ENTROPY PRINCIPLE AND THE FORM OF SOURCE
IN NON-EQUILIBRIUM STATISTICAL OPERATOR METHOD

V. V. Ryazanov

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

Among the approaches to the description of non-
equilibrium systems the Non-equilibrium Statistical
Operator Method showed its efficiency. A choice of
the quasi-equilibrium operator (or function of distri-
bution) related to the principle of entropy maximum
determines also peculiarity of a considered task.

It is supposed that the exponential multiplier in a
method of the non-equilibrium statistical operator
can be considered how density of distribution of the
past lifetime of the system, and can be replaced by
any distribution. For definition of this distribution
the method of maximum entropy principle as in [1]
is used. The received distribution is close to expo-
nential. If to use other approach to the maximum
entropy principle, as in [2], except exponential dis-
tributions it is possible to receive power distribution,
log-normal distribution, distributions of other kind
and transitions between them.

The lifetimes of the system are introduced as the
random moments of a first-passage time till the mo-
ment when a random process describing system
reaches a certain limit, for example, zero value.

In [3, 4] it was noted that the function
pq(u)zge‘“‘ in non-equilibrium statistical operator

(NSO) method [5 - 7] for non-equilibrium distribu-
tion function can be interpreted as the probability
distribution of lifetime I" density of a system. I" is

random variables of lifetime from the moment 7, of

its birth till the current moment ¢

el =<t—t,><t—t,>=<T>,

where <I >= I up,(u)du is average lifetime of the

system.

For definition of the lifetime distribution in the
NSO method the method of maximum entropy prin-
ciple as in [1] is used. The received distribution is
close to exponential, but does not coincide with it. It
is possible to find conditions at which this difference
will appear essential. If to use other approach to the
maximum entropy principle, as in [2], except expo-
nential distributions it is possible to receive power
distribution, log-normal distribution, distributions of
other kind and transitions between them.
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In the interpretation of [6] it is the random value
ty in y=¢—¢, that fluctuates. In [6] the limiting
transition for the parameter &£, & — 0 in the expo-
nential distribution p, (u)=¢cexp{-¢cu} after the

thermodynamic limiting transition. In the interpreta-
tion of [3] it corresponds to the average lifetime of a
system tends to infinity: < >=<t—¢ >=1/€ > oo,

But the average intervals between successive ran-
dom jumps grow infinitely, getting larger than the
lifetime of a system. Therefore the source term in
the Liouville equation turns to 0. If however the dis-
tribution p_(u) changes over the interval of the life-

time, the influence of the environment which caused
this change remains within the life span even if the
lifetime tends to infinity.

In the present work by means of two approaches
to a method of a maximum of entropy we obtained
the expressions for the distribution of the lifetime
value. It is noted that the choice of the form of the
distribution function for the lifetime value affects the
non-equilibrium behaviour of a system even after
performing the thermodynamic limiting transition.

1. J-H. Schénfeldt, N. Jiminez,
Physica A374, 573 (2007).

2. E. Van der Straeten and C.Beck, Phys. Rev. E78,
051101 (2008).

3. V.V. Ryazanov, Fortschritte der Physik / Progress of
Physics, 49, 885 (2001).

4. V.V.Ryazanov, Low Temperature Physics, 33, 1049
(2007).

5. D.N. Zubareyv, Non-equilibrium statistical
thermodynamics (Plenum-Consultants Bureau, New
York, 1974).

6. D.N. Zubarev, Reviews of Science and Technology:
Modern Problems of Mathematics 15, 131 (1980) (in
Russian) / Ed. by R.B. Gamkrelidze, (Moscow: Izd.
Nauka) [English Transl.: J. Soviet Math. 16, 1509
(1981)].

7. D.N. Zubarev, V. Morozov, and G. Ropke, Statistical
mechanics of non-equilibrium processes Vol. 1 Basic
Concepts, Kinetic Theory (Berlin: Akad. Verl., 1996).

A.R.Plastino et al.,
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3ATAJIBHI MMPOBJIEMU ®I3VKU

LIFETIME DISTRIBUTIONS IN THE METHODS OF NON-EQUILIBRIUM
STATISTICAL OPERATOR AND SUPERSTATISTICS

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 age
distribution over which the quasi-equilibrium
(relevant) distribution is averaged. To describe the
non-equilibrium states of a system we introduce a
new thermodynamic parameter - the lifetime of a
system. Superstatistics, introduced in works of Beck
and Cohen [1] as fluctuating quantities of intensive
thermodynamical parameters, are obtained from the
statistical distribution of lifetime (random time to the
system degeneracy) considered as a
thermodynamical parameter. It is suggested to set
the mixing distribution of the fluctuating parameter
in the superstatistics theory in the form of the
piecewise continuous functions. The distribution of
lifetime in such systems has different form on the
different stages of evolution of the system. The
account of the past stages of the evolution of a
system can have a substantial impact on the non-
equilibrium behaviour of the system in a present
time moment.

In [2] other alternative derivations of NSO are
performed, following the ideas proposed by
McLennan, and a relation with an earlier proposal by
L. Prigogine is discussed. The source in the Liouville
equation can in principle take different forms. The
form of a source used in [3] is a specific case which
can be obtained under the assumption of the weak
coupling limit of the interaction of the system with
its environment. In several works the distribution
function is introduced as some continuous function
expressed through arbitrary analytical form of the
distribution of a random variable. But the definition
of the continuous density of distribution assumes its
piecewise continuous character when the density of
distribution has finite number of breaks. Real non-
equilibrium systems, as a rule, are spatially non-
uniform. This behaviour can be mathematically
described by the piecewise continuous functions, the
examples of which are given in the present work. In
the present paper we suggest a new choice of an
additional thermodynamic parameter of the a non-
equilibrium distribution in the form of the lifetime of
a physical system which is defined as a first-passage
time till the random process describing the beha-
viour of the macroscopic parameter of a system
(energy, for example) reaches its zero value. The
distribution with the lifetime contains two different
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time scales: the first relates to the energy, and the
second - to the lifetime itself, this latter one accounts
for large-scale time correlations and large-time
changes in the energy by means of a thermodynamic
conjugate to the lifetime value.

Changes of the form of the source in the
Liouville equation, as well as the expressions for the
kinetic coefficients, average fluxes, and kinetic
equations can be obtained with the use of the NSO.
It is possible to choose a class of lifetime
distributions for which after thermodynamic limiting
transition and tending the average lifetime of system
to infinity the results are reduced to those obtained
under exponential distribution for lifetime, used by
Zubarev. However there is also another extensive
class of realistic distributions of lifetime of system
for which even if the average lifetime of system
tends to infinity the non-equilibrium properties
essentially change. It is a consequence of the
interaction of the system with its environment. In the
present work the superstatistics (together with its
generalization) is obtained starting from non-
equilibrium  thermodynamics  which as a
thermodynamic variable contains a lifetime of
statistical system.

The form of distribution chosen by Zubarev for
the life span represents a certain limiting case. The
choice of the lifetime distribution in NSO is related
to the account of the past of a system, its physical
features, on the present moment. The obtained
results are essential in cases when it is impossible to
neglect the memory effects since the memory
correlation time there is not vanishing. The analysis
of the corresponding time scales is necessary. The
main objective of the present article is to show, how
the systems with infinitely large average lifetime can
induce nonvanishing sources in the Liouville
equation, and in what consequences for the method
of the NSO it results.

1. C.Beck and E.G.D.Cohen, Physica A322, 267
(2003).

2. R.Luzzi, A.R.Vasconcellos, and J.G.Ramos,
Predictive Statistical Mechanics: A Nonequilibrium
Ensemble Formalism, (Kluwer Academic, Dordrecht,
The Netherlands, 2002).

3. D.N. Zubareyv, Non-equilibrium statistical
thermodynamics (Plenum-Consultants Bureau, New
York, 1974).
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QUANTUM PHASE TRANSITIONS AND QUANTUM CHAOS IN GENERALIZED
DICKE AND JAHN-TELLER POLARON MODEL AND FINITE-SIZE EFFECTS

E. Majernikova', S. G. Shpyrko®

!Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovak Republic
*Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The Dicke model [1] extended to two coherent
bosons of different bar frequencies or equivalent
generalized Jahn-Teller lattice model are shown to
exhibit a spontaneous quantum phase transition be-
tween the polaron-modified "quasi-normal" and
squeezed "radiation" phase [2] whereby the transi-
tion point is fixed in the point of equal frequencies
of respective dressed polarons. In a finite lattice an
intermediate critical domain of coexistence of the
quasi-normal and modified radiation phase is created
as a finite-size effect. The finite-size fluctuations are
responsible for a reduction of the coherence in the
radiation domain and a moderate occupation of the
excited states in the "normal domain". The correla-
tions among the energy levels mediated by the addi-

tional mode considerably reduce the level repul-
sions. As a consequence, the Wigner level spacing
probability distribution [3] of the two-boson Dicke
model is non-universally reduced from the Wigner
to the semi-Poisson and asymptotically to the Pois-
son distribution of level spacings [4]. Possible
applications of the present theory are suggested.

1. R.H. Dicke, Phys. Rev. 93, 99 (1954).

2. C. Emary and T. Brandes, Phys. Rev. Lett. 90, 044101
(2003); Phys. Rev. E67, 066203 (2003).

3. F.J.Dyson and M.L. Mehta, J. Math. Phys. 4, 701
(1963).

4. E.Majernikova and S. Shpyrko, Phys. Rev. E73,
057202 (2006); J. Phys. A: Math. Theor. 41, 155102
(2008).

XUMHUYECKHAN MOTEHIHUAJ U AKTUBHOCTh KOMIIOHEHT BUHAPHBIX
PACTBOPOB B N30BAPUYECKU-U3OTEPMHUYECKOM AHCAMBJIE

B. M. Cricoes,' C.T. Inbipko®

1 o«

Kuescxuti ynueepcumem umenu Tapaca [llesuenxo, Kues
2 o

Hucemumym sdeproix uccreoosanuii HAH Yrpaunol, Kues

M3o0apudecKku-n30TepMUYSCKA  aHCcaMOIlb, B
KOTOPOM 3aJIaHbl IaBJICHHE, TEMIIepaTypa U KOJInde-
CTBO MOJICKYJ] (MM KOHIICHTpAIUs) KaXKIOro W3
KOMITOHEHTOB cMecH [1], B HACTOSTIMI MOMCHT SIB-
JSIETCSl CPABHUTEIHHO MaJlo pa3paboTaHHBIM Cpe/l-
CTBOM TEOPETUYECKOTO HCCIIEAOBAHUS MOJICKYJISp-
HbIX cucteM. OIHAaKO HAa0Op €CTeCTBEHHBIX Iepe-
MEHHBIX 3TOTO aHCamOIsd yao0eH BO MHOTHX OTHO-
mieHusix. [Ipexe Bcero yclioBUe 3a/laHusi TIOCTOSIH-
HOTO JaBIICHUS W TEMIIEpaTyphl OMKCHIBAET Han0oO-
Jlee YacTO BCTPEUAIONINecs CHTyallud B OJKCIIEPH-
MEHTalbHOW XuMuu. Kpome TOro, Mcnosib30BaHHE
TAKOTO aHCaMOJIsl TPEAOCTABNISACT OIPE/ICICHHBIC
MPEeUMYINecTBa M ISl TEOPETUYECKOTO OIHMCAHUS
MPOCTHIX CUCTEM M CMECEH Ha OCHOBE Mpeodpa3oBa-
HUSI BBIPQXEHUS [JI CTaTHCTUYECKOM CyMMbl. B

YacTHOCTH, pa3BuTas B mnpuMeHeHnu X (p, T)-
aHcaMmOJII0 TepMOJIWHAMHYECKas TEOPHs BO3MYIIE-
HUll [2] Mo3BOJIIET CPABHUTENBHO JIETKO TOJIy4aTh
BEIpQXKECHHUA JUII TEPMOJWHAMHYECKHX BEIUYHH B
cMecHu. B HacTosmei pabote MbI pacCMOTPUM 3a1a-
4y HaxXOXIEHHS XHUMHUYECKUX IMOTEHIMAJIOB U aK-
TUBHOCTEH  COCTAaBJISIFOIINX  JIBYXKOMITOHEHTHOW
CMECH, UCXO/I U3 PACCMOTPEHHUS TIOJTHON CTaTHUCTH-
YEeCKOW CYMMBI 3TOTO aHCaMOJIs.

1. T. Xwin, Cmamucmuueckas mexanuxa. Ilpunyunst u
uzopanusie npunodcenus / Ilep. ¢ anra. (M.: U3g-Bo
HWHOCTpaHHoOM JuTepatypsl, 1960), 486 c.

2. B.M. Csicoes, U.A. ®axpernuno u C.I'. llInsipko,
KypH. pus. xumnm, 71, Ne 12, 2142 (1997).
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CIIOHTAHHAS 3JEKTPOMATI'HUTHASA O9MUCCUA JTUTOCDEPDI:
COCTOAHUE ITPOBJIEMbI U MATEMATHYECKHUE MO/JEJIA

B. H. IMasaosuy', ¥O. A. Borxanos’, B. H. I.Hymm3

1 o
Hucmumym sdepruix uccreoosanuii HAH Ykpaunol, Kues
2
000 «IOz-nepmezaszeeonozusy, Kues
3
Hucmumym eeopuzuxu HAH Yxpaunvl, Kues

B cratbe 00cyxaaroTcsi BONPOCH BO3HHKHOBE-
HUSl €CTECTBEHHOTO HMITYJIBCHOTO DSJIEKTPOMArHHUT-
HOTO M3JIy4eHUS 3eMJIM U €ro HCIOJb30BAHUS IS
uccrenoBanus 3eMHbIX Heap. OCHOBHOE BHUMaHUE
yAenseTcs pajiuou3Ny4deHnto B auamazone 1 k[ -
1 MI't1, ICTOYHUKH KOTOPOTO PACIIOIO0KEHBI B JTUTO-
chepe. OOCYKIAIOTCS HEMHEHHBIC aCMEKThl MeXa-
HO-2JIEKTPOMATHUTHBIX TpaHcQOpManuii U pacrpo-
CTpaHEHHsI JEKTPOMAarHUTHBIX BOJH. PaccMoTpeHbl
pa3iryHbBle MOJIEIH TeHEepalliil M PaclpOCTPaHEeHHUs
3THX BOJH. Hamu mpemiokeHa MOIENb TeHEpaliu
W3ITyYeHUs, OCHOBaHHAs Ha BO30YXICHWUU OINTHYE-
CKUX KOJICOaHUH CIIOKHBIX KPUCTATUTUIECKUX pellie-
TOK, @ 3HAYUT, U CBSA3aHHBIX C HUMH dJIEKTpoMar-
HUTHBIX KOJICOAHWI TP BO3HUKHOBEHUH U JIBUKE-
HHAW TOYCYHBIX, JIMHCHHBIX (IUCIOKAIMH) U 00BeM-
HBIX (MUKPOTPEUINHBI, TOPBI) AEPEKTOB KPHUCTaI-
noB. B ¢usuke TBepAOro Tena >JIEKTPOMArHUTHOE
M3IIyYCHHUE, CBSI3aHHOE C COOCTBEHHBIMHU (OITHYE-
CKMMH) KOJeOaHUSIMH PEIIeTKH, Ha3bIBAIOT MOJSPH-
TOHHBIM H3Ty4eHUEM. [lOCKOJIBKY HHTEHCHBHOCTD
pOXIeHHUsS JePEeKTOB IMPOIOPIUOHAIBHA Jedopma-
MW KPUCTAJUIA, TO HHTEHCUBHOCTh T€HEPUPYEMOTO
curHana OyJneT MakCHMMajbHOM B MecTax MaKCH-
MaJbHOHU JehopMaIui KOpbl. DTOT QakT MO3BOJISET
MIPUMEHATh CIOHTAHHOE W3ITyYeHHUe IS W3y4eHUs
CTPYKTYPBI 3eMHOMN KOpBI.

Kak wu3BecTHO, TreHepalusi BJIEKTPOMArHUTHBIX
CUTHAJIOB JINTOC(EPHOTO MPOUCXOXKICHUS MOXKET
MIPOMCXOJIUTh KaK CIIOHTaHHO, T. €. BHE MPsMOH 3a-
BUCHMOCTH C TIPOSIBICHHEM CEHCMUYHOCTH, TaK H
BEIHYKJICHHO BCJICJICTBHE JIBHKEHUI TOPHBIX MTOPOJT
MpU CeCMUYECKOM BO3jeHcTBUM. Takas T€pMHUHO-
JIOTHS TPOTHBOPEYUT OOIIETPUHATON (Pr3NdIecKoit
TEPMHUHOJIOTUH: Ja)ke€ B OTCYTCTBHE CEHCMHYHOCTH
B 3eMHOHW KOpE MPHUCYTCTBYIOT HANpsDKEHUs, 00Y-
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CJIOBJICHHBIC B3aWMHBIM JIBXKCHHEM MaHTUH, 3€M-
HOW KOpbl W PAa3INYHBIX OJIOKOB 3E€MHOW KOPBI
VMeHHO 3T HampsOKEHHUS MPUBOIAT K BO3HUKHOBE-
HUIO «CIIOHTaHHOW» smuccuu. IIpu 3T0M 4acTOTHBIN
JMara3oH BO3MYIIEHUH, TeHEPUPYEMBIX T€0JIOTHYE-
CKOM cpeoif, JocTaTo4Ho mmpok — ot 107 10
10°Tu. OmHAKO TPAJMIMOHHO IIPH PACCMOTPEHHH
3TOTO SIBJICHWS OCHOBHOE BHHMaHHUE YJEIIOCh
YHY 533eKTpOMarHWTHBIM BO3MYIIEHUSAM JIUTO-
c(hepHOro IMPOMCXOXKICHHUS B JUANa30HE MEPHOI0B
0,2 - 600 ¢ mu maxe emre 001ee HU3KOYACTOTHBIM.
B sTOM wacToTHOM AMana3oHe MOIIHOCTh CKHUH-CIIOS
3JICKTPOMArHUTHBIX BO3MYIICHHUH B YCJIOBHSAX pe-
QIBHOTO TEORJIEKTPHUUSCKOTO pa3pe3a MOXKET Npe-
BBIIIATh JECATKH KHUJIOMETPOB, TIOATOMY BO3MYIIE-
HUSl JaHHOTO THIIA BBIXOJAT M3 MECT TeHEpaliH C
JOCTATOYHO MajbIM TorjomeHneM. YTto kacaercs
AJICKTPOMArHUTHBIX HUMITYJIBCOB C YacTOTaMH B Jie-
CATKM W COTHH KHWJIOTEPI] WJIM Jake Merarepi, TO
MOIITHOCTh CKUH-CJIOSI COCTAaBUT BCErO JICCSITKH -
cotHu MeTpoB. Kazanock Obl, paMoOU3Iy4YeHHE BbI-
cokodacTtoTHOro auamnasona (3 - 300 k') HE MOXKeT
BBIATH M3 00JIaCTH €ro TeHepalii Ha TTyOnHe H3-3a
CWJILHOTO TIOTJIONICHHS, YeM U 00YCJIOBJICH CKEITH-
IIU3M psijia aBTOPOB B OTHOIICHUHU €TI0 UCIOJIH30Ba-
HUS TIPH U3yYCHUHN TITyOOKO3aJICTaloINX 00bEKTOB.
[lo oOTHOWIEHHIO K HCIYCKAHHWIO TOJSIPUTOHOB
HaNpPsHKEHHBIC TOPHBIC TIOPOIbI SIBJISTFOTCS aKTUBHOU
CPEeIOH, T.e. CYIIECTBOBAaHHE W3JIY4YCHHS CIOCOOCT-
BYET DPOXKICHHIO W YHHUYTOXKCHHIO IC(PEKTOB, YTO
MPUBOJUT K YCHIICHUIO M3JIYYCHHUS. DTOT MEXaHU3M
HEJIMHEWHOTO YCHWIIEHHS SJICKTPOMATrHUTHBIX BOJIH
COBMECTHO C CYIIECTBOBAaHHEM «OKOH IIPO3payHO-
CTH» MOXET OOBICHUTH cBepxciaboe 3aTyxaHue
AJIEKTPOMATHUTHEIX BOJIH B 3€MHOMU KOpE.
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ELECTRODYNAMICS OF TECTONICS PROCESSES AND ELECTROMAGNETIC
PROFILING OF THE EARTH CRUST IN ANTARCTIC REGION

V.M. Pavlovych,l’3 Yu. A. Bogdanov,2 V.M. Shuman,4 V. M. Vaschenko®

!Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
’National Antarctic Scientific Center of Ministry for Science and Education of Ukraine, Kyiv
3 Yugneftegazgeologia Ltd., Odessa
“Subbotin Institute of Geophysics, National Academy of Sciences of Ukraine, Kyiv

This paper discusses the problems of the natural
Earth pulse electromagnetic radiation occurrence
and it’s usage for the Earth interior exploration. The
main attention is paid to radiation of the radiowave
diapason (from ~1 kHz to ~1 MHz) which sources is
located inside the Earth lithosphere. The nonlinear
aspect of mechanic — electromagnetic interaction
and electromagnetic wave propagation is discussed.

The different models of such a radiation genera-
tion and propagation are considered. We have pro-
posed the model of such radiation generation based
on the initiation of optical vibrations of complex
crystal lattice and therefore associated electromag-
netic oscillations that appear due to formation and
movement of point, linear (dislocation) and volume
(microcracks, pores) defects of crystals. In solid
state physics the electromagnetic radiation associ-
ated with inherent (optical) lattice vibrations is
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called polariton radiation. As long as intensity of
defect creation is in direct proportion to deformation
of the crystal, the intensity of the signal generated
will be maximal in maximal deformation zones of
the Earth crust. This fact allows the application of
this radiation for the Earth crust structure study.
Referring to polariton emission, the strained rock is
active medium, i.e. the existence of radiation stimu-
lates creation and vanishing of defects leading to
radiation amplification. Such mechanism of non-
linear amplification of electromagnetic waves to-
gether with “transparency windows” existence may
explain the observed ultraweak attenuation of such
electromagnetic waves in the Earth crust.

In this work, we gave the examples of geopolari-
ton radiation usage for investigations of the glaciers
in Antarctic region.
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tpernos, E.H. 'anamos, b.B. ['punes, ®@.A. /lane-
B4, A.M. [lyooBuk, A. Uaunkurt, ®@. Kanmnemna,
B.B. KoGsrues, B.M. Kynosoenko, JI.JI. Haropnas,
C.C. Haropwusriit, C. Hucu, ®@. Hozommm, [.B. Iloxa,
P.b. ITogsusHmoK, /. IIpocnepu, B.U. Tpetsik,

P. Yepynnu, B.H. Hlnerens, C.C. FOpuenko
MccnenosaHUs paaMOaKTUBHOM YUCTOTBI CLUIUHTUII-
NAUMOHHLIX Kpuctannos ZnWO,.
Hayuno-Texamdeckast KOHQEPESHIIUSI MOJIOIBIX yUe-
HBIX «JIFOMUHECIIEHTHBIC MTPOIIECCH B KOHACHCHPO-
BaHHBIX cpegax» LUMCOS 2009, Xaprkos, 17 - 20
HOs10ps 2009 T.
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I1. bemmm, P. bepua6eii, C.B. bynakoBckuid,

®.A. JlaneBuu, A. 1’ Amxeno, B.W. ['opunenkuii,
B.B. I'punes, A. Uauukurty, B.B. KoObrues,

M. Jlay6enmreiin, B.M. Kynos6enko, C.C. Harop-
ueiit, C. Hucn, [, IIpocniepu, O.I". [Tonumiyx,

H.H. Cmupnos, B.W. Tpetsk, P. Uepymmm

LiF(W), LiTI(Eu) - noTeHuuanbHbIe AeTeKTopLI ANS
NOUCKa akCUOHOB OT ComnHua

Hayuno-TexHndeckast KOH()EPEHIINS MOJIOJIBIX yUe-
HBIX «JIFOMIHECIICHTHBIC TTPOIIECCHl B KOHICHCHPO-
BaHHBIX cpepax» LUMCOS 2009, Xappkos, 17 - 20
HOs0ps 2009 .

V.S. Olkhovsky
Time as a Quantum Observable, Canonically Conju-
gated to Energy

Scientific Colloquium “Humboldt Cosmos: Science
and Society”, Kiev, November 19 - 22,2009

S.P. Maydanyuk

Rates in quantum Friedmann-Robertson-Walker
model with radiation and Chaplygin gas: a fully quan-
tum approach

Scientific Colloquium “Humboldt Cosmos: Science
and Society”, Kiev, November 19 - 22, 2009

V.Yu. Denisov, N.A. Pilipenko
Fusion of deformed nuclei: *C+"C

Scientific Colloquium “Humboldt Cosmos: Science
and Society”, Kiev, November 19 - 22,2009

V.Yu. Denisov, A.A. Khudenko
The alpha-nucleus interaction potential for alpha-
decay and alpha-capture

Scientific Colloquium “Humboldt Cosmos: Science
and Society”, Kiev, November 19 - 22, 2009

F.A. Danevich
Experimental search for double beta decay and dark
matter

Scientific Colloquium “Humboldt Cosmos: Science
and Society”, Kiev, November 19 - 22, 2009

V.S. Olkhovdsky, M.E. Dolinska

To the modification of methods of nuclear chrono-
metry in astrophysics and geophysics

Scientific Colloquium “Humboldt Cosmos: Science
and Society”, Kiev, November 19 - 22, 2009

ATOMHa eHepreTuka:

B.M. IlaBnoBu4
The physical bases of nuclear wave reactor

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU



JOIIOBIAI HA KOH®EPEHIIIAX

Water Policy 2009 - International Conference at
CULS in Prague, Prague, Czech Republic, June 22 -
26, 2009

N.H. BumneBckuii

O KOHUenLMU HOBOFO UCC1e0BaTENIbCKOrO peaKTo-
pa YKpauHsI

YKpanHo-poCcCHICKUNA ceMUHap-coBenianue «Pas-
BUTHE aTOMHOM 3HepreTuku Poccuu u Ykpausl —
(hakTOp YCTONYIMBOTO MEKTOCYIAPCTBEHHOTO CO-
TPpyAHUYECTBa», JHeproaap, 19 - 23 okTia0ps

2009 r.

PapiauiiHa @isuka Ta paaiauiiiHe
MaTepianosHaBCTBO:

L.I. Chyrko, V.M. Revka

Status of the reconstitution welding in KINR
TAREG 2.01/00 "Validation of neutron embrittle-
ment for VVER 1000 & 440/213 RPVs with
emphasis on integrity assessment", Progress
Meeting, Moscow, Russia, February 25, 2009

O.N. Shevtsova

Giant vortex structures in nanometer-scale spheri-
cal type-IT superconducting samples

The Sixth IMACS International Conference on
Nonlinear Evolution Equations and Wave Phenom-
ena: Computation and Theory IMACS2009, Athens,
Greece, March 23 - 26, 2009

L.I. Chyrko, V.M. Revka
Status of the reconstitution welding in KINR

TAREG 2.01/03 "Neutron irradiation embrittlement
assessment and validation of embrittlement models
for VVER Reactor Pressure Vessels" - Progress
Meeting, Kiev, April 28 - 29, 2009.

B.A. Cyrakos, I1.A. Cenuwes, U.C. Benuuko

BnuaHwe paaMaumMoHHO-UHAYLIMPOBAHHOTO U3MeHe-
HWA CBOWCTB BelLeCTBa Ha TemnepaTypHbIe aBTOKO-
nebaHUa TemnepaTypbl U KOHLEHTPaLUM AedeKToB
International scientific-practical conference “Struc-
tural relaxation in solids”, Vinnitsa, May 19 - 21

V.I. Sugakov

Self-organization phanomena at exciton condensa-
tion in quantum well
International Conference "Statistical Physics: Mod-

ern Trends and Applications", Lviv, June 23 - 25
2009

LIOPIYHUK - 2009

I'.IL. Taitmap, O.I1. Honronenko, I1.I". JIuToBuenko,
O.I1. JTuToBYEHKO

KiHeTuKa TpaHcpopmaLlii TOYKOBUX AeeKTiB B Npo-
Lieci Bianasny e-onpomiHeHOro KpemHiro

IV Yxpainceka HaykoBa KoH(MepeHIis 3 Qi3uku
HAITIBIPOBITHHKIB, 3anopixoks, 15 - 19 BepecHs
2009 p.

A.A. I'poza, ILI. JIutoBuenko, M.I. Crapuuk,
B.I. XiBpuy, I'.I'. [lImaTkO

OcobnueocTi eeKTy AaneKoAii B KpeMHii npu im-
NNaHTauii saep BOAHKO i renito

IV Ykpainceka HaykoBa KoH(pepeHIis 3 Qi3uku
HaITIBIPOBITHUKIB. 3amopixoxs, 15 - 19 BepecHs
2009 p.

A5l I3r00mmk
Pacnan aaep B none nasepa

9-it MexxayHapoJHBIH CUMIIO3UYM IO (POTOHHOMY
9X0 U KOrepeHTHOU cnekTpockonuu, Kazans, Poc-
cus, 26 - 31 oktsi6ps 2009 T.

L.I. Chyrko, V.M. Revka

Information about introduction of reconstitution
technique at NRI Kiev. TAREG 2.01/03 "Neutron
irradiation embrittlement assessment and validation
of embrittlement models for VVER Reactor Pressure
Vessels" - Progress Meeting, Dresden, Germany,
November 5 - 6, 2009

$isuka nnasmu:

V.B. Taranov

Extended symmetries of the 3D kinetic electron
plasma waves

The 8th International Conference “Symmetry in

nonlinear mathematical physics”, Kiev, June 21 - 27,
2009

O.A. ®enoposuy, JI.M. Boiitenko

3aBUCUMOCTb KO3PEPULIMEHTOB pacnaaa Henaearnb-
HOV BOAOPOAHO-KUCIOPOAHOM Na3MbI OT ee Napa-
MeTpoB

MesxyHapogHas Hay4qHas KoHpepeHIms «Du3uka
UMITYJIECHBIX Pa3psiioB B KOHEHCHPOBAHHBIX Cpe-
nax», Hukonaes, 17-21 asrycra 2009 r.

O.A. ®enopoBuy

O BNUAHUMU 3NEKTpUYECKUX NapameTpos kaHana VPB
Ha HepaBHOBECHOCTb ero U3nyyYeHus B BUAUMOM
AvanasoHe

MexnyHapoaHas HaydHas KoHpepeHnns «Pu3nka
HUMITYJIBCHBIX Paspsaa0B B KOHACHCUPOBAHHBIX CpE-
nax», Hukomaes, 17-21 aBrycra 2009 T.
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IT1.A4. Crapuuk

BrnunaHue TypbysieHTHOrO NepemeluMBaHUS Ha pasBu-
TUE UMMYNbCHBLIX 3N1eKTPUYECKUX paspsaos B XUa-
KUX cpenax

MexayHapoHast Hay4Hasi KoHpepeHnus «Du3nka
HMMITYJIbCHBIX Pa3psioB B KOHJIEHCUPOBAHHBIX Cpe-
nax», Hukomaes, 17-21 aBrycta 2009 1.

V.E. Virko, V.M. Slobodyan, Yu.V. Virko,

K.P. Shamrai

Control of methane plasma outflow from a magnetic
field enhanced inductivetly coupled plasma

The Third Central European Symposium on Plasma
Chemistry, Kiev, Ukraine, August 23 - 27, 2009

V.M. Slobodyan, V.F. Virko, Yu.V. Virko,

K.P. Shamrai

Inductively coupled magnetized plasma source with
permanent magnets for materials processing

The Third Central European Symposium on Plasma
Chemistry, Kiev, August 23 - 27, 2009

Yu.V.Virko, V.F.Virko, V.M. Slobodyan,

K.P. Shamrai

Compact helicon plasma source with a ferrite magne-
tic system for materials processing applications

The Third Central European Symposium on Plasma
Chemistry, Kiev, August 23 - 27, 2009

V.B. Taranov

Different kinds of symmetry in nonlinear plasma
theory

Bogolyubov Kyiv Conference “Modern Problems of

Theoretical and Mathematical Physics”, Kyiv, Sep-
tember 15 - 18, 2009

Ya.l. Kolesnichenko, V.V. Lutsenko, R.B. White,

A. Weller, Yu.V. Yakovenko

Effects of the energetic-ion-induced instabilities on
the electron heat transport in toroidal plasmas

11th IAEA Technical Meeting on Energetic Particles

in Magnetic Confinement Systems, Kyiv, September
21-23,2009

V.S. Marchenko

Excitation of the beta-induced Alfven eigenmodes
by a magnetic island

11-a Texniuna Hapaga MAT'ATE 3 eHepriiiHux ac-
THHOK B CHCTEMax MarHiTHOTO yTpuManHs, Kuis, 21
- 23 Bepecus 2009 p.

V. Yavorskij
Fusion alpha influence on plasma equilibrium in ITER

174

3rd Meeting of the ITPA Energetic Particle Physics
Topical Group, Kiev, September 24 - 25, 2009

VYkpaincbka KoH(pepeHIIis 3 (i3uku IIa3Mu Ta Kepo-
BaHOTO TepMOsiFiepHOro cuHTe3y, Kuis, 27 - 28
skoBTHA 2009 p., 1uB. cTop. 179

K.P. Shamrai, V.F. Virko, Yu.V. Virko, V.M. Slo-
bodyan, S. Shinohara, T. Motomura, T. Tanikawa
Helicon plasmas: Basic physics and some application
aspects

25th Kyushu-Yamaguchi Plasma Workshop, Ku-
mamoto, Japan, November 19-20, 2009

Panioexonoria Ta paaiobionorisa:

A.N. Berlizov, J. Galy, K. Luetzenkirchen,

H. Ottmar, D.A. Sharikov

Setting up and Benchmarking an MCNP Model for
the XRF Branch of the Hybrid K-Edge/K-XRF Densi-
tometer

The 31st ESARDA Annual Meeting, Symposium on

Safeguards and Nuclear Material Management, Vil-
nius, Lithuania, May 26 - 28, 2009

O.B. Tl'aiimap, I.M. Ky3pmenko, 10.A. MUXTOHIOK,
B.B. Tpuuun

BaratoxkpuTepianbHa cuctema aHanisy Teputopii Ana
BUbOpY AiNgaHKM byaisHULTBA 6araToLiNIbOBOrO
AOCNIAHULILKOTO S4epHOr0 peakTopy 3a AOMNOMOTOHO
reoiHPOpPMALiMHUX cUCTem

V MixHapoiHa HayKOBO-TIPAaKTHIHA KOH(GEPECHITis
«Hetpaauuiiini i HOHOBIIOBaNBHI [Kepesa eHeprii
K aTbTEPHATUBHI EPBHHHHUM JUKEpEIaM eHeprii B
perioHi», JIbBiB, 2 - 3 kBiTHS 2009 p.

O.B. laifnap, .M Ky3zbemenko, FO.A. MUXTOHIOK,
B.B. Tpuumn

PosnoaineHa iHpopmauiiHo- aHaniTU4Ha cucTema
panioeKkonoriYyHoro MOHITOPUHTY

IV MixHapoHa HayKOBO-TEXHIUYHA KOH(EPEHIIis
«Komn'torepHi Hayku Ta iHPOpMALiifHI TEXHOIOTIi»
(CSIT-2009), JIpBiB, 15 - 17 xosTHs 2009 p.

0.0. bypno

CoCTOSHUe reHeTUYeCcKoro matepmana B KneTkax
KOCTHOro mo3sra nonesok B 30-km 30He YASC B OT-
AaneHHbIN Nepuoj nocie azsapum

MesxayHapogHas paanoouoiorndeckas Kondepen-
s «bronorumdeckue 3PpPEKTH MAIBIX 103 HOHU3H-
pyIollel pagualuy U paJiallMiOHHOE 3arPSI3HEHUEY,

CrikTbIBKap, Poccus, 28 ceHTa0ps - 1 okTs0ps
2009 r.

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU



KoHpepeHUii, Hapaau, nposeaeHi iHcTutyToM y 2009 p.

LLlopiuHa Haykosa koHpepeHuia IS0 HAH YkpaiHu, 20-23 ciuHa 2009 p.

3 MeTOr TiAOUTTS MiACYMKiB HAYKOBOI MisTbHO-
cti incTuTyTy 32 pik y ISl HAH VYxpaiau mposo-
matbest Llopiuni HaykoBi koHpepentii. Yeprosa
koHpepenuis BimOymacs 20-23 ciyas 2009 p. Ha
KoH(epeHIii Oy mpeCcTaBieH] OCHOBHI HANPSIMKH
pOOOTH IHCTHUTYTY, a came:

1. Snepna ¢izuka.

2. AToMHa eHepreTuka.

3. Papgianiiina ¢i3uka Ta pafgiauiiiHe martepiano-
3HABCTBO.

4. ®i3uKa mia3Mu.

5. Papioekoutoris Ta pagiobiomnoris.

VY koH(pepeHLil B3AIM TaKOX ydacTb (axiBi 3
IHIINX HAYKOBHUX YCTaHOB YKpaiHU.

Bynu npoBezeHi mieHapHi 3aciiaHHs 3 OIS0~
BuMH JonoBigsmu (30 XB.), Ta ceKLiiHI MapaneibHi
3acijaHHs 3 OpUTiHAIEHUMHU TOBigoMiIeHHSIMU (10—

15 xB.). KpiM TOro, 4acTHHY HayKOBUX POOiT OyI10
MPEJICTABIICHO HA CTEHIOBIN CEKIIil.

[NoBHy iH(pOpMAaITit0 PO KOH(EPEHIIII0 PO3Mi-
HICHO Ha BeO-CTOPIHII
http://www kinr.kiev.ua/Annual_Conferences/KINR
2009/conference_kinr2009.pdf

JloTIORi/Ii HA TUICHAPHHUX 3aCiIaHHSIX:

B.M. Jlamkin. JIBOBUMIpHI Ta TPHOXBUMIpHI JIO-
KaJIi30BaHi CTPYKTYpH — COJIITOHH, a3MMYTOHHU, BH-
XOpH

I0.M. IlaBnenko. Kopemnsiiiina cnexTpomerpis
PE30HAHCIB JIETKHUX siiep. Pe3ynbTaTh i mepcreKTuBU

. MikpockorigHa Teopis KOoJeK-
THUBHOTO PyXY B HArPiTUX sApax

B.M. IlaBnoBuu. PeakTop Ha aBTOXBWIII MOJILTIB

XI tosineviHa KoHpepeHUia MATATE 3 @i3suKu YaCTUHOK BUCOKUX eHeprii y Tep-
MOAfEepHUX MArHiTHUX cuctemax, 21-23 sepecHa 2009 p.

11 roBineitna koHpepennis MAI'ATE 3 ¢izuku
YaCTMHOK BHCOKHX CHEpriil y TepMOsICpPHUX MarHi-
tHUX cuctemax (The 11th IAEA Technical Meeting
on Energetic Particles in Magnetic Confinement
Systems) mpomomxkmia 20-piuHy TpaguwLilo KoH]e-
peHuii, nepma 3 skux npoxoauna B Kuesi B 1989
poui. IToni6no mo mepmoi kondepenuii, IAEA2009
Oyno mpoBeneHO Ha 0a3i [HCTUTYTY siiepHUX HOCIi-
mxedb HAH  Vkpainn. [lepmi  xongepeHmii
[Aspends (1991), Trieste (1993), Princeton (1995),
JET/Abingdon (1997)] wmamu Ha3By «Ajbda-
YaCTUHKH B TEPMOSICpHUX JociiukeHHs x» (“Alpha
Particles in Fusion Research”™). I1in yac kongepeHmii
JET/Abingdon B 1997 Gyno BHpilIEHO PO3MIUPUTH
TEMAaTHKY, BKJIFOUUBIIM JIO Hel IHII HaATEIUIOBI
YaCTUHKH, 30KpeMa MpHUcKopeHi enekTponu. Konde-
peHIlil i3 3MiHEHOW Ha3BOK «UYaCTHHKH BHCOKHX
EHEeprii y TepMOSJEpHUX MAarHiTHUX CHCTEMax»»
(“Energetic Particles in Magnetic Confinement
Systems”) npoxogunu B Naka (1999), Gothenburg
(2001), San Diego (2003), Takayama (2005),
Kloster Seeon (2007).

Tematrka koHdpepenmnii IAEA2009 mictuna Ha-
CTYTIHI HAPSMKH:

- ®i3uka anp(ha-9acTHHOK

- TpaHcmopT 4acTHHOK BHCOKHX €HEpTii

- Ponp yacTHHOK BHCOKHX €Hepriii B TepMmo-
SJICPHUX TPHUCTPOSIX 3 MATHITHUM YTPUMAHHSIM

HIOPTYHUK - 2009

- KomexrtusHi siBumma (Anb()BEeHIBCHKI BIIacHI
MOJI¥, MOJHM YaCTHHOK BUCOKHX CHEPTiil Ta iH.)

- EnexrpoHu-BTikadi Ta 3puB

- JiarHOCTHKA YaCTHHOK BUCOKHX €HEPTii

JetanbHy iH(bOpMaIIio Tpo KoH(EpEHITiIo Po3-
MIIIIEHO Ha BeO-CTOPIHIII
http://www.kinr kiev.ua/TCM/index.html

[Tim wac xoudepentii Oymo 3podbmeHo 12 3ampo-
MIeHUX JOTOBiAeH, 16 ycHUX momoBimeit Ta 51 creH-
JIOBY JTOTIOBib.

Jomogini criBpoditamkiB 151/ HAH Yxpainu :

Ya. Kolesnichenko, V.V. Lutsenko, R.B. White,
A. Weller, Yu.V. Yakovenko. Effects of the energe-
tic-ion-induced instabilities on the electron heat
transport in toroidal plasmas

V.S. Marchenko, S.N. Reznik. Excitation of the
beta-induced Alfvén eigenmodes by a magnetic
island.

Yu.V. Yakovenko Ya.l. Kolesnichenko,
V.V. Lutsenko, R.B. White, A. Werner. Mode Cou-
pling and Decay Phenomena in Alfvén Instabilities

Ya.l. Kolesnichenko, V.V. Lutsenko, A. Weller,
H. Thomsen, Yu.V. Yakovenko, J. Geiger, A. Wer-
ner. Drift-Alfvén and drift-sound instabilities in
stellarators and tokamaks

Ya. I. Kolesnichenko, V.V. Lutsenko, R.B. Whi-
te. Fishbone mode in compressible plasmas

Ya. I. Kolesnichenko, V.V. Lutsenko. Resistive
wall damping of Alfvén eigenmodes
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V.S. Marchenko. Plasma pressure effect on mul-
tiple low-shear toroidal Alfvén eigenmodes

O.P. Fesenyuk, Yu.V. Yakovenko, Ya.l. Kolesni-
chenko, A.P. Pasichny. Theory of generation of ki-
netic Alfvén waves by non-conventional global
Alfvén eigenmodes

V. Yavorskij, V. Goloborod’ko, A. Polevoi,
K. Schoepf, S.E. Sharapov. The Impact of Fusion
Alphas on Burning Plasmas in Tokamak

K. Schoepf, V. Yavorskij, V. Goloborod’ko. Fast
Ion Source From Neutral Beam Injection in Toka-
mak Plasmas

M. Khan, K. Schoepf, V. Goloborod’ko,
V. Yavorskij. Fractional diffusion model for fast
ions in MHD-mode perturbed plasmas

0.S. Burdo, Ya. I. Kolesnichenko, S. Sipila,
Yu. V. Yakovenko. Precession of energetic ions in
tokamaks with non-circular cross-section and high 3

V. Yavorskij, A. Moskvitin, Yu. Moskvitina,
V. Goloborod’ko, K. Schoepf. Fokker-Planck De-
scription of TF Ripple Induced Collisional Transport
of Fast Ions in Tokamaks

M. Tyshchenko, Yu.V. Yakovenko. Transforma-
tions of kinetic Alfvén waves in toroidal plasmas

S.E. Sharapov, V.G. Kiptily, S.D. Pinches,
G. Bonheure, M. Cecconello, G. Ericsson, M. Gatu-
Johnson, C. Giroud, V. Goloborod’ko, C. Hellesen,
S. Jachmich, T. Johnson, V. Yavorskij, and JET-
EFDA contributors. Confinement and loss of fusion
products in fast ion D-He3 and D-D fusion experi-
ments on JET

V. Yavorskij, K. Schoepf, V. Goloborod’ko,
M. Cecconello, L.G. Eriksson, V. Kiptily, A. Korot-
kov, S. Reznik. Fokker-Planck Modeling of NBI
Generated Deuterons in Tokamaks”

TemaTuyHa Hapaaa B pamkax MiXxHapoAHO! Yroau npo cnisnpauto 3 isvKu ToKa-
makis, 24-25 sepecHa 2009 p.

TemaTtnuna Hapana «3rd Meeting of the ITPA Ener-
getic Particle Physics Topical Group», 6yna npu-
CBsiueHa OOrOBOPEHHIO aKTyaJIbHUX Mpo0iieM (izu-
KU BHCOKOCHEPTeTHYHUX YACTUHOK B PAMKaX MiXk-
HapOIHOI YTOIH PO CHiBIIPaIio 3 Gi3UKH TOKaMa-
kiB. [Hopmairo mpo Hapady po3MilieHO Ha BeO-
CTOpIHII:
http://www kinr.kiev.ua/TCM/agenda v1 ep.pdf

Criucoxk 1omnoBiaen:

S. Putvinski. Reference ITER data base for EP
modelling

T. Panis. TAE-damping rate comparison exercise

P. Lauber. Linear benchmark case — results of the
LIGKA code

Y. Todo. Benchmark results of the MEGA code

D. Spong. TAE stability benchmark studies with
TAEFL and AE3D models

S. Briguglio. Nonlinear TAE test case: results of
HMGC simulations

A. Konies. Benchmark results from GYGLES
and CAS3D-K

M. Albergante. Modeling of the fast ion-small
scale turbulence interaction

B. Breizmann. The destabilizing effect of dy-
namical friction on fast particle driven waves

V. Yavorskij. Fusion alpha influence on plasma
equilibrium in ITER

T. Kurki-Suonio. Comparison of the fractional
losses of slowing-down fusion alphas inthe presence
and absence of AE activity

K. Hamamatsu. Comments on drift and gyro or-
bits in TBM field

W. Heidbrink. How to compare measured fast-
ion profiles with predicted fast-ion transport

N.N. Gorelenkov, W. Heidbrink. Fast-ion trans-
port in our DIII-D plasmas with lots of RSAEs and
TAEs

K. Toi. An Event of Confinement Improvement
of Bulk Plasma by TAE-Induced Energetic lon Loss
in LHD

S. Pinches. Proposals for joint experiments

Opyra mixHapoaHa Hapaaa «Po3pobka HU3LKOPOHOBUX
cuuHTUNaTopie Ana npoekty EURECA», 22 - 23 sepecHa 2009 p.

Hpyra mixHapogHa Hapana «Po3poOka HH3BKO-
¢onoBuxX cuumHTHIATOPIB A1 npoekty EURECA»
npoxoamna 22 —23 Bepecus 2009 p. Hapama Oyna
opraHizoBaHa Ta IpOBEIEHA BiIAUIOM (Di3UKH JIeT-
toHiB [HCTHTYTY simepHuUX mocnimkens HAH Vkpai-
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HU. [HQOpMaIlito po Hapaay pO3MIIIEHO Ha BeO-
cropinmi: http://lpd.kinr.kiev.ua/rps09/.
BenukomacmTaOHuii  €BpONEHCHKUIT  TIPOEKT
EURECA (European Underground Rare Events
Calorimeter Array, http://www.eureca.ox.ac.uk/)
CIIPSIMOBAHUHN Ha TOMTYK YaCTHHOK TEMHOI Marepil

IHCTUTYT SIAEPHUX JOCJIDKEHb HAH YKPAIHU
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KOH®EPEHIIII, HAPAJIU

(HaiOinbII IMOBIPHUMH KaHAMJATAMH € HEHTpaJIiHO
— cnabko B3aEMOJIIOUI YAcTUHKH, IependadyBaHi
CYTIECUMETPUYHAMH MOJAEISAMH) 3 YYyTJIHMBICTIO Ha
JIBA-TPH TOPSAKHM BUIIOKO 32 JIOCATHYTY B CyYacHHX
eKCIIepUMEHTaX. 3 Ii€I0 METOI TUIAHYETHCS TO00Y-
IyBaTH JIETEKTOP 3 YYTIHBOI MAacol OJIM3BKO TOH-
HU, B SIKOMY TIpH TeMIepaTypax y KilbKa MiJTiKeIb-
BiHIB OyAyTh MpAamOBaTH Pi3HI KPHUCTANIYHI CIIUH-
TUJISITOPH, a TaKOXK JETEKTOpH 3 repMmanito. OmHiero
3 HaWBXJIMBINIMX 1 HAWCKIIAAHIIINX 33734 MPOEKTY
€ po3po0Ka CHUHTWIAIINHUX KPHUCTATIB 3 HU3BKUM
BMICTOM pPaJiOaKTHBHHUX i30TOMIB (3arajbHa aKTHB-
HICTb He Mae repeBuILyBaTH piBeHb ~107~ Bi/kr). Llx
3a/1aya TOKH IO HIKMM HE BUpIIICHA, i HABITH Hal-
OULTBII PamiOaKTUBHO YHCTI KPHUCTATIYHI CIIMHTHIIA-
TOpU MAlOTh PiBEHb Pa/lioaKTUBHOCTI Ha 1 —2 Tmo-
psaaku Bummid. OCHOBHUMH MUTAHHSIMH, 110 PO3IJIS-
Jamiuch Ha Hapafdi, OyJM: EKCIIEPUMEHTH, B SKUX
BHUKOPUCTOBYIOTECSI HHU3bKO(OHOBI CLHUHTUIATOPH;
BHMOTH 10 PaJiOaKTUBHOT YUCTOTH Ta BIACTUBOCTEH
CHMHTWISAIIMHUX KPUCTANIB Ui HHU3bKO(POHOBUX
EKCTIIEPUMEHTIB; Big0ip Ta OYMILIEHHS CUPOBHHHU Ta
CHHTE3 LIMXTH [yl POCTY KPHUCTAIIB; PiCT, Bigmajro-
BaHHsS Ta 00poOKa KpUCTaliB; BUMIPIOBAaHHS JIFOMi-
HECHEHTHHX Ta CHOUHTWIALIMHUX BJIaCTHBOCTEH,
panioakTHBHOI YHCTOTH CIHMHTHISTOPIB; pO3poOKa
HOBUX CHMHTWIIILIHKUX MaTepianiB. Y Hapasi Opanu
yuactb ydeHi 3 Benmkoi bpuranii, Itanii, Pocii, a
takox npeacraBauku HHIL ,, XDTI” HAH VYkpaiuu,
[actutyTy cumaTHIsHiHUX MaTepianiB HAH Ykpa-
ian ta cniBpobitHuku [J] HAH VYkpainu — yuvac-
nuku konabopanii EURECA. Ha napani 6ymno npen-
CTaBJieHO 14 momoBiaei:
H. Kraus. EURECA — an overview.

1. Dafinei. Production of radiopure TeO, crystals
for neutrinoless double beta decay application

V. Kornoukhov. First results of *’Ca'®Mo0O,
single crystal growing for underground physics
application

F.A. Danevich. R&D of CdWO,; crystal
scintillators from enriched materials for double
decay experiments

V. Shlegel. Growth of the '“®CdWO, Crystal by
the Low Thermal Gradient Czochralski technique
(LTG Cz).

L.L. Nagornaya. Growth conditions of radiopure
ZnWOj, scintillation crystals.

E. Galashov. Growth of zinc tungstate by the
Low Thermal Gradient Czochralski technique (LTG
Cz).

S. Galkin. The concentrations of impurities and
point defects in melt grown ZnSe.

V.I. Tretyak. Semi-empirical calculation of
quenching factors for ions in scintillators.

V.M. Kudovbenko. Light collection from ZnWO,
cylindrical and hexagonal shape.

V. Mikhailik. Performance characteristics of
scintillators at cryogenic temperatures.

V.V. Kobychev. On measurability of mBg/kg
levels of alpha activity.

D.V. Poda. Further study of radiopurity of
ZnWOQy crystal scintillators.

A.P. Shcherban. A new approach to production
of radiopure natural and isotopically enriched
cadmium and zinc.

VII YkpaiHcbka KOH@epeHLUis 3 0b6niky Ta KOHTPONO aAepHOro marepiany,
5-9 xoetHa 2009 p.

Choma 11opiyHa yKkpaiHcbka KoH(pepeHiis 3 00J1i-
Ky Ta KOHTPOIIIO SIJIEPHOTO MaTepialy MpOXoauia 3
5 no 9 xoBtHA 2009 p. y HamionansHOMY HayKOBO-
My HEHTpi «XapKiBChbKUH (i3WKO-TEXHIYHUN 1HCTH-
Ty™ y M. XapkiB. Kondepenuis 6yna opranizoBana
Ta IpOBeAeHa YYO0OBUM IIEHTPOM 3 (PI3UYHOTO 3aXH-
CTy OOJIKy Ta KOHTPOJIO sAepHUX MarepiamiB IH-
CTUTYTY snepHuX mocmimkeas HAH Ykpainu, Harri-
OHAJILHUM HAayKOBHUM IIEHTPOM «XapKiBChbKUU (hi3u-
KO-TEXHIYHHHA 1HCTUTYT» CIJIbHO 3 MiHeHepro
CHIA Ta OOG’e¢mHaHWM IOCIHITHUIIBKAM IIEHTPOM
€ppomneiicekoi  Kowmicii. Ilporpama koHdepeHil
OXOILTIOBaJA BCi aKTyalbHI AT YKpaiHW HaNmpsSIMKH
B raiy3i oOJiKy Ta KOHTPOJIIO SASPHOTO MaTepiay.
VYyacte y koH(epeHIii gana MOXKJIMBICTh Criemiaic-
TaM 3 OONIKYy Ta KOHTPOJIO SIEPHOTO MaTepiamy
ykpaiHchkux AEC, nmocnmigHWIBKUX 1HCTHTYTIB,

HIOPTYHUK - 2009

Jep’)KaBHUX OPTaHiB Ta IHIMUX OpraHi3aiiid oOMiHs-
THUCS AOCBiZIOM, OOTOBOPUTH aKTyalbHI MUTaHHS, SKi
XBWIIOIOTHh YCiX ydacHUKiB. [H(opmariro mpo KoH-
(hepeHIito po3MileHO Ha BeO-CTOPIHII

http://www.mpca.kiev.ua/confer.htm

Ha xongepenuii 0yno 3acmyxano 32 momnosixi, a
came:

C.J. Jlomarun. M3MeHeHUsT 3aKOHOJIaTENILCTBA B
cdepe yuera v KOHTPOJIIS SIEPHBIX MaTepHalOB

B. Kenn. Cucrema rapanTuii EBpoaroma kak coc-
TaBHasg 4YacTh MEXIYHApOIHOW CHUCTEMBI, YCBOCH-
HBIH TTOJIE3HBIN OMBIT U IaJIbHEWIIIEE pa3BUTHE

I'. M. INmakwus. Indissoluble Connection of Rus-
sian MC&A System Sustainability with that of the
Russian Methodological & Training Center

Paul Thurmond. Key Elements of a Nuclear Se-
curity Culture Enhancement Program
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H.U. Tpumak. CocrossHUE 3aKOHOJATEILCTBA
VYkpauHbl B cdepe (U3NUECKON 3alIUTHl SAEPHOTO
MaTepHaia

M.O. Konounenko. Pusuku, 3arpo3u i HeOe3mneka
pamianiiHo 3a0pyIHEHOTO CEpeIOBHINA TPHU 3JikiC-
HEHHI OXOPOHH, (I3UYHOTO 3aXHUCTy Ta OXOPOHH
Ipaili MOTEHIIHHO-HeOe3MeUHUX 00’ EKTIB

I0.A. A6pamoB. CocTosiHHE y4yeTa M KOHTPOJISA
SAM na ADC YKpauHBI U NEPCIEKTUBHI UX yCOBEp-
[IEHCTBOBAHHS

Jozsef Zsigrai. Measurements with fresh and
spent fuel assemblies at the Paks NPP

A.E. HoBukoB. M3MepeHus sIepHBIX MaTeprajIoB
B oTpaboTraBmux cOopkax u KoHTeHepax ¢ PAO Ha
YADC

J.B. Kytauii. OnsIT pa3paboTku ramMmma - CIIeKT-
POMETPHUYECKUX METOAWK H3MEPEHUIl ypaHcoaep-
KalX MaTepuaioB

B.M. Kupumyk. CtaTyc u nepcrneKTUBBI H3Mepe-
HUM sIZIGPHOTO MaTepuaia B YKparuHe

C.B. Camoueprux. O6opynoBanne ¢pupmbl Can-
berra nns m3MepeHUs SIEPHBIX MaTepUAIOB

I1. JloxygaeB. XpaHeHue oTpabOTaBIIEro suep-
HOTO TOIUTHBA (B OacceffHax ¢ BOJOW M B CYXOM BH-
ne). [Ipaxtrka Urnammackoit ADC.

E. Apcenuna. [IpoGnemMsl mepeBo3KH U oOparie-
HUS C 00JTyYeHHBIM SAEPHBIM MaTepHAIOM

T.I'. JlynanoBa. MonepHu3anusi cucTeMbl oOpa-
IIEHUA C OTPabOTaHHBIM SIIEPHBIM TOILTHBOM, y4eT
1 KOHTPOJIb AJIEPHBIX MaTepUaOB Ha MCCIeI0BaTe-
nbckoM peaktope BBP-M HMHcTutyTa simepHbIX Hcc-
negoanuit HAH Ykpaunbt

Renaldas Sabas. ®uznyeckasi 3amuTa sSIepHBIX
YCTaHOBOK B JIuTBe

O.b. I'ypko. OGecneuenne HU3NIECKON 3AIUTHI,
y4era W KOHTPOIIS sIIEPHOro Marepuaia B Pecmy0-
nuke benapychb

E.N. Karynun. OcoGnuBocTi peanizaiii MPOeKTiB
¢izuunoro 3axucty SIM Tta Y B pamxax MT/l na
NpUKJIaal PeKOHCTPYKLIi cucTeMH (Pi3HYHOTO 3aXuc-
Ty 00'ekty "YkpuTTS"

A.B. Boiiko. OcoOIMBOCTI BH3HAYEHHS, CTBO-
peHHS Ta (YHKUIOHYBaHHS CHUCTEMH (DI3HYHOTO
3aXUCTY SJICPHUX MaTepialiB MpU IX TOPOKHHOMY
MIEPEeBE3CHHI

K.IO. I'ymun. Obecrniedyenue KynbTyphl hu3ndec-
KOU siiepHOM 0€30MacHOCTH

B.A. Kupuuenko. I'ocynapcTBenHas nporpaMma
noaroToBku crnenuanuctoB ®3VuK spepHoro marte-
puana B YKpauHe.

O.1. €pmos. [Ipo6rema MiAroTOBKH, Meperiaro-
TOBKH 1 MiIBUIICHHS KBamiikallii cremiaaicTiB 0xo-
pOHH, BI3UYHOTO 3aXUCTY Ta OXOPOHH Tpali B yMO-
Bax PEXUMHHX, pajialliifHO 3a0pyaHEHUX 00’ €KTIB
Ta TEPUTOPIHl.

N.A. Peibak. Pons BHyTpeHHux Boiick MBJl Vk-
pauHbl B oOecrieueHUH (PU3NIECKON 3aIUThl SIep-
HBIX YCTAHOBOK H SIZICPHBIX MAaTEpHAIIOB B YKpanuHe

ILLA. IBamoB. Metoanka momi(yHKI[IOHATHHOI
BHCOKOE(pEeKTHBHOI ineHTH(]IKaIil ocobu B peanb-
HOMY 4Yaci B yMOBax JIETaTi30BaHOTO TOCTYITY

B.K. Kynuanu. IlogroroBka mepcoHana mo ¢u-
3UYECKOHU 3aIuTe Ha 3armoposkckoir ADC

K. B. KoncrantuaoBa. Cuctema ydera M KOHT-
pois SIM ma HXOAT

N.A. CakyHoB. HWrorm TmepeHOca CHCTEMBI
AIMAS u3 16-ti B 32-X OMTOBYIO ONEpPAMOHHYIO
CUCTEMY

N.B. bannypko. OneHka COCTaBJISIFOIIUAX B I0-
TPEUTHOCTH pacyeTa BBITOPaHUS W U30TOITHOTO COC-
TaBa SAEPHOTO TOIUTMBA HA Pa3iIMYHBIX dTamax sje-
PHOTO TOTTMBHOTO ITUKJIA

A.H. Capuenko. CriocoObl moBbIIIeHHS 3 dek-
TUBHOCTH OILIEHKH CHUTHAJIOB TPEBOTH

A.A. bucukano. MeTojuka npoBeeHus 1adbopa-
topHoit padotel mo YUK AM B CHY ADUII

B.JO. JlembsiHeHKO. MeToasl mpenoTBpallleHUs
HECaHKIMOHUPOBAaHHBIX JEHCTBUH ONEPATHBHOTO
TepcoHala B cucTeMe (PU3NIecKOi 3amuThl

10.0. Mipoumnnyenko. KoHTponb moTpumaHHs
BHMOT TIPaBWJI BEJICHHs OOJIKY Ta KOHTPOIIIO siIep-
HUX MaTepialliB MpH 1HCIIEKIIHHUX MepeBipKax Mmif-
MIPUEMCTB

YKpaiHCbKka KOH(pepeHLUia 3 (Pi3UKU NNA3MU Ta KepOBAHOTO TepMOSAEpHOrO CUHTe3y,
27-28 xoetHa 2009 p.

Meroro YkpaiHChkoi KOH(pEpeHIIii 3 Gi3uKu IIa-
3MH Ta KEPOBAHOTO TEPMOSJICPHOTO CHHTE3y OYyIIO
MIOUTTS MiACYMKIB TOCIIHKEHb B YKpaiHi B ramy3i
(hi3uKH Ia3Mu Ta KEPOBAHOTO TEPMOSICPHOTO CHH-
Te3y 3a PiK, a TAKOXXK KOOPAWHAIS WX JAOCIHIIKECHb.
Kongepentito 6yno mposeneno Ha 0azi [HcTHTYTY
snepanx  pociimkerb HAH VYxkpaian (IS1]]) npm
cnpusiHHi  [HCTHTYTY TeopeTwdHoi Gi3WKH  iM.
M.M. boromo6oBa HAH Ykpainu (IT®). Hero 6ymno

MPOJIOBIKEHO Cepito KOH(EPEeHI[iH, 3aII04aTKOBaHy B
Kuesi (IS - 1992 p.) i mpomoBxkeHy B XapKoOBi,
Anymrri Ta Kuei Ha 6a3i HHL] “XapkiBcekuii ¢izu-
ko-texHiuHn# iHcTuTyT” (XDTI) Ta [A[ mpu cripu-
saHi [T®. JleranbHy iHbopMarito nmpo xoH(pepeH-
IiF0 PO3MIIIIEHO Ha BEO-CTOPIHIII

http://www kinr kiev.ua/UCPPCF/2009.html

Temarnka KoH(epeHLil ckiiajanach 3 TaKUX Ha-
MPSIMKIB:
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- TEPMOSICPHI MPHUCTPOI 3 MarHiTHUM yTpPHMaH-
HSM TIJIa3MH

- iHEepUiHHUNA TEPMOSACPHUN CUHTE3

- PEaKTOpHi acreKTn

- 3arajgbpHi MUTaHHS Qi3UKH TU1a3MHU

- JIa3MOBA EJIEKTPOHIKa

- I1arHOCTHKA IUIa3MHU

- IJ1a3MOIMHAMiKa

- Ta30BUU po3psiy

- IJIa3MOBI TEXHOJIOT11

- (pi3uKa KOCMIYHOT MJIa3MH

Ha xou¢epenuii Oyno mpezacraBieHo 22 yCHHX
Ta 17 CTEHIOBUX IOIOBIIEH.

VYcHi gomosii:

B.1. Tepemmn. locmimkenns 3 Gpi3uky mia3mMu Ta
KTC B inctutyTi ¢izuku mrazmu HHI[ XDTI

S1.1. KonecHnueHnko. AHOMalbHUH TpaHCHIOPT 1
o0epTaHHs MJIa3MH, COPUYMHEHI HECTIHKOCTSIMH Ha
EHepriffHuX 10HaX y TOKaMakax Ta crejapaTopax

E.JI. CopokoBwii. Ilepexin B peskuM MOKpAIICHO-
ro yTpuMaHHS B TopcaTpoHi Y-3M mpu piaKiCHHX
3ITKHEHHAX MK YaCTHUHKaMH TIJIa3MHU

B.B. Jlynenko. ®@imboH MoJa y CTHCITUBIN TUTa3-
Mi

M.I. TapacoB. [luHamika eJIEKTPOCTATHIHHX
¢baykryarniit mepudepiiiHoi muasMu TopcaTpoHy Y-
3M npu mepexoai 10 peKUMY MOKPAIIEHOIO yTPH-
MaHHS

€.0. KazakoB. Acumerpist posmoxiny BY mons
MIpH HArpiBaHHI MJIA3MU 3 TIO3/I0BXXHIM CTPYMOM

I.M. Onumenko. KoHrmemnmisg Iuia3MoBOro Jiel-
TOHHOTO KoJaiaepa

B.A. barypin. BucokoiHTeHCHUBHE Kepeno He-
TAaTUBHUX 10HIB BOAHIO I I0HHUX TEXHOJIOTIH

IO.M. TonoukeBnd. [Ipo MOXIMBiICTH BHKOpHC-
TaHHA NEPEXiJHOTO BHUIIPOMIHIOBAHHS €JIEKTPOHHO-

HIOPTYHUK - 2009

ro 3ryCTKy 3 TPHUKYTHHUM HOpodiseM KOHLIEHTpawii
JUIS 1IarHOCTUKY HEOTHOPIIHOI TU1a3MHU

C.I1. Ayneup. JocmimKeHHs! YMOB CTBOPEHHS I10-
3UTUBHOTO TPOCTOPOBOIO 3apsdy B KOAKCiaJIbHIH
CHCTEMi 3 MarHiTHOIO 130JIAII€I0 eNEKTPOHIB

L.€. Tapkyma. JlocmimkeHHs Kepena MIbHOT
TUIa3MHU Ha OCHOBI MarHiTOImIa3MOBOTO KOMIIpecopa

B.A. Xosrsaucekuii. [Ipobnema BU3HAYECHHS cTa-
HY HEpiBHOBa)KHOCTI €JIEKTPOIYyTOBO]I I1a3MU

O.A. Heaubanrok. JluHamivHa T1a3MOBO-PiIMH-
Ha CHUCTeMa 3 3aKaJIKOI0

K.II. Hlampaii. EnekTpomMartitTHi moss Ta HOTJIH-
HaHHS BY MOTYXHOCTI y BEJIMKOMY JIBOKAMEPHOMY
TeJIIKOHHOMY JIKEPEIi 3 JIIeIEKTPUYHOI0 TIEPEropo/i-
KOO

A.I'. bopucenko. Ilpo 3amanioBaHHS Ta TOPIHHS
BaKyyMHOTO JIyTOBOTO PO3psiny B mapax Iudy3HO
BUIIAPOBYBAHOTO aHOIY

B.®. Cementok. ['enikoHHO-IyTOBa pO3psiaHa CH-
cTeMa Mpenun3ifHoTo GOpMyBaHHS HAHOCTPYKTYP

O.A. ®enoposud. BrumBs mapaMmerpiB Heigeansb-
HO1 BOJIHEBO-KHCHEBOI TJIa3MU Ha KOCQIIIEHTH PO3-
nazgy

B.b. IOdepos. EnexrpomarniTHa mia3mMoBa ycra-
HOBKA I IMITAIlifHOTO PO3MUIEHHS BiAmpanboBa-
HOTO snepHoTO manuBa. [lomepenHi pesyapTatu

B.C. Mapuenko. Hu3pko9acToTHI T7100aBHI ajTh-
(heHIBChKI MOIH B HHU3BKOIIMPOBHX TOKaMakax i3
3aXOIUICHAMH CHEPTIHHIMH i0HAMH

IO.M. €miceeB. Teopis KOIMWBaHb HEKOMITCHCO-
BaHOI €JIEKTPOHHOI IIa3MH 3 T0OABKOIO 10HIB (POHO-
BOTO razy

B.M. Jlamkin. BinuB 30HanbHUX Tedid Ha He-
CTiHKi ApetidoBi MO, 3yMOBIICHI TPAJIIEHTOM elleK-
TPOHHOI TeMIepaTypu
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MIXHAPOOHE HAYKOBE TA HAYKOBO-TEXHIYHE CTTIBPOBITHWLITBO

IIporsrom 2009 poky IHCTHTYT snepHUX DOCTiA-
XKEHb IIPOJOBXYBaB MIKHApOJHE HAyKOBE Ta Hay-
KOBO-TEXHIYHE CHIBpOOITHHUTBO 3 15 3apyOiKHUMH
HAayKOBUMHM SJCPHUMHU LIEHTPAMHU Ta YCTaHOBaMH, a
came: 3 HarioHanpHIM 1HCTUTYTOM siA€pHOI (Pi3uKH,
HarionansHoto naboparopieto I'pan-Cacco, VHi-
Bepcuterami | ta Il Pumy, ®aopenuii , Minany, m.
[MagoBa (Itamis), IacTuTyTOM simepHOi (i3UKH iM.
I'. HeBoguiwancekoro (M. Kpakis, Ilompma), [HCTH-
TYTOM SIA€PHUX AocHimkeHb (M. Bapmasa, Iloins-
ma), DESY (M. I'am0Oypr, Himeuunna), TexHiuanM
VYuiBepcuretom M. Miorxena, CERN (M. XKenena,
HIseitnapis), GSI (M. [dapmmrant, HimeuunHa),
Hamionansaum YaiBepcuteroM M. Ceyna, (IliBgeH-
Ha Kopest), Ta MinictepctBom enepretuxu CIIIA .

Binmin Teopii sapa B 2009 poui mpomoBKyBas
IUTIHY CHIBIPALIO i3 KibKOMa 3apyOiKHUMH Hay-
KOBUMH LICHTPAMH, a CaMe:

e Cyclotron Institute, Texas A&M University,
USA, S. Shlomo (B.M. Koomiers);

e Division of Mathematical Physics, Lund
University, S. Aberg. (B.M. Kosomiens, C.B. Pagio-
HOB);

e National Institute of Nuclear Physics, Florence
Italy, A. Dellafiore (B.I. AGpocimoB );

e PerenOyprcekmii  yHiBepcuTeT, PerencOypr,
®PH, M. Brack. (O.I'. Maruep, C.H. ®enoTkin);

e VuiBepcuter iM. M.Kropi-CxinanoBeskoi, M. Jlro-
ouin, [Tonpma, K.ITomopcekuii (d.0.IBaHIOK).

B pamkax cniBpoOITHHIITBA 3 YHIBEPCHUTETOM IM.
M. Kiopi-CknomgoBchKoOi po3paxoBaHi 0ap’epu moi-
Iy Baxkux siaep. PopMu siaep B3AOBXK JOJIMHHU TIO-
Iy BH3HAYaJIMCh 3a JOMOMOIOI0 PO3BHHYTOTO
B.M. CrpyTHHCEKUM MeTOAy MiHiMizalii eHeprii
Kparii 3apsikeHoi piguHd. BukopucTtoByroum TO-
norpagiuny teopemy B. CATenpKoro, 3ampornoHo-
BaHO MPOCTE, ajle JOCHUTh TOYHE HAOIVKECHHS JUIs
MMOBHOI BUCOTHU 0ap’epiB siaep.

EdexruBHa MikHapoIHA TisSUTBHICTH MTPOBOAMTH-
cs i y Bimmim ¢i3uku JenToHiB. B moTouHOMY porri
CHIBpOOITHHKH BIAMUTY TPOJOBXKYBAIM HAyKOBI
JOCIIPKEHHST B paMKax TaKUX MIKHAPOJHHUX KOJia-
Ooparriii:

e SuperNEMO (®panmis, Bemuka bpuranis,
CIIA, Pocis, Icnanis, fAnonis, Yexis, DiHIIHIIA,
VYxpaina, [Tonsima, CaoBaqunHa).

e DAMA (VuiBepcureru Pum 1 i Pum 2, Hariona-
npHa nabopatopist ['pan-Cacco, ITamis).

e EURECA (Benuka bpuranisa, Himeuunna, ®pan-
uist, LIEPH, Pocist, Ykpaina, Icnianis).

e BOREXINO (Itamis, Himeuunna,
CILIA, Pocis, Yropuuna, Ykpaina).

OpaHnris,

YV 2009 p. cniBpoOIiTHUKaAMHU BiIIidy 3 BUCHUMH
Itanii (YuiBepcuretu [ i Il Pumy ta Hamionanena
naboparopis ['pan-Cacco) oTpumani 0OMEKEHHsI Ha
Mepiofy HamiBpo3Maay AJsl MOUIYKY Pi3HUX MOJ i
kaHaniB 2P posmamy isoromis °*°Zn ta ' '¥W;
npoBoaminocs BuBueHHs 2B2v posmazy Mo Ha
36ymxennii pisers'"’Ru 3a 10MOMOro0 HH3bKO(O-
HOBUX HaITiBIPOBITHUKOBHX JETEKTOpiB. B pamkax
MikHapoaHux mnpoektiB NEMO ta SuperNEMO
3aiiicHIOBaNMCs Taki poOOTH: po3poOKa CIMHTHIIS-
Topy s Kanopumerpa SuperNEMO; po3BUTOK re-
Hepatopa nonii DECAYO0; monmentoBaHHs mepenadi
Ta 30mpanHs cBiTia 3a gonomororo GEANT4. V
criBpoOITHHITBI Bijainy 3 OkchOpACHKUM YHiBEp-
CHUTETOM TpHBaJia Po3po0Ka Ta IOCIHIHKEHHS HOBUX
CHMHTHIIATOPIB I BUKOPUCTAHHS iX SIK KPIOTEHHUX
JETEKTOPiB YaCTHHOK TEMHOI MaTepii.

[Ipotsrom 2009 poky yCIHilITHO MPOJIOBXKYBAIOCH
CIIBPOOITHHUIITBO BIAJLTY AACPHUX PEAKINi 3 pAIoM
HaykoBUX ycTaHoB Itanmii, Pecny0mnixu Kazaxcraw,
Pocii, a came:

e criBpoOiTHHITBO 3 HAI'Tl “lHCTHTYT simepHOi bi-
suku” PI'TI “HamionanpHOro simepHoro 1eHTpy Pec-
nyOiku Kazaxcran” HampaBjieHe Ha JIOCIIPKCHHS
peakuiit B3aemozii >*He 3 supamu (mpyskHe, Henpy-
YKHE PO3CISIHHS, IOBHI ITepEePi3n PEeaKItii ).

e cmiBpoOiTHUIITBO 3 OO0’e¢aHannM [HCTHTYyTOM
sanepHux nociimkens (dyOna, Pocis). Y pamkax
I[LOTO CITIBPOOITHUIITBA JOCITIIKYIOThCS BIACTUBOC-
Ti JIETKUX HEUTPOHHO-HAMJIHUIIKOBHUX AJEP B PEaKLi-
X 3 BTOPDUHHUMH Ty4kaMu. CHiBpoOITHHKH BiIILTY
SIIEPHUX PEaKIiil BUKOHYIOTh HAYKOBI JOCII[KCHHS
B paMKax yyacti Ykpaiau B OISl , (M. yOna, Po-
cif) 1, 30KpeMa, B paMKax CHijgpHOro mpoekty HAH
VYxpainu — Pociiicbkuii  GoHx  dyHIaMEHTaIbHUX
JIOCIIIIKEHD.

Bigmin ¢i3uku BHCOKMX €HEprii MpPOIOBKHB
CHIBIpaIIo0 B paMKax YTOJW NpPO CHiBPOOITHHIITBO
mix HaykoBum Llentpom ®PH Deutsches Elek-
tronen-Synchrotron (DESY, Hamburg) Ta IHCcTHTY-
ToM sipepHuX nocmimkens HAH Ykpainn B ramyssx
(Gi3UKK eneMEeHTapHUX YacTUHOK, (i3UKH IMPHUCKO-
pIOBauiB Ta BUKOPHCTAaHHA CHHXPOTPOHHOTO BH-
MIPOMIHIOBaHHS. BHKOPUCTOBYIOUM daHi €KCIIepH-
menty HERA-B (DESY, Hamburg) mo renepaii
JUBHUX Ta YapiBHUX YaCTHHOK B 3ITKHEHHSX MPOTO-
HiB 3 sapamu nipu eHeprii 920 I'eB Ta ix iHTepmpe-
taiito B pamkax moxaeni EPOS, nociimkeHo BIUIUB
SICPHOTO CEepEelIOBUIa Ha MPOLECH I'eHepalii IuB-
HUX YaCTHHOK. JIpyruil Ba)KINMBHUA HANPSIMOK MiXK-
HapOJHOI CITIBIpAIll BiJJIUTy BEIETHCS B paMKax
Memopanaymy mpo B3aemMopo3yMmiHHS mpo crmiBpo-
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oiTaumTBO B moOymoBi LHCb merexropa mixk IS/J1
HAH VYxkpaimm Ta komabopauietro LHCb (IIEPH,
XKenesa , IlIBetinapis.) IIlpomMmonensoBano pi3Hi Ka-
HaM po3naay B-Me30HIB, IO yTBOPIOIOTHCS B pe-
3yNbTaTi 3iTKHEHb NPOTOHIB NpHu eHeprii 14 TeB.
3anpornoHOBaHO AOCHTIJKCHHS PIIKUAX pajialiiiHux
KaHaJiB po3nagay B-mMe30HiB, Sk MOTEHIIHUX HOCIIB
JMaHuX Mpo (Pi3WdHi ABUIIA 11032 MEKaMH CTaHIAApPT-
Hoi Mojeni. CTBOpPEHO mporpamHe 3a0e3MneueHHs
U1 00pOOKH eKCIIepUMEHTAITLHUX PEe3yJIIbTaTiB.

Takox cimig 3a3HAYNTH, MO0 Y IMMOTOYHOMY POITi
npoaoBxyBajocs ciBpoOiTHUITBO 3 CERN — kona-
6opaniss RD-50 3 pagiauiiiHoi cTiHKOCTI HamiBIOpO-
BiTHUKOBHUX JETEKTOPIB.

Y Bigain ¢izuku TBepgoro tima B 2009 porri
MPOJIOBXKyBalach criBpoOiTHULTBO 3 CEA/DAM lle
de France, Service de Physique Nucléaire, Bruyéres-
le-Chatel, France, V.Me¢éot, N. Pilet, G. Gosselin,
P. Morel (O. 4. I31005iMK) 3 KyJIOHIBCBKOTO 30Yy-
JDKEHHS Ta PO3PSIIKH SIIep MPH B3a€EMOIT 3 €JIeKT-
poHaMH B TapsAdid Tua3mi. Y CHIBAPYXKHOCTI 3
Hentpom pamiamiiHOi MEAWIMHH — YHIBEPCUTETY
Bononronry, ABctpanisi Ta [HCTUTYTOM MiKpomnpu-
nmamie HAH VYkpainn 1ociiKyeThcsi MOMKIIHUBICTD
Bukopucranus PIN miomiB mns mo3umMerpii B 3Mima-
HUX nporoH-HelTpoHHux moisix  (O.C. 3inens,
L.€. AHoxiH). Bignin Gepe y4acTs y CHITBHHX Hay-
KOBUX JIOCHI/DKCHHSX 3 NIBEJCHKUMH KOJIETaMH
(YuiBepcurer M. Jlinuominr, IllBemis) mo mocii-
JDKEHHIO TUIa3MOBHX €(eKTiB B TEpIOAWYHHX Ta
arnepioMYHUX CTPYKTYpax HAHOYACTHHOK 3a MpO-
rpamoto Bicoi.

3a 3BITHMH Nepiol BiAAIIOM Teopii simepHOro cu-
HTEe3y B MapTHEPCTBi 3 [HCTUTYTOM (i3WKH TIa3MU
Makca Ilmanka, Himequnna, Ta Jlaboparopiero ¢i-
3ukH 1iasmu [lpuHcroncskoro yHiBepcutery, CIIIA
BIIKPUTO HOBE SIBHINIC KaHATIOBAaHHS €HEPTii Ta iM-
MyJIbCYy TpY 30yPKEHHI HECTiKoCTel Mma3Mu eHep-
rifiauMu ioHamu. lle HOBe sBHINlE CBIAYUTH PO TE,
IO pOJIb HECTIMKOCTE! Ha €HEePTiHUX 10HAX y MiXK-
HapomHomy peaktopi ITEP Ta maiOyTHIX Tepmo-
SIEpHUX peakTopax Moxe OyTH 3Ha4yHO OiNBLIOIO,
HIX MPUIHATO BBAXKATH.

Bignin 3amodatkyBaB TpsMe CITIBPOOITHHIITBO 3
IHcOpyubkuM yHiBepcuteToM (ABctpis) Ta Kanem-
cekuM HaykoBum Llentpom (AOGinrmon, Benmka
Bpuranis). CriBpoOiTHUKaMH BiAITy BHKOHAHO
®dokep-IlnaHkiBcbke MOJCTIOBAHHS 10HIB 1HXKEKIT
ta anbda-yactuHoK DT cuutesy B JETi Ta ITERI.
[IponemMoHCTpOBaHO Yy TIHMBICTE (DYHKINIT PO3MOALITIB
MIBUIKAX 10HIB IO OTeparlifHuX CIleHapiiB ToKama-
Ka-peakTopa Ta MiATBEPKEHO MEPCIEKTUBHICTh Y-
TIAarHOCTUK, M0 0a3yIOThCS Ha SACPHUX PEAKITISIX
TaKkUX 10HIB 3 iI0HAMHU JOMIIIOK OEpWITIF0 Ta BYyTJIC-
mro. CriBpobitHuku Bigminy (B.S. T'omobopoabpko,
C. M. Pe3nuk, B.O. SIBopchkwmii) CIiIbHO 31 CITIBpPO-
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OITHUKAMU Acomiamii EURATOM-CEA,
CEA/DSM/DRFC (®panuist), Kanemcrkoro Hayko-
Boro Llentpy (Bemuka bpuranis) ta [HCTUTYTY Teo-
petndHoi ¢izuku [HCOpyKCchKOTO YHiBEepcuTeTy (AB-
CTpisi) MPOBEACHO JeTanbHE NPOTHO3HE MOMAEIIO-
BaHHs ajb(a-4acCTMHOK CHHTE3y A 0a30BHX clie-
HapiiB B ITERI.

VY Bigaini Teopii muazmu B 2009 poui mpoaoBxKy-
Bajioch criBpoOiTHULTBO 3 Kyushu University, Fu-
kuoka, Japan, Prof. S.Shinohara Ta Tokai
University, Kanagawa, Japan, Prof. T.Tanikawa
(K.II. IIampait) 3 mocmimxeHHs (i3WYHUX MPOLECIB
y IUIa3Mi BEJMKHUX TeJIIKOHHUX Jkepen. Posmouaro
crigpHI poboTu 3 Australian National University,
Canberra, Australia, Prof. Yu. Kivshar (B.M. Jlam-
KiH) 3 BUBUEHHS HEOJTHOBUMIPHUX CTPYKTYpP y HEJi-
HIMHUX cepefoBumax. [IpomoBKyBaMCh CHUTHHI
nocuimkenast 3 Centre National de la Recherche
Scientifique (CNRO), Orleans, France,
Prof. V. Krasnosel’skikh (}O.O. 3amiznsk) 3 mome-
JIIOBaHHSI TOUIMPEHHS €JEKTPOMArHiTHUX XBWIb Y
MarHiTocgepi 3emi.

3a 3BITHHI epioJl BiUIUT AOCHTITHUIIBKOTO peak-
topa BBP-M (3aB. Bimminy n.¢.-m.H B. 1. Cricenko )
YCHILTHO TPOJOBXKYBAIOCH CIiBpoOiTHHITBO 3 Ha-
IIOHABHOIO aJAMIHICTpaIi€ero AaepHoi (iznaHoi 6e3-
neku (MinictepctBo enepretuxu CIIA), sixe cnps-
MOBaHE Ha IIIBUINEHHSI O€3MeKH TOCIITHULBKUX
peaktopiB. Y Bigaini 3xiCHIOBaBcA MpUHOM (axiB-
uiB i3 CIILA, saxi 3amydeni 1o npobiem simepHoi 0e3-
neku (0mu3bko 21 ocib - 3 HUX paj (axiBIB BilBi-
nysaiu IS1]] meomHopas3oBo.) B pamkax mixkHapon-
HUX TIPOEKTIB OOTpyHTOBaHa Oe3reKa JOCIiTHHUIIb-
koro peakropa BBP-M Ta onHouacHe BUKOPUCTaHHS
BHCOKO- Ta HM3bK030araueHoro naiauea. Po3poOieHa
1 y3romxkena 3 JlepkKaBHUM KOMITETOM SIIEPHOTO
perymioBaHHA YKpaiHU JOKyMEHTAllil IO BHUBO3Y
BiJpalboBaHOTO ManuBa 110 Pocii.

B 2009 poui lLlentp exonoriyHux mpobdiem
AaTOMHOI €HEepPreTHKH 3alo4aTKyBaB CIIBIIPALO 3
MinictepcTBoM 6i3HECy, MIANMPHUEMHHULITBA 1 3aKOHO-
nmaBunx pedopm Benmukoi bpuranii mis opranizarii
BHPOOHHMIITBA 1 peajizamii mpenapaTiB HOmxy 1 Tex-
merito B 2010 — 2011 pp.

[potsrom 2009p. Binain HEHTpOHHOT Hi3HKH yC-
MIIIHO 3aBEPIIMB POOOTY B paMKax MIiXXHAPOIHOTO
npoekty YHTIL mo cTBOpeHHIO CydacHOTO BHPOO-
HUITBA T4 METOAMKH cepTH(]IKallii yisi BUPOOHUIIT-
Ba pajioi30TOMHOT MPOAYKIIi M1 HAYKH, MEAUIIMHN
Ta MIPOMHUCIIOBOCTI

[IpoBeneHO PO3paxyHKOBI JOCTIKEHHS Ta TEX-
HOJIOT1YHI PO3pOOKH U OACp>KaHHsS PaAioi30TOIiB
Ha JOCTiAHHUIBKOMY peaktopi BBP-M Ta BUTOTOB-
JICHHSI 3 HUX HEOOXiJHOI pajioi30TOMHOT MPOMYKIIil
U pisHUX cdep BuKopucTaHHA. [loka3aHo BIUIMB
CHEKTPaJbHOTO CKJIady HEHTPOHHOIO MHOJS B OINpO-
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MIHIOIOUHX 00’€Max peakTopa Ha BUXIJ IUIOBHUX
Panioi3oToIiB Ta Paaioi30TONHY YHCTOTY OMpPOMiHe-
HOTO TPOAYKTY (Ha MPUKIAI OJCpKaHHS Pajioi3o-
tomiB Mo, '®*Ta ta '"’Ir). Ilmanyerscst po6oTa 1o
MPaKTUYHOMY BITPOBAJPKEHHIO Ha JOCHITHUIIBKOMY
peakropi BBP-M nonepenHix po3po0ok Mo onTUMi-
3amii Mmpolecy HaKONMMYEHHS pPajioi30TOINB, SK BH-
XigHOTO Marepiany mjs 3a0e3medeHHs moTped mo-
CJIITHO-TTPOMUCIIOBUX BUPOOHUIITB HE JIUIE B YKpa-
Hi, ane i B iHmMMX KpaiHax periony. Koopaunamis
CHiBpOOITHHIITBA Oyne 3IIHCHIOBATHCh B pPaMKax
€Bpasiticekoi Koauminii TOCTIAHUIBKUX PEaKTOPiB
(EARRC), crtBOpeHoi 3 iHIIIaTUBH Ta MiA €rigolo
MATATE.

VY pamMkax 1IbOTO CHiBpOOITHUITBA Y KPaiHCHKOTO
LHEHTPY sAAepHUX naHuX 3 CeKIi€l SACPHUX JaHUX
MAT'ATE BHKOHaHO KOMIUIALIIO €KCIIEPHMEHTANb-
HUX JaHUX MPO B3AEMOZIIO siiep 3 HEUTpOHAMH, 3a-
PAPKEHUMH YaCTHHKaMH Ta (DOTOHAMH, OTPUMAaHUX
YKpaTHCHbKMMH BYCHHMH Ta OITyOJiKOBaHUX B yKpai-
HCBKHX Ta 3aKOPJOHHHUX HAYKOBUX JKypHajax i BH-
nannsx. Jlani npencrarneno B popmati EXFOR s
BKJIFOUEHHS JI0 CBITOBOTO OaHKY €KCIIEPHUMEHTAJIb-
Hux paamx CSISRS. 3nxilicHroBanoch po3moBCrO-
mxeHHs B Yipaini (YISA®, KHY, K1) mixxuaapos-
Hux 6a3 spepHux ganux CINDA, EXFOR, tomro.

Pob6orta VYkpaincekoro nenrpy INIS Oymna nari-
JieHa Ha O3HAaHOMJIEHHS MDKHApOJHOI CIIJIHHOTH 3
HAHOBIIIUMH POOOTaMU YKpaiHCHKUX BYEHHX 3
SIIEPHOT TEMATHUKU. 32 KUTBKICTIO TAKUX ITyOJiKaIii
VYkpaina crtabinpHO 3aiimae 9-te micue cepen 142
KpailH Ta MDKHapOIHUX oOprasizamid. Baxmnoro
IinsHKOI0 poboTu € HamaHHA iHpopmanii INIS Hay-
koBIsIM [S1]] Ta iHmMMX opranizarliif, a TakoX aHaIIi3
i€l iHpopmanii s meBHux notped. LlenTp akTus-
HO TIpUIIMaB YYacThb B PO3MOBCIOJKCHHI HAyKOBOI
inpopmarii INIS B Ykpaini (XDTI, inctutyrn HAH
Ykpainu, yHIBEpCUTETH) Ta 11032 MEeKaMH Y KpaiHu.

CriBpoOiTHUKM HaByansHOTO HEHTPY 3 (Pi3UYHO-
r0 3aXUCTy, OONIKY Ta KOHTPOJIO SAEPHOTO MaTepi-
amy iMm. JDxopmka Kysmuga pospobmmu B 2009 p.
HaBYAJILHO-METOJIUYHI Martepianu (IUIaH Kypcy, Io-
CIOHHMK BHKJanava, MOCIOHWK clyxada) HaBYaIbHHX
KYpCiB:

e AmHami3 i MOIETIOBAHHS CHCTEM (DI3MIHOTO 3aXH-
cTy.

e BusHaueHHs 0cOOIMBO BaXIIUBHUX 30H.

e MeToa00Tis OI[iIHKHA BPa3IUBOCTI.

e [lepeBipka mpane3gaTHOCTI CUCTEMHU (PI3ZUIHOTO
3aXHCTY.

IIpotsrom 2009 poky Llentp npuitasas 34 creri-
anicTiB B 067acTi 001Ky, KOHTPOJIO SIIEPHUX MaTe-
pianiB Ta izuyHOTO 3aXMUCTy 3 TakuX KpaiH — CLLUA,
Himeuuunu, Ascrpii, Jlatsii Pocii. Cepen Hux BH-
cokokBamiikoBani (axiBmi, SKi UYNUTAIOTh KypCH
TEKIiH I TIepCOHAy aTOMHUX CTaHIIKA Ta 1HIIHMX
3aJIyICHUX YCTaHOB. byro mpoBeneHo 5 perioHaisb-
Hux kypciB MATATE. Kypcu BuknanaBcsi iHCTPyK-
topamu MAT'ATE ta Ykpainu. Cnyxauamu KypciB
Oymu 174 ocobu, 3 HUX 54 iHO3eMHI IPEICTaBHUKH.

OxpiM croiBpoOITHHIITBA 3 TPOBITHUMH HayKO-
BuMH neHTpamu €Bponu ta CIIA ISI/I mpoBoauTh
CHIBIpalO 3 HAYKOBUMH YCTAaHOBAaMH OJIM)KHBOTO
3apyOikoKs, a came:

e 3 [HcTuTyTOM simepHoi ¢isuku PecnyOniku Y30e-
KHUCTaH

e 3 JHcTuTyTOM aromHoi eHepretuku (M. OO0-
HIHCBK)

e 3 [HCcTUTYTOM sinmepHOi ¢izuku PI'TI “Hamionans-
HOTO sifepHoro 1eHTpy Pecrryomiku Kazaxcran™

e 3 O0’exHanuM [HCTUTYTOM SIIEpHUX AOCTiIKECHD
(M. [ly6Ha)

e 3 [HcTHUTyTOM
(M. Mockga)

e 3 IlHcTuTyTOM Heopraniunoi ximii (M. HoBocu-
OIpCBK).

[potsirom 2009 p. cniBpoditHukamu [1]] HAH
Vkpainu Oyno 3xificieno 107 3aKopAOHHUX Biaps-
IDKEHb, 13 HUX 54 — Ui BUKOHAHHS HAayKOBOI po0o-
TH, 16 — Ha cTakKyBaHHS Ta 37 — I ydacTi y poOoTi
MDKHapOAHUX KOH(epeHLii, CUMIT03iyMiB, Hapas.

[IpoBigHUX yYeHWX IHCTUTYTY TOCTIHHO 3ampo-
LIYIOTh AJISL y4acTi y HPeACTaBHULBKUX MIKHApo[-
HUX (QopyMax 3 METOI0 MpPEJCTAaBICHHS HayKOBUX
b1 (0] (0): 301 (537

[Ipotsirom 2009 p. B IS HAH VYkpaiau Oyio
MPUHHATO 155 1HO3eMHHUX BUEHUX Ta CICLIATICTIB i3
CIIA, Agcrpii, Himeuunnu, [Tonsmii, Benukoi bpu-
taHii, [3paimo, Yexii, Kopei, benprii , Bkmtoyaroun
y4JacHHUKIB MiDKHApPOTHUX KOH(EPEHIIIH Ta HapaI.

[MinTpumyBanuck peryinsipi 38’3k 3 MAI'ATE
3 MOTOYHMX nuTaHb. JJo [HCTUTYTY perynspHoO mpu-
3aunu excieptu MAT'ATE 3 Metoro mnpoBeneHHS
MOTOYHOI 1HCHEKIIi JOCTIIHUIBKOTO peakTopa
BBP-M Ta mepeBipku craHy 30epekeHHs Bimpa-
LILOBAHOI'O SIICPHOTO NajiBa Ta HajaHHs iH(opMa-
LiHHOT JOMOMOTM IOA0 Oe3MevHol eKCIuTyaTari
peakropa.

snepHux  gocuimkensr PAH
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[MIEPCOHAJTII

o 80-piuust 3 nust HapoxxeHHsA B. M. CTpyTHHCBKOT0

16 mucromana 2009 p. BunoBHmWIOCH 80 POKIB 3
JHS HApOJDKEHHS BUJATHOTO YKPaiHCHKOTO BYEHOTO
B Taigy3l TEOpeTWYHOi simepHOi (Gi3WKH, UIIeHa-
kopecnionenTa HAH Vkpainu, npodecopa Crpy-
THHCBKOTO BineHa Mutpodanosuya (1929 - 1993),
SKMHA MpaiioBaB B [HCTUTYTI siIEpHUX IOCHIIKEHb
HAH VYkpaiam Ha mocasi 3aBiIyrodoro BiIaiioM
teopii siapa (1970 - 1991), ronoBHOTO HayKOBOIO
chiBpoOiTHHKA Bimminy teopii smpa (1992 - 1993).
16 - 17 mucromnama 2004 p.

CrpyTtuHCchKUI Binen MutpodanoBuy HapoauB-
cs 16 sxoBTHA 1929 p. B c. [lannnosa banka Kiposo-
rpajacekoi o0m. (momep 28 uwepBHs 1993 p. B Pumi,
Itanist). 3akiHumB XapKiBCHKUI JiepKaBHUH yHIBEp-
cutet y 1952 p. HMoro TpynoBuii muIsx posmnoyascs B
1953 p. B [ncturyTi aromHoi eneprii im. [.B. Kypua-
toBa. Y 1967 - 1970 pp. B.M. CtpyTHHCHKUH TIpa-
IIOBaB SIK TOCTHOBUH mpodecop B [HcTuTyTi iM. Hi-
neca bopa B M. Komenraren (/laHis), 1e o4oitoBaB
MDKHApOJHY Tpymy BueHuX. 3 oBTHA 1970 p. mpa-
oBaB B IHCTUTYTI sjepHuX npociimken HAH
VYkpainu B Kuesi.

B.M. CtpyTtuHCHKHI Bimomwuii sk aBTOp (yHHa-
MEHTAIBHUX Mpalb [0 BHU3HAYCHHIO KYTOBUX PO3-
nofiniB ¢parMeHTiB nmoxiny snep (dhopmyrna Xanb-
nepHa - CTPYTHHCBKOTO), a TaKOX YaCTHHOK, fIKi
BHIJIITAIOTh 3 KOMIIAYHI-SAEp, M0 00epTaroThes ((do-
pmyna Epikcona - CTpyTHHCBKOTO), i TBOpELb Me-
TOIy PO3paxyHKy IMOBHOI €Heprii 3B’s3Ky siapa —
METOay OOOJOHKOBHX TIIOMPABOK, SIKHHA ITi3HIIIE
OTpUMaB HOTro 1M’s.

Y pamkax MeToAy OOOJOHKOBHX IIOHPABOK
B.M. CtpyTtuHCEKHH Tiepe0aynB iCHyBaHHS 3HA4-
HO1 000JIOHKOBOI CTPYKTYPH HYKJIIOHHHX CIIEKTPIB Y
CHWIILHO NIe(OpPMOBAHMX siApax (aHaloTiyHa 30HHIH
CTPYKTYpi €JIEKTPOHHUX CITEKTPIB Y KPHCTAJaX), sKa
PETYNApHO BHWHHMKAE TPU TEBHUX JedopMarisx
aToMHOTO sipa. Ha 1iif ocHOBI OyJI0 BCTaHOBJICHO
ICHYBaHHS TPOMDKHOTO BiIHOCHO CTIHKOTO CHJIBHO
neopMOBAHOTO CTaHy Y BaXXKHX sAApax (ypaH - Ka-
TigopHii).

Teopis B.M. CTpyTHHCBKOTO HE TiIbKH MOSCHU-
ma 6araTo BiIOMHX OCOOJMBOCTEH TIPOIECY IMOALTY
siIep, ane i mepeadadynia HOBI BIACTHBOCTI, JOCUTh
HE3BUYHI 3 TOYKH 30pY TPAAMLIAHHUX YSBJIEHb TEOPii
Hinmsca bopa. [lomambmni iHTEHCHBHI JOCIIHKCHHS
Ta €KCIIEPUMEHTH TMOBHICTIO MiATBEPIMIN TEOPETH-
4Hi BUCHOBKH B.M. CTpyTHHCBKOTO. 32 JOIIOMOT0I0
Teopii CTpyTUHCHKOrO Bepiue Oyiu MpoBeaeHi Ki-
JBKICHI PO3paxyHKH Mac, piBHOBAXHUX Je(opMartiii
saaep, 0araTboX BIACTHBOCTEH siaep, M0 IUIAThCS, i,
0COOIMBO, CTaOIMBHOCTI HAABAXKKHX saep. Bona
OTpHUMaJa MUPOKE BU3HAHHA 1 BXOAUTh B OCHOBHUII
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¢$oHx cyuacHol snepHOi (i3uKu.

3naune micue cepen podit B.M. CTpyTHHCBKOTO
Ta HOro CmiBpOOITHUKIB 3aiiMae po3poOka Teopii
KOJIEKTUBHOTO PyXy B aTOMHHX S/Ipax 3 BEJHKOIO
aMILTITYyIOI0 Ta CKiHYEHOIO MIBHIKICTIO pyXy. byro
[I0KA3aHo, 110 NPH ANEPHOMY KOJIEKTHBHOMY pYCi 3
BEJIMKOI aMIUTITYIOK0 BiI0OYBa€ThCS MEPEPO3MOILT
YaCTHHKOBO-JIPKOBHX 30y/KeHb, IO BiATOBimae
MePEX0y IO MAKPOCKOIYHOTO PEeXUMYy Aedopma-
il Ta yTBOPEHHIO JWHAMIYHOTO OCHOBHOTO CTaHY
sapa.

[lependauene B.M. CTpyTHHCHKHUM SBUILE iCHY-
BaHHS 00OJIOHKOBOI CTPYKTYPH B CHIIBHO JIe(hOpMO-
BaHMX SIpax Ta yTBOPEHHS METAacTalOiIbHOTO MpO-
MIXXHOTO CTaHy B MPOILIEC] MOy 3apEECTPOBAHO SIK
BigkputTa CPCP (Ne 200, 1977 p.). 3a mocmimkeHHs
B 00J1aCTi Teopii 000JIOHKOBOI CTPYKTYPH, MOJIITY Ta
crabinpHoCTi simep B.M. Ctpytuncekomy B 1978 p.
MIPHUCYIKEHO TpeMiro 3 simepHoi (isuku iM. T. bore-
pa AMepuKaHCBHKOTO (i3nuHOro TOoBapucTea. Y 1979
p. B.M. CtpyTHHCEKOMY NPHUCBOEHO 3BaHHS MOYeEC-
HOT'O IOKTOpa Hayk KomeHrareHchkoro yHiBepcuTe-
Ty. ¥ 1991 p. BiH OyB 00panuii WieHOM €BPOICHCH-
kol Akagemii Hayk Ta muctenrs (Tpiecr, ITamis).

Po6otn B.M. CTpyTHHCHKOTO 3HAXOMITHCS Ce-
ped HaWOLIBII 3HAYYIIHUX MOCHIDKEHL Y Teopil
aTOMHUX siaep. Bupasu “eneprermuyna Teopema
CTpyTHHCBKOTO”, “MeTOJ]] O0OOJOHKOBUX IIONPABOK
CrpytuHCchKOTO”, “nmBoropOuit 6ap’ep nmoginy Crpy-
TUHCHKOTO” IIUPOKO BBIMIIIM y CBITOBY HayKOBY
miTepatypy, MoHorpadii 3 Teopii smpa Ta sSpepHOi
bi3uKy.

Po6otn B.M. CTpyTHHCBKOTO OTpHMajad BU-
3HAHHS Ta IIUPOKO BiJIOMI CepeJI CICIiaiCTIB 3 sije-
pHOi ¢i3uku y BChOMY cBiTi. barato pe3ynbTaris,
OTPUMAaHMX HUM yTIepIlIe, BIAIrpaju BaXKINBY POIb Y
PO3BHUTKY Cy4YacHUX VsBIEHb TeOpii CKIaTHUX
aTOMHUX siyiep. BiH miaroryBaB BeNHKY KiIBKIiCTh
CTIEITIaIICTIB, 6araro WOro y4HIB CTaau KaHIHIaTa-
MU Ta JOKTOpaMHU Hayk, Ipod)ecopami.

I'muboka HaykoBa iHTYilis, mpodeciiiHa maiicTe-
pHICTH (hi3UMKa-TCOPETUKA, TOCTPUN KPUTHIHHMA ITiJT-
X171 10 poOOTH, YylHE CTABJICHHS JI0 JIOACH, ®KUBUH
iHTEepec A0 BCHOTO HOBOTO B HAyILi Ta KUTTi, IPUH-
IUIOBICTE 1 OE3KOMIIPOMICHICTH  CTBOPHIIA
B.M. CTpyTHHCbKOMY BHCOKHI aBTOPHTET cepel
BITUYM3HSHHUX Ta 3aKOPAOHHHUX YUCHHX.

B.I. A6pocimos, ®@.0. IBanIOK
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