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B Uucruryre sneproit ¢usuku CO PAH cosnan u QyHKUHOHHPYET YCKOPUTENbHBIH HCTOUHHK
HefitpoHoB VITA Ha 6ase yckopuTess-TaHieMa ¢ BakyyMHoH usonsuuedl. VITA Bkitouaer B cebs
OPHMTHHAJIbHBIH TAHJIEMHBIH 3/IEKTPOCTATHUECKHH YCKOPUTEJb YacTHL, (YCKOPHTENb-TaHAEM C BAKYyM-
HOH U30JIsLMeH) 1J1 MONy4YeHUs] MOHOIHEePreTHUeCKOro Mydka IIPOTOHOB HJIHM JEHTPOHOB C dHeprue
1o 2,3 MsB, tokom mo 10 MA. YcraHoBKa ocCHaileHa ~y-, a- ¥ HEUTPOHHBIMH CIIEKTPOMETpaMu
U JI03UMeTpaMH. YCKOPHUTE/b HCHO/Nb3YIOT A/ Pa3sBUTHA OOp-HEHTPOHO3aXBAaTHOH TepanuH 3J/0Ka-
UeCTBEHHBIX OINYyXoJeH, pafHalMOHHOIO TeCTHPOBAaHHs MepCIeKTHUBHbIX MaTepHa/oB U B MoOC/e[Hee
BpeMs JJISl H3MEpeHHsl ceueHHs slepHbIX peakuui. JlocToBepHOe ompejeseHHe JMHEHHON MJI0THOCTH
aTOMHBIX §11€p, B3aHMOAeHCTBYIOLIMX C MYUYKOM 3aps’KeHHBIX YacTHL, U NpUMeced, BIUSIOLIMX Ha
CKOPOCTb TOPMOKEHHS 3apsiKEHHBIX YaCTHL, KPUTHYECKH BaXKHO NPU H3MEPEHHMH CeUeHHs fIePHbIX
peakuu#i. CJ0KHOCTb ONpefiesieHHs] THX MapaMeTpPOB MOXKeT OOBSCHATb 3HAUMTesbHBIH pasbpoc
JaHHBIX O CEeYeHHMH SIepHBIX peakLHu#, NpejcTaB/iseMblX Pa3iHUHBIMU IPYNNaMM HccaeloBaTesned.
B pa6oTe mpejcraB/ieHbl pe3y/bTaThl M3MePeHHUs CeueHUH psja sepHbIX peakUMi, U 0coboe BHH-
MaHHe yJIeJeHO ONHCAHHUIO HCIOJb3yeMblX METONOB H3MEePeHHS TOJLIMHBI M 3/JE€MEHTHOIO COoCTaBa
TOHKHX HCCJeflyeMbIX CJI0eB, 00/ydyaeMbIX NMYy4YKOM MPOTOHOB HaHM AedTpoHOB. O6cyKpaeTcst MpH-
MEHHMOCTb 9THX METO0B M HUX TOYHOCTb, NIPUBOAUTCA CPaBHEHHe IMOJYYEHHBIX Pe3yJabTaToB U 00-
CY2KJal0TCs MPe//IOKEeHHUs 110 Pa3BUTHIO NHarHOCTHYECKOI'O KOMILJIEKCa YCTaHOBKM IJISl MPOBeJeHUs
JalbHEHIINX W3MEepPeHHUH CedeHHH SNEPHBIX PeakLUMH, NaHHble O KOTOPBIX BAaXKHBI JJIi MHOTHX IpH-
JIOXKEeHUH.
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The tandem electrostatic charged particle accelerator of the unique design, called the Vacuum
Insulated Tandem Accelerator (VITA), was proposed, created, and is now in operation at Budker
Institute of Nuclear Physics. The accelerator generates stable direct current proton or deuteron
beams with the energy up to 2.3 MeV and current up to 10 mA. It is equipped with -, a-, and
neutron spectrometers and dosimeters. The accelerator is used for the development of boron neutron
capture therapy of malignant tumors, radiation testing of promising materials, and more recently
for measuring cross-sections of nuclear reactions. The credible values of the cross-sections are
important for many applications. For measuring the cross-sections of nuclear reactions, the reliable
determination of the linear thickness of atomic nuclei, interacting with the charged particle beam,
and impurities, affecting the charged particle braking rate, is crucial. The difficulty in determining
these parameters may explain the considerable variation in the nuclear reactions cross-sections data
provided by different groups of researchers. The study presents the results of the cross-sections
measurements of a number of nuclear reactions and pays special attention to the description of
the methods used to measure the thickness and elemental composition of thin investigated layers
irradiated by a beam of protons or deuterons. The usability of these methods and their accuracy
are discussed; the comparison of the results obtained is given. The proposals for the development
of the diagnostic tools of the facility for further measurements of nuclear reactions cross-sections
are discussed.

PACS: 13.60.Hb; 29.25.Dz
BBEJAEHHE

VamepeHune cedeHHH sePHBIX peaKUMH B HACTOsIIee BPeMs BbI3bIBAeT OOJBIION HHTE-
pec A/ MHOTHX pa3/M4HbIX objacTeldl HaykH. Jl0CTOBEpHOCTb pe3y/nbTaToB 00yCJaBJ/KBa-
eTCsl TOUHOCTBIO NTapaMeTpoB dKcrepuMeHTa. OCHOBHOH BKJaJ B MOrPELIHOCTb Pe3yJbTata,
KaK MpaBUJ/O, BHOCHT Ipollecc ONpeleseHHs TOJIIMHBI UCMoJb3yeMod MuuleHH. [Ipenmno-
YTHUTEJIbHO He TOJbKO KaK MOXHO 00Jblle MOBBICHTb TOYHOCTb, HO U 0OeCHeuruTb MpUMe-
HeHUe HeCKOJIbKUX He3aBUCHMBIX CIIOCOG0B KOHTPOJIS TOJMIIHUHBL.

Mamepenus nonepeyHblx ceueHUH peakL Ui POBOAUINCH HA YCKOPUTENbHOM HCTOUHHKE
neitponoB VITA B Uucruryte sineproit ¢pusuku (HoBocubupcek, Poccust) ¢ momoribio -,
Q- 1 HEHTPOHHOTO CNIEKTPOMETPOB.

Iesb naHHON paGoOTBI COCTOUT B TOM, UTOOBI [I0Ka3aThb pasJjMyHble CIIOCOOH OMpesele-
HHS TOJILIMHBI UCC/IEIYyEMOT0 TOHKOTO CJIOSl Ha MPUMepe JIUTHEBOH U OOpHOH MHIIEeHEH NpH
B3aUMOJeHCTBUM C NIPOTOHHBIM U A€UTPOHHBIM MyYKaMH.

1. CXEMA YCTAHOBKH

HccnienoBanie MpoBOAKJIOCH HA YCKOPUTEIbHOM HcTOUHHKe HefiTpoHoB VITA B Unctu-
tyte sapepHoit dusuku (Hosocubupck, Poccust) [1,2]. Cxema akcrnepuMeHTasbHOH ycTa-
HOBKH IOKa3aHa Ha pHc. l. YckopuTeab-TaHIEM C BaKyyMHOH H30JsiHeH | HUCIONb3YyeTcs
IJIsl TIOJIyUeHHUsT MOHOSHEPTETUUHOTO My4Ka MPOTOHOB WM AEHTPOHOB ¢ 3Heprued ot 0,1
10 2,3 MsB (crabunbnocts 0,1 %), Tokom ot 1 HA mo 10 MA (crabuabnocts 0,4 %). Tok
NyyKa U3MepseTcs U KOHTPOJNHUPYETCS HepaspyLIalldM TPaHC(HOPMATOPOM MOCTOSHHOTO
toka NPCT (Bergoz Instrumentation, ®@panuus) 2. Ilyuok Hampa/isieTcss Ha MHUlleHb 4
4epe3 1-MM KoJsumatop 3.

2. OBCY2KJEHHE PE3YJIBTATOB

2.1. JIutueBas mumeHb. PazpaboTaHHasi uTHeBask MUILIEHb MIpeaCTaBJ/sieT COO0H TOH-
KHH CJIOH YHUCTOr0 MeTaJJIM4eCKOro JIUTHS, HAHECeHHBIH TepMHYeCKHM CIOCOO0M Ha TOH-
KyI0 MeIHYI0 MOMJNOXKKY. /s HambleHHs MCHOJb3YIOT NPUPOAHBIH JUTUH TPOU3BOACTBA
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Puc. 1. Cxema sKCrepuUMeHTaNbHOH YCTAHOBKH: | — YCKOPHUTENb-TAaHIEM C BaKyyMHOH H30JsiLHel;
2 — HepaspylIaUHi TpaHCPOPMATOP MOCTOSTHHOTO TOKA; 3 — KOJJIUMATOp; 4 — MHUIIEHHBIH y3es,
5 — a-cnekrpomerp mox yriom 135°; 6 — muuieHb; 7 — q-CrekTpoMerp mop yraom 168°

HoBocubupckoro 3aBosa XHMKOHIeHTpaToB. Cojep:kaHye H30TONA JHUTHH-7 B MPHPOILHOM
autuu Bapbupyetcs: ot 92,41 [3] no 92,58 % [4]; mbl Gynem najiee moJsiaraTh Colep:KaHue
JIUTHSI-7 B NPUPOJHOM JIUTHU PABHBIM CpPeHEMY 3HaueHHIO, a UMeHHO 92,5 %.

TepMuueckoe HamblIeHHe JUTHS Ha MUIIEHb B BaKyyMe OCYILECTBJSIIOT Ha OTAEJIbHOM
crenne [5]. Crenn mpencraB/sieT co00H BaKyyMHYIO KaMepy CO CPeACTBAMH BaKyyMHOM
OTKauKH, B KOTOPOH Ha BBOJ [BHMKEHHS C LIArOBBIM JBUTATeJeM YCTAHOBJEH THTAHOBBIH
CTaKaH C IJIOCKMM KepaMHUYecKHM HarpeBaTteseM HMH(ppakpacHoro uamydenus. Ilepen Ha-
TblJIEHNEM HeOOXOINMOe KOJHYECTBO JUTHS ¢ TOYHOCTbIO 0,1 Mr B3BeIIMBAIOT Ha Jlabopa-
TopHbiX MukpoBecax OHAUS (CILA) BHyTpu nepuatouHoro Gokca. Crnoco® HamblIeHHs
rapaHTHpPyeT pPaBHOMepHOe paclpelelieHHe JIUTHsS Ha MeIHOH MOmJoXKKe. TakuM o6pasom,
B3BellleHHOe KOJIHUEeCTBO JIUTHS JIETKO €PEeBOIUTCS B TOJILIMHY JIUTHEBOrO CJIOSI HA MHILe-
HH ¢ TOUHOCTBIO ~ 10 %.

Jpyro# crnoco6 OLEeHUTDb TOJMLIMHY JUTHEBOrO CJI0si MHUIIEHH 3aKJ/I0UaeTCsl B U3MEPeHUH
MPOBOAMMOCTH BOABI TOCJE yAAJeHHs JHUTUS ¢ MULIeHH. KOHEeUHO, CTOMT yYHUTHIBATh, 4TO
JaHHBIH MeTOJ paspyllaeT MHIIEHb W NPUMEHHM TOJBKO I10C/e 3aBepIIEHHS OCHOBHOTO
sKcnepuMeHTa. TOUHOCTb JaHHOro MeTtona cocrassieT ~ 10 %.

[IpenmoutuTesibHee AJs1 M3MePeHHUs TOJLIMHBI JHUTHEBOTO CJIOSI HUCMOJb30BaTh il Situ
MEeTOIbl, He paspyllailine MUIIeHb. Tak, A/ ONpeneseHHs TOJIIUHE U 3JeMeHTHOTO
cocTaBa 06paslia HCMOJb3YIOT METOJ CIEeKTPOCKONHHM HOHHOTO paccesiHus. CyTb MeTona
3aKJ/I04aeTcsl B 00/IydeHHH MHIIEHH MYyYKOM MPOTOHOB WJIM AEHTPOHOB U U3MEPEHHH dHEp-
FeTUYeCKOro CrieKTpa 06paTHO OTPaKeHHBIX IPOTOHOB UJIH AE€HTPOHOB, TEPSIOLINX SHEPTUIO
B pe3yJ/ibTaTe YIPYroro WM HeyNpyroro paccesHHUsi HAa aTOMHBIX siapax MulieHH. CrHekTp
aHasu3upyercs ¢ nmomornbio nporpaMMel SIMNRA v.7.03 (Max Planck Institute for Plasma
Physics, Germany) [6]. d/s H3MepeHHs1 MHTEHCHMBHOCTH W SHEPTHK 0OPaTHO OTPa’KeHHbIX
TIPOTOHOB Ha ONMH U3 MaTPyOKOB MHUILEHHOTO y3Jia yCTAHABJIHBAETCS (v-CIIEKTPOMETpP HA
ocHoBe KpemHueBoro netektopa [TJITA-1K u uudpoBoro CrneKTpoMeTpHUECKOro yCTpoi-
ctBa LICY-1K (MucTuTYT du3uKo-TexHHYecKUX npobiem, Jly6Ha, Poccust) [7]. Ha puc.2
NpeACTaBJeH TNPUMep CIeKTpa, MOJYYeHHOr0 OT JIMTHEBOH MHUIUEHH TOMIHHON ~ 30 MKM
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Puc. 2. Cnexktp 06paTHO OTpaXeHHBIX MPOTOHOB [JIsi CJIOSI JIUTHs MPH 3HEPTHH npoToHoB 1 M3B:
I — 3KcrepHUMeHTasIbHble aHHBIE; 2 — pacyeTHble, MOJyUeHHble ¢ MoMolbio mporpaMmbl SIMNRA;
Li — curHan ot npoToHOB, OTpakeHHbIX OT JuTHs; C — oT yriepona; O — oT Kuc/aI0poaa

npu 00JyUeHUH MPOTOHHBIM MYYKOM, H3MEPEHHOr0 -CrieKTpoMeTpoM. CIeKTp TakxKe 1a-
eT MH(pOPMALHIO O COCTaBe MHUIIEHH. B cocTaBe MPUCYTCTBYIOT TsiXKeJsble PUMECH B BHIE
KHcsopona U yraepona. TouHocTh faHHOTO MeTona coctasisieT ~ 10 %.

HccnenoBaHue XHMHUECKOTO COCTABA BEPXHErO CJI0sl MHUILIEHH (~ 2 HM) NPOBEIEHO Me-
TOIOM PEHTIeHO3JIEKTPOHHOH creKTpockonun B WMHcTHUTyTe HeopraHuueckod xumuu CO
PAH, HoBocu6upck, ¢ nomouibio ¢otossnektponHoro cnekrpomerpa FleXPS (SPECS).
YcTaHoB/IEHO, YTO TTOBEPXHOCTH MHIIEHU COCTOUT M3 Kapbonata jautus (LioCO3).

Hawa komanna npenJjoxuia v pazpaboTana in situ MeTOM, 3HaUUTEJNbHO MOBBILLIAIIINH
TOYHOCTb U3MEpPEHHs TOMIINHBL UCIOb3yeMOH MHUllleHH [5]. MeTon OCHOBaH Ha CPaBHEHUH
Boixona 478-k3B ¢otoHoB (/ Ha puc.3) U3 HUCCIEIYEMOro JUTHEBOTO CJIOS U K3 TOJCTOTrO,
obnyuaemoro 1,85-M3B nporonamu (puc.3). ToscTeiM cjioeM HasbiBaeM CJIOH JIUTHS TOJ-
LIHHOH GoJiee A/IMHBI IpoGera MPOTOHA B IMTHM [0 SHEPTHH mopora peakuuu ' Li(p, p'y) Li,
paBHoii 478 k3B. Ilpu BbiGOpe TOJMIIMHBI JTUTHSI UCIOJIb3yeM BblpaXKeHHe JJIs CKOPOCTH I10-
Tepy SHEePrHU MPOTOHA S B JIUTHU B 3aBUCHMOCTH OT ero 3Hepruu E [8]:

_ SlowShigh

= 3B/(10"° atom/cm?), 1
Slow + Shigh /( / ) ( )

roe Slow = A1E0’45, Shigh = (AQ/E) 11’1(1 + Ag/E + A4E), A1 = 1,6, A2 = 725,6,
Az = 3013, A4 = 0,04578, E B k3B. Hcnonb3dyss naHHOe BbIpa)keHHWe HJsi CKOPOCTH
TIOTEPH SHEPTHH TNPOTOHA B JIMTUU WU YUHUTHIBAS MPAKTUUYECKU MPSIMOJIMHEHHOE PacpocTpa-
HeHHe MPOTOHA B JIMUTHH, HakineM TyOHHY MPOHHKHOBEHHS; OHA cocTaBjsieT 145 MKM aJis
1,85-M3B npotona u 17 mxm anas 0,478-MsB nporona. CiienoBaTtesibHO, MPOTOHBI € Ha-
qanbHOH 3Heprueit 1,85 MasB 6ynyT renepuposars 478-k3B (hoTOHB BIJIOTH 0 TJTyOHHEI
128 MKM OT MOBEPXHOCTH JHUTHS. 3Has OTHOILIEHWE WHTEHCHBHOCTH H3nydeHus 478-kaB
(hOTOHOB Ha e[UHHUILY TOKA M3 HCCJEAYEMOTO JIUTHEBOTO CJIOS M K3 TOJCTOro [8], mosydnm
TOJILUHY HCCJEIYEeMOro JIUTHEBOro cjos. K mpruMepy, Mbl H3MEPUJIH TOJIINHY TOHKOH JIH-
THEBOH MHILIEHH, CO3JaHHOM [JIs1 IKCIIEPHUMEHTA M0 H3MEPEHUIO CeUeHHUs siIepPHOH peaklnH
"Li(p, @)*He [9], norpemwnocTs u3Mepenus coctabuaa 3%, | = (0,422 4 0,013) Mxm.
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Puc. 3. Cnextp ot HPGe ~-crnekTpomerpa: @) TOJCTbIN C/I0H JMUTHS; 6) TOHKHH CJIOH JUTHS

2.2. bopunas mumieHb. ToHKast 60pHas MUIIeHb NpeAcTaB/sieT co60d TOHKUHU cyoi 6o-
pa (~ 1 MKM), HamblIeHHbIH Ha MeIHYI0 MOAJOXKKY C IOMOLIbI0 MarHeTpoHa B MHcTUTYTeE
CHJIbHOTOUHOH 3/1eKTpOHHUKKM B Tomcke. HamblnieHue mpousBogusoch B aTMocdepe azora
oco6o#i uuctoTel (99,9 %), MO3TOMY B COCTaBe MHILUEHH NMPHCYTCTBYET HE TOJBKO MPHPOA-
HbIH 60p KPUCTANIMYeCKON IIJIOTHOCTH, HO U coeuHeHHUs 6opa ¢ azoToM. s onpesesieHus
CKOPOCTH HalblleHHs 6opa Ha MeIHYI0 U aJIOMHHHUEBYIO IMOMJIOXKKH HCIIOJNb30BAH METOL
MHUKpOHHTepdepoMeTpun ¢ nomouipio npubopa MHUHM-4 B nsith Toukax Ha MOBEPXHOCTH
TIOAJIOXKKH, TAE MOKPBITHE OblI0 yaaseHo. CpeqHsisi CKOPOCTb HAHECEHHUS MOKPBITHS B yCJIO-
BHSIX HKCMEPHMEHTa paBHa 8,4 HM/MUH, OKHiaeMasi HeOTHOPOAHOCTh MOKPhITHS — 10 %.
Jlas onpefesieHHsl cocTaBa MHUILEHH HCIOJNb30BaH MeTOA MHUKDPOPEHTTeHOCHeKTPajbHOr0
aHa/M3a. YCTaHOBJIEHO, YTO B MOKPBITHH MPUCYTCTBYIOT B OCHOBHOM 60D M a30T C OJSMH
84,5 u 15,5 at. % cooTBeTcTBeHHO (pHcC.4).

Taxkxe B HMHCTUTYyTe CHJIBHOTOYHOH 3JIEKTPOHUKH IMPOBENEH aHAJIU3 LIepOXOBATOCTH
MJIeHOK 60pa C TOMOLIbI aTOMHO-CHJ0BOTO MuKpockona Solver P47. ¥YcranoBseHo, 4To
HEeOJHOPOJHOCTb TOJILIMHBI MOKPBITHS HA MaKpPOCKOIHYECKOM YPOBHE CBsi3aHa ¢ 0ocoOeH-
HOCTbIO (DYHKIIMOHHUPOBAHHS MarHeTPOHHOTO pa3psiza. 3 mpuBeneHHBIX Ha PUC. D NAHHBIX
CJIeyeT, 4TO ILIEPOXOBAaTOCTh Ra-moBepXHOCTH y4acTKa NOKpuITHS 60pa pasmMepoM 1x1 MKM
TOJIMUHON 1 MKM cocTaBJjsieT okosio 0,2 HM, UTO Ha TPU MOPSAKA BeJHUHHBI NPEBbIIAET
TOJILIMHY MOKPLITHS. TakuM 06pa3oM, MOKPLITHE TOBTOPSIET peJsibed MOBEPXHOCTH TOMIJI0XK-
KW U ero MOoBepXHOCTb JOCTATOUHO OJHOPOJHA HA MUKPOCKOMHUYECKOM YDOBHE.

JlonosHuTeNIbHOE U3MepeHHe TOJIIMHBl GOPHOH MJEHKH NPOBEIeHO Ha MHUKPOMHTep(e-
pometpe Jlunnuka MWHU-4 B Muctutyte sinepHoil ¢usuxku, HoBocubupck. Ilpu naHHoM
MeTOfle Ha NJeHKY 6opa MajaloT OBa MaccHBa Jydyel: MepBbIH OTpaKaeTcs OT MOBEPXHO-
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15.1
Si
12.11 Element| Wt % Ar %
BK 64.11 76.48
9.0 NK 15.24 14.03
KCnt SiK 20.66 09.49
6.0 Matrix |Correction|ZAF
3.0
B 11
0.0 T T T T T T
0.00 1.00 2.00 3.00 4.00
Energy, keV

Puc. 4. Ananus coctaBa GOPHOTO MOKPBITHS, HAHECEHHOTO Ha KpeMHHeBYyI0 noatoxkKy KEF-25 ¢ opu-
eHTauued Kpucta/ioB (100), BBIMOJHEHHBIH C MOMOILIBIO PACTPOBOrO 3JMEKTPOHHOTO MHKPOCKOIMA
Philips SEM 515 ¢ npucrasko#i-mMuxpoananusaropom EDAX ECON IV

Puc. 5. Mopdhosiorusi U XxapakTepUCTHKU [TOBEPXHOCTH

GOPHOTO MOKPHITUS TOJLIMHOH 1 MKM, HaHECEHHOro
1000

B Cpelle a30Ta HA MOBEPXHOCTb KPEMHHSI, MOJyUeHHbIe
nM

C MOMOLLBI0 CKAaHUPYIOLIEr0 aTOMHO-CHJIOBOTO MHKPO-
ckona Solver P47 ¢ kanruneepom NSG-01

Puc. 6. CHuMKH GopHO# MulleHH (c/eBa — Mefb ¢ 60pOM, ClipaBa — MeJlb), BEIIIOJHEHHbIE C TOMO-
b0 MUKpPOHHTep(depomeTpa JIMHHHKA

CTH TJIEHKH, BTOPOH MPOXOAUT €€ HACKBO3b M OTPakaeTcsi OT MeAHOH momioxkku (puc.6).
Hab6era (a3 Mexnay JyuyaMH He BO3HHKAeT, TaK Kak JYYH MexXay coGoH He HHTepdepH-
PYIOT, UTO TakUM 06pa3oM MpHUBJIEKAET 3aKOH mpesomieHus: CHesnuyca U KOI(PPULUEHT
npeJsioM/eHust 60pa, paBHBIN TpeM, MoJyyaeM TOJIHUHY ieHKH 1,1 MKM ¢ TouHocTbIO 20 %.

In situ MeTonbl ONpesiesIeHUsT TOJIIMHBI 60pa aHAJOTHYHBI ONMHCAHHBIM BbIIE IJIS JIH-
Tus. PaccMoTpuM noapoOHee MeTON CPaBHEHHS BbIXONA (-UaCTHLl M3 TOHKOH M TOJICTOH
6opubix muluereit [5, 10]. Mtak, cHayana Mbl H3MepHUJIN BBIXOI (--UACTHLL U3 TOHKOH U TOJ-
cTOH MHuLIeHel. AHAJOrMYHO JIUTHEBOH MHUILEHH, TOJCTasi GOPHAsi MUIIEHb — 3TO MHIIEHbD,
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Puc. 7. CrekTp oT a-crnekTpomeTpa npu 3Hepruu nportorHoro nyuka 0,5 (a) u 0,7 MaB (6): I —
TOJICTAsl MUILEHDb; 2 — TOHKasi MULIEHb

B KOTOPOH NPOTOHBI 3aMeJISIOTCS IO SHEPTHH HMKe MOpora peakiHy eHepalHH YacTHIL.
3Has 3aBUCHMOCTb BBIXOJlA YACTHL, OT MPOTOHHOH SHEPrHH U M3Mepsisl BBIXOA 4acTHL U3
TOHKHX M TOJICTBIX MHILEHEH, MOXHO OIpeleJyUTb SHEPTHUIO MPOTOHA W, KakK CJeICTBHE,
ONpeseIUTh TOJILMHY 3TOTO /0. B KauecTBe TOJCTON MHIIEHH HCIIO/b30BaJdaCh MJIACTH-
Ha 13 Kapbupa 6opa, a B KauecTBe TOHKOH BbllleynoMsiHyTass GopHas MHileHb. M3mepe-
HHSl TIPOBOAMJUCH NpH 3Heprusix nportoHoB 0,5 u 0,7 M»sB; a-cnektpomerp Obl1 ycTa-
HOBJIEH MOA yryoM 168°. CurHan a-crnekTpoMeTpa, HOPMHPOBAHHbBIH Ha MOTOK IPOTOHOB,
nokazaH Ha puc.?7. Cnextp cseBa ot 400-700 xaHa/OB COOTBETCTBYET 0OPATHO OTpaKeH-
HbIM [IPOTOHAM, CIIEKTP CIIpaBa OT 3THX KaHAJOB COOTBETCTBYET (-4acTHIAM B peakLHH
HB(p,a1)®Be*. MOXHO 3aMeTHTb, YTO KOJHYECTBO 3aPETHCTPUPOBAHHBIX (-YAaCTHI| M3
TOJICTOH MHUILIEHH GoJiblile, YeM U3 ToHKOH: B 2,10 pasa npu sHepruu 0,5 M3B u B 3,95 pasza
npu suepruu 0,7 M»sB. Bocnosbsosasuncs (opmysnoit (1), MBI paccuuTany MoTepy dHep-
THU TIPOTOHOM. YUHTbIBasi IIPOLIEHTHOE COMep:KaHHe YIJepola B TOJNCTOH MHIIEHH W a30Ta
B TOHKOH, YCTaHOBJIEHHOE T0cJe 00pabOTKH CMEKTPa OT (-CIIEKTPOMETPA, Mbl ONPEeAeIHIIH
JIMHEAHYIO TIOTHOCTL 6opa B TOHKOH GOpHOH MuuIeHH Kak 8,48 - 1018 atom/cm? (0,65 MkM
6opa KPUCTAJIHUECKOH MIOTHOCTH) ¢ TOYHOCTBIO 10 %. JlaHHas oleHKa XOpOIIO COrIacy-
eTcsl C pe3yJbTaTaMy MPHBENEHHEIX PaHEe METOJOB.

3AKJIIOYEHHUE

HCHOJIbSYH peaJII/ISOBaHHbIIjI in situ MeToq “U3MepeHHs TOJILIHHDBI TOHKOH MMILIEHH C BbI-
COKOH TOYHOCTBIO H NpUuMeHdAda psaa AONOJJHUTEJNbHBIX METOAMWK, Hallla KOMaHJa H3Me-
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puna 14 cedeHUH SiePHBIX peaKUMil NPU B3aMMOJEHCTBMM JMTHA M 6opa € MyduKaMmu
npoToHoB U aeiitponos [9-13]: "Li(p, p'y)"Li*, “Li(p, o)*He, °Li(d, a)*He, SLi(d, p)"Li,
6Li(d, p)"Li*, "Li(d, «)°He, "Li(d, no)*He, "'B(p, ap)®Be, "'B(p, a1)®Be*, °B(d, a)®Be,
0B(d, o1 )3Be*, 1°B(d, p2)Be*, "'B(d, a)’Be u '1B(d, a2)”Be*.

®unancupoBaHue. VccnenoBanre BBIMONHEHO 32 CUeT TpaHTa PoccHiicKoro HayqHOTO

¢onna (mpoekt Ne 19-72-30005), https://rsci.ru/project/19-72-30005.
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