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MpencTaBneHbl pe3yibTaTbl HNCIEHHOTO MOLENMPOBAHMS MO BbIXOAY MEPCMNEKTUBHONR SAEPHONR peakLmmn cnHTesa
1B(p,3a) n penepHoii sgepHoii peakuun 1 B(p, n)CH, nHNLMMPYEMBIX C TOMOLLBIO MOLLIHOMO MUKOCEKYHAHO-
o J1a3epHOro U3Jy4eHus ¢ MHTeHcuBHoCTbio 2 - 1018 BT/cm?. YncnenHoe mogenvuposanue s3anmMoaeiicTsns
N1a3epHOro UMMy/Ibca C NEPBUYHONA aNIlOMUHUEBOV MULLIEHBIO MPOBOAMIIOCH B AByMepHol xz-Bepcum PIC-kopa
(particle in cell) KARAT. Mogenuposanue 6biio pasgeneHo Ha gsa sTana. Ha nepsom 3Tane Bbiumcnsncs
MOTOK MPOTOHOB C ThIJIbHOW CTOPOHbI aNIOMUHNEBON MULLEHW, HA KOTOPYIO Nagan nasepHblii umnynsc. Ha BTo-
POM 3Tane BbINONHANOCH MofenuposaHue peakuuii “*B(p,3a) n "'B(p,n)C*! npu s3anmopeiicTeun nyqka
NMPOTOHOB C MuLeHblo 13 bopa. PesynbraThl pacHeToB nokasanu, 4TO MOMHbIN BbIXOA asbda-4acTul, paseH
N, = 7.2 - 108, konuuecteo anbtha-vacTul, ¢ sHeprueii 6onbwe 0.5 MsB, nonagatowmx Ha feTeKTop, paBHO
2107, yTo cocTaensieT 2.8 % OT UX MOJHOTO BLIXOAA, NPV STOM MOJHbINA BLIXOA HEATPOHOB COCTABUI BENUYMHY
Y, = 10°. PesynsTaThl YNCNEHHOTO MOAENMPOBAHUS NO BbIXOAY anbda-4acTuL, U HEITPOHOB 3a UMMYALC B
peakumsx 1 B(p, 3a) u 1 B(p, n)C! poctaTouHo xopowo coBnafaloT ¢ 3KCNepUMEHTaNbHBIMI pesysibTaTamu.
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AKTHBHOCTD nccJie10BaHmnd

1. BBEAEHUE

HEUTPOHOB C HEBBICOKOII dHEPrueil u JEHIeBU3HOHI, BOT
yKe IOYTH IOJIBEKAa ODCYKIAeTCsi B HAayJHOH Ieda-

AJEPHOII  peakuun

IIepcriek THBHOCTH GOP-BOIOPOIHOM CMecH KaK Tep-
MOSIJIEPHOT'O TOILIABA, OOJIAIAONIET0 BaXKHBIMU IIpe-
UMYIIECTBAMU — MaJIbIM KOJIMIEeCTBOM I€HEPUPYEMBIX

* E-mail: vpkrainov@mail.ru
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UB(p,3a) sHaunTesbHO BO3POCTA TIOCTE TTPOBEICHUS

SKCIIePUMEeHTAIbHBIX UCC/IeI0BAHI, HAUAI0 KOTOPLIM
L .

nosoxma padora 2005 r. [§]. B aroit pabore Brepsbie B

JIA3ePHOIT IIa3Me ObLI IIOJIyYeH BBIXOJ, ajlbda-gacTulL

B pesysbTaTe TpoTeKanms peakimu 'B(p, 3a). Dxc-

HepUMeHT ObLT TPOBEJCH Ha JIa3ePHOil yCTaHOBKE MpH
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nnTencusHocTn uzaydenus 2 - 108 Br/cm?. Boixon
anbda-tacTur, 6bl1 3aduKcHposan Ha yposHe 10% B
1 cp.

Ilepsbimu mocste 2005 1. 9KCHEPUMEHTAMH B 3TOM
HAIPABJICHUN OBLIN MCCJIEOBAHUs Ha JIA3€pHOIl ycTa-
noske Pico 2000 B saboparopun LULI (Laboratorie
d‘Utilisation des Lasers Intenses) [4]. Yeramoska s
nccneopanus peaknun L B(p, 3a) mozBosseT cuHxpo-
HU30BATH J[Ba, JIA3EPHBIX IIy9IKa, (DOKYCUPYs UX B OJHOMI
BakyyMHOIT Kamepe. [leapio paboThb [:ff] ObLIa JIEMOH-
CTpaIysl HAy9IHOrO MPOIPecca B OCYIIECTBIEHNN 0e3-
meffrponnoro cunresa. JlazepHoe usiydenue 1epBoro
Jgazepa c sueprueit B ummyabce 400 Ik na naune BoJ-
Hel 0.53 MKM IIpH JJINTEIBHOCTH UMILyJIbca 1.5 HC U
IUKOBOil MHTeHCHBHOCTH u3iaydenus 6 - 10 Br/cwm?
dOKyCcHpoBaIOCh HA MMOBEPXHOCTH MUIIEHU n3 H60pa u
BBI3BIBAJIO OOpA30BaHMe MIa3Mbl. JlazepHoe ns/rydenne
BTOpOro jasepa ¢ sHeprueit 20 K, mAauHON BOJIHBI
0.53 MKM, IIUTEIBHOCTHIO UMITY/IbCa 1 TIC U MHTEHCHB-
HocThbio 6 - 10'® Br/cm? remepupoBasio B TOHKO# asTio-
MUHHUEBOI (oJIbre ObICTPBIE TPOTOHBI. [I[poTOHDBI B3an-
MOJIEHCTBOBAJIN C HOHAME OOpa IJIa3Mbl, 00pa30BaHHOIT
N3JIyYeHHeM IePBOro Jia3epa.

[Ipu onTuMaJIbHO 3a/iepKKe MeXK/Ly UMITYJTbCAMA
JIBYX JIa3epoB 1.2 HC BBIXOJ aTb(ha-IacTUIl JOCTUTAI
MAaKCHMAJILHOTO 3Hadenus okoio 107 B 1 cp 3a aszep-
HBIA UMITYJIbC.

Cute ry oM 1Mo 3HAYUMOCTH U TI0 PEKOPIHOMY BbI-
X0y aJbda-dacTuIl CJIelyeT CIUTATH IKCIEPUMEHTBI,
[IPOBEJIEHHBIE MEXKTYHAPOIHBIM KOJLIEKTUBOM YYEHBIX
n3 Yexum, Uramun u [loabmm Ha ogHOM M3 MOIIHE-
mux Jjga3epoB EBporbl «Acrepukes [f_i'], [pe/IHa3HAYeH-
HBIM JIJIsl HAYYHBIX UCCJIEIOBAHUI U PACIIOJIOKEHHOM B
IIpare — PALS (Prague Asterix Laser System). B sTux
9KCIIEPUMEHTaX OBbLIT MOJIy9YeH BBIXOJT ajih(a-IacTull B
peaxtmu 11B(p, 3a) okomo 10° B 1 cp 3a masepmbrit
nMirysabe. [lapaMerphl j1a3epHOro uU3JIydYeHUS B ITUX
IKcrepuMenTax: sueprus nMiysiabca H00 Ik, mauresns-
HOCTH UMITYJIbCa Topsiika 0.3 He, quamMeTp msiTHa hOKy-
cupoBku 80 MkM. Hayunas 3HAYMMOCTD 9THX SKCIEPH-
MEHTOB 3aKJIIOYAETCS TAKZKE B TOM, 9TO HCIIOJIb30BAJICS
Jgazep ymepenuoii momaoctu (2 TBr) u unreHcusHO-
cru (3-1016 Br/cm?). B ciepytonux skcriepuMenTax Ha
9TOi yCTAHOBKE Y/IAJI0Ch YBEJMIUTH BBIXO/ albdha-dac-
i 10 1010 B 1 ¢p 3a omum nasepHbii mviyise (6] 3a
CUYeT ONTUMU3AINN MUIIEHH.

B crarse E?.] [IPEJICTABJIEHBI [IPEBAPUTE/IbHBIE Pe-
3yJIBTATBI 110 TeHeparuu aabda-dacTuIl ¢ HCIOIb30-
BaHUEM I[HMKOCEKYHHOTO BBICOKOMHTEHCHUBHOIO JIa3e-
pa MeTaBaTTHOTO KJIACCa. JKCIEPUMEHT ITPOBOJIAJICS B
Wucruryre nazepnoit rexuuku B Ocaxe (Hnonus). Jla-
3€PHBIN UMITY/IHC (DOKYCUPOBAJICS HA TOHKOM TLJTACTHKO-
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BOil ostbre JiyIsi reHeparyy My IKa TPOTOHOB C ThLTh-
HOI CTOPOHBI MUIIIEHN Ha OCHOBE M3BECTHOT'O MEXaHU3-
ma TNSA (target normal sheath acceleration). ITyuox
[IPOTOHOB AJIAJI HA MUIIEHb M3 HUTPHA Oopa, reHe-
pupys ajibda-qacTUIlbl B PE3YJIbTATE SIEPHON PeaKIii
HB(p, 3a). Tenepuposasnch aabda-qacTHIIbI ¢ SHEPTH-
avu 810 MsB u ¢ Bbixozom okoso 5 - 102 B cp.

Baskio orMeTnTh, uto B paborax [4-0| mrs mosye-
HUsI MAKCHMAJILHOI'O BBIXOJa AJIb(da-IacTUl] UCIOIb30-
BaJIU [IPEJIBAPUTEIHLHO CO3/AHHYIO I1a3My. B craThe ['t_l:]
JIJTsT 9TOW TEJIM WCHOJIB30BAJIOCH JIA3ePHOE M3JIydeHue
JIOTIOJTHUTEILHOTO JIa3€Pa, a B CTATHIX [:_5,3] — u3ILy-
YeHHE NIPE/IBIMITYJIHCA OCHOBHOTO JIA3EPHOIO NUMITYJIBCA.
s mostygeHust MaKCUMaJIbHOTO BBIXO/A aibda-dac-
TUIL B pabore [:ff] IO I0UPAJIA ONITUMATILHYIO BPEMEHHY IO
3a/IEPKKY MEXK/1y HEPBBIM JIa3ePHBIM UMILYJIHCOM U OC-
HOBHBIM HMITYJTHCOM, a B paGorax |h,&] mosGupam se-
JIMYUHY U JJTATEJLHOCTD MPEeJBIMITYJIbca. B pabore ['i_J:]
[TOKA3aHO, ITO [IPU M3MEHEHNN JIUTEILHOCTH BPEMEH-
HOIT 3a/IeP7KKHU MEKJY UMITYJIbCOM HAHOCEKYH/THOTO Jla-
3epa, KOTOPBII CO3/1aeT MpeIBAPUTEILHYIO IJIa3My, W
OCHOBHBIM MUKOCEKYHHBIM JIA3€PHBIM UMITYTHCOM U3~
MEHSIETCsI KOJIMYIECTBO aIbda-dacTHII.

B cnenytomeit craTbe 3THX aBTOPOB ['x_‘;] OBLJIO TIOKa-
3aHO, YTO B CJIydae BO3JEHCTBHUS HAa MUIIEHb U3 0O-
pa TOJIBKO OJIHOTO JIA3€PHOI'O HUMITYILCA C ITOBDIIIEH-
HO#t mHTeHCHBHOCTBIO /10 yposHa 101Y Bt /cM? 6p11 3a-
PErMCTPUPOBAH 3HAYUTEJHHBIA BBIXOJ, AJIb(da-IacTull.
B skcnepnmenrtax ['S] JIa3epHOe M3JIydeHue (dHeprus
12 JIxx, amuaa Boubl 1.056 MKM, JIITHTEIBHOCTD HM-
mynbea 350 de, marencusnocts 10 Br/cm?) remepu-
pOBaJIO B TOHKOI aiOMIHIEBOH (hOJIbre OBICTPhIE TTPO-
TOHBI, KOTOPBIE B3aNMO/IEHICTBOBAJIN C HOHAME OOpa MU-
mrenn. Takum 06pa3oM, Kak IIpu BO3eHCTBUN OBICTPHIX
[IPOTOHOB Ha PEIBAPUTEIHLHO CO3/AHHYIO IIJIA3MY, TAK
U IIPU BO3/IEACTBUU OBICTPBIX IPOTOHOB HA TBEPIOTE b~
HYIO MUIIIEHb PErUCTPUPYETCSI 3HAUNTEIBHOE KOJIMIECT-
BO aabda-qacTuIl.

Bo Bcex mepetunciienubIx BhIlIe paboTax [34:] ocra-
BaJICsl HEPENICHHBIM BOIPOC O IIOJHOM BBIXOJE aJlb-
da-gacTur, B pesyibrare WHUIUUPOBAHWUS PEAKIHH
HB(p, 3ar), Tak KaK perncTpupyIoTCs TOIBKO Te ambda-
YACTHIIBI, KOTOPbIE BBIIJIN JUOO U3 IIPEIBAPUTEIHLHO
CO3JIaHHOU IJIa3MBbl [44:], OO0 U3 TBEPAOTETLHON MU-
HIeHN [37:5] IIpu srom HeT nHpOPMAIINT, CKOJIBKO aJIb-
da-gacTul] He CMOIVIO BBIATH M3 IIA3Mbl WX U3 TIIy-
OUHBI MUIIEHHU.

s permenust 910 pobeMbl B pabore rgi] npesi-
JIO’KEH HOBBIN MeTOJ| U3MepeHust abCOTIOTHOIO BBIXO/IA
anbda-gactun B peakmun 1B(p, 3a), ocHoBanHbI Ha
OJIHOBPEMEHHOM HU3MEDPEHUH KOJMIECTBA HEHTPOHOB B
perneproii sepHoit peaxmun 1 B(p, n)C.
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OcHoBHas
mumrens Ne 1

Tpekosbie
JIETEeKTOPBI
CR-39 NeNe 2.4

10 JIx
1.5 e

I=2-10" BT/CM2

Al (11 mxwm)

us ''B (500 mxMm)

Al-dosbra
(11 Mxwm)

Bun A

Puc. 1. JetanbHoe nsobpaxeHne pacnosioXeHns TpekoBbix aetekTopos, Al-chonbrun n muwenn us bopa

B pa6ore [[0] mpuBesiennr SKCIepUMERTATBHBIE Pe-
3y/IBTATHI 10 UCCyieoBanmio peakimn ' B(p, 3a)) omo-
BPEMEHHO C PelepHoil peakiueit 11B(p,n)llC pu MH-
TEHCUBHOCTHU JiazepHOro wuzsydenus 2 - 108 Br/cm?.
DTO 103BOJIMJIO OIEHUTH TIOJTHOE KOJUIECTBO AJIb-
da-uacrun B 107 wacrun B 47 cp.

Takzke HEOOXOAUMO OTMETHTL, YTO B paboTax
[:_3’—6,:8,:’9:] JUIS  aHAJN3a IOJIYIE€HHBIX 9KCIIEPUMEH-
TaJIbHBIX PE3YJILTATOB HE MCIIOJIb30BAJIOCH YUCJIEHHOE
PIC-momenmupoBanme  sgaepHO  peakIuyd — CHUHTE3a
UB(p,3a) B mumensx us Gopa. IIpemsapurenbHbie
pesymnbrarel  PIC-momenupoBanust  sijilepHOl  peak-
min  cunresa  1B(p,3a) mHpejcTaBIeHBI TOMLKO B
pabotrax [it,1d].

Kpowme Toro, Bo Bcex mpejcTaB/IeHHBIX paboTax He
ncnoJb3oBasoch anciaennoe PIC-moneuposanme sijiep-
noit peakin 1 B(p,n)C B Mumensx u3 Gopa.

Ho PIC-momenmpoBanme  simepHBIX — peaKIfmit
HB(p,3a) u B(p,n)''C wuckmounTe sHo BarxKHO,
[TOCKOJIbKY IIO3BOJISIET MOHSATH OCHOBHBIE MEXAHU3MBI,
CBSI3aHHBIE C TeHepaleil OLICTPBIX IPOTOHOB, AJIb-
da-yacTuil 1 HEATPOHOB, C IPOIECCAME PACIPOCTPa-
HEHUS aJIbga-JacTUIl B MUIIEHH U3 OOpa M MMO3BOJISTET
aJeKBaTHO WHTEPIPETUPOBATH SKCIEPUMEHTAILHBIC
pe3yJibTarhl.

B cBasu ¢ atum B HacTosmmeit paboTre mpeacTaBIie-
bl pesynbraThl PIC-MoempoBanust sJIepHbIX peak-
it 1 B(p, 3a) u M B(p,n)1C npn unrencusroCcTN Ma-
seproTO M3Tydenus 2 - 1018 Br/cm?.
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2. KPATKOE OIIMCAHUE CXEMDbI 1N
PE3VYJIbTATOB SKCITEPUMEHTOB

B cBsi3m ¢ TeM, UYTO UHMCJEHHOE MOJIEJIMPOBAHUE
anepabx peakimit 1B (p, 3a) u 11 B(p, n)'C nposom-
JIOCh B COOTBETCTBHH CO CXeMOH sKcepumentos [10],
B 9TOM Da3Jiesie MPeJICTABUM KPATKOe OIMCAHUE U Pe-
3y/IBTATHI ATOI PADOTHI.

OxcnepumenTsl npoBogmmch wHa 10 TBr nmkoce-
KYHJIHOW Jla3epHOU ycrtaHoBke. JlazepHas ycTaHoBka
UMEET CJIEJIYIONIE MMapaMeTpPhl JIA3EPHOTO HMITYJIHCA:
sueprus 10 10 Ik, amuna Boael 1.055 MKM, JIUTEH-
HocTh 1.5 1c. Cucrema pOKyCUPOBKY Ha OCHOBE BHEOCE-
BOIO apabOIMIECKOrO 3epKaJia ¢ (POKYCHBIM PACCTOsI-
aem 20 cMm obecrednBaeT KOHICHTPAIIMIO HE MeHee
30% sHeprum Jga3epHOro IIy4yka B IATHO JIHAMETPOM
10 MKM ", COOTBETCTBEHHO, MUKOBYIO WHTEHCHUBHOCTH
2108 Br/cem?.

T'enepupyemoe Js1azepHoe M3/IyUYeHUE YCTAHOBKHU Xa-
paKTepu3yeTcs HAJUYIUEM IPEJIBIMITYJILCOB JIBYX THU-
TIOB: MMKOCEKYH/IHON 1 HAHOCEKYH/IHON JTUTETHHOCTH.
IlepBorit peABIMITY/IHC BO3HUKAET 3a 14 HC 0 OCHOB-
HOT'O WUMITYJIbCA, MUMEET JINTEJHHOCTHh 1.5 IC U KOH-
tpact Gosiee 107 10 OTHOMIEHHIO K OCHOBHOMY MMITYJIh-
cy. BTopoit mpeabIMITyIbC SBJSETCS WMITY/IHCOM YCH-
JICHHOW CIIOHTAHHOW 3MUCCUU. [JTHTEIbHOCTH BTOPOrO
MIPEIBIMITYJIBCA HA TOJIYBBICOTE COCTaBjdeT 4 HC, Tpu
sTOoM KoHTpacT 6osee 108.

Hnsg perucrpanun  anbda-IacTUIl, TeHEPUPYEMbIX
B pesyJbraTe WHUIMUPOBAHUS SIJIEPHON  peakIuu
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E,, MsB

Puc. 2. VlHTerpanbHblli aHepreTndeckuii cnekTp anbda-4vac-

Tuy, (1), 3aperncTpnpoBaHHbIX geTekTopamn 1-4 B cpaBHeHuUn

€O cnekTpom anbga-yactuy (2), 3aperncTpnpoBaHHbIX hoHO-

BbIMU geTekTopamu 5-8. N, — Konn4ecTeo anbcha-4actuy B
1 cp, Eq — 3Heprusa ansga-yacruy,

HB(p,3a), MCHONB30BATINCH JIETEKTOPHI Ha OCHOBE
TpekoBbIxX gerekToposB CR-39 ¢ dunbrpamu u3 amomu-
HUs Pa3IMIHOi ToMImUHbL. JleTasbHoe n3obparkeHue
PACITIOJIOXKEHUST TPEKOBBIX JI€TEKTOPOB, Al-bosibru u
r
MUIIeHN U3 00pa MpeIcTaBIeHo Ha puc. h.
s perucrparmn
B pesysbTaTe WHUIIMUPOBAHUS SIJICPHOI  peakIuu
HB(p,n)"'C, ucnonbzosamuch jeTeKTOpLl Ha resme-

HEUTPOHOB, I'€HEPUPYEMbIX

BBIX CYETIUKAX.

WMurerpaabHbIil 9HEPTeTUYIECKNH CHEKTD IS aJTh-
da-gacTul], 3aperucTpUPOBAHHBIX TPEKOBBIMH JI€TEK-
topamu CR-39, MOXKHO 1TOCTPOUTH, 3HAS TOJIIIMHBI UX
GbuILTPOB.

WaTerpabHblil CIEKTP 3aPErUCTPUPOBAHHBIX AJIb-
da-gacTur] moKa3aH Ha PUC. ._2 Bumno, uro ocHoBHast
qacTh aibda-IacTuIl umeeT sHepruio Menbine 4 MaB.

Ilo mamHBIM C TPEKOBBIX JETEKTOPOB MOYKHO OIle-
HUATH KOJINYECTBO aJIb(a-dacTull, TeHEPUPYEMBIX B pe-
axmn 1 B(p, 3a). C y4eToM pesysibTaToB Beex dKCIIe-
PUMEHTOB OBLIO OIIPEJIETIEHO CPEeJIHEE KOJTUYECTBO aJlhb-
da-qacrun, pasnoe 5 - 105 B cp (mm ~ 2.5 - 107 an-
da-gactur, B 27 Cp, TakK Kak ajbda-dacTUIbl MOLYT
BBIITH U3 MUIITEHU U3 O0Pa TOJIHKO B HAIIPABJIEHUN PAC-
[IOJIOZKEHUsI TPEKOBBIX JE€TEKTOPOB), KOTOPOE BBIXOUT
U3 MUIIEHU U3 60pa U MOXKET ObITh 3apErnCTPUPOBAHO
TPEKOBBIMU J€TEKTOPAMH.

IIpu npoBeeHny SKCHEPUMEHTOB C UCIOJIH30BAHU-
eM MHUIIeHN 13 Oopa ObLIN 3apEernCTPUPOBAHBI HEATPO-

T, MKM t = 0.34 1c
0 .
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Puc. 3. (B ugerte onnaiin) PacyeTHas cxema nepsoro 3Tana
YUCNEHHOrO 3KCMEpPUMEHTa

HBl B KOJWYecTBe O0Koa0o 10° 3a OIUMH JTa3epHBII MM-
IIyJIbC, TEeHEpUpYeMble B PE3y/IbTATe WHUIIMHPOBAHUS
aneproit peaxmn 1B (p, n)C.

OrpesiesieHHbBIN ¢ TIOMOIIBIO PEIIEPHOIT si/IepHOiT pe-
axrun 1 B(p, n) ' C abeomoTHbI BBIXO abba-qacTurl
3a mMIysbe B peakimn 1 B(p, 3a) cocrasiser s yka-
3aHHBIX TIAPAMeTPOB Ja3epHoro nmiryibea 107 B 47 cp.
O/1HaKO 9KCIEPUMEHTAIBHO M3MEPEHHOE € IOMOIIBIO
TpekoBbIX gerekTopoB CR-39 kosmmvecTBo ambda-dac-
T, cocrasmi semmunny 2.5 - 107 B 27 cp. Otciona
MOXKHO CIIEJIaTh BBIBOJI, 9TO TPEKOBBIE JI€TEKTOPHI pPe-
IUCTPUPYIOT TOJLKO OKOJIO 2.5 % reHepupyeMbIX ajib-
da-gacrum, a 97.5 % anbda-gacTuil He MOrYT BbIATH
n3 obbeMa MUIeHn u3 6opa.

3. PE3VYJIBTATBI YN CJIEHHOI'O
MOOEJINMPOBAHUNSA 1 CPABHEHUE C
PE3VYJIbTATAMMU SKCIIEPUMEHTOB

3.1. ITocranoBka 3ama4yu

YucjieHHOE MOJEIMPOBAHNE B3aMMOJEHCTBUS Jia-
3ePHOI0 MMITYJIbCA C AJIOMUHUEBONW MUIIEHBIO ITPOBO-
JIII0Ch B ByMepHO#t xz-Bepenu PIC-koma (particle in
cell) KARAT [11).

MopgenupoBanne OO pa3aeaeHo Ha aBa sramna. Ha
[IEPBOM JTAIE BHITUCIISIIICS TIOTOK IPOTOHOB C THIILHOI
CTOPOHBI AJIOMUHUEBOI MWIIEHU, Ha KOTOPYIO HaJaj
JIA3EPHBIN UMITYIEC. Ha BTOPOM BBITIOTHSIOCH MOJIE/TH-
posamue peaxiii 1'B(p, 3a) u 'B(p, n)C'! upu B3an-
MOJIEHICTBUN ITy9IKa ITPOTOHOB C MUIIEHBIO U3 HOpAa.

Pacyersl npoBoguinch B JBYMEDHON X z-BepCUM
PIC-koa KARAT. Ha puc. B [IPEJICTABIIEHA PACYETHA
cxeMa MepBOro dTama IUCJIeHHOro dKcrepuMenTa. Pas-

37



C. H. Angpees, B. C. Bensies, A. 1. Matacporos un ap.

XKIT®, Tom 162, Bour. 1 (7), 2022

Mep pacaerHoit obaactu: 40 MM (1o ocu z) Ha 60 MKM
(o ocu ). Bee rpanutipl pacueTHONl 06J1aCTH ABJIAIOT-
Cs1 TIPO3PATHBIME IS JIEKTPOMATHUTHOTO U3JLy ICHHUs
U MaKPOYACTHI[, MOJEIUPYIOMNX SJIEKTPOHBI U HOHBI
ma3Mel. [Ipn nmomagannn MakpodacTUIBI Ha TPAHUIIED
PaCYeTHOI 00JIACTH OHA UCKJIIOUACTCS U3 PACIETa, a ee
IIPOCTPAHCTBEHHbIE KOOPJANHATEI M KOMIIOHEHTHI BEKTO-
pa cKOpoCTH (BUKCUPYIOTCST J1JIsT TAJIbHENINero aHaIn3a.

Murtness mpecTaBjser coO0il IPsiMOYTOJIBHYO 00-
jgacth TosmuHol 10 MKM (1m0 ocuM z) M IIMPHHOlM
50 MKM (IO ocnm ), BAIOJHEHHYIO ILIA3MOIi, COCTO-
Ameifl U3 MaKpPOYaCTHI], MOJCTUPYIONINX JIEKTPOHBI
e~ u wuonnl amomuausg AlT ¢ 1OCTOSAHHON KOHIIEH-
Tparueit n 10ne = 1.1-10%2 em 3, e ne, =
=1.1-10%" em™3 — KPUTHIECKas KOHIIEHTPAIUS 115l
JUIMHBI BOJIHBI 1 MKM IaJAIONIETO JTa3ePHOTO U3JIyde-

Hng. OTMeTHM, UTOo peajbHas KOHIEHTPAIUS AaTOMOB B
AJIIOMIHIEBON MUIIEHN COCTAB/IACT O TOPSIKY BeJIH-
aael 1 = 1000, ~ 1023 car—2. OHako mpeaBapuTes-
HBIEe PACUETHI IIOKA3AJIH, UTO 3Ta BEIMIHHA, TPAKTHICC-
KI He BJINSET Ha XapaKTePUCTHKU MOTOKA YCKOPEHHBIX
[POTOHOB, IIPH 3TOM OY€HDL CYINECTBEHHO YBEININBACT
BpeMs MOJETNPOBAHNIS.

Ilepes; Murienbo pacrosiaraeTcs CJaON aJIOMUHUE-
BOII IIpeIIIa3Mbl TOJIIIHOM 6 MKM 1 IIPUHOI 50 MKM,
cocToAmuil U3 9JEKTPOHOB ¢~ 1 MOHOB aoMunna AlT,
IIpodnis KoHIIEHTpAINY TIIA3MBI BJIOJbL OCH Z U3Me-
HSAETCs 110 SKCIIOHEHITHAJIHHOMY 3aKOHY OT BEJIUYIUHBI
1.1-10%° ey ma s1eBoit rpaHuIe 06IACTH IIPEAILIAZMBI
70 2.2-10%! cm—3 y moBepxXHOCTH ATFOMUHUEBOI MHUTITE-
nu. B monepedrHom HampaBieHun & TPOMUIHL KOHIIEHT-
paIiu [PEJIILIA3MbI SIBJISIETCsSI OJHOPOJHBIM. Paccrosi-
HUE TI0 OCH z OT JIEBOi I'PAHUIIBI pACIETHOH 0061aCTH 0
JIEBOIl I'DAHUITBI IPEIIa3Mbl cocTaBisger 4 MkM. BbI-
60p mapaMerpoB IPE/IIJIA3MbBI OIPEIENISICH PE3YIbTa~
TaMU THAPOIMHAMUYECKUAX PACYETOB B3AUMOIEHCTBUS
C aJIOMUHUEBOH MUIIEHBIO OCHOBHOI'O MOIIHOT'O HUM-
[yJIbCA C YY€TOM IHUKOCEKYHIHOI'O IIPEIbIMIIYIbCa 3a
14 HC 1O OCHOBHOIO MMITYJILCA W IIPEIBIMITYJIHCA YCHU-
JienHoro cronranuoro usnydenus (YCU) nyumrenbroc-
THIO 4 HC Ha TOJIYBBICOTE. B TUApOIMHAMUTIECKOH TTPO-
rpamve RAPID-SP pematorcst ypaBHEHUS JBYXTeMITe-
paTypHOIl THIPOAMHAMUKHU ILJIA3MBI C SJEKTPOHHON U
MOHHOM TEIJIOIIPOBOIHOCTAMU B OJITHOMEPHOI II0OCTAHOB-
Ke 3aadu [yTst IIockoit cuviverprn [12,13]. Ha Thuts-
HOI TIOBEPXHOCTH MUIIEHH PACIOJAraeTcsi CJIOM TOJ-
muHO# 0.2 MKM m mupuHOt 50 MKM, COCTOSIINN U3
3JIEKTPOHOB €~ U IPOTOHOB P ¢ KOHIEHTpaluei n =
= 1.1-10%2 cm—3. PaccrosiHue 10 ocH z OT IIPOTOHHO-
o CJIOZ Ha THUILHONU IIOBEPXHOCTUA MUIICHU JIO IIPABOI
TPAHUIIBI pAcIeTHON 0bsracTu cocranisgeT 20 MKM.
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Puc. 4. (B ugere onnaiin) Pacnpegenernue maruutHoro nons
B 00J1aCTV MULLEHN B MOMEHT BpeMeHun t = 5 nc

JlazepHbIilt UMIYJIbBC C JJIMHON BOJIHBI 1 MKM, JIJTH-
TeabHOCTBIO 1 11c 1 simamerpom 10 MKM TaiaeT Ha MU-
IIIeHBb CJIeBa HAIPABO o, yriIoM 30° K HOpMAaJI MHUIITe-
Hm, 4O coorsercTryer sxcnepuventy [L0]. Murencus-
HOCTB JTA3ePHOTO UMITyJIbca cocTapsger 2- 1018 Br/cm?.
MaxkcuMyM HHTEHCHBHOCTH JIA3€PHOTO W3JIyUCHUS HA
AJIIOMIHUEBOI MUIIIEHH JIOCTUT'AETCH B MOMEHT BPEMEHH
2 tic. Ilomas AUTEeIbHOCTD pacteTa cocTaBsaeT 6 Tic.

3.2. Pe3ynbTaThl MOOEJINPOBAHUSA U CPaBHEHUE
C pe3yJibTaTaMU SKCIIEPUMEHTOB

JlazepHBI MMIYILC MPOXOJIUT Yepe3 MPEIIIa3My
U OTPazxKaeTcsl OT AJIOMHHUEBON MUIIIEHU, TOCKOJIbKY
KOHIIEHTPAITHS TTPEILIA3MbI CYIIECTBEHHO HUXKE KPH-
TUYECKOUN KOHIIEHTPAIUA Mo = 1.1+ 102! em3 st -
HBI BOJHBI 1 MKM ITaJIaIONIEro JIA3€PHOTO WU3JIYUEeHHUSI.
DJIEKTPOHBI IIPE/IILIa3MbI, COBEPIIas CJIOKHbBIE KoJieba-
TeJIbHBbIE JIBUKEHUS B IOJIE JIA3€PHOTO UMITY/IbCa, TTPHU-
00peTaroT COCTABJISIIOILY 0 CKOPOCTHU B MTOJIOKUTETBHOM
HaIpPaBJICHUN OCU Z. DTHU «TOPAINE» IJIEKTPOHBI IPO-
XOJIAT CKBO3b MUIIEHb U (DOPMUPYIOT BOJU3N €€ ThLThb-
HOM TTOBEPXHOCTH 3JIEKTPOCTATUIECKOE T0JIe, B KOTO-
POM TIPOUCXOJUT YCKOPEHHUE MPOTOHOB, HAXOJIATIIXCS
Ha Heil. AMIUINTYJ& 3JIEKTPOCTATUYIECKOTO IIOJISI MO-
JKeT JIOCTUTaTh Bemaunbl okosio E = 0.5 - 1010 B/cw,
9TO MO3BOJISIET TPOTOHAM MPHOOPECTH SHEPTHUIO 0
4.2 M»sB.

NuTepecHo, 9TO TIpU JIBUXKEHUN TOPAIUX JIEKTPO-
HOB B MWINIEHHW B Hel (POPMUPYIOTCS «BMOPOXKEHHBIEY
MAarHUTHBIE TIOJIsT ¢ AMILIATY/I0H, TOCTUTAIONIEH MaKCH-
MaJibHOrO 3HaueHus B = 1.2 - 108 T'c npu t = 2.4 nc
U MEJJIEHHO yMEHDIMAIONIEHCsT B T€IeHNe HECKOJIbKIX
MMTKOCEKYH/T TIOC/Te OKOHYIAHUS JIEHCTBUS JIA3EPHOTO M-



MITP, tom 162, Boir. 1 (7), 2022

YucneHHoe MofenmpoBaHue BbIXOLA SIAEPHbIX PEAKUUA. . .

(E,), xoB
80
70
60
50
40
30
20
10

0
-10 I
0

7

t, mc

Puc. 5. CpegHsisi KuHeTUYECKast SHEPrUsi MPOTOHOB B 3aBUCK-
MOCTV OT BPeMeHU

myabca. Ha puc. fl: B Ka4eCcTBe IPUMepa MOKA3aHO Pac-
rpeJiesieHrne MarHuTHOTO 0JIs B MOMEHT BPeMeHu ¢ =
= 5 ¢, aMIUINTYAa KOTOPOTO B O0JIACTU P/ IILIA3MBI
cocrasiger B = 2.6 - 107 I'c. To ects crycra 2.6 e moc-
Jie JIOCTUKEHHST MAKCUMYMa AMILIATY/Ia «BMOPOKEHHO-
ro» MarHUTHOTrO TOJIS YMEHBINMWIAch Bcero B 4.6 pasa,
0CTaBasiCh B 00JIACTH 3HAYCHUI JIECATKOB MErarayccos.
Ha puc. :fﬁ OTYETJIMBO BUJIHBI MATHUTHBIE «TPYOKI» pas-
HOil nosigprocTu (cunue u Kpacubie obsactu), hbopmu-
pyIoImecs: B 001aCTH BO3IEHCTBUS JIA3ePHOTO UMILYJIh-
ca Ha AJIOMUHUEBYIO MWIIEHb U ITPOXOJIAIINE CKBO3b
Bcio ee TosmuHy. [losydennpie B pacdere BeJUINHBI
MAarHUTHOTO I0Jist OJIN3KU K 3HAYEHUSIMU, FKCIIEPUMEH-
TaIBHO H3MepeHHbIM B padore [14].

OTMeTnM, 9TO, KaK TOKAa3aHO B paboTe [:_1-5], IpuMe-
HEeHUe Jazke IIpocTeiieil MoJiein rnepe3aMblKaHusd CHU-
JIOBBIX JIMHUI MAarHUTHOI'O II0JId K 3a/a4e B3anMO/Ieli-
CTBU4 CUJIBHOI'O MAIHATHOT'O MOJIS C TIOTOKOM 3apsA2KEeH-
HBIX YACTUI] OOYCJIOBJINBAET IeJIeCO00PA3HOCTD U IIep-
CIICKTUBHOCTb IIPUMEHEHUd U Pa3BUTUA METO/IOB TeO-
pum Tepe3aMbIKaHUsA MPUMEHUTETILHO K (HOpMUpOBa-
HUIO Y3KOHAITPABJIEHHBIX IIA3MEHHBIX MOTOKOB. Bark-
HOCTH U MHUPOTA TAKOH 331841 (HhyHIaAMEHTAILHOTO Xa-
pakTepa TpedyeT CHeruaJbHOTO MCCJIEI0BAHNS, KOTO-
PoO€e BBIXOJIUT 32 PaMKH JIAHHOI CTATbhU.

3aBHCUMOCTH OT BPEMEHH CpejHeil KUHEeTHIeCKOM
SHEpPruu HIPOTOHOB, HAXOJWBIINXCA Ha TBIILHON IIO-
BEPXHOCTU MUIIIEHU, IPUBOAUTCA HA PUC. '_5' Ormernm,
YTO yCpeJIHeHUE IIPOBOJMJIOCH II0 BCEM IIPOTOHAM —
KaK YCKOPEHHBIM M0/ JIeiCTBUEM 3JIeKTPOCTATUIECKO-
IO HOJId W INIOKUHYBIIUM MHUIIEHb, TAK U TeM, KOTOPbIC
He TPUOOPE KHHETUYECKYIO SHEPIHIO, OCTaBasICh Ha
THLJILHON ITOBEPXHOCTU MUIIICHHU.
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Puc. 6. lpocTpaHcTBeHHOE pacnpefefieHne CKOPOCTeld NpoTo-
HOB B MOMEHT BpemMeHun t = 2.8 nc

Kak Bumno 3 rpacduka na puc. :5, MaKCUMYM CPeJI-
Heil Kunerudeckoil suepru (Fp)nq.. = 71 k9B mocru-
raeTcss B MOMEHT BpeMeHHU t = 2.8 IIc, T. €. C 3ala3/bl-
BaHUEM IIPUMEPHO Ha | IIC OTHOCHUTEIHHO MaKCHMYyMa
BOB/IEHCTBUS JIA3€PHOIO UMITYJIBCA HA MUIIEHb.

VMeHbIlIeHnEe CPeJIHENl SHEPruu IIPOTOHOB IIpU ¢ >
> 2.8 1c cBA3aHO € JBYMs (PaKTOPaMU: BO-IIEPBBIX, C
TeM, YTO IPOTOHBI ¢ HAMOOJIBINEH IHEpPrueil B mepByio
odYepesib MOKHIAIOT PACUYETHYIO 00JIACTh U HEPECTaIoT
JaBaTh BKJaJ B CPEIHIOI0 YHEPIHIO, U BO-BTODPBIX, C
TeM, YTO MOTEHITUAJ JIEKTPOCTATUYIECKOTO MOJIA, BO3-
HUKAIOIIEr0 HA ThIILHON TOBEPXHOCTU MUIIIEHU, CO Bpe-
MeHEeM YMEHbBIIAeTCs, UYTO IMPUBOIUT K YMEHBIIEHUIO
3 HEKTUBHOCT YCKOPEHUST OCTABIINXCS TPOTOHOB HA
TBITHHOU TTOBEPXHOCTH.

Ha puc. '6 [I0KA3aHO IIPOCTPAHCTBEHHOE paCIIPe/ie-
JIEHWEe CKOPOCTEi HEOOBITON CTy IaifHOM BHIOOPKH ITPO-
TOHOB, 0D03HAYEHHBIX KPACHBIMU CTPEJIKAMU, B MOMEHT
Bpemenn ¢ = 2.8 nc. J{iuHa CTpeIKN XapaKTepusyer Be-
JINYUHY CKOPOCTH, & HAIIPABJIEHNUE CTPEJIKH YKa3bIBAET
HaIpaBJeHIe BEKTOPa CKOPOCTH IPOTOHA.

[Ipexk e Bcero crout oTMETUTH TOT (PAKT, ITO YCKO-
peHue IIPOTOHOB IPOUCXOJAUT Ha BCEU THIILHON MOBEPX-
HOCTH, JIJINHA, KOTOPOil B HaieM pacdere B 6 pa3 060J1b-
e quamerpa d = 10 MKM «IIsiTHa» JIa3€PHOTO UMILYJIh-
ca Ha GPOHTAIBHO TOBEPXHOCTH MUIIIEHHA. DTO ITPOUC-
XOJIUT M3-38 TOTO, YTO «TOPSIIUE» IJIEKTPOHBI, CO3/IaI0-
[re YCKOPSIOIIee 3JIeKTPOCTATHIECKOE TI0JI€ HA ThLTh-
HOIl ITOBEPXHOCTU MHUIIIEHU, COBepINas KoJjiebaTesbHble
JIBUKEHUS 1 MHOTOKPATHO IIPOXOJd CKBO3b MUIIEHDb U
00paTHO, TOKPBIBAIOT CBOUMU TPAEKTOPUSIMU IIPAKTU-
9eCKHM BeCh 00beM MUIIEHHU, a He TOJbLKO 00JIacTh Jia-
seproro sozzeicrsus [16].
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Puc. 7. (B ugete onnaiin) Tok anektporos (I.), Tok npoTo-
HoB (Ip) n cymmaphbii Tok ([, + I.) Ha npaByto rpaHuLy
pacyeTHoli 0bnacTu B 3aBUCUMOCTMN OT BpeMeHu t

Kax BujtaO U3 puc. '6, OOJIBITTIHCTBO TPOTOHOB JTBU-
rafoTCs MEPHEHINKYISPHO MUIIEHU B MOJIOXKUTETHHOM
HAIPABJICHUN OCH Z, a YIOJI pasjieTa IIydKa He IIpe-
BoImaer 15°-20°, 9T0 COOTBETCTBYET SKCIIEPUMEHTAIIb-
HBIM pe3yJIbTaTaM, IOy YeHHbIM B paboTe [:_l-ﬁ‘] Oinaxo
9acTh TPOTOHOB, B OCHOBHOM BOJIN3U BEPXHEIO W HUXK-
HEro KpaeB MHUIIIEHU, NMEIOT COCTABJISIONIIE CKOPOCTU
u BJOJTb ocu x. Hamuane mogob6H0TO KpaeBoro g dek-
Ta MPUBOIUT K TOMY, 9TO HE BCE MPOTOHBI JOCTUTAIOT
MIPaBoil TPAHUIIBI PACUETHON OOJIACTH, & TOMAIAI0T Ha
ee BEPXHIOIO M HUKHIOIO I'PaHUIBL. J[0J1f0 TaKuX 9acTuil
MOKHO YMEHBIIIUTD 38 CUeT yBEJUIEHUs JIJINHBI MUIIIe-
HU BJIOJIb OCH &, OJHAKO 9TO IPUBOIUT K CYIIIECTBEHHO-
MYy YBEJIUYEHHIO JUINTEIHFHOCTH pacdeTa.

Iist  BhIsicHeHusi ocobeHHOCTel (DOPMUPOBAHUST
[Iy9YKa [IPOTOHOB, YCKOPEHHBIX C ThLILHON ITOBEPXHOCTU
AJIIOMUHUEBOI MUIIIEHN, ObLIN BBIYUCIIEHBI TOKU 3JIEK-
TPOHOB U MPOTOHOB, MAJAIONINX HA MPABYIO T'DAHUILY
pactuerHoit obsactu. Ha puc. :_7. TIPUBOJISITCS 3aBUCH-
MOCTH OT BPEMEHH TOKa JIEKTPOHOB M IIPOTOHOB, a
TaKyKe UX CyMMBI.

MaxkcumasbHast BEJIMINHA IIPOTOHHOTO TOKA, IOCTHU-
raer 3Hadenud I, 14 MA/cM (pa3mepHOCTH TOKa
MA /cM onpejiesisercst IByMEPHOCTBIO IIOCTAHOBKH 3a-

Jladn) B MOMEHT BpeMeHH ¢ = 3.8 IIC, B 9TOT K€ MOMEHT
MaKCHMAaJIeH U 3JIeKTPOHHbIT TOK [, = —12.5 MA /cm.
CyMMapHBI TOK Ha IPaBYIO I'DAHUILY PACYETHONH 00-
aactu I, + I. B Hadaje Ja3epHOrO BO3AEUCTBUSA IIPH-
HUMaeT OTPUIATEbHBIE 3HAUeHUs (B TOKe IIpeobia-
JIAIOT IJIEKTPOHDI), 3aTeM MeHsieT 3HaK (mpeobJajaer
[IPOTOHHBI TOK), OJHAKO 1pH ¢ > 5.4 1nc cymMMapHbIii
TOK IIPAKTHYECKN O0PAIAeTCs B HYJIb, YTO CBUJETEIIb-
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Puc. 8. JlnHeiiHaa nNOTHOCTL j TOKa NPOTOHOB Ha NpaByto rpa-
HULY pacyeTHOl 0baacTn B 3aBUCMMOCTN OT KOOPAUHATHI I
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Puc. 9. VlnTerpanbHblii cnekTp NpOTOHOB, NajatoLnX Ha npa-

BYIO rpaHuLy pacHeTHoii obnactu. MNyHKTUpHOA npsiMoli noka-

3aHa 3KCMOHEHUMaNbHas annpoKCcumauus cnekTpa ¢ addek-
TuBHOI TemnepaTypoii 1), = 620 4+ 100 kaB

CTBYET O JIOCTUYKEHUN COCTOSTHUS KBA3WHEHTPAILHOCTH
[Ty 9IKa 3aPsI?KEHHBIX YaCTUIl, YCKOPEHHBIX B PE3YJIHTATE
JIa3ePHOT'0 BO3JIEHCTBUs HA MUIIIEHbD.

Ha puc. -'_2-11' [IPUBOJUTCS JIMHEWHAS IIJIOTHOCTH TO-
Ka IPOTOHOB, MMAJAIONINX Ha MPABYIO IPAHUILY PACUeT-
Hoit obmactu, B exuanax MA /cm? kax dyHKImA Ko-
opauHaThl . U3 rpaduka MOXKHO OINpEIEIUTh IOIe-
PEeUHBIN pa3zMep TPOTOHHOT'O Ty IKa, A IAIONIEro Ha MU~
eHb u3 6opa, KOTOPKIil 10 yPOBHIO TOJIOBUHBI AMILIU-
ryapl (FWHM) cocrasisier 40 MKM.

WHuTerpasbHblil CIIEKTP MPOTOHOB, MMAJAIONIMX HA
[IPaBYIO IPAHUILY PACUETHON 06JIACTH B UHTEPBAaJe Bpe-
Menu oT t = 2.5 1ic j10 t = 6 1c, IPUBOJIUTCS HA PHUC. :_3-(}'
IIyukTupmoit npsimoit Ha rpaduke MoKa3aHa IKCITOHEH-
[HaJIbHAST AMMTPOKCUMAIIAS CIIEKTPA.
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Puc. 10. (B ugete onnaiin) PacueTHas cxema BTOporo sTa-

na YMCAEHHOro SKCMepUMeHTa: cepasi 0bnacTb — MULLEHb U3

6opa, KpacHble TO4KN — MYy4OK MPOTOHOB, MajatoLunii Ha M-
LeHb

s Burauciennst abCOMIOTHOTO 3HATEHUS HHUC/IA
[IPOTOHOB HCITOJIB30BAJIOCH JOIYIIEHNe O TOM, YTO IO~
[I€PEYHBII Pa3Mep IPOTOHHOTO IIYYKa 10 OCH Y COBIIA-
JIaeT C IIOIEPEYHBIM Pa3MePOM II0 OCH T U COCTABJIs-
er 40 mxMm. KosmmaecTBo OBICTPBIX IPOTOHOB € HEPIU-
eit &/, > 1 M»sB, nony4ennoe B pacdere, COCTaBjiseT
N, = 5.4 - 10", a sddbexrusnas Temmueparypa GbICT-
puIx nporonos pasna T, = 620 £ 100 x»B. Ilosyuen-
Hble 3HAYEHNS KOJIMIECTBA OBICTPBIX IMPOTOHOB U (-
(bEeKTUBHON TeMIIepaTyphl JTOBOJLHO OJU3KNA K IKCIIE-
PUMEHTAJbHBIM 3HAYEHUSIM [-Q], PaBHBIM COOTBETCTBEH-
o N, =5-10" u T}, = 450 x3B.

Ha BTOopoMm 3Talie BBINOIHSIIOCH MOJEJIUPOBAHUE
snepubIx peaxmuii 'B(p, 3a) u ' B(p,n)C'! npu szan-
MOJIEACTBUAM Ty IKa ITPOTOHOB ¢ MUIIEHBIO n3 bopa. Vc-
TTOJT30BAJICS HOBBIN ITPOTPAMMHBIT OJIOK, BKITIOYUEHHDBIIH
B PIC-kogq KARAT.

Pacdernas cxema BTOPOrO 3Tala YnUCIEHHOIO IKC-
[IEPUMEHTa [MOKAa3aHA Ha PUC. 5%‘ Pasmep pacuernoit
00J1aCTH BJIOJIb OCH & COBIIAJIAJ C PA3MEPOM PACUETHOMN
obsractu PIC-momenm u cocrassisi 60 MKM, & BIOJIb OCH
Z pa3Mep pacuyeTHON obacT cocTaBstt 140 MKM.

s 3atanns mydKa MpOTOHOB B OJIOKE MOJETUPO-
BAHUsI SITIEPHBIX PEAKITUI MCIIOJIb30BAJICST MACCUB JIaH-
HBIX, [MOJIyYEHHBIl HA IEPBOM ITAIE MOJIETUPOBAHUSI
JIJIsE IPOTOHOB, JIOCTUTIIINX IPABO rpaHuIlbl. JI7isa Kax-
JI0ro IpoToHA (DUKCUPOBAIUCH L-KOOD/INHATA, KOMIIO-
uentol ckopoctu (V,,V,) u MOMEHT BpemeHu momaja-
Hud Ha rpanuity. Ha Bropom srare mpoToHbI ¢ Hapamer-
paMmu, B3ATBIMHU U3 YKA3aHHOI'O MaCCHUBA, 3aIyCKAJIUCh
¢ JieBoii rpanunpl (z = 0) HOBOI pacueTHOli obsacTu, ¢
BPEMEHHBIM C/[BUT'OM, COOTBETCTBYIOIIIM IIPUXO/LY II€D-
BOI'O IPOTOHA HA IIPABYIO I'PAHUILY HA IIEPBOM JTAlle.
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Mumrens u3 60pa B BUJE MPSIMOYTOJHHAKA C Pas-
mepamu 60 MM Bs1oab ocu x u 100 MKM BIOJbL OocH
Z MOJICJIMPOBAJIACh JIEKTPUUYECKU HEHTpaJIbHON Ccpe-

JIof ¢ 3aJaHHONW KOHIEHTpaIlmeil aroMoB 6opa n
= 2.5-10% e 3. Ha KaxKIoM Imare 1o BPeMEHH IS
Kazk/JIOro IIPOTOHA, JIBUKYIIEroCsi CO CKOPOCThIO Vp B
006JIacTi MUIIIEHN, 110 33/IAHHBIM cedeHnsM o (E,) peax-
it 1'B(p, 3a) [d] u 1'B(p,n)CM (8], paccunTssammcs
sepostaocT P = o (E,) VpnAt akT0B COOTBETCTBYIO-
UX peakluil 1 CPaBHUBAJIUCH CO CJIyYaliHbIM YHUCJIOM
¢ < 1. Eciim BepositHOCTh P OKazbiBasiach MeHbIe &,
TO OCYIIECTBJIAJICSA EPEXOJ] K CJIE/IyIOIEMY IIPOTOHY, B
[IPOTUBHOM CJIydae 3allyCKaJsach HPOIEypPa, B PE3Yilb-
TaTe KOTOPOW MPOTOH HCKJIIOYAJICS W3 pacdera, a u3
TOYKH €r'0 HAXOXK/ICHHS 3aIlyCKAICH AJIb(da-IacTUIBI C
sueprusivu 0.9 MsB u 3.9 MsB [i8] B ciywae peakuun
1B(p, 3a) (nanpasienne 3amycka aibba-qacTHIL Olpe-
JIEJISUIOCh U3 3aKOHA COXPAHEHUsT MMITYJIbCA) WU Heli-
TpoH ¢ sueprueii 90 k5B B ciyuae peaxmun M B(p, n)CH
(spo yriiepojia B MOJICJIMPOBAHUU HE YYACTBOBAJIO).
TloHbIil BBIXOT HEHTPOHOB OIPEIETISICS BO3paCTAIO-
[IIIM UTOTOM TI0 KOJIMYIECTBY IPOIIEIIINX PeaKIUii.

Wonuzanuonnbie moTepyu SHEPruu IPOTOHOB U aJlb-
da-gacTuI] Ipu UX JABUKEHNUN TI0 CBOEH TpaeKTopun | B
MHUINEHN 13 6Opa yYUTHIBAJINACH 110 U3BECTHOI hopmyIie
Bere — Baoxa:

dBy, o _ _27T7’7,Z264 M, o In dmely o (1)
di dEpo e Mpyal
rne B, . SHEPrus TPOTOHA WA AJTb(pa-IACTUIIHI,

My o m Z — UX Macca U 3apdai, M. U € — Macca u
3apsi)| s1ekTpona, I [3B] = 13.5Zp — cpejHuil moreH-
nuaJl MIOHU3aImn aroma 6opa, Zp = 5. /IurebHocTh
pacdeTra B OJI0Ke MOJEIMPOBAHUS sI/IEPHBIX PEAKIINIT CO-
crasuia 24 nc. B pe3synbraTe MpoBeIeHHBIX pacIeTOB
OIIPEJIEJIEHO IIOJTHOE KOJIMIeCTBO ajibda-dactut] N, =
= 7.2-10%, BO3HUKAIONMUX IIPU B3AMMOJIEHCTBUH ITy YK
MIPOTOHOB C MHUIIEHBIO U3 OOpa, KOTOPOE JOCTATOYHO
6JIM3KO K 9KCIIEPUMEHTAIBHOMY 3HAUEHUIO a0COIOTHO-
ro BeIxozia anbda-vactun 10° B 47 cp [10].

Ha puc. :_l-l: MIPUBOUTCS pacipeeeHne aabda-dac-
THUI| B PACYETHON 00JIACTH B PA3JIMIHBIE MOMEHTHI Bpe-
Mmenu: t = 4 nic u t = 24 1C, COOTBETCTBYIONINIT OKOH-
qaHnio pacdeTa. Kax BUIHO U3 pucC. :_1-]_:7 OOJTBITTHCTBO
aabda-dacTUI] OCTAIOTCS B TJIyOmHE MwuIneHu. JIumb
MaJiast 9acTh ajabda-daCcTUIl, HaXOIAIINXC BOTU3HU 0~
BEPXHOCTHU MUIIEHN, MOXKET OKUHYTH €€ U IIONACTh Ha
TPEKOBBIE JIeTeKTOPbI. OTMETHM, YTO BCE HEWTPOHBI,
BOBHUKIINE B pesyiprare peakunn 'B(p,n)C'! k mo-
MEeHTY BpeMeHU ¢t = 24 1ic, IOKUHYJIX MUIIEHb U Pac-
9eTHYI0 00J1aCTh.
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Puc. 11. (B ugete oHnaiin) Pacnpegenerune anbta-vactuy, (bronetosbie Toukn) B pacyeTHoll 061acTn B pa3nuyHble MOMEHTbI
Bpemenn: t = 4 nc (a), 24 nc (6). Cepasi obnacTb — muwweHb 13 bopa

N,, ycm. en.

a

10

4
E,, MsB

10°

108

107 F

10k

Komuecto a-wactun, N,

4
E,, M5B

Puc. 12. Oundbdbeperuymnanshbiii (a) n uHTerpanbHbli (6) sHepreTuyeckne cnekTpbl anbga-4acTuy, 4OCTUMLLMX JEBOV FPaHuLbl
pacueTHoli obnactu

st Toro ITOOBI OIEHUTH YUCTO aJab(da-dacTHIl,
KOTOpBIE MOTYT OBITH 3apPEruCTPUPOBAHBI C ITOMO-
IBI0 TPEKOBBIX JIETEKTOPOB, OIPEAEIISIIOCH KO-
crBo asbda-vyactur ¢ sueprueit F, > 0.5 MsB, no-
KUHYBIIAX MUIIEHb U TONABIINX HA JIEBYIO T'DaHU-
Iy pacueTHoil 06sacTu (3TO HPEINOJIOKEHEe COOTBET-
CTBYET CXeMe SKCIIEPUMEHTa, & TaKyKe YIUThIBAeT qyB-
CTBHUTEJIHHOCTDL TPeKOBBIX gerekTopoB CR-39 B pabo-
te [10]). Komraecrso Takmx aibda-gacTui cocTasu-
a0 2 - 107, T.e. okos0 2.8% OT IIOJHOTO KOJIMUECTBA
anbda-dacturl. [losyaennas B pacdere BeJMIHHA O
TBEPKIAET IKCIIEPUMEHTAIbHBIN BBIBO/T O TOM, YTO Tpe-
KOBBIE JIeTeKTOPbl perucTpupyior He tosee 2.5 % re-
HEPUPYEMBIX aJb(a-dacTHIl B T CTEPAJNAH B CTOPOHY
pa3MeleHnsi TPEKOBBIX JIETEKTOPOB [:_I-Q']
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HuddepennmaabHbIil S9HEPTETHIECKUN CIIEKTP aslb-
da-gacTutl, JOCTUTIINX JIEBOI TPAHUIBI PACIETHON 00-
JIACTH, TPUBOJATCS HA PHC. :_l-%'a. Huddepentmain-
HBIIl CHEKTD HMMEEeT JIOKAJbHBIH MaKCUMyM IIPH SHED-
run E, = 3 M»sB, koropslii coorBeTcTBYyeT ajibda-dac-
Tunam ¢ sueprumeit 3.9 M»sB, ucnymenubiM Ha riTy-
Oune OKOJO 18 MKM OT IHOBEPXHOCTH MHIICHH (CM.
puc. :_l-l:a). NmenHO HA 9TOM PACCTOSIHUU TPOTOHBI C
sueprueit 1 M»sB ma moBepxHOCTH MUIIEHU B PE3YJIb-
TaTe MOHM3AIMOHHBIX II0TEPh Oy/yT UMeTh IHEPIHIO
E, = 0.6 M»sB, pesonancunyio [jif Ce4eHH:A DPEaKINU
HB(p, 3a) r.g] WuTerpabHblil SHEPreTUYECKUN CIIEKTP
aabda-JIacThI] MoKa3aH Ha Trpaduke Ppuc. :_1-2‘6 Ero
dopma XOpPOIIO0 COOTBETCTBYET IKCIEPUMEHTAJIHHOMY
CIIEKTPY aJIb(a-JacTull, IPUBEJIEHHOMY Ha PUC. :_2 Or-
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YucneHHoe MofenmpoBaHue BbIXOLA SIAEPHbIX PEAKUUA. . .

Jraue B abCOTIOTHBIX 3HAYEHUSIX ATb(ha-IacThIl B pac-
YEeTHOM U IKCIEPUMEHTAIHLHOM CIIEKTPaX O0bsICHSIETCsT
TeM, 9TO TPEKOBBIE JIETEKTOPBI PEruCTPUPYIOT He 0Oo-
see 3% renepupyeMbIx aibda-dacTull, KaK yIOMHAHA-
JIOCH BBIIE. PacyeTHbIl MOJIHBIH BBIXOJ HEHTPOHOB B
pesyabrare peaxmun M B(p, n)C cocrasux N, = 10°,
YTO COBIA/IACT C BEJIMYMHON IOJIHOIO BBIXO/Ia HEUTPO-
HOB, TOJIydenHof B dKcnepuvente [10]. Taxum obpa-
30M, [IPOBEJIEHHBII PACYET MOITBEPKIAET BBIBOJ O TOM,
YTO Ha KaxKJbIil HEHTPOH, 3apEruCTPUPOBAHHDBINA B 9KC-
nepuMentTe, npuxoauTcs nopgaxka 10* anbda-uacr,
HOABUBIIUXCS B pesy/ibrare peaxnmn 1B(p,3a), mpn
sToMm He Gosee 2.5% or obmero Koamdecrsa aibda-
FaCTHI] CIIOCOOHBI MOKWHYTH MUIIEHb U3 Oopa u Io-
[MacTh HA TPEKOBBIE JI€TEKTOPHI.

4. SAKJIFOYEHUE

IIpoBemeno ducjeHHOE MOJEJIUPOBAHME BBIXOJA
HepCIeKTHBHOMN sjlepHoil peakuu cunTesa 1B(p, 3a)
u penepHoii sepHoii peakimm B(p,n)CM, wrummm-
PYEMBIX C IIOMOIIBIO MOIIHOI'O IIMKOCEKYH/IHOT'O JIa3ep-
HOTO u3JlyveHus: ¢ unTeHcusHocTbio 2 - 10 Br/cm?.
YucjieHHOE MOJIEJIMPOBAHNE B3aUMOJIEHCTBUS J1a3ep-
HOI'O UMIIYJIbCA C NEPBUYHON AJIFIOMUHUEBOI MUIIIEHBIO
npoBOAMJIOCH B aByMepHoit xz-Bepcuun PIC-koma
KARAT. Mogenupopanue ObLIO pa3ieleHo Ha JBa
srana. Ha 1epBoM 3ralle BBIUYHUCJISICS IOTOK IIPO-
TOHOB C TBLUILHON CTOPOHBI AJIOMUHUEBON MUIIECHU,
Ha KOTOPYIO MaJaJj Jia3epHblii uMmiryabc. Ha BTOpOM
BBITIOJIHAIOCH MOjle/mpoBanne peakimit 1B(p, 3a) n
UB(p,n)C" upn B3anmmoelcTBIN TyUYKa IPOTOHOB C
MuIeHbio 3 Oopa. Pesysabrarhl pacueroB moxkasasin
CcJIeJIyroInee.

e [Ipu BO3eiicTBUEN JIA3€PHOTO UMITYJIBCA HA M-
IIEHb B Heil (POPMUPYIOTCS «BMOPOXKEHHBIE» MarHUT-
HbBIE T0JId ¢ aMILIUTY 10 1o 1.2 - 108 T'c, a HA THIIBHOI
[MOBEPXHOCTY MUIIEHU BO3HUKAELT IJIEKTPOCTATHIECKOE
noste ¢ ammaTyoit 10 0.5 - 1019 B/ca.

e KosmmuecTBO OBICTPBIX MPOTOHOB € JHEPrHUEid,
npespimatonieii 1 MasB, cocrasaster 5.4 - 10! .,
MaKCHUMaJbHasl SHEPIHUs IIPOTOHOB B IIyYKe JIOCTUIAET
4.2 M»sB.

e Y101 pasjiera IIPOTOHOB B IIyYKe He IIPEBBIIIAeT
15°-20°.

o CyMmMMapHBIl 3apsil [Iydka OJM30K K HYJIO, T.e.
[yYOK SIBJISIETCS KBA3UHEHTPAIbLHBIM.

e I[lonmbiii BeIXOX asnbda-yactur] paBen N, =
= 7.2-108, Kosm4ecTBO asbda-4acTHIL C SHEPTUEH GOJTb-
mmeit 0.5 MsB, nomnaiaromux Ha JeTekTop, pasHo 2-107,
4To cocrasiger 2.8 % 0T UX IMOJHOIO BBIXOIA.

o ITousHblit BEIXOL HefiTponos Y, = 10°.
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Pe3yﬂbTaTbI YUCJICHHOT'O MO/IEJIMPOBaHUsA II0 BBIXOILY
asiba-dacTul], ¥ HEHTPOHOB 3a UMILYJILC B PEaKIly-
ax "B(p,3a) u 'B(p,n)C'"" nocrarouno xoporro
COBIIQ/IaI0OT C B3IKCIIEPpUMEHTAJIbHBIMU pPeE3yJbTaTaMU,
TOJIYY€HHbIMU TP MHTEHCUBHOCTHU JIA3€PHOT'O U3JIyYe-
mus 2 - 10 Br/em?.

BaarogapHoctu. 3a opraHusanuio u MpoBeIeHIe
HOJICBHBIX JUCKYCCUH II0 TeMe UCCJIEJLOBAHUIl aBTOPDLI
BBIpaXKatoT OsrarogapHocTh mporpamme 10 «dkcrepu-
MeHTaJbHas JabopaTopHas acTpodusmka U reodu3u-
Ka» HITOM.

®dunancupoBanue. Pabora BBIIOJIHEHA B PAMKAX
«®Dusn-

byn-

OPUJIOZKCHUA B

TeMbl TocygapcTBeHHoro 3ajanus MIITY
K& HAHOCTPYKTYPHUPOBAHHBIX  MATEPUAJIOB:
JIaMEeHTaJIbHbIe NCCJIEJOBAHUS 1
MaTepUaJIOBE/IeHNN, HAHOTEXHOJIOIUAX U  (DOTOHU-
Ke» TIpu HoJJlepKKe MwuHECTEpCTBa  IPOCBEIIie-
Hug P®  (HOMEp TIOCYZapCTBEHHON pPerucrpalum:
AAAA-A20-120061890084-9) m mpum YaCTHYHON MOJ-
JIEPIKKe dorma  dyHIaAMEHTATHHBIX
nccrenopanuit  (mpoekr  Ne18-29-21021).  PaGora
nojiiepxkana  MUHHCTEpCTBOM HAyKHM ¥ BBICIIErO

obpaszosanus PO (Ne FSMG-2021-0005).
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