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Peaknng pacmenneHns NPA B32AMOReHCTBHH IpoToHOB ¢ YAeprueii 1.1 B ¢ anpamn
kpemaus. [lpenpuutr HTDO® 12-03/

A.A.Baceuxo, HJ].Tananuna, K.E.I'yees, B.C demunon, E.B Jemuposa, M. B.Kuprunuxos, B A.
Kysuenos, b.H.Iasnos, A.J0.Coxonos, A.C.Crapocrun, H.A Xangeesa. M. 2003. 29%¢

Vismepensl ceuenus o6pasopanus Bo3GYKIEHABIX AICp B PEakuiu 2 Si(p,p xp yn)A* ¢ ROCALRYIOMHM
Y- IEPEXONOM B COCTOMHHE C MeHbileH FHeprielt Bo3OYKICHHA MM OCHOBHOE COCTOSHHE., DKCIEPH-
MEHT IPOBOJHICH HA BLIBEJEHHOM IPOTOHHOM mHyuke yckopHTtena UT3®. Jina unentHdrkalws pe-
akuuii npumensacs Ge(Li)-Nal{T)) ramma-cnekTpoMeTp, ¢ HOMOIEBIO KOTOPOTO PETHCTPHPOBATOCH
MIHOBEHHOE TaMMa-H3TyyeHHe, HCIYCKAEMOe KOHEUHbiM BO3BYWICHEEM SApoM. HyBCTBHTEALHOCTD
sxeniepuMenta ~ | MGu. Tlomydens: BenwaHHbL ceucHumit ata 28 y-nepexona 19-T# aaep-1ipoRyKTOB.
OueHeHs! cedenus peakiuii pacuiennesns. [IpoBeieHo CPaBHEHHE ¢ HIBECTHBIMYU DKCTICPHMEHTANb~
HbIMH HAHHBIMH H DacHeTaMH [0 [OMYIMIMPHYECKOH QopMysie, & TaKAe ¢ pe3yabTaTaMi MOASITHPO-
BAHAA AAPOHHBIX B3auMoaelcTeul ¢ nomommio kogos GEANT u INUCL.

Spallation reaction of 1.1 GeV protons with silicon nucleus.

A A Vasenko, N.D.Galanina, K.E.Gusev, B.C.Demidov, E.B.Demidova, LV Kirpichnikov,
V.A.Kuzmetsov, B.N.Paviov, A.Yu.Sokolov, A.A.Starostin, N.A Khaldeeva.

Cross sections of excited nuclei production in the reaction *Si(p,p xp yn)A* followed by y- transition
to the state with less excitation energy or to the ground state have been measured. The experiment has
been carried out at the external proton beam of ITEP accellerator. For the identification of the reaction
prompt gamma radiation of final excited nuclei has been registered using Ge(LD-Nal(TI)
anticoincidence spectrometer. The sensitivity of the experiment is ~ 1 mb. Cross sections have been
obtained for 28 y-transitions of 19 product nuclei. The cross-sections of spallation reactions have
been estimated. Comparison has been made with known experimental data, with calculations using
semiempirical formula and with the results of simulation of hadron interactions carried out using
GEANT and INUCL codes.

Puc. 11, concox sur. 28 HanM.
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1. Beenenne

ViaMepeRrue ceqeHnii BRIXOAA SAECP-HPONYKTOB, 00pasyfoliMXCs B peaklHax pacine-
TUICHHS aTOMHLIX S1ep NPOTOHAaMH ¢ PHepryied B Heckonsko I'2B, HeobxoauMo Kak mis
1POBEPKH PA3NAYHLIX TEOPETHYECKUX MOJENeH AACPHBIX PeaKuui, TaK H JUIs pELIEHHSs
ApUKAAAHBIX 38/1a4, CBA3aHHBIX ¢ nipoGnemoit nepepaboTky 0TXOH0B AACPHBIX PEaKTO-
pos. Takne H3MepeHMs NPOBOIAINCH B Pa3THYHLIX 1abopaTopHAX MHpa B TeYeHHE
MHOTHX JIET, HX Pe3YAbTaThl BOLIIM Kak B MoHorpaduu [1], Tak H B coBpeMeHHbIe 6a3bl
IaHHBIX (cM., HanpuMep, [2]). CymecTByIOT NONYIMIMPHUYECKHE MOAEH, OIHCHIBAIO-
e paciiefuiende snep B otol obnactu, TaxMe xak Gopmynel Pynctama 3] u
Silberbers u Tsao [4]. Ob630p ApYTHX NOMYDMIHPHUYECKHX Mojened mpusejeH B [5].
KackanHo-HcnapHTensHble MOJENH DPEANM30BAHBI B BHAE KOMMBIOTEPHBIX MOHTE-
Kapnoscknx kofos (Haupsmep, [6-8]). B Hacrosiuee BpeMs pa3BHBAIOTCH MOJENIH HA
OCHOBE KBAHTOBO-MONIEKY/IAPHOH JHHamMuky [9-11].

B noparnsmiomes GONLOINHCTBE SKCIIEPHMEHTOR B 3TOH obJacTy 9Heprui Henons-
3yeTcs METOA HaKONMNeHHs NPOAYKTOB DAcIICIUIEHHS Aep B npouiecce 0bnydyeHHs o6-
pasLoB-MHlIeHeH B Oy4Kax TpoTOHOB. KOJIHYECTBO HAKOIUIEHHAIX PagHOAKTHMBHBIX
H30TONOB ONPEACHNCTCA 0 HHTCHCHBHOCTH TaK HA3KBACMOTO "3aflepKaHHOro" H3ly-
YeHHS, BOSHMKAIOMEro B NPOUEcce pagHOaKTHBHOTO pacnaza. [is BeijeneHus HEKO-
TOPbIX CTAOHABHBIX H30TONOB 6AAropOaHBIX ra308, HANIPHMED, FEANA H HEOHAa, HCIIOJb-
3YIOTCS Macc-CnekTpoMeTphi. B opHod u3 nocneauux pabor [12] npencrasnennt pe-
JyNLTaThl H3MEPCHMH TAKMM METOAOM CCYCHHMH BbIXOda AZEP-HPOAYKTOB, 0Opasyio-
HIMXCs YIpH B3a#MO/IeHCTBAY npoToHOB ¢ 3Heprueli or 0.8 no 2.6 B ¢ pasnwansiMu
sanpamu (7<Z2<30). B cepun pabor [13-15] HaMepeHr! BHIXONSI PAIHOAKTHBHLIX HYKIH-
JoB ang Gonee WHPOKOTO CnEKTpa 3feMeHToB (6<7<92). OnHako METONOM HaKOILle-
HHS HE yNaeTCH H3MEDHTL BBIXOIb! CTabHIBHBIX ANEP, HE OTHOCAUIMXCH K Gnaropoj-
HEIM 1'43aM, ¥ DaAZHOKTHBHBIX AEP C MANKIM IEPHOIOM NONYpacnaja, YTo CocTaBnser
3aMeTHYIO YacTh BCEX PeakilHi pacHiennaeHHs.

3ajaya H3MepeHHUs CeveHHH peakuuil ¢ o0pa3oBaHMEM TAKHX SIEpP MOXET GLITh
PELUEHA METOAOM PEerHCTPalHH "MIHOBEHHOro" y-H3NyYeHHs, BOHHKAIOIEr0 NPH ne-
pexonax Bo30YXIEHHEIX Afiep B COCTONHYE ¢ MeHbliell sHepraed Bo3Oyx/ieHus WA B
OCHOBHOE cOocToAHHE. OCODEHHOCTRIO 3TOTO METOAA ABMAETCH TO, YTO HIMEPSHOTCH He
HOJIHLIE BRIXO[AB! AJ0EP, NOCKO/LKY 3aPETHCTPHPOBAThH BCE raMMa-TIepexo/ihi NpaKTHie-
CKH HEBO3MOXHO, 8 NAPUHAIbHbIC CCYCHHA NEePEXOAOB, B OCHOBHOM, C NIEPBOTO BO3OY-
MJEHHOTO COCTOSHHSA Ha OCHOBHOH yposeHs. Opnako m3sectao [16,17], 4ro B ciydae
4ETHO-4eTHRIX Anep Gonee 90% xackafHBIX EPEXOA0B HA IOCNAEIHEM ITRIE MPOXOINT
yepes nepBhii Bo30yxk/aeHHBIH ypoBeHs. TT0ITOMY B TaKOM Cilyyae CedeHHe y-Iepexosa
MOXHO CHHTaTh OAM3KHM K CEYEHHIO BBIXOJa HaHHOTO AApa, a A% AOCP APYTOro THAa
RO3MOXKHA TOJIBKO OUSHKAE CEYeHHs BbIXOOA.
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Jlns uaMepeHust SHepruil MCHOBEHHOIO y-H3INY4YEHWH NPHMEHAIOTCH [OXYNpOROA-
Hyikoubie (repMaHyeBhic HIH KpeMHMEBbIe) criekTpoMeTpel. Mix mpHMeHeHHe B 3KCIe-
PHMEHTaX HA YCKOPHTENNX NPH 3Heprusx npotoHo Gonee 500 MaB, xorna donosuie
YCHOBHA PE3KO YXYMURAIOTCH, TpebyeT NMpHHATHA JONONHHTENbHBIX MEp U4 BhlAee-
HHA [IOJIE3HOFO CHTHANA.

B pabote [17] Obin npHMEHEH METOL raMMa-CCKTPOCKONKH B NMy4dKe, YTO MO3BO-
JHJIO H3IMEPHTD CEYEHHS BRIXOJA CTAOUNbHLIX Alep H PaJHOAKTHBHBIX AAEp C MAThiM
NEpROAOM NToNypacnana; Obl MOJIydeHs! JaHHEIC [Uis MuIicHeH H3 Al B Fe npn 3Hep-
ruu npotonos 0.8 ['3B.

B HacTosilieM OKCIIEPHMEHTE H3MepeHbl Ce4eHHS Y-IepexoloB BO30YMIEHHBIX
A7ep, BOSHAKAIOUIMX B PEAKIHAX B3aNMOJeHCTBAN HpoToHOB ¢ 3Hepraei 1.1 I'sB ¢ an-
pamu 2%Si. Jins uneHTHOHKaMHH peakuMH ¢ momoumsio Ge(Li)- Nal(Tl) cnexrpomerpa
PEerHCTPHPOBAIOCE MIHOBEHHOE Y-HIMydeHHe, MCMycKaemoe BO3OYXKIUCHHbIM KOHed-
HBM AapoM. B pabGorte [18] Opin onyOnHKOBaHBE! MOJY4YCHHbIC HAMH TIPEABAPHTENb~
Hble pe3ynbTaThl AV CedeHHH o0pa3oBanus sAep-NMPOSYKTOB IPH pacileruieHuy Shep
Mg, Al, Si npotonamu ¢ sxeprae#t 1.1-2.5 I'9B.

B nacrosuueit paGote 6nino ofpamieHo ocoboe BHHMAaHME Ha MiMepeHHe 3bdek-
TuBHOCTH Ge(Li)- Nal(Tl) cnextpometpa. Bonee Tounsiii yder >QPeKTHBHOCTH Cyle-
CTBEHHO H3MEHHJI 3HaUeHHA ceyennii {19] no cpasnennio ¢ [18].

2. IxcnepuMenT

SKcrneprMeHT NMPOBOTAICS HA BHBEACHHOM NPOTOHHOM IIyuke yckopHrens Y-10
UTO®. [ina peracrpanuy (OTOHOB M HIMEpEHHA uX sHeprui ucnomssosaica Ge(Li)-
Nal(T1) y-cnextpomeTp, ABIAIOMMiCS COCTaBHOH vacThio ycramosku MAI [20,21].
Cxema 3KcniepHMeHTa npencTapieHa Ha pHc.l. JIydok mpoToHOB C© HMNYNBCOM
1.81+0.02 "2B/c dokycuposanca Ha MUIIEHDb C NOMOLIBIO CHCTEMbI MArHHUTOB H JIVMH3.
MouurTOpOM 11ydKa CAYXHIIH COBNAJCHHA CYCTYHMKOB SyxS;xS3; pasmep cuerynka S3
cocTapman 4x4 cM, a S; U Sy —15x15cM. HMHTeHCHUBHOCTDL MydKa [OIUIEPXHBANACH Ha
yposse 5e10° nporonos Ha c6poc npu AnATenbHOCTH cOpoca 0.5¢. B kavecTe Muie-
HH HCIONL30BAICH KPHCTAILIMYCCKHHA KPEMHHH €CTeCTBEHHOIO HM30TOITHOIO COCTaBa
(*8i--92.23%, ¥Si--4.67%, 'Si--3.1%) B OpME LHIHHIpPA IHAMETPOM 8 CM H BHICO-
toi 2.7 cm. Tlyvok Hanpasasiacs no LEHTPY LMIMHApa BAONL ero obpasyiomeH, Tax
YTO KONHWYECTBO BEHIECTBa B My4ke coctaBnano 6.0 r/cm’. B paborax [22,23] MoxHO
HalTH nogpobHoe onHcauHe ycnosuil nposefeHHs ceancos. YHcao NpoTOROB, 10ONas-
IHX Ha MHUIGHDL 32 BPEMs HiMepeHHi, cocTapisto 5.6¢10', a uncno nepenannbix B
3BM "rpurrepos” -1.18010°,


http:06pa3yJOllJ.eH
http:29Si-_4.67
http:eSi--92.23
http:HaCTOllllJ.eH
http:rrpHHBTH.sI
http:YXYJUllaJOTC.sI
http:nOIIynpOBO.ll

2.1. 'amma-cnekTpoMeTp

Ge(Li)-Nal(Tl) ramma-cnexTpoMeTp pacriofiarancs B HanpaBlcHHH, NEPNCHANKY-
JSPHOM NYHYKY, BHH3 OT MEIIeRH (pHc.1). JleTexTHpytoutas 4acTh CIICKTPOMETPa fipel-
cTaBsuta coboit Ge(Li) kpuctann ofsemom okono 100 cM® (wamanap nuamerpoM 49
MM H BRICOTOH 50 MM), OMELICHHDbINH B KPHOCTAT CneuHanbHoH koHburypauunH. Pac-
CTOAHHE OT LEHTpa KPHCTAIA 0 MHIIEHH cocTasisano 35.7 cM.

S . Sz : : MuLleHb
1 Ss
| » | I/tL S5l
L 8 |

NPOTOHOB I

Pucynox 1 Cxema Ge(Li)-Nal(T]) y-cnexrpomerpa.
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Jng ymMeHsmmenus raMMa- 4 HeHiTpoHHOrO (oHa, CBA3aHHOTO ¢ paboTolt yckopuTe-
15, y-BeTeKTop Obl1 NOMEemeH BHYTPSh 6-cexninornoi Nal(TI) cbopkn B BRAE HRAHHA-
pHYECKOro KosoAua BhicoTol 30 ¢M C BHEIIHHM HHAMETPOM 45 CM H AHAMETPOM BHYT-
perHero oTeepcTHa 10 cM. CHrHas ot 6-TH kpHcTannos Nal pKmovaics Ha aHTHCOB-
NageHAe C CUrHAIOM OT MepMaHHeBOro JeTeKTOpa, YTO IOJABJIIO HENPEpLIBHYIO (o-
HOBYIO KOMTIOREHTY y-cnekrtpa B 20-30 pa3 [20]. Kpowme Toro, cnexrpomerp Obi Ho-
MeLIeH B CBHHUOBEIH KOXYX JUIA 3alUHTH! OT BHeUHero (GoHa.

CUVHTHIUIATHOHHBIR C4eTYHK S;, BIJDOYEHHHIH Ha AHTHCOBMAACHHE, HCKIOYAN
cpabaThiBaHHe CIIEKTPOMETpa OT 3apsHKeHHbIX "acTHll. Tpurrep Ans CYUMTHIBaHHA HH-

¢opmaunu B IBM 3anapanca curnanom S, S,S; S, S, Ge(Li) Nal(T1). Cueranx S;,
pacrioioxeHHbiH B Iy4Ke Ha pacCTOAHHM Oofee 5 M OT MHINEHH, BKIIOYAJICA HA AHTH-
coBMajieHne, Yrobbl MOJABHTE CHTHAIB! OT YACTHL, NpOUle/IUUX Yepe3 MumeHs Ges
B3aumMonchcTBuH. CueryHk Ss nogasnsn 80% NMyYKOBHIX NIPOTOHOB. AHANOrOBhIf CHI-
HaN repMaHHeBoro AeTeKTopa peobpajoBriBancy B LA(POBYIO HHHOPMALHIO C TTOMO-
mseio 6noka AL ¢ mHcxperHocThio 0.9 k?B. DHepreTHYecKHl HHTEpBaN PETHCTPH-
pyemsix dororor cocraBnsn 150-3400 xoB. OnepatuBubii KOHTpOAbL paboTLI CIIEK-
TPOMETpa OCYIHECTRIAICA C NOMOLbIo 4096-kaHanbHOro adanusaropa tana NOKIA.

2.2. JddexTHBHOCTD Y-CHEKTPOMETPA

OddexTupnocts ramma-ciektpomerpa Q4(E,) onpenensercs xak npon3BeneHUE
nsyx Muoxurenet: Qe E,=Qu(E)* n(E,). € - apbextusnocts Ge(Li) nerextopa,
KOTOpast YIHTHIBAET BEPOATHOCTD NONANAHNA Y-KBAHTA B HETEKTOP H BEPOATHOCTD €10
[OTEPH 32 CUET RhIJIeTa YACTH MeKTPOMATHHTHOr'O IHBHA 3a NPEIENbl KPHCTAIA
Ge(Li); n(E,) xapaktepusyer a¢p(GeKTHBHOCTh POPMHPOBaKHS "TPUITEPHOro" CHrHana.

3apucaMocTh (y(E,) H3MepAnach IKCAEPHMEHTALHO IPH PETHCTPALMH CHEKTPO-
METpOM Y-H3Ty49eRus OT 4-X JTA/OHHBIX CNEKTPOMETPHYECKHX y-HcTounmkos “Co,
88y, ¥Cs u P*Th ¢ XopomIO H3BECTHHMH HHTEHCHBHOCTAMH. | aMMa-TIHHAN HCTOYHH-
KOB I1€PEKpLIBANH H3y4aeMblif sHepreTdeckudl guanason. Mctounnkn noMeanucs na
MECTO HCCIICAYECMOH MHIICHH, 4T00bi NPHOAH3HTD YCIOBAA PETHCTpallHH (OTOHOB K
skcnepuMenTansHbiM. Ha pmc.2 3Besjodxamut npejctaBieHa 3GdeKTHBHOCTL JUIA
BocbMH ramMa-iHHHM. IlTpuxoBo#l nuHKel Ha pHCyHKe nokasaHa nofoGpaHHAas no
STHM TOYKaM SMIHPHYECKas 3aBHCHMOCTD.
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Pucynox 2 3aBHCHMOCTE peKTHBHOCTH OF JHEPrHH FAMMA-KBAHTA,
BhIpAKEANad B CIHHHOAX TEJAECHOr0 Yraa, Qg_ s@pgexrusaocts Ge(Li)
aerexropa; Qe — IPPEeKTABHOCTD FAMMAa-CIIEKTPOMETPA.

Muoxurens w(E,) oTpakaer ymeHsuieHHe >QOPEKTHBHOCTH 33 CUET OTPAHHHECHNS
BPEMCEHH A, B TEYEHHE KOTOPOro AOMYCKaNCH npuxon curyaia ot Ge(Li)-nerexropa Ha
CXeMYy COBRalEHUA ¢ NMYYKOBHIMH CHETUYHKaMH, B HamMx H3MepeHUAX 3TOT MHTepBal
A=50Hc. W3-3a Gonpimoro pasbpoca IUTHTENIBHOCTH mepeaHero (poHTa CHUrHanoB
Ge(Li)-nerextopa orpanuvense A=50 HC NPHBOJHIIO K YMEHbIUCHHIO 3P (hEeKTHBHOCTH
cuextpomerpa. Pynkuus n(E,) Obina onpenenieda 3KCIEepUMEHTANBHO NYTEM CpaBHe-
HHA CTICKTPOB Y-H3IYYEHUA W3 MUIIEHH, HaOpaHHbIX rpH A=50 He u A=250 nc.

3aBucumocTh Bes it Qe=CQ(E,)*™n(E,) oT sHepruu dotoHa nokasaxa ciiom-
Holf munuel Ha puc.2. rne Qe Bsipaxceﬂa B eIMHHIIAX TENECHOTO YTJia, KOTOPhIH Tie-
PEKDLIBAIICA Gb] HACATLHBIM, PEFHCTPHPYIOLIHM KaXbIH GOTOH, Ge-NeTeKTOPOM.

BhDheKTHBHOCT,  PErHCTPAiiH  y-KBAHTA B 3KCAEPUMEHTE  cocTraBiseT
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4r
maetca 10 0.77¢10 npu sneprun 1000 k3B # 10 0.51010™ npu sueprun 1800 kaB.

Heo6xoMMO OTMETHTE, YTO TIOTPEHIHOCTS ONpefeneHns >QQeKTHBHOCTH ABNACTCA
OJIHHM 3 TTIABHBIX HCTOYHHKOB MOTPEIIHOCTH B U3MEpPEHHM cegenmil. [TpuyeM, ecnu
shexrusnocTe Ge(Li) nerexropa {); MOKHO ONpPEieINTs C TOYHOCTHIO A0 HECKOJb-
KHX MpOleHTOB, T0 BesmyuHa 1(E,) H3BecTHa MeHee TOYHO. DJTO NPHBOJAT K CHCTE-
MAaTHYECKHM OHIHOKaM, KOTOPEIC MOTYT COCTABIIATE fo +10%.

Orpanugenne A=50 Hc oupelessieT BEPXHIOKW IPasUlly HAa NMEpHOAL! NOSypacnaga
ypoBHeH, KOTOphle MOryT Habmogarbcs B okcnepaMerTe. [To-BHanMoMY, 6e3 Hekaxe-
HHH MoryT ObiTh H3MepeHsl MHTEHCHBHOCTH ypoBHeH ¢ BpeMeHeM SKH3HM MeHblle
10+20 He; nig Gonee NONrOXHBYHINX YpOBHEH clieyeT BBOJHTH TIOTMPABKH Ha JOMIO
HEpErHCTPHPYEMBIX pacnafioB. HIKHsA rpaHHla perHCTPHPYEMBIX BpeMEH XKU3HU ON-
penenseTca HekakeHneM hopmbl y-nuHHH 3a cueT ddpberra Jonnnepa {24]. Kak noka-
3aNM BLIYHCIICHMS, BBITOJHEHHBIe HaMH MeTonoM Monre-Kapio, uckaxeRHe MOXHO
CYNTATH HECYIICCTBEHHBIM 114 BpeMer Gonpiunx 500 ¢c. Lis BpeMeH Xu3HH YPOBHA
ot 100 no 500 ¢ nabGmonaercs HeGonblnoe yIHpeHHe Y-JIHHAH,

¢10°, roe Qe B McTep. [s sueprun 200 k3B oBa panna 23010 u yMEHb~

2.3. JnepreTaYecKas KaaHOpoBKa.

KanubpoBka sHepreTHIecKofl MIKANEI TepMaHHEBOTO JETEKTOPa NPOH3BOLHIACH RO
14-TH H3BECTHEIM Y-THHHSAM HCTOYHMKA “°Ra B Ananasone sneprud ot 180 ao 3100
koB. Popma perncTpHpyeMoH y-JIMHMH, OTpeAeIsnoas paspeileHne CHEeKTPOMETpa,
1o sseprun 1200 k3B xopomo onHckiBacTes pacnpenenerueM [aycca:

f(x)=als eexp-[((x-1)/s)*/2], .
rIe g-HOPMHPOBOYHLIA MHOMXHTENb, L - TOJIOKEHHE MAKCHMYMa NTHHWH, § -CpejHee
KBaapaTHIHOe oTKNoHeHHe. [IpH Gonee BRICOKHX 3Heprusx GopMa y-IHHHH CTAHOBHT-
C1 aCHMMETPHH4HO#: Gonee NPOTMKEHHON B CTOPOHY MEHBIUHX 3HA4YCHHH apryMmeHTa.
Cnextp 86masH muAug 1763.1 koB noxasan Ha pHcyHke 3. BupHo, 4To MpH TaKHX
SHeprusx pacnpenenenune I aycca mwioxo onucuiBaer GpopMmy cnextpa. Bnaots go 3100
k2B ona annpokCcHMHpOBanach SMIHPHYECKHM pacnpeneieHHeM
Jx)=alseexp-[(x-p)/s-exp((x-p)/s)],
aHaNOTHYHBIM paclipelie/leHHIO JKCTpeMAaNbHEIX 3Hadenuit [25]. B oToM BhipaXeHHH
§ - napameTp (GopMbl, KOTOPHIH CBA3aH C JHCHEPCHEH pacipeleNeHHs COOTHOMEHUEM!
D=1 .645.92, a flapameTp (=<x>-0.58, rae <x> - cpeaHee 3HaUYCHHE.


http:IF<x>-O.58
http:OnHChlB8.eT
http:3HepfH.sx
http:BhJlfHCneHH.SI
http:pacna,n.oB

-3

PIte B A rrere st enirten i mamnrer e

2000 m .

i i
1740 1760 1760 1770 1780 1790
Pucynok 3 AnnpoxcumMalng cnexrpa s6am3a nuka ¢ YyAeprael 1763.1 k2B or ncrownnxs Z5Ra
dynkaneit l'aycca — HenpepoiBHag KpuBas 1 B pacnpegeenneM YKCTPEMAILHABIX 3HATCAHH —
WTPUXOBRA KpHBas 2.

Pacnipenenenus skcnepuMeHTaNLHEX COOBITHE M0 HoMepy Kanana AL (4,4), mo-
JMy4eHHBIC NIpH KanHOpOBKe, B paioHe KaxAoK A3 14~TH NHHHH ONKCHIBAIHCE CyMMOH
nuue#noro $poua u GyHkuwn paspemends f{x). 3aBUCHMOCTh MeXXy 3Heprue#f dorona
Ey (Tabiuunbie 3HaYeHHA) M HOMEPOM KaHaNa Agy, COOTBETCTBYIOLIENO NAPAMETDY i
QYHKUUH [, onpeaefioieMy TOJIOKEHHE MaKCHMYMa, anlpOKCHMHAPOBAIACH CTENEH~
HOH dynkuuei Eg(xaBFb@gd-c)d, ko3¢ PHUHEHTH b, ¢ B d KOTOpPOH HaXoQHIHCE Me-
TONOM HaHMeHBIDHX KeaapaToB. Kanubpopounas 3aBUCHMOCTE XOpPOINO anTpOKCHMH-
poBajia CBA36 SHEPrHHU y-KBAHTA M HOMEpA KAHANA, ONPENENAIOLIEro BEIHYHHY aMmILiH-
Tydbl; MaKCHMalbHAA Pa3sHOCTb MEXTY TaONHYHBIMH 3HAYSHUIMHA Heprud ¢oToHa oT
HCTOYHAKE 2°Ra M BBIMHCIECHHBIMH 10 tdopmyne He npessimana +1.0 x3B. Tlpn wm-
TensHON pabote ciekTpomeTpa Habmonanca vebomumoit npeiid xambposodno#t 3asu-
cuMocTH. Yrobel obecneunTs HEOGXONUMYIO TOYHOCTH, H3MCPEHHS © HMCTOYHHKOM
“%Ra npoBONHIKCH EXETHEBRO.
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Pucynok 4. a. Criekrp, 38perncTpHpOBaHALI Y-CHIEKTPOMETPOM MPH 00Xy IeHAR HCTOTHAKOM
226Ra. 6. 3aBucumocrs pajpemieHHs Y-CHEKTPOMETPA OT YHEPruH (OTOHOB: KPECTHKH - RIS ~
Y-TAHEH BCTOYHHKA 6pa ; KpHBag ANOPOKCAMHPYET HTH JHATCHAA NOAAHOMOM BYOpPOH cTe-
neHH; KPYXKKH — A% Y-THHYUH, BOSHHKAIOMMX IPH BIAUMOJEHCTBAN POTOHOB © MHIICHLIO
KPeMHHH.

Ha puc.4a nokaszas npuMep cHekTpa, nonydeHHoro npy xanubposke. Ha puc.46
TIpHBENICHA 3aBHCHMOCTh DaspeilleHHS CHEKTPOMETpa (CPeRHEKBaAPaTHYHOTO OTKIO-
HEHHA) OT 3HEPrHH Y- KBaHTa. KpecTHKH -LUMPUHBI PacrpeieeHHd Ha IOTyBbICOTE
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A y-NIHEMH MCTOYHWKA ““°Ra, KOTOpLIE anfipOKCHMHDOBAHBI IOJHHOMOM BTODOH
CTENEHH.

Cnenyer otmeruTs, 9T0 paspemenne Ge(Li) AeTexTopa HIbKE NACHOPTHHIX 3HAYE-
HHH. DT0 06YCIIOBNEHO TEM, YTO B YCIOBHAX BBICOKOTO (hOHa OT ciiy4adHbX (HOTOHOB
¥ HeHTpOHOB TpefyeTcs NPHMEHEHHE CIEeNHANBABIX SNEKTPOHHEIX CXeM (OpMHpOBa-
HUA CHrHana [21], yKopaJHBaIOIHX aHAanoroBbiH CHrHAJI N0 BPEMEHH H HCKAKAIOUHX
ero dpopmy. Kpome Toro, pasperieHue B IKCEpHMEHTE (xpymcn na puc. 46) Heckonb-
KO XyXe pajpellleHHs NpH KanHGpOBKe OT HCTOYHHKa “°Ra (KPEecTHKH Ha pHC. 46).
310 MOXeT ODBACHATHER KaK HATHYHEM GONKIOTO HermpepbiBHOro (GOHA U HAOXKEHH-
eM IpYr Ha Apyra OmuiiexalfMx y-IepeXOAOB, TaKk H YIIHPEHHEM raMMa-JHHHH 3a
cuet >dpdexra Jonnnepa. ITocnennee cymecTBeHHO, HanpuMep Ajd y-nuHud  1779.0
k3B (Bpems pacnana 475 ¢c) ot 2*Si u 1808.6 k3B (Bpems pacnana 476 ¢c) ot **Mg.

2.4. Beiuncihenue ceuwennii

amma-cniekTp, HONYy4YeHHBIH HA Ny4YKe IPOTOHOR C MHLIEHLIO H3 KPEMHHUS,. [IPHBE-
neH Ha puc. 5. HenpepbiBHas KoMnoHeHTa cnexkTpa (KOHTHHYYM) (GOpMHpYyeTCs IJlaB-
HbIM 06pa3OM y-KBAHTAMH C HEMONHOCTBIO 3apEerMCTPHPOBAHHON JHEPIHER M3-32 Bbl-
jeTa JMBHEBBIX Y4CTHLL 34 Mpeleibl AETeKTOpa, KOMIITOHOBCKHM pacCesHHEM H
y-u3Ty4eHAEM (OHOBOrO MpOHCXOXNAEHHA. MakcUMyMH B clekTpe 06ycloBIeHh!
y-TiepexofiaMH ajep, 00pasyIoIMXCa B PEAKLHH ¢ NPOTOHAMH, H3 Bozﬁyxmeﬂnux co~
CTOSHHMI B OCHOBHOE WJIH COCTOAHHE C MeHbLIeH 3Heprueit Bo30ywaeHus.

B paiioHe MakCHMYMOB CTIEKTpPb! ANTIPOKCHMHPOBANHCh QYHKIMEH f onpeaensio-
me# Gopmy NHHAH, H JNHHelHOK dyHKuned, skcrpanosmpytoued koHTHHYYM. [lns
onucanus oGNAcTell CTEKTpa, COCTOAUIMX M3 HECKOABKHX Y-JIHHMH, B anNpOKCHMH-
pyromyio GyHKUHIO BIUIIOYANOCH HECkoNbko $yHkumi f Jlns Kaxnod M3 HHX B pe-
3ynbTaTe UTHPOBRHKS GLUTH HaMJCHBI 3HAYCHHA DHEPTHH |, COOTBETCTRYIONIEH Mak-
CHMYMY Y-IHHHH, DapaMeTp GOPME! s H NapaMeTp d, CBA3aHHBIH ¢ aMIumTynof (yHK-
unHd /. HalineHHble 3HAYECHHA | CAYXUAHM AAS Hneu'mcbﬂxaunn Y-MIEPEXOA0B € NOMO-
L0 u3BeCTHLIX Tabumn [2,16].

TlapaMeTpbl 5 H @ CHAYXHIH IS BBIYHCIICHAA nnomam{ cIieKTpa noa rpadukom
Qyuxuny £ [lo BenviyMHE MIOWAAMW ONPERENUIOCH CEYEHHE COOTBETCTBYIOLIETO Y-
nepexona. bonslyio TpyAHOCTh NPENCTABIANO TO, 9T0 B HEKOTOPHIX 0bnacTax crnek-
TPa HMEETCH HECKOJTLKO y-TIEPEX0JI0B Pa3HBiX BO3OY)KIEHHBIX Afiep C GIIH3KHMM JHEp-
THAMH a Takxke GoHoBbie JHHHH, JTorpeiiHocTh B H3MEPEHHH BEPOATHOCTH NEPEXOAOB
B TaKHX 05NacTX 3HAYHTENBHO BO3PACTALT.
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¢ sneprueit 1.1 IB ¢ aapamu kpemuusn. Crpenkamu oTMedenbl OHOBLIC ITHKH.
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INepexon ot umucna coORITHH N, 3aperHCTpRPOBaHHBIX B CHEKTpe (OTOHOR IIPH
aHepruu E,, K ce9eHHIO NpOM3BOJMIICH 10 HOpMYIE:
=4 ASN) | (NayoxsQea(Eyk(Ey)ome {oNo),
rae N- nnomans NOA NMKOM, BhIpAXKEHHas B YHCNe cobuTH, 4 = 28 — aToMHbIH HOMED
S/pa-MHICHHA; Nay- YHCIO ABOrafpo; x=6.18 r/cM’—TONMINHHA MUILEHH; Qeﬁ‘(Ey)—

3 pEeXTHBHOCTS raMMa-CIIEKTPOMETDA, BhipaXenHas B cTepanuanax; k(Ey) xoapdu-
LHEHT, y4YHTHIBAIOWHH MOTIONIEHHE Y-KBAHTOB B MHILCHH H CYETUYHKE Sg; m=0.95
TONpaBKka Ha MepPTBOE BpeMs JIeTeKTopa; ¢ NONpaBKa Ha YTNOBOe PacnpeieseHHe y-
+ +

KBaHTOB B ANEPHRIX nepexomax; ¢=1.05 mans nepexomos 2 (1y—>0 (gs) [26], ana oc-
TanbHBIX Nepexonos =1.0. Np =5.6010'" - xonHaecTBO HacTHY ny4yka, NONaBLUINX Ha
MHILEHD 38 BPEMA H3MEPEHHH.

3aBHCMMOCTb OTHOCHTENBHOIO KONWYECTBA BHUICTAIONIMX M3 MHIIEHH TamMa-
KBaHTOB OT HX 3Hepruu k(E,) serancnsnacsk MetogoM Monte-Kapiio; ona npusenena

Ha pHc. 6. Bennunna xoddduumenta uamensercs ot 0.35 mpH sHeprus 200 xaB 1o 0.7
npH sxeprau 2500 x3B.

-]

o

é * 0 /“\ A

| A

x -9

0. g { /

] b '

g 0,61 = b B ]

o Z1500

Eo 3

3 05 °

% 3 1000

20,45 -

$ 500

A

80,3 T

3 3 ! B 400 420 440 460

5 HBPIMA raMMa-KBaKTa, K3 _ ~ OBeprEs raMMa-KBagToB, 3B

Pucynok 6 3aBHcUMOCTE OTHOCHTENS- Pucynox 7 Cnexrtp FAMMA-KBAHTOB B
" HOTO KOJHYECTBA BLLIETAIOMMUX TaM- o6aacTa 400-470 13B. I'nankan kpusas
Ma-KBRHTOB 0T YHCPrHH ANA JaHHOH ONHCHIBAET CHEKTD NHREHHLIM doHOM ¥

KOHArYPANAH MAINEAH KPeMHAS, q9erpipbMa pacnpenenennamu Laycea.
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Crniexrp cevyenult raMMa~-KBaHTOB MpueeneH Ha puc 8. [Lomanu nukos paBHEI ce-
YeHHAM COOTBETCTBYIOIUMX raMMa-fiepexonos (nipa {=1).

TIpumep dutHporanus crnektpa B obnact 400-470 1B npwsenen sa puc. 7. Bua-
Hbl B8 GONBIIHX MAaKCHMyMa, NEPBbIH H3 KOTOPBIX HACHTHQHIHPYETCA Kax nepexol
CO BTOPOrO YPOBHA Ha OCHOBHOM 1% anpa Al ¢ sueprueit 416.8 k3B, a BTopoi - KaK
Tepexofl ¢ IEPBOTO YpoBHA Ha OCHOBHOH 1R Anpa ~Na ¢ sneprueli 440.7 x3B. Mexuy
aByMa GONbIIAMH HKAMH HMeeTcs HeGONbINOA MakCHMYM, KOTOpBIH YYMTHIBAETCH
I yIy'iNeHHs anmpoKCHMalHM H, BO3MOMKHO, ABNACTCH NPOABACHHEM fiepexona ¢
nepBoro YpoBHS Ha OCHOBHOM jns supa 'Be npwu smepraum 429.1 xoB. Kpome 37oro,
IIpH HHTHPOBAHHH YYWTHLIBACTCA ITHK TIpH SHEpruH 451.5 k5B, xoTopbiil MOXKHO HIeR-
THOHIHPOBATH KaK HepeXoll ¢ IEPBOTO YPOBHA Ha OCHOBHOH Axpa PMg wma Al

2.5. UpenrHdHKaLHA YpoBHel

Unentuduxainns 0epexofoB OCIOKHACTCS TeM, YTO CPeNH 3aperuCTPUPOBAHHBIX
MaKCHMYMOB HabGMOBalOTCHd MAKCHMYMbl, BOSHHKAIOMIHE NPH B3aHMOICHCTEHM Hel-
TPOHHOTO (OHA YCKOpHTENs ¢ SAPaMH KOHCTPYKTHBHABIX MATEDHANIOB, HAaXONAUIHXCA
BOMM3A JETEKTOpa - A/APAMH RITIOMHHMA, KEAE38 H CBURIA. BOo3MOXKHB peakuun (m,y)
u (nn') ¢ BosOyxaenuem snpa. Habmogpaercs take hoHOBOE y-H3TydeHuWe, BO3HH-
Kafoiee NpH HODJIOMeHnn HeHTpoHoB B KpHctanme Ge(Li). Duepruu ¢oHOBBIX ¥-
JMHHIA W3BECTHE], H AX HAHYHE YYHTHIBANOCH NpH 00paboTKe COeKTpoB.

Habmonaiotes cefiytomye GOHOBbIE FAMMa-THHHH:

s cymmapHas ramma-muaEs 198:4 1B anpa "'Ge (ot nepexona co BTOpOro ypoBHS
Ha riepBuiit ¢ 3Heprre#t 174.9 k3B u ¢ nepsoro Ha ocHOBHO#H ¢ sHeprueit 23.4 x3B),
ofpasyromerocs B peakimi 3,Ge(n,y) ' 1.Ge,

aHHUTHIAUHOHHAA JTHHHS 511.0 k3B,

ramma-THHHS ¢ 3Hepruelt 569.7 koB sapa 2Y,Pb or peaxuny 27, Pb(n, 'Y ,Pb,
raMMa-JIMEHA ¢ SHepred 595.9 xaB anpa "*3;Ge ot peaxusn *1Ge(n,n') *5,Ge,
raMMa-IMHH3 ¢ sHeprael 689.6 KoB aapa 73,Ge ot peakuun ;Ge(n,n')%5,Ge,
raMMa-JIHHHS ¢ SHepruel 846.8 k5B anpa *°Fe ot peaxunn ,cFe(n,n/)*%Fe.

Oun yKa3aHBI Ha DHC.5 cTpenkaMy.

e & & ¢

Hna smyawe#t upenTudukanms muKos ObUIH NPOBEACHB! JONOIHATENLHRE H3Mepe-
HHS ¢ MMIIEHAMH YTllepona, MarHHs, allOMHHHA, KpeMBHA, docdopa u cepei. [lomy-
YeHHbIE Y-CEKTPB! TIpHBENEHH! Ha puc.9 ¥ puc.10. Brimenepeyucnenksie GoOHOBHE
NAHHH NMPHCYTCTBYIOT Ha BCEX CHCKTPaX B3aHMONCHCTBHA HPOTOHOB ¢ anpaMi. Mns


http:amoMHHH.fJ
http:faMMa-JIHHH.fJ
http:raMMa-JIHHH.5I
http:Ha6mo,n;8IOTC.fJ
http:YCKOPHTeJI.5I
http:nepeXO.ll.OB
http:npHBe.ll.eH
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KaX[OOro H3 Afep OTMeveHn Hanbonee uHTeHcHMBHbie peakuuu (pp), (pp p) u
(7, p 2p2n). Ha pasmunbiX MHBIEHSX HaGMOAAIOTCE B OCHOBHOM OJHH H T€ X€ Mak-
CHMYMBI, HO HHTEHCHBHOCTE HX Pa3ldyHa B 32BHCHMOCT# OT TOTO, HA KaKOM fJIpe H C
BBIIETOM KAKHX YacTHH MPOHCXOINT PeaKlus. '

B tabnuie | npuBeaeHb! pe3ynbTaTEH HIMEPEHHH CeYeHHWH y-nepexoios, BOIHH-
Karolux NpH B3aHMOJCHCTBHHE NPOTOHOB ¢ onepruch 1.113B ¢ aapaMu kpemuns. [Jdan-
HBIE PAaclONOXEHB! B MOpAAKe yOhBaHHA 3apsAaa H MaccoBOTO YACHA Sjpa-NPOXYKTa,
o6pasyiomerocs B peakiny. [IpuBeieHO NONYYEHHOE B IKCHEPHMEHTE 3HAYCHHE JHEp-
Ui fepexona, ero TabnuyHoe 3Havenue, saaroe U3 6a3el nanubix NNDC[2], ksanTo-
Bhle UMCIIa epexXona U CedeHHe y-Tepexona B MOH, AAPO-TIPOJIyKT, BoleTalomne yac-
THUH (Kpome npoToHa). B nocnesnnem cronfue naHa OueHKA M CedeHHS o0pa3oBaHHA

KoueuHoro spa. Jna asyx map sgep Alu Mg n *Ne u O naun cymmapume ce-
YeHHs O KawgoW napbl, Tak KaK He yIAeTcs Pasfelinthb- BKIAJ OTHCITbHBIX KOMMIO-
HeHT. [lpaBenennbic omHOKY ceHEHHN ABNINIOTCA CTATHCTHYECKHMH H ONPEACIAIOTCA
ouIM6KAMH NIapaMeTpoB, MOTYYEHHBIMH NpH.(HTHpoBaHMu nHKoB. Kpome 3toro, cy-
LUECTBYIOT OLIMOKH, CBA3AHHBIE CO COCOGOM (HTHPOBAHAS M YIETOM GIH3IEKALIMX
nuKoB. HeTouHOCTE, CBAZAHHYIO C 9TUMH OIMOKAMK, MOWHO OUEHHTD Kax 2% JUId HH-
TCHCHBHBIX THKOB (HanpuMep, 1780.3, 418.2, 1369.8, 441.2, 1276.0 x2B) u 5% nns oc-
TANLHBIX HKOB. Bo3MOXKHA Taloke cHcTeMaTHYeckas omubKa B onpeaeneHnt 3ddex-
THBHOCTH CHEKTPOMETPa H B MOHHTODHPOBaHHH y4Ka, paptasd npumepao 10%. Haen-
THOHUMPOBAHHbIE FAMMA-TIEPEXOABI A1EP, COOTBETCTBYOMME TabM. | naHk Ha puc. 8.

Kak 6b110 0TMENEHO, [ YETHO-YETHBIX AAED NepeXxo]l GONbIIMHCTBA BO3GYXIeH-
HbIX yPOBHEH B OCHOBHOE COCTOSHHE IMPOMCXOMMT KacKaiHIM 06pa3oM Yepes repBhiil
BO36YXAeHHBIH ypoBenb. ITo3TOMY, B 3TOM ClIy4ae MOXHO CYHTATh, 4TO CEYeHHE 06-
PasoBaHus AApa GIM3KO K CEUCHHIO Y-NEPEXOA C NIEPBOTO YPOBHA B OCHOBHOE COCTOS-
HHe. B HaileM KCnepHMeHTe K TaKHM KOHEYHBIM sfipaM OTHocsTca 2°Si, 25Si, Mg,
Mg, ®Nen “Ne.

JInA HEKOTOPBIX M3 3THX Azep, HanpuMep 2°Si u Mg, HabofaI0TCE TaKKe Nepe-
X0A4pl CO BTOPOIro BO36)D!(216HH01‘0 COCTOAHHA Ha neppoe BO36Y)KII3HHOB C;OCTO’IHHQ co
3HAYUTENHHO MEHBIIAM CEUCHHEM. :

Hns agep ®Na, *Ne, 2°F, 70 u '°B nabmogaercs y-nepexon B OCHOBHOE COCTOS-
HHe TONbKO C NepBoro BosGyxaenHoro yposns. Jlis smep “Na, Ne, 0 u "B
y-nepexombl ¢ Gotee BEICOKHX BO3GYKIEHHBIX YPOBHEH B OCHOBHOE COCTOAHHE MPOXC-
AAT yepe3 nepBhill BO3OYXICHHBIH ypoBeHb, NOITOMY cedeH#ue o6paloBaHHA HApa
6AMIKO K CEueHHIO 06Pa3oBaHKA IEPBOro BOIGYXIEHHOrO coctosHus. [ supa °F
CeYeHHE Y-TIEPEX0/ia B OCHOBHOE COCTOSHHE C MIEPBOTO BO3GYKACHHONO YPOBHS MOXKHO
CHHTATH HEKHEH rpaHMIeR ceuenns o6pasoBaHHs ANPA.
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couepraeit 1.1 B ¢ sapamu kpemuas. CTpe/IkaMu H 1HCAAMA OTMCICHB! NCPeXoab 06pa-
IYIOMHICE Rep, OTMedeHAbIe B Tabmune 1.
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¢ nepraed 1.1 1B ¢ aagpams kpemana (npogo/mrenne). CTPeIKaMu B HRCIAME OTMEIEHB] e~
pexoant oGpazylomBicy faep, cTMeMennbie B TRGaMne 1.
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Pcynok 9 ChekTpbl TaMMa-KBaHTOR, BOSAHKAIOIIRE NPH BIANMONEHCTBHH HDPOTOHOB ¢ YHep-
raelt 1.5 B ¢ mumennamn yriaeposa, Maruus n aasomanas. OTMEYCHb! HOROKERRR HHKOB, OT
peaxuuit (p,p), (p, pp) B (p, P 2p 2n). YHcaa cOOTBETCTBYIOT IHEPIUAM NMEKOB B KOB.
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Taéanoa 1 [amma-nepexosinl syicp NPy PACHIeIJICHHE HAPR *°Si nporonamn
¢ suepruci 1.1 MB.

Ceuenue

Ne| 3xeprus | Jueprua; MNepexog fAapo- |Beinera-| Ceuesne
aken, NNDC, nepexoga | npoayxy| wumwe | oGpasoea-
B k2B mbH qyacTuubl| Hus sppa,
M6H
1780.320.2| 1779.0 | 2'4>0'gs | 359818 | o2
' |2833.7227| 28387 | A'p> 2%y | 53106 | O 0 | 3591138
782.7 £0.3 780.8 1’2’(1,——) 5/2‘-(@;) 5.0&0‘9 2T
2| 960.320.7 | 957.3 |312'py> 5/2'ge| 25808 | n 7.541.2
3 [1796.0£0.9] 17958 | 25> 0% | 14108 | >Si 2n 1.410.9
841.581.0 | 843.7 [12°4)— 512%4| <11.321.5
4 {1015.0£0.4| 1014.4 312" 52"y | <18.8£0.6 | ZAI p <36.8
2214.122.0| 2211.0 |7/2° 5> 512" 4| <6.721.4
418.240.1 | 4168 | 3'> 5'gy | 19.780.9 | 3
58316208 | 829.4 | 1°y>07y | 4815 | A | PP >24.3
4515 (112> 512 Ty p2n
6 | 451.5:0.4 | .07 512 s 32 4311 | myg 2pan | 43111
1810.320.4| 1808.7 | 2'4;> 0%y | 109311 | ,
7 11120820.8| 11207 | 2> 2'y | 54t08 | M9 | 2 | 109
585.840.2 | 585.0 (1/2°(1—> 5/2°| 8.241.2 :
8 | 978.150.6 | 974.7 |312'5—> 512 2.241.0 | Mg 2pn | 10.4%1.7
390.641.0 | 389.7 |3/2°;5» 1/2°, | 2.221.0 .
9 ]1369.8+0.3| 1368.6 | 2° > 0°p | 29.0¢1.6 2p2n | 29.0+1.6
10| 441.250.1 | 440.0 [5/2°; > 3/2% gy | 27.521.5 | “Na 3p2n | 275315
892.110.7 | 890.9 45> 3 4,015 22
1111530.841.4| 15280 | 5' 5 3%, | 27#10 | Na | 3p3n | 267
12[1276.0:0.3| 12745 | 23> 0% | 6.921.3 | ZNe 4p2n 6.941.3
351.720.2 | 350.7 |5/2°4)> 312%| 10.621.1 | 5
13113963104 1396.0 | 772°> 5/2°y | 48204 | Ne | 4p3n | 106414
14[1634.920.4 | 16337 | 2'3» O'ge | 144219 | *Ne 4p4n | 14.4%1.9
15| 659.2+0.6 | 656.0 | 3% 2'gy | 4.120.9 OF 5p3n >4.1
936.741.2 | 937.2 Tu~ ’V(gg) 3.5¢1.0 4
1611044.242.2| 10410 | 0'gs 1"y | 25800 | T | 5pSn | 60114
19820 | 25> 0'y NG) 6pan
17|1986.040.5| . o0, 2> 0 21204 | g ap 21204
18| 870.4+0.8 | 870.7 |[1/2'— 5/2" 3.120.4 o 6pSn 3.120.4
19| 718.380.3 | 7183 | 15> 3'gy | 10006 | B 9pSn | 10.010.6
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Jnda sapa %A1 y-1epEXOA ¢ NMEPBOTO BO36YXIEHHOIO COCTOAHHS B OCHOBHOC HE
HabmozaaeTcd, NOCKOAbKY 3TO COCTOSHHE NpeTepnenaet B+ pacnaj ¢ NEpHOAOM MORY-
pacmaga 6.3 c. [ins agpa ZNa y-nepexofi ¢ DepBOro Bo3GYXAEHHOro COCTOSHHSA B OC-
HOBHOE He PerHCTPHpYeTCA H3-3a Gonbioro BpeMenH pacnazga (1=244 uc.). Iosromy
IJIA 3THX AACP MOKHO ONpPEAEAHTh TOJMBKO HIDKHIOW I'PaHHIy ceueHHs. Tak Kak amo-
MHBEHH HMEETCA B OKDYXKAIOIKX AETEKTOp MaTepHaNax, Jif S/pa > Al Mul MOXeEM YKa-
38Th TONIBKO BEPXHION IPAHHIY CCYCHHH.

Paccmortprm Gonee nospoGHO Apa, KOTOPEE MOrYT 00pa30BLIBATLCA IPH B3HMO-
HeficTBHH NPOTOHOB ¢ >Hepruel 1.1 I'>B ¢ Mumensio xpemuus. Anpa pacnosioxeHn B
HopAzKe yObIBAHHA 3apA/a B MaccoBOro YHCIIA.

» Si

Hngo ®,Si Mowxer 06pasoBaTECA B peakuusx (p,p) u (p,p n) Ha H3OTONAX Kp Mg S
Si. [Tepexon ¢ nepBoro BO30YKAEHHOro COCTOSHHA B OCHOBHOE AZIpa 451 umeeT

sHepruio 1273.4 k3B M MOXeT N8BaTh BKIal B MAKCHMYM OT nepexoa aapa 22joNe ¢

TIEPBOTO COCTOAHHA B OCHOBHOe, Habmofaemun#i xamu upd 1276.0 k3B. 3ror Bknan

MOXHO SueHuTs, npeunonarax, 9TO peakuss (p,p) HMEET OHHAKOBAC CEHEHHE Ha H30~

tonax 2,,Si u %,,Si

(o ®Si(p,p)*Si)= o (®Si(p,p)**Si)= 35.9 M6H),

a peakuHa (pp p) — OJHHAKOBOE CE4YEHHE Ha M3IOTOMaX 30;481 uo 28.Si

(o C'Si(p,pn)SiF= o (*Si(p,pn)*'Siy= 7.5 MbH).

Yqu'rmax H30T01'IHBIK COCTaB MHILEHH TIONYIHM, YTO BOIMOXHBIH BKIAX OT peakuHH

Ha anpax %4Si 83°,SiB MaKCHMYM NIpH SHepruH 1276.0 k3B cocrapiser

o=0 (2°sl(p P)5Si)*0.0467+0 (°Si(p,pn)*°Si)*0.031= 1.9 M6H

Sinpo ¥Si MoxeT 06pa3oBLIBATLCA PH B3aHMONEHCTBHH NPOTOHOB ¢ Cepolt H Goodo-

POM; 3TOT MaKCHMYM BHICH Ha pHc. 10,

B.Si

Cxema ypoBHe# anpa g npHBencHa Ha pHc. 11. MakcuMyM B raMma-clieKTpe, cooT-

BETCTBYIOIM# nepexony sapa < Si ¢ nepsoro Bo30YKHEHHOI'O YPOBHA B OCHOBHOE CO-

CTOSIHAE, HAXOAHTCA NpH dHeprud 1779.0 x3B. B a3ror MaI(CHM)’M MOT'YT BHOCHTH

BKJIA]] Y-TIEPEXOAbI OT BO3GYKneHus npyrmc anep:

1) Jlanna 1775.5 k3B ot nepexona aapa Al ¢ cempMoro YPOBHS (2720 4 x3B) Ha BTO-
poif (¢ BepoSTHOCTHLIO mepexona 74%). Cxema yposmel sapa Al upﬂBeneHa Ha
puc. 10. Mepexoms ¢ NepBoro YpoBHSA B OCHOBROE COCTOAHHAe /N Anep Al u Mg
HE OTJIHYHMEI JpYT OT ApPYTa [0 3HEeprHA H WMEIOT CyMMmapHoe cedcHHe 4.3 mbn.
Iepexoabt co BTOPOTO H TPeThEro YPOBHA HE BbUIEINAIOTCE Hal (oHoM. BozGyxune-
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HHe 7-T0 YPOBHS 3HAUMTENLHO MEHEE BEPOATHO, 4EM [IEPBOLO, NOITOMY BKIA[ ITOH
. IHHHH B COYCHHE KBA3HYNPYTOTO PACCEAHNA MOKHO He YMHTHIBATD.

2) Jmmws 1780.0 ot nepexona sapa Mg ¢ Tpetsero ypoBrs ¢ snepruei 3588.8 k7B
Ha nepesii. Cxema ypoBHeil sapa : g npueeaeHa Ha puc. 11. Tlepexon ¢ nepBoro
YPOBHS! B OCHOBHOE COCTOSHHE A1pa **Mg Habmonaetcs nipy sueprus 1808.7 k3B u

‘umeet ceyenne 10.9+1.1 M6n. Tlepexon co BToporo ypoBHs Ha nepsuiil ¢ HeprHeH
1129.7 3B (BeposrrHocts 91%) mmeer ceuenue 5.410.4 m6H. [lpemnonoxwm,
YTO OTHOUICHHE BEPOATHOCTH BO3OYRIERHA TPETHETO YPOBHSA K BEPOSTHOCTH

28g; ;’5 Mg
@@ Qo ¥

4‘%8_2 4979.92 4
o+ a617.86 2 1S

44— | TR 4 fs 0+ — &% ‘—eimﬁf“ pPs

241 5293881 741 fs
N4 24 LIIT  1808.72 4v6 fs
&®
2+ \& 1779.030 475fs
0+ 9.9 stable - 0+ 9.0 Q‘ab!e.
0?-5' 25 Al
A 250 fs
172 2720.4
et £ F s 55 fs
172+ o r’ <32 eV
5/24 £ é 1”5%9'65 360 fs
7/2+,3/ 5572y & 15 fs
. & o
3/2+ %’“ 9448 4.3 ps
12+ : 451.5 ° 2.29 ns
5/2+ 00 7183

Pucynox 11 Cxema yposue#d maep 28Si, 26Mg H 25AI Opupegennt xBaHTOBbLIC 'quésg, 3ue;iruu,
BEPOITHOCTR, CXeMbI PACHAZR H BPEMEHA XHIHH HAIKONEKAMAX YPoBHEH.
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BO30YKIEHHS BTOPOTO YPOBHS TaKoe e, KaK OTHOLIEHHE BEpOATHOCTH BO3OyXie-
HHS BTOPOTO YPOBHA K BEPOATHOCTH BO3OYwIeHHMA nepBoro ypobHs. Torna mns
raMMa-niepexolia Aapa 2°Mg ¢ TpeTbero ypoBH# Ha TICPBHIH NONYYHM OLEHKY BE/IH-
yuHbl ceuennd  o(**Megy—> *Mg 1y)=6(*Mgg) F=2.740.4M6H.

3) Jlunmua 1789.5 ot nepexona 4npa Al ¢ 4eTBEpPTOTO YPOBHA B OCHOBHOE COCTOSHHE
C BEPOATHOCTHIO 24%. Kak ynoMsuyro Beitie, SHEPIHH UEPEXOAOB € NEPBOro
YPOBHA B OCHOBHOC COCTOSHHE JUia Allep Mg HAl coBranalor, B HX CyMMapHOe
cetenne cocrasnser 4.3+1.1 M6n. Cxopee Beero, iiaz nepexoaa Al ¢ yeTsepTo-
O YPOBHS B OCHOBHOE COCTOAHHE HE3HAYHTENICH.

TakuM 06pa3oM, BKIAA raMMa-epexodoB OT [PYrux BO3DYKNCHHBIX sfiep B MHK, CO-

OTBETCTBYIOIIMH MeEpeXony Anpa “*Si ¢ nepsoro Bo3GYXICHHOrO COCTOSHHS B OCHOB-

Hoe, cocrasnseT 6=2.7+0.4M0H.

JLis NpaBHILHOTO ONpENENEeHAs CEUCHHS PeaKiini 2’xf‘:oi(lz:',p)Z“Si HeoOXomuMo yuM-
THIBATh W30TOMHAIA COCTAB MHILIEHH.

IMpenmnonoxuM, 4To CedeHns peakuui ({7 p n) Ha anpax °Si u **Si pasunt apyr apyry

a ceueHus peakumit (p, p an) Ha aapax i n 2*Si Tasoke paBHEIL.

INo HallMM [AHHBIM CedeHHe peakius (p, p n) Ha *°Si paBuo 7.5+1.2 MGH, a ceucnue

peakuuu (p, p nn) Ha *Si panso 1.4+0.9M6H.

Toraa cyMmapHsiii BRI OT ABYX peakifHH COCTaBplIAeT

o=0(®Si(p,pn)**Si)*0.0467+5(**Si(p, pn)**$i)*0.031=0.4+0.1 mM6n.

Ta NOMNpaBKa NPHBOAMT K YMEHbIICHMIO cedcHHA. [lonpapka no o6paszoBaHuIo AaH-

HOTO raMMma-Tiepexosa B peakuuax Ha *°Si u ’Si okaspiBaeTca 3aMeTHOR TONBLKO LA

HeHTpOHOM3OMTOYHBIX ALEp.

[Tonpaska Ha NPOUEHTHOE CofepXanHe ~°Si (92.23%) BBOXMTCS ANS BCEX AALP H
NPUBOIMT K YBENHUCHHIO CEYCHHA.

Jins sinpa 2Si nabmogaiorcs TaKKe NEpexollsl CO BTOPOrO M TPETHErO YPOBHS Ha
nepBH ¢ 3HepruamMn 2838.7 k3B v 3200.7 kaB. XapakrepHo#i 0COGEHHOCTHIO THX
Nepexofos ssngeTcs WX Ooibluas MIHPHHA, CBA3AHHAA C MAabIM BpEMEHEM XKH3IHH
(44 dc u 39 dc coorBercTBeHHO). CeyeHHE NEPBOTO H3 ATHX NEPEXOAOB COCTABIAET
0=5.340.6 MOH (mxnpuna JmaAK - 19 k3B), a ceyenvie Broporo OnpelennTh He YHRETCH
H3-3a 60NBINOH MIHPHHBI U MaJlo# HATEHCHBHOCTH.

C yueToM npHBEIEHHEIX BLIME ONPABOK, ceueHne oGpasopaHus F4pa > Si Gnu3Ko
K CEYEHHIO NIepexoa ¢ NepBOro YpOBHA B OCHOBHOC COCTOSHHE H paBHACTCA
0=35.941.8 M6n.

7 Si
YeTxo BblLAENSETCH y-NEpexof C NepBoro Bo30YHAEHHOTO COCTOAHMS B OCHOBHOE C
sneprue#t 780.8 k3B u cevenneM 0=5.0£0.9m68. Taioke 3aMeTEH Y-HEPEXOA CO BTOPO-
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ro BO30YXKICHHOIO COCTOAHHA B OCHOBHOE ¢ 3Heprued 957.3 k3B (sepostnocts 94%) ¢
ceyeHueM o0=2.5+0.8 M6r. [lepexos ¢ TpeTbero ypoBHa He HabmogaeTes; y-Nepexon ¢
HETBEPTOro YpPOBHA MAET 4epes Bropod. Cedenue obpasoBaHHs AApa MOXHO CYMTAaTh
PaBHBIM CyMMe CeucHAH NepBbIX ABYX y-niepexogos. o=7.5+1.2 M6H,

6 @
‘4Sl

[THK, COOTBETCTBYIOHIME NICPEXONY C HEPBOTO BO3OYKNEHHOIO COCTOAHHSA B OCHOBHOE

BbiensieTca npH Heprud 1795.8 k3B B HMeeT cevenre 0=1.410.9 M6H.

27 5 Al

TMonoxenne nuka NpR sHepraH 843.8 x9B oT nepexona Aapa > 13Al ¢ nepporo Bo36yx-
HJEHHOTO COCTOSIHAA B OCHOBHOE OnmH3ko k doHoBOMy nmky 846.8 k3B ot peakun
56 6Fe(n,n'Y°;sFe (xene3o MMeeTcs B OKPYKAIOUIHX AETCKTOp MaTepHanax). AMNNpoK-
caManus IMKOB 3THX IBYyX peaknmii ognoli ¢yHxkumed Iaycca paer cevenme
0=37.2+1.8 M6 npu mHpHHC JuHEH 4.24 k3B, yro Gonbine oXHEACMOH IIAPHHEI JIH-
HHH Ha puc. 46. Pazjenenue rux IBYX TMHHIH NPA QHKCALMA AX MHUDHH ¥ [ONOXKe-
HHHA Aaet 1A neppoli cedenHe o=11.3x1.5 M6H, ans Bropo# cevenue 0=27.2+1.2 M6H.
Habmonaercs taroke nepexon sapa > ;3Al co BTOporo Bo3GYHACHHOIrO COCTORHHMA B
ocHoBHoe ¢ dHeprHel 1014.4 xoB u ceyenneM 0=19.6+0.6 M6H. B 3TOT NHK MOXKET
TaloKe JaBaTh BKJAJ [epeXol, ¢ nepBoro Bo30YyKASHHOIO COCTOAHHA B OCHOBHOE SIpa
SNe ¢ oueprucit 1017.0 x3B, D70 NPHBOIHT K YIIHPEHHIO THKa (CM. pHc. 46). Ilo-
npaBka Ha 06pasoBaHue Anpa 2Ne ga Si u *°Si naer 6=0.8+0.1 M6u. ITux 2211.0 xoB
COOTBETCTRYET TIEPEXONY APa - 13Al ¢ TPEThEro BOIGYKICHHONO COCTOAHHSA B OCHOB-
HOE ¢ cedeHHEeM 0=6.7+1.4 MOH. ARIOMHHHUE HMECTCA B OKPYKAaIOLUHX MarepHaiax,
OTOMY BO3MOXHa peakimis 2 3Al(n )" ;;Al, BHOCAAA BKIAA B HAGTIONaeMEE NH-
k. [TonTBEpXIEHHEM 3TOTO SBIAETCA TIMK OT AApa > 3Al ¢ sueprueit 1014.4 k3B npa
H3MEpEHHAX ¢ MuIDeHaMH '-C ¥ Mg (B peakiMaX Ha >THX SApax He BO3HHKAIOT raM-
Ma-epexolIb C Tako# JHeprae#). Bepxuss rpaHuna cedeHus oOpasoBaHHS AAPA MO-
xeT ObITh OIlEHEHa Kak CyMMa CeYeHHH TpeX raMMa-fiepexoqos: o<36.8 MOH.

% Al
IMeparili ypoBers ¢ 3HepracH 228.3 k3B ucnbiThiBaeT fi-pacnaj co BpeMEHEM MNOINy-
pacnana 6.3 c. UeTko BRIIEAAETCH TIEPEXOJ] CO BTOPOro YpOBHA Ha OCHOBHOI C JHEp-
rieft 416.8 k3B ¥ cenenneM 0=19.7+0.9 M6n. [lux npu 831.6 k3B MoXHO HHTEPIIPE-
THPOBATh KaK NEepexof ¢ TpeThero Bo30YXIEHHOrO COCTOAHUN Ha NMepBOE C dHEpruei,
829.4 x3B H ceyenneM 0=4.6:1.5 M6H. Bonee BrICOKHE YPOBHH pACHIAJIAIOTCA YEpe3
nepehiii 4 Bropoii. MOXHO yKa3aTh TOJNLKO HUKHIOI I'PAHMIEY CEedeHHS 06pazoBams
anpa: 0>24.3 M6H. ‘ : ‘
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2513 Al

flepexon ¢ mepBoro Bo30YXIEHHOTO COCTOAHHA B OCHOBHOC AApa 3 Al ¢ snepruei
451.5 x3B coBnajaeT ¢ NepexoioM C HePBOro Bo36YXAEHHOr0 COCTOSHAN B OCHOBHOE
anpa ;Mg ¢ >neprae 450.7 13B. Ceuenns ob6pasoanns smpa = ;Al B IepBoM BO3-
OYKACHHOM COCTOAHMY He Donblue YyeM o=4.3%1.1 M6H.

% Mg

Yetko HabmoNaeTCa NepexXoa ¢ NepBOro BOIOYKACHHOTO COCTOAHAA B OCHOBHOE AApa
% ,Mg c suepruei 1808.6 k3B u ceuenmeM o=11.4+1.0 M6H. Bropoi#t, TpeTuli, yer-
BepTHIH H GOMBIIMHCTBO APYTHX ypoBHEH pachanatoTcs depes nepeuif. [lepexon co
BTOPOro ypOBHA Ha IepBhi npy dHeprun 1129.7 kB aABnsercs npwaHHON NOABIESHHS
nuunay OpH 1129.8 3B ¢ cedeHHeM 0=5.440.6 M6H. Panee cedeHMe mepexona c
TPETLEro YPOBHS Ha NepBhi ¢ 3Heprueit 1780.0 x3B 6wuio oueHeno kak 0=2.7+0.4
MO6H.

Jlns anpa ;Mg Heo6X0nMMO Y9HTRIBATH TIONPABKY Ha BKJIAZ OT peakuuit ¢ °Si u
%0Si. Cnenaem pomyiueHHe, 9To

o COSi(p,pppnny**Mg)= o (*Si(p, pppnn)**Mg)= 29.0+ 1.6 MOn

o (PSi(p,ppon)**Me)= o (*Si(p, pppn)°Mgy= 10.4+1.7 M6u

CymMapHbiit BXJIAZ OT ABYX peakliMii ¢ y4CTOM H3OTOITHOTO COCTaBa COCTaBIAeT

o=6 (*Si(p,pppn)**Mg)*0.0467+c (*°Si(p, pppnny*Mg)*0.031=1.5+0.1 m6u

C y4eToM TONMpaBKH Ha CONEPHKAHHC H30TONA °Si B BEIIECTBE MHIICHH, CeYcHHe
obpazoBanns 26,2Mg paBHsercs o=(11.4+1.0)/0.9223-1.5+0.1=10.9+1.1 MOH.

® Mg

Yetko HabnionaeTcs nepexoll ¢ NEPBOrO BO3DYXICHHOTO COCTOAHHSA B OCHOBHOE C
saepraeit 585.0 k3B u ceuenueM o=8.211.2 M6H. Taicke HabiogaeTcs UK OT HEpexo-
I3 CO BTOPOTO BO3OYNAEHHOIO COCTOSHHS B OCHOBHOE C BepOATHOCTBIO 51% mpH
sneprun 974.7 k3B c¢ cedenuem 0=3.6+0.3 mMOu (B 3TOT NMEpeXoX MOXET NaBaTh He-
G6onbno#t Brnan nuang 979.8 k3B or nepexoza sapa *Na co BTOPOT0 YpOBHS Ha Iep-
Buiif). Tlepexon snpa % 12Mg co BTOpOro ypOBHS Ha NepBrIH (¢ BepOATHOCTRIO 49%) ¢
speprueit 389.7 k3B uMeer ceucHne 0=2.2+1.0 M6H. MoXHO cYHTaTh CEYCHHE Nepe-
X0Ja CO BTOPOTO YPOBHS B OCHOBHOE COCTOAHHE DABHAIM CEUEHHMIO IIEPEX0Ja CO BTOPO-
ro ypoBHs Ha nepsbid (0=2.211.0 M6H). CeuecHue nepexoaa ¢ TpeTbero Bo30yKACHHO-
I'0 COCTOSIHHA B OCHOBHOe TpH 38epruu 1611.7 xoB menbme 0.5 M6u. Ceuenne obpa-
30BAHAA fApa ONpeHelHM KaKk CyMMY CeYcHHH NepeXOAOB B OCHOBHOE COCTOZHHE C
nepeoro ¥ Broporo yposHeH. Jlng aapa 2 12Mg Heo6XonuMO YYHTHIBATL NONPABKY Ha
BKIan ot peaknui ¢ *°Si u Si pasuyio 1.5 M6h.

c=10.4+1.7 M6H.
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2412Mg

flepsriit ypoBeHb HMeeT 3HEepruw0 1368.6 x3B. Cevenne obGpazoBaHHE ALpa MOXHO
CyUTaTh OIMIKUM CEYEHMIO NEPEXolia ¢ NepBoro Bo30YXAEHHOIO COCTOAHAS B OCHOB-
HO€ cocToguue: ¢=29.011.6 MOH.

F5

Mg
Tlepexoz ¢ IEPBOTO YPOBHS B OCHOBHOE COCTOSHME NpH dHeprir 450.7 xoB cnuBaercs
C IHMKOM OT aHAJIOTHYHOro nepexojia BAL Bropoii B TperHii Bo30YykeHHRIE YPOBHH
pacnafaroTcs vepes nepsoiit. Cevenne obpazosanns aipa He Oonbine YeM 4.3 MOH.

23"Na

YeTko BBIACHACTCA NHK OT HepeXoa ¢ EpBOro YPOBHA B OCHOBHOE COCTOSHHE C SHED-
rueit 440.0 xoB. Tlepexon co Broporo ypoBHs uueT npeuMylecrsesto (91%) wepes
niepsbiii. Tlepexon ¢ TpeTsero YpoBHA B OCHOBHOE COCTOsIHHC ¢ 2Hepruel 2639.7 xoB
He Boigeasercs Hag QonoM. CeueHue 06Gpa3oBanus SApa MOXKHO CHHTATh GIIM3KHM. ce-
YEeHHIO TIepexola ¢ NEPBOTO YPOBHA B OCHOBHOC cocToahHe. C y4eTOM MONpaBOK Ha
BKJIa] OT peakun# Ha supax *°Si u Si (1.330.6 M6H) H NPOLEHTHOTO ConEpaHAs
38} B MEIIEHH MoNy4aeM 0=27.5+1.5 M6H.

2 Na
BpeMs nonypacnaia nepBoro cocrosHus ¢ saeprue#t 583.0 xaB cocrasnser 244 He,
FIO3TOMY JIEPEXOJi ¢ NEPROTO YPOBHA B OCHOBHOE COCTOAHHE He Habmiomaetcs. Mz-3a
Mmano# suepruu (74.0 k3B) Ae HabmonaeTcs NEpexXon Co BTOPOTrO YPOBHSA HA MEPBbIH.
Habnonaercs muana 890.9 xoB ot nepexona ¢ TpeThero Bo3OyXACHHOrO COCTOAHHSA B
OCHOBHOE ¢ cedeHHeM o=4.011.5 m6u v nunng 1528.0 k5B o1 nepexona ¢ 4eTBepTOro
BO3OY)KIHEHHOrO COCTOAHHMS B OCHOBHOe (BeposTHOCTE 94%) C  ceueHHEM
0=2.7+1.0M6H. MOXHO OLCHHTH TONBKO HHXHIOIO I'paBHIlY CedcHHA obpa3oBaHus A1~
pa Kak CyMMY cedeHR AByX HabJonaeMbIX raMMa-fiepexonos; ¢>>6.7 MOH.

24

wNe
Tlepexon ¢ nepBoro ypoBHA B OCHOBHOE COCTOAHHC ¢ dHeprue 1981.6 xoB naknann-
BRETCA HA ARANOTHYHKIE nepexon aupa '%50. Ouenka cevenus obGpasoBanns supa *Ne
Ha *°Si naet 0=0.240.1 M6H. CeucHue obpasoBanns > ;oNe He Gonbiue 2.1 MGH.

2')meﬁ

[HK OT nepexofia ¢ MepsoOro Bo3GYXICHHOTO COCTOAHUA B OCHOBHOE Ajpa 'Ne ¢ 3Hep-
rue#t 1017.0 k3B MoxeT naBaTh HeGoNbIIOH BKIAA B MHK OT Hepexoda Axpa - 3Al co
BTOpOro BO3OYXXACHHOIO COCTOAHHUSA B OCHOBHOE ¢ sHepruedl 1014.4 k3B M ceyeHHEM
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6=19.6£0.6 M6H. B 3T0T MUK MOXET TaKKe HaBaTh BKIA/ NEPEX0l ¢ NepBoro Bo30yx-
JICHHOT'® COCTOAHHS B OCHOBHOE Anpa ~Ne ¢ sueprueit 1017.0 xoB. Ilonpapka Ha oGpa-
3osanme “Ne Ha aapax °Si n Si uMeer penHuHHY 0=0.840.1 M6H.

nl oNe

[Tpu sueprun 1274.5 x>B nabmonaerca nepexon ¢ negmoro YPOBEA B OCHOBHOE CO-
2 2¢;: ,, 30q;

crosude. OueHka ceueHHs obpa3opaHus ““Ne Ha ~"Si u * Si naer 0=0.9+0.1 M6H.

Ceuenue oGpasoBaHia g1pa GJH3KO K CCYCHHIO NIEpexola ¢ NepBOTO BO3OYXKACHHOTO

COCTORHHA B OCHOBHOE M paBHO 0=06.9+1.3 M0n.

23 \ ()Ne

YeTko NpOABIACTCA NEPEXOM ¢ NEpBOro YpOBHA B OCHOBHOE COCTOSHHE ¢ 3HeprHeH
350.7 xoB. Habmopaetcs nuuns ¢ sueprucit 1396.0 xaB ot nepexoga co BTOporo
YpOBHA Ha MEpBbIH ¢ BepoATHOCTBIO 95% ¥ cevenueM 0=4.8+0.4. Tperu#t yposens ¢
BeposTHOCTEIO 83% pacnamaerca taxke wepes nepenii. Cedenne obpasoBanus supa
MOJHO CHUHTAaTh GIH3KMM K CEYEHHIO fiepexolia ¢ NEPBOTO YPOBHA B OCHOBHOE COCTOA-
tue. C yqeTom NONpaBoK Ha H3OTOMHELHA COCTAaB MUIIEHY OHO PaBHO

0=10.6x1.1 M6H.

*,oNe

Hepexon ¢ nepporo Bo3byXHEHHOT0 YPOBHSA A8cT OCHOBHOH BKJIall B MK HPH 3HEPrHH
1633.7 xaB. BoaMoseH HeGONbIION BKIAM B YTOT. MUK OT NEPEXOAA CO BTOPOTO YPOBHA
Ha nepBblii ¢ JHepruch 1635.6 k3B (BepoaTHocTs 91% ) Anpa 2,Na. Ceyenne o6paso-
BaHHA Afpa OIIH3KO K CeveHHIO epexo/a ¢ IepBOTO YPOBHA B OCHOBHOE COCTOAHHE:
0=14.4£1.9 M6H.

209F

Habnronaercs nepexon ¢ nepsoro ypoBHS B OCHOBHOC COCTOAHHE IIPH JHEprHH 656.0
x3B. Bropoii ypoBeHb ¢ BepOATHOCTHI0 63% pacnazaercs depes nepssiit. Tlepexoant ¢
TPETBEro H HETBEPTOrO YpoBHEH B OCHOBHOE COCTOAHHe He Habmonarorcs. MoxHo
OLEHHTD IHIUDL HHXKHIOK IpaHuLy ceteHus obpasopanKa anpa: o>4.1 M6H.

8 9F

Ilpu sneprun 937.2 x3B nabnlonaercd nepexoln ¢ NepBoro ypoBHS B OCHOBHOE COCTOS-
HHe ¢ ceuyeHHeM o=3,5+1.0 M6u. Bropo#t yposeHs ¢ sHeprueit 1041.6 k3B u Tpetu#t
ypoBeHb ¢ sHeprucH 1080.5 k9B 6au3ku K NepBOMY IO 3HEPIHH KB DaciafialoTcs cpasy
B OCHOBHOE cocToxHue. Cedenye nepsoro H3 3THX ypoBHeil 9THX YPOBHEH MOXeET GBITH
OLIEHEHO BEIHYHHaMB 0=2.5+1.0 M6H, a ceyenne Broporo o<0.5 M6H. Yerseprnift
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ypoeens (1121.4 x3B) pacimanaerca uepes nepseiii. Ceuchue obpazopanns sapa 'oF
MOXHO CYRTATh CYMMOH CSueHHH NIEPEX0MOB ¢ NEPBHIX ABYX ypobHeH: 0=6.011.4 MOH.

1880

Habmonaetca nepexoa ¢ nepBoro YpoBHA B OCHOBHOE COCTOAHHME ¢ Heprueit 1982.0
3B, HAKTAXLIBAIOMMICS HA aHATIOTHYRAIA nepexon sapa *Ne ¢ CyMMapHhIM ceveHn-
¢4 o = 2.3+0.4 M6n. [lpunumasn, 4To ceuenme obGpasosamus supa *Ne Ha *°Si
=0.2+0.1 M6H, noydaeM cyMMapHOe cedenue obpasoBanns 'O u **Ne;

0=2.1+0.4 M6H.

1780

HabnronaeTcs nepexol ¢ NEPBOro YpOBHA B OCHOBHOE COCTOAHHE apa | O ¢ sHeprueH
870.7 x3B. Oueprus nepexosa co BYOPOro ypoBHA Ha Iepsrifi paBHa 3055.4 x3B. Oc-
TaJNbHble YPOBHH UMEIOT 3aMETHO GONBINYIO SHEPrHIO, TIO3TOMY, NpeAnoiaras, 4To ce-
YEHHE NEPEXO0B C BHICOKHX YPOBHEH HaNpAMYIO B OCHOBHOE COCTOSHHE MAJIbl, cede-
Hue 06pa3oBaHHA SAPA MOXKHO CYHTATH GTAIKHM CEYECHHIO NEPEXOfia ¢ NEPBOTO YPOB-
HS B OCHOBHOE cocTosiaue: ¢=3.1+0.4 mOH.

16

[Ipu sneprun 718.3 k9B YeTko BHIENAETCS NEPEXOX ¢ NIEPBOTO YPOBHA B OCHOBHOE CO-
crosHue. OcTanbHeie NEpexojkl TPOMCXOANT NPEHMYLICCTBEHHO 4Yepes mepsbiit. [To-
3TOMY Ce4eHHe oOpa3oBaHHA fpa MOXKHO CYHTATh GJIM3KHM K CEYCHHIO nepexofa ¢
NIepBOro YpoBHA B OCHOBHOE cocTosHKue; 0=10.0+0.6 MOH.

Tlpu sneprun 745 k3B umeercs nuk ¢ cedenneMm ¢=5.3+0.5 M6H. On otcTouT OT
nepexona anpa ¢C ¢ NepBoro Bo30YMACHHOIo COCTOAHHA B OCHOBHOC (NIPH 2HCPrHH
740.0 x3B) Ba 5 koB. Ilpu B3auMONEHCTBHM IPOTOHOB C HPYTHMH SIPaMH IIPH SHEpP-
rHH 745 xoB Tarke Habmonpalorca MakCHMyMEl. [losToMy, cKopee BCEro, NHK HMeeT
(HhOHOBOE TPOHCXOKICHHE.

Kak oTMeuanocs Bbiltle, B YCIOBHSX HALUErO 3IKCHEPUMEHT2 MBI PETHCTPHPYEM
raMMa-fiepexolinl ¢ JHana3oHoM 3Hepran ot 150 no 3400 k3B # xapakrepHrM BpeMe-
HeM ot 100 e no 20 ne. He perumpngsylmcz HAaMH IE€PEXOfb! C NEPBOro Bo36YXaen-
HOT'O COCTOSHHA B OCHOBHOE WA Anep —145i, 2°11Na, ) Na, '*F u "N H3-3a canumxom
MaNeHbKOH HEPrHH HAydaeMbIX $OTOHOB, a ang axep 50, 50, 5N, "C, BC u
12,C H3-3a CAHIKOM 60Mb108 SHEpIHH. Byemeﬂa [EPEXONIOB C IEPBOTo BO3GYKICHHO-
ro cocrosHHs B ocropHoe szmep - ;AL 2*,Na, 5B, °B crmmxom Gonbiue, 9106b1
6LITh 3apETHCTPHPOBAHE! B YCJIOBHAX HAWIETO AKCICPUMCHTA,
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JL1s KpeMHHsA ¢ YMEHBUIEHHEM MacCoBOro 4ucia u3oromna orT 28 o 26 u mas amo-
MHHHA ¢ YMECHBIICHHEM MAacCOBOTO YHCJa H30TOMNa 0T 27 1o 25 ceycHHs majnaior, ro-
sTOMY cedenns obpazobanms anep > 14Si u 2';;Al, cxopee Bcero, 6ymyT HeGoLIIAMH.
Cevenns oOpasoBaHHA HpYrHX BBLIMENCPCYHCICHHBIX Aep Takke He MOryT ObiTh
SonbiIMMH, TaK Kak OHH 06pa3yloTcs B peakuysx ¢ BouieToM GONBLIOTo YHCIa YacTHI.

TakuM 06pazoM, Mbl 3aperHCTpHpOBaH Bce Hanbonee BEPOATHBIC peaKLHH pac-
ufenneHys UpH B3AHMOIECHCTBHA MPOTOHOB ¢ KpeMHuem. Ecnu npoCyMM#poOBaTh Ha-

GnrojaeMble KaHAJIB! PEAKLIMK, TO MONYYHM Gcymma xananos—2o 1.9 MBH, 310 cocramnser
6oneite 50% oT HeYyNIPYToOro cedeHUs B3aMMOMEHCTBHM NPOTOHOB ¢ 3Hepruei 1.1 ['sB
C AAPAMH KPEMHHA.

B Tabnutie 2 npHBECHO CpaBHEHHE HAINHX JAHHLIX C JAHHBIME APYTHX aBTOPOB H
TeopeTHUecKHMH pacuetam. [IpuBenenn! Tonsko Haubonee focTosepHO onpeneNeH-
Hbie ceyerns. Bo sTopoM cronfue npuseneHsl cevenns obpasoBanua aaep. B tpersem
cTonbue NpuBcACHB! pe3yabTaThl paGort Michel [12]. Mertonnka, npuMeHeHHas B
a10#l paboTe Ans oNpenencHus CeueHu, B CIY4asX OTMEYEHHBIX CHMBONOM (C), He HC-
KIIOYAeT BKJIAAA PAJMOAKTHBHAIX NpeIIeCTBEHHUKOB U, KaK NpPaBUIIO, ABJIAETCE BEpX-
Hel rpaHHIleH CCYCHHA peakuMH.

Tabanua 2 Cpasuenue HOMYICHHBIX JAHHBIX C IPYTHMH IKCIICPAMEHTAMEA M
TEOPETHYUSCKHMH Pacderamu

1 2 3 4 5 3] 7 8
AnpoiCevenue, Ceuenue |Ceuenwe|Pacuer|Pacuer| Pacuer |Pacuer
M6H Michel, |[Webber, | ST, [|UNUCL,|GHEISHA,|FLUKA,

M6 MBH MBH | MO6H MBH MOH
7Si | 7.5¢1.2 31.2+05| 78 | 250 | 383 04
%5i | 1.4+0.9 14401 | 1.4
“Al| <36.8 51.8+08| 215 | 229 | 246 03
'PAI| >243 |20.3:1.7(c)| 30.320.5| 185 | 365 | 844 1.0
Mg | 10.9+1.1 15.9+0.3| 9.1 6.8 21.8 0.4
1“Mg| 10.4+1.7 27.240.4| 17.8
“Mg|29.0+1.6 33.0:0.4] 16.4
BNa|27.521.5 18.940.3| 14.7 | 133 | 349 3.2

“Na| >6.7 [19.3+1.4(c)|11.4¢0.3] 17.4
“Ne| 6.9¢41.3 | 92+12 | 7.8t02| 54 1.7 33 2.7
“'Ne |10.6+1.1[24.241.0(c)| 7.8¢02 | 97 | 103 | 16.1 47
“Ne|14.4+1.9(26.5¢1.6(c)| 12.320.2] 127 | 117 | 175 6.1
B 1 541 13.310.2| 4.1
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Manee npuseneHsl AaHHbie skcnepuMenta Webber [27], B xoTopom snpa *Si, yc-
KOpEHHbIEe [0 3HepraH 600 MaB/HyioR, B3aHMOICHCTBOBAIH € TIOKOAMIKMCA TIPOTO-
HOM. Pazfenenne snep-IPOAYKTOB MPOHCXONHNCG MAacC-CIEKTPOMETPHYECKHM METO-
oM. Pe3ynbTaThl 3TOr0 SKCIEPHMEHTa OJIH3KH K HalIHM pe3y/bTaTaMM IIA Anep s,
*"Mg, #Ne, ?'Ne u *Ne

B cnemyromHx croablax NPHBEACHH PE3y/bTaThl BBHIIONHECHHBIX HAMH pacueToB
ro nonyamnupuyeckod popmyne Silberberg u Tsao [4,28] u peaynbTaThl MOAENTHpPOBa-
Hus MeTonoM Monre-Kapio ¢ nomotpio konos GEANT 3.21 (FLUKA, GHEISHA){6]
u INUCL [7]. PesynsraTsl pacueta no dpopmyne Silberberg 1 Tsao HanGonee 6nu3ky k
3CIEPHMEHTAIBHBIM SHAYCHHAM U H30TOMNOB HEOHA M 3HAYUTCIILHO OTIHYAIOTCA IS
anep Mg, Mg u “Na.

B nporpamme INUCL ucnosp3osana Kacxa,zmo—ucnapurenhm-nenmcnbuax MoO-
nenb. M3 Tabmmner suano, yro INUCL He Bcerna ynoanemogm‘enmo ONMCHIBALT Ce-
YeHHA acllieTUICHHA, XOTA JIA HEKOTOPBIX Aaep, Hanpamep, - Al, *'Ne 1 °Ne, nanusie
pacderos OIW3KH K DKCHCPHMEHTANBHLIM 3HadeHHsM. UTo e KacaeTcs pacueroB C
nomomsio GEANT, To oM AaiOoT 3Ha4YECHHA CeYeHMH, OYCHb CHIIbHO PaCXOIAUIMCCA C
IKCIePUMEHRTANLHEIMH. MOXHO OTMETHTH, YTO BCE 3KCICPHMEHTHl H PacyeThl HAIOT
yBe/HYEHHE CEYCHHSA C YMCHBIICHHEM MaccOBOTO YHC/Ia Allpa HEOHa OT “Ne [0

3. 3aknwgenne

1. Tlyrem permcTpaliHil MPHOBEHHOIO Y-HM3NyYEHHS, BOSHAKAIOMEro 1IpH B3auMoneicT-

BHH TPOTOHOB C dneprueii 1 IsB ¢ anpom 2*Si, H3MepeHb! ceyeHus 28 Y-nepexonoB Lnt
19-T1 BO36GYKAEHHEIX AAEP.

2. IlpoBeneHO CpaBHERHE C H3BECTHBIMH KCHCPHMEHTAIBHBIMH NaHHBIMH H TEOPETH-

YECKHMH PacyYecTaMH.

OKkcHepHMEeHT BBHINOJHEH B PaMKaX LENeBoH Hay4HO-TEXHHYECKOH TIporpaMMsl
Poccnu “Hcecnenopanns M pa3paGoTKH 110 NPHOPHTETHHIM HANpPAaBICHHAM HayKH H
TEXHHKH TIPKAAHCKOTO HasHa4deHus~ nopnporpaMma “@OyHpaMeHTalbHas sOepHas
¢u3HKa” ¥ nporpaMMbl TOAAEPKH BEXYIUHX HaydHbIX ko Poccun (mpoexr HIL-
1867.2003,2).
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