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_Brenerne

Kax naBecTHO, NpPR COyOapeHHA HNPOTOHOB C HefiTpOHAMRE Npm 3Heprasx okono 100 Moas
M Bhille NPOHCXOOHT OGMOHHO® B3aHMOMEACTBHE HYK/IOHOB. QM3H4eCKH OHO HHTeDIpeTHpyeTcs
xax'nepexon sapamentoro meacha ( =« Yunm 77 ) or HefiTpoHa K NMpoTOHy H o6paTHO:

v n=p+n” ; p=n+n"t

[Mpr coynapennsx HYXJOHOB BLICOKHX 3Heprzfi ¢ SOpaMH BC/eOCTBHe 3TOro HMeeT Mec~

TO “nepeaspsaxa” HyxknoHoB., [lpouecc "nepesapaoxu” BEIpaXk4eTCH B TOM, 4YTO @CIH Ha aapo

nanapT, HanpuMep, NPOTOHHW BLICOXKHX 3Hepruf, To Oocne B3AEMOAEeACTBUA B My4YKe BHJIeTao~ -"l

LLMX 9ACTEN OGHAPYNABATCH HEeATPOHH C 3HEPTHAME NOYTE PABHEIMH HAW He3HAYATENLHO
MOHBILUAMH, 46M Y APOTOHOB, [1pA 3TOM HERTPOHH BLICOKHX 3HePrEfl BLIIETAOT B HANpaBie—
HESIX, 67M3KEX K HAMpAB/ICHHIO ABHXKEGHHR NPOTOHOB, IlomoBubiM e obpasoM GoMmGapaApoBxa
anep HeATPOHAMH BHICOKMX JHeprufi HpHBOOHT K HCIOYCKAHHIO JIOKANH3OBAHHKIX BAepen NpPOTO—
HOB [10CTATOYHO BHICOKEX 3Heprait. IlocienosaTenbHo} TeopdH, OMHCHBAIOILGR 3TO ABiIeHHEe,
HeT.PacueTH BHyTpHsiAepHLIX Kackamos npounecca He obwacusior, HHxe MH ommineM amoE=
pHYeCKHe XapaKTepHCTHKH Iponecca Nepe3apsikH nns TOro, 4To6H NpHBIEeYbL BHHAMAHHE K
npo6ieme, Pelllenne 3Toft 3anayE HeOGXOOHMO ONR NOHAMAHHS MOXAHH3MA B3aHMOOeACTBHA
6LICTPLHIX HACTHU C AAPAMH H OKASHBAOTCH BAXKHHM NPH DACCMOTpPEHHHM pAOa NPAKTHYSCKHX

BOOpOCOB, HanpAMep, pacyeTe 3alUATHI COBpeMeHHhIX ycxopu'renen H T.O.

ABTOp He NpeTeHAyeT Ha nonuoi-y o63opa nHTepaTyps No naHHOR Teme, XoTa co Bpe—
MeHH ony6MHkKoBaHHK GONBLIKHCTBA paGoT npowno Gonee 10 ner, MHOTHe BOMPOCH K3yHeHL
HepmocTaro4Ho, Jlyuiie Bcero H3ydeHH yrioBble DACHpeNe/IeHAR H 2HEpreTHYeCKHe CHeKTpH
HefiTPOHOB Nepe3apanK# npy O6Nyd4eHHM GePHANKA NPOTOHAMH BHICOKEX dHEpPTHfi, WTo oOfnac—
HIeTCs HCNONb3OBAHHEM HA MHOTHX YCKOPHTe/NSX GepH/ANHeBOA MHLIEHH B XayectTBe

HCTOYHHKE HeATPOHOB.

YyraoBhie pacnpeziejleHdss HeATDOHOB BLICOKHX 3HEPrdf

[Nps H3y4eHHH YIVIOBLIX pACOpe[eleHHA ONbITH CTABHIACH CHASOYIOIIMM o6pasom: HeATpo-
HHl OAY4aNACH NPA GOMGEpOHPOBK® DA3NEYHLIX 37eMeHTo (OT JHTHR A0 ypaHa) NpOTOHAMH
BLICOKHX 3Heprufi, Mulllenn E3 BLGPAHHLIX MATEPHAIOB MOMEIUANHCH BHYTPh KAMEDH YCKOPH=
Tesld B 30Hy KpafiHHX OPOHT YCKOpsieMbniX NpPOTOHOB. BpuleTapllme HOATPOHH pPErHCTPHEPOBAINCH
BHe KaMepH C NMOMOLIbO PABNHYMLIX OETEKTOPOB, PA3MEILEHHHIX B IVIOCKOCTH Ny4Ka NOO pas—
HHIMH yI/IaME K KACATeJbHO# K Op6HTe NPOTOHOB, NpoXoadileff yepes MHLUeH,

Yrnosoe pacnpeneenne HOATPOHOB H3YHA/IOCH C NOMOUIBLIO yriiepooHulx OETEKTOpOB

/1,2/

npu aneprEax 110 u 340 Mas . MaMepende HeATPOHHLIX NMOTOKOB B 3TOM C/y4Yae OCHOBHI®



BpaeTcs Ha onpeneneuim BONAYAML] HHTOHCHBHOCTH HCNyCKaHus. OO3HTPOHOB OT pﬂcnana H30TO™
na Cll, o6paayoluerocs B yriepoAe mo peaxnai (.0 ,2n ). lNopor perHEcTpan#r HeATPOHOB

yraeponHHM A@TEeKTOPOM JIEXHT B pagtiore 20 MasB,

C moMoIublo HECMYTOBHIX KaMep [e/1eHHS HJAE TeleCKonob CHAETHANSHEOEEHNX CUGTHHKOB
yrndaoe pacupenejleEde HOATPOHOB ONpeeNsNoChH IpH 3HeprEax 95/3/, 170/4/, 330/5/.
480/8/ g 880 Mss 7, [Mopor perscTpanui HeATPOHOB BACMYTOBBMH KaMepaMH LelieHES

/5=1/
yCTaHOBII@H He[OCTATOUHO HANEXNHO, H B paborax ero NpEEEMAKT JeXaldM B oG1acTH

or 50 mo 100 MsB. B COEHTENIANHOHHHX cqe'r-mxaxla’4/ Hehrponu MeTeKTEPOBAIECHL IO Opo~
TOHAM OTOAauYK, pO)'KﬂalOLuHMCH B BOHOPOHOCORQP)‘KBUIKX MHIU@HAX. nOpOl" 3HepTHA sapnaercs
'yriioM oTiieTa OPOTOHOB OoTAATH OTHOCHTOJIBHO HAUpAaBJIeHEs HeATPOHHOro IyuKa. Menaa yroa
HaGmoneHAs OPOTOHOB, JIEr'K0 H3IMEHHTH iopor pernc'rpalinn HeATPOHOB,

C nomowbl ¢ororpadEieckaX sMylbCHA yrioBoe pacxpenejiense nen'rpoqun or GepHir-
nueBoR MELIeHA Hamepsnocs upx 1,0 % 2,2 1"35/8/. [lpr ECTONBLIOBAHEK (HOTOMIACTHHOK

DpOH3BOMENCS OTGOp 3BO3N G YHCIIOM HOPMLX mywes 2 8.

, Bo Bcex onnrTax oTMeuaeTcs HCOyCKAHR® HOATPOHOB BLICOKEX PHeprHR DO HANpABIIOHHIO
NBHJOHAS OpOTOHOB, MaxcHMannLHag EHT@HCHBHOCTL uen'rpononl HaGmonaeTcs HA KacaTennHoft
X opbGETe mydKa, npoxonsmen qepes MHLIGHBL, ITO Hampapjielne OPHHAMAGTCH aa 0°. Tlo

' Mepe OTKJOHEHHS OT HOro, HHT@HCEBHOCTDL HeATPOHOB yYMOHBUIA@TCH CEMMOTPHYHO B oGe cro—
poHr, B KayecTBe MOpH YIVIOBOr0 pacnpenesoHnd NpEHATO OPHBOAHTH WIHPHHY A nHEEKa B
TOYKAX, rAe EETEHCHBHOCTE YMEHBIIAGTCH B 2 pasa IO CpaBHeHHIO C MAKCHMAaIbHOH. 3Hage~
HMS MOMYLIHpUHH YI7OBHIX PACTpe/le/leHAf NJs PA3NHTIHEIX OOLITOB H 3HepPrafi OpOTOHOB OpH™

Beneru B taBname 1.

PaccMOTpEM BHAdYaje OAHHES, NONydeHHHe Ha ne‘rex‘ropax ¢ mpEMEpHO OAHHAKOBOA BE—
nrugHoR mopora ( Hanpumep, AamHEIe U1 BHECMYTOBHIX XaMep NeleHHE ¥ CHAHTRAMANEOMHEIX
CYOTIHKOB C G/IH3KHMH BeHIHHAME mopora), [lna nEx Ha6MONAaeTCA MOHOTOHHOE yMeHblIeHHS
noMYLUAPHHL pacnpefefieHnd, 3a OTAeJBHEIMA HCKIIOUEeHHEMH, C YB@JIHUeRHeM 3IHEepriE HPOTOHOB.
Tonbko nns 85 Mep BenmurEa A monyiuena y GepHimus MmeHnbuieff, ¥em npE 170 Mses., Haum-
nag ¢ 170 MsB, NOBHUIGHAe 3HeprHH KPOTOHOB OO 680 M>3B NpPEBONHT K CECTE@MATHYECKOMY
YMEeHBUIEHRIO NOMYLIHPHH A  Gomee Wem B MBa pasa, AHANOTHIHHM 06pa3oM B OMEITAX ,
rae NeTeKTOpaMH CIyXXHIH (POTONTACTHHKE, yBeldieHze sueprar ot 1,0 mo 2,2 I'sB cuEXxaer
moaywrpEry A B 1,4 pasa. Ha yriepoaHeix AETEKTOpax Taxofi TeHIEHUHH fe HaGMIOOAeTCS,
a EMeeT MeCTO CKOopefl NOCTOAHCTBO nonymapnnu pacnpeneleHXs And 9Hepruf 110 u 330 Mas,
3T0 DpPOHCXOQHT, NO-BHAHMOMY, H3—3a HEOIHHAKOBHX yCNOBHR 2KCIEepHMEHTOB B paccMarpabaes

mblx paborax.

IloBHIIeHEEe NOPOTA NE@TEKTOpA HpH HeEaMeH#OofA IHeprAR IPOTOHOB TAK)Ke HNPHBOOKT K
YMEHBILCHHUIO TIOJYLIXPHHEL A . Han6onee oT4eTHAHBO Taxasd 3ABACHMOCTDL NOABAfeTCH IJd
170 MaB. AManoruusas 3aBUCAMOCTL s¥ARa ons GepuilnEenofl MHUIGEH IpH sHepl‘PK 95 Moss,

roe ysenmdende uopora or 48,5 no 70,7 MoaB cHE3HIO noOJyWEpHHY oT 21, 5° no 14,5 —175 .
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Ta6nana 1

Yrinosne pacnpenelleHHs HeRTPOHOB nepel3apSnkKH

.

Duepres Toa
. YUHPARA n -
NpOTOHOB MHELIeHs yraoBoro Tan neo'rzz: g::;— Mpame~
Moss pzcnpenenemm aeTeKTopa Topa, pa qanne
Mas
110 Bl AL, Ca, Pb  27°-20,5° Yraeponume >20 1
NeTexTOpPH
Be 27°
330 Al Cu 20,5°
v 29° - - > 20 2
Li, Be 21.50 Cnrmeraans- . Halneno
95 C 26,5° nAOHHEIE > 48,5 3 HaMu o
AL Cu 22-23° CYSTHEKEA AaHHBM
b 259 LHTHPyeM.
pa6ot
o Li, Be, AL Cu 16 - 17°
Li, Be 14 - l7 5°
95 C 17°
At,Co . 18,5 - 14° - - 707 3 - -
Pb 22°
[e]
330 > 50
> 87
o
170 Be 280 >83 - 4
250 >100
20 >120
330 Be 240 BucMmyTomas
xamepa >50 5
Be 15,7 3xavenue
480 c 18° - - >100 g Topora
Cu 18,5° nosanA~
Pb 23 MOoMy aa-
. BHILEHO
680 Be 14,5° - > 50 7 _—
1,0ss Be 8° doroamynscan >550 8
2,2Tsn Be 6,5° - - > 550 8




ns pasneuibx muluonel BaGnogaeTcs cnaboe BO3pacTaAHE® BenHIHHH A ¢ ymenmyeHE—
oM HOpAAKOBOro HoMepa oﬁhyqaeuoro anpa, B pasnzunux onuTax OHO He OAXKHAKOBO X Gor_xee
OxEX MOpOrax ANH JSHeprasx napapliax Dporouos, Kuoraa BCTpe
OTHeTMHBO BHAHO ApHA BHC iy -
waoTca BmOGpOCH!, HanpHMep, HOpH yraepone Npe nopore 48,5 Mse , IA . T
pRHLI OKAa3an0ch Gonblue, 9eM O CBHHUOBOA MELIHI, BepoaTHO NpeXne BCero aaech P
GyeTcs yTOdHeHHE aKCHepHMEeHTANLHEX MAaHHBIX, YBenrgeHde MONYLIHPAHL! pacnpeneyeHss y }
TEKENLX 3NeMeHTOB OGBACHAKT agayATeAbHHM BXJIafIOM OT HeATPOHOB pri6EBaREd, Kak ykxa
3aHo 5/3/, xoQ KpEBOfl YTJIOBOr'®O pacnperneneiid HefTPOHOB BechMa 6.'maoxlx 3aBHCHMOCTH

ang ( s, p ) — paccesHEs ia cBO6OAHRBIX . HYKJIOHAX.

SHGEE:BTKﬂBEKHe pacngegeneuun HegTQOHOB negeaapagxn

/3,8~21/
CHeKTpsl HeRTPOHOB H3YWaluCh TpH 3Repragx NPOTOHOB OT 95 no 660 Mas' "’ .
JHepreTHuecKk#e pacupeneseNis GoblLeR YACTHIO E3MEPSAHCH C TNOMOLIBI TenecKonos cu:u-
THANSHEOHHMIX CUETHHKOB Ha HeATPOMHHX OYUKAX, XONnEMEPOBABHEIX 3ALUATOHR yCKOpHTeneR.

B TakEx yCNoBHAX NpeaoTBpAaLIANOCH Bo3AeACTBHE HA [OTEKTOpH PaCCesHHLX H CONyTCTBYIO™
[UEX E3AyYeHHA OT CHHXPONHKIOTPOHGB. O6uaEO RaMepaeTCd KpHBAad MOrfoLeHHs OpOTOROB
oTAAYE; BHISTAIUEX E3 ROAOPOAOCOAep X KAaleR MHILGHHE NpH yHpyroM (n, p ) paccesmux
noa HeKOTOpPHM yrnom, Crextp RefdTpoHos HAXOOKTCH H3 ITHX R3MOPedRE G yIeTOM cooTHO™

LIeHRAd, CBA3HBaloLIero yron pBCCG‘HHEH NpOTOHOB oTOAtYR C :-mepruen HeATPOHOB.
v

Gorax“ 1,18/
Temeckols OpONOPUHOHANBHHX CHETHHXOB NpEMEeHSNHCh ABWIb B pa .

Meto~
Y CoRH-
nx¥xa paGoTH C NPONOPUEOHANBHHIMH cqeTYHKAMH OT/IHYAeTCH OT MeTOOHKH paboTH CO CI
\ HOHOH=
THINAOROHEHME CUETYRKAMH NELUb MOHPIIEM 6ucrponeficTBEeM H Gonee HH3KHM Ko3cdHI
non yriom
WOeHES CHexXTpa HeATPOHOB BeJKCH
TOM YCH/IEHHd Yy NepBhax OeTexTOopoB. Hatmon P - Te/a/
0° HAN NpH MANEX yriax BHIeTAa. [Mon OPyrdMHE yriaMA CHOEKTPbl H3MepsNECh B pabo

) /20 o o
(0°, 5° 10°, 18° u 28°%); 8 paﬁore/u/ (0° x 15°); B paGore < / (0 = 18 )e

Hy»HO cxasaTb, YTO CPaBMEBATE MeXOy co6ofi criexTpx HeHATPOHOB, H3MepeHHHe Ha
paaNHuHNX yCKOPRTeNsX, cienyer C OCTOpPOXHOCTHO, TAK KaK YCAOBES ONWTOB B GonbLUKK=
cTBO cAyuaep He SBAMIOTCA HAOHTAIHHMH, XOTH npHMeHsieTCd OOHA A TA Xe MeTonHKa. Pac-
X0 OeHHe peaylbTaToB H3MepeHHR MOXeT BOSHHKATE, HanpAMep, N0 clenyiolle} npHITHE:
ACOONBL3YIOTCH 6 :pHANHeBhle MHWEHH HeoAHMHAKOBOR TOMIIKHH, NPH ATOM H3~3a PAdIHIHA B
HOHM3AMHOHHBIX NOTEPAX B HHX H HHC/IA NPOXOXKAEHUH 6yayT HEOARHAKOBLIMH DPA3MHTHA
cnem‘pé napaoIUEX My4KOB NPOTOHOB; BOBMOXHO TaKXe, HTO paapeluaolas CnocOGHOCTH
TO/eCKONOB CHOTHHKOB, NPHMOHABIUEXCH B ONKTAX, 6L1a HeAOCTATOUHA NpA OAHHOR CKBAXHOC™
TH E HHTEHCHBHOCTH NydXa YCKOPHTeNs H T.A. JTO 2aMmevaune noaTBepXaaeTcd, ecnk. co—

/18/ 1 380 Maa/ls/. Xorsa

HOCTABHTH CHOKTPH HEHATPOHOB OT GepH/nHA, H3MepEeHHbe Ipi 375
B 3TEX pAGo-rax SHeprAH IpoTOHOB GnM3KM ApYr APYry, CHEXTp HeATPOHOB NpH
375 -Ma3p oxaswpBaeTcs Gonee paaMuThHM, demM npH 380 Moap. Tem He MeHee, MH

PHCKHeM- CONOCTABETH Pa3muuHbie CHEKTPH, WTOGH YCTAHOBETb, XOTH GH K&4eCTBEHHO, HAIR™

e OfLUEX HepT HIH PA3NHYHA MexAay HEME, Bepoarxo, CTpOrae KOnAgeCTBeHHhe COMOCTaB™

NeuEg 6yAYT BO3MOXNHE HOCT® COOPY’KeEHS YCKOpPHTeNefl C peryinpyeMoll sHepruell’ BhBedeH=
HHX OYYKOB HpPOTOHOB.

-~

Buauane paccMOTpPEM naHune Ans GeprRanaeBoR MHeHH. HexoTopsle cmexTpu, Hamepen-

o- . B
upte nmon 0, memoHcTpApywTca Ha prc. 1. BeneacTeEe TPyAHOCTHE HOPMHEPOBKE MK He UpH—

Bofum MacirTa Do ocw opA¥EAT, Kax BHARO Ha puC, 1, ANS KAXKOOR SHEPTHH NPOTOHOB

EMeeTCd CBOs dopMa cllexTpa, Bce coexTpnl EMeT MAKCEMYMHI, nexamme BGAHIH npenenb—
HOR 3HeprHH NPOTOHOB., B crTopoHy GoabluHX 3IHepraEff oT MakcHMyMa HabGmopnaercsa Gonee
pe3koe nanexae 4HClIAa HeATDOBOB, 4Y9M B CTOPOHYy MeHbIUHX 3Heprifi. Bo Bcex cmexrpax
YCTAHOBNI@HO, XOTA K B Ma/ibkIX KONHYeCTBAX, NPHACYTCTBHE HEATPOHOB C 3HeprHeft, MOYTH paB—
HORl 3HEpPI'HH HajleTawluHx npo/-rouoa. CneBa OT MaxKCEMyMA& BHAHO 3HAYHTENbLHOE KONHYECTBO
HeATPOHOB CPABNETENLHO MANLX aHeprEfi. Becneacrpue aToro B obnacTe Mansnlx 3HEpraff mo—-
SBNSIOTCA YHaCTKH NAATO. IllgpEHa B OpAHHATH NNATO OKA3LBAKTCH pa3nHyHuMH, [To Mmepe
BO3PACTABHA SHOPrHR NPOTOHOB CHEKTPH HEfTPOHOB pA3MHBAWTCS H NpH SHeprdz 480 Mass
HagAgaeT BHIPHCOBHBATLCS BTOpoff MakCEMyM, nexawdf ra 200-250 M3ap HHXXe OCHOBHOTIO
maxcEMyMa. Bropoft maxcEMyM rauGonee oTHeTNHBO BHOEH Ha xhusoﬂ ans 3HeprHf NPOTOHOB
6680 MsB, rne or pacmonoXeH B HHtepeane 200-300 Msas, [Togenenxe S‘roporo MAKCEMyMa
He CBH3aHO C OOMEHHHME B3AaEMONOACTBHIME, Kak OTMeuaT aBTOpH /20/

, OH oBycnoBneH

+ .
HefiTpoMaMH, RCIOYCKAeMHIMHA B peaxnHaXx ob6pasoBaHEs 7 H 7% MeaoHoB OpH CTONKHOBEHHAAX

. HPOTOEOB C SAPOM. O6pasoBaHHe HeATPOHOB B AAHHOM Clydae NPOHCXOAKMT 3a cYeT peakuuf:
+ S+
P+p 7 +n+p ; p+n->r"+o+p; pHo-m sa+n.,

B Ta6nEue 2 yxasaEw napaMeTph, XapAKTepE3ylLUMe CHEKTPH HeATpOHOB OT GepaMIHe—

BOR MHILGHE A/d PasNHIHbLIX Ep . B xawectBe mupameTpoB npuBOAHTCH 3Heprma E

m + JPE
KOTOpOff pacrnonoxer MaKCHEMyM CHeKTpa, B “HoaywEpHra® AE

maxcaMyMa. Kak sraro
#3 rtabn, 2, c6poc 3Hepraf B Npomecce nepeaapsaxk ( T.e. BenwuEna El;— Em) n'n_iee-r
BEAnale sxaueHme okono 10-20 Msp X ypenEuEBA®TCRE C SHepruefl mamamwoLIEX nporoHos, Ha~
6monaerca Gonwuuoft pasbpoc B BenmumHe cOpackBA@MOf SHEPrdH A8Xe NpH GNH3KAX SHepPrusx
NagaolUEX DPOTOHOB, B fan6onee TILATENLHO BAINOIHEHHHIX a:_ccnepnueurax“e'zol npH BHICO™
KHX Ep c6poc poctaraer 30-50 MosB, Benmauana AE Takxke CpapRATeNbHO Aueaennxa
NPH MaJIkiX 3HeprEdX NMPOTOHOB, HO saTeM ona yBenuumBaeTcs HpamepHo B 2-3 pasa. -Miorna

HabmoaawTcs Gonbline oTkAOHeHRg B AE | wro craaano, HO~BRARMOMY, ¢ NepedAcieHHbi~

MH paHee OpYYHHAMH forpewHocteff. Tam, roe ECNONL3IOBANACH anlapaTypa ¢ QOCTATOYHO

718,20/
BHICOKOR paspeuiapimiefl CIOCOGHOCTHIO NO HEPrHEM , BenuaHHa AE cyluecTBeHHO MeHb—

we, YeM B OPYrHX H3MepeHHAX. MaKCHMyM CleKTpa HeATPOHOB KMeeT CHMMETPRuHylo (opMYy

IpH CPABHATENLHO Manmix sHeprasx nporoxos ( mo 250) u npu 660 Mss.



Ta6nena 2

E_, Man Epn, Mas AE, Msn

P Jlereparypa
95 90 - 85 = 50 3
100 80 35 ]
143 : 140 " = 30 10
170 150 . 55 11
245 215 80 12
340 275 = 100 13
350 280 ~ 130 14
375 : 315 : 150 » 15
380 350 ~ 30 18
450 400 ~ 80 18
480 3g5™ = 140 19
660 810" = 100% 20

3Hav9eHHSA ans MAaKCHMyMa, oTpedJapouiero HeﬂTpOHBM nepesapdKH,

HnMepluEeCHS HEeMHOTOYHCHeHHble HAGMIOAGHAS CHEKTPOBR HEATPOHOB OT GepHI/UIHEBOA MH-

o /3,12,20/ .
HO-BHAHMOMYy, NO3BO/AIOT I'OBOPHThL, UTO C

WeHd MOA YI/IOM OTARYHHM oT 0
yBeqmueHHeM yraa HaGMONEHHS NMPOHCXOOHT yMeHblLUGHHe OpAHHAT CIeKTpa no aScomoTHof
Be/EYHHE H CMEUIGHHE er'o MakCEMyMa B CTOPOHY MEHbLLUKX 3Hepriufl.

. /3, 10-12/
DHepreTHyecKHe paclipefelleHAs HeATPOHOB Nepe3apdAnKH HaGnoOanuch npa

o6nyderHE ApyrHx aneMedtos ( or OeATtepus Ao ypana), B aTHx maGniomeHmsx comepXHTCH
MeHblue MOorpelHocTeR, TAK KAaK’ ONLITH NPOE3BOAATCH HA OAHOM E TOM XXe YCKOpHTelne,

/3, 12, 15/

OnHako B 3aech pe3ylibTaThl HEeKOTOPHIX aBTOpOB HHOraa NpoTHBOpewaT Apyr

AOPpYTYe«

(-
CnexTpst HefiTpoHoB noa yriaom 07 B GonblIAHCTBe CliyuaeB No Qopme MOXOXKH Ha CHeKTp

ang GepranMeBofl MHLLIEHH, Cornacuo/lo -12{

MOXXHO T'OBOpPHTB O BO3pacTanHH c6pacmBaeMoft
aHeprHH NMPHMEDHO B./IBA DA3A H 3HAYHTENLHOM YBEIAYCHRH OpOMHAT CHEXTpoB Aandg Sonee
THXEAX 9MeMEeHTOB IO cpapHeHEN ¢ GepranzeM. Ha pHc. 2 npencraejneHsl 3HepreTEYecKHe
pacnpeneNieRHs HOATPOHOB, BHUIETAOLIKX K3 PASJAYHHIX MHIUeHed B HaNpaBiIeHAH 0° npa
E, = 143 Mosp, nonyuennsie B HauGONee HHCTHX H3MEPEHHRX METOAOM BpeMeHH npone-ra/l(y
Ha 3Tex pHCyHKax NyHKTHpOM yxa3aHH a(¢eKTHBHbHE 3HepreTHYeCKHe paclnpenesleHHs Na-—
[aUEX NPOTOHOB C y4YeTOoMm pasabpoca MO 3HeprEH BhLIBEEHHOrO Nyd¥Xa H ero norepb B MH'-\\»
wend. LUTpax-nyHXTHpHO# XpHBO# OYepYeHO 3HepreTHYECKOe paspellieHEe HAGTI0dAeMBIX
NHKOB B KaX»XOM CHeKTpe., Mbl BHAMM, 4TO IR nAefliTepHsa OCHOBHyl vacTb cnextpa (Gonee
80%) cocTaBnsOT HeAATPOMH Nepe3apsAKH, & OCTATBHHE YYaCTKK OGS3AHH HeATPOHAM, BHGH-
THIM B Pe3y/lbTATe MHOIOKPATHLIX CTOJNKHOBeHHE. Y 6onee THXKenuix MULIeHei OAK HeATPOHOB
nepe3apeAKH HrpaeT MeHblylo polb. BospacTaoT BKianst y9acTKoB, OTBeYaOLIHX MHOroXpaTr—

HHM COYNApeHHSM H OGNACTH HUIKHX SHEPrEfi — COOTBETCTRYIOIUAX BWOGHTHIM HeATpOHAM.

Brixonel HeATPOHOB BLICOKHX SHEpraft

CBeneHrsa o BEpOATHOCTH OGP&SOBBHHH HeﬂTpOHOB BbLICOKHX 3HEpl“Hﬂ Ha pal3AYHbBIX MH=

LUGRZX HOMydIeHH NPH 3HEPrHAX NPOTOHOB 95/3/. 143/10/, 160—170/4'“/, 340/5'22/ : ¢

480 mes’%.

[Monusle cedeHHs HCOyCkaHHs HefirpoHoB ( E >50 MosB) 3 SeprnnueBoft MHIUEHH HpH
aneprasx nporoxos 143,170, 340 m 480 Mop papnm: 84+4 MG/IO/: BO': 30 MG/H/;
100450 M6/5/ 1 50425 MG/B/, COOTBE@TCTBOHHO, ABTOPH paﬁoru/e/ yKaswBaKT, 4TO nopor

‘peracTpandi HefATPOHOB B MX ONsITax Haxonmncs Buiwe 100 Mss. Msl yXxe ormewand, 910 TaKas

! Be/IEYHHA opora HaM npeacTrasligeTcs 3aBHILLIEHHOA H ero nque NpHHEMATH JleXKalldM B paﬂone

y + 50 Ms3B, xax 3TO Oejaetrcs B OApPYrHX Hccllenobanusx., Toraa B npenenax oWHGOK 3KCHEpR~
MeHTa NONHOe CevdeHHe HCIYCKAHAA HeATPOHOB E3 GepHINHS Mo')xno.c'm-ra-rb NpaxTHYeCKH He
38BRCHALIHM OT SHEPru¥H B ,pacCMATPHBA@MOM HHTepBale 3aHepruft nporouos, [To cpaBneHHw C
reoMeTpHIeCKEM CeYEeHHEeM (ure°M=250 M6) BepOSTHOCTE HCIYCKAHHA HefATPOHOB BBHICOKHEX
SHEeprHfi COCTABISET OKORO OAHOA MATOA wacTH Becex BaauMoneficTsufi, Monuoe cewenne me—
nycxanms Heftponos { E n>50 Msm) sapamn yrmeponma, MeQH X CBRHUA NPE SHEPrHE NpoO—
Touos 480 Moas pasno: 40, 450 1 1100 M6, coorBercrBeHHo., [lo cpaBueHnio ¢ reoue'rp'nqec—
KEM CeueHHeM OHO COCTAB/IfeT NPHMEpPHO OOHY CeAbMYI0 YaCTh BCE€X B3aHMOAeACTBHA Ha
yruepooe H OKOJO MOJNOBHHH B3auMonmefAcCTBHA Ha Menu ¥ CBHHuUe, Bxomet HefiTpoHOB E3 pas-—

NHYHHIX IeMeHTOB B NepedHI0 Nolycdepy NpxBenedsl B TabGnane 3.

JlaHHbte TabnEny 3 nony4eHsl B paA3HbLIX ONBITAX M NO3TOMY HX CpaABHEBATbH MeXAy CO—

6o Tpynuo, Jlyuine CpaBHEBATL BHIXOQH HEeATPOHOB B OZIHOM H TOM Xe omuite. Ma Bcex

ONLITOB BHOHO, YTO C YBeJ/IHY@HdEM NOPAONKOBOro HoMepa MHIIEHHA BEPOATHOCTH HCIYCKAHHS
HeﬂTpOHOB BBICOKHX 3Hepruil MOHOTOHHO pacTyT. Ha6monaerca pas’ayHag 3aBHCHMOCTL BHI~™

/3/
XOZ0B HeATPOHOB OT aTOMHOro seca MulueHeR}, Takx, B paGore yKa3nBaeTcs, 4YTO OH Ipo—

710,22/

3
nopumoHaneds A, Mexny TeMm kax B paGotax yTBep¥Xnaercs, 4TO 3aBHCHMOCTH

OTHOCHTEJ/IBHOr'O BhIXOOAa HeﬂTpOHOB B Ipenenax 3KCNepHMEeHTAJIbHbIX norpemnoc‘ren MeHgeTcH

nuuedno xax { A -2) . O6bACHeHHR STOrC pa3NEYEsa NOKA HeT.

HCH!CKBHHE 3apfAKeHHALIX JacTHI BHICOKEX BHEEI‘Hﬂ

O6 mcnycKaHHM 3apsi>KeHHHIX YacTAU BLICOKHX 9Hepruft npr GoMGaparpoBxe saep Heft—

. . /23-28/
TPOHAMH KMeeTCHd HEMHOrO AAaHHHIX

123/

C NOMOLUBID Kamephl BanbcoHna, noMeuleHHOR B MaArHHTHOe INole,

. OHH pa3po3HeHs! X HX Heller'kO CPABHEBATH MeXXAy
co6o, B paGore »
H3Meps/INCh YIJVIOBHeE pacnpefie/leHHs B 3HepreTHYeCKHe CINeKTPhl NPOTOHOB H HEeATpPOHOB, BHI—
NeTAOUHAX H3 yrjepolHOA MHIIeHE Npu GomGapaHpoBxe ee HeATPOHAMH C 3Heprueft okoino

90 M>sB. Paapgenenxe TpPekoB Ha NPOTOHH H MeATPOHL! NPOH3BOARIOCHL MO BOJRYEHE pamEyca

e KpHBH3HN, BblIo HafOoeHo, uTo ¥3 386 Tpexor 52% npeacTaBndroT COGOR OPOTOHH C IHEPrH—

] amMH or 32 mo 107 Mas; 42 % aBnsioTcs NeATpoHAMH ¢ 3HeprEsaMmH or 25 no 124 Moas &




Ta6nana 3
Suepras M
OpOTOHOB ruent BHXOH Hurepa'rypa npxueqaxxe
Be -
%0 do (F) M6
¢ =55 X —
) dQ crepan
85 Moan Al ~90 3/
Co . 180 ' E_> 48.8 Man.
Pb : 360
D 43+ 3
Li 71+ 4
Be 84+ 4
43 M
143 Mss (o} 85+ 4 /10/ *Bnepen” w6
Al 103+ 5
Cu 205+10
Pb 453+28
u 475+29
Be 81+ 15 : do(2,5°) M6
z —_— .
160 Map c 81+ 15 /117 df) crepan
Al . 192+ 35
Pt 1560+280 Ea> 50 Map
Be 1'5
) c 1,0
340 Mss Al 2,1 " OTHOocKTenbHLA
Cu 3,7 2/ BHXOnO “Blepen”
’ Ag 5,7
Pb 8,3
u 8,0

8 |
oxono % - anpa TpETHA ¢ 9Heprre# or 568 no 95 Mas, Y TBepXnaeTcd, 4TO NPOTOHK C
JHepragmMe 32~52 Moap HCnyckalrcsa H30TpONHO ( B Ilpenenax 9KCIepAMEHTANbHLIX 0Lul!60!(),

a ang mure ~
pBana 82-98 Msp mmeercs Pe3Kas HanpaeneHHOCTH Bllepen, npagem NOnylIEpHHa

Yraosoro pacupe 1 °
g P penenenns cocrasiger 18+3". 3T0 a3nauenne TMONYIIEPKHE yROBNETBODHTENBLHO

CoBmazaer c be
ARYHHOR A ana HeATpomon flepeaapankn ua yraepona, yxaasasuoi B TaGma—

ue 1 nna nopora
p Brnue 65,9 Man. BepostHocTs HCIyCKAHHS NPOTOHOB BCex SHEeprHft B HHTep
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Bane yrios 0-24° natnena ‘paBuoft 11,3+5,6 M6, Cn:kTp nporoHoB, BHOGpACHBaeMHX Blepen
(cM. Bepxuoo aacTh pac. 3), AMeer naaTo B EHTepBane sHeprufi 32-70 MsB R 3aTreMm nagaer

OOYTH MO0 Hyas B O6GNACTH GONbLIUHX 3HEpPTHA,

HaMmepeHHs aHepreTH4ecKAX CHEKTPOB npo-r:)uon B OeATPOHOB H3 yrAeponHOf, MenHOR X
CBHHIOBOR MHLUGHH MpH obNydeHHH HeRTpPOHaMH c 3HeprHef 80 Mam npoussonBaachb B pabo—
-re/24/. B 'xauectre ‘ue-rex-ropoa NpAMEHANACE Teleckonsl MPONOPUHOHANBLHHX CHYETUHKOB, a
THN BENVIETAKIUKX JACTHU YCTAHABMMBANCH MO BeJHYHHE OTK/IOHCHHS HX B MArHETHOM moae. B
Cllyyae yraepoaa CpedH HCOYCKAeMHX 9aCTHU C 3Hepruamu Gonee 20 Map o6HapyxeHo OKONO
80% nporonos, 36% mefiTpoHOoB M OXono 4% smOep TPHTHA, 9TO yLOBICTBOPHTENBHO COIVIACYeT—
CHl ¢ JaHHLIMH paﬁoru/23/. Bepoaruocts BuibpachisaHns npororos ( E > 20 Mss) m pettpo-
Hos ( E > 27 MoB) ana pasHuX HHTEPBANIOB YI/IOB BHUIETA NepevdcieHW B Ta6nEue 4, Mol
BHOHM, 4YTO Gollee BepodTHO BhIGpacLiBAHMe YaCTHN Bllepen (0-450). HanGonbutag crenens

AHA3OTPONKA B HCNYCKAHHAH HMeeT MeCTO M/fA yI/epdoaAHOfi H HAUMeHbLuas — nng CBAHUEBOR

MELLIeHHA,
Ta6bnaua 4
Bunetaoiune Mruwens Yron Bunera O6uieer
q9aCTHAUN ’ ° ° . pe - CeyeHRe
0%-25°  25%45 45°-180 M6
IMpoTonu 35 31 24 80
MpoToun c 24 19 9 52
( E>35 Msb)
Iefrpoun 12 -8 6 28
IMpoTouer 70 88 108 241
C
JleBTpoHu " 18 14 20 52
\
IMpoTouu ' 100 . 132 192 424
P
NeaTpousn b 23 21 31 75

ECMH BHIOENHETL Cpely NPOTOHOB Gonee awepraunyio dactb ( ¢ ‘E> 35 Mas), To MOXHO
3aMeTHTb, YTO IIpH 3TOM HAGMIOOAAeTCA CylLIeCTBeHHO 60/bllag CTeneHb annaorpdnux B HCHyc-
KanuH, 4eM And :scero cuexrpa, [lonylEpyna yraosoro pacnpeneNeHEs TAKHX MDOTOHOB H3
yryaepoaa nonydyeHa pasuof ~ 200, 9TO He RAMHOro MeRblle, 9eM COOTBeTCTBYyolas
BeMHYKHA [N HeRTPOHOB Hepe3apanKH, yKasaHuag B Tabnane 1, Buxoaw sHeprumusmx npo-—
TOHOB B [AHHOM ONHTE OKA3HBAKTCA CPABHHMLIMH C BHXOOAMH HefiTpOHOB NepeaapdakH &3
Tex e saep NpH GNM3KEX SHEPrHAX HAaNeTAOIUHX YACTHU. T ax, cedenne ofpa3oBaHus npoTo~
HOB Ha yriepone MOYTH DABHO BLIXOAY HefATDOHOB MNepel’apadKH nOAas yi-nepoha B GepaanEg

{ cM. npeanaywkf pasgen), B To Bpems Kax O/ Medd B CBHHIA OHO COCTaBlfeT 4yTh
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Gonnute NONOBEHH HAH HONOBHNY, JHEpreTHYEcKHe COeXTPLl HPOTOHOB H3IYNOHMH NOApPOoGHO ¢
PA3RBIME MHUIGHSME IpE HOCKONbLKEX yrnax Bunmera ( 0, 12, 25, 45° }. Bo Bcex cnywasx
ORM MOQXOXH ApYr Ha Apyra mo ¢opme, Ipr yrane nabmonenas 0° nnaTo npocTHpaeTcd oT

27 no 70 Mse (yrnepon, cnexTp noxasad Ha prc. 3 Bumay), 35-50 Mas (Menn) m 35~45Mon,
( cesuwen ). Opakmars: mnaTo paBHH OKono 1,6; 8,0 ® 4,5 wm6/crep. Mas,

COOTBETCTBOHHO, DTH BONMHYHHH NOYTM puBHH OpPAHHATAME N/IATO AJd CHEKTPOB HeATpOHOB
nepe/::a;;pnnxu H3 yraepona H OPAMEPHO B ABa=TPH pPa3a MeHLUIC = AR OCTAKBLHAIX MHALIe~
Hoft' ~ ', Ilpr apyrax yrnax Busera CHeKTPH HMEIOT NPHGNAIRTENbHO Taxofl ke XapakTep, Ho
HOCTeOeHHO paaMHBAIOTCH C YBeJK9YeHHEM yria HaGlomeHHS, O6paaeT Ha ce6s BHEManHe
P83XO OTMHYHHIA BHA CHEKTPOB NPOTOHOB IEPe3ApsAKH OT 3HEpreTHYIeCKOr'o pachnperlenerdg
HelTpoHOB NepesapaakK ( cM, pac, | & 2 ), Mexxny Tem cmexrtp nestrpouos, H3MEpeHHuf B
Tex xe onurax ( cMm. prc, 3), moxox ua COHeXTp HeATpoHOB mnepesapank® ( rtakxe HMeeT
MAKCHMYM B 06iact# Gonnluax sHeprufi).

725/
B pa6ore C HOMOLILIO TeAeCKONA CHAHTH/IANHOHHMIX CUETYHKOB H3Y4annCh BRIXOIB

NpoTOHOB, MEATPOHOB H sAep TPHTHR HpH GoMGapARPOBKe PABNHYHLIX MHIIOHER NpOTOHAME H
HefiTpoHaMH ¢ 3HeprHeft 300 Mas, HaMeperrs nposonrmncs ans yraoe seintera 26, 40 u 80(.)
Paanenense sunteranomumx wacTHr MPOBOMHIOCH HO BeJHYHHE paNMyca KPHBHIHLI TPaeKTOpHE
J4CTHO B MArHATHOM HOJle H HX HOHA3AOHOHHBLIM NoTepiaM, A3MEpPeHHLIM B OMHOM H3 CUEHTHI—
nfropos. [ladipepeHnHanshuie ceuenng HCHYCKaQHHA HPOTOHOB C 3HepPrasMH Gonmwe 36 Map
(s M6/cTep) npEBeriens B Tabmune 5. Ma Tabauusr BHAHO, 4TO Mo Mepe yBeJHYeHHS NnopgaKo—
BOr'0 HOMepa MHUIGHH BEIXOb! HPOTOHOB BO3PACTAIOT npaMepHo 8 9 pas npm o6nyuernm npoto-
HaME H HeRTponamu., Kak k B paGo-re/24/ BLIXOO MPOTOHOB PacTeT ¢ ymeHblleHHeM yria
KaGmonenus, BepoaTHOCTE memyckaums TPOTOHOB NoA AeRACTBHEM HEATPOHOB OKA3KIBAETCH B
2,5-3 pasa Mexblie, 9eM npx o6ayueHHn npofOHaMn. OrHoureHse BeposTHOCTH BuIGpacHIBaHA s
nporoxos 3 Al ® Cu mno cpasHeHmio c yriieponoM B Ciydae ofSayueHHs Hen'rpor{amrn OKasu~
BAGTCA MPAMAPHO TAKHM XK€, KAK H OTHOCHTENbHbE BLIXO/bi HEATPOHOB Nepes’apanKd B Tab—
nane 3 nas 340 Mss, B 10 xe BpeMsd OTHOCHTE/ILHEIC BepOATHOCTH HCNYCKAHHA 3THX YaCTHL
H3 Taxenux muurene? ( Pb u U ) nosrr samoe MeHblile BEIXOAOD HedTPOHOB Nepes3apsnku
B Tex Xe ycnoeasx. B cmnektpax nporonos mog HeKOTODPHIMA JIMIaMH HaGmioOeHng npa obay-
HeHHR NPOTOHAMH OGHADPYXHBAOTCA MAKCHMYMH HEOOHMHAKOBOR BEICOTH AN PASHBIX MALUEHef,
nexawmne NpH aHeprasx 200 Mas (26°) u npm}epﬂo or 170 mo 200 Mas (40°). Io dopme
H NONyWADHHE GHE HEMHOrO PASNMYAIOTCH OPYr OT Apyra B fBASKTCS NAKAMH KBA3AYNDPYIoro
" PaccesHAR NPOTOHOB HAa HYX/IOHAax sapa. ®
OTHOCHTeNRHO HCHyckanus neiTpoHos B paﬁorax/23-26/ HMEITCH yKa3aHus Ha TO, 9To
OHH BHIETAWT Gonee AHH3OTPONHO, YeM TPOTOHs!; AX OTHOCHTENLHHA DLiXod No Mepe ysenu—
QeHER z MHUIEHA PACTET HeCKO/LKO CHIbHE®, yeM NPOTOHOB; B 3HEPreTHHeCKHX pacnpe -
nenenusx Habmomaercs ToHKag CTPYXTypa B Buie HANHYYE OSHOLG, A RoX HAKOTOPLIMA
yrnamna - AOBYX YyeTkKko OYepYEeHHLIX MaxcumyMoa, NonoXKeHue KOTODbLIX 3aBUCHT oOT BHGOP"A

MHLUISHH, yrila RaGAOOEHAR K T.d. 3HauRTe

ABHO MeHbule CBeJeHd A NoNyqedd OTHOCKTEABLHO

Ta6nuna 5 )
Muuress Buxon nporonos ' - Bom6apampyomae
. 5 gacTHOs i -
R 28 40 s
Narna - 35,3+ 3,0
Yraepon ‘ 70+ 4,0 52,3+ 4,0
AmomAHEA 180,1+ 5,0 89,0+ 4,0 TMporons ¢
Mens 188,5+ 7,0 142,8+ 6,0 3Hepraeft
Kanwea - 193,2+ 9,0 300 Mon
Coumen - 200,0+12,0 234 +12
Ypau - 251 +11
Jarea - 9,6+0,8
Yraepon 27,742,0 16,2+0,8
AnoMERRA 48,243,0 20,7+1,4 HefiTporu ¢
sHepruef
Mens 76,245,0 48,8+1,0 300 Mon
Kanuat - \ 64,2+2,4
Cainen 120,2+9,0 80,4+3,3
Ypau - 83,3+3,3

ocoferHOCT@R HCuyckaHHs saep TPRTHA, JlioGONLITHO OTMETHTb, 4TO BO BCeX HCCaerOBaHH—
/28-26/

ax ofHapy>KeHO BhifpachHiBaHHe QEeRATPOHOB H ANep TPHTAS C KHHETHYECKHMH SHEpPrHaMH,

CYLUeCTBEHHO NPeBHIIAKINKEMA LOOJHYK SHODPrHI0 CBA3H HYK/NIOHOB B 3THX ¢parMentTax HjH

BLICOTY KY/OHOBCKOIr'o Gapbepa.

SaxiodeHne

MonBons uror CKal’aHHOMYy, ME BHOHM, 4YTO MHOI'HEe BOMNPOCH H3 3TOI'0 paaaesia H3yve~
Hpl elle HeOOCTATOYHO NOAHO, Tem He MeHee, HACKOJABbKO MOXHO BepHThb NpHBeOeHHLIM 3KcCle~
PEMEeHTaNbELIM [AHHHM, 9HepreTA4YeCKHe H YIJVIOBble pacnpene/ieHnd BTOPHYHLBIX YACTHI Hokxa-
3HBAaKT HanHque cnennquecxoro mponecca nmepesapfAKdH HyKJIOHOB B gApax, CBORcCTBeHHOI'o
BBICOKHM 3Heprugm, Kak u1 gna nponecca nepeaapankH HpOTOHOB B HeATPOHB! Ha aapax V

. ofpaTHHA Npomecc XxapakTepH3yeTCH De3roff acCHMMeTpHeRl BhUIeTa BTOPHYHGLIX 9YACTHI,

OnHaxko choekTphl HYKIOHOB Nepe3apalKH OKA3blBATCH Pa3HbIMH B 3aBHCHMOCTHE OT TOro,
Kaxas yacTHAuna napaet Ha sapo, Ilpn maneHrA npoToHa y BTOPHYHBIX HeATDOHOB B  HanpaBje™
man 0° mmeerca weTko odYepdYeHBbHIA MAKCHMYM, NeXaluwfi Nnpu GonblUHX 3IHEPrasx m ofwasg
KapTeHA Eaaumonekcrann Gnraka kx kaprase o6Mmensmx ( p,n ) BsamMoneficTBUE B nelTpone.
INpa magessrm HeRTpoHa y BTOPRUHBEIX NPOTOHOB TAKOro MAaKCHMyYMa HeT, a B Tofl o6racTH

/7 cneKkrTpa, rae AOad HeATPOHOB liepe3apadKu HabmonaeTcs MAKCAMYM, 3O0eCh EMeeT MecCTo
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nnasHoe mapenne, [lpH 31;on OpEYAHe CpeNHEe 3Ha4YeHAs SHEPr'HH BTODHYHEIX HEeATpOHOB Nep -
3apaOXE OONMKHH 3HAWATENLHO NPeBHLIATh CPelHE® 3HAYOHHA 3HePrHfi BTOPHIHBIX GBICTPLIX
OPOTOHOB. BHXOAN HEeATPOHOB H NPOTOHOB Hep23apdfKH HA Jerkax 3JeMeHTax NPEMEepHO OmaH-—
" HaxoBnl, Ha TsxKenbix MALIENEX BepOSTHOCTL HCIYCKaHAS HeATPOHOB GONbLMX SHepraf MouTH
BOBOe NpeBhIlllacT BePOSTHOCTh HCHyCKaHHsS uporodHos, OTcona credyer, YTO XOMEYeCTBO
3Hepr'ud, yHOCHMOf OT nNadslllell YacTHOH HeATPOHAMH Nepe3apdiKH, Ha T4XejbX MHIIEHAX
6ydeT 3HAYHTENbHO MpPeBHIUATL KONHYECTBO 3HEPrHH, YHOCHMOR INpPOTOHAMHE Nepe3apddkH.

BpocaeTca B rnasa o[AMHAKOBHA BHA 3HeprsTHYECKHX pacmpeneeHHf ﬁeﬂrpouon,
BeIGpacHBaeMHX H3 AOep noa OefCTBEeM uen-rponoa/%/ HITH npo-ronoa/ze/, KOTOpHA Mano
9eM OT/AHYAeTCs OT CNeKTpa HefTPOHOB HepeaapsnkR, OTHOCHTeNbHHE BHXOAH OefATpOHOB
( E >48 M3B) npr obnyuenna npo-ronam!/25/ OOYTH B B4 DPA3A NPEeBHILIAIOT BHIXOOH 3THX
(hparMeHToB H3 pa3HHX 3MeMEHTOB Hoa AefcTBHeM HeATpoHOB. B To e Bpems BeposTHOCTH
ucnyckannst snep tputes ( E > 56 Mon) xax mon neficTsEeM NPOTOHOB, T&K M HEATPOHOB
€3 OOHOI'C B TOTO Xe 3JeMeHTa COBNajapT OPYr ¢ ApyroM B npefenax OwiEGoX 3KcCHepEMeH—
Ta/25/.

Bpsan na cnenyer AyMarTb, YTO pa3fH4iAs B 3HEpreTHYecKHX pacOpeneleHHsX H BHIXOOAX
BTOPHYHLIX HYKJIOHOB OGyC/IOBIEHH HEeMOHOXPOMATHYHOCTHLIO HO SHEPI'HE NAMAOIIHX NYYKOB Hefl-
TpPOHOB. 3TOMy NDOTHBOPEHHT COBlaNeHHe CNEKTPOB OEATPOHOB, HCHyCKaeMhnX H3 saep non

724,26/
nefcBAeM HeATPOHOB H NPOTOHOB .

Pasnuuua B cHeKTpax ¥ BHXOmAX HYK/IOHOB Hepe3apgAXKH KaYeCTBEHHO MOXHO NOHAThL H,
NO-BHOAHMOMY, OGBACHHTH TEOPEeTHYECKH Ha OCHOBE KACKAOHHWX PacUeTOB, HpeaNOJIOXXHB He—
paBHOMepHOe pachpelejleHHe NPOTOHOB H HefATpoHoB B sape, [lo CHX mop B kKackaOoHHX pac-
yeTax pacnpefeneHHe HYKIOHOB NDHHAMANOCh PABHOMEpHHIM, ECNH NpHHATHL, 9TO NOBEepXHOCTH
s0pa oforaiwiena HefTPOHAMH, M 6ydeM EMeTb GnuronpaATHHE YCHAOBHS MJIS NOMydeHHES
Gonee sHeprayMnx HeATPOHOB Nepe3apAnxH., BubpacmBaHHe H3 gaOpa B Npouecce mepesapaiKh
yGHHHOTO NPOTOHA, @CTECTBEHHO, MO/IXHO CONPOBOXOATLCA HOTS PAMH SHEPrHE B gIOepHOM
BellecTBe, BCIeCTBHE 4ero B CNeKTPax NPOTOHOB OOJKHH NpeobladaTb 4acTHOs C OTHOCH=
TeNBHO MAanniMA 3HepraaMu, Ha nepsrifi B3rasa MoXeT NOKA34THCH, YTO NpealofioKeHHe O
Hépaaﬂomepﬂom pacopeniesieHdd HeATPOHOB H NPOTOHOB NPOTHBCPEYHT HMEIOLIHMCH 3KCIHepAMeH—
TanbHLIM nam-mM/27/, B yacTHOCTH onmraMm Xodiutraarepa HO pacCedgHHic 3JIEKXTPOHOB BHICO™
KAX 3Hepruf sapamu. Ha camom nene anmech HEkaxoro nmpotuBopeuns Her. [emo B ToMm, gTO
3O0RMHpOBaHKe fnpa, Saanpyxoméecu Ha HCHONL3OB&HHH SJIeKTPOMATHHTHHX CHJI B3aHMoOel—
CTBHf, B NpHHOMIe MOXeT MAaTh HHOHN OTBeT, 9eM NpH HCHOJLIOBAHHH B KauecTBe NpoGHOA
qacThosl Hefitpona. Ha ato HeonnokpaTHo ofpaiuanz BHEMagdHe MHOI'He HCCJeaoBaTeld (cM.,
Hanpamep, oSaop/27/). B aToM o63ope oTMedaeTcd, B 9ACTHOCTH, 9YTO OAHHHE O CedeHHSX
B32HMOOEACTBAA HEATPOHOD C PASNUYHLIMA gOpaMH NpH 3Hepruk 4,5 'sB B coverauHm c ana—
NTA30M OpPHE MOMOLUH onTHYeCKON MOeJIE CBEOETeNLCTBYIOT O HEeKOTOPOM DA3NHWHE B pacupene—

JIeHASX UPOTOHOB H HEeATPOHOB B THXEJbIX aaopax. l'[o:-rrouy BBICKA3aHHOE HaMH NpennojioXxxKe—

, . ‘ - 14

HHe 06 O6OrallleHEH HOBOPXHOCTH SApa HeATPOHAMH, MO-~BHAHEMOMY, MOKHO NPEHATH KaKk pa-
6ouylo rENOTe3y ONS OAanbHeAIICro PasBHTHS HCCHe[OBaHMA B 3ToM HanpaBiaens:, Co cpoeft
CTOPOHH NOGABHEM, ITO K TAKOMY Xe 3aKmOYeHH0 06 OGOrAIleHEH MOBOPXHOCTH SApa HEATpO-
HaME MbBl IPHIUIK NpH PacCMOTPEHEH ocoGennocTelt ©6pasoBaHus B peakUHSx C GHICTPHIMH Hac—

THnaME HefdTpoHomabuiTownnx ( H 3, He §) & sefirpoHonedaUATHEIX dparMeHToB ( Li8 . Be! .

clt, y13  pl8

HccnesoBasuaMm ob6pasopanrg ¢hparMeHTOB B peaKnHsx C GHICTPHIME YacTHUAMH,

# T.0.). [loapo6uee o6 arom GymeT ckasano B pa6oTe, MOCBALIEHHOR

Hapany ¢ HefirpoHamu " NpoTOHAME H3 MYIUeHefi BruleTaloT Golee CNOXHBIe WACTHUH,
Hanpemep, AeATPOHH, ROPA TPHTHA H T.M. C BHICOKHME KHHETHUSCKHME 3JHeprusiMiH. MexaHHaMm
HCIOYCEAHHS CIOXHLIX YACTHO C GONLIUHMH 3HePrasiMH He aceH, C TOYKH 3peHAs KackamHo-—
HCOAPATENbHOR MOOeNH HeNOHSTHHME SBAAIOTCH Chnocofsl Nepenady KOMIJIEKCY HYKJOHOB sifipa
oT napawoluef 4acTEOH GOAbUDA KRHETHYOCKOR SHEpPrHH, KOTOPAas JHAHHTEALHO NpeBEILAeT
BHICOTY KyJOHOBCKOro 6apbepa HJIH BeJHYHHY MNOJHOR 3HepruH CBS3H BCeX HYKIOHOB. BO ¢par—
MeHTe, MH NpHNHECHBAeM Takde COGHITHS AKTAM OCYIUECTBJI€HHS MHOI'OYACTHYHBIX B3auMonef-
CTBEA HYXJIOHOB NpH BLICOKHX 3JHeprusx, TO/CKa3HBAGMEIX, HaNpHMep, B Teopdsdx ¢iyKTyausoH=
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PykonHch mocrynxna B manarteanckaft oThoen
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