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0 ET,E,ZUtlHEHHhiUl MIH CTL ITYT fUlEPHhi X Ml CCJIEJlO BAHL1Ul 

0T~BH pa~M8~HOHHO~ 6e30IT8CH0(~H H pa~Ha~HOHH~X HCCHB~OB8HH~ 

B.E.AHBHHMKOB, M.M.KOMO~KOB, A.P.KpunoB, r.H.THMOWBHKO. 

BAPHJKEH.Hhl~ KOMTIOHEHT HE~TPOHt:Oro. IJY'l!KA CL1HXPOU11IKJIOTPOHA 
JIAEOPATORIIL'I H]lEPHblX TIPOEJIEM CL1HMI. 

C. IIOMOII{:OIO C~MHTHHJifl~HOHE oro L1E -CITBKTpOMBTpa VI3MepeH CITBKTp 
npMMBCHNX ITpOTOHOB, BNXO;zu:I~J.iX H3 KOHHHM8TOpa H~3 Cl'IHXpOI.J;HKHOTpOHa 
Ha SHeprHIO 660 MaB, npM 06Hy~BHHH fCKOpBHHUMM npOTOH8MH BHyTpeH­
HBA 6epMHHM6BO~ MHW6HH. TIOK8S8HO, qTO npMM6C:O npOTOHOB Ha BUXO~e 
KOHRMM8TOpa o6yCHOBR6Ha, B OCHOBHOM, KB83HynpyrMMM B38MMO~e~CTBMflMM 
peHHTHBHCTCKHX HB~TpOHOB C MaTepHaROM CTBHOK KOHHMMaTopa. L'I3M6p6HO 
OTHOWBHMB (t)JIIOBHCa 38pflJK6HHUX l.I8CTHI.J; K qJRIOBHCY H6~TpOHOB BUCOKOH 
SHeprMH Ha B~XO~e KOHRHMSTOpa. 

]ly6Ha, !979 r. 



ITpM H3y'tleH1Ui pea.KUHH JJ,03HMeTpH'tleCRHX .IJ,eTeRTOpOB R H8HTpOHaM 
peJlfiTJ.i!BHCTCKHX 3Heprd B IDJie H3JIY't18HM, (fJOpMHpyeMOM RO)lJlHMaTOpOM, 
ROTOpHH OpHeHTHpOBaH Ha BE:YTpeHHIOID MHlli8H1 CHHXpO~RJIOTpOHa, B03HMR­
Jla Heo6xo,nHMOCT1 B H3Mepea:n1 sHepreTH'tlecRoro pacnpe.nenemm npoToHoB, 
npHCYTCTBYIOIIWX B ITy'tiRe HeH'rpOHOB. Hei1TpOHhi o6pasyroTCJI IIpH B3aHMO­
.IJ,8HCTBHli1 ycRopeHHLIX npoTOHOB C 6epHJIJ1li18BOH Mli1lli8H1IO C pasMepa.MM 
8x4x2,5 CM3 , YCTaHOBJ18EEOH B 30Ee KpaHEHX op6HT CHEXpO~RJIOTpOHa/!/ 
3apaEeHHhie 'tlaCTH~ JieTHmH8 H3 MRlli8HH, OTRJIOHJIIDTCJI MarHHTHhiM noJieM 
YCKOpHTeJIJI H B KOJIJIHMaTOp He IIOn~aroT. IlpHMeC1 npOTOHOB B HeHTpOH­
HOM nyqxe Ha BHXO.IJ,e H3 KOJI;lHMaTopa o6yCJIOBJieHa, B OCHOBHOM, B3aHMO­
.IJ.8HCTBH8M Hei1:TpOHOB c Ma.TepMaJIOM KOJlJIMMaTopa ( %Fe). IIoJmMo npoTo­
HOB B HeHTpOHHOM rry'tiRe HMeeTCJI Ta.IOKe 3Ha'tiHT8J11HaJI npHMeC1 BhiCOKO .... 
SHepreTH'tiHiiX r -KBaHTOB, B03HHRaiDutv.IX B pe3YJ11TaTe pacna,na ift 0 -Me-

30HOB, o6pa30BaHHbi.X B MHill8HH. liJIOTHOCT1 nOTOKa r - KBaHTOB C SHep­
rMMXI oT IO .no 600 MsB Ha HHXo.ne KOJIJIMMaTopa i II cocTaB.11.ffeT npm­
MepHo I,5.I04 CM-2ce~-I npxr HHT8HCHBHOCTH BHYTP8HHero ITy'tiB:a YCKOpeH­
HHX npOTOHOB 2,3 MRa{I/ CIIE!KTp J -RBaiiTOB OT pacna.IJ,a :/1° -M830HOB, 

o6pa30BaHHHX npOTOHa.MH C meprHe' 660 MsB Ha JI,D,pax 120 no.IJ, 0° K npo­
TOHHOMY IIy'tiRY, IIpHBe.IJ,eH B }'a6oTe ~~ Cpe.IJ,HIDI 3Hepr:wr d -RBaHTOB 
(I7D±,I5) MsB. ITpM B3aHMO.IJ,e~CTBXIM "r -KBaHTOB c MaTepHaJlOM KOJIJIHMaTo­
pa B03HHKaiDT BhiCOK03HepreTf.'t18CKHe 3J18KTpOHH (IT03HTpOHH),cneKTp KO­
TOpWC npocTHpaeTCJI .no 400 f{sB. 

ll3MepeHMe npHM8CM sara~eHHOrO KOMIIOH8HTa B HeHTpOHHOM ITy'tiKe 
IlpOBO.IJ,MJlOC1 Ha BUXO.IJ,e KOJlJlMMaTopa ~ I3/I/ C nOMOut1IO T8Jl8CKOna CUMH­

THJ1Jl.Jlt(I10HHHX C't18T'tiHKOB, pa3M8IJ.t8H~pro B TO'tiRe ycTaHOBKH HCCJ18.IJ.Y8MhlX 
.IJ,8T8KTOpOB. KOJ1JlHMaTop .IJ,JIHHOH 4Q0 CM H .IJ,HaMeTpOM 5 CM opHeHTHpOBaH 
Ha MHWeH1 IIO.IJ, yrJIOM 5° OTHOCHT8Jl1HO HanpaBJieHHJI .IJ,BHX8HX1Jl YCKOpeHHHX 
npoTOHOB. C U8Jl1IO YM8H1lli8IJHij WOHa, ,IUf~18Tp KOJlJIHMaTopa Ha BUXO.IJ,e 6hiJI 
yBenH'tleH .IJ.O IO CM. 0THOlli8HHe IIOTOB:a sapgxeHHhiX 'tlaCTHU, rrpoXO~X 
qepe3 TeJieCKOII CO cqeT~KaM~ nJIOuta.IJ,1IO 2x2 Ct~, 001 KOTOporo COBMe­
meHa C OC1IO KOJIJIHMaTopa, K ITOTOKY H8HTpOHOB B HCCJie.IJ,yeMOH TO'tiB:e 
no~) COCTaBHJIO (3,3±,0,4) .[0-3. HHltiU:W rropor SHeprHH npOTOHOB, pe­
rHCTpHpyelVJHX TenecKorroM - 30 MsB. Cornacao oueBKa.M, .no:n.s: sneKTpoHoB 

(n03HTpOHOB) no OTHOlli8HHm K rrpOTOHHOMY KOMIIOHeHTY ITy'tiKa HeHTpOHOB 
He npeBHmaeT 7%, a .no:n.s: sap:rxeHHl:lX :If -MesoHoB - 2% • .IVm orrpe.nene­
HHJI (pnroeHCa 3aplijXeHHOrO KO~IOH8HTa K3M8PJIJIOC1 yrJIOBOe 

X) 3Ha'tleHHe IIOTORa HeHTpOHOB C SHeprHeH 6onee 30 MsB 6biJIO noJiy'tleHO 
Ba.M6JieBCKHM B.II. C ITOMOq1IO a.KTHBauMOHHI:lX .IJ,eTeKTOpOB nJ10l!ta.IJ,1IO 
3 C~, YCTaHOBJI8HHHX B JICCJI8.IJ.Y8MOH TO'tiB:e. 
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pacnpe~eneHne noToKOB saPflleHHHX tiaCTH~. Ha pnc.I npHBe~eH& reoMeT­
PMH H3MepeHHH H 3aBMCMMOCTl CKOpOCTH cqeTn TeneCROTia B HCCJie~eMO~ 
TO~e OT yrna 'f MeJK,IJ,y OCJIN.H zenecxona M ROJlJIHMaTopa. Ha pHCYHKe 
~aHbi TOJILRO CTaTHCTHqecRHe OTIIM6RH. B nepBOM npM6JIH21teHHM, OTHOilleHHe 
wnroeaca 3aPff21teHHbiX qacT~ R WJIIDeHCY HeHTpOHOB c aaeprHeii 6onee 
30 MaB COCTaBnaeT 6,4.10-3. . 

C~HTHJIJUIUI10HHbiM Ll E -cnexTpoMeTpoM/3/ 6biJI H3MepeH cneKTP rrpo­

ToHoB C aHeprMeH 6onee 40 MaB, ~H~mHXCR B~OJIL OCH KOJlJIHMaTopa B 
TenecaoM yrne 7.I0-3cp. llpH aToM, BO ms6e21taHHe npoctieToB H aanoxe­

HHH HMITyJILCOB B CIIeRTpoMeTpaqecKOM TpaRTe, MHTeHCHBHOCTL BHyTpeHHe­
ro nyqxa ycxopeHHHX npoToHo:a CHIDKanacL B 70 pa3. HanMqHe aneKTpoH­
Horo ROMIIOHeHTa HCKaJKa.JIO Cllt3KTp npoTOHOB B 06JiaCTH BbiCOKHX 3HeprEH, 
Ta.It RaK HeCMOTpH Ha OTHOClilTt~JlLHO MaJioe ROJIHtieCTBO aneKTpOHOB, OHlil 

perMCTpBpyiDTCH B Y3ROH qacT;~ annapaTypHoro CIIeKTpa, COOTBeTCTByromeii 

cna60HOHH3HPYIDmHM tiaCTHUaM. ~JIR OCJia6JieHHH BJIHHHMH aneRTpOHOB npH 
H3MepeHHH npoTOHHOrO Cll8KTpa, nepe~ BXO~OM B ROJIHRMaTOp CO CTOpOHbi 

MHilleHH ycTaHaBJIHBaJICH CBHH~OBHH <flHJILTp TOniiU1HOH 2,1 CM, He npHBO.IVl­
tqHH It 3a.MeTHOMY MCRa21teHHID HHHTpOHHOro cneRTpa B ROJIJIMMaTope. KpaT­

HOCTL OCJia6JieHHH q)HHLTpOM llOTORa "r -KBaHTOB C ::mepnieH 170 MaB 
cocTaBJIHJia ~ 9,5. 8nexTpOHH o6pa3yroTca E B caMoM <PMnLTpe, o~axo 
H3-3a MaJIOCTH TeJieCHOrO yrna pa3JieTa, B KOTOpOM OHM perMCTpHpyiDTCH 
cneRTpOMeTpOM, HanMqMe <flHJIM•pa npHBO~HT R cymeCTBeHHOMY no~aBHeHHID 
aneRTpOHHOrO KOMIIOHeHTa B ar:napaTypHOM cneRTpe. CpaBHeHHe HOpMHpO­

BaHHbiX Ha O~HaROBOe ~CHO C06biT:HH annapaTypHbiX cneKTpOB, Ji.I3MepeH­

HbiX C cpMJlLTpOM M 6e3 Hero, L03BOJIMJIO onpe~em!TL ,nonro 8HeRTpOHOB B 
llOTORe 3apruKeHHbiX tiaCTH~ pei'Ji.ICTp:HpyeMHX cneRTpOMeTpOM -
(4,7±0,4).10-2. 8Ty BeJIHq:HHY M02KHO HHTepnpeTHpOBaTL KaR OTHOllieHHe 
llOTOKOB 8JieKTpOHOB H npOTOHOB H3 ROJIJIMMaTOpa B HCCJie.nyeMOH Toqxe 
noJIH, qTo xopomo cornacyeTCB c npe~apnTenLHOH oueHKoii. 

CnexTp npoTOHOB B ROJIJIMMaTope ~ 13,H3MepeHHbiH rrpn HanM~M 
CBHH~OBOrO cpHJILTpa, npe~CTaBneH Ha pHc.2. llpOTOHbi, BbiXO~He H3 

ROJIJIHMaTopa, o6pa3yiDTCff B OCHOBHOM B peaKUHHX XapaKTepH3YIDmHXCfl 

npaKTHtieCKH IIOJIHOH nepe~atieH npoTOHY 8HeprHlil HeHTpOHa (KBa3HynpyrHe 

npo~eCCbi), H3-3a MaJIOCTH yrJI)D pacceHHHH o6pa30BaHHbiX npOTOHOB. 

ITpOTOHbi, HCnycxaerdble H3 ~ep EeJie3a no~ 60JILlliHMH yrnaMH OTHOCHTeJIL­

HO HanpanneHJtiH ~MEeHHH HeHT)OHOB, YXO.IVIT B 3amHTY VI BI:i£6biBaiOT H3 

IIOTOKa tiaCTHU ~Mltyii.UtXCff B~O.'l.L ROHHHMaTopa. rfla.RCMMYM cneRTpa npOTO-
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HOB B paMoHe 200 MaB o6yCJ.ODReH,ITO-BH~MO~, KBasHyrrpyrHM ITHKOM · 
B crreKTpe HeHTpOHOB M3 6e,I::HJIJIHeBOif MHmeH:H. 4J C,IJ.B:Hr Ma.KCmzyMa B npo­
TOHHOM crreKTpe B CTOpoHy NeHnWHX 9Hepr:HH ITO CpaBHeHRro C MaKCHMYMOM 
HeaTpoHHoro crreKTpa, a TaR~e ero pasMHT:He npo:HcxonaT sa cqeT HOHH-
3anHOHHUX rroTepn aaeprm:H npoToHoB B creHKaX KOJIJIHMaTopa. McK~eHHH 
cneKTpa Hs-sa o6pasoBaHMH npoTo,oB B WHJinTpe orrpe~enffnMCn pacqeTHHM 
nyTeM C MCITOJln30B8HMeM MeTO~K:H. 5 • 6/ }J,OJJ.ff rrpOTOHOB B l'I3MepeHHOM 
crreKTpe, o6ycnoBJieHHaa aan~qyeM WHJinTpa, He rrpeBHmaeT 0,02%; ~oJlff 
rrpoTOHOB, o6pa30B8HHUX B C~HT:HJIJIRTOpe I-ro cqeT~Ka H saperHCTpH­
poBaHHHX CITeKTpOMeTpOM, CO~TaBJigeT MeHee I% OT o6mero ~CJia C06UTHH. 

ABTopu 6naro~apgT B.IT.EaM6JieBcKoro,B.A.KynHKOBa,A.H.PesyHHKa 
38 ITOMOII(n ITpM ITpOBe~eH:HM a:{CITepLIMeHTOB. 

JimTepaTypa 

I. PoraHoB B.C. OMHH, EI-9-4704,Ey6Ha,I965. 
2. ITpoKOIDKI1H IO.}J,., TaH-CJio-IIe:ti. IT'1'8 ,I959, 3, c.32. 
3. THMomeHKO T.H. H ~·, Kurnenergie , I978, 2I, c.IBI 
4. KHceneB B.C. H AP· !ST~, I958, 35, c.8I2 
5. CuqeB E.C. OMHM, P9-326S,ny6Ha,I967. 
6. CepoB A.H.,CuqeB B.C. T.rY~ p~oTeXHHqecKoro HHCTHTyTa,I973, 

I4, c.I73. 



/ 
/ 

/ 
J,/ 
I 

ITO.ItilliCM K PMCYHKAIIA 

?He. I. reoMeTpM H3MepeFHii H pacnpe,neJieHHe CKOPOCTH C'tfeTa TeJie­
CKOna N. B TO'tf:B:e pa3MeU{eHM ,neTeiCTOpOB B 3aBHCHMOCTH 
OT yrJia 'f? Mext,TIS OC.fJll..lrn TeJieCitena H KOJIJlHMaTopa. 

fEe. 2. CneKTp ITpOTOHOB Ha BRXO,ne KOJlJlMMaTopa, HOpMEpoBaHHHM Ha 
I He.RTpoH ny'tllta. 
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