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B Ha.CTOf.lll(ett pa6oTe OIDICHBa.eTCR: BRCllep.RMeHTaJlhHaR: YCTaHOB­

Ha, npe~3Ha.'l!eHHa.R: )I,JIH. H3MepeHHR IIOJ1.IIJ>:l!3a.Il;IDI RYMYJJRTHBHHX npo­

TOHOB B mIBJl!03RBHOtt peax~ 0 .fl - p x B o6JiacT:I! 3Hepr1IB IlpoTO­

HOB I90-2'70 MaB. 

C noMOIItI>IO ~HHott ycTa.HOBRH 6HJia H3MepeHa llOJIHJ)H3aI.Uiif.[rrpoTo-

HOB, BWieTeBumx RS MlfilleHeii C , Cu , Sn , pg 110.Il 

YI'J!OM 95°+4° B Jia60paTopHott CRCTeMe ROOp.JJ;KHB.T. 3Itcrrep.l!!MeHT CiflJI 

IlOCTa:BJISH Ha BHBe,llSHHOM IJY'l!R9 TOJM03H!iX i!x>TOHOB c MaRCRMaJI:bHOit 

aHep!'Jlie.tt 4,5 raB EpeBaHCROrO Cl'IHXpoTpoHa. 

3ItcrrepRMeHT8.J!bHaH ycTaHOBKa cxeMaTR'l!eCRR llPRBe'AeHa Ha .PRC.I 

YrJIH BWieTa rrpoToHoB Rs pe9.RitIDI 0 .A - PX orrpe'AeJllL/llll:Cl'> c noMo­

IItl>lD 'leTHpex 'ABYXROOp.D;HHa.THl:lX MHOrorrpOBOJIO'l!H!lX rrponop~OHMDHWC 

KaMep MI1K I-4 pasMepaMR I28xI28 MM R 256x256 MM • maroM 

HaMOTRR 2 MM. Ocaomme xapaRTepRCTRR.H HCil0~30BaHHIDC B ,llaHHOM 

3RCil9pRMeHTe rrponopD;KOHa.JibHllX RaMep ,llflJlll B pa6oTe [I]. lIOJZeyR-

MeTp , rrpe~HB.3Ha'l!eHHH1l: ;II.JI.fr orrpe~eJieHR.R: nOJIHp:asarum: rrpoTo­

HOB, COCTOHT RS yrJiepo~Horo pacceRBaTeJ!Ji TOJilI1RHOft 25 MM 

R Tpex MHOrOrrpOBOJ!O'U!HX IIpOIIOpD;KOHa.Jll.HIDC RaMep (Mill{ 5-7) 

pa3MepaMll! 5I2x5I2 MM, C•1Yll!alllRX ~ onpe'AeJieHH.R: yrJIOB paCC9JDil!fJI 

npoTOHOB. YrJIH Bl:lJieTa R pacceJ'IHIDl rrpoTOHOB HaXo.zr;wmcl'>, c 
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TO'lHOCTl>!O :!: 3 Mp ' a aqxpeKTHBHOCTl> perHCTp~ - 95 % 
H 6HJia ITOCTOJIHHa ITO ITOBepXHOCTH KaMep. Ue.n:ecoo6pa3HOCTb 

HCITOJlbSOBaHWI yrJiepo~a B Ka'IeCTBe pacceHBaTeJUI: ITOKa3aHa B pa-

6oTe [2 ]. ,llJ!J! orrpe~e.n:emm 8Heprml: JIPOTOHOB HCTIOJ1I,30~CJI rrpo-

6elK.HHH CITeKTpOMeTp, COCTOJil!IHli HS 5 crurn:~oHHI:lX C'Ie~­

KOB R 1 - R 5 (pa3MeIJH KOTopmc ~aHH B TaM. I) H ITOrJIOTHTe.n:eil: 

n 1 - n5 • 3HepreTl'Il!0CKHe CITeKTPH IlpOTOHOB IlpH HX OCTaHOBKe B 

C'!e~mta.X npo6eJKHoro cneKTPOMeTpa :e: pacceJIHIDl: B yrJiepo~Hoil: 

ITJiaCTmnte 6HJIH paCC'IHTaHH MSTO~OM MOHTe-KapJIO [3] H peeyJlbTa­

TH rrpHBe~eHH Ha :i:m:c. 2 H 3. B Ta6JI. 2 ~a.RH .rtJIJI OCTaHOBHBllllIXCJI 

rrpOTOHOB 3Ha'!J:elilJR cpe~ 8Heprml: H HX ~CITepCHH. H3 Ta6.J:aru;H 

B~HO, ~o 8HepI'IDi perHCTpapyeMHX rrpoTOHOB rrpo6eJKHh!M CIISKTPO­

MeTpoM COCTa.BJlHST 195-256 MaB, a: 8HepreTK'!8CKOe pa3pememi:e- OT 

:!: 7,5 ~o :!: 9,5 MaB. c ~eJibD o6ecITe'!eHHJI BHCOKOil: O,IJ;!iOpO~HOCTH 

aqxpeKTHBHOCTH perHCTP~ ~cTHn CIUllITH.JIJIJI:UHOHHllMH C'!J:ST<mKa.MH 

60Jlb!llKX pasMepoB, C'!eT~ RL 6HJIH H3roToBJieHH H3 lJJJYX caMoc-

( 
gep~ Hu>«:. 

TOJITeJII,Hlx <ra.cTeil: c'!eT~OB) - Ri. H Ri. , ~ H3 KoTopHx 

perHCTPHPOBaJI ITpoXOJK,IJ;eHHe '!J:aCTHIJ;bl c ITOMO~»n ~BYX tix>TOYMHOJJGiTe­

Jieil: <l'>OY-30 ,rrpHKJieemmx '!epe3 CB0TOBO~ K TopneBHM CTOpOHaM 

CI\HHTH.1L71ffTOpa. C'!eT'l:KK, BKJIIO'IeHHHil: ITO cxeMe aHTHCOBrra~eIDIJI ( c ), 
cKOHCTPYJ!poBaH aHa.JIOrl!'l:Ho c'!eT'l:HKaM R" - cneKTpoMeTpa. MaMe­

peH:wi: aqxpeKTHBHOCTK perHC~ no ITOBepXHOCTH C~THJIJllIIJ;Jil'.OHHHX 

C'IST"!XKOB ITpoBO~Jl'.KCb Ha KOCMH'!SCKHX .JJy'lB.X B pellGiMe KaK OT~eJI»­

HHX perHCTP~ CRI'Ha.JIOB OT· ~x 1'>3Y, TaK H B peJKHMe BKJI!O'ISIDIJI 

qioTOYMHOJKHTeJieil: ITO cxeMe "HJM". HaMepelilili ll0Ka3a.JIH, TiTO B pelKH-
B, H - B H 

Me "HJ.M" ajlqleICTHBHOCTI> perHcTparnrn: ClieTmKOB R" , c ' rrpaKTH-

-qecKH 100% I![ He 8aBHCHT OT MSCTa rrpoxOJK,IJ;eimJI 'lB.CTfilUi. Tmm'lHa.H 

KapTKHB. TOllOJIOPHR aqxpeKTI!!BHOCTH perHCTP~ .I(Jiff KaJK,IJ;OrO CnHH­

TWIMI\HOHHOrO C'!J:ST"tiHKa IIOKa3aHa Ha pHC. 4 •. 

4 

,, , 

B yCJioBHJIX ,IJ,a.HHoro aKcnepHMeHTa JIOlKHB.JI acHMMeTpHJI aKcnepl!l:­

MeHTa.JlbHoil: ycTaHOBKH onpe~eJJJIJJa.C» c IlOMO~D 6eCCIIHHOBHX -qacTK~ 

9T :!: - Me80HOB' KO TO pile perHCTpHpo:sa.mtCB -qepeHKOBCKHM rroporo-

" BllM C'!eTTimtOM c ('CffiC). IlocKOJIDKY 8HepreTH'!eOKaJI o6J1B.OTb perHo-

TpHpyeMHX npo6eJKHHM CITeKTpoMeTpOM 9f :!: - Me80HOB COCTa.BJIR:eT 

93-123 MaB, B Ka'IecTBe pa~aTopa -qepeHKOBCKoro ClieT'Dl!Ka 6HJIO 

B8JITO opraHH'!eCKOe CTeKJIO c noporoM perHCTpaWJH 9i :t - Meao­

HOB 49 MaB. ,llJ!J! IlOJiyqeHM BHCOKOil: ajxl)eKTHBHOCTH pemcTpa.I\HH 

-qepeHKOBCKHM Cl!eT'l'.HKOM, a Ta!O!te O,IJ;!iOpO~OCTH ~KTHBHOCTH no 

IIOBepXHOCTH, rrorrepe'IHh!e pa3M0Pil H TOJllllllHa 'CffiC 6HJIH BH6pa.HH 8RO­

rrepHMeHTaJll,HO Ha CITeJJ;H8Jll>HO coa,u.aHHOM TpaKTe ll:l'IOHOB c 8HeprHeil: 

90-130 MaB. )LJm: paaMepoB ~aTopa 13x:7x4 , 5 CM aqxpeKTHBHOCTB 

C'IBT'!HKa COCTaBJLR:eT 95% Pr He 8aBHCJ1IT OT MecTa rrpoxOJK,IJ;eimJI 'ffi.C­

THIJ;bl • .lLJm: o6ecrre'!eHHJI TpedyeMoro TeJiecHoro yrJia ycTaHOBKH Hc­

noJIBSoBa.JIBc:i:. lJJja 1ffiC c o;n;mmKOB!lMl1I pa.aMepaMH pa~Topa.. Cxrm­

JIH c 1ffiC '!epe3 CXSMY "HJM" IIOCTYITaJil'I Ha MOK cTpo6ocKo:rm-qecKo­

ro COBIT~eHHJI (CM .pHC. 5) c ~eJII,D 110,Il;!iO;BpeMemrnil:" pe!'l'ICTpa.WJR 

ITHOHOB (.I(JIR: onpe~eJiemm JIOJKHott acHMM0TPH11I ycTaHOBKH) H KYMYJlH.­

THBHHX rrpOTOHOB. IlpH B3aJl!MO~eil:cTBHH llHOHOB c BemecTBOM ~epeHKa­

TOpa ' B ITIJR~e. B08MOJ!tHO o6paao:eaHHe ITpoTOHOB ( p' ) B 

ROHetnrOM COCTOJIH11IH. 0.Il;!iaKO B yc~OBHJIX 'AaHHoro 8KCnepHMeHTa 

B~ TaKJ1IX IlpoTOHOB CR.1.tBHO rro~eH no OTHOmeHHID K KYMYJIJIT"llfB­

HllM rrpoTOHa.M, IlOCROJ!bKY OT6op TpeKOB B CHCTeMe rrponop:o;PIOHa.JIB­

HHX KaMep Mill\ I-4 ITpoH3BO~TCJI rrpH BililOJIHemm o6JisaTeJ!bHoro yc­

JIOBHJI norra,n:a.mm: rrpo~oJDKeHHJI TpeKa Ha Mm110Hb, KOTopoe CMbHO 

yMe:1n,maeT Te.n:ecHilil: yrOJI pOJKJJ;eIDIJI npQTOHOB P' , per:e:cTpl!:pyeMHx 

YCTaHOBKOH. OwomeHHe Np•/Ngr< rcr3• 

EJioK-CXeMa aJieKTPOHHKH 8RCITepHMeHTaJ!bHOil: ycTBHOBKH npl!Be­

~eHa Ha pl1Ic.5. B aKcrrepl1IMeHTe MaCTepmil!: HMIIYJlbC IlOJiy'IBJICJI B 
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pesynTaTe coBna.n;eHRf! CBI'Ha.JIOB co cqeTtmKoB C1 , dE/clx , R1 x 

aHTKCOBrra.n;eHWI OT C'!eT'CiHKa c . lipH BHOpamIOM nopore WBCTBH­

TeJlDHOCTK ~OpMHpoBaTe~efi MaCTepHl:lX C'!eT'll!ROB pe~eKD;RfI IlHOHOB 

K npOTOHOB c SHepI'llIJIMH 60~ll1HMH, '!eM orrpe.n;eJIJieMa.si: npodeJRHHM 

crreRTpoMeTIJOM Ma.RCHMaJll>HaJI aHepl'IDI, ocymecTBJ!SleMaJI C"leT'!l!KOM 

c . COCTB.BJJHJJa rrpHMepHO 40%. HM!IyncH co C'!eT'mROB npodeeoro 

cneKTpoMeTIJa R~'H CTIJ06xpoBaJmcD MaCTepH!lM cxrnaJioM .n;JIJI 

onpe.n:e.temm MeCTa OCTaHOBRH 'mCTlUJ;El. AMlr.JmTy.n;mdt aHaDB c dE/dx 

0110T'!HRa np01!3BO.n;HTCSI c IlOMOIIU>IO 8000-Ra.HaJI&HOro 6Jioxa aMIIJm­

TY.n:HOro npeo6paao:eaTeJllI (EAII). HlrqiopMaI(WI c EAII, a Ta.:Kllte co 

C'l'po6co:ena.n;emm :e: MIIK nepe.n;a.BaJI.a.cD Ha 3.BM "3.J.IeRTIJOHl!Ka-60" c 

'ASJII>Helmel nepe,naqett x HaKOirJieHHeM Ha 3.BM EX::-I022. C ~eJIDIO 

ROH'l'POJUI ( d E / dx ) - cneRTIJOB npoToHoB :e: rm:oHoB x:eqiop~ c 

d.E/dx ctJeT'!l!Ka rra~e~Ho rrepe.n;aBaJiacD Ha 4000-Ra.HaJI&mrli 

a.Ha.JmsaTop 11 
Didac 11

• ( d E / dx ) - crreRTp TIHOHOB npe.n;CTaBJ:teH 

Ha pHc.6, a ( dE/dx ) - Cil6RTJl rrpoTOHOB - Ha pHC, 7. Ha STOM 

:ate :"JHCymce npe.n;cTaMeH 5% ( d E / dx ) - crreKTJl UHOHOB, ROTOpHe 

saperHCTJlxpOBaHH Ra.K " ~olKHlie " npoToHl:l Ha-aa 95% s<@eRTHBHoc­

TH peI'lICTpaIJ;l'll! 1IIIC. lIOJIKpH3B.IJ;l'!JI npoTOHOB orrpe.n;eJlRJIB.CD B o6Jrac­

TH N ( P ) ~ .A ( d E / d x ) - cneRTpa. BMH'IHHB. .A uaxo~cD 

H3 yc~OBRfl, '!TOcJH B~ Ill!OHOB B STOfi o6JiacTH He npeBW!laJI 5% 

OT 'il!CJia npOTOHOB, 

TeJ.IecHHii yrM ycTaHOBRH onpe.n;eJ!ffJica: paaMepaMI! anepTypHoro 

Ctre'flmlta IOx:IOx0,5 CM H COCTaBJIHJI 8,5xro-3 cp • HaMepeHWJ: 

IlpOBO,ll,RJLHC:E. npH HHTeHCHBHOCTH 0 - nyqKa 5·I08 SKBHBaJieHTHl:lX 

RBaHTOB aa ceeyH,IJy. IIpx Ha6ope CTaTHCTmtH CJJy~ qioH He 

rrpeBHlll8.JI IO%. ,U.n.a; ~Ott H3 '!eTHJleX MmlleHe! 6WIO HaOpa.HO ro6 

saperxcTp:HpOBaHHl:lX C06HTHli IlHOHOB H npOTOHOB BMeCTe. 0THOme-

1He Ill'IOHOB R npoTOHaM He npeBHmaJIO I , 5-I,8. 

c 

I 

,lJ,7.u! KOHTpoJI.il IlOCTOHHCTBa. pa60TH OT.n;e~Hl:lX ya~OB ycTaHOBRR 

CHCTeMaTH'!eCRH npoBO.n;KJlaCD o6pa60TKB. "tla.CTH HaROIIJieHHIDC ,1113.H­

Hl:lX 5· ro3 co6HTilil c BH,D;a'!ei1 IDiqiopMa.um'I 0 s<@eRTKBHOC 'IH pa6oTH 

cRcTeMH MITK, o qiopMe ( d E / dx ) cneRTIJOB npoTOHOB :e: JIHOHOB , 

o pacnpe.n;e~emrn '!l!Ma co6Hm no c'!eT'!mta.M rrpo6elni:oro cneRTIJO­

MeTpa, 06 OTHOme:a:ma: sapeI'lICTpHpoBaHHHX CJJy'l{B.8B ImOHOB ll npoTO· 

HOB H .n;p. 

06pa6oTKa. @l!BK'!eCROtt x:arpopMaD;l'll! npoHBBO~C:E. c noMOlltblO 

Ko~exca nporpaMM, ROTOpa.i! noaBOJ.LfU!a )J,7llI RalK,ll;oro MJ'!a.li perHc · 

Tparum: rrpoToHa (rm:oua) onpe.n;e;mn yr~ pOlK,Il;emm :e: pacceR:HWI, a 

Ta.Rllte OCT8.HOBKY B C'!eT'!l!RaX npodeJKHoro crreRTpoMeTpa, rrpe.n;BapH­

Te~HO OT6:e:pal! TM:E.KO Te CJJy'ffi.Ji :oacceHHl!!.ff, ROTOpHe HMeJll!I'. M8CTO 

Ha yr~epo.n;Hott IlJlaCT1!IHRe R np:e: sep~HOM OTpa.J!tellllli (T.e. IlPli 

KSMeHemm '!pp• Ha tfpp• T gr) OCTa.:BaJIHCD BHYTPH TeJ18CHOro yrJia yc-

TaHOBKK. 

Ycpe,ItHeHHoe no SI.n;paM MmneHR :e: aHepreTH11ecRott o6JracTH a.Ha­

qe:ime JioJKHof< JieBo-npaBott ac:e:MMeTp:im: aKcrrepPIMeHTa.JI:bHoa ycTaHOB­

m,, onpe.n;e.nsreMoe c IlOMOIIU>IO 9T :t - M930HOB' COCT8.BJili.110 ~ 0' 045 

K llSMeJ;lf.[J10CD c BHCORo1!: CTaTl!!cTHqecKO~ TO'IHOCT:E.D~(I,5-2)%. 

B RaqecTBe l1!JJJIIOC~ aa pxc.8 npKBe.n;eHa ManJRHHaH o6pa-

6oTRa O,ItHOro CJJy'ffi.Ji peI'KCT:paIJ;l'll! npOTOHa. 
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IlO.IUIVICH K PHCYHKAM 

Plic.l CxeMa SRCTiepmneHTaJll>HO~ ycTaHOBRH. 

Pl'Ic.2 3!IepreTH'1iec1ai:e cneRTPH npoTOHOB , OCTaHOBKBllll'IXCJI B C'lieT­

'Il!'.KaX npo6elltHoro cneRTpoMe-rpa. 

Plic.3 3!IepreTH'lieCRKe cneRTPH paccemnrax B yr~epo;n;Holi IIJJa.CTHH­

Re IlpoTOHOB. 

PHc.4 Tono~oI'ID'! ~RTl!BHOCTR perRcTpau;m.t ~JIJI o.wroro CJJ;l'[HTlJJ!­

~oHHoro C'qeT'l:mca. 

Plic.5 En.oR-CXeMa a~eRTpoHl!tRR YCTaHOBKl'I . 

P:e:c .6 ( d E/ dx ) - C!IeRTp IDIOHOB. 

PHc. 7 ( d E / dx ) - cneRTP npoTOHOB . 

PHc .8 Ma.lllHHHaR o6pa6oTKa CJIY,tIM perncTPBJ.(KH npoToHa. 
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