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Dpo6neMa CHHT83a JlaneKHX TpaHCypaHOBhlX 9neMeHTOB B o6naCTH 

HJlep C 3apHJlOM Z = 114 H 126 H MHOrHe JlpyrHe 3aJlaqH HJl8pHOH $H3HKH 

Tpe6y!OT ycKOp8HHblX rryqKQB MHOr03apHJlHbiX HOHOB TaKHX 9n8M8HTOB 1 KaK 

KanbUHH H UHHK. 

B cnyqae rronyqeHHH HOHOB H3 TB8pJlblX B81ll8CTB B ra3opa3pHJlHblX 

HOHHhlX HCTOqHHKaX, 11p8JlHa3HaqeHHhlX JlnH MaCc-cerrapaTOpOB H MaCC-aHa

na3aTOpOB1 B OCHOBHOM llpHMeHHIOTCH JlBa CI10C06a BB8Jl8HHH 9THX B81lleCTB 

B pa3pHil: ax acrrapeHHeM rrpH BhiCOKHX TeMrrepaTypax H3 HarpeBaeMoro 

Ill /2 3/ 
THrnH (eM., HarrpaMep, ) HnH HX KaTOJlHbiM pacrrbmeHHeM ' • YI3BeCT-

Ha KOHCTpyKUHH UHKnOTpQHHOrO HCTQqHHKa HOHOB nHTHH, KOTOphlH pa6oTaeT 

L
. 141 n 

Ha rrapax 1 , rrocTyrra!OillHX H3 crreuaanbHOro acrrapaTenH • nH aMe-

PHKaHCKHX naHeHHbiX ycKOpHTenell: MHOr03apHJlHblX HOHOB pa3pa6oTaH HC-

TQqHHK, B KOTOpOM MHOr03apHJlHble HOHhl rronyqa!OT H3 MeTannOB, 110Jl8B88-

/5/ 
MbiX B pa3pHJl KaTOJlHbiM paCilbineHHeM • B na6opaTOpHH HJl8pHblX pe-

aKUHH OYIHYI co3JlaHhi HCToqHHKH c rroJlaqell: pa6oqero BemecTBa KaK KaTOA

HhiM paCI1bin8HH8M, TaK H B BHAe rrapOB. 0CHOBHbie JlOCTOHHCTBS H H8Jl0-
/6/ 

CTaTKH 9THX M8TOAOB paCCMOTpeHhl B Halllell: rrpeAhiJlYill8H CTaTbe 

B )laHHOH pa6oTe 011HC8H HCTQqHHK C llOAaqel\ pa6oqero BellleCTBa B BHJl8 

napa. nnH KanbUHH H UHHKa 9TOT CI10C06 ce6H 611p8BJlan, qTO BHJlHO H3 
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/6/ 
Taon, 1 H Taom"U.hi, ITpHBeJleHHOH B paOOTe , 0'1eBHJlHO, ero MO)KHO yc-

ITeWHO ITpHMeHS!Tb H B cny'lae HCITOnb30BaHHSI Jlpyi'HX MeTannOB, y KOTOpb!X 

HeOOXOJlHMaSI JlnSI ITOJlJlep)KaHHSI pa3pS!Jla B HCTO'IHHKe yiTpyi'OCTb napOB Jl0-

0 
cTuraeTCSI npu TeMITepaType He Bbirue 800-900 C. qTo KacaeTCSI paanu'l-. 
HbiX COeJlHHeHHH, TO eme HeOoXOJlHMO, 'ITOObl OHH B paf5oqeM pe)KHMe HC-

TO'IHHKa He paapyruanH MaTepuanhi, H3 KOTOpbiX H3I'OTOBneHbl THI'enb H ra-

aopa3pS!JlHaSI KaMepa. 

KOHCTQYKUHSI HCTO'IHHKa H MeTOJlHKa HCCneJlOBaHHH 

I1CTO'IHHK JlnS! nonytteHHSI MHOI'03apS!JlHbiX HOHOB KanbUHSI H UHHKa 

( CM, CXeMy Ha puc, 1 ) paapa6oTaH Ha OCHOBe HCTO'IHHKa, ITpHMeHS!eMOI'O 

171 
Ha UHKnoTpOHe Y-300 RnSI nony'leHHSI HOHOB H3 ra30B , 3a OCHOBy yana, 

BKn!O'IaiOillef'O HarpeBaTenb H THI'enb, B3S!Ta KOHCTpyKUHS!, KOTOpaS! HCnOnb

/1/ 
ayeTCSI Ha ucTO'IHHKe JlnSI Macc-cenapaTopa 

Heoxna)I(JlaeMaSI raaopaapS!JlHaSI KaMepa (5) uaroToeneHa ua Hep)Ka

eeiOmei! CTanu H TennOI'l30nHpOBaHa OT WTOKOB HCTO'IHHKa C nOMOillb!O TH• 

TaHOBhiX wai!6 (3), B HH)I(Heil qacTu KaMepbi KpenuTCSI Turenb (11), uaro

ToeneHH.hiil ua Hep)KaBeiOmei! cTanu. B Hero aarpy)KaeTCSI ucnapS!eMoe ee

mecTeo ( 10), HOHhl" KOToporo HeooXOJlHMO nonyqaTb, Turenb paaorpeeaeT

CSI HarpeBaTeneM • ( 12), KOTOpb!H ITpeJlCTaBnS!eT COOOH JlBe KOaKcuan..>Hhie 

Tpy6Ku, BKniO'IeHHbie nocneJlOBaTenbHO B uenb BbinpS!MHTenSI. HarpeeaTenb 

H THrenb JlnSI aKpaHHpOBaHHSI OT TOKOB Bb!COKOH 'laCTOTbl 3aKniO'IeHbl B 

MeJlHhiil KO)KyX (aa pucyHKe oa He .noKaaaa). · HarpeeaTenb u 

renb uaroToeneHhi TaK, 'ITOOhi ux TeiTnoeMKOCTb ohma no B03MO)KHOCTH 

TH-

MHHHManhaoi! c uenbiO yMeHbWeHHSI TeiTnoeoi! uaepuuu npu perynupoeKe no-

Jlaqu ITapoe MeTanna, ·napbi MeTanna ua TurnS! ITO naponpoBOJlY ( 14) qepea 

OTBepCTHSI ( 13) ITOCTyiTaiOT B KaHan. raaopa3pS!JlHOH KaMepbl (5), 8hinH 

npeJlnpuHS!Thi Mepbi no repMeTuaauuu KaMepbi, 'IT06hi napbi MeTannos Bhi

XOJlunu H~ HCTO'IHHKa TOnhKO qepe3 aMHCCHOHHYIO menb. TeMITepaTypa na-
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ponpoBOJla u raaopaapS!JlHOil KaMephi nOJlJlep)KHBanacb scerJla aa HeCKOnbKO 

oonee Bh!COKOM ypOBHe, 'leM TeMITepaTypa THI'nSI, BO H30e)KaHHe KOHJleHca

UHH napa. KoHTponb aa TeMITepaTypoi! aTux JleTanei! ocymecTBnS!nCSI c no-

MOillbiO xpoMenb-aniOMeneBhiX TepMonap, noMeiiieHHhiX e I'He3Jla raaopaapS!Jl 

HOH KaMepbl ( 7) H TurnS! ( 9), .nnuHa 3MHCCUOHHOH menu (6) HCTO'IHHKa -

15 MM, WHpHHa - 1 MM, 

/8 9/ 
I1ccneJlOBaHHe HCTO'IHHKa npOBOJlHnOCb Ha CTeHJle ' , Pa3JleneHHe 

yCKOpeHHbiX HOHOB no 3apS!JlaM OCyiiieCTBnS!nOCb B OJlHOpOJlHOM Maf'HHTHOM 

0 
none HaiTpS!)KeHHOCTbiO 4000 a ITpu ITOBopoTe Ha 180 • B aToM )Ke none pa-

ooTan HCTO'IHHK. y CKOpS!IOIIIee HaiTpS!)KeHHe ObinO paBHO 15 t-19 KB, TOKH 

pa3nH'IHblX HOHOB pei'HCTpHpOBanHCb KOnneKTOpOM, ITepeMeiiiaiOIIIHMCSI BJlOnb 

nHHHH c!JoKyCOB 1 H 3aiTHCbiBanHCb Ha neHTy CaMOnHCUa, CHHXpOHHO ITepeMe

IIIaiOIIIYIOCSI C KOnneKTOpOM, 0JlHa H3 JlHarpaMM1 Ha KOTOpOi! 3aiTHCaHbl TOKH MH 

I'03apS!JlHhiX HOHOB UHHKa, rrpeJlCTaBneHa Ha puc,2, Pe)I<HM paooThi ucTo'IHH-

Ka HMITynbCHbiil; 'laCTOTa ITOCbinOK - 100 I'U, anuTenbHOCTb HMITynhca -

1t-2 MCeK, B Ka'leCTBe paf5oqero BeiiieCTBa HCnCRb30BanUCb UHHK H Kanb

UHH TeXHH'IeCKOH 'IHCTOTbl, a Ha'lane paoOTbl anSI paaorpeBa raaopa3pS!Jl

HOH KaMepbl HCTO'IHHK 3a)I(Hf'anCSI Ha KaKOM-nHOO HHepTHOM raae, a 3aTeM 

paaorpeBanCSI Turenb, f1o Mepe ITOCTyiTneHUSI ITapOB MeTanna B ra3opa3pS!Jl

HYIO KaMepy noaaqa HHepTHoro raaa ITOCTeiTeHHO yMeHbwanacb ao ITOnHoro 

npeKpameHHSI, 

PeavnbTaThi uccnegosaHuil 

f1pu UCCneJlOBaHHH HCTO'IHHKa Ha CTeHJle ITOny'leHbl ny'IKH HOHOB Kanb

UHSI JlO JleBSITH311pS!JlHOI'01 a UHHKa - JlO JleCSITH3apS!JlHOI'O ( CM, TaonHUY) • 

VlMnynbCHOe 3Ha'leHue TOKOB IWHOB K8)1(Jl0H aapS!JlHOCTH, yKa3aHHblX B Tao-

nuue, S!BnS!eTCSI CyMMBpHblM ITO BCeM H30TOIT8M, 
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Ta5nHua 

Pa5o

qee 

PeJKHM paspRfla ToK HOHOB pasnH'IHbiX sapHflHOCTeil: ( Ma) 

Be- J (a) l.J ·(B) t°C ·1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 
wee T- Jl ll 

9+ 10+ 
t·Hrng 

BO 

Zn 8,2 470 390 - 18 33 30 16 7,9 3,6 1,4 0,14 .. 0,001 

Ca 9,5 700 720 7,8 32 33 29 12 3,0 0,69 0,17"'0,01 

Llnl'l nony'IeHHl'I JleBl'!THSapR/lHbiX HOHOB KanbUHl'I H .QeCl'!THSapl'!/lHblX 

HOHOB UHHKa He05XO/lHMa O'IeHb TlllaTenbHal'! HaCTpOHKa HCTO'IHHK8 no BCeM 

napa Me rpaM, B Ta5nHUe yKasaHbi HaH5onee xapaKTepHbie peJKHMbi ero pa-

5oTbi, 0HH MOI'YT HSMeHl'!TbCl'I .Qnl'I paSHhiX HCTO'IHHKOB H .QaJKe .Qng O.QHOI'O 

HC'iO'IHHKa B SaBHCHMOCTH OT BpeMeHH pa50Tbl, 

fl OCKOnbKY .QeTanH, OI'paHH'IHB8!0lllHe rasopaSpl'IAHYJO KaMepy HCTO'I-

HHKa C TOpUOB, HMenH HHSKyJO TeMnepaTypy, TO H8 HHX 5hina BOSMOJKHa 

KOHAeHcauHl'I napoa pa5o'IHX MeTannoa, -?To aonJKHO 5hmo npHBeCTH K: RHo

My pacnpeaeneHHJO KOHUeHTpaUHH HeHTpanbHbiX 'IaCTHU B.QOnb KaMepbi, 'IeM 

B cny'Iae o5bi'IHbiX I'aSOB, floaTOMy Ha CTeH.Qe · npOBO.QHnHCb 'HCCne.QOBaHHl'I 

Bh!XO.Qa _HOHOB B SaBHCHMOCTH OT MeCTa no.Qa<IH napOB MeTanna B I'aSO

paSpl'I.QHyJO KaMepy, PaccMaTpHBanHCb TpH BapHaHTa noaa'IH napa: a) Tonb

Ko B o5naCTb 9MHCCHOHHOH menH KaMepb1 1 5) TOnbKO B o5naCTb KaTO.Qa 

H B) O.QHOBpeMeHHO B o5naCTH KaTO.Qa H 9MHCCHOHHOH WenH, 

flpH no.Qa'Ie napa TOnbKO B o5naCTb KaTO.Qa HnH O.QHOBpeMeHHO B o5nac

TH K8TO.Qa H 9MHCCOHHOH menH Bb!XO.Q BbiCOKOSapl'I.QHbiX HOHOB nO'ITH He 

MeHReTcl'I, EcnH JKe pa5o'!ee aemecTao noaaaaTb TOnbKO B o5nacTb aMHc-

CHOHHOH menH, TO KOnH'IeCTBO BbiCOKOSapl'!.QHbiX HOHOB S8MeTHO yMeHblllaeT

Cl'I, HaH5onee npHeMneMbiM aapHaHTOM noaa'IH npHSHaH TaKoil:, Koraa B o5-

naCTb KaToaa noaaeTCl'I napoa npHMepHo B aaa pasa 5onbme, '!eM B o5naCTb 

9MHCCHOHHOH menH, B aTOM cnyqae Ha5nJOaaeTCl'I ycTOll:'IHBal'! pa5oTa HC'ro'I-
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HHKa npH XOpOllleH HHT9HCHBHOCTH ny'IKOB BbiCOKOSapl'I.QHbiX HOHOB, (flpH

Be.QeHHbie B Ta5nHue aaHHhie nony'IeHbi npH noaaqe napa TOnbKO B o5nacTb 

KaTO.Qa), Cpe.QH~ll: paCXO.Q UHHKa COCTaBnl'!eT OKOnO 50 MI'/'IaC, KanbUHl'I -

OKono 100 MI'/'!aC, 

Ha UHKnoTpoHe Y-300 5hinH nocTaaneHbi otlbiTbi no ycKopeHHJO ceMH

sapl'I.QHbiX HOHOB KanbUHl'I H .QeCl'!THS8pl'I.QHbiX HOHOB UHHKa, Cpe.QHHll: TOK 

7, 
HOHOB Ca 40 Ha paaHyce 100 CM .QOCTHran 3 MKa, KaK yKaSbiBanocb pa-

/6/ 
Hee, MeTannbr c Manoll: pa5oToil: .BhiXO.Qa npH nona.QaJ.IHH, B 50nblllHX 

KOnH'IeCTB8X BHyTpb UHKnOTpOHa HS HCTO'IHHK8 YXY.Qlll8!0T aneKTpH'IeCKyJO 

npO'IHOCTb UHKnOTpOHa, '-1 T05bi yMeHblllHTb nocTynneHHe HeHTpanbHbiX a TO

MOB K8nbUHl'I B UHKnOTpOH, 9MHCCHOHH8l'I menb HCTO'IHHK8 5bin8 HeCKOnbKO 

yMeHbllleHa .[10 paSMepOB 9 X 2,7 MMo 3TO HeCKOnbKO CHHJKano 

HHTeHCHBHOCTb ny'IK8 HOHOB KanbUHl'I1 HO .QaBano BOSMOlKHOCTb pa50T8Tb 

UHKnOTpOHY .QnHTenbHOe BpeMl'I, TaK, B Te'IeHHe 16 .QHeH HOllbl KanbUHl'I yc-

KOpl'!nHCb Ha UHKnOTpOHe B o5mell: CnOlKHOCTH 20 'JaCOB ( 4 pasa no 5 'I8COB) 

H yxy.QllleHHH aneKTpH'IeCKOll: rrpO'IHOCTH UHKnoTpOH8 He Ha5nJO.QanOCbo 

ToK .QeCl'ITHSapl'!.QHbiX HOHOB UHHKa, HSBneKaeMbiX Henocpe.QCTBeHHO 

HS HCTO'IHHKa, Ha BHyTpeHHeM ny'!Ke UHKnOTpOH~ HSMepHTb SaTpy.QHHTenb

HO, TaK KaK HHTeHCHBHOCTb ero CpaBHHMa C TOKOM .QeCl'ITHS8pl'I.QHblX HO

HOB, KOTOpbie MOI'yT nony'IHTbCl'I B pesynbTaTe 05.QHpKH H8 OCTaTO'IHOM ra

se .QByxsapl'!.QHhiX HOHOB, YCKOpeHHbiX Ha 5-il: I'apMOHHKe, 8 CBl'ISH C 9THM 

HSMepeHHl'I rrpOBO.QHnHCb Ha BbiBe.QeHHOM ny'!Ke KaK C ITOMOlllb!O HSMepHTe

ng cna5biX TOKOB 1 TaK H C ITOMOWb!O KpeMHHeBOI'O .QeTeKTOpa, KOTOpbill: 

aaBan BOSMOJKHOCTb HSMepl'!Tb H aHepi'HJO HOHOB, Ha BhiBe.QeHHOM 

nyqKe 5hin sapei'HCTpHpOBaH TOK .QeCl'ITHSapl'I.QHhiX HOHOB UHHKa, paBHbiH 

-4 
"' 10 MKa, flpH pa5oTe C UHHKOM 9MHCCHOHHal'! ruenb HCTO'IHHKa HMena 

pasMepbi 15 x3 MM, 

B SaKnJO'IeHHe Mbl BbipaJKaeM 5naroaapHOCTb r.H. ¢1nepOBY sa rro

CTaHOBKY Sa.Qa'IH H HeHSMeHHOe BHHMaHHe K nonyqaeMbiM pesynbTaTaMo 
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PHC,2, Jlaat'p8MMa TOKOB HOHOB UHHKS, nonyqeHHaH HB CTeHne, no I:'OpH-

30HTBnbHOA OCH - paCCTOIIHHe OT HCTO'IHHKB, no BepTHKanbHOA -

OTHOCHTenbHhiA BbiXOn HOHOB, Jln11 HOHOB BbiCOKOii 3BpHnHOCTH yKa-

3BHO, BO CKOnbKO paa ysenH'I9Ha 'IYBCTBHTenbHOCTb pei:'HCTpBTopa 

B CpaBH9HHH C HOHBMH HH3KHX 3apHnHOCTeA, 
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