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OBIJ1AH XAPAKTEPHCTYlliA PABO'IH 

AKTYaJibHOCTb pa6oTbl. Ha COBpeMeHHOM:3Tane pa3BHTHH H,D;8pHOJ:l 

lpli3HKH, aTOMHOJ:l 3HepreTl!Kl! l! T8XHHKH ocodoe 3Ha~eHHe np1106peTaeT 

doxee T0~08 H3M8p8HH8 H,ll,8pHO-qJH3H~8CKHX KOHCTSHT TpaHCypaHOBblX 

3X8M8HTOB, H3~8HHe npo~eCCOB HX HD.KOIIJI8HHH B aTOW!WC peaKTOpax, 

a Tane npe~3l!OHH08 onpe,n;exeHHe' COCT!lBa H xapaKTepHCTHlt H,11,epHO

ro TOTIJlHBa. IlpH pemeHHH 3THX a~a~ !l!HpOKO HCTIOJlb3yeTCJ'l Macc-cneK

TpoM8TpHqecKHJ:t M8TO,!J;, o6JI~allll!HR BUCOKIWH M8TpoJIOr!NeCKHMH xapap;

TepHCTIUtaMH. 

0,IJ;HaKO pemeHHe pST,Ila BOnpocon ,!J;aHHblX HayqHWC H TeXHH'!lecKHX 

3~a11, Jn(81lll!HX B8lll'.HOe Hap0,!J;HOX03Jii:tCTB8HHOe 3HaqeHH8, TpedyeT 3Ha

'qHT8XbHOro· (He ueHee, ~eM Ha nopH,11,0K) cmmeHHH CYl!18CTBytllllCro no

pora qyBCTBHT8XbHOCTH uacc-cn8KTpoM8'rp!NeCKl!X H3UepeHH!t, Ta.~, 

yBeXH~8HHe tcyBCTBHT8XbHOCTH HeOdXO,!J;ilHO npH HCCJ18,!J;OB8Hl!l! orpaH!llleH

Horo KO~eCTBa lfYKJIH,ItOB, IlOJl~aeJ.lh!X B 11,ll;epHWC pea~HX H npH pa

,!J;HOaKTHBHOM pacn~e, B c~e 8Hamt38. ne~eCTB, odxa,n;allll!HX BUCOKO!t 

y,IJ;eJibHO!t pa,ttHOaKTRBHOCTbll, ,!J;Ji.l'I KOH'rpOXH 38.rp.1'13H8HHH pa,ttH08.ltTKBHU

Mll H~IWH oxpya:amieJ:t cpe,n;u, npH 0CYJll8CTBJieHHH CHCT8MH rapSHTlllt 

MAI'ATo H T.n. 

Ilopor qyBCTBHT8XbHOCTH COBpeuemmx cpe,D;CTB H3MepeHHJ:l, pea

JIH3ytl!Jll(X 11acc-cne1tTpOMeTp!lllecm1R MeTO,!J;, B OCHOB:IOM onpe,n;eXH8TCH 

dOXbmIDm noTepmm npodu B KOHHOM HCTQqHHKe. TaK, B ll!HpoKO np1rne

HH8MOU 'AJIH HCCll8,!J;OB8HHH TpaHCypaHOBWC 3Jl8M8HTOB Tp8JCJl8HTOtlHOM HC~ 

TOtlHHX8 R~HOB noTepH 8.'l'OUOB npo6u ypaHa, H3-3a Wd3KO!t aqxfieKTHBHOC

'!K IIX HOJUt38.l~U1, COC'l'tU\llJmT >99,5%. 

Bc.ue,n;cTBHe 3TOro yse.,rn~eHHe aiflI>elt'?HBHOCTH HOHH3~K Be~eCTM 

npodl:i !I HOHHOM l{CTOtnllUCO, a C.lle,IJ,OBaTeJlbHO, I! tcyl!CTBHTe.xbHOC'l'll 

wi.cc-cneKTpoMeTpHtleCKOl'O U8TO,IJ;a B.HaJmaa, Hl!Jffl8'l'CH 8.K'l'~~HO!t npo6-

,HMOA 3XCU8pKU8HTUl>HOl\ qM31UUI. <huCMHJm ltOHKpaTHWC ny-re!t peme

Hlm STOA npotSJtew IlOCBfflll8Ha H8C'l'Offlll8Jt ~ccspT~OHH8.H paCfoTa. 
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UeJtbn HacTosmren pa6ora HBJIMOcb: npoBe~eHwe TeopeTlfClecxoro 

aH8.JI',{3a npoI.1eCCOB, npoTeK1U)ll1HX B pa3JIBttHIDC HOHH3aTopax, Haxo~e

HHe OilTIOW.JibHOro THil!l If KOHCTPYKI.IHH HOHHoro HC'l'0tmHKa, pa3pa6oT

Ka, C03~aHHe, 3KCnepHM8HTaJ!bHOe H3ytieHHe BWC0K03<f1'eKTHBHOro HC

TOtrul{lta HOHOB, ero HCnOJtb30BaHHe ~ M8PHO-(pff3l{tleCKHX HCCJte~o

BB.HHff npH HBJ!HtiHH orpaHHtteHHoro KOJnltleCTBa ~OB~ 

Haytp;1aH HOBH3Ha H npaKTHtleCRaH geHHOCTb pa60TN. Ilpo

Be~eHO TeopeTHtiecxoe onHcrurae npoI.1ecco11·06paso11B.HHH, au~o~a HO

Hon V. none~eHHH IIJiasM!,1 B IIO!lepXHOCTHWC HOHH3aTopax. Ha~eHI,{ nyTH 

COBepmeHCTBOBaHHH H3B8CTHl,IX HCTOtlHHKOB HOHOB, a TaKllte npe,ivxoxeHI,{ 

npHHW{IlHIUibH0 H0BUe THIIl,I BUC0K03(fxlieKTHBHNX HCT01:l!IHK0B, 3alllKll!eH-

' Jrue Tpewr aBT0pC!OWH CB~8T6JtbCTB8llH. IlpH 3T0M npe~JtoxeHHUfl HC-

T0tlHHK C no11epXH0CTH0-O(n,eMHol H0HH3aW{eff o6Jt~eT BllCOKOR 3cp

ip8KTHBHOCThl) np:t pa6oTe C np8JCTl(tl8CltH Jtll6WH 3Jl8H8HT8Jffl, 

Bnepaue B WlCc-cneKTpoMe'rpHH C03~aH H 3KCneplO'~HT8.JlbH0 HC

CJJe~0B8.H nr.a3Me~ HCT0tlHHK H0H0B C noBepXH0CTH0n K0fIH3aqR8ff B 

tlaCTKtlH0 3!Ul.lmyT0ff Il0Jt0CTH, C Il0IIOI11bll K0T0poro nopor tiyBCT!IHTeJt&

H0CTH ncc-cneKTpoMeTpHtleCltOro weTo~a H3yt[8HHH TpaHCypaH0BWC 3Jt8-

MeHT0~ CHltlltCH npKMupH0 Ha ~Ba n0pR,D;Ka. BnepBUe np0B8A8H0 Te0peTH

tl8CK08 II 3KcnepHMeHTS.JlbH08 HCCJte~0IS8.ID!e 38.K0H0MepH0CTeff HcnapeHIIH 

npo6N H3 HCTOtlHHK8. H0H0!I ,11,!UIH0ro THna. B pe3yJt&T&Te 3THX HCCJie~o

BaHHP. nps.iµozeHa H0MSI ax~~ccHaH MeT0AH!Ca a.11eweHTHoro a.HaJIH3a 

WfKJ)OK0.mrqecTB TpaHCypaH0BWC (TY3) H peAK03eMeJlbHWC (P3o) 3JleMeH

TCB. Iloxs.38.Ha Taiace B03MOZHOCT&·npoBeA8HHH H30T0nHoro 8.HaJIH3a 

CM8C:t TYo H P3a 6e3 HX XHLIHtlecxoro pa3A8J18HHH, K0Topoe He06X0,11,H

M0 np~ pa60T8 C Tp8Xl!8HT01ffll,ll,( MCT0tllfHK0M H0H0B. Ha 0CH01!8.HllK 3T0~ 

ro pi3pa~oTE1Ha·MeTo,11,H11ta npo11e~eHHH 11 0,11,HH npxeK H30TOIIHoro ~u-

3& CJl8CW HAH0I'pSIOIOBHX KC.%lftl:8CTIS XllpHR C 98pll~ew ll Paa, !l~UeH

HliMK HS R,D;eptturo i·oruntBa. 

C pa3pa60Tll.HHNU HCTO'lfflllltOW MOHOB OCY1ll8CTJ1.18H_p~ K3M8peHHn 
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H30TOnHUX OTH0meHHff TY3, Tpe6yt>II1HX npe~eJI&H0 BUCOKOff ttyBCTBHTeJI&

HOCTH npH6opa, onpeAeJieHI,{ ~epHO~l,I Il0JlYPB.Cn~a A0Jir0~HBYlllffX HyK

JtHAOB KllpHH, OTO no~TBep~aeT npHrO~OCTb H0B0I'O HCT0tlHHKa ~JIH 

npe~3H0HHWC R,D;epHO--qJH3HtleCKHX HCCJte~OBaHHff. 

Pa3pa60Ta.HHU!.\ aBT0pOM HCTOtlHHK HOH0B HameJt npaKTlfCleCK0e npH

MeHeHHe B HIIBAP HM,B.H.HeHHHa. IlpoH3BO~HTeJt&HOCT& Macc-cnexTpo

Me'I'p!l C H0BblM HCT0tlHHKOM H0H0B 3HatmTeJtbHO B03paCTaeT, HOH M0-

~eT 61,1Tb HCIT0Jib30BaH B npaKTHKe Jia6opaT0pHUX H npoH3BO~CTBeHHWC 

ycJI0BHff ~JIH np0Be~eHIIH 3KcnpeccHIDC H30T0nHWC,H 3JieMeHTHUX 8.Ha.JIH-

30B orpaHHtleHHoro KOJIHtleCTBa TY3 H P3o, HX CMecen H npo6 C 60Jib

lllHM COJleBUM COCTaBOM. 

HoHHUff HCTOtmHK C noa~pXH0CTHO-O(n,~MHOff H0HH3!1l.1Hen peK0MeH

~eTCH ,lµH M8.CC-cneKTp0MeTpHt1ecxoro H3yqeHHfi H 3JteKTpoMarHHTHOro 

pa3~eJieHHH H30TOil0B npaKTlf118CltH Jtll6UX 3JleMeHT0B, HM81)!!\HXCH B or

paHH~eHH0M K0JIHtleCTBe. 

IloJio~eHHfl, BUHOCHMUe Ha 38.!llHTY, H CTeneHb VtlaCTHH aBTOpa B 

BmJOJmeHHOff pa6oTe. Ha 381l1HTY Bl,IHOCHTCH: I) TeopeTH~eCKHe HCCJie

A0BB.HHH np0l.18CC0B o6pa30!18HHfl, BHBO~a H0H0B H noBeAeHHH llJia3Mli 

B H3BeCTHWC H npe~JI0X8HHWC aBT0p0M HO BUX HCT0tffiHKax H0H0,B; 

2) Bnepeue co3~aHHl,lff aBT0poM .iµn Macc-cnexTpoMe'I'p!l BHCOK03q4leK

THBHliff nJI&3MeHHUff HCT0tffiHK HOHOB C noeepXH0CTH0ff.H0HH3~en B 

tl&CTHtlH0 38JIKHyT0tt noJI0CTH; 3) pe3yJibTaTU 3KCnepHM8HTB.JlbH0ro H3y

tl8HHH H0B0I'O HCTOtlHHKa H0H0B Hero npaKTlfCl8CK0l'O npHMeHeHHfi ~JIH 

HCCJ18A0B&TeJibCKHX ~eJleff. 

Ha npoTJ!l!teHHH Been pa6om aBT0p 6UJ1 ee IIHHl.lHaTopoM. 1-b.i J!Htl

H0 npo11e~eH1,1 npeACTaB.lieHHUe B ~HccepTal.lHH TeopeTHtleCKHe HC.CJ18A0-

BaHHfi H pactiem, K0HCTpYKp0BaHHe H0HH0I'O HCT0tlHHKa H cxeM ero nH

TaHHH. ABT0p0M Henocpe~CTB8HH0 0CYllleCTMeHlil: pa3pa6oTKa MeT0~HK, 

npo!18A8HK8 0nHcaHHWC B ,11,HccepT~H H3MepeHHtt H 3KCnepHMeHT0!I, a 

T&Qe o6pa60TK8. H no~l'OT0!IKa ~amn,cc IC ny6JIHK8.l.lHH. 
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06~eM pa6oTu • .l{HccepTIU.llfH COAeIJiaT I32 cTpaHH~-M8.!I!HHOnHcHo

ro TeKCTa, COCTOHT H3 BBeAeHHH, 4 rnaB H BliBOAOB. BH6JrHorpa~HlleC

KH8 CilHCOK BrumqaeT 88 H8.lOl:8HOBa.HH8. 

CO,nEPJKAHHE PABO'Thl 

B nepao8 rnaae paccMaTpHBaDTCH pa3nl!lffll,le THilli HCTO~KOB HO

HOB. HaH6onee nepcneKTHBHH!l ,IVIH 3(pp8KTHBH08 HOHH3a~H TY8 H P38 

npe'ACTaanHeTCH HCTO~HK, C03'AB.HHID1 B CKB All AH CCCP_.IVIH Macc-cneK• 

TpoMeTpa (pHC. Ia)·, a ~aKllte HOHH3aTop, paapa6oTaHHli8 B 0!1i:Hf ,IVIH 

aneKTpOMarHHTHOro cenapaTopa H30TOnoB· (pHc. IE). 

Bo BTOpo8 rnaae TeopeTHlleCKH H3ytl8Ha pa60Ta'H3B8CTHIDC HCTOq

HHKOB HOHOB (pHC. Ia,x). Ilpe,IVIO~eHl,I nrrH HX COBepmeHCTBOBa.HHR, 

a TaKllte HOBUe aqif>eKTHBHl,18 HOHH3aTOpli (pHc.I6,B,r,'A,e,3). 

IlpH HCCJre~OBB.HHH H306pM8HHliX-Ha pHc. Ia-Ie HOHH3aTOp0B npH

HHTO, trro ace 06paayr>ll1Hec.11 Ha HX BHyTpeHHeA _noaepxHOCTH HOHl,I BR

BOARTCH 3JreKTpHll8CKHM IlOJreM 6e3 BTOpH~oro non~a.HH.11 Ha CTeHKH, 

r~e OHH uoryT peKoM6HHHpoBaT&. EcnH 11 TOqKe N-u. noaepxHOCTH HOHH

aaTopa S nocJre L -ro CTOJlKHOBeHH.11 c HeA IlnOTHOCTb IlOTOKa 'Aecop6-

W{H aTOMOB paBHa. r, ( N..,.) ' TO I! CTaW{OHapHOM pel!Wle ee o6niee 3Ha

qeHHe 6yAeT rfNu)=%1L<Nu)' np,1qe11 '(o(Nu.) 3~aeTCH, a 

ti,•~ (Nu.)= fl ff dS' '(, (N~) f(N~, N,J, . -
r~o f(N~, N,Jd.S -a:poHTHOCTb 'Aecop6Hpoaaaruero II TOq!(e N~ aToua 

nonacT& B OKp8CTHOCTb dS ToqKH Nu , f, -Koa~H~eHT noeepXHocT

HoA HOHH31U.llfH, BuqffCJl8HHli8 no <flopMyJre Caxa-JleHI'Mllpa; 

8ifxf,eKTHBHOCTb HOHH3aTopa (~OJrff aTOMOB, IlOKff'AaDlll9-JI ero B BH

A8 HOHOB) pa!!Ha 

2~ = [Q.0 -Jf d.S lid~, f(N,., N1 ) v(Nu.)} /Go s ~, ., 0 

3AeC& Q.0 -nOTOK IlOCTynaD!IIHX B HOHH3aTOp aTOMOB, f {Nu, N,)-Be-

p0.IITHOCTb ~ecop6Hpoa&Bmero II T~lllte Nu aToua nonacT& B OKpeCT

HOC'l'b d1,, Toqm N,, KOTopa.11 Jre:UT Ha qacTH nnocKOCTH 6& ,- npo'."' 
XO~Jlllleff qepe3 BliXO~oe 0'l'B8pcTH8 HOHH3aTOpa. IlOTOK qacTH~ qepea' 

'\ 
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PHc. I. Pa3JrHqffli8 THilli aqif>eKTHBHHX HOHH3aTOpoB. 
Tpy611aTli8 C noaepXHOCTHOA HOHH3aW{e8: C aKCHaJrbHID.I aneKTpHlleC
KHM noneM (a); C BH8rmn!M (6), aKCHaJrbHliM ~JrH~KqecKHM (a) H 
3KBHilOTeHW{MbHliM K0Hffq8CKHM (r) 3Jl8KTpo~BMH. C IlOB8pXHOCTHOfi 
HOHK31U.llf8fi I! qacTHll:HO 3aMKHyrO~ IlOJlOCTH: C_BHell!HHM ('A) K <fic>KyCH

PYDI!IIDl (e) 3neKTPO'A8.MHi nnaaueHHR8 C noaepXHOCTHO-o6oeMHon HOHH-
3aW{e8 (3). 

I'- Kopnyc HOHK3aTopa, 2 - 3Jr8KTpo~-ceTKa, 3 - <fic>KYCHPYDD1Kfi aJreK-
TpO~, 4·- BliTSI!'HBaDri.Hn 3~8KTp0A, 5 - nJra3Ma, ____ -rpaeKTOpHH 

HOHOB, paCCql{Ta.HHlie Ha 8BM 
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eAlfHHtrnytl [lJ!OlljaAKy c HOpMB.Jibl'.l, 1i: -!I Jil)CiOI:\ Totme Nv 061,e11a HOHH3aTo

pa paneH vfNv,n)~{ldS1 '((Nu)f(Nu,Nv) 1 I'Ae. s., -~CTb noaepXHOCTlt 

' f IN 
HOHH3aTopa, ~JIR'Jil'.J60l1 TOqKl{' u) KOTOpon cnpaBe,IµIHBO COOTHOWeHHe 

( Nu Nv-:n_ )~ 0 • 3HaqeH~e ':J( Nu) 11cnOJib30BaHO ,IµIR 01.1eHKH _ BJil{HHHR 

B3aHMOAel1CTBHR qacTlf'-1· 

oJieKTplfqecKoe noJie BblBeAeT o6pa.3YIJDlHl1CR C Te[!JIOBOl1 CKOpOCTbl) 

~ HOH, eCJIH nOA Ael1CTBHeM 3TOI'O nOJIR OH WIH npHoeipeTeT oceBytl 

COCTaBJIHl'.llllytl CK0p0CTH ~ > l-'t (p11c.I6,B,I')' WIH 3aTpa.THT Ha ABH

llteHHe K BWCO,lly BpeMR t, ~ ?~/~ (p11c.Ia,A,e). 

)inR TpyeiqaTOI'O HOHH3aTopa (pHc.Ia) no Ha~eHH!lM BHpallteHHl!M 

11,JIR f ( N~, N,.J, f(Nu., N,), f(Nu,Nv) npOH3BeA,:H pacqeT ri. , '(, i)' 1u. 
Ha oBM. ;J'.3 nOJiyqeHHOf.l 38.BHCHMOCTH 7u OT e (pH?_.2) BHAffO, tlTO ,!µIR 

.TYo ( fl~ I0-2 ) 3cppeKTHBHOCT~ MOllteT Clb!Tb AOCTaTOtlHO BblCOKa. )inR Bbl

BOAa HOHOB HanpRllteHHOCTb 3JieKTpi'lqecKOI'O noJIR B oeioe!l.le HOHH3aTopa 

AOJIJKHa CihlTb E> 16H.Tlpze20 , I'Ae 1-1. -nocTo~an BoJI&I.IMaHll,. T -TeM

nepaTypa HOHH3aTopa, e -3apffA 3JieKTpoHa (T.e. 6b1Tb nopMKa IOOB/cM 

npH 'Zo =I MM l{ l ,,;ro>. TaKol1 nepen~ HanpRllteHl{R Ha CTeHKax 

1u-' 
0,8 
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PHc. 2. 3anHClfMOCTb 3tfxI>eKTH.!!HOCTH Tpyeiqa'Toro HOHH3aTopa Zu. _OT 

IIplfBeAeHHOI:\ AJil{Hbl e : 2/?o ,!µIR pa3Jil{qffWC fl 
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MOHH38.T0pc 1~aeT HeAonyCTHMO 6oJibmoll p8.36poc l{OHOB no 3HepmRM. 

)inR ycTpaHeHHR 3TOI'O IIpeJJ,JIO~eHO CTeHKl{ HOHH3aTopa CAeJiaTb 

3KBl{IIOTeHQHB.JibHblMlf, a ;tOHbl H31'!JieKaTb C nOMOlllbll pacn·oJIOllteHHOI'O y 

BhlXO):IHOI'O OTBepCTHR 3JieKTpO,~'.t-C'3T!nl ·2 ( pac. I6) ' m,ienr:;ero OTHOCH

TeJibHO CTeHOK noTeHQHB.JI - !/o •. )inf! noJIHOI'O Bbll30Aa o6p8.3ytlllll{XCR 

110HoB ( Kalt noKa3blB!leT aHaJil{3 11x TpaeKTOpHl!, paccql{TaHHhlX Ha o_BM 

C IIOMOI!lbKl Hal1JJ,eHHOI'O P1tCIIpeAeJieHHR IIOTeHQHB.Jia rro_JIJ'! 3JieKTpo,qa) 

Heo6xo,qHMo HMeT~ 1./o;.,_IO t B. 

C u:eJibl) J'MeH&rneHHR t./o npe,qJIOllteHO BBeCTlf B HOHH3aTop KOaKCl{

B.JII:HIDl L1lfJJl{HJU)1fqecK1ttl 3JJeKTpo,q paAltYCOM '?c , BhlIIOJJHeHHhll1 B BHAe 

IIp03patlHOl1 ceTKl{ (pHc.In). 3a CtleT npoTeKa.HHR,TOKa noTeH'-llfaJI IIOJIR 

BHYTPH 3JieKTPOAa 2 MeHReTCR JllfHel1HO. Ha oBM paCCql{TaHbl TpaeKTO

pHH HOHOB I{ Hall,qeH KpHTepal1 HX BblBOAa: -

y
0

;;; 61<.Tl' P..n.(1/ie)/sre 'P'(Jr-r-ln.-,-1/""""'""i~}, 
. r,qe Ze-:: z,/?.o , (f' -lfHTerpa.11 11epORTHOCTH OW,iCIOK. MaKClfMaJibHOe 

3Hat1eHHe l orpaHHql{BaeTcR HBHCioJI&men ~onycTHMOl1 BeJIHql{HQl1 nponyc

KaeMOro t1epe3 ~eKTPOA TOKa. )inR l{0HH3aTOpa C 3JleKTJ)OAOM, lf3I'O

TOBJJeHHblM lf3 BOJibifJI:laMOBOl1 npoBOJIOKH B Bl{Ae cnHpaml, MOlltHO ~OCTHtlb, 

KaK noKa3blBaeT pacqeT, l"'::; O,I5 npH .ft =I0-
2

• 

)inn yaeJI11qeHHst (u. llpeMOllteHo nnecTH B HOHH3aTop 3KBHnoTeH

'-lffaJibHbll1 r-iJieKTpO,q-ceTKY KOHHtleCKO~ qx>pMbl (pHC. Ir). TpaeKTOpliH HO

HOB paCCtlHTaHbl Ha oBM, a Halt,IieHHOe YCJIOBHe l{X BblBOAa lfMBeT lllfA 

1./0 :;; 3 l,.H. T[ln( 1/i,)]1/{2e [{./ii'/2)t.fJ(✓ln 1/i,')-Jln.(1/lJ iJi J 
l{ IIpH 'Zc!:::?o ynpOI11aeTCR: t/o .:S 31tTl'j2e . .lviR e = 20 If T=3000 K 

HMeeM tfo·~_200Blf2u=0,6npH fl =Io-
2

• 

TeopeTHtleCKH H3yqeHbl HCTOttHHKH,HOHH3aTOp KOTOpbDC lfMeeT Bl{A 

38.MRHy-rol:\ nOJIOCtlf C MaJruM OTBBpCTHeM, t1epe3 KOTOpoe 06ecnet1eH 

BblBOA o6pa3ytlllll{XCR HOHOB. )inR HOHH3a.TOpa (pHc.I~) C IIJIO~&D BHYT

peHHett noBepXHOCTH cipepbl Sc H BWCOAffblM oTBepcTHeM, B!ipe38JJ!IllU4 

tm.CTb C!pepli [lJIO~bD 3& , noJiyqeHo: 

f{N~ IN.,.)= 1/Si:, r(Nu)=rc.= Go(f-})/Sc:[ft+ r,(1- .,s)J, 
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r,JJ.e 6g.,, o&!Sc. ; ,Il,IDI TOtleK Nv , Jie~x Ha OCH r (pHC. I,JJ.), s Ha

npasJieHJm ee :::;,(Nv)= (c • 3qxpeKTKBHOCTb KOHH3aTopa pasHa 

z .. = ..ect-3,)/[ i, +ptt- ~,)J. (I) 

Bb!BO,JJ. __ KOHOB MO;'ltl-lO oc~eCTBKTb noJieM BHelllHero 3JieKTpO,JJ.a-ceTKH 

2 ( pac. l,JJ.) • IIpK . 3'' ~~ 1 ITOTeHl.\lfaJI BeyTpH . cqiepbl Ilpl{6JrlDK8HHO OITl{Cbl- . 

saeTC.11 .!l,JJ.pOM IIyaccoHB. ,JJ.JI.11-mapa. Ha~eHHOe Y.!JIOBlfe Bb!BO,JJ.a V.OHO?l 

m.1eeT Blf/J. l/o =>.>ZDH.T/e;6. IIpH ft =IC •
2 

,JJ.JI.11 06ecnet:1eHH.11 z.,. =0,5 

ueo6XO/J.lfMO HMeTb Og =I0-2 H. l.f O S; 500 B. ECJilf HCITOJib30BaTb npo-

HH1ta1DI11ee B 061,eM HOHK3aTopa noJie Bm.11rnsaKn11ero 3JieKTpo,JJ.a, pacno.110-

l'l(eHHoro Ha paCCTO.!IHHH, paBHOM ,JJ.HaMeTpy 15blXO,JJ.HOro OTBepCTIUI, TO Ha 

Hero He06XO,JJ.HMO no,JJ.aTb ITOT8Hl.\lfaJI 1/o'> 3 KB. 

Jl,n:.11 YM8HbIDeHlf.!{ _'lo npe,JJ.JIOl'l(eHa KOHCTpyKI.\H.11 l.\lfJIHH)J.pH~ecKoro HC

TOtn!KY.a C qJOKYClip~M 3JI8KTpO,JJ.OM 3 (cM.pKc.Ie). IIpoTeKaDlllffll no 

HeMy TOK co3iaeT :e HOHK3aTope TaKoe noJie, KOTopoe co6HpaeT o6p8.3y-
, ' ' ' 

lllllff8C.ff HOHbl B o6JiaCTb Bb1XO,JJ.HOro OTnepCTK.!1.HOHlf3aTopac pa,JJ.HycoM 

'Z&. C noMOU\bD Ha~eHHoro pacnpe,JJ.eJieHK.11 noTeHl.\lfaJia n o6'beMe HOHlf-

3aTopa Ha 3BM pacctn1TaHbl TJ)aeKTOpl!H HOHO?l. llic aHaJilf3 nOKa3aJI, tlTO 

MaKCl!MyMY ~qxpeKTHD~OCTK COOT:!leTCTDyeT l = I H i, =0, I. II~K ft ;.ro-2 

OHa _paBHa 2u. i:::: 0. 75. Ter.JIOBble CKOpOCTK Ma.lIO HCKa.3.!IT -rpaeKTOpHK. 

ecm1 6 20 J/1/e1.J0 '<:. Zo/lft CM-Maq~a ,HoHS.), K1IH npH' T=3000 K . 1./0 ;;. 24 B. 

Bo BCeX paCCMOTpeHHb!X Bblllle CJiytta.!IX nOKMBHO, tlTO npH peaJib

HblX 3Hatl8HH.!IX TOKa HOHOB H3 HOHlf3aTOpa r_+ npo~ecc&ra CTOJIKHOMHHH, 

nepeaap.!{)J.KH If peKOM6KHB.~iH tm.CTH~ Bero 061,eue UOlKHO npeHe6pem.. 

llirasMa B HeM He 06pa3yeTc.11, ec.'Ilt TOK I,. orpa.HKt111BaeTCR. BeJIHtlHHOli 

er·~ 10·~,. npH KOTOpoll JJ(eq./H.T}1
'!t->l,r,JJ.e :D - ,JJ.e6ai9BCKHR pa,D;H

yc, coOTBeTCTBYIJ!IIHll KO~eHTPfl.l.\HH HOHOB y cTeHoK HOH'A3aTopa, l-
-xapa.'<TepHblll pa3M8p 38,1\atl_ll. 

B HOHH3S.TOpe, THna H306pruiteHHoro Ha pnc. ht, o6pa3ytlllltU!CSI'. 
' --

n.:raa>m np11 cnpe,JJ.eJieHHblX yCJIOBKS!X 1D,1eeT OTpK~aTeJibfflrl\ noTeHl.\lfM 

OT80CK"reJibHO ero CTeHOK U , 11 3!ppeKTHBHOC;b HOHH3aqKJ.f SHa'!fflTeJib-

8 
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. i 

I' 

l 
{ 

l 
I 

' 

l 

HO npeBOCXO,JJ.HT K03ippm:~eHT nosepXHOCTell KOH1!3al.\lfK J . B CTal.\lfO

HapHOM pelltl{Me Ha~eH-6aJiaHC KOHOB, 3JieKTpOHOB K noToKa ()0 nocTy

naD~Kx B KOHK3aTOp aTOMOB: 

( Q.o + Q.,J lo= JH.T/2.ntlf!,~· (e~'U/"T s ~ :1!J,) +411.,n, v, 
AP r.~ e•r114 ~_ll.}/,,_T S/e =VH.T/2nm 'n. S + o<p ~;. n,V , , 

{1.0= {Q.0 +{).n.J(f- lo) "t -~H. T/29ZM' n~ 'j!J& ·,, 

(2) 

n .. :: n;. t 
• < ; 

3,I\ec& .Ap ;..nOCTO.IIHHM PH_11ap~c6tta-~_im,ratta~ l/ ~pa6oTa llb1XO,JJ.a 3JieR-

TpOHOB; 17.1 H n.;. -::ITJIOTHOCTb -3JieKTpoHOII J\ KOHO?l COOTl!eTCTlleHHO; 

m - . Macca 3JieKTJ>OHa; - o<.p -:-K03~~eHT . o<S1eMHoA. HOHH0-3JieKTpOH-

HOA peKOM6HHal.\lfK; V -061,eM OOJIOCTK- ~OHK~,opa; an.:..IIO;OK H3 

ITJia3Mbl Ha ero CTeHKK KOHOII II o6pa3YIJDIHXCSI'. 38;'. CtleT 061,eMHoA peKOM-

6ID-1al.\lfH aTOM~il; 1 ,-K03cfxI>Kl.\lfeHT,' y-qHTb!BaDlltHA 1;1POHlfKHO!!eHHe noJia: ' 

llb!THI'Kll!.Kll!lero 3JieKTpO,JJ.a B nJiaawy; Z• -pacct1HT1111aeTcH·no''(flOpuyJie 

(I) npH aaMeHe J, ·Ha J[1-e~p(-lt./;.i.8)], r~e ,IVllffla.01,0'60,JJ.HoI'C> npo_-· 

(Sera o6pa3ytJIIIKXCSI'. KOHOB J.;.=U1/(ern..,e'A)' A ·-JCyJIOHO!!CRHA ".110-:

rapKcfM", a o JieDT II OP,8,JJ.eJlax o= 1+ atC.$i.n./11,T/aU;(n/R.). 
oipfieKTH!IHOCTb KOHH3aTOpa 2 ~ pe.11Ha 

Zu.=Z•J(1- !,) exp(-2 i;/;.i} , C3> 

l',I\e t= i 6,10. ' J: nd,tT/2n ,.,. . 3Hat1eHKe 2 K !!Ce ,l\Pyt'M8 

lfHTepeCyolllffe 118JIHt{lfHbl Ortp8,I\0JUIJIHC& ws· pemeHHJI: CHCT8Ml,I" (2). 

Ha pHc.3. )J.8.HD. 38.!!KCIOIOCTb ,· z .... H IlJIOTHOC_TH no~OK& HOHOB HS 
KOHK3aTopa ju. OT ITOTOKa. 11110,JJ.KWX !! Jiero a~o~o11. PaclieT npo~e~eH 

,JJ.Jia: crf,epHtleCKOro IIOJihlf,pe.Monoro HOHll38.T0pa C ?o, :-o,5 CM K ·?, ~ 
= 'i>,I MM npK } :=I0-3, rJ.p·= 'to-IQ cu3/c. KaK 1111,JJ.HO ~s_pHc.3 

MaKC~bHOMy !M. COOTl!eTCTl!yet J:.•eJti.o IQ~ A/0112 . ( Ju.=· 
::: 5•!0

15 
I/cu2•c). ECJIH KOJIHtleCTBO npo6Y 1WIO, 'OITTIOl8JU,HYI; TOK 
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PHc. 3. 3aBHC.IU,IOC'!'J> 31fxpeltT!U!HOCTH 2 u H IlJIOTHOgT~ nOTOKa ; u. OT 
!!8JIHtnnra BBO,ll;HMOro B HOHH3aTop noTOKa aTOMOB rJ.o • . 
i ~ T':'3000 K; 2 -,-T72750 K; 3~ 1'=?590; 

MOXHO C03,D;aTb aa cqeT ~OHH3~K _8,TOMOB BCilOMoraTeXbHOrio !!8~89TBa 

KJrn MaTepHMaKOHH3aTopa. 
. !,I) 

Cn~ aifxpeKTHB~OCTH npK ywett&me~KJt,. npe,JVIoxeHo ycTpaHHTb. 
. . - . 

HanycKOM B HOHH3aTop BCilOMoraTMbHorc_·raaa-JI0,11;.,ll;aMeHHeM; npH 

KOTOpoM .i( '.:. Z ?0 • K 06pa3YD11Hec11 · HOHH ,·TkpMMH3~CSI np~ · CTOXKHO.:. 
i ~ -r-

B8HHH C aTO~aMH raaa, a 3iplleltTHBHOCTb,,paBHB.!1 

i~ :;J,/ [,8t(1;J) fcU/"T~g, +cl.pj~ (V/S)l,zM/H.Te], <4> 

pacTe~ c ·;e~~~~-~eM J; ~ npH j :i = 10"'7 A/cr,.2 H jJ>I0-3 ~y,D;eT -

211.~ Q~~! . ,. 

Bee paccMOTpElHHlie !!Hille KCTO~HK-.1 HOHOB J{e3ipllel(THBHH npH KOHH- . 

3~K 3X8~8HT0!' C 60.m.!IIK)( noTe~8JIOM H0~3~K ( V;. >. 6,5 B) 

K ra30B, ~ yc~eHHSI 3THX H8~0C'ftL'l'XOB npeµozeH IlpHHQIUIK8Jib-

IO 

I 

I 

. ~ 

l 
al ·r, 

-~ 
I 

I" 
' 
i 
"J 

I 
¥ 
l, 

HO HOBbtlt KCTOttHHK (pKc.13). TOK 3X8KTp0HOB TepM03M'ACClflf, ,ll;BKllty

~XCSI OT Kopnyca I, 06pa3yeT B o!5oeMe cflopwpytn:iero ::ixeKTpo,11;a 2 

o6xac'l'b BHPTYMbHOro KaTO,D;a C noTe~aJIOM, 6JIH3KHM K noTe~~KMy 

KOpII'JCa I, K pa31,1epaw, onpe,11;em1eMWlf aaKOHOM CTeneHK "3/2" ,ll;M 

TOKa 3X8KTpOHOB B BaKYY?,18, ATOMbl npo6H, HOHK3Hpyewe Ha BeyTpeH

He~ nosepXHOCTK 3X8KTpO,D;a 2 K y,11;apoM T.8T~KX M8ll[,ll;y HHM H BKPTYMb

Hw.f KaTO,ll;OM 3X8KTpOHOB, non~aaJT B o6nacTb 3TOro KaTO,D;a K 3,11;8Cb 

T8pMMK3YDTCR npH CTOXKHOB8HKH C aTOMB.MK HanycKaeMoro B KOHK3aTop 

ra3a, ,naM_8HK8 ero TaKoe, qTO Jl~ ~ 2 'Zo • Pa3HOCTb IlOT8Htzyl8JIO!! 

MelK,lzy axeKTpo,11;0M 2 H xopnycoM I (cM. pic.!3) Uc MeH&me noTeH-

1.lKMa KOHH3a~K aTOMOB raaa, Il03TOMy nxa~Ma C0,11;8pllJ.fT np8KMylll8CT

!!8HHO HOHH npo6&. OHH noKK,D;a~T KOHH3~Top B OCHOBHOM qepea BHX0,11;

Hce OTBepcTKe no,11; ,11;eacTBKeM noxn axeKTpo,11;a 4. 

EcxK paCCTOSIHHe ~T cflopwpyllll!ero 3XElKTpo,11;a ,11;0 CT8HOK KOpnyca 

I A 'Zc<<. 2o, a I1JIOTH09Tb TOKa 3X8KTpc>HOB Je Ha 3X8KTp0,II; 2 OrpaHH

qeHa npocTpaHCTBBHHHM 38.pSl,ll;OM, TO aiplleKTKBHOCTb onpe,11;ennexcn COOT

HOlll8HK8M (4) npK 38.M_BHO B HBM U Ha Uc H J, Ha J,,=(f-9c)J+ }i, 

I',11;8 . fl;. -BepOHTHOCTb KOHH3a~K aTOMO!! 3X8KTpilH~K npK HX ,ll;Bltllt8HHH 

MBJK,lzy 3X8KTp0,11;0M 2 K BHpTYMbHHM KaTO,ll;OM, q,c .. , SvMeTpHqecKaR 

npoapa~OCTb 3X8KTp0~ 2. IlpoH3!!0,ll;K;8XbHOCTb HCTO "'JIKa OrpaHHqKBa-

8TCR BMKm!HOR ,.J: ,,,.~;;:: d• I 2 JM/m • ,11,nn KOHH3aTOpa' C 2o = 2 MM' 

i, = ~,5 MM, l = 2, ic = 0,I K Uc;= 20 B K :ixeMeHTOB c fl~ 10-3 

6y,11;eT · Z11.;l; 0,7. IlpK 'f,c= 0,9 K A2c = 0,05 MM ,11;XH'n1>6wc axeMeH

TOB ( B TOM trncne H ra30B) z~:: 0,5+0,7 K J!_,,= 10-2 i..;~il-. 
BHCOK8.SI 3qxp8KTKBHO.CTb H M8.JI8.H cexeKTHBHOCTb npK HOHltaal.lKK 

pa3XKqffHX 3X8M8HTOB ,11;exa1>T KCTO'CIHHK nepcneKTKBHNM H ~8 3X8M8HT

Hor9 aHMH3a, a cpaBHKT8JibHO 60XbmaJ! !!poH3BO,ll;HTMbHOCTb ~ ,ll;M 

_3X8~TpoMaI'H'dTHOro pa:i,11;exeHKR H30TOno~. 

I-fa paccMOTJ?9HHIVC]KilOBKCTOtn{HKOB B Ka'll8CTB8 pa(Soqero 6WI 

BH6~ .IlJI~M~H~ _c HOHH3a~eR B qacTHlll!O 3!lllKHyTOR nonocTK 

(pHc.Iz). OH HaK6oxee npocT H o6JI~aeT ,11;ocTaTOqffO 6ox&moR (,11;e-
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CRTKli npon;eHTO!i) a<WieKTHBHOCTh6 HOHH:ian;aa 00 a P33. 

B TJ?6Th6A rJiaBe OllHClll38.6TC.ft pa3paCioTrunn.tn ,IVI.ft Macc-cneKTpO

MeTpa MB330I HOHHH!l HCTOttHHK (pac.4,5)~ IlpH ero C03,ll,SHliH H HC

CJI6,11,0BaHliH _pemeH PM cnen;a~aqecxax 3~aq: oc>ecneqeHae cTaCiHJihHOC

TH Ii orpanaqeHHe OCiD1ero TOKa HOHHOro Jtyt1:a; j'M6Hhill6HH6 3Jl6KTpaqec

KHX Hanpmrenan naTSHli.ft; TenJIOJ3~6JI6HHtl H pa3M6p013 HOHli3aTopa i 

corJiaCOBSHHe napaMeTpOJ3 nyt1Ka HOHOB C liOHHO-OnTHqecKOA CHCT6MOtl 

npiiClopa; a3yqeHHe qxma H ~-

}foHa3aTop a acnapaTeJih J3!mOJIHeHU a3 TaHTaJia, oCiJI~l'.llJ1ero 

cpaJ3HHT6JibHQ BblCOKHMli T6MnepaTypOR nJiaJ3JI6HH.ft H paCiOTOR BblXO,JJ,a 

3JI6KTpOHOB, a TaIO«e JierKO IlOMB.llllleroc.ft oCipaCiOTKe. KpoMe Toro, 

BCJI6,11,CTB1i6 cnen;a~qecKHX' reTTepHl,IX CJ30ACTB TSHTaJia·, J3. ycJIOBli.ftX 

paeiOTbl HcToqn11:Ka MOilteT-aJ3TOMaTaqecKH nOMElPl!'.liBaT&c.ft·pel!'.HM pac>o

Tbl, CiJIH3KH" K yKa3aHHblM Bbl!De onTHMaJlbHblM, Pa3Mepb1 liOHH3aTopa ,ll,0-

136,ll,6tra ,11,0 MHHHMYMa, Orpe.HaqeHHOrO npOCTOTOtl li3rOTOBJI6HH.ft.li 3KCnJiy

aTan;aa, H J3 COOTB6TCTBliH C TeopaeA BHCipSHa iuIO~h J3blXOAffOro OT-

136pCTU.ft ( ;-, = 3 • ro-4 ) , 

HarpeB HOHH3aTopa H 11:cnapHT8JI.ft OCYlll8CTM.ft6TC.ft 3JI8KTl)OHHOtl 

CiOMCiap,11,11:pOBKOA, Hanp.ftllt8HH8 IlHTSHH.ft KOTopoA cTaCiHJIU3HpOJ3SHO, l{a

T0,11,bl narpesa ·BunOJIHeHbl H3.BOJihclJpaMOJ30A npoBOJIOKH·I 0,8 MM, JJ,nn 

CHHll!:8HIUI -HBnpJllleHH.ft CioN6ap,11,HpoJ3KH H paJ3HOM8pHOro nporpe!la HOHH-

3aTopa 13KTKH KaT0,11,013 pacnOJIOJt8Hl,1 J3,11,0Jih BC8A Harpe13aeM6A llOJ38pX

HOCTH H, no 1303MOEHOCTH, 6JnUte K HeA. TeM!lepaTypa HOHH3aTopa 13 
. , . 

pa(Soqi{X yCJI013H.ftX COCTaMHJia :::, 2700 K. )4aJibHeAmee ee Y138JI1fll8HH8 

136,IJ,8T Kero ,11,eif><>plan;aH. HoHH3aTop H 11:cnapHTeJI~ Kp811.ft'l'C.ft Ha DITO

Ke, KOTOpbiR MOJt8TK3M6KaThC.ft tl8p83 IDJill3 Ci83 HapymeHHH 13axyyMa 

13 wepe npK6opa • 

C IJ;8Jibll ycTpaHeHliH ·n&pa3H'l'HYX HOHHYX T0KOl3 ( ~ I0-6 A) C H&

rp8'1'l,DC ,IJ,8T8.,lteA HCTOtlHHK& H_06~8I'!l8HHH ero 3KCMy&TaIJ;liH 13. HOHHO

On'i'lfll8Cltytl CHCT8My 1!138,ll,8H ~&TpyaqHII 3JI8ltTpO,II, 5 (pHc,5). YcTp&

H8HH8 paccor~acoBaHHH nap8118Tp013 nyqx& ~OHOl3 H HOHHO-OTITlfll8CKOA 

12 

a) 0 ·i 2. 3CM 

~~ I, . 3 

jfi~f§ 
l...& 
0 

U-l 
5 

J..J 
10 MM 

P11:c. 4, HonHIDI acTo-.rnaK, 
I - HOHll:38.TOp; 2 - KB.T0,11, HarpeBa KOHH3aTopa.; 3 - v.cnapHT8Jib; 
4 - KaT0,11, HarpeBa HcnapHT8JIHi ·5 - nep13~ TellJIOJ30A 5Kp8H HOT

pa~.TeJih 3JI8KTpoHOl3 11:3 MOJIH6,11,ena; 6 - CTaJlhn!,18 T8MOJ3b18 3K
prura; 7 - ,ll,8plltllT8JIH KllT0,11,013 H3 MOJratlAetta; 8 - !!!TOK; 9 -1'0JIH6-

,11,6HOJ3blll J3UT.ftra~amiull 3JieKTp0,11,; IO - CTaJihHOA ip'dJihTpymlH~ 

3Jl8KTp0,II, C C8TKOA II 11:3 BOJibqipav.a; 12 - nep~oe KOJihIJ;O HOH
HOtl onTHKH; !3 - BblX0,11,HOe OT!!8pCTH8 HOHH3aTOpa. 
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PHc. 5. Cxe.Ma sneKTp11qecKoro Ill!TaHl!H l!OHHOro HCTOtr.~1!¥.a. 

I - l!CITapl!TeRb C l!OHH3aTOp0Mi 2 - KaTO)V,!i 3 - nepB~Y. 3KpaHi 

4 - E!:lTHrl!BalOIIlHll aneKTPOAi 5 - ipHnbTPYIOIIll!~ )n8KTp0Ai 6 - nep
B!:le KOnbQa Cl!CTeMbl YCKOpeHHH l!OHOB 7; 8 - ,yn.n:eT KBB,IUJYIIORb
HhlX naHa; 9 - BblXOAHM lljeRb; IO - AeRl!TME 

Cl!CT9Mli rrpH He6onbIDOM HapymeHHH reoMeTpl!H HOHH3aTOpa (c~Bl!P 

ero, Aecfx:ipMa~11 rrpa paaorpeBe) OCYJl1eCTBRHeTcH Ta1ate sa cqeT aTo

ro aneKTPOAa: nocne Hero HOHbl o6n~all"'. Hl43KOll tlHeprnen, a reoMe.T

pHH CHCTeMH KOnbQa HOHHOII OITTl!KI! - 4lMb1jJyi<llljl!ll aneKTPOA ocTaeTCH 

HeH3M9HHOtl. YKaaaHHbll! sneKTp0A H H306pa.ll(eHHM Ha pHc.5 cxeMa IIl!Ta

HHH Il03BOHHRH c!f,opMHpoBaTb nocTynaDlJ1Hll B aHaRH3aTop nyqoK HOHOB 

HYJ!tHblX.IlapaMeTpOB ITYTeM IlOA60pa IlOTeH~MOB Ha sneKTPOAax OilTHKI! 

6es npoBeAeHHH MOAenHpOBaHl!H TpaeKTOpl!fi l!OHOB. 

B qeTBepTOI! rnaBe IIpHBeAeHbl pesyn~TaTl:l HCml'raHHH H npHMeHe

HHH HCTOtlHHKa An.II HCMeAOBaHHH TY8 H P38. McmrramfH IIpOH3BOAHRl!Cb 

C HCnonb30BaHl!eM npo6 HeOAHMa I{ ypaHa. PaspemeHHe,_H3MepeHHOe Ha 

I4 

ypOBHe 5% OT HHTeHCHBHOCTH nHHHII Macc-cneKTpa, COCTaBMO :::::!500, 

a q,oH pacceHHHblX l!OHOB OT HHTeHCHBHOI! RHHHH H30TOila Ha coceAttell 

Macce ""ro-5 • YKasamrne xapaKTepHCTHKH rrpH6opa MMO OTnHqallTCff 

OT nonyqaeMblX C o6HtlHW.1 TpexneHTOtlHblM HCTOqttHKOM HOHOB np11 Tex 

~e ycnOBIIHX pa60T!:l, a 3KCrrpeccHOCTb 1!3MepeH11ll,c HOBblM IICTOtlHHKOM' 

CYJl10CTBeHHO B03paCTaeT. 

Bnecettttyio B 11cnap11TeRh rrpo6y MO~o 11cnap11Tb AO nonHoro 11cqe3-

HOB6HHH COOTBeTCTBYl)ll11!X en nllHHfl B cneKTpe Mace. ITOHBR.R:lllljll9CH 

rrpH pa.6oTe C He 61:lBIDHMH B ynoTpe6neHIIII HOHll3aTopoM II 11cnap11TeneM 

q,0HOB!:le RIIHHII ( nono~eHlle IIX B ·cneKTpe. COOTBeTCTByeT P38, TOpll!o 11 

ypatty-238) Ta!Ol(e MOryT 61:lTb YAMeHbl rrporpeBOM 11cnap11TeR.!I. 

, ~KTIIBHOC!h paspa6oTaHHoro yana orrpeAen.R:Rah 11s cpaBHeHll.!I 

r<oa4itfi111.1HeHTa 11cnoRb30BaHHH rrpo6hl (]{MIT) rrpi pa6oTe c AaHHblM H 

TpexneHTO~ HCTOqttffKOM C peHll0BblM l!OHll3aTOp0M. Kt!II onpeA0R.R:RCH 

iw.K OTHome1me trncna IIOHOB. H30TOna, saperllCTpHpoBaHHblX IIpifeMHIIKOM 

HOHOB, K trncny aTOMOB 3TOPO 1130TOna B rrpo6e. MsMepeHl!.!I nqKa3MH, 

qTo Kl,!II ypalta C l!CM8AY0MblM HCTOqttffKQM B ~80 pas B!:lIDe 1 ,qeM C Tp0X ... 

neHTOqff!:lM, a s4i4JeKTIIBHOCTb (c yqeTOM AaHHb!X no HOHH3a~H B·Tpex

neHTOtlHOM HCTOqttaKe} Zu,:;; 0,4 _11 He AOJIJKHa 6b1Tb MeHbme .zi,r.11 TY8 If 

P38. 

C QeHbll HaxO)ICJl0HHH aaKOHOMepHOc_Tefl HcnapeHHH npo6u 3TOT 

rrpp1.1ecc TeopeTHqecKH 11ayqeH .zi,rn ctfiepHqecKoro IIOHH3aTopa B cnyqae 

Tpex MOAMEll!, rrpH KOTOpIDC npo6a KOHQeHTpHpyeTCff B BHAe: I) nony

mapa c nnowocThll qacTHQ JJ ; 2) nneHKII nocToRHHoll TORJl1,!Hbl h ; 
3) MOHOMr ceeynRpHoro cnoff Ha qacTH HOHH3aTopa c ITROlJ:13.AhD Sn.. 
COOTB8TCTBeHHO AnH IlOTOKa MOHeKyn npo6u 113 IIOHll3aTopa nonyqeHO 

( :le II ,1n.-K034itfil!~eHra, 3aBIICHiJ1He OT B!!Aa :.:ineMeHTa IIpCJ6!:l If TeM

nepaTyp!:l ee HcnapeHHH): 

I) 9& = 'Ye N'1s 64 [ Sc +(3N.fiii/p)'l4]/[ fJs+{jN.fzii'/p/1~] . . -
PAe N = N(t)-trncno MoneKyn B rrpo6e B MOMeHT BpeMeHH t , 
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2> ~s =:In.NE, (1+ N/ph.5-c)/(i,, +N/;h Sc.); 
co ... 

3) qi = N 6& ~ ( 1- SI\. - ;, Vcrii , r,J:\e er"' -cpeP,Hee Bpe11.ff Me~y cTOJI-
••O 

KH0BeH11eM MOJieKyJihl co cTeHKaM11 qacT11 110H113aTopa nJIOII\Mb~ Sn., 
IlpoBe,J:\eH attaJIH3 pemeH11il ypa1memrn dN/ dt = - 9& 11 cpaBHeH11e 

11X C 3KCnep11MeHTaJI;'HO noJiyqeHHblMH sam1c11MOCTRMH TOKa 1-!0HOB OT 

ae;ri,iqi,iHbJ sarpy;iteHHon npo6h! 1-1 apeMeHI-! ee 1-1cnapeHI-IR (pi,ic,6). 

PHc. 

llf11 10·9 
P, i 

IIJ"' -
I I 10•/D 

I7t)I ~ 
I 

cv1 f lo+, A 
{O•IZ 

10·1" 

Iv.~' I 10•18 
0 1/IJO. 800 -t' l'fl/H. 

6. 3aBl-!Cl-lMOCTb HHTeHCl-!BHOCTl-1 TOKa HOHOB: 

I) r: B HaqaJibHblll MOMeHT HcnapeHHR OT KOJIHqecTBa npo6bl P 
2) r+(f.)-(a OTHOCHTeJibHb!X e,]:\1-!Hm~aX) OT BpeMeHH m::napeHl-!R t 

- - TeOpHR, , o, O, flJ -3KCnepHMeHT 

Hali,J:\eHHble 3aKOHOMepHOCTH COOTBeTCTBYKJT TeopeTHqecKl1 paCCMOTpeH~ 

HblM MOAeJIRM 2 Cnp11 N/ jfiSc << &1, ) HJm 3. 3aKOH 11cnapeHHR npH 3a

rpy3Kax ,J:\O ~ ro-5 r AaJieK OT pemrna ~ef.iK11 fu!yAceHa, 11 He o6Ha

py;iteHo qipaKWfOHl!p0BaHl1R H30TOITOB B npe,]:\eJiax OIIll16K11 H3MepeHl-!n, 

3arpy;iteHHaR B BHAe COJIH a30THOf.i KHCJIOTb! npo6a ypaHa HCnapReTCR 

npeHMYmeCTBCHHO B_BH)'.\e HOHOB H aTOMOB MeTaJIJia. 

B pesyJibTaTe TIOKa3aHO, qTO TOK 110HOB t -ro 3JieMeHTa Ha 

npHeMHHK HOHOB np11 Hel13MSHHOf.i MO~OCTH Harpeaa 110Hl13aTOpa 11. 

acnapHTeJIR 113MeHReTCR no 3aKOJiY 

16 

ItCtJ= ez'L-Ztu i1.Noi. exp{-J;.l), (5j 

r,[\e z,. -K03ifqll1WfeHT nponycKaHHR npH6opa; -:J;. -TIOCTORHHM, 3aBa

Cfll~aR OT B1-!Aa 3JieMeHTa H TeMnepaTypbI 11cnap11TeJIR; N0;. -ql{CJIO aTo

MOB i.. -ro sJJeMeHTa B npo6e; z iu -:'liN-eKT1-111HocTb ero 110H1-11al(',m. 

lb (5) BH,[\HO, qTo np11 t=O Io:=z,.it.No, ,r.n:e ltt=ez,u Jt• if1Me

HeH11e (n. MO~HO yqliT!:,IBaTb BBe,[\eHt1eM B npo6y BHyTpeHHero CTaH)'.\ap

Ta, a 1-!0HHb!H HCTOqttl{K 11CTIOJib30BaTb ,)'.\JIR 3KCnpeccHoro onpe)'.\eJieHl-!R 

OTHOCliTeJibHOrO H a6coJI~THOro qwcJia aTOMOB L -ro :'lJieMeHTa a npo-

6e. TaK ,IiJIR :c>JieMeHTOB Nd, 1.,a., Ce, P-z 6b!Jm · l-!3Mepetth! OTHoc11TeJib

Hh!e Ko3<r¢m1ueHThl (H../H.11,1.. ). OH1-1 paBHh! I,. CI,I .:!:. 0,3); (0,9 .:!:. 0,3); 

(0,9 .:!:. 0,2) COOTBeTCTBeHHO. 

BHeceHHbie B 11cnap1-1TeJib P33 1-1 TY3 acnapRhlTCR no Mepe TIOBhP'l8-

mrn ero TeMnepaTypb! B CJie,]:\y~II\eli ITOCJie,IiOBaTeJI&HOCTli: Ds' € u., Sm. 
da.,la., °-e, P2., Nd, Cf, 81t, Am, flu., Cm, (;d, Np;, V. 

C 11CTIOJib30BaHl-!eM C03,)'.\aHHOro HCTOqtti,iKa 6b!JIH npose,)'.\eHhl Heo6xo

,IiHMb!e -,IVIJ'I ~epHo--q,1rn1-1qecK11x 11ccJie,1ioaaH11!1 attaJIH8hl U, ·Pu., Am, Cm, 
Cf np11 H30TOTIHbIX OTHOilleHRX ~ I0-6, ro-5 , ro-3 , ro-2 co CTaTliC

THqecKHMII Oilll-!6KaMH ~I3, 3, 2, I% COOTB8TCTBeHHO. ITpH 3TOM MIIHII

MaJibHOe KOJIHqeCTBO 1130TOTia B npo6e COCTaBJIRJIO (Io-II+ Io-I2) r. 

IloKa3aHa B03MOJKHOCTb npoBe~eHHR B O~HH nplleM H80TOTIHOPO aHa

Jil{3a CMec11 TY3 l1 P33 npH 6oJib!ITOM COJieBOM COCTase npo6b1, qTo HeB03-

MOJKHO Ha TpexJieHTOqttOM IICTOqttl-!Re. 3TO BruKHO npH IICC.'Ie,IiOBaHIHI R)'.\ep

Hb!X xapaKTep11CTHK orpaH11qeHHoro KOJil-!qecTBa l-!30TOTIOB, ~36aBJIReT 

OT TPY.IiOeMKOV. onepawi11 Xl{MHqecKoro pas,[\eJieHIIR 3JieMeHTOB H Y5eJil!qH

BaeT npoH~BOAHTeJibHOCTb pa60Tbl·npa6opa. TaR 6blJia pa3pa60T~P.a MeTO

,J:\IIKa 1130TOTIHOPO aHaJI113a Cm Am Nd Ds B CM8CH, Bbl,J:\eJieHHOil 113 
- J , ., 

R,l'.\epHoro Ton;r1111a. Ilpo6a COAep~a;ra..., O,lMKr cMec11,. coTble ,J:\OJIII ee 

COCTaBJI.RJI KllpHil npH OTHOmeHlll!ero l-!30TOTIOB 4'.3·10-3 

Onpe,!ieJieHhl nepl!O,J:\bl no;rypacna)'.\a l-!30TQITOB RllpllR np11 KOJI11118CT

Baxnpo6bl,-HeAOCTaTOqttb!X ,IVIR pa60Tbl C TpeXJieHTOtniblM HCTOqHHKQM. 

~ 
~i7 
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Ha~eHirne pa.3JIHtffib!MM aBTOpa.MH 

. '"'C llfG fl "'C H30TOTIOB m I i..m I m 
)J.nR H3MepeHHR T"' KiopHR-245 °113 

nepHOAbl noJiypacna,n,a T. (c<. -pacna,n,) 

nJIOXO corJiacyioTCR APYI' C APYf'OM. 
llfll/1 

ero cMecH c ~m qepe3 30 + 60 

AHeR Bbl,IJ,SJIRJIHCb AOqepHHe lJApa. TIJIYTOHHR. rro H3MepeHHclM H30TOTIHblM 

. ['"°n /'¥fp ] ['¥¥C /"re ] OTHOll!SHHRM 1-'LL -· LL H m m H H31lSCTHOMY nepHOAY . 

l""C . 2"'C noJiypacna,n,a m MOJKHO pacc~TaTb ero 3HaqeHHe .JJ;JI!'{ m 

T"'''c,.. = H.t T"mC'm ["'0Pu./'wPu.]/[''"'Cm/'vrem] . 
3ASCb nonpa1ma 11.t; yqHTb1BaeT pacna,n, K30TOTIO!! !10 epeMeHH. BwIO npo

BSAeHO 5 Bbl,ll,eJieHHR H I4 onpeAeJieHHI! T"'-11'$'c,,, Ha KOJI11qecTBaJC npo-

61,1 ,. 10-9 r H noJiyqeHO T«. .. ,c,,, = (8,35 .:!:. O,I4) 103 
JIST (AOBepH-

% T ''°C ,vie 
TSJ!bHaR 11epORTHOCTb 95 ,) • ITpH onpeAeJieHHH "'" AJIR' m H . m 

llflfC. I9 HCTIOJ!b30BaJiac1:, HX CMSCb C m 
I 

Bbl,IJ,epl!(aHHM B TeqeHHe "' , I'O-

Aa~ Bbl,ll,eJieHHoro nJIYTOHHR 6b1Jlo AOCTaTOqttO AJIR npo11epKH ~CTOTbl npo-

2'1¥/l 61,1 OT i..m H onpeAeJieHHR nepHOAOB noJiypacna,n,a npH OTHOll!SHHRX 

r•wpLL/"°Pu..] ~10-5 

noJiyqeHo T"' ,t,e,,, = 

.:!:, 0,3) 105 JieT. 

{ KoJIHqecT110 npo61,1 "' 10-6_ r) • ITocJie p~cqeToB 

(4,9 .:!:. O,I3) 103 
JieT H T°"'"''e,,., = (4,I .:!:. 

OcHO!!Hble llb1B08bl II pe3yJI&TaTbl pa.60Tbl:· 

I. Pa3pa6oTaHa TeOpHR npo~eCCO!! o6pa.30!!8.HHR, Bbl!!OAS HOHO!! H 

noBeAeHIJR nJia3Mbl B no11epXHOCTHHX HOHH3aTopaic, C nOMOl!lblJ KOTOpol! 

OITHCB.Ha pa.6oTa H3BSCTHHX H PMa npeA)IOJ!(eHHblX B AHCCepTa~H HCTQq

HIIKOB IIOHOB. 

2. B pe3yJI&TaTe TeopeT!NeCKOI'O 8.HaJIH3A nOKa38.HO! 

a) BblCOKaff -5/MleKTHBHOCTb ( 2-"' ) HOHH3a~H 'l'Yo !I H3BeCTHOM 

Tpy6"1l8.TOM HOHH3aTope AOCTHJ!(KMa npH HeAO~yCTKMO 6CJibll!OM (~IOO aB) 

paa6poce HOHO!! TIO 3HepI'HRM; 

6) HaH6oJiee onTHMaJibHNM { 2u. ""AeCRTKH npo~eHTO!!) H3 Tpy6qa

TblX HOHH3aTopO!! RBJIReTCR npeAJIOl!(SH!rnl! aBTOpoM HOHH3aTOP C 3KBKnO

TeH~aJIJ,HblM KOH!NeCKKM 3JI8KTpDAOM, a K3 HOHH3aTOpoB C qacTINHO 

I8 

.. }: 

\ 

,t' 

f ' 

38MKHyoron ITOJIOCTbKl - IIOHli3aTop c tp0Kyc11pyK>l!lHM :JJ!el<TPOAOM . ( t&L ~70%), 

TalO!te npeAJIOl!(SHH!,11! a!!TOP,OM; 

B) OTITHMa.JlbHOMY p€l!(HMY pa66Tbl nJia3MeHHOI'O IICTOmil!Ka HOHOB C 

noBepXHOCTHOH HOH113~el! B qacTHqHQ 38.MKHYTO» ITOJIOCTH COOTBeTCTBy

eT onpeAeJieHHM ( ,., 10-3 A/ cil-) ITJIOTHOCTb TOKa BblXOARl!lHX H3 Hero 

IIOHOB, a M~KCHMaJibHM 3~KTHBHOCTb ( ~ 90%) tta6JIDAaSTCR :a npeA

JIOJ:,eHHOM SBTOpOM HOHH3aTOpe C HanycKOM ra3a; 

I') npeAJIQJ!(SHHbli-1 SBTOpOM IIC.TOtniHK IIOHOB C no11epXHOCTH0-061>eM

H~ IICHH3a~el! 06Jia,n,aeT BblCOKO» 3iflpel<THBHOCTblJ (ASCflTKH npo~eHTOB) 

HO 1aa~11 aTOMOB npaKTHll:eCKi-1 JIKJ6blX 3JieMeHTOB. 

_3. ITpoBeAeHO 3KCnepimeHTaJibHO~ HCCJieAOBaHHe anep111,1e pa.3pa6o

TaHHuI'O aBTOpOM AJIR Macc-cneKTPOMeTpa. ITJl~3MeHHoro IICTQqHl{Ka, HOHOB 
. . 

C JlOBepXHOCTHOV. IIOH113a~el! B qacTltqHQ. 38MKJiYTOti IlOJIOCTII. B pe3yJib-

TaTe HCCJieAOBaHIIR noKa38.HO! 

a) xapaKTepllCTIIKH IIOHHOI'O IICTOqHHY.a OTBeqalJT Tpe60:11attHRM 1,1acc

crreKTpOMeTp1!H, a rropor qyBCTBHTeJibHOCTH npH Macc-crreKTpOMSTpHqec

KHX HecJie,D,OB8.HHRX TY3 CHIIJ!l;aeTCR npHMeptto Ha ABa IlOPMKa; 

6) AaHHblfi HOHHbll! HCTQqHl{K I103BOJIHeT npoBOAHTb B OAHH rrpHeM 

H30TOf!Hb11! aHaJill3 HB.HOrpaMMOBb!X KOnlllleCTB HepaaAeJieHHOfi CMCCH T'Jo 

H P:33 npH_6oJibIDOM COJI8BOM COCTaBe npo61,1; 

B) npllMSHeHlle HOHHOI'O HCTOqttHKa TIOA06HOH KOHCTpyK4"II 3Haqff~ 

TeJibHO COKpalll!l.eT BpeMR ITO,!l,I'OTOBKII np116opa. K 113MepeHHRM, trro Cj'lll8CT

BeHHO ITOB!mlaeT ero np0113B0,!1,l!TeJibHOCTb. 

4. Bnep!!ble TeopeTHqecKH H 3J(Cnep1U!SHTaJibHO ;13yqeH npo~ecc 

Hcnape~ npo61,1 H3 HCTOtn!HKa HOHOB ,n,aHHOI'O Tarra, Ha OCHOBaHIIII 

qero, npeAJIOllteHa HOBS.lt 5KCI1peccH!Ui MeTO,J:\IIKa 3JieMeHTHOI'O aH,aJill3a 

MHKpoKoJI0qecTB TY3 H P:33. 

.5. Paapa60TB.Ha MeTOAHKa npoBeAeHIIR 8 OAIIH npHeM H30TOilliOI'O 

aHaJIH3a CMSCH HaHOI'pil,MMOBblX KOJIHq8CTB KllpKR (coAepata.HHe !! CM8Cl{ 

< I%) c aMepH~eM H P:33, Bbl,ll,eJieH!WMK if3 MepHoro TOnJIH:111::.. 
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. 
6. Aim onpe.rieJieHHH M0pHo-<pH3HtiecKHx xapaKTep:iicTHK TY:3 npo-

B0.ri0Hl,l 8.HB.Jil{31,1 ypruia , TIJiyTOHli.H , B.Mepli!.\li.H, K!Oprut , K8JiliqJOpID!H np!i 

li30TOilHIDC OTHOM0IDI.FIX ,_ ro-6, ro-5• I0-3, ro-2 CO CTaTliCTHtl0CKHW! 

OIIIH6KSMH 13, 3, 2, I% COOTB0TCTB0HHO Ii npH MJ.fHl{M8JlbHOM KOJ!lftl0CT

B0 HyKJI~a B npo6e (ro-11 + ro-12).r, 'llTO peKo~eH,IzyeT HOBlilil HCTQq~ 

HHK HOHOB .riJIH npoB0.ri0HHH npe-I.\li3HOHHl,IX H3MepeHHn np~ H8.JIH'llHH MHKpO

KOJ!Htl:0CTB TY:3 H P33. 

7. Ilp0.ri0Jlamt Tp06YiJ!JlH0 np0.ri0JlbHO .fll,ICOKOn qyBCTBHT0JlbHOCTli 

H3Uepe1'.J,JH H30TOIIHbtX OTHOmeHHn .riOqepHHX M0P pacna,D,a K!Op,!H a onpe-
. a~n lflc lflc .ri0JI0Hl:l nepHO~. nOJIYPaCna,D,a ,!iOJirO:n!ByniHX HyKJI~OB . 1.,m., m, m. 

·OcHOBHHe pe3yJI&TaTY 8HCCepTatzyJH ony6JIHKOBaHY B pa.6oTax: 

I. Ka.mil'HH B.B., IlpoKon&eB B.M. TeopeT1NecKoe uccJie.riOBaHHe 

I.\liJIHff.riPHqecKOI'O noBepXHOCTHOro HOHH3aTopa. - ~MHTpOBI'pa,Il,, 1972. 

- 23c. (IlpenpHHT1'llirnAP: Il-141). , 

2. Kam.i:rHH B.B., IlpoKon&eB B.M. PacqeT I.\liJIHH,IWlftlecKoro no

BepXHOCTHoro HOHH~aTOpa Ha BSCM-4. - ~MHTpoBI'pa,Il,, 1972. -ISc. 

(ITpenpMHT/HIDtAP:Il-142). 

3. A.c. 397984 (CCCP). lfoTotrnHK HOHOB c noeepXHOCTHon HOHH-

3al-llie~ / B.B.Ka.JrarnH, B.M.IlpoKon&eB. - 3a.J:rBJI. 29,05.72, 

~ 1789716/26-25; Ony(5JI. n B.H., 1973, J 37, c.202. 

4. KruxYrHH B.B., IIpoKon&en B.M. K Bonpocy 06 3qxf,en11nHocT11 

ITOBepXHOCTHOI'O Tpy6qaTOI'O 'HOHH3aTopa. - lK'N!, 1975, T.45, I 6, 

C. 1284-1287, 

5. l<a.JrurHH B.B. TeopeTHqecKoe HCCJIS.riOBaHHe nJia3MeHHoro no

nepXHOCTHoro HOHH3aTopa. "".- ,!lmn1TpoB~, 1975. -I.Sc. (IIpenp1raT 

HHH.\P: II-26!). 

6. A.c. 536541 (CCCP). HcTOqIDIK HOHOB / B~B.Ka.JrarHH. - 3a.J:rBJI. 

22.05, 75, J 2136663/25; 0ny6JI. is B.H., 1976, 1i> 43, c.143. 
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7. K8.JI~HH B.B., ITpoKon&eB B.M. HccJieAnBrutHe Bl:lBOAa HOHOB 

H3 Tpy6qaToro nonepxHoc•rHoro HOHvrnaTopa. -liIT~, 1978, T.48, Ji ;o, 
c.2II7-2II9. 

8. A.c. 619049 (CCCP). HcTOtlHHK liOHOB / B.B.K8.Jl1,1r11H. - 3a.J:rnn. 

08.I0.76, ~ 2411834/18-25; Ony6JI. B B.H., 1979, ~ 34, c.257. 

9. 110HHbln KCTOtlHHK MH MHKpO!tOJIHqecTB0HHOI'O H30TOITHOro aHa

JIH3a Tpattcyprutonwc 0JieM8HTOB / B.B.Ka.JrareH, B.H_.ra6ecKHpHH, 

B.H.Pav.Ko H ~• - ITT3,. 1980, ~ 4, c.171-173. 

IO. Kam.!rnH B.B., ra6ecKHpHH B.H. HccJieAciBrutHe 11cnapeH1-1a 

npo61,1 H3 HOHHoro HCTOtrID!Ka C TIO!lepXHOCTHOn HOHH3al-llien B qacTKtlHO 

38.MKHyTon TIOJIOCTH. - Pa,D,HOXHMHH, 1980, 1 4, c.550-553. 

Ka.n:HrKH Bia,nKMHp BHlt'l'OpOBll'I 
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