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TeHAeH4MR K MCCneAOBaHMRM C MCnonb3OBaHMeM ycKOpeHHbl X ~R
menblx MOHOB C Ka>t<AblM r OAOM ace B03pacTaeT~-3 ~ DAHaKO npo rpe c c 
B 3TOA o6nacTM cy111ecTB~HHO 3aBMCMT KaK OT CO3AaHMR HOBblX yc
KOPMTeneA, TaK M OT B0 3MO>t<HOCT e A nony4eHMR MHOrO3aPRAHblX MOHOB 
M RAe P n e rKM X M TR>t<enblX 3ne Me HT OB. 

B nocn e AHee ap e MR nORB MnM Cb AB a YHMKanbHblX YCK OpMT e nR TR
menblx MOHOB UNILAC B 1975 r OAY /GSJ , AapMwTaAT/ M Y-400 B 
1978 r OAY /O~H~, Ay6 Ha/. B CCCP M PRAe cTpaH 3anaAa Ta Kme 
pa3pa6a TblBa~TC R M oc y111 eC TBnR~T CR pa3H006pa3Hble npo eKTbl y c Ko 
PMT e nbHbl X KOMnneK CO B TR>t< eJl bl X MOHOB. 

Cne Ay e T OTM e TMTb, 4T O npo6n e Ma YCKOpeHMH MOHOB M RAeP Ha 
YCKOPMTenRX M YCKOPMTenbHblX KOMnneKcax TR>t<enblX MOHOB, KaK AeA
CTBY~IJ1MX, TaK BHOBb pa3pa6aTblBaeMblX, CBH3aHa C pa3BMTM e M Mc
TO4HMKOB MHOro 3apRAHblX MOHOB M RAep. 

Cy111ec TB e HH Oe pa3BMTM e AYOnna 3MOTpOHa '4 •5 i KaK MC1 O4HMK a 
MHOr O3 a PRAHbl X MOHOB n o 3BOnR e T npMMe HRTb ero Ha nMH e AHOM YCKo 
PMT e n e TR>t<e nb1 x 1-1 OHOB - !JNJLAC . 

n ony4 e HM e MHT e HCMBH~X ny4K OB MOHOB 3neMeHT OB cpeAHH X Mac e 
M3 Ayr o a o r o MCTO4HMK a c Ka TOAHblM pacnblne HMeM pa6o 4ero ae111ecT
aa 'ti ,? 1-1 BblCO KO3 a pRAHbl X HOHOB KC e HOHa annoTb AO X e l !i+ M3 

rasopa3PRAHOrO MCTO4HMKa B RBMnOC b He06 XOAMMblM AnR M3 OXPOHH O
ro 4MKno Tpo Ha Y-400. 

EcnM B o6 3 o pe 9 B 1970 r OAY 6blno OTMe4eH O , 4T O AnR 4e n e A 
ycKo peHM R MHO r o 3 a pRAHbl X MOHOB MCnOnb3Y~TCR TOnbKO MCTO4HMKM 
AYr o a o r o TMn a , TO B no cne AHM e r OAbl MMC~TCR cy111e cTB e HHbl C AOCTM
>t<eHHR B pa 3BMTMl-1 n a 3 e pHo r o M 3ne KTPOHHo -ny4 e a o r o MOHHbl X MCT O4-
HMKOB. B RHB a pe 1976 roAa Bne pBble 8 MMp e 6blno o cy111ec TBne HO 
y c Ko pe HM e AO 3 He prM A 50 r3B Ha CMH x po ¢aso Tpo He O~H~ RAe P yrne 
POAa ' no ny4 eH HblX M3 na3 e pHo r o MH>t< e KT o pa ' 10 / . B 1977 r OAY AnR 
ycKo peHM R Ha CMH x po ¢ a 3 o Tpo He O~H~ RAe P yrne po Aa , aso r a , KMc n o 
POAa M HeO Ha 6 bln MCno nb3 OBaH 3 n e KTpOHHo -ny4e BoA MCT O4 HMK 
"KpMOH-1 11 11 . npMMe HeH Me 3 TM X MCTO4HMKOB RAe P Ha CMH Xpo ¢a3oT
POHe cnoco6c TBOBa n o pa3 BMTM ~ HO Boro Ha npaane HMR B $M3M Ke TR
me nbl x MOHO B - p e nRT MBMC TCKOA RA e PHOA $ M3MKM. 

4T O Kacae TCR pa3 BM TMR 3 n e KT pOHHo -4MKnOTPOHHO-pe3 OHa HCHO r o 
(ECR ) MCT04HMK a MH Or O3a pRAHbl X MOHOB , TO e cnM B 1977 r OAY OH 
e 111e TOnbK O p accMa TpM Ba n c R B Ka 4eC TB e MH >t<e KT Opa AnR y CKOPMTe 
n eA l !! . TO y>t< e c 1979 r□Aa Ha 4 a To coopyme HM e e r o a apMa HT OB 
AnR 6 e nbr MAC KOr o LI MKnOTPOH a 13 , M LIM Kn OTP OHa B Ka pncpye ' 14 1

• 



70-e rOAbl xapaKTepH3YIOTCR CYuteCTBeHHblM pa3BHTHeM J.1CT04HH

KOB MHOro3aPRAHblX TRmenblX HOHOB, 4TO OTpamalOT paHee ony6n1,1-
KOBaHHble o630pbl ~.15-21,7 ,22,231. 

0AHaKO J.1 co speMeHH nocneAHHX o63opos B pa3BJ.1TJ.1H HOHHblX 

J.1CT04HJ.1KOB J.1 nony4eHHH MHoro3aPRAHblX HOHOB nORBHnHCb HOBble 

pe3yJ1bTaTb1, KOTOpble, OTKPblBalOT nepcneKTHBbl J.1CCneAOBaHHl1 C HH

TeHCHBHblMH ny4KaMH TRmenblX HOHOB 0 

B HaCTORuteH pa6oTe KpaTKO paccMa~p~sa~TCR LIMKnoTpOHHblH nna3-

MeHHO-AYrOBOH HCT04HHK, (PIG), AYOnna3MOTPOH '{DP),na3epHblH 1,1c-

T04HHK (HM3Hn) ~ 3JteKTpOHHo-ny4esoH HOHHblH HCT04HHK (EilIS) 
H 3neKTPOHHO-L1HKnoTpoHHo-pe30HaHcHi,1~ HCT04HHK (ECR) c T04K1-1 

3peHHR nony4eHHR BblCOK03apRAHblX H HHTeHCHBHblX ny4KOB 1 ,a ,TaKme 

cpaBHHBalOTCR cpeAH,He HOHHble TOKH, npny4eHHb1e H3 3THX HCT04HH

Kos AnR 3JleMeHTOB 8 o6nacTH KaJ1bL1HR 1,1 KCeHOHa. 

nflA3MEHHO-AYrOBO~ HCT04HHK · ____ , 
---- j.. i: 
CxeMaTH4ecKaR KOHCTPYKLIHR HCT04HHKa HOHOB LIHKJlOTPOHa 

Y-4ooA>/ npeACTaBneHa ,Ha .P'Hc. 1. HCT04HHK pa6oTaeT B MarHHT.; 

HOM none L1HKJ10TpoHa. 'Kai'oA 2, noAorpesaeMblH 3JteKTpOHHblM noTo

KOM c HHTH 1 , 3MHTTHpyeT 311,eKTPOHbl, KOTOpb1e OCL1Hnn1,1py10T MemAY 

KaTOAOM H oxnamAaeMblM aHTHKaTOAOM 8, HaXOARutHMCR nOA .noTeH

L1MaJ10M KaTOAa. 3neKTpOHHblH noTOK H~HH3HpyeT, ra3. nocTynalOutHii 

4epe3 KaHan 11, B pe3yJlbTaTe ~ero B03HHKaeT AYrOBOii pa3pRA. 

TaKos npHHLIHn AeHCTBHR ra3opa3PRAHor'o HCT0.4HHKa MHoro3apRAHbl~ 

HOHOB. 

Jlmi nony4eHHR MHOro3apRAHblX HOHOB "1,13 TBepAblX coeAHHeHl-!H 

AI1R L!HKJlOTPOHbe OHSIH Ha ocHoBe • HCT04HHKa HA3/~4/ 6b1111-1 pas'pa-

6oTaHbl HCT04HHKH HOH013'25I, a KOTOPblX HPHH3HpyeMoe eeutecT~o 

noAaeTCR 8 pa3PRA 'a BHAe napOB .H3 cneL1HaJ1bHoro THrnR l,1J11,1 Me

TOAOM K~ITOA~OiO pacnblJleHHR 3JleKTPOAa 5' "13 pacnblJtReM~ro, pa-

604ero BeuteCTBa, 3aKpenneHHoro Ha oxnamAaeMOM MeAHOM Aepma

Tene 1,1 HaXOARuterocR nOA OTPHLlaTeJlbHblM noTeHL1HanoM. flOA AeHcT

BHeM 60M6ap,q1,1poBKH ycKopeHHblMH HOHc3MH nna3Mbl 3JleKTPOA paC!lbl

JlReTCR. 8b1fiHTble 4aCTHL!bl nonaAalOT B pa3pRA H HOHH31,1py'IOTCR., 

8 HaCTORutee speMR 8 ijHKJlOTPOHHblX HCT04HHKax C KOCBeHHblM 

HarpeBOM KaTOAa 3a C4eT npHMeHeHHR KaTOAOB 1,13 TaHTana 11 oi-'pa-

6oTKJ.1 pemHMOB YAanocb flOJ1Y4HTb J.13 HCT04HHKa TOK HOHOB :Xe15+' , 

AO 10 MKA B MMnynbcel.!6I, npH 3TOM B. HeCKOJlbl<O pa'3 /HanpHMep. ' 

Ha Y-300 AJtR l10HOB , Fe9+ - Ha nopRAOK A>/, / yeenH4el-!a Hi-li-eHCHe-

.Hocn, YCKOpeHHblX ny4KOB Ha L!HKJlOTPOHax OHSIH. , 

Ha YCKOPHTeJlRX S~per-HILAC 1271 H UNILAC 1281 HCnOJ1b3YIOT-

CR nna3MeHHO-AyrOBble HCT04HHKH C XOJlOAHblMH KaTO,qaM11.' 8, HCT04-

HHKax TaKoro .THna nony4eHbl HOHbl TpHHaA~aTHKpaTHOli 3apRAHOCTH 
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Pttc.1. OcHOBHWe 3DeMeHThl 

KOHCTPYKQHH HCTOqHHKa C 

KaTO,IJ;HblM paCIIblJieHHeM pa-

6oqero Bell\eCTBa QHKDOTpo

Ha Y-400. I - HHTb HaKana, 

2 - KaTo,a;, 3 - yrrnOTHHm-

11\HH H30DHTOp, 4 - oxna~-, 

,a;e1me pa3pHp;HOll KllMepbI, 

5 - paCIIbIJIHeMblll 3DeKTpop;, 6 - c6opHHK paCIIbIJIHeMoro ae'... 

11\eCTBa, 7 - pa3pH,a;HaH KaMepa, 8 - aHTHKaTo,a;, 9 - oxna~

,a;entte paCIIbIJIHeMoro 3DeKTpop;a •. IO - 3MHCCHOHHaH 11\enb. 

II - rrop;eop; ra3a. 

AYOnflA3MOTPOH 

npHHL1Hn pa60Tbl H sapHaHTbl AYDnna3MOTPOHa MoryT 6b1Tb nOHRTbl 

C noMOutblO PHC. 2 ;!,/ J.1 PHC. y 301• ,llyonna3MOTPOH KaK BblCOK03apRA

HblH HOHHblH J.1CT04HJ.1K 6bln pa3BHT J.1 HCCJteAOBaH B ,llapMWTaATe /~Pr/. 

8 AYOnna3MOTpOHHOM HOHHOM HCT04HHKe HOHH3aLIHR pa604ero se

uteCTBa npoHCXOAHT a pe3ynbTaTe ra3osoro pa3pRAa, HMelOutero 

AYrOBOH xapaKTepm 1~Pa3PRAHblH CTOJl~ 3amHraeTCR MemAY KaTOAOM 

H aHOAOM CKB03b KaHan npoMemyT04HOro 3neKTPOAa. 8 3a3ope Mem

AY aHOAOM H i:1POMemyT04HblM 3JleKTPOAOM 3a C4eT CHJlbHO HeOAHO

PDAHOro paAHaJ1bHO~CJ.1MMeTpH4HOro MarHHTHOro nonR, C03AaBaeMoro 

HaKOHe4HJ.1KaMH•3JleKTPOAOB, C03AaeTCR nnoTHaR aHOAHaR nna3Ma, 

o6naAalOutaR nOBblWeHHOH no, cpaeHeHHIO C KaTOAHOH nna3MOH TeMne

paTypoH BTOPJ.14Hb1X 3JleKTPOHOB. 

B pa3pa60TaHHOM AJtR UNILAC AYDnna3MOTpOHe Kennep H Mion

nep/4/ '3a C4eT C03AaHHR MaKCHMaJlbHOro MarHHTHOro nOJlR B o6nac-
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- MarHHTHblH MeTaJ1J1 
~ 1-ieMarHHTHblH MeTaJ1J1 

- H30JlRTOp , . 
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PHC. 2. ,[lyonna3MOTpOH C Ka TOAHblM pacm,LlleHHeM pa6oqero Be
~eCTBa. I - KaTOA, 2 - 3Kpan, 3 - r~3, 4 - BOAa, 5 -
KaTOAHaH KaMepa, 6 - coneHOHA, 7 - npoMeJKyTotJ11b1ii: 3neKT

POA' 8 - a HOA' 9 - pacnbLJlHeMblll 3neKTPOA' IO - aHOAHaR 
KaMepa. 

TH 3MHCCHOHHOro OTBepcTHR 1,1 noswweHHR aHOAH6rb HanpRMeHHR 
AOCTHrJlH 11-KpaTHOH aapRAHOCTl,1 ny4KOB HOHOB KCeHOHa. 

JlA3EPHWA HCT04HHK MHOr03APHAHWX 
HOHOB• 

Bap'HaHT cxeMbl 11aaepHoro 1,1CT04HHKa MHOroaapRAHblX HOHOB ,QJlR 
LIHKJ10TPOHa 132/ npeACTaBJleH Ha p1,1c. 4. ' 

8 pe3yJlbTaTe B3aHMOAeHCTBHR c¢0Kyc1,1poBaHHOro naaepHoro 1,13-
J1y4eHHR 6 C nosepXHOCTbID MHWeHH 10 o6paayeTCR n11a3MeHHhll1 
crycTOK /¢aKeJ1/ C BhlCOKOH TeMnepaTypoA 1,1 nJlOTHOCTbID: nor110111aID~ 
U\1-111 OCHOBHYID 4aCTb CBeTOBOH 3Hepr1,11,1. ¢aKeJ1 ABHmeTCR nonepeK 
MarHHTHOro nOJlR 1,1 H3BJleKaeTCR ·4epe3 3MHCCHOHHYID 111eJ1b B KOpny
ce 11 Jla3epHoro HCT04HHKa HOHOB. 

. XapaKTepH~THKa naaepHoro HCT04HHKa HOHOB, a ,TaKme B03Mom
HOCTH ero 1,1cnOJ1b30BaHHR AJlR LIHKJlOTPOHOB, CHHxpo¢aaoTpOHa 1-1 
JlHHeHHhlX YCKOPHTeJleA nOAP06HO pacCMOTpeHa B pa6oTem3~3Kcnep1,1-. 
MeHTaJlbHOe 1,1cc11e,qoBaH1-1em4; 1,10HH3aLIHOHHOro COCTORHHR npOAYKTOB 
pa3JleTa nJla3Mbl ,· C03AaHHOH np1,1 B3aHMOAeHCTBHl,1 1,13Jly4eHHR CO2-
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-Pnc.3. HoHHbIH HCTO'IHHK 

THna AYannraTpOH H 3neKT
PHtJeCKaH CXeMa BKnrotJeHHH. 
I - KaToA·, 2 - npoMeJKyTotJ

HhlH 3neKTPOA; 3 - aHOA, 
4 - oTpaJKaTenb. 

1 

Un,K 

3 

" 

u,,,,. 

+ 
nas-epa C pa3J11,14HblMl,1 MHWeHRMH B OTCYTCTBHe MarHITTHOro nonR noa
BOJ1HJ10 01.1eHHTb TO,_ 4T0 nOJlHOe 4HCJ10 RAeP yrnepo,qa '3MHTTHpyeMblX 
B- no11yc¢e'py aa 11aaepHbll1 HMnyJlbC' COCTaBJlReT .. 5 , 1013 • ,llnR HOHOB 
All 1+ I{ w l2+ COOTBeTCTBY~He KOJ1H4eCTBa paBHbl 1012 It 3. 109 • 

B pa6oTe1321 1-1cno11baoaa11cR CO2 -11aaep c BblXOAHOH 3Hepr1-1eA-
4 Am, no3BOJ1RIDU\Hl1 nOJ1Y4HTb Ha noaepxHOCTl,1 MHWeHH nJlOTHOCTb na
aepRoro 1,13Jly4eHHR MOU\HOCTbID AO 4·10 9 BT/cM 2,np1-1 3TOM noA 
yrJlOM 11° K HOpMaJlH K noaepXHOCTl-1 MHWeHH 06paaoaaJ1CR n11aaMeH
Hhll1 ¢aKeJ1, HMeIDU\1-111 BHA nenecTKa c yrnoM paCTBOpa nepneHAHKYJ1Rp-
HO MarHHTHOMY nOJlID AO 10°. . 

no11Hoe KOJ1H4eCTBO HOHOB c6 +, no11y4aeMblX 3a OAHH HMnyJlbC 
Jla3epa' COCTaBJ1ReT He MeHee 1010 1,13 3MHCCHOHHOl1 111e111,1 5. 10 2MM 
np1,1 Ha111,141,11,1 oc11a6J1RIDU\HX ceTOK, CHHMaIDU\HX BblXOA HOHOB 1,13 HCT04-
HHKa Ha ABa nopRAKa. 

3JlEKTPOHHO-JlY4EBOA HOHHWA 
HCT04HHK 

B 1968 rOAY B Jla6opaTop1,11,1 RAePHbtX peaK41-1A OHHH E.}J..}J.0H40M, 
B.H.H11ID111eHKO 1,1 B.A.A11bnepTOM ,qnR 1-1cc11eA0BaH1-1R npo4eccos 1-10H1-1-
aa41,11,1 no11om1-1TeJ1bHblX HOHOB 3JleKTpOHHhlM YAapoM 1,1 no11y4eHHR ny4-
KOB MHOroaapRAHhlX HOKOB 6btn paapa6oTaH npoTOTHn caepxBblCOKO
BaKyyMHOrO 3JleKTPOHHo-Jly4eeoro 1,1CT04HHKa l,10HOBm5 i BhlCOKOH 
aapRA,HOCTH. 
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. Pnc.4. CxeMa :mcnepHMeHTaJibHO_it ycTaHOBKH C Jia3ep-. 

Hh!M HCTO'IHHKOM HO HOB p;mI u;HKJIOTpOHa. I - nasep' 

2 - cBeTop;eJIHTeJibHaH nnacnma, 3 - ipoTo::meMenT; 

4 - OKHO B KaMepe, 5 - KaMepa CTeHp;a HCTO'IHIIKOB, 

6 - nasepHblll JIY'l, 7 - p;yaHT, 8 - sepKaJIO, 9 -
JIHHsa, lO -

1
MmueHb, · 11 - Kopnyc HCTOtIHHKa, 12 

ocna6nHIDIJUie.ceTKH, 13 - cenapnpyroman ceTKa, 14 -

BblCOKOBOJibTHblll ::meKTpOp;' I 5 - 3Kpaimpyromarr ceTKa' 

I 6 - KOJIJieKTOP, I 7 - 6JIOK BpeMeHHOll sap;epJKKll, 

18 - 6JIOK BbICOKOBOJibTHblX HMilYJibCOB, J 9 - yCHJIHTeJib • 

B HaCTOHll.lee speMH Ha cHHxpo$a3oTpoHe OHHH Hcnonb3yeTcH KpHo

reHHWA sapHaHT 3TOrO HCT04HHKanl~npHHQHn AeACTBHH COBpeMeH~ 

Horo KpHoreHHoro HOHH3aTopa 11KpHoH-211136 •371 aHanorH4eH · pa Hee 

pa3pa6oTaHHHblM HCT04HHKaM 3Toro THna 
138

•
391

• 
Ha pHC, 5a npeACTasneHa cxeMa BHyTpeHHeA 4acTH HCT04HHKa 

11KpHoH-2 11 H Macc-cneKTPOMeTpa no speMeHH nponeTa. 
3neKTPOHHWA ny40K BWCOKOA nnoTHOCTH C03AaeTCH 3neKTPOHHOA 

nywi<OA 1 • npoXOAH Cl-1CTeMy Tpy.6oK APeA$a 2 s none $OKYCHpyio-

111ero coneHOHAa, OH perHcTpHpyeTCH 3neKTPOHHWM KonneKTOPOM 3. 
8 o6nacTi-1 3neKTpOHH.OrO ny4Ka npOHCXOAHT HOHH3aqHH OCTaT04HOro 

ra3a HnH pa6o4ero se111ecTsa, cneq1-1anbHO noAasaeMoro s ny4oK 

B BHAe napos HnH HH3K03apHAHWX HOHOB~ 
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ii. 
Pltc. 5 ~ 'a/ CxeMa BHYTP.ettHei'I qacn1 HCTOtIHHKa "Kpnon-2" 

H MaCC~CileKTpOMeTpa IlO BpeMeHH IlpOJieTa, n/ CXeMa 

pacnpep;eneHWI IlOTenu;na.rroB B,[\OJib OCH 3Jie.KTDOHHOf'O 

IlYtIKa, TOtIKa d - MeCTO BBOp;a pa6o'lef'O BemecTBa • 

YnpasneHl-ie npoqeccOM BBOAa HOHOB,. HX YAeplKaHHeM H ABH>Ke-

HHeM B aKCHaJibHOM HanpaaneHHH ocy111ecTBJIHeTCH'np1-1 noMOUIH Tpex 

pa3Jil-14HWX pacnpeAeJieHHA 3neKTPH4eCKOro noTeHQHana BAOJib OCH 

3JieKTpOHHOro ny4Ka, KOTopwe 3aAalOTCR BHeWHHMl-1 HCT04HHKaMH 

nHTaHHH, COeAHHeHHblMl-1 C CeKUHHM~1 Tpy6KH APeA$a /pHC. 56/. Pac

npeAenettHe A COOTBeTCTsyeT BBOAY; 3Jiel<Tj)OCTaTH4eCKaR noeywKa 

C03AaeTCR npaKTH4eCKH Ha aceA AJIHHe 3JieKTPOHHOrO ny4Ka, BKJII04aR 

MeCTO ero. npoxo>KAe~HR 4epe3 o6nacTb ra3a pa6o4ero 3neMeHTa.· 

P~cnpeAeJieHHe B COOTBeTCTByeT HOHH3aQHH: MeCTO BBOAa HOHOB 

OTCel!eHO noTeHqHaJibHblM 6apbepOM OT 3neKTPOCTaTH4eCKOA JIOBYWKH' 

COAep>Ka111eA HOHbl HCCJieAyeMoro 3JieMeHTa.'PacnpeAeneHHe C COOTBeT

CTByeT 3KCTpaKq.HH HOHOB: see HOHbl 1-13 JIOBYWKH noKH..qalOT ee B Han

pas11eHHH BblXOAa H3 HCT04HHKa 1-1 nonaAalOT B CHCTeMy aHanH3a, 

COCTORIJ.IYio 1-13 BblTRrHBa10111ero 3JTeKTPOAa 4' 3JieMeHTOB Macc-cneKT

poMeTpa 5 C HOHHblM KOJlneKTOPOM 6, HenoABHlKHO 3aKpenneHHblM Ha 

OCH $0Kyc1,1py10111ero coneHOl-1Aa 7' a TaK>Ke AOnonHHTeJibH.blM noABHlK.:. 

HWM HOHHWM KonneKTOpOM 8 Ha BXOAe a Macc-cneKTpOMeTp. 

JlnR nony4eHHR csepXHH3KHX AaBJICHHA / _::; 10- 12Topp/ H OAHOPOA

HOr-0 Martu-1THoro nonR c BblCOKHM 3Ha_4e1-meM HHAYKI.IHH /B '"2, 25 T/ 

HCnOJib3YIOTCR KpHoreHHble CHCTeMbl. 

06ecne4eHHe weCTHKpaTHOH MarHHTHOA KOMnpeCCHH 3JieKTpOHHOro 

ny4Ka, a TaK>Ke yeenl-f4eHHe ero 3HeprHH AO 18 + 22 K38 no3son1-1n1-1 

AOCTHrHYTb $aKTOpa HOHH3aqHH /npOH3BeAeHHe nnoTHOCTH nOTOKa 

3neKTPOHOB Ha speMR B3aHMOAeMCTBHR C HOHaMH/ 3.1·JQ21 CM-2 H 

BbmonHHTb 3Kcnep1-1MeHTb1 no l-10HH3aqHH npHPOAHOA cMecH H3oT6noe 

KCeHOHa • npH 3TOM snepBble B HOHHOM HCT04HHKe140/ HOHJ,130BaHa L -
o6ono4Ka KCeHoHa H nony4eH ny40K HOHOB Xe48 4:. PaHee 1411 a 3TOM 

HCT04HHKe 6blJIH nony4eHbl RAPa aproHa-
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Bo <l>paH41,11-1 /Opc3/ Ha EBIS SILFES II J. Arianer H Ch.Goldstein1421 

nony4HJl_H ny4KH Kr34 +·, ,H · xe44+ C HHTe~CHBHOC:TblO COOTBeTCTBeHHO 
2,10 8 K 3·107 4acT. 3a HMnyn~c. 

np114eM c3BTOPW, aHaJlH3HPYR cneKTP HOHOB KCeHoHa, YTBep>KAalOT, 
4TO xe13+ 06pa3yeTCR y>Ke 3a BpeMR.nponeTa HOHOB BAOilb:_oci-1' 
HCT04HHKa. 3,TO no3BO_JlReT H~ ,CAeJiaTb BblBOA O·TOM; 4TO pa6oTa 
B HenpepblBHOM pe>KHMe Morna' 6bl o6ecne4HT6 BblX,OA 'HOHOB "C ' z /A 
6 o6nacrn O' 1 .;- 0, 15 B KOI1~4eCTB~ , 10;\5 + to 1.~,'.-~a:q.' B :~!ri<YHAY. 

3JlEKTPOHHO-U.11KJlOTPOHHO-PE30HAHCHbltl 
11CT04Hl1K BWCOK03APRAHWX HOHOB~ : 1 

'Ha-pHC. 6a np11BeAeHbl cxeMbl ;· n0Rc~moui11e" np11H4Hn ::pa6dTbt 
MHOrocTaAHHHblX HCT04HHKOB: 11TpHnnMa<!>H0311 1431 H 11 CynepMa<!>H03 11 144

( 

nepBaR CTaAHR - 3TO nna3MeHHblH HH>KeKTOp, ,rAe C ,nOMO~blO 3JleKT
pOHOB, pa3orpeT~X ~a ~4eT nepeAa~t,1 jHeprHH B~HY>KAeHHblX ·CB4-
KOJle6aHHH ( (tlcn 'lt ) r1a napMopoBC!(Oi::i >.neKTPOHHOH 4af TO Te ( (t) CE 1 ), 
C03AaeTCR HH3K03aPRAHaR nna3Ma npH AaBneHHH, B 10-2 .,.10-4Topp. 
/PGB4{ 1 KBT, WcJl•l(~rucE =2ii'. 16,109 r4, B 1 == 0 ,6 TI. 

Bo BTopoi1 cTaAHH c hoMO~blO AH<!><1>epeH411anbHO~ .OTKa4KH co3Aa
eTCR AaBneHHC- 10-7 Topp AJlR CHK>KeHHR n~Tepb MHoro3apRAHblX 
KOHOB npK nepe3aPRAKe. C noMO~blO we~TH CTep>KHeH l10<1><1>e 's 3ep
KaJlbHOH noeywKe C03AaeTCR MarHKTHaR CTPYKTypa, C 11MKHKMYMOM B", 
KYAa AK<l>$YHAKPYeT nna3Ma, HH>KeKTKpyeMaR H3 nepBOH CTyneHK. _ 
Bo BTOPOH CTyneHK 3a C4eT 3JleKTPOHH0-4KKJlOTpOHHOro pe3oHaHca 

_/PcntJ2 =1 .;-5 KBT, <ucn<i1 "'(J)CE2,;,211•8,-109 r4, _82 -0,3 T/.3Hepri-1ri 
3JleKTPOHOB rina3Mbl noewwaercR AO 1 7 10 K3B. MarHKTHaR JlOBYWKa 
B 30He KOHK3a4KK nna3Mbl 6wcTpblMK 3JleKTPOHaMK yBeJlK4KBaeT ape
MR B3aKMOAeHCTBKR 3JleKTp6HOB C KOHa~K K n~KBOAKT K 6onee ew
COKHM 3aPRAOBblM COCTORHKRM. 

B eapKaHTe 11TpKnnMa<!>K03 11 3MKTTKPYIO~ee OTBepCTKe HaXOAKJlOCb 
Ha BblXOAe TpeTbe~ JlOBYWKK B 30He B03pacTaHKR MarHKTHoro nonR. 
0AHaKO 3KcnepKMeHTbl noKa3anK, 4TO Ka4eCTBO ny4Ka He 3aBKCKT 
OT BeJlK4KHbl MarHKTHOro nonR B MecTe 3KCTpaK4HK, TOrAa KaK 
npK BblTRrKBaHKK H3 o6naCTK BblCOKOH KOH4eHTpa4KK nita3Mbl /"Cy
nepMa<!>H03 B11 / MO>KeT 6blTb nony4eH 60JlbWOH KOHHblH TOK. 

113 HCT04HKKOB. 3'Toro TKna nony4eHbl KHTeHCKBHble ny4KK KOHOB ! 
Ar12+- 1012 4/c, ·xe25+_4.10 10 4/c. 

0AHaKO npo6neMa COCTORna B TOM' 4TO HCT041;iKK!'.1 TKna,, "Cynep
Ma<!>K0311 noTpe6nRnK 3 MBT 3neKTPK4ecKoi1 MO~HocT·H. 0Tpa6o.TKa . · 
onTHMaJlbHOH KOH<!>Krypa4KK MarHKTHOro nonR n03B0JlKJla C03AaTb 
KCT04HKK "MHKPOMa<!>K03 11 1451, K3o6pa>KeHHblH Ha pKC. 7. MarHKTHaR 
nosywKa o6AKP04HOH CTyneHK B 3TOM KCT04HKKe C03AaeTCR cynep
no3K4Kei1 MarHKTHblX nonei1 coneHOKAOB K weCTK noCTOR~H~X MarHK
TOB K3 SrnC05. B pe3yJlbTaTe :noro noTpe6m~eMaR 3JleKTPK4ecKaR 
MO~HOC~b CHK>KeHa AO 100 KBT. n~K 3TOM K3 HC~04HKKa nony4~Hbl 

. 8 

1 
l. 

l 
'J 

'1 
.I 

i 
~) 

. IJ 

\l 
! 

a) 

◄ fcmodu~ zc a 
CB

U 1 • -+----'!1.~. (I~ Jcmaae111 
, ' CB4 2 - ◄ --
l 1 l ' 5 

~illml -_ - - .. J, 
~r=~~~~,. ~~~ 

z .. r''°'U 
f f l '·d 

ct~ 

I 

' I w,="',e1 

4 

I 

0,0 --. - -~ - --► 

fcmodL1A ~---____,_. 
C841. CB'l 2 

,10 0 

~ -- - . -,~_:_ -==-.:-:t
oJ &iH1· -~~1~ ~ ½, n _-

' l . J , 2 f f 

ID t(Cl'I) 

Pric. 6. CxeMbI MHorocTap;HttHbIX ECR -ricToqHHKOB. I - OTKaqKa, 2 -
uauycK ra3a,3 -mecTrinonrocHa.R o6MoTKa.4 - pap;riaJib!-IOe pacnpep;ene-
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Pric. 7. 06111ritt BH,ll. HCTOqHHKa 11MHKpoMa¢Ho3 11
• I - OTKaqKa, 2 -

CTepJKIIH lfo¢¢e, 3 - KaMepa DTOpOH CTyne,m' 4 - K3Mepa nepuoi1 
CTyneHH • 
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Puc.8. llcToqmfK irouoa "Femme". I - OTKaqKa, 
3 - KOJIJieKTOp 

J 

2 - :3KCTpaKTOp, 

MHTeHCHBHble ny4KM RAeP :meMeHTOB BnJlOTb AO HeoHa B KOJlM4eCTBax, 
APeACTaBJlRIDUlHX MHTepec AllR YCKOpeHMR Ha l.lMKJlOTPOHe. 

nepcneKn1BHaR MAeR o6oratqeHMR nna3Mbl MHoroaapRAHblMM MOHaMM 

nyTeM MHAYl.lMPOBaHMR a·n11a3Me TpexMepH~H 3JleKTpOcTaTM4eCKOH 
RMbl C nOMOU\bID reHepa41,111 B nna3Me KOJlbl.leBoro CllOR ropR4MX 
3neKTPOHOB /MCT04HMK 11fem1oc 11

/ npe,qnomeHa a pa6oTe -K.C.ro11oaa-

HMBCKoro M AP./
46

•471• Ha .PMC, 8 npeACTaBJleHa cxeMa, noRCHRID-
UlaR pa6oTy HCT04HMKa 11 ren1-1oc11 • 

Ec111,1 B l.leHTpaJlbHOH 4aCTH MarHHTHOH JlOBYWKH B036YAHTb none
pe4HOe epalllaIDUleecR 84-none c 4aCTOTOH w 1,1 npaaoKpyroaoH no11R
p1,1sa41,1ei:i, TO OAHa M3 pe30HaHCHblX 4aCTOT n11a3Mbl. B 3TMX YCJlOBHRX 
eCTb aepxHRR r1-16p1-1,qHaR 14aCTOTa w2 ~w~ +w; fwo l,1 (de - COOTBeT
CTBeHHO nna3MeHHaR M 3JleKTPOHHaR 4aCTOTW/, TaK 4TO pe3oHaHC 
MelKAY 84-noneM l,1 3JleKTPOHaMH n11a3Mb1 np1-16111-1maeTCR K YCllOBHRM 
LlHKJlOTpOHHOro pe30HaHca B 0611aCTRX, r,qe Wo HHlKe, T.e. 06111,131,1 

• rpaHJ.11.lbl nna3Mbl, 

EcnH Bb16paTb w =:w e•TO npH nnOTHOCTH n11a3MW Ha OCH, cpaaH1-1-
MOH C nilOTHOCTbID OTCe4KH, pe3oHaHc 6yAeT Ha HeKOTOPOH aKcMa11b
HO-CHMMeTpH4HOH KOJlbl.leBOH noeepxHOCTH, OKpyma~UleH 6onee nnoT
HYID nnaaMy. 

Harpea :meKTPOHOB B4-noneM Ha6J1IDAaeTCR rnaBHblM o6pa30M 
B 3TOM ropR4eM KOJ1b4eBOM cnoe, KOTOPblH 003TOMY np1-106peTaeT 
nOJlOlKHTeJlbHWH noTeH4J.1an no OTHOWeHHID K oceBOH 30H.e. TaKMM 
o6paaoM, ycnoa1-1R 3UP, Bb1no11HReMb1e B KOJ1b4eaoit 06nacn1, coocttoH 
C nna3MOH, o6ecne4HBaIDT B03HHKHOBeHHe 3JleKTpocTaTM4eCKOro 
6apbepa B nonepe4HOM HanpaaneHMH /MJlH 3JleKTPOCTaTM4eCKOH RMW 
no ce4eHHID nnaaMw/. · 
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Puc. 9. CpaBHHTeJibHbJe ,a;a·HHble cpep;HI-IX TOK OB 
HOHOB :3JieMeHTOB cpe,a;HHX Mace H3 pa3'nuqnb!X 

HC TOqHHKOB0

, 

BcneACTBHe aHM30TpOnHH .· TeMnepaTypbl 3Jl~KTPOHOB aepKaJlbHOe 

MarHMTHOe none HHAYLlHPYeT noTeH4MaJ1bHWH fiapbep a TIPOAOllbHOM 
Hanpaa11eHHH, 06pa30BaHHaR TaKMM o6pa30M 'TpexMepHaR noTeH41-1-

aJ1bHaR RMa cnoco6CTByeT YAepmaHHID ~OHOB no BCeM ttanpaaneHHRM, 
BpeMR lKM3HH HOHOB B TaKoro POAa 3JleKTpOCTaTM4eCKOH RMe 3Kcno
HeH4HaJ1bHO pacTeT C yaeJlH4eHHeM HX sapR~HOCTH H pOCTOM 3JleKT

pocTaTH4ecKoro 6apbepa. ABTOPW C4MTaIDT, 4TO B HCT04HHKe 
11 re111-1oc11 ome- n~o4eCCbl 1-1rpaIDT CYUleCTBeHHYID pOJlb B HaKon11eH'1H . 

l-10HOB C BblCOKHM sapRAOBbiM 4HCJ10M, 
B~TRrMBaHHe MOHOB M3 3JleKTpOCTaTM4eCKOH noTeH4HaJ1bHOH RMW 

OCYUleCTBJlReTCR C noMOUlbID TpexceT04HOH CMCTeMbl, AHaJlH3 MOHHOH 
KOMnOH'eHTbl C npMMeHeHMeM hpoheTHoro Macc-cneKTPOMeTpa noKa3bI
BaeT ttaJlM4Me B cpaBHHMblX KOJlM4eCTBax MOHOB Ar~ Ar

2
~ Ar

3+. Ar 
4
+, · 

Ar5~Ar6+, a TaKX<e npMMeCHblX MOHOB C+ ,C2+,C a+, Ht ,ll2+ npM nOJlHOH 

nJlOTHOCTH TOKa MOH.OB, BblTRrMaaeMblX M3 nna3Mbl 20 MA/cM
2

• 
06pallla~T Ha ce6~ BHMMaHMe HCKJlID4HTeJlbHO Ma11we 3aTpafw 3Hep

rMH /B cin1-1caHHciM aapMaH~e OKOJlO 20 BT/ Ha co3,qaHMe 8WCOKO
MOHM30BaHHWX COCTORHMH. no noc11e,qHHM AaHHWM, noawweHMe MOUl
HOCTM CB4· AO 100 BT Ha AllMHe BOJlHbl ,\ =12, 1 CM npHBeno K cy
UleCTBeHHOMY ci6oraUleHMID' nna3Mbl 11 re111-1oc11 MoHaMM Ar 7+ ; Ar8+, Ar 9 

t- • 
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Puc. IO. BbJXOA HOHOB u TeMn nonyqemrn HHTeH

CHBHbIX ll BbICOK03ap.HAHbJX nyqKQB llOHOB KCellOHa 

ll BOnb$paMa ug pa3nuqnwx llCTQqHllKOB. 

Ha p11c. 9 11 l.Q._ AJlR cpaBHeHl1R np11BeAeHbl AaHHble no 11HTeHCl1e
HOCTRM 11 3aPRAHOCTRM 110HHblX ny4KOB 113 pa3]1114HblX 11CT04Hl1KOB. 

CneAyeT OTMeTl1Tb, 4TO B nocneAH11e rOAbl cy~eCTBeHHOe pa3e11-
Tl1e nony411J111 TPl1 B11Aa 11CT04Hl1KOB MHOro3aPRAHblX 110HOB - EBIS, 
ECR 11 HM3Hfl. 4To KacaeTCR EBIS, To Hb1Hewtt11A ypoeeHb pa3pa60TK11 
3JleKTpOHHO-ny4eeoro MeTOAa 110Hl13a1.11111 noKa3blBaeT, 4TO TaKl1M 
MeTOAOM secbMa peaJlbHO nony4eH11e 11HTeHCl1BHblX ny4KOB RAeP ypa
Ha. 803MO)l(HOCTl1 yeen114eHl1R IJ)aKTopa 110Hl13a1.11111 3a C4eT nOBblwe
Hl1R 3Hepr1111 3JleKTPOHHoro ny4Ka 11 nony4eHl1e 3JleKTPOHHblX ny4KOB 
C 60JlbWl1Ml1 nJJOTHOCTRMl1 / ~104 A/cM 2/ AenalOT ero KOHKypeHTOCno
C06HblM no 11HTeHC11BHOCTl1 C TpaA111.1110HHblMl1 11CT04Hl1KaMH 110HOB •. 

OnpeAeneHHblH 11HTepec B nOCJ1CAH11e rOAbl CBR3aH C ycneWHblM 
pa3B11T11eM ECR-11cT04H11Ka. B pa6oTe X.KnRAtta 1481 np11eoARTCR AaH
Hble no-110H113a1.11111 aprotta, yKa3~ea10~11e Ha nepcneKTl1BHOCTb 3Tl1X 
11CT04Hl1KOB. 4To KacaeTCR na3epttoro 11CT04Hl1Ka 110HOB, TO B Ha
CTOR~ee epeMR nony4eHbl Ba)l(Hble pe3yJlbTaTbl, yKa3btBal0~11e Ha 003-

. MOlKHOCTb OTAeJ1eHl1R 110HHOH KOMnoHeHTbl na3epHOH nna3Mbl B ycno-
811.S'lX 1.1eHTpaJ1bHOH o6naCTl1 1.111KJ10TpOHa. 

AeTop 6naroAapeH aKaAeM11Ky r.H.$nepoey 11 npolJ)eccopy 
10.1.l. OrattecRHy, CT11My1111poeasw11M npoBeAeHHblH . aHaJ1113, A. C. nac10Ky 
11. E .J:l .Aott1.1y 3a 3aMe4aH11R, npolJ)eccopy K. C. ronoeaH11BcK0My 11 
B.A.neKJleHKoey, cnoco6cTeoeasw11M 3KcnpeccHOCTH MaTep11anoe, 

12 

a TaK)l(e P.6eKKepy 11 X.KnRAHy /$Pr/ 3a Al1CKycc1111 no PRAY sonpo
coe, HaWeAW11X OTpa)l(eHl1e B CTaTbe. 
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