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., 6oroMOnOB c.n., KyTHep 8.6. ,9-80-286' 
H~3K04aCTOT~~X Kone6aH~H nna3M~ B ~~KnOTPQHHOM 

~ccneAOBaHHR H~3K04aCT0TH~X KOne6aH~H Ma3Mbl B_ U~Kno-
Ke C nOAOrpeBH~M KaTOAOM C ~enb~ B~RCHeH~R.B3a~MOCBR
H c o6pa30BaH~eM MHOroaapRAHbiX ~OHOB. npoBOAHnacb OA

per~cypa~~R 3apRAOBOro COCTaBa ny4Ka·~OHOB, ~3Bne4eHH~X 
~ 4acTOTHOro cneKTPa Kone6aH~H. nna3Mbl pa3PRAa np~ paa-

pa6oTbl ~CT04H~Ka.·AHan~3 aapRAOBoro cocTaea ny4Ka 
CR B 180-rpaAYCHOM MarH~THOM Macc-aHan·~3aTope; Kom!-. 
a3PRAa CH~Man~cb 30HAa~, BBOAHMbiM~ s.paapRJlHbiH'KaHan 

• CneKTPbl ~~ne6aH~w-~nu~-~~~-~r~cyp~poean~Cb ----· ·.· .. ·. . n--
1 9 9 . , 3643/z-so flJl·····""' 

· · .- TiaciO·K,, A. C .11 . ,n;p. 
. - ; _Hccne,n;oBaHM.fr' , 

-~ 

H113KOtl8.CTOTHhiX ::KoJieda- · 
HJAtt' ••• 9-00-286. 1900_' 

1{-···---- ----

1 '· 

'Is': . 
r 

t 
~ 
t 
f 

>---- . 
I 

't 

\·; 

i ! 
j 
I! 
! 
I 

.\ 

I 
I 
. I 
. I 

I 
. ! 
. I 
I 
I 
I 

1 
~1 

BBEAEHHE 

Bnepe~e reHepa~HR KOne6aHHH B ~HKnOTPOHHOM HCT04HHKe ~aHHOrO 
THna Ill 6~na 06Hapy>KeHa B pa6oTe /2/, B KOTOPOH ycTaHOBneHO, 4TO 
C B03HHKHOBeHHeM KOne6aHHH npOHCXO~HT yMeHbWeHHe BbiXO~a MHOro-
3apR~H~X HOHOB. 

B pa6oTax13,4/ o6Hapy>KeHo, 4TO npH onpe~eneHHbiX ycnoeHRX 
B03HHKa~T KOne6aHHR TOKa pa3pR~a, aMnnHTy~a H 4aCTOTa KOTOP~X 
aaeHCRT OT napaMeTpoe paapR~a. B03HHKHoBeHHe Kone6aHHH npHeo
~Hno K YMeHbWeHH~ TOKa H3BneKaeM~X H3 HCT04HHKa HOHOB. 

Cy~qecTeyeT PR~ TeopeTH4eCKHX 15 •61 H 3KcnepHMeHTanbHbiX pa-
6oT /7-10~8 KOTOpbiX npoeO~HnHCb HCCne~oBaHHR MeXaHH3MOB B03HHK
HOBeHHR KOne6aHHH B nna3Me ~yroeoro pa3pR~a H HX BnHRHHR Ha 
npo~ecc~ e paapR~e. 

3KcnepHMeHTanbHO YCTaHOBneHO CylqeCTBeHHOe BnHRHHe Kone6aHHH 
Ha npo~ecc~ nepeHoca nna3Mbl nonepeK MarHHTHOro nonR, Ha eeni1-
4HHY 3neKTPOHHOH TeMnepaTyp~ nna3Mbl pa3pR~a. 

HacTORiqaR pa6oTa nocBRiqeHa HCCne~OBaHI1~ HH3K04aCTOTH~X KOne-
6aHHH nna3Mbl B ~11KnOTPOHHOM HCT04HHKe MHOr03aPRAH~X HOHOB 
C ~enb~ B~RCHeHHR B3aHMOCBR3H 3TI1X KOne6aHHH C o6pa30BaHHeM 
MHOroaapR~H~X HOHOB. 

I13MepeH~ 3aBHCHMOCTH aMnnHTY~ KOne6aHHH nna3~ OT napaMeT
POB pa3pR~a npH O~HOBpeMeHHOH perHCTpa~HH TOKa MHOro3apR~H~X 
HOHOB. 

METOAHKA 3KCnEP11MEHTA 

11ccne~OBaHHR KOne6aHHH npOBO~nHCb B ~HKnOTPOHHOM HCT04HHKe 
Ha CTeH~e HOHH~X HCT04HHKOB n.RP 011.RH 111·121• 

Kone6aHHR nnaa~ paapR~a perHcTpHpoaanHcb c noMO~qb~ 30H~os, 
BBO~HM~X B pa3pR~H~H KaHan HOHHOrO HCT04HHKa. Pacnono>KeHHe 
30H~OB Ha raaopa3pR~HOH KaMepe CXeMaTH4eCKH noKa3aHO Ha PI1C. 1. 
3oH~ e~nonHeH H3 Hep>Kase~~qeH cTanH H npe~cTaenReT co6oH ~ 
nHH~P ~HaMeTpoM 1 MM. Top~eeaR noeepxHOCTb 30H~a ycTaHaenHea
nacb aano~H~o co CTeHKOH pa3pR~Horo KaHana. 

AHanH3 cneKTpa KOne6aHHH 30H~OB~X TOKOB OcylqeCTBnRnCR aHa
nH3aTOpOM cneKTpa THna C4-8. Hccne~osanHCb Kone6aHHR s ~H~na-
30He _4aCTOT 0-1 Mf1.1. AHanH3 aapR~oeoro cocTaea H3eneKaeMbiX 
H3 HCT04HHKa HOHHbiX ny4KOB npOBO~I1nCR no MeTO~HKe, OnHCaHHOH 
e pa6oTe 11 ll. 
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P~-tc.1. PacnonomeHHe 30HAOB Ha 
raiOPa3pRAHOH KaMepe. 

Eibrni-1 nonyLieHbl 3aBHCHMOCTH BbiXOAa 
HOHOB Ne , Ar , Kr , Xe pa3nHLIHOH 
3apRAHOCTH H aMnnHTYA KOne6aHHH 
30HAOBbiX TOKOB OT TOKa (I~ H Ha
npRmeHHR (U d) pa3PRAa, a TaKme OT 
pacxoAa ra3a (Q). 

Bee ~-tccneAOBaHHR BblnOnHeHbl 
B MarHHTHOM none 3,6 K3.npH no
CTORHHOM HanpRmeHHH I 17 KB/ Ha Bbi
TRr~-tea~~eM 3neKTPOAe. 

3KtnEPHMEHTAJlbHbiE PE3YJlbTATbl. 
06CYlK,liEHHfl 

B pa3PRAe 3aper~-tcTp~-tpoeaHa reHe
pa4HR KOnefiaHHH C LlaCTOTaMH, 3aHH
Ma~~I1MH npaKTHLieCKH eeCb yKa3aHHbiH 
BbiWe AHanasoH /0-1 Mf4/. CneKTPbl 
KOne6aHHH 'coAepmaT KaK. OTAenbHble 
nHHHH, TaK H · nonocbl iuHpHHOH AO 
100 Kf4. 

AMnnHTYAbl Kone6aHHH MeHR~TCR c H3MeHeHHeM napaMeTpoe pa3pR
Aa B OCHOBHOM cnO>KHbiM 'o6pa30M. HapRAY C 3T!'IM cy~eCTBYKlT KOne-
6aHHR, B H3MeHeHI-iH aMnnHTYA KOTOPbiX npH H3MeHeHHH nap·aMeTpOB 
pa3pRAa MO>KHO OTMeTHTb HeKOTOpble 3aKOHOMepHOCTH, H~-t>Ke npHBe
AeHbl nonyL!eHHble pe3ynbTaTbl. Ha p~-tc.2 npeAcTaeneH THnHLIHbiH 
cneKTp KOne6aHHH, nonyLieHHbiH B 'Pa'3P'RAe Ha Xe. . 

TaK KaK ~-tccneAOBaHHR npoBOAHnHcb c 4enb~·BbiRCHeHHR B3aHMo
ceR3H KOnefiaHHH C TOKaMH MHOr03aPRAHbiX HOHOB, H3BneKaeMbl?< H3 
HOHHOrO HCTOLIHHKa, TO Ha p~-tc.3-5 npeACTaBne_Hbl aMnnH.TYAbl Kone_::-
6aHHH nna3Mbl B o6naCTH 3MHCCHOHHOH ~e,I1H, _CneKTpbl KOne6aHHH 
B 06naCTH KaTOAa H aHTHKaTOAa aHanorHLIHbl cneKTpaM. .. B p6naCTH 
3MHCCHOHHOH ~enH, H.OTnHLia~TCR nHWbaMnnHTYAaMH. H?H6c>nb!JJY~ 
aMM~TYAY HMe~T KOne6aHHR B o6naCTH Ka"J:OAa ./B 1,5:-2 pa3a 6c>nb
We,,Lie_M B o6naCTH 3MHCCHOHHOH ~enH H aHTHKaTOAaf •. : . 

HeoH. Pe3ynbTaTbl ~-tccneAOBaH~-tti Ha Ne npeACTaeneHbl Ha pHC.3. 
no BePTHKanbHOH OCH B OTHOCHTeObHbiX eAHHH4aX OTnomeHbl HO~ 
TOi<H 11 aMnnHTYAbl. Kone6aHHH pa3nH4HbiX LlaCTOT a o6nacni 3MHCCHOH
HOH ~en~-t. 
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PHc.2. CneKTp Kone
~ nnaSMbl · pas
PRAa ,Xe. 

np~-t H3MeHeHHH 
TOKa pa3PRAa aMnnH
TYAbl Kone6aHHH c 
L!aCTOTaMH 300 H 
500 Kf4 HMe~T MaK
CHMyMbl, CMe~eHHble 

OTHOCHTenbHO MaK
CHMyMa TOKa HOHOB 
Ne3+ • B cneKTpe 
KOne6aHHH npHCyT
CTBY~T TaK>Ke APY
rHe L!aCTOTbl /60-
70 Kf4/, aMMHTy-
Abl KOTOpbiX cna6o 
MeHIIDTCR npH H3-
MeHeHHH TOKa pa3p11Aa. ,llnR KOne6aHHH C 4aCTOTaMH 100, 200 Kf4 
H APYrHX He 06HapymeHO 3aBHCHMOCTeH aMMHTYA OT TOKa pa3pRAa. 

npH yBenH4eHHH /> 550 B/ HanpRmeHHR Ha pa3pRAe TOK HOHOB 
Ne 3+ yMeHbWaeTcR, a aMMHTYAa Kone6aHHH c 4acTOTOH 100 Kf4 
B03pacTaeT. ,llnR KOne6aHHH C APYrHMH LIBCTOTBMH /200, 300, 
500 Kf4 H T.A./ xapaKTepHbiX 3aBHCHMOCTeH aMnnHTYAbl KOne6aHHH 
OT HanpR>KeHHR Ha pa3pRAe He 06HapymeHO, 

3aBHCHMOCTb aMnnHTYAbl KOne6aHHH C LlaCTOTOH 100 Kfq OT pacXOAa 
ra3a HMeeT MaKCHMYM npH Q = 1, 8 CM3 /MHH H MHHHMYM npH Q = 
= 1,9 CM3 /MHH, TOK HOHOB Ne 3+ HMeeT MaKCHMYM npH Q., 1,9 CM3/MHH. 
,llnR KOne6aHHH C APYrHMH LlaCTOTaMH xapaKTepHbiX SaB~CHMOCTeH He 
HafiniOAanOCb, HanHLIHe cnaAa TOKa HOHOB npH Q < 1,9 CM 3/MHH 
o6ycnoeneHO H6YCTOH~HBoH pa60TOH HCTOLIHHKa. 

AproH. PesynbTaTY HccneAOBaHHH Ha Ar npeACTaaneHbl Ha 
pHc.4. Ha116onee HHT6HCHBHbl KOne6aHHII C LlaCTOTaMH AO 100 Kf4, 

3aBHCHMOCrH aMMHTYA KOne6aHHH C 4aCTOTaMH 40 H 60 Kfq OT 
TOKa pa3p11Aa HMeiOT MaKCHMYMW, CMe~eHHble OTHOCHTenbHO MaKCHMy
Ma TOKa HOHOB Ar 8+. AononHHTenbHO cneAYeT .OTMeTHTb Henpepwa
HbiH pQC:T aMMHTYAbl . KOne6CIHHH C LlaCTOToH 25 Kr4 C pQCTOM TOKa 
paapRAa. 

3aBHCHMOCTH aMMHTYAbl KOne6aHHH C LlaCTOToH 25 Kr4 H TOKa 
HOHOB Ar8+ OT Hanpii*6HHII Ha pa3P11Ae HMeiOT MaKCHMYMw, CMe~eH
Hble · APYr OTHOCHTenbHo: APYra·. 3aaHCHMOCTb aMnnHTYAbl Koile6aHHH 
C LlaCTOToH 200 Kr4 OT. Hanpll*eHHII Ha pa3piiA6 HMeeT cna6oablpa
*6HHWH MaKCHMyM,.coanaAa~HH C MaKCHMYMOM TOKa HOHOB Ar8+. 
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P!-1e.3. 3aeHei-1MOeTI-1 TOKa HOHOB Ne3+ 
1-1 aMnili-1TYAbl KOne6aHI-1H SOHAOBOro 
TOKa OT: a/ TOKa paspRAa; 6/ Ha
npR>KeHI-1R Ha paspRAe, B/ paeXOAa 
rasa. 

np1-1 YBeill-14eHI-11-1 paeXOAa rasa TOK 
I-10HOB Ar 8+ yMeHbwaeTCR. AMnnH-
TYAbl Kone6aHHi1 e 4aeToTaMI-1 40 
1-1 25 Kr4 I-1MeiOT MaKei-1MYMbl npl-1 
pae~oAax rasa 0,9 eM 3/MI-1H 1-1 
1 , 0 'eM 3 I Ml-1 H cooTeeTeT BeHHO. 

·---A{ {= 1DOKrt~ j , . KpHnToH. CneKTpbt .. Kon~6a-tiHi1 
-=--~...,...,."""='"-=---;::-'- . np1-1 HeeneAOBaHHRX Ha Kr eoAep>KaT 

t8 1.9 • ·;_o Qc,'f~ruH 60ilbWo'e KOnl-14eeTBO n·HKOB, aMnnl-1-

e/ . TYAbl · K:o"i-opblx np1-1 HSMeHe.HI-11-1 napa-
MeTpoe paSPRAa MeHRIOTeR eno>KHbiM o6pasoM. npl-1 1-1SMeHeHi11-1 B WI-1-
POKI-1X npeAenax TOKa /3-18 A/ 1-1 ·HanpRlKeHI-1R /0,2-0,9 KB/ ~paspR.;; 
Aa He 06Hapy>KeHO xapa~TepHbiX SaBI-1ei-1MOeTei1 aMnili-1TYA KOI1e6ai-J1-1i1'' 
OT T9J.~§I .• 1-1 \'ianpR>Ke.HI-1R paSpRA_~... . • .-

3aBHCI-1MOeTb aMnili-1TYAbl KOile6aHI-ii1 ·e 4aeTOTOH f00 Krll 1-1' TOKe! 
I-10HOB_ Kr B+ OT paeXOAa rasa HOCI-1T npontBOnOilO>KHbiH .. xapaKTep: 
TOK HOHoe Kr s+ · · naAa·e-r, a ·aMnilHTYAa • Kone6aHHi1 paeTE:!T c poe-
TOM pae.XoAa-rasa /pHe.5/. · · · - · · 
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PHe.4. 3aBI-1CI-1MOeTb TOKa I-10HoeAr8+ JJ,A, 
f,O, 

OTH.'ed 

l<~~tJA 1-1 aMnili-1TYAbl KOile6aHI-1H SOHAOBOrO 
TOKa OT: a/ TOKa paSpRAa; 6/ Ha
npR>KeHI-1R Ha paspRAe; B/ paeXOAa 
rasa. 

KeeHOH. PesynbTaTbl !-1eeneAoea
HI-1H Ha Xe npeAeTaeneHbl Ha p1-1c. 6. 
Ha pl-1eyHKax noKaSaHbl aMnn~~ 
TYAbl KOne6aHI-1H B o6naeni KaTOAa. 
np1-1 YBeill-14eHI-11-1 TOKa paspRAa Bbi
We 10-11 A npo1-1eXOAI-1T poeT aM
riilHTYAbl KOile6aHI-1H e 4aeTOTOH 
450 Krl.l 1-1 pOeT TOKa 1-10HOB Xe 10

: 

3aBI-1CI-1MOeTb aMnili-1TYAb1 KOile6a
HI-1H e 4aeroTOH 170 Kr4 OT HanpR-

4S 

j, f\ li.t='IOOB 
j !1 I o- TOK uOHO! Ar1' •· r \ •---AI /=25Krq 
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)!(eHI-1R Ha paspRAe, I-1MeeT MI-1HI-1MYM npl-1 ud = 0' 7 KB. npl-1 AailbHei1-
weM yBeill-14eHI-11-1 Ud .npOI-1eXOAI-1T poeT aMnili-1TYA~ KOile6aHI-1H e 4ae
TOTOH 170 Kru 1-1 poeT ToKa HOHOB Xe 10+ . B eneKTpe npHeyTeTeyroT 
Kone6aHHR e 4aeToTaMi1 200, 300 Krll 1-1 APYrHe, AilR KOTOpblx He 
Ha6IliOAaeTeR xapaKTepHbiX SaBI-1ei-1MOeTei1 aMnili-1TYAbl OT HanpR>KeHI-1R 
Ha paspRAe. 

np1-1 i1SMeHeHI-11-1 paexoAa ra3a e eneKTpe Kone6aHI-1i1 noeTORHHO 
Ha <)lOHe WyMOB npHeyTeTByeT ni-1K-, 4aeTOTa--KOTOpOrO e poeTOM pae-

5 



Ii,Af 
(0 

011lfd 

... 'plo1C.5. 3aBio1Cio1MOCTb TOKa 
, 'H'O'ii'OB Kr 8+ 1o1 aMnnHTYAbl 
KOne6aHH~ 30HAOBoro TOKa 
oT pacxoAa rasa. 

I 

qs 

( 

a 

/ 

/ 
~ 

/ 

/ 

// /., 

4 )/ 

// 
/ 

L=6A 
/Ja=5008 

8+ 
o- TOK liOHog Kr 

liAr 
fiJ 

rntd. 

D,S 

l/,t=SOOB 
a= Q6m~lfiJH 

- TOK ufiHiiJ Xe 111
" 

--At- I= 'ISOKrq 

~ 
'I 

'J 
I 
I 
I 

I 
I 

I 
I 

I 
J. 

'o I 

•---AI /=100Krq 
O~---~~-----~---~t,O~Q~c-~~7mw~ 

4'1 46 48 

I 
.I 
I 

I 
' 1, 
J 

Io11 

I/I)IIS 

llS 

.. ,/ , 

, 
I 

I 
I 

I 
I 

I 
I 

I• 
I 

·~ I / 6 

,..,.,~- .,.. IMIIfll xe•· 
.,.;. __ , f=fliK/V 

0~~--~---~~~--~V~~~.~KB~ 

~·1b 
orw 

4f 

a 

I 
I 

I 
I 
I 
I 
I 
I 
I 

//' 

"' f6 t& ;o r~.A 

at 

.. ,.r-----
L=WA 
tlt~=lSOIJ 

B/ 

1 
•- r111r 11DNtJ/ Xe,.. 

·---Ar l•fi0+1111/Vii 

·0'-!-~--------~~.J 
4JS 4SS /lT$ Q olfwr 

P1o1c.6. 3aBHCHMOCTb TOKa HOHOB Xe 10+ H aMnnHTYAbl KOne-
6aHH~ 30HAOBOrO TOKa OT: a/ TOKa pa3PAAa; 6/.Hanp~•eHHA 
Ha Pa3PAAe; a/ pacxoAa raaa. 

XOAa raaa YM8HbWaeTCR OT 200 AO 160 Kr~. np1o1 3TOM aMnnHTYAa 
3Toro nHKa eoapacTaeT, a TOK HOHOB Xe tO+ · yMeHbwae:rcR. 

3AKJU04EHHE 

Ha n~HBeAeHHbiX 3KcnepHMeHTanbHbiX peayribTaTOB BHAHO, 4TO 
npH lo13MeHeHHH napaMeTpOB pa3PRAa cy~e~TBY~T HeKOTOpble KOppenR
~HH Me>KAY aMnnHTYAaMH OTAenbHbiX 4aCTOT H. BbiTRHYTbiMH TOKaMH 
MHOroaapRAHbiX HOHOB. 

Ha OCHOBaHHH 3TOrO MO>KHO CAenaTb BbiBOA 0 TOM, 4TO ycHne
HHe HnH nOAaBneHHe KOne6aHH~ nna3Mbl C onpeAeneHHbiMH 4aCTOTaMH 
npH nO~O~H BHeWHero HCT04HHKa KOne6aHH~ MO>KeT npHBeCTH K yee
nH4eHH~ TOKa MHOroaapRAHbiX HOHOB, nony4aeMbiX lo13 AaHHOrO Tlo1na 
lo1CT04HHKa. •. 

B 3aKn~4eHHe aBTOPbl Bbrpa>Ka~T 6naroAaPHOCTb r .H .<l>nepoey 
1o1 10. U. OraHeCRHY a a nocTORHHOe BHHMaHHe K pa6oTe c lo10HHbiMio1 Hc
T04Hio1KaMH. Mbr 6naroAapHM TaK>Ke IO.n.TpeTbRKOBa aa none3Hbre 
o6cY>KAeHHR 1o1 A.A. EponKHHa aa HaroToeneHHe cHcTeMbl 30HAOB 1o1 no
MO~b B pa60Te. 
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