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TTocTaHoBKa pa5oT no uccneaoBaHHIO 3ap~~0Boro cocTaBa.HoHoB nna3-

Mb1, C03aaHHOH HOHH38UH0ll ra3a sneKTpOHHb!M ny'!KOM B 1'i8PHHTHOM none, 

npeacTaBnHeT 3H8'IHTenbHb!ll HHTepec K8K C TO'IKH 3p0HHH MoaenHpOB8HHH 

~H3H'IeCKHX npoueccoB, npoucxoaHIUrrx B nono)KHTenbHOM cTon5e ayroBoro, 

OTp8)1{8TenbHOPO H nna3M0HHo-ny'!KOBoro pa3pHaOB, TaK li anH pHaa TexHrr

qecKHX nprrnO)K0Hlill ( liOHHbJe li nna3M0HHb!e HCTO'IHHKH, HOHHbJe na3epbl 

li COBpeMeHHaH HOHHo-sneKTpOHH8H TexHonorrrH). 

PacnpeaeneHrre liOHOB no 38pHaHOCTHM B HaCTOHIUee BpeMH HCcneaoBa-
/1-5/ 

HO TOnbKO B ayrOBOM rr OTpa)KaTenbHOM pa3pHaax • 113B0CTHO, 'ITO npH 

3aaaHHblX aaBneHrrrr, MarHHTHOll HHayKUHli H reoMeTpliH pa3pHaHoro npo

Me)KyTKa 38pHaOBb!H'cocTaB. HOHOB B nono)KHTenbHOM CTon5e 9TliX pa3pH

aoB 38BHCHT OT noaBoaHMOll MOIUHOCTH, KOTopaH onpeaenHeT TeMnepaTypy 
/ 1/ 

nna3M0HHb!X aneKTpOHOB • YcTaHOBneHo 9KCnepHM0HT8nbHO, 'ITO HOHbl 

Bb!COKHX 38pHaHOCT0ll nOHBnHIOTCH B cneKTpe nprr yBenH'IeHHli pa3pHaHoro 
/2/ . . 

HanpH)K0HHH • OueHKH IIOK83b!B8IOT, 'ITO OCHOBHb!M M0X8HH3MOM o5pa3oBa-

HHH MHOP038pHaHb!X HOHOB ( M.3.H.) B rrepequcneHHblX pa3pHaax HH3KOPO 

aaBneHHH HBnHeTCH CTyneH'!8T8H li0Hli38UHH 8TOMOB sneKTpOHHb!M yaapoM. 

BepoHTHOCTli HOHH38Ulili o5pa30B8HHH HOHOB Bb!COKHX 3apHaHOCTeti ao~ 
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CTnraJOT MaKCIIMyMa npn 3Heprnn· sneKTpOHOB B 3-5 pa3 Bb!llle IIOHII3aUIIOH
/3-4/ 

HOro noTeHunana COOTBeTCTBy10mero aapHaoBoro COCTOHHIIH I qTo 

cocTaBnHeT HeCKOnbKO KIInosneKTpOHBOnbT. 
u 5o 

TTpn o6bJqHOII anH TaKIIX paapHaOB TeMnepaType sneKTpOHOB B 10 K 
-5 

qncno aneKTpoHoB B o6nacTJI 100 B cocTaBnHeT 10 oT o6mero qncna, 
<. 

a TenmiBbie sneKTpOHhl C 3HeprJieii: 6onbllle HeCKOnbKJIX COT BOnbT npaK-

TnqeCKII He cym_ecTBYJOT. Me)Kay TeM B pHae pa6oT noKa3aHo, qTO B paa

pHaax HJI3KOro aaBneHJIH npJicyTCTBYJOT "aHoManbHO ycKopeHHbie,, HeMaKc-
. -2 

BennoB.CKJie" sneKTpOHhI B KonnqecTBe 10 OT o6mero qncna aneKTpo-
/6-8/ . . 

HOB • Mo)KHO npeanonaraTb, qTO OHH MoryT cymecTBeHHO BnJIHTb Ha 

aapHaOBb!H COCTaB JIOHOB B paapHae. HaJI6onee YJl06Hoii: MoaenbJO anH H3y

qeHHH BnHHHJIH "HeMaKcBennoBCKJIX" aneKTpOHOB Ha npouecc o6paaoBaHJIH 

M.3.JI. HBnHeTCH CHCTeMa "nnaaMa--nyqoK" B npoaonbHOM Mar-HJITHOM none. 

TTpoBeaeHHe TaKJIX JICCneaoBaHHH COCTaBnHno ue_nb HaCTOHmeii: pa60Tb!, 

MeToanKa sKcnepJIMeHTa 

CxeMa 3KCnepJIMeHTanbHOro ycTpOHCTBa noKa3aHa Ha pJic. 1. CTaUJIO~ 

HapHb!H sneKTpOHHb!H nyqoK aJiaMeTpOM. dk = 5-7 MM qiopMHpoBancH 

sneKTpOHHOH_ IIylllKOH ( 1-3) B npoaonhHOM MarHJITHOM none H. ToK nyqKa 

.I k = o, 1 -+ 3 a, SHeprJIH sneKTpOHOB - ·v k = 1 ➔ 4 KB. TTyqoK sneKT-

pOHOB JIH)KeKTJipOBancH B p~3pHaHyJO KaMepy (4) C KaHanoM KBaapaTHOro 

ceqeHHH (5) paaMepOM 8 x 8 MM
2 

JI Bb!COTOH 250 MM, B cpeaHeii: qacTJI 

KaHan JIMen yll!HpeHne· ceqeHHeM 12 x 14 MM
2 

JI Bb!COTOH 35 MM. B ueHTpe 

KaMeph! 6bmJI pacnono)KeHbl OTBepcTJie anH HanycKa raaa ( 6) JI 3MJICCJIOH-
2 

HaH menb ( 7) paaMepoM 1 X 15 MM anH H3BneqeHJIH JI aHanJI3a HOHO~ • 

PacCTOHHHe Me)Kay nymKOH n KaMepoii: 6bmO paBHO 30 MM, Ha npoTHBono

nO)KHOM Topue KaMepbl HaxoaJinCH KonneKTOp aneKTPOHOB ( 8). Y CTPOHCTBO 

noMemanoch B BaKyyMHYJO KaMepy, HaxoaHmy10cg Me)Kay non10caMH sneKT-

4 
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Pnc. 1. 3KcnepJIMeHTanbHOe YCTpOHCTBo. 1 - BcnoMoraTenbHb!H KaToa, 
2 - Ka Toa aneKTpOHHoii nyll!KJI ( LaB6 ) , 3 - aHoaHaH anaqiparMa, 4 - paa-

pHaHaH KaMepa, 5 - KaHan, 6 - OTBepcTJie anH HanycKa raaa, 7 - 3MIICCJioH
HaH menh, 8 - KonneKTop sneKTpoHoB, 

.. 
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poMarHIITa .(lIIaMeTpOM 1 M. TTpe.oenbHblll BaKyyM ycTaHOBKII IIpII BKmoqeHHOll 
-6 

$peoHOBOll noBymKe COCTaBnRn Po = 3.10 Topp. MH.llYKUIIR MarHIITHoro 

rronR II3MeHRnacb B rrpe.oenax 3 T 6,5 Krc. B KaqecTBe pa6oqero BemecT

Ba B pa3pR.1lHYIO KaMepy rro.oaBanIICb aproH, KpIIIITOH, KCeHoH, rrapbl MOJIIIO

.oeHa. MsBneqeHHble II3 pa3pR.1la IIOHbl pas.oemmIICb IIO OTHOilleHIIIO MaCCbl 

K sapR.llY A/Z I rrocne IIOBpoTa B MarmrTHOM none Ha 180° II rrorra.oanII 

Ha KonneKTOp llOHOB, rrepeMelIJ~IOIIJIIHCR B $oKanbHOll rrnocKOCTII. CIIrHan 

c KonneKTopa IIOHOB perIICTpIIpoBancg caMOIIIICUeM 3TTTT-09. 

EesynbTaTbI 9KCIIePIIMef!Ta 

B saBIICIIMOCTII oT BenIIqIIHbI pacxo.oa rasa ( pIIc. 2) Ha6n10.oanncb 

TpII pe)KIIMa B3aIIM0,1leHCTBIIR aneKTpOHHoro rryqKa C rrnasMoii, IIM oopaso-
.. 3 

BaHHOii. TTpII HeOOJibillIIX pacxo.oax rasa ( q ~ 0,5 CM IMIIH) IIMen MeCTO 

KBa3IIBaKyyMHblll pe)KIIM J ( B 'cooTBeTCTBIIII C IIpIIHRTOll paHee TepMIIHono-
/8/ ' . 

rIIeii ) • ToK I AK Ha KOnneKTop aneKTpOHOB ( KpIIBaR 1) IlpII 9TOM 6nII-

30K K llenIIqIIHe IIH)KeKTIIpyeMoro ToKa rryqKa~ ilanbHeiimee yBenIIqeHIIe pac

xo.oa rasa IlpII IIOCTORHCTBe OCTanbHb!X rrapaMeTpOB rryqKa IlpIIB0,1lIIno K 

pe3KOMY B03pacTaHMIO TOKa KonneKTopa II II3BneKaeMoro If3 pa3pR.1la IIOH

HOro TOKa 11~ (KpIIBaR 2). CBeqeHIIe_rrnasMeHHoro cTonoa yBenIIqIIBanocb 

.1l0 pasMepoB pa3pR.1lHOro KaHana. B pa3pR.1lHOll KaMepe pa3BIIBancg Bb!COKO

TeMrrepaTypHblll .Pe)KIIM rrnasMeHHo-rryqKoBoro paspR.lla ( pe)KIIM II ) • B KO

TOpOM TOKII I AK II I I~ MOHOTOHHO BOspacTanII C yBennqeHIIeM pacxo.oa 
3 

rasa. TTpn q •~ 1,4 CM /MnH TOK KonneKTopa MeHRn HanpaBneHne, rrpe-

06na.oa101IJHM CTaHOBIIJICR IIOHHblll KOMIIOHeHT TOKa. TTnasMeHHO -rryqKOBblll 

pa3pR.1l rrepexo.onn B Hll3KOTeMrrepaTypHblll pe)KIIM III 1 .KOTOpb!ll rrpe.omecTBO

Ban pasBHTIIIO .oyroBoro paspR.oa, Kor.oa HesaBncuMoe perynnpoBaHne aHeprIIn 

II TOKa aneKTpOHHoro nyqKa CTaHOBHJIOCb HeB03MO)KHbIM. YKa3aHHbie pe)KIIMbl 

B3aHMo.1leHCTBHR aneKTpOHHoro rryqKa C rrnasMoii IIMenII MeCTO HesaBIICIIMO 
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OT noTeHuIIana KonneKTopa aneKTpOHOB_ VAK IToaaqa Ha KOnneKTOp OTpII

uaTenbHoro noTeHUIIana, paBHoro noTeHuIIany KaToaa nyrnKII, o6nerqana sa

)l<HraHIIe pa3pSiaa II yBemrqIIBana II3BneKaeMb!H IIOHHb!H TOK ( KpIIBaSI 3). 

TIInIIqHbIH cneKTp pacnpeaeneHIISI IIOHOB no 3 apSIAHOCTSIM B pe)KIIMe 

I noKa3aH Ha pIIC. 3. Ha OCHOBe TaKIIX cneKTpOB TOK IIOHOB Ka)KAOH sapSIA-

HOCTII I z+ HOpMIIpoBanCSI K TOKY OAHO3apSIAHbIX IIOHOB I+ II CTpOIInIICb 

KpIIBbl0 pacnpeaeneHIISI IIOHOB no sapSIAHOCTSIM Z I anSI pasnIIqHhIX pe)l(Il-

MOB B3aIIMoaeii:cTBIISI aneKTpOHHoro nyqKa c nnasMoii:. B pe)KIIMax I , II 

yBenIIqeHIIe pacxoaa rasa noBhirnaeT KonIIqecTBo MHorosapSIAHhIX IIOHOB 

B nnasMeHHOM cTon6e ( pIIc. 4). ITpII nepexoae K pe)KIIMy III , ecnII TOK 

II 8HeprIISI aneKTpOHOB noaaep)KIIBa!OTCSI nocTOSIHHb!MII, KOnIIqecTBO M,3.II. 

B pa3pSIA0 yMeHblliaeTcSI. 

3aBIICIIMOCTII II3BneKaeMoro TOKa IIOHOB Ka)KAOH sapSIAHOCTII OT Mar

HIITHOH IIHAYKUIIII, TOKa II 8HeprIIII aneKTpOHOB nyqKa SIBnSIIOTCSI HeMOHOTOH

HbIMII. Ha pIIC. 5 noKasaHa B OTHOCIITenbHbIX eaIIHIIuax saBIICIIMOCTb sapSI-

AOBoro COCTaBa IIOHOB OT 8HeprII~ aneKTpOHOB nyqKa VK (TOK IIOHOB Ka)KAOH 

sapSIAHOCTII HOpMIIpOBaH K ero MaKCIIManbHOMY 3HaqeHIIIO) • YBenIIqem1e V K 

Bbl3bIBaeT noqTII nIIHeHHbIH pocT cyMMapHoro Bb!TSIHyToro II3 pa3pSIAa TOKa 

I I~ (nyHKTIIpHaSI KpIIBaSI), OAHaKo, TOKII IIOHOB Bb!COKIIX sapSIAHOCTeii: npoxo

ASIT qepe3 MaKCIIMyM, KOTOpb!H . CABIIraeTCSI B CTOpoHy Bb!COKIIX 8HeprIIii: npII 

nepexoae K 6onblliIIM sapSIAHOCTSIM. 

3apSIAOBb!H COCTaB IIOHOB cymecTBeHHO 3aBIICIIT OT pacnpeaenemrn no

T0HUIIanoB na aneKTpoaax B paspSIAHOM ycTpoii:cTBe ( pIIc. 6). B aKcnepIIMeH

Te CT0HKII pa3pHAHOH KaMepbl 6bmII 3a3eMneHbI, ·a noTeHuIIanbI anoaa nylliKII 

VA II KonneKTopa aneKTpOHOB VAK MornII II3MeHHTbCSI, 3nIOpb! nanpH)KeHIIH 

B ycTpOHCTBe noKa3aHbl B npaBOM BepxHeM yrny pIIC. 6. B cnyqagx "a" 

II "6" CO3AaIOTCH ycnOBIIH AnH OTpa)K0l!IIH OT KOnneKTopa ll OCUIInnSIUIIII 

B pa3pHAe nnasMeHHbIX aneKTpOHOB II nepBIIqHb!X aneKTpOHOB -nyqKa ( B cny

qae "6" c aneprIIeii: < 440 B), B nono)KIITenbHOM cTon6e o6pasyeTcH 6onb-
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+f +2 +J +4 +5 zi 
P:n:c. 4. BnHHHHe pacxoaa 1'838 Ha 38p£)lOBOii: COCTaB HOHOB, KpHIITOH, 
1 - q = 0,25, 2 - q = 0,45, 3 - ·q= 0,82, 4 - q = 0,77, 5 - q = 
= 0,88 CM3/MHH, 

10 

me MHOI'038pHJlHbIX HOHOB, tieM B cnytiaHx "B" H "r". KOI')la o6nertieH 

YXOJl aneKTpOHOB Ha TOpUbl pa3pHJlHOH KaMepbI. 

ITpoueHTHoe coaep)K8HHe MHOI'038PHJlHbIX HOHOB B rrna3MeHHOM CTon6e 

pa3pHJl8 3H8'IHTenhHO yBen:n:tiHBaeTCH_IIpH rrepexoae K HMIIynhCHOMY pe)KHMY 

pa60Tbl aneKTpOHHOH rrymKH ( JlnHTenhHOCTb HMIIY nhca T = 1 MCeK, 'I8CTO-
u 

Ta IIOCbinOK f = 100 ru). B Ta6n:n:ue rrp:n:Be)leH 38PHJl0BbIH COCT8B HOHOB 

JlnH aproHa, KpHIITOHa H KCeHOHa, Bb!THI'HB8IOIUee H8IIpH)KeH:n:e paBHO 15 KB 

K + + 2+ : ) ( rrpH 9TOM HOHbl r , Xe H Xe He perHCTp:n:pyIOTCH aHanH38TOpOM , 

8ne
MeHT 

Ar 

Kr 

Kr 

.Xe 

Xe 

Ta6n:n:ua 

Pacrrpeaenea:n:e HOHOB ITO 38pHJlHOCTHM B HMIIynhCHOM 

pe)KHMe ( d = 5 MM, ·v = V ) 
K AK K 

ff , K9 ToK HOHOB, 0TH, e)l, 

+l +2 +3 +4 +5 +8 +7 +8 +9 +10 

4 l 1,48 
X 

0, 75 o, 18 0,085 0,004 

4 1 0,88 0,22 0, 12 0,032x0,008x 0,002 

8,5 1 o, 78 0,45 0,38 
X X 

0, 15 0,08 0,018 0,008 

4 1 0, 77 0,82 0,39 0,23 0,088x 0,018x 0,002 

8,5 1 1,3 0,98 o, 71 0,35 0, 13x 0,04x 0,005 

x.llaHHbie rrp:n:6nH3HTenbHbie, TO'IHbIM oueHKaM MemaIOT IIOHbl rrp:n:Meceii: 

yrnepoaa, a3oTa, KHcnopoaa. 

06cy)Knea:n:e.pe3ynh~aT~~ 

3apHJl0BbIH COCTaB HOHOB B CHCTeMe "rma3Ma-rrytioK" cymecTBeHHO 

38BHCHT OT pe)KHMOB B38HMO)leHCTBHH aneKTpOHHOI'O rrytiKa C nna3MOH, 

B KB83HB8KYYMHOM pe)KHMe I aneKTpOHHbIM nytiKOM 06pa3yeTCH cna6oHOHH3H-

11 ~-



poBaHHaH· "xononHaH" rrna3Ma, COCTOHIUaH B OCHOBHOM H3 onHO3apHnHhIX 

HOHOB, KOHU9HTpauHH KOTOpb!X 6nH3Ka K KOHUeHTpaUHH aneKTpOHOB B rryqKe. 

Han6onee lliHpOKHH crreKTp 38pHnHocTeu HOHOB Ha6nronaeTCH B Bb!COKOTeMrre

paTypHOM peJKnMe rrna3MeHHo-rryqKoBoro pa3pHna, Korna rrponcxonnT a¢

¢eKTHBHbIH HarpeB rrna3M9HHbIX aneKTpOHOB aneKTPOHaMH rryqKa. HeMOHO

TOHHOCTh 38BHCHMOCTeu 38pHnoBoro COCTaBa HOHOB B CHCTeMe "rrna3Ma

rryqoK" OT 8Heprnn aneKTpOHOB rryqKa ( pnc. 5), a TaKJKe BnHHHHe rroTeH

unana TopueBbIX aneKTponoB pa3J:JHnHofi KaMepb1 (pnc. 6) cBnneTenhcTBy-

IDT O TOM, qTo B o6pa30B8HHH HOHOB Bb!COKHX 38pHnHOCTeH cymecTBeHHYID 

ponh nrparoT aneKTpOHbl rryqKa. 3THM, B qacTHOCTH, o6'hHCHHeTCH 6onee 

rrnaBHbIH crran KpHBOH "a" Ha pnc. 5 no cpaBHeHHID c KpHBOH "6" B o6naCTH 

Z I >4 

ilnH yBennqeHHH crreKTpa 3apHnHOCT9H HOHOB ( qTo HBnHeTCH BaJKHbIM, , 

HarrpHMep, B HCToqHHKaX M.3.H. H HOHHb!X na3epax) Heo6xonHMO yBennqn

B8Th He TOnhKO o6myID MOIUHOCTh, rronBonnMyID K pa3pHny, HO H ITOBbilliaTh 

aaonHbie HaITpHJK9HHH. B rrna3M9HHo-rryqKOBOM pa3pHne BO3MOJKHO rronyqeHHe 

perynnpyeMbIX Bb!COKHX 8Heprnu rrepBHqHbIX aneKTpoHOB H Bb!COKHX TeMrre .. 

paTyp rrna3M9HHblX aneKTpOHOB, IIO8TOMy pa3pa60TK8 HCToqHHKa M,3.H, Ha 

OCHOBe pa3pHna TaKoro THITa, rro-BHllHMoMy, 6yneT rrepcrreKTHBHOH, 3neKT

pOHH8H rryrnKa HOHHoro HCTOqHHKa nonJKHa ¢opMllpOB8Th rryqoK aneKTpOHOB 

M8KCHManhHOH rrnoTHOCTH C 8Heprneu, rrpH KOTOpOH o6pa3oBaHne HOHOB He

o6xonHMOH.3apHnHOCTH HMeeT MaKCHMYM BepOHTHOCTH. ilnH o6ecrreqeHHH 

a¢¢eKTHBHOH rrepenaqn 8Heprnn OT aneKTpOHOB rryqKa K rrna3M9HHb!M aneKT

poHaM, OTBeTCTB9HHbIM 38 reaepaUHID HOHOB HH3KHX 38pHnHOCTeH, B pa3pHn

HOH KaMepe Heo6xonHMO peanH30B8Th Typ6yneHTHb!H peJKHM B38HMoneHCTBHH ' 

aneKTPOHHoro rryqKa C rrna3MOH _ rrpn MHHHManhHOH HH3KoqacTOTHOH HeycToH

qHBOCTH rrna3M9HHoro CTon6a. 
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Pnc. 6. Bnmrnne noTeHimana TopueBbIX sneKTP0.ll0B Ha sapH,ll0Bbill C0CTaB 

q = 0,4 cM3/MnH, d k = 5 MM, I K = 0,62 a, H = 4Ks, ll0H0B.- KpnnTOH, 

V =V 
AK K 

14 

n n Tep a Ty p.a 

... . 1. 10.n. TTnrapoB, n.M. MoposoB. )l(Tcf>, ill, 467, 476 ( 1961). 

2. A.C. TTacJOK, IO.TT. TpeTb51KOB 1 C.K. fop6aqeB. ATOMHaH sHeprnH, M., 

1, 21 (1968). 

3 •. R. Basile, J.M. Lagrange. Nucl.Inst.Meth., ~ 195 (1964). 

4. C.E. Anderson, K.W. Ehlers. Rev. Sci.Inst., ~ 10, 809 (1956). 

5. R.J. Jones, A. Zucker. Rev.Sci.Inst., ~ 6,562 (1954) • 

6. 11.M. TTon51K. Pa.rtll0T0XHllKa n sneKTp0HllKa, §_, 3, 395 ( 1961). 

7. A.K. EepesnH, r.n. EepesnHa, n.11. EonoTnH, H.E. cf>ail:H6epr. AToMHa51 

sHeprn51, .!i, 3, 249· ( 1963). 

8. B.A. CaeHKO, 11:A. nep!OI'llH, E.T. KyqepeHKO. Tpy.llbIIX Me)K,llyHapO,llHOll 

. KOH<pepeHunn no 51BneHUHM B ll0Hll3llp0B8HHbIX rasax, EyxapecT, 1969. 

W .A. Sayenko, I.A. Deryugin, E.T. Kucherenko. IX International 

Conference on Phenomena in Ionized Gases, Contributed papers, 

579, Bucharest, 1969. 

PyKOilllCb nocTynnna B ll3.[laTenbCKllH 0T.rten 

5 nJOH51 1970 ro.rta. 

~ 

15 




