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nmw IO.A . , CopOKO n .M. P9- 4653 

Y!OHH38UHSI 8TOMHbiX ITy'iKOB B p83pSIAe neHHHHra C ropH'iHM 

K8TOAOM 

Y!ccneAOB8Hbl xapaK T epHCTHKH pa3pSIA8 neHHHHra C ropS!'iHM KBTOAOM 

B pelKHMe BblCOKOrO B8KYYM8 H ycnOBHSIX HOHH38UHH 8TOMHOrO ny'iKB . npHBe

AeHbl napaMeTpbl yCT8HOBKH 0 H8 KOTOpoli ITpOH3BOAHnHCb H3MepeHHSI: reoMeT

pH'ieCKHe p83Mepbl 0 HaiTpSilKeHHOCTb MarHHTHOrO nonS!, 8HOAHOe HanpSilKeHHe, 

pa3pSIAHblli T OK 1 ABBneHHe ra3a B o6naCTH pa3pS!A8 1 BenH'iHH8 HOHHOrO TOK8 

HB Bb!XOAe. Y!ccneAOB8H COCT8B ITY'iK8 1 Bb!XOASIIUero H3 pa3pS!A8 BAOnb HanpaB

neHHSI MBrHHT HOrO ITOnSI1 pa3AeneHbl 3neKTpOHH8SI H HOHH8SI KOMITOH eHT bl. npH

BOAH T CSI OUeHK8 3~~eKTHBHOCTH HOHH38UHH 8TOMHblX ITY'iKOB B pa3pSIAe . 

fipenpHHT 06beAHHeHHor o HHCTH'cyTa B,llepHbiX MCCJieAOBaHMI. 

,lzy6Ha, 1969 

Plis Yu.A . , Soroko L .M . P9- 4653 

Ionizatl9n of Atomic Beams in the Penning Discharge 
with a Hot Cathode 

The characteristics of the Penning discharge with a hot cathode 
were investigated in the high .vacuum regime and in conditions of 
the atomic beam ionization. The parameters of the apparatus are 
given which was used for the measurements of: geometri cal dimen
s i ons, magnetic field strength, anode vol tage, discharge current, gas 
p ressure in the discha rge region, the value of the output ion current. 
Constitution of the beam from the discharge passing along the magne
tic field was investigated; the electron and ion components are sepa
rated. The efficiency of atomic beam ionization in the d ischarge is 

estimated. 

Preprint. Joint Institute for Nuclear Research. 
Duhna, 1969 



!:i 1, CXeMa YCTaHOBKH 

HccnenoBaaee paapgna DeHHHHPa npoeaBonenocb aa ycTaHOBKe, KOTO

pag npencTasngna co6o~ yaen HCToqaeKa nongpeaosaHHbiX HOHOB, npenaaa

aaqeaaoro nng nonyqeaeg nepseqao nongpeaosaHHhiX npoTOHOB MeTonoM 

HOHH3aUHH nyqKa 8TOMOB Bonopona (pHC, 1), 3neKTpHqeCKHH pa3pgn npH 

BbiCOKOM BaKyyMe aanonagn npOCTpaHCTBO, orpaaeqeHHOe TOHKOCTeHHOH 

UHnHHnpeqecKOH Tpy6KOH ( 8HOn) nHaMeTpOM 20 MM H nmi:HOH 200 MM H3 

Hep*aBe~meH CTane, OTpa*aTenbHOH naTyHHO~ CeTKOH cneBa H UHnHHnpH-

qeCKHM sneKTponoM E 1 C OTBepCTHeM neaMeTpOM 10 MM, 3aTQHYTblM CeT-

KOH H3 BOnb<jlpaMOBOH npOBOnOKH nHaMeTpOM 0,1 MM, HHTb H8Kana B BHne 

neTnH H3 BOnb<jlpaMOBO~ npOBOnOKH neaMeTpOM 0,3 MM HaxonenaCb BHyTpH 

aHOnHOPO UHnHHnpa, BeneqHH8 TOKa HBKana MeHgnaCb OT 6 no 7,5 a, MOID

HOCTb nocTHrana 30 BT, B uene aaona, aa KOTOpbi~ nonaBanocb aanpg*e

HHe no 4 KB oT cTa6HnH3HpoBaHHoro BbinpRMHTenR BC-22, 6bino BKn~qeao 

orpaaeqHBa~mee conpoTHBneaHe R a = 1 MOM. Y:acTb H3MepeHHH npoBonH-

nacb npH Ra=O. 

H E 3 o6paaoBbiBanH TpexsneK-

Tponay~ sneKTpocTaTeqecKy~ nHH3y, BaemHHe ::~neKTponhi aaxonenecb non 

noTeHuHanoM aeMnH, a Ha cpenHH~ nonasanocb aanpR*eHee oT -2,5 KB no 

3 



ti 
~ 

ll 
~! fi} 

~ 

i u 
i 

~n. 
~.u 

~ 

':::1' 
;} 
~ 

-

4 

s 
"' .l 

........... 
~ 
"' 

1 
~ 

1 
.! 

; 
I 

li! 
& 

l! 
f 

:s: 
:.:: 
10 
0 
:1: 
<0 
f.o 
u 
>. 
Qj 

::E 
Q) 

:< 
u 

u 
:s: 

0... 

+2,5 KB. CoceJlHRe am 

KBSpUeBOPO CTeKna. li 

IIOT9HURanOM 3eMnR 1 ~ 

TpRqeCKRX rroneH IIOJlB 

Eea)l(eneaHhiH co. 

BJlOnb OCR SHOJla. DpR 

OCR B UeHTpe 8 HOJla C 

Jl9 HRe 05MOTOK - BOll~ 

Ha paccTOSIHHH 3 

Tenb TOKa rryqKa 1 COC 1 

nRHJlpRqeCKOPO 38Jl9p)l( 

:3KpaHa B BHJle UiaH5hi 

DpR H3MepeHHa rronH or 

E 4 aaMeHSincSI URn HH 

05naCTb paa pSIJla 

C 830THOH noayUIKOH H 

KOTOphiH oxna)I(JlancSI c 
-7 

COCTaBnSin 5•10 TOp~ 

PHila, RMen rrapuHanbH< 

Manwx IIOTOKOB Pa3a C 

nHHHOH Tpy5KR, BHyTp b 

38II9K8BUI9POCH B Ppa$ 

Dpouecchl B p a ap 

HO- :3MRCCROHHOH xapaK 

URnRHJlp 4>apa}le51 J $ 

2) SHOJlHOH XapaKTepRC 
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+2,5 KB. Coce.llHHe aneKTPO.llbi HsomrpoaanHCb .upyr OT .upyra Tpy6KaMH H3 

KBapueaoro cTeKna. UHnHH.llPH'IeCKHH aneKTpo.u E 4 1 HaXO.llHBWHHCR IIO.ll 

IIOTeHUHanOM 3eMnH, aKpaHHpOBan IIY'IOK, BbiXO.llRIUHA H3 pa3pR.lla 1 OT aneK-

TpH'IeCKHX rroneH. IlO.llBO.llRIUHX IIpOBO.llHHKOB, 

EesJKene3HbiA coneHOH.ll cos.uaaan MarHHTHOe none, HarrpaaneHHOe 

B.QOnb OCH aHO.Qa, DpH TOKe B036yJK.QeHHR B 200 a HaiipRlKeHHOCTb IIOnR Ha 

OCH B UeHTpe BHO.Qa COCTaBnRna 3800 a, a Ha KpaRX aHO.lla - 3200 a. OxnaJK

.lleHHe 06MOTOK - BO.llRHOe. 

Ha paccTORHHH 36 eM oT rrpaaoro KpaR aHo.ua pacrronarancR H3MepH

Tenb TOKa IIy'IKa, COCTORIUHA H3 UHnHH.llpa ¢apa.QeR .llHaMeTpOM 20 MM UH

nHH.llpH'IeCKOrO sa.ueplKHBaJOmero aneKTpo.ua .llHaMeTp0111 20 MM H rrnocKoro 

aKpaHa B BH.lle waA6bi C HapylKHblM .llHaMeTpOM 48 MM H BHyTpeHHHM 10 MM, 

DpH H3MepeH»:1 rronHoro ToKa rry'IKa, BbiXO.llRIUero H3 paspR.ua, aneKTpo.u 

E 4 saMeHRnCR UHnHH.llpOM ¢apa.ueH. 

06nacTb paspSI.lla OTKa'IHBanacb rrapoMacnRHHbiM arperltTOM BA-2-3 

C a30THOH nOBYWKOA H paCIIOnOJKeHHbiM B6nH3H pa3pR.lla Me.QHblM aKpaHOM 1 

KOTOpbiH oxnaJK.uancR cHapylKH lKH.llKHM asoTOM, BaKyyM B o6nacTH pa3pSI.lla 

-7 
COCTaBnRn 5•10 TOpp. fasoo6pa3Hblil. BO.ll0pO.ll 1 BBO.llHMbiA B o6naCTb pas-

-7 -6 
pR.ua, HMen rrapuHanbHOe .uaaneHHe oT 1•10 .uo 1·10 Topp, PerynHpOBKa 

ManbiX IIOTOKOB rasa OCy!UeCTBnRnaCb C IlOMOIUb!O pe.llyKTOpa B BH.Qe CTeK

nRHHOH Tpy6KH 1 BHyTpb KOTOpOH BIIaHBanaCb Macca H3 TOn'leHoro CTeKna, 

sarreKaawerocR B rpa¢HTOBOA ¢opMe, 

§2. PesynbTaTbi H3MepeHHH 

Dpoueccbi B paspR.ue DeHHHHra H3yqanHCb rryTeM H3MepeHHR: 1) HOH-

HO- aMHCCHOHHOH xapaKTepHCTHKH - 3aBHCHMOCTH HHTeHCHBHOCTH IIY'IKa Ha 

UHnHH.llp ¢apa.QeR J ¢ 1 Ha aKpaH J a OT BenH'IHHbl TOKa aMHCCHH J k 

2) aHO.llHOA XapaKTepHCTHKH - 3aBHCHMOCTH TOKOB J ¢ 1 Ja H J k OT 

5 
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UH=+'t08, Ra=IMDM, U£1 =0, P=J·f0-6mopp 
-8=48003 - ·- ·-8=21003 ----8=21003 . ' 

JKMI<Q 

PHC, 2, 3aBHCifMOCTb TOK8 J dJ OT T OKB 8MHCCHif J k 

HX MarHHTHoro non H B. 
rrpH pa3HWX 3H8'1eHH-

6 

Harrp~eHHH 8HOAHOrO ITJ 

3 8BHCHMOC T H TOKOB J 
( 

4) MBrHHTHOH X8p8KTepl 

OT H8ITPH*eHHOCTH MarH 

HOHH0- 8MHCCHOHHW 

BOB8HHe ABYX BHllOB pa3 

Mhi pa3pHna B npyry10 H 

J 

rne B - B apcTenax. ::: 

rronH H8XOllHTCH B Corna 

pHna . HoHHO- BMHCCHOHH: 

rrycKe raaoo5paaHoro Be 

B8JOT H8 TO, 'ITO rrocne 

HOHH38UHH Bonopona cna 

AHOllHbJe xapaKTepJ 

3,8 KB (pHc. 4). Pa5o'IE 

paBHhiM E a = 4 KB. 

KpoMe HOHHOH KOM 

aneKTpOHH8H KOMITOHeHTE 

no5Hoe HBneHHe Ha5nJOnE 

TPH'IeCKHMH H MarHHTHh 

BOCITpeiTHTCTBOB8Tb BWXC 

nep*HBBJOIUHH aneKTpon 

pa10ruee HarrpH*eHHe - 6 

rrpeKparuancH, ecnH Ha K 

*e BpeMSI ITpH ITOBhiilleHH 

HhiH aqxpeK T yBenH'IeHH Sl 



-
I 

/ 
/ .......... 

fOOD 
6mopp 
J=2f003 

+ 
I 
I 
I 
I 
I 
I 

I 

!IpH pa3HhlX 3H8'IeHH-

HaiipiDKeHHSI 8HOAHOrO Il11T8HHSI U a ; 3 ) HOHHO- CeTO'IHOit XapaKTepHCTHKH -

38BHC H M OC T H T OKOB J ~ 11 J o T rro T eHUHana aneKTpona E2 ; a TaK~e 
a 

4) MarHH TH OH xapaK T epHC T HKH 38BHCHMOC T H TOKOB J ~ ~ 

OT HaiipSI~eHHOCTH MarHHT HOro IIOnSI, 

J 11 
a 

11 o HHO- aMHCCHOHHbie xapaKTepHC T HK H ( pac . 2) yKa3biB8IOT Ha cymecT

BOBa HHe ABYX B HAOB pa3pSIAOB: cna6oro H CHnbHOro , DepeXOA 113 OAHOH ~op-

Mbl pa3 pSIA8 B Apyry!O Ha6niOA8eT CSI IIpH TOKe aMHCCHH J k 
1 

paBHOM 

MK8, ( 1 ) 

rne B - B apcTenax. 3Ta 3aBHCHMOC T b oT HarrpH~eHHOCTH MarHHTHoro 

IIOnSI H8XOAHTCSI B CornaCHI1 C MarHeT pOHHb!M MeXaHH3MOM 38~HraHHSI pa3-

pSIAa , !10HHO- aMHCCHOHHbie XapaKTepHCTHKH IIpHpOCTa TOKa ,1 J ~ IIpH Ha-

rrycKe ra3oo6pa3Horo aonopona no rrapuaanbHoro naaneHHSI ,1 pH yKa3bi-

2 
B810T Ha TO, 'ITO IlOCne rrep e XOA8 pa3pSIAa B Cl1nbHYIO ~OpMy a~~eKTHBHOCTb 

HOHH38UHH BOAOpOAa cna6o 38BI1CHT OT BenH'IHHhl TOKa aMHCCH11 (pHC, 3) , 

AHOAHhle XapaKTepHCTHKH 11Me!OT IIO'ITH nHHeHHhle y'IaCTKH OT 2,6 AO 

3,8 KB ( pHC, 4) , p a6oqee H8IlpSI~eH11e HCTO'IHHK8 IIHT8HHSI 6bl.'IO Bbi6paHO 

paBHbiM E a = 4 KB, 

KpOMe HOHHOH KOMIIOHeHTbl 113 pa3pSIA8 Bb!XOAHT TaK~e 11HTeHC11BH8Sl 

aneKTpOHH8Sl KOMIIOHeHTa C aHepri1SIMH aneKTpOHOB AO 60 aB (pi1C, 5) , Do-

A06Hoe SIBneHHe Ha6niOAaeTCSI H B ApyrHX CI1CTeMaX CO CKpeweHHblMH aneK
/1 2/ 

Tp11'IeCKHMH 11 MarHHTHbiMH rronSIMH rrp11 BbiCOKOM BaKyyMe ' , YTo6bi 

BOC!Ipe!ISITCTBOB8Tb Bb!XOAY aneKTpOHHOH KOMliOHeHTbl H3 pa3p5IAa, Ha 38-

Aep~HB810lU11H aneKTpOA 113Mepi1TenSI HHTeHCHBHOCTH liY'IKa liOAaBanoCb 38liH

paiOlUee HarrpSI~eHHe - 600 B, B biXOA aneKTpOHOB H3 pa3pHAa rrpaKT11'IeCKI1 

rrpeKpamancSI, ecna Ha KaTon rronaTb rroTeHuHan U k 6onee 100 B , B To 

~e BpeMSI llpH liOBbi WeHHH Ha!IpHMeHHSI Ha KaTOAe Ha6niOAaeTCH CBOe06pa3-

/1/ 
HbiH a~eKT yBenH'IeHHSI M8KC11ManbHOH aHeprHH aneKTpOHOB 

1 
B pe3ynb-
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12 

I 

500 U£28 

I 
J <!> OT UE2 • 

TaTe '!ero B03HHKBe T npOCB'IHBBHHe 6biCTpbiX 3neKTpOHOB H3 pa3p5!A8 , 3TH 

6hiC T phie 3neKTp0Hhl 1 AOCTHI'HYB T peX3neKTpOAHOH nHH3hl 1 Bhl3h!B8IOT B Hell: 

BB T OHOMHhiH pa3p5!A , KaK npaBHn01 B03HHKHOBeHHe TBKOI'O pa3p5!AB npOHC

XOAHT npH noTeHuHanax cpeaHero 3neKTp oaa nHH3hi 1 npeBhiillBIOIUHX 300 a 

(pH c. 6 1 7), MoMeHT B03HHKHOBeHHH H rallleHHH pa3pHaa 3BBHCHT oT Toro1 

ITOBhllll8eTC5! HnH ITOHH>KaeTCH ITOTeHUHBn HB cpeaHeM 3neKTpoae nHH3bl, 3To 

ITpHBOAHT K I'HCTepe3HCHhiM 5!BneHH5!M B ynoMSIHYThiX Bhlllle XapaKTepHCTH

KBX. EcnH ITOTeHUHBn HB HHTH HBKana paBeH Hyni01 TO 3neKTpOHH85! KOMITO

H8HT8 CTBHOBHTC5! B8Cb MB HH T 8HCHB HOH 1 a I'HCTepe3HCHhle HBneHH5! nporra-

A BlOT ( pHC , 8), 

YaenH'!8HHe HanpH>KeHHOCTH MarHHTHoro non5! oT 1800 ao 3800 3 corr

poao>KaaeTC.Il ITO'ITH M!IIeHHh!M pOCTOM IWHHOI'O TOKa ( pHC,9), 0AH8KO npH 

rpaH 
ManhiX TOKBX 8MHCCHH:1 6nH3KHX K rpaHH'IHOMy TOKy J k ( 1 ) 1 KpHBb!e 

38BHCH MOCTH HOHHOI'O TOKB OT MBI'HHTHOI'O ITOnH Bh!XOA5!T HB nnaTO (pHc,10), 

AHanorH'IHOe HBChiiUeHHe Ha6niOaaeTC H npH noahiilleHHOM aaaneHHH B o6nacTH 

pa3p5!A8 ( pHC, 11 ) , 3aBHCHMOCTb 3Kp8HHOI'O TOKB J OT MBI'HHTHOI'O ITOnH 
3 

npH ITOT8HUHane KBTOAB Uk = 440 B ITOA06Ha 38BHCH: MOCTH ,(ln5! J (pHC, 
<!> 

12, 13). DpH Uk = O 3KpaHHhil!: TOK npHHHMaeT oTpHuaTen&Hhie 3Ha'leHH5! 

(pHc , 10111 ), 3neKTPOHHhiH TOK 1 H3MepeHHhiil: 3neKTPOAOM E 4 

BKniO'!BnCH KBK UHnHHAP cf>ap aA85!1 AOCTH:I'an 50 MKa, 

DpH napuHanbHOM aaaneHHH raaoo6paaHoro aoaopoaa 

Ha6niOaanHCb cneAyiOIUHe 3H8'18HH5! TOKOB! 

KOTOphiA 

-7 
t.PH

2 
=8 • 10 Topp 

t. J = 1 3 • w-Sa t.J 
-7 

R a= 1 MOM I = 1 · 10 a npa <!> I 3 
(2) 

-8 -7 R,. =0 t. J = 1 5 • 10 a I t.J = 1 15.10 a npH <!> I 3 

B = 3800 3 1 UE =0 I 
2 

U k = 440 B, 

OueHKY 3¢<PeKTH:BHOCTH HOHH3BUHH aoaopoaa B pa3pHAe DeHHHHra MO>K

HO ITOny'1HTb 1 HCXOAH H3 Ha6niOA89Mh!X BenH"'HH 

13 



H nonHoro TOKa 

6 J$ -3 a M 3 
---= 2 ·10 ---, --- = 0, 2 

6 p TOpp 6P 

~=3 
6P 

a 

Topp 

a 

Topp 

§3, 06Cy)I{LleHHe pe3ynbTaTOB H3MepeHH~ 

6J 

(3) 

(4) 

Ha~aeM pacqeTHhle 3HaqeHHH , npHHHB ceqeHHe HOHH3aUHH 

BOLlOPOLla npH 
6 P 

3HeprHH 4 K3B paBHbiM a 
-17 2 

(H
2

) = 1,5·10 CM , a LlnHHY 

o6naCTH HOHH3aUHH paBHO~ nonOBHHe LlnHHbl aHOLla, T,e, 10 CM, Toraa 

( 6 J ~)pacq= 3,55 • 10 16 • a . £ • J e (5) 

rae J e - sneKTpOHHbl~ TOK, HaKOnneHHbl~ BHyTpH aHOLla, 113 H3MepeH-

HOrO 3HaqeHHH ~ nonyqaeM J = 0,57 a, DpeaenhHOe 3HaqeHHe To-
6P e 

Ka, KOTOpOe MO)I{HO yaep)l{aTb BHyTpH UHnHHLlpa, HaXOLlH!UerOCH nOLl no-

TeHUHanOM U a H nOMeiUaeMoro B MarHHTHOe none, paBHO 

(ax = 1, 96 , TT • f O( ~) ~ u:/ 2 
m (6) 

npH ycnOBHH, qTo MarHHTHOe none rrpeBhiiUaeT BenHqHHY 

B = 168 
vUa 

m 

a (7) 

max 

llmi U a 4 KB H8XOLlHM: J . = 8a • a B m 1060 3 npH r 1 CM, 

14 

.. t:J 
I 

~ 

~ 
-+ 

( 

.. tJ 
• 
~ 

~ 
~ 



~ ~ 
I, 2 

a 
~ ~ (3) ::::j II 

Topp 
~ 
f:::) .. 

II 

~ 
If') ~ 

(4) t:f 0 
~ II ... 
~ ::::> 

""" :s: 
II 0.. 

~ 
1::: 

"' w 
.. t:J - ::::> ft) 

I f:::) 
8TOB R3MepeHRii S! c:::, ~ 

!-< 

~ 
0 

~ 
C't) -& 
II 

HB Ce~eHRe ROHR38URR CQ 
-. 

-17 2 .0 
1,5·10 CM , a ll1IRHY !-< 

() 
0 

a , T.e. 10 eM. Toraa c:::;:, ::E 
-a II :s: 

~ t1 
() 
:s: 

a.: a:l 
co 

(5) c:::, .. rrJ 

II co 
~ () 

8H0Jl8 . Yl3 R3MepeH-
:::s :s: 

pa ~ ~ .. D.. 

DpeaeJibHOe 3Ha~eHae To-
14') 

~ 
H8XOilHIUer'OCH noa no- ~ co 

:one, paBHO 

~ 
.. 
~ 

(6) tJ ~ ~ .. . ..... 
S! 

~ ~ 
•JIR~RHY ~ ~ ...... II 

QQ 

(7) 

1060 a npa r 1 CM, 

15 



ll -9 oJcp tO a 
·8 

#-]fP·/0 C/JOH 

+-,...----+ 

/+ 
/ 

,.......+-+ 

1 

Ba 
2000 3000 '1000 

UK=4't06, Ut2 =-I006, Ra=IMOM 
1K=(f200-80D)MKa, APH2 =8· fO-'rnopp 

P = f · I0-1mopp 

P~~:c , 9 , 3 aBHCHMOCTb t! J cp 11: J cp OT Mar HHTHor o rron SI B rrpH h 
= 1200 f- 800 MKa H U k= 440 B , 

16 

.... c::s 

·~ ...... 
~ 

t:S 

~~ 
)( 

IIOts 
I 

~ 

., C\1 -

c 
Qj 

\ 

~ 
o--'-__]L__L 



..... 
-..) 

5 

4 

3 

2 

{ 

.... - II \. \ 
0 . 
"'l cs--0 .~ \ 
::l ~-..a~ + 

~ 
0 \ ::t 

~ ~ '6 :0 

Ill "t:) ~ I:X:I cs 2 Cu -$0.. ::l 
"0 ~ - ~ :s; 

'-' 
"' 

-B 
o'Jcp 10 a X JK 

-7 
:1310 a 

MKQ 
I 

.3 

2 , 
0 

500 J -f 

---)(- --~---)f..----)( 

~~~~~~----~~----~~~ 
a, 

2000 JOOO 4000 

U1<=0, U£2=(JI#Of 240), Ra = f~ttoM, 'JHax =6,7a, P=I.J ·10 -
6
mopp 

PHc,lO. 3aBHCHMOCTb J <P , J 3 H J k OT Maf'H H T Horo nom1 B npH 

uk =o 



-(XJ 

oJcp to-•a 

2000 

UK=O , 

Jrp /o-•a 

~ c oK'K 

.JOOO 

UEr. = 0 ' Ra=O 
' 

- I 

jHax = 7,Ja 

PHc.ll. 3aBHCHMOCTb J <P , J 3 H J k oT Mai'HHTHoro rronSI B rrpH 

uk =o . 

yo 

·7 
j3IO a 

0 

~0 



.... 
t:D 

~ 

3 

2 

t 

f t I I I 1 • I I I ~~=~ t 
2000 JOOO 4000 

UK =0, U£2 = 0 , Ra = 0, P =J · 10·6 
MM, jHtiJC = 7,Ja 

PHc.ll. 3 aBHC HMOC Tb J <P , J 8 H J k o T Mar HHTHoro rr o n 51 B rrpH 

uk =o . 

Jrp to·'a 

~0 
5 

4 

3 
I 

·7 
1310 a 

H/ 
t 1- 0 

0 
afl 

C) 

83 
2000 J01J0 1,/JOO 2000 3000 .ltOOD 

U~e =it~tOG, Ur2 =(JJ,.0-:-21,06), Ra=IMoM, 1HaK =6,7a, P =f,J ·ID-6mopp 

P Hc.12. 3aB HCH M OCTb J <P H J 8 OT Mar HH THo r o rron 51 B rrpH U k = 440 B. 



Tiony'leHHble peayr. 

ca.,~ HOCTb HOHH3BUHH ny'IKB 

~ PS!Jl TieHHHHra 
/3/ 

• Tipu• 

(H) -1 
H a = 4•10 

HOH 

npennonaraR, 'ITO OTHou 

Ill HO npH BbiCOKHX ::mepi"Hl 

t:f 
0 

~ ny'IKB BTOMOB BOAOpOAB, 
«::) 

.., 
~ to..' II BHOAHOI"O UHnHHApa. 3$¢ 
IW) II "" ;::l 

~ :s: 

i 0. 
1:: 

t") Ill 
tJ; 

1. E.H.Hirsch. Brit. J. ... t: 
co 0 

1:: I 2. IO.E. KpeliHAenb H r:. 
"t::s 

~. '1~ 
S! 0 

• ~ . 0 3. IO.A. TinHC H n.M. Cc c::;, !!: - ft') !-< 
:s: 

~ .. !!: 

' ' ' ' ' I I I ~ 
~ 
CIS 

«::) 
~ 

§ 
.. 

!-< c:::, 0 .. (1) 

.: ....., 

:::s :s: 
-& 

....., 

c:::, ,Q 
!-< 

II () 

8 0 

~ 
::E 

:;!; :s: 
0 
:s: 
Ill 
CIS .. l") 

'() . 
i 

I:') .... 
u 
:s: 

II 0.. 

I 
~ 

"' 
I I I .., ~ -

20 



t:f .., 
<::) 

2 t-o..' ..., II 

~ 

~ 
t-i 

... 
co 

I 

S! 
~ .., .. 

~ . ..,~-
i .. 

c::::, 
II 

.: 
:::s 

c::, 
II g c: c:a .., 

.. 
-a 

i 
II 

~ 

~ 
:::::s 

"' -

IIi 
0 
'<I' 
'<I' 

-" 
;;:J 

:s: 
0. 
t:: 

OJ 
o; 
1=: 
0 
t:: 

0 ... 
0 
:.: 
1-o 
:s: 
:,: ... 
<ll 
~ 

1-o 
0 

(I) 
....., 

:s: 
-& 

....., 

..0 
1-o 
() 
0 
~ 
:s: 
() 

:s: 
Ill 
<ll 

("t) . 
t:r) 

c) 
:s: 

0. 

n ony"'eHHhte peaynbTaThi H3Mepeaul! noaaonsnoT oueHHTb a<jJ!f>eKTHB-

HOCTb HOHH3aUHH llY"'Ka 8TOMOB BOaOpOAa, ecnH HX nponyCTHTb "'epe3 paa-
/3/ -17 2 

psm DeHHHHra • Dpu6nH*eHHo C"'HTaR, "'TO a (H 2 ) = 7·10 CM 
-17 2 HOH 

= 4•10 CM npH 9Hepi'HH aneKTpOHOB 200 9B, a T8K)Ke H a (H) 
HOH 

npeanonaraR, "'TO OTHOllleHHe a<jJ<jJeKTHBHhiX ce'ieHHll a ( H 2 ) H a (H) nocTosm

HO npH Bb!COKHX 9Hepi'H5!X aneKTpOHOB, HaXOaHM a<jJ!fleKTHBHOCTb HOHH3aUHH 

ny"'Ka aTOMOB BOAOpOAa, eCnH nocneaHHl! nonHOCTb~ aanonHReT Ce'ieHHe 
. -4 

8HOAHOI'O UHnHHApa. 3<jJ<jJeKTHBHOCTb HOHH3aUHH paaHa Tf = 3•10 , 
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