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1. HapR,qy C nOHCKaMH OnT~-tManbHOH ,qnHHbl BOnHbl na3epHOrO H3-

ny4eHHR AJIR nony4eHHR MHOr03apR,[1HbiX HOHOB/1/ npe,qCTaBnReTCR 

4enecoo6pa3HbiM C nOMO~b~ Onpe,qeneHHbiX $143144eCKI4X ycnOBHH 3aTR
HYTb cna,q 3neKTpOHHOH TeMnepaTypbl, Bb13BaHHbiH a,q14a6aTI44eCKHM 

pacw~-tpeH~-teM $aKena na3epHoi1 nna3Mbl. 3To Mow.eT no3son~-tTb, 

C O,[IHOH CTOPOHbl, ysen~-t414Tb BpeMR W.143H14 140HOB B BbiCOKOTeMnepa

TYPHOH 06naCTH 14 TeM CaMbiM nOBbiC14Tb BepORTHOCTb MHOrOKpaTHOH 
140HI43a4HH, C ,qpyrOH - BCne,qCTB14e no,q,qepmaHI4R 6onee BbiCOKOH 

TeMnepaTypbl B nna3Me np14 ee paCWI4peHI414 nOHI4314Tb 3~$eKTI4BHOCTb 

peKoM6~-tHa4HI4. BecbMa 14HTepeCHbiM npe,qcTasnfleTCfl 14Cnonb30BaH~-te 
Ailfl 3THX 4enei1 nonepe4Horo MarHI4THoro nonfl /HOpManb K nosepx

HOCTH MHWeHH nepneH,q14KYilflpHa MarHI4THbiM Cl4nOBbiM ni4H14fiM/. KaK 

noKa3aHO sh~paCW14peHI4e nna3Mbl nonepeK MarHI4THbiX CI4J10Bb1X ni4HI4H 

B o6nacT~-t (3 2: 1 I (3- OTHOWeHI4e ra30KI4HeTI44ecKoro ,qasneH14fl nna3-
Mbl K MarH~-tTHOMy/ conposom,qaeTCfl ysen~-t4eHI4eM TeMnepaTypbl nna3-

Mbl 3a C4eT OMH4eCKOrO Harpesa 3neKTPOHHbiM TOKOM, HHAY414POBaH

HbiM Ha nosepxHOCTH nna3Mbl. 0MI44ecK~-ti1 Harpes na3epHoi1 nna3Mbl 

conposom,qaeTCfl nepepacnpeAeileHI4eM KHHeT~-t4ecKoi1 3Heprl414 140HOB, 

npl44eM B COOTBeTCTBI414 c/3/,qo 60% KHHeTI44eCKOH 3Heprl414 140HHOro 

KoMnoHeHTa MomeT nepei1TI4 B Tennosy~ 3Hepr~-t~ nna3Mbl. Bs~-t,qy To

ro /2/, 4TO MaKCHMailbHbiH npl4pOcT TeMnepaTypbl ATe 3a c4eT B3ai4Mo

,qei1cTBHfl nna3Mbl C MarHI4THbiM noneM ,[IOCTHraeTCfl B o6naCTH ~=1. 

14 caMa BeJ114414Ha t\ T e cna6o 3aBHCHT OT MarH14THOrO nonfl ( t\T e- 134 / 21), 
B03HI4KaeT YH14KanbHafl B03MOW.HOCTb 3a,qa~aTb np0$14nb TeMnepaTypbl 

npH pa3neTe nna3Mbl nyTeM H3MeHeH14fl BenH414Hbl MarHHTHOrO nonfl 

8. 3TO MOW.eT n03BOnHTb C03,[1aTb OnTHManbHble ycnOBHfl ,[IIlfl nony-

4eHHfl MHOr03apfi,[IHbiX 140HOB B na3epHOH nna3Me. 

Uenb~ HacTOfl~ei1 pa6oTbl fiB14nOcb 3Kcnepi4MeHTanbHoe ~-t3y4eHHe 
BJ114fiH14fl nonepe4HOrO MarHI4THOro nonfl Ha CTeneHb HOHH3a4HI4, KOJ114-

4eCTBeHHble H BpeMeHHble xapaKTepi4CTI4KH HOHHOrO KOMnOHeHTa na-
3epHOH nna3Mbl Ha no3,qH14X CTa,qHfiX ee pa3neTa. 

2. AHanH3 cneKTpa 3apfi,[IHOCTei1 140HHOro KOMnOHeHTa na3epHOH 

nna3Mbl npOI43BO,qHnCfl no H3MepeHI4~ nep140,qa Bpa~eHHfl HOHa B Mar
HHTHOM none /4/, MeTO,[I14Ka H3MepeHHH n03BOnflna TaKme BblfiBHTb 

BII14fiHHe MarHHTHOrO nonfl Ha ,qnHTenbHOCTb H KOnl44eCTBeHHble xa

paKTepi4CTHKH HMnynbca 140HOB. na3epHafl nna3Ma C03,qasanaCb B 
TOM me MarH14THOM none, KOTOpoe HCnonb30BaJIOCb ,qnfl aHanHTH4ec
K14X 4enei1. 

3. Oni4CaHHe 3KcnepHMeHTanbHOi1 ycTaHOBKI4 np~-tse,qeHo B pa6o-

Te/ 4 ~11cnollb3osancfl CO 2- na3i~;..J<OT~~~~~·~~~ ~aTb nnoT-

1.. . ; 'I I 
', I 

. :·: -1~ ,; :/ lr. c ~' ; j \-< " 1 

5Vl5nl-10TEKA 



I 

Zwuo 

15 

10 

50 IOO 150 200A 

PHc. I. 3aaHCHMOCTb MaKCHMaJib
HOH KpaTHOCTH HOHH3a~HH HOHOB 
z MaKe. oT aTOMHoro aeca A 

MaTepHaJia MHWeHH: f'1- 3KCrre
pHMeHTaJibHble pe3yJibTaTbi pa-
6oTbi/6/; q"'3•J09 BT/cM2,B=O, 
0 - 3KCIIepHMeHTaJibHbJe pe3yJib

Ta Tbl ~aHHOH pa60Tbl, q "' 
=I0 9BT/cM 2, B=/0,2 +0,5/ T. 

HOCTb MO~HOCTH naaepHOrO H3ny4eHHR Ha noeepXHOCTH MHWeHH 
q.c109 8T/cM 2. AHanH3 HOHHOrO KOMnOHeHTa naaepHOH nna3Mbl, o6-
pa3yiO~eHCR Ha MHWeHRX H3 Si, V, Zr , Ta , Bi, npOH3BOAHnc.R e Mar
HHTHOM none B =/0, 2 + 0, 51 T, eem14HHa KOToporo onpeAen.Rnacb 
npOCTpaHCTBeHH~MH xapaKTepHCTHKaMH na3epHOH nna3Mbl B nonepe4-
HOM MarHHTHOM none/5/,He06XOAHMOCTbiO nony4eHH.R Tpe6yeMOrO Bpe
MeHHOrO pa3peweHH.R H TeXHH4eCKHMH B03MOmHOCT.RMH 3KCnepHMeH
TanbHOH ycTaHOBKH. AHanH3 HOHHOrO KOMnOHeHTa OCy~eCTBn.RnC.R 
Ha paCCTO.RHHH 6 CM OT noeepXHOCTH MHWeHH npH 3Ha4eHHH f3 < 1 
e npeAenax TenecHoro yrna 1,4·10-2 cp. 

4. a/ KaK noKaaanH 3KcnepHMeHTbr, npH HeH3MeHHOH nnoTHOCTH 
MO~HOCTH naaepHOrO H3ny4eHH.R HanH4He MarHHTHOrO non.R npHBOAHT 
K yeenH4eHHIO MaKCHManbHOH KpaTHOCTH HOHH3a~HH HOHOB. 6onee 
TOrO, KaK BHAHO H3 pHC. 1, MaKCHManbHa.R KpaTHOCTb HOHH3a~HH 
e AaHHOM 3KcnepHMeHTe npH q "'1 0 9 BT I eM 2 e ocHOBHOM BbiWe, 4eM 
B OTCyTCTBHe MarHHTHOro non.R Aame npH q~3·10 9 BT/CM 2,a MaKCH
ManbHa.R KpaTHOCTb HOHH3a~HH Jnll+ aaperHCTpHpOBaHa B OTCyT
CTBI-fe non.R npH q"' 1 ,5· 10 10 Br/cM 2 11! 4TO 6onee 4eM Ha nop.RAOK 
npea~waeT eenH4HHY q a AaHHOM 3KcnepHMeHTe. O~eHKa ra30KHHerH-
4ecKoro AaaneHH.R nna3Mbl e o6nacTH <)laKena I> 10 7 H/M 2 I H Mar
HHTHoro I 510 5 H/M 2/ noKaa~eaeT, 4TO MarHHTH~e non.R TaKHX 
Hanp.RmeHHOCTeH He MOryT Cy~eCTBeHH~M o6pa30M noenH.RTb Ha na
paMeTpbl nna3Mbl a o6nacTH <l>aKena I f3 >> 1 I. no3TOMY HaH6onee ae
po.RTH~M npeACTaBn.ReTC.R MeXaHH3M noa~WeHH.R CTeneHH HOHH3a~HH 
HOHHOrO KOMnOHeHTa naaepHOH nna3M~ Ha n03AHHX CTaAH.RX ee paa
neTa 3a C4eT CHHmeHH.R peKOM6HHa~~OHH~X noTepb. 0TMeTHM, 4TO B 
CpaBHeHHH C pe3ynbTaTaMH pa60T~ l~rAe aaperHCTpHpOBaH~ HOH~ 
Nb 14+, In 11+ /a HaweM cny4ae Zr 13+, In 11+ /, AaHHbre 3KcnepH
MeHranbHble ycnoaH.R, no-aHAHMOMY, 6onee onTHManbHbl An.R nony4e
HH.R MHOroaap.RAH~X HOHOa npH HCnOnb30aaHHH MHWeHeH C aTOMH~M 
aeCOM "-'100. 

6anaHc AaaneHHCi I f3 "'1 I npH paaneTe nna3Mbl a MarHHTHOM none 
a AaHH~x 3KcnepHMeHTanbH~x ycnoaH.RX a~nonH.ReTC.R Ha paccTO.RHHH 
/0,5 + 2, 5/ CM OT T04KH <I>OKYCHpOBKH Ha noeepXHOCTH MHWeHH H 
3aBHCHT OT BenH4HH~ MarHHTHOrO non.R H MaTepHana MHWeHH. TpaHc-
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PHc.2. 3aBHCHMOCTb KOJIHqecTaa 
HOHMN z OT KpaTHOCTH HOHH3a~HH 
Z,IIOJiyqaeMhlX 3a O~HH HMIIYJibC 

Jia3epa ,D;JIH pa3J!H'!HbiX MaTepHaJIOB 

MHWeHH: 0·-Si, i\-V, •-Ta. 

nopTHpOaKa nna3M~ OT o6naCTH 6a
naHca AaaneHHH AO o6nacTH aHa
nH3a ocy~ecTan.Rnacb aa C4eT non.R
PH3a~HH nnaaMeHHoro crycTKa hI, 
npH 3TOM a COOTBeTCTaHH C peaynb
TaTaMH pa60Tbl /8/ Ha6niOAaeTC.R 
HHTeHCHaH~H YXOA MHOr03ap.RAH~X 

HOHOa H3 nna3MeHHOrO cryCTKa aAOnb MarHHTHbiX CHnOBbiX nHHHH. 
no3TOMy, npH yMeHbWeHHH paccTO.RHH.R AD o6naCTH aHanH3a, MaKCH
ManbHa.R CTeneHb HOHH3a~HH HOHOB MOmeT OKa3aTbC.R e~e 6onee a~
COKOH. 

6/ KaK noKasanH 3KcnepHMeHTanbH~e HccneAoaaHH.R apeMeHH~x 
xapaKTepHCTHK HOHHOro KOMnOHeHTa na3epHOH nna3Mbl, TaK me KaK 
H B OTCyTCTaHe MarHHTHOrO non.R, MHOrosap.RAHbiH HOHHbiH KOMnOHeHT 
HaXOAHTC.R a ronoaHOH 4aCTH nnasMeHHoro crycrKa. 3HepreTH4ec
KHH cneKTp HOHOa, KaK H cneAOaano OmMAaTb /7/,CABHraeTC.R aCTO
pOHy MeHbWHX 3HeprHH. CpeAH.R.R KMHeTH4eCKa.R 3HeprH.R MHOrosap.RA
H~X HOHOB ~~ a nonepe4HOM MarHMTHOM none He 3aaHCHT OT KpaT
HOCTH HOHH3a~HH HOHa Z, B OTnH4He OT cny4a.R o6pa30aaHM.R H pas
nera naaepHoii nna3M~ a orcyrcraMe non.R, r'e c yaenH4eHHeM z 
Ha6niOAaeTC.R MOHOTOHH~H POCT BenM4MH~ f 1 1~ .TaK, An.R HOHOa 
(Vl 1+.:,.y7+) Ei =/115.::20/ 3B. AaHHbiH 3<l><l>eKr npef:lsraan.Rerc.R 
anOnHe ecrecTBeHH~M, nOCKOnbKY a COOTaeTCTaHH C 2 HaM60nee 
CHnbH~e noTepH a KHHeTH4eCKOH 3HeprHH 6YAYT HCn~r~aaTb HOH~, 
HaXOA.R~Hec.R a ronoaHOH 4acrH nna3MeHHOro crycrKa, c<l>opMHpoaaH
Horo npM pasneTe <l>aKena e o6nacTH ~ 1 . 

AnHTenbHOCTb HMnynbCa MOHOa Ha nonyabiCOTe a o6naCTH aHanH3a 
COCTaan.Rna An.R acex MaTepManoa MHWeHH OT HeCKOnbKHX COTeH HC 
AO AeC.RTKa MKC H MOHOTOHHO yMeHbWanacb C yaenH4eHHeM Z. TaK, 
HanpHMep, AnMrenbHOCTb HMnynbca MOHOa aaHaAM.R Ha nonya~core 

COCTaan.Rna OT ·" 300 HC (V llt ) AO ,] 0 MKC (V 1 t ) , 

a/ npH aHanH3e KOnH4eCTaa HOHOB Nz, nony4aeM~X 3a OAMH MM
nynbC naaepa, 6brno Hai1AeHO /pHc. 2/: 1 I N z MOHOTOHHO yMeHb
waeTc.R npH yeenH4eHHM z ; 2/ c yaenH4eHHeM aroMHoro seca Ma
repHana MHWeHH Ha6n~Aaerc.R MOHOTOHHbiH cnaA o6~ero KOnM4ecrsa 
HOHOa IN z ; 3/ KOnH4eCTBO HOHOB C MaKCHManbHOH KpaTHOCTbiO 
HOHH3a~~H ZMaKc.COCTaBn.RnO He MeHee 10 10 4aCTH~ 3a HMnynbC 
nasepa. 

5. B AaHHOH pa6ore nposeAeHo 3KcnepHMeHTanbHoe H3y4eHHe aa
P.RAOaoro cneKTpa H BpeMeHH~X xapaKTepHCTHK HOHHOrO KOMnOHeHTa 
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na3epHo~ nna3Mbl, o6pa3y~~e~cR H A8Hmy~e~cR nonepeK MarHHTH~X 
CHn08~X nHHH~, KOTOpoe n0380nReT 6onee nonHO OnHCaTb ~H3HKY 
83aHMOAe~CT8HR na3ePHO~ nna3M~ C MarHHTHbiM noneM. nony4eHHble 
pe3ynbTaT~ npeACTa8nR~TCR 8eCbMa 8amH~MH C T04KH 3peHHR pa3-
pa60TKH na3epHOrO HCT04HHKa HOH08 AnR ~HKnOTpOH08, KOTOP~H 
AOnmeH pa6oTaTb 8 ycno8HRX MarHHTHoro nonR 13"' 2 T. 

A8TOpbl 6naroAapRT r.H.~nepo8a H IO.U.OraHeCRHa 3a none3H~e 
AHCKYCCHH, a TaKme B.6.KyTHepa, to.n.TpeTbRK08a, C.n.6orOMOn08a 
3a nOMO~b 8 np08eAeHHH 3KCnepHMeHTa. 
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MHOrOSap.RAHhlX HOHOB 

HS.·,l'J~~~P,()A nnasMhl 
''\·:.·. : ') ;· 

. IlP~~c 'I'.bneHbl 
10.2 +0 15/ .1 ua 
pUctTBlcH ... ()~~oro KOMrioJ!:eH'ra .rtasepaott r:uta~Mhl.; o5paso~auuoA 
Jl\leM 002~nasepa. ffonY1JeHJibte pe9YJll>TaTbl•UbK8S~, ~To B 
none ~pH' MOTH<;ICT~,,:l!fouutoCTH nasepHorp ,HlJ.Jly\1~~.11 t()9aT/cM 2 

sepapA nhasMe .. o6pa;9y!OTC.R. l.fO~I c MaKCHMaJihHOit KP8THaCThiO HOHHSa
qHJ! Si~t- ·, V U+ ; .Zr 13+ , l~ 11+ , Ta 9'+- ; <' ~1. 8+ J(oJlHq~,c,:rso HOHOB 

$8P.RAO~ 9~ OAHH HMOYJlhC nasepa COCTabriHJlO He Me-
llSCT~· H. yseJ'IHq~;aanoc:b C )TMe:HhmeHHeM.SaPJii:AA HOHOB. 

. . 
Bl!l~.'l'tl BblOOJlHeHa B lla5opaTOpHH .RAepHbiX peaK~A OliSUd. 
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~HeHHOI"O MMCTMTyTa IIAePMIIX Mcc.MAOa8HMA. llY&ta 

0. B. et al. Production of Multicharged 
Laser Plasma in Magnetic Field 

;t"esu);ts of the effect of a transv:erse magnetic field~ . 
• s) T on the charge, time· and q~antity characteristic·~~ 

'ion component of laser plasma produced by .the:' C02- laser 
are presertted. These results indicated t.ha:~. in the 

field at t09Wt/cm2 laser tadiatiort.power density ions 
lfl':n~Bwe,,:are produced in laser plasma with .. SiB+, V11+ '· zrlS+ , ln11+, 

,IJ 8+ maximum ionization multipliCity. Tpe number 'of ions 
b.ill:it"1ll.";,~ 1 ma:Ximum charge for one laser pulse was not less than 

:.~articles and it increali!ed with decreasing the ion charge. 

::n;ie investigation has beeri performed at the Labor,tory of 
NU:dlear Reactions, JINR. · 
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