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06mau xapaKTepncTmca pa6oTbI. 

AK1)'aJibllOCTb npo6JICMbl. 

,[{oCTH)l{CHHSI aTOMHOll II MCPHOH <pII3IIKH, <pII3IIKll 3lICMCHTapHbIX qacmu HCpa3pbIBH0 

CBll3aHbl C pa3pa60TKOH II C0BepmeHCTB0BaHIICM MeT0A0B II TCXHIIKH II0JIY'ICHHSI 

IIHTCHCIIBHI,IX II0T0K0B ycKopeHHbIX qacmu. 3a II0CJICAHee npeMll II0T0KH ycKopeHHhlX . 

qaCTIIU CTaJIII HC3aMCHIIMI,IM IIHCTPYMCHT0M taK)l{e ,!llill <pII3IIKH lllla3MbI II IICCJICAOBaHIIll 110 

ynpaBJISICM0MY TepM0.ll)lepH0M)' CIIHTC3Y, <pII3IIKll TBCpA0ro TeJia, XHMIIII, 6IIOJIOnIII, 

MCAIIUIIHbl, Ba)l{HCHIJIIIX o6JiaCTeii: HOBOH TCXHIIKII II TCXH0JI0nIII. 

8 l!ACPHOH <pII3IIKe llIIIp0K0e rrpIIMCHCHIIe HaIJIJIII ycKopeHHbie ITy'lKll TJ{)l{CJII,IX II0H0B. 

11ccJICAOBaHIIll C Tll)l{CJII,IMII II0HaMII IIMCIOT IICKlIIO'IIITCJibHI,JC B03M0)l{H0CTH KaK B o6JiaCTII 

II3Y<JCHHSI 41YHAaMCHTaJibHhlX rrpo6JieM, TaK II B pemeHIIII rrpIIKlla)lHI,IX II TCXH0JI0rII'ICCKHX 

3a,!la'l. Bo3MO)l{HOCTII pemeHHSI TeX IIJIII IIHI,IX qJYH.!laMCHTaJII,HI,IX II llpIIKlla,!lHhlX 3a)laq C 

II0M0IIJI,IO IIY<JK0B Tll)l{CJII,IX II0H0B orrpeACJISIIOTCll yp0BHCM pa3BIITHSI ycKopIITCllbHOii: 

TCXHIIKII. 

EoJiee 40 lleT Ha3a,!l n Jia6opaTOpIIII MCPHhlX peaKUIIH .!llill pemeHHSI rrpo6JICMI,J 

II0lIY<JCHHSI ycKopeHHI,IX TJl)l{CJII,IX II0H0B 61,m Bb!6paH UIIKJIOTPOHHI,Ill MeT0A ycKopeHHSI. B 

1955 fO,!ly Ha 150 CM UIIKJI0TP0He 11A3 6bIJIII II0JIY'ICHI,I ITy'lKH II0HOB yrnepoAa, a30Ta II 

KIICJI0P0Aa C IIHTCHCIIBH0CThlO AO 10
12 

qacmu/ceK II :meprneii: AO 6 M3BIHYKJIOH
1
• ,[{lISI 

II0JIY'ICHHSI MH0f03ap.ll)lHI,IX II0H0B 61,m IICII0llb30BaH AYfOBOll IICT0'IHIIK C II0A0rpeBHI,IM 

KaTOA0M, pa3pa6oTaHHblll E.H.MaKOBbIM, I1.A.Mopo3on1,IM II M.C.11oqiqie
2

• B AaJibHeii:meM, 

rrpII pa3BIITHII ycKOpIITCJII,HOll 6a3bl JI51P - CTP0HTCJII,CTBe UIIKJI0TP0H0B Y-300, Y-150, 

Y-200, Y-400, 111{-100, Y-400M - 3a ocHony 61,ma rrpIIHllTa :na K0HCTPyKUHR IICTO'IHIIKa. 

B pe3yJII,TaTe 6oJiee 'ICM 30-JieTHero conepmeHCTB0BaHHSI IICT0'IHIIKa 61,IJill HaH,!lCHI,I 

CYIIJCCTBCHHI,JC B03M0)l{H0CTII II0BI,IIIICHHSI IIHTCHCIIBH0CTII II 3ap.ll)la II0H0B (HMrryJihCHbIH 

pe)l{llM pa60TI,J IICT0'IHIIKa, IICII0JII,30BaHIIe KaT0A0B II3 TaHTaJia II Apyrne) a TaK)l{C 

C03AaHHS! pa3lIII'IHhlX MOAII<pIIKal(IIll K0HCTPYKQIIII, 1103B0JISIIOIIJHX II0JIY'laTI, IIHTCHCIIBHbie 

IIY<JKII II0H0B pe,!lKIIX II30T0II0B TaKHX KaK 
48

Ca, 
50Ti, 54

Cr, 
58

Fe II ApyrIIx, IICII0JII,3Yll 

IICX0AH0e BCIIJCCTB0 HerrocpeACTBeHH0 B TBCPAOH <pa3e
3
• 

11cTO'IHIIK AaHH0ro TIIlla 6bIJI rrpIIMCHCH Ha UIIKJI0TP0Hax II HMllllaHTaTopax <l>paHUIIII, 

CIIIA, 51rroHIIII. Ha ycKopmefilH0M K0MlllleKce GSI (Darmstadt) AYfOBOii: IICTO'IHIIK c 

II0A0rpeBHI,IM KaT0A0M rrp0A0JI)l{aCT IICII0Jib30BaThCll ,!llill rrp0BCACHHSI 3KCrrepIIMCHT0B, 

TPC6YJOIIJHX BI,JCOKOH IIHTCHCIIBH0CTH ycKopeHH0ro rryqKa. Be,!lyTCll IIHTCHCIIBHI,IC pa60Tbl 

110 ero yconepmeHCTB0BaHIIIO, 'IT06bI o6ecrre'lllTb ClICAYJOIIJIIll 3TaII M0ACPHII3al(IIII 

HauIIOHaJibHOro ycK0pIITCJII,H0fO K0MIIJICKCa Tll)l{CJII,IX II0H0B repMaHIIII. 

OAHaKO B II0CJieAHIIC fOAbl CYIIJCCTBCHHI,Ill rrporpecc A0CTIIrHyr n pa3BIITIIII IICT0'IHIIK0B 

MH0f03apll,!lHbIX II0H0B, OCH0BaHHhlX Ha llBJICHIIII Harpena 3JICKTP0H0B Ha qacT0Te 

3JICKTP0HH0-UIIKJI0TP0HHoro pe30HaHca (ECR). 

1 JI.M.HeMeHOB H /ql, IlonyropaMeTpOBLJit UHJ(J!OlpOH C IlOCTOXHHOH 'IaCTOTOit 
ATOMHaH :rnepl'llJI 1957, T.2, NI, Clp,36-41 

2 Il.M.Mop030B, E.H.MaKOB, M.C.Hoqiipe HCTO'IHHK MHOro3apJIJUll,IX HOHOB ,llJUI IUIKJIOlpOHa 
ATOMHaH :rnepl'llJI 1957, T.2, N3, Clp.272 - 275 

3 G.N.Flerov et al. Acceleration of 48Ca ions and new possibilities of synthesizing superheavy elements. 
Nuclear Physics 1976, A267, N2, p.359 - 364 
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CpaBHeHHe xapaKTepHCTHK ,zzyroaoro HCTOqHHKa c rro.norpeBHhIM KaTo.noM (PIG) H ECR 

IICTO~IIKa, a TaK)Ke .npyrnx IICTO~IIKOB MHOro3apH.[(HbIX HOHOB IIOKa3aHO Ha P1Ic. l, r.ne 

rrplIBe,[(eHa .[(IIarpaMMa 3apH,n-lIHTeHCIIBHOCTb 
4

. BII.[(HO, ~o B o6JiaCTII OTHOCIITeJibHO Hll3KIIX 

3apH,nOB (oTHOIIIeHIIe A/Z> 10) IlCTOqHHK PIG C)'IIIeCTBeHHO rrpeBOCXO,[(IIT ECR no 

IIHTeHCIIBHOCTII, XOTH ECR IICTOqHIIK HeCOMHeHHO IIMeeT pH.[( rrpeIIM)'IIIeCTB, TaKHX KaK 

rrpO.[(OJI)KlITeJibHOCTb nerrpepbIBHOH pa60TbI, BpeMeHHaH CTa6IIJibHOCTb II Kaqecrno rryqKa. 

McTo~IIKII PIG II ECR .norroJIHHIOT .npyr .npyrn. TaKIIM o6pa3oM, .[(ITH peIIIeHHH 

qJytt,[(aMeHTaJibHbIX II rrpIIKJI_a.l{HbIX 3a,naq qJil3IlKil TH)KeJibIX HOHOB C IlCIIOJib30BaHHeM 

IIIIIpOKOro ,[(IIaIIa30Ha Mace Il :meprnil: ycKopeHHbIX rryqKOB Heo6xo,[(IIMO rrpIIMeneHIIe 

pa3JIIl~bIX THIIOB IIOHHhix IlCTOqHIIKOB. HarrpIIMep, ,[(ITH UIIKJIOTpOHHOro KOMIIJieKca JUIP -

PIG, ECR; .l{JIH ycKopIITeJihHoro KOMIIJieKca GSI - PIG, MEVV A, CHO,RDIS, ECR. 

Ilo3TOMy rrpo6JieMa IICCJie,[(OBaJIIIH II ycoBepIIIeHCTBOBaHHH IIOHHbIX IICTOqHIIKOB THIIa PIG 

OCTaeTCH BeCbMa aKTYaJibHOH. 
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l(eJIL pa60TLI -

Puc.I MHTeHCilBHOCTb II)"IKOB IIOHOB Xe, IIOJI)"IaeMb!X 

H3 ncrnqHHKOB THrra PIG, .nyorrJiaJMaTpoH (DP), 

Jia3epHuil: (LPIS), ECR, _H JJieKTpOHHo-Jiyqenoro 
(EBIS).. . 

1. MccJie,[(OBaHHe pe)KIIMOB pa60TbI IlCTOqHIIKa Il Il3)"IeHHe ycJIOBIIH yneJIHqeHHH 

IlHTeHCIIBHOCTil II3BJieKaeMbIX IIyqKOB. 

2. IloJiyqeHHH IlHTeHCHBHbIX II)"IKOB HOHOB fa30B Il rnep.[(bIX BeIIIeCTB B UHKJIOTpOHHOM 

IlCTOqHIIKe MHOr03apH.[(HbIX IIOHOB C ,[(OIIOJIHHTeJibHbIM aHO,[(OM. 

3. IloJI)"IeHHe IlHTeHCHBHbIX II)"IKOB MHOr03apH,nHbIX HOHOB o60raIIIeHHbIX Il30TOIIOB Ha 

UHKJIOTpOHe Y-400. 

HayquaH 110B11111a: 

1. Ilpone.neHbl IlCCJie,[(OBaHHH 3apH.[(OBOro COCTaBa HOHOB IIpH Il3BJieqeHHil II)"IKOB C 

pa3BHTOH 3MHCCHOHHOH IIOBepXHOCTil. 

2. Pa3pa6ornHa KOHCTpYKUHH ,zzyronoro IlCTOqHHKa ,[(JIH IIOJiyqeHHH MHOro3apH.[(HblX IlOHOB 

TYfOIIJiaBKHX MeTaJIJIOB. 

4 
V .B.Kutner Intense high charge s~te ion sources. 
Rev. Sci. Instr. 1994, v.65, N4, p.1039 - I 064 
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3. MccJie,[(OBaHo IIOJI)"IeHHe MHOr03apH.[(HbIX HOHOB rnep,[(bIX BeIIIeCTB B UHKJIOTpOHHOM 

HCTOqHHKe C ,[(OIIOJIHHTeJibHbIM aHO,[(OM. 

4. BrrepBbie rrpe.[(JIO)KeH crroco6 IIOJI)"IeHIIH ceJieKTHpOBaHHOro no 3apH.[(aM rryqKa HOHOB Il3 

UHKJIOTpOHHOro IlCTOqHHKa MHOr03apH.[(HbIX IIOHOB C ,[(OIIOJIHHTeJibHbIM aH0,[(0M. 

5. Ilpe.[(JIO)KeH MeT0,[( rronyqeHHH II)"IK0B H0H0B rnep.nux BeIIIeCTB Il3 .[(yT0BbIX IlCTQqHHK0B C 

MYJibTlIII0JibHb!M MarHIITHbIM II0JieM. 

npaKTll'ICCKaH l.lCIIHOCTL pa60TLI: 

1. Pe3yJihTaTbl IlCCJie,[(OBaHHH, IIOJI)"IeHHbie B ,[(IICCepT~Illl, IlCIIOJib30BaHbl rrpH 

conepIIIeHCTBOBaHHil ,zzyroBbIX IlCTOqHHKOB MHOro3apH.[(HbIX HOHOB C KOCBeHHbIM 

rro.norpeaoM KaTo.na. 

2. IlpoBe,[(eHHbie IlCCJie,[(OBaHHH IIOKa3bIBaIOT, ~o yneJIHqeHHe IlHTeHCHBHOCTil Il3BJieKaeMbIX 

H3 IIJia3Mbl UHKJIOTpOHHOro .[(yTOBOro IlCTOqHIIKa MHOro3apH.[(HbIX HOHOB 6e3 yxy.nIIIeHHH 

3apH.[(OBOro COCTaBa B03MO)KH0 KaK 3a cqeT reoMeTpHqecKoro pa3BHTHH 3MHCCHOHHOH 

rronepXHOCTil IIJia3Mbl pa3pH.na, TaK Il 3a cqeT ,[(OIIOJIHHTeJibHOro rrpHTOKa HOHOB Il3 061,eMa 

IIJia3Mbl rrpH C03,[(aHilll CKpeIIIeHHbIX 3JieKTpHqecKOro Il MarHHTHOrO IIOJieil:. 

3. Ilpe.[(JIO)KeHbl KOHCTpYKUIIH IlHTeHCHBHbIX HCTO~HKOB HOHOB TYfOIIJiaBKHX MeTaJIJIOB. 

Anpo6au1m pa60TLI. Pe3yJibTaTbl IlCCJie,[(OBaHHH, IIOJIO)KeHHbIX B OCHOBY ,[(IlCCeprnuHH, 

.noKJia.[(bIBaJIHCb Ha XVIII International Conference on Phenomena on Ionized Gases 

(Swansea, U.K., 1987), XIV Summer School and International Simposium on Physics of 

Ionized Gases (Saraevo, Yugoslavia, 1988), Ha IV (Bensheim, Germany, 1991), VI (Whistler, 

Canada, 1995) H VII (Taormina, Italy, 1997) International Conferences on Ion Somces, Ha I 

International Simposium on Beam Technologies (Dubna, Russia, 1995), Ha XIII International 

Conference on Electromagnetic Isotope Separators (Bad Dmkheim, Germany, 1996). 

IIy6mtK3l.lllll. OcHOBHOe co.nep)KaHile ,[(IlCCepT~Illl orry6JIHKOBaHO B 11 pa6ornx. 

CTPYKTYP3 II o6beM ,!J;IICCepTa[IUII. ,[(HccepT~IlH COCTOHT II3 BBe,[(eHHH, IIHTH rJiaB, 

3aKJIIOqeHHH Il CIIIICKa JIHTepaTYPhI; co.nep)KHT 104 CTpaHIIUbI MaIIIIIH0IIIICH0ro TeKCTa, B TOM 

q!fCJie 66 pHCYHK0B, 10 Ta6JIHU H CIIHC0K UHTHpyeMOH JIHTepaTYPbI Il3 118 HanMeHOBaHilH. 

Ha JaIIJHTY BLIHOCHTCH CJICAYIOIIJIIC nOJIOlKCIIIIH, pe1yJILTaTLI, pa3pa60TKII: 

1. B UHKJI0Tp0HH0M IlCTOqHHKe MH0r03apH,nHbIX H0H0B C K0CBeHHbIM rro.norpeB0M KaTO.na 

lI3BJieqeHHe H0H0B C pa3BHTOH 3MHCCHOHHOH II0BepXH0CTil II03B0JIHeT yaeJIHqllTb 

IlHTeHCHB0CTb rryqKa Il He IIplIB0,[(IlT K yxy.nIIIeHHIO ero 3apH,n0B0ro COCTaBa. 

2. KoHCTpj'KUHH UHKJI0TpOHH0ro IlCTOqHHKa MH0r03apH.[(HbIX H0HOB C aHTHKaT0):{0M, 

rrpH6JIH)KeHHblM K 3MHCCHOHHOH IIIeJIH, II03B0JIHeT II0JI)"IaTb IIyqKil II0H0B TYf0IIJiaBKHX 

MeTaJIOB C IIHTeHCIIBH0CTHMH, rrpeBbIIIIaIOIIIIIMII IlHTeHCHBH0CTb II)"IK0B, II0JiyqaeMbIX II3 

IlCT0qHHKa C paCIIbIJIHeMblM 3JieKTp0,[(0M B 2 - 10 pa3 B 3aBHCIIM0CTil OT 3apH,na Il0Ha. 

3. KoHCTpYKUHH UHKJIOTpOHHOro IICTO~HKa MH0f03apH,nHbIX IIOH0B C ,[(OIIOJIHIITeJibHbIM 

aH0,[(OM II03B0JIHCT yneJIIIqflTI, IIHTeHCHBHOCTb IlyqKOB H0H0B rnep.[(bIX BeIIJeCTB II fa30B B 2 -
3 pa3a B 3aBHCHMOCTil OT pe)KlIMa pa3pH):{a II 3apH,na IIOH0B. 
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4. Me-ro.n; rro.rryqeHHJl Ilytn<OB MHOr03apH,n;HbIX llOHOB MaJIOll .IIJIHTeJibHOCTll ll3 llCToqHHKa C 

.LIOIIOJIHHTeJibHblM aHO.LIOM II03BOJIJieT )'BeJIHqflTI, BeJIHqHHy H3BJieKaeMoro HMIIYJibCHOro 

TOKa MHOro3apH,n;HblX HOHOB • 

5. Crroco6 rro.rryqeHHJI CeJieKTHpOBaHHOro ITO 3apH,n;aM IIytn<a HOHOB H3 HCTOqHHKa C 

.LIOIIOJIHHTeJibHblM aHO.LIOM. 

6. Pa3pa6oTKa .n;ByxKaMepHoro HCTOqnHKa MHOr03apH,n;HbIX llOHOB C TPaHCIIOpTHpOBKOH 

IIJia3MbI H3 KaMepbI rrpe.n;BapHTeJibHOll llOHH3aIIHH B KaMepy 3KCTPaKIIHH. 

7. MeTo.n; rro.rryqeHHJI Ilytn<OB HOHOB MeTaJIJIOB H3 .n;yroBblX HCTOqHHKOB C MYJibTHITOJibHbIM 

MarHHTHblM IIOJieM C llCIIOJib30BaHHeM TeXHHKH MarH~OHHOro paCITbIJieHHJl. 

Co.n;epmau11e pa6oTbI. 

Bo B·Be.n;e111111 IIOKa3aHa aKTyaJibHOCTh llCCJie.n;oBaHllJl .n;yroBoro HCTOqHHKa MHOr03apH.n;HbIX 

llOHOB C KOCBeHHblM rro.n;orpeBOM KaTo.n;a, npHBO.LIHTCJl KpaTKOe co.n;ep)KaHHe .n;HcceprnIIHH. 

B rrepuoii: rJiaBe c.n;eJiaH ofoop llHTeHCHBHbIX H Bb!COK03apH.n;Hb!X llCTOqHHKOB HOHOB .LIJIJl 

ycKopnTeJieii TJI)KeJiblX HOHOB: .n;yorrJia3MaTPOHa, IIHKJIOTPOHHOro .n;yroBoro llCTOqHHKa, 

llCTOqnllKOB C MYJibTHIIOJlbHblM MarHHTHblM IlOJieM, 3JieKTPOHHO-JiyqeBoro llCToqHHKa, 

Jia3epHoro llOHHOro llCToqnnKa ll llCTOqHnKa C HarpeBOM :meKTPOHOB . Ha qaCTOTe 

:meKTPOHHO-IIHKJIOTPOHHOro pe30HaHCa. 

Bo BTOpoii: rJiaBe rrpnBe.n;eHO OIIHCaHHe .n;yroBoro llCToqmi:Ka MHOro3apH.n;HbIX llOHOB 

IIHKJIOTPOHa Y-400 .n;JIJI no.rryqeHHJl IIytn<OB HOHOB ra30B H TBep.n;bIX BeIIIeCTB. IlpHBe.n;eHbl 

rrapaM~bl Ilytn<OB MHOro3apH.n;HbIX HOHOB, IIOJiyqeHHblX B CTeH.n;OBb!X HCilb!TaHHJlX. 

CxeMaTHqnI,Jll pa3pe3 ra30pa3pH.n;Hoii KaMepbl HCToqunKa H 6JIOK-CXeMa IlHTaHHJl 

rrpe.n;crnBJieHbI Ha Pnc.2 n Pnc.3. 

Pnc.2 CxeMaTHqnI,Ill pa3pe3 ra30pa3pH.n;HOll KaMepbI HOHHOro HCTOqHHKa: 1-

HHTb HaKarra; 2 - KaTo.n;; 3 - KOJlbIIeBoii H30JIJITOp; 4 - OXJia)K.LleHne; 5 -
pacnbIJIJieMbiii 3JieKTPo.n:; 6 - BCTaBKa .n;JIJI c6opa pacnbmeuHoro Bemecrna; 7 -
pa3pH.n;HaJI KaMepa; 8 - aHTHKam.n;; 9 - OXJia)K.LleHHe; 10 - 3MHCCHOHHaJI meJib; 11 
- no.n;aqa ra3a. 
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Pnc.3 EJIOK-CXeMa CHCTe_Mbl IlHTaHHJI HOHHOro HCTOqHHKa: 1 - HHTb HaKarra; 2 -

Kam.n;; 3 - pa3pll.D:HaJI KaMepa; 4 - pacnbIJIJieMblll 3JieKTpo.n;; 5 - 3MHCCHOHHaJI 

meJib; 6 - aHTHKam.n;; 7 - IlHTaHHe paCITbIJIJleMoro 3JieKTPO.n;a; 8 H 12 -

MO.LIYJIJITOp; 9 - IlHTaHHe HHTH HaKarra; 10 - IlHTaHHe no.n;orpeBa KaTo.n;a; 11 -

IlHTaHHe pa3pH.n;a. 

11ccJie.n;oBaHhl pe)KHMbl pa60Tbl HCTOqHnKa MHOro3apll.LIHblX HOHOB neHHHHroBCKOro THna 

C no.n;orpeBHblM KaTO.LIOM H 3apH.n;OBbie pacnpe.n;eJieHHJI HOHOB npn H3BJieqeHHH nyqKOB C 

pa3BHT0ll 3MHCCHOHHOll IIOBepXHOCTH. CxeMa o.n;Horo H3 3KCnepHMeHTOB npe.n;CTaBJieHa Ha 

Pnc.4. 

Y CTaHOBJieHO, qTo H3BJieqeHHe HOHOB H3 .n;onoJIHHTeJibHb!X 3MHCCHOHHbIX meJieii He 

npHBO.LIHT K yxy.n;rneHHIO 3apJ1.n;OBOro pacnpeneJieHHJI HOHOB npH )'BeJIHqeHHH o6mero 

H3BJleKaeMOro TOKa. 

IlpoBeneH aHaJIH3 3KCnepnMeHTaJibHbIX l{aHHb!X no npOCTPaHCTBeHHOMY pacnpeneJieHHIO 

KOMnOHeHT nJia3Mbl pa3pllna B IIHKJIOTPOHHOM .n;yroBOM HCTOqHHKe MHOr03apllllHb!X HOHOB C 

TOqKn 3peHHJl B03MO)KHOCTH yBeJinqeHHJI 3MHCCHOHHOll noBepXHOCTH nna3Mbl. Ha OCHOBe 

aHaJIH3a c.n;eJiaH BblBOll O TOM, qTo B03MO)KHOCTH yBeJIHqeHHJI pa3MepoB 3MHCCHOHHOH menH 

B npo.n;OJibHOM uanpaBJieHHH orpaunqeHbl pa3MepaMH 30Hbl pa3pllna, CB06onuoii OT HOHOB 

MaTepnarra KaTona n aHTHKaTona. 

Ha OCHOBe aHaJIH3a pe3yJibTaTOB cneKTPOCKonnqecKHX H3MepeHHll nJIOTHOCTH HOHOB Mo B 

3aBHCHMOCTH OT paccTOJIHHJI OT aHTHKaTona
5 

H pe3yJibTaTOB
6 

3KCnepHMeHTOB no nonyqemno 

HOHOB W H3 ra30BOro HOHHOro HCTOqHnKa B l{HCCepTaIIHH npe.ll)IO)KeHa KOHCTPYKIJHll 

HCToqum-:a .ll)IJI nonyqeHHJl MHOro3apH,n;HblX HOHOB TyrOnJiaBKHX MeTaJIJIOB 

5 H.TT.PoMaHoe, A.TI.CrpttraHoe CneKTp Mo VI e o6nacTH 6800 - 2200 A. 
OmttKa tt cneKTp0CK0nIDI 1969, T.27, NI, CTP.17 - 24 

6 A.C.nacIOK H )lp. TTOJl)''ICHHC MH0roJapll)lHblX H0H0B aproHa, KpHnT0Ha, KCCH0Ha H BOilb<j>paMa 113 eyroaoro 
HCTO'IHHKa Ha cTCH)le. ATOMHaJI :meprllil 1968, T.24, NI, CTP,21 - 25 
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Puc.4 CxeMa 3KCTJ)aKUIIII II aHaJIIl3a IIOHHOfO IIY'J:Ka Il3 IICToqHI1Ka C 

)'BeJII1qeHHbIM KaTO,!lOM II HeCKOJibKIIMII 3MIICCIIOHHbIMII rueJUIMII: 1 
IIO,!lBil)l(Hall IIJiaCTIIHa C 3MIICCIIOHHbIMII rueIDIMII; 2 - IIJia3Ma pa3pJI,!la; 3 -
IIO,!lBil)l(HbIH BbITJIDIBaIOIUIIH 3JieKTJ)O.ll; 4 - .ll)'aHT; 5 - IIO,!lBil)l(HbIH KOJIJieKTOp. 

CxeMaTI1qffO KOHCTJl)'KUIIJI IICTOqHIIKa IIOKa3aHa Ha Pilc.5. PacCTOJIHile Me)l(,!ly Me,!lilaHHOH 

IIJIOCKOCTblO II pa6oqeil: IIOBepXHOCTblO aHTIIKaTO,!la 6bIJIO BbI6paHO ,!lJIJI IIOJIY'JeHIIJI 

OIITIIMaJibHOrO BbIXO,!la IIOHOB w 10
+. l10HHbIH IICTOqHIIK 6bIJI IICilbITaH Ha CTeH,!le, r,1:1e 

IICCJie,!lOBaJIOCb 3ajJJI,!lOBOe pacrrpe,!leJieHile Il3BJieqeHHbIX IIOHOB. l1oHbI Il3BJieKaJIIICb Il3 

3MIICCIIOHHOH rueJIII lx2O MM
2

• ,llmr IIOJlY'leHIIJI IIOHOB Mo II w pa3pJI,!l B IIOHHOM IICTOqHIIKe 

3a)l(I1raJICJI Ha Kr IIJIII Xe. l1oHHbie TOKII, IIOJIY'JeHHbie rrpII pa6oTe C Mo II w aHTIIKaTO,!laMII, 

rrpe,!lCTaBJieHbI a Ta6JII1Ue I. ,llmr cpaaHeHIIJI rrpIIBe,!leHbI IIHTeHCIIBHOCTII IIY'JKOB, 

IIOJlY'leHHbIX Il3 IICTOqHIIKa C paCIIbIJIJieMbIM 3JieKTJ)O,!lOM. Bil,!lHO, qTO IICIIOJib3}'JI 

paCIIbIJieHI1e aHTIIKaTO,!la, MO)l(HO IIOJlY'laTb 6oJiee IIHTeHCIIBHbie IIY'JKII, rrpI1qeM MaKCIIMYM a 

3apJI,!lOBOM pacrrpe,!leJieHIIII CMerueH B CTOpOHY 6onee BbICOKIIX 3apJI,!lOB no cpaBHeHIIIO C 

IICTOqHIIKOM C paCIIbIJij!eMbIM 3JieKTJ)O,!lOM. 

Ta6JIUQa 1. TOKII IIOHOB Mo II w IIOJlY'leHHbie Il3 IICTOqffIIKa C aHTIIKaTO,!lOM y 

- -·---- --- - ---- ----- - --- -- - - - - ,-------- --------~-- -------,-..-----.- - ' ,-

Mern.JJJI PeJK11M oa:mllJla ToK, mA B lfMIIVJJbCe 
ld,A Ud,V 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 10+ 

Mo 14 530 24 10 9 2.4 0.6 0.0 
5 . 9.5 380 24 24 23 16 9.4 2.0 0.4 

w 14 500 5 18 36 30 13 9 . 9 360 20 17 13 6.8 3.3 0.7 0.12 

6 

Puc.5 CxeMaTI1qttb!H pa3pe3 I1CTOqttI1Ka 

IIOHOB ryrorrJiaBKIIX MeTaJIJIOB: 1 - HIITb 

HaKaJia; 2 - KaTO.ll; 3 - 3MIICCIIOHHalI rueJib; 4 -
aHTIIKaTO,!l; 5 - aHO,[I. 

8 TpeTbeii rJiaBe rrpI1Be,!leHbI pe3yJibTaTbI IICCJie,!lOBaHifj! UIIKJIOTJ)OHHOro ,!lyrOBOro 

IICToqHI1Ka MHOr03apMHbIX IIOHOB co CTauIIOHapHbIM 3JieKTJ)IlqecKIIM IIOJieM B IIJia3Me 

pa3pMa (IICTOqHIIK C ,!lOIIOJIHIITeJibHbIM aHO,!lOM). MeTO,!l CO3,!laHifj! B IIJia3MeHHOM CTOJI6e 

pa3pMa CTaUIIOHapHoro 3JieKTJ)IlqecKoro IIOIDI, rreprreH,!lIIKYIDIPHOro MarHIITHOMY IIOJIIO, 

6brn rrpe,!lJIO)l(eH E.H.MaKOBbIM
7
. 

l{eJiblO rrpoBe,!leHHbIX B ,!lI1CcepTauI1I1 IICCJie,!lOBaHIIH JIBJUIJIOCb pa3BIITile 3TOro MeTO,!la 

,!lJUI rrpI1MeHeHifj! ero B IIMITYJibCHOM UIIKJIOTJ)OHHOM IICTOqffIIKe ,!lJUI IIOJlY'leHIIJI 

MHOr03apJI,!lHbIX IIOHOB TBep,!lbIX aeruecTB II ra3OB. 

B pa3pMHYJO KaMepy BBO,!lIITCJI ,!lOIIOJIHIITeJibHbill aHO,!l C IIOTeHUilaJIOM, OTJIIlqarorunMCJI 

OT IIOTeHUilaJia OCHOBHOro aHO,!la. l13BeCTHO, qro IIJia3Ma pa3pMa rrpIIHnMaeT IIOTeHUilaJI 

6JIIl3KIIH K IIOTeHUilaJIY aHO,!la. CJie,!lOBaTeJibHO, B CJlY'lae pa3pMa C ,!lBYMJI aHO,!laMII C 

pa3JIIlqffbIMII IIOTeHUIIWlaMII o6JiaCTII IIJia3MbI, rrpll!Ierarorune K aHO,!laM, nMeJOT pa3Jlllqffbie 

IIOTeHUilaJibI. TaK KaK IIJia3MeHHble 3JieKTJ)OHbI 3aMarHI1qeHbI, Me)l(,!l)' rpaHilqttbIMII 

CIIJIOBbIMII JIIIHifj!MII MarHIITHOrO IIOJUI o6pa3YeTCJI 3JieKTJ)IlqeCKOe IIOJie. B )TOM CJlY'lae IIO,!l 

,!leHCTBileM CKperueHHbIX 3JieKTJ)IlqecKoro II MarHIITHOro IIOJieil: rrpII COOTBeTCTBYJOIUeH IIX 

7 6.H.MaKOB I1CTO'IHIIK MHOf03apll)lHbIX IIOHOB C IIO)lOrpeBHbIM KaTO)lOM 
B: Tpy/lhI X BcecOJ03HOfO COBeIUaHl!ll IIO ycKOpl!TeIDIM 3aplllKeHHhIX '!aCTIII.I, ,lzy6Ha, 21-23 OKTll6pll 1986. 
TII, cTp.3-13. mum J:(9-87-105, ,lzy611a 1987. 
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OpIIeHT~IIll C03J(aeTCJl: IIOTOK 3apll:lKeHHb!X "laCTllU ll3 o6'beMa IIJia3Mbl K 3MllCCIIOHHOH 

menn. 

CxeMaTH"IHO fa30pa3pll:J(Hall: KaMepa IIOKa3aHa Ha PIIc.6, r.ne TaK)l(e IIOKa3aHbl 

HarrprumeHllJl: CllJIOBb!X JlllHllll MarHHTHOfO (B) II 3JieKTPH"leCKOfO (E) rroneil: ll HaIIpaBJieHHe 

.npeil:qJOBOfO J(Bll)l(eHHJl: "laCTllD; IIJia3Mbl (V d)- lliTPHXOBbIMll JillHIIl!Mll ycJIOBHO IIOKa3aHbl 

rpaHHUbI o6nacTeil: IIJia3MbI, rrpHMbIKaJOmnx K OCHOBHOMY n J(OIIOJIHllTeJibHOMy aHOJ(aM. 

( 

6"-./ 
2 

~ 

80 
~ 11:...._J I /JU 

~-
£ 
-,ti ~ 

5 -

Pnc.6 CxeMaTll"IHbIH BIIJ( fa30pa3pll:J(HOH KaMepbl llOHHOfO llCTO"IHHKa C 

J(OIIOJIHllTeJibHbIM aHOJ(OM: 1 - pa3pll:J(Hall: KaMepa ( aHo.n); 2 - J(OIIOJIHHTeJibHbIH 

aHo.n; 3,4 - TPaeKTOpllll 3JieKTPOHOB ll llOHOB; 5 - IIOJ(a"la raJa; 6 - BbITJl:fllBaJOmIIil: 

3JieKTPo.n. 

8 J(IICCepT~llll llCCJieJ(OBaJillCb CJie)zy!Omne acrreKTbl IICIIOJib30BaHIIJl: J(OIIOJIHHTeJibHOfO 

aHOJ(a B UIIKJIOTPOHHOM llCTO"IHHKe MH0f03apll:J(Hb!X llOHOB: 

• BJIIIl!HIIe IIOTeHUIIaJia J(OIIOJIHIITeJibHOfO aHOJ(a Ha pe)l(IIM pa3pll.na; 

• BJillJl:HIIe IIOTeHUHaJia J(OIIOJIHIITeJibHOfO aHOJ(a Ha llHTeHCIIBHOCTb II 3apl!J(OBbIH COCTaB 

ll3BJieKaeMOfO IIOHHOfO IIy"IKa; 

• oco6eHHOCTII IICIIOJlb30BaHllll: J(OIIOJIHllTeJibHOfO aHOJ(a B IICTO"IHIIKe MHOf03apl!J(HbIX 

llOHOB C paCIIbIJIJl:eMbIM 3JieKTPOJlOM; 

• rrpOCTPaHCTBeHHOe pacrrpe.neneHIIe "laCTllU, 3MllTTIIpyeMb!X ll3 pa3pll:J(a. 

11ccne.noBaHllll 6bmII rrpoBeJ(eHbl Ha CTeHJ(e llOHHbIX llCTO"IHllKOB n Ha UllKJIOTPOHe 

Y-400. 11orrepe"IHOe Ce"leHIIe fa30pa3pll:J(HOH KaMepbl IIOHHOfO IICTO"IHIIKa c 

J(OIIOJIHllTeJibHbIM aHOJ(OM J(JIJl: UIIKJIOTPOHa Y-400 IIOKa3aHO Ha PIIc.7. 

y cTaHOBJieHO, "ITO C pOCTOM IIOJIO)l(HTeJibHOfO IIOTeHuIIana J(OIIOJIHIITeJibHOfO aHOJ(a 

(.npeil:q>OBall: CKOpOCT'b "laCTHU IIJia3Mbl HarrpaBJieHa K 3MllCCIIOHHOH menn) rrpOHCXOJ(IIT 

YMeHbIIIeHIIe TOKa pa3pll:J(a ll pOCT HaIIpll:)l(eHllJl: pa3pll:J(a. 11pII IIOTOKe fa3a 6JIII3KOM K 

OIITIIMaJibHOMY J(JIJl: IIOJIY"leHllll MH0f03apll:J(Hb!X llOHOB (rrpll HyJieBOM IIOTeHUIIaJie 

J(OIIOJIHIITeJibHOfO aHOJ(a) rrpOHCXOJ(llT cpbIB pa3pll:J(a IIpll )'BeJIII"leHIIII IIOJIO)l(llTeJibHOfO 

IIOTeHUIIaJia J(OIIOJIHHTeJibHOfO ano.na. 11 pH OTPIIUaTeJibHOM IIOTeHUIIaJie J(OIIOJIHIITeJibHOfO 

aHOJ(a ll3MeHeHHe pe)l(HMa pa3pll:J(a He3Ha"IIITeJibHO. 

8 
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Pnc.7 11orrepe"IHOe ce"leHIIe pa3pllJlHOil: 

UIIKJIOTPOHa Y-400: 1 - Koprryc pa3pll.D:Hoil: 

3MIICCIIOHHOH meJibJO; 3 - .nep)l(aTeJib 

J(OIIOJIHIITeJibHbIH aHo.n; 5 - II30Jll!TOpbI. 

30HJ(OBbie II3MepeHIIJl: IIOKa3aJill HaJIII"IIIe 

M 1: 1 

M 2:1 

KaMepbI IIOHHOfO IICTO"IHIIKa 

KaMepbl (aHo.n); 2 - HaKJiaJ(Ka c 

J(OIIOJIHIITeJibHOfO aHo.na; 4 -

IIHTeHCIIBHbIX IIOTOKOB IIJia3Mbl II3 

3MIICCIIOHHOH menII IICTO"IHIIKa rrpII IIOJIO)l(IITeJibHOM IIOTeHUIIaJie J(OIIOJIHIITeJibHOfO aHOJ(a. 

3TIIM qiaKTOM o6'bllCHl!eTCll ll3MeHeHIIe pe)l(IJMa pa3pl!J(a rrpII IIOJIO)l(IITeJibHOM IIOTeHUIIaJie 

;:J;OIIOJIHIITeJibHOfO aHOJ(a. 

B 3KCIIepIIMeHTax Ha CTeHJ(e Ha6JIJOJ(aJIOCb yBeJIII"leHIIe o6mero II3BJieKaeMoro TOKa II 

TOKa pa3JIII"IHbIX 3apl!J(OB B 2-5 pa3. 3apll:J(OBOe pacrrpe.neneHIIe IIOHOB Ar rrpII J(Byx 

IIOTeHUIIaJiax J(OIIOJIHIITeJibHOfO aHOJ(a IIOKa3aHO Ha PIIc.8. 

bbIJIO IICCJieJ(OBaHO IIOJIY"leHIIe llOHOB TBepJ(bIX BemeCTB II3 IICTO"IHIIKa C 

J(OIIOJIHIITeJibHbIM aHOJ(OM II KaTOJ(HbIM paCIIbIJieHIIeM pa6o"lero BemecTBa. I1ccne.noBaJIIICb 

J(Be KOHCTPYKUIIII IIOHHOfO IICTO"IHIIKa C pa3JIII"IHblM pacrroJIO)l(eHIIeM paCIIbIJil!eMoro 

3JieKTPOJ(a. 8 rrepBoil: KOHCTPYKUIIII paCIIbIJil!eMbIH 3JieKTp0Jl BBOJ(IITCll B pa3pl!J(HyJO KaMepy 

Harrponrn 3MIICCIIOHHOH menll, BO BTOpoil: - "1epe3 60KOByJO CTeHKY fa30pa3pl!J(HOH KaMepbl. 

EoKOBOH BBQ.ii paCIIbIJil!eMOfO 3JieKTPO.D:a IICIIOJib3YeTCll B IICTO"IHIIKe UIIKJIOTPOHa y -400. 
J(OIIOJIHIITeJibHblll aHOJ( J(QJI)l(eH 6bITb pacIIOJIOlKeH c TOH-)l(e CTOpOHbI, "ITO II paCIIbIJilleMblH 

3JieKTpo.n. 11orrepe"IHOe Ce"leHIIe pa3pl!J(HOH KaMepbl CTeHJ(OBOfO IICTO"IHIIKa C 6oKOBblM 

paCIIOJIO)l(eHIIeM paCIIbIJil!eMOfO 3JieKTPOJ(a IIOKa3aHO Ha PIIc.9. 

B 3TOH KOHCTPYKUHII He Ha6JIJOJ(aJIOCb BJIIIll.HIIll IIOTeHUIIaJia J(OIIOJIHIITeJibl!OfO aHOJ(a Ha 

pelKIIM paCIIbilll!eMOfO 3Jieripo.na. 3apl!J(OBbie pacrrpe.neneHIIJl: IIOHOB Al, rrony"leHHbie 113 

IICTO"IHIIKa C 60KOBbIM pacrroJIO)l(eHHeM paCIIbIJil!eMoro 3JieKTPO.D:a rrpII pa3JIII"IHblX 

IIOTeHUJlaJiax J(OIIOJIHJITeJibHOfO aHOJ(a IIOKa3aHbl Ha PIIC. 10. 
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Puc.8 3apll:,!10BI,IC pacrrpe,lleJieHllll: llOHOB Ar rrpn: . pa3Jill'lHbIX IIOTCH[(llanax 

,llOIIOJIHllTCJlbHOro aHO,lla. 

I 2 
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Puc.9 IIorrepeYIHOe ceqeHlle ra30pa3pll:,llHOll KaMepbl llOHHOro llCTOqHn:Ka C 

,llOIIOJIHllTCJII,HI,IM aHO,llOM n: 6oKOBbIM paCIIOJIO)KCHllCM pacIIbIJIJl:CMOro 

3JICKTPO.lla: I - pa3pll:,l1Hall: KaMepa; 2 - 3MllCCllOHHall: I[(CJII,; 3 - paCIIbIJIJl:CMblll 

3JICKTPO.ll; 4 - ,llOIIOJIHllTCJibHblll aHO,ll. 
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Puc.10 3apH,ll;OBI,Ie pacrrpe.r1enemIJ1 llOHOB Al, ll3BJIC'leHHbIX ll3 llCTO'lHllKa C 

6oKOBbIM pacrrOJIO)KCHlleM pacrrIJIDieMoro 3JICKTPO.lla rrpn: pa3JIH'lHI,lX 

IIOTCH[(llaJiax ,llOIIOJIHllTCJII,HOro aHO,lla. 

C [(CJII,IO llCCJie,llOBaHllll: BO3MO)KHOCTll yaenn:qeHllll: 3apH,ll;HOCTll llOHOB, ll3BJieKaeMbIX ll3 

llCTOqHn:Ka c ,llOIIOJIHllTCJII,HI,IM aHO,llOM pa3pa6oTaHa n: llCIIbITaHa KOHCTPYJ([(llll: 

,llByxKaMepHoro llCTOqHn:Ka C TPaHCIIOprupOBKOll IIJ!a3Mbl ll3 KaMepbl rrpe,llBapn:TCJibHOll 

n:OHll3a[(n:ll a KaMepy JKCTPaK[(llll c rroMOI[(bIO cKpemeHHhIX ExB rroneil:. KoHCTPJK[(llll: 

OCHOBaHa Ha pe3yJihTaTax 3KCIIepn:MeHTOB C llCTO'IHllKOM C yaeJill'lCHHbIM KaTO,llOM (rnaaa 2) 

ll pe3yn1, TaTax ll3MepeHllll 3MllCCllll IIJ!a3MI,l ll3 llCTO'lHHKa C ,llOIIOJIHllTefilHhlM aHO,llOM 

IIorrepeYIHoe ceqeHn:e llCTO'lHHKa cxeMaTll'lHO IIOKa3aHO Ha Pn:c.11. KaTO,ll llMeeT ceqeHn:e 

7xl4 MM
2

, ceqeHlle Ka)K,!IOll KaMephl 8x8 MM
2

• KaMepbI pa3,llCJICHI,I MOJIH6,lleHOBOll 

IIJiaCTllHOll TOJII[(llHOll 2 MM, llMCIOI[(eil: aepTllKaJII,HyIO I[(CJII, 45x I MM
2

• IloTeH[(llaJibI Ha 

,llOIIOJIHllTCJII,HI,Ie aHO,llbI Ka)K,!IOll KaMep1,r IIO,llaIOTCJl: OT HC3aBllCllMI,lX llCTO'lHllKOB IIllTaHllll:. 

fa3 TaK)Ke MO)KCT IIO,llaBaTbCJl: B Ka)K,lly!O KaMepy pa3,llCJibHO. 8 3KCIIepn:MCHTax ra3 (Ar) 
IIO,llaBaJICJl: TOJibKO B KaMepy rrpe.r1aapn:TeJibHOll llOHll3a[(llll. 

Dbillll rrpoBe,lleHhI 3KCIIepn:MeHTbI ITO ll3BJieYieHllIO llOHOB ll3 o6en:x KaMep ,llBYMJI 

OT,llCJII,HI,IMll ll3BJICKaIOI[(llMll 3JICKTPO.llaMll. 3TH 3KCrrepllMCHThl IIOKa3aJill, 'ITO TOK, 

ll3BJieKaeMblll ll3 BTOpoil: KaMepbl (KaMepa 3KCTPaK[(llll) B 3Ha'IHTCJibHOll CTeIIeHll 

orrpe,lleJ!Jl:eTCJl: IIOTOKOM IIJ!a3Mhl ll3 rrepaoil: KaMep1,r (KaMepa rrpe,llBapllTCJll,HOll llOHll3a[(llll), 

CO3,llaBaeMhIM rrepBhlM ,llOIIOJIHllTCJil,Hl,IM aHO,llOM. 

,l{Jur ll3MepeHllll: 3apH,ll;OBbIX pacrrpe,lleJieHn:il: llOHOB ll3BJIC'leHHbIX ll3 KaMephl 

rrpe.r1aapn:TeJibHOll llOHll3a[(llH II ll3 KaMepbI 3KCTPaK[(llll Ha Koprryce llCTO'lHllKa 61,ma 

ycTaHOBJieHa IIO,llBll)KHaJI rrnacruHa, IIO3BOJ!Jl:BIIIall: rrpoll3BO,llllTb ll3BJIC'ICHlle llOHOB 

rrooqepe,llHO ll3 Ka)K,!IOll KaMepbI. Ilpn: 3TOM TaK)Ke rrpOll3BO,llllJIOCI, peryJIHpOBKa IIOJIO)KCHllll: 

BbITll:rn:aaromero 3JICKTPO.lla ,llJIJl: o6ecrreqeHllll: 3KCTPaK[(llll II aHaJill3a llOHOB ll3 

COOTBeTCTByrol[(eil: KaMep1,r. 

3apll:,llOBbie pacrrpe.r1eneHllll: llOHOB Ar, ll3BJieYieHHI,lX ll3 KaMCphl rrpe.r1aapn:TCfilHOll 

llOHll3a[(llll ll ll3 KaMep1,r 3KCTPaK[(IIll rrpn: pa3JIII'lHbIX IIOTCH[(llaJiax ,llOIIOJIHllTCfilHOro 

aHO,lla KaMepbI rrpe,llBapllTCJibHOll llOHll3a[(llll (Uaa1) rrpe,llCTaBJICHhl Ha Pn:c.12. 
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Puc.11 Ilorrepe'IHOC Ce'!CHIIC ,IIByxKa.MCpHoro llCTO'IHllKa c TPaHCIIOpTHpOBKOil: IIJHl3Mbl 

CKpem;eHHb!Mll ExB IIOIDIMll: 1 - rrepBIDI pa3pll:,11H8.ll Ka.Mepa; 2 - rrepBblll ,IIOIIOJIHllTCJihHblll 

aH0,11; 3 - BTOprur pa3pll:,IIHIDI Ka.Mepa; 4 - BTOpoil: ,IIOIIOJIHllTCJlbHhlll aHo,11; 5 - MOJIH6,11eHOB8.ll 

IIJiacmHa C BepTllKaJibHOil: m;eJihlO; 6 - 3MllCCllOHH8.ll IIICJih. CTPCJIKa.Mll )'Kll3aHbl 

HarrpaBJICHllll: IIOTOKOB IIJ!ll3Mhl, o6pa30BaHHbIX ,11eil:CTBllCM ,IIOIIOJIHllTCJlbHhIX aHO,IIOB. 

< ,,----.---.,---,--....,..-----~ 
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E :r--,------r-----~--
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11)1 

100 

~ 
~ 

11)-1 '---~--~--~--~--~-__, 

(b) 
o 1 2 az' s 6 

Puc.12 3apll:,110Bble pacrrpe,11eJICHllll: llOHOB Ar ll3BJIC'ICHHbIX ll3 rrepBoil: (11) ll BTOpoil: (12) 
Ka.Mep rrpn pa3Jill'!HhlX IIOTCHIJHaJiax rrepBoro ,IIOIIOJIHllTCJlhHOrO aH0,11a: (a) Uaa1=0 V; 
(b) Uaa1=+30 V. 
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flpe,IIJ!OlKCH n llCIIbITaH crroco6 IIOJI)"lCHllJI llMIIYJihCHbIX llOHHhIX IIY'fKOB KOpOTKOil: 

,IIJillTCJibHOCTll ( 10 - 100 MKC) 03 llOHHOro llCTO'!HllKa C ,IIOIIOJIHllTCJlhHblM aHO,IIOM. 

YMCHhIIICHlle ,IIJ!llTCJibHOCTll llMIIYJihCa ll3BJieKaeMoro llOHHOro TOKa IIYTCM YMCHbIIICHllll: 

,IIJlllTCJibHOCTll llMIIYJibCa pa3pll:,lla IIpllBO,llllT K ll3MCHCHlllO TCIIJIOBOro pelKHMa KaTO,lla. 

TTo3TOMy ,IIJIJI cTa6llJibHOro 3alKHraHllll: pa3pll:,11a B llCTO'IHllKC, pa60TaIDIIICM C 60JibIIIOil: 

CKBalKHOCThlO, HC06XO,llllMO ll3MCHJl:Tb KOHCTP)'KIJlllO KaTO,IIHOro Y3Jia (TepMOll30JIJIIJllll: 

KaTO,lla OT ,11eplKaTeJIJI, YMCHbIIICHlle BhlCOThl KaTo,11a). 

flpe,IIJ!OlKCHHblll MeT0,11 3aKJIIO'!aeTCJI • B TOM, 'ITO K ,IIOIIOJIHllTCJihHOMY aHO,lly 

IIpllKJia,llbIBaeTCJI OTpn11aTCJibHhlil: IIOTCHIJllaJI, 'ITO rrpllBO,llllT K YMCHhlIICHlllO ll3BJICKaeMOro 

llOHHOro TOKa. B Heo6xo,11HMhlll MOMCHT llMIIYJihCa pa3pH,11a Ha ,IIOIIOJIHllTCJlhHhlll ano,11 

110,11aeTCJI KOpOTKHil: llMIIYJibC IIOJIOlKllTCJihHOro IIOTCHIJHaJia ,IIJIJI IIOJI)"lCHllll: HMIIYJihCa 

ll3BJIC'leHHOro HOHHOro TOKa. 

l13MepeHHhie BpeMeHHbie ,IIHarpa.MMbl llMIIYJihCOB IIOJIHOro BhlTJIHYTOro TOKa npll 

pa3Jill'lHbIX qiopMax llMIIYJibCa IIOTCHIJllaJia ,IIOIIOJIHllTCJlbHOro aHO,lla IIOKll3aHhl Ha Pnc.13. 

8 pe3yJihTaTe 3KCIIepHMCHTa 110Kll3aHa B03MOlKHOCTh IIOJIY'fCHllJI KOpOTKllX llMIIYJibCOB 

llOHHOro TOKa IIpH IIO,lla1'.Je. llMIIYJibCHOro IIOTCHIJHaJia Ha ,IIOIIOJIHllTCJlhHblll aH0,11. 

,[(JillTCJlhHOCTb HMIIYJibCOB llOHHOro TOKa Morna 6b!Th YMCHhIIIeHa ,110 IOMKC (rrpe,11eJI 

llCIIOJlh3YCMOil: 3JICKTpOHHOil: CXCMbI). B 3KCrrepHMCHTe IIOJIY'fCHO OTHOIIICHlle aMIIJIIITY.Llhl 

llOHHOro TOKa B KOpOTKOM llMIIYJihCe K OCHOBHOMY llMIIYJihCY paBHOe npHMepHO 4. 

le,tr 

(1) b) 

t 
U<1.<1 130 V 

t 

-30 V 

Puc.13 BpeMCHHblC ,llllarpa.MMbI llMIIYJihCOB IIOJIHOro BhITJIHYTOrD TOKa npll 

pa3Jill'IHhIX qiopMax llMIIYJlhCa IIOTCHIJllaJia ,IIOIIOJIHllTCJlbHOro ano,11a. 

30H,IIOBbIC ll3MepeHllJI 110Kll3aJIH, 'ITO npll ll3MCHCHllll HanpaBJICHllll: 3JICKTPll'ICCKOro IIOJIJI 

( OTpllIJaTCJihHbiil: IIOTCHIJllaJI ,IIOIIOJIHllTeJibHOro ano,11a) npoHCXO,llllT B03paCTaHHe II OTO Ka 

qacTlllJ 11Jlll3Mbl B HanpaBJICHllll, npoTHBOIIOJIO)l(HOM HarrpaBJICHlllO K 3MllCCllOHHOil: IIICJill, II 

YMCHhlIICHHC IIOTOKa, HaIIpaBJICHHOro K 3MllCCllOHHOH IIICJill. 3TOT qJaKT 1103BOJIHJI C,IICJiaTb 

npe,11IIOJIOlKCHlle, 'ITO IIYTCM C03,llaHllll: B IIJill3Me pa3pll:,lla nepHO,llll'ICCKOro 3JICKrpll'ICCKOro 

IIOJIJI E(t) MOlKHO ceJieKTllBHO B03,IICHCTBOBaTh Ha ,IIBlllKCHllC pa3Jill'IHhlX qacTHIJ IIJ!ll3Mhl. 

PacCMOTPHM IIJlll3MCHHhlH CTOJI6, COCTOll:IllllH ll3 ,IIByx corrpHKaCaIDIIIllXCJI o6JiaCTeii C 

IIOTCHIJHaJia.MH <l>1=0 ll <l>2, KOTOpblll OCIJllJIJIHpyeT B COOTBCTCTBllll C HCKOTOpbIM 

nepHO,llll'ICCKllM 3aKOHOM. PaccMOTPllM ,IIBlllKCHlle O,IIHOro llOHa, npe,11110JiaraJI 'ITO 
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::meKTIJlf'leCKOe none .n:eiicTByeT Ha HOH TOnhKO B MOMeHT nepece'leHmI .!lBOHHOro cno.11 MelK)ly 

o6naCT.IIMH nna.JMbl. BpeM.11 .!lBHlKeHH.11 HOHa B .!lBOHHOM cnoe npnMeM paBHhlM 0, T.K. 

TonmnHa .!lBOHHOrO cno.11 COCTaBn.lleT HeCKOnhKO napMOpOBCKHX pa.nnycoB 3neKTIJOHa, 'ITO 

MHOfO MeHhIIIe MHHhl TPaeKTOpHH HOHa. 

B Ha'lanhHblH MOMeHT BpeMeHH t1 3neKTIJH'leCKOe none HanpaBneHO TaK, 'ITO CKOpOCTb 

.n:peiiqioBOro .!lBHlKeHH.11 HOHa HanpaBneHa K 3MHCCHOHHOH menu. BHe .!lBOHHOro cnoll HOH 

.!lBlllKeTCll no KpyrOBOH TPaeKTOpHH no.n: .n:eiiCTBHeM MarHHTHOro non.II. 

CoBepIIIHB nonoBHHy o6oporn (MOMeHT BpeMeHH ti) HOH BXO.!lllT B ,nBOHHOH cnoii, r.n:e 

cymecrnyeT 3neKTIJH'leCKoe none. QqeBH.!lHO, 'ITO HanpaaneHne .n:peiiqioBoro ,nBnlKeHHll noHa 

He H3MeHHTCll, ecnn B MOMeHT BpeMeHH ti BenH'IHHa H HanpaBneHne 3neKTIJH'leCKOro nonl! 

6y.nyr TaKHMH lKe, KaK H B MOMeHT t1. 3TO ycnoBHe MOlKHO 3anncaTb B BH.n:e: 

0.5*T; = n*Ter (1) 

T; - nepno.n: o6pameHH.ll noHa B MarHHTHOM none; 

Ter- nepno.n: Kone6attnii 3neKTIJH'leCKoro non.11; 

n - I:lenoe 'IHCno. 

MoHbl, ,nn.11 KOTOpbIX BhIIIOnHeHO ycnoBHe (1 ), 6y.n:yr .n:peiiqioBaTh TaK lKe, KaK u B cnyqae 

nOCTO.IIHHOro 3neKTIJH'leCKOro non.11, OCTMbHbie - .n:pyrHM o6pa.30M. B Ka'leCTBe npnMepa Ha 

Pnc.14 npnBe,neHhI pac'leTHhie TPaeKTopnn HOHOB 
24Mg1

+. Pac'leT npoBe,neH c yqernM 

npnBe.n:eHHhIX BhIIIIe npe.n:nonolKeHHH, ycnOBHe (1) BhIIIOnHeHO .n:n.11 HO Ha 26Mg I+. Och X 
COBna.naeT C nonolKeHHeM .!lBOHHOro cno.11, H HanpaBneHa B CTOpOHY 3MHCCHOHHOH menu. 

IloTeHJ:lHan .n:ononHHTenhHOro aHo.n:a 6hm B3l!T B BH,ne <I> = <I>0sin(rot). Pacqer npoBe,neH .n:n.11 

,n:Byx 3Ha'leHHH CTapTOBbIX qJa.3. Bn.n:Ho, 'ITO BO BpeM.11 :.n:BnlKeHH.11 HOHa BenH'IHHa H 

HanpaBneHHe ero .n:peiiqioBOH CKOpOCTH He .l!Bn.llIOTCll nOCTO.IIHHhIMH. 
y a 

X 

y 
b 

X 

Puc.14 Pac'leTHhre TPaeKTopnn 24Mg1
+ ,nn.11 pa.3nH'IHhIX cTapTOBhIX qia.3: 

a) 0.251t; b) 0.51t; 

YnpomeHHOe paccMOTIJeHHe .!lBHlKeHH.11 HOHOB B nepHO,[{H'leCKOM 3neKTIJH'leCKOM none Ha 

rpaHHJ:le .n:Byx o6naCTeii nna.3Mbl nOKa.3bIBaeT B03MOlKHOCTb ceneKTHBHOro B03,neiiCTBH.ll Ha 

.!lBHlKeHHe HOHOB. HecOMHeHO, 'ITO ,nn.11 KOppeKTHOro paCCMOTIJeHH.11 3qJqJeKTa 

nepno,nnqecKoro JneKTIJn'lecKoro non.11 Heo6xo.n:nMo npHH.l!Th BO BHHMattne HOHHbie 

CTOnKHOBeHHll H .n:pyrne npOJ:leCChI. 

14 

IlpoBe.n:eHO nccne,n:oBaHHe CHCTeMbl ll3BJie'leHH.ll H qiopMHpOBaHH.11 nyqKa BHeIIIHero 

HHlKeKTOpa llHKnOTIJOHa Y-200 C .llyrOBbIM HCTO'IHHKOM HOHOB. CxeMaTH'IHOe H306palKeHHe 

HOHHO-OnTH'leCKOll CHCTeMbl H pacnpe.n:eneHne MarHHTHOro non.11 no pa,n,eycy 

3neKTIJOMarHHTa HCTO'IHHKa nOKa.3aHO Ha Pnc.15. B HOHHO-OnTH'leCKOll CHCTeMe 

ncnonb30BaH qinnhTIJ Butta ,nn.11 KOMneHCaJ:lHH OTKJIOH.IIIOmero .n:eiiCTBH.11 MarHHTHOro non.II. 

Ilpn H3MeHeHHH MarHHTHoro non.11 B,nonh TIJaeKTopnn 'laCTHJ:lhI JneKTIJH'leCKoe none 

.n:onlKHO MeH.l!ThCll TaKHM o6pa.30M, 'IT06bI o6ecne'IHBM0Cb noCTOl!HCTBO OTHOIIIeHH.11 E/B. 
TaKHM o6pa.30M, no H3BeCTHOMY pacnpe.n:eneHHIO MarHHTHOro non.11 MOlKHO pacC'IHTaTb 
npoqinnh nnacTHH, co3.n:a10mnx 3JieKTIJH'leCKoe norre. 

3 

12 1& ,:m 

Puc.15 MoHHO-OnTH'leCKal! CHCTeMa c 

qinnbTIJOM Butta n pacnpe.n:eneHne 

MarHHTHOro non.11 B.!lOnh OCH CHCTeMbI: 1-

HOHHblll HCTO'IHHK; 2-JneKTPO.!lbI 

H3BneKaIOmeii OnTHKH; 3-nnaCTHHbI qJHnhTIJa 

BnHa; 4-HOHOnpOBO,n:. 

Mccne,n:OBaHH.11 qiopMHpOBaHH.11 H TIJaHCnopTHpOBKH nyqKa HOHOB He1+ noKa.Jann, 'ITO 

npn HaCTIJOHKe Ha MaKCHMYM TOKa nocne aHMH3HpYJOmero MarHHTa, Ha BXO,ne B 

HOHOnpoBo.n: nyqoK CMemeH OTHOCHTenbHO OCH, 'ITO CHHlKaeT 3qJqJeKTHBHOCTb 
TIJaHCnOpTHpOBKH nyqKa. 

Pacqer TIJaeKTOpHii HOHOB B HOHHO-OnTH'leCKOll CHCTeMe nOKa.Jan, 'ITO CMemeHHe nyqKa 

Ha BhIXO,ne H3 qlllnhTIJa BnHa BhI3BaHO .n:eiiCTBHeM MarHHTHoro non.II Ha yqacTKe 
H3Bne'leHH.ll. 

Iihmo noKa.JaHO, 'ITO rnnep6onnqecKoe pacnpe.n:eneHne noTeHJ:lHana MelK,ny nnacTHHaMH 

qJHnhTPa o6ecne'IHBaeT nonyqeHHe nyqKa HOHOB c MHHHMMhHbIM OTKnOHeHHeM OT OCH Ha 
Bxo.n:e B HOHonpoBo,n. 

Ha Pnc.16 nOKa.3aHa reoMeTIJH.11 lfOHHO-OnTH'leCKOll CHCTeMbI c qlllnhTIJOM Butta c 

rnnep6onn'leCKHM pacnpe.n:eneHHeM noTeHJ:lHana n paC'leTHbie TIJaeKTOpHH HOHOB c A/Z=3. 

Dbill npoBe.n:eH TaKlKe pac'leT TPaeKTOpHii HOHOB C A/Z=3 - 5 npn 3Ha'leHHl!X MarHHTHoro 

non.11 B J:leHTPe MarHHTa 0,2 - 0,4 T. Pac'leTbI nOKa.3aJIH, 'ITO npn HeH3MeHHOM npoqinne 

nnaCTHH qJHnhTIJa nyreM BapbHpOBaHH.11 noTeHJ:lllMOB nrraCTHH qinnhTIJa ,nn.11 YKa.3aHHoro 

.n:nana.JoHa A/Z H MarHHTHOro non.II B03MOlKHO nonyqeHHe HOHHOro nyqKa, HMe10mero 

CMemeHHe H OTKnOHeHHe OT OCH B npe.n:enax ± 1 MM H ± 1 ° COOTBeTCTBeHHO. 
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Puc.16 reoMeTpIDI HOHHO-OIITH'leCKOH CUCTeMhl u -rpaeKTOpuu '!aCTUI_\ c 

A/Z=3. IIoTeHnurur umKeKquu 19 kV, rroTeiinurur BhITJffUBaIOIIIero 3JieKTpO.Lla 

(-5) kV, rroTeHnururhr BepxHeil: u Hm1rneil: rrnacTHH cpuJihTpa +15,1 kV u 

(-0,5) kV COOTBeTCTBeHHO. 

B 'ICTBepTOH rJiaBC rrpuBe,LleHO OIIUCaHUe rrpe,LlJIO)KeHHOro crroco6a rro.rryqeHUH II)"IKOB 

UOHOB MeTa.JIJIOB U3 ,zzyI'OBhIX UCTO'IHUKOB C MYJihTUIIOJihHhIM MarHUTHhIM IIOJieM C 

UCIIOJih30BaHUeM Marne-rpomrnro paCIIbIJieHIDI, U pe3yJihTaThl rrpe,LlBapuTeJihHhIX 

3KCrrepuMeHTOB. 

CyrqHOCTh rrpe,LlJIO)KeHHOro crroco6a UJIJIIOCTpupyeTCH Puc.I 7. IIJiaHapHhIH MarHeTpOH 

o6pa30BaH KaTO,LlOM, UMeIOIIIUM OTpUI_\aTeJihHhIH IIOTeHI_\Ua.JI no OTHOIIIeHUIO K pa3pH,LlHOH 

KaMepe UCTO'IHUKa u aHO,LlOM, UMeIOIIIUM IIOTeHI_\Ua.JI KaMepb!. PacIIbIJieHHOe B MarHeTpOHe 

BeIIIeCTBO IIOCTYIJaeT B pa3pH,Ll. 

IIo cpaBHeHUIO c o6bI'!HhIM KaTO,L{HhIM pacnhIJieHUeM nJiaHapHbie MafHeTpOHhl 

o6ecnequBaIOT 60JihrrryIO CKOpOCTh pacnhIJieHIDI, u 3HaquTeJihHaH qacTh pacnbIJieHHOro 

Bemecrna UOHHJyeTCH B MarneTpOHHOM pa3pH,Lle. 3To no3B0JIHeT YBeJIUqUTh 3cpcpeKTUBHOCTh 

ucnOJih30BaHIDI pa6oqero BeIIIeCTBa B UCTO'IHUKe C MYJihTUnOJihHhIM MarHUTHhIM noJieM. 

3KcnepuMeHThl no no.rryqeHUIO HOHOB MeTa.JIJIOB c noMOIIIhIO npe,LlJIO)KeHHOrO cnoco6a 

6hmu npoBe,LleHhI c HCTO'IHHKOM Tuna CHORDIS
8

• Marne-rpoHHhIH KaTO.Ll 6hm ycTaHOBJieH 

Ha BhIXO,LlHOM <pJiaHI_\e HCTO'IHHKa. DhIJIU 
0

H3yqeHbl YCJIOBHH 3a)KHfaHHH MarneTpOHHOro 

pa3pH,Lla B MarHHTHOH CHCTeMe HCTO'IHHKa H npoBe,LleHhI 3KCnepuMeHThl no nonyqeHUIO 

HOHOB Al. 

8 R.Keller High current ion sources for ion implantation 
Nu.cL Instr. & Meth. 1989, B40/41, p.518 -521 
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Puc.17 Y CTaHOBKa MarneTpOHHOH pacnhIJIHTeJibHOH CUCTeMhl B 11CTOqHl1Ke 

110HOB C MYJihTl1nOJihHhIM MarHl1THhIM noJieM: a) cpparMeHT MarHUTHOH Cl1CTeMhl 

l1CTOqH11Ka; b) cxeMaT11qHhIH BU.LI nJiaHapHoro MarHeTpOHa; c) cpparMeHT 

MarHl1THOH Cl1CTeMhl l1CT.OqH11Ka C MarHeTpOHHOH pacnhIJil1TeJihHOH Cl1CTeMoil:; I 

- KaTO,Ll MarneTpOHa; 2 - aHO,Ll MarneTpOHa; CTpeJIKaMH o6o3HaqeHhl CHJIOBhie 

JIHHUH MarHl1THOro noJIH. 

l1cToqHHK pa6oTa.JI B UMnynhCHOM pe)Kl1Me c qacTOTOH noBTOpeHHH 50 rn, ,LlJil1TeJibHOCTh 

11Mnynhca 2 MC. Cpe,L1H11il: TOK pa3pH.Lla IA, HanpH)KeH11e pa3pll.Lla 1508. Pa6oqnil: raJ - Ar. 

,L1aBJieH11e Ha BXO,Lle B HCTOqHl1K 5x 10·2 
TOp. Hanpl!)KeHHe 3KCTpaKI_\11ll 19 KB. TTpu 

HanpH)KeHHl1 Ha MarneTpOHHOM KaTO,Lle 700 B (TOK BhinpllMl1TeJIH 250 MA) nonyqeH TOK 

110H0B Al+ .LIO I MA B 11Mnynhce np11 o6meM HJBJieKaeMOM TOKe 20 MA B 11Mnynhce. 

B DHTOH rJiaBe np11Be,L1eHhl pe3yJihTaThl 3KCnepuMeHTOB no nonyqeHHIO HHTeHCHBHhlX 

nyqKoB MHOf03apH,LlHhIX UOHOB o6orameHHhIX H30TOnOB raJoo6pa3HhIX ll TBep,LlblX Bemecrn 

Ha I_\11KJIOTpOHe Y-400 11 CTeH,Lle 110HHhIX 11CToqHl1KOB. 

~JIH 3KCnep11MeHTOB no Cl1HTe3y 108 3JieMeHTa C Maccoil: 267 He06XO,LlllMO 6bIJIO 

nOJI)"Il1Th nyqKu UOHOB U30TOnOB cepbl (34
S, 

36
S), npu 3TOM noJIHaH ,Ll03a nyqKa Ha MHllleHH 

3a BpeMH 3KCnep11MeHTa ,LlOJI)KHa 6bIJia C0CTaBl1Th;;: 1019 
qacTHL\. IIocKOJihKY H30TOnhI 

34
S ll 

36
S HBJIHIOTCH ,LlOp0rHMU ( CO,Llep)KaH11e B ecTecrneHHOH CMeCH 4.2% 11 0.02% 

C0OTBeTCTBeHHO ), 6hIJil1 npoBe,LleHhl cneqUa.JihHhie 11CCJie,LlOBaHHH c neJihIO nonyqeHl1ll 

MaKCl1Ma.JihHOH 11HTeHCUBH0CTl1 ycKopeHHOro nyqKa np11 Ml1H11Ma.JihHOM pacxo,Lle pa6oqero 

BeIIIeCTBa. 

Ehmo nccne,LloBaHo nonyqeH11e 110H0B 
32

S
4
+ 113 raJoB SO2, H 2S, SF6 n rnep,Lloro Bemecrna 

ZnS. IIonyqeHo cJie.LlyroIIIee coornoll!eH11e TOKOB ycKopeHHoro nyqKa SF6 : ZnS : SO2 : H 2S 

= I :2:4:5: IIocKOJihKY H2S Bhl3hIBaeT Koppo31110 3JieMeHT0B TpaKTa no.L{aqu raJa, TO B 

Kaqecrne pa6oqero BeIIIecrna 6hm Bh16paH raJ SO2. 

~JIH MUHl1Ml13anuu pacxo,Lla SO2 B Kaqecrne 6rurJiaCTHOro raJa B pa3pll.Ll no,LlaBa.JICJI Xe B 

KOJinqecTBe -0.2 CM
3
IMl1H. l1HTeHCUBHOCTh BhIBe,LleHHOro nyqKa 110HOB 

34
S C0CTaBl1Jia 30-50 

eµA ( l.6x10
13 

qacTHn/CeK) np11 cpe,LlHeM paCXO,Lle SO2 OKOJIO 0.7 CM
3
/qacxeµA. 

ITyqoK 110HOB 
36

S
4
+ 6hIJI nonyqeH 113 11CTOqHnKa C pacnbIJieHneM, B KaqeCTBe pa6oqero 

Bemecrna ncnOJih30Ba.JICJI ZnS ( o6orameHne li30Tona 
36

S - 23,6%). l1HTeHCHBHOCTb 
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BH)'TpeHHero ny'!Ka cocrnBHJia ~2 eµA (3x I 0 12 qacTttu/ceK). Cpe.UHHH pacxo.11 Bemecrna 

cocrnBrnm 6 Mr/qacx eµA. 

no 0K0H'laHHIO 3KCnepttMeHTa np0H3B0.IIHJ!Cll c6op pacnhmeHH0ro B KaMepe HCT0'IHHKa 

BeIIIeCTBa tt ero pereHepaUHll. 3qiq>eKTHBHOCTh c6opa tt pereHepaUHH C0CTaBHJia 60 %. 

8 paMKax no.uroT0BKH K 3KCnepttMeHTaM no CHHTe3y CBepXTll)l(eJih!X 3JieMeHT0B Ha ny'IKe 

H0H0B 
48

Ca 6bmO npoBe.ueH0 HCCJie.lI0BaHHe pe)l(HM0B HCT0'IHHKa H0H0B I.\HKJI0Tp0Ha 

Y-400 c KaT0.l!Hh!M pacnhmeHHeM pa6oqero Bemecrna c ueJiblO n0JIY'!eHHll MaKCHMMhH0ro 
Bh!X0.Ua H0H0B Ca5

+ H Ca6
+ npH MHHHMMhH0M pacxo.ue pa6oqero Bemecrna. B 

3KCnepMeHTax HCn0Jih30BMHCh pacnhmlleMb!e 3JieKTp0.llhl H3 MeTanJIH'leCK0ro Ca H 

3JieKTp0.llhl H3 CaHg, KOTOpb!H llBJ!lleTCll XHMH'leCKH crn6HJihHhIM H 3JieKTponpoB0.llllIIIHM 

coe.uttHeHHeM. ToKH H0H0B Ca H Ar, n0JIY'!eHHh!e B CTeH.U0BhIX HCnhITaHHllX, npe.ucTaBJieHhl 

B Ta6JIHl.le 2. 

Ta6nuu:a 2. ToKH H0H0B Ca nAr (qacT/ceK), n0JIY'!eHHhie B 

CTeH.U0Bh!X HCnhITaHHllX. 
Pa6o4ee semecrno 4+ 5+ 6+ 7+ 
Ca, Mernm1 2,7x1015 9,6x1014 2,6x1014 

CaHg 2,4x1015 7,2x1014 8x1013 1,7x1013 

Ar 1,25x1016 3,6x1015 6,6x1014 
· 

B 3KCnepHMeHTaX Ha llHKJI0Tp0He Y-400 6hmH n0JIY'!eHbl Bhrne.ueHHhie ny'IKH H0HOB 

Ca5
+ C HHTeHCHBHOCThlO 3 - 6xl0

I2 
'!aCT/ceK npH HCnOJih30BaHHH MeTanJIH'leCKOro Ca H 

l,3x!0 I2 qacT/ce~ npH ncnoJih30BaHHH CaHg. B 3KcnepttMeHrnx Ha cTeH.ue H Ha 

I.\HKJI0TpOHe pacxo,u pa6oqero Bemecrna cocrnBHJI 5 - 15 Mr/qac B nepec'!eTe Ha Ca. 

B Jal.:JJIOqeHHH Cq>OpMyJIHpOBaHhl OCHOBHh!e pe3yJihTaThl HCCJie,UOBaHHH H pa3pa60TOK: 

1. Hccne,uoBaHhl pe)l(HMhl pa60Thl H 3apll,U0Bhle pacnpe,ueneHHll HOHOB HCT0'IHHKa 

MHOro1apll.1IHh!X HOH0B neHHHHfOBCKOro THna C KOCBeHHh!M no,uorpeBOM KaT0,Ua nptt 

H3BJie'leHHH nY'!KOB C pa3BHTOH 3MHCCHOHHOH noBepXHOCTH. 

Y CTaHOBJieHO, 'ITO H3BJie'leHHe HO HOB H3 ,uon0JIHHTeJihHh!X 3MHCCHOHHh!X meneii He 

npHB0.IIHT K yxy.1:uneHHIO 3apll,UOBOro pacnpe,ueneHHll H0HOB npH yBeJIH'leHHH o6mero 

HJBJieKaeMoro T0Ka. 

2. TTpe,uno)l(eHa K0HCTpYKllllll llHKJIOTpOHHOfO HCT0'IHHKa MH0ro3apll,UHh!X HOHOB C 

aHTHKaT0,U0M, npH6JIH)l(eHHh!M K 3MHCCHOHHOH IIIeJIH, Mll n0JIY'!eHHll ny'IKOB H0HOB 

ryronnaBKHX MeTMJI0B. HHTeHCHBHOCTH IIY'!K0B HOH0B Mo H w, nOJIY'!eHHh!e H3 3TOro 

HCT0'IHHKa, npeBhIII!alOT HHTeHCHBHOCTH, nOJIY'!eHHh!e H3 HCT0'IHHKa C paCilhilllleMhIM 

:meKTpO,UOM B 2 - 10 pa3 B 3aBHCHMOCTH OT 3apll,ua HO Ha. 

3. Hccne,uoBaHhl pe)l(HMhl pa60Thl UHKJI0TpOHHOro HCT0'IHHKa MH0f03apll,UHh!X HOHOB C 

,uonoJIHHTeJihHh!M aHO,U0M. TTOKa3aHO, 'ITO HHTeHCHBHOCTh nY'!K0B H0HOB rnep,uux BeIIIeCTB 

H fa30B B03pacrneT B 2 - 3 pa3a B 3aBHCHMOCTH OT pe)l(HMa pa3pll,ua H 3apll,ua H0H0B. 

4. Hccne,uoBaHO n0JIY'!eHHe nY'!KOB MH0r03apll,UHh!X H0HOB MMOH ,UJIHTeJihHOCTH (10 - I 00 
MKC) H3 HMnyJihCH0fO ( 1 MC) pa3pll,ua HCT0qHHKa C .II0II0JIHHTeJihHhlM aHO,UOM. YcrnHOBJieH 
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')(jHjJeKT yBemFieJIHll T0Ka 113BJ1eKaeMhJX H0HOB np11 no.uaqe IIMIIYJihCH0fO n0Te11uttana Ha 
;10110JIHl!Tenhllhlll a110.11 .. 

5. BnepBhJe npe.UJI0)l(eH cnoco6 noJiy'leHl!ll ceJieKTHpOBaIIH0fO no 3apl!.UaM l1Y'IKa II0HOB 113 
llCT0'IHHKa MH0f03apll.UHh!X ll0H0B C .uon0JIHIITeJihHhIM aH0.IIOM. 

6. TTpoBe.11e110 IICCJie.U0BaHHe .l!ByxKaMepHoro llCTO'IHHKa MH0f03apll.l!HhJX llOH0B C 
Tpa11cnopn1pOBKOH IIJ!a3Mhl 113 KaMepbl npe.11Bap11TeJihHOH H0Hll3aUHH B Ka~1epy 

)KCTpaKUllll. TTOKa3aHo, 'ITO cneKTp II0HOB, 113BJie'!eHHh!X 113 KaMepbl 3KCTpaKUIIII 06orame11 

~111oro3apll.1IHhlMII II0Hal\111 no cpanHeHmo co cneKTpOM IIOHOB, 113BJie'!eHHhlX 113 Ka~1epbl 
11pe.uBap11TeJibHOH IIOHH3al{IIH. 

7. llpenJIO)KeH cnoco6 nony'leH!rn ny'IKOB H0HOB MeTanJIOB H3 ;:iyroBbJX HCTO'IHHK0B C 

MYJibTllnOJihHbIM Mafl!IITHbJM II0JieM C llCilOJib30BaHHel\l TeXHllKH MarHeTpomwro 
paCIJblJ!eH!lll. 

8. B pe3yJibTaTe npoBe.11eHI1bJX HCCJie.UOBaHHii II pa1pa60TOK Ha UIIK:l0TpoHe Y-400 

110,lY'leHbl IIY'IKII H0II0B H30T0n0B 
3
~S H 

36
S C HHTeJICIIBJI0CTl!MII J .6x J 0 13 (npll pacxo;1e 

pa60•1ero BeIuecrna S02 0.7 cM
3
/qacxepA) H 3xl0 I2 'IaCT./ceK (npH pacxone pa60,1ero 

Be111ecrna ZnS 6 Mr/qacxeµA } coorneTCTBeHHO, 'ITO n03BOJlllJIO nponecn1 3KC11epHMeHTbl 
110 CHHTe3y I 08 :meMeHTa. 
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