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naciOK A.C., KyTHep B.E .. Ky3Heuoaa H.n. 9 - 11280 

BnHSIHHe nooaaoqHoro ra3a Ha Bb!XOJl MH01"038PSillHb!X HOdOB H3 

UHKnOTpOHHOrO HCTOqHHK8 

npaJlCTaaneHbl Jl8HHble 0 anHSIHHH Jl008BQqHb!X ra30B (BOJlOpOJla, renHSI, 

B03JlyXa, HHepTHb!X ra30B) Ha BbiXOil MHOr03apSIJlHblX HOHOB HeOHa, aproHa 

H KCeHOHa H3 HCTOqHHK8 B 3KCnepHMeHT8X Ha CTeHJle H UHKnOTpOHBX Y -300 
H Y-200. 

3KcnepHMeHTanbHO noKa3aHo, qTo Haneqee a ecTOqHeKe no6aaoquoro 

1"838 DpHBOJlHT K CHHlKeHHIO HHTeHCHBHOCTH YCKOpeHIIOrO nyqKa, 

Pa6oTa BhmonHeHa n Jla6opaTopuu MepHbiX peaKUHA OIHU1. 

npenpHHT 06baJliiHaHH01"0 I!HCTRTyTa Mapi!b!X HCCne!lOBBHHii, l]y6Ha 1978 

@ 1978 06bai1HHaHHbli1 HHCTHTYT H.O.epHbiJC HCCRei!OBBHHil /ly6HB 

B pa3pSIAe Ayroaoro HCTO'fHHK8 MHOr038pSIAHbiX HOHOB 

KpOMe HOHOB pa6oqero ( OCHOBHOro) BellleCTB8 06bi'IHO 

apucyTCTByroT HOHbi MaTepuana 8neKTpOAOB (KaTOAa H 

aHTHKaToAa) H OCTaTO'!HbiX ra30B. B HCTO'IHHK8X C KBTOA

HbiM pacnbmeHHeM pa6oqero aemecTaa npucyTcTayroT 

<JaCTHllbi paCnbiJISieMOrO 8neKTp0Aa, KOTOpbiH MO)KeT 6biTb 

cnnaBOM H3 HeCKOnbKHX 8neMeHTOBo f1pH nonyqeHHH HeKOTOpbiX 

HOHOB npHXOAHTCSI llOAaBaTb B HCTO'IHHK XHMH<JeCKHe COeAHHe

HHSI, a He <JHCTbre 8neMeHThr. B CBSI3H c 8THM npeACTaBnSieTCSI 

HHTepeCHbiM BbiSICHHTb BnHSIHHe npHCYTCTBHSI A06aBO'lHbiX 

ra30B HnH 8neMeHTOB B pa3pSIAe H8 BbiXOA Tpe6yeMbiX 

MHOr038pSIAHbiX HOHOB. 

B HeKOTOpbrX pa6oTax I l-3/ H3Y<Janocb anaSIHHe 

A06aBO'lHbiX ra30B Ha BbiXOA MHOro3apSIAHbiX HOHOB HnH 

38BRCRMOCTb BbiXOA8 OT XRMR<JeCKOrO COeAHHeHRSI. 

B pa6oTe /1/ coo6maeTcSI, 'ITO B cTeHAOBhiX ucnbiTBHH

SIX He3H8'1RTenbHbie A068BKR BOAOpOAa yaenR<JHBaroT,npR

MepHO B AB8 pa3a 1 BbiXOA ROHOB N 5+ H3 HCTO<JHRK8 C KOC

BeHHbiM llOAOrpeBOM K8TOA8 R OCURnnSIUReH 8neKTpOHOB 

BAOnb MarHRTHOrO nonSI. 

Ha OKPHA)KCKOM H3oxpoHHOM URKnoTpoHe nony<JeHo 

3H8'1HTenbHOe yaenR<JeHRe HHTeHCHBHOCTR ny<JKOB ROHOB 

C 5+ , 0 5+ R Ne S+ npH A06aaneHRR B HOHHbiH HCTO<JHRK 

C xonOAHbiMH K8TOA8MH KCeHOHa, KpHnTOHa R aprOH8 /
2
/, 

B CTeHAOBbiX RCllbiT8HHSIX R3 HCTO'IHRK8 C KOCBeHHbiM 

nOAOrpeBOM K8TOA8 R OCUHnnSIUReH 8neKTpOHOB BAOnb 

MarHaTHoro nonSI nonyqanHCb HOHbi Si 5+ R3 coeAHHeHHH 

SiH 
4

, SiF
4 

• SiCl
4 

R CMeca cynb<l>RAOB SiS H Si S2 

C KpeMHHeM /3/, 06Hapy)KeHO, 'ITO C yaenH<JeHHeM MaC

Chi 8neMeHT8, C KOTOpbiM KpeMHHH HBXOAHTCSI B COeAHHe-

3 



HHH, yMeHblllaeTCH BbiXOll nHTHSapHUHbiX HOHOB KpeMHHH. 

(11s paccMoTpeHHH c.rrenyeT HCK.rriOqHTb aaHHbie no SiH 
4

, 

T.K. B 8TOM c.rryqae HCTQqHHK pa6oTaeT HeycTotfqHBO) • 

Ue.rrbiO npoBeneHHbiX 8KcnepHMeHToB, KOTOpbie 6br.rrH 

HaqaThl B 1968 rony, HB.TIH8TCH HCC.rrenoBaHHe B.TIHHHHH 

no6aeoqHoro rasa Ha no.rryqeaae MHorosapHAHbiX HOHoB. 

3KCITEPI1MEHTAflbH~E YCflOBI1H 

1·1 cc.rrenoBaHHH UHK.TIOTpOHHOro HCTOqHHKa MHOrosapHU

HbiX HOHOB C OCUH.Tl.TIHUHeH 8.Tl8KTpOHOB BUO.Tlb MarHHTHOrO 

TIO.TIH H KOCBeHHbiM TIOUOrpeBOM KaTona npOBOllli.TIHCb Ha 

cTeHne HOHHbiX HCToqHHKOB I 4/ H UHK.TioTpoHax Y -3 00 

H Y-200 011HI1. B HCTO"!HHKe /5/ HMe.rracb B03MO)KHOCTb 

nonaBaTb ra3bi aesaBHCHMO B o6.rracTb KaTona H o6.rracTb 
8MHCCHOHHOH ille.TIH. 

B KaqecTBe pa6oqax rasoB ucno.rrb30Ba.rracb Bosnyx, 

HeOH, aproH, KpHllTOH H KCeHOH,B KaqeCTBe no6aBoqHhlX 

eonopon, re.rrnti, Bosnyx, aproa, KpanToH H KCeHoH. 

Pacxon pa6oqero H no6aeoqHoro rasoB pery.rrupoBa.TICH 

HeSaBHCHMO C TIOMO!IlbiO OTne.TibHbiX HrO.TibqaTb!X BeHTH.Tietf. 

B onbiTax MO*HO 6bi.TIO ocyiUeCTB.TIHTb nonaqy B raso

paspHnHyiO KaMepy rOTOBOH CMeCH pa6oqero BeiUeCTBa 

H no6aBoqaoro rasa, a TaK*e 11 pasne.rrbaoe nocTyn.rreaae 

OCHOBHOrO rasa H no6aBoqHoro KBK B UeHTp, TaK H B 

o6.rracTb KaTona rasopaspHnHoi1 KaMepbi. 

0nTHMHS8UHH pe3y.TibTaTOB AOCTHra.rraCb TeM, qTo 

caaqa.rra, npn paspHne Ha pa6oqeM rase, Bbr6rrpa.rrcg pe*HM 

HCTOqHHKa, o6ecneqHB8IOIUHH HaH60.TiblllHH Bb!XOJl BbiCOKO

sapHJlHbiX HOHOB, SaTeM OCyiUeCTB.TlH.TlaCb TIO)laqa B pa3-
pHJl ao6aBoqHoro rasa. 

C Ue.TiblO no.rryqeHHH pe)KRMa MaKCHMa.TibHOrO Bb!XOJla 

BbiCOKOpa3pHJlHbiX HOHOB pa6oqero BeiUeCTBa OCyiUeCTB.TIH

.TIOCb HSMeHeHRe naB.TieHHH CMeCH ra30B B pa3pHJle nyTeM 

BapbHpOBaHHH KO.TIHqeCTBa H OTHOCRTe.TibHOH KOHUeHTpaUKR 
CMeCR. 

PE3YflbTAT~ 11CCflEllOBAHI1A 

H H*e npHBeJleHbi HaH6o.rree xapaKTepHbre H THnHqHbre pe
sy.rrbTaTbr. Ha p 11 c. 1 npencTae.rreaa 3aBHCHMOCTb BbiXona 
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Pac. 1. BnHHHHe aononHaTenbHhlX rasoB Ha Bwxoa HOHOB 

Ne 4+ . 

HOHOB Ne4+ OT ao6aBoqHbiX raSOB aproHa, KpHIITOHa H 

KC8HOHa,no.rryqeHHaH B CTeHnOBbiX HCnbiTaHHHX HOHHOrO 

acToqHaKa. B.rrHHHHe n~rKHX ao6aBoqHwx rasoB Boaopoaa, 

H80Ha H Bosayxa Ha Bb!XOA HOHOB Xe lO+ npHB8A8HO Ha 

pH C. 2. (Ha pacyHKaX 1 ,2,3 no ropHSOHTa.TlbHoti OCH 

no 
oT.TIOfi(eHa no.rrg ao6aBoqHor o rasa ----- x 100%, rne 

no+ no 
n 0 - Ko.rraqecTBO no6aBoqHoro rasa, a n 0 - Ko.rraqecTBo 

pa6oqero rasa, nocTynaiOIUHX B paspHa sa emnmuy Bpe

MeHH). 
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Puc. 2. Bnusmne nononHaTeJihHhrx raaoa Ha BhiXOLl uoHoB 
Xe 10+ • 

~3 pucyHKOB I u 2 BHLlHO, qTo c yBenuqeHHeM aTOMHo

ro HoMepa no6aBoqaoro raaa yMeHbrnaeTCSI BbiXOLl MHoro-

3apSILlHbrX HOHOB OCHOBHOI'O raaa. Ha nepBMM B3f'J1Sl):l 

Ka)!<eTcSI, qTo KpHBaR BhiXO.Qa XelO+ npw A06aBJieHl:m 

B03J:lyXa ):l0Jl)KH8 H.llTH Bbillie KpKBOM Bb!XO):la llpH Ll06aBJ1e

HHH HeoHa. Ha6monaeMbiH !f!aKT, no-BHLlHMOMy, MO)KHO 

06'b5ICHHTh TeM, qTo MOJleKyllhl 830T8 H KHCJ10p0Ll8, Bo

nepBbiX, HMeiOT 60JlhlliHU Bee, qeM 8TOMbi HeOHa, H, Bo

BTOpbiX, llOITa):laSI B pa3pSI):l, OHH paCIT8):l8lOTCSI Ha 8TOMhi, 

H qucno qacTuu a paapgne ynaaHaaeTcSI. 
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B onbrTax ycTaHoB.neao, qTo no6aBoqHbifi raa OK83biBa

eT Half60Jlhlllee BJlHSIHHe Ha Bb!COK038pSIJ:lHYIO qaCTh CITeKT

pa nonyqaeMhiX .HOHOB. XapaKTepHaSI 38BifCHMOCTh BbiXO.Qa 

noHoa KCeHoHa oT no6aBneHHSI Bo.Qopona noKa3aHa Ha pH c. 3. 

li 1.0["'~ ~- , '::-x'es: / 
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P!ic. 3. BnnSIHHe BonopoAa Ha BbiXOLl BbiCOKoaapSILlHbiX 

liOHOB KCeHOHa. 

B CTeHLlOBbiX HCCJ1e):lOB8HifSIX C HCITOJlh30B8HHeM Ll0-

6aBOqHb!X f'a30B BOLl0pO):l8 H reJIHH Ha6J1IO):l8J10Ch yBenuqe

Hife TOK8 BbJCOK038pSI.llHh!X HOHOB, npuqeM yBennqeHHe 

6brno TeM 6oJihllle, qeM MeHbllle Ol'HOilleHae A/Z i (A 
aTOMHhlll Bee, Z i - 3apSI):l lfOHa}. HanpHMep, TOK HOHOB 
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Xe 10+ rrpH no6aBneHHYI renHH yBellYI~HBaeTCH B 1,5 pa3a, 

TOK HOHOB Ne 4+ 11: Ar 8 + rrp11: no6aBneHH:H Boaopona 11m1 

rellHSI- B 2 pa3a, TOK YIOHOB N4+ IIpH H:CIIOllb30BaHHH 

Boaopona - B 3,5 pa3a. 

Ewno ycrauoBneuo, ~To yKa3auuwA a¢¢eKT yBenY!~eHHH 

YIHTeHCHBHOCTH npOHBllHeTCH HaH6onee 3aMeT!IO, eCllH 

A06aBO~Hhll ra3 IIOJ:laeTCH 110 R CMeCH C OCHOBHhlM ra30M, 

a IIO OTnellbHOM llHHHH B UeHTpallbHYID o6naCTb pa3pHna. 

Tiona~a no6aBo~uoro ra3a uerrocpencTBeHHO B ny~oK HO

HOB, H3BlleKaeMb!X H3 3MHCCHOIIHOH IUellH 1 K yBellH~eHHID 

HHTeHCHBHOCTH He IIpH:BOJlHT. 

TipH:CyTCTBH:e BOJ:lOpona B pa3pHAe IIpHBOLlHT K HeCTa-

6HllbHOCTH pa60Thl HCTO~HHKa HOHOB H yMeHbiUeHHID Ha 

10-15% nonHoro ToKa acex H3Bne~euuwx HOHOB. 

B aKcrrepHMeHTax ua UHKllOTpouax Y-300 H Y-200 rrpH 

nony~eHHH ny~KOB HOHOB 0 4+, f\1e 4+, Ne 5·t. Ar 6 t . Ar 7+. 
ArB+ H Zn 10+ HHKoraa ue ua6nmaanocb yBenH~eHH5l 
HHTeHCHBHOCTH rrpH no6aBlleHHH Bonopona HllH renHH. B 

3THX Clly~aHX no6aBO~HhlH ra3 BCerna UpHBOLlHll K CHHme

HHID HHTeHCHBHOCTH yCKOpeHHhlX rry~KOB. 

TipH A06aBlleHHH TaKHX TH~ellhlX ra30B, KaK KpHIITOH 

H KCeHOH 1 K nerKHM ( KHCllopony, HeoHy) AOCTHraeTCH 

yCTOH~HBOCTb pa3pHAa B HCTO~HH:Ke, CTa6HllbHOCTb ycKopeH

Hb!X rry~KOB Ha UHKllOTpOHe Y -200, a TaK~e 3KOHOMHH 

aoporocTOHWHX H30TorroB. YBenH~eHHH HHTeHCHBHOCTH, KaK 

B pa6ore /2/, npu 9TOM He ua6nmaaeTcH. 

OECY)KllEHHE PE3Y flbTATOB VI Bb!BOllbl 

Tiony~eHHhle Ha UHKllOTpOHaX 9KCIIepHMeHTallbHWe aaH

Hbie Bb!XOAa BbiCOK03apHLlHb!X HOHOB H3 HCTO~HHKOB 

C KOCBeHHbiM IIOAOrpeBOM KaTOJ:la H OCUHllllHUH:eH 3lleKTpO

HOB BAOllb MarHI:ITHOrO IIOllH IIOKa3biBaiDT, ~TO IIOHBlleHH:e 

B pa3pSIAe no6aBO~HhlX ~aCTHU BCerna rrpHBOAHT K CHH~e

HHID HHTeHCHBHOCTH Bb!COK03apHnHb!X HOHOB OCHOBHb!X 

aTOMOB He3aBHCHMO OT TOrO, IIOCTyllaiDT llH OHH B pa3pHll 

OTJ:lellbHO lillY! B BHJ:le XYIMYI~eCKOrO COeAH:HeHHH C OCHOB

Hb!M 9lleMeHTOM. CHH:~eHY!e YIHTeHCYIBHOCTH OCHOBHb!X 

MHOr038pSIAHbiX YIOHOB yBellH~HB8eTCH C yBellH~eHH:eM 

aTOMHoro aeca ao6aao~uoro ra3a. 
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Ha HHTeHCHBHOCTb HOHOB pa3llH~HOH 3apHnHOCTH no6a

BO~HhlH ra3 BllH:HeT TeM CHllbHee, ~eM BhlWe 3apHnHOCTb 

HOHOB. 

OnHo H3 B03MO~Hwx o6bHCHeHHA pocTa TOKa BhlCOK03a

pHnHbrx HOHOB Ha KOlllleKTOpe CTeHna COCTOHT B Cnenym

WeM. TipH rrona~e Bonopona B HCTO~HHK yMeHbWaiDTCH 

aMrrllHTynhr Kone6aHHH roKa nyr11. Ha pH c. 4 rrpYIBeneHbi 

ClleKTpb! KOlle6aHHH B pa3pHne Ha ~HCTOM a30Te H C no-

6aBlleHHeM Bonopona. BYinHo, ~To B rrpYICYTCTBHH Bonopo

na aMilllY!Tynbi KOlle6aHYIH IIOHYI~aiDTCH, OCo6eHHO B o6na
CTH ~aCTOT -300 KfU. B CBSI3YI C 9THM KOMileHCaUHSI 

rry~Ka Bb!THHYTb!X HOHOB yBellH~H:BaeTCH /6/. TipH 9TOM 

yMeHbWaeTCH 06beMHOe paCTallKH:BaHH:e, Y1 Ha KOlllleKTOp 

npaxonYIT 6onbwasr ~aCTb HOHHoro ny~Ka. 

llo6aBKH TH~ellhlX ra30B K nerKHM B HCTO~HYIKe C KOC

BeHHb!M nonorpeBOM KaTona He rrpY!BenH K yBena~eHYIID 

HHTeHCYIBHOCTH rrocnenHHX B OTllYI~Yie OT pe3yllbTaTOB, 

rrony~eHHhlX Ha OKpHn~CKOM UHKllOTpOHe B YICTO~HH:Ke 

C XOllOnHbiMH KaTonaMY!. TipOHCXOnHT 9TO, IIO-BHnHMOMy, 

IIOTOMy, ~TO B HCTO~HH:Ke C XOllOnHhlMH KaTonaMH: rrepBH~

HhlH rry~OK 3lleKTpOHOB HBllHeTCH cnenCTBH:eM HOHH0-9lleK

TpOHHOA 9MHCCHH C KaTonoB. B HCTO~HY!Ke ~e C KOCBeH

Hb!M IIOAOrpeBOM KaTona OCHOBHag ~aCTb 3lleKTpOHHOrO 

TOKa - 3TO TepM09ll8KTpOHhlo TioCKOllbKY TH~ellhle HOHhl 

H:MeiDT 60llbWHH K09¢¢YIUH8HT HOHH0-3lleKTpOHHOH 9MHC

CHYI, ~eM nerKHe, To He6onbwHe no6aBKH TH~enoro ra3a 

B pa3pHA 3aMeTHO yBenH:qYIBaiDT 3lleKTpOHHYID COCTaBllHIDWYID 

TOKa pa3pHna B HCTO~HH:Ke C XOllOllHhlMH KaTOAaMH, ~TO 

H llpHBOnHT K yBeJIH~eHHID BhlXOAa MHOr03apHAHhlX HOHOB. 

B HCTO~HHKe ~e C KOCBeHHbiM IIOAOrpeBOM KaTona, rne TOK 

pa3pgna rrpH:Mepuo B 10 pa3 6onbwe, ~eM B HCTO~HHKe 

C XOllOAHbiMH KaTonaMYI, no6aBKH KpYIIITOHa YlllH KCeHOHa 

He namT 3aMeTHOrO yBellY!~eHYIH 9lleKTpOHHOH COCTaBllHID

WeH B pa3pHne, Y1 ll03TOMY BhlXOll MHOro3apHAHhlX HOHOB 

He yBenH~H:BaeTCH. 

ABTOpbi Bbipa~amT 6naronapuocTb aKaneMHKY LH .cf>ne
poBy 3a BHY!MaHHe K pa6oTe. Mbl 6naronapHM c.n.Eoro

MOllOBa, LLfyJib6eKHHa, A.A.EporrKH:Ha 11 IO.TI.TpeTbHKOBa 

3a IIOMOWb B pa6oTe H o6cy~AeHYie pe3yllbTaTOB. 
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a) 

6) 

PHc.4. CneKTp Kone6aHHH TaKa uyrH a) - npH pa3pgae 
Ha a3oTe; 6) - npH pa3pHue Ha a3oTe c nononHHTenhHO 
nonaBaeMbiM BonoponoM. 
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