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B 1963 roay lliapnaxoM 6bma npeano>KeHa H ocymecTsneaa HileS! 

"ny3bipbKOBOrO rO/lOCKOna' 1 B KOTOpOM TpaeKTOpHH aapSI>KeHHblX '18CTHU pe-

rHcTpHpOBanHCb no CBe'leHHIO pa3pSI/l8 B OTJlenbHblX ny3bipbKaX HeOHa, npo­

nycKaeMbiX qepea saaenHHosoe Macno. BonbUioe npaKTH'Iecxoe a·aa'leHHe HMe­

no 6bi ocymecTBneHHe STOrO npHHUHna perHCTp8UHH TpeKOB '18CTHU B >KH/lKOM 

BO/l0p0/l81 H8Cb11Il8HHOM ny3blpbK8MH renHSio 0JlH8KO peanH38UHSI ·aTOA H/l8H 

HaTanKHBaeTCSI H8 pSI/l TPYilHOCTeA, CBSI38HHblX C COXp8H8HH8M sneKTpOHOB 

HOHH38UHH B ny3b!pbK8X raaoo6p83HOH CM8CH renHSI H BOilOPOil8 flO MOM8HT8 

soaHHKHOBeHHSI ycnosHR, Heo6xo/lHMhiX anSI paapSI/la. OaHHM H3 soaMo>KHhiX 

nyTeA npeoaoneHHSI STHX Tpy/lHOCTeA SIBnSieTCSI HCnOnb30B8HHe 6onblliHX noCTO­

SIHHblX aneKTpH'I8CKHX noneR, o6ecne'IHB8IOUlHX ysenH'I8HH8 BpeMeHH naMSITH 

aa C'I~T sTopH'IHhlX npoueccos. 

B CBSI3H C STHM H8MH 6binO npeanpHHSITO H3y'leHHe BpeMeHHhlX CBOACTB 

HCKpOBOH K8M8pbi 0 HanonHeHHOH renHeM H CM8CbiO renHSI C BOilOPO/lOM 1 npH 

6onbUIHX nOCTOSIHHbiX sneKTtJH'IeCKHX nonSIXo 

3TO HCCn8/lOB8HH8 npe/lCTaBnSieT H C8MOCTOSITenbHhlH HHTepec B CBS13H 

C OTCyTCTBHeM :3KCnepHM8HTanbHbiX. /l8HHblX 0 BpeMeHH naMSITH 'HcKpOBOH 

xaMepbi npH noaaqe Ha ee aneKTPD/lhi nocToSIHHoro sneKTpH'Iecxoro nonS! 

6onbUIOH HanpSI>K8HHOCTHo 

I 1 21 
V!asecTHO ' , 'ITO s 6naropo/lHhiX raaax npH cna6biX nonHx a#eKTHBHO 

o6paayiOTCSI MeTacTa6HnbHbie aTOMhi1 KOTOpbie cnoco6Hbi aa C'I~T yaapos 
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B't'Oporo po.aa C aTOMaMH npHMeCH 1 o6na.aaJOIUHMH HH3KHM noTeHUHanOM 

HOHH3aUHH1 Bbl3BaTb nOSIBneHHe BTOpH'IHbiX aneKTpOHOBo 8TOT <jlaKT HaXO.llHT 

SKCnepHMeHTanbHOe nO.llTBep)KJleHHe B Ha6nJO.lleHHH MHHHMyMa KpHBOA a<jl<jJeK-

THBHOCTH perHcTpaUHH 'laCTHU KaMepbl B 3aBHCHMOCTH OT BenH'IHHbl npHn0-

/2,3,4/ 
*eHHoro aneKTpH'IeCKoro nonS! : c yBenH'IeHHeM O'IHWaJOmero nonH 

Ha6nJO.aaeTCSI. cna.a Ha-aa. ace 6onee 6biCTporo y6upaHHSI nepBH'IHhiX aneKTpo­

HOB, a 3aTeM - pOCT a<jJ<jleKTHBHOCTH KaMepbi 1 CBSI3aHHbiH C HapacTaHHeM 

npouecca o6paaoBaHHSI MeTacTa6HnbHhiX aToMoB. 

noaTOMy B o6naCTH 6onblliHX nOCTOSIHHhiX aneKTpH'ieCKHX noneA MO*HO 

Ha.aeHTbCSI Ha yBenH'IeHHe BpeMeHH naMSITH aa C'I~T HHTeHCHBHOrO o6pa30-

BaHHSI MeTaCTa6HnbHbiX aTOMOB H nocne.ayJOWIIX BTOpH'IHbiX npoueCCOB1 

npHBO.llSIIliHX K a<jl<jleKTHBHOMY B03HHKHOBeHHIO aneKTpOHOBo no 8TOH npH'IHHe 

MeTaCTa6HnbHbie aTOMbl MOryT cny*HTb B IIY3blpbKaX Manoro pa3Mepa HO­

CHTenSIMH naMSITH HOHH3aUHH. 8TO oco6eHHO Ba*H0 1 nOCKOnbKY B ny3blpbKaX 

Manoro paaMepa HeB03MO*HO Hcnonb30BaTb nepBH'IHbie aneKTpOHbl .anSI paa­

BHTHSI HCKpOBOro paapSI.lla Bcne.llCTBHe Bb!XO.lla HX H3 ny3blpbKOB BO BpeMSI 

HapaCTaHHSI BbiCOKOBOnbTHOrO HMnynbca. 

Pa6oTa HCKpOBbiX KaMep, HanonHeHHhiX CMeCbiO renHSI C BO.llOPO.llOM, 

cy\ueCTBeHHO OTnH'IaeTCSI OT pa6oTbl KaMep C HanonHeHHeM THna neHHHra, 

r.ae a<jJ<jJeKTHBHO .aeHCTByeT MexaHH3M naMSITH aa C'I~T pa3pS!.llKH MeTaCTa-

6HnbHhlX aTOMOBo 0TnH'IHe CBSI3aHO C TeM 1 'iTO HH3KHe ypoBHH B036Y*.lleHHSI 

MoneKyn BO.llOPO.lla .llOmKHbl npHBO.llHTb K yMeHbllleHHIO BepOSITHOCTH o6paao­

BaHHSI MeTacTa6HnbHhiX aToMoB renHH. KpoMe Toro, npu coy.aapeHHSIX MeTa-

CTa6HnbHbiX aTOMOB renHSI C MoneKynaMH BO.llOpO.lla nponecc HOHH3aUHH 

MoneKynhi BO.llOPO.lla C o6pa30BaHHeM aneKTpOHa 6y.aeT O.llHHM H3 B03MO*HbiX 

KaHanoB HapH.llY c npoueccoM .aucconuanHH MoneKyn Bo.aopo.aa. 

B o6naCTH 6onblliHX nOCTOSIHHhlX aneKTpH'IeCKHX noneft pOCTy IInOTHOCTH 

aneKTpOHOB MoryT CIIOC06CTBOBaTb .llOIIOnHHTenbHhie npoueCCbi 1 H.llYlllHe IIpH 

y'laCTHH Boa6y*.aeHHhiX aToMoB renHH He*+ He -+ He + He++ e -

-9 /5/ 
H npoTeKaJOmHe aa xapaKTepHoe BpeMSI 10 ceK • 
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TaK, aKcnepHMeHTanbHO Ha6nJO.aanoch 3Ha'IHTenbHoe yBel 

38UHH npH E = 5 B ( CMo MM. pT. CT.) -J npH .ll06aaneHHH K 1 

-2 /6/ 
10 % BO.llOPO.lla o noaTOMY B o6naCTH 6onblliHX nOCTOSIHHbi: 

noneft B03MO*eH nponecc 

He m + H 2 -+ He + H~ + e- , 

KOTOpb!H MO*eT IIpHBeCTH K yaenH'IeHHIO BpeMeHH naMSITH HC!1 

MeTonHKa 

l13y'leHHe BpeMeHHbiX CBOHCTB HCKpOBOH KaMepbi 1 HanonH 

a aaTeM CMeCbiO renHSI C BO.llOPO.llOM 1 6binO BbiiiOnHeHO C 110M 

aopHoA KaMepbi c aenH'IHHOA aaaopa 0,5 eM H nnoma.abJO ane1 

EhrnH rrpHHSITbi cnenuanbHhre Mepbi .anSI yMeHbllleHHSI B03MO*HO 

aeHHSI no*HhiX paapH.aoa y Kpaea aneKTpo.aoa. 

nepe.a HaiiOnHeHHeM KaMepa OTKa'IHBanacb .llO .llaBneHHSI 

H TpH>KJlbl npOMbiBanacb 'renHeM. l1.aeHTH'iHOCTb ycnOBHH nocnE 

HallOnHeHHSI KOHTpOnHpOBanacb no llOpory B03HHKHOBeHHSI CaMQ 

paapH.aa rrpu no.aaqe aneKTpH'IeCKoro rronH Ha aneKTPO.llhi KaME 

KocMH'ieCKHe '18CTHUhi 1 npoxo.aHiliHe 'lepea o6'heM KaMepl 

nHCb TeneCKOllQM H3 .llByX CUHHTHnnHUHOHHbiX C'I~T'IHKOB1 BKnK 

.aeHHSio 

BhiCOKOBOnhTHbiH HMnynhc ~lopMnpoBancH Boa.aylliHbiM paa 

KOCTb KaMepbl BMeCTe C Ka6eneM IIHTaHHSI He npeBbiillana 150 I 

aa.aep*Ka BbiCOKOBOnbTHOrO HMnyllbCa C MOMeHTa npOXO*.lleHHl 

nonHOrO <jlopMHpOBaHHSI HMnynhca COCTaBnHna 360 HCeKo 8neK' 

HMenlf aneKTpH'ieCKYJO pa3BSI3Ky .llnSI YCTpaHeHHSI B3aHMHOrO BJ 

pS!.llOB B npoMe*yTKaX. no .aaHHbM Ha6nJO.aeHHSI Bbl'iHCnHnacb 

perHCTpaUHH npoMe*yTKa B 3aBHCHMOCTH OT BenH'IHHbl llOCTOH 

qecKoro nonH H aa.aep*KH HMnynbca. 
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TaK 1 SKCIIepHMeHT8nbHO Ha6n~nanOCb 3H8qHTenbHOe yBenHqeaHe HOHH­

-1 
38UHH npH E = 5 B ( CM, MM. pT. CT.) npH no6asneHHH K renH~ nHUJb 

10-
2
% sonopona

161
• nosTOMy B o6naCTH 6onbUJHX IIOCTORHHhlX sneKTpHqecKHX 

nonefi B03Mo~eH npouecc 

He m + H 2 -> He + H~ + e- , 

KOTOpb!ft MO~eT llpHBeCTH K yBenHqeHH~ BpeMeHH 118MRTH HCKpOBOft KaMepbl, 

MeTOL!HKa 

HayqeHHe BpeMeHHblX CBOftCTB HCKpOBOfi K8Mepb! 1 HanonHReMOJf renHeM
1 

a 38TeM CMeCb~ renHR C BOnoponOM1 6binO BbinOnHeHO C IIOMO:.Ub~ nsyxaa-

, 2 
aopaofi KaMe phi c senHqHaoft aaaopa 0,5 eM H nnowanb~ sneKTponoB 50 eM • 

EbmH npHHRTbi cneuHanbHbie Mepbi nnR yMeHbUJeHHR soaMo~aocTH B03HHKHO-

BeHHR no~Hb!X pa3pRnOB y KpaeB sneKTponoB, 

'-3 
nepen aanonaeaHeM KaMepa OTKaqHBanacb no nasneHHR 2.10 MM .pT.cT. 

H TpH~hi npoMhiBanacb 'renHeM, HneaTHqaocTb ycnoBHft nocne Ka~noro 

HanonHeHHR KOHTpOnHpOBanaCb 110 IIOpOry B03HHKHOBeHHR C8MOCTORTenbHOrO 

paapRna rrpH nonaqe sneKTpHqecKoro nonR aa sneKTponhi KaMepbi, 

KocMHqecKHe qacTHUhi 1 npoxonRWHe qepea o6'heM KaMepbi, perHcTpHposa-

nHCb TeneCKOIIOM H3 nByX CUHHTHnnRUHOHHb!X cq~TqHKOB1 BKn~qeHHbiX H8 COBII8-

neHHR, 

BhiCoKosonbTHhiH HMnynbc ¢opMnposancR BoanyUJHhiM paapslnHHKOM. EM­

KOCTb K8Mepb! BMeCTe C Ka6eneM IIHT8HHR He npeBb!UI8n8 150 n<fJ, nonHaR 

aanep~Ka BhiCOKOBOnbTHoro HMIIyllbca c MoMeaTa npoxo~neHHR qacTHUhi no 

IIOnHoro <jJopMHpOB8HHSI HMrrynbca COCTaBnRna 360 HCeK, 8neKTp~nhi KaMepb! 

HMenl! sneKTpHqecKy~ pa3BR3KY JlnR ycTpaHeHHR B38HMHOrO BnHHHHR pa3- • 

pRnOB B 11pOMe~yTK8X, no naHHbM Ha6n~neHHR BbiqHCnRnaCb s<jJtjleKTHBHOCTb 

perHCTp8UHH 11pOMe~yTK8 B 38BHCHMOCTH OT BenHqHHb! IIOCTORHHOrO sneKTpH-

qecKoro rronSJ H aanep~KH HMnynbca • 

5 



3KenepHMeHTanbHbrft peaynbTaT H o6ev?KL1eHHe 

B eBH3H e TeM, 'ITO BpeMeHHbie eBofieTBa HeKpOBOft KaMepb! eHnbHO 

aaBHeSIT OT npHeyTeTBHSI B 06'beMe KaMepb! HeKOHTponHpyeMb!X npHMeeefi 

171 
raaa t H3MepeHHSI 6binH npoBe};leHbl B LlBe eepHH: O};(Ha H3 HHX npOBOLlHnaeb 

epaay ?Ke noene HanonHeHHH KaMepbr, a apyrag - enyeTR 8 qaeoB noene 

HanonHeHHR •. 

CpeLlHRSI ~~eKTHBHoeTb Me?KaneKTpoaHoro npoMe?KyTKa HaMepeHa B wH­

poKoM LlH8IT830He noeTOSIHHblX aneKTpH'IeeKHX nonefi OT 0 LlO 1400 B LlDSI 

renHH H LlOSI renHSI e Ll068BKOft 1% BOLlOPOLl8e 

Ha pHe. 1 H 2 npeaeTaBneHbr aaHHbre o6 ~~eKTHBHoeTH npoMe?KyTKa 

B 38BHeHMOeTH OT BenH'IHHbl noeTOSIHHOrO aneKTpHqeeKoro nOOSI LlOSI renHHe 

llnR YK838HHb!X LlBYX eepHfi HaMepeHHft H3 9THX Ll8HHbiX BHLlHO, 'ITO B renHH 

epaay noene HanonHeHHSI KaMepbi He Ha6nJOaanoeb poeTa ~~eKTHBHOeTH B6nHaH 

nopora eaMoeToHTenbHoro paapgaa. He6onbwoe yBenH'IeHHe noTeHuHana 

noeTOSIHHOrO aneKTpH'IeeKoro nOOSI ITpHBOUHOO K B03HHKHOBeHHIO eaMoeTOSI­

TenbHOrO paapgaa. 

Bo BTopoa eepHH HaMepeHHfi,npoH3BOLlHBwefieg enyeTR 8 qaeoB nocne 

38ITOnHeHHSI KaMepb! raaoM, Ha6niO};l80eSI poeT ~~eKTHBHOeTH H BpeMeHH na-
._, 
MSITH K8Mepbl. 3TO 06'bHeHSieTeH, ITO-BHLlHMOMy, npoueeeaMH pa3pSILlKH MeTa-

eTa6HnbHb!X 8TOMOB renHH B pe3ynbT8Te eTOOKHOBeHHfi e MOOeKynaMH ITpH­

Meeeft. noeneLlHHe B HeKOHTpOnHpyeMb!X KOOH'IeeTB8X MOrnH BbiLleOSITbeSI 

H3 eTeHOK KaMepble npHMeeH npHBOLlHOH T8K?Ke K nOBbiWeHHIO nopora eaMO­

eTOSITeObHOrO pa3pSI};l8. 

PeaynbTaTbi H3Mep~HHH a~~eKTHBHoeTH KaMepbi npH HanonHeHHH renHeM 

e Ll068BKOft 1% BOLlOp0Ll8 B 38BHel!MOeTH OT BeOH'IHHbl noeTOSIHHOrO aneKTpll­

qeeKOrO ITOOSI npll MHHHM80bHOft 38Llep?KKe BbieOKOBOObTHOrO HMnynbea npea­

eTaBneHbl 118 pHe. 3. J1a 9THX Ll8HHb!X BHLlHO, 'ITO npll HanpH?KeHHH eBbiWe 

1250 B H860IO};l8eTeSI poeT ~~eKTHBHOeTH 0 LlOeTHra!OwHft 50% npH HanpR?KeHHH 

1370 B. 

6 

npH BKOIO'IeHHH LlOITOOHHTenbHOft 38Llep?KKH Bb!eOKOBOOb1 

ea Ha 2 MHKpoeeKyHLlhl ~~eKTHBHOeTb perHeTpaUHH yMeHbW~ 

paaa. Ha pHe. 4 npHBeaeHbi aaHHbre o aaBHeHMoeTH ~~'eKTHE 

paUHH npH 600bWHX aneKTpH'IeeKHX ITOOSIX OT BpeMeHH 

llng epaBHeHHSI ~~eKTHBHOeTH perHeTpauHH npH 

aaaep> 

6onbwl 

O'IHW81011lHX nOOSIX B 38BHeHMOeTH OT BenH'IHHbl 3aaep?KKH Bbl 

MMnynbea 6brna H3MepeHa ~~eKTHBHoeTb npH 50 B. Ha p11e. 

neHbl 9TH Ll8HHbie LlOSI renHSI H eMeeH renHSI e BOLlOPOLlOM, 0 

'ITO B eMeeH renHH C BOLlOPOLlOM npH none 50 B ~~eKTHBHO< 

UHH pe3KO yMeHbWaeTCSI npH 38Llep?KKe HMnynbea Ha 0, 1 MKC4 

K8K npH O'IHI!l81011leM none 1390 BOObT 9¢~eKTHBHOCTb perHCT 

Ha ypOBHe 30% npH aaaep?KKe Ha 8 MKeeK. 

113 eonOCTaBneHHSI Ll8HHhlX 06 ~~eKTHBHOCTH perHcTpau 

LlOSI eMeeH renHH C BOLlOPOLlOM 11 LlDSI renHH, BHLlHO, 'ITO 38BI 

~eKTHBHOeTH OT BeOH'IHHbl noeTOSIHHOrO aneKTpH'IeeKOrO noaH 

LlOpOLlOM xapaKTepH3yeTCSI pOCTOM 9~QJeKTl!BHOCTH B60H3H n01 

HTenbHoro paapgaa. KpoMe Toro, 38BHCHMOCTb a<P~eKTHBHocT: 

OT 38};lep?KKH BbiCOKOBOObTHOrO HMnynbC8 LlnH 9TOfi CMeCl! CB 

OB03HHKHOBeHHH 3H8'Il!TenbHOfi naMSITH HCKpOBOft K8Mephl K e 

npH ManbiX aneKTpH'IeCKl!X nonHX B renHH C BOLlOPOLlOM (50 

J;lefiCTBYIOT TOnbKO K8K O'Il!W810WHe H BpeMSI naMSITH B oeHOBf 

neao BpeMeHeM apefi~a aneKTpoHoB. 

PoeT ~~eKTHBHOCTH perHcTpauHH qaeTHU B cMeeH renH 

npH 6onbWHX aneKTpHqeeKHX nonSIX H8XOLlHTeSI B XOpoweM K8 1 

cornacMH e npeucT8BneHHeM o aap8eT8HHH npoueecoB paapRUI 

6HnbHb!X 8TOMOB renHSI npH CTOOKHOBeHHSIX e MOOeKyn8MH BOJ 

ABTOpbi 6narou8pHbi A.A. TRnKHHy, A.cP. flHc8peBy, B.B 

38 none3Hbie o6ey?KLleHHSI H B.H. OpexoBy 38 noMOI!lb B eoaJ 

KH. 
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0pH BKniO'IeHHH aononHHTenbHOA aaaep>KXH BbiCOKOBOnbTHOI'O HMnynb­

ca HB 2 MHKpOCeKyHLlbl ~$eKTHBHOCTb pei'HCTp8UHH yMeHblliSeTCS B LlB8 

paaa. Ha pHc. 4 npHeeaeHbi aaHHbie o aaBHCHMOCTH ~$'eKTHBHOCTH perHcT­

paUHH npH 6onblliHX aneKTpH'IeCKHX nonsx oT BpeMeHH aaaep~KH HMnynhca. 

llns cpaBHeHHS ~$eKTHBHOCTH pei'HCTp8UHH npH 6onblliHX H ManbiX 

O'IHIU810!UHX nonSX B 38BHCHMOCTH OT BenH'IHHbl 38Llep~KH Bb!COKOBOnbTHOI'O 

HMrrynbca 6bina HaMepeHa ~$eKTHBHOCTb npH 50 a. Ha pHc. 5 rrpeacTae-

neHbl 9TH LlBHHbie LlnS renHS H CMeCH renHS C BOLlOpOLlOM, OTKYLlB cneayeT, 

'ITO B CMeCH renHS C BOLlOPOLlOM npH none 50 B ~$eKTHBHOCTb pei'HCTpa­

UHH pe3KO yMeHb!U89TCS npH 38Llep~Ke HMIIynbCa Ha 0, J MKCeK, B TO BpeMS 

KSK npH O'IH!U8JOIUeM none 1390 BOnbT 9¢$eKTHBHOCTb pei'HCTpSUHH OCTaeTCS 

HB ypOBHe 30% llpH aaaep~Ke Ha 8 MKCeK, 

Ha conocTaeneHHS LlBHHbiX o6 ~$eKTHBHOCTH perHcTpaUHH, nony'leHHbiX 

LlnH cMeCH renHH C BOLlOPOLlOM H LlnS renHH, BHLlHO, 'ITO 38BHCHMOCTb ~­

$eKTHBHOCTH OT BenH'IHHbl llOCTOHHHOI'O aneKTpH'IeCKOI'O nons B renHH C BO­

LlOpOLlOM X8p8KTepHayeTCS pOCTOM a$~eKTHBHOCTH B6nH3H nopora C8MOCTO­

HT9nbHOI'O paapsaa. KpoMe Toro, aaBHCHMoCTb a~eKTHBHOCTH perHcTpaUHH 

OT 38Ll9p~KH BbiCOKOBOnbTHOI'O HMnynbC8 ans 9TOA CMeCH CBHLleTenbCTByeT 

0 B03HHKHOB9HHH 3H8'IHTenbHOA naMSTH HCKpOBOA KBMepbl K cneaaM '18CTHU. 

0pH MBnbiX aneKTpH'IeCKHX nonsx B renHH C BOLlOPOLlOM (50 B) TSKHe nons 

LleliCTByJOT TOnbKO KaK O'IH!USIO!UHe H BpeMS I18MSTH B OCHOBHOM o6ycnOB­

neao epeMeHeM apefi$a aneKTpoHoB. 

PoeT a$$eKTHBHOCTH perHcTpauHH qacTHU B cMecH renHs c BOLlOPOLlOM 

IlpH 6onblliHX aneKTpH'IeCKHX rronsX HSXOLlHTCS B XOpOllieM KB'IeCTBeHHOM 

cornacHH c rrpeacTaBneaHeM o HapacTaHHH npoueccoB paapsaKH,MeTacTa-

6HnbHbiX 8TOMOB renHs npH CTOnKHOBeHHSX C MOneKynaMH BOLlOPOLl8, 

ABTopbi 6naroaapHbi A.A. TsnKHHy, A.<fl. 0Hcapeay, B.B. BHrnHSKOBy 

aa noneaHbJe o6cy~eHHS H B.H. Opexoey aa noMO!Ub a coaaaHHH ycTaHoB-

KH, 
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