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UenbiO H8CTOSILU91 pa60Tbl SIBH11 OCb BbiSICH9HHe 803MO>KHOCTH D011Y'I9HHSI 

HOHOB Ar, Kr Xe a w BbiCOKHX aapaauocTeA a uaa6onee aduPeKTRBHOM 

KCTO'IHKKe MHOr038pSIQHbiX ROHOB - UHK110TpOHHOM KCTO'IHKKe C noaorpeBHbiM KS

/1,2/ 
TOQOM, RCDOnb3yiOLU9M OCUH1111RpyiOLUHI ayrosol p83pSIQ • 

~eTOQHK8 K YC110BHSI 3KCD9QHM9HT8 

HccneQOB8HK!I 11pOBOQH11HCb H8 CTeHae HOHHPIX HCTO'IHRKOB na6op8TOpHH Raep-

/3/ ( 0 
HbiX peaKUHA OHSJH cpoKycRposKa aoaos nocne nosopoTa ua 180 B oauopoauoM 

MarHHTHOM none), CTeHa 6bln peKoHcTpyapoaaa 1 s peaynbT8Te 6blnH aaMeneHbl saKy

yMHaa KaMepa cTeuaa, ayaHT H MexaHH3M nepeMeLUeHHR KonneKTopa. Hoaaa KoH

CTPYKUHSI 88KYYMHOI K8M9pbl npeaCT8811SI9T co6oA QB8 nonyUR11RHapa, ynnOTHeHHble 

H8 89pXH9M H HH>KH9M D01110CHbiX H8KOH9'1HHK8X aneKTpOM8rHHT8 CTeHQ8 (THD8 

Cn-576). 3TO D038011H110 WHMMHpOB8Tb M9>KD01110CHbll 3830p R yB911R'IHTb 

M8KCHM811bHbll QH8M9Tp op6HTbl HOHOB H QH8M9Tp ayaHT8 ITO 800 MM R T9M 

C8MbiM yeenH'IHTb QH80830H H3M9H9HHSI OTHOW9HHSI M8CCbl HOH8 K 38pRay A/ z, 
T,K. MHHHM811bHbll paaayc Op6HTbl OCT811CSI npe>KHHM, XoaosoA BRUT, nep9M9LU8IO

LUHA K01111aKTOp HOHOB, B HOBOA KOHCTpyKUHH p83M9LU9H BHyTpR 88KYYMHOI K8M9pbl, 

8 QBHr8T911b, Bp8LU8IOLUHI BHHT, H Q8T'IRKH ll0110>K9HHR K011119KTOp8 KOMD8KTHO 

p83M9CTH1111Cb CB8py.l1Uf, 
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80 Bp9MSI 9KenepHM9HTOB H811pSI>K9HHOeTb M8I'HHTHOI'O nonS!, B KOTOpOM pa6oTan 

aeTO'IHHK H npOH3BO.llHneSI 8H8nH3, eOeTasnSin8 4 K9; H8llpSI>K9HHe, BbiTSII'HB8JOWee 

lfOHbl H3 pa3pSI.ll8 H yeKOpS110W99 HX, 6blnO 15 KB. jlasneHHe B B8KYYMHOII K8M9pe 

-5 
eT•>H.ll8 eOeT8BnHnO ( 1 ~ 2)• 10 TOp. 8 OnbtT8X no onpe.oeneHHIO 38BHeHMOeTH 8bl-

-5 
XO.ll8 HOHOB OT paexO.ll8 I'838 OHO .llOXO.llllnO .llO 7 •10 TOp. PaaMep 9MHeeHOHHOll 

tuenH HeTO'IHII.Ka 15 x 1 MM. PaeeTOHHHe OT 9MHeeHOHHoll wena .oo oTeaebtsaJOwero 

HOHH 9li9KTpO.ll8 - 6 MM. VleTO'IHHK pa6oTan B HMIIyllbCHOM pe>KHM9o LfaeTOT8 no

eblliOK 100 ru, .onHTenbHoeTb HMnynbCa I MeeK. 

LlnH nony'I9HHSI HOH08 aprOH8, KpHIITOH8 H Ke9HOH8 B HeTO'IHHK nO,ll888ltlleb 

eeTeeT8eHHbt9 eMeeH 1130TOn08 eoOTB9TeTBYIOWHX HHepTHbiX I'8308 npOMbiWneHHOI'O 

np0113BO.lleT88o npH nony'leHHH HOHOB BOnt4>p8M8 8 K8'19eTse pa60'I9I'O I'838 HenOnb-

aosanHeb napbt rexeacpTopH.oa sonb<jlpaMa W F 6 Vlay'18ll8eb T8K>Ke B03MO>KHOeTb 

IIOHH38UHH BOllb<jlpaMa, IIOeTynaJOwero B p83pSI.ll B peayllbT8Te paenblli9HHSI K8TO.ll8 

II 8HTHK8TO.ll8. 

PeaxnbTBTbl axenepHMeHTOB H o6ey>K.oeHHe 

6btnH H3MepeHbl 38BHeHMOeTH Bb1XO.ll8 MHOI'038pSI.llHbiX IIOHOB (M.a. H.) OT 

TOK8 H HanpSI>KeHHSI p83PSI.ll8 H KOnH'I9eTB8 raaa, nO.ll8B89MOI'O B HeTO'IHHK, 

napaMeTp080 OK83biB810WHX H8H60nbW99 8liHSIHHe H8 BbiXO.ll MHOI'038pSI.llHbiX Ho

HOB. 

3dBHeHMOCTH BbiXO.ll8 HOHOB pa3nH'IHbiX 38pSI.llHOeTeJI OT KOnH'IeeTB8 pa60'I9I'O 

raaa, no.oaeaeMoro s paapH.ll, noxaaaHbl Ha p11e. I. 

no xap8KTepy KpHBbte He OTliH'I8JOTeSI OT H3MepeHHbiX paHee .llliSI 830T8 H 

/1-4/ 
.llpyrHX I'830B , O.llH8KO 11p11 pa6oTe H8 TSI)I{9llbiX I'838X (Ar, Kr ) 9TH KpHBbte 

Kpy'le H OnTHM8nbHbtll paexO.ll I'838 ( HnH MHHHM8nbHblll, He06XO.llHMblll .llnH no.o

.oepmaHHSI eTa6HnbHOI'O ropeHHSI .llyrH) MeHbWe no a6eonJOTHOll BenH~HHe • npH'I9M 

'19M BbiWe 38pSI.llHOeTb HOHa, TeM Kpyqe nO.Q'beM KpHBOJI npH yMeHbW9HHH paeXO.ll8 

raaa. EbteTpbtll ena.o a6eonJOTHoro H OTHOeHTenbHoro Bbtxo.oa MHoroaapSI.llHbtX Ho

Hos e ysenH'I9HHeM paexo.oa I'838 Bbi3B8H B OeHOBHOM .llBYMSI npH'IHH8MH: so-nep

BbiX, e y8eliH'IeHH9M KOHil9HTp8UHH '18eTH.Il B p83pSI.llHOJI K8Mepe nOHH)I{89TeSI 

T9MnepaTypa nnaaMeHHblX aneKTpOH08, npH'IeM 9TO nOHH)I{9HHe TeMnepaTypbi aa

MeTHee B eny'!ae B38HMO.llelleTBHSI e TSI:>KenbiMH MHOI'09n8KTpOHHbiMH 8TOM8MH, 

Tax xax y8enH'IHsaeTCH ee'!eHHe saaHMo.oelleTsHH. 0.oHo8peMeHHo, so-sTOpbtX, 
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yMeHbWaeTeSI Bp9MSI M9:>K.llY eTOnKHOB9HHSIMH HOH8 e HeliTp8nbHbiMH 8TOM8MH H 

HOH8MH 38pSI.llHOeTH, KOHil9HTp81lHSI KOTOpbtX 80 MHOI'O pa3 IIpeBbiW89T KOHUeHTpa

URIO BbteOK038pH.llHbiX HOHOB. 

/51 
B pa6oTe yxaabtsaeTeH, 'ITO yMeHbWeHHe Bbtxo.oa MHoroaapst.llHbtX HOHos 

e y8enH'IeHHeM paexo.oa raaa MomeT 6b1Tb ene.oeTsHeM nepepae.Lpe.o 'neHHH paapst.o 

HOI'O TOK8 8 eTOpOHy ysenH'I9HifSI HOHHOI! eOeT8BliSIIOU~ell. MeHbWaSI KpyTH3H8 aa

BHeHMOeTH BbiXO.lla MHOf'038pH.llHbiX HOHOB Ke'-'HOH8 OT paexo.oa raaa 06'bSieHS19TeH, 

0'19BH.llHO, HanH'IH9M 60llbWOI'O KOnH'I9eTB8 BOltb<jlpaMa, nocTynaJOWero B paapH.ll B 

/6/ 
peaynbTBTe xaTO.llHoro paenbmeHHH • A6eoniOTHast senH'IHHa paexo.oa KeeHoHa 

3H8'1HTenbHO M9HbW9, '19M 6onee nerKHX raaos, n09TOMy OTHOeHT9nbH09 eo.oep

)1{8HH9 sonb<jlpaM8 seebM8 3H8'1HT9llbHO H yMeHbW9HHe IIO.ll8'1H KeeHoHa Mano M9HH" 

eT KOHil9HTpallHIO seex '!8eTHU, yqaeTByJO WHX B pa3pH.oe. 

Ha pHe. 2 npe.oeTasneHbt KpHBbte aasHeHMOeTell Bbtxo.oa MHoroaapH.llHbtX 

IIOHOB OT H811pSimeHHH Ha .oyre, rtpOHOpMHpOB8HHble K M8KeHMallbHbiM TOKaM. 8H.Q-

HO, 'ITO e ysenH'I9HH9M aapH.lla HOHa yseliH'IHBaeTCH OIITHMallbHOe .llliH .ll8HHOI'O 

aapH.oa aHaqeHHe HaiipHmeHHH Ha paapH.oe. Ha pHe. 3 noKaaaHbt xpHBbte aasHeH

MOeTell BbiXO.Qa HOHOB aproua pa3liH'IHbiX 38pH.llHOCT9ll OT TOK8 .llYI'Ho 3.ll9Cb TaKme 

aaMeTHO ysentt'I9HHe OIITHMallbHbiX 3H8'!9HHII TOKa .llyrH e ysenH'I9HHeM aapH.lla HOHa, 

XOTSI H ena6ee, '!eM s enyqae HanpHmeHHH. Ha .opyrHx raaax Ha6nJO.oaiOTCH aHa-

liOI'H'IHbte aasHeHMOeTH Bb!XO.lla MHOI'03apH.llHbiX HOHOB OT TOKa H H8rtpstmeHHSI, 

HMeJOWH9 MaKeHMYMbl BbiXO.Qa HOHOB. nonomeHHe MaKeHMyMa M9HHeTeH BO Bpe

MH pa60Tbl HeTO'IHHK8, HeT liOBTOpHeM OeTH H nocne nepe6opKH HeTO'IHHK8 ( aa

MeHbl BbiW9.llWHX H3 eTpOSI aneKTpO.llOB). 

0cHOBHOll npH'IHHOJI YM9HbWeHHH TOKa MHOI'038pH.llHbiX HOHOB noene M8KeH-

MyMa K8K npH ysel!H'I9HHH H811pSI)I{9HHH, TaK H npH ysenH'!eHHH TOK8 .llYI'H SIB-

liH9TCH IIOHBli9HHe B p83pH.ll9 60llbWOI'O KOliH'IeeTB8 paeiibllleHHbiX 8TOMOB K8TO.ll8 

H 8HTHK8TO.Qa. KoHU9HTp8UHSI HX paeTeT nponopUHOH8llbHO TOKY H KB8.llp8Ty Ha

/6/ 
rtpst>K9HHSI H8 .oyre • npH ysenH'I9HHH MOlllHOeTH .llYI'H YB8liH'IHB89Test '!HellO 

'laeTHU 8 paapst.oe, a 9TO, xax BH.llHO H3 pHe. I, npHBO.llHT K yMeHbweHHJO sblxo.oa 

MHOI'038pst.llHbiX HOHOB. 

PoeT '!Rena paenblneHHbtX aTOMOB K8To.oa u 8HTHK8To.oa e yaenH'IeHHeM 

H811pst:>K9HIISI .llyrH XOpOWO BH.lleH H3 T86n. 1, r.oe npHBO.llstTeSI TOKH HOHOB 

BOnb<jlp8M8 H JteeHOH8 npH .llBYX pe:>KHM8X .llyrH. npH 9TOM KOliH'I9eTBO KeeHo

Ha; no.oasaeMOI'O B p83pst.ll, O.llHH8KOBO B 060HX pe:>KHM8X. 
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Ta6nHua 1 

na(;!aMeT(!bl .lliT'H Po.u ToK HOHa B HMinbCe 1 Ma 

ToK, Hanpg>KeHHe
1 

HOHa + 3 + 4 + 5 + 6 + 7 +8 

a B 

6 500 Xc 13 J,8 11 10 7,8 5,7 

w HOHOB w Ha nopS!.llOK MeHbwe, '!eM Xe. 

5 900 Xe 1,9 0,4 ? ? . 0,14 

w 3,4 9,2 10,6 5,4 1,3 

n(;!HMe'laHHe: 3HaK (?) 03HaqaeT, 'ITO 60nbWHe TOKH HOHOB 

H3MepHTb BenH'IHHy TOKa HOHOB Xe. 

W ae noasonsrJOT 

CRnbHOe yMeHbWeHRe BbiXO.lla BCeX HOHOB KCeHoHa B pe>KRMe C 6onbWHM aa

npg>KeHHeM MO>KHO 06'bSICHRTb cop6uHeA aTOMOB KCeHOHa Ha aTOMaX Bom4>paMa, 

oce.naiOmHx aa cTeHKax raaopaapsr.naoA KaMepbi B BH.Ue pblxnoro nopHcToro cnosr. 

BTOpOA npR'IIfHOA cna.na RHTeHCifBHOCTR MHOT'03apS!AHbiX ROHOB MO>KeT 6b1Tb 

yMeHb weaRe aneKTpOHHOI COCTaBnSIIOllleA TOKa .llYT'R npR ysenR'IeHRR Hanpg>KeHRSI 

paapg.na. 

OnTR'IeCKRe R3MepeHRSI, npoae.neHHble Ha TaKoM lfCTO'IHRKe, noKaaanR, 'ITO 

TeMnepaTypa nnaaMeHHbiX aneKTpoHoB noHR>KaeTCSI c nogan eHHeM B paapsr.ne aTo

/7/ 
MOB pacnblneHHblX aneKTpO.llOB •· 3TO TaK>Ke OplfBO.llRT K yMeHbWeHKIO BbiXO.lla 

MHOT'03apS!.llHbiX HOHOB, 

Ha pRC, 4 DOKaaaH OTHOCRTenbHbll BbiXO.ll HOHOB paanR'IHbiX aapR.UHOCTel 

.UnH aproHa, ltpKDTOH8 H KC9HOHa, H3MepeHHhll B pe>KRMe, KOT'.lla BbiXO.ll HOHOB 

HaRBb!CWHX 38pSI.llHOCTel 6bln HaH60nbWHM DO a6coniOTHOI senR'IRHe, .llnSI cpas-

HeHRSI DpHB9.ll9Hbl .naHHble DO OTHOCHTenbHOMy BbiXO.lly ROHOB R3 lfCTO'IHHK8 MH0-

/8/ /10/ 
roaapsr.UHbiX HOHOB c xono.nHhlMR KaTo.naMH R3 pa6oT (.unsr aproaa) R (.unsr 

KpRnTOHa H KCeHoHa). H a pHCYHKe npHBe.neHbl napaMeTpbl .nyrR pa3pSI.ll8 H TOKH 

HOHOB H8HBbiCWHX 3apsr.UHOCTell B lfMnynbCe, 
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8 Ta6n. 2 .naH TOK B HMnynbCe ROHOB BOm4>paMa paanlf'IHbiX 38pSI.llHOCTeA (a Ma) 

npH .nsyx cnoco6ax no.na'IH soni>¢paMa B paapsr.n: B BH.Ue napos W F 
8 nH6o B 

BH.lle aTOMOB, BbineTaJOWHX npH pacnbineHRif KaTona H aHTHKaTo.na. B nepsoM 

cnyqae CYMMapHblll TOK HOHOB <iJTopa B WeCTb pa3 npeBbiWaeT TOK BCeX ROHOB 

BO~I>¢paMa. 

Ta6nRua 2 

---
Pe>KHM airR Pa6o'IRII ToK RoHa BOn~i!!;!aMa B HMDIRbCe 1 Ma 

ToK, Hanpsr>K.,raa +4 +5 +6 +1 +8 +9 +10 + 11 +12 
a B 

6,5 500 W F 6 1,7 3,2 5,9 4,8 2 1,6 0,4 0,27 0,05 

5 900 Xe 3,4 9,2 10,6 5,4 1,3 0,32 0,05 

.llnsr HarnSI.UHOCTR OTMeTHM, 'ITO cpe.UHHII TOK ROHOB R3 aHanOT'R'IHOT'O KCTO 

HRKa Ha UKKnOTpoHe .Y-300 QH.SIH, R3MepeHHbiA Ha BHyTpeHHeM ny'!Ke Ha .pa.nayce 

100 CM, COCTaansreT 1-1,5 MKa. 

Pe3ynbTaTbl npoae.neHHbiX <~KcnepRMeHTOB noaaonsriOT aaKniO'IRTb, 'ITO R 3 

HCTO'IHRKa C DO.llOT'p9BHhlM KaTO.llOM MO>KHO nony'laTb cpaBHHTenbHO 6onblllRe To-· 

KH CBepxTli>KenbiX HOHOB BbiCOKHX aapsr.UHOCTeA. 

0CHOBHOII npH'IHHOI, orpaHH'IRBaJOllleA Bbl XO.ll MHOroaapsr.UHhlX HOHOB K3 

HCTO'IHHKa npH ysenH'IeHifH MOlllHOCTR B .nyre, liBnSieTCSI DOCTYDneHHe B pa3pll.llHY 

KaMepy HCTO'IHHKa 'laCTHU MaTepaanOB aneKTpO.llOB, paapyWaiOlllRXCSI BO BpeMSI 

paap11.na (KaTO.ll H aHTRKaTO.ll). 

8 aaKnJO'IeHHe Mbl XOTRM no6n8T'O.ll8pHTb r.H.¢>nepOB8 38 6onblllOA RHTe

pec K 3KC09pi!MeHT8M H 38 y'laCTRe B o6Cy>K.U9HHR nony'leHHbiX pe3ynbT8TOB • 

Bblpa>KaeM 6naro.napHOCTb B.n.Kosanesy 3a onepaTopcKyJO noMOlllb Ha cTeH.ne, 

A.A.EponKRHY 3a DO.llT'OTOBKy RCTO'IHRKOB R CTeH.na K pa6oTe, H.n.PoMaHo&y 

3a noMOWb a p8c'I~Tax. Mbl T8K>Ke 6n8ro.napRM O • .ll.Macnoaa R B • .H.Bhlponaeaa 

3a npRT'OTOBneHHe COe.UHHeHRSI W F 8 H yCT8HOBKH .UnSI no.na'IH ero B HOHHbiA 

HCTO'IHRK. 
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Puc. 4. 0THOCHTe11bHhlA BbiXO.Ll HOHOB aproHa, KpHHTQHB. H KCeHOH8 no aapH.ll

HOCTHM. KpHB&te npoHopMHpoaaHhi K TOKY onHoaapsiLlHbiX noKos. UHclJpbi 

H8 KpHBbJX YK8.3bi8810T 38pSitl HOH~:· Y~~3AHO a6gonlOTKOe 3H8lJOHHe 

TOKB. B HMI1Y11bCe .011H HOHOB Ar , Kr + H Xe +. CnllOWHbie KpH

Bbie - lllHI HCTO"'HHKB. C DO,llOrpeBHbiM K8TOJ10Mi llYHKTHpHme - .0.11H 

UCTO'IHHK8 C XOJIOJlHbiM KBTOllOMo 
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