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1. 8 pa60Te / 1/ ~aHO OfiHC8HHe KOHCTpyKUHH HOHHOrO HCTO~HHKa ~nH 
aneKTpoMarHHTHoro Macc-cenapaTopa, pa6oTammero B nHHHH c UHKnoTpOHOM 

THMenhiX HOHOB, 8 TOH Me pa6oTe npHB9~9Hhl OCHOBHh!9 .XapaKTepHCTHKH pe

MHMOB pa3pH~a OfiHC8HHOrO HOHHoro HCTO~HHKa1 npe~CTaBnHmmero COOOID 

rasopaspMHhiH HCTO~HHK HHBepCO-MarHeTpOHHOrO THfi8 1 H ~8Hhl pesynbTaTbl 

HSMepeHH~ ero 9~~9KTHBHOCTH npH pa60T9 'BHe nHHHH' H "B nHHHH". 

B HacToHmeA CTaThe, HBnHmweA-::H npo~onMeHHeM paooThi 111 , npHBo

~HTCH peaynbT8Thl H3MepeHHH OhiCTpOThl ~eil:cTBHH HOHHOrO HCTO~HHKa. 8TH 

pesynbT8Thl nony~eHbl B OfihiTaX C KOpOTKOMHBYWHMH npo~yKT8MH MepHbiX 

peaKUHH npH paooTe MaCc-cenapaTOpa B nHHHH C UHKnOTpOHOM THMenhiX Ho-

HOB, 

2. CxeMa pacnonoMeHHH aneKTpoMarHHTHoro Macc-cenapaTopa Ha ny~·Ke 

THMenbiX HOHOB ( .. 8MCHAf1Tl1") npHBe~eHa Ha pHC. 1. 0CHOBHhie aneMeHTbl 

nHHHH "UHKnOTpOH THMenbiX HOHOB - aneKTpOMarHHTHhiH MaCC-CenapaTOp -

C~eT~HK M9pHbiX HSny~eHHH - aMnnHTy~HO-BpeMeHHOA aHanH38TOp"' fiOKaSa-' 

Hhi Ha p11c. 2. H asHa'ieHHe OT~enbHhiX aneMeHTOB o6'bSICHS!eTCSI HI!JKe, 

0TKnOH9HHe ny~Ka THJKenhiX HOHOB Ha MHW9Hb H ero ~OKYCHpOBKa npo

H3BO~SITCH C fiOMOWbiD OTKnOHHIDWero aneKTpOMarHHTa (3, pHC, 1) H ~BYX 

~yoneTOB MarHHTHhiX KBa~pynOnbHhiX nHH3, BenH~HHa fiOTOKa THMenbiX HOHOB, 

OOMoap~HPYIDWHX MHW9Hb 1 onpe~enHeTCH B npouecce npe~BapHTenbHOH IDCTH

pOBKH ny'iKa nyTeM Henocpe~CTBeHHOrO H3MepeHHH (23, pHC, 2), a BO Bpe

MH paoOThl Macc-cenapaTOpa, KOr~a Ha KOpnyc HOHHOrO HCTO~HHKa (4) no

~aeTCH fiOT9HUHan +40 KB 1 - no TOKy Ha C9TKY UllnHH~pa (2), 3a~epMIIBaiD

mym npHonHSIITenbHYID OAHY fiHTYID ~aCTb BCeX IIOHOB, OOM6ap~HPYIDWHX MII

W9Hb. 
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Puc.2. Ocuosabie 3neMeHTbi nauuu •uuxnoTpoa TH)I(Sm.JX aoaos - anexTpo
Mar .. aTHbtA M8CC-CenapaTOp - C'IST'IHK Slll8pHblX H31I)"i8HHA: - 8MDllB

TYllHo-BpeMeHHOA aaanu·aaTop'. 1. CucTeMa ~r .llllSI CHB>KeHHH aaep
rau 6oM6apnupyJOWHX HOHOB. 2. Uanaa.a.p c C&TKOA. 3. ny .. ox ycKo
peHHblX HS UHKllOTpOHe TIDKSllbiX HOHOB1 4. Yf OHHbiA: HCTO'IKHK 31l8KTpo

M8r'HBTHOro MSCC-CenapaTopa. 5. 3neKTPOCT8TH'ISCK8R HOHH851 OBTH-
K8 MSCc-cenapaTopa. 6. ny'IOK C£DapapyeMbiX BOHOB. 7 • 0TKllOHsno

IIlHA KOHllelfcaTop. 8. ny'IOK cenapupyeMbiX HOBOS DOCile OTKllOH&HHJL. 

9. noniOCHbiQ H8KOH8'1HBKB 31l8KTpOM8r'HHT8. 10. npaeMHBJt Cenapa
pOBaHHbiX BOHOB. 11. KO>KyX nonynpoBOllHBKOBOro C'I8T'IBKa. 12. o,._ 
sepcTae D.llR npoaepxa a xanu6posxa nonynposo.nuuxosoro C'leT'IBKa 
C DOMOI.IlbJO a - SKTHBROrO npenapaTa. 18. noaepXBOCTHD-68pb&pBbiA 
KpeMBB&BblA C'I&T'IBK. 14. nnaTO npHeMHHK8. 15. Tparrep. 16, SnoJC 
ynpaen&HHSI IlHKnOTpOHOM, 17 • npe.a.ycan&Tellb. 18, 3neXTpOBBblit na'I'
'IHX epeMesa. 19. YcaJIJITellb, 20. 4096-KaH&IIbBbiA aaanaaaTop BM

nyllbcoa. 21, 3neKTpOHHbiA Knanaa. 22. naaeABSH CX&M8 nponycxa
HBSI. 23. I13M&pHTenh B BHT&I'paTop TOKa !SoMtlapllBp)'IOIIIBX HOHOB. 



,UnSI CHH)K9HHSI 9Hepl"Hif 6oM6ap/lHPYIOillHX HOHOB, C U9J1b10 H3M9H9HHSI 

Bb!XO/la npO/lYKTO~ Sl/lepHbiX peaKURil:, HCnOJ1b3Y9TCSI CHCTeMa ( 1 ) 8JllOMHHH9-

. Bb!X ¢0Jlbl" C JlHCKp9THbiM Ha6opOM TOJllllHHbl OT HYJISI /lO ~0-TH MK 'l:epe3 

Ka)Knbi9 10 MK, 

Per'HCTpauHSI H H3MepeHHe aaeprHH a - 'iaCTHU, conpOBO)KJlaiOillHX pac

nan cenapHpOBaHHbiX pa/lHOaKTHBHbiX Siaep, OCYill9CTBJ1SIIOTCSI fiOB9pXHOCTH0-

6apbepHb!M Kp9MHH9BbiM C'i9T'l:HKOM (13) C nnoma/lblO C'i9THOil: noBepXHOCTH 

.. 150 MJ2. C'ieT'l:HK pacnonaraeTCH B aamHTHOM KO)Kyxe ( 11), npe}loxpaHSIIO

meM nonynpOBO/lHHKOBhlil: Jl9T9KT0p OT fi9nOCp9/lCTB9HHOI"O Boaneii:CTBHSI ny'i

KOB cenapHpOBaHHb!X HO~OB H. HHTe'HCHBHOI"O CBeTa, H3J1y'ia9MOI"O KaTon oM 

HOHHOI"O HCTO'iHHKa, B nepe}lHeil: CTeHKe KO)KyXa HM99TCH OTBepCTH9 pa3Me

p0M 4 MM B HanpaBJ19HHH pa}lHanbHOI"O C9'!:9HHSI ny'l:Ka H 10 MM - B HanpaB

J19HHR aKCHaJibHOI"O /lJlH npOXO/la ny'l:Ka CenapHpOBaHHbiX HOHOB, c¢oKyCHpOB8H

HOI"O B llBYX B3aHMHO nepneHJlHKYJlS!pHb!X HanpaBJ19HHHX, CenapHpOBaHHbl9 HOHbl 

nonanaiOT Ha nonHpOBaHHYIO M9/lHYIO fiOBepXHOCTb nnaTO npHeMHHKa ( 14), 

BHe/lpHHCb Ha rny6HHY aecKonbKHX aTOMHbiX cnoea. TeneCHhlA yron Koayca 

ny'l:Ka pel"HCTpHpyeMbiX C'i9T'l:HKOM a- 'iaCTHU, HCnycKaeMb!X npH pacnaae 

cenapHpoBaHHblX aTOMOB, COCTaBJIHeT 15% OT 4 7T CTepan, 

.UnH ycTaHOBKH BXOnHOI"O OTBepCTHSI KO)KyXa B ¢oKyCe ny'l:Ka HOHOB aa

JlaHHOil: MaCChi HCnOnhayeTCSI nep9M91ll9HH9 nnaTO npH9MHHKa C nOMOillb!O cne

UH8J1bH~~ npHBO/lOB 6ea HapyweHHH BaKyyMa B o6beMe cenapaTopa. 

l1 MfiYJlbCbl C nonynpOBO/lHHKOBOI"O C'i9T'iHKa nocne YCHJ19HHS! (17, 19) 

no}laiOTCH Ha BXO,ll 9J19KTpOHHOI"O KJianaHa .(21) H 0/lHOBpeMeHHO Ha BXO.ll JlH

Heil:aoil: CX9Mbl nponyCKaHHH (22), KOTOpaH OTKpbiBaeTCS! TOJlbKO BO Bp9MS! 

"OT/lbiXa" UHKJlOTpOHa, pa60TaiOIU91"0 B pe)KHM9 npepblBHOI"O yCKOp9HHH, 3THM 

HCKJIIO'iaeTCH ¢oH, o6yCJ10BJ19HHbiil: 9Jl9KTpH'i9CKHMH fiOMeXaMH, B03HHKaiOillH

MH npH pa6oTe UHKJlOTpOHa, 

Heo6xo/lHMbiA JlJIH H3MepeHHH nepHonoB nonypacna/la npo/lyKTOB SiaepHbiX 

peaKURil: pe)KHM nepHO/lH'i9CKOI"v HaKonneHHH H noCJ19/lYIOIU91"0 C'l:eTa OCyiUeCT

BJ1HeTCH C nOMOillb!O CXeMbl BpeMeHHOI"O aHaJ1H3a C npepb!B8HH9M ny'l:Ka Ce

napHpyeMbiX HOHOB. BpeMH HaKonneHHH aaAaeTCH aneKTpOHHbiM ABT'l:HKOM ( 18). 

no npoiUeCTBHH 9TOI"O Bp9M9HH Ha HHlKHIOIO nnaCTHHy KOH/l9HC8TOp8 (7) C nOMOIUb!O 

TpHI"I"epa (15) fiO}laeTCSI fiOT9HUHaJ1 +5 KB, B peaynbT8T9 '!:91"0 HOHHbill: ny-
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'!:OK MaCc-cenapaTopa 6biCTpO (38 0,01 MCeK) OTKJ10HH9TCH BBepx, H HaKonne

HH9 npo/lyKTOB MepHbiX peaKUHA aa npneMHHKe ( 10) cenapaTopa npeKpama

eTCSI. OnHoapeMeHHO c aTHM BKJIIO'l:aeTCH aMnJIHTY/lHO-BpeMeHHoil: aaanHaa

Top (20), no 3aBepW9HHH nporpaMMb! aHaJ1H3a CHOBa BKJ1IO'l:a9TCH 9J19KTpOH

Hbill: JlaT'iHK BpeMeHH ( 18) j Ha Bp9MH, aanasaeMOe 9THM JlaT'l:HKOM, OTKJlO

HS!IOIUHil: fiOT9HUHaJ1 C HH)KH9il: nnacl'HHbl KOH,ll9HCaTopa CHHMaeTCH, H BHOBb 

nponyKThl S!/l9pHbiX peaKUHil: HaKanJIHBaiOTCSI Ha npH9MHHKe cenapaTopa, 

CBH3b TpHI"I"epa (15) C 6JIOKOM (16) ynpaBJieHHSI UHKJlOTpOHOM HCnOJlb

ayeTCH B cneuHaJibHOM cny'l:ae /lJlSI npepb!B8HHH ny'l:Ka UHKJlOTpOHa, 

3, .UnH npoBepKH 6biCTPOTbl Jl9ii:CTBHH HOHHOI"O HCTO'l:HHK8 / 1 / B pe)KH

Me "a J1HHHH
11

, onpeneJISIIOilleil: no ·CyllleCTBy B03MO)KHOCTb HCfiOnb30BaHHSI 

Macc-cenapaTOpa JlJlH H/l9HTH¢HKaUHH H H3y'ieHHSI CBOii:CTB 6biCTpopacna/laiO

IUHXCH pa/lHOaKTHBHbiX H/lep, 6biJ1H npOB9/l9Hbl OnbiTbl no Ha6JIIO/l9HHIO KOpOT

KO)KHBYIUHX H30TonoB pa/lHH H panoRa. 

V!30TOnbi pa/lHSI nony'l:aJIHCb nyTeM 6oM6ap/lHpOBKH yCKOp9HHblMH HOHaMH 

12 
C MHIU9HH H3 OKHCH CBHHUa, HaHeCeHHOH Ha 5-MHKPOHHYIO aJIIOMHHHeByiO 

dlonhrv. BbiBe/leHHbie H3 UHKJIOTPOHa HOHbi 
12 

C HMenH aHePI"HIO .. 81 Maa, 

a nocne npOX0)KJl9HHH 'iepea rtonJIO)KKY MHIU9HH HX aHepi"HH CHH)KaJ18Cb B 

cnoe OKHCH CBHHUa ( •0,5 MI"/CM2) /lO 78-77 M9B, 803M0)1(Hb19 npH 9TOil: 

9H9PI"HH npO/lYKTbl SiaepHbiX peaKUHil: npencTaBJ19Hbl HH)Ke: 

2oe-2oe Ph+ 12 c .. 213-2t7Ra + x n , 

rile x • 3-5. 

Anh¢a-pacna/l aTHX npo/lyKTOB npHBOnHn K o6paaoaaHHIO H30TonoB pa-

209-213 
noaa Rn. 

CneKTpbi aaeprHA a - 'iaCTHU npo/lyKTOB SinepHbiX peaKUHA, cenapHpo

aaHHhiX B pe)KHMe "a JlHHHH,., H HX no'iepHHX Siaep npHaeneHbl H8 pHC, 3, 

3TH cneKTpb! nony'leHbl npH pa3M91U9HHH nonynpOBO/lHHKOBOI"O C'i9T'IHKa noc

Jl9/lOBaT9J1bHO B ¢oKyCaX ny'IKOB HOHOB C M8CC0Bb!MH 'IHCJiaMH OT A=212 /lO 

A=215. 

KanH6pOBK8 H KOHTpOJib IUKaJlbl M8CC aneKTpOM8I"HHTHOI"O cenapaTOpa 

B 9THX 9KCnepHM9HT8X ocymeCTBJlSIJIHCb no TOKY onH038pMHbiX HOHOB OKHCH 
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C H HX JlO'IepH>!X HJlep, pa3JleneHHblX Ha aneKTpOMar'HH'l'HOM 
Macc-cenapaTope B pe*HMe 'B nnann', MaccoBoe 'IHcno cenapHpye
MhiX HOHOB JlaeTCH B BepXHeM npaBOM yrny, 
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TaHTana TaO ( MOnexy nSipHblft sec 197) Ha TOHKHft ( "' 1 MM) sepTHK8nbHO 

yxpenneHHbiA aa npHeMHHKe H3MepHTenbHbiA 30HJl. B xa'lecTse JlOnonaHTelih

HOI'O KOHTpOnSI HCnOnb30SanCSI ny'IOK HOHOB JlBYOKHCH T8'1Tana Ta0 2 (Mone

KyngpHblft sec 218), Ha6moJlaeMbiA susyanbHO nepeJl aa'lanoM onbiTOS "a nH-

" HHH • 

PaJlHOaKTHBHbie SIJlpa, ucnycxaiOIIlHe a -'laCTHilbi c saeprHSIMH 6,60 H 

6,75, 7,14, 8,67 Msa, KOTOpbie 6binH 3apei'HCTpHpOB8Hbl B nonoJKeHHSJX C'leT

'IHKa, OTBe'ISIOIIlHX COOTSeTCTBeHHO M8CCOSbiM 'IHCnaM 213, 214, 215, 6binH 

218 Jl4- 216 
HJleHTH<jJHuHpOS8Hbl K8K H30TOnbi p8JlHSI Ra 0 Ha H Ra , a HSny'la-

TenH c aaeprHSIMII a -'laCTHil 6,26, 8,10, 6,04 Mas, aa6niOJlaeMbie a nosu-

212 
IlHSIX A=212; 213, 214, 6binH OTOJKJleCTaneHbl c H30TonaMH paJlOHa Rn , 

218 210 
Rn , Rn , o6paayiOIIlHMHCSI s peaynb'l'aTe a - pacnaJla H30Tonoa pa-

JlHSI JlO HnH nocne HX aneKTpOM8I'HHTHOft cenapaUHH, 

npa H3MepeHHH 9Hepl"'HH a - '18CTHU B X8'1eCTBe 9'1'8nOH8 HCnOnb30B8n-

212 • 212 ( /2/ 
CSI npenapaT B, H Po E a =6,05, 6,09 H 8,78 Mss ), npHI"'OTOBneH-

HhJA: nyTeM sneKTpOCT8TH'I9CXOI'O OC8ML\9HHSI 220 Rn 0 SM8HHPY!Oill9l"'O H3 

l"'HAPOOKCHH TOpHSI, 0AHH H3 npHMepOB H3MepeHHSI 9Hepl"'HH a -'18CTHU 
212

Rn 

H 
218 

Rn npaseAeH Ha pac. 4, To'IHOCTb onpeAeneHHSI sHeprHH 

COCT8BJISieT :!;: 0,02 Mss, 

a -'laCTHU 

Ha PHC. 5 H 6 AaiOTCSI HJlJl!OCTpaUHH K H3MepeHHIO nepHOAOB nonypacna-

Aa TeX ~e H30TOllOB paAOHa. nony'leHHble 3Ha'leHHSI nepHOAOB nonypacnaAa 

paBHbl 23:!;: 1 MHH L\JlSI 
212 

Rn H 20,5;!: 1 MCeK- /lJlSI 
218

Rn. 

npHBeAeHHbJe BbJWe 3H8'19HHSI 9H9pl"'HA: a - 'laCTHU H nepHO/lOB nonypac

na/la H30TOllOB pa/lHSI H pa/lOHa /lOilOJlHSIIOT peaynbT8Tbl paHee ony6nHKOB8H

HblX pa6oT (eM., HanpHMep, 121, a TaKMe pa6oTbJ /3 -9/, He npeACTasnea

HbJe B / 2 / ), 

Anbljla-axTHBHbie SIJlpa c MaccoabiMH 'IHCnaMB A-216 H 217 s. STHX sx

cnepuMeHTax He aa6niOJlanHCb, 3To, no-sHJlHMOMY, o6ycnosneao TeM, 'ITO 

apeMSI lKH3HH noxa eme aeuaseCTHbiX H30Tonos 
216 Ra H 

2 n Ra 3H8'lHTenb

HO KOpO'Ie speMeHH, He06XOJlHMOI'O JlnSI nposeJleHHSI HX sneKTpOMal"'HHTHOft 

cenapauHH. 

YlKe caM ljlaKT aa6niOJleHHSI cpeJlH cenapHpoaaHHbiX npoJlyKTOB SIJlepHbiX 

213 216 
peaxuuft Rn , HMeiOmero nepHOJl nonypacnaJla 20,5 MCeK, H Ra , 
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lKHSYIIl9I'01 JtO JlaHHbiM pa60Tbl /8/ H npeJlS8pHTenbHbiM H8WHM Jl8HHbiM, 

"' 1,6 MCeK, S onpeJleneHHOA Mepe X8p8KTepH3yeT 6biCTpOTY JleftCTBHSI Macc

cenapaTopa, 0JlH8KO JlnSI 6onee TO'IHOI"'O onpe)leneHHSI 9TOI'O napaMeTpa ycTa

HOBKH 6binH CJlenaHbl cneUH8nbHble H3MepeHHSI, 

4. BbiCTpoTa JleiicTSHSI snexTpoMai'HHTHOI'o Macc-cenapaTopa, onpeJlenge

MaSI no CyllleCTSY speMeHeM npe6biBaHHSI S HCTO'IHHKe HOHH3Y9Mb!X 8TOMOB, 

H8XOJlHn8Cb no CKOpOCTH H3M9H9HHSI nOTOK8 H3Sn9K89Mb!X H3 HCTO'IHHK8 HO

HOB nocne OKOH'I8HHSI· 60M68pJlHpOBKH MHW9HH ny'IKOM yCKOpeHHbiX '18CTHil, 

Heo6XOJlHMbiA s STHX onbiTax pelKHM npepbisHoro ycxopeHHSI saJlaaancg anex

TpOHHbiM JlaT'IHKOM speMeHH ( 18, pHC, 2) 'lepe3 TpHrrep (15) H 6nOK ynpas-

neHHSI uuxnoTpOH?M (16). 11oHHbift ny'IOK Macc-cenapaTopa He .npepbiBancH. 

0 . . 218 R 
JlH8 H3 KPHSblX H3MeHeHHSI 8KTHSHOCTH CenapupyeMbiX aTOMOB n 

( Ea =8,10 Msa, A=218) npeJlCTasneaa aa puc. 7. BpeMSI o6ny'leHHSI a sToM 

cnyqae cocTasnSino t 1 =3 MCeK, apeMSI C'leTa - 51,2 Mcex. 

Kax BHJlHO, axcnepHMeHTanbHaSI xpHsag H3MeHeHHSI axTHSHOCTH aa npH• 

eMHHKe Macc-cenapaTopa npeJlCTa~nSieT co6o10 pasaocTb JlBYX a~cnoaeaT, 

0JlH8 H3 KOTOpbiX OTpaJKaeT HaKoniieHHe 218 Rn B peaynbTaTe npoJlonJKaiO-

meroca nocne B·biKniO'IeHHH ny'lxa 

HHKa, a /lpyraH - p8/lH08KTHBHbiA 

xapaxTepuayeTCSI speMeHeM cna11a 

SKTHBHOI'O pacna/la nepHOAOM 

UHKJlOTpOH8 llOCTynneHHH HOHOB H3 HCTO'I

pacnaA 
218 

Rn • 3xcnoaeaTa aaxonneH~SI 
I ,. A = 5 

nonypacnaAa 

Mcex, a sxcnoHeHTa paAHo-
0,693 

Tt/2 • -r "' 20,5 MCeK, 

3aMeTHM, 'ITO senH'IHH8 

npe11enax 3-7 Mcex. 

r HeCKOJlbKO MeHHn8Cb OT OnbiT8 K Ollb!TY B 

BenH'IHHa r HenocpeJlCTSeHHO CSSI38H8 CO cpellHHM Bp.eMeHeM npe-

6biB8HHSI aTOMa-HOHa 
213 

Rn B HCTO'IHHKe, 3TO speMSI B o6nteM cny'lae 

onpeJlenSieTCSI apeMeHeM OlKHJlaHHSI o6pasoaaHHSI aTOMS 
218 

Rn us 
217 

Ra , 

speMeHeM JlH<jJ<jly3HH 06pa30SaSIIl9l"'OCSI aTOMS K noaepXHOCTH KaTOJl8-CTono

pa, speMeHeM JleCOp6UHH 8TOM8 C nosepXHOCTH K8TOJl8-CTonopa H speMeHeM o 

He06XOJlHMbiM JlnSI HOHH38UHH STOMa H 9KCTp8KilHH HOHa H3 HCTO'IHHKa. 

BpeMSI OlKHJlSHHSI o6pasosaHHSI 
213 

Rn H3 
217 

Ra Mano no cpaaae-

HHIO C r • 06 9TOM CBHJl9TenbCTsyeT ljlaKT OTCYTCTBHSI a - 8KTHBH0CTH 

217 
Ra H8 npH9MHHK9 Macc-cenapaTopa S nonOlK9HHH ny'IK8 HOHOB C MaC-

COil A=217. 
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BpeMSI, He06XO):IHM08 J:IIISI HOHH3aUHH aTOMa H 9KCTpaKll,HH. o6pa30BaBllle

f'OCSI HOH8 H3 HCTO'l:HHKa 
11 /, llO-BH):IHMOMY, TaK}I{8 3Ha'l:HT81lbHO M8Hbllle 

5 MCeK, 3TO o6ecne'l:HBaeTCSI BhiCOKOi! TeMnepaTypoi! CT8HOK pa3pS1JlHOi! Ka-

Mepb11 HCKliJO'l:aJOlllefi JlliHT91IbHYIO COp6UHIO HOHH3yeMbiX STOMOB Ha CT9HKax; 

cpaBHHTelibHO 601IbliiHM TOKOM OT6HpaeMbiX C llOB9pXHOCTH KaTO):IQ 9119KTpo

HOB ( I a- k = 5 a) H HX OCUH111ISIUH9i!, o6yCilaBIIHB8101UHMH BhiCOKYIO Bepo

SITHOCTb HOHH3aUHH B 9JlHHHUY BpeMeHH; Cp8BHHT91lbHO 60ilbliiHM BhiXOJlHhiM 

OTBepCTHSM ( "' 30 M~), Cll0C06CTBYIOIIIHM 6hiCTpofi 9MHCCHH o6pa30B8BIIIHX-

CSI HOHOB, 

BpeMSI aecop6UHH ·aTOMOB c noB'epXHOCTH HarpeToro ao TeMnepaTYPhi 

"' 2500°C TaHTallOBOf'O KaTOJla - CTOnopa, CB060ilHOf'O OT OKHCHOf'O CIIOSI, TaK-

lK9 OTHOCHT91IbHOf'O MallO 
1101 , nosTOMy Bp9MSI npe6hiBaHHSI aTOMa B IIOHHOM 

HCTO'l:HHK9 Onpe.QSIISISTCSI, f'liaBHhiM o6pa30M 7 JlH!fllf>yaHei! BH91lpeHHhiX aTOMOB K 

llOBepXHOCTH KaTOJla-CTOllOpa, 3TO Bp9MSI MOlK9T .6b!Tb Hai!.QeHO B pe3yllbTa

T9 pellleHH Sl ypaBHSHHSI llH!fl<lJy3HH, HM910lll9f'O B HallleM Clly'lae Cll9JlYIOIUHfi 

BH.Q: 

2 

ac a£. -Ac +f. at= D --a;2 
( 1 ) 

3.QeCb C ( x , t) - KOHUSHTpaUHSI JlH4>4>YHJ:IHPYIOIUHX aTOMOB 1 D - K094>1fJHUHeRT 

J:IH!fllf>y3HH, A - KOHCTaRTa pa.QHOaKTHBHOf'O pacnaaa, f ( x, t ) - llllOTHOCTb 

HCTO'l:HHKOB JlH4>1fJYHJ:IHpyJOIUHX aTOMOB: f ( x, t) = V npH 0::; x ::; f , 0::; t :::; t 1 

H f(x,t) .. O npH e <X::; L H t > t 1 ' I'Jle e - M8KCHM81lbH8SI 

f'lly6HHa BH9Jlp9HHSI aTOMOB B KSTOJl-CTOnop, L - TOIIIUHHa KaTOJlS-CTOnOpa, 

t I - llp0JlOillKHT91lbHOCTb 061ly'l:eHHSI MHII19HH, 

PellleHHe ypaaHeHHSI ( 1) JlOillKHO yaoaneTsopHTb clleJlyJOIUHM rpaHH'IHhiM 

H Ha'lallbHOMy YCIIOBHHM: 

D ac(O,t) VC(O ) D ac(L,tl - ax "' •1 ; - --a;- .. VC(L,t) t > 0 (2) 

H 

C(x,O)=O npH 0..:: X < L • (3) 
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/ i.oHQ/1 • J2 .Hcet. 

2 .3 4 5 6 7 
HONep 

8 9 {() 1{ 12 13 111 1.5 16 
COHQflQ 

PHc,7, KpHB8H H3MeHeHHH aKTHBHOCTH 
213 Rn ( Ea -8,10 Maa, A-213) ape-

12-
JKHM6 npepb!BHOrO o6ny'leHHH MHWeHH ny'IKOM HOHOB C , BpeM!I 06-

. ny'I6HHH t I •3 MC6Ko BpeMH HGMepeHHll 51,2 MCeK, 
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• 

I"lle V - acpcfleKTHBH8.11 CKOpOCTb npeOllOJieHH.II 8TOMOM noTeHUH8nbHOI"O 6apbepa 

npH 11ecop6UHH. DpH ManoA aenH~HHe aHeprHH cop6UHH {KaK a aaweM cny~ae) 

a<jl¢leKTHBHaSI CKOpOCTb V BeJIHKa, H YCJIOBHe (2) nepeXOllHT B YCJIOBHe 

C(O,tl .. C(L,t) .. 0 npH t > 0. (4) 

Pew~HHe ypaaHeHHSI (lJ, YllOBJieTaop.IIIOinee yKaaaHHbiM rpaHH~HbiM (4) 

H Ha~aJibHOMY (3) yCJIOBH.IIM, llaaTCSI Bblp8)!{9HHeM: 

r.ae 

paaaa 

C(x,t-t 1 l.2v l: 
n•l 

f 
1-cosl7nL 

trnA 
n 

[ 1 - exp ( - A n t 1 ) ] X 

x exp [ - A n ( t - t 1 l ] sin rr n + , 
( rr n )2 A 0 •A+-,:;- D, t>t1. 

nnoTHOC:Tb noTOKa aTOMOB, .llHcMIYH.llHPYIOinHX ~epea nnoTROCT& X - 0 , 

j(O,t-ta) •- D _ ac(O,t-t 1 ) 

ax 
oo 1-cosrrn-f-

• _ ~ l; L [ 1- exp (-Ant 1)] exp [-An ( t- t 1 ) ] • 
L n•l An 

a OTH9W9HH9 j ( L, 1-t l) I j ( 0 , t - t l nponopueoaan&HO ( f/L lm, r.ae m > 1 •· 

HaH6onee M9JlJI9HHO M9H.IIIOW8SICSI KOMnoHeHTa j (0, t- t 1 ) COOTB9TCTByeT 

n • 1 • 3Ta KOMOOHeHT8 onpe.aenSieTCSI A 
1 

• h + .( ~ ) 2 
0 , 38BHCS1Weft OT 

nonHOA TOnWHHbl K8TO.Qa-CTOOOpa, Hae6onee HHT9HCHBH8H B H8~8JibHblft MO-

M9HT apeMeHH ( t ,. l I ) KOMOOHeHTa j ( 0, t - t 1 ) OTBe~aeT 

n .. + . KoHCT811T8 9TOA KOMnoHeHTbl An-,\+ ( r )2 D~ OHa 38BHCHT 

OT rny6HHbl BH9Jlp9HHSI 8TOMOB B KaTOJl-CTOOOp, 

BpeMSI .ttH4JclJy3HH BHe,llp9HHbiX 8TOMOB B KSTO.tta-CTOnope .!10 HX 9MHCCHH 

aenocpe.ttcTaeHHO ca.11aaao c A , a TO~Hee roaopH, c .\ 41 =A- .\ • 3Ty CB.II3b 

MO:IKHO HaftTH, COnOCTaBJISI.II nJIOTHOCTb nOTOKa BHe.ttp.119MbiX 8TOMOB ( v f ) 

C p_aBHOBeCHbiM CO.ttep)!{aHHeM .ttHcMIYH.tlHPYIOWHX aTOMOB B KaTO.tte-CTOnope 

ttpH OTCyTCTBHH pa.ttHOaKTHBHOI"O pacna.tta 

.ttaeT an.11 cpe.ttHero apeMeHH .tlH~Y3HH 

( A • o l • T aKoe conocTaaneHHe 

L 16 

L 
8 

Td =-- f C (x, t 1 ) d X"'---,:---'--
vf o rr 2 ,\d 

Ha peaynbTSTOB HSWHX OnbiTOB CJie.ttyeT Ad= ( -'-' ):.s o-A-A=l66 ceK-1 e 
H rd =5 MCeK llJISI H8H6onee HHTeHCHBHOft B H8~8nbHbiH MOMaHT KOMnOHeH

Tbl nOTOKa .tlH$$yH.ttHpy!CiWHX 8TOMOB, 

CneayeT aaMeTHTb, ~To Hau6onee HarnH.ttHoe oTpa*eHHe .ttH$Py3HH aTo

MOB H3 KaTO.tta-c6opHHKa Ha 9KCnepHMeHTaJibHOft KpHBOH, npe.ttCTaBJieHHOH 

H8 pHC, 7, HM99T M9CTO, KOI"ll8 A HeCKOJibKO MeHbWe Ad • 3THM 06'b.IIC-

HSI9TCSI Bhi6op 
213 

Rn , HM910W91"0 T t/2 =:.!0,5 MCeK, .tlJISI HJIJIIOCTp8UHH pe-

ayJI&TaTOB OnbiTOB no H3MepeHHIO BpeMeHH .tlH~Y3HH, 

IIony~eHHa.ll aenH~HHa Ad MO)!{eT 6&ITb ucnonbaoaaaa .ttJISI oueHKH 

K09$4JHU HeRTa .tlH$$Y3HH D • KnHeTH~ecKaSI aaeprH.II Bbi6HaaeMbiX aTOMOB 

217 Ra MaTePHHCKHX aTOMOB no OTHOWeHHIO K 
213 Rn , onpetlenSieTC.II 

clJopMynoA 

Ea 
=E AtAa 

I 
(A +A )2 

I 2 

I"lle 

E - KHHeTH~eCKaSI 9Hepi"H.II, A - MSCCOBOe ~HCJIO COOTBeTCTBeHHO 6oM6ap-

llHPYIOinei"O ( HH.tteKC 1 ) , 6oM6ap.ttHpyeMOI"O ( HH.tteKC 2) H Bbl6HB89MOI"O ( HH

.tteKC 3) STOMa HJIH HOHS, H COCTSBJI.IIeT ,.4,1 M9B, 8 COOTBeTCTBHH C 9K-

crrepHMeHT8JibHbiMH .ttaHHbiMH, ~aCTH~HO ony6nHKOBaHHhiMH a I 11 1 , MaKCH

MaJibHS.II rny6HHa BHe.ttpeHH.II B T8HT8JI 8TOMOB pa.ttH.II C TSKOH H8~8JibHOH 

aaeprueA paBH.IIeTc.ll 3·1o-5 CM, 3To aaeT an.11 aTOMHOH an$4JyaHH paaoaa 

B KpKCTSJIJIH~eCKOH 

. 8 2 
1 ,5.10- .£l:L 

ceK 

peweTKe TaHTana rrpK TeMrrepaType -25000C D= 

Dony~eHHSSI BeJIH~HHa D llOllOJIHSieT HSWH peayJibT8Tbl /}
2 / ITO 

Ollp9ll9JI9HHIO CKOpOCTH llH~Y3HH BH9llp9HHblX aTOMOB B yCJIOBHSIX CHJibHblX 

rroape*aeHHA KPHCTannH~ecKoA penieTKH aeAcTBHeM CHJibHOHOHH3Hpyromex 

ycxopeHHbiX HOHOB yrnepoaa. 

B 38KJI10~9HHe 8BT0pbl Bblp8)!{8IOT 6naro.aapHOCTb aKaJleMHKY r. H. ctlne

poay H E • .n. Bopo61>eay, rroa pyxoaoacTBOM xoTopbiX 6&ma BhlllOJIHeHa Ha-
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