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Laser Light Induced Drift for Atoms of Radioactive Isotopes 22Na 
and 24Na 

The laser light induced drift for a toms of radioactive isotopes 22N a and 24Na 
in the buffer gas Kr was studied. D2-line resonance frequency for drift of 22Na 
and 24Na in the opposite directions was determined. The distribution of 
concentration for both isotopes along the drift tube was measured at the 
temperature 300 and 1000 K. The detection of y-radiation of radioactive 
isotopes was used for these measurements. The isotope separation factor up to 
20 at the efficiency 50% and drift velocity I.I m/s was reached. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions JINR. 
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CBeTDMHµ;yr(MpoBaHHhlM µ;peii:<p (CH)];) aTOMOB B 6y<pepHoM rane JIBlI.!IeTCJI oµ;HMM uo o<p

<peKTOB, Ha6moµ;aeMh!X npll BOaMMoµ;eMCTBMM JianepHoro llOJiy'IeHllJI c Be11.1ecTBOM [1,3). 8TOT 

0<p<peKT BOOHHKaeT, Korµ;a aTOMhl Bhl6paHHOro llOOTona cerreKTllBHO no CKOpOCTll Boo6y)Kµ;a

lOTCJI rranepHhlM llOlly'IeHlleM. Ilpn: 0TOM '!aCTOTa lIMHllll Boo6y)Kµ;eHn:JI, 6orree yoKOM, 'IeM IIIll

PHHa µ;onnrrepoBCKOro KOHTypa, Bh!6upaeTCJI TaKOM, 'ITO Boo6y)Kµ;em1e llCnh!Th!BalOT TOllbKO 

Te aTOMhl, KOTOpb!e ll,Bll)KYTCJI C onpeµ;erreHHOM CKOpOCTblO ll B oaµ;aHHOM uanpaBrreHJIII OTHO

CMTellbHO rranepHoro rry'Ia. ATOMhl B BOo6y)Kµ;eHHOM COCTOJIHllll llMelOT,KaK npaBMJI0,60Jib.Illlle 

panMephl, 'IeM B OCHOBHOM COCTOJ!Hllll, noOTOMY ce'!eHJie llX CTOlIKHOBeHllJI c 6y<pepHhlM ranoM 

6oJibIUe, a KOO<p<pHI:(lleHT µ;H<p<pytiHH MeHbllle. B peoyJibTaTe 0Toro BOOHllKalOT npOTHBOno

JIQ)KHQ HanpaBJieHHhle noTOKH BOo6y)Kµ;eHHhlX H HeBoo6y)Kµ;eHHhlX aTOMOB, 'ITO npHBOµ;llT K 

llOMeHeHHIO !IX KOHI:(eHTpar(HH. 8To HOMeHeHn:e npu µ;ocTaTO'IHOM yµ;arreHllH OT llCTO'IHllKa 

aTOMOB MOlKeT 6h!Tb OHa'IJITellbHhlM (B µ;eCJITKH ll COTHH pan), 'ITO MO)KeT HaMTll r(eJih!II pHµ; 

npHMeHeHlIM B panllll'IHhlX o6JiaCTJIX <pllOHKll ll TexHHKll. , 

K HaCTOJIII:(eMy BpeMeHH CH)]; Ha6JIIOµ;aJICJI µ;JIJI aTOMOB cpaBHHTellbHO Manora 'IIICJia orre

MeHTOB (HanpuMep, Na [2,3), Rb [4), Ne [5)), a TaK)Ke µ;JIJI pHµ;a MOJieKylI [6,7). B cJiy'Iae aTo

MOB Na BhlnOlIHeH µ;ocTaTO'IHO IIIHpOKHM Kpyr llCCJieµ;oBaHllM OToro JIBlleHllll [8,9). Oµ;HaKO, 

60llblllaJI 'IaCTb OTIIX llCCJieµ;oBaHHM npoBoµ;n:JiaCb npH TeMnepaTypax, 6l!llOKllX K KOMHaTHOM, 

B yoKOM KallHlllIJITOpe JIH60 HO cner(llaJibHOro CTeKJia, Jin:60 C noKph!TlleM BHyTpeHHllX CTe

HOK nlleHKOM napa<p1ma lllIH µ;H<p<pyOHOHHOrD MaCJia µ;lill ycTpaHeHHJI aµ;cop6r(llH napoB Na. 

B TO )Ke· BpeMJI O'IeBHµ;no, 'ITO BOOMOJKHhle panHoo6panHh!e npn:MeHeHllJI CH)]; MoryT noTpe-

6oBaTb µ;pyrux ycJIOBllM, HanpHMep OHa'IllTellbHO 6oJiee BhlCOKllX TeMnepaTyp, Kann:JilIJipOB 

HO µ;pyrHX MaTepHalIOB ll T.µ;. Bee OTO onpeµ;eiIJieT llHTepec K µ;arri.HeMIUllM m;cJieµ;oBaHllJIM 

CH)];, aTOMOB Na, a TaKJKe K paCIUllpeHlllO Kpyra noy'!aeMbIX OlleMeHTOB ll llOOTonoB. 

HccJieµ;oBaHllll CH)]; oKaJKyTCJI 6oJiee o<p<peKTllBHh!Mll, eCJill BMeCTO CTa6llllbHbIX llOOTO

noB, npnMeHJieMh!X BO BCex npeµ;hlµ;y11.1nx ,OKcnepn:MeHTax, n:cnOllbOOBaTb paµ;noaKTllBHh!e. 

PerucTpar(lll! n:cnycKaeMoro npn: nx pacnaµ;e -y-n:oJiy'IeHIIJI, a He. peooHaHCHo-p_acceJIHHoro 

onTII'IeCKOro, cy!r(eCTBeHHO noBh!IUaeT 'IYBCTBllTellbHOCTb llOMepeHllM, nooBOJIJieT onpeµ;e

lll!Tb KOHI:(eHTpar(lllO KaJKµ;oro llO llCCJieµ;yeMh!X llOOTonoB KaK B npor(ecce µ;peii:<p~, TaK II 

npo!IHTerpnpoBaHHYIO oa BCe BpeMJI OKCnepllMeHTa. Bee 0Tll llOMepeHllJI C panlIH'IHh!Mll IIOO

TOnaMII MOJKHO npoBoµ;nTb B 'oµ;HOM OKcnepuMeHTe, 'ITO cy11.1ecTBeHHO pacIIIllpJieT BOOMOJK

HOCTII ucCJieµ;oBaHIIJI CH)];. 

Il;eJiblO µ;aHHOM pa6oThl JIBlIJieTCJI llCCJieµ;oBaHire CH)]; aTOMOB paµ;IIOaKTllBHhlX l!OOTOnOB 

HaTpllll 22Na n: 24Na B HOBhlX yCJioBIIJIX - 6oJiee BhlCOKn:e TeMnepaTyphl, ucnorrbo0Bam1e 

· µ;peii:<poBh!X Tpy6oK no 6oJiee TeniiocTOMKllX MaTepn:arroB (HepJKaBelO~aJI cTarri., KBapr(). 8Tn: 

llCCJieµ;oBaHllJI BKlIIO'IalOT llOMepeHllJI KaK µ;uHaMll'IHbIX xapaKTepllCTllK (n:oMeHeHllJI KOHI:(eH

Tpar(llll aTOMOB Na BO BpeMeHll llpll CKaHn:pyeMOM ll <pIIKCHpOBaHHOM 'IaCToTe rranepHoro llO

lIY'IeHIIJI), TaK n: CTar(llOHapHhlX (pacnpeµ;erremre KOHI:(eHTpar(llll no µ;llllHe Tpy6Kn BO BpeMJI 

µ;peii:<pa n: npon:HTerpupoBaHHh!e oa Bee BpeMJI oKcnepn:MeHTa). 

TeopeTH'leCKUe npeµ;cTaBJICHH.11 

HapJIµ;y c oKcnepn:MeHTaJibHh!Mll n:ccJieµ;oBaHIIJIMll o<p<peK'I'a CH)]; µ;ocTaTo'IHo noµ;po6uo 

npoBeµ;eHO n: ero TeopeTll'IeCKOe paCCMOTpeHIIe [8, 9). Ecllll llCTO'IHllK aTOMOB Haxoµ;n:TCJI 

B ~eHTpe µ;peii:<poBoii: Tpy6KII (x=O), To n:oMeHeHn:e BO BpeMeHu KOHI:(eHTpar(n:n: aToMoB Ha_ 

panmI'IHhlX y'IaCTKax Tpy6Ku N(x,t) npn HaJIII'Illll µ;peii:<pa co cKopocTb~ u MOJKHo onucaTb 

oµ;HoMepHhlM ypaBHeHn:eM µ;u<p<pyonn:: . " 



ii,. 

dN/dt-div(uN-vDN)+-yN=0, (1) 

rµ;e D - aqiq>eKTllBHblll K00qJqJIID;HeHT µ;n:qiqiymm, 'Y - ITOCTOHHHaJI, xapaKTepII3YIOIL\aJI y6bmb 

llCCJieµ;yeMbIX aTOMOB ITpll n:x p;BlllKeHim ITO Tpy6Ke ( OHa HBIDieTCH o6paTHOll cpeµ;HeMy Bpe

MeHn: n:x lKll3Hll B 6yqiepHOM ra3e ll cymecTBeHHO 3aBIICllT OT KOllll'IeCTBa ll COCTaBa ITpIIMe

ccii, pearn:py!OIL\llX co CBo6op;HbIMll aTOMaMll Na). 

PeIUeHn:e ypaBHeHIIH (1) IT03BOlIHeT cyµ;n:Tb O TOM, KaK B proyllbTaTe CII.IJ: ITpoucxoµ;nT 

lIDMCHCHn:e KOH~eHTpan;IIII nccneµ;yeMbIX aTOMOB Ha pa3lIII'IHbIX y'IaCTKax µ;peiiqioBOll Tpy6KII 

ITPll pa3lIII'IHbIX YClIOBilHX 0KCITepnMeHTa. HaITpllMCp, CTa~llOHapHoe pacITpep;elICHIIC KOH~CH

Tpan;IIII ( 0 6bl'!HO OHO oITpep;elIHCTCH Ha OITbITe) OITllCbIBaeTCH BbipalKeHIIHMll: 

ITO HaITpaBlleHIIIO µ;peiiqia (x<O): 

N(x) = Noexp(x/£1) £- ~ 1.. __::__ 
[( 

2 )1/2 ]-l 
1 

- . 4D2 + D + 2D (2) 

ITpOTilB µ;peiiqia (x>O): 

N(x) = Noexp(x/£2) [( 
2 )1/2 ]-I 

£2 = 4~2 + }J - 2~ (3) 

B OTCYTCTBllll µ;peiiqia (u=O), Korµ;a llMeeT MCCTO lIIlllib µ;nq>q>Y3IlH aTOMOB: 

N(x) = Noexp(x/£0 ) Co = (D h)1f2 • (4) 

II3 BbipalKeHnii (2-3) Bn:p;Ho, 'ITO CII.IJ: ITpn:Bop;n:T K acn:MMeTpll'IHOMY pacITpeµ;eneHnJO 

KOH~CHTpa~nii aTOMOB OTHOCllTCllbHO IIX llCTO'IHIIKa. 0THOIUeHn:e KOH~eHTpa~nii ITPil oµ;n:

HaKOBOM pacCTOHHllll OT IICTO'IHIIKa ITO HaITpaBlICHlllO µ;peiiqia ll ITPOTllB Hero ( K00qJqJll~llCHT 

acn:MMCTpmI CII.IJ:) 0KCITOHCH~llallbHO pacTeT C poCTOM x: 

u 
/3( x) = expDx ' (5) 

CKopoCTb pocTa f3(x) oITpeµ;enHeTCH OTHOIUeHIIeM CKOpOCTll CII.IJ: K K00qJq>II~lleHTY µ;n:¢

q>y.JIIII n:ccneµ;yeMbIX aTOMOB B 6yqiepHOM ra3e. BbipalKeHn:e p;lIH CKOpOCTll CII.IJ: BKlIJO'!aeT 

ITpom:rneµ;eHne Tpex Bellll'IIIH: 

D -D. Vi 
g T/ L 

u = Du (6) 

IIepBbill COMHOlKl!Tellb OITpeµ;emreT OTHOCllTellbHOe ll3MeHeHn:e K00qJqJll~lleHTa µ;n:qiq>y3n:U 

ITPU ITepexoµ;e OT OCHOBHoro COCTOHHllH (Dg) K B036ylKp;CHHOMY (D.). IIpn µ;n¢¢Y3llll aTO

MOB Na B llHCpTHOM ra3e 0TO ll3MeHeHn:e llelKUT B ITpeµ;enax OT 0,14 µ;mr He j\o 0,49 p;lIH Xe 

[9]. BTopoii (TJ) u TpeTuii (VL) coMHOlKIITenu ITpeµ;cTaBIDIJOT cooTBCTCTBeHHo p;olIJO aTo

MOB B ,ioITITllepoBcKoM KOHType, B036yJKµ;aeMbIX na3epHbIM ll3lIY'ICHn:eM naµ;aHHoii '!aCTOThl; 

ll llX cpep;H!OIO ITpOeK~lIIO CKOpOCTU TCITlIOBOrO p;BlllKCHllH Ha HanpaBlleHne p;peiiqia. IlpoU3-

Bep;eHIIC 0TUX COMHO)KlITClICll 13 ITpeµ;enax p;OITITlICpOBCKOro KOHTypa o6HapylKUBaeT ClIOlKHYIO 

2 

3aBUCllMOCTb OT '!aCTOTbI lla3CpHoro lI3lIY'ICHllH. OHO 06paIL1aeTCH B HJllb ITplI '!aCTOTe, 

COOTBCTCTBYJOme:ii ~eHTpy KOHTypa (Bo36ylKp;a!OTCH aTOMhl, p;BUlKymn:eCH ITCpITeHµ;mcymrpHo 

lla3epHOMY lIY'IY),u µ;ocTnraeT MaKCUMyMa ITpu cµ;Bure '!aCTOTbI OTHOCilTCllbHO ~CHTpa Ha 

BelIII'IllHY Av, Korµ;a B036ylKµ;aIOTCH aTOMbI, UMeJOmue HaII6onee BepoHTHYJO CKOpOCTb V TC

ITlIOBoro p;BlllKCH~ B HaITpaBlleHUll (unn: ITPOTIIB) lla3CpHoro lIJ'Ia:· 

V 
Av= -v 1 

C 

rµ;e V - pe30HaHCHaJI '!aCTOTa, C - CKOpOCTb CBCTa. 

(7) 

B COOTBeTCTBlIU C 0TUM •CKOpOCTb CII.IJ: n:UeeT MaKCllMallbHbIC 3Ha'!eHUH (n: ITPOTUBO

ITOlIOlKHbIC HaITpaBlleHn:H) ITpU p;ByX OHa'!eHIIHX '!aCTOT, Cp;BllHYTbIX OTHOCUTCllbHO ~CHTpa 

KOHTypa BneBo n:nu impaBo Ha Benu'!1rny Av: Bemr'In:Ha MaKcuMam,Ho:ii cKopocTn: CII.IJ: oITpe~ 

µ;enHCTCH CBOllCTBaMII 6yqiepHoro ra3a, xapaKTCpIICTIIKaMil OilTll'!'ecKIIX ITepexoµ;oB II ITapa

MeTpaMII lla3CpHoro lIDlIY'ICHIIH. IlpII OilTllMaJibHbIX YCJIOBIIHX MOlKHO µ;ocTIIrHyTb CKOpOCTII 

µ;pe:iiqia u > 10 M/c. B 0TOM cny'!ae u/D>lO CM-1, ll OaMeTHble OHa'!CHIIH K00qJqJII~IICHTa 

acn:MMeTpIIII OKa3bIBaJOTCH ylKe Ha paCCTOHHllll B HeCKOllbKIIX MlllllIIIMeTpOB OT IICTO'IHIIKa. 

Oµ;HaKO TaKair KapTIIHa 6yµ;eT IIMeTb MCCTO nn:IUb B ITpocToii cxeMe ll3 p;Byx ypoBHeii 

(ocHOBHoro II Boo6ylKp;eHHoro). B aToMax Na Ha6nJOµ;aeTcH cBepXTOHKoe pacIL1eITneHne KaK 

OCHOBHoro COCTOHHIIH S1/2, TaK ll Boo6ylKp;CHHbIX P1/2 II P3/2, npn: 0TOM paccTOHHlle MClKp;y 

KOMilOHeHTaMn: OCHOBHOro COCTOHHIIH MHOro 6ollbIUe, '!eM µ;nH o6oIIx Boo6ylKp;CHHbIX. IlpII 

TaKOll CXeMe ypoBHeii Boo6ylKp;CHlle IIX pa3llll'IHbIX KOMilOHeHT MOlKCT npUBop;n:Tb K µ;peiiqiy B 

ITPOTllBOilOlIOlKHbIX HanpaBlleHIIHX. Ilpn 0TOM B ITpo~ecce CII.IJ: 6yµ;yT npoIICXOp;IITb nepexop;bI 

MelKp;y KOMilOHCHTaMII Boo6yJKµ;eHHbIX COCTOHHIIli npII CTOlIKHOBeHIIHX c aTOMaMil 6yqiepHoro 

ra3a, OITTil'ICCKaJI HaKa'!Ka Ha op;Hy ll3 KOMilOHCHT OCHOBHOro COCTOHHIIH, nepexoµ; Ha µ;py

ryJO KOMilOHeHTY ITPII BOaIIMOp;e:iicTBIIII co CTeHKaMII µ;pe:iiq>OBOll Tpy6Kn:. Bee 0TO MOlKeT 

CYIL\CCTBCHHO IlOMeHIITb CKOpOCTb µ;pe:iiqia, onpep;ClIHCMJIO BbipalKeHIICM (6). 3To IIOMeHeHUe 

CKOpOCTII CII.IJ: OITpeµ;enHCTCH OilTII'ICCKIIMII xapaKTCpIICTIIKaMII ypOBHeii aTOMOB IIccneµ;ye

MbIX ll30TonoB (I13oTOilll'IecKIIH cp;BIIr Av;., cBepxTOHKoe pacIL1eITneHUe oCHOBHoro cocToH

HIIH AvF,F') ll ywn:peHIICM .cneKTpallbHbIX lll!Hllll (µ;onnnepOBCKilM Alld II yµ;apHbIM AV;nt)
Bce 0TII BemI'IIIHhl µ;nH aTOMOB n:ooTonoB 22 Na, 23 Na u 24 Na npn: ycnoBIIHX, B KOTOpbIX 

npoBop;n:lIIICb OKcnepIIMC!JTbI (oHll npllBeµ;CHbI HillKe) npeµ;cTaBlICHbI s Ta6JI.l, a Ll.vint 
-200 Mr~. BHJ1HO, 'ITO p.1111 3THX BeJIH'IHH HeCKOJibKO OTJIH'lat:TC.11 µ;mr pa3lIII'IHbIX ll30TOilOB Na 

[10]. IIoaToMy 0KCITCpIIMCHThl no ucCJieµ;oBaHIIJO CII.r( c pa3HhIMII ll3oTonaMII Na ITOOBOlIHIOT 

ycTaHOBIITb BllllHHilC 0TUX ITapaMeTpOB Ha CKOpOCTb µ;pe:iiqia II µ;pyrIIe ero xapaKTCpIICTIIKII. 

Ta6mru:a 1 

ITapaMeTphl orrTiftiecRIIX crreRTpOB H3°'Tmmn Na 

IfaoTorr !:::,_ 23,A 
Vis /:::,.vF,F' !:::,.vd, ·Mru 

Mlli Mru 300K 1000K 
22Na -750 1240 1345 2470 
23Na 0 1777 1315 ··2410 
24Na +706 1140 1290 2360 
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0KcnepHMeHTaJlhHaJI ycTaHOBKa 

8KcnepnMeHTam,HaH ycTaH0BKa, l!Cll0llhOyeMa.a p;IDI nccrrep;oBaHim CII,ll; l!00T0il0B Na, 

BKmo'laeT naoepHI,IU cne:li:TpoMeTp, Ha6op p;peu<poBI,IX Tpy6oK no HepJKaBe10meu cTarr11 pao

JI!I'IHou ,llll!HI,I II ,IIIaMeTpa H Cl!CTeMbI ,111JI OTKa'IKl! II HanoJIHeHim l!HepTHhIM raooM (pnc.l), 

JlaoepHhIU cneK'.rpoMeTp cocT0IIT IIO naoepa Ha KparnTeire (Mop;en1, SP 280D), HaKa'lll

BaeMoro aproH0Bo-1mHHhIM naoepoM HenpepbIBHoro p;eucTBIIH (SP 2030). 'lacToTy naoep

Horo IIOrry'IeHIUI M0lKHO 6bIJIO CKaHllp0BaTb B BbI6paHHOM p;11anao0He lllllpIIHOll p;o 30 rr11. 

CncTeMa CTa6nJIIIO~l IlO0B0llHJia nop;p;eplKl!BaTb BbI6paHHYIO 'laCT0TY. .B mpei1enax 

10-20 MI'u;. Hacrpoiixa Jia3epa Ha 33JlaHHI,lH AHana30H •.iaCTOT npoB0AHJiaCb C Il0MombIO ll3Me

p1ITe11JI p;lll!HI,I B0lIHhI (Burleigh :WA-10) II llaMnhI c:napaM11 Na . .D:na K0HTpona 3a IIHTeH

cnBHc;;CTbIO JiaoepHoro II0JIY'leHIIH, npomep;mero 'Iepeo p;peu<poByIO Tpy6Ky, IICil0llb30BalICH 

1I~MepnTen1, MomHocTn.(OPHIR 20A). 

1 

8 7 

OL.0000,.00000000 

00000 
·o 
0 
0 
0 

00000 
0 . 

0 
0 
0 

6 

Puc.l.BnoK-CXeMa ,mcnepnMe~TanLHOll ycTaII0BKH: 1 - Jia3ep1mil cne11Tp0MeTp, 2 - H3MCp11T('JII, 

,ll;JIHIII,I B0JIHLI, 3 - 06paae11 C 22Na n 24Na, 4 - cncieMa 0TRa•rnn, 5 - H3MepHTCJIL M0IIUIOCHI 

II3JiyqennH, 6 - BaKyyMHaJI J{aMepa, _7 - .11:pellcpOBaH Tpy6Ka, 8.., narpeBaTCJIL, 9 - c6opllnH 

aT0M0B, 10 - 3epUaJIO 

4 

) 

) 

CBeTOHHgy11upoBaHHhii°I gpeu<p aT0M0B Na npoxogun B'Tpy6Ke 1113 HeplKaBe10mei"1 CTaJ!ll. 

Hcnon1,00Barrnc1, Tpy6Ku paom1•rnoro guaMeTpa (oT 1,2 go 4,0 MM) 11 p;mrnoi"1 go 60 MM. K 

11eHTPY Tpy6KII 61,m np11coep;11HeH OTpOCTOK, B KOTOpbiu noMemarrcH ucnapHeMbIU o6pa3e!I, 

cop;cpJKamm'i uccnegyeMbie aTOMbl. Tpy6Ka C 0Tp0CTK0M Haxop;1macb B H'Iei°1Ke II0 KBapn;a, 

KOTOpa!I C IIOMombIO Hl!XpOMOBOU cnnparrn Morna HarpeBaTbCH go 3ap;aHHOU TeMnepaTypbI. 

Ilpn aTOM 6blll npep;yc110TpeH aBTOHOMHbllI HarpeB OTp0CTKa C o6paon;oM. TeMnepaTypa 

H'ICJ°!Kll II gpeu<pOBOl
0

I Tpy6Kll K0HTpOm!pOBaJiaCb C IlOMombIO TepMonapbI Xp0Me.'lb-aJIIOMeJib 

n nnpoMeTpa. 

C l!OM0mbIO <t>opBaKyyMHOro ll 1111<'1>¢ynnoHHOfO HaC0COB H'lei°IKII OTKa'!l!BaJiaCb p;o Ba

Kyy~ra 10-4 Topp. Ilpn aTOM oco6oe BHl!MaH11e ygeJIHll0Cb ycTpaHeHIIIO np11Mecei"1, KOTOpb!e 

B penyJibTaTe XlIMU'leCKllX peaKn;m'i CBH3b!Bamr 6bl aTOMbl Na (napbI B0,lhI u Macna, Kll

cnopop;, Bogopog). O6pa3y10m11ecH coe,11rneHirn Na y_<IaCTBYIOT lI!Illlb B g11¢¢ymrn, a He B 

p;peu<pe, n TaKl!M o6panoM CHHlKaIOT ero t><p<'!>eKTllBHOCTb. Ilot>TOMY npn 0TKa'!Ke KBapn;eBM 

w,ei"IKa B ;TC'IeH11e HeCK0libKllX tJ:acoB nporpeBarracb np11 Te:1-mepaType 850K . .il:nH nornome

Hl!H Bblp;enH10muxcH np11 HarpeBamrn KBapn;eBoi'r o6ono'IKU n gpe1i<p0Boi°1 Tpy6:Iin np1111ecei"1 

lICil0llb0(JBam1c1, I( II Zr, HarpeTbIC go aTOII TCMnepaTypbI. HanoJIHHCMbii°I H'ICi°IKy IIHCpTHbli°I 

ran nponycKancH 'Iepen noBymKy c. lKHAKllM aooToM. 

Ilpu pa6oTe ITPII KOMHaTHOU TCMITepaTypc c6opHIIKOM aToMoB 22Na n 24Na cnyJKuna 

<Pon1,ra nn Al, IToMemaei.rall BHyTpn gpd1<p0Boii Tpy6im. B 0llb!Tax ITpn Bblcouoi"1 Te~mepa

Type lICIT0lib:J0BaJIUCb c6opHllKII ll:J KBapn;a, ITOMemaeMble Ha 06011x. K0Hn;ax Tpy6Kl! ( KBapn: 

X0p0lll0 CBH0bIBaeT aT0Mbl Na ITpII BbIC0KOl
0

I TCMITep;J.Type). 

Bonee geTallbH0C 0ITUCaHIIe 0TgeJibHbIX Y3ll0B t>KCITepIIMCHTallbHOll ycTaH0BKII, ITpon;e;i;ypbI 

ITpoBep;CHIIH aKcITepnMeHT0B, HCK0TOpbie pC3YllbTaTbl II IIX o6pa6oTKa ITp!IBCACHbl B Hallll!X 

ITpeµ;1,1µ;ymnx pa6oTax [11-13]. 

licITollb3YCMble B aKcITep11MeHTax II30T0ITbl 22Na II 24Na I1Mem1 cymecTBCHH0 pa3Hble xa

paKTCpllcTIIKII paµ;1roaKTIIBHoro Hgpa pacITaµ;a. 22Na - ITep110µ; ITonypacITap;a 2,6 ro;i;a., t>Hep

rnH 7-11onytJ:emrn 511 uaB 11 1274 uaB, 24Na - cooTBeTcTBeHHo 15,0 '<, 1368 x::iB 112,754 x::iB /I~/ 

3T0 II03B0JlllJI0, IICIT0llb3YH CITCKTp~MeTpbI 7-113lly_'IeHIIH ( CllllHTllllllHlllIOHHblll C 

KpIIcTarrnoM NaI(Tl) 11m1 ITonyrrpo_Bo;J;HIIKOBhii°I Ge(Li)), '!eTKo Bbl/J;Clll!Tb 113llY,Iem1e KaJKµ;oro 

Utl ll30T0IT0B, II3MepHTb IIX K0Hil;CHTpan;n10 B µ;pei"1<t>oBOl
0

I Tpy6ue II ITpOBOAIITb aKCITepl!MCHTbl 

ITO ucrrollbtJ0Ba.H1110 CII.D: oµ;HoBpeMCHH0 c o6euMn 1m0Torra.Mu. 

IlonytJ:eHUe ll:J0T0ITOB 22Na II 24Na ITf)0B0/J;llll0Cb 11p11 o6JIY,ICHIIII <Pollbfll 113 CBepx•mcToro 

Al ITP0T0HaMn c aHepruei"1 660 MaB B peaKn;nu rny6oKoro oTn;eITJICHIIH, a 113oToITa. 24 Na 

Ta.K)KC.B peaKn;mr 27Al(n,a) C Hei°ITpoHaMII CITCKTP.'.'-,AeJieHirn ypa.Ha. 

PeoyJihTaTbl OKCneplIMeHTa 

Ha OITIICaHHOil ycTaH0BKC 6blllll ITp0BegeHbl 2_ Bnga :JKCITCpl!MCHT0B no CBCT0IIHAYllllP0-

BaHH0MY µ;pei°I<PY aT0M0B paµ;noaKTIIBHbIX II30T0II0B 22Na II 2
'
1Na.. 

1. linMcpeHIIe 0aBUCl!MOCTII KOHil;CHTpan;m1.aT0M0B 1130T0ITa. 24 Na Ha. K0HllC gpe.ii<t>oBoii 

Tpy6K11 OT '!aCTOTbl mmepHoro 113lly_'leHllH u OT BpCMCHII ITPII BKllIO'ICHIIII II Bb!KllIO'ICHIIII 

II3lly_'ICHIIH. ll;ellbIO :JTIIX nm,repeHUiI 6b!JIO ll3y_'!CHIIC Btlil.JIMOp;eiicTBIIH a.T0M0B Na ,. ropH'H'Ii 

CTeHKOJ°I ;pyfiKII II 0ITpep;CJICHl!e 'lll.CTOTbl lla3epHOf0 113llY'ICHIIH, IIpll KOTopoii CKOJWCTb ·cu.ri: 
UMeeT MaKCIIMaJihHOe tJHa~1eHIIC. 

8KCITCfJIIMCHTbl ITp0B0;J;llllllCb B µ;peii¢,rnoi"1 Tpy6ue 113 HCplKaB('IOmei"1 CTaJIII µllaW•Tp011 

2,5 MM u µ;mrnoii 150 MM, HarronncHHOII Kr ;i;o µ;aBJICHIIH 10 Topp. Oµ;nH 113 K0Hll0B Tpy6Kn 

0blll 3aIIal!H, II y t>Toro KoHn;a npoB0/J;llll0Cb 113M<'pCHl!C .KOHf-l<"HTpan:1111 14Na ITO IIHTt'HCII-
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• BHOCTU ero -y-1mny'IeHirn • .I(mr 0TOro UCilOllb30BaJICJI CIIIIHTIIlllIJI~IOHHhll[ cneKTpOMeTp C 

KplICTaJIOOM Nal(Tl), nall.\Ull.\eHHblir CBIIHIIOBblM 0KpaHoM TOllll.\UHOH 50 MM OT Haxoµ;Hll.\erocJI 

B OTpOCTKe IICTO'IHIIKa 24Na IIHTeHCUBHOCTblO 1, 2. 105 BK. HcTO'IHIIKOM JIBlIJillaCb q>Ollbra 

II3 caepx'lncToro Al, o6ny'IeHiroro npoToHa~m. 

Ilpu HarpeBaHIUI µ;peuqioaoir Tpy6KI[ II OTpOCTKa C UCTO'IHIIKOM 24Na µ;o TeMnepaTypbl 

1000K II nanmrneHmI Tpy6KII napaMU Na B pmynhTaTe µ;nqiqiymm nponcxoµ;IIn pocT UH

TeHCIIBHOCTll ero -y-nm1y'IeHirn. Korµ;a IIHTeHCIIBHOCTb -y-nmry'IeHIIJI npu6mrlKanacb K Ha

Cblll.\eHIIIO (0To onHa'Iaoo npaKTU'IecKu nonHoe ucnapeHIIe coµ;eplKall.lerocJI a o6panrre 24Na), 

Ha'IUHaJIOCb CKaHIIpOBaHire 'IaCTOTbl nanepHoro IImiy'IeHUJI a OKpecTHOCTll D2 - lIIIHlm Na 

(A=589,0 HM) co cKopocTbro 1 ffrr/MuH. JlanepHoe unny'IeH1Ie, HanpamrneMoe c neaoro 

KOHIIa, nanonmmo BCIO IllIOll.\aµ;b µ;peHq>OBOH Tpy6Kn, n ero cpeµ;HJIJI IllIOTHOCTb MOII.\HOCTU 

COCTaBJIJilla 0,6Br/cM: B ImMepeHHOH 3aBIICUMOCTU lIHTeHCUBHOCTU -y-unny'IeHue 24Na OT 

'IaCTOTbl nanepHoro unny'IeHIIJI (puc.2) 'IeTKO BU,leH MaKCIIMYM npn 'IaCTOTe, 6nn3KOII K 

pe30HaHCHOH ,llllI 1[30Tona 23Na. 3TOT MaKCIIMYM, O'IeBuµ;Ho, COOTBeTCTByeT Han60llbllleir 

cKopocTn CH.I( B HanpaaneHnll nanepHoro ny'Ia. MllHllMYM, CBJI3aHHblll c µ;peucpoM B npo

TllBononolKHOM HanpaaneHIIII, BblpalKeH 3Ha'IllTellbHO cna6ee l[3-3a q>OHa OT aTOMOB 24Na, 

aµ;cop6upoBaHHblX CTeHKaMII Tpy6Kll. 

Ilpll 0TOll 'IaCTOTe npoBO,llllIIICb U3MepeHIIll 3aBIICllMOCTll OT BpeMeHII llHTeHCllBHOCTII 

-y-ll3lIY'IeHIIJI (unu KOHIIeHTp~IIII aTOMOB 24Na) npn Bb!KlIIO'IeHIIll II BKlIIO'IeHllU nanepHoro 

1mn'y'IeHIIll. Ilpll Bb!KlIIO'IeHIIII nnny'IeHl[JI KOHIIeHTparrmr aTOMOB 24Na Ha KOHIIe µ;pei1cp0Boll 

Tpy6KII CHUlKaJiaCb B 2 pana 3a BpeMll 20 c. C TaKOll lKe CKOpOCTblO npOIICXO,IIIJIO II BOCCTa

HOBlleHlle KOHIIeHTparr= 24Na 110 npelKHero ypo~HJI nplI BKlIIO'IeHim nanepHoro U3lIY'IeHUll. 

3Tll ll3MeHeHllJI KOHIIeHTparr1m aTOMOB 24Na 3Ha'IllTellbHO Me,1neHHee Tex, KOTOpble CBJI3aHbl 

co apeMeHeM µ;llq>q>ynuu aTOMOB Na B Kr nplI µ;aHHblX µ;aanemm ll TeMnepaType (a 0TOM 

cny'Iae unMeHeHue KOHIIeHTp~mr aµ;aoe npollcxoµ;uno 6bl, · cornacHo pao,eraM, 3a epeMll -1 c). 

TaKasi 6onblllaSI pa3HllIIa o6'bl!CHJieTcJI a6cop6rrnei'r ll nocneµ;yroll.\ell µ;ecop6rrllen aTOMOB 
24Na Ha cTeHKax npll ux µ;au)KeHl!II no µ;penqioaon Tpy6Ke. Ilpll 0ToM aToMbl 24Na npoao

µ;HT Ha CTeHKax ~95% llX BpeMeHU HaxO)K,leHUJI B Tpy6Ke. 3To BpeMJI 3aBllCUT, O'IeBllµ;Ho, OT 

MaTepllana ll TeMnepaTypbl Tpy6KU. HanpuMep, nplI 3aMeHe Tpy6:irn U3 CTaJIII Ha Me,IHYIO lI3-

MeHeHUe KOHIIeHTparruu aTOMOB 24Na npoucxo,1uno 3Ha'IUTellbHO Meµ;neHHee (KoHrreHTp~lrn 

na,1ana B 2 pan a na BpeMJI ~4 MUH. ). 

Ha puc.3 npe,1cTaBJieHO pacnolIO)KeHue Ha lllKaJie '!aCTOT 11onnnepoBCKllX KOHTypoB KOM

noHeHT caepxTOHKOll cTpyKTYPhl D2 OilTII'IecKoll lllIHl!II aToMOB ll3yqaeMblX ll30TOilOB Na 

(npll 0TOM npeHe6peranocb cBepxToHKRM pacll.lenneHIIeM Bon6y)K,leHHoro p 3/ 2 ypoamr, Ko

Topoe 3Ha'IUTellbHO MeHbllle, 'IeM µ;nH OCHOBHOro COCTOJIHllll). KaK y)Ke OTMe'Ianqcb Bblllle, 

MaKcUMaJibHasi cKopocTb CH.I( Ha6nroµ;aeTCJI · npll '!aCTOTe minepHoro IInny'IeHllll, cooTBeT

CTBYIOll.\ell rreHTpy ,1onnnepoBcKoro KOHTypa aTOMOB ll3oTona 23Na. Hn pnc.3 BIIµ;Ho, 'ITO 

B6Jill3U 0TOll 'IaCTOTbI (B npe,1enax O,IHOpoµ;HOH wupl!Hbl lIUHUU Bon6y,K,leHUH) pacrroJIO)KeHa 

KOMIIOHeHTa CTC aToMoB 24Na u 22Na c rrolIHbIM.CIIllHOM F coo;BeTCTBeHHo 9/2 u 5/2, a 

µ;pyrne KOMIIOHeHTbl C,IBlIHYTbI Ha 'IaCTOTY, 6nnnKy10 K TOll, KOTopasi Heo6xo~llMa µ;lIH 110-

CTlllKeHlll! MaKclIMaJibHon cKopocTll CH.I(. Ilpll TaKon '!aCTOTe cyll\eCTBeHHo ocna6nJieTCJI 

BlIIU!Hlle OIITll'IeCKOll HaKa'IKll KOMIIOHeHTbI, He6.naronpHllTHOH ,!VIS! CJ.HJ;. 
llnpnHa Ha6nroµ;aeMoro pmoHaHca ( ~2 ffrr) 6nunKa K rullpl!He ,1orrrrnepoBcKoro KOHTypa 

µ;nll oµ;Hon KoMnoHeHTbl (Ta6n.l) rrpll T=lOOOK. 

2. H::JMepeHHe pacnpe,1eneHlll! KOHIIeHTp~~ nnoTorroB 22Na n 24Na no µ;llllHe µ;penqio

aon Tpy6Kll IIplI 'IaCTOTe nanepimro ll3lly'IeHUJI, COOTBeTCTBYIOll.\ell rreHTpy µ;orrnnepoBCKOro 
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KOHTypa 23Na. KaK Bilp;Ho •IIO pI1c.3, IIpII aToii '!aCTOTe aTOMbI 1moTonoB 24Na II 22Na µ;peii

cpyroT B pa:JHble CTOpOHhI: nepBblll no HanpaBlleHIIIO Jia:JepHoro Jiy'Ia, a BTOpoii - npoTIIB 
Hero. HoMepeHII.lI npocTpaHCTBemmro pacnpeµ;eJieHil.lI KalKµ;oro llO 0TllX lIOOTOnOB B oµ;HOM 
0Kcnep11MeHTe nooBOJIHIOT 6onee onpeµ;eJieHHO cyµ;l!Tb o BeJill'Il!He CKopocTII CH,[( u ee oaBll
CllMOCTll OT paomI'IHhlX <paKTOpOB. 

8Kcnep11MeHThI npoBOp;llJil!Cb npu KOMHaTHOll TeMnepaType (T=300K) B urnpoKoii, µ;na
MeTpOM 10 MM, µ;peiicpoBoii Tpy6Ke u npu T=lOOOK B Tpy6Ke µ;uaMeTpoM 3 MM. 8To cooT
BeTCTBoBarro COBepUieHHO paoHbIM ycJIOBll.lIM, B KOTOpbIX npoxoµ;urr CH,[(. B nepBOM crrrrae 
aTOMbl Na a6cop611pOBallllCb XOJIOp;HhIMl! CTeHKaMu, ll llX KOHIIeHTpan1rn 0KcnoHeHIIllallbHO 

naµ;arra no µ;rruHe Tpy6Ku. Bo BTopoM crry'Iae npoucxoµ;urra ·ux µ;ecop6nu.ir ropH'IllMll cTeH

KaMu, 11 µ;peiicp npoxoµ;urr npaKT!I'IeCKll 6eo noTepb. 
B 0KCnepUMeHTax IICnOllbOOBal!OCb µ;Ba Bllp;a llCTO'IHllKOB paµ;uoaKTIIBHhIX llO OT On OB Na: 

oµ;IIH B Bilµ;e al!IOMIIHileBoii cporrbrII, µ;pyroii - B Bilµ;e rpa<pllTOBoro CTeplKH.lI, KOTOpblll npn 
HarpeBaHllll µ;o 1000K norrroll!arr B BaKyyMe 24 Na II 24 Na. IlepBhlll ucTO'IHIIK HarpeBarrc.ir 

µ;o TeMnepaTyphI Bhlllle TO'IKII nllaBlleHU.lI Al (933K), a BTopo11 - µ;o TeMnepaTyphI 2100K. 
HecMOTp.lI Ha TO, 'ITO µ;rr.ir llCTO'IHIIKOB :UcnollbOOBallllCb MaTepuarrbl BhICOKOll 'IllCTOThI, npII 

llX HarpeBaHIIII npoucxoµ;urro Bblp;erreHlle HaTpll.lI (aTO 6bllIO Oa.MeTHO no ocrra6rreHllIO llHTeH
CIIBHOCTII rraoepHoro IIOJIY'IeHll.lI, npoxoµ;Hll!ero 'Iepeo µ;peiicpoByro Tpy6Ky). Ilo-Bilp;IIMOMY, 
nMeJio MecTo noBepXHOCTHoe oarpHOHeHue llCTO'IHIIK,OB HaTpneM. IloaToMy ucnoJibOoBarrc.ir 

npeµ;BapnTeJibHhlll nporpeB B Te'IeH11e 10-15 c µ;n.ir yµ;arreHU.lI oarp.aoHeH1111, oa aTo BpeM.lI 
npaKT!I'IeCKII He npoucxoµ;uno y6hIBaHll.lI paµ;11oaKTIIBHhIX IIOOTonoB Na 110 o6'LeMa IICTO'I

Hl!KOB. Hx noJIHoe 11cnapeHI1e OaKaH'IIIBalIOCb oa 15-30 MllH ' ll Bee 0TO BpeM.lI 'Iepeo Tpy6Ky 
c ee JieBoro KOHIIa nponycKarrocb naoepHoe I1orry'IeH1re c '!aCTOT011, cooTBeTCTBYIOll!ell pe
ooHaHcy D2-JillHllll 23Na (oHa KOHTpOJil!poBarracb IIOMepnTerreM p;lIIIHbl BOJIHbI II JiaMnoiI C 

napaMll HaTpil.ir). 
IloCJie OKOH'IaHll.lI I1cnapeHll.lI c noMOll!hIO Ge(Li)-cneKTpoMeTpa npoB0µ;1m11cb 110Mepen11.ir 

llHTeHCllBHOCTII 1-110Jiy'IeHl1.lI IIOOTOnOB 22Na ll 24Na Ha pa3JIIl'IHhIX y'IaCTKax µ;peiicpoBOll 
Tpy6KU CJieBa II cnpaBa OT IICTO'IHIIKa. 06b!'IHO ~50% OT 'IIICJia aTOMOB.paµ;noaKTllBHhIX llOO
TonoB OCTaBaJIOCb Ha CTeHKax OT poCTKa, rµ;e Haxop;lllil!Cb IICTO'IHllKII, a OCTallbHble aTOMbI 
nonaµ;arr11 B Tpy6Ky II y'IaCTBOBallll B µ;peii:cpe. Ho cpaBHeHll.lI BhIXOp;OB ')'-lIIIHllll C :meprll.lIMII 
1368 KaB (24 Na) II 1274 KaB (22Na) B ucxop;HhIX IICTO'IHIIKax II Ha c6opH11Kax B µ;peiicpoBOll 
Tpy6Ke MOJKHO 6bIJIO oµ;HOOHa'IHO onpeµ;eJil!Tb KOHIIeHTpan1111 aTOMOB IIIJOTonoB 22Na ll 24 Na. 

B Ta6JI.2 npeµ;cTaBJieHbl peoyrrbTaTbl 0TllX llOMepeHl!ll - µ;orr.ir aTOMOB, µ;oCTllrllll!X c6op

Hl1Ka (c:) ll OT_HOllleHll.lI KOHIIeHTpaIIIIiI IIIJOTOnoB· 22Na II 24Na Ha Pa:Jllll'IHhIX paCCTO.lIHllJIX 
crreBa II cnpaBa OT IICTO'IHllKa a(£) (HopMllpOBaHHble K IIX OTHOllleHIIIO B IICTO'IHIIKe). Ilpu_Be
µ;eHbl TaKlKe ycJIOBil.lI 0KCnepUMeHTa - p;aBlleHlle p, TeMnepaTypa T II nlIOTHOCTb MOll!HOCTll 
Jia:JepHoro IIOlIY'IeHl!.lI w. B11µ;Ho, 'ITO npII rrro6bIX ycrroBll.lIX 0KCnepllMeHTa 'IeTKO Ha6nroµ;a
eTCJI npoHBlleHne CH,[( - o6orall!eHue 1100TonoM 24Na no xoµ;y lla:JepHoro nrm ( cnpaBa oT 
llCTO'IHIIKa) II_ ll30TonoM 22Na - npoTIIB xoµ;a (crreBa). IlpII 0TOM UMeeT MecTo pocT o6ora
ll!eHll.lI no Mepe yµ;arreHl!.lI OT llCTO'IHllKa. 

Ho Ta6rr.2 TaKlKe MOlKHO Bllp;eTb, 'ITO pocT o6orall!eHll.lI pa:JJill'Ien B m'moiI n npaBoii 
'!aCT.lIX Tpy6Kll. Il pl! op;IIHaKOBhIX paCCTO.lIHll.lIX OT IICTO'IHllKa a. ( CJieBa) > 0-l ( cnpaBa), T .C. 

06orall!en11e paci'eT 6blcTpee npu µ;peii:cpe uooTonoB -npoTIIB xoµ;a rra:Jepnoro ny'Ia, •reM no 

ero xoµ;y. 8;a pan~una.MolKeT o6'LHCH.lITbC.lI )J;BYMJI npu'I!IHa.Mll: 
. 1. KaK Bilp;H~:ii; imc:3 \rpll BbI6paH~Oll 'IaCTOTe lla:Jepnoro IIOlIY'IeHIIJI Boo6yJKµ;enne 

aTOMOB IIOOTOnOB 22 Na 11 24 Na npOllCXOp;IIT IIO pan~i:ix KOMnOHeHT CBepXTOHKOll CTpyKTyphI; 
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µ;rr.ir nepBoro c MeHbllIIIM oHa'IenneM norrnoro MOMenTa (F=5/2), a µ;rr.ir BToporo -. c 
60llbllIIIM (f=9/2). 8To MOlKeT npI!BeCTU K p83HhIM OHa'IeHl!Jll,I CKOpOCTll gpeuciia.' . _ ' 

2. Ifo-oa npucyTCTBl!JI B Tpy6Ke napoB CTa6l!llbHOro l!OOTona 23Na npmicxoµ;wr ·ocna-
6rreH11e IIHTeHCUBHOCTII rraoepH.oro·1mrry'IeHl1JI np11 ero µ;BillKeHlm Bp;Ollb Tp.y6Ku; _IloaTo~y -

CKopocTb µ;peiicpa B npaBoiI '!acTu Tpy6K11 Menbme, 'IeM B rreBoii, 'ITO npnBoµ;uT K pannune B 
o6orall!emm. - · · 

IlocKOllbKY·aTOMbI IIOOTOnOB 22 Na ll 24 Na µ;pe1'icpy10T B npoTJIBOnorrolKHble CTOpOHhI, TO 
npeµ;cTaBrreHHbre B Ta6rr.2 oTHomemrn ux KonneHTpan1111 a(£) MOlKHo np116mrn..:enno pacc1ra
Tp11BaTb KaK onpcµ;em1e11hle BblpalKeH!IeM (5) Ko0cpcp11nneHThI acUMMeTpllll CHD:: 

ii 
a(t') ~ expDt' 

rµ;c u - cpegHJIJI CKOpOCTb µ;peiicpa µ;rrJI 06011x l!OOTonoB. 

(8) 

IlorrbOJ.lICb BhlpalKCHl!eM ( 8), llOMCpCHHhIMl! OHa½eHl!JIMll a( t') ll lmBeCTHhIMn Ko0cpcpun11-
enTaMu µ;ucpcpyonn a.TOMOB Na B Kr [8), MOlKHo or:ienl!Tb cpcµ;m1e cKopocT11 µ;pe11cpa u. Oun 
OKana.mrcb 6mmKIIMll no Bellll'U!He npu paGHbIX OHa'Iemrnx {' 11 COCTaBJIJIIOT B rreBoi°r )IaCTII, 
rµ;e cKopocTb gpeii:cpa nau6orrhm.aJI, B xorroµ;noii Tpy6Ke ~0,2 11/c II B ropJI'Ie11 ~1,1 1,.1/c. 
B, npaBm'i 'IaCTII Tpy6Kn cKopocTn µ;peiicpa Bp;Boe HIIJKe. 8Tn ona'IeHirn cKopocTu µ;peiicpa 
IIHTepecno cpaBHIITb C a.Harrorll'!HhIMII BeJill'IIIHaM!I µ;rr.ir CTa6JmbHOro ll:JOTOna 23Na, nony
'!eHHb!Ml! B pa6oTax [8,9] µ;pyrllMll c1Ioco6aM11 (no noMepennro KoaqicpnnIIenTa acnMi-IeTpIIn 

IIJIII no nenocpegCTBeHHO\IY Ha6rr10µ;en1110 oa ):IBlllKCHIIeM QllllOOpecl\HPYIOUICro o6MeHa. aTo
MOB Na). 0Kaoarrocb, '!TO ecnn npl!BeCTl! OHa'IeHiiJI CKOpOCTII µ;pe1'icpa, norry'IeHHble B HallIIIX 
tlKCnepnMeHTax II B pa6oTa.x [8,9] K oµ;unaKOBhIM YClIOBIIJIM (TeMnepitTypa, µ;aBJ1en;re, nrroT
HOCTb MOll!HOCTll naoepHoro 1mrry'IeH11JI, cµ;BIIr ero 'IaCTOTbI), TO OHi! OKllnbIBaIOTCJI 6mm

Kl!Mll no BeJill'Il!He. 0•1eB1Ip;HO, paOJill'IllJI B OHa'IeHJIJIX CBepXTOHKOro paCll!enJieHIIJI ~l30TOnOB 
Na (Ta.6n.1) Mano oTpalKaIOTCJI Ha BCJill'llIHe cKopocTu CII.I(. 

Ta6mn~a 2 

OTHOlllem:ie KOHIJ;eHTpau;wii aT0M0B H30TorroB 22Na li 24Na 

f_ w T p € a(f) 
.BT/CM2 

K '% - ., MM Topp cJieBa crrpaBa 
6 0,25 300 10 3 2,8(1) 0,60(2) 
6 0,20 300 3 2 3,0(1) 0,50(2) 

14 0,25 300 10 0,04 9(3) 0,4(1) 
20 0,20 1000 10 50 18(2) 0,20(2) 
50 0,30 1000 10 50 >20 0,04(1) 
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3aKJIIO'leHHe 

IlpoBege~m,re ~Kcnep1IMeHThl no::rnonmm onpeµ;em!TI, xapaKTepl!CTI!KII CH.I( aT0MOB pa
l];IIOaKTIIBHhlX II::l~T.OilOB 22 Na II .24Na -·"{aCTOThl nanepHoro m:my"!eHIHI; npll KOTOph!X CK0-
pOCTh )lpenqia MaKCRMallhHa, :ma"!eHIIH 3TIIX CKOpocTei'i npn pa3lll!"!HhlX ycllOBIIHX. H3 3TIIX 
BelIIl"!IIH cneµ;yeT, "ITO 3q>q>eK'I' CH)]; C0OTBeTCTByeT TeopeTil"!eCKIIM npeµ;cTaBllCHIIHM O HeM 
BilllOTl, µ;o BhlC0KIIX TeMnepaTyp -· 1000K. IloKa:JaHo TaKaW, '{TO npn cpaBHIITellhHO Hl13KIIX 
MOII.IHOCT.HX nanepHoro l!3lIY"!eHI!H ( ~0,2 BT/cM

2
) MOJKHO l];OCTI!rHyTh l];0CTaTO'lHO 60llI,llll!X 

cKopocTei'i CH.I( - µ;o 1 M/c. TaKne cKopoCTI! µ;pei'i<f>a II03B0JIHIOT 3q>q>eKTIIBHo Bo:Jµ;e11cTBo
BaT1, Ha l];Bl!)KeHJJ:e aTOM0B, B036y)K)laeMhlX nanepHhlM 1!3llY"!eHl!eM, B 6yqiepHOM ra:Je, Ha
rrpl!Mep, µ;ocTaT0"!HO 6bICTpo TpaHcrropTI!p0BaTh aT0Mhl Bhl)lelleHH0ro 1130T0!Ia B 3aµ;aHH0M 
aarrpaBneHI!l!. 8To MO)KeT HallTII MH0rO"!l!ClleHHhle II pa.'3H006panHhle rrp11Me¥eHIIH - B lla-
3epHOH crreKTpOCK0IIIIII, B panµ;eneHI!II II30T0!IOB II T.µ;. 

B :JaKllIO"!eHIIe aBTOphl Bhlpa)KaIOT 6naroµ;ap11ocT1, IO.I.J;.OraHecHHY, I0.8.IlemmH)KKeB11'1y 
II P .Maxy 3a noµ;µ;ep)KKY pa6oThl, A.M.llianarrrny ll E.II.MapIIHOBOH oa rrone:JHhle o6cy)Kµ;e
Hl!H, JI.M.MellhHl!KOBOH 3a IIOM0il.lh B rrpoBeµ;eHl!ll 3KcrrepuMeHTOB. 
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