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BBEJIEHHE 

HcCJie,llOBam1e aTOMHblX KJiacTepoB HBJllleTCH B HRCTOHII(ee BpeMH , O,llHOA H3 

HaH60Jiee nepcneKTHBHblX H 6HCTpo pa3BHBalOIJIHXCH o6JiaCTeA ipH3HKH [ 1-6 l. 

HMBHHO 6Jiaro.11apS1 aTOMHblM KJiaCTepaM ITOSIBHJiaCb YHHKaJibHaSI B03MOJmOCTb 

HCCJIB,llOBaTb 3BOJIIOUHIO CHCTBM OT aTOMa K TBep,llOMY TeJiy. noJiyqaeMaSI B 3TY.X 

HCCJie,llOBaHHSIX HHipOpMaUHSI HMeeT Baimoe 3HaqeHHe ,llJISI pa3BHTHSI naumx 

npe.11cTaBJieHHA 06 aToMe, Sl,llpe, TBep,llOM TeJie, KpHCTaJIJiax. 

B 3KCnepHM8HTax C KJiacTepaMH MOJmO Bbl,llBJIHTb PSI.II HanpaBJIBHHA. 0,llHHM 

H3 HaH60Jiee nepcneKTHBHHX SIBJISIBTCSI H3yqeHHe 60JibWHX KJiaCTepoB, 

coqeTalOIJIHX B ce6e CBOACTBa KaK MHKpo-, TaK H MaKpOCHCTeM. npe,llCTaBJISleT 

60JibWOA HHTepec HC~e,llOBaTb MexaHHSMbl o6pa30BaHHSI TaKHX KJiaCTepOB B 

pa3JIHqHl,IX npoueccax H npOSIBJIBHHe B HHX o6oJioqeqHOA CTPYKTyp1,1. OlltH,llaeTCSI, 

qTQ B 3THX KJiaCTepax nepexo.11 OT MHKpo- K MaKpOCHCTeMaM MOllteT npOHCXO,llHTb 

npH qHCJie aTOMOB B HHX nopsi.11Ka HBCKOJlbKHX ,ll8CSITKOB TblCSlq. 3TO qHCJIO 

~aBHCHT, ecTeCTBBHHO, 0 0T copTa aTOMOB, TeMnepaTyp1,1 H psi.11a· .11pyrHX 

xapaKTepHCTHK KJiacTepa. · 0,llHaKO 3TH Bonpoc1,1 HCCJIB,llOBaHbl cpaBHHT8JlbHO 

CJia6o. oco6eHHo MaJIO ,llaHHblX O CBOACTBax KJiaCTepoB HaH6oJiee TSllKBJlblX 

3JI8M8HTOB Cc aTOMHHM HOMepoM z > 82). «PaKTHqecKH ,llaHHble o6pHBalOTCSI Ha 
, I 

CBHHUe, KJiacTepbl KOTOporo H3yqaJIHCb, HanpHMep, B pa60TaX [ 1, 7-11 ]-. tJTO 

:a:e KacaeTCSI KJiacTepoB aKTHHH.110B H 3JleMeHTOB TpancypaHOBOA o6JiaCTH, TO 

3,ll8Cb HHipOpMaUHSI npaKTHqecKH OTCYTCTByeT. BH,llHMO, 3TO B nepay10 oqepe,llb 

CBSl3aHO C TPY.llHOCTSIMH pa6om C pa,llHOaKTHBHblMH 3JI8M8HTaMH. 

B ,llaHHOA pa6oTe npe,llCTaBJIBHbl pe3yJibTaTbl HCCJIB,llOBaHHA KJiaCTepOB 

TSll'.8Jll,(X 3JleMeHTOB (Pb, Th, U) B WHpOKOM ,llHana30He qHceJI aTOMOB B HHX (.110 

MHJIJIHOHOB). BnepBble paCCMOTpeHbl aTOMHb(e KJiaCTepu .llBJISIIJIHXCSI 3JieMeHTO~ • 

.l(JISI noJiyqeHHSI KJiaCTepOB HCITOJlb30BaJIOCb B3aHMO,lleACTBHe MOll{HOro 

HMITYJibCHoro Jia3epHoro H3JiyqeHHSI C yKa3aHHblMH MBTaJIJiaMH. OITHCblBaeTCSI 

3KCnepHM8HTaJibHaSI ycTaHOBKa H H3MepenHe 3aBHCHMOCTH BblXO,lla KJiaCTepoB OT 

qHCJia aTOMOB B HHX npH · pa3J1Hqn1,1x MOIJIHOCTSIX Jia3epHoro H3JiyqeHHSI, qTo 

npHBO,llHJIO K pa3HblM Te11nepaTypa11, npH KOTOpHX o6pa3ylOTCSI KJiaCTep1,1. 

B3aHMO,lleAcTBHe MOIJIHOro Jia3epnoro H3JiyqenHSI C BemecTBOM H3yqeHO 

,llOCTaTQqHQ . no.11po6no [ 12, 13]. npH MOIJIHOCTSIX Jia_3epHoro H3JiyqeHHSI (He 

6oJiee 10
9 

BT/CM
2

' B HMITYJibCe) OCHOBHYIO pOJib HrpalOT TPH npouecca: 

HarpeBaHHe 6e3 H3MeHeHHSI ipa30BOro COCTOSIHHSI, ITJiaBJieHHe H HcnapenHe, 
t..-:"!. 

HOHH3aUHSI H o6pa3oBaHHe ITJia3Mbl. B 3TIIX npoueccax C ITOBepXHOCTH 

o6JiyqaeMoro o6pa3Ua npOHCXO,llHT HcnycKaHHe aTOMOB, _MOJieKyJI, O,llHO- H 

l~bit1lliUttmtii0 m;-:mm•,. 
] 1:15l!tJlli:lt m:c.nei::miumo 
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MHOro3aplI.llHUX HOHOB, · KJiaCTepoB Ii MaKpOCKOITH'IeCKHX 'iaCTHU BemecTBa. 

COOTHOmeHHe Me][Jly HHTeHCHBHOCTlIMH BCCX 3THX KOMITOHeHTOB_ onpe.l(eJilieTClI KaK 

xapaKTepHCTHKaMH Jia3epHoro H3Jiy'ieHHlI, TaK Ii CBOACTBaMH ITOBepXHOCTH 

o6JiyqaeMoro o6pa3ua. 3TO npHBO.l(HT Ii K cymecTBeHHO pa3Hl,IM ycJIOBHlIM, B 

KOTOpUX npoHCXO.l(HT o6pa30BaHHe KJiaCTepoB. MOll'.HO B1,1.l(8JIHTb TpH OCHOBHl,IX 

nyTH o6pa30BaHHlI KJiaCTepoB: a)KOH.l(8HCaUHlI H3 HcnapeHHl,IX aTOMOB- B 

Ha'iaJibHJ,iA MOM8HT pa3JieTa BemecTBa, 6)pa3BaJI roplI'iHX MaKpOCKOITH'ieCKHX 

KpynHHOK H B)HHT8HCHBHOe HcnapeHHe HX HHX aTOMOB H JlHMepOB. MOJKHO 

OJll:l'.l)laTb. 'ITO npH TaKOM MHOroo6pa3HH YCJIOBHA B 3THX npoueccax 

o6pa3yJOUlH8ClI KJiaCTep!,1 6yJtyT ~apaKTepH30B13,TbClI 60JiblllHM Ha6opoM Mace Ii 

TeMnepaTyp. 

3KCITEPMMEHTAHhHAH YCTAHOBKA 

HcnOJib3yeMalI B HamHX Oill,ITax ycTaHOBKa .l(JilI HCCJI8.l(OBaHHlI KJiaCTepOB B 

mHpOKOM_ )1Hana30H8 Mace (OT 8.l(HHH'iHl,IX aTOMOB HJIII HOHOB JlO MaKpOCKOITH'ieCKHX; 

qacTHU) BKJIJO'iaeT TpH pa3HUX MeTO.l(a HX perHCTpaUHH. ieTeKTHpOBaHHe 

0.l(HHO'iHl,IX aTOMOB HJIH 0.l(H03aplI.l(HUX HOHOB OCHOBaHO Ha perHCTpaUHH HX 

pe30HaHcHoro ¢JiyopecueHTHoro H3Jiy'ieHHlI, B036yx.11aeMoro Jia3epoM c 

nepecTpaHBaeMoA .l(JIHHOA BOJIHJ,1. B CJiyqae KJiaCTepoB C 'iHCJIOM aTOMOB )10 

HeCKOJibKHX COTeH HCITOJib30B~JiaCb M8TO.l(HKa H3MepeHHlI BpeMeHH npoJieTa. H, 

. HaKOHeU, H)l8HTH¢HKaUHlI HaH60Jiee TlIX8JIJ,IX KJiaCTepoB (c 'iHCJIOM aTOMOB 6onee 

Tl,IClI'iH) npoH3B0)1HJiacb no C'ieTy 'iHCJia OCKOJIKOB .l(8JI8HHlI lI)lep, BXO.lllilllHX B 

COCTaB KJiaCTepa. 

ITpHHUHITHaJibHalI cxeMa ycTaHOB~H npe.l(CTaBJieHa Ha p~C- 1. H.3JIY'i8HHe 

HMITYJibCHoro Jia3epa ¢oKycHpOBaJIOCb Ha HCCJI8.llY8M1,1A o6pa3eU, HaXO.lllilllHAClI B 

BaKyyMHoA KaMepe, KOTopalI OTKa'iHBaJiacb Typ60MoJieKyJilipH1,1M HacocoM .110 

.l(aBJieHHlI 5·10-
6 

Topp. iJilI ¢oKycHpOBKH Jia3epHoro H3Jiy'ieHHlI CJIYXHJia JIHH3a 

)IHaMeTpOM 20 MM C ¢oKyCHl,IM paCCTOlIHHeM 45 MM. H3M8H8HHe pa3MepoB 

Jia3epHoro IllITHa Ha ITOBepXHOCTH o6pa3ua npOH3B0)1HJIOCb .l(BHX8HHeM JIHH31,1 C 

ITOMOlllblO BaKyyMHOA CHJib¢0HHOA nepe.l(a'iH. 

iJilI noJiy'ieHHlI KJiaCTepoB HCITOJib30BaJIHCb HMITYJibCH!,18 Jia3ep1,1 .llByx 

THITOB - Ha napax M8.l(H (HrH-201) H Ha HTTpHA-aJIIOMHHH8BOM rpaHaTe 

(HTHnq-7). napaMeTp!,1 3THX Jia3epoB (.l(JIHHa BOJIHl,I A, qacTOTa w Ii 

.l(JIHT8JibHOCTb 6t HMITYJibCOB, 3HeprHlI E Ii ITJIOTHOCTb MOlllHOCTH q B HMITYJibCe, 

cpe)IHlilI MOlllHOCTb p) npe.l(CTaBJI8Hl,I B Ta6JI. 1. BH)IHO, 'ITO 3TH napaMeTpU 

Jia3epoB Il03BOJilIIOT M8HlITb ITJIOTHOCTb MOlllHOCTH Ha o6pa3ue .· B mHpOKHX 
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BJIOK-CXeMa 3KcnepHM8HTaJibHOA ycTaHOBKH: 1 o6pa3eU; 

2 - KOJIJIHMaTop; 3 - Jiyq HenepUBHoro Jia3epa· Ha KpacHTeJie; 4 -

OITTH'i8CKHe JIHH31,1; 5 - .ny'iOK·. aTOMOB H KJiaCTepOB; 

6 - YCKOplIIOlllHe ceTKH; 7 - 3JI8KTpOCTaTH'i8CKalI 'JIHH3a; 

8 - OTKJIOHlIIOlllHe ITJiaCTHHU; 9 - ¢QTOYMHOXHT8Jlb; 10 - .l(8T8KTOp 

HOHOB; 11 - .l(eTeKTOp HMITYJibCHoro Jia3epnoro H3JIY'i8HHlI; 

12 - BpeMeHHOA aHaJIH3aTop; 13 - KOMilblOTep; 

14 - .llH3JI8KTpH'i8CKHe .l(eTeKTOpU; 15 - JIY'i HMITYJibCHoro Jia3epa. 

T A B H H U A 1 

napaMeTpu Jia3epoB, HCITOJib3Y8Ml,IX .l(JllI ITOJiy'ieHHlI KJiacTepoB 
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npenenax (OT 106 no 109 BT/cM2
) H TeM caMHM H3yqaTb npouecc o6pa30BaIIHH 

KJiacrepoB B lllHpOKOM nHana30He TeMnepaTyp. 

o6pa3yJOlllHHCH npH B3aHMoneACTBHH HMnynhCHOro na3epHoro H3nyqeHHH C 

noaepXHOCTblO o6pa3Ua noTOK aTOMOB, HOHOB H KnacTepoB $OPMHpOBancH 

CHCTeMoA KORRHMaTopoB B nyqoK C 3anaHHOA yrnoaoA pacxonHMOCTblO. 3TOT 

nyqoK nepeceKan non npHMHM yrnoM na3epHHA nyq, KoropuA cnyxHn nnH 

pe3oHaHcHoro B036yxneHHH aTOMOB HRH HOHOB. liCToqHHKOM 3TOro H3nyqeHHH 

HBRHRCH na3ep Ha KpaCHTene (Monenb 380D SP), HaKaqHaaeMHH HOHHHM 

aprOHOBHM na3epOM HenpepHBHOro neACTBHH (Monenh 2030 SP). qacTOTa 

na3epHoro H3nyqeHHH aBTOMaTHqecKH CKaI!HpOBanaCb B 3anaHHOM nHana30He 

lllHpHHOA no 30 rru. npH HCnORb30BaHHH CHCTeMH cTa6HRH3aUHH nonymHpHHa 

na3epHoA nHHHH He npeaumana 20 Mru, qTo 6uno cymecTBeHHO MeHhme 

aormepOBCKOro ymHpeHHH qacTOTH, BH3HBaeMoro 3HepreTH'!eCKHM H yrnoBHM 

pa36pocoM nyqKa aTOMOB HRH HOHOB. CnoHTaHHOe cBeTOBOe H3nyqeHHe, 

HcnycKaeMoe B036yxneHHHMH aToMaMH HRH HOHaMH, ~KycHpOBMOCb CHCTeMOH 

RHH3 Ha KaTon ~TOYMHOIHTenH (ll>:3Y - 136), pa60Ta10l1lero B pell\'.HMe C'leTa 

onHHO'IHHX ~TOHOB [14). 

li3MepeHHHe TaKHM cnoco60M cneKTpH pe3oHaHCHHX qacTOT aTOMOB HRH 

HOHOB n03BORHIOT onpenenHTb HX HHTeHCHBIIOCTb ·H cpenHJOIO CKOpOCTb (no 

nonnepOBCKOMY ymHpeHHIO RHHHH). 3TH naHHHe HBRHIOTCH HCTOqHHKOM .HH$OpMaUHH 

00 ycnoBHHX o6pa3oBaHHH KnacTepoB npH B3aHMoneHCTBHH MOlllHOro na3epHoro 

H3Ry'leHHH C aemecTBOM (o TeMnepaType H nnOTHOCTH nna3MH Ha noaepXHOCTH 

o6pa3ua). 

.llJIH onpeneneHHH xapaKTepHCTHK KnacTepoB CcneKTpOB HX Mace H 

CKOpocTeH) HCnonr30Banacb CHCTeMa H3MepeHHH BpeMeHH nponeTa 3apHieHHHMH 

KnacTepaMH ·3anaHHoro paccTOHHHH (OT noaepxHOCTH o6pa3ua no neTeKTopa) 

[15). o6pa3y10mHeCH 3apHxeHHHe KnacTepH nonananH nocne $OpMHpy10mero 

KOMHMaTopa B o6nacTh ycKopH10mero 3neKTpHqecKoro nonH. 3To none 

co3naaanoch BHCOKHM HanpHxeHHeM no 2, a KB, npHnoxeHHHM K ceTKe C nnHHa 

ycKOpHIOlllero npoMexyTKa COCTaBnHna 30 MM). nonyqeHHHA TaKHM cnoco6oM 

ny'IOK KnacTepoB C 3anaHHOH 3HeprHeA ~KYCHpOBancH 3ReKTpOCTaTH'!eCKOA 

RHH30H H nonanan B npeA$OBHA npoMexyTOK MHHOA 400 MM. B KOHUe 3Toro 

npoMeiyTKa pacnonarancH neTeKTOp KnacTepoB - BTOpHqHHA 3ReKTpOHHHA 

YMHOIHTenb B3Y-6. BHyTpH npoMexyTKa HaxonHnHCb OTKROHHIOlllHe nnaCTHHH, 

KOTOpHe cnyxHnH nnH pa3neneHHH 3apHieHHHX H HeATpanbHHX KJiacTepoB, qTo6H 

nocnemHe He nonananH Ha neTeKTop. 
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liMnynhCH C 3Toro neTeKTopa HBRHnHCb CHrHMaMH "cTon" nnH BpeMeHHoro 

aHanH3aTopa, a CHrHanaMH "CTapT" cnyIHRH HMnynhCH C $OTOnHona, Ha 

KoTopHA nonanana qacTb HMnynhCHoro na3epHoro H3nyqeHHH. nocnemHA cHrHan 

C nocTaTOqHOH TOqHOCTblO COOTBeTCTBOBan MOMeHTY BUReTa KnacTepa C 

noaepXHOCTH 06pa3ua. li3MepeHHoe apeMH nponeTa T CBH3aHo c MaccoA 

KnacTepa M (B MaCCOBUX enHHHuax) COOTHOllleHHeM 

-7 7,25•10 L
1 2 

M=T [ (E + U) 
0 

+ 

1,44·10-6 (E +UJ1/2L -El/ 2 

O 2 o ]-2 
u • (1) 

rne U - ycKopHIOlllHH noTeHUHM CB), Eo - HaqanbHaH 3HeprHH KnacTepa (3B), 

LI H Lz - COOTBeTCTBeHHO nnHHH YCKOPHIOlllero H npeA~Boro npoMexyTKOB. (MM). 

TaKHM xe cnoco6oM MOIHO 6uno H3MepHTh H pacnpeneneuHe no CKopocTHM 

HeHTpanhHHX aTOMOB. B 3TOM cnyqae CHrHMOM "cTon" cnyxHn HMnynhC C 

ll>:3Y-136, perHcTpHpy10mero pe3oHaHcHo pacceHHHoe $nyopecueHTHoe H3nyqeHHe. 

3TO pacnpeneneHHe CKopocTeA TaKie cnyxHRO HCTOqHHKOM HH$OpMaUHH o 

TeMnepaType Ha noaepxHoCTH o6pa3ua. 

C yaenHqeHHeM MaCCH onuo3apHnHHX KnacTepoB HX KHHeTHqecKaH 3HeprHH 

He MeHHeTCH (oHa onpenenReTCH YCKOPHIOlllHM HanpHieHHeM), a CKOpOCTb 

nanaeT. AnH THienux KnacTepOB qHCROM aTOMOB oonee 10000 CKOpOCTb 

CTaHOBHTCH 6nH3KOA K TennoBoA (104-105 cM/c), a CHrHan c neTeKTopa HOHOB 

yMeHbmaeTcH no YPOBHH myMOB. TT03TOMY MH perHCTpauHH H onpeneneHHH MaCCH 

TaKHX THieYiHX KnacTepOB HCnORb30BaRCH npyroA MeTon. 3TOT MeTon npH~eH~M 

TORbKO MH KnacTepoB, COCTOHlllHX H3 aTOMOB nenHlllHXCH 3ReMeHTOB (uanpHMep, 

Th HRH U), H OCHOBaH Ha cqeTe OCKORKOB neneHHH, BH3HBaeMoro HHTeHCHBHHM 

noTOKOM HeATpOHOB . HRH ;-KBaHTOB. qHcno OCKORKOB neneHHH H3 KnacTepa 

onpenenHeTCH BHpaxeHHeM 
E 

0 

N=2AJ cr(E)Y(E, t)dE, (2) 
0 

rne A - qHcno aTOMOB B KnacTepe, cr(E) H Y(E, t) - ceqeuHe neneHHH H 

HHTerpanbHHA noTOK 3a BpeMH t OOM6apnHpy101llHX qaCTHU npH HX 3HeprHH E. 

AnH perHCTpaUHH OCKORKOB neneHHH Hcnonb30BMCH nH3neKTpHqecKHA 

neTeKTOp - nneHKa H3 naBcaHa TORlllHHOA 20 MKM. nocne XHMHqecKoA o6paOOTKH 

neTeKTOpa (TpaBneHHH B 20¾ pacTBOpe menoqH NaOH B TeqeHHe 15MHH) TpeKH 

OCKORKOB neneHHH CTaHOBHRHCb BHnHMHMH B onTmecKHA MHKpOCKOn (HX nnHHa 

COCTaBnHna ~10 MKM) [16]. noncqeT qHcna TpeKOB, BHXOnHlllHX H3 onHoA TOqKH 

H OOH3aHHHX neneHHIO aTOMOB Kna~Tepa, n03BOnHeT onpenenHTb qHcno aTOMOB 

nenHmerocH 3neMeHTa .B KnacTepe. CBH3b Mexny 3THMH BenHqHHaMH 

5 



onpenenHeTcH aupaxeHHeM 

A= N 
E 

(3) 

2cJ 
0
a(E)Y(E,t)dE 

0 

rne c - 3~~eKTHBHOCTh perHCTpaUHH OCKOJIKOB nH3JieKTpHqec~HM neTeKTOpOM. B 

onHcuaaeMblX 3KCnepHMeHTax, Korna KJiaCTepu O~aJJHCh Ha noBepXHOCTH 

neTeKTOpa, c=0,5, T.e. Ha6JI10naeMoe qHcnO TpeKOB COOTBeTCTBOBaJJO qHcJiy 

HcnuTaBillHX neneHHe Hnep B KJiacrepe. 

H3 BUpaxeHHH (3) BHnHO, qTo K03~~H!lHeHT, CBH3UBaJOIUHA qHCRO TpeKOB C 

qHcnOM aToMoB B KJiacTepe, onpenenHeTcH ceqeHHeM ·neneHHH Hnep 

HccnenyeMO,O o6pa3Ua H HHrerpaJJbHUM nOTOKOM 60M6apnHpy10mHx qaCTHU

HanpHMep, •B cnyqae o6pa3ua H3 
235

U · H o6nyqeHHH neTeKTopa TennoauMH 
-22. 2 

HeATpoHaMH ceqefrne · neJieHHH 0'=5 • 10 CM ; a HHTeHCHBHOCTh HeATpOHOB B 

TenJIOBOA KOJIOHKe MOillHOro peaKTOpa MOJJ:eT nocT,aTh · 10
15

H/C • CM
2

• B 3THX 

ycnoBHHX 3a HeCKOJlhKO qacoB o6nyqeHHH neTeKTOpa ,~2-10
4

· c): 

E 
J a(E)I(E)dEdl ~ 10-

2
, (4) 

0 

T.e. K~OMY Ha6JI10naeM0My TpeKy COOTBeTCTByeT OKOJIO COTHH aTOMOB B 

KJiaCTepe. Bonee THJJ:enue KJiacTepu, conepJJ:amHe MHO,He TUCHqH HJIH MHJIJIHOHU 

aTOMOB, yno6Hef: perHCTpHpoBaTb, HCnOJih3YH MeHbillHe noTOKH .HeATpOHOB HJIH 

o6nyqeHHe ~-KBaHTaMH, .rne ceqenHe neneHHH 3aMeTHO MeHhme 

ca~q. 1+0,5 6apH). TaKHM o6pa30M, 3TOT MeTon n03BOJIHeT neTeKTHpOBaTh H 

HneHTH~HUHPOBaTh KJiaCTepu, . HenocTynHue MH MeTonHKH BpeMeHH npoJieTa. 

HaH6onee yno6Hu nnH H3MepeHHA · cnyqaH, Korna H3 Kaxnoro KJiacTepa 

Ha6JI10naeTCH HeCKOJlbKO ,necHTKOB ,~ COTHH) TpeKOB. _flpH' 60JihillOM qHcne 

TpeKOB 6ynyT HMeTb MeCTO HX HaJJOJJ:eHHH, H, cnenoaaTeJihHO, OillH6KH B 

onpenenHHH HX qHcna. ITOCKOJihKY qHcnO aKTOB neJieHHH Hnep B KJiacTepe 

HBJIHeTCH npoueccoM CTaTHCTHqecKHM, TO norpeillHOCTh B onpeneJieHHH qHCJia 

TpeKOB. a OTCJOna H qHcna aTOMOB B KJiaCTepe, BblpruKaerc.11 KaK: 

tiN _ 1 (5) 
-N--~• 

rne K - qHcno Ha6n10naeMUx KJiacrepoB. ITpH N H K B nHana3oHe 10-100 

TOqffOCTh onpeneJieHHH qHcna aTOMOB B KJiaCTepe, KOTopaH xapaKTepH3yeT 

Maccoaoe pa3pemeHHe MeTona, cocraBJIHJia 3+10¾. XoTH TaKoe pa3perueHHe B 

pHne cnyqaea HenocTaTOqffO. nnH nonyqeHHH neTaJJhHOA KapTHHU Maccoaoro 

pacnpeneneHHH, 3TOT MeTon HMeeT BUCOKYIO qyaCTBHTeJibHOCTh H MOJJ:eT 6UTh 

ycnemHO HCnOJih30BaH npH.MaJJUX Buxonax KJI~CTepoB. 

~H3JieKTpHqeCKHe neTeKTopu OCKOJIKOB npaKTffqeCKH HeqyacTBHTeJihHU K 

6 

.• . ' 

(._, 

t' 

npyrHM BHnaM H3JiyqeHHH - caeqeHHIO nJia3MU, aTOMaM HJIH HOHaM. IT03TOMY HX 

MOJ!HO 6UJIO ycTaHaBJIHBaTh B HenocpencTBeHHOH 6JIH30CTH OT noaepXHOCTH 

o6JiyqaeMoro o6pa3ua H TaKHM o6pa30M .L{06HBaTbC.ll BbICOKOH qyBCTBHTeJihHOCTH 

H3MepeHHHI pacnonara.11 neTeKTopu Ha pa3JIHqHUX paccTOHHHHX (10 - 400 MM) 

OT noaepxHoCTH o6pa3ua. CpaBHHBaH pacnpeneneHHe KJiacTepoB no MaccaM nnH 

pa3JIHqHUX neTeKTOpOB, MOJ!HO 6UJIO cynHTh O pa3BaJie ropHqHx KJiacTepoB npH 

HX nBHJJ:eHHH OT o6pa3ua. 

3KCITEPHMEHTARbHUE PE3YRbTATU 

Ha onHcaHHOH ycTaHOBKe 6UJIH hpoaeneHU 3KcnepHMeHTU no onpeneJieHHIO 

cneKTpa Mace qacTHU (OT enHHHqHux aTOMOB H HOHOB no MHKpoqacTHU), 

06pa3y10mHXCH npH Bo3neH<;TBHH Jia3epHoro H3JJy'leHHSI B IllHpOKOM nHana30He 

nJIOTHOCTeA MOillHOCTeH Ha o6pa3UU CBHHUa, TOpHH H ypaHa (H30TOnu 
235

U H 
238

U). .B Ta6JI. 2 npencTaBJieH psrn xapaKTepHCTHK 3THX . 3JieMeHTOB H nnsr 

cpaBHeHHSI HaTpHlI, IllHpOKO HcnoJib3YeMoro B HccnenoaaHHSIX KJiacTepoB [171. 

3TH xapaKTepHCTHKH n03BOJJHIOT cynHTh O TepMOnHHaMHqecKHX H 3JJeKTpH'leCKHX 

CBOACTBax HccnenyeMUX 3JJeMeHTOB. H3 cpaBHeHHH HX C HaTpHeM BHnHo, '!TO 

OHH Tpe6y10T 3Ha'IHTeJihHO 60JibilleA TeMnepaTypu H 3HeprHH Ha aTOMH3aUHJO, HO 

B TO Ee BpeMlI HX cpaBHHTeJJhHO HH3KaSI 3JieKTponpoBonnocTb yKa3UBaeT Ha 

MeHhillYIO KOHUeHTpaUHJO CBo6onHux 3JJeKTPOHOB. B KaJJ:nOM H3 

npoBeneHHUX 3KcnepHMeHTOB onpenensrnach Macca HcnapeHHoro H3 06pa3ua 

aemecTBa no era B3BeruHBaHHJO no H nocJJe 3KcnepHMeHTa H no pa3Mepy 

o6pa3y10merocH Ha noaepxHoCTH o6pa3ua KpaTepa Co6a cnoco6a npHBonHJIH K 

6JJH3KHM pe3yJJhTaTaM). 

Ha pHc. 2 npencTaBJJeH H3MepeHHUH cneKTP BpeMeH npoJJeTa aTOMOB 
238

U 

npH nByX pa3JJHqHUX nJJOTHOCTHX MOillHOCTH JJa3epHoro H3Jiy'leHHH C nJJHHOH 

BOJJHU· 1060 HM (pa3Mep nHTHa CBeTOBO,O H3JJyqeHHlI Ha noBepXHOCTH o6pa3ua 

COCTaBJIHJJ ~1 MM
2
). H3 3THX cneKTpOB, 3Hasr nJJHHY npoJJeTHO,O p_accTOHHHH 

(oT o6pa3ua no JJa3epHoro nyqa) H Macey aTOMOB, nerKo pacc'!HTaTh cneKTpu 

CKOpOCTeA 11 3HeprHA. COOTBeT_CTBYIOIUHe BeJJHqHHU npHaeneHU Ha pHC. 2 Ha 

napanJJeJihHUX OCHX a6CUHCC. fIOJJY'leHHUe cneKTpU COOTBeTCTBYJOT 

MaKCBeJJJJOBCKHM pacnpeneJJeHHSIM CKOpOCTeA H 3HeprHA HCnapHBillHXCH H3 

o6pa3ua aTOMOB. OHH n03B0JISIIOT cynHTh O TeMnepaType noBepXHOCTH o6pa3ua B 

nHTHe JJa3epHoro H3Jiy'leHHSI. ITpH oueHKe TeMnepaTypu Y'IHTUBaJIOCh yBeJJH'leHHe 

CKOpOCTH aTOMOB H3-3a ra3onHHaMH'leCKO,O pa3JJeTa nJJa3MU [13,18). B ra6JJ.3 

npHBeneHU noJJy'leHHUe H3 o6pa6oTKH H3MepeHHUX cneKTpOB 3Ha'!eHHH cpenHHX 
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T A Ii JI H U A 2 

XapaKTepHCTHKH HCCJielyeMUX 3JieMeHTOB 

Na Pb Th u 

DJIOTHOCTb, r/cM
3 

0,371 11,34 11, 72 19,04 
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KHneHHll, K 1159 978 5063 4303 
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6

0M • CM 4,28 19,2 13 21 
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1064 

1064 

,1064 
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1013 
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1011 

1010 
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T A Ii JI H U A 3 

CKOpOCTH H BUXO~ aTOMOB npH o6JiyqeHHH 

o6pa3UOB Pb HU Jia3epHUM H3JiyqeHHeM 

~ 

q d V 

BT/CM
2 

MM 10
5

cM/c 

3,0·10
7 0,3 1,5·10

5 

1, 1 · 10
8 

1,4 2,0·105 

2,5·10
8 1,0 2,2·10

5 

5,0·10
8 0,7 2,5•105 

3,0·10
9 0,3 2,8·10

5 

2·10
3

• 5·103 

Y,aT/HMn 

Pb 

3,5·1012 

4·1013 

1,5·1014 

6·1014 

2,5·10
14 

2 

3 

u 

5,0·10
10 

1,5·10
12 

1,0·1013 

4,0·10
13 

1, 5· 10
14 

1010q.,Br/cM2 

1041:K 
. I 

PHc.3. 3aBHCHMOCTb OT nJIOTHOCTH MOIUHOCTH Jia3epHoro H3JiyqeHHll 

noJIHorc> KOJIHqecrBa Bemecr13.a C 1 ) , qHCJia HeRTpaJibHl,IX a.TOMOB 

(2) H KJiacTepoB ypaHa C N>l000 (3) Ha OlHH HMnYJibC Jia3epa. 
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CKopocTe8 H BllXO,llOB aTOMOB )IJill o6pa3UOB Pb Hu npH pa3RHtfHllX nROTHOCTl!X 

MOUUIOCTH H ,llHaMeTpe CBeToBoro nllTHa Ra3epHoro H3RyqeHHll. 

Ha pHc.3 npe,llCTaBReHll H3MepeHHlle B TeX xe ycnoBHl!X 3aBHCHMOCTH OT 

nROTHOCTH MOUUIOCTH Ra3epHoro H3RyqeHHll BllXO,lla O,llHHOtfH!lX aTOMOB 238u H 

Macc1,1 HcnapeHHoro KOH,lleHcHpoBaHHoro aemecTBa B BH.lle KRaCTepoa H 

MaKpoqaCTHU (HX M8CC0Bll8 cneKTp paccMaTpHBaeTCll HHxe). Ha napanReRbH08 

OCH a6cUHCC npHBe,lleHl,I 3HaqeHHll TeMnepaTyp noBepXHOCTH o6pa3ua. BH,llHO, 

qTQ )UilI o6eHX KOMnOHeHT · Ha6RJO,llalOTCll OnTHMaRbHlle nROTHOCTH MO!llHOCTH (HRH 

TeMnepaTyp1,1), npH KOTOpllX ,HX BllXO,lll,I MaKCHMaRbHl,I (,llRll KRaCTepoB 3Ta 

TeMnepaTypa HHxe). H3MepeHHll noKa3aRH TaKxe, qTo BllXO,ll HOHOB BO BCeM 

HCCRe,llyeMOM ,llHana3oHe MO!llHOCTe8 Ra3epHoro H3RyqeHHll He npea1,1rnaeT lX OT 

Bcero KORHqeCTBa HcnapeHHoro BemecTBa. IT03TOMY MOlKHO 3aKRJOqHTb, qTo 1l0Rll 

BemecTBa, Hcnapl!eMal! B BH,lle KRacTepOB, He8TpaRbHllX aTOMOB H MaKpoqacTHU, 

llBRlleTCl! 3HaqHTeRbH08. 

Ha PHC.4 npe.llCTaBReHU H3MepeHHlle C nOMOlllblO MeTO,llHKH BpeMeHH npoReTa 

MaCCOBlle pacnpe,lleReHHll qacTHU, Hcnapl!eMllX H3 o6pa3UOB ·Pb, H u npH 

B03,lle8cTBHH Ha HHX Ra3epHoro H3RyqeHHll c ,llRHH08 BORHl,I 510 H 570 HM H 

MOTHOCTblO MO!llHOCTH 3· 10
7 

BT/CM
2

• BH,llHO, qTo B cnyqae Pb Ha6RJO,llalOTCll 

01lH03apl!~e KRaCTep1,1 C qHCROM aTOMOB 1l0 10, a B cnyqae U - TORbKO 

O,llHHoqH1,1e HOHU. TaKoe xe pacnpe,lleReHHe no MaccaM C e,llHHCTBeHHllM nHKOM 

O,llHHOqHl,IX HOHOB 6URO noRyqeHo H 1lRll o6pa3ua H3 Th. ~Rll o6oHx 3ReMeHTOB 

1l0Rll HOHH30pOBaHH!lX KRacTepoB C qHCROM aTOMOB OT 2 1l0 100 He 

npeBlllliaRa lX. ITO,ll06Hal! KapTHHa Ha6RJO,llaRacb H npH .llpyrHX nROTHOCTl!X 
7 2 · 

MO!llHOCTH (HaHMeHbllial! H3 HHX 10 BT/CM, H COOTBeTCTBYJOlllal! e8 TeMnepaTypa 

~2000 K) H npH 1lpyro8 1lRHHe BORHll,Ra3epHoro H3RyqeHHll - i064 HM. 

MacCOBlle pacnpe,lleReHHll KRacTepoB c qHCROM aTOMOB 60Ree 1000 61lRO 

H3MepeHo c nOMO!llblO T~eKOB08 MeTO,llHKH cqeTa OCKORKOB 

o6RyqeHHll 1lH3ReKTpHqecKHX ,lleTeKTOpOB B noTOKe He8TpOHOB. 

(HRH MaKpoqacTHUll) Ha6RJO,llaRHCb B cnyqae o6pa3UOB H3 

He8Tp0HOB H 06pa3ue H3 u 

,lleReHHll nocRe 

TaKHe KRacTep1,1 

Th H U. ITpH 

O~OMY TpeKy MaKCHMMbHOM ~RJOeHce 

COOTBeTCTBOBMO 1100 aTOMOB,,,HaxO.llH!llHXCll Ha noaepXHOCTH :,lleTeKTopa. 

0,llHHOqHUe TpeKH MOrRH npHHa)IJiexaTb KaK OT,lleRbHllM aTOMaM u, TaK H 

crpynnHpoBaHHllM B KRacTepe C A<lOOO. CpaBHeHHe qHcRa TpeKOB C qHCROM 

aTOMOB, H3MepeHHllX no pe30HaHCH08 ~RyopecueHUHH, noKa3aRO, qTo He MeHee 

95X O,llHHOqHUx TpeKOB npHHa)IJieXHT OT.lleRbHUM aTOMaM, a 1l0Rll KRaCTepoB c 

A<lOOO He npeBlllliaeT 5X OT HX qHcira. B TO xe BpeMl! cnyqaH C qHCROM TpeKOB 
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6oRee 2 OTHOCl!TCll K KRacTepaM (HRH MaKpoqacTHUaM) c qHCROM aTOMOB OORee 

1000. ITpHMep O,llHOro H3 pacnpe1leReHH8 TaKHX CHCTeM no qHcny aTOMOB B HHX 

npe.llCTaBReH Ha pHc.5. ~Rll yMeHbllieHHll cTaTHCTHqecK08 OrnH6KH qHcna 

KRacTepoB OHH o6be,llHHeHll B ~pynn1,1 C ,llHana3oHaMH qHceR aTOMOB (A-3A), r,lle 

A - MHHHMaRbHOe qHCRO aTOMOB B KRaCTepe ,llaHH08 rpynn1,1. TaKHM o6pa30M, 

norpernHOCTb BllXO,llOB KRacTepoB Kax,ll08 rpynnll He npeBlllliaeT 5X. H3 pHc. 5 

BH1lHO, qTo,KaK H npH MMllX qHcnax aioMoB,B KRacTepax Ha6R10.llaeTCH.na.lleHHe 
' ' 

HX BllXO,lla C pOCTOM A. TaKal! KapTHHa xapaKTepHa .IIJill Bcero .llHana3oHa 

nROTHOCTe8 MO!llHOCTe8 Ra3epHoro H3RyqeHHll. 

B Ta6R. 4 npe,llcTaBReHll BllXO,lll,I pa3RHqHl,IX KOMnoHeHT ( a TOMOB. HO HOB. 

MaRllX CA=2-100) H 60RblliHX (A>lOOO) KRaCTepoB npH pa3RHqHl,IX nROTHOCTl!X 

MO!llHOCTH Ra3epHoro H3RyqeHHll. BH,llHO, qTo ,llRll Pb .llORll Ma.ri1,1x KRaCTepoB 
~ ' 

COCTaBRl!eT ~10 OT qHcna e,llHHHqHllX aTOMOB, B TO xe apeMl! )IJill UH Th OHa 

MeHee 10-
3

• ~ORl! OORblliHX KRaCTepoB C Bll,lleReHHllM qHCROM aTOMOB N>lOO eme 

MeHbllie 3T08 BeRHqHHll. 3aMeTHll8 BllX01l 3THX KRaCTepoB Ha6RJO,llaRCll 6Raro1lapll 

60Ree BllCOKOH q'yBCTBHTeRbHOCTH MeTO.llHKH H3MepeHH8, OTCTYTCTBHIO ~Ha H 

cyMMHpOBaHHIO no lliHpOKOM~ ,llHana30HY qHceR aTOMOB B KRaCTepe. 

OBCY!~EHHE PE3YRbTATOB 

ITpoBe,lleHHlle 3KcnepHMeHTll noKa3aRH cymeCTBeHHOe pa3RHqHe BllXOllOB 

KRaCTepoB pa3HllX :'meMeHTOB npH B03,lleHcTBHH Ha , HHX MOll{HOro Ra3epHoro 

H3RyqeHHll. ITpH O,llHHX H TeX xe ycROI!HllX o6RyqeHHll Ha6RIO,llaRCll 3aMeTHllH 

BllX01l HOHH3HpOBaHHllX KRaCTepoB' Pb C qHCROM aTOMOB 2-10 H He 61lRO 

· o6HapyxeHo aHaRorHqH1,1x KRacTepoa Th H u (Hx BllX01l no Kpa8He8 Mepe Ha 2 

nopll.llKa HHxe, qeM B cnyqae _Pb). 

H3 H3MepeHHllX cneKTpOB CKOpOCTe8 aTOMOB HCCRe,llyeMllX 3ReMeHTOB 

(pHC.2) MOlKHO oueHHTb TeMnepaTypy nna3Mll, o6pa3y10me8cl! npH 

B3aHMO,lle8CTBHH Ra3epHoro H3RyqeHHll C noaepXHOCTblO o6pa3UOB. B ,llHana30He 

nROTHOCTe8 MOll{HOCTH Ra3epHoro H3RyqeHHll 3·10
7
+3·10

9 
BT/CM2 3Ta 

' 3 ' ' 
TeMnepaTypa COCTaBRl!eT (2-6)·10 K. 3TO 3aMeTHO OORbllie, qeM B THnHqHl,IX 

3KCnepHMeHTMbHllX ycTaHOBKax, HanpHMep, B Tex, r,lle HCnORb3YIOT 

CBepX3BYKOBlle noTOKH napa qepe3 Y3KOe conRO [19). CTORb BllCOKal! 

TeMnepaTypa nRa3Mll, oqeBH~O. He l!BRl!eTCll onTHMMbH08 .llRll o6pa30BaHHll 

KJiaCTepoB. O~aKO npH 6oRee HH3K08 TeMnepaType (ee MOEIO ITORY'iHTb, 

CHHmlll MOll{HOCTb Ra3epHoro H3RyqeHHll) pe3KO na,llaeT Bl,IXO.ll HCnapl!eMllX 

aTOMOB, oco6eHHO B cnyqae TaKHX TyronRaBKHX 3ReMeH10B,KaK Th Hu. 'iTO, 

ecTeCTB~HHO, Be,UeT H K YMeHbwemuo BhlXO,Ua KJiaCTepOB. 
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7 2 · TpeKoB OCKOJIKOB neJieHHll, q=3·10 BT/CM . Umpp1,1 y JIHHHA -

qHCRa Ha6JI~naeMblX TpeKOB OCKOJIKOB neJieHHll. 
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t, iL • I~-

T A B ~ H U A 4 

B1,1xon1,1 pa3JIHqHl,IX KOMnOHeHT npH o6JiyqeHHH Jia3epHblM ~3JiyqeHHeM 

c A=1064 HM o6pa3UOB Pb HU 

q yaT' aT/HMn y HOH' HOH/HMn YKJI' KJI/HMn YKJI' KJI/HMn 

A=2+100 A>lOOO 
BT/CM 

2 
Pb u Pb u Pb u u 

1,1·10
8 

1,5·10
13 5,3·1011 

1,8·10
11 

1,0·10
9 

2,5·10 11 <109 0

6,5•1010 

2,5·10
8 

5,5·10
13 

2,5·1012 
6,5·10

11 
2,3·10

10 6,0•1011 <109
• 1,5·1011 

5,0· 10
8 

2,2·1014 1, 2· 1013 2,2·10 12 
1,2·10

11 1,8·1012 

3,0·10
9 

3,5·10
14 

1, 8· 1013 4,5·1013 2,5•10
12 

2,7·1011 

BepOllTIIOCTh o6pa3oaaHHll MaJiblX KJiacTepoa C A=2-100 H3 

MaKpOCKOnHqecKHX KpynHHOK, Ha6JI~naeMblX no OCKOJIKaM neJieHHll axonllmHX B_HX 

COCTaB llnep Th H u, . TaKxe oqeHb MaJia. Hx TeMnepaTypa, IIO-Bif,LIHMOM)', 

HenocTaToqHa nJill HX pa3BaJia HJ!H HHTeHCHBHOro HcnapeHHll H3 HHX aTOMOB, 

KOTopoe MOrJio 61,1 npHBeCTH K o6pa30BaHH~ MaJiblX KJiacTepoa. TaKoe 

npennoJioxeHHe nonTaepQaeTCll H3MepeHHllMH BblXonoa H MaGCOBblX 
. 5 

pacnpeneJieHHA KpynHHOK c A>10 Ha pa3JIH~blx pacc-rollHHllX oT o6pa3ua. 

0Ka3aJIOCh, qTQ a1,1xon TaKHX KpynHHOK yMeHbWaeTCll KaK KBanpaT paccTOllHHll 

no o6pa3ua, a Maccoa1,1e pacnpeneJieHHll, onpeneJilleM1,1e no qHCRY . TpeKoB OT 

OCKOJIKOB neJieHHll, npaKTHqecKH onHHaKOBbl. 3TO MOEeT 03HaqaTb, qTo 

npouecc1,1 pa3BaJia KpynHHOK HJIH HCnapeHHll H3 HHX 6oJibWOrO . qHCRa aTOMOB. 

KOTOpble MOrJIH 61,1 npHBeCTH K o6pa30BaHHi KJiaCTepdB, MaJIOBepOllTHbl. oueHKH 

apeMellH, Heo6xonHMOro Mll HcnapeHHll TaKoro qHCRa aTOMOB (>1000), 

nono6Hble npHaeneHHblM a pa6oTe [201, noKa3aJIH era 6oJihrny~ aeJIHqHHy 

(>10-
3 

c), qTo 3aMeTHO OOJihWe apeMeHH npoJieTa KpynHHOK no neTeKTOPOB 

OCKOJIKOB. 

H3 MaKpOCKOnHqeCKHX KpynHHOK C 60JibmeA aepOllTHOCTh~ MOrJIH 61,1 

06pa3oa1,1aaThCll Kpynllble KJiacTep1,1 c A>lOOO. HX xapaKTepHoA ~~o6eHHOCTh~ 

llBJilleTCll OCUHJIJillTOpHblA xapaKTep 3aBHCHMOCTH noaepXHOCTHOA 3HeprHH H, 

cJienoaaTeJibHO, a1,1xona OT qHCRa aTOMOB [21]. OnttaKO HcnoJih30BaHHall B 

naHHblX 3KCnepHMeHTaX MeTOnHKa cqeTa OCKOJIKOB neJieHHll He no3B0JilleT 

a1,1neJIHTh TaKHe OCUHJIJillUHH. IT03TOMY aonpoc1,1 o6pa30BaHHll KpynHblX KJiaCTepoa 

Th HU H3 MaKpOCKOnHqeCKHX KpynHHOK Tpe6y~T naJihHeAmero H3yqeHHll. 
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Ma.mle KJiacrepy B OCHOBHOM BOJIEIY lflOpMHpOBaThCH 3a cqeT KOHBeHcaUHH 

Hcnapemmx aTOMOB. 9TO HMeeT MeCTO B cnyqae CBHHUa, rne Ha6JI10BaJIOCh 

o6pa30BaHHe HOHH3Hpoaammx KnaCTepoB Pb C qHcnOM aTOMOB 2-10. OnHaKO MH 

u H Th Ha6JI~BaJIHCb TOJihKO OTBeJibHYe HOHH3HpOBaHHYe aTOMY. no BCeH 

BHBHMOCTH, TaKoe pa3JIHqHe CBR3aHo C cymecTBeHHo pa3HYMH Tenno~H3HqecKHMH 

CBOHCTBaMH Pb,c O~OH CTopoHY,H Th HU - c npyroH (CM. Ta6JI.2). ECRH MR 

MeHee TenJIOeMKoro CBHHUa ycnoBHR o6pa30BaHHR MaJil,IX KJiacTepoa 6YJIH 

llOCTaToqiio npHeMJmeMhlMH, TO MR Th H u, BHBHMO, He06XOBHM BY6op 6oJiee 

OnTHMaJihHYX ycnoBHH. BepORTHO, HX MODIO 6YJio (5y BOCTH% c noMOlllh~ 

CHCTeMY OXJiax.z{eHHR KJiacTepoB [1], n03BOJIR~llleH 6oJiee TOHKO peryJIHpOBaTb 

ycnOBHR HX o6pa30BaHHR. 9TO npennoJiaraeTCR cneJiaTb B ,llaJILHettrnnx 

HccnenoaaHHHX. 

B COOTBeTCTBHH C npe~BYlllHMH HCcnenoaaHHRMH [7-10), Maccoaoe 

pacnpeneJieHHe HOHH3HpOBaHHl,IX KJiaCTepoB Pb neMOHCTpHpyeT pe3KHe naneHHR 

Bl,IXOBOB . npH .A>7. 9TO B OCHOBHOM 061>RCHReTCR HKOca3BpaJibHOH ynaKOBKOH 

aTOMOB B KJiaCTepax CBHI!Ua [8-10), BY3YBa~me8 oco6eHHOCTH npH 

A=7, 10, 13 H 19. 

3AKJIIOqEHHE 

npoaeneHHYe 3KCnepHM~HTY noKa3aJIH, qTo HCnOJih3yeMaR B HHX 

ycTaHOBKa, BKJI~qa~maR TPH pa3JiffqHl,IX MeTOBHKH, .HMeeT OOJILWHe nepcneKTHBY 

B HccnenoaaHHHX npouecca o6pa3oaaHHR KJiacTepoa THll'.eJIYX 3JieMeHTOB a 

WHpOKOM BHana3oHe HX Mace. TIOKa3aHO, qTo npH B3aHMOBeHCTBHH MOlllHOrO 

Jia3epHoro H3JiyqeHHR C aemecTBOM B~OB KJiaCTepoB cymecTBeHHO 3aBHCHT OT 

TeMnepaTypY 06pa3y~me8cR nJia3MY. B TO lite apeMR pacnpeneJieHHe KJiaciepoa 

no qHcny aTOMOB B, HHX 3HaquTeJILHO MeHee: KpHTHqHo K 3THM YCJIOBHRM. 

BepORTHOCTb o6pa30BaHHR KJiaCTepoa B TaKHX ycnoBHHX cymecTBeHHO pa3HaR 

MR pa3JiffqHJ,IX 3JieMeHTOB (oHa 3aMeTHO 6oJibWe BJIR Pb no cpaBHeHH~ C Th,H 

U). BnepBYe HccnenoBaHY aTOMHYe CHCTeMY neJIHlllHXCR 3JieMeHTOB - UH Th. 

TipH 3TOM. npeMolKeHa HOBaR MeTOBHKa H3MepeHHR qucna aTOMOB B HHX, 

OCHOBaHHaR Ha noncqeTe OCKOJIKOB neJieHHR. 

B 3aKJIIOqeHne aBTOpY BYp~T 6JiaronapHOCTb IO. u. OraHeCHHY H 

I0.9.TieHHOHJKKeBHqy .3a nocTOHHHYH HHTepec K pa6oTe, B.B.KpeCHHY 3a 

noJie3HYe o6cyQeHHR, B.TI.TiepeJIYT"HHY H COTpy~HKaM ero rpynnY 3a noMOlllh B 

o6pa6oTKe H npOCMOTpe BH3JieKTpuqecKHX neTeKTOpOB OCKOJIKOB neJieHHR. 
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