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OB'bE,lJ;l1HEHHhlA HHCTHTYT H,aEPHhlX HCCJlE~OBAHHA 

qyJIT3M 
.L(ap)l(aarHHH 

15-11172 

3KCI1EPI1MEHT AJihHhlE l1CCJIE.L(OBAHI1R nor JIOI.UEHI1R 

OCTAHOBI1Bllll1XCR OTPI1.U.ATEJihHblX Ill1OHOB 

T JI)KEJihIMI1 l1 CP E.L(Hl1Ml1 R.L(PAMI1 

CneuHanhH0CTh: 01.04.01 - 3KCnepHMeHTanhHaH ¢H3HKa 

ABTOpe¢epaT auccepTaUHH Ha COHCK8HHe yqeHOH 
CTeneHH aoKTOpa ¢ H3HKO-MaTeMaTuqeCKHX HayK 

.L(y6Ha 1978 



Pac:!OTa llWlOJIHeaa B Jia6opaToprui: imepFWx npo6neM 

06~e.v;iUieaaoro nHcTnTyTa imepFWX nccne.n:o:BaJmH 

Oprul;HaJI&Hlle onnoHeHTU: 

.D:ORTop ~nsHRo-MaTeMaTnqecRRX HaYK c.c.repmTeHH (H~B3,CepnyxoB), 

.n:oRTop ~sRKo-MaTeMaTnqecRRX HayR B.M.Cn.n:opoB (JIRII,OH.ffi1,Ey6aa), 

.D:ORTop ~SRRo-MaTeMaTnqecRruc aayR A.E.KypenIDI (H.ffi1 AH CCCP, 
MocRBa). 

Be,D;yIItee npe,lJ;I:\pMTne: 

HHCTRTYT TeopeTnqecROH R 3Rcnepru4eHTallI>HOH ~SRRR, MocRBa. 

ABTope~epaT pasoc.naH" n I978 ro.n:a. 

Sa!IlllTa .n:nccepTarmn COCTORTCH B --- qac. " " -- 1978r. 

Ha sace~ cnenaanzsnpoBaHHoro coBeTa n-047.01.03 npn Jia6opaTo

pnn imepFWX npo6neM 06~e.n;nHeHHoro nHcTnTyTa imepaux nccne.n:o)3allliM, 

r.Jty6Ha, MocROBCROH o6mcTH. 

C .D:HCC8l)'l'a.IJ;lll8i MOlltHO OSHaROM.l!TDCH B 6H6JlROTeRe_ OH.ffi1. 

YqeHUH ceRpeTapD CoooTa 
R~.n:aT ~RSRKo-MaTeMaTnqecRruc HaYK 
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KBaHT noM JI,IJ;epaux cinn - nnoa, TeopeTnqecRn npe.n:cRasa.HHBi1 

X.KlitaBOlt, BnepBUe 6un OTRPUT B 1947 ro~ B ROCMli'JeCRRX nyqax c 

llOMOI]l!,ID ¢0T03MYJI&CROHHOro MeTo.n:a. 
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B nepBofi lite pa6oTe noMHMo -14 ➔ e pacn~a 61rno o6Ha-

pyllteao imepHQe nornomeffile OTPRUaT8llHUX llnOHOB (c!ll'Ma 3Bes,mi),oT

BeTCTB8HHOe sa CHllHOe BSa.nMO.n;eltcTBRe. HBTeHCE'.BHOeinsyqeane 3TOro 

nponecca aaqanOCD C COS.n;aHRH llnOHHUX llyqROB Ha YCROPRTenHX. Hccne
,D;OB8llHH,npoBO,D;HBlllR8CH B pasHHX crpaaax B reqeaHe 30 ner,.n:ann MHoro 

Bal[Hl,IX CBe,D;eHHi:t O M8XaHH3M8 S'A8PJlOro norno111eHHH :u:e.n:neaaux · m,:OHOB H 

npoueccax, conpoBOJE,l(alllltHX STY pea.KUHD~ JKCll8PH:U:8HTanbHU8 HC

cne.n;oBa.H.WI CBO.n;RJ!RCD R onpe.n:eneHl!llO MHOllt8CTB8HHOCTR R cneRTpa nc

nyc1taeMUX Hel.lTPOHOB, onpe.n;eneW!D BepOHTHOCT'.l! R Cll8RTpa saPHJ!terumx 

~parMeHTOB, nsMepeHRID cneRTpa raMMa-nyqea, mnprui. n C.D:BnrOB.ypo:s

aea llnOHHUX aTOMOB, onpe.n:eneW!D BepoHTHOCTR BUneTa ROppenzpollaH

HUX nap HYK}lOHOB, B8POHTHOCTR .n:enemm H cneRTpa OCROJlROB R T • .n;. 

B pesyJI&TaTe 3THX nccne.n;OBaJmH TBep.n:o YCTaHOB}leHo, qTO Bsan

MO.n;eltcTBRe Me.n:neHHmc·oTp:imaTem.aux nnOHOB C aTOMHUMR H,ll;paMR npo

RCXO.D:HT qepes CTa.rtlll) o6pasOBal!HJl: nnorumx aTOMOB n ~TnqecRn Ral!t

.n:ult OCTaHOBRB!l!R~CH B BemecTBe OTpnnaTeHbHUH llnOH nornomaeTCH aTOM

lillM H.D:POM • 

r c~~ ;pcrmyr I 
j · : ~1I!!l!l 
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:3Ta pea.RWllt xapa.RTep:asyeTcR 6om.moH (140 l,iaB) nepe,na:sa.eMoii 

aHeprneH H MaJlHM BHOCRMHM m,mym.coM H yrJIOBHM MOMeHTOM. CornacHO 

coBpeMeHHHM npe,ncTaBneHIIBM.,nornomeHRe oTpru:i;aTem.Horo n:aoHa c Me

soaTOMHofi op6RTH npoTeKaeT B pesyJU,TaTe B3aID~o.rr.ezcTBRR IlROHa C 

.imepHHMR K]laCTepaMli - HYKJIOHHWl!R accou;aa.rm.RM:a Ha IlOBepxHOCTR 

aTOMHoro H,Itpa. 

Sa nocne.ntme ro.ItH 6HJID ony6mmoBaHO HecKom.Ko o6sopoB aRcne

pm1eHTaMHHX n TeopeTR'l:eCRRX pa6oT O nornometmn IlROHOB .impaMR, B 

CBJI3R C qeM aBTOP cqeJI B03MO~HHM He ,neJiaTI, B ,ItRccepTamm no.rr.o6Horo 

06:30pa. 

B .nnccepTa.nHR R3JIOllWHH HOBHe aKcnepRMeHTam.HHe pesyJU,TaTH, 

nonyqeHHHe C RCil0Jlb30BrumeM BHCORORHTeHCHBHOro nyqKa IlliOHOB Ha, 

cRHxpou:mrnoTpoHe 0Mffi1. Jiccne.rr.oaamrn BHilOJIHeHu B Te'l'.emrn 1974-

1977 ro,noB. :3TO COBnaJlO C Hatia.7).0M HOBOro nep.io,na, KOr,na RHTepec 

R npo6neMe llROH-.imepHoro B3aRMO,n;eficTBRR CHOBa BQ3poc B CM311 

C BBO,I!;OM B .nettcTBRe Me30HiiHX (pa6pmt, Il03BOJI.lUOOIRX npoBeCTli R3Mepe

HRe Ha RaqecTBBHHO HOBOM ypoBHe. 

UeJlbD :nccne.no:srumtt, cocTaBJlJil!lllRX co,nep11taHRe peqiep:apyeMofi 

,ItliCCePTamm, $IBMJ10CI, nonyqe1me HOBHJC, TOtIHHX 3KcnepRMeHTam.HHX 

,ItaHHHX O nornomeIDlR OCTaHOBRB!llIDCCH OTpn:a;aTeJlbHHX IlROHOB .impaMR 

B ManonsyqeHHofi o6nacTR cpe,ItHRX n TmteJJ.HX'R,nep. 

JinccepTa.rmH COCTORT R3 ceMR rnaB. 

B nepBOfi rnaBe KpaTKO OilRCH;BaeTCH MeTO,nmta nccne,noBaHRR, oc

' HOBaHHaH Ha :ll,IteHTRq>mtamm OCTaTOtIHHX SI.l):ep B pea.Rmm nornomeHRR 

llROHa. 

MeTO,It a.RTRB8.Illlli Ra.RB pa,nnOXRMRtieCROM, Ta.Rn 6es,neCTPYKTRB

HOM ero BapRaHTe jl;BJIReTCR HaROOJiee y,no6IrnM M8TO,ItOM RCCJie,ItOBa.HRH 

.imepHoro nornomeHRJt llROHa npn BHCOROH RHTeHCRBHOCTR nyqKa. 
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PesyJ!bTaTu aRcnepmrnnToB, BOllle,ll,Ill11e B .n:accepTaumo, nonyqem,1, 

B OCHOBHOM, C np1meHeH?.eM ll8TO.l(a, aJ{TRBUUlm no cxeMe: 

o6ny'l'.eHHe -- oxna;meHHe - 1rnMepeirne. 

BpeMeHa OOJiyqeHRJ'l: fl li3MepeBHJI nap1,nppBaJIRCI, B saBRCID.WCTPi OT 

nepno.n,a nonypacna.na OiKil.l(aer,mx JI.rr,ep - npo;zyKTOB pea.RIUll! fl cocTaBJIR

Jil! OT HeCIWJ!bKJ!X ~I.HHYT ,ItO HeCROJ!bKflX qacoB. 

lfart.epeHne cneRTpoB nponsBO.Il,l!JJoc1, c 110Mom1,10 Ce ( Lt" )-.neTeR

TopoB. Vix o6pa60TRa ocyuiecTDJ!RJiaCI, Ha 3lll.l HP-2Il6c 11 li3C;J-6. 

~ln;eHTflqJJ1Rar.urn 06pasyJOU1UXCJI B peaRwrn H30TOilOB Ilp01:!3BOJJ,1'1Jlac1, 

no 3HeprRRM raMMa-Jlyqeiii I! COOTROIDeHIDO llX l!HT8HCJ!BHOCTeii. d OTj~8Jll,-

1mx cnyqamc H)J.8HT11GnRaruH1 npoBepJinac1, no cna;zy aRTllBHOcTn B cepnn 

nocne,noBaT8JlbHO U3MepeHHHX cneKTPOB. 0THOCRT8JlJ,HHe BHXO,ll.H fl30TOilOB 

BHtIRCJ!JifiliCb rm ilHTeHCRBHOCTn raM11.a-nyqef.: C yqeTOM Tamix 1.[iaRTOpon, 

Ra!{ a@)eRTllBHOCTI, l!X per:ncTpamm, BPeMeHn o6nytieirnJI, OXJlaJK.Il,8HRfI n 

ll3Mepemrn, a Ta.R&e R03ip!:IlIU1BHTOB CaMonornomeHHR B Mllll!eHli. ,,30Mep

HHe n H306apHHe OTHOlll8HliR BUqJ!CJllIJ!HCI, Ha OCHOBaHllH npocTUX COOTHO

meIUrn, BHBO,It KOTOPUX ,Ita8TCR B Tipl!JlO~eHlin K nnccepTaLUIIl, 

Bo BTopoiii rnaBe o6cylli.naeTcH pesyJ!bTaT aRcnepmieHTa no onpe.rr,e

J1enn10 OTHOCHT8JlbHUX BUXO.Il,OB H30TOIJOB TaJ!JIRJJ, o6pasymnxcJI B peaR

UllU norJ1omemrn nnoHa JI.!U)aMM, cmrnua/1, 21. 

B cJ1yqae MOHonsoTonnux (odorameHlillX) Mllll!eHeH OTHOC11TeJ1I,HHe 

BHXO,It!i l:!30TOilOB xapaRTepnsyJOT pacnpe.rr,eJleHRe MH0~8CTB8HHOCTJ! BHJ!e

Ta!OOU!x HeiiiTpOHOB. 

Ha pnc.1 npe,ncTaBneno aTo pacnpe~eneHHe, na ROToporo Bn,nHo: 

1. Cpenuee tincno HeiiiTponoii, U:cnycmieMHX npn nornomemm nnoHa 

TmeJJHMR JJ.rr.paMn (Aa-200-) nopH.l(Ra .rr.ecmn, tiTO xopomo cornacyeT-
' 

CH C 1!3BeCTHl:lMll .nailHl'lMll, IlOJ!YtieHHHMH nyTeM Henocpe,ncTB8HHOM pe

rnCT!)aUllll 'lllCJla HeiiiTpOHOB HJIR ll3MepeHllJJ nx_aHepr:nn; 
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197 191 111 ZOO ZOI 1!/7 191 ;9g zoo 101 zoz ,t ,,, 191 ,n T!II !Yfl _'i.li. 1 ~·,11 Wl 
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OTHocnTem,mrn Bh!XO,IT,H H30TonoB TaJimm B peam .. m.u Ph + n-. 
a - Mll□em, R3 ecTeCTBeHHOtl CMecn ll30TOilOB 

6 - t.m!llem,, oelorarrieHHM IlSOTOilOM 200P h' 
B - Milmem,, 06orw:1eHHaR HS OTOilOM 206 Pb , 

2. <IiopMa pacnpe,IJ.enerum xapaRTepnsyeTcR dom,mo~ lllll.p1moii, a TaK

~e H€ROTOpo~ CTpyKTypo~ B Bll,lJ.e JJ.BYX MaRCHMYMOB. 

Ooe aTa oco6eHnocTn pacnpe,neJieHHR HamJIH ycnemHoe o6'bRCHelil!.e 

Ha OCHOBe Racmmno-11cnapnTefil>HOii MO,ll.€Jl.ll. YlJll,liHOBa ll .np/3/. 

n pa60T/3/ noRasaHo, 'ITO JJ.Ba MaRmiMyMa B _pacnpe,neJiemrn Mno-

1:{eCTBenHocTn nei1TPOHOB MoryT nporrBJIBT:&CJI TOfil>RO B TRlKeJJHX R,ll.pax 

(AC'20J) ll 3TH MaKCUMYMH OTB8TCTB€Hlill sa pa.SHH€ M€XaHllSMH norJ10-

II1€HilR, 

3Hcnep~enTafil>HH~ pesyJl:&TaT xopomo 01mcHBaeTca, ecJlll npe.nno

JlOlKHT:&7 'ITO J/4 CJiyqaeB Il01'Jl01Jl€Hlf/I Ilp0.1CXOJ1,UT Ha KBa3H;D;€ffTPOHax, a 

1/4 - ua am,qia-qacTH'lHIDC KJJaCTepax. 

TpeTLH PJla:Ea IlOCBml!eHa odcy~.nemuo HBJ1€HIDI BOS6yat,neHIDI BHCOKO

CllllHOEilX H,nepHHX COCTORHRH npa norJIQUlellIDl ru10Ha. Pe% n.neT 00 06-
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napy1Kemrn pattee H€H3B€CTHoro .fIBJ1€HllH, HOTOpoe rrpOJIB!IJlOCb B a!{TII

Bau;lWHHl:JX Oil!lTax Ra:!( B03ciy::<:IJ,eHite R,IJ,epfillX USOMepoB co CiliJHO!-.':, cy

IlleCTB€HHO npeBOCXO.IJ,.Hil;MM cyh1.MapHHi1 yrJl'.>BOti MOM€HT IlllOHa l1 JI.I(pa D 

Ha'la,'l..E,HOM COCTORHHH/4.• 5 •6/. 
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978 ¼ 
208

Pb + Tl- -
208 Ti +xn ) 

!', _ IYRmT/(7+) 

~ ""''T/(7') 

I. r ,,. ... _ .. . ... ,., · .. ,,.-iL. •· ·~ .... ·•-•··"··. ~~ 
'~ . ~ • : . . ' • ·? '. ""f':· •· : ';~?;>; "'Ji;- :'-~"-.1 

. """'· ',.J~';!,.,.. .. ~ • .,. 1• .. , ••• , •. ~--. ·. • . : ,. - ' •• ,, .... 

'ci',',1~y:,{:Ji/,~,t~:,;,,;;C,.,"'•'_~l,:,'~'. ~~,:LJ: J<~C~c~)LC• 

P!ilc .2. CneKTp ra.MMa-nyqeii 1130TonoB TaJimur, ocipaayiomnxcn: B 

·peru<r.um 208 P b or, X n.,) • 

8TOT gJaRT BrrepBHe 66HapyxeH Ha.Mil nyTeM Ha6JIJO,Il;€illffi BhlCOKOCilllHO

BHX USOMepOB 169Tr u198Tr co CilllHOM 7~ B peaRUHH
2~6(5t;xn).b 3TOM 

c.nyqae yrJIOBOH MOMeHT RoHettnoro RJJ.pa 6oJiee qeM B 2 pasa rrpeBoCXOJJ.,'1T 

Haqam,HHii yrHOBO~ MOM€HT (cM.pHc.2). Bepo!:ITHOCT:& o6pasOB3.HHR BH-' 

COKOCilHHOBHX H30M€poB npeBocxo.nn.na B necROJl:&RO pas BepoJITHOCTL 

o6pasOBaHM HHSlWCllHHOBHX llSOMepoB 
1

~6 TI H '
198 TI co CimHOM 2 t. 
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JinJI BhlJICHerum ::noro,Ha nepBHH Bsr11sm,neodHqHoro giaRTa 6:.vm npe,n

npHHJITH .1!.Ba nanpaBJrnrum sRcnepnMeHTaJl.bHOro ncc11e,n0Barum: 

l) :BURCHlfTI,,- RB}IR8TC/J m1 D03!lyll!:,ll8HHe DllC0K0CilllH0BhlX C0CT0llHilil t,. 
OCTaT0tJllllX R,llep ymrnepCa}ll,HhlM /IB}l8HHeM, xapaKrepY.3YKll!lllM Clll! npouecc 

norR0I11emrn m1ona,MJJ:v. CRy11ai1Hm1 qiaKrou, xapaKrepnm.1 ,I\Rll ysKoro Kpy

ra ll)i.ep. 

2) ifom,TaTI,CJI BHJICHl1Tb CSM MexaHH3M B036y;r.JJ.8HHJI llliCOHOCilllHO

BHX JI)].ep1rnx COCTOJIHHM npn nor11omeHHH IlHOHa. 

l1ccne.n.0&1IIBJI B nepBOM HanpaBJl8HllH )laJlli JIPHOe IlOJJ.TB8plJt.neHne 

ymrnepcaJl.bHOCTll JIBJleHHJI. 3HcnepHMeHTU BeJlHCI, B OCHOBH~.l Ha JI)].pax 

'13 odnacTefl li30MCPHHX OCTPOBOB ~~ 82/7- 11/ n ~~50/121, ROTOpHe 

JIB}IR:lli1CI, BeCbMa YJ(Odm,n·t.li C aRcnepnMeHTaJU,HOfi TQq!{H aperum (cM. 

TaOJllll.(y 1}. Bnoc11e.ncTBllll HaI!lH )].aHHHe Il0.I(TB8PJJ.llllllCI, R pa60TaMR rpn-
3.llI<OB CHIia n UEPHa., Hadmo,n:aBlllliX Boa6yllt)].eHne BpamaTeJ1I,Hof1 no11ocH 

OCTaToqnoro P.JJ.Pa B Cil8RTpe "MrHOBeHHux" rar~Aa-11yqeIT np11 IlOPJlOII\8-

Hllll nnona H8ROTOPHMll .I(Elq)OPMllPOBaHHllMll JIJJ.I)3Mll. 

113 Hamnx 3I{CnepHMeHTOB TaHJKe cne,n:yeT, qTo llCCJle,n:yeMOe JIBJle

Hlle He 3aBllCllT OT 1l,8WOPMaim.H JIJJ.P✓fi,G,'13/. 

PeaRilllll 

Bi. (lJ-,~) 

T;:i,6_irnya 1 

BHCOROCilllHOBHe ll30M8pl,l 

Z04Mpt(9-), 203-Pt{13/2+), 202 ... Pb (9-), 
201

"" Pb(13/2+}, 199"' Pb (13/2+), 197 .. PH13/2i-} 

Pb or,,t'.,.,t,) I 198h\TI(7), 196.....,TI {7) 
Bi. (II- ' pxn..) 

TI (TI-, xn,) 

Pb or, pxn) 

Hr(II-, xn.,) 

TI (IC, px n..) 

. + 
199"'Ht(13; 2+),197,..H3'(13/2 )

0 
195mHd'(13/2+), 

193 
to1 H }-(13/2+). 

200 tttA u..(12-), 198.., AL<. (12-), . 196t>\A Lt.,( 12-) 
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(npo~oJ1JKeHHe Ta6mmH) 

AL<. (II-, X 11..) 
19711opt (13/2+), 195"' pt (13/2+), 193"' Pc(13/2+) H'}(TI-,pxt,.,.) 

Pt (n-, Xh.) · 
190,..It- (11-) 

A 1.qrr-, px l'I) 

Ta (II-, x11,) 177m Hf (37/Z-) 

Er (II-, xn.) 
158wi Ho( 9+), 160"'Ho(9+), 162.._Ho(G-) 

Tm(II-, pxt1,) 

I n,(II-, X n,.) 
111 mc J,(11;2-) Sn.err ,px rt..) 

Sb (II-,2pxrt) 

cJ. (lC ,x n-) 106n-Aj(6+), 105"'A3-(7/2+), 104A}-(5+) 

103 Aj (7 /2+) 

Ccl(II-,pxn.,) 111 ""' Pol. (11/2-), 109'"' Pol (11/2) 

Pol.(II-,XI-\.) 106t><l2~{5+), 101 ... R~( 9/ 2+), 99...., R."- (9/2+) 

A'}- (II-, pxl'\-) 105"" R.IJ7/2+) • 97~ RA,...(9/2+) 

po{_ (IC I px 11-) 95t 1?A,t, (7/2+) AC} (Il-, 2px "'-) 

P J (II~ ,2px n,) 101iTc(9/2+), 96 mTc(4+), 9~Tc(9/2+) 

Aq, (II-, 3px~ 94~Tc(6/7), 93jTc (9/2+) 
-

Pol (II-,3px n.) 93mMo(21/2+) 

Aq nr,4px>v> 

Hccne~oBaHne BTOporo HailpaBnenng 6HJ!O CTRMYllllPOBaHO pa6oTOH 

llJlI,HHOBa .ll ~p.131, r.ne JJ.aHO o6~RCHenne JIBJleHHJI B03dylJt.n8HllJI BHCO

KOCilliHOBIIX smepHHX COCTOJIHllfi IlliOHaM.ll Ha OCHOBe HBa3H,newrpoHHOro 
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1.iexaHJ13:-t.a norn01:.1emrn. CornacHo aToMy och,HcHemuo, 3aRpyqirnamie oc

TaToqHoro .fI,Ilpa MO~eT npollCXO,Il,llTb B pe3yJ1bTaTe OTJJ.aqn BHJleTalOOlero 

113 .rr.npa jucTporo HyKJ10Ha. 

l'acqeTH, OCHOBaHH!:,Ie Ha TaROl1 rnnoTe3e, IlOKa3aJIB, 'ITO ,;J,OJlJ!tHa 

naomoJJ,aTbCH HPKO mrpac::eHHM rwppeJI.lIUliH MelK,ny yrJlOBhlM MOMeHTOM oc

T:l.TO'!HOro mwa 11 11.HOllWCTEeHHOCTblO BHJJeTa100UL"'<: HefiTpOHOB. 

Hru.m 3KCI!epnMeHTaJlbHO onpe_;:jeJlHJUlCb :sepOHTHOCTb B036y;K)(emrn 

BHcoKocnRHOBHX l130MepoB 
1·JSm In( J=(i,,) l1 

110 ,.., I~ (1::J'f;,) 

B pe3y JlbTaTe nor JlOII\emrn Ill10Ha qeTHHMR l130TOil8Ml1 OJlOBa. (A:112-124, 

I = o). 

tia pw:: .3 npe,ncTaBJleH nonyqeHHHfi pe3ynr,Ta/
14/, KoTopHi-1 xopo

mo corJJaC:'eTCH C npe,D.cKa3aH11m.rn KB113l1Jl,8HTPOHIIO,H MO.Ii8JlR B03'.5y:ioi:e

Hl1JI BHCJKOCill1HOBHX .fI)l,epHUX COCTOHHl1M np,1 irn-3ax:saTe, 

Om/Og 

1.01-

0.5 I-

0 2 

Sn(rr;xn)ln 
2 _ 1oa1n· 

! -no In 

,., . .f-.... ,* 
I ', .,,, '\t 

I \ 

/ I ' 

-• 
4 6 8 10 12 

-

14 
X 

Ptte.3. 3am!Cl1MOCTb lil30MepHoro OTHOmeHHH B pea.KUIDI 

Sn.m-,xn.)108 , 110 In OT MH02teCTBeHHOCTR Heil:TpOHOB. 

Bee BeJIBqUHH HOPMRPOBaHH R cnyqaJO x = 6. 
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qeT:sepTaH rna:sa nocBSCtena 11ccJ1e.no:saHRIO pacmenJ1emrn cpe;tHHX 

l1 TmK€JlHX ,mep OCT/ll!OBIHll!Hl.M!iCfI nnonru.m. :3KcnepruieHTh1 npOBOJJ.lL'll1Cb 

Ha HIJ:Pax Bi , Pl, , T~ , H;- , k, pt l13 o6nacTR .?~82 11 

SJ,. Sn.. , In , Cd , 11 , I'd 1m odnacT11 i!- ~50. 

J{a.K 6irno )'lK€ cKa3aHo, 3Tl1 l1CCJle.uo:samm B8JlllCb JlJlJI IlO.l\TEepl!l:JJ.e

Rl1JI _HDJ1eH11JI B036ylK,ll;eHRH BHCOKOCill1HOBh1X HJJ.epnwc COCTOHilll.ll Ill10HaMl1. 

C JJ.pyroil CTOPOHhl, npli nepexoJJ.e -OT o6JJaCTl1 THJKeJlHX HJJ.ep K o6naCTl1 

cpe.nm1..ic HJJ.€P npeJJ.OCTaBJ!JleTCH B03MOl!tHOCTI, npoc Jle,IJ.llTb BJll1HHRe Ky

JIOHOBCICOrO -::5apr,epa Ha 3Ml1CCl1IO 3apIDK€HHHJC qacTl1U. 

3ToT :sonpoc no nocneJJ.nero BpeMeHH ocTa:sanc,r cnado11syqenm<M. 

lianrn. U3MepeHHH; oc110:saHmrn Ha iu~eHTt1.iJnKau1rn: oc-raToqmv.: R:nep, no

Ka3aJll1, qTO )J:Jl.'I T.IIii:€JlHJC H.I(ep MHOJ!:ecTBeHHOC'I·I, 3apHliteHHh!X qacTHU 

He npeBocxo)I.RT 1-2, a JJ.JlJI cpe;i:m1x HJJ.ep oHa yaeirntrnnaercH ){O 1i. 

TeopeTaqecKH.e pacqeThl MHOlK€CTB€HHOCTli 3apm:reHHHJC qacTllU npH 

Il-3ax:saTe Ka.K no CTclTH.CTTiqecKO:ii, TaK ll no 3:KCHTOHHOM MOJJ,eJIB uaxo

Jl,HTC.tI .l(JlH cpe,nill:IX HJJ.ep B YJJ.OBJleTBOPHT€JlbHOM corJ1acm1 C Haflli!Ml1 

3KCnepHMeHTallbHh1Ml1 )J:aHHhlMR. 

HoBHe ~e ,naHHHe, nonyqeHHHe Ha M630HlllJX tadpHKU loc-Alla.MO

ca R GUila, Tamire no,nTBepxJJ.aJOT Hamn pe:iyJU,<raTh! • .I(M Heil:Tpono.rr:eipm.mT

HHX R30TOilOB Hap.lI.ny C KyllOHOBC:KfTh! oapr,epoM Ha BHXOJJ, 3ap5IReHHHX 

qacTl!.Il; BJll1HeT COOTHOilleHH€ 3Heprl1tt CB.II3l1 He:iiTpOHOB H npOTOHOB. 3a

MetieHO, 'iTO B peaRr.urn A }-(II-' X n-yp) pacnpe,n;eneHRe qHCJla HettTPOHOB 

He 3aBflCRT OT qRcna npOTOHOB R 11MeeT rpanmzy Ha N= 50, T. e. nprr 

.l(OCTl1~€Hl1H 3aMKHYTOM 060J1oqK11 BMeCTO He¼TPOHOB BHJleTaIDT npOTOHH. 

EcTeCTBeHHO, 3Ta Cl1TyaURJI B03MOXHa npH MaJlbIX aneprRJIX B036y)KJJ.eHHH, 

Kor;i:a RcnycKaeTcJI 6om,moe q11cno HYKJ1ono✓12/. 
Ilma.rr r.na:sa Il0CB.ffill€Ha llCCJJe.)iOBUHHIO .n;eneHJl.li cpe;i:HllX ll Tm,e!lHx 

.fI,Ilep Ilil01laMH • C IlOMOII\blO HU3KOq)OHOBHX CJlIQltlIHhlX ,neTeKTopoB 

onpeJJ.eneHH OTHocnTeJlbHHe BepoHTHOCTH JJ,enellUI H,IJ:ep OT -'J .no ll 
( 15 HJJ.ep). 
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Pnc.4. BepoJITHOCTl> .Il,8Jl8HllH R,I!,ep OCTaHOBllBlllllMRCH IlllOH8Mll. 

TOtJRll - Ham 3RCil8P,RlvieH/15/. , . 

JfuHRR ' - pasnRtJHHe BapllaHTh! TeOpHH/35/. 

Ha pnc .4 noRasaHH. HaJJIB aRcnepRMeHTanm,ie TOtJRn/15 • 16/ B cpaB

HeHnH c pactJeTHHMR 3HatJeHMMll 113 pa60TH .11llRHOBa R .I!,p/3/. 

AHaJlOrlitJHHM peSyJll,TaT IlOJlytJeH BilOCJle.IJ,CTBRli Ha MeSOHHOn wa6-

pHRe CVJH C npl'IMeHeHReM .IJ,eTeRTOpa"CIIBHHep. n · 

B ,IJ,UccepTarurn: TaRll(e llCCJl(;l.Il,OBaJlOC!, "BJlliHHRe RaHana .IJ,eJleHRH Ha 

pacnpe.IJ,eneHne MH01KecTBeHHOCTR He:i!:Tpoao/17 I. B cJ1yqae cn}ll,HQ!\~.M-: . 
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A 
V ( 

I118rOCH H_n,pa 232T h, pacnpe_n;enemrn MHOi:WCTBeHllOCTli HCMTPOHOB 3HatJl1-

T8Jll,HO Y)lte, tJeM B cJ1yqae cnado.IJ,eJLqmerocR H_n,pa Pl:, • 

3ToT aKcnepnMeHT BHIIOJllieH B pa,uROXl!l\'.lltJ8CROM BapRaHT8. Pen.1-

CTp.l'lpOBa;mc1> afil(ia-_paClIB,lill ll30TOlIOB aCTaTa, .f!BJJ.f!JJillllXC.fl BHy'!aTHl,!ll 

ll30TOlIOB aRTllHRH. 

B· mecTo:i!: rnaBe paccMaTp1rnaeTCR pesy }ll,TaT UCCJ18.Il,0Dallll.fl 

O.Il,HOHyRJJ.OHHOro 11 .Il,ByxnyirnOHHoro rrornomemrn Il.l!Olia B C"B.f13.I! C H8KOTO

Pl1Mll npoClneMru.rn cTpyKTYPH aTOMHoro R,I1,pa. 0.IJ,HOi-1 Hs Tru<nx npo6neM 

.fIBJlH8TC.fI Il.l!OHHa.fI KOH.IJ,eHcarzyur. 

3aROHbl coxpaHCIDl..fI a"Hepr1rn: H HllyJll,Ca Tpeoym .Il,Jl.fI O,Il,HOHYKJlOH-

HOro nornomemm n.110HoB B R,Il,pe nMnyn1>ca BHyTp1rn.nepHoro HyrrnoHa na

PR,B;Ka 500 MaB/c. C ,Il,l)1roi1 CTOPOHll, WfiIIY}ll,CHOe pacnpe.IJ,eJleHHe HyR

JlOHOB B H.IJ,pe IDAeeT rpamruy 3Ha<ll-!T8Jll,HO HRJKe 3TOM B8JllltJIWH, tJTO 

COOTB8TCTBY8T CRJll,HOMy IlO,I1,aBJ18HlUO 0,Il,HOHyRJlOHHOro nor Jl0[118HHH IlI:IOHa. 

0,IJ,Ha:,o B pa60T/'18I 611J10 noKasano, .tJTO J3 cnyqae cymecTBOBaHIUI 

IlliOHHOro KOH,Il,eHcaTa B R,IJ,pe .Il,OJllltHO npOl!CXO,IJ,UT!, ycHJ18HHe O,IIHOHYRJlOH

HOro IlOI'JlOill8Hli.fI IlllOHa B 1o2-103 pas,H,IIO MH8Hlll0 aBTOPOB, Oill:IT no· 

ll3MepeHillO B8PORTHOCTll O,Il,HOHyRJlOHHOPO nornomeHH.fI M8.Il,Jl8HHOrO nnoHa 

aTOMHb!Mll R.IJ,p8M0. MOlKeT RBHTI>CR ItPRTMtJeCKUM 3Rcnepw.eHTOM .Il,Jl.fI OT

BeTa H~Bonpoc: ecTl> JIB IlUOHHilM ItOfi.Il,8HCaT B R,I!,pe? 

B HameH paOoT/
19

/ onpe.ueneH BepXHMU npe,IJ,eR BepoRTHOCTR pe

aKrurn 181Ta(Il-, n.) 180
"' H/ . OH oRasallCR paBHHM 10-5. 

TIOJ1Y'l8HHhlil pesyJµ,TaT IIORas1rnaeT. BO-nepBHX, '!TO Hepa,IJ,U~OH

Hlffi saxroT IlllOHa B R,IJ,pe nponcxO,IJ,HT rJlaBHHM oopasoM Ha HYRllOHHHX 

acCOUHaunmc, a He Ha OT.Il,8}1!,HhJX HYRJlOHax • 

3TOT BhlBO.II, cornacyeTC.fI C aHa.JIBsOM Bb!COR03HepreTHtJeCROTI tJaCTll 

cne1tTpa He:i!:TpOHOB, HcnycRaeMHX IIPR saXBaTe OCTaHOBllBmliXCH IlMOHOB 

R,IJ,paMU, r,IJ,e He 06HapylKeH IlliR OT 0.Il,HOHYRJlOHHOrO norllomeHH.fI. Bo-BTO

PhlX. ecJIB ,Il,8UCTBHTe}ll,H0 cymecTByeT O,Il,H03HatJHa.fI CBH3l> Mew 0.Il,HO-· 
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HJK/lOHlillM nor/lO'.I!eHll:eM Ill10Ha Il Illl-KOH,ll;eHCaTOM,TO Ham pe3y.11I,TaT ml

rureTCJI npRM.HM yKasaHHeM Ha TO, 'ITO B pea./lI,HHX HJtpaX m1-KOH,ll6HCaT 

OTCJTCTByeT. 

,Upyroii npo6JleMoti, OOCYiR.ItaeMOW B )iaHHoil PJla.Be, .fIBJ1JI8TC.fI TeK-

• cTypa. gnepHOH nonepXHOCTH. B name11 pa60Tel10, 2o1 onpeJtellRJlOCb OT

noruem1e ceqeHnil odpaso:saHWI HsoTonon 
200

Pb H 200n B pesyJlbTaTe 

peam:Uiil Bi (lC, 9n.) li!. Bi ,n-; p8tv). li3 3TOro OTHO!nelilUI Y, HaH

,neHO oT~omemrn hf-H pp-KnacTepoB Ha nonepxHOCTH .ff.lUla R. : 

/2, = ;11,;p /\., 
!Vtt 

.f:_:)_ 
2 

= 5,0 ± 2,8 , 

fionyqeHEHN pesyJU>TaT norra3!rnaeT npe11MyU1ecT:seHHy10 o6orameHHOCTb 

noBepxHOCTll. TJi:;r:enoro HJtpa np-RnacTepaMu, no cpanHelillro c pp
KnacTepa.MH. 

3To ,rnJ1eHue 6uJio xopomo asBecTHh!M ,n;JlJI J1enrnx JI.Ilep, a B cny.;.. 

qae TJI:r:eJ111x: m:i;ep cymecTBOBaJJa 6oJlbrnaJI neonpe,n;eJ1ennocTb. 

PaccMOTpenHHe B 3TOM rJiaBe .IlBa rrpm~epa IlOKa3HBalOT, 'ITO on11-

T!l no nu-saxnaTy JIBJllllOTCJI BalKH11MH He TOJlbKO ,ItJlJI BHJICH6Hl1ll Mexa

HH3Ma CaMOtt peaKIU1ll, HO l1 CJ1y1KaT HHCTpyMeHTOM .IlJlH HCCJle)l.OBaHlIB 

cTpyRTypu HJtPa. 

.B cenbMOH rJlaBe IlpeJtJJ.OlKeH HOBHli 3Kcnep.11MeHTaJlbHHM no,n;xo,n; K 

liCCJle.noBaHmo M630Xll..V.ll'leCRHX sf,'.xpeRTOB. 

;ii3BeCTHO, 'ITO Meso:mr1mqecrrne 3(P-f6RTH UCCJ16,LIYIOTCJI .IlJlJI o6rnnp

H0l'O R 11acca BO,IJ,OPOJJ.CO,lleplltall!HX coewrneHHti no CTeneHll. IlO,l\aBJleHUJI 

peamum nep~sapn.n.rrn n:aoHa: 

1r + p -Ii0 + n. 

OnnaRO 3Rcnepm.;eHT8JlbHHe )J.aHHI,Ie 06 OTHOCM'i'6JlbHUX nepoJITHOCT.fIX 

ojpasOBafilLq llHOHHhlX aTOMOB B Xl1MH'l6CR!1X coemrnemmx: TJI;Jt€JillX 3Jle

MeHTOB BeCbMa CKYJlllhl. 

12 

VJ3--3a CHJlbHOPO ilHOH-JI,IJ,epHOC'O B3aHMO.ll,8MCTBVill O'rGYTCTBYIOT RaK 

paella.!\ OTpnu;aTeJlbHOro nHoHa C M830aTOMHHX opdnT, TaR H pa.Itnau;;10H

J1He ncpexo.nH Me,:..ny nns1wJ1e:KalI\V.MH cocTOJIHfI.fIIV,n nuom1oro a Torm. 110-

aToMy ,IJ,JlJI H3Y'l8Hll.JI. B/ll1JIH.ll.JI xm:.n'leCKI1JC CI:JI381-i Ha BCf,OJITHOCTb oc5-

paso:samrn Me3oaTOMa H3MeplIJll!Cb Jlll.lllb OTHOCHTeJlbHHe HHTencHBHOCTH 

peHTrenoncKnx JlyqeL, ucnycRaermx npH nepexo.ne nHoha c o,nnoro 

BbICOKOJie~aniero ypoBHR Ha .npyron. 

flpeJtnaraeMM HaM:n rt.eTo.Itmrn onpe.n.eJ1eHUJI oTnocaTeil..bHoH nepom

HOcTn oopa30B8HIHI MesoaTOMOB B Xl1MU'leCRHX C oemi11eml.HX OCHOroHa 

Ha !!,I\8HTHCf,HRaIU1H IlO HaBe,ll,eH!-!Ofi J;)aJlUOaI{THBHOCTl/
21/, 

C HCI10Jlb30BaHHeM 3TOi1 MeTO.ll,HRH Mbl HCCJie.n:onaJll! BeporrTHOCTb 

odpasoBaHHJI IlHOHHoro aTOMa iiio.n;a B :ri]OJJ,U.Itax qeJlO'lllHX aJleMeHTOB: 

L, j, NA J, kJ, R, 1,7 H •'t's 7 . B cJiyqae aToro npocTefaner::i 

Tnna 6HnapHHX coen,nHeHHlf. pesyJibTaT 3RCilepUMeHTa y,n;OBJ1eTBOPHTOJlb

HO corJiacyeTCJI c nr;e1icRasaHH.HMH " ~ -sarrnHa" 1/epMa-TeJ1J1epa. 

Mu nccJie.nonallll. TaI<:Ke coe,IJ,HHeHn~ {' d Te n ;?,,,_ Se , a Tmoi-;e 

cooTneTCTBy!O!J1ll.e HM Mex:aH11qecK11e c1,:ect1/
22/. IloJ1yqemrne .uaHH11e 

BeCbMa CXO.ll,HH C .ll,aHH!:JMll rp1rna H KyHceJlbMaHa, HCCJl8ll,OBaBIHHX 3TJA co

e_n;nHeHll.ff no HHT8HC.0.BHOCTl1 MesopeHTreHOBCKoro ll3Jiyqemrn. 

TIOCKOJlbKY B03MD1KHO BJlll.HHlle CTeneHH sepnncTOCTU cpe_]U1 Ha H3Y

qaeMHfi a@leRT, CTOJlb TOqHHi1 ll. _npocTOi1 M8TO,ll, H.ll,eHTli!QlHRail,!1H ojpaso

BaHHJI MesoaTOMa MOJKeT OHTb HCilOJlb30BaH .ll,JlR pemeHHJI O'.JJ;)aTHOtl 3a,na

qn, T.e • .IlllR H3y'leHHJI IlOBe,n;eHruI Me.ll,Jl8HHb!X Me30HOE B 3aBHCHMOCTH 

OT MaKPOCKOilll'l8CROfi CTpyRTYPbI BemecTBa. 

PaccMoTpeHHble B 3TOV. rnaEe 3RcnepIDvleHTbl .IteMOHCTpnpyIOT B03-

MO:KHOCTH MeTO,IJ,a aRTUBaIJJrn H.1{ep OCTaHOEllBlllHMll.CJI OTpHu;aTeJlbHHMH 

IlllOH8Mll .IlJlJI HCCJle,ll,OBaHHJI npouecco_B, npOHCXO,IJ,.fflJ(IDC na aTOMHOM CTa

.ll,Hll B3lliiMO.ll,efiCTBllJI IlHOHa C BemecTBOM. 
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OcHOBlille pe3yJU,TaTll ,n11ccepTar.urn BRpaTue MOlKHO C~OPMYIDiPO

BaTl, CJ1€.IJ:YJOOl.llM oelpa30M, 

1. ½3MepeHO pacnpe,n.eJleHHe MHOlK€CTBeHHOCT.ll HeiiTpOHOB, v.cny

CI!aBMIDC B peam:um Pl, ( 77 ~ x n.. ) • Ilpn 3TOM oelHapylitelill ,n.ra pa3-

JJ,em,HHX MaiiCHM~'Ma B pacnpe.n.eJ1emm, KOTOpne RllTepnpeTHpyroTCH COOT

BeTCTBYlOlll.lJMll .ll,BYM pa3HllM (KBa3H.ll,€llTPOHHOMy H am,ipa-qacTHqHOMy) 

MexaHlil.3M8M IlOI'JlOll(BHlil.H Illil.OHa. 

2. 06HapylKBHO paHee Helil.3BBCTHOe HBJleH.lle .IJHTeHCHBHoro B036yJK

.ll,€Hlil.H BUCOKOCilllHOBHX HnepHHX COCTOHHRM npH norJlOll(eHJil.Jil. IlROHa. 

3. B pe3ym,TaTe npOBB.ll,BHJil.fl 3KCil€Plil.MBHTOB Ha 60JU,IDOM q.1JcJ1e 

a,n.ep IlOKa3aHo, qTO B03Clyllt.ll,eH.lle BHCOKOCilHHOBHX H.ll,epHHX COCTOHHlil.M 

CM3aHo c ca.Mm:. MexaHlil.3MOM norJ1on1eHlil.fl Illil.OHa lil. HaJluqne ero He 3a

nncHT OT TillillX xapaKTBPlil.CTlil.K HJJ,pa, KaK Macca, 3apR.IJ:, ,neqiOIJMaUHH • 

4. 06HapyxwHa KoppeJJJmllH MelK.ll,y MHOlKeCTBBHHOCTl,IO lil.CilYCKaeMnx 

npn Illl-3axBaTe HBMTPOHOB ll BepOHTHOCTl,IO B036y,K.JJ.eHlil.H BHCOROCillil.HO

BhlX COCTOHHlil.ll OCTaTOqH!,IX R.IJ:Bp. 3TQT q,aRT CBll.ll,eTeJU,CTByeT o TOM, 

qTO- HBJ1€Hlil.€ B036y,K,D.eH.llH BHCOKOCilllHOBllX COCTOHH.llll .n.efiCTBllTBJll,HO 

CBJI3aHO C IlOf'JlO!:l,eHaeM IlllOHa KBa3H.ll,ellTPOHHllMll KJlaCTepaMH Ha no

BepXHOCTll H.JJ.Pa. 

5. IloKa3aHo, '!TO MHOlKeCTBBHHOCTI, 3apRJKeHlillX qacTllU B CJlyqae 

norJloll(eHllH nnona TJIBeJlllMll H.lJ.PaMll He npeBOCXO,nliT 1-2, a B cpe.ItIDIX 

HJJ,pax yBeJlliq11BaeTCH .ll,O 4. 

3ar~eqeH 3ifxpeKT KOHKypeHUlll1 MeJK,ey 3MHCCllefi HefiTpOHOB H 3MllC

cuen npoTOHOE Ha ncnapnTem,~ofi cTa.ll,llll perutuuu. 

6. Onpe.n.enelill OTHOC.llTBJll,HHe BBPOHTHOCTli .ll,€Jl€Hlil.H cpe.ll,HliX li 

T.<IlKBJlllX R.IJ:ep ( OT A~ .ll,0 U ) OCTaHOB0:B!Dlil.MliCH IlliOHaMll. ttccJJ.e.ll,OBaJl..:

CH 3ifxpeRT KOHKypeHIJ.llH MeJK.nY 3MHCCH€H H€MTPOHOB H RaHaJJ.OM .n.eneHHH 

B cnyqae CllJU,HO.ll,BJl.<Ill!HXCH R.IJ:ep. 
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7_. Onpe~eneHa Bep:mim rpamma BepoHTHOCTll o,n;n0Hy1rnom1oro no

rJlOll(emrn nnoHa ( 10-5 ), IWTOpaH yKa31rnaeT na OTCYTCTBY.e mrnHHOrO 

KOH,neHcaTa B HOpMaJll,H!,IX JUI)ax. 

8. IloKa3ano, qTQ q,ICJlO 11,f-KJlaCTBPOB Ha IlOBepXHOCTH T.f!:?.CJlllX 

R.IJ:ep 3Ha'!HT€J11,HO npeBOCXO,nllT q.0cJ10 pp-KJlaCTepoB. 

9; IIpe.ll,JlOJlteH HOBHM MeTO.ll, .ll,M M€30XHl,rnqecm1x lil.CCJ1€.ll,OBaHUM, 

cymecTBBHHO paccmpH!Oll(llM llX B03MO:i".JIOCTll (MeTO.ll, aJ(Tl1BaI.Ull1). Iia 

npnMepe npocTelllill1X 61map1mx coe.nnHenni: npo,ne1wncTpupoBaHo .IJ.O

CTOHHCTBO MBTO.ll,a, 
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