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B B91!l9CTB9 OTpRIJFl.TeJIDHJie MllOHll aaMeMJDJTCH H sa'l'fn.a SaxBa'l'HBaiDT

CJl aTOMaMH Cpe,Iti:l, o6pasySI MIDOHHll9 aTOMH, r.ne O,ltiiH 3JI9KTpOH 3aM911t9H 

MIOOHOM. IlpH ,li;OCTmteHIDI JJ- COCTOSimiH MllOH COXpaHl19T He ciOJiee 

. (I5+20)% nepBOHa~HOft llOJIHpHSanKH.·MmoHHHI aTOM MOEHO npa,li;CTaBHT~ 
KaK aTOM, COCTOffilVilft HS llC9BltMJq>a ( Z + f' - ) H HS ( Z - i, ) SJI&K'l'J?O

HOB, llOCKOJIDicy' MilOH B 1 S- COCTOJ'IHD pacnOJIOll9H npBMapHO B 200 pas 

6.1Imte K H.ItPY. 11aM is- aJieKTpoHii, H axpaHHpyeT sapH.It Jtiqla Ha. e,ltiiHH

cy. CJie.ItoBaTeJI~Ho, npH srurnare nOJIHpHSOBaHHoro MIJOHa aTOMaMIII cpe.ItH 

o6pasyeTCJI CHCTeMa1 KOTOpy!) MOlltHO . paCCMaTpKBaTl> KSK Mal'HHTHJift SOHlt. 

CJie,na: sa CY.Itl>6oft MIJOHHoro ·aToMa, MOEHO l'isytmu ero Ma.rmrTHiie :BsamAo

.neftcTBHH CO cpe,D;Oft H CBOftCTBa cpa,li;H B M9CT9 ero JIOKaJIHS~H. 

PaccMoTpZM, xarma aTOMH, BXO,WDlllle ~ COCTaB BHCOKOTeMirepaTYPHHX 

OBepxnpoBO;llimKOB, MOryT ciHT~ HCCJI9JtOBaHJi C llOMOIItl>D OTpznB.T9Jil>HHX MlOO-

HOB _f~SR-MeTOJtOM. . 

BpeMil usmr. /I/ MDOHa B.i S-cooTOHHHH aToMa KHCJiopo.na npHMepHo 

Ha nopH.ItOK ciOJI:Dille, 11eM B 1 S- cocTOHHHH Jt.PYI'HX paccMBTpHBaeMI:lx aTOMOB 

<Cu., Sz. , y , Ba, /lid. E u , Gd , Ho, Bi.). c.ne.noBaTeJII>Ho, sJieKTpOHii 

OT pacna.na MIOOHOB B {$-coCTOSIHHH KHCJIOpO,lta JI9I'RO MOl!HO 0T,lt9JIPIT~ OT 

3JI9ItTpOHOB .f' -e pacna.na HS ·JtPYl'HX STOMOB. 0THOCH'r9JI~HSH BepOJlTHOCT~ 

pacna.na MllloHa B KHCJiopo.ne HaMHoro ciOJIDme, 119M B JtPYI'HX aToMaX; KHc

Jiopo.n npaK'l'H119CKH HM99T OJtHH HSOTOll CO CIIHHO_M H,Itpa, OOBHHM HyJID. 3TH 
06CTOJlT9Jil>OTBa JlBJIHDTCH 6Jiai'OllPWlTCTBYJW(HMH Jr,liSl HCCJI9,li;O:saHWl.aTOMa 

KHCJIOpOJta, BXO.wmtero B COCTSB BTCII. HSB9C~01 liTO OCTST011HSH noJIHpH

saD;WI MlllOHOB B KHCJIOpO.It9 .ItOC'l'HraaT 15% / 2 , TOr,ll;a ~~ HanpHMep, J1,JIH 

M9JtH, 06~eft CIIHHOM I = 3/2, ORa 6JIPI3Ka It HYJID 2 • llOCJI9.ItH99 

o6yCJIOBJI9HO B38HMOJt9ftCTBH9M MarHHTHHX MOM9HTOB MIJOHa H Ji.Itpa H 6HCTpH

MK nepaXO.ItaMH MSZJtY COCTOJlHRHMH CB9pXTOHKOft CTpyKT1,PH. llo TOft Z9 llpH-

11HH9 OCTa'l'OliHSH llOJlflpHSSD;Wl MIOOHOB B iS- COCTOHHHH ciOJI99 TH1l9JIHX .· 

aTOMOB { Y, Ba, iVd, E u , (Jd , . Ho, L3L ) c OTDliHHM OT HYM H,ItepHHM Mai'

HHTHHM MOMGHTOM ciy.IteT ciJIHsxa K HYJID. Hs BHmeHsJiozeHHoro CJI9JtY9T, liTO 

c noMo~D OTPHDaTeJil>HHX MIOOHOB JU SR-MaTO,li;OM MOlleT ciHTI> l'icCJie,D;oBEi.Ho 

noBe.neHHe aTOMS KHCJiopo.na B BTCII~ . 

Hs sxcnepHMeHTOB c OTPHIJFLTSJII>HWm MDOHaMH MOlleT ciHT~ n0JIY119HS 

HHqK>~ o c:eepxnpoBO.ItHHKaX,aHBJIOrH11HM Toft, 11'1'0 llOJJY'1IS9TCJl HS fJf<
axcnepHMeHTOB C llOJIODTSJI~HHMH ~HSMK (rJIYciHHa npOHHKHOBeHKR BH9IDH9~ 
ro MarHHTHOrO llOJIH B COOpXnpOBO,li;HHK , BOSHHKHOB9HH9 MarHHT0ynOpH.lt0-

119HHHX cocTOHHd B cBepxnpoBo,li;HllleM coc'l'OJlHHH H T • .It.).: O.mtaKo CJie.ityeT 
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yqecT:&, qro OTPHDaTe~:&HHe H no~OEHTe~:&HHe MDOHH B KPHCT~e ~o~
symcJI B pasHHx no~oEemmx. II osToMy npoBe.It~HHe HesaBif:cHM!lX f S R
HCM9.ItOBamd! C nMOllHT9~:&'HHMK H OTPHI.1llT9nHHMH MJJOHaMK IIp9,ItCTaBJIJJ.9T

CJI Heo6xo.ItHMilM. 

B npeJl!l.liYiltllx paccYE.IteHHJIX npe.ItiTMaraJioCI., 'ITO B BTCII :us ocTa

HOBHB!llHXCJI MIOOHOB 3Ha'!UIT9nHaJI 1JaCT:& 3axBaTI:lBa9TCJI aTOMaWr KHC~OpO

,Ita. ,li,JIK npoBapKH 3TOI'O npe.ItiTM0119HWl 6WIO npOB9,It9HO HSM9peHH9 OTHO

CHT9~:&HOft BepoJITHOCTH saXBaTa MDOHOB KHMOPO.ItOM ~ H9KOTopux BTCII. 

HaMepeHRa npoBO.llHXHC:& Ha cenap:upoB~HHOM rryl!Ke c·HMDY~:&cOM 125 MaB/c 

HS M930HHOro KaHaJia «lJaSOTpO.Ha .IDIIl"'OIDlli. 06pasna: BTCII 6WIH HSI'OTOMe

HH TaK !te, KaK ·orr:ucano B pa6oTef3/. 
0THOCHT9~:&HaJI BepOJITHOCT:& SaxBaTa. MilOHOB KHMOPO.ItOM BTCII onpe

.It9JifiJIB.C:& ITyT9M CpaEH9HKH BHXO,Ita 3~9KTpOHOB pacna,lta HS f S- COCTOJIHHJI 

KHC~OpO,Ita B HCM9.JlY9MOM 06pas~e H HS o6pasna, COCT0~9I'O HS H20• 

,Uml Kaar,n;oro BTCII :usroToBJieHa MHil!eH:& :us H2o TOJIIIII{Ho:lt, aKBHBaJieHT

HOI TopMosHol TO~e BTCII. HanpHE9HHOCT:& BHemHero,nonepel!Horo CITHHY 

MDOHa Ma!'HHTHOI'O n~ COCTaBnRna 100 3pCT9.It: S~eKTpOHH pacna,Ita perH

CTpHpOBaJmCI> B T9'I9HH9 8 MKC noMe OCTaHOBKH MIOOHOB B Mm!l9HH. BpeMH 

M9~ C06HTHJIMH OCTaHOBKH MDOHa H ~eTa 3~9KTpOHa pacrra,Ita npeo6paao

BHBaJIOC:D B KO.It H SaiTHCHBaJIOC:& B IIaMJITD. liiHpHHa BpeM9HHOI'O KaHaJia B 

STHX HSMepeHHHX COCTaBn&na 40 HC. 

Ms .Itamn.tX no pacnpe.Ite~eHHil a~eKTpoHoB pacrra,Ita Bo BpeMeHH MeTO

.ItOM HaHM9HDmHX ~aTOB Onpe,Ite~CJI BHXO.It 3~9KTpoHOB pacnana HS KHC

~opo,Ita. IlpH o6pa60TK9 Ha~:&HHI YlJaCTOK cneKTpa B ,ItHarrasoHe .ItO 500+ 
800. HC He npliHHMaJICJi BO. BHHMaHH9; TaM CaM!lM H3 o6pa60TKH HCRJIIOT:JaJICJI 

BKJUUt 3axBaTa MOOHa TSlll9JIIIMH aTOMaMH, nOCKO~:&KY paS,IteJlliT.b H90RM.b-

RO 3KCnOH9HT C 6Jm3ItHMH Bp9M9Hrum USHH MOJltHO. 0CTaBJIIaJICJI 

1JaCT:& cnexTpa annpoKcEMHpo~c.b ~e~eli wyHKqHeli: 

/lift) =l'lo ·[t+a·co:J(uJt + 'f)]exp(-tjr:). + C, 
!'":-" 

I'.It9 '{., - Bp9Wi EHSHH MllOHa B KHC~OpO.It9, a - K0~~9HT aCHMMEI'l'pHH 

3~9KTpOHOB pacrra,Ita, bU .- ~CTOTa rrp9~9CCHH cnHHa MDOHa B MBI'HHTHOM. 

. no~e, "f - Ha~:r.HaJI !l)asa npe~eccHH, C - ifloH MyqaiHHx col3niuteRHA. 

. Pesy~:&Ta'l'H l!SM9peHH:It, BiiliOJlH9HHHX rrpl! KOMHaTHOI T8MII9paTYpeo 

rrpHBe.IteHH B TadJI~e I. SKcnepHMeHTanHHe itaHHHe no BepOJITHOCTH aaxBa-

. TEi ··MDOHOB Kl!MOPO.ItOM cpaBHHBB.IlTCJI c pacl!9THHMH · SHa'IeHWIMK We OLe. Wcae 
6~ nOJiy-qeHH no Cpe,ItHml 3Ha'I9HIIJDI OTH0Cl!T9~:&HOI BepOJITHOC'l'H SaxBaTa. 

MllOHOB pasHHMH a~eMeHTaMH B 6HBB.pHHX coe.ItHHe~ ( OKHCJIH, WTOpH.J:tH, . 

XJIOpH,lOi, l!O.ItH,lW, 6pOM!IllH, CyJI$.J:tH) HS pa60TI:l 4/. llpHBe,It9HHil9 OmH6-

KH B Wca.e BRJI!l1Ja~ Ollll!6KH Cp9.Jn19I'O 8Ha"'9HWI BepoJITHOC'l'H sax:BaTa 

MJ)()HOB 3~9M9HTBMH 14/ l! OIDK6KH, · CBJISaHHHe C KSM9H9HH9M RMH'I9CTBA 

a'l'OMOB Kl!c~opo,Ita B BTCII. 
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Ta6nnna I. OTHocHTe~:&HaJI BepoJITHocT:& 3axsaTa MDOHOB KHc~opo.ItoM 
B BTCII -

JeJ6 06paae~ Wexp , % WeaR• % 
nn 

I Y 8a.2, Cu 3 0; -E 2I,? ± 0,4 25,6 ± I,5 
2. Nd Bo..?. Cu3 0;-o 27,I ± 0,4 22,6 ± I,5 

3 Eu Ba.,2Cu. 0- r I9,7± 0,6 23,8 ± I,3 
4 G. 3 7-v 19,6 ± I,O 22,6 ± I,3 -d Ba.2 c~.~.3 oi'- s 
5 Ho 13CA.z Cu3 o, . .; 28,8 ± 0,6 22,0 ± I,3 
6 8;.~ [a_ Sz,z Cu~ 09.[ 33,1 ± I,O 27,6 ± 1.,5 

Ms Ta6Jil!Il)l I BH.J:tHO, qro BO Bcex KaMepeHHHX ~6paSIJFlX BTCII BepOJITHOCT:& 

3axBaTa MllOHOB KHMopo.ItOM cocTa~aT 6anee I9 npo~eHTOB. ~ H9KOTO~ 
pux o6paa~oB We)(p H Wca.e CYIII9CTBeHHO OT~lJallTCJI. O.ItHaKO BpH.It 

~ MOlltHO npH.ItaBaT:& 60~:&moe 3Ha'I9HH9 STOMy <fJaKTY, T~ KaK \-Vcae 
Bll't!HM9HH no Cp9.Jn19My- 3Ha'I9HHil B9pOJlTHOCTH SaxBaTa MllOHOB 3~9M9HTaMH 

B .ItPYI'HX THIIax coa.ItHHeRHI. J{aHHHe no oTHOCHTe~:&Hol BepOJITHOCTH saxsa

Ta MOOHOB KHMOpO.ItOM MOryT 6HT:& no~eSHHMH ripH MaHHpOB8HIDI .J:tpy:I'HY 

3KcnepHMeH~OB c oTpHDaTe~HHMK MOOHaMH B BTCII. IlOJJY119HHHe pesy~:&Ta'l'H 
nOitaSHBallT, qro IIpH ~'IKH 3TE1JIOHHHX o6pa3~0B MOEHO onpe,Ite~T:& KO~

'I9CTBO _aTOMOB KKMOpo,Ita B HCM9.J:tYEIMOM o6pas~e ~ ll9 MQzHO M9ltHTD 

sa H3M9H9HK9M KO~'IeCTBa KHMOpO,Ita B 06pas~e BO Bp9M9HH, Harrpm.tep, 

npH 8!'0 .ItO~OBp9M8HHOM XpaH9Hl!H. 

Ta6Jmna 2. Oc'l'aTO'IHWi nOJIJq!Hsa~ nanouTe~:&HHX H oTpHIJ.B.TM:&HHX 

MOOHOB B BTCII npH KOMHaTHOI · TeMrrepazype.. /1 - CKo

pOCT:& pe~CaUKH CrrHHa nMOEHT9~:&HHX MllOHOB 

06,paae~ 

I Y Ba.;,. C"'-3 07:" 
2 ·f'lc~-BO?_ Cu~ O,_J-
3 Eu Ba.:~. Cu3 Oi-S 
4 Gd Baz Cu3 o~ .s 
5 Ho Ba_2. Cu3 0~-.r 
6 Bi.z Ca. Sz.2.~.z Os.s. 

_;v-

a;ac 
- 0,18±0,05 

O,I?;t0,05 
0,15±,0,05 
0,14±0,05 
0,13±,0,05 
0,35±,0,05 

..!'-'~' 

a faa ... 
0,93±,0,01 
0,93±,0,01 
I, 03±,0,01 
1,02±0;02 
0,9±,0,01 
0,8B±.O,OI 

A' 

0,2I±O,OI 

B Ta6~ 2 npe.ItCTa.M9HH pesy~:&TaTH HSMepeHHH OC'l'a'J.'Oq&OI no~pl!~ 

38nm'! OTpHDaT9~I.HHX M!JOHOB B J $- COCTOJIHHH KHMOpO,Ita B BTCII npH KOM::

HaTHOI T9Mrr9paTYpe. l13Mep9HH9 OCTaTO'IHO:It rranJipRsanrur npOBO~OC:& B 

TaX lla YMOBHJIX, 'ITO H npH HSM9peHHH OTHOCHTMI.HOI B9pOJITHOCTH aaXBa'l'l: 
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MlDOHOB KHCJIOpO,ltOM. ,ll.n.R. MmiieHeA Nd 8a.."'Cu3 0,-l" H Ho Ba_z Cu3 0;-E 
6HJIK npoB8,1t9HH H3M9p9HHH H npH mHpHH9 Bp9M9HHOrO KaHaJia 5 HC. ~ 
KOHTpOJIH 6HJia H3M9p9Ha OCTaTO~ llOJIHpH3a~R UOJIOEHT9JIDHHX MDOHOB 
BO BC9X o6pasnax. ITpHB9,lt9HHH9 B Ta6JIHUe 2 3Ha~eHHa OCTaTO~Oli llOJIHpH
san;xm B BTCIT HOpMHpoBaH!l Ha OCTaTO"HJYD nOJIHpH3aitHD B 6pOMcxpo:fU9 H B 
rpatflHT9 COOTB8TCTB9HHO ,ltJIH llOJIOEHT9JI:DH!lX H OTp:!maT9JI:DHHX M!lOHOB. 

3Ha~eHHH ocTaTO~oA nOJIHpHs~ nOJIOEHTBJI:&HilX M!lOHOB B BTCIT, no
JJY~~e HaMH, He. npOTHBOp9~T H3MepeHHRM ,lij)yrHX aBTOpOB . ( CM., Ha!IpH
M9p, Sl). Bo BC9X o6paanax Ha~aeTCR CHJI:DHaa ,lt9llOJIHpH3a~ OTPHUa~ 
TeJThHilX MPJOHOB B 1 S- COCTORHHH KHCJIOpo,ll;a. B 8 iz Ca, s~,l. Cu2 Oa-.r OCTa
TO~ UOJIRPH3~ B TpH paaa, a B OCTaJI:DHHX o6pa3DaX npHMepHO B URT:D 
pas MeH:cme MaKcHMBJI:DHO BosMOxHoft. ITpH w.rp:ce-aaaJIHse B .TJ:HanasoHe qac
TOTH ,li;O !4 ~ He 06Hapy!t9H!l .ItPYrH9 ~CTOTH, KpoM9 ~CTO'l'H, COOTB8T
CT~9ft npe~CCHH CB060.TJ:aOrO CUHHa MPJOHa BO BH9mH9M MaraHTHOM UOJI9. 
Ha~eMaa CHJIDHaR ,ll;9llOJIHpH3a~ OTPHUaT9JI:DHilX MIDOHOB B BTCIT MOZ9T 
6HT:D o6yCJIOBJI!:3Ha KaK ,ll;9ftCTBHT9JIDHOft llOT9peft llOJIHpH38IJ;Im H3-3a CiHCTpHX 
peJiaKc~oHHHX npo~ccoB, TaK H T9M1 ~To B BTCIT cymecTByeT HecKOJIDKO 
H93KBHBaJI9HTHHX llOJIOZSHHft aTOMa KHCJIOpO,lta. COOTB9TCTB9HHO,CITHH.M!l0-

. . . 
HOB 3axBaTHBmHMCR KHCJIOpO,ltOM B H9KOTOpHX llOJIOE9BHHX no ~ np~ 
MOllteT npeueccHpOBaT:D Ha tmcToTax 6oJIDm, '119M I4 Mru. HacTomqHe ,ltaH
HH.e H9 ll0,3BOJIHIOT BHRCirHTh HCTHHHH9 npH'IIHHH CHJI:DHOft llOT9pH no
JIRpH38IJ;Im.OTpHnaT9JIDHHX MDOHoB. O.ltHaKo noHcK He.TJ:ocTa~en nOJiapHsaUHH 
OTPHUaT9JIF>HilX MJOOHOB · B BTCII npe,ltcTaBJIRaTca BalltHHM, nocKOJI:DKY oaa MO
llteT 6HTD o6yCJIOBJI9Ha OC06eHHOCTRMH OTpoeHHa KpHcTaJIJia BTCIT. 
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