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B no~negHHe rog~ 8~nohHeHo 6onbwoe KODH4eCT80 3KcnepHMeH

T08 no H3Y48HH~ XHMH48CKHX 3$$eKT08 8 Me30peHTreH08CKOM H3-

DY48HHH. Pa3DH4H~e a8T0p~ Ha6n~ganH KOppenR~HH OTHOCHT8DbH~X 

HHT8HC~8HOCTe~ fl~HH~ 8 Me3opeHrreH08CKHX CneKTpaX C TaKHMH 

$H3HKO-X~M~4eCKHM~ xapaKTep~CTHKaMH~ ~aK aTOMH~e H HOHH~e pa

AHYCbl, ~OHHOCTb C8R3H, 8aneHTHOCTb, 3neKTPOOTPH~aTeflbHOCTb, 

8peMR m~3H~ no3HTPOHHR H AP· OgHaKo cHcTeMaTH3a~HR HaKonneHHO

ro 3KCnep~MeHTanbHOrO MaTepHana 8CTpe4aeT 60DbWHe TPYAHOCTH. 

npH4HHO~ 3TOrO, KPOMe CDOmHOCTH CaMOrO R8D8HHR, cnymHT 60.nbWO~ 

pa36pOC ~ nOg4aC npOTH80pe4H80CTb 3KCnepHMeHT8DbHbiX pe3yflbTa

T08. no3TOMY 8 non~TKe aHanH3a 3Kcnep~MeHTanbHoro MaTepHana 

6ygeM ~cxogHTb ~3 HaH6onee nonH~x pa6oT OAHO~ rpynn~ Hccne

A08aTene~ 11 •21 . 
B 3T~X paGoTax np~8egeH~ nogpo6H~e pe3ynbTaT~ ~3Y4eH~R Me-

3opeHTreH08CK~x cneKTp08 8 OKHCDaX H 8eDH4HH~ OTHOWeHHR ~HTeH

CH8HOCTe~ K/3/Ka g.nR 3neMeHTapHbiX 8e~ecTB. Ha p~c. 1 npegcTas

neHa 3aBHC~MOCTb OT Z OTHOWeHHR HHT8HC~BHOCTe~Kf3/KaADR 3.ne

M8HTapH~X se~ecT8 8 o6nacrH nep8oro pRga nepexogH~X 3.neMeH

ros121. B~AHO, 4TO KpH8aR HMeeT WHpOKH~ OT4eTn~80 B~pameHH~~ 
MaKCHMYM. Ha TOM me pHCYHKe ~3o6pameHO OTHoweHHe R = 
(Kf3/Ka) OKHcn.f(K{-/Ka)MeTann. K8K $yHK~~R ziL'.HeTPYAHO 8HA8Tb, 

4TO s o6nacTH Z-22-28 $YHK~HR HMeeT 3aMeTH~~ M~H~MyM; 3a npe

genaMH o6naCT~ Z- 20-30 OHa 6nH3Ka K eg~H~~e. 

AsTop~ 11 • 21 n~Tan~cb o6bRCHHTb nony4eHH~e pe3ynbraT~ KOM-

6HHHPOBaH~eM HeperynRpH~M o6pa30M 3aB~CR~~X OT Z 3$$eKTOB Ha-

4aDbHOro pacnpegeneHHR 3aX8a4eHH~X M~OHOB no COCTORHHRM C pa3-

.nH4HbiM~ 3Ha4eH~RMH yr.nosoro MOMeHTa f H CKOpOCTH nonOnHeH~fl 

3.neKTPOHH~X o6o.no4eK, pa3pyweHH~X s ome-npo~ecce. 3aMeTHM 

n 3TOA C8R3~, 4TO, KaK 6~no H~~geHO B OAHOA H3 6o.nee n03AH~X 
pac4eTH~X pa6oT 13~Ha6.n~gaeM~e 6o.nbw~e pa3n~4HR s xoge Me3o

aTOMHOro KaCKaga /s OTHOCHT8DbHbiX HHTeHC~BHOCTRX .n~HH~/ g.nR 

0AHOrO ~ TOrO me 3.neMeHTa 8 pa3.nH4H~X X~MH4eCK~X $OpMax, no

BHA~MOMy, He orpama~T pa3n~4HA 8 HaYanbHOM pacnpege.neHH~ 

38X084eHHbiX Me30H08 no f. A8T0pbl /1. 2/ OTM8THDH TaKme KOppe.nR~~~ 
oc.nM4MH~ K~/Ka c Mera.nn~4eCKHMH pagHycaMH, arOMH~MM o6beMa

MM M opeMeHaM~ mH3HH n03HTpOHHR. 

HaM npeACTannReTCR, 4TO OCH08H~e oco6eHHOCTH no.ny4eHH~X pe-

3y.nbT8TOO A.nR nepeXOAH~X 3D8M8HT08 MOryr 6~Tb Ka4eCTBeHHO nOHRT~ 

CC.nM npMB.n64b K HX paCCMOTpeHH~ nOHRTHe MeTannH48CKO~ 8aneHT

HOCTM/4<~o CMX nop npaKTH48CKH 80 8CeX paGorax MOD4a.nHBO nona-
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ranOCb, 4TO 8e~eCT80 8 3DeMeHTapHOM COCTORHHH HMeer 8aneHTHOCTb 

HODb. Ha C8MOM gene 3TO cnpasegnH80 TODbKO ADR 6.naropogH~X 
ra3o8 /s ra3o8o~ $a3e/ H OAHOaTOMH~X napo8. Bo 8Cex ocranbH~x 
Be~eCTBaX B KOHgeHCHpOB8HH~X $a3aX 8TOM~, 8 TOM 4~cne H aT9M~ 

MeTa.nnos, C8R38H~ Memgy C06o~ 38 C4eT 8a.neHTH~X CBR3e~. 0CH08-

HOe 0TflH4Me MeTa.nJIM4eCKOA CBR3H OT o6~4HOR KOBa.neHTHOA B He

MeTannax COCTOHT 8 6o.nbWeR geJIOK8JIM38~HM 3JieKTp0HOB C8R3M. 

AonycTMB HanH4Me raKoR C8R3M, M~ go.nmH~ gonycrHTb M noHRTMe 

MeTaflJIH4eCKOA 88.neHTHOCTH. noc.negHee He CTOJib onpegeneHHO,K8K 

nOHRTMe K.nacCH4eCKOR 8aneHTHOCTM, H TeOpH~ 3TOrO 80npoca 

Heflb3R H83BaTb 38KOH4eHHOA. nogyepKHeM TO.nbKO, 4TO petua~l4Y~ 

pOJib B MeTa.n.nM48CKOR sa.neHTHOCTH nepexOgH~X 3.neMeHTOB Mrpa~T 

d -3.neKTpOH~. O~eHMTb sa.neHTHOCTb Mera.n.na, HaxogR~erocR s 3.ne

MeHrapHOM COCTORHMM 1 MOmHO MCXOAR M3 ero $M3H4eCKMX C80ACT8 

/nnOTHOCTH, Memar-oMHbiX paccTORHHR/. Ha pV1c. 1 noKa3aHo, KaK 

M3MeHR8TCR MeTan.nH48CK8R 8a.neHTHOCTb 8 nepBOM PRAY nepeXOAH~X 
3.neMeHTOB cor .nacHO 0~8HKe n. no.nHHra /4.'. 

HerpygHO BHAeTb, 4TO M8KCHMYM OTHOWeHHR MHTeHCMBHOCTeR 

Ka!K s o6~eM cosnagaer c o6.nacTb~ MaKcV1MyMa Mera.n.nM4ecKoR 

saneH~HOCTH. 3ro n03BO.nReT npegno.nomMTb, 4TO se.nH4MHa Kf3/Ka 
nponop~MOHaJibHa 4MC.ny H CTeneHM Ae.nOKa.nM3a~MM 3.neKTPOH08 C8R-

3H. ¢yHK~HR R MMeeT MHHMMYM 8 o6.naCTH MaKCMMa.nbHOR MeTa.n.nH4ec

KO~ sa.neHTHOCTH. 3TO TaKme MOmHO nOHRTb B paMKaX cge.naHHOrO 

npegno.nomeHMR: 8MeCTO ge.nOKa.nM30B8HH~X MeTa.n.nH48CKMX CBR3eA 

oGpa3yercR 8 .nyYweM c.ny4ae raKoe me /a, KaK npasMno, MeHbWee/ 

4Hc.no .noKa.nH30BaHH~X. B coorsercT8MM c 3TMM senH4MHa R go.nm
Ha 6~Tb MCHbWe egMHH~~ ADR nepeXOAH~X MeTa.n.nOB M 6.nM3KO~ K 

egHHH~e AJIR MeTa.n.nOB OCHOBH~X nogrpynn H HeMeTa.n.nos. 

AeAcrsHre.nbHO, no HMe~~HMCR .nHreparypHbiM gaHHbiM /1,2,5·121, 

cpegHC838eWeHHOe 3Ha4eHHe R g.nR OKMC.n08 H co.neA /8cero 28 coe

AHHeHH~/ 0AMHHag~aTM HenepeXOAH~X 3.neMeHTOB OT Nagofu COCTa8-

.nReT 0,98+0,02. A.nR OKHc.nos Mera.n.no8 nepsoro H sroporo nepe-

- • ·xogHWX pngo8 /17 coegHHeHH~ 
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!K,f~ 14 3.neMeHTOs/R=0,88+0,02. npH-

~ BegeHH8R OWH6Ka B o60"Hx c.ny48RX 

o~eHeHa no pa36pocy 3KcnepHMeH-
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PHc.l. 3RBHCHMOCTH OT Z OTHO-

lll8HHH HHT8!1CHBHOCTeH ~/K 

3JieMeHTapHbiX sen\eCTB /KpH~aH I I, 
MeTaJIJIH~eCKOH BaJieHTHOCTH ITO ilo-

JIHHry /KpHBaH 2/ H ¢YHK~HH 

(Kf3/Ka) OI)HCJI./(K/3/Ka) MeTaJI. 
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TanbH~X AaHH~X. Pasn~4~e Me*AY 3T~M~ een~4~HaM~ R cTaT~CT~4ec
K~ 3Ha4~MO Ha ypOBHe AOCTOBep~OCT~ 99,9%. 

04eB~AHO, 4TO CAenaHH~e npeAnonomeH~.R He ~c4epnwea~T ace~ 
CJIOmHOCT~ X~M~4eCKOrO BJI~.RH~.R Ha Me30MOJ1eKyJI.RpHWe np04eccw. 
0AHaKo AJIR 3neMeHTOB ~ npocTe~w~x coeA~HeH~~ yKasaHHW~ 3$$eKT 
MomeT oKasaTbc.R l-la~6onee CYI.l\eCTBeHHbiM. B o61.l\eM cny4ae x~M~-
4ecK~x 3$$eKTOB B Me3opeHTreHOBCKOM ~3Jiy4eH~~ CJieAyeT OH<~AaTb 

* TOrAa, KOrAa eaneHTHOCTb ~ xapaKTep X~M~4eCKO~ CB.R3~ B 3ne
MeHTapHOM Bel.l\eCTBe 3aMeTHO OTJ1~4a~TC.R OT eaneHTHOCT~ ~ XapaK
Tepa CB.R3~ B COeA~HeH~~. 

Bo3H~KaeT ecTecT~eHHW~ eonpoc o $~3~4ecKo~ np~POAe oco6eH
HOcTe~ noeeAeH~.R nepeXOAHWX MeTannoe. MomHo AYMaTb, 4TO OH~ 
CBR3aHW C xap~KTepHWM AJIR nepeXOAHWX MeTaJIJIOB nepeKp~T~eM 
3HepreT~4eCK~X s-,p- ~ d-30H lcMeW~BaH~eM, ~Jl~ r~6p~A~3a4~e~ 
ypoeHe~l. TaK, cMew~eaH~e 3d- ~ 3p -ypoeHe~ Mar no 6bl np~eecT~ 
K HeKOTopoMy yeen~4eH~~ saceneH~.R ypoeHn 3p loH pacnonomeH 
H~mel. B cneKTpe MesopeHTreHOBCKoro ~sny4eH~R 3TO AOJimHo np~
eecT~ K yeen~4eH~~ ~HTeHc~eHOCT~ n~H~~ K~lnepexoA 3p-1s I ~ 
yMeHbWeH~IO ~HTeHC~BHOCTe~ n~H~~ KalnepeXOA 2p-ls I ~ La/nepe

XOA 3d-2pl. 

K comaneH~~, 'AnR 3JieMeHTapHbiX Bel.l\eCTB HeT 3Kcnep~MeHTanb
Hbix AaHHbiX, 4T06bl npoeep~Tb 3TO npeAnonmxeH~e. Ho eCTb AaHHble 
no OK~CJiaM, B KOTOp~X Ha6n~A8~TC.R Te me OC06eHHOCT~, 4TO ~ 

B 3JieMeHT8pHbiX MeTannax, TOJlbKO MeHee pe3KO Bblpame.HHble /11, 

TaK~e AaHHWe ~so6pameHw Ha p~c.2, KOTOpw~ AeMOHCTp~pyeT ~6e

A~TeJibHO~ cornac~e c np~eeAeHH~M~ paccymAeH~RM~. Ecn~ see 3TO 
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Puc. 2. 3aeilcuMoCTb a6coniOTHbiX 
HHTeHCHBHOCTei1 Ka-,K,a-u La
JIHHHH OT Z AJIH OKHCJIOB. 
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Puc.3. 3aeucuMocTb a6coniOTHoi1 
HHTeHCHBHOCTH Ky-nHHHH OT Z 
,IJ;JIH OKHCJIOB. 
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Puc.4. 3aBHCHMOCTb OTHOWeHHH 
HHTeHCHBHOCTeH~~K~JIH peHT
reHOBCKOrO /KpHBhle 1,2/ H 
MeSOpeHTreHOBCKOrO /KpHBaH 3/ 
HSJiy~eHHH OT BaJieHTHOrO CbCTo
HHHH aTOMOB MHWeHH. 

cnpaBeAJI~BO, TO 80 BTOpOM PRAY 
nepeXOAHWX 3JleMeHTOB CJieAyeT 
Om~AaTb CMeW~BaH~.R 4d - ~ 4p
ypOBHe~ ~, KaK CJleACTB~e 3TO
ro, yeen~4eH~.R ~HTeHC~BHOCT~ 

ky-n~H~~. 3Kcnep~MeHT8JlbHWe 
AaHHWe CYI.l\eCTBY~T TaKme TOJlb-
KO AJIR OK~CJIOB, ~. K comane

H~~, HenOJlHble, T. K. cepeA~Ha BTOpOro PRA8 nepeXOAHbiX 3JleMeH
TOB np~XOA~Tc.R Ha peAK~e MeTannbl: Tc, Ru, Rh, PdJeM He MeHee · 
~Me~l.l\~ecn pesynbTaTbl no Y, Zr, Nb, Mo/1/ He npoT~eope4aT CAe
naHHb!M npeACKaSaH~.RM lp~c. 31 - ~HTeHC~BHOCTb n~H~~ Ky,Ae~cTe~
TeJlbHO, B03pacTaeT np~ nepeXOAe OT Y K Mo. 

B 3T~x paccymAeH~.Rx MW MOn4an~eo nepeHecn~ oco6eHHOCT~ 
3JleKTpOHHWX ypOBHe~ aTOMOB nepeXOAHWX MeTaJlJlOB Ha Me30HHWe 
ypoeH~, nemal.l\~e rny6oKo nOA 3JleKTpOHHO~ K-o6on04KO~. Henpo
T~eope4~eocTb cneACTB~~ ~s CAenaHHb!X npeAnonomeH~~ ~ 3Kcne
P~MeHTaJibHWX AaHHWX noseon.ReT AYMaTb, 4TO H~mH~e MeSOHHWe ypoe
H~ B Me30aTOMaX nOBTOp.R~T OCHOBHWe Oco6eHHOCT~ COOTBeTCTBy~
l.l\~X 3JieKTpOHH~X ypOBHe~. 

KaK~x-n~6o TeopeT~4ecK~X o6ocHOBaH~~ AJIR TaKara npeAnono
meH~.R nOKa HeT, HO 3KCnep~MeHTaJlbHWe nOATBepmAeH~R MOmHO 
Ha~T~. Ae~CTB~TenbHo, ecn~ ceo~cTea Me30HHWX yposHe~ aHano
r~4Hbl CBO~CTBaM 3JleKTPOHHblX, TO AOJlmHa cy~eCTBOBaTb KaKa.R-·TO 
aHaJIOrWR ~ B peHTreHOBCKOM,~ Me3opeHTreHOBCKOM ~3Jiy4eH~.RX. 

3Ta aHanor~R npO.RBJl.ReTC.R, B 4aCTHOCT~, B CXOAHO~ 3aB~C~MOCT~ 
OTHOWeH~R ~HTeHC~BHOCTe~ Jl~H~~~/K OT B8JleHTHOrO COCTO.RH~.R 
aTOMOB M~WeH~ lp~C. 41 112 • 13 • 14 ~ a 

B CBR3~ C BWWe~3JIOmeHHWM oco6y~ 8KTY8JlbHOCTb np~o6peTaeT 
sonpoc o HOJlb-saneHTHOM penepe, B03H~Ka~l.l\~~ np~ ~3y4eH~~ x~

M~4ecK~X 3$$eKTOB s MesoaToMax ~ MesoMoneKynax. EA~HCTBeHHWM~ 
np~pOAHWM~ HOJib-eaneHTHWM~ 3JleMeHT8M~ .RBJl.R~TC.R 6naropOAHWe 
rasw. no3TbMy oco6w~ ~HTepec npeACTasn.ReT CTPYKTypa MesopeHT
reHOBCK~X cneKTpOB ~MeHHO 3T~X Bel.l\eCTB. np~ 3TOM AJlR HaC B 
A8HHW~ MOMeHT Ha~6onee ~HTepeceH aprOH - 6n~ma~W~~ K nepBOMy 
PRAY nepexOAHWX 3neMeHTOB 6naropOAHW~ ras. 

B n~TepaType CYI.l\eCTeyeT 4eTwpe rpynnw A8HHWX no MesopeHT
reHOBCKOMY cneK;py 4~cToro aproHa. np~ 10 ~ 80 aTM.
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4eHbl 3Ha4eH~HKs/Ra,paBHble 0,09+0,01 ~ 0,07+0,01 COOTBeTCTBeH
HO; np~ 150 ~ 180 arM.1161 - <0,02 ~ <0,03i np~ 1000 arM/17/ -
0,051+0,019 ~ B m~,qKOM aproHe161 - 0,073+0,004. Pasn~4~e 8 pe
synbTarax pa6or / 161 ~ 161 asropbt nocne,qHeC1-o6bHCHRtoT reM, 4TO 
8 rasosoC1 ~ase Ha6nto,qaercH He,qocraroK 3neKTpOH08, Heo6xo,q~
MbtX ,qnR nononHeH~R 3neKTPOHHOC1 o6on04K~ MesoaroMa aproHa, 
paspyweHHOC1 8 xo,qe ome-npo~ecca. 3ro np~9o,q~r K pocry sace
neH~R COCTORH~C1 C 8~COK~M~ 3Ha4eH~RM~ yrn080rO MOMeHTa f ~, 
KaK cne,qCT8~e 3TOrO, CH~llieH~IO ~HTeHC~8HOCTeC1 8~CW~X 4neH08 
K -cep~~. B m~AKOM aproHe 3neKTpOH08 ,qocrar04HO ~ cneKrp 
K ~cep~~ ~Meer np~s~4H~C1 B~A· 

Hs np~se,qeHH~X pesynbraros 04eB~AHa Heo6xo,q~MOCTb s 6onee 
AOCTOBepH~X CBe,qeH~RX 0 Me3opeHTreH08CKOM cneKTpe 4~CTOrO 
aproHa. Ecn~ pasn~4~e s cneKrpax rasoo6pa3Horo ~ m~,qKoro ap
roHa ~Meer Mecro, cnpase,qn~80CTb npe,qnomeHHoro o6bRCHeH~R Me
mer 6btTb nposepeHa 3Kcnep~MeHranbHO. ,[\nR 3Toro HYlliHO ~3Me
P~Tb cneKrp 4~croro aproHa ~ aproHa c ,qo6asKoC1 ,qoHopa 3neKr
pOHOB, Hanp~Mcp,Xe ~n~ I. 
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noKpOBCK~H B.H., ~TnaHAOB ~.A. AHan~~ peaynbTaTOB P14-82-212 
3KCnep~MeHTafibHbiX ~ccneAOBaH~H Me30peHTreHOBCK~X cneKTpOB 3neMeHTapHbiX 
Be~eCTB ~ ~X OK~CnOB 

npoBeAeH Ka4eCTBeHHbiH aHan~3 pe3yfibTaTOB 3KCnep~MeHTanbHbiX ~ccneAOBaH~H 
MeaopeHTreHOBCK~x cneKTpoa Merannoa H HX OK~cnoa.noKa3aH0,4TO y4eT Meran
nH4ecKoi1 aaneHTHOCT~ ~ HeHyneaoro aaneHTHOrO COCTORHHR aTOMOB B 3fieMeHTap
HOM Be~eCTBe n03BOnReT YAOBneTBOPHTenbHO c~cTeMaT~3HpOBaTb 6onbWOH 3Kcne
pHMeHTanbHbiH MaTepHan. Ha OCHOBaH~~ npOBeAeHHOrO paccMOTpeH~R CAena~IO npeA
nonolKeH~e o TOM, 4TO H~lKH~e Me30HHble ypoBH~ a Me3oaTOMax /pacnonolKeHHble 
HHlKe 3neKTp0HHOH K -o60fi04K~/ nOBTOpRIOT OCHOBHble oco6eHHOCT~ COOTBeTCTByiO
~HX 3neKTp0HHbiX ypOBHeH. 06pa~aeTCR BH~MaH~e f;ia BalKHOCTb HOnb-aaneHT~IOrO 

penepa npH H3y4eH~~ XHMH4eCK~X 3¢¢eKTOB B Me30MOneKynaX. 

Pa6ora BblnOnHeHa B na6opaTOPHH RAePHbiX npo6neM OH~H. 

npenp~HT 06oeA~HeHHOrO HHCT~TyTa RAePHbiX ~ccneAOBaHHH. ay6Ha 1982 

Pokrovsky V.N., Yutlandov I.A. Analysis of Experimental 
Data on Mesic X-Ray ~pectra of Metals and Their Oxides 

P14-82-212 

The experimental data (Ref.l ,2) on mesic X-ray spectra of metals and 
their oxides are examined. The Z-dependence of the lit{Karatio for metals of 
first transition period (curve 1, ~is very similar to that of metal
lic valency of these elements (curve 2). On account of this analogy the 
Kp/Ka is presumed to be proportional to the number of bounding electrons 
and their degree of delocalization. On this assumption the.Z-dependence of 
the·value (K/3/Ka) ox./(K8/K) met. (curve 3) is readily understood. The 
underlying reason for tnisabehaviour of transition metals seems to be in
volved with mixing to 3d and 3p ( Z =21-30) or 4d and4p( z =39-48) levels favou
ring p-subshell. The mixing should result in relative increase of K/3- and 
decrease of Ka-,La-(~) or increase Ky-intensity (~), respectively. 
All this permits to suggest that properties of low-lying mesic levels in 
mesic atoms are recurrent with basic features of corresponding electron 
1 eve 1 s. As a consequence, the certain ana I ogy be tween X- and ,.,x- rays 
should exist and it is indeed observed is some cases, e.g. for dependence 
of K13/Ka on valence state (~. The problem of zero-valence reference 
point for mesic chemistry work is also discussed. 

The investigation has been performed at the Laboratory of the Nuclear 
Problems, JINR. 
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