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OliIIJ,AH XAPAKTEPIICTIIKA PAliOThl 

AKryaJJLIIOCTI, TCl\lbl. Krnccu'leCKGfl Roep11aR 6ema-cneKmpOCK0nUfl BHecna 

cywecTBeHHblll BKrra.u B myqeHtte He TOJlhK0 CTpyKTypbl aTOMHOfO H,Upa, HO II 

aT0MHblX rrpoueccoB, corrpoB0JK,uaIOUllfX pa.uuoaKTHBHb!ll pacna.u, TaKIIX KaK, 

HarrpttMep, rrepeX0)lbl OJKe. HeKOTOpbie lf3 rrorryqeHHb!X pe3yrrhTaT08 CTaITII rrpHMb!M 

HJlH K0CBeHHblM o6pa30M OCHOBOll aHaITIITHqecKHX MeT0)l0B, mupoKO IlplIMeHHeMblX B 

HaCT0HIUee BpeMH Ha rrpaKTHKe. O,uHaKo B crreKTpax 3JleKTp0H0B, corrpoB0JK,uaIOIUIIX 

pa.uuoaKTHBHblll pacrra.u, co.ueplKIITCH 3Haq!fTeJlbH0 6oJihille qJH31IqecJ(Oll IIH!pOpMaIIIIII 

(B oco6eHHOCTH 06 aTOMHb!X rrpoueccax II 0 qJU3UKO-XUJHU'leCK0M 0KpyJ1Ce11uu 

pa,uuoaKTHBHhlX aTOMOB), qeM 3T0fO Y.UaBaIT0Cb rronyqlITb MeTo,uaMII Knacc1IqecKoil. 

H,Uepnoil. 6ern-crreKTpOCKOIIHII, II03B0JIHBilllIMlf Ha)le)l(H0 1nyqaTb T0JibK0 

Bh!C0K03HepreT!fqecKyIO qacTb 3JieKTp0HH0fO crreKTpa (E,>-20 K3B), He pacKpbIBaH 

rrpu 3T0M ero mo1-1Kux 3<jJ<jJeKmoe. 3J1eKmpocmamu'leCKue cneKmpoMempbl 

rrpe.uocTaBJIHIOT B03M0lKH0CTb IICCJie,U0BaTb crreKTpb! HII3J(03HepreT1IqecK1IX 

3JieKTp0H0B rrpH 6blC0K0.W rrpu6opHOM pa1pemeHIIII II TeM caMh!M ]3hUIBJIHTb m0I-IKUe 

oco6e1-11-1ocmu B IIX CTpYKType. B pe3yJihTaTe 0TKpbIBaIOTCH B03MO)l(JIOCTII rrp1IMeHeH1IH 

rrpeUII31IOHHOll 6eTa-crreKTpOCKOIIIIII II BHe H,UepHOll o6naCTII. 

IlpelJu3u0111-1afl cneKmpocKonuR IIU3K031-1ep2emu'1eCKUX K01-1eepcu0111-1b1X 

:JfleKmpo1106 Bb!C0K0f0 pa3pememrn cnylKHT, II0-BH)lHM0M)', Ha cerO)lHHillHHll ,UeHb 

eozmcmeeH/-lblM MeT0)l0M Ha,UelKH0f0 II0HCKa I-IU3K031-1ep2emu'-leCKUX f/0epl-lblX 

nepexoooe. TipuMeHeHHe faMMa-crreKTp0CK0IIHH ycnolKHeHO TPY.UH0CTHMII, 

CBH3aHHbIMII, KaK C perlICTpaIIIIeil. HII3K03HepreT1IqecK1IX raMMa-1rnaHT0B, TaK II C 

II3Bneqen1IeM IIH!pOpMaIIIIII lI3 II3MepeHHb!X crreKTp0B. KpoMe Toro, 

Hlf3K03HepreTII'IeCKIIe H,uepHb!e rrepeX0)lbl CIIJibH0 K0HBepT1IpoBaHbl-

Tio.u BJIHHHHeM qJU3UKO-XUMU'leCK020 0KpyJtCel-lUfl pa,u1IoaKT1IBIIblX aT0M0B M0ryT 

II3MeHHTbCH He T0JihK0 3Hepr1III (B rrpe,uenax HeCK0JibKIIX 3B) JIIIHliiI K0HBepclI0HHb!X 

3JieKTp0H0B (XUMU'leCKUe C06U2U), HO II IIX lfHTeHCIIBH0CTII, a raK)l(e K0JIU'lecmeo 

JIIIHIIll B CIIeKTpe. TaKIIM o6pa30M, nccne,uoBaHHe 3THX 3cpcpeKT0B 0TKpbIBaeT 

B03M0)l(H0CTb He T0JibK0 rronyqaTh HH!pOpMaUHIO O 6Glle1Jlrll-l0M cocm0fll-lUU 
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pa.nnoaKTHBHbIX aT0M0B B HCTQqHnKaX, 06 H3MeHeHmlX B 3Kpa11upo6GI/UU 3apll.na ·51.npa 

(qTo B oco6eHHOCTH Ba)l<HQ ,[{JI.ff Mecc6ay3p0BCKOH CIIeKTpOCKOIIHH), HO H HJyqaTh 

OCII06bl XHMnqecKOH CB.H3H MeT0,[{aMH npeIIH3ll0HHOH CIIeKTp0CK0IIllll 

HH3K03HepreTIIqecKHX 3JieKTp0H0B. 

£e3paoua1.Juo1111b1ii npoIIecc nepecrpoiiKH aTOMHOH o6oJioqKu, :xjHpeKm 0:J1Ce, 

113yqeH B 3HaquTeJihH0 MeHbrneii CTeIIeHH, qeM KOHKypnpy10mnii C HHM paOUGIJUO//llblli 

npoIIecc. B ttacTo.Hmee speM.H JaseprneHHoii Teopun nepexo.nos Q)Ke He cymecTsyeT. 

3KcrrepHMeHTaJibHhie ,naHHbie 0 crreKrpax 3JieKTP0H0B Q)Ke, B03HHKaIOmnx B 

pa.nnoaKTHBH0M pacrra.ne, Ba)l(Hbl ll ,[{JI.ff CaMOH x.nepHOH !pH3HKH. C II0M0il.lhlO Q)Ke­

nepexo,noB HJyqaIQTC.H rrpoIIeCCbl CTOJIKHOBeHHH H0H0B C aT0MaMH, a TaK)Ke CTpyKTypa 

u ,[{HHaMHKa aT0M0B n M0JieKyJI. B II0CJie,[{Hee BpeM.H IIpHBJieKaIOT K ce6e BHHMaHHe 

0)Ke-3JieKTp0Hbl ll3 pa.nnoaKTHBH0ro pacna.na H B CB.H3ll C HX B03MQ)KHbIM 

IIpHMeHeHUeM ,[{JI.ff JieqeHH.H HeK0T0pbIX paK0BblX 3a60JieBaHHH. Tpe6yIOTC.H 

3KCIIepnMeHTaJibHhie ,[{aHHbie 06 HHTeHCHBH0CT.HX ll 3Heprm1x CaMbIX pa3Hh!X Q)Ke­

IIepex0,[{0B B II0,[{X0Mil.lllX ll30TOITax. 

MeTO,[{bI llCCJie,[{0BaHHX C0CTaBa H CBOHCTB IIOBepxHOCTeii TBep.[{bIX TeJI, Q)Ke-

3JieKrp0HHM ll O)Ke-HeiirpaJIH3aIIH0HHM crreKrp0CK0IIHH, 61,1crpo pa3BHBaIOTCX ll 

II0JiyqaIOT rnupoKoe rrpuMeHeHne. PacrnnpeHue B03MO)KHOCTeii 3THX MeT0,[{0B, B 

oco6eHHOCTll II0CJie,[{Hero, 3aBHCHT OT HaK0ITJieHHH 3HaHHH 0 MexaHH3Me 

6e3pa,nnaIIHOHHbIX IIepeX0,[{0B. 

Ilo sceii BH,[{HM0CTH, eep0Rm11ocmu m,pexo.nos O)Ke HBJIHJOTCX 11au6onee 

qyscTBHTeJihHbIMH K .neTaJIHM B0JIH0BbIX cpyHKIIHH cpe.nn .npymx ll3MepxeMb!X 

aT0MHbIX BeJinqHH. TaKHM o6pa30M, llCCJie,noBaHne rrepeX0,[{0B O)Ke rrpe,ncTaBJI.HeT 

C060H qpe3BbJqaiiHO qyBCTBHTeJibHbIH MeT0,[{ HJyqeHHH ll CaMOH crpyKTypbI aTOMa. 

Ilepexo.naM Q)Ke K-cepuu rrpnHa.nJie)KHT. oco6oe MecTo .. cpe.nn scex 

6e3pa,nHaIIHOHHbIX rrepexo,noB, TaK KaK 0HH BKJIIOqaIOT 3JieKrpOHbl aTOMHblX 

rro.no6oJioqeK s CaMbIX pa3HbJX KOHcpHrypaIIHHX. TeM CaMbIM rrpe.nocTaBJI.HIOT lllllpOKHe 

B03M0)KH0CTH ,[{JIH HCCJie,[{0BaHHH caMhlX pa3HbIX 3cpcpeKTOB B 6e3pa.nnaIIHOHHOM 

rrpoIIecce rrepecrpoiiKH aTOMHOH o6om:~qKn. EoJiee Toro, K-cepHH Han6oJiee .nocTyrrHa 

,[{JIH 3KCrrepHMeHTaJibH0ro HCCJie,[{0BaHHH, TaK KaK 3a KpaiiHe pe,nKHM HCKJIIOqeHHeM, 
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11a6mo;:raTb B •111cmo.11 sn.ne .lipyrue cepun 0)Ke-rrepexo.nos He y.naeTC.H. Hau6oJiee 

L1y60Ko 113yqe11a caMal! npocrnll no CTPYKType n Han6oJiee HHTeHCHBHM KLL-2pynna. 

O,lIHaKO, oema:1u KLL-cIIeKTpOB, He06XO,lIHMbie ,[{JI.ff ,[{aJibHeiirnero pa3BHTHH Teopnn, 

0CTaBaJJIICb B 0CH0BII0M 11epacKpb1TbIMH H3-3a HH3K0ro ypoBH.H CIIeKrp0CK0IIHqecKOH 

TeXHHKH. 

I1ccJie.nosam1e 0)Ke-nepexo.nos L-cepuu He Me11ee Ba)KH0 ,[{JIH rroJIHoro II0HHMaHHH 

3cpcpeKrn O)l<e, 'IeM nccJie,nosaHne K-nepexo,lI0B. TeM He Mettee, oema%11oe HJyqettne 

cneKTP0B L-O)l(e 3JieKTp0H0B B 06Jiacn1 cpe.nHHX H cpe.ntte TXiKeJihIX 3JieMeHTOB .B 

npHHUHHe 1/e np0600UllOCb ll3-3a qpe3BJ,JqaiiHOJI CJJ0iKH0CTH crreKTp0B. 

UeJih 1;111ccepTaq1m: rnaBHaH IIeJJb ,nucceprnIInn cocT0l!JJa B nccJie):(oBaHHH 

lllOIIKUX :J{jJ<jJeKmoa B cneKTpax HH3K03HepreTnqecKHX 3JJeKTp0H0B, B03HHKaIOmHx B 

pa):(H0aKTHBH0M pacna.ne HYKJJH,1(0B. 3TO BKJIJOqaJio B ce6H: 

• ll3y'IeHne :1</J<Pe«moa qJll3ll1<.0-XllMll'leCK020 OKPYJlceHllll B crreKTpax 

1,:011eepcuo1111btX H o:J1Ce-:J,?eKmpo1we; 

0 113yqe11ne i)emMeii cmpyKmypbl crreKTp0B K- ll L-ome 3JJeKTp0H0B B 

umpoK0M ,[{HaflaJ0He aT0MHbIX H0MepoB ,[{JI.ff BbIBBJJCHHH poJIH prunuqHhIX 3cpcpeKTOB B 

oiKe-rrepexo):(ax; 

0 II0HCK /11131<.0:JHepzemu'leCKUX llOepHblX nepexoi)oa MeT0):(0M crreKTp0CK0IIHH 

K0HBepCH0HHbIX 3JJCKTp0H0B. 

BbIIIOJIHCHHe fI0CTaBJJeHHOH !pll3H'IeCKOH 11enn Tpe60BaJIO prupa60TKH H0BhIX ll 

):(aJihneiirnero pa3BHTHll cymecrnymmnx Memoooa 11pet(u11101111011 cneKmpocKonuu 

HH3K03HepreTuqeCKHX 3JJCKTp0H0B BhIC0K0ro prupernemrn C rrp1:1MeHeHHeM 

TBep.noTeJJbHbIX pa.n1:1oaKTl:IBHblX 6eTa-llCTOqHl:IKOB, K0T0pb!e BKJJIQqaJil:I B ce6H: 

• 3HepreTl:l'IeCKl:lll aHaJil:13 3JJeKTp0HHbIX crreKTpoB; 

0 rrp1:1roT0BJJeH1:1e pa):(l:I0aKTHBHbIX 6eTa-l:ICTQqHl:IKOB; 

0 o6pa6oTKY ):(HCKpeTHb!X arrrrapaTypHbIX crreKTp0B. 

3 



HayquaH uoBinua pa6oTbI 3aKmoqaeTCH B cne.uy10meM: 

• Pa3euma rrpeUH3ll0HHM crreKTP0CK0IIIIH HII3K03HepreTII'IeCKIIX 3JieKTp0H0B C 

rrpIIMeHeHHeM meepoomeflbHblX PMII0aKTIIBHb!X IICT0'IHIIK0B; 

• Y CTaH0BJieHa 603.lltoJ/CHOCmb orrpe.ueneHIIH BaJieHTHoro C0CT0HHIIH C/le006blX 

K0JIII'IeCTB 
99

mTc B meepoomenbHblX o6pa3uax C II0M0ID;blO II3MepeHIIH XU.lllll'leCt<IL'( 

C)lBIIf0B 3Heprnil: K0HBepCII0HHb!X 3JieKTp0H0B; 

• ITpoBe)leHbl cucmeAtamu'leCt<Ue 3KCrrepIIMeHTaJibHbJe IICCJie)l0BaHHH crreKTp0B 

KLL-, KLM+KLX-, KMM+KMX- n LMM+LMX-3JieKTpoHoB O)Ke rrpn BhIC0K0M 

rrpII6opHOM pa3perneHHII B o6JiaCTH aTOMHbIX H0MepoB 23.$Z.$69, 23.$Z.$54, 25.$Z.$36 11 

26.$Z.$70, C00TBeTCTBeHH0. ,[(JIH 60JiblIIIIHCTBa z .uaHHb!e 0 CTPYKType crreKTp0B 

rronyqeHbI enepebte, JlJIH ocTaJihHhIX cymecrneirno ymo'IHe1tbt. KMM+KMX­

rrepeX0JlhI O)Ke B o6nacTII nerKHX aT0M0B paHee HHKeM ne UCClle006ll/lUCb, a 

i)emll/lbHblll anaJIII3 crreKTp0B L-O)Ke 3JieKTp0H0B )lJIH cpe)lHIIX II cpe.une TH)KeJib!X 

3JieMeHT0B ue 11poeoi>UJ1ca; 

Bnep6ble 3KCIIepnMeHTaJibH0: 

• ycTaH0BJieno BJIIIHHHe cnoco6a o6pa30BaHHH rrepBH'IHbIX BaKaHCIIH Ha 

a6comomHbte :JUepzuu KLL- II LMM-rrepexo.uoB O)Ke; 

• BbIBBJieH0 BJIHHHHe </JU3lll<O-XU.lllll'lec1<0Zo Ot<pyJJCeHUR pa.unoaKTIIBHh!X 

aT0M0B Ha :JHepzuu nlvin ncrrycKaeMhIX KLL-3JieKTpoHOB O)Ke; 

• ycTaH0BJieHa 3ll6UCU.lltoCmb :JHepzuii KOHBepCHOHHb!X H 0)Ke-3JieKTp0H0B OT 

Jltamepulllla II0)lJI0)KKH HCT0'IHHKa; 

• B o6JiaCTH 32.$Z.$69 0)lH03Ha'IH0 II0)lTBep)K)leH0 TeopernqecKoe rrpe)lCKa3aH11e 

o CllllbHOAt BJIHHHHII penamueucmc1<11X :1<j,</Je1<moe na uHme11cue11oc111b KL1L2(3P0)­

rrepexo.ua O)Ke, orrpoBepraBrneecH nMeBrnHMHCH paHee .uaHHhIMn; 

• ycTaH0BJieH0 BJIHHHHe 1tpOAteJ1Cy1110'1tlOll C6R3U Ha qiopMnpoBaHne 

cmpy1<mypb1 crreKTP0B KLM- n LMM-3neKTpoH0B O)Ke B o6nacrn 23:,;z:,;54 n 

54.$Z.$70, C00TBeTCTBeHH0; 
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• rro.urnep)l<)lCH0 BJIH511111e e1a1woi)e1kme11R M3M3(J=2)-, M I M➔(J=2)-, 11 

M 1M,(J=2)-ypo61teii Ha 11epepac11peoe/le1111e mneHCHBH0CTII Me)KL(y neK0T0phll\lH 

LMM-nepexona,m O)Kc B 06;iacn1 Z-60. 

HarmaH II npaKTll'ICCl..aH QCIIIIOCTb pa6oTbl: 

• Ha 6a3C 1151TIIK3CKa:woro UHJIIIH)lp_II'ICCK0ro 3CpK3.:1hl!0fO aHaJIH3aTopa co 

cnp511\!JlCIIIIC~I Jlll!IIIH (j)OKYCOB nepBoro nop51.UKa II0CTpoe11 II HCIIbJTaH MaKeT 

3JICKTp0CTaTll'ICCK0ro cneKmpozpa<J,a, KOTOphITT MO)KCT CTaTb OCHOBOTT ll060ZO 

llOl<O/lellllR CIICKTp0MCTp0B )lJIH npeUH3110HHOTT CIICKTp0CK0IIHH HH3K03HepreTH'IeCKIIX 

JJICKTp0IIOB; 

• O611apy)KCHllhii1 cnoco_6 onpeneJICilll51 BaJICHTHOro COCT0HHH51 C.1e006blX 

K0Jill'ICCTB 
99111

Tc B meepoome.1bllblX o6pa3uax C II0M0illhlO 1131\!epeHHH Xll.ltl/l/eCl-.:Ux 

CL(Blff0B K0IIBCpCIIOHllhlX JIHHHTT 0TKphIB3CT rrepcneKTHBY H060,UJ' 

6blCOl<O'IY6C111611111e.7bllO,H}' 11ei)ec111py1<1111161tO.AIJ' 3llaJIIITll'ICCK0MY Mel1IOO.J' C 

B03M0)1(Hl,JM npHMCIICHHCM B o6nacn, 51)..(epnoti l\lC)ll!Ullllhl II cpap~raKOJIOfllll; 

e BhlllOJlHCHHhlC IICCJlC,TI0B3Hll51 1103B0JllUIII II0Jiy<IIITh ll06bte mo•111bte .uaHllhlC 0 

KLL-, KLM+KLX-. KMM+KMX- 11 LMM+LMX-nepexo)lax O)Ke B )lHanmo11e 

aT0Ml!hlX H0MCp0B 23:o;Z:,;70. TeM caMhIM C)'lUCCTBCHH0 pac11111pe11 

)KCIICpllMCHTaJ]hllh]H M,nepuan no O,UH0MY H3 BmKHCHWHX B <pll311KC aT0l\la 51BJlCHIIIO -

')(j)cjJeKT)' O)KC; 

• O611apy)Ke11na51 Ja6l1Cll.lltocmb Jttepz1111 KL2Li D2)-nepexo.ua O)Ke B "
7
Fc OT 

qJll3lll<O-Xll.lltll'leCt<OZO OKfJYJICellUR aT0M0B "
7
Fe 0TKpbIBaeT ll06J'IO 803MO)KII0CTh 

HCCJie)l0BaHirn )KCJie30CO)lCp)Kall\HX MaTepuanon: 

• Iloi1y'ICHIIhIC ,uaHHhlC 06 311CprHHX II IIHTCIICIIBH0CT51X pa3HhIX rpyrrn 0)KC-

rrepexo)l0B 1103B0JI51IOT 0HCIIHTh B031\10)KH0CTh I1pHMCHCHH51 0T)lCJ!hllhIX 

pa,UH0H30TOII0B )lJl51 JIC4C6HhIX UCJICH B 51.ilCpHOTT MC,UHUHHe: 

• O611apy)KCIIHhIC 11113K0JI1CpreTH'ICCKIIC 51l\CpHhIC nepexo,11,1 [103B0JIIIJIII 

YT0'IIIHTh CXCMhl pacnaJ1a 113Y'ICHIII,IX H30T0II0B. 
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.Jlll'IllbIU BK.rrn,g aBT0pa B pa60Tbl, n0JJ0lKeHHhle B 0CH0BY ,L{HccepTaUHH, C0CT051Jl 

B nocrnH0BKe 3a)la'IH, pa3pa60TKe nporpaMM HCCJJe)loBaHHll H HX BhIIT0JJHeHJm Ha Bcex 

:nanax. ABTOpOM npoBe.aeH aHaJJH3 3KCnepHMeHTaJJbHblX .aaHHbIX H pe3yJJhTaT0B 

pac'leT0B H Ha HX 0CH0Be c.aenaHbl 0606iua10IUHe BblBO)lbl. 

Ha Jamury Bhl)lBllfal0TCH CJIC/lYIOIUIIC pcJyJJhTaThl: 

1 . Memoi>u'leCKUe pa1pa6om«u, 0TH0C51JUHeC51 K npeumH0HHOH crreKTp0CK0nHH 

HH3K03HepreTH'leCKHX JJJeKTp0H0B BblC0K0ro pa3perneHH51 C rrpnMeHeI!HeM 

TBep,Ll0TeJJbHbIX pa,LlH0aKTHBHbIX 6eTa-HCTO'IHIJKOB: 

• MaKeT JJJeKTpocrnTH'leCKoro cneKTporpacpa; 

• rrpHroTOBJJeHHe 6eTa-HCTO'IHHKOB HcnapeuneM B BaKyyMe; 

• rrpHMeHeHHe 3KCllepHMeHTaJJhHOH ¢opMbl 0,IIHII0'IHOH JJHHHIJ cneKTpa B 

o6pa6oTKe annapaTyptthIX crreKTp0B. 

2. HDBblU He,L{ecTpyKTHBHbJH MeTO,L{ orrpe,LleJJeHHll BaJJeHTH0ro C0CT051HH51 citei>OBblX 

KOJlH'leCTB 
99

mTc B maepi>onteJtbHblX 06pa1uax ' C n0M0IUhlO IJ3MepeHH51 

XHMH'leCKHX C,L{BHfOB 3Heprnii K0HBepcH0HHblX JJJeKTp0H0B. 

3 . COBOKYITHOCTb H0BbJX 3KcnepH:MeHTaJJbHbJX ,llaHHblX 06 3HeprH51X If 

0TH0CHTeJJhHbIX HHTeHCHBH0CTllX K- If L-rrepeX0,110B OlKe, K0T0pble ll03B0Jl!JJJH 

ocyrueCTBHTb npoBepKy TeopeTH'leCKHX M0,L{eJJefi. H YKa3aTb B03M0lKHble rryTH !IX 

ycoBepIIIeHCTB0BaHHll. 

4. 3KcnepHMeHTaJJbHhie ,llaHHhie 0 BJJHllHHH peJJHTHBHCTCKlfX 3qJqJeKTOB, 3qJqJeKTOB 

rrpoMelKyT0'IHOH CB513H, B3alfMO,lleHCTBH51 ypoBHefi., . cnoco6a o6pa30BaHH51 

rrepBH'IHOH BaKaHCHH H qlH3HKO-XHMH'leCKOro 0KpylKeHHll Ha 3HeprHH H 

HHTeHCHBH0CTH K- n L-rrepexo,L{OB OlKe. 

5. Pe3yJJh TaTbl ll0HCKa BBe,lleHHb!X Ha 0CH0Be 6anaHca cxeM pacrra,11a 

1ss 160 2048 . 
HH3K03HepreTH'leCKHX 51,LlepHbIX rrepeX0,L{0B B Ho, Ho H 1. 

Anpo6amrn pa6on,1. 

OcHOBHble pe3yJJhTaTbl, H3JJ0lKeHHble B .llHCcepTaUHH, ,L{0KJJa,L{b!BaJJHCb Ha 

ceMnttapax B 11HCTHTyTe H.llepttofi. qJH3HKH AHlJP (PlKelK rro,11 Ilparofi.), Jla6oparopnn 
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51,'lepHblX npo6JJeM O6be,L{HHeHHOfO IJHCTifTYTa 51,11epHbIX HCCJJe,L{OBaHHH ()fy6tta), 

J1a6oparnpm1 MeTponornlI H0HH3HpYJOIUero n1ny'leHHll B CaKJJJ (<l>pauunH), B UeHTpe 

51,l\epHOH II Mace cneKTp0CK0mrn B Opc3 (<l>paHUHll) II B 11HCTHTyre qJH3HKH 

MailllllKOro ymrnepCHTeTa (fepMaHHll). Db!JJH npe,11cTaBJJeHbl n ,L{0KJla,L{b!BaJJHCb ua 36, 

39. 40. 43, 47. 49. 50 II 51 MelK,11yuapO,LlHOH KOHqJepeHUHH no 51,llepHOH 

cneKTp0CK0nlilf II CTPYKType aT0MH0fO ll,Llpa;,MelK,11yttapo,LlHOH KOHqJepeHUHH 0 poJJH 

TexHeUHll B XHMIJII II 51,llepuofi. Me,L{HUHHe (BepoHa, 11TaJJH51, 1986); MelK,11yuapo,!lHOH 

KoncpepeHUHH 06 3K30TH'leCKHX 51,!lpax II aTOMHbJX Maccax (ApJ13, <l>paHUHll, 1995); XI 

Me)K,L{yHapO,LlHOM ceMHHape "To'IHbie H3MepeHH51 B 51,LlepHOH cneKTpOCKO!lHH" (CapoB, 

PocCHll, 1996); EBponeiiCKOH KOHqJepeHUHH 0 nporpecce B 51,LlepHOH qlH3Hl(e H 

CB513aHHblX C Heil: o6nacrnx (T3C':'flOHHKH, fpeUHll, 1997); MelK.llyHapO,Lll!OM ceMHHape 

"Macchi HeiiTpHH0 B cy6-JB o6nacTn" (Ea.u JlnfoHUJJJJJ, fepMaHHH, 2001 ). 

I1y6m1Kau:1111. Ilo MaTepnanaM ,L{IJCCepTaUHH orry6JJHKOBaHo 40 pa6oT B TOM 

'IHCJJe 27 B MelK.llyuapo.llHhIX )l(ypnanax: J. Electron Spectroscopy and Related 

Phenomena - 14, J. Phys. G - 4, Int. J. Appl. Radiat. Isot. - 3, J. Phys. B - 1, Physica 

Scripta - I, Measurement Technique -1, Nucl. Instrum. Methods - 1, Phys. Letters A -

I, Acta Physica Hungarica - I. 

O6bCM u crpyKTVpa m1cccprau:1111 . .IJ:ncceprnu1rn cocTOHT H3 BBe,L{eHHH, 3 rnaB H 

3aKJJIO'leHH51, IJ3Jl0lKeHa Ha 282 CTpannuax, BKJJIO'IM 123 pncynKa, 74 ra6JJHU H 

CllHC0K JlHTepaTypu H3 300 HaHMeHoBaHHH. 

CO,QEP>KAH~E PA60Tbl 

Bo BBC,!:lCHIIU K0p0TK0 H3JJ0lKeHhl 0CH0BHhie M0MeHTbI 3KcrrepnMeHTaJJbHOf0 

HCCJJe,L{0BaHHll TOHKHX 3qJqJeKTOB B crreKrpax JJJeKTp0H0B, B03HHKaJOIUHX B 

pa,11uoaKTHBH0M pacrra.ue, B K0HTeKCTe pa3BHTH51 cneKTpOCKOllH'leCKOH TeXHHKH . .IJ:auo 

KpaTK0e co,11eplKauue .uncceprnuuu no rnaBaM. 

IlcpBaH rJJaBa ll0CBHIUeHa o63opy C0CT051HH51 Ha Ha'laJJ0 HaIIIHX HCCJJe,L{OBaHHll 

TeoperuqecKoro u JKcnepuMeHTaJJhH0ro myqeuu51 rrpouecca 011ympe1111eii KDllnepcuu 
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ZlLMJllll-llY'leii II nepexoi)oa O:»ee, KOTOpbie, Hap»,11y C l3-pacna,110M, HBJIHIOTCll 

rJiaBHbIMII IICTO'IHl!KaMII :meKTPOHOB, conpOBOlK,11aJOIIIIIX pa.n11oaKTIIBHbIH pacna.n. 

CHa'Iana np11B0,11HTCH OCHOBHbie noHHTIIH, onpe,11eJieHI1H II <popMyJibI Teop1rn 

BHYTPeHHeii KOHBepc1111, 06cyJK,11a10TCH rnaBHbie M0,11eJIII pac'IeTOB K03<p<pllIIllelnOB 

BHYTPeHHeii KOHBepc1111 (KBK), pa:3Jill'IIIH B rro,11xo,11ax, BJIIIHHl!e pa3Hb!X 3<p<peKTOB Ha 

3Ha'IeHIIH KBK, a TaKlKe TO'IHOCTb rn6n111IHblX KBK. Oco6oe BHI1Mam1e y,11eneHo 

o6cyJK,neHIIIO BJIIIHHIIH rj,U3UKO-XUJIIU 1leCKOZO OKpy:»eeHUR Ha npmrecc BHyTpeHHeH 

KOHBepc1111, B pe3yJibTaTe KOTOporo B03HIIKaIOT mo111<ue :1q1,Pe1<mb1 B cneKTpax 

KOHBepc110HHbIX :meKTpOHOB 113MeHeHIIH :mepr11li II IIHTeHCIIBHOCTeH 

KOHBepCIIOHHbIX JIIIHIIH, a TaKJKe IIX KOJlU'lecmaa. 

06cyJK,neH11e 11ccrre,11osaH11» :1,P,Pe1<ma OJ,ce, Ha1I11HaeTc» c 11cTop11qecKoro 

BBe,11eHIIH, TaK KaK cymecTBeHHblH BKJia,11 B 3KCnep11MeHTaJibHOe uccrre,110Ba1me 3TOro 

,py11oa.J1te1tmaJlbllOZO aTOMHOro npouecca BHeCJIII cneKTpOCKOIIIICTbI-H,11epIII11KII. 

IlpHB0,1111TCH KJiaCCHqJHKaIIHH nepeX0,110B OJKe. ~anee 06cyJK,11a10TCH, o6o6meHHO, 

OCHOBHble pac'IeTbl 3Hepruii H BepOHTHOCTeH K-nepex0,110B 0)Ke, npHB0,11HTCl! Bb!B0,11bl. 

rrorryqeHHbie 113 cpaBHeHHH, KaK pe3yJibTaTOB pa3HbIX pac'IeTOB Me)K,11Y co6oli, TaK II 

Teopuu c JKCnepnMeHTOM. 

BbI'IHCJieHIIH BepOHTHOCTeii nepexo,110B OJKe 6orree CJIOlKHbie, 'IeM Bbl'lllCJieHIIH HX 

3Hepr11ii, a yposeHb H3yqeHIIH IIHTeHCIIBHOCTeii nepexo,110B OTJill'IaeTCH ,11JIH pa3Hb!X 

rpynn. Ilo3TOMY 06cyJK,11eHllll npOB0,11l!TCH no rpyrrnaM. 

Ha116orree rny6oKO ll3y'IeHa cal\rnH HHTeHCIIBHaH II npOCTaH no CTPYKType (9 JIHHHii) 

KLL-rpynna. TeM He MeHee, Ha6n:10,11arr11cb pacxoJK,11eH11H MeJK,11y 

IIIllpOKOMaCIIITa6HblMII peJIHTIIBIICTCKIIMII pacqeTaMII HHTeHCIIBHOCTeii KLL-

nepeX0,110B B cxeMe rrpoMelKYTO'IHOH CBH311 C yqeTOM B3al!M0,11eHCTBirn KOH<p11rypau11ii 

II 3KCnepuMeHTaJibHbIMII ,11aHHbIMH ,11JIH: a) CJlll6blX rrepexo,110B B o6rraCTII rrernux 

aTOMOB, 6) B pacnpeiJeJlellUll HHTeHCIIBHOCTll ,11y6nern KL1L2 MeJK,11y ero 

KOMnoHeHTaMH B o6rraCTH cpe,11HHX II THlKeJiblX 3JieMeHTOB. BKna,11 3<p<peKTOB <pll311KO­

XHMll'IeCKOrO OKpylKeHHH B HeKOTOpbie Ha6rr10,11aeMbie pacXOJK,11eHllll He IICKJIIO'IeH. 

POJib 3TIIX 3<p<peKTOB TaKlKe 06cyJK,11aeTC.II. 

KLM-rpynna COCTOIIT B cxeMe npoMelKyTO'IHOH CBH3H H3 36 JIIIHIIH II ee cyMMapHa» 

IIHTeHCHBHOCTb s rryqIIIeM crryqae ne npeBbIIIJaeT 60% OT IIHTeHCIIBHOCTII 

coorneTCTBYJOIIIeii KLL-rpyrrnu. CneKTp rro'ITH BbipOlK,lleH II ero CTPYKTypa 
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npaKTll'ICCKII !IC OTJll!'IUeTCll OT CTPYKTYPbl B cxeMe jj-CBll311. 1'b-3a 

3Kcnep11MCHTaJibllb!X Tpy,1111ocTett Ha Ha'IaJIO HaWIIX HCCJie,1IOBUHHH KLM-rpynna 6bIJia 

113!\lcpena BCero ,11JI)I 9 3Jle~!CHTOB. 113 KOTOpbIX TOJlbKO 0,111111 (Ar) HaX0,1111JlCH B 

,1111anm0He Z<46. ~aCTCll o63op Hl\le!OIIIHXCll pac'IeTOB HHTCHCHBIIOCTeii KLM­

nepeXO,llOB. 

Ha116oncc cJia6aH 11 11a116onee CJIOJKHall 113 K-oJKe rpynn - rpynna KMM+KMX­

ncpexo.nos MaJIO 1nyqe11a. B oco6e11uocT11 3KCnepHMeHTaJibHO. Ha Ha'Iano Hawux 

11cc11e,'lOBa1111tt oHa 6brna 111~1cpeHa JIHWb s· o6nacn, Z>46 H scero mm 6 JJieMeHTOB. 

I1p11son11TCH o63op pac'IeTOB 1rnTeuc1rnuocTett KMM-nepexo.uos OJKe. 

B KOHUe nepBOH rnaBbl o6cyJK.uaeTCl! COCTOl!HHe .uen B my'IeHHII '1peJ6bl'lllliHO 

C,70JICllblX cneKTpOB L-o.J1ce 3HCKTpOHOB. KOTOpbre B o6naCTH 6onee THlKeHblX aTOMOB 

COCTOl!T 113 IICCKOJlbKIIX COT nepeXO.l.{0B. 8 ue,10M. 1!3-3a MaJIOl.JIICHeHHOCTII II HH3KOH 

TOl.JIIOCTII. IIMCBIIIIIXCll JKcnepuMeHTaJibHblX ,'.laHHblX, pacl.JCTbl HHTCHCHBHOCTCH LMM­

nepexo,noB OJKe MO)[(IJO 6bIJIO riposepl!Tb TOJlbKO Kal.JeCTBeHJrn. 

BTopan rnana co,neplKHT onncaHIIC JKCnepHMel!TaJibHOH TeXIIIIKJI II J\[CTOJ(OB 

npeu1n1101111011 cneKTpOCKOHIIH 11113K031!epreTHl.JeCKHX JJieKTpOHOB C npm,1euem1eM 

TBepnoTCJILllbIX pa,n11oaKTHBllblX IICTO'IIIIIKOB. Cneuucp11Ka HCCJie,UOBaJlHH cneKTpOB 

Hll3KOJHepreTHl.JeCKHX 3JieKTpOHOB, B oco6eHHOCTII CrICKTpOB 3JICKTpOHOB OJKe. 

COCTOIIT B TOM, l.JTO 113-3a HX H113KOH 3Hepnrn H IIHTCHCIIBIIOCTII II BLICOKOIT ITJIOTHOCTII 

JIHIIHH, Tpe6oBaHml K xapaKTepHCTIIKUM cneKTpaJILHOH annaparypLl, Kal.JCCTBY 6ern­

HCT0l.JHIIKOB 11 MeTO.l.{aM o6pa60TKH H3MepeHHLIX cneKTpOB Ha116onee BLICOKH. 

l13MepeHHll npoBOJ(HJIIICb Ha ,nsyx OJ(HOKaHaJILIILIX JJieKTpOCTaTHl.JCCKHX 

cneKTpoMeTpax ESAJ 2 [I] (l111cnnyT Hnepuott <pH3HKII AHl.f P. P)KeJK non TTparott. 

l.fcx1rn) H ESASO [2,3] (JUifl. OJ15IJ1, ~y611a). 

ESAJ 2 HBJIHeTCH JlBYXKacKaJlHLIM l{Wlll1tOp11'lec1<1u11epKaJ1bllb/JII a11a,1111amopo.ll 

(l(3A) C <poKyc11pOBKOfr BTOporo nopH,UKa. CneKTpOMCTp pa6orneT B 3HepreTl!l.JCCKOM 

,nuanmoHe 0+12 KJB C OTHOCHTeJILllbIM np116op11LIM pmpcweHHCM 0.1+1.0 % (B 

3aBIICIIMOCTJI OT umpHHbl npHCMIIOH ll(eJIII 

perucTp11py10TCH 6ecnoporosbIM KaHaJILJILIM 

ar1arr1narnpa). 

YMIIOlKIITCJlCM 

3neKTpOHLI 

3JlCKTpOHOB. 

3qi<peKTIIBl!aH TpaHCMHCCllll CHCKTpOMCTpa B pelKIIMC 6c3 npl!MCHCIIHH 

npCJlBapHTCJlLHOro rnpMOlKCHHH 3JICKTPOHOB COCTaBJIHCT -0.4% OT 4n. 
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Puc.I. JCKH3 MaKeTa 3JJCKTpOCTaTH4eCKOro cneKmpolp{l(/HI [4]: I, 2, 3 - cpe,LIHHH (ro=40 

MM), BHyTpCHllHH ( r2 =IO MM) H BHCWHHH ( rl = 55 MM) 3JICKTp0,llbl, COOTBCTCTBCHHO; 4 -
BXO,[IHall lllCJJb; 8 - KOJJbUCBbie 3JJCKTpO,llbl BblpaBHHBalOU\HX qJOKyc11py10U1ee 

:meKTpOCTaTHYCCKOe noJJe noTeHL{HaJJOB; 9 - npHCMIJall nJJOCKal! ,llHaqipanta; IO -
KOOp,llHHaTHO-YYBCTBHTCJJbHblH ,lleTeKTOp; 11, 13 - 3JJeKTpOHHal! nywKa; 15 - MarHIITHall 

3alllHTa 113 µ-MeTaJJJJa, <l>oKyCHOe paCCTOllHHe L COCTaBJJlleT 502 MM, 

CrreKTpoMeTp ESASO llBJrneTcll KOAt61mupoBaHHb/Jlt crreKTpoMeTpOM. CocTOHT H3 

cqiepH'IeCKOro 3aMe,z:vmTeJrn II )lBYXKaCKa)lHOro U:3A. TaKall KOM6HHaUHll IT03BOJilleT 

IICKJIIOlJIITb BJ!llllHHe peJillTIIBlICTCKIIX 3qJqJeKTOB Ha qlOKycttpOBKY 3JieKTpOHOB. B 

pe3yJihTaTe crreKTpOMeTp MOlKeT pa60TaTb B 3HepreTHlJeCKOM IIHTepBaJie 0-;.50 K3B C 

a6COJIIOTHb!M rrptt6opHblM pa3perneHHeM HeCKOJibKO 3B. TpaHCMIICCIIll crreKTpoMeTpa B 

cJiyqae Ha1I60Jiee tJaCTO npHMeHlleMOH MO)lbl II3MepeH!Ill )lOCTHraeT -0. I% OT 41t. JJ:;rn 

perHcTpaUHII 3JieKrpOHOB IIpHMeHlleTCll TaKlKe KaHaJib!IbIH YMHOlKIITeJib. 

B 3TOll rnaBe OIIlICbIBaeTCll )lOBOJ!hHO ITO,llpo6HO II npIIHUIIII pa6oTbl L{3A, a TaKlKe 

BJIIIllHHe pa3Hb!X 3qJqJeKTOB Ha ero npII6opHoe pa3perne1me. 

fJiaBHb!M He)lOCTaTKOM U:3A llBJilleTCll ero HII3Kall TpaHCMIICC!Ill. C' ueJiblO ee 

IIOBbIIIIeHHll Ha l-;.2 rropll,llKa 6bma rrpe,llrrplIHllTa IIOIIhITKa C03)laTb 

3JieKTpOCTaT!ItJeCKIIll cneKTpoMeTp H060W llOKO!lemm. B pe3yJihTaTe pa3pa60TaH, 

IIOCTpOeH II IICIIb!TaH [4] MaKeT IlllTIIKaCKa)lHOro L{3A co cnpJtMJICHUCM flll/lUU qJOKYC06 

nep6020 nopflOKa, pa6oTalOIUIIH B pelKIIMe cne«mpozpar/Ja. CrreKTpOMeTp COCTOHT ll3 

mpex COOCHb!X UHJIIIH,llp1I1IeCKIIX 3JieKTpO,llOB ( CM. pHC. I). I1p1I pa6oTe, cpe)lHIIll 

3JieKTp0,ll (I) 3a3eMJieH, a Ha BHyTpeHHIIH (2) II HaPYlKHh!H (3) OTKJIOHlllOIUIIe 

3JieKTpO,llbl IIO)laeTCll O)lHH II TOT lKe OTKJIOHlllOIUIIH ITOTeHUHaJI. Pe3yJibTaTbl 
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IICIIbITaHHll l\taKeTa ITOKa3aJIH, 'ITO aHaJIH3aTOp IT03BOJilleT rrpOBO)llITb OOH06peJ11e1111y10 

perHCTpaUIIIO 3HepreTH'ICCKoro HHTepBaJia, cocTaBJillIOIUero I I .5% OT 3HeprHH 

npOXO)lllIUero cneKTporpacpoM ueHTpaJibHOrO IIY'IKa 3JieKTpOHOB. 3To 3KBIIBaJieHTHO 

yseJIH'ICHHIO TpaHCMIICCHH 6oJiee 'IeM na 001111 nopROOK ITO cpaBHeHHIO co 

cneKTpOMeTpal\rn ESA I 2 H ESA50. O)lHaKo noJiy'IeHHoe rrpII6opnoe pa3pernenIIe 0.6% 

11e)lOCTaTO'IHO )lJ!ll peweHHll COBpeMeHHb!X 3a)la'I. Ero YJIYtJWeHHe MOlKHO OlKH)laTb 

npu BOIIJIOIUeIIHH CIIpllMJieHHll JIIIHHH qlOKYCOB BTOporo IIOpll,llKa n/HJIH rrpn 

npHMeHeHHII CHCTeMbl rrpe)lBapnTeJibHOro TOpMOlKeHHll 3JieKTpOHOB. 

OcHOBilblM rrapaMeTpOM Kll'ICCJn6ll 6eTa-HCTOlJHHKa 5lBJilleTCll ero 'J<fuj,eKJnll6HaR 

JnOJIUJ,lllta, KOTOpall He )lOJ!lKHa cyruecrne1rno rrpeBbIIIIaTh cpe,llHIOIO )lJIHHY 

CB060)lHOro rrpo6era )lJ!ll Heyrrpyroro paccellHHll 3JieKTpOHOB B MaTepHaJie HCTOlJHHKa, 

TaK KaK ueynpyro paccellHHbie 3JieKTpoubr yqacrny10T B o6paJosamm 

HH3K03HepreTH'IeCKHX "XBOCToB" JIHHIIH cneKTpa. Jl:Jill 3JieKTpOHOB C 3Heprneii B 

e)l!IHHUhl K3B OHa COCTaBJilleT Beem ltCCKOJlbKO 11.ll. IT03TOMY Tpe6yeTCll BbICOKall 

y)leJibHall aKTHBHOCTb pa,llHOH30TOTia H ero paBHOMepHoe pacrrpe)leJieHHe no 

nosepxHOCTH IlO)lJ!OlKKH 6eTa-HCTOlJHHKa. 

Pa3pa6oTaHbl i)aa MemoiJa npHrOTOBJieHHll TOHKHX 6eTa-HCTOlJHHKOB - MeTO)l 

uc11ape1t11R 6 Ba«yyAte tt MoiJurfJut411po6a1t1tb111 MemoiJ [5,6] JbHrM10p-6JIO)llKerra 

(116). 

ITepBblll 113 MeTO)lOB llBmreTCll )lByxCTa)lHllHblM. CHatJaJia HCXO)lHblll 

pammaKTHBHblH MaTepHaJI HaHOCHTCll 3JieKTPOJ!lf30M ua 11cnap11TeJib H3 Ta. BTOpall 

CTa)l!Ill Ha'IIIHaeTCll C rrpe,llBapHTeJihHOro nporpeBa B BaKyyMe HcnapHTeJill C 

HaHeceHHOH Ha Hero aKTlIBHOCThlO, rrocne qero 11cnapl1eTCll aKTHBHOCTb. ITpH 3TOM 

IIO)lJ!OlKKa 6eTa-HCTOlJHHKa BparuaeTCll co CKOpOCTblO -2000 o6opoTOB B MlIHyTy. B 

60JibIIIHHCTBe cnyqaeB TeMnepaTypHbie 3aBHCHMOCTU )lecop6u11H cne)lOBb!X KOJ!HtJeCTB 

H3ytJaeMbIX H30TOIIOB C IIOBepXHOCTH ITOJIUKpHCTaJIJ!HlJecKoro TaHTaJia He 6bIJIH 

H3BCCTHhl, H II03TOMY HaM npHWJIOCb HX orrpe,lleJillTb. MeTO)l )lOBOJ!bHO TPY)lOeMKHH H 

ero 3qJqJeKTHBHOCTb HH3Kall (HeCKOJibKO rrpoueHTOB). 

Mo;:u11Jm1.u1ponaHHhIU MCTO)l 116 OTJ!HtJaeTCll OT CTaH)lapTHOro MeTO)la TeM, 'ITO 

xeMocop6UH5l KaTHOHOB rrpoBO)llITCll c Kannu pacrnopa, CO,llep)Karuero pa,llHOHYKJIH)l, 
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Ha MOHOMOJieKyirnpHblll CJIOH JU, T0JIIUHH0H 2.5 HM 3apa,1ee HaHeceHHblH 11a 

TBep)loTeJibH)'IO II0)lJIO)I<KY 6eTa-HCTO'IHHKa. B crryqae pe)lK03eMeJibHbIX 3JieMe!IT0B 

3qiqieKTHBHOCTb MeT0)la )l0CTHrarra 80+90%. IIpHroTOBJieHHbie 6ern-HCTO'IHHKH 

crn6HJibHb!e B BaKyyMe H Ha B03)lyxe. MeTO)l II03B0Jil!eT l<OHlllpO!lllpye11tbl.llt o6pa30M 

yBeJIH'IHBaTb aKTHBH0CTb 6eTa-HCTO'IHHKa II0BT0pHbIM HaHeceHHeM HeCK0JibKHX 

PaJ:lH0aKTHBHbIX M0H0M0JieKyrrllpHb!X CJI0eB JJE )lpyr Ha )lpyra. IIpHMeHHMOCTb TaKoro 

II0)lX0)la rrpo)leM0HCTpHpoBaHa B crryqae H30T0IIa 
169Yb Ha rrpHMepe K0HBepcH0HHbIX 

JIHHHH Mi-8.4 (£e=6.l K3B) H Li-20.7 (£e=l0.6 K3B). 

Haoe:»cHOClllb o6pa6oTKH )lHCKpeTJibIX cneKTp0B 3JieKTp0H0B HanpllMYIO CBll3aHa 

C Ha)le)KH0CTblO rrpHMeHlleMOH B o6pa6oTKe (jJopMbl OOUI/Ol/1/0U .'IWIUU crreKTpa. 

Bb!'IHCJIHTb ee C )lOCTaTO'IHOH TO'IH0CTblO TPYLIH0 B 0CH0BH0M H3-3a HeXBaTKH IIOJIHOH 

HHqJOpMaUHH 06 HCT0'IHHKe, X0Tll pe3yrrbTaTbl rrocrre)lHero BpeMeHH o6Ha)le)KHBalOT. 

HaMH rrpHMeHllJIHCb nporpaMMbl C HCIT0Jib30BaHHeM, KaK llH{lJllllllll'leCKOU qiopMbl 

JIHHHH (MHOrorrapaMeTpH'IeCKall faycc1-1aH IIO)lo6Hal! qiyHKI.(Hll), TaK 1-1 ('ITO HMerro 

MeCT0 B II0)laBJillIOIUeM 60JiblIIHHCTBe crryqaeB) :Jl<CllepmteHnt{lJlb/lOU [7]. OcnoBHbJM 

npemtytt(eCnt60/lt BToporo II0)lX0)la l!BJil!eTCll qJH3H'IeCKa51 o60CHOBaHHOCTb qiopMbl, 

B03M0)KH0CTb 3aKJia.[{b!BaTb B o6pa6oTKY 6oJibIIIe c!>H3H'IeCKOH HHqJOpMaUHH H 

0)lH03Ha'IHa51 qJH3H'IeCKa51 HHTepnpeTaUHll napaMeTp0B IT0)lfOHKH. B Ka'Iecrne 

cmaHOapmuoii Jll/llUU Bb161-1paeTCll Hm-16orree Y3Kal! H xop0III0 H30JIHpoBaHHa51 JIHHHll 

H3Mepemroro cneKTpa. TaKall CTaH)lapTHall JIHHHll C0)lep)KHT B ce6e, KaK oco6eHHOCTH 

c!>0Kycrrpy10m1-1x CBOHCTB crreKTp0MeTpa, TaK H acl>cpeKTbl HCTO'IHHKa. IIprr o6pa6oTKe 

cpopMa OT)leJIJ,HOH JIHHHH _crreKTpa Bbl'IHCJilleTCll KaK C6epm«a CTaH)lapTHOH JIHHHH C 

Jiopeltl(l/UHOAt, IIIHPHHa K0T0poro paBHa pa3HHUe HX ecTeCTBeHHb!X IIIHpHH. 

Propa6oTaHHall HaMH 3KCrrepHMeHTaJibHa51 TeXHHKa H MeT0)lbl HCCJie)loBaHHll 

C03)laJIH YllUK{lJlbHbte B03M0)KH0CTll )lJill npeUH3H0HHb!X HCCJie)lOBaHHH cneKTp0B 

HH3K03HepreTH'IeCKHX 3JieKTp0H0B, ue HMeIOIUHX a11arrora B MHpe. 

B TpeTbeH rJiaBe rrpHB0)ll!TCll pe3yJibTaTbl 11anmx HCCJie)lOBaHHH lllOIIKUX 

:1,P<jJe1<m06 B cneKTpax HH3K03HepreTH'IeCKHX 3JieKTp0H0B, corrp0B0)K,[{aIOIUHX 

pa)lHOaKTHBHb!H pacrra.[{, H HX o6cy)K)leHHe. K UHM 0TH0CHM 3cpcpeKTbl qJH3HKO-
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Xll\l!Jl!eCK0ro 0Kp)'iKelllll! B cneKTpax K0irnepCH0llllblX II 0)Ke-3JieKTp0H0B, )leTaJIH 

CTp)'KTyp1,1 cneKTpoB KLL-. KLM+KLX-. KMM+KMX- 11 LMM+LMX-:rneKTpOHOB 

OiKe. a TaKiKC IT0IICK K0HBepcH0HHbIX JIIIHHII H113K03HepreTH'IeCKHX l!)lepHbIX 

nepCX0)l0B. 

O6Hapy)Kl!Tb JifHjJCJ..'/111,/ ifJl/31/J..'0-Xll.\fll'ICCh'O?O o,.,pyJICCl/l/51 B cneKTpax 

K0ll!lepc110HHI,IX JJ1CKTp0H0B 0lJCl!b CJI0iKH0 H3-3a HX .11Cl701/ 0TH0CHTeJibHOll 

BeJil1'1HHbl. IIo-Bll)lllMOMY. 11a116onee ncpcneKTIIBHbIM rryTeM llBJil!eTCll HCCJie,II0BaHHe 

H3MCHeHHH 311cpr1111 K0IIBCpCH0HI-IblX 3JieKTp0H0B, T.11. Xl/.llll'leCKIIX C06tU06. Pa11ee B 

K0HBepCH0IIH0M CITCKTpc ll30MCpHoro rrepexona 2.17 K38 E3 B 
99

"'Tc (T1,,~=6 'I.) 

11a6mo11anHCb Xll.lltl'ICCKlle C,r{Bllrll np11 npl!MCIICHl!ll TBCp)loTeJJbllblX o6pa3UOB, 

co,1ep)Kau1ux .11t11-:pozpa.11.1to6b1e Kom111ecTBa 11ocume.1n <i<JgTc (T ll2=2x IO' rr.) c 

' 99mT I1 99mT 11plUlteCb10 CJJeJ(0BbIX K0Jill'IeCTB c. p11po,na c. B03HIIKal0IUCro B yc,10Blll!X 

6eJ 1/0CllflleJ1R, npe)lCTaBJJl!CT oco6btti Hl!Tcpec )lHll XIIMIIH TeXHCl~lll!. Ho MCT0L{0B L{Jlll 

HCCJICJ(0Balll!ll l116epiJomem,11blX o6pa3UOB 0'IeHb MaJI0 B 0TJIH'll!C OT B03MOiKHOCTCll 

IICCJIC)l0Ballllll )KH)lKHX o6pa3UOB. TioJTOMy' !Ial\lH H3y'Iarracb B03M0)KH0CTb 

npHMeHelllrn npCU113llOHHOH cneKTp0CK0illlH K0HBCpCII0IIHbIX )JICKTp0H0B )lJlll 

onpe)lCJICllllll BaJICHTII0fO C0CT0l!Hllll CJle006b/X K0Jlll'ICCTB 
99111

Tc (-1 o-I l r) ll 

lll6epiJomeJlbllblX o6pmuax. I1CCJIC)lOBaHHll npoB0)lllJIIICb 11a CIICKTp0MeTpe ESA 12 

npu npu6opHOM propeIIICHIIH <I 3B. l13Mepem11,1e [8] XHI\IH'ICCKHe C)lBHfll 3Heprn11 

CB51311 3JleKTp0H0B I-Ia M4,5-ITO)l060JIO'IKax TeXHCU!fll )lJlll 0CH0BHb!X COC)lllJICHIIII, 

!\r,h(NH/
9111

TcO4 -
99111

Tc) H !\r,h(NH/
9111

TcO4 -
99111

TcO2.2H2O), COCTaBJJl!JIH (6.3±0.4) 11 

(3.6±0.4) 38, C00TBeTCTBCIIII0. Ha 0CII0BaHIIII Il0JJY'ICH!lb[X TCCT0Bb!X pC3YJJbTaT0B 

ycneumo H3y'IeH [9-12] nmpoKHH na6op rnep)l0TCJJbHbIX o6pa3UOB <J
9
"'Tc 6eJ 

IIOCUflleJIR B pa3HOll XllMll'ICCKOH cjiopMe (CM. puc. 2). BKJIIO'Jall 0KHCJihl. raJI0ll)lHL!C 

K0MITJICKCbl, .a TaK)KC xenaTbl, K0T0pbre npl!MeHl!IOTCl! B ll)lCpHOII l\lC)ll!Ul!He )lJill 

)lHarH0CTHKH. B Ta6nnue I npHB0)ll!TCl! naum )lalll-Ible )lJlll IICK0T0pblX COC)ll!HCIIIIII. B 

pe3yJ1hTaTe 61,1m1 3aJlOiKCHhl 0CH0Bbl 11060.'0 11eiJecmpJWl1lll6IIOZO .uemoi)a 

onpe)lerremrn BaJJeHTIIOro C0CT0l!HHll CJle006blX K0Jlll'ICCTB 
99111

Tc ll TBCp)l0TCJlbHbJX 

06pa1uax. 
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Puc. 2. Kmrnepc110HHb1e JJIIHIII-I M4,5-2. l 7 99
'"Tc 

np1-1 113MCHCHIIII XIIMll'lCCK0ro C0CTaBa Toro )KC 

I-ICTO'lHIIKa [8]: a) IICX0,ll,Hall qiopMa (B 0CH0BH0M 
99

mTcO2.2H2O); b) nocne <JacrnYHoro oK11cneHllll 

(cMeCb 
99

mTcO2.2H2O 11 NH/
9
mTcO4); c) nocne 

CIIJlbH0fO 0KIICJICHllll (B 0CH0BH0M NH/
9
mTcO4). 

TTp11 IICCJIC,ll,0BaH!ll-1 [13.14] 

nwepi)omellbllblX IICT0'lHI-IK0B 
83 Rb 

0611apy"lKeHo yaem1'-!em1e :rncprntt 

K0HBepc!!0HHbIX JIIIHIIH nepexo.110B 

9.4 H 32.1 KJB B ,no'-!epHeM 
83111Kr Ha 

14719 JB ( 679 (j) no cpaBHCIIHIO C 

Bbl'-!HCJICHHblMH 3Ha'-!CIIHllMH C 

HCITOJlb30BaHHeM JHeprHH rrepexo­

.110B If JHeprntt CB.!13H JJJeKTp0H0B B 

C60600HblX aT0MaX Kr, H3BCCTHbIX C 

T0'-!H0CTblO C.[IHHl-11..{ JB If <l JB, 

C00TBCTCTBCHH0. PacXO"lK.11CHIIC 

.!IBJl.!ICTC.!I CBil.11CTCJJbCTB0M 0 CYll{e-

ClllBelllto.M 6/lllRHUll 11l6epi)ome11b-

HblX 3</J</Je«mo6 Ha 111epmu C6R3II 

JJICKTp0H0B B aT0Max Kr, B03HH-

Ka10mux B rnep,n0TCJJbH0M HCT0'-1-

HHKC. 

Ha6JJI0.11CHO [15] BJJH.!IHHC 

<jJUJIIKO-XUJltu'leCKOZO o«pyJ1Ce1tUR 

Ha llHl1lellCll6HOCl1lb K01t6epcuo11-

HOU JIHHHH BaJICHTHhlX M4_5N1-

JJJCKTP0H0B rrepexo,na 14.4 KJB B 

57
Fe, KOTopa.!1 yMCHbIIIHJJacb Ha ~30% IT0CJJC Bhl.11CP"lKKH Ha B03.11yxe B TC'-!CHHC 

HCCKOJlhKHX HC.[ICJJb HCTO'-!HHKa 
57

Co Ha Al-rro,nJJO"lKKC. Ilpu '.HOM B3aHMHb!C 

paccTO.!IHHH MC"lK.11Y K0HBCpCHOHHb!MH JJHHH.!IMH M,N-14.4 He H3MCH.!IJIHCb B rrpe,neJJax 

JKcrrepHMCHTaJJbHOH OIIIH6KH 0.3 JB. Ilo'-ITII Ha 0.11HHaK0BYIO BCJIH'-!HHY yMCHhIIIIIJIIICb 

H HHTCHCHBH0CTH JJHH11ii KL2,3(M4_5N 1 )-111e«mpo110G 0:,1ce 57
F e, rrp11'-!eM H3MCHCHHe B 

IT0JJ0)KCHll.!IX JTI-IX JIHHHH TaK)KC He Ha6JJIO.[laJIOCb. 
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Ta6m11..1a 1. 3Kcnep11MCHTaJlbHble ,ll,aHHblC [12] 0 XU'WUl/eCKUX C06U2G.X KmrnepC!!0HHbIX 

JIIIHI-IH M-!- II Ms-2, I 7 99111
Tc ,ll,Jlll pa3Hb[X XI-IMll'lCCKIIX COC,ll,I-IHCHIIH TCXHCl.(llll 0TH0CIITCJlbH0 

NH/
9
mTcO-l. Ow1-16Ka B onpe,11eneH1-11-1 c,11s11roB cocrnBJJlleT ±0.2 3B. B nepB0M II TµeTbeM 

CTOJ161.1ax ncfHB0,ll,llTCll MCT0,ll,b[ np11r0T0BJICHllll 1-1ccne,11yeMblX o6pa31.\0B 1-1 BaJICHTH0e 

C0CT0llHlle 
9 111

Tc B HIIX, C00TBCTCTBCHH0. 

Method of sample preparation Obse,ved chemical shifts (eV) Tc valency in compound 

99"'TcO 2.2H20 + HNO3 vapours, 0.0 - - - NH4Tc(VII) 04 neutralized by NH3 

99"'TcO4 in Na2CO3 solution, ' 

extracted by MEK 
0.0 - - - NaTc(V!l)O4 

99"'TcO4 in K2CO3 solution, 0.0 - - - KTc(Vll)O, 
extracted by MEK 
99"'TcO:; in 3M KOH, electrolysis - - 3.6 - Tc (IV) o,.2H,O 

Na,99MoO4 in solid NaOH, equi-
librated in air 0.0 - - - Na Tc (Vll) 0 4 

Na/9MoO4 in solid NaOH, equi- . NaTc(Vll}O4 
librated in vacuum 0.0 2.1 - - NaTcM03 

99"'TcO4 + citric acid + Sn2+, 
pH 3, incubated 20 min in N2 - - - 4.1 Tc (Ill) citr2 

99mTcO4 + citric acid + Sn2
•, 

pH 6, incubated 20 min in N2 - 1.9 - - TcMcitr2 

99mTcO4 + DTPA + Sn2
•, TcMDTPA 

pH 3, incubated 20 min in N2 - 2.1 - 4.3 Tc(lll)DTPA 

99"'TcO;; + DTPA + sn2
•, 

pH 6, incubated 20 min in N2 - - 3.2 - Tc(IV)DTPA 

99mTcO4 + EDTA + Sn 2
•, 

pH 3, incubated 45 min in N2 - - 3.6 - Tc(IV)EDTA 

99"'TcO4 + EDTA + Sn2
•, 

pH 3, incubated 20 min in N2 - 1.9 - - TcMEDTA 

99"'TcO:; + EDTAHA + sn2
•. 

pH 6, incubated 45 min in air - - 3.3 - Tc(IV)EDTAHA 

99"'TcO4 + EDTAHA + Sn2
•, 

pH 6, incubated 20 min in air - 1.8 - - TcMEDTAHA 

99mTcO4 + EDTAHA + Sn 2•, 

pH 0.8, incubated 45 min in air - 1.8 - - TcMEDTAHA 
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KLL-zpynna O)Ke-::meKTpOHOB H3}"IeHa ,[(JUI 15 ::meMeHTOB, B03HlIKalOIUlIX B 

:Jlle«mpoHHOM 1axaame, B ,nHarra3oHe 23Q:::;69, a m,1emrn: ;~ V [16], ;! Cr [16], ;; Mn 

[17], ;~Fe [15,18], ;;Ge [19], i;As [20], ~~Kr [7,21], '~;Rh [22], '1~Cd [23], ';~Xe 

[24,25], 1 ~~ Pr [26], 1!; Pm [26], 1 ~~ Gd, 
1 ~~ Tb [27] H 

1:! Tm [28]. Hccne.nosaHHll ,nnll 

Z=24, 32, 36, 45, 59, 61 ll 64 rrpoBe,neHbl anepabte, ,[(Jill OCTaJibHhIX :rneMeHTOB 

crreKTpbl aHaJill3llpOBaHhl 6onee iJemllllbl/0 ll rronyqeHhl 6onee lnO'IHb/e ,naHHble, ITO 

cpaBHeHHIO c pa6ornMH ,npyrnx asrnpoB. 

Tipeo6Jia)laIOil\al! TOqHOCTh J +3 3B B orrpe,neJieHllll, KaK om11ocume/lbllblX, TaK lI 

a6comom11btx (cM. rn6n. 2) 3Heprnn KLL-rrepexo,nos rro3BOJIHJia rrposepHTh Ha 

Ta6mu~a 2. CpaBHeHHe H3MepeHHblX B :noii pa6oTe a6COJIIOTHbIX JHeprnii (B JB) 
KL2LiD2)-0)Ke nepexoJJ:a B H3y'-!aeMblX H30TOnax C noJiyJMn11p11'-leCKHMl1 3Ha'-!eHHllMl1. 

lhoTOn 3KcrrepHMeHT Teopnl! 3Kcrr. - Teop. 
(:na pa6orn) (3B) 

;:er 4794 ± 4 4777.8 + (16.2 ± 4.0) 

i;Mn 5 202.5 ± 2.5 5191.7 + (I 0.8 ± 2.5) 

i~Fe 5640.2 ± 1.0 [15] 5624.8 + (15.4 ± 1.0) 

;;ae 8567.4 ± I.I 8561.5 + (5.9 ± I.I) 

!~Kr 10837.4 ± 1.0 10824.9 + (12.5 ± 1.0) 

'~;Rh 16958.1 ±2.I 16945.3 + (12.8 ± 2.1) 

'!)Cd 19319.2±1.4 19308.1 +(II.I± 1.4) 
1;;xe 24519.l ± 1.9 [24] 24510.1 + (9.0 ± 1.9) 

24521.6 ± 2.0 f251 +(11.5±2.0) 
1
:~ce 28397 ± 3 28376.4 + (20.6 ± 3.0) 

1:~Pr 29423.1 ± 2.6 29402.9 + (20.2 ± 2.6) 

'::Pm 31524.6 ± 1.8. 3 I 521.1 + (3.5 ± 1.8) 
31542.9± 1.5" +(21.8± 1.5) 

'~; Gd 34866.8 ± 2.5 34862.9 + (3.9 ± 2.5) 

1;:To 36044 ± 3 36023.3 + (20.7 ± 3.0) 

'!:Tm 40909±3' 40901.7 + (7.3 ± 3.0) 
40929± 3" + (27.3 ± 3.0) 

• H11JKOJHepreT11'-!eCKal! K0MII0HeHTa Jil!Hllll KL2LJ(' D2). 
" Bb!COK03HepreTll'-leCKal! K0MII0HeHTa Jll!Hllll KL2LiD2). 
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3Kcrr. - Teop. 
(cr) 

4.1 

4.3 

15 

5.4 

13 

6.1 

7.9 

4.7 
5.8 
6.9 

7.8 

1.9 
15 

1.6 

6.9 

2.4 
9.1 
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6oJihllIOJ\I Ha6ope aTOMHblX IIOMepoB UillpOKO rrpHMeHlleMbie no.riyJl\tnllpll'ICCKlle 

pac1 IeTbI :JHepluii mKe-nepexonos Jlap«u11ca ( 1977). Hx ,neKnapuposamrnll rnquocTh 

cocTaBJU!eT I +2 J8 ,[(Jill cnyqaes, Kor,na ll3BCCTHbl TQq}lb[e 311aqeHllll 3Heprun CBll3ll 

JJieKTpOHOB H He xy)Ke 5 J8 Boo6me. l13 cpaBHemrn JTllX pacqeTOB C HaWHMll 

,naHHb!Mll c.nenmlbl .nna OCHOBHble Bb!BO)la: 

• Bo nccx cny'-lallx pac'lem11b1e_ 3Ha11eH11ll a6comonmb1x JHeprun 

.noM1rn11py10uiero nepexo,na KL2LJ(1 D2) cucme.11amu'lec«u 1111J1Ce 113MepeHHhIX Ha 

6+27 JB. (4+15 cr: CM. rn6n. 2). Tip11 JTOM cpenuee 3Haqe1me pa3HHUbI B o6nacrn 

24:::;Z:::;48 cocrnnmrno 12 JB, a B o6nacrn 58:::;Z:::;69 (pe,nK03eMeJihHhie JneMeHTbI) 22 

J8. Ha OCHOBamrn JKcnepHMCHTaJibHhIX )laHHbIX (ll ,npyrnx aBTOpOB), a TaK)Ke 

pe3yJibTarnn HeKoTOphIX pac~1ernn, c.nenau BhIBO)l o TOM, qrn ua6nIO.naeMoe 

cucmeJ1tamU'leCKOe pacXO)K)lCHHe pacqeToB C JKCnepHMCHTOM Bhl3BaHo c11oco60.,t 

o6pa3oBamrn nepnwrnoi1 K-BaKaHcHH, T.e. Jlle«111poH11but JfLl.:aamo.H. B cnyqae ':; Pm 

11 
1 ~~ Tm a11epab1e 11a6mo,neua iJy6Rem11an CTPYKTypa oiJ1111o'lllblX mrn11i1 KLL­

cneKTpa, qTo no.nrnep)l()laeT C)lCJiaHHhIH Bh!BO)l. A6COJ1IOTHhle JHeprm1 

llll3KO:Jllepzemu'leCKlL'( "KOMIIOHCHTOB"' JTllX Jllllilifi (CBll3aJIHblX C K-KOHBepc11ei1) 

xopomo cornacyIOTCll C BbJqHcneHHbIMll 3Ha'-!eHllllMII, a BblCOKOJHepreTII'-ICCKHX 

3aBblillCHbl Ha BbIWe npHBC)lCIIHbie BCJlH'-lllHbl (CM. Ta6JI. 2). TaKHM o6pa30M. 

IIOJiy'-leHHbIC Ha~rn pe3yJ1bTaThl yKa3hlBaJOT Ha 11e11p1U1tel/l1J1l0Clllb B pac'-!eTax 3Hepr1IH 

KLL-nepeXO)lOB npe.nnoJlO)l(CHllll O 11eJa8UCllJIIOCl1lll 3MIICCIIII 0)1(C-3JleKTpoua OT 

npeiJbtcmopuu · o6pa3oBaHHll neps11quo11 K-BaKaHCHH B cnyqae :J/le1a11po111,om 

1axaama. 

PaHee Ha6J110)laJillCb C)lBllrH JHeprnn X-ny11en BeJIIPIIIHOi1 OT .noneii J8 )lO 

HCCKOJihKlIX J8 B neKOTOpbIX CJIY,JallX, KOr,na nepBH'IHbie BaKaHCHH o6pa30BaJIHCb B 

pe3ynhTaTe :Jlle«mpo111ww 1axaama. Ebmo sse.ne110 no11llTHe JrfHj,e«m amo.,111oii 

cmpy«mypbt, KornpbIH OTpa>KaeT BJJHllHHe pa3HllUbI arn~rnoi1 cTpyKTYPhI .nsyx 

COCe)lHIIX JJleMeHTOB Ha paiJUat(l/Ollllble nepeXO)lbl. 3cjiqieKT noKa IIOJlHOCTblO He 

H,yqeH. 
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5585 5605 5625 5645 
Electron energy (eV) 

5665 

Puc. 3 fpynna KL2,3L2xJTHHHH OlKe-JJTeKTpOHOB 
57

Fe, H3MepeHHall [ 15] c waroM I 38 np11 

np116opHOM pa3pewe111111 2.5 38 c HCTO'-IHHKOM 
57

Co cpa3y nocJTe ero np11roTOBJ1e1mll 

(o6o3Ha'-leHHblH KaK "MeTaJTJT" - npllMoyroJTbHHKH) 11 nocJTe ero Bbl)leplKKli Ha B03)lyxe B 

Te1.JeH11e 11eCKOJlbKl1X He)leJTb (o603Ha4eHHblH KaK "OKHCb" - KPYlKKH). 

• 8 pacqernx KLL-JIHHHH cucme.11tamu'lec«u cMemeHhI 6JittlKe K 

JlOMHHHpyJOmeil: JIIIHIIH KL2LJ(' D 2), 4eM Ha6mo)laeTcH B 3KcrrepttMeHTax. 8 

oco6eHHOCTil 3TO KacaeTCH JIIlHilil KLiLiC'So), rne pa:mm,(a COCTaBJIHeT HeCKOJihKO 38 

)lJIH JierKIIX 3JieMeHTOB, C pOCTOM z yseJIH4IlBaJiaCh, a )lJIH Z=69 OHa )lOCTHraeT 

3Ha4eHHH (25.0±3.0) 38. CttcTeMaTII4eCKilH xapaKTep CMemeHHH CBil)leTeJihCTByeT 0 

TOM, 4TO OHO He MOlKeT 6b!Th Bhl3BaHO HeT04HOCTh!O IlCITOJih3yeMblX B pac4eTax 

3KCrrepIIMeHTaJihHh!X 3Heprnil: CB513Il 3JieKTpOHOB. 

8 cJiyqae 
55Mn II 

57
Fe o6HapylKeH HH3K03HepreTH4eCKHH cameMum JIIIHHH 

KL2LJ('D2) Ha paccTOHHHH (8.2±0.5) 11 (6.2±0.5) 38, coorneTcrnemrn. ~JIH 
57

Fe 

Ha6JIJO)laJiaCh JI OUlla.MUKa Il3MeHeHHH IlHTeHCilBHOCTil caTeJIJIIlTa rrpH xpaHeHHJI Ha 

B03)lyxe IlCT04HHKa MaTepHHCKoro Il30TOrra 
57

Co (cM. pIIC. 3). IlpoBe)leHHhJe 

IlCCJie)loBaHHH [29] II!IlpOKOro ua6opa IlCT04HilKOB 
57

Co C rrpHMeHeHHeM JI 

Mecc6app0BCKOH crreKTpOCKOITilil Bh!HBIIJIIl «oppe.nau,1110 IlHTeHCIIBHOCTil caTeJIJIJITa C 

KOJIIl4eCTBeHHh!M coneplKaHHeM 
57

Fe B CTerreHil OKJICJieHHH 2+ B IlCT04HHKax. IlpH4IlHY 
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o6pa30BaHHH caTeJIJIIlTOB rroKa He Y!laJIOCb ITOJIHOCThJO orrpe)leJIJITh. 8 JIJ060M cJiyqae 

mrnm1 KL2LJ(' D2)-olKe 3JieKTpOHOB 
57

Fe HBJIHeTCH 'lyacma11me.nbllbt.11t uuou«amopo.iu 

rrpHCYTCTBilH B o6pa3uax CJle006bTX KOJIIl4eCTB JlBYXBaJieHTHOfO lKeJie3a, a 

3JieKTpOHHaH crreKTpOCKOITIIH Bh!COKOro pa3perneHHH MOlKeT CTaTh 04eHb 

:J<jJ<jJe«mll61lbUI Jlte111000.ilt IIX IlCCJie)lOBaHHH. 

Ha6JIJO)lellhl [29] 3aBIICHI.l.\IIe OT Jlta111epmu,a ITO)lJIO)KKil C06UZll :Jllepzuii, KaK 

KL2LJ(
1
D 2)-olKe 3JieKTpouos 

57
Fe, TaK 11 JIIIHIIH KOHBepcttoHHhIX 3JieKTpoHoB HJlepHoro 

rrepexona 14.4 K38 B 
57

Fe, KOTOpb1e 6bJJIII O)lHHaKOBhlMII B rrpe.[(eJiax 

3KCrrepnMeHTaJihHh!X OIIIH60K. Ilpn rrepexo)le OT aJIJOMIIHIIH, OKilCJieHHOfO 

eCTCCTBCHHh!M rryTeM, K yrnepony 3HeprnH yseJIH4IlJIHCh Ha 1.35(15) 3B, a rrpII 

rrepexone OT yrnepona K rrJiaTnHe eme Ha 0.55(15) 3B. EoJiee Toro, 3Heprn11 

YMCHhlIIIlJIIlCh Ha 1.0(2) 3B rrocne xpaHeHHH Ha B03)lyxe IlCT04HIIKa ua Al-ITO)lJIO)KKe. 

Ilo HalIIIIM CBC)leHIIHM TaKOro pona C)lBilfil Ha6JIJO)laJOTCH B 3JieKTPOHHOH 

crreKTpOCKOITHH C pan11oaKTHBHh!MH HCT04HHKaMH anepabte, II OHII MOfYT 6bITh O)lHJIM 

Il3 HCT04HHKOB CIICTeMaTJI4eCKHX ornu6oK rrpu ~rrpe)leJie1rnu C Bh!COKOH T04HOCThJO 

a6COJIJOTHhlX 3Hepruil:, KaK KOHBepCHOHHhIX, TaK H OlKe-3JieKTpOHOB. 

Ha ua4aJIO uarnux JiccJie)loBaHnil: cephe3HOH rrpo6JieMoil: HBJIHJIOCh orrucamie 

pacnpeoe.neuua nuTeHcnsuocTH ny6Jiern KL 1L2 MelKJlY ero KOMrroHeHrnMn 
1
P 1 II 

3
P 0• 

8 o6JiaCTH Z<45 BCe cymeCTBYJOmue TeOpIIH, KaK HepeJIHTHBIICTCKHe, TaK u 

peJIHTilBIICTCKIIe, rrpe)lCKa3b!BaJIH 3aMeTH0 3aBhIIIIeHHYJO HHTeHCilBHOCTh Ip, -

KOMITOHeHTa ITO OTHOIIICHHJO K pe3yJihTaTaM pauee rrpoBe)leHHh!X 3KcrrepnMeHTOB. 

Pe3yJihTaThl HalIIHX Il3MepeHIIll B o6JiaCTJI 23::::Z:;;;48 IIO.[\TBep)K)laJOT, 4TO 

"TpanmurnHHaH" TeopHH, OCHOBana Ha cxeMe rrpoMelKyT04HOH CBH3Il Il Y4IlTh!BaJOmaH 

TOJihKO B3aHMO)leHCTBHC (2s)°(2p)6 
Il (2s)2(2p)4 KOHcpurypanui-i 3JieKTpOHOB B 

KOHe4HOM COCTOHHHII aTOMa, 3aBhIIIIaeT IlHTeHCHBHOCTh rrepexona KL1L2c1P,) Ha 3+6 

CJ. EoJie rnro: Il rrepexo)la KL1L1(
1
So) Ha 6+9 CJ, HO TOJihKO .[IJIR Z=23, 24, 25 II 26. 

HaMII 6bJJIO IIOKa3aHo B CJiy4ae 
55Mn, 4TO rrepepacrrpeneJieHHe JIHTCHCIIBHOCTell 

"TPa)lHJ,(IlOHHhIX" pac4eTOB B COOTBCTCTBilJI C pe3yJihTaTaMJI "crrel,(IlaJihHhIX" pac4eTOB 

(Y4IlThIBaJOmnx IIIIlpOKJill Ha6op KOppeJIRJ,(JIOHHh!X 3cpcpeKTOB) cymecTBeHHO 

yJiyqwaeT cornacne C HalIIHMII )laHHh!MJI. 3TO MOlKeT CBH)leTeJibCTBOBaTh O TOM, 4TO 
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pOJih KOppemIUHOHHh!X 3cpcpeKTOB CBepx B3aHMO,LleHCTBIUI BhIUJe rrpHBe,LleHHhlX 

KOHcpttrypaUHH He.nooueHeHa B HCCJie,L{OBaHHOH HaMH o6JiaCTH HH3KHX Z. 

"Tpa,LlHUHOHHllil" Teopm1 npe,LlCKa3hIBaeT pe3Kllll poem mneHCHBHOCTH 

KOMITOHeHrn KL1L2(3P0) c pocTOM Z (cM. pnc. 4) B pe3yJihTaTe BKJia.na 

3arra3,L{bIBaIOIUero TOK-TOKOBOro B3aHMO,LleHCTBHH. EcJIH B o6JiaCTH Z<55 pacqenwe 

OTHOUJeHHe lIHTeHCHBHOCTeH KOMITOHeHTOB KL1L2c3Po)/(
I
P1) KaK-TO cornaCOBaJIOCh C 

HeM/1020'lUCRel/Hbl.MU 3KcrrepHMeHTaJihHhlMH ,L{aHHhIMH, TO C poCTOM z 11a6mo,LlaJIOCh 

cmpeAtUlneJlbHO napacma,ml(ee pacXOJ1CiJe11ue. TipH9HHY B OCHOBHOM lICKaJIH B 

meopuu. 

1.0j 111 ,,,,,,l,,,,,,,,,l,,,,,, 1 ,,1,,,!_'''_~•••••i11111111,l111111111I,,,, 111111,,1~ 

♦ our values 

◊ previous "more reliable" exp. values 

,g --- relativistic IC-Cl theory 

0.8 l l ~O previous "less reliable" exp. values 

! ----· nonrelativistic IC-Cl theory 
·;;; 
5i 0.6 

:s 
~ 
~ 
i?' 0.4 

l.,] . I /4 1ij 1 
l ~ j_t_ __ ~--------- -------

0.0 I I' I I' I I I ~.7~.7-,7 I I' I I I I' I I l I' I I I I I I I I I' I' I I I' I I I I I I' 

m ~ ~ w m ro w oo 100 
Atomic number (Z) 

Pnc. 4. Cpaa11e1111e 3KCnep11MeHTaJibHblX 3Ha9ettl1H 0TH0llleHl1ll 11HTeHCl1BHOCTeH 
3
Po- H 

I
P1 • 

K0MIT0HeHT0B .ny6neTa KL1L2 C pe3yJJbTaTaMl1, KaK penl!Tl1B11CTCKl1X pacqeT0B (cnJJOlllHal! 

n11tt11ll) B cxeMe npoMelKYT04HOH CBll311 (IC) c y4eT0M B3a11Mo.nei'lcTBHll (2s)°(2p)6 H 

(2s)2(2p)4 KOH<jrnrypau1111 (Cl) 3JleKTp0110B B K0lle4H0M C0CT0l!IIHl1 aTOMa, TaK 11 
11epen»Tl1B11CTCKHX pac4eT0B IC-CI (nyttKTHp1ial! n111111ll). Hamn 1.ia11111,1e - nom11,1e poM6M. 

TTyCTblMl1 poM6aM11 o603Ha4ellbl pe3yJJbTaTbl ,1pyrnx 3BT0p0B, nony4e1111bIe 113 IT0JIII0CTblO 
HJJH qacTH4H0 pa3pewe1111bIx ,1y6neTOB ("more reliable" values), a npl!MoyroJ1btt11KaM11 
311a4ett11ll, HJBJJe4ett11b1e 113 11epa3pewe1111bIx ,1y6neT0B ("less reliable" values). 

20 

Hal\m npose.neHo c11cme.11am11'lec1<oe uccneL(osmme .ny6neTa KL1L2 .LlJIH iJec11m«a 

JJJeMeHTOB B 06,1acm 32:S:Z:S:69. a m1e11110 LIJJH Z=32. 33, 36, 45, 48, 54, 59, 61, 65 H 

69. 3a.naLm ycnm1rne11a TeM, 9TO B o6nacTH cpe.nHHX H THlKeJihlX 3JleMeHTOB 

ecTeCTBeHl!bie WHpH!!hl KOMIT0HeHTOB .'ly6neTa C poCTO'.\I z yse.TJH9HBalOTCH 6bICTpee, 

qeM ero pacw:errne1111e. KaK BH,LlHO HJ pttc. 4, Bo scex 11al\1H nccne.nosaHHhIX cnyqa»x 

na6mo.naeTcH yiJuBumenbHO xopomee coz.wcue Teop1m c 3KCrrepttMeHTOM. TaKHM 

o6pa301\1, 611ep6b/e I/OOll16epJ1ciJe11a pewmow:a» p0JJh peJJHTHBHCTCKIIX 3cpcpeKTOB rrpn 

cpopMHposamm 1111TeHCHBH0CTH KLI L2(3P0)-rrepexo.na. "3aranKa'' IT09TH 20-neTHefi 

11cTop1111 pa3peweua. 

36 rrepcxo.nos KLM-c11e1,mpa B cxeMe rrpoMe)KYT09HOH CBHJH o6pmyeT 15 

MYJlhTHnJieTOB, ~eCHTb 113 KOTOphIX .ny6neThl, OCTaJihllhie l!Me!OT 6onee CJJ0lKHYIO 

CTPYKTypy. OlK11,LlaeMoe paCCTOl!IIHe MelK.LlY KpaHHHI\111 KOMITOHeHTaMH l\l)'JlhTHITJleTOB 

l\laJIO no cpaBHel!IIIO C ecTeCTBeHHhIMH UIHpHHaMH KOMITOl!eHTOB H B cnyqae KL3M_i­

KBapTeTa. KOTOphIH xapaKTcp1nyeTCH 11a116onbtlllt-"' 1nepze11111'lec1<11J11 pac11(en.'le11ueJ1t 

cpe~H scex MYJJhTllnJieToB cneKTpa. Ha HaL1aJio HaUJHX 11ccne.nosaHHH, .naJKe B nyqUJHX 

3KCrrepHMe11rnx no HJyqenmo KLM-rrepexo.nos na6monaTh CTpyKTYPY M)'JJhnrnnerns 

He yiJa6aJlOCb. 

HaMH iJemaJlbHO tt3y9eHhI cneKTphI KLM+KLX-3neKTpOHOB OlKe ~JJH iJeB1111111 

3JieMeHTOB, B03IIHKalOW:HX B :Jne«mpoHIIOJII Ja.rname, B ,L{Harrmo11e 23:S:Z:S:54: ;_'. V [ 16], 

;1Cr [16], ;;Mn [17], ;;,Fe [15,18,30], l;Ge [31], l;As [20], ~~Kr [7.21]. 
1
~~Cd [23] H 

1
;~ Xe [25]. KaK BH,L{HO H3 CITHCKa, oco6oe BIIHMaIIHC y.nene1l0 lie ll3J'lll6llleltcll ,[{0 Hae 

o6nacm Z <46. CneKTphI .nn» Z=48 H 54 113yqenh1 cyw:ecrne1rno 6onee iJemaJlbHO, qeM 

B rrpe,LlhI.LlYW:IIX pa6ornx. B KaL1ecrne np11Mepa Ha pHc. 5 noKaJaH crreKTp 
1 ~~ Cd. 

Tipeo6na:na10w:a» T09HOCTh B onpe.neneHHH, KaK Ol1lHOClll11e,1bllblX, TaK II 

a6con10m11b1X 311eprnfi KLM+KLX-rrepexo.nos cocrnsn»na I +2 3B, 9TO rroJsonttno 

rrposepl!Th 110ny11111111p11'1ec1<11e pacqeThI Hap1<1111ca. O6HapyJKe110, 9TO pacqeTHhie 

omuocumenbHbte 3Hcprm, KLM-rrepexo.nos coomBemcnl6ytom 3Kcneplll\teHTaJihHhIM 

B npe.nenax 3cr ~JJH rro.nasn»IOw:ero 6oJJhUJHHCrna cny<iaes. Ho HJMepeHHhie 
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Puc. 5. CneKTp KLM+KLX-:rneKTpOHOB OlKe 
111

Cd [23], 111MepeHHbJH np11 np116opHOM 

pa:ipeweHHH 7 38 C waroM 4 ::iB. KoMnoHeHTbl cneKTpa, noJJy'leHHbJe B 06pa60TKe, noKa3aHbl 

cnJJ0llJHblMJ1 JlHHHJIMH. 

a6COJl/OlllHbte :meprrm .L{OMIIHHPYfOIUHX JIHHHH KLM-crreKTpa 6blllle 

ITOJIY3MITHpH'leCKHX Ha 4+16 3B (2-;.9 cr). HecornacIIe MO)KeT 6bJTb Bbl3BaHo 3cpcpeKTOM 

aTOMHOH CTpyKTypbI. B cnyqae ~! Kr n 
1
;~ Xe cymecTBeHHbIH BKJia.L{ B pacXO)K.L{eHIIe 

l!BHO BHOCl!T II maepoome/lbHble 3</J</JeKmbt, KOTOpb!e B pacqernx .L{Jill C606oOHblX 

amoM06 He Y'lHTb!BaJIHCb. 

,[(oKa3aHo a11unnue 3cpcpeKTOB npo.ueJ1cymo'lHoii C6RJU Ha cmpy«mypy KLM­

crreKTpoB BITJIOTb .no Z=54 TpeMl! crroco6ar.m: a) H3 aHaJIH3a </JopMbl HeKOTOpb!X JIHHHH 

crreKTpa, 6) BbI.L{eJieHneM anepabte HeKoTOpbIX «011tno11e11moa, rrpe.ncKmaHHbIX 

Teoptteu rrpoMe)KyTO'lHOH CBl!3H, B) H3 ITOBe,[{eHHll OTHOIIIeHIIll HHTCHCHBHOCTeH rpyrrrr 

JIHHHH KL3M2,3/KL2M2,3• 

B o6nacTH Z-25 rrpose.neHo o6mupnoe n oemllllbllOe cpaauenue rrpe.nCKmaHHOH 

Teoptteu rrpoMC)KYTO'lHOH CBll3H II Ha6n10.naeMou Har.m cpopMbI rpyrrrrhI KL2,3M 2,3-

JIHHHH H KOHCTaTHpyeTCll HX xopomee comacue. B cnyqae ;~ Kr Hapll.LlY C 3THM 

aHaJIH3npyeTcll eme n cpopMa JIHHHH KL2M4,5 II KL3M4,s. YKmhrnaeTCH Ha TO, 'lTO 6e3 

yqeTa MJ/lbmttn11em11ocmu HeKOTOpb!X JIHHHH HeJib3ll H3BJie'lb H3 H3MepeHHb!X 
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1.75 

:i 1.50 

N 1.25 
:::c: 
~ 1.00 

j 0.75 
:::c: 

0.50 
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0.0015 

0212120 our exp. data 
DODOO previous exp. data 
t++++R,jj - Chen 
• • ••• NR.IC - Asaad 
........ NR,IC - Babenkov 

; q> cp<j> 

1l1 

_ ... --- .... -
_,, _, 

NR.IC ijl'•­
Asaa~_,­

_,­_,­

20 25 30 35 40 45 
(Z) Atoniic Number 

,. ___ _____ ...A 

50 55 

Puc. 6. CpasHeH11e '.lKCnep11MeHTaJJbHblX 3Ha'leHHH 0TH0llJeHHJI 11HTeHCHBHOCTeH rpynn 0lKe­

JJHHHH KL3M 2.iKL2M 2,3 (Kpy;1rn:11 ·_ 11am11 )la1111L1e, nplll'.toyroJJbHHKH - pe1yJJbTaTbJ ,llpyrnx 

asrnpoB) C HepemITHBHCTCKHMH pac'leTaMH B cxeMe npoMelKyTO'lHOH CBJl3H (NR,IC) H 

peJJJJTHBHCTCKHMH pac'leTaMl1 B cxeMe jj-CBJl3H (R,jj). 

crreKTpOB npa6U/lbllJIO HHqJOpMau;u10 06 IIX lIHTeHCHBHOCTl!X. B crreKTpe 
1
;~ Xe 

rro.npo6Ho aHaJIH3HpyeTCll u rpyrrrra JIHHHH KL2M2+KL1M4,5• 

KoMnOltelllllbl JIHHHH, rrpe.ncKmaHHbie Teopueu npo11teJ1cymo'lllOU C6Jl3U, 

Bb[.L{eneHhI s crreKTpax ~! Kr (KL1M/So.3S1)), 
1!~ Cd (KL2Mie1So.3P1), KL3M3(

3
Po.3D2)) 

11 ';~Xe (KL1M1c1So.3S1), KL3M3(3Po,3D2), KL3M1c3P1.3P2)). 

ITony'!eHHOe s rrpn6nmKeHIIH rrpoMe)KyTo'lHOH CBl!JH pacnpeoe11e11ue 

u11me11cua11ocmu Me)K.ny KLM-JIHHHl!MII, rrp1rna.nJie)Kall(HMH o6meu KoHcpurypau;HH, 

MO)KeT Jll.lltemuo Omllll'llllllbCR OT rrpe.ncKa3aHHH B cxeMe jj-CBH3H, oco6emro B HII)l(Heu 

IIOJIOBHHe ITepIIO.L{H'leCKOH CHCTeMbl. B HaH6onee KOppeKTHOH cpopMe OTKJIOHeHHll 

MoryT 6b!Tb BbIBBJieHbl rrpu IICCJie.L{OBaHHH OTHOIIIeHHll HHTeHCHBHOCTeH rpyrrrr 

"Hepenl!THBHCTCKIIX" rrepexo.noB KL2M2,3 II KL3M2,3 ( CM. puc. 6), KoTOphie, 6onee 

TOfO, MOryT 6b!Tb pa3peme11bl II B o6JiaCTH /leZKUX am0M06. KaK BII.L{HO H3 pIIC. 6, 

H3MepeHHbie 3Ha'leHHll comacywmcJl C peJyJibTaTaMII HepeJIHTHBIICTCKIIX pacqeTOB B 

MO.L{eJIH rrpoMe)KyTO'lHOH CBll3II .L{JIH acex HJy'leHHbIX HaMII ,neBllTII 3JieMeHTOB 

(pac1IeTbl Aca.na l!BJillfOTCll MeHee TO'lHbIMH, 'leM Ea6eHKOBa), HO OTJIII'lafOTCll OT 
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pemITHBHeTeKHX pae<J:eTOB B exeMe jj-eBH3H Ha 6+ 34 cr. 3To eBH.QeTeJibeTByeT 0 

JQJftem110M 8/lURllllll 11poAteJ,cymott110ii CBRJII ua lllll11e/lCIIBII0Cl11ll KLM-nepexoi)oe 

BIUWl1lb i)o Z=54. 

CrreKTPhI KiWM+KMX-JIIeKTpOHOB O)Ke xapaKTepHhI Bbtco«o11 llltom11ocmb10 u 

0'lellb IIUJKOU 1111me11CllBII0Cl11blO. CyMMapHa» HHTeHeHBHOeTb KMM-rpyrrrrhI Ha I +2 

rrop».nKa HmKe HHTeHeHBHOeTH eoorneTernyJOmett KLL-rpyrrnbI, a cyMMapHa» 

HHTeHeHBHOCTh Beex KMX +KXY-nepexo.noB eme Ha nop».noK MeHbrne. Cornae110 

TeopHH npm,Ie)KyTO<J:HOH eBH3H, nonHa» KMM-rpyrrrra cocTOHT H3 35 rrepexo.noB. B 

o6nacrn Z<46 crreKTp&1 KMM+KMX-JneKTpoHoB O)Ke JKcrrepHMeHTMbHO 11e 

UJY'lllllllCb. 

BorrpeKH l\fHeHHJO, 'ITO i)emll!lblloe JKcnepttMeHTanbHOe ttecne.n0Bam1e KMM­

crreKTpoB B !leZKUX aTOMaX e rrpHMeHeHHeM TBep.noTeJibHblX pa.QHOaKTHBHb!X 

HCTO'IHHKOB rrpaKTH<J:eeKH 11eocyu(eCl1lBIIM0, HaMH TaKHe Heene.noBaIIHH npoBe.QeHbl He 

TOJibKO .[\JIH ~! Kr [7] (eM. pttc. 7), HO tt )_{JUI 6onee JierKHX JJieMeHTOB ;;, Fe [15,I 8] (CM. 

pHC. 8) H ;; Mn [ 16]. l13MepeHHb!e erreKTpbl pa3perneHbl 3aMeTHO ny<J:rne, qeM )_{JIH 

aTOMOB C Z2::46 HeCMOTpH Ha TO, qTo B3am.mhle paCCTOHHHH Me)K.ny JIHHHHMH B 

crreKTpax Fe H Kr B neeKOJihKO pa3 MeHhrne. B enyqae ~~ Kr ttecne.noBaHa n KMN­

rpyrrrra, KOTOpylO .no Hae y.nanoeb H3Y'IHTb J!Hillb )_{JIH i)eyx JJieMeHTOB (Z=46,54). 

l13Mepena TaK)Ke .noMHHttpyJOma» JIHHH» KM2M3(1D2)-o)Ke JneKTponoB .nn» 
1
~; Rh, 

1!!Cd H 1;!Xe. l13Mepenn&1e a6co!l1011111b1e JHeprmI KM2MJ(1D2)-nHHHH Bblltte 

rronyJMIIHpH'IeeKHX 3Haqe1mil: Ha 7.1+15.8 JB (2+5 cr) B rnyqa»x, K?r.na JTa JIHHHH 

.noernTO<J:HO xoporno pa3perneHa (~~Kr, 
1
~; Rh, 1

!~ Cd, 
1
;! Xe). Ha6mo.naeMoe pa3;mqtte 

MO)KeT 6b!Th Bbl3BaHo JcjicpeKTOM aTOMHOH CTPYKTYPbl, TaK KaK Bee myqef!Hble 

H30TOI1bl B03HHKMII B JJieKTpOHHOM 3aXBaTe. /lo!lyJAlllllpU'leCKlle 110/l0Jlce/lUR KMM­

ll KMN-nHHHil: ornocrnen&no KM2MJ(1D2)-rrepexo.na xoporno cornacyJOTC» c 

H3MepeHHbIMH TOJI&Ko .QJIH ~;, Kr. B cnyqae ;; Mn II ;;, Fe .QJIH Bcex JIHHHH 

rronyJMrrttpHqeCKoro crreKTpa 1rn6n10.naeTc» cucme;uamuttec«mt ci)euz BenHqHHoil: ~9 
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Puc. 7. CneKTp KMM+KMX-3JJeKTpOHOB OlKe 
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Pnc. 8. KMM+KMN-eneKTp oJKe-3JJeKTp0H0B ;
1
Fe [ 15], 111MepeHHbIH np11 np116opHOM 

pa1peweHHH 7 38 11 C waroM I 38. CneKTp HaX0.l\HTCll 11a Hll3K03HepreTH'leCK0M "xsocTe" 

0'lellb llHTeHCIIBHOII K-JJHIIHII cneKTpa K0HBepCH0HHblX JJJeKTp0H0B nepexo.na 14.4 KJB B 

'
7
Fe. 

JB no cpaB11e11mo C 1!3MepeH!lhlMll ITOJIO,KCHHHMII. CTp11 JTOM .llJIH 
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HH3K0:mepreTH'JeeKHX ,1HH11H B onHy eTopm1y, a n1rn Bble0K0311epreTH'!eeKHX B 

np0THB0TI0JIQ)l{HYIO. 3m HBH0 eBHneTeJihernyeT 0 nonyLUeHHOH B pae4eTax 3Heprni1 

KM2Mi 
1
02)-nepexona 01111161<e. 

Om11oc11me.'lb11b1e 1m11,e11c11B11ocm11 KMM+KMX-nepexonoB onpeneJieHhI e 

T04H0eTh!O 2-;-7% nJIH eHJihHhlX JIHHHH H I 0-;-] 5% nJIH CJia6b!X. 3m TI03B0JIIIJI0 

nponeeTH nono,1hH0 neTaJihHblH aHaJIH3 npeneKa3aHHII pa3Hh!X pae•1eT0B, BKJIJ04aH 

Halim. B pe3yJihTaTe eneJiaH BbIBon 0 TOM, 4T0 K0ppeKTHaH meop11R 1111me11cl16HOCl11eii 

KMM-nepexonon B tteeJ1enona11Hoi1 o6JiaeTH Z nomK11a crpoHTheH 11a cxe.,re 

npoAteJ1cymo'111oii CBRJII, Y4HThIBaTh, no Kpai111ei1 Mepe, n3am10nei1ern11e (3s)0(3p)6 H 

(3s)2(3p)4 
KOHqmrypauni1 3JieKTp0H0B B K0He4H0M eoeTOHHHH arnMa, a TaK)Ke 

peJIHTHBHeTeKHe ::iqiqieKThl BTIJI0Th no Z-25. Bee pae4eTbI nmoT 3aBbIWeHHbie 3Ha4CHHH 

0THOCHTCJihHOH HHTeHe1rnHoern nJIH KM 1M2(1P1)-nepexona. 

CornaeHo TC0pHH npOMC)KYT04HOH CBH3H TIOJIHhIH eneKTP L-OJICe 3JleKTp0H0B B 

o6JiaeTH Z-60 eoeTOHT H3 6oJiee 4eM 600 nepexonoB e 3HeprnHMH OT -3 no -8 K3B, 

rpynnttpy!OLUHXCH B TIJI0THbIC MYJibTHIIJICThl (eM. pHe. 9). M1rnrne 113 HHX 

Hepa3peWHMhl B rrp1111u11rre. B pe3yJihTaTe oelllaJlbltoe 3KcnepHMeHTaJihH0e 

HeeJienonaHHe L-o)Ke erreKTp0B e npHMeHeHHeM m6epi'JomenbllblX pannoaKTHBHhIX 

HeT04HHK0B '1pe16bl'lllll/lO CJl0JICHbUt. ,[(o nae J!Hlllh B neeK0JlhKHX eJJy4aHX neJiaJIHeb 

II0IIh!TKH rrpoBeeTH TaKHe HeCJie.ll0BaHHH. J1Me!OLUHeeH 3KerrepHMeHTaJihHhie ,naHHble 

IT03B0JIHJIH e.n;eJiaTb JIHWh Bh!B0.llhl 06 0Cll06flblX xapaKTepHeTHKax L-O)Ke erreKTp0B. 

Hal\rn oemaJlbHO 11erne.nonaHbl II0J!Hb!e erreKTpbl L-O)Ke 3JJeKTp0H0B HJIH HX 

4aeTei1 nJIH JO ::iJJeMeHTOB B o6Jiaern 26:::ZS70: ;;Fe [18], !!Kr [6], 1
;~Xe [25], 1

!iPm 

[26], 1!~ Gd [32,331, 1!; Tb [32], 1
:; Ho [32], 1!; Er [32,34], 1

:; Tm [32,35] H 1;~ Yb [32]. 

,[(JIH 
1 ~~ Cd, 

1
:~ Sm, 

1!~ Dy 11 
2
;~ Fr H3Mepeua TOJihK0 ,noMnnttpymLUaH rpyrrrra 

L3M4_5M4_5-JIHHni1. B Ka4eerne rrpnMepa ua p11c. 9 u 10 rrpuBe,neu rroJIHhIH crreKTp 

1
~; Ho H rpyrrrra L3M4_5M4,5-0)Ke :JJieKTpouoB 

11; Tm, coorneTcrneu110. 

B erreKTpax pa1pe111euo OT 52 C!; Tb) no 89 c:1 Xe) JIHHHH HJIH rpyrrrr JIHHHH H 

orrpe.n;eJJeHhl C BbieOKOH T04H0eTh!O HX :Jllepzuu II 0TH0eHTeJJbHbie u11meHCll6ll0Cl11ll. 
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Puc. 9. CneKTP L-o)Ke :ineKTpOH0B 165Ho (Z=67) [32], 113MepeHHhJH c rnaroM 5 :iB rrp11 
np116opHOM pa3perneHl111 12 ::iB. HoMepaMH o603Ha'-!eHbl K0MIT0HeHTbl, nony'-leHHbJe B 

o6pa6oTKe. 
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Puc. 10. ,[(0M11f111py10lllall rpyrrrra L3M4,5M4,s-JIHHHH cneKTpa L-o)Ke :JJieKTp0H0B 
169

Tm [35], 
113MepeHa rrpn rrp116opHOM pa1perneH1111 6.5 ::iB c rnaroM I :iB. CrrnolllHhie J111111111 -
KOMUOHCIITbl npoMei«yTO'-IHOii CBH3lf, IT0Jiy'-leHHble B o6pa60TKe. 11x nono)KeHHH IT0Ka3aHbl 
BepTHKaJlbHbIMl1 nl1Hl1HMl1. Ha6nIO)J,alOTCll IJHTeHCl!BHble Hl!3K03HepreTH4eCKHe caTeJIJIHTbl 
"Ha6nIO)J,aeMblX BaKaHe11i1". 

l13BeCTHOe H3 JIHTepaTyphl l\taKeHMaJihH0e qHeJio BhineJieHHh!X B L-O)Ke erreKrpe 
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JIHHHH B o6JiaCTH 54$Z:$70 He rrpeBbllnaeT 20. Bee H3MepeHHbJe crreKTpbl B TOH HJIH 

HHOH CTerrem-1 ycJI0JKHeHbl rrpttcyTCTBHel\l HH3K0:rnepreTttqecKHX cameJlllll11108 

"ua6moiJaeJftblX na«aucuii" CJIOJKHOH CTPYKTYPhI. B rnyqae rpyrrrrhI L 3M 45M 4_5-mumi1 

1
:: Tm caTeJIJIHT B 1. 7 pa3 u11me11ctt81tee 0CH0BH0ro IIHKa ( CM. pnc. I 0). 

BnepBble B o6JiaCTH cpe,[{HHX H cpem1e T51lKeJibJX ::rneMeHT0B Ha6JIIO,[{eHa 

cmpy«mypa HeK0T0pbIX JIHHHH, rrpe,[{CKa3aHHa51 Teop11ei1 11po,iteJ1cy1110•111011 CBRJll. B 

oco6eHHOCTH :no HMeJI0 MeCT0 B cJiyqae na1160Jiee HHTeHCHBHbIX MYJibTHirneT0B 

L3M4,sM4,5 H L3M2,JM4,5, a TaKJKe LlY6JieTOB L3M1M3, L3M2M3 11 L3M3M3. 

ITpeo6Jia,[{a!OIIIa51 11101/llOCmb B orrpe,[{eJieHHH OtnHOCUtneJlbHblX 3Heprnfi xopowo 

pa3peweHHbIX JIHHHH cocrnBJIHJia I +4 3B. lb cpaBHeHH51 Hawux .[{aHHhix c 

pe3yJibTaTaMH llOllY'JJltllUpU'leCKllX pacqernB JlapKHHCa H "ab initio" pacqeT0B 4e11a 

(1985) Bb!TeKaeT, qTo II0JIY3MIIHpHqecKHe pacqeTbl neCK0JibK0 mo•mee 

rrpe,[{CKa3b!Ba!OT omuocumellbllble II0JIOJKeHH51 JIHHHH B crreKTpax. Ho "ab initio" 

pacqeTbI rrepe,[{aIOT 6oJiee mo'IHO pacm,enJ1e11un 11eK0T0pb1x JIHHHH, B oco6e1rnocTH 

.[{y6JieTOB L 3M1M3, L 3M 2M3 H L3M3M3. CpaBneHtte TaK)Ke rroKa3hrnaeT, qTo r1eT 

HeK0TOpb!X K0ppeJI51Il,H0HHhlX 3cpcpeKTOB, BJIH51HHe . K0TOpbIX 4eHOM T0JibK0 

,[{eM0HCTpHpyeTC51 Ha rrpttMepe HeCK0JibKHX rrepeX0,[{0B, M0JKeT YllY'lllllltnb comacue 

0TH0CHTeJihHh!X "ab initio"-31-1eprHH C 3KCIIepttMeHT0M. 

A6comom11b1e wepzuu ,[{OMHHttpy101IIefi L3M4M5(
I
G4)-JIHHHH orrpe,[{eJieHhI c 

rrorpeIIIH0CTh!O 1.3+2.6 3B B JiyqIIIHX rnyqa51x, B 0CTaJihHb!X He XY)Ke 6 3B (cM. Ta6JI. 

3). II0J1y111111upu'lec«ue 3HaqeHH51 cucmeJ11a11iu'lec«11 Ha -20 3B (4717 a) 1111J1Ce 

3KCIIepnMeHTaJihllhIX ,[{aHHbIX ,[{JI51 3JieMeHT0B, B03HHKa!OIIIHX B 'JJ1e«mpo11110J11 

1axname. L 3M 4M 5(
IG4)-JIHHH51 1;~Xe H 1!! Gd H3Mep51Jiach, KaK B 1J1e«mpouuo11t 

1axname, TaK H B fT-pacnaiJe (c rroCJie,[{yIOIIIefi BHyTpe,rnefi KOHBepcuefi). 3naqe111151 

3HeprnH H3 3JieKTp0HH0ro 3axBaTa BbtlUe Ha (9.4±1.1) H (I 6.8±2.2) 3B, 

coorneTCTBeuuo. ITpu 3TOM H3MepeHHa51 3HeprnH 113 (r-pacrra.[{a B cJiyqae 
1~! Gd 

comacyemc11 c pactJeTHhIM 3naqe1meM B rrpe,[{eJiax 2 3B (la). CpaBHeHHIO ,[{JI51 
I
;~Xe 

rrperrHTcrnyeT BKJia,[{ moepiJomellbllbtx 1</J<Pe«mon. Comacue 3KcrrepnMeHTa c 

pacqernMH B rrpe,[{eJiax 3 3B (I a) Ha6JIIO,[{aeTC51 H B cJiyqae 
2i~ Fr, B03HHKaIOIIIero B a-
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Ta6m111a 3. CpaBHCIIIIC 111\tepel!HblX B )TOH pa6oTe a6comoTlll,IX :meprnii (B 38) 
L,M➔MlG➔ )-nepexo,'la OiKe B 113yyaeMblX 111ornnax co 3HaYeHllllMII nonyJMn11p11YeCKHX 

pacYeTOB JlapKIIHCa ( 1977) II ··ab initio .. paCYCTOB lJeHa ( 1985) (ecm1 nocJJC,[{Hl!e ,[IJlll ,[13HHOro 

Z 6blJIH BbinOJIHCHbl). 

H30TOII 3KcnepHMeHT Teop1151 Teopull 3KCil. - Teop, (IIOJIV)MII.) 
(3m pa6orn) (nonyJMn.) ("ab initio") (38) (cr) 

i~ Fe 703.0±1.7 692.7 --- + 10.3±1.7 6.1 

!~ Kr 1473.6±2.6 1460.3 1463.7 + 13.3±2.6 5.1 

1
!!Cd 2689.2±1.5 2680.8 --- + 8.4±1.5 5.6 

1
~!Xe 3381.9±1.5 (3.3.) 3359.9 3365.6 + 22.0±1.5 15 

3372.5±1.8 (Ir) + 12.6+1.8 7.0 
1!;Pm 4342.6±1.6 4322.4 --- + 20.2±1.6 13 
1!~ Eu 4488.7±1.9 4470.4 --- + 18.3±1.9 9.6 

1
;~ Gd 4797.0±1.7 (3.3.) 4778.6 --- + I 8.4±1.7 II 

4780.4+1.8 (Ir) + 1.8+1.8 1.0 
1
;; Tb 4956 ± 4 4935.2 + 20.8±4 5.2 

i;!Dy 5120.2±2.1 5099.2 --- +21.0±2.1 IO 

'!; Ho 5283.7± 2.5 5263.6 5263.6 + 20.1±2.5 8.0 

1 ~~ Er 5450.3±2.3 5429.7 --- + 20.6±2.3 9.0 

1~:Tm 5621.6±1.3 5599.0 --- + 22.6±1.3 17 
1
;~Yb 5792.3 ± 2.8 5771.3 5776.0 + 21.0±2.8 7.5 

2i; Fr 8803 ± 3 (a-decay) 8805.7 --- + 2.7±3 0.9 

• PacqeTbl ,[{Jill CB060,[{blX aTOMOB. 

pacnai)e 2~; Ac. O6napyJKe11a BllepBble HaMH JUBIICUJIIOCtnb a6COJIIOTHOH 3HeprnH 

L3M 4M 5(
IG4)-rrepexo,[{a oT c11oco6a o6pmoBaHH51 rrepBwmofi BaKaHc1111 JIBH0 BhnBa11a 

1</J<Pe«tnOJlt llf110JIIHOII cmpy«mypbl. TaKHM o6pa301\1, BllepBbte II0Ka3aHo, qTo 

yrrpoIIIaJOIIIee pacqen, rrpe.[{II0JIOJKe1111e o B03M0)lrn0cTH 0T,[{eJieHHJI rrpou.ecca oJKe­

rrepexo.[{a OT. rrpou.ecca o6pmoBaHH51 rrepBu<moi1 BaKa11cu11 B cJiyqae 1J1e1<mpouuow 

1axoama ue 011paoiJauo 11 ,[{JI51 L-oJKc rrepexo,[{0B. 

Ha 11p11Mepe om11oi11e1111n 1111me11c11nuocmeii mrnui1 L 3M 3M4/L3M3M 5, 

L3M5Ms/L3M4M5, a TaKJKC KoMrro11eHTOB Lly6Jicrn L 3M IM 3, KoTOpb1e pa3peweHbI 

BnepBbte HaMH, rrpo,[{eM0HCTpnpoBaH0 CJ'lt(eCmBellHOe BllllRI/Ue 11po11teJ1Cymo'IIIOll 

cn11111 11a u11me11cuo11ocmu L-oJKe rrepcxo,[{oB BIIJI0Th ,[{0 Z=70. 
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Ha6mo,aaeTrn y,a11BHTeJ1bHO xopowee cornacue (B npe)leJJax 3% )lJJ.H Cl1JlbHbIX 

JIIIHHH) HallJHX ):(aHHb!X C OTHOCHTeJlbHb[Mll 1111meucuauocmJL11tll lJeHa (1985), 

Bbl'IllCJJeHHblMl1 B cxeMe npoMe)l(yTO'IIIOH CB.H311 11 C y'leTOM peJJ.HTl1BHCTCKllX, a TaK)l(e 

p.HL{a Jlpyrnx 3cpcpeKTOB. TTpn 3TOM He TOJibKO )lJI.H OT)leJlbllb[X Jll1!1HH, llJlll rpynn JIIIHHH 

tta116onee "npoCToro" L 3MM-cneKTpa, Ho H JlJJ.H pac11peoeJ1e1111n mne11c11BuocTeH 

Me)l()ly K0JIIII0HeHmtutu, 06pa1y10IUHMl1C.H B cxe.,ie 11po.HeJ,cymo'l1tOII CBRJII. 

CornacHo pac'!eTaM lJeua (1985), CJ1a6h1e nepexo)lbI L1M3M 3( 3P2) 11 

L 1M 1M4_5('D2.3D2) ctUlbHO yaem1'111aa10m CBOIO mneHCHBHOCTb B 06nacT11 Z~63 3a 

c'!eT 6onee CHJJbHbIX nepexo)loB L 1M 1M4_s(1D2,
3
D2) 11 L3M3MJ(

3
P2), cooTBeTcTBemw, B 

pe3yJJhTaTe a1a1uwoe1icma11n ypoaueii M 3M3(J=2), M1M4(J=2) 11 M1M5(J=2). TaK 

11HTeHCl1BHOCTb nepexo,T(a L 1M3MJ(
3P2) .LJ:OJJ)l(Ha yBeJJH'IHTbC.H B 06nacT11 MaKc11Myl\ta 

BJIH.HH!f.H 3cpcpeKTa .n:a)l(e B 50 pa1. TTpoBepHTb pac'!eTbl ue yoaaaJlOCb H3-3a CJIO)l(HOCTH 

cneKTpOB. 

Ha:-.-m npoBe.n;eHa npoBepKa B cnyqae ynoM.HHYTbIX Bbrwe L 3MM-rrepexo.n:oB .D:JJ.H 

Z=54, 64 If 69, a B cny'lae L 1MM-rrepexo.n:oB TOJJbKO .n;n.H Z=54. TTony'leHHbre 

pe3yJJbTaTbl CB11.n;eTeJ1bCTBYIOT O 60J1ee CllJlbH0M, '!eM Q)l(lf.LJ:aeTC.H lf3 Teoprrn, BJllf.HHlflf 

3cpcpeKTa rrepece'!eHH.H ypoB11ett, KaK Ha L 3MM-, TaK 11 na L 1MM-nepexo.n:bl. 

EJiaro.n:ap.H HaKOnJieHHb!M HaMH .n:aHHbIM O CTPYKType cneKTpOB L-o)l(e ::meKTpOHOB 

pe.n;KO3eMeJJbHb!X 3JieMeHTOB 11poaeiJeHbl yc11elllllbte II0IICKll qemb1pex 

1/llJK0'Jllepzemu'leCKUX R0epllblX 11epexoooa C TIOMOIUblO CIIeKTpOCKOIIlfH 

KOHBepcHOHHblX 3JieKTpOHOB H onpe,T(eJieHbl HX 3HeprHH If MYJibTHTIOJibHOCTH, a 

HMemm: 7.1 K3B El B 
160Ho [36,37], 7.6 K3B El B 

158Ho [38,39], 5.~ K3B Ml If 9.5 

K3B Ml B 
204Bi [40]. Ha rrpuMepe H3MepeHHOro cneKTpa HH3KO3Heprern'leCKHX 

3JleKTpOHOB H3 pacrra.n:a 
160Er (CM. pnc. 11) .n:eMOHCTp11pyeTC.H CJIO)l(HOCTh IIOHCKa 

KOHBepcHOHHblX JIIIHlfll. 0TCYTCTB!fe 3KCnepHMeHTaJJhHh!X .n:aHHblX O cymecTBOBaHJilf 

rrepBhlX .D:Byx rrepexo.n;OB 6b1Jl0 o.n:uoil: 113 rrpH'IIIH Bhl.LJ:BH)l(eHH.H rnrroTe3hl 06 

aHOMaJJhHO 6hICTphIX 3arrpemeHHhIX P-rrepexo.n:ax, KOTopa.H rrpo,Tlep)l(anach B Te'!eHne 

neCKOJlhKIIX .n:ec.HTKOB JieT. 
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Puc. 11. CneKTP HH3KO3HepreTH'leCKHX 3JleKTpOHOB 113 pacnaLia 
160Er [37], 113MepeHHhlH HaMH 

np11 np116opttoM pa1pewett1111 9 38. 

B JaKJIIO'ICHIUI .n:ana CBO.D:Ka OCHOBHh!X pe3yJJhTaTOB, rroJiy'!eHHhlX B .D:HCCeprnuuH. 

1. Cymecrnenno pa1auma rrpeu,H3HOHHa.H cneKTpocKorr11JI mnKO3HepreT11'!ecK11x 

3JieKTpOHOB C np11MeHeHHeM rnep.n:oTeJibHh!X pa.n:11oaKTIIBHhIX 6eTa-lICTO'IHIIKOB: 

• pa3pa6ornn, IIOCTpoeH If IICIIblTaH MaKeT crreKTPOMeTPa 3Jiel\'.TpOHOB II0B0ZO 

II0K0JleltllR, 3JieKTpOCTaTII'!eCKl1ll cne«mpozpa</J, Ha 6a3e IIJlTHKaCKa.n:noro 

UIIJIIII!.LJ:pH'IeCKoro 3epKaJJhHOro anan113arnpa co CIIpllMJieHHeM JIIIHIIH cpoKycoB 

rrepBoro rropll,TIKa; 

• cymecrneuno ycoaepme11cmaoaa11a MeTo.n;11Ka rrpHrOTOBJiemrn TOHKIIX 6ern­

HCTO'IHIIKOB IIYTeM ucnapeHIIR 6 aa«yyMe II pa3pa6ornH H06blll, 

BhlCOK03cpcpeKTHBHhlll MeTO,T( rrp11roTOBJieH1IJl 6eTa-HCTO'IHHKOB, OCHOBaHHblll Ha 

MOHOMOJieKyJJ.HpHhlX CJIO.HX JbHrM!Opa-EJIO.LJ:)l(eTT; 

• pa1a11m MeTO,T( o6pa60TKII ,T(IICKpeTHh!X arrrrapaTypHhlX crreKTPOB C 

rrp11MeHeH1IeM 'JKcnep1u1e11maJ1bllOU </Jop.1t,tbl 0.LJ:IIHO'IHOH JIIIHIIH CIIeKTPa; 
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B pe3yJibTaTe C03).(aHbI ycJI0BIUI .n:m1 HCCJie,n:oBamrn crreKTp0B 3JieKTp01!0B C 

3HeprmIMH B o6JiaCTH e,n:HHHU K3B He HMeIOIUHX aHaJI0ra B MHpe. 

2. ITpe,n:Jio)KeH H peanH3oBaH 11oab111 11eoecmpy«mua11b111 J11emoo orrpe.n:ene11m1 

BaJieHTH0f0 C0CT0llHHll CJleOOBb/X K0JIHqeCTB 
99

mTc B maepoomeJlbllb/X o6pmuax C 

II0M0IUbIO H3MepeHHll XHl'vlHqecKHX C).(BHf0B 3Heprni1 K0HBepcH0IIHbIX 3JieKTp0110B 

rrepexo.n:a 2.17 K3B B 99mTc. y CTaH0BJieH0 BJIHl!HHe rnep,n:oTeJibllb[X 3<jicpeKTOB H 

3cpcpeKTOB cpmHKO-XHMWieCKOro 0Kpy)!<eHHll pa,n:H0aKTIIBHb!X aT0M0B Ha 3HeprnH 

H HHTeHCHBH0CTH K0HBepCH0HHb!X H O)Ke-JIHHHH B CJiy<Jae 
83

mKr H 
57

Fe. 

3. ITonyqeH 60Jib!IIOH ua6op 1106b/X ToqHb!X 3KCrrepHMeHTaJibHblX ,n:aHHblX 06 

3Heprnllx H ornocHTeJibHbIX HHTeHCHBH0CTl!X KLL-, KLM+KLX-, KMM+KMX-. 

H LMM+LMX-rrepexo,n:oB O)Ke B o6nacTH aT0MHbIX noMepoB 23sZs69 (15 

3neMeHrnB), 23sZs54 (9 3JieMenrnB), 25sZs36 (3 3JieMenrn) H 26sZs70 ( 1 O 

3JieMeHTOB), C00TBeTCTBeHH0, K0T0pb!e II03B0JIHJIH rrpoBepHTb TeopeTH'leCKHe 

Mo,n:eJIH H HaMeTHTb B03M0)l(Hb!e rryrn HX ycoBepIIIeHCTB0BaHHll. 

4. BrrepBbie 3KCrrepHMeHTaJibH0 11oi)maepJ1coe110 CHJibH0e BJIHl!JIHe peJil!THBHCTCKHX 

3cpcpeKTOB Ha HHTeHCHBH0CTb KL1L2(3P0)-rrepexo.n:a O)Ke B o6nacTH J2sZs69. B 

pe3yn&rnTe ycTpa11e110 11a6mo,n:aBIIIeecl! B Teqe11He rroqn1 20 JieT necornacHe 

peJillTHBHCTCKOH Te0pHH C 3KcrrepHl\IeHT0M. 

5. Ycrn110Bne11a 1aaucU11t0cmb a6coJIIOTHbJX 3Heprni1 KLL- H LMM-3neKTpo110B 

O)Ke OT cnoco6a o6pa3oBaHHll rrepm1q11oi1 BaKaHCHH. 3rn yKm&rnaeT na 

neorrpaB,n:aHH0CTb o.n:noro H3 0CH0BHb!X rrpe.n:rroJIO)KeHHll, yrrpmuaIOIUHX pacqeTbl 

3Heprni1 0)Ke-rrepexo,n:oB - He3aBHCHM0CTH mKe-rrepexo.n:a OT rrpe,n:bICT0pHH 

o6pa30BaHHll rrepBHqnoi1 BaKaHCHIL 

6. BrrepBb!e 3KCrrepHMeHTaJibH0 ).(0Ka3aHo BJIHl!HHe 3CpcpeKTOB 11pOJ1teJ1Cymo•1110ll 

CBRJU na crreKTpb1 KLM- H LMM-3JieKTpOHOB O)Ke B o6nacrn 23sZs54 H 

54sZs70, C00TBeTCTBeHIIO. 

7. BrrepBb!e ).(Jlll Tpex 3JieMellTOB B o6JiaCTH Z-60 rro.n:rnep)K,n:eH0 TeopeTHqecK0C 

rrpe,n:CKa3aHHe 06 yaemt'leuuu HHTeHCHBHOCTei1 cna6b1x rrepexo,n:oB L1M3M3(3P2) H 
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L3M IM;5('D2,3D2) 3a C'leT CHJibHbIX L1M1M;s{'D2,
3
D2) 11 L3M3M3(3P2). 

coorneTcrnc1-1110, 13 pe3y,1&TaTe a1muwoe1k111auJ1 M3M3(]=2)-, M1M;(J=2)-, H 

M, Ms(J=2)-_1poa11e11. 

8. BnepB&1e ycrn110Bne1-1a 1aaucmwc111b 3Hepnm KL2L3('D2)-rrepexo.n:a O)Ke B 
57

Fe 

OT XlUllll/eCKOlO C0CTaBa pa.n:HoaKTHBH0ro HCT0'IHHKa H CBll3b 3cpcpeKTa C 

K0JJl!qeCTBellllb[M conep)Kam1el\l 
57

Fe B CTerreHH 0KHCJieHHll 2+ B HCT0'IHHKe. B 

pe3yJJ&TaTe 0TKpbrnaeTCll 1303M0)KH0CTb npHMenemrn 3JieKTpOHHOH cneKTp0CK0IIHH 

BbJC0K0ro pa3pewemrn )lJlll orrpene11e111rn BaJieHTH0fO C0CT0l!HHll CJie)l0BblX 

Kom1qecrn 57Fe B rnepnoTeJJ&HbIX 06pa3uax. 

9. ITo)lTBep)K,leHo cymccTB0BaHHe BBe)leHHblX Ha 0CH0BaHHH 6ananca cxeMbl 

pacrrana qeT&Ipex 11111«m11epze111111/ec«1u.: ROepubtX 11epexooa B 
I58

Ho. 
I60

Ho H 

204Bi H orrpeneneHbl IIX 311eprn11 11 MYJJbTHII0JJbH0CTII. 
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