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I. BBe,ll,eH11e 

JU!M COOClll\eHl!eM Mhl npO,ll,OJIJJCaeM nydJI11K8.U111l P,esym,:ra:roB 11C­

CJie,ll,OBaH11JI pacna,ll,a HYKJIH,ll,OB rJd , Pr- 11 Ce c MaccOBIDAH q:..ic­

Jiru.m·J/: =l'.36.:,141. 

PaHee uu coodll\ami od o:rKpu:r1111 11so:roria l'!:J'I rJd c nep110,IJ;OM 

noJiypacna,na Ti/2 ~ 50 M11H/I/. Ilos,ll,Hee Bem1q11Ha nep:..io,ll,a ClhlJia 

y:roi1HeHa: 40.:t2 MHH/21. B pado:rel'.3/ Mhl np11neJ111 npe,ll,BapH:renb­

Hhle pesyJib:ra:ru 11ccJie,ll,OBaH11J:1 f -11sJiyqeHHJI l'!>'I rJd · • 
HeKo:ropble cBe,ll,eH11JI o pacna,ll,e l'!:J'1,Jd ( Tifa ='.35 M11H) cono-

ll\HJIH Ep03H 11 ,ll,p./4/. 
l'b'I • J,J 

B .fl,ll,pe w NUn npe,ll,IlOJiaraJIOCb HaJ111q11e H30Mep1111, 00.fl3b.Hll0ll 

M-4 -uepexo,ll,y h11/
2
-cJ31/

51• Coc:rosrnH.fl h11;2 11 ds/2 OhlJJH 

no's,ll,Hee/6' 7 I H,ll,eH:r11qi11ti11poiaHu. 0,ll,HaKO 113 011ep ( T.1
2 

=I, 6 c eK) 

BhlCBeq11Bae:rca He M4 -nepexo,ll,OM, a nepexo,ll,OM Ha npo11exy:roqH~A 

ypoBeHb c I:X =5/2+. 

Bo Bcex paOo:raxlI-7/ ypoBHH 1st,Jd on11chlBaJil1Cb B paMKax 

MO,ll,BJIH OOOJIOqeK i yqe:rou c11c:reMaTHKH CBOAc:rB H30TOHOB C N ~77. 

OCHOBHOMY COCTOS!Hl11l np11n11caHhl xapaK:repHCTHK~ f,1/2 • 3HaqeHHe 

cn11Ha I =l/2 y 1'b'l,.Jd (37 Ml1H) OhlJIO H3MepeHo 3Kc:rpeMOM 11 

,ll,p. /8/. 

B. ,ll,aHHOA paOo:re 113yqa11l1Cb: cneK:rp:bl raMMa- K peH:rreHOBCKHX 

Jiyqelf, 3JIBK:rpOHOB BHyrpeHaeA KOHBepc1111, f -cneKTp H cneKTpbl 

f ( ~COBila,ll,BHHkio ~3M8p.HJJ0Cb :raKJJCe Bp8M.fl'JJCH3Hll ,ll,Byx B030YJJC- · 

,ll,BHHhlX coc:rO.flHHA C 3HeprH.flMH 75,411 '.306,~ K3B. Bo Bcex 113Me-
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I 

1 pemrnx HCil0JU,30Ba.Hli HCTOllHHKH ~'I ,kl , npHrOTOBJI8HHlil8 c no­

UO~l,I) Macc-cenapaxopa. 

Ilonyt1eHHli8 pe3yJILTaTli n03BOJIHJIH HEW BD8pBW8 npe,JtJIOUTL 

cxeuy pacna,n;a :ISIJVd-4:\-H oocy,1tHTL npHpo,1ty uexoxopwx·ypoB­

Heit · _i!>YPr • · 

Il. 3KCD8pHU8HT 

2.1. IIpHrOTOBReHHe HCTOllHHKOB. 

HeilTpOHO.Jt8qJHltllTHlie H30T0Dli H80,JtHMa OWJIH nonyqeuw B peax-
-- • • ' , > 

UHH rnyooxoro pac~enneHHSI·npH odnyt1eHHH :u:HmeHeit·H3 MeTaJIJIHlle-

cxoro Gd (ra,1tOXHHH.a) Becou .i{o 2 r Ha BHytpeHHe:u: nyqxe npoxo-. . 

_ HOB c:1rnxpo~KJIOTpo11a OH.HM (TOK 2, '.3 :u:Ka·; £p =660 M3B). BpeWi 

OOJiytJeHHJI COCT~BJI-SJIO. l-2 qaca. Pa,n;HOXHMHllBCKH _H3 OOJiylleHHWX 

· MHmeiieit Bl,IJ{eJIJIJIHCL npo,1ty.imi pac~enneHH.a. 3axeu c DOMO~Lll 

3Jie~rpouarHHTHoro cenaparopa/9/ Bl,IJ{BJIJIJICF. H30ron 1Sf-,Jd • 

B ,1tpyrruc ODliTax IlpOBO,JtHJIOCL KOpOTK08 00JIYll8HH8 (~I5UHH) 

nopomxooOpa3Horo xounnexca (Nl-/4}2 [Gd (DffllJ]. 1-120 BecoM . . 

l, 5_r Ha BHemHeM nyqxe npoTOHOB CHHXpOUHKJIOTpOHa. HHreHCHBHOCTL 

nytJKa cociaBJiaJia ~ 5•I011 npox/cex. EHcxpoe pa,1tHOXHMHtJecxoe 

pa3,Jt8JI8HHe OOJiylleHHOl UHmeHH npOH3B0,JtHJI0CL no :u:ero~KKe, ODH­

caHHOit B paOore/IO/. Pa3,Jt8JI8HH8 H80,JtHMOBOit qipaKUKH Ha Macc­

cenaparop/II/ .JtJIHJIOCL MeHee n.aTK MHHYT npH B~o,1te tvd Oonee 

50%. liOHli B'l,..Jl COOKpaJIHCL Ha aJillUHHKBBYll nO,JtJIOXKY, KOropaa 

CJIYl!tIIJia KCTOllHHKOM ,JtJISI cneKTpOMerpoB C nonynpOBO.JtHHKOBl,llffl 

Ge( Li.) K Si. (Li.) -.1tereKTOpa:MK, a raia:e .JtJISI :1rnuepeHHSI Bpe­

ueHH Jm3HH ypOBHeit H ,JtJISI H3M8p8HHH r- ( -C0BDa,IJ;8HHito 

IlpH HCCJI8,JtOBaHHH cneKTpOB 3JI8KTpOHOB BHyTpeHHeit KOHBep­

CHH C DOMO~l,I) Oera-cnexrporpacpa HCTOllHHK npHrOTOBJIHJICSI 

3JI8KTp0JIHTHll8CKHM OC8.JC,lt8HH8M H80,JtHUOBOit aKTHBHOCTH Ha nJiaTK­

HOB!ll npOBOJIOllKY ,JtH8.M8TpOM 0,I :u:u. 

. 4 -

; 

. 
.. \. ·. --1· 

. ' .. 
·· 1 

~-

2.2. f -JIYllH 

Cnexrpli f -n·yqett H3yt1aJIHCb Ha cneKrpouerpax c · G-e ( Li.) -

.n;ereKTOpaMH KOaKCHaJibHOro THna C tJYBCTBHT8JlbHblM odieMOM 

IO, 27 H 40 cu3• 3HepreTHtJ8CKOe pa3pememrn cneKTpOMeTpOB co­

craBJISIJIO, C00TB8TCTB8HH0 2, 2; 2, 9; ?, 5 Ha r -JIHHIHIX 60Co 

IIo,1tpOOHee H3M8pHT8JlLHaSI TBXHHKa H 1.1e:-o.n:11Ka 06pa60TKH 

cneKrpOB onHCa.Hhl B p~Oorax/12,IJ/. 

lI,JteHTHqJHKa~a f-Jiyqett npOH3B0,JtHJiaCL no nepao.n;y yci1rnaH1i.f! 

HX HHTeHCHBHOCTH. Kpoue roro,npHHHMaJIHCb BO BHHMaHHe pe3yJibTa­

. TH H3ytJeHHSI cnexrpa f -nyqeit J!>'lpr- /l4/. 

Ila· cna,Jty ~HT8HCHBHOCTH CaMblX CHJlbHhlX rauMa-JIHHHll C 

ff =75,4; '.306,4,, 580,5, 761,7-H 781,5 K3B yTOtJHBHO 3HatJeHHe 

nep110,na nonypacna,n;a: y,'f. ,Jd .(38, 5.±1, 5 MHH). 

K pacna,n;y H,'I ,.Jd Mli 0IH8CJIH OKOJIO 160 r-nepexo.n;oB, ::rnep­

rHH H HHTeHCHBHOCTH KOTOpblX npHB8,D;8Hli B :i:adJI. I. 0.n;HH H3 

f -cne~:i:p~B l'h'ltJd noKa3aH-· Ha pHC • r. 
I 

2.3. CneKTP peHrreHOBCKHX-JiyqeJ,t • 

CneUHaJibHO 11ccJie,nOBaH cneirp peHrreHOBcKHx Jiyt1en l'l>'f.rJd • 
CneKrp OliJI H3MepeH C IlOMO~l,IO cneKTpOMerpa C G-e( li)-ie:i:eKTOpOM 

C tJYBCTBHT8JlbHblM Odt,eMOM 0,5 cu3 H pa3pellleHH8M 500 3B Ha JIH­

HHH C £[ ~ '50 I<'3B/l5/. Ha'p11c. 2 BH,D;HO;'~llTO,KpOfAe xapaKTe-

pHCTHtJBCKOro peHrreHOBcxoro H3JiytJeHna, B ' p,.. -i{ Ce npoRBH-

JiliCb JIHHHli. cepHit Ket 1-1 _ K' · :e tvd :. iliireHcn1rn~cTb 3'rnx 

JiliHHit cna,n;ana C nepHo,n;ou, M8Hl,lllHM jf MHH, 11, no Hall!HM oneHKaM~ 
! ,' 

'fi;
2 

~ 20-25 wm. ' 
Cnen1-taJI1,HO npOBepanacL iti-lcroia npenapara "i.~·/;.Jd f cena:.. 

pHpoBaH;~ro .n;u non 3a,itaq~, n i~KasaHb orcy:rc:i::e1-1e' np11~eri11: •. 
~~ ..... 
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JlH npe,ItnoJiaraell HaJIH'llHe H30MepHoro nepexo,1ta_~B J1,Itpe 1.5'1,Jd c 

nepHO,ItOll llOJiypacna,Ita 20-25 MHH. lJIH.OKOH'llareJILHOH H,It0HTH~HKa­

IU1H 8.ltTHBHOCTH C T12 rt, 20+25 _llHH llpO,BO,ItHTCSI ,J!;Oll0JIHHT0JILHY0 

onuru, a pesyJILrarax xoropux 6y,Iter cooo~eHo noaze. 

2.4. 3JieKrpOHH BHyrpeHHeH KOHB8pcHH (3BK) 

JBK HCCJI0,ItOBaJIHCb Ha Oera-cnexrpouerpe C O,ItHOpO,ItHWM 

MarHHTHHM llOJieM, BWIOJIH8HHOM Ha 68.38 }ji.{Li) -,It8T8KTOpa/l6/. 

PaspeweHHe cnexrpouerpa - 2,5-J,O xaB B o6Jiacrx aHepraa,1to 

700. K3Bo CneKrp JBK, CHHUlll ·ua· ,11;aHHOM cnexrpoiierpe, noxasaH 

Ha_ pHc.- J •. 

CneKTp JBK 1!,'I rJd .· B 06JlaCTH llaJIHX aHeprHI H3Y'llaJICH Ha 

Oera-cneKrporpa~e. c,o,ItHOpO.JtHHM xarHHrHHM no.11eM npH paapemeHHH 
•· . 

0,05~.-Ha.pHc. 4 noxaaau yqacroE cnexrpa·c xouBepcHOHH!ilOI 

· JIHHHHllH K75,39 H K75,59_ R3B; xoropwe y,itaJIOCb paspeun TOJIL­

KO npH nOKO~H cneKrporp*• 

ll0JIY'll8HHH8 CB0,It8HHH O JBK npe,ItcTaBJI8HW B rao.11. 2. B srol 

ze raOJIHUe yxaaauw K03~HUH8HTM BHyrpeHHel KOHBepcHB H BWBO,Itil 

0 llYJILTHllOJILHOCTH He1toropwi: nepexO,ItOB. HopKHpOBaHHe HHT0HCHB­

HOcrel IK H Ir npH BH'llHCJleHHB KBR BWIIOJIH8HO no o{K (M1} 
nepexo,Ita 160, o xaB a'l()r- /14/. 

2.5. Onpe,It8J18HH8 rpaHH'llHOI aneprHH noaHrpOHHOro 
H3JIY'll8HHI 

3HeprerH"l£ecxoe pacnp~,IteJieHHe noaupoaoB J3'i ,Jd 6WJIO 

Hayqeao Ha MarHHrHOll oera-cneKrpoMerpe c ~L (ll} -ierexropoll. 

I'pa~HK ~epMH-KllpH ~~ ~cnexrpa npHB8,It8H Ha pHC~ 5. KpOKe 

HHT0HCHBHOH KOllDOH8HTH C £r.p. =1700 lt3B e,+ -H3Jlyqeau_ 
01 · r . 

Prooaapyxeaa xowoHeara 2400 xa», xoropaa no nepHO.ItY 

noJiypacna,Ita orHeceHa 1t ~'I ,Jd • 

6 

i . . I 

··• i 
•·. I 

. i 

2.6. I'auMa-raMMa-coBna,neHHR 

COBila.IJ;0HHH [ -Jiy'lleil H3y'llaJIHCL npH IlOUOutH ABYXM0pHoro 

cneKTpOMerpa f- f -C0Blla.IJ;0HHi! Ha 6ase 3BM "MHHCK-2" c pas­

pewaIJlllHM Bpe11eHeM 'L =140 HCeK/171. 

:VlsMepeHHH npoBO)J;HJIHCL c cenapHpOBaHHW HCTOl!HHKOM 13'1 t.fd 
pa3M01ll8HHW M0llt,ltY )J;BY1{R Ge(lt) -;i;ereKTOp&m, C liYBCTBHT0Jlb­

HHMH 06~eMaMH 20 H 25 c113• Ha PHC. 6 llOKa3aH HHTerpaJILHHll 

cneKTP r- [ -COBila.IJ;8HHlt
0 

pacna.na 11,'1-tJd • Y'llaCTKH Cll8KTp0B 

('-o -C0Blla.IJ;0HHil llpH BH60pe 3HepreTHl!0CKHX OKOH ~ l,J,4,6,8, 

10,11 npHBe;i;eHH Ha pHc. 7. 06HapYJ!C8HHH0 Kacxa.nu C0Blla.IJ;0HHll Ha 

cxe11e OTMetieHH CB0TJIHMH xpyXO'llKaMH. 

2.7. HsMepeHHe BpeM0Hl1 lm3HH ypOBHell 75,4 H 306,4 K3B 

HsuepeHHR npOBO)J;HJIHCb Ha MHOrOKaHaJibHOM BpeMeHHOM aHaJIH­

sarope c npeo6pas0Barene11 "Bpewi:-a.MllJIHTy;i;a" B peim11e e- [ 

sa;i;epxaHHHX C0Bll6,!(0HHl/l7/. 

COOTB0ICTBYillllH0_ BpeueHa XH3HH onpe;i;eJIHJIHCb B C0Blla,D;0HHRX 
• • KOHBepCHOHHHX 3JI0KTpOHOB' ( L 'lq-4 • L 75,6 J H (K15,4• KW,6) C J -Jiy'lla-

W{ C 3Hepnrnl Blilll8 200 K3B. BpeueHHH0 cneKTplil npe;i;cTaBJI8Hli Ha 

pHc. 8. 06pa6orxa aKcnepHM8HTaJibHHX KpHBHX npoBe;i;eHa no uero;i;y 

HaHUeHLWHX KBa.n;paTOB. 

KpHBaa sa;i;epXaHHHX COBna,neHHll (L¥5,4•l15,G) (() cocrOHT H3 

,ItByx aKcnoueHUHaJILHliX qacrell c · nepHO)J;aMH noJiypacna,n;a T,k = 

=0,'.38.:!;0,0J HC8K 11 0,5.±0,2 Hcex • .AHaJIH3 CX0l!li pacna.na IlOKa3HBa­

er, qro npaBlilll CKJIOH KpHBOR coorBeTCTByeT IlOJIOlI0Hlill: ( f) 

"crapT", l~5,i - "c-ron" H onpe;i;eJiaeT Bp0l!H U3HH ypOBHH 

75,4 K3B, a JI0BWR CKJIOH - L'l!i,b - "crapr", £( = 306 li 

230 K3B - "c-ron" H onpe;i;eJIH0T, Bpel.IH lltli3Hli ypOBHH 306, 4 K:3B. 
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BpeMeHHOe paspeweH11e l1 CTaTHCTHKa np11 l13MepeHKH COBna,IteHHB 

( K 15,4 .. K75,6 J ( fl 6:wm xyl!Ce, qeu B CJiytiae COBna,IteHKB (L75,4. 

... L15,b} ( fl l13-3a MeHbllleil :meprKH KOHBepcHOHHhlX 3JieKTpOHOB. TeM 

. He MeHee, IlOJiytieHHOe 113 STHX COBila,I{eHHR BpeMH lm3HH Ti./2-. 

0,4 Hcex He npOTHBOpetiHT BliWenp11Be.n;eHHID.!'. pesyJibTaTa.M. 

13'1.u m 
lll. _Q~Ma pacna.ita _NU __ -_____& 

3.1. IlocxpoeHKe cxeM1,1 pacna.n;a 

BOJiblllH~CTBO 06HapyxeHHhlX f -nepeXO,IlOB Jias:i.rnmeHO B npe.n;­

Jiaraeuyn cxeuy pacna,Ila lb'IMl~rp,.(pKc. 9). YpOBHH BBe,11;em,1 c 

ytieTOM 6aJiaHCa 3HeprHf H HHTeHCHBHOCTea nepexO,IlOB. lix cymecT­

BOBaHHe IlO,D;TBep~aeTCH .f ( -COBn~eHHmm. 

Cpe,IlK Hlil!CHHX B036~eHHhlX COCTOHHHR Henocpe,IlCTBeHHO K3 

pacna,I{a 8 '1r.Jd HaH60Jiee 3aMeTHO 3aceJis.iexcs.i ypoBeHb 381,8 K3B. 

Il03TOMY KOMilOHeHTJ Il03HTpOHOB C £,p =2400.:t40 K3B CJie,11;yeT Ha­

npaBHTb Ha 3TOT ypoBeH1,. Tor,11;a sHeprHH pacna,Ila 1~,.Jd(Qp) 

COCTaBKT 3804,±40 K3B. 

nJlfl Kallt,IlOro ypOBHfi Ha cxeue npHBe,IleHli BepOHTHOCTK era 3a­

ceJieHHH ( t•f) -pacna.ztOM H cooxBeTcTBYJOillHe BeJIHtiRHH /qJJl • 
MliTeHCHBHOCTK f-nepexO,IlOB ,11;aH1,1 Ha cxeue B nponeHTax Ha pacna.zt. 

Hexoxop1,1e TPY.IlHOCTli B03HHKJIH npH pa3uemeH1111 nepexO,IlOB 

75,39 l1 75,59 K3B. BBe,IleHne ypOBHH 75,4 K3B COMHeHHR He BH3liBa­

eT, K TOMy JKe OH IlO,D;TBep~aeTCSI (- { -COilla,D;eHHHMH. Ilepexo,11; 

75,59 K3B ,IleB036y~aex ypoBeHb 381,8 K3B. H3 COOTHOWeHHH KH­

TeHCHBHOCTelt K JIHHHR nepexO,IlOB 75,39 H 75,59 K3B (xa6JI. 2) 

MH onpe,11;eJI4JIH nuJIHl,le l1HTeHCl1BH0CTH nepexO,IlOB, Ct!HTaH nepBliR 

nepexO,D;OM THna Ml·H npe,IlilOJiaras.i y BTOporo MYJibTHilOJlbHOCTb E2. 

a· 

! ' 

BaJiaHc sHeprHR ,11;onycxaex ,D;JIH nepexo.Ila 306,4 K3B ,IlBa Ba­

pHaHTa pasuemeHKH B cxeue. 0.n;HaKO ,D;Jlfl Bl,IIlOJIHeHHH 6aJiaHca HH­

TeHCHBHOCTett He06XO,IlHM0 nepexO,Il 306,4 K3B HanpaBKTb C ypOBHH 

306,4 K3B. Bee 37 ypOBHett e'lp,- BBe.n;eH1,1 HaMH nnepn1,1e. 

3.2. 06cyx,IleHHe pesyJibTaTOB. 

Cnexxp B036y~eHHliX cocxos.iHHR ~'/Pr 6orax, O,IlHaxo 11MeJO­

mHecn .n;aHHlie nosnons.inT o6cy.n;Hn npnpo.n;y ,11;anexo He ncex yponHell, 

nna Hlil!CHHX COCTOHHliSI 8'/Pr, KaK l1 B HeKOTOpliX ,11;pyr11x H,D;­

pax npaseo.n;11ua (xa6n. 3), HBJIHIJTCH · O,IlHOtiacx11tiHHMH THna d 5/2 11 

~~;
2 

• 3Hatiemrn cpaxxopa sanpexa nepexo,Ila 75, 39 K3B ~ (Ml)MOWJ<. 

H KBB,Itpaxa MaTpKtiHOro 3JieMeHTa m2 (Ml) =2, 1 He yKJIB,Itl,IBaIOTCH 

B c11cxewTHKY l13BeCTHhlX l -sanpemeHHhlX nepexo.n;oB 9~12 d42 • 

no xapaxxepy aaTOpMOl!CeHHOCTli 3TOT Ml -nepexo.n; COOTBeTCTByeT 

l -sanpemeHHOMY nepexo.n;y B HeltxpoHHOR OCJOJIOtiKe n (d31z= ~i/2 '}. 

PaHee/14/ Ml,! 06pamam1 BHHMaHHe Ha TO, t!TO Ml -nepexo.n; 

160,3 K3B. B H,D;pe l?>'ICe THna n(Sik-d31z) HMeex cpaxxop sa-

np~Ta I;, (M 1).A!ClUU(. =267 H KBB,ItpaT MaTpHt!HOro 3JieMeHTa m
2 

(M 1) = 

=0, 07, xoxopue 6onee cooxBeTcTBYIJT l -3anpemeHHHM nepexo.Ilau B 

npoTOHHOB oe5oJiotixe x1ma Pl'if,;2 = d.,;2 ). 

nns.i oe5~s.icHeHHH yKasaHHhlX ocoe5eHHOCTea nepexo.n;oB 75,39 l1 

160,3 K3B, Ha nepnua B3rJIH,D;, MOXHO (jl,IJIO 6H npe.n;noJIOlmTb, t!TO 

OHR 11MeJOT uecxo· B H,D;pax ':,tJd-r,. l1 1: Pr~8 cooxBexcxBeHHO. 

Tor.n;a sxa r11noxe3a npe.n;nanaraex, tiTO m,-1d Hueex 113ouep c 

T,k =38,5 Ml1H l1 OCHOBHOe COCTOHHKe C Yi12 =7? MHH. 0,11;1c1a-

KO, H3 pa3HOCTeli 3HeprKl1 ( K H L ) KOHBepCHOHHhlX JIHHHB H 

( Er - [,. ) CJie,IlyeT, t!TO nepexO,Il 75, 39 K3B npOKCXO,IlliT B H,D;pe 

p,- ( 2'.= 5s), a nepexo.Il 160, '.32 K3B - B H,D;pe Ce ( 2'. =58). 
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HadJID,I(ae11oe Ha.MH BpeMSI lltH3HH ypOBHSI 75,4 K3B ( Ti~ 

=C,JB~O,OJ) HCeK MOXHO Od~SICHHrL, ecJIH cqHrarL, qro E2-KOMIIO­

HeHra nepexo.I(a 75,J9 K3B ycxopeHa B J0-50 paa,a ee npHMecL 

cocraBJISier (10-20)%. TorAa MOXHO C.I(eJiarL aaKJIXJqeHHe, qro npH­

uecL E2-xounoHeHrli B nepoxoAax rnna ~'l/2, === d512 B03pacraer 

no uepe y.I(aJieHHSI or /1/ =82. 

YpoBeHL J06, 4 K3B c I~ =5/2+ .I(eB03ciyx,IJ;aercJI AB1"ll 

E2-nepexO.I(aMH 2J0,48 H J06,44 KaB, cpaxropu ycxopeHHH xoropux 

7,1 H 25 C00TBeTCTB8HHO. Mli cqHraeu, qro ypOB8HL J06,4 K3B -

KOJIJieKTHBHOI npHpO.I(li,H HHTepnperHpyeu ero KaK qJieH MYJILTHnne­

ra( 2• • d,12 ) • · TorAa craHoBucn noHSITllliMH cpaxropu ycxopeHHSI 

yxaaaHHliX nepexo.I(OB. 

Cpe.I(H ypOBHeff c KBaHTOBW(H qHCJiaMH 1;2+ H J/2+ c 3HeprH­

en B036yllt,lt8HHJI .I(O l M3B (HanpHMep, 313,4, J81,8, 761,5 H r • .I(.) 

uoryr dliTL KOJIJI8KTHBHW8 COCTOSIHHSI, 06SI3aHHWe CBS13H BH6paUHI 

qerHo-qeraoro ocroBa c O.I(HOqacrHqHHM ,D;BHXeHHeM HecnapeHHoro 

HYKJIOHa. Tor,I(a raxxe CTaHOBHTCJI IlOHSITHWf ropuoxeHHe coor­

B8TCTBYDmHx nepexO,I(OB. 

CHCTeMaTHKa CBORCTB nepBliX B036YXA8HHliX COCTOSIHHI B H30TO• 

Hax IV =77 (pHc. IO) OTKpliBaer HHTepecHyl) B03MOJCH0CTL HHTep- .· 

npera~HH K0JIJI8KTHBHliX COCTOSIHHD orueqeHHOro THna (BHOpaUHJI + 

f>.p.). IlpeE,Jte BCero Odpamaer Ha C80SI BHHKaHH8 CXO.I(H08 H3K8-

H8HH8 3HeprHH COCTOSIHHI l/2 • (S1tid H 5/2 • B. 3aBHCHK0CTH or 

t1Hc11a nporoHoB •. Kpoue roro, ecnH B MPWC ®re , !&1:x.e ,.tM.1pa 

Haouepu h H/2. paspuaDTCJI Ha cocronHHH d!/2. o,11;Hot1acrHt11Jmm 

M4 -nepexo,11;aKH ( WH.4 ~ 1/3 Ws.p J , a B a,11;pax "S5Ce , JJ'I tJd H 

.a,gPm Haouepw · hu/2. BlicBeqKBaDTCll CHJILHO aaropuou1111:inm 

EJ-nepeXO,D;aKH (B 100-200 pas) Ha ypOB8HL 5/2+. 

10 

BecLMa BepOSITHO, qro COCTOSIHHJI 5/2+ SIBJISIDrCH K0JIJI8KTHB­

HWMH COCTOSIHHSIMH THna(2·♦ s12J• Teu 6onee, paHee/19/ Mli yxe 

odpamanH BHHMaHHe Ha CYm8CTB0BaHH8 B C0C8.I(HHX Mpax B036YlJt.I(8-

HHtt THna ( i,- + $. p. J 
TaKHM o6pa30M, HM88TCSI pSI,11; 3KCnepHM8HraJILHliX cpaKrOB, KO­

TOpHe no,11;rBeplt,lta1>r HaJIHqHe B SI.I(pax c . a:! ,...IJCJ.:.140, HaPMY c 

0,D;HOqacrHqHJiMK ypOBHSIMH, ypOBHel KOJIJI8Krl-IBHOD npHpQ.I(li, 06SI3aH­

HHX HaJIOX8HHD BH6p~HI Ha O.I(HOqacrHqHOe ,D;BHllt8HHe. 

ABropu HcKpeHHe 6naro,11;apnr H.A.Rede.I(eBa, r.Eattepa, 

3.XeppMaHHa, X.Tuppoqxpa aa npHrOTOBJI8HH8 H cenapHpOBaHHe 

BHCOKOKaqeCTB8HHliX HCTOqHHKOB H80.I(HMa. ABropw raxxe 6narO.I(apHW 

A.A.AneKcaH,D;pOBY, B.M.Mocnxy, B.ll.CreraHJIOBY 3a nouomL npH 

npOB8.I(8HHH 3KcnepHM8HTOB H o6pa60TK8 HH¢0pMaUHH. M.HeHOBOI, 

H.IlonaxOBOD, B.EOHOBOI aBTOpH 6naro,11;apHH 3a IlOMO~L B o¢opMJie­

HHH ,D;aHHOR padorw. 

4 
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Taoinu~a I (npo,1to11lll:eH:11e) . 

65. 799, 77,±0, 30 o, 6.:!;:0, 2 I02 1268, 02.±0, 43 I 0, 7.:!;:0, 2 
66. 8II, 39.:!::0, 35 o, 7.±0, 2 I03. 1294, 48.±0, 30 2,5.:!::0, 5 
67. 8I4, 48.:!::0, 45 I, J.±0, 4 104. 1309 , 37 .±0, '.38 3, 5.:!;:0, 6 
68. 847,69.:!;:0,39 0,6,±0,2 I05. (1320, 12.:!;:0, 42) o, 7.±0, 2 
69. 849, 49,±0, 42 0,4..tO, 2 106. (1340,44..t0,36) O, 6..t0, 2 
70. 857, 23.:!;:0, 37 I, 2..tO, 4 I07. I'.351, 22..t0, 37 0,8.:!::0, J 
7I. 860, I7.±0, 30 l, 6.±0, 5 I08. 1359, 87.:!;:0, 20 6, 0.±1, 0 
72, 862, 29.:!;:0, 25 3, 3.:!;:0,6 I09. I'.365, 13.:!;:0, JJ 2,0..tO, 7 
73. 879, 75.±0, 32 0,8..tO, 2 IIO. I'.372, 24.:!;0, 45 o, 7,±0, 2 
74. 884, 12.:!;:0, 28 2,8.:!::0, 4 III. 1388, 44.::0, 42 2, 2.±0,8 
75. 925, 90..t0, IO 6I.::4 II2. 140I, 3I.±O, 40 2, 4.::0, 6 
76. 929, I9.:!::0, I5 27.::2 IlJ. 1409, 66.:!;:0, 38 0,9.±0, 3 
77. 940, 07,±0, 29 O, 7..tO, 2 II4. 1428, 30.::0, 36 I,0.:!::0,4 
78. 942, 89.:!;:0, 32 0,8I..t0, 22 II5. (1434,04..tO, 42) I, J.±0, 4 
79. 959,85.:!;:0,30 I, 4.±0,5 II6. 1443, 96..t0; 42 0,85,±0, 25 
80. 967, 23,±0, 36 o, 6..t0,2 117. 1464, 40,±0, JO 6, 4.:tO, 9 
BI. 97I, I2,±0, 35 o, 7.±0, 2 ll8.(I472,28..t0,J6) o, 7,±0, 2 
82. IOOl,89,±0,30 I,3,±0,5 II9. 1484,60.±0,20 4, 8,±0, 7 
83. I029, 58,±0, 32 I, 2..t0,4 I20. I49J, 44,±0, '.36 O, 9.:tO, 4 
84. 1044, 24,±0, 25 8, 7,±0,8 I2I. 1542, 5 .:!:O, 39 o, 7.±0,2 
85. 1048, 22..tO, 29 o, 7.±0, J 122.! 1546, 53,±0, 32 J,2,±0,6 
86. II02, 66.±0, 25 J,2.±0,5 123.! l55I, 67,±0, 48 0,5.±0,2 
87. III6, 7I.±O, '.32 o, 7.±0, 2 124./(1574, 50.±0, 42) 0,8.:!::0, J 
88. III9,56,±0,I5 5,19.±0,92 I25. 1586, 51,±0, 39 I, 6,±0, 4 
89. II66, 78,±0, 48 1,0.tO, J I26. 1594, 75.:!;0, 20 J,7.±0,6 
90. II76, I4.:tO, J6 l, 0.±0, J 127 1607, 76.tO, 32 l, 3.:tO, 4 
91. II78, 32.±0, 42 2,8.:t0,6 128. 1626,63,±0, 20 8, 7.±1, J 
92. II82, 05.:tO, ~6 0,8.±0,2 129. 1646,50.:t0,70 l, 3,±0, 5 

93. II9I, 09..t0, 47 0,6.±0,2 IJO., 1663, 66.:tO, 36 o, 7.:!::0, 2 

94. 1204, 31.:!;0, 29 o, 7.,±0, 2 lJl.!(1700, 61.,±0, 40) 0,8.±0,2 

95. 1213, 08.±0, 35 l, 0,±0,3 132. 1731, 55.:!;0, 30 2, 6,±0, 7 

96. 1217, 99,±0, 42 2, O.:!::O, 4 IJJ. 1745, I4.:!::0, 38 0,8.±0,3 

97. 1234, 76,±0, 20 5, 3.±:I,O 134 1764, 92,±0, 40 2, 3.tO, 4 

98. I243,I5,±0,l7 II,'.3.±I,O 135 1769,69.:!;0,42 2, 5,±0,8 

99. (1253, 48.:tO, 32) 0,5,±0, 2 136 17,79, 51,±0, 39 o, 9.:!;:0, 3 

100. (1256, 53,±0, 32) l, 4.±0, 5 137 1812, '.38.:!;:0, 20 7, 7..:tl,O 

IOI. 1262, 95,±0, 42 . 0,6.±0,2 138 4845, 57,±0, 24 0,6.t0, 2 
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Ta6nH~a r~(npo~on~eHHe) 

I.'.39. !865, 54,±0, 22 2;9,±0, 5 148. 205!, 80,±0, 15 7,9,±I,2 
140. 1893, 82,±0, JI 2,5.±0,8 149. 209!, 19,±0,50 0,5.:t0,2 
I4I. I90I, 33,±0, 22 6,9.:tI,0 150. 2095,98.:t0,50 0,8,±0,3 
142. 1934, 19.:t0, 36 0, 7.:t0, 2 I5I. 2127, 52,±0, 46 0,8,±0,3 
143.i !964,53.:t0,46 0,80,±0,20 152. 2205, 12.:t0, 50 0, 4.:t0, 2 
144. 1969,52,±0,33 3, 4.:t0, 9 153. 2230,78.:t0,42 0,9,±0,4 
145. 1977, 59.:t0, 45 o, 4,±0,2 154. 2290, 16.:t0, 32 I,7.±0,5 
146. 1999, 66.:t0, 46 0,6,±0, 2 155. 2335,15,±0,40 o, 6,±0, 2 
147. 2009, 19.:t0, 50 I, 2.:t0, 4 156. 2544, 55,±0, 46 0, 6.:t0, 2 
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TadnH~a 2 137 
CBe,lleHHJI od :rnexxpoHax KOHBepcHH Nd. 

t0, 15 7,9,.:tI,2 
t0,50 0, 5.t0, 2 o( K , TC?Of) l,IBO,ll 

t0,50 0,8.t0,3 
Er jr JK <X K , 3J<:Cnep. 

uyn1,-
THnon1,-

t0,46 0, 8.t0, 3 EI E2 Ml HOCTH 
t0,50 0,4,±0, 2 
t0,42 0,9,±0,4 75,.'.39 JK 75,59 =3 t0,32 I, 7,±0, 5 II0.:tIO 75,59 .JK 75,59 0,45 2,55 2,50 t0,40 o, 6,±0, 2 
t0,46 o, 6,±0, 2 l !98,5~ 

11.=47.'.30,±480 O, 285.:t0, 055 o, 066 2,5I 0,34 MI 
H•;I220.;tI25 

6, 9.:t0, 6 I.'.30+25 (I, 25.:t0, 35) (-I) 3,3(-2) I, 46(-I) I, 60(-I) MI,E2 - . 
t 2'.30, 48 14, .'.3,±I, 3 150,±30 (7, 0,±2, 2) (-2) 2,2(-2) 9,2(-2) I, IO(-I) E2 
l 237,96 35.:t.'.3 330,±60 (6, 25.:tI,9) (-2) 2, 0(-2) 8,I(-2) I,00(-I) E2 

251, 96 0,9.t0,2 15,±5 (I, I.t0,5)(-I) I,8(-2) 7,0(-2) 8, .'.3(-2) MI,E2 
266,82 9, 2.t0, 9 D4,±I4 (9, 6.t2, 0) (-2) I, 5(-2) 5,9(-2) 7,4(-2). E2 
276,.'.30 7, I,t0,8 47,±7 ( 4, 4,±I, I) (-2) I,37(-2) 5,25(-2) 6, 6(-2) E2 
288,54 I,52,±0, 15 i8!±4 (7, 9,±2, 5)( .:.2) I,23(-2) 4,6(-2) 6,0(-2) MI 
'.306, 44 97.t5 520.;t55 (3, 55.;t0, '.35) (-2) I, 05(-2) '.3, 85(-2) 5,I(-2) E2 
'.3I'.3,4'.3 6, 3,±0, 9 30.:t5 ('.3, 16.:t0, 90) (-2) I, 0(-2) 3,6(-2) 4,8(-2) E2 
348,96 4,0.;t0, 7 I6.;t3 (2, 65.tO, 90) (-2) 7,7(-3) 2, 58(-2) 3, 65(-2) E2,'MI 
'.360,98 I, 5.t0, 3 5, 2.:tI, 7 (2, 27jI, IO) (-2} 7,I(-3) 2, 35(-2) '.3, 38(-2) E2,MI 
.'.381,84 7, 4.t0, 8 20.:t4 (I, 8.t0, 6) (-2) 6,I(-J) I,95(-2) 2·;,90(-2) E2 
474,54 14.tI 17.:tJ (8,2+2,I)(-3) 3,6(-J) I, 06(-2) I,65(-2) E2 
505,40 70.±5 95.±9 9,0(-3) 3, 05(-'.3) 9,0(-3) I,'.38(-2) -E2 
525, 12 '.3, 7.±0, 4 6,8.t2, 2 (I, 24_±0, 48) (.-2) 2,85(-3) 8,4(-J) I,28(-2) MI,E2 

: 530,90 6,5.±0,6 8,6.±2, 8 (6, 63.±2, 70)(~.'.3) 2,80(-.'.3) 89 1(-3) I,23(-2) E2 
f 546,85 3, .'.3,t0, 5 ~5 - 0,0I0 2,55(-.'.3) 7,4(-.'.3) I, IJ(-2) MI,E2 
l 580,52 = I00 =100 6,.45{-3) 2, 27(-3) 6,45(-J) I, 0(-2) E2 

1685,96 15.tl 12, 6,.:t2, 5 (5, 6.:tI, 5) (-'.3) I,60(-3) 4, J(-J) 6,62(-3) MI,E2 
761,66 64,!4 44,±6 (4,6.tI,0)(-3) I,28(-3) 3, 3(-J) 5,2(-'.3) Ml 
781,54 ' 74,!4 39.±6 (3,5.t0,7)(-J) I, 22(-3) 3, I(-3) 4,88(-J) E2 
925,90 61.±4 19.±4 (2, I.t0, 6) (-3) 8,9(-4) 2, 16(-J) 3, 28(-J) E2 
929, I9 27.:t2 ID,5,±3,0 (2,6.t0,9)(-3) 8,9(-4) 2,I'.3(~3) 3, 22(-3) E2,MI 

I00I,89 I, '.3,±0, 5 2,6.t0,5 (I, 3.t0, 6) (-J) 7,7(-4) I, 8(-3) 2,7(-J) E2,EI 
044,24 8, 7.:t0, 8 I,8,±0,6 (I, 4.;t0, 6) (-3) 7,I(-4) I, 65(-3) 2,~(-3) E2,El 
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