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Aiqya.m>HOCTI, npodJrer..ti,r. Pa6oTa BHIIOJIHeHa B prom IlpO:rpwlllfil 

HCCJie.n;ol3aillill B;I(ep, y.n;a.rreHHWC OT IlOJIOCH 6eTa-cTa6MI,HOCTH, B Jia6OpaTO

pHH sm;ep.HWC npodJreM 06'.be.n;HHeHfIOl'O H.HCTlITyTa B;I(epHWC HCCJie.n;oBa.Hirn 

(nporpaMMa HCHAlllI) n nocBRl!leHa a1tcne}llIMElHTaJI1,HHM n TeopeTlfl!eCKHM nc

CJie.n;oBalilfJIM CTpyxTypH .I(eqx>pMlil)OBaHHWC sm;ep H B;I(ep nepexo.n;Hoii OOJiaCTH 

Melii,ey ajle}llitJ:eCKlOOI H ,ll;ajX)pMlil)OB8.!IH11Mli~ .licCJie.n;yeMHe J3;I(pa 3HatJ:HTeJII,HO 

y.n;a.rreHH OT IlOJIOCH 6eTa-cTa6M1>HOCTH H me CBOliCTBa MOryT CYll!eCTBeHHO 

OT~TI,C/1 OT CBOHCTB ,6J.m3KHX K CTa6WI1>HllM, H xopOlllO ll3Y'leHHWC cxpe

}llI'leCICIDC H.1m CMI,HO,ll;eqx>!)Mlil)OBaHHWC B;I(ep. BepoJITHOCTH 3JieICTpoMarllliTHHX 

nepexo.n;oB, onpe,n;eJIJier..rue Ha aKcnepm11eHTMI>HO HaMepemwx BpeMeH Jm3HH 

sm;epHHX ypOBHeH, BeCI,Ma tJ:YBCTBHTeJII,HH K ,n;eTaJIID/l CTpyxTypH aTOMHOro 

B;I(pao 

. lieJII,l() pa6OTH 6wru H3MepeHruI BpeMeH D3HH B036Yl!i,ll;eHHHX COCTOSllilili 

B;I(ep 6apHJI-I3I H -133, JiaHTaHa-I3I n TYJOOI-161, -163, -Ibo, n -16'1; 
pacqeT H aHalIH3 CBOHCTB B036Yl!i,ll;8HHHX COCTOJIHHH aTIDC smep B paMRaX 

IlOJIYMHKpoCKOJIHqeCKHX MO.n;e.rreil, CHCT81/'aTH3au;w:I .D;aHHHX O BepoRTHOCTSDC 

! -aanpemenuwc nepexo.n;oB THila MI B lllllpOKOH odJracTH sm;ep c A=2ti+b0, 

IOU+ItiU H l9U+iIO. OcHOBHHe 3KCile}llIM8HT8JI1,HHe pe3YJI1>TUTH IlOJIY'leHH 

BO Bp8M8HHWC H3MepeHIL!lX M8TO.D;aMll 38.n8:plK8.I!HHX e-0-, ;c-0 - n";r-r-t
COBIIa.I(8IDlli. 

' 

HayggM HOBH3.l@JL..!!llilliTH'leCRM ll8HHOCT1, pa60TH~ YcoBepllleHCTBOBaHa 

MeTO.I(l!Ka H3MepeHIDi TpexMepHWC 6--;r- t -COBrra.n;eHHil C HCilOJII,30BaHH8M Ge(L.;)
.n;eTeICTOpa ;rI.JIJ£ lICCJie.D;OBaHHH KOpOTKOJKHBYIUHX sm;ep. H 3KCnepl!l48HTB./II,HHX 

lICCJI8.I(OB8.IilIBX CBOHCTB HeilTpOHO.n;e(tu.InITHHX H30TOilOB 6apHJI, JiaHTaHa 

lI TYJIIDI nnepBHe ycTaHOBJI8Hli BpeMeHa .llCH3HH BOCI,MH B036YJK,D;8HHWC ypoBHett 

aTHX Mep, MJI tJ:eTupex ypoBHe~ onpe.I(e.rreHH Bepxmrn npe.n;eJIH HX BpeMeim 

.lm3HH lI ;rI.JIJ£ .n;Byx ypoBHe.ii 3Ha'leHHJI ne~O,ll;OB no~cna.n;a CYll!8CTB8HHO 

yTOtJ:HeHu. lipe.n;JIOiteHa CXeMa pacna.I(a 61Yb - 6Irm, cocTOJ'llllM ua 

;O bt.::111,~ rn+1:1 ltliC r:-: PJ.• 
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I2 B036~emrn:x ypomren, MeJK.nY ROTOph!Mll pa3MellleHhl GG rID,!Ma-rrepexo,n;a. 

BrrepBh!e CllCTeMaTll3llpOBa.Hll 8RCIIepm.1eHT8JII,H!Ie ,l{aHHh!e O BepoiITHOCTHX 

e -aarrpemeHHm: MI-rrepexo,n;oB Tlllla p,nl2S112--1d312i B o6Jra.cTH smep 
c A=2o+50. B paMRaX RBa3ll1raCTll'iHO-<JlOHOHHOii MO,l{eJill paCC'Il!TaHhl aHe¥I'Illi 

YPQBHeil 3 lIX CTPYKTYI>El lI BepOiITHOCTll E2-rrepexo,n;OB C HlIX ,IIJm smep 
3
rla 

lI r 3r,r 3 sa. )1,Jm ll3yqeHHh!X smep TyJilI.fI paCC'Il!TaHhl paBHOBeCHhle 3Ha'!e

HM KBa,IU)yrrOJII,HOii lI reR~e.KalJOJII,HOii ,n;ecpop~, Ha OCHOBe rro.irytm

RpOCROIDitieCRlIX MO,n;eJieil .II,ll;pa paCC'Il!TaHhl aHepI'Illi O,l{HORBa3ll'laCTll'iHh!X 

COCTO.fIHllli, CTPYK'.l'Y.Pfl YJlOBHeii BpamaTeJ[l,Hh!X IIOJIOC, BepOCTHOCTll 'f -ne

pexo,n;oB, BeJilltrnHH :BHyTpemmx RBa,IU)YllOJll,Hh!X MOMeHTOB, paaHOCTll :rnpo

MarHlITHhlX OTHOmeHllil ,IIJm ROJLJieRTlIBHOro lI O,l{HO'laCTll'lHhlX ,n;BIDKeHllil, Ma.I'

HlITHh!e MOMeHThl psma COCTOmmil. !IOJiyqeHHh!e paC'leTHhle 3HatreHlIJI yxaaaHHhlX 

BeJilllilIH CllCTeMaTll'!eCRll CpaBHeH!.l C aRcnepm,ieHTBJII,Hh!MlI 3Ha'leHll.fIMll ,IIJm 

He'leTHh!X ll3OTOIIOB TyJiltfI. 

PeayJibTaTh! llpOBe.D;eHHhlX lICCJie~oBaHliil CYll!eCTBeHHO .l{OIIOJIHmOT l!MeB

IIJlleCJI pauee CBe,n;eHM O BepOJITHOCTRX 3JieRTpOt!a.rHlITHh!X rrepeXO,l{OB B. 

smpax: lipoBe.n;eHHOe CpaBHeHlle 8KCIIepmieHTa.JffiHhlX .l{aHHhlX C pac'!eTHh!Mll 

TeOpeTll'leCRl!Mll Ilpe.D;CTaBJIJieT lIHTepeC ,IIJm O:UeHRll rpamm IIpl!MeHlIMOCTll 

COOTBeTCTBYIOll!0X MO,l{eJieft lI ,IIJm lIX ,IJ;El.7II,Heiimero pa3BliTll.fI, a Ta.IOKe_ ,IIJm 

onpe.n; e.neHM aa.n;a 'l .l{ElJII,H eiimllx aRcnepl!MeHTa.Jil,lillX n cCJie.n;oBaHllil. 

AOCTOBepHOCTb rro;ryqerurux B pa6OTe axcrrepnMeHTBJII,Hh!X ,l{aHHh!X 

O6OCHOBaHa KOppeRTHOii IIOCTaHOBROH aRcnepm,ieHTOB, BhlCOKlIMll 8HepreTll

'leCIWMll lI BpeMeHHh!MH xap_a.RTepHCTlIRaMll lI Ha.n;elKHOCTblO lICIIOJII,3OBaHHhlX 

ycTaHOBOR, IIOBTOpJieMOCTblO peayJII,TaTOB B pa3Jill'lHh!X IIOCTaHOBRaX aKCIIe- ; 

pl!MeHTOB, a TaIOKe corJiacneM c pauee naBecTHHMH peayJibTaTru.m:. Teope- i 

Tl!'leCRlle pac'!eTH BHIIOJIHeHH Ha OCHOBe paapa6OTaHH.h!X pauee B ]TW OWil1 
n anpo6npOBaHHhlX TeopeTl!'leCRlIX MO,n;eJieii ll. _nporpaMM. 

Arrpo6amm pa6OThl lI rry6JIHKamm no TeMe lIHCCepTamm. 0CHOBHhle 

peayJII,TaTh! ,n;nccepTan;im ,n;oKJia.n;HBaJllICb Ha XXIX (Pnra, I979 r.), 

XXX (]eHl!Hrpa.n;, I98O r.) n XXXI (Campmuui;, I98I r.) COBell1aHll.RX 

IIO ~epHoii crreKTpoCROlillll lI CTpyxi'ype aTOMHOro smpa, Ha I1ieJifuyHapo.l{Hoii 

ROHqiepeHUllll IIO .II,ll;paM, y.n;aJieHHh!M OT D:OJIOCH CTa6RJIIiHOCTll (Kapreae, 

(Dpa.HIJ;WI, I976 r.), Ha MeJK,nyHapo.l{Hoii KoHqiepeHUllll no smepHoi1 qiir3lIRe 

(BepKJm, ClllA, I9tJO r.), o6C~aJilICI, Ha CeMl!Hapax Jia6opaTOPllll smepHIDC 

npo6JieM OWil1. rJiaBHhle IIOJIO.llteHll.fI ,n;nccepTainm OTpaaeHH B ,n;eCJITll orry-

6Jil!KoBaHHh!X pa6oTax. 

3ammqaeMh!e nOJioJKeHll.fI 

I. llplIMeHlIMOCTb ycTaHOBKll TpexMepHh!X t-(-t -COBIIB,ll;eHllil cGe(Lj)-. 

-,n;eTeKTOpoM ,IIJm BpeMeHHHX ll3Mepelilli1 B HaHOCeRYH,I(HOM ,n;nanaaoHe. 
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~- ::JRcrrepmJeHTBJII,Hhle peayJII,TaTH lICCJie.l{OBaHlIH CBOllCTB ll3OTOnOB 

oaplliI-foI n -I~3, JiaHTaHa-I0I n TyJIJm-I6I; -Hi~, -16::i n -167. 
8. feayJIIiTaTh! TeopeTl!'lecruIX pac'!eTOB cBoilcTB ncCJie,n;oBaHHhlX smep 

6aplliI, JiaHTaHa n TyJill.fI. 

4. PeayJII,TaThl aHaJIH3a 8KCIIepmJeHTaJIIiHhlX ,l{aHHhlX O BepOJITHOCTRX 

aJieKTpOM.'il'HlITHHX nepexo,n;oB n i:{py:rnx CBoncTB nayqeHHHX smep n cpaBHe

mre lIX c peayJ!bTaTBMl! TeopeTl!'leCKlIX pac'leTOB. 

O6IieM ll CTJ)VKTVP§ pa6OTH. J.(llccepTarnm COCTOllT ll3 BBe,n;eHHJI, '!e

Tllpex rJiaB lI 3a.RJI!O'leHll.fI, H3JIOJKeHHh!X Ha 'I'd CTpamm,ax Mall!ID!OIDICHOro 

TeKCTa. )1,Jm HJLJIIOCTpaUllll npe.n;cTaBJiennoro MaTepJraJia ,n;nccepTarnm co,n;ep

JKlIT 35 pucyHROB (Ha 3::i CTpaHHu,ax) lI G4 Ta6JIHIJ;bl (na GO CTpaHUI.J,aX). 

C!IlICOK HCnOJIIi30B8.HHhlX JilITepaTypHhlX lICTO'iHHKOB BKJIIO'laeT B ce6JI.I:c!8 

HaHMeno:aaimii. 

CO,Ll,EP1i.AHHE PAEOThl 

liepBrur rJIB.Ba, IIOCBRIJ.leHa OillICaHHIO aK~neplIMeHTaJII,Hh!X ycTaHOBOIC, 

ncnOJIIi3OBaHHh!X npx BHIIOJIHemm pa6oTU; BOllpOcaM IIOCTaHOBKll aKcrrepn

MeHTOB, o6pa6oTKH 8KCIIepruieHTaJ.lbHhlX peayJ!bTaTOB H MeTO,n;aM nOJiy'lemm 

p~OaKTllllHhlX HCTO'ililIKOB •. 

,L/,,ruI ll3Mepe.HlIJI BpeMeH JKll3HH B036~emrnx COCTOJIHllii .II,ll;ep HCIIOJII,-

3OBaHH YCTaHOBKil e-;r- 38,I(epxtaHHhlX COBIIa.n;eHllil li ycTaHOBRa Tpen1epHIDC 

o-(- t -coBna,n;eHllii, coa,n;amme npn yqacTllll aBTopa. lipoBe.n;eHHe BpeMeH

Hh!X ucCJie,](oBaHllii smep, o6Jra.n;aromux CJIO.lltHUMH cneKTpaMll smepHoro nSJiy

'!eHll.fI, Tpe6yeT o6ecne'leHM, no KpailHeft Mepe B O.l\HOM na KaHaJIOB ycTa

HOBKR, ,l{OCTaTO'lHO 'leTKOro Bll,neJieHll.fI O,l{Horo ll3 KaCKa,lU!h!X nepexo,n;oB, 

cBJiaaHHhlX c aaceJieHlleM lIJilI pacrra,n;oM ncCJie,n;yeMoro ypoBHR. C aToii 

':ueJib!O, C yqeTOM KOHRpeTHOro xapaKTepa aa,n;alfil, Mll Ilp.MMeH.fIJill: Ge(Li) -

-,n;eTeRTOPhl KOaKCliaJIIiHOro Tlllla c ,n;BYMJI OTRpblTh!Mll KaIIaJiaMn ( V ::: 4J cr.i3, 

~ E =2+3, ti Kall npx E ~I, 3 MaB) ,MarHlITHO-JllIH3OBhlli /3 -cneKTpo1v1eTp Txrra 

CIIeRTpoMeTpa I'epxOJII.Ma II 6e3.llteJie3Hhlli /3 -cneKTpOMeTp C TOpOll,n;aJibHh!M 

?.!arHlITHllM IIOJieM. AapaKTepllCTlIBll llCnOJII,3OBaHHhlX Cu;m!TlIJIJIRIJ,HOHHhlX ,n;e
TeRTOpOB CJie,n;yiomne: Cu;m!TRJIJIJITOpbl NE I04-¢~dMM, e =U, I+2o MM; 

N EIII-¢25 MM, e .:: U,I-Ill MM; CTWU,OeH - ¢4Ux4U JVJMG H Nal(H)-

¢40x40 MM.:; qx>TOYMHOXilITeJill Tlllla XPIJGO 11 XPIU2l. IIapar,ieTphl ycTa'iOBOK 

aToro Tl!Ila 'cymecTBeHHO 3aBlIC.fIT OT Ka'!eCTBa lICllOJll,3yeMhlX MOKOB 

OblCTpO}I ll CIIeKTpOMeTpir'leCKOH aJieKTPOIJ¥IDI· l1CIIOJib30BaHHe B Haml!X 

ycTaHOBKax 6JIOKOB, paapa6oTaHHhlX B OT,n;eJie aBTOMaTll3au;lm_cp.M31I'leCRoro 

8RCIIepUMeHTa JJIDI Oilllli, o6ecrre'llIJIO HaM BhlCOKllii COBpeMeHHhlli ypOBeHI, 

lICCJie.l(OBaHnii. HaKoIIJieIIBe llH(p()pMau;ID! npoll3BO,n;RJIOCb B naMJITli MHoroKa

HaJIIiHhlX aHaJillaaTopoB HMIIyJII,COB Tlllla NTA-oI2B, NTA -OI2l11, ICA -'lu, 
Af1-IU24 ll oBM HP-~II6C. 
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)J,,m IlOBl,llllSillIJI SqxpeKTlIBHOe'l'll HeCJie.I(OBa.Im:it KOpOTKODByunIX JUJ;ep 
ClWia. e08,D;a.IIa yeTaHOBKa TpeXMeplWX f-f-t -COBila,n:emtll:, Il03BOJIRJOII.!aJI 
ll3ytra.Tl> BpeMeHHI:le KOppe.irsmim 0,D;HOBpeMeHHO JVIJI MHOI'IDC KaCRa,n:HHX nepe
XO,D;OB n npn STOM o6ecneimBa.T!, BHeOKj']O cxopoeTl> Ha6opa HHip()pMa!l;ID!, 

eTaClHJII,HOeT!> amrapaTYPl:l H np. PaspaClOTaHl:l MeTO,D;l:l ROMIISHca.IJ;lm 8MIT.1IH-

. Ty,IUruX C,l1;Dlll'OB BO BpeMeHHwc ClleKTpax n MeTO,D;l:l HaHOeeRyH,IUINX HSMepemm 
e HCilOJII,30BaHlleM Ge(Li) -,D;eTSRTOpoB. Ha plie. I IIplIBe.I(elili Bpe.MeHHl:le 
pacnpe.I(eJieHID! eoBIIa,n:emtii pa3Jm'!HlllC OROH !), AI H !), A2 ,!1;0 H lIOCJie 
KOMIISHca.IJ;lm aMIIJmTy,ltHWC C,D;Blll'OB. ~o. 'IJTO KOMIIeH~ 3Hatm:Tem.HO 
y;ry,maeT amrapaTYJ)HOe BpeMeHHOe paspemeHHe oeo6eHHOB CJiytIWlX eoBna
,D;emm: lllISKOSHepreTHtieCitllX HSJIY'lemtll:. 

.. OK HA": 
~A1=800-830KOH 

N r~:m:m 
·c=2S1•J0B 

104 6A2•1~ ~~t~g~ o ,~ 

I r-506>656 lg _I 
<i=657 •930 .(!. ' 

103 ,<cil . 

1a2 
/ 

101 [ /' 

NcllTII- NcllTI) 

t.Ai.220+1000 M1•290,325 M1•755•79J M1'720•7S5 
Mc'220>1000 M2"290,S70 t.A'.1'29&570 6A2-735•790 

-t]17HC 
~\ 2~HC.J',.l.fu!c 
- .-. '!, 32Hc-fl7t.uf.\-_'--:::;- --.'~ 

,,. . . ·~ 
/ ; ::._ - -= ~ : •.• ' 

/ : :- -: . 
.-:- I -:c· :• ! . . • 
•• ,.,. • • .• ,I' • 

.• .,. ij •. : ©; : :©, ®· . . 
10°1 , , , 11 , '"'" • , I 

4 7 0 490 "470 510 ~ 490 510 % 510 
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PHe. I. BpeMemwe pacnpe.I(e.neHIDI o-lf' -eoBIIa.n;eim:it 
M~y m,myJII,Ca?IJH: A - qimtcnpoBamwro "oRHa" AI H 
a) Beere cnexTpa A2; b+g ) IlOCJie.I(OBaTeJil>HO BHClpaHHHX 
110IWH 11 B STOM lKe eneKTpe; B, u, D, E - pa3JIHtllWX 
110ROH 11 B enexTpax AI H A~ ,!1;0 H IlOCJie KOMIIeHca.ImJ,l: saim
CHMOeTH BpeMeHHoro C,D;Blll'a OT aM!IJIHTY,D;H. 

Coa,D;aHHl:le HaMll yeTaHOBKH Il03BOJI.RJOT llpOB0,!1;HT!, H8Mepemm BpeMeH 
.llWSHH B03ClYJii,!teHHl:lX eoeTORHilH JUJ;ep B ,D;Ha.IIasoHe OT IO-Il e ,!1;0 Itrf3 e, 
:e:cnom,aYJI HaJiytJ:eHIDI ( 0 1 X, e) e aHep:rne:it u+IOUO KaB, B08lilIKail1ItRe 
npn pacna,n:e naoTonoB e T1; 2 ,D;o HeCKOJll,lOO( MHHyT. 

JJ,,m o6pa6oTKH O,D;HOMepmnc BpeMeHHwc cnexTpOB npmieHRJme1> (B arum
CHMOCTH OT.BeJIHtrn:Hl:l OTHomemm pa3pemaIOIIlero BpeMeHH yeTaHOBKH H Bpe
Memr Jm3HH YJJOBWI) npoI:'pB.MUH:GEXFIT ,LIFTI M n MOMENT, peamrno
:eamme Ha 31:lM CDC -6::iOO. JJ;m o6pa6oTIW TpeXMepmnc 1(-o-t -eoBna.n:e
mtii llpHMeHflJiac1> IIpO:rpaMMa HPNUM Ha 8Hvi HP-,aI6c. . 
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He:liTpOHO,D;eglllll;IITHl:le H30TOlll:l: 

131 ( ' -. ) 133 ( _ ) La. T1;2 = b:t MHH , Lo TI/2 - 3,9 l!ae , 

I3I ( _ ) I6I ( _ , ) 
Ce. TI/2 - 8 MHH , Yb. TI/2 - 4,2 MW! , 

163 I6b · Yb ~T1; 2 = II MHH) • Yb (TI/2 = IO MHII) lI 

I6?yb ~TI/2 = I8 MllH), 

nsyqeHHHe B HaeTO.f.lllleil: paClOTe, 6wm llOJIY'iSHU B pe~ rJIYClOKOro pae-
11teIL1IeHWI llIJlI OClJiyt!eHHH MmlleHe:it ra,n:OJIHHHJ3:, HSO,D;HMa, ~aqiIDIJI lt7.tli TaHTaJia 
Ha nyqKe llpoTOHOB (Ep = 600 MaB) emDCpoll;lIKJIOTpOHa Ollilli. 

Bo BTOpott r~aBe ,!1;HeeepTauim llpe.I(CTaBJieHU pesyJll,TaTU HaMepeHH:it 
BpeMeH JmSHK HHlltHHX Bos6~eHHwc coeTo.llllltit 131Lo , I31,I33 sa, pe
syJII,TaTH aHa.imaa STHX ,D;aHI!l:lX B paMKax KB8.3lrtla.CTWm0""¢0HOHHO:it MO,D;eJm; 
pesy~:oTaTU CHCTeMaTHSauim ,D;aHHl:lX O BepOHTHOCT.ax t ·-sanpe11temwx 
MI-nepe.xo,D;OB Tmra p,nl2s112-1d312J , p,n(1g 712- 2d512 ) H 
p n(2d312-3s112l. . · . 

l!SMepeHRSI BPeMeH D8IDI YJ)OBHe:it B smpax L Q H 8 Q llIJOBO,uwm:Cl> 
B e- f-COBIIa,n:eHRRX Ha MHOI'QKaHaJII,HOM BpeMeHHOM rura.imsaTope, COClpaH
HOM Ha 6aae M/ll'HHTHO-JlllIISOBOro jJ- n eIJ;KHTlIJIJIJIIlROHHOro '{' -cneKTpoMe
Tpa, a B c.nytme I33sa TaIOKe H Ha ycTaHOBKe ,COClpaHHOii Ha Clase ,D;Byx 
Cil;KHTWIJI.llll,K9HHWC CIIeKTPOMeTpOB. Ha plIC. 2 noxaarum.BpeMeHHUe pacrrpe
,D;e.iremm, lI3 KOTOpl:lX OllIJe.I(eJ!&JIHC!, BPeMeHa Jm3H:H YJ)OBHeii 26 R rn5 Kall 
_B I 3ILa.Onpe,I1;e.i1eHH nepno,D;u no.rrypacna.n:a CJie,D;y10ll1HX YJJO~e:it: 

I3I YJ)OBeHl> 26 Kall - TI/2 = (0,~5 ± U,Uti) HC 
La - • 

YJ)OBeHl> mo KSB - TI/2 = (U,20 ± U,05) He 
. . 

131sa YJ)OBeHl> 108 KSB - TI/.d = ~U,3ti ~ u.uti) 'He 

I 33sa ypoBeHl> 12 KSB - TI/2 = (6,8 ~ U,4) HC. 

, BpeWI JK113Hll YJ)OBHS! I2 KSB B I 33sa·,D;o Hae HSMSpHJIOe:o ,D;BaJIQ'.J;l:l. 
1:iwm llOJIY"i.SHl:l aHa'Iemm: 8,I(2u) He TaHOM H .I1:P• n 17,8(2) HC B paClOTe 
KaTO H MamIO. Hanm SHa'IeHHH B ITpe.I(e.imx oum:ClOK COBIIa,n:aJm 
C nepBUM. Uili. llpoBeJIH ,D;OllOJIH.liTeJII,Hl:le HeCJie.I(OBaHIDI B ClOJiee CTporoli 
noeTaHOBKe. HaY1IBJilie:O COBlla,D;eHIDI 6 -JIY'ISR C S~eRTpOHaMll BHYTpeHHeil: 
KOHBepCim B M-o60JIO'l'.Ke nepe.xo,D;a 12 xaB, BiiUJ;eJieHHHMi Ma.I'HHTHUM 
,e,-cneKTpQMeTpoM. Amuma cnexTpa co:ena.n:eim:it f - I2 KSB ,D;aJI 8H8.'IeHHe 
TI/2 = ?,3(ti) ·He, eo:ena,D;aromee c pesyJU,TaTOM TaHa H .lW• lI HaimIM nep
BllM peaym,TaTOM. Ytm:TUBaJI, 'ITO KaTO H lviamro llpOBO,l1;HJil! H3Mepemm · 
f-f- COBlla,n:eHH:it C ,D;BYMff eil;KHTlIJIJIJIIlROHHHMH No!(Tt ) -,D;eTeKTOpaMH 
H npaKTHtlSCKYJO HSB08MOlKHOCTl> 'ISTKO BimeJIKTl> B STHX YCJIOBWIX q>OTOIIRK 
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P.0:c. ~. BpeMeHHue pacrrpe.n;eJiemm e-~ -coBIIa,ll;eHlltt, 
HaMepemru:e IIpH pacn8,Ite I3Ic e _ I3IL a • 

~eHTU cxeMU pacn8,Ita 13Ice--131La. YimcTOK 
CIIeKTpa SBK 131ce H 131La 

+ 

nepexo.JJ;a I2 KaB,.MU <meJiaJIH Bli!BO.JJ; 0 TOM,'ITO lIX pes;m,TaT -Olllll60'IeH.Cpe,n;
HeB3BemeHHoe aHaqeim:e ;nJIJI T1; 2 ypoBH.iI I2 xaB B 13 Ba-rrpl!HllMaeM pa.13-

HllM TI/2 = 7 ,0(3) He. ,. 
B pa.MKaX irna3li'Ia.CTH'IIIO--<,POHOHHO:ii MO.JJ;e.m!, pa3mJTOtt B rpynne 

IIJ.)O(!). B. l'. COJIOBI>e:aa B Jia6opaTOIJlm TeopeTK'l:eCI<O:ll <m!3HKH OWllif Mil pac- !. 

CtJHTa.Jm CIIeK'l'pll B036YJii,D;eHHWC COCTOrumil .a.n;ep 131•1338 a H 13 La 
H BepOHTHOCTH 3JieKTpOMaI'HHTHUX: nepexO.JJ;OB B 3TIDC R.D;pax. CpaBHeHlle 
IIOJIY!leHHWC B 3THX pacqeTax H 3KCIIepHMeHTaJll,lWX 3HaqeHllff 3Heprmr 
ypoBHeJi IIOKa3UBaeT {pHc. 3), 'ITO Y.JJ;OBJieTBOpHTeJII,HOe corJiaCRe Ha6.mo
.JJ;aeTCH TC>Jll,KO ;nJIJI Tpex-lleTlij)ex Hll$8WJJRY COCTOHHlltt. ,llJm 60Jiee BHCOKHX 
ypOBHe:ll cor.rracne pacl!eTa C 3KCIIepHMeHTOM TOJil,KO _B IIOCJie.JJ;OBa.TeJII,
HOCTH paCllOJIOJl(eHruI YIJOBHe.tt C TeMil JKe CIIHHOM H 'IJ:eTHOCTl,JO.IIOKa3aIIO, 'ITO 
.;nJIJI 60Jiee Y.JJ;OBJieTBOpMTeJII>HOro OID!ca.HHSI 3KCilepHMeHTaJll,HO Ha~aeMOI'O 
aHepreTHqeCKoro CIIeKTpa ypoBHe:ii paCCMaTpn:aaeMUX R.D;ep HeO6XO,n;HMO BKJIID

'l!a.Tl> B BOJIHOBYJO qiymrn;mo,OllHCimalOJlzyIO COCTOHHHH Hel!eTHIDC opepM'IeCKHX 
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Plic. 3. Cpa.BHelille paCCtnIT8.!IHWC H 3KCIIepH
MeHTa.7II,liWC 3HaqeHHit 3He:prnii ypoBHeH 
B .a.n;pax 131ea H 133ea. · 
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R,D;ep, 60Jiee CJIO~e(MHOl'OtnICJiemwe)KOMIIOHeHThl H yqi,ITBD8.TI> a.HI'apMomrn
HOCTI> KOJieOamm 'IeTHo-qeTHOro OCTOBa.Pac~eTU BepoHTHOCTeH 3JieKT!)OMar
HllTHIDC nepexO.JJ;OB,pa.3pJDKalDll!HX nepBOe B036YJii,D;eHHOe COCTOHHHe B pacCMa
TpHBaeMUX .a.n;pax,nOKa3a.7IH,'ITO B pa_MKax HCllOJil,30Ba.HHOH MO.JJ;eJll'I HeJII,3H 

OOMCHllTI, CHH'ffle ! -3aIIJ.)eTa MI-nepeXO.JJ;OB. 
Ilo H3BeCTHhlM KI HOH6pH 1980 r. axcnepHMeHTaJU,HhlM .JJ;aillihlM COCTaB-

JieHa CHCTeMaTmta BeJIH"IHH BeJ)OJITHOCTeii f -3aIIJ.)eIUeHHWC .MI-nepexo.JJ;OB 
nma p,nl2s

112
---1d

312
J B o6JracTn .a.n;ep A==2b+ti0 ·n .JJ;OnoJIHeHa HMeB!IlaHCH 

cncTeM!l.THKa nepexo.JJ;OB THnap,nl1g712-2d512Jn p,n.(2dJ.,'a....- 35f/a) 
B.o6JracTn R.D;ep c A==IOO~I50 n I90~2IO (pMc. 4). 0TqeTJIHBO IIJ.)OCJieDBa
IOTCH o60Jioqe~e a@leKTU: BeJIHl!HHI,l B'(M1,M=2l MOHO'l'OHHO y6UBaIOT 
no Mepe IIJ.)H6Jm.liteIDIJI K .w:i:paM C IIOJIHOCTI,IO sanOJIHeHHm.m HyKJIOHHllMH 

O6OJIO'lltaMH. 
B TpeTI>eH rJIB.Be OIIHcaHU pesyJII,TaTU Hailrux HCCJie,ll;OBa.ffiW CBOHCTB 

B030YJJmeHHwc cocToHHllff .w:i:ep TJ.1IlW. c A==I6I, I63, I6ti, I6'1. Ha ocHoBe 
HCCJie.JJ;OBaHHH CIIeKTpoB O -JIY'Ie:ii n MeKTpoHOB 13HyTpeHHe:ii KOHBepCHH, 
cneKTpoB r-t-t ~ e-o-'COBII8,IteHlltt npe.n;JIOJKeHa cymecT:BeHHO 60Jiee IIOJIHM 
cxeMa pacn8,Ita 161vb---261rm (pHc. 5). UsMepeHhl BpeMeHa imaHH CJie;rzyro-

lUl!X B030YJii,D;eHHh!X COCTOHHllff: 

IGI Tm ypoBeIII> 78 K3B 

163 Tm ypoBeHI, I3 KaB 
ypOBeHl> I36 KSB 
ypoBeHI, I45 xaB 

TI/2 == {IIG ~ b) HC, 

TI/2 ~ 0,9 HC, 
TI/2 = (0,06 ± O,OI) HC, 
TI/2 = {O,IIO-~ U,02b) HC, 
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- lGbT m ypoBem. lI KaB Tl/2 = (0, ?5 ± 0,05) HC, 
Tl/2 ~ 0,2 He; ypoBeHI. 129 KaB 

ypoBeH:r, lb9. KaB Tl/2 ~ 0,3 HC, 

167Tm YJlOBeHI, IO KaB Tl/2 = {0,95 ± O,Ob) HC, 
ypoBem, Il6 KaB Tl/2 ~ 0,l He: 

Ha. pHC. 6 .lt1IH IIpRMepa IlpllBEl,1.l;eHII JIOJIOJKeHJrIJI ~eHTpOB TmiteCTlr Bpe
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paHee HSBeCTHH. AHaJIHSHJ)YH ITOJIOXeHH.li ueHTpOB TmKeCTH COBITB,I(e.lllll 
c o--JIY'l&m IW itaB, Ib6 KaB, Idb KaB, 304 itaB, 203 itaB H IU4 itaB ll 
YlJHTHBa.SI ~8,I(H OT COBITB,I(eHHH C <p0TOIIIIK8MH 6Jm:3KIDC ::meprnii, MH ITMy
'!WIH .!IplIBe)leHHHe BHIIIe BpeMeHa JKH3HH ypoBHeft B smpe 160Tm. 

qeTBepTM r.rraBa BRJIDtra.eT B ce6H pacqeTH CBOHCTB HeqeTHO-ITpOTOH
HHX smep TYJIHH Ha OCHOBe nOJiyMmtpoCKOITHqeCKRX MO,l{eJieii H Cpa.BHeHHe 
SKCnep:imeHTa.lll,HHX H pacqeTIWX ,l{aHHHX. ilpOBe)leHH pacqeTH pa.BHOBeCHHX 
'A$pMa.Uiru smpa no MeTO){y 06Moqei:rnoii ITOllpaBKH CTpyTHHCKoro, 3Heprni! 
O){HOKBaS~aCTWUIHX COCTOSIHI!:ft C ~eTOM B3anMO.I{eiicTBHH KBa3ll'IaCTHIJ,a 
wnoc ijloHOH, CBOHCTB Bpama.TeJII,HHX COCTO.IIIDIH C ~eTOM B3am!O,l{eHCTBHH 
KopHOJmca. Ha OCHOBe rr~eHHHX pesyJII,TaTOB pacc~THBalllICI, .!IplIBe)leH
HHe BepOHTHOCTH MI-, E2- ll EI-nepeXO,l{OB ll cpaBHHBBJllICI, C 3KCilepMMeH
TaJibliW.1ll'. ,l{aHHHMH. PacqeTH. pa.BHOBeCHHX ,l{El<pOpMall;II:U BHITOJIHeHH C llCllOJU,-
30BalIBeM noTeHIJ;iIBJia By,n;ca-caEcoHa. 

Ha pnc.? npOBO'AHTCH cpaBHeHHe pesyJ!bTaTOB pacqeTOB aHeprnii 
0,l{HOKBaSHqacT~ COCTOSilIRll C 3KCllepMMeHTOM. PacqeT 3Hepnm ·o){Ho-

~41]- j 69Tm I 

/ A=-
Sli+[i.O;j 
9/Z-~1,J-

a ~- I 

E 

K38 

1500 

1000 

1/Z-[541-~ t'"" ~ 11n.m.. 
712·t,04fg:-s !I 0 
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O-JK01ER1ME1ff 
e-TEOP~fl 

161 163 165 
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1000 

Pnc. '7. · Cpa.BHeHHe pac-
1500 C~TaHHHX 0,l{HOKBa3JiI'IIa.C

Tll'lliHX 3HeprHfi C 3KCITe-

A 
p:imeHTa.lll,HHMH SHaqeHHHMH. 

~-' 

KBa3H'!aCTH"lliHX COCTOJIHHH ll30TOllOB TYJIHH BHITOJIHeH HaMll B pauxax 
MO'AeJill He3aBHC~ KBa3ll'!aCTllU, -yqHTHBfillll!eii rrapiiHe KOppeJIJID;lllI CBepx
IlpOBO,ItRlllero TH.lia. Ha6.mQD;aeTCH Hewroxoe KaqecTBeHHoe corJiaCHe. 
B TO Jite BpeMII SaMeTHH SHa~TeJibliHe OTKJIOHemm 'AJIH Ta.KIDC COCTOmmH, 
rum I/2- [ti4r] , b/1.+ f 402] n 3/2+ [4nJ : YKasaHHHe OTKJIOHemm 
CJie)lyeT o6~HCHHTI, IlpOCTOTOH MO,l{eJill HeSaBllCllMHX KBa3H'!aCTHU~ He Y'!H
TiiB8.IOllleii OCTaTo~e B3a.IlMO.I{eficTBHH TH!Ia KBa3ll'ffiCTHU,a wnoc tp()HOH, 
a Ta.KlKe llSMeHeHHH 'A$pMa.Ullll IIpll nepexo.I{e Melil,ey' O,l{HOKBa3KqacTll'ffiW.m: 
COCTO.iIHl111Mll. C UeJI:bJO YMeHldIIKTI, pacxOJ!r,D;eHHH Mii npOBeJilI pacqeTH no 
MO'AeJill H83aBKCllMHX KBa3ll'ffiCTHU C ~eTOM B3aHMO.I{eiicTBHH KBaSH'!aCTllU 
C qJOHOHaMH. Bwro n~eHO Jiy"mlee cor.rraCB:e, a llMeHHO COCTORHHe 
I/2- [64I] llOHlISHJIOCI, B cpe){HeM Ha 300 miB, b/2+ [402] - Ha 'lo(] KaB, 
3/2: [4II] - Ha ?O KaB. IlpKBe)leHH peayJ!bTaTH pacqeTOB CTPYKTYPH . ' 

ypOBHeii. B paMKaX MO'AeJIH, YlJHTHBaIOIIle:li B3aHMO'AeHCTBIIe KBa3ll'ffiCTllU 
C ipOHOHaMll. 

Ha pllC. ti IlpEl'ACTaBJieHH Bee lIMeIO!I!lleCH B HaCTOR111ee BpeMII CBEl'Ae
mm 06 ypoBHIDC BpamaTeJU,HHX llMOC 'AJIH smep TYJIHH C HeqeTHHM A OT 
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I6I .I(O I69. Pacc~TaHHue Ha.MK aHepnm ypoBIIeil BpalllB.TeJIJ,HUX IIOJIOC 
COCTO.mmii IlOJIOlWTeJililiOH H OTpRIJ,aTeJII,HOll qeTHOCTH CpaBHeHH C axcnepn
MeHTBJililiHMK. Bwm: pacc~Ta.HH TaroKe aMWmTy.zn,J CMennmaHIUI DpalllB.TeJI!>HUX 
IlOJIOC, · 

B Ta6.mu~e llp~CTWeHU pesyJII,TaTI,J BwmCJiem B{3PORTHOCTeii 
aJieKTpOMaI'HRTHUX nepexO,I(OB C HCIIOJII,30BalmeM H3Mepemrax HaMlI nepIIO,D;OB -
no.cy}lac~a B036yJK,JJ;eHiillX cocTommtt .smep Tm c A = I6I, I63, I6b, I6?, 
a T8l0lte H3BeCTHUX paHee nepHO.I(OB nOJiypa.cna,n;a ypoBHefi B TeX JKe ,mpa.x. 
B aTofi xe Ta~e IIpHDe,n;eHu sHa~emm: cpaKTOpoB ~a.n;e:p:lltKH 4 -nepexo,n;oB 
no Ba.ncxompy n sHa~emm cpaKTOpoD sa.n;e:p:lltKH, BwmCJieIIHue B paMKax 
Hea.n;Ha6amqecxoii MO,I(eJIH H.ll.Illl:TODa. Pacc~TaHH Ta.K,'Ke Ma.I'HRTHHe MO
MeHTl:l psma B036yJK,JJ;emrux COCTOrumii smep Tymm. Ha OCHOBe IlOJiytleHHUX 
BeJmllllli BepORTHOCTeH E2-nepexO,I(OB BWmCJieHU BHYTpeHHHe KBa,D;pynOJihHUe 
MOMeHTl:l psma ypoDHeii smep TyJIIIJI. Pa3HOCTH (KOJtlieKTHDHOI'O H 0.I(HO"UlC~-
HOro) l'HpOMaI'HRTHUX OTHomem BirnrCJI!;)HU c,iicnOJII,30DaHll'.eM nOJiytieHHHX 
3Ha~em BepoJITHOCTeH MI-nepexo,n;OB .IT.JIJI.IlOJIOC OCHODHUX COCTOmmJl: smep 
TyJmJI,B noBe,I(emm IIplIB~emrax BepoHTHocien EI-nepexo.I(o~ Mel!Qzy cocToH
.HIDIMH 7/2- [ti23]-7/2: [404] D smpax Tm paHee ~efi~eBirn 6wr 
o6Hapy,KeH MmmMyM IIpH A=I65. Ha OCHOBe Hamme pac~eTOB 8TOT qiaKT CJie
,I(yeT CBR3aT:E. C IlOB~eHHeM cpaKTOpa cnapHDaHlUi. 

· Pac~eT BepoHTHOCTeii AK =3 sanpemeHHux EI-nepexo.I(OB THna 

7/2 7/2- [ti23] ~ 5/2 I/2+. [4II] H 7/2 7/2- [523]~7/2 7/2+ [4II] 
B paMKax Hea,n;na6aTR"!ecxofi MO'AeJIH xopomo corJiacyeTCR: c. axcnepm.1eHTam,
HHMK 3Ha~eIDIBMH, ~To noxasimaeT Ha BaJKHY10 pom, He60JII,ll!KX IIpHMeceii x 
BOJIHOBOH ~ymtll;lm KOHe~oro COCTOSllil'IR. 

B 3aKJIIO~emm nepe~CJieHU oCHoBHue pesyJII,TaTu pa.6oTu, KoTopue 
CDO.I(RTC.ff K CJie.nyI(lllleMy: 

I, llpn ~CTHH a.BTOpa C03,I(a.H KOMIIJieKC COBpeMerurux yCTaHOBOK, 
Il(?3DOJimlllllHli npoBO,ll;IIT:E, IIpH pa,n;HOaKTHDHOM Jl8:C~e KOpoTKO.l!WDYJim.X smep 
H3Mepemm DpeMeH Jm3HH ~036yJK,JJ;eHHUX COCTOmmJl: B ,I(Hana30He BpeMeH 
H 8Heprmi ~ ru-II + ro-6 C H ~ 5 + I000 KaB, COOTDeTCTBeHHO.' · 

2. Bper.1eHHue H3MepeHHR nosB~ BnepBue ycTaHomrT:E. BjeMeHa 
l!ili3HH Tr;2 .IT.JIJI ~DHeii IOl:l xaB B I~IBa 26 H I9ti xaB B r3 La, 
I36 n I44 xaB B 63Tm, II n 3Ib xaB B fooTm, IO KaB D IG'lrm; cy
II!eC~BeHHO YTO~T:E. sHa~eHM Tr;2 .IT.JIJI ypoDHett I2 xaB D I33Ban

6
i8 xaB 

D I 6Irm ; oneHeHU _Bepxime np~eJIH Tr;2 .IT.JIJI ypoBHen I3 xaB D I .Tm, 
I29, Iti9 xaB B I 60rm ll'. II6 xaB B . I 67Tm • 

3. Ilpn HCCJI~o.aamm pacna,n;a IBiyb _.!BI Tm 6WIO 06Hapy,KeHO 
68 rru.n.ia..:nepeXO,I(OD, .IT.JIJI ti H3 ImX OIIp~eJieHI:l TIDIH MYJII,TlWOJll,HOCTe:11, 
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np~oJKeHa cxeMa pacna,Iia, BKJIJO'lal(ll\aR B ceClsr IG B036YI!,IleHHux yporureil 
· H .::G raMMa-nepexo.n;a. 

4:, :ts pru.~~ KBa3Hlffi.CTH'lliO--<f,oHOHHOii MO.n;e.inr omrcrum CBOHCT:aa ifnep 
I3I,I~3BaH 131La •· lIOJiy'leHo y.n;oBJieTBopHT6.11:E>Hoe comaCHe Teopm1 
C aKcrreplIM6HTOM ;IJ,JISl :JHep:rHii B03ClY,:\ll:6HHHX COCTOmmil: U30TOIIOB Ba H Be
pOSITHOCT6ll EG-rrepexo.n;oB. 

b. IlpoBe.n;eHa ClICTet.iaTHKa BepoSITHOCTeii B -sanpemeHHUX liil-nepe-

xo.n;OB nma p,n(2s112-1d312 1,,' pn(1g712~2d512 J n 
p n( 2d

312
-3s112). Ami.ims a Ton cJicTeMaTUKH rroaBoJmJ.t noKasau B03-

pacTamrn aHattemm B(MI,A e =.::) no Mepe y;n;aJieHHsr oT R,IJ;ep c noJIHOCT!>JO 
sanOJIHeHHHMH HYEJIOHHHMlI OClOJIO"!Kal,lli, HapymeHHe :lTOi:t 3aKOHOMepHOCTH 
B CJIY"la6 R,IJ;ep C sanOJIHeHHOll npOTOHHOll oClOJIOTIBOii H O.n;HOii l(hlJ)KOii (H.lllI 

traCTHUe.fi) B aanoJIHeHHoii HefiTpoHHo:l1 oClOJiottKe, pa3JIHw.e poJIJI Hettei'Horo 
IlpOTOHa H HeiiTpOHa B nOJISipH3aJJ;llli OCTOBa R,D;pa. 

G. ll ncCJie.n;yeMIDC Rl(pax Tm onpe.n;e.JieH:u aKcrrepHMeHTaJI!>H:Ue 3Ha'Ie
mm BepOSITHOCTeii () -rrepexo.n;oB. AHaJIJI3 BepOSITHOCTeii: BHyTpllpoTal{HOH
HUX E:C- H MI-nepexo.n;oB II03BOJIUJI B 3,I(HaClaTntteCKOM IIpll6Jm.lltemm 01{6HHT!, 
3Hattemm BHyTpemmx RBa,IipynOJI!>HUX MOM6HTOB-Qo H pa3HOCTlI rnporvrarHHT-

HUX OTHomemm / gK - gR I· . 
'l. ,ll,Jm He'IeTHHX H30TOIIOB Tm MeTOl(OM CTpyTHHCRoro paCC"IHTaHU 

paBHOBeCH:Ue 3Ha'Iemm KBa,IipynOJI!>HOii H reKCa,I(eRanOJI!,HOli .n;ajlopMal{lm. Ha 
OCHOBe :JTIIX .n;aHHUX C ytteTOM RBa3H'IaCTH'lliO--<PQHOHHOro B3aH.lv10l(6HCTBHSI 
paccttHTaH:U :mepnm Ol(HOKBa3HttaCTH'lli:UX COCTOSIHlm, a B paMKax Hea.I(HaCla
TH'IeCKOH MO.n;eJIJI, J"IHTUBaIOIIl6li B3aHMO.n;e:liCTBHe KopHOJIHca, paCC"IHTaHa 
CTPYKTY.Pa ypOBH_en BpamaTeJ!l,HblX IIOJIOC, BepOSITHOCTH '[; -rrepexo.n;OB 
H .lv'.arHHTHHe MOM6HT:U COCTOSIHHii. IIpoaHaJIJI3HpOBaHO BJIHSIHHe JKa3aHHUX 
B3ffiIMO.n;ei1CTBHll Ha aHepnm Y.POBHeii H BepOSITHOCTH O -rrepexo.n;oB. 

u. IIpone.n;eHa CliCTeMaTHKa CBOHCTB He'IeTHUX H30TOIIOB Tm H cpaBHe
Hlie :mcrrep:1IM6HTaJil,HUX .n;aHHUX C TeopeTlI'IeCRHMll 3HatteHHRMH. 

WCHOBHJ:Ie pesyJI:E,TaTJ:I HCCJre.n;oBaHHii:, co.n;epilill.ll1HXCSI B HaCTO.fil!lei1 
.n;HCCepTaD,IDI, OIIyOJIHKOBaH:U B CJie.n;yroI!!1IX paCloTax: 

I. £.A.Ammon, H.:tsa.BPWI!YK, 3.H.KpyMmTefur, K.lii.foYMHHOB, T.!.i.i\ty
MllliOB, P.P.YCMaHOB, 1>.lti •. XaMpae:a, I'.XeMHHl{, H.H.XOBaHCKHll "YcTaHOBita 
.n;JID. nsMepeHHSI BpeMeHH .lKH3mI R,IJ;epHJ:IX yponHeii Ha JlllliID1 c 3bh1" HT3, §2 
(I~7~), C.b3-ti7. 

::::. 1-'.HoH-lVllIXaii, K.r,1.ltiYMHHOB, 'l'.r,i,foyMUHOB, (l).w.XaMpaeB. '10 TO'I
HOCTU MeTOl(OB oClpaClOTKII BpeMeHHUX ClI8KTpOB 11

• OVJ.H!;!, P6-IOtl29, ,iiyClHa, 
1977. 

3 • . 8,A..11.'UJef~tteE, h.3.t,1apyrron, K.I,i.MyMHHOB, T.M.My:r,1JTJJOB, (;).lll •. XaM
paeB, P.P.YCMaIIOB. "r,umrol\lepmm HaHOCeKYH,JJ;H!,lli lli!a.JIH3 C 1ICIIOJI!>30Ba
Hll6M Ge(Lil-~eTeKTopa 11

• 0.ftlHM, PI3-II3I2, )JyClHa, I9'/o, 
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11YpoBHH 161Tm, BOaCly,imaeM:ue npn pacna,Iie 161Yb 11

• OY.i.ID1, Po-I.::u9::i, 
I9'19. 

o. r,i.foeyceR, .H.jJruITaK, I{.liJ.lviyMnHoB, T.M.MYMHHoB, <.ii.HpaJKaK, 
P.P.YCMlliIOB, B.t11.lzymco-CHTHlIBOB. 11Tpexr.mpHl:Ili aMITJIHTy;D;HO-BpeMeHHOil: 

aHaJIH3 ramila-COBIIa,IieHllll C npHMeHeimeM IIOJiynpOBOl(HUKOBUX .n;eTeKTOpoB 11 
• 

B RH.: 11lipHKJia,IiHaJ:I JI.146PHaJ:I cneKTPOCKOIIRff 11
, Bun. ru, 1,l., A'l'OMH3.n;aT 

(I9oI), c.b3-7I. 

6. B.AH.n;peil:tteB, P.Ea.63,Ii,'ltaHOB, r.IO.KopoBHH, H.A.Jie6e.n;eB, I'.U.J.fH
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• Olli!H, 
P6-I:C622, ,iJyClHa, 1979. 
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.H~, T.:C9, Bun. 4 (1979), c.b49-8::iI. 

b. E.A • .AJIHKoil, H.BaBpWI!YK, r.H.J.fHsypeil:, H.3.MapynOB, K.M.MYMH
HOB, T.M.MYMHHOB, Y.C.CaJIJIXCl~eB, P.P.YCM?,HoB. 11BpeMeHa .lKH3HH HIDKHHX 
BoaCly,imeHH:ux cocTomnm. 163•160•167Trn ". OIDIB, P&-60-364, )Jy6Ha,I9tlO. 
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