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Beeoenue 

IfH<i>OpMaUHJI 0 CDHHaX HeiiTpoHHbiX pe30HaHCOB, DOMHMO 'IHCTO 

KOMDHnJITHBHOrO 3Ha'leHHJI, npe,llCTaBnJieT onpe.ueneHiibiH ¢H3H'Ie

CKHH HHTepec ,llnJI YTO'IHeHHJI HaWHX npe,llCTaaneHHH 0 CDHHOBOH 

JaBHCHMOCTH rtnOTHOCTH ypOBHeH, CHnOBbiX <i>YHKUHH HnH 0 ,llpyrHX 

J<i><i>eKTaX, DpOJIBnJIIOIUHXCJI B HHJlHBH,IlyanbHbiX H ycpe,llHeHHbiX 

xapaKTepHCTHKaX ·pe30HaHCOB. llo.upo6HaJI HH<i>OpMaUHJI 0 CDHHaX 

MO)I(eT OKa3aTbCJI noneJHOH H npH BbiJIBneHHH HeKOTOpbiX OC06eH

HOCTeH B3aHMO,IleHCTBHJI HeHTpOHOB C Jl,llpaMH, HanpHMep TaKHX, 

KaK npoJianeHHe npoMe)l(yTO'IHOH cTpyKTYPbi, nocKonLli:y npoMe)l(y

TO'IHoe COC:TOJIHHe ,llOn)I(HO npHBOJlHTb K ycHneHHIO pe30HaHCOB 

C onpe.ueneHHbiM, CllHHOM. J 

B Hac.ToJimee apeMJI nMeiOTCJI o6wHpHbie .uaHHbie o TaKHX napa,

MeTpax HeHTPOHHbiX peJoHaHcoa, :KaK peJoHaHcHaJI JHeprHJI E0 , 

HeHTpOHHaJI WHpHHa l 'n , H BMeCTe C TeM BeCbMa orpaHH'IeHbl CBe

,lleHHJI 0 CllHHaX. 3TO 06'bJICHJieTCJI TeM, 'ITO He cymecT·ayeT npo

CTOrO H Ha.ue)I(Horo cnoco6a onpe.ueneHHJI cnHHoa. Onpe.ueneHHe 

CllHHOB npJIMbiM MeTOJlOM C ,HcnonbJOBaHHeM nonJipH30BaHHOro 

ny'IKa HeHTpOHOB H nonJipH30BaHHOH MHWeHH JlO CHX nop He nony'IHno 

WHpOKOro npHMeHeHHJI HJ-Ja TPY.IlHOCTeH C03,1laHHJI HHTeHCHBHhlX 

ny'IKOB nonJipHJoaaHHbiX HeiiTpOHOB a peJoHaHCHOH o6nacTH H ocy-

mecTaneHHJI .uocTaTO'IHOH nonJipHJaUHH Jl,llep MHWeHH. . OueHKa " 

CllHHOB nyTeM KOM6HHaUHH peJynbTaTOB H3MepeHHH nonHoro H nap

UHanbHbiX Ce'leHHH TaK)I(e JIBnJieTCJI He npOCTOH 3a,lla'leii/oco6eHHO 

H3MepeHHe pe30HaHCHOrO paCCeJIHHJI/ H OKa3biBaeTCJI3<l><i>eKTHBHUH 

TOnbKOC .unH MHWeHeii c' HHJKHMH JHa'leHHJIMH cnHHOB. B nocne.UHHe 

rO,Ilbl nony'IHnH paJBHTHe MeTOJlbl onpe.ueneHHJI CDHHOB, .C llOMOIUbiO 

KOTOpbiX HCCne,llyiOTCJI xapaKTepHCTHKH y -cneKTpOB OT pa,llHaUH

OHHOrO JaXBaTa HeHTpOHOB: aapHaUHH OTHOWeHHH HHTeHCHBHOCTeH 

HH3K03HepreTH'IeCKHX nepeXO,IlOB HnH ,cpe,llHero 'IHCna, Y -KBaHTOB 

B KaCKa,lle. • 
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ABTOpLI HCflOJIL30BaJIH llOCJie,nHHH MCTO,n ,nJIH onpe,neJICHHH cnn

HOB pe3oHaHcoB HCKOTOPLIX x,nep I 1,2,31. Pe3yJILTaThi 3THX pa6oT 

flOKa3LIBaiOT, 'ITO CflOC06 onpe,neJICHHH CflHHOB flO MHO)!(CCTBCHHOCTH 

y .-KBaHTOB TaK)!(C He HBJIHCTCH.YHHBepcaJILHLIM, H ,nJIHHCKOTOpLIX 

n3oTonoB Haii:Tn cnnHLI He y,naeTcx. Ilo3TOMY HaM npe,ncTaBnxnocL 

flOJIC3HLIM BLIHCHHTL ,nJIH BLI6paHHLIX B 3KCnepHMCHTC H,nep B03MO)!(

HOCTL OUCHKH CflHHOBOrO 3!lJ4JeKTa C llOMOIULIO paC'lCTOB. 

Pac'-lemHble OIJeHKU 3rjjrjjeKma u cpaeueuue c 3KcnepuMenmoM 

HanOMHHM MCTO,nHKY 3KCnepHMCHTa.06pa3CU,B KOTOpOM nponc

XO,nHT pe3oHaHCHLIH 3axsaT Heii:Tponos,- oKpy)!(eH HCCKOJILKHMH 

KpHcTannaMn /y Hac 'ICTLIPLMH/ Naf, ,neTeKTHPYIOIUHMH y -ny'ln, 

KOTOpLie B03HHKaiOT npH 3aXBaTe HCHTpOHOB. B 3JICKTpOH!fOH CXCMC 

,nCTCKTOpa HMCCTCH ,nBa KaHana; O,nHHO'lHOrO C'lCTa H ,nBOHHLIX 

COBna,neHHH, B KOTOpLIX no porn perHCTpaUHH MO)!(HO YCTaHaBJIHBaTL 

HC3aBHCHMO. ,lJ,JIH Ka)!(_nOrO pe30HaHCa MO)!(HO llOJiy'lHTL OTHOIIICHHC 

nnouia.nn B pe)!(HMe o,nnHO'lHoro cqeTa· S!. K nnoma.nn B pe)!(HMe 

cosna,neHHH S c, R = S!. IS c, KOTopoe 6y,neT nponopunoHaJILHo cne

,nyiOIUCMY OTHOIIICHHIO: 

R = 
V!_ 

v (v ._1) 
c c 

r,ne v"!. H v c - cpe,nHee 'IHCJIO Y -KBaHTOB B KaCKa,ne, 3HeprHH 

KOTOpLIX BLIIIIC BLI6paHHLIX noporoB perHCTpaUHH B COOTBCTCTByiO

IUHX KaHanax. Bo3MO)!(HOCTL onpe.zieneHHH cnnHoB HH,nnsn,nyanLHLIX 

pe30HaHCOB 3aKJIIO'laeTCH B TOM, 'ITO COBOKYllHOCTL OTHOIIICHHH 

R P<l;Cna,naeTcH Ha ,nBe rpynnLI B 3aBHCHMOCTH OT cnnHa 3axsaT

Horo COCTOHHHH, llOCKOJILKY ~v:i H v ~ · MOryT HMCTL 3aMCTHYIO 3a

BHCHMOCTL OT CllHHa HCHTpOHHOrO pe 30HaHCa f =f ±1 12 // - CflHH 

MHIIICHH/. Y ,no6HO onpe,nemiTL BCJIH'IHHY CflHHOBOro 3$<lJeKTa CJIC-

,nyiOIUIIM o6pa30M: - . 

<R > 
1-112 

K 
<R I> I+ l 2 

,lJ,JIH paC'lCTHLIX OUCHOK K .MLI BOCllOJIL30BaJIIICL nporpaMMOH pa

C'lCTa cneKTpa y -KsanToB, B03HHKaiOIUHX npn 3axsaTe neii:Tpo

HOB, KOTopax pa3pa6oTana T. <~Jon 3rn.nn I 4/. B 3TOH nporpaMMe. 

Ha OCHOBC CTaTHCTH'lCCKHX npe,nflOJIO)!(CHiiH n.JiOTHOCTL ypOBHCH co

CTaBHOro H,npa OT rpaHHULI H3BCCTHOrO CflCKTpa HII)!(HHX CO.CTOHHHH 

,no 3HeprHH B0~6y)!(,nCHHH OflHCLIBaCTCH <IJopMyJIOH 
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napaMeTpLI KOTopoH: E 0 ; T onpe,neJIHIOTCH peaJILHOH nnoTHO~TLIO 
HCHTpOHHLIX pe30HRHCOB H llJIOTHOCTLIO H3BCCTHLIX HH)!(HHX COCTOH

HHH. B nporpaMMC y'lHTLIBaiOTCH nepexo,nLI na H3BeCTHLIC HH)!(HHe 

COCTOHHHH, a BCpOHTHOCTH 3JICKTpOMarHHTHLIX nepexo,nOB S ( /\ £ , 
11 J , 11 rr) 6epyTCH no ouenKaM BaH:cKori<Pa c nonpaBKaMH Ha 

HCKOTOpLIC <IJaKTOpLI OCJia6JICHHH, KOTOpLIC npHHHMaiOTCH pa3HLIMH 

,nnx pa3HLIX MYJILTnnonLHOCTCH H3Jiyqennx; Y'lHTLIBaeTcH TaK)!(e 

pa3Hoe ocna6nenne · S s6JIH3H 3Heprnn CBH3H nnn s6JIH3H oc8osnoro 

COCTOHHHH •• :l-fcnOJIL3YH paC'lCTHYIO. <IJopMy . Y. ~cneKTpa ,nJIH ,nsyx 

B03MO)!(HLIX CflHHOB 3aXBaTHOrO COCTOHHHH, MLI llOJIY'lHJIH OUCHKH 

cnnnosoro J<iJ<l!eKTa K B 3aBHCHMOCTH oT noporos ,neTeKTHposanHH 

y - KBaHTOB. II pH 3TOM nopor, 3KBHBaJICHTHLIH KaHaJiy COBna,neHHH, . 

BLI6HpaJICH B · npe,neJiaX 0, f - 0,5 M3B, a o,nHHO'lUOMY KaHaJiy - B 

npe,nenax l ,5 - 3,5 M:m. HeKoTopLie pac'leTHLie oueHKH cnnuoBoro 

J!lJ4JeKTa KpacqnpnBe,nenLI B · Ta6n. l. Hx MO)!(HO c~nocTaBHTL 
c 3KcnepHMCHTaJILHLIMH 3Ha'leUHHMH K :3Kcn , nonyqeHHLIM~ uaMH 

,nJIH npHBC,nCHHLIX B Ta6JIHUC H,nep B npe,nLI,nyiUHX pa6oTaX 
1 1

-
31H B 

nacTOHIUeM coo6meunn. 3uaqennx K pacq H K :3Kcn cooTBeTcTsy

IOT o,nnuaKOBLIM noporaM perncTpaunn- y -KsaHTOB. B pacqeTax 

nposepHJiaCL YCTOH'IHBOCTL pe 3YJILTaTOB K BapHaUHHM HCXO,nHLIX 

napaMeTpOB. HaH60JILIIIYIO Heonpe,neJICHHOCTL BHOCHT <IJaKTOpLI 

ocna6neunx seponTHOCTeii 3JICKTpoMarnHTHLIX nepexo.nos. TeM ne 

Menee .nnx pH,na x.nep K pacq cna6o 3aBHCHT oT H3MCHennii napa

MCTPOB, HCflOJIL3YCMLIX B paC'lCTC. ,lJ,JIH TCX H,nep, ,nJIH KOTOpLIX 

ua6niO,nancH pa36poc 3Ha'leHHH Kpac'l• B Ta6nnue npnse,neHLI rpa

HHULI oueuoK Kpac'l· Cpasueune 3KcnepnMeHTaJiLHLIX n pac'ICTHLIX 

3Ha'leHHH K o6uapy)!(nBaeT y,nosneTBopnTeJILHOC Ka'ICCTBenuoe 

cornacne. l-13 3KCnepHMCHTOB cne,nyeT, 'ITO ,nJIH na_ne)!(HOH CllHHOBOH 

n.nenTn<iJnKaunn ,nocTaTO'lHO, 'IT06LI cnnnoBLIH J<iJ<IJeKT K > 1.10. l-13 

Ta6JI. l BH,nHO,. 'ITO ,nJIH DCCX H,nep, ,nJIH KOTOpLIX. K paC'l ?_ J.JO , B 

3KCnepHMCHTe, ,nCHCTDHTCJILHO, na6JIIO,naCTCH HC MeHLIIIHH 3<iJ<iJeKT. 

,lJ,JIH 165Ho H 171 Yb OTCYTCTBHC 3aMCTHOrO CflHHOBOrO 3<iJ<iJeKTa B 

pac'leTax TaK)!(e rto,nTnep)!(,naeTCH 3KcnepnMeHTaJILHo. Hey.nosneT

sopnTeJILHO cornacne pac'leTHLIX oueHOK K c 3KcnepnMeHTanL

HLIMH ,nnH 161 Dy n 163 Dy .O,nuaKo Tpy,nno 6Lino O)!(H,naTL, .'ITO 

_rpy6LIC MO,nCJILHLIC paC'lCTLI y -cneKTpOB _6y.ziyT BCer,na ,naBaTL 

xopomee. cornacne c 3KcnepnMeHTOM. Bonpoc KaK pa3 n cocTOHJI 

B TOM, MO)!(HO JIH C llOMOIULIO TaKHX MO,nCJILULIX paC'lCTOD npe,nyra

,naTL HaJIH'lHC ,nOCTRTO'IHLIX CllHUOBLIX 3<iJ<iJeKTOB. y BLI6HpaeMLIX 

,nJIH HCCJIC,nOBaHHH MIIIIICIICH H BLIHCHHTL, HaCKOJILKO O,nH03Ha'lHO 
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'MO)f(HO npe.n;cKaJaTb. JHaK cnnHoBoro Jtl>tl>eKTa, T .e. 'fTO R1_ 11? R1+112 • 

KaK HaM Ka)f(eTcH, peJy.UbTaTbi pacqeTOB noKaJbiBaiOT, 'fTO TaKne 

OQeHKH CllHHOBOrO 3tPtPeKTa BeCbMa llO.Ue3Hbi.D;.UHllpe.n;BapHTe.UbHOrO 

ot6opa o6pa3QOB, npHrO.D;HbiX .D;.UH HCC.Ue.D;OBaHHH CllHHOB HeiiTpoH

HbiX pe30HaHCOB no MeTO.D;Y MHO)f(eCTBeHHOCTH Y -KBaHTOB, .D;.UH 

BblHCHeHHH 3HaKa CllHHOBOrO Jtl>ti>eKTa H Bbi6opa noporOB perHCTpa

QHH KBaHTOB B KaHa.UaX O.D;HHO'fHOrO C'feTa H COBna,n;eHHH. 

Pe3yAbmambl 

HJMepeHHH o6pa3QOB H3 ecTeCTBeHHoro Ka.D;MHH, 
157

Gd n ec

TeCTBeHHoro .D;HCllp03HH npOBC.D;CHbl Ha HCHTpOHHOM ClleKTpOMCTpe 

Jia6opaTopnn HeiiTpOHHoii tPHJHKH OH.HH c paJpemeHHeM 

"" 16 HCeK/M. MeTo,n;nKa HJMepeHnii H o6pa6oTKa JKcnepnMeHTanb

HbiX .n;aHHbiX 6bma TaKoii )f(e, .KaK B I 1 .2/. .Ll:nH oQeHKH .nocToBep

HOCTH onpe,n;enHCMbiX 3Ha'feHHH CllHHOB pe30HaHCOB Mbl HCllOnbJO

BanH MeTo.n;, npe.nno)f(eHHbiH B I 51, r:ne BepoHTHOCTH JHa'feHnii 

cnnHa I +112 nnn 1-112 Bbi'fHCnHIOTCH cne,n;yiOll.IHM o6paJoM: 

W a 
i 

b 
W; 

W e 
a 

Wa e 

2 
(R.- a) 

' 
If/ --27 
w e i 

a 

(R; -a) (R i- b) 2 

-2 a 2 - 2a 2 
0 + 0 

' W be ' 

(R;-b)2 

wb e 
~--

i 

( R;-a)2 
2"(12 

i + wb e 

(R;-b)2 

2ai 

J I+ 112; 

J =I- 112 . 

3.n;ecb a, b - cpe.n;Hne R · .n;nH .n;Byx B03MO)f(HbiX 3Ha'feHnii cnnHa; 

a i - .D;HCnepCHH R i ,B KOTOpylO BXO.D;HT, KpOMe a i :3KCU , Cllle 

.D;HCnepCHH, o6yC.UOB.UeHHaH llOpTep-TOMaCOBCKHMH tiJniOKTyaQHHMH, 

aPT 1 T.e. 

2 
a; 

2 2 
a i 3KCll+ aPT 

W a , W b - anpHOpHbJe BepOHTHOCTH HMCTb pe30HaHCy CUHH I +1 /2 
IInH 1-1/2 ,KOTOpbie paJyMHO llO.UO)f(HTb 

6 

1 -1 w - g = - [ 1 +(21 +U J , 
a a 2 

1 -1 
W b - g b = T [ I - ( 21 + 1 ) ] 

JIJ ycnOBHH 3KCTpeMyMa tPYHKQHH npaB,D;OllO.D;06HH ,n;nH BCeH COBO

KYllHOCTH Ha6nw,n;aeMbiX pe 30HaHCOB MO)f(HO HaHTH napaMeTpbl a , 

b. a PT• a C.Ue.D;OBaTe.UbHO, H BepOHTHOCTH Wt H W l . 
p e 3 y nb Ta Tbl H,D;e HTHtPHKaQHH CllHHOB pe 30HaHC OB HCCne,n;OBaHHbl X 

o6pa3QOB npnBe.n;eHbi B Ta6n. 2, 3, 4. B HJMepeHHHX c o6pa3QaMH 

Ka.UMHH H .D;HCllp03HH HCllO.Ub30Ba.UHCb noporH B KaHane COBlla,D;eHHH 

0,3 MJB, B o.nnHo'fHOM KaHane - 2,5 MJB. 06pa3ell 
157

Gd nMen 

o6orall.leHHe - 95o/o, H3MepeHHH C HHM npOBO.D;H.UHCb npH HeCKOnbKHX 

noporax B o.n;HHO'fHOM KaHane /2,0-3,0 MJB/ H nopore 0,1 M38 

B KaHane COBna,n;eHHH. Ha OCIIOBaHHH npoBe.n;eHHbiX pacqeTHbiX 

OQeHOK CllHHOBOrO 3tPtPeKTa MO)I(HO 6blnO O)I(H,D;aTb, 'fTO HCllO.Ub30Ba

HHe aMllnHTY.D;IIbiX OKOH B Kananax COBna,n;eHHH B npe,n;enax 0,1 -

2,0 MJB 6y.n;eT npHBO.D;HTb K JaMeTHOMY yBennqeHHIO cnHHOBoro 

Jtl>tl>eKTa. O.n;HaKo npnMeHeHHe TaKHX oKoH B .HJMepeHHHX c 
1

57 Cd 
H Dy ue npHBeno K O)I(H,D;aeMoMy Jtl>tl>eKTy. 3To pacxo)l(,n;eune MO)I(

uo 06bHCHHTb TeM, 'fTO npH HCUOnb30BaHHH .D;Htl>ti>epeHQHanbHOrO 

OKHa B peanbHOM ,D;eTeKTOpe B JTOM OKHe Ha CaMOM ,n;ene perHCT

pHpyeTCH 3Ha'fHTenbHaH ,D;OnH )f(eCTKHX KBaHTOB Ja C'feT KOMllTOH

JtPtPeKTa B KpHCTannax, B TO BpeMH KaK llpH nonyqeHHH pacqeTHbiX 

oQenoK K no.npaJyMeBanoch nonnoe nornoll.leHHe KBaHTOB. 

Hcnonb3YH naJ?aMeTpbi HeiiTpoHHbiX peJoHiincoa 
157 

Gd HJ 

naweii pa6oTbl I G/ H cnHHbi, nonyqeHHble B HaCTOHll.leii pa6oTe, Mbi 

HaWnH, 'fTO CH.UOBbJe tPYHKQHH 157Gd .D;.UH .D;BYX B03MO)I(HbiX 3Ha'fe

HHH CllHHa HMelOT cne,n;yiOll.IHe 3Ha'feHHH: 

5 0 = /2,1±0,7/.10-
4 

H 5
8 

= /2,3±0,6/.10-
4 

.n;nH 

.n;nH 

J = 1 ' 

J = 2 . 

Cpe.n;Hne paccTOHHHH MC)I(.D;Y pe JoHaHcaMH cocTaB.UHIOT D 1 = 1 ,...=· 
= 13,3±1 ,5 n D 1 = 2 = 9,5±0, 9 JB, 'fTO noJBonHeT .n;aTh cne.ny,romyw 

OQeHKY CllHHOBOrO tiJaKTOpa, BXO.D;Hll.lero B tiJopMyny ...,.U:llOTHOCTH 

ypOBHeii, ,n;aBaeMylO CTaTHCTH'feCKOH MO,D;e.UblO H.D;~~; . .,Q-"'"= 3,5 ~i:g . 
C Qenbw yBennqeHHH qncna onpe.nenHeMbiX cnHHOB .n;nH peJo

HaHCOB Ka.D;MHH H .D;HCllp03HH Mbl n.UaHHpyeM npO,D;O.ll)f(HTb H3MepeHHH 

Ha o6pa3QaX paJ,n;eneHHbiX H30TOUOB. . 
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ABTopbi Bbipa:lKaiOT rrpH3HaTeJibHOCTb B.M.ct>ypMaHy 'H B.r.HH-
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I. 
2. 

3. 

4. 

5. 

6. 

7. 

a. 
9. 

10. 

II. 

12. 

Ta6.uua I · 

B.llgo CIUIB '<ta:.aa K~ &" E~c IIIII B.i 

""'' 
11 t\tl 

\OS Pel 5/2 1,29 1,14-1,19 9,55 12 2,2 
· 111 Cci 1/2 1,27- 111:2-1,17 9,05- 9 - .. -z,2 

II?»Cc( 1/2 1,27 1,12-1,16 9,05 8 
-...JS., 7/2 1,23 1,24 8,14 14 • .. ,s., 7/2 1,18 1,13 8,01 9 

tslG-ct 3/Z 1,ll 1,II 7,94 14 

·~~ 5/2 1,20 1,04-1,13 8,19 6 

''~Dr 5/2 1,20 1,00-1,14 7,64 14 
I~J.to 7/2 I,OO 1,01 6,33 17 
Ill Yb 1/2 I,OO 1,03 7,98 21 
ll~'{b 5/Z 1,13 1,09 7,50 7 

'"0$ 3/2 1,17 1,1I ·. 7,75 14 

611 - BHaprMR CBll31 HBlt!'pOHB; 

t/ - 'li!C110 IB:BBCTHYX BllllHIX COCfORBIII, liKJUI'lBHHYX ll 

PBC'le!'; 

1:~ liBpXHRR rp8HB~8 ABCKpBTHOrO cnaKtpa. 

2,2 

Z,3 

1,4 

1,6 

1,0 

1,3 

0,48 

2,1 

1,6 

1,8 
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Ta6mu~a 3 
CnBBii peaoaascos 1~G- d 
a = 1.9'78 , l = 2.r92 , <.5,= o.oar 

Ta6.n•~ 2 E0as ~ ·~,_,. j BaPQauocu. . 
CnHBii peaoaaacos Ill Cd 1 

11 ~Cc:{ f' ·. 

Cl = I.S,, J ' = 2.0112., crf'T = o.1n 16.17 2.121 o.orz I 65 
16.77 1.962 0.003 2 99 

Eo Haoron Rt 6i"""' 
CIUIB JiepolU'- 20.5 I.9ll 0.004 2 100 

8B aocr:r. 21.6 1.944 0.016 2 99 ~ 
23.2 2.225 o.oZ3 I 97 

18.3 ll3. 1.505 0•038 I 100 25.3 2.034 0~010 2 89. 
27.5 Ill 1.555 0.006 I 100 40.06 2.170 6.032 I 86 
56.1 ll3 2.222 0.174 0 90 "44.1 I.973 0.007 2 98 
63.7 ll3 1.603 0.015 I 99 48.7 1.901 o.oos 2 100 
84.8 ll3 1.653 . 0•007 I 99 58.I 1.972 0.006 2 98 
86.0 III I.9Il 0.021 0 65 66.4 2.2n 0.015 ·r 99 
99.4 Ill 1.480 o.oro I 100 , 81.2 2.195 o.on I 95 
102.5 III 1.247 0.029 I IOO 82.0 2.056 0.016 2 80 
108.~ Il3 I.596 0.013 I 99 87.0 2.035 o.OI4 2 88 
138.0 Ill I.4::19 0,014 I 100 96.5 2.152 o.ors I 83 
142.9 ll3 1.904 . u.o~2 0 !:)9 roo.o 2.I79 o:ol3 I . 92 
I58.8 113 1.623 · u.022 I ~9 104.8 2.2I4 o.OI2 I 97 
163.~ 111 1.&55 o.oio I 99 107.3 I.96I 0.022 2 98 
192.5 In 2.088 0.022 0 98 no.o I.927 0.009 2 IOO 
2!5.1 ll3 I.589 o.OI? I IOO ns.2 I.95I 0.024 2 99 
225.1 Ill 1.702 o.on I 96 120.7 I.99l ().026" 2 96 
231.8 Ill 1.670 o.on I 98 135.1 I.827 0.032 2 IOO 
260.8 ll3 I.689 o,ozo I 97 137.9 2.008 o.oro 2 95 
269.2 ll3 I.863 0.030 I' 57 138.8 (I) 
275.3 Ill I.615 0.025 I 99 143.7 1.989 o.on 2 97 
29I.1 ll3 I.955 Oo075 0 73 ' 148.3 2.I79 0.0?5 I 90 
3ll.4 Ill 1.985 0.065 0 83 156.4 1.939 0.018 2 99 
331.7 Ill 1.189 0.077 I IOO 

164.8 2.179. 0.023 I 9I 
354.9 Ill 1.548 0.023 1 100 

I7l.3 2.314 0.016 I IOO 
390.1 Ill 2.334 0.018 0 IOO I78.6 I.975 0.023 2 98 

. 4I4.0 ll3 1.702 0.02I I 96 182.9 2.I64 0.026 I 86 
430.8 II3 I.650 0.033 I 98 I90.6 2.444 0.028 I IOO 

194.4 I.969 0.016 2 98 

II 
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TaO.U~ 4 

CnBHY peaosaacoB "'' IU DJJ 
a .. z.153, I • 2.587, crPT '"' 0.130 

E0 3B Hao!'on R.t <Si""" 'J BepoR!'HOC!'J. 
~ .I 

7.72 161 1.991 o.o15 3 100 

(zJ 
10.4 161 2.908 . 0.013 2. 100 

..!02.8 2.091 0.038 59 10.99 161 2.~n o.ozo 3 . 94 
207.? 1.948 0.013 2 99 12.66 161 2.890 0.2ll 2 96 
217.2 2.045 0.062 2 ® 14.2 161 2.164 ·o.ooa 3 100 
221.I 1.890 0.069 2 96 I6.2 163,I61 2..327 0.007 3 82 
228.3 I.711 0.043 2 IOO 16.6 161 2.162 o.oo8 3 IOO 
239.2 2..I72 0.015 I ® I8.4 161 2.125 0.009 3 100 
246.4 \2) I9.6 I63 2..434 0.027 2 . 77 
zsu.2 loll!! o.oS4 1 b.L 20.3 I61 2..747 0.017 2 100 
260.1 liJ 23.3 (3) 
26~.8 1.9::17 • O,u61 2 91 29.0 I6I 2.204 0.023 - 3 99 
268.2. 1.964 0.078 l 95 29.8 I61 2.034 0.038 3 IOO 
Z8I.8 2.105 0.028 (II 52 34.9 I61.163 2.200 o.oso 3 99 
c87.6 2.099 0.037 {2) 53 35.7 I6I.I63 2.485 o.OI3 2 93 
290.8 2.I98 0.034 I 93 37.7 I6I 2.078 .• o.o1r' 3 IOO 
293.7 2.180 0.060 I 81 38.4 161 2.120 0.010 3 100 
300.9 2.306 0.046 I 99 43 • .2 16I 2.006 OoOII 3 IOO 
306.4 (2) 45.0 I61 2..I67 . 0.013 3 100 
319.0 (1) . 50.2. I63 z.w o.ozs 3 98 
321 (2) 50.8 I6I . .2.098 0.023 3 100 
339 (2) 5I.7 161 2.zs1 0.006 3 94 

55.0 16I 2.484 O.OII 2 93 
55.8 I63 2.510 o.oso 2 94 
58.9 .163.161 2.625 · o.oii 2 100 
61~3 16I 2.209 0.022 3 99 . 
63.6 I6I I.962 0.050 3 IOO 
65.9 163.I6I .2.502 0.019 2 95 


